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PACIFIC MACHINERY & TOOL STEEL CO.
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The American Iron & Steel Institute (AISI)

The American Society for Testing and Materals (ASTM)
The Society of Autemotive Engineers {SAE)

The Steel Service Center Institute (SSCI)

Copyrght @ 1894 by Pacific Machinery & Tool Steel Co., Portland, Oregon

All rights reserved
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94-067001

TRADEMARKS <, Acralloy, Arrow-Ten, H-CPO, Moly-Krome, S-CPO and SE

DISCLAIMER
STATEMENT

Members of

Bar(s) are registered trademarks of Pacific Machinery & Tool Steel
Co., CPO, "etd.” 150, Fatigue-Proof, IHCP, LA-LED™, Series
B3™-420, Stressproof and Super 1200 are registered trademarks
of La Salle Steel Co. a subsidiary of Quanex Corp., Graph-Air®
and Graph-Mo® are registered trademarks of Latrobe Steel Co, a
subsidiary of the Timken Co. “T-1" is a registered trademark of
USX Corp., Zincaloy® is a registered trademark of Zincaloy Inc.
and £A™-12 is a registered trademark of the Zinc Institute, Inc.

“The irformation contained in this publication, including technical
and metallurgical data, figures, tables, designs, drawings, details,
suggested proceduras, suggested specifications, are for general
information only. While every effort has been made to insure its
accuracy, we do not warrant any of this information. It should not be
used or relied upon for any specific application without independent
competent professional examination and verification of ils accuracy,
suitability and applicability, Anyone making use of the information
does s0 at his own risk and assumes any and all liabilities. THE
INFORMATION IS EXPRESSLY EXCLUDED FROM OUR WAR-
RANTIES OF OUR PRODUCTS. PFlease see “Terms and Condi-
tions of Sale” on page VI for our Warranty Terms.”

A 5 M International
Society of Manufacturing Engineers
The Steal Service Center Institute

Comments and inquiries should be directed to:
Chief Metallurgist or Administrative and Operations Manager,

Price 525.00



PACIFIC MACHINERY & TOOL STEEL CO

TO OUR VALUED CUSTOMERS

Pacific Machinery & Tool Steel Company is committed to
serving your diverse requirements in engineering steels and
metals by providing the best products available from reli-
able sources, accurate on-time delivery, and an array of
processing services.

The information furnished in this STOCK LIST and
REFERENCE BOOK has been designed to assist you in
making the best judgement possible regarding our prod-
ucts. You will find a description and listing of the steels and
metals we have on hand or are readily available. Also, you
will find in the Technical Data Sections informative references
pertinent to the machining and manufacturing industry.

Our metallurgist and experienced sales personnel supported
by state-of-the-art data-processing equipment, mill labora-
tories and technical societies are available to assist in your
profitability and success.

PACIFIC MACHINERY & TOOL STEEL CO.
Office and Plant
3445 N.W. Luzon Street
Portland, OR 97210-1694
Telephone (503) 226-7656
or
1-800-547-1091
FAX Mo. (503) 226-7588
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PROFILE

Pacific Machinery & Tool Steel Co. has played a vital role in the growth
of the West since its formation in 1912 in Portland, Oregon. As industry has
expanded, Pacific has continually pursued new and better ways to serve the
needs of specialty steel users. Qur commitment is to provide customers with
the best specialty steels and quality workmanship, supported by skilled and
knowledgeable personnel. This distinguishes Pacific as the leading specialty
metal service center in the West.

Founded in 1912 by the late O.J. Ulrich, Pacific was originally an agency
for a Chicago tool steel mill. The company maintained a small inventory of tool
steel in its 25 x 50 foot space in downtown Portland, Oregon. Bars of tool
steel, up to three inches in diameter, were shipped from Chicago by rail, then
hack-sawed by hand for sale in small pieces to local machine shops and saw
mills.

Owver the years, as the wood products industry became more mechanized,
other grades of specialty metal were added. At the time, these grades were
known as “machinery steels,” to distinguish them from other steels used in
structural applications. Thus, the company’s name—Pacific Machinery & Tool
Steel Company.

Since those early days, Pacific has expanded to serve thousands of cus-
tomers in the Western United States, from one-person machine shops to
multimillion-dollar manufacturers. The company has moved three times in the
Portland area and now does business from the Guilds Lake industrial district in
Morthwest Portland. Within its 86,000 square foot service center, Pacific car-
ries the largest and most diversified stock of specialty steels in the West.

Pacific's marketing area includes Oregon, Washington, Idaho, California,
Alaska, British Columbia, Alberta, Montana, Utah and Nevada. The company
serves many different industries, including aerospace, agriculture, construc-
tion, electronics, food processing, foundry, hydraulic manufacturing and repair,
machine shops, boat and shipbuilding and repair, metals processing, mining,
materials handling, original equipment manufacturers, repair shops, transpor-
tation and wood products.

Cur success in meeting customer needs reflects a unique operating
philosophy. We emphasize Total Quality Service through processing, delivery
and technical support. Our experienced and dedicated staff of professionals
has the sincere interest to be of service to you.

“Hotizons of opportunity” exist in this changing world. The Pacific Northwest
and Pacific Machinery & Tool Steel Co. will continue to adapt to these changes
for growth and success into the 21st century,



PACIFIC MACHINERY & TOOL STEEL CO

TERMS AND CONDITIONS OF SALE

For the mulual protection of our customers, herginafter called the Buyer, and
Pacific Machinery and Tool Steel Co., hereinafter called the Seller, the following terms
and conditions are made a par of every sale with Pacific Machinery and Tool Steel
Company. The Buyer's acceptance of all or any part of the goods described on the
Seller's Sales Order shall constitute the Buyer's agreement to the Terms and Condi-
tions contained herein and supersades all previous agreements. The Terms and Con-
ditions stated herein shall take precedence over any other Terms and Conditicns and
no cantrary, additional or different Terms and Conditions shall be binding on the Seller
unless accepted by the Seller in wriling.

1. PRICES. Prices as guoted by Seller are subject to change without notice, Seller's
prices in effect at the time of shipment will govern at Sellers options.

2. DELIVERY. Seller will make every effort to maintain delivery dates; however, Seller
shall nat be liable for deliveries later than promised regardless of cause or for any
damages suffered by the Buyer by reason of such late deliveries. In the event of delay
or hindrance by public authority, existence of war, shortage of materials, fires, labor
difficulties, accidents, delays in manufacture or transportation, acts of God, embargoes
or any other causes beyond Seller's control. Seller shall have the right, at its option, to
cancel the order, or any part thereof, without any resulting liability.

3. TRANSPORTATION. Prices as quoted for goods and services are Net F.OB.,
Seller's warehouse, unless otherwise stated. The best judgement of the Seller will be
used in rauting shipments unless detailed instructions are given by Buyer, Upon delivery
of goods by Seller to the carmer or to Buyer, all risk of loss is upon the Buyer, and
Seller shall have no liability for failures in shipment or delivery.

4. CLAIMS. Claims for defective goods, shortages, delays, or for any other cause,
shall be deemed waived and released by the Buyer, unless made in writing within ten
days after arrival of the goods.

5. WARRANTY. SELLER WARRBANTS ONLY THAT THESE GOODS ARE FREE
FROM DEFECTS OF MATERIAL OR WORKMANSHIP. THIS WARRANTY IS EXP-
RESSLY MADE IN LIEU OF ANY AND ALL OTHER WARBANTIES, EXPRESS OR
IMPLIED, INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR ANY PARTICULAR PURPOSE. CLAIMS, WARRANTY OR OTHERWISE, NOT
MADE WITHIN TEN DAYS OF DELIVERY ARE INVALID. SELLER'S SOLE LIABIL-
ITY FOR WARRANTY CLAIMS OR ANY OTHER CLAIMS RESPECTING THESE
GO0DS, WHETHER IN CONTRACT, TORT, OR OTHERWISE, SHALL BE TO
REPLACE, ALLOW CREDIT, OR REPAY THE FRICE OF GOODS ONLY AS SELLER
CHOOSES, UPON PROMPT RETURN OF THE GOODS TO SELLER, AND THIS
SHALL BE BUYER'S SOLE REMEDY. SELLER SHALL NOT BE LIABLE FOR INJU-
RIES TO PERSONS OR PROPERTY OR FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES OR COMMERCIAL LOSSES NOR FOR ANY OTHER LOSS OR DAM-
AGE ATTRIBUTABLE IN ANY WAY DIRECTLY OR INDIRECTLY TO THESE GOODS
OR THE SELLER'S ACTIONS OR INACTIONS WITH BESPECT THERETO. NO
WAIVER ALTERATION OR MODIFICATION OF THE FOREGOING CONDITIOMNS
SHALL BE VALID UMLESS MADE IN WRITING AND SIGNED BY AN EXECUTIVE
OFFICER OF SELLER. UPON DELIVERY OF GOODS TO CARRIER OR BUYER
ALL RISK OF LOSS 15 UPON BUYER.

BUYER AGREES EFFECTIVELY TO INCLUDE THESE WARRANTY AND LIABILITY
LIMITATIONS AND EXCLUSIONS IN ANY SUBSEQUENT DISPOSITION, USAGE.
OR EMPLOYMENT OF THE GOODS HEREIN,

6. SPECIAL ORDERS. If any goods are sold by the Seller to meet the Buyer's
particular specifications or requirements and is not part of the Seller's standard line
offered to the trade in the usual course of the Seller's business, the Buyer agrees lo
accept standard trade tolerances, variations in respect to dimensions, weight,
straightness, surface condition, composition, mechanical properties, over and under
shipments as allowed by published standards in lieu of any specific agreements other-
wise agreed to in writing between Buyer and Seller and which are acceptable to tha
third party from which Seller has oblained the goods. Special orders are not subject fo
canceliation or return without payment of Seller's cost.

7. INDEMNITY. The Buyer agrees lo defend, protect, and save harmless the Seller
against all suits at law or in equity and from all damages. claims, and demands for
actual or alleged infringement of any United States or foreign patent and 1o defend any
suit or actions which may be brought against the Seller for any alleged infringemeant
because of the sale of the goods covered thereby,

Vi




PACIFIC MACHINERY & TOOL STEEL CQ.

TERMS AND CONDITIONS OF SALE — Continued

8. GOODS AND SERVICES. Goods and services furnished by the Seller are to be
within the limits and of the sizes published by the Seller and subject 1o the Seller's
standard tolerance for vanations.

9. CREDIT. Performance by Seller is subject to the Buyer furnishing evidence of
financial standing. If in Seller's judgment reasonable doubt exists as lo the Buyer's
sound financial standing, or il any partion of account is past due in payment, the Seller
reserves the right, without liability and prejudice to Seller, to suspend current or further
shipments or to require full or partial payment in advance until Seller has adequate
assurance of Buyer's payment.

10. TERMS OF PAYMENT. Subject to the pravisions of credit approval above, Buyer
shall pay in accord with the terms as stated on the face hereof. Cash discount, if any,
is 1% 10th/25th Met 30 Days.

Invoice Date Discount Payment Due
15t through 15th an or before 25th same manth
16th through 31st on or before 10th of following month

Invoices not discounted, due net 30 days from date of invaoice.
In order to take advantage of the discount, Buyer must have payment postmarked no
later than the last day of the discount period. Discounts are not applicable to taxes,
transportation or other services.
11. PAYMENT. All payments are to be made to:

PACIFIC MACHINERY & TOOL STEEL COMPANY

3445 MW, Luzon Street

Portland, OR 97210-1694
Payment should include remittance advice designaling invoices and other charges
being paid. If deductions are made, the discount amount, credit memo number, or
customer debil memo number should also be shown. It remittance advice is nat
provided, payments will be applied against the oldest invoices on the account.
12. INVOICES AND STATEMENTS. The invoice is the Seller's receivable document
and is mailed immediately after shipment. Statements will only be provided upon
request or for reconciliation of account transactions.
13. PAST DUE ACCOUNTS. Payment of invoices is considered past due if payment
is not made within 30 days of the date of the invoice. Any past due balance may result
in a change of credit terms. Service charges of 2% will be added to all past due
account balances,
14. MINIMUM CHARGE. An applicable minimum charge will be made on all orders.
15. LAWS GOVERNING. All orders will be governed by the laws of the State of
Oregon. Buyer agrees to submit itself to the jurisdiction of the courts of Multnomah
County, Oregon where the Seller has its executive office.
16, TAXES. |n addition to the prices provided for herein, the Buyer shall pay all
Federal, State, County and Municipal taxes imposed by reason of ani.' sale. The Buyer
is responsible to provide Seller with tax exemption certificates. if applicable. Discounts
are not applicable.
17. CHANGES OR CANCELLATION. An order once placed with and accepted br
Seller can be cancelled or changed only with Seller's consent and upan tarms that will
indemnify Seller against loss.
18. EXECUTION. The Buyer's Purchase Order may be executed and transmitted to
Seller by facsimile if necessary or convenient and, when so executed and transmitted,
shall be deemed an original.
19. REIMBURSEMENT AND ATTORMNEY FEES. In the event Buyer defaults in the
performance of these Terms and Conditions of Sale, Buyer shall be liable to Seller for
all loss, costs and expenses incurred by Seller by reason of the defaull including,
without limitation, Seller's reasonable attorney's fees whether or not suit or action is
instituted. If suit or action is filed to enforce any of these Terms and Conditions of Sale,
Buyer promises to pay (1) Seller's reasonable attorney's fees to be fixed by the trial
court and (2) if any appeal is taken from any decision of the trial court, such further
sums as may be fixed by the appellate court.
20. ENTIRE AGREEMENT. The foregoing, shall eonstitute the complete and execlu-
sive agreement between the parties, and it is expressly understood and agreed that no
promises, provisions, terms, warranties, conditions, guaranties or obligations what-
soever, aither expressed or implied other than as herein set forth or provided for shall
be binding on either party.

Vil



'ACIFIC MACHINERY & TOOL STEEL CO

SPECIAL SERVICES
Metal Cut to
Special Sizes to Meet
Your Requirements




PACIFIC MACHINERY & TOQOL STEEL CO

PRODUCTION SAWING EQUIPMENT

MC Controlled Band Saw

QUANTITY SAW DESCRIPTION CAPACITY

1 Do-All CBO Automatic 12" Round Solid or 12" x 12"
Band Saw Square

1 Dao-All C305A Automatic 12" Round Solid ar 12" x 12
Band Saw Square

1 Do-All C1212M Band Saw 12" Round Solid or 12" x 12°

Square

1 Do-all C12134A Automatic 12%:" Round Saolid or
Band Saw 12" High x 13" Wide Rectangle

2 Do-All 1213 124" Round Salid or
NC Controlled Band Saw 12" High % 13" Wide Rectangle

1 Do-All C4100 16" Round Solid or

14" High x 16" Wide Rectangle

NC Controlled Plate Saw

1 Do-All TF2525 25" Round Solid or 25" x 25"
Vertical Band Saw Square With Mitre Capability
1 Do-All 2608 8" Thick x 24" Wide % 153" Length

Block & Plate Automatic
Bandsawing Maching

1 Do-AllPM&TSCO 2618 18" Thick x 25" Wide x 178"
Plate Saw Length
1 Kasto BBS 46016860 18" Thick x 65" Wide x 178"

Length

1 W Savage C476 Wet
Abrasive Saw Automaltic

1" Round Minimum to 8" Round
Solid

ADDITIONAL SERVICES

* Q/A Program

« Material Certification

« Material Safety Data Sheets
= Traceability

= Bar Coding Capability

* Technical Assistance

* Qutside Processing
Machining
Grinding
Plating
Heat Treating
Honing

The West Coast's Leading Metal Service Center in
Production Sawing Technology




PACIFIC MACHINERY & TOOL STEEL CO.
SUGGESTIONS WHEN ORDERING

To assure quick and efiicient execution of orders, it is desirable that complete
specifications and information be given to our sales representatives, As a guide, we list
below some of the details which should be used when transmitting ordears,

ORDER DETAILS
Purchase Order Number.
Quantity; Bars or Pieces.

Size and shape. All dimensions of geometric shape required—diameter—thickness—
width—langth.* Gauges are preferably expressed in decimal thickness (i.e. .065") or
with gauge number followed by name of gauge (i.e. No. 16 B.W.G., etc.). Tubing sizes
should be expressed in outside diameter and wall or outside and inside diameters.
Engineering drawing or sketch for parts showing finished dimensions.

Type, grade, or quality.
Finish. Surface condition (Hot Rolled, Cold Drawn, Ground, Polished, etc.).

Condition. In the case of tool and alloy steels, whether as rolled, annealed, heat
treated, etc.

*Lengths. Finished part langths in order that nearest multiple lengths may be supplied
with least waste to the user. Consideration should be given tor cutting allowances.

Use or Application. When in doubt as to selection of proper metal, give purpose or
function of finished pan and how it is to be formed or manipulated.

COMPLETE ORDERS WILL INSURE ACCURACY AND EFFICIENCY

Trade Customs

All orders are accepted subject to inventory on hand, subject to prior sale.

Wil shipments are contingent upon mill conditions and carrier's schedule,

All sales are based on theoretical weight.

Prices are subject to adjustment to reflect prices in effect at the time of shipmeni.
Verbal orders for cul material are accepted at “customer's risk.”

Material may be returned only after prior authorization and shipping instructions are
ablained from Seller. All returns are subject to seller's terms and conditions,

All preducts shall be subject o standard industry specifications,

Machining allowance in size should be made for removing surface defects of cold
drawn and hot rolled carben, alloy and toal steels.

Qur liability ceases when goods are transferred to transportation company in good
order, Claims for loss or damage in transit should be placed with carrier. We will assist
in setilemeant of such claims.

We suggest definite routing instructions should accompany all orders; otherwise, ship-
ment will be made according 1o cur best judgement,

All other Terms and Conditions of Sale will apply.



PACIFIC MACHINERY & TOOL STEEL CO

IMPORTANT NOTICE TO BUYERS
Federal Hazard Communications — Material Safety Data Sheets

Pacific Machinery & Tool Steel Company Hazard Communications Program has
been designed to assist our customers in complying with the requirements of the
Federal OSHA Hazard Communication Standard and other "Right-to-Know” regulations,

Data for Pacific’s Material Safety Data Sheets are provided to us by usually
reliable sources for use solely in health and safety educational training and not as
material specifications.

Pacific makes no warranties, express or implied, including the implied warranty
of merchantability, any implied warranty of fitness for a parlicular purpose or any
implied warranties otherwise arising from course of contract, lort or otherwise. The
conditions or methods of handling, storage, use and disposal of material are beyond
the contral and knowledge of Pacific, for which it assumes no responsibility, or liability
for loss, damage or expense, for customer methods used, Material Safety Data Sheels
(MSDS) for materials distributed by Pacific Machinery & Tool Steel Company are
available upan request or if you have any questions concerning our MSDS program,
please contact your representative or our office for assistance,

EMERGENCY SERVICE

Residential telephone numbers of our personnel, who will be glad to assist you in
emergencias requiring service outside of our regular plant hours:

Your Sales Representative

OR
John Eichstadt .oovvrnesirereeees (503) 283-9513
Bob BSa o annuiimina s (503) 285-6540
Jim Long i (503) 655-3076
BOr EHSEN i iiviesie sisins sivacass (503) 285-4905
(=TT 110011 (503) 644-2623
8 [=11 1T o ([l ST (503) 631-7684
PatMall-asiadaainnnitaag {206) 696-4815

Regular Office and Plant Hours
8:00 a.m. to 5:00 p.m.
Monday through Friday

1



COLOR CODE 54r £nps PAINTED AS SHOWN IS OUR IDENTIFICATION OF GRADE

COLD FINISHED CARBON STEEL

1018 CD 1045 Arrow-Ten"™ 12L14+5e CD STRESSPROOF*
Salanium Modifled . cD
“Cold Rolled" Ground & Palished Free Machining As Orawn Finish
1018 T&P 1215 CO STRESSPROOF® « %
Speclal Shalting Screw Stock
Quality Quality Ground & Palished

104011045 T&P
Special Shafting
Quality

SERIES 83420 CD
Bismuth Modifed O
Free Machining

FATIGUE-PRODF* .
A% Dravn Finish

iMa
Special Bar
Quality

COLD FINISHED ALLOY STEEL

HOT ROLLED CARBON STEEL
1045 Special &

1060/70 Plow | ]
10801085 Spring [ |

1070/10%0 .
4

High Carbron

ACRALLOY*®
HT SRD
Ground & Polished

&5L20 CD 0
Leaded

303 Slainless
CD/CG/ST
Free Machining

“ot.d.” 1507
As Drawn Finish O

Ground & Polished

liEE L20 CO .
! Ground & Polished

17-4 PH Stainless 2
L@
Condition H1075

4142
As Rolled
Maly-Krome®

HOT ROLLED ALLOY STEEL

4150FM
“Heat Treated”
Resulfurized

5160
As Rolled
Alloy Spring

4142
Annealed
Moly-Kroma®

“Heat Treated"

CHROME PL

4340

Annealed o‘)
“Heat Treated"”

ATED STEEL

8620
Carburizing
Quality

1045 S-CPO"

JH05" Min. Chrame
per side

|1045 H-CPO®
001" Min, Chrome

1045/50 HS
HCP®
100 ksi Yield

STRESSPROOF
S-CPO"

1045/50 HS
s-CPO"
100 ksi Yield

A 36 Structural
As Rolled

1045150
HCP*
Sizes over 47" dia, |

ALLOY & CARBON PLATE

1045 FM Carbon 8620 Alloy
As Rolled

| ACRALLOY*
|H-CPO"

Selv

1045 Carbon
As Rolled

Welded Mechanical Ol
i.

Normalized & Tempered

A 5144
“Heat Treated"

1026 DOM
Mechan
S50

1) Alloy

Y

)

Ieal

1020 Welded

Drive Line Quality

1026 DOM Mechanical 1026 Seamless
| Mechan
Honed & Chromaed ID |

ical

OO

TOOL & DIE STEEL

Flat Ground Stock

M &06
il S

- ™ Low Carban

Drill Rod

A2 Annealed 06 Annealed

Alr Hardening 0l Hardening

5% Chrame Graph-Mo®

A6 Annealed H13 Annealed 55 Annealed g
Alr Hardening 0l Hardenin

Low Temperature Shock Resisting T
A10 Annealed 101 Annealed 57 Annealed

Air Hardening Alr Hardaning

Graph-Air® Shock Resisting

v QLO
01, A2, D2 & 57 O

Xl



FACIFIC MACHINERY & TOOL STEEL CO

COLOR CODE

PM&TS Co. PM&TS Co.
COLD FINISHED BARS COLOR CODE GRADE CODE
CARBON GRADES:
1018 Cold Drawn ..o 211 5[ [ SRR ——— 200
1018 Turmned & Polished ..., Orange w/ Black Stripe .......... 202
104011045 Turned & Polished ... Yellow w/ Green Stripe ..., .212
1045 Ground & Polished, ARROW-TEN® ....... Graen w! Yellow Stripe ... .223
1045 Ring Gage Quality ..o, Silver w Red Stripe .......ccc.e. 224
1137 Cold Drawn ...oooiviiiiimmcimimia s arssseess Red w/ Black Stripe ..o 232
1144 HD Cold Drawn ... Copper w/ Black Stripe ........... 235
1144 HD Ground & Palished ... Copper w/ White Stripe ........... 237
1215 Gold Drawn i nidsnua i Green w/ Whita Dot ... 270
12014 Cold Drawm ....oooooiiieieeniins e iiereieenssas 2 (Rt RS et e P, 250
12L14+5e Cold Drawn ..o [SE (o101 o 252
A3™-420 & 121581 Cold Drawn .....ccocevvevnrereeens Pink oo esea e e 260
Super 12007 Cold DIawn ....ccoeeerecenencnenena TUPGUOISE oo smreine s —
Fatigue-Proof® Cold Drawn ..., BlUE: scsccuiciagucss soninsssessapisnmssinn 241
Strossproot® Cold DFAWN ... e mmmrsreres ORIBE v irvmssesssibimans g 240
Stressproof® Ground & Polished e Copper w' White Dot............... 243
A311 Thread Aolling Stock ...eeeiienieens BINVBE i s s i b re s T s 246
ALLOY GRADES:
A130 Annealed Cold Drawn ... Blue w/ Red Dot ......oocovevrevenn 506
4130 Normalized Cold Drawn ... Blue w/ White Cross .............. 507
A130 AS DIAW et sre e e ssanes s Blue wy' Green Stripe ..ooocenee 507
4140 Ground & Polished, Acralloy®......cceverene Half Orchid & Half Blue ........... 503
4142 Annealed Cold Drawn ... e Orchid wi Yellow Dot ............. 508
41040 Annealed Cold Drawn ...ooveeeeeeeeeeee Orchid i, aM
4150 Q&T Ground & Palished ..., Orchid & Blue w/ Yellow Stripe 520
BBL20 Cold DIEWN cveiceiesrmsssiasessssessvarsseveses Qrchid w! Crange Stripe ......... 541
BBL20 Ground & Polished ..............o.coeeeeveeeo. Orchid wi Green Stripe ... 545
“gbd” 150% Cold Drawn ... Y elloW ra e b i 511
“g.td.” 150° Ground & Polished .......cocoeeeeeenn Yellow wi White Dot L. 513
STAIMLESS GRADES:
03 Cold DIFAWIN oviviaeieneiasinimiinmsiesarasarararsisnens =17 e fo s P AT
303 Centerless Ground or Smooth Tumed ... Red ..o 572
17-4PH Centerless Ground, Cond. H1075 ... Light BIUE ...cccveininirminirsnninnnins 582

pAll



FACIFIC MACHINERY & TOOL STEEL CoO.

COLOR CODE — Continued
PMA&TS Co. PM&TS Co.
COLD FINISHED BARS — Continued COLOR CODE GRADE CODE
CHROME PLATED SHAFTIMNG:
1045/1080 S-CPOP ..o Green w/ Black Stripe ............. 225
1045M1060 S-CPOP HS i Half Green & Half Black .......... 226
10451080 H-CPOP ...ttt Green w/ Red Stripe .............. 227
10451080 H-CPOPHS L...ooviiiniiececicsiiies Half Green & Half Red ............ 230
10451050 IHCP" HS & IHCP® e Half White & Half Black ... 2288229
Stressproof® S-CPOY s Half Copper & Half Black ........ 245
Acralloy® S-CPO% i Half Orchid & Half Black ........... —
Acralloy® H-CPO™ i Half Orehid & Half Red ........... 505
Acralloy® IHCP® ... s st i ronnnss Half Orchid & Half White ......... 028
HOT FIMISHED BARS
CARBON GRADES:
1018 Spacial Quality ..., Orange w/ White Cross ... 115
1045 Special & Commaercial Quality ............... Yellow w/ Green Cross ........... 120
1OE0FTOAD: Bow L i R e B v e e e 140
10701090 Electrite™. ..., Red .. 150
10801095 SPrNG ..o s WHItE e 160&165
ALLOY GRADES:
4142 A Rolled.... ..o cimmmmmismsnnsere sessimisssia s Orehid wi White Stripe o 410
4TA2 ANNEALEH w.oovuiarmisiismassiunsinms rresiomsrivrns sives Crchid w/ White Dot ... 412
4142 Normmalized ..o, Orchid w! White Cross ... 411
4142 Quenched & Tempered ..o Hall Orchid & Half White 4138415
4150FM Quenched & Tempered.......ccccovveeen, Half Orchid & Half Yellow 4234425
4150 Quenched & Tempered ..., Orchid wi Yellow Stripe ... 411
4340 Annealad i Blue w/ Yellow Dot ..o, .432
4340 Quenched & Temperad ..o, Half Blue & Half Yellow .......... .433
4340 QAT to 325370 HB oo, Half Blue & Hali Green ........... 434
S1B0 SPrNG ..o revrerre v e s Orehid ..o 440
BE20 As Rolled ..o Orchid w/ Orange Cross  460%465
8640 As Rolled ..o Orchid w/ Red Cross............... 467
CAST IRON:
Gray, Class 40 ... et iiem oo e BPBBI G it s s s i 182
Ductlle, GE-48-12 .. it wonaiesados bini co Woallomy oomninanmi i 193
Ductile, BO-55-08 ..o sariini Light Blue ......iiniminiiiian. 194
HOT FINISHED PLATES
1045 As Holled ... e Yellow .o 120
1045 Frea Machining ... Half Yellow & Half White ......... 123
M40 Annealed ... Orchid s 400
BE20 AS ROl .o Half Orchid & Half Crange ...... 450
A36 As Rolled ..o L) =T SRR S —
A514 Quenched & Temperad ..o BB s s s visasitoonsin s it 470



PACIFIC MACHINERY & TOOL STEEL CO

COLOR CODE — Continued
PM&TS Co. PM&TS Co.
TUBING COLOR CODE GRADE CODE
1010 HREW or CREW ...oeoeecteecvenens Blath s niiammminins it 303
1020 HREW Drivie Line oiiiiiieiiiciiiiins WWhite i 328
TOEE DM o s T e T iy GIBEN i i s 320
1026 Homed Thv: o i s i R s R R 322
1026 DOM Special Smooth 1D .. LIBNE BIUE i vimasnasvos savssnasisnsns 321
1026 Seamless Cold Drawn ..o, BlAcK ..o 300
1026 Seamless Hot Finished ........ccccevvivnicienns CBIOWI oo e e 3
AN TUBIND siorianssinsnsnsimpassmons ovasapmppscsmsmassvmings L8] o] 117 N B601&602
Chrome-Plated-10 DOM ..o BB i s i s v svvisnmsms 325
TOOL & DIE STEELS
WATER HARDENING:
W o i i e e T e Yallow Lmimnisnnasiing g20
OIL HARDEMING:
o R R S s | T e e AT i 820
L i N e T et N A e L Silver w/ Black Stripe ....oooooee 830
D e iireier s e e e Light BlUg ...ooeeeeieeee e 880
AlR HARDENING:
B o B A W A T White w/ Red Stripe .....coeeen 720
BB i s R S S B White w/ Green Stripe ............. 730
B et it nhit o G e TR SR Silver w/ Blue Stripe ...coooeveeens 740
i e R e T s LTy B L e PR e R 710
H o s s i e b e A Black w/ Yellow Siripe ............ TG0
T T T T T e R RS Yellow wi Blue Stripe .............. 780
DHAILL ROD:
Ty T TS e T s L el s g e Black i ovisesisisisinainsns 822 9248927
L P Pink oo 82288249

MNOTE: Far drill rod other than W1 or 01 use the color code listed for the grade.
ZINCALOY® Bushing Stock (ZA®12).................Blue ... Z20&Z30

NON-STOCK ITEMS ... Fluorescent Orangs ..., *

LAY
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FACIFIC MACHINERY & TOOL STEEL CO.
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PACIFIC MACHINERY & TOOL STEEL CO

WEIGHT CALCULATIONS FOR THIS CATALOG

Al weights listed are theoretical and have been calculated using industry ac-
cepted values for density.

MATERIAL DENSITY
Steel 0.2836 "/
Cast Iron 0.2600 "
Zincaloy® 0.2180 ™/

Calculations have been carried to four decimal places and rounded to final significant
figures. Theoretical size for weight calculations are determined as outlined below:

CARBON & ALLOY STEEL

COLD FINISHED BARS — Theoretical size is based on nominal dimensions.
HOT FINISHED BARS — Theoretical size is based on nominal dimensions plus the
average of any oversize tolerance as follows:
Rounds
thru 2" dia — nominal
=2° to 3'/+" dia — nominal plus average AlS1 tolerance
31" thru 11" dia — nominal plus average RTOS tolerance
over 11" dia — nominal plus '/«"
Squares & Hexagons
thru 2" — nominal
over 2° — nominal plus average AlS| tolerance
Flats — nominal plus average AlS| width folerance

Round Edge Flats (Spring Steel) — nominal size with the round edge radius
equal to 75% of nominal thickness

TUBIMG — Theoretical site is based on nominal OD and wall thickness
Honed Tubing — nominal OD and maximum honed 1D

HOT FINISHED PLATE SE®-BARS (SAW EDGE) — theoretical size is based on
nominal dimensions plus average thickness and width tolerances

CAST IRON

CONTINUOUS CAST BARS — theorelical size is based on nominal diameter plus
average stock allowance

ZINCALOY® BAR STOCK

SOLID ROUNDS — theoretical size is based on nominal diameter plus finishing
allowance

HOLLOW ROUMDS — theoretical size is based on nominal OD plus finishing allow-
ance and nominal 1D minus finishing allowance

TOOL STEEL

BARS & PLATE — theoretical size is based on nominal diameter or nominal width
and thickness

XV



PACIFIC MACHINERY & TOOL STEEL CO.

SECTION INDEX
HOT FINISHED CARBON & ALLOY STEEL

CARBON STEEL BARS

1018 Srecian QuaLiTy — PN s e s A D

1045 Spec/Comm QuaLTy = RBUNHE: i i s i e e i et B34

106070 Prow s Plaleianianisniannnniniainiangi A5

1070/20 SeAme SR S e e AsG
ALLOY STEEL BARS

AT 0 WO BEIOMED Lo i onosnisins o sis i ons SWwiss s s EGKexTed 85 F g a4 SRS SR s B Ae7-8

e ERIUIPVER ot conniimnni o s 63 s s A=9-10

—— EOUBNES : fitvaiii s feesed Sorad o b aaien seien soivacs Ae11

e Bl criE i e LR A1

o Heaons: i e SRR Ae11

4150FM Q&T s O S a  r A=13-14

4340 AnNEALED — ROUNES . As15

QAT (A434.BD) — PR o somanos pmsmnmsip s smarnns seem b p s s As15

5160 Srring — Flats (round dge) ... A1

8620/8620H PRI ccacans cuimbainiuins demauinnitan Staatin s A=17-18

Misc. CommeRCiAL & AIRCRAFT QUALITY GIRADES ...vvvcviriiie it s s bnssasns e sianns A=12

FORGINGS: s s iyl i i sisiiisiin As12

PLATE & SE®-BARS (SAW EDGE)

TIE S FICHELIETY. v i i i R R 0 S0 o s i A19
4140 ANNEALED OR TORMALIZED 1iuiuuinsinresaresmnsmssesessasssosnssns sasas s sas s s bns basss sesiashase A9
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AETA CQUBNCHED B TEMPERED  viiiiisetii ot saiasui biassinshusisrasbosssnns s bukans ininsbisn sad oo san A9
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PACIFIC MACHINERY & TOOL STEEL CO.

ROUGH TURNED OVERSIZE
HOT ROLLED ROUNDS

PACIFIC MACHINERY & TOOL STEEL CO. offers premium rough turned oversize
hot rolled carbon and alloy steel round bars. These bars are centerless turned from
oversize stock to meet standard AlS| hot rolled diameter tolerances. Turning removes
seams and decarburization normally found on regular hot rolled bar surfaces. It allows
clean up at nominal diameter so that the next larger size is not required and significant
weight savings can be realized. Additionally, these bars are calcium treated for improved
machinability and extended tool lile. They are vacuum degassed and ultrasonic tested for
soundness. Grades stocked are 1018, 1045, 4142 annealed or quenched and tempered,
4150FM, 4340 annealed or quenched and tempered high strength and 8620.

The fellowing table shows weight savings possible when machining PACIFIC's rough
turned oversize instead of the next larger diameter standard hot rolled bar.

WEIGHT SAVINGS for SELECTED SIZES
AVE. WT. PER FT.
DIAMETER Sua | WEIGHT SAVINGS
(INCHES) | HOTROLLED | TURNED USING R.T.O.S.
OVERSIZE
3 33.46 !
3, 38.21 et
4 43.90
41 48.99 st
4% 55.40
43, &1.30 5.90 "y
68.58
g’.ﬁ T'q'?_l'r E-‘Igluﬁl
5 82.79
5% 90.30 F
6 99.64
s 106,51 S5
62 116.62
&2 124,62 8.00 5
7 13495
7' 143.54 S50
7' 154 61 .
7% 163.79 2185
8 175.61
gy 185-38 Q.77 5%
8'/: 198.01 i
9 221.04 250
9 221.68 "
9'fe 246.01 RH00
9': 246,69 "
| 10 274.01 il
10 273.12 ;
10'%: 301.75 e
MOTE: Straightness tolerances have nol been considered in these
examples.

A



PACIFIC MACHINERY & TOOL STEEL CO

1018 SPECIAL QUALITY
AISI/SAE 1018 — Low Carbaon

PACIFIC 1018 is the standard analysis for low carbon machinery steels and is best
known for use in “celd rolled” bars. PACIFIC's hot rolled 1018 offers consistent machin-
ability with good weldability. This special quality 1018 meets ASTM ASYE special bar
requirements and is vacuum degassed, calcium treated and ultrasonic tested for sound-

ness. These bars are rough turned oversize to finish at nominal size for economical
machining. This grade can bé surface hardened by carburizing but does not respond to
through hardening heat treatment,

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P S
5020 J60/.90 040 max 050 max

TYPICAL PROPERTIES: Approximate—not for spacification
Tensile, psi Yield, psi Elong. Hardness Machinability
65,000 42 000 35% 137HB S5%

PROCESSING TEMPERATURES: Typical
Forge: 2300°F max Mormalize: 1625/1725°F Case Harden: 15001 700°F

1018 CARBON STEEL ROUNDS

CONDITION COLOR CODE
As Rolled Orange with White Cross
STOCK SIZES — Rough Turned Oversize
DIAMETER | WT.PERFT. | WT. PER 20 || DIAMETER | WT. PER FT. | WT. PER 20
(INCHES) {LBS.) BAR(LBS) || (INCHES) (LBS.) BAR (LBS.)
Ja 33.46 6691 6= 116.6 2,332.5
i 4 43.90 avi.e ¥ 135.0 2,669.0
4 55.40 1,107.9 8 175.6 35121
5 68.58 1.371.7 9 221.7 44336
5z 82.79 1,655.8 10 2731 5,462 .4
& 099.64 1,992.7

SEE PAGE A=21 FOR TOLERAMNCES

Asz




PACIFIC MACHINERY & TOOL STEEL CO.

1045 SPECIAL & COMMERCIAL QUALITY

CARBON STEEL
AISI/SAE 1045 — Medium Carbon

PACIFIC 1045is a medium carbon steel and therefore has higher strength than 1018.
It is extensively used where the higher strength and toughness of alloy grades are not
required, Commercial quality is stocked in smaller diameters. Sizes 3'/." through 11"
diameter are special quality rough turned oversize bars which have been vacuum
degassed, calcium treated and ultrasonic tested for soundness. Forged bars which are
rough turned oversize are stocked in large diameter sizes 12" through 18", This medium
carbon grade can be through hardenad in small sections and can be surface hardened by
flame or induction in virtually all diameters. Welding generally requires preheating in the
400°F range, (See WELDABILITY article page 1+42.)

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, s
c Mn P 5
A3/.50 6090 040 max 050 max

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Eleng. Hardness Machinability
95,000 58,000 23% 201HB §7%

PROCESSING TEMPERATURES: Typical
Forge: 2275°F max Mormalize: 1550/1650°F Harden: 1500/1575°F

SEE PAGE H+7-10 FOR HEAT TREATING INFORMATIONM

ROUND BARS — See next page for stock sizes.

FLATS & SQUARES (Sawed from Plate)
See HOT ROLLED PLATE section page A=19.

Ae3



PACIFIC MACHINERY & TOOL STEEL CO

1045 CARBON STEEL ROUNDS
CONDITION COLOR CODE
As Rolled Yellow with Green Cross
STOCK SIZES
DIAMETER WT.PERFT. | WT.PER 20' || DIAMETER WT. PER FT. | WT. PER 20’
(INCHES) [LBS.) BAR (LES.) {INCHES) (LBS.) BAR [LBS.)

Ba 1.04 209 5% 82.79 1,655.8

s 1.50 301 5% 91.64 1,832.9

" 2.08 40.9 6 99.64 18827

1 2.67 535 6 'a 108.0 2,159.3
1Y 3.38 67.7 6 116.6 2.332.5
1s 418 B3.5 6 Ya 125.6 25124
13 5.05 1011 7 135.0 2,699.0
1Y 6.01 120.3 7 144.6 28922
13 B.19 163.7 T e 154.6 30922
17 9.40 187.9 T 164.9 3,208.8
2 10.69 2138 a 175.6 35121
2 1243 248.6 8 186.6 3,7321
2 13.M 278.2 8 198.0 3,960.1
25y 15.48 309.5 8. 209.7 4,193.5
2 17.13 3425 2] 221.7 4.433.6
2% 20.91 418.2 9 s 234.0 4,680.4
3 2481 496.3 Qs 246.7 4933.8
*3a 28.90 577.89 0 2731 5.462.4
3 33.468 669.1 10 300.8 6,016.1
34 3B8.65 7729 11 329.8 6,596.6
4 43,90 B77.9 12 4011 8,021.9
4'f 49.48 989.6 13 469.3 9,385.1
4 55.40 1,107.9 14 5428 10,855.2
4% 61.98 1,239.6 16 T05.8 14,1661
5 68.58 1,371.7 16 ' 7499 14,9981
5 75.52 1,5104 18 B90.2 17.804.6

* 3'fv and 3 stocked in both Hot Rolled and Rough Tumed Oversize.

SEE PAGE A+21 FOR TOLERANCES

MOTE 1: Hot Rolled — Stocked through 3Y:" diameter.
MOTE 2: Rough Tumed Oversize — Stocked 3" through 11" diameter.
MOTE 3: Press Forged and Rough Turned — Stocked 127 through 18" diameter,

Asd



PACIFIC MACHINERY & TOOL STEEL CO.

1060/1070 PLOW STEEL

AISI/SAE 1060/1070

PACIFIC Plow Steel has higher carbon and therefore higher wear resistance than
1045. As the name implies this grade has been used extensively for agriculural
applications. It can be forged and is weldable with adequate preheat (See WELDABILITY
article page l+42), Different grades may be stocked within the 1060/1070 range
depending on availability.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %4

Cc Mn P s
1060 .55/.65 50,90 {040 max 050 max
1065 B0LT0 B0/.90 040 max 50 max
1070 B5.75 B0.80 040 max 050 max
TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Elong. Hardness
104,000 60,000 18% 229HB

Forge: 2175°F max

PROCESSING TEMPERATURES: Typical

Mormalize; 1625°F

Harden: 1500/1550°F

1060/1070 PLOW STEEL FLATS & SQUARES

CONDITION COLOR CODE
As Rolled Black
STOCK SIZES

SIZE WT. PERFT. | WT. PER 20° SIZE WT.PERFT. | WT.PER20°
(INCHES) {LBS.) BAR (LBS.) || (INCHES) (LES.) BAR (LBS.)
Wax1 .85 17.1 You 2 3.40 68.1
Ve x 1Ya 1.06 21.3 Wax 4 6.81 136.1
Ve 12 1.28 22.5 ax B 10.21 204.2
Yax 3 2.55 51.0 ax 1 3.18 63.8
Yax 1a 1.91 38.3 Yax 2 4.25 85.1
Haw 2 2.85 51.0 1x4 13.61 272.3
o x 22 3.19 53.8 21 5 17.23 344.5

SEE PAGE A=22 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL COC

1070/1095 CARBON SPRING STEEL
AISI/SAE 1070/1095 — High Carbon

FPACIFIC high carbon steel is often used where high hardness andfor good wear
resistance is needed. This includes springs, forged tools, agricultural applications, etc.
The spring steel sizes are normally slocked in the 1080/1085 analysis range, while the
hexagon stock is usually in the lower carbon 1070/1080 range. Heat treatment is
necessary lo achieve spring temper and bast wear properiies.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %

C Mn P 5
1075 70480 ANT0 040 max 050 max
1084 80093 B0/90 040 max 050 max
1085 80M1.03 300,60 040 max 050 max

PROCESSING TEMPERATURES: Typical
Forge: 2100°F max Anneal: 14501 525°F Harden: 14501 500°F

1070/1095 HIGH CARBON SQUARES,
HEXAGONS and FLATS

SHAPE CONDITION | COLOR CODE
Hex As Holled Red
Flat, Rd. & Sq. As Rolled White
STOCK SIZES
SIZE WT.PER FT. | WT. PER 20 SIZE WT. PER FT. | WT. PER 20/
(INCHES) LBS.) BAR (LBS.) || (INCHES} (LBS.) BAR (LBS.)
s sq 1.91 38.3 Yo % e 0.32 6.4
o sq 2.61 521 Yax 1 0.43 8.5
1 sq 3.40 68.1 Yax 1M 0.53 10.6
s hex 1.66 33.2 Yax 1z 0.64 12.8
o hex 2.26 45.1 Yox 2 0.85 17.0
1 hex 2.85 58.9 Yo x 2 1.08 215
1 hex 3.76 75.1 e % 1 0.64 12.8
1s hex 4.63 927 e % 1 0.80 16.0
5 _ s x 1Y 0.08 19.1
Spring Steels. Vax 3 2.58 516
w2 2.55 51.0

SEE PAGE A=21-22 FOR TOLERAMCES
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PACIFIC MACHINERY & TOOL STEEL CO.

MOLY-KROME® ALLOY STEEL
AISI/SAE 4142

PACIFIC MOLY-KROME®is available in four conditions: heat treated {quenched and
tempered), annealed, normalized and as rolled. It is a widely used medium carbon alloy
stea| which is relatively inexpensive considering the hardenability it offers. AISVSAE 4142
has been a standard of the indusiry for many moderaie to severe service applications. It
is readily machined, easily forged and exhibits good response to heat treating by furnace,
flame and induction hardening MOLY-KROME® can also be nitrided and is weldable using
proper procedures {See WELDABILITY OF STEELS page 1+43-45). Both annealed and
heal treated (O & T) rounds in sizes 3'/+" through 11" are rough turned oversize, calcium
treated, vacuum degassed and ultrasonic tested. Flat and square bars are either hot rolled
to size or saw cut to width from hot rolled 4140 plate.

MOLY-KROME® HEAT TREATED: This grade is quenched and tempered at the
mill to a strong, tough yet machinable condition and usually requires no further heat
treatment after finish machining {unless surface hardened by flame or induction).
Mechanical properties are tested and cenified by the supplying mill to ASTM standards
A193, grade BT and A434, class BC. (See 4340 Heat Treated for higher strangth ASTM
A434, Class BD.)

MINIMUM MECHANICAL PROPERTIES

DIAMETER TENSILE STRENGTH| YIELD STRENGTH ELONGATION
{INCHES) A1G3, BY | A434BC || A193, BT | A434,BC || A183 BY | A434 BC
thru 1z 125,000 | 130,000 | 105,000 | 110,000 16% 16%
aver 1"z thru 24z 125,000 | 125,000 | 105,000 | 105.000 16% 16%
over 2z hru 4 115,000 | 115,000 25,000 25.000 16% 16%
aver 4thru ¥ 110,000 | 110,000 75,000 85000 18% 16%
aver 7 thru 'z M.A. 105,000 |f M.A, B80.000 MLA. 15%

All values are minimum requiremenis and strengths are given in pounds per square inch,

Hardnessis approximately 28 HAC mean for diameters under 9':", and those over
9'/:" are ordered to a range of 260/321 HE (approximately 28/34 HRC). All bars through
6'/:" diameter are strass relieved after mechanical straightening.

MOLY-KROME AMNEALED*: Pearlitic annealing produces the best machinabil-
ity, the lowest hardness, the most stress free condition and the lowest strength for
MOLY-KROME®. Parts made with the annealed condition generally require heat
treating prior to being placed in service. Therefore, Annealed MOLY-KROME® is
usually considered for pars requiring higher mechanical properties than offered by the
heat treated grade; parts are machined and then heat treated. Heat treating data is
given on page H*172-173.

AsT



PACIFIC MACHINERY & TOQOL STEEL CO.

MOLY-KROME® ALLOY STEEL — Continued
AISI/SAE 4142

MOLY-KROME® NORMALIZED: Heating above the critical temperature and
cooling in still air produces the normalized structure. This refines the as rolled grain
structure and gives mechanical properties between the guenched and tempered and
the annealed conditions. This has been the traditional condition for stocking hot rolled

_flats and squares. Mormalized MOLY-KROME® can be heal treated to higher strength/
hardness levels by guenching and tempering.

MOLY-KROME* AS ROLLED (MATURAL): These bars have no controlled
thermal treatment after hot rolling. Consequently machinability is inconsistent, as are
mechanical properties. This condition should be considered for hot forging applications
where further heat treating will be required for finished parts.

TYPICAL APPLICATIONS:

Arbaors Crank Shafts Load Arms Shackles
Axles Cutter Heads Mandrels Shafts
Bolts Gears Molds Tools

Baring Bars Hammers Muts Spindles

Cams Hooks Racks Studs

Clavises Jigs Rollers U-Bolts

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
C Mn P 5 Cr Mo
A0LA45 75110 035 max 040 max .80M1.10 18025

TYPICAL PROPERTIES: Approximate—nat for specification

Condition Tensile, psi Yield, psi Hardness Mach.
Annealed 95,000 60,000 197HB 87%
Mormalized” 115,000/145,000  70,000/100,000 241/302HB 55%
Heat Treated (Q & T) 130,000 105,000 269HB 55%

* Normalized properties depend on section size. Ranges are for 2" through 4",

PROCESSING TEMPERATURES: Typical
Forge: 2200°F max Mormalize: 1550/1650°F Anneal: 1475/1585°F
Harden: 15251575°F  Temper: 750/1275°F and 350/450°F

SEE PAGE H*172-173 FOR HEAT TREATING INFORMATION

41L40 is the free machining version of MOLY-KROME®.
It is offered in the annealed cold drawn condition.
See page B+18 of the COLD DRAWN SECTION.
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PACIFIC MACHINERY & TOOL STEEL CO.

MOLY-KROME® ALLOY STEEL ROUNDS
AISI/SAE 4142

CONDITION

COLOR CODE

Heat Treated (O & T)

Half Orchid & Half White

Annealed Crchid with White Dot
As Rolled Orchid with White Stripe
STOCK SIZES
s, | T | s m, | e | oS,
' 067 13.4 — HR -
g 0.85 16.9 — HR —
“f 1.04 204 HR HR -
QT 1.26 25.3 —_— HR —_
s 1.50 304 HR HAR HR
"3fig 1.77 35.3 —_— HA —_
“fa 2.05 409 HR HA —
5f1g 2.35 47.0 —_ HA —
1 2.67 535 HR HR HHA
1% 3.38 67.7 HR HR HA
13 a7 75.4 FIR — —
1% 418 83.5 HR HR HA
1% 5.05 101.1 HA HR HR
1Yz 6.01 120.3 HR HR HR
150 7.06 141.2 HA HR HR
13 8,18 163.7 HRA HR HA
1% 9.40 187.9 HR HR HA
2 10.69 2138 HA HR HR
2 13.91 2va.z HA HR HR
2% 15.48 308.5 HR HR e
2 17.13 3425 HR HR HR
2% 19.08 3B81.6 HR —_ —_
2% 209 418.2 HR HA HR
3 24.81 496.3 HR HR HR
3 28.90 577.9 RTOS ATOS —
3 33.46 669.1 RTOS ATOS —
35 36.15 723.0 RTOS — =
3% 38.65 77249 RTOS ATOS —
4 4390 B77.9 RTOS RTOS —

Continued on next page

SEE PAGE A=21FOR TOLERANCES

NOTE 1: Hot Raolled (HR)
NOTE 2: Rough Turned Oversize (RTOS)

Al




PACIFIC MACHINERY & TOOL STEEL CO.

MOLY-KROME® ALLOY STEEL ROUNDS — Continued
AISI/SAE 4142

CONDITION COLOR CODE
Heat Treated (Q & T) Half Orchid & Half White
Annaaled Orehid with Whita_Eol
STOCK SIZES
NCHES) | | (LBS) | BAR(LBS) | TREATED | ANNEALED
4 43.90 877.9 RTOS RTOS
4 49.48 S80.6 RTOS RTOS
4t 55.40 1,107.9 RTOS RTOS
4% 61.98 1,239.8 RTOQS RTOS
5 68.58 1.371.7 RTOS RTOS
5 7h.62 15104 RTOS RTOS
5 B2.79 1,665.8 RTOS RTOS
53, 91.64 1,832.9 RTOS RTOS
G 99.64 1,992.7 RTOS RTOS
6 ' 108.0 2,158.3 RTOS RTOS
6t 116.6 2,332.5 RTOS RTOS
6 125.6 25124 RTOS RTOS
¥ 135.0 2,699.0 RTOS RTOS
T\ 144.6 28822 RTOS RTOS
7l 154.6 30022 RTOS RTOS
T3 164.9 3,296.8 RTOS RTOS
8 175.6 35121 RTOS RTOS
8 198.0 34,8601 RTOS ATOS
9 221.7 44336 RTOS RTOS
a'f 246.7 49338 RTOS RTOS
10 2731 54624 RTOS ATOS
11 329.8 6,5096.6 RTOS -
12 401.1 80219 PFE PF
13 469.3 9,385.1 PF —
14 5428 10,855.2 PF PF
16 705.8 14,166.1 PF —
18 gap.z2 17,804.6 PF —
SEE PAGE A=21 FOR TOLERAMCES

MOTE 1: Rough Turned Oversize (RTOS)
MOTE 2: Press Forged and Rough Turned (FF)

A=10



PACIFIC MACHINERY & TOOL STEEL CO.

MOLY-KROME® ALLOY STEEL FLATS, SQUARES

& HEXAGONS
AISI/SAE 4142
SHAPE CONDITION COLOR CODE
Flats & Squares Mormalized Orchid with White Cross
Hexagons Annealed Orchid with White Dot
STOCK SIZES — FLATS & SQUARES
SIZE WT. PER FT. | WT. PER 20" SIZE WT.PER FT. | WT. PER 20'
{INCHES) (LES.) BAR {LBS.) (INCHES) (LES.) BAR (LBS.)
x4 6.86 137.2 1'sq V.66 153.1
Fax2 5.10 1021 1% 2 10.21 2042
Wax 21 6.46 128.2 123 15.47 308.5
1sq 3.40 58.0 1% 4 20.58 411.6
1x2 6.81 136.1 1xh 25.68 513.7
1x3 10.32 206.3 1= %6 30.79 6158
1x4 13.72 274.4 2sq 13.83 276.5
1x5 1712 342.5 2x3 20.63 426
1x6 20.53 4105 2x4 27.44 5488
1'fasqg 4.3 86.1 2x6 41.05 E821.0
130 5.32 106.4 2'ssq 17.71 354.2
s x 2 10.77 215.4 2z 5q 21.81 436.1
1 x 3 12.90 257.9 2% % 6 51.31 1,026.3
1ax 4 17.14 3430 3sq 3.1 6222
1ax b 21,40 4281 3x5 51.37 1,027.4
1% 6 25.66 5131 3x6 61.58 1,231.5
1MWax7 2.0 598.2 3 8 42.81 B56.3
1'%z 59 7.66 1531 4 5q 55.31 1,106.1
SEE: HOT ROLLED PLATE section for saw edge 4140 annealed/MN&T flat and square bars,
STOCK SIZES — HEXAGONS
SIZE WT. PER FT. | WT. PER 20 SIZE WT. PER FT. | WT. PER 20
(INCHES) (LBS.) BAR (LBS.) {INCHES) {LBS.) BAR (LBS.)
1 2.95 58.9 17 10,45 209.0
1 Y 3.76 751 2 11.88 2378
1 4.63 92.7 2 1513 3026
1 % 5.60 1121 2% 16.84 3369
1Yz 6.67 133.3 2 18.65 373.0
15 7.86 1571 2% 22.67 4534
13 an 1821 3 26.94 538.8

SEE PAGE A=21-23 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CQ.

FORGINGS
AISI, ASTM & SAE Grades

Faorgings are available in virtually any grade of carbon or alloy steel, stainless steel
or tool steel. They can be smooth forged or rough machined and are available in all thermal

conditions, Contact the Pacific Machinery & Tool Steel sales department for more
information, or better yet, send us your drawing.

AIRCRAFT QUALITY STEEL
AMS, MIL & FED Specs

Aircraft quality grades are not stocked but are generally available on sharl notice.
Please call or fax your inguiry.

SPECIALTY ITEMS

Mon-Stock Steel & Mon-Ferrous Metals

Pacific can locate and supply many hard to find items for you. Our sales and
purchasing departments have developed an extensive list of specialty suppliers. Grades
and types we source for customers include;

STAINLESS STEELS SUPER ALLOYS

ALUMINUM COPPER, BROMZE & BRASS
STEEL SHEET & COIL MICKEL ALLOYS

TITAMIUM ALLOYS STRUCTURAL STEEL
STEEL PIPE REFRACTORY ALLOYS

REQUEST OUR PRODUCT BROCHURE ON HOT FINISHED
CARBON & ALLOY STEEL BARS.
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PACIFIC MACHINERY & TOOL STEEL CO.

4150FM ALLOY STEEL
AISI/SAE 4150 Modified — Resulfurized, Quenched & Tempered

PACIFIC 4150FM is a high strength chromium-molybdenum alloy which is readily
machinad in the heat treated condition. The controlled addition of sultur gives 4150FM its
unigue free machining characteristics. Also in sizes 3" through 11" diameters itis calcium
treated for additional ease of machining and extended tool life. These sizes are also rough
turned oversize 1o clean up at nominal size. This saves the expanse of machining the next
larger size, as required with most hot rolled bars, 4150FM is not as weldable as 4142
because of the higher carbon content. However, it is weldable with proper procedures (See
WELDABILITY OF STEELS, page |=43-45). It can also be induction hardened. Sizes
through 6':" diameter are stress relieved after machine straightening.

TYPICAL APPLICATIONS:

Arbors Crusher Shafts Pins
Axles Cutter Heads Shafts
Boring Bars Mandrels Spindles

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P 5 Cr Mo
ABIL53 751,30 035 max 0810 J0M.10 JA5125

TYPICAL PROPERTIES: Approximate—not for specification

Diameter  Tensile, psi  Yield, psi Elong. Hardness Machinability
a" 146,000 124,000 18% J0ZHE 60%
4" 143,000 117,000 16% a02HB B0%
B" 140,000 110,000 16% 293HB 60%
a" 136,000 102,000 16% 293HB 60%

PROCESSING TEMPERATURES: Typical
Forge: 2200°F max  MNormalize: 1525/1625°F  Anneal: 1450/1550°F
Harden: 1500/1575°F max Temper: 750/1275°F and 350/450°F

SEE PAGE H=23-24 FOR HEAT TREATIMNG INFORMATION

FOR QUALITY HOT FINISHED CARBON & ALLOY STEEL BARS
INSIST ON PACIFIC PRODUCTS.
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PACIFIC MACHINERY & TOOL STEEL CO.

4150FM ALLOY STEEL ROUNDS
AISI/SAE 4150 Modified — Resulfurized, Quenched & Tempered

CONDITION COLOR CODE
Heat Treated (Q & T) Half Orchid & Half Yellow
STOCK SIZES
DIAMETER WT.PER FT. | WT.PER 20' || DIAMETER WT.PERFT.| WT.PER 20
(INCHES) (LBS.) BAR (LBS.) {INCHES) (LBS.) BAR (LBS.)

a 0.67 13.4 4= 55.40 11079

“fu 1.04 209 4 8y 61.828 1,239.6

fa 1.50 30.1 7] 68.58 1,371.7

fa 2.05 40.9 5 75h.62 1,510.4
1 2.67 5356 5 B2.79 1,655.8
1% 3.38 67.7 5% 91.64 1,832.9
1% 418 B35 G 49,64 1,902.7
1 5.05 101.1 6 ' 108.0 2159.3
1% 6.01 120.3 6 ' 116.6 23325
1% 7.06 141.2 6 s 125.6 25124
13 B.19 163.7 Fil 135.0 2,699.0
2 10.69 213.8 7T 144.6 28922
2 12.25 2450 P 154.6 30022
21 13.74 274.4 7 Ya 164.9 3,208.8
2 16.91 338.3 8 175.6 45121
2 5y 19.08 381.6 8 ' 186.6 3,732
2% 20.91 4182 8 198.0 3,960.1
3 2481 496.3 2] 221.7 44336
3 28,90 577.9 avy 248.7 49338
' 33.46 6691 10 2731 5,462.4
35 J6.15 723.0 11 329.8 6,506.6
3% 3B.65 7724 12 401.1 §,021.9
4 43.90 B77.9 13 469.3 93851
4 e 49,48 989.6

SEE PAGE A=21 FOR TOLERANCES

MOTE 1; Hot Rolled bars are stocked through 3" diameter.
NOTE 2: Rough Turned Oversize bars are stocked in 34" through 11" diamaters.
MOTE 3: Press Forged bars are stockad in diameters 12" and over,
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PACIFIC MACHINERY & TOOL STEEL CO.

4340 ALLOY STEEL ROUNDS

AISI/SAE 4340 — Commercial Quality

PACIFIC 4340 is available in two conditions: heat treated (guenched and tem-
pered) to high strength or annealed for ease of machining and subsequent heat
treatment, It is a nickel-chromium-molybdenum medium carbon alloy steel with deep
hardenability. It can be through hardened in large sections. When properly hardened,
4340 exhibits a good combination of strength, ductility and toughness; this is the
material to which other ultra-strength steels are compared. PACIFIC 4340 Heat Trealed
bars are hardened to 285/331 HE and meet ASTM A 434, Class BD:

ASTM A 434, CLASS BD
DIAMETER TENSILE STRENGTH  YIELD STRENGTH ELONGATION

over 212" thru 4" 140,000 p=i 110,000 psi 14%
aver 4° thru 7* 135,000 psl 105,000 psi 14 %
ovar 7 thro 97/x" 130,000 psi 100,000 psi 14 %

NOTE: All values listed are minimum requirements.

4340 is weldable but only with proper precautions; because of its high hardenability, it
requires both preheat and postheat in virtually all welding applications (See
'u'u"éLII:IJE'LE'I.ILIT‘srr OF STEELS, page I+43-45). It can be induction hardened or nitrided
after quenching and tempering.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P 5 Ni Cr Mo
38143 .B0Y.80 035 max 040max  1.652.00 J0090 20030

PROCESSING TEMPERATURES: Typical
Forge: 2200°F max  MNormalize: 1550/1650°F  Anneal: 1475/1575°F
Harden: 1475/1550°F Temper: 400/1200°F

SEE PAGE H+25-26 FOR HEAT TREATING INFORMATION
4340 ALLOY STEEL ROUNDS
CONDITION COLOR CODE
Annealed Blue with Yellow Dot
Heal Treated (Q&T) Half Blue & Half Yellow
STOCK SIZES
DIAMETER | CONDITION |'WT. PER FT. | WT. PER 20 || DIAMETER | COMDITION |WT. PERFT. | WT. PER &0
[INCHES) [ AWM. | HT.| (LB} BAR (LBS.) (INCHES) | ANN. | HT. [LBS) BAR (LBS)
1 X 6.01 120.3 43 ! 61.98 | 1,2306
1% X 8.19 163.7 5 x| X 68.58 | 1.371.7
2 X 10.69 213.8 5 fa . 82.79 | 1,6855.8
2 X 13.74 274.4 5% A 91.64 | 18329
2 X 17.13 342.5 6 x| X 99.64 | 1.992.7
2 A 20.91 418.2 B ' b X | 11682 | 2,3325
3 X 24 .81 496.3 7 b X | 13485 | 2,699.0
3 ' A 2890 577.9 7\ X 154,61 | 3,092.2
3 ' A 33.46 669.1 8 b X | 17561 | 35121
3% 36.15 723.0 8 ' X | 198.01 | 3,960.1
3% X 38.65 7728 9 X | X | 22168 | 44336
4 X 43.90 877.8 9 X | 24660 | 48338
a4 X 49.48 989.6 10 K | X | 27312 | 54624
4 Ya x 5540 |1,107.9 17 s X B42.12 (16,8424

l SEE PAGE A=21 FOR TOLERAMCES

MOTE 1: Hot Rolled sizes are stocked through 3" diameter.
NOTE 2: Aough Turned Oversize bars are over 3° diameter.
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PACIFIC MACHINERY & TOOL STEEL CO

5160 ALLOY SPRING STEEL
AISI/SAE 5160 As Rolled — Chrome Alloy

PACIFIC5160 CHROME ALLOY SPRING STEEL is stocked in round edge flat bars.
This grade is used where good wear properties are needed as well as for leaf springs. It
is sometimes used in the as rolled condition but requires heal treating to achieve uniform
hardness and a proper spring temper.

TYPICAL APPLICATIONS:

Chopping Blades Scrapers Tracks
Froes Springs Wear Surfaces

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, 5%
C Mn P 5 Cr
5664 751,00 035 max 040 max 70080

PROCESSING TEMPERATURES: Typical
Faorge: 2200°F max Mormalize: 1550/1650°F Anneal: 1450/1550°F
Harden: 1475/1550°F  Temper: 800/1000°F

SEE PAGE H=27-28 FOR HEAT TREATING INFORMATION

5160 ALLOY STEEL ROUND EDGE FLATS

CONDITION COLOR CODE
As Rolled Orchid
STOCK SIZES
SIZE WT. PER FT. | WT. FER2D' SIZE WT. PER FT. | WT.PER 20'
{INCHES) (LBS.) BAR (LBS.) || ({INCHES) ILBS.) BAR (LBS.)
214 % 2 1.44 28.76 60 x 14, 2.09 41,82
x 2 1.62 32.40 X2 2.40 47.95
262 x 190 1.53 30.65 x 2 3.01 60.20
%2 1.78 35.10 X3 3.62 7245
= 2 1.88 30.56 X 3V 4.24 B4.70
x 2V 2.20 44.02 x4 4.85 96.95
%3 2.65 52.94 o w 2a 2.81 56.28
291 % 2 219 43.87 A01 x 3 4.03 B0.57
X2 2.44 48.82 T om 2 3.27 65.44
“he % 1'% 1.56 31.11 x 3 513 102.66
%1% 1.82 36.42 x4 5.88 117.55
x 2% 2.35 47.06 A47 w2 a.72 7443
® 3%z 3.68 73.65 %3 4.48 89.64
x4 4.21 84.28 489 x 2V 4.14 82.88
d23 x 2 2.16 43.12 %3 499 09.86
2% 2M 5411 %4 6.69 133.682
*3 3.26 65.10 w4 8.35 166.97
788 x 4 10.47 200.47

SEE PAGE A=22 FOR TOLERAMNCES
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PACIFIC MACHINERY & TOOL STEEL CO.

8620/8620H ALLOY STEEL
AISI/SAE 8620/8620H — As Rolled, Carburizing Quality

PACIFIC 8620 is a triple alloyed nickel-chrome-moly steel. It has become the
standard alloy grade for carburizing because of its balanced case-core hardenability,
availability and moderate cost. Pacific 8620H is rough turned oversize in sizes exceeding
3"diameter, These sizes are also calcium treated, vacuum degassed and ultrasenic tested
for optimum machinability, cleanliness and soundness. This grade is often used in the as
received condition where moderate strength with good weldahility is required. In sizes up
to 2* diameter it can be quenched and tempered to the 100,000 psi yield strength range.
Flat and square bars are sawed from plate.

TYPICAL APPLICATIONS:

Axles Gauges Ratchels
Bearings Gears Rallers
Bushings Gear Shafts Rolls

Cams Jigs Spindles

Crankshafts Malds Thrust Washers
Dies Pins Wear Plates

CHEMICAL COMPQSITION: Haat Analysis—ranges and limits
c Mn P 5 Ni Cr Mo
8820 A823 0 70490 035 max 040 max 40070 40080 15125
8820H A7/23  6B0/95 035max 040max 35,75  35/B5 .15/.25
B620Plate 17,23  60/90 .035max 040max 4070 35/60 15025

*TYPICAL PROPERTIES: Approximate—not for specification

Diameter Tensile, psi Yield, psi Elong. Hardness Machinability
1" 87,000 52,000 26% 183HB 65%
2" 82,000 51,000 27% 179HB 65%
4" 80,000 50,000 28% 163HB 65%

“As-Aolled — See page H+5 for heat treated properties.

PROCESSING TEMPERATURES: Typical
Forge: 2250°F max  MNormalize: 16501750°F  Carburize: 168501 750°F
Harden: 1550/1700°F Temper: 300/450°F

SEE PAGE H+5 FOR HEAT TREATING INFORMATION
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PACIFIC MACHINERY & TOOL STEEL CO,

8620/8620H ALLOY STEEL ROUNDS

| SHAPE CONDITION COLOR CODE
Raounds As Rolled Orehid with Orange Cross
Flats As Rolled I Orchid with Orange Stripe
STOCK SIZES
DIAMETER | WT.PERFT. | WT. PER 20' || DIAMETER | WT.PERFT.| WT.PER 20'
{INCHES) [LBS.} BAR (LBS.) (IMCHES) (LBS.) BAR (LBS.)

" 2.05 40.9 53 91,64 1,832.49
1 6.01 120.3 6 99.64 1,892.7
1 5 7.06 141.2 G 108.0 21593
T2 818 163.7 6z 116.6 23325
1% 9.40 187.9 6 s 125.6 25124
2 10.69 2138 7 135.0 2,699.0
2 12.25 245.0 7 e 154.6 3,002.2
2 13.74 274 4 7 164.9 3,298.8
2% 16.91 338.3 a 175.6 3.5124
23 20.91 418.2 g8 ' 186.6 3,732
3 24.81 496.3 a8 198.0 3,960.1
3 W 28.90 577.9 ] 221.7 44336
3z 3346 6691 9z 246.7 4,933.8
3 38.65 729 10 2731 54624
4 43.90 a877.9 11 324.4 G,486.6
4 s 49,48 0896 12 4011 80219
4 55.40 1,107.9 13 469.3 93851
4 3 61.98 1,239.6 14 542.8 10,855.2
7 68.58 1,371.7 15 621.6 12,432.2
a5 75.62 1,510.4 16 705.8 14,1161
o'l B2.79 1,655.8 18 Ba0.2 17,8048

SEE PAGE A+21 FOR TOLERAMNCES

8620 ALLOY FLATS & SQUARES — are sawed from plate.
See HOT ROLLED PLATE section for stock sizes on page A+19.

MNOTE 1: Hot Rolled rounds are stocked through 3" diameter,
NOTE 2: Rough Turned Oversize rounds are stocked in diameters over 3"
NOTE 3: Press Forged bars are stocked in sizes over 11" diameter,
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PACIFIC MACHINERY & TOOL STEEL CO.

HOT ROLLED PLATE
Carbon & Alloy Steel

PACIFIC Hot Rolled Steel Plate stock is available as either full plates or SE*-Bars
(Saw Edge). PACIFIC introduced plate sawing to the Morthwest in the 1970's and
continues to lead the industry. Standard carbon and alloy steel plus quenched &
tempered structural steel is made to square and flat bar sizes without a detrimental
heat affected edge. This saves time and costs associated with stress relieving bars
which have been flame cut. Standard SE®-Bar widths are offered in '/\" increments
through 3" wide, %" increments over 3" through 6° wide and 1" increments over &
through 12" wide; available in cut pieces to full bars. Custom widths are available to
25" wide in full bars only (approximately 12 ft.).

1045 Plate is a medium carbon grade with the capability of through hardening in
thin sections. It responds well to flame or induction hardening. Condition is as rolled.

4140 Plate is a medium carbon alloy grade which responds well to through harden-
ing when oil quenched. It can also be flame or induction hardened. Candition is
gither annealed or normalized and tempered to 229 HB maximum,

8620 Plate is a low carbon alloy grade used primarily for carburized and hardened
applications. Condition is as rolled,

8514 is a structural ASTM grade. It is a low carbon alloy grade which has been
mill heat treated. Condition is quenched and temperad to 100,000 psi minimum in
thickness through 2': inches (90,000 psi minimum, over 2'/:" through ).

GRADE COLOR CODE
1045 Yellow
4140 Crchid
8620 Half Crchid & Half Orange
A514 Red
STOCK SIZES
GRADE THICKNESS (INCHES)
Yo [ Ve [ [ 1 [I1Va |11 |1a| 2 |22 3 | 4 | &
o 1045 XX | X | X X sl X
e 4140 X |X|X|X|x AEACAEAEAERE:
m =
=
E = 8620 XX | XX X XX | X | X
3 As14 | | X |X|X|X|X|X|X|X
s 134" 1045 is resulfurized for free machining — color code is half yellow and
half white.
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PACIFIC MACHINERY & TOOL STEEL CO.

HOT ROLLED MANUFACTURING TOLERANCES
Carbon and Alloy Plate / SE®-Bars

PERMISSIBLE VARIATIONS IN THICKNESS
WHEN ORDERED TO THICKNESS
RECTANGULAR PLATES
CARBON, HIGH STRENGTH LOW ALLOY, AND ALLOY STEEL
TOLERANCE OVER SPECIFIED THICKNESS FOR WIDTHS GIVEN, IN.

SPECIFIED Over
THICKNESS, 48 48to | BOlo | 72to | B4to | OG0 | 10810 | 120% | 1321
M. and &, 72, 84, 96, 108, 120, 132, | 144,
under el excl. excl, excl el axcl, excl. excl,
To s, excl, 003 | 003 | 003 | 003 | 003 | 003 | 003 | 0.03 | 004

"t S, excl, 003 | 003 | 003 | 0.03 | 0.03 | 0.03 | 0.03 | 0.04 | D.04
“fie 1o s, oxcl, 003 | 003 | 003 | 003 | 003 | 0.03 | 0.03 | 0.04 | D.O4
Ye to The, excl. 003 | 003 | 003 | 0.03 | 0.03 | 002 | 0.04 | 0.04 | 0.05
e ta Ve, excl. 003 | 003 | 003 | 003 | 003 | 0.03 | 0.04 | 0.04 | D.OS
Yz to 5a, excl, 003 [ 003 | 003 | 0.03 | 0.03 | 0.03 | 0.04 | 0.04 | 0.05
o to ®s, axcl. 003 | 003 (003 | 003|003 )| 004 | 004 | 0.04 | 0.05

Wato 1, excl, 003|003 | 003 | 003 | 004 | 004 | 0.0O5 | 0.0O5 | D.06
1102, excl. 006 | 0.0 | 0.06 | 0.06 | 0.06 | 0.07 | 008 | 0.10 | D10
2 1o 3, excl, 0.09 | 0.0 | 008 | 010 | 010 | 011 | 012 | D13 | 014
3o 4, excl. 041 [ 011 | 011 | 041 | 011 | 042 | 014 | 0.14 | 0.14
4 1o 6, excl, 0.15 | 015 | 015 | 015 | 015 | 0.15 | 015 | 0.15 | 015
Gto 10, excl. 023 (024 | 024 | 0.24 | 024 | D24 | 0.24 | 0.24 | 0.24

10to 12, excl. 029 (029 | 033 (033 | 033 | 033 | 033 | 0.33 | 0.33
12 to 15, excl. 029 | 029 | 035 | 035 | 035 | 035 | 035 | 0.35 | 0.35

Mote 1. Permissible variation under specified thickness, 0.01 in.
Mote 2. Thickness to be measured at % to ¥+ in. from the longitudinal edge.

Mote 3. For thickness measured at any location other than that specified in Note 2,
the permissible maximum over-tolerance shall be increased by 75 per cent.

MNote 4. Width of the plate from which SE®*-Bars are cut determines thickness toler-
ances. Typical width is 96 in.

WIDTH TOLERANCES for SE®-BARS

Tolerances Are Determined by Equipment Used for Production

STANDARD TOLERANCE -0.000" / 0125
SPECIAL TOLERANGCE -p.000" /S +0.063"

Mote: Even though tolerances are on the plus side, clean-up is
not guaranteed at nominal width,
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PACIFIC MACHINERY & TOOL STEEL CO

HOT ROLLED MANUFACTURING TOLERANCES
Carbon and Alloy Steel Bars, ASTM A29

PERMISSIBLE VARIATIONS IN CROSS SECTION FOR HOT-WROUGHT
ROUND, SQUARE, AND ROUND-CORNERED SQUARE BARS OF STEEL

AISI FM & TS CO.
PEAMISSIBLE VARIATION | OUT-0F-ROUND OF ROUGH TURMNED,
FACK SPECIFIED SIZE, IM. QUT-OF-SQUARE, OVERSIZED ROUNDS
SPECIFIED SIZE, IM. Ovar Undes IN.# Oversize Tolerance

To 5, incl. 0.005 0.005 0.008 —
Ower e 1o T, incl. 0.006 0.006 0.009 —_—
Ower s 1o 2, incl, 0.007 0.007 Q.010 —_
Ower % 1o e, incl. 0.008 0.008 0.mz2 —
Ower fato 1, incl. 0.009 0.009 0013 —
Ower 1 to 1Y, incl. 0.010 0.010 0.015 —_—
Cwer 1Vato 14, incl. 0.011 0.011 0.016 —_—
Cwer 1Y to 194, incl. 0.012 0.012 0.018 —_
Cwer 19 to 1, incl. 0.014 0.014 0.021 —
Over 1z to 2, incl. 1 e 0.023 —
Owver 2 to 2z, incl. 1fag [} 0.023 —
Owver 21z to 3, incl. es 1] 0.035 0.029/0.047
Owver 3': to 4, incl. g 0 0.046 0.042/0.063
Ower 4'/: to &'z, incl. e ] 0.058 0.053/0.078
Ower 5'= to 6'f:, incl. Ya {0 0.070 0.093/0.118
Oher 6z to B, incl. S 0 0.085 0.083/0.118
Ower 8'/a 1o 9%, incl, Hig 0 0.100 0.083/0121
Over 9'Y: to 10, incl. e 0] 0120 0.083/0.124
Over 1010 11, incl. — — — 0.083/0.124
11 Ni-Grades (8520 & 4340) —_ = = 0.000/0.031

4 Qut-of-round is the difference between the maximum and minimum diameters of
the har, measured at the same cross section. Out-of-square is the difference in the
two dimensions at the same cross section of a square bar between opposite faces,

PERMISSIBLE VARIATIONS IN CROSS SECTION FOR
HOT-WROUGHT HEXAGONAL BARS OF STEEL
SPECIFIED SIZES PERMISSIELE VARIATIONS | OUT-CF-HEXAGON
BETWEEMN QPPQSITE FROM SPECIFIED ({CARBON STEEL AND

SIDES, IN, SIZE, IM. ALLOY STEEL) OR
OUT-CF-OCTAGON
Cwver Under [ALLOY STEEL). IN.#
Ta 'fa, incl. 0.007 0.007 0.011
Ower 'Yf=10 1, incl. 0.010 0.010 0.015
Ower 110 1'%, incl. 0.021 0.3 0.025
Ower 1'2to0 2, incl. e e Y
Cwer 2 to 2'z, incl. Haa e o
Cwer 2V to 35, incl. Yia e e
Cwer 3"z to 4'4s, incl, o Y 5fas
4 Qut-of-nexagon or out-of-octagon is the greatest difference between
any two dimansions at the same cross section between opposite faces.
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PACIFIC MACHINERY & TOOL STEEL CO.

HOT ROLLED MANUFACTURING TOLERANCES
Carbon and Alloy Steel Bars, ASTM A29

PERMISSIBLE VARIATIONS IN THICKNESS AND WIDTH FOR
HOT-WROUGHT SQUARE EDGE AND ROUND EDGE FLAT BARS®

PERMISSIELE VARIATIONS IN THICKNESS, FOR THICKNESS GIVEN, PEAMISSIBLE

SPECIFIED OVER AND UNDER, IN. VARIATIONS
WIDTH.IN. | g20310 | D23010 | Uio | Ovet ki | Ovrtio | Overzio | Ouer |LIN WIOTH N
0.230, excl.[ ', eacl. iy indl 1; incl. 2, incl 3, irel 3 OVER UNDER
T 1, incl 0.007 | 0,007 | 0.008 | 0.010 — - - M ot
Over tto 2, incl.|| 0,007 | 0.007 | 0.012 | 0.015 Yaz == - faz "z

Qver2fo 4, incl|| 0.008 | 0.008 | 0.015 | 0.020 Yfaz e e Yie Yz
Overd o6, incl| 0.008 | 0.009 | 0.015 | 0.020 Vaa et et Yoo e
CherGito 8, incl. A | 0.015 | 0.016 | 0.025 Wiz | 3 "1s Y Az

1

4 Flats over 6 to 8 in., incl. in width, are not available as hot-wrought steel bars in
thickness under 0.230 in.

& When a square is held against a face and an edge of a square edge flat bar, the
edge shall not deviate by more than 3° or 5% of the thickness.

PERMISSIBLE VARIATIONS IN STRAIGHTNESS FOR HOT-WROUGHT
BARS AND BAR SIZE SECTIONS OF STEEL* ®

Standard tolerances Yain. inany 5t ar i+ in. x length in ft.)/5
Special tolerances Yoin. inany 5 ft. or ("o in. ¥ lengih in ft.)/5

4 Because of warpage, straightness tolerances do not apply to bars if any subse-
quent heating operation or controlled cooling has been performed.

f Because saw edge bars are cut from plate, these tolerances do not apply. Plate
has both flatness and waviness tolerances which muost be considered.

RECOMMENDED MINIMUM MACHINING ALLOWANCE PER SIDE,

PER CENT OF SPECIFIED SIZE
REGULAR QUALITY ALLOY AND SPECIAL QUALITY CARBON STEEL BARS
Mon-Resulfurized Resulfurized
2" & CVER 2" & CVER
UNDER 2" UNMDER 2"
CEMTERLESS
TURMED OR GROUND 2.6% 1.6% 3.4% 2.4%

Mote 1. Based on bars with special straightness tolerance.

Mote 2. Bars turned on centers. Since this operation is dependent upon length and
straightness consideration, each item should be negotiated between con-
surner and supplier.
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PACIFIC MACHINERY & TOOL STEEL CO,

SECTION INDEX
COLD FINISHED CARBON & ALLOY STEEL

CARBON STEEL BARS

1018 — CDoand T&P rounds ... Be1-2

— CD squares (key stock) ....coooeiiviiniinnnins B=2

— CO IS (i Be3-5
12114 Free MacHMnG — CD rounds and Rexagons ... B+6-7
Suren 1200 Fase MacHrming  — CD rounds and hexagons ..o B-B
121581 Free MacHImING — CD rounds and hexagons ... B+9
1045 Swarming QuaLmy — T&P, Arrow-Ten®, Aing Gage Quality ...B=10-11
STRESSPROOFY — Rounds and hexagons ... Be12-14
FaTIGUE-PRODF — NS o R B=12-13
THreAD Rowme Stock — OIS -2 siii vt sirrbanva s dashrs b4 o yesbars said Be24

ALLOY STEEL BARS

4130 — CD, annealed or normalized ... B=15
Acraioy 4140/42 — G&P, heat treated ... B=16
“g.t.d.” 1507 — G0 AN GEP i it e e ki s Be=17
41L40 Free MacHinmc — GO, annealed ..o e e i B«18
BEL20 Free Mackinme e L R R R B=190

STAINLESS STEEL BARS

303 FreE MacHinmg — CD or smooth trmed . B=20
17-4 PH HigH STRENGTH — G&P, condition HI107S .o B+21
SPECIAL SHAPES . i i iissss save s s ressbsdeaiad B=26
TOLERANGES: i s s S it Be22-25






PACIFIC MACHINERY & TOOL STEEL CO

1018 COLD FINISHED BARS
AlISI/SAE 1018 — Low Carbon

PACIFIC 1018 cold finished rounds are stocked in the cold drawn condition through
4" diameter. The turned and polished condition is stocked in popular bearing sizes from
146" through 6" diameters. 1018is a low carbon steel which can be readily machined and
welded. It can be heal treated by carburizing and case hardening but will not furnace or
flame harden because of its low carbon content. Flats and squares are cold drawn 1o shape
and size.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P s
A5L.20 B0/.90 040 max 050 max

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Elong. Hardness Mach.
Cold Drawn 64,000 54,000 15% 126HB B6%
“Turned & Paolished 58,000 32,000 25% 116HE 66%

*Hot finished properies (no cold working).

PROCESSING TEMPERATURES: Typical
Forge: 2300°F max Mormalize: 1625/11725°F Case Harden: 15001700°F

1018 COLD DRAWN ROUNDS

CONDITION COLOR CODE
Cold Drawn Orange
STOCK SIZES
DIAMETER | WT.PERFT. | WT. PER 20" || DIAMETER | WT. PERFT. | WT. PER 20
{INCHES) {LBS.) BAR (LBS.) (INCHES) (LBS.) BAR (LBS.)
e 0.0 1.88 1% 3.02 60.35
fa 017 3.34 1 Ya 3.28 67.66
e 0.26 522 1% 377 75.38
Ya 0.38 7.52 1% 4.18 83.53
e 0.51 10.23 1% 4.860 92.09
o 0.67 13.36 1% 5.05 1011
e 0.85 16.91 17he 5.52 110.5
ifa 1.04 20.88 1 6.01 120.3
M 1.26 2527 1% 6.53 130.5
Ha 1.50 30.07 15 7.08 141.2
e 1.76 35.29 1" 7.61 152.2
fa 2.05 40.93 1% 8.19 163.7
"5f1e 235 46.98 17 9.40 187.9
1 2.67 53.46 1 %1 10.03 200.7

SEE PAGE B+22 FOR TOLERANCES

B+



PACIFIC MACHINERY & TOOL STEEL CO.

1018 COLD DRAWN and
TURNED & POLISHED SHAFTING
CONDITION COLOR CODE
Cold Drawn Orange

Turned & Polished

Orange with Black Strips

STOCK SIZES (Continued)

DIAMETER WT. PER FT,|WT. PER 20' || DIAMETER WT. PER FT.|WT. PER 20
(INCHES) |CONDITION ™ gs v | Bap (LBS) || iNcHES) |COMDITION|™ sy | an (Las)
1% | CD, TEP| 10.03 200.7 d'fa cD 26.10 522.0
2 cD 10.69 213.8 A Ya cD 28.23 564.6
2 cD 12.07 241.4 aThe CD, T&P| 3158 631.7
23 |CD, TEF| 12.79 255.8 3 cD 32.74 654.9
21 cD 13.53 270.6 3y cD a7.58 751.7
23 cD 15.08 015 3 [CD, T&P| 4144 B28.8
27e CD, T&FP | 1588 3176 4 (] 4277 855.3
2 cD 16.71 3341 47 T&P 52.63 1,082.7
2% cD 18.42 J68.4 4 s T&P 5413 1,082.5
2 e cD 19.31 386.1 4 Ve Ta&P 6516 1,303.2
27, cD 20.21 404.3 5 Ta&P 66.82 1,336.4
2% cD 22.09 441.9 &% T&P 78.03 |[1,5805
2% |CD, T&F | 23.06 461.3 R T&P 94,23 1,884.6
3 CD, T&P | 2406 481.1 5] T&P 95.22 1,824.5

1018 COLD DRAWN SQUARES — Key Stock
CONDITION COLOR CODE
Cold Drawn Orange
STOCK SIZES
SIZE WT.PERFT. | WT, PER 12 SIZE WT. PERFT. | WT. PER 12
(INCHES) (LBS.) BAR (LBS.) || (INCHES) (LBS.) BAR (LES.)

a 0.05 0.64 K 4.80 57.59
e 0.12 1.44 1% 5.32 63.81
a 0.21 2.55 1%a 6.43 7T
e 0.33 3.99 1% 7.66 91.89
YHa 0.48 5.74 15/a B.99 107.8
& 0.65 7.82 13, 10,42 1251
Ya 0.85 10.21 17 11.96 143.6
g 1.08 1292 2 13.61 163.4
Bfa 1.33 15.95 2% 17.23 206.7
s 1.91 22.97 2% 21.27 2565.2
s 2.61 31.27 2% 25.74 308.8
518 2.99 35.89 3 30.63 367.6

1 3.40 40.84 3= 41.69 500.3

1 Ys 4.31 51.69 4 54,45 65534

SEE PAGE B+22 FOR TOLERANCES

SEE PAGE B+26 FOR STD. KEY SIZES
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PACIFIC MACHINERY & TOOL STEEL CO

1018 COLD DRAWN FLATS

CONDITION COLOR CODE
Cold Drawn Crange
STOCK SIZES
SIZE WT. PERFT. | WT.PER 12' SIZE WT.PER FT. | WT. PER 12'
{INCHES) (LBS.) BAR (LBS.) | (INCHES) (LBS.) BAR (LBS.)

Yo X s 011 1.28 Ya X e 0.74 8.83
3fa 016 1.91 1 0.85 10.21

I 0.21 2.55 1a 1.06 12.76

*fa 0.27 3.19 1z 1.28 1531

3 0.3z 4.83 13 1.49 17.87

“fa 0.37 4.47 2 1.70 20.42

1 0.43 510 2Ya 1.91 22.97

1 0.53 6.38 21 213 25.52

1'%z 0.64 7.66 2 2.34 28.08

13 0.74 8.93 3 2.55 30.63

2 0.85 10.21 3z 2.98 35.73
2z 1.06 12.76 4 3.40 40.84

3 1.28 15.31 5 4.25 51.05
3 1.49 17.87 6 5.10 61.26

4 1.70 20.42 8 6.81 81.68

5 213 25.52 10 8.51 102.10

5 2.55 30.63 12 10.21 122.52

Y X 0.6 1.91 e X s 0.40 4.79
s 0.24 2.87 'Yz 0.53 6.38

e 0.32 3.83 e 0.66 7.98

e 0.40 4.79 M4 0.80 9.57

e 0.48 574 1 1.06 12.76

"fa 0.56 G.70 14 1.33 15.95

1 0.64 7.66 1z 1.60 19.14

14 0.80 8.57 2 2.13 25.562

1 0.96 11.49 21 2.66 31.91

13 1.12 13.40 3 3.19 38.29

2 1.28 1531 3a 3.72 4467
2" 1.44 17.23 4 4.25 51.05
2 1.60 19.14 5 532 63.81

3 1.9 22497 6 6.38 78.57
3= 2.23 26.80 a X e 0.64 7.66

4 2.55 30.63 *a 0.80 9.57

5 3.19 38.29 3y 0.96 11.49

6 3.83 45.94 "fa 112 13.40

Ya X Hhe Q.27 3.19 1 1.28 15.31
Ha 0.32 3.83 13e 1.52 18.19

' 0.43 5.10 1 1.60 19.14

5fa 0.53 6.38 1z 1.91 2297

2 0.64 7.66 13 2.23 26.80

Continued on next page

SEE PAGE B+22 FOR TOLERAMCES
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PACIFIC MACHINERY & TOOL STEEL CO.

1018 COLD DRAWN FLATS — Continued

STOCK SIZES
SIZE WT. PER FT. | WT. PER 12' SIZE WT. PERFT. | WT. PER 12'
(INCHES) (LBS.) BAR (LBS) || (INCHES) (LBS.) BAR (LES.)

T X 2 255 30.63 e K 1% a7z 4467
2, 2.87 34.46 2 425 51,05

2 3.19 38.29 2 4.79 57.43

3 3.83 45,94 214 5.32 63.81

s 4.47 53.60 3 5.38 76.57

s 4.79 57.43 3z 7.44 B9.33

4 5.10 51.26 3 7.98 B5.72

5 6.38 76.57 4 B.51 102.10

B 7.66 91.89 41 9.57 114.86

7 8.93 107.20 5 10.64 127.62

8 10.21 12052 [ 11.70 140,38

10 12.76 153.14 (3 12.76 153.14

12 15.31 183.77 B 17.02 204,18

e ¥ e 0.74 B.93 10 21.27 255.24
ify 1.12 13.40 12 2552 206.29

1 1.49 17.87 Yy X 2,00 24.04

1'fa 2.23 26.80 1 2.55 a0.63

2 2.98 35.73 1'/a 287 34 46

2 X 5 1.06 12.76 1 3.19 38.29
T 1.28 15.31 1 3.83 4504

e 1.49 17.87 1%, 447 53.60

1 1.70 20.42 2 510 61.26

1 213 2552 214 5,74 58.91

1/ 2,55 30.63 21/ 6.38 78.57

1% 2.98 35.73 23, 7.02 84.23

2 3.40 40.84 3 7.66 91.89

21, 283 4504 3t B.93 107.20

2\ 425 51.05 4 10.21 122.52

24 4.68 56.15 At 11.49 137.83

3 510 61.26 5 12,76 153.14

3 5.96 7147 6 15.31 183.77

4 6.81 B1.68 7 17.87 214.40

4 7.66 91.89 B 20.42 245.03

5 8,51 102.10 10 25,52 306.29

5 10,21 122 52 12 30.63 367.55

8 13.61 163.35 e X1 2.98 3573

10 17.02 204.19 17 3.72 44 67

12 20,42 245.03 1z 4.47 53.60

e X3 1.60 18.14 134 521 62.53
fa 1.86 2233 2 506 71.47

1 213 25,52 21 7.44 89.33

1 2.66 31.91 3 8.93 107.20

1 3.18 38.29 3 10.42 125.07

Continued on next page

SEE PAGE B+22 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO

1018 COLD DRAWN FLATS — Continued

STOCK SIZES
SIZE WT.PERFT, | WT. PER 12 SIZE WT. PER FT. | WT. PER 12'
{IMCHES) LBS.) BAR (LBS.) || (IMCHES) {LBS.) BAR (LBS.)
Tl X 4 11.91 142.83 1 X 2% 12.76 153.14
5 14.89 178.67 294y 14.04 168.46
iz 16.38 196.53 a3 15.31 183.77
1 X1 3.83 45,94 3z 17.87 214.40
14 4.25 51.05 4 20.42 245.03
1%s 4.68 56.15 4z 22.97 275.66
1'% 5.10 61.26 b 25.52 306,29
14 5.96 7147 51 .63 367.55
2 6.61 a1.68 8 40.84 490.06
2% 8.51 10210 10 51.05 612.58
3 10.21 122.52 12 61.26 735,00
3z 11.91 142.83 13 X 2 11.91 142,93
4 13.61 163.35 2z 14.89 178.67
4z 15.31 183.77 a 17.87 214.40
a 17.02 20419 3t 20.84 250,14
52 18.72 224.681 3 22.33 268.00
5 20.42 245.03 4 23.82 285.87
8 27.23 326.71 4z 26.80 321.60
10 34.03 408.38 5 20.78 357.34
12 40.84 490.06 3] 35.73 428.80
1 X2 7.66 91.89 2X 2% 17.02 204,19
3 11.48 137.83 2% 18.72 224,61
1 X1 6.38 76.57 3 20.42 245.03
1%a 744 89.33 3z 23.82 285.87
2 8.51 102.10 3 22.52 306,29
2Ya 9.57 114.86 4 2723 326.71
21 10.64 127.62 41fz 30.63 367.55
3 12.76 153.14 5 34.03 408.38
33 15.95 191.43 5 37.44 448,22
4 17.02 20419 & 40.84 490.06
4z 19.14 228.72 a 54.45 653.41
5 21.27 255.24 12 81.68 980,12
5 23.40 280,76 21 X3 25.52 30B.29
& 25.52 306.29 3. 29.78 357.34
8 34.03 408.38 4 34.03 408.38
12 51.05 612.58 IX6 61.26 735.09
12 X 13 893 107.20
2 10.21 122.52
21/ 11.49 137.83

SEE PAGE B-22 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL GO,

12L14 COLD FINISHED SCREW STOCK
AISI/SAE 12L14

PACIFIC 12L14 is a leaded, resulfurized and rephosphorized grade with the highest
machinability rating of standard AISI/SAE grades. It is particularly adaptable to automatic
screw machings and produces an excellent surface finish, Welding is not recommended
Eecahuse of the high sulfur content. It can be case hardened with light to moderate case

epths.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %

c Mn P s Fb
15 max 85/1.15 .04/.09 26/.35 15/35
TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Eleng. Hardness Mach.
c.D 78,000 60,000 10% 163HB 160%
TA&P 57,000 34,000 20% 121HB

*Haot finished properties (nao cold working).

PROCESSING TEMPERATURES: Typical
Farging, Mormalizing & Annealing: not normally required
Light Case Hardening: 1500/1700°F

12L14 COLD FINISHED ROUNDS

CONDITION COLOR CODE
Cold Drawn Green
Tumed & Polished Green
STOCK SIZES
DIAMETER | WT.PERFT. | WT. PER 12° || DIAMETER WT.PER FT.| WT.PER12'
(INCHES) (LBS.) BAR(LBS.) || ({INCHES) {LES.) BAR (LBS.)

o 0.07 0.78 5f1g 2.35 28.19
e 0.09 1.13 1 2.67 32.07
Tfag 013 1.53 1 Y 3.02 36.21
i 07 2.00 1Y 3.38 40.59
Yo 0.21 254 1% .77 4523
8fve 0.26 3.13 14y 4.18 50.12
e 0.29 3.45 1 % 4.60 55.25
ifas 0.32 3.79 1% 5.05 G0.64
e 0.34 414 17 552 66.28
e 0.38 4.81 1% 6.01 7217
e 0.44 5.29 1% 7.06 84.70
e 0.51 G6.14 1 7.61 91.34
b ) 0.59 705 134 8419 98.23
2 Q.67 8.02 1% 9.40 112.8
e 0.85 1015 2 10.69 128.3
5fa 1.04 12.53 2 Ve 11.37 136.4
e 1.26 15.16 2% 12.07 144 8
. 1.50 18.04 2 13.53 162.4
#fan 1.63 19.58 2%a 15.08 180.9
W15 1.76 21.17 2 s 15.88 190.6
a 2.05 24 .58 2 16.71 200.5

Continued on next page

SEE PAGE B»22 FOR TOLERAMNCES
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PACIFIC MACHINERY & TOOL STEEL CO

12L14 COLD FINISHED ROUNDS — Continued

CONDITION COLOR CODE
Cold Drawn (Green
Turned & Polished Green
STOCK SIZES (Continued)

DIAMETER | WT.PERFT. | WT.PER 12' || DIAMETER | WT.PERFT.| WT.PER 12'
{INCHES) (LBS.) BAR (LBS) || {(INCHES) (LBS.) BAR (LBS.)
2% 16.71 2005 EER 37.50 4511
2% 18.42 221.0 3 40.13 481.6
2% 20.21 242.5 4 42,77 513.2
2% 22.M 2651 4t 5413 649.5
3 24,06 288.7 4.4, 60.31 723.7
3 26,10 313.2 8 66.82 B01.9
3 28.23 388.8 5% 80.85 970.3
3% 30,45 365.4 "6 9522 1,154.7
Al 32,74 3929 6 112.93 1,3551
3% 35.12 421.5 T 130.87 1.571.7

*Turned and Polished (not cold drawn).

12L14 COLD DRAWN HEXAGONS

CONDITION COLOR CODE
Cold Drawn Green
STOCK SIZES
SIZE WT. PERFT. | WT.PER 12 h SIZE WT. PER FT. | WT. PER 12'
(INCHES) (LBS.) BAR (LBS) || (INCHES) (LBS) BAA (LBS.)
77 0.18 751 17 3.73 44.76
s 0.29 3.45 1 4.61 55.26
Iy 0.41 4.97 148 50 80.92
e 0.56 677 19 557 66.06
a 0.74 8.84 17he 6.09 73.08
915 0.93 11.19 11 6.63 79.57
s 1.15 13.81 1 5 7.78 93,39
i 1.39 16.72 1 8.39 100.7
s 1.66 19.89 1% 9.03 108.3
T 1.95 23.35 17%a 10.36 124.3
s 2.26 27.08 2 11.79 1415
e 2.59 a1.08 2 14.92 179.0
1 2,95 35.37 214 18.42 221.0
1 3.33 39.92 23, 22,29 267.5
1 3.73 44.76 3 26,52 318.3

[SEE PAGE B=22 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO.

SUPER 1200° LEAD FREE SCREW STOCK
AlSI 1215 Controlled Chemistry

SUPER 1200° is manufactured by LaSalle Steel Company to restricted chemistry
within the standard AISI range. New SUPER 1200% is virtually equivalent to 12L14 in
machining speed without any machining additives such as lead, bismuth, selenium,
efc. Each lot of product is subjected to machinability testing and has cerified mechani-
cal properties. SUPER 1200 has low nitrogen content fo facilitate cold forming; it can
be case hardened and it can be brazed. As with all highly resuliurized steels, welding
is not recommended.

CHEMICAL COMPOSITION: Typical, %
c s P Mn Si
07 32 05 495 <.01

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Elong. Hardness Machinahility
TOV90,000 G0/80,000 15/20% 137183 HBE 195%

PROCESSING TEMPERATURES: Typical
Forging, Mormalizing & Annealing not normally required.
Light Case Hardening: 1500/1700°F

SUPER 1200° COLD DRAWN ROUNDS

CONDITION COLOR CODE
Cold Drawn Turguoise
STOCK SIZES

A limited number of sizes are available at time of printing.
Please call to check current stock and availability.

B8



PACIFIC MACHINERY & TOOL STEEL CO

1215Bi NON-LEADED SCREW STOCK
AISI/SAE 1215 Modified with Bismuth Added

PACIFIC 1215Bi offers premium screw stock quality bars without lead additions.
1215Bi gives even faster machinability than 12L14 through controlled chemistry and the
addition of element 83, bismuth. Different mills produce slightly different analyses of this
grade. Trade names used are 83°-420 by LaSalle Steel and Multicut® Bizs by Republic
Steel. As with all 1200 series steels, welding is not recommended.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %

c Mn P s Bi

1215 {for reference} .09 max 75M1.05 047,09 26/35 —
837420 .02 max 851,15 047,09 .26/35 “added”
Multicut®-Bizs .06/.09 85/1.20 047,09 04 min 10 mean

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi  Yield, psi Elong. Hardness Machinability
78,000 60,000 10% 163HB 20089+

PROCESSING TEMPERATURES: Typical
Forging, Mormalizing & Annealing: not normally required
Light Case Hardening: 1500/1700°F

1215Bi COLD DRAWN ROUNDS

CONDITION COLOR CODE
Cold Drawn Pink

STOCK SIZES

Al printing a limited number of sizes were stocked in
rounds and hexagons. Please call to check current stock
and availability,




PACIFIC MACHINERY & TOOL STEEL CO

1045 COLD FINISHED BARS
AISI/SAE 1045 — Medium Carbon

PACIFIC 1045 cold finished bars are medium carbon steel and have strengths above
1018 but below the heat treated alloy grades, 1045 can be heat treated and is often
induction hardened for surface strength and wear resistance. PACIFIC 1045 Caold
Finished Bars are offered in three guality conditions:

TURMED & POLISHEDoffers medium carbon strength at lowest cost. Manufacturing
talerances are the widest for this condition. IUis stocked in popular shafting sizes from
1'%1" through &"/:" diameters.

ARROW-TEN® PRECISION SHAFTING is ground and polished to insure tight
diameter tolerances and 16 rms maximum surface finish. ARROW-TEN® has been
successfully used in many higher rpm, medium load applications such as shafts,
spindles and arbars.

RING GAGE QUALITY bars offer the qualities of ARROW-TEN® with the added
benefit of having been individually ring gaged. This is to insure that bearings will slip
over the entire length of the bar with minimal effort.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limils, %
c Mn P s
A3/.50 60780 040 max 050 max

TYPICAL PROPERTIES: Approximate—not for specification

Tensile, psi Yield, psi Elong. Hardness Mach.
*Cold Drawn 91,000 77,000 12% 179HE 58%
“Turned & Paolished 82,000 45,000 16% 163HE 56

“Turned & Polished bars usually have hot rolled bar mechanical properties. Ground
and polished bars have either cold drawn or hot rolled properties,

PROCESSING TEMPERATURES: Typical
Forge: 2275°F max Mormalize: 15501 650°F
Harden: 15251600°F

SEE PAGE H+7-10 FOR HEAT TREATING INFORMATION

REQUEST OUR PRODUCT BROCHURE ON COLD FINISHED
ALLOY & CARBON STEEL BARS.

B+10



PACIFIC MACHINERY & TOOL STEEL CO

1045 COLD FINISHED ROUNDS

CONDITION COLOR CODE
Turned & Polished Yellow with Green Stripe
ARROW-TEN" G & P Green wtih Yellow Stripe
Ring Gage Cluality Silver with Red Stipe
STOCK SIZES
DIAMETER COMDITION WT. PER FT. WT. PER 20/
(INCHES) T&P | G&P | RGO LBs.) BAR (LBS.)

a X 0.67 13.36

5 X 1.04 20.B8

3 X 1.50 30.07

fa b 2.05 40.93
1 A X 2.87 5346
1 s X 3.38 67.66
13 X X 377 75.38
1Y X 418 83.53
13k X 5.05 101.1
17 X X 5.52 110.5
1 X X 6.01 120.3
1% X 7.06 141.2
1. X * 7.61 1522
13 X 819 163.7
1% * X b 10.03 200.7
2 X 10.69 2138
2% * X b 12.79 255.8
2 X 13.53 270.8
27 X X X 15.88 317.8
2% X 16.71 334.1
2Ye X X 19.31 386.1
2% X a0.21 404.3
2 "yg X X X 23.06 461.3
3 X 24,06 481.1
3 X 28.23 564.6
37e X X X 31.58 631.7
3% A 32.74 654.9
3% A 37.59 751.7
3 e X X X 41.44 B2B.B
4 X 42.77 855.3
47 X X 52.63 1,062.7
4 b 54.13 10825
4 % X X 65.16 1,303.2
5 X 66.82 1,336.4
57 X X 79.03 1,580.5
5z X 80.85 1,617.1
5" X 94.23 1,884.6
67 X 110.77 2,215.4

SEE PAGE B+22 & 24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO.

STRESSPROOF® & FATIGUE-PROOF® BARS
AISI/SAE 1144 High Strength & Free Machining Medium Carbon

STRESSPROOF® is made by a patented process which consists of drawing the bar
through a special die under heavy drafi, then stress relieving it. This severe cold working
combined with the stress relieving results in a high strength bar with good stability and
exceptional machinability. STRESSPROOF" can often replace heat treated alloy steel for
machined parts requiring hardness in the range 23-30 HAC. It can be induction hardened
but should be watched for quench cracks because of the high suliur and manganese
content. Welding is not recommended. STRESSPROOF® exceeds ASTM A311, Class B.

FATIGUE-PROOF™ is an even higher strength grade made by various combinations
of mechanical working and thermal treatmenis. This high strength bar can eliminate heat
treating in the 32-36 HAC range plus the secondary operations associated with heat
treating, i.e., cleaning, straightening, remachining and inspection. All this, in combination
with free machining, works to reduce end costs. FATIGUE-PROCF® can be induction
hardened using the same precautions as with STRESSPROOF®. Welding is not recom-
mended.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %5
c Mn P 5 Si
A0548 1.351.65 040 max 24/.33 5030

MECHAMNICAL PROPERTIES:
Tensile, psi Yield, psi Elong. Hardness Mach.
Stressproof® 130,000 (mean) 100,000 min  12% (mean) - 83%
Fatigua-Proof* 140,000 (mean) 125000 min  10% (mean)  *280HB min  80%

‘In the event of disagreement betweean hardness and tensile strength, the tensile
strength shall govern.

THREAD ROLLING STOCK
ASTM A311, Class B, Grade 1144

PACIFIC Thread Rolling Stack meets AISVSAE 1144 chemistry range. Itis stocked
in decimal sizes for rolling nominal fractional size threads. See page B+ 14 for stock sizes,

MECHANICAL PROPERTIES:

Diameter, in. Tensile, psi Yield, psi Elong. Red. of Area
thru s 115,000 min 100,000 min 8% min 26% min
=athru 1'% 115,000 min 100,000 min 8% min 25% min
=1 thru 2 115,000 min 100,000 min &% min 25% min
=2 thru 3 115,000 min 100,000 min 8% min 205 min
=dthru 4'/: 115,000 min 100,000 min 7% min 207% min




FPACIFIC MACHINERY & TOOL STEEL CO

STRESSPROOF® & FATIGUE-PROOF® ROUND BARS

GRADE CONDITION COLOR CODE
Stressproof® Cold Drawn Copper
Stressproof® Ground & Polished Copper with White Dot

Fatigue Proof™ Cold Drawn Elue
STOCK SIZES
CONDITION ,
L:I'QEEEE]H STRESSPROOF | FATIGUE-PROOF WT;[FEESFEW' g;hpﬁég
ch G&P CO Only
s " X 017 3.34
51 X X 0.26 5.22
Ifa X ¥ b 0.38 752
i X 0.51 10.23
o ® ¥ X 0.67 13.36
g X x 0.85 16.91
5y x X X 1.04 20.88
g " X 1.26 25.27
s ¥ * X 1.50 30.07
3 X X 1.76 35.29
fa ¥ ¥ X 2.05 40.83
5 X X 2.35 46.96

1 ® ¥ X 2.67 53.46

1 Y b 3.02 60.35

14 X X X 3.38 67.66

1 3 % ® 377 75.38

11/ * b * 418 83.53

15w ® b 480 92.08

1% * ® x 5.05 101.1

17 X ¥ 5.52 110.5

11 X X X 5.01 120.3

1 % X X 6.53 130.5

1 5y X X 7.06 141.2

1 e X X 761 152.2

13, ® X X 8.19 163.7

1% X 9.40 187.9

1 Yy ® ® 10.03 200.7

2 ® X 2 10.69 2138

2 ¥ - 11.37 2274

2 X X uE 12.07 2414

2 4 b X £ 12.79 255.8

2 X X R 13.53 270.6

2 i X -3 14.29 285.9

2 Yy X X 8% 15.08 3015

27 X X ﬁ_:a-. 15.88 7.6

2 X X i 16.71 3341

2% X o= 17.55 351.0

2%, X X Sk 18.42 368.4

2 M X o= 19.31 3B6.1

2 X X e 20.21 404.3

27 X Ly 22.09 441.9

2 e X p = 23.06 461.3

3 X = 24.06 481.1

3t * * 28.23 544.6

Stressproof® sizes continued on next page
SEE PAGE B=22 & 24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO,

STRESSPROOF® ROUND BARS — Continued

CONDITION COLOR CODE
Cold Drawn Copper
Ground & Polished Copper with White Dot
STOCK SIZES (Continued)
DIAMETER CONDITION WT. PER FT. WT. FER 20
(INCHES) cD | cap (LBS.) BAR (LBS.)
33 X a0.45 G608.9
37s X 31.58 631.7
3 X X 32.74 654.9
3% X 35.12 T02.5
39 x 37.59 81,7
3 % X 41.44 B28.8
4 X X 4277 B855.3
47is X 52.63 1,052.7
415 X 5413 1,082.5
STRESSPROOF® COLD DRAWN HEXAGONS
CONDITION COLOR CODE
Cold Drawn Copper
STOCK SIZES
SIZE WT. PER FT. WT.PER 12
(INCHES) (LBS.) BAR (LBS.)
Wa 0.74 8.84
%ha 0.93 11.18
3y 1.66 19.89
fa 2.26 27.0
1 245 35.37
1Ya 3.73 4476
1 4.61 55.26
1z 6.63 79.57
13 9.03 108.31
2 11.79 141.46

ASTM A 311—CLASS B THREAD ROLLING STOCK
AISI/SAE 1144

CONDITION COLOR CODE
Cold Drawn Silver
STOCK SIZES
DIAMETER WT. PER FT. WT. PER 20"
(INCHES) (LBS.) BAR (LBS.)
0.346 0.32 6.40
0.465 0.58 11.56
0.707 1.34 26.72
0.951 242 48.35
1.068 3.05 G0.97
1.193 3.80 76.08

SEE PAGE B+22 & 24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO

4130 ANNEALED or NORMALIZED, COLD DRAWN
AISI/SAE 4130

PACIFIC 4130is a chromium-malybdenum low alloy steel with lower carbon than the
more popular 4140. Because of lower carbon content it has better weldability but lower
hardenability (response to hardening). Maximum achievable hardness by furmace hard-
ening is approximately 52 HRC. 4130 can be hardened by either water or oil quenching.
PACIFIC 4130 is furnished in either the annealed or the normalized condition depending
upcn mill availability.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P ] Cr Mo
.28/.33 A0/.60 035 max 040 max .80/1.10 5025

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Elong. Hardness Machinability
95,000 80,000 18% 179HB T0%:

PROCESSING TEMPERATURES: Typical
Farge: 2200°F max Mormalize: 16800/1700°F Anneal: 1525M1575°F
Water Harden: 1550/1600°F Qil Harden: 15751625°F Temper: 400/1300°F

| SEE PAGE H=189-20 FOR HEAT TREATING INFORMATION

4130 COLD DRAWN ROUNDS
CONDITION COLOR CODE
Annealed Blue with Red Dot
Mormalized Blue with White Cross
STOCK SIZES
DIAMETER | CONDITION | wT PERFT. | WT.PER12'
(INGHES}) Anneal.| Nom. (LBS.) BAR (LBS.)
Yz X 0.67 8.02
% X 1.04 12.53
e X 1.50 18.04
fa X 2.05 24.56
1 b 2.67 32.07
1 X 6.01 7217
Ask for availability on sizes not listed

SEE PAGE B+23 FOR TOLERAMCES




PACIFIC MACHINERY & TOOL STEEL CO.

ACRALLOY® PRECISION SHAFTING
AISI/SAE 4140/4142

FACIFIC ACRALLOY® has satisfied the high strength precision shafting require-
ments of the Pacific Northwest for decades. Acralloy” is heat treated by quenching and
lemparing for high strength. Itis then specially straightened, strass relieved and drawn or
tumed, then ground and palished to 16 maximum rms. Acralloy® has good toughness as
well as high strength and is the choice for many heavy duly shafting applications. It can
be welded if properly prehealed (see article on welding, page 1+43). Acralloy” can also be
surface hardened by induction heat treating and by nitriding.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
[ Mn P S Cr Mo
38145 751.00 035 max 040 max B0M.10 15425

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi  Yield, psi Elong. Hardness Machinability
120,000 100,000 20% 255HB 55%

ACRALLOY® PRECISION ROUNDS

CONDITION COLOR CODE
Ground & Polished Half Blue & Half Orchid
STOCK SIZES
DIAMETER WT.PERFT. | WT.PER20'|| DIAMETER WT.PERFT. | WT. PER 20'
(INCHES) {LBS.) BAR (LBS.) (INCHES) (LBS.) BAR (LBS.)
Tfa 0.67 13.36 2 10.69 213.8
*fu 1.04 20.88 28 12.07 241.4
Nfia 1.26 25.27 2% 12.79 2565.8
s 1.50 30.07 2 13.53 270.6
g 1.76 35.29 27 1588 3176
fa 2.05 40.83 2 18.71 3341
s 235 46.98 2" 19.31 386.1
1 267 53.46 23 20.21 404.3
1'e 3.0z 60.35 2% 23.08 461.3
1Ys 338 67.66 3 24 06 481.1
14w 3.77 75.38 350s 2716 5431
1 Y4 418 B3.53 RR 28.23 06,6
1 ¥ 5.05 1011 3s 31.58 a31.7
1% 5.582 1105 3% 32.74 654.9
1% G.01 120.3 3. 37.59 751.7
1%k 7.06 141.2 3 5/1s 41.44 B28.8
1" 7.61 1522 4 4277 855.3
14 8.19 163.7 40y 48.28 965.6
1 s B.78 175.6 47 52.63 1.082.7
1% a.40 187.9 4.1 5413 1.082.5
1 g 10.03 200.7 i Mg 65.16 1,303.2
2 10.69 213.8 & 66.82 1.336.4

SEE PAGE B=24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO

“e.t.d.” 150° ALLOY SHAFTING
AISI/SAE Medium Carbon 4100 Series

“e.t.d.” 180% is a high strength alloy steel with improved machinability. LaSalle
Steel manufactures "e.t.d.” 150 from medium carbon 4100 series alloy steel modified
with one machinability additive such as selenium, sulfur, or tellurium, The high strength
is developed by elevated temperature drawing below the critical temperature range.
Mechanical properties are exceptionally uniform throughout the cross section of each
bar. “e.l.d." 1507 is often used to replace material being heat treated to the 32/38 HRC
range. |t can be roll threaded, knured or plated and is suitable for induction hardening.
Welding is generally not recommended.

CHEMICAL COMPOSITION: Heat Analysis (typical), %
C Mn Cr Mo Other
A0 010 801,20 J51L25 See Note

Mote: "e.t.d.” 1507 contains additives to improve machinability, These may be
Te, Se, S or others,

TYPICAL PROPERTIES:
Tensile, psi Yield, psi Elong. Hardness Machinability
150,000 min 130,000 min 10%: mean *302HE min Th%

*If disagreement belween hardness and tensile strength, tensile strength shall govern,

“e.t.d.” 150° ALLOY ROUNDS

CONDITION COLOR CODE
Cold Drawn Yellow
Ground & Polished Yellow with White Dot
STOCK SIZES
DIAMETER COMNDITION WT. PER FT. WT. FER 12
{INCHES) cD G&P (LBS.) BAR (LBS.)
a * 0.67 8.02
S * 1.04 12.53
Y, X 1.50 18.04
fa b4 2.05 24,56
1 b X 2.67 32.07
1 s b4 3.38 40.59
13 X 377 45.23
1 X 418 5012
13y X X 5.05 60.64
1 X &.01 72147
13 X 8.19 08.23
1 My X 9.40 112.76
2 X 10.69 128,30
2Ya ¥ 13.53 162.38
2% e 16.71 200,47
2% X 20.21 242.56
3 X 24,06 2BB.67
3 X 28.23 338,79

SEE PAGE B=23-24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO.

4140 ANNEALED, COLD DRAWN (LEADED)
AISI/SAE 41L40

PACIFIC 41L40 is the free machining version of MOLY-KROME®. The addition of a
small amount of lead to the chemistry plus cold drawing increases the average machin-
ability rating 10 86%. This leaded grade can be heat treated the same as a standard 4140
to achieve similar hardness and strength. |mpact toughness is somewhat lower for the
leaded grade for hardnesses exceeding 35 HRC. 41040 works well in screw machines, It
is sometimes used in the as received condition but is narmally heat treated prior to use.

CHEMICAL COMPOSITION: Heatl Analysis—ranges and limits, %
c Mn P ] Cr Mo Pb
A38/.43 J5M1.00 035 max  .O040max  .BOM1.10 A5/.25 A5/35

TYPICAL PROPERTIES: Approximate—not for specification
Tensile, psi Yield, psi Elong. Hardness Machinability
105,000 85,000 15% 187HB BG%%

41L40 ANNEALED, CD ROUNDS

CONDITION COLOR CODE
Cold Drawn Orchid
STOCK SIZES
DIAMETER | WT.PERFT. | WT.PER 12 || DIAMETER | WT.PERFT.| WT.PER 12
(INCHES) (LBS.) BAR(LBS.) || (INCHES) (LES.) BAR (LES.)
s 017 2.00 1 Yie 3.02 36.21
e 0.26 3.13 11 3.38 40.59
*a 0.38 4.51 1% ary 4523
s 0.51 6.14 14 4.18 50,12
e 0.67 8.02 1% 5.05 60.64
s 0.85 10,15 17 5.52 66.28
a 1.04 12.53 1'% 6.01 7217
"ha 1.28 15.16 1%s 5.53 7831
Ha 1.50 18.04 15 7.06 B4.70
g 1.76 2117 1%, 8.19 0g8.23
ia 2.05 24.56 2 10.69 128.3
g 2.35 28.19 2% 12.07 148.84
1 2.67 32.07 23 20.21 242.56

SEE PAGE B+23 FOR TOLERAMCES
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FACIFIC MACHINERY & TOOL STEEL CO

86L.20 COLD DRAWN (LEADED)
AISI/SAE 86L20

PACIFIC 86L20is cold drawn in the as rolled condition. The addition of lead gives free
machining characteristics to this carburizing grade of alloy steel. Heat treatment is carried
out just as it would be for the standard grade to achieve similar results for hardness and
case depth. Even though 86L20 is considered a carburizing grade, it sometimes is used
in the as received (natural) condition.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P ] Ni Cr Mo Pb
1823 70480 .035max .040max 40,70  40/60 15/25  15/35

TYPICAL PROPERTIES: Approximate—not for specification

Tenslle, psi Yield, psi Elong. Hardness Machinability
95,000 80,000 15% 179HE BE%
86L20 CD ROUNDS
CONDITION COLOR CODE
Cold Drawn Orchid with Orange Stripe
STOCK SIZES
DIAMETER | WT.PERFT. | WT. PEAR 12'|| DIAMETER | WT. PER FT. | WT. PER 12'
{INCHES) {LBS.) BAR (LBS.) || (INCHES) {LBS.) BAR (LBS.)
a 0.17 2.00 1% 8.19 98.23
3 0.38 4.51 178 8.40 12,76
fa 0.567 8.02 2 10.69 128.30
i 1.04 12.53 2. 13.53 162.38
3 1.50 18.04 2% 15.08 180.92
“fa 2.05 24.56 2 16.71 200.47
1 2.67 J2.07 2% 20.21 242.56
1 Yie .02 36.21 27 22.09 265.11
1 Ye 3.38 40.59 3 24.06 288.67
1 3 a.77 4523 3v. 28.23 338.79
1Y 4.18 50.12 3% 40.45 365.35
1 3 5.05 60.64 3. 32.74 392.91
1 6.01 72a7 33, 37.59 451.05
1 e 7.06 84.70 4 4277 513.19

SEE PAGE B=23 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO

TYPE 303 FREE MACHINING STAINLESS STEEL
AISI 303 (UNS 30300)

PACIFIC 303 stainless steel is the free machining version of austenitic (non-
magnetic) stainless steel. Being an 18% chromium - 8% nickel grade, it is resistant o
atmospheric corrosion, foodstulfs, most arganic chemicals and a wide variety of inorganic
chemicals. As with other 18-8 type stainless grades, sensitization lo intergranular
corrosion can occur if type 303 is heated between B00°F and 1650°F or if cooled slowly
through this temperature range. Passivation is suggested where maximum corrosion
resistance is required. Welding is not recommended bacause of the high sulfur content.
300 series stainless steels are not hardenable by heal treatment. Smaller diameters are
usually stocked with a cold drawn surface condition. Diameters™/:" and larger usually have
a smooth turned surface finish. Unlike carbon and low alloy cold finished bars, stainless
diameter tolerances are both plus and minus from nominal size.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, 5
C Mn P 5 Si Cr Ni
Jdomax 200max 20 max 15 min 1.00max  17.00M19.00 8.0010.00

TYPICAL PROPERTIES: Approximate—not for specification

Condition Tensile, psi Yield, psi Elong. Hardness Mach.
Annealed 75,000 35,000 50%% 131HEB T8%
Cold Drawn 100,000 G0,000 A0%s 179HB 78%
303 STAINLESS ROUNDS
CONDITION COLOR CODE
Annealed, cold drawn Red
Annealed, smooth turned Red
STOCK SIZES
DIAMETER WT. PER FT. WT. PER 12"
(INCHES) (LBS.) BAR (LBS.)
"fa 07 2.00
5he 0.26 313
g .38 4.51
Yo 0.67 8.02
i 1.04 12.53
Ha 1.50 18.04
W 2.05 24.56
1 267 32.07
1Y 3.38 40.59
1 e 3.77 45,23
1 4.18 50.12
1% 5.05 60,54
1 e 5.52 66.28
1% 6.01 F2a7
150 7.06 84.70
14 8.19 98.23
1 e 10.03 120.4
2 10.69 128.3
2 13.53 162.4
2 16.71 200.5
3 24.06 288.7

SEE PAGE B+25 FOR TOLERAMNCES
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PACIFIC MACHINERY & TOOL STEEL CO

17-4 PH HIGH STRENGTH STAINLESS STEEL
AISI TYPE 630 (UNS S17400)

PACIFIC 17-4 PH stainless steel is a precipitation hardening grade offering high
strength with corrosion resistance similar to type 304 in most environments. It is stocked
centerless ground and polished in condition H1075. Condition H1075 has been aged
{precipitation hardenad) at 1075°F for strengthening without sacrificing the machinability
of the solution annealed condition. 17-4 PH is readily welded and selection of filler metal
depends on properties requirements of the welded joint.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
C Mn P 5 Si Cr Ni Cu Ch+Ta
O max 1.00max 040 max 003 max 100 max 150011750 3000500 300500 1535

TYPICAL PROPERTIES: Approximate—not for specification
Condition Tensile, psi Yield, psi Elong. Hardness Mach.
H1075 145,000 125,000 13% 311/375HE 45%

17-4 PH STAINLESS ROUNDS

CONDITION COLOR CODE
H1075, Ground & Polished Light Blue
STOCK SIZES
DIAMETER WT. PER FT. WT. PER 20"
(INCHES) (LBS.) BAR (LBS.)
T 1.50 30.07
[ 1 2.67 53.46
1% 4.18 83.53
1% 5.05 1011
14z 6.01 120.3
1% 8.19 163.7
2 10.69 213.8
2tk 16.71 2344
3 24.06 481.1
3 32.74 654.9
4 4277 855.3
ASK FOR AVAILABILITY ON OTHER SIZES
AMD COMNDITIONS OF 17-4 PH

DIAMETER TOLERANCES (INCHES)
SIZE HANGE MINUS / PLUS
thru 1% 004/ .001
1%z thru 3Y: 0045/ .0015
. 4 .003/.003
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PACIFIC MACHINERY & TOOL STEEL CO

COLD FINISHED MANUFACTURING TOLERANCES
Carbon Bars, ASTM A29

CARBON STEEL BARS
COLD DRAWM ar TURNED & POLISHED
Maxirmum of
Carbon Range
Waximum of over 0.55%
Carbon Aange and All Grades
Maximum ol ko 0.55% Quenchad &
Maximim of Carbon Inci, Stress Tempered or
Carbon Range over Reteved or Marrmakired &
Aange 0.28% 028 io Annealed Alter | Tampered Before
SIZE RAMGE, Inches ar Less 0.55% inct Cold Finishing Caold Finishing
ROUNDES — Cold Drawn or ALL TOLERANCES ARE IN
Turned & Polished INCH AND ARE MINUS
To 1V 0n8L e, 02 003 004 005
Cwver 1 to 2% 0ncl . 003 004 005 006
Over2'atodincl e 004 005 006 007
Over4 1o 6incl, ..coveovvveveerees 005 006 007 008
Owver 6to 8incl oo A06 o7 008 009
Over Bto 9ncl .ovviinienniens 007 008 09 0
T s Pt 008 009 010 011
HEXAGONS — Cold Drawn
ARk s 002 003 004 006
Ower 3sto 1z inel. . 003 004 005 007
DOwver 1"z t0 2z incl. ... 004 005 006 008
Owver 2% to 3 incl, e 005 006 007 009
SQUARES — Cold Drawn
T W TIC s mnpmcnsnsiison 002 004 005 007
Over 3 1o 12 0EL .orvveerrreees 003 005 {006 008
Owver 12 to 2z incl. coeiieene. 004 006 007 009
Cver 2'atodincl. .o {006 .0og 009 011
FLATS — Cold Drawn
WIDTH IN INCHES
oA Aol s s 003 004 006 .0ooa
Cwer *ato 1z inel (e, 004 005 008 010
Cver 1910 3ncl e 005 J006 010 012
Over 3to4inch e 006 008 01 016
Over4taGinel v 008 010 mz 020
VBT B osinrmiarsmsissens i pusns 013 015 - —

This table includes tolerances for bars that have been annealed, spheroidize
annealed, normalized and tempered or quanched and tempered before cold finish-
ing. This table does not include tolerances for bars that are spheroidize annealed,
normalized, normalized and tempered or quenched and tempered after cold finishing.
Mote 1. Width governs the tolerances for both width and thickness of flals. For
example, when the maximum of carbon range is 0.28 per cent or less, for a
flat 2 in. wide and 1 in. thick, the width tolerance is 0.005 in. and the
thickness tolerance is the same, namely, 0.005 in.

Mote 2. For sizes larger than those shown, the producer should be consulted regard-
ing size tolerances.
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PACIFIC MACHINERY & TOOL STEEL CO

COLD FINISHED MANUFACTURING TOLERANCES
Alloy Bars, ASTM A29

ALLOY STEEL BARS
COLD DRAWN or TURNED & POLISHED
Maxmem of
Caran Aanga
gt 0.65% Wilh
or Withaut Sress
Relieving or
Annaaling Alter
Maximum of Cold Fenishing
Carbon Hange and All Gradas
Maximum of 10 0.55% Quanchad &
Mazsmum of Carbon Inel. Stress Tompared or
Carbon ) Range ovar Relieved or Mormalized &
SIZE RANGE, Inches it~ | oS mcl | CodFmisning | o Firlshing
ROUMDS — Cold Drawn or ALL TOLERANCES ARE IN
Turned & Polizhed INCH AND ARE MINUS
To AN N0, s o 003 004 005 008
Over 110 2z0nck e 004 005 006 007
Over 2 o 4incl v, 005 006 007 008
Over4toBincl .o, 006 007 008 009
OverBlogingl ... 007 008 0048 010
OverB8to9incl . 008 009 010 011
EVER B v ivnmssmimssns impssias 0049 010 A 012
HEXAGONS — Cold Drawn
To W I0Ek o 003 004 005 007
OverFto1Yaingl e, 004 005 006 008
Over 1= 10 2" inel. . 005 008 007 009
Over 2V 10 3Wsincl. .oovvenveen, 006 .007 008 010
Over 3Wsto 4incl .ovveeereereeens 006 — — —
SQUARES — Cold Drawn
1 P — 003 005 006 008
Over Y to 1 incl .., 004 006 007 .o0a
Over 1zto 22 0ncl o, 005 007 008 010
Over 2V 10 3 incl. oo, 007 004 010 012
Over 410 5INcl e, 011 — — —
FLATS — Cold Drawn
WIDTH IN INCHES
B T o] s R e 004 005 007 009
Over Y to 12 Inel oo 005 006 009 011
Over 1103 inel .l 006 007 011 013
Quer3todinel s ooy .00g 012 017
Overdlodinel . 009 011 .03 021
CRIBE B s ssviminminnsnssns s 014 - — —

This table includes tolerances for bars that have been annealed, spharoidize
annealed, normalized, normalized and tempered or quenched and tempeared before
cold finishing. This table does not include tolerances for bars that are spheroidize
annealed, normalized, normalized and tempered or quenched and tempered atter
cold finishing.

Mote 1. The tolerances for flats apply to thickness as well as width for both cold
drawn and rolled flats,

Maote 2. Width governs the tolerances for both width and thickness of flats. For
example: when the maximum of carbon range is 0.28 per cent or less, for a
flat 2 in. wide and 1 in. thick, the width tolerance is 0.006 in. and the
thickness tolerance is the same, namely, 0.006 in.

Mote 3. The size of a hexagon or square is the distance between opposite sides,
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PACIFIC MACHINERY & TOOL STEEL CO.

COLD FINISHED MANUFACTURING TOLERANCES
Carbon and Alloy Bars, ASTM A29

DRAWN OR TURNED; GROUND & POLISHED
SIZE RANGE TOLERAMCE ARE MIMUS OMNLY
INCHES INCHES
thru 1'f 0.001
over 1'fz thru 2'fz 0.0015
over 2'f: thru 3 0.002
over3 thru 4 0.003
overd  thru 6 0.004"
over 6 0.005"
* For non-resulfurized steels (max. 3 limit under 0.08%) or for
ﬁsgﬁls thermally treated, the tolerance is increased by 0.001

RECOMMENDED STDEK REMOVAL — COLD DRAWN BARS

0.001 in. per Y in. of cross section, or 0.010 in.; whichever is greater
{increase by 50% tor resulfurized grades)

STRAIGHTNESS TOLERANCES — COLD FINISHED BARS

Straighiness Tolerances, in. (Maximum Deviation) trom
Straightness in any 10-ft Portion of the Bar

Maximum of Carbon
Maximum of Carbon Range Cver 0.28%
Range, 0.28% or Less and All Grades
Thermally Treated
Snuares, Squares,
SIZE, INCHES LEMNGTH, FEET | Rounds Hexagons Rounds Hexagons
and Octagons and Octagons
Less than /s Less than 15 "fa it Y Ya
Less than if& 15 and over Ya e 5fia e
e and over Less than 15 Yis 1 a s
e and over 15 and over Ya Yie e W

AThe foregoing tolerances are based on the following method of measuring
straighiness: Departure from straightness is measured by placing the bar on a
level table so that the arc or departure from straighiness is horizontal, and the
depth of the arc is measured with a feeler gage and a straightedge.

o1t should be recognized that straightness is a perishable quality and may be
altered by mishandling. The preservation of straightness In cold-finished bars
requires the utmost care in subsequent handling.
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PACIFIC MACHINERY & TOOL STEEL CO

MANUFACTURING TOLERANCES
Stainless Steel Bars, ASTM A484

COLD FINISHED ROUND BARS

SIZE TOLERAMCES, in. (mm) ="
SPECIFIED SIZE, in. (mm)
OVER UMDER
Over 0.050 1o % (1.27 to 7.94), excl, 0.001 {0.03) | 0.001 {0.03)
5o to Yz (7.94 to 12.7), excl. 0.0015  (0.04) | 0.0015 (0.04)
Yato 1 (12,7 to 25.4), excl. 0.002 {(0.05) | D.ODZ  (0.05)
110 1Yz (25.4 to 38.1), excl. 0.0025 (0.08) | 0D.0025  (0.06)
1'%z 10 4 (38.1 to 101.6), excl.® 0,003  (0.08) | 0.003  (0.08)

" Size tolerances are over and under as shown in the above table. Also, rounds can
be produced to tolerances all over and nothing under, all under and nothing over
or any combination of over and under, if the total spread in size tolerance for a
specitied size is not less than the total spread shown in the table.

& When it is necessary to heat treat or heat treat and pickle after cold finishing, size
tolerances are double those shown in the table.

® Cold finished bars over 4 in (101.6 mm) in diameter are produced; size tolerances
for such bars are not included herein,

HOT ROLLED ROUND & SQUARE BARS

SIZE TOLERANCES, in. {mm) OUT-OF-ROUND
SPECIFIED SIZE, in. (mm) OR OUT-OF-SOUARE
OVER LUNDER SECTION®, I, (mirm)

Tz 10 % (5.56 1o 7.9), incl. =9 : : :

Over % to 7 (7.94 to 11.11), incl. =4 | 0.006 (0.15)|0.006 (0.15)| 0.009 (0.23)
Over 7w ta s (11.11 to 15.88), incl. =¢| 0.007 (0.18)|0.007 (0.18)| 0.010 (0.25)
Over 5 to 7 (15.88 to 22.22), incl. | 0.008 (0.20)|0.008 (0.20)| 0.012 (0.30)
Over 7 o1 (22.22 to 25.4), incl. 0.009 (0.23)(0.009 (0.23}| 0.013 (0.33)
Over 1 1o 1% (254 to 26.8), incl, | 0.010 (0.25)|0.010 (0.25)| 0.015 (0.38)
Over 1'ato 1" (26,810 31.8), incl, | 0.011 (0.28)|0.011 (0.28)| 0.016 (0.41)
Over 1' 10 1% (31.810 34.9), incl.  |0.012 {0.30)|0.012 (0.30)| 0.018 (0.46)
Over 1% to 14 (34.9to 38.1), insl. | 0.014 (0.36) | 0.014 (0.36)| 0.021 (0.53)

Over 1'/ to 2 (38.1 to 50.8), incl. Ya  (0.40)|'es  (0.40)| 0.023 (0.58)
Over 2 to2': (50810 635),inc, |  (0.79)|0 0.023 (0.58)
Over 2'/2to 3% (63510 88.9), inel. | (1.19)|0 0.035 (0.89)
Over 3'/; to 4% (88.9 10 114.3), incl. | e (1.59)|0 0.046 (1.17)
Over 4'f2to5'%: (114.3t0139.7), incl. |%  (1.98)|0 0.058 (1.47)
Over 5'% to 6'%: (139.7 to 185.1), incl. | (3.18)|0 0.070 (1.78)

Qver &'/ to 8 (165.1 to 203), incl. [%=  (3.97)|0 0.085 (2.16)

* Qut-of-round is the difference between the maximum and minimum diameters of
the bar, measured at the sama cross section,

b Dut-of-square section is the difference in the two dimensions at the same cross
section of a square bar, each dimension being the distance between opposite faces.

¢ Size tolerances for rounds in the size range of 'fs to %4 in (6.35 to 7.94 mm), incl.,
and for rounds in the size range of "4 in {8.35 mm) o approximately s in (15.88 mm)
which are produced on rod mills in coils, are not shown.

® Variations in size of coilled product made on rod mills are greater than size
tolerances for product made on bar mills.

* Sguares in this size are not produced as hot rolled product.
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PACIFIC MACHINERY & TOOL STEEL CO.

KEY SIZE vs. SHAFT DIAMETER

KEY SIZE VERSUS SHAFT DIAMETER (USAS B17.1-1967)

R NOMINAL KeY SiZe: HEALIC (SRR
HEIGHT, H H/2
CNERT || TOrneok: | BT, I SOUARE | RECTANGLLAR | SQUARE | RECTANGULAR
5 "ha Yoo Bz LT
e % s Wa Iaz Y Yo
e "a Use Y e Yy e
s 11 W Y Iyu a Yz
1 1% fre % e 4z Y
1% 13, Ya a Y e Y
14 2 Y " e Ya He
2t 23 % o e S Yz
23, s e W Y U Y
3 3%, Y fu B The 51a
3%, 41 1 1 iy Y U
4% 5 1 11/ Y 8fa T
5 6 17 17/ 1 U Y
6% 7 13 13, 14 e 3
7% g 2 2 1 1 Y
8 1" 2 2 13 14 7y

* All dimensions in inches

** Some key standards show 147 preferred haight is 174

MOTE: Square keys are preferred for shaft sizes through &'/" diameter,
rectangular keys for larger diameters.

TOLERAMCES FOR 1018 KEY STOCK ARE SHOWN ON PAGE E=22

SPECIAL SHAPES

Special shapes other than flats, squares, rounds and hexagons can be cold drawn
from many grades. Examples are half-rounds, dove-tails, c-sections, elc. Special cold
drawn shapes can virtually eliminate machining by being drawn 1o exact shape and size.
Talk to your PACIFIC representalive for details.
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PACIFIC MACHINERY & TOOL STEEL CO.

SECTION INDEX

SPRING STEEL

HOT ROLLED
1070/1085 Carpon Baps (Hat Relled Section) ..., Asi
107095 CARBOM SHEET _oeivvirieioierrisissrmssssssessrmsssssssssrmsssessssssesssessrmtesessssssmses C*1
5160 ALLoy Bans {HOt Rolled SeCHDNY i i s sisainie A=16

COLD FINISHED

1075/1005 BLue TEMPERED B POLISHED .1 s tianrais iavarsi vssnssinnssns ssoamasu sanaruves visisn Ge2-4
1060/1 0751095 Coro ROLLED ANNEALED .....icoouimmnrmiminsssnsisii s ve e s smsssn sl Ce1
1050/1075/1085 HarD ROLLED ..o Call for Current Stock & Availability
8617/8620 Cown RowED ANNEALED ALLOY ... Call for Current Stock & Availability
TOLERANCES et s C»5-6






PACIFIC MACHINERY & TOOL STEEL CO.

SPRING STEEL SHEETS
AISI/SAE 1075/1095

PACIFIC's Spring Steel Sheets are stocked in the hol rolled (unannealed) condi-
tion with approximate hardness 25/35 HRC. Typical uses are shims, springs, scrapers.
blades, knives and other applications where thin spring steel or carbon tool steal is
required. If forming is required, it will usually have to be done hot. Spring temper will
require heat treating. Hardening is usually done by guenching in water ar il from
approximately 1450°F and tempering (drawing) at 400/800°F to required hardness.
Stock widths are 18” to 367,

STOCK SIZES
WEIGHT PER | EST. WT. PER
THICKNESS SQ. FT. 2' X 6 SHEET
(INCHES) (POUNDS) {POUNDS)

0.032 1.31 15.68
0.050 2.04 24.50
0.062 2.53 30.38
0.072 2.94 35.28
0.03: 3.7z 44,60
0125 5.10 61.25

COLD ROLLED ANNEALED SPRING STEEL
AISI/SAE 1050, 1075 & 1095

PACIFIC Cold Rolled Spring Steel is available on short notice from mill depot
stock for those jobs requiring maximum farmability; spheroidize annealing gives maxi-
mum softness in each carbon range. Availability is in either coil or straightened cut
lengths. The lowest carbon range (1080) gives maximum formability and the highest
carbon range (1095) gives maximum strength and hardness. Heat treatment will be
required for spring temper.

MILL STOCK SIZES
Thickness  AISI - SAE Wt Par || Thickness  AISI- SAE Wt Per || Thickness  AlSI - SAE WL Por
in Analysos 50. FL In Analyses Sq. Ft. in Analyses 50 FL
Inchas Availabia Lbs, Inches Avaiabls Lbs. Inchas Avaialia Lbs.
kL 1085 1224 25 1050-1075-1085  1.0200 065 1050-1075-1095 6520
04 1085 1632 A28 1050-1075-1085  1,1424 472 1050-1075-1095 29370
005 1083 2040 030 1050-1075-1085 12040 075 1075 0600
06 1055 ELE] La2  1050-1075-10%5 1.3056 L7 1050-1075-1095 1R
fuind 1085 .2HESR 035 105010751085 1.4280 L83 1050-1075-1035 33854
008 1075-1085 264 [ar 106010751055 1.5096 a3 1080-1075-1045 37944
o4 1095 3672 a0 1050-1075-1095 16520 085 1080-1075-1005 3.BTED
010 1060-1075-1095 A080 Jaz 1050-1075-1095  1.7136 Ada 1074 &
02 1050-1075-1085 496 045 1050-1075-1095 18360 A9 1050-1075-1085 44472
013 1075 A3 047 1050-1075-1095 19178 30 1050-1075-1005 5.0000
04 1050-1075-1095 Are A0 1050-1075-1095 20400 135 10&0-1075-1095 51000
M5 1050-1075-1095 120 {55 1050-1075 2.2440 34 10E0-1075-1085 54672
& 1050-1075-1005 HB525 {058 1080-1075-1085  2.3640 A5 1050-1075-1085 6.3644
018 1050-1075-1085 344 60 1050-1075-1085 24480 187 1060-1075-1095 T HIGE
D20 105010751085 B160 DGz 1050-1075-1085  2.5200 250 1075 10.7000
2z 1050-1075-10593 a7

NOTE: 0.003" through 0.008" available in cails only o 12° maximurm width,
0.010" through 0.250" available in coils or sheared lengths o 48° maximum width.
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PACIFIC MACHINERY & TOOL STEEL CO

BLUE TEMPERED & POLISHED SPRING STEEL
AISI/SAE 1095

PACIFIC Blue Tempered & Polished Spring Steel is prehardened and temperad to
a standard range of 48/51 HRC, polished and blued with a smooth finishad (#1) edge.
1095 carbon steel is the standard grade for this product with some sizes available in
1075, It is available in thicknesses from 0.002" through 0.062" and widths (dependent
on thickness) from 'e" through &°. Originally known as “clock spring” steel, blug tem-
pered & polished spring steel finds wide use in any equipment or machinery requiring
coiled or straight length springs; also used for prehardened shims, blades, etc. Limited
forming to large radii is possible. Stock sizes listed below include both warehouse
stock and sizes readily available from mill stock.

BLUE TEMPERED & POLISHED FLATS

STOCK SIZES
SIZE (ENCHES) l WT. PER #00° |LBS) i SIZE {INCHES) | WT, PER 100’ (LES) || SiZE (INGHES) | WT. PER 100 (LBS)

Ya X 010 A25 e X 008 851 2 ¥ 008 1,361
015 638 010 1.064 010 1.702
018 766 012 1.276 02 2.042
020 851 015 1.585 015 2.552
022 836 018 1.914 016 2,723
025 1.064 020 2127 018 3.063
028 1.191 022 2.340 020 3.403
032 1.361 025 2,659 022 3.744
035 1.489 028 2.978 025 4.254
042 1.787 032 3.403 028 4.764
050 2127 035 3.722 032 5.445
062 2.637 042 4.467 035 5.056
050 5318 042 7.147
e X 003 0.19 062 6.594 050 8.508
008 0.510 g2 10.550
010 0.638 e X004 510 094 15.995
012 0.766 005 638 125 21.270

015 0.957 008 .TE6
018 1.149 007 893 e X008 1.531
020 1.276 .008 1.021 025 4.786

D25 1.585 010 1.276
028 1.787 2 1.531 “fa X .008 1.702
(32 2.042 015 1.914 010 2127
.035 2.233 018 2.287 012 2.552
042 2.680 020 2.552 015 3.191
A050 3.191 022 2.808 018 3.820
082 3.956 025 319 {020 4,254
028 3.573 022 4,679
W ¥ 004 340 032 4,084 025 5.318
005 A25 035 4.467 028 5.956
008 510 042 5.360 .0az 6.806
007 596 050 6.381 035 7445
008 681 062 7.012 042 8.933
010 .B51 050 10.653
02 1.021 he X010 1.489 062 13.187
015 1.276 012 1.787 094 19.994

.018 1.531 015 2.233
020 1.702 025 3.722 Ha X .004 1.021
022 1.872 032 4.764 005 1.276
025 2127 042 6.235 006 1.531
028 2.382 062 9.231 007 1.787
032 2.723 .008 2.042
035 2.978 'z X 004 681 010 2.552
042 3.573 005 51 012 3.063
050 4.254 L06 1.021 015 3.829
L62 5275 007 1.191 018 4.594

Continued on next page
Ce2



PACIFIC MACHIMERY & TOOL STEEL CO.

BLUE TEMPERED & POLISHED FLATS — Continued

STOCK SIZES
SIZE (INCHES) | WT. PER 100 (LBS) (| SIZE (INCHES) [ WT. PER 100 (LBS) || SIZE {INCHES) | WT. PER 100 {LBS)
Aa X020 5105 1 X .12 5105 21, X 006 4.594
022 5.615 15 6.381 010 7.657
025 6.381 022 9.359
028 7.147 025 10,635 2'f X .005 4.254
032 8.168 032 13.613 006 5.105
035 8.933 042 17.867 .0oa 6.806
042 10,720 050 21.270 010 8.508
050 12,762 062 26.375 018 15.314
g2 15.825 094 39.988 032 27.226
.094 23.893 125 53.175 062 52,750
125 31.905 094 70975
12 X .005 2.552
s X010 2.978 008 3.063 3 X .002 2.042
015 4.467 007 3.573 .003 3.063
118 5.360 008 4.084 004 4.084
020 5.956 010 5105 005 5105
022 6.551 015 7657 L06 6.126
025 7.445 018 9.189 L07 7.147
028 8.338 020 10.210 008 8.168
.03z 9.529 022 11.231 010 10.210
050 14.889 025 12.762 012 12.252
062 18.462 032 16,335 015 15.314
094 27.991 035 17.867 018 18.377
125 37.223 042 21.440 020 204189
050 25.524 S22 22.461
1X.004 1.361 .02 31.650 025 25.524
005 1.702 125 63.810 028 28.587
008 2.042 03z 32.671
007 2382 1% X 008 3.573 .035 35.734
008 2.723 008 4.764 042 42.880
010 3.403 010 5.956 050 51.048
012 4.084 15 8.933 ne2 63.300
015 5.105 030 17.867 084 95.970
.018 6.126
020 6.806 2 X .004 2723 I X.018 21.440
022 7487 005 3.403
025 B.508 006 4,084 4 X .005 6.806
028 9.529 008 5.445 .ooa 10.890
032 10.890 010 6.806 009 12.252
035 11.911 o2 8.168 010 13.613
042 14.293 015 10.210 oz 16.335
050 17.016 018 12.252 015 20,419
062 21.100 020 13.613 018 24.503
084 31.930 022 14.974 020 27.226
125 42.540 025 17.016 022 29.948
028 19.058 025 34.032
1'a X032 12.252 032 21.780 028 38116
035 23.822 .032 43,561
1 X010 4.254 042 28.587 .035 47.645
050 34.032
0e2 42,200
094 53.980

Continved on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

BLUE TEMPERED & POLISHED FLATS — Continued

STOCK SIZES
SIZE (INCHES) | WT. PER 1007 (LBS) || SIZE (INCHES) | WT. PER 100 (LBS) || SIZE {INCHES) | WT. PER 100" (LBS)
4 X .042 57174 6X .02 24.503 8 X 007 18,653
050 68.064 13 26.545
(62 84,399 014 2B.587 12x012 49.006
084 127.960 015 30.629
RibLs 32.67M 12% X .010 42115
5 X .004 6.506 018 36.755 o012 50.538
084 159.950 A020 40.838 015 B3.172
.02z 44922 | 018 75.806
6 X .004 8.168 025 51.048 020 84.229
005 10.210 030 61.258 025 105.287
A006 12.252 032 | 65.341 .03z 134.767
007 14,293 035 71.467 035 .| 147.401
008 16.335 042 85.761 082 261111
009 18.377 050 102.096
010 20.419 062 126.589 124 X .030 130172

SPRING STEEL EDGES — ILLUSTRATION

NO. 1 EDGE
(SQUARE)
Broken Radial Corners

NO. 1 EDGE*

[ROUND)

Radius approximately equal
to 1/2 thickness

NO. 2 EDGE
Matural mill edge

NO. 3 EDGE

{3LIT)
Approximately square

NO. 4 EDGE

{ROUND)

Rounded corners — may be
flat with slitting fracture visible
across the edge

NO. 5 EDGE
Approximately square
(Mo, 3 edge de-burred)

NO. 6 EDGE

(SQUARE)

Radial carners — may have
slitting fracture visible across
the edge

J 0 1BE

*Standard edge for blue tempered & polished
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PACIFIC MACHINERY & TOOL STEEL CO.

SPRING STEEL TOLERANCES
COLD ROLLED TEMPERED FLATS

STANDARD THICKNESS TOLERANCE INCLUDING CROWN

TOLERAMNCE FROM SPECIFIED THICKMESS
SPECIFIED (Plus or minus for indicated width — inches)
THICKNESS - - - -
{|NGHES1,| " and Cwer ' E-l'll;‘i 1"to ’ " . Clh'ﬂlsi
Under Less than 1 Under 3 R to &
084 to .099 002 | .02 003 | .003 D035
A069 to 083 002 002 003 003 0035
0580 to 068 0015 0oz 0025 003 003
040 to 049 0015 002 0025 0025 003
035 to 039 0015 002 L0025 0025 003
J032 o 034 || 0015 0015 002 002 003
029 to 031 | 0015 005 005 002 003
026 to 028 001 0015 0015 002 0025
023 to .025 001 0o 0015 002 002
020 to 022 .00 001 0015 002 002
M7 10 .019 00 .0 .0m 0015 .oz
014 to 018 00 001 .00 0015 002
L1210 013 00 001 001 Rujey 0015
010 1o .011 .00 0o 0m 001 .0015
.008 to .009 J00075 L0075 00075 00075 00
005 to 007 L0005 L0005 A0005 00075 —
002 1o 004 0005 0005 0005 .0005 —
Measurad ¥ inches in from edge on 1 inch or wider; and on narrower than 1
inch at any place between the edges.

STANDARD WIDTH TOLERANCE

TOLERANCE FROM SPECIFIED WIDTH

SPE{‘:'F*EEESDS (Plus ar minus for indicated width — inches)
THICKN

(INCHES) Under 2" to 1"1o 15" 1o 3" thru Over &°

" Under1* | Under 17" | Under 3* 6" to 9"

2249 to 181 — e 016 016 016 020

160 to 100 010 010 010 010 010 018

.099 to .069 008 J0B .oo8 .0oa .008 010

{068 to .017 005 005 005 005 005 005

{016 to thinner 005 005 005 .005 .005 005

Above width tolerances apply to round edge or rotary slitting. Width tolerance
for square shearing plus or minus .015"
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PACIFIC MACHINERY & TOOL STEEL CO.

SPRING STEEL TOLERANCES
ANNEALED and HARD ROLLED FLATS

STANDARD THICKNESS TOLERANCE

TOLERANCE FROM SPECIFIED THICKMNESS

SPECIFIED {Plus or minus for indicated width — inches)
THICKNESS 1" and Over Over Over Over
{INCHES) Undar Less 3o 6108 | 9to12° | 12" to 16" | 16" lo 20"
1 Than 3 Incl. Incl. Incl. Inel. Incl.
249 to 161 0025 0035 004 004 045 045 05
A60to 100 ooz ooz L3 003 203 0035 0045
099 to 068 002 02 (025 003 003 0035 0035
068 to .050 02 002 125 0025 0025 003 L3
045 to 040 L2 002 0025 0025 0025 L0025 (0025
038 to .035 02 002 L2 0oz 0oz ooz 2
034 to 032 05 0015 00z 002 002 002 002
031 1o .029 05 0015 05 002 002 002 ooz
028 to .026 LIl LNa 0015 02 L2 ooz ooz
025 1t0.023 L .0 . 0015 L5 002 002
022 10 020 . 001 Bl s LI R A
8 to .07 L007s L007s 00075 (i) L] 0015 D5
M6 to 015 L0075 0075 00075 001 0 L5 L5
O1dto.013 LTS 00075 0TS L LA L5 0015
012 LO07s L007s 075 .0 L .o R
011 0007s 00075 00075 BN {1l LN [N
010 to 009 00o7s 0007s L007s He| {EI] .o .o
008 to 007 0TS 00075 00075
006 and under LA05D 0050 00050

Measured % Inches in from edge on 1 inch or wider; and on narrower than 1
inch at any place between the edges.

STANDARD WIDTH TOLERANCE

TOLERAMCE FROM SFPECIFIED WIDTH
SPECIFIED (Plus or minus for indicated width — inches)
THICKMESS || Under | Under | Under | Under Over | Over | Owver | Over
(NeHEs] [[ECR it to o | SS0 REE oo |l tes  16-e
i fz 1 1% [ g 12 16 20
Incl, Incl, Imcl, Inc. Incl. Incl. Incl. Incl, Incl.
0.249 to 3,161 —_ 006 | 0016 | 016 | 0.016 | 0020 | 0020 | D031 | 0.031
0160 to 0,100 0010 | 0010 | 0010 | 0010 | 0010 | 0016 | 0016 | 0.020 | 0.020
0.089 to 0.089 0.008 | 0008 | 0008 | D00 | Q008 | OO0 | .00 | 0016 | D016
0.068 to 0.017 0005 | 0.005 | 0005 | 0005 | 0005 | 0005 | 004D | 0016 | O.0M6
0,016 or thinnar 0005 | 0005 | 0005 | D005 | 0005 | 0.005 | Q010 | 0016 | 0.016
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PACIFIC MACHINERY & TOOL STEEL CO.

SECTION INDEX
FLUID POWER & SPECIALTY PRODUCTS

FLUID POWER PRODUCTS

CHROME PLATED BAR — DESCRIPTIONS ......ccoooiicniiicniaiianie. D#1

10451080 2] ] e T N LR i R LI R Dred

SOPOR RS G i aas Ded

HGE PO o s e s B Ded

IHEP® i s mans iy s e e i St Ded

THE PR HS oo s v psamesss s st s Ded

STRESSPROCF™ P R S R Ded

AcRaLLoY® B P Ded

MNoM-STANDARD GRADES & SiIZES vvnireeinrnes Call your PACIFIC Representative

MACHIMING [HGP® BARS Looivviciireresises e s s e s vreseessrmssenssenses De2-3

BARREL STOCK DOM {Tubing Section) .......ccceevrrnn. E#1

Seamless  (Tubing Section) ..., E+7

Honed 1D (Tubing Section) .......cccovennees E-&

TIE ROD STOCK (Cold Finished Section) ............... .B*1,6,8,9,12,18,19820
SPECIALTY PRODUCTS

CAST IRON BAR CHRES A G s sopsasnssssmsspuaseyinsssscs D6

B5-45-12, DUCHIE .....coviivrrninrsmnmmrmr s s DG

B0-55-06, DUCtlE ......oiviviirirnmm s vs e DG

ZINCALOY® ZAP-12 Bushing Stk .o D8

AIR CYLINDER TUBING Honed & Chromed 1D ..o cveeciieeieiesnennns D=5

TOLERANCES .......cciimminimnsitammsssisiin See individual product descriptions






PACIFIC MACHINERY & TOOL STEEL CO.

CHROME PLATED BAR
AlSI 1045/50, Stressproof® and Acralloy®

PACIFIC Chrome Plated Bar is typically used for hydraulic cylinder rads. It is stocked
in two basic conditions; GPO” (Chrome Plated Only) andIHCP® {Induction Hardened and
Chrome Plated). The primary difference is that IHCP® bars are induction hardened to give
a hard case on the surface for support to the chrome plating; this minimizes surface
damage to the chrome from abrasion and/cr impact.

Alsa, AlSIH1045/50 CPO" and IHCP® are both available in standard and high strangth
properties. Thickness of chrome plating is designated as either Standard {0.0005" min.)
or Heawvy {0.001" min.). _

CPO*bars are also stocked in Acralloy®™ and Stressproof” grades. Acralloy® offers the
strength and toughness of a quenched and tempered alloy steel; Stressproof® gives high
strength with free machining characteristics. Types and grades of PACIFIC Chrome
Plated Bar are listed below:

S-CPO": Standard Chrome Plated Only ..o, AlS| 1045/50 & Stressproof®
H-CPO* Heavy Chrome Plated Only .............coooimeireren. AlSI 1045/50 & Acralloy®
IHCP®:  Induction Hardened & Chrome Plated ..._....................... AlIS]I 1045/50
S-CPO® HS: High Strength-SCPO ..o AlSI 1045/50
IHCP®* HS: High Strengthe-IHOP ....ccove v iesseisssarssssinssamsssssvessnns AlS1 1045/50
CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
Grade c Mn P ] Cr Mo
AIS| 1045/50 4355 6020 40 max 050 max —_ el
Stressproof” A0/48 135185 040max 2433 = —
Acralloy® a8i45 75100 035 max  D40max  BOM.00D 151,25
TYPICAL PROPERTIES: Approximate—not for specification
Grade Tensile, psi Yield, psi Elong. Hardness Mach.
* AlSI 104550 90,000 75,000 10% 179HB 6%
** AISI1045/50 HS 115,000 100,000 9% 235HB 56%
** Slressproof® 115,000 100,000 8% 241HB B3%
Acralloy® 120.000 100,000 20% 255HB 55%

* Cold drawn properties apply through 4'5:2" diameter; larger diameters have hot
rolled properties, i.e., 50,000 psi approximate yield strength.
** ASTM A311, Class B

CHROME PLATING PROPERTIES: CPO™ and IHCP®

Thickness Hardness Surface Finish
Standard L0005" min GAHRC min 16RMS max
Heawy 001" min GIHRC min 16AMS max
INDUCTION HARDENED PROPERTIES: IHCP®
Surface Hardness Effective Case Depth (to S0HRC)
S0HRC min 050" min
TOLERANCES: In decimals of an inch — provide for undersize vanation only +
Diameter Tolerance
o 14" 001"
14" to 2" 0015
2" thru 3" 002"
aver 37 thru 4" 00a3”
over 4° 005"

1 H-CPO* tolerances can be oversize to the nominal diameter. Ask your
PACIFIC representative on specific items

REMEMBER PACIFIC 17-4PH FOR HIGH STRENGTH STAINLESS
CYLINDER RODS — SEE PAGE B+21
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PACIFIC MACHINERY & TOOL STEEL CO,

MACHINING IHCP®

Setup and machining parameters

THE MATERIAL

IHCP® is an induction hardened and chrome plated, medium carbon steel. The
induction hardened layer is a minimum of .050" deep with a minimum hardness of 50
HAC. The chrome plate is a minimum of .0005" thick with a hardness of approximately
70 HRC. The medium carbon steel base is approximately .45% carbon with a hard-
ness of approximately 18 to 28 HRC.

The machining of IHCP® will include cutting of all of the above conditions. The
most critical operation will be the removal of the chrome plate and the induction
hardened layer which will necessitate the use of somewhat unigue tooling.

0005" Chrome, 70 HRC

Medium Carbon Base
18/28 HRC

050" Hardened, 50 HRAC

THE SETUP

Maximum rigidity is a must. Tool overhang must be kept to a minimum and the
machine must be in good tight condition. Since the chrome is of such high hardness,
the cutting insert must be oriented to a 457 side cutting edge angle (S.C.EA.) to
minimize the notch effect.

« The area to be machined should be as close as possible to the chuck,

* The use of a steadyrest is not recommended unless a live center in the tailstock is
alsa incarporated in the setup.

The speed: 280/320 surface feet per minute (SFM)
The feed: A003/.005" per revolution
The depth of cut: 1/8"
Coolant: nong
Horsepower: approximately 7

_r‘_ - e—

Insert
45°

De2



PAGIFIC MACHINERY & TOOL STEEL CO.

THE TOOLING

The first tum operation is performed on material that is very hard. Consequently a
very hard and abrasion resistant cutling tool must be used. Hot pressed ceramics fill
this need. The style and size of this insert is described as follows:

SNG 454T1

ERiEL

I
MNEGATIVE [ 11'2" 4/64° FIEll:Iluq
|
SQUARE GROUND 56" Thick Edge Condition

These hot pressed ceramic inserts are available through major tooling suppliers,

THE RESULTS

During the cutling an intense amount of heat will be generated. This is normal.
The chips will be dark red in color and some sparking may occur, At no time should
coolant be applied as thermal shock will definitely destroy the ceramic insert,

Do not allow the insert to dwell or rub as work hardening will oecur.

The high hardness of the chrome will cause a notch lo form at the depth of cut line
(/s" D.O.C.} on the ceramic insert. However, many cuts can be made before the noteh
causes the insert 1o fail.

After the hardened and chromed layer is removed, conventional carbide tooling
with coolant is used to finish machine the part.

15t Turn

,\I
3
I

Finished Shaps
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PACIFIC MACHINERY & TOOL STEEL CO

1045/50 CHROME PLATED ROUNDS

CONDITION COLOR CODE
S-CPO® Green with Black Stripe
S-CPO=HS Haif Green & Half Black
H-CPO® Green with Red Stripe
IHCP® Half White & Half Black
IHCP® HS Half White & Half Black
STOCK SIZES
DIAMETER [WT. PER FT.| WT. PER 20' CONDITION
{INCHES) (LBS.} BAR (LBS) | s.CcPO® [S-CPOPHS| H-CPO® IHCP® IHCP® HS
fa 0.67 13.36 X
5fa 1.04 20.88 *
Ay 1.50 30.07 X x
fa 2.05 40.93 X x
1 2.67 53.46 X X x
1 3.38 G7.66 X b4
1 4.18 83.53 X X
13 5.05 1011 X x
1 6.01 120.3 X X
1 3a 8.1%9 163.7 X X X
2 10.69 213.8 X X
2 13.53 2706 X X
2 16.71 3341 X X X X
2% 20.21 404.3 X X X
3 24.08 481.1 X X X x
3 28.23 564.6 X
3 3274 654.9 X X X
3% 37.59 751.7 X
4 42 77 B855.3 X X X
47 52.63 1,062.7 X
4z 54,13 1,082.5 X X X
a 66.82 1,336.4 X x
5 a0.85 1.617.1 2
ACRALLOY® & STRESSPROOF®
CHROME PLATED ROUNDS
GRADE COLOR CODE
Acralloy® H-CPO® Half Orchid & Half Red
Stressproof® S-CPO® | Half Copper & Half Black
STOCK SIZES
DIAMETER WT. PER FT. WT, PER 20 GRADE
{(INCHES) (LBS.) BAR (LBS.) Acralloy® H-CPO® | Stressproof® S-CPO®
s 1.50 30.07 X
1 2.67 53.46 x X
1 1a 4.18 83.53 X ¥
1% 5.05 101.1 x X
11/ 6.01 1203 X X
134, B.19 163.7 X x
2 10.69 2138 X x
2% 16.71 334.1 x
OTHER SIZES AVAILABLE ON SHORT NOTICE
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PACIFIC MACHINERY & TOOL STEEL CO.

CHROME PLATED ID TUBING
Air Cylinder Tubing

PACIFIC Honed & Chromed |D tubing is used primarily for air cylinder barrels.
However, it is used wherever thin walls and the corrosion protection of chromium
plating are beneficial. 1026 DOM is the raw stock for this product, Steel tubing has
higher strength than aluminum air cylinder tubing. Standard chrome thickness is 0.0003/
0.0005 inch and finish is 10/20 rms.

CHROME PLATED ID TUBING
STOCK SIZES
oD D REF. WALL | WT. PERFT.

{INCHES) {INCHES) (INCHES) (LBS.)
1.740 1.500/1.503 0.120 2.08
2.240 2.000/2.003 0.120 272
2.740 2.500/2.503 0.120 3.36
3.240 3.000/3.003 0.120 4.00
3.490 3.250/3.253 0.120 4,32
3.750 3.500/3.503 0.125 4.84
4,236 4.000/4.003 0.118 5.20
5.235 5.000/5.003 0.118 6.46
6.250 6.000/6.003 0.125 8.19
7.438 7.000/7.004 0.219 16.90
8.450 8.000/8.005 0.225 19.79
10.450 10.000/10.005 0.225 24,60
12.450 12.000M12.010 0.225 29.41
14.450 14.000/14.012 0.225 34.22

SAVE PLATING COSTS. USE PACIFIC CHROME PLATED
BARS — See page D+1.



PACIFIC MACHINERY & TOOL STEEL CO,

CAST IRON — Continuous Cast Bars
GRAY and DUCTILE CAST IRON

FACIFIC CAST IRCN is stocked in both gray and ductile (nodular) grades. Both
types machine well plus exhibit good compressive properties and excellent damping
characteristics, Continuous casting virtually eliminates typical casting problems of po-
rosity, surface flaws and shrinkage. Both gray and ductile iron can be considered for
replacing steel, aluminum and bronze in many applications. Benefits are better mach-
inability and lower costs. Gray iron is classified by its tensile strength (class 40 is
nominally 40,000 psi). Ductile iron is classified by its nominal strengths and ductility
{grade 60-45-12 is nominally 60,000 psi tensile strength, 45,000 psi yield strength and
12% elongation). Both class 40 gray iron and B0-55-06 ductile iron can be hardened by
furnace heat treating and by flame or induction hardening. As cast bars have machin-
ing allowance to clean to nominal size.

TYPICAL APPLICATIONS
Bearings Gibs Flungers Seals
Bushings Glands Pulleys Sheaves
Collars Glass Molds Quills Sleeves
Dies Guides Rolls Spocls
Eccentrics Liners Rotaors Valves
Gears Pistons Seal Rings Ways
CHEMICAL COMPOSITION: Typical—not for specification, %
C Mn Si
Gray lron 2.9/3.7 0.5/0.8 1.6/2.7
Ductile Iron 3.6/39 0.1/0.4 2.3/2.8

Cther elements added as required to produce
microstructure and mechanical properties.

TYPICAL BRINELL HARDNESS

SIZE GRAY DUCTILE DUCTILE
(inches) CLASS 40 (65-45-12) (80-55-06)
i —2 207/269 153/220 2171262
2—3 197/262 153/220 217262
33— 6 197/262 143/220 207/255
& — 10 183/262 1317220 207/255
10 — 20 183/262 131/220 187/255
PROCESSING TEMPERATURES: Typical

Harden: 1575/1675°F, quench in agitated ail Temper: 3751200°F

Anneal: 1500/1650°F and furnace cool Stress Relieve: 1050/1100°F

REQUEST OUR PRODUCT BROCHURE ON
CONTINUQUS CAST IRON.
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PACIFIC MACHINERY & TOOL STEEL CO.

CAST IRON ROUNDS
AS CAST
GRADE COLOR CODE
Class 40; Gray Green
65-45-12; Ductile Yellow
80-55-06; Ductile Light Blue
STOCK SIZES
pIaMeTeR |AVE STOCK \wr per pr, | WTLERE GRADE
(INCHES) | ncHes) | (FOUNDS) | ipoUNDS) | Class 40 | 65-45-12 | B0-55.06
1% 085 6.156 36.9 X X X
13 085 8.251 49.5 X X
2 .0as 10.653 638 x X X
2z 110 16.693 100.2 X X X
2% 110 20,044 120.3 x X X
3 10 23.701 1422 X X X
3 125 27812 167.5 X X
3k 25 32,200 193.2 X X X
3%a 125 34.459 206.8 X
3% 125 36,785 220.8 X
4 125 41,6596 250.2 X X X
44 140 44,574 267.4 X X
4 'z 140 2757 J16.5 X X X
43 40 58.595 351.6 X X X
5 140 64.740 385.4 * X
52 155 78.363 470.2 X X X
53 165 B5.445 5127 X
<] 155 92.833 557.0 X X X
6z A70 109.017 6541 X X
T 70 125.975 755.8 X X X
T s 190 144 910 B69.5 X
a8 .180 164,366 8862 X X X
8 e 216 175.631 1,063.8 X
9 216 208127 1,248.8 X X
10 254 257.651 1,545.9 X X X
1 A00 318.459 1,910.8 X
1Y 082 357.703 21462 X X
12 582 387.921 23275 X X
12 ' 582 419.366 2516.2 X
14 582 521.049 3,126.3 X
15 582 594 964 3,560.8 X
18 62 862.587 51755 X
20 762 1.056.289 6,337.7 X
MILL DEPOT STOCK AVAILABILITY:
* Hollow Bar (Trepannad Rounds) * Centeriess Ground Rounds
+ As Cast Squares and Rectangles « Custom Shapes



PACIFIC MACHINERY & TOOL STEEL CO.

ZINCALOY® BAR STOCK
ZA®-12 Zinc-Aluminum Alloy

PACIFIC ZA®™-12 is continuous cast by Zincaloy™ Inc. in 11" random length solid
and hollow bars; solid bars are available in rounds and flats. ZA™12 has proved
through use to be an upgrade for 660 bronze in most bushing (plain bearing) applica-
ticns—especially heavy load, low RPM situations. It has also been successfully used
to replace hardened steel bushings in many applications. Besides bearing applica-
tions, ZA®12 has been used for lead screw nuts, gears, kiln cart wheels, wear sirips,
hydraulic cylinder components and trolley wheels. Zincaloy® bar stock offers many

performance benefils:

* GOOD MECHANICAL PROPERTIES—strength approximately equal to

medium carbon steel.

* LOW COEFFICIENT OF FRICTION—equal to and sometimes lower than 660

bronze.

* LIGHT WEIGHT—32% lighter than 650 branze.
= ANTI-SEIZING PROPERTIES—unlikely to gall if lubricant failure occurs.
= EXCELLENT MACHINABILITY—rated 14% higher than 660 bronze,

= LEAD FREE—no special precautions for chip disposal.

= RESILIENCE—protects bearing housings from deformation due to pounding.

= LONMGER BEARING LIFE

PROPERTIES COMPARISON

PROPERTY it BRBCFI'?;EITEEOJ sﬁ'&ﬂ?ﬁ"&h
Ultimate Tensile Strength (ksi) 65 35 85
Yield Strength {ksi) 50 20 32
Elongation (%) 2 10 12
Hardness (Brinall) 130 G0 170
Dansity (Ibfin®) 0.218 0.322 0.269
Melting Range (°F) 710-810 1570-1780 1880-1300
Electrical Conductivity (% 1ACS) 28 12 13
Thermal Conductivity (btu/fh-ft-*F) 67 34 34
Coef. of Thermal Expansion {uin/in.“F) 13 10 9
Machinability (% of Free Cutting Brass) 80 70 60
CHEMISTRY, % — ASTM B791
Al Cu Mg Zn
10.811.5 0.5/1.2 0.015/0.030 Balance




PACIFIC MACHINERY & TOOL STEEL CO.

ZINCALOY® BAR STOCK
ZA®-12 Zinc-Aluminum Alloy
TOLERANCES
DIAMETER ROUNDMNESS STRAIGHTNESS CONCENTRICITY
SFE TOLERANCE Maximum Out O
0.0 {in) |00 {in) LD {in] |00 (n)  Boundesss in) Solid & Hollow Bar Hdow Bar
+0.092
Ye—2incl. | +0.00 0,033 Less than 050 inch The outside pariphery
ol deviation in zny 12 is concentric with the
gﬁ_“:",r 2t + 3018 _’gﬁ'ég fru 4 o010 || inches, Maximum bare within & maximum
> curvature [deph of vanation of 4% of the
floSind | +0025 +.012 ] over 4 0.015 (| arch less than ' inch naminal wal thicknass
-0.033 in @ry 10 A, langth, for all sizes of stock,
avers | +0025 iy

MACHINING ALLOWANCE: Listed sizes are nominal and do not include V"
machining allowance on all dimensions.

P-V BEARING DATA

v P PV
{ft/min) (psi)
[ 660 BRONZE ZA®-12 560 BRONZE ZA®12
=10 3,800 5,000 19,000 25,000
10 3,700 4,200 37,000 42,000
15 3,200 3.000 48,000 45,000
20 J 2,800 2,100 56,000 42,000

Z47-12 also has higher P values at speeds greater than V=45

_ nd (RPM) -
V= _—-1—2-—— V = Shaft surface speed; o
F = bearing stress; iln?
P= i d = bearing |1D; inches
dL

L = bearing length; inches

W = tetal bearing load; pounds

revalutions

RBPFM = shaft rotation; —

DESIGN GUIDELINES

Shaft Clearance, in
Bearing Length, in

Min. Bearing Thickness, in
Max Bearing Stress, psi
Max. Operating Temp., °F

{0.0025) x shaft dia.
(0.4 to 1.5) x shaft dia.
{0.045) x shaft dia. + 0.020
4500
250

(DLde]



FACIFIC MACHINERY & TOOL STEEL CO.

ZINCALOY® BAR STOCK
ZA%-12 Zinc-Aluminum Alloy
CONDITION COLOR CODE
Round Bar Blue
Flat Bar Blue
Hollow Bar Blue
ZINCALOY® SOLID BAR
STOCK SIZES
DIAMETER' | WT. PER FT. || DIAMETER' | WT. PERFT. || DIAMETER' | WT. PER FT.
{INCHES) (LBS.) {INCHES) {LBS.) (INCHES) (LBS.)
5 1.16 298 15.54 43 48.33
a 1.57 2y 2 16.98 47 a1.37
e 2.05 27 18.44 5 5397
1 2.60 3 20.08 5 589.36
1% 3.21 Fu 21.70 5a 62.15
1%a 4.62 3 23.40 &Yz 65.01
T 5.43 3z 27.00 5a 73.97
15/ 6.29 I 30.85 <] 77.08
17e 822 Fia 32.87 6%a 86.81
2 9.28 4 34.96 6 2 100.68
2 10.40 4y 35.33 - 104.30
23q 12.84 43a 41.81 Ty 2 127.42
2\ 14.16 4z 43.95 g * 135.64
' Approximately '/=" machining allowance guarantees ability to finish at the nominal
diameter.
2 Mill depot stock size.

ZINCALOY® FLAT BAR
MILL STOCK SIZES®
THICKNESS' | WIDTH' | WT, PERFT. || THICKNESS' | WIDTH' | WT. PERFT.

{INCHES) {INCHES) (LBS.) {INCHES) {INCHES) (LBS.)
e 27 3.92 1% 7 31.39
“e 1'a 245 17fs 3 20.93
fa 67/ 18.31 2% 3 22.07
1 3 8.20 2's 3 31.39

1% 4 18.15

' Approximately '/s" machining allowance on thickness and width guarantees ability
to finish at nominal dimensions.

¢ Available from mill stock only—special sizes and shapes also available with
minimurm arders.
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PACIFIC MACHINERY & TOOL STEEL CO.

ZINCALOY® HOLLOW BAR
STOCK SIZES

o oD WT. PER FT. [l oo WT. PER FT.
{INCHES) {INCHES) {LBS.) {INCHES) (INCHES) (LBS.)
1 19 2 5.65 2 3 12.84
2 7.70 3 16.18
2. 2 10.02 3t 19.78
2 12.58 3 2 2363
Yy 2 15.41 4 27.74
3 18.49 44 # 3210
3 ® 21.83 4 2 36.73
3k 2 25.43 435 ® 41.61
3, @ 28.28 L 46.74
4 * 33.39 24 23, 7.70
1'% 2 ¢ 6.68 3 10,78
2y 2 8.99 3 ? 1413
24 ? 11.56 3= 17.72
2y ® 14.38 3, 2 21.57
g £ 17.46 4 * 2568
s 2 20.80 44y 2 30.05
3 2 24.40 44 * 34.67
3P 2 28.25 43 = 38.55
4 32.36 5 ¢ 44,69
4, 2 36,73 5% # 50.08
1 2Ya 7.70 2% 3 11.81
24 10.27 3 ® 15.41
29y 2 13.10 3 ® 19.26
3 16.18 4 23.37
3t 19.52 4'fy @ 27.74
3z 23.11 4z 32.36
3. 26.97 4%y 2 3724
4 2 31.08 5 ¢ 42.38
4 = 35.44 5% 2 4777
4'f; * 40.06 5 = 53.42
134 2Ya 616 23y 3 12.84
2Yz 8.73 3 16.69
24y * 11.56 4 20.80
3 14.64 4's 2517
Qtls ® 17.98 41 ? 29.79
3z 21.57 43, *® 34.67
3y ® 25.43 5 = 39.81
4 = 2953 Yy * 45.20
#1fy 2 33.90 g5t # 50.85
4z * 3852 54 ® 56.76
43 2 43.40 3 I 13.87
2 2Ya 6.93 4 17.98
2% 2 9.76 A4s 22.34

Continued on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

ZINCALOY® HOLLOW BAR — Continued

STOCK SIZES
D' oD’ WT. PER FT. 5 oD’ WT. PER FT.
(INCHES) (INCHES) {LBS.) (INCHES) (INCHES (LBS.)
3 41y 26.97 3 5§z 2 38.01
43y 2 31.85 5 2 43.92
5 36.98 6 2 50.08
5 2 42,38 8% ® 63.18
5 2 48.03 4 FETA 17.98
5Yy 2 53.93 5 23.11
6 ° 60.10 A 28.51
/s 4 14.90 5y # 34.16
4y 2 19.26 5% 40.06
4y 2 23.88 6 46,23
43, ® 28.76 Bl 59.33
5 33.90 4'f 5 20.03
5 7 39.29 iz 26.68
5ifs 2 44.94 5y 2 31,59
B ® 50.85 6 37.75
6 *© 57.02 B 2 50.85
3 4y 15.92 5 B 28.25
&'z 20.55 6 ® 41.35
4y 2 25.43 7 ® 55.47
5 30.56 7Y 2 78.59
Blfy ® 35.96 5'f 6/ * 30.82
5 41,61 72 44.94
5y @ 47 51 7Y 2 8.08
§ @ 53.68 [ 7 33.39
6 * 66.77 7 2 56.50
3 4 ® 16.95 B 64.72
4y 2 21.83 ' T ? 43.92
5 2 26.97 g * 52.14
5ify 2 32,36

dimensions.

2 Mill depot stock size.

! Approximately 's" machining allowance guarantees ability to

finish at nominal

ZINCALOY® BARS ARE STOCKED IN 11 FT. RANDOM LENGTHS (= 2 FT.)

D12




PACIFIC MACHINERY & TOOL STEEL CO.
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PACIFIC MACHINERY & TOOL STEEL CO.

DOM WELDED MECHANICAL TUBING
ASTM A513, Type 5

PACIFIC Drawn Over Mandrel (DOM) Tubing is made by electric resistance weld-
ing and then cold drawing over a mandrel. This gives the closest tolerances and
concentricity available in tubing. DOM Mechanical Tubing is used as raw stock for
honed ID hydraulic cylinder barrels and for other mechanical applications requiring
accurate dimensional tolerances. It is normally stress relieved after cold drawing.
Honed ID DOM is prehoned to exact D tolerances for standard cylinder sizes. Honad
and Chromed ID DOM is intended primarily for use as air cylinder barrels. DOM is
most commonly stocked in the AIS! 1026 grade; other grades of both carbon and alloy
DOM are available in cerain sizes. Regular DOM is usually specified by OD and wall
thickness. Honed DOM is usually specified by OD and exact ID, i.e., 4'0D X 3.497%
3.500"HID (Honed ID). Custom sizes can be produced and are available in both
regular and honed conditions of either carbon or alloy grades.

GRADE 1026 CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
C Mn P S
221,26 6080 (035 max 035 max

TYPICAL PROPERTIES: Approximate—not for specification

Grade / Condition Tensile Yield Elongation
1018 DOM S/R 70,000 60,000 15%
1026 DOM SR 85,000 75,000 15%
4130 DOM S/R 95,000 85,000 10%

PROCESSING TEMPERATURES: Typical
Forge: 2300°F max Mormalize: 1600/1700°F Carburize: 15001700°F

DOM MECHANICAL TUBING
CONDITION COLOR CODE
Cold Drawn Green
STOCK SIZES

oD WALL D WT. PEA FT. oD WaLL 18] WT. PER FT.
(INCHES) {POUNDS) {INCHES) (POUNDS)

%a 0.049 0.277 0.171 a 0.095 0.310 0.411

0.120 0.135 0.327 0.120 0.260 0.488

Tha 0.028 0.382 0.123 5l 0.049 0.527 0.302

0.120 0.198 0.407 0.065 0.495 0.389

0.085 0.435 0.538

'z 0.035 0.430 0.174 0.120 0.385 0.648

0.049 0.402 0.236 i a 0.877

0.065 0.370 0,302
Continued on next page



PACIFIC MACHINERY & TOOL STEEL COx.

DOM MECHANICAL TUBING — Continued

STOCK SIZES
oD WALL D WT. PER FT. oD WALL 1D WT. PER FT.
{INCHES) [POUNDS) (INCHES) (POUNDS)
s 0.049 0.652 0.367 1%hs 0.058 1.197 0778
0.065 0.620 0.476 S 1 1.8932
0.085 0.560 0.665
0120 0.510 0.808 13/ 065 1.245 0.910
S e 0.991 J20 1.135 1.610
Wia Ha 1.128 3ia 1 2.381
s s 1.336 s e 3.007
i Ha 3.550
0.760 0.255 0.250 1.377 s %fa 4.009
g 065 0.745 0.563 17 0.120 1.198 1.680
085 0.685 0.782
A20 0.635 0.969 1= 0.065 1.370 0.997
5fa %he 1.201 0.095 1.310 1.427
e Yo 1.378 fa 11 1.838
a s 1.671 Sz 1%e 2.245
Rt e 2.631
1 0.065 0.870 0.650 Tfaz 1 2.997
0.095 0.810 0.919 ' 1 3.341
0120 0.760 1.128 %1 fa 3.968
Sz M 1.410 e 3y 4.510
g e 1.629
' a 2.005 15/ 0.065 1.495 1.084
She Ha 2.297 0120 1.385 1.931
*he s 2.882
1Ys 0.049 1.027 0.564 T 1%a 3.289
0.065 0.985 0.737 Ya 1Ya J.675
0.095 0.935 1.046 5ha 1 4,385
0120 (.885 1.289 a e 5z
e ¥ 1.879
s %fa 2.339 13 0.065 1.620 1.171
0.085 1.560 1.681
135 s ha 2,005 & 1z 2172
0.134 1.482 2315
1a 0.065 1.120 0.824 iz 176 2.662
0.095 1.060 1.173 s 13 3.132
ia 1 1.503 Ya 1Ya 4.009
*f3a Y 1.827 ha 1's 4.803
Rt T 2.130 q 1 5513
Tfaa e 2412
1fa fa 2673
*fy a 3.508

Continued on next page
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PACIFIC MACHINERY & TODL STEEL CO.

DOM MECHANICAL TUBING — Continued

STOCK SIZES
oD WALL 0 WT. PER FT. (8]8] WALL ] WT. PER FT.
(INCHES) (POUNDSE) (INCHES) {POUNDS)
17 0.065 1.745 1.258 2\ 0.117 2.266 2.981
0.095 1.685 1.808 0.120 2.226 3.053
0.120 1.635 2.252 a 2Ys 4.636
e 12 3.383 a 2 6.014
s 1%e 4.343 280 1.980 6.227
5hs 1%s 5220 5ha 17 7.309
Ya 1'a 6.014 h 155 8.520
2 0.065 1.870 1.345 2%s g 2 4.8B6
'a 1% 2.506 Ya 2 5.348
5faz 1 3.080 e 2 7.726
3ia 15/s 3.633 A 17fa 9.021
"z 1% 4,166 a2 15/ 11.360
0.242 1.516 4,549
s 12 4,678 Yy 'fa 2Y2 3.508
e 1%a 5.638 0.134 2.482 3.748
fa 1t 6.515 s 2n 5137
Ya 24 6.682
2 0.065 1.195 1.432 5 2 8.144
0120 1.8B85 2572 A 2 9.522
ha 1% 3.844 Y 13 12.028
Ve 15a 5012
s 1z 6.056 27 Yo 2% 5.387
3 135 7.016 Va 2% 7.016
e 2 8.562
2 0.120 2.010 2733 Ve 28 10.023
0.134 1.982 3.032
Fha 17l 4.135 3 095 2810 2951
Wa 13 5.346 120 2760 3.695
g 1%s 6473 i 2% 5.638
Afa 1'% 7.517 260 2.480 7.617
S 23 8.979
2% 0.065 2.245 1.605 3 2 10.574
1 2Ya 3.007 e 2 11.886
i 2 4.385 Ha 2 13.364
1fa 17fa 5.680
o 1% 8.019 3'fa s 23y 5.889
Continued on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

DOM MECHANICAL TUBING — Continued

STOCK SIZES
oD WALL | 8] WT. PER FT, oD WALL 1D WT. PER FT.
{INCHES) [POUNDS) INCHES) (POUNDS)
au. 0.120 3.010 4.016 5ha s 12.320
M 23s 8.019 L38O0 3.240 14.707
She 2% 9.814 h- 3 18.710
Ma 2/ 11.527 5fa 2 22,552
"ha 23a 13.156
Yo 2 14.701 4.080 0.180 3.730 7.525
5 2 17.541
d's 0.095 4.060 4.220
3u Hre 3 6.390 i 4 5.513
' 2 8.353 0.134 3.982 5.897
5s 24y 10.232 0.188 3.874 8.165
Vs FHa 10.691
3 0120 3.260 4.336 e Fa 13.156
0.134 3.232 4.822 3y 3z 15.536
e 3'e 6.640 fa e 20.047
Va 3 8.687
0.260 2.980 9.006 Ay 0.198 3.979 B.B42
Sho 27fa 10.650
*fa 2%, 12.529 4ty a 4 5.847
'z 2z 16.037 0.134 4,232 6.255
'fa 4 11,360
3 g 3 11.067 0.260 3.980 11.786
A 2'ta 13.030 Sty 3 13.991
W 3 16.538
3 0.120 3.510 4.657 bz 3'fa 21.383
' 3l §.355 % 3'a 256.893
0.260 3.230 8.7
5f15 3a 11.485 4%y 0120 4510 5.940
e 3 13.531 Y 4 12.028
e 27 15.494 e 4 14.826
He 231 17.374 %a 4 17.541
B 2z 20.882 385 3.980 17.967
Ya 3 22,719
3'Ya He 3z 7392
5 s 45a 9.647
4 0120 3.760 4.978 i a'fs 12.696
0.134 3.732 5.539 260 4.480 13.176
e 3 7.643 3a 44 18.543
Wa 3t 10.023 ' 4 24.056
260 3.480 10.396 KL Fs 29.234

Continued on next page

E=4



PACIFIC MACHINERY & TOOL STEEL CO.

DOM MECHANICAL TUBING — Continued

STOCK SIZES
oD WALL D WT. FER FT. oD WaLL [ WT. PER FT,
(INCHES) (POUMDE) {INCHES) [FOUNDS)
5's 0.134 4,982 7.329 T s 62 18.042
Vs 43 13.364 A &'/ 26.562
a 4z 19.545 0.506 5,988 35132
(.385 4.480 20025
2 A'fa 25.392 T g L3 44,269
0.632 3.986 31.204
Tz Ya T 19.378
5'a K7 5 14.033 A 63a 28.566
0.260 4.980 14.566 Wa Gz 3r.dz0
e 4%y 20.548
' 4z 26.729 T s 7 29.569
&l 414y 32576 0.385 6.980 30.316
s 63 38,757
53 i 514 14.701
s 5 21.550 7.835 0.440 6.955 34.788
0.385 4,980 22.083
e 43 28.065 B Ya T 20,715
0.641 4.468 35.013 3a 7 30.571
0.505 6.930 40.467
G Wis 5 11.652
' =l 15.369 a8l Ya T 21.383
0.260 5,480 15.956 0.630 5.930 51.325
*a 5'a 22,562
'z 5 20.402 8 Wa 8 22.051
Bfa 434 35.917 3a THa 32.576
Wz e 42.766
G 0.380 5490 | 23.848
e 5Ya 30.738 g 0.510 7.980 46.293
Gz 'fa 6 16.705 g e 8l 48.112
0.260 5.980 17.346
e 51 24,557 10 0.505 8.990 51.265
Yo &8s 32.074
104 2 9y 52.121
&la 0,308 G.009 20.802
11 E] 10 56.130
64 0.380 5,880 25,880
0.390 2.970 26.518 12 g 11 46,608
'fa 53 33.411 s 11 61.476
0.531 10.938 65.111
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PACIFIC MACHINERY & TOOL STEEL C

HONED ID DOM
CONDITION COLORCODE |
Cold Finished Red |
STOCK SIZES
oD ID WT.PERFT. | OD ID WT. PER FT.
(INCHES) (POUNDS) (INCHES) (POUNDS)
27z X 1.997/2.000 6.014 6% X 5.487/5.000 37.587
5.525/5.028 36.837
2%y X 2.265/2.268 4.669
6': X 5.997/6.000 16.705
3 X 2.497/2500 7.350
2.525/2.528 6.974 6% X 6.040/6.045 19.642
3 X 2.997/3.000 8.687 6% X 5.996/6.000 25,559
3.015/3.020 B.365 6.000/6.004 25.431
3.025/3.028 8.236 6.025/6.028 24.659
3% X 3.247/3.250 9.355 7 X 5.897/6.000 34.747
6.025/6.028 33.847
4 X 3.497/3500 10.023
3.520/3.525 9.554 7' X 6.025/6.028 43,369
3.525/3.528 9.497
74 X 6.997/7.000 29.569
4's X 3.525/3528 19.907 7.000/7.005 29.381
7.025/7.028 28.519
4'; X 3.025/3.028 29.619
3.997/4.000 11.360 7.835 X 7.000/7.005 32.922
4.000/4.004 11.274
4.020/4.025 10.823 8 X 7.025/7.028 39.043
4.025/4.028 10.759
8% X 7.500/7.505 54.092
4% X 3.997/4.000 17.541
4.025/4.028 16.840 9 X B.025/8.028 44.239
5 X 42754278 17.905 10 X 9.025/9.028 49.435
4.497/4.500 12.696 9.050/9.055 48.130
5's X 4.500/4.504 19.449 11 X 1005510080 | 52913
4.525/4.528 18.870
12 X 1100011006 | 61.123
5 X 4.275/4.278 31.937
4.997/5.000 14.033
5.020/5.025 13.363
5% X 4.897/5.000 21.550
5.025/5.028 20.880
6 X 5497/5500 15.369
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PACIFIC MACHINERY & TOOL STEEL CO.

SEAMLESS MECHANICAL STEEL TUBING
ASTM A519

PACIFIC Seamless Tubing is stocked in both hot and cold finished conditions and
typically in heavier wall thicknesses than DOM tubing. Hot finished seamless lubing
has lower mechanical properties and less precise tolerances than cold finished tubing,
Cold drawing increases strengih by cold working the steel which improves machinabil-
ity and surface finish. A certain amount of eccentricity between |D and OD of all
seamiess tubing must be expected because of the way it is manufactured, i.e., piercing
a hot billet of steel with a mandrel. Be sure to consider eccentricity when calculating
machining allowances, PACIFIC seamless tubing is usually stocked in the AISI/SAE
1026 grade. Other grades of both carbon and alloy seamless mechanical tubing are
available in certain sizes—ask your PACIFIC representative for availability, Size of
seamless tubing is usually specified by OD and wall thicknass.

AISISAE 1026 CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %
c Mn P 5
.22/.26 6090 040 max 050 max

TYPICAL PROPERTIES: Approximate—not for specification

Grade / Condition Tensile, psi Yield, psi Elangation
1018 HF 60,000 35,000 30%
1018 CF 80,000 65,000 15%
1026 HF 70,000 45,000 25%
1026 CF 85,000 75,000 15%
4130 cD 100,000 85,000 12%
4130 CD-Norm g0.000 60,000 25%
4140 HF-Ann 85,000 60,000 205

SEAMLESS MECHANICAL TUBING — COLD DRAWN

CONDITION COLOR CODE
Cald Drawn Black
STOCK SIZES
oD WALL D WT. PER FT, oD WALL 1D WT. PER FT.
(INCHES) [POUNDS) (INCHES) IPCUNDS)
1Ha 0.095 1.185 1.300 2 0.028 1.944 0.590
1z e "2 5.346 e 11 7.309
144 Yo s 6.682 Ha 1 B.019
17fa Ha s 7.350 Ba s 8188
2s s 1% 8.478
ia 1t 9.355
5a 1 10.859

Continued on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

SEAMLESS MECHANICAL TUBING — COLD DRAWN — Continued

STOCK SIZES
oD  WALL ID |wrPeRFT.| oD  waLL D | wr eERFT.
(INCHES) (POUNDS) (INCHES) {POUNDS)
2 'l 1% 10,023 || 4% T 2, | 28.065
1 oy, | 34747
21/ " 1% 10.691
5 11s 12.529 4z ¥, a 30.070
A 1 14,033 7’y 2. | 33912
1 2, | 37.420
23, 1y 1% 12.028 A 2 43,434
5y 1% | 14.200
Y, "% | 16.0a7 4%y Iy 3y, | 32.074
1 o, | 40.003
27 e 17a 12,696
5 7 3z 34.079
3 5 134 15.870 Iy 3 | 38.500
A 1'% 18.042 1 a 42.768
s 113 19.879 14 2% | 50.118
1 1 21.383 1271 | 2458 | 50673
3 g 275 6.139 5 1 3 | 45439
5y ) 17.541
Ay 13 20,047 &'z *a 4 38.088
1 1% | 24.056 s 3% | 43.267
1 3 | 48.112
3 iy 2 | 19.211 1'fs 3 56.798
Y, 2 22 051
1 1 | 26.729 59 1 3%, | 50.784
3 % 2 | 20.047 6 s 4 | 42,098
Y 2y | 23.083 Iy 4 | 47.945
1 4 53.457
3y s 2% 24056 1 3 63.481
1 1% | 29.402
6/ Yy 5 46.107
4 I, 21, | 26.060 1 4': | 58.803
e 21 | 29234 1 4 70.163
1 2 32.074
1 134 34.580 7 AW s 50.116
1 1% | @6.752 1 5 64.149

Continued on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

SEAMLESS MECHANICAL TUBING — COLD DRAWN — Continued

STOCK SIZES
oo WALL ID |WT.PERFT.|| ©D WALL ID | WT.PERFT.
{INCHES) [FOUNDS) (INCHES) {POUNDS)
T s 6 54.126 o' Iy 8 70.163
1 5z 69.495
10 W 8 74.172
B s 6tz 58.135
1 6 74.840 11 i g 106.915
gl 3y 7 62.144 1% 0.780 | 9.940 89.398
1 '/ 80.186
9 Iy T 66.153
1 7 85.532

SEAMLESS MECHANICAL TUBING — HOT FINISHED

CONDITION COLOR CODE
Hot Finished Black

STOCK SIZES
oD WwaLL D WT. PER FT. oD WALL 1D WT. PER FT.
{INCHES) [POUNDS) (INCHES) (POUNDS)
5 1z 2 56.130 6% 1 3l 80.186
5 1z 2z 64.149 B8z 1z 5'a 112.260
& 1Yz 3 72167 10 1% T 116.938

B4 14 3 66.822
Call for Mill Stock Availability on Mon-Stock Sizes
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PACIFIC MACHINERY & TOOL STEEL CO.

AS-WELDED MECHANICAL TUBING
ASTM A513, Types 1 and 2

PACIFIC As-Welded Mechanical Tubing is used for light wall applications where
internal pressure is not applied and the higher strength, tighter tolerance 1026 DOM is
not required. It is usually available in either 1010 or 1020 grade; the higher carbon
1020 is often used for drive line applications. Finish is hot rolled for wall thickness over
0.065"; wall thickness 0.065" and less can be cold rolled. Flash is controlled to 0.010°
in sizes over 1" diameter.

CHEMICAL COMPOSITION: Heat Analysis—ranges and limits, %

Grade C Mn P S
1010 0.08/0.13 0.30/0.60 0.035 max 0.035 max
1020 017023 0.30/0.80 0.035 max 0,035 max

TYPICAL PROPERTIES: Approximate—not for specification

Grade Tensile, psi Yield, psi Elong. Hardness
1010 45,000 32,000 15% 55 HRB
1020 52,000 38,000 12% 62 HRB

AS-WELDED MECHANICAL TUBING

GRADE COLOR CODE

1010 Black
1020 White
STOCK SIZES
oD WALL iD WT. PER FT. GRADE
{INCHES) (LBS.} 1010 1020
e 0.049 0.527 0.202 X
e 0.060 0.505 0.362 X
2 0.095 1.810 1.935 X
2 0.120 1.760 2412 X
23y 0.120 2.510 3.374 X
3 0.065 2.870 2.040 X
4 0.083 3.834 3476 X
Call for Mill Stock Availability on Non-Stock Sizes
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PACIFIC MACHINERY & TOOL STEEL CO.

DOM MANUFACTURING TOLERANCES
Cold Drawn Tubing

DIAMETER TOLERANCES for DOM TUBING

o0 SIZE BANGE 0D, Inches (mm) 10, Inches {mm)

Inches (mm) OVER UNDER OVER UMNDER

0.625- 1.689 (15.82- 43.16) | .005(13) .000 L0000 005 {13)

1.700- 2099 (43.17- 53.32) | .006 (.15) .000 A000 006 (.15)

2.100- 2,499 (53.33- 63.48) | .007 (.18) 000 000 007 {.18)

2.500- 2,899 (63.49- 73.64) | .008(.20) 000 000 008 {.20)

2.900- 3.299 (73.65- 83.80) | .009(.23) .000 000 009 (.23)

3.300- 3.699 (83.81- 93.496) | .010(.25) .000 000 010 (.25)

3.700- 4.099 (9397-104.12) |.011(.28) 000 000 011 (.28)

4.100- 4£.493 (104.13-114.28) | .012 (.30)  .000 000 012 (.30)

4.500- 4.899 (114.29-124.44) | .013 (33) 000 000 013 (.33)

4.900- 5.299 (124.45-134.60) | .014 (.36) .000 000 14 (.38)

5.300- 5.549 (134.61-14095) | 015(.38) .000 000 015 (.38)

5.550- 5909 (140.96-152.38) | .009 (.23) .009(.23) |.009(23) .009(.23)

6.000- 6489 (152.39-165.08) | .010(.25) .010(.25) |.010{25) .010 (.25)

6.500- 6,999 (165.09-177.78) | 012 (30) .012(.30) |.012(30) .012(.30)

7.000- 7.499 (177.79-190.48) | .013(33) .013(.33) |.013(33) .013(.33)

7.500- 7.999 (190.49-203.18) | .015(.38) .015(.38) | .015(38) .015(.38)

8.000- 8,499 (203.19-215.88) | .016(41) 016 (41) | 016 (41) 016 (.41)

8.500- B.999 (215.808-228.58) | .017 (43) 017 (43) | .017(43) .017(.43)

9.000- 9.499 (228.58-241.28) | .019(48) .019(48) | .019(48) .019 [.48)

9.500- 9.999 (241.29-253.98) | .020(51) .020(51) | .020(51) .020 (.51)

10.000-10.989 (253.99-279.38) | 022 (56) .022 (56) | .022(58) .022(56)
11.000-11.999 (279.39-304.80) | .025(.64) .025(64) | .025(64) .025(.64)
12.000-12.999 (304.81-330.18) | .027 (.69) 027 (69) | .027(.63) .027 (B
13.000-13.999 (330.189-355.58) | .029 (.74) .020(74) | .029(.74) .029(74)
14.000-15.000 (355.58-381.00) | .030(.76) .030(76) | .030(.768) .030(.78)

OVALITY TOLERANCES for DOM TUBING

Owality shall be within the above O.D. tolerances, except when the wall thickness is
less than 3% of the outside diameter, then ovality shall be within those below.

0.D. Additional Qvality 0.0, Additional Crvality

Inches Tolerance inch (mm) Inches Taolerance Inch {(mm)
Up to 2.000 010
{50.80) (.25) 9.001-10.000 050
2.001-3.000 015 (228.61-254.00) {1.27)
{50.81-7T6.20) (.38) 10.001-11.000 055
3.001-4.000 .020 (254.01-279.40) {1.40)
{76.21-101.80) .51) 11.001-12.000 Q060
4.001-5.000 025 (279.41-304.80) (1.52)
{101.61-1 27.00) (.64) 12.001-13.000 065
5.001-6.000 030 (304.81-330.20) (1.65)
(127.01-152.40) (.786) 13.001-14.000 Q70
£.001-7.000 035 {330.21 -355.60) (1.78)
(152.41-177.80) (.89) 14.001-15.000 075
7.001-8.000 040 {355.61-381.00) (1.91)
(177.81-203.20) {1.02)
8.001-9.000 045
1203.21-228.60) {(1.14)
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PACIFIC MACHINERY & TOOL STEEL CO,

DOM MANUFACTURING TOLERANCES
Cold Drawn Tubing

WALL THICKNESS TOLERANCES for DOM TUBING

WALL QUTSIDE DIAMETER (IMCHES) WALL QUTSIDE DIAMETER {MILLIMETERS)
THICKNESS ™™ over 175 Over 1878 Oweazmn || THICKNESS [T0ei™ v overarer over 2625
(INCHES) 05 w185 kit wosow ||MLUMETERS) oooe woe pes woasim
J0BS +002 4002 +£002 +.004 1.65 +.05 +.05 +05 410
—-002 -003 -003 =004 =05 -08 -08 =10
J0B3 +002 +.002 +003 +.004 211 +.05 +.05 +08  +.10
=002 -003 —-003 -005 =05 =08 -08 -13
085 +002 4002 +003 +.004 241 +.05 +.05 +08 410
=002 -003 -003 -005 =05 =08 -08 -13
108 002 4002 +003 +.005 277 +.05  +.08 +.08 +.13
=003 -004 -003 -005 -8 =10 =08 =13
20 +003 +002 +003 +.005 3.05 +.08  +.08 +08 +13
=003 -004 -003 -005 =08 =10 -08 =13
134 +002  +.002 +003 +.005 3.40 +.05 +05 +08 +13
-004 -004 -003 -005 =10 =10 =08 =13
148 +002 +002 +003 +.005 3.76 +.05 .08 +08  +.13
=004 -004 -—-003 -005 =10 =10 =08 =13
165 +003 4003 +003 +.005 419 +.08 +.08 +08 413
=004 -004 -—-004 -—-006 =13 =10 =10 =158
180 +004 +004 +003 +.006 457 +.10  +.10 +.08 +.15
=004 004 -—-005 -.006 =10 =10 =13 =15
203 +004 4004 4004 +.006 516 +10 +10 +.10 +.15
=005 -005 —-005 -—-00F =13 =13 =13 =18
220 +004 4004 +004 +.007 h.689 +10  +10 +10 +18
=006 -006 -006 —007 =15 =15 =15 -18
238 +005 +005 +005 +.007 6.05 +13 +13 +.13 +.18
=006 -006 -—-006 —-007 =15 =15 =15 =18
250 +005 +.005 +.007 6,58 +.13 +.13 #.18
=006 -006 -007F =15 -15 =18
284 +005 <005 +.007 7.21 +13  +13  +.18
008 -006 -—007 =15 =15 =18
300 +.006 +.006 +.008 762 +15 +.15 #.20
006 —-006 -—-008 =15 =15 =20
220 +.007  +.007 +.008 813 +.18 +18 420
007 -007 -008 =18 =18 =20
344 +008  +008 +.009 8.74 +.20 +.20 +.23
008 -008 -—-009 =20 -20 =23
275 +008 +.009 9.53 +.23 +.23
=008 —00% =23 =23
A00 +£010 +.010 10,16 +.25 +.25
=010 =010 -25 =25
438 +011 +0NM 11.13 +.28 +.28
=011 =011 -2B =28
ABD +012 +M2 12.19 +.30 +.30
-012 -012 =30 =30
531 +013 +013 13.49 +.33 +.33
-013 -013 -33 =33
563 +013 +M3 14,30 +.33 +.33
=013 -013 -33 =33
580 +014  +014 14.73 +.36 +.36
014 -014 =36 =36
B00 +015 +015 15.24 +.36 +.38
-015 =015 =3B =38
B25 +016 +.016 15.88 +.41 +.41
=016 -016 - 41 =41
650 +07 +07 16.51 +43 +43
=017 -7 =43 =43




PACIFIC MACHINERY & TOOL STEEL CO

DOM MANUFACTURING TOLERANCES
Cold Drawn Tubing

MINIMUM HONING ALLOWANCES for DOM TUBING

(8]n] WALL THICKNESS, INCHES (mm)
INCHES P10 | 15008 |Owe 1547 | o 2063 o a5 e [ow iz | ovER
(mm) 1250008 | wte7iTs | w038 | o s se |m oS00 2 | 52 inse | 25 15

Up to—3.000 006 007 008 009 010 - =
(76.20) (5 | (18 | 2o | (2 | (28 | — =
3.001—4.000 007 008 .0og 010 01 .oz 014
(7621—10160) | (18) | (200 | (23 | (25 | (28 | (30) | (36)
4.001—6.000 008 008 010 01 012 0.13 015
(101.61—152.40) (.20) {-23) {.25) {.28) {30} {.33) {.38)
6.001—8.000 008 00g 010 01 ma 014 8
(152.41—203.20) {.20) {.23) (.25) {.28) (.33) [.38) {.41)
8.001—10,500 a1 .02 .13 015 7
(203.21—266.70) (28) | (30) | (33 | (38 | (43
10.501—12.500 013 014 015 gk
(266.71—317.50) (.33) (.38) [.38) [.46)
12.501—=14.000 M7 .18 02 W23
(317.51—355.60) (43) | (48) | (53 | (58)
14.001—15.000 19 0 023 085
(355.61—381) 48) | (53 | (58 | (64

MINIMUM MACHINING ALLOWANCES for DOM TUBING

oo WALL THICKNESS, INGHES (mm)

INCHES UPTO | 125 (218) |Over.187 75 |Over 2508 38 [over 75953 [over sonii | ovem
(mm) 425 (308) | o 87 (475 | to 250 (5350 | to 573 950 | 200 0270y | v Ao iraen) | e2s pney

p to—=3.000 e 014 017 020 021 025 —
(76.20) (30) | (360 | (43) | (51 | (53 | (64) =
3.001—4.000 014 o7 020 021 025 028 030
(76.21—101.60) | (38 | (43 | 51 | (53 | 84 | (70 | (78
0071 —6. 00 D020 021 025 028 030 032 035
(101.61—152.40) | (51) | (58) | 64 | 70 | 78 | (89 | (89
6001 —8.000 025 028 030 .03z 035 039
(152.41—203.20) {.Gd) (.71) {.76) (.81} {.89) (.99
8.001—10.500 034 .035 038 042
(203.21—266.70) (86 | (89 | (99) | (1.07)
10.501—12.500 037 039 042 044
(266.71—317.50) {.84) (.99) (1.07) (1.12)
12.501—14.000 039 04z 045 S4B
(317.51—355.60) (99 | (om | (14 | (122)
14.001—15.000 43 45 W48 S50
{355.61—381.00) (1.09) {1.14) [1.22) (1.27)

inch (.25mm) for cambaer.

Camber: For every 12 inch (304.80mm) or fraction thereof over 12 inch, add .010
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PACIFIC MACHINERY & TOOL STEEL CO.

DOM MANUFACTURING TOLERANCES
Cold Drawn Tubing

MINIMUM CENTERLESS GRINDING ALLOWAMCE for DOM
oD WALL THICKNESS, INCHES (mm)
INCHES P T AZ5 (308 | Over A8T(ATS) | Over 25016.35) | Over 3750053 | Over 300022700 | OVER
{mmj) A2 (318 | 1o 187 4750 | 1o 250 (535) | 10375 (253} | o 500 (1270 | 1o 635 (15.66) | 625 (1586)

Up to—3.000 008 010 a1 014 017 018 —
(76.20) (-20) [.25) [.28) I.36) (.43) 1. 46) —_
3.001—4.000 011 013 014 015 7 018 020
(76.21—101.60) [.28) (.33 I.36) (.38) [.43) [.46) (.51)
4,001—6.000 013 014 15 m7 018 020 il
(101.61—152.400 | (.33) (.38) (.38) [.43) [.46) (.51) (.53)
6.001—8.000 015 017 018 020 021 22
{152.41—203.20) [.38) (.43) [.46) [.51) (.53) [.56)
8.001—10.500 18 18 020 a2z 024
{203.21—266.70) [.46) [.48) 1.51) (.56) [.61)
10.501—12.500 024 02z 024 026
{266, 71—317.50) [.53) [.56) [.61) [.B6)
12.501—14.000 022 024 (26 028
{317 .51—355.60) [.56) [.61) [.66) [.71)
14.001—15.000 024 26 020 03z
{355.61—381.00) [.61) [.66) [.76) [.81)
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PACIFIC MACHINERY & TOOL STEEL CO

SEAMLESS MANUFACTURING TOLERANCES
ASTM A519 — Cold Finished

OUTSIDE AND INSIDE DIAMETER TOLERANCES FOR
ROUND COLD-WORKED TUBING

Thermal Treatment atter Final Cald Work Producing Size®

Qutside Wall Mone, or not excesding Heated Abova 1100°F

Diamatar Thickness 1100"F Mominal Meminal Temperature
Size Range, As Parcent Temperature Without Acceleraled Cooling
in. of Cutside = - —

Diameter 0D, in. 10, in. oD, in. ID, in.

Over | Under | Over | Under || Owver | Under | Ower | Under

Up to 0488 all 0004 10000 — — || 0.005 | 0002 — -_—
0.500 - 1.699 all 0.005 | 0.200 | 0.00C | 0.005 || 0.007 | 0.002 | 0.002 | 0.007
1.700 - 2.099 all 0.006 | 0.000 | 0.000 | 0,006 (| 0.006 | 0.005 | 0.005 | 0.006
2.100 - 2.499 all 0.007 | 0.000 | 0.000 | 0.007 || 0,008 | 0.005 | 0.005 | 0.008
2.500 - 2.899 all 0.008 | 0.000 | 0.000 | 0,008 | 0,009 | 0.005 | 0.005 | 0,009
2.900-3.290 all 0.009 | 0.000 | 0.000 | 0.009 || 0.011 | 0.005 | 0.005 | 0.011
3.300 - 3.6480 all 0.010 (0.000 | 0.000 | 0.010 || 0.013 | 0.005 | 0.005 | 0.013
3,700 - 4,009 all 0.011 (0,000 | 0.000 | 0.011 || 0,013 | 0.007 | 0.010 | 0.010
4,100 - 4,499 all 0.012 | 0.000 | 0.000 | 0012 || 0.014 | 0.007 | 0.011 | 0.011
4,500 - 4 880 all 0.013 | 0.000 | 0.000 | 0.013 || 0.016 | 0.007 |0.012 | D.012
4,800 - 5,200 all 0.014 | 0.000 | 0.000 {0014 || 0018 | 0.007 (0013 | 0.013
5.300 - 5,549 all 0.015 | 0.000 | 0.000 | 0.015 | 0.020 | 0.007 | 0.014 [ 0.014
5.550 - 5559 nder G 0,010 | 0.010 | 0.010 | 0.010 || 0.018 | 0.018 | 0.018 | 0.018
Gto 7'z 0.009 | 0.008 | 0.009 | 0.009 || 0.016 | 0.016 | 0.016 | 0.016

over 7'/ 0.018 | 0.000 | 0.009 | 0.009 || 0.017 (0.015 | 0.016 | 0.016

6.000 - 6.499 undear & 0,013 0.013 | 0.013 [ 0.013 || 0.023 | 0,023 | 0.023 | 0.023
Gio 7 0.010 | 0.010 | 0.010 { 0.090 || 0.018 | 0018 | 0.018 | 0. E

aver 7 0.020 | 0.000 |0.010 | 0.010 || 0.020 | 0.015 [ 0.018 | 0.018

6.500 - 6.99% under 0.015 | 0,015 [0.015 | 0.015 || 0.027 [0.027 | 0.027 | 0.027
6 lo T 0.012 | 0.2 (0012 | 0.012 | 0.021 [0.021 | 0.021 | G021

over 7' 0.023 | 0,000 [ 0.012 | 0.012 | 0.026 | 0.015 | 0.021 | 0.021

7.000-7.499 under 6 0.018 | 0.018 | 0.018 | 0.018 || 0.032 | 0.032 | 0.032 | 0.032
G107 0.013 | 0,013 | 0.013 | 0.013 || 0.023 | 0.023 | 0.023 | 0.023

over 7'z 0.026 [0.000 [0.013 | 0.013 || 0.031 [0.015 | 0.023 | 0.023

7.500-7.999 under 6 0.020 | 0.020 | 0.020 | 0.020 || 0,035 | 0.035 | 0.035 | 0.035
6 to 7z 0.015 | 0.015 | 0.015 | 0.015 || 0.026 | 0.026 | 0.026 | 0.026

over 7' 00248 | 0.000 | 0.015 | 0,015 || 0.036 [ 0.015 | 0.026 | 0.026

8.000 - 8.499 under 6 0023|0023 | 0.023 [ 0.023 || 0.041 [ 0.041 | 0.041 | 0.041
6to 7' 0.016 | 0.016 | 0.016 | 0.016 || 0.028 | 0.028 | 0.026 | 0.028

over 7'z 0.031 [ 0.000 | 0.015 |0.016 || 0,033 | 0.022 | 0,028 | 0.028

8.500 - 8,959 under 6 0.025 | 0.025 | 0.025 | 0.025 || 0.044 | 0.044 | 0,044 | 0.044
6to 7z 0017 10,017 | 0.047 [ 0.017 || 0.030 | 0,030 | 0.030 | 0.030

over 7z 0,034 | 0.000 [0.015 | 0.019 || 0.038 | 0.022 | 0.030 | 0.030

9.000 - 9.499 under & 0.028 | 0.028 | 0,028 | 0.028 || 0.045 | 0.045 | 0.049 | 0.049
Eto 7' 0.019 | 0.018 [0.019 | 0.018 || 0.033 | 0.033 | 0.033 | 0.033

over Tz 0.037 | 0.000 |0.015 | 0.022 || 0.043 | 0.022 | 0.033 | 0.033

8,500 - 9.999 under & (0.030 | 0.030 | 0.030 | 0.030 || 0.045 | 0.045 | 0.053 | 0.0563
B to 7'fz 0.020 | 0.020 | 0.020 | 0.020 || 0.035 | 0.035 | 0.035 | 0.035

over 7 0.040 | 0.000 [0.015 | 0.025 | 0.048 [0.022 | 0.035 | 0.035

10.000 - 10,999 under 6 0.034 | 0,034 [ 0.034 | 0.034 | 0.045 | 0.045 | 0.060 | 0.060
6 fo 7'z 0.022 | 0,022 | 0.022 | 0.022 | 0,038 [0.039 | 0.039 [0.039

over 7'z 0.044 | 0.000 | 0.015 | 0.029 || 0,055 | 0.022 | 0.039 | 0.039

11.000 - 12.000 under 6 0.035 (0,035 | 0.035 0.035 || 0,050 | 0.050 | 0.085 | 0.065
610 7' 0.025 | 0.025 | 0.025 | 0,025 || 0.045 | 0.045 | 0.045 | 0.045

over 7'z 0.045 | 0.000 | 0.015 | 0,035 || 0.060 | 0.022 | 0.045 | 0.045

*See the next page for guenched and tempered tolerances
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PACIFIC MACHINERY & TOOL STEEL CO.

SEAMLESS MANUFACTURING TOLERANCES
ASTM A519 — Cold Finished

OUTSIDE AND INSIDE DIAMETER TOLERANCES FOR
ROUND COLD-WORKED TUBING — CONTINUED
Cutside Wall Thermal Treatment after Final Cold Work

Diameter Thickness Quenched and Tempered
Size Range, As Percent . :
in. of Quizside oo, in. 10, im.
Diameter
Crwer Undar Cwar Undear

Up to 0.499 all 0.010 0.010 0.010 0.010

0,500 - 1.698 all 0.015 0.015 0.015 0.015

1.700 - 2,088 all 0.020 0.020 0.020 0.020

2100 - 2,458 all 0023 0.023 0.023 0.023

2,500 - 2,855 all 0.025 0.025 0.025 0.025

2.800 - 3,299 all 0.028 0.028 0.028 0.028

3,300 - 3,699 all 0.030 0.030 0.030 0,030

3,700 - 4.009 all 0.033 0.033 0.033 0,033

4.100 - 4,499 all 0.036 0,036 0,036 0,036

4,500 - 4.699 all 0,038 0,038 0,038 0.038

4.900 - 5,299 all 0.041 0.041 0.041 0.041

5.300 - 5,549 all 0.044 0.044 0.044 0.044

WALL THICKNESS TOLERANCES FOR
ROUND COLD-WORKED TUBING

Wall Thickness
Range as % of

Wall Thickness Tolerance
Ower and Under Mominal %

Ouisios Diamgtar Up to 1,498 in., 1D 1,500 in., and Over
25 and Under 10.0 7.5
Cvar 25 12.5 10.0

STRAIGHTNESS TOLERANCES

aD {?52?1 ;H;;nga Maximurm I:.‘i.:g‘eg:}ra per Foot
Thru & 0.010
Over5to 8 0.015
Over 8 0.020




PACIFIC MACHINERY & TOOL STEEL CO

SEAMLESS MANUFACTURING TOLERANCES
ASTM A519 — Hot Finished

OUTSIDE DIAMETER TOLERANCES FOR ROUND
HOT-FINISHED TUBINGA 8¢

Outside Diameter Size Range, Cutside Diameter Tolerance, in. (mm)
in. {mm) Owver Under
Up to 2,998 (76.17) 0.020 (0.51) 0.020 (0.51)
3.000 - 4,499 (v6.20 - 114.27) 0.025 (0.64) 0.025 (0.64)
4,500 - 5,999 (114.30 - 152.37) 0.031 (0.79) 0.031 (0.79)
6.000 - 7.499 (152.40 - 190.47) 0.037 (0.94) 0.037 (0.94)
7.500 - 8.999 (190.50 - 228.57) 0.045 (1.14) 0.045 (1.14)
9.000 - 10.750 (228.60 - 273.05) 0.050 (1.27) 0.050 (1.27)

4 Diameter tolerances are not applicable to normalized and tempered or guenched
and tempered conditions.

BThe common range of sizes of hot finished tubes is 1% in. (38.1 mm) to 10%. in.
(273.0 mm) outside diameter with wall thickness at least 3 % or more of outside
diameter, bul not less than 0.085 in. (2.41 mm).

€ Larger sizes are available; consult manufacturer for sizes and tolerances,

WALL THICKNESS TOLERANCES FOR ROUND

HOT-FINISHED TUBING
Wall Thickness Tolerance,* parcent Over
Wall Thicknass and Under Nominal
Range as Percant Outside Di : A
of Outside Oulsida Diamatar utside Diameater Outside Diamatar
Diamalar 2.999 in. (76.19 mm) S.Duﬂlc:rg g?g%?ﬂ mm) 6.000 in. {15240 mm})
and smallar : in. to 10.750 in.
{152.37 mm) (273,05 mm)
Under 15 12.5 10.0 0.0
15 and over 10.0 7.5 10.0

4 Wall thickness tolerances may not be applicable to walls 0.199 in. (5.05 mm) and
less; consult manufacturer for wall tolerances on such tube sizes.

STRAIGHTNESS: Cold Finished tolerances apply (see page E=16)

REQUEST OUR PRODUCT BROCHURE ON
STEEL TUBING.
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PACIFIC MACHINERY & TOOL STEEL CO.

NOMINAL PIPE SIZES
Dimensions and Weights
Outside Wall MNaminal Weight par "
oS | Diamter, Thickness, | ft(m), Plain End, | “eioht | Schedule
EsIgnator in. {IT'II'H] ||'|. {ml'ﬂ:l Ib {kg} 55 M.
Ya 0.405 (10.3) 0.068 (1.73) 0.24 {0.37) STD 40
0.085 (2.41) 0.31 (0.47) X8 80
g 0.540 {13.7) 0.088 (2.24) 0.42 (0.63) STD 40
0,119 (3.02) 0.54 {0.80) x5 80
Ha 0.675(17.1) 0.091 (2.31) 0.57 {0.84) STD 40
0.126 (3.20) 0.74 {1.10) x5 80
= |0.840(21.3)  |0.109 (2.77) 0.85 (1.27) STD 40
0.147 (3.73) 1.08 (1.62) x5 80
0.188 {4.78) 1.31 (1.95) g 160
0.284 (7.47) 1.71 (2.55) xxs S
Ha 1.050 (28.7) 0113 (2.87) 1.13 (1.69) STD 40
0.154 (3.91) 1.47 (2.20) x3 80
0.219 (5.56) 1.94 (2.90) ... 160
0.308 (7.82) 2.44 (3.64) KX
1 1.315(334) |0.133(3.38) 1.68 (2.50) STD 40
0.179 {4.55) 217 (3.24) XS 80
0.250 (6.35) 2.84 (4.24) AL 160
0.358 (9.09) 3.66 (5.45) X5
1a 1.660 (42.2) 0.140 (3.56) 2,27 (3.39) STD 40
0.191 (4.85) 3.00 (4.47) x5 80
0.250 (6.35) 3.76 (5.61) ... 160
0.382 (9.70) 5.21(7.77) KXS
1z 1.900 (48.3) 0.145 {3.68) 2,72 (4.05) STD 40
0.200 (5.08) 3.63 (5.41) x5 80
0.281 (7.14) 4.86 (7.25) 160
0.400 (10.16) G.41 (9.56) KXS
2 2375(60.3)  |0.154 (3.91) 3.65 (5.44) STD 40
0.218 (5.54) 5.02 (7.48) x5 80
0.344 (8.74) T46(11.1) " 160
0.436 (11.07) 9.03 (13.44) xx5
2z 2.875(73.0) 0.203 (5.18) 5.79(8.63) STD 40
0.276 (7.01) 7.66(11.41) xs &0
0.375 (9.52)  [10.01 (14.90) . 160
0.552 (14.02) |13.70(20.39) KXRS

E=18
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FACIFIC MACHINERY & TOOL STEEL CO.

NOMINAL PIPE SIZES — Continued

Dutside Wall Mominal Waight par .
NES Diamter, Thickness, ft (m), Plain End, | 'Weight | Schedule

Designator in. (ram) in () ¢ :Ib:kg} Class Mo,
3 3.500 (82.9) 0.216 (5.49) 7.58 (11.29) STD 40
0.300 (7.62) 10.25 (15.27) X3 B0
0.438 (11.13) 14.32 (21.35) o 160

0.600 (15.24) 18.58 (27.68) XX5
3z 4.000 (101.8) 0.226 (5.74) 8.11 (13.57) sTD 40

0.250 (6.35) 10.01 {14.92)

0.281 (7.14) 11.16 (16.63) pe e
0.318 (8.08) 12.51 (18.63) XS ao
4 4.500(114.3) 0.237 (6.02) 10.78 (16.07) STD 40
0.337 (8.56) 14.98 (22.32) X3 a0
0.531 (13.49) 22.51 (33.54) Ca 160

0.674 (17.12) 27.54 (41.03) XXS
5 5.563 (141.3) 0.258 (6.55) 14.62 (21.77) STD 40
0.375 (9.52) 20.78 (30.94) XS a0
0.625 (15.88) 32.96 (49.11) L 160

0.750 {19.05) 38.55 (57.43) XX5
5] 6.625 (168.3) 0280 (7.171) 18.97 (28.26) STD 40
0.432 (10.97) 2B.57 (42.56) X5 a0
0.719 (18.28) 45.35 (67.56) - 160

0.864 (21.95) 53.16 (7v9.22) KXS
a B.625(219.1) |0.322(8.18) 2B.55 (42.55) STD 40
0.500 (12.70) 43.39 (64.64) XS B0
0.875 (22.22) T2.42 (107.88) KXS i
0.906 (23.01) 7469 (111.27) 160
i0 10,750 (273.0) |0.365 (9.27) 40.48 (60.29) sTD 40
0.500 (12.70) 54,74 (81.52) x5 &0
0.594 (15.09) 64.43 (95.97) 80
1.000 (25400 | 104.13 (155.09) xXS 120
1.125(28.57) |115.65 (172.21) 160
12 12.750 (323.8) |0.375(9.52) 49.56 (73.78) STD P
0.406 (10.31) 53.52 (78.70) el 40
0.500 (12.70) 65.42 (97.43) x5 I
0.688 (17.48) B8.63 (132.04) Lo 8o
1.000 (25.40) |125.49 (186.91) XXS 120
1.312 (33.32) |160.27 (238.68) 160

E=19
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PACIFIC MACHINERY & TOOL STEEL CO.

NOMINAL PIPE SIZES — Continued

Outside Wall Mominal Weight per :
0 egi‘;fm o Diamter, Thickness, | ft (), Plain End. "gli'gg' S‘:m"-"e

in. (mm) in. {mm) b (ka) .
14 14.000 (355.6) |0.375 (9.52) 54.57 (B1.25) STD FEE
0.438 (11.13) 63.44 (94.55) A 40
0.500 (12.70) 72.09 (107.39) X5 sl
0.750 (19.05) [106.13 (158.10) 80
1.406 (35.71) |189.11 (281.70) 160
16 16.000 (406.4) | 0.375(9.52) 62.58 (93.17) sTD 30
0.500 (12.70) B2.77 (123.30) x5 40
0.844 (21.44) |136.62 (203.53) 80
1.594 (40.49) |245.25 (365.35) 160

18 18.000 (457.2} |0.375 (9.52) 70.59 (105.10) STD
0.500 (12.70) 93.45 (139.200 xS i
0.562 (14.27) | 104.67 (155.87) 40
0.938 (23.83) [170.92 (254.67) B0
1.781 (45.24) | 308.50 (459.59) 180
0.375 (9.52) 7860 (117.02) 3TD 20
0.500 (12.70) |104.13{155.12) xS a0
0.594 (15.09) |123.11 {183.42) 40
1.031 (26.19) |208.87 (311.17) 80
1.968 (50.01) |379.10 (564.81) 160
24 24.000 (602.6) |0.375 (2.52) 94.62 (140.88) STD 20
0.500 (12.70) | 125.49 (186.94) X3 e
0.888 (17.48) |171.22 (255.24) 40
1.219{30.98) |296.58 (441.78) a0
2.344 (59.54) |542.14 (BO7.63) 160
26 26.000 (660.4) |0.375{9.52) 102.63 (152.80) sSTD i
0.500 (12.70) | 136.17 (202.85) XS 20

WE WOULD APPRECIATE RECEIVING YOUR INQUIRIES FOR
TUBING NOT SHOWN IN THIS SECTION.




PACIFIC MACHINERY & TOOL STEEL CO.

BURSTING PRESSURE for STEEL TUBING

Theoretical Values Based on Barlow's Formula

CALCULATED BURSTING PRESSURE (PSl)
for Each 10,000 PSI of Steel Tuhing Tensile Strength

WALL
oD (INCHES)
{(INCHES) || 035 | 049 | 085 | .095 | 120 | 4 = =

20ga) | (180a) | (16ga) | (Bga) | (i1gay | 1% | e | e

i 1400 | 1960 | 2600 | 3800 | 4B00 | 6240 | 7480 | ====
o 1120 | 1568 | 2080 | 3040 | 3840 | 4992 | 5984 | 7008
s 933 | 1307 | 1733 | 2533 | 3200 | 4160 | 4987 | 5840
fa 800 | 1120 | 1486 | 2171 | 2743 | 3566 | 4274 | 5006

1 700 | 980 | 1300 | 1900 | 2400 | 3120 | 3740 | 4380
1 622 | 871 | 1156 | 1689 | 2133 | 2773 | 3324 | 3893
1 560 | 784 | 1040 | 1520 | 1920 | 2496 | 2932 | 3504
1% 508 | 713 | 945 | 1382 | 1745 | 2269 | 2720 | 3185
1 467 | ©53 | 867 | 1267 | 1600 | 2080 | 2493 | 2820
13 400 | 560 | 743 | 1086 | 1371 | 1783 | 2137 | 2503
2 350 | 490 | 650 | 950 | 1200 | 1560 | 1870 | 2190
2 311 436 | 578 | 844 | 1067 | 1387 | 1662 | 1947
2 280 | 392 | 520 | 760 | 960 | 1248 | 1496 | 1752
2%, 255 | 356 | 473 | 691 873 | 1135 | 1360 | 1593
3 =ess | 327 | 433 | 633 | 800 | 1040 | 1247 | 1460
<A sees | 302 | 400 | 585 | 738 | 960 | 1151 | 1348
3 -e-- | 280 | 3T 543 | 686 | 891 | 1069 | 1251
3% ceee | 261 347 | 507 | 640 | 832 | 997 | 1168
4 p— 245 325 475 G500 780 935 | 10495
4 1s T ihas 06 447 565 734 BBO | 1031
4 «sss | 289 | 412 | 533 | 693 | 831 973
43 —_ <eee | 274 | 400 | 505 | 657 | 787 | @922
5 “eee -«=« | 260 | 380 | 480 | 624 | 748 | 876
51 “ee- wess ees | 345 | 436 | 567 | 680 | 796
6 .ess | 317 | 400 | 520 | €23 | 730
s 389 480 575 674
7 -eee | 446 | 534 | 626
7 ees | 416 | 499 | 584
8 468 548
B R15

MNOTE: The tables give approximate bursting pressures as calculated from Barlow's
Formula, P=2 - 3 - t/D; where

P = Bursting Pressure, PSI

S = Tensile Strength, PS|

t =Wall Thickness, inches

D = Oulside diameter, inches
All of the calculated values are for lubing with a tensile strength of 10,000 PSI.
Therefore a tube made of steel with a tensile strength of 50,000 PSI would thearetically
burst at five times the tabular value. This information is given for estimating purposes
only. Mechanical tubing is not guaranteed to meet a minimum bursting pressure.
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FPACIFIC MACHIMERY & TOOL STEEL CO.

BURSTING PRESSURE for STEEL TUBING — Continued
Theoretical Values Based on Barlow’'s Formula

CALCULATED BURSTING PRESSURE (PSl)
for Each 10,000 PS5l of Steel Tubing Tensile Strength

WaLL
oD {INCHES)
(INCHES) 1 T g Yo 5fg s Is 1

1
z srmae arman mrmmn T e T srnwn ssnns

I

s BEET T wanan cavaa anan . . -
s 5714 7154 wakan wanaa sanan T T ssane

1 5000 | 6260 | 7500 | sevsr | saven [ wsaes | es
1Y 4444 | 5564 | G667 -
1 I.I'ld- 41:“:'0 EUUE 6000 3000 (LR R [EEE T [T
1% 3636 | 4553 | 5455 | 7273 .

1'% 3333 | 4173 | 5000 | 6667 | 8333
1M 2857 | 3577 | 4286 | 5714 | 7143
2 2500 | 3130 | 3750 | 5000 | 6250 | 7500 sases seans
24 2222 | 27B2 | 3333 | 4444 | 5556 | EBBEV

2% 2000 | 2504 | 3000 | 4000 | 5000 | 6000 | 7OOO srans
2% 1818 | 2276 | 2727 | 3636 | 4545 | 5455 | 6364 | 7273
3 1667 | 2087 | 2500 | 3333 | 4167 | 5000 | 5833 | 6667
E ALY 1538 | 1926 | 2308 | 3077 | 3846 | 4615 | 5385 | 6154

3 1428 | 1789 | 2143 | 2857 | 35N 4286 | 5000 | 5714
33 1333 | 1669 | 2000 | 2667 | 3333 | 4000 | 4667 | 5333
4 1250 | 1565 | 1875 | 2500 | 3125 | 3750 | 4375 | 5000
4ty 1176 | 1473 | 1765 | 2353 | 2841 3328 | 4118 | 4706

4 1111 1391 1667 | 2222 | 2778 | 3333 | 3889 | 4444

43, 1083 | 1318 | 1579 | 2105 | 2832 | 3158 | 3684 | 4211
5 1000 | 1252 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000
5 o049 1138 1364 | 1818 | 2273 | 2727 | 3182 | 3636
6 833 | 1043 1250 | 1667 | 2083 | 2500 | 2317 | 3333
6'f 768 963 | 1154 | 1538 | 1923 | 2308 | 2682 | 2077
7 714 894 | 1071 1429 | 1786 | 2143 | 2500 | 2857
T B67 835 | 1000 | 1333 | 1667 | 2000 | 2333 | 2667
8 B25 783 938 | 1250 | 1583 | 1875 | 2183 | 2500
8 588 736 gaz | 1176 | 1471 1765 | 2059 | 2353
g 556 G596 833 | 1111 1389 | 1867 | 1944 | 2222
8%z 526 659 789 | 1083 | 1316 | 1579 | 1842 | 2105
10 S00 626 750 | 1000 | 1250 | 1500 | 1730 | 2000
10 476 586 714 952 | 1190 | 1429 | 1667 | 1905
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FACIFIC MACHINERY 8 TOOL STEEL CO.

SECTION INDEX

TOOL STEEL
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PACIFIC MACHINERY & TOOL STEEL CO.

IDENTIFICATION AND TYPE CLASSIFICATION OF
TOOL STEELS

The system used by AlSI and SAE for classifying the types of tool steels includes
such basic principles as method of quenching, specific application, special characteris-
tics, etc, The different types have been grouped into eight major headings as listed
below. Each commonly accepted group of tool steels under the eight headings has
heen assigned a letter symbol;

COLD WORK DIE STEELS
0 Qil Hardening Types
A Medium Alloy Air Hardening Types
D High Chromium High Carbon Types
SHOCK RESISTING TOOL STEELS
5
HOT WORBK TOOL STEELS
H
w
MOLD STEELS
P
SPECIAL PURPOSE TOOL STEELS
L
STANDARD HIGH SPEED TOOL STEELS
M Molybdenum Types
T Tungsten Types
INTEBMEDIATE HIGH SPEED TOOL STEELS
MS0-M59  Molybdenum Types

Each grade of tool steel is identified by its group lefier and a number to signify the
exact type, for instance, A2, 01, H13, etc. The commeon grades of PACIFIC Tool Steel
are described on the following pages with typical applications and heat treatments. For
grades which are not listed ask your PACIFIC representative about information on
availahility and application.

APPROXIMATE MACHINABILITY OF ANNEALED TOOL STEELS

Type Rating, % Type Rating, %

06 125 A2 thru AD 45 to 60
W1 thru W5 100 * H21 thru H42 451055 1
Al0 a0 T 40 1o 50
P& 80 M2 40 to 50
F20, P21 65 to 80 T4 35 1o 40
L2, LE 65 o 75 M3 (Class 1) 35 1o 40
51 thru 57 60t 70 02 thru D7, A7 30 to 40
H10 thru H19 60 to 70 1 Ti5 25 10 30
o1, 02,07 45 to 60 WM15 25 1o 30

* Equivalent to approximately 30% machinability of B1112

t For hardness range 150 to 200 HB

Fe1



PACIFIC MACHINERY & TOOL STEEL CO.

A SIMPLE APPROACH TO THE SELECTION
OF TOOL STEELS

When considering the selection of a grade of tool steel, there are four
areas which should be considered:

1. What will the tool or die be used for?
2. How will the tool or die be manufaciured?
3. How many paris will the tool or die make?

4. Is the tool steel being considered available?

The end use of the tool or die usually determines which of the material properties
are most important, The properties normally considered are wear resistance and
loughness; hot hardness is also considered when high temperatures are invalved.
Generally, as the carbon content increases in alloy tool steels, wear resistance also
increases, but toughness usually decreases. With this in mind one can use the carbon
cantent of the tool steel as a simple first approach to selection; higher carban for better
wear and lower carbon when toughness is more important. A table on the next page
lists allay tool steels by ascending carbon content for your convenience,

How the tool is to be manufaciured (machined, heat treated, etc.) will lead to
consideration of the steel's machinability and stability in heat treatment. Machinability
is somewhat analogous to wear resistance and in general is a function of carbon
content. Stability in heat treatment is dependent mostly on how slowly the part is
cooled during the hardening operation. Therefore, the air hardening grades usually
have the lowest distortion during heat freatmen.

How many parts the tool or die will produce will help determine what level of wear
resistance is required for die life. For instance, when blanking mild steel sheet, 01
might be chosen for dies producing 1000 or less parts, while A2 could be used to
produce up o 100,000 paris and D2 might produce up to 1,000,000 parts — again,
increasing the carbon (and alloy) content increases the wear resistance,

Cince the material with optimum properties is selected, it is time to contact PACIFIC
MACHINERY & TOOL STEEL CO. to determina if that grade and shape is available.
Chances are that the item is in stock and can be cut and shipped immediately. Some
grades and sizes will not be available, even by special order, because mills no longer
produce them. In these cases PACIFIC MACHINERY & TOOL STEEL CO. can offer
alternate grades.

In summary—determine the relative importance of wear resistance and toughness,
then consult the following chart listing alloy tool steels by ascending carbon content.
Use the higher carbon grades when wear resistance is most imporiant, the lower
carbon grades for the most loughness and stay in the middle when toughness and
wear resistance must be combinad.
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ALLOY TOOL STEEL PROPERTIES
BY INCREASING CARBON CONTENT

% Wear Hat Max. Ann.
GRADE | Carbon | Resistance | Toughness | Hardness | Machinabllity (Hardness™
H13 .38 3 9 B 8 235
57 .50 3 8 ] a8 223
A8 .55 4 8 4 8 241
AB .70 4 5 4 B 248
o1 .42 4 3 3 8 212
A2 1.00 B 4 5 8 235
D2 1.50 8 2 & 3 255
AT 2.42 9 1 & 1 269
A0 1.37 3 3 3 8 269
Og* 1.40 3 3 2 9 220

* These graphitic grades are listed separately because of their special nature as
free machining grades

** Brinell

ALLOY TOOL STEEL PROPERTIES
TOUGHNESS vs. WEAR RESISTANCE
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PACIFIC MACHINERY & TOOL STEEL CO.

WELDING OF TOOL STEELS

(Reprinted from METALS HANDBOOK, 9th Ed., with permission of the publisher, ASM
International, Metals Park, Ohio)

Conditions for welding. Tool steels are preferably welded in the annealed condi-
tion, but often this is impractical as well as cosily to the extent that any gain made
possible by the use of weld repair would be nullified by the cost of annealing.

Tools and dies in the quenched and tempered condition can often be repaired by
welding, but in such a case the preheating and postheating treatments for the base
metal must not exceed the original tempering temperature. In some applications, there-
fore, the microstructure of the base metal, in addition to composition, influences the
choice of filler metal.

Mast of the rules that apply to the welding of alloy steels apply also to the welding
of tool steels, but as the alloy content or carbon content, or both, increase, the impor-
tance of adhering to these rules also increases. The fallowing guidelines apply to the
arc walding of all grades of tool steal;

* Always use the smallest diameter electrode that will do the job.

* Prepare the surface by machining or grinding, & crack should be gouged out to
a U-shape, never to V-shape, because sharp angles will promote cracking.

» Grind or maching away all of the existing cracks, and provide at least Vi in. of
excess metal for finish grinding.

* Make sure that all elecirodes and base metal surfaces are clean and dry before
welding. Absolute freedom from oil and grease is essential.

* Insofar as possible, position the work so that weld beads are laid slightly uphill.
This aids joint penetration.

= Mever weld any tool steel that is at room temperature; the recommended pre-
heating temperature must be adhered to.

* Keep heat input to the minimum; use minimum arc voltage and amperage, and
reduce amperage for secondary and finishing passes.

Selection of Filler Metal. The factors that must be considered in the selection of
an electrode for arc welding of tool steel include (1) composition of the base metal, (2}
heat treated condition of the base metal (annealed or hardened), and (3) service
requirements of the welded area — whether the weld is located at a critical working
surface such as a cutting edge or in an area of high wear. Typical electrode composi-
tions {deposit analyses) are presented in the footnotes under Table A. The selections
listed in this table are based on the assumption that the welded area is a working
surface of the tool and, therefore, must have approximately the same hardness, or be
capable of achieving the same hardness, as the base metal. Selection of an electrode
is often simplified when this requirement does not have to be mel.

When welding annealed tools, the composition of the deposited weld metal should
approximate that of the base metal, so that the weld and base metal will respond
similarly to heat treatment and will develop the same hardness after heat treatment,
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PACIFIC MACHINERY & TOOL STEEL CO

Selection of electrodes for welding hardened tools requires more consideration
than far welding annealed tools. If the weld metal is to be deposited at a functional
area of the tool (such as a culting edge), it is necessary to select a filler matal that will
harden as it cools. Under these conditions, the composition of the deposited weld
metal may be entirely different fram that of the base metal.

Ancther technique that is often used in repair welding of hardened lools when the
weld will be in a working area is to begin the weld with an electrode that deposits weld
metal that hardens only slightly or not at all on cooling — far example, a stainless stesl
or a low-hydrogen low-alloy steel electrode. A major portion of the weld is made with
one of these electrodes, but approximately s in. of weld depth is left for completing
the weld with an electrode that deposits approximately the same composition as the
base metal. This final layer may need to be thicker than *hs in., depending on the
stresses to which it will be subjected. However, this procedure should not be used if
the welded tool will be quenched and tempered, because cracking may ocecur,

When high hardness is not required in the welded area, the most common prac-
tice is to make the entire weld with a low-alloy, stainless sieel, or nickel-based alloy
electrode.

Preheat and Interpass Temperatures. Regardless of composition or condition
tannsaled or hardenad), tools should never be welded without preheating. Preheating
temperature varies with tool steel composition. Sometimes, a steel of a given composi-
tion is preheated at different termperatures depending on whether it is in the annealed
or the hardened condition, Preheating temperatures commaonly used for various grades
of tool steel in both annealed and hardened conditions are given in Table A. As shown
in Table A, prehealing temperatures range from 250°F for the water-hardening tool
steels (W grades) to 1200°F for annealed hot work steels (H grades). When a tem-
perature range, as opposed to a specific temperature, is shown (for instance, 250 to
450°F for W1 and W2), the lower temperature of the range is used for thin sections
and the higher temperature for thick sections and massive tools. The minimum pre-
heating temperature should always be maintained as the interpass temperature during
welding.

Postweld Heat Treating. When welding annealed material, best practice is 1o
allow the weldment to cool to about 150°F, and then to heat it within the appropriate
temperature range (see Table A). When dealing with hardened base metal, the
postheating temperature must not exceed the original tempering lemperature if the
hardness of the tool is to be retained. Commen practice is to heat at 25 to 50°F below
the original tempering temperature.

LET US HELP YOU MEET YOUR TOOL STEEL REQUIREMENTS.

Fe



PACIFIC MACHINERY & TOOL STEEL CO.

AlISI W1 WATER HARDENING
CARBON TOOL STEEL

PACIFIC W1 is a carbon tool steel with chemistry equivalent to 1095 carbon
spring steel. W1 is most commonly available as drill red — in fractional, letter and
number sizes. It hardens with a hard case and a soft core {except for thin sections
which through harden). Use is limited to parts having fairly uniform sections with
minimal stress raisers to minimize quench cracking.

TYPICAL APPLICATIONS
Bushings Drawing Punches Lathe Centers
Center Punches Embossing Dies Fipe Cutters

Collets Forming Rolls Reamears

Crimping Dies Forming Tools Stamping Dies
CHEMICAL ANALYSIS: Typical, %
C Mn P s
0.95 0.25 0.030 max 0.030 max

THERMAL PROCESSING: Guidelines — Use Good Judgement
FORGING: Heat to 1800/1950°F, do not forge below 1500°F.

AMMEALING: Heat to 1400/1450°F and hold 20 minutes to 2/ hours depending
on maximum section thickness. Cool at a maximum rate of 50°F per hour to 1000°F,

after which controlled cooling is not necessary. Typical annealed hardness is 156/201
HE.

MORMALIZING: Heat to 1600°F and hold for 15 minutes to 1 hour depending on
part size and cool in still air,

STHESS RELIEVING: Heat to 1200/1250°F and hold 1 hour per inch of cross
section (minimum 1 hour) and cool in air.

HARDEMING: Heat slowly to 1425/1475°F and hold for 10 to 30 minutes before
quenching in agitated water or brine. Expected as quenched hardness is 65/68 HRC.

TEMPERING (Drawing): Temper immediately at 350°F to about 650°F for about
1 hour at temperature. Approximate tempered hardness will be 50/64 HRC:

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
350 6365 800 45/48
400 B2f64 a00 40/43
500 58/61 1000 34/38
600 55/57 1100 28/
700 | 49/52 1200 22/25




PACIFIC MACHINERY & TOOL STEEL CO,

AISI O1 OIL HARDENING
COLD WORK TOOL STEEL

PACIFIC O1 is a general purpose, relatively nondeforming grade which hardens
from low temperatures (smaller tools and dies can be heated with a torch). When
greater stability in heat treatment andfor wear resistance is required, consider PACIFIC
A2, If machinability is of prime importance, consider Graph-Mao® (OB).

TYPICAL APPLICATIONS

Blanking Dies Gages Punches

Cams Knives Shear Blades
Coining Dies Machine Parts Stamps
Drawing Dies Machine Ways Straight Edges
Farming Dies Plastic Molds Trim Dies

CHEMICAL ANALYSIS: Typical, %
C Mn Cr W
0.90 1.00 0.50 0.50

THERMAL PROCESSING: Guidelines — Use Good Judgement
FORGING: Heat to 1800/1950°F, do not forge below 1550°F,

AMMEALING: Heat to 14001450°F and hold 1 to 4 hours depending on part
size, cool at a maximum rate of 40°F per hour to 1000°F (cooling rate below 1000°F is
not critical). Typical annealed hardness is 183/212 HB.

STRESS RELIEVING: Heat to 1200/11250°F for 1 hour minimum at temperature
and cool in air.

HARDENING: Preheat at 1200°F. Austenitize at 1450/1500°F for 10 to 30 min-
utes. Cluench in oil to an expected hardness of 63/65 HRC.

TEMPERING (Drawing): Temper at 3s0/500°F for an hour at temperature o
approximate hardness of 62 to 57 HRC. Usually, when greater toughness is required
than can be obtained by tempering above 500°F, it is customary to use a shock
resisting tool steel such as PACIFIC 57:

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
300 6365 GO0 55/57
350 62/64 700 51/53
400 61/63 800 48/40
450 60/62 a00 44147
500 58/60 1000 40/44

Fe8



PACIFIC MACHINERY & TOOL STEEL CO.

AISI O1 ROUNDS

CONDITION COLOR CODE
Annealed and Decarb Free Silver
STOCK SIZES*
DIAMETER | WT.PERFT. | WT. PER 12' || DIAMETER | WT. PER FT. | WT. PER 12'
(INCHES) (LBS.) BAR (LBS.) (INCHES) (LBS.) BAR (LBS.}
W 017 2.00 1%a 7.06 84.70
e 0.26 3.13 2 10.69 128.3
s 0.28 4.51 2'a 13.53 162.4
e 0.51 6.14 2 16.71 200.5
Ya 0.67 8.02 3 24.06 288.7
o 1.04 12.53 3a 32.74 3829
34 1.50 18.04 4 42.77 513.2
fa 2.05 24.56 42 54.13 649.5
1 2.67 32.07 & 96.22 1,154.7
1'a 3.38 40.59 g 1711 20528
1'a 418 50.12 12 384.2 4,618.7
1'fz 6.01 72.17
‘Intermediate and larger sizes are quickly available from mill depot stock.

AISI O1 PLATE & SE*-BARS

CONDITION COLOR CODE
Annealed and Decarb Free Silver
STOCK SIZES

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in '/4" increments through 3" wide, '2" increments over 3" through &"
wide, and 1" increments over 6" through 12" wide. Non-standard widths are avail-
able on order (in full bar lengths) in any width to 25" maximum.,

THICKNESS (INCHES) WEIGHT PER SOUARE FOOT (LBS.)
Wz 20.42
5fa 25.52
s 30.63
1 40.84
14 51.05
1z 61.26

SEE PAGE F+24 FOR TOLERAMCES
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AlISI 06 OIL HARDENING-GRAPHITIC
COLD WORK TOOL STEEL

PACIFIC O6 has the highest machinability rating of any standard grade of tool
steel. Free graphite in the microstructure gives unique machining characteristics; it
also allows lubricant retention which gives non-selzing properties. 06 can usually be
substituted for O1 in any application where machinability is a prime caonsideration.

TYPICAL APPLICATIONS
Bushings Forming Dies Small Tools
Cams (Gages Spinning Tools
Deep Draw Dies Machine Ways Trim Dies
Draw Punches Sizing Dies Wear Plates

CHEMICAL ANALYSIS: Typical, %

C Si Mn Mo
1.45 1.00 0.80 0.25

THERMAL PROCESSING: Guidelines — Use Good Judgement
FORGIMNG: Heatto 1800/1950°F, do not forge below 1500°F.

AMMEALING: Heat to 1410/1450°F and hold for 1 to 4 hours depending on part
size, cool at a maximum rate of 20°F per hour to 1000°F (cooling rate below 1000°F is
not critical). Typical annealed hardness is 183/217 HB.

STRESS RELIEVING: Heat to 1200/1250°F for 1 hour minimum at temperatura
and cool in air.

HARDEMING: Heat slowly to austenitize at 1410/1450°F (preheat complex and’
or large tools to 1200°F); soak 10 to 30 minutes and quench in oil. Typical as quenched
hardness is 63/65 HRC.

TEMPERING (Drawing): Temper at 350/600°F for 1 hour minimum at tempera-
ture to an approximate corresponding hardness of 63 to 58 HRC:

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
300 61/63 800 48/52
400 60/62 200 45/49
00 58160 1000 38/42
600 H6/59 1100 32/38
700 52/54 1200 22/30

F=10



PACIFIC MACHINERY & TOOL STEEL CO.

AISI O6 ROUNDS

CONDITION

COLOR CODE

Annealed and Decarb Frae

Silver with Black Stripe

STOCK SIZES*
MAMETER | WT. PER FT. | WT. PER 12 DIAMETER | WT. PERFT. | WT. PER 12
(INCHES) (LBS.) BAR (LBS.) (INCHES) (LBS.) BAR (LBS.)
fa 0.38 4.51 2 10.69 1283
3a 0.44 5.29 2'a 12.07 144.8
Ya 0.67 B.02 2%y 13.53 162.4
e 0.85 1015 2%z 16.71 200.5
“fa 1.04 12.53 2%, 20.21 242.5
4 1.50 18.04 3 24.06 288.7
T 1.76 21.17 3 28.23 388.8
fa 2.05 24.56 Ky 32.74 282.9
1 2.67 32.07 3 37.59 4511
1'a 3.28 40.59 4 4277 513.2
1% 4.18 50.12 4/ 48.28 579.3
1%z 5.05 60.64 A 5413 649.5
1Yz 6.01 7217 5 66.62 801.9
1%s 7.06 84.70 G 96.22 1.154.9
14 8.19 93.23 7 130.97 1.571.7
17fe 9.40 128.3 8 171.06 2,052.8

*Intermediate and larger sizes are readily available from mill depot stock.

AISI 06 PLATE & SE"-BARS

CONDITION

COLOR CODE

Annealed and Decarh Free

Silver with Black Stripe

STOCK SIZES*

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in 4" increments through 3° wide, %" increments over 3° through &'
wide, and 1" increments over &" through 12" wide. Mon-standard widths are avail-
able an order {in full bar lengths) in any width to 25° maximum.

THICKMESS (INCHES)

WEIGHT PER SQUARE FOOT (LBS.)

fa
s
3,

2042
25.52
30.63

*Flats and squares to 4" thicknesses are readily available from mill depot stock.

SEE PAGE F+24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO.

AISI A2 AIR HARDENING
COLD WORK TOOL STEEL

PACIFIC A2 is our most popular grade of cold work tool steel. It has better wear
resistance and toughness than 01 plus the dimensicnal stability ofiered by air hardening
qualities. Where even betler wear is required (with a corresponding decrease in tough-
ness) consider D2, Where more toughness is needed consider A6 or 7. If machinability
is of prime importance, consider Graph-Air® (A10).

TYPICAL APPLICATIONS

Blanking Dies Farming Rolis Plastic Malds
Coining Dies Gages Punches
Cold Forming Tools Knives Shear Blades
Drawing Dies Lamination Dies Slitters
Embossing Dies Mandrels Trim Dies

CHEMICAL ANALYSIS: Typical, %

c Mn Cr Mo v
1.00 0.60 5.00 1.00 0.25

THERMAL PROCESSING: Guidelines — Use Good Judgement

FORGING: Preheat to 12001250°F before raising to forging heat of 1850/2000°F,
do not forge below 1650°F. Cool slowly to aveid cooling cracks; anneal after forging.

AMMEALING: Heat slowly to 1550/1600°F and scak prior to cooling at a maxi-
mum rate of 40°F per hour to 1000°F (cooling rate below 1000°F is not critical). Typical
annealed hardness is 201/235 HBE.

STRESS RELIEVING: Heat to 1200/1250°F and hold 1 hour minimum at tem-
perature. Cool in air.

HARDENMING: Preheat at 1450°F. Austenitize at 1725/1775°F for 20 minutes for
small toals to 45 minutes for large tools. Air cool as evenly as possible; as quenched
hardness is usually 62/65 HRC. Temper immediately.

TEMPERING (Drawing): Temper at 350/1000°F immediately after the tool has
cooled to 120/1150°F. Double tempering is suggested. Allow the tool to cool to room
temperature befare the final temper;

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
A 63/65 700 57/59
350 61/63 800 57/59
400 G60/62 200 57/59
450 55/61 1000 56/58
500 58/60 1100 49/52
600 57/59 1200 42/45

Fe12



PACIFIC MACHINERY & TOOL STEEL CO.

AISI A2 ROUNDS

CONDITION COLOR CODE
Annealed and Decarb Free | White with Red Stripe

STOCK SIZES*
DIAMETER | WT. PERFT. | WT.PER12' || DIAMETER | WT.PERFT. | WT. PER 12'
(INCHES) (LBS.) BAR (LBS) || (INCHES) (LBS.) BAR (LBS.)

e 0.26 313 2 13.53 162.4
*a 0.38 451 2Ya 15.08 180.9
e 0.51 6.14 2z 16.71 200.5
W2 0.67 8.02 2% 20.21 242.5
5ty 1.04 12,53 3 24.06 288.7
s 1.50 18.04 a 28.23 JB8.8
WHig 1.76 2117 v 32.74 352.9
a 2.05 24,56 s a7.58 4511

1 2.67 32.07 4 4277 513.2
1'a 3.38 40,59 A4 54.13 649.5
14 4.18 50.12 5 66.82 an1.9
1%e 5.05 60,64 5] 96.22 1,154.9
1=z 6.01 7217 6 104.41 1,252.9
150 7.06 B4.70 7 130.97 15717
ED 8.19 98.23 & 171.06 2,062.8
17fs 3.40 1128 10 267.29 3,207 .4

2 10.69 128.3

‘Intermediate and larger sizes are readily available from mill depot stock.

AISI| A2 PLATE & SE*-BARS

CONDITION COLOR CODE
Annealed and Decarb Free White with Red Stripe

STOCK SIZES*

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in 4" increments through 3" wide, '%" increments over 3" through 8"
wide, and 1" increments over 6" through 12" wide. Non-standard widths are avail-
able on arder (in full bar lengths) in any width to 25" maximum.

THICKMESS WT. PERFT.? THICKNESS WT, PER FT.?

(INGHES} ILBS.) {INCHES) (LBS.)
a 10.21 1% 51.05

a 153 17z 61.26

'f2 20.42 1% 71.47

“fa 25.52 2 81.68

s 30.63 2 10210

“fn 35.73 3 122.52

1 40.84 4 163.35

“Greater thickness flats and squares are readily available from mill depot stock,

SEE PAGE F+24 FOR TOLERANCES
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AISI A6 AIR HARDENING
COLD WORK TOOL STEEL

PACIFIC A8 can be hardened from relatively low temperatures which results in low
residual stress and reduced chances for distortion. A6 has lower carbon content than A2
and is afloyed primarily with manganese instead of chromium. Therefore, A6 is tougher but
has lower wear and temper resistance,

TYPICAL APPLICATIONS
Bending Dies Forming Dies Plastic Molds
Blanking Dies Gages Punches
Cams Mandrels Rolis
Coining Dies Master Hubs Shear Blades
Dirill Plates Moiching Dies Stripper Plates
CHEMICAL ANALYSIS: Typical, %%
C Mn Mo Cr
0.70 2.00 1.25 1.00

THERMAL PROCESSING: Guidelines — Use Good Judgement
FORGING: Heat slowly to 1900/2050°F, do not forge below 16800°F,

AMMEALING: Heat slowly to 1350/1375°F, then cool at a maximum rate of 25°F

per hour to 1000°F (faster cooling rates can be used below 1000°F). Typical annealed
hardness is 217/248 HB,

STRESS RELIEVING: Heat to 1250/1200°F and hold for 1 hour minimurm at
temperature; cool in air.

HARDENIMNG: Preheat at 1200°F. Austenitize at 15251600°F for 20 minutes (for
small tools) to 45 minutes (for large tocls). Air cool to harden; typical as quenched
hardness is 58/63 HRC.

TEMPERING (Drawing): Temper immediately after the tool has cooled to 120/
150°F. Typical tempering range is 300/800°F. Double tempering is suggested (cool o
room temperature after the first temper):

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
AQ 61/62 600 55/66
200 G1/62 F00 h4/55
300 60/E1 800 52/53
400 58/659 900 50/51
500 56/57 1000 48/49




PACIFIC MACHINERY & TOOL STEEL CO.

AlISI A6 ROUNDS

CONDITION COLOR CODE
Annealed and Decarb Free | White with Green Stripe
STOCK SIZES*
DIAMETER | WT.PERFT. | WT. PER 12" || DIAMETER | WT. PER FT. | WT. PER 12
{INCHES) (LBS) BAR (LBS.) (INCHES) (LBS.) BAR (LBS.}
'z 0.67 8.02 1 5.01 7217
e 1.04 12.53 194 8.19 98.23
e 1.50 18.04 2 10.69 128.3
s 2.05 24.56 2 13.53 162.4
1 2.67 32.07 2tz 16.71 200.5
1 4.18 5012 3 24.06 2887
*Intermediate and larger sizes are readily available from mill depot stock.

AISI A6 PLATE & SE"-BARS

CONDITION COLOR CODE
Annealed and Decarb Free | White with Green Stripe

STOCK SIZES*

Standard sizes of bars are stockaed in the plate thicknesses listed below. Standard
widths are in %" increments through 3" wide, %" increments over 3" through 6"
wide, and 1" increments over 8" through 12 wide. Non-standard widths are avail-
able on order (in full bar lengths) in any width to 25" maximum.

THICKNESS WT. PER FT? THICKNESS WT. PER FT.2
(INCHES) (LBS.) {INCHES) (LBS.)
s 20.42 1% 61.26
s a0.63 1%a 7147
1 40.84 2 81.68
1y 51.05 2z 10210

*Greater thickness flats and squares are readily available from mill depot stock.

SEE PAGE F+24 FOR TOLERAMNCES
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AISI A10 AIR HARDENING
COLD WORK TOOL STEEL

PACIFIC A10 contains graphite particles distributed throughout the microstructure
which gives it excellent machinability and good anti-seizing characteristics. Because of
hardening from low temperature (1450/1500°F), its size change and distortion character-
istics are both very low. A10 is perhaps the most stable of all 1ool steels through heat
treatment.

TYPICAL APPLICATIONS
Arbars Circuit Board Dies Guides
Bending Dies Coining Dies Lamination Dies
Bushings Forming Dies Flastic Molds
Cams Gages Wear Surfaces

CHEMICAL ANALYSIS: Typical, %

c Mn Si Mo Ni
1.35 1.80 1.25 1.50 1.80

THERMAL PROCESSING: Guidelines — Use Good Judgement

FORGING: Preheat at 1200/1250°F before raising to 1800/1925°F forging tem-
perature. Do not forge below 1600°F,

AMMEALING: Heat slowly and uniformly to 1410/1460°F and soak before cooling
at a maxirmum rate of 15°F per hour to 850°F (cooling rate below 950°F is not critical),
Typical annealed hardness is 235/269 HE.

STRESS RELIEVIMNG: Heatto 1200/1250°F and hold 1 hour minimum at tempera-
ture; cool in air.

HARDENING: Preheat at 1200/1250°F before raising to an austenitizing tempera-
ture of 1450/1500°F; hold at temperature 30 to 60 minutes, Cool in air (to BO/90°F for
maximurm hardness); typical as quenched hardness is 62/64 HRC.

TEMPERING (Drawing): Temper immediately at 350/800°F to an approximate
hardness range of 62 to 55 HRC. Double tempering is suggested with cooling to raom
temperature between tempers:

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
300 61 800 55
400 60 ago 53

500 59 1000
600 58 1100 41
700 a7 1200 36
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PACIFIC MACHINERY & TOOL STEEL CO.

AISI A10 ROUNDS

CONDITION COLOR CODE
Annealed and Decarb Free Silver with Blue Stripe
STOCK SIZES*
DIAMETER | WT.PERFT. | WT.PFER 12' || DIAMETER | WT. PER FT. | WT. PER 12'
(INCHES) (LBS.) BAR (LBS.) (INCHES) (LBS.) BAR (LBS.)
' 0.67 B5.02 24 13.53 162.4
5fa 1.04 12.53 2z 16.71 200.5
s 1.50 18.04 23 20.21 2425
s 2.06 24.56 3 24,06 288.7
1 2.67 32.07 a3\ 32,74 o249
1Y 4.18 80.12 3 37.59 451.1
1 6.01 7217 4 4277 513.2
19 8.19 98.23 & 9g.22 1,154.9
2 10,69 128.3
*|Intermediate and larger sizes are readily available from mill depot stock.

AISI A10 PLATE & SE™BARS

CONDITION COLOR CODE

Annealed and Decarb Free Silver with Blue Stripe

STOCK SIZES*

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in /" increments through 3" wide, '/ incremenis over 3° through &°
wide, and 1" increments over &° through 12" wide. Non-standard widths are avail-
able on order (in full bar lengths) in any width to 25" maximum.

THICKNESS WT, PERFT2 THICKMNESS WT.PER FT.®
(INCHES) (LBS.) (INCHES) (LBS.}
A 20.42 | 1z 61.26
5/ 25.52 2 81.68
A 30.63 2% 102,10
1 40.84 3 122.52
1% 51.05 ]

*Flats and squares to 4" thickness are readily available from mill depot stock,

SEE PAGE Fe24 FOR TDLEHANC@
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PACIFIC MACHINERY & TOOL STEEL CO.

AISI D2 HIGH CARBON HIGH CHROME
COLD WORK TOOL STEEL

PACIFIC D2 is the most wear resistant of the commonly available grades of tool
steel. It is deep hardening and has very low size change during heat treatment,
Because of ils inherent wear resistance, D2 has a low machinability rating when
compared to other standard alloy tool steel grades. The high chromium content gives it
mild corrosion resistance in the hardenad condition.

TYPICAL APPLICATIONS

Blanking Dies Broaches Slitter Knives

Burnishing Tools Edging & Forming Dies Swaging Dies
Caining Dies Gages Thread Rolling Dies

Cutlary Punches Trimming Dies

Shear Blades Wear Plates

CHEMICAL ANALYSIS: Typical, %
C Cr Mo v
1.50 12.00 1.0 1.00

THERMAL PROCESSING: Guidelines — Use Good Judgement

FORGING: Preheat to 1200/1300°F before raising to forging heat of 1850/2000°F.
Stop forging at 1700°F. Cool slowly after farging,

ANNEALING: Heat slowly to 1600/1650°F and hold at temperature 1'% to 6
hours depending on part size. Cool at a maximum rate of 40°F per hour to 1000°F
(cooling rate below 1000°F is not critical). Typical annealed hardness is 217/255 HBE.

STRESS RELIEVING: Heat to 1250/1300°F for 1 hour minimum at termperature
and cool in air.

HARDENING: Preheat at 1500°F before raising to an austenitizing temperature
of 1825/1875°F; soak 15 to 45 minutes at temperature before cooling in air to harden.

TEMPERING (Drawing): Temper immediately after the tool has cooled to 120/
150°F. Double tempering is suggested (after cooling to room temperature from the first
temper);

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, *F Hardness, HRC
ACH G2/64 8OO a7/58
400 59/81 800 57/59
500 59161 1000 56/58
G500 58/60 1100 48/55
J00 57/59 1200 40745
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PACIFIC MACHINERY & TOOL STEEL CO.

AlSI D2 ROUNDS

CONDITION COLOR CODE
Annealed and Decarb Free White
STOCK SIZES*
DIAMETER | WT. PER FT. | WT. FER 12' DIAMETER | WT.PERFT. | WT. PER 12
(INGHES) (LBS.) BAR (LBS.} {(INCHES) (LBS.) BAR (LBS.)
*u 0.38 4.51 2 10.69 128.2
e 0.67 B.02 2is 12.07 144.8
5fa 1.04 12.53 2'4 13.53 162.4
3 1.50 168.04 22 16.71 200.5
"l 2.05 24.56 2%y 20.21 2425
1 267 32.07 3 24.06 288.7
1'% 3.38 40.59 4 4277 513.2
1 418 s0.12 4'fs 54.13 649.5
13 5.05 60.64 5 66,862 801.9
1z 6.01 7247 5' 80.85 970.3
154 7.06 84.70 & 96.22 1,154.9
1% 8.19 98.23 8 171.08 2,052.8
17/a 9.40 112.8

‘Intermediale and larger sizes are readily available from mill depot stock,

AISI D2 PLATE & SE™-BARS

CONDITION COLOR CODE
Annealed and Decarb Free White
STOCK SIZES*

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in /4" increments through 3° wide, 2" increments over 3" through 6°
wide, and 1" increments over 6" through 12" wide. Non-standard widths are avail-
able on order (in full bar lengths) in any width to 25° maximum.

THICKNESS WT. PER FT 2 THICKNESS WT, PER FT 2
{INCHES) (LES.) (INCHES) (LBS.)
Iy 15.31 1/ 51.05
'fa 20.42 1 61.26
34y 25,52 2 81.68
fa 30.63 2 102.10
1 40.84

*Greater thickness flats and squares are readily available frarm mill depot stack,

SEE PAGE Fe24 FOR TOLERAMNCES
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PACIFIC MACHINERY & TOOL STEEL CO,

AIS| S7 AIR HARDENING
SHOCK RESISTING TOOL STEEL

PACIFIC 57 has exceptional impact properties plus the highest hardenability of
the shock resisting grades of tool steel. |t also possesses good softening resistance at
high temperatures which gives it hot work capabilities. Because of its unusual combi-
nation of properties, S7 is suilable for a wide range of tool and die applications. It is
used for haot and cold shock applications, madium hot-work dies and medium-run cold
wark toals and dies.

TYPICAL APPLICATIONS

Bending Dies Gripper Dies Pipe Cutters
Chisels Hot Header Dies Plastic Molds
Die Casting Dies Mandrels Punches
Dift Pins Mail Points Rivet Sets
CHEMICAL ANALYSIS: Typical, 3%
[ Mn Cr Mo
0.50 0.60 3.25 1.40

THERMAL PROCESSING: Guidelines — Use Good Judgement
FORGING: Heat to 1950/2050°F, do not forge below 1700°F,

AMMEALING: Heat to 1500/11550°F and hold 1 to 4 hours depending on part
size. Cool at a maximum rate of 25°F per hour to 950°F (cooling rate below 950°F is
not critical). Typical annealed hardness is 187/223 HB.

STRESS RELIEVING: Heat to 1200/1250°F for 1 hour minimum at temperatura
and coal in air.

HARDEMING: Preheat at 120001300°F, Austenitize at 17001750°F for 15 to 45
minutes and cool in air to harden {larger sections may have 1o be oil quenched for
maximum hardness). Typical as quenched hardness is 60/61 HRC.

TEMPERING (Drawing): Temper at 400/1150°F to an expected hardness of 57/
45 HAC; 400/500°F is typical for cold working applications and 800/1000°F for hat
waorking:

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
AQ 59/61 800 5254
400 57/59 ago 51/53
500 55/6T 1000 5052
GO0 54/56 1100 49/51
700 53/55 1200 37439

TOUGHNESS: Resistance to fracture by impact at high hardness is often the
reason for using S7. Results from Bethlehem, Crucible and Latrobe steel companies
using unnotched, C-noftched and V-notched Charpy impact tests show the same.
There is a toughness peak reached by tempering in the range of 450/600°F with
resulting hardnesses 55/57 HAC. Even higher toughness can be achieved by lemper-
ing above 1000°F. However, hardness will drop to approximately 50 HRC and lower as
tempering temperature increases.
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PACIFIC MACHINERY & TOOL STEEL CO.

AlISI S7 ROUNDS
CONDITION COLOR CODE
Annealed and Decarb Free | Yellow with Blue Stripe
STOCK SIZES*

DIAMETER | WT. PER FT., | WT. PER 12' DIAMETER | WT. PERFT. | WT. PER 12
(INCHES) {LBS.) BAR (LBS.) (INCHES) {LBS.) BAR (LBS.)

o 0.38 4.51 17s 9.40 112.8

he 0.51 6.14 2 10.69 128.3

Ve 0.67 B8.02 2Ys 13.53 162.4

“fa 1.04 12.53 2z 16.71 200.5

3a 1.50 18.04 2%, 20.21 242.5

fa 2.05 24.56 3 24.06 288.7

1 267 32.07 3. 28.23 368.8

1's 3.38 40.59 3 32.74 392.9

1 4.18 50.12 Fs 37.59 451.1

1% 5.05 60.64 4 42,77 513.2

1Yz 5.01 7217 4z 54.13 649.5

15/a 7.06 84.70 5 66.82 B01.9

1% 8.19 98.23 8 171.06 2,052.8

“Intermediate and larger sizes are readily available from mill depot stock,

AISI S7 PLATE & SE*-BARS

CONDITION

Annealed and Decarb Free

COLOR CODE
Yellow with Blue Stripe

STOCK SIZES*

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in 4" increments through 3" wide, /=" increments over 3" through 8"
wide, and 1% increments over 6" through 12 wide. Non-standard widths are avail-
able on order (in full bar lengths) in any width to 25" maximum.

THICKNESS WT, PER FT.2 THICKNESS WT. PER FT.2
(INCHES) (LBS.) (INCHES) (LBS.)
Tz 20.42 173 51.05
s 25.52 142 61.26
3 30.63 2 81.68
s 35.73 3 122.52
1 40.84

‘Greater thickness flats and squares are readily available from mill depot stock.

SEE PAGE F+24 FOR TOLERANCES
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PACIFIC MACHINERY & TOOL STEEL CO

AISI H13 AIR HARDENING
HOT WORK TOOL STEEL

PACIFIC H13 is deep hardening with very high toughness and excellent resistance
to heat checking. Although primarnly used for hot work applications, it can be used in cold
wark applications where extra loughness is required (bul sacrifice in wear resistance can
be tolerated). H13 exhibits low distortion in heat treating and has good machinability.

TYPICAL APPLICATIONS
Cores Forging Dies Hot Shears
Die Casting Dies Gripper Dies Hot Swaging Dies
Dummy Blocks Header Dies Mandrels
Extrusion Dies Hot Punches Piercing Toals

CHEMICAL AMALYSIS: Typical, %

c Sl Ma Cr v
0.35 1.00 1.50 5.00 1.00

THERMAL PROCESSING: Guidelines — Use Good Judgement

FORGING: Preheatat 1300/1350°F prior to raising 1o forging lamperature of 1950/
2100°F. Do not forge below 1650°F; cool slowly.

AMMEALING: Heat slowly to 1550/1650°F and hold at temperatura 1 to 4 hours
depending on part size. Cool at a maximum rate of 50°F per hour to 1000°F (coaoling rate
below 1000°F is not critical), Typical annealed hardness is 192/229 HB.

STRESS RELIEVING: Heat to 1200/1250°F and hold at temperature 1 hour
minimum; cool in air.

HARDENIMNG: Preheat at 1400/1500°F before austenitizing at 1825/1900°F for 15
to 40 minutes: cool in air to harden. Typical as guenched hardness is 51/54 HAC.

TEMPERING (Drrawing): Temper immediately, typically 1 hour minimum at 1000/
1200°F to an expected hardness of 53/38 HRC, Double tempering is suggested with
cooling to room temperature after the first temper:

Tempering Approximate Tempering Approximate
Temperature, °F Hardness, HRC Temperature, °F Hardness, HRC
A 52/54 1000 51/54
BOO 51/53 1100 48/51
a00 51/53 1200 36/40




PACIFIC MACHINERY & TOOL STEEL CO.

AISI H13 ROUNDS

CONDITION COLOR CODE
Annealed and Decarb Free [ Black with Yellow Stripe
STOCK SIZES*
DIAMETER | WT.PERFT. | WT. PER 12' || DIAMETER | WT.PERFT. | WT. PER 12
{(INCHES) (LBS.) BAR (LEBS.) (IMNCHES) (LBS5.) BAR (LBS.)
W 0.38 4.51 2 10.69 128.3
a 0.67 B.02 2 13.53 162 4
“fa 1.04 12,53 24 16.71 200.5
3a 1.50 18.04 2% 20.21 2425
“fa 2.05 24,56 3 24.06 288.7
1 267 32.04 3 32.74 392.9
1 3.38 40.59 s 3512 4215
h 418 50.12 3 37.59 4511
1Yz 6.01 TEAT 4 4277 213.2
18 7.06 B4.70 5 66.82 B01.9
1% 8.19 98.23

‘Intermediate and larger sizes are readily available from mill depot stock.

AISI H13 PLATE & SE™-BARS

CONDITION

Annealed and Decarb Free

COLOR CODE
Black with Yellow Stripe

STOCK SIZES*

Standard sizes of bars are stocked in the plate thicknesses listed below. Standard
widths are in '/+" increments through 3" wide, /2" increments over 3° through &"
wide, and 1" increments over 6" through 12" wide. Non-standard widths are avail-
able an order (in full bar lengths) in any width to 25 maximum.

THICKMNESS WT.PER FT.# THICKNESS WT. PER FT.?
{INCHES) (LES.) {INCHES) (LBS.)
s 30.63 1'a 61.26
1 40.84 2 81.68
1 51.05

“Greater thickness flats and squares are readily available from mill depot stock.

SEE PAGE F+24 FOR TOLERANCES




PACIFIC MACHINERY & TOOL STEEL CO.

TOOL STEEL TOLERANCES
Industry Standards

MACHINED OVERSIZE FLAT & SQUARE BARS

For close tolerances and improved surface finish, bars with machined surfaces in
standard bar lengths are available in the more popular tool steel grades. The bars are
free of surface imperfections and decarburization. They may be furnished as individually
rolied or forged bars machined on all four sides or as bars cut from machined plate.
These bars are furnished oversize to allow for finishing after heat treatment. The
producer should be consulted for limitations on surface finish.

THICKNESS TOLERANCES
SPECIFIED THICKNESS TOLERANCE ON
THICKNESS, “;E?rﬁgﬁ OVERSIZED DIMENSION,® in. (mm)

in. {mm) = MINLIS PLUS

'z to 4 incl. 0.015 0.000 0.020

{12.7 to 101.8) (0.38) (0.51)

Over 4 to € incl® 0.062 0.000 0.031

{101.6 to 152.4) {1.59) {0.79)

WIDTH TOLERAMNCES
INDIVIDUALLY ROLLED BARS CUT FROM
AND MACHINED BARS MACHINED PLATE
SPECIFIED OVERSIZE,
THICKNESS, in. {mm) TOLERANCE ON OVERSIZED | TOLERANCE ON OVERSIZED
in. (mm) i DIMEMNSION in. [mrm) DIREMSION in, (mm)
MINUS PLUS MINUS PLUS
'z o 4 incl. 0.015 0.000 0.020 0.000 0.062
(127 to 101.6) {0.38) (0.51) (1.59)
Over 4 to 6 incl.® 0.082 0.000 0.031 0.000 0.062
(101.6 1o 152.4) {1.59) 10.79) (1.59)
2 On either individually rolled and machined bars or bars cut from machined plate.
t For oversize and tolerances on larger sizes, refer to producer.

STRAIGHTNESS TOLERANCES

'Y in. in any 5 it, but may not exceed

e in. x NO. of feet in length

1.58 rmm in any 1.52 m, but may not exceed
1.59 mm x No. of meters in length

5

152 m

The faregoing formula applies also 1o bars under 5 1t {1.52 m) in length.

DECARB FREE OVERSIZE ROUND BARS

Round bars are rough ground or tumed to produce surfaces free of imperfections
and decarburization. Enough stock is left on the diameter to finish at nominal size after
final heat treatment and machining. Each manufacturer establishes their own oversize
tolerance range: tolerance ranges are simitar to those listed above for flats and squares.
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PACIFIC MACHINERY & TOQL STEEL CO

SECTION INDEX

DRILL ROD & PRECISION FLAT GROUND STOCK

DRILL ROD
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FACIFIC MACHINERY & TOOL STEEL CO.

DRILL ROD

PACIFIC Drill Rod is stocked in W1, O1, A2 and 57 tocl steel grades; other tool
sleel grades are available on order. Standard length for drill rod is 3 feet. Twelve-foot
lengths are also available in some sizes and grades. Drill red is furnished in the
annealed condition and will require heat treatment if high hardness is required. See the
Tool Steel Section for heat treatment procedures of the individual grades. The tight
tolerances and fine surface finish of drill rod make it an economical product when
these gualities are required. Rounds, except for small sizes, are centerless ground and
polished. All squares and hexagons are cold drawn 1o accurate dimensional size and
shape. Sizes for rounds are listed by fraction, Stub's Steel Wire Gage numbers and by
Maorse Twist Drill Gage letters. To prevent confusion one should specify the exact
decimal diameter whan ordering drill rod rounds — drill size numbers are not equal in
diameter to drill rod size numbers,

SIZE TOLERANCES
ROUMDS—Polished or Ground | SQUARES & HEXAGONS—Cold Drawn
DIAMETER TOLERAMCE SIZE TOLERAMCE
(INCHES) (INCHES) {INCHES) (INCHES)
to 0.124 + 0.0003 1o s + 0.0005
0.125 to 0.500 + 0.0005 Wato s + 0.001
0.500 thru 2.000 + 0.001 3 thru 1 4+ 0.0015 I

PRECISION FLAT GROUND STOCK

PACIFIC Precision Flat Ground Stock can reduce manufacturing costs for tools,
dies, jigs and fixtures. It has exact dimensions, square corners, flat and parallel sides,
a smooth finish and a uniform, stress free structure. PACIFIC Precision Flat Ground
Stock is most commonly available in the O1 tool steel grade; also stocked are 06 (iree
machining graphitic tool steel), A2 (air hardening tool steel) and low carbon grades.
Other tool steel grades are available on short notice from mill stock. Stock lengths for
the tool steel grades are 18" and 36" for low carbon it is 24", Stock sizes are standard
tolerance (nominal thickness) but oversize tolerance is available in the tool steel grades.
Precision Flat Ground Stock is annealed to give the best machinability. Heat treatment
information is located in the Tool Steel Section for hardening the tocl steel grades; low
carbon requires carburizing for hardening.

TOLERANCES
DIMENSION TOLERAMNCE

LI&I‘IQ"’I 4+0.250" jlr-ﬂ'l}ﬂﬂ
Width* +0.005" J.lr_ﬂﬂ..uﬂ
Thickness®

thru 14" +0.001" II." —0.001*

over 144" +0.002" .Flr—ﬂ.ﬂlﬂﬂ"
Squareness +0.003" per inch thickness
Finish 35 RMS maximum

* Tolerance for oversize ground stock is +0.010" to 0.015" for

both width and thickness dimensions.
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PACIFIC MACHINERY & TOOL STEEL CO.

WATER HARDENING DRILL ROD
AlISI W1 Rounds

STOCK SIZES
SIZE DECIMAL WEIGHT** SIZE DECIMAL WEIGHT™*
(INCHES) EQUIVALENT 3-FOOT {INCHES) EQUIVALENT 3-FOOT
{INCHES) PIECE (INCHES) PIECE

Yo 0313 .0078

e 0625 0313 16 A75 .245
52 063 0320 15 178 254
51 066 0349 14 180 260
50 .09 0381 13 .182 265
49 072 0415 12 185 274
48 075 0451 e 1875 282
47 077 0479 11 .88 283
e 0781 0489 10 A9 292
46 079 0500 9 194 302
45 081 0526 8 97 A1
44 085 0578 7 .189 317
43 088 0620 6 2Mm 324
42 092 0678 e 2031 31
Yz 0937 0704 5 204 333
4 095 0723 4 207 343
40 097 0754 3 212 260
39 099 .0vas Tl 2187 2383
34 Am 0817 2 219 384
a7 103 0850 1 227 A13
36 106 0800 A 234 439
35 108 0934 "5 2343 440
e 083 L0958 B 238 454
34 10 0969 c 242 469
33 a1z 100 D 246 A85
3z A5 06 Ya 250 S0
31 J20 15 F 257 527
a 125 A28 G 261 546
30 A27 128 7o 2656 565
28 134 44 H 266 B67
28 139 155 | 272 583
#ra 1406 A58 J 277 B15
27 143 64 K 281 632
26 J46 A7 2z 2812 634
25 148 A75 L 290 G674
24 151 183 | M 285 697
23 153 188 5 2068 706
22 155 192 M 302 T31
*faz 1562 196 Ril 125 Ja2
21 A57 197 @] 316 800
20 J61 208 P 323 836
19 A64 215 o S281 863
18 168 226 Q 432 -BB3
Mo 718 237 R 339 821
17 A72 238 M5 437 847

** All sizes available from mill depot stock in 12' lengths.

G2
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PACIFIC MACHINERY & TOOL STEEL CO,

WATER HARDENING DRILL ROD — Continued

STOCK SIZES
SIZE DECIMAL WEIGHT"* SIZE DECIMAL WEIGHT**

{INCHES) EQUIVALENT 3-FOOT (INCHES) EQUIVALENT 3-FOOT
{INCHES) FIECE (INCHES) PIECE

5 348 870 "6/ 1e 9375 7.041
T A58 1.027 s 8531 7.278
s 3583 1.035 Mix 9681 7.518
u 368 1.085 B3es 9843 7.763
Ha 375 1.127 1 1.000 8.011
v S77 1.139 1Ves * 1.0156 8.259
w .86 1.194 1 1.0312 8.514
e .3906 1.222 1 * 1.0468 8.774
X 297 1.263 1e * 1.0625 8.044
Y 404 1.308 15/5s * 1.0781 9.306
" 4062 1.332 1% * 1.0037 8.578
£ A13 1.366 17fea * 1.1093 9.853
e A218 1.426 1YVa 1125 10,138
The 4375 1.533 1% * 1.1406 10.412
e 4531 1.645 15 * 1.1562 10.764
Wiy Asa7 1.760 16 * 1.1718 10.994
ey 4843 1.880 1% 1.1875 11.297
'z 500 2.003 1'% * 1.2031 11.590
Hay 5156 2.130 1 * 1.21687 11.802
= 5312 2.261 155 1.2343 12.198
s 5468 2.396 1% 1.250 12.518
e 5625 2.535 1o * 1.2656 12.849
Wey 5781 2.678 8= * 1.2812 13.143
B 5037 2.824 1"/ ™ 1.2968 13.464
sy 6083 2975 15he 1.3125 13.801
5a 625 3.129 12Ve * 1.3281 14123
e 5406 3.288 1 1.2437 14 457
M 6562 3.450 150 * 1.3593 14,795
ey 6718 3.616 14a 1.375 15.146
e G87E 3.787 1785 1.3908 15484
ey 7031 3.961 13" 1.4062 15.833
i) 7187 4,139 1Mo * 1.4218 16.186
e 7343 4,321 17he 1.4375 16.554
a 750 4.506 175 1.4531 16.907
ey 7656 4.696 15" 1.4687 17.272
% 812 4,890 13es * 1.4843 17.641
L 7968 5.087 1%z 1.500 18.025
e 8125 5.289 1% * 1.5625 18.548
e .B2a1 5.484 15 * 1.625 21.143
T 5437 5.703 1" 1.6875 22.800
ifey 8593 5917 13 1.750 24.534
e 875 5.134 1'%he * 1.8125 26.300
ey 8006 6.355 17 * 1.875 28,150
a2 Se02 6.580 1% 1.9375 30.060
L 8218 6.808 2 2.000 32.088

* Mill depot stock availability  ** All sizes available fram mill depot stock in 12 lengths.
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PACIFIC MACHINERY & TOOL STEEL CO

WATER HARDENING DRILL ROD
AISI W1 Squares & Hexagons

STOCK SIZES
SQUARES HEXAGOMS
=, | | |
(INCHES}) e (INCHES) ]
Ve 1580 e 1381
e 3600 g 3108
W 5360 fa 5526
g 8960 e BE34
a 1.434 e 1.243
Tl 1.952 ha 1.692
Wz 2.550 fa 2.210
e 3.980 fa B.762
Wa 5,740 1 a.842
s 7.810
1 10.200
SQUARES AVAILABLE IN 12' LENGTH FROM MILL
DEPOT STOCK
WATER HARDENING DRILL ROD
AlSI W1 Flats — Available on Order
MILL STOCK SIZES
= | | e | B
(INCHES) crlzecd (INCHES) At
Vis % s 0798 Sz % 5876
Ve % Yhe 1194 “faa % o 7968
Vi % Ya 1593 A xVa 4782
3z X e 1194 ip X s 5976
Az % e 774 3o % e T173
a2 % Y 2391 Yo x e 9564
Yoz % e .2088 s 1 5 9960
Az X W 3585 Uie %34 1.4340
Yo % e 2391 Va % 3 7968
Ve x Ya 3189 Wa %3 9564
Yo % e 3984 Yax \fe 1.2750
RS Av82 Wa %3 1.9125
Yo x 'fz 8370 o % 5fa 3.1880
Yo x A 8564 Ve %3y 3.8250
a2 % 3984 o %1 5.1000
STOCKED IN 3' AND 12' LENGTHS




PACIFIC MACHINERY & TOOL STEEL CO

OIL HARDENING DRILL ROD
AlS]l 01 Rounds

STOCK SIZES
SIZE DECIMAL WEIGHT™ SIZE DECIMAL WEIGHT"™"
(INCHES) EQUIVALENT 3-FOOT (INCHES) EQUIVALENT 3-FOOT
{INCHES) PIECE (INCHES) FPIECE
Kt D625 0313 16 ° 75 245
52 * 063 0320 15 178 254
&t * 066 0349 14 - 180 260
&0 - 069 0381 132 182 265
49 = 072 0415 12 * 185 274
48 - 075 0451 *ha 1875 282
47 077 0479 11 188 283
o * 0781 0489 10 19 2492
46 079 0500 8 * 194 302
45 * 8 0526 a,-" 187 A1
44 - 085 0578 A 189 A7
43 - 088 0620 6 ° 20 324
4z 092 D678 Biey * 2031 331
Y L0837 0704 S 204 333
49 - 095 0723 4 ¢ 207 A43
40 - 097 0754 3 ° 212 360
39 - 089 0785 =z 2187 .383
C1: M 0817 2 " 219 S84
ar - 103 A0B50 10 227 413
a6 - 06 0800 A 234 439
3L - 108 0934 ey * 2343 A40
Thea 1093 A0958 B 238 A5
34 - 110 0968 e 242 469
33 n2 100 D * .246 485
32 - 115 106 "4 220 A0
< Sl 120 J15 | A H 257 527
"fa 125 125 | &S .261 546
C1V A A27 129 ey ™ 2656 565
29 © 134 144 H 266 567
28 ~ 139 155 | 272 593
Ueq 14086 158 J o 277 615
27 ° .143 164 K 281 G632
26 © 146 A7 M1 2812 634
25 * 148 75 L.® 2580 G874
24 * a5 183 M * 295 897
23 - 153 188 Wy * 2968 708
22 155 182 N -~ 2302 a3
i 15682 196 e 3125 782
21 " 57 197 R 316 800
20 ¢ A8 208 P 323 836
149 ¢ 64 215 Hfga * 323 863
18 * 168 226 a ¢ 332 883
Mea 1718 237 R * 330 B21
17 - A7z .238 " 3437 847
* Mill depot stock availability ** All sizes available from mill depot stock in 12 lengths.

A Continued on next page



PACIFIC MACHINERY & TOOL STEEL CO.

OIL HARDENING DRILL ROD — Continued

STOCK SIZES

o DECIMAL | WEIGHT™ [l e DECIMAL | WEIGHT"
(NCHES) |EQUIVALENT| 3FOOT | (noHes) |EQUIVALENT | 3-FOOT
(INCHES) | PIECE (INCHES) | PIECE
s - 348 970 g 9375 7.041
T 358 1,027 Uy * 9531 7.278
P * 3593 1,035 s 9681 7.518
TR 368 1,085 os 9843 7.763
3 375 1127 1 1.000 8.011
y 377 1.139 e * 1.0156 8.259
W 386 1.194 1 * 1.0312 8,514
/gy * 3906 1.222 154 * 1.0468 8.774
X 397 1.263 116 1.0625 9.044
I 404 1.308 1%a0 * 1.0781 9.306
= 4062 1.332 193 * 1.0937 9.578
2 413 1.366 1o * 1.1093 9.853
fey ¥ 4218 1.426 1 1.125 10.139
e 4375 1.533 1%e: * 1.1406 10.412
ey * 4531 1.645 153 * 1.1562 10.764
152 4687 1.760 111/ea ® 1.1718 10.994
o 4843 1.880 1% * 1.1875 11.297
i 500 2.003 19es * 1.2031 11.590
s * 5156 2.130 17)e * 12187 11.892
2 5312 2.261 115y * 1.2343 12.198
e * 5468 2.396 1y 1.250 12.518
e 5625 2,535 117y ™ 1.2656 12.849
s 5781 2,678 1% * 12812 13.143
1935 5937 2.824 19 * 1,2068 13.464
Bfga * 6093 2.975 15s * 1.3125 13.801
e 625 3.129 1e 1.3281 14123
faq 6406 3.288 1"z * 1.3437 14.457
21/ 6562 3.450 15354 * 1.3503 14.795
ey * 6718 3.616 19 1.375 15.146
e 6875 3.787 125 * 1.3906 15.484
e 7031 3.961 11952 * 1.4062 15.833
B 7187 4.139 1775 * 1.4218 16.186
ey * 7343 4.321 o * 1.4375 16.554
Y 750 4.506 1254 * 1.4531 16.907
gy * 7656 4.696 115/ * 1.4687 17.272
2/ 7812 4.890 1913a * 1.4843 17.641
e * 7968 5.087 1 1500 18.025
g 8125 5.289 1935 * 1.5625 18,548
s 8281 5.494 19 * 1.625 21.143
s 8473 5703 || 1'e" 16875 22,800
g * 8593 5.917 19y 1.750 24.534
"l 875 6.134 1195 * 1.8125 26.300
Tpe * 8906 6.355 17 * 1.875 28.150
oy 9602 6.580 15 * 1.9375 30.060
o * 9218 6.808 2 2.000 32.088

* Mill depot stock availability

** All sizes available from mill depot stock in 12 lengths.
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PACIFIC MACHINERY & TOOL STEEL CO.

AIR HARDENING DRILL ROD
AISI S7 & A2
STOCK SIZES
57 A2
DECIMAL WEIGHT DECIMAL WEIGHT
SIZE EQUIVALENT 3-FOOT SIZE® EQUIVALENT 3-FOOT
(INCHES) PIECE {INCHES) PIECE
e 0781 0489 e 0625 0313
Yaz 0937 0704 Y L1250 1250
" 1083 0858 Wi 1875 2820
3mm 1181 A118 Ha 2500 5010
a 1250 J250 e 3125 7820
3ha 1875 2820 e 3750 1.1270
a 2500 5010 e 4375 1.5330
%1z 2812 6320 'fa 5000 2.0030
5fia 3125 7820 e B250 3.1290
Maz 3437 8470 s 7500 4.5060
%fa A750 1.1270 “fa 8750 6.1340
B3 4062 1.3220 1 1.0000 8.0110
The 4375 1.5330 *A full range of sizes is available from
15 ; : mill depot stock in both 3-foot and
3? il 17800 12-foot lengths. Size increments are:
A 5000 20030 Yua" from Ve through 2" diameter and
Ya" from V=" through 4" diameter.
e 5625 2.5350 Additional availability is in sizes ¥,
e, Y, 1WAt 1Y, 1%, 18",
5fa 6250 3.1290 132" and 2".
e G875 37670
B 300 4.5080
e A125 5.2890
"l B750 6.1340
i 8375 7.0410
1 1.0000 8.0110
1 1.2500 12.518
1z 1.5000 18.025

G7



PACIFIC MACHINERY & TOOL STEEL CO.

PRECISION FLAT GROUND STOCK
AISI 01, Oil Hardening — Annealed

STOCK SIZES
FLATS & SQUARES — 18" LENGTHS
SIZE WT. PER PC. SIZE WT. PER FC. SIZE WT. PER PC.
(INCHES) (POUMDS) {INCHES) (POUNDS) {INCHES) (POUNDS)

Yea x Vo 04 Ve X s 08 eax o .28
3a 8 Yy a2 s AR
1 08 e A6 1 56
11fs 10 5fa .20 1's .70
1 a2 Ha 24 1 .84
2 6 1 32 2 1.12
21fs 20 14 A0 3 1.68
3 24 1z A8 4 223

4 32 13 56
2 64 Yax s .08
oo w0 Ya .08 2 B0 'y A6
e a2 3 .96 fa .23
1 &l 3 1.12 T2 32
1 20 4 1.27 5 8
1%z 24 5 1.59 3fs 48
2 32 5] 1.91 1 B4
2 A0 i} 2.55 14 8D
] A8 10 3.19 1 86
4 64 133 1.12
5] 86 Saa x Ua .20 2 1.27
5 a0 2'fz 1.60
Hoax o g2 1 A0 3 1.81
¥y A8 1% 50 3 224
1 24 1'% B0 4 2.55
1 30 2 B0 4z 2.87
1t .36 21/ 1.00 5 3.19
2 48 3 1.20 5] 3.82
2z 60 4 1.60 7 4.47
3 72 5] 2.40 8 5.11
3 .84 10 6.38
4 86 A x e 24 12 7.66
6 1.44 s .36 14 8.93

1 A48
14 B0 Blas % Yoa 10
1 T2 'z g2
14 B4 Ay 54
2 96 1 72
2z 1.20 112 1.08
3 1.43 2 1.44
4 1.91 3 216
5 2.39 4 2.87

6 2.87

a 3.83

10 4,79

Continued on next page
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PACIFIC MACHINERY & TOODL STEEL CO.

PRECISION FLAT GROUND STOCK — Continued

G+9

STOCK SIZES
FLATS & SQUARES — 18" LENGTHS
SIZE | WT.PERPC. SIZE | WT.PERPC. SIZE | WT.PERPC.
{INCHES) (POUMDS) (INCHES) (POUMDS) (INCHES) (POUNDS)
e % The 88 Sa % Sy 1.89 Tx1 5.10
e 112 e 239 1a 6.38
Ha 1.68 1 3.19 12 7.65
1 2.23 1's 3.98 134 8.93
11 279 1'fa 4.78 2 10,20
1'% 3.35 2 .37 2z 1275
2 4.46 2 7.97 3 15.30
2% 5.68 3 9.56 3 17.85
3 6.70 3 11.16 4 2040
4 8.83 4 12.75 4z 22.95
2] 13.39 5 15.894 5] 25.50
6 1912 G 30.60
Yax o 1.28 7 2232 g 40.80
5fa 1.60 g 25.57 10 51.00
3y 1.91 10 31.88 12 61.20
1 2.55 12 38.25
1'a 3.19 1Wax 1'% 6.46
1= 3.82 Nan Ha 2.87 1% 8.61
13 4 46 1 3.82 2 11.49
2 5.10 1Ys 4.78 3 17.23
2 6.37 1 573 4 22497
3 7.65 1%s 6.68 5] 34.46
3 8.93 2 7.65
4 10.20 2 0.56 e 1 .97
4z 11.48 3 11.47 1'fs 4.56
5 12,75 3z 13.39 2 12,75
] 15.30 4 15.30 24a 15.94
7 17.85 4z 17.22 3 1913
a 20.40 5 19.13 4 25.50
10 25.50 <] 22.95 b 31.88
12 30.60 8 30.60 & 38.25
14 35.70 10 38.25 =} 51.00
12 45,90 10 63.75
%e % e 1.62
s 2.15 ox 3.90 1 x 1 11.48
1 2.87 1 4,46 2 15.30
1 3.59 1Ys 5.58 2tz 16.26
1 4.3 1/ 6.69 3 17.22
2 574 2 8.92 3t 18.18
2z 11.15 4 19.13
3 13.39 -] 22.95
32 15.63 g 26.78
4 17.85 8 30.60
& 26.78 10 38.25
Continued on next page




PACIFIC MACHINERY & TOOL STEEL CO,

PRECISION FLAT GROUND STOCK — Continued

STOCK SIZES
FLATS & SQUARES — 18" LENGTHS
SIZE WT. PER PC. SIZE WT. PER PC. SIZE WT. PER PC.
(INCHES) (POUMNDS) {INCHES) (POUNDS) (INCHES) {POUNDS)
2x2 20.40 T % 1 112 5 % Bhe .50
3 30.60 1 1.40 a .60
4 40.80 1= 1.68 'z B0
5] 61.20 2 2.23 s 1.00
21 2.79 Wa 1.20
Sfan % Sfag 13 3 3.35 1 1.59
F'r] .40 4 4.46 1'fs 1.99
A B0 6 6.70 1z 2.39
1 0 8 £.93 134 2.79
1Ya 1.00 2 3.19
1z 1.19 Wex s 32 2Ya 3.98
1% 1.40 Ay .48 3 4,78
2 1.59 Yz .64 3. 558
2 1.99 5fa .80 4 6.37
3 2.39 W .96 41 718
3'fa 279 1 1.27 5 7.97
4 3.18 1'fa 1.59 6 9.56
5 3.99 12 1.81 7 11.15
B 4.78 134 2.23 8 12.75
8 6.38 2 2.55 10 15.04
21 3.18 12 19.13
e X Y 18 3 3.82
Ya 24 3= 4.46 Hax Ha 72
s .36 4 510 Ha 86
Ve A48 4 574 %fa 1.20
s B0 A 6.37 s 1.43
s T2 5'a 7.02 1 1.81
1 986 =1 7.65 1 2.39
1Ys 1.20 7 8.92 1z 2.87
12 1.43 8 10.20 134 3.35
14a 1.68 10 12.75 2 3.82
2 1.91 12 15.30 2z 4.78
2 239 14 17.85 3 5.74
3 2.87 e 6.69
3'fa 3.35 o % Yap A1 4 7.65
4 3.82 2 T2 41 8.61
5 4,78 s 1.08 5 9.56
3] 5.74 1 1.44 Bz 10.52
2] 7.65 14 1.80 G 11,47
10 9.56 1e 2.15 7 13.39
12 11.49 2 2.88 2] 15.30
2 3.60 10 1912
e % T .25 3 4,30 12 22.95
e .56 4 576
A 84 & 8.60

G+10




PACIFIC MACHINERY & TOOL STEEL CO.

PRECISION FLAT GROUND STOCK
Low Carbon — 24" Lengths

Selected sizes in warehouse stock. Full range of sizes from /" x 'f2" through
2° % 2" available from mill depot stock.

PRECISION FLAT GROUND STOCK
AISI 06 Graphitic, Free Machining — Annealed

Selected sizes of 18° lengths in warehouse stock. Full range of sizes from
Hae" % /2" through 12" % 6" available from mill depot stock in both 18" and 36" lengths.

PRECISION FLAT GROUND STOCK

Air Hardening — Annealed
AlSI AZ: Selected sizes of 35" lengths in warehouse stock. Full range of sizes
from " % /2" through 2" % 14" available from mill depot stock in both 18" and 36
lengths; oversize tolerances also available,

AlS! AG: Full range of sizes from Vie" x V2" through 2" x 6" available from mill
depot stack in both 18" and 36” lengths; oversize tolerances also available.

AISI D2: Full range of sizes from ¥s" = '%2" through 2° x 8" available from mill depot
stack in both 18" and 36" lengths; oversize tolerances also available,

AlSI 57: Full range of size—In oversize tolerances only—fram 'e" x /2" through
/=" % 6" available from mill depot stock in both 18" and 36" lengths.

Ge11
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'l.'l.':g

|
i
o AN

{




PACIFIC MACHINERY & TOOL STEEL CO.

SECTION INDEX

HEAT TREATING

ACCESSORIES
A G P N A P L e i T R R e R e He1
PBC (Proenne BRAND COMPOUND) ..ot e s s s He1
L FL e, o B o I O P Y G TP PR OOy e He=1

CARBON & ALLOY STEEL PROPERTIES ... He2
Bl L T T ———_— He3
AP0 CASE HARDENED: iy ousicosssns i ivuitn oubukis s Do s 08 it a0l b ins oms b ok e He4
B0 Crsk HARDENED: e st o s it e i i ey i i i i b e He5
EO310 CASE HARDENED «.uiiuinimiiiansisinissiissians iasnrssss s isn asns ass vaiasmsasasstos bssanasndiasas He&
1045 W ATER LN D . el i i el il s e md sm e o manmb e s e s He7-8
TOGE ONL CAUBNGHEDY L cvia ovasovas s sesuaishossnsas buss v bussies bvva oksssvioni s sbomsise samed i ba vinnd H=8-10
TOB0 O CIUEMNEHED 1ot it sss st b e b e d s s b e e b b bbb ms v e H=11-12
g LRL LG T 2 4) = R PR He=13-14
TS WV B TER IR ENEHEI cconemsuicnsr oo o P i s ey i s an g s L H=15-16
VOGN COURERIIEDY oo it o 8 . s s G 6 7 s i He17-18
4130 WATER CIUENCHED L iavisiiensiads b basived i iosha b vasasi s ab bon b ik vans s H=18-20
A0 B CummeHED s R A s He21-22
4 O I BB e e s e e He23-24
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HARDENABILITY vs. HARDNESS ... H+29-30

END QUENCH HARDENABILITY LIMITS .. He31-34

CARBURIZING RATES il He35

TEMPERATURE COLOR TABLE ... H+36



PACIFIC MACHINERY & TOOL STEEL CO.

HEAT TREATING ACCESSORIES

Surface Protection & Hardness Testers

TICRONIC® STAINLESS FOIL WRAP is used to protect the surface of air hardening
tool steels. It can be used to 2100°F maximum and prevents scale and decarburization
without the use of costly prepared atmospheres. Ticronic® foil is used by making an
envelope and placing the tool or die inside; extra fime is allowed in the furnace for
complete heating of the part. When the package is removed from the furnace, the foil
can be removed for better air circulation to insure complete hardening. Ticronic® foil is
available in 50 ft. rolls 0.002" thick by 24" wide,

PBC (Phoenix Brand Compound) prevenis scale and decarburization on steels re-
quiring heat treatment at temperatures below 1650°F; it works equally well for harden-
ing and annealing. The manufacturer stales thal PBC powder must be applied dry to
clean pieces of steel; free of oil, dirt and water. Apply by heating the part to about
500°F and coating with PBC powder. After coating parts with PBC powder heat treat
as normal; oil guenching or annealing will usually require boiling in water 1o remove the
PBC coating. Water guenched parts will usually come clean upon guenching, PBC is
available in 5 Ib. cans.

HARDMNESS TESTERS are available for both Rockwell and Brinell scales in either
bench or portable models. Equivalent Rockwell C Scale portable hardness tester kits
are kept in stock. These testers make a small indentation with a carbide tipped punch;
equivalent Rockwell C hardness is read directly in a hand held microscope,

REQUEST OUR HEAT & TEMPER COLOR CHART.

H*1



PACIFIC MACHINERY & TOOL STEEL CO.

HEAT TREATED PROPERTIES
Carbon and Alloy Steels

The mechanical properties of a number of commeon carbon and alloy steels are
given on the following pages. The data were obtained by testing single heals of the
compositions indicated, and may be used as a guide in selecting grades for specific
applications. However, it should be kept in mind that every grade of steel is fumished
to a range of compesition, and that the resultant heat-to-heat variations in the per-
centages of individual elements present in any grade can cause significant differences
in the properies obtainable by thermal treatment, Similary, section size and thermal
treatment parameters markedly influence the properties which can be developed in
any particular part. Hence, the mechanical properties given in this section should not
be considered as maximurn, minimum, or average values for a particular application of
the grades involved.

Charls shown are compiled from information furnished through the courtesy of
Bethlehem Steel Company:

1018 Case HARBENED: ..l s L e i i i H=3
320 CASE HAFDENED ceuievuscssestimsssasnnsa s vesmsst iinnssbsbasmsns ssunssssgansa st sisnsstabasmsssesmssas H=4
BE20 CASE HARDEMED .iiiieiisis it s n s s s s e s s st bbb Hs+5
EQTI) CAAE FIARBENER. . i i pmne st o sty mnm s ms o ssssns cdvasni snrmasings H=&
TS W ATER BN B s caiws v s irsponss o on s s Vo 5 (SN T A SR H+7-8
TS 0 CIERICHIET o i i i e i b i b 003 L S L o n i Heg9-10
T O B e B S T T e e i He11-12
1080 Ol CBRCHED i i hiiain i i i it s e He+13-14
g R RIR e R T e e e et e el P H+15-16
T OO S OIA, CUBHEHEL onoinpnins binitsenshesshs 468 048 AA b bbb b8 A8 EAN B ih Rt H+17-18
4130 WATER QIUEMEHED oesceeeimie e smsee e s esemscsnema et sas s smmsms s smmnms e s et b st e H+19-20
O CIIBNGHED i capmsrssmmasysispatis s s s b oas sns at b b S sy p s i snsmin He+21-22
BRI B HELY i cosprniesns bioiartapusced 14 asobies AU ETarns it EA Ao p T IR T b He+23-24
AR CHIEMEHED ivcu iosci svains oi dhibis i chburon hvind e st SEnva b be AP R R R i He25-26
DB O CERC D i i s i b A s A i s He27-28
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PACIFIC MACHINERY & TOOL STEEL CO.

1018*
SINGLE HEAT RESULTS
C Mn P s Si
Grade .185 675 017 027 185 Grain
Size
Ladle .15.20  .60/90 .040 Max .040 Max — 6-8

Critical Paoints, °F:  Ac, 1375 Ac, 1545 Ars, 1475 Ar, 1345

SINGLE QUENCH AND TEMPER
Carburized at 1675°F far 8 hours; pot-cooled,; reheatad to 1425°F; water-quenched,
tempered at 350°F

1-in. Aound Treated  Case Depth .047 in. Case Hardness HRC 62

MASS EFFECT

Size Round  Tensile Strengih  Yield Point  Elongation Reduction Hardness

in, pai psi S 2in. of Area, % HE
Annealed (Heated to 1600°F, fumace-cooled 30°F per hour to 1295°F, cooled in air.)

1 59,125 48,750 35.0 &67.5 124
Mormalized (Heated 1o 1700°F, cooled in air.)

Ya 65,900 50,500 arz 68.7 135

1 65,750 49,500 35.5 68.5 132

2 64,500 46,250 35.8 67.9 127

4 63,250 43,500 35.2 68.9 124

Blank-Carburized at 1675°F for 8 hours: reheated to 1425°F; quenched in water;
tempered at 350°F.

'z 120,500 67,500 14.3 28.6 240
1 82,250 48,500 27.8 B3.2 167
2 76,500 48,000 31.0 70.0 147
4 70,750 40,750 31.5 0.8 135

As-guenched Hardness (water)

Size Round Surface /> Hadius Centar
Ya HRC 38.5 HRC 26,5 HRC 25
1 HAC 255 HAB93.5 HARB91.5
2 HAB 96.6 HAB 245 HABA/2S5
4 HAB 95.5 HRB 79 HRB 77.5

*All rasults listed are averaged from original results for 1015 and 1022 grades.
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PACIFIC MACHINERY & TOOL STEEL CO.

4320
SINGLE HEAT RESULTS
c Mn P S  Si Ni cr Mo
Grade .17/22 .45.65 — — 20.35 1.65/2.00 40/60 .20/30 f—;:z::
Ladle .20 .59 021 018 .25 177 47 23 68

MASS EFFECT

Size Round  Tensile Sirength Yield Poin Elongation Reduction Hardnass
in. {251 psi %e 2in. of Area, % HB

Annealed (Heated to 1560°F, furnace-cooled 30°F per hour to 790°F, cooled in air.)

1 84,000 61,625 28.0 58.4 163
MNormalized (Heated to 1640°F, cooled in air.)

Ve 121,500 74,375 2349 54.3 248

i 115,000 67,250 20.8 50.7 235

2 102,500 58.750 233 59.2 212

4 102,000 57,000 22.3 R4.7 2
Blank-Carburized at 1700°F for 8 hours; reheated to 1500°F; quenched in oil;
tempered at 300°F.

a 212,000 163,250 11.8 45.5 415

1 152,500 107,250 17.0 51.0 302

2 132 500 86,000 22.5 56.4 255

4 119,750 75,250 24.0 571 248

Blank-Carburized at 1700°F for 8 hours; reheated to 1500°F; quenched in oil;
tempared at 450°F,

'fz 187,500 149,500 13.9 52.8 388
1 148,750 105,000 17.8 552 285
2 129,750 85,000 20.8 63.8 255
4 118,000 75,000 225 51.9 241

As-gquenched Hardness (ail)

Size Round Surface iz Radius Center
1 HRAC 44.5 HRC 445 HRC 44.5
1 HAGC 39 HRC 37 HRC 38
2 HRC 35 HRC 30 HRC 27
4 HRC 25 HRC 24 HRC 24
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PACIFIC MACHINERY & TOOL STEEL CO.

8620
SINGLE HEAT RESULTS
c Mn P S Si Mi Cr Mo
Grade 18/23 70.80 — — 20/35 40070 40060 15025 G
0% 7-
Ladle .23 81 025 016 28 .56 A3 .18 gm% 43

MASS EFFECT

Size Round  Tensile Strenglh Yield Poim Elongation Reduction Hardness

in, psi psi % 2in. of Area, % HB
Annealed (Heated to 1600°F, furnace-cooled 30°F per hour to 1150°F, cooled in air.)

1 77,750 55,875 3.3 62.1 149
Maormalized {Heated to 1675°F, cooled in air.)

Y 86,500 54,250 26.3 62.5 197

1 91,750 51,750 26.3 59.7 183

2 87,250 51,500 27.8 &2.1 179

4 81,750 51,500 28.5 62.3 163

Blank-Carburized at 1700°F for 8 hours; reheated to 1550°F; quenched in oil;
tempered at 300°F.

Yz 199,500 157,000 13.2 45.4 388
1 126,750 83,750 20.8 52.7 255
2 117,250 73,000 23.0 57.8 235
4 98,500 57,750 24.3 57.6 207

Blank-Carburized at 1700°F for 8 hours; reheated to 1550°F; quenched in oil;
tempered at 450°F.

'z 178,500 139,500 14.6 53.9 352
1 124,250 80,750 18.5 54.2 248
2 114,500 72,250 22.0 59.0 229
4 98,000 55,500 25.5 57.8 2m

As-quenched Hardness (oil)

Size Round Surface 'fz Aadius Center
Y2 HRC 43 HRC 43 HAC 43
1 HRC 29 HRC 27 HRC 25
2 HRC 23 HRC 22 HAB 97
4 HRC 22 HRB 95 HRE 93

He5



PACIFIC MACHINERY & TOOL STEEL GO,

E9310
SINGLE HEAT RESULTS
C Mn P S Si Ni cr Mo
Grade .08/13 45.65 — — 20/35 3.00/350 1001140 0815 Gor
80% 5
Ladle .08 .57 .012.010 .32 311 1.23 A3 opop oo

MASS EFFECT

Size Round  Tensile Strenglh Yield Point  Elongation Baduclion Hardness

in. pai DSt T 2in, of Area, % HB
Annealed (Heated to 1550°F, furnace-cooled 30°F per hour to 760°F, cooled in air.)
1 118,000 63,750 17.3 421 241
MNormalized (Heated to 1630°F, cooled in air.)
T 133,000 B87.750 20.0 63.7 2B5
1 131,500 B2,750 18.8 58.1 269
2 131,250 B2,000 18.5 B0.5 262
4 125,250 81,750 19.5 61.7 255
Blank-Carburized at 1700°F for 8 hours; reheated to 1450°F; quenched in oil;
tempered at 300°F.
'fa 178,750 143,000 15.7 58.9 363
1 159,000 122,750 15.5 57.5 321
2 145,250 108,000 18.5 66.7 293
4 136,000 94,750 19.0 62.3 277

Blank-Carburized at 1700°F for 8 hours; reheated to 1450°F; quenched in oil;
lempered at 450°F,

'z 178,250 141,500 15.0 60.3 363
1 157,500 123,000 16.0 61.7 321
2 143,500 105,500 17.8 68.1 293
4 131,500 86,500 205 G67.0 269

As-quenched Hardness (oil)

Size Aound Surface 'tz Radius Centar
e HRC 40 HRC 40 HRC 38
1 HAC 40 HAC 38 HRC 37
2 HRC 38 HRC 35 HRC 32
4 HRC 31 HRC 30 HRC 29

HeG



PACIFIC MACHINERY & TOOL STEEL CO

1045 WATER-QUENCHED*

SINGLE HEAT RESULTS

c Mn P S Si
Grade .43/50  60/.90 .040 Max .050 Max — ‘-;ﬁai”
1Z8
Ladle 465 70 016 033 A7 5-7

Critical Points, °F:  Ag, 1340 Ac; 1430 Ar; 1335 Ar, 1280

MASS EFFECT

Size Round  Tensile Strenglh  Yield Point Elenigation Reductan Hardness

in. psi pel 2 21n. of Area, 5 HBE
Water-quenched from 1537°F, tempered at 1000°F.
Va 121,500 90,250 21.9 58.0 245
1 118,500 83,375 21.6 58.3 239
2 115,500 76,750 22.7 60.0 231
4 110,750 71,000 231 57.7 225
Water-quenched from 1537°F, tempered at 1100°F,
a 110,000 79,500 24.0 65.5 227
1 108,000 74,750 242 62.4 224
2 106,000 73,250 26.0 65.1 218
4 103.250 63,500 253 508.4 210
Water-quenched from 1537°F, tempered at 1200°F.
o 103,000 77,500 26.2 63.3 215
1 101,250 72,250 253 B4.5 213
2 98.250 68,500 26.7 65.0 203
4 94,750 58,500 277 Gd.0 193

As-guenched Hardness (water)

Size Round Surface Yz Radius Centar
'Yz HAC 59 HRC 56 HRC 55
1 HRLC 55 HRC 28 HRC 25
2 HRC 50 HRC 25 HRAC 21
! HAC 26 HRC 22 HAC 18

“All results isted are averaged from original resuits for 1040 and 1050 grades.
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PACIFIC MACHINERY & TOOL STEEL CO.

WATER-QUENCHED 1045*

Treatment: Normalized at 1650 F; reheated to 1537°F; quenched in water,

1-in. Round Treated; .505-in. Round Tested. As-quenched HB 567.
psi
200,000
150,000
"'--.__._I_E'_"EE S
.
Nt
Yield Poing
100,000 S~
'ln.._'\....
0%
e oy
G075
a
on ot PE
Ry
50,000 peduti— 50%
" 40%
-——
. ..--"_.--"-5'"-330%
Elgngation R
e —— 20%
--""'"'-
—— 105

TemperF 400 500 600 70O 800 900 1000 1100 1200 1300
HB 514 485 444 408 363 322 281 286 217 202

*All results listed are averaged from original results for 1040 and 1050 grades,

He3



PACIFIC MACHINERY & TOOL STEEL CO.

1045 OIL-QUENCHED*

SINGLE HEAT RESULTS

c Mn P s Si
Grade .43/50  60/.90 .040 Max .050 Max s GS(E"“
1ze
Ladle 465 70 016 033 A7 5.7

Critical Peoints,"F:  Ag, 1340 Ac, 1430 Ar; 1335 Ar, 1250

MASS EFFECT
Size Hound  Tensile Strangth  Yisld Point Elongation Reduction Hardness

in. psi psi S 2in, of Areq, % HEB
Annealed (Heated to 1450°F, furnace-cooled 20°F per hour to 1200°F, cocled in air.)

1 83,750 52,000 26.9 48.5 168
MNarmalized (Heated to 1650°F, cooled in air,)

Wa 898,750 60,500 25.7 50.8 203

1 a7.,000 58,000 240 471 193

2 85,250 55,500 24.0 46.0 189

4 891,750 52,500 24.3 46,7 184
Qil-guenched from 1567°F, tempered at 1000°F.

fa 118,500 80,000 23.8 57.4 239

1 108,750 72,000 233 7.2 222

2 107.250 67,250 233 555 217

4 101,500 63,250 233 541 210
Qil-guenched from 1567°F, tempered at 1100°F,

Ya 111,250 69,250 249 61.6 227

1 102,750 67,250 25.8 60.5 205

2 499,250 63,500 25.5 59.0 198

4 81,750 55,500 27.6 58.0 189
Qil-guenched from 1567°F, tempered at 1200°F.

Wa 108,500 73,500 25.8 61.7 223

1 99,500 65,250 26.7 625 197

2 87,250 61,250 27.0 1.0 195

4 89,750 54,250 28.2 59.5 181

As-guenched Hardness (oil)

Size Round  Surdace 'z Radius Center
e HRC 43 HRC 30 HRC 28
1 HRC 28 HRAC 25 HRC 22
2 HRC 20 HAB 97 HRB 85
4 HRB 85 HRE 93 HRB 90

*All results listed are averaged from original results for 1040 and 1050.

Hed



PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 1045*

Treatment; Mormalized at 1650 F; reheated to 1567°F; quenched in oil,
1-in. Round Treated; .505-in, Round Tested. As-guenched HE 295,

psi
200,000
150,000
Tensile S]'rF_lng[h
\-_
™
100,000 =
e
T
TO%
e B0%:
Reduction of Area I,
50,000 — 50%
40%
fion "1
Elongalion | e 20%
10%

Temper,"F 4006 500 600 700 800 900 1000 1100 1200 1300
HB 408 382 347 405 314 281 265 238 212 189

“All results listed are averaged from original results for 1040 and 1050 grades,
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FACIFIC MACHINERY & TOOL STEEL CO.

1060 OIL-QUENCHED

SINGLE HEAT RESULTS

c Mn P S Si
Grain
Grade .55/.65 JG0/.80 040 Max 050 Max —_— Siza
90%% 5-7
Ladle B0 GE 016 046 A7 10% 1-3

Critical Points,"F;  Ac, 1355 Ac, 1400 Ar: 1300 Ar, 1250

MASS EFFECT

Size Round  Tensile Strength  Yietd Paint Elangatian Reduction Hardness

in. psi pesi % 2in. of Araa, % HB
Annealed (Heated 1o 1450°F, furnace-cooled 20°F per hour to 1200°F, cooled in air.)
1 80,750 54,000 225 38z 179
Mormalized (Heated to 1650°F, cooled in air.)
o 113,000 62,000 20.4 40.6 229
1 112,500 61,000 18.0 ar.z2 229
2 110,000 57,500 17.7 34.0 223
4 108,250 51.250 18.0 31.3 223
Qil-quenched from 1550°F, tempered at 900°F.
e 149,000 98,250 15.1 46.0 302
1 145,500 53,000 16.2 440 293
2 142,750 89,500 16.5 46.2 285
4 134,750 75.250 18.2 448 268
Oil-guenched from 1550°F, tempered at 1000°F,
a 139,500 92,000 19.6 52.1 277
1 136,500 85,750 17.7 48.0 269
2 133,000 78,250 18.5 50.3 262
4 124,500 66,250 20.0 48.0 248
Qil-guenched from 1550°F, tempered at 1100°F.
Ya 131,500 82,500 20.7 53.5 262
1 127,750 79,000 20.0 51.7 255
2 125,250 76,500 20.2 53.3 248
4 118,750 62,000 21.5 48.4 241

As-quenched Hardness (ail)

Size Round  Surface o Radius Centar

HRC 58  HRC 37 HRC 35
HRC 34 HRC 32 HRC 30
HRC 305 HRC27.5 HRC25
HRC 28 HRC 28 HRC 24

——
BE
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PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 1060

Treatment: Mormalized at 1650°F; reheated 1o 1550°F; quenched in oil.
1-in. Round Treated; .505-in. Round Tested, Asz-quenched HB 321,

psi
|
200,000 I
Tensile Strength
150,000
Yield Point \\
o \
100,000 A
Ja
\\
.
"\\
g 70%
6074
a0,000 507
Reduction of Area — 40°
305
=il 208
Elongatian -
10°%

Temper,"F 400 500 600 VOO 800 900 10DD 1100 1200 1300
HB 321 321 321 321 an 02 277 248 229 212



PACIFIC MACHINERY & TOOL STEEL CO

1080 OIL-QUENCHED

SINGLE HEAT RESULTS

Cc Mn P S Si
Grade 7588 B0/90 040 Max 050 Max — Gsﬁil;n
Ve D=7
Ladle 85 .76 012 027 A3 SEZ:: ?-4

Critical Points,*F:  Ac, 1350 Ac, 1370 Ary 1280 Ar 1250

MASS EFFECT
Siza Round  Tensile Strength  Yield Point Elongation Reduction Hardness

in. psi pai T 2in, ol Area, % HB
Annealed (Heated to 1450°F, furnace-cooled 20°F per hour to 1200°F, cooled in air.)

1 83,250 54,500 24.7 45.0 174
Mormalized (Heated to 1650°F, cooled in air.)

Yo 150,500 80,500 12.4 277 293

1 146,500 76,000 11.0 206 293

2 141,000 70,000 10.7 17.0 285

4 134,750 64,000 10.7 15.5 269
Qil-guenched from 1500°F, tempered at 900°F.

Yz 184,000 125,500 121 344 363

1 181,500 112,500 13.0 35.8 352

2 180,000 110,000 127 ara 352

4 171,250 104,000 1.7 286 34
Oil-quenched from 1500°F, tempered at 1000°F,

2 169,000 121,500 15.0 386 3441

1 166,000 103,500 15.0 376 33

2 163,500 102,625 152 38.0 321

4 157,000 89,750 1.5 244 311
Oil-quenched from 1500°F, tempered at 1100°F.

Wz 152,000 107,000 17.0 43.6 302

1 150,000 97,000 16.5 40.3 302

2 140,250 87,500 17.7 422 277

4 134,500 75,000 157 331 269

As-quenched Hardness (oil)

Size Aound Surface /> Hadius Center
Yo HRC 60 HRC 43 HRC 40
1 HRC 45 HRC 42 HRC 39
2 HRC 43 HRC 40 HRC 37
4 HAGC 39 HRC 37 HRC 32

H=13



PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 1080

Treatment: Normalized at 1650°F; reheated to 1500°F; quenched in oil.
1-in. Round Treated; .505-in. Round Tested, As-quenched HB 388,

psi
200,000
_==__.___-.
P
@0¢_
i
N
N
Vg
%
150,000
\\
—
B--__H \
L s
4%’ \

100,000 \\

0%
B0%
50,000 e E0%
Reduction of Ared =i 40%
30%

20%

Elongation —

10%

Temper,”F 400 500 600 70O &G0 900 1000 1100 1200 1300
HBE 388 388 388 388 375 3M 3 293 255 223

He14



PACIFIC MACHINERY & TOOL STEEL CO.

1095 WATER-QUENCHED

SINGLE HEAT RESULTS

c Mn P S Si
Grain
Grade .90/1.03  .30/50  .040 Max .050 Max — Size
50% 5-7
Ladle .96 40 12 028 20 500, 1-4
Critical Points,"F:  Ac, 1350 Ac, 1365 Ar; 1320 Ar, 1265
MASS EFFECT
Size Aound  Tensile Strength Yield Point Elongation Reduction Hardness
in. psi psi % 2 in, of Area, % HE
Water-guenched from 1450°F, tempered at 300°F,
a 191,500 135,500 12.3 1.7 a7s
1 182,000 121,000 13.0 37.3 363
2 179,750 113,000 12.7 338 352
4 167,250 94,500 12.5 1.4 331
Water-guenched from 1450°F, tempered at 1000°F.
e 172,000 111,000 12.4 441 321
1 165,000 102,500 16.0 41.4 311
2 154,750 98,500 15.7 9.1 aoz
4 150,000 81,000 15.7 35.3 285
Water-qguenched from 1450°F, tempered at 1100°F.
Ya 144,000 99,000 17.2 449 293
1 143,000 96,500 16.7 43.7 283
2 140,000 90,000 17.5 43.6 285
4 131,250 78,000 18.7 411 262

As-quenched Hardness (water)

Size Round  Surace Yz Radius Center
Wa HRC 65 HAC 55 HRC 48
1 HRC &4 HALC 46 HRC 44
2 HRBC 63 HAC 43 HRC 40
4 HRC 63 HAC 38 HRC 30

H=15



PACIFIC MACHINERY & TOOL STEEL CO.

WATER-QUENCHED 1095

Treatrnent: Normalized at 1650°F; reheated to 1450°F; guenched in water.

1-in. Round Treated; .505-in. Round Tested. Ag-guenched HB 801.
psi
200,000 \ \
N\
'k\
\
N3
\ee
150,000 \1.%_
N""-\..‘ \?‘:'-ﬂ\,a
N4 \
&
\o:% N
S \
N
100,000 \\
T~
\\
T
G60%%
20,000 = ‘_...--'!' 0%
jon af Ared 409
Hed_ui'il .
A
.-i
Ehangaﬁt}n — 205
T_ “}c}:?

Temper’F 400 500 600 70O 800 800 1000 1100 1200 1300
HB &M 601 534 481 288 3N 293 2862 235 201

H+*16



PACIFIC MACHINERY & TOOL STEEL CO.

1095 OIL-QUENCHED

SINGLE HEAT RESULTS

c Mn P s Si
Grain
Grade .90M1.03 30050 040 Max 050 Max - Size
50% &7
Ladle 96 A0 012 029 .20 5005 1-4

Critical Points,"F:  Ac, 1350 Ac, 1365 Ar; 1320 Ar, 1265

MASS EFFECT

Size Round  Tensile Strangth - Yeeld Paint Elongation Reduction Hardness

in, P psi Telin of Area, HB
Annealed (Heated to 1450°F, turnace-cooled 20°F per hour to 1215°F, cooled in air.)
1 85,250 55,000 13.0 206 182
Mormalized {Heated to 1650°F, cooled in air.)
a 151,000 80,500 12.3 27.7 a0z
1 147,000 72,500 9.5 135 293
2 132,500 58,000 9.2 13.4 268
4 128,250 57,250 10.0 13.9 255
Oil-guenched from 1475°F, tempered at 900°F.
W 184,000 116,000 12.8 35.5 363
1 175,750 102,250 10.0 23.4 352
2 167,750 98,250 12.0 29.8 331
4 165,000 93,000 12.2 17.3 331
Qil-quenched from 1475°F, tempered at 1000°F.
Iz 166,500 101,500 157 40.0 3
1 153,750 895,250 13.2 32.4 321
2 151,000 82,500 13.7 314 311
4 148,000 80,000 1.7 22.1 302
Qil-quenched from 1475°F, tempered at 1100°F.
'z 142,000 B7,000 17.4 42 8 293
1 139,750 79,000 17.2 38.8 277
2 134,500 77,250 18.7 43.4 268
i 130,000 65,750 17.2 344 262

As-guenched Hardness (oil)

Size Round  Surface 'Yz Radius Center
e HRC &0 HRC 44 HRC 41
1 HRC 46 HRC 42 HRC 40
2 HRC 43 HRC 40 HRC 37
4 HRC 40 HRC 37 HRC 30



PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 1095

Treatment: Normalized at 1650°F; reheated to 1475°F; quenched in oil,
1-in. Round Treated; .505-in. Round Tested. As-guenched HB 401,

psi
200,000
—
?
\?‘%‘:}e
G:.r@
,}Q?ﬁ
150,000 \\
—-i-_-_-- H’l
"‘--.'?..‘r?_fofm \
-"'""H.\
100,000 x\
.
0%
G0%
]
50,000 = 50%
A40%
: f Ares
Reduchion &
—— 30%
_-c-""—' 50%
E1ung3'ﬁﬂn ____,_.--'"_,.--""
10%

TemperF 400 500 G600 700 800 900 1000 1100 1200 1300
HB 401 388 375 3vs 383 352 A 293 268 229
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PACIFIC MACHINERY & TOOL STEEL CO

4130 WATER-QUENCHED

SINGLE HEAT RESULTS

C Mn P S Si Ni Cr Mo
Grade .28/33 .40/60 — — .20/35 — .80/1.10 .15/.25 GST ain
ize
Ladle .30 A48 s 015 20 12 R0 20 G-8
MASS EFFECT
Size Round  Tensile Strength Yigld Poind Elengation Reduction Hardness
in. psi psi %2 21in, of Area, % HE
Annealed (Heated to 15857F, furnace-coocled 20°F per hour to 1255°F, cooled in air.)
1 81,250 52,250 28.2 55.6 156
Mormalized (Heated fo 1600°F, cooled in air.)
V2 106,500 &7,000 25.1 50.6 217
1 7,000 53,250 25.5 59.5 197
2 89,000 61.750 28.2 654 167
4 88,750 57,750 27.0 61.2 163
Water-guenched from 1575°F, tempered at 300°F.
a 166,500 161,000 164 61.0 331
1 161,000 137,500 14.7 b4.4 321
2 132,750 110,250 19.0 63.3 269
4 121,500 95,000 205 63.6 241
Water-quenched from 1575°F, temperad at 1000°F.
Yo 151,000 142,500 18.1 63.9 302
1 144,500 129,500 18.5 61.8 283
2 121,750 98,730 21.2 G66.3 241
4 116,000 81,500 215 63.5 235
Water-quenched from 1575°F, tempered at 1100°F.
fa 133,000 122,500 20.7 69.0 269
1 128,000 113,250 21.2 67.5 262
2 114,500 91,500 21.7 G67.7 229
4 101,500 77,500 24.5 69.2 197

As-guenched Hardness (water)

Size Round Surface Y2 Radius Center
Iz HRC 51 HRC 50 HRAC 50
1 HRC 51 HRC 50 HRAC 44
2 HRC 47 HRC 32 HAC 31
4 HRC 45.5 HRC 25 HAC 24.5

H+19



PACIFIC MACHINERY & TOOL STEEL CO.

WATER-QUENCHED 4130

SINGLE HEAT RESULTS

C Mn P ] Si Ni Cr Mo Grain
Ladle .30 48 015 015 20 12 91 20 2%

Critical Points,"F:  Ac, 1400  Ac, 1510 Ar, 1400 Ar, 1305

Treatment: Mormalized at 16800°F; reheated to 1575°F; quenched in water.
.530-in. Round Treated; .505-in. Round Tested, As-guenched HB 495.

psi
— ]
-
-
200,000 N
150,000
= 70%
aeaustion o A== ) o
100,000 ] NN 50%
| ] \
~40%
=4 30%
Elongation ———{20%
10%
50,000

Termper,”F 400 500 600 700 8OO 800 1000 100 1200 1300
HE 461 444 429 415 4 a3 302 298 24 202

He20



FACIFIC MACHIMNERY & TOOL STEEL CO.

4140 OIL-QUENCHED

SINGLE HEAT RESULTS

[ Mn P S Si Ni Cr Mo
Grade .38/.43 .751.00 — — 20035 — .80/1.10 .15/.25 ‘—;f_a“"
ize
Ladle .40 83 me o one 26 11 .84 21 7-8
MASS EFFECT
Size Aound  Tensile Strength Yietd Point Elongation Reduction Hardness
in. psi pi Ta2in of Ared, % HE
Annealed (Heated to 1500°F, furnace-cooled 20°F per hour to 1230°F, cooled in air.)
1 45,000 60,500 257 56.9 197
Mormalized (Heated to 1600°F, cooled in air.)
fa 148,500 98,500 17.8 48.2 302
1 148,000 85,000 17.7 46.8 a0z
2 140,750 91,750 16.5 48.1 285
4 117.500 69,500 222 574 24
Qil-guenched fraom 1550°F, tempeared at 1000°F.
a 171,500 161,000 15.4 55.7 341
1 156,000 143,250 15.5 56.9 a3t
2 138,750 115,730 17.5 59.8 285
4 127,750 99,250 19.2 60.4 277
Qil-guenched from 1550°F, tempered at 1100°F.
a 157,500 148,750 18.1 59.4 321
1 140,250 135,000 18.5 62.3 285
2 127,500 102,750 21.7 65.0 262
4 116,750 87,000 21.5 62.1 235
Qil-guenched from 1550°F, tempered at 1200°F.
a 136,500 128,750 19.9 62.3 277
1 132,750 122,500 21.0 65.0 269
2 121,500 98.250 23.2 65.8 241
4 112,500 83,500 23.2 64.9 229

As-quenched Hardness (oil)

Size Round Surface 2 Radius Center
2 HRGC 57 HAC 56 HRC 55
1 HRC 55 HRC 55 HRC 50
2 HRC 49 HRC 43 HRC 38
4 HRC 36 HRC 345 HRC 34

He21



PACIFIC MACHINERY & TOOL STEEL ©0

OIL-QUENCHED 4140

SINGLE HEAT RESULTS

c Mh P S SI NI Cr Mo Grh
Ladle .41 85 024 031 20 12 101 .24  gg

Critical Points,"F:  Ag, 1385 Ac, 1450 Ar 1330 Ar, 1280

Treatment: Normalized at 1600°F; reheated to 1550°F; quenched in agitated oil,
.530-in. Aound Treated; .505-in. Round Tested. As-quenched HB 601,

psi

\

250,000 \\

Y
B

\ ’2&%}.
200,000 K

T.S. 290,000 Ib
Ve

150,000

AR

g

— 0%
Reductian of ATRE e

100,000 __.—_"—!’ 50%
40%:
0%
__-F"--- L
Elongation” | " i

TemperF 400 500 600 700  BOO 900 1000 100 1200 1300
HBE 578 534 405 461 429 3B 3N an 277 235
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PACIFIC MACHINERY & TOOL STEEL CO.

4150 OIL-QUENCHED

SINGLE HEAT RESULTS

c Mn P S Si NI Cr Mo
Grain
Grade 48/53 75100 — — 2035 — .801.10 .15(25 e
95% 7-8
Ladle .51 89 018 017 27 12 87 18 e.s

MASS EFFECT

Size Round  Tenslle Strength Yield Point  Elongation Reduciion Hardness

in. ] psi G2 in, of Area, % HB
Annealed (Heated lo 1525°F, furnace-cooled 20°F per hour to 1180°F, coolad in air.)
1 105,750 55,000 20.2 a0.2 197
MNormalized (Heated to 1600°F, cooled in air.)
a 194,000 129,500 10.0 248 375
1 167,500 106,500 11.7 30.8 321
2 158,750 104,000 135 40.6 amn
4 146,000 91,750 18.5 56.5 293
Qil-quenched from 1525°F, tempered at 1000°F.
fa 189,500 176,250 13.5 47.2 375
1 175,250 159,500 14.0 46.5 352
2 168,750 151,000 155 51.0 34
4 158,750 127,750 15.0 46.7 an
Cil-quenched from 1525°F, tempered at 1100°F.
Ya 170,000 155,500 14.6 455 34
1 165,500 150,000 15.7 a1 431
2 150,250 131,500 18.7 56.4 302
4 132,500 93.250 200 57.5 269
Qil-guenched from 1525°F, tempered at 1200°F.
Wa 148,000 137,250 17.4 23.3 302
1 141,000 127,500 18.7 55.7 285
2 134,750 118,250 20,5 G60.0 269
4 124,000 81,000 215 61.4 255

As-guenched Hardness (oil)

Size Round Surface 'fo Radius Canter
fa HRC &4 HRC 64 HRC 63
1 HAC 62 HRC 82 HRC 62
2 HRC 58 HRC 57 HRC 56
4 HRC 47 HRC 43 HRC 42



PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 4150

SINGLE HEAT RESULTS

c Mn P 5 Si Mi Cr Mo  Grain
Ladle .50 76 015 012 21 20 .95 .21 gusufg_ﬂ

Critical Points,"F: Ac, 1390 Ac, 1450 Ars 1290 Ar, 1245

Treatment: Normalized at 1800°F; reheated to 1525°F; quenchad in oil,
.530-in. Round Treated, .505-in. Round Tested. As-guenched HB 656,

psi \
A
250,000 \\
200,000
0 L
s_ls N X
9 o
150,000 { S @ \ \
iyl 3] \
= =
T0%
100,000 ’/s{:%
_,_,....-l-"""'".-:..'I'.'.'.‘.'I'I 50%
Aeduction of ATE8 | e 40%
0%
20%
Elongation E—
50,000 . — 10%

Temper,”"F 400 500 600 700 8OO SO0 1000 1100 1200 1300
HE 578 555 534 485 444 429 4 363 33 282
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PACIFIC MACHINERY & TOOL STEEL CO.

4340 OIL-QUENCHED

SINGLE HEAT RESULTS

B Mhn P S Si Ni cr Mo

Grade .38/43 .60/.80 — — .20.35 1.65/2.00 .70/.90 .20/.30 GSTE"'“
[l =]

Ladle .40 68 .020 013 .28 1.87 74 25 78

MASS EFFECT

Size Round  Tensile Sirength Yigld Point Elonoation Reduction Hardness

in, psi psi e 2in, of Area, % HE
Annealed (Heated to 1490°F, furnace-cooled 20°F per hour to 670°F, cooled in air.)

1 108,000 68,500 220 48.9 217
Mormalized (Heated to 1600°F, cooled in air.)

'z 209,500 141,000 12.1 35.3 388

1 185,500 125,000 12.2 36.3 363

2 176,750 114,500 13.5 37.3 341

4 161,000 103,000 13.2 36.0 a2
Qil-quenched from 1475°F, temperad at 1000°F,

Wz 182,000 169,000 13.7 45.0 363

1 175,000 166,000 14.2 45.9 352

2 170,000 159,500 16.0 54.8 341

4 164,750 145,250 15.5 53.4 331
Qil-guenched from 1475°F, tempered at 1100°F,

bi 165,750 162,000 17.1 57.0 331

1 164,750 159,000 16.5 54.1 am

2 147,250 139,250 19.0 60.4 293

4 133,750 114,500 19.7 60.7 269
Qil-quenched from 1475°F, tempered at 1200°F,

i 145,000 135,500 20.0 59.3 285

1 139,000 128,000 20.0 59.7 277

2 134,750 121,000 20.5 B2.5 260

4 124,000 105,750 21.7 63.0 255

As-quenched Hardness (oil)

Size Round Surface Yz Radius Center
Ha HAC 58 HAC 58 HRC 56
1 HRC 57 HAC 57 HRC 56
z HRC 56 HAC 55 HRC 54
4 HRC 53 HRC 49 HRC 47
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PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 4340

SINGLE HEAT RESULTS

c Mn P S Si N Cr Mo Grain
Ladle .41 67 023 018 2 177 78 .26 %ﬁf

Critical Points,“F;  Ac, 1350  Ac; 1415 Ar, 890 Ary, 720

Treatment: Mormalized at 1600°F; reheated to 1475°F; quenched in agitated oil.
2530-in. Round Treated; .505-in. Round Tested. As-guenched HB 601,

psi

N

AN

250,000

200,600

AN
150,000 I\ \"*
' N\

7%

60%
Reduction of A2 ="

100,000 408

Elongation s 20%
- 10%
Temper,”"F 400 500 &00 700 BOd 800 1000 1100 1200 1300
HE 555 514 477 461 415 388 363 3 293 —

%




PACIFIC MACHINERY & TOOL STEEL CO,

5160 OIL-QUENCHED

SINGLE HEAT RESULTS

C Mn P S Si Ni Cr Mo
Grade .56/.64 .75(1.00 —  — 20035 — 70/90 — %r_a‘”
|Ze
Ladle .62 84 010 034 24 04 74 .01 6-8

MASS EFFECT

Size Round  Tensile Strength  Yield Strenglh  Elongalion Reduction Hardness

in. psi (2% Ofsetipst % 2in of Area, % HB
Annealed (Heated to 1495°F, furnace-cooled 20°F per hour to 900°F, cooled in air.)
1 104,750 40,000 17.2 30.6 197
Mormalized (Heated to 1575°F, cooled in air.)
Ha 149,000 93,750 18.2 50.7 285
1 138,750 77,000 17.56 44 8 269
2 133,750 73,500 16.0 39.0 262
4 133,500 70,250 14.8 4.2 255
Qil-guenched from 1525°F, tempered at 1000°F,
Ve 170,500 155,250 14.2 451 a4
1 165,500 145,500 14.5 45,7 341
2 154,250 102,250 17.8 51.2 293
4 140,500 101,750 18.5 52.0 285
Qil-quenched from 1525°F, temperad at 1100°F,
e 152,250 134,000 16.6 50.6 aoz2
1 145,250 126,000 18.0 538 302
2 135,250 91,750 20.0 h4.6 277
4 129 250 85,250 21.2 7.0 262
Oil-quenched from 1525°F, tempared at 1200°F.
a 133,000 115,250 19.8 555 269
1 128,750 110,750 20.7 556 262
2 113,250 84,000 21.8 57.5 248
4 120,500 77,750 228 a0.8 241

As-guenched Hardness (oil)

Size Aound Surface 'fz Radius Cantar
ta HRC 63 HRC 62 HAC 62
1 HRC 62 HRC &1 HRC &0
2 HRC 53 HRC 46 HRC 43
4 HRC 40 HRC 32 HAC 29
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PACIFIC MACHINERY & TOOL STEEL CO.

OIL-QUENCHED 5160

SINGLE HEAT RESULTS

c M P s 5i Ni Cr Mo Grain
Ladle .62 84 010 034 24 04 74 01 ox

Critical Points,"F;  Ag, 1380 Ac. 1420 Ar, 1310 Ary 1280

Treatment: Mormalized at 1575°F; reheated to 1525°F; quenched in oil.
530-in. Round Treated; 505-in. Round Tested. As-quenched HB 682,

psi

.

N
300,000 \

240,000 \ \

[E
\a\%,
e\
200,000 {%}
=
2\
AN
T —70%
\ B0%
50%
: ed
150,000 Rﬂﬁﬂ‘.ﬁ \ \ 40%
30%
N
A , A 20%
Emnga’uon_____..--" o~
_.--"’_T_ ‘1\ N

Temper"F 400 500 €00 700  BOO 900 1000 1100 1200 1300
HB 827 601 585 514 481 388 34 30z 269 229
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PACIFIC MACHINERY & TOOL STEEL CO.

HARDENABILITY vs. HARDNESS

When considering heat treatment of steel it is important to understand the differ-
ence between hardness and hardenability. Hardness is a measure of resistance fo
surface deformation or penetration. Hardenability is a measure of the distribution of
and ease of obtaining hardness to a given depth.

Maximurn hardness cbtainable in steel is determined by the steel's carbon con-
tent. The maximum hardness can be achieved by heating the steel above its critical
temperature to obtain austenite and then quenching (cooling rapidly) to obtain a micro-
structure of 100% marnensite.

70
G0
50

40

20

HARDNESS, ROCKWELL C

(10)

J0 20 30 40 50 60 VO .80 .80 1.00
CARBON CONTENT, %

A stesl which transtorms rapidly 1o martensite has high hardenability. & lower
hardenability steel transforms more slowly to martensite and requires faster coaoling to
achieve obtainable hardness. In general, alloy steels have greater hardenability than
do carbon steals,

The Jominy end-quench test is a standard hardenability test for carbon and low
alloy steels. A round bar of standard size is heated to austenite and then end-guenched
with a stream of water at specified temperature and flow rate. Rockwell € hardness is
measured every " along the surface of the bar beginning from the guenched end.
The hardness results are then plotted against distance on a hardenability chart, Each
" is defined as one Jominy distance; J-1 is V", J-2 is 'fe", J-3 is ", elc,

H+20



PACIFIC MACHINERY & TOOL STEEL CO.

HARDEMNABILITY vs. HARDNESS — Continued

Hardness measured on the end-quench bar is determined by cocling rate at each
point along the bar. Since these cocling rates are known guantities, hardenability
cunves can be used to predict the hardness in parls where the cooling rates are
known, The best example is round bars—standard hardenability chars list the diameters
of round bars al equivalent cooling rate positions for both water and cil quenching
media.

The following hardenability chart shows mid-range hardenability curves for two
0.40% carbon content steels. If we wish to predict the as-quenched hardness at the
core of a 3" diameter round bar, we simply draw a line from the 3" center location to
intersect with the hardenability curve; this gives the hardness value. For a mild water
guench we see the 3" diameter center position (circled) is betwaen J-11 and J-12,
equal to 55 HRC for 4340 and 48 HRC for 4140. For a mild oil quench the 3" diameter
center position {(circled) is between J-16 and J-17, equal to 53 HAC for 4240 and 44
HRAC for 4140.

End-quench hardenability limits for standard carbon and alloy H-steels appear on
the following pages. These values can be used to predict as-quenched hardness
ranges for these grades in the same method as above.

Dearnalers ol rounds wih
sama as-quanched hardness (HRC), @ Localion in Fourd Quench
] - thle
Surlaco id
] 2 ] 4 A4 iadis Mom cenlar walar
3 =]
05 1 f5 2 &5 (a) OS5 4 Center bt
1 1 1 I T T 1 T
i 3 + sl am
Surlaca i
o5 1.5 a 2 ql a 35 4 X rackus fiom caaler LT
4l
05 1 15 [2 25 (3 as 4] contar hosinlig

Hardness, HRG

a 2 4 4 a 10 12 14 16 18 20 22 24 2B 28 an az 34

Distarce from querchad and, 1716 m

H-steels are specified by both chemical composition and hardenability limits, Chemi-
cal composition limits for H-steels are slightly modified from the same grade when
specified by chemical compaosition only. As an example, the composition limits of
carbon for 4140 is 0.38/0.43% but it is 0.37/0.44% for 4140H. Technically, the follow-
ing end gquench hardenability information applies only to H-steels. However, il is also
useful for approximating quench hardening responses for the standard grades of car-
bon and alloy steels,



PACIFIC MACHINERY & TOOL STEEL CO.

END QUENCH HARDENABILITY LIMITS

ks GRADE
DESTANCE
SINTEENTHS 1038 H | 1045H | 1522 H | 1524 H | 1526H | 1541 H |15B21 H
OF AN INCH [) Max. | Min. [ Max, | Mir, | Max, | Min | Max. | Min, | Max. | Min, | Max. | Min. | Max, | Min,
1 58 | 51 G2 | 55 | BO | 41 a1 42 | 53 | 44 | 60 | 53 | 48 | 41
1.5 56 | 42 | &1 B2 | 48 | 41 49 | 42 | 50 | 42 | 50 |52 | 4B | 41
2 55 | 34 B9 | 42 |47 | 32 |48 | 38 | 49 | 38 | 59 | 50 | 47 | 40
25 53 |20 (56 | 34 |46 | 27 | 47 |84 | 47 | 33 | 58 | 47 | 47 | 30
3 49 | 26 (52 | 31 |45 |22 |45 (29 |46 | 26 | 57 |44 | 46 | 38
35 43 | 24 |46 | 20 |42 | 21 |43 [ 25 | 42 | 25 | 56 | 41 45 | 36
4 Ir |23 |38 |28 | 30 |20 |39 | 22 139 | 21 55 | 38 | 44 | 30
4.5 33|22 |34 |27 |37 | ... |38 |20 |37 |20 | 653 |35 |42 | 23
5 30 |22 |33 | 26 | 34 35 33 2 |1 32 | 40 | 20
] 29 | 21 32 |26 | 32 34 k| 50 129 |38 | ..
[i] 28 | 21 32 |25 | 30 32 a0 48 | 27 | 35
6.5 27 | 20 | 31 25 | 28 a0 28 46 | 26 | 32
7 27 I 25 | 27 29 27 44 | 25 | 27
75 26 30 | 24 | ... 2B 26 41 24 | 22
a8 26 30 | 24 27 26 39 |23 | 20
2] 25 29 | 23 26 24 35 | 23
10 25 29 | 22 25 24 33 | 22
12 24 28 | 21 23 23 a2 | a1
14 23 27 | 20 22 a 20
16 21 26 | .. 30 | ...
18
20
22
24
26
2B
it b GRADE
DISTANCE | {5B35 H [15B41 H [ 15B48 H [15B62 H | 1330 H | 1335 H | 1340 H
SINTEENTHS
OFAMINCH || Max. | Min. [Max. | Min, | Max. | Min, | Max | Min, | Max | Min, | Max, | Min | Max, | Min,
1 58 | 51 B0 | 53 | B3 | 56 60 | 56 | 42 | BB | 51 B0 | 53
2 BG | B0 | 59 | 52 | 62 | 56 G0 | 56 |47 | 57 | 48 | 60 | 52
3 RS | 49 | 59 | 52 | 62 | 585 60 | 55 |44 | 56 | 47 | B9 [ &1
4 54 | 48 | 58 | 51 61 54 | ... |60 |53 |40 | 55 | 44 | BB | 48
5 53138 | =8 |51 B0 | 53 | 65 | 59 |52 | 35 | B4 | 38 | 5T | 46
G 51 28 |57 (B0 |59 |52 |65 |58 |50 | 3 h2 | 34 BE | 40
T 47 |24 | B7 |49 | BB | 42 | 64 | 57 | 48 | 2B | 50 | 3 55 | 35
8 41 22 | B6 | 48 | 67 | 34 | 64 | 52 |45 | 26 | 48 | 29 | 54 | 33
9 e | BB [ 44 | BB | 3 G4 | 43 | 43 |25 |46 | 27 | B2 | 31
10 30 (20 | 55 | 37 |55 |30 |63 |39 |42 |23 |44 [ 26 | B1 29
11 54 | 32 |53 |29 |63 | 37 |40 |22 | 42 | 25 | 50 | 28
12 27 B3 | 28 | 51 28 |63 | 35 |39 | 21 41 24 | 48 | 27
13 52 |25 |48 |27 |62 | 35 | 38 | 20 | 40 | 23 | 46 | 26
14 26 21 25 |45 (27 |62 | 34 | 37 | ... |39 |22 | 44 | 25
15 50 125 | 41 26 | 61 33 | 36 ag |22 |42 | 28
16 25 48 | 24 | 3B | 26 | 60 | 33 | 35 v | 41 24
18 46 | 23 | 34 [ 25 | 58 | 32 | 34 35 |20 [ 230 | 23
20 24 42 | 22 | 32 | 24 | 54 | 31 33 34 | .. | 2B | 23
22 39 (21 3 23 148 | 30 | 32 33 37 | B2
24 22 36 (|21 |20 | 22 143 | 30 | 31 az 3B | 22
26 34 |20 [ 29 | 21 40 |1 29 | A 31 B |2
28 20 335 . | 20 |20 3T | 28:| 3 K3 a5 | 21
a0 31 2B a5 | 27| 30 30 34 20
az2 31 2B 34 | 26 | a0 30 34 20




PACIFIC MACHINERY & TOOL STEEL CO.

END QUENCH HARDENABILITY LIMITS — Continued

g i GRADE
aTeENTHS || 4028 H 4037 H | 4047 H | 4118H | 4130H | 4135H | 4137 H
OF ANINCH || Max. | Min. | Max, | Min. | Max. | Min. | Max | Min, | BMax. | Men, | Bax | Min, | Max. | Min
1 52 |45 | 59 | 52 |64 |57 |48 |41 |56 | 49 | 58 | 51 | B9 | 52
2 50 | 40 | 57 | 49 | 62 |55 |46 |36 |55 | 46 | 58 | 50 | 59 | B1
3 46 | 31 | 54 | 42 | 60 |50 |41 |27 |53 | 42 | 57 | 49 | 58 | 50
4 40 | 25 | 51 30 | BB |42 | 35 | 23 |51 | 38 |56 | 48 | 5B | 49
5 3 | 22 |45 |30 | 55 (35 | 31 (20 |49 | 34 | 56 | 47 | 57 | 49
(3] 30 |20 |38 | 26 (52 | 22 |28 | ... |47 | 31 | 55 | 45 | 57 | 48
o 28 | .. |34 |23 |47 (30 |27 | ... | 44 | 29 | 54 | 42 | 56 | 45
3 26 | .. |32 |22 (43 |28 |25 | ... |42 | 27 | 53 | 40 | 55 | 43
] 25 | .. |30 | 29 |40 |28 |24 | ... |40 | 26 | 52 | 38 | 55 | 40
10 25 | ... |29 |20 |38 |27 |23 | .. |38 |26 |51 |36 |54 | 39
11 24 | .. |88 | .. |37 |26 |22 | .. |36 |25 |80 | 34 | 53 | 37
12 23| v |27 | o 035 | 26 | 21 e |35 | 25 |49 | 33 | 52 | 38
13 23 26 34 | 25 | M 34 | 24 |48 | 32 | 51 | 35
14 22 26 33 |25 | 20 34 | 24 | 47 | 31 | 50 | 34
15 22 26 33 | 25 | - 33 |23 |46 | 3¢ | 49 | 33
16 21 25 32 | 25 33| 23 |45 | 3¢ | 48 | 33
18 21 25 3| 24 32 |22 |44 | 29 | 46 | 32
20 20 25 30 | 24 S 21 |42 | 28 | 45 | 31
22 25 30 | 23 32 | 20 |41 | 27 | 44 | 30
24 24 30 | 23 31 40 | 27 | 43 | 30
26 24 30 | 22 31 38 | 27 | 42 | 30
28 24 29 | 22 30 38 | 26 | 42 | 29
a0 23 29 | 21 30 38 | 268 | 41 | 29
32 23 29 | A 28 ar | 26 | 41 | 29
ol B GRADE
DISTANCE 4140 H | 4142 H | 4145H | 4147 H | 4150 H | 4320 H | 4340 H
SIXTEENTHS

OF AMINCH || Max. | Min. |Max. | Min, | Max. | Min, | Max | Min, | Max. | Min, | Max, | Min, | Max, | Min,

1 GO | 53 |62 |55 |63 |56 |64 |57 |65 |59 |46 | 41 | 60 | 53
2 60 | 53 |62 |55 |63 |55 (64 | 57 (65 | 59 (47 | 38 | 60 | 53
3 G0 | 52 | 62 | 54 |62 | 55 (64 | 56 (65 | 59 (45 | 35 | 60 | 53
a 59 | 51 |61 | 53 |62 |54 [64 | 56 (65 |58 [ 43 | 32 | 60 | 53
5 59 |51 |61 |53 |62 |53 |63 |55 (66 |58 (41 |29 |60 | 53
& 68 | B0 | 61 |52 |61 | 53 |63 | 55 (65 |57 (3B |27 | 60 | 53
7 BR | 48 | 60 [ 51 | 61 | 52 | 63 | 55 (65 (&7 (36 | 26 | 60 | 53
a 57 | 47 | 60 | 50 | 61 | 52 |63 | 54 [ 64 | 56 [ 34 | 23 | B0 | 52
8 57 | 44 | B0 (49 | B0 | 51 | 63 | 54 |64 | 56 | 33 | 22 | B0 | 52
10 G |42 | 59 (47 | B0 | 50 |62 | 53 |64 [ 55 |31 |21 | B0 |52
11 BG | 40 | 59 (46 | 60 | 49 |62 | 52 |64 [ 54 |30 | 20 | 59 [ 51
12 55 | 39 | 58 | 44 |59 | 48 |62 | 51 | 63 | 53 | 28 | 20 | 59 | 51
13 B5 | 38 | BB | 42 | 59 | 46 |61 | 49 [ 63 | 51 [ 28 58 | 50
14 54 | 37 | B7 | 41 | 59 | 45 | 61 | 48 | 62 | 50 [ 27 58 | 49
15 54 | 36 | 57 |40 | 58 | 43 | 60 | 46 | 62 | 48 | 27 58 | 49
16 53 |35 |66 | 30 | 68 [ 42 | 60 | 45 | 62 | 47 | 26 5B | 48
18 62 | 34 | BB | 37 | 57 | 40 | 59 | 42 | 61 | 45 [ 25 58 | 47
20 51 |33 [ 54 | 36 | &7 |38 |59 | 40 | 60 | 43 | 25 57 | 46
22 49 | 33 [ 53 | 35 |56 |37 |59 |39 |58 |41 | 24 a7 | 45
24 48 | 32 | 53 | 34 |55 | 36 |57 | 38 |59 | 40 [ 24 | .. | 57 | 44
26 47 | 32 [ 52 | 34 |55 |35 |57 | 37 |58 | 39 | 24 | ... | BY [ 43
28 46 | 31 [ 51 | 34 | 55 |35 |57 | 37 |58 | 38 | 24 | ... | 56 | 42
a0 45 | 31 [ 51 |33 | 55 |34 |66 |37 |58 |38 |24 | ... | 56 | &1
32 44 | 30 [ 50 | 33 |54 | 34 |56 | 36 |58 |38 |24 [ ... | 56 [ 40




PACIFIC MACHINERY & TOOL STEEL CO.

END QUENCH HARDENABILITY LIMITS — Continued

“J" GRADE
DISTANCE E4340H| 4260H | 4720H | 4815 H | 4820H | 5120H | 5130 H
SIXTEENTHS
OF AN INCH || Max. | Min. | Max. | Min. | Max, | Min, | Max. | Min, | Max. | Min. | Masx, | Min, | Max, | Min,
1 GO | 53 |48 |41 | 48 | 41 | 45 | 38 | 48 | 41 | 4B | 40 | 56 | 49
2 G0 | 53 |45 | 35 | 47 | 39 | 44 | 37 | 4B | 40 | 46 [ 34 | 55 | 46
3 G0 | B3 |42 |27 |43 | 31 | 44 | 34 | 47 | 39 | 41 [ 2B | 53 | 42
4 60 | 53 |39 |24 |30 | 27 |42 | 30 |46 | 3B |36 |23 | &1 | 3@
5 60 | B3 |84 | 21 |35 | 23 | 41 |27 | 45 | 34 |33 |20 |49 | 35
[+ 60 | B8 |81 | ... |32 | 21 |38 |24 |43 |31 |30 | ... | 47 | Az
7 B0 | 53 | 29 28 | ... |37 |22 |42 | 29 | 2B 45 | 30
B B0 | 53 | 27 28 35 | 21 | a0 | 27 | 27 42 | 28
] BO | 53 | 28 27 33 | 20 |39 |26 |25 40 | 26
10 BO | B3 | 25 26 M we | 37| 25 | 24 3B | 25
iR BD | 53 | 24 25 30 36 | 24 | 23 37 | 23
12 B0 | 53 | 23 24 29 35 | 23 | 22 36 | 22
13 BO | 52 | 22 24 28 34 |22 [ 21 3E |21
14 Bg | B2 | 22 23 28 a2 | 34 | 20
15 Ba | 52 | 22 23 27 az |2 |20 A | s
16 Ba | 51 | 21 22 27 3|21 33
18 5B | 51 | 21 21 26 29 | 20 22
20 BB | 50 | 20 21 25 28 | 20 31
22 58 | 49 | ... 21 24 28 | ... a0
24 57 | 48 20 24 27 29
26 57 | 47 24 27 27
28 57 | 48 23 26 26
30 K7 | 45 23 26 25
32 57 | 44 23 25 24
“J" GRADE
OISTANCE |"c 130 H [ 5140H | 5150 H | 5160H |51B60 H| 6150 H | 8617 H
SIXTEENTHS
QF AMINCH |[ Max. | Men. | Max. | Min, | Max. | Min. [ Mac | Min, | Max | Min, | Max, | Min, | Max. | Min,
1 57 | 90 |60 | 53 |65 | 59 | .. | 6D B0 | 65 [ 59 | 46 | 39
2 56 | 47 |59 | 52 |65 | 5B | ... | 6O B0 | 65 [ 58 | 44 | 33
3 54 |43 | 58 | 50 | 64 | 57 | ... | 6O B0 | 64 | B7 | 41 | 27
4 52 | 40 | 57 | 4B | 63 | 56 | 65 | BO B0 | 64 | B8 | 38 | 24
5 50 | 35 | 56 | 42 | 62 | 53 | 65 | BB BO | 63 | 85 | 34 | 20
3] 48 | 32 | 54 | 3B | 61 | 49 | 64 | BB 59 | 63 | 53 | AN
7 45 | 29 | 52 | 35 | 60 | 42 | 64 | B2 58 | 82 | 50 | 28
8 42 | 27 | 50 | 3% | 59 | 3B | 63 | 47 57 | 61 | 47 | 27
4] 40 | 25 |48 |3 | 58 | 36 | B2 |42 | ... |54 |61 | 43|26
10 38 | 24 |46 | 30 [ 56 | 34 |61 | 39 | ... |50 |60 | 41 |25
11 Jr| 23 (45 |29 |55 |33 |60 (37 | ... |44 |59 |39 | 24
12 36 |22 (43 | 2B |53 |32 | B0 |36 |65 |41 |58 |38 |23
13 35 |21 |42 | 27 | 51 31 BB |35 |65 | 40 | 67 | a7 | 23
14 34 | 20 |40 | 27 | B0 | 31 BE | 35 | 64 | 33 | 55 | 36 | 22
15 34 | ... |39 |26 | 4B | 30 | B4 | 34 | B4 | 38 | 54 | 35 | 22
16 33 38 |25 [47 |30 |52 | 34 |63 | 3F |52 |35 | A
18 32 37 | 24 | 45 | 29 |48 | 33 |61 | 36 | 50 | 34 | 21
20 3 36 |23 (43 |28 |47 | 32 | 59 | 34 |48 | 32 | 20
22 30 35 |21 (43 | 2F |46 | 31 |57 | 33 | 47 | 3
24 29 34 |20 [ 41 | 26 |45 | 30 | 55 | 31 | 46 | 30
26 28 34 40 | 25 | 44 | 29 | 53 | 30 | 45 | 29
28 27 33 39 | 24 |43 | 28 | 51 | 28 | 44 | 27
30 26 33 39 | 23 |43 | 28 | 49 | 27 | 43 | 26
a2 25 32 38 | 22 | 42 | 27 | 47 | 25 | 42 | 25

H=33




PACIFIC MACHINERY & TOOL STEEL CO.

END QUENCH HARDEMNABILITY LIMITS — Continued

O GRADE
DISTANCE |"8620 H | 8622 H | 8630H | 8637 H | 8640H | 8645 H | 8720 H
SIXTEENTHS
QF AN INCH | Max. | Min. | Max. | Mo, | Max. | Min, | Max | Min, | Max | Min. | Max, | Min, | Max, | Min,
1 48 | 41 | B0 | 43 | 56 | 49 | 59 | 52 |60 | 53 | 63 | 56 | 48 | 41
2 47 | 37 |49 | 39 | 55 | 46 | 58 | 51 | 60 | 53 | 63 | B6 | 47 | 38
3 44 | 32 | 47 | 34 | 54 | 43 [ 58 | 50 [ B0 | B2 | B3 | 55 | 45 | 35
4 41 | 27 | 44 | 30 | 52 | 39 | 57 | 48 | 59 [ 51 B3 | 54 | 42 | 30
5 37 |23 |40 | 26 | 50 | 35 | 56 |45 |50 |49 | B2 (B2 | 98 | 26
B 34 | 21 |37 |24 | 47 | 32 |55 |42 | 5B |46 | 61 | 50 | 35 | 24
7 32 34 | 22 |44 | 29 | 54 | 39 |57 |42 |61 | 4B | 33 | 22
B 30 32 [ 20 |41 |28 | 53 |36 |55 (30 |60 | 45 | 31 | 21
5 29 | ..o |81 | . |39 | 27 |51 |34 |54 |36 | 6D |41 |30 | 20
10 28 | ... |B@0 | ... |37 |26 |49 | 32 |52 | 34 | 58 | 39 | 29
11 27 | .. | 23 a5 |25 |47 |31 [ 50 |32 |56 | 37 | 28
12 26 28 34 | 24 | 46 | 30 | 48 | 3 BS | 34 | 27
13 25 27 33 |23 |44 | 20 | 47 | 30 | 54 | 24 | 26
14 25 26 33 |22 |43 | 2B | 45 | 29 | 52 (33 | 26
15 24 26 32 |22 |41 | 2F |44 | 2B | 51 | 22 | 25
16 24 25 31 |21 |40 | 26 |42 | 2B |49 [ 31 | 25
18 23 | ... | 25 30 |21 |39 | 25 |41 | 26 | 47 | 30 | 24
20 23 | ... | 24 30 |20 |37 |25 |30 | 26 |45 | 209 | 24
22 23 | .. | 24 29 |20 |36 |24 | 3B | 25 |43 | 28 | 23
24 23 | ... | 24 29 36 |24 [ 3B | 25 | 42 | 28 | 23
26 23 24 29 as | 24 | 37 [ 24 | 42 | 27 | 23
28 22 24 29 a5 |24 |37 |24 | 41 | 27 | 23
30 22 24 29 a5 |23 |37 |24 |41 | 27 | 22
32 22 24 29 35 | 23 | 37 |24 | 41 | 27 | 22
ad GRADE
DISTANCE
B740H | BB22H | 9620H | 9310 H |84B17 H
SIXTEENTHS
OF AMINCH || Max. | Min, |Max. | Min. | Max. | Min. | Max | Min. | Mag. | Min. | Max, | Min, | Max, | Min,
1 B0 [ 53 |80 | 43 | ... | 60 | 43 | 36 | 46 | 39
2 B0 | 53 |49 | 42 | ... | 60 [ 43 |35 | 46 | 39
| 60 | 52 | 48 | 39 |65 | 57 (43 | 35 | 45 | 3B
i 60 | 51 dg | 33 | 64 | 53 | 42 | 34 | 45 | 37
5] 59 | 49 | 43 | 29 | 63 | 46 | 42 [ 32 | 44 | 34
5] 58 | 46 | 40 | 27 | 62 |41 |42 | 31 |43 | 29
T 57 | 43 |37 | 25 |60 | 3B | 42 | 30 | 42 | 26
a 56 |40 |95 | 24 | 5B |36 |41 [ 20 | 41 | 24
2] 55 | 37 | 34 | 24 |55 |36 |40 | 2B | 40 | 23
10 53 |35 |83 | 23 | 52 |35 |40 (27 | 38 | 21
11 52 | 34 | 32 | 23 | 49 | 34 | 39 |27 | 36 | 20
12 0 |32 |31 |22 |47 |34 |38 | 26 | 34
13 49 | 31 |3 | 22 |45 | 33 | 37 (26 | 33
14 48 | 31 |30 | 22 |43 | 33 | 36 | 26 | 32
15 46 | 30 |30 | 21 |42 | 32 | 36 | 26 | 31
16 45 |29 |29 | 21 | 4D | 32 | 35 (.26 | 30
18 43 |28 |29 | 20 | 3B | 31 35 |26 | 28
20 42 | 28 | 28 37 | 3 35 | 26 | 27
22 41 | 27 | 27 36 |30 | 34 |25 | 26
24 40 | 27 | 27 36 |30 | 34 | 25 | 25
26 39 | 27 | 27 35 |29 | 34 | 25 | 24
28 39 | 27 | 27 35 (20 | 34 | 25 | 24
30 38 | 26 | 27 35 |28 | 33 | 24 | 23
32 35 | 26 | 27 34 | 26 | 33 [ 24 | B3




PACIFIC MACHINERY & TOOL STEEL CO,

CARBURIZING INFORMATION
Total & Etched Case vs. Time

CASE DEPTHS BASED ON HARRIS EQUATIONS

TIME
{Hours)

o W @ ~ m Wt B W M

16

20

24

30

CARBURIZING TEMPERATURE
1600°F 1650°F 1700°F 1750°F

0 H Am I L o i H 5 o
Eo | YEa| LEa | YEn | LEa | Y5 | LEa | YEa
zWW | FuWw | zww | FUw (| guw | CUWwW | fUW | EwoWw
bat |BmLs | b0 | B0s | bnd | BRS | BES | B2
FoZ | BBz | FoZ | B9z | ro2 | ko2 |Faz | Loz

G | WG g | WG 5 | uwgd S| wud™
018 013 021 015 025 019 029 022
025 .018 030 o2z 035 026 041 03
031 o2z 037 027 043 032 051 039
035 025 042 031 050 037 058 045
040 029 047 034 056 042 066 050
043 031 052 038 061 045 oyz2 055
047 034 056 041 D66 049 .07a 059
050 036 060 044 .07 053 083 063
053 038 {063 046 075 056 088 087
056 040 067 .049 079 059 093 071
059 | 042 | o70 | o051 | o83 | oe2 | 097 | .073
081 044 073 053 087 065 02 077
0N 051 084 081 100 075 A7 nlats
079 | o057 | o094 | o069 | 112 | o084 | 131 | 099
86 062 03 075 Jd22 082 44 1048
ooy 070 A16 0BS5S 37 103 161 A22

MOTE. Total case depth values calculated to base carbon content of approxi-

mately 0.20%. Efiective case depth values calculated lo 0.40% carbon
level. All values are for carbon and lower alloy carburizing steels such as
1018 and B620.
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TEMPERATURES AND COLORS FOR HEATING

AND TEMPERING STEEL
COLORS FAHRENHEIT PROCESS
[ White 2500°
2400° ]_ High Speed
— Steel Hardening
Yellow White 2300° ‘ (2250°-2400°F.)
2200°
2100°
Yellow 2000°
19007
Crange Red 1800° Alloy Steel
- = Hardening
Heat | 1700° {1450°-1950°F.)
Colors —
1600°
Light Cherry Red ==
1500°
— Carbon Steel
Cherry Red 1400° Hardening
— {1350°-1550°F.)
1300°
Dark Red -_
1200
11007 -
Very Dark Red 1000° |
00"
Black Red 200° High
in dull light or — Speed
darkness Tooe Carbon Stea|
2 - Steel — Tempering
Pale Blue (590°F.) 600° - Tempering (350°-
Violet (545°F.) — {300°- 1100°F.)
Temper | Purple (525°F.} 500° 1050°F.)
Colors Yellowish Brown (480°F.) —
Straw (465°F.) 4007
| Light Straw (425°F.) —_
300 i
200°
1007
0

Ask for our Heating and Tempering Steel Color Chart
He35
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PACIFIC MACHINERY & TOOL STEEL CO.

EFFECTS OF CHEMICAL ELEMENTS
Carbon and Alloy Steels

The effects of the commonly specified chemical elements on the properies of
carbon and alloy steels are discussed here by considering the various elements in-
dividually. In practice, however, the effect of any particular element will often depend
on the quantities of other elements also present in the steel. For example, the total
effect of a combination of alloying elements on the hardenability of a steel is usually
greater than the sum of their individual contributions. This type of interrelation should
be taken into account whanever a change in a specified analysis is evaluated.

CARBON is the principal hardening element in steel, with each additional incre-
ment of carbon increasing the hardness and tensile strength of the steel in the as-
rolied or normalized condition. As the carbon content increases above approximately
[B5%, the resulting increase in strength and hardness is proportionately less than
it is for the lower carbon ranges. Upon quenching, the maximum attainable hard-
ness also increases with increasing carbon, but above a content of .60%, the rate
of increase is very small.

Conversely, a steel's ductility and weldability decrease as its carbon content
is increased.

Carbon has a moderate tendency to segregate within the ingot, and because
of its significant effect on properties, such segregation is frequently of greater
importance than the segregation of other elemeants in the steel,

MANGANESE is present in all commercial steels, and contributes significantly ta
a steel's strength and hardness in much the same manner, but to a lesser extent,
than does carbon. lts effectiveness depends largely upon, and is directly propor-
tional to, the carbon content of the steel. Another important characteristic of this
element is its ability to decrease the critical cooling rate during hardening, thereby
increasing the steel's hardenability. Its effect in this respect is greater than that of
any of the other commonly used alloying elements.

Manganese is an active deoxidizer, and shows less tendency to segregate
within the ingot than do most other elements, |ts presence in a steel is also highly
beneticial to surface quality in that it tends to combine with sulfur, thereby minimiz-
ing the formation of iron sulfide, the causative factor of hot-shortness, or suscep-
tibility 1o cracking and tearing at rolling temperatures.,

BORON has the unigue ability to increase the hardenability of steel when added
in amounts as small as .0005%. This effect on hardenability is most pronounced
at the lower carbon levels, diminishing with increasing carbon content 1o where, as
the eutecloid composition is approached, the effect becomes negligible. Because
boron is ineffective when it is allowed to combine with oxygen or nitrogen, its use
is limited o aluminum-killed steels.

Unlike many other elements, boron does not increase the ferrite strength of
steel. Boron additions, therefore, promote improved machinability and formability
at a particular level of hardenability. It will also intensify the hardenability effects of
other alloys, and in some instances, decrease costs by making possible a redue-
tion of total alloy content,

LEAD does not alloy with steel. Instead, as added in peliet form during teeming of

the ingot, it is retained in its elemental state as a fine dispersion within the steel's
structure. Lead additions have no significant effect on the room temperature

[=1



PACIFIC MACHINERY & TOOL STEEL CO.

EFFECTS OF CHEMICAL ELEMENTS — Continued

mechanical properties of any steel; yet, when present in the usual range of .15 to
.35%, the lead additive enhances the steel's machining characteristics to a marked
deqgree.

Although lead can be added to any steel, its use to date has been most
significant with the free-machining carbon grades. Added lo a base composition
which has been resulfurized, rephosphanized, and nitrogen-treated, lead helps
these steels achieve the optimum in machinability.

NITROGEN is inherently present in all steels, but usually only in small amounts
which produce no observable effect. Present in amounts above about .004%,
however, nitrogen will combine with ceriain other elements to precipitate as a
nitride. This increases the steel's hardness and tensile and yield strengths while
reducing its ductility and toughness. Such effect is similar to that of phosphorus,
and is highly beneficial to the machining performance of the steel,

ALUMINUM is used in steel principally to control grain size and to achieve deoxi-
dation. Aluminum-killed steels exhibit a high order of fracture toughness.

A specialized use of aluminum is in nitriding steels. When such steels con-
taining .95 to 1.30% aluminum are heated in a nitrogenous medium, they achieve
a thin case containing aluminum nitride. This stable compound imparts a high
surface hardness and exceplional wear resistance to the steels invalved.

CHROMIUM is used in constructional alloy steels primarily to increase hardenability,
provide improved abrasion-resistance, and to promote carburization. Of the com-
man alloying elements, chromium is surpassed only by manganese and molyb-
denum in its effect on hardenability.

Chromium forms the most stable carbide of any of the more commaon alloying
elements, giving to high-carbon chromium stéels exceptional wear resistance. And
because its carbide is relatively stable at elevated temperatures, chromium is
frequently added to steels used for high temperature applications,

A chromium content of 3.99% has been established as the maximum limit
applicable to canstructional alloy steels, Contents above this level place steels in
the category of heat-resisting or stainless steels.

MOLYBDENUM exhibils a greater effect on hardenability per unit added than any
other commonly specified alloying elemeant except manganese. It is a non-oxidiz-
ing element, making it highly useful in the melting of steels where close hardenability
control is desired.

Molybdenum is unique in the degree to which it increases the high-tempera-
ture tensile and creep strengths of steel. Its use also reduces a steel's suscep-
tibility to temper brittlenass.

VANADIUM improvas the strength and toughness of thermally treated steels,
primarily because of its ahility to inhibit grain-growth over a fairly broad quenching
range. It is a strong carbide-former and its carbides are quite stable, Hardenability
of medium-carbon sleals is increased with a minimum effect upon grain size with
vanadium additions of about .04 fo .05%; above this content, the hardenability
effect per unit added decreases wilth normal quenching lemperatures due to the
formation of insoluble carbides. However, the hardenability can be increased with
the higher vanadium contents by increasing the austenifizing temperatures.

[e2



PACIFIC MACHINERY & TOOL STEEL CO.

EFFECTS OF CHEMICAL ELEMENTS — Continued

COPPER is added to steel primarily to improve the steel's resistance to corrosion.
In the usual amounts of from .20 to .50%, the copper addition does not signifi-
cantly affect the mechanical properties. Copper oxidizes at the surface of steel
praducts during heating and rolling, the oxide forming at the grain boundaries and
causing a hot-shoriness which adversely affects surface quality.

PHOSPHORUS is generally considered an impurity except where its beneficial
effect on machinability and resistance to atmospheric corrosion is desired. While
phosphorus increases strength and hardness to about the same degree as car-
bon, it alse tends to decrease ductility and toughness, or impact strength, particu-
larly for steel in the quenched and tempered condition. The phosphorus content of
maost steels is therefore kept below specified maxima, which range up to .04 per
cenl.

In the free-machining steels, however, specified phosphorus content may run
as high as .12%. This is attained by adding phosphorus to the ladle, commonly
termed rephosphaorizing.

SULFUR is generally considered an undesireable element except where machin-
ability is an important consideration. Whereas sulfides in steel act as effective
chip-breakers to improve machinability, they also serve to decrease transverse
ductility and impact strength. Moreowver, increasing sulfur impairs weldability and
has an adverse effect on surface quality. Steels with the higher sulfur contents—
and particularly those with .15 to .25% carbon—require appreciable surface prepa-
ration during processing. Extra discard of these steels at the mill may also be
necessary to minimize the amount of segregated steel in the finished product,
inasmuch as sulfur, like phosphorus, shows a strang tendency to segregate within
the ingot.

SILICON is one of the principal deoxidizers used in the manufacture of both
carbon and alloy steels, and depending on the type of steel, can be present in
varying amounts up to .35% as a result of deoxidation. It is used in greater
amounts in some steels, such as the silico-manganese steels, where its effects
tend to complement those of manganese to produce unusually high strength
combined with good ductility and shock-resistance in the quenched and tempered
condition. In these larger quantities, however, silicon has an adverse effect on
machinability, and increases the steel's susceptibility to decarburization and graph-
itization.

MNICKEL Is one of the fundamental steel-alloying elemeants. When present in ap-
praciable amounts, it provides improved toughness, particularly at low lempera-
tures: simplified and more economical thermal treatment; increased hardenability;
less distortion in guenching; and improved comosion resistance,

Mickel lowers the critical temperatures of steel, widens the temperature range
for effective quenching and tempering, and retards the decomposition of auste-
nite. In addition, nickel does not form carbides or other compounds which might
be difficult to dissolve during heating for austenitizing. All these factors contribute
to easier and more successful thermal treatment,

=3



PACIFIC MACHINERY & TOOL STEEL CO.

AISI/SAE NUMBERING SYSTEM
Wrought or Rolled Steel

A numerical index system is used to identify the compositions of the standard
grades of AISWSAE steels. The system uses four-digit numbers to indicate the type of
alloying elernents (if any) and the nominal carbon content; certain types of alloy steels
use five-digit numbers. The prefix 'E' is used to designate steels which are made by
the basic electric furnace process with special practices. The sufiix ‘H' is used to
designate standard hardenability steels,

The last two digits of the four-digit designations indicate the approximate mean of
the carbon range (the last three digits for the five-digit designations). For example, in
the grade 4130, the "30" indicates a carbon range of 0.28 to 0.33% (for 52100 the ‘100’
indicates 0.98 to 1.10% carbon). It is necessary, however o deviate from this rule and
to interpolate numbers in the case of some carbon ranges and for variations in manga-
nese, sulfur or other elements with the same carbon range. For example, 1215 has a
carbon content of 0.09% maximum.

The first two digits of the four and five-digit designations for the various standard
grades of carbon and alloy steels and their meanings are as follows:

SERIES TYPE AND APPROXIMATE PERCENTAGES OF
DESIGNATION IDENTIFYING ELEMENTS

10 e | Monresubunized, Manganese 1.00 per cent maximum
Resulfurized

Rephosphonized and Resufurized

Monresuliurized, Manganase maximum over 1.00 per cent

CARBON
STEELS

Manganese 1,75

Molybdenum 0.25

Chramium 0,50, 0,80 or 0.93, Molybdenum 012, 0,16, 0.20 or 0,30
Mickel 1.83. Chromium (.50 or 0.80, Malybdenum 0,25

Mickal 0.85 or 1.83, Malybdsnum 0.20 or 0.25

Mickel 0.85 or 1,05, Chromium 0.55 or 045, Molybdenum 0.20, 0,35 or 0.52
Mickel 3.40, Molybdenum Q.25

Cheomiurm 0,80, 0.88, 0.93, 0.95 or 1.00

Chromiurm 1.03

Chromium 1.45

Chromium 0,80, ar 0.95, Vanadium 0,13 or min, 0,15

Mickel 0,55, Chromivm 0.50, Molybdenum 0.20

Mickel 0.55, Chromium 050, Molybdenum 0.25

Mickel 0.55, Chromium 0.50, Molybdenum 0.35

Silicon 2.00; Silicon 1.00 or 1.40 & Chromium 0.55

Chromium 0.28 or 0.50

Chromivm 0.80

Mickel 0.30, Chromium 0.45, Molybdenum 0.12

Micke! 0.¢5, Chromium 0.40, Molvbdenum 0,12

ALLOY
STEELS

B denotes Boron Steel

HEAT AMNALYSIS applies to the chemical analysis representative of a heat of steel as
reportad to the purchaser. Heat analyses for standard AISVSAE grades of bars, billets,
blooms and slabs are listed on the following pages. Plate heal analyses ranges may
differ slightly.

PRODUCT ANALYSIS is a chemical analysis on the semifinished or finished stael to
determine conformance to the specification requirements. Tolerances for product analy-
ses follow the heat analyses listings. Product analysis ranges are wider than those for
heat analysis.

INCIDENTAL ELEMENTS, in small quantities, are present in steel. They are elements
which are neither specified nor required and may or may not be reported in the heat
analysis.

a4
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STANDARD NONRESULFURIZED CARBON STEELS
MANGANESE 1.00% MAXIMUM

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPOSITION, PER CENT
DESIGMATION | UNS = g

AlSlor SAE | NUMBER c Mn Max. Max.
1005 G10050 | 0.06 Max, 0.35 Max, 0.040 0.050
*1006 G10060 | 0.08 Max, 0.25/0.40 0.040 0.050
1008 G10080 | 0,10 Max. 0.30/0.50 0.040 0.080
1010 G10100 | 0.08/0.13 0.30/0.50 0.040 0.050
1011 G10110 | 0.09/0.14 0.50/0.80 0.040 0.050
1012 G10120 | 0.10/0.15 0.30/0.60 0.040 0.050
1015 G10150 | 0.13/0.18 0.30/0.60 0.040 0.050
1016 G10160 | 0.13/0.18 0.60/0.90 0.040 0.050
1017 G10170 | 0.15/0.20 0.30/0.60 0.040 0.050
1018 G10180 | 0.15/0.20 0.60/0.90 0.040 0.050
1020 G10200 | 0.18/0.23 0.30/0.60 0.040 0.050
1021 G10210 | 0.18/0.23 0.60/0.90 0.040 0.050
1022 G10220 | 0.18/0.23 0.70/1.00 0.040 0.050
1023 G10230 | 0.20/0.25 0.30/0.60 0.040 0.050
1025 (310250 | 0.22/0.28 0.30/0.60 0.040 0.050
1026 G10260 | 0.22/0.28 0.60/0.90 0.040 0.050
1029 G10280 | 0.25/0.31 0.60/0.90 0.040 0.050
1030 G10300 | 0.28/0.34 0.60/0.90 0.040 0.050
1035 G10350 | 0.32/0.38 0.60/0.90 0.040 0.050
1038 G10380 | 0.35/0.42 0.60/0.90 0.040 0.050
1039 G10390 | 0.37/0.44 0.70/1.00 0.040 0.050
1040 G10400 | 0.37/0.44 0.60/0.50 0.040 0.050
1042 G10420 | 0.40/0.47 0.60/0.90 0.040 0.050
1043 G10430 | 0.40/0.47 0.70M1.00 0.040 0.050
1044 (G10440 | 0.43/0.50 0.30/0.60 0.040 0.050
1045 G10450 | 0.43/0.50 0.60/0.90 0.040 0.050
1046 (G10460 | 0.43/0.50 0.70/1.00 0.040 0.050
1049 (G10480 | 0.46/0.53 0.60/0.90 0.040 0.050
1050 G10500 | 0.48/0.55 0.60/0.90 0.040 0.050
1053 G10530 | 0.48/0.55 0.70/1.00 0.040 0.050
1055 G10550 | 0.50/0.60 0.60/0.890 0.040 0.050
1059 10590 | 0.55/0.65 0.50/0.80 0.040 0.050
1060 G10800 | 0.55/0.65 0.60/0.90 0.040 0.050
1065 10650 | 0.60/0.70 0.60/0.90 0.040 0.050
1070 G10700 | 0.65/0.75 0.60/0.90 0.040 0.050
1074 G10740 | 0.70/0.80 0.50/0.80 0.040 0.050
1078 (G10780 | 0.72/0.85 0.30/0.60 0.040 0.050
1080 (G10800 | 0.75/0.88 0.60/0.90 0.040 0.050
“1086 G10860 | 0.80/0.93 0.30/0.50 0.040 0.050
1090 G10900 | 0.85/0.98 0.60/0.90 0.040 0.050
“1085 G10950 | 0.901.03 0.30/0.50 0.040 0.050

Note 1. Sificon. When silicon ranges or limits are required, consult praducer for ranges and imits.
MNote 2. Copper. When copper is required, 0.20 per cent minimum is generally specified.

WNote 3. Lead. Standard carbon steels can be produced with a lead range of 0.15/0.35 per cent,
to improve machinability. Such steels are identified by inserting the letter L between the second
and third numerals of the AlISInumber, e.g. 10L45. Lead is generally reponed a3 a range of 0,15/
0.35 par cent,

“Standard Steel Grades for Wire Rods only,
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STANDARD CARBON H-STEELS

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPOSITION, PER CENT
DESIGNATION UMNS P g
AIS| or SAE | NUMBER C Mn Max. Max, g

1038H H10380 | 0.34/0.43 | 0.50/1.00 0.040 0.050 0.15/0.35
1045H H10450 | 0.42/0.51 | 0.50/1.00 0.040 0.050 0.15/0.35
15B21H H15211 | 0.17/0.24 | 0.701.20 0.040 0.050 0.15/0.35
1522H H15220 | 0.17/0.25 | 1.00/1.50 0.040 0.050 0.15/0.35
1524H H15240 | 0.18/0.26 | 1.25M1.75 0.040 0.050 0.15/0.35
1526H H15260 | 0.21/0.30 | 1.00/1.50 0.040 0.050 0.15/0.35
15B35H H15351 | 0.31/0.39 | 0.70/1.20 0.040 0.050 0.15/0.35
1541H H15410 | 0.35/0.45 | 1.25M1.75 0.040 0.050 0.15/0.35
15841H H15411 | 0.35/0.45 | 1.251.75 0.040 0.050 0.15/0.35
15B48H H15481 | 0.43/0.53 | 1.00/1.50 0.040 0.050 0.15/0.35
15862H H15621 | 0.54/0.67 | 1.00/1.50 0.040 0.050 0.40/0.60

Mote 1. If electric furnace practice is specified or required, the limits for phosphorouws and sulfur
are 0.025 per cent respectively and the prefix E is added.

Mote 2. Standard carbon H-Staels can be produced with a lead range of 0.15/0.35 per cent. Such
sleels are identified by insaring the letter L batween the second and third numerals of the AlISI
number, e.0. 15L24H. Lead is gensrally reported as a range of 0.15/0.35 per cent.

MNote 3. Standard carbon H-Steels with boron added to improve hardenability are identified by
inserting the letter “B" between the second and third digits of the AIS| number, These steals can
be expected to contain 0.0005 to 0.003 per cent boron.

STANDARD RESULFURIZED CARBON STEELS

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPQOSITION, PER CENT
DESIGNATION UNS F g
AlS!ar SAE | NUMBER C Mn Max. Max.

1110 G11100 | 0.08/0.13 0.30v0.60 0.040 0.08/0.13
1117 G11170 | 0.14/0.20 1.00/1.30 0.040 0.08/0.13
1118 G11180 | 0.14/0.20 1.30M1.60 0.040 0.08/0.13
1123 G11230 | 0.20/0.27 1.20/1.50 0.040 0.06/0.09
1137 G11370 | 0.32/0.39 1.35/1.65 0.040 0.08/0.13
1140 G11400 | 0.37/0.44 0.70/1.00 0.040 0.08/0.13
1141 G11410 | 0.37/0.45 1.35M1 .65 0.040 0.08/0.13
1144 G11440 | 0.40/0.48 1.35M1.65 0.040 0.23/0.33
1146 G11460 | 0.42/0.49 0.70/1.00 0.040 0.08/0.13
1152 G11520 | 0.48/0.55 0.70/1.00 0.040 0.06/0.09

Mote 1. Siicon. When silicon ranges or limits are required, consult producer for ranges and
limits.

Mote 2. Lead Standard carbon steels can be produced with a lead range of 0.15/0.35 per
cent to improve machinability. Such steel is identified by inserting the letter L betwean the
second and third numerals of the AIS| steel designation, e.g. 11L17. Lead is generally
reported as a range of 0.15/0.35 par cent.




PACIFIC MACHINERY & TOOL STEEL CO.

STANDARD REPHOSPHORIZED and RESULFURIZED
CARBON STEELS

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPOSITION, PER CENT
DESIGNATION UNS
AlSlor SAE | NUMBER C MR =] = Ph
1212 G12120 | 013 Max. | 0.70/1.00 | 0.07/0.12 | 016/0.23
1213 G12130 | 0.13 Max. | 0.70/1.00 | 0.07/0.12 | 0.24/0.33
1215 G12150 | 0.09 Max. | 0.75/1.05 | 0.04/0.08 | 0.26/0.35
12L14 G12144 | 0.15 Max. ! 0.851.15 | 0.04/0.02 | 0.26/0.35 | 0.15/0.35

Note 1. Silicon. Itis not common practice 1o produce the 12XX series of steels to specified limits
for silicon because of iis adverse effect on machinahility. When silicon ranges or limits are
required for other series, consult producer for ranges and limits.

Mote 2. Lead, Standard carbon steels can be produced with a lead range of 0.15/0.35 per cent
toimprovie machinability. Such steel is identified by inserting the letter L betwaean the second and
third numerals of the AlSI steal designation, e.g. 12L15. Lead is ganerally reported as a range
of 0.15/0.35 per cant.

STANDARD NONRESULFURIZED CARBON STEELS

MANGANESE MAXIMUM OVER 1.00%

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPOSITION, PER CENT
DESIGNATION |  UNS p S
A3l or SAE | MUMBER C Mn Max. Max.
1513 E15130 0.10/0.16 1.10/1.40 0.040 0.050
1522 G15220 0.18/0.24 1.10/1.40 0.040 0.050
1524 G15240 | 0.190.25 1.35/1.65 0.040 0.050
1526 G15260 0.22/0.29 1.10/1.40 0.040 0.060
1527 G15270 0.22/0.29 1.20/1.50 0.040 (.050
1533 G15330 0.30/0.37 1.10/1.40 0.040 0.050
1534 G15340 0.30/0.37 1.20M1.50 0.040 0.050
1541 G15410 0.36/0.44 1.35/M1.65 0.040 0.050
1544 G15440 0.40/0.47 0.80/1.10 0.040 0.050
1545 G15450 0.43/0.50 0.80M1.10 0.040 0.050
1546 G15460 0.44/0.52 1.0041.30 0.040 0.050
1548 515480 0.44/0.52 1.10M1.40 0.040 0.050
1552 G15520 0.47/0.55 1.20/M1.50 0.040 0.050
1553 G15530 0.48/0.55 0.80/1.10 0.040 0.050
1566 515660 0.60/0.71 0.85M1.15 0.040 0.050
1570 G15700 0.65/0.75 0.80/1.10 (.0D40 0.050
1580 G15800 0.75/0.88 0.80/1.10 0.040 0.050
1590 G15300 0.85/0.98 0.801.10 0.040 0.050

limits.

Mote 1. Siicon. When silicon ranges or limits are required, consult producer for ranges and

Mate 1. Copper. Whean copper is required, 0.20 par cent minimum is generally specified.

Mote 2. Lead. Standard carbon steels can be produced with a lead range of 0.15/0.35 par
cant o improve machinability. Such steel is idenfified by insering the letter L between the
sacond and third numerals of the AIS| steel designation, e.g. 15L27. Lead is generally
reported as a range of 0.15/0.35 per cent.
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PACIFIC MACHINERY & TOOL STEEL CO

PRODUCT ANALYSIS TOLERANCES

CARBON STEEL BARS
| PRODUCT ANALYSIS TOLERANCES
w ; Over Under
ELEMENT Lé?;iiﬁg;};;"guamff Maximum Minimum
: Limit, %% Limit, %%
Carbon? 0.25 and under 0.o2 0.02
over 0.25 to 0.55, incl. 0.03 0.03
over 0.55 0.04 0.04
Manganese 0.90 and under 0.03 0.03
over 0.90 to 1.65, incl. 0.06 0.06
Phosphorous™® basic steels 0.008 o
acid bessemer steel 0.0 0.01
Sulfurt® 0.008 Tt
Silicon 0.35 and under 0.02 0.02
ovar 0.35 to 0.60, incl, 0.0 0.05
Copper under minimum only o 0.02
Lead® 0.15 1o 0.35, incl. 0.03 0.03
4 Rimmed and capped steels are not subject to rejection on product analysis
unless misapplication is clearly indicated.
7 Resulfurized or rephosphorized steels are not subject o rejection on product
ar:géysis for these elemenis unless misapplication is clearly indicated.
¢ Product analysis folerance for lead applies both over and under to a specified range of
(.15 1o 0.35%.

MERCHANT QUALITY

CARBON STEEL BARS

Merchant quality is the lowest quality for carbeon steel bars. Merchant quality bars
are produced to specified sizes, with appropriate control of the chemical limits or
mechanical properies for non-critical vses. Bars of this quality are usually rolled from
unconditioned billets. The size ranges are limited and the type of stee! applied is at the
producers option, i.e., immed, capped, semi-killed or Killed steel. This quality is not
suifable for applications which involve forging, heat treating, cold drawing, or ather
operations where intermal soundness or relative freedom from detrimental surface
imperfections is of prime importance.

CAST or HEAT CHEMICAL RANGES and LIMITS
GRADE CHEMICAL COMPOSITION, PER CENT
NO. c Mn P Max. S5 Max.

1008 .10 Max. 0.25/0.60 0.04 0.05
M1010 0.07/0.14 0.25/0.60 0.04 0.05
1012 0.090.16 0.25/0.60 0.04 .05
M1015 0.12/0.19 0.25/0.60 0.04 .05
1017 0.14/0.21 0.25/0.60 0.04 .05
1020 0.17/0.24 0.25/0.60 0.04 0.05
M1023 0.19/0.27 0.25/0.60 0,04 0.05
M1025 0.20/0.30 0.25/0.60 0.04 0.05
1031 0.26/0.36 0.25/0.60 0.04 0.05
M1 044 0.40/0.50 0.25/0.60 0.04 0.05
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FACIFIC MACHINERY & TOOL STEEL CO

STANDARD ALLOY STEELS

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPOSITION, PER CENT
DESIGNATION | UNS r | s
ASicr SAE |NUMBER| @ Mn [Max. |Max.| S i Cr Mao

1350 G13300) 0.28/0.33 | 1.60/1.90 | 0.035 | 0.040 | 0.15/0.35 - - -

1335 (13350 0.33/0.36 | 1.60/1.90 | 0,035 | 0.040 | 0.15/0.35 — - —

1340 G13400) 0.38/0.43 | 1.60/1.90 | 0.035 | 0.040 | 0.15/0.35 — — -

4023 G402301 0.20/0.25 | 0.70/0.90 | 0.035 | 0.040 | 0.150.35 — —_ 0.20/0.30

4027 G40270] 0.25/0.30 | 0.70/0.80 | 0.035 | 0.040 | 0.15/0.35 - — 0.20/0.30
4028 G40280| 0.25/0.30 | 0.70/0.90 | 0.035 | 0.035/ 0.15/0.35 | — = 0.20/0.30
0.050
4037 G40370] 0.35/0.40 | 0700050 | 0.035 | 0.040 | 0.15/0.35 — = 0.2000.30
4047 (340470 0.45/0.50 | 0.70/0.80 | 0,035 | 0.040 | 0.15/0.35 = = 0.20/0.30
4118 G41180) 0.18/0.23 | 0.70/0.90 | 0.035 | 0,040 | 0.15/0.35 — | 040/0.60 | RORIDAS
41200 |GH1200) 018023 | 0.90/1.20 | 0.035 | 0.040 | 0.15/0.35| — 0.40/0.60 | 0.13/0.20
4121 |G41210|0.18/0.23 | 0.751.00 | 0,035 | 0.040 | 0.15/0.35 — 0.45/0.65  0.20/0.30
4130 41300 0.28/0.33 | 0.40/0.60 | 0.035 | 0.040 | 0.150.35| — 0.80/1.10 | 0.15/0.25
413 G41310) 0.28/0.33 | 0.50/0.70 | 0.035 | 0.040 | 015035 | — | 080,20 | R15/0.25
4137 G41370)0.35/0.40 | 0.70/0.%0 | 0.035 | 0.040 | 015035 | — | 080110 | 0.15/0.25
4140 (G41400| 0.38/0.43 | 0.751.00 | 0.035 | 0,040 | 0.15/0.35 — 0.801.10 | 0.15/0.25
4142 G41420|0.40/0.45 | 0.751.00 | 0.035 | 0.040 |0.15/0.35 | — 0.801.10 { 0.15/0.25
4145 G41450)0.43'0.48 | 0.751.00 | 0.035 | 0.040 | 0.15/0.35 — | DB01.10 | 15/0.25
147 (341470 0.45/0.50 | 0.751.00 | 0.035 | 0.040 | 0.15/0.35 — 0.80¢1.10 | 0.15/0.25

41:0 41500 | 0.48/0.53 | 0.751.00 | 0.035 | 0,040 | 0.15/0.35 - 0.80/1.10 | 0.15/0.25
4320 G43200| 0.17/0.22 | 0.45/0.80 | 0.035 | 0.040 | 0.15/0.35 | 1.65/2.00 | 0.40/0.60 | 0.20/0.30
4340 G43400| 0.36/'0.43 | 0.60/0.80 | 0.035 | 0.040 | 0.15/0.35 | 1.65/2.00 | 0.7040.90 | 0.20/0.30
E4340  [G43405)0.38/0.43 | 0.65/0.85 | 0.025 | 0.025 | 0.15/0.35 | 1.65/2.00 | 0.70:0.90 | 0.20/0.30
4620 G46200| 0.17/0,22 | 0.45/0.65 | 0.035 | 0,040 1 0.15/0.35 | 1.65/2.00 == 0.20/0.30
47st |G47180) 01370018 | 0.70/0.90 | 0.035 | 0.040 | 0.15/0.35 | 0.70/1.00 | 0.45/0.65 | 0.45/0.65
4720 (G47200( 017/0.22 | 0.50/0.70 | 0.035 | 0.040 | 0.15/0.35 | 0.90/1.20 | 0.35/0.55 | 0.15/0.25

4815 (48150 0.13/0.18 | 0.40/0.60 | 0.035 | 0.040 |0.15/0.35 | 3.2503.75 | — 0.20/0.30
4820 G48200| 0.18/0.23 | 0.50/0.70| 0.035 | 0.040 {0.15/0.35 | 328575 | —  |0.2000.30
50B46  |G50461| 0.44/0.48 | 0.75/1.00 | 0.035 | 0.040 |0.15/0.35 —  |020M035| —
5120 G51200( 0.17/0.22 | 0.70/0.20 | 0.035 | 0.040 | 0.15/0.35 — 0.7040.90 -
5130 (351300 0.28/0.33 | 0.70/0.90 | 0.035 | 0,040 | 0.15/0.35 — 080110 -
5132 G51320| 0.30/0.35 | 0.60/0.80 | 0.035 [ 0.040 | 0.15/0.25 —  |07300| —
5140 G51400 | 0.38/0.43 | 0.70/0.90 | 0.035 | 0.040 | 0.15/0.35 — |D70M090| —
5150 (351500 0.48/0.53 | 0.70/0.90 | 0.035 | 0,040 | 0.15/0.35 — 070ne0 | —
5160 G51600| 0.56/0.64 | 0.751.00 | 0.035 | 0.040 | 0.15/0.35 — |070080 —
51B60  |G51601) 0.56/0.64 | 0.751.00 | 0.035 | 0.040 | 0.15/0.35 — |070080| —
ES1100  |[G51896(0.98/1.10 | 0.25/0.45 | 0.025 | 0.025 | 0.15/0.35 — (080115 —
E52100 | G52986|0.58/1.10) 0.25/0.45 | 0.025 | 0.025 [0.15/0.35 —_ 1.30/1.60 =
6150 G61500| 0.48/0,53 | 0.70VD.20 | 0.035 | 0.040 | 0.15/0.35 — | 0BOV1.10 {115 minV)

8615 GAGE1S0) 0.13/0.98 | 0.70/0.90 | 0.035 | 0.040 [0.15/0.35 | 0.4000.70 | 0.4000.60 | 0.150.25
8E17 GBE170| 0.15/0.20 | D.70/0.90 | 0.035 | 0.040 [ 0.15/0.35 | 0.40/0.70 | 0.4000.60 | 0.15/0.25
Bg20 GRG200) 0.18/0.23 | 0.700.20 | 0.035 | 0.040 | 0.15/0.35 | 0.40/10.70 | 0.4000.60 | 0.1510.25
fg22 GAG220) 0.20M.25 | 0.70:0.90 | 0.035 | 0.040 | 0.15/0.35 | 0.40/10.70 | 0.4000.60 | 0.1510.25

Continued on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

STANDARD ALLOY STEELS — Continued

HEAT CHEMICAL RANGES and LIMITS

STEEL CHEMICAL COMPOSITION, PER CENT
DESIGHATICN | UNS P | s
ASiorSAE |NUMBER| Mn Max. IMax.| S Ni Cr Mo

8530 GBEI00| 0.280.33 | 0.70/0.90  0.035 | 0.040 | 0.15/0.35 | 0.40/0.70 | 0.40/0.60 | 0.15/0.25
3637 GBG370| 0.35/10.40 | 0.751.00 | 0.035 | 0.040 | 0.15/0.35 | 0.40/0.70 | 0.40/0.60 | 0.15/0.25
8640 (386400 0.38/0.43 | 0.75/1.00 | 0,035 | 0.040 | 0.15/0.35 | 0.40/0.70 | 0.40/0.60 | 0.18/0.25
BE45 (GBE4A50| 0.43/0.48 | 0.751.00 | 0.035 | 0.040 | 0.15/0.35 | 0.40/0.70 | 0.40/0.60 | 0.15/0.25
8720 GB7200| 0.180.23 | 0.70/0.90 | 0.035 | 0.040 | 0.15/0.35 | 0.40/0.70 | 0.4000.60 | 0.20/0.30
gaz2 GAE220) 0.2000.25 | 0.751.00 | 0.035 | 0.040 | 015/0.35 | 0.40/0.70 | 0.40/0.60 | 0.30/0.40
8259 GO2590| 0.56/00.64 | 0.751.00 | 0035 )| 0.040 (D70N90| —  [0450.65) —

9280 (G02600| 0.5610.64 | 0.751.00 | 0.035 | 0.040 (180220 — - -

9310 | GO3106| 0.08/0.13 | 0.450.65 | 0.025 | 0.025 | 0.15/0.35 | 3.00/3.50 | 1.00/1.40 | 0.08/0.15

* Farmerly EX 15
" Foermerly EX 24
*** Farmerly EX 30
"t BAE Only (electric furnace)

Note 1. Grades shown in the above |ist with prefix letter E are normally made by the basie electric
furnace process. All others are normally manufactured by the basic open hearih or basic oxygen
process but may be manufactured by the basic electric furnace process,

Note 2.|f electric furnace practice is specified or required far grades other than those designated
(i.e. E4340) the limits for phosphorus and sulfur are 0.025 per cent respectively and the prefix E
is added.

Mote 3. For acid electric and acid open hearth steels, the limits for phosphorus and sulfur are
0.050 per cenl respactively.

Mote 4. In the case of cerain qualities the foregoing standard steels are ardinarily furnished to
lower phosphorus and lower sulfur maxima as herginafter indicated.

Mote 5. Small quantitias of certain elements are presant in alloy steels which are not specified
or required, These alemants are considared as incidental and may be present to the following
maximum amounts: Copper, 0.35 per cent; Mickel, 0.25 per cant; Chromium, 0.20 per cent; and
Malybdenum, 0.06 per cent.

Mote 6. The chemical ranges and limits shown in the table and in the notes are subject to product
analysis tolerances.

Mote 7. Standard Steels can be produced with a lead range of 0.15/0.35 per cent, Such steels
are identified by inserting the letter “L” between the second and third numerals of the AIS| number,
&.0. 41L40. Lead is generally reported as a range of 0.15/0.35 per cent.

Mote 8.Whera minimum and maximum sulfur content is shownitis indicative of resulfurized stoal.

Mote 9. Standard Alloy Steals, which are ganerally fine grain, may be produced with a boron
treatment addition to improve hardenability. Such steels are identified by inserting the letter “B"
between tha second and third numerals of the AlISI number, e.g. 50B46,
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PACIFIC MACHINERY & TOOL STEEL CO.

STANDARD ALLOY H-STEELS
HEAT CHEMICAL RANGES and LIMITS
STEEL CHEMICAL COMPOSITION, PER CENT
DESIGNATION | UNS P | s
AlSlorSAE INUMBER| Mn  |Max.|Max.| Si Mi Cr Mo

1330H  |H13300 | 0.27/0.33 | 1.45/2.06 | 0.035 | 0,040 1015035 | — - -
1335H  |H13350| 0.32/0.38 | 1.45/2.05 | 0.035 | 0.040 | 0.15/0.35 = == =
1340H  [H13400| 0.37/0.44 | 1.45/2.05 | 0.035 | 0.040 | 0180035 | — — —
4027 H  |H40270| 0.24/0.30 | 0.60M1.00 | 0.035 ) 0.040 | 015035 | — — |0:20/0.30

4028H  |H40280 | 0.24/0.30 | 0.601.00 | 0.035 |0.035/| 0.15/0.35 — — |D.200.30
0.050
4037 H  |H40370 | 0.34/0.41 | 0.601.00 | 0.035 | 0.040 | 0.1580.35| — — | 0.20/0.30
4047 H  |HA0470)| 0.44/0.51 | 0.B0M.00 | 0035 0.040 | 0151035 | — = 0.20/0.30
4118H  |H41180(0.17/0.23 | 0.601.00 | 0,035 | 0.040 | 0.15/0.35 = 0.30/0.70 | 0.0B/D.15
4130H  |H41300|0.27/0.33 | 0.30/0.70 | 0.035 | 0.040 | 0.180.35 | — 0.75/1.20 | 0.15/0.25
4135H  |H41350) 0.32/0.38 | 0.601.00 | 0.035 | 0.040 | 015035 | — 0.75/1.20 | 0.15/0.25
413TH  |H31370 | 0.34/0.41 | 0.60M1.00 | 0.035 | 0.040 | 0.1510.35 — 0.75/1.20 | 0.15/0.25
4140H  |H41400|0.37/0.44 | 0.65M1.10 | 0.035 | 0.040 | 0.180.35| — 0.751.20 [ 0.15/0.25
4142H  |H41420(0.39/0.46 | 0.65M1.10 | 0.035 | 0.040 [ 015035 — 0.751.20 [ 0.15/0.25
4145H  |H41450(0.42/0.40 | 0.651.10 | 0.035 | 0.040 [ 018035 — 0.75/1.20 | 0.15/0.25
4147TH  |H41470 | 0.44/0.51 | 0.65M1.10 | 0.035 | 0.040 [ 015035 — 0.75/1.20 | 0.15/0.25
4150H  |H41500|0.47/0.54 | 0.68M1.10 | 0.035| 0.040 | 0.180.35| — 0.75/1.20 | 0.15/0.25

4320H  |H43200(0.17/0.23 | 0.4000.70 | 0,035 | 0.040 | 0.15/0.35 | 1.55/2.00 | 0.35/0.65 | 0.20/0.30
4340H  |H43400|0.37/0.44 | 0.55/0.80 | 0.035 | 0.040 | 0.15/0.35 | 1.55/2.00 | 0.65/0.95 | 0.20/0.30
E4340H |H43406|0.37/0.44 | 0.60/0.85 | 0.035 | 0.025 | 0.15/0.35 | 1.55/2,00 | 0.65/0.95 | 0.20/0.30

4620H  |H46200(0.17/0.23 | 0.32/0.75 | 0.035 | 0.040 | 0.18/0.35 [ 1.56200 | — (0200030
4720H  |HA7200(0.17/0.23 | 0.45/0.75 | 0,035 | 0,040 | 0.15/0.35 | 0.851.25 | 0.30V0.60 | 0.15/0.25
4815H  |H4B150|012/0.18 | 0.30/0.70 | 0.035 | 0.040 | 015035 | 320380 | —  [0.2000.30
4820H  |H4B200(0.17/0.23 | 0.40/0.80 (0,035 | 0.040 | 0.15/0.35 | 3.2003.80 | — 0.20/0.30
50B46H |H30461|0.43/0.50 | 0.65M1.10| 0,035 | 0.040 [ 018035 — 0130431 —
5120H  |H51200)0.17/0.23 | 0.601.00 [0.035 | 0.040| 0151035 — 0E0100 | -
§130H  |H51300)0.27/0.33 | 0.6011.00 | 0.035 | 0.040 (0151035 | — 075120 —
5132H  |H51320)0.29/0.35 | 0.50/0.90 | 0.035 ) 0.040 | 0181035 | — oEs1a0f —
5140H |H51400(0.37/0.44 | 0.601.00 | 0.035 | 0.040 | 015035 — neKt1.00|f —
5150H  |H51500|0.47/0.54 | 0.60M1.00 | 0.035 | 0.040 | 015035 — Dela0 | —
5160H  |H51600)0.55/0.65 | 0.651.10 | 0.035 | 0.040 (0151035 =— DEN1OD | -
51860 H |H31601|0.55/0.65 | 0.651.10 [0.035 | 0.040 | 0158035 | — fenton|  —
B150H |HB1500(0.47/0.54 | 0.6011.00 | 0.035 | 0.040 [ 015035 — 0.75/1.20 | (0.15 min.v)

BE1TH  |HBS170|0.14/0.20 | 0.60/0.85 | 0.035 | 0.040 | 0.1510.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.25
BE20H  |HB6200)0.17/0.23 | 0.6010.95 | 0.035 | 0.040 | 0.15/0.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.25
B622H  |HB6220{0.19/0.25 | 0.60/0.95 | 0,035 | 0.040 | 0.15/0.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.25
BE30H  |HBE300|0.27/0.33 | 0.60/0.85 | 0.035 | 0.040 | 0.15/0.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.25
BEITH  |HBE3TO|0.34/0.41 | 0.7011.05 | 0.035 | 0.040 | 0.15/0.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.31
BEA0H  |HBS400|0.37/0.44 | 0.70M1.05 | 0.035 | 0.040 | 0.15/0.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.25
B645H  |HB6450(0.42/0.49 | 0.70M1.05 | 0.035 | 0.040 | 0.150.35 | 0.35/0.75 | 0.35/0.65 | 0.15/0.25
B720H  |HB7200(0.17/0.23 | 0.60/0.95 | 0.035 | 0.040 | 0.15/0.35 | 0.35/0.75 | 0.35/0.65 | 0.20/0.30
8822 H  |HBAZ20(0.19/0.25 | 0.70M1.05 | 0.035 | 0.040 | 0.18/0.35 | 0.35/0.75 | 0.36/0.65 | 0.30/0.40
9260H  |H92600|0.55/0.65 | 0.65M1.10 | 0.035) 0.040 [1.70:220 | — = =

See notes on next page
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PACIFIC MACHINERY & TOOL STEEL CO.

STANDARD ALLOY H-STEELS — Continued

Note 1.Grades shownin this Table with prefix letter E are normally only made by the basic electric
furnace process. All others are normally manufactured by the basic open hearth or basic oxygen
procass but may be manufactured by the basic electric furnace process.

Mote 2. 1f electric furnace practice is specified or required lor grades other than those designated
[E4340 H) the limits for phosphorus and sulfur are 0.025 per cent respectively and the prefix E
iz addad.

Mote 3. For acid electric and acid open hearth steels, the limits for phosphorus and sulfur are
0.050 per cant raspactively.

Note 4. Small quantities of certain elements are present in alloy steels which are not specified
or requirad. These alemants are considered as incidental and may be present 1o the following
maximum amounts; Copper, 0.35 per cent; Mickel, 0.25 per cent; Chromium, 0.20 per cent; and
Malybdenum, 0.06 per cent.

Mote 5. Standard alloy H-5Steels can be produced with & lead range of 0.15/0.35 per cent. Such
steels are identified by insering the letiar L between the sacond and third numeral of the AISI
number, e.9. 41L40 H. Lead is generally reported as a range of 0.15/0.35 per cent,

Mote &. Where minimum and maximum sulfur content is shown, it i5 indicative of resulfurized
slael.

END-QUENCH HARDENABILITY TESTING

Standard steel grades bearing the "H" suffix are known as "H-steels” and have
been tested for hardenability. The most commonly used method of determining
hardenability is the end-guench test developad by Jominy and Boegehold. In conduct-
ing the test, a 1-inch-round specimen 4 inches long is first normalized to eliminate the
variable of prior microstructure, then heated uniformly to a standard austenitizing
temperature. The specimen is removed from the furnace, placed in a jig, and im-
mediately end-guenched by a jet of water maintained at room temperatura. The water
contacts the end-face of the specimen without wetting the sides, and guenching is
continued until the entire specimen has cooled. Longitudinal flat surfaces are ground
on opposilte sides of the quenched specimen, and Rockwell C scale readings are
taken at 16th-inch intervals for the first inch from the guenched end, and at greater
intervals beyond that point until a2 hardness level of HRC 20 or a distance of 2 inches
from the quenched end is reached. A hardenability curve is usually plotted using
Rockwell C readings as ordinates and distances from the guenched end as abscissas.
Representative data have been accumulated for a variety of standard grades and are
shown on pages H=31-34. The data are given in tabular form to show the high and low
limits applicable to each grade.



PACIFIC MACHINERY & TOOL STEEL CO,

PRODUCT ANALYSIS TOLERANCES
ALLOY STEELS

PRODUCT ANALYSIS TOLERANCES

Limit, or Maximum of Parmissible Variations
ELEMENTS Specified Range, Over Maximum Limit or
Fer Cent Under Minimum Lirmit, %
Carbon 0.30 and under 0.01
over (0,30 to 0.75, incl. 0.02
aver 0.75 0.03
Manganase 0.90 and under 0.03
over 0.80 to 2.10, incl. 0.04
FPhaspharus over maximum only 0.005
Sulfur 0.060 and under 0.005
Silicon 0.40 and under 0.02
aver 0.40 to 2.20, incl. 0.05
Mickel 1.00 and under 0.03
over 1.00 to 2.00, incl. 0.05
over 2.00 to 5.30, incl. 0.07
over 5.30 to 10.00, incl. 0.10
Chromium (.80 and under 0.03
over 0.90 to 2.10, incl, 0.05
over 2.10 to 3.99, incl. 0.10
Molybdenum 0.20 and under 0.01
over 0.20 to 0.40, incl. 0.02
over 0.40 to 1.15, incl. 0.03
Vanadium 0.10 and under 0.01
over 0.10 to 0.25, incl. 0.02
over 0.25 to 0.50, incl. 0.03
minimum value specified, under 0.01
mirimum [imit anly
Tungsten 1.00 and under 0.04
over 1.00 to 4.00, incl. 0.08
Aluminum 0.10 and under 0.03
over 0,10 to 0.20, incl. 0.04
over 0.20 to 0.30, incl, 0.05
over 0.30 to 0.80, incl. 0.07
over 0,80 to 1.80, incl. 0.10
Lead? 0.15 to 0.35, incl. 0.03
Copper to 0.100 incl. 0.03
aver 1.00 to 2.00, incl. 0.05

4 Product analysis tolerance for lead applies both over and under to a specified
range of 0.15 to 0.35%.
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PACIFIC MACHIMERY & TOOL STEEL COQ.

AISI/SAE NUMBERING SYSTEM
STAINLESS & HEAT RESISTING STEELS

The traditional AISI| system for identifying grades of stainless and heat resisting
steels uses three digits; the first indicates series or group and the second two identify
the specific type. Suffixes are used to indicate variation in chemistry ranges.

SAE uses a five digit designation with the last three digits being the same as the
corresponding AlS| designation. A suffix is added to the SAE five digit designation o
indicate free machining steels and variations in carbon or silicon range.

The six character UNS Numbering System (UNS) uses an “S" followed by five
digits to identify stainless steels. The first three digits are often identical to the AIS|
grade designation.

STAINLESS STEEL IDENTIFICATION
AlS| SERIES SAE SERIES UNS SERIES GROUPS
DESIGNATION | DESIGNATIONS | DESIGHATIONS
2ux 302xx S2mxnx CHROMIUM-MICKEL-MANGAMNESE;
non-hardenable, austenitic and non-
magnetic.
3 303xx S3xnxx CHROMIUM-NICKEL; non-hardenable,
austenitic and non-magnetic.
xx 514xx S CHROMIUNM; hardenable, martensitic
and magnetic.
dxx S514xx S CHROMIUM; non-hardenable, ferritic
and magnetic.
Sux 515xx Shumex CHROMIUM; low chromium heat
resisting.
SIZE TOLERANCES
STAINLESS & HEAT RESISTING STEELS
COLD FINISHED ROUND BARS
SIZE TOLERANCE®®
SHECEIED S OVER AND UNDER NOMINAL
{INCHES) (INCHES)
=0.050 to S 0.001
s to Uz 0.0015
a to 1 0.002
1 o 1% 0.0025
1z to & 0.003
* Bars can be produced with size tolerance all over nominal, all
under nominal or any combination of over and under if the total
spread for a specified size is not less than shown in the table.
" When it is necessary to heat treat or heal treat and pickle after
cold finishing, size tolerances are double those shown.
¢ For bars over 4" diameter consult with the producer.
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PACIFIC MACHINERY & TOOL STEEL CO.

STAINLESS and HEAT RESISTING STEELS

CAST or HEAT ANALYSIS

Chemical Composition, Parcent. Maximum unless otherwise shown.?

TYPE Ung Other
NUMBER | & | Mn | P 5 Si | Cr | Ni |Mo| Elements
20Ch-37 |(Nos020) | .06 |2.00 | 0035 | 0035 | 1.00 |19.00/| 32,500 | 2.00¢ | Cu 3.0004.00
21.00 | 3500 | 3.00 |Ch8XC 1.00
20Mo-4® |{NO8024) | 0.03 |1.00 | 0035 | 0.035 | D50 | 225/ | 350/ | 350/ | Cb0.15/0.35
350 |400 |5.00
20Mo-6°  |(NOB026) | 0.03 (1.00 | 003 | 003 | 050 |22.00/| 33.00/ | 5.00/ | Cu 2.00/4.00
26.00 | 37.00 | 70
3300 {MD8330) | 0.08 [2.00 | 0.040 | 0.030 | 0.075 [17.0¢ | 340/ |— |Cu1.00:Pb0.005
150 |200 |a3r0 Sn 0.025
AL-6X  |(NOB386) | 0.03 [2.00 | 0.040 | 0.030 | 1.00 |20.0¢ |235 |6.00
220 |255 |7.00
AL-6XN® |(N0B367) | 0.03 200 | 0040 | 003 | 1.00 |200¢ | 23.50¢ | 6.00/ |NO.18D.25
920 |2550 |7.00 [CuD75
JST00  ((NOBTOO) | 0.04 200 | 004 | 003 | 1.00 |19.0/ | 240/ |43 |ChbBXC Min/
230 |260 |50 |0.40Max
a04L (ND8904) | 0.02 [2.00 | 0045 | 0.035 | 1.00 |19.0¢ | 230/ |4.00/ | Cu1.00/2.00
230 |280 |5.00
¥M-1% |{513800) | 0.05 |010 | 001 | 0.008 | 000 |12.25/| 7500 | 2.00/ | AlD.AD13
1325 |850 | 250 [NQ.OWD
K122 |(515500) | 0.07 |[1.00 | 0,040 | 0.030 | 1.00 | 14.00/| 3500 Cu 2.50/4.50
1550 | 5.50 Cb 0.15/0.45
GRED (S15700) | 0.00 [{1.00 | 0.040 | 0.030 | 1.00 |14.00/| 650/ | 2.00/ | Al 0.75/1.50
1600 | 775 | 300
X (S17400) | 0.07 {1.00 | 0.040 | 0.030 | 1.00 |15.00/| 3.00/ Cu 3.00/5.00
17.50 | 500 Ch 0.15/0.45
B31= (S17700) | 0.09 {1.00 | 0.040 | 0.040 | 1.00 | 16.00/| 6.50/ Al 0.75/1.50
1800 | 7.75
¥M-a3ds  |(S18200) | 0.08 [1.25 | 0040 | 015 | 100 |1750 |— | 150
250 0.40 19.50 250
20 {S20100) | 0.15 [5.50/ | D.0GO | 0.030 | D75 | 16.000 | 3.50/ N0.25
7.50 18.00 | 5,50
02 {S20200) | 0.5 (7.50¢ | D060 | 0.030 | 0.75 |17.00/| 4.00/ M 0.25
10,00 19.00 | 6.00
203 (S20300) | 0.08 [5.000 | 0040 | 048/ | 1.00 | 1600|5000 | 050 |Cu1.752.25
6.50 0.35 18.00 | 6,50
205 {S20500) | 0.12/ {14,00/| D.0BO | 0.030 | D.75 | 16,507 | 1.00/ N 0.32/0.40
0.25 |15.50 18.00 | 1.75
AM-1% ((520910) | 0.06 |4.00/ | 0.040 | 0.030 | 1.00 | 20.50¢ | 11,50/ | 1.50/ | N 0.20/0.40
.00 2350 | 1350 | 300 |Cb0.10/0.30
SCF-19® [(S21000) | 0.10 |40/ | 003 |0.03 | 600 | 1800/ | 160/ |40/ |N0.15 Cu200
7.0 23.00 | 200 |60
15-15LG® |(S21300) | 0.25 |15.0/ | 0.05 | 005 | 1.00 | 1600|300 | 0500 |MO.20080
18.0 21.00 30 |CuDs20
¥W-11e |(521904) | 030 |80V | 0.040 | 0.030 | 100 |19.00/| 5500 |— |NO45
10.0 21.50 | 7.50




PACIFIC MACHINERY & TOOL STEEL CO.

STAINLESS and HEAT RESISTING STEELS — Continued

CAST or HEAT ANALYSIS
Chemical Composition, Percent. Maximum unless otherwise shown.?
TYPE UNS Other
NUMEER | © | Mn | P =1 Si Cr NI | Mo Elements
XM-28° {524100) (045 (11.00/) 0,060 | 0030 | 1.00 | 16.50'| 0.50/ | — M .45
14.00 19.00 | 2.50
18-8PLUS® | (328200) | 015 |17.00/| 0.040 | 0.080 | 1.00 | 17.0¢ | — 0.75/ | N 0400060
19.00 19.0 1.25
3 (530100} (015 (200 | 0045 | 0.030 | 075 | 16.00/| 6.000 [— W00
18.00 | B.00
302 (330200} | 015 |2.00 | 0045 0.030 | 075 |17.00/| 80O/ |— |NO.1D
19.00 | 10.00
3028 (S30215) | 0.15 (200 | 0045 | 0.030 | 2000 | 17.00¢) BDOY | —
300 | 1800 (1000
303 (5303000 (015 (200 | 9020 | 045 | 1.00 | 17.00¢) B.000 |—
Min 19.00 | 10.00
a03se (520323 (015 (200 | 0.20 | Q060 | 1.00 | 1700/ | 8OO | — Se 0,15 Min
19.00 | 10.00
H-2= {530345) |05 (200 | 005 | 014/ | 1.00 | 17.00/ | B.OO/ | 0.400 | Al 0.60/1.00
016 19.00 (10.00 | 0.60
304 (S30400) (0.08 (2.00 | 0045 | 0.030 | 0.75 | 18.00/| 800/ | — M0.10
20.00 | 10.50
304L (S30403) (0030 (2.00 | 0,045 | 0.030 | 0.75 | 1800/ | 800/ | — W10
20,00 | 12.00
04H (530409) (0040 (200 | 0045 | 0030 | 075 | 18.00/ | 8000 | — M0
0.0 20.00 | 10.50
304Cu {530430) (0.08 (200 | 0.045 | 0030 | 075 | 17.00/ ) B.OOY | — Cu 3.004.00
19.00 | 10,00
JPHO-EM® [ (S30431) [ 006 (200 | 0.040 | 014 | 100 | 16007 9N [ — Cu 1.30/2.40
19.00 1110
304N (330451) | 008 1200 | 0045 | 0030 | 075 | 18007 80O |— M OANDAG
20.00 | 10,50
304l (530453) | 0.030 |2.00 | 0.045 | 0,030 | .75 [ 1800/ 800/ |=— M 010016
20,00 |12.00
05 (5205000 (0.12 (200 | 0045 | 0.030 | 0.75 | 17.000 | 10.50/ | —
19,00 | 13.00
08 (S202000 (0.08 (200 | 0045 | 0030 | 1.00 | 1900/ | 1000/ | —
21,00 | 12.00
309 (S30900) (020 (2.00 | 0045 | 0.030 | 1.00 | 22.00/ | 12.00/ | —
24.00 | 15.00
3035 (S305208) | 0.08 |2.00 | 0045 [ 0.030 | 1.00 | 22.00| 12.00/ | —
24.00 | 15.00
30 (S31000) (025 [2.00 | 0045 | 0.030 | 1.50 | 24.007| 1900/ | —
26.00 | 22.00
anns (531008) | 0.08 {200 | 0.045 | 0.030 | 1.50 | 24.007 ) 19.00/ | —
26.00 | 22.00
36 (S31600) |0.08 |2.00 | 0.045| 0.030 | 0.5 | 16.00¢ | 10.00/ | 2.00/ | N 010
18.00 | 14,00 | 3.00
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PACIFIC MACHINERY & TOOL STEEL CO.

STAINLESS and HEAT RESISTING STEELS — Continued

CAST or HEAT ANALYSIS
Chemical Composition, Percent. Maximum unless otherwise shown.?
TYRE UNS Other
NUMEBER | © | Mn | P 8 Si | Cr | Ni | Mo | Elements
el (531603) |0.030 | 200 | 0.045 | 0.030 | 075 | 16,00/ [ 10.00/ | 200/ | N 010
18.00 |14.00 | 300
J16H (531609 [0.04/ | 2,00 | 0.045 | 0.030 | 0.75 | 16.00¢ [ 10.00/ | 200/ [N 010
0.10 18.00 | 14.00 | 3.00
3GF (S31620) (008 200 (020 | 010 1.00 | 16.00¢ | 10.007 | 1.75/ [N 010
Mir 18.00 [ 14.00 | 250
316N (S31651) [0.08 | 2.00 | 0.045 | 0.030 | 075 |16.00 | 10.00/ | 2.00/ | N 0.10/0.16
18.00 | 14.00 |3.00
HELN (S31653) (0.030 | 2.00 | 0.045 | 0.030 | 075 [16.007|10.00/ | 2.00/ | M 0A0/0.16
18.00 |14.00 | 3.00
a7 (S31700) |0.08 | 2.00 | 0.045 | 0.030 | 0.75 |18.00/ | 11.00/ | 3.00/ [N 0.0
20.00 (1500 | 4.00
KKl (S31703) [0.030 | 2.00 | 0.045 | 0.030 | 0.75 |18.00/ [11.00/ | 3.00/ [N O.10
20.00 11500 | 4.00
(31725} |0.03 | 200 | 0.045 | 0030 [ 075 | 1800 [1350/ | 400 [NO.D
200 |1750 |50 |Cu0.75
AL2205 | (331803) {0.030 | 200 | 0.080 | 0,020 | 1.00 | 21.00 [450/ | 2,50/ | N 0.08/0.20
230 (650 [3.50
3 (532100 10.08 | 200 | 0.045 | 0.030 | 075 [17.00/ [9.00/ | — | Ti 5(C+M) Min
19.00 {1200 0.70 Max
321H (532109) [0.04/ | 2.00 | 0.045 | 0,030 | 075 |17.00/ {9000 | — | Ti 4{C+N) Min
010 12.00 | 12.00 0.70 Max
(3325500 |0.04 | 1.50 | 0.040 | 0.03 | 1.00 | 2400 |4.500 | 290/ |M 010025
2700 1650 (320 |Cu1.50/250
329 (532500) |0.08 | 200 | 0040 | 0.030 | 075 |23.00/ | 2500 |1.00/
28.00 |5.00 |2.00
T-MoPLUS®| (532950) |0.03 | 200 | 0.035 | 0.00 | 060 | 260/ |3500 |1.00¢ |M0.150.35
200 (520 |250
332 008 | 200 | 0.040 | 0.030 | 0.75 |19.00/ | 30.00/ | — Ti0ED
23.00 |[34.00 Al 0.60
334 008 [1.00 | 0.040 | 0030 | 075 [18.00/ |18.00/ | — |Ti0ED
22.00 | 22.00 Al 0G0
47 (S34700) [0.08 |2.00 | 0.045 | 0.030 | 075 [17.000 [9.000 |—  |Ch10XC Min
19.00 (1300 1.00 Max
J47H (3347009} |0.04/ | 2.00 | 0.045 | 0030 | 075 |17.000|9.000 | —  [CbBXC Min
0.10 19.00 |13.00 1.00 Max
3448 (534800) |0.08 | 200 | 0.045 | 0.030 | 075 [17.00/ [9.00/ | — | cosTatouchent pomas
19.00 (13.00 Ta 0.1 Max Co 0.20 Max
348H (534800) 1004/ | 200 | 0.045 | 0030 | 075 |17.00/ [8.00) | — | co-Tasmomn oo
010 19.00 [13.00 Ta 0,10 Max Co 020 Max
633 (535000) |0.070/| 050/ [ 0.040 | 0.030 | 050 |16.00/ (4000 | 250 |N 007013
011 | 1.25 17.00 (500 (325
G34c (535500) {010 [ 0.50¢ | 0.040 | 0.030 | 050 | 15.00/ |4.000 | 250/ |N 007013
015 | 125 16.00 (500 |[3.25
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PACIFIC MACHINERY & TOOL STEEL CO.

STAINLESS and HEAT RESISTING STEELS — Continued

CAST or HEAT ANALYSIS
Chemical Composition, Percent. Maximum unless otherwise shown.®
TYPE UNS Other
NUMBER | ¢ | Mn | P s Si | Cr | Ni |Mo | Elements
Jaé (538400) [ .08 | 2.00 | 0045 | 0020 | 1.00 1500/ (17.000 | —
17.00 | 19.00
403 (540300) | 015 | 1.00 | 0.040 | 0,030 | 050 | 11.50¢ |— —
13.00
408 (S40500) [ 0.08 | 1.00 | 0.040 | 0.030 | 1.00 | 1150/ |060 |— A1 0,100,230
14.50
408 (S40000) [ 0.08 | 1.00 | 0045 | 0.045 | 1.00 | 1050V 050 [— | TiGRC Min/
11.75 0.75 Max
410 {541000) | 0.15 | 1.00 | 0.040 | 0.030 | 1.00 | 1150/|0758 | —
13.50
4103 {541008) | 0.08 | 1.00 | 0.040 | 0.030 | 1.00 | 1150/ (060 |—
13.50
414 (541400) | 015 | 1.00 | 0.040 | 0.030 | 1.00 | 11800 | 128 |[—
1350 | 250
FENM= (541500) | 0.05 | 0504 | 0.030 | 0.030 | 060 | 115 |3500 | 0.50¢
1.00 140 |550 |1.00
416 (541600 | 015 | 1.25 | 0.080 | 0.15 1.00 (1200 | — —
Min 14.00
420 (542000 | Over | 1.00 | 0.040 | 0.030 | 1.00 | 12.00/ | — —
0.15 14.00
1542010 [ 015/ [ 1.00 | 0.040 | 0030 | 1.00 | 135/ (0250 | 040/
0,30 150 |1.00 | 1.00
420F (5420200 | Over | 1.25 | 0.060 | 0.15 1.00 | 1200/ [— -_
015 Min 14.00
422 (5422000 [ 0.20¢ | 0.0/ | 0.025 | 0025 | 050 | 1100 (0500 | 0.900 [V 0.20d0.30
025 [1.00 1250 11.00 [ 1.25 |W0.801.25
429 (542900) [ 0.12 | 1.00 | 0.040 | 0030 | 1.00 | 14000/ (075 | —
16.00
430 (S43000) (012 | 1.00 | 0.040 | 0.030 | 1.00 [ 1600|075 | —
18.00
430F (5430200 | 012 | 1.25 | 0.060 | D15 1.00 | 1600/ | — —
Min 18.00
43 (5431000 [ 0.20 | 1.00 | 0.040 | 0020 | 1.00 | 1500/ 1.25
17.00 | 250
4.4 (S43400) | 012 [1.00 | 0.040 | 0,030 | 1.00 | 1600/ |— 0.7
18.00 1.25
436 (S43600) | 0.12 | 1.00 | 0.040 | 0030 | 1.00 | 1600/ |— 0.758 | Cb 5XC Min/
18.00 1,25 | 0,70 Max
430 (S43900) | 0.07 | 1.00 | 0.040 | 0030 | 1.00 | 17.00¢ (050 | — Ti 0.20+4 [C+N})
18.00 Min/1.10 Max
AlDAS
N 0,04
4404 (544002) | 0.601 [ 1.00 | 0040 | 0.030 | 1.00 | 1600/ | — 075
(.75 18.00
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PACIFIC MACHINERY & TOOL STEEL CO,

STAINLESS and HEAT RESISTING STEELS — Continued

CAST or HEAT ANALYSIS
Chemical Compasition, Percent. Maximum unless otherwise shown."
TYPE UNE Other
NUMEER | C |Mn | P ] Si | Cr | MNi | Mo | Elements
4408 (544003) (0.75" |1.00 | 0.040 | 0030 [ 1.00 [ 1600/ |— 075
095 18.00
240C (S44004) (0.95/ (1.00 | 0.040 | 0,030 | 1.00 | 16.00/ |— 075
1.20 18.00
240F (S44020) (095 [1.25 | 0.040 | 015 | 1.00 1600/ (075 | 0.75
1.20 Bin 18,00
442 (S44200) |0.20 |1.00 | 0.040 | 0030 | 1.00 | 1800/ |— Q.60
23.00
444 (544400) | 0.0251.00 | 0.040 | Q.030 | 1.00 | 17.500 | — 1.75( | N 0.035
19.50 [— 250 | THCh=02044(C+N)
Mini0.80 Max
446 (544600 | 020 | 1.50 | 0.040 | 0.030 | 1.00 | 2300/ |— — |N0:25
27.00
¥M-275 | (544627) | 0,010 |0.40 | 0.020 | 0.020 | 0.040 | 25.000| 0,50 | D75 |NO.015; Cu0.20
275 1.50 | Cb0.05/0.20
Mi+Cu 0.50
(544735) (0,030 (1.00 | 0.040 | 0.030 | 1.00 | 280/ |1.00 [ 360/ [N0.O45
30.0 4.20 | Ti+Cb B{C+N)
hin.00 Max
(344800) |0.010 (0,300 | 0.025 | 0.020 | 020 |28.00 |20/ |35 [N0O.O15 Culis
00 |25 42 | {C+N) 0.025
#M-25c | (S45000) (0.05 [1.00 | 0.030 | 0.030 | 1.00 | 140/ |50/ | 050/ |Cu1.25M1.75
1640 (7.0 1.00 | Cb BXC Min
XM-16c | (545500) |0.05 | 050 | 0040 | 0030 | 050 | 11.0f | 7500 | 050 | Cu1.50:2.50
125 (950 Ch 000,50
501 (5201000 [ .10 [ 1.00 | 0.040 | 0.030 | 100 | 4000 [— 0.40f
Min 6.00 0.65
s02 (5502000 | 0.10 |1.00 | 0.040 | 0.030 | 1.00 400/ |— D40
£.00 065
a0a (5503000 | 015 (1.00 | 0.040 | 0.040 | 1.00 | 600/ |— 045/
8.00 0.65
504 (350400) | 015 (1.00 | 0.040 | 0.040 | 1.00 | 8000 |— .80/
10.00 1.00
a. The analyses listed in this table present the standard Specially Steel Industry of the
United States (S5IUS) analyses for these grades. Variations from these ranges or
limits for some of the elements are governed by the individual product specifications
of the various technical societies.  b. This alloy with less than 50% Fe is classified as
a Mickel alloy by ASTM. c. ASTM
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PACIFIC MACHINERY & TOOL STEEL CO.

STANDARD TOOL STEELS
NOMIMAL IDENTIFYING ELEMENTS, %

= C Mn Si w Mo Cr v Co
Eg W1 | 0.60/1.40° | 0.25 | — — o —_ - -
EE w2 | 0.60/1.40° | 025 | — — = == e || =
3% W5 1,10 D2s | — —_ s 050 | — —
= Of 0.90 120 | — |os0 | — | os0| — —
g 02 0.90 160 | — — v — — s
£| 06 1.45 080 | 100 | — |o025 | — =l —
5| o7 1,20 s | e | yws | o= | omm| e | =
i A2 1.00 060 | — = Al = =
m 2| A4 100 |200| — | — | 100 100] — | —
|| A6 070 | @00 — | = |hEs | doe| — | =
g|E| A7 2.25 — | — | 1000|100 | 525/ 475 | —
E I A8 0.55 o = T T (ETTE T B e (R
TIZ| Ao 0.50 — — — | 140 | 500 100 | —
g =| Afoe 1.35 1807 | F25.| = |Gese | = = i
2 A1 2.45 050 | 090 | — | 130 | 525|875 | —
O 5| D2 1.50 - — — | 100 (1200 100 | —
| D3 2.50 = — — — |1200| — —
= | D4 225 — | — | — | 100 |1200] — | —
% 05 1.50 o = — | 100 [1200| — | 300
T | b7 2.35 - — — | 100 |1200 | 400 | —
S1 0.50 - — |2s0 | — | 180 — -
o:| 52 0.50 = | 100 | = |08 | — — =5
éﬁ S4 0.55 080 | 200 | — . — — —
@ | S5 0.55 080 | 200 | — | o040 | — = =
=56 0.45 140 | 225 | — | 040 | 150 | — s
s7 0.50 060 | — — | 140 | 35| .— o
H10 0.40 - 10 | — |250 | 325|040 | —
1l H11 0.35 — 10 | — | 150 | 500 0do | —
§ % Hi2 0.35 — | 10 | 150 | 150 | 500 040 | —
= H13 0.35 — |10 | — |150 | 500 100 | —
i Hi4 0.40 - 10 | 500 | — | 500 — -
H19 0.40 == — | 425 | — | 425| 2.00 | 4.25
"Warious carbon contents are available. "Optional. *A2 has 1.50 Ni. "A10 has 1.80 Ni.
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FACIFIC MACHINERY & TOOL STEEL CO.

STANDARD TOOL STEELS — Continued

NOMINAL IDENTIFYING ELEMENTS, %
= C W Mo Cr " Co
21 0.35 9.00 — 3.50 0.50 —
x| g | H22 0.35 11.00 = 2.00 0.40 =
9 § H23 0.30 12.00 - 12.00 1.00 —
|~ [Hae 0.45 15.00 = 3.00 0.50 —
I| |Hos 0.50 18.00 - 4.00 1.00 —
H42 0.60 6.00 5.00 400 | 2.00 —
M1 0.85 1.50 8.50 4.00 1.00 =
M2* | 0.85;1.00 6.00 5.00 4.00 2.00 =
M3-1 1.05 6.00 5.00 4.00 2.40 —
M3-2 1.20 6.00 5.00 4.00 3.00 =
M4 1.30 5.50 4.50 4.00 4.00 —
| me 0.80 4.00 5.00 4.00 1.50 12.00
&l m7 1.00 1.75 8.75 4.00 2,00 -
E M10* | 0.85;1.00 — 8.00 4.00 2,00 -
& | M33 0.90 1.50 9.50 4.00 1.15 8.00
a é‘ M3d 0.90 2.00 8.00 400 | 200 8.00
% M36 0.85 6.00 5.00 400 | 200 8.00
| [me 1.10 6.75 375 4.25 2.00 5.00
Z| w42 1.10 1.50 9.50 375 1.15 8.00
Mdge 1.25 2.00 8.25 400 | 320 8.25
M48 1.50 10.00 5.25 3.75 3.10 9.00
MB2 1.30 6.25 | 10.50 a7s | 200 =
T 0.75 18.00 < 4.00 1.00 =
a T4 0.75 18.00 - 4,00 1.00 5.00
=|Ts 0.80 18.00 i 400 | 200 8.00
% T6 0.80 20.00 - 4.50 1.50 12.00
2|18 0.75 14.00 i 400 | 200 5.00
T15 1.50 12.00 = 400 | 500 5.00
- M50 0.85 — — 400 | 4.00 1.00
=T | Ms2 0.90 1.25 ! 4.00 4.00 2.00

*Other carbon contents may be available. "Available in two silicon contents.




PACIFIC MACHINERY & TOOL STEEL CO.

FORMERLY STANDARD TOOL STEELS

NOMINAL IDENTIFYING ELEMENTS, %
i C Mn Si W Mo Cr v Co
Ma 0.80 = — | 500 500 | 400 150 | —
M15 1.50 — — | 650 350 | 400 500 | 500
M30 0.80 — — | 200|800 | 400 1.25 | 5.00
M35 0.80 — — | 00| 500 | 400 | 200 | 500
g | M43 1.20 — — | 275|800 | 375 | 160 | 825
W | Md4 115 _ — | 525|625 | 425| 200 |12.00
@ | M45 1.25 — — | 80O | 500 | 425| 1.60 | 5.50
5 |Ma7 1.10 — — | 150 | 950 | 375 | 1.25 | 5.00
I
T2 0.80 - — |1Bo0| — | 400|200 | —
T3 1.05 = — |1800| — | 400| 300 | —
T7 0.75 — — |1400| — | 400|200 | —
To 1.20 — — |[woo| — | 400| 400 | —
H15 0.40 — — | — |50 | 500 — —
x |H16 0.55 — — | 7o0| — | 7.00| — =
Q |Ha2o 0.35 = — | 900| — | 200| — —
i |H2s 0.25 — — |1500| — | 400| 050 | —
2 | Ha 0.65 — | — | 150| 800 | 400| 100 | —
H43 0.55 — — — | 800 | 400| 200 | —
D1 1.00 — — — | 100 [1200 | — =
oy | DB 2.25 — — | 15| — |1200| — —
35
O= | a3 1.25 — — — | 100 | 500|100 | —
A5 1.00 3.00 | — = | 100 | 100| — —
x =
B2 lea 0.50 —i | = || = | oEEll = | =
e
P 0.10 — — - — — == —
o |Pze 0.07 — . — | o020 | 200 — —
g |P3 0.10 — | = | = | = |os0| — | —
= |P4 0.07 — | — | — |07 | 50| — | —
P5 0.10 = e == — | 225| — =
L 1.00 — = = — | 125 — —
L3 1.00 = =i = — | 150| 020 | —
w | L4 1.00 060 | — — — 150 | 025 | —
=% |Ls 1.00 100 | = — | o025 | 100| — —
g | L7 1.00 035 | — — | 040 | 140 — —
8=
Da
F1 1.00 — = | 35| — — - | =
F2 1.25 — — | 350 | — — = | =
F3 1.25 — — | 250 | — | a7 | — —
o | W3 1.00 = = — — — |80 | —
cZ |We | 060140 | — — — — | o5 | — —
B | W6 1.00 — | = | — | — | 025|025 | —
ég W7 1.00 — | — | — | — | os0| 020 | —
T | *M8 has 1.25 Cb; "P2 has 0.50 Mi; *P3 has 1,25 Ni; "Warious carbon contents
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PACIFIC MACHINERY & TOOL STEEL CO

FRACTIONS OF AN INCH AND  WIRE AND SHEET

DECIMAL EQUIVALENTS METAL GAUGES
L T SURRPREN, i b 1 |+ ¥k AMER. STAND. USS
Wgip it et S 03125 GA.  OR BIRM. OR FOR
Al 046875 NO. B.A&S. W.AM. SHEETS
e L gggiga 00 3648  .380 .3310 .3370
Iag _______{T_ffﬁﬁﬁﬁﬁfiiiiiﬁﬁ:ﬁﬁf 09375 0 .3249 340 3065  .3064
; R .:gga?s 1.2893 300 .2930 2757
W s e Z
; 2 2576 284 2625 2604
et i 140625
SN .15625 3 2204 259 2437 2451
Ml i JAT18TE
U, | )+ 4 2043 238 2253 2298
203125 181 22 207 2145
I — 21875 5 .1819 0 070
234475 6 1620 203 18200 183
Y. -gggﬁzﬁ 7 1443 180 .1770 .1838
Wz 58125 8 .1285 .165 .1620 .1685
i e L 9 .1144 148 1483  .1532
B i iissccsasssaaaassii e i ¥
.. .32B125 10 1019 134 1350 1379
L e SR 11 0907 120 1205 .1225
.. - . 375 12 0808  .109 .1055 .1072
4t EET 13 0720 .095 .0915 0919
_ 421875 14 0641  .0B3 .0800 .0766
e '322?25 15 0571 072 .0720 .0689
52, ABBT5 16 0508 065 .0625 .0613
o Pk 17 0453 058 0540 .0551
515625 18 .0403 049 .0475  .0490
L TR R3125
19 0359 042 0410 0429
546875
el ggg?gs 20 0320 .035 .0348 .0368
By 0375 21 0285 032 03175 .0337
’ .ggga?s 22 0253 .028 .0286 .0306
b - B
23 0226 025 0258 .0278
640625
I i ggﬁ% 24 0201 .022 .0230 .0245
T TN .. GATS 25 0179 .020 .0204 .0214
. 703125 26 .01 o018 0181 .01
Ban i J1875 g 0159 a18 018 0164
734375 27 0142 e 0173 0169
Wi -;ggﬁaﬁ 28 0126 .014 0162 .0153
Bl 78125 29 0113 013 0150 0138
a i JEpEE 30 .0100 012 .0140 .0123
T pacnpwn by geme i ) e R .
B " gesiEs 31 .00893 010 .0132 0107
iz -_ﬁ;gs 32 00795 .009 .0128 .0100
R B75 33 .00708 .008 .0118  .0092
BO0625
S g 34 00630 .007 .0104 .0084
e .B21BTS 35 .00561 005 .0095  .0077
T TR T TR P R * 1 1
ittt SASER 36 00500 004 .0090  .0069
oy BBBTS 37 00445 — 0085 .0065
s DB43TS
et e 120000 38 .00396 =3 0080 0061

We stock Birmingham Gauge Tubing, and Spring Steel Sheets. Spring Stesl Wire is
Standard Gauge.
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PACIFIC MACHINERY & TOOL STEEL CO.

DECIMALS OF ONE FOOT
FOR EACH '1s OF AN INCH

—~INCHES— FEET || ~INCHES— FEET | —INCHES— FEET
0052 T PP PTRRR v . |- [ FT R e
. 0104 [ Lt T ety 3T i
0156 F. T .34a90 Ble e,
0208 SRR 3542 :
. 0260 F T R L1 I BE s
312 TS 646 ™
0365 Ahe . . CIBORB Be ooeviinnns
a8l | e i 3802 || 8%
0573 [l 4% o 3008 || 88 reerrersrrrsn

L4010 || 8% .

0677 || 4vne
0781 | 4% i 8115 || 8% i
0885 || 5%i6 i AZ19 || 916 s,

0990 | 5% oo 4323 || 9%
1094 || 5%e ... e 4427 || 9% ...,
198 | 5% v 4531 || 86 .
. 1302 || 5% s 4835 || She ..
BN | U 4740 || 9% ......
4810 || 59 i el || 9%
1615 || 5% oo 4948 [ ethe
719 || 8% i 5058 [ 0% i
1833 || 6% v 5156 || 1008 i
e 5260 || 1080

w2031 || B0 e 5365 || 10%e

1927 || 6% v,
2135 (| 8% v 5469 || 10716 corneverrrirrioen
. 2240 || B'"i6 s 5573 [| 106
084 | B e BT (|10 i
2448 (| 8% v 5781 [[10%/16 weoveeererinnns
. 9562 || 7 e - 5BBS || 11%8 wieernns
| 5080 || 11%e woiiarnsnivimmmmmnss
- 2760 || T e 6084 [[ 1158 e
2865 || T e e 6198 || 117
- 0969 || e e B302 || 1158 e
B T OO N | R § L0 T RO
3177 || 7 BT g R L T e

ioomy ' || P e Bk || 3




PACIFIC MACHINERY & TOOL STEEL CO.

HARDNESS CONVERSION NUMBERS
FOR STEEL — Based on Rockwell

Rockwell C-Scale Numers (HRC)*

Brinall hardness Rocxwell Rockwell superficial
Mo, 3000-kg hardnass M., hardness Mo., &
load, 10mm ball T superficial Brala o3

@ E: g Findanter =2 | & % | =
2l = oy 23 2z |8, |82 ¢
62| 2| B 3|85 8¢ |z sz sz |83 |82 |E2 |02
38 o8| 3 85| =8 |82 33 g3 |22 |33|5%|(%8

cllegs | E 8% | e me (8o = 2| 82| 2§ |58 2

Bll=2 ]| § se€ | &8s 2% |zf z2i zi|E2|E2|2% $E
cE||=2| @ EE |<o wm= |82 BB 2% |28 (&2 |2z | c2
Ga B0 | ... Vi B5.6 83.2 B4.4 754 | 020 a7 LT:]
&7 a00 B5.0 92.9 B36 V42 | BO5 a5 a7
& BES | ... e B4.5 i 925 B2E V33 | 870 g2 66
65 832 Lt (v3g) | 838 (3 92.2 B1.9 720 | B46 91 65
64 BOO [ .. (ve2) | 83.4 . 91.8 B1.1 ¥1.0 | B22 BB ca 64
63 Fol i I (705) | 82.8 o 91.4 BO.1 58.8 | vam a7 Fad 63
G2 T46 | ... (683) | B2.3 : 91.1 793 BB.B | VTG 85 el G2
G1 T20 | ... (670) | 81.8 = 80.7 T84 BT | TH4 B3 [ &1
G0 637 | ... (654) | 81.2 e 0.2 775 B6E | 732 a1 e -]
59 674 | _.. (634) | BO.7 P, BO.8 766 655 | 710 B0 51 59
58 653 | ... 615 B0 TEE B6.3 757 643 | 690 78 338 58
57 B33 o 505 TO.6 - BB.O 748 632 | BFO 76 325 a7
56 13 . 577 79.0 i 88.3 739 62.0 | 850 T4 Ha 56
55 595 ) 560 78.5 | 7.9 730 609 | G30 T4 ani 55
54 59T | - 543 TA.0 Er B7.4 v20  58.8 | 612 72 292 54
53 560 | ... 525 774 ik B6.9 T1.2 586 | 504 71 283 53
52 544 | (500) 512 T6.8 - B6.4 702 574 (| 576 [=22] 273 52
51 528 | (487) 486 TE.3 iy 85.9 B9.4 561 558 &8 264 51
50 513 | (475} 481 75.9 s B5.5 BB.S  55.0 | 542 &7 2565 50
49 498 | (464) 469 75.2 st 85.0 676 53.8 | 526 &6 245 49
48 484 | (451) 455 747 Ce B4.5 BT  52.5 | 510 B4 238 48
a7 471 | 442 443 741 Jiek B3.9 658 514 | 485 63 228 47
A6 458 | 432 432 738 it B35 648 503 | 480D G2 221 46
a5 446 | 421 421 734 s B83.0 B4.0  48.0 | 466 &0 215 45
44 434 | 409 409 725 R B2S 631 478 | 452 = 208 44
43 423 | 400 400 720 . B2.O 622 467 | 438 a7 2 43
42 412 | 390 390 T1.5 T 815 613 455 | 426 a6 1594 42
41 402 | 3 3|1 | 0.9 S 809 604 443 | 414 55 188 41
40 3sz | M an T0.4 AL BO.4 58.5 431 | 402 54 182 40
] 382 | 362 362 69.9 T 79.9 586 419 | 3M 52 177 33
38 a7z | 353 353 69.4 hoad 79.4 57.7 408 | 38D 51 171 33
a7 363 | 344 344 689 i 78.8 56.8 396 | 370 50 166 a7
36 354 | 336 336 684 (109.0) | 783 55.8 384 | 360 49 161 a6
35 345 | 327 a7 6749 (w85 | TRY 550 av.z2 | 3m 48 157 35
34 336 | 319 39 674 (1080) [ T7.2 54.2 389 | 342 47 153 34
a3 azy | an a1 668 (107.5) | 76.6 533 349 | 334 46 148 33
32 318 | am a1 66,3 (107.0) | 8.1 521 33.7 | 36 44 145 3z
e q] 310 | 284 294 638 (108.0) | 75.6 51.3 325 318 43 141 31
30 302 | 288 286 B5.3 (103.5) | 75.0 50.4 M3 | an 42 138 30
20 284 | 279 278 B4.7 (104.5) | 745 495 30 | 34 41 135 29
28 286 | 271 am 643 (104.0) | 739 48.6 289 | 207 40 131 28
27 279 | 264 264 B63.8 (103.0) | 733 477 278 | 280 39 128 a7
26 272 | 258 258 63.3 (1025) | 728 46.8 267 | 284 38 125 26
25 266 | 253 253 628 (101.5) | 722 459 255 | ZV@ a8 122 25
24 260 | 247 247 624 (101.0) | T1.6 450 243 | 272 ar 118 24
23 254 | 243 243 G20 1000 | 71.0 440 231 | 2a6 a6 17 23
22 248 | 237 237 61.5 550 | T0.5 432 220 | 261 s 114 22
21 243 | 23 231 61.0 985 | 69.9 423  20.7 | 258 35 112 21

*See notation at bottom of next page



PACIFIC MACHINERY & TOOL STEEL CO.

HARDNESS CONVERSION NUMBERS
FOR STEEL — Based on Rockwell

Rockwell B-Scale Numers (HRB)*

Brinall Rockwall Rockwell superficial
hardness Mo, | hardnass Ma., hardness No., Yhain, B
10mm dianm, z diam, ball o]

a ball E B =8 8 | I
E o5 2 2z | §. |85 8

= = = [ a -
5 sl 5[g 3 |38 8B |.. .o .ol25|Es|EE(&s
= m m o i 2 = g o Sy Gg - § w | B W
T o a o E .2 | ma B = & i@ o0

B om o = ac fi= 0= ﬁ § =5 o L ﬁ

E £ c x @ ﬁ f W o = =23 2c = _E g
GE| 8B g = g 2 WE |EX EX EI ] 5E | Eg(l&®
cl|=E = <@ oF 8w e 29| .o HE |2z |lel
A 228 189 228 602 (19.9) | 925 81.8 70.9 241 34 107 aa
a7 222 184 22 B9.5 [18.6) | 924 811 9.9 236 33 104 a7
96 216 179 216 589 (172 | 918 B0.4 68.9 21 32 102 0&
a5 210 175 210 BB3 (15.7) | 915 70.8 67.9 226 a a8 Bs
a4 05 171 205 576 (14.3) | 1.2 9.1 669 221 an a7 a4
93 200 167 200 &7.0  (13.0) | 208 TH.4 659 216 an G4 a3
92 195 | 163 185 | 564 (1L7) | 805 ¥7A 648 [ 211 i a2 a2
a1 140 160 1890 558 (104) | 202 T 63.8 206 28 28] ;m
=1v] 185 157 185 55.2 {9.2) | &899 TE.4 628 2m 28 Ba an
L] 180 154 180 546 18.0) | 89.5 75.8 61.8 196 27 A& 59
BE 176 151 176 54.0 (6.9) | B9.2 751 al.8 192 e B4 &R
ar 72 148 172 53.4 (2.8 | 888 744 508 158 26 B2 87
BiE 169 145 169 528 (4.7) | 886 7348 S8.8 | 184 26 B1 &6
A5 165 143 165 523 (3.6) | BB.2 T34 S7.B 180 25 79 85
a4 162 1440 162 51.7 (2.5) | 870 724 S6.8 176 g T8 B4
83 159 137 159 51.1 (1.4) | BY.6 71.8 £5.8 173 4 TG a3
82 156 136 153 50.6 (0.3) | BT.3 711 54.8 170 24 75 g2
Eh | 153 133 153 50.0 i BE.9 T4 53.8 167 ot 73 a1
= 150 130 150 44.5 . BE.G 6.7 528 164 23 72 aa
78 147 128 147 4549 (e BE.3 &3 51.8 161 i 7o Ta
7B 144 126 144 48.4 et BE.O 6.4 50.8 158 22 65 78
i d 141 124 141 4748 L B5.6 &v.7 49.8 155 22 &H 7
Th 139 122 138 47.3 S 853 ar.d 458 152 At a7 L]
75 137 120 137 6.8 e B5.0 6G.4 47.8 150 21 [+151 i
T4 135 118 135 46,3 o 847 65.7 6.8 148 21 2131 74
73 132 16 132 455 i 843 651 458 145 ariln G4 T3
72 130 114 130 453 o 840 G4.4 44.8 143 20 [3E] 72
71 127 112 127 44,5 [T 83y 63.7 438 1 20 &2 A
70 125 110 125 443 e B34 &3.1 428 139 i 51 0
(1] 123 109 123 438 ek B3.0 624 41.8 137 19 60 6%
68 121 a7 121 433 o B2.7 51.7 40.8 135 18 50 68
67 119 10 119 42.8 e 824 G1.0 as.a 133 18 58 67
BB 117 104 117 42.3 i B2 604 38.7 1 s 57 G
65 116 102 116 41,8 : 818 58.7 ar.T 129 18 56 65
[:E] 114 1m 114 41.4 sars 81.4 50.0 36.7 127 18 64
63 112 ag 112 4.8 - B1.1 58.4 35.7 125 18 . 63
62 110 a8 110 40.4 A 80.8 5.7 3y 124 T et 62
&1 108 96 108 A0 i 80.5 57.0 337 122 17 - &1
&0 07 a5 107 30.5 g B0.1 56.4 2.7 120 Fiaht i &0
59 106 94 106 38.0 - ¥yo.8 587 37 118 ot o 59
58 104 az 104 38.6 i 79.5 55.0 0.7 117 i ks 5B
57 103 3| 103 38.1 w i 79.2 54.4 28.7 115 i e 57
5B 1 i ] 1m ar.7 - 78.8 53.7 28.7 114 Rl 56
55 100 fi2] 100 ar.2 o 78.5 53.0 a2l 12 T HF 55

* For carbon and alloy steels in the annealed, normatized, and quenched-and-tempered conditions: |eas
accurate for cold worked condition and for austenitic stecls, The values in boldface type corespond to
the values in the joinl SAE-ASM-ASTM hardness conversions as printed in ASTM E140. Table 2. The
values in parentheses are beyond normal range and are given for information only.
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PACIFIC MACHINERY & TOOL STEEL CO

HARDNESS CONVERSION NUMBERS
FOR STEEL — Based on Brinell

Brinell Hardness Numbers (HB)*

Rockwell hardness Mo, | Rockwell superficial
3 o | by, | g

= EEE E E: ] Eup?n&untar = % & % || e
= |55 5y gm D g2 | 8 |sa| 2
E llggB| |28 £33 ¥ 8E | 8o | BBl 2
z b b = E c - 5 L 2 5= = 5
Bellg2:| = |8 B¢ Pg |asn o2 g3 |BE |3 o || 26
SE|SoE|wf | g o o2 |82 §& 3B 28| af 07| =¢
Eellgge |85 |88 B85 fz |z¥ zZ¥ z7 |23 |sB|2g| 2¢
is ||EER |28 | «d wm= oa (22 B8 92 |23 | &6l |E=2| &3
2.25 (745} | 84D | B4 65.3 82.3 B2.2 Ta.2 BEZ ;n 2.83
2.30 (742) | ¥B3 | 831 G3.4 91.6 BOLS T4 ana Y5 2.30
2.5 (682) | 737 | 82.2 B61.7 91.0 T9.0 68.5 TEE B4 2.35
2.40 || (653) | 68T | 81.2 aray B0.0 90.2 7.5 66.5 a2 &1 sead 2.40
2.45 627 667 | B0.5 aten 58.7 B5.6 T6.3 65,1 03 749 47 2.45
2.50 601 G40 | TO.B vali 57.3 Bo.0 751 63.5 a77 77 328 250
2.55 578 615 | 79.1 i 56.0 BB.4 739 621 &52 5 313 2.55
280 555 591 T8.4 C 54.7 87.8 2T G0.6 G246 3 208 2.60
285 534 569 | TT.8 e 53.5 B7.2 1.6 59.2 G0 T 288 268
2,70 514 547 | 769 i 521 BE.5 T3 57.6 TR ] T 273 2,70
o7g |[f--. | 539 | 767 ... 516 (@63 699 569 | 571 | ... | 269 | ayg

| 495 528 | 763 L 51.0 | 85.9 69.4 56.1 558 63 263 I'
280 |7 ras 516 | 75.9 - 50.3 B5.6 68.7 55.2 545 " 257 280

| ATT 508 | T5.6 fart 35.6 B5.3 68.2 54,5 537 6& 252
285 || 1o 495 | 751 Vi 48.8 B4.9 67.4 53.5 523 it 2d4 || 2.85

| 481 491 749 iwte 48.5 B4.7 67.2 532 518 B5 242 |
290 l|iv-: ayd | T4.3 e 47.2 B4 66.0 51.7 98 231 i|| 200

| 444 a2 T4.2 e 471 B4.0 65.8 51.5 456 53 229 |
2.85 429 455 | 73.4 F 45.7 B3.4 64.6 49.9 476 &1 220 205
3.00 415 40 | 72.B o 44.5 B2.8 63.5 48.4 454 =] 212 3.00
3.05 4m 425 | 72.0 a4 43.1 B2.0 62.3 468 441 58 202 3.05
310 388 410 | 714 e 41.8 B1.4 B1.1 45.3 423 506 123 310
318 avs 396 | V0.6 - 40.4 80.6 58.9 43.6 407 54 184 315
320 363 383 | T0O.O Dalh 391 80,0 58.7 42.0 4932 ) 177 .20
a.25 352 37z | 883  (110.0) 379 78.3 57.6 405 379 i 172 3.25
.30 3 360 | 8B.F (109.9) 366 | VB.G 56.4 391 367 50 164 3.30
3.35 an 350 | 6B (10B5) 355 78.0 554 ar.e 356 48 159 3.35
3.40 an 339 | 67.5 (1080} 343 yra 54.3 a6.4 345 a7 154 3.40
3.45 an 328 | 66.9 (107.5) 331 T6.7 53.3 34.4 336 46 148 3.45
3.50 oz 319 | &6.3  (10V.0p 324 T6.1 52.2 338 a7 45 146 350
3.55 293 309 | 65.7 (1060} 309 75.5 51.2 az2.4 A& 43 142 3.55
3.60 285 30 65.3 (1055 25.9 TE.D 50.3 a2 b L] 42 138 3.60
365 277 282 | 646 (1045 288 T4.4 9.3 29.9 o2 41 134 3.65
370 269 284 | 641 (104.0) 276 3.7 8.3 28,5 294 40 13 3.T0
3,75 262 276 | G63.6 (103.0) 26.8 T3 ar.3 273 2EB k] 127 375
3.30 255 268 | B30 (1020) 254 725 46,2 26.0 274 38 123 3.80

*See notation at bottomn of next page



PACIFIC MACHINERY & TOOL STEEL CO.

HARDNESS CONVERSION NUMBERS
FOR STEEL — Based on Brinell

Brinell Hardness Numbers (HB)*

Rockwell hardness Mo Rockwedl superficial
€3 T = | ereicanes |23
o =] o

N e R

S le33| ¢|3F &2 8:l,. . aglto|if|iE|:

EE|208|.8 | o8 2§ o2 |82 §B 3E |23 |ap|:2%|Z:
Be|E:2|25 (88 85 3z (2% =27 z¢|82|%8|z:|Ec
5S|lER2 (S8 | <& od G8 |Be 88 B |53 | &3 c2 || a8
385 248 261 625 (101.1) 242 | .7 45.1 24.5 ara ar 120 3.85
3490 24 253 61.8 100.0 228 | 70.9 43.9 22.8 265 38 116 3.80
3.95 235 247 | 614 9.0 21.7 | 703 42.9 21.5 250 35 114 3.85
4.00 229 24 60.8 982 205 | B9.7 41.8 20.1 253 34 111 4.00
4.05 perk] 234 - o733 (19.0) - . - 247 - 107 4.05
4.0 217 228 954 7T ... T P 242 33 105 410
4.15 212 222 855 (164) | ... i 237 32 102 4,15
420 207 218 .y 946 (15.2) s 8 B e 232 n 100 4.20
4,25 201 212 i 837 (138) | ... e i 227 FEG oa 4.25
4,30 197 207 Wua 2.8 (12.7) di i prre 222 30 a5 4.30
4,33 192 202 . 91.8 {11.5) L i e 27 28 B3 4.35
.40 187 196 e 20,9 (10.2) e fod=k frees 212 s a0 4,40
445 183 1492 R 20.0 (2.09 ‘e v i 207 28 B3 4.45
4.50 174 188 o BO.O (8.0) - (s i 202 27 87 4,50
4.55 174 182 e BA.O (6.7} X Lk i 1494 Ty BS .55
460 170 178 i 870 54) | ... iy v 104 26 B3 4,60
4,63 16T 175 = B6.0 (4.4) _— G e 180 s a1 4.65
4.70 163 17 i BE.D (3.3) i Sk Pih 186 25 TS 470
4.75 159 167 (2 83.9 (2.0) i HE s 182 [ 78 475
4.80 156 163 Fisiis 82.9 (0.9) i & P 178 24 7B 4.80
485 152 159 B1.9 i Ve e ila 174 s 5 4.85
4.80 148 156 Lgi B0.8 PR yag =) = 170 23 T3 4,80
4.85 146 1653 al TRV .y 166 T2 4.85
5.00 143 160 e TH.G Dm B2 B - 163 22 Al 5.00
5.10 137 143 VA TE.4 i G 157 21 67 510
5.20 13 137 o T4.2 o ae W 151 65 5.20
5.30 126 132 s 2.0 i b Vs i bn 145 20 63 5.30
5.40 121 127 i 69.8 i S it i 140 19 B0 5.40
5.50 116 122 For 676 e e e iy 135 18 58 5.50
560 111 17 5.4 131 17 56 5.60

" For carbon and alloy steels in the annealed, normalized, and quenchad-and-tempered condi-
tions; less accurate for cold worked condition and for austenitic steels. Values in boldface type
comespond 1o the values in the joint SAE-ASM-ASTM hardness converslons as printed in ASTM
E140, Table 3. Values in pareniheses are beyend normal range and are given for information only.

1+35




PACIFIC MACHINERY & TOOL STEEL CO.

METRIC CONVERSION FACTORS

ENGLISH UNITS TO METRIC
TO CONVERT FROM TO MULTIPLY BY
(iR -] 1] R e e e P 3 e e T 1.0000 x 10-"%a)
B e e e e B mimsvnia 1.0133 x 107
BB i s i R e e 7§ B e e A T P 1.054 x 10°
BrufbIi-he il 1) R R 3.1525
BUUDIRERCF Lo iniverinssiassvensniin W TR B i 5.6745
Biu(B) M F i WK 1.7286
BB 5 s WEIE e, 1.1356 x 10¢
Biu(b)inMEHF i WME e 1.4413 x 10
Blu(b)in s M F Lo L1 A 51887 x 108
BRI F i fusiin i i i i miiimsiiomsnnsiss JIREKG s ccsiipanicsssesians 41840 x 10°
CAIEY s sbsss v g 4.1840 (a)
CAll B B s s WK Lo 4.1840 x 10F{a)
EallBNE o s R 1 [, 1 T R PR 41840 x 10°(a)
Call N G s s e i i 4.1840 x 10%(a)
Bl Il s S R IS e R 50671 x 10"
L R e P e B e ot e G F L e t.=t- +273.15
degree oinhinEn ity v o S e Fn 1.7453 x 1077
CPRIEYONNT | oyioedbamsattinnnnsions prassnios ssbpiinsans 21 S T TR T 1.0000 x 10-"(a)
P tiietessemns e e nressm st e r s em s s s o o . t.=(t-—32)1 8
R U Ko = (t. + 459.67)11.8
TV 5| TN 3.0480 x 107
TS v i S S R T TR o annsnminsanvsss 9.2903 x 10=
9 e s cnmm s s s e [ 1 S TR 28317 x 107
H.of watano) o cwisiininaeaus Ea s 29890 x 10°F
= (thermal diffusivity) oo MBS L. 258064 x 10°%a)
0] R o e N SRt e e e ) 1.3558
Relbbiscmmnmanariasiiiianann Wi 1.3558
e R s L s TS wiviiivniadiindadad 30480 x 1077
o L T e N PP SR G L A 1.0000 = 10-*(a)
Rl B e s o v i Y vt et p sy vinis 3.7854 x 107
0 L 1 T 100 1 1 | 1.0000 x 10%(a)
11 od 1 S MO/m™ e 1.0000{a)
FIBIE] oo W TASTOx 10F
INEEET ccsinamonisns pinmmsncarinsiris svsimmpi scinmsibasis W o s s 7.4600 x 107
T coonih o s b o R R I 2.5400 x 10-°
BT et i o R o R o SR L B2 e agiie 6.4516 x 10+
P e P ] [y T 1.6387 x 10
B0 HOUG it Pacagssagse 3.3864 x 10°
in. of water(e) ..., T S 24908 x 10F
B e R T s L =1, — 27315
gl s s e b R T ey 9.B0865(a)
0] L1 | e R e Ry ey B iiiviin Gt assaie 9.B0665 x 10°%(a)
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PACIFIC MACHINERY & TOOL STEEL CO.

METRIC CONVERSION FACTORS — Continued
ENGLISH UNITS TO METRIC

TO CONVERT FROM TO MULTIPLY BY
RS i i R e MPa i 6.8948

bk ssnstii i s e e Pa s smiai 6.8948 x 10°
e e MPavm s 1.089

o] 3 e e s A AR OA R R 45350 x 10!
D s R S R s kg/m? . 27680 % 107
B e s S ek s P b e A bl P s i bl st 1 44482

3 RO STTTPN 1 TSR 1.1298 x 10
TETE e e 1V 1 o 1.3558
MPEYI o MMM 1.0000(a)

LT T i i i mei  m Fmm d FT0 i s i s 2.5400 x 10%a)
B s asrians s e T cermesermsnsinnennnnees 23400 % 107%(a)
IO i mimossinss s nnitiains afsbineainins Paisnansmes 1.0000(a)
OETSIBE oo e wat i e AEMY ciiiniainainiin 79.578

O o s s {81 | P e 3.0515 x 10"
PO s R L R T T Ba il 6.8948 x 107
O s e e . =t/1.8
bl i e {1 e 9.0718 x 10°F
DI e s S b g 7T PR T (o S TN 1.0160 x 10°
BOMINLE L e Pa i, 1.3786 x 10¢
a3 [ = R L1 [ 1.0000 = 10°(a)
] 1 P RS Pa s 1.3332 2 10°
LG ITNTE oot omi s mions i g LMTY i iivm s pmnswnii 1.6624 x 107

{a) Exactly. {(b) Thermochemical. () At 4 *C (39.2 *F). (d) U.S. liquid.
{e) Mechanical (1 hp = 550 ftIbi/s). (f) Electrical. (g} At 0°C (32 °F).
{g) Avoirdupaois. () Short; equal to 2000 lbm. (k) Long; 2240 lbm.

MOTE: To convert from metric to English units reverse the process and divide by the
factor in the right hand column. EXAMPLE — converl 2 meters to inches:

2 meters + 0.0254 %:;’5 = 78.740 inches
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PACIFIC MACHINERY & TOOL STEEL CO

THEORETICAL WEIGHTS of STEEL BARS
ROUNDS, SQUARES, HEXAGONS AND FLATS*

ROUND SQUARE | HEXAGON AOUND SOUARE | HEXAGON
SIZE  |WT. PER FT. |WT. PER FT. |WT. PER FT. SIZE.  |WT. PER FT. [WT. PER FT.| WT. PER FT.
(INCHES) | (POUNDS) | (POUNDS) | {POUNDS) (INCHES} | (FOUMDS) | (POUMDS) | (POUNDS)
Vi 00026 | 00033 | 0.0028 275 15.89 20.22 17.51
e 0.0104 0.0133 00115 22 16.71 21.27 18.42
3za 0.0235 0.0283 0.0259 2% 18.42 23.45 203
a 0.0417 | 00532 | 0.0460 2% 20.21 25.74 22.29
*faa 0.0653 | 0,083 0.0720 2%s 22.09 28.13 24.37
s 0.0940 0.1186 0.1036 3 24.05 30.63 26.53
haa 01279 0.1629 0.1410 3'fs 26.11 33.24 28.78
a 01671 0.2127 | 01842 3'Y 28.24 3595 31.13
Baa 0.2114 | 0.2892 | 0.233 3% 30.45 38.77 33.58
i 0.2611 0.3324 | 0.2878 3 3274 41.89 36.11
faz 0.3158 | 0.4022 | 0.3483 3% 35.13 44.73 38.73
Iy 0.3759 0.4786 0.4145 3 37.59 47.86 41.45
"z 0.4412 | 0.5617 | 0.4865 3 40.14 51.50 44.26
e 05116 | 08515 | 0.5642 4 4277 54.46 4716
15f3n 0.5873 0.7479 0.6477 A'fy 45,49 57.18 50.15
I 0.6683 0.8509 0.7368 a'fa 48.28 G61.48 53.24
e 0.7544 | 09606 | 0.8319 43y 51.16 65.15 56.42
e 0.8458 1.077 0.9327 4z 54,13 68.92 59.69
- 0.9424 1.200 1.039 45h 57.18 Tem 63.05
5 1.044 1.329 1.151 Afs 60,13 T6.79 G6.51
Mixg 1.151 1.466 1.269 47fy 63.53 B0.89 70.05
"he 1.263 1.609 1.393 5 66.83 B5.08 73.69
Bhe 1.381 1.758 1.523 5'a 70.21 £88.39 7742
s 1.504 1.815 1.658 &' 7a.68 93.81 81.25
iz 1.632 2.077 1.799 5% 7723 98.33 85.16
e 1.765 2.247 1.946 5z a0.87 103.0 £8.16
oz 1.803 2.424 2.008 555 84.58 107.7 93.26
Tl 2.046 2.606 2.256 53 86,38 112.5 a7.45
oz 2.195 2.795 2.421 57s 92,27 117.5 102.7
g 2349 2.991 2.591 & 96.23 122.5 106.1
Moz 2.509 3.194 2,766 62 1128 143.8 124.5
1 2.673 3.404 2.847 7 131.0 166.8 144.4
LGt 3.018 3.842 3.328 Tz 150.4 191.4 165.8
1 3.284 4,308 373 8 1711 217.8 188.6
1315 3.770 4.800 4,156 aY: 193.1 245.9 2129
1 4176 5.318 4.606 9 216.5 275.7 238.7
151s 4.805 5.6863 5.077 2 2412 307 A 266.0
135 5.054 6.435 5.573 10 267.3 340.3 284.7
17 6.524 7.033 6,091 11 323.4 411.8 356.6
1z B6.014 7658 6.632 12 3848 480.1 424.4
1% B.526 8.310 7197 13 451.7 57561 498.1
15 7.058 B.988 7.783 14 523.9 667.0 8777
1" 1s 7.612 9.692 8.394 15 601.4 765.7 663.1
13 B.187 10.42 9.028 16 G84.3 a71.2 754.5
1134 B.782 11.18 8.680 17 TT25 983.5 851.7
1%a 8.358 11.96 10.36 18 BEEG.0 1,102.6 | 954.9
1" 18 10.03 12.77 11.06 19 B46.9 12286 | 1,063.9
2 10.69 13.61 11.79 20 1,068.2 [ 1,361.3 | 1,178.9
2 11.37 14.48 12.54 21 11787 1,500.8 1,299.7
2Ys 12.07 15.37 13.31 22 1,203.7 | 168472 | 14264
2% 12.72 16.29 14.10 23 1,414.0 | 1,800.3 | 1,559.1
2% 13.53 17.23 14.93 24 1,539.6 | 1,860.2 | 1,697.6
25 14.29 18.20 15.77 25 16705 | 2127.0 | 1,842.0
Y 15.08 19.20 16.63 26 1,806.9 | 2,300.6 1,8992.3
“Flats. To determine the theorelical weight in pounds per linear foot, multiply the width
in inches times the thickness in inches times 3.404. (To determine the theoratical
weight in kilograms per linear metre, multiply pounds per foot by 1.488164).

I+38



PACIFIC MACHINERY & TOOL STEEL CO.

AREAS/WEIGHTS FOR BARS AND TUBES

AREA = 31416 % 1 CIRCUMFERENGE = 3.1416 xD
= 07584 x D?
T
WEIGHT PER FOOT (ROUND STEEL BAR) = 2.6729 x D? (LBS)
E——W——— AREA = WxT CIRCUMFERENGE = 2 x (W + T)
?
!
v
WEIGHT PER FOOT (FLAT STEEL BAR) = W x T x 3.4032 (LBS)
T AREA = S CIRCUMFERENCE = 4x S
D=14142x8S
O T
WEIGHT PER FOOT (SQUARE STEEL BAR) = 3.4032 x §¢ (LBS)
T AREA = 0.8660xS*  CIRCUMFERENCE = 3xD
D= 1.1547x S = 3.4641%x8S
5
WEIGHT PER FOOT (HEXAGON STEEL BAR) = 2.9473 x §° (LBS)
AREA = 0.8284 xS  CIRCUMFERENCE = 3.0613xD
D= 10824x5 = 33137 xS

]

al

WEIGHT PER FOOT (OCTAGON STEEL BAR) = 2.8183 x 5 (LBS)

I

0.7854 x (OD° - ID?)
3.1416 X W x (D - W)

WEIGHT PER FOOT (ROUND STEEL TUBE) = 10.6915 x W x (OD - W) (LES)
26729 x (OD° - ID7) (LBS)

MOTE: Weight calculations based on 1 cubic inch = 0.2836 pound.
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PACIFIC MACHINERY & TOOL STEEL CO.

WEIGHTS OF ALLOYS AND METALS

LE. PER LB. PER

ALLOYS AND METALS CU. FT. CLL M,

Aluminum 163 0.0875
Aluminum and Tin:

Al 91%, 5n 9% 178 0.103
Aluminum, Copper, and Tin:

Al'B5%, Cu 7.5%, Sn 7.5% 188 0. 1087

Al B.25%, Cu 87.5%, 5n 6.25% 459 0.2656

Al 5%, Cu 5%, Sn 90% 425 (0.2459
Aluminum and Magnesium;

Al T0%, Mg 30% 125 0.0723
Aluminum and Zing:

Al 918, Zn 9% 175 0102
Antimany 419 0.2391

Babbitt Alloy 454 0.2627
Bismuth G611 0.3541
Bismuth, Lead, and Tin:

Bi 53%, Pb 40%, Sn 7% 659 0.3813

Wood's Metal:

Bi 50%, Pb 25%, Cd 12.5%, Sn 12.5% 605 0.3501
Brass:

Cu 80%, Zn 10%: 536 03101

Cu 70%, Zn 30% 527 0.3045

Cu 60%, Zn 40% 521 0.3015

Cu 50%, Zn 50% 511 0.2857
Bronze:

Cu 90%, Sn 10% 548 0.3171

Cu 85%, 5n 15% 555 0.3211

Cu 80%, Sn 20% 545 0.3153

Cu 75%, Sn 25% 551 0.3188

Cu 90%, Al 10% 480 02777

Cu 95%, Al 5% See 0.302

Cu 897%, Al 3% Hd2 0.3136
Bronze, Phosphorus, Average 537 0.3107
Bronze, Tobin, Average 503 0.291
Cadmium and Tin:

Cd 322, Sn 68% 480 02777
Chramium 436 0.2579
Caobalt 533 0.3216
Copper 557 0.323
Copper and Mickel:

Cu 60%, Ni 40% 554 0.3206
German Silver:

Cu B0%, £n 20%, Ni 20% 530 0.3067

Cu 52%, Zn 26%, Ni 22% 527 0.3049

Cu 59%, Zn 30%, Ni 11% 520 0.3009

Cu 63%, Zn 30%, Ni 7% 518 0.2997
Gald 1208 0.6873
Goald and Copper:

Al 98%, Cu 2% 1176 0.6805

Au 90%, Cu 10% 1071 0.6197

Al BB, Cu 14% 1027 0.5943
Gun Metal, Average 544 0.3148
Iridium 1396 0.809
Iron, Cast 450 0.2604
Iron, Wrought 480 02777
Lead 708 0.409

Continued on next page
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PACIFIC MACHINERY & TOOL STEEL CO

WEIGHTS OF ALLOYS AND METALS — Continued

LB. PER LB. PER
ALLOYS AND METALS CLU. FT. CLL M.
Lead and Antimony:

Pb 30%:, Sb 70% 450 0.2604

Pb 37%, 5b 63% 460 0.2662

Ph 44%, Sb 56% 475 0.2748

Ph 63%, Sb 37% 514 0.2974

Ph 83%, Sb 17% 5896 0.3449

Pb 90%, Sb 10% 658 0.3807
Lead and Bismuth:

Bi 67%, Pb 33% 639 0.3697

Bi 50%, Pb 50% 656 0.3796

Bi 33%, Pb 67% 682 0.3946

Bi 25%, Pb 75% BET 0.4033

Bi 175, Pb 83% 702 0.4062

Bi 12%, Pb 88% 703 0.4068
Lead and Tin:

Ph 87.5%, 5n 12.5% 661 0.3825

Pb 84%, Sn 16% Gdd 0.3726

Pk 63.7%, Sn 36.3% 588 0.3402

Pb 46.7%, Sn 53.3% 545 0.31583

Pl 30.5%, Sn 68.5% 514 0.2974
Magnesium 108 0.0628
Manganese 489 0.260
Manganese, Copper, and MNickel:

Mn 129, Cu B4%, Mi 430 530 0.3067
Mercury 849 0.489
Mickel 550 0.320
Osmium 1402 0.B12
Palladium 712 0.433
Platinum 1344 0.774
Platinum and [ridium:

Pt 90%, Iridium 10% 1348 0.780
Rhodium 755 0.452
Ruthenium 765 0.441
Silver 654 0.380
Steel, Cast 430 0.2835
Tin 460 0.264
Tin and Antimony:

Sn 50%, Sb 50% 424 0.2453

Sn 75%, Sb 25% 442 0.2557
Tin and Bismuth:

Bi 7B8%, Sn 22% 587 0.3396

Bi 63%, Sn 37T% 570 0.3298

Bi 50%, Sn 50% 546 0.3159

Bi 37%, Sn 63% 530 0.3067

Bi 22%, 3n 78% 504 0.2916
Tin and Lead:

Sn 97%, Pb 3% 456 0.2638

Sn 89%, Pb 11% 475 0.2748

Sn 80%, Pb 20% 487 0.2818

Sn 67%, Pb 33% 512 0.2962

Sn 50%, Pb 50% 550 0.3182
Titanium 224 0.163
Tungsten 1078.7 0.698
Zing 437 0.258

Copyright, 1948, Republic Steal Corporation. Reprinted by permission of Republic

Steel Corporation.
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FACIFIC MACHINERY & TOOL STEEL CO.

ARC WELDING OF HARDENABLE CARBON STEELS

(Reprinted from METALS HANDBOOK, 9th Ed., with permission of the publisher, ASM
International, Metals Park, Chio)

Carbon steals are defined as steels that conlain up to 2% C, 1.65% Mn, 0.5% Si,
and 0.6% Cu. Phosphorus and sulfur may also be present in these steels in concentra-
tions up to 0.04 and 0.05%, respectively. Carbon content and the steel making process
used (acid or basic) are frequently used as guidelines for the classification of carbon
steels. Carbon content, however, because of its well-defined effects on the properties
of stesl, is considered the most common criterion for classification,

Low-carbon steels, those containing less than 0.25% C, are generally easy to
join by any arc welding process. Welds of acceptable quality usually can be produced
without the need for preheating, postheating, or special welding techniques, provided
the sections being welded are less than 1 in. thick and that severe joint restraint does
not exist. Filler-metal selection is seldom critical for welding low-carbon steel and is
based mainly on tensile-strength requirement.

Medium-carbon steels, those containing 0.25 to 0.50% C, can also be satisfacto-
rily welded by all of the arc welding processes. Because of the formation of greater
amounts of martensite in the weld zone and the higher hardness of the martensite,
preheating or postheating, or both are often necessary.

For joint designs and welding processes and procedures thal induce high weld
caoling rates, preheat is used to inhibit martensite formation and allow upper transfor-
mation products to form. Postweld heat treatment also is used to temper martensite
and restore toughness in the HAZ. Modification in welding procedure — for example,
the use of large V-grooves or multiple passes — also decrease the cooling rate and
the probability of weld cracking. In multiple-pass welding, the final weld bead should be
deposited in such a manner that it is surrounded on both sides by weld metal from
previous passes. By so doing, the HAZ that results from the deposition of the previous-
pass weld beads is tempered by the heat from the final-pass bead.

Selection of filler materials for arc welding becomes more critical as the carbon
content of the steel increases. Steels with higher carbon contents are more susceptible
to hydrogen-induced cracking; therefore, low-hydrogen electrodes and processes ordi-
narily are used. As the carbon content of the steel being welded approaches 0.50%,
low-hydragen conditions become mandatory.,

High-carbon steels, with more than 0.50% C, are difficult to weld because of
their susceptibility to cracking. Excessive hardness and brittleness often occur,

For best results in SMAW, the use of low-hydrogen electrodes is recommended.
Similarly, for other arc welding processes, low-hydrogen practice s mandatory. Both
preheating and postweld stress relieving or tempering usually are required. Austenitic
stainless steel electrodes sometimes are used for welding high-carbon steel to obtain
greater notch toughness in the joint. Howevear, the HAZ may still be hard and brittle,
and pre-heating and post weld stress relieving may be necessary.

Successful welding for high-carbon steel requires the development of specific
welding procedures for each application. Compaosition, thickness and configuration of
the component pans, and the service requirements must be considered. For each
application, the welding procedure should be qualified by tests before it is adopled.
High-carbon sieels frequently are welded using procedures suggested for tool steels,
which are discussed in the TOOL STEEL section.
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PACIFIC MACHINERY & TOOL STEEL CQ.

ARC WELDING OF AISI/SAE ALLOY BAR STEELS

(Aeprinted from METALS HANDBOOK, 9th Ed., with permission of the publisher, ASM
International, Metals Park, Ohia)

The steels discussed in this section are the widely used hot rolled and cold
finished bar steels, ranging in carbon content from 0.09 to 0.64% and in alloy content
{excluding manganese and silicon) from zero (the 13xx seres) to approximately 4.0%:
(the 48xx seres). These steels are capable of developing maximum as-quenched
hardness from approximately 36 to 65 HRC. The hardenability ranges from only slightly
higher than that of plain carbon steels to that characterized by steels such as 4140H
and 4340H. The weldability of these steels generally decreases as hardenability in-
creases,

Table A lists 18 representative AISI alloy steels within the range of 0.18 to 0.53%
C contenl. Alloy steels containing more than 0.53% C are seldom welded. The table
includes the alloy steels that are most frequently selected for weldments, with 4130
being the most widely used, because it combines high strength in the heat treated
condition with acceptable weldability. ASI steels 4140 and 4340 are also used exten-
sively for weldments, but are more difficult to weld without cracking than 4130 steel.

SHIELDED METAL ARC WELDING (Stick Welding): Table A lists covered elec-
trodes commonly used for producing high-strength welds in 18 alloy steels by SMAW,
In Table A, EY018 (or E7018-A1, carbon-molybdenum) is shown as the choice for six
stegls. This electrode, a low-hydrogen iron-powder type, provides an as-welded joint
having minimum tensile strength of 70 ksi. The minimum lensile strength of deposited
weld metal is denoted by the first two of four, or the first three of five, digits in each
electrode designation. For single-pass welds, the strength specified for the deposited
weld metal usually increases as carbon content of the base metal increases.

TABLE A

METAL | ELECTRODE || METAL | ELECTRODE | METAL | ELECTRODE
1330 E7018 4130 E10016-D2 4640 E12018-M
1340 E10016-D2 4140 E12018-M 5120 Ef016-B2
4023 E7018-A1 4150 E12018-M 5145 E9016-B3
4023 E7018-A1 4320 E7018-A1 8620 E7018-A1
4047 E10016-D2 4340 E12018-M 8630 E11018-M
4118 ET018-A1 4620 EB016-C1 8640 E12018-M

All of the electrodes listed in Table A are low-hydrogen types. Low-hydrogen
electrodes almost always are recommended for welding alloy steels to help prevent
cracking.

Unless a joint of maximum strength is required, a lower strength filler metal can
often be used and the susceptibility to cracking thereby decreased. For instance, the
electrode shown in the table as commonly used for welding 4130 steel is D10016-D2,
but if a lower as-welded strength is accepiable, E7018-A1 can be used,



PACIFIC MACHINERY & TOOL STEEL CO.

FLUX CORED ARC WELDING: Flux cored electrodes are selected largely on the
basis of the mechanical properties of the deposited weld metal. Because susceptibility
lo cracking increases as strength increases, the lower strength filler metals should be
used if the lower strength is acceptable. For joining 4130 to 4130 in one example, a
weld of acceplable strengih was made with an electrode wire that resulted in an as-
welded composition of 0.15% C, 1.60% Mn, 0.55% Si, 0.70 % Cr, and 0.75% Mo. Cne
advantage of FCAW of alloy steels is that cored electrode wires of special composition
are more readily obtained than are solid wires of special composition. When only
maderate strength is required, low-carbon steel electrodes are used. When strength
requirements are higher, alloy steel electrode wires that provide weld metal to match
or nearly match the alloy compasition of the base metal are most commonly used. Low
alloy filler metals used for FCAW of AISI-SAE bar steels are covered in AWS A5.29,

GAS METAL ARC WELDING (MIG Welding): High quality electrode wires of
virtually any composition are obtainable for GMAW. The carbon content of the elec-
trode wire should generally be lower than that of the base metal to minimize the
formation of hard, brittle transformation products that may cause cracking. For in-
stance, in welding 4130 steel, an electrode containing no more than about 0.20% C
should be used. If the completed weldment is to be heat treated (for example, quanched
and tempered), a filler metal of similar composition should be used. Low-alloy steel
filler metals used for GMAW of AISI-SAE bar steels are coverad in AWS A5.28.

SUBMERGED ARC WELDING: SAW electrodes are intended primarily for weld-
ing low-carbon steel, but they are also used for alloy steel weldments.

Filler metal that matches the base metal in alloy content iz usually recommended
when a submerged arc weld of maximum strength is required, but the carbon content
of the filler metal should be lower than (often no more than half) that of the base metal,
as previcusly described for GMAW,

GAS TUNGSTEN ARC WELDING (TIG Welding): In many applications, alloy
steels are welded by GTAW without filler metal. Selection of filler metal (if used) for
GTAW generally presents fewer problems than for the other arc welding processes. In
GTAW, the filler metal is fed into the weld pool, not into the arc, which is an advantage
because it results in more efiicient alloy transfer and thus enables more accurate
control over the composition of the weld metal, It is generally recommended that filler
metals match the base metal composition, but higher alloys are selected whenaver
special properties are needed.

PREHEATING: Suggested preheating and interpass temperatures for 18 alloy bar
steels are given in Table B. These suggested temperatures are hased on the use of
low-hydrogen electrodes. The preheating temperature increases with the carbon con-
tent or hardenability of the steel and with the section thickness. If local preheating is
used, the full thickness of the joint and about 3 in. (or a distance equal to base-metal
thickness, whichever is smaller) on either side of the joint, should be preheated. The
preheating temperatures suggested in Table B are intended as a guide,

led4
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TABLE B

SUGGESTED PREHEAT & INTERPASS TEMPERATURES
for Various Alloy Steel Bars

TEMPERATURE, °F TEMPERATURE, °F
for Section Thickness for Section Thickness

STEEL | to Vain. |Y=to1in.| 1lo2in. || STEEL | to'xin. |'2to1in. | 110 2in.
1330 | 350-450 | 400-500 | 450-550 || 4320 | 200-300 | 350-450 | 400-500
1340 | 400-500 | 500-800 | 600-700 f 4340 | 600-700 | 600-700 | 600-700
4023 | 100 min | 200-300 | 250-350 || 4620 | 100 min | 200-300 | 250-350
4028 | 200-300 | 250-350 | 400-500 || 4640 | 350-450 | 400-500 | 450-500
4047 | 400-500 | 450-550 | 500-800 || 5120 | 100 min | 200-300 | 250-350
4118 | 200-300 | 350-450 | 400-500 | 5145 | 400-500 | 450-550 | 500-600
4130 | 300-400 | 400-500 | 450-550 || 8620 | 100 min | 200-300 | 250-350
4140 | 400-500 | 600-700 | 600-700 || 8630 | 200-300 | 250-300 | 400-500
450 | 600-700 | 600-FO0 | 600-700 || BG40 | 350-450 | 400-500 | 450-550

Under certain circumstances, such as very low restraint, alloy steels can be welded
successfully without preheating. Often, preheating of the entire weldment is impracti-
cal, so that if preheating is needed, it must be dane locally.

POSTHEATING: Generally, postheating is specified for the steels in Table B that
contain more than about 0.35% C, although there are many exceptions. One practice
for welding these higher carbon steels is to use a preheating and interpass tempera-
ture that is just above the M; temperature for the pariicular steal, and then to hold at
this temperature for at least 1 hour. The objective is to permit the weld metal to
transform from austenite to softer micreconstituents, rather than o martensite, and
thereby to minimize the possibility of cracking withaut undue sacrifice in mechanical
proparties.

Stress relieving usually is required and may be mandatory for weldments of all of
the steels listed in Table B, if the weldment is to be put into service without being
guenched and tempered. If a weldment is to be quenched and tempered, siress
relieving can usually be omitted. Dimensional stability and notch toughness usually
determine the need for stress relief.

In preferred practice, the heating for stress relieving, or for the austenitizing that
precedes quenching, should begin before the weldment cools to a temperature below
the interpass temperature. However, this procedure is not always practical, and in
some applications the weldment remains at room temperature for an indefinite time
before being stress relieved. Drafts of air impinging on the weldmeant while it is cooling
to room temperature should be avoided.

For complete, or almost complete, stress relief, the weldment should be heated to
1100 to 1200°F and held for one hour per inch of maximum base-metal thickness. If
heating in this range is impractical, partial stress relief can be atfained by heating at a
lower temperature (for instance, 900°F) for several hours,
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A

age hardening. Hardening by aging. usually
after rapid cooling or cold working. See ag-
ing.

aging. A change in the properties of certain
metals and alloys that eccurs at ambient or
moderately elevated temperatures after hot
warking ar a heat freaiment (quench aging
in ferrous alloys, natural or amificial aging in
farraus and nonferrous alloys) or after a cold
working oparation (strain aging), The
changa in properies is often, but not al-
ways, dug 1o a phase change (precipita-
tion), bul never involves a change in
chemical compasition of the metal or alloy.
See also age hardening, procipitation
hardening. strain aging.

air-hardening steel. A steal containing suf-
ficiant carbon and other alloying elements
50 as to harden fully during cooling in air or
other gaseous media from a temperature
above is transformation range. This term
shaould be restricted 1o steels that are ca-
pable of being hardened by coaling in air in
fairly large sections, aboul 2 in. ar more in
diarmeler, Same as self-hardening steel.

AlSl. Abbraviation for Ameancan lron and Steel
Institute.

alloy. A substance having metallic properiies
and being composed of two or mare chemi-
cal elemeants of which at least one is & metal.

alloying element. An element which is added
1o a mefal {and which remains within the
rmetal) to ellect changes in properies.

alloy steel. Sieel containing specified quanti-
fies of alloying elements [other than carbon
and the commonly accepled amounts of
manganese, copper, silicon, sulfur and
phaspharus) within the limits recognized for
constructional alloy steels, added 1o effect
changes in mechanical or physical proper-
ties.

annealing. A generic lerm denoling & treat-
ment, consisting of heating to and haolding
at a suitable temperature followed by cool-
ing &t & suitable rate, used primarily 1o soften
metallic materals, but also to simultaneously
produce desired changes in othar proper-
ties or in microstructure, The purpose of
such changes may be, but is notl canflined
1o: impravement of machinability, facilitation
of cold work, improvemeant of mechanical
or alectrical properties, andfor increase in
stability of dimensions. When tha term is
used ungualifiedly, full annealing is impliad.
When applied anly for the relief of stress,
fhe process is properly called shess rafiow-
ing ar strass-relief annaaling.

In ferrous alioys, annealing wsually is
done above the upper critical temperature,
but the time-lemperature cycles vary widaly
bath in maximum temperature atlained and

in cooling rale employed, depending on
composition, matenal condition, and results
desired. When applicable, the following com-
marcial prcess names should be vsed:
biack annealing, blue annealing, box an-
neaiing, brght annealing, cyele annealing,
flamea annealing, full anneating, graphitiz-
ing, in-process annealing, (sothermal an-
naaling, malfeablizing, onentation annaaling,
process annealing, quench annealing,
spheroidizing, subcritical annealing.

ASTM. Abbraviation for American Society for
Testing and Malterials.

Ar... Ar,. Ar,, Ar,, Ar', Ar". Defined under
fransformation temperaturs.

austempering. A heal reaiment for ferrous
alloys in which a part is gquenched from the
austenitizing temperature a1 a rate fast
anaugh to avoid formation of fernle or pearl-
ile and then held at & temperature just above
.. until fransformation (o bainile is complete

austenite. A solid solution of one or mare
glements in face-cenered cubig iron. Lin-
less olherwise designaled (such as nickel
austenite), the solute is generally assumed
to be carbon.

auslenitizing. Forming austenite by healing
a farrous alloy inta the transtormation range
(parial austenitizing) or above the transfor-
mation range (complete austenitizing).
When used withaut qualification, the term
implies complete austenilizing.

AWS, Abbreviation for American Wealding So-
ciady.

B

bainite. A malasiable aggregate of ferrite and
cemeantite resulting from the transformation
of austanile al temperatures below the pearl-
ite range but above M., Bainite formed in
he upper part of the bainite transformation
range has a feathery appearance; bainite
formad in the lower part of the range has
an acicular appearance resambling that of
temperad marlensite,

baking. (1) Heafing to a low temperalurs in
arder 1o remove gases. (2) Curing or
hardening surface coatings such as paints
by exposure to heat. (3) Heating 1o drive off
maoistura, as in baking of sand cores after
mialding,

banded structure. A segragated siruciure
consisting of alternating nearly parallal
bands ol differant composition, typically
aligned in the direction of primary hot work-
ing.

beach marks. Frogression marks on a fa-
tigua fracture surlace thal indicate succes-
sive positions of the advancing crack frant.
The classic appearance is of iregular ellip-
tical or semiglliptical rings. radiating outward
from one or more onging, Baach marks (also
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known as clamshell marks or lide marks)
are typically found on service fractures
where the part is loaded randomly, intermit-
tently, or with perodic variattons in mean
slrass or alternating slress.

billet. (1) A solid semifinished round or square
product that has been hol worked by forg-
ing, rolling or extrusion; usually smaller than
a biogm. (2) A general term far wrought
starting stock used in making forgings or
extrusions,

blank carburizing. Simulating the carburizing
aperation without introducing carbon, This
is usually accomplished by using an iner
rmalerial in plage of the carburizing agent,
ar by applying a suitable protective coating
fo the ferrous alloy.

bloom. {1) & semifinished hot ralled product,
rectangular in cross section, produced on a
blooming mill. See also bilel. For steal, the
width of a bloom is not mara than twice tha
thicknesz, and the cross-sectional area is
usually not less than aboul 230 cm® (36
in.®), Steel blooms are scmetimes made by
forging. (2) A visible exudation or efflores-
cence on tha surface of an electroplating
bath. {3) A bluish fluorescent cast to a
painted surface cavsed by deposition of a
thin film of smoke, dust or oil. {4) A loose,
flowerlike corrosion product that forms when
cerain metals are exposed 1o & moist envi-
renmant,

blue brittleness. Brtlleness exhibiled by some
steels aller being heated to some tempera-
ture within the range of about 200 1o 370
“C 400 1o 700 °F), paricularly if the siaal
i= worked at the elevated temperature, Kifled
steels are virlually free of this kind of brittla-
NEss.

Brinell hardness tesl. A last lor determining
tha hardness of a matenal by forcing & hard
steal or carbide ball of specified diametar
into it under a specified lcad. The result is
expressed as tha Brinell hardness number,
which is the value obtained by dividing the
applied load in kilograms by the surface
area of the resulting impression in square
millimeters.

brittle fracture. Saparation of a scolid accom-
panied by litile or no macroscopic plastic
deformation. Typically, brttle fracture occurs
by rapid crack propagalion with less expen-
dilure of energy than for ductile fracture.

brittleness. The quality of a matenal that leads
o crack propagation without appreciable
plastic deformation.

burning. (1) Permanantly damaging a meatal
or alloy by heating to cause either incipient
melting or intergranular oxidation. See ovar-
heating. {2) In grinding, gefling the work
hot encugh fo cause discoloration or to
change the microstructure by fempering or
hardening.
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c

capped steel. A type of steal similar to rimmead

steel, usually cast in a bottle-top ingot mold,
in which the application of a mechanical or
a chamical cap renders the rimming action
incomplete by causing the lop metal o so-
lidify, The surface condition of capped stesl
is much like that of rimmed stesl, but cer-
tain other characteristics are intermediale
between those of rimmed sfeal and those
of semikiled steel

carbide. A compound of carbon with one or

more melalic elemeants.

carbon equivalent. (1) for cast iron, an em-

pirical relationship of the tofal carban, sil-
icon and phosphorus contents expressed
by the formula:

CE=TC + '/{Si+P)
(2] For rating of weldability:

M Cr+ Mo+ Mi + Cu

CE=C+ 75+ 5 s

carbonitriding. A case hardening process in

which a suitabla ferrous matenal is heated
above the lower transformalion lemperature
in @ gassous almosphere of such composi-
fion as to cause simultanecus absorplion
ol carbon and nitrogen by the surdace and,
by diffusion, create a concentraficn gradient.
The process is completed by cooling at a
rate that produces the desired praperies in
fhe workpiece,

carbon steel. Steel having no specified mini-

mum quantity for any alloying alement {ather
than the commonly accepted amounts of
manganese, silicon and coppar) and con-
faining only an incidental amount of any
element other than carbon, silicen, manga-
nese, copper, sulfur and phosphorus.,

carburizing, Ahsorption and diffusion of car-

bon into sclid ferrous alloys by heating, 1o a
termparature usually above Ac., in contact
with a suitable carbonaceous matenal, A
form of case hardening that produces a car-
hon gradient extending inward from the sur-
face, enabling the surface layer to be
hardenad aither by guenching directly from
the carburizing temperature or by cooling
to room tempearature, then reaustenitizing
and quenching,

ease. That portion of a ferrous alloy, extending

inward from the sudace, whose composition
has bean altered 2o that it can be case hard-
ened, Typically considarad to be the portion of
fhe alloy (2] whose composition has bean mea-
surably altered from the crginal composibion,
{3 that appears dark on an etched cross sec-
fian, or {c) that has a hardness, after harden-
ing, equal to ar greatar han a specified value.
Contrast with core (2).
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case hardening, A genaric term covaring sev-
aral proceszaes applicable 1o steel that
change the chamical composition of the sur-
face layer by absorption of carbon, nitrogen,
or & mixiure of the two and, by diffusion,
create a concentration gradient. The pro-
ceszes commonly used are earbunizing and
gquench hardening, cyaniding, nildding,; and
carboninding, The use of the applicable
specific process name is prefarred.

cast iron. A generic term far a large family of
cast farrous alloys in which the carbon con-
tent exceeds fhe solubility of carbon austo-
nita at tha eutectic tempearature. Mast cast
irons confam at least 2% carbon, plus sil-
icon and sulfur, and may or may nol con-
tain other alloying elements, For the varous
forms gray cast iron, white cast iron, mal-
leable cast iron and ductie casf jron, the
ward “cast” is often left out, resuliing in “gray
iran," “white iron,” “malleable iron” and “duct-
ila iron,” respactively.

cementite. A compound of iron and carbon,
known chemically as iron carbide and hav-
ing the approximate chemical formula Fe,C.
Itis characterized by an orthorhombic crys-
tal structure, When it ocours as a phase in
steel, the chemical compaosition will be al-
tered by the presence of manganese and
ather carbide-forming elemenis,

Charpy test. A pendulum-type single-blow im-
pact test in which the specimen, usually
noiched, is supported at both ends as a
simple beam and broken by & falling pen-
dulum, The energy absorbed, as determined
by the subsequent rise of the pendulum, is
& measure of impact strength or notch
toughness. Contras! with lzod fest,

chevron pattern. A fractographic pattem of
radial marks (shear edges) that look ke
nested letters “V7, somatimes called a har-
ninghone patlern, Chevron patiems are typi-
cally found on brittle fracture surfaces in
pans whosa widihs are considerably greater
than their thicknesses. The points of the
chavrons can be traced back to the fracture
ongin.

cleanup allowance. See finish allowance.

cold drawing. Reducing the cross section of
a metal bar, rod or tube by drawing it
through a die at a temperature below the
recrystallization range. usually room
temperature.

cold rolling. Reducing the cross saction of a
metal bar or sheet in a rolling mill balow the
recrystallization temperature, usually room
temperature.

cold work, Permanent strain in a8 metal ac-
companiad by strain hardening.

cold working. Deforming metal plastically un-
der conditions of temparature and strain rate
that induce strain hardening. Usually, but
not necessarly, conductad at room empeara-
ture. Cantrast with ot warking.
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combined carbon. The part of the fotal car-
bon in steel or cast iron that is present as
olher than free carbon.

compacted graphite cast iron. Cast tron hay-
ing & graphile shape intermediate betwaon
the flake farm typical of gray cast iron and
the spherical form of fully spherulitic ductile
cast iron. Also known as CG fron or ver-
micular iron, compacted graphite cast iron
is produced in a manner similar 1o that lor
ductile cast iron, but using a technigue that
inhibits the formation of fully spherulitic
graphite nodules,

compressive strength. The maximum com-
prassive slress thal a matenal is capable of
developing, based on orginal area of cross
section. I a malenal faifs in compression by a
shattaring fracture, the comprassive strength
has a very dafinite value. If a material does
not fail in compression by a shattering frac-
ture, the value oblained for compressive
strangth is an arbitrary value depanding upon
the degree of distorion that is regardad as
indicating complete failure of the material.

continuous casting, A casting fechnique in
which & cast shape is continuowsly withdr-
awn through the bettorm of the mold as it
solidifigs, so that its langth is not determined
by mold dimensions. Used chiefly to
produce semifinished mill products such as
billets, blooms, ingots, slabs and ubes, See
also strand cashng.

core, (1) A specially formed material insarad
in a moid fo shape the intarior or other part
ol a casting that cannot be shaped as pas-
ily by the pattern. (2) In a lzrous alloy
prepared for case hardening, that portion of
the alloy that is not part of the case. Typi-
cally considered to be the portion that (&)
appears light an an etched cross section,
(&) has an essentially unaltered chamical
composition, or (¢) has a hardness, after
hardening, less than a specified value,

corrosion. The deterioration of @ metal by
chemical or electrochemical reaction with
its anvironmant,

corrosion embrittlement. The severa loss of
ductility of a metal resulting from corrasive
attack, usually infergranular and oftan not
visually apparent,

creep, Tima-depandent strain ooouring un-
der stress, The creep strain occurring at a
diminishing rate is called primany craep; that
occurring at a minimum and almost con-
stant rate, secondary creep; and that oc-
curring at an accelerating rate, tertiary creep.

critical point. (1) The temperalure or pressure
al which & change in crystal structure, phase
or physical properties occurs, Same as frans-
formation temperature. (2) In an equilibrum
diagram, that specific valee of composition,
temperature or pressure, or combinations
thereof, at which the phases of a heferoge-
neaus syslam are in aquilibrivm,
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critical temperature. (1) Synonymous with
chfical point if the pressure is constant. (2)
The temperaiure above which the vapaor
phase cannot be condensed to liquid by an
INCTEASE in pressure,

critical temperature ranges. Synonymous
wilh fransformation ranges, which is the pr-
aferred 1grm.

crystalline fracture. A patiern of brightly rafi-
ecting crystal facets on the fracture surface
of a polycrystalling: metal, resulling fram
cleavage fracture of many individual crys-
tals.

crystallizalion. (1) The separation, usually
from a liguid phase on cogling, of a solid
crystalline phase. (2) Sometimas errcne-
ously used lo explain fracturing that actu-
ally has occurred by fatigue.

Curie temperature, The lemperature of mag-
netic transformation below which a metal aor
alloy is ferromagnetic and above which it is
paramagnetic.

cyaniding (liquid carbonitriding). A case
hardening process in which a ferrous ma-
terial is heated above thea lower transtorma-
fion range in 4 mollen sall containing
cyanide to cavse simultanaous absorption
of carbon and nitrogen at the surface and,
by ditfusion, create a concentration gradiant.
Quench hardening completes the process.

D

dead soft. A condition of minimum hardness
and tensile strength.

decarburization. Loss of carbon from the sur-
face of a ferrous alloy &5 a result of heating
in a madium (almosphare) that reacts with
the carbon.

diffusion. {1) Spreading of a constiluent in a
gas, liquid or solid, tending to make the
compasifion of all pans uniform. (2) The
spontaneous movement of atoms or
malecules fo new sites within a material, as
accurs in carburizing.

direct quenching. (1) Cuenching carburized
pars diractly from the carbunzing opera-
fion. (2) Also used for guenching pearlitic
malleable parts directly from the
malleablizing operation,

distortion. Any dawviation fram an onginal size,
shape or contour 1hat occurs becausa of
the application of stress or the release of
residual stress.

double tempering. A treatment in which a
quench-hardenad ferous metal is subjected
1o Wwo complete tempearing cycles, usually
at substantially the same temperatura, for
fhe purpose of ensuring completion of the
tempering reaction and promating stability
of the resulting microstructure. Primarity
used for alloy and high speed tool steals.

drawing. (1) Forming recessed parts by forc-
ing the plastic flow of metal in dies, (2)
Reducing the cross section of bar stock,
wire or tubing by pulling through a die. (3)
A misnamer for lempering (see fempar).

ductile cast iron. A cast jron thal has been
treated while meolien with an element such
a5 magnesium or cerum to induca the far-
mation of free graphite as nodules or
spherulitas, which impans a measurable
degree of ductility to the cast metal. Also
known as nodular cast iron, spherulitic
graphite cast iron and 5G iron.

ductile fracture. Fraclure characterized by
teaning of melal accompanied by appre-
clable gross plastic deformation and exp-
enditure of considerable enangy.

ductility. The ability of a malerial to deform
plastically without fracturing, measured by
elongation or reduction of area in a lenstlea
fest, by height of cupping in an Erichsan
test or by other means.

E

elasticity. Ability of a solid to defom in direct
proportion to and in phase with increases
or decreases in applied force,

elastic limit. The maximum stress to which a
material may be subjectad without any per-
manent strain ramaining upon complete
release of siress,

end-quench hardenability test. A laboratory
procedure for determining the hardenability
of a steel or other ferrous alloy; widely
referred to as the Jominy test. Hardenability
iz determined by heating a standard
specimen ahove the upper critical tampera-
fure, placing the hot specimen in a fixture
50 that & siream of cold waler impinges an
one end, and, after cooling 1o room lempera-
ture is completed, measuring the hardness
near the surface of the spacimen at regu-
larly spaced intervals along its lengih, The
data are normally plotted as hardness ver-
sus distance from the quenched and,

endurance limit. The maximum stress balow
which & matenal can presumably endure
and infinite number of stress cycles, If the
stress s not completely reversed, the value
of the mean stress, tha minimum stress ar
fhe stress ratio also should be statad,

etching. (1) Subjecting the surface of a metal
to preferential chemical or elactrolytic at-
tack in order to reveal structural details for
metallographic examination, (2) Chemically
or electrochemically removing tenacicus
films from a metal surface to condifion the
surface for a subsequent treatment, such
as painting or electroplating.
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F

fatigue. The phenomanon leading 1o fracture
under rapeated or Hluctuating stresses hav-
ing a maximum valua less than the lensile
strength of the material, Fatigue fraciures
are progressive, beginning as minute cracks
that grow under the action of the fluctuating
stress.

fatigue strength. The maximum stress that
can be sustained for a specified number of
cycles without failure, the stress being
completoly reversed wilhin each aycle un-
less otharwise stated,

file hardness. Hardness as determinad by the
uge of a fila of standardized hardness on
the assumpticn that a matenal that cannot
be cut with the file is as hard as, or harder
than, the fila. Files covering a range of
hardnesses may be employed.

finish allowance. The amount of excess matal
surrounding the intended final configuration
of a formed part; sametimes called farging
envelope, machining allowance, or cleanup
allowance.

flame hardening, A process for hardening the
surfacas of hardenable ferrous alloys in
which an inlense ilame is used to heat tha
surface layers above the upper transforma-
tion temperature, whareupon the workpiecea
is immadiataty quenched.

forging. Plastically deforming metal, usually
hot, into desired shapes with compressive
farce, with or without dies.

free carbon. The part of the fotal carbon in
steel or cast iron that is present in elemean-
tal form as graphite or temper carbon. Con-
trast with combinad carbon.

G

grain. An individual crystal in a polyorystalline
metal or alloy; it may or may not contain
twinned regions and subgrains,

grain growth, An increase in the average size
of the grains in polycrystalline metal, usu-
ally as a result of heating at an elevated
temparature.

graphitic steel. Alloy steel madae so that part
of the carbon is present as graphite.

gray cast iron. A cast iron that gives a gray
fracture due 1o the prasence of llake graph-
ite. Often called gray iron.

grinding burn., See buring (2),

grinding cracks. Shallow cracks formed in
he surfaces of relatively hard materials be-
cause of excassive grinding heat or the high
sensitivity of the matenal. See grinding sen-
sitivity.

agrinding sensitivity, Suscepfibility of & ma-
terial 1o surface damage such as grinding
cracks; it can be aflected by such factors
as hardness, microstructure, hydrogan con-
tent and residual stress,

grinding stress. Residual siress, generated
by grinding, in the surface layer of work. 1t
may ba tensile ar compressive or both,

H

hard chromium. Chromivm electrodepostted
for engineering purposes (such as to in-
crease the wear resistance of sliding metal
surfaces) rather than as a decorative coal-
ing. It is usually applied directly fo basis
metal and is customarily thicker than a
gemmﬁw depaosit, but not necessarily har-

er,

hardenability. The ralative ability of a ferrous
alley to form marensite when guenched
from a temperature above upper critical
temperature, Hardenahility is commonly
measured as the distance below a
gquenched surface at which the metal exh-
ibits a specific hardness (50 HRC, for axa-
mple} or a specilic percentage of maransile
in the microstructure.

hardening. Increasing hardness by sullable
treatmeant, usually involving heating and
cooling. When applicable, the following mare
specific tarms should be used: age harden-
Ing, case hardening, flame hardening, in-
duction hardening, precipitation hardening
and quench hardaning.

hardness, Resistance of metal to plastic defor-
mafion, usually by indentation. However, the
term may also refer to stiffness or temper,
or o resistance o scratching, abrasion or
cutling. Indentation hardness may be mea-
sured by varnous hardness tests, such as
Brinell, Rockwell and Vickers.

H-band steel. Alloy steel producad to specilied
limits of hardenability; the chemical compo-
sition range may be slightly differant from
that of the corresponding grade of ordinary
alloy steel.

heat-affected zone, That porion of the base
metal that was not melted during brazing,
cutting or walding, but whose microstruct-
ure and mechanical properies were aligrad
by the heat.

heat-treatment. Heating and cooling a solid
metal or alloy in such & way as to obain
daesired conditions or properties, Heating for
the sole purpose of hot working is excluded
from the meaning of this definition.

hot-working. Deforming metal plastically at
such a lemperature and strain rate that
recrystallization takes place simultaneausly
with the deformation, thus avoiding any
strain hardening.

hydrogen embrittlement, A condition of low
ductility in matals resulling from the absorp-
tian af hydrogen,
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impact energy. The amount of anergy
required 1o fracture a material, usually meaa-
sured by means of an {zod fesf or Champy
test. The type of specimen and 1ast condi-
fions affect the values and therefore should
be specified.

impact strength, Sama as impact enargy.

impact test. A test to determing the behavior
of materials when subjecled to high rales
ol loading, usually in bending, tension or
torsion. The gquantity maasurad is the energy
absarbad in breaking the specimen by a
single blow, as in Charpy and [Zod lesis,

inclusions. Particles of foreign material in a
metallic matrix, The particles ara usually
compounds (such as oxides, sulfides or sili-
cates), but may be of any substance that is
foreign to (and essentially insoluble in) the
matrix.

indication. In inspaclion, a responsa o a non-
dastructive stimulus thal implies the pre-
sence of an imperfection. The indication
must be interpreted to determineg if (&) it s
a frue indication or a false indicafion and
{8} whether or not & trug indication represa-
nts an unacceptable deviation.

induction hardening. A surface-hardening
process in which only the surface layer of a
suitable ferrous workpiece s heated by
electromagnetic induction 1o a temperature
above the upper crtical temperaturs and
immediately guanchad.

ingat. A casting of simple shape, suitable for
hot warking or remaiting,

internal stress. See preferred farm, residual
slress.

isothermal transformation. A change in
phase that takes place al a constant
femperature. The time requirad for transfor-
mation to be completed, and in some in-
stancas the time delay belore translermation
begins, depends on the amount of supar-
cooling balow {or superheating above) the
gquilibrium temperalure for the sama trans-
farmaticn.

lzod test. A pendulum-type single-blow im-
pact test in which the specimen, usoally
notched, is fixed at ong end and broken by
a falling pendulum. The energy absorbed,
az measured by the subsequent rise of the
pandulum, is a maasure of impact strengih
ar notch toughness, Contrast with Charnoy
fest,

dJ

Jominy test. See end-quench hardenability
lesl,
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K

killed steel. Steel treated with a strong deoxi-

dizing agent such as silicon or aluminum in
order to reduce the oxygen content 1o such
a lewvel thal ne reaction occurs betwaen car-
bon and oxyvgen during solidification.

Knoap hardness. Microhardness determined

from the resistance of metal 1o indentation
by a pyramidal diamond indenter, hawving
edge angles of 172 30 and 130°, making
a rhombohedral impression with ane long
and ane shor diagonal.

machinability. The ralative ease of machin-

ing & metal.

machinability index. A relative measure of

the machinability of an engineering material
under specified standard conditions,

malleability. Tha charactaristic of matals that

permits plastic deformation in comprassion
without rupture,

malleable cast iron. A cast iron made by pro-

longed annaaiing of white cas! iron in which
decarburization or graphilization, or baoth,
fake place to eliminate some or all of the
cementite. The graphite is in the form of
temper carbon, |f decarburization is the
predominant reaction, the product will exh-
ibit a light fracture surface, hence “whita-
heart malleable;” otherwise, the fracture
surface will be dark, hence, “blackheart mal-
leable.” Ferritic malleable has a predomi-
nantly ferritic matnx; pearlitic mallzable may
contain pearlite, sphercidite or femperad
manensite depending on heat reatment and
desired hardness.

maraging. A precipitation-hardening treatment

applied to a special group of iron-base al-
loys to precipitate one or more intermetallic
compounds in a matrix of essentially car-
bon-free manensite, NOTE; The first devel-
oped serios of maraging steels contained,
in addition 1o iron, more than 10% nickel
and one or more supplemental hardaning
alements. In this series, aging is dane at
480 *C (900 “F).

marquenching. Ses marlempenng.
martempering. (1) A& hardening procedure in

which an austenitized lerrous workpiece iz
guenched in an appropriate medium whose
temperature is maintained substantially at
the M, of the workpiece, held in the medium
until its temperature is uniform throughout—
but not long enough to permit bainite to
form—and then coaled in air. The treatment
is frequently lollowed by tempering. (2)
When the process is applied 1o carburized
material, the controlling M, temperature 15
that of the case. This vanation of tha pro-
cess is fraquently called marquenching,
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martensite. A4 ganeric term for microstuct-
ures formed by diffusionless phase trans-
formation in which the parent and product
phasas have a specific crystallographic rela-
lionship, Martensite is characterized by an
acicular pattern in the microstructure in both
ferrous and nonferrous alloys. In alloys
whera the solute atoms occupy interstitial
positions in the martensitic lattice (such as
carbon in iron), the structure is hard and
highly strained; but where the solule atoms
occupy substitulional positions {such as
nickel in iron), the marensite is soft and
ductile. The amount of high-temperature
phase that transforms to marensite on cool-
ing depends 10 a large extent on the lowest
temperature attained, there being a rather
distinct baginning temperature (M.) and a
temperature at which the transformation is
essentially complete (W),

McQuaid-Ehn test. A test for revealmg grain
size alter heating into the austenific lempera-
ture ranoe. Eight standard MoQuasd-Ehn grain
sizes are used for rating structures, Mo, & be-
ing finest, Mo. 1 coarsest,

mechanical properties. The proparties of a
matenal that reveal its elastic and inglastic
behavior when lorce is applied, thereby in-
dicating its suitability for mechanizal appli-
cations; for example, modulus of elasticity,
tensile strangih, elongation, hardness, and
fatigue limit, Compare with physical proper-
fies.

metallagraphy. The science dealing with the
constitution and structure of metals and al-
loys as revealed by the unaided eye or by
such tools as low-powered magnilication,
aptical microscopy. electron microscopy and
diffraction or x-ray lechrigues.

metallurgy. The science and technology of
meatalz and alloys, Process metallurgy is
concerned with the extraction of metals from
their aras and with refining of matals; physi-
cal metallurgy, with the physical and
mechanical properies of metals as affected
by composition, processing and environ-
mental conditions; and mechanical
metallurgy, with the response of metals 1o
applied forces.

M, temperature. For any alloy system, the
femperature al which martensite formation
an cooling is essentially finished. See frans-
formation temperature for the definition ap-
plicable to ferrous alloys.

microhardness. Tha hardness of 2 material
as determined by forcing an indenter such
az a \Vickers ar Knoop indenter into the sur-
face of the materal under very light load;
usually, the indentations are so small that
they must be measured with a micrascope.
Capable of determining hardnesses of diffoer-
gnt micro-constituents within a structure, or
of measuring steep hardness gradients such
as those encountered in case hardening,
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microstructure. The structure of a metal as
revaaled by microscopic examination of the
eiched surface of a polished specimen.

mild steel. Carbon steal with a maximum of
gbout 0.25% C and in a soft condition (not
work hardanad),

M, temperature. For any alloy system, the
lemperature at which martensite stars fo
form on cooling. See transformation
temperature for the definition applicable fo
fermaus alloys

N

nitriding. Intraducing nifrogen into the surface
layer of a solid ferrous alloy by helding at a
suitable temperature (below Ac, for farritic
steels) in contact with a nilrogenous ma-
terial, usually ammonia or molten cyanide
of appropriate composition, Quanching is
not required to produce a hard case,

nitrocarburizing. Any of several processes in
which both nitrogen and carbon are ab-
sarbed info the surface layvers of & ferrous
material al tlamperatures below the lower
critical temperature and, by diffusion creats
a concentration gradient, Nitrocarburizing is
done mainly to provide an antiscuffing sur-
face layer and to improve fatigue resistance.
Compare with carbaniliiding,

nodular cast iron. See prafarred term, duct-
ile cast iran.

nondestructive inspection. Inspection by
methads that do not destroy the part nor
impair its serviceatbility.

nanmetallic inclusions. Sag inclusions.

normalizing. Hzating a ferrcus alloy 10 a suil-
able temperature above the transformation
range and then coofing in air (o a lempeara-
ture substantially below the transformation
range,

notch brittleness. Suscepfibility of a material
fo brittle fraciure at points of stress concen-
tration. For example, in & noich tensile test,
the malerial is said to be notch brittle if the
notch strength 18 less than the tensile
strangth of an unnotched specimen. Other-
wise, it is said to be notch ductile,

nolch sensitivity. A meazure of the reduc-
ticn in strength of a metal caused by the
presance of stress concentration. Values
can be obtained from static, impact or fa-
tigue lesis.

o

overheating. Heating a metal or alloy to such
4 high temperature that its properies arg
impaired, When the original praperties can-
not be restaored by further heat treating, by
meachanical working ar by a combination of
working and heal treating, the ovarhaating
is known as burning.
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oxidation. {1} A reaclion in which there is an
increase in valence resulting from a loss of
elactrons. Contrast with reduction, (2) A car-
rasion reaction in which the corroded metal
forms an oxide; usually applied 1o reaction
with & gas containing elemental oxygen,
such as air.

p

passivation. The changing of a chemically
active surface of a metal 1o a much less
reactiva stata.

pearlite. A metastable lamellar aggregate of
ferite and cementite resulting from the trans-
formation of austenite at temperalures above
the bainite range.

physical properties. Froperties of a metal or
alley that are relatively insensitive to struct-
ure and can be measured without the appli-
cation of force; for example, density,
electrical conductivity, coefficient of thermal
expansion, magnetic permeability and lat-
fice parameter. Doas not inciude chemical
reactivity, Compars with mechanical proper-
ligs.

pickling. Removing surface axides from metals
by chemical or electrochemical reaction,

pipe. (1) The caniral cavity formed by con-
traction in metal, aspecially ingots, during
solidification. (2} An imperfection in wrought
or cast products resulting from such a cav-
ity. (3) A tubular metal product.

plastic deformation. Deiomation that does
ar will remain permanent after removal of
the load that caused it

precipitation hardening. Hardening caused
by precipitation of a constifuent from a su-
persaturated solid solution, See also age
hardaming and aging.

proportional limit. The maximum siress at
which strain remains directly proportional to
stress.

pseudocarburizing. See blank carburizing,

a

guench cracking. Fraclure of a metal dunng
quenching from elevated temparature. Most
frequently observed in hardened carbon
steel, alloy stesl or tool steel parts of high
hardness and low loughness, Cracks often
emanate from fillets, holes, corners or athar
stress raisers and result from high stresses
due to the volume changes accompanying
transformation to martensite.

quench hardening. (1) Hardening suitable al-
pha-beta alloys (most often cerain copper
or titanium alloys) by solution freating and
quenching to develop a marensite-like struc-
ture. {2} In ferrous alloys, hardening by
austenitizing and hen cooling &t a rate such
that a substantial amount of austenite trans-
farms to maransite,
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quenching. Rapid cooling. When apglicable,
the following more specific terms should be
usad: direct quenching, fog guenching, hot
quenching, inferrupted guenching, selacive
quenching, spray quenching and time
quenching,

R

ralchet marks. Lines on a fatigue fracture sur-
face that result from the intersection and
connection of fatigue fractures propanating
from multiple arigins. Ratchet marks are par-
alel to the over-all direction of crack propa-
gation and are visible to the unaided eye or
at low magnification.

recrystallization. (1) Formation of a new,
strain-free grain structure from that existing
in cold worked metal, usually accomplished
by heating. (2) The change from one crys-
tal structure to another, as occurs on heat-
ing ar cooling through a critical lemparalure.

reduction of area. (1) Commonly, the diffar-
ence, exprassed as a percantage of orginal
area, balween tha original cross-sectional
ared of a tensile test specimen and the mini-
mum cross-sectional area measurad alter
complete separation. {2) The difference, ex-
pressed as a percentage of ornginal area,
between original cross-sectional area and
thiat after straining of the spacimen.

residual elements. Elements present in an
alloy in small quantities, but not added in-
tentionally.

residual stress. Strass presant in a body that
is free of external forces or thermal
gradients,

rimmed steel. A low-carbon steel containing
sufficient iron oxide to give a continuous
evolution of carbon monoxide while the in-
got is solidifying, resulting in a case or rim
of metal virtually free of voids. Sheet and
sirip products made from immed steel in-
gots have very good surlace qualiby.

rock candy fracture. A fracture that exhibits
separated-grain facets, most often used to
describe infergranular fractures in large-
grained metals.

Rockwell hardness test. An indentation hard-
ness last based on the depth of penetration
of a specified penetrator into the specimen
undear certain arbitrarily fixed conditions,

rust. A corrosion product consisting of hydr-
ated oxides of iron. Applied anly 1o {ferrous
alloys.

]

scaling. (1) Forming a thick layer of oxidation
products on metals at high tempearature. {(2)
Depositing water-insoluble constituznts on
a metal surface, as in cooling lubes and
water boilers,
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Scleroscope tesl. A hardness fest in which
he loss in kinefic energy of a falling metal
“up,” absorbed by Indentation upon impact
of the tup on the metal baing testad, is indi-
catad by the height of rebound.

screw stock. Free-machining bar, rod ar wire,

semikilled steel. Stesl that is incompletely
denxidized and contains sulficient dissolved
oxygen fo react with the carbon to form car-
bon mancxide and thus offset solidificatien
shrinkage.

sensitization. In austenitic stainiess steels,
the precipitation of chramium carbides, usu-
ally at grain boundaries, on exposure o
temperatures of about 550 to 850 °C (about
1000 10 1580 "F), leaving the grain bound-
aries depleted of chromium and therefore
susceptinle o preferential attack by a cor-
roding (oxidizing) medium,

shear fracture. & ductile fracture in which &
crystal (or a polycrystalline mass) has se-
paratad by sliding or tearing under the ac-
tion of shear stresses

shear strength. The stress raguired to produce
fractura in fhe plane of cross section, the con-
ditions of loading being such that tha direc-
fions of force and of resistance are parallal
and apposite although their paths are ofiset a
specified minimum amaount, The maximum
laad divided by the original cross-seclional area
of a seclicn separated by shear

Shore hardness test. Same as Scleroscope
tast,

size effect. Effec! of the dimensions of a piece
of metal on its mechanical and olher pr-
oparties and on manufacturing varables
such as forging reduction and haat treat-
ment. In general, the mechanical properies
are lowear for a larger size.

slack quenching. Incomplete hardaning of stes!
dus to guenching from the auslenit-izing tem-
perature af a rata lower than the critical coal-
ing rate for the particular steel, resulling in
formation of one or more transformation prod-
ucts in addition to martensits,

slag. A nonmetallic product resulling from the
mutual dizsolution of flux and nonmetallic
impurities in smelling, refining, and cerain
welding operations.

snap lemper. A precautionary interim strass-
relieving freatment applied to high-
hardenability steels immediately aflar
gquenching to prevent cracking becavss of
delay in tempering tham at the prescribad
highar temperature.

soaking. Prolonged holding at a selected
temperature 1o effect homaogenization of
struciure or composition

solution heat treatment. Heating an alloy 1o
a suitable temperature, holding at that
temperature lang enough 1o cause one or
more constituents o enter inlo solid solu-
tian, and then cocling rapidly enough to hatd
these consfituents in solulion,

spheroidite, An aggregate of iron or alloy car-
hides of essantially spherical shape disper-
sad throughout a matrix of ferrte.

spheroldizing. Heating and coaling to praduce
a spheroidal or globular form of carbide in
steel, Spheroidizing methods frequently
used are:
1 Prolonged holding at a temperature just

below Az,

Heating and cooling alemately between

temperatures that are just above and just

below Ag,,

Heating to a temperature above Ae, or

Ae, and then cooling very slowly in the

furmnace or holding at a lemperature jus!

below Ag,.

Cooling at a suitable rate from the min-

mum femperature at which all carbide is

dissolved, o pravent the re-lormation of

& carbide natwork, and then reheating in

accordance with methed 1 or 2 above.

{Applicable fo hypereutactoid steel con-

taining a carbide natwaork. )

spherulitic graphite cast iron, Same as duct-
il cast iron.

stainless steel. Any of several steals con-
taining 12 to 30% chromium as the princi-
pal alloying element; they usually exhibit
passivity in aguacus anvironments,

steel. An iron-base alloy, mallesble in some
termparalure ranges as inifially cast, con-
taining manganese, usually carbon, and of-
ten other allaying elements. In carban steel
and low-alioy stesl, the maximum carbon is
about 2.0%; in high-alloy sleel, about 2.5%.
The dividing ling between low-alloy and
high-alloy steel is generally regarded as
being about 5% metallic alloving elements,

Steel is 1o be differentiated from two

gaeneral classes of “ions™ the cast irons,
on the high-carbon side, and the relativaly
pure jrans such as ingot iron, garbonyl iran
and electralytic iron, on the low-carbon sida.
In some steels containing extremely low car-
pon, the manganese content is the princi-
pal difterentiating factor, steel usually
containing at feast 0.25%. and ingot iron con-
siderably less.

stiffness. The ability of a metal or shape 1o
resist elastic deflection. For identical shapes,
the stiffnass 1s proportional the modulus of
elasticity. For a given material, the stiffness
increases with increasing moment of iner-
tig, which is computed from cross-sectional
dimensions.

stopping off. (1) Applying a resist. (2) Deposi-
ting a metal (coppear, for exampla) in local-
ized areas to prevent carburization,
decarburization or nitding in those araas.
{3) Filling in-a portion of 8 mold cavity to
keep out molian metal,

2
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strain. A measure of the relative change in
he size or shape of a body. Linear strain is
{he change per unit length of linear dimen-
zign, True strain (or natural steain) is the
natural logarithm of the ratio of the length
at the moment of abservation 1o the original
gage length. Conventional strain is the lin-
aar strain over the original gage length.
Shearing strain (or shear strain) is the
change in angle (expressed in radians) be-
twaen two lines ariginally at right angles.
When the term “sirain” is used alone it usu-
ally refers to the linear strain in tha direc-
fion of apphed stress,

strain-age embrittlement. A loss in ductility
accompanied by an increase in hardness
and strength that occurs when low-carbon
steel (gspacially immed or capped steal) is
agad following plastic deformation. The
degree ol embritlement is a function of aog-
ing time and lemperature, ocourrng in a
matter of minutes at about 200 “C {400 °F)
but requiring a few hours to a year at room
temperature.

strain aging. Aging induced by cold warking.
Ses aging.

strain hardening. An increase in hardness
and strength caused by plastic deformation
at tlemperatures below the recrystaliization
range.

strand casting. A generic lerm describing con-
tinuous casting of cne or more elongated
shapes such as billets, blooms or slabs; il
twio or more strands are cast simultaneously,
they are often of identical cross section.

stress. Force per unit area, often thouoht of
as force acting through a small arega within
a plane. It can be divided into componenis,
normal and parallal 1o the planeg, called nor-
mal stress and shear strass, raspactively.
True strass denotes the stress where force
and area are measured at the same time.
Conventional siress, as applied 1o 1ension
and comprassion tests, is force divided by
original area, MNominal stress is the stress
computad by simple elasticity lormulas, ig-
naring stress raisers and disregarding plas-
tic flow, in a notch test, for example, it is
bending moment divided by minimum sec-
ticn modulus.

stress-concentration factor (k). A multiply-
ing factor for applied strass that allows for
the presence of a structural disconfinuity
such as a notch or hole; K equals the ratio
of the greatest stress in the region of the
discontinuity to the nominal stress for the
entire saction.

slress-corrosion cracking. Failure by crack-
ing under combined action of corrosion and
stress, elther extemnal (applied) siress ar in-
temal (residual) siress. Cracking may be
either intergranular or transgranular,
depending on metal and corrosive mediom,.
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stress raisers. Changes in contour ar
discantinuities in structure that cause lacal
increases in stress.

stress relieving. Heating 1o a suitable
temperature, holding long enough to reduce
residual stresses and then cooling slowly
enough to minimize the development of new
residual stresses,

stringer. In wrought matarials, an elongated
configuration af microconstituents or fareign
matarial aligred in the direction of warking,
Commonly, the term is associated with elon-
gated oxide or sulfide inclusions in stael.

substrate. Layer of mefal underlying a coat-
ing, regardless of whether that fayer is the
basis metal.

superficial Rockwell hardness test. Form of
Rockwell hardness test uzing relatively light
loads thal produce minimum penatration by
the indenter, Used for detarmining surface
hardress or hardness of fhin sections or
small parts, or where a large hardness im-
pression might be harmiful,

surface hardening. A generic term covering
saveral processes applicable fo a suitable
ferrous alloy that produces, by quench
hardening only, a surface layer that is har-
der or more wear resistant than the core.
Thare is no significant alteration of the
chemical composition of the surface |ayar.
The processes commoenly used are nouc-
tion hardening. flame hardening and shell
hardening. Uss of the applicable specific
process name s prefened.

T

temper. (1} In heat treatment, to reheat
hardened steel or hardened cast iron o
some ftemperature below the eutectoid
temperature for the purpose of decreasing
hardness and increasing toughness. The
process also is sometimes applied o nor-
malized zteel. (2) In tool steels, temper is
somalimas bul inadvisedly, used to denote
carbon content. (2) In nonferrous alloys and
in some farrcus alloys [(steels that cannot
e hardenad by heat treatment), the hard-
ness and strength produced by mechanical
ar thermal treatment, ar both, and charact-
enzed by a cerdain structure, mechanical
properies or reduction in area during cold
waorking.

temper brittleness. Briltleness that results
when cerain steals are hald within, or arg
cooled slowly through, a certain range of
temperatures below the transformation
range. This brittleness is manifested as an
upward shift in ductile-to-brittle transition
termparature, bul only rargly prodisces a low
value of reduction in area in a smooth-bar
tension test af the embrittled material.
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temper color, A thin, fightly adherng oxide
skin (only a few malecules thick) that forms
when steel s lampered at a low tempera-
ture, or for & short ime, in air or a mildly
oxidizing atmasphere. The color, which
ranges from straw to blue depending on
the thickness of the oxide skin, vanes with
both fempering time and temperature.

tensile strength. In tensile testing, the ratio
of maximurm load to onginal cross-sectional
arad, Also called wiimate strength. Com-
pare with weald strangth.

thermal stresses, Stresses in metal resulting
frem non-uniform temperature distribution.

torsion. A twisting action resulting in shear
stressaes and strains.

total carbon. The sum of the free and com-
bined carbon (including carbon in solution)
in a ferrous alloy,

toughness. Ability of a metal 1o absorh anergy
and deform plastically before fracturing. It
is usually measured by 1he energy absorbad
in & notch impact test, but the area under
the stress-strain curve in tensile testing is
also @ measure of foughness.

transformation range. Those ranges of
femperature within which a phase forms dur-
ing heating and transforms during coaoling,
The two ranges are distinct, sometimes
overlapping but never coinciding. The limit-
ing temperatures of the ranges depend on
the composition of the alloy and on the rate
of change of temperature, particularly dur-
ing cooling. See ansfomation lemperalure,

transformation temperature. The tempera-
fura at which a change in phase ocours,
This term is sometimes used (o denote tha
limiting temperature of a transformation
range. The following symbols are used for
irans and steels:
At In hypereutactoid steel, the tempera-
ture at which solution of cemeniite in auste-
nite is completed during heating.
Ag,. The temperature at which austenite be-
gins to form during heating.
Ag,. The temperature at which transiorma-
tion of fermrite to austenite is completed dur-
ing heating.
Acs. The temperature at which austenite
fransforms 1o delta ferrite during heating.
Ae., Ae;, Ae,, Ae, The temperaturas of
phase changas at equilibrium.
Arcp. In hyperectactoid steal, the tempera-
fure at which precipitation of cementite starts
during cooling.
Ar,. The temperature at which transforma-
ticn of austenite o ferrite or to ferite plus
cemeniite is completed during cooling.
Ary. The temperature at which austenite ba-
gins 1o transform 1o ferrite during cooling.
Ar;. The temperature at which della ferrite
transforms 1o austenite during cooling.
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Ar. The temperature at which transforma-
fion of austenite to pearite starts during
cooling.

M,. The temperature at which transforma-
tion of austenite 1o marensite is completad
during cooling.

M, {or Ar”). The temperature at which trans-
farmation of austenite to martensile starts
during cooling.

MOTE: All these changes, except forma-
fion of manensite, occur at lowear tempera-
fures during cooling than during heating,
and depend on the rate of change of
temperatura,

transverse. Literally, “across,” usually signify-
ing a direction or plane perpendicular fo
the direction of working. In rofled plate or
sheet, the direction across the widih is of-
ten called long transverse, and the direc-
tizn through the thickness, short transverse.

u

ultimate strength. The maximum conventicnal
stress (lenszile, comprehensive or shear) that
a malerial can withstand.

v

Vickers hardness test. An indentation hard-
ness lest employing a 136° diamond pyra-
mid indenter (Vickers) and variable loads
enabling the use of ane hardness scale far
gll ranges of hardness from very scft lead
to ungstan carbide.

w

weldability. A specilic or relative measure of
the ability of a material 10 be welded undear
a given set of conditions, Implicit in this defi-
nition is the ability of the completed weld-
mient to fulfill all functions for which the part
was designed.

white cast iron. Cast iran that shows a while
fracture because the carbon iz in combined
farm.

woark hardening. Same as strain hardaming.

wrought Iron. A commercial iron consisting
of slag (iron silicate) finers entrained in a
Territe matrix.

¥

yield strength. The stress at which a material
exnibits a specified deviation from propar-
tionality of stress and strain. An offset of
0.2% is used for many meatals, Comparg
with tensile strength.
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A 1-84 Specification for Carbon Stesl Tes
Rails, 01.04

A 2-80 Specification for Carbon Steel Girder Rails
of Plain, Grooved, and Guard Types, 01.04

A 3=87 Specification for Low, Medium and High
Carbon, (Mon-Heatl-Treated) Steel Joinl
Bars, 01.04

A4 Discontinued—Replaced by A 3

A5 Dhscontinued—~Heplaced by A 3

A GIABM-BS  Specification for Genaral
Requirements for Rolled Steel Platas,
Shapes, Sheet Piling. and Bars for Structural
Usa, 01.04

A7 Discontinued—Replaced by A 36 {lor rofled
shapes), A 283, A 663, A 675

A8 Discoatinued

Ad Discontinued

A0 Disconinued—~Replaced by A 263

A 11 Disconfinued—~Aeplaced by A 113

A 12 Disconfinued—Replaced by A 131

A 13 Discontinued—~Replacod by A 131

A 1d  Disconfinued—~Aeplaced by A 68

A 15 Discontnued—~Replaced by A 615

A 16 Dhsconfinued—Repaced by A 616

A7 Disconfinued—~Aeplaced by A 275, A 274

A8 Discontinued—Repacod by A 235, A 238,
A 237 A 258

A 18 Disconinued—Replaced by A 236

A 20/A20M—-88a Specification for General
Requiremaonts for Sleol Plates for Pressure
Vessels, 01.04

A 21-85 Specilication for Carbon Steal Axlos,
Non-Heat-Treated and Heal-Traaled. lor
Railway Us=, 01.04

A 22 Disconinued—~Replaced by A 504

A 23  Disconfinued—~Replaced by A 504

A 24 Discontinued—~Replaced by A 504

A 25-89 Specilication for Wrought S1eel Wheels
for Efectric Rallway Service,  01.04

A26 Disconfinued—Replaced by A 551

A ZTIAZTM-B87 Specification for Steel Castings,
Carbon, for Ganaral Application, 01.02

A28 Disconfinued

A ZHAZIM-B3a  Specdlication for Stood Bars,
Carbon and Alloy, Hot-Wrought and Cold-
Finished, General Requirements for,  01.05

A 30 Discontinued

A 31-89 Specilication for Steel Rivels and Bars
for Rivats, Prossure Vessols, 1508

A 32  Disconfinued—~Replaced by A 107, A 108

A 33 Discontinued—~Replaced by £ 30

A 34-B3{1988)"" Practice lor Procurement
Tesling, and Sampliing ol Magnetic
Materials. 03.04

Ads  Discontinued

A JBAIBM-B3  Spocilication lor Structural
Steel, 01.04

A 37 Discontinued

A 38  Disconfinued

A 39 Disconfinued—~Replaced by A 84

A4l Disconfinued—Replaced by A 84

A4l Discoatinued

A 42 Disconfinued

A 43-75(1985) Specification for Merchant Pig
Iran, 074,02

Add  Disconfinued—Replaced by A 377

Ad4s  Discontinued

A48 Disconfinued

& 47-84(1989)"" Specification for Ferritic
Mallgablo Irgn Castings, 01,02

A ATM-B4(1980)" Specihcation for Fermlic
Mallgable ron Castings [Metric], 01.02
A AB-83 Specification for Gray lron
Castings, 01.02
A A9-8T7 Specification for Heat-Trealed Carbon
Stenl Joint Bars, 01.04
A S0 Disconlinued—Replacad by A 183
A5 Disconlinued—Replaced by A 183
A L2 Discortinued
A 53-88a  Specification for Pipe, Steel, Black and
Hol-Dipped, Zinc-Coated Weldad and
Seamfiess, 01.01
ASd Discontinupd—Replaced by A 107, A 108
A S5 Discondinued—Replaced by E 30
ASe  Disconfinued
A 57 Disconlinued—Replaced by A 504
A S8 Disconlinugd—Replaced by A 689
A58 Diseonlinued—Heplaced by A 689
A0 Discontinued—Repiacad by A 689
A a1 Discontinued—Replaced by A 616
A 62 Discontinued
A 63 Disconfinugd—Replaced by A 237, A 238
A4 Disconiinued—Replaced by E 30
A 65-8T Specification for Stesl Track
Splkes, 01.04, 15,08
A 66-8T Specification for Steal Screw
Spikes, 01.04, 15.08
A 67=84 Specilication lor Steel Tie Plates, Low-
Carbon and High-Carbon Hat-
Worked, 01.04
Discontinugd—~Repiaced by A 689
Digeonbinued
Discontinued—HReplaced by A 285
Disconbinued
Discantinued
Discontinued
87 Specilication for Cast Iron Soil Fipe and
Fitings, 01.02
DNscontinued—Hepiaced by A 47
Disconfinued—Replaced by A 183
Digconfinud
Discontinued—HReplaced by A 283
Discontinued—Aeplaced by A 84
Discantinued—Heplaced by A 107, A 108
A St Discontinued
A B2-BB  Specilication lor Steel Wire, Plam, for
Concratle Reinforcerment,  01.04
A g3 Discontinued—Replaced by A 182
A g4 Disconlinued
A f5  Discontinued
A8 Disconbnued
A 87  Discontinued—HRepiaoed by A 27
A G8  Discontinued—Replaced by A 48
A 889  Discontinued—Replaced by A 285
A90-81 Test Melhod for Weight of Coaling on
Zinc-Coatled [Galvanizad) lron or Slesl
Ariclas, 01.06, 02.03
Disconbinuod
Discontinued
Discontinued—~Repiaced by A 525
Discontinued
Discontinugd—Repiaced by A 216
Discontinued—HReplaced by A 103
A g7 Disconlinued
A BB-64(1985) Specification far
Spiegelsisen, 01.02
A 99-82(1987)"  Specilication lor
Farromanganesa, 01.02
A 100-B0{1966) Specification for
Fefrosikoon, 01,02
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A1D01=B0[1985)" Specification for
Ferrochromium, 01.02

A 102-87  Specdicaton for
Fargvanadium, 01.02

A MEF Discontinued—Repigoed by E32

A T Discontinued—Replaced by E3T

A 10578 105M-67a2  Specification for Forgings,
Carbon Sfeel, for Piping Components, 01,01

A 10688 Specticalion for Seamless Carbon
Sieel Pipe for High-Temperalure
Sorvice, 01,01

A 107 Disgontnuegd—Replaced by A 575, A 576

A10B-B9 Spectication for Slee! Bars, Carbon,
Cold-Finished, Standard Quality, 01.05

A 109-89  Spectlication for Sleal, Garben, Cold-
Rodled Strip,  01.03

A 109M-B5  Specilication For Steel, Carbon, Caold-

Redlod Strip [Melnc],  01.03

AT Discontinued—~AReplaced by A 90

A 111=-66{19685)" Specilication lor Zinc-Coated
(Gaklvanized) “Iron” Telephone and Telegraph
L Wirg, 01,06, 02,03

A 112-T6{1985) Specilication for Zinc-Coated
(Galvanized) Steel Tie Wires, 01,06

A 113 Discontinued

A 11 Disconninuad

A 115 Discontnued

A 116-88 Speciicaiion for Zine-Coated
(Galvanized) Steal Woven Wira Fance
Fabric, 01.06

A NTF  Discontinued—Replaced by A 392

A 118 Discontinuved

A g Discontinued—Replaced by € 44

A 120 Discontnued—Roplaced by 4 53

A 121-B6""  Specilicabon for Zing-Coated
(Galvanized) Steol Barked Wire,  01.06

A 122 Discontinued—Replaced by A 475

A 123-B9a  Spedlcation fer Zine (Hel-Dp
Galvanizad) Coalings an lron and Steel
Froducts, 01,06, 15.08

A 124 Discontinued

A 125-81{1988) Specilication for Steel Sprngs,
Hilical, Heal Treated, 01,09

A 126-84 Specification for Gray ron Castings Tor
Valves, Flanges, and Pipe Filtings,  01.02

A 127  Redesignated A 340

A 128/4 12BM-B6  Specilication for Sleel
Castings, Ausienitic Manganese, 01.02

Ar2g Discontinued

A 130 Discontinued-—Aeplaced by £ 30

A T31A 131M-89  Specification for Structural
Seel for Ships, 01,04

A 132-89 Specilicalion for
Ferromalybdenum, 01.02

A 133 Discontinued—Roplaced by 4 237, A 238

A 134-8%8 Specification for Pipa, Sieal, Elecine-
Fusion (arc)-Welded (Sizes NPS 16 and
Cwer], 0101

A 135-B9a  Spocification lor Electric-Resisfance-
Welded Ste=l Pipe, 01.01

A 136 Discontinued

A 137 Discontinued

A 138 Discontinued

A 13974 139M=-B30  Specilication for Electric-
Fusion (Arc)-Welded Siesel Pipa (NP5 in 4 in.
and Over),  01.0

A 140 Discontinued

A 141 Discontnued—HReplaced by A 5062

A 142 Discontinued—Replaced By A 716

A 143-74(19689)" Recommended Practice for
Safoguarding Acainst Embrittlement of Hos-
Dip Galvanized Structural Steel Products and
Procedure lar Dalecting
Embritilement.  01.06

A 144-73{1985)" Specification tor
Forrelungsion,  01.02

A 145 Discontinued—Repiaced by A 132

A 146-64"  Specification for Malybdenum Qxido
Products.  01.02
A 147 Discontinued
A 148/ 148M-89  Speclcation for Steel
Caslings. High-Slrangth, for Structural
Purposes, 0102
A 149 Discontinued
A 150 Disconbinued
Alar  Discontinued
A 152  Discontinued
A 153-82(1987) Specilcation lor Zine Coaling
1 Hot-Diph an Iron and Stesl
Hardware, 01,06, 15.08
A 154 Descontinwed—Heplaced by A 27
155  Discontinuad—HReplaced by A 671, A G672,
A BT
156 Discontinued—Combined with A 146
157  Discontineed—Repigeed ty 4 217, A 351
158 Discontined-—Replaced by A 335
155-83(19088) Specification for Aulomotive
Gray Iran Castings, 01.02
160 Discontinuad—HRepiaced by A 617
161-88 Specilicabion for Seamlass Low-Carban
and Carbon-Molybdenum S1eel Sill Tubes for
Relnery Serdice. 01.00
162 Discontinued
163 Discontinued
164 Discontinuod—Replaced by B 633
165  Discontinwed—Replaced by B 768
166 Discontinuad—Heplaced by B 456
167-8%a  Specification for Stainless and Haat-
Resisting Chromium-MNicksl Stea! Plate,
Sheet, and Strip,  01.03
A 168 Disconfinued—Replaced by A 256, A 287
A 169 Dhscontnued-—-Sepiaced by A 296, A 297
AT70  Disconiinuad—~Repiaced by A 297
A 17T Discontinued-—-Beplaced by A 256, A 297
AT7E  Discontinued—Replaced by A 298, A 297
A 173 Discontinued—Replaced fy A 236, A 287
A 174 Discontinued—Repiaced by A 296, A 297
AT7E  Discontinued—Repiaced by A 296, A 257
ANTE-B9  Speclicaton for Stainloss and Heal-
Rezisting Chromium Siesl Plate, Sheet, and
Strip,  01.03
ATFF Discontinued—Replaced by A 666
A ATHA 1TEM-B9  Specihcation lor Elecing
Resislance-Welded Carbon Slesl Boilar
Tubes, 01.01
ANTHA 179M=-B8a  Spacification for Seamless
Cold-Drawn Low-Carbon Steel Heat-
Exchanger and Condenser Tubes,  01.01
A 180 Discontinuwed—Replaced by A 27
ABVA 181M-BY  Specilicaton for Forgaings,
Carbon Sleel For Goneral Purpose
Piping, 01.01
ATBZ/A 182M-B3b  Specilication lor Forgod or
Rolled Alioy-Steel Pipe Flanges, Forged
Fittings, and Valves and Pans for High-
Tam'pera!ura Sarvice, 01.01
A 1B3-83""  Specification for Carbon Stoel Track
Bolts and Mus,  01.04, 15.08
A 18474 184M-B8  Specilication for Faboscated
Delormed Steel Bar Mats for Concrate
RAainforcement,  01.04
A 185-85 Specilication for Steed Welded Wire,
Fabric, Plain, for Concrele
Reinforcement,  01.04
A 186 Discontinued—HReplaced by A 504
A 187  Discontinued
A 188 Disconbinued
A 188 Discontinued
A 190 Discontinyed
A 181 Discontinued—Replaced by A 230
A 19274 192M-88  Specilication for Seamless
Carbon Steal Boller Tubes lor High-Prassura
Servica, 01.01
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A 19304 193M-89  Specdication for Alloy-Stoel
and Slainless Steal Bolling Maleriats for High-
Temperature Service,  01.01, 15.08

A 194/A 194M=-88  Specification lor Carbon and
Alloy Slesl Muis for Bolts for High-Pressurs
and High-Temperatlure Service, 01,01,
15.08

A 185 Disconfinued—Replaced by 4 502

A 186 Dscontinued

A 197-T8  Spacificalion for Cupola Malleable
Iron,  01.02

A19TM-B7  Specification for Cupola Malleabla
Irom [Mitric), 01,02

A 188 Disconlinued—Replaced by A 296, 4 267

A 1998 199M-89  Specification for Seambess
Cold-Drawn Intesmediale Alloy-Steal Heat-
Exchanger and Condenser Tubes, 01.01

A 200-89 Specificallon for Seamless Intermediale
Alloy-Sleal Siill Tubes for Relinery
Service, 01.01

AZO1  Disconlinued—Remaced by A 515, A 516

A 202/0202M-B2{1988} Speciiication for
Prassure Vessel Plales, Alloy Stael,
Chromium-Manganese-Silicon,  01.04

A 203/A203M-B2{1988) Specification for
Prassure Vessel Plates, Alloy Staei,

Mickel, 01.04

A 204 A204M-BB  Spociticalion for Prassurg
Viessel Plates, Alloy Stesl,

Molybdanum, 01,04

A 205  Disconlinued—Replaced by A 233, A 257

A 2086 Dizcontinued—Replaced by A 335

A 207 Disconfinued

A 208 Disponfinued—Replaced by A 239

A 209/A209M-88  Specification lor Seamlass
Carbon-Motybdenum Alloy-Steel Boder and
Superheater Tubes, 01.01

A 210/A210M-88 Specification for Seamless
Medium-Carbon Steel Boller and Superheater
Tubes, 01.01

A 211-75(1985) Specilicaticn for Spiral-Welded
Stesl o Iron Pipe, 01,01

A 212 Discontinued—Asplaced by A 515, A 516

A 213/A213M=B9a™  Speciication for Ssamlass
Farrilic and Ausienitic Alloy-Steel Baoiler,
Superheater, and Heal-Exchangor
Tubes, 01.01

A 214A214M-88  Specification (or Elgctric.
Resistance-Welded Carbon Stesl Heal-
Exchanger and Condensar Tubes, 01,01

A 215 Dizcorlinued—Roplaced by 4 27

A 216/8216M-84b"  Specification for Steat
Castings, Carbon Swhable lor Fusien Walding
lor High-Temperature Service,  01.04, 01.02

A 21T/IA21TM-8B  Specification for Sleel Castings,
Marlensitic Stainless and Alloy, far Pressure-
Cantaining Parts Suitable lor High-
Temperalure Senice, 00,01, 01.02

A 218 Discontinued—Replzced by A 475

A 213 Disconlinued—Replacod by B 244, B 487,
B 490, B 504, B 530

A 220-88  Spocification for Pearlitic Malleable lon
Castings, 01.02

A 220M-B8  Specification lor Pearditic Malleabie
Iron Casbings [Metnc], 01,02

A 221 Discontinued—Replaced by A 296, A 207

A 222 Disconlinued—Repiaced by A 285, 4 297

A 223 Discontinued—Replaced by A 296, A 207

A 224 Discontinued—Rapiaced by G 4

A 225/A225M-86 Specification for Prassure
Vessel Plates, Alloy Stoal, Manganesa-
Vanadium, 01.04

A 226/A226M-BB  Specification for Electric-
Rosistance-Welded Carbon Sted! Bodler and
Superheater Tubes for High-Pressure
Sorvice, 0101

A 22TIAZ2TM=-83  Specilication lor Steel Wire,
Cold-Drawn lor Mechanical Springs, 01,03

A 228/A228M-83  Spocihcation lor Steal Wire,
Music Spnn? Queality, 01.03

A 229A329M-83""  Specitication for Stel Wine,
Qil-Temperad for Mechanical Springs,  01.03

A ZINA2I0M-83 Specidication for Steal Wire, il
Temparad Carbon Yalve Spring
Cuality, 0103, 01.05

A 2317A2ZIN-B3  Speclicaton for Chromum-
Wanadium Alloy Steel Spring Wire,  01.03,
01.05

A 2IAZIZN-B7 Specticabion for Chromium-
Wanadium Alloy Steel Valve Spring Cuality
Wire. 01,03, 01.05

A233  Discontinved

A 2347A23aM-82a  Specilication lor Piping
Fittings ol Wrought Carbon Steal and Alloy
Sieal for Moderate and Elevated
Temperatures, 01.01

A 235  Discontinued—Repiaced by A G68

A 236 [hsconbrived

A 237 Discontinued—HAReplaced by A 668

A 238 Discontinued—Repiaced by A 730

A 238-89 Test Methad for Locating the Thinnest
Spod In & Zinc (Galvanized) Coatlng or lran o
Sleol Articles by the Preeca Test (Copper
Sultate Dip), 01.06

A 240-89b  Specilicalion for Heal-Hesisling
Chramium and Chromium-Mickel Slainless
Sieel Plate, Shest, and Sinp for Pressure
Vossels,  01.03, 01,04

A 24T Discontinued—Replaced by A 67

A 2427A2420M-83  Spectlicalion for High-Strength
Low-Alloy Structural Steel,  071.04

A 243 Discontinued-—Bepiaced by A 668

A 244 Discontinued—Replaced by A 504

A 2453 Discontingegd—Replaced by A 570, A 611

AZdE  Discontnued—Repiaced iy A 245

A 247-67(1984)"  Nathod for Evaluating the
Micrasiructure of Graptile in lren
Castings, 01.02, 03.01

A 248 Discontinued—Replaced by A 273, A 274

A 249/A249M-88b"  Specibization for Welded
Austenitic Slecl Bailer, Superheater, Heal-
Exchanger, and Condenser Tubes, 01.01

A 250/A250M-B%a  Specification for Electic-
Resislance-Welded Carbon-Malybdanum
Alloy-Stest Boiler and Superhealar
Tubes. 01,04

A 251 Discontinued

A 252-89 Specilication for Welded and Seamiess
Sleol Pipe Piles, .01

A 253 Dhscontinved

A 254/A254M-B8  Specilicaton for Copper Brazed
Steel Tubing, 01.01

A 255-89  Melnod for End-Cuench Test for
Hardenability of Stesl,  01.05

A 256 Discontinued 1990 Method of
Compression Testing of Cast lon

A Z5F  Discontinuegd—Aeplaced by A 34

A 258 Discontinued—Repiaced by 4 34

A Z58  Discontinued—Aeplaced by A 34

AzZen  Discontinued

A 261 Disconfinued

A 262-86 Practices for Delecting Susceplbility to
Intergranular Altack in Avslenilic Stamlass
Steels,  01.03, 01.05, 03.02

A 263-89 Speclication lor Corrasion-Fesisting
Chromium Steel Clad Plate, Sheel and
Strigs,  01.03, 01.04

A 264-B9%a Specilication for Stamless Chomium-
Mickel Stee! Clad Flate, Sheel, and
Sing,  01.03, 01.04

A 265-B9a Specilication for Micksl and Mickel-
Base Alloy Clad Steel Piate,  01.03, 01.04
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A 266/A266M-B8a"  Specification for Forgings,
Carbon Sieel, for Pressure Vessel
Compenents. 01,01, 01.04, 01,08

A D67 Discontinued

A 268/A26BM-B3a  Specification for Seamless
and Welded Ferntic Stainless Siesl Tubing for
General Service, 01.01

A 269-Bda  Specilcation lor Seamless and
Welded Austenitic Stainless Steel Sanitary
Tubing, 01.01

A 270-B8a Specification for Seamless and
Welded Austenitic Slainless Steel Sanitary
Tubing, 01.01

A 271-88 Specilication for Seamless Austendic
Chromium-Mickal Steal Still Tubas lor
Refinery Service, 01.01

A272  Discontinwed—Repiaced by E 109

A 273 Discontinued—Repilaced by A 711

A S Discontinued—Replaced by A 711

A 2TSIAZTSN=-89a  Maothod for Magnetic Particle
Examination of Steel Forgings, 01,05

A 276-89a  Specification lor Slainless and Heat-
Resisting Steel Bars and Shapes, 01.05

A 277 Discontnued—Repiaced by A 338

A 278-85 Specilicalion or Gray lron Castings Tar
Pressure-Containing Parts lor Temperalures
Up o G50°F, 01.02

A 278M-85 Specificalion for Gray Iran Castings
for Pressure-Conlaining Parns far
Temperaiures LUp to 345°C [Metric],

A278  Disconinued—Repiaced by G 31

A 280 Disconlinued—Hepiaced by A 335

A251  Discontinued—Replaced by A 27

A 282  Disconlinuod—Rapiacad by A4 148

A 283/A283M-8T7 Specification for Low and
Intermediate Tensile Strength Carbon Steel
Plates, 01.04

A 284/A2BAN-88  Specilication lor Lew and
Intermediate Tensila Strength Carbon-Silicon
Stea! Plates for Maching Parts and General
Constrection,  01.04

A 2BS/A2ASM-B2(198T) Specification far
Pressure Vessel Plates, Carbon Steel, Low-
and Intermadiate-Tensile Strength,  01.04

A 286 Discomtmued—Replaced by A 424

A 287 Discontinued

A 288-88 Specification lor Carbon and Alloy Stect
Fargings for Magnetic Retaining Rings for
Turbing Generators, 01.05

A 289-8B Specification Tor Aoy Sleol Forgings
for Monmagnetic Retaining Rings for
Generators, 01,05

A 290-85 Specification Tor Carbon and Alloy Steel
Forgings for Rings for Reduction
Gears, 01.05

A 291-84  Specification for Carbon and Alloy Stesl
Fargings for Pinjons and Gears for Reduction
Gears, 01.06

A 252 Dizconlinued—Replaced by A 459

A 283 Disconinued—Replaced by A 470

A 254 Discontinued—Replaced Dy A 4771

A 295-88  Specification lor High-Carbon Ball and
Folier Bearing Steel, 0105

A 235 Discontinued—Replaced by A 743 and
A Fdd

A 297/A29TM-BA(1988) Specification for Sieel
Castings, ron-Chromium and fran-Chromiume-
Mickel, Hegl-Resistan, for General
Application, 01,02

Az288  Discontinued

A 289/A209M-B2(1987} Speciicaban for
Pressure Vessel Plates, Carbon Steel,
Manganese-Silicon,  01.04

A 300 Discontinued

A 301 Discontnued—Replaced by A 387

01.02

A I0XAI02M-82(1987) Specification for
Prassure Vessel Plates, Alloy Steal,
Manganese-Maolybdenum and Manganese-
Maolybdenum-tickel,  01.04

A 303 Discontinued—Replaced by A 570

A 304-79(1985) Specification for Alloy Steel Bars
Subject 1o End-Quench Hardenability
Requirements, 01.05

A 305 Discontinued—Repiaced by A 515, A 616,
AGI7

A 308  Discontinued—~Repiaeed by A 663, A 675

A 207-89 Specilication lor Carbon Steel Bolls
and Studs, 60 000 psi Tensila, 01,01, 15.08

A 308-88 Speocilication lor S1esl, Sheet, Cold-
Raolled, Long Terne Coaled, 01.06

A 309-87 Tesl Method lor Weight and
Compasition of Coating on Long Tarne Shesat
by ihe Triple Spot Test,  01.06

A 310 Redesigrated A 345

A NTAIIIM-86 Specification for Sfress-
Relisved Cold-Drawn Carbon Steel Bars
Subjeci to Mechanical Propary
Requirements, 01.05

A N2AIZM-89a Specification for Seamless
and Welded Austenitic Stainless Steel
Fipa, 01.01

A 313-87 Specification for Chromium-Nickel
Stainless and Hoat-Resisting Steel Spring
Wire, 01.03

A 31488 Specification for Stainless and Heat-
Resisting Sted Billets and Bars fos
Faorging, 01.05

A 315 Disconlinued—Replaced by A 335

A 316 Disconlinued

A3N7  Disconfinued—Replaced by E 381

A 318  Disconlinusd—Replaced by A 370

A 319-71(1980) Specilication for Gray Iren
Castings for Elevated Temperaturas for Non-
Pressure Condaining Pars, 01,02

A 320/A320M~-B8  Spocification lor Alloys-Steel
Bolting katerials for Low-Temperature
Senvice, 01.01, 15,08

A 321-B1(1988) Specification for Sleal Bars,
Carbon, Quenched and Tempered. 01,05

A 322-88 Spacification for Sleel Bars, Alloy,
Standard Grades, 01.05, 15.08

A 323-TB(1983) Specilication for
Ferrabaron,  01.02

A 324-T3{1986) Spocificaton for
Femotitanium, 01.02

A 325-89  Specification for High-Strergth Baolis for
Strectural Stoel Jainls, 15.08

A 325M-88 Specification for High-Strength Bolts
for Structural Steel Joints [Metdc], 1508

A J2E-ET(1985)" Specification for Zinc-Coatad
{Galvanized) High Tensile Steel Telephone
and Telegraph Line Wire, 01.06, 02.03

A 327-67(1885) Meihod for Impact Testing ol
Cast Irons, 01.02

A 328/A32BM-B9  Specilicalion for Sleel Sheet
Filing, 01.04

A 329  Discontinued—Repiaced by A 5571

A 30 Oscontinued-—Roplaced by A4 370

A 331-89 Specilicalion for Steel Bars, Alloy,
Cold-Finished, 01.05

A 332 Discontinued—Ropiaced by A 683

A 333/A333M-B8r  Specification for Seamless
and Welded Steal Pipe for Low-Temperature
Sarvice, 01.01

A J3AAIIAM-89""  Specification lor Seamboss
and Weldad Carbon and Alloy-Steel Tubes for
Low-Temperature Service, 01,01

A 335/A335M=B9a Specification lor Seamless
Ferritic Alloy Steel Pipe for High-Temperalure
Service, 01.0H
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A JIGIAIIEM-B2  Specification for Sleel Forgings
Alloy, Tor Prassure and High-Tampearaiure
Parts, 0101, 01.04, 01.05

A 337 Dizconlinued—Replaced by A 382

A 33B-84(1980)" Specilicaton for Malleable fron
Flanges, Pipe Fitings, and Valve Pans for
Railroad, Maring, and Ciher Heavy Duty
Samvice al Temperatures up o B50°F
(345°C), 01.02

A 338 Disconfinued—Replaced by A B3¢

A 340-89  Delinitions of Terms, Symbeds, and
Conversion Faciors Relating o Magnedic
Tosting.,  03.04

A 341-B5  Test Method for Direct-Curranl
Magnatic Propenies of Malerals Wsing O-C
Permoamaotors and the Balliste Tes!
Melhods, 03.04

A 342-B4{1988) Tes! Mathods for Permeability o
Faebly Magnetic Malerials,  03.04

A 343-B2{19686) Tesi Maihod for Alternating-
Current Magnatic Proparbes of Malarials al
Power Freguencies Using the Wanlmeter-
Ammeter-Voltmatar Melhod and 25-cm
Epstain Test Frame, 03.04

A 34 Discontinued-—Soplgoed iy A 712, A FI7,
ATIB ATIS AT A 72T

A 3965-84 Specication for Flat-Rolled Elecincal
Sleels lor Magnalic Applications, 01,03,
03.04

A 346-74(1988) Methods for Alternating-Current
Kagnetic Pedormance ol Laminated Gora
Specimens Using the Maodified Hay Bridge
Mathod,  03.04

A 3d7-85 Tesl Method lor Allernating Current
Magnelic Propartios of Maleriaks Using the
[weterdy Bridge Methed,  03.04

A 348-84(1988) Toest Mathod lor Allermaling
Current Magnetic Properties of Malenals
Usging he Watimeler-ammeter-Volimetar
Method, 100 o 10,000 Hz and 25-cm Epstan
Frama, 03.04

A 348 Dhscorlinued

A 350/A350M-89a Specfication for Forgings,
Carbon and Low-Alloy Stect, Requanng Natch
Towghness Testing for Piping
Componenls. 01,01

A 351/A351M-88a Speciication for Stesl
Castings, Austenitic, for High-Temperature
Service, 01.01, 01.02

A 352/A352M-B8 Speciication for Steal Castings.
Farritic and Marlensitic, lor Pressure-
Containing Pars Suitabbe for Law-
Tomperature Serdice, 0104, 01.02

A A5IAI5IM-B7  Specilication lor Pressure
Vessel Plates, Alloy Sieel, 9 Percenl Mickel,
Doubte-Mormatized and Tempered,  01.04

A 354-89  Specilication for Quenched and
Temperad Alloy Steal Bolts, Studs, and Ciher
Exlemally Threaded Fasteners,  01.01,
15.08

A 355-81(1988) Specification lor Alloy Steel Bars
for Mitriding, 01,08

A 35EFAIEEM-B4a  Specilication lor Heavy:
‘Walled, Carbon, Low Alloy, and Stainlass
Stee! Caslings for Steam Turbines,  01.02

A 357  Discontinued—Repiaced by A 387

A 358/A358M=8Ba  Specilication for Elecinc-
Fusion-¥Weided Auslanitic Chramium-Nickol
Alloy Stesd Pipe for High-Temperature
Service, 01.01

A 358  [Disponlinued—Replaced by A 370

A 360-86 Mothod of Testing Chilled and White
lran Castings, 0102

A 360M-BE  Melhad of Testing Chilled and White
Irom Castings [Metric], 01,02

A JG1/AIEIM-85 Speciicalion for Stesl Sheel,
Zinc-Coated (Galvanized) by the Hat-Dip
FProcess for Hoofing and Siding.  01.06

A 32 Dhscontinued

A 3G3-BF  Specificatan lor Zinc-Coated
{Galvanized} Stesl Ovarnead Ground Wire
Slrand,  01.06, 02.03

A 364 Discontinved—Roplaced by A 434

A 3655 Nscontinved—Replaced by A 618, A 620

A JGB/AZEEM-85 Specilcation for Stoel, Carkon,
Cold-Rolled Shesat, Commercial
Quality, 01.03

A AG7-60(1969)""  Method for Chill Testing of Cast
Iron, 01.02

A 368-82(1987) Specification lor Slainless and
Heat-Resislng Steel Wire Strand, 01,03,
02.03

A IEWAIGIM-80 Specification for Carbon and
Fermtic Alley Stael Forged and Bored Pipe for
High-Temperature Service, 01.01

A 370-89 Tost Methods and Defindions for
Mechanical Testing of Stesl
Products,  01.01, 01.02, 01.03, 01.04, 01.05,
03.0

AdFt Dizponinued

A JTHAIT2IM-88  Specilication lor Carben and
Alloy Stesl Forgings for Thin-Wallad Prassura
Vessels, 01,04, 01.05

A 373 Disconlinued—Cornbingd with 4 36

A dfa Disconlinued—Replaced by A GOG, A 607

A 375 [sconfinued—Replaced by A 606, A 607

A ATEIAATEM-BB Specification for Seamless
Auslenitic Steel Pipe lor High-Temperalure
Central-Station Service, 01.01

A 37789 Specification for Ductile lron Pressure
Pipe, 01.02

A F7E  Disconinued—Replaced by A 345

A 378 Discontnued—Repiaced by A 345

A 380-B8 Practice for Cleaning and Descaling
Stainless Steet Parls, Equipment, and
Systems, 01.03, 02.05

A 3B1-B89 Specidication for Metal-Arc-Welded
Steal Pipe lor Use with High-Pressure
Sysiems, 01.01

A 382 Discontirved

A 3B3-87 Specihcation for Axles, Railway, Carbon
Sleat, Unireated for Export and General
Industrial Usa, 01.04, 01.05

A 3B4-76(1986) Praclice for Safeguarding
Against Wampage and Distortion Durning Hal-
Dip Galvanizing of Steel Assemblies, 01.06

A 385-80(1986) Praclice lor Providing High-
Quality Zinc Coatings (Hol-Dipt, 01,06

A 386 Disconlinued—Replaced by A 123

A JBT/A3ATM-88  Specification for Pressune
Vieasel Plates, Alloy Sleal, Chromium-
Kaolybdenum, 01,04

A 3BB/A3EBM-B6 Practice lor Ulirasanic
Examination of Heavy Stee! Fargings, 01,08

A 389/A388M-B6 Specification for Sleal Casfings.
Alioy, Specially Heat-Treated lor Pressura-
Conlainng Parts Suilable lor High-
Temperature Service,  01.01, 01.02

A390-87  Speclication for Zinc-Coated (Galvanized)
Steel Poultry Meting (Haxagonal and Siraghl
Line} ard Wowven Steal Pouitiny Feancing,  01.06

A 391-B6  Specilication for Alley Steat
Chain, 01,08

A 392-B9  Speciication for Zmc-Coated Stec
Chain-Link Fence Fabric, 01.06

A 383 Discontinued—Heplaced fy A 262

A 384-B%a Specification lor Zinc-Coatled Stoal
Transmission Tower Bolts,  15.08

A 385-88 Specilicabion lor Forritic Ductite lron
Preasure-Relaining Caslings for Use al
Elovaled Tempesatures, 01.02
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A 395M=BB  Specification for Farritic Ductile Inan
Pressure-Refaining Castings for Use at
Elevated Temperalures [Melsc], 01.02

A 386 Discontinued—Replaced by A 536

A 397 Discontinued

A 388  Discontinuad

A 388 Discontinusd

A 400-69{1988} Fractice for Steel Bars, Selection
Guide, Compositan, and Mechanical
Propenies, 01,08

A QD1 AADTM=-BT  Specificalion for Chromium-
Shicon Alloy Sleal Spring Wire, 01.03

A 402  Discontinued

A 203/A403M-B3  Specitication for Wrought
Austenitic Sfainless Steal Piping
Fittngs, 01.01

A4l Discontinued

A A05-B8  Specification for Seamless Familic
Alloy-Sleel Pipe Specially Heat Treated for
High-Temperature Service, 01,01

A 408 Discontinuwed

A Q0T=TT(1983)" Specihcation lor Steel Wire,
Cold-Drawn, for Coiled-Type Springs,  01.03

ALOFM Discontlnued 1983 Specification for Stesl
Wire, Caold-Drawn, for Coiled-Type Springs
| Metric]

A 408  Discontnued—Roplaced by A 615

A J09/A408M-BBa  Specification for Welded Large
Diameter Austeniic Steel Fipa lor Corrosiva
or High-Temperalure Servica, 0101

A4t Discontinued

A 411-B6  Specification for Zinc-Coaled
{Galvanized) Low-Carbon Steel Armaor
Wire, 01.08, 02.03

Adr2 Discontinued

A 413-B0  Specification for Carbon Steal
Chain, 01.05

A A14A414M=-B8  Spocilication for Carbon Steol
Sheet for Pressure Vessels, 01.03, 01.04

A 415 Discontnued—Replaced by A 562

A 416-88b Specificalion for Uncoated Seven-
Wire Siress-Relievad Steel Strand for
Prestrossed Concrale,  09.04

A Q17-74(1987)"" Specification for Steel Wire,
Cotd-Drawn, lor Zig-Zag, Square-Formed, and
Sinuous-Type Upholstery Spring
Unils, 01.03

AdIFM  Discontinued 1888: Specification lor Stes|
Wire, Cold-Drawn, for Zig-Zag Square-
Formed, and Sinuous-Type Uphalstary Spring
Units [Metric]

A H1B=-B7 Melhod of Uirasomic Inspection of
Turbine and Generator Stael Rotar
Forgings, 01.05

Ad1a  Disconfinuwed

A 420/A420M-89 Specilication for Piping Fittings
of Wrought Carban Steel and Alley Steal for
Low-Temperature Service, 01.01

A 421-BO{1885) Specilication for Uncoated
Stress-Relieved Wire for Prestressed
Concrete, 01,04

A A22-64(1985) Specilication for Bult Wealds in
Sl Tubes lor Refinery Service,  01.01

A 423(A423M=B9  Specilication for Seamiess and
Electric-Welded Low-Alloy Steal
Tubes, 01.01

A A24-89 Specification for Steel Sheet lor
Porcelain Enamelng, 01,03

A 425 Discontinued—~Replaced by 4 569

A 426-89  Specification for Centrilugally Cast
Farritic Alloy Steeal Pipe Tar High-Tempearatura
Service, 01.01

A 427=-74{1987) Specilication for Wrought Aloy
Sleal Rodls for Cold and Hot
Reduction, 01.05

A 428-89 Test Method for Weight ol Coaling on
Aluminum-Coated lron or Stesl
Articlos,  01.06, 02.03

A 428 Discontinued—Replaced by A 276

A A3WAAZ0M=-B8"  Specification lor Austenitic
Sleel Forged and Bored Pipe for High-
Temperature Service, 01,01

A 431 Discontinued—Hepiaced by A 815

Ad32  Discontinued—Repiaced by A 615

A 433 Discontinued

A 434-81(1988) Specikcation lor Stesl Bars,
Alley, Hot-Wrought or Cald-Finished,
Quenched and Temperad, 01,05

A 435/A435M-82(1987) Specification for Straight-
Beam Ullrasonic Examination of Stesl Plates
for Pressure Vessels, 01.04

A 436-84 Specilicalion for Austenitic Gray lran
Casfings, 01.02

A AJTIAAITM-BT(1289) Specificatan for Alloy-
Steal Turbine-Type Bolting Matarial Specially
Heat Trealed for High-Temperatusa
Servico, 01,01, 15.08

A 438-B0{19B85) M=alhed for Transverse Testing of
Gray Cast Iron,  01.02

A 433-83(1989)"" Specification for Austenitic
Ductibe bron Castings, 01,02

A 440 Discontinued

Ad4 A4 Discantinged 1985—Roplaced by
A FF2A 57EM: Specification for High-
Strength Low-Alloy Structural Manganese
Vanadwm Stoel

A J42AAZN-86 Speciication for Pressure
‘Yessel Plates, Carbon Steel, Improved
Transition Properties,  01.04

Add3  Discontinued—Combined with A 370

A 444/A444M-B8  Specilicabion for Steel Sheel,
Zinc-Coaled (Galvanized) by the Hot-Dip
Process, for Storm Sewer and Drainaga
Fipe, 01.06

Ad45  DNscontinued—Replaced by A 395

A MEIA44EM-09"" Specification for Stzel Shest,
Zinc-Coated (Galvanized) by the Hat-Dip
Process, Shuctural (Physical Quality),  01.06

A ATIATM-ET  Specification for Steel Castings,
Chromium-Nickel-Iron Alloy Caslings {25-12
Class) for High-Temperature Service, 01.02

Adag  Discontinued

A 448-89 Specilication for Duenched and
Tempered Stee! Bolts and Studs,  15.08

A A50VA450M-89 Specilication for General
Requirements for Carbon, Ferritic Alloy, and
Austanilic Alley Steel Tubes, 01.01

A 451-80(1985) Specification for Centrifugally
Cast Austenilic Steel Pipe Tor High-
Temperature Sarvice, 01.01

A 452-88 Specilication for Centridugally Cast
Austemits Steel Cold-Wrought Pipe for High-
Temperature Sarvice, 01,01

A ASIAA5IM-88  Specslication lor Bolling
Malerials, High-Temperaiure, 50 1o 120 ksi
Yield Strengih, with Expansion Coellicients
Comparable lo Austenitic Steels,  01.01,
15.08

A 454 Discontinued

A A55/AA55M-82(1987) Specification lor
Pressure Vessel Platas, Carbon Steel, High-
Strength Mangansse, 01.04

A 456-83(1988) Specihcation for Magnelic
Particle Inspection of Large Crankshalt
Forgings, 01,05

A 457 Discontinued 1930 Specification for Hat-
‘Worked, Hot-Cold-Worked, and Cold-Waorked
Alloy Steal Plata, Sheel, and Strip for High
Strangth at Elevaled Temperaluras

A 458-88 Specilcalon lor Hol-Worked, Hol-Cold-
‘Worked, and Cold-Worked Alloy Steel Bars
for High Strength at Elevated Temparalures
fintent fo Withdraw),  01.05

A 458-88 Specification for Zinc-Coated Flat Steeal
Armoring Tape, 01.06
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A 460-6B(1985) Specification for Copper-Clad
Steel Wire Strand, 01,06

A48T Discontinued-—Replaced by A 584, 4 637,
A B34, A 639

A 462 Discominued—Replaced by E 165

A 463-88 Specification for Siesl Sheet, Cold-
Rolled, Aluminum-Coated Type | and
Typo @, 01.06

Aded  Discontinued—Replarad by E 376

Ad65  Discanfinued

A 466-80 Specification for Weldless Carbon Stes|

Chain, 01.08
A 46T-86a Specification for Machinge and Coil
Chain, 01,08

Adg8  Disconlinued—Replaced by A 6 and A 341

A 469-87a  Specilication for Vacuum-Treated
Steal Forgings for Generator Hotors,  01.05

A 470-89 Specification for Vacuum-Treated
Carbon and Alloy Steet Forgings far Turbire
Rotors and Shafls, 01.05

A 4T1=-B7a  Speclcation for Vacuum-Trealed
Altoy Stee| Forgings for Turbine Rolor Disks
and Wheots, 01.05

A 472-84 Tast Mathod for Heal Stability of Steam
Tuebing Shafts and Rolor Forgings,  01.05

A 473-86""  Specilication for Stainloss and Heal-
Resisting Steel Forgings, 01.05

A474-86 Specilication for Aluminum-Coated
Steal Wire Strand, 01.06, 02.03

A 47589 Specification for Zinc-Coaled Steel
Wire Strand, 01,06, 02,03

A 476-82" Specification for Ductile Iron Castings
for Paper Ml Dryer Rolls, 01,02

A ATEM-B4 Specification for Duclite Iron Castings
for Papar Mill Dryer Rells, [Metric] 01,02

A ATT-81 Specificalion for Hot-Waorked, Hol-Codd
Worked and Cold-Worked Alloy Seel
Forgings and Forging Billels for High Strangth
a1l Elevaled Temperaturas (intgnt o
Withdraw), 01.05

A ATB-B2{1987) Specilication for Chromium-
Mickel Stainless and Heat-Resisting Steal
Weaving Wire, 01.03

A 4T9/A4ATAM-B9 Specilication for Stainless and
Heat-Resisting Steel Wire, Bars, and Shapes
for Use in Boilers and Other Pressure
Vessals, 01.04, 01,08

A AB0FAQEOM-B%9a Specification for Gansral
Reguiraments for Flat-Rolled Stainless and
Heat-Rasisting S1eal Plate. Sheal. and
Strip,  01.03

A AB1=TIH13B5)" Specification lar Chromium
Metal, 01.02

A 4B2-76{1983) Specification for Ferrochrome-
Silicon,  01.02

A 4B3-64(1985) Specification for
Silicomanganese, 01,02

A 4B4IA4BAN-88a"  Specification for General
Requiremanis for Slainless and Heal-
Resisting Bars, Billels and Forgings, 01.05

A 4B5-89 Specilication lor High Hargenabibty
Antifriction Bearing Steel, 01.05

A 48644860 Discontinued 1889 Specification
{or Steal Castings for Highway Bridges

A 4BT/IAABTM-89 Specification for Steel Castings
Suilable lor Prassure Service. 01,04, 01,02

A 488/A4B88M-89"  Practice for Steel Castings,
Walding, Qualificaticn of Procedures and
Personnel, 01.02

A 489-88  Specification for Carbon Stesl
Eyeboits, 15.08

A 490-88  Specification for Heat-Treated, Steel
Structural Bolts, 150 ksi {1035 MPa) Tansila
Strenglh, 15.08

A 430M-B3  Spocification for High-Strength Steel
Bolts, Classes 10,9 and 10.9.3, for Structural
Stael Joints [Metric], 15.08

A 491-89 Specilication for Aluminum-Coaled
Seol Chain-Link Fence Fabrg, 01.06

A A92-B2{1987) Specilication lor Stainless and
Heat-Resisting Steel Rope Wire,  01.03

A 493-B8  Specilication for Stainloss and Heal-
Resisting Steel for Cold Heading and Caold
Forging Bar and Wire, 01.03, 15.08

A 494/A4594M=-83  Specilication lor Castings,
Micket and Nickel Aoy, 01.02, 02.04

A 485-TB{1983)"" Specification far Calcum-
Silicon and Calcium-Manganese-
Silicen,  01.02

A J96-B5 Specilication for Stesl Wire, Deformed,
tor Conerote Rainforcemant, 0104

A A97-B9  Specilication for Welded Delormed
Stesl Were Fabric lor Concrele
Aeinforcement, 0704

A A98-86 Speciication for Seamless and Welded
Carbon, Ferslic, and Austenitic Alloy Stool
Heat-Exchanger Tubes wilh Inlegral
Fins, 01,01

A 485-81(1988) Specihcation for Stes| Bars and
Shapes, Carbon, Rolled from “T”
Rails, 01.05

A 500-89 Specilication for Cold-Formed Welded
and Seamless Carbon Stoel Struciural Tubing
in Rounds and Shapes, 01.01, 01.04

A 501-89  Specification for Hot-Formed Wealded
and Seamlaess Carbon Steel Strucleral
Tubing. 01.01, 01.04

A 502-89a  Specification for Steel Structural
Hivats, 15.08

A 503-75(1989) Specilication for Ulirasonic
Examination of Large Forged
Crankshalts, 01.05

A 504-8% Specikcation lor Wroughl Carbon Steel
Wheels, 01.04

A 505-87 Specihcaton lor General Requsements
for Steel Sheet and Sirip, Alloy, Hot-Rolled
and Cold-Rolied, 01,03

A 506-87 Specification for Siesl Sheel and Sinp,
Alloy, Hot-Rolled and Cold-Rolled, Regular
Cuality, 01.03

A 507-87 Specification for Stesel Sheet and Sinip,
Alley, Hot-Raolled and Coid-Relled, Drawing
Quality, 01.03

A S08/AS08M-88 Specification lor Cuenched and
Tempered Vacuum-Trealed Carbon and Alloy
Steel Forgings for Pressure Vessels, 01,04,
01.05

A SR Disconlinued—Replaced by A 788

A 510-82(1989) Specification for General
Reguiremenls for Wire Rods and Coarsa
Round Wire, Carbon Steel,  01.03

A B10M=82 Spacification lar General
Requirements far Wire Rods and Coarsea
Round Wire, Carbon Steel, [Mefric], 01.03

A 511-88a Specilication for Seamless Stainlass
Steal Machanical Tubing, 0101

A 51288 Specification for Cold-Drawn Buthweld
Caroon Steel Mechanical Tubing, 01.04

A 513-B8  Specilication lor Eleclic-Rosistance.
Wetded Carbon and Alloy Steel Machanical
Tubing, 01071

A 514/A514M-B8  Specificalion for High-Yield
Strengln, Quenched and Tempered Alloy
Steal Plate, Suilable for Welding, 01.04

A S15fAS15M-B2(1987) Speciication for
Prassure Vesseol Plates. Carbon Steal, tor
Intermediate- and Higher-Temperature
Sarvice, 0104

A 516/A516M-86 Speciication for Pressure
Vessol Plates. Carbon Steel, lor Moderale-
and Lower-Temperature Servica,  01.04

A S17IAS17M-87a""  Specification for Pressure
Vessel Plales, Alloy Steal, High-Strength,
Cuenched and Tempered, 01.04
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A 51B-B68 Specification for Corrosion-Resistan
High-Silicon lron Castngs, 01,02

A B1BM=-88 Specification for Comosion-Resistan)
High-Zilicon Iron Castings [Meing], 01.02

A 519-89 Specification lor Seamiess Carbon and
Allpy Bies| Mechanical Tubing, 01.01

A 520-88 Specification for Supplementany
Reguirgments lor Seamloss and Electic-
Resistance-YWelded Carbon Steel Tubular
Praducls for High-Temperature Service
Confarming to IS0 Recommendations for
Boiler Construction,  01.01

A S21-TT(1887)} Specification for Steel, Closed-
Impression Die Forgings for Goneral Indwsinal
Usa, 01.05

A S22/A522M-89a  Specdication for Forged o
Ralled 8 and 9 % Mickel Alley Sleol Flanges,
Fillings. Vakwes, and Parns for Low-
Temperature Service, 01,01

A 523-88a  Specilication for Plain End Seamless
and Electric-Resistance-Welded Sleel Pipe
lor High-Pressura Pipe-Type Cable
Circuits,  01.01

A 524-89 Specification lor Seamless Carbon
Steel Pipe lar Almosphenc and Lower
Temperalures, 01.01

A B25-87 Spocilication lor General Reguiremeants
lor Steel Shaet, Zinc-Coated (Galeandzad) by
i Hed-Dhp Process. 01,06

A 525M-87 Specification lor General
Requirements for Steel Sheet, Zinc-Coalod
[Galvanized) by 1he Hol-Dip Process
[Metric], 01.06

A B2B/ASZEM-35  Specilication lor Steel Sheet,
Zinc-Ceated {Galvanized) by the Hot-Dip
Procoss, Commercial Quality, 01.06

AS2TAS2TM-85 Specilication lor Siecl Shoel,
Zinc-Ceoated (Gatvanized) by the Hot-Dip
Process, Lock-Forming Cuality, 01.06

A S28/AS28M-85  Specification lor Sieel Shoal.
Zime-Coated (Gabanized) by the Hot-Dip
Process, Drawing Qualdy, 0106

A 529/A529M-89  Specilication lor Steuctural
Staal welh 42 ksi (280 MPa) Minimum Yield
Paoint {142 in, (12,7 mm) Maximuom
Thickness), 01.04

A 530AS30M-89  Specilication lor General
Requirements lor Specialized Carbon and
Alloy Stesl Pipe, 01.01

A 531-74(1989) Recommended Practice for
Ulrasonic Inspection of Turbine-Generaior
Steal Retaining Rings, 01,08

A BIXASIZM=-87 Speclicaton lor Abrasion-
Resisiant Cast lrons,  01.02

A S3HASIIN-87  Specibeation lor Prassure
Vessel Plates, Aoy Siesl, Quenched and
Tempered, Manganese-Molybdenum and
Manganese-Molybdenum-Mickel,  01.04

A 534-87 Specficaton for Carbunzing Steals lor
Anti-Friction Beanngs, 01.05

A 535-85 Specticalion lor Special-Ouality Ball
and Holler Bearing Steel. 01,05

A 536-84 Specilicalion for Ductile Iron
Caslings, 01.02

A S3ITASITM=-86 Specilicabon lor Prassure
‘Vessel Plates. Heal-Treated, Carhon-
Manganese-Silicon Steel.  01.04

A BE3RASTAM  Discontinued 19858 Specification
for Pressure Vessel Plates, Alloy Stael,
Pracipitation Hardaning (Maraging). 18
Percent Mickel

A 539-88 Specilicabion lor Electric-Resistance-
Welded Coiled Steel Tukbing for Gas and Fuaol
il Lines,  01.01

A B4NAS40M-B9 Specilication for Alloy-Steel
Baolting Matenals for Specal
Appcations, 01,01, 15.08

A STASHIM-88 Specilication for Steed Forgings,
Carbon and Alloy, Quanched and Temperad,
for Pressure Vessal Components, 01,04,
01.05

A S42/A542M-B8  Speclcabion for Pressure
Vossel Plates, Alloy Steel, Quenched-and-
Temperad, Chromium-Mobybdenum
Vanadium-Tianium-Boron, 01,04

A 543 A54IM-87  Specilication for Pressure
Vessel Plates, Alioy Steel, Quenched and
Tomperad Mickal-Chromiwem-
Molybdenum, 01.04

A 544-B2"" Specification for Steel Wire, Carbon,
Scrapless Mul Quality (fatent o
Witharawl,  01.03, 15.08

A 545-82"  Specification for Steel Wire, Carban,
Cobd-Heasng Quality, for Maching Screws
{tatent fo Withdraw), 01.03, 15,08

A 546-82""  Specification for Steel Wire, Mediam-
Higth-Carbon, Cold-Heading Cuality, for
Hexagon-Head Bolts (faran! ta
Withdrawl, 01.03, 15.08

A 547-B2"  Specification for Stesl Wire, Allay,
Cold-Head:ng Quality, for Hexagon-Head
Bolls (Imlent fo Withdraw), 01.03, 15.08

A 548-82"'  Specilicabion lor Steal Wire, Carban,
Celd-Heading Quality, for Tapping or Sheet
Matal Screws (Intenf lo Withovaw),  01.03,
15,08

A BA48-B2 Spaecification for Stesl Wire, Carbon,
Cold-Heading Quality, for Woond Scrows
(fofent fo Williirenw), 01,03, 15.08

A G50-TB(1985) Specification for
Ferracolumbium, 01,02

A B51-B1(1988) Specification for Steol
Tires, 01,04

A 552 Discontinued—Replaced by A 689

A 553/A553M-B7L  Spocificalion for Pressure
Vesgel Plates, Alloy Stesl, Quenched and
Tempersd 8 and 9 Poarcent Mickel, 01,04

A 554-8Ba  Spocificalion for Welded Stainless
Stoeel Mechanical Tubing, 01.01

A 555/A555M-88a  Specilicalion for Genaral
Feguirements for Stainless and Heal-
Resisting Steel Wire and Wire Rods,  01.03

A 556/A556M-88  Specification for Seamiass
Cold-Drawn Carbon Steel Feodwataer Heater
Tubes, .01

A B5TIALSTM-BB  Specificanon lar Electric-
Resistance-Welded Carbon Steel Feedwater
Heater Tubes,  01.01

A 558 Discontinued

A 558 [iscondioued

A SE0/ASEOM-88  Specification for Castings,
Chromium-Mickel Aoy, 01.02

A 561=-71(1985) Recommended Practice lor
Macroetch Testing of Tool Steal Bars, 01.08

A BE2/ASE2M=-82(1987) Specification for
Pressure Vessel Plates, Carbon Steal,
Mangarese-Tilanium lor Glass or Diffused
Metallic Coatings,  01.04

A 563-89a  Specification lor Carbon and Alloy
Steal Muts, 01.01, 15.08

A S63M-89 Specification lor Cartbon and Alloy
Stes! Nuts [Metncl, 01,01, 15.08

A BBAASEAM-88  Specification for Hot-Rolled and
Cald-Finished Apge-Hardaring Stainless and
Heat-Resisling Sleel Bars, Wire, and
Shapes, 01.05

A 565-88 Specification for Manensitic Stainless
Steel Bars, Forgings, and Farging Stock for
High-Tamparaiure Service,  01.05

A 566 Disconhinued

A S67ASETM  Dizconfinued

A 568-88a Specification for Gensral
Requirements for Steel, Carkon and High-
Strength Low-Alloy Hot-Raolled Sheet and
Cold-Rolled Sheel, 01,03
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A 568M-88 Specification for General
Requirements lor Steel, Carban and Hegh-
Strength Low-Alloy Hol-Holled Sheoet and
Cold-Rolled Sheet [Metric], 10003

A 569-85 Specilication lor Steel, Carbon {015
Maximum Percent), Hot-Bolled Sheet and
Strip, Commarcial Cualiy, 01,03

A STO/ASTOM=-88 - Spocification lar Hel-Ralled
Carbon Stegl Sheet and Sirip, Structural
Qualty,  01.03, 01.04

A 57184 Specification lor Austenilic Ductile Tran
Castings for Prossure-Conlaining Parns
Suitable for Low-Temperature
Service, 01,02

A STIM-B4  Specilication for Austenitic Duchla
trom Castings for Pressure-Conlaining Pans
Suitable for Low-Temparature Servico
[Metric], 01.02

A ST2/AST2M-Bab  Specification for High-Strangih
Low-Alloy Columbium-Vanadium Steels of
Struclural Cually, 01,04

A STAASTIM-89 Specilicalion lor Stroctural
Carbon Steel Plates of Improved
Toughness, 01,04

A 574-89 Specihication o Alloy Steel Sochet-
Head Cap Screws,  15.08

A 57AM-88 Specification lor Alloy Steel Socket-
Head Cap Screws [Metric], 15.08

A 575-86a Spocification lor Sleal Bars, Carbon,
Merchant Qualily, M-Grades, 01.05

A 576-89a Specilication for Steel Bars, Carhon,
Hot-Wrought, Special Cuahly, 01.05. 15.08

A STTIABTTIM=86  Specification for Ulrasonic
Angle-Beam Examination ol Slool
Plales, 01.04

A BTB/ASTBM-B5 Specificalion for Straight-Beam
Uitrascnic Examination of Plain and Clad
Stewl Pates for Special Appheations, 01,04

A BT8-B4 Specificalion for Superstrength Alloy
Stewl Forgings,  01.05

A 58083 Specification for Slainfess and Hoal-
Resizting Steel Wire,  01.03

A SB1-B7 Specilicalion for Freo-Machining
Sainless and Heal-Resisling Stasl
Wia, 01.03

A 582-8Y Speciication for Free-Machining
Stainfess and Heal-Resisting Stes! Sars, Hol-
HRolled or Cold-Finished.  01.05

A 5B3-B8 Specilication for Cast Steel Wheels far
Railway Servica, 01.04

A 584-82(1988) Specificaton for Aluminum-
Coated Steel Woven Wire Fence
Fabrio, 01.06

A 5B5-86 Specification for Aluminum-Coated
Steel Barbed Wire, 01.06

A BBG-86 Specification Tor Zinc-Coated Parallal
and Helical Steel Wire Struciural
Strand, 01.06

A 587-8%9a Specihcation for Electric-Walded Low-
Carbon Steel Pipe for the Chemical
Industry, 0107

A SBA/ASEEM-BE  Specdication for Hiygh-Strength
Low-Alloy Structural Steel with 50 ksi (345
MPa) Minimuom Yiekd Fomt o4 n
Thick, 01.04

A 589-83a Specification for Seamless and
Welded Carbon Steal Watar Wall
Pipe, 01.01

AS00  Discontinued

A 591/A591M-89 Speciication for Stesl Sheet,
Electrolylic Zinc-Coaled, for Light Coating
Mass Applications, 01.06

A BOZASE2M-89 Specification for High-Strength
Cuanched and Tempered Low-Alloy Steal
Forged Fittings and Parls for Pressure
Vessals, 01.04, 01.05

A 583 Disconfinued

A 554 [hscontinued

A B95-B8  Spocification lor Sleol Tubos, Low-
Carbon, Tapered {or Streciural Use, 0101,
01.04

A 596-B9  Test Method for Direct-Currant
Maagnelic Properies of Matenals Using Ring
Test Procedures and ine Ballistic
Melhods, 03.04

A 597-87"  Specilication lor Cast Toot
Sieel, 01.02, 01.05

A 598-63(1986) Test Method for Magnetic
Properies of Magnetic Amplifier
Cores, 0304

A 599-84  Specilicaton for Steel Shoel, Cald-
Raolled, Tin-Coated by
Elecirodeposition, 01,08

A BO0-89 Specikealion for High-Spaed Tool
Stesl, 01.05

A B01=69(1985)""  Spectlicaton lor Eleclalybc
Manganese Melal, 01.02

A BO2=-70(1987)""  Specdication for Avlomative
Mallzable ron Castings, 01.02

A B03-8B  Spocification lor Zinc-Coated Steel
Struciural Wire Rope, 01.06

A BOM-TT(1987) Method for Macroetch Testing of
Consumabla Electrode Hemaelted Stee! Bars
and Billets, 01.03, 01.05

A GOSAGESM  Discontinued 1283 Specilication
for Pressure Vessal Plates. Aoy Stoel,
Cuenched-and-Temperad Mickel-Cobalt-
Mosybdenum-Chromium

A 606-85 Specication for Steel Sheet and Strip,
Het-Aolled and Cold-Bellad, High Steengih,
Laowe-Alloy, with Improved Atmosphanic
Corresion Hesistance, 01,03

A BOT-85 Speciicalion for Steel, Sheat and Strip,
High-Strength, Low-Alloy, Columbium or
Vanadwm. or Bath, Hot-Robled and Cold-
FRolled.  01.03

A BDE-BE  Specication for Cennlfugally Cast Iron-
Chromium-Micke] High-Alloy Tubing for
Pressure Application at High
Temperatures, 01.04, 01.02

A B09/ABO0OM-86a Practice for Caslings. Carbon,
Low-Allay, and Martonsitic Stainless Steel,
Uirasonic Examination Thereof, 01.02

AB10-T9(1986)""  Meihods of Sampling and
Testing Ferrcalloys for Determanation of
Size, 01.02

A B11=83  Specification lor Sleal, Cod-Robled
Sheet, Carbon, Structural, 071.03, 01.04

A B12/AB12M-B7  Speciicalion for Pressure
Vessal Plates, Carbon Steed, High Sirenglh,
for Moderate and Lower Temperalure
Service, 01.04

AB15  Discontinged

A 614 Discontnued

A B15-89 Specidication for Deformed and Plain
Billel-Stael Bars lor Concrate
Reinlorcement,  01.04

A B16M-89 Specilication for Deformed and Plain
Billel-Steel Bars lor Concrete Reinforcement
[Metric], 01.04

A B16/ABT1BM-87 Specification for Rail-Ses|
Deformed and Plain Bars lor Concrate
Reinforcement,  01.04

A G1TIAGTTM=B7  Specification for Axlo-Stecl
Deformed and Plain Bars for Concrete
Reinlarcemant.  01.04

A B18-89  Specificaticn for Hot-Formed Welded
and Seamiess High-Strengih Low-Alloy
Structural Tubing, 01.01, 01.04

A G19/AGTOM-B2{1988)" Specification for Stesl
Sheel, Carbon, Cold-Rolled, Drawing
Cuality, 0103
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A B20/AG20M-BA  Spacilication for Stael, Shest,

Carbon, Drawing Quality, Special Killed, Cald-

Rolted, 01.03

A B2VUABZIM-B2(198B)" Specikcation for Stesl
Sheet and Strip, Carbon, Hot-Ralled, Drawing
Quality, 01.03

A B2HAGZZM-B2(1988)" Specificakan dor Stesl,
Sheet and Strip, Carbon, Drawing Quality,
Special Killied, Hot-Raolled, 01.03

A 62388 Specification for Genaral
Requiraments lor Tin Mill Products, 01.06

A B2INM-BTa™ Specilication for General
Requirgments for Tin Mill Products
[Metric], 01.06

A B24-86  Specilication for Tin Mill Products,
Elpctrabylic Tinplale, Single-Reduced, 01.06

A B2AM-B7 Specification for Tin Mill Products,
Etectrolytic Tinplate, Single-Reduced
|Metric]. 01.06

A B25-B5 Specification for Single-Reduced Black
Plata. 01.068

A 625M—85  Specification for Tin Mill Products,
Black Plate, Single Reduced [Metric], 01.06

A 62686 Specification for Tin Wil Products,
Electralytic Tinplate, Double-
Reduced, 01.06

A B26M-87 Specification for Tin Mill Prodwcts,
Electrolytic Tmpiate, Double-Reduced
[Metric], 01.06

A B27-88 Specilication lor Homogeneous Toal-
Resisling Steel Bars for Security
Applications,  01.05

AB28  Discontinued

A B29-88 Spectficaton lor Took-Resisting Steal
Flal Bars and Shapes for Security
Applications, 01.05

A B30=-BY Melhod for Determination of Tin
Ceating Weights {or Hot-Dip and Electralytic
Tin Plate, 01.06

A G31-85 Specification for Cast Steel Wheels lor
Electrical Railway Serica, 01.04

A B3I2-BB  Specification for Seamless and Welded
Austenitic Stainless Steal Tubing (Small-
Diameter) for General Service,  01.01

A BIXAEIIM-BE  Specification for Mormalized
High-Strengih Low-Alkoy Struclural
Stesl, 01.04

AGad Dizcontfnued

A B35-8B Specification for Steel, Shee! and Siep,
Heawy-Thickness Cosls Carban, Hol-
Falled, 01.03

A BASM-88 Specification Tor Sieal, Sheat and
Strip, Heawy Thickness Coils, Carbon, Hot-
Ralled [Matric], 01.03

A B36-TE(1987) Specification for Nickal Oxide
Sinter,  01.02

A 837  Redesignaled B 637

A BIBJAGIBM=-BT Specilicaton lor Precipitation
Hardening lron Base Suparalloy Bars,
Forgings, and Farging Stock for High-
Temperature Service, 01.05

A 633  Aedesignaled B 639

A B40=-72{1985)" Specification for Zinc-Coated
Steal Strand lor Messenger Suppart of Figune
8 Cable, 01,06, 02,03

A B41-89 Specification for Zing-Coated
(Ealvanized) Carbon Stoal Wire, 01,06

A BAIM=-B4  Specification for Zinc-Coated
(Galvanized) Carbon Sto! Wire,
[Mtatric]), 01.06

A GAXAGI2ZM-85  Specification for Sleal Sheet,
Zinc-Coated (Galvanized) by the Hot-Dip
Process, Drawing Quality, Special
Killed, 01,06

A 843 Discontinued

A644-89a  Standard Terminclogy Relating ta lron
Caslings, 01.02

A BASIAGASM=8T Specihication lor Pressure
Vessel Plates, Five Porcent Nickal Alloy
Steal, Spocially Heal Treated, 01,04

A B46-7T(1987) Specilication for Premium Quality
Alloy Stezel Blooms and Billels for Aircraft and
Aprospace Forgings,  01.05

A 647 Disconfinued

A B4B-BB Specification lor Sleal Wire, Hard
Drawn for Prestressing Concrate
Pipa, 01.04

A BA9/ABIBM-8S  Specification for Forged Stesl
Raolls Used for Corrugating Paper
Machinary, 01.05

A BS0VABE0M-88  Specification for Tin Mil
Products Black Plate, Doubile-

Roeduced,  01.06

A 851 Discontinued

A &322  Disconbinued

AG53  Notf yet assigned

A BS54 DNscontinuod

A 655 Discontimued

A B5E/ABSEM-B9 Specilication for Hot-Rolled
Structural Steel, High-Strengih Low-Alkoy
Plate with Improved Formability, 01.04

A B57=-B7 Specilication for Tin Mill Products,
Black Plates, Eleciralytic Chromium-Coated,
Single and Double Reduced, 01,06

A BEEAGSEN  Discontinued 1989 Specificalion
for Pressure Viessol Plates, Alloy Steel, 36
Percent Nickel

A B58/ABSOM-B5S  Specification for Steal, Carbon
(2,16 Maximum 10 0.25 Maximum Percent),
Hot-Rolled Sheet and Sinp, Commerncal
Criality, 01.03

A G60-8B  Spacification for Centrifugally Cast
Carbon Steal Pipe for High-Temperature
Servica, 01.01

A 851 Nar pet assigred

A BEXAGEZM-86 Specification for Pressure
Vessel Plates, Carbon-Manganesa, far
Moderale and Lower Temperaiure
Sonvce,  01.04

A GEIABEIM-B8a Specilication for Steel Bars,
Carban, Merchant Quality, Mechanical
Properies, 01.05

A B64-BY Hecommonded Practice far
Identification of Standard Eloctrical Stael
Grades in ASTM Specifications, 03.04

A B85 Discontnued—Replaced by A 878

A B85M  Dizconninued—Roplaced by A 8766

A B5E-B3a  Specilication for Austenitic Stainless
Stesl, Sheet, Strip, Plate, and Flat Bar for
Structural Applications, 01.03, 01.04, 01.05

A BETIABETM=BY Specification for Centrifugally
Cast Dual Metal (Gray and White Cast lron)
Cylinders, 01.02

A B68—85a Specification for Steel Forgings,
Carbon and Alloy, for General Indusinal
Use, 01.05

A&69  Disconlinued—Replaced by A Fag

AEG7D  Redesignated B 670

A B71-89  Specification lor Electric-Fusion-
‘Welded Sleel Pipe for Atmoasphonic and Lower
Temperatures, 01.01

A B72-89n Spocification for Electric-Fusion-
Welded Steel Pipe for High-Pressure Service
al Moderate Temperatures, 01.01

A BTIABTAM-88 Specilication for Sampling
Proceduse for Impact Testing of Structural
Sleal, 01.04

A B74-89 Practice for Polyethylene Encasement
far Duclita lron Pipe for Water or Olher
Liquids, 01.02

A BTS/ABTSM-BE  Specilication for Steel Bars,
Carbon, Hot-Wrought, Special Cualily,
Mechanical Properties, 01,05, 15.08
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AG7E  Discontinued 1890: Specification for Hot-
Dipped Aluminum Coatings on Ferrous
Articlas

A B7TT-89 Specification for Mononented Electrical
Stesl, Fully Processed Types, 03,04

A BTTM-89 Specification for Monorignled
Efpctrical Steel, Fully Processed Types
[Metric]. 03.04

A BTB/AGBTEM-B9 Specification for Quenched and
Temperad Carbon-Steel and High-Strength
Low-Alloy Steel Plates for Structural
Applications,  01.04

A BTHABTIM-BT Specilication for Stesl Wire,
High Tensile Strength, Hard-Drawn, for
Mechanical Springs, 01.03

A gEAGRIM  Dizcontinued—Replaced by A 684,
A Gaam

A BB1-89 Specilication lor Alloy Tool
Steels, 01.05

A 6B2-88  Specification lor Steal, Strip, High-
Carbon, Cedd-Rolled, Spring Quality, General
Requiremenis for, 01.03

A GB2ZM=T7(1983) Specification for Genaral
Requirements for Steal, High-Carkon, Sirig,
Cold-Refled, Spring Quality [Metric], 01.03

A 683-84 Specification lor Noncsiomed Electrical
Steel, Semiprocessed Types, 03.04

A B83M-B4  Specification for Nonorienled
Electrical Steel, Semiprocessad Typos
[Metric], 03.04

A BBAFABBAM=B6 Specdication lor Steel, Strip,
High-Carbon, Cold-Rolied Soft, Unlemperad
Spring Quality, 01,03

A gHS  Disconfinued—Replaced by A 6871

A BBE-BI  Specilication for Carbon Tool
Stesls, 01.05

A BB7T=89 Specilication for High-Strength
Monheaded Steel Bolls and Studs,  15.08

A GEB/AGBAM-8B Specification for Welded
Austenitric Stainless Sleel Feedwater Heater
Tubss, 01.01

A 689-81a(1988) Specdication for Carbon and
Alboy Steel Bars lor Springs,  01.05

A GI0/AGIOM-BD Specification for High-Strength
Low-Alloy Stael H-Piles and Shoel Piling for
Use in Manne Environments,  01.04

A B91-89  Specification for Carbon and Alloy Steel
Pipe, Electric Fusion-Welded for High-
Prassura Service al High
Temperatures, 01,01

A B92-88 Specilication for Seamless Medium
Strangth Carbon-Mefybdenum Alloy-S1eel
Boller and Superheater Tubes, 0101

A 683-89a Specilication for Precipitation-
Hardening Stainless and Heal-Resising Steel
Plate, Sheot, and Strip,  01.03

A BOAABEAM-BTY  Specification for Forgings,
Carbon and Alloy Steel, for Pipe Flanges,
Fittings, Valves, and Pars for High-Pressure
Transmisgsion Service, 01.01

A 695-81(1888) Specilicaticn lor Stecl Bars,
Carton, Hot-Wrought, Special Quality, Tor
Fluid Power Applications, 01,05

A B96-80  Specification for Steal Bars, Carbon,
Hot-Wraught or Cold-Finished, Special
Cruality, for Prossure Piping
Compeonents, 01.01, 01.05

A BAT-T4(1985) Test Methad for Altemating-
Current Magnetic Properties of Laminalaed
Core Specimen Using the Volimeter-
Ammeter-Wattmetler Mathods, 03.04

A BOB=T4{13B85)"" Test Method for Magnatic
Shiald Eficiancy In Atlenwating Altermating
KMagnetic Fields, 03.04

A 883 Disconlinued

A TOO-B1  PFractices for Packaging, Marking, and
Loading Methods for Steal Products for
Domestic Shipment, 0101, 01.03, 01.04,
01.05

A TO1-T4[1985) Speciication lor
Ferrcmanganese-Silicon, 01,02

A T02-87 Specilication for Steel Fonce Posts and
Assemblies, Hot-Wrought, 01.03, 01.05,
01.08

A TOIATOIM-89  Specihication lor Sleal Castings,
Genoral Reguirements, for Pressure-
Containing Parts, 01.01, 01.02

A TOHATOAM=-88  Specilication for Welded Steel
Plain Bar or Aod Mats for Concrale
Reinforcement,  01.04

A TOS/ATOSM=-88a  Specilicaton lor Age-
Hardening Stainless and Heat-Resisting Steel
Faorgings, 0105

A TOBATOEM-BS  Specificafion for Low-Alloy
Steel Delormad Bars for Concrele
Remnforcemant, 01.04

A TOTIATOTM-B7 Specification for Flanges,
Forged, Carbon and Alley Steel far Low-
Temperature Service, 01.01

A T8 Discontinued 1989; Recommended
Practice for Detection of Susceptibility to
Imergranular Corresion in Severely Sensilized
Austanilic Stainless Steel

A T09-89a Specification for Structural Stael tor
Bridges, 01.04

A TIWATIOM-8Ta Specification for Low-Carbon
Age-Hardening Mickel-Copper-Chromium-
KMolybdenum-Columibium and Nickel-Copper-
Colemblum Alloy Steels, 01.04

A T11=87a Specification for Garbon-and Atloy
Steal Blooms. Bilets, and Slabs for
Farging, 01.05

A T12-T75{1985) Test Method for Electrical
Fesistivity of Sclt Magnetic Alloys, 03.04

A T13-77(1983) Specilicalion for Steel Wire,
High-Carban Spring, for Heal-Trealed
Components, 01,03

A 7T14-89a Specification for High-Stranglh Low-
Alloy Welded and Seamless Steel
Pipe, 01.01

A T715-88 Specdicaton for Steel Sheet and Sirip,
High-Strength, High-Rodled, and Steal Sheet,
Cold-Ralled, High-Strenglh, Low-Allay, with
Improved Formakbility, 01.03

A T16-86""  Specification for Ductile fron Culver
Pipe, 01,02

A TI7-81(1088)" Test Method for Surlace
Insulation Resstivity of Single-Strip
Specimeans,  03.04

A T18-T5(1885) Test Method for Surlace
Insulabion Resiglvity of Kulti-Sirip
Specimans,  03.04

A T19-T5(1985) Test Method for Laminatian
Facior of Magnetic Matarnals, 03.04

A T20-7T5(1985) Test Method for Ductility of
Meonoriented Efectrical Sheot Stesl, 03.04

A T21-75(1985) Test Method for Ductility of
Crientad Electrical Shoel Steel, 03,04

A 722-88 Specihication for Uncoated High-
Strength Stesl Bar for Presiressing
Concrata,  01.04

A T2AAT2IM-868 Specification for Alloy Steal
Forgings for High-Strengih Pressure
Component Application,  01.04, 01.05

A T24AT2AM-89  Specification for Pressure
Vessel Plates, Carbon Steal, Cuanchod and
Tempered, for Welded Layered Pressure
Vessals, 01.04

A 725 Discooinued—Repiaced by A 876

A F25M  Disconlinued—Roplaced by A 876M
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A T26-85 Specificancn for Cotd-Rolled Carkon
Steel Sheel. Magnetic Lamination Qusality,
Types 1, 2 and 25, 03.04

A T2TIATZTM-BT  Specification lor Forgings,
Carbon Steel, for Piping Components with
Inherent Molch Toughness, 01,01

A FZE  Not pet assigned

A T29-81(1988)" Specilication for Alloy Sea!
Axles, Heal-Troated, for Mass Transit and
Electric Railway Service, 01,04, 01.05

A T30-81(1988)" Specification for Forgings,
Carbon and Aoy Stesl, for Raifway
Use, 01,04, 01,05

A TIVATIIN=88 Specilicaton for Seamless and
Welded Ferritic Stainloss Sieel Prpe,  01.01

A TIVATIZM-B5  Specilication for Castings,
Invastment, Carbon and Low-Alloy Steal for
General Application and Cobalt Alloy for High
Strength at Elevaled Temperaiures, 01.02

A T33-80 Specification for Welded ard Seamlaess
Carban Steel and Austenitic Stainless Stesl
Fipe Mipples, 01,01

A TIYATIAM-BTa  Spociication for Pressure
Vessel Plales, Alloy Steel and High-Strength
Low-Alloy Sleal, Quenched and
Temperad, 01.04

A TASATISM-BT  Specilication lor Progsure
Vessel Plales, Low-Carbon Manganese-
Malybdenum-Columbium Alloy Steel, lor
Mederate and Lawer Temperatura
Sorvice,  01.04

A TIEIATIEM-88 Specilicaton lor Prossure
Vossol Plates, Low-Carbon Age-Hardening
Mickel-Copper-Chromiuvm-Metylbdenium-
Cotumbeum Alloy Steal,  01.04

A TITIATITI-BY Specification for Pressure
Vessel Plates, High-Strength, Low-Alloy
Steal, 01.04

A TIBATIBM-BTa Specilcalion lor Pressure
Vossel Plates, Heat-Treated, Carbon-
Manganese-Silcon Steel, for Moderate and
Lower Temperature Senvice,  01.04

A 739-88 Specification for Steel Bars, Alloy, Hal-
Wrought, for Elevated Temperalure or
Pressure Containing Parts, or Boln, 01,05

A TA0-86  Specihicalion for Hardware Clath
{Woven or Welded Galvanized Steal Wira
Fabric}, 01.06

A F41-86 Specihicakon lor Zinc-Coated Stesl
Wire Rope and Fithings for Highway
Guardeail, 01.06

A TAAATAZN-86  Specilication for Stesl Sheet,
Metallic-Coated and Polymaor Procoated for
Cerrugated Steel Pipo, 01,06

A T43FATAIM-B8"  Specification for Castings,
Iran-Chromivm, Iron-Chremiom-Nickel, and
Mickel Base Corrosion-Resistant for Genoral
Application,  01.02

A TAUATAAM-BEa Speciication for Castings,
Iran-Chromium-Mickel and Nickel-Base
Carrosion-Resistant lor Severe
Service, 01.02

A T45/ATISM-86 Hoecommended Practice for
Urasonic Examination of Austenilc Slecl
Forgings, 01.08

A T46-86 Specilication lor Ductile Iron Gravity
Sewer Pipe, 01,02

A TATIATATM=-86 Specilication for Steal Castings,

Stainless Precipiation Hardening, 01.02

A TAGATIAN-8T  Specilicaton lor Staticatly Cast
Chilled White Iron-Gray Iron Dual Metal Beds
for Pressure Vessol Use, 01.02

A 749-B8  Specilicalion for General Requiremenis
for Steel, Carbon and High-Slrength, Low-
Alloy, Hot-Hedled Strip, 01,03

A F49M-B8  Specilication for General
Requirements for Steel, Carbon and High-
Stranglh, Low-Alloy, Hot-Rolled Sinp
[Metric]. 01.03

A TSO-TT{1988) Specilicalion lor Steel Air
Ventilaling Grille Units far Detention
Areas, 01.05

A T51-BBa  Methods, Practices, and Definitions
tar Chemical Analysis of Steel Producis
01.01, 01.02, 01.03, 01.04, 01.05, 03.05

A T752-83 Specification lor General Requircments
for Wire Rods and Coarse Round Wire, Alloy
Steal, 01.03

A TE2M-83 Speciiication lor Goneral
Requiremants lor Wire Rods and Coarse
Rourd Wira, Alloy Steel [Metric],  01.03

A T53-85 Specification lor Mickel-lron Soft
Magratic Aloys, .04

A TH4-TH19B5) Test Method lor Coating
Thickness by X-Ray Fluorescence, 01,06

A TEEATEEM-B9 Specilication lor Stesl Sheet,
Metallic Coaled by the Hot Dip Pracess and
Propainted by the Coll-Coating Procoss for
Extenior Exposed Building Products, 01,06

A TE6-B5 Specification for Stainless Steel lor
Beanng Applications,  01.05

A TSTIATSTM-BBa  Specilication for Steel
Castings, Ferritic and Martensitic lar
Pressure-Conlaining and Other Applications
lor Lew-Temparature Service,  01.04, 01.02

A TSBIATSEM-88 Specilication lor Bull Walding,
Wraughl Carben Stesl, Piping Filtings With
Improved Moich Toughness,  01.01

A T59-85 Specilication {or Carbon Stesl Crane
Hails.  01.04

A TEWATEOM-89  Specilication lor Pipe,
Corrugaled Stesl, Zinc-Coated
(Galvankzed), 01,08

A TEVATEIM=-B2 Specification lor Steel,
Galvanized, Cormagated Struciural Plates and
Fastenors for Pipe, Pipe-Arches, and
Archos, 01,06, 15.08

A TEAATE2ZM-B9  Specilicalon lor Corrugaled
Stewl Pipe, Polymer Precoated for Sewers
and Drains, 01.06

A T63-B6 Practicos for Deteoting Susceptbility to
Intergranular Attack in Fermlic Stainless
Steels. 01,03

A T84-T8  Specification for Steal Wira, Carbon,
Drrawm, Galvanized and Galvanized al Size
lor Machanical Sonngs.  01.03

A TESIATESM-8T  Specification lor Carbon Stesl
ang Low-Alloy Steal Pressure-Vessel-
Companent Fargings with Mandatory
Toughness Hequinemonls, 01.05

A TEO/ATEEM=-87 Specification for Forgings,
Leaded, and Resulfurized Carbon Steel for
Pressure-Cantaining Applications (intent fo
Withdraw), 01.01

A TETIATETM=89 Specilicaton for Zinc-Coatod
|Galvanized) Bars for Conerele
Reinforcemant, 01,04

A TEB-B2(1987) Specilication for Vacuum-
Treated 12 % Chromium Alloy Steel Forgings
far Turbing Rotors and Shafis.  01.05

A TBIFATEEM-BS  Specification for Eleciric
Resistance Wakdod Steel Shapes, 01.04

A TTUATTOM-86 Specification for Through-
Thickness Tensicn Tosting of Steel Plates for
Special Applications, 01,04

A TT1-88  Specification lor Austenitic Stainless
Steed Tubing for Breeder Reacior Core
Compaonents,  01.01

ATT2-89 Tes! Melhod lor A-C Magnatic
Parmeability of Materials Lsing Sing
Current,  03.04
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A TTI-8001985) Tost Mothed for D-C Magnetic
Properlies of Materials Lising Ring and
Permeameter Procedures with D-C Electronic
Hystgrosigraphs, 03,04

A TTHATTAN-89  Specification lor As-Waldad
Wrought Austendlic Stainfess Steal Fitings for
Genoral Cosrosive Service at Low and
Moderate Temperatures, 01.01

A TTS/ATTIM=-89a  Specification for Epoy-
Coated Reinlorcing Steel Bars,  01.04

A TG Nar yer assigred

A TI7=B6 Specilication for Galvanized Round
Steal Tying Wire,  01.06

A 778-B8" Spacification for Welded, Unannealed
Austenific Slainfess Stoad Tubular
Froducts, 01.01

A TTO-BIN1985) Specication for Steel Strand,
Sevon Wire, Uncoated, Compacled, Stress-
Reliovad for Prestressed Concrale, 01,04

A TEO0-BO{1987}"  Practce lor Repair of Damaged
Hot-Dip Galvanized Coatings, 01.06

A THUATBIM-BI Spocification for Castings, Stesl
and Allay, Common Requirements for
General Industnial Use, 01.02

A TOZATEZM-B7 Specification far Pressurn-
Vessel Plates, Quenched and Tempared,
Manganese-Chromium-Molybdenum-Silicon-
Zircanium Alloy Sleel, 0104

A 783 Disgonfinued

A7ES  Disconlinued

A 7EF  Disconfinued

A& TES/ATEEM-89  Spocification lor Rolled Steel
Floor Plates, 01.04

A T87-84b  Specification lor Electric-Resistance-
‘Walded Meatallic-Coated Carbon Steel
Kechanical Tubing, 01.0

A 7B8-B9 Specilication lor Steel Forgings,
General Requirements, 01,05

A TBWATBIM-B9a Specification for Seamiess
and Welded Fermtic/Ausienitic Stamless Steal
Tuhing for General Sorvice, 01.01

A TOOVATIOM=-89  Specilicalion for Seamless and
Welded FermritictAustenitic Stainless Sleal
Fipe,  01.01

A TOUFATIIN-B8 Speciication lor Walded,
Unanmealod Feritic Stainless Steal
Tuling, ©01.01

A TI2-B9  Specilication for Steel Sheet,
Aluminum-Zinc Alloy-Coated by the Hat-Dip
Procesa, 01.06

A TIEM-B5a  Specilication for Steal Shest,
Atuminum-Zing Alloy-Coated by the Hat Dmp
Process, General Reguirements
[Motric], 01.06

A T93-89 Specification lor Refled Floor Plate,
Stanless Steel, 01,03

A TO4-82(1988)" Specification lor Stael, Carbon
(0,16 T Mawimurm to 025 %5 Maximum) Codd
Rolled, Commercial Quality, 01.03

A T95-89 Specification lor Black and Hot-Dipped
Zinc-Coated {Galvanized) Welded and
Seamless Steal Pipe for Fire Prefection
Lizg,  01.01

A TE6-89  Praclice for Struciural Design of
Caomugaled Steel Pipe, Pipe-Arches, and
Arches for Slorm and Sanitary
Sewers, 01.06

A FaF  Discontinued 1990 Specilicaton lor
Aluminum-Zing Alley-Coatod Steel Overhaad
Ground Wire Strand

A 798-88  Practice lor Inslalling Factony-Mada
Corrugated Steel Pipe for Sewers and Other
Applications, 0106

A TOXATIIM-83  Specilication lor Steel Castings,
Slaintess, Instrument Calibration, for
Estimating Ferrite Content, 01,02

A BOD/ABOOM-B84  Fractice for Stecl Castings,
Austenitic Alloy, Estimaling Ferrite Content,
Theraol, 01,02

A BD1-B2{19B86) Specification for lron-Cobalt High
Magnete Saturation Alloys, 03,04

A BOABOEZM-BY"'  Practice lor Steel Castings,
Textures and Discontinuities, Evaluation and
Specifying, by Visual Examination, 01,02

A BOABO3M-88  Specification lor Welded Ferrilic
Stanless Sleel Feadwaler Heater
Tubes, 01.01

A BO4-82(1887) Tost Meathod for Allernating-
Current Magnetic Propedies of Materials at
Poweer Frequencies Using Sheal-Type Tess
Spocimens,  03.04

A BOS-82(1988) Specilication lor Codd-Rofled
Carbon Steol Flat Wire, 01.03

A BOG/ABODGM-88 Specification lor Sieol Shoet,
Aluminum-Zinc Alloy Coated by the Hat-Dip
Process lor Storm Sewer and Drainage
Pip=, 01.06

A BO7-88  Practice for Instzling Cormugated Stoal
Structural Plate Pipa for Severs and Other
Applications,  01.06

A BOB/ABDBM-88  Speciicabon lor High-Strengdh,
Low-Alloy Carbon, Manganese, Columbium,
Vanadium Steel of Struciural Quality with
Improved Motch Towghness,  01.04

A BDB-RE  Specdication for Aluminuem-Coated
(Aluminized) Carbon Stesl Wire, 01,06

A B10-B8  Speclication for Jinc-Coated
(Galvanized) Steal Pine Winding
Mesh, 01.06

A B11-83  Speciication for Soft Magnetic lsan
Fabricated by Powder Metallurgy
Technigues, 03.04

A BIZABTZM-B3"  Specification ler Steel Sheet,
Haot-Relled, High-Strangth, Low-Alloy far
Walded Layered Pressure Vessels, 01,03,
01.04

A B13/AB1IM-8Ba Specification for Singla o
Double Welded Austenitic Staintess Stoot
Pipe, 01,01

A B14/AB14M-88a  Specification for Cold Worked
Welded Austenilic Stainless Steal
Fipa, 01.01

A B1S/ABISM-89  Specilication lor Wrought
Ferritic and Fermtic/Ausienitic Stainless Steol
Piping Fitlings, 01,01

A B16/ABIBM-88  Specilication for Stesl Shea,
Zmc-Coated (Galvanized) by the Hot-Dip
Process, High-Strength, Low Alloy, 01,06

A B17-86  Spocilication for Metallic-Coated Steel
Wira for Chain Link Fence Fabric, 01,08

A 818-88 Speclication for Coppered Carhon
Steal Wire, 01.06

A 819-84  Speclication for Steel Sheet.
Aluminum-Coated Type 2 For Stoom Sewer
and Drainage Pipe, 01.06

A B20-B5 Specification for Steel Fibars lor Fibor
Reinforced Concreéte, 01,04

A B21-87  Spoclication for Steel Wire, Hard
Drrawn for Prestressing Concrele Tanks by
Redrawing, 01.04

A B22-BB  Spocitication for Seamiless, Cold Orawn
Carbon Steel Tubing for Hydraulic Systam
Service, 0101

A B23-B4  Specification for Statically Cast
Permanant Mold Gray Iren Castings, 01,02

A B24-86 Specification for Melzllic-Coatod Staeal
Marcelled Tension Wire for Use with Chain
Link Fence, 01.06

A B25-84  Specification for Sleol Sheot,
Composite Coalad for Corrugaled Stesl
Sewer Pipe and Bin Type Retaining Walls
(Infent to Withdraw), 01,06
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A B26-88 Specification for Austenific and Ferritic
Stainless S1eal Duct Tubes for Braedor
Roacior Core Components,  01.01

A B27-85"  Specilication for Plales, Carbon Steel,
for Forging and Similar Applications,  01.04

A 828 Nol et assigned

A B29-89  Specification for Plates, Alloy Steal,
Struciural Quality, 01.04

A BA0-B5 Specification for Plates, Carbon Stesl,
Struciural Quality, Furnished to Chemical
Composition Bequirements, 01,04

A B831-84"  Specification for Stainless and Heat-
Resisting Steal Bars, Billets, and Forgings far
Usge in Core Components,  01.05

A 832/AB832M-B4(1989) Specification for
Pressura Vessel Plates, Alloy Steal,
Chromium-Molybdenum-Yanadium-Titanium-
Boron, 01.04

A 833-84 Practice for Indentation Hardness of
Metallic Materials by Comparison Hardness
Testers, 01.05

A B34-84 Specilcation or Common
Requirements for Iren Castings for General
Iredustrial Use, 01,02

A B35-84 Specification lor Sizes of Feroalloys
and Aoy Additives, 01.02

A BIS/ABIGM-8Ta  Specification for Forgings.
Titanium Stabilized Carbon Stoel, lor Glass
Lined Piging and Pressure Vessel
Service, 01.01

A BIT-85 Specification for Sleal Forgings, Alloy
far Carburizing Applications, 01,05

A BIB-85 Specification for Free-Machining Ferritic
Stainless Soft Magnetic Altoy for Relay
Applications, 03.04

A B30-87 Specification for Fully Processed Cald-
Folled Lamination Sieal, 03.04

A B40-B5 Specilicailon for Fully-Processed Cold-
Relled Lamination Steal, 03,04

A B41/ABA1M-B8T"  Specification for Stesl Plates
for Pressure Vessels, Produced by the
Therma-Mechanical Control Process,  01.04

A 842-85 Specheation for Compacted Graphite
Iron Castings, 01.02

A 843  Discontinued—HReplacad by A 875 and
A BTEM

A BA4ABYAM-8TE  Specification for Steel Plates,
9 o2 Mickel Alloy, for Pressure Vessels,
Producsd by the Direct-Quenching
Process, 01.04

A B45-85 Specification lor Titarmum Scrap for Use
in Deoxidation and Alloying of Steel, 01.02

A BA6-85 Specification lor Aluminum Scrap for
Use in Deoxidation and Allaying af
Steals, 01.02

A BAT-89  Specification for Cold-Formed Welded
and Seambess High Strangth, Low Alloy
Structural Tubing With Improved Amespheric
Corrosion Aesistance, 0101

A BAB-BY Specification for Low Carbon Magnetic
Iren,  03.04

A B48-89  Specilication for Pipe Coated and Lined
Corugated Steel Sewer and Drainage Pipe
Biturminous or Concrate, 01,06

A 850-85 Specificalion lor Stoel Bars, Carban
Manganese, Merchant Quality with 50 ki
{345 MPa) Yield Poinl, 01.05

A B51-88  Specification for High Freguency
Induction Weldad, Unannesled Austenitic
Steel Condenser Tubes, 01.01

A BE2/ABS2M-8Ba  Specilication for Quanched
and Tempered Low-Alloy Struciural Steel
Plate with 70 ksi (485 MPa) Minimuwm Yiakd
Strength o 4 inches (100 mm) Thick, 01.04

A B53-85 Specification for Steal Wira, Carbon, for
Ganeral Use, 01.03

A BSA/ABSAM=BE™ Specilication lor Zinc Ceated
(Galvanized) Steel Smooth High Tensile
Fenca and Trellis Wire, 01.06

A B557AB55M-B9 Specilication for Zinc- 51 %
Aluminum-Mischmeial Alloy-Coated Carbon
Steal Strand.  01.06

A BSEAABSEM-B9 Specification for Zinc- 51 %
Aluminum-Mischmetal Alloy-Coated Carbon
Steal Wire, 01.06

A B57T-89 Specification lor Steel Sheet Piling,
Cold-Farmed, Light Gage, 01.04

A BSE/ABSBM-8B Specification for Heal-Treatad
Carbon Sleel Fittings for Low-Tamporatura
and Corrosive Serice,  00.01

A BS9/ABSSM-86 Spocilication lor S1eel Forgings,
Low-Caroon Age-Hardening Mickel-Coppor-
Chromium-Molybdenum-Columbium Alloy
Steel, for Pressurae Vessal
Components, 01.05

A BBO/ABBOM-BI  Specification for High Strength
Bunt-Welding Fittings of Wrowght High
Strenglh Low Alloy Steed, 01,07

A BG1-86 Specification for High Siicon Iron Pipe
and Fittings, 01,02

A B6E—B6 Practice for Application of Biluminous
{Asphalt) Coalings to Cormegated Steel Sewer
and Drainage Pipe, 01.06

A BE3-A7 Speciicalion for Cormegated Steal Pipae
With Smooth PV Liner for Sewers and
Drains (Inien! fo Withdraw), 01,08

A BEASABEAM-B6 Speciiication for Stasl Wire,
Deformed, for Prastressed Concrate Railroad
Ties, 01.04

A 865-89 Specilication lor Threaded Couplings,
Steel, Black and Zinc-Coaled (Galvanizad)
‘Welded and Seamless, for Use in Steel Pipe
Joints,  01.01

A BEG-89  Specification for Medium Carbon Steels
for Anti-Friction Bearings, 01.08

A BET-86 Specification for Inon-Silicon Relay
Staels, 03.04

A BE8  Not yat assigned

A 883 Not yet assigned

A B Not yel assigned

A BT1/ABTIM-B7 Specification for High Strength
Low-Alloy Struclural Stea Plate With
Amospheric Corrosion Aesistance,  01.04

A BT2-B7 Specilication for Centrifugalty Cast
Faeritic'Austenitic Stainless Steel Pipe for
Corosive Environments,  01.01

A BTA/ABTAM-B7 Specilicaton for Steel Sheat
and Strip, Chromium-Molybdenum Alley, for
Pressura Vessels, 0903

A 874-89 Spediication for Farrlic Duclite lron
Caslings Suitable for Low-Temperature
Service, 01.02

A B74M-B9  Specilication for Farrtic Ductile Iron
Caslings Suitable for Low-Temperalung
Sornce (Metric], 01.02

A BTS/ABTSM-8B  Aluminum Alloy Motallic-Coated
by Ihe Hol-Dip Process, 01.06

A B76-87 Specilication lor Flal-Rolled, Grain-
Oriented, Silicon-lron, Electrical Steal, Fully
Procossed Types, 03.04

A BTEM=87%  Specilicalion lor Flat-Rofled, Grain-
Criented, Silicon-lron, Electrical Staeal, Fully
Processed Types [Melric), 03.04

A BTTIABTTM-B7 Specificalion for Sleal Wire,
Chrormium Silicon Alloy Valve Spring
Cuality, 01.03

A BTB  Specification lor Steel Wire, Modified
Chromium Yanadium Valve Spring
Cuality, 01,03

A BT9-B7 Specilicalion for Steal Sheet, Zinc
Coated by the Electrofylic Process for
Applications Requirng Dasignation of the
Coating Mass of Each Surface, 01,06
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A BBO-88% Practice for Criteria for Uso m
Evaluation of Testing Laborataries and

Organizations for Examination and Inspection

of Steel, Slaintess Steet, and Ralated
Alloys, 0103

A BET  Nof yef assigned

A 82 Nor yver assigmed

A BBE3I-BE™  Test Method for Ferimagnetic
Resonance Linswidth and Gyromagnetic
Ratio of Nonmetallic Magnetic Matarials
(Redasignaled—Formeny F 1305, 03.04

A BB4-B8  Specilicaton for Epoxy-Coaled Steel
Wire and Welded Wira Fabric for
Reinforcomant, 01,04

A B8E-BB Specificalion for Sleel Sheat, Zine and
Aramid Fiber Composite Coated for
Corrugated Stee! Sewer Culvert and
Underdrain Fipe, 01.06

A BAE/ABBEM-BB  Specification for Indented
Sewen-Wire Stress-Relieved Strand for

A B90-B9 Specification for Caslings, lron-
Chromium-Mickel-hMolybdenum Corrasion
Resistant, Duplox (Austenitic/Farrilic) for
General Application,  01.02

A B91-BB8 Specification for Procipitation
Hardoning Iron Base Superafioy Forgings for
Turbine Rotor Disks and Wheels, 01.05

A B32-88 Guide for Delining and Raling the
Microstreciure of High Carbon Bearing
Steels, 01.05

A B93-86"  Test Method for Complex Dielectric
Constant of Nonmetalic Magnetc Malerials at
Microwave Freguencies (Redesignaled—
Formerdy F 131), 03.04

A B84-89  Test Melhod lor Saturation
Magnatization or Saturation Indection of
Monmetallic Magnets Matorials,  03.04

A BO5-B9  Specilicaton for Free Machining
Slaintess Steel Plate, Sheat, and
Strip, 01,03

Prestressed Concrete, 01,04

A B8T-88 Specification for Borated Stainloss
Steel Plate, Sheat, and Strip for Muclear
Application,  01.03

A 888 Not pet assigned

A BEZ-BB Test Method Tor Alernabing-Currem
Magnetic Properties of Maleriaks al Low
Inductions Wsing he Walimeter-Varmeter-
Ammeler-Vaolimeter Method and 25-cm
Epstein Frame, 03.04

A B56-83 Practice for Conducting Case Studies
on Galvanized Structures, 01.06

"Each ASTM Standard has a unique serial designation. It is comprised of a
capital letter indicating general classification (A, ferrous metals; B, nonferrous metals;
C, cementitious, ceramic, concrete, and masonry materials; D, miscellaneous materi-
als; E, miscellaneous subjects; F, materals for specific applications; G, corrosion,
deterioration, and degradation of materials; ES, emergency standards: P, proposals),
a serial number (one to four digits), a dash, and the year of issue.

In each serial designation, the number following the dash indicates the year of
original adoption as standard or, in the case of revision, the year of last revision.
Thus, standards adopted or revised during the year 1990 have as their final number
80. A letter following this number indicates mare than ene revision during that year,
that is 90a indicates the second revision in 1990, 90b the third revision, etc. Stan-
dards that have been reapproved without change are indicated by the vear of last
reapproval in parentheses as part of the designation number, for exarmple (1990), A
superscript epsilon indicates an editorial change since the last revision or approval; £1
for the first change, £2 for the second, etc.

If a standard is written in acceptable metric units and has a companion standard
written in inch-pound units {or other units), the metric standard is identified by a letter
M after the serial number; this standard contains “hard metric” units,

It a standard is written in inch-pound units (or other units) and acceptable metric
units, the document is identified by a dual alphanumeric designation.

When reference is made to a standard, the complete designation should be
given. Best practice is 1o state the designation and title.

The boldface number{s} following the title refer to the volume(s) of the Annual
Book of ASTM Standards in which the standard appears.

This list includes only those standards which appear in the 1990 edition of each
volume of the Annual Book of ASTM Standards. New and revised standards that were
approved after the closing date for the volume are available as separate reprints and
will be listed in next year's edition.

Each ASTM standard is available as a separate reprint from ASTM. Price and
order information are available from ASTM Customer Service, 1916 Race Street,
Philadelphia, PA 19103, 215-299-5585,
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