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ÆRSïgjÇTED 
THIS CONTRACT, entered into thlrf Ejírjá/c^V pfj May, 1941, by THE United 

STATES OF AMERICA, hereinafter called the Government/ r^p/Wfeinted hy the Con¬ 
tracting Officer executing thie contract and THE BATTELLE'KHllORIAL INSTITUTE, 
a corporation organiied and existing under the lave of the State of Ohio of 
the city of Columbus, in the State of Ohio, hereinafter called the Contractor, 
witneeseth that the parties hereto do mutually agree as follows: 

Article I. Scope. The Contractor shall conduct research investigations 
to systematically study the effects of certain alloying elements on the 
ballistic properties of properly heat treated rolled homogeneous armor. A 
foremost consideration will be given to the substitution of nonstrategic 
alloying elements for nickel and chromium, elements which are respectively 
difficult to provide in sufficient quantities and of a highly strategic 
character. Primarily, the elements which will be studied in their effect 
upon the ballistic qualities of armor will be manganese, molybdenum, copper, 
silicon and vanadium. 

Article II, Statement of Work. The work under the contract performed 
in close cooperation with Watertown Arsenal will involve: 

a. The melting and refining of small experimental heats 
of steel in sizes up to approximately 350 pounds con¬ 
taining varying percentages and proportions of the 
elements manganese, molybdenum, copper, silicon and 
vanadium, 

bi. The rolling of these heats of steel into plftt* of a 
suitable size and thickness for ballistic testing. 

c. The proper heat treatment of these steels to a speci¬ 
fied proper range of hardness so that the effect of the 
alloying elements in varying percentages will be dis¬ 
cernible in the results obtained. The determination of 
the most suitable heat treatment for each analysis will 
form an important part of the investigation. 

jl. The ballistic testing of the experimental plates according 
to the latest specifications at the Watertown Arsenal. 

£. The metallurgical examination of the ballistically tested 
plates by the Contractor in full cooperation with the 
Watertown Arsenal. 

£. The preparation and submission of a detailed report 
covering completely the procedures followed, the results 
obtained and indicating the following: 
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RESTRICTED 
1. A homogeneous rolled armor analysis containing 

a minimum amount of strategic elements as well as 
a minimum total alloy content which meets the speci~ 
fled ballistic requirements for armor of this type and 
thickness. 

I 

2. An analysis meeting the ballistic requirements which 
can be melted and refined in open hearth furnaces and 
rolled on mills utilized in the production of tonnage 
plate steel. 

3. The most practicable and effective heat treatment 
which can be adapted to production methods, 

4. The determination of the microstructural constitution 
of the steel which produce» the highest ballistic pro¬ 
perties. 

Article III. Method of Payment. 

a. All research costs, miscellaneous supplies and ex¬ 
penses, except necessary special equipment and patent 
expenses, hereinafter set forth, shall be paid for by 
the consideration of two thousand dollars ($2000,00) 
per month for a period of six (6) months, this period 
to begin on date of approval of Contract by Chief of 
Ordnance. 

lb. The Contractor will be reimbursed for all necessary 
special equipment, for which prior approval by the 
Contracting Officer in writing has been secured, upon 
submission of properly certified invoices showing 
payments by the Contractor. The cost of such special 
equipment will not exceed two thousand dollars ($2000,00), 

£, All expenses for the filing or assignment of applications 
for Letters Patent or any expenses in connection with 
the prosecution of said applications or the recording 
of such assignments and any expenses such as charges for 
staff time, travel, and other expenses incurred in con¬ 
nection with preparation or prosecution for Letters 
Patent, will be paid by the Contracting Officer, and 
does not constitute a part of the amount payable under 
this agreement, as specified in Article Ill-a hereof. 
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RESTRICTED 
The Contracor further agreeo that the reasonable- 
ness of all expenses Incurred in connection with 
the prosecution of Letters Patent shall be de¬ 
termined by the Contracting Officer and that any 
dispute In connection herewith shall be governed 
by the Procedure outlined in Article VIII. 

d. All payments will be made by the Finance Officer, 
Watertown Arsenal, Watertown, Massachusetts. 

Article IV. Availability of Information. The Contractor agrees that 
all relevant information obtained through the work on the project specifi¬ 
cally defined above shall be made available to the Contracting Officer or 
his designated assistants at any reasonable time during the Contractor's 
working hours, subject to the terms and conditions of the contract, and 
that he will communicate promptly without request, to the Contracting Officer, 
all important information which is pertinent to the project as it progresses. 
The Contractor further agrees to submit in writing to the Contracting Officer 
monthly reports, in quadruplicate, on the work herein contracted for. 

Article V. Assignments of Patents. The Contractor agrees that em¬ 
ployees assigned to the experimental work under this contract, who, during 
the period of this agreement, make a discovery or Invention relating di¬ 
rectly to the specifically defined subject of this project, shall promptly 
make such discovery known to the Contracting Officer, and upon the request 
and at the expense of the Contracting Officer, and through attorneys named 
by the Contracting Officer, make application for Letters Patent and the 
Contractor will assign such Letters Patent and any and all rights to such 
invention to the United States Government under the conditions of this 
agreement. 

Article VI. Safegr irdlit Information. 

a. The Contractor agrees that he will take all reason¬ 
able precautions that the results of this research 
project shall be, both during the progress of work 
and upon its completion, kept strictly confidential 
and that only American citizens will at any time 
have access to any reports, unless exception is 
granted by the Secretary of War. 

b. The Contractor further agrees not to disclose the re¬ 
sults of this research investigation without the per¬ 
mission of the Chief of Ordnance, U. S. Army, Washington, 
D. C. 
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Article VII, Termination 

a. It Is agreed that the Contracting Officer may ter¬ 
minate this agreement at any time after four (4) 
monthe from the date of the contract, by giving the 
Contractor sixty (60) days' notice in writing of his 
intention to cancel. 

Upon such termination the Contractor shall forth¬ 
with deliver to the Government, F.O.B. Contractor's 
plant, all articles and equipment purchased and 
paid for under the terms of this Contract, and all 
information which has been developed or discovered 
up to the time of termination of this Contract, 

£, There shall be determined by on audit conducted by 
or for the Contracting Officer, the total net amount 
of expenditures made and/or incurred by the Contractor 
in accordance with the terms of this Contract, and for 
which he has not been reimbursed; and also the cost 
of cancelling any commitments for the purchase of 
materials or special equipment under the terms of 
this Contract, 

d. The Contractor shall be reimbursed to the extent of 
the amount determined under Paragraph £. of this 
Article, and upon the making of said payments, all 
obligations of the Government to make further payments 
or to carry out other undertakings hereunder shall 
cease. 

Article VIII. Disputes. All disputes concerning questions of fact 
arising under this Contract shall be decided by the Contracting Officer, 
subject to written appeal by the Contractor within thirty (30) days from 
the decision of the Contracting Officer to the Chief of Ordnance, U. S. 
Army, whose decision shall be final and conclusive upon the partios hereto. 
In the meantime, the Contractor shall diligently proceed with performance. 

Article IX, Approval Required. This Contract shall not become a 
binding and valid instrument until approved by the Chief of Ordnance, 
U. S. Army, or his duly authorized representative. 

Article X. Officials not to Benefit. No member of or delegate to 
Congress or resident commissioner shall be admitted to any share or part of 
this Contract or to any benefit that may arise therefrom, but this provision 
shall not be construed to extend to this Contract if made with a corporation 
for its general benefit. 

Article XI. Covenant against Contingent Fees. The Cohtractor warrants 
that he has not employed any person to solicit or secure this contract upon 
any agreement for a commission, percentage, brokerage, or contingent fee. 
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Breach of this warranty shall give the Government the right to annul the Con¬ 
tract, or, in its discretion, to deduct from the Contract price or conslderati 
the amount of such commission, percentage, brokerage, or contingent fees, Thi 
warranty shall not apply to commission payable by Contractors upon Contracts 
of sales secu. ed or made through bonna fide established commerical or selling 
agencies maintained by the Contractor for the purpose of securing business. 

Article XII. Title to equipment. The Title to all equioment purchased 
in connection with this research and paid for by the United States Government 
in accordance with the terms of Article Ill-b shall vest in the United States 
Government, and after completion of this Contract, all such equipment pur¬ 
chased by the Contractor shall be delivered f, o, b. Contractor's plant in 
the same condition as when purchased, ordinary wear and tear, or destruction 
by an Act of God or public enemy excepted. 

Article XIII. Assignment of Contractor's Claims, (a) Claims for moneys 
due or to become due to the Contractor from the Government arising out of 
this contract may be assigned to any baïik, trust company or other financing 
institution, including any Federal lending agency; and any such assignment 
may cover all or any part of any claim or claims arising or to arise out of 
this contract and may be made to any one or more such institutions or to any 
one party as agent or trustee for two or more such institutions participating 
in the financing of this contract. Any claims so assigned may be subject to 
further assignment; and any bond, promissory note or other evidence of 
indebtedness secured by any such assignment may be rediscounted, hypothecated 
as collateral for a loan or credit, or sold with or without recourse. In 
the event of the assignment or reassignment of any claim for moneys due or 
to become due under this contract the assignee thereof shall file in quad¬ 
ruplicate, written notice of the assignment, together with one true copy of 
the instrument of assignment with (a) the General Accounting Office of the 
Government, (b) the Contracting Officer or the Secretary of War (c) the 
surety or sureties upon the bond or bonds, if any, in connection with such 
contract, and (d) with the Finance Officer of the U. S. Army at Watertown 
Arsenal, Watertown, Mass., who is hereby designated to make all payments 
under this contract. In no event shall copies of any plans, specifications 
or other similar documents marked "SECRUT", "CGbFIDENTIAl", or "RESTRICTED", 
be furnished to any assignee of any claim arising under this contract or to 
any other person not otherwise entitled to receive the same. 

(b) Payments to any assignee of any claim assigned pursuant to 
the provisions of paragraph (a) above shall not be subject to reduction or 
set-off, nor shall any of such payments be subject to reduction or eet-off 
for any indebtedness of the assignor to the United States arising independ¬ 
ently of this contract. 
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RESTRICTED 
Article XIV, Eight Hour Law - No laborer or mechanic doing any part of 

the work contemplated by this contract, in the employ of the contractor or 
any aubcontractor contracting for any part of said work contemplated, shall 
be required or permitted to work more than eight hours in any one calendar 
day upon »uch work at the site thereof, except upon the condition that 
compensation is paid to such laborer or mechanic in accordance with the pro¬ 
visions of this article. The wages of every laborer and mechanic employed by 
the contractor or any subcontractor engaged in the performance of this contract 
shall be computed on a basic day rate of eight hours per day and work in excess 
of eight hours per day is permitted only upon the condition that every such 
laborer and mechanic shall be compensated for all hours worked in excess of 
eight hours per day at not less than one and one-half times the basic rate of 
pay. For each violation of the requirements of this article a penalty of five 
dollars shall be imposed upon the contractor for each laborer or mechanic for 
every calendar day in which such employee is required or permitted to labor 
more than eight hours upon said work without receiving compensation computed 
in accordance with this article, and all penalties thus imposed shall be 
withheld for the use and benefit of the Governmentj Provided: that this 
stipulation shall be subject in all respects to the exceptions and provisions 
of U. S, Code, title 4o, sections 321, 324, 325» and 326, relating to hours of 
labor, as in part modified by the provisions of Section 5 (b) of Public Act 
No. 671, 76th Congress, approved June 28, 1940, and Section 303 of Public Act 
No. 781, 76th Congress, approved September §, 1940, relating to compensation 
for overtime. 

Article XV. Property Records. The Property Officer, Watertown Arsenal, 
Watertown, Mase., is designated as the officer to maintain the necessary 
property records in connection with this contract as contemplated by Army 
Regulation 35-6520. 

IN WITNESS WHEREOF, the parties hereto have executed this Contract as 
of the day and year first above written. 

Two Witnesses: 

(Sgd.) B. D, THOMAS 

(Sgd.) E. E, SLQWTER 

THE UNITED STATES OF AMERICA 

BY (Sgd.) R. W. CASE 
R. W. CASE 

Brigadier General, U. S. Army, 
Contracting 

THE BATTELLE MEMORIAL INSTITUTE 

BY (Sgd.) CLYDE E. WILLIAMS 
Diractor 
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Certificate as to Corporate Principal 

I, (Signed) 0. S, FENTOW , certify that I am 

Secretary of the corporation named as contractor herein; that 

CLYDE E. WILLIAMS who signed this contract on behalf of the contractor, 

was then DIRECTOR of said corporation; that said contract was duly 

signed for and in behalf of said corporation by authority of its 

governing body, and is within the scope of its corporate powers. 

(Signed) G. S. FENTON (Corporate) rseai } 

(Seal) 
BATTELLE 
MEMORIAL 
INSTITUTE 

COLUMBUS, OHIO 
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COl.UM II l*H, OU K) 

Sept. 19, 1941 

Colonel S. B. Ritchie 
ïï&tertown Arsenal 
Watertown, Massachusetts 

Dear Colonel Ritchies 

Three copies of the report on the investigation of armor plate 
steels are enclosed. 

Experimental work so far completed includes the making of 20 
heats from the list of 40 prepared at Watertown. The steels have been 
rolled into 1/2 inch plates and coupons have been put throu^i a variety 
of tests as follows: 

1. Critical points for each steel have been determined and. 
these have been correlated with compositions. 

2. An examination for undlssolved carbides has been made on the 
steels in the quenched condition. 

3. All of the steels have been rated for cleanliness by both 
the S.A.E. and Chevrolet methods. 

4. Preliminary drawing treatments have been given to find what 
temperatures and times aro required to bring all of the steels within 
the specified hardness range. 

9. Tests have been made to determine grain growth characteristics. 

The preliminary work has been completed and the large plates are 
being quenched and drawn. When this work is finished, the plates will 
be shipped to you for testing and we shall start the melting on the 
second serles. \ 

Any comments on the work described in this report which you may 
care to make will be appreciated. 

Yours vsry truly. 

C. H. Lorig. -.f 
CHLiOW 
Sac. (3) 
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on 

RESEARCH lîîTESTTOÀTICîî O? /05/0R PLATE STEELS 
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FORETORD 

i-M outline for a research investigation of armor plate steels 

was drawn up by Dr. Hoyt, of Bat telle Memorial Institute, and Messrs. 

Ritchie, Reed, and Mathews of Watertown Arsenal. 

A primary purpose of this investigation is to develop a light 

armor plate that can be made in the open hearth furnace and rolled on 

a high production mill and which can be processed in less time than is 

now consumed. Another primary object is the substitution of less strategi 

metale, in whole or in part, for more strategic metals in armor plate 

cteel. 

The program for accomplishing these objectives consists in 

mak' z '!P experimental heats of steel by methods which approximate 

opon hearth heats in quality rather than electric furnace heats end by 

processing them to bring out their best ballistic properties for the 

specified hardness level. The compositions of the experimental heats 

will include, in varying amounts, the more conventional alloying elements 



nickol, chronluri, v&nodium and molybdonym, as well as the less strategic 

elemento - mangónece, silicon, copper, etc. 

If the standard armor plate steel of this series of experimental 

heats meets present ballistic specifications, it may reasonably be 

expected that open hearth steel is of adequate quality since considerable 

experience has been accumulated in correlating laboratory or experimental 

heats with commercial steel. It must be kept in mind, however, that these 

corroí ationo have never before Included ballistic behavior. The ballistic 

tests of these steels should also indicóte the ponnibilities of substituting 

one element for another without sacrifice of quality. If one or more of 

the "substitute" compositions ie found to meet the ballistic specifications, 

that will be evidence that less strategic metals can be substituted for 

the mere strategic alloy elements that are now used. The present report 

covers that portion of this work that was completed in August. 

Upon the completion of the preliminary program, the most pro¬ 

mising compositions will be studied for the _ost suitable heat treatment 

for homogeneous plate and flame hardening will be studied as a possible 

substitute for the present method of case hardening. During this stage 

of the work, larger heats will be made and tested bellietically et different 

thicknesses end in different conditions of heat treatment. 

Ac another objective, this work should provide a better conception 

of the metallurgical requirements of armor plate. Upon this basis it may 

be hoped that information leading to the development of a pinto with better 

ballistic properties will be- obtained, or at least that plate of satisfactory 

ballistic properties will be more readily and uniformly obtained in the 

production. 

To review briefly, the first or preliminary stage of this 
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experiment;.-! program consista in making, heat treating, and testing 

about forty different stool compositions. The first twenty plateo 

have hear, made and studied in the laboratory and will be heat treated 

and ready for testing at Tutertovra Arsenal very soon. The remainder 

of the preliminary heats will bo started at once for the completion 

of this part of the program. The second, or final stage will be started 

as soon as the implications of the preliminary survey are clear. 

An extended discussion of the selection of steel compositions 

and of the theory of substituting one element for another may best be 

deferred until the ballistic tests have been completed. However, it may 

be assumed that a major requirement of the alloy addition is that of Blowing 

down the transformation on cooling so that full as-quenched hardness con 

be secured in the heavier sections and. with more moderate quenching. This 

principle i¡; illustrated by Fig. 1. The higher the nickel, the slower the 

cooling rate to produce full hardness. Less strategic metals which 

accomplish this effect are included in the present program. 

12312 

Figure 1. Effect of Nickel upon the Critical Cooling Fates. 

Jones, J. A. Jr. Iron and Steel Institute, l^Hg. Volume 
117, page 295* 

SUMMARY OF ÏÏ5SUITS 

Twenty heats have boon made from the list of 40 compositions 
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compiled &t Watertown Arsenal. Melting data, together with intended 

and actual analyses, are auaunarized In Table 1. 

The ingots have been forged and rolled into 1/21-inch plates, from 

the ends of which coupons were removed for preliminary tents. 

Critical points, including Àcl, Ac3. ArJ, and Arl, were determined 

for each atcel by the dilatometric method. Tho macs of data collected 

in making these déterminât!one La entered in our notebook but only the 

curves, shown along with corresponding microetructures as figures to c3, 

are given in this report. Since the temperature at which the various 

transformâtlone occur is influenced, especially upon cooling, by the rate 

of temperature change, time-temperature curves are given in Figure 2k. 

The. relation between composition and the temperature at which the trans¬ 

formations occur is shown in Table II. These data were used to determine 

optimum quenching temperatures and they also were of some help in 

determining whether a given steel should be quenched in oil or in water. 

Coupons from each of the plates were put through preliminary 

heat treatments for the purpose of determining as quenched hardness values 

and approximate drawing temperature—time combinations necessarj to bring 

the final hardness within the specified range of 350 to 3?0 Brinell. 

This work on the coupone was thought worthwhile because it will make 

possible the proper heat treatment of the large plates with a minimum of 

errors. The ciuta showing quenching and drawing results are summarized in 

Table III. 
o 

Microscopical examinations were made for undissolved carbides 

with tho steels in the at quenched condition. Some small spherical 

carbides were found after etching with Murakami's reagent but no chain-like 

or grain boundary structux*es wero observed. Dr. Reed examined a few of 



the specimens and concurred with our opinion 

he experienced from this source. 

Uv.t little trouble would 

Cleanliness ratings were rn.de according to both the S.A.E. and the 

Chevrolet methods and the results are shown in Table IV. Specimens from 

Herts 7051, 703?, 7093, 7IOI and 71O3 showed long alumina stringers and 

should be watched for the possible effect of such inclusions on the 

ballistic properties. Analysen corresponding to the above heats will be 

repeated in order that the relation between cleanliness and ballistic 

properties may be determined. 

Samples from Heats 7105 to 7110 inclusive were definitely cleaner 

than most of the other heats, possibly due to the addition of V, Ti or 

drainai. It is apparent from the tables, however, that cleanliness is 

not very definitely related to the compositions produced. This leads to 

the conclusion that furnace practice may bo the determining factor and 

future melts will be made with this in mind. 

Wicrostructurée from the as rolled plates indicated that most of 

the steels were fine grained but a few showed abnormal grain growth. See 

Figures 5, 6, 3, and 9. Coupon simple.3 from all of the steels were heated 

to the respective temperatures selected for quenching the large plates, 

held for k hour and cooled in .air. A ferrite network around the original 

austenite grains showed what grain size might be expected in the quenched 

material. Five of the steels showed some evidence of a duplex structure 

but this condition is not thought to bo serious. 

The above summary covers ail the preliminary worm and, at this 

time, the platee are being put through the quenching and drawing treatments 

in preparation for ballistic tests* 
w.\ 

ih 

* 
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EXPERIMENTAL V¿ORE 

Frepuratíon of P.latei;, 

"’he prep;.rati.nu of the twenty steels which ere described in thin 

report followed the practice outlined by Er. Hoyt on hie visit to the 

<>t‘-rto-T Arsonr.l. The steels were melted in a iß pound hieh frequency 

inductor, furnace with standard ferro alloys end Arreo punchings being 

Ubeu to multo up the charges. All heats were deoxidized with an aluminum 

addition unless otherwise specified, and wore cast into a lb pound 

circular ingot mold. 

Tabulated melting data on this ¿-roup of steels are given in 

7--.11 e I. 

were 

One half-inch by six-inch 

cross forged and rolled from 

plates approximately 1J Inches in length 

the ingots in the following manner. The 

hot tear were removed from all in-rotr before On the first heating 

t'e ingots wore squared up to give a length of 7 to S inches* Following 

the squaring up operation the ingots wore reheated and upset to « length 

ci approximately 6 Inches. Forging, upsetting, and reheating was 

continued until a section ß inches wide, l| to 2 inches thick, and g to 4 

inches in length was obtained. Approximately 5 reheatings were used for 

this operation with a temperature of 20ò’C° F. to 2130o F. being maintained. 

The rolling procedure used in the preparation of these plates was 

as follows. The forged blanke were sandblasted in preparation for rolling 

and wore reduced to ~[/e inch plates in six passeo. Two reheatings were 

required for this operation at a temperature of 12500 F. to I9OO0 F. The 

7/S inch platea were sandblasted in preparation for finishing and were 

then reheated io 1750o F. and finished to approximately .515 inch in 

four passes. After hot rolling was completed the plateo wore given 
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11. 

u 13.-ht sV.in pass through tho cold rolle to reduce them to the final 

thickness. The finished platos mage<5 in thickness fror .503 inch to 

.513 inch, rrith a. length and ridth of approximately inches and 

6-1/g inches respectively. 

Sllatometrlc Critical Point. Determinations. 

Critical points for all of the twenty steels were determined hy the 

dilatocetric method. Check runs on the apparatus wore made with specimens 

cf 3¿s U13O steel and gave values which were In agreement with the published 

data on this type of material. 

Specimens 3 inches in length and ¿ inch in diameter were machined 

from test coupons cup from the ends of the finished plates, a 22-gauge 

chromel-alumcl thermocouple was placed in the side of each specimen. Tempera¬ 

ture measurements were obtained with a Brown portable potentiometer, end 

deflectione were measured with an ¿raes dial gauge graduated in l/l0,00C of 

an inch. An electrically heated vertical tube furnace, constructed 

especially for this type of work, was used for these tests. Quarts tubes 

were used for specimen holders and thrust bare throughout the tests. The 

current supply used was a 110 volt service line passed through a Vaiiac 

transformer with resistance to give approximately ? amperes. A cross- 

section view of the apparatus is shown on page 11a. 

Bilatometric curves for each steel are shown in Figures 4 to 23 

inclusive along with the as-rolled microctructure for each plate. Cooling 

ratee for each determination are shown as time-temperature curves in 

Figure 24. The rate of heating was very nearly identical for all specimens 

co only one heating curve was plotted. This time-temperature curve is also 

shown in Figure 24. The effect of the various alloying elements upon the 

location of the critical pointe - heating and cooling rates being very 

nearly the came for all specimens-1» chown hy data summarized In Table II. 
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TO COLD JUNCTION 

AND POTENTIOMETER 

AMES DIAL GAGE 

IgRADUATED IN .0001 INCHES) 

*«-DIAL GAGE CLAMP 

SILICA TUBES 

FURNACE TUBE 

INSULATION- 

HEATING 

ELEMENT TERMINALS 

HEATING ELEMENT 

INSULATION 

.SPECIMEN WITH HOT 

JUNCTION OF THERMOCOUPLE 

_SUPPORTING TUBE 

12174 

Fig. 2. Sohomatic drawing showing a oross-sootion view 
of the furnace set-up for obtaining dilatomoter readings. 
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TAB LS II. RELATION BETWEEN COMPOSITION AND CRITICAL POINTS 
FOR HEATS 7091 TO 7110 INCLUSIVE. 

Sor lea H o at _Composition_Critical Pointa, °F.__ 
Ko. C Mn Si Ni Cr Mo V ~Ti Aol Ac3 Ar3 Arl 

Manganeso 7091 .45 .34 .20 . 1355 1455 1390 1285 
7092 .46 .85 .24 — — — — — 1345 1450 1330 1250 
7093 .46 1.17 .21 — — — -- — 1350 1435 1310 1215 
7094 .48 1.82 .26 — — — -- — 1340 1450 1190 1180 

Nickel 7095 .36 .71 .19 1.93 .- 1310 1415 1270 1160 
7096 .37 .75 .25 3.41 — — — — 1275 1370 1175 1040 
7097 .36 .73 — 4.96 -- — — -- 1240 1340 1060 910 

yjj.Ki 7098 .37 1.18 .23 1.99 — -- — — 1355 1425 980 840 

Cr-Ni 7099 .37 .84 — 1.52 .87 . 1325 1410 1235 1185 
7100 — .81 — 3.75 2.60 — — — 1250 1460 660 500 

Cr-Ni-Mo 7101 .36 .85 .25 1.52 .89 .39 — — 1330 1445 935 685 
7102 .38 .37 — 3.50 1.09 .60 — — 1245 1430 655 500 

Mn-Cr-Ni-Mo 7103 .36 1.53 .25 —^ —-- — 1270 1460 790 590 

Ui_V 7104 .33 .83 — 1.52 — — .14 -- 1320 1440 1300 1160 

Tiîlin 7105 .48 1.58 .26 .18 1330 1425 1260 1180 

Mn-Grainal 7106 .48 1.62 . 1345 1425 1225 1180 

Si-Mn-Cr-V 7107 .47 1.70 .68 — 1.13 — .18 — 1385 1515 1275 1245 

Si-Hn-Cr-Grainal 7108 .50 1.62 .69 — 1.13 — .08 — 1375 1495 1280 1250 

Mn-Cr-Ho 7109 .48 1.62 — — 1.10 .50 — — 1370 1505 860 625 

Mn-Mo 7110 . 48 1.57 . 24 — — .53 — — 1350 1455 1000 840 



Preliminary Treatment. 

Po 11 erring the completion of the critical point determinations, 

preliminary heat treating Acte, were obtained on coupons cut from the 

fi niched plateo. Proper herd coing tempe raturer, and quenching media wore 

determined by the trial and error method and approximate drawing tempera¬ 

tures rore determined by elimination. 

Tabulated data or. the results of th •-,« tocto aro given in 

Table III. 

Conn tract ion of wpe.'.chlcy Fixture. 

In order to obtain uniformity of quench and sufficiently high 

hardness a quenching fixture was designad for use in the heat treatment 

of the finished plater. The fixture consists of 2 spray heads, approximately 

ly ir che - in length and 6-1/2 inches Ir. width, attached, to a coolant 

euoply line by means c'- a swing joint and the necessary pipe fittings. 

Each spray head contained fifty two-1/2 inch holes spaced at equal 

distances over the area of the spray head fe ce. A Crane three-way, stop¬ 

cock. in installed in the coolant supply line 00 as to by pase the coolant 

during the time necessary to insert the heated plate into the holder on 

the quenching fixture. After the plate la in position the entire fixture 

is dropped into the quenching bath and the stop-cock is? automatically 

oponed to permit the quenching medium to flow over the surface of the plate. 

The coolant is delivered to the fixture, by means of a centrifugal 

pump mounted on the side of the quenching tank, at a rate, of approximately 

210 gallons per minute. 

A photograph of the quenching tank and fixture is? shown in Figure 3. 

i—..... .-....»'.'i »WWW». 
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Fig. 3. Quonohing Tank and Fixture. 
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TADLE m. MTiSPOHSIS OF TilS STEELS TO Pf 
Soocimono Jio pro sont Coupons Cut fr« 

Proliminnry 
:'vu one bins 
Troatmont* 

1 

Heat Troatmont* Trinoll Hardness After First rluonoh:in"’, and Prav^inr, T. | 
lio. 'TãTõr ÏÏTT ÖH TTator Ùmv lirav; "Draw Urmv~'Òr'av?‘Crav; Drciv; Dravf Dror.v "flm 

Quoncli Quonoh Quonoh-Cuonoh 000°!’ I,:o.2 lío*3 Ho.1! iío«5 iío.6 ¡¡o.7 Mo«8 i¡o«9 No. 
1750°F 1550°F °F °F h hr 

7091 
1500° 1500° 

(131)*+ (302) 
235 

7092 (567) (415) 1475° 1600° 331 
(207) (411) 

7033 (601) (514) 1475° 1475° 
(269) (404 ) 293 
-■¿■¿^«r-g-^o-gQQj 67»¿v ygfl* 

1475° -- ¿-lu’ •¿•hr lÿir 2hr 2hr 
(4 77 ) 403 4 29 4 4 4 44 1 44 4 368 

7094 (640) (555) 

S 

7095 ( SoO ) (505 ) 1450° 
(429) 

7098 (561) (514) 1475° - 
(411) 

7093 (567) (534) 1450° 
(453) 

7100 (555) (534) 1500° 
(453) 

7101 (555) (514) 1500° 
(404) 

7102 (567) (555) 1475* 
(514) 

7103 (390) 

7096 (554) (514) 1400° 358 
_(_495j_--_ 

7097 (550) (534) 1400° 
(477) — 331 

Í21 

WS ööt><rl5ÜÖ'<r 65Ü0' öVü- 
401 ?,• hr ¿ hr l¿hr l^hr 2hr 2hr 2hr Ihr 1 hi 

415 415 409 415 401 412 398 383 380 
-ËÔÔ^W^'eÔO^GSÛ* 700* 750“ 850* 90Ò'U 
403 ihr ihr lihr l-¡¿hr 4hr 2hr 2hr 2hr 

Tro^CÜ^'W 
381 ihr -¿hr l^hr 

385 398 363 
-güü^6i^^^'T^"6TrrT5r(?r WO'1 ; 
415 {hr ihr l|hr l|hr 2hr 2 hr lihr 2hr 2hr 

401 423 420 420 420 417 423 41? 393 
Tec* eco* ¿ce5 5::o‘T7T**”7c0* cC>:* see"g50' 

rr 1 hr 1 hr l^iu 

7104 (535) (495) 1550* 1550* 365 
(363) (429) 

7105 (627) (555) 1475* 1475* 316 
(316) (429) 



REPRODUCED AT GOVERNMENT EXPENSE 

THE STEELS TO i*'HI,2.ÍI!;AÍ{Y ¡'¿AT TlffiAllIIÜTS. 
Coupons Cut fron the Half-Inch Pintos. 

^ and Drnviin;- Troat;nont Brinoll Harcinoss After Sooond Treatment 
;; Drav.’ Úrâif ljrãv? DraW Draw ürõv;*- "* ÕíT "t’ator Draw Draw Draw Drav/ Draw Draw 
7 Do.8 Iio.9 Ho.10 Ho.11 Ho.12 Ho.13 Quench Quench No. 1 I!o«2 No.3 No.4 Ho.5 Ho.6 

0p °p 

15500- 6*00^ *600° 6500- oTS8 700“" '¡SO* 
614 ¿hr IQhr l^rr 2 hr 2 hr ¿hr 

454 446 412 306 376 359 
—rinrcr'W "^“"To^Tsrr 

555 ¿hr l¿hr 2hr 2hr l¿hr 
448 444 395 308 347 

vm 
495 

1400 
534 

1400 
555 

398 383 300 370 366 
850°* 5000- 
2hr 2hr 

¿hr ;¿n- ¿hr 
38L 373 366 
C'00'0~*G'Ó'Ò''r 
¿hr l¿hr 2hr ¿hr l¿hr 
420 420 375 373 363 

GOtf^ebÜ’0 
¿hr l¿hr 2hr 
423 415 360 ¿ 

-Sflö* eö'ö^'m' 
1475 ¿hr l¿hr l¿hr 2hr 2h.r ï 

544 429 417 4Í5 417 313 í; 

"o O O ¡51-3 
treatment 
below 

1550 
489 

r-m^isíS0' 9'o’o'°" "sõõ^Tüücr 
r l¿hr 2hr 2hr l¿hr liir 
_423_412 393 595 _863_ 

* C00° 8C0*“ 05¾° S00~o 9*50° 
1 )\v 1 hr l¿iu- 1 hr 1 hr 
404 401 300 300 360 

150C 
570 

1 hr 1 hr 2hr 1 hr 
436_417 390 — 

nror* -- 
543 l¿hr 

317 

600° G00V 675* 700v 750°' 
¿hr l¿hr 2hr 2hr 2hr 
467 461 409 393 363 

See 3rd 
treatment 
below 

Ã. 

-Continued, pupo 

— .>--,1.-. ,. .i-... ;•"wmih-'i .,. , 

uiiipPtÄ 



RPPROnOCFD AT GOVERNMENT EXPENSE 

1G 

TaVilo ]'[X - Corl’.i’.uiod < 

5 í 

;'rcl 
.ucrichiiif, 

Meat Treal mont Brinell Hardnooo AMMI.H Mir st C¿uenchina and Drawing T 
11 o. '‘!u1 cr ()11 S’il ral o V *" Draw ïïrôvT Drav/ Draw Drav; Draw Ürnv; 'DravfDr iw Tr a 

"iuonch .'.uonch '.vie ne h ’.uoneh 000® P’ Mo.2 ilo. 3 íío.O Mo«E lio «G lío «7 Ko »8 lio «9 No. 
1730°F 1550°F °F °F h hr 

7106 (627) (5G7) Id 75° 

UH) 
575 600° 600° 650° 750“ 000° 

rjhr 1-ghr 2hr 2hr 1 hr 
456 444 44 1 30 5 5 6 3 

7107 (627) (510) 1650 
(422) 

1550 
7108 (627) (614) (415) 

394 600° 600° 600° 660° 700° 750° 600° 650° 050 
£hr Ihr Uhr l-£hr 2hr 2iir 2hr 1 hr 1 h 
438 440 461 446 415 415 393 383 3)0 

-5ÖÖ®" WHÂS'ïï0' 
401 ¿hr Ihr llhr llhr 2hr 2hr 2hr 2hr 2hr 
_444 _44ü 451 444 415 420 420 598 3611 

600^ 6Ö0"0- 600” 650" 700“ 800“ 850" 
461 Ihr -¿ixr llhr l-;)hr 2hr 2hr 2hr 

495 4G5 495 485 477 432 420 

TÔÏÏ^TSÜ 
2hr |hr 
412 398 

7109 (601) (614) 1550° 

_UnO 

7110 (627) (567) 1500 
(465) 

500u 600^ 60Ü0" TTOü“' G'fï'1' 700® 75Ò' 
394 -^hr ¿hr Uhr 1-^hr 2hr 2hr 2hr 

415 415 404 429 406 395 401 

'ÔïïiT’TST 
2hr ¿hr 
380 390 

; 

TÏÏÏ4- 
3rd 
Treatment 
7TÜ5 
3rd 
Treatment 
um 
3rd 
Treatment 

•Hardness values in naronthoses arc converted Rockwell C readinrs •I 
■ • -I 

** Comoo si tiens : 

Heat Ho. Tai 
Chomical Analysis 

"in.-(Tr-ITcT Ti Ho^t Ho. 

7091 
7092 
7093 
7094 
7095 
7096 
7097 
7096 

7099 

7100 

.45 

.46 

.46 

.40 

.36 

.37 

.36 

.37 

.37 

52/.48 

.34 

.85 
1.17 
1.82 

.71 

.75 

.73 
1.10 
.84 

.81 

/ 

3.41 
4.96 
1.99 

1.52 

3.75 

.87 

2.60 

7101 
7102 
7103 
7104 
7105 
7106 
7107 
7108 

7109 
7110 

! 1 
__ 



REPRODUCED AT GOVERNMENT EXPENSE 

nosoouoo or the Liter 1c to Prolimimu^ Heat Treatments. 

and Uravving '¡reatraent___ 
TiFSTT^-avTlFav; ï) raw Draw Draw"' 
lIo.E llo.r ho>10 lio.ll iío.lc 1.0.lv 

Hrinell Hardness AIM',or ilocond Troafcnont 
"Ijn-TTñiÜr Draw Th-av/' Draw Draw Jr aw Draw “ 
Ciuonoh Quench Ho.l Ho.2 Ho.¿ Ho.'l Ho.E Ho.6 

1550 050° 
547 l-Jhr 

329 

boo 3rd 
troatmont 
bo 1er« 

o50c 
1 hr 

BOO 
2hr 
393 383 

2hr 2hr 
420 398 

850° 
1 hr 
390 

"5W 

900° 
1 hr 
390 

950° 
1 hr 
308 

1000° 1600° 
l¿hr 653 
306 

1GCÖ1'" 

— 1000° 

373 
1T2T 

2hr 
161 

637 2hr 
409 

075u DÜ0U VZr 
1 h.r 1 hr 1 hr 
390 530 393 

■W" 

1 hr 
370 

Wr'OT,r 
2hr 2hr 
420 412 

'ÜÕCr1' ^OÖ^lDDtT' 

•?;hr 
39 C 

l;,hr 

383 361 
\r 

0_TD(D,rlKiïïir 
Ehr 2hr 
401 388 

Ähr 

imr 
l-rhr 

3017 

m j'Jb 
2hr 
360 

T1 

7101 
7102 
7103 
7104 
7105 
7106 
7107 
7108 
7109 
7110 

ToTT 
534 

11.67510- 

555 

7ÕÔ-8 
2hr 
354 
lÖÖ'^TiT^ 

TÏÏÜTT 

530 

2hr 
393 

Ehr 
370 

Ehr 
354 

Heat Mo. 1ST TT 

Chomical Analysis 
Cr 

NW 

17Õ TT 

• 36 
.36 

.85 
.87 

.36 1.53 
.83 • 00 

.48 1.50 

1.52 
3.50 

I.3/I.6 
1.52 

.89 .39 
1.09 .60 

.14 
.10/.20 

.40 1.62 

.47 1.70 

.50 1.62 

.40 1.62 
.40 1.57 

Grainal 
1.13 .10 
1.13 Grainal 

1.10 .50 

A. 

.53 

. Í 
■_'_■ 



17. 

Microscopic Exa^ilns-t!on of rinisht.d Flat£B_. 
i 

A, Inspection fo1, UnAlsaolvcd Cnr~btdesi 

; Coupons from each plate in the quenched condition were examined 

microscopically for free carbide. Murakani's etch was used for purpose 

of identification end, in order to be sure that the reagent was working 

satisfactorily* two specimens of other atocia which were known to contain 

carbide chains were etched in the same dish with the armor plate steels. 

Several specimens showed tiny spherical carbides randomly 

distributed but not one of the twenty contained grain boundary chains. 

Two specimens which exhibited the. worst condition found wore examined by 

Dr. Heed and it was hie opinion that no trouble would be experienced from 

this source. 

B. Inspection for Cloanllnoss: 

The series of specimens previously prepared for the examination 

of carbides was rated for Inclusion content according to the system adopted 

3X standard by the S.À.E., Iron and Steel Division, on February 6, 19>40. 

Zach sample wed also given a general rating designated by a small letter 

to represent the average rating of the specimen as a whole baaed on the 

frequency and width of inclueions over 1 unit in length and also the 
■■ * e 

quality of the background. (Here/ic excellent, g-good, f-fair, p-poor, 

according to a standard series of photomicrographs.) 

The ratings of thlo firot series of specimens are listed in 

Table IV a. 

Duo to the small size of the above specimens, another aeries of 

samples approximately 1/2" X 1" in size were examined. Hesults on this 

second serien are listed In Table IV b. 



TAIL'. 17 

i;. 

ücrLoc Heat 
lio • líTTtir - 

oí' 
Longest 

a. 
iJ*i*rr=4 

Uatirv • (1) 

j'i.voru;;o 
Lon;;th 
of Lon^ 

Incl\i.'iiona 

Gonoral Chovrol 
Gael:- (C) Hatin;' 
round (Ö) 

j..an'*anoso 70’Jl 

70'J2 

7003 

7094 

Lickel 7095 

709 G 

7097 

Un-Hi 7098 

Cr-Li 7099 
7100 

Or-Hi-Ho 7101 
7102 

Hn-Cr-Hi-Ho 7105 

Hi-7 7104 

].in-Ti 7105 

;.ín-3 rainal 710G 

oi-iHi-Cr-7 7107 

Oi-Hn-Cr-Orainal 7100 

Hn-Cr-Lo 7109 

!ln-I.io 7110 

Hot ratod 
g o + 

13vdS 4 0+ 
7VÚC 3 B 

20vdr'h 6 B- 

8vd'l 3 A- 

2GYdG G B + 

8vdC 3 B 

37vd2 9 B + 
24vdo 5 3- 

3G/d'"h io B- 

10vdG 4 B 

42vd"! 7¾. Q- 

19vdG 2¿- B 

12vd 2 A- 

4vd'" 2 C- 

Bvdr, 3¿ 3 + 

5vd 2 B 

12vdC 4 B 

10vd 4 B+ 

;' + (piOo) 3,07 

g S30 

5 d2°5 

f- S3O7 

3 (pi?o) S2O4 
p+(pipo) 02O7 

G304 

p+ SgOn 
0+ O3O7 

P (pi?«) S5O7 
1 SpOr xJ 

P I?i?o) B308 

f -2OG 

s2°4 

r- ü2°5 

S2O4 

G+ S205 

G" S2Û5 

S2O4 

(1) vd - von' divided 
S - ‘'roup 
h - vory uido and heavy 

(2) 0 - excellent 

C - i'ood 
f - fair 
p - poor 

A# B, C, D rateo buckr,round from 
good to bad. 

3SN3dXd 1N3WNÜ3AOO XV UäüflUOUddb 

'.ît o .A »¡'j 

l/mr/th A 
of L 

Longeot 0 
In 

28vdGh 

6vdo 

13vdG 

6vdC 

7vdG 

8vdG 

13vdG 

26'/dGh 

17ydG 

9vdG 

10vdG 
7'/dG 

35vdGh 

27vdgh 

10vd 

fvd 

10vdG 

10vdG 

5vd 

5vdG 

1 

1 
I 

I 



TA'^LK 1/ • CLEAÎ’iLIHlrîoîi lUi: Lli • 

L-r-Tis sra: 

al Claovrolet o-A-i1;. Aatinr;'^ fronoral Chevrolet 
Hating Lonr.th Avora-o Liad:- (2) uatiny 
*'(3) of Length -.round (3) 

of Lon- 
Incluciono 

Lo nr,o o t 

Ronarko 

je ; 

>c) 
)C ) 

h°'j 
S3Ü5 
s2°5 

S3O7 

s2°4 

32°7 

S2°G 
33O7 

0) S3O7 

^2°5 

-0; fs08 

h-;Û6 

-2.O4 

;i2°3 

s2°4 

fc* O 

^2^5 

s2°4 

2avdr,h 

6vd5 

13vd3 

GvdC 

7vdf. 

evdG 

lövdC 

23O4 26vdGh 

17V dr, 

9vdC 

10vdG 
•fvoz 

35 7d»:h 

27vd3'n 

10vd 

'ffà 

10vdE 

lovdr, 

5vd 

5vdG 

0 
/. 

d + 

JV- 

L3 + 
A- 

B + 
B 

3 

A- 

B + 

» + 
Q 

B + 

C + 

A- 

C + 

C + 

11 + 

A- 

B + 

n + 

<• + 

f+( pipe ) 

1’ 

? + 

f- 

f+ 

f+ 

f- 

f+ 

d2°8 
SoOr. 

C. Ü 

a2°5 
S2O4 

S2°5 
i’8°5 

s2°5 

s2°8 

s2°5 

ü205 
^205 

s2°3 

■;308 

d3°4 

s2°4 

ü2°3 

^2° 3 

70ry clean 

üany lar-o inclusions- 

oeveral larpo inclusions 

i.Iairy larr.o inclusions 

/on," clean; 2 inclusions 

Bad oxido spots in background 

Fairly clean 

1G Bhort inclusions 

13 short inclusions 

excellent 
•ood 
fuir 
poor 

(3) S - sulphides and inclusions olon^atod on rolling. 
0 - oxides and inclusions not elonp.atod on rollinf1;« 

asNBdxd ínbnnubaoü IV aaanaotJdau 



Both sots of specimens were rated By the Chevrolet Method and 

the results are listed in the corresponding tables. 

C. Austenitic Cralc Size Inspection: 

An examination of the microstructures from the as rolled plates 

indicated that some of the ateeis were not particularly fine grained. 

Spedmens from nil melts were then heated to the respective 

quenching temperatures: which had been determined for each particular 

stool, held for l/c hour and cooled in air, Examination of the etched 

samples cla.rly revealed the grain size due to the formation of a ferrite 

network around the orig-. ai. austenite graine. The following steels showed 

a duplex ctructure with some grains being abnormally large. 

Heat No. _g t.ln Ni 

7091 
7OQT 

7 
l 

7095 
7101: 

J45 .04 
.46 .Sy 
. 46 1,17 *"■* 
.36 .71 1.93 
.42 1.5s — 

DISCUSSION OF EESUITS 

Complete analyses were not run on all heats but results which 

were run show that most of the steel c are within spe cl fi estions., or are 

so little out as to causo no concern. Results on the molybdenum steels 

showed the greatest variation from the specified range. The following 

tabulation shows those beats which were out of the specification range, 

how much they ara off, and what elements are out of line. 



•?i;v 
■mV', : ■ 

20. 

Cherri ral iuialyaio 

Heat 
;íCr /2/.0 

.20/.3O 
•33 

• 35/* ^-5 
.60 

.90/1.10 
1.13 

.90/1.10 
1.13 

.25/.35 
.50 

.35/.45 
«53 

The occurrence of an excessive amount of alumina inclusions in 

soné suelte i and t tendency toward abnormal grain growth at 1600° F., and 

below, in others, ralees a quontion as to melting practice. Since no slag 

was used it is possible that the FeO concent of the molts was not uniform 

from one heat to another and, hence, the addition of aluminum could fail 

to produce grain size control in some melts and form alumina inclusions 

of microscopic size in others. Some of these heats are to be repeated 

and more thought will bo given to the melting practice. It may be found 

advisable in making the larger heute proposed for the second series to 

pour off a 5 pound ingot separately from the first few heats, roll this 

lumber 

7034 

7095 

7101 

7102 

7106 

7107 

71OS 

7IC3 

7110 

>C ,a in 

Intended 
¿.c tnal 

Intended 
Actual 

Intended 
actual 

Intended 
Ac tual 

Intended 
Actual 

Intended 
Actual 

Intended 
Actual 

Intended 
Actual 

Intended 

.42/.43 
.50 

1.5/l.s 
1.22 

I.4/I.6 
1.62 

1.4/1.6 
1.70 

1.4/1.6 
1.62 

1.4/1.6 
1.62 

pi 

.2Q/.}0 
.19 



21. 

!j 11' ï(*i ■:l'--; vf.V^. 

inte plate and•teat the steel for cleanliness and grain growth character¬ 

istics before the larger ingots arc forged. 

In the course of other microscopical exarcinations, some, surface 

décarburisation vrto noticed. This condition was traced hack to the as rolled 

material and subsequent reheating, even in a lead' bath, did not cause 

enough diffusion tc completely olininate the low carbon leyar» A new 

lot of neutral heat treating colt has been obtained and the large plûtes 

will be cleaned by cendblastinr and heated for the quenching operation in 

the neutral salt bath. 

FUTURS WORK 

The large plates representing the heats listed in this report are 

being quenched and drawn at present. After those plates have been brought 

within specified hardness range, they will be shipped to Ifatertown for 

ballistic testing and the new molting scries will be started. Large Ingots 

are tc be made so that more coupon material will he available for the 

neceas&ry preliminary testing. It is also proposed that the plates be 

finished thick enough to permit maöhining both surfaces before the final 

quc-nchinc treatment so as to completely eliminate Aocarburization. 

Infinite plans for the changes in the melting practice have not 

yet bees made but the matter will be diocussod before the next series of 

melts is started. 

Data from which this report was written are recorded in 3.Î.Î.I. 

notebook number 799j ps€es 3 55*. inclusive. 

MLa-CHL;DÏÏ 
9/is/4i 
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11975 

Fig. 4. Heat No. 7091 - Microstructuro 
of the as-rolled plate. X100 

Carbon- .45^ 
Silicon- .20 
Manganese --— .34 

Dilatomotric curve is shown at right. 

^ rV ." ' r>'-U>. , \ ^ 1 -; 
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11976 

Fig. 5. Heat No. 7092 - Mioroatruoture 
of the as-rolled plate. XlOO 

Carbon 
Silicon 
Manganese 

.46# 

.24 

.85 

tfMitf«AM>*f -CfGfltES r 

. i.®1 

!::!ii -.:¾¾ 

a 
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lí 
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11977 
Fig. 6. Heat No. 7093 - Microstructuro 

of the as-rollod plate. X100 

Carbon- .46% 
Silicon- .21 
Manganese--1.17 

I 
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ü¿.*r W- ■ - * 5; ^ 1 ^■*r . 
-Tjt .-V >• 

tcry., b -. a. ;• j 

¿yT'üí 

3 ^' - AvT^, ,v.': a- •» 

11974 

Fig. 7. Heat No. 7094 - Microstruoturo 
of the as-rolled plate. X100 

Carbon 
Silicon- 

eanene- 

.48^. 

.26 
1.82 
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C Wft»lAT|»*»; tfOWítr. ' 

11973 

Fig. 8t Hoat No. 7095 - Kioroatructura 

of the as-rolled plate. X100 

Carbon- . 36/Í 

Silicon- .19 

IL-iganose- .71 

Nickel.1.93 

11972 

Fig. 9. Heat No. 7096 - Miorostructure 

of the as-rolled plate. X100 

Carbon---- . 37$ 

Silicon--— .25 

Manganeso-- .75 

Nickel-- 3.41 
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11978 

Fig. 10. Heat Ho. 7097 - Microstructure 
of the as-rollod plate. X100 

Carbon- 0.36,% 
Silicon ------ 0.20-0.30 
Manganeso- 0.73 
Hickel-- 4.8 -5.2 
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11979 

Fig. 11. Hoat Ho. 7098 - Microstruoture 
of tho an-rolled plato. X100 

Carbon- 0.37^ 
iàilloon —-—- 0.23 
Manganaao ---- 1.18 
Hickol —- 1.8-2.0 

t 

. i ..... 
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11980 

Fie» 12. Hoftt No. 7099 - Hicrostructuro 
of tho (is-rolled plate. X100 

Carbon- 0.37^ 
Silicon - .20-.30 
Manganeso- 0.84 
Nickel . 1.3-1.6 
Chromium -- .70-.90 

11981 

Fig;. 13. Heat No. 7100 - Microstruoturo 
of the as-rolled plato. X100 

Carbon  - • 32- . 38$ 
Silicon  - .20- .30 
Manganese --— »60- .90 
Nickel --—— 3.6 - 3.9 
Chromium ------- 2.4 - 2.6 

ttMMHAUi* Utftffi » 
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11902 

Fig. 14. Hoat No. 7101 - Microstruoture 

of the as-rolled plate. X100 

Carbon- 0.36)¾ 

Silicon- 0.25 

Manganese -- 0.85 

Nickel -- 1* 3-1.6 

Chromium - .70-.90 

Molybdenum —— .20-.30 

11983 

Fig. 15. Heat Ho. 7102 - Microstruoture 

of the as-rolled plate. X100 

Carbon  -—— 0. 38$ 

Silicon 

Manganese 

Nickel — 

Chromium 

Molybdenum 

.20- .30 

0.87 

3.3 -3.7 

.90-1.10 

— .35- .46 



28 

11984 

Fio 16. Hgat No. 7103 - líicrostruoturo 

of the as-rolled plato. X100 

Carbon- 0.36/S 

Silicon- 0.25 

Manganese- 1.53 

Nickel.—- 1.3 -1.6 

Chromium- .75- .90 

Molybdenum- .25- .35 

11985 

Fig. 17. Heat Ho. 7104 - Microstructuro 

of the as-rolled plate. X100 

Carbon —-- 0.33/¾ 

Silicon- .20 - .30 

Manganese- 0.83 

Nickel.— 1.3 - 1.6 

Vanadium-- .10 - .15 



I 
i 

11986 

Fig. 18. Heat Ko. 7105 - Microstructuro 

of the as-rollod plate. X100 

Carbon- 0.48,¾ 

Silicon- 0.26 

ù'anganooe- 1.58 

Titanium - .10-.20 

11987 

Fig. 19. Heat Ho. 7106 - Microatruoture 

of the aa-rollod plate. X100 

Carbon- 0.48$ 

Silicon--—-— .20-.30 

Manganese-_____ 1.62 

Deoxidized with Grainal 

.,/ 



30 
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11988 

Fig. 20. Heat Ho. 7107 - Microstruoturo 

of the as-rolled plate. X100 
Carbon- 0.47,¾ 
Silicon- 0.68 
Manganese- 1.70 
Chromium - .90-1.10 
Vanadium- .10- .20 

I 
J 

11989 

Rig. 21. Heat No. 7108 - Miorostruoture 

of the as-rolled plate. X100 
Carbon- 0.60/í 
Silicon -. 0.69 
Manganese- 1.62 
Chromium - .90-1.10 
Deoxidized with Grainal 

TI fcM’i HA f UMt WU*t t 'i » 
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11990 

Fie,. 22. Heat Ko. 7109 - Microstructure 

of the as-rolled plate. X100 

Carbon- 0.48% 
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Fig. 23. Heat Ho. 7110 - Microstructuro 

of the as-rolled plate. X100 

Carbon- 0.48/Í 

Silicon. 0.24 

Mancaneao- 1.57 

Molybdenum ——— .35-.45 
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