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WELD BE.Al) HARDNESS 'fF;STS MADE FOR llATERTOl'lll ARSENAL 

Introduction 

The following report covers weld bead harcness t eF;ts made by 
the Westinghouse Research Laboratories on a group of nine teen steelG 
for Watertown Arsenal as per government contract 1-952-QRD...6272 (We Bt-­
inghouse order BS-9661-EP). A copy of tb.ia contract is included as 
Appendix I. 

Procurement and Prepa·ration of' Steell 

The steels for this investigation were furnished by the Water­
town Arsenal. Inabllity to obtain all the steels originally specified 
ma.de it necessary to eliminate four grades and mak6 substitutes for 
nine grades. A complete list of the steels originally specifit!:d for 
investigation and the steels actuall~ furnished is given in Table I. 
Only three steels were received in th& form of 1/2• thick plates ; con­
sequently, it waa necessary to forge 16 grades to the proper sizt, i.e. 
5• wide x l/2a thick bars. 

All forging operations were done at the Tool Forging Shop (East 
Pittsburgh Works). The forging wa:s done within the te.mpe:te.ture range 
of 1800°F. min. e.nd 2500°1'. max. by a skilled workman. 

After forging, the bars were cut to the specified plate size 
(6" x 3• x 1/2• thick) and normalized by heating in an electric r esistance 
furnace to l00°F. above their AC5 temperature, holding e.t those tempera­
turl:l5 for 1/2 hour a.nd subsequently cooling in still air. (The no~JJ18,,liting 
treatment was not followed by an annealing treatment as specified in the 
contract because the s~ecification, Appendix II, requirea that all tests 
be made . on steels in the normalized condition) After cutting and nor.malizing, 
all plates were shot blasted to remove the scale and produce a clean surface. 

The dimensions of the steels as originally recei V".1d and the 
normalizing temperaturqs used in each case are listed in Table II. 

Qpemical Analraie and Grain Size 

Chemical analyses wer~ n~de from drillinge taken from each steel 
after forging. Determinations were made for ten elements: carbon, 
Manganese, Silicon, Sulphur, Phosphorus, Nickel, Chromium, Molybdenum, 
Vanadium and Copper. 
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Small samples were taken from tht unaff,;ct1:<d area of each t es t 
plnta for grain size (McQuaid-Ehn) de t ermination. The sampl1::s w~n, pack 
carburized for 8 hour s at 1742°F. {9B0°C.) and alov1 cooled. Grain size 
determinations were made, sftfJr polishing and etching tbe :: e eamph c: , by 
us ing a Bauscn and Lomb grain size eye piece on a Bausch and Lomb 
metallographic microscope. 

The chemical analysis and grain size determinations for each 
steel are given in Table III. 

peo:pdation Practice 

The teat record form suggested by the American Welding Society 
Specification (See appendix II) calls for the deoxidation practice used 
in making the steel. This information was not furnished by Waterto~n 
Arsenal, consequently, it is not included in this re port. 

Weld;!.ng Procedure 

/j. General - The weld bead teat specimens were made by depordting 
beads under the conditions set forth in the American Welding Society 
Specification "Tentative Te~ts for Arc Welding Properties of Steel, A. 
Weld Bead Hardness Test• dated April 1, 1942. (See Appendix II) 

A Westinghouse automatic welding head with carrent supplied by a 
600 ampere constant potential gE:nera tor wi:w used in this inver:tiga tion. , 
This equipment 1)::.de it possible to automa tic".i.lly strike the arc and main­
tain ti constant aro voltage and current. An Esterline-Angus recording ·. 
ammeter and voltmeter was used to record the amperage and voltage of eacti, 
weld bead. Typical ampere vs. time and volta~e vs. time curves are · 
reproduced in Figure l. 

An electric clock was connected into the welding circuit to run 
while the arc was 111ainUdned. This clock was used to accurately and 

_.- positively control the .length of each bead. A three inch long welding 
· ' · bead made at the rate of 5• per n:.inute represents 56 seconds welding 

time. 

All test plates were clamped during welding in a special fixture 
which was attachE:d to the power driven bed plate trav,:!lin~; at a constant 
speed of s• per minnt&. B7 using this fixture, it was possible to deposit 
eaoh weld bead in t,he proper location, with the rapidity required for the 
preheated ancl cooled specimens. Figure 2 is a photograph of the weldirig 
set-up, showing the automatic head, ffelciing table and clamping fixture • 

Pertinent welding data for all weld beads are as follows: 

Electrode - 5/16• diam. - A.1.S. E-6010- (Westinghouse A.P.) 

i: 
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'l'Ype of Current - Direct Current, Reverae polarity 

A.mperag e 

Voltage 

Tulte of travel 

180 awperes 

24 to 26 volts 

5.0 inches per minute 

B. Room temperature tests (60-70°F.j - A three inch ll'eld bead 

Page li 

was deposited on one plate of oach grade of steel, tb.e initial tempera­
ture of the pla~ea being 68°F. After welding, the plates were placed 
on edge on an asbestos board and alloued to cool in still air to room 
temperature (68°F.). 

C. Preheat tests (500°F.) - Preheat tests were made only on the 
steela which developed a maximum hardness greater than 650 v.P.N. 
(Vickers Diamond Pyramid Hardness Number) or produced cracka when welded 
at room temperat\ll'e. Fifteen of the nineteen steels were in this 
category. All fifteen steels developed hardnesses in excess of 350 
V.P.N. and eight of the fifteen produced cracks in the heat affected 
areas adjacent to the we lds., · 

Preheat tests were ma.de by heating the plates in a resistance 
type_ electric furnace to 520°F. and holding at that temperature :('or a 
minimum of 1/2 hour before welding. After removal from the furnacEl, 
each plate was cl&mped in the welding fixture (Figure 2) and welding 
etlll.rted within a period of W aeconda. The temperature of the plates 
was checked b7 means of a 300°F. tempilstik (accuraoy ! 1%), and the 
arc waa struck a.t the instant the starting end of the plate cooled to a 
temperature where the tempilstik did not melt. Illl.lllediately after a 
weld bead was deposited., the plate was removed. from the welding fixture, 
placed on edge on an asbestos board and allowed to cool in still air to 
room temperature {6SoF.). 

The fifteen steel5 subjected to the preheat t~st were: ID 4050, 
WD 41.lSO, A.I.S.I. 4142, YID 4150, S.A.E. 14540., ID 464Q, WD 4815, WD , 4820, 
WO 5150, S.A.E. 8650, 8 • .A.E. 87c9, NE 8747., 8.A..E. 8949, ID 9130 and 
WD 9150. 

D. Preheat tests (SOO•F.) - Although the contract did not call for 
tests made at a preheat temperatur, of 500°:F • ., two of the st1;els {S ,A.E. 
14340 and S.A.E. 8949) produced heat affected area cracks with ·prehoa ts 
of 5QOOF. In order to determine the affect of higher preheat temperatures 
on the formation of crackfi, a test qa made on one of these ste~la by 
using e. preheat of S0OOF. The procedure used in making this teat was 
identical to that described for the 50001. preheat tests except for the 
preheat temperature used. 

, I 
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E. Cold tests {-20°F.) - Tests at sub-normal temperatures were 11\Elde 
only on the steels which did not develop a maximum bareness greater than 
550 V.P.N. and did not p~oduce cracks in the 60-70°F. t~~ts. Four grades 
of steel were in thie groupJ WD 4025, ID 4042, WD 4615 and s.1.E. 8620. 

These teats were conducted by submerging the plates in a bath of 
acetone (in an insulated pan) cooled to -25°F. by the addition of dry ice 
(solid CO2)• The plates werti held at -25°F. for a minimum of twenty minutee 
before l'lelding. Approximately twenty seconds were required to remove a 
plate from the bath, wipe it dry, poeitiun it on the jig, and strike the 
arc. After depositing a weld bead, the plate •as placed on edge on an 
asbestos board and a.llowed to cool in still air to room temperature (68°F.). 

Hardness Data and Cra.ck Determination 

Specimens 1/2• wide for hardness and crack determinations were 
removed from the welded test plates in accordance with tb.e .Am-erican Welding 
Society Specification (s-ee Appendix II, Figure l). The removal of these 
epecilaens was accomplished with an abrasive disk cut-off wheel operating 
under water. 

The procedure employed to polish the test &amplea for hardness 
survey and crack determination ~as as followst 

l. Rough polish one belt grinder using a fine belt. 

2. Intermediate polish with No. 0 and 00 metallogrephic paper. 

3. Final polish on b!!>oadeloth with a solution of alum~ and 
liquid isoap. 

The polish resulting from the procedure •as extremely fine and 
entir,ly free from scratches or other blem.iBhes that would affect the 
harp.ness readings. 

!fter polishing, the surfaces were _examined tor cracks and subse­
quently given a light etch 1111th 1~ nit.al (l part BIO!,- 99 pa.rte .ethyl 
all,liohol) to enable accurate location of the hardness impressions to be 
made. Following the etching, the specimens were again examined for cracks 
before the hardness readings were taken. 

H.araness readings were ta.ken with• Vickers me.chine using a load 
of 10 lg. and spacing the indentations 0.05• ape.rt as shown in Figure 2 
Appendix II. Special care wa.s taken to insure tbs.t t,he bardnese readings 
were within 0.02w of the bottom of the fusion line. 

H.ai:dness rea.dinge were taken from the center line of the weld to 
the right and left until it was evident that th~ hardest zone of the heat 
affected 6rea of the parent metal bad been traversed., Three readings were 

5 
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also ta.ken of the unaffected parent mm. t eria.l i n each case. Approximately 
thirty hardness readings were ta.ken on each s pecimen. 

A typi cal date. sheet for r~cording hardne 56 cia t a i s shown in 
Appendix I II . Data s heets covering all the pert inent i nformn t ion on each 
weld bead t est ar e a l so i nc luded i n Appeindix III. 

The occurs.nee of cra.cks 'Illas noted and r1::: corded with 
as to t ype and loca tion on thlb date. sheets in AppBndix III. 
were classi f i ed a s r oot or toe cracks. Fi gures B (a ) and 5 
t ypical cr acks of these types . 

Test Results 

i 11f'orna t i on 
All cracks 

(b) show 

The maximum hardness values obtained at the r i ght a nd l eft of 
eacil bead, the aver.ae;e hardness of the unaffectHd plate ma t erials and 
the presence of cracks a.re given in Table IV • 

. Discuss ion of Test Result.a 

A. General - Examina tion of Table IV indicates, as to be expected, 
that preheeting lowered t he maximum hardnes5 obta ined in the heat aff6cted 
a rea whil f3 cooling to sub-normal w mperat ures .increased the maximum hardness 
obtained. 

Only four of the nineteen steels te 2ted developed hardn6sses of l ess 
than 550 V.P.N. in the heat affected area when welded at room t empera t ure 
(60-70°F.). These steels \'{ere WD 4023, 1fD 4042, \\'D 4615 and S • .A.E. 8620. 
The other fifteen steels produced hardneaces of 590 v.P.N. to 673 V.P.N. 
in the heat affected areas when welded at room temperatures (60-70°F.) 

B. Carbon Equivalent - In an effort to obtain a comparison of the 
e.ffect of chemical analysis on the maximum heat affected area hardness 
obtained frorr. the bead hardnesi:; tests, t he carbon equivalent of each 
steel was calcul&ted in two ways: 

1. If only t he carbon and manganese are consicert:d , t i1e carbon 
equivalent i s determined by the fo1:mula: 

Carbon e·qui val en t. = %o+% ~ l 

2. If all the impo:r-tant alloying e- lements art, taken into con­
sideration, tne carbon equivalent i s determined by the 
equation: 

Carbon equivalent = %c+% Mn + % !!!_ + % .£:. + % ~ 
6 15 5 4 

+ % V + % Cu> .5 * 
5 15 2 

* Equation taken from •A Guide to the Select1on and We ldine of Low Alloy 
Structural SteHls" by J. Dearden and H. O. Neill. Trie Inst. of ll'elding 
Quarterly transactions, Vol. 3, No 4 (Oct. HMO, P. 205.) 
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The carbon equivalent as calculated by equations l and 2 a.re 
lleted for each steel on Table III. For convenience, these value s are 
also listed in Table V which contains the maximwt1 hardness value s 
obtained from each weld sample. 

In Figure 4 the maximum hardnesse& obtained on pla. tes welded 
s.t room tempera tu.re are plotted a.gainst the carbon equivalente e.s 
determined by equations land 2. It is seen from these curves that 
equation 2 give s the most consiatant re 5ults . Comparison of these eurves 
indicates that they have about the same slope altt1ough equation 2 shifts 
the curve about .21% to the right. 

In Figure 5 maximum hardness values for every te s t plate are 
plotted t.gainst carbon equivalent as determined b;y equation 2. All 
plates that produced cracks in the heat affected area are marked with 
a + 5ign. The only significant fact evident from these curves is .that 
the affect of preheatihg in reducing the hardnesse s obtained is not a 
direct function of the carbon equivalent. 

C. . Cracks - Eight grades of steels developed cracks in the heat 
affected areas as a result of welding at room temperature (60-70°F.). 
In su cases these cracks were located in the heat affected area at the 
root 0f the weld bead (Figure 3 a}. In two cases the cracks were in 
the neat affected area at the toe of the weld bead. These cracks 
progressed almost entirely around the weld bead. 

Two grades of ::steel developed cracks at the M0°F. preh8at 
temperature. The cracks in these cases were •toe 51 cracks a.itd the 
steels were the same ones that devP-loped t1toe• cracks in the room 
temperature ttJsts. (S.A.E. X4M0 and S • .A.E. 8949) A 500°F. preheat 
tr.:st on the S,A.E. X4540 steel did not produce any cracks • 

.lll the atoels which produced cracks in the room temperature 
tests contained heat affected aree. hardnl::lsses of 49,8 V.P.N. or greater. 
However, two Steels (WD 4640 and WD 4050) which developed hardnesses 
of 554 V.P.N. did not crack. The two steels which produced cracks 
with the 500°1. preheat deveioped hardnesses close to 600 V.P.N. on 
this preheat test. 

Concluslone 

It is not the intent of this contract that the investiga to.rs 
draw conclusions regarding the weldability of these steels. There are 
several points, however, that e.re worthy of note. 

(1) When using the carbon equivnlent method of comparing the 
heat affected area hardnesses of steels as obta.lned by bead hardness 
tests, all the elements v:hich influence hardening shou.lo be ta!.rnn into 
consideration. Equation 2 as used in this report is not neceo [,arily the 
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proper equation, but it 1:1hows more consist.ant agreement than eque.tlon 1 
which considers only Carbon and Manganese. 

{2) Cracks were developed in plates welded at room temperature 
at hardness valuea as low as 498 V.P.N. 

(5) Two types of heat affected area cracks vrere obtain.od -­
"root0 and 8 toe• cracks. 

(4) Preheating to 500°F. before welding reduced the hardness 
of the heat affected areas and eliminated cracks in all but two steels. 
The steels which produced cracks at 500°F. preheat developed bardn,,oeies 
of 592 V.P.N. and 606 V.P.N. and were the same st~els that produced 
•toe" crack.a at room temperature. ~Che cracks in tne preheated s·kels 
were also •toe• cracks. 

(5) One 500°F. preheat te Bt made on a steel that produced cracks 
at 500°F. (S.A.E. 14540) was fotmd to be free from cracks. 

(6) Testa on four steels at -20°F. deve.loped heat affected area 
hardnesses higher tb.e.n those obtained at room tempera turi;;s. No cracks 
were found in the sub~normal temperature tests. 
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TABLE I 

LIST OF STEELS INVESTIGATED 

Steels Origina.ll y 
Specified 

WD 4020 
, 5,' .,.,11.,,:p., WD 4050 

WD 4055 oilc::""" 
11D 4040 

3 , ...... ~ WD 4045 
1'D 4050 

, WD 4060 ~ 
1

" "
1'~''"'"'"~1WD X4130 

.,.'S ,,.., •.. .-..,.WD 4140 
" WD 4150 
, •· ,,._.,....,.w-,,WD 14540 
'"' WD 4615 

WD 4640 
WD 4815 
WD 4820 
1'D 5150 

,S """"'"".;,.,1,,-fD 8620 
_ r,. ,.., .. ,,,~ 1VD 86iO 
.... ,,, 

1 WD 8725 ~ 

.,.......?'WD ff/40 
,S ....- WD 8745 

WD 8750 ~ 
't •. ~ • .,,.,,,., , WD 8950 

"itti+•" 

jl' • I 

Steels Furnished 
For Inve@ t igatlon 

1VD 4020 
NAX 9150 (ID 0µ0).:' ... .S 

...,.. Not Procured 
I D 4040 
Nil 9150 (WD 9150) ·1 

, ••• ,· 

WD 4050 " 
_.:;,. Not Procured 

ID 4150 i«lli· · ... "' 
,.. AISI 41'2 ~1(•u-.,.,., ,.,~ 

WD 4150 
S~A.E. X4540 ~u!:. .. - .• t,, 
WD 4615 
WD 4640 
11D 48.15 
WD 4820 
ID 5150 s.,.E. es2o t1~JW~ J~ 
s., . .E. aa:so it41 .. ···~ ~fa, 

~ Not Procured. 
S.A.E. 8759;i!e. ......... ,:·: ~., 1,11,h 

M! 8747 
.-)'> Not Procured 

S.A.E. 8949 ,n+::,~,.,,, ,,.; 
1111 ~,-:, r 
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.... TABLE II 

Steel 
Forging Temp. Normalizing 

110. Size, as Received Max. Min. Temp. °F. 

WD 
4025 l pc. 211 rd. X 1811 long. 2500°F. 1800°F. 1800 

WD 
4042 1 po. 2n rd. x ].8111 long fl • 1550 

WD 
4150 1 po. 5 11 square x 11" long. II II 1600 

AISI 
4142 1 pc. 5-5/4• rd. x 4" long. 

II 1600 

WD 
4150 l pc. 2-5/4~ rd. x 12" long. II n 1550 

... S.A.E • .. X4340 1 pc. 5-1/8• rd. x 12" long. " " 1550 

WD 
. 4615 1 pc. 211 rd. :x 1811 long. • • 1600 

' 1'D 
4640 1 pc. 211 rd. x .18• long. • II 1550 

'WD 
4815 l pc. 2" rd. x 1811 long. " " 1550 

WD 
4820 1 pe. 511 square :x ll" long. " n )550 

WD 
5150 6 pco. 6" x 6 11 X 1/211 Not Forged 1550 

8.A.E. 
8620 1 pc. 4-5/4 11 rd. x 1211 long. " 1575 

S.!.E. 
8650 1 pc. 2-5/4• square x 12" long. • II 1575 

.. S.A.E. 
~759 1 pc. 2-5/4w square x 1211 long. • II 1575 

t( I 
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TABLE II (Continued) 

Steel Forging Temp. Normalizing 

No. Size, ae Received Max. Min. Temp. °F. 

NE 
8747 1 pc. 2" rd. x 24" long 2500°F. 1800°F. 1550 

S.A.E. 
8949 l pc. 2-11/16 rd. x 12• long n It 1550 

1D Crucible heat no. 102266 
4050 l pc. 9n square x 611 long. fl 1550 

'fiD 
9lli0 5 pcs. 611 X 5" X 1/2" Not forged 1575 

WD 
9150 5 pee. 6" X 511 :K 1/211 Not forged 1550 

"" - I' 
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'?AILE V 

M.AXDllDI BJ.RDNESS VALUES AND CARBON EQUIVALENT 

MU. V •. P .N. Heat Affected Area Mn 

Steel No -20°!'. 60-70°1'. 500111 F. % C + j6 "c. Eq.* 

11D 402& 240 227 .51 .59 

1fD 4042 lS94 545 .5$ .so 

WD4150 Sto $17 .40 .68 

AISI 4142 615 464 .59 .as 

'ID 4150 6121 498 .58 .81 

S • .l.l• X4£40 654 592 .s2 • ffl 

11D 4615 215 209 .14 .M 

WD 4640 585 450 .51 .72 

Wil 481.5 4151 ZTO .28 .62 

ID. 4820 409 354 .29 .62 

WD 5150 572 542 .59 .ss 

s.1.1. as20 '553 &oe .36 .53 

S.A.E. 8650 481 522 .47 .66 

S.A.E. 8759 498 S76 .52 .70 

NI 8747 554 421 .57 .76 

S.J..E. 8949 675 Gi7 .62 .84 

1'D 4050 ss, 5159 . .65 ~80 

WD 91.50 421 542 .59 .65 

Wl) 9150 eoo 542 .61 . • 74 

* J Carbon Equivalent 15 based on the formula No. 2. 
I 

I 

In 1!11 Cr lo V Cu > • 5 
(!£ Carbon Equivalent= ic + "6 + ~ + ,f;5 + ,ri +is+ 'I, la ) 
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APPENDII I 

Government Order W-592-0RD-6272 

Item A 

"li~ke weld bead hardness tirn t, .on the following W.D. Steels to be 

supplied by Watertown Arsena l - 4020, 4030, 4055, 4040, 4045, 4050, 4060, 

14130, 4140, 4150, X4340, 4615, 4640, 4815, 4820, 5150, 8620, OOBO, 8725, 

8740, 8745, 6750, 8950." 

' "In accordance with A. J. S. Tentative Standard Te st. Dated 

Aprill, 1942.• 

"If necessary to make the t€sts on pieces ~orged to the proper size 

from rolled material, such forged piece5 to be normalized and annealed 

before welding." 

"If cracks or vickers hardness gre&ter than 550 occur in a test, 

the ttist for lower temper at.ures may be omitted. If vickers ha.r<ine ss is 

below 550, no test at higher temperntur"'s is required." 

"Five copies of the final Report of Tests to be furnished." 

I I . 

I 

16 
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APPENDIX II 

AMERICAN WELrING SOCIETY SPECIFICATION 

TENTATIVE TESTS FOR ARC WELDING PROPERTII:S OF S'rEEL 

Part A 

Weld Bead Hardness Test 

April 1, 1942 

' I 

' l 

I' 
Ii ' 

,I. 

I: 
:. t 



\ 
I 

Research Report R-94296-Alt 

TENTA'TIVE 'fESTS FOR ARC 1\ £LI;ING PROP.i::RTE S OF STEEL 

A. Weld Bead Hardness Test 

1. PreJ)B;ra tion of Test Pl.ate 

(a) Dimensions of Test Pl.ate 

The tes·~ plate for the wel<i bead hardnt!SS test shall comply with the 

requirements of Fig. 1. The surface of the plate on which the weld is de­

posited sball be ground or shot blasted to remove seal~ or surface oxide prior 

to depositing the bead. 

(b) Condition of Test Plate 

The test plate shall be in the normalized c9ndition. 

(c) Temperature of Plate Prior to Welding 

The test may be conducted with tb.e test plate a.t normal temperat,ure or 

at an elevated ar a sub-normal temperature. The .following temperatures a.re 

standard. 

Normal temperature •••••••••••••• 60 to 70 F 

Elevated temperature•·•···•···•· 500 F 

Sub-normal temperature 

(d) Welding Procedure 

•••• e • I I • a -20 F 

The weld bead shall be deposited with the .f'ollo-d ng welding procedure: 

Electroda Classification No. • .••••••• E601~ . 

Electrode Size • • . • • • • • • • • • . . • • • . . • • • 3/16 in. 

Type of Current •••••••••••.••••••••• D.C. reverse polarity 

Arc Voltage •·••••••·••······•·•••••· 24 to 26 volte 

Am-perage • . . . • . . • • . • • • . • . • • • • • • . . . . . . 180 amps. 

* This classification number refers to the A.W.S.-A.S.T.M. Tentative Specifi ­
cations for Iron and Steel A.re Welding Electrodes (A.S.T.M. Serial 
Designation A235) 

, 

•,.; 
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Speed of travel ................ 5 inches per -,,~.nute 

Welding Details - Welci beaci.s made on test p. 1 • ., at. elevated or 

sub-normal tempera. tun: :. ehall be started within a period 

of one minute aft er the t ~st plate is removed from .t he 

heating or cooling medium, The wtld shall be deposited 

without oscillation of tue el~ctrnde. After wel ding , the 

test plate sl:.ia.11 be allovied. to cool a. t room t emperature. 

(60 to 70 F} .. 

Note: Tbe wel ding a ball preferably be done \Ii t h an automatic ·welding machine. 

If an automatic welding machine is not available it is r ~commended t hat 

tbe Wf:i ld be ma.de iu such a way tba.t tile opf.:ra tor controls only the f eed 

of the electrode, whi le a ruecllanicjiil device i ~ useu to move the t et t 

pl.ate :t' orwa.ro' at the pre scribed rate. 

2. Preparation of Specimen 

(a) Removal froffi Tvot Plate 

The spedmen shall Pf;l removed from the test pl.a. te as shown in Fig. L 

'£he cross-f?ectional faces of the specimen obl:.11 be grouna. to produce parallel 

surface ::-. 

(b) Polishing 

The fa.ce to be tested shall be poliehEid to prociuce a finish sufficiently 

smooth so tha t accura tP. Vickers hardness r eE1dings can be obt& in et. with a 10 kg. 
I 

load. 

Note, A recommended procedur~ for obtaining thif. finish is as followE>: Polish 

with emery pa.per down to grade 000; finish polishing on a lap or on 

mets.llographic polishing equipment with a. fine grade of alumina. 

ti 
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I 
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(c ) Etching 

The .face of the specimen t o be tf:st.ed shall be etched in an ar~a o.t 

a nd ad jacent t o t he 'l!la l d with any reagent wbicn mak1:;s the boundary between 

t he weld ·metal end the base metal visible, viithou t over-etching to t he extent 

that d if.f'iculcy will be encounter1:;d i n securing accurate harcines s r eadings 

on the. etched surface. 

Note : The e tching should. b~ limi t.eid to t he minimu..~1 strcr..gtt1 of rea gen t and 

time t hat nill s how t he. j unc t ion of the: wal e. me;tal a nc t he. heat-affecte,d 

zone, as over-etching causes difficulty- in ob taining a c curate har<:'.nesf:i 

readi :ngs. · Four per cent picr ic acid or one per cent ni ta l are r ecommended 

.. - for carbon and low a lloy s t Elels. 

" 

5. Te s ting of Specilllen 

(a) Bardn6 SE of Heat-Affect&d Zone 

Vickers hardne ss reading s shall be made in the hea t -e.ffectec zone as 

ahown in Fig. 2, uaing a. 10 kg . load for oO seconds. The first reading shall 

be taken a t a point on t h1:. cente r line of t he weld s.nd be t ween 0.00 inches and 

0 _.02 inchee from tb,e bounda r y bfJ t ween the weld lll•~.tal and t he base metal. Sub­

sequent readings shall be taken at 0.050--in. interva l s both to t he right and 

to t he left, on a llne parallel t o the surface of the base me tal, until t here is 

a substantial decrease in the hardness noted. 

(b) Hardnt s& of Unaffected Base Metal 

Three Vicker f.> hardness readings s hall b6 made in t l1f:I una f fect ,,d zone 

in s. location on a line with t he r eacin€,;3 taken in the naat-affected zone a rid 

a.t a distance of a fiproxima tely one inch frorr,. t hi:: center line of th~ weld bead. 
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4. Results 

{a) Visual Examination 

Both cross-sectional face s of the specimen sball be examined for tile 

appearance of cracks, with a 5- to 25-power magnifying glass, before and after 

etching. Any cracks discovered shall be reported, together with the location 

thereof. 

(b) Hardness of Heat-Affected Zvne 

The maximum hardness readings obtained in the heat-affected zones to 

the right and to too left of the bead shall be rer,orted. 

(c) Hardness of Unaff~ct~d Base Metal 

The three hardness values obtained sl:uitll be averaged. The resultant 

avera[e value shall be reported. 

5. Recording of Results 

The results of the te ~, t :.ob.all be set forth in a suitable permanent 

record .. 

Note: The following form for report~ng the result s is recommended. 

' . 2l 

I 
I 
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.. _ Record of W~Jd Bend H.a:r.dness Test 

1. Type of Steel: 

2. Chemical 
.Analysisc 

p s I Si I Cr Cu Mo V 

5. ·neoxidation Practice: Killed ___ _ Semi-Killed ____ Rimmed __ _ 

4. Grain Size (rtcQua.id-Ehn): 

5. Normalizing Treatment: 

6. 1felding De. ta.: 

i I (a) 'l'ype and sizil3 electrode 

(b) Type of Current 
___________ Polarity _________ _ 

(c) Amperage 

,_ - (d) Voltage 

{e) Rate of Travel 

(f} Plate 'l't:illperature ______________________ _ 

7. Hardness of Heat-Affected Zone (Max.):. : Right ______ Left ____ _ 

8. Hardness of Unaffected Base Metal (A~g.): ______________ _ 

9. Visual Examination for Cracks& ____________________ _ 

Signature _ _________________ _ 

Date 

, I 

22 
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TYPICAL B.ARDNESS DATA SHEET 

Steel 4820 68°1. Initial Temp. 

Right Mil Plate 

Ocu.la' Readings Av. V.P.N. Oculsr Rea.dings Av. V.P.N. Ocular Readings Av. V.P.N. 

289-285 287 225 2B2-282 282 255 275-275 275 245 

292-285 2B8 224 274-274 274 247 275-275 275 245 

265-265 265 268 254-254 254 287 278-274 276 245 

265-262 264 266 255-255 255 285 

255-255 255 285 250-250 250 297 
255-256 256 285 246-246 246 506 Ave. V .P .N. Plate 244 

249-249 249 299 258-238 238 527 
249-245 247 504 226-226 226 565 No Cracks 
242-242 242 517 224-224 224 '1;70 

- 228-224 226 565 217-217 217 594 
225-225 225 575 217-217 217 594 
220-220 220 585 215-21?. 215 409 

" ~ 217-217 217 594 220-235 222 576 
:n.41-212 215 409 

Max. V.P.N. Right 409 Max. V.P.N. Left 40~ 

.. 
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Research Report R- 94296-AJC 

1. 

2. 

s. 

4. 

5. 

Westinghouse Electric & Manufacturing do. 

Type of Steel: 

Chemical 
Analysis: 

Research, Laboratories 
Record of Weld Bead Hardness Test 

WD 4025 

C Mn p s 1 Ni 
.lij .69 .010 .Oil .225 .18 

Cr 
.04 

Deoxidation Practice; Killed Semi-Killed 

Grain Size (McQuaid-Ehn); 7 AST1il 

Nornia.lizing Treatments 1575°F. 

Cu Mo V 
.14 .2 

Rimmed 

6 • Welding Data s 

(a) Type and eize electrode 5/16fl diam. E6010 (Westinghouse AP) 

(b) Type of' CWTent __ .;.Di;;;;;:r;..;;e;.;;;c...;;;t ____ Polarity _ _.:,:R.;;.ev;..;;e:;.;;r...;;;s.;;.e ___ _ 

(c) Amperage 

(d) Voltage 

180 Amperes 

24 to 26 Volts 

(e) Rate of Travel · 5 .O inches per minute 

(f) Plate Temperature __;6:;..:8~0-=-F-=-•------------------

7. Hardness of Heat-Affected Zone (Max.): Right _2:;;;.:2:;;.;7 ___ Left ___ 2 __ 2 __ 7 __ _ 

8. Hardness of Unaffected Base Metal (Avg.): 165 

I . . Visual Examination for Cracks: None 

Signature ___ E;;;..;•;__;;;;R __ • __ G __ a __ m ___ b __ er;;,,,;g..._ ... (s;;.,o} _______ _ 

Date May 261 1~43 

,, 

25 



.. , 

' I 

Research Report R-94296-AK 

TJs s t inghouse Elec t r i c & Manufacturing Co. 
Re search L&bora tor ie s 

Record of Weld Bead Hardne Bs Test 

1. l'ype of Steel: 1VD 4025 

2. Chemical 
Analysis : 

C Mn P S Si Ni Cr Cu Mo V 
.19 .69 .010 .OU .225 .18 .04 .14 .24 .:.. 

5. Deoxidation Practice : Killed ____ Semi-Killed ___ Rimmed_ 

4. Grain Size (McQuaid-Ehn): _7,;..._=AS=T=M ________________ _ 

5. Normalizing Treatment: __,.._,.....15 __ 7 __ 5_,°F'""'. ________________ _ 

6. Welding Datat 

(a) Type and size eleo~rode ~/16~ diam. E6010 {Westinghouse AP} 

(b) Type of Current Direct Polarity ---Re __ v'"""e .... r ... se _____ _ 

(c) Amperage 

(d) Voltage 

180 Amperes 

24 to 26 volts 

(e) Rate of Trll(!el 5.0 inches per minute 

(f) Plate Temperature -20°F. 

7. Hardness of Heat-Affected Zone (Max.): RigQt 240 Left 258 ----
8. Hardness of Unaffected Base Metal (avg.)t 157 

9. Visual Examination for Cracks: None 

Signature ___ E __ • __ R=·-Ga=m __ be=r-g..__.,.( .... e)._ __ _ 

Date *l 26, 1941 

11 . 

I 

I I 
' 
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Research Report R-94296-AK 

Westinghouse Electric & Manufacturing Cu. 

1. Type of Steels 

2. Chemical 
Analysis: 

Research · Laboratoriea 
Record of Weld Bead Hardness Test 

WD 4042 

C Mn P S Si Ni Cr Cu Mo V 
.59 .81 .012 .Olu .257 .05 .04 .15 .26 

o. Deo.rlda tion Practice: Killed Semi-Killed Rimmed ----- ---- --
4. Grain Size {McQua.id~J.hn): 6 ASTM 

5. Normalizing Treatment: 1550°F. 

6. Welding Data: 

{a) Type and size electrode 3/16 " Diam. E):)010 (Westinghouse AP) 

(b) Type of current Direct Pol.ari ty Reverse 

(c) Amperage _l ..... 80.....,...Am_p._e ...... r ..... e __ s ________________ _ 

(d) Voltage 24 to 26 volts 

(e) Bate of Travel 5.0 inches per minute 

(f) Plate Temperature _6_8 __ 0 __ F_. ______________ _ 

7. Hardness of Heat-Affected Zone {Max.): Right _5_4'-5 ___ Left __ 5_3_5 __ 

8. Hardness of ·unaffected Base Metal (Avg . ): 229 

9. Visual Examination for Cracks None --------------------

Signature ___ E ...... ""---R __ • __ G __ a_mb_e __ r....,g ___ _,(,.__s.._) ____ _ 

May 26, 1945 
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Research Report R-~4296-AK 

West1nghouse Electric & Manufacturing Co • 
Research Laboratories 

Record of Weld Bead Hardness Test 

1. Type of• Steel= 

2. Chemical 
Analysis: 

C Mn P S Si Ni Cr Cu Mo V 
.39 .81 .012 .010 .257 . 05 .04 .15 .26 

5. Deo:nda tion Practice' Killed _____ Semi-Killed ___ Rimmed __ 

4. Grain Size (McQuaid-Ehn): 6 ASTM 

5. Normalizing Treatments 

6. Welding Data a 

(a) Type and size electrode 3/lsn diam. E6010 (Westinghouse AP) 

{b) Type of Current Direct folarity ___ Re_v_er_s_e _____ _ 

(c) Amperage ___ 1 __ 8..._0 ___ am...,p._e __ r __ e.;...s ________________ _ 

(d) Voltage 24 to 26 volts 

(e) Rate of Travel 5.0 inche s per minute 
• 

(f) Plate Temperature _-_2 __ 0_0 __ F. ________________ _ 

7. Hardness of Heat-Affected Zone (Max.) : Right _5 ___ 8_7 __ Left __ 3 __ 9 ___ 4 __ _ 

8. Hardness of Unaffected Base &tat.al (Avg.): 207 

9. Visual Examination for Cracks, None -------------------------

Signature E. R. Gamberg (s} 

Date May 26 , 19415 I 
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Research Report R-94296-.AK 

1. 

2. 

5. 

4. 

5. 

6. 

Westinghouse Electric & Manufacturing Co . 

Type of Steel: 

Chemical 
.Analysis: 

Research Laboratories 
Record of Weld Bead Hardness Test 

WD 4150 

C Mn p s Si Nl 
.55 .44 .017 .024 .196 .59 

V . 

Deoxidation Practice: filled Semi-Killed ____ Rimmed 

Grain Size (McQuaid-Ehn): 8 ASTM 

Nbrwalizing Treatment: 1600°F. 

Welding Data: 

(a) Type and size electrode B/16tt diam. E6010 {ffestipghouse AP) 

{b) Type of Current Direct Polarity Reverse 

(c) Amperage __ 1_80_am_p_e .... m ..... , ....... ________________ _ 

(d) Voltage 24 to 26 volts 

(e) Rate of Travel 5. 0 inc he£ per minute 

(f) Plate Temperature _...;;6'-"8 __ 0 __ r __ . ______________ _ 

7. Bardnes:;. of Heat-Affected Zone (Max.)s Right 390 Left _ ___;;.5..:...70.;;..._,_ 

8. Hardness of Unaffected Base Metal (Avg.)1 215 

9. Visual Examination for Cracks: None _ ____,a-;... _____________ _ 

Signature E. R. Gamberg (s) 

Date May 26 1 194:S 
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Weatinghouse Electric & Manufacturing Co. 
Research Laboratoriee 

Record of 1Veld Bead ij.a.rdnes5 Teat 

1. Typti of Steel: _WD~~4::::l=.50;::_ __________________ _ 

2. Chemical 
Analysis: 

C Mn P S Si Ni Cr Cu Mo V 
.55 .44 .017 .024 .196 .59 .98 .075 . 22 -

5. Deoxida tion PI'actice: Killed __ _ Semi-Killed ___ Rimmed __ _ 

4. Grain Size (McQue.id-Ehn): _8=--.::::A=ST::.:::lt:;_l ______________ _ 

5. Normalizing Treatment: _::;16;.::00::..;::_0 .::...F.::...• _______________ _ 

6. Welding Data: 

(a) Type and size Electrode 5/16a diam. E6010 (Westinphouae AP} 

{b) Type of Current _____ D __ ir_e;...c.c ..... t ___ Polarity _.....:R:::::e::...:·v~e:.:..r.::.:88~-------

{ c) Amperage ---=l::.;::8;.;:;0.....:am=pt,;;,;:;·~r::.;es=------------------

(d) Voltage __ ..;::2:..::4__;.to:;:....!:26 ___ v.:...;o;.::l:.::t~s _______________ _ 

{e) Rate of Travel s .o inchot per· minute 

(f) Plate Temperature _.;..5 ...... 00 __ 0..;;;.F...;;.•----------------
. . 

7. 1:1.a.rdness of Heat-Affected Zone (Max.): Right _:5;;..;;l;;..;.7 ___ Left _ _._;;;5=12;;;.._._ 

8. Hardness of Unaffected Base Tll.e t!t.l (Avg.), 192 

9. Visual Examination for Cracke: _...::N;..;:o.;::;n;;..e ______________ _ 

Signature E. R. Gamberg (s) 

Date May 26 1 Hl43 
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Research Report R-94296-AK 

VVe stinghouse Electric & tbrnufacturing Co • 
Research Laboratories 

Record of Weld Bead Hardness Test 

1. Type of Steel: AISI 4142 

2. 

5. 

4. 

5. 

6. 

Chemical 
Analysis: 

C Mn P I Si Ni 
.44 .91 .025 .004 2i1 .)2 

r Cu Mo V 
.9& .us .19 -

Deoxidation Practice: Killed Semi-Killed Rimmed ---- ---- ---
Grain Size (McQuaid-Ehn); 

Normalizing Treatments 

Welding Data: 

8 ASTM 

l600°F. 

(a) Type and size electrode S/16 11 diam. E6010 {We s tinghouse AP) 

(b) Type of Current ___ D __ i_r_e_c_t ____ Polarity _....;;R __ e __ v ___ e __ r __ ae ____ _ 

(c) Arnperae;e --=l..;;.80--,.:,a.;;;;;;m;;.p;.;;e..;;.r.;;;.e.;:;.,s _________________ _ 

(d) Voltage 24 to 26 volt,:1 

(e) Rate of Travel 5.0 inches per minute 

(.f) Plate Temperature __ 6;;;..8_0-=F-=•'------------------

7. H&rdness of Heat-Affected Zone (Max.): Right 613 Left 613 ----- _ _;;,.;;;.;;..__ 

8. Hardness of tJnaf'fected Base Metal (Avg.); 512 

9. Visual Examination for Cracktu Crack under root of bead 

Signature E. R. Gamberg (s). 

Date My 26, 1945 
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Research Report R-94296-AK 

1. 

2. 

5. 

4. 

Westinghouse Electric & Manufacturing Co. 
Research Laboratorielll 

R@cord of Weld Bead Rardne~a Togt 

Type of Steel: AISI 4142 

Chemical C Mn p Si Ni Cr Cu 14<> V 
Analysis: .44 .91 .025 .251 .12 .95 .ll5 .19 -

Deoxidation Practice: Killed ____ Semi-Killed ___ Rimmed 

Grain Size (McQuaid-Ehn): 8 AS'l'M 

5. Normali~ing 'l'reatment: 1600"F. •· 

6 • Welding Data t 

{a. ) Type and size electro<l~ 5/16" diam. E6010 (Ylestinghpt.U:!e AP) 

{b) T'Jpe of Current Direct Polarity Reverse 

(c) Amperage 180 B.mperes 

{d) Voltaga 24 to 26 volts 
__________ ;;;;.;;... ......... ......,. ______________ _ 

{e) Rate of Travel 5 .O inches per minute 

(f) PlJi. te Temperature _3_00 ___ 0 =-F ..... _____________ _ 

7. Hardness of Heat-Affected Zone (Yax.): Right __ 4:::-.;:4:.;;.6 ___ Left 464 

8. Hardness of' Unaffected Baae Metal (Avg.); 305 

9. Visual Emmina tion for Cracks: None 
_ __;;.; ________________ _ 

Signature 

Date 

E. R. Gamberg 

May 26, 194!> 

(s) 

I. 



Research Report R-94296-AK 

... 
Weatinghouee Electric & Manufacturing Co. 

1. Type of Steel: 

Research Labora tories 
Record of Weld Bead Hardness Tei::t 

WD 41§0 

2. Chemical 
Analyeisa 

C, Mn P S Ni Cr Cu Mo V 
.48 .59 .015 . 025 .245 .10 .oo .12 .2 

5. Deoxidation Practice: Killed _____ Semi-Killed ___ Rimmed 

·4 • . Grain Size (McQue.id-Ehn): _7;.__.:;;A;:S.::;TM:::.-______________ _ 

5. Normalizing Treatment& _.....;1=5=5..;;.0°---=F=-•:;..._ _______________ _ 

6 • Welding Ila ta s . 

(a) 

(b) 

fype and size electrode 5/16" diam . F,6010 (Westinghouse AP} 

'l'yps of Current ----=-Di=r~e;;.;:c;..;:t _____ Polarity Reverse 

(e) Amp19rage 

(d) Voltage 

100 amperes 

24 to 26 volts 

(e) Rate of Travel 5.0 inches per minute 

{f) Plate tempers ture _____ 6-'8'-0 "'-F __ • _______________ _ 

7. Hardness of' Heat-Affected Zone (Mnx.}: Right ----=5;...:;8 __ 5 __ Left ----=6=1=5 __ 

8. Hardness of Unaffected Base Metal (Avg.): 294 

s. Visual Examination for Cracke: Crack under root of bead 

Signature E. R. Gamberg (s} 

Ila te Palay . 26 , 1945 
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Research Report R-94296-AK 

We stinghouse Electric & Manufacturing Co. 
Research Laboratories 

Record of We ld Bea d Hardness Test 

l. Type of Steeb _WD ___ ...;:.4-=l ___ 60.;;..._ ___________________ _ 

2 • Chemical C Mn P S Si Ni Cr Cu V 
Analysis: .48 .59 .015 .025 .245 .10 .86 .12 • 

l3. Daoxidation Practice: Killed ____ Semi-Killed ___ Rimmed __ _ 

4. Grain Size (Mc Quaid-Ehn): _'_7 ____ A=S..;;;.T=M ________________ _ 

5. Normalizing Treatment: _l ___ 5 __ 5 ___ 0_0 __ F..;_.. ________________ _ 

6 • fielding Data: 

(a) 

{b) 

Type and size electrode 5/16 8 diam. E6010 (Westinghouse AP) 

Type of Current ____ D __ i __ re __ c;,...;t'----- Polarity Reveree 

(c) Amperage ___ 1 __ 80 ___ a .... m ..... p __ e __ r..;;..e.;;;;..s ___________ _ 

(d) Voltage ____ 2,.;;;4_t.;;.;o;....;;;;2_6_v __ o=l;;..;t=s ________________ _ 

(e) Rate of Travel 5.0" inches per minute 

(f) Plate: Temperature ___ 3;...;.0 ..... 0_0 ;;...F ..... _________ _ 

7. Hardness of Heat-Affected Zone (l'Aax.) t Right 498 Left 483 -----
6. Hardness of Unaffected Base Metal· (Avg.): 28~ 

9. Visual Examination for Cracks: None ----------------------

Signature E. R. Gambtrg !s} 
Date May 26, 1943 
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Re search Report R-94296-AK 

Westinghouse El6ctric & Ma nufacturing Co. 
Re search Laboratories 

Eecord of Weld Bead Hardness Test 

1. Type of Steela _..JS:::.:•~•~·E~·=---X=-4:::3~4:.;::;0 _______________ _ 

2. Chemical C Mn P S Bi Ni Cr Cu Mo V 
Anal1eie1 .41 .66 .017 .007 .28~ 1.69 .e7 .095 ~4 -

S. Deoxidation Pra.ctice, Killed _____ Semi-Killed ___ Rimmed 

4. Grain Size (McQuaid-.Eb.n): 

5.., Normalizing Treatment-: 

6. Welding Date.: 

7 ASTM 

1550°t7'. 

(a) Type and size electrode o/16" diam. E6010 (Westinghouse AP) 
I 

(b) Type of Current __ ..:::.I)iree_t. ___ Polarity _..::.R::.:;;.ev.:...;e;:;.;:r..;:;s.;:;.e __ _ 

(c) Amperage 

(d) Vol::,.age 

180 8.Jll~li:::1'€6 - •--------------­

Z4 tc ~6 ·vol ta 

(e) F.ate of Travel 5.0 1nche~ per minute 

(r) Plate Temperature ____ 6--B ..... 0 l" __ • ________________ _ 

7. Hardneie of Hea t-Af'f ec ted Zone {Ma:r. ) , Right ___ 6 __ 5'"""4__ Left ---'6=2=0 __ 

8. Hardness of Unaffected Base M~t.al (Avg.); 568 

9. Visual E:xaminatJ.on for Cracks, Crack extends all way around bead. 
Located in heat affr::ct~;d area. 

Slgna ture _...:::t=· ._R_.:;...;:;Gam=b=e=rg-'--_ _.(=s }.___ __ 

Date May 26, 194~ 
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Research Report R-94296-AK 

Westing:C10uee .Electric & Manufac t uring Co~ 
Re&earch Labor~to:cies 

Record of Wt::lc B~.lad ilnrdm,ss 'fr::,:-: t 

l. 1'ype of St eel : S.A. E. X4MO 

2. Chemical 
Annlysi&~ 

C Mn 
.41 .66 

5 • D1:l oxi ua. t i on Pra c.: t i i.:e t Killed 

4. Grain Size {McQuaid-Ehn) t 

5. Normalizing Tr&atment: 

6. W€ l ding Data: 

Si Ni Cr u Mo V 
.285 1.69 • 87 . 095 • 24 -

Semi-Killed Rimmed ,___ - - - - -
7 ASTM 

1550°F .. 

.(a ) 

(b) 

Type and size el t!ctrode 5/16" diam. E6010 {1k,stin2" nouse AP) 

TJpe of Current Pin.ct Polarity Ravers @ ---------- ---------
{c) Amperage 160 amperes 

{d) Voltage 24 to 1:o volt, __ s _______________ _ 

{e) Rate of Travel 5.0 inches per minute 

{f) Plate Temperature __ v_•· o .... o-'-,- 0 __ 1 __ · ___________________ _ 

7. liar dne:sa of Hent-Affectr~d Zone (Max.}: Right _5_9 __ 2 ___ Left 592 

8. Hardnes~ of Unnffectcd Base Metal (Avg.): 551 

9. Visual Examin&tion for Cracks: Crack from root to toe-not completely 
around bead. 

Signature E'. R. Gambere:_, _ __.{...,s.._} ____ _ 

Date. lllay 26, 1945 
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Research Report R-94296-AK 

1. 

2. 

5. 

4. 

5. 

6. 

Westinghouse Electric & Manufacturing Co. 

Type of Steela 

Chemical 
.Ana.lyaisr 

Research Labor~torlee 
Record of Weld Bead Hardness Test 

S.A.E. X4340 

C Mn p s Si Ni ' Cr 
.41 .66 .017 .007 .285 1.69 .07 

Cu Mo V 
.095 .24 -

neoxidation Practice, Killed Se:mi-Killed Rimmed --- --
Grain Size (Me Quaid-Ehn} t 7 A§l'M 

Normalizing Traatment; l550°F. 

Welding Data: 

(a) Type and size electrodG _i,_/1=6'-" ......... di=a ..... m..;;..._..;;:;ES"'-'0=l=0_(:a..:.W;;..;;,e.;;..st=i=n=gh=o;..;;:u=se~-=A:.;;;..P.,__) __ 

(b) Type of Current Dir~ct Polarity __ R ___ e'-v ___ er __ s ____ e __ _ 

(c) Amperage _1_e_o_a_m_pe_r ___ 1:,_s ________________ _ 

(d) Voltage 24 to 26 volts 

(e) 

(f) 

Bate or Travel 5.0 inches per minute 
' 

Plate Temperature 500°F. _______ ......_ ________________ _ 
7. Hardness of Heat-Affected Zone {Max.): Right 503 Left 4~5 ------
8. Bardnees of Unaffected Base lilete.l (Avg.) 1 __ 5 __ 6 __ 1 ________ _ 

9. Vieua..l Examination for Cracks: None 

Signature __ E_. _R_._Ga_mb_e_r_g __ (..._e ... ) __ _ 

Date 
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Reeearch Report R-~4296-AK 

l. 

2. 

5. 

4. 

Westinghouse Electric & Manufactw·ing Co. 
ResGarch .Ls.boratorics 

Record of We:ld Bead Harc.ne;ss TE;st 

Type of Steel: :p 4eis 

Chemical C p s Si l!H 
4 .... 

Analysis: .06 .015 011 • 056 2.oi 

Deoxidation Practicer Killed 801t-Killed 

Cirain Size (AleQuaid-Ehn}& 5 ASTI 

Mo V 
. 26 .05 

____ Rimmed __ 

5. Normalizing Trcsa.tment: 1600°:F. ---.--------------
6. Yieiding Data a 

{a) 

(b) 

Type and size elGctrotla ~/16" diam • .E6010 (Westinghouse AP) 
Type of' Ourrent ___ D __ 'i=r;_.;;s __ c __ t ___ Polarity _____ R __ ev __ e=r_s--e ____ _ 

(c) Amperage _____ l__.00..._am__,p....,e_r ____ ~ __ s _________________ _ 

(d) Voltage __ ...,.2 .... 4-'to __ 2=6 _____ v ___ ol __ t.=a _________________ _ 

(e) Rate of Travel 5.0 inches ;eer minute 

(f') Plate Temperature __ 0_·a_0.::.r..::.•-----------------
7. H.ardneaf3 of Heat-Affected Zone · {Max. )s Right __ 2 __ 0~Qo ___ Left ____ 2 __ 09 ___ _ 

6. Hardness of Unaff'ectt:>d Base Metal (Avg.)s _____ 1 .... 4 .... 5__,.. _________ _ 

9. Visual Examination for Cracks: •lone 

Signature __ i __ ._R......., ..... Ga_~ber __ g,,___,(_s_) ___ _ 
\ 

Date 

\ 



Research Report R-94296-AK 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Westinghouse Ele<!tric: & Manufacturing Co. 
Research Laboratories 

Record of Weld ~ead Hardness Test 

Type of Steel: lfD 4615 

Chemical Mn p 8 51 JU 
.Analysis: .53 .015 .Oil .056 2.05 

Deoxidation Practice1 Killed Semi-Killed 

Grain Size (McQuaid-Eqn): s ASTM 

Normalizing Treatment, 1600°P'. 

Welding Datas 

___ Rimmed __ _ 

(a) 

(b) 

Type and size electrode 5/16• diam. E6010 (Westinghouse AP} 

Type of Current __ D_i_re_c_t ____ Polarity _ ..... R"-e-"-v"'"'er-'s .... e __ _ 

(c} Amperage --=18_0 ....... a=mp._e=r .... e __ s ______________ _ 

(d) Voltage 24 to 26 ,,,ol ts 

(e) Rate of Travel 5.0 inch~s per minute 

(f') Plate Temperature _-...,;2;::;.,;0_•_r.;;... ______________ _ 

Hardness of Heat-Affected Zone (Max.): Right 212 Left 215 

Hardness of Unaffected Baee Metal (Airg.): 141 

Visual"-Examination for Cracka: None 

Signature ____ E __ '._R ___ • __ Ga_m_b_er_.g ___ (~_.) ___ _ 

Date )fay 26 1 1943 
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Research Report R-94296-AK 

Westinghouse Electric & Manufacturing Co . 

1. Ty,pe of Steel: 

Research Laboratories 
Record of Weld Bead Hardness Test 

WD 4640 

2. Chemical 
.Analysis: 

C Mn P S Si Ni Cr Cu Mo V 
.59 .70 .014 .007 .229 2.05 .07 .17 .25 .05 

5. Deoxida tion Practice: Killed ___ Semi-Killed ___ Rimmed ____ _ 

4. Grain Size (McQuaid-Ehn): 

5. Normalizing Treatment: 

6. Welding Data: 
/ 

7 ASTM 

1550°F. 

(a) 

(b) 

Type and size electrode _5._/1_6_11 __ d_i_am_. __ -E6~01-0 __ _.{_We-s_t_i_n._..g=ho_u=s'-"e-=A"-P.._) __ 

Type of Current __ D_i_r_ei_ct _____ Polarity ___ Re~v ..... e_rs=e ____ _ 

(c) .Amperage _....:l::..;80==...:::;am::;;,1p.:.;:e;.=.r..::;;e.:::.B _________________ _ 

(d) Voltage ____ 2'-'"4_t __ o ____ 26---v __ o __ l __ ts _________________ _ 

Bat,e of Travel 5.0 inches per minute (e) 

(f) Plate Temperature _....:6=-8=--0-=-F-=-•-----------------

7. Hardness of Heat-Affected Zone (Max.): Right 554 Left ---'5--'-8""'-S ___ _ 

8. Hardness of Unaffec.ted Base Metal (Avg.): 266 

9. _Visual E:u.minatitjn for Crackss None 

Signature E. R. Gamberg (5) 

Date May 26, 1945 

I [ 
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Researoh Report. Jt-94296-A][ 

Westinghouse Electric & llanufacturing Co. 
Reeeerch Laboratories 

Record of We;J.d B:eAA Uardnesn Test 

1. Type of Steel: _WD=--'4 __ 8=1..,5 ____________________ _ 

2. Chemical 
Ane.ly siru 

Cr Cu Mo V 
.15 .16 .27 -

5. Deoxidation Practice z. 1,1.lled ____ Semi-lilied ___ Rimmed __ _ 

4. Grain Size (McQUlll.id-Ehn) a 

5. Uormallzing Treatment: 15so-r .. 

6. lelcling l}a ta I 

(a) TTpe and size electrode IL16~ diqm. E§0l0 (lestinghouae AP) 

(b) Type of Current J>i!:ect Polarity Reverse 

(c) Amperage · 180 ampex:H 

.. (d) Vol tags 24 to 26 Yolte 

(e) Bate of Travel i,O inc9ee P!t ;ingte 

(f') Plate Temperature __ 6..,.$_,0 .:;.F_. ________________ _ 

7. Hardness of Heat-Affected Zone (lax.}a -llight _.,.._, .... s .... 7 ___ Left jll 

8. Hardness of Una.ff acted Base Metal (i.~g.): 

9. Visual lxamination for Crackaa 

Signature _...::i •• _.Bm,~G!:i;;.•.b_e:.::;..rg __ ...ll(.;i;;p..,.) __ _ 

l)ate IV 28 1 lffl 
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Research Report R-94296-il 

Westi~house Electric & Manufacturing Co. 

1. Type of Stee.l: 

Research Laboratories 
Record of Weld Bead ijardness Test 

WD 4815 

2. Chemical 
Analysis: 

C Mn . P S Si Ni Cr Cu Mo V 
.19 .56 .017 .010 .224 5 ,56 .15 . 16 .27 

5. Deoxida tion Practice: Killed _____ Semi-Killed ____ RimmP.d 

4. Grain Size (McQuaid-Ehn): 6 ASTM 

5. Normalizing Treatment: 

6 • Welding Data: 

1550°F. 

(a) Type and size electrode 5/l.6" 
(b} '1'7pe of Current Direct 

(c) Amperage 180 amperes 

{d) Voltage 24 to 26 volt§ 

(e) Bate of Travel 5.0 inches 

(f) Pl.ate Temperature 30001'. 

diam. F.6010 

Polarity 

per minute 

7. Hardness of Heat-Affected Zone (Max.), BJ.ght .!570 

8. Hardness of Unaffected Base Metal {Avg.): 251 

9. Visual Examination for Cracks: None 

(Westinghouse AP) 

Reverse 

Left 570 ------'-'-""---

Signature E. R. Gamberg (s} 

May 26 1 1945 
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Research Report R-94296-AK 

Westinghouse Electric & Kanu.t'acturlng Co. 

l. Type of Steel; 

Research Laboratories 
Record of Weld Bead Hardness Teat 

WD 4820 

2. Chemical 
Analysisz .19 .61 .015 .005 • 41 i.47 .16 .08 .26 -

5. Deoxidation Practice: Killed · ____ Semi-Killed ___ Rimmed __ _ 

4. Grain Size {McQuaid-Ehn): 6 ASTM 

5. Normalizing Treatment: · ____ l;.;;.5..:::...50;;:...0-=F..;;.• _______________ _ 

6 • Welding Data: 

(a) Type and size electrode 3/16• diam. E:>010 (Weeti~house Af) 

(b) Type of Current ______ D __ ir __ e __ c ___ t ____ Poluity __ Re::;v.;.;e::.;;r..::;s.;;;.e ___ _ 

(c) .Alllpe.rage _...::l::.;::8_0;...;:::;am_p.._li_r_e.;:;.a _________________ _ 

(d) Voltage 24 to 26 volt 

(e) Rate of Travel 5.0 inches per minute 

(f) Plate Temperature ___;6_8;..,0 .::.P_. ________________ _ 

7. Hardness of .Heat-Affected Zone (Max.), Right ____ 4 __ 0.;;.9 __ Left _-:4::..;:0.;;.9 __ 

8. Hard.neBB of Unaf'1'ected Base Metal (Avg.): 244 

9. Visual Examination for Cracks: None 

Signature _.....;;E;;.::._R;;.;.;:.. • ...::Ga=m;.;;.be __ r'""g.__--"(...,s ... ) __ _ 

Date 11,ay 26, 194& 
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Research Report R-94296-AK .. 

.. 
' Westinghouse Electric & t4nufacturing Co. 

· Research Laµ,oratoriee 
Record of Weld' Bead Hardnese 'test 

l. Type of Steel;, WD 4820 

2. Chemical C p s 81 Ni Or Cu ll(o 

Analysis a .19 .015 .005 .241 5.4.7 .15 .oe .26 

I. Deoxidatioo Practice: Killed Semi-Killed Rimmed_ 

4. Grain Size {Mc Quaid-Ehn) z 6 A8Tt.t 

5. Normalizing Treatmentz 1550°F. 

6. tlelding De.ta: 

(a) Type and si2e electrode 5/l6ft diam. E6010 {W~sti~bouse AP) 

(b) Type of Current Direct Poarity Bsverse 

(c) Amperage _ _,..:1_80;;,;;;...;am=p;.;;;e_r.;;;.e=:..s ________________ _ 

(d) Voltage __ ..;;2:..:;4_t.:;o:;....:;:26;;;:_v;:..;o:.:l:.::t;.;;.s _______________ _ 

(e) Bate. of Travel_ 5.0 inches Eer minute 

(f) Plate Temperature __ 5_0;.;:0 ... 0 ... F .... ______________ __,_ 

7. Hardness of Heat-Affected Zone (Mu.): Right _5=5~4=----- Left -....::~:;.;::5;.::4 __ 

8. Hardness of Unaffected Base Metal (Avg.) 

9. Viaual Examination tor Cracks: None 

Signature __ .;:E_ • ...:R:.;.:•:--Ge._m_b_e_r...,g.___-.:{a"'"') ___ _ 

Date May 26, 194~ s 
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Research Report R-~42~-AK 

Westinghoii.se Electric & Manufact1.1ring Co. 

1. Type of Steel: 

2. Chemical 
Analysis: 

R~searc b Laboratories 
R~cord of Weld Bead Hardn•3S5 Test 

'ID 4640 

C Mn P S i Ni Cr Cu Mo V 
.59 .70 .014 .OfJJ .229 2.05 .07 .17 25 .03 

5. Deoxidat1on Practice: Killed Semi-Killed Rimmed --- ---- ---
~. Grain Size (McQuaid-Ehn): _ ___;7~=-'S:;;.:TM;.;;;... _____________ _ 

5. Normalizing Treatment: _;;;.15.;;.;5:;;.;0;;..0~F..;;.. ________________ _ 

6 • Welding Data: 

(a) 

(b) 

Type and ei ze electrode ..::5L..;/l:::;:6::...."--=-d.::ia::..:m::..:•:._.::E6::.:0::.;l:;O:._~( W~e::..:B;..:t:..=i:..:.:n:gg.:;;.ho=.;u:;.:;s:..:e--'A:.::P:....)i......-_ 

Type of Current __ D_i_r_·e_c_t ____ Polarity _ __.;R __ e_v __ e_r_se ___ _ 

(c) .Amperage 180 amperes 

(d) Voltage 24 to 26 volte 

(e) Rate of Travel 5.0 inches per minute 

(f) Plate Temperature ______ 50_0_0=F....;..•----------------

7. Hardness of Heat-Affected Zone (Max.): Right 409 Left 450 -----
8. Hardness of Ons.ffected Base Metal (Avg.): __ __,.:;;:2;..:.5.;;;.5 _________ _ 

9. Visual Examination for Cracks: None ------------------

Signature ___ E ___ .;.....;;.R ..... __ aa=m=b=e..;;;.r...,,g _ __,(~s .... ) ___ _ 

Date Ma,Y 26 1 1945 
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:Research Report R-94?.96-il 

Westinghouae Electric & Yanufactw-ing Co. 

1. Type of Steel; 

2. Chemical 
Analysis, 

Research Laboratories 
Record of Weld Bead Hardness Test 

'ID 5150 

C Mn P 8 Si Ni Cr Clil Mo 
.48 .68 .014 .015 .17li .16 1.04 .08 OS .19 

5. Deoxidation Practice: Killed Semi-Killed Rimmed ---- ---- ---
4. Grain Size (McQue.id-Ehn): _8:::.....::A:::S:.:.TM=----------------

5. Normalizing Trea trnent: ----=l:.;;;5...:;.5...:;.0°--=F:..;• ________________ _ 

6. Welding Data: 

(a) Type and size electrode· 2i/16 diam .• 16.010 (Westinghouse Af) 

(b) Type of Current Direct Polarity Reverse 

(c) Amperage ___ l __ ao ______ am ..... pe.....__..r __ e __ s _______________ _ 

(cl) Voltage ____ 2 __ 4 ____ to ____ 2 __ 6_v..,.o.._l __ t __ e _______________ _ 

(e) 

(t) 

Rate of Travel 5.0 inches per minute 

Plate Temperature __ 6;...8 ..... 0 .... F ...... ______________ _ 

7. Hardness of Heat-Affected Zone (Max,): Right ____ 5 __ 50 ____ Left 572 

6. Hardness of Unaffected &.a~ Met.al (.A.vg.)c _____ 2=22 _________ _ 

9. Visual Examination for Craekes Crack under root of bead. 

·Signature ___ E __ • ......._R __ ._G_a=m_b_er""'g...__.._(s_.)..__ __ 

Date )lay 26 1 1943 
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Research Report R-94296-AX 

1. 

2. 

~-
4. 

5. 

s. 

Westinghouse Electric & Manufacturing Co. 

Type of Steels 

Chemical 
Analysiec 

Research Laboratories 
Record of Weld Bead Hardness Test 

lfD 5150 

C Mn p s Si i 
,48 .68 .014 .015 .175 16 

Cr 
1.04 

Deorldation Practicec lilied Semi-Killed 

Grain Size (McQua.1.d-lhn): 8 ASTM 

Normalizing Treatments 1550°:r. 

Welding Data a 

Cu Mo V 
.oe .03 .19 

Rimmed 

(a) 

(b) 

Type and size electrode 15/l6 11 diam. E0l0 (Westinghouse AP) 

Type of Current ____ l)_ir_e __ c __ t ____ Polar! ty ___ Re ____ v ... e ... r __ se _____ _ 

(c) Amperage ___ 1_80_e.m......,p_er_e..,.@ _______________ _ 

(d) Voltage __ ___,;2 .... 4 ....... t __ o __ 2.;.;6 __ v...,o __ l=ts=--------------

(e) Rate or Travel 6.0 inches per minute 

(f) Plate Temperature ___ 5 __ 00 ____ 0r __ . ________________ _ 

7. Hardnees of Heat-Affected Zone (Max.) c Right 54% Wt 519 ---- -=;......--
e. Hardness of t7naffected ~file Metal (Avg.): 21& 

9. Visual Examiria.tion for Cracksi None 

Signature ____ E_ .. ___ R __ • ....,..Oa_m __ b...,u..,·_g __ C...,p .... ) __ 

111,y 26 a 194$ 
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Research Repor:t, R-94?96-AK 

Westinghouse t.lectric & Manufacturing Co. 

1. Type of Steel: 

2. Chemical 
.Analysis& 

Resel'lrch Laboratories 
Record of Weld Bead Hardness Test 

S .A. E. 8620 

C Mn P S 81 Ni Cr Cu Mo V 
.22 .82 .020 .009 .504 .51 .45 .08 __ .~•2_2~-----

5. Deo:x.idation Practice: lllled Semi-1.illed Rimmed ------ ------
4. Grain Size (McQuaid-Ehn)t 7 ASTM 

5. Normalizing Treatment, 15750,}I_'. ----
6. Welding X.ta: 

(a) 

(b) 

(c) 

(d) 

Type and size electrode .a;.5/...,l=6;.."-..ad=i=am=•,_=E6.;;..;0_l_O ___ _.,(W;.;...e;;;..:;s:...;t_i=n.,,.,gh_o:;;_;u;;..:;:s=e....=:cAP::::...<...) __ 

Type of' Current __ .;;;D_i ... re'-c .... t. _____ Polarity ____ R __ e--'v __ e __ r __ se'-------

Pperage _ ___,;l __ B-O ___ am=p"'-'e=r;,.;:e=s _________________ _ 

Voltage ___ 2,_;4--..:;t .... o __ 2-'-'6~· --v __ e=lt __ s;;.._ _______________ _ 

{e) Bate of Travel 5.0 inches per·minute 

{f) Pl.ate Temperature 68°F. --------------------
7. Hardness of Heat-Affected Zone (Max.) s Right ___ 25;..;;06_,_ __ Left __ 5_06 __ _ 

8. Hardnesa of Unaffected Base Metal (Avg.): 

9. Visual Examination for Cracks: None 

Signature 

Date 

206 

E. R. Ga_m_b_er-g __ (_s_) __ _ 

May 26 1 1943 
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Rel:leiirc h Report R-94296-AK 

WestJ.nghO'ilE!e Electrtc ir Manufac turing Oo. 
Research Labor~toriee ' 

Record of Weltj Bea.d Hardness Test, 

l. 'l"ype of Steela --=-S...::.A:::.;:•~E;.;;.•_~86=2_0'-------------------------

2. Cher.deal 
Analysis: 

C Mn P S . Si Ni Cr Cu Mo V 
.22 .82 . 020 .009 .304 .51 .45 .0lil .22 

$. Deoxidation Practicie: Killed ____ Semi-Ulled ____ Rimmed _ _ 

4. Grain Size (McQuaid-.Ehn): 7 ASTM _______________ _ 

5. Norms.lizlng Treatmijnt: 

6 • Welding Data 1 

(a ) Type ano size electrode -~l,16~ dia.m. F.6010 

(b) TrP'.! of Current Direct Polarity 

{c) Amp1.,re.ge 180 amperes 

(d) Voltage 24 to 26 volts 

(e) Rate of Trai.rei!l 5.0 inche:J per minute 

(f) Plate Temperature -20°F. 

(Westinghouse AP) 

Reverse 

7. Hardness of Heat-Affected Zone (Max.): Right ___ 5 __ 5_5 __ Left _____ 5 __ 10 ____ _ 

8. Hardness of Unaffected Baae Metal (Avg.): 189 

9. Visual Examination f ox- Cracks: None · ------------------

Signature E. R. Gamberg {s) 

Date May 26, 1945 
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Rese~rch Report R- 94296-AK 

Westinghouse Electric & Me.nufaeturing Co. 
Research Laboratories 

Record of Weld ~d Hqdnes~ test 

l. 'l';rpe of Steels 

2~ Chemical 
Analysie& 

s.,.,. 86&0 

i. Deoxidation Practice, Killed 8eJ111-lilled 

.ft. Grain Size (lcQuaU-Elm): 6 Am 
5. Nomllaing Treatment: 1575411)'. 

6~ Jelding Data a 

(&) Type -and size electrode 5/16~ dym! l@Ol,Q 

(b) Type of Current Direot, Poi.ari.ty 

(e) .Amper.ge 180 &IIIJ2El£El! 

:(d) Voltage Ii to 16 vol ts· ' 

(e) ~te o! Travel ' 5,.0 inches per minuw 

(t} Plate Tem~ature 88°F, 
' 7. HardnesfS of Heat-Affected Zone (Mu.) a Rigbt 486 

a. Hardness of ~ftected Base Metal (Avg_.) t 1£6 
Visual ~w tion for Crack au, .,. , s. lone 

. " 

II 

Ri.amed 

(l'e@tingnoµep AP} 

· · ReTerse 

·, - · 
,ft.eft: • 488 

, .. ~· 1.. , ',:. , 
;. 

Signature -~1-· ....... R~-~Ga=mb~•=r~g..___.C~@~) ___ _ 

~te lay 26 1 19415 



,· ,, . Research le.por t J.-S4296-il 

1 . 

2. 

5. 

4. 

s. 

6. 

Westinghouse Electric & Manufaeturing Co. 
Research Laboratories 

Record of Weld Bead H@.rdness Test 

Type of Steel: S • .A .. E, 86150 

Chemical C Mn p a Si Ni 
Analysis a .ss .74 .014 007 .280 .s 

Deoxidation Practioe, lilled Semi-Killed 

Grain Size (Mc,-._.~id-Ehn) 1 6 ASTM 

Normalizing Tre1tment1 1576°F. 

. Welding Data 1 

____ Rimmed __ 

(a) 

{b) 

Type and size electrod.e 5/16• diam. E6010 (Westinghouse AP) 

Type of Curren~ ____ D __ i_r_e...,c .... t _____ Polarity _ _:Re:::. :;.:v;.;::e:.:.r.:.se;::;._. __ _ 

(c) Amperage _;;::.l.;;.80;:;.....;;am=p;;;.;F-r;;;.;e:;.:e ____________________ _ 

(d) Voltage 24 to gs volte 

(e) Rate of Travel 5.0 incheo per minute 

(f) Plate Temperatµr-~ __ ...::3:;.:::0;.;;0_•F::..:-• ______________ _ 

7. Hardness of Heat-Affected Zone (Max.):. Right ....::;.:Sl;:;;;2;..... __ Left 522 

8. Hardness of Unaffected Beee Metal (Avg.)i 214 

9. Visual Examination .for Cracks: _:::;:.lfo_n;;;,;e::;._ ______________ _ 

Signature ___ E;:;.;•...:;;;R:.;.•...::Cla=m;.;;.b.;;;er_.g.__...:Ce:;.;)i..-__ _ 

Date !l&Y 26, 19415 
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Research Report, R-94296-AJC 

1. 

2. 

&. 

4. 

5. 

6. 

7. 

Westinghouse Electric & Manufacturing Co. 

Type of Steel: 

Chemical 
Analyeia: 

Research Laboratories 
Record of Weld Bead Haraneas Teet 

s.4.E. 8759 

0 Mn p s Si Ni 
.40 • 71 .025 .001 .238 .41 

Cr 
.48 

Cu 
.085 

Deoxidation Practice, Killed Semi-Killed . 

Grain Size (McQuaid-Elm) : 8 ASTM 

Normalizing Treatment: 1575°F. 

ftelding Data: 

Mo V 
.24 

Rimmed 

(a) Type and size electrode 5/16 11 diam. E6010 (We~tinghouse AP} 

(b) Type or Current :Virect Polarity Reverse 

(c) Amperage 180 amperes 

(d) Voltage 24 to 26 volte 

(e) Rate of Travel s.o in.S4ep per minute 

(f) Plate Temperature ssor. 

Hardness of Heat-Affected Zone (lax. ) : Right 4~ Left 498 

' 8. Hardness of Unaffected Base Metal (Avg.}a 271 

\, 
\ 

\ 
\ 
I 
\ 

9. Visual Examination for Cracks, 

\ 
\ 

\ 
I 
I 

Cracks under root of bead,very fine 

Signature E. B• 08.Jnberg (s) 

Date Maz f!, 194S 

l I l Iii .ii,' • , 1111 
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Research Report R-94296-AK 

Westinghouse Electric & Manufacturing Co. 
Research Laboratories 

Record of Weld Bead Hardnesc. Test 

1. Type of Steel: S.fi.E. 8759 

2. Ch6mical 
.Analyeie: 

G Mn 
.40 • 71 

p s S:l Ni Cr Cu Mo 
.001 .238 • 1 .48 .085 .24 

V 

5. Deoxidation Practice: Killed Semi-Killed Rimmed_ ------- ----
4. Grain Size (McQuaid-Ehn), 

5. Normalizing ·Treatments 

6 • Welding Data i 

6 ASTM 

(a) 

(b) 

Type and size e l e c trade _.;;.'6 /..._l-6;;;..•......;d_i_aa;,;m_._,;:;;;E6~01_0;;;..__,(._W_e .... s""'t.;;;;.l.,.ng,.._h""'o_u;;.;:;s-e-..::A:;;..P.,L,) __ 

Type of Currant· _____ D_i_x·_t:c_t_· ____ Polarity _____ E __ te_v_e __ r __ s_e ___ _ 

(c) Amperage __ 1 __ 80;;..,.,;;a=m .. p..;,;e.;;;..r.;c.,e1:i;;.._. __________________ _ 

(d) Voltage 24 to 26 volts 

(e) Rate of Travel 5.0 inches per minute 

(f) Plate Temperature 500°F. ----------------------
7. Hardnees of Heat-Affected Zone (Mn.x.) t Right __ li_7_6 __ Left __ 5_7_15 __ 

8. Hardntiss of Unaffected Base Metal (Avg. ) : 245 

9. Visual Examination for Cracu, None 

Signature ___ E_._R ___ ._Oa_m_b~e_r_g_._(_s_) ___ _ 

. May 26 1 1945 
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Re search Report R-94296-AK 

Westinghouse Eler.tric & Manufacturing Co. 

1. fype of Steel, 

2. Chemical 
Analysis: 

Research Laboratories 
Record of Weld Bend HArdness Teet 

D 8747 

--------.----.---,.----------.------.---- .. 
C Mn P S Si Ni Cr Cu Mo V 

.45 .71 .010 .018 .262 .45 .51 .15 .26 

5. Deoxida tion Practice z lCilled ___ Semi-filled ___ Rimmed ___ _ 

4. Grain Size {YcQuaid-Ehn)i 8 ASTM 

5. Normalizing Trea tmont: 1550°F. 

6. Welding Ds.taz 

(a) Type and size electrode 5/16 11 diam. D>0l0 (Westinghouse AP) 

(b) Type of Current __ ...;;Da-1 .... r .... ec~t;;._ ___ Fol.l!l.ri ty ____ Re=-v=er ___ sa.;;e _____ _ 

(c) Amperage 180 amperes 

(d) Voltage 24 to 26 volts -------------------------
(e) Rate of Travel 5.0 inches per minute 

{f) Plate Temperature 68°F. --------------------
7. Hardness of Heat-Affected Zone (Max.)z Right 554 Left 548 ---- -----
8. Hardness ot Unaffected Base Metal. (Avg.) z 295 

9. Visual Examination for Cracks: Crack under root of bead 

Signature __ E_._R-. ___ Ga_m_b_e_r_g __ ~{e~).__ __ 

Date May 2611 1943 
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Research Report R-94296- AK 

l. 

2. 

5. 

4. 

5. 

6. 

Westinghouse Electric & llanufacturing Co. 

Type of Steel: 

Chemical 
Analysis: 

Research Laboratories 
Record of Weld Bead Hardness Teat 

NE 8747 

C Mn p s Si Ni Cr Cu 
.45 . 71 .010 .018 .262 .45 .51 .Ui 

Mo V 
.25 

Deoxidation Practice: Killed --- Semi-Killed ____ Rimmed ___ _ 

Grain Size (McQuaid-Ehn) 1 

Normalizing Treatment: 

Welding Data: 

8 ASTM 

1550°F. 

(a) 

{b) 

Type: and size electrode .:::5L./=l.:::.6_"...;d::;:.;i~a;;;:m;:.;•:.-.-=E6~0.:::l.:::.O_(:..:'-'.:.:·e:..:B:..:ta.::i~n.,,_g:;.ho;:..;u::::s:..:e:....:.:AP:::..L) __ 

Type of Current ______ D_lr ____ e_c __ t ___ _ Polarity --~Re~v~e:..:r~a:..:e;__ __ _ 

{ c) Amperage ---=l .... 80---a_,m_,.p~e..;;.r..;;.e:;;;..s _________________ _ 

(d) Voltage -----"2_4;......;;.to.;;.....;;2-6_v.;..;o-l;:..;tc.=s _______________ _ 

(e) Rate of 'Travel 5 .O. inches per minute 

(f) Plate Temperature 500°F. ----~;..;_ _________________ _ 
7. Hardness or Heat-Affected Zone (Max.): Right __ 4_05 ____ Left ____ 4 __ 2...,1 __ 

8. Hardness of Unaffected Base 'Metal {Avg.): 283 

9. Vhual Examination for Cracks: None 

Signature __ E;;;;.;..•~R~•;......;:;G~a~m~b~er=g,.,__J(~a~) __ _ 

Date · Yay 26, 1945 
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Research Report R-94296-AK 

Westinghouse Electric & Manufacturing Co. 

l. Type of Steela 

2. Chemical 
J.nalyeis: 

Research Laboratories 
Record of Weld Bead Hardness Test 

S.A.E. 8949 

5. Deoxidation Practice: lilled ---- Semi-Killed ____ Rimmed __ _ 

4. Grain S1111e (BlcQuaid-Ehn) 1 _____ 8---'A=S..::TM=----------------

5. Normalizing Treatment, 1550°F. 

6. Welding Data: 

(a) Type and size electrode 3/16 8 diam. n>OlO (Westinghouse AP) 

(b} Type of Current Direct ·Polarity Reverse 

(o) Amperage 180 amperes 

(d) Voltage 24 to 26 volte 

(e) Bate of Travel 5.0 inch~& per minute 

(f) Pl.ate Tempera tu.re 6SoF. 

7. Hardness of Heat-Affe~ted ,Zone (Max.): Right 67S Left 675 ----- __ .......;;..._ __ 
ij. Hardness of tJDaffected Base Metal (Avg.): __ 3.,..16 _____________ _ 

9. Visual Examination for Cracks: Crack extended neaz•lz from toe to ·toe of the 
bead. Located in the heat affect~d area • 

..,, 

Signature !. R. Gamberg (a) 

Jy: 26a 194~ 

I 
r 
I 

, I 
I 

/) 



., 

, I 

, I 

, I 

.. 

lfll[J'lll!'lll'l!lll'll[l'll!•'lltl·f!l.1111111 1,,1111,11••11111111111111[111'1[1' 'lllll[l·ll llflf lll'lllllllfi 11111111 1 ,1rn111 :111111•11 l![lllflili' 1•111111,1111 •111) 11'11'1111[1111 11·1111 11111 

Research Report R-24296-AK 

WElstinghouse Electric & ~ nuf.s.eturing Co . 

1 .. Type of Steel: 

2. Chemical 
Analysis: 

Research La.'bora. tories 
Re cord of Weld Bead Hardness Te st 

S.A.E. 8949 

C Mn P S Si Ni Cr Cu Mo V 
.46 . 93 .015 .011 . 257 .52 . 56 .06 . 52 

5. Deo:xid&tion Practice: Killed Semi-Killed Rimmed ---- --- ---
4. Grain Size {McQuaid-Ehn): ....... B__,_A_S.:::=.TM _______________ _ 

5. Normalizing Treatment: _ ____,;1 __ 5 __ 5 __ o_°F ____ • ________________ _ 

6 • Welding Data: 

(a) Type and size electrode 3/16" diam. 16010 (Westinghouse AP) 

(b) Type of Current _ __,D_i_r __ e_c..;;.t____ Polari t;y _ ___,;;Re;.;.;...;.v_e_r_se ______ _ 

(c) Amperage ____ 1 __ 8--0 ...... am...,p._e __ r __ e __ e _________________ _ 

(d) Voltage ____ 2 __ 4_t __ o __ 2_6_v __ o __ l __ t ..... s _______________ _ 

(e) Rate of Travel 5.0 inches per minute 

(f) Plate Temperature 300°F. -----......... -----------------
7. J:£ardnase of Heat-Affected Zone (Ma.x.)i Right 606 Left 627 ----- -----
8. &rdness of Unaffected Base Metal (Avg.}: 520 ---------------------
9. Visual Examination for Craoks: Crack in heat affect~d are~ bv to~ of bead. 

Signature E. R. Gamberg (s) 

May 26 1 1945 
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Research Report R-94296-AK 

l. 

2. 

Westinghouse Electric & Manufacturing Co. 

Type of steel: 

Chemical 
Analysisz 

Research Laboratories 
Record of Weld Bead Hardness Test 

WD 4050 

C Mn s i Ni 
.51 .72 .012 .010 .252 .25 

Cr 
.48 

Cu Mo V 
.09 .26 -

5. Deoxidatlon Practice: Killed Semi-Killed Rimmed __ _ ---- -----
4. Grain Sae (KcQuaid-Ehn}: 7 ASTM 

5. Normalizing Treatment 1550°F. ------------------------
6. Welding Data: 

, 
(a) Type and size electrode __,'!J/ .... 1_6_41_d_ia_m_._E6_0_l_O __ (W_e_s_t_ing __ h_o_u_s_e __ !_P_.} __ 

(b} Type of Current ____ D=-i=r;..,., .... c_t ___ Polarity ____ Re_v_e_r_ae ___ _ 

(c) Amperag• 180 amperee 

(d) 

(e) 

(f) 

Voltage 24 to 26 volts 

Rate or Travel 

Plate Temperatw-e 

5.0 inches per minute 

sa•r. 

7. Hardne~s of Heat-Affected Zone (Max.): Right 554 Left 550 ---------- -------------
8. Hardness of Unaf£ected Base l.tet.al (Avg.) z 267 

9. Visual Examination for Craclcs: None -----------------------

Signature -~E=•.......,R~•--Gam ........ b~e~r-g,___(_s~>'------

De.te 1.ay 26. 1945 
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Re sear ch Report R-94296-ll 

Westinghouse Electric & Manufacturing Co . 
Reeearoh Laboratories 

Record of Weld Bead Hardness Teet 

I I "' 
i I 

1. Type of Steel, -_.::WD::::.-4..:.0:.:S::.::O~--------------------

2. Chem1cal 
Analysis: 

C lln 
.51 .72 

Si Ni 
.252 .25 

Cr Cu Ullo V 
.48 .09 .25 

S. ])eoxidation Practice, Killed ____ Semi-Killed ____ R.lmmed 

I 
4. Grain Size (McQulltid-Rbn), __ 7;.._ .. AS::..:TM=---------------
5. Normalizing Treatment& --=l ... 55_0 __ 0_r_. ________________ _ 

6. Welding Data, 
1 

, I 
(a) Type and size electrode ~5~/'J»=-•---d_ia~m_. __ pi=...;o_~~o__,(~W_e~s~ti~n~g~h~ou_~~e;;_:.::AP~l'---

(b) Type of Current pirect 

( c) Amperage 

(d) Voltage 

180 amperes 

24 to 2§ volts · 

Polar ity_--=-R~ey_e_r~t.•;_---

(e) 

(f) 

Rate of Travel 5.0 inches per minute 

Plate Temperat'l.ll'e ____ 300o__, ... P'.,.•------------------

I . Hardness of Heat-Affected Zone (Max.)i Right _.....;5::.::Zi:;.;:;9;...__ 
Left ___ 3 __ &6 ___ _ 

8. Hardness of tJnm.ffeeted Base Metal (.Avg.): _ __::2::.:::6~§ _________ _ 

9. Visual Examination for Qracksa None 

Signature __ ..::E::.::•;....;R.:..•...;:O::;:a_m-b_e;.irg __ ... {::;.,e),___ 

Date NaY 26, 1945 
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Remearch Report R-94296-AK I I 

Weatinghouse Electric & Manufacturing Co. 

1. Type of Steel: 

Research Laboratories 
Record of Weld Bead Hardness Test 

WD 9150 

2. Chemical 
.Analysis: 

C Mn P S Si Ni Cr Cu Mo V 
.28 . 66 .017 .019 • 715 .000 .56 .l~ .19 

~. Deoxida tion Practice: Killed Semi-lllled Ri111111ed ---- --- ----
4. Grain Size {McQuaid-Ehn): 7 ASTM 

5. Iformlizing Treatment: 

6. Welding Data, 

(a) 

(b) 

Type and size electrode B/16 11 diam. ;E§0l0 (Weatinghouj3e AP} 

Type of Current _____ D1 ____ r_ec_t ____ Polarity _.J-__ :.e_v_e_rs_e ___ _ 

(c) Amperage ___ l_SO ____ a_m.._pe:;;.;r_e,...11'--_______________ _ 

(d) Voltage 24 to 26 volte 

(e) Rate of Travel 5.0 inches per minute 

(t) Plate temperature __ 6 __ 8 __ 0 __ F __ • _______________ _ 

7. He.rdneas of Heat-Affected Zone (Max.): Right 421 Left -~4=11! ___ _ 

8. Hardne6s of Unaffected Base Metal {Avg.), 200 

9. Vis1JB.l Examination for Cracks: None ---------------------

Signature ____ E_._R ___ • __ G ___ a_m_b_er_,g ___ (s .... ) __ 

Date ffaY 26, 1943 

,1 

I'' 
I' 

Ii · 



I, 

I 
I 

ii ·, 
'I 
I 

!' 

. .,, 

..,. 

" . 

• 

11111111 lrlil'li.11 II ij,11111111 ''I 'I 11111111111t11 

Research Report R-942~6-AK 

'Westinghouse Electric & Manufacturing Co. 
Research Laboratori~s 

Recore of Weld Bead Hardness Test 

l. Type of Steel, 

Chemical 
Anelyaiai 

WD 9150 

C 
.66 

p s 
.017 .019 

Si Ni Cr 
.715 .070 .56 

,1 H [ 11·11 '111 l[ll 'II I' I I! I I I' , iq II II 1111:f I 

Mo V 
. 19 -

S. Deoxiciation Practice : lilled _____ Semi-Killed ___ Rimmed __ _ 

4. ~ Grain Size (McQuaid-Ehn) z -----'7'--=A=Sfl=-------------------

6. Normalizing Treatment: 

/ • Welding Data.a 

(a) Type ~nd size electrode 5/16• diam. E6010 (Westinghouse AP) 

(b) Type of Current Direct , Polarity Reverse 
I ' 

(c) J.mperage 180 amperes 

(d) Voltage 24 to 26 volte 

(e) Rate of Travel 5.0 inches per minute 

(f) Plate Temperature l500°F. 

7. Hardness of Heat-Affected Zone (Max.): Right _ ____,;;54:;.,a;_2 ___ Left 542 

8. Bardnese of Unaffect~d Baee Metal {Avg.): ___,;l:;:.;f!l::;.;_ ___________ _ 

9. Visual Examimtion £or Cracks: None 

Signs. ture ---=E:.:•....;;;R;:... _G;::.::a:;:.:m;:,;:b:;..;:e;::.r.::ig..._. __ (i.:s.} ___ _ 

Date May 26 1 1945 



Research Repor t R-94296-AX 

Westinghouse Electric & Manufacturing Co. 

1. Type of Steel: 

2 . Chemical 
Analysis: 

Research Laboratories 
Record ~f Weld pe!d Hardnes s T~st 

111) 9150 

C 5 Si Ni 
.OM .841 .04 

Cr Cu Mo 
.,65 .08 .02 

5. Deanda tion Practice: llilled Semi-Killed Rimmed 

4. Grain Si~e (YcQuai-d-Ehn), 

5. Normalizing Treatment.: 

6 • Welding Date.: 

---- -----
6 ASTM 

(a) 

(b) 

Type and siz~ electrode ~3/,.__1=6'-•---d ... ia .... m __ ._:;§6.....,_0=10 ___ ...i{..._W_e_st.;:.;i;;.;.n.._g._ho_W!=e_,,_AP:...),___ 

T',rpe of Current __ pi ___ r __ e_c __ t ___ Polarj.ty _....;Re .... v..;;e=r .... s_e ____ _ 

(c1 Amperage __ 1=80;;;.....i;@_m..,_p~e;:;.re=-.B:;:;.· _________________ _ 

{d) Voltage ____ 2 __ 4 ___ to ___ 2 .... 6_v_o..,..l .... t __ s _______________ _ 

(e} iat.6 of Travel 5.0 inches per minute 

(f} , Plate Temperature 6 8°F. ---------------
7. Hardness of Heat-Affected Zone {Max.} c Right SS4 Left 606 -------- ------
8. Hardnes£ of Unaffected Base Metal {Avg.): 247 

9. Visual .Examination for Crtcks: Crack under root of bead 

Signature --=E~•~R ........ ~G=a=m~b.e~r_g __ ~(=s~) __ _ 

D.ate May 26 2 194S 
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Research Report R-94296-il 

; .. ~·o 

l. 

2. 

5. 

4. 

5. 

6. 

lieatinghouae l!;lactric &. Manufacturing Co. 

'fype of Steel: 

Cnemical 
Analysis: 

Research Laboratories 
Record of Welc Bead Hardness Test 

WD 9150 

C Mn p s Si Ni 
.49 .69 .025 .OM .841 • 04 

Cr 
.65 

Deoxidation Practice:; Killed Semi-Killed 

Grun Size (BacQuaid-Ehn): 6 ASTbl 

Normali2ing Treatment; 1550'.ctF. 

W&lding Ila t.u; 

V 

Rimmed 

(aJ 

{b) 

Type and size electrode 5/l6n diam. E6010 (Weatinghot.~.sa .tir.) __ 

Type of Current Direc~-• ___ Polarity ____ Rec.;...v.;._ec....r ... s __ e ___ _ 

{c) Amperage --=l.;;;.80;;:;.....;:a.=m....,p __ er::..;e::.:::s=------------------­

{d) Voltage ---=24.:.....::t:.;;:;o--:=.;26:;.....;:v..;::;o.:::.l.=ts 

(e) Rate of Travel 5.0 inches per minute 

(f) Plate Temperature _ _;;o::,.;00=-0P'=-·=------------------ -
7. Hardness of Heat-Affected Zone (kx.): Right . 519 Left 542 ---"'-=----

8. Hardness of Urullfi'ected Base Mat.al (Avg.): 255 

9. Visusl Examination for Cracks: None -----------------------

Sigoature _____ E __ • ____ R'"""._Gam _____ b..;.er;Jg.,__--"'(s_.)....__ 

Date May 26, 1942S 
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