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WELDING 0? ARMOR 

Summary of Ballistic Shock Test Results on 
1-1/2 Inch Homogeneous Armor "H" Plates Welded with 

Austenitic Electrodes and Tested at Aberdeen Proving Ground 
during the Period 1 April 19U3 through 30 September I9M-3 

OBJECT 

To tabulate firing record data for subject plates and to present a 
comparison of ballistic shock performance of plates made with various 
materials and welding procedures. 

SUMMARY 

1. Data from 117 Aberdeen Proving Ground firing records have been 
tabulated on accompanying charts and tables. 

2. The relative performance of hand welded rolled armor "H" plates 
was much better than that of Unionmelt welded rolled armor "H" plates or 
hand welded cast armor "K" plates even though the ballistic test require- 
ments for the latter group are considerably less severe. 

3. Steel quality (cleanliness and directional properties) of rolled 
armor hand welded "H" plates was indicated as having more influence on 
ballistic performance than any other variable considered for this group. 
Chemical compositions of either armor plate or weld metal, within the 
ranges reported for this group of "H" plates, did not appear to have a 
large effect on ballistic performance. The use of a combination of weaves 
and beads in the body of the weld and of a multiple bead crown appeared 
more desirable than a straight weaving technique throughout, 

k.    Insufficient hardenabllity, of rolled armor in Unionmelt welded 
plates, to produce adequate impact resistance in the slowly cooled weld 
heat-affected zone appeared to be the principal deficiency of the plates 
in this group. Accordingly, use of high alloy armor plate or alternately 
a high proportion of hand to Unionmelt weld passes effected some improve- 
ment. 

5« Inadequate heat treatment of cast armor resulted in a high pro- 
portion of ballistic cracking In plate beyond the «one affected by the 
heat of welding and prevented a fair comparison of welding variable«. 

6. No correlation between radiographic soundness and ballistic 
performance was evident. 

APPROVED: 
S. A. Hsrres 
1st Lt., Ord. Dept. 
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Colonel, Ordnance Dept. 
Director of Laboratory 
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INTBOroiCTIOB 

This is the fifth of a series of reports intended to make available 
to persons concerned with the welding of armor structures information 
as to ballistic performance of "HH plates welded with various materials 
and procedures by commercial fabricators. The following reports of this 
series have been distributed to date: 

WAX 6U0/73 - 1 and 1-1/2 Inch Homogeneous Armor Welded with Ferritic 
Electrodes and Tested at A.P.G. prior tc 25 February 19U3. 

WAL 6^0/SU - 1-1/2 Inch Homogeneous Armor Welded with Austenitic Electrode? 
and Tested at A.P.G. 1 October 19^2 through 31 March 19U3. 

WAL 6UO/89 - 1 and 3/U Inch Homogeneous Armor Welded with Austenitic Elec- 
trodes and Tested at A.P.G. 1 October I9U2 through31 March 1^5. 

WAL 6U0/9O - 1/2, 3/8, and l/U Inch Homogeneous Armor Welded with Aus- 
tenitic Electrodes and Tested at A.P.G. 1 October 19U2 through 
31 March 19U3. 

On the charts of Appendix A are tabulated data taken from 117 firing 
records for qualification and development tests of welded ballistic test 
plates of rolled or cast homogeneous armor. The tabulation includes all 
firing records received by this arsenal for 1-1/2 inch thick "H" plates 
welded with austenitic electrodes and fired at Aberdeen Proving Ground 
during the period from 1 April I9U3 through 31 September 19^3« ^n index 
to the fabricators, armor manufacturers and electrode manufacturers is 
given in Table I. The tabulation has been divided into four parts: 
(l) Plates assembled from rolled armor by hand welding; (2) Plates assem- 
bled from rolled armor by Unionmelt welding! (3) Plates assembled from 
cast armor by hand welding; and (U) Plates assembled from cast armor by 
Unionmelt welding. A summary of current ballistic shock test specifica- 
tion requirements for nHN plates welded with austenitic electrodes and a 
key to tabulation methods and symbols used in this report are included in 
Appendix A. 

oangAL COMMENTS 

Firing record data show cracking as located in weld metal, fusion 
zone, heat-affected zone, or plate based upon surface appearance. However, 
experience has shown that a crack in the vicinity of the weld may proceed 
through portions of weld metal, fusion cone, and heat-affectad zone re- 
gardless of surface appearance. For the purpose of this report, all crack- 
ing within one-eighth inch of edge of weld is Included as weld cracking 
and the remainder as plate cracking. D 

Q 
Ballistic performance of *H" plates can be evaluated in terms of the      — 

amount of cracking produced by each round provided that proper allowances      — 
are made for variations in velocity and location of Impact and effect of        __ 
prior impacts on each plate.    The average plate and weld cracking have 
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"been tabulated in terns of severity of ballistic test in Table II. 
Although no exact evaluation of the effect of ballistic variations is 
possible fiom this table, the corrections used previously in comparing 
austenitic welded 1-1/2 inch "H" plates (see Table III) seem to provide 
reasonable comparison» and were used in calculating average weld metal 
cracking throughout this report. 

The 75 am'  test projectile seldom produces weld cracking when fired 
at specified velocity if the impact does not touch or overlap the weld. 
Hounds striking at a distance (center of weld to center of Impact) greater 
than 1-1/2 inches were therefore not included in the averages. 

Armor of satisfactory quality should not crack to any large extent 
in areas beyond the zone affected by the heat of welding under conditions 
of testing specified for welded plates. When plate cracking is excessive 
the weld itself does net receive a fair test. Hence it is necessary to 
consider amount of plate cracking when comparing welded plates. 

In Tables IV through XVI changes in the more important variables 
introduced by welding materials and procedures arc compared on the basis 
of average cracking per round after correcting, as indicated above, for 
ballistic severity. For the limited number of test results available, 
this method serves principally to indicate trends and the tables in this 
report are intended only to encourage further observation and analysis. 

Specification requirements were changed £5 June 19^3 by amendment to 
Specification AXS-U97, Rev. 3. Table X7II gives the number of plates 
which met or failed to meet both new and old specification requirements. 
Plates were judged as "no test" when there were no impacts within speci- 
fied areas at required velocities. 

HAND WELDED, ROLLED ARMOR, H PLATES 

Of a total of 69 plates in this group, 22$ may be considered as 
failing the ballistic requirements in effect prior to 25 June I9U3 and 
30$ as failing the present specification requirements. 

Fabricators - Table IV 

The performance of plates welded by various fabricators is depentent 
upon the quality of the electrodes and armor used as well as the welding 
procedure and inspection control. 

Armor Data - Table V 

All of the rolled armor compositions contain sufficient alloy to pro- 
duce a completely hardened structure during quenching. They have been 
drawn to hardness levels within the relatively narrow range of 255 to 321 
Brinell in order to meet the ballistic requirements for shock and penetra- 
tion resistance of unwelded armor. The carbon range is only from .22$ to 
•30$. Within these limits of carbon content and Brinell hardness, and for 
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fully quenched-out steel, no specific influences of carbon content, hard- 
ness, or type and amounts of any of the alloying elements appears to 
influence average weld cracking. It is interesting to note that the 
DisBton composition has "been changed from .50 Mn, .10 Cr, k.J Ni, .3d Mo, 
.10 V to .80 Mn, .90 Cr, .95 Ni, .30 Mo, ,15 Cu with some slight improve- 
ment in the amount of weld cracking of the new over the earlier analysis. 
These Disston plates were the test in ballistic performance of all armor 
plates in this group - one plate being impacted with seven rounds at 
velocities up to 13% ft./sec. without excessive cracking. Steel quality 
(cleanliness and directional properties) appears to be reflected in bal- 
listic performance more than any other difference among the various 
armors. 

Hectrodes - Table VI 

The number of plates tested for any one electrode was too small to 
make general comparisons. Chemical compositions reported in the firing 
records were often questionable, and no correlation was evident, between 
electrode compositions and average weld cracking. There was little dif- 
ference between Mn and Mo modified electrodes. 

Joint Design - Table VII 

All plates in the group were prepared with double V bevels. A slight 
trend toward improved performance with included angles greater than U50 

was apparent. Soot gap doss not appear to be an important factor.  Any 
effect of plate edge preparation is apparently masked by other variables- 

Welding Procedure - Table VIII 

No correlation is apparent between total number of passes and bal- 
listic cracking. The use of a combination of beading and weaving in the 
body of the weld appears to resist ballistic shock better than either a 
straight beading or full weaving technique. A multiple pass crown 
(annealing bead technique) appear« more desirable than a single weave 
crown. Preheating above 110° F. was used on only four plates and no 
benefit therefrom was apparent for these plates. 

Radiographic Examination - Table IX 

The average cracking for plates failing to meet the radiographic 
soundness standards was less than for those passing radiographic examina- 
tion. This circumstance is probably explained by the following considera- 
tions: (l) The area most susceptible to radiographic defects is the 
crossbar of the "RH plate and impacts are placed on the leg welds at an 
average distance of six inches from the crossbar; (2) The present radio- 
graphic standards are quite severe and reject plates for defects which 
do not have a large influence in ballistic performance. 

-U- 
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UNIOHMELT WELDED, ROLLED ARMOR, g PLATES 

Of a total of 22 plat8s in this group, 7^ may "be considered as 
failing the "ballistic requirements in effect prior to 25 June 19^3» and 
95$ as failing to meet the present, specification requirements. 

Tables X through XV show comparison of these plates on the basis of 
average cracking for various fabricators, armors, electrodes, joint de- 
sign, welding procedures, and radiographic results. 

The principal shortcoming of the Unionmelt process for current 
composition of armor plate is that the large heat input of the welding 
process raises the plate metal adjacent to the weld to a high temperature 
from which it cools slcwly. This produces a "slack-quenched" heat- 
affected zone which tends to develop extensive cracking in that zone 
under a properly placed "ballistic impact. 

In general, use of an alloy armor composition of relatively high 
hardenability improves this condition. One such plate (Republic U.7^ 
Hi) was included in this group. Performance of this plate was "best of 
all plates welded with two or more Unionmelt passes, and failure was 
entirely in weld metal and fusion zone. 

Influence of variations in joint design is masked by other variables. 
The use of all Unionmelt passes or of Unionmelt passes on both sides of 
plate appears to give consistently higher average cracking values than the 
use of a large proportion of hand welding and one Unionmelt pass on one 
side of the plate only. Radiographic examination indicated the majority 
of Unionmelt plates to be unacceptable under present standards, but there 
is no correlation between radiographic soundness and ballistic performance 
of these welds. 

HAND WELDED, CAST ARMOR, H PLATES 

Of a total of 22 plates in this group, 27$ may be considered as fail- 
ing the ballistic requirements in effect prior to 25 June 19U3, and 5<# 
as failing the present specification requirements. 

Welded cast armor H plates ballistically tested during the period of 
1 October I9U2 through 31 March 19U3 performed erratically and in a 
majority of tests, there was more cracking in the unaffected plate tfcan 
in the vicinity of the welds. It was concluded that the welded H plate 
incorporating notches and high residual stresses provided a very severe 
test of inadequately heat-treated cast armor compositions, and that the 
considerable plate cracking invalidated any comparison of welding vari- 
able!. 

The present group of plates indicates the same general conclusions. 
Reference to Table II shows both weld and plate cracking, but especially 
plate cracking, to be greater for east than for rolled plates, although 
the cast plates were tested at a velocity of impact averaging 50 ft./sue. 
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less than the rolled plates. Table XVI shows comparisons "between the 
various cast armor compositions tested but, without complete knowledge 
of the efficiency of the heat treatment and soundness, no conclusions 
regarding the suitability of various compositions seem possible. So long 
as there is such a large proportion of ballistic crackirg in the unaffect- 
ed plate, no attempt at tabular comparison of welding veriablee appears 
Justifiable. 

UMIOHMSLT WELDED, CAST ARMOR, H PLATES 

The two plates of this group were each welded with four hand and two 
Unionmelt passes. Both plates withstood one round to meet specification 
requirements but were borderline on subsequent fair rounds und, therefore, 
judged inconsistent and "no test" by Aberdeen Proving Ground. 

C 
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.' TABLB I • •        ';? 

Index to Plates 

No. of 
Plates 

Hand Welded,  Rolled Armor,  H Plate* s 

Chart 
No. Fabricator Armor Mfgr. Electrode Mfgr. 

1-2 5 Baldwin Loco- 
motive Works 

Disston McKay 
Alloy Rods 
Harnischfeger 

3 1 Briggs Mfg. Carnegie-Illinois Crucible 

4 1 Chicago VitreousJones & Laughlin 
Enamel Products Great Lakes 

Crucible 

5 2 Federal Machine 
& Welder 

Republic Lincoln 
Alloy Rods 

6-7 2 Fisher Tank Youngstown McKay 
Maurath 
Alloy Rods 
Reid-Avery 

6 3 Fitzgibbona 
Boiler 

Republic 
Jone8 & Laughlin 
Carnegie-Illinois 

Alloy Rods 
Metal & Thermit 

9 1 Florence Stove Jones & Laughlin 
Great Lakes 

Crucible 

10-11 U Ford Motor Ford Motor Alloy Rods 
Page 
Harnischfeger 
Crucible 

12-13 3 General Ameri- 
can Trans. 

Republic Alloy Rods 
Harnischfeger 

1U 1 General Soring 
& Banner 

Great Lakes 
Jones & Laughlin 

Crucible 

15 l Holland 
Furnace 

Great Lakes Crucible 

16-19 6 Ilco Ordnance ^-epublic 
Carnegie-Illinois 

• 

Crucible 
Alloy Rods 
Harnischfeger 
A. 0, Smith 
Metal & Thermit 
Page 

20 1 Kalanazoo 
Stove 

Great Lakes Crucible 

2i -au 1C Lima 
Locomotive 

Youngstcvm 
Tones A Laughlin 

Areoa 
Alloy Sods 
Lincoln Slectric 
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TABLE I (Cont.) 

Chart  lo. of 
Ho..   Platea Fabricator Armor Mfgr. Electrode Mfgr. 

25-30   lU   Midland Steel  Carnegie-Illinois 

31     2   Hew York Air   Jones & Laughlin 
Brake 

32-35   9   Pressed Steel  Carnegie-Illinois 
Car Republic 

Great Lakes 
Youngstown 

36 2   Pullman       Carnegie-Illinois 
Standard Car 

37 1    Standard Steel Jones & Laughlin 
Spring 

Crucible 
Heid-Avery 

Page 
Metal & Thermit 

Crucible 
Heid-Avery 
Hollup 
McKay 

Metal & Thermit 
A.  0.  Smith 

Crucible 

. 

C 

38- 39 
Uo 

Ui 

U2- U3 

U7 

50 

51-55 

Unionmolt Welded, 

k Briggs Mfg. 

1 Pieher Tpnk 

1   Pord Motor 

Rolled Armor, H Plates 

UU-U6        g 

1 

3 

2 

5 

Midland Steel 
Product« 

New York Air 
Brake 

Pressed Steel 
Gar 

Pullman 
Standard Car 

Carnegie-Illinois 

Great Lakes 

Ford Motor 

Carnegie-Illinois 

Jones & Laughlin 
Republic 
Carnegie-Illinois 

Carnegie-Illinois 

Carnegie-Illinois 
'\epublic 

Rand Welded.  Cast Armor. H Plates 

Chrysler- Continental 
Plymouth American 

Fisher Tank        Pittsburgh 
American Radiator 
Standard Sanitary 
%'mir.£tcn Could 
Continental 
National Roll 
Sivyer Castings 

Linde Air Products 

McKay 
Linde Air Products 

Metal & Thermit 
Linde Air Products 

McKay 
Crucible 
Linde Air Products 

McKay 
Lincoln Elsctric 
Linde Air Prodncti 

Crucible 
Linde Air Products 

Metal & Thermit 
A. 0.  Smith 
Linde Air Products 

Alloy Rods 
McKay 

McKay 
Kaurath 
Alloy Rods 
Reid-AT»ry 
Harnischfagtr 
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TABLE I (Cont.) 

Chart     No. of 
Ho.      Plates    Fabricator Armor Mfgr. 

56 

57 

58-62 

63 

3 

10 

Ilco Ordnance        Sivyer 

Lima Locomotive    Continental 
Pittsburgh 

Pressed Steel 
Car 

Union 
Continental 
General 

Pullman Standard Symington-Gould 
Car Sivyer 

Electrode Mfgr. 

Alloy Hods 
Crucible 

Alloy Rods 

Crucible 
Kollup 

McKay 
Hollup 

6U-65 

Unionmelt Welded,   Cast Armor, H Plates 

Pressed Steel        Symington-Gould 
Car Union 

Continental 
General 

Crucible 
Linde Air Products 
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TA3L3 II 

Severity of 3allletlc fegt 

1st Hound 
AB         C 

2nd Bound 
AB           C 

%rd Sound 
AB           C 

Boiled H Plates 

Uth Bound 
AB           C 

5th Hound 
AB         C 

6th Bound 
Tel. f/a A     B 

• 

II76-I3OO 
1126-1175 
1C75-H2S 
1C25-1071* 

?5O-102U 

7 
2 

5i 
0 
0 

.06 

.28 

9.28 
1.38 
U.09 
U.91 

37 
8 

20 
2 

.81 
0 

• 38 
0 

10.07 
6.1* 
7.3^ 

12.50 

35     .22   12.15 
2   3.5O     7.63 
6     .33     7-00 
2       0     12.63 

16 
2 
1 

1.5H 
.75 
0 

10. U5 
12.75 

0 

2 .50   5.OO 1      0 

1* u.oo*: 

Unionmelt Rolled H Plates 

II76-1300 
1126-1175 
IO75-II25 
1025-107^ 
950-102U 

1 
20 

0 
• 55 

36.OO 
15-23 

6 
1 
8 
1 

0 
3.00 

0 
0 

17.79 
lU.OO 
lU.59 
25.25 

5     .U5   16.80 

U       0     27.00 

1 

1 

0 

0 

22.00 

0 

1 0         0 1     0   j 

Cast E Plates 

1126-1200 
1076-1125 
IO25-IO75 

975-102»* 
900- 97U 

6 
18 

7.CU 
1.51 

S.00 
6.3U 

3 
7 

10 
3 

3.08 
5-95 
Ms 

.66 

7-33 
8.21 
9-85 

11.75 

2   1.00     8.25 
6   2.5!*    6.95 
6   2.75   13-13 

2 
1 

3-75 
0 

1.50 

9.00 
6.50 

12.50 

1 2.50   7.00 1   0 

NOESS: A - Kursor of Bounds 
* ■ 7th Bound 

B ■ Average Plate Cracking C * Average Veld Cracking 
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TABLE III 

Vel. f/s 

1176-1300+ 
1126-1175 
1075-1125 
1025-1074 
950-102U 

Weld Cracking Corrections for Ballistic Severity 

(Center of impact no further than 2 inches 
distant from center of weld) 

1st Round    2nd Bound 

Rolled H Plates 

-1.0 
- .5 

0 
+ .5 
+1.0 

-3.0 
-2.5 
-2.0 
-I.5 
-1.0 

3rd Round 

35 
-U.0 
-3-5 
-3.0 

Uth Round 

-7.0 
-6.5 
-6.0 •   I 
-5.5 
-5.0 

■ 

1126-1200 
IO76-H25 
1025-1075 
975-102U 
9OO- 97U 

-1.0 
- .5 

0 
+ •5 
+1.0 

Cast H Plates 

-■?.o 
-2.5 
-2.0 
-I.5 
-1.0 

-5.0 

ii 
-3.5 
-3.0 

-7.0 
-6.5 
-6.0 
-5.5 
-5.0 

■ 



- 

. 

Armor Fabricator 

Baldwin Locomotive 

Briggs 

Chicago Vitreoue 

Federal Machine 

Fisher Tank 

Fitzgibhons 

Florence 

Ford Motor 

General American Trans. 

General Spring Bumper Div. 

Holland Furnace 

Ilcc Ordnance 

Kalamazoc Stove & Furnace 

Lima Locomotive 

Midland Steel 

New York Air Brake 

Pressed Steel Car 

Pullman Standard Car 

Standard Steel Spring 
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Arnor 
Manufacturer Type 
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TABLE T 

Armor Data for Hand Welded Rolled H Plates 

Chemical 
Conposition cf. 

AT. Cracking per Bound 
Heat Treatment     3rinell ITo.of Ko.of  (Corrected) (inches) 
Hold(hr3.) Quench Hprdness Plates Rounds Veld Plate 

Carnegie- 
Illinois Mn-Cr-Ni-Mo 

.26 - .28 C 
• 95 - 1-33 »*» 
.19 - .26 Si 
.1*0 - .6? Cr 
.50 - 1.13 Ni 
.17   .51 Mo 

g'50-1562 
iüUo-1058" 
5U5-1022 

3A 
1-3/J 
l-l/H 

Water 
Water 
Water 

269-321      21 68 5.6 A 

Henry 
Disston 
& Son« 

Mn-Cr-Bi-Mo 

■ 

Tord Motor II 
Mn-Cr-Mo 1. 

Great Lakes 

.22 
• 69 
.02 
•79 
.89 
•32 
•15 

27 
26 
23 

IT 
Mn-Cr-Mo-Si 

.23 C 

.92 Mn 

.30 Si 
• 9S Cr 
• 98 Hi 
•35 "0 
.16 Ou 

.28 C 
1.^8 Mn 
.26 Si 
.56 Cr 
.45 Mo 

.29 C 

.89 Mn 

.68 Si 

.61 Cr 

.16 Mo 

.08 Zr 

1575 2 
1125 2 

l650 
1100 

1650 
10W 

3-1/2 

5-3/* u 

Water     275-285        5 l6 2.5 
Air 

.81 

Spray     269-293 
Air 

Water     269-269 
Air 

ll.U 

11.0 

""> f   I 

<-: 
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Armor Chemical 
Manufacturer Type Compos it ion 

TABI3 7 (Cont.) 

Kent Treatment 
P.  Hold(hrs.) Quench 

Av. Cracking per Bound 
Brinell No. of Ho. of  (Corrected) (inches) 
H,-jdng88 Plates Bounds  Weld  Hate 

I 

«Tones & III 
laughlii; Mn-Mo t:% 

Bepublic 
Steel 

Bepuolic 

Mn~Cr-Ni-Mo 

3i 

3/J 
-1/2 

Toungstown 

High Alloy 

III 
Ha-Mo 

.25 - .28 C     l625 
•1.58 - 1.68 Hn  1080-1200 
.19 - .Zk  Si 
.3I* - .52 Ko 

.26 c   1300 

.37 Mn    1600 

.27 Si    1200 

.67 Cr 

.89 Hi 

.52 Mo 

.28 C Hot given 

.U7 Mn 

.22 Si 

.22 Cr 
U.05 Hi 

• 39 Mo 

.23 - .30 C     165O   2 
I.62 - 1.87 Kn  1130-1175  3 
.19 - .20 Si 
.28 -• .52 Mo 

Water 
Air 

Air 
Spray 
Air 

2b9-302 

255-255 

l6 7.8 

12     6.7 

3   6.1 

Water  269-285 
Air or 
Water 

4 
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Electrode 
Mfgr. Brand 

Alloy Hods 

A. 0. Saith 

Armorarc 
B-S-tf 
Armorarc 

B 
Arnorare 

Armorarc 
B 

SV-16U 

Crucitlo Steel 
Corp. 

inaorize 
r.czistel 

Arnorise 
Mn 

TABLE Via 

Electrode Data for Hand Welded Rolled H Plates 

Weld Metal 
Composition Coatir.g 

.17 C 
U.75 Mn 
.80 Si 

20.50 Cr 
10.7 

• 07 
1.50 

.05 
8.00 
9.0 
1.10 -    2.25 Mo 

HI 

.08 - 
3.50- 

.08 - 
19.0  - 
8.50 - 

.ik c 
U.50 Ha 

.70 Si 
21.00 Cr 
10.50 Hi 

.08 -      .11 C 
3.20 -    3.9O Hi 

•35 -      .50 Si 
18.0   - 19.5    Cr 
9.0   - 10.0   Hi 

• 98 -   1.15 Mo 

.07 -     .lfc C 
1.62 -   2.60 Mn 

.19 -   1.17 Si 
I6.76 - 20.18 Cr 
8.0   - 10.28 Hi 

.71 -    2.U0 Me 

.09 
3.91 

.18 
20.06 
9.9* 
.88 

.11 C 
«4.11 Mn 

.33 Si 
20.18 Or 
10.00 Hi 

.9« Mo 

Mineral 
Titania 
Lime 

Titania 
Lime 

Titania   23 

/ 1 
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TABLE Via (Cont.) 

Electrode Weld Metal 

Mfer. Brand Composition 

Crucible Steel Arnorize 1.79 Mn 
Corp.  (Cont.) .02 C 

„U?, Si 
20.5  0. 
10.85 Si 

Holliip Corp. Armorod .11* C 
U.26 Mn 

.51 Si 
19.78 Cr 
9.72 Si 

.7U Mo 

Hamischfeger 
Corp. 

AW-3-C .12 -      .17 C 
U.75 M*» 

.80 Si 
19.0 - 20.5   Cr 
10.0 - 10.7   Si 

1.10 Me 

AS-3-A .11 -    .13 c 
1.6U -    1.80 Mn 

.55 -      -59 Si 
18.1   - 19.7   Or 

<*.«   - 10.7   Si 
1.23 -    2.00 Mo 

Lincoln Araorweld .08 -      .lU C 
a«ctrie 3.50 -    U.25 Mn 

.30 -      .80 Si 
17.71 - 20-5   Or 

8.57 - 10.0  Si 

f I 

4 
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Electrode 
..Hfff- Brand 

TABLE Via (Cont.) 

Weld Metal 
Composition Coating 

Av.  '.reld Cracking per 
Ho-  of         Ho.  of       Hound (Corrected) 
Plates Rounds (inche a) 

Metal & Thermit 
Corp. 

iicXay Co. 

Mureac 

A-5 

\ 

Arnorloy 
A-6 

Page Steel 4 tfire     Fage Allegheny 

Page Allegheny 

.07 
3-3 
•30 

18.0 
S-5 

• 55 

- .17 C 
- U.75 Mn 
- ,80 SI 
- 20.82 Cr 
- 10.7 Hi 
- 1.10 Mo 

.10 - ,\k  C 
3.08 - U.20 Mn 
.61 -  .67 Si 

18.58 - 20.30 Cr 
8.72 - 10.85 Hi 

1.0 Mo 

.12 C 
2.25 Ma 
M 

17.07 
9.U8 El 
2.22 Mo 

Si 
Cr 

.13 C 

3-95 «n 
•33 

21.88 
9.76 !Ti 
.38 Mc 

Si 
Cr 

1.83 
.17 C 

2.Ui Mn 
.2** -  .30 Si 

18.U6 - 20.70 Cr 
9.U5 
IM - 

IO.9O Hi 
1.89 *> 

Lime 8.33 

Lime lU 1.76 

Titania U.25 

Titania & 
Line 

Titania 

f   i 
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Electrode 
Mfgr. Brand 

Page Steel 4 
Hire (Cont.) 

Held Arery 

Page Allegheny 

TABLE Via (Cont.) 

Veld Hetal 
Composition 

Arco« Corp. Chroaug 

.12 C 
fc-,2 Mn 

• 35 Si 
19-31 Or 
11.15 Hi 

—— c 
6.U5 Mn 

• 39 Si 
18.32 Cr 
10.20 Hi 

.81 Mo 

.07- .17 c 
3-30 - *.75 Mn 

.80 Si 
«.50 - 20.50 Cx 
9.0 - 10.7 Hi 

1.10 1-io 

.10 c 
2.27 - 3^27Mn 

.32 Si 
18.50 Cr 
10.25 11 

.97 Mo 

Coating 

AT.  Weld Cracking per 
Bo.  of Ho.  of       Bound (Corrected) 
Plates Bounds (inches) 

Titania 6.66 

f  1 

*. 
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TABLE TU 

Angle of 
Bevel 

Ho. of 
Plates 

Ho. of 
Bounds 

AY. Veld Cracking per 
Bound (Corrected) 

(inches) 
Boot Gap 
(inches) 

Ho. cf  I 
Plates  1 

So. of 
Sounds 

AT. Veld Cracking par 
Bound (Corrected) 

(inches) 

i*5° m 31 «5 6.72 1/8 1 3 9-50 
5U0 m U lU 3-91 5/32 3 9 U.27 
6oc mr 20 50 5.SS 3/l6 2U 61» 5-C4 
700 w 1 1) 7.6« iA 17 51 6-53 
75e w 10 * 2.91 5/16 

3/s 

1/2 

17 

u 
2 

12 

5 

5-5* 

3.16 

6.10 

Plate 

Plane 

Preparation 
Ho. of 
Plates 

Ho. of 
Bounds 

AT. Weld Crack .ng per 
Bound (Corrected) 

(inches) 

_ 
* J|§9 

Cutting 23 72 5-85 

Place Cutting and 
Grinding 27 78 U.57 % 

Place Cutting and 
Machining 13 30 7.01 

Plane Cutting. Grinding 
and Buttering 5.5C 

s 
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Ho. of 
Passe» 

8 

9 
10 

12 

13 

Ik 

16 

17 

18 

19 

So. of 
Plates 

8 

1 

2 

1 

3 

10 

9 

2 

8 

2 

21 

U 

6 

1 

7 

30 

30 

5 

26 

7 

'ft*,,   - •„ fjr-ef.-»-*«
wi*r'a» 

MBUB Till 

«hiaif proc«dx— aafnr HmA Veld<d %&aO-agsg 
Jw. Veld Cracking per 

H0< 0f   Round (Corrected) 
Bound« (Inches)  

9-33 

- -75 
8.62 

6.50 

9.08 

3.90 

3.22 

7.80 

3-98 

3-92 

Becking 

Copper 

Mild Steel 

SOBS 

So. of 
Plate« 

So. of 
Bounds 

11 

20 

109 

2U 

61 

Jkv. Weld Cracking per 
Hound \Corrected) 
 (lache«) 

5.62 

9.20 

U.59 

< 
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TABLE VIII (Cent.) 

Boot Deposition 
Type  

Ho. of  Ho. of 
Plates  Bounds 

AT. Weld Cracking per 
Bound (Corrected) 
 (inches)  

I 
II 

III 

Body Deposition 
Type  

I 
II 

III 

Crcwn Deposition 
'gyp» 

i 
II and III 

Preheat 

Single bead at root 
Two beads at root 
Here than two beads 

layers only 
Beads only 
Layers and beads 

Single crown 
Multiple crown 

5    13 
6l   172 
3     9 

26 
lU 
31 

!3 
56 

6U 
3» 
9U 

37 
157 

6.13 
6.02 
0 

6.27 
7.9^ 
U.62 

7.3* 
5.36 

Ho. of 
Plates 

Ho. of 
Sounds 

AT. Weld Cracking per Bound 
(Corrected) (inches) 

f   1 
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Radiographic 
Results  

Passing 

Failing 

TABLE IX 

Radiographic Data for Hand Welded Rolled H Plates 

Av. Weld Cracking per Round 
Vo.  of      No. of            (Corrected) 
 Pia ea Hounds  (inches)  

61 

S 

166 

26 

5.90 

■ 

TA3LS X 

Fabricators of Unlonaelt Welded Rolled Armor H Plates 

Fabricator 
No. of 
Plates 

No. of 
Rounds 

Av. Weld Cracking per Round 
(Corrected) 

(inches) 

Briggs Mfg. Co. k 9 13.68 

Fisher Tank Division 1 3 1U.58 

Ford Motor Co. 1 2 U.25 

Midland Steel U 7 
1 22.82 

Hew York Air Brake e 19 1M9 
Pressed Steel C&r Co. 1 3 16.83 

Pullnan Standard Car Mfg. Co, 3 k 16.9* 

/ i 
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Armor 
Manufacturer Type 

TABLE XI 

Armor Data for UnlonmeU Welded Boiled Armor H Plates 

AT.  Cracking per Bound (inches) 
Cherical                     Heat Treatment             Srlnell   Ho.  of Ho.  of     Veld 

Composition °?   Hold(hrs.)    Qjiencn   Hardness Plates Hounds    (Corrected) Plate 
Carnegie- I 
Illinois   Mn-Cr- 

Ni-Mo 

.25 
• 95 
• 15 
.Uo 
• 7U 
• 19 

?ord 
Ho tor 

II 
Mn-Cr-Mo 

.28 C 
1.21 Mn 

.26 Si 

.87 Cr 
1.02 Hi 

.U6 Mo 

.27 C 
I.36 Mn 
.27 SI 
.55 Cr 

Mo 

1550- 
165O 

1150- 
9% 

1650 
1125 

3A-i£-3i 
1-l/U 

2 
u 

Water     277-302       l6 

Creat       II 
Lakes 

• 37 c 
.80 Mn 
.55 Cr 
.36 Mo 

— — 

Jones A     III 
Laughlin  Mn-Mo 

.25 c 
1.58 Mn 
.23 Si 
.Ul Mo 

1625 
1060- 
1080 

*•* 

2-3/U 

»«public    V 
Steel   High Alloy 

.29 c 
,Ufe Mn 
.20 Si 
• OU Or 

U.7U 51 
.j6 Mo 

1550 
1150 

- 

3-1/2 

HEgkgiig v^,L,. Ww 

Spray     286-286 
Air 

        285-285 1 

Water  302-300   3 

Air 

Vatcr    —     1 
Air 

32 16.36 

11.25 

3   lU.58 

7   1U.U2 

3   13.33 

.5* 

1.50 

.32 

< 
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TABLE XII 

Electrode Ifeta for Unionmelt Welded Soiled Armor H Plates 

Electrode 
Manufacturer Brand Veld Metal Composition 

Ho. of 
Plates 

No. of 
Ho'«ids 

AT. Veld Cracking per Bound 
(Corrected) (inches) 

Linda Air Products  Oxweld <*2 

Linda Air Products 
and Lincoln 
Electric 

Linde Air Products 
and McKay Co. 

Linda Air Products 
and A. 0. Smith 

Annorweld 

.21 

7.68 
8.58 
•33 

to 
19.5 
9.0 

.27 C 
• U.00 Mn 
- .86 Si 
•ll.U3Cr 
10.16 Hi 

.1* Ho 

.10 C 
U.O Mn 

- .60 Si 
-20.00 Cr 
- 9-5 Hi 

Oxweld Hot Oiren 

Oxweld #42 .21 -    .23 C 
U.00 - h.^k Mn 

.»♦9 -    .52 Si 
IM - 7.68 Cr 
8.18 - 8.58 Hi 

.2U Mo 

McKay Hot Given 

A.O.&aith 307 .08 -    .09 C 
3.8U - 3.90 Mn 

.U8 -    .50 Si 
193   -19.5   Or 
9.2   - 9-7   » 
.98 - 1.10 Mo 

Oxweld #U2 .25 0 
2.2U Mn 
8.2   11 
7.8   Or 

18 

20.81 

f   I 
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TABL3 XII (Cent.) 

Electrode 
Manufacturer Brand Veld Metal Composition 

Linde Air Products     Armorise 
and Crucible Steel 

Cbcweld #U2 

Linde Air Products 
and Crucible Steel Oxweld %MZ 

Crucible 

Linda Air Products     Oxweld 
•ad Crucible Steel 

Crucible 

.08 -    .09 C 
1.77 -    1.78 Mn 

.19 -    .30 Si 
19-17 - 19.38 Cr 
IO.60 - 10.81 Hi 
2.09 -   2.1U Ho 

.27 C 
3.^3 Mn 

.86 Si 
11.U3 Cr 
10.16 Hi 

.33 Mb 

.21 C 
U.00 Mn 

.U9 Si 
7.68 Cr 
8.58 Hi 

.2fc Mc 

Hot Given 

.10 C 

.13 Mn 
•55 Si 

13.69 Cr 
11.26 Hi 

M Mo 

Hot Given 

No.  of       Mo    of     AT. Veld Cracking per Bound 
Plates       Hounds (Corrected)  (inches) 

3-00 

36.OO 

16.83 
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TABJuE XII (Cont.) 

Electrode 
Manufacturer Brand Veld Metal Composition 

Linde Mr Products 
and Metal & Thermit 

Corp. 

Murex 

Oxweld 

linde Air Products 
and Metal & Thermit 
Corp. 

Murex 

Crucible Steel, 
McKay and Linde 
Air Products 

Oxweld #42 

Oxweld #42 

McKay 

.07 c 
l.OU Mn 

.50 Si 
18.3    Cr 
10.3   Hi 
2.00 Mo 

.12 C 
G.2k Mn 

13.U5 Cr 
11.8   Hi 

.13 Mo 

.10 C 
3-32- 3.67 Mn 

19.w - 
.& Si 

19.61 Cr 
9.57 - 9-85 Hi 

• 78- .91 Mo 

12 .25 C 
8.25 Mn 

.50 Si 
g.00 Or 
85   » 

\Z .21 C 
k.sk Mn 

.72 Si 
10.16 Or 
11.98 Hi 

.05 Mo 

Bot Give» 

. ■- ... 

-■■'/«■ .„%% -«.:■;: -,■.-■                 ■■*■ 

Ho. of 
Plates 

Ho. of 
Bounds 

Av. Weld Cracking per Bound 
(Corrected) (inches) 

29.50 

20.25 

4 
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Electrode 
Manufacturer 
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TABLE XIII 

Angle of 
Berel 

No.  of 
Plates 

Av. Weld Cracking 
No.  of       per Round (Corrected) 
Rounds                   (inches) 

Root Cap 

1/8 

No.  of 
Plates 

1 

No. of 
Rounds 

3 

Av 
per 

. Weld Cracking 
Round (Corrected) 

(inches) 

1450 wr 21 U3                           15-50 1U.58 

90° one side 
5g0 other          1 3                           1^5« 

3/16 

1/U 

6 

8 

10 

15 

21.03 

16.58 

5/16 (, 16 12. Uo 

3/8 1 2 U.38 

Plate Preparation 
No.  of 
Plates 

No.  of       AT. Weld Cracking 
Rounds           (Corrected)      ( 

per Round 
inches) 

Tlaine Cutting 9 17 15-95 

• Flame Cutting and 
Grinding or 
Machining 

15 29 15-15 

rf" I 

*. 
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IABL1 XIV 

Veldlng Procedure J&ta for Unlonmelt Voided Holled Armor g Plates 

Ho. of Passes Ho. of Plates No. of Bounds 
Av. Veld Cracking per Bound 

(Corrected) (inches) 

U IM U 5 27.3O 

U hand beads 
and 2 DM 13 29 13.88 

5 hand beads 
and 2 UM 1 3 16.88 

6 hand beads 
and 1 UM 1 3 lU.58 

8 hand beads 
and 1 UM 1 2 20.25 

9 hand beads 
and 1 UM 1 2 7.1 

17 hand beads 
and 1 UM 1 2 11.25 

Boot Tjrpe 
Deposition 

No. of 
Plates 

No. of 
Bounds 

AT. Veld Cracking per Bound 
(Corrected) (inches) 

II   Two hand beads 
at root        17      Ul 

Special   All Unionnelt       U       5 

lU.OO 

27-30 

. ■ ..■  ... ..■ 

■ 

t   1 
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TABLE XV 

B»»0ffraphlc ft*» for thioianel* W»™«* Boiled Armor H Plat«. 

Badlogrephic 
Results 

No. of 
Plates 

Passing 

Failing 

9 

13 

No. of 
Rounds 

17 

29 

AT. Weld Cracking per Bound 
(Corrected)  (inches) 

15-00 

15-67 

■ . 

,€ 
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Armor 
Manufacturer  Type 

American      II 
Hadiator 4  Mn-Cr-Mo 
Standard Sani- 
tary Corp. 

Continental 
Boll A 
Steel Tdry. 

Hatlonal 
Boll * 
»dry. 

Slayer 
Steal 
Caeti&ga 

Sjraington- 
Oould 

I 
Mn-Cr- 
Hi-Mo 

III 
Mn-Mo 

I 
Mn-Hi- 
Cr-Mo 

III 
Mn-Mo 

Chemical 
Contpoeition 

TABLE XVI 

Armor Data for Band Helded Cast Armor H Platee 

.    Heat Treatment Brinell   Ho.  of   Ko. of 
°T.    Bbld(hre.) ftiench   Hardness Plate«   Hounds 

Av.Veld Cr&ck- AT. Plate Cro^*?-* 
ing per Hound ■ ing per Bound 
(Corr.  (1M->        (inchae) 

30- 
75 - 
36- 
50- 
»0 - 3 

.25 c 
I.65 MB 

.62 Si 
• 35 Cr 
.50 Mo 

.32 C 
1.22 Mn 

.U2 Si 
•58 Cr 
.62 Hi 
.72 Mo 

.30 C 
1.32 Ma 

.MO Si 

.66 Mo 

Hot Given 

1650 
1180- 
1550 

2»K)-2U5 

Air 220-26S 

Katar 

•33 

13.U2 

Hot Given 

.22 

.86 

.U2 

.U6 

:S 

.30 c 

.9U Mn 
• 57 Si 
M Hi 
• U6 Mo 
M Or 

1900 
1600 
1150 

U 
u 
u 

Air 
Hater 
furnace 

.29 C 
1.58 MB 
.51 Si 
.51 Mb 

Hot Given 

2.6U 

270-275 1 3 II.9I 2.Ul 

255-255 U 11 1.21 ^.71 

230-2»«) 1 2 

■ ■ ■..■ 

lU.33 

. 

I.63 

/ i 
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ÜBLE xn (Cont.) 

Armor Chemical Heat Treatment Brinell   Ho. of   Ho. of 
Manufacture! Type Composition •I. EoldChre. ) Quench Hardness Plates   Hounds 

Pittsburgh III .28 C Hot Given 297-297       1              * 
Steel Mn Mo 1.82 Mn 
Foundry .80 Si 

.UU Mo 

I 
Mn-Cr- .30 C 1850 6 Air 269-277       1              3 
Ni-Mo 1.03 Mn 1200 6 furnace 

• W Si 1600 6 Water 
.55 CT II50 8 Furnace 
.50 Hi 
M Mo 

700 Air 

Union Steel III .27 - .30 c I7OO 8 later 2U7-267       2              5 
Castings Mn-Mo 1.1*- 1.59 Mn 1225- 

• 3U- • 39 Si l650 U Hater 
.53 - • 55 Mo 1750 U Air 

AY. Veld Crack- Av.Plate Crack- 
ing per Round  lag per Bound 
{Corr.Kins.)   (Inches) 

2.88 

*.75 

U.66 

<■ 
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ZABLX XVII 

Comparative Specification Performance of Boiled and Cast Armors 

Specification in Force* 
Number 
Passed 

Humber 
Tailed Bo Test 

Hand Welded 
Boiled Armor 

Prior to 25 June 1$^3 
Present 

53 
30 

15 
21 

1 
18 

Hand Voided 
Cast Armor 

Prior to 25 June 19U3 
Present. 

17 
12 

6 
11 

1 

unlonmelt Welded 
Boiled Armor 

Prior to 25 June 19U3 
Present 

7 
1 

15 
a 

0 
0 

Unlonmelt Welded 
Cast Armor 

Prior to 25 Juno 19U3 
Present 

2" 
2" 

0 
0 

0 
0 

* See Appendix A 

** One round only. Judged "no test" because of ineonsistet» '; 
performance on subsequent rounds. 

r. 
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APPENDIX A 

Hü 

bion method and syi ibols. si 
2. Specification requirement! tor E plates welded 

vith austenitic electrodes. 

3* Tabulation of firing record data for H plates 
welded with austenitic electrodes. 

-::i 

Ballistic data tabulated by: 

Mary M. Sliney 
Jr. Statistical Clerk 
Water to\m Arsenal 

■'■■;. 
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c gff TO TABULATION METHOD AND SYMBOLS 

Figure 2 la a sample tabulation of firing record data and gives a key 
to symbols and method of tabulation. A brief explanation of the items in 
the tabulation follows: 

1. Identification of Test 

Information in the first column identifies the test. 

2. Armor Data 

A. Plate Thickness 

Plates in this tabulation are of 1-1/2 inch thick homogeneous 
armor. 

B. Type Armor 

The following types are used: 

g (Rolled) 

Typical Analysis 

&ES C Mn Si Cr Mo Ni Zr 

I 
II 
III 
IV 
7 
VI 

Mn-Ni-Gr-Mo 
Mn-Cr-Mo 
Mn-Mo 
Mn-Or-Mo-Si 
High Alloy 
Special 

.26 
• 27 
• 25 
.27 

(Comp 

1.15 
1.30 
1.60 

.86 
osltions ■ 

.20 

.25 

.22 
•79 
noted 

1 

.60       .20 
• 55       .*« 
r   *37 

.62   .17 
in tabulation) 

N           H 

1.00 

k09 

C (Cast) 

I 
II 
III 
IV 

Mn-Cr-Mo-Ni 
Mn-Cr-Mo 
Ma-Mo 
Special 

.32         .80       .35 

.28       1.55       .J+5 

.30       1.58       .Uo 
(Compositions noted 

♦55            -to 
.40        .12 
-        .30 

in tabulation/ 

• ^ 

C.    Carbon Content , 

Carbon content is listed whenever given. 

Ö. Brlnell Hardness Humber (BfflT) 

Brinell hardness numbar on both the front and back of platte 
is tabulated when given. 

Wn*rf, ?i&i 
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( 
I. Process 

This refers to the melting practice and is tabulated as open 
hearth, electric, basic or acid. 

F. Heat Treatment 

The temperature, time of hold, and type of quench and draw 
are recorded as given. 

3- Electrode Data 

These data, often incomplete, are listed as given in each firing 
record. 

A. Type 

Since alloys are sometimes added in the coating, electrodes 
are typed according to the chemical analysis of the weld metal 
when given. 

The electrodes are typed as follows: 

(l) (Austenitic) 

I Mn-Mo Modified 18/8 (Cr-Nl-Fe Alloy) 
Veld Analysis * at least 1$ Mn and .3$ Ho 

II Mn Modified 18/8 (Cr-Ni-Fe Alloy) 
Veld Analysis - at least 1$ Mn and less than .3$ Mo 

III Mo Modified 18/8 (Cr-Hi-Fe Alloy) 
Veld Analysis - at least .3$ Mo and less than \$ Mn 

IV Special 

B. and C. Trade Haae and Coating 

Trade names and types of coating are listed when given. 

T>        ^V«A«i   n«J  DAI a«l iff 
*"     ***** * g«w  Q»U * UAfU *JaL 

These data are tabulated as DC straight (str.), DO reversed 
(rev.), or AC. 

C 

U. Joint Design 

This item includes the type of groove (Single V bevel or double 
▼ bevel), the included angle, and the width of the root face 
whenever given. 

it- 
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B. Boot Gap 

This is the distance "between the plates as set up for welding. 

0. Plate Preparation 

This indicates whether the plate edges to he welded together 
were flame cut, ground, machined, "buttered, etc. 

5. Welding Procedure 

A. Sacking 

Backing if used, i.e. back-up bar, chill, filler and spacer 
strips, is noted. 

B. Deposition 

Figure 3 shows how the weld deposition is broken up into the 
root, body, and crown types. The size electrode is noted with 
the number of passes, type of passes, and the current and 
voltage. Passes are divided into two kinds: (l) layer, if the 
pass bridges the gap; and (2), bead, if the pass does not 
bridge the gap. 

0. Total Welding Time and Interpess Temperature 

These are listed as given. 

D. Remarks 

Any comments on chipping, grinding, and other special techniques 
used and not noted above which affect the ballistic results are 
listed under "remarks." 

6. Heat 

Preheat and postheat are tabulated When given. 

7. Ballistic Results 

Unless otherwise specified, the 75 mm. TP projectile was used in 
the tests tabulated. Hits, velocity and location of each, cracking 
and remarks on cracking are listed. The types of weld and plate 
cracking are as follows: 

Type X  Cracking in fusion or heat-affected tones on front 
and back of plate. 

Type II Cracking in fusion or heat-affected «ones on one 
side of plate and weld metal on the other. 

Type III Cracking In weld metal on both front and back of 
plate. 

- Ill - 

I 
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Type IV Star plate cracking. 
Type V  Linear plate cracks. 

The remarks on cracking and results of radi©graphic examination are 
recorded in the last column. 

SPECIFICATION REQUIREMENTS JOE "H" WELDED PLATES 

Figure 1 shows the construction and intended aiming points for the 
■ballistic shock test plate. Prior to 25 June 19U3 the following re- 
quirements were in effect: 

Plate 
Thick-  Type 
ness   Armor Projectile 

Allowable 
Distance, 
Center of 

Velocity impact to 
f/s   center of weld well 

1-1/2"  E.H.  75 mm. TP 1100*25 
T21 

1-1/2"  C.H.  75 mm. TP 1050*6 f/s   2 
T21 per .01" 

Maximum Allowable 
Cracking Cl &2)* 

Plate 

15 

15 

g 

8 

• 

*N0TES: 

1 - Cracks in the armor parallel to the weld and within l/g inch 
of the edge of the weld shall be considered in the total weld cracking. 

2 - Limits of Armor Cracking. The maximum length of any plate 
crack originating or passing through the impact impression shall not 
exceed S inches as measured from the center of impression. Any other 
plate crack shall not exceed a total of g inches. 

Effective 25 June I9U3, the following requirements were in effect 
(as abstracted from Specification AXS-U97, Rev. 5, 15 December I9U3): 

F"3-  Ballistic Tests. Test plates required by paragraph 7-2a(l)a 
shall be supported solidly on each of the two sides parallel to the 
longest welds and with these welds upright. The plate shall be tested 
for compliance with the requirements of Table II. 

Table II 

Plate 
Thickness 

(inches) 
Type 
Armor Projectile 

Striking 
Velocity f/s 

Allowable Veld 
Cracking 

1-1/2 
1-1/2 

H.H. 
C.H. 

75 mm. T21 
75 ma. T21 

1200 
1050 

15 
10 

Cracks In the armor parallel to the weld and within l/S Inch of 
the edge shall be considered in the total weld cracking. 

- IT - 



All impact velocities specified. 

F-3&- Cracks in the armor parallel to the weld and within 1/8 inch of the 
edge of the weld shall he considered in the total weld cracking. 

I*-Jb. All impact velocities specified for cast homogeneous armor are sub- 
ject to variation depending on the actual armor thickness. This variation 
shall he based on the velocities specified for testing primary armor and 
results in velocity of 6 f/s for each increase of .01 inches in armor 
thickness. 

F-3c. Cracking of the plate outside a circle of 6 inches radius, the 
center of which is the center of impact, or plate cracks greater than 
6 inches in length not passing through the point of impact shall he con- 
sidered cause for reporting "no test." Other types of armor cracking 
which indicate that the test of the welding procedure is insufficient 
may also he cause for reporting "no test." The phrase "no test" is 
defined as that condition existing when the results of the ballistic 
test are such 'chat it is impossible to arrive at a decision ae to the 
acceptability of the welding procedure. 

P»3d. The impact of the 75 "»»• proof projectile T21 shall touch the 
edge of the weld to be considered as conforming to the requirements of 
the test. 

F~3f. Impacts, the edges of which are more than 2 inches from the edge 
of the crossbar weld, which cause cracking in the crossbar either on 
the front or back of the plate, which is not an extension of cracking 
in a leg weld, shall be cause for rejection of the welding procedure. 

F-3g« Any inconsistency in the quality of the welding procedure re- 
vealed by impact on a ballistic test plate may be considered cause for 
reporting "no test" at the discretion of the proof officer. 

7-3h. Any length of weld cracking revealed as a result of an impact 
outside the acceptable limits for impacts shall be cause for rejection 
of the welding procedure. 

P-3i. Impacts less than 6 inches from the top or bottom edge of the 
plate, which cause excessive weld cracking, shall be considered as not 
conforming to the requirements of the test. If, however, the cracking 
is not excessive and the requirements referred to in paragraph F-3d are 
met, the impact will be considered acceptable. 

f 
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Siivat * Tub« C.   .36 10.01K1, 3.   I       1/4"       3<     2b0  .  3a D ,1     " 

i*oepi.ny i.   I JO«   279 1..2*u)« S/is"     3«     .'60   -   --3 N' 
H).   H srn 1 wchftftcr A-II   1/cK 1.   I       3 /«'       'a    440 _   "3 

Corp. c    Hudle t.ose,-4.ai :.   ":38 r.r«.     140°  -  3&0°f'. 34' 
ycKv  RJ'»  Co i.   —- S|I,.33J1, 3. 
Ituntli ao.7Ur, 
Aiijy Hoa« Co ».£5Kl ! 
Rttd-Avtry Co . JliJo)« 1 

f.   rithor T.'riA A- ;   •■■ 
Dlirloion <.I3J,«.S7 

Kr.,..JjSl, 
19.SöCr. 
ä. 7KNV, 
.44Jto)* | 

A-;    A t • 
(.13C.J.69 
Kn,.:i«31, 
ift..<JCr, 
».4S»l, j 
.«^o,v» | ' 
A-:: H A j 

' . 3°C 3,bO I 
!iii,. 36sl, 
l».3lCr, i 
».74SI, 
.0*<j,» 

B.  au thAi i 
Arsori yj j 

*r»or*re | 
R.ej. 

C.   Lime i 

LIB* 
TtUnU 
Tll.nL 
"Iwan 

0.   3.'  Hi» l 
.. i._ . 

1 

  , , 

7 

•»•w «>ua 

«. 
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, _1*\WK ßmtif       . _L. ^B««»o"o»«BM___ 
N I vtL.    toe«!« or H       Masmm    1    muzmtruK »MH.TI.ITC 

f   - 

<G 



J 

» TTrf ;k MOOVI .IHCUIOtO 
•on r«* 

I   HMTttf 
• lUTl wwirn 

_BM. unwi 
•   MPgarno« act si 

imr nrn 

L T YISTS»' 
"V*« ' loo*™« or N I~M**II aumMrHM 

». A3-722 |*.   1-1/3" A. A-1 A. 4b°DV A.   Corper 
B. 7/2/43 o.   Fi-111    J*L .0 330, b, 1/2* B. 
J. 1 (l.«GMn,.309l 1.93*1, Fl iroe .  II    ci/3:" 2b     14 5  -    .2 
D. Jone«  4 .2B(lo) .3031, Cult I 'V, 3/16" 2b     ITC   -   26 

»-aiWilln R-!V      a L ;*.560r. Flume 2.    Ii      1/4" flb     220   -   30 
Stf«l  Corp. (. 8*Un,. 80S 1 iO.JbNl, Suftenl i.   Ill  5/32" 4b     140   -   22 

jreat  L*&M .67Cr,.:;0M)) l.JJHo)» Grinding 1/4" 2b     220   -   3C 
st^el oorp. C.   .28 B. Hezut». :.   3.1/2  hr». 1403   .   lSb^F. 

E. Cruclbl*» Ste» 1       .29 C. Tlt*nl» -.   urtndln^; urter  fir*"   l«j 
Company V.   Face  ?.ii JO  RtV ;i:iif(i,   time   10  «]ni. 

Florence  Stov •      "«ei  27? 2mter cracking nfter 
«onpany Fuce  34« 

osc*  262 
t.   B.U.H. 
F.   l>iS0JF.   lot« t 

first  two T IIIU. 

117bJF.   Air 

■>■  liiSnn«  scslt.re.l 
*M   r-oroelt; 

IK i iKtl 

3Rf 

!       I     ! 

!     ! 

I      ! 

•».;'. n.i.1 
I        ! 

!    i 

i , 
I      ! 

*. 
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A «MM nmamwo 
I   M7K OP TMT 

A  PLATT  TWbKHCtS A TVff *»  M00VI .IMCtUOt ti 
1T>« •  TMM KAMI AMBUK, Mff PAO# 

fo eww fffiT ,o.oo«TiM » mm*» 
\m D. CUB-HIT t      t PWTI miMiufNa' 

•   owottTie« sat ii.  «a 
■ASMS. 

TTM  ' 

■ Alt (»Tit   Kf.SUVT"l 
lOCATiOH Or M   '      {.RACKI«« 

LL' *.L~ «•    ifc. TYW'AIH 

(*«**»■*  IN - «AM!*»» 
CA^0«UU>MtC HUU.T, .£TC 

1 tulTflH   «H I  PIOHII »LAaif* ■.Mai TTM 
> »•»»• HIWITM «.  BUT TM»Ttej»T laani rtn 

a.    Tcft :*t. waar-a* e'*tre raw 
TiaacaATufi 

A.   AD-449 A.   1-1/3" A.   A-II           A. 45°tlV A.  Nona A. Nona" 1 1069 1* 5»* Imp. I     lpPaaeed  r«dl>gr*ph 
8.   5/29/43 B.   R-II (.14C.3.70 B. 

Mn.,0831,   C. 
1/4" B. B. None L D II   11J-" 

C.  W-301 (1.36Mn,.3681 Klan» 1.   II     3/18"     3«    125  -  35 
D. Ford Motor Coj     .50Cr..0«Nl, 19.0Cr, Cutting 2.   I       1/4"       4a    135  -  32 3 1100 *" 5»" lap I   11" 
E.  Alloy Rode Co,      .43Mo) 9.3SN1, )• 3.   I       1/4"       3a    135  -  32 eat. a U II     3" 
F.  Ford Motor Co.C.   .38 1 B.   Araorarc C.   10 hra.         330° .  350°F. 

D.  KNC« 265 "B" D.  Chlprlng after aaoh paee. 3 1055 U-" "r" I*p 
^ Back 285 : C.   3/16 Lie» Tina 3  houre. R D 

E.   B.O.K. 1/4 TlO, 
F.   1850°». D.   DC  REV 

3-1/2   are. 
Spray 
1100s». 
5-1/4 hr«. 
Air 

A.  AD-7S0 'A.   1-1/2' A.   A-.'               A. 45°DV A.   Copper A Nona 1 1.01 r' 6" Imp II    X" Psiiapi radiograph 
1.   7/30/43 ».  R-1I (.130,3.95 B. 1/3" B. B Kone L U I i:    6" 
C.  »-231 1    U.3'5Mn,.33ai Mn,.3331,   0. Fit» 1.   11     3/16"     2a    180 -  2R 
D.   Ford Motor Z>i     .52Cr,.03Mt 3l.88Cr, Catting 2.   I       1/4"       3a    300 -  30 3 1184 ■ ■ r 6" I p.f. I   101" 
c. Fage nxi *         .45»o,.07Cu] 9.76N1, 5/18"     3a    400 .  31 L D 11 4" 

T5T 
Wir« Coapanv C.   .38 .SWo)» 3.   II     1/4"       6b    300 -  30 

F,   Ford Motor CotL-'.   t ..'..  26» B.   Pa*e C.   8 hra.            150° -  215°F. 
Bee» 377 Allegheny ti.   Grinding after third  paaa . 

Ik..   H.O.H. C.   TlO,  A Tine  1 hour. 
if.    ;650°1. Lisa 

1 

-i/j lira. E.   DC REV 

UoS*». 
5-1/4 hra. 1                          | 
Air 

A.   AB-7S0 A. i-i/a" A. A-:            A. \i°S1 A.   Copper A Hon» 1 10S<9 t> ^i* lari I     3*"Fa*«el redlogrep.*) 
i.   7/30/43 ».   A-I! (.ITC,4.75 B. 1/4" B. 0 None L rj II     *}• 
C.  1-334 <1.33Mn..25Sl ,       Mn,.80Sl,  C. Flaa» 1.   II     3/18"     2a    310 -  34 

3.   I       1/4"       3a    300 - 27 II     ■> D. For* Moler C j .5aCr,.06»i. 30.»Or, Cutting 1 -     *>t 
C.   NiniUchrHtr 

Core. 
.4SMo,.09Cu) 

C.   .27 
10.7*1, 
i.lOHo)« 

5/18*     3a    400 -  33 
3.   Ill   1/4'       8b    310 -  3» 3 1178 lap I     1," 

F. Ford Motor Co E>.   Fata 277 B.   A1-3-C C.  8 hra.           100° .   wo°r. 1! !t.' Bao» US C.   Lisa C.  Orlndlng after third :: 'p 
t.   (.O.K. 
F.   ISSO^F. 

U.   DC  REV paaa,   tie» 3 h are. , 0 J 
3-1/2   lire. 

It». ' 
b-1/4 hra. [ /o 
Air 

««aid   Matai 

! 
1 

• 

! 
1 

1 i 
!          I 

«"   ; 
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ZTJS9 <*!*... *. K.AT1 rwCKMU 
• im 
o. mm «ft 
C.  Ml 
i. moots» 
t. MAX nmuT 

it.TWMMM      ;     MUM 
« «MTIM 

I». M—T • 
•KMITT 

A. AB-750 
B. 7/30/43 
0. 1-336 
D.  ford Motor Co, 
1. Cruolbl« ataal 

Coapanj i C, 
r.  ford Motor Co^D. 

i5: 

t- 
*. 1-1/3" 
». fun ! 

(i.3e«n..a«8i. 
.B4Cr,.08ll, 
.«OMo) 
.38 
fao« 366 
Buk 393 
B.O.H. 
1660°F. 
3-1/3 hra. 

SWr. 
5-1/4 bra. 
Air 

A. A-I    ! A. 
(.090,3.91 B. 
■n,.18Bl/ C 
30.06Cr, 
10.OKI, 
.»«Mo)* 

. Araorlaal 
MB 

. LlM • 
TiO, 

. DC RIV 

>M*U Matal 

A. Coppar 

1. II  6/33" 
3/18" 

in i/*' 
5/18" 

C. 8 hri. 
C. Orlndio* 

tli 

I     3- 

paa«, 

1» 138 - 36 
la 180 - 37 
3* 380 - 30 
4a 340 - 33 
4b 380-30 
3b 340 -  32 

ioo°r. -aooY 
aftar aaoond 
ic 3 houri. 

3   1191 T %l" B 0     0 
II]   7f 

HI 4' 

fun« radiograph 
SOM poroalty and 
lnaoaplata fualoa 
La oroaabar 

t   ! 

// 

f     I 



mS* 

* 
< 

7T. JM5T8WL*B I «« _ -..   .. 
1ITK f». #00*1,WOUJOtO 
•• nun MM        weu, soornot 
OOUTIIH <i.mti» 

I«. wjtt nwumi 
tin > 

■UOM 
MUii 

l MOT TYP« 
I.IM1 TTPt 
irnim 

a.   Torn. MLO» 

» unatk 
BTSI" LB 
      **^'  

ria» »Kin MM 

limn 

0.   SH 
B.  lUpubl .to Stoiil 

Corp.      I 
Alloy Rod» Co.0. 
0»n«ral AB-   ! B. 
•rloan Trans- 
portation      I B. 

I F. 

1-1/3" 
R-I 

.87kn,.a?Sl, 

.6?Cr,.891fl, 

.S8ao) 
.as 
Fao« 355 
Baoi 355 
l.tlto. 
i3oo°r. l 
hr.  Ann« al 
lSOO^T.  3/4 
hr.  Spray 
iaoo°r. 
1-1/3 !ire. 

A. A-II 
(.oe-.isc. 
1.50-4.5! 
Nn,.3S- 
.7031, 
19.00- 
ai.OOCr, 
8. SO- 
10..S0II1)« 

B. Annoraro 
"B"   : 

C. T'.tanlua 
Mn 

B.  BO HIT 

60°BV 
3/18' 
Flam 

Cutting 
Grinding 

l      3.   II 

None 

,   II     3/18" 
3/16" 

,  III 3/16" 

»r 
/♦• 

&. 3/18" 
11-1/3 hr«. 

la 
la 
la 
3b 
la 
36 
3b 
3b 
3b 
lb 
4b 
5b 
110' 

160 
330 . 

300 
300 . 
360 
330 
360 
340 
390 
360 
180 

35: 
30| 

35 '. 
30' 
35 
30; 
K 
35' 
30 
30 
30 

A. Hone) 
B.180*1 

!      r.| U 
*•] »flupini 

R      B •      i 

——1— 
I A. 

(.U-.13C ; B. 
1.64-1.80 C. 
an,.55- 
.£.»81, 
1(1. 3-1». 7 
Cr,».B- 
10. Till. 
1.33-3.00 

.   A1-3-A 

.   '.1H A 
TLtanlua 

.   DC REV 

0.   11-1/3 hr«.   110" - 330<>ri 
B.   Craoalng after flret   and i 

fifth paaae«,   first paae 
ground out,   time 3-3/4 
hour«. 

9|f Fa«a«d radiograph 

H' Failed  radiograph 
1" oroaebar oraok 

».  AD-466 A. 
I.  J/10/43 |l. 

B. Rapublto Steel 
C«"T- - 

t. Narnleohfeger'C- 
Corp.       ! "• 

r. Oeneral AB-    , s. 
erloan 
Tranaportatl m 

T. 

8?an,.37Sl,I 
,67Cr..8»lll, 
,53Mo) 
.36 
Face 355 
Baok 355 
B.Ilac. ; 
1300°F.   1  hi 
1600OF.   3/4 
hr.   Spray      1 
1300°f. ! 
1-1/3 hr«.    i 
 . V 

A.   A-1 60°DV 
3/16" 
Flam 

Cutting 
Srlndlng 
Suturing 

lone 

3 
C. 

I   D. 

II     5/33" 
3/18" 

.   Ill  3/16" 
1/4* 

1/4" 
,   II     1/4" 
9-1/3 hr«. 
Orladlng a 
pat«,   tin» 
tao bead« ! 

la 110 - as 
la ISO - as 
la 130 - as 
3a 
6b 300 - 38 
la 330 - 30 
8b 180 - as 

100° - 330°r. 
fter third 
6 hour«. First 

A.«one 1 
B.330* 

r.l   I 
a  1353 

laoou" ; 

:   L I 
6" 

U 

3  13«5 

la» II 

rift* 
i: \f 

I 10"; 
II ' 3" I 

in ; •• I 

-r 

;   I 

•«eld «total 

!     !   ! 

/i 

i   I   ! 
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LAU  tMOKNlM     >TTPf TA   WOfl¥t, ItCUWtC    f A    HCIlM 
•TT: 

4- 

• an or TUT 
t, H.UI M 

iiu«n»M ami 
t Umi» MOajOaTOa 

t noun 
F HUT TM»T»»IIT 

ITtWUM 
• gUTIM 
» wtxn • 

MUMM 

IMGUMSD 
«U. WOT MM 

■  MOT I« 
e. «urn i 

 WOMB. 

i   octeonio« miL io TiTi'm 
1 M«T TTK 

I.0»O*» TTM 
>.     TOT«. IIIMI TIBS ■ HTM HM 

UM 
s SOOT •— r*3ri 

LOO»TiM C 
"TV *CJ 

«woip«*«* •ijatTi 

D. 

A. AD-424 
B. 5/13/43 
C. 3 

Oreat Lakes 
Steel Corp 

Jones A 
LaughlIn 
Steel Corp 

Crucible SteelC 
Corp 

A. 1-1/3" 
B. R-IV    9 L 

(.85Mn,.73Sl, 
.S6Cr..31Mo, 
.09Zr) 
R-III  JAL 

(1.47Mn,.ClSl, 
41 Mo) 
.30 
.35 

A.  A-l i A.   45°DV 
(.14C.2.30, B.   5/18* 
In,.2331,  C.  fleae 
le.ecr, 
lo.am, 
3.30Ko!« 

B. Araorliei 
C. Tltanla  ; 
D. DC REV 

Cutting 
Grinding 

Deecale 

General Spring*. F»oe 369 
Buaper DIT.    Back 369 

face 35L 
Back 255 

t. — 
if. I600°r. o 

1.5 hre. 
1180°r. 

]  1.5 hre. 
sane for J. 

A. Copper 
B. 
1. II  5/32" 

3/16" 
2. Ill 3/16" 

1/4" 
1/4' 

1/4" 
3. Ill 3/16" 

■ 1/4" 
C. 8:45 hi 

la 
la 
9b 
Zb 
2. 
3b 
lb 
4b 
3b 

110° 

150 - 
170 - 
170 - 
230 - 

335 - 
240 - 
170 - 
340 - 
- i8o°r. 

».110°, 
r. i 

fc.Hon* 

1i1096 

1180 

First two beads buttered. 
Deeoale ground off, tine 
11:15 hre. 

a** ] lap;   xi 3". 

i-j   i s". 

Paesed radiograph 
Soeie traces of 
porosity through- 
out 

is*"* 

•«eld Metal 

i i 

/¥ 

i ;   ! 

i i 

«  i 

*. 
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i.es si 

;i3 
. 1-1/2* 

R-v  as 
i 93ta,.2SSl. i 
1. :>5Cr,.99Nl. 

■:3Uo) 

f 
! A. 

: .-nbiit 
^teel «ory 

Carnagle        *~v   - 5 
Stepl Co.    I.9SMii,.37Sl, 

Hr,r.".rBPhfeÄei''  1.99Cr,.92Nl 
Core.   .36Ho) 

: 1 -a Cm nance j C. .25 
Corp. ,  .27 

D. Face  250 
Bsok  250 

E. Acld-Elec. 
,F.   1S00°F.   3 
i       hrs.  Water 
,      ISOOT. 

3-1/3 hre. 
Air 

 . 1  

A. a-1 
;.loc,1.81 P. 
Hn,.58Sl,  C. 
ie.i-r,   I 
9:eM,    i 
1 .BViJoj*  , 

B. AW- '.-A     i 
C. fitanlirt 
K.  DC HEV 

450D" 
5/16" 
f las» 

Cutting 
Maonirtln? 

'Trema*  mm.        ■'.'■^ 

i.<»-  '..'«I 
^ ate-« rrpt 

'0T3L WIXK?» Tllt~ .-    Tir ."AS* 
ikUPCmTUr? 

^JiUU  
A,  Coprei"  chill 
B. 

1. ;i     1/4"        la     330   -   3.. 
5/16'!     1»    360 - 39 

2. I       5/16"     Is     190 -  ,, 
5/16" 3» 380 -  ?0 
5/16" 3« 3->0  -   33 
5/16" Is 40C  -  34 

3. ill   5/16" 3b 380 -  30 
5/16" 2b    350 -  36 
5/13" lb    400  -  34 

0     10 hre. 70° 
D.  20** crachu 

170°F. 
after first 

pass and 504 after the 
third pass.  Cracke »ere 
gro.md  out,   tlrce 4-1/2 
hours.  31ag i-emoved  after 
aeoond and fourth vasees 
Caprlnü hoads ground. 

..'•■IE»   if 0 i in 

i 

,.1. 

-4 

radiograph 

»Weld   Ketml 

I 
/6 

r    ! 



A.  '«M MICOW no 
It  (»ft W TC9T 

C  PLATE «0 
10. MM MfcUfMT\M0l 

TO» 

Wit*   [WtTI 
~A  Ptirt  TM0KM1M 
S  TTPt 

s it« 
t Ptotti« 
K   HUT ntEATMCKT 

TU» THt «WHOM 

,A T*PI |A  «*»O0V|,l«CLUOtP 
•  TUM RAMC AMI t. «017 PAW 
;t CÖAYIIHJ It   MOOT tAP 
ID. OUMBIII • !o PLATE » 

P0LVWTY 

»   Dcnamo« «ait.   «to TYP* AN* 
l WWT  TYP* 
I.IOOY  TYP! 
1 HMI TYPt 

1.     TOTAL WtUHftt nm ■ MTU P*M 
rt*PCMTU*f 

i    «A'     T" ' lALlrfTle   HC*A.tS  ~ «HAW4 OHCAACK.'M) 

•  POtT     '   ~T '*        IXTHL ; cl   'uMTTY»I[AHtf 

AD-401 |A. 
4/27/43 B. 
16 |   < 
Rerubilc 
Steel Corp. 

Carnegie j 
Steel  Co.        |   ( 

Crucible St**! 
C.jopex.y    ' 

H)irnlechfeger;C. 
Corp 

Alloy  Rods Co 
A.0.Smith Can 
Metal 4 ]E. 
Theralt Corpjf 

Ileo Ordnance I 
Corp) 

r|c' 
eil). 

1-1/3 
R-I R S 

.95Hn,.3731, 

.39Cr..93Nl, 
.36*o) 

R-V C S 
.95«n,.37Sl, 
1.3Sür,.93Nt 
.36*o) 
.37 
.37 
l.o«  350 
Back  350 
ACld-EW. 
1600°T.   3 
hra.  Walar 
1300T. 
■-1/3 hn. 
Air 

A-II     0   'A.   45°DV 
.130,1.9    8.   3/8" 
*n,.39Sl,!c.   FI«« 

~opn»r 

1. II 1/4 1« 385 - 30 
1/4"       1»    310 -  29 

2. I 5/1(5" 3« 390 - 30 
6/16" 1« 400 - 30 
5/16"     la    410 -   30 

J.   Ill   1/4"       3b    280 -  38 
5/16"     lb    390  -  29 
1/4"       2b    360 -  28 
5/16"     lb    410 -  30 

C.   10 hra. TO°  -  313°T. 
i D,   54 cr«CAlnfc  hftar  flral 
I paaa  and   4M   »fur  tha 
'        third  naea.   2r«cae  »«re 

AToand   out-,   Line  3  houra. 
Jar' In* bead  ground. 

A. None, 1 ,1114 
iB.Nona 

•r~ 

2 1175 

*•" 
R 

6" 
0 

*• 
Ft 

J" 
U 

e<J  rmSlo&renh 

r-f-r 
/7 



■ 

■J 

I 

AD-445 
5/27/43 

Republic 
Steel Co. 

Carnegie  3tte 
Comreny 

Cruolele 
Steel Co. 

Iloo Ordnenoe 
Corp. 

AD-758 
7/33/43 
31 
Carnegie 
Steel Co. 

Reoubl le 
Steel Co. 

Alloy  Rode Cu, 
lleo Ordnenee 

Corp' 

A. 1-1/3" 
B. R-I R 

(1.07»n,.25Sl 
.77Cr..84Nl, 
.3»Ho) 

(1.07Hn,.16Sl 
.70Cr.l.03Nl 
.33»o) 

C. .35 
.36 

D. Face ::«6 
Beck  377 

A. 1-1/3" 
B. R-l       C 

(1.07lln..348lJ 
_70Cr.l.03lll] 
.33«o) 
R-l       R I 

1.07*n,.35aii 
.77Cr,.84111, 
.39Mo) 
.33 
.35 
>ace 368 
Beei 377 
r.ee 3*0       ' 
Sec» 38C        > 
R.O.H. 
1580°».   C 
3/4 hr. 
"•ler 
970*T. 
nra.  *eter 
i«oo"r. R 
3 »re. 
teler 
uai0*. a 
hre. later 

A. A-I 
(.13C,?.07 
Mn..3131 
19.3Cr, 
9.68Ü1 
2.40Mo)« 

B. Araorlr.e 
rcilital 

C. Tllaniuai 
D. DC REV 

A.   A-1I { 
(.08. ..130, 
3.5-4.5 
Kn,.35-    ! 
.70*1, 
19.0-31.a 
Cr.K.5- 
10.5*1)• 

8.   Armorer« 
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.40Cr,.»3Kl, 
.S8Mo) 

C. .36 
S. rase 393 

Baok 303 
I. — 
T.   1568°».   3/4 

hr. Water 
lOoVr. 
1-1/4 bra. 
»ater 

A. A-I        J A.  4S°DT 
{.130,3.1T1. B.  5/16' 
Mn,.3581,! 0.  »1 
so.oaor, 
10.3811, 
.TWo)» 

B. Araorliel 
C. 110. 
0.  AC MR 

|   A.  Copper lA.None 
I B. B.Mona 
I    1.  II    3/16* la 160 - 33 I 

Cutting ! 3/16' la 170 - 34 I 
I     3.   Ill 1/4' 3a 350 -  38 ! 

5/16" 3a 
I 4b 330 - 37 
i     3.   Ill  3/16' 4b 160 - 34 ! 

5/18" 3b 330 -37 | 
C. 8:18 hre. 800 - 300°T. | 

|  D.  1/3 hr. grinding tlae 
due to veld oraek In 

|        root paee. 

107- 

130S| f 
la»; 

f"    SfjUtj    li   t\ ?»ae»d radiograph 

•Meld Metal 

I       I JL6 
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•      «W |MT> |   IU5TMW »B 
A  FLAT! TWWHES9     ,>  UH 
a TTP«. 

~ ' BEI53E55  _.. 
x    »iv    vaciTNM or a      GFAWM luwm IWW.PC  nrmcrTtlaKffSrf''-^ *—■ 

-jfluranauai. .- 
A. nwa Hdwn 
0. MTI or TUT 
C. FLATl HO. 

t tlKCTBC*  >FH 
F. «ami FAOAKAra* 

paoojRj« 

o. wna MRTWT 

«. moo»« 
F.  NUT TMATOBTIT 

,0. OMTIIN 
10. «UMMT a 

FOtAOHV 
;C-FLATl I 

i >™iri 

!      _s(0.NT OCINPL I WS10#*_ 
IA. OOobvC.MCLUOKD     A    eiCAtNO 

AMLf, «DOT «« 
•. «MT «AF     _        I   mom «Bf IL. «0 

IFMUtloa'    I FOOT T»FI 
I    1.0O0T TTFC 

■ ■Ml T»FI 
| •.    TOTAL «LOHN TIK • MT« Fan 

a   UJUMi 

ZMBZ 
A. F0* 
II FOOT 

IA0K9N0 
Wt?BK~ 

A. AD-446 
B. 5/37/« 
C. CR-50 
D. Carnegie 

IlHnola 
Stool Co 

E. Crucible j D. 
Stool Corn. 

F. Midland Stool | E. 
Products Co.iF. 

A. 1-1/2' 
B. R-I       I 
(1.05Mn,.19SlJ 
.S10r,.96Ht,| 
.46*oi      ! 

C. .26       I 
race 321 
Back 331   ' 

1583°F.  3/4 
hr.  Water 
1022°F. 
1-1/4 hro. 
Water 

A. A-1 
(•1050, 
1.99Mn,    ; 
.4881, 

ao.iocr, 
10.70N1, j 
1.99MO)« j 

B. Anaorlnei 
0.  110, 
D.   AC STR    ! 

45°DV 
5/16" 
Flaw 

Cutting 

Copper 

.   II     3/16" 
3/16* 

.   Ill 1/4" 

.   Ill 3/16" 
1/4" 

6 hro. 

140 - 23 
160 -  34 

360 - 35 
150 - 23 
260 - 35 
-  306°F. 

i: None 
None 

i'!mal      i 
i      i i 

3   I 119-H If", 

; if Lap j i: Paaeed radiograph 

1 
!3  ! 11901       : lf"\ Tj-kapi    I I 3' 

* .  0|    In la*! 

L ! 
i     ! 

7f"kapl    il u» 
! ii 
,111    4* 

T il a** 

III    4** 

A. AD-446 A.   1-1/3" 
B. 5/37/43 B.   R-I 
C. CR-S1 '    (1.05Mn,.l*Sl, 
D. Carnegie .51Cr .9flHl, 

Ullnole        I     .46Mo) 
Stsel Co. C.   .36 

E. Crucible :u. Faoe 331 
Steel Corp.   I       Bool 331 

r. Midland Steel E. ... 
Producto Oo.F.  15«a°F.   3/4 

hr. w,ter 
1038»F. 
1-1/4 hro. 
Water 

A. A-I ' A, 
(.11C,4.11  B. 
■n,.33Sl,i C. 
so.iaor, : 
9.94N1,    ' 
.S8UO)F    ' 

B. Araorlte 
C. tlO, 
0.   AC  STR    ! 

45°DV 
5/16" I 
Fla» 

Cutting  l 

A. AD-446 
B. 5/37/43 
C. CR-53 
D. Carnegie 

Illlnolo 
Stool Co. 

C.  Crucible 
Steel Corp. 

F.  Midland  »tool 
Produoto Co. 

A. Copper 
B. 

1. II    3/16" 
3/16" 

2. Ill  1/4" 

3. Ill  */16 
1/4" 

C. 6 hro. 
D. Cannot uoo 1/4" rod in 

root paoo ea it crocked 
oioeeelve?y. 

A.Mono 11 i 

J    v ! S   I 
Hi»«** »tj"iB« 

la 140 -  23 ; 
la ISO -  34 ' 
4a 
6b 360-35 
4b 150 -  23 
3b 360-35 
80° -  308°F. 

A.Nonell  i 1104| *"     6"  tapj   II 
B.None       I ,        ;    R,    U ; 

8*    Paoood radiograph 
I   Soae scattered 

! |   poroeltj 
3   ,13131 *"  !        j St'Capl   II     3" 

!   R I       i    1 '       llll'  4"' 
:e j n(.'| 

A. 1-1/3" 
B. R-I 

(1.05Mn,.19Si, 
.5lCr,.96Nl, 
.4SMo) 

C. .36 
D. Faoo 331 

Back 331 
t.   —- 
F.   1S«3°F.   3/4 

hr. Water 
ioas<>r. 
1-1/4 hro. 
Water 

A. A-I 
'.065C, 
l.SOMn. 
.3381, 
30.13Cr, 
10.44M1, 
1.20Mo)« 

B. Araorlte 
C. TlO, 
0.   AC ITR     : 

45°0¥ 
5/16" 
Flaao 

Cutting 

_|  
i 
•Wold Metal 

A.  Coprer 
S. 
1.  II    3/16" 

3/1«" 
3.   I       1/4* 

5/16" 
3.   Ill  3/16" 

5/16" 
C.   4:4S hro. 
D. 

la 140 - 33 
la 160 - 34 
3a 260 - 35 
4a 330 - 37 
4b ISO - 23 
3b 330 - 37 
70» - 195°T. 

A.NonO 1,1103 
B.Mon« "1 I'! ■!    I Paaaod radiograph 

3.1191,  X j        Sfllap   It il»! J 

3.1253 

I      V I 

P    «' Ia0      1   71 
L      D,    |   i3  ii* 

ill! 

XJ. 

j£ 
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.JBtBVttlW« Aaaca UATA eucT«^ojjkT» T JOWT Kami wEtoeH. paoctixja* WAT «AJ,L^PC «£W.TS_ . . *W«SM C MClli* . 
A-  f«MC KIBDOAD HO 
S. OATl w Ttf>T 

I'A PtirE THTOW«!»» 
e rv« 

ATT«                    |A. 
e  TRAD« «A«* 

MOOVI.IHCLÜOf D 
«wtLC aoor race 

A     AACKINe 
I eaaais 

A per 
i eo»T 

N" AC" tn " 
lOCATIOM o» H          «AMIM 
cmrr »*iaa*ftwf iMi'    ----- 

0   FLAT« NO 0. caejoa ocerriMT C- 0OAT1H«               ft. ROOT eae 0    OFPOarTKW   ant Si.    NO Tree jaa* v ! 
D MHOM «WumöTyRCT 0   IHK 0 OURMNT  4       Iff. PLATE rUfaaaaTIOH leooT TYPI 
t iLioraow HF«M l pfloeite *0LM:rY i.aoOT net | 1 
r «AMOK eaaejaiTOW ■ HKAT TeCATUjeT i ceo*« TTPt ! 

rut mi «mo» 1 0     TOTAL vtLsvej rte* ami» «AM ' rtavtiuTun | 

A. AD-446 
B. 5/27/«3 

IA. l-i/a" 
IB.   B-I 

A.   A-I                A 
(.OBC.2.05 a 

45°5V 
5/16" 

A.   Copper 
B. 

»..None 
B.None 

1 1116 
R H nil •J" P«8PeJ   rsd lograph 

C.   CR-53 (1.05Mn,.19Sl Un,.94Sl,' C Flame 1.   II     3/16" 1» 140  -   33 1 
D.   Carnegie 

Illlnole 
-51Cr   .96N1, 
.tfitto! 

iy,760r, 
10.16.N1, 

Cutting 3/15" 
2.    Ill   1/4" 

is 
4» 

160  -  24 3 1195 »" 
L 

7f 
U 

Irco ir 
V $ Steal  Co. C.   .26 U33«o)* 6b 260  -   25 

E.   Crucible JD.   Slice  393 b.   Armorlie 3.   Ill   3/16" 
1/4" 

<u- 150  -   23 H Steel  Corp. o«ck   302 
D.   AC   5TR 

2b 360  ■   25 
3 1245 i 7" ii 3f 

2* 
4' 

F.   Midland   Stee Lit.   ... 
J.   1562°K.   3/4 

C.   6:18  hi-B. 80° -  204°F. 1 I u n: 

Products  Co D. i III; 
hr.   **»ter 1 
1023°>. [ 4 1309 X «*' :»n Ij 104" 
1-1/4 hra. ; B i :t ij" "ater 

j 
' 

I 
1 1 0 

in 

III, 4i 1 
| i 

5It" 
A.   AD-446 |A.   1-1/3" A.   A-I               A 4S°IIV A.   Copper A.Nona 

B.Nonei 
1 ;ni9 l" 7" ij Ii lj*P»i*»«ii r«4 lograph 

B.  5/27/43 B.   R-I i    (.O8C.3.05 B 1/4* B. R D j III 
C.   CK-54 j   (1.05Mn,.19Sl, »n',.94Sl,  C Flan» 1.   II     3/1«" la 140 -  33 T" 
D.   Carnegie 1     .5lCr,.9«M, H.75Cr,   , Cutting 3/18" la 160 -  34 j 2 |1303 a« 6" 

1 ! 
Illlnol» 1     .46Mo) lo.isr".,  1 3.   Ill   1/4" 4a 1 'R U 

! 
Steel  Co. C,.  .36 ].33a<o)e 4b 370 -  35 1 j 

£.  Crucible |D.   F„ce  293 B.   Arraorlie j   3. in :/i6" 4b 150  -   33 '              1 
3 1349 

R 
8* 

l 
lap , «4> Steel  Corp. Beck 302 |c. no. 1/4* 3b 270  -  25 | * % T.   Midland  Stee 1 E.   —- 0.   AC  STR C.   6:30 hr». 70" -  201°T. | I! *r Product»  Co !r.   1563°*.   3/4 

1      hr.  w«ter ;                    i 
D. o ! 

Ill 
1 

!*• 
!       1033°». i                    ' j j i :    -ViaV 
1       1-1/4  hre. i 1 1 1 

«ater |  | 1 1 ! 
A. AD-448 
B. 5/37/43 

A.   l-l/S" 
IB.   R.I 

1 A.   A-I            [A 
I    I.OSbC,          B 

45°DV 
5/16" 

A.   Copper 
1 B. 

A.NonJ 
R.Nona 

1 1116 i" H' 
■—f 

in *4 'i"a«»«4  r.rtlo-gra.ph 
C   CR-5S |   vi.05Mn..l9Sl, l.äOatn.     ,c riue 1.   II     3/16" la 140 -  23 1 1 I 
V.  Carnegl» 

Illlnole 
!    .51Cr,.'8Nl. 
1     .46Hol 

.3381. 
1      20. lair,   ' 

Cutting s/ie" 
1    3.   HI   1/4" 

la 
3a 

160   -   24 
360 -  35 

2 1191 *•' «*• I«P 
i 

i H ' 
Steal Co. K.   .3« 10.44N1, 5/16" .'a H U ! II 31 E.   Craclble E.   »ace 2»] l.aOMoj* 41 320 -  37 in 2*r 
Steel Cjrp. !       Bee»  303 8.   Arnorlie 3.   Ill   3/16" 4!- ISO -   33 n* r.   iituwi.i Steel it.   --- C.   T>0 

I).   AC  STR 
6/16" 3b 330 -  27 1 t j 

Product» uo T.   1563°».   3/4 
hr.   «ater 
1032*f. 

' C.   6:30 hre. 
D. 

BU" -   19H°>. 
1 | 2-f 

1-1'4 nre. 1 I 
■alar 1 1 

i 

i 
1 

1 

1 

•1.14   lie la 1 

1 i i " 

'. 
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'  JSIaii7äffläi_ 
f IKM itmmo HO. 

• OATI or TUT 
ft-ATI «fl 

0.1 
■.tLIOTROM  ttreR. 
* AM*» ruMATon 

„**#« WT» ~ 7ÄSfB_ 

aw »Mi««™«»   i*. *m 
It moot» 
I 9.  MAT TMATMtAT 

Ö. QOATlHt 
0. OUIIIeWT ■ 

I      NLJMHrT 

A.effOOVt.tHCUlMD   , A.   «ACHIM 
AMU, MOT not 

'•. «DOTMP 
I«, RATI mmiuTmi 

_*«_ 
■   otratrmi KIIL «S';P(<» >.: 

I MOT TTPt 
t.OOOT ITU 
• 0«» Ttn 

0.     T«ni «LOM* TIDt • »TO MM 
TtMMTtMt 

11    MM  .,; 

—"rn 
^■ALuorig MSUUA L    <ww ow cMCKim 
LOC»'.0"0»H t>U« WK»»« MM.'0.tTt 

tx:cTTr.reT^LbWTwrns«r"              ^^ 
i     i 

*—n—T1—T—i—!—I  £.Nor.s    1,123112    | 6 1; Paused radiograph 
B.None! I ,    tl  ;      I        ,       j Small  amount of 

I slag throughout 
L7*j       ; i" . 7f   I«p II]    |t crossbar and 

A. AD-891 
B. 9/30/43 
C. OR-71 
D. Carnegie 

Illlnola 
Steel Co.        0. 

E. Reld Avery Co.D. 
F. Midland Steel 

Product* Co.  E. 
j». 
I 

A. 1-1/3" 
B. R-I I 

(1.3lMn,.30Sl, 
.65Cr..73Nl, 
.SOHo) 
.37 
Face 393 
Back 386 

1563°F.   3/4 
hr.  later 
1040aF. 
1-3/4 hr». 
later 

A. A-I 
(6.45Mn, 
.3981, 
18.83Cr 
10.30N1 
.81Ho)* 

B. Type 307 

D.  AC  STR 

A. 45°t>V A.   Copper 
B. 1/4"       B. B.None 
C. Flame        1. II 3/16" la 150 - 33 

Cutting !       3/16" la 170 - 34 
2. I  1/4" 3a 250 - 35 

5/18" 4a 330 - 37 
3. Ill 3/16" 4b 160 - 34 

i 5/16" 3b 320 -37 
j C. 7 hr». 105° - 313°F. 

D. 

field  Metal 

right leg weld 

3 1181 i" 

1" 
l    L 

Im» III    f 

III! 5}j 

P*1 
I«9 

!   ! ! i 

!   ! 

!     I 
I     I 

I 

ÖO 

I   i 

r. 
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I I 

mu» 

AD-453 
5/31/43 
38 
Jones A 

Laugh1 in 
Steel Corp. 

Page Steel * 
Wire Companyi£ 

New York Air  IF 
Brake Coupani 

33SI 

I 

1-1/3" 
R-III 

l.bSMn, 
.41Mo) 
.35 
Face 303 
Back 300 
O.H. 
1625°F. 
3-1/3 hre. 
Water 
1080°F. 
3-3/4 hrs. 
Air 

.JETABSPL 

rJHfkr in. m tvH urn w 
l MOT TYW» 
tit« Tin 
tmnnH 

■tarn. i —i vm »■«« MM 

.   mjia 
A. A-II A.   45°DV 
(.130,4.3  IB.   1/4" 
Mn,.35Sl,|C.   »rlndlna 
19.310r, 
11.15N1)»] 

B. Page-       j 
Allegheneyi 

C. Tltanlu«; 
D. DC REV 

A. Copper 
B. 
1 II  5/32" 
3 I  3/16" 

1/4" 
5/16; 

3 III 5/32 
5/16" 

C. 20 hrs. 

3a 150 - 37 
2a 200 -  35 
3a 300-37 
3a 350 -  28 
4b 300 -  37 
3b 350 -  38 

175° -  350°F. 
D.   Some cracking  , chlpclng 

and grinding after two 
passes. 

«- 

A.None 
B.None 

JÜÄ 

10811 

i 
1308 

1302 

Iffi m 

1"      7J-" 
L      D 

WWft*" 

1 
SB"" 

Failed radiograph 
Large amount of 
Incomplete fusion 
throughout the 

9*1welds 
1-1/8"  craok In 
crossbar 

AB-755 
7/23/43 
40 
Jones A 
Laughlln 
Steel Corp. 

Metal * 
Thermit Cu. 

Mew York Air 
Brake Co. 

.   1-1/2" 

.   R-III 
(1.58Mn,.238i 

,41Mo) 
C   .25 
D. Face 302 

Back 300 
°-  \ 
lfcä°F. 
2*1/3 hrs. 
Water 
1080°F. 
3-3/4 hre. 
Air 

A. A-I 
(.13C,4c00 
Mn,.80Sl, 
l».35Cr, 
8.5X1, 
.55IIO)» 

B. Murei 
C. LIBS 
D. DC REV 

A. 45°DV 
B. 1/4" 

A.  Copper 

II    5/33" 
3/16" 

I       1/4* 
5/16" 

I       5/16" 
11:10 hrs. 

150 - 38 
200 - 35 
275 - 30 
375 - 38 
375 - 28 

340°F, 

A.None 
B.Mone 

11001 
eet 1" 6$   Passed radiograph 

One mare pass  In crossbar.! 
Chipping after first, I 
second and  third passe«,    I 
tlae one hour. 

•««Id Metal 

3/ 



' 

I 

A. AD-468 
B. 8/13/43 
0. 39 
P.   C'imegle 

r.lllnol« 
Steal Co. 

Hepubllo 
St«*l Corp.   i 

1. Crucible  9tH}C 
Corp. 

f.   Pr*a**d 8t*el;D 
Car Coapany 

A. 1-1/3" 
B. R-I C  I 

(1.38Mn,.30B:lJ 
.Samj^ofi..-.fit 
R-I «Si 

(.93*n,.35Sl, ! 
.99Cr,1.35*1 
61*0 J 
.87 
.378 
Fao* 303 
Buk 303 
Fac* 373 
Back 388 

A.   A-I 
(.13C.1.7. 
«n,.3481 
18.38Cr, 
8.64H1, 
1.88Mo)« I 
ReiUtali 

A. 75°DV 
B. 3/16" 
C. Flu* 

Cutting 
Grinding 

Slag 
DC REV 

Nona 

II 3/18" 
3/18" 

III 5/18" 

5/18" 

140 -  35 
ISO -  35 i 

A.70°FJ  1'XOM! 
B.Non*. i 

3 1'    «*"| lad    llj M run« r-Uugr«pr 
R       ü in) »Al SOM •!«« tad to- 

300 -  37 
300 -  37 

* I   »|    i ai 41 
i     I    I     F*^ 

oompltt« fusion 

I*: 1530°F. 
1-1/3 In. 
W.ter 
1800»F.   3 
hr*.  W«t*r 

3.   II     5/18" 
C. 1* hr*. 
D. Shipping and grinding 

aftar flr*t, third and 
fourth pats**,  tin* 
6 hour*.  On« aor* pa*a 
In right lag and  alt 
aor*  In eroaabar.  Right 
and laft Motion* »*ld*d 
by Cernaffl* Illlnola and 
both o*nt*r «aatlon* by 
B*public  8t*»l. 

I     I 

' ' ' 1 1 1 1 1 f 
A.TOO. ! Duo»:    ilay  •* UK nr  si 

10O°F.I     I IT I     D! 
AD-488 
6/13/43 
40 
Oraat Lai»» 
6t**l Corp. 

Rvpubllo 
St**l Corp. 

Oruolbl* 
8t**l Corp. 

Pr****d lt**l 
Oar Coapany 

1-1/3" 
R-IV a L 
.94*n,.80Sl, 
71Cr,.31*o) 
R-IV R 8 
85Kn,.6081, 
,6»Cr,.16Mo! 
.38 
.38 
Fac* 378 
Beck 378 
Faoa 365 
Baok 385 

16SO°F.  3 
hra.  Water 
18S0°F. ' 
3-1/3 hra. 
•ater 
1800*F.   R S 
3 hr*.  Water 

A. A-I | A.   76°DV 
(.140,1.75 B.  3/18" 

A.   Don* 

■In,.3781,  C. Flaw 1 
18.99Cr, Cutting 
8.85*1,     i »rinding 3 
1.68*0, 
.OSOu)»     I .1 

B.  R*Llatal C, 
C,  Slag D. 
D. 

.   II     3/16"     la    130 . 
5/16"     la    140 - 

,   III  5/16"     4« 
4b    300 - 

.   II     5/16"     6b    300 - 
16 hr*. 
Right and  l*ft eeotlonj 
**ld*d by *r*at Lakeo 
and both c«nt*r **etlon« 
by Republic Steel. 
Chipping and grinding 
aft*r flr*t and avoond 
pa****,  tie» 5 hour*. 
Bin*  - .re pa***«  in 
ero**bar. 

Faaaad radiograph 

! 3  1337    1"' 
! t. 0    ^|    III 

nil 

3|11»3|       ;lf"4f!l«J      II 
I '    0|    1   It    V 

I   ! i   ! 

in' •■ 
'■■sly 

Jl 

•«•Id   Bel.; 
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; ". matt <»•::. _ ijawuwj_ 
! nCnl naeuiu  f». rrn wTi 
,t rm 

& Mtrun » i 
je. a» aaaNaWr •      '«-I 
It mun 
I It NUT TBMTataT  I 

A.  AD-4S8 
B. e/ia/43 
C. 43 
D. Carnegie 

IUlnola 
Steel Co. 

Republic 
Steel Corp. 

E. UoKay Company 
F. Preasid Steal 

Car Company 

!A.  1-1/2 
IB.  B-I       C  I 
■    (l.28Mn,.30Sl, 

.82111, .SOCr, 

.ISMOJ i 
R-I       R S 

(.»k'n,.2531, | 
9*Cr l.aSlll, C.   31a« 
""" I D.  AC STR .81Mo) 

e, .37 
.378 

D. Face  395 
»aot 29S 

E. .... 
F. 1800°'.   3 

:tre.  Water 
1530°»'. 
1-1/2 hra. 
latar 

A. Nona 
B. 
1. II  3/16"  la 100 - 

3/16"  la 1*0 - 
3. Ill 5/16"  4a 

4b 300 - 
3. Ill 5/16"  6b 300 - 

C. 11 bra. 
D. Bight and  laft eectlone 

■aided by Republic Steal, 
and both centar aactlona 
by Carnegie Illlnole, 
Chipping and grinding 
tlae 5 houra. 

Afi-741 
7/15/43 
48 
Republic 
Steal Corp.  | 

Xoungetowm 
Sheet A Tuba 

Con puny 
Raid Avery 

Coarany    , 
Freeted Steal 
Car Coapany 

4- 
A. 1-1/3" 
B. R-I       R S      I 

(.93«n,.2S81,' 

R-III    » 
(1.74Bn,.aUl: 
.oaor,.oj«i,1 

.33Mo) ! 
C. .37 

.36 ' 
D. Face 273 

>Hk 272 
Fas« 374 
SKI 274 

A.  A-I , A. 
(.07-.'.7Cj B. 
3.SQ-4.7S 0. 
in  .0081, 
9.0-10.7 
»1,18.50- 
20.SOCr, 
l.lOao)» 

B.  
C. aan^aneea 
D. BC «T    ; 

I 

i«oo°r. j 
hra. later 
l«00°r.  J 
hra. Sater 
1800°».   3 
hra. later 

>»eld S«tai 

75"»» A. Nona 
3/16" •• 
flaw 1. II  3/16"  2a 170 - 37 

Cutting 3. Ill 5/16*  3a 330 - 28 
Srlad lag 5/16"  2a 

4b 400 - 30 
3. Ill 6/18*  «b 400 - 30 

C. 14 hra. 
D. Laft and lower center 

aactlona «aided by 
Rapubltc Stool, and 
right and upper oenter 
aactlona by loungatoan 
Chipping and «rinding 
tlaa 6 hour», 

_V~ 

f    I 

_<C 
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o «.ATE «0 
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j      wmpR OAT» 
I A n.»rt TWOKMI«* 
■ net 

I IU0TIOM i mm 
! It   HUT TUtATMUT 

!   tltCTAMt mal 
A TV ff, 

!■ TMM NAME 
C. OOATIM 

,D. OUftflMT  a 
PDLAA1TY 

A. MOOTE.MCUIBtD 
«MHtaoor net 

•   «DOT «V 
0-1ATC I 

*   Dcrarrio« BIIL  ni""«>  v. 
i «cor vt« 
t.MOT Ttm 
mm nn I 

c.   TBTM. »tLpnii n«m «prm «M 
rtavauTim 

r fjri-fri IU ■»i^asmfi')«MI 

AD. ;60 
7/27/43 

C.   56 
D. 

i A.   1-1/2" i 
B.   R-I 

1    (1.16Mn,.19Sl, 
.87Cr,l.I3Nli 

».   A-I A.   75°DV 
(.140,4.28 B.   3/16" 
Un,.51Sl,  C.   Flame 

-4*- 
None 

Carnegie 
Illlnne      .22Wo) 
oteei Cor; .  C. .25 

£. Hollup Corp. i B. f«ce 290 
F. Pressed Steeli _  uaci 387 

Car Conpany I £.  
F.   1563°F. 

1-1/2  hrs. 
«ater 

19.7BW, 
9.73N1, 
.74Ho)* 

Armorod 
Lime 
DC RtV 

Culling 
Grinding 

3/16" 
3/16" 
1/4" 
5/16" 
5/16" 

!A. ino0 

150 - 25 fe.None 
160 - 25 i 
220 - 26 
29U  - 27 

300-27 
300 - 27 

-»- 
A. AD-769 
B. 7/31/43 
C. 50 
D. Republic 

Steel Corp. 
Carnegie 
Steel Co. 

C.  Crucible 
Steel  Corp. 

F.   Preaeed  Stee 
Cur Coarranv 

A. 1-1/2" 
B. R.I        HS 

(.89Mn,.1931, 
.92Cr..96Nl, 
.48No> 
g-I       C  S 

(.93Nn,.2SSl, 
.99Cr.l.35Kl 
. 61No) 

C. .28 
.278 

D. Fact 278 
»ac* 267 
Face 266 
Back 366 

~r- 

. Ill 5/16' 
14 hour«     — 
Chipping and grinding 
after flmt, ««eond, 
fifth Hnd «eTentri, time 
5 hour«. 

 ' !—t—H—I 1— lioo,   it-* n"\    I 
•St.     L  U |  ]   , 

1088, J-"'    7j.* | i,,^ n . 7" 

1177 I 3" I    5f 

Li     U 

! 13CO; 
e»t 

°;      i»' H"i i«4 n 
.i        «.    B      1   v 

•I«.«»«» a» CAM«".«» _ 
 "°"i »KW.Tt.tT», 

Pasaec   radiograph 

I3*t 

A. A-I ' *■.   75°DV 
(.11C,1.98 b.   3/16" 
Mn,.19Sl,: C.   Flam« 
-lO.lPCr, 
9.98N1 
1.86Mo)» 

B. Vzlstal 
C. Tltar.lu») 
D. AC  STB    ! 

-+- »_ 
None 

Cutting 
rinding 2. 

3. 

3/16' 
3/16' 
1/4" 
5/16" 

III   S/16" 
14 noura 
Root  nui ground 

130 - 
140 - 
320  - 

300 - 
300  - 

'A. None; 
IB.None' 

1600°'.   3 
hi».   Water 
ibta°i. 
1-1/3 hra. 
»ater 
1600°».   3 
hr«.   w«t«r 
1068°» .   3 
hr«. 

1180| 1« ;        13i'  Ist II :  4t-! faMlad n«llogr.ph 
8 la"   IncoKleta 

;   penetration in 
In*    I '■ •*;   croaabar 1" Ilf 

R ;   0 1        I      i   !
t 

neoi     j f" |i3" 
j    L      H 

•»«Id   H.l.1 

unl x | 

I     ! 

V I   4* 
I 

IMIII '  3* 
»,    * 

i * 
I«r      IIS* 

iü' 

So«  poroditjr 
and  tug 

3* 

f   i 
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;C   f   *TE NO 
! o AMUO* MMimOTUMfl 
! K «LaOTTTTOt  »M« 

« ««MO« FAiWOATO« 

A »LATT.   THlC.HtSS 
• TTK 
0 ««0« COHTD1T 
0 irii 
i muu 
«   MUT VM1THMT 

Vif«    ' « wroovt.iKCLUMi) 
■ TUiaut ■*k»»'«1 

C cniTt« • WOT «a* 
D Cl»»MT i «FLATI *»f«-   ATM« 

Mt-MITY 

««.^»"v.iwwv1? •liUM 0"C««;«-Ttl_; 

OWOSITIO«   UI IL    « TTPf ar 
I MOT TT"I 
t.»0»T   TYH 
I US« TYM 

TOWt «LOI»» Tin« «KTi« MM 

"M      'H ' vft ' locATim or * '    cyfcmwe »»t»o*»«p«tc M«jLTi7iTTt. 
i  J   L t~T kt'r Cl   'üKjTTWT*lit' 

I   »«--" 

=e 
Carnegie 
Illtnoli 
Steel C( 

T.'cKsy  Conrany  D.   * 
Creneed  Steel 

Car Comrany 

A. 1-1/,"" 
B. H-I 
(l.I61ln,.19Sl, 
.67Cr,l.l?Nl, 

?0 
SacK 300 

t.   --- 
F.   lSo^T. 

1-1/2 ni-9 
A'ater 

A. A-Il 
(.130,3.08 
7n,.61Sl, 
:O.JOOr, 
iO.BSNl, ! 
.L5Mo,.07 
'.'..llCuJ* 

3.   A-5 i 
C.   Lime 
v.   DC  REV    | 

75°t>V 
2/16" 
Flame 

Nine 

II 

Soneil   jU2lilf*' 7J-"r""p'   IT     ft P«sed   "d. 

; jtting 
1,1 IHK. 

5/32" 1- 
5/32 la 
a/32" 4b 
3/16" 26b 
3/16" 16b 

38 hr». — 
One  more  ras»  In croe 
bar. 

II 

130 ■ 
14J 
140 
170 
170 

None!     i R 

2   |1192| 

3     1247 i' 
I     . '   R 

ogranh 

L i    U 
a}'fop    n    3*f 

"Fi»P 
D I 

I   12»» 
II     4j! 

AD-774 
8/3/43 
59 " 
Carnegie 
Illlnoll 
Steel Corp. 

CriclMe i 
Steel Co. 

Freedeo.  Steel! 
Car Coti«ny 

A. 1-1/2* 
B. R-I 
(l.i6Mr.,.19Sl 
.87Cr,1.13Nl 
.22Uo) 

C. .35 
D. Face  282 

Bao« 250 

1563°'. 
1-1/2 hr«. 
flater 

A. A-I A. 
(.120 3.04 B. 
Kn,.36Sl,! 0. 
l-<.64Cr, ! 
9.24N1.    ; 

B. Reillta.1 
C. T'.tanlu» 
0.   1C REV 

76UI/V 
3/16" 
Flaw 

C 
Hrlnd 

A.   None 

ittlng 
ir.g 

II 
II 

3.   II 

i   B. 

S/32" 2« 140 - 
5/32" 12b 140 - 
3/16" 34b 170 - 
3/18"   20b    170  - 

28 hr«.   
Riot pa.«« ground out. 
Chloilng «na grinding 
after flrat two oabsee, 
tine 9 hour«. 

100°Jl  1061 l"r*i    5" tap1 II I =F P»»»ed radlogrmph 
F.'  '     R    ' U I I 

.Nca«       .1 i   I 
3   us»     ] 1**1 «" UP 

1     [LB! 

*•  H-'k-P 
R I   U I 

13 JIM«| 

AD-774 A. 1-1/3" A.   A-TI         j A. 7S°1)V A.   None 
■V3/43 B. h-I (.U.'.o.Oti B. 3/16" B. 
si I.lo»n,.19Sl, Mn,.6iai,' 0. Y 1 am« 1.    II o/32" la 120  - 25 

1.1 nrgl« .87Cr,1.13Nt, ;:u.;CCr, Cui :tlng ' 5/33" 1» 130  - 35 
111Lnol« .23«o) U.hoNl,   ' Qrir>J: •I« 2.   1 S/32" 3« 130 - 35 
S'.t*el Corr. C. .35 . 1 «Mo , J/18" ia 160  - 36 

HcKay Con.i any 1). race    'Ob . v 'TV . 3/16" 1« 170   - 26 
T rt-ww»il   Steel Back   305 .'. I'Cuji '.   I :,/i6" 2« ITC  - 36 
fai   Cumrany t.   b.   A-5 rf . ... 

F. lb«3t . .  : ID*- -.   R.)?t T **-m  ft.: TOUI1.1     O'jt. 
1-1/2  hi«. . .   :,   Ftrv 11 .tT an '-   fi ItUT.a 

n; t] 

11 IV 
l30»t 

.Nor» e.t.     L, D | poro.lt, 

i a!uoc        F   «" f»rini; 1« 
1     ' e«l. '-     " ; 

1100 b" Ut :'.:-    1*' 
u 

',;I-T    :•    3f! 

-JfJ" 

• »..:l   »Btal 
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•  TTfl 

1 o «MM* Hirarr :•. •» 
•, moon« 

{ A BUT TM ««MT 

»,   *, 
HU MTHHI r 

t.   mtWT'-"*1 

8'2S/*3 
3 
Jjriee * 
Lau&Mln 
üt.eel Corp. 

Cruetbl* 
Sleel  Co. 

ülanJurd  St.« 
Srrlns Co. 

I*.   1-1/3" 
IB.   R-III 
'   (1.68Un,.33Sl 

.♦4M») 
C. .38 
D. F«ce 205 

a«c» 27? 
'£.   B.O.H. 

lU.   1«50°F.   3/4 
nr.   J«ler 
1180°r. 
1-1/2 hr«. 
«■t«r 

A.   II I A. 45°DV !  A.   Vlli steel 
(1.7Mn,.0fcB. 1/4" |  B. 
C..49S1,     C. Flue 1.   I       3/18'     1» - 
aO.SCr,     ! Cutting        3.   II     3/16"  19* - 
i0.8SNU,! Orlnaing 3.   Ill  3/16*     6k -       - 

8.   »rmorltei ' C.   13 hro. 170°F. 
C.   S.-ilelded I),   «eld reinforcement» 

*rc ground off. 
".  X REV ! 

M-tJDM 
MS4BBÄJI 

! A. «anal 1 [1105] 1* i 
!h.Hon3     ' n 

III   6i"p»,.»i r«dl)gr«i>h 

3 Illl3: 

| 3 '1335 ! 
t     l 

_i- 

!     H|     D 1 

| Soot lnwrfoot 
fusion 

'I     I 
»\l 7".II«P! 

i 

_i—|— 

i i 

!   i 

I 
3 7 

; .«.ii mux' 
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TS. HLÄTI  TNIOMMItS A TY« 

| 4  TT« •  TU« WA»i 
C. CAMION COrrCMT a COATIM 
e. MM D OIMWMT • 

I iLiamOM   HTM If.  MIOQItf »LMITY 
t 4JUMM MtMUTOB       ' t   «AT TMATMtn 

TfMt TW OUOMM 

J<W*»T  Cf SAW 
A  «MOVt.lNCUJaCD 

A»*»i_r HOOT »eg 
■   WOT »A»» 
0- «-ATI  MIPntHTIOM 

HtAT 
A   PHI 
■  -CfT 

»ALL^TtC   «»U* 
M I VfL       LGOATIÖN Of~ * «ACHIM» 

■ -^T»  ;   LATTOTfl. TiAeTfiH'A« 
DtfOttTIOII    MKCL    »0   IT'»   w    V 

L HOOT  TTft 
1-tODT  TTPf 

«■Al* 3 OH CftACKim 
•|ACNU«IAFRK MMT|,UC 

U 

16.     YOTifc wtLWW TIM * WTU Nil 
I TCI 
■   limn 

B. J/3/43 
C. 42 13 
D. Cnrr.e£lr   III. ■ 

üteei. Corp.      I 
E. Llndt Air 

Produc-8  Co.    jü 

Ll7'Jn . liSl 
.tJCr  .671U 
.211:3 

-   .27C .J3Ko 
F.   Brl^o  üfg.Cg,;.   F»c«  JB6 B.   Ci»ela 

1      fa«o» 37? »«3 
t.  O.H. C.   B»ri   f80 
F.   1583^ J hr 20XC 

■■ur   *       ir. AC 
1 rt«»«oi 

.    i  I », 45'^   DV 
,3,*C   3.43   |S. 1/4" 

(ta|C. Flume 
.6ÖS1 I CiUlrm 
U.4JCr      ' 
^0.61111 

la. 

1076°r  l!  hr; 
■ kttr 

-per 

Sp«el*l ./<" z'JV 
1/4"   i.!K 

5  hours.   7j-I?'_JF 
ElaoMd welding time 
UV »Vavel apaed  SI  _ 

! w r#Ufl  r*d Loftr«i*h * 5     crack  In   Left 
11: - 6     Jur.-.ior  of '     * c..ro««b«r. 
17i 

♦ 

\» H- . 

— 
*.. AS ess 
p. J/j/43 
|C.  43 
!D.   Cemegle  111. 
1      3utl Corp. 
*.   Llnde  Mr 

Produotc Co. 

Cruotblc  iUel 
Corp 

U" 

B.  H  I 
l.lTlln 
.SJCr 
.31110 

C..37C 
D.  Fe.ee 338 

B.P1   J77 

,4.    ^jolt-It  A.   4f° 
,C8-.0»C   iB 
l.?"-1.76| 

1931 
eTOi 

Brl»ii  Uf#.CoJ1''  "•"•„     , 
f.   1563 F !  hr 

.li-.303l 
15.17-U.: 

Cr L 

IC .»-10.6« 
»I, 

3.o»-.". :4»4» 
B.   \rnorlEt 1 

1" 

n.i 

*.   Copper Paesed radiograph 

i.    : T 3/13*    3. 100    34 
3.     V 1/4"       3. 330    35 

1/4"   ~JW 
70-170°F 

780    38 
*a 7 hour« 
■ Elapse »eldln* tine  13 

hour*. Copper edheelone 
ground off, use 1 hour. 
B» Treyel   «prod   M'/mln. 

nkr    *         *■   '"""■    . 
1078 T li fcrV  --• ,.ur    .    ..a* 

J.4j:-'-.      | 
. 1831           i 
U.4?Cr 
1D.16K1 
.33L,« 

r. Omu *4i 
C.   »8Ü 
C.   — 

•3. Id   |*W 
i 

! 

! 
! 
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A.   AD 795 
8/31/43 
36 
Groat l*kaa 
Stool Corp. 
Kolaj Coipany 
Linda Air 
Product« Co. 
ri.her Tank 
DlTlalun. 

- FfOjO) OtDOflOao, 4. ft.»« TWONHm 
ft Ttft 
•■ MM 
». mm 
l r »to» 
«. MAT numnT 

J&KMSIJSBL 
A.Ttfl 
• . TMNIUMt 
aOHTIM 

-L. 
A.   U" * 
S.   -RII 

.SOHn .550r 

.39MO 
0.   .370 
D.  Faoo 365 

Buk 385 
E.  
r. — 

MJUOJr 

ntut 
. «not »A» 
.rum wwnrin 

A. Holmjr 
k.  «II 

.08C 
3.93Hn 
.5331 B, 
19.80r 0 

I    9  7*1 

B. Araorloj 
p.  Lino 

Linda Air | 

B. OmU ii 
0.  

90° BY 
on« al-o 

58° BT 
other 

l/8f 

riu> 
Cutting 
»rinding 

^wi 

imi TTff 
imn im 

.   TSIM. ■■UM» na 

I    **- —■ 
• urn MM 
1MMMT1K« 

-S|L 

.  MOM 

'l.     II 

3.   I 

3.  I 

350 
350 
350 

3/18"     3«    175    33 
on«  a Ida 
l/4¥       1« 

5/16"       1* 
5/16"       3D 
other lid* 

3. * 3.1/4' iim 
C. 3:05 hra.  lOO-SOO0» 
D. 3 atfiutoa of chipping 

oftor anon piiaa.    told 
ralnforeoajont ground off, 

A. Hon» 
IB.MOU 

900    34 

1103 

1093 

1177 

loot-no» o> K 
111 ULI If 

7" 
U 

*; 
1" I  7' 

K      D 

ffSRi1 

[V 

failed rodlo- 

1/3* orator 
ornok In oroetbar. 

•  toll!   aotali 4**> 
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A.AS 437 
B. S/13/43 
0. »»718 
D. Ford Motor 

COBDVU 
Mcttl » 
Thermit Corp. 
Lin«« UP 
Product« Co. 
Ford Motor 
Company- 

A. 11" 

B. R II 
l.Salln .378V 
.SSCr    .0Ml| 
.40Mo 

0.   .370 
D. F»o« 386 

Bask 386 
t. B.IlfO. 
r. leso*»1 3 urai 

iias?  , 

A. Met»! • 
The rait 
A I 
.070 
1.04Mn 
.5081 
18.30r 
10.311 
3.00MO« 
Mir» 

nfl-BS» 

"iac 
8.34Mn 
13. 4S0r 
11.SMI 
.13Mo«    _ 

B. Oxweld «4 
C. * 80 
D.  

«5° DT 
3/16" 
riant 
Cutting 

iC. 

Copper 

II 3/16" 
, On« elde 

III 3/16" 

III 3/16" 
Other «Id« 

3/1?      1« 
■ 1/4*    IBM 

S hour« SOOT 

•teld »tali 

¥/ 
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*   FLAT!  TMCUltS       A  TYW                         A 
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»OOVS, iHGUlOCO 
MMJI, HOOT HOI 
HOOT «at* 

«LDJNJ                  MosanM 
ä   BACKIM« 

•asata 

Mil _L_ , 
». war.   TTJ 
a. «ear   r 

VIL." 
fir 

•4U.*7K «H 
LOCATION Of N  [ 
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o Mm mmmmtmm a. aw                     a. auaaaar a     'e. •LATC  MHEMNATIOH l BOOT  TTK I \ | 
etitaraoM m. 1 raoaiat                 »OLA»ITY ' «AOOT TY« j I 
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| 
a.   Tern, «tiaata na* a arrm MM     1 | 1 1 

j 
k. a lit A.   U"                    A.   Linda Air A 45° DT A. Coppar 1. Mona 1     1094 XI" B" 
B.   7/6/43 .330               B 1/4" B.                                                   B.Nona •■ D 1 Paaaad radiograph 
C.   CR 58 B.   R I                         4.54Mn           C flaa* 1.   II    3/16'     3a    16»    33 3 1096 1A' 7" IMI I 1 17. Sajall aaouat of 
D.  Carnagl«  111.         1.05Mn .1931    .5381 Cutting 3.   A 3. »It D 1      * poroaltjr la 

Stool Coapany       ,S18r .96M1      7.48Cr       i 1/4"       3a    330    35 3 1089 \i 81" I MI I ,16' oroaabar. 
I. Molajr Coarpanji      .46Mo                 8.1SM1 1/4"     31»    830    30 « •D I 

Linda Air         ]0.   .380                      .24Mo»         ] C.  4 hra.  108-3309' 
Product« Co.    0.  faoa 393        B.Oxwald «43 D.  UM Traral apaad 6"/aln. S3i 

F.   Midland at»'.        Bank 303        c.  Flu» #80 ' A 

Product« Co. E.  -—                    D.  AC 
t.  1583°» * hr A.  MoEay 

»atar   *       B. Araorloy 
1033°f 11 hre.    

| 
»*i*r               ^   „- ;       ; 

J  

A. AD 736                 A.   U'                    !A.  A II          j». 
B. 7/8/43                          '                      1   .310 4.00Mn8. 

45° D» 
3/16' 

A.   aalt 
B. 

A, Mona 
S.»oaa 

1 11144 
1 IB                 5   •             1 

38= Paaaad radla- 

l/3r of lnooaj- 0.   OR 80                  IB.   R I                    |   .4951             0. riaaa 1.       3/18"     IU¥      800    38 ]      1 
10.   Carnagi«   111.          .95Mn  .2881 '   7.«8Cr 
i       St«l Conpanj,       .«OOr .93N1 1   8. sell 

Cutting 3/18'     1UM      730    38 
3.  A 3. | pl«t«  fusion 

In orotsbar. 
E.   Llnde Air                  .38Mo               i   .34Mo« 1/4"       a«      870     30- 1 

Product« Co.    C.  .380                B. Onald 33 
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