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Natertown Arsenal Laboratory 
Eeport Number WAL 6U0/S9 
Problem 33-3.1 15 November 19U3 

WELDING OP ARMOR 

Summary of Ballistic Shock Test Results on 
1 Inch and 3/U Inch Homogeneous Armor "H" Hates Welded with 
Austenitic Electrodes and Tested at Aberdeen Proving Ground 
during the Period from 1 October 19^2 through 31 March 19U3 

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 Aberdeen Proving Ground firing records fcr 156 welded 
armor H plates have been tabulated en accompanying charts end tables. 

2. quality of armor plate appears to be the most important variable 
for all hand welded plates. 

a. Steel cleanliness and directional properties affect the 
amount of weld cracking during ballistic shock testing of H plates 
assembled from 1 inch rolled homogeneous armor» 

b. The proportion of plate to weld cracking for H plates 
assembled from 1 inch cast and 3/^ inch rolled homogeneous armor is too 
high to allow adequate comparisons between ordinary variations in the 
welding procedure. 

Hence, the futility of welding H plates frcm armor plate which 
has net been adequately heat treated cr does ncc have relatively good 
cleanliness and soundnesc characteristics is quite evident. 

3. There is little difference in ballistic sheck test results be- 
tween plates weldod with the manganese and with the molybdenum modified 
type of austenitic electrodes. Plates welded with a narrow included 
angle, a small number of nasses, or a straight woavc technique aro 
indicated to be slightly inferior in resistance to weld metal cracking 
during ballistic test. 

U. Five Unionmelt plates, included in the rolled 1 inch armor 
group, showed shock test results slightly inferior to the average for 
hand welded platos. 
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5. In general, failure to pass the radiographic inspection test is 
associated with slightly increased weld cracking during the ballistic 

test. 

Anna M. Turkalo 
Asst. Phy. Sc. Aide 

S. A. Herres 
1st Lt., Ord. Dept. 

APPROVED: 

H. K. ZOBNIG 
Colonel, Ordnance Dept. 
Director of Laboratory 

- 2 - .;-•; :■■ 
." 'J  ■-■ 

•  • 

" 



i  • 

On the 
from firing 
156 H plates 
this arsenal 
homogeneous 
and fired at 
19^2 through 

IBTROPPöTIOK 

accompanying charts (Appendix A) are tabulated data taken 
records representing qualification and development tests of 

The tabulation includes all firing records received by 
for H plates assembled from 1 inch and 3/U inch thick 
rolled or cast armor by welding with austenitlc electrodes 
Aberdeen Proving Ground during the period from 1 October 
31 March I9U3. 

The purpose cf these tabulations is to make available to persons 
concerned with welding of armored structures information as to ballistic 
performance of H plates made with various materials and procedures by 
commercial fabricators. Previous reports (W,A. 6UO/73 »4 GUo/SH) have 
given summaries of ballistic test results fof all 1 inch and 1-1/2 inch 
thick homogeneous armor H plates welded with ferritic electrodes and 
tested at Aberdeen Proving Ground through 25 February I9U3, and for all 
1-1/2 inch thick homogeneous armor H plates welded with austenitlc 
electrodes and tested at Aberdeen Proving Ground during the same period 
as that covered by this report (l October 19U2 through 31 March I9U3), 

An index to fabricators, armor manufacturers, and electrode manu- 
facturers is given in Table I. A summary of ballistic shock test 
specification requirements for H plates welded with austenitlc electrodes 
and a key to the tabulation method and symbols used in this report are 
included in Appendix A. 

• 

GENERAL COMMENTS ■ L    • 

I   • 

Ballistic performance of H plates is best evaluated by amount of 
cracking for each round, but the cracking is influenced by the variables 
in the ballistic test as well as those introduced by the materials and 
welding procedures used. It is desirable to make corrections or allow- 
ances for variations in projectile velocities and the effect of prior 
impacts when comparing various plates. However, tabulation of the 
average plate and veld cracking of the plates in this tabulation, 
grouped according to the severity of the ballistic test (Table II) does 
not provide a basis for such corrections. This is because there is an 
insufficient number of impacts at other than specification velocities 
to indicate the true effect of ballistic severity. 

In the summary tables that follow, the number of rounds outside the 
specification limits for velocity and location will be listed and r*# 
be taken into consideration in comparing effects of armor and welding 
variables. Variation in thickness of the armor plate was compensated 
by increaee in specified impact velocity of 6 f/s. for each .01 inch 
increase in plate thickness. 

Firing record data show cracking as located in weld metal, fusion 
sone, heat-affected zone, or plate based only on surface appearance. 
Experience has shown that a crack in the vicinity of the weld may proceed 

r» 
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through portions of weld metal, fusion zone and heat-affected zone re- 
gardless of surface ap-oearanee. For the .purpose of,the tables of this 
report all cracking within 1/8 inch of edge of veld is included as veld 
cracking and the remainder as plate cracking. Inasmuch as most virgin 
rolled armor would not ordinarily develop cracking under the same test- 
ing conditions as those used for the voided plates and development of 
plate cracks materially decreases the severity of the test on the veld, 
it is necessary to consider plate cracking in evaluating the performance 
of velded E plates. 

Decrease in temperature of the test plate at time of impact is 
known to have considerable effect in reducing the resistance to "bal- 
listic shock. Within the range of testing temperatures, 35° y« to £10° F., 
used for these plates it was not possible to establish the importance 
of this effect. 

C' 

HAMS WELDED. 1 INCH THICK BOILED ARMOR H PLATES 

Tables III through VIII 8how comparisons of average cracking per 
round for these plates in terms of welding fabricator, armor manufacturer 
and processing, electrode data, joint design, welding procedure, and 
radiographic soundness. The 57 mm. slug test is apparently less severe 
and not directly comparable to the 75 Jm'  slug test in the effect on the 
weld for these 1 inch rolled armor H plates. 

The performance of H plates welded by any one fabricator (Table III) 
must be evaluated in terms of armor and electrodes as well as welding 
procedure and inspection control. Plates welded from Great Lakes and 
Youngstown armor show higher averages of both weld and plate cracking 
than plates welded from Jones and Laughlin armor (Table IV). Previous 
tabulations (V^.. 6Uo/gU) have indicated that quality of steel (cleanli- 
ness and directional properties) has a greater influence upon ballistic 
efficiency than variations in chemical analysis or plate hardness within 
the ranges represented by these plates. 

No correlation is shown between chemical composition of weld metal 
and amount of cracking. There is little difference between plates 
welded with Mn-Mo iiodlfied (weld analysis at least 1# Kn and 0.2# Mo) 
austenitic electrodes and Mn modified (weld analysis at least 1$ Mn and 
less than 0.2$ Mo) austenitic electrodes (Tables Va and Vb). 

Double V joints with a 60" included angle were used on a large 
majority of the plates. Two plates welded with a single V, Uo° in- 
cluded angle, and four plates welded with double V, lees than U50 in- 
cluded angle, showed greater than average weld cracking on ballistic 
testing (Table VI). 

Root gap varied from l/g to l/2 inch, the majority of plates being 
welded with 3/16 inch root gap. Satisfactory plates were obtained at 
both extremes of root gap. 

- U - 



Number of passes used in completing veld varied from U to U5 
(Table VII). The majority of plates were welded with 6 passes. There 
is a trend for slight improvement in "ballistic performance with in- 
crease in number of passes up to 15. One plate with k passes was 
welded in vertical position and one with ^5 passes in overhead position. 
Both failed the ballistic shock test. 

A combination of beads and layers appeared more desirable than a 
full weave technique. A multiple bead surface layer was indicated as 
preferable to a single pass surface layer technique. 

Two plates each were welded with mild steel backup strip and with 
no backup. These showed higher average weld cracking than the remain- 
ing plates welded with copner backup. The number of plates welded with 
preheat were insufficient to determine whether any benefit was obtained 
by this procedure. 

In general, radiographic unsoundness ia associated with increased 
cracking during ballistic shock test (Table VIII). 

WIOflMELT WBLDED, 1 INCH THICK ROLLED ARMOR H PLATB5 

live Unionaelt plates are represented in this tabulation (Charts 
Uos. UU - 1*6). The average weld and plate cracking were slightly 
higher for these plates than for either rolled or cast hand welded 
plates (Table IX). 

Two plates were welded by Caterpillar Tractor Company, ono with -  -• 
Great Lakes and the other with Youngstown armor plate of typical cur- '."-'■ 
rent chemical composition, with 75° included angle, single V, 3/l& lach       I -".v." 
root gap, 225° to 500f> P. preheat, two passes of Unionmelt only. Both ^"•-'".-"-; 
plates failed radiographic inspection due to crater cracking and there 
was an average of 15.6 inches of weld and U.2 inches of plate cracking 
during ballistic shock test with 75 mm. test projectile. 

Three plates were welded by General Motors Truck and Coach Division, 
all with a combination of Great Lakes and Jones and Laughlin armer plate 
of current chemical compositions, with 60° included angle, double V, 
3/l6*inch root gap, no preheat, two hand beads at root and two Unionmelt 
passes. These three plates passed radiographic inspection and there was 
an average of 6 inches rf wold and 1.8 inches of plate cracking during 
ballistic shock test with 57 »o« test projoctile. 

HAND WELDSD, 1 INCH THICK CAST ABHOR H PLATES 

Ballistic performance was, in general, very poor for the rast armor 
H plates. In most instances, it was impossible to obtain a fair test 
cf tho wold because of excessive plate cracking. If arocr plate has 
not been fully hardened during heat treatmont, prior to welding, either 
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■because of insufficient alley er poor heat-treating practice, the platt 
metal will have very poor resistance to spreading of cracks initiated 
during ballistic testing of the welded H plate. Because of notches 
and residual stresses unavoidably introduced by welding, cracks are 
initiated under a ballistic shook which would not affect the virgin 
armor test plate. If armor is properly hardened during heat treatment 
and is of adequate steel quality (cleanliness and radiographic sound- 
ness), cracking during ballistic testing should be confined largely to 
the weld metal, fusion and heat-affected zones. 

Table X shows a definite trend for improved ballistic performance 
in plates welded from armors known to have adequate hardenability for 
the given heat treatment. 

Tabular comparison of welding variables does not seem justified 
for cast armor welded H plates so long as such a large proportion of 
the cracking is dependent upon the quality of the armor plate. Table XI 
indicates a slightly lower average weld cracking for plates which failed 
the radiographic inspection. Since radiographic unsoundnes« is usually 
associated with increased weld cracking, other factors seem i© be of 
greater importance for these particular plates. 

HAM) mPED, 3/U INCH THICK B0LL2D AHMOS H PliTZS 

The ballistic test for 3/U inch plate was in the development stage 
during the period in which these plates were fired» The use of a 57 mm. 
projectile at a relatively low velocity resulted in a large number of 
impacts outside of the specifled areas for fair testing of welds. 
Table XII shows a high ratio of plate to weld cracking for four of the 
six armor compositions involved, indicating inferior steel quality, 
inadequate heat treatment, or both. The one Republic plate, which did 
not show plate cracking during the ballistic shook test, was heat 
treated to a lower hardness level than the other plates and this would 
favor resistance to shook at the expense of resistance to ballistic 
penetration. 

In view of the limited number of plates in this group and the 
large proportion of plate cracking, comparison of the electrodes or 
welding procedures on the "basis of average cracking does not appear 
justified. Table XIII does, however, indicate a «lightly lower average 
weld cracking, for plates which passed the radiographic inspection. 
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TABLE I 

INDEX TO PLATES •_ 

Hand Welded, 1 Inch Holled Homogeneous "Hff Plates 
► 

Chart 
No. 

No of 
Plates Fabricator Armor Mfgr. Electrode Mfgr. 

■ • 

1-2 6 American Car 
& Foundry 

Jones & Laughlin McKay 
Crucihle Steel L 

3 - 13 33 Cadillac Great Lakes 
Jones & Laughlin 
Youngstown 

McKay 
Page Steel & Wire 
Lincoln Electric 

ik 3 Caterpillar Youngstown 
Great Lakes 

McKay 
1»' 1 

15 1 Firestone Great Lakes McKay 

16 - 19 7 General Motors Great Lakes 
Youngstown 
Jones & Laughlin 

McKay 
Harnischfeger 
Lincoln Electric 

20 2 Gordon Mfg. Great Lakes 
Jones & Laughlin 

Crucihle 
r 

21 - 22 7 Heil Jones & Laughlin 
Great Lakes 

A. 0. Smith 
Lincoln Electric 
Harnischfeger r 

23 l International 
Harvester 

Jones & Laughlin McKay 

2k 1 Kay Brunner Great Lakes McKay 

25 1 Maremont Great Lakes Crucihle ... 

26 - 27 5 Pullman Standard Great Lakes McKay 
Hollup 

f 

28 3 So. Calif. Div. 
of G.M. 

Great Lakes McKay 
Alloy Reds 

29 - U3 28 Ternstedt Great Lakes 
Jones & Laughlin 

Reid-Avery 
Alloy Rods 
Kollup 
McKay 
Crucihlc 
Allied Weldcraft 

Unicnmelt Welded, 1 Inch Thick Rolled Hnmcgeneo-zs "H" Plates ■ 

UU 2 Caterpillar Great Lakes 
Youngstown 

Linde Air Products '..■ 

U5 - U6 3 General Motors Jones & Laughlin Union Carhide 

Great Lakes 



I h 

TABLE I (Cont.) 

Chart 
No. 

No. of 
Plates Fabricator Armor Mfgr, Electrode Mfgr. 

Hand Welded, 1 Inch Thick Cast Homogeneous "H" Plates 

^7 - 53 15 Cadillac Utility Electric 
Hughes Tool 
American 
McConway & Torley 

McKay 
Lincoln Electric 

5U- 55 6 Chevrolet Kelsey Hayes Harnischfeger 
McKay 
Alloy Hods 

56 2 Ford lord Crucible 

57 1 General Motors Amorican 
Sivyer 

McKay 

58 - 61 7 Ternetedt Hughes Tool 
Wehr Steel 
Great Lakes 
Jones & Ieughlin 

Held Avery 
Lincoln Electric 
Hollup 
Alloy Rods 
McKay 

Hand Welded, 3/U Inch Thick Boiled Homogeneous "Hn Plates 

62 l American 
Locomotiva 

Republic Alloy Rods 

63 - 69 16 Chevrolet Chevrolet Forge 
Great Lakes 
E. C. Atkins 

Alloy Rods 
McKay 
Harnischfeger 
Crucible 

70 3 Pord Pord Crucible 

71 2 Standard Rail- 
vay Equip. 

Carnegie-111inoic Hollup 

f. . 
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KEY TO TABULATION METHOD AND SYMBOLS 

Figure 2 is 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 and 3/U inch thick homo- 
geneous armor. 

B.    Type Armor 

The following type8 are used: 

R (Rolled) 

Typical Analysis 

• 

I 
II 
III 
IV 
V 
VI 

Type 
Mn-Ni-Cr-Mo 
Mn-Cr-Mo 
Mn-Mo 
Mn-Cr-Mo-Si 
High Alloy 
Special 

C         Mn         Si       Or 
.26     1.15      .20      .60 
.27     1.30     .25     .55 
.25     1.60      .22 
.27        .86      .79      .62 
(Compooitiens noted in 

11               n      n 

Mo       Hi 
.20      1.00 
.U2 
•37 
.17 

tabulation) 
n 

Zr 
B added 

Grainal 
.09 

C (Cast) 

I 
II 
III 
IV 

Mn-Cr-M3-Ni 
Mn-Cr-Mo 
Mn-Mo 
Special 

.29    1/00    .35    .55 

.28     1.55      -^5      -&0 

.30    1.58    .Ue     — 
(Ccmpooitions noted in 

.Uo    l.CC 

.30 

.50 
tabulation) 

C.    Carb on Content 

i 
■■. - ■ 

s- 

: ." 

(    t 

Cartcn ccntent is listed whenever given. 

^. Brinell Hardness Number (BEN) 

Brinell hardness nur-ber on both the front and back of plates 
is tabulated when fivers.. 

S. Process 

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

--•"- ^ '--•- ^ •-' »im 11 ill 11 »I   »111! 



-■ -. ;^:'i•.;■'.■■>)?.. !;--.v;-»T-r...,v,r---■■■.■•-" 

P. 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 aa 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 Ma-Mo Modified 18/* (Cr-Ki-Fe Alloy) 
Weld Analysis - at least 1$ Mn and .3$ Mo 

II Mn Modified 16/8 (Cr-Ni-Fe Alloy) 
Weld Analysis - at least \j> Mn and less than .3$ Mo 

III Mo Modified 18/8 (Cr-Ni-Fe Alloy) 
Weld Analysis - at least .3$ Mo and loss than 1$ Mn 

IV Special 

B. and C. Trade Name and Coating 

Trade namea and types of coating are listed when given. 

D.  Current and Polarity 

These data are tabulated as EC straight (ctr.), DC reversed 
(rev.), or AC. 

**• Joint Design 

A. Grcovc, etc. 

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

B. Boot Gap 

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

- ii - 

•-'-•-•-•'■ .•... •_..■.]. ■» .--...•.-.■.•.•..■>,.'«■>■ 



C. Plato Preparation 

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

5« Wslding Procedure 

A. Backing 

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

B. Deposition 

Tigure 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), head, if the pass does 
not "bridge the gap. Seal heads, when used, are noted with 
size electrode, current and voltage. 

C. Total Welding Time and Interpas9 Temperature 

These are listed as given. 

D. Remarks 

r 

Any comments on chipping, grinding, and other special tech- 
niques ucod and not noted ahove which affect the ballistic 
results are listed under "remarks." 

l 

^. Heat 

Preheat and pootheat are tabulated when given. 

Ballistic Besult3 

Unless otherwise specified, the 75 mm. Proof Projectile T21 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 aro as follows: 

Type I  Cracking in fusion or heat-affected zones on front 
and back of plate. 

( * 

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

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

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

The remarks on cracking and results of radiographic examination 
are recorded in the last column. 

- iii - 
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SPECIFICATION REQUIREMENTS FOR "H" WELDED HATES 

The following extracts from Specification AXS-i+97, Rev. 3,  describes 
the present "ballistic shock test. 

Paragraph F-3a.    (2)    ".Shock. Tests.    The welded plate shown in 
Pig. 1 shall be tested as shown "below.    Fig. 1 shows the areas designated 
for shock impacts,    For. the purpose of description these are divided 
in four 'specified areas' one above and one "below the crossbar on each 
of the two vertical leg welds.    Aiming points are indicated in Fig. 1. 

"If the first round falls outside of the one of the four speci- 
fied areas, another round shall "be fired at a second specified area. 
If the second impact falls outside of the specified area and no crack- 
ing occurs in the weld, another round will "be fired at a third speci- 
fied area.    This shall "be continued until an impact is obtained within 
one of the four specified areas, "but no more than four rounds will "be 
fired at one plate.    If  «he plate withstands all four rounds, all of 
which fall outside the specified areas,  and the weld is not cracked, 
the plate will "be considered acceptable." 

BALLISTIC SHOCK TEST* 

Hate 
Thick- 
ness Typo Projectile 

Striking 
Velocity 

f/s 

Allowable 
Distance, 
Center of 
impact to 
center of weld 

Maximum Allowable 
Cracking 

Weld    Plate 

1" H.H. 75 mm. T21 775 2" IS" 8" 

•^11** n.H. 57 mm» Tl 975 i 6 f/s 
per .01" 

1-3/U» 8" 6" 

3/V"**      E.H.      57 mm.  Tl 8C0 1~3/1+" 12" 8" 

* Effective during the period in which the plates in this tabulation 
were tested. 

** Specifications in a development stage. 

- iv - 
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WELD SEQUENCE: 
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QUALIFICATION SHOCK TEST PLATE 
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INTENDED AIMING POINTS 
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ROOT 
TYPES TYPE I TYPE XL 

DOUBLE 
V 

BEVEL X 
SINGLE ROOT BEAD 

AT CENTER OF ROOT 

JK_ _X_ TK. ETC. 
MORE THAN ONE BEAD AT ROOT 

SINGLE 
V 

BEVEL V W           FTCr                                                     1 
SINGLE BEAD BRIDGING 

ROOT GAP 
MORE THAN ONE BEAD BRIDGING 

ROOT GAP 

BODY 
TYPES TYPE I TYPE  H TYPE m TYPE 12 TYPE X 

DOUBLE 
V 

BEVEL 

LAYERS ONLY 

UNIONMELT SPECIAL 

BEADS ONLY LAYERS 
a BEADS 

SINGLE 
V 

BEVEL 
UNIONMELT SPECIAL 

LAYERS   ONLY BEADS ONLY LAYERS 
a BEADS 

CROWN 
TYPES TYPE I TYPE H TYPE m 

DOUBLE 
V 

a SINGLE 
V 

BEVEL 

SINGLE CROWN 
SINGLE PASS 
BRIDGES GAP 

TTTT 
MULTIPLE CROWN 

LAST BEAD TOUCHES! 
PARENT METAL 

• tJ^4 3 

TTTL 
MULTIPLE CROWN 

LAST BEAD DOES NOT 
TOUCH PARENT METAL 

FIG. 3      WELD METAL DEPOSITION TYPES 
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