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" ABSTRACT

Several welding processes were used to deposit weld metal
into full penetration joints in standard armor. The opti-
mum process, or combination thereof, determined by results
of ballistic firing tests, was used to join armors of dif-
ferent types and hardnesses. The types were: (1) standard,
(2) high hardness, and (3) Electro Slag Remelt (ESR). The
combinations used were: standard to high hardness, standard
to ESR, and ESR to high hardness. A mock hull was fabrica-
ted of these armors to determine their compatibility in a
single structure, Radiography revealed the hull to be free
of flaws.
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FOREWORD

This project has been performed as part of the U. S.
Army Manufacturing Methods and Technology Program for
the timely establishment of manufacturing processes and
the efficient production of current or future defense

programs.

First, an optimum welding procedure was developed and
tested. The procedure was then applied in joining
various types of steel armor test plates, followed by
satisfactory fabrication of a mock hull containing
all the armors.
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INTRODUCTION

Welding steel armor in production has been conventionally
performed using only one method - the stick electrode.
Development programs have shown that the gas metal arc
(MIG) process may also be used. The possibility of mer-
ging these processes could result in weldments being
produced using the best qualities of both, plus a bonus
of speed inherent in the MIG process. The high energy
processes, such as the electron beam and laser are not
considered here.

Joining armors of differing properties, such as higher
hardness, greater purity and richer chemistry has not
been investigated to a great extent.

A preheat temperature which would be compatible to the
three armors would markedly simplify joining techniques
when all are used in a single structure.

This report will determine the proper welding procedures
to permit joining of the armors.

OBJECTIVE

This project will provide methods for manufacturing
steel armored vehicles with a higher level of ballistic
protection than that offered to present, or to meet
present requirements with a reduction in weight.

Joining methods will be established on a production
application basis so that they may be utilized early in
the design stage. Availability of proven production
techniques will reduce lead time in the application of
new weight having armor materials and illustrate how the
various combinations may be joined.

SUMMARY

Several welding processes in a single weldment may be
accomplished very readily. Welding open groove joints
with stick electrodes for the root pass and the gas




metal arc process for the remaining passes proved to be
the method freest of complications and most likely to be
high quality. It was also the fastest. The gas metal
arc and shielded metal arc processes were used.

Armors of different hardness and chemical compositions
were successfully welded into single ballistic H-plate
test specimens. In addition, a mock hull was welded
from the various armors. It met radiographic inspection
requirements very readily.

CONCLUSIONS

The combination of welding processes which produced the
most consistent high quality weldments in the least time
was that in which the root pass was deposited with a
stick electrode and the remaining passes with the gas
metal arc (MIG) process, either the standard or pulsed.

Combinations of the three types of armors tested could

be joined with .the above welding procedure. This procedure
also required the least time to manually complete a

weld joint. It was applied successfully in welding a

mock hull,

RECOMMENDATIONS
As new armor types are developed, attempt to join them
with those already in the system.

Revise the armor welding Spec MIL-W-46086 to include
all the processes available today.



MATERIALS/EQUIPMENT \

a. Armor:
1. Standard armor Spec MIL-S-12560
2. High Hardness armor Spec MIL-S-46100
3. ESR Armor SAE-4340 |
b. Electrodes;:
1. Spec MIL-E-19822, Type MIL-B88
2. Spec MIL-E-18038, Type MIL-10016
3. Spec MIL-E-13080, Type MIL-307-16
c. Welding Machines:
1. Rectifier, 400 amp
2. Standard MIG CV, 500 amp
3. Pulsed arc MIG CV, 300 amp

4. Short arc MIG CV, 250 amp

TEST PROCEDURES - INTERMIXED PROCESSES

Welding test were conducted on 1-1/2 inch I-plates which
are weldments resulting from joining two 6 x 12 inch I-
plates on the long dimension. Various combinations of
welding processes and types of electrodes were used.
After a variety of designs, it was decided, based on
radiographic inspection and macroscopic examination,

to test ballistic specimens which contained 60° double
bevels in standard armor as follows:

Plate 1A - All ferritic. Root pass vertical - up
with short arc process. All other passes MIG in flat
position.




Plate 2A - Root pass ferritic stick electrode (in-
cludes plates 3A thru 6A). All other passes ferritic MIG.

Plate 3A - Except for root, all inside passes fer-
ritic MIG - cover passes austenitic stick.

Plate 4A - One side MIG - other stick - all ferritic.

Plate 5A - One side ferritic MIG - Other side aus-
tenitic stick.

pPlate 6A -~ Offset double bevel - ropt pass ferritic
stick - all others ferritic MIG.

(See Table I and Armor Data Sheets, Figures 1 thru 43).

TEST PROCEDURE - INTERMIXED ARMOR

Three types of steel armor were acquired and welded into
one inch thick I-plates. The intermixed process developed
above worked out satisfactorily, based on radiographic
examination and macroscopic investigation. The welding
procedure was then translated to ballistic H-plates. The
following combinations of armor were used:

a. Standard to high hardness
b. Standard to ESR

c. ESR to high hardness

Ballistic firing was performed in accordance with Spec
MIL-W-46086. The results are recorded in Firing Record
AR34163.

As a whole, the ballistic test plates performed very well
when fired at specification velocity and sub-zero tem-
peratures of -23 to 28°F (5° to 2.5°C). At ambient
temperatures, the ESR to high hardness and standard to
high hardness armors performed best. The ESR to stan-
dard armor broke catastrophically in the ESR materials

in Plate 6X. The other plate (7X), excluding the sub-
zero one shot, barely missed being acceptable by about
1/2-inch. It had been fired considerably (16%) over

the specification velocity.



H-plates 7X and 10X failed to meet radiographic standards
because of a transverse crack in the cross bar (ESR) and
a transverse crack in the lower right leg (homo armor),
respectively.

These flaws did not adversely affect the ballistic re-

sults of the test plates. Neither did the flaws propagate.

Weld parameters covering these plates are contained in
Figures 10 thru 33.

MOCK HULL

In an effort to determine how well the three types of .
armor would function in & structure, a mock hull was
fabricated by welding with the procedures developed
herein. Figures 34, 35, 36 and 37, show the hull
during construction. Joint design is illustrated in
Figure 38.

RESULTS AND DISCUSSION

Edge Preparation - All plate edge preparations were per-
formed with oxy-acetylene flame cutting equipment fol-
lowed by light grinding to remove scale formed by the
cutting. Dye penetrant inspectian showed this to be a
flaw-free procedure for the standard and high hardness
armors. The ESR steel cracked on several occasions when
cut at room temperature. The cracks were transverse and
occurred on the beveled edges, sometimes penetrating as
deep as one inch. On other occasions, while making a
cut, the flame would flare up and gouge the plate as if
an inclusion had been hit. Sometimes a cleanup cut made
about 1/2-inch back would produce the desired joint edge,
and sometimes not. The ESR material seemed quite temper-
mental. It probably comes from its history of having been

rolled and rerolled from previous sizes to produce material

needed for this program. At the time of procurement, ESR
steel was rather rare and not readily available.




A preheat of 200F (93C) seemed to be beneficial, producing
good cuts. But the same plate, when cooled, could be recut

at room temperature and again give a good cut.

INTERMIXED PROCESSES

Procedure test plates were welded for establishing joint
geometry and weld pass sequence. A 60° included angle
joint was used to permit manipulation of the welding gun.
A low preheat, 105F (40C) was used to impose severity on
the test plates, which were 1-1/2 inches thick standard

armor.

Several welding processes were used for depositing metal
into the weld joints. In addition to being the most im-
portant, the root pass is the most difficult to deposit
satisfactorily in an open groove fitted with a back-up
bar. It's hard enough with a stick electrode, let alone
a MIG gun. At least with the stick electrode, there is a
puddle of slag (melted coating) on which the depositing
weld metal can ride. With the MIG process, there is no-
thing but back-up bar on which to ride; hence, the chance
of poor fusion or back-up bar pick-up. A root pass weld
can be deposited in a weld joint having a 3/32 inch maxi-
mum root opening without a back-up bar; however, a high
degree of skill is required. To eliminate this need for
very high skill, it was decided that the root pass be
deposited with stick electrode in the flat position.

The deposition rates for the standard and pulsed gas metal
arc processes are practically identical. Table II shows
the similarity based on test plates totalling 33 feet

(990 cm) of welding.

Procedure plates nos. 1 and 2 were welded similarly ex-
cept for the root passes. On plate no. 1 the root pass
was welded ferritically vertical-up with the dip transfer
process. This process, used in the vertical-up position,
produces a higher quality weld than when used in the flat
position, in a groove weld. It virtually eliminates the
occurrence of flaws and obviates the need for a back-up
bar. But it is very time consuming, depositing at a rate
in the root pass of about one inch per minute (25mm/min)
compared to 3.3 inch per minute (84mm min) for the austen-
itic stick electrodes and 2.4 inch per minute (6lmm/min)




for the ferritic stick electrodes in the flat position.
Ferritic stick electrodes were used for the root pass in
plate no. 2. Some plates contained as many as three
welding processes. (See Table I)

Plate no. 3, for instance, contained the stick, standard
MIG and pulsed MIG processes. The root passes were con-
sistently deposited with stick electrodes in all but the
first plate. The subsequent passes were all mixed up.
Sometimes all MIG, sometimes MIG and stick. The MIG de-
posits were always ferritic while the stick electrode de-
posits were either ferritic, austenitic or both. On this
plate the capping passes were austenitic. The others were
ferritic.

Plate no. 4 was welded with ferritic stick electrodes
for the root pass on both sides of the plate vertexes,
plus the capping passes. The remaining passes were de-
posited using the MIG process.

Plate no. 5 was welded half and half. One side was all
stick, the other side all MIG. The stick welded side was
considered to be the front.

A different joint design was used for Plate no. 6. It
was an off-set double-bevel with the vertex located 1/2-
inch from the bottom side. Because of the uneven weld
deposit, this plate was fired from both sides. The re-
sults were rather surprising. The plate performed badly
on a hit on the front side. It performed very well on

a back side hit. Other than the root pass, all welding
on this plate was either standard or pulsed MIG. The
side with the deeper bevel (one inch) was the front for
testing purposes.

INTERMIXED ARMOR

Ballistic Test Plates, one inch thick, of three different
armor types were welded using one procedure. The armor
combinations consisted of (1) high hardness to ESR, (2)
ESR to standard homogeneous, and (3) high hardness to
standard homogeneous. Identical welding procedures were
used in all of these plates. According to Specification
MIL-W-46086, only one type of armor may be used in a




ballistic H-plate. We, however, mixed them up. One wing
and one center plate were matched for one type of armor,
resulting in a balanced mix of two armor types per test

plate.

Preliminary tests on standard to high hardness armor I-
plates, (created by welding two 6 X 12-inch (152 X 305mm)
plates together on the long dimension) showed 105F (40C)
to be an acceptable interpass temperature at which to weld.
An H-plate was started at 105F preheat and interpass tem-
peratures. During welding of the second leqg, a crack oc-
curred. This prompted a raise of interpass temperature

to 125F (52C) for welding of the cross bar. The other two
sets of H~plates contained ESR materials as one of the
steels. Since the ESR carbon content was 0.45% it was de-
cided to play safe and weld the test plates at 125F pre-
heat and interpass temperatures. Its supposed purity did
not appear to enhance its weldability. The ESR armor was
found to be more difficult to weld than the high hardness
or standard armors. A higher preheat was needed to elimi-
nate crack formation.

To determine if there were any differences in weld deposits
of the conventional MIG spray and the MIG pulsed, a test
plate of each process was welded. The joint geometry is
shown in Figure 39.

Figures 40 and 41 are photomicrographs of cross-sections

of the weld deposits. The photos are practically identical.
It can be seen how the "normalizing bead technique" (the
center pass cf the three pass cover layer is deposited last)
tends to soften the weld toes. The toes are those areas of
the base metal adjacent to the weld deposit.

Photographs Figures 42 - 55 are photomicrographs of standard
armor and high hardness armor welds. The welds in Plate 18
(Figure 40) were deposited with the standard process. There
appears to be little difference in the transition from base
metal to heat affected zone to weld in either the armors
(high hardness and standard) or the welding process.

Figure 42 shows the martensitic structure of the high hard-
ness C, Ni Mo armor. Figure 43 illustrates the change in
structure. The pearlite has changed to austenite and the
ferrite started to dissolve in the austenite. The subsequent
cooling caused the pearlite to precipitate as scattered grains.
As the fusion line is neared, Figure 44, the higher temper-
atures to which the steel was heated resulted in gradually
coarsened grain size. A similar transformation is shown for
standard hcmogenious armor, Mn, Mo, in Figure 45, 46 and 47.



Figure 48 shows the deposited weld metal. Figure 49 thru

55 are similar to the preceding group of Figures 42 to 48
except that they were made from a different test plate which
was welded with the pulsed gas metal arc process, Figure 41
whereas the preceding group was welded with the standard

gas metal arc process. Figure 40.

Figure 56 shows hardnesses in cross-sections of the standard
spray MIG and the pulsed MIG welds in high hardness to stan-
dard armor joints. The weld deposits are of similar hard-
ness and structure. It is interesting that the heat-
affected zones of the high hardness halves of the specimens
are slightly softer than those of the standard armor. It
shows that the heat of welding provided a tempering action.
To determine the extent of the softening, hardness wvalues
were taken adjacent to the weld deposits on the plate sur-
faces of the mock hull. Figures 57 and 58 show the various
joints and indicate the distance from the weld toe at which
the base plate returns to original base plate hardness. The
number at the end of the measurement is the R/C hardness. ND
means there was no difference. The plate had not lost any
hardness. The farthest distance from the toe of a weld for
a plate to return to hardness was 3/4 inch (19mm) for one-inch
(25.4mm) armor, and 1/2 inch (13mm) for 1-1/2 inch (38mm)
armor. These results are considered typical since the mock
hull was fabricated under production conditions. A preheat
of 175 F (80 C) was used with full penetration joints welded
in the flat position.

Radiography of the mock hull was performed in the locations
identified in Figure 59. Figure 60 shows the angles of
radiation.

The specimen H-plates were sent to APG for ballistic firing.
Results are tabulated in Firing Directive AR-31871, 16-18

July 74. All the plates passed the ballistic tests. The best
performers were plates Nos. 1A, 5A and 6A. Plate No. 6A was
unusually interesting. After the root pass was deposited,

the opposite side, which had only a 1/2-inch deep bevel, was welded
to completion. The plate was flat after welding. Preliminary
tests had shown that a plate welded with this procedure

would remain flat. This is contrary to expectations.

When fired at the front side (deep bevel) it failed. However,
when fired at the shallow bevel back side, it performed
admirably.




TABLE I WELDING PROCESSES USED FOR 1~1/2 INCH H-PLATES

TEST PLATE NUMBER .
PASS 1A 2A 3A 4A 5A 6A
1 SF KF KF KF KF KF

2 MF MF KF PF PF PF M
3 MF MF MF SF KA PF
4 MF MF MF PF PF PF
5 MF MF MF KF KA PF
6 MF MF MF PF PF PF
7 PF PF PF KF KA PF
8 PF PF PF KF KA PF
9 PF PF PF PF PF MF
10 PF PF PF PF PF MF
11 PF PF KA KF KA MF
12 PF PF KA KF KA MF
13 PF PF KA KF KA MF
14 PF PF KA PF PF MF
15 . PF PF KA PF PF MF
16 PF PF KA PF PF MF

CODE PROCESS

Std MIG Spray

Pulsed arc MIG
‘Short arc MIG

Stick electrode
Ferritic electrode
Austenitic electrode

PHRNYER
o nonn

See Figure 6 for weld pass sequence.
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TABLE 1II

ARC TIME

MIG PROCESS

Time in Arc Sec/Ft of Weld

PASS STANDARD PULSED
1* - -
2 77.1 77.4
3 89.2 87.6
4 95.8 88.6
5 100.2 101.1
6 102.0 115.9
7 80.9 73.3
8 96.4 77.7
9 90.3 83.5
10 95.2 80.0
11 69,8 71.5
12 65.6 67.7
13 92.2 88.8
14 76.3 74.1
15 72.9 67.7
16 83.8 82.5
Electrode B88
Size 1/16" diam (1.6mm)
Amp 330
vVolt 29

11

*Deposited with stick electrode




i SHEET&I_ REPORT KO,
ORD-8IP-(3-{3 _ e SHEET No. oF

WELDED ARMOR DATA

PLATE NO. 1A ) SUBNITTED BY USATACOM

DATE 8 Nov 72 -

TYPE Rolled Homo - | ADDRESS Warren, Michigan 48090
THICXNESS 1.5 inch

SPECIFICATION MIL-W-46086 CONTRACT NO.

ORDNANCE MATERIAL CONCERNED Steel Armored Vehicles
WELDED BY A. Krzemecki
OBJECT Welding Development

on a dimension sketch of the Groove and Weldment, indicate; (1) the ircluded angle; (2) the »
root opening (3) the root face; (4) the bead sequence; (53 additional sketch o? spacer strip
on back-up, if any; (6) width of masking, If any, on edgeés of plate; (7) average height of
weld reinforcement. .
O

Y 609 "\ +r
1 1y
vy~
l ' - N 1
) A
*

. NO BACK-UE, PASS 1 VERTICAL
Weld reinforcement (ha¥) (has not) besn removed.
WELDING DATA

PLATE PREPARATION: Flame Cutting - FORBEXVGEOEKIHK- Orinding - MESBDAXKX
POSTTION OF WELDING: _Flat ~XNooeRIi XXXt K ReCEX RKBITeN

WELDING: - Hand Semi POLARITY: XXK - Rev - XK - D(
PREHEAT  85F POSTHEAT No
PEENING  No BUTTERING  No
pass | EEE | TEEC T awes [vouts| cuaceing | AR OF | wpeeh [IWIERPASS 1o (amg; Faky)
1 6;5'5"' B 105 | 20 | No “No 85 B85 85
2 062 B 3201 30 | No 105 105 105 .
3 062 " 320 30 | No 105 105 105 -
[ 062 U 320 30 1 No 105 100 105
5 062 1 w 3201 30 1 No 85 85 105 -,
[ .062 u 3201 30 ‘ 105 105 100 ~
7 062 W 315] 29 | No 100 100 105
8 062 W 315 | 29 | No 105 105 105
9 . 062 W 315 1 29 1 No 105 105 105
10 .062 U 315 ] 29 | No 105 105 105
i .062 W 315 29 | No 85 85 85
12 .062 W 315 29 1T No 105 105 105
18 . 062 W 3151 29 1 No 105 105 105
13 062 1 W 3151 29 | No 105 105 105
1] 062 W l31sd 29 1 no 105 105 105
® 1 062 1w 3151 29 | No 1051105 | 105
B-BEADING PASS W-WEAVING PASS -
FIGURE 1 12

o
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Form QROMX~1

ORONANCE CORFS

’ §u0 oot ng 1468 SHEET #2 petro1T arsenai| REPORT KO.
ORD-SIP-C5~13 SHEET NO. OF
ARMOR PLATE DATA
PLATE WO, 1A
PLATE "A" PLATE "B"
MANUFACTURER J & L
TYPE Eolled Homo N
THICKNESS 1.5
HEAT JL JL 1343
. LoT K
PROCESS 0.H. ELEC, ACID, BASIC 0.H. ELEC. ACID, BASIC i
CHEMICAL COMPOS 1T 1ON Cu BHN :
c N S| P S R Nl MO R/ 1 vV TFAcE [ewee
"TACOM PUATE "A" 1.26 11.90].25 }.010] 021} .05 1 .02 167 | o5t ~yl285 ! 2a3 4
analysis [PLATE "8
HEAT TREATING DATA
HEAT TREATED BY Jones & Lauchlin
ELECTRODE DATA
TABLE | TIRAT
§17¢ MANUFACTURER TRADE NAME TYPE CUSS §
.035 Ajrcc Weldina Products | Airco A 232 B3& 21O 9
Qa2 Alyen Weldine Products LAixrco A 632 BEE M2 e
- -
TABLE 2 _
MANUTACTURER CHEMICAL ANALYS S 1
TRADE oKE mv TstTs Tp JreaTwe T wo ] coating |
.035 CORE WIKE spde M L—EJ-]Q&" g
Airco AG3ID WELD METAL ‘ - .
X 0562 CORE WIRE one Mil-E-- 982 l
pirco A €32 WELD METAL j
CORE WIRE i
WELD METAL P
CORE_W IRE —
ELD METAL i
TABLE 3 (AUTOMATIC WELD ING) ]
[ WAKUFACTURER TRADE KAME SIZE 7 LUX Ty

RADIOGRAPHED BY

RADIGGRAFH SERIAL NO.

REMARKS:

Arc Time 3.6

Shielding Gas

hours

Flow, 50CFE:

First pass - 75% A +25 CO
All other rasses - 98% A + 2% 02

Feretiand weldine technique all passes

The procedure used In fabricating the crossbar weld (Is) {}5/Agt) the same as the
procedure uzed in fadricating the leg welds. .

von

FABRILATOR REPRESENTATIVE
PoRh. Schevd FIGURE 2

13

IRESIDENCE INSPECTUR CF CRDNANCE
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746¢

- | rorm oromx-1n SKEET #3 oronance cores | (1) REPORT NO.

18 JuL 52 ORD_S|P_CS_'3 DETROIT ARSENAL SHEET No. OF
(2) X<RAY SERIAL NO.
28691 WELD RADIOGRAPHIC REPORT
BMITYED BY §) PLATE NO. 5) SPEC.
(3) PLATE SU TACOM (4) 1a ( )MIL-R-nhéa
(6) RADIOGRAPHED BY TACOM (7) DATE 58 yov 72 N
. MA ST.

(8) PLATE THICKNESS 1-1/2" (9) 14 1000 (IO) 3 (Il) LIMﬁin (l|2) go%aé. DIST

13) TYPE OF FILM 14) SCREENS OR FILTERS
(13) EK-T ( )F = ,020 B = ,010 -

SHOCK TEST PLATE

Showing Locations of Radiographs and Resylts of Tests
/ 5

:[ O

2 6
3 7
¢ 8

(15) N\~ cnacx%%z INCOMPLETE rusuouﬂ}“ﬂﬂ'r INCONPLETE PENETRATION

:: POROSITY AND SLAG INCLUSIORS\ | UNDERCUTTING

(16) RESULTS

1-2 - Clustered Porosity - Std 1
3-4 - Sound

5-6 - "

7-8 .

X-Bar - n

T 14 |



o act to | 74N SHEET §1 S e S [ REPORT KO,
ORD-8 P~ i3 SHEET NO. CF
WELDED ARMOR DATA
PLATE ¥0. - 2A SUBMITTED BY USATACOM
DATE 19 Dec 72
TYPE Rolled Homo ADDRESS wWarren, Michigan 48090
THICKKESS 1.5 ip
SPECIFICATION MTT-W-40050 COXTRACT WO.
ORDUANAE MATERIAL CONCERKED Steel Armared Vehiclea
WELDED BY A, Krzemocki

OBJECT Welding Development

On a dimonsion skatch of the Groove and Weldment, indicate; (1) the ircluded an?lo; (2) tha
root opening (3) the root face; {4) the bead soquence; (53 additional sketch of spacer strip
on back-up, If any; (8) width of masking, if any, on edges of plate; (7) average height of

weld reinforcement,

[70 N\
. . N
N, - . e M
7 . | P
o \ -

S |+
___.___.\L \‘\9
~
~ {g "I‘l

CU BACK-UP

Weld rcinforcement [h4d) (has not) been removed.

WELDIXG DATA

PLATE PREPARATION: Flame Cutting - BAanh/AfAYn4 - Grinding « WeliVA V4

POSI 7100 OF WELDIKD:  Flat ~ WLFVRBNSAY A/ /AT LYY £ Lfiif £

e SRV

WELDIES: ABYordJAf - Hand  Semi POLARITY: A€ - Rev = AU/~ DG

PREHEAT 105F, POSTHEAT No
PEENING NG BUTTERING Na i
pass | Gt T30 [wes [vours Tomonro [OERET T FFRY 1 VIEEASS T8 (et
i 1’7 B 2201 22 [hNO NO T 105 105 0%
2 L0862 B 320 ] 30 [No 105 105 (105 |
3 T Ww_ 13201 30 INg 105 1105 105
4 L0062 W 2201 30 { o 105 105 1105 ¢
5 L0E2 W 320§ 30 INo 105 105 105

s ,0h2 w_ 13201 30 INo 105 105 1105

7 L.062 W 315] 29 |No 105 105 1105

8 .062 W 3151 29 {No 105 105 {10%5

) L0062 W 3151 29 [o 105 1105 1105

i0 .052 W 3151 29 Tko 105 105 1ies

U] 062 W 13151 .29 INn 103 105 1105

12 L062 W 2151 29 INo 105 105 {1¢5

15 oY) W 3151729 [N 1.05 105 1105

4 L0662 W 3151 29 [No 105 1CT 105

13 .U0n2 W Jic ] 29 fwme ‘A~ 107 R
i6 | .062 | w 1315] 29 Mo 105 05 l1os 4

B-BEADING PASS W-WEAYING PASS

~ FIGURE 4 15
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W

2OM
alysis

Form ORDMX~I| ORDN ANCE (O aPS
10 0ct 50 7468 SHEET #2 DETROIT ARSENAL REPORT NO.

ORD-51P~CS~13 SHEET NO. OF

ARMOR PLATE DATA

PLATE %0. op
PLATE "A” PLATE "B"
MANUFACTURER J & L
TYPE Rolled Homo
TH ICKHESS 1,5
HEAT JL - JL 1348
LoT
PROCESS 0.H, ELEC. ACID, BASIC 0.H. ELEC. ACID, BASIC
CHEMICAL CCMPOSITION [olii BRN

€ M | S! P S CR Ni MO pld V [ FACE | BACK

PLATE "A" .76 1.20 .251010 {.0211,05 1,021 €671 051 Tr [2ES 2.3

PLATE "B |

HEAT TREATING DATA

HEAT TREATED By Jones & Lauchlin
ELECTRODE DATA

TABLE | EAT
SIZE MANUFACTURER TRADE NAME 1 Tvee AR
~187 | Arcrods Co. P & H 122 IL-100 [ .E47043 |
062 | Aivco Weldincs Products | Airco A632 28 T 2560
TABLE 2
MANUFACTURER CHEMICAL ANALYS 1S
TRADE NAKE ¢ |mn |st |s P L cR NI | MO | COATING
187 CORE WIRE .
P S B 12-2 WELD METAL SPEC_MIt-E-I=03R
.062 CORE_WIRE Spe¢ MIL-FE-Q -39
Airco AR3D WELD METAL o
[CORE WIRE - T
[WELD METAL
CORE_W IRE
ELD METAL
TABLE 3 (AUTOMATIC WELD IKG) _ .
MANUFACTURER TRADE NAME SIZE F X

RAD IOGRAPHED BY

RADIOGRAPH SERIAL NO.

REMARKS: The procedure used in fabricating the crossbar weld (is) %%ﬁ the sams as the .
procedure used in fabricating the leg welds.

Arc Time - 3.1 hrs
Shielding yas flow -~ ©8% 02 +-2% 02 @ 50 CFH
Welding technique:

lst pass - back hand

bll other passes - forehand

FABRICATOR REPRESENTATIVE " [RESTDERCE INSPECTUR OF ORDNANCE
' 16

TS Fiqure S




Form QROMX=t!
10 Oct %0

T4écC

ORODNANCE CDRPS

SHEET #3 OETROI T ARSENAL

(1) REPORT WO,

ORD-S 1P~LS5-13

SHEET NO, OF

(2) X-RAY SERIAL NO.

2869-2 WELD RADIOGRAPHIC REPORT
(3) PLATE SUBMITTED BY (4) PLATE Ko, (5) SPEC.
USATACOM 2 MII~R-114G8
7 3 '
(6) RADIOGRAPHED BY CSATACOM (7) DAT; I
{8) PLATE THICKNESS , (9) kv (10) Ma (11) TiME (12} FocaL DIsY
1-1/2" 250 10 10 min 30
13) TYPE OF FILM (14) SCREENS OR FILTERS
EX_A 010 F & B

SHOCK TEST PLATE
Showling Locations of Radiographs ard Results of Tests

1 Y T
‘1 } : 5:
il
| | | :
| I | |
i
rt++— -1
L’l"‘"'l 4+ 4]
[3r-'| ikl
St
R EE
| | N
l | | |
| | l
KRR
140 1] L 18]

(15) ‘-\/\/- CRACK /0404 INCOWPLETE  FUS 1Nt INCOMPLETE PENETRAT iON
L 3

o o POROSITY AND SLAG INCLUS IONS \ ' UNDERCUTTING

(16) RESULTS:

_FIGURE 6

1.2 Sound

3-4 Sound o

5-~6 éound

7-8 Sound

CROSS BAR Zcattered Torosity Std 1
AV

t
{17) NEGATIVES READ BY \1 f, hrr,w/«.

17 ‘

Ao (4' S
# ot e
l' ‘«\ AP AW SN2y

o s v v

PN W) eI




TRowswce com s | REPORT WO.

FORM O ROMXa 1 '
74 SHEET &4 TaC
1o oct oxnaio s ° SHEET KO. oF
. YELOED ARKOR DATA
PLATE W0. 2A SUDNITTED BY USATACOM
DATE 4 May 73 ¥
WPE Rolled Homo ADDRESS warren, Michicgan 48090 |
THICERESS 1.5 in
SPECIFICATION MTI~W--! ~066 COHTRACT MO,

-ORINARSZ PATERIAL CONCERNED gteel Armozed Vehicles
WELNED BY B, Kroonpselsd |
08T Weldinag Doyl opment |
on o dimonslon sketch of the Groove and Woldment, Indicate; (1) the ircluded angle; (2) the

root openir 3) the root face; (4) the bead sequence; (5) additicnal asketch of snacar strip
on back-up,g&f(u)\y; (6) width of émsking, if any, on edges of plate; {(7) average helght of

waeld reinforcenent. 5

N o0, R
: B -+

\ F /L b

'"Ii’
+1
aa
CU BACK-UP T
- MK :
Weld reinforcement (f4s) (has not) teen removed. -

| WELD ING DATA .
T PREPRRATION: Flame Cutting - /o8 /AfYeA4/ Grinding - WA RS

ES31TI0A OF WELDIRG: flat - WRVRT AT £ i A BV Z ST I AL [
WELD TG ARFAYIL - rand__ Semi FOLARTTY: yef/ Rav o/ AW A 01C

FREWAT 1Q5F POSTHEAT Mo f
FELNING No BUTTERING  No ,
pacs | ELEC | iee | wwes [vours [cnackmms | SGEGY | (WY HTERASS TE, (3992 FRNe 7 |
[ 381 B 2201 22 NO NO 105 10> 1i0o
Z_}.187 B_12201 22 No 105 1105 110%
b8 1,062 . w__ 1320 20 NO 105 1107 110% -
1 B L0062 W 3204 20 NQ 105 105 110*%
{5 1,062 ®13201 30 No 105 1105 1100
8| 0&2 w1320} 30 Mo 105 1105 1105 .
71,062 w (215} 29 NG 105 1 10% 1108
s 1,062 w_ 12151 29 e 105 | 10% 110%
g 1,082 Ww__ 13151 29 Ne 1051108 Yiof
o {,062 W_ 1215} 29 NO 705 lios o ]
i L2€ W 12301 2% NO 105 | 10% (105
2 | .25 w_1230] 22 NO 105 | 105 {105
8| .25 W_ 12301 22 NE 1051205 1105
RE 28 w120l 22 Nt 195 1in7 11g=
RINE W] 2301 27 NG O T IoT TI0% )
s | 25 W 1230122 No 105 } 105 | 1G5
S.BEADING PASS W-WEAVIRAG Prs38
b s —d
Figure7 S : 1?_;;,_,‘,...-.‘, AU




TACOM
Analyeis

ORON ANCE CORPS

10 0ct g0 T4n SHEET #2 oeTRo1 T ansenat| REPORT NO.
ORD~5tP-CS-13 SHEET NO. OF
ARMOR PLATE DATA
PLATE NO. 3A
PLATE "A" PLATE "8"
MARUFACTURER J & L
TYPE Rnlled Itomo
THICKNESS 1.5
HEAT JIL - JI, 1348
LoT
PROCESS 0.k, ELEC, ACID, BASIC 0.H. ELEC, ACID, BAS!C
CHEMICAL CQMPOS ITION Cy BHN
C MN Sl P S CR Ni| MO ARX y FACE | CACKX
PLATE "A" 26 11,90 L 25 .013.021 1 .05]1.92 .o, [.95 j1¢ 2005 J293
PLATE "
HEAT TREATING DATA
HEAT TREATED BY Jones & Lauchlin
ELECTRODE DATA
TABLE | HEAT
SIZ2E MANUFACTURER TRADE NAME TYPE ZLABS
.187 IAvc Rods Co. Mirew FTS109 MIL-10|20R2C
. 062 ico Weldine Products Murex Hvlowv B-88 =m2037
25 McKav Co. Armorloy A-8 MIL-307 |L30&0%
TABLE 2
MARUFACTURER CHEMICAL ANALYS IS B
RADEHALE ME st | s ] P [ eI NIT Ko coating
L 187 CORE WIRE
Murex HTS 100 WELD METAL Speje MAL-E-+41603e
.062 CORE WIRE Spac MIL-E419432
Laturex myloy WELD METAL
2 CORE WIRE
. 25
Armorioyv A-8 WELD METAL Spde MAn-E413080
- CORE W IRE
IWELD METAL
TABLE 3 (AUTOMATIC WELD ING)
MARUFACTURER TRADE NAME SI2E FLUX

RAD 1 OGRAPHED BY

RADIOGRAPH SERIAL NO.

REMARKS:
Arc Time - 3.

Welding techn

04 hr

igue:

Shielding gas flow ~ 98% A +2% O2 @ S50CFH

The procedure used in fabricating the crossbar weld (lIs) (Jgmgt) the same as the
procadure used Ia fabricating the leg welds, .

Stick - backhand
Mig - forehand

he} »

SR,

FABRICATCR KEPRESENTATIVE

&) r"T“ [

19

i’ RES IDENCE INSPECTOR OF

ORDNANCE

Figure 8

4k e e e e

T e s AR % e SR DWW - v




Form QRDNX=V 4,40 SHEET #3 ORONANCE CORPS 1(|) REPORT NO.
10 0ct 50 0R0'3'P'CS‘|3 DETROIT ARSENAL SHEET NO. oF
(2) X-RAY SERIAL NO.
R-2898 WELD RADIOGRAPHIC REPORT
Y ¥) PLATE NO. 5) SPEC.
(3) PLATE SUBMITTED B USATACOM (¥) 3a (5) Eﬁ.l-R-l:_llléS
(6) RADIOGRAPHED BY USATACOM (7) oaTE 17 Aug.72
(8) PLATE THICKNESS " (9) xv (10) MA (1) TIME (12) FQCAL DIST
13 15 Mev. 1 & Min. T
13) TYPE OF FILM 14) SCREENS OR FILTERS -
{13) EK-M (19) seReels 8.0
SHOCK TEST PLATE B , , .
Showing Locations of Radiographs and Results of Tests o
i ] i 51
| | | |
e ]|
| | | |
| ! I |
| | | I
; : | |
I I SN I R O
PTTT " 6!
L = +-_1 ]
[3 T ‘ 71
+ =44
| | | |
| I | I
| | | '
| | |
| | | |
| | | |
| I | I
1 4 | | 8]
(15) —\/\fo cmcwacome FUS IONHHHHHHE INCOMPLETE PENETRAT 10N
o o POROSITY AND SLAG INCLUS IONS ) UNDERCUTTING : .
(16) RESULTS:
=2 Sound . e ‘ -
34 Sounéd
56 Sound
7.8 Sound
CROSS BAR  Sound
it 2yt
(17) NEGATIVES ReAD & W.F, wulf // /‘ ol

‘FIGURE 9 20

—— e vt s e e e PRI SN -
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ORDHANCE CORPS

FORM ORDMXe ¥
. T48R SHEEY #¢ GTAC
1o ocT %0 o S ire (ot

REPORT NG,

Zowee

SHEET NO.

OF

WELDED ARHOR DATA

FOTE 4R SUBHITTED 8Y __ USATACOM

DATE 20 Sep 73

TPE Rolled Homo

ADORESS Warren, Mich, 43090

THICAHESS 1.5 in

SPECIFICATION MTT -[—ALNQA CONTRACT NO.

[ ORONANCE MATERIAL COMCERED Steon] Armored Vehicles

WELDES 8Y A . Krzemecki

F ODJECT Welding Devalopment

on back-up, if &ny;
weld reinforcement,

60—

dimension sketch of the Groove and Weldment, indicate; (1) the ircluded angle; (2} the
%oat o;:z:?ngzo (;)gthe root Yace; () ths bsad sequence; (5) éd%ltlonal skatch o (2)
(6) width of masking, if any, on edges of plate; (7) average height of

spacer strip

~|e
+I

S \¢Q

/s

9 /0
Ll NS

1

~{®

~

4+

] 3®

CU BACK-UP

-

Weld reinforcemant (h4y) (has not) been removed.

f

WELDING DATA

PLATE PRECARATION: Flame Cutting ~ H/98/AB/Fhitfi/~ Grinding - WlAhibk

POSITION OF WELDING: _Flat </We VARV 2] 7777 7/ 1 JRTFAR

Figure 10

!

WELD11G: JMAALVIAL Fand Semi POLARITY: /A7 < Rev ~ A/= DG
PREVEAT 1 0SF POSTHEAT N
PCENIKG  NoO BUTTERING . N
pess | E3E U TIEE [awes fvours | cracking | R OR | SVEED ) (NTEREASS, TEP (da: Fahr)
{ By B 2201 27 No No 105 1105 11035 }
2 L0602 B 13151 29 | No 105 105 {105
3 .187 W 2201 22 No N 105 105 1105
5 .C62 W 2151 29 | No ! ' 105 1035 {105
5 .25 W 3201 22 No 105 103 {105

3 L 062 W 315} 29 NO 105 i0s Nos

? . 25 W 20| 22 No 105 105 11as

3 2 25 W 3201 20 Ho 105 105 105

g LQ02 W 2154 29 No 105 105 11405

i0 . 02 W 3151 2 10 10858 103 110=

H all? N 220§ 22 NG, 105 105 i1os

12 2187 W 22041 22 NO 105 105 1108

{ 87 Iy 2901 27 A 105 ¢ _1o-=

4 JoTete W s15 4129 1 dNo 105 t1o- o4

15 RN 315 1 20 N 105 10> 1105

o t,orr 1w 1is Ina X | 105 {105 {105 |

8- GEADING PASS W-wEAVIHG Fi83
21 -

.
e,

TRPPIPAT M,




—— ISR,

- . ORON ANCE CORPS
E‘S"Si“?&" ' 1ues SHEET #2 netro1 T aasensL| REPORT NO.
ORD-~51P-C5-13 SHEET NO. OF
: ARMOR PLATE DATA
PLATE NO. 4a
PLATE "A" PLATE "B"
MANUFACTURER J & T,
TYPE Rolled Homo
THICKKESS )
HEAT lTTJ_|TIC] 348
LoY -
PROCESS 0.K. ELEC. ACID, BASIC 0.H. ELEC. ACID, BASIC .
CHEMICAL COMPOSIT ION CU BHN
C MN St P S CR LI MO IR/ v FACE | BACK
TACOM PLATE "A" | 24 J1,900f,25 {,n10f n211,05 02 1 =1 ng tovr 120517293 )
Analysis |PLUATE "§"
HEAT TREATING DATA
HEAT TREATED BY Jcones & Laughlin
ELECTRODE DATA
TABLE | HEAT
SIZE MANUFACTURER TRADE NAME TYPE CLase
.187 _lAvcRods Co, Murex HTS100 IL-100 | 26B<C
062 |Airco Weld . ng Products Airco An3Zz 88 ST G6H0
. 25 IArcrnds Cn, P s H 12-2 MiL~-100 [ scga0.
TABLE 2 ,
MANUFACTURER . CHEMICAL ANALYS IS
R size C | M |st |s P | ek | Nt | Mo | coaTing
.187 CORE WIRE
Murex HTS100 WELD METAL spdc MAL-F+1&0%:
Airco A632 WELD METAL
. 25 . CORE WIRE
P& H 12-2 WELD METAL Spde MIL-E+15033
CORE WIRE
: WELD METAL
TABLE 3 (AUTOMATIC WELD ING) .
MANUFACTURER TRADE MAME SIZE FLUY
RAD OGRAPHED BY
RADIOGRAPH SERIAL NO. -
REMARKS: The procedure used in fabricating the crossbar weld (Is) (Yy/ Aigt) the same as the ]
procedure used in fabricating the leg welds.
Arc Time 3.62 hr )
Shieldiny gas flow - 98%, A +2% 0, @ 50 CFH
Welding technique:
Stick - back hand
Mig - forehand
FABRICATOR REPRESENTATIVE RESIDENCE INSPECTOR QF ORDMANCE -
B B, SCHEVT Figure1l 22 —

TR T T N St N et el e e IR K AN JW N SR 2 L T AN it 8 s o

T —




—

Fom SRONRT ese SHEET #3 ORGHANCE ORPS [(1) REPCRT NO. ]
10 Oct %0 ORD-S | P<CS~13 OETROIT ARSENAL SREET Ro. pr
(2) X-RAY SERIAL NO.
R-2869 WELD RADIOGRAPHIC REPORT
(3) PLATE SUBMITTED BY jSATACOM (4) PLaTE §p., (5) ;&E{ R.114€8
v 1 Sl <
6) RADIOSRAPHED BY  yqaTACOM (7) OATE 0 73
8) PLATE TH]CKNESS (9) kv (10) Ma (1) TiME (12) FOCAL DIST
1z " 15 Mev 1 5 Min 12 Pt
) 13) TYPE OF FiLM (14) SCREENS OR FILTERS
‘ EK M 030 F&B

SHOCK TEST PLATE

Showing Locations of Radiographs and Results of Tests

1y | i 5l
]
| | : () | |
AR E
| " | | 1!
o
IR
| R
Y T 1 6!
L2 L +-4_1°
T3 T,
{.3.-[_-1*__._.}.J..Z_=
|

R A
: : | : ' |
BUEEEEREN
| l | |
| I | |
L4 ] 1 81

(15) W CRACK /004044 INCOMPLETE  FUS IONH{HH- INCOMPLETE PENE TRAT 10N
L3 ]

o o POROSITY AND SLAG INCLUS IONS ‘ 'UNDERCUTTING

(16) RESULTS:
1-2

34

'5-6

7-8

- Porosity--Std. 1

~Porsity--Std, 1

-Porosity--Steé., 1

~Porosity-Std. 1

CROSS BAR -~ Sound

FIGURE 12

(17) REGATIVES ReAD BYt%tpjlu{;\ \’f::i;%AG:§:ESlGL.J
23 o




ORDNANCE COKRPS

REPORT RO.

FORM O RDMX- 1§
i T48A SHEEY 1 oTAC
J.?° ocT %0 ORD=8{F=C3~i3 SHEET NO. oF
N WELDED ACMOR DATA
"™ I'PLATE ¥0. 5A SUBRITTED 8Y 11SATACOM

PDATE 25 Oct 73

WPE  naolled Homo

ADDRESS

Warren. Michican 48090

THiCXRESS 1.5 in

SPECIFICATION MTT,-W-460RA

GONTRACT NO.

ORDMANCE MATERIAL CONCERNED

Siteel Armored Vehicles

WELDED BY A Fizemecki

0ECT Weldins Development

on ba
weld reinforcement,

60°

|
4d

/

(5) additional sketch o

On a dimension sketch of the Groove and Waldment, indicate; (|) the included angle; (2) the

root cpening; (3) the root face; (4) the bead sequence;

spacer strip
ck-up, If any; (6) width of masking, If any, on edges of plate; (7) average height of

~®
+I

!

~2
\—-/;lweld reinforcement (Kayf (has not) been removed,

WELD I NG

DATA

PLATE PHREPARATION:

Flame futting - ff%?/’l/‘/]‘{l @rinding '//yM?M{/

POSITION OF WELDIRG:

Flat - ABA RN o /1 AANA [/ BAA LT/

FOLARTTY: ¥/ < Pav - AL/~ BC

Figure 13

v

—

- v ——

NP8 Y R P Y I ey [PYIS e A e Sty

WELDIXG: AdWdfatie = tand  Semi
PREHEAT 105F POSTHEAT No
PEENING NO BUTTERIRG  No
2 I e ) S S S I L
i L Lo/ B_ 220 22 NO I4S) 105 105 105
2 L0627 B 375 291 Yo 108 105 105 !
3 |.187 W 150 | 22 | No 105 1105 195 !
[ 062 W 325 29 1 No 105 105 105
5 . 25 W 030 22 0 105 1053 105
) L0620 W 325 29 1 No 105 108 105
7 . 25 W 230 22 NO 105 105 105
8 25 W 30 22 Nao 105 105 105
) QA2 W 3125 29 ol 105 105 105
10 l.c62 W B75 Z0 L No 105 105 105
H_1.187 W 20 | 22 __No 105 105 105
12 1.287 W 1AL 251 No 105 105 105
8 1,187 W i-20 20 MO 105 105 105
14 fa9 n 23 g No 1305 105 105
15 1 oga W 25 1 291 NQ 105 {105 105 3
8 1 neo 1w a5 1 ol we 105 1105 105 |

B« UEADING PASS W-MeayiMQ PA3S '

24 3

A



| vl SHEET 2 DETRDIT kRsenac| REPORT RO
ORD-S1P-CS-13 SHEET 0. oF
ARMOR PLATE DATA
PLATE NO, SA
PLATE "A" PUTE "5"
MANUFACTURER J & L
TYPE Rolled Homo ]
THICKNESS 1.5
HEAT JL = JI. 1349
Lot
Ny PROCESS 0.H. ELEC. ACID, BASIC 0.M. ELEC. ACID, BASIC
CHEMICAL COMPOSITION BHN
C S| P S CR LI MO IR \J FACE | BACK
"ACOM PLATE "A" | .26 }11.,901.25 L0010 | .021{ .05 .02 48 .67 1 .05 ¥rr 2685 1293
Analysis [PLATE "
HEAT TREATING DATA
HEAY TREATED BY Jones & Laudghlin
ELECTRODE DATA
TABLE 1. HEAT
SIZE MANUFACTURER TRADE MAME TYPE LKA
2187t Averods Co, Murex HTS190 MIL-10d 26R2C
062 Ajrco Welding Pradicta | Aixeo AGR2 B Y S G0
. 25 1 McKay Co, Armorloy A—S MIL-304r 30¢q9 1.
TABLE 2
MANUFACTURER CHEMICAL ANALYSIS .
A A C [MN [S1 [S [P [ ek | N[ mMo]coaring
.137 CORE WIRE
Murex HTS100 WELD METAL Spegt MIL-E-[13031
.062 CORE WIRE cpet MTb-m-hosob
{ Airco AG3? WELD METAL
! o . 25 CORE WIRE
5 Armarloy A-g  [WELD METAL spet MIf-E-f30°D
N CORE W IRE
ELD METAL
TABLE 3 (AUTOMATIC WELD ING)
MANUFACTURER TRADE NAME S12E FLUX
- RAD IOGRAPRED BY
RADIOGRAPH SERIAL NO.
REMARKS: The procedure used In fabricating tha crossbar weld (is) {14/pof) the same as the
procedure used in fabricating the leg welds,
i Arc Time - 3.41 hr
Shielding gas fiow - 92% A+ 2% 0, @ S0 CFE
: , 2
Welding technique:
Stick - backhand
Mig - forehand
FABRICATOR REPRESENTATIVE lRESIOENCE INSPECTOR OF ORDNMANCE
[ 2: A SCREVO  Flourel4 oo - i ' ;

Wabian s 4

o e -




Form OROMX=1 4,60 SHEET #3 ORONANCE CORPS I{|) REPORT NO.
10 Oct K0 ORD-SIP-CS i3 OETROI T ARSENAL SNEET NO. oF
(2) X-RAY SERIAL NO.
R-2869-5 WELD RADIOGRAPHIC REPORT
(3) PLATE SUBMITTED BY ‘ 4) PLATE NO. (5) SpeC.
1ISATACOM 52 MIT-R-11468
(6) RADIOGRAPHED BY (7) OATE
HSATACOM 1€ Nov 73
(8) PLATE THICKNESS (9) Ky (10) MA (1) TIME (i2) FocAL DIST
-1/ 15 MEV 1 5 min 12 ft.
(13) TYPE OF FILM (mg SCREENS OR FILTERS -
EK-M - .030 F & I
SHOCK TEST PLATE : .
Showing Locations of Radlographs and Resuits of Tests
1 | ; 51
| | | 'I
: : ® | |
' |
I | | |
| | | |
! | [ |
| | _l"‘""‘ )
LITTT— l
2 1 0 6
Lot 4+ _
l':a 3 | 71
T
| : | '
| , | |
| | l J
| ‘ | !
| l | |
| | I I
L4 ] l 81
(15) —\/‘L/. . CRACK U4 INCOMPLETE FUS IOt [l INCOMPLETE PENETRAT ON
o « POROSITY AND SLAG INCLUS [ONS \ ) UNDERCUTTING ~ N
(16) RESULTS: -
122 scattered Porosity std 1 o )
34 Sound
| 5-6 Scattered Porosity std 1
7-8 Scattered Porosity std 1
CROSS BAR Scattered Porosity Std‘l

(17) NEGATIVES READ @Y l\ Lot \( \/@[4 \A&J
FIGURE 15 26
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FORY OROMYX. |

ORDAKK Y CORPS RIPORY ),

¢ 7454 SYELT ¥ AT C
10 2e7 %0 R A

SHTET £,

WELDED ARMOR DATA

6A SUBHITTED BY USATACOM
13 Febh 74
Rollel Tiomo ADDRESS Warren, MI 48090
HOKNESS ) .5
ST iR CATION ?'ATI‘,"“?"J""-‘O";‘G CONTRAGCT KO,
' ANGE MATERIAL COMCERNED Stecl Armored Vehicles
v BY A, Krzcmecki
C. 5T Weldiny Deveolooment

D a dimension aketch of tha Groove and Haldwent, Indicato; (1) tho ircluded angle; {2) the

reet openlng, (3} the root face; (4) the bead sequence; (5) »dditional akatch of spacur strip

on back-up, If any; (6) width of masking, If any, on edges of plate; (7) average height of
w2ld reinforcement, \1\0
60 A
-+
s 19
4] >
i
£
NN
~
e
~
N

/k CU EACIl('UP

ﬂ
Weld reinforcemant (/!x{/)/jhaz not) been removed.

WELDING DATA

i TVREPARATICL.  Flinm Cutting = 2/LS LT RITT RS LR ETREARTE,

TVTVTIOR OF RELDI AN Flat - SCCimesw - Y dnce TRONCHRX
e NAEEAYIKD Fand Seml l"v.;k;‘u'.‘l—ﬁ:‘—ﬁf WY - Xo - pe
i 105F POSTHENT g
WS no [ BUTTERIRE o — o
LTV TeT n o0 22 1 o No.| 1051105 4105
S LTSV N I 330(_2v [ o 105 110517105
' 0B W 3301 29 1 No 105 1105 | 105
e 3062 lw 3301 29 NQ 105 105 | 105
" 062 W 3301 29 | WNo 105 1105 | 105
2062 W 3301 29 1 to 1051105 | 105
i’ 0682 W 3301 .29 Mo 105 105 105
1,062 W 330129 MNa 105 105 105
7 1.062 W 330 29 | _No 105 1105 [ 105
L | o062 W 130429 | No 1105 1105 {105
(01,062 |y 3201 29 | No 1051105 | 105
1w l.og2 W 3304 29 Mo, 105 105 4. 105
BN, W 3301 29 | o 105 1105 1105
: 052 W 330429 1 K0 L 105 1105 1 105
i NG2 W 330} 29 NG 105 105 105~
!
~BEADING PASS W-WEAVING PASS

Figure 16 27 -

(Lot £ Al (Rl S )

myr

rcaam




- Form O ROMX=1 ORONANCE (O R'S REPORT NO.

A 10 oct 59 T4to SHEET #2 DETROIT ARSENAL
' ' ORD-$ 1 P-CS =13 SHEET NO. OF
ARMOR PLATE DATA
PLATE N0, & :
PLATE "A" PLATE "8"
MANUFACTURER J&L
TYPE Rolled Homo
THICKNESS 1.5
HEAT JL-JL 1343
LOT
PROCESS 0.H, ELEC, ACID, BASIC 0.H. ELEC. ACID, BASIC )
CHEMICAL COMPOS IT!ION BHN
c MN S P S CR Ni Mo CUW /V | FACE | BACK
TACOM PUTE "A" | 26 N1,901,25 1.010],021 [,05 021,67 .05]Tr 255 1293 § -
ANALYSIS |PLATE "¢

HEAT TREATING DATA

HEAT TREATED py U °neS & Laughlin

TABLE 1 ELECTRODE DATA HEAT
S1ZE MANUFACTURER TRADE NAME TYPE sy
.18/ [JARC Rods Co. Murex HTS100 MIL-100| 2532z
L0862 IAirco Welding Prod, Airca AG32 - R-£8 Smas]
TABLE 2

‘ MANUFACTURER CHEMICAL ANALYS IS
ARt hate LC M  [St |s [P | | Nt | Mo | coating
.187 CORE WIRE

Murex HTS100 WELD METAL SPHC MIL--E418018
.062 CORE W IRE spEc MAL-FE419312
Airco A632 WELD METAL

CORE WIRE
WELD METAL
CORE_W IRE
WELD METAL
TABLE 3 (AUTOMATIC WELD ING) _
MANUFACTURER TRADE_MAME SIZE F LUX
RAD |OGRAPHED BY i

RADLOGRAPH SERIAL NO.
REMARKS: The procedure used in fabricating the crossbar weld (is) (is not) the same as the
procedure used In fabricating the leg welds. N A

-

ARC TIME - 2.78 hrs.

Shielding gas flow - 98% A + 2% 02 O 50CFH
Welding Technique '

Stick - backhand d
Mig -  forehand
FABRICATOR REPRESENTATIVE . IRESIDENCE INSPECTOR OF ORDNANCE
B.A. SCHEVO Figure 17 28 l

o



Form QROMX=I 746¢

ORONANCE CORPS {{|) REPORT NO.

SHEET #3 DETROI T ARSENAL

20 o<t %0 ORD-S |P-CS~13 SHEET HO. 1 OF 1
(2) X-RAY SERIAL NO. ; ‘
R-2869-7 WELD RADIOGRAPHIC REPORT
(3) PLATE SUBMITTED BY (4) PLATE NO. (5) srec.
USTACOM 6A MIL-R-11468 .
6 Y 7) DATE i
) RADIOGRAPHED BY o o ( )23 N ,
8) PLATE TH ICKNESS (9) xv (10) MA (11) TIM (12) FOCAL DiST
1-1/2" 1000 3 3-1;2 A
13) TYPE OF FILM (14) SCREENS OR FILTLRS:
EK~T .010 F&&

SHOCK TEST PLATE

Showing Locations of Radiographs and Rasults of Tests

T T I
ll : : 5:
} :@ ' |
l l | |

| | .
| | 1 |
; : l |
KT TT— 34
L.]._hd———--k:-_.__l
lr_a 7 ] 71
Fh——444
| | | |
1]
| : | |
| | '
L
L4 | l 81

(15) —-\/\/o cmcx//,%l INCOMPLE TE fusmumﬁHH-mcomnE PENETRAT ION

0 o POROSITY AND SLAG INCLUS IONS U UNDERCUTTING

(16) RESULTS:

,FIGURE 18

12 Scattered Porosity

3.4 Coarse Scattered Porosity
5-6 Fine Scattered Porosity
7-8 Fine Scattered Porosity

CROSS BAR Scattered Porosity

std 1
S‘td 2
Std 1°
std 1

-

std 1

(17) NEGATIVES READ BY \\&cg\m rgamp |
1




ORDNANCE COPPS REPORT 'RO.

foRM O ROUMXs | A
to ocr g0 T on s ipde-1g orke SHEET No,  OF
WELDED ARMOR DATA

PLATE N0, 3K, 4X X UBNITTED BY USKKANSKIGUNYAX USATARADCOM
[DATE__ Feb, Mar 1976 -

TYPE ADORESS 6501 11 mile B4

THICKNESS 1.0 Warren, Michigan 48090

SPECIFICATION MIL-W-46086 CONTRACT NO.
| ORDNANCE WATERIAL COMCERNED S i

WELDED BY A, Kr2emecki

0BJECT _ Development

0 dimension sketch of the Groove and Weldwent, indicate; (1) the included angle; the

rgo: op:nlng; (3) the root face; (4) the bead uc'woneo: (s !d itional sketch o, :'pn 22- strip
) width of masking, If any, on edges of plate: (7) average height of

on back- ifany; (6
weld rel:%rcouut: (

60° TR
2 7 . +
N7 St e N

o /T 37
T N
< P
¢ / BTN
s lcuBackuP S N ¥
> +

] ~ '

Weld reinforcement (R¥&) (has not) been removed.

WELDING DATA

PLATE PREPARATION: Flame Cutting - FASRG\BORTEMIAG - GFIRGONE- ALk IAUREN
POSITION OF WELDING: Flat - HoFIZIWUkKIX NI XEIN XX RE ¥KeooX

WELDING: Automatic - Hand  Semi POLARITY: Ja¥X- Rev - MK~ DC
PREHEAT 125F POSTHEAT none
 PEENING none BUTTERING _none
Y ] .
vis | 855 I ows T [omceno [ Q0" [ E0 [gg 28 oy
| . | 22 2 a F4 125
= T067 s . —-— " 0 13514
3 .062 B 270] 2 " " " y "
L ,062 W 2701 2 " " 1 1 1
5 ,062 B 2701 24 " " " 1" 1
[ 062 R 27201 24 " " " i 1
7 .062 N _270 24 " ' " " "
8 062 B 2701 24 " " " " "
9 062 R 2101 24 " n 1" T I
10 ,062 W 2701 24 " " " " i
1
12
13
L
1]
I3
B-BEADING PASS W-WEAVING PASS
FIGURE 19 30




Fotm OROMX=I ORDNANCE CORFS | mpomae n
T4bs pEtRoiT Arsenar| REPORT NO.

e

10 0ct 30 SHEET #2
0RD-51P-C5-13 SHEET NO. oF
‘ ARMOR PLATE DATA
PLATE N0, 3X, 4X, 5X A
PLATE "A" PLATE "B"
MANUFACTURER USSteel Jessop
- TYPE High hardness ESR
+- | THICKNESS 1.0 1 1.0
o HEAT 5P 6750 R _0/01
B LOT
A PROCESS 0.4, ELEC. ACID, BASIC 0.H. ELEC. ACID, BASIC
CHEMICAL COMPOS IT 10N BHN
C MN S| P S CR N MO R V[ FACE [ BACK
. PLATE "A" | .34 91 .39 1.01 [.01 .51 1,931 .38 -- 1,02 388 415
o PLATE "g" | .45 62| .31 |.01 .01 .72 }.76 J9 | - | 12 363 | 415
,7§%¥;,' S . HEAT TREATING DATA -
L HEAT TREATED 8Y A - USS/B-Jessop i
e ELECTRODE DATA :
TABLE |
SIZE MANUFACTURER TRADE NAME ] TveE CLASS
187 — Murex HTS 10016 IL-100 ]26B2C
062 Airco A632 B-88 873451
TABLE 2
ane - MANRFéc;u§ER CHEMICAL ANALYS IS
TRADE oV ¢c [ st s [P Je|[uw [ wo [coating
187 CORE WIRE
rex_HTS100 WELD METAL Spec|MIL-E-18(138
Hd"ﬁ“' Y CORE WIRE
A?rgo A632 WELD METAL pec|MIL-F-19
CORE WIRE
e WELD METAL
CORE_W IRE
[WELD METAL i
TABLE 3 (AUTOMATIC WELD ING)
MANUFACTURER TRADE WAME SIZE F LUX

RAD IOGRAPHED BY

i RADIOGRAPH SERIAL NO.

REMARKS: The procedure used in fabricating the crossbar weld (is) (Is not) the same as the
: procedure used in fabricating the leg welds.
. Shield gas flow -~ 97% A + 3% 02 @ 50CFH
' ‘Welding Technique:
Stick-back hand
Mig - fore hand

e LI . . o . L e
pen i

TRy wte eyt

FABRICATOR REPRESENTATIVE RES IDENCE INSPECTOR OF ORDNANCE

B. A. SCHEYQ/"fliix

FIGURE 20 31

4 . -




FORM (ORDMX. IN 746¢

SH

EET #3

URDNANCE COPPS

(1) REPORT NO.

'8 Juv 52 ORD-S1P-C5-13 e T

(2) X-RAY SERIAL O,

R-2914 WELD RADIOGRAPHIC REPORY

(3) PLATE SUBMITTED BY USATACOM (4) PLATE NO. 3% (5) SPEC'MIL-R-11468_
(6) RADIOGRAPHED BY USATACOM (7) DATE 18 peb 76

(8) PLATE THICKNESS 1 Inch (9) kv 250 (10) MA 10 (1) TIME4 Min (12)45%%«L DI¢
(13) TYPE OF FILM FR-AA (14) scnfgiso Olg‘t&IFSILTERS

SHOCK TEST PLATE

Showing Locations of Radiographs and Results of Tests

{

ESR

(2

4

5
ESR "
6
7
HH g

HH

v

[I/.’////
(ns)W CRACK 774

:: POROSITY AHD SLAG 1HCLUSIONS \ j UNRDERCUTTING

&
1
IKCOMPLETE FUSTON {:im:m— INCOMPLETE FENETRATION

(16) RESULTS

1-2
3-4
5-6
7-8
Cross Bar

FIGURE 21

Sound
Sound

Scattered porosity - Std 1
Scattered porosity - Std 1
Scattered porosity - Std 1

32

1/ % h/zé/ ‘
(17Y FEGATINLG RLAD BY Zkﬂ" ﬁ /3/},’.‘11/..'": o




FORM OROMX+IN 00 SHEET 43 oronance cowrs | (1) REPORT NO.
18 JuL 52 ORD-S1P-CS~13 DETROIT ARSENALFCt Yo, o
(2) X-RAY SERIAL HO. .

R~-2914 WELD RADIOGRAPHIC REPORTY
(3) PLATE SUBMITTED BY (4) PLATE NO. ()

USATADC 4X

SPEC,
MIL-R-11468

8) PLATE THICKNESS 9) KV 10) MA 1) TIME 2) FOGAL DIST.
(8) mch | N g0 (1O M o (M) TINES L f(12) FORALDIST
13) TYPE OF FILN 14) SCREENS OR

(13) EK-AA (14) . IO"FéLTERs

SHOCK TEST PLATE

Showing Locations of Radlographs and Results of TestQ:

-

/ 5
ESR
2 6
ESR 3 s  HH
. HH
4| 8

(15) e\ CRACKW INCOMPLETE ruslon{{H””H— INCOMPLETE PENETRAT (ON

: . POROSITY AND SLAG INCLUSIONS \ j URDERCUTTING

(16) RESULTS

1-2 - Scattered Porosity - Std 1

3-4 - "o " - Std 1 :
5-6 - " " -Std 1

7-8 - Sound '

X~-Bar =~ Sound

FIGURE 22 33




. oronance coaes | (1) REPORT MO,
FoRM OROMX-IN 46c SHEET ¢3 - DLTROIT ARSENAL (1)

18 Jut 52 0RD-S1P-CS-13 SHEET No. oF
(2) X-RAY SERIAL KO,
R - 2914 WELD RADIOGRAPHIC REPORT

3) PLATE SUBMITTED 8Y ‘ (V) PLATE NO. _ . ] (5) sPEc.

(3) USATADC 5X MIL-R-11468

(6) RADIOGRAPHED BY USATADC (7) OATE 7 Aor 76 .

£SS . . 9) KV 10) MA 1) yb 12) FOCAL DIST.

(8) PLATE THICKNESS 1 Inch (9) 250 (10) 10 () YMin ( FOcAL 0

(13) TYPE OF FILN (1%) SCREENS OR FILTERS
EK-AA .010" F&B .

SHOCK TEST PLATE

Showing Locations of Radiographs and Results of Tests

R / 5
' ESR
]

' é

2

ESR et 2124

3 7
* HH
. T

4 8
(15)4\/\/- ancKW INCOMPLETE ruslon{}mﬂm- INCOMPLETE PENETRATION

: - POROSITY AND SLAG INCLUSIONS \~,/ URDERCUTTING

(16) RESULTS

1-2 - Scattered porosity - Std 1
3-4 " "‘ - std 1
5-6 - " " - Std 1
7-8 - " " -Std 1
X-Bar - " " -Std 1
34
FIGURE 13
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REPORT NO.

SHEEY &I‘
ORD-31P-C3-13 SHEET NO.

OF

WELDED ARMOR DATA

PLATE NO. 6X, 7X, 9X SUBMITTED 8Y TARADCOM

DATE MAR-MAY 1976

TYPE_ESR / HOMO ADDRESS 6501 11 MILE RD

THICKNESS 1,0 Warren, MI

SPECIFICATIONMI L-W-46080 CONTRACT NO.
ORDNANCE MATERIAL COMCERNED Steel Armored Vehicles
WELDED BY A, Krzemecki '

O0BJECT Development

dimenslon sketch of the Groove and Weldment, Indicate; (1) the ircluded an
?go: op::Ing: (3) the root face; (4) the bead sequence; (5 gdzltlonal sketch o

weld reinforcement,

60"

gle; (2) the
spacer strip

on back-up, |f any; (6) width of masking, If any, on edges of plate; (7) average helght of

Weld reinforcement (has) (has not) been removed.

WELDING DATA

PLATE PREPARATION: Flame Cutting - Feme—Softening-—Grinding—Machining-

POSITION OF WELDING: Flat - -Horizontsl - Vartlicle - Quarhead.

WELDING: Automatic - Hand, Semi POLARITY: -§tr - Rev - Ab— O

PREHEAT 125 F POSTHEAT  No

PEENING No BUTTERING No

pass | S8 T Twws Tvous [omermvo [“RGY [ JFR [TVEgres 28 Tooefa)
| W L3/ B 1220 ] 221 No No 125 | 125 L25
2 062 W 1270 | 2L

31 .0R2 B 1270 1 2L

4 ” w ] 1" " " " " "
5 1t B " " 1" " (] " "
8 " B " " " ”" 1" ”" "
7 " W " " " " ) " " "
8 ” B " " " " " " "
9 []] B "” " " " [[] " "
10 062 W 270 2L

1l

12

18

L]

1]

13

B-BEADING PAS3 W-WEAVING PASS

FIGURE 24 as

- Ans ——— o~
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Form QROMA=1 . P R
10 0ct 50 1468 SHEET #2 DeTRoIT ARsenat| REPORT NO,

ORD-S1P-CS~I3 SHEET NO. OF

ARMOR PLATE DATA
PLATE N0. 6X, 7X, 9X -

PLATE "A" PLATE "B"
| MANUFACTURER US Steel Jessop
[TYPE ‘Homo ESR
THICKNESS 1.0 1,0
HEAT 02,494 7A2 RO701
LoOT
PROCESS 0.H. ELEC. ACID, BASIC 0.H. ELEC. ACID, BASIC

CHEMICAL COMPOS IT | ON BHN

MN Sl P S CR NI MO 4] v FACE ] BACK

T
PLATE "A" | o34 [ 423 | ,20 1,01 1,02 11.240 3,14 ,30! = .01 3l 321

PLATE "B" | o 45 .62 o31 | 401 | .01 o7 1076 019 | - IE 63 _,!ﬁlj__

HEAT TREATING DATA

HEAT TREATED BY A-USS/B-Jessop ;
ELECTRODE DATA s
TABLE | :
S1ZE MANUFACTURER TRADE WAME [ vvee CLASS
.187 | Murex HTS 10016
062 | Airco AR32 +a-88 o I18T3L51
- [TABLE 2
“WANUFACTIRER CHEMICAL AMALYS IS
TRADE NAME C [" [st s P ] CR| NI | MO | COATING
AND S IZE
'187 CORE WIRE
Murex HT5100 WELD METAL SPEC | MILFE-1B038
062 TORE WIRE
{Adirca  AR32 WELD METAL SPEC IMILLE-1D822
TORE WIRE
WELD METAL
CORE WIRE
WELD METAL
TABLE 3 (AUTOMATIC WELD ING) _
VANUFACTURER TRADE WAME ST7E FLOX

RAD IOGRAPHED BY

RAD)OGRAPH SERIAL NO.

REMARKS: The procedure used In fabricating the ‘crossbar weld (is) (Is not) the same as the
procedure used in fabricating the leg welds.

Shielding gas flow — 97% A + 3% O2 @ 50CFH
Welding technique:

Stick - back hand

.Mig - fore hand

FABRICATOR REPRESENTATIVE RES IDENCE INSPECTOR OF ORDNANCE
B. A. scumm_“ D _Aa:

FIGURE 25 36 —
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FORM ORDMX=IN o o SHEET #3 oronance corres | (1) REPORT NO.

6 oL 52 ORD-S1P-CS-13 PETROVT ARSENAL ISHEET NO.  OF

(2) X-RAY SERIAL NO.

R-291k WELD RADIOGRAPHIC REPORT

(3) PLATE SUBMITTED BY () Pute w0, (S&Ifﬁfﬁ_ »

(6) RADIOGRAPHED BY USATADC _ [N o2 apr 76 |
(o) Pt Tiickwess o e oy T e (12) FOCAL DIST.
(13) TYPE OF FILM EK=-AA (14) s:c EENS olg FILTERS

SHOCK TEST PLATE

Showing Locations of Radiographs and Results of Tests
el e o BN ST S TR
o R . ~ : . . . . S
}
) \
~ ESR
2 A
| . ESR std
4 7
) '
Std
) {\
. J r
4 %,

(15)4.\/\_,» CRAQKW INCOMPLETE Fuswn% IKCOMFLETE PENETRATION

:. POROSITY AND SLAG INCLUSIONS‘ ) UNRDERCUTTING

(16) RESULTS
1-2 - Scattered porosity - Std 2

B-g - ) - gtg 2
56 - " [ - Std 2
7-8 - w " - std 1l

X~-Bar - Two corack indications - Fails all Stds.
Repaired - slight porosity - Std I

(17) NEGATIVES READ 8Y Wm, A, Moncoief

e

Thie

FIGURE 26 37




e

: i) REPORT NO.
e o T4se oaEET 43 ]
(2) X-RAY SERIAL NO.
R-291.LB WELD RADIOGRAPHIC REPORT
4) PLATE MO, §) SPEC.
(3) PLATE SUBMITTED BY TARADCOM (¥) (8) MiL-R-11468
&3:;“ (6) RADIOGRAPHED BY - TARADCOM (7) DATE . a1y 76 %
KV 10) MA TIME 12) FOCAL DIST.|
(8) PLATE THICKNESS 1 Inch (9) 250 (10) lC(ll) 3 Milt (12) fL.D )
(13) TYPE OF FILM EK-AA (m)oicag.sug,&g FILTERS
SHOCK TEST PLATE
Showing Locations of Radiographs and Results of Tests .
;@:’;m *,-t..,” R B ’ RPN I AONTR s | e e
ooy . )
'ESR
3
. sk 2 - e sta _
. C 3 7
\ , Std
=.'-.';}1:’;3 - ,
" 4 8 '
C (15) e~/ "\ CRACK AL 1ncompLETE Fusloumm{m— INCOMPLETE PENETRAT 10N
o < POROSITY AND SLAG INCLUSIONS \_J UNDERCUTTING
(16) RESULTS i
1-2 - slight porosity - Stdl
3= - 1/4" transverse crack ~ Fails all Stds. ]
3-4 - (Repair sound)
5=6 - sound
7-8 - sound . o
#® | X-Bar = Lack of fusion 1 “ long - Fails ™ Y <
R X-Bar—(Repair - /4" transverse crack repair area) - Faﬂ.s ) »
(17) NEGATIVES READ BY M. V. Pyhtila

(FIGURE 2T L

“



wnv**r

RRa T

&mwm; >,

LIS
Wara']

vlﬁ{f::-‘;... ,’ .

& ’oe .
WA

Ee. A

L S Stotan s, (LLLREFORT Y0,
(2} X~RAY SERIAL NO.
R-2914&B WELD RADIOGRAPHIC REPORT
TTED BY 4) PLATE MO, 5) $PEC,
(3) PLATE SUBMITTE T ARADCOM (%) ox ( gde-R—llhéS
(6) RADIOGRAPHED BY" . PARADCOM ‘ (7) DATE July 76 [
- )
PLATE THICKNESS g) KV 10) MA 1) Time 12) FOCAL DIST] "~
(8) 1 ek [ 250 ("M o) 3 Mk R
TYPE OF FILM CREENS 0
(19) EK-AA (%) SCTR b el
SHOCK TEST PLATE
Showing Locations of Radiographs and Results of Tests
smwxéfﬁfﬁ?iﬁ?”% \w' Y ol \ ;’;»h&-“j*v“f};'\ . ;’i;;;v ';Efgﬁ' .fwiﬁhv'ﬂy.ﬁx ;‘ w%
- .‘ ’
ESR )
2 6
: " std
ESR 2. 7
]
Std
4 8 f
(IS)W cme INCOMPLETE rusuonﬂﬂmm- INCOMPLETE PENETRATION
= « POROSITY AND SLAG INCLUSIONS U UNDERCUTTING
(16) RESULTS
1-2 - scattered porosity - Std II
3-L - clustered porosity = Std I
5-6 - scattered porosity - Std I
7-8 - scattered porosity - Std I
X-Bar - 9/16" 1ong lack of fu’sion - Std III 7 SR
R T ST R P ' L :
(17) NEGATIVES READ 8Y W, V, Pyhtila

FIGURE 28

39




SNEET& REPORT R0,

) ORD-S1P-€3~13 ~ o . | SHEET No, OF
WELDED ARMOR DATA

PLATE NO. 10X, 11X. 13X SUBMITTED BY [cATARADCOM.. .-

ATE  Jul, Aug 1976
TYPE  High Hard/Homo .| ADDRESS 6501 11 Mile Rd
THICKNESS 1.0 Warren, Michigan 48090
SPECIFICATION MIL~W-46086 CONTRACT NO.

ORDNANCE MATERIAL CONCERNED Steel Armored Vehicles

WELDED BY A. Krzemecki

0BJECT Development

On a dimension sketch of the Groove and Weldment, indicate; (|z the ircluded angle; (2) the ~
root opening; (3) the root face; (4) the bead sequence; (53 additional sketch of spacer strip

on back-up, If any; (6) width of masking, if any, on edges of plate; (7) average height of

weld reinforcement.

\— 60°

| |lcu BACK-UP i

Weld reinforcement XNxx) (has not) been removed,
WELDING DATA

PLATE PREPARATION: Flame Cutting - XMMNOOSEXXMNNY - XOOINXKKK- MachXwhpgx
POSTTION OF WELDING: Flat - BoriEaon et X KoDaX X XXNEtANRK

WELDING: Automatic - Hand Semi POLARITY: XNX- Rev - XX - 0,

PEENING None BUTTERING None

PASS gﬁﬁ g | awes [ vours | cracking | CRIT SR | REED | INTERPASS TEMP. (dog. Fahr)
| 187 B 220 22 _No. Na_ 125 125 125
2 062 W 2701 24 " " " " n 5
3 062 B. 2703 24 Ul " " " "
4§ 062 L 270 124 " " " " "
5 062 R 2720124 " " " " "
8 NA2 R 770 YA " " 11 " L] -
7 062 u 775 ;Z " " 0] " 1]
8 062 "B 2201 24 " " " " "
9 062 B. 220 12z " " " " "
10 Na2 L ')-'1: :: " " " " " :
u A ]
12
13

~ LY

1]
1

B~BEADING PASS W-WEAVING PASS

FIGYURE 29 40, -
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, - ORDN ANCE COR
A fgrgcgk%x ' 146 SHEET #2 DETROVT AkscuvAsL REPORT NO.
‘ ORD-SIP=CS~13 SHEET NO. oF
ARMOR PLATE DATA
PLATE No. 10X, 11X, 13X
, PLATE "A" PLATE "B"
griegite | MANUFACTURER US Steel 1S Steel
i TTYPE Homo High hardness
aren THICKNESS 1.0 1.00
Pt HEAT 025L9L7A2 RO701
Lor
PROCESS 0.H. ELEC. ACID, BASIC 0.H. ELEC. ACID, BASIC
CHEMICAL COMPOS IT 10N BHN
. c MN ] P 3 CR Nl MO ZR v T FACE T BACK
PLATE "A" | 3L ] ,23 1,201,014 ,02hn.1413,.18] .30 = 1.0 1331 1321
PUTE "F" | , 2791.391.,011 .01 1.511 .931 .38l - 1,02 l3gg {115
' HEAT TREATING DATA . '
sl HEAT TREATED BY A - USS/B-USS 3
’ ELECTRODE DATA
TABLE | ‘ ‘
SIZE MANUFACTURER TRADE NAME TYPE CLASS
.187 | Murex Hts 10016 MIL=100]26R2C
.062 T Alrco A 632 B-88 BT3IL51
S TABLE 2
-‘ MANUFACTURER CHEMICAL ANALYS IS
TRADE AME C M st | s [P Jcr] NI | Mo | coaTine
187 L v SPEC | MI1|-E-1]8038
Murex H 0 WELD METAL o had
. ____e_%r_s_l. 2 Q CORE WIRE —
Airco A632 WELD METAL SPEC EMIN-E-1j9822
5 _ CORE WIRE
B WELD METAL
W CORE_W IRE
ELD NETAL ’
TABLE 3 (AUTOMATIC WELD ING) _
MANUFACTURER TRADE MAME SI2E FLUX
) RAD |OGRAPHED BY
RADIOGRAPH SERIAL NO.
- REMARKS: The procedure used in fabricating the crossbar weld (is) (is not) the same as the
procedure used In fabricating the leg welds.
Shielding gas flow - 97% A + 3% 0, @ 50 CFH
Welding Technique ' Preheat
R Stick ~ back hand Plate 10X: legs 105F, X bar 125F 7.9
S JNN o : : . .
Mig - fore hand Plate 11X: legs and X bar 105F 7-19
RN ST : ' o2
, Plate 13X: legs and X bar 125F
FABRICATOR REPRESENTALIVE - 77 RES IDENCE INSPECTOR OF ORDNANCE
IS o} Yy o S N ) 41
FIGURE 30|B., A, SCHEVQ . .. Yo




DMXe IN # ORONANCE CORPS (1) REPORT NO.
fgafuf"s'z" 746¢ OR[)S-HSEIEI;rodSS-Ia DETROIT ARSENAL ISl o
(2) X-RAY SERIAL NO,
R 291r-B WELD RADIOGRAPHIC REPORT
3) PLATE SUBMITTED BY (4) PLATE wo. (5) SPEC.
i TARADCOM 10| MIL-R-11468
b}k{ﬁa (6) RADIOGRAPHED BY ~. mARADCOM ' L ) MTE g g1y 76
T PLATE THICKNESS 9) KV (10) MA (11) TImME 12) FOCAL DIST.
R 1Inch [*9" 250 10 3 maf' 2 PO oIsT
‘ TYPE OF FILM %) SCREENS OR FILTER
(13) EK—-AA (14) LTERS
SHOCK TEST PLATE
w« Showing Locations of Radiographs and Results of Tests
A RN s S el . / R S Lt D . T e, e h
E&:;$h¢f‘ SU R @R L AT IR B R I IR PR s R AR ;
S Y EEE A KR R . o
e ) . 3
HH .
‘.’%‘,',.» .". t R Z
TN LY Morot v ' ' / ‘e .
et i 3 7
- std
HH
sea v
!
S SEEN RN PR RO . e AR
2 .
' 4 8. ,
(AW, cnacx,ﬁ%ﬁ?z INCOMPLETE FUS|onHHHHH— INCOMPLETE PENETRATION
. “ - < POROSITY AND SLAG INCLUSIONS | J UNDERCUTTING
(16) RESULTS
1-2 - scattered porosity - Std I
3-L4 - linear & scattered porosity - Std II
5-6 - scattered porosity - Std II .ér///,,/
i 7-8 - transverse crack - Fails all Std “
P K-Bar - porosity in legs areas of cross bar - Std I "¢ .7
mm" ‘Wi‘!’!‘#‘!"@hﬁf{»)';'f';»-aww vt A R R IR T Wy gy e g
(17) NEGATIVES READ BY Wm. A, Moncoief
.EIGURE.31 .. . S VA R ——

— mmm—— ——

o
R X2



Y

FORM ORDMX» IN 4
18 JuL 52 746¢

SHEET 3
ORD-51P-05-13

QRDNANCE

DETYROIY ARSENAL

CORPS

(1) REPORT NO.

SHEET RO. OF

(2) X-RAY SERIAL KO.

WELD RADIOGRAPHIC REPORT

Showing Locations of Radiographs and Resvits of Tests

SHOCK TEST PLATE

R-291LB
(3) PLATE SUBMITTED BY (4) PLATE NO. (5) SPEC.
TARADCOM 1l MIL-R-11L68
(6) RADIOGRAPHED BY TARADCOM (7) OATE 91014 76
T 1
(8) PLATE THICKNESS 4 1 (9) a5 (10) " g (1) IM53 Min (|zh) riggu DisT
{13) TYPE OF FILM EK-AA (1%) ﬁg‘ysl‘q&gmeas

/ S
‘HH
2 ¢
- /HH ¥ std
4
stad .
4 8

. . RS Ve e -
P * T T ~ o

<~

(15)4-\_,/’\\_,> caacx;@%@@z INCOMPLETE rusuonHHHHH— {NCOMPLETE PENETRATION

: : POROSITY AND SLAG INCLUSIONS ‘ / URDERCUTTING

(16) RESULTS

S0 TR

1-2 - scattered porosity - Std I
3-l, - scattered porosity - Std I
5-6 - scattered porosity - Std I

7-8 - Cluster & scattered porosity - Std II
xaBar - goattered porosity - Std I

(17) NEGATIVES READ 8Y Wm, A, Monooief

e &

1 &
LELd

_FIGURE 32

43
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a / oronancE cores | (1) REPORT KO,
(R e LA e
(2) X=RAY SERIAL NO,
R-291L-B WELD RADIOGRAPHIC REPORT
3) PLATE SUBMITTED BY (4) PLATE NO. (5) SPEC.

s) ™ paARADCOM MIL-R-11468 |

' ’ ;- e AT oy
m")v: (6) RADIOGRAPHED BY TARADCOM (7) DATE QAug 76 ﬁ

PLATE THICKNESS (9) xv (10) MA (11) Time (12) FoCAL DisST.|
i (8] 250 3 Minl L £t
R (13) TYPE OF FILM .- (14) SCREENS OR FILTERS
EK-AA 2010 F&B
SHOCK TEST PLATE
Showing Locations of Radlographs and Results of Tests
ipnss NAL A g1 ~ ey y / Al e T \5- [T TR \om “‘V,
;ﬁg»ﬁ": G "":&‘\ ~ T ' o ' "yt . N "“‘
’w'«?' . - i } !
HH
WN‘ T -4 HH 7 sté
sta |
4 8 ,
(|5)<.\J,’\\’,> cnacxa@%@@z INCOMPLETE FuslonHHHHH— INCOMPLETE PENETRATION
~ « POROSITY AND SLAG INCLUSIONS \~’/ UNDERCUTTING

(16) RESULTS

Pos

1-2 - scattered porosity - Std I

3-l, - slight scattered porosity - Std I
. 5-6 - no flaws - sound
AN
o 7-8 = slight scattered porosity -StdI . ... .
pe - | X-Bag.~. 8light . porosity in leg areas - Std 1 -

(17) neeaTives Read By W\ o 0o yffg;ERJg{ZZEZQ_,
] . 44 - /!
- -=PIGURE33 o




Mock Hull - Front 3/4 View

Figure 34
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Mock Hull ~ Rear View

Figure 35
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Mock Hull - Underside View

Figure 36
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Mock Hull - Inside View

Figure 37
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B PULSE RATE SWITCH -120

FIRS T PASS
S 2 Mi~10076
220 AMP  2IVOLTS OCIP

. ALL OTHER PASSES

iMIE PULSEO ARC

ELECT Ifte AIRCO ALI2
290 AMP  24VOLTS |
SHIELDING = M3 @ SOCFN

PULTE AVE - 6O
PREHEAT LINTERPASS 1935 F

FRONT
. 12176 RIGHT

12-6-T6 LEFT

ZIIH N -~ Hl/>
¢ {
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Si0f $10r
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&
S
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BACK/FLO0R 12-20°76

12-2176 LEFT

- é:/‘:;#‘/b{/fk{NT FLAOR 17-9:78 "n-28-7e RIGHT
LErT > REAR 12- 126
rRIGHT - . ‘2-15-76
L . 72
-

P I
B |
2l I
| |1
SN O SRR Do | I

l.-;(
MQOCK LULL

INTERMIX
4

|

R.a scNEVO '




e 1-1/ %

PREHEAT & INTERPASS 105F (221C)
PASS AMPS VOLTS ELECTRODE
220 22 10016, 3/16"

2-16 330 29 Bss, 1/16"

PROCEDURE FOR STD & PULSED
MIG_COMPARISON

Figure 39
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Figure 41 - Cross-section of Pulsed MIG Weld.
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Figure 42
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PL 18, High Hardness Armor, Base Metal,
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Figure 43
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PL 18, High Hardness Armor, Base Metal to HAZ Transition, (500x, 2% Nital Etch)
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Figure 44
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PL 18, High Hardness Armor, HAZ to Weld Metal Transition,



Figure 45
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(500x, 2% Nital Etch)

PL 18, Standard Armor, Base Metal,
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Figure 46

Base Metal to HAZ Transition (500x, 2% Nital Etch)

Standard Armor,

PL 18,
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Figure 47
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PL 18, Standard Armor, HAZ to Weld Metal Transition

(500X, 2% Nital Etch)
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Figure 48
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PL 18, Weld Metal, (500x,

58

a-'.‘,\ v zr'"‘(“ g

»
'y

\‘a?h_:’” ’ ;

2% Nital Etch)



Figure 49

PL 19, High Hardness Armor, Base Metal,
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(500x, 2% Nital Etch)




Figure 50
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PL 19, High Hardness Armor, Base Metal to HAZ Transition
(500x, 2% Nital Etch)
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Figure 51
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PL 19, High Hardness Armor, HAZ to Weld Metal Transition
(500x%, 2% Nital Etch)
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Figure 52

PL1®, Standard Armor, Base Metal, (500x, 2% Nital Etch)
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Figure 53 .

PL 19, Standard Armor, Base Metal to HAZ Transition
(500x, 2% Nital Etch)
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Figure 54
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PL 19, Standard Armor, HAZ to Weld Metal Transition, (500x, 2% Nital Etch)




Figure 55
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PL 19, Weld Metal, (500x, 2% Nital Etch)




Figure 56
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Figure 57
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1.5 ESR

FRONT NOSE
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JOINT G o JOINT H
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