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PHASE 4 REPORT

ON
DESIGN, CONSTRUCTION, DEMONSTRATION AND
DELIVERY OF AN AUTOMATED NARROW GAP
WELDING SYSTEM
CONTRACT NO, NO0OA00-81-C-E923

T0

DAVID TAYLOR RESEARCH AND DEVELOPMENT CENTER
DEPARTMENT OF THE NAVY

FRGM

CRC AUTOMATIC WELDING
SEPTEMBER 30, 1983

INTRODUCTION
The objective of this program is to design, construct, demonstrate, and
deliver an automated, Narrow Gap welding system capable of welding high
strength steel plates under shipyard production conditions in the construc-
tion of aircraft carriers. The program is being conducted in five phases:

(1) Definition of Requirements

W

(2) Design of Welder Package é""'!’ “: ;_' o
ey T -~ - I .

3) Equi i ; N 5
(3) Equipment Construction \ 3EP1 27"84 1.;3

) s
(4) Qualification of Process and Equipment M

: ¥

(5) Shipyard Demonstration A

Phase 1 was completed slightly ahead of schedule and the Phase I report,
CRC Report No. NAV A/W 1, was submitted November 5, 198l. Phase I was
devoted to a thorough review of the requirements that must be met by a

shipyard production Automated Narrow Gap welding system (ANGWS).

This documant hasz b-en cppm':ed
for public release and salet its
distribution iz uniimitod,
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Phase 2 was completed slightly behind schedule and the Phase 2 report,

CRC No. NAV A/W 4, was submitted June 29, 1982. This report covered the
detailed design of the Narrow Gap welder. Phase 3 was completed behind
schedule and the Phase 3 report CRC No. NAV A/W 7, was submitted March 31,

1983. This report covered the construction of the Narrow Gap Welder.

PHASE 4 QUALIFICATION OF SOFTWARE AND EQUIPMENT

This phase 4 report summarizes the work done from April 1, 1983 through
September 30, 1983.

MATERIALS
Preliminary welding was done on 2 1/2 inch thick HY-100 steel plate. The
chemical composition and mechanical properties of this plate were not de-

termined.

The process qualification work was done on 2-inch-thick HY-100 plate pur-
chased from Phoenix Steel Corporation. Two plates, 2-by 80-by 252 inch,
were purchased. The heat records are shown in Appendix Tables A-1 and
A-2, Transverse specimens for charpy vee-notch and dynamic tear testing
were machined from the plate material to qualify the plates to "J"

specification.

The charpy impact testing was done at Metallon Inc. in Houston, Texas.
The dynamic tear testing was done at David Taylor Naval Ship Research

and Development Center (DTNSRDC), Annapolis, Maryland. The results of




Phase 4 Report
9/30/83
-- Page 3 --

these base plate tests were as shown below:

TEST HY-100, HEAT NUMBER
4227G-39 53203-39
Charpy Vee-Notch foot - pounds
0°F Test Temperature 108, 117, 112, 117,111.5 115,110,111.5, 114
-120°F Test Temperature 72, 63.5, 76.5, 67.5, 68.5 61, 54.5, 73.5, 77, 11.5

Dynamic Tear, foot - pounds
- 40°F 939,8, 933,5 885.9, 888.4

The backup bars were 1/2" by l-inch HY-100 material supplied by DTNSRDC. The

chemical composition of the backup bar material was not determined.

Initially, 1/16-inch-diameter Airco AX-90 filler wire was used. However, consid-

erable fumes were given off during welding and there was some tendencies to arc
instability when using this filler wire. Linde 95, 1/16-inch-diameter, filler
wire was substituted and used for the majority of the welding evaluation and
for the qualification welds. The nominal composition of the Linde 95 filler
wire was as shown below:

Chemical Composition

Element Weight Percent
C 0.04 to 0.06
Mn 1.00 to 1.40
Si 0.30 to 1.40
Ni 1.95 to 2.05
Cr 0.05 to 0.20
Mo 0.40 to 0.50

The shielding gas used throughout these evaluations was 95-5 percent,
Argon-C0;.

EQUIPMENT
The Narrow Gap welding equipment was designed in Phase 2 and constructed

in Phase 3 of this contract. Two Narrow-Gap welders were buflt instead

*,J--.--------.IlI--i-Il-lIllllIllllllllllllllllllllll‘.l"
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of the contracted requirement for one machine. A "prototype" model was built
to insure the design was correct, several modifications were made. The
necessary changes were made to the drawings and a production model was built

to the updated drawings. Both models were used for development and testing,

As a result of the work done in Phase 3 tc evaluate welding power supplies,
a 650-ampere, Miller Delta weld 650 was purchased and used throughout

Phase 4.

Preheating was provided by strip heaters. Preheat temperature was deter-

mined by a contact pyrometer and by tempilstiks.

EXPERIMENTAL PROCEDURE

Extensive welding trials were conducted during Phase 3 to evaluate the
Narrow Gap welder's capability to deposit sound welds in 2 1/2-inch thick
HY-100 plate. The preliminary work that was done in Phase 4 was to eval-
uate the adaptive computer software program and to investigate the weld
joint design. The program plan followed was to deposit welds in 2-foot-
long HY-100 plates, 2 1/2-inch-thick and modify the software program

and joint design as required. Then 5-foot long HY-100 plates, 2 1/2-
inch thick, were welded to investigate the consistency of the system.

Finally, welds were made in 20-foot-long, 2-inch-thick HY-100 plate
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preparatory to the find 20-foot-long qualification weld. The number of

welds made during this Phase 4 evaluation were as follows:

Weld Length, Feet Plate Thickning inches Number of Welds
2 2172 45
5 21/2 43
20 2 4

The filler wire used for all of these welds was 0.0625-inch-diameter. Linde
95 using a shielding gas of 95-5 percent Argon-C0». Over 1,500 pounds of

filler wire was used for these welding trials.

In addition, 3-welds were deposited in 4-foot lonq, 4-inch-thick, HY-100
plate. Additional work un the 4 inch thick plate will be required before

a procedure can be qualified.

Narrow Gap Welding Adaptive Software Studies

During the welding evaluation, it was determined that a different welding
procedure would have to be developed for the root pass than for the fill passes
and cap pass. The problem involved in depositing the root pass was the gen-
eral tendency toward arc instability caused by the spacing between the backing
bar and the test plates. In the usual startup procedure, the torch would

move to the left until the filler wire touched the top edge of the weld joint,
then move to the right until the right sidewall was touched, and then move

to the midpoint between these sidewalls . At that point, the welding head

*------u-lllllIIIllllllllllllIllllIIllllIllllllIIIIIIIIIIIIIIIIIIIIII"
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normally would drive down until the filler wire touched the bottom of the .
joint, move left, and then right, and center in the bottom of the joint and
start welding. Because of the Narrow Gap joint configuration, it was practical
to determine only the centerline of the weld joint at the top and drive
straight down to the bottom of the joint and start welding. To tell the micro-
processor that a root pass was desired, the software was modified so that if
the welding head moved down more than one-inch the program would automatically
select the root pass welding parameters. The first four oscillation sweeps at
the start of welding was done under predetermined welding conditions, i.e.,
wire-feed-speed, voltage, etc. During these four sweeps, the microprocessor
was collecting data concerning centerline height and computing the required

welding parameters for the remaining root-pass welding.

The adaptive feed-back-control concept is based on detecting the change in
arc length and its effects on the voltage-amperage relationship as the side-
wall is approached. This requires a minimum of 0.100-inch-high sidewall

to track the weld joint. The minimum sidewall height may not be available .
after the last fill pass because of either overfill or because of a high-
low condition in the plite fitup. It was determined that the most practi-
cal solution was to allow for a manual, steerable cap pass routine. On

the cap pass, the operator uses a remote pendant to position manually the
cap pass. There are two control push buttons located on the remote pendant.
By activating the "centerline out" or "centerline in" buttons, the torch

can be moved 0.0N25-inch every sweep of the oscillation in either direction.

In this manner, the operator can "steer" the path of cap pass.
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Additional changes to the software involved the addition of new diagnostic
routines to insure proper operation of the computer control, modification
of the travel speed algorithms to improve weld pool profiles, and improve-
ment in the initial startup parameters by ramping the arc voltage during

the initial startup welding.
Joint Design

The initial welding studies were made using a parallel-sided joint, approxi-
mately 3/8 inch-wide. The water-cooled contact-tube assembly is almost
1/4-inch-wide. The minimum oscillation width for tracking is 0.040 inch,
Therefore, the contact-tube assembly tended to drive into the sidewall pro-
ducing a "shorting out" situation before the arc came close enough to the
sidewall to detect a sidewall-signal response. To provide some greater
clearance, the plates were angled so that the joint opening was about 3/8-
inch wide at the root with an included joint opening of approximately 6-8
degrees. A number of welds were made to determine the root opening toler-
ances that could be welded with a joint included angle of 6-8 degrees.

It was determined that the limits on joint opening with the 6-8 degree in-

cluded angle was 3/8 inch + 1/8 inch,

It was recognized that cockina or canting the plates to produce the desired
opening might not be practical. Subsequent studies .ere made where the
plates were flame-beveled 3-4 deqrees to produce a 6-8 degree included
angle joint with the plate surfaces flat. Satisfactory welds were made in

this manner.
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Contact Tips

The service 1ife of the contact tip was of concern during phase 4 of the
project. The required tip life was a minimum of 20 feet of weld length
so a pass could be deposited without a start-stop. It was established
early in Phase 4 that normal copper tips were not satisfactory. Contact
tip life was improved with a Tellurium alloy but a 20 foot length was not
achieved., Finally, a 6% Tungsten-copper alloy with a 0.G78 inch to 0.080

inch hole was found to have a service life in excess of 20 feet,

Qualification Welds

The Narrow Gap welding system developed in this contract is an adaptive-
feedhack controlled system that senses the edges of the weld joint, tracks
the joint, and continuously adjusts the welding parameters, wire-feed speed
(amperage), arc voltage, travel speed, and oscillation width as required

to maintain a target heat input level and fill height. An upper limit
target heat input of 55,000 joules per inch was used. However, cap passes
were deposited at about 70,000 joules per inch. Typical welding parameters

were as shown below.

Parameter Typical Values
Wire Feed Speed, ipm 235
Arc Voltage, volts 25 to 28

Travel Speed, ipm 7 to 12
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test weld #82 was deposited in 2-inch-thick. 5 feet long, HY-100 plate for
preliminary mechanical property testing. The backing bar was removed by
flame cutting followed by hand grinding. A back weld was made with the
Narrow Gap welding system. The weld was radiographed using an Iridium 192
isotope ultrasonically inspected, and shipped to DTNSRDC for testing. The
transverse-weld tensile and dynamic tear properties were determined. A

single explosion-bulge plate was prepared and tested at the Naval Ordi-

nance Laboratory at Louisville, Kentucky.

Newport News Shipbuilding, (NNS) personnel were throughly familiar with

the Narrow Gap Welder and its operation as a result of numerous trips to

CRC during Phase 3. As a result, the 20-foot-long Phase 4 qualification
weld was made at CRC with NNS personnel operating the equipment and assisted
by CRC personnel. This weld #92 was radiographed, ultrasonically inspected,
back welded, and cut into six explosion-bulge plates. The explosion bulge |
plates were sent to Louisville for testing. The set consisted of two crack
starter plates and four conventional bulge plates. A portion of this weld
was sent to DTNSRDC for mechanical property testing and another portion

was sent to the Columbus Laboratories, Battelle Memorial Institute,
Columbus, Ohio, for microhardness determinations and metallographic

examination.

\ - i 4
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RESULTS

The results of the destructive tests performed on preliminary weld #82

are shown in Table 1,

The results of the destructive tests of qualification weld #92 are shown
in Table 2. In addition, the explosion bulge report sheets from the
Naval Ordinance Station, Louisville, Kentucky and a sample photograph
of a crack starter and a conventional bulge, as well as a copy of the
Battelle report on hardness, microstructures and macrostructures are in

Appendix A-3,
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TABLE 2. QUALIFICATION WELD NO. 92

Yield Strength
Ultimate Tensile Strength
Elongation
Reduction in Area
Charpy vee-Notch
0° F.
~60° F,
Dynamic Tear
0° F.
-60° F,

108.9  Ksi
116.7  Ksi
22%
70%
71, 80, 69.5 Ft.
63, 64, 47.5 Ft.

865.1, 710, 865.4 Ft.
364, 423, 396 Ft.

1bs.

1bs.

1bs.

1bs.
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SUMMARY

Preparation for the 20 foot long qualification began when the results

of preliminary weld #82 were satisfactory.

The execution of the qualification weld by Newport News Shipbuilding per-
sonnel and the successful completion of all non-destructive and destruc-
tive testing marked the completion of Phase 4. Phase 5 will begin

immediately.

It should be noted that the cracks incurred from explosion bulge testing
of conventional and crack starter samples did not penetrate through the

thickness of any test plate.
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i‘ MATERIAL TEST REPORT
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2 sPeCIFICATIONMIL=S=16216H (SHIPS) 15 MARCH 1972 (HY=-100) ——— QOct. 6
L W HY-100 Steel CUSTOMER ORDER NO.
5 ~ SOLD TO CRC Automatic Welding MILL ORDER NO.
- 3}; 3450 Lang Road
: \}', Houston, Tx, 77092 CAR NO. ___TRUCK
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% 4 HEA CHEMICAL ANALYS)S YIELD
33 No.. No! c MN P s sI. cu. NI CR. Mo, AL ] v [y | Soeem™
Y
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i
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PHOENIX STEEL CORPORATION
PE -
CLAYMONT, DELAWARE 197903 APPENDIX TABLE A-1

MATERIAL TEST REPORT

- Oct. 6, 1982 B. L. NO.

CUSTOMER ORDER NO. —— 12708

MILL ORDER NO. 5241639

BEND TEST HOMOGENITY TEST
CAR NO. __ _TRUCK_
M Cc:‘l. AN: A lCYR'S 1 SMO‘ AI‘ v TI 5755,5":601‘“ S;E:ls'i%;.;” 2°.,o ELONGB.“ RED OF size
1| .17 | 3.40 1,44 .29 |.027 | .00 NIL 1110000 |120500] 22,0 67.0 |1- 2"xB80x252"
12500 |125000! 21.0 69.9
0| .171(3.35(1.40 | .29 |,023 |.003.0001
118 3.42 1.42 | .30 |.022 .003 |.001 | ;oo d 100 pbo o
L-1144122-112 BHN 257/237
RSE CHARPY (FT-LBE)
108, 117, f12, §17, 111.5 113.1
72, 63.5,/76.5, 67.5, 685 |69.6
SE DYNAMIC TEAR KFT-LBS) |[400%|939.8, 933.[s
ME | CERTIFY THE ABOVE FIGURES ARE CORRECTAS

CONTAINED (N THE RECORDS OF THE CORPORATION.

Y ./( C
SUPR, ESTING, METALLURGICAL DEFT,
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PLATE 2
ERIAL TEST REPORT - APPENDIX TABLE A-2
Dec, 8, 1982 8. L. NO. B
CUSTOMER ORDER NO. 12708 —_—
MILL ORDER NO. —S2h)i6-39 . _
TBEND TEST T“"‘Tlﬁh’iﬁu’ﬁ’ﬁ?‘_—_]
CAR NO. __TRUCK r ] |
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N0 Y AN AN 5 8 il il B SR P Y11
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} PHOENIX STEEL CORPORATION
CLAYMONT, DELAWARE 1£703

} MATERIAL TEST REPORT -
_ATioN MIL=-S=-16216H (SHIPS) 19 MARCH 1972 (HY=100) _ Dec, 8, 1982
HY=100 Steel CUSTOMER ORDER NO. 08
LD TO MILL ORDER NO. R
3450 Lang Road
Houston, Tx., 77092 CAR NO. __TRUCK_
CHEMICAL ANALYSIS YIELD TENSILE
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THE ABOVE | PROPERTIE!

I IT

TRANSVERSE IMPACTS (FT-LBS) AVG.
0°F |115, [110,| 111,5, 111.5, (114 112.4
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TRANSVERSE DYNAMIC TEAR 'FT-I.JTS) -400w% 885.3, 884.4
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PHOENIX STEEL CORPORATION . PLATE 2

CLAYMONT, DELAWARE 1£703

MATERIAL TEST REPORT - APPENDIX TABLE A-2
K=100) Dec, 8, 1982 B. L. NO.
—— CUSTOMER ORDER NO. 12708
—_— MILL ORDER NO. — 52639
BEND TEST HOMOGEN!ITY TEST
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Uctober 26, 1983

Mr. Brian Laing

CRC Automatic Welding
3450 Lang Road
Houston, TX 77092

Dear Brian:

This letter presents the results of our metallographic examination of
the 20-foot-long demonstration weld in HY-100 steel plate.

Macroexamination

A section was cut from the CRC sample. This section was located about
half way along the sample length so that it would be as far as possi-
ble from the sample edges. Sectioning was by a band saw using oil-
water emulsion coolant. The section then was ground and polished for
metallographic examination.

A photomacrograph of this section is in Figure 1. The weld is sound
throughout. No porosity, lack of fusion, inclusions, or cracks were
present. The pore-like feature in the right heat-affected zone of the
second fill pass is an artifact and was not present in the actual
specimen. The cap pass and/or the last fill pass are unbalanced to
the left side of the joint. The arc oscillation possibly was biased
in this direction.

The width of the heat-affected zone was measured at several loca-
tions. The measured widths were:

Heat-Affected Zone Width, inch

Left Side Right Side
At top surface 0.095 0.116
1/16 inch below top surface 0.238 0.152
Mid thickness 0.112 0.092
1/16 inch above bottom surface 0.167 0.208
At tottom surface 0.078 0.110

Hardness Measurements

Micronhardness (Knoop 500 gram) traverses were made across the width of
the weld joint at five locations. These are shown by the arrows and
accompanying numbers in Figure 1. Traverses 1 and 5 were made at a
Jocation 1/16 inch below the top and bottom surfaces respectively, of
the specimen. At this location, measurements were made in the untem-
pered weld metal of the cap and root passes and their heat-affected
zones. Traverses 2 and 4 were made at a location approximately 1/8
inch below the bottoms of the cap and root passes. Traverse 3 was
made at the middle of the specimen. Each traverse included at least
three measurements in each base metal, six measurements in each heat-
affected zone, and five measurements in the weld metal. The spacing
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Mr. drian Laing 2 October 26, 1983

between the heat-affected-zone measurements was 0.010 inch. The weld-
metal measurements were equally spaced across the width of the weld
metal. Base metal measurements were made approximately 0.25 inch from
the edge of the heat-affected zone and were spaced at 0.010 inch.

The results of these measurements are given in Figure 2. (This figure
is schematic and not to scale.)

The hardnesses of the various zones are reasonably consistent except
for the heat-affected zones of Traverse 2. These hardnesses, particu-
larly on the left side, are significantly lower than at any other area
of the heat-affected zone. In these areas, the hardness measurements
were taken just at the bottom edge of the cap pass heat-affected zone.
On the left side, this location also is directly under the area of the
cap or last fill pass where the arc oscillation appears unbalanced.
These areas experienced thermal cycles (possibly multiple cycles) that
were different from other areas of the heat-affected zone. The dif-
ferent heating-cooling profiles may account for the softer structure.

Microstructure

Photomicrographs of typical weld metal and heat-affected zone areas
are shown in Figures 3 through 7.

Figures 3 and 4 are of weld metal. The structure shown in Figure 4 is
typical of the fill passes. This weld metal has been "tempered" by
subsequent passes. The reheating appears to have caused some precipi-
tation of possible carbides. This change did not result in any sig-
nificant changes in microhardness.

Figures 5, 6, and 7 are of three areas of a typical fill pass heat-
affected zone. The structure in Figure 5 is found adjacent to the
fusion line. It is tempered martensite at this location and is very
similar to the base metal microstructure. In the cap and root pass
heat-affected zones, apparent untempered martensite is found adjacent
to the fusion line. An intermediate zone shown in Figure 6 is found
in the mid portion of the heat-affected zone while, adjacent to the
base metal, a fine-grained microstructure exists (Figure 7).

The widths of these three areas of the heat-affected zone vary greatly
depending on the location. This is particularly true in the cap and
root pass heat-affected zones where significant changes in the widths
occur with minor changes in location. Therefore, actual widths were
not measured. Generally speaking, the coarse-grained zone varied from
about 15 to 30 percent of the heat-affected zone width. The inter-
mediate and fine-grained zones generally were of about the same width
and occupied about equally the balance of the heat-affected zone
width. [If actual widths of these three areas are required for a
variety of locations, we can make these measurements.
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We hope this provides the information that you need for your report.
If you have any questions or need additional information, please let
me know.

Best regards,

/ / /’l .“/l‘/ V, ('/
L e L L
H. W. Mishler

Metalworking Section

HWM: jrh




2X 3.5% picral - 0.2¢ nital 31543

FIGURE 1. PHOTOMACROGRAPH OF NARROW-GAP WELD IN 2- - INCH-
THICK HY-100 STEEL

Arrows indicate location of hardness traverses.
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FIGURE 3. PHOTOMICROGRAPH OF CAP PASS WELD METAL OF NARROW-
GAP WELD




500X 3.5 picral - 0.2 nital 5560

FIGURE 4. PHOTOMICROGRAPH OF TYPICAL FILL PASS WELD METAL OF
NARROW-GAP WELD
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FIGURE 5.

3.5% picral - 0.29 nital 3L561

PHOTOMICROGRAPH OF COURSE GRAINED PORTION OF HEAT-
AFFECTED ZONE OF NARROW-GAP WELD
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500X 3.57 picral - 0.2° nital 3L562

FIGURE 6. PHOTOMICROGRAPH OF INTERMEDIATE GRAINED PORTION OF
HEAT-AFFECTED ZONE OF NARROW-GAP WELD




500X 3.5 picral - 0.2 nital 31563

FIGURE 7. PHOTOMICROGRAPH OF FINE GRAINED PORTION OF HEAT-
AFFECTED ZONE OF NARROW-GAP WELD
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Base metal microstructure appears on the lcft.




NAVAL ORDNANCE STATION .
LOUISVILLE, KY. 40214

Navy Code No.  s4s

Type of Test Crack Starter
Material HY-Steel
Initial Thickness (in.) Location A _2-071 Location B 2.063
Remarks:
SHCT NUMBER
R

Date $_20-53|9-20-83
Tme ~ tipsed fred 5M 308 |4M 15S
Stand off Disfance (in.) 17" 17"
Pentolite Charge (Ibs.) 24 24
Temperzture of Spec. Al Firing (%F) Est. 0° 0°
Ambient Temperzture (°F) (Outdoor) 81° 87°

845-1~-11845-2-1
Picture Number 845-1-2(845-92-2

RESULT OF TEST

Plate Thk.-Location A 2.000 1.914
. Reduction In Thickness 3.428 7.580
Plate Thk.Location B 2.006 1.909
% Reduction In Thickness 2.762 7.464

1.0640U L.DO0
Depth of Bulge (in) B 11520 | 2.¢23

Shot #1: Tear across weld bead at center, enters base metal B side
5/8 inch. Crack across crack starter weld "A'" side, TOW %"
Crack across crack starter weld B side TOW %" long, enters i
base metal

Shot #2: Tear across weld bead at center extends intc base metal A

side >5/87, iInto B side 1 . C(rack A side across crack
starter bogdextends /& —Crack B —side froms i ftr or
. centter—to g"‘xig‘n(. of—cente Fear pL.Ttha‘CL.fﬂ‘}Ltp trree

-m'!é met ol
Y S e LELA ST~ ~ B <y

b

e




- NAVAL ORDNANCE STATION
LOUISVILLE, KY. 40214
Navy Code No. 546
Type of Test  crack Starter
Material HY-Steel
Initial Thickness (in.) Location A _2-085 Location B __2-087
Remarks:
SHOT KUMBER
1 Z
Date . 9-20-83] 9-20-83
Tme - cemed  fied iy 505 | sM 25s
Stand off Distance (in.) 17" 17"
Pentolite Charge (lbs.) 24 24
Temperature of Spec. At Firing (%) Est. 0° 0°
Ambient Temperature (*f) (Outdoor) 81° 87°
Picture Number Si‘gjii 322:3:%
RESULT OF TEST
Plate Thk.-Location A 2.000 1.918
% Reduction In Thickness 4.076 8.009
Plate Thk-location B 2.010 1.938
% Reduction In Thickness 3.689 | 7.139
Deph o Bule (i) g 11220 1785
Shot #1 Tear across weld head center, enters base metal A side 5/8"

B side k",

Crack across crack starter weld A side TOW,

Crack

across crack starter weld B side TOW.

Numerous surface cracks

in HAZ, particularly B side.

Shot #2

Tear across weld bead at center extends into base metal A side 1X%",

into B

side 17", p

enetrates deep into weld metal.

Crack A side

IOW Trom Z%7 lelt oI center to Iz" right of centcr (3 3/4 totall].

Crack B side TOW from 2 3/4" left of center to 1%" richt of

center (4%" total).

M




NAVAL ORDNANCE STATION
LOUISVILLE, KY. 40214

Navy Code No.

847
Type of Test Bulge
| Material HY-Steel
Inifial Thickness (in.) Location A 2-055 Location B _2- 048
Remarks:
SHOT KUMBER
1 2 3 )
Date : 9-21-83 | 9-21-83{9-22-83 | 9-22-83
fme - cdemed  fred oy o0c sy uss [sy 355 | 3 4ss
Stand off Distance (in.) i7m 17" 17" 17"
Pentolite Charge (Ibs.) 24 24 24 24
Tempereture of Spec. At Firing (°F) Est. 0° 0° 0° 0°
Ambient Temperature (°F) (Outdoor) 49° 59° 51° 62°
84741
Picture Number 847-1-1 [847-2-1 |847-3-1 | 847-4-2
RESULT OF TEST
Plate Thk-Locafion A 2.016 1.953 1.898 1.824
b Reduction In Thickness 1.897 | 4.963 |7.639 [11.240
Plate Thk Location B 1.992 | 1.915 [1.866 1.796
. Reduction In Thickness 2.734 | 6.494 |8.886 [12.304
s ase w1 | L (208 L8 10

Shot # 1 N.V.C.T.

Shot # 2 N.V.C.T.

Shot # 3 N.V.C.T.

Shot # 4:

Crack A side TOW

from 2%" left of center to 1" right of

Center




NAVAL ORDNAKCE STATION
LOUISVILLE, KY. 40214

Navy Code No. s4s

Type of Test Bulge

Mamﬁal HY-Steel
Initial Thickness (in.) Location A __2-087 Location B 27040
Remarks:
SHOT NUMBER
1 2 3 4
Dale : 8-21-83]9-21-83 | 9-22-83|9-22-83
Time elapsed red 6M 155 [6M 055 | 5M 45S |5M 40S
Stand off Distance (in.) 17" i7" 17" 17"
Pentolite Charge (Ibs.) 24 24 246 | 24
Temperature of Spec. At Firing (°F) Bt.]  0° 0° 0° 0°
Ambient Temperature (°F) (Outdoor) 49° 59° 51° 62°
, R48-3- 848-4-1
Picture Number 848-1-1]|848-2-1 848-5-% 8482
RESULT OF TEST
Plate Thk.-location A 2.032 1.961 1.928 1.840
% Reduction In Thickness 2.635 6.037 7.618 11.835
Plate Thk.-Location B 1.997 }1.969 1.867 |{1.780
% Reduction In Thickness 2.107 |3.480 8.480 J2745
: T 515 1Z.480 37735 [3.880
Depth of Bulge (in.) é 1.605 [2.625 3.355 [4.030

Shot # 1 N.V.C.T.

Shot # 2 N.V.C.T.

Shot # 3: Crack B side TOW

35" left of center. Appears to be weld

reinforcement or

weld patch coming loose from base metezl.

\;ANLNLN-IQL&.Q~_r

Shot # 4: Crack A side TOW

"

from 4" left of center to :'" richt of

center.

Crack B

side TOW 3%" left of center is now

Z%" long.

FPlece

1s almost "popped out’.




NAVAL ORDNAKCE STATION
LOUISVILLE, KY. 40214

Navy Code No. 4.
Type of Test Bulge
Material HY-Steel
Initial Thickness (in.) Location A _2-97° Location B ___2-080
Remarks:
SHOT NUMBER
T 7 3 A
Date : 9-21-83 |9-21-83 | 9-22-8319-22-83
Tme ~ cowsed  fired 7M 05S |5M 35S | 5M 40S |sM 35S
Stand off Distance (in.) 17" 17" 17" 17"
Pentolite Charge (Ibs.) 24 24 24 24
Temperature of Spec. At Firing (°F) Est. 0° 0° 0° 0°
Ambient Temperature (°F) (Outdoor) 49° 59° 51° 62°
849-1-1|849-2-1 | 849-3-1] 849-4-1
Picture Number 849-3-2|849-4-2
RESULT OF TEST
% Redudlion In Thickness 2.789 5.675 $0.822 12.127
Plate Thk-Locafion B 2.010 1.933 1.870 1.807
% Reduction In Thickness 3.365 7.067 10.096 13.125
. 1.570 2.590 3.525 4.045
Depth of Buige (in.) ﬁ 1.600 1 2.380 |3 4358 Py

Shot # 1 N.V.C.T.

Shot # 2 N.V.C.T.

shot # 3: Shallow crack B side TOW 1 3/4" leftr of center. Apnears

to be reinforcement bead coming loose from bace ~etal.
_& Tack weteid foeTIo~

Crack B side TOW extends cenzer to 2" left of center.

"
B

Shot £




NAVAL ORDNANCE STATION
LOUISVILLE, KY. 40214

b
Navy Code No.  gs0 ;
'f
Type of Test Bulge |
Material HY-Steel f
- ) R ) ) i
Initial Thickness (in.) Location A 2-080 location B 2.079 J
Remarks:
SHOT_NUMBER
T pi 3 1y
; Date 9-21-83 [9-21-83{9-22-83 |9-22-83
| Time - damsed fired SM 555 | SM 35S |4M 50S | 35M 308
Stand off Distance (in.) 7 17" 17" 17"
Pentolite Charge {Ibs.) 24 24 24 24
Temperature of Spec. At Firing (°F) s, 0° 0° 0° 0°
Ambient Temperature (°F) (Outdoor) 49° 59° 51° 62°
. _ L ., BS0-4-1
Picture Number 850-1-1 1850-2-1 ggg_i % gso_a_z
RESULT OF TEST
Plate Thk.-Location A 2.011 | 1.961 1.890 | 1.836
% Reduction In Thickness 3.317 5.721 9.134 {11.730
Plte Tk Location B 2.015 | 1.929 1.843 | 1.764
% Reduction In Thickness 3.078 { 7.215 | 11.351 {15.151
) 1.555 | 2.510 3.405 | 3.910
Depth of Bulge (in.) B 1.585 | 2.570 | 3.480 | 4.020

Shot #1 N.V.C.T.

Shot # 2 N.V.C.T.

Shot # 3: Crack A side TOW from 1 3/4' left of center to 2" right of
center. Crack B side TOW from 2% leit ot center to 1"

right of center,

Shot # 4: Crack A side TOW from 3%" left of center to 24" right

bl

of center (6™ total). Crack B side TOW from 3" leit of
Tenter to 3 right of center.
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