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By
W. D. Bixler and W. L. Engstrom

ABSTRACT

Fracture and subcritical flaw growth characteristics were experimentally deter-
mined for electroless nickel plated Dé steel in dry.air and high pressure oxygen
environments as applicable to the Lunar Module/Environmental Control System .
(LM/ECS) descent gaseous oxygen (GOX) tank. The material tested included
forgings, plate, and actual LM/ECS descent GOX tank material. Parent metal
and TIG welds were tested. Tests indicate that proof testing the tanks at

4000 psi or higher will insure safe operation at 3060 psi. Although significant
flaw growth can occur during proofing, subsequent growth of flaws during

normal tank operation is negligible.
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SUMMARY

The experimental work described herein was undertaken to investigate the fracture
and flaw growth characteristics of forging, plate and TIG welded Dé steel alloy,
primarily in environments of dry air, lab air, and high pressL;re gaseous oxygen.
The objective was to determine the failure mode and sustained load growth (

characteristics applicable to the LM/ECS descent GOX tank.

The program was conducted using precracked surface flawed specimens made from
forgings, plates, and actual LM/ECS GOX tanks. Tank fabrication processes,
thicknesses, and service conditions were simulated. Static, sustained, cyclic and
combination loaded specimens were tested with flaws located in the base metal, in

the weld nugget centerline and in the weld heat affected zone.

Flaw growth tests were conducted in dry air, lab air and 3000 psi gaseous oxygen
at 70°F. Some tests included proofing, cycling and sustained loading a specimen
in order to simulate maximum operating conditions of the LM/ECS descent GOX
tanks. Welded specimens were nominally 0.21 or 0.18 inches thick and. base

metal specimens were nominally 0.375, 0.21, 0.125 or 0.11 inches thick.

An actual LM/ECS descent GOX tank was pressure tested to evaluate tanks with

. flaws growing through-the-thickness during operation.

The following observations and conclusions were made from this study.

1.  The predicted failure mode of the weld area of the LM/ECS descent GOX tank
is leakage at 2520 psi. This was demonstrated by cycling a surface flawed
tank to leakage at 2520 psi and then loading to as high as 4550 psi with a

1.15 inch long crack without catastrophic failure.

2.  The sustained load threshold of D6 steel (electroless nickel plated on one
side followed by 28 hours of bake-out at 375°F, is above 75% of the
critical stress intensity in dry air or high pressure oxygen. A limited amount

of data for specimens that were baked for 4 hours indicated the same result.



3.

Proof testing a LM/ECS descent GOX tank can cause flaw growth if a
large flaw is present. However, negligible further growth will occur

“during the “intended service life after proofing.

The failure mode of a LM/ECS descent GOX tank during proof test to
4000 psi could either be catastrophic or leakage depending upon (1) the
actual fracture toughness of the tank material, (2) the area of the tank
containing the flaw and (3) the flaw shape. If a flaw was screened by
the proof test because of combinations of low toughness, highly stressed
area relative to the thickness and/or long flaws, safe operation would be
guaranteed for 20 MDOP cycles at 3060 psi. If a flaw was not screened
by the proof test because of combinations of high toughness, lowly stressed
area relative to the thickness and/or short flaws, functional operation
would not be guaranteed at 3060 psi. The failure mode in this case would

be leakage rather than catastrophic.
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FOREWORD

NASA requested the Aerospace Group of The Boeing Company to perform an
experimental study to determine the crack growth behavior of electroless nickel
plated D6AC steel alloy in.air and high pressure gaseous oxygen environments

as applicable to the Apollo Lunar Module/Environmental Control System (LM/ECS)
descent gaseous oxygén (GOX) tank. This program was performed under NASA
Contract NAS 9-11435, and NASA Contract NAS 9~10364, Task 24 from October
7, 1970 through May 7, 1971 and the results are reported herein., The work was
administered under the direction of S. V. Glorioso at NASA/MSC.

In addition to the D6 steel testing reported in this document, additional test work
on 5Al-2,55n titanium was performed under Contract NAS 9-11435, The titanium
test work was applicable to the Apollo Service Module/Electrical Power System
cryo-hydrogen tank and is reported in NASA CR-114859 (Boeing Document
D180-12854-1), "Crack Growth of 5Al-2,55n Titanium in Hydrogen".

Boeing personnel who participated in this investigation include J. N. Masters,
Program -Leader, and W, D. Bixler/W, L. Engstrom, Technical Leaders. Struc-
tural festing of specimens was conducted by A. A, Ottlyk, C. C. Mahnken,
and G, E. Vermillion. Metallurgical and welding support was provided by

E. C. Roberts, J. Scott, H. A. Johnson and T. J, Bosworth, Don Good

prepared the art work,

The information contained in this report is also released as Boeing Document

D180-12928-1.
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1.0 INTRODUCTION

The objective of this investigation was to determine the crack growth behavior of
D6 steel in air and high pressure oxygen as applicable to the Apollo Lunar
Module/Environmenfal.Control System (LM/ECS) descent gaseous oxygen (GOX)
tank. Fracture specimen testing included static fracture tests, sustained tests,
growth-on-loading tests, cyclic tests, proof tests, proof tests with subsequent

cycling, and proof tests with subsequent cycling plus sustained loading.

Much of the testing was conducted to simulate typical life spectrums of LM/ECS
tanks. A typical tank life might include proof loading to a nominal pressure of
4000 psi (4170 psi maximum) followed by 3 cycles to MDOP of 3000 psi nominal
(3060 psi maximum) and 4 or 5 cycles to 2520 psi nominal. During Fllighf service

a tank would spend 4 to 5 days at sustained pressure.

During the course of this investigation, it was found that electric discharge
machining (EDM) of bé steel (to introduce crack starter notches) affected the
sustained load results. Significant flaw gfowfh observed in early sustained load
testing was at first believed to be caused by hydrogen introduced during electroless
nickel plating and inadequately removed during a 4 hour bake-out process.
_Further testing showed that the sustained load flaw growth was reduced to
essentially zero when the specimens were baked after EDM. It was initially
thought that the free surface provided by the EDM starter notch and precrack
permitted the hydrogen to escape more readily in the vicinity of the flaw. This
idea was later discarded when specimens which were mechanically flawed by a
high speed cutter after being baked had no sustained load flaw growth. It was
finally defermilned that the EDM process was introducing hydrogen into the flaw
area. Hydrogen would ‘be provided by the dielectric fluid (kerosene) when ionized
by the electric discharge (Reference 1). EDM specimens which were not
subsequently baked are reported in the Appendices, except for Tank S/N 0041 and
cycle through-the-thickness tests. Static fracture and end-point fra-chljre values
which were EDM without subsequent baking are reported in Appendices A and B,

and those from Appendix A are summarized in the main body of this report.



Various bake out cycles were investigated to remove hydrogen; however, only

the data applicable to the tanks used on Apollo 14 and subsequent missions are

" shown  in"the plots. "These spacecraft employ tanks which have been baked 3

to 4 hours at 375%F in Argon plus 24 hours at 375°F in a vacuum.



2.0 MATERIALS

Two complete LM/ECS GOX descent tanks and half of a fractured tank were
provided by NASA/MSC, Houston, Texas. The tanks were approximately 22 inches
in diameter, 0.205 inches thick in the weld area and 0.123 inches thick in the
-base metal. Prior to receipt by Boeing, the Dé steel tanks were heat treated at
1650°F for 1 hour, carbon dioxide quenched, and then tempered at 1040°F for

3 hours plus 1040%F for 3 hours. An Argon atmosphere was maintained during heat
treatment. Following final finish machining, the tanks were stress relieved in
Argon at 950°F for 3 hours. The tanks were then electroless nickel plated on the
inside and baked for 3 to 4 hours at 375°F (S/N 0010) or at 3 to 4 hours at 375°F
plus 24 hours at 375°F in vacuum (S/N 0032, 0041).

Grumman Aerospace Corporation supplied the following pieces of D6 plate material:

Four pieces 0.21 in. x 14 in. x .18 in.
Six pieces 0.375 in. x 12 in. x 18 in.
c. Twenty pieces 0.2] in. x 8 in. x 24 in. which were fabricated by welding

together 8 in. x 12 in. pieces.

Prior to receipt by Boeing, the material was electroless nickel plated by Chemplate
Corp., Los Angeles, Calif., and subsequently baked for 4 hours at 375°F, except
for one plate 0.375 in. x 12 in. x 18 in. which was not plated or baked and one

welded plate 0.21 in. x 8 in. x 24 in. which was not baked after plating.

The Boeing Company supplied 54 pieces of annealed forging 0.30 in. x 4 in. x 6 in.

Heat treatment and ‘processing information of this material is described in Section 3.0.
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3.0 PROCEDURES
3.1 SPECIMEN FABRICATION

Specimens were fabricated ‘from Dé steel flat forging material, flat plate material

and material from LM/ECS GOX tanks.
3.1.1 Boeing Processed Specimens (DBM-XX, DWM-XX)

The forging material used was in the form of pieces, 0.30 in. thick by 4 in. wide
by 6 in. |on;;. These were normalized and machined into the configurations shown in
Figure 1 . The weld specimen halves were then welded together from one side
~only, using a tungsten arc in an Argon atmosphere (TIG). Welding parameters for
the weld specimens (DWM-XX) duplicated actual tank parameters whenever possible

and they are as follows:

a Preheat and interpass temperature - 400°F to 430°F.

b. Electrode - 3/32 diameter tungsten (2% thorated with pointed tip)

c. Filler wire - 0.062 dia. D6AC (annealed)

d. Inert shield - 75% Argon + 25% Helium head gas, 100% Argon backup gas.
e. Weld Schedule

Pass Sequence
Parameter | Fusion Filler
“ 1 2 3 4 5
Voltage + 2V 10 10 13 13 13
Amps + 4A 52 |70 80 100 112
Weld Speed + 0.5 imp 26| 2.6 2.6 2.6 2.6
Wire Feed + 0.4 ipm N/A| 5.1 5.1 7.6 7.6
f. Post weld heat treat - 600°F for 13 hour, cool to 300°F, stress relieve

at 1250°F for 13 hours (Argon internal purge)

All weld specimens were radiographically inspected. The base metal specimens
(DBM-XX) underwent a similar wel‘ding process, however, they were welded from

both sides.



After being welded, the specimens were drilled and cut to width and thickness.
The weld specimens were cut to 0.215/0.210 inches thick in the test section and

“the base metal s,?)e2|mens were cut to 0.133/0.128 inches thick in the test section
(located outside the weld area per Figure 2). The specimens were then heat

treated to 220-240 ksi as follows: o 7

a.  Austenitize - 1625°F to 1675°F for 1 hour in Argon.,

b.  Air Quench - fan cooled in air.

c. Temper in air - 1000°F for 2 hours + 1000°F for 2 hours.

The weld specimens were then ground to a thickness of 0.210/0.205 inches and
‘the base metal specimens were ground to a thickness of 0.128/0.123 inches.
Finished specimens are shown in Figures 2 and 3. Grinding was followed by a
‘stress relief cycle of 950°F to 975°F for 3 hours in an Argon atmosphere.  Most
of the specimens were then electroless nickel plated by Heath Tecna Corporation

in Kent, Washington, and baked at 375°F for 4 hours in air.

Tensile specimens were made by reducing the width of fracture specimens to 0.5

inches in a 2.0 inch long test section.
3.1.2 0.21 Inch Thick Longitudinal Grain Plate Specimens (G-XX)

D6 steel was provided by Grumman Aerospace Corporation (GAC), Bethpage, New
York, in the form of plates 0.21 in. x 14 in. x 18 in. with the grain direction
p<';|r0||e| to the 18 in. length. The plate was heat treated by GAC at 1650°F for
12 hours, oil quenched, tempered at 1000°F for 2 hours and air cooled plus 1015°F
for 2 hours and air cooled. After heat treating the plates were electroléss nickel
plated on one side and baked at 375°F for 3 to 4 hours b); Chemplate Corporation,
Los Angeles, California. Longitudinal grain blanks were cut from the plate and
fabricated into specimens as shown in Figure 4. The tensile specimen was made by
reducing the width of a fracture specimen to 0.50 inches in a 2.25 inch long test

section.

3.1.3  0.21 Inch Thick Welded Plate Specimens (GW-XX), Longitudinal Grain
Plate Specimens (GBM-X), and Long Transverse Grain Plate Specimens

(GB-XX, SG-XX)

- 6



Material for these specirﬁens was provided by GAC in the form of welded plates

0.21in.x 8 in. x 24 in. with the longitudinal grain direction parallel to the

24 inch length. Each plate was made by welding together two 0.21 in. x 8 in. x
12, in. piéces of material which had previously been prepared with "J" grooves as’
shown previously-in Figure 1. After being welded, the plates were radiographically
inspected and stress relieved at 1250°F for 1 1/2 hours. The weld bead was then
machined flat and the plates were heat treated as described in Section 3.1.2. The
plates were then electroless nickel plated on the underside by Chemplate Corporation,
and with the exception of one plate, were baked at 375°F for 3to 4 hours. The
longitudinal grain specimens (GBM-X) and welded specimens (GW-XX) were cut from
the plates and fabricated as shown in Figure 4. The long transverse grain specimens
(GB-XX, SG-XX) were fabricated as shown in Figures 4 and 5. Tensile specimens
were made by reducing the width of fracture specimens to 0.5 inches in a 2.25 inch

test section .

3.1.4 0.375 Inch Thick Longitudinal Grain Plate Specimens (GTB-XX)

Material for these specimens was provided by GAC in the form of plates 0.375 in.

x 12in.x 18 in. with the longitudinal grain direction parallel to the 12 inch length.
The plates were heat treated as described in Section 3.1.2 and then all but one plate
were electroless nickel plated on one side and baked at 375°F for 3 to 4 hours by
Chemplate Corporction.. Longitudinal grain specimens were fabricated as sEown in
Figure 6. Tensile specimens were reduced in width to 0.50 in. ina 2.25 in. long |

test section .,

3.1.5 Base Metal (TB-XX) and Weldment Specimens (TW=XX, SN 41-X) from
~ LM/ECS GOX Descent Tanks

The tanks from which these specimens were fabricated were supplied by NASA .
Processing is described in Section 3.0. One of the tanks (5/N 0041) was flawed
and pressure tested prior to being cut up and fabricated into fracture specimens.
Weldment specimens were cut from S/N 0010, 0032 and 0041 tanks. Base metal
specimens were cut only from S/N 0010 tank . Typical locations of specimen blanks
are shown in Figure 7. Specimens were fabricated from the blanks by flattening

and straightening outside the test section. The steps involved in fabrication of
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weldment specimens are described in Figure 8. Base metal specimens were

fabricated in a similar manner. Finished specimen dimensions are shown in

Figures 9 and 10. Tensile specimens were fabricated by making the largest size .
flat specimen that could be made without straightening the material. This resulted

in specimens that were 0.25 inches wide and 1.25 inches long in the test section.

After fabrication and before flawing the specimens were strain gaged and loaded
to determine bending stresses. Because specimens displayed different amounts of
bending, it was necessary to perform this calibration on each specimen. A typical

bending stress curve is shown in Figure 11.

3.1.6 Machining and Precracking of Flaws

Those flaws which were electrically discharge machined (EDM) were cut on an
Eleroda D1 or D1-S machine. Kerosene was used as the dielectric and coolant
fluid. The electrodes used were copper or copper-tungsten alloy. The mechanically
cut flaws were made using a high speed tool steel cutting wheel with Rapid-Tap oil

as the lubricant.

Fatigue extension of the starter notches was accomplished by precracking at 200 to
400 cpm in room temperature air. EDM flaws were precracked at a maximum stress
of 30 to 40 ksi for 3000 to 29,000 cycles. Mechanically cut flaws were precracked
at a maximum stress of 60 to 70 psi for 2,000 to 34,000 cYcIes.

Flaws were introduced on either the nickel plated or the nonplated side of the
specimens. Weldment specimens had flaws in both the centerline ((}_) and the heat
affected zone (HAZ) of the weld. The flaws were located in the middle of the HAZ
which was 0.17 inches from the weld centerline; this location was determined from

measurements of a tank weld micrograph provided by NASA/MSC.
3.2 STATIC AND FLAW GROWTH TEST SETUPS AND SPECIMEN INSTRUMENTATION

Hazardous sustained tests involving room temperature gaseous oxygen at 3000 psi were
conducted at Boeing's remote Tulalip Test Site using load machines of 100,000 Ib
capacity. A specimen installed in a test machine is shown in Figure 12. A schematic

of the system is shown in Figure 13. Gaseous oxygen in bottles at 500 to 2000 psi
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was pumped up to a pressure of 3000 psi before being introduced into a small cup
mounted on the specimen. A cup with a pressure transducer was mounted on the
back side of the specimen to sense any pressure rise that might occur if the flaw

grew through-the-thickness. A set of pressure cups is shown in Figure 14.

Pressure tests of an actual LM/ECS Descent GOX tank containing an EDM surface
flaw were conducted at the Tulalip Test Site also. The tank was pressurized with
Texaco R and O HD-A hydraulic oil and utilized the 3000 psi hydraulic power
supply of a Research Incorporated test machine during the first two loading sequences
(precrack, cycle and sustain). The remainder of the tests utilized a 5000 psi, 35
gallon per minute, Sprague hydraulic bench with MIL-H-5606 hydraulic oil as the
working fluid. Cooling was maintained by partially submerging the tank in a bath
of R and O hydraulic oil. Cooling coils utilizing liquid nitrogen were introduced
into the bath to absorb heat. In addition, gaseous nitrogen was bubbled into the

bath to stir the oil for more efficient heat transfer. Several thermocouples were

used to monitor temperature. The flaw was kept dry during precracking by covering
it with a plexiglass shield. Silica gel was used as a dessicant. Because of the |
inherent dangers involved, all testing was monitored via closed circuit television.

Remote controlled movies were also taken of some parts of the testing. A schematic

of the test setup is shown in Figure 15 and a photograph is shown in Figure 16.

Nonhazardous tests were conducted in an environmentally controlled laboratory at

the Boeing Space Center. Temperature and relative humidity in this lab are maintained
at 70°F and 35% respectively. Static testing was done in a Baldwin 160,000 Ib
Universal test machine or a 150,000 Ib hydraulic test machine manufactured by Boeing .
Cyclic tests were conducted in the 150,000 Ib machine. Nonhazardous sustained

tests were run in the 150,000 Ib machine, in another Boeing-built' hydraulic test
machine with a capacity of 60,000 Ib, in the 160,000 Ib Baldwin test machine, or

in a 30,000 Ib Boeing-built dead weight machine. A dry air environment was obtained

by surrounding the specimens with a polyethylene bag containing silica gel dessicant.

Tests which required measurements of crack opening displacement (COD) were conducted
using a clip gage. Small brackets were micro-spot welded to the specimen, and the
clip gage was spring loaded between the brackets. Figure 17 illustrates a clip gage

installation.
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3.3 EXPERIMENTAL APPROACH

- Surface flaw specimens were -tested-with initial targeted flaw shapes ,,(a/2c.)i,,ranging;
from about 0.2 to 0.4 with the majority of the tests conducted with an (c:/2c)i of
0.25. Static specimens were tested in laboratory air at 70°F and 35% relative
humidity. Unless stated otherwise, they were loaded to failure in one to one and a
half minutes. Some static specimens were instrumented with the clip gages discussed

in the previous section.

Specimens having various flaw sizes were sustained loaded at various stress levels.
Specimens were also cycled or cycled and sustained tested at simulated operating
stress levels after being proof tested. VSusfained test durations varied from 45 minutes
to 30 days. Several specimens were instrumented with clip gages to detect flaw

growth during the cyclic and sustained tests.

After the cycl.ic and sustained tests were completed, specimens were low stress
cycled in air to mark the flaw front and subsequently static loaded to failure.
Evidence of growth was indicated by a separation between the initial fatigue crack
extension and final marking. In conjunction with this procedure, separation of
environmental caused growth and growth-on-loading was accomplished by loading
surface flawed specimens to predetermined stress levels, immediately dropping the
load to zero, marking and failing the specimen, and then observing the fracture face
for growth. The specimen specifically utilized to determine growth-on-loading is
termed a load/unload specimen. However, load/unload tests were also conducted on
" specimens which were previously sustained loaded. This was accomplished by fatigue

marking the specimens between the sustained load test and the load/unload test.

Proof tests were conducted by instrumenting specimens with clip gages and loading
them to a point at which failure was imminent. This point was determined by
examining load versus crack opening displacement curves of static fracture tests.
Typical curves for a static fracture test and a proof test are shown in Figure 18.
Crack growth during subsequent cycling and sustained loading was determined by
employing clip gages and by examining the fracture face of each specimen after

testing.
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3.4  STRESS INTENSITY SOLUTION

For surface flawed specimens loaded in tension, the following expression for stress

intensity was used:

. 1/2
K, = 1.1 o ma M 4)]
I A (—(3_) K

| 4
g

[rwin Stress Intensity
KI = plane strain stress intensity
= axial gross stress

g

A

a = flaw depth

Q = flaw shape parameter (see Figure 19)

MK = deep flow magnification factor from Reference 2. (see Figure 20)

The Irwin critical stress intensity for a large group of Dé steel spe*cimens are

plotted as a function of flaw depth-to-thickness ratio (a/t) in Figure 21. The

flaw depth-to-length ratio (a/2c) for these specimens ranged from about 0.20 to
0.40. Figure 21 data indicates a slight decrease in Irwin critical stress intensity

as the a/t increases indicating that a magnification factor should be applied to

the Irwin stress infensify solution. Because of program constraints, no systematic
approach to determining MK effects in D6 steel was undertaken. The 2219-T87
aluminum MK curves presented in Figure 20 (Reference 2) approximates the M,< effect
observed in the D6 steel. These aluminum M _ curves were used in calculating the

K
stress intensities for the D6 steel specimens presented in this report.

The specimens fabricated from LM/ECS tanks were subjected to bending stresses as
well as tension stresses when loaded axially. (These specimens were straightened
outside the test area prior to testing to eliminate the major part of the bending.) To
account for the bending stress contribution on the surface flaw stress intensity

calculations, the following equation was used:

- 1/2

_ ma
(K|)B = 0, (—Q—) Mg , ,‘ (2)
where
(Kl) = plane strain stress intensity due to bending

B
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0 = maximum outer fiber bending stress

MB = bending stress magnification factor from Reference 3 (see Figure 22)

The resultant stress intensity for a surface flaw subjected to combined tension and

bending is:

K- = (K) +(K) _ (3)

TENSION BENDING

The bending contribution is either added or subtracted, depending upon the

orientation of the bending loads.
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4.0 TEST RESULTS AND ANALYSIS

14,1 MECHANICAL PROPERTIES

Mechanical propef_fy tests‘'were conducted for D6 steel forging, plate and weldment
material used in evaluating the fracture éharqcterisfics of the LM/ECS gaseous oxygen

o . . ‘
tank . These tests were run at a temperature of 70 F in laboratory air. The results

of these tests are presented in Tables 1 through 5. The yield strength (0.2 percent off-.: '
set) ranged from 192.2 to 221.7 ksi for 0.375 inch thick plate and tank weldment,
respectively . The thicker material exhibited the lowest strength while the heat treated

weldments were in general, stronger than the parent material .
4,2 STATIC AND END POINT FRACTURE TESTS

. - o . -
Static fracture tests were conducted in air at 70 F and 35% relative humidity .

Additional K

e values were obtained using end point fracture data from specimens

which were previously tested. These latter values are called end point ch values.

Static and end point values are shown in Figures 23 through 28. A summary of
tabulated fracture values is found in Table 6, while individual values are

presented in Tables 7 through 36. Many of the K c values were taken from testsof

, I
nickel plated, 0.21 inch thick, long transverse grain Dé steel plate. (Specimen

Coqle: GB,—X.)()° These'KIc values ranged between 97.1ksi Vin and 112.6 ksi Vin.,

‘The range of K c values for all materials tested was from as low as 75.6 ksi Vin for a

I :
0.21in. thick longitudinal grain flat plate specimen (G-27) to as high as 124.0 ksi Vin =
for a 0.21 in. thick weldment specimen (GW=-9). In general, most K |

the 97.1to 112.6 ksi Vin range displayed by the GB specimens.

Ic values were in: -
Variations in bake temperatures and times in excess of 375°F and 24 hours respectivél&, '
did not appear to influence static and end point ch values. ~ Likewise, machining or

EDM the flaws did not appear to influence the fracture toughness data. Any varia-

tions with these parameters were smaller than the scatter in the data. =

D Many of thé values shown in the ch summary table are taken from the
appendix .
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The fracture tests show that the failure mode of the tank weldment area at proof

stress cou|d elfher be cafasfrophlc or leakage dependmg upon fhe actual fracture

toughness of fhe fclnk material and the flaw shcpe

4.3 SUSTAINED LOAD AND GROWTH-ON-LOADING TESTS

Sustained load tests were conducted in 3000 psi gaseous oxygen and dry air at room
temperature. The results of these tests are presentéd in Figures 23, 24 and 25 for
specimens that received a total 28 hours of bake time. Flaw growth was observed
on these specimens when the K level exceeded about 60 ksi Vin. Additional tests
were conduc_'red to determine if this flaw growth was time depehdent (and, therefore,
a function of the environment) or if the flaw growth was due to loading the o
specimens (and independent of environment). Load/unload and proof specimens

were tested and the results of these tests are presented in Figure 29. As Figure 29
indicates, flaw growth due to loading was observed above an initial K level of

60 ksi Vin. The amount of scatter observed with these tests was comparable with

the scatter obtained with corresponding ch tests. The amount of flaw growth
observed with the sustain loaded specimens fell generally within the scatter band
presented in Figure 29. This observation was true for all sustain  loaded specimens
regardless of bake time or material heat. The detailed data for all specimens that

were sustain loaded are presented in Tables 11 through 18.

A limited number of specimens with a 4 hour bake were sustain  loaded and the
results are presented in Tables 14, and 16. The amount of growth observed
fell within the scatter band of the growth-on-loading results as presented in Figure 29 .
From this limited amount of data it appears that a 4 hour bake time would be

sufficient to eliminate any hydrogen due to plating.
4.4 EFFECT OF PROOF TEST ON SUBSEQUENT FLAW GROWTH

4.4.1 Proof Tests, Proof/MDOP Tests and Proof/MDOP/20 Hour Sustained Tests

Surface flawed specimens fabricated from 0.21 inch thick long transverse grain plate

material (GB-XX) were subjected to multiple load cycles to determine the relative
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amounts of flaw growth due to proof, MDOP and sustained loads. Some specimens
were proof tested in lab air, some proof tested and then subjected to 10 MDOP
cycles in dry air to 76% of the proof stress and others were proof tested, MDOP
cycled and then subjected to a sustained load for about 20 hours in dry air to 76%
of the proof stress. b A trapezoidal loading profile for the MDOP cycles was
used and is shown in Figure 30. Each cycle consisted of a one minute period with

a 10 second load time, a 10 second unload time, and a 40 second hold time. The

results of these tests are presented in Figure 27 while the detailed data is contained
in Tables 19, 20, and 21.

As discussed in Paragraph 4.3, considerable growth-on-loading can occur during a
proof test if the maximum stress intensity exceeds about 60 ksi Vin. From 0.002 to
0.009 inch of flaw growth was observed with these proof test specimens. No flaw
growth was observed during the 10 MDOP cyclic portion of the proof/MDOP loaded
specimen tests. Likewise, no flaw growth was observed during the sustain load

portion of the proof/MDOP/sustain loaded specimen tests.

Retardation of subsequent growth after high load cycles has been documented by
several investigators (References 4, 5, 6, 7, 8 and 9). This retardation could be

caused by a number of mechanisms. Among them are the following (Reference 9):

1. Production of local yielding which leaves a residual stress pattern and so

reduces the stress at the tip of a crack under a given external load.

2.  Reduction of the sharpness of the crack tip by local yielding.

[> The proof test cited was to a stress level exceeding that which a tank would
normally experience; the test was targeted at a stress intensity that the
specimen would just pass without failure with flaws that were no deeper than
60% of the thickness to minimize deep flaw magnification effects. It is
assumed that the data generated from these tests are applicable to other flaw
size and stress level combinations (in particular deeper, lower stressed flaws)

as long as the same stress intensity levels are considered.
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4.4.2 MDOP Cycle Test

“After the tests discussed in Paragraph-4.4.1 were run,_a single_specimen (GB-28)
was subjected to 10 MDOP cycles (to about the same load level as the Paragraph
4.4.1 fe‘s'fs)'in dry air wifhout undergoing a previous proof. The data for this
specimen (GB-28) is shown in Table 22. Cyclic growth totaled 0.003 inch for this
specimen; however, examination of Figure 29 shows that about 0.001 inch of this
growth was probably due to growth-on-loading caused during the first load cycle.

" This specimen emphasizes the growth retardation that a proof load would cause on

subsequent subcritical flaw growth characteristics.
4.4.3 Proof/MDOP/Cyc‘e to Failure Test

One specimen (GB-17) was proofed (see D page 15) and cycled at MDOP
(stressed to about 76% of the proof stress), to failure. The loading spectrum for

this specimen is shown in Figure 30 and the data is shown in Table 23 and Figure 27.
The flaw in this specimen grew 0.002 inch during proof loading. No growth occurred.
during cycling until the 85th cycle, as indicated by the clip gage, and breakthrough
occurred at the 672nd cycle. Failure occurred at 695 cycles. The exact crack
length, 2c, could not be determined at breakthrough and at failure; however, the
a/2c ratios were approximately 0.35 and 0.25, respectively. This uniaxial
specimen illustrated the fact that a through-flaw with an aspect ratio less than 0.25

will cause leakage in the weld area of a tank at a MDOP stress of about 80 ksi.
4.4.4 Multiple Proof Tests

Two multiple proof test specimens (see D page 15) were tested. The crack
measurement data for these specimens (GB-22 and GB-23) are included in Table 24 .

displacement curve for specimen GB-22 is shown in Figure 31.

D These a/2c ratios were calculated using the longest crack lengths. If crack
lengths on the surface were measured, a/2c ratios were approximately<0.40

and 0.30 respectively.
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Specimen GB-22 was tested in laboratory air. It was first loaded to approximately
80% of proof load to check out the instrumentation equipment. The load was then
dropped to zero and the first proof test was run. The specimen fracture face
showed a change in flaw depth of 0.003 inch during this proof test and during each
of three subsequent proof tests. During the fifth proof test (the sixth loading cycle),
0.008 inch of growth was observed. The specimen was held at the proof loads for
times varying from 1.75 minutes to 4.25 minutes. Failure occurred on the seventh
loading cycle. As the load was increased during proof loading, the specimen was
held at 75% and 85% of the previous proof |odd for times ranging from 1.50 minutes
to 2.75 minutes. No growth occurred during these subsequent loadings to 75% and

85% of proof.

Specimen GB-23 was tested similarly to specimen GB-22, but the test on GB-23
was conducted in dry air. Specimen GB-23 was subjected to 9 loading cycles, 7
of which were proof tests. Hold times for the proof tests varied from less than
10 seconds to 14 minutes. As the load was increased duriﬁg proof loading, the
specimen was held for 1 to 3% minutes at 75% or 85% of the previous proof load.
No growth occurred at 75% or 85% of proof. The amount of growth during each
proof load could not be determined; ho_wéver, the total growth during the 7 proof
~cycies consisted of a change of 0.030 inch in flaw dépth and 0.025 inch in flaw
length.

These two tests demonstrated that after proofing, no significant growth will occur

at loads up to 85% of the proof load.
4.4.5 Multiple Proof/MDOP Tests with Wide Specimens

Two specimens (S5G-4 and SG-5) were subjected to combinations of multiple proof
(see D page 15) and MDOP cyclic loading (to about 76% of the proof stress).
Results from the first proof loading and subsequent MDOP cycling are shown in
Figure 28. Complete crack growth information is shown in Table 27, and load

summaries are found in Tables 28 and 29.

The fracture face of specimen SG-4 indicated that the flaw grew 0.008 inch during

proof loading and then grew 0.001 inch during 10 cycles at MDOP. The MDOP cyclic

17




test of this specimen differed from the MDOP cyclic tests reported in Section 4.4,
_in that one minute was used to reach MDOP, the specimen was held at MDOP for

2 1/2 minutes, and c:ne ;in;fe;irxlvasrtol:erri to d:opirfhe' load back down to zero. The
_MDOP cyclic test was also conducted at a higher stress intensity level than those
described in Section 4.4.1 (82.2 ksi Vin versus a maximumrK‘ l-evel of 75.2 ksi Vin).
During six proof cycles following the MDOP cyclic test, the specimen grew a total of
0.010 inch. During some of the proof loading, the specimen was held for 2 1/2
minutes at MDOP, and 85% and 95% of proof without showing growth as indicated by

the clip gage .

~ Specimen SG-5 grew 0.011 inch in depth during proof loading to 121.9 ksi Vin.
Subsequent cycling for 50 cycles at MDOP produced total growth of 0.006 inch in
depth. The initial K level during the MDOP testing wcs; high at 95.3 ksi Vin, because
of the high proof load. After being cycled, the specimen was loaded to 90% of the
original proof load and held for 2 1/2 minutes with no growth. When the load was
increased to 95% of the original proof load, 0.003 inch of growth occurred. No

growth occurred during a final MDOP sustained load for 2 1/2 minutes.

These two specimens aided in confirming data presented in Section 4.4.1, although

specimen $G-4 showed that a slight amount of growth (0.001 ihch) may occur during
10 MDOP cycles after proofing. Specimen SG-5 showed that cycling for much more
than the normal operational amount would produce additional growth, approximately

at a d(a/Q)/dN of 60 micro-inches/cycle.
4.4.6 Proof /MDOP/30 Day Sustained Tests

Proof/MDOP/30 day sustained tests were conducted on a total of eleven specimens.
These specimens were taken from a variety of forgings and plates. Five specimens
were made from three LM/ECS descent GOX tanks. Specimen TW-19 came from S/N
0010, TW-36 and 37 came from S/N 0032 and SN 41-4 and -5 came from S/N 0041.
Specimens G-28 and G-29 were longitudinal grain specimens from 0.21 inch thick flat
plate. Specimen GB-24 was a long transverse grain specimen from 0.21 inch thick

flat plate (not the same plate that G-28 and -29 were taken from). Specimens GWIP-6
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.and GW~38 and -47 were weldment specimens taken from welded 0.21 inch thick plate

material (the same plates as GB-24),

The specimens were proofed (see D page 15) and subjected to 20 MDOP cycles in
dry air to about 76% of the proof stress. The MDOP waveform was as described in
Section 4.4.1 and as shown in Figure 30. After proofing and cycling at MDOP, the
specimens were sustained loaded for 30 days in gaseous oxygen at 3000 psi or dry air.
Test results are tabulated in Tables 30, 31, 32, 33, 34, 35 and 36 and are shown graph-
ically in Figures 23, 24, 25 and 27.

Examination of the data further shows that proofing retards growth in subsequent load-
ing to MDOP. During the 20 MDOP cycles, five specimens did not exhibit growth,
one specimen grew 0.001 inch and the other five specimens grew 0,002 inch. None

of the specimens showed growth during the 30 day sustained tests.
4.5 CYCLE THROUGH-THE-THICKNESS TESTS

Cycle through-the-thickness tests were conducted at 70°F in lab air; refer to

Tables 37, 38 and 39. Specimen DBM-5 (Table 37) shows that a flaw can grow
through~the-thickness in the tank base metal without causing catastrophic failure.
This specimen was tested at 130 ksi. The tank operating stress at 3060 psi pressure -
is approximately 132 ksi. Specimens G-15 and G-16 (Table 38) show that a flaw

can grow through-the-thickness in the thicker area near the weld without catastrophic
failure. These specimens were tested at 95.7 ksi and 86.25/88.95 ksi. The tank .

stress is approximately 79 ksi in the weld area at 3060 psi operating pressure.

4.6 TANK TEST

s

The LM/ECS descent GOX tank (S/N 0041) was tested at various pressure levels.
A flaw was introduced into the tank outer surface, parallel to and 0.25 inches from
the girth weld @ by EDM. The initial flaw was precracked for 2500 cycles at a

| pressure of 1340 psi and at a frequency of 20 cycles per minute. When it had been

established that a good precrack existed, cycling at 2520 psi and 10 cpm was
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commenced. This pressure level corresponds with the pressure level used in the
LM/ECS- GOX -descent tank on the Apollo 14.mission. -After 1530.cycles at this_
operating pressure, the flaw grew through-the-thickness without ;atasfrophic failure,
and the tank was held at preésure for 20 minutes. The tank was then subsequently
pressurized three times to 4000 psi and once to 4150 psi-with cyclic marking at 3050

or 3030 psi between high pressure cycles. These pressure levels approximately cor-
responded to the tank proof pressures of 3990 psi and the maximum design operating
pressure of 3060 psi. The testing was completed with one cycle to 4550 psi which was
followed immediately by one cycle to 4500 psi. Burst tests were not conducted because
the hydraulic pump capacity would be exceeded. The tank was then sawcut and the
flawed area was made into a fracture specimen which was pulled to failure. A complete
summary of tank tests is shown in Figure 32 and a photo of the fracture face is shown in
Figure 33 along with the loading sequences. A photograph of the crack in the tank at
the completion of testing is shown in Figure 34. Movies taken during testing have been

delivered to NASA/MSC, Houston, Texas.

Testing this tank demonstrated that (1) a leakage mode of failure occurs at a pressure
of 2520 psi in the weld area when a flaw is cycled through-the-thickness, (2) the
tank could sustain a proof pressure cycle to 4000 psi or multiple MDOP cycles to 3060 psi |
without catastrophic failure, after a surface flaw had grown through-the-thickness and,
(3) the tank could sustain a pressure cycle to 4550 psi without catastrophic failure after
a surface flaw had penetrated the thickness and grown considerably in the length

direction.
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5.0 OBSERVATIONS AND CONCLUSIONS

Some of the major observations and conclusions from this study are presented below:

1. The predicted fﬁilure mode of the girth weld area of the LM/ECS descent
GOX tank is leakage at a pressure of 2520 psi based on the fracture data
developed. Test of an actual tank demonstrated that a tank with a surface
flaw could be cycled to leakage at 2520 psi, then proof tested to 4000 psi
followed by multiple cycles to about 3000 psi. After the through-crack had
extended approximateiy 1.15 inches, the tank sustained a pressure of 4550 psi

without catastrophic failure.

2. The sustained load threshold of D6 steel (that has been electroless nickel
plated on one side and received about 28 hours of bake time at 375°F) is
above 75% of the critical stress intensity when tested in either high pressure

gaseous oxygen or dry air at room temperature.

3.  Proof testing a LM/ECS descent GOX tank can cause significant flaw growth
if a flaw is present. However, post proof cycling to maximum design operat-
ing pressures wi“ cause negligible flaw growth (0.001 to 0.002 inch) for (20)
cycles. Subsequent sustained pressure at MDOP will cause no growth during

the tank intended service life.

4.  The failure mode of a LM/ECS descent GOX tank during proof test to 4000
could either be catastrophic or leakage depending upon (1) the actual fracture
toughr;éss of the tank maferial, (2) the area of the tank containing the flaw and
(3) the flaw shape. If a flaw was screened by the proof test because of combina-
tions of low toughness, highly stressed area relative to the thickness and/or long
flaws, safe operation would be guaranteed for 20 MDOP cycles at 3060 psi. If
a flaw was not screened by the proof test because of combinations of high tough-
ness, lowly stressed area relative to the thickness and/or short flaws, functional
operation would not be guaranteed at 3060 psi. The failure mode in this case

would be leakage rather than catastrophic .

2]



REFERENCES

Buzzard, R.W. and Cleaves, H.E.; "Hydrogen Embrittlement of Steel:
Review of the Literature", National Bureau of Standards Circular 511,

September 24, 1951,

Masters, J.N.; Haese, W.P.; Finger, R.W.: "Investigation of Deep Flaws
in Thin Walled Tanks", NASA CR-72606, Final Report on Contract NAS
3-10290, December 1969,

Smith, F,W.: "Stress Intensity Factor. for a Semi-Elliptical Flaw", Struc-
tural Development Research Memorandum No. 17, The Boeing Company,

August 1966,

Schijve, J.: "Fatigue Crack Propagation in Light Alloy Sheet Material and

Structures", Advances in Aeronautical Sciences, Pergamon Press, p, 387, 1961,

Hudson, C.M, and Hardrath, H.F.: "Effects of Changing Stress Amplitude on
Rate of Fatigue-Crack Propagation in Two Aluminum Alloys", N.A,S A,
TN-D 960, September 1961,

Hudson, C.M. and Hﬁrdrafh, H.F.: "Effects of Variable-Amplitude Loadings
on Fatigue Crack Propagation Patterns", N.A.S.A. TN-D 1803, August 1963.

Schijve, J.; Jacobs, F.A.; and Tromp, P.J.: "Crack Propagation in Aluminum
Alloy Sheet Materials Under Flight-Simulation Loading”, N.L.R. TR 68117U,
December 1968, AD 692467.

Duffy, A.R.; McClure, G.M.; Eiber, R.J.; and Maxey, W.A.: "Fracture
Design Practices for Pressure Piping", Fracture: An Advanced Treatise, Vol. X,

Edited by H. Liebowitz, Academic Press, pp. 159-232, 1969.

Nichols, R.W.: "The Use of Overstressing Techniques to Reduce the Risk of
Subsequent Brittle Fracture”, British Welding Journal, January 1968, pp 21-42,
and February 1968, pp 75-84 (published in two parts)

22



APPENDIX A - EDM SPECIMENS

INTRODUCTION

At the onset of this fracture program, surface flaws were introduced into Dé steel
specimens D by EDM. Sustained load tests of these specimens demonstrated that
various amounts of flaw growth occurred. The flaw growth obs.erved in base metal speci-
mens (0.125 inches thick) and weld metal specimens (0.205 inch thick) was about 0.002 |
inch and 0.010——0.020 inch, respectively . |t was initially thought that the sustained
load growth was a result of hydrogen being present in the steel caused by the electroless
nickel plating process (Reference A-1). A flawed weld metal specimen was baked out for
24 hours at  375°F and then sustc;in loaded for 20 hours. No flaw gr.owth was observed on
this specimen. It was later determined that whether or not sustained load flaw growth was
present, was dependent upon whether or not the flaw was EDM after or prior to the bake
out procedure. |t was initially thought that the free surface provided by the EDM starter
notch and precrack permitted the hydrogen to escape more readily in the vicinity of the
flaw . This idea was later discarded when specimens which were mechanically flawed by

a high speed cutter after being baked were sustained loaded and had no sustained load flaw
growth. Apparently, hydrogén was being pumped into the steel material by the EDM
process. lonized hydrogen is formed between the EDM electrode and part being EDM when
there is a discharge of electricity in the dielectric fluid. The dielectric fluid used for
most of the EDM was a hydrocarbon-kerosene . Once the sustain load flaw growth problem
was determined to be related to the EDM process, all surface flaws were introduced by

mechanical machining.

RESULTS AND DISCUSSION

The data generated using EDM flaws is presented in the following paragraphs.

Static fracture values are tabulated in Tables A-1, A-2, A-3, and A-4. Load/unload
tests are shown in Tables A-5 and A-6. Sustained load tests are shown in Tables A-7
through A-19. Sustained load times ranged from 4.9 to 504.7 hours. End-point static

fracture values are reported with the primary test data for each specimen.

D Electroless nickel plated and bake for 4 hours at 375°F
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Most ch values are in the 97.1to 112.6 ksi Vin range reported in the main body of this

" report .~ Notable exceptions are the-base metal specimens from the S/N 0010 tank (TB-XX)

reported in Tables A4, A6 & Al1l. All but one (TB-18) of these specimens had ch or end-
point values ranging from 71.3 to 80.7 ksi Vin. These specimens with low toughness values
were all 0.8 inch wide. Net section effects would be magnified in subsize specimens such

as these. Therefore, the K c values produced by these small specimens are not considered

to be representative of the t:ue ch of the tank base metal . Specimen TB-18 was 1.0

inch wide in the test section. While this specimen is still too smalll for a valid test, the ch
value of 94.1ksi Vin produced from this specimen is probably a better representation of

the tank base metal toughness. EDM specimens without baking afferwa‘rd did not appear

to effect ch values. However, it is conceivable that hydrogen introduced during EDM
could cause more growth-on~loading to occur during the loading of these specimens, thereby

producing lower calculated K, values.

lc

Although most load/unload and sustained data could not be used, there were still some data
points of interest. An overall examination of all of the sustained load specimens showed
lfhc.:t, in general, those specimens which showed the most growth had a relatively smooth
surface on the EDM cut. This indicates that more hydrogen absorption occurs during a slow

(smooth) cut than during a fast (rough) cut.

Examination of data from similarly baked specimens in Table A19 shows that the EDM depth
can have an effect on the sustained load results. Specimens GW-14 and GW-20 had

normal EDM with pre.érack extensions of 0.015 and 0,007 inch, respectively . Specimens
GW-16, GW=-21 had shallow EDM flaws with precrack extensions of 0.027 and 0.075 inch
respectively . All four specimens had relatively smooth EDM. The specimens with the
shallow EDM had less sustained growth than those with deep EDM. EDM sustained load
specimens which were instrumented for COD measurements showed that the sustained growth
rate as a function of time decreased with an increase in crack length. This would be a result
of the crack moving away from the EDM area and/or using up the available hydrogen in the

material .
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CONCLUSIONS

Removal of material from a high strength steel of the D6 or 4340 class by electric discharge

machining appears to cause hydrogen embrittiement of the material surface and could thereby

affect the service life of such parts.
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APPENDIX B - CONTROLLED EDM STUDY

Controlled EDM Study

Five Dé steel specimens were EDM and sustained loaded for about 20 hours. EDM settings
and cutting times were recorded to see if a correlation could be made between settings and
the amount of sustained growth observed. Three different machines were used. All were
manufactured by Eleroda and were Models D1, D1-S, and D4. The D1 and D1-S machines
employed kerosene as a dielectric fluid, whereas the D4 machine employed hydraulic oil.
Copper-Tungsten electrodes were used. The specimens were previously nickel plated and
baked 4 hours at 375°F in air and then baked 180 hours at 600°F in flowing nitrogen . After
EDM and precracking, the specimens were sustain loaded in dry air to 140 ksi . The detailed

test data are shown in Table B1,

GW-32 and GW -33 were both EDM in the D1 machine with a fast and siow EDM respectively .

" GW-32 showed 0.001"growth in the Aa direction and GW ~33 showed 0.004 'growth . |
GW -34 and GW -35 were both EDM in the D1-S machine with a fast and slow EDM respectively .
GW =34 showed 0.002" growth and GW -35 showed 0.017 growth. Comparison of these 4
data points indicates that there may be a variation in hydrogen input caused by different
machine characteristics, as well as cutting times. It appears that a slower EDM cut will
introduce more hydrogen into the notch, thereby causing more sustained load growth (or

growth-on-loading) .

Specimen GW -36 was supposedly cut at a relatively slow speed in the D4 machine (using
hydraulic fluid), however, the actual total cutting time was much less than any of the other

specimens (30 minutes vs. 45 to 190 minutes). This specimen showed 0.003" growth.
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Figure 12: SPECIMEN WITH GOX PRESSURE CUPS INSTALLED IN TEST MACHINE
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Figure 14: PRESSURE CUPS
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0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

INITIAL FLAW SIZE, a/Q (INCH)

Figure 32: S/N 41 TANK TEST SEQUENCE
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@ 006 6 @

® @

LOADING SEQUENCE amax | (26)max LOAD PARAMETERS
@ START| 0.108 | 0.890 ER R
PRECRACK - |[Sor [ 6156 [ 05po | 2500 CYCLES psi, R =
@ START| 0.126 | 0.890 | 1530 CYCLES AT 2520 PSI, R = .04
CYCLE & SUSTAIN|STOP 0.205 0.907 | THEN HOLD AT 2520 PSI FOR 20 MIN.
® START| 0205 | 0920
HIGH PRESSURE [STOP Bl | C e RO E
® TR = 20 CYCLES AT 3050 PSI, R = .03
CYCLE STOP 0.923 i
® START 0.923 s
HIGH PRESSURE |STOP 0.937 | ! CYCLE TO 4000
Lot 2 106 CYCLES AT 3050 PSI, R = .03
CYCLE STOP 0.947 c A=
@ 2 ART 0.947 1 1 cYCLE TO 4000 PSI
HIGH PRESSURE |STOP 0.982
START 0.982
222 CY =
i A e T0a; | 222 CYCLES AT 3050 PSi, R = .03
©@ START 1,037
1 CYCLE TO 4 I
HIGH PRESSURE |STOP 106 1) CrOLE TS0 RS
@9 START 1.105
199 CYCLES AT 3030 PSI, R = .05
CYCLE STOP 1.136
@ START 1.136 | 1 CYCLE TO 4550 PSI
HIGH PRESSURE [STOP | 0.205 | 1.330 | 1 CYCLE TO 4500 PSI

Figure 33: LOAD SUMMARY OF S/N 41 TANK TEST
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Figure 34: FLAW IN S/N 0041 TANK AT COMPLETION OF PRESSURE TESTS
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Table 6:  SUMMARY OF STATIC FRACTURE AND ENDPOINT K. TESTS OF NICKEL-PLATED AND BARE D6 STEEL

AVERAGE STATIC |AVERAGE END | OVERALL RANGE

SPECIMEN | THICKNESS,t| FRACTURE, K. POINT, K¢ AVERAGE. K|c | OF K¢

MATERIAL CODE (inch) (ksi Vin) ! (ksi Vin) [T (ksi Viin) D (ksi V'in.)
ggigiésgzo;I;EM%ML DBM 0.123 110.8 @ 105.9 @ 107.5 (@ 99.5—-123.1
ncwiim | v | om | w @ | @ | e @ [ e
LS Al o | e v | — [ — | —
l\;lhé{_EDC;;?TNK TW/SN 0.18 100.2 @ 99.9 @ 99.9 @ 86.7-109.0
égr:ﬁ\ilTP\gl;qEAL G 0.21 87.5 @ 98.0 @ 96.0 (@ 75.6-113.5
e | e | em | @ [ @ [0 @ [ wews

e | o | o | e | — [w @[ w2
\(l\:i:?_l\él;?NT oW 0.21 106.1 @ 112.8 @ 112.0 :@ 97.6—124.0
égleNTSL‘;";SEVERSE GB 0.21 101.3 @ 104.3 @ 103.2 (@ 97.1-112.6
LONG TRANSVERSE SG 0.21 113.8 @ _— 1138 (2 111.6-116.0

GRAIN PLATE (WIDE)

>
>
B>
>

REPRESENTATIVE K|c VALUE

CIRCLED NUMBERS INDICATE NUMBER OF SAMPLES
ALL VALUES TAKEN FROM APPENDIX A
SOME VALUES TAKEN FROM APPENDIX A

MOST SPECIMENS TESTED WERE NOT LARGE ENOUGH TO PROVIDE A TRUE

VVWVV:V‘V
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Table 7: STATIC FRACTURE TESTS OF NICKEL-PLATED, 0.21 THICK
LONG TRANSVERSE GRAIN D6 STEEL PLATE v V
» 2
e o % _..Nu v
- [3) . =X o} w .
> a z o N z M g M, g s >
e | W 2 O = T Q. Q o frx| o« & |nal-
sw i g T E T = w > 2 < Lo w 2 [aef,
o8| 5= - {z<|z2E=]|30= S0 |98 > |z % o € |szls
Os O | KX r S 0 - o w Q oS Bt w
25 25|28 |38 |SEESEE| & |BEs|PEg| £ |SNE| < BEg|EEs| Bz Bt
&z FE| =& I FTR S [T S s <hHEI>nx 5 umns| ® AOsSul|lFF2] & ﬂmm\
GB- OUT- LAB
] 0213 | 1.802| o - | 0.087 | 0.400| 0217 | 185.1 B> | 0902 | 0073 | 0.400 | 1.082 | 70 AR | 1052
GB- | 0213 | 1.804 | OYT-| 0.083| 0.400| 0207 | 1906 0929 | 0072 | 0391 1078 | 70 | LAB | 1072
2 SIDE , AIR
GB- 1 ouT- LAB W
) 074 | 0. 1.
3 0.215 | 1.798 | o -." | 0.091| 0410| 0222 | 176.1 0.859 | 0.074 | 0423 | 1087 | 70 [ B | 1016 |
GB- OouUT- LAB ,
876 | 0.088 | 0. 1.071 |
: 0.216 | 1.800 | g | 0083 [ 0.370] 0.224 | 179.6 0.876 | 0.068 | 0.384 | 1.07 0 | Je 975 |
GB- ouT- LAB
i 07 4 1. ”
10 | 0216 1804 | <7 ) 0.098 | 0.410| 0.239 | 169.4 0826 | 0.076 | 0454 | 1094 | 70 | 097 |
|
GB- ouT LAB
) . ) i 911 | 0.068 | 0.425 | 1. :
99 | 0214 1803 [ o0 | 0091 0340 0268 | 186.7 0.9 o8 | 70 [ SO [ 101 |
GB- ouT- LAB
: . . . 0.802 | 0.076 | 0530 | 1095 | 7 )
0 | 0215|1801 (| 01141 0380 0300 | 1645 | [B> |08 o | MR | 97

AARVAR AR VAR v/

AS REC'D (4 HOUR BAKE AT 375°F IN AIR) + 24 HOUR BAKE AT 400°F IN FLOWING NITROGEN

ALL FLAWS MECHANICALLY CUT AFTER ALL BAKING

PmMC\_SmU o

Ys$s

= 205.0 KSI

TEST MACHINE FAILED AT 145.4 KSI ON FIRST LOADING, SPECIMEN RELOADED

SLOW TEST (3 MIN TO FAILURE VS 1-1.1/2 MIN TO FAILURE)
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Table 8: STATIC FRACTURE TESTS OF NICKEL-PLATED, 0.21 THICK LONG TRANSVERSE
GRAIN D6 STEEL PLATE (WIDE SPECIMENS)

z

- s 5| v | 5| ~

5 s =M 5 gl

z a z ~ N x 2% 2 L
Zo |l w 3 o ® T o 5 g - x Zloam
=W z 3 - 3 - w2 - ] =0 bt Oluwn|e
22 X _ I 2 ;I__ FO— = oZ > 2 .- g a @ |«»2:

s OZ 3 < -z = W gw =) wZx w90 '—'E =3 ww
=) e E‘:’ 38 5&1‘&’ 552 & ol wEgl g .(JNg - waq|dSL |82 E'_"
Sz | m= | 2E | T3 |ToE|0aEl % |daZl>hX]| o 2asl 3 |asairFrro|RE(REx

T-

sG-1| 0215 | 3.003 (S)IL[’)E 0.130 | 0730 | 0.178 | 138.1 b 0673 | 0.111 | 0606 | 1243 | 70 l&?: M6

SG-2 | 0.215| 3.003 SILIJ)TE‘ 0.13i 0.730 | 0.179 | 1425 b 0695 | 0.112 | 0610 | 1.246 | 70 :\IA: 116.0

AS RECEIVED {4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 350°F IN FLOWING NITROGEN
FLAWS EDM'D BEFORE EXTRA BAKE, PRECRACKED AFTER EXTRA BAKE '
ASSUMED 0, ¢ = 205.0 KS! '

Table 9 : STATIC FRACTURE TESTS OF NICKEL PLATED, 0.21 THICK LONGITUDINAL GRAIN
D6 STEEL PLATE

z
. ¢ o w o
_ . < sk 5 | §| ®
8 & < I = - S| >~
z. |2 | Z| - | 3 oS | E g Seel £ | Bl.be
= w I - 3 - w2 > - L “=0 W A
of 5‘2 Fe | 32« ;EE 20z >3 188 s (252 agb- a - = w3z
S5 25| 0F | I8 |SBE(I2F ¢ |EEs|TEs| & |INE| . |82%)BEr|o3|EEs
Gz | FS | E |22 |Tos(fUE 5 |«BhE|FHhx| & |[fFE] § [osu|rre|ru|BZx
LAB
G2 | 0.207 | 1.800 |INSIDE| 0.093 | 0.447 | 0.208 | 168.4 | 198.2 | 0.850 | 0.078 | 0.449 | 1107 | 70 | 5g | 1016
G-27 0.207 | 1.804 |INSIDE| 0.097 | 0.430 | 0.226 | 128.3 | 198.2 | 0.648 | 0.074 | 0.470 | 1.109 70 k?: 75.6 b

AS RECEIVED (4 HOUR BAKE AT 375°F IN AIR) + BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY BOEING.
FLAW WAS EDM'D BETWEEN BAKE CYCLES AND PRECRACKED AFTER PROCESSING.

D AS RECEIVED + BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY GRUMMAN. FLAW MECHANICALLY CUT.
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LOAD/UNLOAD TEST OF NICKEL-PLATED, 0.21 THICK LONGITUDINAL GRAIN D6 STEEL PLATE [I>> >

Table 10:
2 = ; ;
- 0 o, W - -
- 2 Ce s £ -z zZ | ¥
7] < <« 3 = b4 - = 3
o~ I >
Z« it z S = © : o> 5 Q S m < e p g iy A 2
1 =z - = - - I oy Q K] o= = O |adlc @
28z Ez |25 |8 |3Ez|202 S6 193 | B |zuz ozl 2 |.&|  E|82E] 2 <
Q2 | 25 | 65 | =0 |2 [<&5|2Z ¢ |Exglarz| S |T4% LOo|he (B3| B3 (g9 ¥ =
@0 | Tl =c | 40 |wQr|JWE|dw N ] < |<ANE|l <« wdg| w2 wwl w2z [=5@ = W
sz (= = o |FOC|laoS|ca=] § CnE|l>nx| o LS & O0=2u| =0 ] W |nEeXx] X x
START|0.095 | 0455 | 0.209 |110.0 |198.2 |[0.555 |0.074 |0.459 |1.112 ~ 1 65.0 0.677 , V
IN- . MIN LAB - ; W
G-1 0.207 | 1.798 SIDE STOP |[0.095 |0.455 [0.209 |110.0 0.555 [0.074 |0.459 (1.112 70 AIR 65.0 0.677 | NO GROWTH
FAIL |0.163 |0.520 [0.313 |1120 [198.2 (0565 |0.101 |0.787 |1.234 |STATIC 85.8

V AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY BOEING

V FLAW EDM'D AND PRECRACKED BEFORE EXTRA BAKE CYCLE




L9

Table 11:  SUSTAINED LOAD TESTS OF D6 STEEL WELDMENT SPECIMENS FROM

LM 2 ECS DESCENT GOX TANK ({S/N 0010)

oy > > )
g L ~ Fo £
z z |8z Fz (EQ S
- E: 8 e S |wo wl 222 [B5_ | ~ 5
. 2] x b Z s i =R > wo o=z X wo
> 4 = 3 & << o |y zlslod= z = = |[Ealelzalsl v 02
e | W ES o = ® . a o S N <= o= - o < Zz |l2-S il @ N4
Sw| 2 : = [ . I o o |84 o pLexjzel = o« Q ow|lwnos| ¥ xwnZ
= v I - - T = |$ < w e FNOINO = w o $Tk NE= 9 . [3) <wo
ocs | 6|k | 8g |0 ZEcl202] o |Sw 5 Sw z ¢ REFIOGE| wZE |l k3 [WES|wl=] + = - &
S| T38| 28|38 |08 |ShE|S2E S EEF| = |Re3 SE| ® [Mee|Ezl|asd|n3| 02 [EY yEs e ¥ | % 223
Gz | FE|2E| 0 [Foq|eosSiadEel ® [eh2| o |ghi s osclesc| Facs (B FS [Bav|boxv] v | ¢ xZ20
ouT- | sTART| 0093 | 0.380 | 0.245 | 1400 | 0.632 | -44.4 | 0.068 | 0512 | 1.121 | 050 ory | 799 |[-103 | 69.6 |0.697| Aa=0001"
20.0
Tw-6 | 0.182 | 1.507 | SIDE | sTop [0.094 | 0.380 | 0.247 | 1400 | 0.632 | -44.4 | 0.068 | 0517 | 1.122 | 0.49 70 | AIR 80.2 | -101 | 70.1 | 0702 _v V @
HAZ | FAIL |o0.165 | 0.410 | 0.402 | 150.4 | 0.679 | 6.3 | 0.086 | 0.908 _W - | sTATIC K,% W _ W —
IN- | sTART| 0.089 | 0375 | 0237 | 90.0| 0406 | 252 | 0.064 | 0.493 | 1.114 | 0.52 3000 | 494 59 | 55.3 [0554| NOGROWTH
A 20.0 PSI
Tw-2 | 0.181 | 1503 | siDE | sToP |0.089 | 0.375 | 0.237 | 90.0 | 0.408 | 25.2 | 0.064 | 0.493 | 1.114 | 052 70 | cox | 494 59 | 55.3 | 0.554 v V V
HAZ | FAIL {0.118 ]| 0.406 | 0.291 | 1415 | 0639 | 3200 | 0.078 | 0.653 | 1.174 | 0.26 | sTATIC w»_m 90.5 41 | 946 | —
ouT- | sTaRT| 0.093 [ 0.400 | 0232 | 1200 | 0542 | -32.2 | 0.069 | 0.518 | 1.133 | 0.52 wmwm,%w 696 | -7.8 | 618 (0619 NOGROWTH
5.0
Tw-15| 0.179 | 1.502 | SIDE | sTOP |0.003 | 0.400 | 0.232 | 1200 | 0.542 | -32.2 | 0.069 | 0518 | 1.133 | 052 70 u_o_.. A |eos | -78 | 61.8 | 0619 —v v Wv
HAZ | FaIL (CYCLED THROUGH-TIHE-THIGKNESS STATIC w\_y_m - _ _ _

v RECEIVED WITH 4-HOUR BAKE AT 375° {N ARGON, PAINT REMOVED BY SANDBLASTING

v FLAW EDM'D BY BOEING

@ BAKED 24 HOURS AT 375° IN VACUUM AND REPAINTED BY BOEING
v BAKED 24 HOURS AT 375° IN VACUUM BY BOEING. NOT REPAINTED
Wv BAKED 24 HOURS AT 375%F IN VACUUM AND REPAINTED BY GRUMMAN

[2> oy =217k

[E> a/t> 085 My CURVE NOT APPLICABLE
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Table 122 SUSTAINED LOAD TESTS OF NICKEL PLATED, 0.21 THICK, LONGITUDINAL
GRAIN D6 STEEL PLATE V V , :
-4 m ’
b [o] Q W = -
’ 2 . < 35 5| g %
< T 2 2 = = y
z .| 4 3 51 © © b a2 | E o 27 & <| z| F_. »
sw | 2 : E| E : oY g ® eS| = = Q |ag|e
So | ¥X-| E=| 25 |[-2 |2Ez|20= S8 |e2 O ozl 27| & T |22E]| e <
L3 | 28| 0F| <8 |23-|358|328| ¢ |fe=3|mes| % |INE| . [2E2|E53 |22 23 =3 ¥ =
&2 == EE | 2o |Foc|zos|(TLsE = <hx|sh= ) g ] o= uw WDW _...r_TL -a | HZx v % ,
OUT- | START]| 0.093 | 0.455 |0.204 [115.0 | 198.2 [0.580 |0.074 [0.450 | 1.109 DRY 67.5 0.704
19.0
G-8 0.207 | 1.804 | SIDE | STOP | 0.093 |0.455 |0.204 { 115.0 0.580 |0.074 |0.450 |[1.109 70 | AIR 675 0.704 zo GROWTH
|
FAIL |0.183 | 0.555 |0.330 | 109.4 0552 {0.110 ]0.885 W STATIC LAB v - !
- AIR
IN- START| 0.091 | 0.455 {0.200 | 110.0 0.555 [0.072 |0.440 |1.106 3,000 63.8 0.665
20.0 PSI
G-3 | 0207 | 1.803 | SIDE [STOP [0.091 |0.455 |0.200 |110.0 0.555 |0.072 |0.440 | 1.106 70 {GOX | 63.8 | 0.665 NO GROWTH
FAIL [0.128 | 0.460 | 0.278 | 143.6 0.725 [0.089 |0.618 |1.162 {STATIC LAB 96.9 _ .
' AIR ,
IN- START| 0.095 | 0.450 | 0.211 | 115.0 0.580 |0.074 |0.460 |1.11 } 3,000 67.9 0.708
200 ' PSI i
G-14 | 0.207 | 1.799 | SIDE | STOP [0.095 | 0.450 |0.211 {115.0 0.580 [0.074 [0.460 |1.111 70 |GOX | 67.9 | 0.708 NO GROWTH
I '
FAIL |0.134 |0.468 |0.286 |157.9 {198.2 |0.797 |0.093 |0.648 |1.1756 |STATIC LAB 110.1 — A
AIR

vV v

AS RECEIVED (4 HOUR BAKE AT 375°F IN AIR) + BAKED 24 HOURS AT 375°F IN VACUUM
AND PAINTED BY BOEING

ALL FLAWS EDM’'D AND PRECRACKED BEFORE EXTRA BAKE CYCLE
a/t >0.85, M CURVE NOT APPLICABLE
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Table 13:

SUSTAINED LOAD TESTS OF BARE, 0.375 THICK LONGITUDINAL
GRAIN D6 STEEL PLATE V V

z m
¢ ] o w ke
> = - i >
Wv. 2 o © z .M ¥l > ud X
~ < I b3 z = &= >
AN RN s | & o 2z & | 5| 2.5 9
sw | Z : P : Z oY Q E b= = Q lnale x
so| ¥z | Ez| 22 |8 |3Ez|202 sS4 |e3 L wzO| _SF | & o= (|82l o <
B3| T8 | 28| S8 |88 |3nE(S8E| ¢ |Ec3|ucg| % |SNE| o [222|853|2E| 22 =53] ¥ @
Sz | v | 2£ | 25 |Fo«|ToE|TLE| 5 |2REFRE| L |IFE] § |esl|KasE|FR| FO |BZE] F «
START|0.124 |0.490 (0.253 |126.0 0.655 |0.090 |[0.322 |1.052 DRY 77.4 0.762 Aa=0.002"
20.0
STOP |0.126 |0.490 {0.257 |126.0 0.655 [0.090 |0.328 |[1.052 AIR 77.6 0.764
GTB-2| 0.385 | 2.253 - START{0.176 [0.540 |0.324 |126.0 0.655 0.108 |0.455 |1.055 |=1 70 |LAB 85.1 0.838 Aa=0.003"
STOP 10.178 |0.540 |0.330 [126.0 |1925 |0.655 [0.108 |0.463 |1.055 [MIN AIR 85.3 0.840
FAIL (CYCLED THROUGH THE THICKNESS STATIC - —_
> BAKED 20 HOURS AT 900°F IN VACUUM
WV FLAW MECHANICALLY CUT AFTER BAKE CYCLE
Table 14: SUSTAINED LOAD TESTS OF NICKEL PLATED, 0.375 THICK, LONGITUDINAL
GRAIN D6 STEEL PLATE —v V
START} 0.112 | 0.500 | 0.224 | 130.0 | 192.,5 | 0.675 | 0.087 | 0.290 | 1.052 DRY 785 | 0.773 Aa=0,002"
20.3
IN- STOP 10.114 | 0.500 | 0.228 | 130.0 0.675 { 0.087 | 0.295 | 1.053 AIR 78,9 | 0.786
GTB8-6 0.386 | 2.248 | SIDE ) STARTY) 0.159 ) 0.530 | 0.300 | 152.1 0.780 | 0.106 | 0.412 } 1.050 | =1 70 | LAB 101.5 | 0.999 Aa=0.008"
STOP |0.167 | 0.530 | 0.315 | 152.1 0.790 | 0.108 | 0.433 | 1.052 | MIN AIR 102.4 | 1.009
FAIL [0.199 | 0,650 | 0.362 | 150.1 0.780 | 0.1156 | 0.516 | 1.054 |STATIC 104.7 -
START| 0.136 | 0.460 | 0.296 | 126.0 0.655 | 0.089 | 0.353 | 1.044 DRY 76.7 | 0.755 Ha=0,003"
20.0
GTB-6| 0.386 | 2.251 | OUT- | STOP |0.139 | 0.460 | 0.302 | 126.0 0.655 | 0.090 | 0.360 | 1.043 AlIR 76.9 | 0.757
SIDE OO0 I R R S
START| 0.156 | 0.500 | 0.312 | 126.0 0.655 | 0.099 | 0.405 | 1.044 | =1 LAB 80.6 | 0.793 Aa=0.002"
STOP |0.158 | 0.500 { 0.316 | 126.0 | 192.,5 | 0.655 | 0.099 | 0.410 | 1.045 | MIN AlIR 80.8 | 0.795
FAIL (CYCLED THROUGH-THE-THICKNESS) STATIC - -

v AS RECEIVED (4 HOUR BAKE AT 375°F IN AIR)
B> FLAWS MECHANICALLY CUT
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Table 15: SUSTAINED LOAD TESTS OF

GRAIN D6 STEEL PLATE

W_OJWE-\SHU, 0.375 THICK, LONGITUDINAL

2 o -
$ - ——
a g q s - 5| 8 % w2
=
Ea i 2 W = ® = S = o z0= W < z r 9 < W
w « 2 " = - . b d o - © = ~u @ = 4 O {wale x I
Zo |l ¥ [ E- 125 (.8 [a8=|2G2 22 a2 2 [z 5 vz a7l &  E 225! o < | |23
83| 2% | 6% | 38 (B2 |28%|32F| « |z=s|uEs| & |34E 220|653 B3| 82 |ExE| ¥ : sz
2 | EE| 3£ | 29 |FBT(ZBE|ZYEl S |THE|zHE| & |das| § |asi|¥as|rr| ra |BZ2| & x| JuF
START|0.119 (0525 [0.227 [129.8 | 1926 | 0675 | 0.091 | 0.309 | 1.056 DRY | 808 | 0.795 | Aa=0.003" f
_ 203 ,
ouT- |STOP |0.122 0525 [0.232 |129.8 0.675 | 0.093 [ 0.316 | 1.056 AIR | 814 | 03801
B 1
I S — e B i IM&I
GTB-3| 0386 |2254 |sipe |START|0.169 0535 |0.297 |151.9 0.789 [0.107 | 0.412 [1.051 |=1 70 | LAB | 1018 [ 1.002 | Aa=0.014"
MIN. AIR
STOP [0.173 {0535 [0.323 {1519 0.789 | 0.110 |0.449 | 1.054 1033 | 1.018
FAIL |0.224 |0.590 |0.380 |136.6 0.710 | 0.123 | 0581 |1.061 |STATIC 99.2 —
OUT- |START[0.114 0500 |0.228 [130.0 0675 | 0.087 |0.299 |1.054 DRY | 790 | 0.777 | Aa=0001"
20.0 AIR
GTB-7|0.382 |2246 |stpe |STOP [0.115 0500 |0.230 |130.0 0.675 |0.088 | 0.301 |1.054 70 79.2 | 0.780 '] a8
FAIL {0238 {0620 [0.384 |136:3 0709 [0.129 {0624 | 1071 |sTATIC K 1025 | — !
OUT- |START|0.118 |0.480 [0.246 |130.0 0.675 |0.087 0309 |1.052 DRY | 787 | 0775 | Aa=0001" !
20.0 AIR
GTB-9l0.382 |2243 |sipE |STOP [0.119 |0.480 |0.248 |130.0 0.675 |0.087 |0.311 |1.052 70 788 | 0.776 120
FAIL |0.208 |0530 [0.392 |152.0 0790 [0.113 |0544 [10aa |sTATIC AE | 1038 | — |
ouT- | START|0.110 |0.4980 ]0.224 |130.0 0.675 |0.085 |0.288 |1.051 DRY | 77.7 | 0.765 | Aa=0002"
200 AIR ,
GTB-10] 0.382 |2.248 [siDE |STOP [0.112 |0.490 (0.229 |1300 0.675 {0.086 |0.293 |1.052 70 78.1 | 0.769 [ |1
FAIL |0.287 [0.720 |0.399 }120.1 | 1925 [0624 [0.149 {0.752 [1.107 {STATIC K | 1000 [ — ,

V AS RECEIVED {4 HOUR BAKE AT 375°F IN AIR) AND BAKED AT 400°F IN FLOWING NITROGEN FOR TIME INDICATED

v ALL FLAWS MECHANICALLY CUT AFTER EXTRA BAKE CYCLE
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BECAUSE OF INSUFFICIENT FATIGUE MARKING

Table 16: SUSTAINED LQAD TESTS OF NICKEL-PLATED, 0.21 THICK D6 STEEL
WELDMENT
z [
- : s Q - e N
) 2 1 & v 2 2| £ :
z | 8 s z | & & S| E Zo=| 2 2| 2| Z_ 9
LA I I - - R O g | B g SEe| 2| 2| Blaan: g
28| %2 | E- |25 (-3 |s22|s52 22 o2 | 2 |=22 +29| Sv|. £ & (B3| . F
82| z8 |8 |38 |83 |355(325| ¢ |EEg|oEs| & |SHE 225|852 | 83| 23 (267 ¥ =
&z | S | 2E |22 [FOo<|ZOE|2YE|l $ h¥|shE| & |das| 5 |asd| o | RE| RE (K22 & &
START| 0.098 | 0.360 | 0.272 | 140.0 | 208.3 | 0.671 | 0.068 | 0.442 | 1.073 76.4 | 0.679 Aa=0.002"
20.0 DRY .
STOP | 0.100 | 0.360 | 0.278 | 140.0 0.671 | 0.069 | 0.451 | 1.074 AR 1 68 | 0685
N- }b——rt—mre-oIpb— . e - - 4 —t e — - =
.Gw | 0.222 | 1.795 | siDE |START| 0.113 | 0.380 | 0.297 | 140.0 0.671 | 0.074 | 0510 | 1.087 | , 80.8 | 0.721 Ha=0.002"
-39 HAZ | MIN 0 LAB
STOP | 0.115 [ 0.380 | 0.303 | 140.0 0.671 | 0.075 | 0.519 | 1,088 AR | 811 | 0724
FAIL | 0.137 | 0400 | 0.342 |157.7 0.756 | 0.083 | 0.619 | 1.105 | STATIC 87.6 -
START| 0.107 | 0.380 | 0.282 (1338 0.642 | 0.072 | 0.483 | 1.085 pry | 761 | 0679 | TOTAL Aa=0.004"
20.0 AIR
OUT- |sTOP _V - - |1338 0642 | — - - - -
GW 0.222 | 1.801 | SIDE
-44 HAZ |START W - - 133.8 0642 | - - - ~1 - -
~ 70
STOP | 0.111 | 0.380 | 0.292 (133.8 0642 | 0,073 |0501 [1.085 | ™V M,M 76.6 | 0.684
FAIL | 0.115 | 0.410]0.280 (188.8 | 208.3 | 0.906 | 0,083 }0.519 [1.102 [sTATIC 1168 | —
> ASRECEIVED (4-HOUR BAKE AT 375°F IN AIR)
P> FLAWMECHANICALLY cUT
B> CRACK GROWTH FOR EACH LOADING COULD NOT BE DETERMINED
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Table 17:

SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK, GRUMMAN-
PROCESSED D6 STEEL WELDMENT v

— 1
4 w 1
> o cw! B
- v © = M > & X
. @ . » Z < < z m <3 z 2 2 w. REMARKS
A I el E | 2| & Sy | .2 18 Jesl £ | = 8 |ana: (NOTES ARE
Sol ¥z |E=]2q |2 |3&E=|z0= S92 |88 o [Zo= aZr )l <% | o | ~Z |L25] 2 | CHRONOLOGICAL)
931 28| 28 |38 |88<|30|328| ¢ |EE3|uEg| * |3NE| o 892|852 |a83] 82 | X%
Sz | FE| £ | 23 |Fo<|ios|aSEl 5 |<hx|shE & |TaE| § |asi| kR RR| K (FZzE]| < j
OuT- | START| 0,092 | 0.457 | 0.201 | 1048 | 208.3 | 0.503 | 0072 | 0.424 | 1096 | DRY | 60.2 | 0538 | NO GROWTH
GW | 0217 | 1803 | SIPE |STOP | 0.002 | 0.457 | 0.201 | 1048 0503 | 0.072 | 0.424 | 1.096 |70 | A® | 602 | 0538 Vvvv
HAZ [FaIL | 0147 | 0.475 | 0.309 | 149.9 0.719 | 0.095 | 0.677 | 1.170 | STATIC LABAIR] 105.2 — .
ouT- | START| 0.094 | 0.460 | 0.204 | 104.8 0.503 | 0.073 | 0.429 | 1.097 \ DRY | 60.8 | 0.5643 | NO GROWTH
GW 0.0 ~
o | 0219 | 1.801 SIDE | STOP | 0.094 | 0.460 | 0.204 | 104.8 0.503 | 0.073 | 0.429 | 1.097 70 | AR 60.8 | 0.543 v V v v V
HAZ I'EAIL | 0.156 | 0.500 | 0.312 | 1465 0.703 | 0.100 | 0.712 | 1.189 |STATIC LABAIR| 107.1 —
ouT- | START| 0.003 | 0.465 | 0.200 | 104.8 0.503 | 0.073 | 0.438 | 1.105 DRY | 61.1 | 0.545 | NOGROWTH
GW 20.1 AIR : |
3 | 0212 1810 SIDE | STOP | 0.093 | 0.465 | 0.200 | 104.8 0.503 | 0.073 | 0.438 | 1.105 70 61.1 | 0.545 v v V !
HAZ TeaiL | 0.134 | 0.477 | 0.281 | 1661 0.797 | 0.094 | 0.631 [ 1.169 |STATIC LABAIR| 1158 | — W
ouT- | START| 0,092 | 0.450 | 0.204 | 104.8 0.503 | 0.072 | 0.414 | 1.089 201 DRy | 596 | 0532 | NO GROWTH
W )
xma 0.222 | 1.801 | SIDE [ STOP | 0,092 | 0.450 | 0.204 | 104.8 0.503 | 0.072 | 0.414 | 1.089 70 | AIR | 596 | 0532 VW_V
HAZ TFAIL | 0.158 | 0.500 | 0.316 | 157.4 0.755 | 0.101 | 0.711 | 1.182 |STATIC _ABAIR| 1164 | _ , #
ouT- | START[ 0.105 | 0.460 | 0.228 | 104.8 0.503 | 0.078 | 0.483 | 1.114 bry | 636 | 0568 | NOGROWTH
20.1
omé 0.217 | 1.800 [ SIDE {STOP [ 0.105 | 0.460 | 0.228 | 104.8 0503 | 0078 | 0.483 | 1.114 70 | AIR | 636 | 0568 Vvv
HAZ TEAIL [ 0.187 | 0.555 | 0.337 | 132.6 | 208.3 | 0.636 | 0.112 | 0.861 v STATIC LAB _v ,
AIR - ,

NAVAVAAVAAVAY)

FLAW EDM’'D BY BOEING
PAINTED BY NULINE

NO PRIMER USED
PAINT REMOVED BY SANDBLASTING )
BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY GRUMMAN
ZYGLO AND ULTRASONIC INSPECTION BETWEEN 24-HOUR BAKE AND PAINTING
a/t > 0.85, My CURVE NOT APPLICABLE
SPECIMENS INITIALLY HAD A 4-HOUR BAKE AT 375%F IN AIR
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Table 18:  SUSTAINED LOAD TESTS OF NICKEL PLATED, 0.21 THICK D6 STEEL
WELDMENT ‘
2 m .
» o o w [ - _
- n . u.v = s z % w @
z 2 z| & S S|z 23=| z el 3| > - X
Y. 4 “ 3 =] = ® Ir o . m Q e <] z M e~ ¥4 o O
suw T = = T e i) - = “=0 = w 29(c o <X
S| &=z | k| 2< |2 |2Ez|20= -o [c3 > [z .= aZr| <% || S |88 2 < g
w3 | TE| 08 | I8 (8B |S5E|S2E & |EeliEg| % SNE| o |4€9( 233 22| 22 |=E7] X = &=
Sz | mS | 2£ | T3 |Foq|doE|TLE| 5 [<hEFHEE S|das| § |8l kas|ER| BT |KE2zE| ¥ & S5k
OUT- | START| 0.099 |0.395 | 0251 [137.0 {2083 |0.658 |0.072 {0456 |1.089 ory | 781 | o097 | Aa=0.002"
Gw-19| 0.217 [ 1800 | siDE [sToP |0.101 |0.395 [0.256 |137.0 0.658 |0.073 |0.465 |1.091 70 785 | 0.701 24
HAZ [FaiL [0.119 |0.408 [0.202 | 1703 0.817 | 0082 [0548 |1.110 [STATIC ww% 1053 | —
START| 0.104 |0.380 |0.274 |137.0 0658 |0.072 |0473 [1.085 omy | 776 | 0693 [ Aa=0001"
200
ouT- |sTor |o0.105 |0.380 |0.276 [137.0 0.658 |0.072 |0477 |1.085 AR | 778 | 0.695
||||||||| -
Gw-22| 0.220 | 1.793 | SIDE |START[0.156 |0.440 |0.355 |137.0 0658 |0.000 |0.700 |1.136 910 | 0812 | Aa=0002" 48
~ 1 70 LAB ~A2c=0.010" :
HAZ |[sTop |o0.158 |0.450 0351 [1370 0658 |0.092 |0718 |1.145 |MIN. AS | e27 | o082
FAIL |0.193 0525 0368 |141.1 0677 |0.108 |0877 | B> |[sTATIC B| -
START[0.084 |0380 |0.221 [137.0 0658 {0.065 |0393 [1.073 ory | 732 {0653 | Aa=0001
20.0
_ ouT- |sToP |0.085 0380 |0.224 |137.0 0658 |0.066 |0.398 |1.073 AR | 734 | 0.655
GW-24| 0.214 | 1.800 |SIDE |START|0.094 |0380 |0247 [1370 0658 [0.069 |0.440 [1.084 |=~1 70 759 | 0.678 | Aa=0.001" 72
MIN.
HAZ |sTop |0.095 [0380 |0.250 [137.0 0.658 [0.069 |0.445 |1.085 w\_,_w 76.2 | 0.680
FAIL |0.153 |0456 |0.336 |162.0 0.777 |0094a |0716 [1.163 |STATIC 1127 | —
START[0.106 [0.375 [0283 [137.0 0658 [0.072 |0527 [1.106 ory | 791 | 0.706
200 AR NO GROWTH
OuT- |STOP |0.106 |0.375 |0.283 [137.0 0658 [0.072 {0527 |1.106 79.1 | 0.706
— —— — — . —
Gw-25| 0201 [ 1802 [siDE |sTART|0.111 0375 |0.296 |137.0 0658 [0.073 |0552 [1.110 |=1 70 800 | 0.714 96
MIN.
Haz |sTop |0.111 |0375 |0296 [137.0 0658 |0.073 {0552 |1.110 w\_% 80.0 | 0.714 NO GROWTH
FAIL [0.136 |0.395 [0344 (1924 (2083 |0923 |0.085 |0677 |1.131 [sTATIC 1235 | —
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Table 18: SUSTAINED LOAD TESTS OF NICKEL PLATED, 0.21 THICK D6 STEEL
WELDMENT (CONTINUED)

e 3 &y [ _
o 7] S = = W z 3 wan
a z 3 & < T z<s z - = : , xS
S | @ 3 5| 8 o : o2 | E o 9% 5§ <| z| £_- e 33
wl| 2 . = = - I <] = [Ty 4 = o o &l X I
25 | %2 | &2 ] 25 |g [3E:|3E2 24 1oz | & |55 220l Eg|, £, 2|52 . z <3
Q2| 25| 0% | 28 |z _[|TEF|T25| o |Fez|dE=s| € |Tws SOG | heS| LS| B3 |La> ¥ g Y
a2 | TE| €| -0 |HwORjJwejduwe| a2l =g « [Nl & wdgiwad |ww| wz |EE3s| > w x =
wZ | = | 22l WD |FOCuasS|iasS| § <nX|>nX| o LnZ| S asSul|lrFaE| k| FU |nZx| ¥ x w -
START|0.088 |0420 |0.210 [140.0 | 208.3 |0.671 |0.070 |0.416 |1.088 bRy | 787 | 0703 | TOTAL Aa=0.004"
200 AIR
out- |sTop | B> | — - |1400 0671 | — - | - - ~
GW-26{ 0212 | 1.802 |SIDE |START| B> | - — |1400 0671 [ — - - =1 70 - - 120
MIN. LAB
HAZ |sTOP 0092 (0.420 |0.219 [140.0 0671 (0072 [0435 |1.095 R | 801 |05
FAIL |0.094 (0430 [0.219 |189.8 0910 |0.078 |0444 [1099 [STATIC 140 | —
OUT- |START|0.090 |0410 |0.220 |140.0 0671 0070 (0422 |1.087 ory | 787 0703 | Aa=0001”
20.0
Gw-27(0.213 | 1.802 |SIDE [STOP |0.091 {0410 [0.222 |140.0 0.671 {0071 |0427 |1.089 70 | AR | 390 | 0705 ” 144
HAZ |FAIL 0126 (0435 [0.290 [1836 0881 |0.088 |0591 [1.135 |STATIC A8 1208 | — |
OUT- [START|0.090 |0.415 [0.217 |1400 0671 {0071 |0423 |1.089 ory | 790 | 0.705 | Aa=0.001"
200
GW-28(0.213 |1.795 |SIDE [sToP |0.091 |0.415 [0.219 |140.0 0671 |0.071 [0.427 [1.090 70 [ AR | 793 | 0708 168
HAZ |FAIL |0.116 |0.425 [0.273 [186.0 0892 |0.085 |0545 [1.122 [sTATIC K l1ss | —
OUT- |START[0.091 |0400 |0.227 |139.1 0667 [0.070 (0425 [1.086 ory | 778 | 0694 | Aa=0001" |
20.0 i
GW-29( 0.214 | 1.797 |SIDE |STOP |0.092 {0400 [0.230 |139.1 0.667 |0070 |0.430 |1.087 70 | AR 1 781 | oee7 : 192
HAZ [FAIL [0123 |0430 |0.286 [183.0 |208.3 |0.879 (0087 |0.575 |1.120 |STATIC A8 (187 | —

A ARV

AS REC'D {4HOUR BAKE AT 375°F IN AIR) AND BAKED AT 400°F IN FLOWING NITROGEN FOR TIME INDICATED
ALL FLAWS MECHANICALLY CUT AFTER ALL BAKING
a/t >0.85, My CURVE NOT APPLICABLE

CRACK GROWTH FOR EACH LOADING COULD NOT BE DETERMINED BECAUSE OF INSUFFICIENT FATIGUE MARKING




Table 19:  PROOF TESTS OF NICKEL-PLATED, 0.21 THICK LONG TRANSVERSE GRAIN

6L

D6 STEEL PLATE  [T> [Z>
z .
. S S gl = -
) m © : 2z M X 2 g N
= | @ z| & ~ S| E T02| & 2 2| & 9
we | 3 3 ) = e I 2, Q g Jz e = c o = X
28 | &= | E2 | 25 |-0 [3E:|zk- 52 102 | 2 |22 zeol & | Bl 2|82 . ¢
S| 25 | 08| 39 |82 |38E|325| ¢ |fEs|oEs| & |39 . |BgS|Bx |BE| B3 |23 < 5
Sz | €| 2£ | 29 |Fo«|dos|T8E| 5 [2HE|FEE| & |ZaE|l 5 |B=l| Fa | Rw |BZ2E] & @
START|0.102 {0.420 }0.243 1594 V 0.778 [0.077 |0.473 | 1.102 ~1 95.3 0.922 | PROOF
ouT- MIN LAB Aa =0.006"
GB-6 | 0.216 | 1.795 SIDE STOP |[0.108 |0.430 |0.251 | 159.4 0.778 [0.080 [0.501 |1.110 70 AIR g97.9 0.949 | A2c=0.010"
FAIL [0.133 |0.440 (0302 |151.1 0.737 10087 (0617 {1.138 | STATIC 99.2 —
START|0.138 |0.430 §0.321 |146.4 0.714 | 0.087 |0.639 | 1.135 ~1 " |95.4 0.924 |PROOF
Aa =0.005"
ouT- . M! LAB
GB-9 | 0.216 | 1.807 SIDE STOP |0.143 10.440 | 0.325 }146.4 0.714 |0.089 ]0.662 | 1.144 N 70 AIR 97.4 0.943 | A2c=0.010"
FAIL (CYCLED THRQUGH THE THICKNESS) - -
START]0.079 0380 |0.208 | 1759 0.858 | 0.066 |0.368 | 1.073 ~1 949 0.919 |PROOF
Aa =0.003"
UT- M} LAB
GB-11| 0.215 | 1.798 mO_Om STOP |[0.082 |0.380 |0.216 |175.9 0.858 |0.068 |[0.382 | 1.073 N 70 AIR 95.9 0.929
FAIL ]0.090 }0.410 |0.220 | 185.7 0.906 |0.075 |0.419 [1.086 |STATIC 107.6 -
START| 0.120 (0350 |0.343 | 157.6 0.769 }0.072 |0.558 |1.080 ~1 89.3 0.865 |PROOF
ouT- MIN LAB ba =0.002
GB-18] 0.215 | 1.804 SIDE STOP |0.122 | 0355 |0.344 | 1576 0.769 |0.073 |0.567 ]1.083 70 AlR 90.2 0.873 | A2c=0.005"
FAIL |[0.173 | 0.450 }0.384 | 1465 —v 0.715 [0.094 |0.805 }1.1562 |STATIC 100.9 —

v AS RECEIVED {4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 400°F IN FLOWING NITROGEN
>  ALL FLAWS MECHANICALLY CUT AFTER ALL BAKING
B>  AssuMED g = 2050KS)
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Table 20: PROOF/ MDOP TESTS OF NICKEL-PLATED , 0.21 THICK LONG TRANSVERSE j
GRAIN D6 STEEL PLATE v W v
|
z ™
[d ] o w = -
“ 9 s E X TSl S| ¥
. 2 . > 3
> |4 z| 3 S S| E o 23=| z | 2| 2| z- @
we | ¥ 3 o - ® T 0 1) = Joc = P o =1 X
sul g _| =z El s |2F-|s5 28 1oz | 2 |z°_ L0 % w| & |82 o <
o2 | oz | 55| 33 |6z |2E5(398| o |2¥=|2¥=| & |Zus 05| he R3] B3 |¥u> « s
WS | 2| 28| 36 |Wwor|SwBi388 & |espZ|2rE| =« |SNE] = |wda|l w2 | wz |EEE| S z
a3 | =S| E | TS |FO«|ToE|T sl 5 |<nX]>nx| o cns| & |o=su] -0 -] R [BZ2x] ¥ T |
START| 0095 | 0.430 | 0.221 | 165.2 | [> | 0.806 | 0.076 | 0.442 | 1.097 | ~ Lag | 977 | 0946 m_,.).oom .
a=0.007" !
_
sToP | 0.102 | 0.440 | 0.232 | 165.2 0.806 | 0.080 | 0.475 | 1.109 [ MN AR 19010 | 0978 | A2e-0.010-
s I Rendl Ml IR R R Bt et Bl dahad ——
- T- |
GB-7 | 0.215 | 1.798 m_.wm START/| 0.102 | 0.440 | 0.232 | 125.7 0613 | 0077 | 0475 | 1.109 | 4 70 | bry | 752 0729 |mpop f= 1cPm. R = 0
Al
sToP | 0.102 | 0.440 | 0.232 | 1257 0.613 | 0.077 | 0475 | 1.109 |CYCLES R 752 | 0.729 [(TRAPEZOIDAL WAVE)
FAIL | 0.155 | 0.490 | 0.316 | 145.1 0.708 | 0.098 | 0.722 | 1.189 |STATIC w\_,_m 1054 | — NO GROWTH
|
,, T
START| 0.116 | 0.350 | 0.331 | 166.6 0.813 | 0.072 | 0.539 | 1.080 | ~1 LAB | 945 [ 0915 >vmoom
= 0.006",
MIN a ;
sToP | 0122 | 0370 | 0.330 | 1666 0.813 | 0077 | 0.567 | 1.093 AIR | gg2 | 0951 | A2c=0.020"|
or-—mm—H——+—m"t+—rrr+rt+++ . —t——tT] - ———--
GB-13 | 0.215 | 1.805 | gipg |START| 0.122 | 0.370 | 0.330 | 1263 0.616 | 0.074 | 0.567 | 1.003 70 | ogy | 731 | 0708
10 , R MDOP, f= 1CPM, R =0
stop | 0.122 | 0.370 | 0.330 [ 1263 0616 | 0074 | 0567 | 1.093 |CYCLES 73.1 | 0.708 |(TRAPEZOIDAL WAVE)
FAIL (CYCLED THROUGH THE THICKNESS) o — NO GROWTH
START| 0.000 | 0.415 | 0.217 | 1645 0.803 | 0073 { 0.419 | 1.087 | ~1 Lag | 942 |02 | PROOF
MIN AIR Aa =0.006"
STOP | 0.096 | 0.420 | 0.229 | 1645 0.803 | 0.076 | 0.447 | 1.096 968 | 0937 | A2c =0.005"
70 bo +— L+ [
GB-25 | 0.215 | 1.805 | OUT-[sTART| 0.096 | 0.420 | 0.229 | 124.6 0.608 | 0.072 | 0.447 | 1.096 .
SIDE 0 10 wa< 717 | 0694 1 bop. f=1CPM R =0
sToP | 0096 | 0.420 | 0.229 | 1246 0608 | 0072 | 0.447 | 1006 |CYCLES| 71.7 | 0.604 | TRAPEZOIDAL WAVE)
FaiL | 0165 | 0.470| 0351 | 1419 0692 | 0.096 | 0.768 | 1.174 | sTATIC LAB 1 00e | — NO GROWTH




Table 20: PROOF/MDOP TESTS OF NICKEL-PLATED, 0.21 THICK LONG TRANSVERSE
" GRAIN D6 STEEL PLATE (CONTINUED)
2 8 o w = -
- ] o ° Y "5 £ %
2 ] Zz W ™ N m M o M. W .M W W %)
we |2 |2 Sl e | 2| £ Qg | .9 S ezt £ | 2| 2 |ngc x
25 5= E- | 2% |-2 |2E=|20= Uw g S (2, azg L < - g2ls K.m «
O2 ) 28| 28| 38 (838|308 |3288| & |Er3|ieE| x |INE| < |Ed3|e5 |e3| g2 |=sE| 5 b
az EE| z£| 29 |FB«|ZBE(JHE] S <hxl>shx]| & casl % c=ul~a gl S 24 B2 x
START| 0,097 | 0.410 | 0.237 | 157.1 0.766 | 0.075 | 0.450 | 1.093 | ~ 4 915 | 0.886 | PROOF
. K,% BAa =0.004"
sToP | 0.101 | 0.415 | 0.243 | 157.1 0.766 | 0.076 | 0.469 | 1.009 | MN 93.1 | 0.902 | A2c-0.005"
. - |sTART . . 19. 0581 | 0073 | 0469 | 1. 210
GB-26( 0215 | 1.803 | OUT- |S 0.101 | 0.415 | 0.243 | 119.1 3| 0469 | 1009 | 10| Loy | 8920870 L om0
STOP | 0.101 | 0.415 | 0.243 | 119.1 0581 | 0.073 | 0.469 | 1.009 [CYCLES AR [ g92 | 0.670 |(TRAPEZOIDAL WAVE)
FAIL | 0.174 | 0.485 | 0.359 | 140.1 0683 | 0.100 | 0.808 | 1.188 |sTATIC Ky% 1025 | — NO GROWTH
\
START| 0.092 | 0390 | 0.236 | 170.5 0.832 | 0.072| 0430 | 1.084 [ ~, Lag | 968 |0937 | PROOF
) MIN AIR pa =0.003"
STOP | 0.095 | 0395 | 0.241 | 1705 0832 | 0074 | 0.444 | 1.089 ' 982 | 0951 | B2 =0.005"
our. m———4—m—4H—-—+t++——+——t+fr4 ]
GB-27 | 0.214 | 1.804 START| 0.095 | 0.395 | 0.241 | 129.3 0631 | 0,070 | 0.444 | 1.089 70 728 | 0.705
P MDOP, f = 1 CPM. R =0)
sToP | 0.095 | 0395 | 0.241 | 1203 0631 | 0070 | 0.444 | 1089 |CYCLES 728 | 0.705 |(TRAPEZOIDAL WAVE)
: LAB _ NO GROWTH
FAIL | 0.198 | 0515 | 0384 | 1464 [ B> | 0714 | 0.108 [ 0926 | > [sTATIC Pl

VVYYVV

AS REC'D (4 HOUR BAKE AT 375°F IN AIR) + 24 HOUR BAKE AT 400°F IN FLOWING NITROGEN

ALL FLAWS MECHANICALLY CUT AFTER ALL BAKING

ASSUMED ¢ s~ 205.0 KSi

a/t >0.85 M, CURVE NOT APPLICABLE

SEE FIGURE 30 FOR TYPICAL LOADING SPECTRUM |
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Table 21: PROOF/MDOP/SUSTAINED TESTS OF NICKEL PLATED, 0.21 THICK LONG
TRANSVERSE GRAIN D6 STEEL PLATE !
z o
P (@} Q W = -
- 7] S 3 m ¥ 175 i x |
2 Q < : ~ s y
2 m 2 z S . ~ S E o z92| 3 < z z_ 2.
wa | > . = = . I Qy Q 3 —ux = 4 S |wal=
M% ¥ _ I _ WT 3 WHI. Wm) wa o2 ¢ |z".2 ”Nm < Tn.._ T.m m._vN.m ) M
oz | 95| B85 | 2S .&nNuT Amm 25| g mmm oz 2 |2yt w3 mnun AR ER T s
9W EE| £ | 28 roc|zas|duEl [ <Hxlsh2| S N B oss| FBO FR| F& {hZX] v s
START} 0.101 |0.400 0252 {1647 W 0.803 | 0.076 |0.470 |1.095 |=~1 LAB | 96.7 | 0937 |PROOF j
Aa=0009"
STOP |0.110 |0.410 | 0.268 | 164.7 0.803 |0.079 | 0512 |1.106 |MIN. AR [100.1 ]0.969 |A2c=0.010"
OUT- | sTART| 0.110 | 0.410 |0.268 | 1253 0.611 [0.076 |0512 [1.106 |10 746 |0.723 |[MDOP f=1CPM,R=0
{TRAPEZOIDAL
GB-8 | 0.215 | 1.797 | SIDE |STOP [0.110 | 0.410 | 0.268 }125.3 0.611 [ 0076 ]0.512 [1.106 |cYCLES] 70 |DRY | 74.6 | 0.723 | WAVE) No GROWTH
START| 0.110 |0.410 |0.268 | 1253 0611 |0.076 |0512 [1.106 (45 AR 746 | 0.723 |[SUSTAIN
, ,
STOP 10.110 |0.410 |0.268 | 1253 0611 {0076 |0512 [1.106 |MmIN. 746 | 0.723 NO GROWTH
FAIL |0.200 0550 |0.364 |1235 0.602 |0.112 |0.931 W STATIC w\_y% v — ,
START|0.106 [0.385 |0.275 | 16556 0.808 [0.075 {0497 [1.094 [=~1 LAB | 969 |0.939 |PROOF _
Ha=0003"
STOP [0.109 |0.405 |0.269 |165.6 0.808 |0.079 [0.511 |1.105 |MIN. AIR  [1000 | 0.969 |A2c=0.020"
S
OUT- |START|0.109 [0.405 |0.269 |125.6 0.613 |0.075 (0511 |1.105 |10 | 743 | 0.720 (MDOP,f=1CPM,R=0
, {TRAPEZOIDAL
GB-12} 0.213 | 1.800 [sIDE [sTop [0.109 [0.405 |0.269 1256 0.613 (0075 |0511 |1.105 [cvcLes| 70 [pRY | 743 {0720 I<<»|<M, 'NO GROWTH _
START[0.109 |0.405 |0.269 |1256 0613 (0075 los11 {1105 l200 | AR 743 | 0720 |SUSTAIN |
sToP [0.109 [0.405 [0.269 |1256 0613 (0075 [0511 [1.105 |HOURS 743 | o0.720 NO GROWTH
FAIL |0.180 |0.485 |0371 |1439 T/V 0.702 [0.101 |o0844 |1.195 [sTATIC _M_o% 1064 | ——
! |
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Table 21: PROOF/MDOP/SUSTAINED TESTS OF NICKEL PLATED, 0.21 THICK LONG
TRANSVERSE GRAIN D6 STEEL PLATE (Continued)
z I
" (@] O W - -—
” 2 o s E v 5l 3| ¥
- m 3 z 3] . ~ St = o Z 2| 3 < S . ®
w e . ] - ® I Q.4 13} 4 . = o o == X
zu | € | = . s |2E-125 °B |n2 g |z°® “z0| &k w & %m_w o <
Qx| 95 | 6% | 33 (BZ2,_|355|328| & |g=zlzes| & |43 Lol vs B3| B3 (2E7] ¥ z
&2 | FE | 3£ | 22 |LB%|2BE|2HE| S |THhE[=HE] & (2] 5 |83 3 R RS |BZE| x
START| 0.110 | 0.405 | 0.272 | 156.4 | B> [ 0763 0078 (0511 [1904 | o, Lag | 940 [oen PROOF
MIN. AIR Dmuo.oom:
sTop | 0.116 | 0.410 | 0.283 | 156.4 0.763 | 0.080 | 0539 | 1.112 960 | 0.930 A2c = 0.005"
START| 0.116 0.283 | 1185 0578 | 0077 | 0639 | 1112 | 4 715 | 0.693 | MDOP, f=1CPM,R'=0
. CYCLES (TRAPEZOIDAL
GB-14| 0.215 | 1.799 m_wm STOP | 0.116 0.283 | 1185 0.578 | 0077 | 0539 | 1.112 ey | 715 | 0898 | WAVE) o GROWTH
)
ak [ | | oo
START| 0.116 0.283 | 1185 0.578 | 0.077 { 0539 | 1.112 200 715 | 0.693 | SUSTAIN
HOUR
stop | 0.116 0283 | 1185 0578 | 0077 [ 0530 | 1.112 | HOURS 715 | 0.693 NO GROWTH
FAIL | 0.179 0.365 | 132.9 0649 | 0.101 | 0.832 | 1.195 | sTATIC Lol es2| —
START| 0.095 0.237 | 1655 0.808 | 0.074 | 0.445 | 1091 | . Lag | 955 [0925 PROOF
Aa=0.004"
MIN AIR 3
STOP | 0.099 0.241 | 1655 0.808 | 0.076 | 0.463 | 1.098 : 97.7 | 0.947 A2c=0010"
TRAPEZOIDAL
ouT- . CYCLES (
GB-16| 0.214 | 1.801 Sipe |STOP | 0.099 0.241 | 125.4 0.612 | 0073 | 0.463 | 1.098 DRy | 724 | 0692 | WAVE) No GROWTH
AR P—F————————————-
START| 0.099 0241 | 125.4 0612 | 0.073 [ 0463 | 1.098 | 05 724 | 0692 | susTaIn
HOURS
) 241 4 . . 4 . )
sTop | 0.099 0.2 125 0.612 | 0073 | 0.463 | 1.098 724 1 0.692 NO GROWTH
FAIL | 0135 0318 | 1720 0.839 | 0.088 | 0632 | 1.135 |sTATIC Lo | m2e | —
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Table 21:  PROOF/MDOP/SUSTAINED TESTS OF NICKEL PLATED, 0.21 AI_O_A LONG
TRANSVERSE GRAIN D6 STEEL PLATE (Continued)

—_ 1
r4
s 2 el 5| -
M\m 2 © S z M 4 ) w b3
< T = z = = >
zo |8 [ | Bl 2] .| 2 - S x| 2 1 2| Blaac ¥
Su | 2 : = = : E QY Q K] < = ' R «
S2 | %21 F= |'z% |8 282|362 Sw |8& >z, 2Z2|, < e | =S |025) 2 .
23 | £E19F | S8 |BE.|SEE|32F| o |EE3|urz| & |INE| . |BE9|Es |B33| B3 |E£3) 4 -
Sz | FE | 2£ | 29 |Fo<(fof|TYE| 3 |<hE|shZ| S (25| 5 (eS| A R F@ (22X 2 L
START|0.093 |0.370 {0251 |167.6 V 0.817 [0.070 |0.438 [1.081 [~ LAB | 935 [0.906 | PROOF
: Aa=0003" |
stor |0.096 |0375 |0.256 |167.6 0.817 (0071 [0.452 |1.085 |MmIN. i AIR | 948 10919 | A2c=0.005" |
OUT- |START|{0.096 |0.375 |0.256 [127.1 0620 |0.068 |0.452 |1.085 [10 “ 70.4 |0.682 [MDOP,f=1CPM/R=0
(TRAPEZOIDAL |
GB-20|0.212 | 1.801 |SIDE |STOP [0.096 |0.375 |0.256 |127.1 0620 |0.068 (0.452 {1.085 |CYCLES| 70 | DRY | 70.4 | 0.682 | WAVE) nO GROWTH
START[0.096 |0.375 |0.266 |127.1 0.620 |0.068 |0.452 {1085 |20.0 ,, AIR | 704 [0682 | SUSTAIN
STOP |0.096 |0.375 |0.256 |127.1 0.620 |0.068 |0.452 |1.085 |HOURS | 70.4 | 0.682 NO GROWTH
FAIL |0.181 |0450 |0.402 |1585 0773 |0096 |0.853 _V STATIC | w\_y% W —
START|0.092 ]0.390 ]0.236 |168.5 0.822 |0.072 |0.429 |1084 |=1 LAB | 955 | 0925 | PROOF
”, Aa=0.007"
STOP |0.099 |0.400 |0.247 |168.5 0.822 [0075 [0.462 |1.094 |MIN. ' AIR | 986 | 0956 | A2c=0010" |
P U SRp—
OUT- |START|0.099 |0.400 |0.247 |1277 0623 |0.072 |0.462 [1.094 |10 ”, 73.1 [0.708 |MDOP, t=1CPM,R =0
i :m%mmo_o?w‘
GB-21{0.214 |1.801 |SIDE |STOP (0099 |0.400 |0.247 |127.7 0623 |0072 |0462 (1094 [CYCLES| 70 | DRY | 73.1 |0.708 | WAVE) no GROWTH
START|0.099 |0400 |0.247 [127.7 10623 0072 [0.462 [1.094 [20.1 , AR | 731 | 0708 | susTAIN |
) ) ) 7 } 0.072 |0.462 |1094 | . : |
STOP |0.099 |0.400 |0.247 |127 W 0.623 2 |0462 ]1.094 [HOURS | 73.1 | 0.708 NO GROWTH
FAIL (CYCLHD THRAUGH-THE-THICKNESS) STATIC | . _%% - - _. ,,

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 400°F IN FLOWING INTROGEN
ALL FLAWS MECHANICALLY CUT AFTER ALL BAKING ;

ASSUMED 0, ( = 205.0 ksi ,m
a/t >0.85, M. CURVE NOT APPLICABLE ;
SEE FIGURE 30 FOR TYPICAL LOADING SPECTRUM j

AVAVAAVAY/




Table 22: MDOP CYCLIC TEST OF NICKEL PLATED, 0.21 THJCK LONG
TRANSVERSE GRAIN D6 STEEL PLATE
z m
" o o Ww - -
- (%} S m V. W _m X
Z “ 3
z |8 |, z| & ~ SH o z5=| z 5 2| z- @
212 (2 (.2] & |5 |.F 2y |8 E 2l o | 8l 8lasfl . :
= X _ T =l = I __ . Y o2 14 . - > < < 2= L <
9F | 95 | B3 | 23 |B2, |EE3|%83| o+ |2is|22-] © |E4s 95 b (B3| B |EEZ ¥ =
8| x| zE| S0 Jugk|Suw2|28E & |EEF|WET] ¢ |INE| - |uac| 85 G | wz |EEE| > w
5z FS | 22| 0D (+FOC|uoS| TS| R <nZE|>nXl o LHsS| ® C2u|+0 FH W lnsE] X o«
- . : ; . : 075 |o. 1100 {10 DRY | 735 {0712 .
OUT- |START|0.122 {0380 {0321 (1250 v 0610 |0075 [0569 |1.100 MDOP, f= 1 CPM. R =0
GB-280.214 (1.803 [SIDE [STOP [0.125 (0385 |0.325 (1250 [ 3> [0.610 (0076 [0.583 [1.103 |CYCLES| 70 [ AIR [ 743 [ 0.720 ﬂbﬂwwaww.ao»p WAVE)
FAIL (SPECIMEN RAILED (N GRIP$ AND HAD TO HE SAWCHT) - -
[I> AS RECEIVED (4-HOUR BAKE OUT AT 375°F IN AIR)} + 24-HOUR BAKE AT 400°F IN FLOWING NITROGEN
B> FLAWMECHANICALLY CUT AFTER ALL BAKING
B> ASSUMED o, = 205.0 ki
B> SEE FIGURE 30 FOR MDOP WAVEFORM
Table 23: PROOF/MDOP/CYCLE TO FAILURE TEST QF NICKEL PLATED, 0.21 THICK LONG
= TRANSVERSE GRAIN D6 STEEL PLATE
START|0.126 | 0.360 |0.350 | 152.2 V 0.743 | 0.074 | 0585 | 1.085 V 87.8 | 0.851 | PROOF
Aa=0002"
STOP |0.128 [0.365 |0.351 |152.2 0.743 | 0.075 | 0.595 | 1.087 |MIN. 88.7 |0.860 | A2c=0.005" L
OUT- [START|0.128 |0.365 |0.351 | 1154 0563 |0.073 | 0595 | 1.087 |30 DRY [ 66.3 |0.643 [ MDOP,1 CPM,R=0
GB-17(0.215 |1.804 70 (TRAPEZOIDAL
SIDE [STOP |0.128 {0.365 |0.351 |115.4 0563 |0.073 {0595 |1.087 |CYCLES AIR | 663 (0643 | WAVE) yo GROWTH
START[0.128 [0.365 |0.351 [115.4 W 0.563 | 0.073 | 0.595 | 1.087 |665 66.3 | 0.643 | MDOP, 40 CPM,
R=0 (SINE WAVE)
STOP (CYCLED TO FAILURE CYCLES - — W

N AAAYAY

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 400°F IN FLOWING NITROGEN
FLAW MECHANICALLY CUT AFTER ALL BAKING

ASSUMED Oys = 205.0 ksi

GROWTH STARTED AT 55 CYCLES, BREAKTHROUGH OCCURRED AT 642 CYCLES
SEE FIGURE 30 FOR LOADING SPECTRUM



8

\
,,
Table 24: MULTIPLE PROOF TESTS OF NICKEL PLATED, .0.21 THICK LONG , |
TRANSVERSE GRAIN D6 STEEL PLATE , ! A
!
2 - |
. 0<V, 2 u( T m N A
7} m Q < = 2 M X 2 W - |
z | & e g8 ° o | = S| & o 22| 8 |5l 2| Ao b2
we | 5 . Q| £ . T SQa | 9@ 3 2zl E_| 2| S laea -
2o | ¥- | F= | 2% |0 |z&E=|zb= 52 |aZ 2 |z 2zl <o g T |22E] & I |
o | S5 | BE | 25 mm... Amm 25| g mmm ez 2 Ty w3Q bz |ns mw ez ¥ =
a2 | F£| 25| 29 [FOQ|ZBE(ZHUE| § [THZ|s5Z| S |Zas| 5 (asdlEas (¥R s |hzE| « T
_ ~ ‘
START| 0098 | 0.370 | 0.265 | 129.3 _V 0631 | 0.069 | 0457 | 1.083 _v : 715 | 0693 | Aa=0001" |
STOP | 0.099 | 0.370 | 0.268 | 1293 0.631 | 0069 | 0.462 | 1.084 71.7 | 0695 | CYCLE NO.1 .
“pROOF |
START| 0.099 | 0.370 | 0.268 | 162.7 0.794 | 0.071 | 0.462 | 1.084 , 91.8 | 0.889 L .
Aa=0,003
i |
STOP | 0.102 | 0.370 | 0.276 | 162.7 0.794 | 0.072 | 0,476 | 1.085 , 925 | 0.896 | CYCLE NO. 2
START| 0.102 | 0.370 | 0.276 | 171.5 0.837 | 0073 | 0.476 | 1.085 ; 98.0 | 0.950 | Aa<0.003"
m A2c=0.010" |
OUT- |STOP | 0.105 | 0.380 | 0.276 | 171.5 0.837 | 0.075 | 0.490 | 1.090 WH LAB | 99.8 | 0.967 | CYCLENO.3 |
GB-22)| 0.214 | 1.804 | SIDE |START| 0.105 | 0.380 | 0.276 | 174.8 0.853 | 0.075 | 0.490 | 1.090 '70 | AIR | 1019 | 0.988 | Aa=0003" |
A2¢=0.010"
STOP | 0.108 | 0.3%0 | 0.277 | 174.8 0.853 | 0.077 | 0.504 | 1.096 : 1039 | 1.007 | CYCLENO.4
[T R R T
START| 0.108 | 0.380 | 0.277 | 174.8 0.853 | 0.077 | 0504 | 1.096 ,, 103.9 | 1.007 | Aa=0.003"
_ A2¢=0.010"
STOP | 0.111 | 0.400 | 0.277 | 1748 0.853 [ 0.079 | 0.518 | 1.104 j 106.0 | 1.027 | CYCLENO.5 |
START| 0.111 | 0.400 | 0.277 | 1748 0.853 | 0.079 | 0.518 | 1.104 W, 106.0 | 1.027 | Aat0.008"
W, A26=0010"
]
STOP | 0.119 { 0.410 | 0.290 | 174.8 0.853 | 0.083 | 0.565 | 1.115 | | | 109.2 | 1.0569 | CYCLENO.6 |
A I sl it S O S
! FAILURE |
) ) ) 0.843 | 0. ) ) _W ,, 8| — ;
FAIL | 0.119 | 0.410 | 0.200 | 1727 _V 0.082 | 0555 | 1.115 | 107.8 CYCLE NO. 7 |

[

[




._.m.c_m 24:

MULTIPLE PROOF TESTS OF NICKEL PLATED, 0.21 THICK LONG
TRANSVERSE GRAIN D6 STEEL PLATE (Continued)
o z I
g 2 g < 5 TElE| 2
< T s z k- = ;
Ze |8 |3 | Bl 2| | = o> | & < 2% 8 | 2| 2| E- 2
suw | 2 : = = : = wy g - ® 5 . v 2 |49gc «
fo | ¥X- | E=-|3%|-8 |zEz|202 S |83 2 lz = szl 27| g |82 2 <
o3 | TE S8 |9 |88 |33E|388 ¢ |Eo|iEs| % [SNE| o |829|253|23| 22 |EEE] % :
Sz | FE | 2£ | 29 |Fo<|deE|28E| T [IHE[>HE L |ZaE| § |8 Eas || D |G| v 3
START| 0.096 | 0.420 | 0.220 | 12096 _W 0.632 | 0.073 | 0.448 | 1.096 _W 748 | 0.724
NO GROWTH
sTor | 0096 | 0.420 | 0.229 | 1296 1 0632 | 0073 | 0.448 | 1.008 748 | 0724 | cycLeENO.1
START| 0.096 | 0.420 | 0.229 | 164.4 0.802 | 0.076 | 0.448 | 1.096 968 | 0.938 | PROOF
OUT- (sToP | |8 - - W - - - - DRY | - - CYCLE NO. 2
GB-23| 0.214 | 1.799 | SIDE |START _w - - _W - - - - 70 | AIR - -
CYCLES NO. 3
sTop | 0.126 | 0.445 | 0.283 | 1654 0.807 | 0.088 | 0.588 | 1.138 1089 | 1.056 | THROUGH 8
START| 0.126 | 0.445 | 0.283 | 1405 0.685 | 0.086 | 0.588 | 1.138 913 | 0.884
NO GROWTH
sToP | 0.126 | 0.445 | 0.283 | 1405 0685 | 0.086 | 0.588 | 1.138 913 | 0884 | cvcLeno.9
FAIL | 0.161 | 0520 | 0.310 | 1413 _V 0690 | 0.103 | 0.751 | 1.138 W w076 | -

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 400°F IN FLOWING NITROGEN
FLAWS MECHANICALLY CUT AFTER ALL BAKING
ASSUMED Oys = 205.0 ksi
SEE TABLE 25 FOR COMPLETE LOAD TIME SUMMARY OF GB-22
SEE TABLE 26 FOR COMPLETE LOAD TIME SUMMARY OF GB-23
ONLY TOTAL GROWTH COULD BE DETERMINED FOR CYCLES 2-8 OF GB-23




Table 25: LOAD-TIME SUMMARY OF SPECIMEN GB-22

APPLIED
LOADING STRESS, 0, TIME AT
CYCLE (ksi) LOAD GROWTH?
1 1293 21 SEC YES
0 — —_
2 162.7 4% MIN YES
0 —_ —_
3 122.1 1% MIN NO
138.1 2% MIN NO
1715 2% MIN YES
0 —_ -
4 1283 2% MIN NO
146.1 2 MIN NO
1748 3 MIN YES
0 —_ —_
5 1311 2% MIN NO
148.7 2% MIN NO
1748 3 MIN YES
0 _ _
6 131.1 2% MIN NO
148.7 2 MIN NO
1748 1% MIN YES
0 — -
7 131.1 2% MIN NO
148.7 2 MIN NO
172.7 ~1SEC YES, FAILURE
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Table 26:

LOAD-TIME SUMMARY OF SPECIMEN GB-23

APPLIED
L8¢8C'E‘G , smﬁi?), o T'L"gi QT GROWTH?
1 129.6 ~1SEC NO
o _ _
2 164 4 T4 MIN YES
0 _ _
3 123.2 2% MIN NO
164.6 3% MIN YES
167.2 3MIN YES
0 _ -
4 125.7 3MIN NO
167.2 1% MIN YES
0 —_ _
5 125.7 2% MIN NO
166.7 2% MIN YES
169.3 5% MIN YES
0 - _
6 1270 2% MIN NO
1439 1 MIN NO
160.7 2 MIN YES
168.5 3% MIN YES
171.1 <10 SEC YES
0 _ _
7 128.3 3% MIN NO
1452 1% MIN NO
162.8 3MIN YES
167.0 <10 SEC YES
0 — —
8 1255 2% MIN NO
14256 2% MIN NO
158.2 3MIN YES
162.8 2 MIN YES
164.1 1% MIN YES
165.4 <10 SEC YES -
0 —_ -
9 123.9 2% MIN NO
1405 2% MIN NO
0 _ _
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GRAIN D6 STEEL PLATE (WIDE SPECIMENS)

98

rd m
“ o) o w - -
: i m ) a.v. = .M X ' W m = i
> a s z| & ~ S| E o <c2| 3 2| 2| X 2 i
we | S . =] = < T o O g . e o O lwals z |
Zo = | E= | 2% |2 [2E=|z6= 58 |a& S aZP| < ce| ~Z 82| = <
B3| 5 o8| <8 88, [SuE(32E| & (E=g|ies| % |INE| o (429|825 |23 83 |=E3| ¥ :
s2 | FE | 2£ | 29 |Fo<|Zas|duE|l S [2HE|EhE] & [Zas| § |8=&| 2 | RO {BZX| W« «
sTART|0.132 {0.730 |0.181 | 1305 V 0637 [0.111 |0614 | 1.249 _v W 1060 |0.851 PROOF |
Ha =0.008
sTop [0.140 |0.730 {0.192 | 1305 0637 [0.115 |0651 |1.275 1100 |0.883 CYCLE NO. 1
START|0.140 |0.730 |0.192 | 989 0482 |0.112 |0661 |1.275 82.2 | 0.660 mMDbOoP
Aa =0.001"
STOP |0.141 |0.730 [0.193 | 989 0.482 | 0.112 | 0.656 | 1.277 82.5 | 0.662 CYCLES z&. 2-11
OUT- |START|0.141 |0.730 |0.193 {1242 0606 |0.115 {0656 |[1.277 LAB | 1048 | 0.841 ,
SG-4 | 0.215 | 2.998 [SIDE |STOP —V _— ~ 11242 0.606 —_— - _— 70 AIR —_— _ CYCLES NO.12-16
START W — | — 1250 0610 | — | — | — , — | — Na=0010]
STOP [0.161 |0.730 |0.207 |125.0 0610 [0.120 |0.703 |1.305 1100 | 0.883 CYCLE NO. 17
sTART|0.151 |0.730 |0.207 | 989 0482 |0.117 {0703 |1.305 86.0 | 0.690
NO GROWTH
STOP |(0.151 |0.730 |0.207 | 98.9 _V 0.482 |0.117 [0.703 |1.305 V 86.0 | 0.690' CYCLE NO: 18
FAIL {(CYCLED THROUGH — THE THICKNESS) — | -
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Table 27:

MULTIPLE PROOF/MDOP TESTS OF NICKEL-PLATED, 0.21 THICK LONG TRANSVERSE
GRAIN D6 STEEL PLATE (WIDE SPECIMENS) (CONTINUED)

73 nNu nw‘H w - -
- m UV. = « - W m ¥
g < 3 E : = s ;
z a 3 z| S . 2. oS = o 20| 3 < zZ| &£ ®
Fuw | Z : sl & : = g7 g £ TeE E z Q lad|c
So (%= | E-| 25 |8 [3Ez|2C= S8 |93 £ 2,2 22!, < g |2z » 5
93 | 25| 5% |33 (B2, (358|328 ¢ |Ees|oEs| < (34E| . |82%|Bs |B3| B2 |cE3] ¥ 2
2 | E£ | 3£ | 29 |F8%|28E|24E| § |%hE|shE] & |25E| 5 |83 3 Fe| Fa B2 ¥ T
PROOF
START|0.145 [0.740 [0.196 {139.3 T/\. 0.679 |0.119 |0682 |1.299 WV 1219 (0979 | AL =0011"
. A2 =0.005"
STOP [0.156 [0.745 |0.209 [139.3 0679 |0.125 [0.73a [1.332 127.8 | 1.026 CYCLE NO. 1
START|0.156 [0.745 [0.208 |1056 0515 {0.121 10734 11.332 953 | 0.765 _,\_% mﬂ 0.006"
A2c =0.005"
OuT- |sToP [0.162 [0.750 [0.216 [105.6 0515 [0.124 |0.762 [1.349 97.7 | 0.784 CYCLES NO. 2-51
LAB —IerEa VY. e3]
sG-5 | 0.213 | 2.007 | StDE |sTART|0.162 |0.750 [0.216 [132.3 0.645 [0.127 }0.762 |1.349 70 | AIR [ 1239 ] 0995 | Aa=0.003"
STOP [0.165 [0.750 [0.220 |132.3 0.645 |0.128 |0.776 |1.357 1252 [1.005 | cveigng. 52
START{0.165 [0.750 [0.220 |105.6 0515 |0.125 |0.776 |1.357 98.7 | 0.792
NO GROWTH
sTop |0.165 {0.750 {0.220 1056 0.515 |0.1256 |0.776 }1.357 ?v 98.7 | 0.792 CYCLE NO. 53
FAIL [0.170 |0.760 |0.224 [1495 WV 0.729 [0.133 [0.800 |1.373 |STATIC V —

AS REC'D (4 HOUR BAKE AT 375°F IN AIR) + 24 HOUR BAKE AT 350°F IN FLOWING NITROGEN

FLAWS EDM’'D BEFORE EXTRA BAKE, PRECRACKED AFTER EXTRA BAKE

ASSUMED ¢

vs ™ 205.0 KSI

SEE TABLE 28 FOR COMPLETE LOAD-TIME SUMMARY OF 5G-4

ONLY TOTAL GROWTH COULD BE DETERMINED FOR CYCLES 12-17 ON SG-4

SEE TABLE 29 FOR COMPLETE LOAD-TIME SUMMARY OF SG-5

Mg BELIEVED TO BE EXCESSIVELY HIGH FOR THIS SPECIMEN. NO ENDPOINT REPORTED



Table 28:

_ LOAD-TIME SUMMARY OF SPECIMEN SG-4

. 1 MIN
APPLIED : . ,
LOADING | STRESS,0, TIME AT ZAMIN
CYCLE (Ksi) LOAD GROWTH? 1 MIN
1 1305 ~1SEC YES, 0.008"
0 - - / \ /
2-11 989 2% MIN ON YES, 0.001"" CYCLES 2.11
0 EACH CYCLE TOTAL
12 98.9 2% MIN NO
1110 2% MIN NO
177 2% MIN NO
124.2 2% MIN YES
0 — —_
13 1177 2% MIN NO
1242 2% MIN YES
0 - -
14,15, 16 124.2 2% MIN YES, ON
0 - EACH CYCLE
17 989 2% MIN NO
125.0 - 2% MIN YES
o - -
18 98.9 2% MIN NO
0 - -
Table 29: LOAD-TIME SUMMARY OF SPECIMEN SG-5
APPLIED = ’°SEC4O sk
LOADING STRESS, 0 TIME AT
CYCLE (ksi) LOAD GROWTH? 10 SEC
irﬁ — |
1 139.3 ~1SEC YES, 0.011" / \ /
0 - -
2-51 105.6 40 SEC ON YES, 0.006" CYCLES 2-51
0 EACH CYCLE TOTAL
52 125.4 2% MIN NO
132.3 2% MIN YES, 0.003"
0 - -
53 105.6 2% MIN NO
0 - -

88.
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Table 30: PROOF/MDOP/30-DAY SUSTAINED TEST OF D6 STEEL WELDMENT SPECIMEN
FROM LM2/ECS DESCENT GOX TANK (S/N 0010) [T [Z>
m. & .H Q w..
2 2 o g |23 w! |32 |33
- < e 3 N = x z|z25 |25 -
TIEE 3l 2 | - | 3 << =& 2821082 3| g | Zl=ElefzEk| . o
g8z | g el E Lz | F g ¢ [Bg | @ fEgizes| FE | S| Slnoxleon| ¥ . &
52| d8z|Frz| 22| BEH3OZ i 5 |Zw z - e ZEI0ZE| -2 -2 |es|irx|@Ext ; g
§2|Z2|22|36|8805388 ¢ BEE Z|EEg 3§ < 8232222 8% 02|23 |Ey d¥u g x| X &
Sz|FES|sE|d9|FCqlEofdYE S |25 S I1F54 ZE % =sllasuw| D TTPTE“NWKINWKI ¥ Y o«
START p.086 [0.395 |0.218 1530 [0.690 (381 |0068 |0.479 [1.118 [056 | _ 868 | 99 | 967 | 0968 | PROOF
" Aa = 0005
STOP p.091 |0.400 [0227 (1530 [0.690 [38.1 [0070 0507 [1.128 |0.53 ony| 81 | 95 | 986 | 0087 | A2c= 0005
IN- [START D091 [0.400 [0227 |116.0 0524 |34.4 |0.068 0507 |1.128 |053 |, AR 1 665 | 84 | 749 | 0750 | mpop
TW-19|0.180 [1.504 |SIDE |STOP [0.091 |0400 |0.227 1160 |0524 [344 |0.068 [0507 [1.128 |os3 |CYCLES o 665 | 84 | 749 | 0750 | NOGROWTH
HAZ |START 0.091 |0.400 {0227 [1160 |0.524 [344 |0068 [0507 [1.128 |0.53 3,000 | 665 | 84 | 749 | 0.750 4
30
SAYS PSI SUSTAIN
STOP [0.091 |0400 (0227 [1160 |0524 {344 [0.068 [0.507 [1.128 [0.53 GOox | 665 | 84 | 749 | 0750 |  No GROWTH
FAIL (0104 {0410 {0254 {1489 [0.672 [37.7 |0075 0579 [1.159 [041 |s7aTiC L lo2a | 75 | 908 | -
[T As RECEIVED (4-HOUR BAKE AT 375°F IN ARGON) + 24-HOUR BAKE AT 375°F IN FLOWING NITROGEN
. [Z> FLawmeckanicaLLy cut
v 0y = 2217 ksi



Table 31: PROOF/MDOP/30-DAY SUSTAINED TESTS OF D6 STEEL WELDMENT SPECIMENS
FROM LM/ECS DESCENT GOX REQUALIFICATION TANK (S/N 0032)
i
> > |
2 z |3z Fo |Ez :
I o) g o w o w = lnZ no .
g o = = o = o ZiZa Z o
5 2 o x & S T MEL o 2 wlwz w2t ¥
> A z| 3 ~ € g @ & W z3=|25= z = 2 MEMME_.Vm ' i
ve |2 2 o £ “ T 2y g o m_mmmmm el = Sleozlapz| ¥ =
|l E [ ¢ 0|23 & G 3
52| ¥ T~ =z<|-0o WWMWG.M S8 e S z = PmTDmT TM & TmeWBTm + K.w ! m
WS 2828 |38|08-S5g35g & By L |EE3 I8 . W2 oS [Biniz|sydryd ¥ | X u
Sz | FE|(EICS|ES5EosdYE S5 (2% Siahy £ § psdjmsc| R [FrRIFG|E8VIEBy] ¥ v &
START|0.003 | 0.375 | 0.248 | 1433 | 0647 | 208 | 0,068 | 0518 | 1.123 | 049 | | 817| 47| 864 | 0865 PROOF
_ N Aa = 0002
sToP [0.095 | 0.375 | 0.253 | 143.3 { 0.647 | 208 | 0.068 | 0.529 | 1.126 | 0.47 823( 45| 868 | oses| |
: —— e —_——
: START|0.095 | 0.375 | 0.253 | 108.6 | 0.490 | 16.8 | 0.067 | 0529 | 1.126 | 047 |, ory| 66| 36| 652 0653 MDOP
IN- . .
CYCLES AIR Aa = 0001
Tw-37]| 0.180 |1.495 | SIDE | sToP |0.096 | 0.376 | 0.266 | 108.6 | 0.490 | 16.8 | 0.067 | 0534 | 1.128 | 0.46 70 61.8| 35| 653 o654
¢ , T T T T T
START|0.096 | 0.375 | 0.256 | 1165 | 0526 | 17.7 | 0.067 | 0534 | 1128 | 046 | 665| 37| 702| 0703| SUSTAIN
. DAYS , ' NO GROWTH
STOP [0.096 | 0.375 | 0.256 | 1165 | 0526 | 17.7 | 0.067 | 0534 | 1.128 | 0.46 665| 37 | 702| 0703
FAIL |0.112 | 0395 | 0.284 | 157.1 | 0.710 | 222 | 0.076 | 0.623 | 1.161 | 031 |sTATIC w\_y% | 83| 34| 1017 -
7
START|0.095 | 0.390 | 0.244 | 151.0 | 0.682 | 23.3 | 0070 | 0525 | 1131 [0as | | 884 | 52 | 936| 0937| PROOF
. ; Aa = 0002”
sTOP [0.097 | 0.390 | 0.249 | 151.0 | 0.682 | 233 | 0.071 | 0537 | 1.135 | 0.a7 |M'N ory| 81| 52| 943 | 0944 @ 002
. | START|0097 | 039 | 0240 | 1145 | 0517 | 182 | 0.069 |0537 | 1135 | 047 | o AR 1 65| 40| 705| o0708| mDOP
| CYCLES , L a a = 0.002"
Tw-36]0.181 [1502 |SIDE | sToP |0.099 | 0.390 | 0.254 | 1145 | 0517 | 182 | 0.070 | 0.548 | 1.138 | 0.44 70 6721| 38 | 709 | 0710]
HAZ ———————————
START|0.099 | 0.390 | 0.254 | 1153 | 0520 | 184 | 0.070 | 0548 | 1138 |04a | 3000 675| 38 | 713 | .0714| susTAIN:
PSI ,
_ | NO GROWTH
STOP 0099 | 0.390 | 0.254 | 1153 | 0520 | 184 | 0.070 | 0548 | 1.138 | 0.0a  |PAYS Gox| 675| 38| 71.3] o714] |
|
FAIL {0105 | 0.397 | 0.264 | 156.9 | 0.708 | 24.1 | 0.075 | 0581 [ 1.150 | 038  [sTATIC w\_y% 92| 44 | w006 | -

v

TANK ORIGINALLY HAD A 4-HOUR BAKE AT 375%F IN ARGON, THEN PAINT WAS REMOVED BY SANDBLASTING,

TANK WAS REBAKED ADDITIONAL 24 HOURS AT 375°F IN VACUUM, AND IT WAS REPAINTED BY GRUMMAN

vV

Oys = 221.7 ksi

FLAWS MECHANICALLY CUT
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Table 32: PROOF/MDOP/30-DAY SUSTAINED TESTS OF D6 STEEL WELDMENT SPECIMENS
FROM LM/ECS DESCENT GOX TANK (S/N 0041) _v —v
U] = =
z z |8z _ FO |Ez
y 2 > 3 g & |¥o w1 sl22 180 |
. %) = P4 ® E dZ E =) ) ¥
> «w > W &8 MA _.mMB w WMM“MMB =z w WﬁrNC.NEm\m "
g4x| s ’ oF E ® 3 oo oo N SColec o Q I Z[ZolC|ZRS| « 2
su | Z =] E : = Sa o {2 @ JeEizuex = « Slnoz = X
= o ¥ — I = pti 7,1 S |¥Hh LS > Ql= = o w « |R I3 $0 @ o
os|loz |kl 222 BEZ39z ow S (oW z - e ZE|0ZF| < |2 |~ E|QF2jBF2] o <
B3| z2|22|38|88-3523288 & Bcg < |8gg 3¢ H2222e| 25 8202 [y dgs g x | ¥ &
Gz | FrE|(zE|Ta|lFocmofd8E 5 |eh = S igh¥ 2E ® DMM_&MF o [Fredr G NWKIHWKI N N &
START|0.098 | 0.375 | 0.261 | 163.7 | 0.694 | 17.0 | 0.070 | 0.553 | 1.136 | 043 |_ 001 | 34 | 935 | 0.936 | PROOF
_ MIN Aa = 0.003"
sToP |0.101 | 0.380 | 0.266 | 153.7 | 0.694 | 17.0 | 0.071 | 0570 | 1.143 | 0.40 916 | 3.2 | 948 | 0949 A 2¢ = 0.005"
SN- IN- | START(0.101 | 0.380 | 0.266 | 1165 | 0.526 | 16.4 | 0.069 | 0570 | 1.143 | 040 |, 68.4 | 3.1 715 | 0716 | mpop
41- 0177 | 1502 | sioe | sTop [0.101 | 0.380 | 0.266 | 1165 | 0.526 | 164 | 0.069 |0570 | 1.143 | 040 |CYCLES DRY | esa | 31 | 715 | 0716 NO GROWTH
70 AIR —_ —_— .
5 HAZ | START|0.101 | 0.380 | 0.266 | 117.6 | 0.531 | 165 | 0.069 | 0570 | 1.143 | 040 |, 69.0 | 31 | 721 | 0722
SUSTAIN
sToP [0.101 | 0.380 | 0.266 | 117.6 | 0.531 | 165 | 0.069 |0.570 | 1.143 | 040 |[PAYS 69.0 | 3.1 | 721 | 0722 v
NO GROWTH
FAIL |0.103 | 0.395 | 0.261 | 168.4 [ 0.760 | 17.2 | 0.075 | 0581 | 1.154 | 0.40 |STATIC _Mw% 1036 | 33 | 106.9 _
START|0.104 | 0.385 | 0.270 | 155.7 | 0.703 | 14.2 | 0.073 | 0.594 | 1163 | 038 |_ 046 | 26 | 972 | 0973 | PROOF
- Aa = 0.003"
STOP 10.107 | 0.390 | 0.274 | 155.7 | 0.703 | 14.2 | 0.07a | 0611 | 1161 | 038 |MIN ory | 1 | 22 98.4 | 0.985 A 2¢ = 0.005"
SN- IN- | START|0.107 | 0.390 | 0.274 | 118.0 | 0.532 | 11.6 | 0.072 | 0.611 | 1.161 | 0.34 |0 AR | 718 | 19 | 737 | 0738 | 000
, CYCLES Aa = 0002”
41- [0.175 |1.501 | sipE | stop [0.109 [ 0.390 | 0.279 | 118.0 | 0532 | 11.6 | 0.073 | 0.623 | 1.164 | 0.32 722 | 18 | 740 | 0741 a X
I e e B e T —
4 HAZ | START|0.109 | 0.390 | 0.279 [ 119.1 | 0.538 | 11.7 | 0.073 | 0623 | 1.164 | 0.32 | 3000] 729 | 18 | 747 | 0748
DAYS PSI SUSTAIN
stop |0.109 | 0.390 | 0.279 | 119.1 | 0538 | 11.7 | 0.073 | 0.623 | 1.164 | 0.32 gox | 729 | 18 | 747 | 0.748
NO GROWTH
FAIL {0.111 | 0.398 | 0.279 | 159.1 | 0.719 | 14.4 | 0.077 | 0634 | 1.173 | 0.31  |STATIC LAS lhoo7 | 22 | 1029 -

TAY

TANK ORIGINALLY HAD A 4-HOUR BAKE AT 375°F IN ARGON, THEN PAINT WAS REMOVED EY SANDBLASTING,

TANK WAS REBAKED ADDITIONAL 24 HOURS AT 375°F IN VACUUM, AND IT WAS REPAINTED 8Y GRUMMAN
FLAWS MECHANICALLY CUT

0,5 = 221.7 ksi




Table 33: PROOF/MDOP/30-DAY mcm._..>_2m0 TESTS OF NICKEL-PLATED, 0.21 THICK
LONGITUDINAL GRAIN D6 STEEL PLATE v W

[4)

2 g T .
; 2 s 5l oE| 2 |
a < < T 2<s z = s >
m . B 3 m m o 2. a U. - o M Plu . m <L b4 ” - “
w | Z > = = ; F oY g 3 « £ = @ C ludl=
2ol ¥- | E-| 2% |-0 |zEz|362 S |82 2o lz = =22, < g T 2zE] 2 <
o3 | $5 0% |23 (23, /358|%28| ¢ |Erslecs| % (S8 - |22%)E% |23 23 |57 ¥ E
Sz | FE | 2£ |29 |Foc|Zas|ZYE|] R |2H|>H2| S (Z25E 5 (asd| 3 ce | 28 [hZzE| ¥ &
START|0.102 [0420 |0.243 [120.1 |198.2 |oe52 | 0.075 | 0.494 ) 1112 _ 76.8 | 0.800 | PROOF
Aa = 0003
sTop |0.105 [0.420 |0.250 {129.1 0652 | 0.076 | 0509 | 1.116 | MM 776 | 0.809 @ .
1803 . U S
sTART|0.105 [0.420 lo250 | 97.8 0.493 | 0074 | 0508 | 1.116 58.0 | 0.605 | MDOP
ouT- 2 oRY NO GROWTH
G-28 | 0.206 SIDE [sTop |o.105 [0.420 |o.250 | 97.8 0493 | 0074 | 0509 | 1116 | YOLEY 70 | A® | sg0 | 0.605 |
V)P S RERN RSN R i R S MR S S E— S S S -
START|0.105 |0.420 |0.250 | 97.8 0.493 | 0.074 | 0.509 | 1.116 30 ) 58.0 | 0.605 | SUSTAIN :
NO GROWTH |
1.442 stop |0.105 [0420 |o.250 | 978 0493 | 0.074 | 0509 | 1.116 | PAYS 58.0 | 0.605 0 GRO ,f
B> FAIL (CYCLED THROUGH-THE-THICKNESS) STATIC gl - - ”,
START| 0.105 |0425 [0.247 |1208 0610 | 0076 | 0508 | 1117 | _ 726 |0.756 |PROOF
"IN Aa = 0.005"
stop | 0.110 |0.430 |0.256 |1208 0.610 | 0.078 | 0533 | 1.127 743 |0778 | A 2¢ = 0,005
1.803 —— e — ——
START| 0.110 | 0.430 |0.256 | 91.6 0462 | 0076 | 0533 | 1127 | o ory |587 [os81 {mDoP, f
IN- , NO GROWTH
G-29 | 0.207 siDE |stop |0.110 |0.430 |0256 | 916 0.462 | 0076 | 0533 | 1.127 | CYCLES| 40 | AR 1557 o581 ,
waz oo+ Lt Lt | — -]
sTART| 0.110 |0.430 |0256 | 916 0462 | 0,076 | 0533 | 1127 | . : 55.7 |0581 |SUSTAIN ,V
NO GROWTH
1,540 STOP 0.110 [0.430 [0.256 | 916 | § |0.462 |0.076 {0533 [ 1.127 DAYS 55.7 | 0.581
B> FAIL |0.140 lo.460 |0.304 |1116 |198.2 | 0563 | 0.089 | 0.678 | 1.175 | sTATIC _M_yw 762 | - i

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 375°F IN VACUUM AND PAINTED

FLAWS MECHANICALLY CUT

VAAY)

SPECIMEN WIDTH WAS REDUCED SO THAT SPECIMENS COULD BE SUSTAINED LOADED IN A 30-KIP
TEST MACHINE ,



Table 34: PROOF/MDOP/30-DAY SUSTAINED TESTS OF NICKEL-PLATED, 0.21 THICK
LONG TRANSVERSE GRAIN D6 STEEL PLATE V W
z w
- [} 9o w - -
7 g g < 2% 5| §| <
o~ < I = Zz - > .
Ze | @ | o3 81 2| « | 3 o2 | B 0 2z 8 I OZ|. B~ g
5G| 2 : E| & | E 28 |52 o | °® L35l & wi & 89| o z
S| ¥z | 2= 2< |8 |zE=|20= S4 |38 s |34z aZr| g FE | s (0ES] & g
w3 | 25 )08 )38 122, ISREI<2E & (EEgioEs| & |IME| . [B23(Bs (B3| B2 lcE7) X 3
Sz | rE| £ | 29 |FO<|2as|2us| § |2hE|shE| & (2ag| 5 [BsI| 3 | EE| HE |nzE| ¢ T
START| 0.105 | 0.450 | 0.233 | 160.4 v 0782 | 0.082 [ 0489 | 1195 | _ 99.6 | 0.965 | PROOF
7 MIN Aa =0.005"
sTop | 0.110| 0.460 | 0.239 | 160.4 0782 | 0.084 | 0512 | 1.125 bRy |1922 | 0990 | A5 -goi0r 4
sTART| 0.110 | 0.460 | 0.230 | 1216 0594 | 0081 | 0512 | 1125 | AR Y59 | 0738 MDOP
ouT-
GB-24| 0.215 | 1.800 | SIDE |sTop | 0.112 | 0.460 | 0.243 | 1216 0594 | 0.082 | 0522 | 1.128 | CYCLEY 5o 765 | 0742 | A a=0.002"
START| 0.112 | 0.460 | 0.243 | 121.6 0594 | 0.082 | 0522 | 1128 | .o 3000 | 765 | 0.742
DAYS PS! SUSTAIN
STOP | 0.112| 0460 | 0.243 [ 1216 | ¢ | 0594 | 0.082 | 0522 | 1.128 Gox [765 | 0742 o GROWTH
FaiL | 0.165 | 0500 | 0.330 | 137.1 | [3> [ 0669 [ 0.101 [ 0.760 | 1.201 | sTATIC ol LI
AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 400°F IN FLOWING NITROGEN
FLAW MECHANICALLY CUT
ASSUMED g, = 205.0 ksi
Table 35: PROOF/MDOP/30-DAY SUSTAINED TESTS OF NICKEL-PLATED, 0.21 THICK
D6 STEEL WELDMENT V W
START| 0.131 | 0380 [0.345 | 1622 | 208.3 | 0.78 | 0.079 | 0650 [1.119 | _ 99.3 | 0.886 | PROOF
T MIN Aa = 0.003"
sTop [0.134 |0.390 |0.344 |162.2 0.778 | 0.081 | 0.665 |1.127 ory | 1014 [0905 | Ao ggron
START| 0134 | 0380 [0.344 |123.0 0590 {0078 |oees |1.127 | o AR 756 | 0675 | yoop
IN-
Gw- | 0202 |1.793 [sipe [stop |0.134 |0.390 |0.344 | 1230 0590 {0078 {0665 |1.127 |CYCLES| 44 75.6 | 0.675 NO GROWTH
1P-6 HAZ ———— e m
START| 0.134 {0390 {0344 |130.1 0624 | 0079 | 0665 |1.127 | o wwo_oo 80.2 | 0.716 | susTAIN
STOP |0.134 [0.390 |0.344 | 130.1 0.624 [0.079 0665 |1.127 [PAYS Gox | so2 [0716 | NOGROWTH
FAIL [0.153 |0.410 |0.373 |167.2 |208.3 |0.803 |0.087 |0.759 |1.142 [sTATIC N,% 1006 | -
[[>  ASRECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 375%F IN VACUUM

>

FLAW MECHANICALLY CUT



Table 36: PROOF/MDOP/30-DAY SUSTAINED TESTS OF NICKEL-PLATED, o,,wd THICK
D6 STEEL WELDMENT V v

¥é6

@ W oH E -
> = — e |
M\lw- QNu o o U, = .N MK p-d m m K. ,
< z - = : z 9 Q K} e x O luale| o
b3 % v T b= =] T = W aZ 4 -0 < w x |&Hz|E = T
o OF == 2T | 2292 Sw Sw 5 |25 e SEl - - e i ¥ ¢
w3 TR | 2838 |88 |30E|388| ¢ |EEE|iET| x |SNE| o |£29|85 |83 22 (=53 & 2
2 | FE | £ | 29 |Fo<|ZBE[28E| 5 [SHZ|=GEl & |das] § |asi|ka [FF| KD Bz ¥ 3
START 0.115 | 0.400 | 0.287 | 152.9 | 208.3 | 0.734 [ 0.078 | 0517 | 1.006 | _ | i 914 |0815 | PROOF
) 073 | o MIN Aa = 0.005"
STOP | 0.120 | 0410 | 0.293 | 152.9 734 | 0.081 | 0.539 | 1.105 ; 935 |0.835 A2 = 00107
START 0.120 | 0.410 | 0.293 | 1159 0.556 | 0.078 | 0.539 [ 1.105 : 69.8 [0.623 | MDOP:
oUT- 20 ' | DRY ;
CYCLES] AIR Aa, = 00027
aw-38| 0.223 | 1.796 | SIDE | STOP | 0.122 | 0.410 | 0.298 { 115.9 0.556 | 0.078 | 0.548 | 1.106 70 700 |o0625 , |
HAZ , —_—_————— -
START 0.122 | 0.410 | 0.298 | 1176 0.564 |0.079 | 0548 | 1.106 | o , 71.1 |0.635 |SUSTAIN “
; ,, NO GROWTH |
STOP | 0.122 | 0.410 | 0.298 | 117.6 0564 |0.079 | 0548 | 1.106 | PAYS 71.1  |0.635 M N
. [
FAIL | 0.126 | 0.420 | 0.300 | 168.9 0.810 | 0.085 | 0.566 | 1.113 [sTATIC[ wﬂw 106.6 -
START| 0.093 | 0.390 | 0.238 | 166.4 0.799 |0.072 | 0458 | 1.097 | _ 953 |0.851 |PROOF %
Aa = 0003
STOP | 0.096 | 0.390 | 0.246 | 166.4 0.799 | 0.073 | 0.473 | 1.100 MIN | pry |983 |0.859 :
START| 0.096 | 0.390 | 0.246 | 126.2 0.606 | 0.070 [0.473 | 1.100 |, [P 1715 |oe3s |mpop | |
IN- - ' ]
, Aa) = 00027
GW-47| 0.203 | 1.805 | SIDE | sTop | 0.098 | 0.390 | 0.251 | 126.2 | 0.606 |0.070 |o0.483 | 1.101 |CYCLES 70 719 |0.642 ”
HAZ ! —
START| 0.098 | 0.390 | 0.251 | 128.2 0615 | 0.070 10483 |1.101 | ' |3000 |73.1 |0.652 |SUSTAIN |
, PSI . |
, NO GROWTH
STOP | 0.098 | 0.390 | 0.251 | 1282 | y |0.615 |0.070 | 0.483 | 1.101 DAYS © |eox {731 |o0.s52 HRO |
FAIL [0.114 | 0420 J0.271 | 177.4 | 208.3 {0852 | 0.083 | 0562 |1.133 |STATIC| w\_,% h12.7 - ;

v AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + 24-HOUR BAKE AT 375°F IN _n_-Oi_ZO 2_._.mOO,m2

B> FLAWS MECHANICALLY CUT |
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Table39: CYCLE THROUGH —THE —THICKNESS TEST OF D6 STEEL WELDMENT SPECIMEN FROM LM/ECS

DESCENT GOX REQUAL TANK (S/N 0032) > >
@ > >
= (%) Fz |EQ
J a g (48 w - |20 |82
- - < z = |eg z P WS)WWJ
; W m ¥ =g m W -2lc £ -
= a z| 5 & MaA B o £35sleSs| | z |z cu ¥ 0
we | % 2, S| £ | = 1| = 8 e 124 | 0E | © JicPic| 8 |laoZlao 3| © ¥
S2| ¥z | Fz|=z%|-2 [2E=|36= % s |4 |82 (2% 2P |3Z2 e |  E |[BEx|EE=] ¥ <
25| 28| 08|38 |28.[38%[385| ¢ |EEs| X |BE3| ih |38F| < BRRER2(EEF| B jesxesel X 3
Gzl s | S| 28 |[Foq|Zas|RYE]l 5 |<h| o <h2| he |[@2as| & |[oSi|msi|Fr2| Pl |oDxihoy v o
IN- |START| 0.086 | 0.383 | 0.225| 80.0 [ 0.361| [3> | 0. | 0063|0482 [1.116]| 055 437 | 49 | 48.6 |2200eTO BREAK-
LAs THROUGH. HELD
TW-31| 0.179 | 1.498 | SiDE [STOP | 0.179 | 0.565 | 0.316 | 80.0 | 0361| B> | 0.1 [o0.108] 10 B> - |70 | A1 B | - | B> |aTsoksiFOR
20 MIN. AFTER
HAZ [FAIL (CYCLEED THROUGH } THE {THICKNESS) - - ~ | BREAKTHROUGH
> TANKHADPAINT REMOVED BY SANDBLASTING, THEN IT HAD ADDITIONAL 24 HOUR BAKE AT 375°F IN VACUUM AND IT WAS
REPAINTED BY GRUMMAN.
> FLAWS WERE EDM'D AFTER LAST BAKE OUT BY BOEING
B> ESTIMATED BENDING STRESS = 20.0 KS!
B> a1>0.85, M CURVE NOT APPLICABLE .
B> o,=2217ks
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._.wc_ouu“ O<O_.m._.ImOCOIh_.ImL.I_o_Ame4mm._.m0_nw0m_zmnv300mwmm_u
D6 STEEL FORGING SPECIMENS

z o
<v,. o Q [17) — -
e 2 . > 25 5|, &) ¥ W
~ < T b3 z - = > L
z |2 | Bl 2| « | 2 oS | E o Sl 2 | 2| Bl el = 2
=W Z T e W T _1:5 @y |52 ® ® FWM m) & e 23 g T
s = = - ~lz20= S 5 - o - T =
SE | 2% | 0% | 35 |B2.|38%|38%| ¢ |sEs|org| & |FHE| . |BEo|Esi|E3| B3 (=R @ =
a3 [y zE 29 (Fo«|Zas|zuE = <hx sHh GA H&:m\ s osc| ¥R Rr o ([hEx O ﬁ W
START| 0,004 | 0530 | 0.177 | 130.0 | 2124 | 0612 | 0079 | 0.746 | 1.386 |, 99.0 R=0,f=10cpm
Aa =0,032"
pBM | 0.126 | 2.004 _m”__wm sToP | 0.126 | 0.540 | 0.233 | 1300 0612 | 0,094 { 10 B> CYCLES| 45 wwmw B> | YES |A2c=0010"at )
5 : 2 break through
FalL | 0.126 | 0.575 | 0.219 | 1300 0612 | 0097 | 1.0 B lcveLes B> P
START| 0.061 | 0.520 | 0.117 | 121.0 0570 | 0.057 | 0.488 | 1.172 330 66.2 R=0,f=40cpm |
ouT CYCLES LAB 0 302 cycles,
DBM | 0.125 | 2.006 " |stop | 0.126 | 0.570 | 0.219 | 1210 0570 | 0.096 | 1.0 B> 70 B> | YES | thenf=10cpm
SIDE AIR As = .
-6 a =0.064 I
FAIL | 0.125 | 0.655 | 0.191 | 1309 | 212.4 | 0616 | 0.103 | 1.0 B> (sTaTic B> A2c=0080"
[[> HEATH TECNA PLATED; FLAWED AFTER BAKE AT 375°F FOR 4 HOURS IN AIR
B> FLAWS EDM'D
B> a/t > 0.85, M CURVE NOT APPLICABLE
Table 38: CYCLE THROUGH-THE-THICKNESS TESTS OF NICKEL-PLATED, 0.21 THICK,
LONGITUDINAL GRAIN D6 STEEL PLATE  [T> [2> [5>
| START! 0.148 | 0495 (0299 | 957 | 1982 | 0.483 | 0.094 | 0718 | 1.207 69.0 R=0.1,1=180cpm
615 | 0206 | 1.800 m_ﬂ_- 400 50 | LAB YES |Aa =00s8” |
DE lstop {0206 | 0.700 | 0.204 | 957 0.483 [ 0132 | 1.0 B> |CYCLES| =~ | AIR | P A2c = 0.205"
N START] 0.115 | 0.460 | 0.250 | 86.25 0.435 | 0.081 | 0559 | 1.148 54.8 R=0.1, 1= 180 cpm
G-16 | 0.206 | 1802 | o~ : B 50 | LAB YES |Da =0081" |
STOP | 0.206 | 0.675 | 0.305 | 88.95 | 198.2 | 0.449 | 0.128 | 1.0 B AIR B> A2c=0.215"

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY BOEING ;
ALL FLAWS EDM’'D AFTER EXTRA BAKE CYCLE AND PAINTING

a/t > 0.85, My CURVE NOT APPLICABLE

CYCLED AT 86.25 KSI FOR 1,450 CYCLES AND CYCLED AT 88.95 KSI FOR 150 CYCLES, THEN HELD AT 88.95 KSI . ”
FOR 10 MINUTES : ,
SPECIMENS G-15 AND G-16 WERE PREVIOUSLY SUSTAINED LOADED; SEE TABLE A15 FOR SUSTAINED LOADED DATA
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Table A-1: FRACTURE TESTS OF NICKEL-PLATED D6 STEEL PLATE AND WELDMENT v
-4
2 @] w = —
- [ m W w CN._ ¥
: o < 3 2k .
|z 18 z 21 e ~ . = S 83| % R
= = . = . I ) Q £ = u o o O |unwls
e |¥x_|E-|=z5 (38|26 =2 |o2 2 [z %2 a2 & e
M mw o m.m <O Am.mANm 8 MR.\mﬂ%.\m £ M_E.m. o mnAum .cuuMmm mw ey
SIS |EFE| S| 29 |IZBEIZYE| 5 |2hEshE] & |2aS 5§ [BsS|pEsl| g bz
- LAB
2 |GBMm-1]0.214 | 1.802 OUT- 1 6101 | 0.4a5 | 0.227 | 1740 | 2048 |0.850 | 0.081 | 0472 | 1110 | 70 107.2
s SIDE AIR
w
P
w ouUT- LAB
v .| GTB-4| 0.386 | 2.256 0.169 | 0.550 | 0.307 | 149.8 | 1925 |0.779 | 0.111 | 0.438 | 1.056 | 70 102.7
g SIDE AIR
ouT- LAB
GW-17} 0.215 | 1.803 | siDE | 0.097 | 0.467 | 0.208 | 1815 | 2083 |0.871 | 0.082 | 0.451 | 1.100 | 70 AR | 1123
— HAZ
& ouT- LAB
Z |Gw-18[0.215 | 1.801 | SIDE [ 0.086 | 0.457 | 0.188 | 184.8 |208.3 [0.887 | 0.076 | 0.400 | 1.086 | 70 AR | 1082
ﬂ HAZ
= . ouUT- LAB
GW-6 [0.215 | 1.801 | SIDE | 0.095 | 0.445 | 0213 | 164.0 |208.3 [0.787 | 0.077 | 0442 | 1100 | 70 | , o 97.9
HAZ

AAAR

0.21 THICK, LONG Om>_2..>m RECEIVED (BAKED 4 HOURS AT 375°F IN AIR)
0.375 THICK, LONG GRAIN, AS RECEIVED (BAKED 4 HOURS AT 375°F IN AIR)
0.21 THICK, LONG GRAIN, AS RECEIVED (BAKED 4 HOURS AT 375°F IN AIR)
0.21 THICK, LONG GRAIN, AS RECEIVED (BAKED 4 HOURS AT 375°F IN AIR) + BAKED 20 HOURS AT 900°F IN AIR
ALL FLAWS EDM'D AFTER ALL BAKING

vV v VYV VvV ¥
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Table A-2:  STATIC FRACTURE TESTS OF BOEING-PROCESSED D6 STEEL SPECIMENS V _v

(

Z
aev. 2 x > Y
g - E v D w
2 0 g < T =Is| E o>
2|8 |5 | B = | 2 oS | E o | I [F2z| 2| 2.k
| =s m) I = WH. =5 wB a2 o WN S -z0| w Q %mw
|82 | 9% |58 |38 355|325 ¢ |Fesldes| € [3¥E| o |69%|EEe B |EES
S |Gz |FE(E |20 |2oE|f8E| 5 |2BE|5h2| & |@as| § |osi|FFY| FE B2
LAB |
© |DBM-8|0.128 | 2007 | — [0056 | 0493 | 0.114 | 1869 | 2124 |0.880 | 0.058 | 0439 | 1136 | 70 | 5 |[1999
S LAB
C |pBM-9|0.127 | 1995 | — | 0088 | 0.497 [ 0.177 | 167.8 [ 2124 [0.790 | 0078 | 0696 | 1.333 | 70 | 4 |[1216
= ouT- : LAB |-
z |DWM-3[0.208 | 1759 | SIDE | 0.081 | 0.445 | 0.182 | 168.0 | 2167 | 0.776 | 0.070 (0389 | 1085 | 70 | 5o | 94.4
= A_uu ”, ,
9 OuT- ”ﬂ LAB ||
w | DWM-1 5182 | 1890 | SIDE | 0.085 | 0.496 | 0.171 | 171.7 | 216.7 |0.793 | 0.076 | 0.467 | 1.133 | 70 104.6
z | 15 , AIR
HAZ ; .
[>  UNPLATED AND UNBAKED | :
B>  ALLFLAWSEDMD . | :
Table A-3: STATIC FRACTURE TESTS OF NICKEL-PLATED, 0.21 .j.I_ox LONGITUDINAL
GRAIN D6 STEEL PLATE [> >
w : W
= IN- : LAB |-
< | G-7 | 0207 | 1.791 0.093 | 0.445 | 0.209 | 1440 | 198.2 | 0.727 | 0.075 | 0.449 | 1.107 | 70 85.3
J SIDE , AR |

(> AsRECEIVED
> FLAw EDM'D




Table A-4: STATIC FRACTURE TESTS QF D6 STEEL SPECIMENS FROM LM/ECS
DESCENT GOX TANKS
> > . -
(L) - -]
f Ez =g}
2 2 s |o & |88 | w | 5 |25-1]22-| 3
» = % 2 z ® Ey|EE o 5 S |8gc |2 | ¥ w
vz - 1] z & z < T 5o | u z2gs|ng=| E z |55 |Buw __ »n€S
Zg < z o 2 2 & © . ) = S N 4= 102 < 2 |=+ = o v<y
Wz - F_E = R = . I [~ U] o i SJe@lour < o OB o® N zn
2 « =3 v T = I = =71 o2 e |Ya L301=20 w [ "NTW\ M»T.R <w
G2 v o2 | 82 == 2q |32 0F Sw Suw s T 2= a&r 85k -2 = | w + =0
02| < | B3| £8 | 28 | I8 [IHE|328| & [FEE(DET| % |EEg| 38| o |222|299(02g| 83 (=5 x¢|ES ef ¥ zo%
&u = Sz | EE | 2£ (29 [Zos|TdUE] 5 |%HE|=62] & |¥hx| £ k) oo |Bsa |HEe | KE |Box|koax | ¥ 25
IN- LAB _
m T8-5 | 0120 0808 | ¢~ | 0.054 | 0.202 [ 0.267 | 177.2| 220.5 | 0.804|-12.6 | 0039 0450 | 1.079 | 053 | 70 AR | 736 | 23 | N3 V mv vv
(&)
o«
o - LAB
m *“ |ve-18| 0.111] 1.001 wﬂum 0.062 | 0.250 | 0.248 | 178.0| 2205 | 0.808 | 44.7 | 0.047( 0561 | 1.151 | 044 | 70 AR | 865 | 76 | 94 v v vv
£ IN-
A [t LAB
@ z [Tw-3 | 0.179] 1507 | SIDE | 0.000 | 0.371 | 0.243| 161.6| 221.7 | 0.730| 366 | 0.068] 0503 1116 | 051 | 70 916 | 86 [100.1,
= HAZ AIR
[=]
ouT-
] LAB
& [vw-10[ 0.182 | 1.496 | SIDE | 0.093 | 0.395 | 0.235| 187.1( 2217 | 0.845|-41.8 | 0073 0512 1127 | 051 | 70 mp | 1112 [-102 1010 v v vv
HAZ
o~ o
I = ! IN- W
o5 (el LAB
Sz |z Z | Tw-32| 0.180| 1.497 | SIDE | 0.084 | 0.383 | 0.219| 1620| 221.7 | 0.731| 41.0 | 0067 0467 [ 1.111 | 057 [ 70 aiR | 905 | 107 |1012 v v v v
cul=zs= HAZ
IN-
- 0.181| 1.497 | sioE | 0.093 | 0.305 | 0.235| 1605| 2217 | 0725 292 | 0071} 0514 ] 1120 | 0851 | 70 94.1 70 [101.1
zZ a2 AIR | 2>
m ¥ HAZ
a IN-
2 - SN I.AB
& 2 | q1g | 0181 1500 M__MM 0089 | 0.400 | 0222 1578{ 2217 | 0713] 248 | 0070} 0493} 1123 | 055 | 70 AR | 912 | 84 | 976 _vvvv

NAYAAAARY

AS RECEIVED {4-HOUR BAKE AT 375°F IN ARGON)

PAINT REMOVED BY SANDBLASTING

24-HOUR ADDITIONAL BAKE AT 375°F IN VACUUM

REPAINTED AFTER ADDITIONAL BAKE
FLAWED AFTER LAST BAKE

ESTIMATE
ALL FLAWS EDM'D
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Table A-5: LOAD/UNLOAD TESTS OF BOEING PROCESSED D6 STEEL SPECIMENS

>

>

F4 o
v (@] o - —_
- " e = o - W Z ¥
» b4 © : < < : :
- > @ 3 b4 e} o~ NS = o AWH o 2 w < W i 2
g we = 4 = = © T Qs 1) 2 S = @ Sluwal=l E =
= | 2512 |7 |25 |5 [s2.ls5. 28 102 | 2 |57, TS5l g |k | _glggl & g
=122 25| 8% |35 |82 1385|225 ¢ |E=gloeg| & |IWE| o |8E9 s Bz |B3|z23%] @ bt
S | g2 | E£ | s£| 29 |F8T|ZBE|TuE| § |2hEsRE| & |Zaf| 5 |osi|¥Fa |Fr |RE[BZE| o «
f
START| 0.050 | 0.490 | 0.102 | 1889 | 212.4 | 0.749 | 0.051 | 0.394 | 1.108 | _, 77.3 Aa=0002"
_ MIN :
DBM YES i
D8M | 137 |1909 | — |STOP |0052 | 0400 | 006 | 1589 0749 | 0052 | 0.410 | 1.116 70 |LAB| 791 UNPLATED
0 FAIL. | 0.053 [ 0.490 | 0.108 { 192.0 0.904 | 0056 | 0418 | 1122 | g1 99.5 SPECIMEN
2 TIC !
(&)
2 START| 0.091 | 0.504 | 0.181 | 1250 0588 | 0076 | 0.745 | 1.380 | _, 92.7 Aa-0002"
2 4 MIN
DBM IN- : 70 YES
DBV | (122 | 1905 | W= [STOP | 0093 | 0504 | 0.185 | 1250 0588 | 0.077 | 0.761 | 1.392 LAB | 4. PLATED
FAIL. | 0.112 | 0504 | 0222 | 1519 | 212.4 | 0715 | 0.088 | 0917 —V STATIC _V SPECIMEN
N START| 0.086 | 0510 | 0.169 | 126.0 | 216.7 | 0582 | 0,073 | 0.433 | 1.113 |~ 74.0 Aa=0005"
g | owm OUT- Istop [ 0.091 | 0510 | 0.178 | 1260 | 2167 | 0582 | 0.076 | 0.458 | 1.125 | MIN- 70 |LAB| 762 | ygg :
= | 5 |0199 |1900 |SIDE AIR UNPLATED
s |- . . :
= Q@ [FaiL. |0.146 | 0530 | 0.275 | 120.1 | 2167 | 0596 | 0099 | 0.735 | 1.248 |sTATIC 99.0 SPECIMEN
£ ! i

V PLATED SPECIMENS WERE DONE BY HEATH TECNA AND FLAWED AFTER BAKE AT w.\mo FOR 4 HRS IN AIR

W ALL FLAWS EDM'D

W a/t >0.85; _S_AOCm<m NOT APPLICABLE
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LOAD/UNLOAD TESTS OF D6 STEEL SPECIMENS FROM LM 2 ECS

Table A-6:
DESCENT GOX TANK (S/N 0010) V
[ o
g z B3z L m z |kO
- 2 5 |¢ o |ud wl & |22-125-| &
a 0 = = ] EoylEE o 3 & Qe {w8ec| ¥
g =z 3 & XA b w i g ng Z F._ 2= |k 3IE u
212 |8 |2 | 8| 8| =]z 52 o2& | N 9leZ| & | 5| & [EE|EE>| = | = g
E |28 B F-|25 (.6 |sEz|28- « 28 | & |24 | = 23512551 & | §| 2 |gaez|gez| ¥ | E z
[ Os C.m = X0 TN [ S 3} Jw o ow < - PGT DGT [ —a - w2 jlumx + 3
2 | @5 | 2|22 | 38 [BB8-[3SE[3T8| S |Ec3| % |Feg| SE| § O|BeR[EEe| 85 (23] 83 |sS ¢S o x | & &
= 7% FE |l 2= 22 |[FO<c|aosS|laa=E]| Zh¥| o XHZ| T £ osui les=a | F0 e ﬁm‘ Lavibdx | ¥ IT] «
o START|0.055 | 0.200 | 0.275 | 143.0 § 0.649 {22.1 0.038 | 0.465 | 1.081 | 0.50 ~1 58.6 3.8 62.4
g IN-
W TB-7 |0.118 | 0.808 | SIDE | STOP |0.055 | 0.200 }0.275 | 143.0 | 0.649 |22.1 0.038 | 0.465 | 1.081 | 0.50 MIN 70 WWM 58.6 38 62.4 | NO
(=}
- N FAIL 10.085 |0.225 [0.378 | 162.1 | 0.735 |25.2 0.047 | 0.718 | 1.114 | 0.12 STATIC 76.5 11 776
.NI« START}|0.095 | 0.395 | 0.241 | 140.6 | 0.635 [41.3 0.070 | 0.523 { 1.131 | 0.50 ~ 82.2 | -9.7 725 Aa=0.002"
w =1
i ouT- MIN LAE
w TW-11]0.182 | 1.497 | SIDE | STOP |0.097- | 0.395 | 0.246 | 1406 | 0.635 }41.3 0.071 | 0.534 | 1.135 | 0.47 70 AIR 829 | -9.2 73.7 } YES
w HAZ
z FAIL ]0.123 |0.397 {0.310 | 169.9 | 0.767 }45.6 0.080 | 0.677 | 1.169 | 0.22 STATIC 1095 | -50 104.5

SPECIMENS HAD PAINT REMOVED BY SANDBLASTING, THEN THEY HAD ADDITIONAL
24-HOUR BAKE AT 375°F IN VACUUM AND WERE REPAINTED BY BOEING

FLAWS WERE EDM’'D AFTER LAST BAKE BY BOEING
Oys OF FORGING = 220.5 KSl; Oys OF WELDMENT = 221.7 KSI




0l

Table A-7: SUSTAINED LOAD TESTS OF BOEING-PROCESSED D6 STEEL FORGING SPECIMENS V WV

v Z T . |
- « g = g3 Z ¥
(7] 4 (& - -4 -
& < T 25=l =z E = >
z | & 3 z| o o ! o = o 2| &§ | 2| E~| x g
wi 2 : = = - = w9 Q E g = c O |wnale = !
Zo | - | E-| 2% |2 |3E<|3G: S0 |93 >z eZel -<T| 8| ~Z 325 £ g
23 | 28 | 5% | 33 |82, |S58|328| & |Ers|oEs| & |39E| . |E29|BS3|BE| B2 [E53] @ z
sz | FE | 2£ ] &9 |[Fo«|Zos|T8E| 5 |2hXFHE] & |tas| § |osi|roslre]| FO |B2Z2| © &
START| 0.098 | D.509 | 0.193 | 125.0 | 212.4 | 0589 | D.0B0 | 0.772 | 1.392 | 5MIN 95.7 ,
Initially loaded and
START| 0.101 | 0.509 | 0.198 | 125.0 0.589 | 0.081 | 0.796 | 1.406 97.6 test machine failed
DEM | 0.127 | 1900 | IN- 200 | 70 N»% YES | after 5 min, reloaded
-3 SIDE Is1op | 0109 | 0.509 | 0.214 | 125.0 0589 | 0085 | 0.859| B> B> _
Dw._..Oq.)_. =0.011"
FAIL | 0111 | 0.542 | 0.205 | 141.9 0.668 | 0.089 | 0.875 | B> [sTaTIC B> i
T
START| 0.051 | 0.500 | 0.102 | 158.9 0.749 | 0.052 | 0.424 | 1.133 3000 | 796
" 20.0 PS! , ,
cawg 0120 | 2013 w_mm STOP | 0.053 | 0.500 | 0.106 | 158.9 0.749 | 0.053 | 0.441 | 1.141 70 | Gox | 817 | YES Aa=0.002"
FAIL | 0.054 | 0.500 | 0.108 | 187.7 0.884 | 0.057 | 0.449 | 1.146 | STATIC K»M 100.0
START| 0.052 | 0.490 | 0.106 | 125.0 0.589 | 0.050 | 0.416 | 1.121 3000 | 61.1 .
DBM 200 - PSi
, | 0125 | 201 _m_”__wm STOP | 0.053 | 0.490 | 0.108 | 125.0 0.589 | 0.051 | 0.424 | 1.126 70 | Gox | e1.9 | YES Aa = 0.001%
FAIL | 0053 | 0.490°| 0.108 | 193.7 0912 | 0.056 | 0.424 | 1,127 | STATIC w\_,% 101.0 ,
START| 0.090 | 0.500 | 0.180 | 125.0 0.589 | 0.075 | 0.708 | 1.341 3000 | 89.6
20.0 [ i
oam_s 0.127 | 2.010 w_”__wm STOP | 0.095 | 0.500 | 0.190 | 1250 | ¢ | 0589 | 0.078 | 0.747 | 1.370 70 | cox | 930 | YES Aa=0.005"
- ,ﬂ
FAIL | 0.095 | 0.500 | 0.190 | 162.0 | 212.4 | 0.763 | 0.081 | 0.747 | 1.370 | sTATIC w\_,_w 123.1

V HEATH TECNA PLATED; FLAWED AFTER BAKE AT 375°F FOR 4 HOURS IN AIR

> ALLFLAWS EDMD
B> a/t> 0.85; M CURVE NOT APPLICABLE .
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Table A-8: SUSTAINED LOAD TESTS QF BOEING-PROCESSED D6 STEEL
WELDMENT SPECIMENS —FLAWS IN G
4 =
" @) o w = -
- 2 . < = 5| &) ¥
z ] 3 b4 o ~ UA mln o M © M, W _M W W - v
w > . m - a. o of (o &) = —Sux - [+ e} = . I P4
Ze | ¥ | E- 22|28 |2E<-|2G 28 1a2 | & |=7 2z| 32| 8| $m_lm\ z g
22 28| 5|35 |855|388|32F ¢ |EE3|3fs| % |3NE| o |B2G|Es|BE)| B3 |ESE| 2 2
Sz | mE | 2£ | 25 |Fo<|Tos[25E| 3 |[<R¥|=hE| S IZaE| § |osi| ks |Fr) RS |IBZ2X| o b
START| 0.095 | 0.500 | 0.190 | 126.0 | 216.7 | 0.582 | 0.078 | 0.473 | 1.129 3000 | 77.2 Aa = 0.026"
IN- , 68.2 PSI A2c=0.013"
DWM [ 0.201 |1.998 |SIDE |STOP | 0.121 | 0.513 | 0.236 | 126.0 0.582 | 0.089 | 0.603 | 1.190 70 | cox | 87.5 YES
-2 ¢ A
FAIL | 0.132 | 0555 | 0.238 | 151.4 0.699 | 0.100 | 0.658 | 1.232 | STATIC w:._.w 114.8
START| 0.087 | 0.498 | 0.175 | 126.5 0.583 | 0.073 | 0.424 | 1.105 3000 | 73.8 Da=0.018"
IN- 20,0 PSI
pwMm | 0.205 [1.992 |SIDE [sToP | 0.105 | 0.498 | 0.211 | 1265 0.583 { 0.082 | 0.512 | 1.142 70 | GOX | 80.7 YES
-4 ¢ AB
FAIL | 0.114 | 0.498 | 0.229 | 1336 0.617 | 0.086 | 0.556 | 1.162 | STATIC \_H._m 88.9
START| 0.096 | 0.510 | 0.188 | 100.0 0.462 | 0.077 | 0.490 | 1.140 3000 | 61.7 Aa=0.023"
IN- 20.0 PSI
DwMm | 0.196 ]2.005 |SIDE [sTop | 0.119 | 0510 | 0.233 | 100.0 0.467 | 0.087 | 0.607 | 1.196 70 | Gox | 687 YES
-6 ﬂ.
FAIL | 0.149 | 0.562 | 0.265 | 119.1 0.550 | 0.103 | 0.760 | 1.281 | STATIC w\_y%_ 95.4
START| 0.158 | 0.500 | 0.316 | 75.0 0.346 | 0.095 | 0.766 | 1.217 3000 | s4.9 Ha = 0,002
IN- 20.0 PSI
pwM | 0.206 |1.997 |SIDE [sTop | 0.160 | 0.500 | 0.320 | 75.0 | 216.7 | 0.346 | 0.096 | 0.775 | 1.218 70 | cox | 55.1 YES
-8 ¢ AR
FAIL | (CYCLED THROUGH-THE-THICKNESS) STATIC w;m -

[[> HEATH TECNAPLATED; FLAWED AFTER BAKE AT 375%F FOR 4 HOURS IN AIR
> ALLFLAWSEDMD
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SUSTAINED LOAD TESTS OF BOEING PROCESSED D5 STEEL

Table A-9:
WELDMENT SPECIMENS [T> — FLAWS IN HAZ s
2 w
¢ o o w = -
- " s E u 51 & ¢
[5) . -
> a z| & ~ S| E 32| 3 < 2z | ; 2
Ze | @ 2z o = © I o~ 5 g “ee| 2 P Slaalzl = x j
Sw | Z : = = : = @9 3 » E L0 E=| w  |82l| % x !
So | ¥- | E=| 22 8 |zZf-|z0= e > 1z .= aZr| Lt a| =3 (W <
92| S5 6% | 30 |»Zz_|2E8[228] o Trz|de=| 2 Qs W0 | nrx3|anZE|l w2 [c@2Z 2 s
=) Ie 2% 30 |lworllwe|lds | o ) ] « |INE - WS w22 |ww) W2 |53 « w
52 [=u3 TS Lad j=O04C|ao=S|was =3 dnXEl>nx] © gy s s oSu | FOoLE | -] FW |nEX U} @
IN- | START| 0.098 | 0.510 | 0.192 [ 1000 | 216.7 | 0462 [0.078 |0476 |1.130 |04 LAB |615 Aa=0047"
DWM SIDE : ~ L
0.206 | 2.005 sTop | 0.145 | 0538 | 0.270 | 100.0 0462 |0.098 |0.705 |1.233 701 AR |752 | YES A2c=0.028 ,
-7 j PLATED ,
“HAZ | FAIL |0.180 | 0.600 | 0.300 | 134.8 0622 |0.116 (0875 | [TSTATIC > SPECIMEN
N~ | START| 0.097 | 0523 | 0.185 | 100.0 0.462 {0078 |0470 |1.129 61.6 wm =0.012"
DWM SIDE 200 'l LAB 2c = 0.008
-18 | 0.206 | 2.004 sTop {0.109 | 0532 |0.205 | 100.0 0.462 | 0084 |0528 |1.150 70 | AIR {657 YES mwmm_m,\_omz
HAZ |FAIL. | (CYQLED THROUGH|-THE-THICKNESS) STATIC | -
IN- |START| 0.089 | 0508 |0.175 | 74.8 0346 [0.072 |0424 [1.105 3000 {433 Aa=0010"
SIDE 200 o |PS!
pwm | 0210 | 2.005 sToP [ 0.089 10508 |0.195 |748 0.346 |0.077 |0.472 [1.126 0 |cox lass YES PLATED
» AR SPECIMEN
HAZ |FAIL. |0.126 | 0513 |0.246 |155.3 0.717 |0.094 |0601 [1.179 |sTATIC AR 1004
IN- | START|0.096 |0525 {0.183 [40.0 0.185 (0075 |0.460 |[1.124 3000 {24.1 Aa=0007"
SIDE 20.0 PSI
oﬁs 0.209 | 2.000 stor |0.103 |0525 |0.196 |40.0 0.185 [0.079 [0.493 [1.138 70 lcox |24.9 YES mWquo |
- : CIMEN
B ,
HAZ |FAIL. [0.137 |0543 (0252 | 1284 0592 {0098 (0656 |1.216 |STATIC w\_ym 953 ,
IN- {START|0.087 |0503 |0.173 |100.0 0.462 (0072 |0.429 |1.108 3000 |(58.0 Aa=0013" 4
DWM SIDE 200 PSH ,
13 | 0.203 | 2.001 STOP |0.100 {0503 |0.199 |100.0 0.462 |0.078 l0.493 |1.138 70 1Gox |62.1 YES PLATED
s SPECIMEN
HAZ |FAIL. |0.108 |0508 |0213 [151.0 0698 [0.086 [0532 [1.157 [sTATIC AR |100.0
- e
IN- |START|0.083 |0500 |0.166 |1265 0584 |0.071 |0.400 |1.092 3000 (719 8a=0013" !
SIDE 200 PSI ,
oﬁg 0208 | 1.985 stop [0.096 |0500 |0.192 |1265 0584 l0078 l0463 |1.121 0 lgox {173 | YES mwmm_ﬂ_omz ,,
HAZ |FAIL. |0.117 |0509 |0.230 {1500 |216.7 |0.692 [0.090 [0564 |1.167 [STATIC wnw 102.3
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Table A-9: SUSTAINED LOAD TESTS OF BOEING PROCESSED D6 STEEL
WELDMENT SPECIMENS — FLAWS IN HAZ (CONTINUED)

sol

z ™
2 Q e pe ~
w m [T} 0. z _M b4 mnuu ] X
< T = -4 - = >
T | w 2 M o © ~ ol - o < © = o « r e~ ®
Fw z : = = : = w9 9 s g = o g a3l E a
52| 8= E=| 2% |8 |2Z=|20= L |93 > lz .~ azP ~<T || S |825 2 g
$3 | 8| SF |38 |B3:|S8E|388| ¢ (Ee3|ics| X [3NE| o (832|253 |82| g2 (=53] & 2
z | FE| E | T2 [Foq|aoE|TEE]l 5 |<hx|FhE| S [daE| § |a=l|Bas| k| FE [B2E] © o
DWM IN- | START| 0.087 | 0.490 | 0.178 | 1000 | 216.7 | 0.462 [0.071 |0.421 |1.102 3000 |57.4 Aa=0001"
as SIDE 20.0 PSI -
0.207 | 2,007 sToP | 0.088 | 0.4%0 | 0.180 | 100.0 | 216.7 | 0.462 {0072 |0425 |1.103 70 |Gox |578 |YES |UNPLATED
CAG SPECIMEN
HAZ | FAIL. [0.122 | 0.490 | 0.249 [157.1 [ 2167 | 0725 |0.000 |0590 |1.169 [sTATIC AR | 1076
[I=>-PLATED SPECIMENS WERE DONE BY HEATH TECNA AND FLAWED AFTER BAKE AT 375°F FOR 4 HOURS IN AIR
v ALL FLAWS EDM'D
[Z=> 2/t >0.85, M CURVE NOT APPLICABLE .
Table A-10: SUSTAINED LOAD TESTS OF RE- m>_AmvaOm_20 PROCESSED D6
STEEL WELDMENT SPECIMEN — FLAWIN I>Nv
DWM IN- | sTART| 0,093 | 0513 | 0.181 | 1000 [ 2167 |0.462 |0.076 |0.449 |1.118 3000 |60.0 Aa=0.001"
e SIDE , 20.0 PSI YES
0.207 | 2.001 sToP | 0.094 {0513 | 0.183 | 1000 |216.7 |0.462 |0.076 0454 |1.119 70 |gox |e0.2 PLATED
SPECIMEN
HAZ |FAIL. | 0.112 | 0519 | 0.216 | 1429 | 2167 |0660 |0.088 |0541 [1.161 |STATIC w\_y% 96.0

VImb.ﬁI TECNA PLATED; FLAWED AFTER EXTRA BAKE AT 375° F FOR 24 HRS IN AIR

vm;s EDM'D



Table A-11: SUSTAINED LOAD TESTS OF D6 STEEL FORGING SPECIMENS FROM W
LM 2 ECS DESCENT GOX TANK (S/N 0010) ‘

901

py ]
[&] w > > 5
b4 2 Q> T Ez2 (=35} <
2 s e g (48 s = |25 |22 | _ S
< w _ 2 b z a, EAEE o gl & |E2-la2-]| ¥ wd
z 2 z | 3 & <& 2|y 23=lng=| =z |l = |gEalsleals| v @
e | w 3 o 2 ® - o o> | N = o2 ¢ (=] g Z [=F> (=@ @ | =z £<«0
zu8|2 |z |5 | 5 [L=_|.E wg | g |ug |2 LZSIE2S| Lo | & 8 [geE@ez| ¥ | & €0d
o —_ ] = <« a - - 3 = - - b = = = + <
©3|9%|0F| 58 |82, (358|328 ¢ |stg & |EEg3F| 5 [RECiEC|ES (6| B3 Fudiue ¥ |8 | E5%
Gz | EE] =z | 23 |FB8<|Zasldys ®° [ghx o |ghE T asiEss| tas [P S Bavibax| v | o €20
START|{0.058 |0.200 |0.290 | 140.0 | 0.635 |-43.0 | 0.038 | 0.504 | 1.088 | 0.44 DRY | 582 | -65 |[51.7 " Aa=0.001"
OuT- 20.0
TB-3 |0.115 [0.816 sTOP |[0.059 |0.200 |0.295 | 140.0 | 0635 |-43.0 | 0039 | 0513 | 1.090 | 0.42 70 | AIR 585 | -63 |522 | ves V !
SIDE . .
LAB
FAIL ]0.101 {0.212 | 0.476 | 163.1 | 0.740 | -46.4 | 0.045 | 0.878 W - STATIC AIR W - _V ﬁ
START|0.057 |0.220 | 0.259 | 160.0 | 0.726 |-44.6 | 0.041 | 0514 | 1.113 | 047 DRY | 705 | -75 |e30 Aa = 0.002"
ouT- 20.0 ' , !
T8-9 {0111 {0802 STOP (0059 10220 {0.268 | 160.0 | 0.726 | -44.6 | 0.042 | 0532 | 1.118 | 0.44 70 | AIR 713 | -70 1642 | YES _V |
SIDE ; .
FAIL |0.102 {0.230 |0.443 | 166.3 | 0.755 | 45.3 | 0.049 | 0.921 W - | staTic LAB W - _V !
AIR :
START| 0.053 | 0.200 | 0.265 | 161.1 | 0.731 | 22.1 | 0.038 | 0.448 | 1.079 | 053 3,000 | 66.0 40 (700 Ha = 0.008"
IN- 20.0 PSI A2¢c = 0.003”
TB-2 | 0.118 | 0.803 STOP (0.061 | 0,203 | 0.303 | 161.1 | 0.731 | 22.1 | 0.040 | 0519 | 1.088 | 0.41 70 | GOX 68.6 32 (718 | YES j
SIDE _V W W
FAIL |0062 | 0.212 [0.292 | 1735 | 0.787 | 22.8 | 0.042 | 0524 | 1.097 | 0.42 | STATIC ww% 76.2 35 |79.7
7 7
START| 0.054 | 0.200 | 0.270 | 1250 | 0567 | 23.8 | 0.037 | 0.482 | 1.091 | 049 00 3,000 | 51.1 40 |55 Aa=0.001"
IN- I PSI ,
TB-4 | 0.112 | 0.807 SIDE STOP | 0.055 | 0.200 | 0.275 | 125.0 | 0567 | 23.8 | 0.037 | 0.491 [ 1.091] 047 70 | Gox | 513 38 |55.1 | YES V
D .
FAIL | 0075 0225 | 0333 | 163.7 | 0742 | 279 | 0046 | 0670 | 1.140| 021 | STATIC w\_y% 780 | 22 |802 ,_
START| 0.057 | 0.202 | 0.282 | 136.6 | 0.619 | 37.6 | 0.038 | 0.483 | 1.084 | 0.47 w%oo 56.5 6.1 62.6 . 0e=0001"
IN- 20.0 '
TB-6 | 0.118 | 0.804 STOP |0.058 | 0.202 | 0.287 | 136.6 | 0.619 | 37.6 | 0039 | 0.491 | 1.084 | 0.46 70 | GOX 56.7 6.1 1628 | YES V V W
SIDE : |
FAIL {0100 | 0.290 | 0.345 | 137.9| 0625 | 37.7 | 0.059 | 0.847 | 1.232] 00 | sTATIC w\_y% 802 | oo |s02 _ '
1
START|0.053 |0.192 | 0276 | 152.1 ] 0690 | 28.6 | 0037 | 0.453 | 1.076 | 052 MiLR-1 611 | 501|662 La = 0.002"
IN- 200 HYD ,
T8-1 | 0.117 | 0.800 STOP |0.055 |0.192 | 0.286 | 152.1 | 0.690 | 28.6 | 0.037 | 0.470 | 1.077 | 0.48 70 | oL 615 47 |66.2 | YES _v _v V
SIDE )
FAIL |0.060 | 0203 | 0206 | 177.4 | 0805 | 312 | 0.041 | 0513 | 1089 | 042 | sTATIC w?m 760 | a7 |807 !

AS RECEIVED (4-HR BAKE AT 375°F IN ARGON) T '
PAINT REMOVED BY SANDBLASTING

BAKED 24 HRS AT 375°F IN VACUUM AND PAINTED BY BOEING
FLAWED BY BOEING

Oys = 220.5 KSi

a/t > 0.85, M CURVE NOT APPLICABLE

ALL FLAWS EDM'D

SAVAYATATAAS
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Table A-12: SUSTAINED LOAD TESTS OF D6 STEEL WELDMENT SPECIMENS
FROM LM 2 ECS DESCENT GOX TANK (S/N 0010) (Continued)
Q9 > . > . 5
2 Az Ez |9
2 B2 S g8 e | o l2d-lzzs| 2
- [%] o4 =4 E x|lEE o & (B |wSc] ¥ wo
> 18 |, z| 2 & g 8o 3= |08=| =z = s |[585 |G| WEQ
Ge | & 3 =) = © x o w |0g o Sz |Que| 2 g ZIEhL|sey 2 T %<5
=W x = = T = wa > |wa s w0 |30 ol g |40L(yce] x £ chz
S| = E=| 3% Q ZE=|120~| o Jw 5] Jw - aZr- |02 L7 o = |BF=|8r=] + 3 <0
23 | 2% | 9% |38 |B5.|32%|32%| § |&f3| & |EEg|3NE| s (B30 |299|kS3 (b |B2 By ks el ¥ | 2 30%
521 FE| EE | T2 |HBq|das|2YsE|l ® |<hE| o [2h2|daE o=d |8 |ERE|WHe |BF |3 53| o 23
. START| 0089 | 0.375 | 0.237 | 400 |0.181 | 116 | 0.063 | 0806 | 1.121 | 052 3000 | 219 | 27 | 246
IN- 20.0 PSI
TW-5 [0.176 [ 1.495 | siDE |sTop | 0089 | 0375 [0.237 | 400 [0.181 | 116 | 0063 | 0506 | 1121 | 082 70 | gox| 219 | 27 | 245 | wo _v
¢
FAIL | 0.113] 0.393 | 0.288 | 1420 | 0641 | 255 | 0075 | 0.642| 1.160 | 0.28 [sTATIC M»M g8 | 22 | 911
START| 0092 | 0398 | 0.231 | 1090 | 0.402 | 22.7.| 0068 | 0514 1.131 | 052 3000| 626 | 55 | 68.1 .
IN- 200 PSI ha=0008
Tw-8 |0.179 | 1.801 [ siDE |sToP | 0.100| 0.398 | 0.251 | 109.0 | 0.402 | 22.7 | 0070 | 0559 | 1.147 | 0.44 70 | gox | 6471 47 | 694 | ves W W-v V
HAZ
FAIL | 0.110| 0418 | 0.263 | 1489 | 0672 | 265 | 0078 | 0615| 1.174 | 036 |[sTATIC ww_m 952 | 47 | 999
START| 0093 | 0.403 | 0231 | 1121 {0506 | 280 | 0069 | 0614 | 1.131 | 052 3000| 648 | 68 | 716 Aa = 0.006"
IN- 20,0 PSI A2c = 0.004"
Tw-9 |0.181 | 1.503 | SIDE |sTOP | 0.099 | 0.407 | 0243 | 1121 | 0506 | 280 | 0071 | 0547 | 1.145 | 0.6 70 | gox | 668 | &1 | 729 | YES
HAZ > >
FAIL | 0.109 | 0.423 | 0.258 | 1485 0670 | 335 | 0.078 | 0.602| 1.170 | 039 [sTATIC w\_y_w 947 | 65 |101.2
START| 0.091 | 0.3%0 | 0.233 | 1053 | 0475 | 323 | 0066 | 0.496 | 1.118 | 052 3000 | 59.2] 76 | 668 e
Aa =0.008
IN- 200 PSl A2 = 0.007"
TW-12[0.183 | 1.503 | SIDE |STOP | 0.099 | 0.397 | 0.249 | 105.3 | 0475 | 323 | 0070 | 0540 1.137 | 046 70 | gox | 61.7{ 70 | 687 | YES :
HAZ LAB —v V W
FAIL | 0.155 | 0.495 [ 0313 | 127.7 | 0576 | 35.2 | 0.097 | 0.846| 1274 | 00 |sTATIC i | 988 | 00 | 988
START| 0.087 | 0.408 | 0213 | 886 {0400 | 319 | 0066 | 0.485| 1.124 | 056 3000 | 498 81 | 579
IN- 19.5 PSI
TW-16[0.179 | 1495 | SiDE |sTop | 0087 | 0.408 | 0.213 | 886 |0400 | 319 | 0066 | 0485| 1.124 | 056 70 | gox | 498 | 81 | s78 | no _v v W
HAZ
FAIL | 0132 | 0.448 | 0.295 | 1408 |0636 | 39.3 | 0087 | 0736 | 1225 | 0.18 |sTATIC w\_yw 990 | 37 |1027
START| 0.092 | 0.392 | 0235 | 81.1 |0366 | 229 | 0066 | 0508 | 1.125 | 052 3000 458 | 54 | 512 R
IN- 19585 PSI Aa=0.002
Tw-180.181 | 1.505 | SIDE [sToP | 0.094 | 0.392 | 0240 | 81.1 |0366 | 229 | 0067 | 0520 .1.129 | 050 70 | gox | 462 s3 | 515 | YES
HAZ > >
FAIL | 0.144 | 0.473 | 0304 | 1311 {0502 | 304 | 0092 ] 0796 1252 | 0.10 [sTATIC ar | 99| 18 | e8s
>  ASRECEIVED (4-HOUR BAKE AT 375°F IN ARGON) B> FLAWED BY BOEING
B>  PAINT REMOVED BY SANDBLASTING B> o, -2217ksl

B>

BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY BOEING

Wv BAKED 24 HOURS AT 375°F IN VACUUM AND PAINTED BY GRUMMAN

a/t > 0.85; My CURVE NOT APPLICABLE
ALL FLAWS EDM'D
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Table A-12: SUSTAINED LOAD TESTS OF D6 STEEL WELDMENT SPECIMENS
FROM LM 2 ECS DESCENT GOX TANK (S/N 0010}
[C] > . > . _
2 z |8z EZ |Fd e
1 B> |2 S |ug w5 |80~ 15E o
- @ % z E vlEE m | & |uge|we| & Q
- |4 z | 2 & 3 8o 235 [25=| 2 = s [E8C |EEC | o &S
G W z =} =4 © < Q.. a - o Soe Qe 2 < Z (\=k7 (S@” @ o <o
sSw P4 . F | > o w# 2 {w@ = =0 |2€=0 = « o POoL |yuogl [~ xnZz
= ¥ m) 2« =) WH) 2O~ - o -0 ®_ 2 aZ <P w o X |OE X = q¥as
S 3 = E= = o Jw_ | & Jw B Lo - a6k oF |28 a [ ] ] + =
S5 | 22| SF |38 |88<|38E(328| ¢ |BEEZ| & |ECE|SNE| S |Bg2|322|B52|Eis|BZ |Eus(Esel x| 2| 38
5z |ESE| 25 |2d |Fo<|dos|dYsE ° lgrhx| © E 3 osu lmsu |Fa<s :TLEPNWE Gov |hav| v 15} R:N.,C
|
START| 0.090 | 0.375 |0.240 | 90.0 |0.406 | 242 | 0.064 [0.463 | 1.098 |0.55 M 489 | 6.0 54.9 Aa=0012"
IN- 20.0 " LAB :
TW-1 [0.194 | 1.591 |SIDE |STOP [ 0.102 | 0.375 [0.272 | 90.0 |0.406 | 242 | 0.068 |0525 | 1.111 |0.44 70 [ o | 509 [ 49 55.8 | YES V
HAZ
FAIL | 0.3t | 0412 10318 [ 1296 {0585 | 310 | o081 j0675 | 1159 [022 |[sTATIC 833 | 34 86.7 *
START| 0.094 | 0.400 {0.235 [ 1306 |0.589 [-20.8 | 0.070 |0.528 | 1.139 |0.50 ”, ory | 766 |-49 7.7 Da= o.oﬁ,,_:..
OuT- 20.0 ,
AR
TW-7 (0.178 | 1.496 |SIDE |STOP | 0.101 | 0.400 |0.252 | 1306 {0589 |-208 | 0.072 |0567 |1.152 |0.43 70 788 |-4.3 745 | YES W —@ V
HAZ
B .
FAIL | 0.120 | 0.415 )0.289 | 1630 |0.736 |-24.3 | 0.081 |0.674 |1.183 |0.24 [STATIC AlR | 1077 |-8.4 99.3
[
START| 0.090 | 0.398 | 0.226 | 900 0406 | 298 | 0.066 |0.496 |1.123 |054 ory | 507 | 73 58.0 Aa=0070"
IN- 20.0 ,
AIR
TW-13/0.181 | 1.506 |SIDE |STOP | 0.100 | 0.398 |0.251 | 90.0 (0406 | 298 | 0070 |0552 |1.143 |0.44 70 529 | 6.2 59.1 | YES v @ W
HAZ - LAB
FAIL (CYCLED TO FAILURE) - STATIC AIR - - - .
{
START| 0092 | 0.398 |0.231 [ 104.2 10470 |-324 | 0.067 |0.509 |1.127 |052 Ry | 595 |-77 51.8 Aa=0.004"
ouT- 20.0 90 U_ R ;
. : A
TW-14 {0.181 [ 1.504 [SIDE [STOP | 0.096 | 0.398 (0.241 (104.2 (0470 |-324 [0.069 (0.531 |[1.136 (0.48 606 |-7.2 534 | YES W @ W
HAZ :
FAIL | 0.148 ] 0415 | 0357 | 1569 (0.704 |-38.8 |[0.085 |0.818 |1.197 {002 [STATIC| 70 >_M 1064 [-04 (1060 :
|
START| 0.093 | 0.395 |0.235 | 107.0 (0.483 |-28.6 |[0.068 |0.518 |1.131 [0.51 bRy | 614 |67 |[547 | Aa=0.004"
ouT- 20.0 ,
R
TW-17 [0.180 | 1.505 |SIDE |STOP | 0.097 | 0.395 |0.246 | 107.0 (0483 |-286 | 0069 [0540 [1.139 |0.46 70 A 625 [-6.1 56.4 | YES V@ V
HAZ
FAIL | 0156 | 0.420 | 0371 | 1536 (0693 [-32.4 |0087 |0.869 W - STATIC AIR W - v
START| 0.092 | 0.380 {0.242 | 900 (0406 | 11.8 | 0065 [0.514 |1.124 |0.50 3000 | 604 | 2.7 53.1 Aa=0003"
IN- 20.0 PSI ,
TW-4 [0.179 |[1.504 |SIDE [sTop | 0.095 | 0.380 | 0.250 { 90.0 0406 | 11.8 | 0066 |0.531 {1.130 [0.47 70 |Gox {510 |25 536 | YES V
HAZ - LAB
FAIL | 0115 | 0.410 | 0.280 | 1420 |0641 | 195 |0078 [0642 [1.177 029 [sTATIC AR | 910 |28 93.8
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Table A-13: SUSTAINED LOAD TESTS OF D6 STEEL WELDMENT SPECIMENS
FROM LM/ECS DESCENT GOX REQUAL TANK (S/N 0032)

>

> > .
g z |9z Ez kg
2 s o |&d w E (22~ (22 | _
; 2 < z = v|EF o = | F (822|857 ¢
z | 8 z| & & <7 |ae zo=le3=| z | £ | = |ERU|EET| % 2
we | W 2 o = ° x =i o - ] Jie [T o o & lwos|lwos| o E =
sw [ g T = = T = Yo ¢ |¥o ® L0 =350 B w & |aFL2|8Rg| ¥ =
52| 8= | 2| 24 |8 |[BEz|30= Suw el et o Zr 182k [ <8 |e | o |uii2ldEx) o 3 g
o= [Shr= os <0 |pz <o §|lazS5 3} [ 2 axr=|<WEg wlo |ZP0 |nE3|nS~| o> |c¥W v|ieW 4 ¥ 2
a2 T =S € S0 |WOF|JWE|lJWwE QN [ < o alaN¢ R wdag (g w8 luudt| wz |2 |2 2 x o« w
na = 2= Ld |eO<c{coESiacas) & Lin= ) <dunX|lens S OSu |losSu [FAE|FF2| RO [wOoX |;mDyv | ¥ U} @
START| 0.112 [ 0.390 | 0.287 | 939 | 0.424 | -146 | 0072 | 0.622 [ 1.156 | 0.31 5047 7 570 | -22 | 548 Aa =0017"
- - YES A2c=0.003"
STOP | 0.129 | 0.393 | 0.328 | 939 | 0424 |-146 | 0076 | 0.717 | 1.172 | 0.16 503 | -1.1 | 58.2
OUT- |START| 0.129 | 0393 | 0.328 | 939 | 0.424 |-146 | 0076 | 0.717 | 1.172 | 0.16 DRY | 59.3 | -1.1 | 582
Tw-34 (0.180 [1.509 |SIDE 200 1120 | g NO
. STOP | 0.129 | 0.393 | 0.328 | 939 | 0424 |-146 | 0076 | 0717 | 1.172 | 0.16 59.3 | -1.1 | 582
HAZ
START| 0.149 | 0.425 | 0.351 | 939 | 0.424 |-146 | 0084 | 0.828 | 1.211 | 0.02 % 643 | -0.2 | 64.1
9 70
STOP | 0.149 | 0.425 | 0351 | 939 | 0424 |-146 | 0084 | 0.828 | 1.211 | 0.02 643 | -02 | a1 | NO
LAB
FAIL (CYCLED THROUGH THE THICKNESS) STATIC AR | — 1 — | —
START| 0.093 | 0.397 | 0.234 | 939 | 0424 | -13.0 | 0067 | 0518 |{ 1.132 | 0.51 538 | -30 | 508
4140 DRY
ouT- 70 AIR NO
Tw-35 |0.180 [1.504 |siDE [STOP | 0.093 [ 0.397 | 0.234 | 939 | 0424 | -13.0 | 0067 | 0518 | 1132 |- 0.51 538 | -3.0 | 508
HAZ
FAIL | 0.131 | 0412 | 0318 {1649 | 0.735 | -189 | 0.083 | 0.730 | 1.192 | 0.17 [STATIC ww% 1106 | -16 [1000

V TANK HAD PAINT REMOVED BY SANDBLASTING, THEN IT HAD ADDITIONAL 24-HOUR BAKE AT 375°F
iIN VACUUM AND IT WAS REPAINTED BY GRUMMAN

FLAWS WERE EDM’'D BY BOE!ING AFTER LAST BAKE

>

B> o= 217xs
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Table A-14: SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK LONGITUDINAL GRAIN

DESTEELPLATE > [2> ”_,,
2 w |
[d ] o_w = -
; g d % 5| & :
(5] g -~
> | 8 z| & & S| E o 3% 3 | 5| 2| - o |
we w 3 o = ® T a . I 4 T 4 = o« o e = b4
fal2z2 |« el & |.z_|.E 23 | o2 g |5° g ool &l 8 sm_,m\ E <
OW OF =3 =q =3 Wﬂ..m, TO- Suw_ | ow = FwE WG.Q eS| 5% I ] W g
wS | e | 28| 38 |0o-302|388| & |EEF[UET| o [3NE| ¢ |ug<(d22|du| 82 [EEE| € w
a2 | FE| £ | 29 |[Fo«|ZaE|2YEl 5 |<h¥E|Fh2] & [dFE| 5 |esd|Fes|rr| Fu |BZX] © x|
START| 0.092 | 0.450 | 0.204 | 100.0 | 198.2 | 0.505 | 0.072 | 0.444 | 1.106 DRY | 57.8 A2 0011 100.013"
OUT- 8.7 AR A2c = 0.005"
G-4 | 0207 {1.804 |SIDE |sTop |o0.103 | 0455 | 0.226 | 100.0 0505 | 0.077 | 0498 |1.123 70 60.7 | YES | Test machine failed
i i 1
LAB during test
FAIL |0.1556 {0517 | 0300 | 126.4 0638 | 0.101 | 0.749 |1.226 |sTATIC LAB | 58
START| 0,093 | 0.450 | 0.207 | 100.0 0505 | 0.072 |0.449 |1.108 DRY | 58.1 Aa=0024"
ouT- 200 AIR A2 = 0.020"
6-5 | 0207 | 1800 |siDE (sToP |o0.117 | 0470 |o0.249 | 1000 0505 | 0.083 | 0565 |1.153 70 64.8 | YES
FAIL |0.173 | 0540 | 0.320 | 103.6 0523 |0.105 [0.836 |1.258 STATIC| _M“,% 82.5 |
START| 0.091 | 0.450 | 0.202 | 100.0 0.505 | 0.071 |0.440 |1.105 3.000 | 575 Ba =0.028100031"
IN- 20.0 PSI A2¢ = 0.005"
G-6 | 0207 | 1.791 |sibe |sTop |o0.119 |o04s5 | 0.262 | 1000 0505 | 0082 |0575 |1.149 70 | cox | 642 | YES |
FAIL |0.160 | 0523 | 0.323 | 1009 | 1982 | 0.509 [0.102 {0816 |1.241 |sTATIC w\_yM 78.0 |

[[> ASRECEIVED (4-HOUR BAKE AT 375° IN AIR)
B> ALLFLAWSEDMD
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Table A-15: SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK LONGITUDINAL GRAIN
D6 STEEL PLATE  [> 2>
4 ™
" ) o Ww - -
" 2 . < -y AR
z ~ < T = z ~ s >
Ze | & 3 o m " I oS 5 Q Sfc| 8 S Sl £ 4
=uw | Z T - = T - w9y e » ® w=0 ol w A9l & c
S| ¥=| E=|z< |8 |zEz|z0= Sw |28 222 oZr|-27|a| 2 |35 2 <
83 | 25| 2% | 38 |83 |38E|32F| ¢ |5Es|oEs| < |3NF| . |292|253|g3| 83 |53 2
Sz | EE| 2£ | 28 [Fo«|Zos|2YE|l 5 |2hx|shZ] & [2aE] § |osi|vrof|Fr| Fu |BZx] O x
START| 0090 |0.447 [0.201 [1150 [1982 |0580 [0072 0432 |1.102 66.2 Aa =0013"
ouT 20.0 mﬁ\ A2¢ = 0.003"
G-9 10207 | 1804 |o- " |STOP |0.103 0450 |0.220 | 1150 0.580 |0.077 [0497 |1.121 70 699 | YES | B>
: A
FAIL [0.127 |o0485 |0262 |1519 0.767 |0092 |0613 [1.174 |sTATIC w:w 1055
sTART|0.092 [0.460 |0.200 |1066 0538 0073 [0445 [1.109 62.2 Aa =0.013"
OUT 20.0 w_mm< A2c=00"
G-10 |0.207 | 1802 | " |STOP |0.105 |0.460 |0.228 |1066 0538 |0.078 |0.508 |1.129 70 657 | YES | B>
LAB
FAIL |0.140 [0.480 |0.292 |154.4 0779 [0095 |0678 [1.189 |STATIC R | 1104
START|0.094 [0.460 [0.204 {1000 0505 |0.073 |0.4s6 [1.112 58.8 Aa =0.012"
24.0 DRY A2c = 0.0"
- y Al
G-12 |0.206 |1.801 m_r__uw STOP [0.106 |0.460 |0.230 |100.0 0505 |0.078 |0514 |1.132 70 Rler7 | ves | B
FAIL |0.148 |0497 |0.298 {14904 0754 0099 {0717 [1208 |sTATIC w\_,% 110.5
START|0.003 [0.457-[0.204 [121.0 0611 |0074 |04s0 [1.110 71.3 Ad =0.024"
DRY _ e
ouT , 64.4 ot A2¢c=0013
G-13 0207 | 1802 [o/F" [sToP [0.117 [0470 [0.240 (1210 0611 (0085 {0566 |1.154 70 792 | ves | B>
FAIL |0.140 |0.488 |0.287 |1s6.9 0792 |o096 [0678 [1.194 [sTATIC M,% 1135
START|0.092 [0455 [0202 {1000 | ¢ |0s505 [0.072 |0446 |1.108 ory | 581
195 |120
G-15 | 0.206 |1.800 _m’___wm STOP |0.092 |0.455 |0.202 [1000 [1982 [0.505 |0.072 [0.446 |1.108 AR 1 581 | NO B>
Al
FAIL (CYCLED THRQUGH THE THICKNESS) STATIC | 70 w:w -




Table A-15: SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK LONGITUDINAL GRAIN
D6 STEEL PLATE (Continued) , |

AR

© m m\.... w - |
V. — — — o
~. 2 o < S 274 S m X
z 3 z z| 8 o ~ S = o z02| 3 f 2| Z-| 2 ®
we | > . = [ . I =T L) 3 Ju = o< S lwal=l E ¥
2R | ¥ | E- | 25 |-0 |2E-|z6= 4@ oz 2 |2 wsol| Lwl|, _¥| . CE BN_W 2 I
25 | SE| 5% | 38 (B2 |38%|32%| ¢ |EE3|zig| & |3WF| o |BEg|Esg|BE| 3 |E5E| € 3
S22 | FE| 22| 29 |m8q|2BE|TBE| 5 |ThE|FRE| & |[25E| § |asd|Fes|lFk]| Fu |BZX| © x
{
sTART|0.091 |0.460 |0.198 | 1000 | 198.2 |0.505 |0.072 |0.442 | 1.108 58.0 '
195 90 | ORY
IN- |
G-16 [0.206 |1.802.|g e |STOP [0.091 |0460 |0.198 | 100.0 0.505 |0.072 | 0442 |1.108 AR 1sgo |no B>
FAIL (CYCLED THRQUGH THE THICKNESS) STATIC| 70 w\.ymm - I
START|0.093 |0.452 |0.206 | 93.4 0.471 | 0072 |0.448 | 1.108 54.1 Ha = Trace t0 0.003"
DRY S !
ouT- 19.5 0 | AR N2c=00
G-17 (0208 | 1800 | [STOP [0.094 |0.452 {0208 | 934 0471 |0.072 (0453 |1.108 544 | YES B>
FAIL |0.138 [0.475 [0.291 | 1445 0.729 | 0093 |0665 |1.182 |staTic|{ 70 K,% 101.5
START| 0095 | 0455 |0.209 | 726 0.356 |0.072 | 0459 | 1.112 423 Aa =0.023"
DRY ‘. ,
ouT- 64.5 AIR £2c=00 ,W
G-18 | 0207 |1.800 | [STOP [0.118 | 0455 | 0250 | 726 0.356 | 0.080 0571 |1.148 70 a6.1 | YES B>
FAIL {CYCLED THRQUGH THE THICKNESS) STATIC M,M -
START|0.097 | 0455 | 0213 | 56.7 0.286 {0.072 0471 [1.116 33.2 Aa =0.020"
DRY
OUT- 64.5 AR A2c=0.0"
G-19 | 0206 |1.802 | - [STOP |0.117 |0455 | 0257 | 567 0.286 [0.080 | 0568 | 1.198 70 358 |YES B>
N LAB |
FAIL (CYCLED THRQUGH THE THICKNESS) STATIC AR - ,ﬁ
START|0.089 |0.455 |0.196 | 106.6 0538 |0.071 | 0431 | 1102 3000 |11 |. Na =0017"
IN- 200 PSI A2c=0.0" ,
G-11 0207 [1.803 | o |STOP |0.106 |0.455 |0.233 | 1066 0538 |0.078 [0513 |1.129 70 | cox |e57 |YEs B>
FAIL ]0.148 [0.490 [0.302 |146.9 | 198.2 {0.741 |0.097 |0.716 | 1.202 |STATIC N,mm 107.5 ,
. 1

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + BAKED 24 HOURS AT 375°F {N VACUUM AND PAINTED
ALL FLAWS EDM'D AFTER EXTRA BAKE CYCLE AND PAINTING

EXTRA m>Xm.>ZD PAINTING DONE BY BOEING

EXTRA BAKE AND PAINTING DONE BY GRUMMAN

AYAVAYS
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Table A-16:  SUSTAINED LOAD TESTS OF BARE, 0.375 THICK LONGITUDINAL GRAIN

D6 STEEL PLATE v
z [
» () o W - -
- v <~ v -3 z X

> @ z| & & <| I 23| 2z el =1 »
we |9 3 = - ® T os 5 g S| © & 3 =l I g
sw | 2 : E | E : = oY g " ® 23| E- 2 1a9e| £ «
mB nKu\l m) 2«q [ = W..Hl) TO= Uncsw mrNc > 2 = a - TAN. T” .im EN.I [ <
$3| 22| 28| 58 |88 |38E|328| ¢ |EEgjoEs| % |3NE| o |6E3|253|E3| 82 |ExE] B g
Sz | FE| £ | 23 |Fo«|ZoE|duE]l S [ThEshE| S [das] 5 |asdjeas|EE| HE |5z2] & o

START| 0.116 | 0552 | 0.210 | 126.0 | 192.5 | 0.655 | 0.092 | 0.302 | 1.088 DRY | 789 Aa=0015"

- 20.0 AIR
GTB | 03852257 | — |Istop | 0.131| 0552 | 0.237 | 1260 » 0.655 | 0.098 | 0.341 | 1.059 70 815 | YES
-1
\
FAIL | 0.228 | 0640 | 0.356 | 128.2 [ 192.5 | 0.666 | 0.131 | 0.593 | 1.083 | STATIC wk_,w 98.0
[[> BAKED 20 HOURS AT 900°F IN VACUUM
> FLAWEMD'D AFTER BAKE CYCLE
Table A-17: SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK D6 STEEL
WELDMENT  [T> [2> ,
START| 0.083 | 0.445 | 0.187 | 137.0 | 208.3 | 0667 | 0.069 | 0.387 | 1.084 ory | 762 Da=0.001" line
OuUT- 200 AR R

GW | 0.214 { 1.799 | SIDE [sTop | 0.084 | 0.445 | 0.189 | 1370 0.657 | 0.070 | 0.392 | 1.084 70 765 | YES
-18 HAZ =

FAIL | 0137 | 0.445 | 0.308 | 1825 0.875 | 0.092 | 0.639 | 1.148 | STATIC \h_w 1237

START| 0.008 | 0.456 | 0.215 | 137.0 0.658 | 0077 | 0.455 | 1.107 . 82.0 -| Aa=0.014"

IN- 20.0 DRY

oW | 0215 { 1808 | SIDE [sTop | 0.112 | 0.455 | 0246 | 137.0 0,658 | 0.082 | 0.520 | 1.126 70 | AR 1 gg2 | ves
-40 HAZ : ™

FAIL | 0.125 | 0.470 | 0.266 | 153.9 | 208.3 | 0.738 | 0.089 | 0.581 | 1.149 | STATIC AR | 1030

> ASRECEIVED (4-HOUR BAKE AT 375°F IN AIR)
> FLawsEDMD
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Table A-18: SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK D6 STEEL WELDMENT V V
z w
w o o W = -
7 g . < 55 5| £
r4 © 2 z =] 2. nMH m a© M. an M W .W - v
we | 5 = = ® T =0 o Q St z « o =l & X
sw | Z T [ = 3 = o f w s w“z0| %% w € 82| & & |
52| ¥z | Ez.| 22 |8 |2Ez|302 S8 |83 2 2.2 oZP| 27, 2| S (825 2 < |
Os | O | k= =2z == rs Jw tSw | o WE S Fes|HEs] KBS [Hw ©
w3 £E | 28| 38 BB (308(388 & (BE3|BET| x |SnE| ¢ |E2s|232|95) 8z |E2E| & i
2 | £ | 2£ | 9 |Foq|dBE|TEE[ F |<GE|FhE] S |IFE] § |oFTu|ROE|rFF| FUW IBEZ] O T
: ﬂ,

w our. |START| 0091 | 0460 | 0.198 | 137.0 | 2083 | 0658 | 0.074 | 0426 | 1098 | DRY | 79.9 Aa=0.013"
g |0214 | 1801 | siDE | STOP | 0.104 | 0.460 | 0.226 | 137.0 0.658 | 0.080 | 0.486 | 1.117 70 | AIR | 843 | YES

HAZ [FaiL | 0170 | 0.493 | 0.345 | 165.7 0.795 | 0.103 | 0.795 | 1.198 |STATIC e | 1240 B> :
j ouT- |START| 0,090 | 0.456 | 0.197 | 111.3 0534 | 0.072 | 0419 [ 1095 | DRY | 636 Aa = 0.008"
Mﬂ 0.215 | 1.800 | SIDE [ STOP | 0.088 | 0.456 | 0.215 [ 111.3 0534 | 0.075 | 0.456 | 1.107 " |70 | AR [es9 | ves ,

HAZ [ FaiL (CYCLED THRQUGH-THE-THICKNESS) static | @R | - B
W ouT. [START| 0.090 | 0.457 | 0.197 | 132.0 058 | 0.074 | 0406 | 1087 | bRy | 78:8 Aa=0.017"
2y | 0222 | 1804 | SIDE | STOP | 0.107 | 0457 | 0.234 | 137.0 0.658 | 0,081 | 0.482 [ 1111 70 | AIR | 843 | YES ,

€ FAIL | 0.108 | 0.460 | 0.235 | 175.0 0.840 | 0.085 | 0.487 [ 1.113 [STATIC 2e |07 B
w ouT. |START| 0.089 | 0.462 | 0.193 | 111.3 0.534 | 0072 [ 0408 [1.000 | DRY | 63.3 Aa<0.001" line
5 | 0218 | 1.804 | sipe |STOP | 0.090 | 0462 | 0.195 | 111.3 0534 | 0.072 | 0.413 | 1.091 70 | AIR | 636 | NO |

HAZ TAB ”

FAIL | 0.197 | 0.564 | 0.349 | 136.2 | 208.3 | 0.663 | 0.115 | 0.903 | B> |[STATIC Ar | B> B>

AS RECEIVED (4-HOUR BAKE AT 375°F IN AIR) + BAKED 20 HOURS AT 900°F IN ATMOSPHERE NOTED
ALL FLAWS EDM'D AFTER ALL BAKING

BAKED IN VACUUM
a/t > 0.85, M\ CURVE NOT APPLICABLE

i
2>
B> BAKEDINAIR
B>
B
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Table A-19: SUSTAINED LOAD TESTS OF NICKEL PLATED 0.21 THICK D6 STEEL WELDMENT [>
z o
v o) o w = _

- 2 i} <7 c X 1 Y3
> a z 5 ~ & z z8= g < 2 z % g3
we | Y 3 o = = T o © e . d = o o ==l E X @2
sSw z T = = T = w2 2 » < +“ S0 = w g 8%l & « <<
521 5= | == | 2« |2 |3F=|30= Sw |88 > (3 .= oZr| <7 | e | -2 |0BS| 2 a o
22 [ 25| 08| 28 |22, |<5%|<25| ¢ |fxzzlazz| S |<¥E L2l %sslazl 23 |=xF] 2 : =
&2 1 EE ) £ | 29 |3« B8E12EE § 1252 xhE] & |daf] % |ost|RRE|ER) LD |BzE] O & v

ouT- |START|0.096 [0.450 0213 |137.0 2083 [0658 [0.076 |0.434 |1.096 DRY | 806 Aa=0018"
20.2 YES. [A2c=0018"
6w-14| 0221 [1.803 |siDe [sTop |0.114 |0468 [024a [1370 | | [o0ess |008s |0515 |1.124 70 |ar | 871 b 24
HAZ |FAIL |0.124 |0.475 |0.261 |1596 0.765 |0.090 |0560 |1.140 |STATIC kf‘: 106.6
OUT- |START|0.066 [0.440 {0.150 |137.0 0658 [0.059 |0302 [1.071 DRY | 698 |YES |Aa=0001"
49
Gw-16{0.218 [ 1.803 |siDE |START{0.067 |0.440 |0.152 |137.0 0658 |0.060 |0.307 |1.071 70 AR | 702 [> [> 24
HAZ |FAIL |0.208 |[0655 |0.318 |119.9 0575 |0.128 |0.953 [} STATIC ;‘l‘: b
ouT- |sTART|0.090 |0.450 [0.200 |137.0 0658 |0.073 |0417 [1.092 DRY | 789 Aa=0012"
19.5 YES
Gw-20[ 0.216 {1.800 [siDE [sTop |0.102 [0.450 [0.227 [1370 0658 |0.078 {0473 [1.110 70 |aIR | 829 @ 48
HAZ |[FAIL |0.157 |0.475 |0.331 [150.1 0.720 [0.096 [0.728 [1.176 [sTATIC ';f: 106.9
OUT- |START|0.129 |0.451 |0.286 |137.0 0658 |0.087 [0598 [1.141 DRY | 897 Aa=0.003"
. l195
Gw-21 0216 {1800 |siDE [sTop [0.123 [0.451 |0.293 |137.0 0658 |0.087 |0612 [1.144 70 |aIR [ 903 |YES [> 48
AB
Haz [FaiL [o0.186 [0545 {0341 [1315 0631 |0.110 |0.862 lb STATIC AR b
START|0.082 |0.405 {0.202 [137.0 0658 |0066 |0.370 [1.075 DRY | 739 Ba=0001"
20.0 YES A2c=0010
OUT- [sTop |0083 |0.415 |0.200 [1370 0658 {0.067 |0.375 |1.077 AR | 747
GW-23| 0.222 |1.800 |SIDE [START|0.123 [0.443 |0278 |1370 0658 0084 {0555 |1.125 |=~1 70 Lag | 872 ba =0.002” 72
YES
HAZ |STOP |0.125 |0443 o282 {1370 0658 |0.085 [0564 [1.126 |mIN. 875
AIR
FAIL {0170 0509 [0.334 [1582 | 2083 [0.750 [0.108 [0767 [1.196 |sTATiC 119.2
> ASRECEIVED (4-HOUR BAKE AT 375°F IN AIR) + BAKED AT 400°F IN FLOWING NITROGEN FOR TIME INDICATED
> FLAWEDM'D AFTER ALL BAKING '
B> FLAWSHALLOW EDM'D AFTER ALL BAKING
B> TEST ABORTED AT 4.9 HOURS BECAUSE OF MACHINE FAILURE
B> a/t> 0.85m CURVE NOT APPLICABLE
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Table B-1: SUSTAINED LOAD TESTS OF NICKEL-PLATED, 0.21 THICK D6 m._.mm_- ;
WELDMENT _V J
i
I
|N - .
g @) o_.(r w — _ .
" 2 g : 25 2| £ m
< hd s z = b= > !
z. |8 |s | 8| &|.]¢ S E o S8e| B | = OE|.E- ¢
su | 2 : e = - z Sy 9 " ) - E_ € ladls| o T
821 28|28 |38 |88 |338|<28| ¢ |E=gla=zs| & [S8E| . (229|853 |R23| 22 |xE7 X 2
2z | FE | 2£ | 23 |Foq|zoE|TlE| F |2RE|shE| & |daE| 5 || Eas| kR BEE |nzE| ¥ Tk
START 0.102 | 0.450 | 0.227 | 1400 | 208.3 | 0.672 | 0.078 | 0.458 | 1.103 84.3 |0.753 | Aa=0.001" |
ouT- 20.0 DRY V
ow-32| 0.223 |1.806 | SIDE | STOP | 0.103 | 0.450 | 0.229 | 140.0 0.672 | 0079 |0.463 | 1.104 70 |AR | 846 |0.755 , ,
¢ LAB
FAIL | 0.139 | 0.465 | 0.299 | 165.0 0.792 | 0.093 | 0625 | 1.147 | STATIC AR | 1128 ] -
1
START 0.104 | 0.450 | 0.231 | 140.0 0672 | 0.079 [0.463 | 1.103 84.7 [0.756 | A a=0.004"~ 0.010"
ouT- 20.0 DRY B> ]
Gw-33| 0225 [1.802 | sipE | sToP | 0.108 | 0.450 | 0.240 | 140.0 0.672 | 0.081 |0.481 |1.107 70 |AIR 85.8 | 0.766 : |
¢ LAB :
FAIL | 0.133 | 0.490 {0.271 | 164.6 0.791 {0,095 |0592 |1.181 |sTATIC ap 1138 - m
|
START| 0.099 |0.450 {0.220 |140.0 0.672 |0.077 jo0.452 |1.103 837 |0.747 | A 4=0.002" ~ 0.007"
ouT- 20.0 DRY B> U
Gw-34]0.219 |1.802 | sibE |stop {o0.101 |0.450 |0.224 | 1400 0.672 {0.078 |0.461 |1.105 70 |AIR 84.3 |0.753 ; |
€ (AB A |
FAIL |0.127 |0.480 |0.265 |157.1 0754 10091 |0.580 |1.150 [STATIC AR 1064 | -
START| 0.088 | 0.450 | 0.218 | 140.0 0.672 {0,077 |0.440 | 1.098 83.0 (0741 | A a=0017" |
ouT- 200 DRY B> !
GW-35(0.223 |1.801 | sIDE | sTOP | 0.115 | 0450 | 0.256 | 140.0 0.672 |0.083 |0516 |1.117 70 |AIR 87.8 | 0.784 ;
€ LAB
FAIL | 0.115 | 0.460 | 0.250 | 164.6 0.791 | 0.086 |0516 |1.121 |STATIC AR 1056 | - : |
START 0.100 | 0.450 | 0.222 | 140.0 0.672 | 0.078 | 0.440 | 1.095 833 (0744 | Aa=0.003"
OCA.l NNO DRY W . i
GW-36|0.228 |1.799 | SIDE | STOP | 0.103 | 0.450 | 0229 | 1400 | y | 0672 | 0079 |0.453 | 1.099 70 |AIR 842 | 0.752 !
< ,
FAIL | 0203 { 0590 | 0.344 | 135.8 | 208.3 | 0.652 |0.120 [0892 | [I> |[sTATIC w\_./% >l - ,
>  FAST EDM IN KEROSENE, ELERODA D1 MACHINE, SETTINGS: ¥¥¥ 1=3FOR 35 MINUTES + YWV _ 3. R STABILIZED _ ..,
FOR 15 MINUTES i
v2g SLOW EDM IN KEROSENE, ELERODA D1 MACHINE, SETTINGS: vwv 2=3FOR 120 MINUTES + wwv 12=3, |
R, STABILIZED FOR 70 MINUTES |
B> FAST EDM IN KEROSENE, ELERODA D1-S MACHINE, SETTINGS: ww¥ 1=3 FOR 30 MINUTES + 444, 1=3, ﬁ |
STABILIZED FOR 15 MINUTES : ,
B>  SLOWEDM IN KEROSENE, ELERODA D1-S MACHINE, SETTINGS: Y¥¥ 2 =3 FOR 135 MINUTES + Y¥¥ 2-3,
R, STABILIZED FOR 50 MINUTES %
[B>  SLOWEDM IN HYDRAULIC OIL, ELERODA D4 MACHINE, SETTINGS: CS, 14 FOR 20 MINUTES +C2, 12FOR 10 MINUTES ,
B>  ASRECEIVED (4-HOUR BAKE AT 375%F IN AIR) + 180-HOUR BAKE AT 600°F IN FLOWING NITROGEN W
>  an > 0.85 MCURVE NOT APPLICABLE
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