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FOREWORD

This Final Technical Engineering Report covers the work performed under
Contract AF 04(695)-773, ''156-7 Fiberglass Case Liquid Injection Thrust Vector
Control Motor Program'. The program motor, designated by the Air Force as
the 156-7 rocket motor, is identified for inhouse processing as the TU-393 rocket
motor.

This program was conducted under the overall direction of Col H. W. Robbins
of SSD, with technical direction by the Air Force Rocket Propulsion Laboratory (AFRPL).
Mr. Carver G. Kennedy, Manager Space Booster Development, was the Wasatch
Division Program Manager and Mr. W. G. Ramroth, Manager Large Space Booster
Project Engineering was the Project Engineer.

This technical report has been reviewed and is approved. |

Mr. R. Felix
Senior Project Engineer (RPMMS)
AFRPL, Edwards, California .
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ABSTRACT

The 156 in. diameter case LITVC motor program was conducted by the
Wasatch Division, Thiokol Chemical Corporation for the Air Force Space Systems
Division with technical direction by the Air Force Rocket Propulsion Laboratory.

The two major objectives were (1) the design and fabrication of a flightweight 156 in.
diameter monolithic solid propellant motor utilizing a fiberglass reinforced plastic
monolithic case, a 34 to 1 expansion ratio suhmerged fixed nozzle, and a N_O, LITVC

274
system: and (2) the demonstration static test of the motor in a simulated altitude *

environment to provide meaningful LITVC data in a high expansion ratio nozzle.

Both objectives were successfully attained. The program was culminated on '
13 May 1966 with a static test of the motor utilizing a 10 ft diameter by 82 ft long
diffuser for altitude simulation. The motor had a mass fraction in excess of 0.90
and operated for 110 sec at an average thrust level of approximately 325,000 Ib.

The static test was successful and all motor components were intact and in good
condition at the completion of the firing. Two abnormalities occurred during the
firing, At approximately 70 sec, a burnthrough occurred in the diffuser tube
approximately four feet aft of the nozzle exit plane, apparently due to high localized
erosion of the ablative insulation on the inside diameter. The diffuser continued to
operate throughout the test although at a lower simulated altitude. A malfunction of
the pressure regulating subsystem portion of the LITVC system caused a degradation
of injectant pressure during the firing and subsequent degradation of the LITVC per-
formance. Post-test inspection of the motor and components revealed that internal
insulation, nozzle design, and case design were satisfactory and the motor had
functioned as expected. The static test demonstrated attainment of all program
objectives. After post-test analysis of the fired motor and components, the fired
case was hydroburst tested to obtain additional data on fiberglass case design. The
case hurst at 963 psig, very near the design ultimate pressure of $/0 psig. This

|
hydroburst, performed under a supplemental agreement to the contract, demonstrated
the validity of the design and fabrication techniques used for this case.
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TEST PLAN
FOR
VERIFICATION OF LINER AND INSULATION BONDS
FOR

TU-393 MOTOR

1.0 INTRODUCTION

To insure successful bond of the propellant to the case wall
in the TU-393 motor, a series of tests will be conducted prior to
propellant casting. These tests will verify the design, processes,
actual motor materials, and the product, and will utilize standard
testing procedures and equipment.

2.0 SCOPE

This plan outlines all of the testing planned by Thiokol to
verify insulation-liner-propellant bond. Three types of quantita-
tive load tests are planned (1) 180° rubber peel, (2) tenshear,
and (3) constant load 180° rubber peel. These are outlined in
detail in this plan. A 9" X 9" bulk sample will also be used to
further verify processability. The tests will be conducted in five
distinct phases. Scheduling is compatible with the over-all program.

3.0 TEST OBJECTIVES

The primary objective of this program is to verify that the
insulation-liner-propellant system will meet or exceed the minimum
design requirements of 70 psi tensile adhesion and 5 pli for the
180° rubber peel test for propellant to insulation bond to insure
a F.S. fo 5. Other objectives are to (1) optimize liner formula-
tion using the procedures described in Phase I, (2) verify

bondability described in Phase 2 and 3, (3) characterize

I-1
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the processability of the insulation-liner-propellant system
using the methods described in Phases 4 and 5, (4) insure that
the scheduled processes and materials contain elements com-
patible with planned motor construction.

Tests will be conducted to verify bond strengths of the

interfaces at:

(a) Case to bladder

(b) Bladder to insulgtion

(c) Liner to bladder
(d) Liner to insulation
(e) Propellant to liner.

Interface bond strengths will be evaluated by 180° peel,
and tensile adhesion tests. In addition, tensile adhesion
tests will be conducted on composite insulation-liner-propellant
specimens, Type of failure as well as strengths will be eval-
uated.

Tests will be conducted to verify process techniques
simulating actual conditions expected during manufacture of
the motor. These tests will determine effects of moisture,
elevated temperatures, raw material variations, liner slump,
and mold release use.

4.0 TEST SCHEDULE

Tests will be conducted in accordance with the schedule
given in Figure 1. (See Appendix A for description of phases.)
5.0 DESCRIPTION OF TESTS AND APPARATUS

Three types of tests are to be used in insulation-liner-
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Phase I

OCTOBER NOVEMBER DECEMBER
3110417 |24 | 31| 7114|21} 28} 5 {12 |19]26

Prepare

Samples

e

Test

-

Phase 11

Prepare

Samples

Test

Phase 111

Prepare

Samples

Test

Phase 1V

Prepare

Samples

Test

Phase V

Prepare

Samples

Test

o) | | |

Figure 1 Test Schedule
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propellant compatibility verification. They are:
(a) Peel, 180°
(b) Tenshear
(3) Constant load 180° peel.

5.1 180-DEGREE PEEL TEST

This test is used to determine the comparative peel or
stripping characteristics of adhesives. Results are expressed
in average load per unit width of liner bond required to
separate one member from the adhered surface at a separation
angle of approximately 180°, Units are pounds per linear inch.
The test specimen consists of a piece of flexible material which
is bonded to a steel plate or to a slab of insulation or pro-
pellant by the formulation under test. Testing is done in a
power-driven machine which can apply tension at a uniform rate
and record the applied load. The apparatus and test is detailed
in Federal Test Standard No. 175 (See Figure 2).

5.2 TENSHEAR

The apparatus for this test provides for measuring bond
strength in tension and shear at various angles. For the pur-
poses of this test program, the tenshear samples will be used
to determine only straight tensile adhesion,

The sample consists of two (2) flat plates with the various'
composites built up between (See Figure 3). The specimen is
pulled to failure in an instron. tensile tester where force is
recorded in pounds. The force in psi is then calculated by

dividing by area of the bond surface.
I-4
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5.3 CONSTANT LOAD 180-DEGREE PEEL

The constant load 180° peel specimen is prepared exactly
the same as the standard 180° peel specimen. When testing the
sample, a weight is attached to the free end of the specimen,.
The load is applied for a predetermined time or until failure
occurs.

6.0 INSTRUMENTATION AND DATA ACQUISITION REQUIREMENTS

(Not Applicable)

7.0 TEST PROCEDURES

The specimens for this test program are specified in
Table 1. Requirement for detailed processing and formulation
variables are included therein.

General specimen process requirements shall simulate pre-
dicted processing of the TU-393 motor except where specified
otherwise in Table 1. Scheduled motor raw materials lots
shall be utilized for all tests herein. Predicted motor pro-
cessing is as follows:

(a) 1Insulation Materials
(1) Dome insulation is Asbestos Filled
NBR (V-44) .10 in sheet stock, vacuum
bagged and autoclave cured at 300° F
for 4 hours in CO2 atmosphere. Then
cured with case 20 hours @ 300°F.
(2) Bladder material is Silica Filled

NBR (V-45) .060 in sheet stock, pres-
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sure cured at 60 psi nominal according
to the planned case cure cycle.
(b) Hydrotest
(1) 7-10 hours soak (case filled with
water-no pressure).
(2) 1-2 hours @ 800 psi.
(c) Dry case hours @ 135° F
(d) Insulation surface buffed and cleaned with MEK
(e) Insulation surface is spray coated with Koropon
and cured 24 hours @ ambient.
(£) Koropon surface cleaned with MEK.
(g) Liner application with sweep-extruder.
(h) 16-24 hours ambient liner cure.
(1) 24 hour liner cure at 135° F,
() S50 hours maximum casting at 135°F with TPH 8163
propellant.
(k) 7 days propellant and liner cure at 135°F.
(1) Liner thickness to be .090" nominal with .070
minimum.
The actual raw materials assigned to the motor as follows

shall be used for all tests where applicable:

Ma terial Lot
Koropon Part A 9505-0002
Koropon Part B 9506-0001
HC Polymer 9407-0099
MAPO ‘ 9606-0014




Material

ERLA 0500

Thixcin E

Iron Octoate

Asbestos Floats

8.0 PREDICTED RESULTS

Since the insulation,

DLB-079-TP

Revision
Lot
9267-0038
9851-0032
9455-0019
9016-0014

liner, and propellant are materials

that have been used in previous motors, it is predicted that

test results will verify the design and processes with little

or nc modification.

Variables to be considered are limited

to changes in propellant formultation to obtain burn rate,

wetting of insulation during hydrotest and modification of

liner to insure compatibility.

HAH

9.0 EFFECT OF SUCCESS OR FAILURE ON OVER-ALL PROGRAM OBJECTIVES

These tests ~re necessary to verify product design and

must be successfully accomplished to insure final bond of

propellant to case.
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Figure 2.

180 Deg Peel Test Specimen and Arrangement
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FOREWORD

This test plan covers the hydrotesting and
hydrobursting of TU-393 fiberglass reinforced plastic
rocket motor cases. It has been prepared by Thiokol
Chemical Corporation for use on Contract AF 04(695)-773.
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II.

INTRODUCTION

Two identical TU-393 cases will be fabricated. The first one
will be proof tested to 790 * (1)0 psig and then hydroburst. The second
will be proof tested to 790 * 10 psig only. then loaded and fired. Test
setup, equipment, instrumenpation procedures, etc., will be the same
for both cases. The only difference will be the addition of a waterproof
bag to protect the bladder of the second case. Therefore. this plan
outlines the criteria and detailed procedures for both tests.

Assembly, instrumentation and hydrotesting will be conducted
at the Wasatch Division Test Area. The test fixture will provide a

floating piston device which will apply a simulated thrust load to the
forward skirt.

OBJECTIVES

Although test methods are the same for both cases. the primary
test objectives differ.

A, The primary objective of hydrotest/hydroburst of case No. 1 is
to determine the actual strength levels obtainable before failure
and thus appraise the accuracy of analvtical calculations.

B. The primary objective in hydrotesting case No. 2 is to prove the
case satisfactory for subsequent loading and firing.

C. Secondary objectives of both tests are:

1. To verify the manufacturing methods, process controls,
quality assurance provisions. etc.. used to fabricate
the case.

2. To demonstrate the feasibility of using large filament

wound plastic cases for solid propellant rocket motors.

3. To determine behavior characteristics of large plastic
cases including:

Percent elongation of glass laminate
Deflections

Stress/strain relationships
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I1I. HARDWARE INSPECTION
A. Pretest

The following pretest inspection of the case and related test hard-
ware shall be performed prior to pressurization. Departures
and deviations, to this plan, or established drawings shall be
coordinated with the cognizant Project Engineer.

1. Visually inspect the outside case wall and note any
apparent flaws by description and location.

2. Measure and record the length at each longitudinal
extensometer location.

3. Measure and record the case circumference at each
circumferential extensometer location.

4, Measure and record the actual location of each strain
gage.
B. Post-test

Post-test evaluations will be directed by the Project Engineer.

IV, INSTRUMENTATION

Instrumentation will be installed on the case assembly in
accordance with Instrumentation Installation Drawing 7U37716. All
instrumentation readings will be recorded continuously throughout
the test on magnetic tape. (See Table I for Instrumentation Coding
System.)

A. Strain Gages

Sixty (60) strain gages will be located on the case as shown on
the instrumentation drawing. Overall accuracy of the strain
measurements will be + 5 percent, at 3 percent strain.

B. Extensometers

Fifteen (15) extensometers will be located on the case per the
instrumentation drawing (7U37716-03). Overall accuracy of
extensometer measurements will be + 5 percent at maximum
deflection.

II-2




VI.

Pressure Transducers

Two (2) pressures will be recorded continuously at the aft
dome. The transducers will be located as close to the case
as possible. Overall accuracy of the pressure measurements
will be + 2 percent.

The test will be conducted in Test Bay T-17 of the Wasatch
Division Test Area. The test stand shall be assembled per drawing
2U25060-02. Pumping facilities shall be capable of delivering 300 gpm
at a pressure of 1,500 psig. There will be a minimum of 1,000 gallons
makeup water required to reach failure pressure.

The case will be hydrotested in the vertical position with the
forward skirt resting on the base structure of the test stand (per Test
Stand Drawing 2U25060-02).

Nozzle thrust is simulated by a floating piston in a flanged
cylinder attached to the aft polar boss. This thrust load is applied to
the overhead test stand structure by the piston and is reacted against
the forward skirt by the base structure.

The piston cylinder device allows free axial expansivii of the
case while lateral and gimbal bearing units compensate for any twisting
or lateral movements.

o mmen=Jn.order ta guarantee.a flat surface.and uniform bearing loads,

an Epocast 31-D filler will be provided between the piston and overhead
structures. The filler will be installed per 2U25060-02, with the piston
raised to its maximum height (Note: hydrant pressure only required for
this operation).

Pressurization fluid shall be water at ambient temperature.
TEST PROCEDURE
A. To minimize time in the test bay, all possible strain gages and

all possible extensometer brackets and guides shall be mounted
before the case is placed in the test stand.
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B. Following strain gage and extensometer mounting, the case will
be installed in the test fixture and aligned. The floating piston

will be installed in the aft section and the assembly of the test
stand completed.

C. The case shall be inspected as specified in Section IIT A.3 and
A.4 Pretest Inspection.

D. The portable pumping facility will be connected and the air in
the case purged.

E. The case will then be leak tested at 100 psig for ten (10) minutes
before returning to 0 psig pressure. Criteria for successful
leak test is zero leakage. A cognizant Project Engineer must
be present for observation and evaluation in this cycle.

F. Instrumentation will be zeroed and balanced--cameras will be
loaded.
: +10
G. The case will then be pressurized to 790 0 psig at the

prescribed rate of 4 psig per second (min) to 8 psig per second
(max). The pressure will be held for 120 * 8 seconds and then
reduced to a zero at a maximum rate of 15 psig per second.

H. The following paragraph applies to case No. 1 only:

After proof testing the performance of instrumentation and data
acquisition equipment will be assessed. Remove all extensom-
eters. Cameras will be reloaded, if needed. The case will
then be pressurized at a rate of 4 to 8 psig per second to 705 f (1)0
psig and held at this pressure for 110 + 5 seconds. The

pressure will then be increased at a rate of 4 to 8 psig per
second until failure occurs.

VII. PHOTOGRA PHIC COVERAGE

Photographic coverage for the two proof tests at 790 psig will
consist of the following:

1. Two (2) high speed cameras (64 frames per second).
One located to provide an unobstructed view of the
entire motor case and the other to provide an unobstructed
view of the aft case area. This will include the piston
assembly and aft portion of the test stand.
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VIIIL.

2. Appropriate still photographs in color and black and
white will be taken to document the entire test effort.
This will include installing the case in the test stand,
instrumentation, test setup, test stand, etc., in all
phases of buildup.

3. Documentary still photographs will be taken of the
completed setup before and after test.

4. Photographic coverage for the hydroburst test will
include all of the above, plus the following:

a) Four (4) additional high specd cameras
(64 frames per second), giving a total of
six (6). These will provide unobstructed
views of the entire case from three (3)
radial directions at the top and at the bottom.

b) Three (3) very high speed cameras (400
frames per second). These will be placed
120 deg apart at the case center, thus giving
complete coverage of all of the cylindrical
portions. Figure 1 shows the photographic
layout.

DATA REDUCTION AND RE PORT SCHEDULE
A, All films will be processed within three (3) working days.

B. Selective gages (selected by Development Engineering with the
aid of the film) shall be run through the quick look recorder.

C. Following the quick look run, the tapes will be processed through
the IBM and the IBM output will be made available to Development
Engineering within five (5) days.

D. Final data from the hydrotest will be made available to Develop-
ment Engineering within six (6) working days following receipt
of the IBM runs.

E. Development Engineering will analyze the data and prepare a
test report four (4) weeks after the hydrotest.
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IX. REFERENCED DRAWINGS

7037701 Case Assembly--TU-393
7U37716-03 Instrumentation Installation~--TU-393
2U25060-02 Hydrostatic Test Stand
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DLB-086-TP

TABLE 1

INSTRUMENTATION CODING SYSTEM

Pickup Expected Required

CLode Priority Range Accuracy Remarks
P001 M 0-1, 000 psig +2.0% Pressure
P002 M 0-1,000 psig +2.0% Pressure
D001 R 0-15 in. +5.0% Displacement
D002 R 0-15 in. +5.0% Displacement
D003 R 0-15 in. +5.0% Displacement
D004 R 0-15 in. +5.0% Displacement
D005 R 0-15 in, +5.0% Displacement
D006 R 0-15 in. +5.0% Displacement
D007 R 0-15 in. +5.0% Displacement
D008 R 0-15 in. +5.0% Displacement
D009 R 0-15 in. +5.0% Displacement
Do10 R 0-15 in. +5.0% Displacement
D011 R 0-15 in, +5.0% Displacement
Do12 R 0-15 in. +5.0% Displacement
D013 R 0-5 in. +5.0% Displacement
D014 R 0-5 in. +5.0% Displacement
D015 R 0-5 in. +5.0% Displacement
S001 R 0.030 in./in. +5.0% Strair.

$002 R 0.030 in./in. +5.0% Strain

S003 R 0.030 in./in. +5.0% Strain

S004 R 0.030 in./in. +5.0% Strain

5005 R 0.030 in./in, +5.0% Strain

S006 R 0.030 in./in. +5.0% Strain

S007 R 0.030 in./in. +5.0% Strain
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TABLE I (Cont)

Pickup Expected Required
_Code _ Priority Range Accuracy Remarks
S008 R 0.030 in./in. +5.0% Strain
S009 R 0.030 in./in. +5.0% Strain
S010 R 0.030 in./in. +5.0% Strain
S011 R 0.030 in./in. +5.0% Strain
S012 R 0.030 in./in. +5.0% Strain
S013 R 0.020 in./in. +5.0% Strain
S014 R 0.020 in./in. +5.0% Strain
S015 R 0.020 in./in. +5.0% Strain
S016 R 0.020 in./in. +5.0% Strain
S017 R 0.020 in./in. +5.0% Strain
S018 R 0.020 in./in. +5.0% Strain
S019 R 0.020 in./in. +5.0% Strain
S020 R 0.020 in./in. +5.0% Strain
S021 R 0.020 in./in. +5.0% Strain
S022 R 0.020 in./in. +5.0% Strain
S023 R 0.020 in./in. +5.0% Strain
S024 R 0.020 in./in. +5.0% Strain
S025 R 0.020 in./in. +5.0% Strain
S026 R 0.020 in./in. +5.0% Strain
S027 R 0.020 in./in. +5,0% Strain
S028 R 0.020 in./in. +5.0% Strain
S029 R 0.020 in./in. +5.0% Strain
S030 R 0.020 in./in, +5.0% Strain
S031 R 0.020 in./in. +5.0% Strain
S032 R 0.020 in./in. +5.0% Strain .
S033 R 0.020 in./in, +5.0% Strain
S034 R 0.030 in./in. +5.0% Strain
S035 R 0.030 in./in. +5.0% Strain
1-9 i




Pickup
Code

S036
S037
S038
S039
S040
S041
S042
S043
S044
S045
S046
S047
S048
S049
S050
S051
S052
S053
S054
S055
S056
S057
S058
S059
S060

Prlority

R
R

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

o O O

~

OOOOOOOOOOOOOOOOOOOO

TABLE I (Cont)

Expected

Range

—— e
.030 in./in.

.030 in. /in.
.030 in. /in.
0.030 in./in.
.030 in./in.
.030 in./in.
.030 in./in.
.030 in. /in.
.030 in. /in.
.020 in. /in.
.020 in./in.
.020 in./in.
.020 in./in.
.020 in./in.
.020 in./in.
.020 in./in.
.020 in./in.
.030 in./in.
.030 in./in.
.030 in./in.
.030 in./in.
.030 in./in.
.030 in./in.
.030 in. /in.
.030 in. /in.
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Required
Accuracy
.0%

.0%
. 0%
.0%
0%

+5
+5
+5
+5

+5

+ 5.
+5,

+5,

+5
+5

+d

+5,

+5
+5

+5

+5.
.0%
.0%

+9

+5

+5,
+5,
+5,

+5.

+9

+5,

+5.

0%
0%
0%

0%
.0%
0%

0%

.0%
. 0%
0%

0%

0%
0%
0%
0%

0%

0%
0%

Remarks
Strain
Strain
Strain
Strain
St: .in
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain

Strain
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FOREWORD

This test plan covers the hydrotesting of a TU-393 fiberglass
reinforced plastic rocket motor case. It has been prepared by Thiokol
Chemical Corporation for use on Contract AF 04(695)-773.
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TWR-1410

INTRODUCTION

The TU-393 case S/N 2 per drawing 7U37721-04 will be hydro-
proof tested, then loaded and static tested. This case is different from
case S/N 1 only in that the insulation has been installed and other
minor design improvements incorporated. Test setup, equipment and
instrumentation procedures will be the same. The amount and location
of instrumentation is different to obtain maximum data. The insulation
surface will be protected by a waterproof bag during hydrotesting.

II. OBJECTIVES

A. The primary objective in hydrotesting case No. 2 is to prove the
case satisfactory for subsequent loading and firing.

B. Secondary objectives of the test are:
1. To verify the manufacturing methods, process controls,
quality assurance provisions, etc., used to fabricate

the case.

2. To demonstrate the feasibility of using large filament
wound plastic cases for solid propellant rocket motors.

3. To determine behavior characteristics of large plastic
cases including:

Percent elongation of glass laminate
Deflections
Stress/strain relationships
III. HARDWARE INSPECTION
A. Pretest
The following pretest inspection of the case and related test hardware
shall be performed prior to pressurization. Departures and deviations,
to this plan, or established drawings shall be coordinated with the

cognizant Project Engineer.
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Iv.

TWR-1410

1. Visually inspect the outside case wall and note any apparent
flaws by description and location.

2. Measure and record the length at each longitudinal extensometer
location.

3. Measure and record the case circumference at each
circumferential extensometer location.

4, Measure and record the actual location of each strain
gage.

B. Post-test
Post-test evaluations will be directed by the Project Engineer.
INSTRUMENTATION

Instrumentation will be installed on the case assembly in

accordance with Instrumentation Installation Drawing 7U37716-01.
All instrumentation readings will be recorded continuously throughout
the test (see Table I for Instrumentation Coding System).

A.

Strain Gages

Thirty (30) strain gages will be located on the case as shown on
the instrumentation drawing. Overall accuracy of the strain
measurements will be + 5 percent, at 3 percent strain.

Extensometers

Ten (10) extensometers will be located on the case per the
instrumentation drawing (7U37716-01). Overall accuracy of
extensometer measurements will be + 5 percent at maximum
deflection.

Pressure Transducers
Two (2) pressures will be recorded continuously at the aft
dome. The tranducers will be loacted as close to the case

as possible. Overall accuracy of the pressure measurements
will be + 2 percent.
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The test will be conducted in Test Bay T-17 of the Wasatch Division
Test Area. The test stand shall be assembled per drawing 2U25060-02.
Pumping facilities shall be capable of delivering 300 gpm at a pressure of
1, 500 psig. There will be a minimum of 1, 000 gallons makeup water
required to reach failure pressure.

The case will be hydrotested in the vertical position with the
forward skirt resting on the base structure of the test stand (per Test
Stand Drawing 2U25060-02).

i Nozzle thrust is simulated by a floating piston in a flanged cylinder

. attached to the aft polar boss. This thrust load is applied to the overhead
test stand structure by the piston and is reacted against the forward skirt
by the base structure.

The piston cylinder device allows free axial expansion of the case
while lateral and gimbal bearing units compensate for any twisting or
lateral movements.

Pressurization fluid shall be water at ambient temperature.

V. TEST PROCEDURE

A. The case will be installed in the test stand and aligned. The
floating piston will be installed in the aft section and the assembly
of the test stand completed.

B. Instrumentation will be installed.
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C. The case shallbeinspected as specified in Section IIl A.3 and A. 4
Pretest Inspection.

D. The portable pumping facility will be connected and the air and
the case purged.

E. The case will then be leak tested at 100 psig for ten (10) minutes
before returning to 0 psig pressure. Criteria for successful leak<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>