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INTRODUCTION
Scope

This report documents the test procedures followed and the results obtained during
Performance Testing of 240 Stainless Steel Compression Style Tube Fitting Connections.
Four sizes of Tube Fittings were tested (1/4-inch, ¥%-inch, ¥-inch and 1-inch). Sixty
samples of each size were submitted for testing. Testing was performed at Wyle
Laboratories” Huntsville, Alabama, Test Facility from March 8, 2003, to June 10, 2004.

References

e HAM-LET Purchase Order No. 23880
e Woyle Laboratories” Quotation No. 542/023874/DB
e Woyle Laboratories' Quality Assurance Program Manual, Revision 2

e “Appendix A: Tube Fitting Test Procedure” as an Attachment to “GE Specification
362A2195”

e ANSI/NCSL Z540-1, “Calibration Laboratories and Measuring and Test Equipment,
General Requirements”

e ASTM F1387-99
e SAE MAZ2003, “Rotary Flexure of Hydraulic Tubing Joints and Fittings”
e [SO 10012-1, “Quality Assurance Requirements for Measuring Equipment”

e MIL-STD-45662A, “Calibration System Requirements”
Test Specimen Description

Test specimens supplied by HAM-LET, were Stainless-Steel (per AISI 316) | A
Mechanically-Attached Hydraulic Tube Fittings — Compression Style. Each specimen
consisted of a Nut, a Front Ferrule and a Rear Ferrule. Photographs of the test specimens
are presented in Attachment A of this report.

Summary
The test specimens were successfully subjected to the following environmental

conditions.

e Pneumatic Proof Test
e Hydrostatic Proof Test
e Rotary Flex Test

WYLE LABORATORIES
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1.0
1.4

2.0

2.1

INTRODUCTION (Continued)
Summary (Continued)

e Flex Fatigue Test

e Tensile Test

e Temperature Cycling Test

e Elevated Temperature Soak Test

e Vibration Test

e Hydraulic Impulse Test

e Burst Pressure Test

e Repeated Assembly (combined with Impulse and Flex Fatigue)

The sequence of testing was performed in accordance with Flow Chart Rev. 09 presented
in Appendix A, Rev. 04, of GE Specification 362A2195, Rev. 0. This Flow Chart,
supplied by GE, was derived from the ASTM F1387 test specification.

Changes to the test procedure were incorporated, as discussed with GE, as testing
progressed. Each change is discussed as it relates to the specific test it affected.
Specimens identified in the following attachments that either did not complete the test or
that became inoperative were because of procedural adjustments, with two exceptions.
One specimen in the Tensile Test fell short of the minimum yield strength. The second
exception occurred as a result of tubing failures during the Burst Test. Test details are
reported in that Attachment. After testing, all specimens were returned to HAM-LET for
review.

The test results contained herein apply only to the test specimens identified in this report.

TEST PROCEDURES AND RESULTS
Pneumatic Test

Prior to performing this test, each specimen was identified and assembled in a manifold
configuration. The manifold configuration, which was specified in Appendix A, Rev. 01,
of GE Specification 362A2195, Rev. 0, allowed for identification of all test items. The
process was repeated for each of the four test sizes.

The assembly process was performed by installing the test specimens onto supplied
stainless steel tubing lengths (see Attachment O of this report for the Tubing Material
Certifications). The specimens were installed onto mating connectors, including stop
collars/rings in accordance with Appendix A of GE Specification 362A2195, Section 6.2.

WYLE LABORATORIES

Huntsville Facility
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2.0
2.1

2.2

2.3

TEST PROCEDURES AND RESULTS (Continued)
Pneumatic Test (Continued)

The installation process included: establishing firm finger-tight conditions, marking the
location at that point, tightening the specimen 1.25 turns, and verifying if the stop collar
was loose or tight. The torque to achieve this point was recorded. If the stop collar was
loose, the specimen was further tightened until the stop collar was captured. The torque
value was updated in this event. These measurements were documented and are
presented in the Pneumatic Test Data Sheet in Attachment B.

After complete assembly of each manifold, the manifolds were submerged under water
and pressurized to 100 psig for a minimum of 5 minutes. No leakage was noted. The
pressure was increased to 500 psig and maintained for 5 minutes. No leakage was noted.
This test was repeated for each of the four sizes. The manifolds were then disassembled
and prepared for the Hydrostatic Test.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Hydrostatic Test

After disassembly, the stop collars were removed from the test setup. The specimens
were then re-assembled in accordance with Appendix A of the GE Specification, Section
6.3. This completed the first of many make and break (Repeated Assembly)
requirements.

The manifolds were initially pressurized to 100 psig with water for five minutes. No
leakage was noted.

Each manifold was then hydrostatically pressurized to 125% rated pressure (11,250 for
the 1/4 inch, 7650 for the 1/2 inch, 7350 for the 3/4 inch, and 5400 psig for the 1 inch).
Test results are presented in Attachment C.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Rotary Flex Test

Six samples of each size were subjected to the Rotary Flex requirements specified in
Appendix A, Rev. 04, of GE Specification 362A2195, Rev. 0. The specimens were
tested while pressurized with water to 500 psig. Each specimen was instrumented with
two strain gages on the tube at approximately 0.125 inch away from the nut. The gages
were located 90 degrees apart.

WYLE LABORATORIES

Huntsville Facility
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2.0
2.3

2.4

TEST PROCEDURES AND RESULTS (Continued)
Rotary Flex Test (Continued)

With GE approval, an acceptable stress level was reached that was in direct relation to
SAE Test Method MA2003, Sections 4.2.2 to 4.2.4, which specifically addresses tube
breakage prior to reaching the required number of cycles. This method allowed for
reduction of the stress level based on performance achieved. Testing was performed at a
minimum of 1750 RPM until 1,000,000 cycles were completed or until the test was
halted.

Immediately following the Rotary Flex Testing, the specimens reaching 1,000,000 cycles
were subjected to a Hydrostatic Test with no anomalies noted.

The final stress levels applied were (units in micro strain) 760 for the 1/4-inch, 679 for
both the 1/2-inch and 3/4-inch, and 810 for the 1-inch.

Typical Stress calculations are presented in Attachment P. The test results for the Rotary
Flex specimens are presented in Attachment G.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Flex Fatigue Test

Six samples of each size were subjected to the Flex Fatigue requirements specified in
Appendix A of GE Specification 362A2195. The test specimens were tested while
pressurized with water. Each specimen was instrumented with two strain gages on the
tube at approximately 0.125 inch away from the nut. The gages were located 180 degrees
apart.

The specimens were subjected to a preset stress level according to the tube size. The
levels were (units in microstrain): 1155 for 1/4-inch, 1098 for 1/2-inch, 823 for 3/4-inch,
and 805 for 1-inch. This stress level was established and then the test pressure was
applied. Pressure and strain were monitored during the flex cycles and strain was
recorded at periodic intervals to verify the stress levels.

The specimens were then exercised in a side-to-side motion, with the maximum strain
applied at each endpoint. The return to mid-point passed through null or zero stress
before going to the opposite direction. This motion completed one cycle, and 30,000
cycles were performed. The flexure rate was established at one per second.

WYLE LABORATORIES

Huntsville Facility
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2.0
2.4

2.5

TEST PROCEDURES AND RESULTS (Continued)
Flex Fatigue Test (Continued)

Half of the specimens were also subjected to repeated assembly. After 7500 cycles,
testing was stopped and the specimens were disassembled and reassembled two times in
accordance with Appendix A of GE Specification 362A2195, Section 6.3. After
completion of 30,000 cycles, the specimens were re-subjected to the Hydrostatic Test.
Passing the hydrostatic function is noted in the Test Data Sheet in Attachment H.

Immediately following the Flex Fatigue Testing, the specimens reaching 30,000 cycles
were subjected to a Hydrostatic Test with no anomalies noted.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Thermal Cycling Test

The test specimens were assembled into a continuous manifold configuration with the
permission of GE. This allowed the conditioning fluid to flow completely through the
manifold. This assembly was repeated for each of the four sizes. Photographs of the
assembly are presented in Attachment A.

Testing was performed in two phases. The first phase subjected the manifold to high
temperature (500°F) conditions for two hours followed by a quick (<2 minutes) transient
to ambient conditions (70°F). During the entire process, the manifold was pressurized at
700 psig for the high temperature and 200 psig for the ambient temperature. This
procedure was repeated for three complete cycles. The manifold was monitored for
leakage during the test. For both phases of the test program, a thermocouple was
mounted directly to the tube wall mid-way along the manifold length. This thermocouple
was used to time the saturation period and to indicate when to begin the transient. A
second thermocouple was attached at the discharge nozzle just beyond the outlet to
measure the fluid temperature during the test program. This thermocouple was utilized
as the indicator for completion of the temperature transient.

The second phase was to subject the manifold to low temperature (0°F) for a period of
two hours while pressurized with nitrogen at 200 psig. This was followed by a quick
transient to 70°F in less than two minutes, using hot water at a minimum of 200 psig.
This process was repeated for three complete cycles. The manifold was monitored for
leakage during the temperature exposure periods.

WYLE LABORATORIES

Huntsville Facility
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2.0
2.5

2.6

2.7

TEST PROCEDURES AND RESULTS (Continued)
Thermal Cycling Test (Continued)

After thermal cycling was completed, the manifolds were hydrostatically checked and the
results were posted on Test Data Sheets, which are presented in Attachments I and J. No
anomalies were noted.

Immediately following the Thermal Cycling Testing, the specimens were subjected to a
Hydrostatic Test with no anomalies noted.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Elevated Temperature Soak Test

The test manifolds were re-configured for the proper test specimens in a continuous flow
manifold. The specimens were placed in a test chamber and pressurized to 250 psig.
This pressure was maintained during the test period. The chamber temperature was
elevated to 500°F and maintained for 100 hours. The specimens were checked
periodically to verify that no leakage was occurring.

Immediately following the Elevated Temperature Soak Testing, the sections were
subjected to a Hydrostatic Test with no anomalies noted.

Photographs of the test setup and in-process testing are presented in Attachment A.
Copies of the circular charts for the exposure period are presented in Attachment M. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Vibration Test

The tubing manifolds were re-configured into three sections in accordance with Figure
7.11A of Appendix A, Rev. 04, of GE Specification 362A2195, Rev. 0. Each size of
tubing was mounted to specific dimensions regarding the spacing between centers. Each
section contained one union, having two specimens in the middle of the mounting
configuration for a total of six specimens per size.

For measurement of specimen vibration characteristics, a miniature accelerometer was
mounted to the union in the center of the section. This accelerometer was then rotated
each time the vibration was applied in each of the three directions.

WYLE LABORATORIES

Huntsville Facility
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2.0
2.7

2.8

2.9

TEST PROCEDURES AND RESULTS (Continued)
Vibration Test (Continued)

The specimens were pressurized and monitored for leakage during the entire vibration
program. The pressure used for the 1/4-inch was 7500 psig, for 1/2-inch was 5100 psig,
for the 3/4-inch was 4900 psig, and for the 1-inch was 3600 psig.

The specimens were then subjected to variable frequency vibration from 4 to 60 Hz, at 5
minutes per frequency. The test levels and durations are presented in the Vibration Data
Sheets in Attachment L. Immediately following the Variable Frequency Testing, the
sections were subjected to a Hydrostatic Test with no anomalies noted.

The specimens were then subjected to Endurance Testing based on any resonance found
during the Variable Frequency Test, or a maximum of 60 Hz if none were noted. For this
test, there were no resonances noted and all Endurance Testing was performed at 60 Hz.
The test levels and durations are presented in the Vibration Data Sheets in Attachment L.
Immediately following the Endurance Testing, the sections were subjected to a
Hydrostatic Test with no anomalies noted.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Tensile Test

Six specimens of each size were subjected to Tensile Testing after being subjected to
Pneumatic and Hydrostatic Testing. Testing was performed under subcontract and
details of the test results are presented in Attachment F. One 3/4-inch sample released
before achieving the required minimum value and is reported in the Test Data Sheet. All
other samples met or exceeded the minimum tensile strength.

Hydrostatic Burst Test

Eight specimens of each size were subjected to Hydrostatic Burst Testing after having
first successfully passed Pneumatic, Hydrostatic, Thermal Cycle and Elevated
Temperature Soak Tests.

Four specimens were tested at the same time in accordance with Figure 7.4A of
Appendix A, Rev. 04, of GE Specification 362A2195, Rev. 0. This configuration placed
two tube sections, with two specimens each, end to end with a union in the middle and a
stop plug on one end. The assembly was then pressurized to four times the working
pressure of the size being tested.

WYLE LABORATORIES
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2.0
2.9

2.10

TEST PROCEDURES AND RESULTS (Continued)

Hydrostatic Burst Test (Continued)

30,000 psig for the 1/4-inch
20,400 psig for the 1/2-inch
16,600 psig for the 3/4-inch
14,400 psig for the 1-inch

Each assembly was pressurized at a rate not exceeding 25,000 psig/minute. Pressure was
then held for one minute.

All components for the 3/4-inch and 1/4-inch sizes passed. The tubing ruptured on one
section of the 1/2-inch and 1-inch specimens prior to reaching the required minimum.
This test involved 4 of the 8 specimens. Results are indicated in the Test Data Sheets in
Attachment E. Tubing Rupture is identified in the results column as Failed* with
explanation as to cause.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

Hydraulic Impulse Test

Six specimens of each size were subjected to the Hydraulic Impulse Test. Two
specimens on a common tube were attached to a manifold block. Three common tubes
were attached to the block, making a total of six specimens.

The specimens were filled with MIL-H-5606 hydraulic fluid and subjected to one-million
pressure cycles. Pressures were 9975 to 1500 psig for the 1/4-inch, 6783 to 1120 psig for
the 1/2-inch, 6517 to 980 psig for the 3/4-inch and 4788 to 720 psig for the 1-inch. The
cycle rate was controlled to less than 75 cycles per minute. Half of the specimens were
subjected to Repeated Assembly after every 250,000 cycles.

The test specimens met the criteria for no leakage after completing one-million cycles.
Results are indicated in the Test Data Sheets in Attachment D.

Photographs of the test setup and in-process testing are presented in Attachment A. The
Instrumentation Equipment Sheets for the test setup are presented in Attachment R.

WYLE LABORATORIES
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3.0

4.0

TEST EQUIPMENT AND INSTRUMENTATION

All instrumentation, measuring, and test equipment used in the performance of this test
program were calibrated in accordance with Wyle Laboratories’ Quality Assurance
Program, which complies with the requirements of ANSI/NCSL Z540-1, ISO 10012-1,
and Military Specification MIL-STD-45662A. Standards used in performing all
calibrations are traceable to the National Institute of Standards and Technology (NIST)
by report number and date. When no national standards exist, the standards are
traceable to international standards or the basis for calibration is otherwise documented.

QUALITY ASSURANCE PROGRAM

All work performed on this test program was completed in accordance with Wyle
Laboratories” Quality Assurance Program.

The Wyle Laboratories, Huntsville Facility, Quality Management System is registered in
compliance with the 1SO-9001 International Quality Standard. Registration has been
completed by Quality Management Institute (QMI), a Division of Canadian Standards
Association (CSA).

Wyle Laboratories is accredited (Certificate No. 845.02) by the American Association for
Laboratory Accreditation (A2LA), and the results shown in this test report have been
determined in accordance with Wyle’s scope of accreditation unless otherwise stated in
the report.

WYLE LABORATORIES
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Photograph No. 2. Index Marking for Turn Identification
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Photograph No. 3. Verifying Stop Collar Tightness

Photograph No. 4. Typical View of Manifold for Pneumatic Proof Test
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Photograph No. 5. Rotary Flex Setup

Photograph No. 6. Overall View of Rotary Flex Test Setup
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Photograph No. 8. Complete Setup of Gages, Pressure and Control System
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Photograph No. 10. Low Temperature Condition Setup
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Photograph No. 12. Hydraulic Impulse Control System
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Photograph No. 14. Test Chamber for Elevated Temperature Test
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Photograph No. 15. Manifolds Installed in Test Chamber

Photograph No. 16. Typical Burst Test Manifold Setup
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Photograph No. 17. High-Pressure Pump for Burst Test
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PNEUMATIC TEST DATA
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Data Collection Requirements for Pneumatic Proof Tests

TEST NO.5.1

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

1/4-Inch
Torgue Values
New I.D. @ 1.25 Turns Seat Collar If =N, record Accept
HAM-LET Ft-lbs (Y/N) Ft-lbs
1 12.63 Y Pass
2 12.60 Y Pass
3 16.29 Y Pass
4 11.38 Y Pass
5 16.49 Y Pass
6 13.25 Y Pass
7 12.57 Y Pass
8 13.14 Y Pass
9 14.99 Y Pass
10 10.66 N 12.87 Pass
11 14.19 Y Pass
12 11.65 Y Pass
13 11.26 Y Pass
14 17.53 Y Pass
15 10.55 Y Pass
16 11.89 Y Pass
17 12.83 Y Pass
18 12.16 Y Pass
19 14.00 Y Pass
20 15.19 Y Pass
21 15.72 Y Pass
22 16.71 Y Pass
23 11.92 Y Pass
24 12.13 Y Pass
25 14.81 Y Pass
26 16.18 Y Pass
27 15.15 Y Pass
28 17.02 Y Pass
29 14.10 Y Pass
30 13.29 Y Pass
31 13.07 Y Pass
32 11.56 Y Pass
33 15.48 Y Pass
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TEST NO. 5.1 (Continued)

Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

1/4-Inch (Continued)

Torgue Values
New I.D. @ 1.25 Turns Seat Collar If =N, record Accept
HAM-LET Ft-lbs (Y/N) Ft-lbs
34 12.78 Y Pass
35 12.80 Y Pass
36 15.19 Y Pass
37 13.95 Y Pass
38 12.60 Y Pass
39 12.60 Y Pass
40 13.40 Y Pass
41 14.81 Y Pass
42 12.19 Y Pass
43 12.50 Y Pass
44 12.74 Y Pass
45 12.29 Y Pass
46 12.01 Y Pass
47 10.82 Y Pass
48 13.10 Y Pass
49 11.68 Y Pass
50 13.15 N 15.01 Pass
51 13.82 Y Pass
52 12.54 Y Pass
53 14.94 Y Pass
54 12.68 Y Pass
55 13.46 Y Pass
56 13.35 Y Pass
57 11.54 Y Pass
58 14.12 Y Pass
59 12.74 Y Pass
60 11.27 Y Pass
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TEST NO.5.1
Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

1/2-Inch
Torque Values
New I.D. @ 1.25 Turns Seat Collar If =N, record Accept
HAM-LET Ft-lbs (YIN) Ft-lbs
1 41.60 N 45.50 Pass
2 47.08 Y Pass
3 35.58 Y Pass
4 42.44 Y Pass
5 44.64 N 44.64 Pass
6 46.20 N 49.40 Pass
7 47.00 N 50.45 Pass
8 39.15 N 50.01 Pass
9 40.75 Y Pass
10 38.65 N 42.72 Pass
11 46.18 Y Pass
12 42.90 N 49.03 Pass
13 40.66 N 45.42 Pass
14 37.31 Y Pass
15 39.75 N 43.47 Pass
16 42.75 N 47.47 Pass
17 36.00 N 38.35 Pass
18 38.98 Y Pass
19 38.16 N 44,75 Pass
20 34.96 N 40.16 Pass
21 35.36 N 38.64 Pass
22 35.76 N 39.64 Pass
23 39.93 Y Pass
24 39.16 N 40.66 Pass
25 38.04 N 42.93 Pass
26 41.98 Y Pass
27 40.00 N 41.77 Pass
28 50.16 Y Pass
29 56.69 Y Pass
30 42.31 N 49.57 Pass
31 34.75 N 39.04 Pass
32 46.86 N 50.18 Pass
33 39.00 N 39.49 Pass
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TEST NO. 5.1 (Continued)

Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

1/2-Inch (Continued)

Torque Values
New I.D. @ 1.25 Turns Seat Collar If =N, record Accept
HAM-LET Ft-Ibs (YIN) Ft-Ibs
34 43.55 N 46.81 Pass
35 35.30 N 39.37 Pass
36 39.25 N 43.53 Pass
37 39.31 N 49.27 Pass
38 39.19 N 48.23 Pass
39 41.29 N 44.46 Pass
40 36.05 N 41.15 Pass
41 50.00 Y Pass
42 37.54 N 38.92 Pass
43 49.00 N 49.39 Pass
44 43.95 N 48.47 Pass
45 34.72 N 41.26 Pass
46 39.12 N 47.08 Pass
47 36.66 N 43.17 Pass
48 35.58 N 40.76 Pass
49 39.04 N 39.04 Pass
50 36.83 Y Pass
51 41.66 N 44.27 Pass
52 39.54 N 50.00 Pass
53 46.00 N 47.66 Pass
54 40.87 N 4455 Pass
55 37.99 N 50.00 Pass
56 37.86 N 45.12 Pass
57 37.98 Y Pass
58 38.46 N 43.31 Pass
59 37.84 N 4457 Pass
60 35.61 N 40.04 Pass
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Revision A

TEST NO.5.1

Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

3/4-Inch
Torgue Values
New I.D. | @ 1.25 Turns| Seat Collar | If =N, record @ 1.25 Turns (Ft-1bs) Accept
HAM-LET Ft-lbs (Y/N) Ft-lbs W/O Stop Collar *
1 101.9 Y 66.14 Pass
2 110.8 Y 54.70 Pass
3 92.6 Y 41.04 Pass
4 101.7 N 101.7 46.51 Pass
5 94.3 N 94.3 49.68 Pass
6 115.0 Y 66.59 Pass
7 89.9 Y 52.12 Pass
8 90.2 Y 56.10 Pass
9 107.8 Y 73.82 Pass
10 103.5 Y 52.63 Pass
11 105.9 Y 50.86 Pass
12 99.0 Y 83.42 Pass
13 99.0 Y 82.68 Pass
14 98.1 Y 82.24 Pass
15 109.2 Y 51.82 Pass
16 102.0 Y 53.15 Pass
17 128.5 Y 50.79 Pass
18 112.8 Y 59.94 Pass
19 131.0 N 131.0 55.81 Pass
20 115.5 Y 57.28 Pass
21 81.3 Y 51.60 Pass
22 121.4 Y 50.12 Pass
23 106.1 Y 62.82 Pass
24 103.6 Y 58.76 Pass
25 101.5 Y 56.69 Pass
26 120.7 Y 64.96 Pass
27 100.5 Y 50.94 Pass
28 92.8 Y 51.60 Pass
29 92.3 Y 53.59 Pass
30 94.6 Y 53.96 Pass
31 114.3 Y 48.13 Pass
32 124.4 Y 51.45 Pass
33 121.2 N 121.2 56.69 Pass

*Data provided by HAM-LET.
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Revision A

TEST NO. 5.1 (Continued)

Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

3/4-Inch (Continued)

Torgue Values

New I.D. | @ 1.25 Turns| Seat Collar | If =N, record @ 1.25 Turns (Ft-1bs) Accept
HAM-LET Ft-lbs (Y/N) Ft-lbs W/O Stop Collar *
34 114.4 Y 56.18 Pass
35 135.9 Y 54.11 Pass
36 100.0 Y 58.61 Pass
37 101.5 Y 74.71 Pass
38 102.3 Y 65.18 Pass
39 82.7 Y 56.32 Pass
40 101.9 Y 57.80 Pass
41 103.2 Y 60.98 Pass
42 102.8 Y 63.71 Pass
43 115.4 Y 57.36 Pass
44 109.1 Y 52.56 Pass
45 94.9 Y 56.77 Pass
46 115.3 Y 63.63 Pass
47 113.6 Y NA Pass
48 112.3 Y NA Pass
49 119.2 Y NA Pass
50 121.4 Y NA Pass
51 145.2 Y NA Pass
52 123.8 Y NA Pass
53 101.2 Y NA Pass
54 123.0 Y NA Pass
55 97.9 Y NA Pass
56 98.3 Y NA Pass
57 115.2 N 115.2 NA Pass
58 117.1 Y NA Pass
59 106.4 Y NA Pass
60 96.0 N 96.0 NA Pass

*Data provided by HAM-LET.
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Revision A

TEST NO.5.1

Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

1-Inch
Torgue Values
New I.D. | @ 1.25 Turns| Seat Collar | If =N, record @ 1.25 Turns (Ft-1bs) Accept
HAM-LET Ft-lbs (Y/N) Ft-lbs W/O Stop Collar *
1 133.7 N 133.7 109.55 Pass
2 90.4 N 90.4 108.15 Pass
3 162.7 Y 101.35 Pass
4 158.7 N 158.7 107.04 Pass
5 179.7 Y 95.30 Pass
6 161.7 Y 96.04 Pass
7 170.5 N 170.5 96.19 Pass
8 147.1 Y 107.04 Pass
9 171.1 Y 99.66 Pass
10 180.7 N 180.7 102.02 Pass
11 176.2 N 176.2 95.67 Pass
12 187.4 Y 96.78 Pass
13 157.0 N 157.0 98.33 Pass
14 165.9 N 165.9 95.15 Pass
15 172.2 N 172.2 100.84 Pass
16 148.7 N 148.7 98.40 Pass
17 188.5 N 188.5 97.44 Pass
18 184.9 N 184.9 99.80 Pass
19 172.4 N 172.4 97.59 Pass
20 150.2 N 150.2 96.63 Pass
21 134.2 N 134.2 96.19 Pass
22 97.5 N 97.5 96.19 Pass
23 138.4 N 138.4 99.07 Pass
24 145.0 Y 95.82 Pass
25 152.5 N 152.5 95.30 Pass
26 198.0 Y 96.04 Pass
27 158.2 N 158.2 101.13 Pass
28 119.8 Y 100.10 Pass
29 136.2 Y 97.52 Pass
30 163.1 N 163.1 95.74 Pass
31 134.1 N 134.1 102.83 Pass
32 171.5 N 171.5 102.46 Pass
33 196.6 Y 98.70 Pass

*Data provided by HAM-LET.
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TEST NO. 5.1 (Continued)

Data Collection Requirements for Pneumatic Proof Tests

GE Torque Information in ft/lbs: A=1.25 turns; Tube Stickage rating E=easy/M=moderate/D=difficult /F=failure
Comments: Tested @ 125% of Rating

1-Inch (Continued)

Torgue Values

New I.D. | @ 1.25 Turns| Seat Collar | If =N, record @ 1.25 Turns (Ft-1bs) Accept
HAM-LET Ft-lbs (Y/N) Ft-lbs W/O Stop Collar *
34 132.4 Y 96.26 Pass
35 120.0 N 120.0 97.15 Pass
36 155.6 N 155.6 98.11 Pass
37 136.2 Y 102.54 Pass
38 126.1 Y 97.15 Pass
39 163.9 N 163.9 97.81 Pass
40 137.1 N 137.1 96.56 Pass
41 122.5 Y 95.23 Pass
42 134.8 Y 100.54 Pass
43 146.0 Y 99.51 Pass
44 127.6 N 127.6 98.62 Pass
45 156.8 N 156.8 95.08 Pass
46 156.2 Y NA Pass
47 187.5 N 187.5 NA Pass
48 188.1 Y NA Pass
49 139.8 Y NA Pass
50 143.9 N 143.9 NA Pass
51 158.1 Y NA Pass
52 136.1 N 136.1 NA Pass
53 170.0 Y NA Pass
54 98.9 Y NA Pass
55 144.9 N 144.9 NA Pass
56 136.4 Y NA Pass
57 143.4 N 143.4 NA Pass
58 168.8 Y NA Pass
59 148.6 N 148.6 NA Pass
60 146.1 Y NA Pass

*Data provided by HAM-LET.
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HYDROSTATIC TEST DATA
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TEST NO.5.2

Data Collection Requirements for Hydrostatic Tests
GE Torqgue Information (Remake Information)

A rating of "M" would describe a disassembly requiring moderate flexing of the tube by hand back and forth in the same plane for removal. A
rating of "D" would describe an instance where tools such as pliers, channel locks, vise grips, hammer, vise, etc. would be required for
disassembling the connection. A rating of "F" would describe a connection that simply cannot be disassembled even with the aid of tools.

Comments: Tested @ 125% of Rating

1/4-Inch
New 1.D.

HAM-LET 1st Remake Torque Tube Stickage Accept
1 11.42 M Pass
2 10.97 M Pass
3 11.54 M Pass
4 11.98 M Pass
5 11.81 M Pass
6 12.92 M Pass
7 12.46 M Pass
8 12.41 M Pass
9 10.97 M Pass
10 12.46 M Pass
11 11.35 M Pass
12 11.18 M Pass
13 10.48 M Pass
14 13.01 M Pass
15 10.42 M Pass
16 10.55 M Pass
17 10.45 M Pass
18 12.68 M Pass
19 13.13 M Pass
20 12.77 M Pass
21 12.25 M Pass
22 12.17 M Pass
23 10.52 M Pass
24 12.37 M Pass
25 14.46 M Pass
26 12.77 M Pass
27 12.96 M Pass
28 12.17 M Pass
29 10.36 M Pass
30 11.03 M Pass
31 12.80 M Pass
32 12.66 M Pass
33 14.34 M Pass
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TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests
1/4-Inch (Continued)

New I.D.

HAM-LET 1st Remake Torque Tube Stickage Accept
34 12.19 M Pass
35 12.13 M Pass
36 15.09 M Pass
37 14.10 M Pass
38 12.66 M Pass
39 12.35 M Pass
40 8.85 M Pass
41 12.40 M Pass
42 11.99 M Pass
43 12.83 M Pass
44 11.89 M Pass
45 12.20 M Pass
46 13.25 M Pass
47 11.29 M Pass
48 11.83 M Pass
49 11.44 M Pass
50 13.04 M Pass
51 13.53 M Pass
52 9.52 M Pass
53 13.08 M Pass
54 11.78 M Pass
55 13.70 M Pass
56 11.78 M Pass
57 12.01 M Pass
58 9.96 M Pass
59 12.49 M Pass
60 9.49 M Pass
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TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests

1/2-Inch
New I.D.

HAM-LET 1st Remake Tube Stickage Accept
1 36.26 M Pass
2 37.13 M Pass
3 26.05 M Pass
4 29.25 M Pass
5 36.47 M Pass
6 33.47 M Pass
7 30.73 M Pass
8 34.33 M Pass
9 34.45 M Pass

10 32.50 M Pass
11 39.73 M Pass
12 38.52 M Pass
13 33.05 M Pass
14 34.36 M Pass
15 31.74 M Pass
16 37.34 M Pass
17 25.60 M Pass
18 36.60 M Pass
19 26.45 M Pass
20 36.05 M Pass
21 32.25 M Pass
22 30.94 M Pass
23 30.75 M Pass
24 34.09 M Pass
25 29.66 M Pass
26 33.16 M Pass
27 28.58 M Pass
28 30.60 M Pass
29 29.72 M Pass
30 39.48 M Pass
31 29.21 M Pass
32 32.10 M Pass
33 34.46 M Pass
34 30.25 M Pass
35 35.28 M Pass
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TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests
1/2-Inch (Continued)

New I.D.

HAM-LET 1st Remake Tube Stickage Accept
36 39.24 M Pass
37 32.75 M Pass
38 38.44 M Pass
39 33.08 M Pass
40 25.46 M Pass
41 28.29 M Pass
42 32.71 M Pass
43 33.29 M Pass
44 32.49 M Pass
45 40.46 M Pass
46 38.50 M Pass
47 37.08 M Pass
48 38.32 M Pass
49 40.70 M Pass
50 30.81 M Pass
51 32.11 M Pass
52 33.23 M Pass
53 38.41 M Pass
54 29.66 M Pass
55 33.76 M Pass
56 39.45 M Pass
57 28.29 M Pass
58 38.32 M Pass
59 31.56 M Pass
60 24.21 M Pass
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TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests

3/4-Inch
New 1.D.

HAM-LET 1st Remake Tube Stickage Accept
1 77.5 M Pass
2 86.2 M Pass
3 69.4 M Pass
4 82.8 M Pass
5 75.1 M Pass
6 101.8 M Pass
7 65.4 M Pass
8 80.7 M Pass
9 91.2 M Pass

10 82.0 M Pass
11 69.6 M Pass
12 82.9 M Pass
13 59.2 M Pass
14 69.7 M Pass
15 75.2 M Pass
16 79.2 M Pass
17 61.9 M Pass
18 53.2 M Pass
19 63.9 M Pass
20 64.3 M Pass
21 79.3 M Pass
22 71.2 M Pass
23 73.1 M Pass
24 85.3 M Pass
25 74.2 M Pass
26 74.6 M Pass
27 58.1 M Pass
28 65.4 M Pass
29 70.3 M Pass
30 64.5 M Pass
31 64.4 M Pass
32 73.5 M Pass
33 75.3 M Pass
34 73.9 M Pass
35 55.1 M Pass
36 67.3 M Pass
37 63.1 M Pass
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TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests
3/4-Inch (Continued)

New 1.D.

HAM-LET 1st Remake Tube Stickage Accept
38 63.3 M Pass
39 61.7 M Pass
40 67.7 M Pass
41 65.2 M Pass
42 68.5 M Pass
43 66.8 M Pass
44 55.8 M Pass
45 69.8 M Pass
46 72.6 M Pass
47 64.6 M Pass
48 84.4 M Pass
49 71.0 M Pass
50 65.8 M Pass
51 67.1 M Pass
52 50.9 M Pass
53 62.4 M Pass
54 60.3 M Pass
55 66.3 M Pass
56 71.2 M Pass
57 65.2 M Pass
58 80.6 M Pass
59 75.5 M Pass
60 57.6 M Pass
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TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests

1-Inch
New I.D.

HAM-LET 1st Remake Tube Stickage Accept
1 87.0 M Pass
2 74.1 M Pass
3 119.4 M Pass
4 815 M Pass
5 106.0 M Pass
6 86.5 M Pass
7 68.5 M Pass
8 97.4 M Pass
9 115.2 M Pass
10 83.5 M Pass
11 91.8 M Pass
12 108.4 M Pass
13 108.6 M Pass
14 97.9 M Pass
15 119.4 M Pass
16 924 M Pass
17 77.4 M Pass
18 89.6 M Pass
19 108.3 M Pass
20 111.9 M Pass
21 95.5 M Pass
22 52.4 M Pass
23 83.7 M Pass
24 110.2 M Pass
25 85.7 M Pass
26 103.1 M Pass
27 87.1 M Pass
28 64.4 M Pass
29 78.8 M Pass
30 914 M Pass
31 83.1 M Pass
32 94.7 M Pass
33 114.7 M Pass
34 80.9 M Pass
35 56.5 M Pass
36 60.5 M Pass
37 63.4 M Pass

WYLE LABORATORIES

Huntsville Facility




Page No. C-9
Test Report No. 50666-01

TEST NO. 5.2 (Continued)
Data Collection Requirements for Hydrostatic Tests
1-Inch (Continued)

New I.D.

HAM-LET 1st Remake Tube Stickage Accept
38 73.9 M Pass
39 88.4 M Pass
40 54.1 M Pass
41 60.4 M Pass
42 105.0 M Pass
43 87.8 M Pass
44 59.7 M Pass
45 92.6 M Pass
46 87.7 M Pass
47 76.2 M Pass
48 90.7 M Pass
49 88.0 M Pass
50 78.1 M Pass
51 78.5 M Pass
52 70.1 M Pass
53 97.2 M Pass
54 63.7 M Pass
55 80.1 M Pass
56 91.1 M Pass
57 86.7 M Pass
58 81.0 M Pass
59 85.2 M Pass
60 80.2 M Pass
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IMPULSE TEST DATA
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TEST NO.5.3

Data Collection Requirements for Impulse Tests (Repeated Assembly Test Information)

1/4-Inch
New I.D.
HAM-LET 0% 25% 50% 75% 100%
1 Pass Pass Pass Pass Pass
2 Pass Pass Pass Pass Pass
3 Pass Pass Pass Pass Pass
4 Pass Pass Pass Pass Pass
5 Pass Pass Pass Pass Pass
6 Pass Pass Pass Pass Pass
1/2-Inch
New I.D.
HAM-LET 0% 25% 50% 75% 100%
1 Pass Pass Pass Pass Pass
2 Pass Pass Pass Pass Pass
3 Pass Pass Pass Pass Pass
4 Pass Pass Pass Pass Pass
5 Pass Pass Pass Pass Pass
6 Pass Pass Pass Pass Pass
3/4-Inch
New I.D.
HAM-LET 0% 25% 50% 75% 100%
1 Pass Pass Pass Pass Pass
2 Pass Pass Pass Pass Pass
3 Pass Pass Pass Pass Pass
4 Pass Pass Pass Pass Pass
5 Pass Pass Pass Pass Pass
6 Pass Pass Pass Pass Pass
1-Inch
New I.D.
HAM-LET 0% 25% 50% 75% 100%
1 Pass Pass Pass Pass Pass
2 Pass Pass Pass Pass Pass
3 Pass Pass Pass Pass Pass
4 Pass Pass Pass Pass Pass
5 Pass Pass Pass Pass Pass
6 Pass Pass Pass Pass Pass
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HYDROSTATIC BURST TEST DATA
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TEST NO. 5.4
Data Collection Requirements for Hydrostatic Bursts
Comments: Tested @ 4X Rating
Record Test Information Pressure
New I.D.
HAM-LET 1/4-Inch 1/2-Inch 3/4-Inch 1.0-Inch Comments
25 Pass Fail* Pass Fail**
26 Pass Fail* Pass Fail**
27 Pass Fail* Pass Fail**
28 Pass Fail* Pass Fail**
29 Pass Fail* Pass Fail**
30 Pass Fail* Pass Fail**
31 Pass Fail* Pass Fail**
32 Pass Fail* Pass Fail**

* Tubing burst at less than 20,400 psig. See summary result.
** Tubing burst at less than 14,400 psig. See summary result.

Thermal Cycling and Elevated Temperature Soak
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ATTACHMENT F

TENSILE TEST DATA
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TEST NO. 5.5
Data Collection Requirements for Tensile Tests
HAM-LET 1/4-Inch 1/2-Inch 3/4-Inch 1-Inch Comments
19 Pass Pass Pass Pass
20 Pass Pass Fail* Pass
21 Pass Pass Pass Pass
22 Pass Pass Pass Pass
23 Pass Pass Pass Pass
24 Pass Pass Pass Pass

*Specimen slipped at 5632, Requirement was 5917. See summary result.
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ROTARY FLEX TEST DATA
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Data Collection Requirements for Rotary Flex Tests
Comments: Tested @ 133% of Rating

TEST NO.5.7

1/4-Inch
HAM-LET Accept Pressure Cycles Hydro
13 Pass 500 1M Pass
14 Pass 500 1M Pass
15 Pass 500 1M Pass
16 Pass 500 1M Pass
17 Pass 500 1M Pass
18 Pass 500 1M Pass
1/2-Inch
HAM-LET Accept Pressure Cycles Hydro
13 Pass 500 1M Pass
14 Pass 500 1M Pass
15 Pass 500 1M Pass
16 Pass 500 1M Pass
17 Pass 500 1M Pass
18 * 500 TBD *

*Tubing failure based on stress level. Stress level adjusted to 75% of the 35% UT for subsegent samples tested.

3/4-Inch

HAM-LET Accept Pressure Cycles Hydro
13 Pass 500 1M Pass
14 Pass 500 1M Pass
15 Pass 500 1M Pass
16 Pass 500 1M Pass
17 Pass 500 1M Pass
18 Pass 500 1M Pass

1-Inch

HAM-LET Accept Pressure Cycles Hydro
13 Pass 500 1M Pass
14 Pass 500 1M Pass
15 * 500 1M *
16 Pass 500 1M Pass
17 Pass 500 1M Pass
18 * 500 1M *

*Tubing failure based on stress level. Stress level adjusted to 75% of the 35% UT for subsegent samples tested.

WYLE LABORATORIES

Huntsville Facility




Page No. H-1
Test Report No. 50666-01

ATTACHMENT H

FLEX FATIGUE TEST DATA
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TEST NO.5.8

Data Collection Requirements for Flexure Fatigue Tests

Repeated Assembly Test Information

1/4-Inch
HAM-LET 0% 25% 50% 75% 100% Pressure Cycles
7 Pass Pass Pass Pass Pass 7500 30K
8 Pass Pass Pass Pass Pass 7500 30K
9 Pass Pass Pass Pass Pass 7500 30K
10 Pass Pass Pass Pass Pass 7500 30K
11 Pass Pass Pass Pass Pass 7500 30K
12 Pass Pass Pass Pass Pass 7500 30K
1/2-Inch
HAM-LET 0% 25% 50% 75% 100% Pressure Cycles
7 Pass Pass Pass Pass Pass 5100 30K
8 Pass Pass Pass Pass Pass 5100 30K
9 Pass Pass Pass Pass Pass 5100 30K
10 Pass Pass Pass Pass Pass 5100 30K
11 Pass Pass Pass Pass Pass 5100 30K
12 Pass Pass Pass Pass Pass 5100 30K
3/4-Inch
HAM-LET 0% 25% 50% 75% 100% Pressure Cycles
7 Pass Pass Pass Pass Pass 4900 30K
8 Pass Pass Pass Pass Pass 4900 30K
9 Pass Pass Pass Pass Pass 4900 30K
10 Pass Pass Pass Pass Pass 4900 30K
11 Pass Pass Pass Pass Pass 4900 30K
12 Pass Pass Pass Pass Pass 4900 30K
1-Inch
HAM-LET 0% 25% 50% 75% 100% Pressure Cycles
7 Pass Pass Pass Pass Pass 3600 30K
8 Pass Pass Pass Pass Pass 3600 30K
9 Pass Pass Pass Pass Pass 3600 30K
10 Pass Pass Pass Pass Pass 3600 30K
11 Pass Pass Pass Pass Pass 3600 30K
12 Pass Pass Pass Pass Pass 3600 30K
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HIGH TEMPERATURE THERMAL CYCLE DATA
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TEST NO.5.9

Data Collection Requirements for Thermal Cycling Tests

High Temperature

1/4-Inch 1/2-Inch 3/4-Inch 1-Inch
HAM-LET |59 nigh| 52 |59High| 52 |[59High| 52 |59High| 5.2
25 Pass Pass Pass Pass Pass Pass Pass Pass
26 Pass Pass Pass Pass Pass Pass Pass Pass
27 Pass Pass Pass Pass Pass Pass Pass Pass
28 Pass Pass Pass Pass Pass Pass Pass Pass
29 Pass Pass Pass Pass Pass Pass Pass Pass
30 Pass Pass Pass Pass Pass Pass Pass Pass
31 Pass Pass Pass Pass Pass Pass Pass Pass
32 Pass Pass Pass Pass Pass Pass Pass Pass
33 Pass Pass Pass Pass Pass Pass Pass Pass
34 Pass Pass Pass Pass Pass Pass Pass Pass
35 Pass Pass Pass Pass Pass Pass Pass Pass
36 Pass Pass Pass Pass Pass Pass Pass Pass
37 Pass Pass Pass Pass Pass Pass Pass Pass
38 Pass Pass Pass Pass Pass Pass Pass Pass
39 Pass Pass Pass Pass Pass Pass Pass Pass
40 Pass Pass Pass Pass Pass Pass Pass Pass
41 Pass Pass Pass Pass Pass Pass Pass Pass
42 Pass Pass Pass Pass Pass Pass Pass Pass
43 Pass Pass Pass Pass Pass Pass Pass Pass
44 Pass Pass Pass Pass Pass Pass Pass Pass
45 Pass Pass Pass Pass Pass Pass Pass Pass
46 Pass Pass Pass Pass Pass Pass Pass Pass
47 Pass Pass Pass Pass Pass Pass Pass Pass
48 Pass Pass Pass Pass Pass Pass Pass Pass
49 Pass Pass Pass Pass Pass Pass Pass Pass
50 Pass Pass Pass Pass Pass Pass Pass Pass
51 Pass Pass Pass Pass Pass Pass Pass Pass
52 Pass Pass Pass Pass Pass Pass Pass Pass
53 Pass Pass Pass Pass Pass Pass Pass Pass
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ATTACHMENT J

LOW TEMPERATURE THERMAL CYCLE DATA
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TEST NO.5.9

Data Collection Requirements for Thermal Cycling Tests

Low Temperature
1/4-Inch 1/2-Inch 3/4-Inch 1-Inch
HAM-LET 5.9 Low 5.2 5.9 Low 5.2 5.9 Low 5.2 5.9 Low 5.2
25 Pass Pass Pass Pass Pass Pass Pass Pass
26 Pass Pass Pass Pass Pass Pass Pass Pass
27 Pass Pass Pass Pass Pass Pass Pass Pass
28 Pass Pass Pass Pass Pass Pass Pass Pass
29 Pass Pass Pass Pass Pass Pass Pass Pass
30 Pass Pass Pass Pass Pass Pass Pass Pass
31 Pass Pass Pass Pass Pass Pass Pass Pass
32 Pass Pass Pass Pass Pass Pass Pass Pass
33 Pass Pass Pass Pass Pass Pass Pass Pass
34 Pass Pass Pass Pass Pass Pass Pass Pass
35 Pass Pass Pass Pass Pass Pass Pass Pass
36 Pass Pass Pass Pass Pass Pass Pass Pass
37 Pass Pass Pass Pass Pass Pass Pass Pass
38 Pass Pass Pass Pass Pass Pass Pass Pass
39 Pass Pass Pass Pass Pass Pass Pass Pass
40 Pass Pass Pass Pass Pass Pass Pass Pass
41 Pass Pass Pass Pass Pass Pass Pass Pass
42 Pass Pass Pass Pass Pass Pass Pass Pass
43 Pass Pass Pass Pass Pass Pass Pass Pass
44 Pass Pass Pass Pass Pass Pass Pass Pass
45 Pass Pass Pass Pass Pass Pass Pass Pass
46 Pass Pass Pass Pass Pass Pass Pass Pass
47 Pass Pass Pass Pass Pass Pass Pass Pass
48 Pass Pass Pass Pass Pass Pass Pass Pass
49 Pass Pass Pass Pass Pass Pass Pass Pass
50 Pass Pass Pass Pass Pass Pass Pass Pass
51 Pass Pass Pass Pass Pass Pass Pass Pass
52 Pass Pass Pass Pass Pass Pass Pass Pass
53 Pass Pass Pass Pass Pass Pass Pass Pass
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ATTACHMENT K

ELEVATED SOAK TEST DATA
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Data Collection Requirements for Elevated Soak Tests

TEST NO.5.10

1/4-Inch 1/2-Inch 3/4-Inch 1-Inch
HAM-LET 5.10 5.2 5.10 5.2 5.10 5.2 5.10 5.2
25 Pass Pass Pass Pass Pass Pass Pass Pass
26 Pass Pass Pass Pass Pass Pass Pass Pass
27 Pass Pass Pass Pass Pass Pass Pass Pass
28 Pass Pass Pass Pass Pass Pass Pass Pass
29 Pass Pass Pass Pass Pass Pass Pass Pass
30 Pass Pass Pass Pass Pass Pass Pass Pass
31 Pass Pass Pass Pass Pass Pass Pass Pass
32 Pass Pass Pass Pass Pass Pass Pass Pass
33 Pass Pass Pass Pass Pass Pass Pass Pass
34 Pass Pass Pass Pass Pass Pass Pass Pass
35 Pass Pass Pass Pass Pass Pass Pass Pass
36 Pass Pass Pass Pass Pass Pass Pass Pass
37 Pass Pass Pass Pass Pass Pass Pass Pass
38 Pass Pass Pass Pass Pass Pass Pass Pass
39 Pass Pass Pass Pass Pass Pass Pass Pass
40 Pass Pass Pass Pass Pass Pass Pass Pass
41 Pass Pass Pass Pass Pass Pass Pass Pass
42 Pass Pass Pass Pass Pass Pass Pass Pass
43 Pass Pass Pass Pass Pass Pass Pass Pass
44 Pass Pass Pass Pass Pass Pass Pass Pass
45 Pass Pass Pass Pass Pass Pass Pass Pass
46 Pass Pass Pass Pass Pass Pass Pass Pass
47 Pass Pass Pass Pass Pass Pass Pass Pass
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ATTACHMENT L

VIBRATION TEST DATA
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Data Collection Requirements for Vibration Tests

TEST NO.5.11

Variable Frequency

1/4-Inch 1/2-Inch 3/4-Inch 1-Inch
HAM-LET 511 5.2 511 5.2 511 5.2 511 5.2
33 Pass Pass Pass Pass Pass Pass Pass Pass
34 Pass Pass Pass Pass Pass Pass Pass Pass
35 Pass Pass Pass Pass Pass Pass Pass Pass
36 Pass Pass Pass Pass Pass Pass Pass Pass
37 Pass Pass Pass Pass Pass Pass Pass Pass
38 Pass Pass Pass Pass Pass Pass Pass Pass
Endurance
HAM-LET 1/4-Inch 1/2-Inch 3/4-Inch 1-Inch
511 5.2 511 5.2 511 5.2 511 5.2
33 Pass Pass Pass Pass Pass Pass Pass Pass
34 Pass Pass Pass Pass Pass Pass Pass Pass
35 Pass Pass Pass Pass Pass Pass Pass Pass
36 Pass Pass Pass Pass Pass Pass Pass Pass
37 Pass Pass Pass Pass Pass Pass Pass Pass
38 Pass Pass Pass Pass Pass Pass Pass Pass
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www. TestMetal.com

P LT 7 213 Lyon Lane ’
FTECHMGENGY , Birmingham, AL 35211
ISP BTEN 205.940.8480
BE6.RUNTEST
REPORT OF ANALYSIS
Wyle Labs © Test Date: L 05/21/2004
Attention; David Bailey ‘ Report Date: : 05/25/2004
7800 Highway 20 West " LabNumber: 41532 ,
Huntsville, AL 35807 ; . P. O. Number: ~“HSV0031509
Submitted Samples: -~ (24) Tube/Fitting Assetnblies
TUBE SIZE
Unit |’ 147 | v [ 3wt | rt
Tensile Testing - Test No. 7.5 . A
Calculated Tensile Load ~ © Ibf 935 2688 - - 5996 7758
Sample Identification v Maximum Applied Load
Specimen# - . ‘ :
19 Ibf 936 2,690 - 6,001 ‘ 7,780
20 o bf - 936 - o 2691 . 5632¢ 7,770
21 Ibf . 937 ' 2,695 * 6,066 7,801
22 Ibf 937 : 2,690 5,997 7,763
23 : bf - 935 L 2,693 6,010 \ * 7,760
24 Ibf 937 ~ L 2,693 6,004 ) 7,760
Notes: -1, Calculated Tensile Load per Section 7.54 based on actual cross section of Tubes as determiried by measurement of

Tube OD and wall thickness.
2. Upon attainment of the Calculated Tensile Load, load application ceased and was held for a few seconds pnor to

removal of load. ) :
3, . Observations during testing: P

*Biase on Load Rate Change, this specimen appedred to begin slipping at apprbximdte!y 5,400 Ibf. The load was
continually applicd until the dropping load reached 5,000 Ibf." Slippage was measured at 0.09",

tWith the exception of the 3/4” Tube, Specmlen #20, all 3/4” and 1" tubes shppcd approximately 1/32” during Lhe
test.

Test Meéthod(s): GE Specification.362A2915, Appendix A, Section 7.5

Tests and analysis performed i accordance with procedures derived from
methods described and approved by the ASTM and other accepled indusiry
practices. This report shall not be reproduced, except in full, without the
prior written approval of Materials Technology, Inc.

' Testing efforts were in accordance with MTI QA Program, Rev 2 —February

- T o 15, 2002
Quality Assurance Representative s .

Page 1 ofI
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: 5 laha?tories {Eastern Operations)

M 'P__.{"H"l

P~ ap he'd Qow.e RS
) \3 ~ de \e.c'k\o‘r\ v AN,

/ L~ free lengih, Qo
L !

. Iadl

\) Assome ev:cb ) Q-D(eé - no A\SP\oce\mew\— of w%a\'\bv\.

l\ Force P Q?P\\éé alc vpper end,

3) Moaximom Sttess Wi\ be on the outer suf‘:-ace. ac the
Lube nearest the fixed end { wax. lbehé\h'as wroment) ,

5 = ’PLS = M L)‘
AET 2ET

Tp = wnax, bending stress = Do . 3Ewc
T L7-
w= § > c= OB E= 258,000,000 ot
2EC 2
Gy = 25% of wibinode 5%@3‘\4’\ (uTe)
Nommal UWTS &Ge 204 & BS,ooe\as'\
MNanitaum WTS dor 204 18 15,000 psi

85 000 (AY €))

A7 T@asoorcony (op) . \ig'l'lb
/e~ = 0.3 EARSSIT
/2! ~ w= 03¢ |” ~ 4= o.s®

e

Preparad By: S Koty L ‘Z/‘/QE" Checked BV:W.,)/ /ILlllcﬁ

Date Date
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3 lnbm?tories {Eastern Operations) ’

1.86.% Axial sress n tobes: 8= pd*

Dr-d*®

Tobe @) waatl A p,pfa't D, psf

525 0.04% .12 1Seo 42964

.50 @bS  e.310 Siog 113, 2

o, 15 2,045 0.56LO A0 A |

V.o 0,045 0.5\ 3RAkoo A NA A
TLJ\DQ LD\? :E “:(\a, "

6,15 AR~

0.50 2148000~
0,15 Lotohgio™
l.o '2.,"?515'1“0-2

1,8.9 A\VET&%?. bendwa stiess (mid ~wall)= B%o00 -8
Tu: MY = 22000-8

i
Tobe (®) W= 7 (ned) N s, 5"\@;__ e”
.25 . long: 55, 244 46191 (543
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To: EAM-LET USA INC

INIT. :CAM
Nov 18, 2003 GWW
9:58:20 Page 1 of 1
MATERTIAL CERTIFICATE No. 200341278

: Sandvik Materials Technology
P.0O. Box 1220, Scranton, PA 18501 PH. (570) 585-75Q0
Plant Location: 982 Griffin Pond Road, Clarks Summit, PA 18411

Seld To: Ship To:

MARMON/KEYSTONE CORP. (80)BUTL MARMON/XKEYSTONE CORP. (80}
BUTLER PA EAST BUTLER PA

Customer Order No: 8000213 Certification Date: 20031118

Sandvik Order Neo: 15135/3
Work Order/Lot: 308479

ASTM AZ13-01a, ASTM A265-02, ASME BA-213, ASME Sectiocn II
2001 Edition; 2003 Addenda

Cold Finished BRIGHT ANNEALED Seamless Tube

Type MT 304/MT 304L/TP304/TP304L Size: .250" X .¢c49"
Heat: 4539845

Si Mn b4 s Cr Ni
Heat .016 .40 1.65 .028 .008 18.19 10.10
Prod .013 .40 1.66 .028 .007 18.13 10.15
Fe Cu Al Pb
Heat 68.59 .22 .003
Prod 68.933 .23 .003
Mechanical Tests: )
Yield Strength Tengile Elongation Reduction
0.2% 1.0% Strength in % Of Area
psi MPa psi MPa pail MPa HZ® E10" E4d ES5d4 3
44000 303.4 N/A 87000 §00.0 58 N/A N/a N/a N/a

Hardness Test Resultg: 74HRE, 73HRB

Flare Test per ASTM A450,

No. samples: 2 Result: Acceptable

Flattening Test per ASTM A450: Acceptable

Tensile Test sample width {l=Full-Size 2=1/2% Strip}: 1
Country Of Origin: Canada

All material subjected to a final solution annealing heat
treatment with material at a temperature of 1300 deg.F.
minimum followed by rapid quenching.

The material has not come in contact with Mercury or Mercury
containing compounds.

No welding has been performed on this material.

Material has been addy current tested in accordance with
ASTM A450, ASTM A1016 and is acceptable.

Material has been manufactured/supplied in accordance

with Sandvik Materials Technology Quality Manual-Standard
Products Revision 6 dated Octcber 9, 2003. Quality system
has beesn approved to ISC 8001:2000.

Certificate produced in accordance with EN 10204 (DIN 500489)
3.1.8B.

This is to certify that the contents of this certificate
are correct and accurate as contained in Sandvik's recoxrds,
and that all above test results and operations performed are

in compliance with the reguirements of the purchase order
and the specification{s) listed above. 0.0, REVIEWED
] 12|03 p3L
o 7 =
e Y
Rurt Revak, Quality Specialist Autho;i%ed Representative

10 (MKINST R7) (10) (GWW)

WYLE LABORATORIES
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ARpr 22 04 04:12p HAM-LET QOHIO 440-248-7555 p.4
APR 22 B4 B6:31 FR MK - BUTLER MTR 724 283 4d¥L 1U J144024Y8 (ODD F.w0r e

GREENVILLE TUBE Phone (724)-588-6300
P.O.Box 30 Greenville, PA 16125 Fax (724)-58R8-1492
GREENVILLE TUBE ™ REPORT OF TESTS
Customer Marmon Keystone Corporation Date February 1Q, 2004
City Butler, PA Our Order GM-619-10 C.P.O. 807081
Matenial: Type TP304/TP304 L (X) Seamless () Welded and Drawn () As Welded
Condition Bnght Annealed Finish Cold Drawn, Bright Annealed & Passivated
Spec. ASTM-A-269-02a/A-213-03b/SA-213-01(EA W)/in accordance with EN10204 3.1.B
Ship To Each Tube on this order has heen
City & phically checked for
Materit] on this order was manufactured and Size
shippex!| frorm Clarksville, AR
oD. LD. Wall Length
Heat Numnber _A39180 750" 095" 200"

Chemical Anslysis

%C Y%Mn [%P %S Y%Si %N1 %Cr %Mo |%Ti YCBHTA (% Fe %N
Ladle 016 1.72 .027 .003 .42 9.18 1842 .503 10701
Prod. 019 n .026 .004 l,43 9.25 18.54 500 .0724
%Cu %Co Y%Al Nb+TA [%Nb %TA %ABTI | RCo+Nb % Ch
Ladle (43 120
Prod. 42 130
Mechanical and Nen-Desiructive Tests
Tensile Yield % Elangation Eddy Current Hydro Test Air Test
Sirengah (PST} Swength (PSI) in2"
[ 86,171 40,953 &2
86,868 41,043 61 PASSED
Mechanics! Daructive and Other Tests
Hardness [ Bend Reverse Bond | Flange Reverve Mat | Flore Flat Gruin Size Other Tests
RB 79/80 1 Passed Passed
ASTM-A-262, Practice Corrosion Teaty
(A) B) © ©) (E)
" HEREBY CERTIFY THAT THY HEAT NUMBERS ANALYSIS AND TESTS DETAILED KEREON, ARE CORRECT AS CONTAINED IN THE RECORDS OF THIS
CORPORATICN® S

Imporiant Notice: Any discrepancy in then amount of ubing must be reparicd withia 24 hours afier receipl by custermer.
Greenville Tube certifies Uit the material used for the #.0. No. stated ahave is free flom mercury and tow

ciling alluy contammation.

Signed: /ﬂ}%&/ %&7(’6?{

Robert Ryan Cathy Rocole
Quality Control Mgr/Melallurgical Eng Quality Control é&sst.

Q.C.REVIEWED
3-Jou ThC

e m— gt

NOQ TYEdIA:-"0°d D

NYOL: " LINI gpER-08 WO N/W
ANOLS AT/ NOWEYRK 1 W0 I3 v00z/2Z/%Q

ONI ¥SN LYT-WWl “OL
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03/01/2004 From:MARMON/KEYSTONE To: HAM-LET USA INC
M/K OR:80-004883 T. :CAM
2 P.C.:VERBAL/DON
GREENVILLE TUBE Phone (724)-588-6300
P.0. Box 30 Greenville, PA 16125 Fax (724)-588-1492
orcEnvieS TuBE ™ REPORT OF TESTS
Customer Marmon Keystone Corporation ~ Date OQctober 03,2003
City Butler, PA Qur Order GL-9342-8 C.P.0O. 8048786
Material: Type TP304/TP304L {X) Seamless {) Welded and Drawn () As Welded
Condition Bright Annealed | Finish Cold Drawn, Bright Annecaled & Passivated
Spec. ASTM-A-269-02a/A-213-03 a/SA-213-01{EAW)/in accordance with EN10204 3.1.B
Ship To Each Tube on this order has been
City spectrographically checked for
Material on this order was manufactured and Size
shipped from Clarksville, AR.
0.D. LD, Wall Length
Heat Number 1P667 500" 065" 200"
Chemical Analysis
%C Yolvin Yol %S %81 %N %Cr %Mo Yo Ti %CB+TA |%Fe %N
Ladle 026 1.81 .030 (01 .30 9.15 18.11 115 029
Prod. 022 1.82 031 O3 33 0.20 18.29 125, 029,
1%Cu %Co %Al [Nb+TA [%Nb %TA %A [%ChHND [9%Ch
Ladle 1185 172 '
Prod. |20 .166 |
i ’ ' ) S Mechanical and Non-Destructive Tests
Tensile Yield I 9% Elongation Eddy Current Hydro Test Air Test
Strength (PSI) Strength (PSI) 2"
84,307 34,661 60
86,606 36,163 61 PASSED
Mechanical Destructive and Other Tesis
Hardness Bend Reverse Bend | Flange Reverse Flat | Flare Fat Grain Size Other Tests
*RB 67/6% Passed Pasgged
ASTM-A-262, Practice Corrosion Tesis
& ®) ~ (O (8 : E) —
"] HEREBY CERTIFY THAT THE HEAT NUMBERS,ANALYSIS AND TESTS DETAILED HEREON, ARE CORRECT AS CONTAINED IN THE RECORDS OF THIS
CORPORATION"

Important Notice: Any discrepancy in then amount of fubing must be reported within 24 hours sller receipt by customer.
Cireeaville Tube certifies that the material used for the P.O. Ne. stated above s free from mercury and low

mekting alloy contaminaijes: _
¢ ) 08 REVIEWED
EEst JL

Signed: \ M‘«f—ﬁw 2z P
)

)Y
Robert Ryan
Quality Control Manager / Metallurgical Engineer

I\

*RB converted from 30-T Scale.
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GREENVILLE TUBE ™

To: HAM-LET USA INC
INIT. CAM
GREENVILLE TUBE Phone (724)-588-6300
P.0.Box 30 Greenville, PA 16125 Fax (724)-588-1492
REPORT OF TESTS

Customer Marmon Keystone Corporation

City Butler, PA

Our Order GL-9638-2

Date MNovember 7, 2003

CP.0. 8049305

Materdal: Type TP304/TP304 L

() Seamless () Welded and Drawn () As Welded

Condition Bright Annealed Finish Cold Drawn, Bright Annealed & Passivated

Spec. ASTM-A-269-02a/A-213-032/SA-213-01(EAW)/in accordance with EN10204 3.1.B

Ship To Marmon Keystone Corporation Each Tube on this order has been

City Pittsburgh, PA spectrographically checked for
Material on this order was manufactured and ~ Size
shipped from Clarksville, AR. -
0.D. LD. Wall Length
Heat Number 1Q200 5007 065" 20'0"
Chermcal Analysis
'3 A Tosa o A ¢ : ’ /
%C %hn | %P %S Y3 Yol %Cr %Mo  1%TH %CB+TA {%Fe %N
Ladle 017 1.63 .024 001 41 9.24 18.30 160 063
Prod. 013 1.61 025 003 39 9.32 1841 157
%Cu %Co YAl Nb+TA [%Nb WTA %ARTE | %CH+Nb 19%Ch
Ladle 300 180
Prod, 286 A7
Mechanical and Nown-Destructive Tests
Tensile Yisld 9% Flopgation Eddy Curront Hyitro Test Air Test
Strength (PST) Strength (PSI) in 2"
82,387 34,027 62
83,602 34,008 56 PASSED
Mechanical Destructive and Other Tests
Hardness Bend Reverse Bend | Flange Feverse Flat | Flars Flat Geain Size Other Tests
RB 74/76 Passed Passed
ASTM-A-262, Practice Corrosion Tests
~, o
Ao (B © o) B —
~{ HEREBY CERTIFY THAT THE HEAT NUMBERS ANALYSIS AND TESTS DETAILED HERECN, ARE CORRECT AS CONTAINED IN THE RECORDS OF THIS
CORPORATION"
Important Notice: Any discropancy in then amount of fubing must be reported within 24 hours after receipt by customer.
Greenvills Tuhe certifies (hat the matertial used for the P.O. Ne. stated above is free from mercury and Jow 3o
melting alloy contamination,
0. REVIEWED
. - 1AG193 L
Signed: & e =

Robert ﬁvan N

m Cathy Rocole
Quality Control Mgr/Metatlurgical Eng

Quality Control Asst.

WYLE LABORATORIES
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WYLE LABORATORIES

Huntsville Facility



Page No. R-2

Test Report No. 50666-01

e

laboratories

INSTRUMENTATION EQUIPMENT SHEET

DATE: 3/ 8/04 JOB NUMBER: 50666 TEST AREA: ENV WEST

TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST: TUBE FITTINGS

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 TORQUE WRENCH CDI 502CF-II 02038118 110121 510 SOFT/LBS  +1%+5digits 6/10/03 6/ 9/04
2 TORQUE WRENCH CDI 2503CF-II 08038107 117991 2510 250 FT/L. +1%+5dig 9/19/03 3/17/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is

traceable to the National Institute of Standards and Technology.

WH-1029A, REV, APR ‘99

WYLE LABORATORIES

Huntsville Facility
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e INSTRUMENTATION EQUIPMENT SHEET
laboratories
DATE: 3/11/04 JOB NUMBER: 50666 TEST AREA: PACK TECH !
TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST: TUBE FITTING-PNEUMATI
NO. [NSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 DMM KEITHLEY 179A 480740 108696 MULTI MFG 5/ 8/03 5/7/04
2 PRESSURE XDUCE  SENSOTEC A-105/0287-22G 979993 110122 10000 PSIG MFG 11/26/03  11/25/04
3 STOP WATCH ACCUSPLIT 725MX N/A 113824 10HR SSEC 10/27/03  4/23/04
4 STRAIN PWR VISHAY 2110 21804 011603 15VDC 1%REG 1/12/04 7/ 9/04
5 COND STRAIN VISHAY 2120 34430 000420 GAIN 2% 1/12/04 7/ 9/04

This is to certify that the above i;\struments were calibrated using state-of-the-art techniques with standards whose calibration is

traceable to the National Institut

of Stapdards and Technology.

A ?///%4/ CHECKED & RECEIVED BY (M
Y A A -
A _Bendo Nae

INSTRUMENTATION

WH-1029A, REV, APR '99

WYLE LABORATORIES
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e INSTRUMENTATION EQUIPMENT SHEET
laboratories

DATE: 3/12/04 JOB NUMBER: 50666 TEST ARE. ENV . WEST

TECHNICIAN: H.FOSTER CUSTOMER: HAM-LET TYPE TEST: HYDRO

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 PRESSURE XDUCE SENSOTEC A-105/0287-22G 979993 110122 10000 PSIG MFG 11/26/03  11/25/04
2 STOP WATCH ACCUSPLIT 725MX N/A 113824 10HR SSEC 10/27/03  4/23/04
3 STRAIN PWR VISHAY 2110 21804 011603 15vDC 1%REG 1/12/04 7/ 9/04

4 DMM KEITHLEY 179A 480740 108696 MULTI MFG 5/ 8/03 5/ 7/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is

traceable to the National Institute gf S ards and Technology. r}
) / - [ /
7 [

[i/
QA Pune e 3\ ion

3 //Z//?’ CHECKED & RECEIVED BY
7

INSTRUMENTATION

WH-1029A, REV, APR'99

WYLE LABORATORIES

Huntsville Facility
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laboratories

e

INSTRUMENTATION EQUIPMENT SHEET

DATE: 3/15/04 JOBNUMBER: 50666 TEST AREA:  ENV WEST

TECHNICIAN: H.FOSTER CUSTOMER: HAM-LET TYPE TEST:  IMPULSE

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE #  RANGE ACCURACY CAL DATE CAL DUE
1 PRESSURE XDUCE SENSOTEC A-105/0287-22G 979994 110123 10000 PSIG MFG 11/26/03  11/25/04
2 COND STRAIN VISHAY 2120 34430 000420 GAIN 2% 1/12/04 7/ 9/04

3 STRAIN PWR VISHAY 2110 21804 011603 15VDC 1%REG 1/12/04  7/9/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.

Gianse Bosis 250 U
INSTRUMENTATION f\yfx{ A L D 3 4L :?‘“/ ? e Y CHECKED & RECE“/ %&}é 'fé)/ “’5}(’/

WH-1029A, REV, APR '99

7

QA. . “// /‘f/

WYLE LABORATORIES

Huntsville Facility
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e INSTRUMENTATION EQUIPMENT SHEET
laboratories

DATE: 3/16/04 JOB NUMBER: 50666 TEST AREA ENV WEST !
TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST:  FLEX FATIGUE

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 RECORDER ASTROMED DASH10 96B0192 113860 50m-500V 1%FS 12/13/03  6/10/04
2 COND STRAIN VISHAY 2120 18788 011065 » GAIN 2% 12/19/03  6/16/04
3 COND STRAIN VISHAY 2120 73356 104111 ¢ GAIN 2% 12/19/03  6/16/04
4 COND STRAIN VISHAY 2120 18778 011058+ GAIN 2% 12/19/03  6/16/04
5 COND STRAIN VISHAY 2120 18791 011068 = GAIN 2% 12/19/03  6/16/04
6 COND STRAIN VISHAY 2120 21382 011610 - GAIN 2% 12/19/03  6/16/04
7 STRAIN PWR VISHAY 2110 N/A 096299 - 15vDC MFG 12/19/03  6/16/04
8 METER OMEGA DP2000A 7360089 116654 DC VOLTS MFG 1/ 9/04 7/ 7/04

9 METER DIGITEC 2812A-03 07482238 108006 - 20VDC MFG 1/9/04 7/7/04
10 METER SIMPSON 2840 4509 114447 . 20VDC 02% 1/ 9/04 7/ 7/04
11 METER SIMPSON 2840 2611 116657 - 20VDC 02% 1/9/04 7/7/04
12 DMM KEITHLEY 178 10889 011312+ MULTI MFG 12/13/03  12/10/04
13 DMM KEITHLEY 179 34120 003504 * MULTI MFG 12/22/03  12/21/04
14  DMM KEITHLEY 178 1261 011478 »  MULTI MFG 12/22/03  12/21/04
15 DMM KEITHLEY 179 31950 000857 - MULTI MFG 12/22/03  12/21/04
16 PRESSURE XDUCE SENSOTEC A-105/0287-22G 979997 110162 10000 PSIG MFG 12/29/03  12/28/04
17 PRESSURE XDUCE SENSOTEC A-105/0287-22G 978581 110163 » 10000 PSIG MFG 12/29/03  12/28/04
18 PRESSURE XDUCE SENSOTEC A-105/0287-22G 847558 110161 « 10000 PSIG MFG 12/29/03  12/28/04
19 DMM KEITHLEY 178 14967 092680 «  MULTI MFG 1/ 9/04 7/ 7/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.

[#]

A Y/

) {D o Q /ji) = / P /
INSTRUMENTATION (a1 04 [9p i R-16-CY  CHECKED & RECEIVED BY /| AR b Zf’; 2 /6/ 6
5 :

S

o & sy
29A, REV, APR'99 / ‘

WYLE LABORATORIES
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e INSTRUMENTATION EQUIPMENT SHEET
laboratories

DATE: 3/16/04 JOB NUMBER: 50666 TEST AREA:  ENV. WEST 1
TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST:  ROTARY FLEX

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 METER SIMPSON 2840 002451 100947 20VDC 02% 3/10/04 9/ 6/04

2 METER SIMPSON 2840 2875 100945 20VDC 02% 3/10/04 9/ 6/04

3 METER SIMPSON 2840 2407 108948 20VDC 02% 3/10/04 9/ 6/04

4 PRESSURE XDUCE SENSOTEC A-10/0287-22G 847568 110160 10000 PSIG MFG 12/29/03  12/28/04
5 PRESSURE XDUCE  SENSOTEC A-105/0287-22G 979993 110122 10000 PSIG MEG 11/26/03  11/25/04
6 DMM KEITHLEY 179 34123 100056 MULTI MFG 12/13/03  12/10/04
7 DMM KEITHLEY 178 10829 011313 MULTI MFG 12/13/03  12/10/04
8 DMM KEITHLEY 179A 480740 108696 MULTI MFG 5/ 8/03 5/ 7/04

9 STRAIN PWR VISHAY 2110A 112620 112829 15VDC MFG 12/2/03  5/28/04
10 COND STRAIN VISHAY 2120A 122577 112834 GAIN MFG 12/2/03  5/28/04
11 COND STRAIN VISHAY 2120A 122588 112831 GAIN MFG 12/2/03  5/28/04
12 COND STRAIN VISHAY 2120A 122601 112832 GAIN MFG 12/2/03  5/28/04
13 STOP WATCH ACCUSPLIT 725MX N/A 113823 10HR SSEC 3/12/04  6/10/04
14 TACHOMETER EXTECH 461895 1548408 113948 5-99.999RPM  .05%+1D 11/12/03  5/10/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.

INSTRUMENTATION (’Qﬁuwu/x / Q/hcu) Len 3~/ 'Y CHECKED & RECEIVED BY é\u Opé// 2 //é /;ﬂ/

WH-1029A, REV, APR '99

WYLE LABORATORIES

Huntsville Facility
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e INSTRUMENTATION EQUIPMENT SHEET
laboratories

DATE: 4/15/04 JOBNUMBER: 50666 TEST AREA:  ENV WEST

TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST:  PNEUMATIC

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE #  RANGE ACCURACY CAL DATE CAL DUE
1 STOP WATCH ACCUSPLIT 725MX N/A 113823 10HR SSEC 3/12/04  6/10/04
2 PRESSURE GAGE ~ DRUCK DPI260 2604211302 117325 010 1000 PSI  +0.25%FS 4/15/04  7/14/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.
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Test Report No. 50666-01

e INSTRUMENTATION EQUIPMENT SHEET
laboratories

DATE: 4/16/04 JOBNUMBER: 50666 TEST AREA:  ENV WEST .
TECHNICIAN: JBRAZIER CUSTOMER: HAMLET TYPE TEST:  HYDROSTAT PROOF

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE #  RANGE ACCURACY CAL DATE CAL DUE
1 PRESSURE XDUCE = SENSOTEC A-105/0287-22G 979993 110122 10000 PSIG MFG 11/26/03  11/25/04
2 STOP WATCH ACCUSPLIT 725MX N/A 113824 10HR SSEC 10/27/03  4/23/04
3 DMM KEITHLEY 179A 480740 108696 MULTI MFG 5/ 8/03 5/ 7/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.

s Bcgiss 1606 w08 et
INSTRUMENTATIOW/, A g [ m/g/u » " €} Y CHECKED & RECEIVED BY  { #p2ee /A Lo / /0/d

QA _Berdn  MNeee) \\\\\;\b\\

WH-1029A, REV, APR '99

WYLE LABORATORIES

Huntsville Facility



Page No. R-10
Test Report No. 50666-01

e INSTRUMENTATION EQUIPMENT SHEET
laboratories

DATE: 4/19/04 JOB NUMBER: 50666 TEST AREA: ENV WEST 1
TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST: ROTARY FLEX

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE * CAL DUE
1 DMM KEITHLEY 178 10829 011313 MULTI MFG 12/13/03  12/10/04
2 DMM KEITHLEY 179 34123 100056 MULTI MFG 12/13/03 12/10/04
3 COND STRAIN VISHAY 2120A 122577 112834 GAIN MFG 12/ 2/03 5/28/04
4 DMM KEITHLEY 179A 480740 108696 MULTI MFG 5/ 8/03 5/ 7/04

5 PRESSURE XDUCE SENSOTEC A-105/0287-22G 979993 110122 10000 PSIG MFG 11/26/03 11/25/04
6 STOP WATCH ACCUSPLIT 725MX N/A 113824 10HR SSEC 10/27/03 /23/04
7 TACHOMETER EXTECH 461895 L548408 113948 5-99.999RPM 05%+1D 11/12/03 5/10/04
8 STRAIN PWR VISHAY 2110A 112620 112829 15VDC MFG 12/ 2/03 5/28/04
9 COND STRAIN VISHAY 2120A 122588 112831 GAIN MFG 12/ 2/03 5/28/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.
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Test Report No. 50666-01

€

laboratories

INSTRUMENTATION EQUIPMENT SHEET

DATE: 4/19/04 JOBNUMBER: 50666 TEST AREA:  ENV WEST

TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST:  FLEX FATIGUE

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE #  RANGE ACCURACY CAL DATE CAL DUE
i PRESSURE XDUCE ~ SENSOTEC A-105/0287-22G 978581 110163 10000 PSIG MFG 12/29/03  12/28/04
2 DMM KEITHLEY 178 1261 011478 MULTI MFG 12/22/03  12/21/04
3 DMM KEITHLEY 178 10889 011312 MULTI MFG 12/13/03  12/10/04
4 DMM KEITHLEY 178 14967 092680 MULTI MFG 1/9/04  7/7/04

5 RECORDER ASTROMED DASHI10 96B0192 113860 50m-500V 1%FS 12/13/03  6/10/04
6 COND STRAIN VISHAY 2120 18791 011068 GAIN 2% 12/19/03  6/16/04
7 CONDSTRAIN VISHAY 2120 73356 104111 GAIN 2% 12/19/03  6/16/04
8 STRAINPWR VISHAY 2110 N/A 096299 15VDC MFG 12/19/03  6/16/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.
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Test Report No. 50666-01

laboratories

DATE: 4/21/04 JOB NUMBER: 50666 TEST AREA: ENV WEST 1
TECHNICIAN: J.BRAZIER CUSTOMER: HAM-LET TYPE TEST: IMPULSE 1"&3/4

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 PRESSURE XDUCE SENSOTEC A-105/0287-22G 979994 110123 10000 PSIG MFG 11/26/03 11/25/04
2 COND STRAIN VISHAY 2120 34430 000420 GAIN 2% 1/12/04 7/ 9/04

3 COND STRAIN VISHAY 2120 34485 000422 GAIN 2% 1/12/04 7/ 9/04

4 STRAIN PWR VISHAY 2110 21804 011603 15VDC 1%REG 1/12/04 7/ 9/04

5 PRESSURE XDUCE SENSOTEC A-105/0287-23 987644 110227 15000 PSI +0.1% 1/20/04 1/19/05

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National institute of Standards and Technology.
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INSTRUMENTATION EQUIPMENT SHEET
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DATE: 4/23/04 JOB NUMBER: 50666 TEST AREA: HI FLOW !
TECHNICIAN: M.LUNGHOFER CUSTOMER: HAM-LET TYPE TEST: HIGH TEMP THERMO CYC
NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 PRESSURE XDUCE SENSOTEC TIJE/0743-01TIG 734820 115686 2000PSIG A%FS 3/23/04 6/21/04

2 MEGADAC OPTIM ADC5616/5414ac A7563-03 113803 - 16BITS O1%FS 12/ 4/03 12/ 3/04
3 T/C MODULE OPTIM AD816TC A6277-08 113739 KTC 1 DEGF 12/ 4/03 12/ 3/04
4 INPUT CARD OPTIM ADG682SH-1 A3303-07 117167 GAIN MFG 12/ 4/03 12/ 3/04
5 JACK PANEL OPTIM PL2181 A7493-06 113742 TYPE K 02*C 12/ 4/03 12/ 3/04
6 PRESSURE GAGE HEISE ST-2H 50807 116866 MFG .025% 11/3/03 11/ 2/04
7 PRESSURE MODUL HEISE HQS-2 19968 116867 3000PSI 025% 11/ 3/03 11/3/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.
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laboratories

e

INSTRUMENTATION EQUIPMENT SHEET

DATE: 5/11/04 JOB NUMBER: 50666 TEST AREA:  ENV CH 34 1
TECHNICIAN: J.PATTERSON CUSTOMER: HAM-LET TYPE TEST:  ELEVATED TEMP

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE # RANGE ACCURACY CAL DATE CAL DUE
1 TEMP RECORDER ~ HONEYWELL DR450T 903079261800 108673 -200-600°F 4°F 4/15/04 7/14/04
2 CONTROLLER WATLOW 945 NA 113655 MFG MFG 4/15/04 7/14/04
3 TEMP CONTROLLE WATLOW 942A-2CC2-A00 NA 110129 232810 662°F  +0.1% 4/15/04  7/14/04
4 PRESSURE GAGE ~ HEISE 600 H19689 092513 600PSI S%FS 5/10/04 8/ 6/04

e

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is

traceable to the National Instituteipf Standards and Technology.
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INSTRUMENTATION EQUIPMENT SHEET

DATE: 6/3/04 JOBNUMBER: 50666 TEST AREA:  ENV LAB
TECHNICIAN: JPATTERSON CUSTOMER: HAM-LET TYPE TEST:  HYDROSTATIC BURST

NO. INSTRUMENT MANUFACTURER MODEL # SERIAL # WYLE #  RANGE ACCURACY CAL DATE CAL DUE
1 STOP WATCH VWR 62379-218 230125647 117532 10HR +0.5SEC 10/ 5/03 10/ 5/04
2 POWER SUPPLY  TOPWARD 2601 936943 109884 60V/1A (1%REG 1/ 6/04 7/ 2/04
3 DMM FLUKE 87 111 78370405 116685 dvdcacohms  .05%,1%.,2%  7/11/03 7/ 9/04

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is

traceable to the National Institute of Standards and Technology.
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