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1 INTRODUCTION 

1.1 Purpose 

This document contains the results of qualification tests, analyses, and examinations performed on 

Custom Control Sensors (CCS) Gage Pressure Switch part number 7G1191. 

1.2 Background 

The Qualification Test was performed in order to verify that CCS model 7G1191 will meet or 
exceed the Bell Helicopter performance requirements for this application. This model has a 
redesigned electrical assembly (refer to 7G1191 Similarity Statement for a detailed design 
comparison) and is intended to rectify issues with its predecessor, CCS model 7G1147. 

1.3 Applicable Documents 

• CCS Envelope Drawing, 7G1191, rev. A 

• CCS Section Drawing, 7G1191, rev. B 

• CCS 7G1191 Qualification Test Procedure (QTP), rev. H 

• CCS 7G1191 Acceptance Test Procedure (ATP), rev. A 

• RTCA/DO-160G: Environmental Conditions and Test Procedures for Airborne Equipment 

• MIL-STD-810G: Environmental Engineering Considerations and Laboratory Tests 

1.4 Product Overview 

The product tested is a Gauge Pressure Switch that switches it's electrical signal when a certain 
media pressure is achieved and reverts back to the original electrical state when the pressure falls 
below a certain value. 

Media enters the pressure port and is sealed by a diaphragm under the pressure plate. The media 
pressure is transferred to the pressure plate which transfers force to the disc spring. The disc spring is 
custom made to "snap" when a specific force is applied. The linear motion of the pressure plate, 
upon the disc spring "snap", hits the button of the internal switch element ("micro switch") causing 
an electrical signal change. The electrical chamber is sealed and safe from contamination. 
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Figure 1: Design Overview 

1.5 Qualification Test Summary 

The qualifications test articles were built through standard production with no anomalies. A Bell 
MMUM witnessed the assembly and conformed the units. The Acceptance Test Procedure (ATP) 
was completed and the units passed all the requirements. 

During the Ground Survival Low Temperature Test & Operating Low Temperature Test on S/N 005 
and 006, the de-actuation point of S/N 005 for the first calibration reading at low temperature (-
49°F), prior to any cycling,  was out of specification (de-act. point approx. 5.3 PSIG). Note, 
calibration was performed by increasing the applied pressure until actuation and then proceeding to 
decrease the pressure. When the applied pressure was increased to 50 PSIG after actuation, prior to 
decreasing the pressure, the switch performed in accordance with the performance requirements. 
Cycling at low temperature began and calibration was checked in accordance with the QTP. The test 
was completed and there were no further deviations. At this point, CCS and the Bell Helicopter 
EFUMs agreed to 3 changes to the QTP: a) for all calibration checks, the applied pressure would be 
increased to 12 PSIG after actuation prior to decreasing the pressure, b) during the low/high 
temperature tests, the switch would be cycled for 15-30 minutes prior to the first calibration check at 
temperature, and c) all cycling would be from 0 to 20 PSIG to 0 rather than going to 100 PSIG. 
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Qualification Testing was continued and the Ground Survival High Temperature Test & Operating 
High Temperature Test was performed on S/N 005 and 006. During this test, the de-actuation point 
of S/N 005 shifted lower and out of specification (de-act. point approx. 3.80 PSIG) and it remained 
that way throughout the duration of this test. It was concluded that S/N 005 had problems and a 
failure analysis was necessary. From the failure analysis investigation it was determined that an 
excessive amount of lubrication was used during the installation of the o-ring into the body, which 
became very viscous when exposed to cold temperatures, and affected the performance of the 
switch. It was decided, as a result of the teardown analysis,  to not use any lubricant when installing 
this o-ring. See APPENDIX U for the full test article teardown report. 

At this point, CCS/Bell decided that the unit that passed the low and high temperature tests, S/N 006, 
would move forward to the outside lab testing, and S/N 007 and 008 would experience the low and 
high temperature tests to determine if the failure of S/N 005 was an anomaly. 

The Ground Survival Low Temperature Test & Operating Low Temperature Test (Alternate Units) 
and Ground Survival High Temperature Test & Operating High Temperature Test (Alternate Units) 
were completed successfully on S/N 007 and 008. S/N 005 was rebuilt using its original components 
without any lubricating oil and it successfully went through the Ground Survival Low Temperature 
Test & Operating Low Temperature Test (S/N 005 Re-Test) and Ground Survival High Temperature 
Test & Operating High Temperature Test (S/N 005 Re-Test).  

Around this time, the Humidity Test was started on S/N 006. This test was completed successfully. 

The Temperature Variation Test and Vibration & Operational Shock Test were completed 
successfully on S/N 007 and 008. 

The Endurance Cycling Test was started on S/N 007 and 008. At the 60,000 cycle calibration check, 
the actuation point of S/N 007 went out of specification. The actuation point hovered under 8.50 
PSIG until 95,000 cycles where it increased to nearly 10.00 PSIG. The de-actuation point of S/N 007 
remained stable and S/N 008 successfully passed endurance cycling. It was decided to continue 
testing on S/N 007 to monitor its performance. 

The Salt Fog Test was completed successfully on S/N 006. 

The Altitude Test and Explosion Proofness Test were completed successfully on S/N 007 and 008. 
The actuation point of S/N 007 varied from 7.50 to 10.00 PSIG.  

The Dust Test and Sand Test were completed successfully on S/N 006. The Acceptance Test 
Procedure (ATP) and Insulation Resistance Test was performed and qualification testing was 
completed successfully on S/N 006. 

The Acceptance Test Procedure (ATP) and Insulation Resistance Test was performed on S/N 007 
and 008. It was decided by Bell/CCS that no further testing would be performed on S/N 007 and it 
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would be taken apart for failure analysis. S/N 008 successfully completed the Crash Safety (Impulse) 
Test and Crash Safety (Sustained) Test. 

Qualification testing was completed. 

S/N 007 was disassembled for failure analysis. S/N 008 was also disassembled in order to compare 
the two parts. The only significant sign of failure was excessive signs of wear on the "tip" of the 
pressure plate, which is in contact with the "arm" of the electrical assembly. CCS determined this 
wear pushed S/N 007 out of sync (due to the limited movement of the pressure plate, a few 
thousands of an inch has a significant impact on the switch's performance). S/N 008 did exhibit signs 
of wear and was potentially headed in the same direction. See APPENDIX U for the full test article 
teardown report. 

Following further review of test data and a determination of cyclic endurance requirements, Bell 
determined the qualification to be successful. 

2 TEST CONDITIONS 

2.1 Standard Conditions 

Unless otherwise stated, testing was conducted in accordance with the following standard 
conditions: 

Temperature: 59°F to 95°F 

Relative Humidity: Not greater than 90% 

Ambient Pressure: 12 to 15.5 PSI 

2.2 Tolerances 

The maximum allowable tolerances on non-standard test conditions, inclusive of measuring 
instrumentation accuracy was as follows: 

Temperature: ±2.5°F 

Pressure: ±5% 

Altitude: ±5% 

Relative Humidity: ±5% 

Acceleration (G): ±10% 

Vibration (amplitude): ±10% 

Shock (Peak G, seconds): ±10% 
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Air Velocity: ±10% 

Voltage: ±2% 

Current: ±2% 

Frequency: ±2% 

Time: 1% (less than 8 hour testing), 5 mins (more than 8 hours of testing) 

2.3 Test Fluid 

Air was used as a test media for all testing. 

3 QUALIFICATION TEST ARTICLE 

3.1 Description of Test Switches 

The Gage Pressure Switch, CCS P/N 7G1191, was tested to the Bell Helicopter approved 
Qualification Procedure QTP-7G1191, Rev. H.  

All of the units were completely representative of production units including design, materials, 
fabrication methods, finish, and assembly techniques. Furthermore, the units went through 
conformity inspection with witness by a representative of Bell Helicopter and FAA Form 8130-3, 
Airworthiness Approval Tag, were granted to CCS ("Prototype" Status). 

3.2 Disposition of Test Switches 

Unless otherwise specified, the test switches shall be retained at CCS for not less than 3 years and 
shall be available for examination by any authorized person. 

However, note that S/N 007 and S/N 008 were torn down for a failure analysis on S/N 007 (S/N 008 
did not fail and was torn down only for a comparison). The components for these items will remain 
at CCS. 
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4  TEST OVERVIEW 

Qualification Test QTR 
Section 

QTP 
Section 

Test Article 

S/N 
005 

S/N 
006 

S/N 
007 

S/N 
008 

Acceptance Test Procedure (ATP) 5.1 5.4 X X X X 

Ground Survival Low Temperature Test & Operating Low 
Temperature Test 5.2 5.5 X X   

Ground Survival High Temperature Test & Operating High 
Temperature Test 5.3 5.7 X X   

Ground Survival Low Temperature Test & Operating Low 
Temperature Test (Alternate Units) 5.4 5.5   X X 

Ground Survival High Temperature Test & Operating High 
Temperature Test (Alternate Units) 5.5 5.7   X X 

Humidity Test 5.6 5.16  X   

Ground Survival Low Temperature Test & Operating Low 
Temperature Test (S/N 005 Re-Test) 5.7 5.5 X    

Ground Survival High Temperature Test & Operating High 
Temperature Test (S/N 005 Re-Test) 5.8 5.7 X    

Temperature Variation Test 5.9 5.9   X X 

Vibration & Operational Shock Test 5.10 5.10/5.11   X X 

Endurance Cycling Test 5.11 5.12   X X 

Salt Fog Test 5.12 5.15  X   

Altitude Test 5.13 5.13   X X 

Dust Test 5.14 5.17  X   

Explosion Proofness Test 5.15 5.14   X X 

Sand Test 5.16 5.17  X   

Acceptance Test Procedure (ATP) and Insulation Resistance 
Test 5.17 5.18/5.2  X X X 

Crash Safety (Impulse) 5.18 5.19    X 

Crash Safety (Sustained) Test 5.19 5.20    X 

Table 1: Qualification Test Overview 
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5 RESULTS AND DISCUSSION 

5.1 Acceptance Test Procedure (ATP) 

Test Article(s): S/N 005 - 008 

Acceptance Testing was performed in accordance with the Bell Helicopter approved CCS 
Acceptance Test Procedure (ATP), rev. A. 

The results for this test can be found in APPENDIX B. 

The units were subject to a thorough examination and were subjected to the Proof Pressure, 
Operational, and Dielectric Tests. All units passed acceptance testing. 

5.2 Ground Survival Low Temperature Test & Operating Low Temperature Test 

Test Article(s): S/N 005 - 006 

The Ground Survival Low Temperature Test & Operating Low Temperature Test was performed in 
accordance with the Bell Helicopter approved CCS Qualification Test Procedure (QTP), rev. H (with 
deviations detailed in APPENDIX T). 

The updated test setup diagram, test setup picture(s), and the data sheet(s) for this test can be found 
in APPENDIX C. 

Below is a plot of the results. 
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Figure 2: Ground Survival Low Temperature Test and Operating Low Temperature Test (S/N 005/006) 

NOTE: This plot displays abnormal results because of inconsistencies in the test procedure (e.g., 
increasing the applied pressure to 50 PSIG after actuation, see the data sheets in APPENDIX C for 
clarification). Once changes were made to the test procedure results were more consistent.  

During this test, the de-actuation point of S/N 005 at low temperature, -49°F, prior to any cycling, 
was out of tolerance (approx. 5.4 PSIG). At this stage, the calibration test was performed by 
increasing the applied pressure until actuation and then proceeding to decrease the pressure. When 
the applied pressure was increased to 50 PSIG after actuation, prior to decreasing the pressure, the 
actuation point returned to being within tolerance. Cycling at low temperature began and calibration 
was checked in accordance with the QTP. The test was completed and there were no further 
deviations. From CCS' experience, it is not abnormal for the first reading at low temperature, prior to 
any cycling, to act differently than following readings. 

At this point, CCS/Bell Helicopter decided to make 3 changes to the QTP: a) for all calibration 
checks, the applied pressure would be increased to 12 PSIG (system pressure for this application) 
after actuation prior to decreasing the pressure, b) during the low/high temperature tests, the switch 
would be cycled for 15-30 minutes prior to the first calibration check at temperature, and c) all 
cycling would be from 0 to 20 PSIG to 0 rather than going to 100 PSIG. 

NOTE: All low and high temperature testing that followed was tested as detailed by the above 
changes. 

Testing continued with S/N 005 and 006. 
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5.3 Ground Survival High Temperature Test & Operating High Temperature Test 

Test Article(s): S/N 005 - 006 

The Ground Survival High Temperature Test & Operating High Temperature Test was performed in 
accordance with the Bell Helicopter approved CCS Qualification Test Procedure (QTP), rev. H (with 
deviations detailed in APPENDIX T). 

The updated test setup diagram and the data sheet(s) for this test can be found in APPENDIX D. 

NOTE: The test setup diagram and pictures for all low and high temperature tests are the same and 
are only shown in APPENDIX C.  

Below is a plot of the results. 

 
Figure 3: Ground Survival High Temperature Test and Operating High Temperature Test (S/N 005/006) 

During this test, the de-actuation point of S/N 005 shifted lower and out of tolerance (approx. 3.80 
PSIG) and it remained that way throughout the test. It was concluded that S/N 005 had problems and 
a failure analysis was necessary. S/N 005 was disassembled and no significant issues were found. 
The only conclusion that CCS arrived at was that there was excessive oil used for lubrication around 
the o-ring/diaphragm area, which could have affected the switch's performance. At this point, results 
were discussed between CCS/Bell, and it was decided that the unit that passed the low and high 
temperature tests, S/N 006, would move forward to the outside lab testing (i.e., the Humidity Test), 
and S/N 007 and 008 would experience the low and high temperature tests to determine if the failure 
of S/N 005 was an anomaly. 
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5.4 Ground Survival Low Temperature Test & Operating Low Temperature Test (Alternate Units) 

Test Article(s): S/N 007 - 008 

The Ground Survival Low Temperature Test & Operating Low Temperature Test was performed in 
accordance with the Bell Helicopter approved CCS Qualification Test Procedure (QTP), rev. H (with 
deviations detailed in APPENDIX T). 

The updated test setup diagram and the data sheet(s) for this test can be found in APPENDIX E. 

NOTE: The test setup diagram and pictures for all low and high temperature tests are the same and 
are only shown in APPENDIX C.  

Below is a plot of the results. 

 
Figure 4: Ground Survival Low Temperature Test and Operating Low Temperature Test (S/N 007/008) 

As shown in the above data, S/N 007 and 008 both passed the Low Temperature Test. Furthermore, 
they both exhibited similar results, the deadband increased for both pressure switches at low 
temperature. 

5.5 Ground Survival High Temperature Test & Operating High Temperature Test (Alternate Units) 

Test Article(s): S/N 007 - 008 

The Ground Survival High Temperature Test & Operating High Temperature Test was performed in 
accordance with the Bell Helicopter approved CCS Qualification Test Procedure (QTP), rev. H (with 
deviations detailed in APPENDIX T). 
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The updated test setup diagram and the data sheets for this test can be found in APPENDIX F. 

NOTE: The test setup diagram and pictures for all low and high temperature tests are the same and 
are only shown in APPENDIX C.  

Below is a plot of the results. 

 
Figure 5: Ground Survival High Temperature Test and Operating High Temperature Test (S/N 007/008) 

S/N 007 and 008 both passed the High Temperature Test and performed similarly, that is, their 
deadband decreased. 

Therefore, S/N 007 and 008 both passed the Low and High Temperature Tests, and it was concluded 
that the problem that occurred with S/N 005 was an anomaly. Bell/CCS decided to rebuild S/N 005 
without using lubrication oil to further validate that the original issue that occurred would not repeat 
itself. 

5.6 Humidity Test 

Test Article(s): S/N 006 

The Humidity Test was performed in accordance with the Bell Helicopter approved CCS 
Qualification Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The CCS data sheet(s) for this test can be found in APPENDIX G while the test report from the 
outside test lab, which includes data sheet(s), equipment list(s), and test setup picture(s), can be 
found in APPENDIX R. 

Below is a plot of the results. 
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Figure 6: Humidity Test 

The Humidity Test was successfully completed on S/N 006. There was some shift in the actuation 
and de-actuation point, likely induced by temperature, but it was not significant. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on this 
unit. 

5.7 Ground Survival Low Temperature Test & Operating Low Temperature Test (S/N 005 Re-
Test) 

Test Article(s): S/N 005 

NOTE: S/N 005 was rebuilt with the same components originally used during assembly. No 
lubrication oil was used as it was determined that this  was the cause for the out of tolerance 
condition which occurred. CCS/Bell decided to re-test this unit to determine if the original failure 
during low and high temperature testing was an anomaly. However, this unit was not re-conformed 
so this test data was not considered in the final determination of acceptable qualification. 

The Ground Survival Low Temperature Test & Operating Low Temperature Test was performed in 
accordance with the Bell Helicopter approved CCS Qualification Test Procedure (QTP), rev. H (with 
deviations detailed in APPENDIX T). 

The updated test setup diagram and the data sheet(s) for this test can be found in APPENDIX H. 
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NOTE: The test setup diagram and pictures for all low and high temperature tests are the same and 
are only shown in APPENDIX C.  

Below is a plot of the results. 

 
Figure 7: Ground Survival Low Temperature Test and Operating Low Temperature Test (S/N 005) 

As shown in the above plot, the low temperature re-test was successful. S/N 005 performed in 
accordance with its performance standards. S/N 005 acted similar to the results exhibited by S/N 007 
and S/N 008 shown in Figure 4, i.e., the deadband increased. 

5.8 Ground Survival High Temperature Test & Operating High Temperature Test (S/N 005 Re-
Test) 

Test Article(s): S/N 005 

NOTE: S/N 005 was rebuilt with the same components originally used during assembly. No 
lubrication oil was used as it was determined that this was the cause for the out of tolerance 
condition which occurred. CCS/Bell decided to re-test this unit to determine if the original failure 
during low and high temperature testing was an anomaly. However, this unit was not re-conformed 
so this test data was not considered in the final determination of acceptable qualification. 

The Ground Survival High Temperature Test & Operating High Temperature Test was performed in 
accordance with the Bell Helicopter approved CCS Qualification Test Procedure (QTP), rev. H (with 
deviations detailed in APPENDIX T). 

The updated test setup diagram and the data sheet(s) for this test can be found in APPENDIX I. 
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NOTE: The test setup diagram and pictures for all low and high temperature tests are the same and 
are only shown in APPENDIX C.  

Below is a plot of the results. 

 
Figure 8: Ground Survival High Temperature Test and Operating High Temperature Test (S/N 005) 

The high temperature re-test was successful on S/N 005. This unit performed in accordance with its 
performance standards. S/N 005 acted similar to the results exhibited by S/N 007 and S/N 008 
shown in Figure 5, i.e., the deadband decreased.  

Overall, the rebuilt S/N 005 successfully passed the low and high temperature tests that it originally 
did not. CCS/Bell were satisfied with these results and Qualification Testing continued. However, 
since S/N 005 was rebuilt and the conformity was no longer valid, it was decided to not continue 
testing on this unit. 

5.9 Temperature Variation Test 

Test Article(s): S/N 007 - 008 

The Temperature Variation Test was performed in accordance with the Bell Helicopter approved 
CCS Qualification Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The test setup picture(s) and data sheet(s) for this test can be found in APPENDIX J. 

NOTE: Test Setup diagram is the same for all temperature testing. This diagram can be found in  
APPENDIX C. 

Below is a plot of the results. 
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Figure 9: Temperature Variation Test 

As shown in the above plot, S/N 007 and 008 both acted similarly during the Temperature Variation 
Test. Note, calibration is required to be checked during the temperature transitions but not at specific 
intervals. For this reason, the calibration readings vary but both pressure switches behaved alike. 
Moreover, both test articles passed the Temperature Variation Test. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on 
these unit. 

5.10 Vibration & Operational Shock Test 

Test Article(s): S/N 007 - 008 

The Vibration and Operational Shock Test was performed in accordance with the Bell Helicopter 
approved CCS Qualification Test Procedure (QTP), rev. H. 

For each axis, the Vibration Test was performed followed by the Operational Shock Test. The 
orientation of the test article was changed and both Vibration and Operational Shock were repeated 
until both tests had been completed on all three axes. 

The updated test setup diagram, test setup picture(s), data sheet(s), vibration plots for this test can be 
found in APPENDIX K. 

NOTE: For all vibration plots, Channel 2 is S/N 007 and Channel 4 is S/N 008. 

Below is a plot of the results for each axis. 
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Figure 10: Vibration and Operational Test (X-Axis) 

 
Figure 11: Vibration and Operational Test (Y-Axis) 
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Figure 12: Vibration and Operational Test (Z-Axis) 

The X and Z axis both responded similarly to the vibration and operational shock tests. The Y-axis, 
where the pressure switch is mounted vertically, experienced more significant shift in settings. This 
is not uncommon for vibration testing on this type of design. This is because the applied load from 
the testing is in the same direction of the loads the switch operates with (e.g., in line with the 
pressure plate), and thus can have some affect on actuation. 

A resonance dwell was performed during testing on the X-axis but not on the Y-axis and Z-axis 
because the resonances were outside of the test frequency range. Transfer function amplitude ratios 
and relative phases were evaluated to determine actual resonant frequencies. 

Below is a summary of the resonance frequencies before and after the vibration profiles were 
performed on each axis. As shown, there were very small changes in resonance frequencies.  
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Serial No. 
Resonance Frequencies (Hz.) Change in Resonance 

Frequency Pre Test Post Test 
X-Axis 
007 (CH. 2) 818 789 3.5% 

008 (CH. 4) 768 752 2.1% 

Y-Axis 
No resonance frequencies 

Z-Axis 

007 (CH. 2) 
760 772 1.6% 

802 804 0.2% 

008 (CH. 4) 
765 772 0.9% 

852 884 3.6% 

Table 2: Resonance Frequency Summary 

During the endurance level test on the x-axis, some contact chatter (< 250 ms) was observed. 
Vibration was stopped and the setup was examined. It was determined that the mating connector was 
not fully torqued. The connector was re-tightened and testing continued. There were no further 
instances of contact chatter. 

The Operational Shock Test was completed successfully on all axes. As shown in the above plots 
(last data point), Figure 10, Figure 11, and Figure 12, very little change in performance, if any, was 
experienced. The Operational Shock Test typically does not have much of an effect on the design of 
CCS pressure switches. 

Overall, both units passed all vibration and operational shock testing successfully as well as the 
Insulation Resistance and Dielectric Tests. 

5.11 Endurance Cycling Test 

Test Article(s): S/N 007 - 008 

The Temperature Variation Test was performed in accordance with the Bell Helicopter approved 
CCS Qualification Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The updated test setup diagram, test setup picture(s), data sheet(s), and recording of the pressure 
pulse for this test can be found in APPENDIX L. 

Below is a plot of the results. 
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Figure 13: Endurance Cycling Test 

As shown in the plot, the actuation point of S/N 007 gradually increased and went out of tolerance at 
the calibration reading at 60,000 cycles. CCS/Bell decided to continue with testing to observe the 
switch's performance for the remainder of the test. The actuation point tended to increase with more 
cycling. Post qualification testing, S/N 007 was disassembled and it is was determined that wear on 
the pressure plate was the source of this issue. CCS' pressure switches operate with limited 
movement of the pressure plate, .008" - .011". If a few thousandths of an inch is worn off the 
pressure plate, a sync issue can result which would then require higher pressure to complete 
electrical actuation. 

The de-actuation point of S/N 007 and S/N 008 was stable throughout the test and performed within 
its operating requirements. 

Post qualification testing, Bell decided that the 100,000 cycle requirement was arbitrary and 50,000 
cycles was more than adequate for the life of this item. The pressure switches successfully passed 
the 50,000 cycle endurance requirement. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on 
these units. 

5.12 Salt Fog Test 

Test Article(s): S/N 006 

The Salt Fog Test was performed in accordance with the Bell Helicopter approved CCS 
Qualification Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 
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The CCS data sheet(s) for this test can be found in APPENDIX M (Post Salt Fog, Dust, Sand, and 
ATP Test on same data sheet) while the test report from the outside test lab, which includes data 
sheet(s), equipment list(s), and test setup picture(s), can be found in APPENDIX R. 

Below is a plot of the results. 

 
Figure 14: Salt Test 

As shown in the above data, the Salt Fog Test had little impact on the calibration results of the 
pressure switch and the unit successfully passed the test. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on this 
unit. 

5.13 Altitude Test 

Test Article(s): S/N 007 - 008 

The Altitude Test was performed in accordance with the Bell Helicopter approved CCS 
Qualification Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The updated test setup diagram, test setup picture(s) and the data sheet(s) for this test can be found in 
APPENDIX N. 

Below is a plot of the results. 
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Figure 15: Altitude Test 

Altitude was continued with both S/N 007 and 008 although following the Endurance Cycling Test 
the actuation point of S/N 007 was no longer within its operating limits and was acting quite 
unpredictable. Additionally, the light change of S/N 007 was observed to flicker (or possibly dim) 
near actuation further indicating an electrical sync issue. The data on S/N 007 was for extra 
information while S/N 008 was the critical qual. unit. 

Aside from the behavior of the actuation point of S/N 007, the Altitude Test has little impact on the 
performance of the pressure switches. S/N 008 successfully passed the Altitude Test. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on this 
unit. 

5.14 Dust Test 

Test Article(s): S/N 006 

The Dust Test was performed in accordance with the Bell Helicopter approved CCS Qualification 
Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The CCS data sheet(s) for this test can be found in APPENDIX M (Post Salt Fog, Dust, Sand, and 
ATP Test on same data sheet) while the test report from the outside test lab, which includes data 
sheet(s), equipment list(s), and test setup picture(s), can be found in APPENDIX R. 

Below is a plot of the results. 
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Figure 16: Dust Test 

The Dust Test had very little affect on the actuation point of the test article. However, the de-
actuation point shifted up to its specification limit, 5.00 PSIG. CCS does not believe this change was 
induced by the dust itself as it is unlikely that the dust particles penetrated the pressure switch. 
Rather, it is believed that the test temperature, 158°F, caused this change as similar changes were 
observed during the temperature testing. 

Overall, the unit successfully passed the Dust Test. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on this 
unit. 

5.15 Explosion Proofness Test 

Test Article(s): S/N 007 - 008 

The Explosion Proofness Test was performed in accordance with the Bell Helicopter approved CCS 
Qualification Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The updated test setup diagram, test setup picture(s) and the data sheet(s) for this test can be found in 
APPENDIX O. 

Below is a plot of the results. 
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Figure 17: Explosion Proofness Test 

As was the case for the Altitude Test, testing was continued with both S/N 007 and 008 although the 
actuation point of S/N 007 was no longer within its operating limits and was acting quite 
unpredictable.  

Otherwise, the Explosion Proofness Test was completed successfully on the pressure switches. That 
is, an explosion did not occur as a result of operating the units and the chamber was then verified as 
containing an explosive mixture. 

NOTE: Oxygen was required to be added to the chamber to create an explosive mixture at altitude. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on this 
unit. 

5.16 Sand Test 

Test Article(s): S/N 006 

The Dust Test was performed in accordance with the Bell Helicopter approved CCS Qualification 
Test Procedure (QTP), rev. H (with deviations detailed in APPENDIX T). 

The CCS data sheet(s) for this test can be found in APPENDIX M (Post Salt Fog, Dust, Sand, and 
ATP Test on same data sheet) while the test report from the outside test lab, which includes data 
sheet(s), equipment list(s), and test setup picture(s), can be found in APPENDIX R. 

Below is a plot of the results. 
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Figure 18: Sand Test 

The Sand Test had little effect on the pressure switch's performance characteristics. The de-actuation 
point was near its limit but stayed within tolerance. 

Overall, S/N 008 successfully passed the Sand Test. 

Additionally, the Insulation Resistance and Dielectric Tests were also completed successfully on this 
unit. 

5.17 Acceptance Test Procedure (ATP) and Insulation Resistance Test 

The CCS data sheet(s) for this test for S/N 006 can be found in APPENDIX M (Post Salt Fog, Dust, 
Sand, and ATP Test on same data sheet). 

The CCS data sheet(s) for this test for S/N 007 and 008 can be found in APPENDIX P. 

5.18 Crash Safety (Impulse) Test 

Test Article(s): 008 

The Crash Safety (Impulse) Test was performed in accordance with the Bell Helicopter approved 
CCS Qualification Test Procedure (QTP), rev. H. 

The updated test setup diagram, test setup picture(s) and the data sheet(s) for this test can be found in 
APPENDIX Q. 
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The Crash Safety (Impulse) Test was completed successfully on S/N 008. There were no signs of 
damage to the pressure switch. 

5.19 Crash Safety (Sustained) Test 

Test Article(s): 008 

The Crash Safety (Sustained) Test was performed in accordance with the Bell Helicopter approved 
CCS Qualification Test Procedure (QTP), rev. H. 

The updated test setup diagram, test setup picture(s) and the data sheet(s) for this test can be found in 
APPENDIX Q. 

The Crash Safety (Sustained) Test was completed successfully on S/N 008. There were no signs of 
damage to the pressure switch. 
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6 CONCLUSION 

The Qualification Testing on the pressure switch, CCS P/N 7G1191, was completed successfully and 
approved by Bell Helicopter.   

The anomaly that occurred with S/N 005, caused by excessive use of lubricant on the o-ring installed the 
body, was caused by improper assembly methods and CCS decided to prohibit using lubricant in this 
location as a preventative action (without comprising design integrity).  

The issue which occurred on S/N 007 was determined to be caused by wear on the pressure plate which 
ultimately arose due to the arbitrary 100,000 cycle requirement. Post Qualification Testing, Bell 
Helicopter decided 50,000 cycles was sufficient for the life of this product. It is not believed that this is a 
life limit on this component because it is not expected to ever see 100,000 cycles. 

These issues were viewed as observations and not failures of Qualification Testing. 

Overall, the Qualification Test results were accepted by Bell Helicopter.  



Custom Control Sensors, Inc. 
 

CAGE CODE 
 
09049 

CCS P/N 
 
7G1191 

DOCUMENT TITLE 

QUALIFICATION TEST REPORT (QTR) 

DATE   05/23/14 REVISION   A PAGE   33 

 

APPENDIX A ENVELOPE AND SECTION DRAWING 
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APPENDIX B ACCEPTANCE TEST PROCEDURE (ATP) DATA SHEET(S)  (PRE-QUALIFICATION 
TESTING) 
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APPENDIX C GROUND SURVIVAL LOW TEMPERATURE TEST & OPERATING LOW TEMPERATURE 
TEST SETUP AND DATA SHEET(S) 
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Figure 19: Temperature Testing Setup Diagram 
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Figure 20: Temperature Test Setup 

 
Figure 21: Temperature Test Setup (Close-Up 
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APPENDIX F GROUND SURVIVAL HIGH TEMPERATURE TEST & OPERATING HIGH TEMPERATURE 
TEST (ALTERNATE UNITS) DATA SHEET(S) 

 



QTR PAGE 51



QTR PAGE 52



Custom Control Sensors, Inc. 
 

CAGE CODE 
 
09049 

CCS P/N 
 
7G1191 

DOCUMENT TITLE 

QUALIFICATION TEST REPORT (QTR) 

DATE   05/23/14 REVISION   A PAGE   53 
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APPENDIX H GROUND SURVIVAL LOW TEMPERATURE TEST & OPERATING LOW TEMPERATURE 
TEST (RE-TEST) DATA SHEET(S) 

 



QTR PAGE 56



QTR PAGE 57



Custom Control Sensors, Inc. 
 

CAGE CODE 
 
09049 

CCS P/N 
 
7G1191 

DOCUMENT TITLE 

QUALIFICATION TEST REPORT (QTR) 

DATE   05/23/14 REVISION   A PAGE   58 

 

APPENDIX I GROUND SURVIVAL HIGH TEMPERATURE TEST & OPERATING HIGH TEMPERATURE 
TEST (RE-TEST) DATA SHEET(S) 

 



QTR PAGE 59



QTR PAGE 60



Custom Control Sensors, Inc. 
 

CAGE CODE 
 
09049 

CCS P/N 
 
7G1191 

DOCUMENT TITLE 

QUALIFICATION TEST REPORT (QTR) 

DATE   05/23/14 REVISION   A PAGE   61 

 

APPENDIX J TEMPERATURE VARIATION TEST SETUP AND DATA SHEET(S) 
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Figure 22: Temperature Variation Test Setup 
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Figure 23: Vibration Test Setup Diagram 

 
Figure 24: Vibration Test Setup 
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Figure 25: Vibration Test Setup (X-Axis) 

 
Figure 26: Vibration Test Setup (Y-Axis) 
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Figure 27: Vibration Test Setup (Z-Axis) 
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APPENDIX L ENDURANCE CYCLING TEST SETUP AND DATA SHEET(S) 
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Figure 28: Endurance Cycling Test Setup Diagram 
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Figure 29: Endurance Cycling Test Setup 

 
Figure 30: Endurance Cycling Test Setup (Close-Up) 

 



Custom Control Sensors, Inc. 
 

CAGE CODE 
 
09049 

CCS P/N 
 
7G1191 

DOCUMENT TITLE 

QUALIFICATION TEST REPORT (QTR) 

DATE   05/23/14 REVISION   A PAGE   207 

 

 

 
Figure 31: Endurance Cycling Pressure Pulse
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APPENDIX M SALT FOG, DUST, SAND, AND POST QUALIFICATION ATP TEST DATA SHEET(S) 
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Figure 32: Post Salt Fog Test 

 
Figure 33: Post Sand Test 
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Figure 34: Post Sand Test (Alternate View) 
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Figure 35: Altitude Test Setup Diagram 
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Figure 36: Altitude Test Setup 
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Figure 37: Altitude Test Setup (Close-Up) 
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Figure 38: Explosion Proofness Test Setup Diagram 
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Figure 39: Explosion Proofness Test Setup 

 
Figure 40: Explosion Proofness - Test Chamber 
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Figure 41: Explosion Proofness - Inside of Test Chamber 
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APPENDIX P POST QUALIFICATION ATP (S/N 007 AND 008) 
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APPENDIX Q CRASH SAFETY (IMPULSE AND SUSTAINED) TEST SETUP AND DATA SHEET(S) 
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Figure 42: Sustained Crash Safety (Cantilever) 

 
Figure 43: Sustained Crash Safety (Vertical) 



Custom Control Sensors, Inc. 
 

CAGE CODE 
 
09049 

CCS P/N 
 
7G1191 

DOCUMENT TITLE 

QUALIFICATION TEST REPORT (QTR) 

DATE   05/23/14 REVISION   A PAGE   236 

 

 
Figure 44: Sustained Crash Safety (Inverted) 
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Equipment Description Manufacturer Model 
No. Range/Accuracy Calibration 

Acceptance Tests 

Insulation Resistance Tester Fluke 1507 50 - 1000 VDC 1001 

Hypot Tester Associated Research 404 0 - 4000 V 17-208R-39 

Pressure Gauge Ashcroft 1082 0 - 200 PSI 
.25% FS 33K6-4-427-1 

Signal Light Box CCS   Upon Use 

Vibration/Shock Tests 

Control Unholtz-Dickie VWIN 2 120 Gs 
5000 Hz per MFG. 

Charge Amp Unholtz-Dickie     per MFG. 

Accelerometers Endenco 2222C 
± 1.5% 
10,000 Gs 
 20- 10,000 Hz 

ANSI S2.2 

Endurance Cycling 

Oscilloscope Tektronix TDS 340A 2% DC 
.01% Frequnecy 17-20AW-256 

Temperature Tests 

Thermocouple Interface TCIC TCI-10014 -300°F to 1500°F 
±1°F CWI-12 

Digital Indicator Omega Digicator -300°F to 1500°F 
±1°F CWI-12 

Altitude Tests 

Pressure Transducer Setra 270 0 - 50 PSIA 
.03% Full Scale 33K6-4-427-1 

Pressure Transducer Setra 280E 0 - 50 PSIA 
.03% Full Scale CWI-1 

Manometer Dynatech 500 0 - 100,000 ft. Upon Use 

Multiple Tests 
Digital Multimeter Keithly 

OR 
Fluke 

2000 
 
8050A 

10 V ± .0025% 17-20AQ-184 

Pressure Transducer Setra 280E 0 - 100 PSIG 
.11% Full Scale CWI-1 

Pressure Transducer Setra 280E 0 - 25 PSIG 
.11% Full Scale CWI-1 

Transducer Monitor CCS   .11% Full Scale CWI-1 

Pressure Gauge Ashcroft 1082 0 - 300 PSI 
.25% FS 33K6-4-427-1 
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Pressure Gauge Ashcroft 1082 0 - 60 PSI 
.25% FS 33K6-4-427-1 

Pressure Gauge Ashcroft 1082 0 - 60 PSI 
.25% FS Upon Use 

Pressure Gauge Ashcroft 1082 0 - 160 PSI 
.25% FS 33K6-4-427-1 

Table 3: Equipment List 
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 Author: Matthew Haroutunian  To: Bell Helicopter 
 Email: mharoutunian@ccsdualsnap.com  Email:  
 Phone: +1 818.341.4610  Phone:  
 

Subject: Qualification Test Procedure (QTP), rev. H, Deviations 
   

Reply Required:  NO   ;   YES Reply To:  Reply By (Date):   

1.0 REFERENCES 
[1] CCS Qualification Test Procedure (QTP), rev. H 

 

2.0 INTRODUCTION 

           REF. [1] describes the test procedure to qualify the Bell Helicopter Model 412 fuel pressure switch. 
This coordination memo is to clarify the deviations that were made from the QTP.  

  

3.0 DEVIATION SUMMARY 

Change 
No. 

Applicable 
Section Description Reason 

1 4.0 Changes were made in regards to which 
S/N experienced which test 

When S/N 005 experienced issues 
with low temperature testing, the test 
plan was altered to stay on schedule - 
the QTR reflects the accurate test 
sequence 
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2 4.0 

"Short-Time" removed from Ground 
Survival Low/High Temperature Test and 
Short-Time Operating Low/High 
Temperature Test; 
Operating Low/High Temperature Test 
removed 

Short-time (30 mins) not needed to be 
performed because full duration (2 
hrs.) operating performed at 
temperature 

3 5.1.2 

Calibration Test procedure changed to 
increase applied pressure to 12 PSIG then 
back to 0 PSIG rather than only increasing 
pressure to actuation 

12 PSIG is the approx. system 
pressure for this system in which this 
pressure switch is installed and it is 
more customary to increase the 
pressure to system pressure during 
calibration 

4 5.5, 5.7 

Remove "Short-Time" from "Ground 
Survival Low/High Temperature Test and 
Short-Time Operating Low/High 
Temperature Test" 

Short-time (30 mins.) operating not 
performed; regular duration (2 hrs.) of 
operation performed 
(reference change no. 1) 

5 5.5.1, 5.7.1 Add note: "Oscilloscope not required" to 
Test Setup reference 

Oscilloscope not required for 
temperature testing 

6 

5.5.2c 
5.7.2c 
5.9.2f 
5.12.2 
5.13.2b 

Change pressure cycling to 20 PSIG rather 
than 100 PSIG 

Cycling to 20 PSIG is more realistic as 
the system pressure for this 
application is approx. 12 PSIG. 

7 5.5.2c 
5.7.2c 

Change operational period to 2 hours 
minimum from 30 minutes minimum 

Eliminates the need to perform short-
time operating portion of test 
(reference change no. 1, 3) 

8 5.5.2d 
5.7.2d 

Change to "Perform the Calibration Test per 
section 5.1 3 times during the cycling 
period: 15-30 minutes in to cycling, midway 
through, and at the end of this 2 hour 
cycling period" from "Perform the 
Calibration Test per section 5.1  at the 
beginning, middle, and end of this 30 
minute cycling period"  

Specify that it is not required to 
perform the calibration procedure prior 
to any cycling at temperature due to 
anomaly that occurred during testing. 

9 5.6, 5.8 Remove Operating Low/High Temperature 
Test 

Merged with "Ground Survival 
Low/High Temperature Test and 
Operating Low/High Temperature 
Test" 
(reference change no. 1, 3, 6) 

10 5.13.2a 
5.14.2a 

Remove "Beginning at ambient temperature 
with electrical power applied through the 
signal light box turned ON, lower the 
chamber temperature to the operating low 
temperature, -49°F" 

Not intended for this procedure 
(mistakenly copied from other test 
procedure) 

11 5.15.2c 
Add "NOTE: Two (2) 24 hour wet/24 hour 
dry cycles are also acceptable per MIL-
STD-810G" 

MIL-STD-810 allows a single 48 hour 
wet/48 hour dry cycle or two 24 hour 
wet/24 hour dry cycles. Lab planned 
on the latter. 

12 5.16.2c Change end of 5th cycle to end of 4th cycle 
for operational check 

Changed for convenience of 
performing check with ODA witness 
(ODA not available for 5th day 
operational check) 
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13 5.17.2e 
(Dust Test) 

Change dust test chamber temperature to 
158°F (was 250°F) 

Test lab not able to go above 160°F 
for dust test. 158°F is the operating 
high temperature used in prior testing. 

14 
5.17.2b 
5.17.2f 

(Sand Test) 

Change temperature change rate to 
5°C/min. (9°F/min.) from 3°C/min. 
(5°F/min.) 

Expedite temperature transitions to 
shorten overall test time 

15 5.17.2b 
(Sand Test) 

Change sand test chamber temperature to 
158°F (was 250°F) 

Test lab not able to go above 160°F 
for sand test. 158°F is the operating 
high temperature used in prior testing. 

16 5.17.2d 
(Sand Test) Add "Sand Concentration = 2.2 ± 0.5 g/m3" 

Concentration wasn't specified. This 
category applies to helicopters (most 
severe). 

17 
Figure 15 
(Appendix 

A) 

Endurance Cycling Test Setup: remove 
isolation valve/gauge Items not required for test setup 

18 
Figure 18 
(Appendix 

A) 

Explosion Proofness Setup Diagram: add 
thermocouples, add oxygen tank, change 
"Calibration Test Setup" to "Signal Light 
Box" 

More thermocouples required. 
Some oxygen required for explosion at 
altitude. 

    

    

  
 

4.0 CONCLUSION 
 
This document is deemed approved with approval of the qualification test report.  
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Product Failure Analysis Investigation Report 

   
Customer Info:  (Service Department)  
Customer: Bell Helicopter Address:  

 

Customer Contact: Jean-Pierre Paradis Phone:  
 

E-mail:  
 

Retuned Switch Information: (Service Department) 

Part Number: 7G1191 
     

Part Description: Gauge Pressure Switch 

RSR / RMA  
N/A 

Qty Of Switches 
1 Serial Number: 005 Assembly Date: 

02/2014 
Reason for Return: 
NOTE: This unit was not returned from the customer. It is a qualification test unit. 
Incoming Switch Evaluation: (Service Department) 
Visual Examination: 
 No external signs of damage 

Incoming Pictures: 
 

 
 
 

Functional Test Electrical Test Mechanical Movement Test 
ATP # 
7G1191  Dielectric Did not test Total Movement: 

.0097  

Increase 5.89 Contact Check Did not test Pre Creep .0030  
Decrease 3.95 Ground Test Did not test Post Creep .0017   

Dead Band 1.94 Insulation 
Resistance Did not test Snap .0068             

Proof  Contact 
Resistance Did not test 

Increase Sync  
 

Decrease Sync  
 
Pass  Fail  

 Diff Movement  .0008 

Comments: 
Settings based on average of last readings at room temperature on 02/27/14 after both low and high temperature tests 

Service Technician: Matthew Haroutunian Date: 02/27/14 

 
 
Returned Switch History “RSR” (QA) 

RSR P/N S/N Assy 
Date 

Customer Reason 
for Return Service Analysis Date 

Received 
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No return history. Qualification test unit.  

Failure Analysis (MFG, ENG, QA) 
Teardown Examination 

Diaphragm Some minor signs of wear  Connector Acceptable 
O-Ring Acceptable  Wiring Acceptable 
Arm Assembly     Acceptable  Switch Element Acceptable 
Seals No observed issue  Actuator Acceptable 
Torque Screw Acceptable  Leakage None observed 
Body Acceptable  Electrical Acceptable - no issues 
     
Teardown Conclusion: 
There was excessive lubrication oil used around the o-ring which overflowed into the diaphragm area of the switch. This 
area is sensitive to contamination and any foreign substances can impact the switch's performance. CCS believes the 
viscosity of this oil, when exposed to low temperature, increases. Therefore, the excessive oil around the diaphragm 
thickened and caused the switch to perform incorrectly. 
 

Teardown Pictures 
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Electrical Assembly - Functional; good condition 

 
 

 
Actuator (Pressure Plate) - acceptable; minor signs of wear 
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Switch Actuator Assembly - Functional 

 

 
Retainer/Register Ring - Acceptable; good condition 
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Disc Spring - Acceptable; minor signs of normal wear from cycling 

 
 

 
Body, Register Pressure Plate - no visible issues 
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Pressure Plate/Plate - Acceptable; no signs of wear 

 
 

 
Body/O-Ring/Diaphragm - no significant areas of concern 
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Diaphragm - displaying excessive use of lubricating oil 

 
 

 
Body/O-Ring - some possible FOD; oily surface of body 
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Teardown  
Performed by: Matthew Haroutunian Date: 02/27/14 

Root Cause Analysis (MFG, ENG, QA) 
Root Cause fish bone     
 

Machine/Policy 
 

 
 

Method/ Procedures Prohibit use of lubricant 
during assembly 

     

Problem    Physical Environment 
 

Excessive/improper use of 
lubricant 

 

   

 

     
     
 

Manpower/People 
 

 
 

Materials/ Process  

 
 

 
 
 
 

 
 
 
 
 

  

 Root Cause Conclusion: 
Follow up testing was performed on 04/14/14 on the lubricant. CCS used Perfluoroether Lubricating Oil (Brayco 1625, 
CCS P/N 116-164) to build the test articles. As an alternative, CCS discussed using a grease version of this lubricant 
(Braycote 806, CCS P/N 116-165). Both of these lubricants were exposed to -67°F for 2 hours. The viscosity of both of 
these substances increased dramatically. It was concluded that the improper application of either lubricant, can have a 
negative impact on the switch's performance, and it would be better if lubricant is not used in this location (o-ring installed 
in the body) for this application. 
 
Containment Action: 
Not required - only used for qualification test units.  
Corrective Action: 
Remove use of lubricant for o-ring installed in body. 
 
Estimated C/A Completion Date: 

 
04/30/14 

Corrective Action Approvals (MFG, ENG, QA) 
Engineering J.Jorgensen  Date: 04/15/14 
Manufacturing B. Johnson  Date: 04/15/14 
Quality Assurance A. Perez  Date: 04/15/14 
Corrective Action Follow up (MFG, ENG, QA) 
Follow up notes: 
 
 
Follow Up Status?    Open               Closed   Performed by:  
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Product Failure Analysis Investigation Report 

   
Customer Info:  (Service Department)  
Customer: Bell Helicopter Address:  

 

Customer Contact: Jean-Pierre Paradis Phone:  
 

E-mail:  
 

Retuned Switch Information: (Service Department) 

Part Number: 7G1191 
     

Part Description: Gauge Pressure Switch 

RSR / RMA  
N/A 

Qty Of Switches 
1 Serial Number: 007 Assembly Date: 

02/2014 
Reason for Return: 
NOTE: This unit was not returned from the customer. It is a qualification test unit. 
Incoming Switch Evaluation: (Service Department) 
Visual Examination: 
 No external signs of damage 

Incoming Pictures: 

 

 
 
 

Functional Test Electrical Test Mechanical Movement Test 
ATP # 
7G1191  Dielectric Pass Total Movement: 

.0081  

Increase 10.17 Contact Check Did not test Pre Creep .0005  
Decrease 4.40 Ground Test Did not test Post Creep .0000   

Dead Band 5.77 Insulation 
Resistance Pass Snap .0076             

QTR PAGE 297



Proof  Contact 
Resistance Acceptable 

Increase Sync  
 

Decrease Sync  
 
Pass  Fail  

 Diff Movement   

Comments: 
Actuation point out of tolerance. Could not check electrical sync with Tandy ("sync too low"). Manually checked. 

Service Technician: Matthew Haroutunian Date: 03/27/14 

 
 
Returned Switch History “RSR” (QA) 

RSR P/N S/N Assy 
Date 

Customer Reason 
for Return Service Analysis Date 

Received 
 

No return history. Qualification test unit.  

Failure Analysis (MFG, ENG, QA) 
Teardown Examination 

Diaphragm Some minor signs of wear  Connector Acceptable 
O-Ring Acceptable  Wiring Acceptable 
Arm Assembly     Acceptable  Switch Element Acceptable 
Seals No observed issue  Pressure Plate Significant signs of wear 
Screw Acceptable  Leakage None observed 
Body Acceptable  Electrical Acceptable - no issues 
     
Teardown Conclusion: 
From the teardown, significant signs of wear were seen on the tip of the pressure plate and there was a buildup of debris 
Iin the surrounding area (see pictures below). CCS believes the wear was caused by the 100,000 cycles (requirement of 
Endurance Cycling Qualification Test) this switch experienced (possibly some contribution from vibration testing as 
well). 
About .002" - .004" of material was removed from the pressure plate. As CCS products operate with .008" - .011" of 
travel/movement, any reduction of the pressure plate can impact the switch's performance. It appears some extra 
movement/pressure was required to electrically actuate the switch. 
NOTE: S/N 008, which passed all qualification testing, was also torn down and had some similar wear on the pressure 
plate. CCS believes this unit would have displayed similar results if cycling continued. 
 
 

Teardown Pictures 
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Electrical Assembly - good condition 

 

Partially Disassembled Switch - wear on pressure plate and debris built up 
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Switch Actuator Assembly - functional; minor wear on arm at point of pressure plate contact 

 
 
 

 
Pressure Plate - worn down to a flat (should be a full radius) 
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Pressure Plate - worn down to a flat (should be a full radius) 

 
Register - good condition; no signs of wear 

QTR PAGE 301



 

Diaphragm - good condition 
 

 
Switch Element - acceptable; button in fair condition 
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Teardown  
Performed by: Matthew Haroutunian Date: 03/27/14 

Root Cause Analysis (MFG, ENG, QA) 
Root Cause fish bone  

 
 
 

 
 

  

 
Machine/Policy 

 
 

 

Method/Procedures 
 

     

Problem    Physical Environment 
 

Wear on pressure plate 
 

   100,000 cycles  
(excessive for design) 

     
     
 

Manpower/People 
 

 
 

Materials/Process Material of pressure plate 
(aluminum) 

     

 Root Cause Conclusion: 
CCS is confident this out of tolerance condition was caused by the 100,000 cycles the switch experienced as part of 
Endurance Cycling Qualification Test.  
Containment Action: 
Not required - result of qualification testing, not actual in-flight usage. 
Corrective Action: 
Not required - Bell accepted test results. 
If required, CCS would consider a) hard anodizing the pressure plate, or b) considering making the pressure plate out of 
stainless steel. 
Estimated C/A Completion Date: N/A 
Corrective Action Approvals (MFG, ENG, QA) 
Engineering N/A  Date: 
Manufacturing N/A  Date: 
Quality Assurance N/A  Date: 
Corrective Action Follow up (MFG, ENG, QA) 
Follow up notes: 
Not required - Bell accepted test results. 
Follow Up Status?    Open               Closed   Performed by:  
Not required - Bell accepted test results. 
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APPENDIX V 8130-3 - AIRWORTHINESS APPROVAL TAGS 
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