21111 Plummer Street
Chatsworth, California 91311 U.S.A.
® T: 818.341.4610 F: 818.709.0426

CustomControlSensors Inc. www.ccsdualsnap.com

QUALIFICATION TEST REPORT

CUSTOMER: BELL HELICOPTER
CCS P/N: 7G1191

Prepared By, _ RS Fhage—— 5W 7

Matthew Haroutunian, Project Engineer

Approvals
Engineering: 5/2/)4
Date
Test Lab: =YY
Date
Quality Control: 5 / 3 ,//'y

Date



Table of Contents

1 INTRODUCTION L.ttt b bbb b et e R e Rt e bbbtk b e b et e st e st et e s b e et ettt ens 7
11 PUI IOSE. ..ottt R R R R R R R R R R e R R R R n e r e nenre s 7
1.2 BACKGIOUN ... .ot bbbttt b bbb b et e et b b nn e n e 7
IR Y o o Tor=1 o] =3 DT Lol N[ 1 1= o S PS 7
O (T [N ot @ Y =T oY TSP 7
1.5  QualifiCation TSt SUMMAIY .....ceciuiiiiieiiecteesiese ettt et e st e et e be e e e stesteebesbeess e besaeeneesreaneenreares 8

2 TEST CONDITIONS . ...ttt ettt bbbt b ke n bbbt et e st e bt e bt et e s be bt e e ens 10
2.1 SEANAAId CONGITIONS ... ..ottt ettt et e e s ee et e e neeseeete e teseeeseesteaneesaesbeeneeseeeseeneenneas 10
2.2 TOIBIANCES ... ettt bbb b bR Rt R bbb bttt R Rttt b e b n e ene s 10
2 T 1) o 11 o SRS 11

3 QUALIFICATION TEST ARTICLE ..ottt ettt et 11
3.1 Description Of TESE SWILCNES .....cviiiiiiiii e st sre e b e seenns 11
3.2 DiSpOSItioN OF TESE SWITCNES. ......ccuiiiiiiiiie e 11

4 TEST OVERVIEW. ... ..ottt bbbt h bbbt bbbt b e bt e bbbt et ne e e ene s 12

5  RESULTS AND DISCUSSION .....ociiiiiiiieiteieieie s ste ettt sa e stessestessesaeseeseessasessessessessessesenssnsensens 13
5.1  Acceptance TeSt PrOCEAUIE (ATP) ..ottt 13
5.2 Ground Survival Low Temperature Test & Operating Low Temperature TeSt.........ccccvevevivriverereennene. 13
5.3  Ground Survival High Temperature Test & Operating High Temperature Test ...........ccocverereieiinnnn. 15
5.4  Ground Survival Low Temperature Test & Operating Low Temperature Test (Alternate Units)........... 16
5.5  Ground Survival High Temperature Test & Operating High Temperature Test (Alternate Units) ......... 16
5.6 HUMIGILY TESE ..ottt b bbbt b bbb nen et e s 17
5.7  Ground Survival Low Temperature Test & Operating Low Temperature Test (S/N 005 Re-Test) ........ 18
5.8  Ground Survival High Temperature Test & Operating High Temperature Test (S/N 005 Re-Test)........ 19
5.9  Temperature Variation TESE.......ccciiiiiie e sttt st e st e e s beese e te s e e saesteeneesreateenbesreenes 20
5.10 Vibration & Operational SNOCK TESE .........civiiiiiiice e et 21
T8 o Y = oo 0] =V (ot 3 @4 o [T T I PSS PSSSRI 24
TN S T 1 oo I SRS 25
o T0 C T N 1 (8o I PSSR 26
B.LA  DIUSE TS ..eiiietiitieee sttt sttt stttk b ekttt b b e bt bt e bt ekt e R e e e bt ke e b s bt eh e ekt e bt eR bt eR e e Re e bt bt e b nbeen e e b nne s 27
5.15  EXPIOSION PrOOFNESS TESL......iciiiiiiicii sttt sttt et e besae e e teane e testeenaesreeneentenne s 28
TN TS T 130 T RS PSRST 29
5.17 Acceptance Test Procedure (ATP) and Insulation ReSiStance TeSt.........ccveievieieninsiie e 30
5.18  Crash Safety (IMPUISE) TESL......cci oottt sttt ne et sne e tesbeeneeseeeneeneennean 30
5.19  Crash Safety (SUSTAINEA) TOST......ciieiieie ittt ettt sttt et e st seeeseestesmeesaesteeneeseeeneeneenneas 31

I O] Tod 111 (o]0 ST TO PP PP 32

APPENDIX A Envelope and SECtION DIAWING .......cuiiiiieieieiieseeeesie e eeesiesieeseeste e seesteeaeseeeseensesseeseessesneeseesees 33

APPENDIX B Acceptance Test Procedure (ATP) Data Sheet(s) (Pre-Qualification Testing) ........c.cccccevvvvernenne. 36

APPENDIX C Ground Survival Low Temperature Test & Operating Low Temperature Test Setup and Data

RS oL ) S SRTPR 38

CAGE CODE CCS PIN DOCUMENT TITLE
Custom Control Sensors, Inc. 09049 7G1191 QUALIFICATION TEST REPORT (QTR)

DATE 05/23/14 REVISION A PAGE 2




APPENDIX D Ground Survival High Temperature Test & Operating High Temperature Test Data Sheet(s) ...... 44
APPENDIX E Ground Survival Low Temperature Test & Operating Low Temperature Test (Alternate Units)

D 1 B 1 TC] () SO PSR 47
APPENDIX F Ground Survival High Temperature Test & Operating High Temperature Test (Alternate Units)
DIALA SNEEL(S) ... eveeteett ettt e R R R R R R R R R Rttt ettt b b n e n e 50
APPENDIX G Humidity TeSt Data SNEEL(S) ....cveivveiirieiierie ittt ste sttt ettt sbe e et sneestesra e e e srenrs 53
APPENDIX H Ground Survival Low Temperature Test & Operating Low Temperature Test (Re-Test) Data
S 1T () TSRS T PRSP TP PPPPPT 55
APPENDIX | Ground Survival High Temperature Test & Operating High Temperature Test (Re-Test) Data
1T () ST ST TSRS PR U S PR TP PPPPPPP 58
APPENDIX J Temperature Variation Test Setup and Data SNEEL(S).........covvirieriiiiiiie i 61
APPENDIX K Vibration and Operational Shock Test Setup, Data Sheet(s), and plotS..........ccccoovvvvriiiiiiieicienns 67
APPENDIX L Endurance Cycling Test Setup and Data SNEEL(S) .........coerverereririririie e 204
APPENDIX M Salt Fog, Dust, Sand, and Post Qualification ATP Test Data Sheet(S)......ccccccvevevervrieresieeiiennens 214
APPENDIX N Altitude Test Setup and Data SRHEEL(S).......coveviiririiriiierieeie e 218
APPENDIX O Explosion Proofness Test Setup and Data SNEEt(S)........ccvcvveiiieereiieiieie e 225
APPENDIX P Post Qualification ATP (S/N 007 and 008)..........ccceiiveiuiiiiiieiiieeriesteetee st se e se e ste e e eraesneas 232
APPENDIX Q Crash Safety (Impulse and Sustained) Test Setup and Data Sheet(s) .......cccceovvvvrerirenercieicnn 234
APPENDIX R Humidity, Salt Fog, Dust, and Sand Test Report (From Outside Lab).........cccccoeveviiiiiiiiiciennns 238
APPENDIX'S TeSt EQUIPMENT LIST......c.eiiiiiiiiitiieitesieieie ettt 281
APPENDIX T CCS Memo Detailing QTP DeViatioNs.........cccccveiiiiieiiiiie it ste st sre e se e ste e e sraesaens 284
APPENDIX U Test Article Teardown Report (S/N 005 and 007) ......c.ccoviviiiiiiiieieceeie et sre e 288
APPENDIX V 8130-3 - Airworthiness APProval TAGS . ........cuiuiiririerieieisisesiesie e 304
APPENDIX W Test Witness SIignature SHEELS........c.ciiiiiiie ettt st s ae e v sbe e sresra e 309
List of Figures
FIQUIE 1: DESIGN OVEIVIBW ....eviiiectieiie sttt et ettt ettt e s e s teata et e s te e st e s beese e e e stees e e s besseestesteensesbeasaesaenteenaesrennen 8
Figure 2: Ground Survival Low Temperature Test and Operating Low Temperature Test (S/N 005/006)............. 14
Figure 3: Ground Survival High Temperature Test and Operating High Temperature Test (S/N 005/006) ........... 15
Figure 4: Ground Survival Low Temperature Test and Operating Low Temperature Test (S/N 007/008)............. 16
Figure 5: Ground Survival High Temperature Test and Operating High Temperature Test (S/N 007/008) ........... 17
FIQUIE B: HUMIAITY TESL....iiiieeiecie ettt ettt et e st e et e s besbe e tesbeeaeesbeateeeesbeeneesresneeneeneeens 18
Figure 7: Ground Survival Low Temperature Test and Operating Low Temperature Test (S/N 005).................... 19
Custom Control Sensors, Inc. e e
09049 7G1191 QUALIFICATION TEST REPORT (QTR)

DATE 05/23/14 | REVISION A | PAGE 3




Figure 8: Ground Survival High Temperature Test and Operating High Temperature Test (S/N 005) .................. 20

Figure 9: Temperature Variation TESL..........ooiiiiiiiiiieii it 21
Figure 10: Vibration and Operational TSt (X-AXIS) ......ciiiiiiririiiieiiesesieste e e se e e e sreste e e sre e eeeseeens 22
Figure 11: Vibration and Operational TSt (Y=AXIS) .....c.ciieiiiiiririiiiieie et se e s sre st sre e te e aesre e 22
Figure 12: Vibration and Operational TESt (Z-AXIS) ......ccererrerieiiiiisiesiesie et 23
Figure 13: ENAUIaNCe CYCHING TESE ....viiiiiiieiie ittt e ettt ettt sttt et et sbe e et e s ae e stesteeneesbeene e besneeneenee e 25
FRQUIE L4: SAIT TOST. ..ottt b b bt h bRt E bt bt e et e bt bbb et n e 26
FIQUIE 15: ATITUAR TEST .. ettt bbbttt h bt bbbt et et bt bbb 27
FIQUIE 16: DUSE TOSL....uiiuieiiitecie ittt sttt et et s b e s e e be s te e b e s teese e s beebeesbesbe e s e e besReeseesbeeneesbeeteenbesaeennenee e 28
Figure 17: EXPlOSION PrOOTNESS TESE .....c.viiiieiiiiiiiiiie ittt bbbt 29
T O S T g o B =) SRS 30
Figure 19: Temperature Testing SEtUP DIAGIAM........ccoiteiiiiieieiii et 39
Figure 20: TeMPErature TESE SELUD........civiieieieiiteete sttt ettt b bbbt b bbb s 40
Figure 21: Temperature TeSt SELUP (ClOSE-UP .....ccviiiiiiiiiic ettt sttt b s te e sreere e e 40
Figure 22: Temperature Variation TESE SEIUP. .......uiiiirieieiiieisesie et 62
Figure 23: Vibration Test SEtUP DIagram........ccciiiiiiieie ettt te e sbe et ste e e e s be e reesbesbeenbesreene e e e 68
FIgUure 24: ViDration TESE SELUD......eciiii ittt e ettt e st e et e st e e be et e sbe e e e sbeeteesbesbeeneesbeaneenee e 68
Figure 25: Vibration TeSt SELUP (X=AXIS) ..cuviuerriitirierieteiieie ettt sttt bbbttt b et ese e 69
Figure 26: Vibration TeSt SELUP (Y=AXIS) ..cuiiiiiiiiiieie sttt sttt sttt te et st e e et e s be e e e stesbeesbesbeenaesbesneeree e 69
Figure 27: ViIbration TeSt SEIUP (Z-AXIS) ....c.uiueiiiririerieieieeieeie sttt sttt b bbbttt b s ene e 70
Figure 28: Endurance Cycling Test SEtUp DIAGIaM .......cocvoiuiiiiiiie ettt s be s e 205
Figure 29: ENAUrance CYCHING TESE SBIUP ....veiveiieiiectie ettt ettt et ste et st e st e e e sbeebaesbesaeeeestasnneseas 206
Figure 30: Endurance Cycling Test SEtup (ClOSE-UP) ....coiiiiiiiiiiieieeise e 206
Figure 31: Endurance CyYCliNG PreSSUIE PUISE .........ccviiiieiice ettt sttt sttt saesbe e sreeneas 207
FIQUIE 32: POSE SAIT FOG TEST.....etiitiiiiiieeie sttt bbb ettt ettt na et 215
FIQUIE 33: POSE SANG TS ....uiiitiiiie ettt ettt ettt e e te et e s be e e e s besbeestesbeesbesbesbeesbesbeessesbesteeseesteeseesbensens 215
Figure 34: Post Sand Test (AIEINALE VIBW) ......civiiieie ettt sttt sttt re et reeeenreene 216
Figure 35: Altitude TeSt SETUP DIBGIAM ......oviiiiiieiiiiit ettt sne e 219
FIQUIE 36: AILITUAE TESE SELUD ....veevieitiiice sttt sttt et et e et e st e eta e tesbeesbesbesneebessaeeenreanes 220
Figure 37: Altitude TeSt SETUP (CIOSE-UP) .....ouviiiiiiiiiiiiieiteeee et 221
Figure 38: Explosion Proofness Test SEtup DIAGIAM .........coviiiiiiiiiiiesiesee e 226
Figure 39: EXPl0oSion ProOfNESS TEST SELUD ....cviiviiiieie ettt sttt sttt besta et saeeresre e e snenns 227
Figure 40: Explosion Proofness - Test Chamber S S TNt 227
Custom Control Sensors, Inc. 09049 7G1191 QUALIFICATION TEST REPORT (QTR)

DATE 05/23/14 REVISION A PAGE 4




Figure 41: Explosion Proofness - Inside of Test Chamber ..........ccovoviiiei i 228

Figure 42: Sustained Crash Safety (CaNtIEVET).........cooiiiiiiic e 235

Figure 43: Sustained Crash Safety (VertiCal) .........c.cocviieiiii i 235

Figure 44: Sustained Crash Safety (INVErted) .........coiiiieiiiiiie e sre e 236
List of Tables

Table 1: QUAlITICAtION TSt OVEIVIEW......ccuviiie it s e s et e s te e e te e s te e s te e sae e st e e teesbaesbeesteesseesseeaneeenteeteeseeesns 12

Table 2: ReSONaNCe FreqUENCY SUMMAIY ........coiiiitiireieieeeieeesie sttt b b e st nneanesn s n e 24

I Lo Lo T o U TT o] 1=T ) I OSSR 283

CAGE CODE CCSPIN DOCUMENT TITLE

Custom Control Sensors, Inc.

09049 7G1191 QUALIFICATION TEST REPORT (QTR)

DATE 05/23/14 REVISION A PAGE 5




Revision History

Letter Description Date Approved
N/C |Released 05/05/14 | J. JORGENSEN
A | Updated per comments from Tim Fletcher provided via | 05/23/14 |J. JORGENSEN

email from JP Paradis (05/22/14)

Custom Control Sensors, Inc.

CAGE CODE

09049

CCS PIN
7G1191

DOCUMENT TITLE
QUALIFICATION TEST REPORT (QTR)

DATE 05/23/14

REVISION A PAGE 6




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

e CCS Envelope Drawing, 7G1191, rev. A

e CCS Section Drawing, 7G1191, rev. B

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

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

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

e 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.

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.
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

Test Article
PTRT QTR QTP
Quallflcatlon Test Section | Section | S/N SIN SIN SIN
005 006 007 008

Acceptance Test Procedure (ATP) 5.1 5.4 X X X X
Ground Survival Low Temperature Test & Operating Low 5.2 55 X X
Temperature Test
Ground Survival High Temperature Test & Operating High 5.3 57 X X
Temperature Test
Ground Survival Low Temperature Test & Operating Low 54 55 X X
Temperature Test (Alternate Units) = '
Ground Survival High Temperature Test & Operating High 55 57 X X
Temperature Test (Alternate Units) = '
Humidity Test 5.6 5.16 X
Ground Survival Low Temperature Test & Operating Low 57 55 X
Temperature Test (S/N 005 Re-Test) = '
Ground Survival High Temperature Test & Operating High 58 57 X
Temperature Test (S/N 005 Re-Test) = '
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
,TAé:Scteptance Test Procedure (ATP) and Insulation Resistance 517 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.
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Stage of Test
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.
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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.
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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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Humidity Test
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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 APPEND X 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.
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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 APPEND X |.
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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.
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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 APPEND X 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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Temperature Variation Test
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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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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
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Figure 12: Vibration and Operational Test (Z-Axis)

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
' PreTest |  Post Test Frequency
X-Axis
007 (CH. 2) 818 789 3.5%
008 (CH. 4) 768 752 2.1%
Y-Axis
No resonance frequencies
Z-Axis
760 772 1.6%
007 (CH. 2)
802 804 0.2%
765 772 0.9%
008 (CH. 4)
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.
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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.
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APPENDIX A ENVELOPE AND SECTION DRAWING

Custom Control Sensors, Inc.
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SUCH PARTS
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AMBIENT TEMPERATURE MEDIA TEMPERATURE

OPERATING: —65F TO +250F
NON—OPERATING: —65F TO +250F

—65F TO +260F

PROOF PRESSURE

180 PSIG APPLIED
TO PRESSURE PORT

ELECTRICAL RATING

0.5 AMP LAMP LOAD AT 28 VOLTS D.C.

WIRING DIAGRAM

THE WIRING DIAGRAM IS DEPICTED WITH THE PRESSURE
PORT AT STANDARD SEA LEVEL PRESSURE

INCREASING
P | PRESSURE

ELECTRICAL B

RECEPTACLE f
C

[A]

7G1191

UNLESS OTHERWISE SPECIFIED
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APPENDIX B ACCEPTANCE TEST PROCEDURE (ATP) DATA SHEET(S) (PRE-QUALIFICATION

TESTING)
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CUSTOM CONTROL SENSORS INC.

ACCEPTANCE TEST PROCEDURE

MODEL NO.7G1191

ATP REV"A"
TEST DATA P.0O. NO.
CUSTOMER: BELL HELICOPTER SPEC: PART NO: 7G1191
S/N EXAMINATION PROOF INCREASING DECREASING
PRESSURE PRESSURE PRESSURE
180 PSIG BY 8.0 PSIG | AT 4.5+/-.5
PSIG
005 V 6.294 4.629
Conpplus oo
006 6.451 4.611
007 7.171 4.466
008 // 7.135 4.399
S/N DIELECTRIC
TEST
1000 VRMS
005
Onaet
006
007
008 //
Aoy,
INSPECTOR J,{, STAMP\SS? DATE 93 _ Sp.- / }Lf
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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 21: Temperature Test Setup (Close-Up

Custom Control Sensors, Inc.
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APPENDIX D GROUND SURVIVAL HIGH TEMPERATURE TEST & OPERATING HIGH

TEMPERATURE TEST DATA SHEET(S)
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APPENDIX E GROUND SURVIVAL LOW TEMPERATURE TEST & OPERATING LOW TEMPERATURE
TEST (ALTERNATE UNITS) DATA SHEET(S)

CAGE CODE CCS PIN DOCUMENT TITLE
09049 7G1191 QUALIFICATION TEST REPORT (QTR)

Custom Control Sensors, Inc.

DATE 05/23/14 REVISION A PAGE 47




rCc
\ & ¥

I TR
CustomControlSensors Inc.

Test Performed by:

FORM 914, Rev. A 1/31/2013

DATE:

SAR/ENG NO:
CCSLABORATORY]M&LASHEET .
: RECORDEDTESTDATA ..
' ' VRSP TR | TEMe. | 76U 261
DATE. TIHE! AR ISNOOT [SNOOY | SNODT SN COK
2-27-20M | o%SS | 73.0° [ 73.5° | 73.7° | 2% | 73K
: ‘ | 445 |4.45
TI6 | 7.29
449 | 4.46
TS 1 2.23%
447 | 445
00U | . 1° " MEmPBrATHRE. NoW) DECREASIN
0OW6 | LIL° 1 | |
oG | 40,0°|-33.2 |34.5°
loon | L&)~ 59.2° ~S7.0°
, 100 | —-C2.0° ]
Dot Terp SE] LOUS™ | ~ (507 | ~do 0° | ~LlelS (L5.F ‘@-(58.5")
WS ~07.29]-(S.8° |- (S8 (AS0 ) - 65.4)
AV] [~6LD° |- N | —Eod |
430 | (. T2 T |~ (oD’ [AH.5° T 45 7)
(YD [ ~(JLTF° [TerweERaTURE INCREALING |
1433 | ~49.S" |
Ry TP <) (WY ——Lﬁ,i“ ~49.€ |~19.%
| (52 |~47.9° | -472.7°| ~«1.9" ] , -
(S30 |-0.2° |~H8.6" |-U4B.L* ’-’-%,Um—n"tﬂ%
[SUS |~W). P | -4 MY |-YES’ (-1).0° w —5AMTY
ISSO  [-H3.5° |08tun Ol-20 < ABSHRE. pRcLNG
QS | SO0 edbwo o At L300 LIS | 234
430 | HeSE

Page

of

QTR PAGE 48



)
)

j

o~

ClustomControloensors Inc.
SAR/ENG NO:
CCS LABORATORY DATA SHEET | :
RECORDED TEST DATA:
_ ' e | Tere |reme | 7GSRI 761\9
OATS TIME, | AR OO | SN OO [ SNATT |SNOOY
| 2-27-20Y | 1tOS |R8sume ergsgyre ereld g |
: [(SS |2 dur calidoatyws BT ATIINGG (O
ST | Yol |-43.0" [~48.2° | T4 | 734
- o : Hileo | 4.3T
OO | RBsumlE. CREISRE AV ciIA
(700 | ~350.6|-99.5°| =420 |
ST2L _cHaw Gla T AAED CHAUES
1 A NV
15 |40
- 7.0 | 744
[0 H 2 [4.07
Test Performed by: DATE:
FORM 914, Rev. A 1/31/2013 Page of -

QTR PAGE 49



APPENDIX F GROUND SURVIVAL HIGH TEMPERATURE TEST & OPERATING HIGH TEMPERATURE
TEST (ALTERNATE UNITS) DATA SHEET(S)
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APPENDIX G HUMIDITY TEST DATA SHEET(S)
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APPENDIX H GROUND SURVIVAL LOW TEMPERATURE TEST & OPERATING LOW TEMPERATURE
TEST (RE-TEST) DATA SHEET(S)
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14D | —(RY° [TEMPERATURE. (NRBASING
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O\ | sl dRaliNg Cor QAL LRRATION
AT 9 clales,
DX - FASH
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APPENDIX | GROUND SURVIVAL HIGH TEMPERATURE TEST & OPERATING HIGH TEMPERATURE
TEST (RE-TEST) DATA SHEET(S)
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330 ] (S6X° |
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14l [S5.%°| . 2.20
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142D [ ReSI4E 0-20~D PRESYMRZ CHIUING
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APPENDIX J TEMPERATURE VARIATION TEST SETUP AND DATA SHEET(S)
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Figure 22: Temperature Variation Test Setup
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CCS LABORATORY DATA SHEET
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TEMP | TR | Teme | 1GUal | A iG]l
DATE TIME | AW SN OOT | SNOOK | SNOGT [SNCOZ
H~H-204 | 1OBT | 724 | 71.4° 1.09 .55
TR VARATION 19 4,29
L.A7 | 2.2
(€ | 420
Wad | 10.2° | 22.5° | TP NoW DBCREAN NG |
BN ~Q0°
2SO | ~47° | ~HSS° netnllteme baa.
OO | ~HY | ~YS.0°% TBMP. NoW) W (EBASING
HOoAX | +.8° | =N 7.S1 7.0
H4, b | 4,17
Mo | +10S° | +I1Y IS | LD
| YA | Jul,
WA [5° ¥
190 | 1A% | (8K | Rt Tem?. k.
elS PoOLER] OE
[(R'y PO R O
el | 1SS TELP W) DECRISASI\NG
LoAd | 1578 | 193 7.40 PAN
2 | HIL
oAl | A% | 149.1° LA | 7.9,
H,22. | 4,2
(RO | —I54° [+ 90,4 7. 2.51
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13D | ~H%® | +T°
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| TEMe [TemP [feme [0 TG0l
DATE TUWE. | AR IS (YY) [SINOSYE SN OOT [9NOOK
R-H-201d | 1781 | ~URZL | ~477° |C8lainl TEME STAR.
(LS | ~YWLH° | ~UeS° | ead B-20-0 ¢jeliNG
2000 | ~82 | -US S0P AT /S 23 @l gs
POLY DEE
A0 | =80% | =4 [ Poweil onl
20731 ' TEMP NOW [ NRBASING
20854 | £7E RoOM AMER TBMP,
2035 | +)q° | ~A°
2~ 2O | ONS | LRA | .88 7.4 | 2.7
| 4,27 | 4.l
729 | 231
q.lg | 4,20
2\ 730
WA | 41y
OO | 28° | o,S [TBMP NOW DRcPBASING.
o4 % | ~usey’
OIS\ | -Lq, P +208°
G0k | “NE | 0O | &BEAnUTERMP. ESAG.
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APPENDIX K VIBRATION AND OPERATIONAL SHOCK TEST SETUP, DATA SHEET(S), AND PLOTS
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Figure 23: Vibration Test Setup Diagram

Figure 24: Vibration Test Setup
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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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PRESSURE i

OSCILLOSCOPE SWITCH
I |E CALIBRATION
PRESSURE . TEST SETUP
TRANSDUCER I
ISOLATION ’ ISOLATION FIXTURE
VALVE .‘ VALVE
3-WAY VALVE
SOLENOID 3
VALVE Lo
EXHAUST é; =
TIMER
T SOLENOID
COUNTER C ) ;)VALVE
CONTROL _ CONTROL
VALVE VALVE ISOLATION
AIR :@=® 8 EXHAUST |TRANSDUCER VALVE
REGULATOR
CONTROL CONTROL
VALVE VALVE

CYCLE SYSTEM

EXHAUST 8

CALIBRATION SYSTEM

ELECTRICAL WIRE ———

Figure 28: Endurance Cycling Test Setup Diagram
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Figure 30: Endurance Cycling Test Setup (Close-Up)
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Figure 31: Endurance Cycling Pressure Pulse

CAGE CODE CCS PIN DOCUMENT TITLE
09049 7G1191 QUALIFICATION TEST REPORT (QTR)

Custom Control Sensors, Inc.

DATE 05/23/14 REVISION A PAGE 207




CustomControlSensors Inc.

'SAR/ENGNO: |
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RECORD PULAE

IO\%_ | RBSET] COUNTER. TO |0 TR BIL

- 13SY | RECORD PLLSE.

[ASS | Svop A (oo b CACBIS

1285 Y€ | CALGRATOD TBST 7204 1S

qid | 437

13O0 |RasOMme. CRCUNE RECERD PUSE

LD [ RECORD PULSE

NS st AT 20,000 CACLES
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2 2% &3 | 7217
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O3 [R&c oy PASE
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S0P AT HO,00 g s
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L I R
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1723 S LK
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L0 | AL
1293 €& | 6,77
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2.5 | (719
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274 | LUK
4 (¢ | y.27
Test Performed by: DATE:

FORM 914, Rev. A 1/31/2013

Page

of _

QTR PAGE 211




ne SAR/ENGﬁO:
CCS LABORATORY DATA SHEET
RECORDED TEST DATA:
| YA | TG\
OATE TiMe TR SNOGT | SNOOK
B-1T1-ZOWM | o745 [ 72° 257 Respre CReUNIG
TU- | RBC D PULSY
CESS | SToe AT KONKD U] ReCaird AASE |
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IO | svor At %2, SUO _Cre LisS
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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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APPENDIX N ALTITUDE TEST SETUP AND DATA SHEET(S)
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Figure 35: Altitude Test Setup Diagram
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Figure 37: Altitude Test Setup (Close-Up)

Custom Control Sensors, Inc.

CAGE CODE CCSP/N DOCUMENT TITLE
09049 761191 QUALIFICATION TEST REPORT (QTR)
DATE 05/23/14 REVISION A PAGE 221




soiSe

rs

inc.

CCS LABORATORY DATA SHEET
RECORDED TEST DATA:
DAYE. TS [T | AT SMANT | SNOOK
35-20-20 | |RCO | 7L RS 7. a1 b.96
4,20 | 4,13
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APPENDIX O EXPLOSION PROOFNESS TEST SETUP AND DATA SHEET(S)
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Figure 38: Explosion Proofness Test Setup Diagram
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Figure 40: Explosion Proofness - Test Chamber
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Figure 41: Explosion Proofness - Inside of Test Chamber
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Figure 42: Sustained Crash Safety (Cantilever)

Figure 43: Sustained Crash Safety (Vertical)
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Figure 44: Sustained Crash Safety (Inverted)
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APPENDIX R HUMIDITY, SALT FOG, DUST, AND SAND TEST REPORT (FROM OUTSIDE LAB)
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April 3, 2014 Report No. 35522-0221693 Rev. A

Custom Control Sensors
2111 Plummer Street

Chatsworth, CA 91311 ENVIRONMENT
- , ASSOCIATES, Inc.
Attention: Matthew Haroutunian 9604 Variel Avenue

_ Chatsworth, CA 81311
Reference: (1) Custom Control, Purchase Order No.P000007280 Phone: (818) 7090568

(2) Environment Associates Shipper NO. 43143 Fax:  (818) 709-8914
(3) Specification No. MIL-STD-810G, Method 501.5
QTP-7G1191 Rev. H Paragraph 5.15, 5.16, 5.17

www.eatest.com

CERTIFICATION
Environment Associates, Inc hereby certifies that One (1) Pressure Switch P/N
7G1191, S/N 006 was subjected to Humidity, Salt Fog, Dust and Sand testing with the
above references as evidenced by and reported in the accompanying data.
The original of this report is on file at Environment Associates, Inc. under the above
referenced job number for review by authorized persons. The results of the testing
reported herein relate only to the actual items tested.

Respectfully submitted,

ENVIRONMENT ASSOCIATES, INC

George e,
Laboratory Manager

GF/dl

This report shall not be reproduced except in full, without the written approval of
Environment Associates, Inc. The total number of pages in the document is 42.

“a maintains laboratory accreditation to ISO/IEC 17025 and ISO 8001
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Environment JOB # 35522-0221693

Associates

TEST SET UP

2-27-14 Humidity — Pressure Switch, P/N 7G1191, S/N 006 in the chamber
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"ﬂ Environment JOB # 355220221693
Associates

TEST SET UP

2-27-14 Humidity — Test equipment outside of the chamber
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JOB # 35522-0221693

Environment
Associates

TEST SET UP

3-11-14 Salt Fog — Pressure Switch, P/N 7G1191, S/N 006 in the chamber
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BER Environment JOB # 35522-0221693

Associates

TEST SET UP

3-20-14 Dust Test — Pressure Switch — P/N 7G1191, S/N 006 in the chamber in direction
#1
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Environment JOB # 35522-0221693

Associates

TEST SET UP
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3-20-14 Dust Test — Pressure Switch, P/N 7G1191, S/N 006 in the chamber in direction

#2
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Environment JOB # 35522-0221693

Associates

TEST SET UP

3-20-14 Dust Test — Pressure Switch, P/N 7G1191, S/N 006 in the chamber in direction
#3
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Environment JOB # 35522-0221693

Associates

TEST SET UP

3-21-14 Dust Test — Pressure Switch P/N 7G1191, S/N 006 post exposure, prior to
removal and cleaning,
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Environment JOB # 35522-0221693
Associates

TEST SET UP
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3-21-14 Dust Test — Pressure Switch P/N 7G1191, S/N 006 post exposure, after cleaning.
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= T === INDEPENDENT TESTING LABORATORIES, INC.
1127 BAKER STREET e COSTA MESA, CA 92626 ¢714-662-1011 e FAX 714-641-3836 ¢ WWW.ITLTESTING.NET

CERTIFICATION
April 2, 2014
ENVIRONMENTAL ASSOCIATES
9604 Variel Avenue
Chatsworth, CA 91311
Purchase Order Number 35522-0221693 Part Number:  7G1191
ITL Job Number: 14840 Serial Number: 006

Sand Test:

One (1) Switch, Part Number 7G1191, Serial Number 006, was subjected to a Sand Test in
accordance with QTP-7G1191 Rev. H, Redlined.

Sand Test Procedure:

With the test unit non-operating inside the test chamber and its temperature stabilized at 158
+10°F (+70 1£5.5°C), the air velocity was adjusted to 19 meters/sec. The sand feeder was then
adjusted to obtain a sand mass flow rate of 2.2 g/m?® This condition was maintained for 90

minutes in one axis only Upon completion of the test, removed the test unit from the chamber
and allowed to cool to ambient temperature.

Results

The test unit showed no signs of visible abrasion or sand penetration. The test unit was sent back
to Environmental Associates for further evaluation.

EQUIPMENT LIST

ITL Control # Eauipment Description Calibration Dates
S-147 Sand Chamber NCR
1-476 Humidity Probe 12/03/13 to 12/03/14
-715(a) Timer 04/23/12 to 04/23/14
S-177 Scale 03/29/13 to 03/29/14
1-106 Chart Recorder 03/29/13 to 03/29/14
1-605 Air Velocity Meter 06/05/13 to 06/05/14
-797 Diaital Multimeter 04/05/13 to 04/05/14
DISCLAIMER

This certification represents Independent Testing Laboratories, Inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particular product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,
except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law.

ITL Job # 14640
Page 1 of 7
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DISCLAIMER
This certification represents Independent Testing Laboratories, Inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particular product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,
except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law.

ITL Job # 14640
Page 2 of 7
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Sand Test
Axis 1

DISCLAIMER
This certification represents Independent Testing Laboratories, inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particular product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,
except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law.

ITL Job # 14640
Page 3 of 7
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Sand Test
Axis 2

DISCLAIMER
This certification represents Independent Testing Laboratories, Inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particutar product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,
except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law.

ITL Job # 14640
Page 4 of 7
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Sand Test
Axis 3

DISCLAIMER
This certification represents Independent Testing Laboratories, Inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particular product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,

except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law

ITL Job # 14640
Page S5 of 7
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Sand Test
Axis 1

DISCLAIMER
This certification represents Independent Testing Laboratories, Inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particular product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,
except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law.

ITL Job # 14640
Page 6 of 7
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Sand Test
Axes 2& 3

DISCLAIMER
This certification represents Independent Testing Laboratories, Inc. (ITL) findings and conclusions based
upon the conduct of the test and procedures described herein with respect only to the particular product(s)
or component(s), which were provided to ITL. This report/certificate of conformance shall not be reproduced,
except in full, without written permission from ITL. The recording of false, fictitious or fraudulent statements
or entries on this certificate/report may be punishable as a felony under federal law.

ITL Job # 14640
Page 7 of 7
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APPENDIX S TEST EQUIPMENT LIST

Custom Control Sensors, Inc.

CAGE CODE CCSP/N DOCUMENT TITLE
09049 761191 QUALIFICATION TEST REPORT (QTR)
DATE 05/23/14 REVISION A PAGE 281




Model

Equipment Description Manufacturer No Range/Accuracy Calibration
Acceptance Tests
Insulation Resistance Tester Fluke 1507 50 - 1000 vVDC 1001
Hypot Tester Associated Research 404 0-4000V 17-208R-39
0-200 PsI
Pressure Gauge Ashcroft 1082 959% ES 33K6-4-427-1
Signal Light Box CCS Upon Use
Vibration/Shock Tests
. 120 Gs
Control Unholtz-Dickie VWIN 2 5000 Hz per MFG.
Charge Amp Unholtz-Dickie per MFG.
+1.5%
Accelerometers Endenco 2222C 10,000 Gs ANSI S2.2
20- 10,000 Hz
Endurance Cycling
(o)
Oscilloscope Tektronix TDS 340A 2% DC 17-20AW-256
.01% Frequnecy
Temperature Tests
Thermocouple Interface TCIC TCI-10014 ;31(:2 Fto 1500°F CWI-12
-300°F to 1500°F
Digital Indicator Omega Digicator +1°F ° CWI-12
Altitude Tests
0-50PSIA
Pressure Transducer Setra 270 03% Full Scale 33K6-4-427-1
0-50PSIA
Pressure Transducer Setra 280E 03% Full Scale CWiI-1
Manometer Dynatech 500 0-100,000 ft. Upon Use
Multiple Tests
Digital Multimeter Keithly 2000 10V £.0025% 17-20AQ-184
OR
Fluke 8050A
0-100 PSIG
Pressure Transducer Setra 280E 11% Full Scale CWiI-1
0-25PSIG
Pressure Transducer Setra 280E 11% Full Scale CWiI-1
Transducer Monitor CCS .11% Full Scale CWI-1
0-300 PsI
Pressure Gauge Ashcroft 1082 959% FS 33K6-4-427-1

Custom Control Sensors, Inc.

09049

CAGE CODE

CCS PIN
7G1191

DOCUMENT TITLE
QUALIFICATION TEST REPORT (QTR)

DATE 05/23/14

REVISION A

PAGE 282




0- 60 PSI

Pressure Gauge Ashcroft 1082 5% ES 33K6-4-427-1
0 - 60 PSI

Pressure Gauge Ashcroft 1082 5% ES Upon Use
0-160 PSI

Pressure Gauge Ashcroft 1082 959% ES 33K6-4-427-1

Table 3: Equipment List

Custom Control Sensors, Inc.

CAGE CODE CCSP/N DOCUMENT TITLE
09049 761191 QUALIFICATION TEST REPORT (QTR)
DATE 05/23/14 REVISION A PAGE 283




APPENDIX T CCS MEMO DETAILING QTP DEVIATIONS

Custom Control Sensors, Inc.
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cCS

CustomControlSensors
) ) ) ) Program Ref No. Revision Date Page
Engineering Coordination Memo | 412 ECM-412-CCS-Bell-001 A 04/25/14 | 1of 3
Helicopter
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: [XNO ; 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 Appl|c_able Description Reason
No. Section
When S/N 005 experienced issues
Changes were made in regards to which with low temperature testing, the test
1 4.0 S/N experienced which test plan was altered to stay on schedule -
P the QTR reflects the accurate test
sequence
Distribution Information
CCs: CCS Additional Distribution: Bell Helicopter Distribution:
ORIGINATOR: | Matthew Haroutunian Jeff Jorgensen Paradis, Jean-Pierre
Raul Dijamco Shaheen, Edward

Tjandra, Albertus
Weeks, Eugene
Halverson, Aaron
Fletcher, Tim D
Madej, Paul

THIS MEMO IS NOT A CONTRACT CHANGE AUTHORIZATION, IF IMPLEMENTATION OF THIS MEMO IMPACTS COST/SCHEDULE, NOTIFY THE BUYER
WITHIN 48 HOURS OF RECEIPT FOR APPROPRIATE DIRECTION. CHANGES IN CONTRACT TASKS, SCHEDULE, PRICES, OR SPECIFICATION THAT MAY
RESULT FROM THIS MEMO REQUIRE AUTHORIZATION FROM BUYER PRIOR TO INITIATION OF THE CHANGE.

The information contained in this communication is for the exclusive use of the addressee and may contain confidential privileged and non-
disclosable information. If the recipient of this communication is not the addressee, or a person responsible for delivering the communication to the
addressee, such recipient is prohibited from using this communication in any way. If you have received this communication by mistake, please
notify us immediately. Any information related in the foregoing should be independently confirmed with the sender before reliance thereon including
that represented to be from Custom Control Sensors, Inc.

This email may contain information related to commodities, technical data or software that are subject to the export control of either the International
Traffic In Arms Regulations (ITAR) or the Export Administration Regulations (EAR) and cannot be exported without the authorization of either the
Department of State or the Department of Commerce prior to export. Export includes disclosure and or access to commodities, technical data or

software by foreign nationals whether located in the United States or abroad. This requirement applies equally to foreign national employees of U.S.

companies and their foreign subsidiaries.
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cCS

CustomControlSensors

Program

Engineering Coordination Memo | 412

Helicopter

Ref No.
ECM-412-CCS-Bell-001

Revision

A

Date

04/25/14

Page

20f3

"Short-Time" removed from Ground
Survival Low/High Temperature Test and Short-time (30 mins) not needed to be
Short-Time Operating Low/High performed because full duration (2
2 4.0 . X
Temperature Test; hrs.) operating performed at
Operating Low/High Temperature Test temperature
removed
12 PSIG is the approx. system
Calibration Test procedure changed to pressure for this system in which this
3 512 increase applied pressure to 12 PSIG then pressure switch is installed and it is
o back to 0 PSIG rather than only increasing more customary to increase the
pressure to actuation pressure to system pressure during
calibration
Remove "Short-Time" from "Ground Short-time (30 mins.) operating not
4 55 57 Survival Low/High Temperature Test and performed; regular duration (2 hrs.) of
e Short-Time Operating Low/High operation performed
Temperature Test" (reference change no. 1)
Add note: "Oscilloscope not required" to Oscilloscope not required for
5 55.1,5.7.1 :
Test Setup reference temperature testing
5.5.2¢c
5.7.2¢c . Cycling to 20 PSIG is more realistic as
6 5.9.2f ﬁ?]g?]nfgop;essléure cycling to 20 PSIG rather the system pressure for this
5.12.2 application is approx. 12 PSIG.
5.13.2b
7 5.5.2¢c Change operational period to 2 hours Ehmmates t_he neeq o F}erform short-
5.7.2c minimum from 30 minutes minimum time operating portion of test
(reference change no. 1, 3)
Change to "Perform the Calibration Test per
section 5.1 3 times during the cycling
period: 15-30 minutes in to cycling, midway | Specify that it is not required to
8 5.5.2d through, and at the end of this 2 hour perform the calibration procedure prior
5.7.2d cycling period" from "Perform the to any cycling at temperature due to
Calibration Test per section 5.1 at the anomaly that occurred during testing.
beginning, middle, and end of this 30
minute cycling period"
Merged with "Ground Survival
. : Low/High Temperature Test and
9 5.6,5.8 $:2:OVE Operating Low/High Temperature Operating Low/High Temperature
Test"
(reference change no. 1, 3, 6)
Remove "Beginning at ambient temperature
513.2a with electrical power applied through the Not intended for this procedure
10 5'14.2a signal light box turned ON, lower the (mistakenly copied from other test
- chamber temperature to the operating low procedure)
temperature, -49°F"
" . MIL-STD-810 allows a single 48 hour
" 155 Add "NOTE: Two (2) 24 hour wet/24 hour wet/48 hour dry cycle or two 24 hour
.15.2¢ dry cycles are also acceptable per MIL-
STD-810G" wet/24 hour dry cycles. Lab planned
on the latter.
Changed for convenience of
12 516.2¢ Change end of 5th cycle to end of 4th cycle | performing ch_eck with ODA witness
- for operational check (ODA not available for 5th day
operational check)

Use or disclosure of data contained on this sheet is subject to the restrictions on the title page of this document.
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cCS

CustomControlSensors

Engineering Coordination Memo | 412

Program Ref No.

Helicopter

ECM-412-CCS-Bell-001 A

Revision Date Page

04/25/14 | 3of 3

Test lab not able to go above 160°F
13 (D5ui-t7 'Tiit) fggonlzg((aw(llgs;é%sotéhamber temperature to for dust test. 158°F is the operating
high temperature used in prior testing.
5.17.2b Change temperature change rate to . "
14 517.2f | 5°C/min. (9°F/min.) from 3°C/min. Er’]‘ped'te lemperature transitions to
(Sand Test) | (5°F/min.) shorten overall test time
Test lab not able to go above 160°F
15 (S%nlJ'TZebst) fggonpgfwsingggféf hamber temperature to for sand test. 158°F is the operating
high temperature used in prior testing.
517 2d Concentration wasn't specified. This
16 (Sa'nd :I'est) Add "Sand Concentration =2.2 £ 0.5 g/ms" category applies to helicopters (most
severe).
Figure 15 . )
17 (Appendix Eg?ﬂg:?;ggggggzeﬂ Setup: remove Items not required for test setup
A)
Figure 18 Iixplosmn Plroofn((ejzs Setup Dlaglj(rarpl: add More thermocouples required.
18 (Appendix thermocouples, add oxygen tank, change Some oxygen required for explosion at
"Calibration Test Setup” to "Signal Light .
A) Box" altitude.

4.0 CONCLUSION

This document is deemed approved with approval of the qualification test report.

Use or disclosure of data contained on this sheet is subject to the restrictions on the title page of this document.
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APPENDIX U TEST ARTICLE TEARDOWN REPORT (S/N 005 AND 007)

Custom Control Sensors, Inc.

CAGE CODE CCSP/N DOCUMENT TITLE
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Product Failure Analysis Investigation Report

Customer Info: (Service Department)

Customer: Bell Helicopter

Address:

Customer Contact: Jean-Pierre Paradis

Phone:

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 # . . . Total Movement:
761191 Dielectric Did not test 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 Insu_latlon Did not test Snap .0068
Resistance
Increase Sync
Proof Con_tact Did not test
Resistance
Decrease Sync
Pass [ Fail v/ 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

QTR PAGE 289



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

QTR PAGE 290



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

QTR PAQ
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Retainer/Register Ring - Acceptable; good condition

QTR PAQ
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BODY

REGISTER

PRESSURE PLATE

Body, Register Pressure Plate - no visible issues
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Body/O-Ring/Diaphragm - o significant areas of concern
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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

Excessive/improper use of

Physical Environment

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:

Retuned Switch Information: (Service Department)

Part Number: 7G1191

Part Description: Gauge Pressure Switch

RSR/RMA Qty Of Switches

N/A

Serial Number: 007

1

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 # Dielectric Pass Total Movement:

7G1191 .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 Insu_latlon Pass Snap .0076
Resistance
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Increase Sync
Proof Con-tact Acceptable
Resistance
Decrease Sync
Pass [] Fail v 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)

Assy Customer Reason . . Date
RSR P/N S/IN Date for Return Service Analysis 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
lin 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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Partially Disassembled Switch - wear on pressure plate and debris built up
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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
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Diaphragm - good condition

Switch Element - acceptable; button in fair condition

QTR PAQ
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Teardown
Performed by:

Matthew Haroutunian Date:

03/27/14

Root Cause Analysis (MFG, ENG, QA)

Root Cause fish bone

Problem

Machine/Policy

Wear on pressure plate

Method/Procedures

Physical Environment
100,000 cycles

Manpower/People

(excessive for design)

Material of pressure plate

Materials/Process (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 [X] | Performed by:

Not required - Bell accepted test results.
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APPENDIX V 8130-3 - AIRWORTHINESS APPROVAL TAGS

Custom Control Sensors, Inc.

CAGE CODE CCSP/N DOCUMENT TITLE
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