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DISPOBITION & RATIONALR
{A) DESIGM, (B) TEST, {(C) INAPECTICM, (D) PAILURE RISTORY:

{A) DESIGM

HERMETICALLY~SEALED, INERT GAS BACK-FILLED, STAINLESS STEEL CASE.
POSITIVE MECHANICAL LINKAGE BETWEEN TOGGLE AND MOVABLE SELF-WIPING
CONTACT(S). DETENT SPRING ENDS HAVE DOUBLE lOOP FOR FPOSITIVE
RETENTION IN CASE OF SPRING BREAKAGE. FPACH POLE IE ISOLATED FROM
EVERY OTHER POLE BY KAPTON BARRITRS, APPLICATIONS MEET ORBITEE
PROJECT PARTS LIST (OPPL) CURRENT DERATING REQUIRFMENTS FOR 2 AMBS
RATING. THE SWITCH IS DESIGNED, TESTED AND INSPECTED TO MEET THE
REQUIREMENTS OF SPACE SHUTTLE PROGRAM BY ROCKWELL INTERNATIONAL
SPECIFICATION MC452=G102.

{B} TES?
QUALIFICATION/CERTIFICATION

e e

CERTIFICATION TESTING AND ANALYSIS ARE COMPLETED AND APPROVED.
TESTS INCLUCED THE FOLLOWING:

CAUSE CONTROL

TEST

b [ d & ‘

FUNCTIONAL

PERFORKANGCE

CONTACT RESISTANCE

VOLTAGE DROP AT RATED :;nn:nw

FPLIGHT -VIBBATION (0.2 g/H2}

ENDURANCE (%,000 CYCLEE AT 2 AMDS)

SHORT CIRCUIT CLOSURE
(2 CYCLES AT 50 AMPS)

TERMINAL STRENGTR (12 INCH=0Z RADTAL AND
LONGITUDINAL TORQUE FOR 1 MINUTE) X

OVERLOAD (10 CYCLES AT 150 PERCENT
OF THE RATED RESISTIVE LOAD)

Ll

Bl e el e
i
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QUALITICATION/CERTIFICATION, CONT'D

r— : .
. CAOSE CONTROL

TEAT
a b | o d .
e | = S—
TOGGLE LEVER STRENGTH
{16 IB., 2 AES = LOCK TYPER SWITCHES) X X
(25 LB., 2 AXES = NONLOCK TYPE SWITCHES)) X 4
LEAFRAGE '
(FINE TC 1X10°% CC/5EC) X
SHOCK TEST
{78=-G, ONE IMPACT IN EACH OF 1 AXES) X
e, . EEEEEEE————— e e ]

ACCEPTANCE 1xn”ncnll!:nu'

ALL SWITCHES ARE SUBJECTED ToO LEE!FTLHCE AND SCREENING TESTS ON A
100k BASIS AHD INCLUDE THE FOLLOWING:

FUNCTIONAL
PERFORMANCE
VOLTAGE DROP AT RATED CURRENT
INSULATION RESISTANCE

(IR AT 500 VDC, 1000 MEGOHM MINTMIM)
DIELECTRIC WITHSTANDING VOLTAGE

(DWV AT 500 V RMS)
CONTACT RESISTANCE X
VIBRATION-{0.04 g°/HZ) : X
LEAFAGE

{GROSS TO 1:1&* ¢Cc/8EC)

{FINE TO 1IX10™% ¢¢/SEC)
RADIOSRAPHIC (X=-RAY)
FREACCEPTANCE RUN-IK (350 ACTUATIONS) X X

MMM MMM

W MM

El

M M
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ACCEPTANCE TERAT AT THE NEXIT ASOEMBELY: -..Fw.:u. ar a

CAUVSE CONTROL
TEST

& | b (e 4] =

Fe— T TR
FUNCTIONAL X o
CONTINUITY A X X
INSULATION RESISTANCE X X

L T . -

(G} INGPRCTION
RECHIVING INSPECTION

UPON RECEIPT, INSFECTION PERFORMS VISUAL AND DIMENSIONAL
EXAMINATION DF ALL INCOMING PARTS AND VERIFIES THE MATERIAL USED.
CERTIFICATION RECORDS AND TEST REPCRTS ARE MAINTAINED CERTIFYING
MATERIALS AND FHYSICAL FROPERTIES.

CONTANINATION CONTROL (FAILURE CAUSE B)

SWITCHES ARE ASSEMBLED IN AN ENVIRONMENTALLY CONTROLLED AREA WITH
AIR FILTRATION SYSTEM. LAMINAR FLOW BENCHES ARE UTILIZED DURING
FINAL ASSEMBLY, EACH SWITCH IS PLACED IN AN INDIVIDUAL BOX
THROUGHOUT ASSEMBLY FPROCESS. EACH OSWITCH IS WASHED ({WITH
CHLOROTHENE, VAPOR DEGREASER) AND INSPECTED UNDER 10X MAGNIFICATION.

ABAEMELY/INBTALLATION (FAILUDR CAUSE a,b,s)

DETALLED INSFECTION 1S PERFORMED ON ALL ASSEMBLIES PRIOR TO NEXT
CPERATION. INSPECTION UNDER 10X MAGNIFICATICN IS5 PERFORMED PRICR
O CI.-DSEQUT WELD.

- —

mmsnmm EVALUATION (NDR) (FAILURE CAUAN a,b.s)
RADIOGRAFHIC INSFECTION (X-RAY) PERFORMED PRIOR TO PRODUCTICY

RUN-IN AND BSUBSEQUENT T® VIBRATION FOR EVIDENCE OF SOLDER
MIGRATION, LOCSE PARTS, AND ASSEMBLY ANOMALIES,

AFPP-A - 24
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CRITICAL PROCEGEES (FAILUNE CAUSE D,e) _. PAGE 5 or &

ALL OPERATIONS INCLUDING ROTOR SUB~ASSEMELY, ROTOR ASSEMBLY. LEVER
SUB-ASSEMBLY, ROTOR DETENT ASSEMBLY, SWITCH MAIN ASSEMBLY, AND
HERMETICALLY SEALED SWITCH ASSEMBLY ARE VERIPIED AND INSPECTED RY
QUALITY CONTROL (QC).

TEATING

ACCIFTANCE TESTS, INCLUDING RUN=IN, FERFCRMANCE, VIBRATIOM, AND
HERMETICITY, 13 OBSERVED AND VERIFIED BY QC.

HANDLING/PACKAGING (FAILURE CADEE ¢, d)

PARTS ARE PACRAGED, PROTECTED, AND VERIFIED BY INSPECTION TO
APPLICAELEY REQUIREMENTS.

(D) PAILURE EINTORY

THERE HAVE® BEEN A NUMBER OF DISCREPANCIES REPORTED AGAINST THE
=7XXX TOGGLE SWITCHES WHICH HAVE BEEN ATTRIBUTED TO "TEASINGH WHICH
ALSQ CAN OCCUR WITH THE -8XXX TOGGLE SWITCHES. T"TEASINGM IS A
CONDITION WHERE THE OPERATOR "MOVES THE SWITCH ACTUATOR TO A
POSITION HE BELIEVES I3 PROFER, HOWEVER, THE INTERNAL MECHANTSM HAS
NOT COMPLETED THE TRANSFER AS REQUIRED.

THIS CONDITION IS ESPECIALLY TRUE FOR THE MOMENTARY AND LEVER
LOCK TOGGLE SWITCHES.

al MOMENTARY SWITCHES: WHEN OPERATING A MOMENTARY SWITCH, THE
INITIAL CONTACT OF THE MWOVABLE CORTACT (WIFPER} AND THE FIXED
CONTACT MAY BE "FELT". IF MOVEMENT OF THE SWITCH HAMNDLE IS STOPPED
AT THIS POINT, POSITIVE CONTACT WILL NOT EE MADE. IN A MULTIPLE
POLE SWITCH, SOME OF THE POLES MAY BE COMPLETING THE CIRCUTT AND
OTHERE NOT;” DUE TO MOVARLE AND/OR FIXED CONTACT MISALIGNMENTS .

THIS I3 AN INHERENT CHARMTERISTIC OF THE SWITCH DESIGN, AND IS
MORE PREVALENT IN A POUR POLE THAN IN A SINGLE POLE SWITCH. IN
ADDITION, A SLIGHT RELAXATION OF PHESSURE OMN THMFE SWITCH HANOLE
COULD ALLOW ONE OR MORE CIRCUITS TO OPEN. “TEASING" THIS TYPE OF
SWITCH CAN BE ELIMIRATED BY MOVING THE SWITCH MANDLE TO THE FULL
EXTENT, INTO THE MECMANICAL STOP AND MOLDING IT THERE FOR A PPRIOD
OF TIME (2 TO 3 SECONDS).

APP-A - 25
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b] LEVER LUCK SWITCHES: IN A THREE POSITION LEVER LOCK SWITCH,
"TEASING" QCCURS WHEN THE LEVER LOCK HANDLE IS PULLED, TRANSFER
ACTION STARTED, AND THEN THE LEVER LOCK HANDLE IS RELEASED BEFORE
TRANSFER ACTION IS COMPLETED. UNDER THESE CONDITIONS, THE
FRICTIONAL DRAG FORCE OF THE LOCKING MECHANISM ON THE LOCK CAM
SIGNIFICANTLY AFFECTS TME "FEEL® OF THE SWITCH TRANSFER ACTION,
AND THE SWITCH IS NOT IN THE FROPER POSITICH. INTERNALLY, WITH THE
SWITCH NOT IN THE PROPER DETENT POSITION, THE SAME SET OF
CCNDITIONS EXIST AS DESCRIBED ABOVE FOR MOMENTARY SWITCHES. To
ELIMINATE "TEASING", THE HANDLE MUST BE PLACED INTC ITS GROOVE IN
THE BUSHING OR MOVED TD THE DESIRED POSITION BEFORE RELEASTIKG THE
LEVER IOCK HANDLE.

TTEASING® IS A FUNCTION OF THE OPERATOR'S PROCEDURE AND THE SWITCH
DESIGN AND CAN BE ELIMYNATED WITH PROFER SWITCH OPERATION.

THE TFOLLOWING FAILURES OCCURRED AND WERE RESQLVED DURING
QUALIFICATION TESTING!

CAR ADSll® .

THE INSULATION RESISTANCE WAS LESS THAN THE SPECIFIED 1000 MEG OHMS
WHEN THE SWITCH WAS ENGAGED. MOST LIKELY CAUSE WAS A METAL SLIVER
FORMED BY THE GRINDING OF TME HEADER ASSEMBLY TO CASE AREA WHERE
THE WELD JOINT WAS TO BE MADE. THE METAL SLIVER THEN PENETRATED
INTG THE CASE THROUGH A GAP BETWEEN THE CASE AND COVER ASSEMBLIES
DURING THE LASER WELDING OPERATION.

THE MANUFACTURING PROCESS WAS REVISED TO ELIMINATE THE GRINDING
OPERATION, TIG WELDING REPLACED LASER WELDING AND PROPER LENGTH
CASES AND BRACKET OVERHANG KAPTON HFAT PROTECTION WERE UTILIZED FOR
SUBSEQUENT UNITS.

CAR AD313s

DURING HUMIDITY TESTING, AFTER VIBRATION, THE WELD BETWEEN TME
SWITCH BUSHING AND CASE WAS OBSERVED TO BE BROKEN. EXAMINATION OF
THE SWITCH SHOWED THAT THE SPOT WELD WAS MISSING.

THE WELDING PROCESS HAS DEEN REVIZED TO INCLUDE A SAMPLE SPOT WELD
BEYORE AND AFTER WELDING A DAILY LOT OF BUSHING/CASE ASSEMELIES.
THE SAMPLE SPOT WELD WILL BE DESTRUCTIVELY TESTED. IN ADDITION,
X<RAY INSPECTION WILL EE REVISED TO INCLUDE A SPOT WELD CHECK. ALL
=8XXX SERIES SWITCHES DELIVERED TO THE BUYER WILL BE MANUFACTURED
TO THESE REVISICNS.

APP-A - 26
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HANDLE OF MOM-ON-MOM SWITCH WOULD NOT RETURN TO THE CENTER POSITION
FROM THE MOMENTARY POSITIONS WHEN RELEASFED. THE PROBLEM WAS
CAUSED BY A BOILD UP OF FRICTION IN THE BUSHING ASSEMBLY AFTER 5400
CYCLES OF OPERATION. NO MOLYEDTE LUBRICANT ©R INSUFFICIENT
LUBRLCANT WAS APPLIED DURING ASSEMELY.

AFTER MOLYKOTE LUBRICANT WAS PROPERLY APPLIZD, THREE OTHER SWITCHES
WERE SUCCESSFULLY CYCLED IN EXCESS OF 10Q,040 CYOLES, THE SUBPLIER
CHANGED THE PRE-CAP VISUAL INSPECTION TQ VERIFY THAT FPROPER
AFPLICATION OF MOLYROTE LUBRICANT WAS PERFORMED ON ALL SWITCHES.

A TOGGLE SWITCH FAILURE OCCURRED AFTER ATE AS DESCRIBED BY THE
FOLLOWING !

FAILURE NODNt SNORT-TO~-CASE [GROUND)

CAR AD7317
AFTER INSTALLATION OF TOGGLE SWITCH DART NUMBER MEAS2-0102-0306,
SERIAL NUMBER 686 INTO A PANEL AT ROCKWELL INTERNATIONAL, DOWNEY
AND DURING FUNCTIONAL TEST, IT WAS DISCOVERED THAT TERMINAL 17 oF
THE TOGGLE SWITCH HAD A 50 OEM SHORT TG THE SWITCH CASE.

MICROSCOPIC EXAMINATION OF TERMINAL 17 SHOWED GOLD COLOR
CONTAMINATION ON ITS INSULATION FROM THE TERMINAL TO THE CASE.
CHEMICAL AMALYSIS DETERMINED THAT THE CONTAMINATION WAS COMPOSED OF
CCPPER, NICKEL AND ZINC.

THE MANUFACTURER, APPLIED RESQURCES CORPORATION {ARC) , INVESTIGATED
THEIR DATA ON TMIS SWITCH AND NOTED THAT THE CERAMIC HEADER
ASSIMBLY WAS 100 PERCENT TESTED PIN TO PIN AND PIN TO CASE FCR
DIELECTRIC WITHSTANDING VOLTAGE WITH KO FAILURES, THP SWITCH ALSO
PASSED TESTS SIX TIMES FOR BOTH INSULATION RESISTANCE AND CIRCUIT
REJISTANCE WITH NO FAILURES AS WELL AS FINAL ACCEPTANCE TESTS FOR
DIELECTRIC. STRENGTH AND INSULATION RESISTANCE WITH NO PAILURES OR
LEAFAGE.

ARC IN CONSULTATION WITH THE CERAMIC HEADER MANUFACTURER CONCLUDED
THAT THE GOLD=COLORED CONTAMINATION WAS EXCESS BRAZE MATFRIAL. THE
MOST FROBABLE CAUSE OF THIS FAILURE WAS THAT THE GOLD-COLORED
CONTAMINATION IN COMBINATION WITH FLUX PFROVIDED A CONDUCTIVE PATH
FROM THE AFFECTED PIN TO THE CASE (NEITHER THE METALLIC
CONTAMINATION KOR THE FLUX BY THEMSELVES WOULD HAVE CAUSED THE
FAILURE) .

APP~l =~ 27
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ARC HAS ADDED A VISUAL INSPECTION POINT TO THEIR INCOMING
INSPECTION PLAN TO ENSURE THAT EXCISS BRAZE MATERIAL IS NoT
PRESENT. THNIS FAILURE MECHANISM OF SHORT TO CASE (GROUND) " FROM
THIS CONTAMINATION SOURCE HAS BEEN REMOVED BECAUSE OF ADDED

INSPECTICN AND SCREENING AT THE NEXT ASSEMBLY ACCEFTANCE TEST
LEVEL,

THERE ARE KO UNRESOLVED SWITCH FAILURES. ”’
!;nnmn BY1 APFROVED BY:
EPD&C DESTIGN. D BUENDIADTS
EPDLC RELTARILITY T KIMURA TK
QUALITTY W BIGGINS &%

NASA QUALITY
MASA RELIABILITY
NASA Subsystem Manager
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