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IBSYSTERY. NONE
EFFECTVITY; AN Crbitars

FAILURE MODE NUMBER

CRITICALITY
2R

FAILURE EFFECT

RETENTION RATIONALE

FUNCTION

Frovides putput power 1o gyvtiel number 2

FAILURE MODE AND CALISE
{B) Mode: Switch fails CLOSED, short ta case

Cause:

& Mechanical failure
& Contamination

ENDITEM

sharted switch will open
circuil breaker at ihe de utility
outlel, unable 1o utilize
remaining oulput Circuits ol
box

MISSION
Mone
CREW / VEHICLE

Switeh fallure followed by
failuwre of remaimning Ok ler
essantial bus powvering tha
CAW electronics would create
an undetected fuel Lell

A, DESIGN - The Lloggle swiich is

hermetically sealad and has an
inert gas backfill and a stainless
steel case. Thereis a positive
mechanical linkage betwean
1he toggle and moveable con:
1acts. Detent spring ervds have
adouble loop for positive
ratention in £ase of spring
breakage Spplicatan meels
the OFPPL current gerating
raquiremenis{or a | 5-A rating.
Tha switch is designed to meet
the requirements of the Space
Shutle program detaled by
Acckwell inlernational
specification MC452-0102,

TESTY - The part is screened
and quahfied ta ihe require-
rents of Rockwell Inter-
national specificatian MCA452-
0102 Tesls and inspections ase

REDUANDANCY REMANNAG FA
FREEAS PATHS emergency due 1o loss of fuel done on the entire product 1o
M — Pass Use ba I:kl.lp IFfA braakout bos call toolamt pump check fﬂdiggraphiu‘ dielectric
B - Pass streng Lh, insulatian resklance,
C - Pass vibration, leakage (fine and
INTERFACE Qros), contact resistance, and
Lee "End Hem ™ and run-in {258 actualiorns). A
MISSION PHASE TIME TO EFFECT | TIME TO CORRECT | "Crewsvehite™ visual esamination is also per-
. _ . formed. Tests and inspections
Orbit Minutes immediate done to qualiy the product
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CRITICAL ITEMS LIST

) PRSE 1N OF ¥
REFEREHCE DESIGMATOR:  SwWi FROJECT: IFMBATAKOLUT BOX SLIBEYATEM: MONE

NABEF QUanTITY: TOGGLE SWITOH /E LAL MARAL  FFUANTITY: (PRt BREAKOUTBOX ! EFFECTIATY: All ibiters
DRAWING MEFEREMCE: SIE4SE-HHO2-7801 LAY PART MUMBER: SEDIS111T3E

RETENTION AATIOMALE [Continued}

cherk contact resistance 3l a rated current, vibration, endurance {5000 cycles at 15 A and 26,000 cycles at 10 A}, shari <ircuit
(a5 A), tesminal strength, ovarload {10 cycles acluation at 23 A), toggle lever strength, leakage {hne and gross), and function.

To ensure the failure modes do not exist on the ground turnaraund checkout tesis and 10 also determing chedkoul frequency of
ihate tests, see Funciional Test Procedure,

ISPECTION — Inspactiens verily thal the part meets the Space Shutile program requirements detailed by Rockwell Incernational
specification MCA52-0102, which includes inspactions, vibration 1ests, and screening L&s1s as described in paragraph 8. Receiving
Inspection performs visual and dimensianal examination of all incoming parts. Testreports are mainlained certifying material
and physica properties. Contaminatien Cantral/Quality Contral verifies proper maintenance and proceciures used for Clean
Room operation. Adetailed inspection on assembly installation is performed on all assemblies prior to their nexl operation.

Inspection under magnification is perfonmed prior Lo the dnsenut weld.

NondesLruclive Bxamination — Radingraghic inspection is performad prios 10 the productionrun-inand subsequent 10
acceptance of the vibration test for evidence of salder migration, loose garts, and assembly anomalies.

Critical processes - All critical processes and certificalions, including passivanion, heat trealing, plating, soldering, sandilasling,
welding, brazing, and adhesive bonding, are monitored and verified by inspectian.

Tasting — Acceptance 1esi procedures, including tests on run-in, per formance, vioration, and hermatics, are abserved and verilied
by Quality Cantrol.

Handling/packaging - Parts are packaged, protecied, and venfied by inspeclion.

FAILLRE HISTORY - Tha most comman toggle switch problem has been “teasing.” Teasing occurs when Lhe operator Lhinks the
proper swilch action has taken place when actuadly i hasn’t. Hisa functicn af the operatar and the switch design and can be
eliminated with praper switch cperation.

1. Teasing isespecially likely 10 hagpen Tor the following switches.

a. Mamentary switches: The initial contact of the roiler and the contact shoe may be leltwhen swilching a momentary
swilch. H movement of the switch handle is stopped at this point, posiive contact will not be made. In a multiple pole
switch, some of ihe poles may or may not be making the cireuit. In addimon, aslight relaxation in hoalding force rould
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CRITICAL ITEMS LIST

FAGE 19 OF 35

AEFERENCE DESIGRATDR: 5 PROIECT: WMBAEAKDUTHDX SURSYSTRNd: NONE
MAME FOUANTITY- TOGGLE SWITCH /1 LRU MAME (QLANTITY: IFM BREAKDUTHDX / 2 EFFECTIVITY: AN Drhiters
DRAWINEG AFEEAEMCF- MMEAS2-010T-75401 LRU PART NUMABER: SEQIWZYV?IT

RETENTION RATIONALE (Continued)

allow ovie 0 MOTE Gircuils 10 break contact. To alimingte teasing, opercte these iypes of swilches 10 the Jull extent ol
the handle {into a mechanical stop).

b. Lever lock switch: In a three-pasition lever lock switch, this condition anrmally eccurs when Lhe lever lock handie is
pulled, transfar action is staried, and then the lever lack handie is released befare the transler aclion is completed.
Under these canditions, the frictional drag farce of the locking mechanism an the lock cam significanily affects the
*feel” of the switch transfer action, and the center detent positicon is not felt or achieved by tha operatar. Internally,
with tha switch not inthe cerier detent positicn, one or more o 1he pole rollers may be making contact with ine ago-

tiated shoe, while ane or mare are not yel touching the shoe. This is aninherent characeristic of the switch design and
is more prevalent in the four-pole toggle switch configuration because of the basic toleranca struciure 3nd |arger dimen-

sons. Tosliminale teasing, 1be handle must be placed into its groove in the bushing or ba maved Lo the end of its travel.

2. The following examples describe switchgs that had teasing problems that are now resolved.

a. ACI521-Problem: One poleintermittent. The metal ridge an the plunger caused unaven pressure af the roller on one
se1 of contact shoes. This resulted in 2 decreased contact pressure until the contact resistance became erratic. Thisis

corsiderad an isnlated incioent.

b. ACBI53-Problem: Swiich operating @reatically in the SAIL. Encessive ubricant was found on contacls, and spring force
was on low side of Lolerance limits. This is cordidered an isolated incident.

¢ AZ791-Problem: Unableta IPL ihe flight system from mass memaory in SAIL. Failure resulted from a latigue Iraciure uf
the retainer and was artributed to wearoaut. Data indicated that the switch operated more than 12,000 cycles, which
exceeds life requirements by 2.5 times. The switch was an old design { — Bxxe switch) that is not used in flight vehicles.

Design changes made ta improve the switch include:
{1} Daublaicop detent spring

12} Elimination of dimples from retainer

{3] Improver haot retention

{9} Cross-pinning of bat handle Lo shaft

{5} Imspectian of radiographics

{6 Added inspeciion of prece parls
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PaGE X0 OF 3
AEFEREMCE DESIGNATOR. Syl FHLIIEL [ 1H BRLAKOUT BOX SUBSTSTEM: MOME
MAME | QUANTITY  TOGELE SYWITCH M1 LR NAKE fQOUANTITY; IFMBREAEQUT BOX /2 EFFECTIWITY: A Drbpbers
DABWING REFERENCE: MEALZ-8102-TEOT LRU PART mRUMBER: SEOPM121772

RETENTION RATIONALE (Conduded)

d. AC9012-Problem: Knobmissing. Application of the locking cempound vwas not used to retain the knob when itwas
installed. Assembly parsennel at £5C ware instrucied 1o follow installation procedures.

& AD1527 =Problem: Unabie to transfer switch; lever lodk actualor could not e pulled from its locked pasitan, The

external mechanism was found 1o be contaminated wilh Loc-tite. Assembly personnel at K5C were instructed 1o be more
careful.

There are ng known unresolved Qeneric issues.

E. DPERATIONAL i15E -
1. Missionconraints: None
2. Crew action: Install backup IFM breakiout box; reset circuit breaker
1. Proteck againsl next failure: Use backup I breakout bon
4. Special crew raning: None
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