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1.0 OVERVIEN

The testing summarized in this report was conducted in order to
find the optimal material far use in tha injection moldad plastic
bases of pressure switches. The report will be divided intv two
ssctions: 1) primary testing to selact which matsrial to use and
2) secondary testing of the chosen materlial to ceonfirm lts

performance. All test bases wera designed after the Ford FILE HECO
A/C praasurs switeh,

The testing clearly indicateas that the Ultem materlal mests the
 performance requirementa of an RA/C application mest fully.
However, the cost of Ultem is much greater than that of the other
materials tested and as a result Noryl GTX B30 was salacted as the
optimal material given both parformance and cost considerations.
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PRIMARY TEST MATERLALS

RAME MATERIAL TYPE COMPANY
NCRYL MCD. PPO G.E. FLASTICS
STANYL NYLOW 4/6 &M ENGIKEERING PLASTICS
MINDEL PEU ALLOY AMOCO PEFFOPMANCE PRODUCTS
AMODEL FPR AMOCO PERFORMANCE FRODUCTS
AMODEL {a} PEA AMOCO PERFORMANCE ERODUCTS
CELAREX PET HCOSCHT CELANESE PLASTICS
CELANEX {a) PET HOSCET CELANESE PLASTICS
ULTEM FEIL G.E. FLASTICS
ZYTEL NYLON 6/6 DuPGONT FCLYMER PRODUCTS
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2.4 FRIMABY TEST PROCEDURKS
2.1 YLUID COMPATIBILITY
2.1.1 Bquipment:

Humidity chamber RK modal 53; warioua test fluids,

2_.1.2 Proceduras:
Switchesz wara teated per Sectlon 2.16 of the ES.

2.1.3 Critaria:

After teasting, the swltch must meet the requirements of
Sectiona 3.1 through 3.7 of the ES.

2.2 DSC / YGA / TMA

2.2.1 Lquipment: ’
Testing performed at Technical Services Lab

1.3 INSERTION FORCE

2.3.1 Equipment :
Charillon Digital Force Gauge DFG-100

2,3.2 srocadure:
rorce was applied to terminal and of pins until they were
pushed fully into basa.

2.3.3 Criteria:
Minimize reaquivad force.
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2.4 PUSH QUT FORCE

2.4.1 Equipment :
Chatillen Digital Force Gauge DFG-100

2.4.2 Procadure:

Force was applied ta shank and of pins until they were
pushed fully out of basesn,

2.4.3 Critaria:
Maximize required forca.

2.8 AIR LEAK

2.5.1 Equipmant:
Custom TI designed and built test statlon using an
Adlborg Flowmeter.

2.5.2 Procedura:
Pressuriza switch t¢ 8 pai angd check for leakage.

2.5.3 Critercia:
Switch must ba able to maintain system presaure of § psi.

2.6.1 Equirment:
Custam TI designed and built test staticn, including a
Heise pressura gauge model 69016, Inficon Halogen Leak
Deteactar and ELD~2 GE Halogen Leak Standard Type L3-20.

2.4.2 Pracedura:
Switchea wara teated per Section 3.6 of the ES.

2.6,3 Critaria:
R-134a Refrigarant leakage at 300 psig is not to exceed
an aquivalent laak rate of $ grama/ysar.

————
TEST LOT 4O, THT DEVICE |
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- TEXAS
BATE g INSTRUMENTS @ ATTLERORS. LA anva  [FaaE s

FaRM 4188

TI-NHTSA 004723




2.1 BASE ROTATION
2.7.1 Equipmant:
Base figxture and torgue wranch
2.7.2 Frocadura:;
While halding base with fixture, use torque wrench to
find maximum tarque bafore base hegins to turn in cripp,
2.7.3 Criteria:
Maximize torque {deaire > L5 in-ib).
2.8 REYDRAOSTATIC BURST
2.8.1 Equipmant:
Cusdtom TI designad and built tast station using an
Enerpac F-392 hand operated hydraulic pump with Enarpak
hydraulic¢ oll as the pressure mediuvm. US gauge $33714,
and safaety snolosura.
2.8.2 Procedurs:
Switches ware teated par Section 3.7 of tha ES.
2.8.3 Criteria;
Switches must withstand 1250 psig internal preasure far
30 aeconds without any signs of leakage.
2.9 BUSING STRENGTH
2.9.1 Equipment:
Custom TI designed and built pendulum test staticn
2.9.2 Proceadure:
Apply a 352 pound Aide load at a rate of 20 inchaa per
minute at the locking tab.
2.9.3 Critaria:
Bwitch housing must not break or crack. _
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4.0 PRIMARY COMCLUSIONS
The Primary Teat Results ilndicate that the material proparties of
tha varigus plastics are guite similar for most of the testy. The
Bigh Temperature Base Rotation test provided some differentiation
among the plastics. Oltem, Noryl and B5Stanyl gave the moat
accaptable ‘paaa rotation reaulta, oOF thasze thrae, Ultem clearly
delivars the best parformance but does so at 3 times the coat of
Horyl and 1.9 times the cost of Stanyl. The final decision on
material saslection must be based on the gost va. performance
eriteria for a given application. It would appesar that in most
‘situstiona Mozyl would be the optimal choica.
FERFORMANCE RANK MATERIAL COST ($/LB)
1 Uitem 3.80
2 Heryl 1.85
3 Etaayl ¢ 3.25~3.75%
4 Zytel Z.60
5 Amcdel 3.00
6 Calansx 1.86
K Mindel 2.65~3.35
TIIT LOT KO TEST DEIGK
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daemad ah

battery acid.

5.1.2 Procedure:
Same as Primary Taast.

5.0 SECOMDARY T_i4T FROCEDURES

confirm & at thelr
acceptable
5.1 ILUID COMPASIBILITY
5.1.1 Equipmant :

performanca

Further te: .ing was performed on the Noryl bases to
capabllities ware

(TEST NO. 62-13-06)

Sams s=etup 38 in Primary teat wikh the exception of
The battery acid had caused dagradation
of tha Norvi in the Primary test and was subamsguently

- faecessary part of the spacificatlon.

§5.1.13 Criteria:
Same as Pri~ vy Test
5.1.4 Ragultxa:
The Neryl ¢ ad tha modifisd fluld compatibility test.
YEET LOT W3, TEST CEVIGE
TRITED &Y .
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5.2 TEMPERATURE/PRESSURE /AGE {TEST NO. 54-15-8)

5.2.1 Equipment:

Thermotron Madel 38 programmable temparature chamker

5.2.2 Procedura:

Obtain vessel volume., Charge vessel with R-134a. Charge
vgsael with oll. Weigh vessel. Run 126 tharmal cyclas
on vasssl as follows:

(3) hours min. 4 =25 C

{l) hour min. ramp up to 125 C

{3) hours min. @ 125 C

{1} hour min. ramp down to =29 C
Waigh vesssls sveary 21 cycles,

5.2.3 Criteria:

Decreases in weight of wvessal should not axcead 0.05% of
initial weilght.

5.2.4 Results: _
Three samplea using the Noryl material were run against
three samples using the PBT material usaed in previaus
devices, The NKoryl bassa showsed a asignificant
improvemsnt in leak resistance over the FBT bases.
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_ FH_EIH_II;RIN{! SPECIFICATION

ES- F3AH- 19DS94 - AA

. Sumoaxy of ES lasts epd Acceptange Parapacers (Conc.)
enl— c
MAEL Hinimum
Py Lovar Uppr=- Conform»
Chataes- ar Taler- Tal. :- ance Ta
dr. carigcicy iF anes Targat ATri Tolaranca
3.10 Vibration FY 315 hours, Maxinize .
Durabilicy 20 Hx-2000 He
in Cannector 4] 5% 15 hag Haximize
- Housing/ load; 12/2.25
: Tarminal 1k %arm, load
Szrangth
3.1 Drop Taat Y 1.7 mocars Maximize
e 3.13 Impact Tesxt PY 200 gram Haxinize
wvalght dropped
0.3 patara
[ 3.14  Humtdicy 4] 120 hours Havioiza
: Tast
3.15 Salt Spray PV 240 haurs Haxinizs
3.1 Fluid Com- BV Ingargions Naxiniza
patibiliey plus humidicy
sxposure -
]
iy Dusc Exposure PV 24 hours Haxiniza ’
—_— < F
Iy oot
———J I1I. IEST PROCEDURER AND RECUIRKNELISE
AN
il
Switch asttings ara to be ghacked at 16° to 33°C using =mblent dry air.
¢ 1. Calibration shall be as specifisd on the part drawing, vith ths
ol secting chacked sftar 2 or more cyclss. A relay loas {-l4adéd-) or
PEC approved aquivalent oust be used. Calibration L1 to ba chacked
” while conduscing 0.1-0.3 ampeves vhen 10.0-1&.0 volt. D.C. is applisd
and che CCD-FED appreved Ioad ila sspleyed. O
JP— § Tha cus-ouc aet point {3 co ba chesked with increasiag pressura, and
the cut-in wsc point La to ba chackad with decredsing prasfure. The
diffaventizl set point ia to ha calculated using Ch» cut-in prassurs
u, | ainuy cha eul-aut prapsurs.
Y TI-NHTSA 004732
197y 394TalE  (Previewm editiens say NOT da o)
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ENGINEERING SPECIFICATION

i 4. Calibracion criceria afesr Tedt Seerlons 1.9, 3.10, 3.11, 3.13, 1.1l4,
=Tyl 1,15, 3,16 and 1,17 1is:

4. Cuk.aut gt point prasaurs cannot change maca Than £ 3% f£roa the cutf-
out preasurs initially messursd In Seatism 3.1, paragraph 2.

b. Cut-in sst point pressurs cannot changs zove chan & 51 from che
cut+1n pressure initially measured in Section 3.1, paragraph 1.

1.2

1. Cheak {5 To be nads at 16% to 35°C using anbient dry air, on tha
firae zwitsh cycls.

2. Teae wich an alectrical leoad of 0.1:0,1 amperss at 10-14 velts D.C.
using the approved {-léa&4Q-) relay (FV). or wich the producction
pragsure/crasp/ooatinuicy teatar load of approximarely 10-4C milliamps

——— at 20-28 volta D.C. or equivalant (IP}. Continulty oust bs monitored

i during che encicve tast, Preasurizs che switch To 200 prlg ar & race

i of 50 pal/sacond max., Contioufty puat change Bo an opan girewic whan

the eut-out prassuzs 15 resched, and remain open at prassuray abova

thae cut-suf preasurs.

3. FRaduga ths presauce at L rate of 50 psl/esacond max uncil O paig is

- i reached. Continuity mustc chsnga ©o 4 2loded circullb when the compraszs:
cut-in prassurs {3 reached, and repain closed ac presgures lass than
— tha sur-{n prassurs.
3.3 Grpsp gheck
1. #witch is to be cresp chacked at 16 to J53°C wsing ambient dry air.
" i, Tha creep chack is to be mada aftar che swicch has been cycled one or

sors times while swplaytog relay (-L4AS40- or equiv.) load (PV) or

. production pressurs/eraap/ceutinuicy. taatsr load or squivaisne [IP),
The aurrant fa—ve-ba071-0.} smparas at 10714 wolts D:C-(FV) ar
approximacaly l0-40 milliamps ac 20-28 volcs D.G. (IF).

1, As the switch pressure L incresssd, ctha positive disc snap ausc
occur within 5 miillissconds of slaccrical disconcinuicy at tha cut-ouc
polnt. Tha race of pressure trise is to be no greater than 10 pai/secor

o | at the cresp shack point,

4. As che owitch pressurs £s desrassed, che pasitive disc snap ouat
oscour wichin 5 wmilliscsonds af slactr{oal concirmuity at the cut-in
paint. Tha rate of prassuts dacay s Co ha no graacer chan 10 -
pei/ancord ac the ereep check poine.

TI-NHTSA 004733
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ENGINEERING SPECIFICATION

Voltage drop {s to he measurad after 1 or more cycles employing relay
load (-1l4A640-} or sguivalant with Q.1 co 0.3 amparss, 10-1l4 wolt
D.G. thraugh the switzh. Undar thess conditicns 4t yosom anbient with
awiceh cloged the voleags drop acroas the sviceh is o be oaagursd.
Hillivelt comwecion intexface at tarminals to be leuss that l0aVolts.

Voleage drop not To excesd 200 mvoles at ¢.1-0.3 amperes, 10-14 wvolc

Curtant Itahigilis £0 be chacked wich 500 veles, &0 Hz. A.c,
Current Ieakege I3 0 ba checkad:

&, Batwean the awicch leads wich gontacts opan.
b, Betwaan sach lead apd che. switch houaing with contaccs opan.
¢. Batwean ailcher switch lead snd che awitch housing

with the swirch claded,

Current leakage nok T8 axcasd ona allllaopers.

Refrigeranc Laskage t¢ ba checked at raoos sablenc, 24 * §*C using
eafzigerant or an accaptabla tracer gas. Incrasse the pregsura o
300 + 10 paig using d¥y nitrogen or alr.

Teeal squivalant leak race of che switeh, as an anzembly nor eo axcaed

5 griyT,

Hydroacatically preasurizs the swiceh wich hydraulie fluid wumeil
1250 peig prasaurs iz reschad,

Svitch must net show svidance of leskags whils baing hald at chis
praasurs far 30 ssconds,

Subjegt the switeh to 200,000 ocyclas of O poig to 300 = 10 paig
preasure, at & cytling zate of 25 £ 10 cycles par minute, whils
gpaincaining the switch in an aobisnt teaperacure of 135 £ 3°C. The
pruasurs muAT ba incraasad and dscreasad at an even rats o aiiminats
eranalint pressurs opikeas. Rafrigazant oil or ATF may be used az the
prafsurs bkdiug,

At the complecion of the cyecling cmsc, subjecc the awitch To 30
cyeles af 0 to 711 & 25 mm (24 £ 1 inch) of mercury vacuuz, meinmaining
the vacuun for a minioum of 5 minubas at room amblent.

Aftar praasurs ¢ycling and vacua eycling, switch muac cocform ca
Jaction 1.5,

1.5
1.8
3.7
iy !
e |
1.2
o
d
il
1w 307l E
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ENGINEERING SPECIFICATIONE ¢ . :7:

3.14

1.1

3,18

Repeat scaps "1™ and "2" above, positioning the semsor sush chat ¢tha
poine of impact occurs 0,2 inches from end of aurface copnector housing,
parpandieular te the heusing.

Afcer impact tast, th utté st conform co Jeccions 3.1, 1.2, 1.7,
3.4, 3.4, 3.6, 3.7 and 3.8, /addiciorally, tha swicah aleccrical
sommeatsr housing mus “Hrask or crask.

Maunt tha gwitzh hy ics normal seuncing means {velve stam snd O-ring
2221} 1n the vertieal pasicion in the humidicy chanker, cha swicch
pressurs port painting down (terminals up). Tha valva stam may be
plugged to prevant molscurs from entering the sviceh direccly. Hating
aleccrical conpactar (CCD-PED to aupply) mnd wiring drip loep must ba
inecallad befors stact of tasC,

Jubjeer the awiteh to 10 hunldity cycles ag Followg:

a. & hours at 13*C {Ainimm) at 90 to 1004 relacive humidicy.

b. Lower tesparafurs to 24°C (maximun) ovar a cwo hour partad.

c. Raies tepparacurs Co 38*C (minioun) and humidiey ta 90 co LOQ% aver
& o hour pariod.

Aftar completion of tha lasz huaidicy sysls, the switch must eonfors
Ep Seetfoma 3.1, 3.2, 3.3, 3.4, 3.3 amd 2.6.

Moume the switeh by {t3 normal mouncing oesns (valve svem amd Q-ring
saal) in che verticzl pesition im che salt spray chaasker, the switch
preadurs pott pointing down {tarminals up).

Sviteh {s =0 ba tested wich the Ford ralseased slantyical connecter
inaealled (CCD-PEO to supply) with slactrical comtinuity of che GCD-
PI0 approved ralay load (-1hAS840Q-).

Ths avitoh iy to be pressurized ac 300 & 10 peig for the duration of
the test, '

Expons Che assambly co salt spray for 240 hours par ASTH Bl17.

Afesr axposurs, the svitch mut confors to Seceipns i1, 3.2, %1,
3.4, 3.9 and 3.5.

-

With the switch prassurs pore plugged, and the mating alecerioal
connactor/wiring installed, submsrge swicch for five gecomds in eath
af ths following fluide: engine oll, gasolina, diesel fual, sngine
ssclant (Echylens Glyeol), auromecic tranaxissiew fluid, Brakea Fluld,
windshield wiper solvanc, and zaturated salt water selutiom.

Allaw switch/conneckor 4sssohly co drlp dry for fiva ml{outag ac zood
Camporatuce .

TT |
1w WiNalk

rFiare il Q- 3%5d
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3. Repeat dteps "1" and "2" above £ive times. Ac the complation of the
Sch eytla, subjecc awiteh/contwcitor asaspbly oo 100%C and 254 relarvive
humidity for sight hours.

4. After fluld expomure tast, the swicch aust conform ta Zections 3.1,
3.2, 3.3, 3.4, 3.5, 3.5 and 3.7.

1.17

1. -Wikh tha avicch pressurs port plugged, and the macing sleccrical
connactat/wiring inatalled, place the awitch in ths dust chamber in
the vertisal poeaition {swiceh carainals up),

2, BExpogse tha switeh for 14 hours to Portland cemant duszt that is
apitared for cwoe saconds every 13 minucas,

3, Afrar dusc exposuze tasc, cheack the switeh wust conform to Sections
3.1, X2, 33 Lé oand 3.3,

1V. RE-VALIDATION RECUIREMENTS

In addition %o the requivemants of Saction I1., re-validation shall be raquired
“hepever requestad hy che Producc Englmeering office (PE0) and pricy co sach
modal year produation. Yaarly re-validation shall consisc of Test 3.9
{Precsure,;/Thearmal Cyaiing).

The auppiier and the design-cesponsfble Produce Inginearing Office will jofncly
deterning vhich pocencial changas to the process, matarials or matarial mources
would have significant impact on the producc's funeclen, performance, durabilicy
or appearance. Tha supplisr will describa chase condicions in che Confral Plan,
along with sither (1} che revalidacion plan chat would be folleowed in wach osdsa,
ot (2} & provision to subalc &n soendad Comtrel Plan for approval if any of
thoss process changes ace planned,

v. INSTRUCTIONA AND HOTEY

Control Plans address all signiffcant design and procasa charsctaristice, which
include all E3 tests and Contral Item characceriacics. They dascriba cha '
procass potencial szudias that will be parcformed for praducc vellidation {Ifocluding
BY texts) and cthe onhgeing product and precess svaluation for goncinuing
improvenent {includiag IP taste). They includa scceptance criteria, sampla
sizes, fraquancias, data snalysis methods and reaction plans.

'-I'_

The Control Flan is devalopad, and updstad sx necasgary, by the supplier In
conjuncsion with the deaign taspussibla Produet Engineering Office snd ather
appzopriaca funations such as 5QA. Tha Centrol Plan defines the Einagszenc of
the upstrean praduccion process snd part variables (sigmificant procssa
charactariscies) thar affact the suteons of the ES tescs or ocher siguiflcanec

proe JJNTII.‘E (Pravisus editiens say ROT ba umed) TILNHTSA 004738



SERTEMBER 17. L791

TO: ANDY MCKENNA
ROM RUGGIERI

TCt HaMK GRIFFIN
FROM: KAREMN ROSS

RE: DEC,TGA TESTING T3L # La9B8s

WE PECEIVED & SAMPLES GOF DIFFERENT RESINS IN BOTR THE ICLIED AT
PRE-MOLOED FORMS, ALONG WITH 2 SAMPLES OF BASES WHITH wERE  Rii-
MEALED. DEC, TGA, AMD TMA TESTS WERE PERFURMED 0OM THEM ( AT-
TACHED). FURTHER DISCUSSIOM WILL BE NECESSARY IM GRTER D FLLLY
UNDERSTAND THE RESULTS.

REGARDS,

®AREN RDOSS

Ti-NHTSA 004737
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Hawk Flam in/g]

rmac Flow §/gl
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Fample: STANYL f0 IB-00-=03 AA8EF D SC Flla! QROMA.BG
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Height ([X)
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Heat Flow W/l

Heat Flow [W/gl

Sampla: STANYL 4/8 PRE-NOLO MTL

DSC
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Heat Flaw [Wsgl
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VSp00 YELHNL

(wW/n)

Heat Flow

Sampla

: MINDEL 83-22 PRE-MOLO
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95,900 VELHN-LL

Sampla: AMDDEL ID 38-00-0E
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Fila: DAONA.O03

Sizme: 411.4400 mg Oparator: KROSS
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Haat Flow @i/al

Heat Flaw /g
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BSL¥00 YSLHN-IL

Heat Flaw (N/g)
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MENMORANDUM:
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March 31, 1992 3
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! ELAINE ROBE GANY Zl
cCl NEIL MACKINNON NAPA

JOE PAVAD MAPA
FR: AL HOPKINS AHOP

SUBJECT: DISCOLORATION ON CONTACT
= TEL # 110790

Tha discoloration 1w caused by a thin layer of =milver aulfide
{tarniah),

RESULTE AND DISCUSEION!

SEM-EDAX (Scahnning Electron Microsoope with Enarygy ODlspsraive

Analysls of X-Rays) analysis was parformed criginally. It showaed
a larga amount of carbon, sodiuwm apd chlorine con tian. The
pattarn of this nnntuinutiun didn't match that of the visual
stain, I suspect that this contamination was the result of
handling at one tine or ancther.

The Auger analysis showsd that the stained arsas had axcassiva
amewnta of sulfur. We have oftan sasn this oolor stain b osussd

high lsvals of silvar sulfida forsed by atmospheric attack on
sllvar plated surfaces (such as leadframes). I ek, but am
not sure, that it has something to do with the h aurface
activicy of a plated surfacs.

'-Hl:lﬂ-ltl will ba mant by Craca Dias [XJ044) through the Iintarnal
u L]

AL HOPKINE N3G: AHOP N81 10-1& Xi040
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