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LS, Daparkment 200 Swynnih Stroet, 5.W.
af Trerspartafion Washingtan, D.C, 20590
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CERTIFIED MAIL
RETURN RECEIFT REQUESTED

Mr. Steven P. Reynolds NVS-214bby
Senior Council, Sensors & Controls EADS-0035
Texas Instruoments Incorporated

34 Forest Street, MS 20-21

Attleboro, MA 02703

Dear Mr. Reynolda:

The Office of Defects Investigation (ODI} of the National Highway Traffic Safaety
Administration (NHTSA) is investigating allegations that failures of Speed Control Deactivation
Switches manufactured by Texas Instruments have caused engine compartment fires in model
year (MY) 1995 through 2002 Ford F150, Ford Expedition, and Lincol: Navigator vehicles.

Ford has determined that some speed control deactivation switches on the 2000 MY vehicles can
develop a resistive short in the electrical eincuit that could potentiglly result in an engine
compartment fire. By its lotter dated Janmary 27, 2005, Ford linxited the scope of the recall {(05V-
017) ta 2000 MY Ford F150, Expedition, and Lincoln Navigator vehicles equipped with speed
control and certain 2001 MY F150 Supercrew vehicles built through August 7, 2000.

At the time this investigation wes opened ODI had received 218 complaints reporting engine
compartment fires in certmin (MY) 1995-2002 Ford F150, Ford Expedition, and Lincoln
Navigator vehicles. All of the 218 complaints identified were confirrned as not being included in
the scope of Ford’s recall 05V -017.

To assist us with our investigatton, ODI i requesting certain mformation from Texas
Instryments.

Unless otherwise stated in the text, the following definitions apply to these information requests:

e Subject vehicles: AllMY 1995 thwrough 2002 Ford F150, Ford Expedition, and Lincoln
Mavigator vehicles.

s Sobject recall: NHTSA Recall No. 05V-017 (Ford Recall No. 05528).

» Subject switches: All Speed Control Deactivation Switches manufactured by Texas
: gstruments for use in the subject vehicles or vehicles included in the subject recall.
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Texas Instruments: Texas Instruments Incorporated, all of its past and present officers
and employees, whether assigned to its principal offices or any of ite field or ather
logations, including all of its divisions, subsidiaries (whether or not incorporated) and
affilisted enterprises and all of their headquariers, regional, zons and other offices and
their employees, and all agents, contractors, consultants, attomeys and law firms and
other persons engaged directly or indirectly (e.g., employee of a cansultant) by or under
the control of Texas Instruments {including all business units and persons previously
referred t0), who are or, in or after 1591, were involved in any way with any of the
following related to the alleged defect m the subject vehicles:

a. Design, enginesring, analysis, modification or production (e.g quality control) of
speed control deactivation switches;

b, Testing, assessment or evaluation of such switches;

¢. Consideration, or recognition of potential or acteal defects, reporting, record-keeping
and information management, {e.g., complaints, field reports, warranty information,
Ppart sales), analysis, cladms, or lawsnits.

Alleged defect: Auy malfunction (Inchrding brake fluid leaks) of the subject switches
that may result in the loss of the speed control function, melting of switch materials,
smoke, fire, or ignition of engine campartment materials or components.

Docoment: “Document(s)” is used in the broadest sense of the word and shall mean all
original written, printed, typed, recorded, or graphic matter whatsoever, however
produced or reproduced, of every kand, nature, and description, and all non-dentical
copies of both sides thereof, including, but not limited to, papets, leiters, memoranda,
comespondence, communications, electromic maidl (e-maijl) messages (existing im hard
copy and/or in electronic storage), faxes, mailgrams, telegrams, cables, telex messages,
notes, annotations, working papers, drafts, minutes, records, andio and video recordings,
data, databases, other information bases, summarics, chatis, tables, graphics, other visual
displays, photographs, statements, interviews, opiniona, reports, newspaper articles,
studies, analyses, evaluations, interpretations, cortracts, agrecments, jottings, agendas,
bulletins, notices, announcements, instmctions, blueprints, drawings, as-builts, changes,
manuals, publications, work schedules, journals, statistical data, desk, portable and
computer calendars, appointment books, diaries, travel reports, lists, tabulations,
computer printouts, data processing program libraries, data procegsing inputs and outputs,
microfilms, microfiches, staternents for services, resclutions, financial statements,
govermmenital records, business records, pexsonnel records, work orders, pleadings,
digscovery in any form, affidavits, motions, responses to discovery, all tramscripts,
administrative filings and all mechanical, magnetic, photographic and electronic reconds
or recordings of any kind, including any storage media associated with computers,
including, but not limited to, information on hard drives, floppy disks, backup tapes, and
zip drives, glectronic communications, ineluding but not lirnited to, the Irternet and shall
include any drafis or revisions pertaining to any of the foregoing, all other things similar
to any of the foregoing, however denominated by Texas Instruments, any other data
compilations from which information can be obtained, translated if necessary, into a
usable form and any other documents. For purposes of this request, any ¢ocument, which



containg any note, comment, addition, deletion, ingertion, annctation, or otherwise
comprises & non-identical copy of ancther document shall be treated as a separate
document subject (o production. In all cases where original and any non-identical copies
are not available, "document(s)”also means any identical copies of the original and all
non-identical copres thersof. Any document, record, graph, chart, film or photograph
originally produced in color must be provided in color. Furnish all documents whether
verified by the manufacturer or not. If a docwment is not in the English language, provide
both the original document end an Bnglish transkation of the document.

o Other terms: To the extent that they are used in these information requests, the terms
“claim,"” “consumer complamt,” “dealer field report,” “ficld report,” “fire,” “fleet,” “good
will,” “make,” “model,” “model year,” “notice,” “property damage,” “property damage
claim,” “yollover,” “type,” “warranty,” “wamranty adjustment,” and “warranty claim,™
wh:therusadmmngula:nrmplumlfn-mhav&th: same meaning as found in 49 CFR.
579.4.

In order for my staff to evaluate the alleged defect, certain information is required, Please
provide mumbered regponses to the following information requests. When docinnents are
produced, the documerts shall be produced in an identified, organized manner that corresponds
with the orgemization of this information request letter (including all individual requests and
subperts), When documents are produced and the documents would uot, standing alone, be self-
explanatory, the production of documernts shall be supplemented and accompanied by
explanation.

Please repeat the applicable request verbatim above each response. After Texas Instrument’s
response to each request, identify the source of the information snd indicate the last date the
informetion was pathered. If requested information is wnavailable, so state amlpmwde a brief
explanation. Along with your written: response, please provide this information in Microsoft
‘Word 2000, or a corapatible format, entitled “IR Response.”

1. Provide copies of all engineering standards, specifications, quality contrel documents, and
detail drawings related to the subject switches or their sub-components.

2. Describe, and provide copies of all documents relating to, all design verification and
validation tests that relate in any way to the durability of the subject switch or its sub-

componeTits.

3. Provide a chronology of all events relating to the initial testing and supply of the subject
switches for MY 1993 through 2002 Ford F150, Expedition, and Lincoln Navigator vehicles
{incleding all prototype and pre-test designs) and of the subsequent investigation that led to
the subject recall.

4, Describe, and provide copies of all documents relating to, all inspections, tests, and other
analyses of subject switches. Provide a listing of all such switches that were inspected,
tested, evalvated, or assessed by stating the vehicle's VIN, recail repair date, mileage at the



recall repair date, switch part number, part serial number (identifying marking), part date of
build, anomalies detected, and reagon for specific gwitch analysis.

. Describe all assessments, analyses, tesis, test results, studies, surveys, simulations,
investigations, inquiries, assessments andfor evaluations {collectively, “actions™), that relate
fo, or may relate to, the alleped defect in any of the subject switches, that have been
conducted, are being conducted, are planned, or are being plarmed by, or for, Texas
Instruments. Fer each such action, provide the following information:

Vehicle make, model, and model year for which the subject switch was or may be used;
Action title or identifier;

The actual or planned start date;

The actual or expected end date;

Brief summary of the subject and objective of the action;

Engineering group(s)/supplie(s) responeible for desigmng and for cornchucting the action;
and,

g A brief summary of the findings and/or conclusiona resulting from the action.

h. For each action identified, provide copics of all documents related to the action,
regardless of whether the documents are in interim, draft, or final form. Organize the
documents chranologically by action.

N N

. Describe any situation, design, mamfacturing process, or other issue that might have resulted
in physical differences between amy two subject switches. As part of thie description please
include the physical difference being described, the canse of the difference, and when the
cause for the difference began and ended in production.

. Describe all medifications or changes made by, or on behalf of, Texas [nstraments in the
design, material compogition, manufacture, quality control, supply, or nstallation of the
subject switches or subject switch sub-components, from the start of production to date. For
each such modification or change, provide the following information:

a. The daste or approximate date on which the modification or change was imcorporated
into production;

A detailed description of the modification or change;

The reason(s) for the modification or change;

The part numbers {service and engineering) of the original componznt;

The part number (service and engineering) of the modified component;

Whether the original unmodified component was withdrawn from production and/or sale,
and if so, when;

When the modified component was made available as a service component; and
Whether the modified component can be interchanged with sarlier production
components.

theRMF
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8. Provide a detailed explanation of the extended cyele life switch design discussed in 175
Patent Number 5,932,857, dated August 3, 1999 {copy attached). As part of your response,
please include:

A, detailed chronology of all events, meetings, communications, both internal to Texas
Instruments and external, in which Texas Instruments was involved and which lead or
contributed to the Patent application of May 6, 1997 which resulted in the Patent award
on Augost 3, 1999;

Any discussions or communications with Ford regarding the extended cycle life switch
design described in Patent Number 5,932,857 and if no communications took place
related to this topic, explain why not.

In chronological order describe all asgessments, analyses, tests, test results, giudies,
surveys, simulations, investigations, inquiries and/or evaluations (collectively, “actions™)
that relate to, or may relate to the preparation or application for, or awarding of Patent
Number 5,932,857, For each such action, provide the following information;

i. Action title or identificr;

ii. The actual or planned start daie;

tii. The actual or expected end date:

1v. Brief summary of the subject and objective of the action;

v. Engineering group(s)/supplier(s) responsible for designing and for condacting the
action; and

vi. A summary of the action activities, findings and/or conclusions

9. Following the May 6, 1997 filing application which lead to the award of Patent Number
5,932,857, describe all modifications or changes made by, or on behalf of, Texas Instruments
in the design, material composition, mannfucture and/or fabrication, quality control, supply,
or installation of the subject switches, which relaie to, or may relate to the alleged defeet.

For each such modification or change, provide the following information:

a

"o op @
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The date or approximate date on which the modification or change was incorporated into
switch production;

A detailed description of the modification or change;

The reason(s) for the modification or change;

The part numbers (service and engincering) of the original coraponent,

The part number (sexvice and engineering) of the modified component;

Whether the original unmodified component was withdrawn from production andfor salg,
amd if so, when;

When the modified component was mace available as a service component; and
Whether the modified camponent can be interchanged with earlier production
components.

If modifications or changes as described in the Patent Number 5,932,857 were not made to
the SCDS, state so and explain why they wers not.



10. Provide copies of all dociments or comminications between Texas Instruments and Ford
regarding the alleged defect in the subject ewitches. Organize the document copies in
chronological order.

11. Provide copies of all documents or communications between Texas Instiuments and DuPont
regarding the slleged defect in the subject switches. Orpanize the document copies in
chronological order.

12. Provide copies of all documents transmitted internally within Texas Instruments that relate to
the alleged defect in the subject switches.

13, Describe ant decode all identifying markings vsed by Texag Instrurnents on the subject
gwitches.

14. Provide copies of all faflure mode and effects analyses related 1o the subject switches.

15, State the number of each of the following that Texas Instriuments has sold either as original
equipment ot replacement parts that may be used in the subject vehicles by component name,
part number (both service and engineering/preduction}, model and modsl year of the vehicle
in which it is used, monthfyear of sale (including the cut-off date for sales, if applicable), and
the location to where the component was shipped:

a. Subject components; and
b. Any kits that have been releasad, or developed, by Ford for use in service repans to the
subject component/assembly.

Provide this information in Microeoft Access 2000, or a compattble format, entitled
“REQUEST NUMBER. FIFTEEN DATA.” See Enclosure 1, Data Collection Disc, for a pre-
formatied tahle designed for this subumission.

16. For each sub-component of the subject switch, provide the supplier’s name, address, and
appropriate point of cortact (name, title, and telephone rumber),

17. Provide copies of sy and all documents and/or comnnmications prepared at any time by
Texas Instruments and/or amy contractor or representative working on behalf of Texas
Instruments, which relates or may relate to Texas Instruments opinion, including the
approval, or disapproval, of the application and utilization of the Texas Instruments presaire
switch as used in any and all Ford vehicles. Include amy and all backgroamd material used as
a basis for these opinions. These documents may include but are not limited to any and all
assessments, analyses, togts, test results, studies, smerveys, simulations, inveatigations,
inquiries and/er evalnations that were performed by or for Texas mstruments.



18. Furnish Texas Instnunents’ assessment of the alleged defect in the subject switches,
inciuding:

a. An assessment of the failure mechanism;

b. An assessment of the design factors of the subject switches that may influence the
durahility of the subject switches;

c. An assessinent of the manufacturing factors that may influence the durability of the
subject awitches;

d. An assessment of the vehicle assembly factors that may influence the durahility of the
subject switches; and

¢. An asscssmnent of the use factors of the subject switches that may influence the durability
of the subject switches.

Please be as specific as possible in your answers and provide engincering explanations for
how various factors affect the switch durability.

If Texas Instruments cannot respond to amy specific request or subypart(g) thereof, please state the
reason why it iz unable fo do so. If on the basis of attorney-client, sttorney work product, or
other privilege, Texas Instruments does not submit one or more requested documents or stems of
informeation in response to this information recquest, Texas Instruments must provide a privilege
log identifying each document or item withhekd, arl stating the date, subject or title, the name
and position of the person(s) from, and the person{s) to whom it was sent, and the name and
position of any other recipient (to include all carbon copies or blind carbon copies), the nature of
that information ot material, and the basis for the claim of privilege and why that pmrﬂage
applies.

Texas Instrament’s response to this letter, in duplicate, together with & copy of any
confidentiality request, must be submitted to this office by September 21, 2005. Please refer to
EA(5-(005 in Texas Instrument’'s response to this letter. If Texas Instnonents finds that it is
unable to provide all of the information requestad within the time allotted, Texas Instruments
must request sn extension from Mr. Richard Boyd at (202) 366-4933 no later than five business
days before the response due date. If Texas Instruments is unable to provide all of the
information requested by the original deadline, it must submit a partial response by the original
deadline with whatever information Texas Instruments then has available, even if an extetision
has been granted.

If Texas Insirmnents clanna that any of the information or documents provided in response to
this mformation request constitute confidential commercial material within the meaning of 5
U.S.C. § 552(b}4), or are protected from disclosure puranant to 18 TLS.C. § 1905, Texas
Instruments must submit supporting information together with the materials that are the subject
of the confidentiality request, in accordance with 49 CFR Part 512, to the Office of Chief
Counsel (NCC-113), National Highway Traffic Safety Administration, Room 5215, 400 Seventh
Street, 8.W., Washington, I.C. 20590, Texas Instruments is required to submit two copies of -
the documents containing allegedly confidential information (except only one copy of blueprints)
and one copy of the documents from which information clzimed to be confidential has been
deleted.



If vou have any technical questions concemning this matter, please call Bruce York of my staff at
{202) 366-6938.

Sincerely,

leen C. DeMeter, Director
Office of Defects Invegtigation

(Office of Enforcement

Enclosure 1, one CD ROM titled Data Collection Dise containing one files
Enclosure 2, copy of US Patent #5,932,857
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5,832,857

1

PHESSURE SWITICH WITH BIAXIATLY
ORIENTED THERMOTPLASTIC DIAPHRAGM

BACKGROUND OF THE INVENTION

This invention relates geocraly to pressare responsive
elecirical switches and mam particularly 10 such silches
ured 1o monitor pressure hevals of a2 Suid medivm having
adwerss chenpical sndfre mwedeters characteristion.

Folyimade films are eotnenly ased an disphragm mare-
il in i
cis o s rponivs shetia s Bkl
gwitch mechanism dus Lo their excellcnt mechanical prop-
ertes and cwistanding resinlance to chadge e & wiide
ranpe of lemperziucs. However, thess mechanical proper-

humdugmdambﬁmhaﬂy-hnnpnudmmlnﬁ

chamicals wndiy mofcure. Polyimide filme cxposcd o
waler ar waler vapor nodogn hydwlyso, wioch can
adversely effect the film's duetility.

Ope supplier’s likcmton: Jescribes n taat whers polyimice 20

Bl (Ezpion type H} & subjacied to boiling water for 166
dayn prior to tensile texting. The film was said ko retain 65%
of i origioal kosie stcogth and 20% of ib origimal
sbagation. This sharp decreasc in clongatinn renders the
filrn leas dusctile, Le., embrdled. Stoilar teoaile et resl
wore foond when immeming polyimids in modeture buden
brakce Amd 11 elevated teoporatucs, For poossune swisch
dizphragme spplications, Hrix knxs o dostity i ighly umds-
girable and can drad 0 promatwe dinphragm failere dus 10

fllm fractaring. -

To alioviin Lhis prublein, the indusiry usca polyimck
filme which hove Been lamdnnied with a protective overcoal,
auch as floorinate] citylere popyleos {FEF) resin. Thb
cmnpasite film moobinca the high chemical insromss and

witer phebdelty of the FEP finorinaed metin with the gen- .

omlly soperdor mechandoul propertes of polyimids. This
overcanl cifeciecly shislds the polyimida from direct szpo-
sure to these advorac conditions, cnbamcing its everall par-
formance

Howerey, pressnrs swilches ming disphragns comprisiog .0

FEP coated polyimide filoxy, wher wsed with centain fodd
medin, snch an automotive brake foids, s oeverthebas
nul;iﬂdlu:p{ﬁmurmdnufﬁihwhwh{d:ﬂuprm
ewTich dinplragm rophoes zesulting o brake foid Lsakege.
Initial film damage typically i

protectivs luyer fallowsd by delumipatinn of the FEP oo
the polyimide peopagmting from the cracked aoews. Sxami-
netion of test deviees shows that Fracturing of the FHEF Glm
precedes (raciuring of the polyinide baza film. Once tis

FEP overcant fractunex, the polyimide is cxposcd direcily o 5

the sysiem foid Thic can couse the voprotected polyimide
filmn to fadl premetinely 3F the system fuid is detrimental
the base polyimide Blm, sspecially in dynumic appiicstions
mrpicing b high dapres of film flexation, such o 2 preswue:

swiich capjhragm. ]

SUMMARY OF THE INVENTION
It ix an objea of the present invention to provide presme
msponsive elecirice] swiichen towing extended eycle hife.

Anniber oblect of Ihe iovendon ia o provide a2 pressure g

awikch having » flexrible dinphrapm dispored betwcen the
pressure flujd being memitored amd ihe mechanical compe-
pents af the switch which has improwed life sxpectsncy,
particularly when ased with Roidh having adveree chmical,

corroeive andfor moistune characterisbics. &

Priefly. in scrondence: with the fovention, n Boaible die-
phregm £ shoam o nea with 2 pressure respomive ledne

slectrical switchees 1a & Hexible 10

cracks in the FEP

2

swrilch b sepiowls the floid mediv ooy the Meocbaaion]
components of the switch comprising u bass laymy of
polyinmide, such 2x Kapton HN, haviog fold enduranoe Jevel
of capability of spproximoately 30,000 cycle., coated oo coe
orboth face snrfaces with a protective lnyer having exceliznt
chomnca] resistenee a6 well a5 fold osdumones lewel of
capability n! lcasl & great, and prefecsbly prester than thal
of the polyimide, Suilable material ncinded Teflopn PEA
baving a fiold endorames level of capability of agpeoatmiebely
100,000 cyclcs andl Teflon FIFE hwving w fold codurenc:
level of copebility of approximately LOOO0D cycles.
Apponding 1o a sscond emboditment, the & iphrapm is com-
poscd of a palyphonykema sutfide Sim which hes sxcopiioons]
resiglanee bo hydrolysie as weell & excellent chemiea] resic
innce and therefbre raquires no proEclive Ryss.

BRIEF DBSCRIFITON OF THE DRAWINGS

Clther olyjecks, advagtages and detsik of the irvention
appear in the dotziled description of profered
embodimentn of (he imvention, the detailed description refaz-
rizp 1o the drawinpx in which:

FIG. 1 i 2 cans sectingal view off tha pressite respogaive
elactrde swrilch in which & dephoagm made in sccondenes
with the lovention i weed, and

FIG. 2 & a broken away freal view of 1 partton of a
dispbragm meade in 2ccoxinnos wilh the ioeeniion,

DESCRIFTION OF FREFERFEL
EMBODIMENTS

Referring to the drawings, numeral 10 in FIG. 1 imdcales
a thid pressum responaive slectric switch which i shown to
e o bate 12, oomiml stvitch ot 14 or the Like
ortvurbed cro the e 10 be movable between selectad conbmd
powitions, motion transmiitnge mesns 18, 2 discmete presgurs
neeponalve unil 1E and mewns 29 for mounting the discrete
[ni P rupnuimnnﬂ mi!n hass in e the mindedm

seleciod flul prosame to the prosaos soting it 18,

The base 12 comprives 8 gomially cup-shaped apd geo-
tnilly cylindiial henising birving & bolloy, wall 122, &
zidewall 125 defining a chambear L3¢, having an open sl
124 and having 4 mounting Aange 13 extenchng sround the
apen end of the hensing, The housing is preferably foroed
af a stmong and rigid alscirically inmdsting mainrisl] much a5
n phepolic resiy o the Lilee.

Contral mexns 1d are prefirably moonted oa the honsing
wilhin ibe heuaing chamber and is of any comveational Lype.
A5 shown 1he cootrol oems compeists i clectric svitch
means having 4 pair of terminalzs 144, 14b mounted in the
pottom wall 124 oo sxtend ool of v homing from withio the
homsing chamber, han & stalicnary contect 14 mounted om
icmmingd 145, hea x movable cootct om 144 pivotable oo
he oiter texminel 1, hust 8 roowsble eooinct 1l caerisd by
ibe nmm o be movable between & fiml, closcd circuil swdick:
poattion s indicsled in 2ol lines in FIG. 1 a0d & secnnd,
opan circuil parition ax indicated by broken hines 14g and
ken spring mesms 1A ¢lectrically connedtad betwesn the
eiminel mesin 1ds sl movable 2 144 for ooomally
biasiog the roovable comaet 147 oo cisengnpe the s{aticnmy
coninct 14c a5 will be undersiond.

Mution unsmitting mveans 16 comprices & matiom lams-
fer pin of 3 caramic matzerial or the lk» and normally hakds
1he soritch aom 14 in clomed exreult io mradriat 1he bins
of spring 144 m. shown io FIG. 1 bul i5 axially movshie a5



5,932,857

3
imdicated by the arrow 1462 for permitiing the swiich arm 148
o move te e describad open cindufl positon indivated 2l
1dg in réspomsc 1o the spring L44 As desecibed below.

P.'rﬂ-sl.'lmmap:mw umt IR ovmpdsos lmpwttﬂhw-

Opening Iherethrough. The supporl coma
ﬁrwndp]nttufmﬂmlhﬂmlmﬂtlihﬂhmammﬂ
ceniral opening X2z and having tapered or radiused poions
22¢ formed mound the margin of the mupport cpening - A
diaphragm 24 formed of fexible matcrinl, o e drcuscd
belcw, is dispoacd on the mppor piate b czbeod aver e
suppart opeming, The diaphragen is ndwpted to fex vver the
support opening 227 in Tesponsc 10 the application of fuld
presyure o the disphragm bui which is slic sdapted o
withsiand sobetantial fluid pressere forces withon! mptuore
and to b capebke of mlaming it sicogih properties at
elsvated temperatures and wnder cormsiva conditons.

A gmket means soch a8 an ammdar, elastomenc, O-ring
iypo gaakel 26 or the ke is mounied oo one side of Lhe
disphragn opgosite support 22 to be copcepirk; with the
mpport opening 222 A metsl port bady 28 i movnied o
bear against the skt for foming, 8 senbed peessage cham-
ber 39 in the owiich at the cxid cne sfde of the diaphragm.
The poat bady inclndes integral conmecior maans J8a defin-
ing * paxmge 2P whick comomivicates with the prossare
chamber 3 a4 b2e thread mesos 28 (or vse in connecring
1he chamber 3 throngh pessege 385 to & pressuce 2ong 1o be
mortomed io & comvembiozel manTer

The pressurs respongive unit 18 further comprises L
comvention] dished or domed medal dise spring eloment 32
formed af stainlcss sice] or te e adapted to move wilh
soap aciion from an oniginal dished conflgoration ex showm
in FIG. I to an inverind or oppoaitely dished conflpurati on
in responxe to the applsacion of acleciad fore to e
¢lement, The clement 32 & adzpied 10 retorn 10 @8 orghml
cunfignration when the applied force @ reduced be a reeel
Iawsl or |» removed. A Fforce convarter 34 {5 Jdapossad
betwesn the dished slomeml X2 and spport 22, Te mo-
werter ha a [orec roceiving, portion 340 of a aslecied
ciamoeber which is mowabls i the suppoct opening 22a 1o be
reAposive muvmnﬂdth:diq:hnwn 24 npd bas an
anmular fooce applying portiom M3 of relatively hrgsr
diameler which bears sgainct & comvespomiieg dismeber
partion ap cue sikdte of the dine clemeni 33 for Innemiiting
the dixpiivagm movement 4o the dise a3 w fores woding to
move the dige to il imverterd diched coafguration The Sy
recoiving, partion 34z of the fome converter bae v diameser
oamly sliphtly smulker then the dismeter of lha sopport
upminaﬂumdisadmmﬂmaﬂdadm]ywﬂlﬂnﬂm
opaning. Prefecsbly, the marging of the foroe movivieg
portion are lipersd at He. In that srangement, the foroe
recciving portion of the converier provides snppogt Eor
diaphragm 24 over subswntinlly the entire expame of the
suppoit opening 227 and the margins of the opendog end of
the force receiving portion are mpered 1o avoid injory to the
diaphragm when very high fiwid pressares ace applicd to the
diaphragem in chember 30,

Unit 3 fortwr comptisex & reaction mewns 36z i the
forta of an anolar povtion of a different diaoeisr than the
foree 2pplying porton Mg of the force comvertr. The
reaction means bears agaioel 3 corespooding dameter on
the oppoaile xide of the dished disc elament 32 and lnmms 2
part af mnowling mésos in the form of slemve 36 which
mommis the aupporl plals, 1the poct boxdy, gasket apd
dinphragm, w8 well 48 lhe Foree worvertar and disc ogeiher
in fixad relation b each other ta foom the disaete unit 1.
A cootral opening 384 and guide flange d6c slidebly
recedvad molion traoder pin 18 [hevein. A shoulder 36 is

a5
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foraed oa the slecwe nttnnediate 16 cods for receiving apd
positioning support plais 21, A second imegral infumed
flange 3 at the apposite sod of the skove boars against the
clmmping ring partion 284 of 1be port body for compressing
the: gasket and for somdng the componeats of the pressure
semEing vl together The pliable flm 38 of 1 polyimide
muirrinl or Ibe like & sbown dieposed bolveon the dine A2
and sleeve 36 to styve &8 o lobmicint And preveot galbing of
the disc during relative movement of the disc and skasyo.

Hﬂﬂﬂﬂﬂﬂnﬁrmlﬁnlhﬂnhhrdwmdmnpnmaﬁh
i e pre=umre uail meialing alecve, st prossire espensive
ik 18 is mounted m e hemsing Awngr 12= noid 3 second
matal gleeve 40 op the like is swaged over the umit 18 sl
flangs 12¢ fw scovring the boming, swilch meanc sl

unit tngether to fiomm the presmre reponsive dlec-
n'icsﬁ!chl'ﬂ

Fhuid pressure ia adeplad ta be imrodursd inn chamber
30 throvgh port pascape 203 b be applicd in the divphragm
24 3o tha the Haphragm fleyes over soppoct opening 22
and Irynenmiis its movamsat 1o the s clemens 32
theemgh focce: cooverier 34. When that applied Suid precyrs:
is below o selacted Jewel, the dise slsgwyil vnnins in the
pesidon shown [n FIG. 1 aed & diac tpdog bolds the pin 16
and contaet arn 14 in the position shown againg the b
of spring 144 #o cthat the switch meann 14 vemiioy in closed
cireuit peealtion. Howeyer, the relative diameiteas of e fonee
recalving and wpplying porticos 3da 2nd 345 of the fowrcs
coverier And the dismeter of the aomilsr rewaion means
diba cooperate i & Moowa mammer o appty & force 1o the dise
cloment and that forca cooperates with the saleriad soap
scting: chapacterintics of the elament ao ihal The di: moves
with soxp sction o iis imroried dished cofiguostion when
applind fhuid presmire resches & stlected level, When that
occars, e tontiom tramsfer pin 1§ moves in the directog of
et wivowr 16z in meeponee b the bixs of switch spring 144
m_gumﬁmmﬁchammmmm&upmdmm
poeition. Fore comeerter 34 han so soomlar siop 243 which
fis amnd the disc and which s adapted to cogage sk eve 36
after the diso clomen] hesx moved o its ioveciod
configuration, thereby to protect the disc slement againat
Ay caTwive ovor-proesures which may be applicd 10 the
disphragmn 24 us well et preventing disphogm ruptore.

When the finid peesowe in chamber 3 i wibssquently
mdmndm:m:thwlutilmmmvd,ul:ﬁu:lhmmtﬂ
moves ek with tqwp scticn In s origins] dished confipn-
Takion akl resiores switth am 14d i i closed cirouit
pasition.

Further detuib of the sbove deaczibad swilch can be bad
hUE.mﬂp.Wﬂﬂ,mmMuﬂmﬁm
pregent mvention, the subject maiter of which iz incapo-
mted beesio by 1his efemomce.

Swilch 1% i& particolany snishle for v in meollodog
high Buid preswge lovels soch w those empleved in wolo-
moive powe: akeéring, brake systoms and the Like. Dis-
phragm 24 comprisen o or more sheags of material wach
compoising » busc layer 244, prefezably of a polyinide, such
s EKapiem HN avellabl: from DuPoal de Memours, which
bas eXoclkenl mechanical properties ovey 2 wice: mnge of
icmperwiurce, coated with w proveciive layer 24b on sach
e side of base Inyer 24q_ By way of caample, cach bass
lyer e may e spproximatzly 0.003 inches in ibickness
and cach protective Inyer 245 muy be approximatsly 0,001
inchos in thickoes.

When nead in appliations requiriog high cyele Fie and
imvolving significant Aexing under siress iich ooeers, for
cummple, in map scling switches, particularly io kigh fuid
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preasure applicatioms, the diapiragm et be capable of
such extended prfarmence wilkou fraduring. Fold codar-
ance capahility is 4 itseasnte of tha feirat propery required
i provide this performance. Prlyimida has & fald enduranee
capability of approximately 30,000 cyclks. The pror et
fuorioated cthyloon propylere (FEF) iaycr, on thz olber
hand, whils providicg snletanding chamical resistance, has
lEuldmﬂuﬂnnBﬂpihﬂnguf:pmmmnm]ym.mtzydu
As poted above, the primary mode of Gilure of prier art
gwitches waad with certein fluid media, sbch & antemobive
brake uids, involved the cracking of the FEF layer themby
exposing the polyimide lajer ta the eorronive alfacts of ths
Aui. It showld absn be noind that the outer prolstive layse
ia subjecizd to even greater eirerzes than the base layver
becauss il & furlber removed from e thickaess conleding

of the &isphragm sheet
In accordance wilh fbe igvention, laysrs 245 are formed
of & cxposion reabriant material which bas a fold coduringe
ity ut Inast aqual to, end preferably groater than, that
of asa liyer 24a. Onoc such makdd & perfluocelkoxy
Mﬁ}uﬁtﬂhulmﬂmﬂummplbﬂnyoilppm—
I:I:I.E.I:D]Zjl' 100,000 cycles. Anothar muitshle material i polytel-
which has a fold cadurancs cape-
b:lhl:,r of spproximkisly 1,000,000 cycler. While these
materials do oot lave all the mechamios] properties peeded
hmnﬂwhmhﬁr,u.g..dujuﬁhllmquh
cmep with clevated tempearaiure, they do provide corrosicn
protectinn el have muperion fold cdumoce arpability. Te
will b sppeeciaied that other commaive Tesislant material,
inchuding wmadifisd PFA mid PTFE tesine, having & 14
nduranc: apahdbity st ket aqual to, ind preferably grestsr
Mthuufﬂnhﬂhmmb:uldmplmmﬂl
imvention. Alihough il i peefrred o prowide protective
Layer 245 oo cach face enrfnce of basa layer 240, it will be
undersiood that, if dexived, the protective layer could be
provided cnly on the face wurfars of the disphesgrn in be
expoecd o the lwid medum, The blkwwing able can be
med o compare the Aexural propertics of the relrmoce
malerdalz. The lable mchwdes fold eodurmes el dam
(mannfactorer’st to determine the podiormwnce of various
restne. of squal film thicknesy (0.002") onder ddeal coodi-

fies,

Foiyimkls (Fapson BM) Aporoximsichy X000 eyvdm
TeBow FEP A0 DN crpchi

Tullrs TRA 106,000 =yrie

"ThEkol FIFE 100000 cycion

A polyinide flim overcomsd with PPFA mein, such m
Dupemt's, Kagion XF, will avoid premator factering of the
potective oveocodl. The PFA resin also bas increased bond
srength mtention Bl elewatad temperamures {up o 180
degrecs . or prester). Sinca both resine are mostdy mochand-
wally bondad {melt bendedy oo the polyimids, the FFA rexin
socorniers kss snfiendng at elevated lmperamyes Lhan the
FEP rrxin, becanse FPA's meling point s 80 deagress .
bighar. At room temperatore and below, the mechanical
propertias of both the FEP and FFA resns are oeacly
identical. Sioce both Kepimo XP and FN use the same
polyintide baze film, the overall machamical properties of
both Glms see nastly idenifoal, greally enhancing prodict
interchangeabiliny,

EXAMPLES

Materinls wers sxied including Kapwo XP—s FFA
coztedd palyiomde Bln, Kapion FN-—-and FEP coated poly-
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fmide film [usad a8 & control groupd. A dinect comparisca
s fnade using prasxnrs sewilches wifh 3 layem of sach of
these disphragrs matzdals. Samples were phced on 2 ger-
pentine manifold with the Kapton NP switches monnied
clozest Lo the prezzime smires, followsd by the Kapten FN
.

Test resulte showed o praater than SO08% improvemant in
dixphragm life for ewitches utilizing FFA overmated poly-
i {Kaptcr XF) vs. Eapton PN (gonirol groug). Thess
devices were oyeled at pressores foot 40 b 1450 g ol
mkes varying from 2 00 2.3 he Tesl emperatores wees @ 133
degrecs C. with some tesling perfnmeesd af 40 degress C.
and RT. Syetem fiwid comsised of aew brake fiuid, withont
any sdditiopn) st comicot inisatianally added.

o n &coad cmbodrnent of the vwesbion,
dapiragm 24 6 compoecd of ooc or mone s of polyphe-
nvlene mifide (FI'S) fllm, a polymer composed of u series of
almetiog apomatic cings mod sulpbne anme, snch &
Torelinn FPS film. Torclma is 2 reginiered rademerk of
Toruy Induxiriex, Inc. for polyphemylens sutfide fllms. PPS
i displey wichually oo 2z well ax axcellanr
retistines o chendeals, Torelios FPS Alm = blaxially ori-
cotexd which poovides mxechanioal resistance oo the Jormation
of stress ooackn cenasd by bending wnd the like. As & result,
taxially oricgied polyphenylene rlfide can be used for
Siaphragm 24 without nmy prolective layen and provides an
sdraptege of being 2 kracr coat malcrial thap cxrespomiting
Ismionesd materdats

By meam of the inveation, swikhes cm be ikred for
medired cpcle hife requbtemests at lver o, or extended

life: requiramenis at slighily ligher comt, or for
muﬁlgwﬂuﬂmﬂuhﬂhmm
cations. Further, onit cost can be redooed by the capability
10 rerinen the member of Isyem requoired in cecthin prossore
swikch epplicatiom. The ability to uas mokded cooposik: n
Wﬁwhhmmmmﬁwnh
Reduced disphragm makcrial cost.

Reduced prxtoction wasic (oo post-punching meterial

dizoarded.
Elimipation of pioching, shewimg, or mting aperations,
Ability 1o produoce 4 pre-comourcd fitm writh:
Reduced form (wetted) film etreer.
Eolmpeed oross seotiona] thiskmess coptnnl
Abilfty 1o incorporaiwd sdditonsl gameiric Eatums
into 1he disphoagm filo such 38 shape, cidges, vad-
able crosa aectinral thicknasx, ete.
Alﬂ:mghamptrﬂmluuwihhhdmbﬂhmﬂitwﬂ]
be rralized that e imprrved displragem ap be vsed with
varios foid pressme respoosive sailces 23 ae intecface
between. the fuid medinm and the swilch mechanism. It
ghould be nnderstond that slthcgh particolar embodiments
of the mwepuion have hean deicribed by way of Lhmton
of the imvention, the ireealion [Deledes all modificalions
falling withim 1he scope of the appeoded drims.
What i= claimed:
1. A fluid presmme reapomaire clociric switch comprising
a housing, defning a switch chamber and a fivid pressure
receiving chamber, an elecinc swilch moanted in the
swiich chamber haviog & slationary wd 1 noovabls
alsciyical coptacl, s pregope responsve mechanigm
disposed in the switch chamber of the howsing movable
etwron lbo At and second comflgurations, & motion
msfEr mechaniem cxtending between the pressure
maponsive mechagion wnd the mowmble coolsy 10
rasfEr motion lharebalwesn [ move the movahla
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contecl into ome of oogagemenl wnd discngs gsment
with the stationiry contact i cive of the first and sacond
configurstinns, a poet formed in the housing to allow
ingress of & fiuid medium irio tha fokd pressure cecaiv-
fog chamber wnd & flaxible daphragm disnosed i the 5
and 1he wwilch chember allowing Bexibls movemenl of
the diaphrayrm while peparating Lhe fmid medium from
the soritech chnmber, the dinphragm formed of at least
v Layer ol “Haxially-nrienied™ polyphenylaoe sulfide 14
polvmer.

B

2, A foid presmre rexponsive cleciric awitch sccording o
claim 1 in which the prezzum mpumm:ﬂhammm
prises . snap ackng dise

3. A fuid responsive elactric swilch scoording to eleim 1
in which the prezsura responsive mechanizm comprises &
pressurc ko force converter aod a sap acting dise, the
presem: by farce comverter disposed betyeoen the diaghragn
aml the dinc.



