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From: Dagus, Bryan [bdagu mu.ll
Sant: Fricay, Maroh 12,1990 1: 1HFH
To: - VWt Jim
Subjact: PN TTps.ppt
=]
Fioaset .
’ wiim,

Here iz the ons I was talking sbout thim AM, I will try to add to it.

Rzy

¥rom: Praia, 3tephan

Sent: - Wedoesday, January 06, 1598 T:52 AM -

Tai Douglag, Charles; Hopkine, ALj iﬁ:ﬂu.l.rk, Andy; Baker, Garyr Dagum,
Bryan; Bluu.nn, Rusas )

Huhjeact: T7pa.ppt

<<7Tpn . ppt>> .
Hara'a the "Cause & Effact” diagran we discussad wt-rdlf- Fleans raview
and conmant. Thanks
Regards,

Stave
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* Contributing Factors

1. Connector Seal

2. Kapton Life

» : . 3. Continuous Power =~

4. Switch Orientation

5. Current Capability -

6. Grounded Hex-Port

. TI-NHTBA 012680



Potential Actions

- | O JHmerove connecir seel
Re-lotate Switch 18 Qround side

[ingen incing fuss with switch
- | powaer off mwitich .

Ra-iocais swich to RUN cireult

[insutete mwitch trom arop viive

m | = [Meocats swich 1o brake pecel

g_
)
111

. ComssowsPore | - | al =

m“p |
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.EEEI“' Sally

From:! WcGlrk, Andy [s-meoguirielemail.me il.com]

Sem: Friday, March 12, 1099 10;31 AM

Te: Saringhause, Steven; Degue, Bryan; Saumann, Russ
Ce! Rowiand, Thomas; Pechonis, John

Subjuet: FW: (L} Brainsiorming .

ANTIMITIVE SENSLAS AND CONTAOLS gRA MANGER
34 FOREST ST M/3 23-05
ATTLIBORD, MA 02703

2L ¢
FAL ;
PMFE:

(500} 236-30819
(308} 2318-3741
{9091 473700 FIN 404-2044

Tram:
Sanrt:
Tas

Fradecick J. Porter{SMTH Zpacterdforsd. son]
Friday, Mareh 12, 1953 9:01 AM
a-peguizkiemall .oc. ti. com

Subjace: (I} Breinazocming

o A

Ragee
Frad
chana
Bldyg

=meguirkfemail .ms.tl.com

da,

Boriez OV - fporcar fpartariford. son
iv I/E Bystums Appllcacliens (311} 845-37212

5 -~ Mall Drop %030 - Cubicle JEQO4  fax: 390-414%

*vr Forwazding note from FRGATER --DABNOOT Q3711499 L7:55 wre

Ta: H

EREM
Subia

andy,

Attuched ia a list of ideas that wares deaveloped ky 4 giaup fxom ous

" Ewlieg

thanwe

1654504 - EXTERNAL

Fi J. FOZTAZ USAET{UTC ~03100]
et: (U) Bzaloscorming

reh laboratery of putential changea that seuld he made to the
S that may imprave our zsndition, T has invesclgaced some af
alceady.

I would lika you te go through sacih ldes and let us know what your
fennibility snd manvfacturing issues ate &3 wall ma sinlog fZor their
patantial ioplmrantation.

comric

1. Coat cup with plastic or othar nen-copductive coatlog [like anedizing)

2. Ma

Langthens corroaive path te¢ ground
Insulates froa bBroken spring swisch cOntAgting ground

ks 2up of pon-canduativa matacial
Langthans corromive path ta ground
Insulates. from hroken apring switeh contacting ground

3. Add plastic diaphragn batwesn cup/tIanafar pio and the spring
CORtRCE S awitch

CAvity
Mdditional layer of isolation betwasn mechinical corponeants and

sisctzisil componenta

| ar

1. BFlace plastic insulator disk on the cup with hals only for the. tranatar

pia
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Reduces suzfaca area sxpossd Detwean Hattary and ground

3. Rwplace Kaptan meshzanma with pupe teflon manbzwnes
cnczanmad flexibilicy of nemprans -

£. Replacw kapton asal with sliding pLeton Sadl
ClipicdCas WeaZ an kapekn :

?. Change cup/Sonwattar tapelogy '
. Spzead [flexure avar greatsr arsa ¢f the kapton
Reduca intezfacad wheos extoecms ElaXuce ocour

E. Aeplace mwiteh with prassuze tcansdusarx and semi~conducesr . switzh
Llipinatex kapZpn d4adl '

9, buzign thazmal link in peower supply side of awitch that opand at
alevated Fampazaturs [ons time ofF cysling!
Turns off pawar befers heat hacomes goddt epaugh te caumm ignicien

1. Raverss polarity af switch cantasts )
Remcves power Erom apring cengact if it mevas out ef pasition

11. Inzulate/plustic coat spiing except conbACE AQsk
Maduces sacreslva exposurd ' .
Reduces concurcive matwzial Co Daking contact with ground

12. Gold plata spring coentact
Reduzes carcosicen _

13. Fill alr qnp in switch housing with potting matsrial to iaal
cennectazr opwaning '
Seal off connectar path of contamination - .

14. Change awitch housing macarial for improved igoition pacemetars

Reduces ability Por flame to sprasd aftar imitial ‘hedt souces 14
sampovad

18, Add snother layer Co the Xupton seal -
Fossibla inorsaasd lifw of ssal before parforations accuk

15, Add greund fmult intercupter siicult to swiceh eLrauie
Tuzns off power if ground path te CARD ity detacted -

Regucdd, - o )
Fred Yortec OV = fpertar fpartaziford, con
Chassis E/E Systsas Applicaticns 13411048-3722

Nldg 3 - Mail Drop 5030 - Cubicle JEOCM fax) 39G=414%

W
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n, Sal _ )

Erom: _ MeGuirk, Andy (x-mcguir@amail.me.li_camn)

Sant: Baturdyy, Mgt 12, 1999 B:01 AM

To: Beringneuss, Sieven: Dague, Bryan: Baumann, Ruls

Ce: ' Rawiend, Thamas: Baker, Gary

Bubject: W L) Breintormiog - - -

Ezecl And Seam caaily “iika zha lap: 'Ih'l:----l-n'ﬂ- Lt Ay D & VLY Zood A0LSTLON k4 2T duaim
WitER 4 methed of :I.I-'p!'lﬂrl:lu whish 18 Nass . T9 SUT Zond tEET LNPpUT T Ford. ... TURM SFT THE .
PEWEIR. this la done if a fauwit ir detested. ... '

whan Sousd wa have an ides/¢ensept?  should we depioy this o an excesded exj'; saen
cutside un ez "inveation® - delivery 7 ) .

AUTIHOTIVE JENIORS AND COWTROLS QRA HAMGER
34 TOREAT IT W/ 23=03 '

ATT=EBOAD, MK 0270} -
TIL : (500! ZM=-10W0 :

MR ;13080 dM-2745%

PAGE! lBQQ) 447-3700 PIN 804=-2044

From: Fraderick J. Porter[$MTYICpocseclford. csa]
lant: Friday, Mazeh L3, 134% 3:4] AN

- H i~meguickiaxail .me. el . com

Subjest: It Eesinscorming

iq ! a-peguirkanail .ma. ol oem

Agyards, :
Yrad Parter - £y -~ fpartar - Etportayitond. com .
tnasein /L Systeaxe Applications : (Al mad-2721

Bidg 5 = Mail Drap 50%0 - tubicle 3EPO4  £mxd AF0-4143

== Forwarding note fzom FPORTIR --DRBMDO? 05/11/99 17139 ¢

Tl NIdS4584==EXTERNAL

TROH: F. 1. Fortac : UIAET (UTT ~05:00)
Jubi#ci: (U] Bzainatarming ' .

Tl

Arcached 13 2 list 9of ideas Ehat wazs developed by & greup from wur
seadazeh laboratery of potential Zhanges chat could Ba wmace to ARhs
gwitzh that may 1mpiove ouf sanditisn, TI has Lnvestigated foos u_t

chess already.
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t wouid Like you T3 33 Theough each reed and lac us koow what YEuz
Sagsiholivy a4 manofgTtusing iNued age &0 Well av mimiag Zor thaur
pocanktial LMQlETERTAZION. :

', S34t cup With pLastiz op gthel nan-csndudiive 2maziag like anedizings
LAnTthanS Coprsslve pazh To Fround
*rpulaten Trsm bzokan spring SwWaiish Sanladtiing graynd

2. Weea fup of NOR-chaduciave material
tanytheEs TEETEALvA FARE To ground
*ABWakTad TrOm Bpden SPrang switch conlaltinig §raynd
3. Add plass:c gisphTagn beseawn gup/crandfar pin and tha Apring coRtRcr/AWLTER
FavLLy .
Additiondl leyar of isslatisn betwess sechanizal esmponancs and
slattzigal sompanencs

4, flate plasta= lamsulater disk on Tha Gup wWith heln only fof the tracaiss pin
Eaduces surfass ares aipoasd batwedl DATTECY arul gEeund

%, Pepiace kapton zesbranes with puli caflon oambIanes
raceeaned flexibility of meshzand -

B. Raplace kapeor wwdl with allding piyten ual
Eliminatey wear on kapton

7. Change gqup/cohversar topology
Sprend flsxure over gUantel AZed af che kmpcon
Maduce interfaces wheca sxerame flazure ceeur

B. Maplasn gwitech with piiliu:n vrgnpduces and seml-gonductex IWLECh
Eliginaces kapton ssal

§. Sesign thermal link in power supply side of mwiteh ERAE cpafs AZ

alpvated tempepRture [OOE Eima BZ eyelingd .
~vens off poWar bafore heat bacomad gruak sneugh ko chuEd ;qn;txnn

13. Esversa polapibty af awiteh contacts
* Aamoves pawar from sprlog SontAct 1f iE savas aut of poaltlon

{1, Insulame/plastic cost Wprifl] SREePE cEnTAch ATEL
Fuduces TOCroNlve AKpSIUIN .
Aeduces =entuctive material te making ooatact with ground

12. gold plata spring domCact
Aaduces cocroalon

" 13. Fill alf gap in switch howsing with pecting waterial o Sesl

sannaster apsnning
sssl off connexter path af contaminaticm

14. “hange switch housing matersal fer improved igaltiec PACARGCSTE
faduces ability for Flame ts spread aftel LoiTinl heat soufcs i3

camayed

15. Add snother layet Ta the kKapton sesl
Posaible increased Life of maal befocw perforatisns sqous

14. Add gEound faylt intexrupter circuit o awiteh cirsult
Turna off powar il ground path te SREd im decegtad

KaJecda, .
Fred Furtaz ov - fpoctad lgq:t::llnri.:nn
Chasfis I/L Sysrapa Mppllcations (3134 048-3722
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Progiaty Informmtion: Ationsey-Cllacy Priviloge lavoked
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77PSL2-1
5% Salt Water Ingress Experiment

Abstract

Thhnpmmhudmm&ﬂmmuﬂiﬁﬂﬂfﬁﬁupmmm
into the ehectricel coector cavity of TTPS2-1 switches can initiate » thema! aveat. To
similate scoslorated rates of ingress, the salt waier solution was infooted o o 77TPS2-1
switch st 1¢ minute intervals (approximate) The switch was powerad at 14.5 volts fir
the duration of the test. At approximately 2 hours and 45 miouies: imkg the tet, the ywitch

 ignited into flames. The entire test was docurmented on video tapa.

Data:

Raw date from the dats aequisition from this teet, is presented in Appendix B.
Table 2, below, dsplays obsarvations snd notas made during the teet.

Table 2.

E.Ea%{Qﬁﬁ%ﬂarqdaﬂazldala&a'fig

into coatact cavity.

“TI-NHTSA 012887




PSA911 : :
313 . . '

T — -
Appendioss C1 through C6 cantein switch phatos taken durlng testing. They show
mm&mhumumuwmmmm

 Figure 11, belaw, displays curmeat and voltagetasassrements for the durstion of the test.
Sharp spikes in the data may be attributed to ppints where the connecior was removed.

. Hgerell,
8% mmmwﬂm

e T Vo1 G Volge|

: . mﬁﬂh“ﬂmml
18 4 _ oM Nl 0 iy 2t ekaind by affwest)

. . THWTSA 01208




PESYL2 -
- N9 -
Figure 12, below, displays hexport cureat verses time. A (100) point maving sverage
treadline was added to filer out data scatter and spikes recordad during refilllags. The
trendline shows that the haxport cumrent reenained relatively stoady st approximstely ¥
Ampi (average) fior the fimt 100 minutes of the test. Over the following S0 misttes of
mmmmmmmmhmwzumn
(sverage) st whick point ignition occurred and the test was stopped.
‘Figure 12,
: HWWMW
% Sait Water ingreas Experiment
| wm_iﬁwmm&memm
150

] : 12.8 5

N v —

|
§l I o “TINHTEA 012600
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Proptietary Inforstion: AMorsey-Clicol Privilegs iovekad
PEAWL1
¥

Figure 13, below, shows the thermoooupls messurements mads for the duration of the
test. Relativaly low temperateres were necorded up to the point of ignifion where, over
250 ° F wus recorded bafore flames were extinguished.

Figure 13,
5% Sait Water ingraas Exparimant
Temperaturs vs. Time
[—="Top Tmp —— CWich Temp____ Bokomn Tome |
300 '

il .
- Pt

0 2000 4000 8000 2000 10000
Tine {Seconds)

Appendices D1 through D10 wre photos of the switch at tbe end of testlag. D8 and D9
show the interax] cormosion build up in the switch.

Chemical analysis of swisch corrosion snd degres of arcing were not available st the time
af publishing. :

This experiment has demonstrated that repented sali water ingress imo the contact cavity
of  77PSL2-] switch, while the switch is powersd, can cause an ignition. Evidenca
indicates that jonie corrosion of switoh soruponants bailds up in the comtact cavity of the
switch Over tims, corrosion builds sufficiently 0 create an eleciric path from powersd
termninals to the grounded hexport body. As jonic comosion costtinues o build, hexport
current increases, {(3oe hexpart current date of figare 12), and Intesnal

tempecatures increage. This fact is illustrated by the red hot glow in the switch s
captured oo video s3 wall as photographs (ses Appeadioss C-5 sad C-6). Everuully, &
exitical point iy reached where, ignition oocurs. In this osse a bexport qument of 2.5
Anps (svernge) was necessary to cause and ignition. E should be noted that & hole

TI-NHTSA 012870




31599 |

burned through the switch bese prios to igaition. mlhhptwldd;mnfm
necamary for ignition.

Approximately (33 ounces of solution were used %o reflill the oontact cayity of the switch,
mdmmmmmmmmw in the switch

Conciuslsn

This experinaeat has demonstrated that ingress of an lon rich fuld inty the connector
cavhly of TYPSL2-1 wwitchos cun castso  tharmal event, Repested injections of & 5%
MaCl/ 93% tap water solution inip contact cavity of s T7PSL2-1 swisch resulted inaa
ignition (2) houry and (43} misses into the wet. Tha fuld injections simulaied
accelerated rams of ingress into the switch contact cavity. Evidenoe suggests thet lonic
corrosion bulldup in the connactnr cavity arextis a path from powered tarmingls 10 the
hexport body. mummmumwnmm
oecurred. mmmﬂnhmmmnm}

TI-NHTSA 012671




5% Salt Water Ingress Experiment
Test1 - .

Power Supply |

Test 1: Figure 1.and Figure 2.’

TI Report PS/A99/12



Brake Pressure Switch

Tous, . Potential Thermal Event Theory <D
Profile 3/15/95

2. Brake Pressmre Switch Function- 3

¢ FProvids powsr to Spsed Cesirol Cliteb elreunit.
Clutch snguges sarvo-moter to pull tarottie eabls.

v Froviis reduridant sewaing of brake sppllcation
Ladepandent of tha primery system dasetivation mods
by discommecting power to eltatch cirenit cnnging
Mervo-moter to raleass threttle cable.

* Under Hard Rraking ealy
o Step lnzap sgnsl s primary ( sermal braking)

1 [ - f-l.dJ

] : ’ﬁ-l- ] = -l 1:*"‘- ,b‘

—- s wire |
| 1 fapaged
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Proprietary Information: Aiomey-Clicnt Privilegs Involesd
Pew/12 = /"'f/ﬁ
) TIPS
5% Salt Water Ingress Experiment
Abstract

This experiment has desnonstrated that repeated injections of a 5% salt water solution
into the electrical conmector cavity of 77PS2-1 ywitches can initiate a thermal event, The
salt water solution was injected into & 77P52-1 switch &t approximately 10 minute
intervaly. The switch was powered at 14.5 volits for the dumtion of the test. At
approximately 2 hours and 45 mimses into the test, the gwitch ignited inmto flames. The
munmdmmdmvldmupe.

Purpose
_ The purpose of this experiment wag to determing the corrosive effects of a salt water
B solution on the electrical components of 77PS switches. In particular, it was intended to
determine if salt water ingress could cotrode switch components sofficiently to cause 5
thermal event, This test simulated accelemted water ingress inte the alectric contact
cavity of switches, The test specimen was configured for use in Ford applications. It was

L electrically wired to a Ford power stearing clutch assembly, mourted at a 45° angle and
powered at 14.5 DC Volts.

Test Setup
Instrumentation:

See Appendix A for photos of the test setup.

DC Power supply. .

VCR Camooeder .

HP314901A (20) chambel multiplexer, -

(3) Shunts calibeated at 100 Amp = 100 mVolts. "

A emall hols was drilled thmugh the base of 2 77PSL2-1 switch, next to the terminal
leads as shown in Figure 1, below. {Thuwutufauﬂttnulqmofﬂmdammu
contact cavity of the switch),

(2} holes were drilled into the side of the switch base which did not penetrate through the
baze wall. A K-type thermocouple was placed in each hole as shown io Figure 1. The

thermocouples were secured with epoxy.

TI-NHTSA 012674



Propristary Informetion: Attomey-Chimt Privilegs Invaload
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Figure 1.

rrrirk

|

..,
li
7

Thesﬁwhwwphmdinnmunlmﬂmhwﬁ:hwchnpadhaﬂ&uﬂ?m
(45" i the position of the switch as used by Ford). The switch was orlentated such that

the moveeble tarminal connector lead wan located st the botiom of the switch.

Themm“ummdtuauﬂfohmﬂlmmahddmhmm?. Refer to

Figure 2, balow.

TI-NHTSA 012678
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Shunt | was cornected in series between the power supply positive terminal and the
pressure switch movable terminal via the Ford connector,

Shunt 2 was connected in series betwoen the positive terminal of the Ford clutch
agsembly to the pressure switch stationery termingl via the Ford cormector,

St 3 was wired from the gwitch test block 10 the negative terminal of the power
sopply. lead to the negative terminnl of the power supply.

A Ford clutch anpembly waa connectad in seriea with the peeasure switch, represented ag
an inductive load in Figure 2, ahove.
Lﬁmﬂmwhhﬁmdhfudﬂmhmw;bﬁmmumil
A data acquisition system was used to recond the following measarements:

* Time, alapsed time, inpur current (M1 of Figure 2), clutch current (M3 of Figure 2),
hexpott current (M2 of Figuare 2), T1 voltage, T2 voltage, grourd voliege, switch top
WMWNMWW The results were saved
10 & spreadsheet,

Procednre: .

14.5 Volts DC poveer was applied to the switch and a timar was sct.
- Video taping and deta acquigltion began at the game time,
After (10) mimrtes, the coniact cavity ofthemtnh was frgected with g 5% NaCl in waier

solution (% by weight).
Thncuﬂqrwmﬂlledltmmlﬁmnltnmﬂuﬂmu s reported in the data section

of this report.
The switch was dissectad and analyzed to identify the corrosion material.
Data:

. The Data obtained from data scquisition is presented in Appendix B.
Table l.h:lnw:hnmnhruﬁummdnuﬁsmﬂ during the teat.

Tahle 1.

[Time Elapsed | Observations
(minutes)

| H Test Start.

19 Salt water solution injected into contnct cavity.

20 | Salt water solution injected Into contact cavity

30 Sak water solution injected into contact cavity

40 Sakt water golution injected into.contact cavity

43 Clutch actuatton is irrogular {possible contact erm failure).
50 Szt water solution Injected into contact cavity

80 Salt water sohuan. injected o contuct cavity

EL) EﬂtwmulmmMmmmﬂvg
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s

Heavy activity (no sohution dded)

835

Yideo tape replaced

Data Acquisition data seved and resel.

20

Salt waar solution {njiected it contact cavity

100

110

Salt water solution injeced into contact . More violent reactions.

Salt water solution injected into contact cavity

120

Sah waer solution Injected into contect cavity

125

130

Balt water solution Injected into comtact eavity

i 135

Salt water solution iniected into contact cavity

140

Saht water aslution injectad

145

-1 Salt water solution injected into comtact cavity

150°

Salt waler solution iniscted into contact ca:

153

Seli water solution injected into sontact cavity

159

Video zooim in on awitch.

——

JRTLEFLF P L L
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From: _ Oague, Bryan (paaguedBemail.me.1.com}
Sant: Tusdciay, Marh 18, 15060 337 PM
Tor mm thmm'i_uh '
m: 1 Mﬂ’-““u m. SIII'IH
Bubject: RE: TEATLOG «ds . )
%)
TPRTLON AT

CSTEATIOR =172
Andy . |
L‘:h‘lek 1t gut to maka surm tha words are right and I did not miss =nything.
Ssa you sk Ti00.

LT3

g

Frem: Rahman, Azir : :

Bane Wednesday, Macch 10, 185% Mi03 AM

Tal Warnag, Pam )

Ccoil MoGuizk, Andy; Dagua, BEyan; Bacinghsuds, 2Revan
Subjast: TEATLOG. X1y

<<Fila THTLC:!G.:J.:})

F“r

Far Apdy's crip today.

Ragacds
AZTiE.
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Bwake Proccum Switch Tesi Log, Updated 1110/00

Cycis Ralmhay r T |0-1400 puag pesssuns pulses ol 135C hﬁmummwdn '
I Praceune Suach ||-rs Toul Compleied. Sea aitachad Weltall Chast ]
W [] 11 |o 1400 pug peesaure putses ol 13C anbiest {Paris withalrawm mmm mﬂdhrm
vs Lab Corrclabon B | Comud Lubs | | wid relwsis. from dusier Pllhnﬂuii ]
oE W |V [Varear Lovohs of ke T W, rastm progoss
Faclors 1T ]
Nacieny Dl sy Whatr
12 nhap swiches and 0% waber i twako flid  [Suspencid af 1.3 million cyries. with 0 lesla cbserad
12 smars svsiiches 596 walar b hasks foid |&Hﬂﬂ13nﬂmqﬁl'ﬂh2mml1ﬂ.
T2 quicl swichen _awd 0% waider in b fiuid. Iwiism:ﬂuﬂmmm
12 quini saliches. 5% waler I brais i |M cycins in sseass Thiuriag ABcTAG
Tﬂwl-'mnﬂpnm
|DOE s baay rapasiad
I vatacts Cramcimrition | T | 70T | Praswers st Tamparsis e ot s progs AT e
Prommss & Togeralure Ilhﬂttﬂﬂmhm-dm-ﬂnﬂ
m Tows Car ol iy
|
IE.-h_uuq = T | Contrad Labs [Doterwana T T T 1
| clulch ks sl high speexd vileo. i
| Jiaer siry sunicinay av wall ng wasichag with
| Im-hﬁhd-ﬁm |
- = = : g el gL o e B Fy o .
I actenzalon of 13 mﬂmmmw g el smelysiy proceduss sal up complele. |
wmticives. rainevad hom held jand chamucal aspacts of relumed swicha Analyais of uairhas in progracy. ' |
r—alnm - . : I
— ?ﬁ}lm 3| Dupont . [Clurackmize chamge i properiews of fapton | Progrees updels peded irom Dupost by 3720, _I
e VENOUS .
e Acsd fth % Galc acxd in brake Mad
g Evaluahon of Plashc % 1 71 |Aassai propaies and mokiabiiy of iean | Sample mabesal Callanax 1316 tnoer Srladon
lerals waih bipn oved | ritaliers of plachc s v i trwes | samples Obtained soe wien
< [Farameters o imprana perfamaance |
N
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Todey's Data: UPDATED 031699

" Scope er Effact Deséription
(T Operviousl Dafiuiias (Frotiom Sesesis TOWN CAN UNDERROOB TERES ,

'z - 1] IS NOT
"WEAT Crown Viwnd) A
| TownCar . ol Mprepmis? PLATROIRMS
T Eupse-4oupe?
MY 31, ' 'Sy MY 9L, 95, 06T
B s | " P i | SOLLECTTRST
=  Commieior COMPONENTS FOR
= Sarvoaymem “SYNERQY'
- Electrioal Disribution
TOMPARE VEHICLE
OPTIONS FOR,
"WHERL Driver 5 Bood j Ty — A
Do - pany compuiumen: | SOURCES
_ Moo balgts o snEims mompact | , —
WHEN T34 oo ahwr pmy while TE
Ignidos off @ Not whils |gntie o . AND HEAT AND
’ WIND SOURCES
Afer 4-5ymam - Nol bnfory J ymara ? REVIEW MILES
Adber 2008 rriiben : !
_ Aflar Add swimh ovoles Nol Before BEE oy
"BOW BIG 149 can 7 Ik Mot all oare 7
. PLATFORMS
“onmdle siae” Bames Dot “wxplosion” READ FIRE RPFTS
Soveral POy awitches Mot o) aoclerond fires
Not all prwerars pwiches | UNDRRRODD

Cymgun Basaelvtvmpbiarsseps & WIS S00m1 poan dil
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