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the braks system nlus more i the utch mechamsm. it Ye.
sormes apparent it an ar pollution protiem may sxust Con.
qdered a anower ight, te.w are serhaps | Sulion pieces of
‘neuon matenal in vehicies in he United Sutes graduaily
beng pyroiyzed and ground 0 dust. The draka sysiems in the
cepucies ynlizng chese {nclion Matenais san thus de consid.
ered a8 chemica re3ctors, fach emilting Srgaruc utd noegame
compounds nciuding asoestos aad its decomposiuon producis
10 :ne atmosphere, The compowtions of the gasecus and soiid
srmussions e 20t wel-ka0wn nor e e 2arudie sizes and
shapes of e solid emuisuions well.known.

OBJECTIVES

Becauss of *he possible Jamage which asoesios emussions
can produce in the human respiratory system, it 1S desuacle
to :denufy and suanufy hese smunoas.

Thus e oojectives o dus paper are to:

1. Describe the methodoiogy used o generate, soilect, and
analyze Sraxe and slutch emssions

2. Report the asbestos sontents in emissions {rom 2 tes: ve-
hicle.

3. Esumate the ol asbestos emisgions [or all velicles in
de country.

TECINICAL APPROACH

The detailed echnical approach may be summarized 23
follows:

1. Selec: 2 suitaole venicie and linings representative of he
marketpiace.

2. Conceive, Sesign. and build sraks and :lutek emissions
cotiectors.

3. Test and cheek out a rypical collessor on an inertal dyna.
mometer and install instrumentation on the test vehicle,

4. Selest and run suitable dnving test scaedules representa-
tive of consumer-type drmng,

S. Callect 1nd analyze emissions (o obtain the sbestos cone
tent and e zarucle sze distnbution.

6. Esumate the asbestos emission for all assenger vehicles
and extend :he daeg to trucks to obtain 3 resuit for ail vehicles
cperaung in the United States.

A passengsr car was sslected for testing because of the fol-
lowing fctors: ‘

1. Vehicle draking cannot be simulated realisticaily on small.
scaie {riction test machines with s present stare-of-che art,

2. Full-scale brake and clutch dynamometers provide fairly
good sunulation and can be used for checking cut the emis-
sions soilection system; however, separate tests for brakes and
clutches would be required thus increasing srogram cosw,

On he vehicie, disc and drum Srakes and siutches can e
ested sumuitaneously.

INSTRUMENTATION

METHODOLOGY AND CRITERIA - The collection of par-
ticulate and zasecus emisgons {rom any verucie iriczion couple

-
-

has aever. 0 the uthors’ knowledge. 2een ceporied n the it
erature. To define the extenr of these emussons., 2 sateztion
system ¥as gevised which :omowed ‘ne funcuons of separa-
tjon and storage. Unique ermusuons eollectors for Yotk disc
and drum Srakes and [or a slutsh were sonceived. lesigned
ang bultl as the mawn smoodiment 3f Jus instrumentation.
The coileciors separzred e wear de9ns nto Arse 2iffaren:
‘racaons: 3 sump sameoie which nciuced e vear Zesrs on
he inng surfaces, i1 te nvet A0ies. 1nd 3n thAe 3make atum:
2 surface sampie which inciuced the wear 2e2ns on ‘Re sraxe
and collector snroud surfaces, and an wurbome samgple :3i-
lected on membrane "ters.

The major requirements Sor the emistions sampie ssilection
systemn may be summed up a3 follows:

I. Collect ail particuiate and gaseous emissions.

2. Store coilected ermussions unchanged.

3. Prevent ntrusion of contamunants,

4. Mantan ordinary Sraking and clutching sonditions.
5. Be operabie at fugh temnperarures.

6. Permit easy separation and analyns of emusuons.

MATERIAL SELECTIONS . For the rssults i0 be represen.
tative of sverage consumer-type vehicie usage, 1 veh:cle inter-
mediste berween compact and luxury was selected. The ve.
hicle was equipped with front disc Srakes, rear drum drikes,
and a dry clutch. Al friction material used contuned asoestos.
Thres velticie tests were rua.

The {irst vehicle test was run with the orignai equipment
fricdon matenials. The second vehicle test simulated 2 paruai
reline={ronts only elined—while the raars were repeated o
give 3 replicats test and an indication of emissions trends for
friction materiais with continued uss. The third vehicle test
simuiated 3 complete Sraxe reline 1nd included turmed discs
and drums, The [riction materials selected {or the srogram
wers cepreseniative of thoss supplied dy the industry-iive
different manuiacturers (Abex, Bendix, Raydestos-Manhattan,
Thiokot, 1nd Woridbestos) produced Be onpnal equipment
and aftermarikst disc pads and drum linings which were se-
lected in part Decause of their high-vohums wsage.

VEHICLE INSTRUMENTATION - A passenger car of me-
dium weight (4350 1b test weignt) produced in high volume
was sslected. [t was equipped vath 3 firee.speed manual
trangmission, veatiiaced cast-iron dise drakes on e front, and
cast-iron drum brakes on :he rear. Thit vehicle was selested
in order that the emissions from :lutches and {rom disc and
drum brakes could de tesied simultaneously o 2 velucle size
representing a large percentage of the presant vehicie popuia-
tion.

The vehicie was equipped with standard brake test snstry.
mentation, A {reat disc Srake coilestor and 1 rear drum draxe
coilector were instailed on the =ght ude of he vehicie. The
clutch was ssaled Dy closing the few Roies i3 sasing. The
left wheel brakes were left in their normal conriguration and
ware ysed to monitor tie operation of 'he shrouded Jrakes
Wear debris was taken ‘tom he lest Srakes as weil a3 from
thoss on the right. The amounts of dedyris formed and e
compesitions were used 0 Jemonstrats hat the rake sroug;
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Fig. ¢ + Schemaue f disc Yrake snroud
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g 4id nor siguficantly afec: e speration of e araxes n
:he mgnt sice.

SMISSIONS COLLECTICN SYSTEMS

OVERALL 3YSTEM DESIGN - The hame fesign 1ances
of sack drixe emusmons soilecuon system s saown . Fig. L.
Al ‘rom nside e velucie was ruiled irougn i ted wrusa
removed water and :ardon dioxide rom e wyr. The au 2en
passea tirougn 1 ‘liter o remove ail ;araces arger man

0.22m (8 x 1070 :n). The ltered aur was men rsuted 19 e
swaled crake issembiy hrough lean T20on tuswg. Tae au-
stream. acng vith vear parucies and gases, Uien sassed sut =f
he sraxe nrougn Terlon tuowng whuca was seated :0 jvod
sondensation. This stream passed rough ~vo (iters o re-
move the uroorne particies and preserve :hem {or nalyns.
The stream hen passed through three cold iraps . orzer @0
condense and trap the gases evoived dunng draking and pre-
serve them o analysis. The remaining ursteam nen rassed
trough 3 Jowmeter, the vacuum mamfoid, and (inaily
through an aur pump rua by he velucle enpne where it was
expeiled to the aunosphere.

Fig I shows. mounted in the {ront seat of e test vehicle,
e front brake utet air fter 1nd gas sollection system, e
siutch gas collecton system, and the 12 zoation thermo-
soupie switch and pyrometer usad to momitor 3as and (ilter
trap temperarures, Fig 3 shows, a3 mounted nn the rear seat
of the test vehucie, Mie rear Hrake ur ilter and gas codecuon
system, the cluteh iz [lter, 1nd the siecmncal system (bat.

Fig. § - Disc draks ernissions codector asembly ~exploded new
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‘ozded graphite.iilled Teilon seal of commers:ial manufacture,

A view of major zomponeats of the sollector :s snown n
Fig §: the system, 13 mouated on e vehicle, is hown n
Figs § and 7. The man portion of the shroud was oated
Ml disck oxide; 1 water<soling system was idded and an
open “mag” ¥heei ¥as used 10 Ud 8 cooling e snciosed
braks.

DRUM 8RAKE CCLLECTOR - Fig. 8 shows 2 7283
wedonal new of e coilector dong with tie detal of he
rubbung seal. The seal was of the same rype 1s for the disc
nrake sotlector. The axle hub used o align the drum was
modified M 2 precs that was concentric 0 the axle dear-
ings withun 0.001 n (0.0025 cm). A tapered lead was used
10 {acuitate mounung of the drum. The cioss oterances on
he concentnicities vers necessary in order 10 obaun reason.
able seal life. Figs. 9 and 10 show cutboard 20d nngoard
views of the system s mounted on the test vehucle.

CLUTCE COLLECTOR . The clutch system consisted
mauaty of a Utered air tnlet and an outlet to the sample
storage system mth all other external holes sealed.

INERTIA DYNAMOMETER TESTS

The {ront disc Yrake emnission collector was tested on 2z in-
ertia dynamamezes 10 check out its operation and itg mnost

sntial zart, Qe rotaung seal. Thermal responsa tests were
made with the cesuls ncicadng that ‘or lorma Spersyon e
shrouded disc 2rake wouid operate 1t 1 signtly ~ugher temsen:-
wyre than e a0tthai braxe sonfiguraton. A method was le-
vised 0 detertrune e ieax rate of e solector. The rotaung
seal wag largely responmbie for the residual jezk; ihe leax -ate
was reduced agruiicanty 2y uss of 1 very smal amount f uugn-
temperature gease. Thae rotating seal uncerwent Jurzouity tes:-
ing ind surmved 7 i 3t 50 mph. A second senes of dyna.
mometer 2328 3ave reproducible erusmons ind emperynures.
Finally, a est was made 3 wiuch the collector and #speciaiy
the rotaung seal vere shown o be relativeiy (eak-ught 0 £x-
ternal liqud ind sarnculate contamunants.

VEHICLE TESTS

RATIONALE - For a gven vehicie braxe system, ‘micnon
matanal wear is primarily a fuaction of the duty cycie, For
lightdury cycies, where pad and lining temperatures reman
under 350°F, low wear resuits 224 is primartly due o the
abragive and adhetive veazr mechanusms. Heavier ducy cycies
at higher temperatures ave some sombnation of thermal,
abrasive, and achesive wear. Under severe heavy duty where
e use orders on sbusiveness, brake fade may ocsur. The
inability of the brakes to hoid e (riction level resuits in
part from the formanon of gases (and wear dedns) 1t the
interface.

Although there ire many 1cceprabie original equipment
manulacrurers’ {ncsion matenal tests 10 measure 3 speciiic
condinon or comnaton of sondiucns, there is 20 one ‘et
wiuch sdequately matches aormal dnving coanditions which
wouid be represenzave of il vehicles. Consequeadly, it de-
camw necessacy to devise 3 ranonal and meamungiul vetucie
test drmng schedule.

SELECTED VEHICLE-DRIVING SCHEDULES - A torai
af saven test scheduies wers 2hcsen and esca was Jollowed oy
1 measuwrements procedure (ke $mussions sampies, measurs
‘¥ear, nspect Systems, 1nd repiace wom parts). The ‘rst
three tests=- Burnish, After-Burnish (A B.) Baseline, and
Detrott Traific=tepresent the lowe-tenperatuse tests. The
final four tests=10 Stop Fade, After-Fade (A.F.) 3aseline.

Fig. 10 - {aboard view of Jssemndind "egr Srum Draxd 4SO Oi- )
jC-104 o
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cedure was aiso prepared fot the sampiing, handling, and
anaiyus of the aspestos emunons. ‘

ANALYTICAL ?PROBLEM DEFINITION - Tae thermul
g mechamcal Jorces which act at e Mnenon Supie e
7ace produce 3 sompieX nezucaly md tyussly duved
TUCICILTALIUTE VRICE SUMOL 26 Krurdfely deweshed x
present. Tibie 3 gves an estumate of the emmen ompos-
aon of vear 2eans,

Asibestos i3 1 ISMDeX nuegEsc Mperial vidd e -
sroximale :ompoRDon forrsmial .

Wg3 (SiOg) (OH) 4 o SMGO * ISI0x - 2HAO

The basic unut xas 3 Gbrd form (1, 2)*. Asbestos is readily
dentfied when aione or 11 sumple rmuxtures at fugh son-
cemtrations By these analytical methods: x.ray diffracton,
thermal methods, mucroscopy, aad infrared analysis, How-
ever i somplex muxtures or at very [ow concentraucns the -
1naiyus for ashestos is very difficult, (n brake wear deoris,
the probiem is compounded Secause the reacuon produsts of
Bhestos, Jorsterite and olivine have drrilar efemental sagos
and umalar x-ray diffracdon patterny, The oaly sensitive
method which san be used is microscopy. In extremely low
concentraLons, shestos is identifiadie in the ejectron
Tucroscope 9y its physical thape (tubular fibnl) which is
distinguishable rom that of other Gbers and particles.

At the Seginning of the program, one optical (3) and iree
ransruszon eiectron Microscopy (4-46) methods had besa

~Jeveloped by others, Two of the electron microscopy methods
were 0ot suitable Secause they caanged e Ther suize dis.
wsibution of the asbestos.

ANALYTICAL METHOD SELECTED . From the avadable
analyucal methods and the probiems associated wath draks
wear depris angiyss, :he {oilomng connderanons were
ascessary.

Critera and Flow Chare - Tiree important critenia had %0
be met oy he analyocal method usad: The very small pornon
of brake debris used 1ad 0 e representaave of the much

sNumbers o pirenthesss designate References at end of
psper.

Tadie 3 - Estimated Oiemical Composition Chanctirsoa of

Wear Debrs
Decnpdon Percent

Low molecuiar weight degradation products 2-10
Poiymenc components 1320 030
Cardonaceous matenal 15
[norpmc: N\

Minersi ~10-30}

Olinse ~s0a0 !

Oxade {{rom lmng) 010 *0-40

F0203 (from roter) $18

Asdestos <}

8

e mmpte colleczed! (e analytcai steps ssuld not 2epade
o pastcie e Lsmibytion of the asbestos [Thers ootaneq:
sive asuirs obruned must e :ndicacve of he actual ispesios
=xitent of e sarmple. Thess cntena were met 2y tme
maiytici scheme oudined wa Fig. 11.

Representanve Samoting nd Low Temperoawre Avung
/L TA) - The anziyss of Seals wasr daeos incioies 2
arnerof 20-50% by wegil % YAy menc xmd S Tomcous
matermal, wimeh 0 nre produces 2 :JullY memearanes s v
Taterisi was exzonced i3 the XaaLmg elesiron TicTescoce.
The organic porion was therefore removed sy LTA. Two
repressentaave samplings were ued: e st in samoie
siecon for LTA and the second :n sampie selecnon ‘o 3=
wnbution on 2 Jter membrane or subsequent anaiyss.

Selerced Microscopy Metheds - In the very easiy ests,
wezs debns {rom 2 sampie dynamometer was sodected on tae
{ter train of the 8.0 2 and 0.2 2 Nuciegors fiiters. 3own
filters wers exasruned by 2 combination of opticaj ing
transmussion electron muctoseopy. The foillowang coservatons
were mada:

1. Asbesios fbers .ongsr an 20 4 were obtuned.

2. Very fine fibriis were exmreroely iifficuit w dewer 1t
less than SO0Q diamsters magmfication.

Based on the above studes, it vas deemed necessary 10
employ two magruficanons. To devsc: bery greater whan
2 4. 1 magnification in the range 10.200-10,000 Lametery
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only thres were in ¢ r2age 0.50-0.96%: all others were less

than 0.50%. The overail average was 0.25%. Tabie 9 - Summary 3¢ Asbesres AnalyTeU Resuits=Vemcie Test |,
For venicie zest 3, :1e cange of wsbestos sontent in Sraks Weigae Percent
emusuions vanes ‘rom a ugh of 0.51% down 10 4 low of o Trant Brakes Qear Graxes
0.003%. Of the analyses reported, ree vere o the range Rignt Letes  gar Leit
0.20-0.51%:; ail others were iess than 0.20%. The overail Schedule  Coilector Shroudea) Normma) Shrouded; Noemu)
average was 0.07%.
For ail tiree vetucle ‘ests. the overall average of asbestos 3urusa Sump 2.313 - .
content in e brake erusmons wag 3.23%. Sumtaces  1.39% 3‘f65
Independent Asbestos Analyses - To provide a systematic Aroeme (g-i ;-;}., »_ 3.;;3\
independent sheck 3 the asbesios analyses, e Eavvonmental , 3 3isune Sump 1 630 3.1%9 ve
Protecton Agency (EPA) arranged for 3arteile Columbus Surfaces  0.472 %418
Laporatonies 0 inalyze 23 samples generated lurng the Asvoms  0.290 2493
Program. The Joans-Maovile Research ind Zagneenng (0.804) 00612
Center 2so provded tarwe anaiyses (). a 190f e 2d S Talle SOE - O S e
analyses, he Program results were siigndy Jugher than the Asboma  0.052 2.092 ..
corresponding Satzeile cesuits (Tacle 10). The Progam (0.14%) 0.198) -
10 Stop Fade Sump 2.463 %230 27
Surfaces 0.162 0.071 2416
Aubome  J.154 0.132 -
Tabia § - Disgndution of Susmons®, 3 (0.360) 10.161) .
AF. Bussiing Sump 0.456 J.419 b
Eront Srakes Reas Ocaikes Surfaces  0.507 0.242
Venicls Rigat Laft Rigat Latt - Aitdorms D114 0.079
Test  Collector (Shrouded) (Normal) (Shrouded) (Normal) (0.432) Q.3 .
i Sump &31 6143 322 164 [SSwpFue Sump o 2.402 W
Surtaces §3-39 1739 88 38568 - ool e
- Asporme LTS Q.22+ -
Agbome 18 - =46 - 0.575) (0.:83)
I Sump 220 6383 12:22 3963 . . " " e
Surfaces 7133 1737 5086 3741  [oaiBueine Sump 0438 3585
“ Surfaces 2.290 .33
. Augsorns .22 - -2 - .
o Auvoms  2.147 Q.45
3 Semp .38 - *3é - (029 [0.351)
Sutfioss 463 - §1-47 - " by
Aizbomns *19 - 111 - Avenngs 0452 Averyw 0301
“The anges Bve s lowese and highest percratags {ound for the *Average valus for ‘whesi whers collec=0n 50K place.
wven 4rving sneduies a5 2 VRO, *eNot analyzed = :ndicaies 13t analygs wvas not required.

Tabis 10 - Compansen of analyucal Ressits for Asdestos

Venucis Frout Disc Srakes Rear Drum 3raxes Cluzeh
Test Scheduis Collector  Pregnam ™M 3austie  Progam M Sactatle Pogram 3atizle
1 Oetrvit Traflle:  Sumyp 0267 - 2! o129 - 2.0 - -
Sarfaces 13?7 Q008 2011 373 3.002 2,006 - -
, Aizborme 0.082 - 2.001 0.092 2.006 0.00t B 11 2.007
10 Stop Fade Sump Q443 - 1.32 6380 - 322 - -
Surfaces - - - - - - - -
Aitborne 0254 - Qa3 Q132 - 0.007 - -
2 Burmnush Suap 0.402 - .28 RS 7] - a.10 - -
Mm - - - l.‘t‘ - Q.J' - -
Alrborne 2186 - 210 - - - - -
Detroit Traflle Sump Q304 - a82 Q249 - 0.087 - -
Surfaces - - - 6113 - 061 - -
Airborne Q234 - 2006 0118 - 0.015 - -
3 Detroit Traclic Semp o.018 - 3138 0.046 - 0.010 - -
Susfacy - - - - - - - -
Agbaorns 0.028 - %016 0.037 - Q0.044 - -
Averages 0.204 - Q268 0.289 - 0.077 - -

Program average: 0,247
Battals sverage: J.; 71
Raug: Sastee Program = 0.59
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1. Asbestos srussions were higher for aew nstion suriices
ind decreased with use.

2. The drum Srake produced more wspestos ermasuons than
the disc srake wunaily wmth the difference decreasing as e
‘nezon materais contnued o use. - -

3. Heavy (2busive) Juty did aot aecessanly pve 3 higher
sercent of asoesios: e iarge amount If dsons produced,
Sowever, zve 3 uPuUiicant Tise . 130e€sos erusuUONS.

3. Asbestos ermusmons (rom e Sraxes were found o
decrease [rom fade or heavy-<dury stops (fughest) to durnish
0 moderate sraxang (lowest). :

S. For he dise 7ads only, thers was an increass in 1sestos
emmussions with inereased ispestos content i the ‘netica
material. ‘Thers was 10 such trend for e 3rum draxe
macenais.)

6. Sow :he [ront disc pads and the drum aings of venucle
test 3 have wear somparsbie 1o that found in the sther Two
vetucie tests, yet the asdestos ermussions wers significaatly
lower. (Both pads and secondary linings sontained Srass
chips which may lave Seen . gact ‘esponmbie Jor e more
complete converzion of the a30estos . he Sraks ¢musuons.)

7. For both disc and drum brakes the surfacss sample was
the larges: of the three (~91%), s sump samplie vas aext
(~7%), and e wrdome sample was the smallest (~1%).

ESTIMATE FOR ASBESTOS EMISSIONS

The purpose of the ‘oilowing discussion is 10 deveiop an

esumate of :otal Srake and sutch exusuons {rom the United

~ States popuiation of motor vehicles in use on the :0ads asd
tughways. lnputs include ail of the test results descnbed
easlier together WAt i supplementary data sase oa United
States motor verucie sopulation and usage 1ad on {ricgon
matenai Jsage and sonsumpton obtained ‘rom other
sources.

Because of the uncartainties in all of the data avayabdie,
PITUSIONS A only ¢ conndared as 3 Yroad range, rather than
a3 2 singje vaiue, wth the expeciation 13t the trus Jverage
ermustions for Soth individual vehicles and the motor velucie
sopulaticn in general will be within e rangs of vaiues
calculated deiow.

DATA BASE - To calculaze she ashestos ermssions for all
vehicles it was aecessary 0 agsambie he following d3ta
hass. ’

Number of Vehicles in Use - Table 12 lists the total United
States motor velucie popuiation as estimated vy Soth De.
partmest of Transportation (DOT), Nadonal Highway
TrafBc Safety and Federal Highway Admunustrateon(3),and
by the R L. Pelk Co. (9). The Polk =sasus s said to be
more precise becausa it diminates multipie repstrations of
the same vehicle. Poik sonsiders that DOT esumates may de
as :nuch a3 13% too high. Both Polk 2ad DOT srrut mulitary
vetucies out incjuds i other motor venicies that are siate-
licensed including police cazs, schooi buses, and the liks,
Independenty, the General Services Adminstration reports
that 190,000 Department of Defenss vehicles ure in uss
wotidwide. In addidgen, there are 6.6 mullion Sraxed
trailers and 38.4 million motor vehicies with dry cluytches,

4

MHoror Verucie L'sage - The 1oproximate zotai aurmper af
smies traveied 2y ail Unuted Stites motor vehucies was |.249
:nilion ~uies for 1977 1ceording 20 2 recent DOT asumate
(8). The average annua muleage Jor sassenger sars s 9978
mules while {or trucks it :s 3807 muies.

Af attempt was made 10 ssumate the roporuon af Lnited
States dnving nat takes piace n Fredomunanuy hully ot
mOountainouUs areas where iong steep Faces L common.
Basic data on mules drven it each state were 2otauned [tam
DOT. The perceatage of diving w1at uixes piace o
MOURLANOUS 1reas. Yhere JBuSIVE raks ise Tay be
aecestary, s esumated 10 ¢ (1 3% of Al irving The
eSTUTILE S SudrecTve (O 1 .3rge degrre and May e a:ga. byt
a0 better d1t3 have deen .ocated.

Asdestos in Frcrion Morerais - The data a Ticie 3
Jndicate that she totai amount of asbestos scatunes 2l 3f
<Jie automotive Srake [Hction matenals soid each year s
saiculated 0 e about 133 muilion ib wruca sorresponds
~118 mullioa \b used prior to grinding. Two of the most
iowiedgeaale sources (10, 11) report that 90-120 suilion
b per year are usad. A feport rom T Research (nsutute
suggests that 47 mullion [b are used annually @ Hrake
linings (12). A Bureau of Mines Report (13) based on (968
dats sredits ondy 30 mullion ib of 1soestos 0 wutomotve usa,
1 aumber the authers find o be much 100 small, Ignoking e
two latzer vaiues. e Uiree ssamates of asdestos sontained
brake {nenon materials tange from 90-130 mullien ib. Uang
the calculated venicie of 118 mullion ib ind assurming a [ ¢%
ginding and dniling loss, the maxumum amount oi soestos
ncorparated in Srike friction matenais $ ixen 0 2e¢ (I3
rrullion b per year.

A compuation of data oa cluteh [ricaen matenais was 1iso
made (14). Based on thess data, the total amount of 1sbes:ss
contained in il automotive ciutch ricuon matenais soid
each year is caiculated 20 be 1bout 4.5 myllion 'h,

AMOUNT OF FRICTION MATERIAL ACTVALLY
WORN - For saveral reasons e amount of Srake iming rand
asbestos) worn away dunng a year 8 siguficantly less than e
iotal amount instailed 20 vetuciss, Srake imings are seidom
compietely wom away. (Due to the geomeiry i brake

Tabie |4 - Compuianion of Caleulations Jar Amount o 3raxs Fracnon
Matsnal Wom Away Asnrualy

Towl 3raxe
Fricoon Macenay,

Caleuianon aullion '®
{nstailed weight sach vear 1°1.4
Ciscareed on reiiung, ~22% 42"
Discasdad on venscies reared e
i? mylion cary x 13810 x 0% e 6.7~
2.7% muilion lignt cucks X SBX 0% e {5~
3.10 mullion medium wucks X (S (DX 0% =36 «
0,15 muilion Jeavy TuCKs X 41 DX 0% e Li -
Tuscailageous ¢ 0.5)
Amoust worn away aanually -9
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ASBESTOS EMISSION ESTIMATE POR ALL VEHICLES .
The test velucie sesuits 2an be extended 0 all passenger
velucies 1 the ‘pllowng maaner.

Passenger Cary - The estimated ‘otal asbestos émunon -
ser year 2an Se caicuiated from the foowing informauon:
|. Totai ssoestos ermsnon per verucie i$ 28.51 s/ ule.

2. Number of tules per vetucle 3 9573,

3. Number of passenger venucies s 96.400.000.

From e tbove, :he ssumated asbestos erzisnon in
pounds per year:

B3 10f L x9smax

o mules |
mule-vemcie Y vear

354 3
X 96.4 X 105 venucies = 50,400 b per year

The distibunon of the total asdestos emission salculated
for the test venicie zan B¢ determined by applying the percent
distnbugons gven eariier, The fate of the 60,400 1b sai-
culsted above for the test vehicle is shownt in Table 9.

Trucis and 3uses - Truck Hrakes usuaily tead to Operate at
higher temperatures than passenger cars. Thus a greater
propordon of Migh-cemperacure use i severity weighting aan
be obtained by unng a larger fraction of the 10 Stop Fadse
asbestos ermussion. For trucks and buses, the test resuits are
wrbitranly weighted, s gven iz Tible 20,

[n addition to the severity faciors, it is necessary o esumate
he total average 1sbestos ermssion for a light truck, 2 medium
truck (or bus), aad 2 hsavy Tuck. The value for the rest car
was 28.51 ug/male. Assuming that trucis have resuln
proporonal to the rages of the {riction matenal weights, the
asbestos ermistion or trucks are lasger than for the test car
by the factors shown in Table 21. A sightly larger factor
is seleczed “or the cluteh a3 it is uaed moce often in trucks
duas in passenger cass.

The estumates for the total asbestos emisyion per light
ruck. medium ruck (or bus), and heavy ruck were xal-
culated umng the severity and emussions (361003 gves i

18

Tabies 20 and 21, These resuity are thown in Tabie 32,
The rotal asbestos emussion per vear for light tnicks san se
saiculated from the followang wnformation:

“1. Total asbestos ermusmon per vehicie s 37.51 g/ muie.

2. Number of miles per vetucle s 9807

3. Numbper of ight wrucks s 7.1 20.20Q.

Estimated ascestcs emussion in jounds ser vear:

g7.91 2 ¢ 106 Ly g30rx 1od TS LD
e +3 year = 4543

X 17.1 X 108 vetucies » 32.3001b per veas

The estimated vaiue for ths total usbettos emusneon Tom
trucks and bHuses 3 showe w3 Tabie 3.

The distnbunoa-weighung ‘aciors for wrucks were sai-
culated Hased on the ‘ollowing :onndesagons. Tae wuck
drum brake is designed t0 be more open has the sar rum
Yraks ind in many nstances no splash shueids are used. Based
on the estnates. it snly about <5% a3 much Jeors re-
DN ig 2 iryck drum Hrake i compared wath a passenger
ar drum braks, distnbution-weighang ‘3ciors {or trucks
were estunated. The disbunon of the total asbestos ems.
son esumate 3 shown w1 Tadie 23.

SUMMARY AND CONCLUSIONS

The purpose of this srogram was 0 obtain asbestos emis-
don Jata from Hraxes and ciutches or 3 veiucle dunng actual
operanon. Unigue emissons coilectors for 3 dise brake, irum
brake, and clutch were concsived, desighed, budlt, and in-
stailed on a vehucie. The vehicle was driven duough various
test cycies 0 determune e extent and rype of Drake emis-
sions generated at both low and high temperatures,

Tymeaai original squpment and aftermarket ‘rictioa
materiais for both lise and drum brakes were used in the
sesty. Brake celines were made 0 sumulite consumes-type
sractices. The particulates were processed and analyzed oy 3
combination of opticai and elecTon microscopy.

Tabie 1S - Summary of Al Srake and Cutch Enunons,

pouads per yean
Towd Dismbuticn
Na. Asbestos ) 3nrake
Vehicis of Vehicies ~ Emismons  Dtosout  Airborme  Rewnuen
Pasmnger cacs 26,400,000 60,400 49,470 230 $,700
Light Tucks 17.100.000 32,300 28,420 940 =540
Medinm ocks 2,600,000 16,300 14,330 470 1.£00
and dMises

Hevy Sucks 1,290,000 32,900 28,920 9%0 3.030
Miscellanesys® 6,815,200 16,300 14,330 470 1500
Totils 158,200 138,470 5,060 17.670

Perownt of tocal 356 i3 1.2

*Esumated equal 10 medum Tucks 1 weignts of Trictoa material usmd foz badh
asgone are wmont squal (Tadle [ J). [ncludes motorcycies, Tulera, so

/=19




