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PREFACE

It is the sincere desire of Caterpillar Tractor Co. to cooperate with
and assist the State of Illinois Pollution Control Boaerd in the prep-

aration of the proposed Asbestos and Spray Insulation Regulations

R71-16 in accordance with the Environmental Protection Act of the

State of 1llinois.

The purpose of this booklet prepasred by Caterpillar Tractor Co. is to
supplement the statement and document the information presented by the
Nowpany at the Regional Hesring on Asbestos and Spray Insulation Reg-

ulations at Waukegan, Illinois on October 19, 1971

Included in this booklet are: (1) Caterpillar's concerns reparding the
possible prohibition of asbestos brake linings; and (2) Caterpillar's
recoomendations relative to the proposed Regulations'vhich would ban
asbestos brake linimgs by 1975, Aiso 1nc1uded‘in Appendix B is a'copy'
of Caterpillar Tractor Cov's oral testimony presented at the Waukegan

Hesrings, October 19, 1971.
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INTRODUCTION

A. Purpose of Booklet

The purposc of this booklet 18 to supplcment and support the
orsl statement wade by Caterpillar Tractor Co. at the Regional
Bearing on Asbestos and Spray Insulation Regulations‘;t Waukegan,
111inois on October 19, 197)1. Recommendastions and suggestions:
contained herein are igtended to apply only to products of a

type and k;nd built by Caterpillar Tractor Co: The.infotmation
presented is brief; the intent is to provide the Company's posi-
tion relative to the proposed ban on the use of asbestos brake

linipgs.

Caterpillar Product line

Caterpillar currently produces 52 models of track or vheeled
earthmoving eguipment (in addition to 53 wodels of Towmotor
materisl handling equipment), ‘all of which have braking systems
vhich utilize asbestos friction material. The following list-

ing gives the pumber of wmodels in each specific prdduct line

" (Appendix A pictorislly i1llustrates the Csterpillar product

1ine):

wmodels of track-type tractors

wodels of wheel-type tractors and compactors
wodels of track-type loaders

wodels of wheel loaders

wodels of pipelayers

models of wheel tractor-scrapers

wodels of wmotor graders

wodels of off-highway trucks

wodels of off-highway tractore

[
WUV UONO
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w
~
!

Totel Models
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- Caterpillar Tractor Co. is Part VII - Asbestos Containing Prod-

A. Proposed Regulation R71-16, "Asbestos and Spray Insulation"

>

The specific portion of the proposed Regulation that concerns

ucte, Section 702, which states:
"The use of asbestos in the brake lining of vehicles
nanutictured'a{ter January 1, 1973, and sold for use

io Illinois is prohibited."

B. Definition of & Vehicle

|
!

> -

The lack of a definition for tﬁe word "vehicle" in the proposed
re;ulation is of concern to Caterﬁillnr Trrctor Co. The 1llivois
Vehicle Code (Section 1-217) defines & vehicle as “every device,
in, upon or by which any person or property may be transported

or drawvn upon & highway...". Although this definition could
provide some clarification to the proposed regulation (if
included), it is obviously quite genersl. Earthmoving equip-
nent.does not n;rmally operate on yublic highways and is not . oo
) dés!gned for such use, although certain equipment such as the

613 Elevating Scraper is swall and light enough to be driven

on the highway in its movement from one job site to another;
wotor greders may also be used to repair and maintain exisiing

roads.

g0l 0574

Regulatory statutes typically have differentiated between motér
vehicles and esrthwoving equipment. It ié. therefore, the

Company 's suggestion that this distinction should bde recognized

2 .
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and dealt with by including the following definition of vehicle
4n Section 103 of the proposed Regulations:
Vehicle - Any self-propelled device designed primarily

for transporting persons or property on a strect or

highway.

A specific definition of this type would properly exclude from
the proposcd Regulation earihmoving and construction equipment ==

pot designed primarily  for use on public highways. )

Reasons for Caterpillar Concern

6naware of the full intent of the proposed Regulation and un-
ceitadn as to whether or n6t Caterpillar product is included

in the proposed Regulation, the Company felt it mandatory to

present its case<assum1ng the intent was to include earthwov-
i{np equipment.,

1. Prohibition of Asbestos Brake Linings

It 15 the Company's concern that 81l “use of asbestos in

) brake lining...is prohibited.” Asbestgs brake linings are

" used in all Caterpillar product because of thei; demonstrated
safcty and durability characteristics (which will be discussed
in vore dctail later). At this time, Caterpillar is unaware
of a safe substitute for asbestos brake linings (our experience

vith sintered metal brake material has been unsatisfactory).

The brakes on some of Caterpillar's equipment are totally
enclosed. The brakes on many models are immersed and rotat~
ing in cooling oil. In these cases, asbestos wear products

800) 0577
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connot get into the étmosphere except possibly when the
brake compartmént covers are removed for service. Other.
;odels havé brakes with shields which are not air tight
and thus brake lining wear products can escspe to the
atmosphere. The characteristics of these wear products

are aescribed in Section 1II of this booklet.

Some Caterpillar models use caliper disc brakes, which
“
are not enclosed, and the brake pads, containing asvestos,

can enit their wear products directly into the air.

Some Types of Disc Brakes Are Not a Solution

" 1o the explanation of Proposed Regulations (R71-1¢), the

statement is made: "It is contemplated that the ban will
pecessitate design changes, probably to disc prakes...“

As previously mengioned. Caterpillar Tractor Co. currently
utilizes caliper disc brakes on some of its models; however,

asbestos friction wmaterial pads are stil] utilized in this G

type of brake beéause of the safe, sure stop they provide.

. .

must be pointed out that csliper disc brakes are not an’

emative solution to banning the use of asbestos brake

——

Adinings. In fact, with the open‘nature'of caliper disc
brakes, it 1s essy for brake-pad wear products to, be

enitted,

001 0578
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v{]. PROBLEM IDENTIFICATION . .

A. Types of Caterpillar ‘Product Brakes

Asbestos~type friction paterial is vsed for brake lining through-

out the entire line of Caterpillar Tractor\Co.‘s ea.rthmow’ng.

equipzent. A few of the models are shown in Figure No. 1: A 1s.

¢

o
A
o

s vizeel-typc tractor, B is & wotor grader, C is a whecl-type
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FIGURE NO. 1}
EXAMPLES OF CATERPILLAR EARTHMOVING EQUIPMENT

loader, D is a wheel tractor-scraper, énd E is an off-highway
tm.ck. Asbestos friction material is not used in Caterpillar'y
, ‘ ' brakes from happenstance but 1s chosen for ‘its performance, re-
' nabnit.y and safety. Sowe of the products use dry friction
~sur{ace‘brakes and some are bathed in cooling oil. For example,
the off~highvay truck (E) has totally enmclosed 0il cooled multi- ]
dise brakes while the -wheel tractor~sceraper (D) has shoe brakes.
@ . Bach product (e.g., truck, wheel tractor—'.scraper.. etc.) requires,
& speeific drake type ‘an.d fdction_ matgrxal .depending on 1'ts prima_x?

application.
- ] | -'; .=’ ) R .' 0 8001 9579
Twroy T R AT Lo

QAL SRy g AAN Ay ety

PRODUCED BY FORD




- -
Laeg

TN

. bt

@

As early as 1937 Caterpillar was conducting research work to
ddentify operating characteristics of all known types of brake

l4ping material. It is a necéssitx that Caterpillar provide

‘VSS custormers with the best performing and safest brakes pos-

pible. So far, a material superior to asbestos~type that fulfills
81l the requirements needed for the heavy~duty brakes required on

earthmoving equipwent has not been found.

TOROUE-TIME DIAGRAM FOR TWO " o
DIFFERENT FRICTION MATERIALS

_JORQUE ____ CURVEA

X3

BEGIN SUIP TIME
CURVE B

’ FIGURE NO. 2 .
TORQUE CURVES OF FRICTION MATERIALS

Figure No. 2 is a strip chart recording of the torque-time re-
. lationship for two different friction materials. These two
traces fllustrste the frictional beixaviour thr;ughout a brake ‘
.spplication. In curve A, note the smooth deceleration or bra);-
dug a3 the wheel speed is reduced to zero, from begimiing to
end of stop. This is one of the characteristics \I:c expect from
asbestos~type wmaterial. Omn the other hand, curve B .of a non~

asbestos friction material shows undesirable speced c.hax'\ge conditions.

The trace exhibits comsiderable frictional vibration., This results t

. ' " BOBY 0SAC
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2 zolse and undue stress ia the wvhole crake systez. The abrupt
change to a static level at the end of braking (as circled in

Figure No, 2 on the right of curve 3) causes instability and an

erratic, unsafe brake operation.

"/.Aw,_...

\
VS

FIGURE NO. 3 :
TRACK-TYPE LOADER WITH RAISED BUCKET
If a'track-type loader (see Figure No. 3) stops sbruptly, rather
than smoothly, while backing up with 8 raised bucket full of rocks, ! N
some of the rocks leave the bucket and continue {n the resrward

direction and end up in the operator's lap. This safety hazard

also applies to other earthmoving machines which can spill a

.10ad due to an abrupt stop.

.
-

8001 058)
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TRACK-TYPE TRACTOR

ENCLOSED BRAXE COMPARTMENT

The enclosed brake compartment in Figure No. 4, shown Qith
covers removed, has band brakes (noted by arrows), which are
used either dry or bathed in ofl. In either case, due to the
enclosure, brake vear products cannot be emitted into the am~
bient air during mormel operotion. When scrvicing these

. compartments,.thcy are expoagd to the ambient air and the '

products found (Figures No. 11 and 12 and discussion) are

powder . rather than fibrous in nature and submicron in size.

3
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- products from this type brake ere exposed to the, ambient air
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FIGURE NO. 5
OFF-RIGHWAY TRUCK
ENCLOSED, OIL COOLED, MULTIDISC BRAKE

Figure No. $ s an exemple of pultidisc brakes which are totally

-

enclosed and bathed in cooling oil. The only time brake wear A

48 during servicing. This breke was originally designed to
‘vse sintered wetal friction material. Poor performance, re-
14ablliey, and safety requirements mecessitated a change to

* asdestos-type material.
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FIGURE NO. 6

FRICTION PLATE AND MATING PLATE
FROM BRAXE IN FIGURE NO. 5

A

Figure Wo. 6 shows the asbestos containimg friction plate used

in the previously ment3ioned

design. This design of disc brake sysfem cannot emit wear prod-
vcts into the aiyr during operation due to its o03il environment

and the fact that it i contained in an enclosed compartment.

pultidisc off-highway truck brake

FICURE NO. 7
MOTOR GRADER SHOE BRAKE (DRUM REMOVED)

8001 nSB«
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Figure No. 7 shows a shoe broke Igcated in the whec1§ of rubber-
tired earthmoving equipment. Motor grader shoc brakes of this
type norwally are shrouded to protect the operating mechanism.
The shrouding may allow braoke wear products to be enmitted into

tbe apbicnt air since 3t does not provide an airtight compartment.

DISC

CALIPER

HOUSING HYDRAULIC
CYLINDIZR

Coliper disc brokes

P

FIGURE NO. 8
WHEEL TYPE LOADER CALIPER DISC BRAKE

Conventional caliper disc brakes are also used on some Caterpillar

product and are shown in Figure No. 8. The pads in the brake cal~-

iper contain asbestos. With this type of brake system any brake

vear products are emitted directly into the asbient air.

8001 0S8S
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The heavy-duty performance of Caterpillar machines and their
braking requirements are considerably more stringent than auto-
sotive applications and neced to be explained. 11t is normal

for track-type or wheel loaders to go forward and reverse as
frcquently as 180 times per hour, all day long, and often three
shifte a day. This means as wany as 360 drake applications per
hour. Bulldozing operstions also require severe usage of brakes

since track-type tractors are steered by the brakes.

I )

]
Caterpillar 666 Wheel Tractor-Scrspers weigh 250,000 pounds when
loaded to capacity. Typical applications vili find these ma~

‘ s
chines going downhill when fully loaded. The brakes on a 250,000

\ pouﬁd scraper, étobping from 45 miles per hour on the level, con-
ivcrt enough energy into heat to melt 41 po;nds of jron. (A typical
_passenger car stopping from this same speed would develop enough
heat to nelt 2/3 of a pound of iron.) Of course, downhilld ;pera~

tion increases the energy dissipation further. Off-highway trucks

veigh slightly less and must perform in similar situations.

-

fipelayer bra?cs wust hold as much as 200,000 pounds of pipe sus-~
pended over a trench, while men are working beneath the ﬁipe.
Track~type tractors often operate in conditions where very steep
sloées must be negotiated (iﬂ forward and reverse). Since these
vachines are steered by the brakes.'the safest possiblé linings
must be used to prevent‘brake failure which could result in a

machine attaining runaway'speeds on these steep slopes,

3001 0566
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Yt §s Caterpillar's cendid opinion that the prohibition of as-
bestos from broke linings would place o scvere penaley on the

performance and safetv of carthmoving equipment.

8rake Wear Products

In the December 1968, Air Pollution Control Association Journal,

Jercoiah Lynch presented the results of his study cntitled "Brake

Lining Deccomposition Products." In an ini.tial study, dust s'amples

token from automobile brake drums were cxaz’nined. Electron micro-

grophs did not revesl the presence of any ‘free fiber. Additional

study, on a laboratory basis, was conducted. Decom'position'prod-

ucts of various brake linings were sampledqunder simulated operating

conditions. In all but a very few cases the linings tested showed

lcss than 17 free sbsestos fiber im the decomposition product. .

This 48 & significant finding since the original linings averaged

' 50X asbestos by Qeight. In the isolated cases where significant-

free asbestos fiber was found, the test conditions were such that
broke faflure would have occurred if the linings had been sudb~

Jected to like conditions in.a vehicle.,

Lynch states that fn 8ll but the wost extreme driving conditions,

only a very small fraction of the 30% ~ 50X asbestos present in

~

brake lining escapes into the snbient atmosphere as & f{ree fiber. 3
. 4

Wear apparently occurs not by abrasion but in minute sreas of =
x

intense heat at points of contact betwecen the drum and 1ining.
At these temperatures, about 900°F., decomposition products do

not generally contain free fiber, but are a different mineral

resulting from the thermal breskdown of the asbestos.

PRODUCED BY FORD
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¥IGURE NO. 9 FIGURE NO. 10
Asbestos fiber from new brake lining’ Rew dbrake lining scrapings &f::
5000% heating to 1200°F. for 30 =3z::
' 5000x

.}
Al) fibers inm Figures No. 10, 1 and 12 are below S micron in lesgs:

FIGURE X0. 12

FIGURE NO. 11

Debris frow dry brake compartment Pebris from dry brave ci=
' .5000x .. 5000x%
‘( 35 Microns - Thickness of a human haiv _acr 5000x
v ' 8001 0Sms
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Pecently, tests were made by Catcrpillar’s Research Department
on the vear dedris found in an ehcloscd. tractor, dry brake
cozpartzcat which corroborates Lynch's findings. The four
photozraphs on the opposite page were made with an electron
zicroscope at 5000 x magnification. Note the 5 micron (two
ten thousandths of an inch or 0.0002") scale in the center
of page No. 14, Section 60) in the proposed Regulation states
thot "only fibers of 5 microns or greater in length...shall be .
counted" in the emissions from a factory igto ambicnt air. The
scrapings from an unused asbestos brake liéing shown in Figure
Yo, 9 obviously have fibers longer than 5 microms in length.
Heatdng these scrapings (which provides a iaboxatory simulation
of continued drake appliéations) from an unused brake lining
deatroys thc'fibrous nature. This is show; in Figure No. 10.
Mechonically rusbing the deteriorated fibers in a brake would
further powder this material. Figures No. 11 and No. 12 show
the actual debris found in dry brake coumpartments. Any fibers
visible are submicron in size. With the intense heat resulting
from brake application, it is expectedmthat a breakdown to ;ub;
micron ;ebris would slso occur in eacioseé, 0il cooled brake-‘

compartments.

1{ the standards in Section 601 of tﬁe proposed Regulation were
opplicd to brake emissions into the air, the brake wear products
of heovy-duty earthmoving equipment would be under 5 microns in

sizc and therefore be within threshoid limits.

2001 0S8y
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It should be pointed out ;ha: there are well over 100 differenc
natural minerals having a degree of fibrous structure. Some in-
vestigators consider respirable fibers to be'ubiquitous (everywhere
at the same time) and feel that puch more definitive information

sust be obtained on their identification, source, and biologic

response.

A good example of this is talcum power which is found in almos:t
ever; home and is a measurable source of asbestos fiber. .Tremo-
lite, enother form.of'asbestos, occurs natrrally in most talc
used in this country and is thus found in talcum powder. In-
dustrial talec may contain as much as 302 tremolite. Since more
‘_‘\than 750,000 tons of talc are used 3in this country annually, it
mst $e considered to be a prime source of respirable asbestos
£idbrils. (The finest single fiber shown in Figure No. 9 can de

called & £fidbril.)

C. Asbestos Usage - Caterpillar vs. U.S, Consumption

-~

Finally, it should be pointed out that .of the more than 800,000
tons of asbestos used in this coﬁntry each year, obly'about k¥4
.oi this goes into the manufacture of friction materials such as
brake linings. Catgrpillar's.dry brake asbestos material usage

amounts to 0.0062 of the total asbestos usage in the U.S.A. and

2001 0590

less than 0.2X of the total frictién material usage of asbestos
in the U.S.A. It is felt tha; the asount of free asbestos fiber
hat can potentially become airborne, as a result of breakdowan
of brake linings of earthmoving equipment, is quite.;ow and un~

likely to be significant from a health standpoint.

PRODUCED BY FORD




-~

Al

\\

rtt Y [FONARAS
AL AU LS

s 11){nnfs Standard Would Dictate Worldwide Caterpillar
yequfrenent .

The cotablishoent of a standard which prohibits the use of a

B D o Yo~ aadilind
e K RVt -

paterial in vehitles vhich are manufactured and sold for use
in Illinois has the effect of setting national or even inter-

aatfonal standards. It is dmpossible to know the ultimate

destination of Caterpillar machines as they are assembled

. ¢
ond to provide for selective assembly or alternate dbrake sys-

1

tens for those to be sold in lllinois. In order to provide
competitive leadership on & worldwide basig. Caterpillar has
eutablished the policy to use interchangeable parts on all

wodels s0 that specifications can be followed for purchase

snd monufacture at any plant in the world

1f there werc a material that would do the seme job as asbestios

in brakes, it is highly improbable that it could be a direct

substitute. Other mechanical parts would have to be modified to

adopt this ne\:r wmaterial. The results voul'd be an' “Illincis only" . N o
machine with parts only available locally, not worldwide. The

customer could immeaiafely react to this and buy a standard

wachine in 2 neighboring state and move it into I1linois as a

uscd machine.

Coterpillar Tractor Co. has long been a leading and vitally im-
portant company in 1llinois. As the state's largest private
coployer with over 41,000 employees and 6 manufacturing facilities,

it has become the largest dollar exporter of product in the United
3 o 8001 6591
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s:ates; Over 52% of the $2.1 biliion annual sales rcached in
1970 were outside the United States. 1llinois would not be the

leading state in exports to other countries without Caterpillar.

Imposition of a ban on the use of asbestos in brakes would impose

a severe restriction upon Caterpillar Tractor Co.

rffect of Proposed Repulastions on Illinois Caterpillar Dealers

The requirement for a specific design of earthwoving equipument
for Illinois could result in 8 hardship {o; Caterpillar dealers
and I1llinois earthmoving contractors, and : subsequent loss of
sa;es tax to the State. Special brake .assemblies to meet the
1llinois requirement pou;a, of necessity, :esult in higher first
cost of product. This higher first cost would result in higher
bid prices for road bdilding and earthmoving contracts. Thus,

with & fixed State budget for road improvement, etc., less work

vould be done, and fewer machines would be sold.

8001 0591A
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|y, cinaipy AND RECOMMENDATIONS

Catcrpillar Tractor Co. sihcerely believes that the information
nggcntcd in this bookiet establishes reaéonable doubt about the
geal contribution of earthwoving equipment to the asbestos cn~
vironoental problew. It has been pointed out that each Caterpillar .
product uscs distinctive brake system design which is influenced
by sto wvorking environment, job application spectrum, performance
criterid ond pafety requirements. However, all Caterpiliar prod- o
uct broke systems use asbestos friction material since it has evolved
over the years as the wost s‘atisfactory, material, all aspects
{particulorly ;afety) considered. Caterpiilar Tractor Co. tests and
Q'toml Company usage of asbestos both indicate that asbestos friction
sater§al used in our product does not significantly contribute to the
Jevel of asbestos fibers in ambient air — at least not to the point

vhere its use should be prohibited!

Bancd on ‘the sforementioned points an'd the significant interstate

and 1nf‘cmat$ona1 commerce aspects, Caterpillar Tractor Co. questions

vhether the intent of the I;sbestos and Spray Insulation Regulations . : ¢
s actuslly accowplished by the proposed ban of asbestos brake linings.

1f rescorch wvork and data on ambient concentration levels of asbestos

{ibers vhich are detrimental to society establish a need for asbestos

brake control and/or regulation, Caterpillar recommends that Section

702, Tart VI1 of R71-16 (Asbestos and Spray Insulation Regulations)

@ be modificd to allow the following exceptions:

19 ’ ‘ apnl 0592
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That asbestos brake linings (friction material) may be used in

o brake system when the friction material operates in cither a

dry or oil-vetted environment in & totally cnclosed brake cow-
partwent wg;ch prevents the emission of brake wear products into
the ambient air.

2. 7That asbcétos brake linings_(friccion m;terial) may be used in
a brake system, when the friction material operates in a non-
cnclosed brake compartment, until conclusive medical evidence
proves that the emitted brake wear products. contain harmful

amounts of asbestos .fibers.

1{ 511 evidence indicates the need for asbestos brake controls and/or
cculations, Caterpillar would further recommend that reasonable
yreshold limits of asbestos fiber bé established by qualified per-
connel (based on scientific fact and foresceable technological advances).
‘Tcst procedures which measure the concentration of asbestos fibers

zust also be developed vhich are understandable, repeatable, and realistic.

Place the burden on the manufacturer to design his proddcf?ﬁo meet rea-

sonddble, attainable standards ~ don't just prohibit the use of asbestos

. [}
{or brakes.
As mentioned at the beginning of this booklet, Caterpillar Tractor Co.
cgrees in principle with the objectives of the Environmental Protec:ion
Act. The Company stands ready and willing to assist the Board in the
cstablishment of asbestos regulations which serve the intent of the
legislation. )
a800Y 0593 .
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: <§p Mr. Chairman, members of the panel, my name 1s Fred Engelking. I joined

omse e o
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Caterpillar in Peoria in 1937 after recciving & degree in Chomicil En-
gineering from Purduc Univcrsity. I have becn working on friction materials
for over 20 years. Presently, I direct the Rescarch and Development pro—
grams for°nonmcta11ic materials, including friction material, in the
Research Department. 1 have ;een a pember of'the American Society fo;

Testing Materials subcommittecon Friction Materials since 1957.

Caterpillar is pleased to have the oyﬁortunity to appear before the Board
today. We have six manufacturing facilities in the state, and are éh;
largést p:ivéte‘cm?loyer in the State of Illinois, with over 41,000 en-
ployee;. We are vitally interested in the.efforts gf the 1llinois Pollution
Control Board to guard the health and environmen}.

\
'
H

1 am here today to present to you information that I hope will assist

-you in efforts to regulate the use of asbestos and spray insulation in .

the State of Illinois. Copies of our complete submission are in your
bands, and it is our sincere hope thét each of you will find time to
read the entire booklet. My orsl remarks are included in Appendix B.
The c§terpillar product line includes primarily.earthmoving equipme£t.
All of thi; equipment utilizes asbestos b?ake linings end it i1s for this
veason that we are concerned with Section 702 of Part VII of the pro~

posed Regulation.

Appendix "A of the booklet provides a listing of the Caterpillar product

“1line vhich includes 52 models of earthmoving equipment and 53 models of

material handling equipment.

8001 ns95
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@\e lack of a definition for the word “vehicle" in the proposcd Rczul;wtlom
18 also of concern. Typically, vegulotory estatutes have differentioted
between motor vehicles and carthmoving equipment. There arc suggestions
for the definition of '"vehicle" in the written testimony.

There are reasons for our concern:

Asbestos is used in 811 types of brekes in all Caterpillar machines because
it has outstanding safety and durabilfty characteristics. In‘spite of many
years of research, there are no known safe substitutes for asbestios brake
linings for our type of equipment., I would like té acquaint you with a fcw

types of machines other than the familier track-type tractor.

\
SLIDE 1}
tgaftarzing in the upper left hand corner and going clockwise, there 3is a
wvheel tractor, motor grader, off-highway truck and vheel tractor-scraper.

A vheel tractor loader is in the center,

Unlike wmost vehicles you may know about, we have 5 different types of brakes.
They are dry shoe brakes, dry caliper disc brakes, dry band brakes, oil

cooled dand drakes, and 01l cooled disc brakes.,

SLIDE 2 ' .

Convent'ional shoe brakes vi.th dry linings are used in wheel tractor-
scrapers, wmotor graders andvmosr. wheel loaders. These brakes arec always
shrouded to minimize the entry 9! debris from the outside. Brake lining
vear products can be emitted into the environment from this type brake.

®Smu1er sizes of this type sre used on passenger cars.

8001 089 .
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' SLIDE 3

: The second type is called a caliper disc brake. The asbestos-containing’pads
are forced to grip the disc to produce the braking powor. This is the most-
exposed type of brake a;d,obviously, wear products can casily enter the .
environment: Many U.S.-made'passcnger cars aro now using this typc brake on

the front wheels only, We use caliper disc brakes on all wheels of some

loaders.

SLIDE 4
The next three typcs of dbrakes are totally enclosed and may be less familiar
to you. Wear products cannot be emitted into the environment due to their

]
containment. Track-type tractors and track-type loaders use band brakes.
3

2
In this photo, the covers have been removed from the compartments so that the
. i
égabrakes are visible. Our larger machines use band brakes bathed in cooling
0il such as is shown. The smaller machines use a dry-type band brakes

without oil.

SLIDE §

The fifth type is the totally enclosed oil-cooled disc brake used in our
off-highway trucks. These have many.'discs which are forced to rub against
mating stee) dises and provide braking power. Due to large fubbing sur;ace
area and the oil media, there §s very little wear in this type brake. There

are no emissions into the cnvironment.’

BOO) 85057
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~Granite City, Illinois.
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SLIDE 6

' Eap'I'his is a typical friction disc with its mating disc as is used in oil-

cooled, multiple disc brakes shown in the previous slide.

Break Wear ﬁroducts:
It is wy understanding that the technical paper by Mr. Jercmiah Lynch of
the U.S. Public Health Sérvice on "Brake Lining Decomposition Products'' has

been entered into the record in earlier testimony before this Board at

¥e have done similar, but less extensive work, on brake decomposition

SLIDE 7

products. This slide shows scrapings from an unused brake as photographed !
ith Sn electron microscope at high magnification. So you will have a better

fee) for this high magn1f:catnon. the th:ckness of hunan hair at this sane

magnification would cover a screen twice as large as we have in this room:

1 have included a § micron s¢ile on this and the three succeeding slides

because Section 601 in the proposed Regulation states that “only fibers of

s micrbns or greater in length...shall be counted” in the emissions from a

factory into ambient air. We believe that if it is safe for a factory to:

enit fibers less than S5 microns in length, it should also be safe for a

brake to exit fibers less than $ microns in length into the ambient air,

Additional research by qualified medical personnel may even show that asbestos
fibers wmuch larger than 5 picrons arc safe 3n the ambient air. Since these

arc fibers scraped from unused brake material, they are larger than § microns.

.

@
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'me asbestos fibers from new friction material were hcated in an oven to

-t

i 'vemove the water of crystallizatidn inherent in asbestos. This destroys the
£ibrous nature, and mechanically rubbing the deteriorated fibers further
reduces the fibers to powder. This is a simulation of the formation of brake

wear products. You will note no fibers are longer than § microns.

SLIDE 9
A sanple of brake wear products was taken from a dry drake compartment.:
There are a few fibers showing and they are much shorter than 5 microns.

Dust or clumps of dust occupy most of the picture.

SLIDE 10 i
(gbis last slide on brake wear products from a dry brake compartment also
aows very few fidbers and none of significant'size. There are many dust

particles.

We believe that our limited study substantiates the findings of Mr. Lynch of
the U.S. Public Health Service, that few fibers are emitted as wear products
from brakes, '

Swoothness of brake operation is vita) to safe operation of Caterpillar
equipment., You nay have cxperienced a malfuncti?ning passenger car brake -

" SLIDE 11 .
which grabbed and threw you forward at the end of a stop. fhis par of curves

shows what is happening when you brake a vchicle. In curve A, asbestos material

8001 0999
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3s stopping the vehicle., The brake torque Or stopping power builds up at

¢ beginning, sta}s smooth and constant, and finally increascs slightly at
the end of the stop. The sintercd meta) friction matcrial produces rough
braking in curvo B. There is a lot of vibration and roisc followed by a
drastic increase in to£que at the end. The sudden increasc in stopping

power causes material to spild out of machines.

SLIDE )2

If this loader is backing up with a raised bucket full of dirt or rock,_
and the machine stops ahruptly, due to grabbing brakes, the material wiil
spill out of the bucket ;nd end up in the operator's lap, Smooth braking

action is mbsolutely necessary for safe operation of our machines,

éafetx;: '

hen a brake is designed for a Caterpillar machine, there are three vital
factors: safety, durability, and smoothness of stopping. The last two
factors enhance the safety factor. The brake musi be able to stop the machine
in 8 reasonable distancé, tiﬁe-after-timc. Asbestos brake materials have

proven performance and dursbility.

1 would iikc to summarize and §ake some recommendatféns. Caterpillar Tractor
Co. questions whether the intent of the Asbestos and Spray Insulation Regula-
tions is actually accomplished by the proposcd ban of asbestos brake linings.
1f research work and data on ambicnt concentration levels of asbestos fibers
which are detrinental to society estaﬁlish a need for asbestos brake control
and/or regulation, Caterpillar recommends that Scction 702, Part vxx‘of
6;91-16 (Asbestos and Spray.lﬂsulation Regulations) be modified to allow the

.ollowing exceptions: : .. P
Bv01 0660
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‘1. That asbestos brake linings (friction material) may de used in a brake

system when the friction material operates in either a dry or oil-wetted

environment in a totally enclosed brake compartment which prevents the

enisgion of brake wear products into the ambient air.

2. That asbestos brake linings (friction material) may'be used in a brake
system, when the friction materia) operates in a nonenclosed brake
compartment, until conclusive medical evidence proves that the emitted

brake wear products contain harmful amounts of asbestos fibers.,
'

If a1l evidence indicetes the need for asbestos'brake coatrols and/or
regulations, Caterpillar would, further recommend t?at reasonable threshold
11mi§s of asbestos fiber be established by qua]ifiéd personnel (based on
scicﬁtitic fact and foresecoble tcchnologicol advances)., Test proccdures
which measure the conccntratiop of asbestos fibers must also be deveioped

which are understandable, yepeatable, and realistic. Place the burdeas on

the manu;acturer to design his product to meet reasonable..attainable
standards -~ don't just prohibit the use of asbestos for brakes.

As mentioned at the beéinning of this booklet, céterpillar Tractor Co,
agrees In principle with the objectiQes of the Environmental Protection ' I
Act. The Company stands réady and willing to assist the Board in the
ectablishwent of asbestos regulations which serve the intent of the

legislation.
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PREFACE

It is the sincere desire of Caterpillar Tractor Co. to cooperate with
and assist the State of Illinois Pollution Control Board in the prep-
aration of the proposed Asbestos and Spray Insulation Regulations
R71-16 in accordance with the Environmental Protection Act of the

State of Illinois.

The purpose of this booklet prepared by Caterpillar Tractor Co. is to
supplement the statement and document the information presented by the
Company at the Regional Hearing on Asbestos and Spray Insulation Reg-

ulations at Waukegan, Illinois on October 19, 1971

Included in this booklet are: (1) Caterpillar's concerns regarding the
possible prohibition of asbestos brake linings; and (2) Caterpillar's
recommendations relative to the proposed Regulations which would ban
asbestos brake linings by 1975. Also included in Appendix B is a copy
of Caterpillar Tractor Co.'s oral testimony presented at the Waukegan

Hearings, October 19, 1971.
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I, INTRODUCTION

A.

Purpose of Booklet

The purpose of this booklet is to supplement and support the
oral statement made by Caterpillar Tractor Co. at the Regional
Hearing on Asbestos and Spray Insulation Regulations at Waukegan,
Illinois on October 19, 1971. Recommendations and sugge;tions
contained herein are intended to apply only to products of a
type and kind built by CaCerpi}lar Tractor Co. The information
presented is brief; the intent is to provide the Company's posi-

tion relative to the proposed ban on the use of asbestos brake

linings.

Caterpillar Product Line

Caterpillar currently produces 52 models of track or wheeled
earthmoving eguipment (in addition to 53 models of Towmotor
material handling equipment), all of which have braking systems
which utilize asbestos friction material. The following list-
ing gives the number of models in eacﬂ.specific product line

(Appendix A pictorially illustrates the Caterpillar product

line):

- models of track-type tractors

— models of wheel-type tractors and compactcers
~ models of track-type loaders

- models of wheel loaders

- models of pipelayers

models of wheel tractor-scrapers

- models of motor graders

~ models of off-highway.trucks

— models of off-highway tractors

ot
leoO\U’U\\JU\O\m
]

w
N
1

Total Models
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\3 II. CATERPILLAR CONCERNS

A.

Proposed Regulation R71-16, "Asbestos and Spray Insulation"

The specific portion of the proposed Regulation that concerns

. Caterpillar Tractor Co. is Part VII - Asbestos Containing Prod-

ucts, Section 702, which states:
"The use of asbestos in the brake lining of vehicles
manufactured after January 1, 1975, and sold for use

in Illinois is prohibited.”

Definition of a Vehicle

The lack of a definition for the word "vehicle™ in the proposed
regulation is of concern to Caterpillar Tractor Co. The Illinois
Vehicle Code (Section 1-217) defines a vehicle as "every device,
in, upon or by which any person or property may be transported
or drawn upoen a highway...". Although this definition could

provide some clarification to the propesed regulation ¢if

included), it is obviously quite general. Earthmoving equip-

‘ment does not normally operate on public highways and is not

designed for such use, although certain equipment such as the
613 Elevating Scraper is small and light enough to be driven
on the highway in its movement f£rom omne job site to another;
motor graders may also be used to repzir and maintain existing

roads.

Regulatory statutes typically have differentiated between motor
vehicles and earthmoving equipment. It is, therefore, the

Company's suggestion that this distinction should be recognized

CAT-1007367
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and dealt with by including tlie following definition of vehicle
in Section 103 of the proposed Regulations: _

Vehicle - Any self-propelled device designed primarily

for transporting persons or property on a street or

highway.

A specific definition of this type would properly exclude from
the proposed Regulation earthmoving and construction equipment —

not designed primarily for use on public highways.

Reasons for Caterpillar Concern

Unaware of the full intent of the proposed Regulation and un-
certain as to whether or not Caterpillar product is included
in the proposed Regulation, the Company felt it mandatory to
present its case assuming the intent was to include earthmov-
ing equipment.

1. Prohibition of Asbestos Brake Linines

It is the Company's concern that 3ll "use of asbestos in

brake lining...is prohibited." Asbestos brake linings are
used in all Caterpillar product because of their demonstrated
safety and durability characteristics (which will be discussed
in more detail later). At this time, Caterpillar is unaware

of a safe substitute for asbestos brake linings (our experience

with sintered metal brake material has been unsatisfactory).

The brakes on some of Caterpillar's equipment are totally
enclosed, The brakes on many models are immersed and rotat-

ing in cooling oil. In these cases, asbestos wear products

CAT-1007368
015
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cannot get into the atmosphere except possibly when the
brake compartment covers are removed for service. Other
models have brakes with shields which are not air tight
and thus brake lining wear products can escape to the
atmosphere. The characteristics of these wear products

are described in Section III of this booklet.

Some Caterpillar models use caliper disc brakes, which
are not enclosed, and the brake pads, containing asbestos,

can emit their wear products directly into the air.

Some Types of Disc Brakes Are Not a Solution

In the explanation of Proposed Regulatious (R71-16), the
statement is made: ''It is contemplated that the ban will
necessitate design changes, probably to disc brakes..."

As previously mentioned, Caterpillar Tractor Co. currently
utilizes caliper disc brakes on some of its models; however,
asbestos friction material pads are still utilized in this
“type of brake beéause of the safe, sure stop they provide.

It must be pointed out that caliper disc brakes are mot an

alternative solution to banming the use of asbestos brake

linings. In fact, with the open nature of caliper disc
brakes, it is easy for brake-pad wear products to be

emitted.

CAT-1007369
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I1I. PROBLEM IDENTIFICATIONM

A.

Tvpes of Caterpillar Product Brakes

Asbestos—type friction material is used for brake lining through-
out the entire line of Caterpillar Tractor Co.'s earthmoving
equipment. A few of the models are shown in Figure No. 1: A is

a wheel-type tractor, B is a mctor grader, C is a wheel-type

FIGURZ 0. 1
EXAMPLIS OF CATERPILLAR EARTHMOVING EQUIPMENT

loader, D is a v@eel tractor-scraper, and E is an off-highway
truck. Asbestos friction material is not used in Caterpillar's
brakes from happenstance but is chosen for its performance, re—
liabiliry ang safety. Sone of the preducts use dry friction

surfaca braias and some are bathed in cooling oil. For example,

the off-highwzy truck (E) has totally enclosed oil cooled multi-

disc brakes while the wheel tractor-scraper (D) has shoe brakes.

Each product (2.2., truck, wheel rractor-scraper, etc.) requires

a2 speciiic brzke type and friction materizl depending on its primary

application.
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As early as 1937 Caterpillar was conducting research work to
identify overating characteristics of all known types of brake

lining material. It is a necessity that Caterpillar provide

its customers with the best performing and safest brakes pos-

=

sible. So far, a material superior to asbestos-type that fulfills
all the requirements needed for the heavy-duty brakes required on

earthmoving equipment has not been found.

TORQUE-TIME DIAGRAM FOR TWO ~
DIFFERENT FRICTION MATERIALS
TORQUE CURVE A .
[ A = o N
000G 0 M S 3 M T84 H
N e eaaEaul =& Z
=5 = ;- p el {Y‘lxl i'pl.'l Y K
Y BEGIN SLIP YIME END “'
JORQUE CURVE B SRR
. T PR EEREEE, 22 3 i
T i A t !
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+ VT Ve ‘_\_x_‘ vy 1 \
RN T T TR R SRR R R
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FIGURE NO. 2
TORQUE CURVES OF FRICTION MATERIALS

Figure No. 2 i3 a strip chart recording of the torque-time re-
lationship for two different friction materials. These two

traces illustrate the frictional behaviour throughout a brake
application. 1In curve A, note the smooth deceleration or bruk-

ing as the wheel spced is reduced to zero, from beginning to

end of stop. This is one of the characteristics we expect from
asbestos-type material. On the other hand, curve B of a non-
asbestos friction material shows undesirable speed change conditions.

The trace exhibits considerable frictional vibration. This results

'CAT-1007371
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in noise and undue stress in the whole brake system. The abrupt
change to a static level at the end of braking (as circled in
Figure No, 2 on the right of curve B) causes instability and an

erratic, unsafe brake operation,

FIGURE XO0. 3
TRACK-TYPZ LOADER WITH RAISED BUCKET

If a erack-type loader (see Figure No. 3) stops abruptly, rather
than smoothly, while backing up with a raised bucket full of rocks,
some of the rocks leave the bucket and continue in the rearwvard
direction and end up in the operator's lap. This safety hazard

machines which can spill a

o

also applias to cther earthmovin

load due to an abrupt stop.
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FIGURE NO. 4
Al TRACK-TYPE TRACTOR
ENCLOSED BRAKE COHPARTMENT

The enclosed brake compartment in Figure No. 4, shoun with

covers reroved, has band brakes (noted by arrows), which are

used either dry or bathed in oil. Ia either case, due to the
enclosure, brake wear products cannot be emitted into the am-
bient air during normal cperation. When servicing these
compartments, they are exposed to the ambient air and the
products found (Figures No. 11 and 12 and discussion) are

owder rather than fibrous in natura and submicron in size.
P
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FICURE NO. 5
OFF-HIGHYWAY TRUCX
ENCLOSED, OIL COOLED, MULTIDiSC BRAKE

Figure No. 5 is an example of multidisc brakes which are totally
enclosed‘aﬁd bathed in cooling o0il. The only time brake wear
products from this type brake are exvposed to the ambient air

is during servicing. This brake was oxiginally designed to

use siﬁtered metal friction material. Poor performance, re-
liability, and safety requiremen:ts recessitated a change to

asbestos—-type material.
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FIGURE NO. 6
FRICTION PLATE AND M\TING PLATE
FROM BRAXZ IN FIGURI NO. 5
Figure No. 6 shows the asbestos containing friction plate used
in the previously mentioned multidisc off-highway truck brake
design. This design of disc brake system cannot emit wear prod-

ucts into the air during operation cue to its oil environment

and the fact that it is coatained in an enclosed compartment.

FIGURE NO. 7
MOTOR GRADER SHOE BRAKE (DRUM REMOVED)
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Figuré No. 7 shows a shoe brake lécataed in the wheels of rubber-
tired earthmcving equipment. Motor grader shoe brakes of this
type normally are shrouded to protect the operating mechanism.,
The shroudiag may allow brake wear products to be emitted into

the ambient eir since it does not provide an airtight compartment.

DISC

CALIPER :

HOUSING |
HYDRAULIC
BRAKE |
CYLINDER

Caliper disc brakes

FIGURE NO. 8
WHZEL TYPE LOADER CALIPER DISC BRAKE
Conventicnni caliper disc brakes are also used on some Caterpillar
product sl ars shown in Figure No. 8. The pads in the brake cal-
iper coziin asbestos. With this type of brake system any brake

wear preducts are emitted directly into the ambient air.
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The heavy-duty performarce of Cateipillar machines and their
braking requirements are considerably more stringent than auto-~
motive applications and need to be explained. It is normal
for track-type or wheel loaders to go forward and reverse as
frequently as 180 times per hour, all day long, and often three
shifts a day. This means as many as 360 brake applications per
hour. Bulldozing opeiations also réquire severe usage of brakes

since track-type tractors are steered by the brakes.

Caterpillar 666 Wheel Tractor-Scrapers weigh.ZS0,000 pounds when
loaded to capacity. Tyvical applicatiions will find these ma-
chines going downhill when fully loaded. The brakes on a 250,000
pound scrazper, stopping from 45 miles per hour on the ;g!gls con-
vert enough energy into heat to melt 41 pounds of iron., (A typical
passenger car stopping from this same speed would develop enough
heat to melt 2/3 of a pound of iron.) Of course, downhill opera-
tion increasas the enrergy dissipation further. Off-highway trucks

weigh slightly less and must perform in similar situations.

Pipelayer brakes must hold as much as 200,000 pounds of pipe sus-—
pended over a treach, while men are working beneath the pipe.
Track-type tractors often operate in conditions where very steep
slopes must be negotiated (in forward and reverse). Since these
machines are steered by the brakes, the safest possible linings
must be usad to prevent brake failure which could result in a

machine attaining runaway speeds on these steep slopes.
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It is Caterpillar's candid opinion that the prohibition of as-
bestos from brake linings would place a severe penalty on the

performance and gafety of earthmoving equipment.

Brake Wea; Products

In the Decemwber 1968, Air Pollution Control Association Jourunal,

Jeremiah Lynch presented: the results of his study entitled "Brake
Lining Decomposition Products.f In an initial study, dust samples
taken from automobile brake drums were examined. Electron micro-
graphs did not reveal the presence of any free fiber. Additional
study, on a laboratory basis, was conducted. Decomposition procd-
ucts of various brake linings were sampled under simulated operating
conditions. In all but a very few cases the linings tested showed
less than 1% free absestos fiber in the decomposition product.
This is a significant finding since the original linings averaped
50%Z asbestos by weight. 1In the isolated cases where significant
free asbestos fiber was found, the test conditions were such that
brake failure would have occurred if the linings had been sub-

jected to like conditions in a vehicle.

Lynch states that in all but the most extreme driving conditions,
only a very samall fraction of the 30Z — S0 asbestos present in
brake lining escapes into the ambient atmosphere as a free fiber.
Wear apparently occurs not by abrasion but in minute areas of
intense heat at points of contact between the drum and lining.

At these temperatures, about 9GO°F., decomposition products do

not generally contain free fiber, but are a different mineral

resulting from the thermal breakdown of the asbestos.

CAT-1007378
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Recently, tests were made by Caterpillar’'s Research Department
on the wear debris found in an enclosed, tractor, dry brake
compartment which corroborates Lynch's findings. The four
photographs on the opposite page were made with an electron
microscope at 5000 x magnification. Note the 5 micron (two

ten thousandths of an inch or 0.0002") scale in the center

of page No. 1l4. Section 601 in the proposed Regulation states
that “only tibers of 5 microns or greater in lengph...shall be
counted” in the emissions from a factory into ambient air. The
scrapings from an unused asbestos brake lining shown in Figure
No. 9 obviously have fibers longer than 5 microns in length.
Heating these scrapings (which provides a laboratory simulaticn
of continued brake applicaiions) from an unused brake lining
destroys the fibrous nature. This is shown in Figure No. 10.
Mechanically rubbing the deteriorated fibers in a brake would
further powder this material. Figures No. 1l and No. 12 show
the actual debris found in dry brake compartments. Any fibers
visible are submicron in size. With the intense heat resultiﬁg
from brake application, it is expected that a breakdown to sub-
micron éebris would also occur in enclosed, oil cooled ﬁrake

compartments.

If the standards in Section 601 of the proposed Regulation were
applied to brake emissions into the air, the brake wear products
of heavy-duty earthmoving equipment would be under 5 microns in

size and therefore be within threshold limits.
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It should be pdinted out that there are well over 100 different
natqral ninerals ﬁaving a degree of fibrous structure. - Some in-
vestigators consider respirable fibers to be ubiquitous (everywhere
at the same time) and feel that much more definitive information
must be obtained on their identification, source, and biologic

response.-

A good example of this is taléum power which is found in alwost
ever; home and is a measurable source of asbestos fiber. Tfemo-
lite, another form of asbestos, occurs naturally in most talc
used in this country and is thus found in talcum powder. In-
dustrial talc may contain as much as 307 tremolite. Since more
than 750,000 tons of talc are used in this country annually, it
must be considered to be a prime source of respirable asbestos
fibrils. (The finest single fiber shown in Figure No. 9 can be

called a fibril.)

Asbestos Usage —~ Caterpillar vs. U.S. Consumption

Finally, it should be pointed out that of the more than 800,006-
tons of asbestos used in this country each year, only about 3%
of this goes into the manufacture of friction materials such as
brake linings. Caterpillar's dry brake aébestos matexial usage
amounts to 0.006% of the total asbestos usage in the U.S.A. and
less than 0.2% of the total friction material usage qf asbestos
in the U.S.A. 71t is felt that the amount of free asbestos fiber
that can potentially become airborne, as a result of breakdown
of brake linings of earthmoving equipment, is quite low and un-

likely to be significant from a health standpoint.
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OTHER CONCERNS

A.

An _Tllinois Standard Would Dictate Worldwide Caterpillar
Requirement

The establishment of a standaxrd which prohibits the use of a
material in vehicles which are manufactured and sold for use
in Illinois has the effect of setting national or even inter-
national standards. It is impossible to kncw the ultimate
destination of Caterpillar ﬁachines as they are assembled

and to provide for selective assembly or a%térnate brake sys-
tems for those to be sold in Illinois. In order to provide
competitive leadership on a worldwide basis, Caterpillar has
established the policy to use interchangeable parts on all
models so that specifications can be followed for purchase

and manufacture at any plant in the world

If there were a material that would do the same job as asbestos
in brakes, it is highly improbable that it could be a direct
substitute., Other mechanical parts would have to be modified to
adapt this new material. The results would be an "Illinois only"
machine with parts only available locally, not worldwide. The
customer could immediately react to this and buy a standard
machine in a neighboring state and move it into Illinois as a

used machine.

Caterpillar Tractor Co. has long been a leading and vitally im-
portant company in Illinois. As the state's largest private
employer wiﬁh over 41,000 employees and 6 manufacturing facilities,
it has become the largest dollar exporter of product iq the United

17
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States. Over 52% of the $2.1 biliion annual sales reached in
1970 were outside the United States. I1llinois would not be the

leading state in exports to other countries without Caterpillar.

Imposition of a ban on the use of asbestos in brakes would impose

a severe restriction upon Caterpillar Tractor Co.

Effect of Provosed Regulations on Tllinanis Caterpillar Dealers

The requirement for a specific design of earthmoving equipment
for Illinois could result in a hardship for Caterpillar dealers
and Illinois earthmoving contractors, and a subsequent loss of
sales tax to the State. Special brake assemblies to meet the
Illinois requirement would, of necessity, result in higher first
cost of product. This higher first cost would result in higher
bid prices for road building and earthmoving contracts. Thus,

with a fixed State budget for road improvement, etc., less work

"would be done, and fewer machines would be so0ld.

CAT-1007383
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SUMMARY AND RIECOMC{ENDATIONS

Caterpillar Tractor Co. sincerely believes that the information
presented in this booklet establishes reasonable doubt about the

real contribution of earthmoving equipment to the asbestos en-
vironmental problem. It has been pointed out that each Caterpillar
product uses a distinctive brake system design which is influenced

by its working environment, job'application spectrum, performance
criteria and safety requirements. However, all Caterpillar prod-

uct brake systems use asbestos friction material since it has evolved
over the years as the most satisfactory material, all aspects
(particularly safety) considered, Caterpillar Tractor Co. tests and
“total Company usage of asbestos both indicate that asbestos friction
material used in our product does not significantly contribute to the
level of asbestos fibers in ambient alr -- at least not to the point

where its use should be prohibited!

Based on the aforementioned points and the significant intarstate

and international commerce aspects, Caterpillar Tractor Co. questionms
whether the intent of the Asbestos and Spray Insulation Regulations

is actually accomplished by the proposed ban of asbestos brake linings.
If research work and data on ambient concentration levels of asbestos
fibers which are detrimental to society establish a need for asbestos
brake control and/or regulation, Caterpillar recommends that Section
702, Part VII of R71-16 (Asbestos and Spray Insulation Regulations)

be modified to allow the following exceptions:

19
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1. That asbestos Brake linings (friction material) may be used in
a brake system when the friction material operates in either a

dry or oil-wetted environment in a totally enclosed brake com-

partment which prevents the emission of brake wear products inteo
the embient air.

2. .That asbestos brake linings (friction material) may be used in
a brake system, when the friction wmaterial operates in a non—
enclosed brake compartment, until conclusive medical evidence
proves that the emitted brake wear products contain harmful

amounts of asbestos fibers.

If all evidence indicates the need for asbestos brake controls and/or
regulations, Caterpillar would further recommend that reasonable
threshold limits of asbestos fiber be established by qualified per-
sonnel (based on scientific fact and foreseeable technological advances).
Test procedures which measure the concentration of asbestos fibers

must also be developed which are understandable, repeatable, and realistic.

Place the burden on the manufacturer to design his product to meet rea-

sonable, attainable standards —- don't just prohibit the use of asbestos

for brakes.

As wmentioned at the beginning of this booklet, Caterpillar Tractor Co.
agrees in principle with the objectives of the Environmental Protection
Act. The Company stands ready and willing to assist the Board in the

establishment of asbestos regulations which serve the intent of the

legislation.
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Mr. Chairman, meabers of the panel, my.name is Fred Engelking. I joined
Caterpillar in Peoria in 193} after receiviné a degree ir Chemical En-
gineering from Purdue University. I have been working on friction materiais
for over 20 years. Presently, I direct the Research and Developm;nc pro-
grams for nonmetallic materials, including friction material, in the

Research Department. I have been a member of the American Society for

Testing Materials subcommitteeon Friction Materials since 1957.

Caterpillar is pleased to have the.opportunity to appear before the Board
today. We have six manufacturing facilities in the state, énd are the
largest private employer in the State of Illinois, with over 41,000 em—
ployees. We are vitally finterested in the efforts of the Illinois Pollution

Control Board to guard the health and environment.

1 am here today to present to you information that I hope will assist
you in efforts to regulate the use of asbestos and spray insulation in
the State of Illinois. Copies of our c;mplete submi;sion are in your
hands, and it is our sincere hope that each of you will find time to

read the entire booklet. My oral remarks are included in Appendix B.

The Catexrpillar product line includes primarily earthmoving equipment.
A1) of this equipment utilizes asbestos brake linings and it is for this
reason that we are concerned with Section 702 of Part VII of the pro-

posed Regulation.

Appendix A of the booklet provides a listing of the Caterpillar product
line which includes 52 models of earthmoving equipment and 53 models of

material handling equipment.
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The lack of a definition for the word "vehicle” in the proposed Regulation

is also of concern. Typically, regulatory statutes have differentiated
between motor vehicles and earthmoving equipment. There are'sugggstions

for the definition of "vehicle"” in the written testimony.

There are reasons for our concern:

- Asbestos is used in all types of brakes in all Caterpillar machines because

it has outstanding safety and dursbility characteristics. In spite of many
years of research, there are no known safe substitutes for asbestos brake
linings for our type of equipment. I would like to acquaint you with a few

types of wmachines other than the familiar track-type tractor.

SLIDE 1

Starting in the upper left hand corner and going clockwise, there is a
wheel tractor, motor grader, off-highway truck and wheel tractor-scraper.
1

A wheel tractor loader is in the center.

Unlike most vehicles you may know about, we have 5 different ‘types of brakes.
They are dry shoe brakes, dry caliper disc brakes, dry band brakes, oil

coocled band brakes, and oil cooled disc brakes.

SLIDE 2

— e

Conventional shoe brakes with dry linings are used in wheel tractor-

‘'scrapers, motor graders and most wheel loaders. These brakes are always

shrouded to minimize the entry of debris frow the outside. Brake lining
wear products can be emitted into the environment from this type brake.

Smallexr sizes of this type are used on passenger cars.

CAT-1007388
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SLIDE 3

The second type is called a caliper disc brake. The asbestos-containing pads
are forced to grip the disc to producc the braking power. This is the most
exposed type of brake and,obviously, wear products can easily enter the
environment. Many U.S.-made passenger cars are now using this type brake on

the front vhecls only. We use caliper disc brakes on all wheels of some

loaders.

SLIDE 4

The next three types of brakes are totally enclosed and may be less familiar
to you, Wear products cannot be.emitted into the environment due to their
containment. Track-type tractors and track-type loaders use band brakes.

In this photo, the covers have been removed from the compartments so that the
brakes are visible. Our larger machines use band brakes bathed in cooling

0il such as is shown. The smaller machines use a dry-type band brakes

without oil.

SLIDE S

The fifth type is the totally enclosed oil-cooled disc brake used in our
off-highway trucks. These have many ‘discs which are forced to rub against
mating steel discs and provide braking power. Due to large rubbing surface
area and the oil media, there is very little wear in this type brake. There

are no emissions into the enviromment.
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SLIDE 6
This is a typical friction disc with its riting disc as is used in oil-

cooled, multiple disc brakes shown in the previous slide.

Break Wear products:

It is my understanding that the technical paper by Mr. Jeremiah Lynch of
the U.S. Public Health Service on “Brake Lining Decomposition Products" has

been entered into the record in earlier testimony before this Board at

Granite City, Illinois.

ic have done similar, but less extensive work, on brake decomposition

SLIDE 7

products. This slide shows scrapings from an unused brake as photographed
with an electron microscope at high magnification. So you will have a better
feel for this high magnification, the thickness of human hair at this same

magnification would cover a screen twice as large as we have in this room.

'I.have included a 5 micron scile on this and the three succeeding slides

because Section 601 in the proposed Regulation states that "only fibers of
5 microns or greater in length...shall be counted” in the emissions from a

factory into ambient air. We believe that if it is safe for a factory to

enit fibers less than S microns in length, it should also be safe for a

brake to emit fibers less than 5 microns in length into the ambient air.

Additional research by qualified medical personnel may even show that asbestos
fiters much larger than S microns are safe in the ambient air. Since these

are fibers scraped from unused brake material, they are larger than S microns.

CAT-1007390
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SLIDE 8
Some asbestos‘fibers from new friction material were heated in an oven to
remove the water of crystallization inherent in asbestos. This destroys the
fibrqus nature, and mechanically rubbing the deteriorated fibers further

reduces the fibers to powder. This is a simulation of the formation of brake

wear products. You will note no fibers are longer than S microns.

SLIDE 9
A sample of brake wear products was taken from a dry brake compartment.

There are a few fibers showing and they are much shorter than S microns.

Dust or clumps of dust occupy most of the picture.

SLIDE 10
This iast slide on brake wear products from a dry brake compartment also
shows very few fibers and none of significant size. There are many dust

particles.

We believe that our limited study substantiates the findings of Mr. Lynch of
the U.S. Public Health Service, that few fibers are emitted as wear products

from brakes.

Smoothness of brake operation is vital to safe operation of Caterpillar
equiément. You may have experienced a malfunctioning passenger car brake
SLIDE 11

which grabbed and threw you forward at the end of a’'stop. This par of curves

shows what is happening when you brake a vehicle. In curve A, ashestos material

CAT-1007391
015



)
2

-6- :

® ¢
is stopping the vehicle. The brake torque or stopping power builds up at
the beginning, stays smooth and constant, and finally increases slightly at
the end of the stop. The sintered metal friction material produces Tough
braking in curve B. There is 2 lot of vibration and noise followed by a
drastic increase in torque at the end. The sudden increaée in stopping

power causes material to spill out of machines.

SLIDE 12

If this loader is backing up with a raised bucket full of dirt or rock,
and the machine stops abruptly, due to grabbing brakes, the material will
spill out of the bucket and end up in the operator's lap. Smooth braking

action is absolutely necessary for safe operation of our machines.

Safety:

When a brake is designed for a Catexpillar machine, there are threc vital
factors: safecty, durability, and snoothness of stopping. The last two
factors cnhance the safety factor. The brake must be able to stop the machine
in a reasonable distance, tihe—after-time. Asbestos brake materials have

proven performance and durability.

1 would like to sumnmarize and make some recommendations. Caterpillar Tractor
Co. questions whether the intent of the Asbestos and Spray Insulation Regula-
tions is actually accomplished by the proposcd ban of asbestos brake linings.
If research work and data on ambient concentration levels of asbestos fibers
vhich are detrimental to society establish a need for asbestos brake control
and/or regulation, Caterpillar rccommends that Section 702, ParthII of
R71-16 (Asbestos and Spray Insulation Regulations) be modificd to allow the

following exceptions:
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1. That asbestos brake linings (friction material) may be used in a brake
systeﬁ vhen the friction material operates in either a dry or oil-wetted

environment in a totally enclosed brake compartment which prevents the

enission of brake wear products into the ambient air.

2. That asbestos brake linings (friction material) may be used in a brake
system, when the friction material operates in a nonenclosed brake
compartment, until conclusive medical evidence proves that the emitted

brake wear products contain harmful amounts of asbestos fibers.

1f all evidence indicates the need for asbestos brake controls and/or
regulations, Caterpillar would, further recommend that reasonable threshold
limits of asbestos fiber be established by qualified personnel (based on
scientific fact and foreseeable technological advances). Test procedures
which measure the concentration of asbestos fibers must also be developed

which are understandable, repeatable, and realistic. Place the burden on

the manufacturer to design his product to meet reasonable, attainable

standards -- don't just prohibit the use of asbestos for brakes.

As mentioned at the beginning of this booklet, Caterpillar Tractor Co.
agrees in principle with the objectives of the Environmental Protection
Act. The Company stands ready and willing to assist the Board in the

establishment of asbestos regulations which serve the intent of the

legislation.
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