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SILICO)NE BRKAKE~ FLUIDS: T'WO-YEAR FIILl)'TEST

1. lNTIO1) 1 (lI 0N

''the Arrinv uscs three h pes ot' autoniotl~- hy'draulic fluids. TIheise are covered lb%
Sei icains V V -11-68(1, *Iirake- Fluid,.%it toinoti'%c,'' for operations ranging from plus

55'C to innti? 3C; MI - l-I 139) 10. Iv drauifi Fluuld, polar TN pe. Au tomhotive, All
Vi iather. I'or operation to inwiu 55'.~( and M1L -P-4l60416. -Preser~ati~v Fluid, Aulto-

inoti~v Btrake- Systemn and ( oinpoinents. ifor brake systein., of' vehijcles li storage and as
a packaging fluid for wheel and miaster cylfinders.

[it I1967. because of the success of silicone fluids iii hyd raulic applications, makers
of these fluids became interested lin developing a single all-purpose lid to overcome
the# water -wnsitiv~ih~ of current fluidIs as well as to p~rovidet all-weather and] preservative
prope-rties. The producers were encouraged to develop) such a fluid since it would
reduce miaintenane and] logistics costs substantially by providing increased brake sys-

tein rliabOfl5t eiintn the nieed to change fluids for CONU(S, Arctic, or storage
conitins.aiit replacing the( three existing fluids with one-. D~uring the next three

Nears, dieficiencies such as poor lubrication properties and rubiber Incompatibility
whichi shiowed up in laboratory testin wrlesndy(t-e incorporation of small

amounts of additives to the fluidls. Laboratory evaluation, including stroking tests
based on SAE specitications and storage tests for packaging and preservative properties,
estaldislied that a silicone fluid could bx- formnulawcd tu pros ide heavy-duty and arctic-
type performance and the preservative properties required by the current brake fluids
and packaging fluid. The remaining question of suitability under all operating condi-
tions required the( cond~uct of a field test. During March and April 1973, therefore.
tests were initiated( to obtain experience with silicone! fluids in operational vehicles

Three silicone- fluids (two water-intolerant and one water-tolerant) and a conven-
tional specification fluid were installed in the brake systems of vehicles operated by
Arni> units in three areas representing climatic extremes: tropical (Tropic Test Center,
Panama Canal Zone); extreme cold (Arctic Test C;enter. Fort Greeley, Alaska); arid
desert (Yuma Proving (;round, A.rizona).

The first year inspection was covered in USAMERDC Report 2132.* This por-
tion of the test showed that the silicone brake fluids will equal or exceed the perfor-
mance obtained from current specification fluids. The most significant improvement
was found in Panama where nume-rous malfunctions due to corrosion occurred with
brake syste~1s using the specification fluid. There were no malfunctions with the sili-
cone brake fluids.

james It. C:onley, Robert jamison, and Charles Il. Jordan, "Siliconie Brake Fluids: One-Year Field Test,"
USAMERDC Repo"t 2132. AD A012849 (Feb 75).



Iii )~ ini a the genteral jcPearaii'. of flit. S' steniiW*Ij wi li sitne flUid& wa.. oiIle-

Shat better than tim-- w ith the coeln'.iii ocal flltI.S. I lowver. noc mialfuncetions~
tituirreeI %.hlch Avrc attribuctabcle to tlc, flldtl.

lic ,ainc idtuatim4i held true for thc kla~skaic portion of* the tve't m lwrt the per-
foriacice of the systen which was opieratedi with the silicon(- lciid for one- year was
4coniparabie to I hose systviiis W% ti the spJ4(ifieiltiofl fluid.

This report con tainis tbe final resutjlt, of the tv~ o~-,ear field test of silicone brake
flids oiperaitinig at T'l( and Y P( and I he one-Near test ot two low-tern perature fluids
oe~rating at A.vr

11. iDl-TAILS OF Tl1s'r

Tlhiree siliconie fluid,, (two water-intolerant an(] otie water-tolerant) and a conl-
%eiitional specifiration fluidl (V V -B680) were used in Panama and Yumna. These. sili-
cones were used iicitiall% in \laska. lestinig on tile water-int~1erant. fluids was dis-
c-ontinuedl idw a% through the teAt, lie~ever, because of possible crystallization at
teniperatures below ininius 46'C (5f 0 '), aiid two new silicones with improved low-
temiperature properties were substituited aii(l compared to) coniventional NIIL-l 1-13910
arctic b~rake fluide.

For these tests, new brake cylincder sets were packaged with fluid in the labora-
ton. and shipped with new brake hoses to the appropriate area for installation on
\1 15 1, "4-tori cargo vehicles and NI 715. I'/4-ton vehicles. After one year, half the
cylinders from Paniama and Yumia were torn (]owui on sitce and examined for conditionI of the mectal parts and rubber compoundls atiol for appearance of the fluid. Samples of
the fluids were sent back to the laboratory. The cylinders were then reinstalled and
hrouight back to level with fresh fluid, and the vehicles were returned to operationl.I Cylinders of the other vehicles were left undisturbed. After two years' operation all
cylindlers, hoses, anol samples of the fluid were returned to the laboratory for final
e~valuation. In Alaska, all cvlinders were returned for examination after one vear's
operation. In addition to visual examination of the fluids, water pick-up was
determined 1y the Karl Fisher Method.

1l1. DISCUSSION

In Panama (Table! 1), three oif the four vehicles using the VV-13-680 fluid com-
pleted the second year of operation without a brake malfunction (numerous failures
occurred duing the first year) even though the cylinders were severely corroded. TIhe

* fourth vehicle was reported missing in February 1975, and no data are available.
* During examination of the brake parts, a srong odor of gasoline and swelling of the
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sccmlar cup? V.erv noted il it-e mascr r ivliinler, fromn the . Iw P' 4-IAfl %iiic~ic..

a dir picup iti i fltuid rahigeh from 2.5 to 15 perctit.

lThe vIise usilg" thle silicone fluid.-, onltinlued to operate trouble free during the(

sec4ond y'ear. The ' liie l4Mwith thfle I nioul Carbide ( L T*( ) aiii I)ow C:ornting (D..( )
".ater-Inl ~eraul t flids i'vere sautjsfactiry', %]it tite. latter shuowing a tenidenicy to stain
ait have mlgtl ore corrosionl of ite tat parts. The cylinders with the General
Electric (( F.) %.ater-toleranut fluid 5Iuo% tc onsjderablN' more corrosion than those
".ithI othler silicone fluids but %c re still siustantially better thlan those V.ith the( V V -I-
651(0 fluid. Thie odor of gasoline and swelling of the secondary -up Ii the nmaster
cylfinder were also nioted iii thet I Y4-t oi vehuices using the I .C. anld D.C. fluids. It was5
nuot preseint in the vehticles using the ; I fluid. The rubber cups had a slight-to-

moderate scoring and scuffing with all tile fluids undter test.

Ilil din uvestigationl to dletermuine tile- causev for the gasoline odlor ill the( miaster

C% lirlders of ,oine of the I /4-toll vehicles, test personnel learned from TTlC personlnel
thlat tlue- affected vehicles luad been eq~uiipped with deep water fording kits. These kits

verlt the( master cyvlindler into the( air breather whichu, in turn, allows gasoline vapors to
enter thbc master cN.liniler anil cause the( rubber cup swelling that was notedl.

AI Yulna Proving G;round, Arizona, all vehicles except one containing Ui.C. sili-
cone fluid completedl the second year of operation without a brake malfunction.
Those brake parts were discarded inadIvertently and the cause of malfunction could not
be determined. Fluid performance was comparable to the Panama portion of the test.
Visual inspection andl pertinent data are shown in Table 2.I ~ At Fort G;reeley, Alaska, the vehicle containing NllL-lI1-139 10, Arctic Brake Fluid,
showed heavy corrosion of the wheel cylinders and scoring of the pistons. All the
vehicles with the water-intolerant silicones gave comparable results, showing only slight
stain of the cylinders and, with the exception of one vehicle using the D.C. fluid,
showed no piston scoring (Table 3).

Photographs illustrating representative cylinders from each climatic area are
shown in Figures I through 8.

9
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IV. (;ON(:LL.StNS

'[lis program has shio%u that silicone b~rake fluid will equal or exceed fte per-
torniaiice obtaiiiet fromt current specification fluids in conventional hydraulic brake
systems. The water-intoleratit silicones show considerably less corrosion titan either
flit- con'.ntiouial fluids or fte- water-tolerant silicone fluid after the two-year period.
After onec year in fte arctic, both fte water-Intolerant and flit! water-tolerant silicones
were coinparabile iii perfornmance.

Basedl on this study and previous laboratory evaluations, silicone brake fluids have
dlemonstrated their potential for uts( in the bulk of fte Army fleet, which is composed
of vehicles under I10,000) pounds gross weight aiid equipped with conventional hy-
draulic brake systems.

During this test period, however, laboratory tests conducted by a brake parts
manufacturer indicated a potential problem with silicone fluids in vacuum over hydrau-
lie brake systems used on vehicles of over 10,000 pounds gross weight. Since the Army
fleet includes vehicles with this type of hydraulic brake system, further studies and

tests are being conducted to resolve the problem.

Thue swelling of the rubber cups in the master cylinders of vehicles equipped with
the deep-water fording kit can produce brake system failures regardless of thle fluid
used.

26
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