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SILICONE BRAKE FLUIDS: TWO-YEAR FIELD TEST

L INTRODUCTION

The Army uses three types of automotive hydraulic fluids. These are covered by
Spectfications VV.B-680, ~Brake Fluid, Automotive,” for operations ranging from plus
33°C 10 minus 30°C; MIL-H-13910, “Hydraulic Fluid, Polar Type. Automotive, All
Weather.” for operation to minus 35°C: and MIL-P-$6046. “Preservative Fluid, Auto-
motive Brahe System and Components,” for brake systems of vehicles in storage and as
a packaging fluid for wheel and master eylinders.

In 1967, because of the success of silicone fluids in hydraulie applications, makers
of these fluids became interested in developing a single all-purpose fluid to overcome
the water sensitivity of current fluids as well as to provide all-weather and preservative
properties. The producers were encouraged to develop such a fluid sinee it would
reduce maintenance and logistics costs substantially by providing increased brake sys-
tem reliability; eliminating the need o change fluids for CONUS, Arctic, or storage
conditions: and replacing the three existing fluids with one.  During the next three
vears, deficiencies such as poor lubrication properties and rubber incompatibility
which showed up in laboratory testing were lessened by the incorporation of small
amounts of additives to the fluids. Laboratory evaluation, including stroking tests
based on SAFE specifications and storage tests for packaging and preservative properties,
established that a sificone fluid could be formulated to provide 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 conduct 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
Army units in three areas representing climatic extremes: tropical (Tropic Test Center,
Panama Canal Zone); extreme cold (Arctic Test Center. Fort Greeley, Alaska); and
desert (Yuma Proving Ground, Arizona).

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 numerous malfunctions due to corrosion occurred with
brake systems using the specification fluid. There were no malfunctions with the sili-
cone brake fluids.

James . Conley, Robert Jamison, and Charles {3. Jordan, “Silicone Brake Fluids: One-Year Field Test,”
USAMERDC Report 2132, AD A012849 (Feb 75).
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In Yuma the general appearance of the systems with silicone fluids was some-
what better than those with the conventional fluids.  Hlowever, no malfunctions
oceurred vohich were attributable to the fluids,

Fhe same situation held true for the Alaskan portion of the test where the per-
formance of the system which was operated with the silicone luid for one year was
comparable to those systems with the specification fluid.

This report contains the final resuits of the two-year field test of silicone brake
fluids operating at TTC and YPG and the one-vear test of two low-temperature fluids
operating at ATC,

. DETAILS OF TEST

Three silicone fluids (two waler-intolerant and one water-tolerant) and a con-
ventional specification fluid (VV.B-680) were used in Panama and Yuma. These sili-
cones were used initially in Alaska.  Testing on the water-intolerant fluids was dis-
continued midway through the test, however, because of possible crystallization at
temperatures below minus 46°C (50°F), and two new silicones with improved low-
temperature properties were substituted and compared to conventional MIL-H-13910
arctic brake fluid.

For these tests, new brake cylinder sets were packaged with fluid in the labora-
tory and shipped with new brake hoses to the appropriate area for installation on
M 151, %-ton cargo vehicles and M T15. l%-ton vehicles.  After one year, half the
cvlinders from Panama and Yuma were torn down on site and examined for condition
of the metal parts and rubber compounds and for appearance of the fluid. Samples of
the fluids were sent back to the laboratory. The cylinders were then reinstalled and
brought back to level with fresh fluid, and the vehicles were returned to operation.
Cylinders of the other vehicles were left undisturbed. After two years’ operation all
cylinders. hoses, and samples of the fluid were returned to the laboratory for final
evaluation. In Alaska, all cylinders were returned for examination after one year’s
operation.  In addition to visual examination of the fluids, water pick-up was
determined by the Karl Fisher Method.

1L DISCUSSION

In Panama (Table 1), three of the four vehicles using the VV-B-680 fluid com-
pleted the second year of operation without a brake malfunction (numerous failures
occurred during the first year) even though the cylinders were severely corroded. The
fourth vehicle was reported missing in February 1975, and no data are available.
During examination of the brake parts, a strong odor of gasoline and swelling of the
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sccandary cup were noted in the master cylinders from the two '-ton vehicles.

Water pick-up in the fluid ranged from 2.5 to 15 pereent.,

The vehicles using the silicone fluids continued to operate trouble free during the
second vear.  The eyvlinders with the Union Carbide (U.C.) and Dow Corning (D.C.)
water-intolerant fluids were satisfactory, with the latter showing a tendeney to stain
and have slightly more corrosion of metal parts. The eylinders with the General
Flectric (G.F.) water-tolerant fluid showed considerably more corrosion than those
with other silicone fluids but were still substantially better than those with the VV-B-
o080 fluid.  The odor of gasoline and swelling of the secondary cup in the master
cylinder were also noted in the 1%-ton vehicles using the U.C.and D.C. fluids. 1t was
not present in the vehicles using the G.E. fluid.  The rubber cups had a slight-to-
moderate scoring and scuffing with all the fluids under test.

In an investigation to determine the cause for the gasoline odor in the master
eylinders of some of the 1%-ton vehicles, test personnel learned from TTC personnel
that the affected vehicles had been equipped with deep water fording kits. These Kits
vent the master evlinder into the air breather which, in turn, allows gasoline vapors to
enter the master evlinder and cause the rubber cup swelling that was noted.

Al Yuma Proving Ground, Arizona, all vehicles except one containing U.C. sili-
cone fluid completed the second year of operation without a brake malfunction.
Those brake parts were discarded inadvertently and the cause of malfunction could not
be determined. Fluid performance was comparable to the Panama portion of the test.
Visual inspection and pertinent data are shown in Table 2.

At Fort Greeley, Alaska, the vehicle containing MIL-H-13910, 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 1 through 8.
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IV, CONCLUSIONS

This program has shown that silicone brake fluid will equal or exceed the per-
formance obtained from current specification fluids in conventional hydraulic brake
systems. The water-intolerant silicones show considerably less corrosion than either
the conventional fluids or the water-tolerant silicone fluid after the two-year period.
After one year in the arctie, both the water-intolerant and the water-tolerant silicones
were comparable in performance.,

Based on this study and previous laboratory evaluations, silicone brake fluids have
demonstrated their potential for use in the bulk of the Army fleet, which is composed
of vehicles under 10,000 pounds gross weight and 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-
lic brake systems used on vehicles of over 10,000 pounds gross weight. Sinee the Army
fleet includes vehicles with this type of hydraulic brake system, further studies and
tests are being conducted to resolve the problem.

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

26

Sheas o w




T e o e A,

r

“PINY 0R9-8-AA YUM D1 L 18 UCIINGO $I180A 2 18148 S0DULIAD 4O 188 |SDIdAL undiy

w::::::::; IR RARERY
RRRRRERL YNNI,

AAADNANN
3: feet

S RARRARL
JUIVUY

AV

— U
I W N




yum Ol e uOIIE0d0 SI80A 7 1048 sJ8puljAd JO 188 jendA} ‘Z einbid

‘SUOH|IS JWRIBOIUL-IBIBM

LT
o0 . O
TR R REEEES

FANANARNAN : .-
_ oA .
Wbt i

NEERRRRREL
h n»

i : tit _ 0
?::ESE N

sééﬁ

m’u omo m
0‘ o GV o ﬂ °

[

s g o o o Sttt e




$10pUIIAD JO 108 |SOI0AL '€ Bunbed

‘BUOOIIS JUBISN0L-J0IBAA YUM D) § 18 UONSKO S100A T 1048

-<,>>>> 3;
il : .:




PING 08D B-AA WM DdA 18 UOIIEICO SIB0A T 30138 S10pUAD JO 108 |SNdAL ‘y sinbid

NYNVVT

AL
i 8




"SUOY|IS JUBISIOIUL-HNIEM YUM DJA 18 UOHIRISAD SI80A 2 J01)8 SJ0PUIIAD JO 188 (BNdA L ‘G 8inBi4

Juitgiiiii
>>>>>>> (YA IVIYNAY N L.
_...... “

vy
t:;:::::(

ﬁ >~>_>_J ,_>




‘SUODN|IS IURI0I-JNIBM YUM DA 18 UOIIEINCO SI88A T 040 SJ0pULIAD 4O 198 (BdAL g ®nBidy

TV

] T
oW o
oo
MY

3 L
YT




‘pin e
PINL; OLEEL-H- I YMM DLV 12 UCHIEISTO 5,100A | 1818 SIBPUIIAD JO 106 [81dAL £ einBiy

Q,>>>>>>>,
(RRERARE

"s.c_,\.,\g\

)i
v




‘SUODNLS IULISIOIUI-SNIBM YUM D1V 18 UOIIEISO 5,180A | J91)8 SIBPUIIAD JO 106 (81dA} 8 BinBi4

3
o0 |

e ———




T

<Ay

|
i

€l

No. Copies

DISTRIBUTION FOR MERADCOM REPORT 2164

Addressee
Department of Defense

Director, Technical Information

Defense Advanced Research
Projects Agency

1400 Wilson Blvd

Arlington, VA 22209

Director

Defense Nuclear Agency
ATTN: STTL
Washington, DC 20305

Defense Documentation Center
(.araeron Station
Alexandria, VA 22314

Department of the Army

Commander
US Army Materiel Development
and Readiness Command

ATTN: DRCRD-WB DRCRD-T
DRCRD-) DRCRD-0)
DRCRD-G DRCRD-FP

5001 Eisenhower Ave

Alexandria, VA 22333

Commander, HQ} TRADOC
ATTN: ATEN-ME
Fort Monroe, VA 23631

HODA (DAMA-AOA-M)
Washington, DC 20310

QDA (DALO-TS M.13
Washington, DC 2031

HODA (DAEN-RDI.
Washington, DC 20314

HODA (DAEN-MCE-D)
Washington, DC 20314

Commander

US Army Missile Comynand
ATTN: DRSMI-RR
Redstone Arsenal, Al 35809

Chief, Engineer Divigion
DCSLOG
ATTN: AFKC-LG-E
HQ Sixth US Army
Presidio of San Francisco, CA 94129

35

No. Copies

Addressee

Director
Army Materials and Mechanics
Research Center
ATTN: DRXMR.STI,
Technical Library
Watertown, MA 02172

US Army Ballistic Research
[.aboratories

Technical Libra

DRXBR-LB (Bldg 305)

Aberdeen Proving Ground, MD
21005

Commander

Edgewood Arsenal

ATTN: SAREA-TS-L

Aberdeen Proving Ground, MI)
21010

Commander
US Army Aberdeen Proving Ground
ATTN: STEAP-MT-U
(GE Branch)
Aberdeen Proving Ground, MD
21005

Director

US Army Materiel Systems
Analysis Agency

ATTN: DRXSY-CM

Aberdeen Proving Ground, MD
21005

Director
US Army Engineer Waterways
Experiment Station
ATTN: Chief, Library Branch
Technical Inlz)rmation
Center

Vicksburg, MS 39180

Commander

Picatinny Arsenal

ATTN: SARPA-TS-S No. 59
Dover, N] 07801

Commander
US Army Troop Support and
Aviation Materiel Readinem Cmd

ATTN: DRSTS-KTE
4300 Goodfellow Blvd
St Louis, MO 63120




No. f pies

te

to

Addressee

Director

Petrol & Fld Sve Dept

US Army Quartermaster School
Fort Lee, YA 23801

Commander

US Army Electronics R&D Cmd
ATTN: AMSEL-GG-TD

Fort Monmouth, NJ 07703

President

US Army Aviation Test Board
ATTN: STEBG-PO

Fort Rucker, AL 36360

US Army Aviation School Library
P.0). Drawer 0
Fort Rucker, AL 36360

HQ, 193D Infantry Brigade (CZ)

Directorate of Facilities
Engineering

Fort Amador, CZ

Commander

Special Forces Detachment
(Airborne), Europe

APO New York 09050

HQ, USAREUR & Seventh Army
DCSENGR, ATTN: AEAEN-MO
ATTN: Mil Ops Div

APO New York 09403

Engineer Representative
US Army Standardization Group, UK
Box 65, FPO New York 09310

Commander

Rock Istand Arsenal
ATTN: SARRI-LPIL,
Rock Island, 1. 61201

HQ, DA, ODCSLOG

Directorate for Transportation
and Services

Army Fnergy Office

Room 1D570

Washington, DC 20310

Plastics Technical Fvaluation Center

Picatinny Arsenal, Bldg 176

ATTN: A. M. Anzalone
SARPA-FR-M-D

Dover, N] 07801

No. Copies

Addressee

Commander

Frankford Arsenal

ATTN: Library, K2400, BI 51-2
Philadelphia, PA 19137

Learning Resources Center
us Armg Engineer School
L

. VA 22060

to . ident
; Army Airborne,
Communications & Electronics
ATTN: STEBF-ABTD
Fort Bragg, NC 28307

Commander

Headquarters, 39th Engineer
Battalion (Cbt)

Fort Devens, MA 01433

President

US Army Armor and Engineer
Board

ATTN: ATZK-AE-TD-E

Fort Knox, KY 40121

Commandant

US Army Command and General
Staff College

ATTN: ATSW-Ri-L

Fort Leavenworth, KS 66027

Commander

2nd Engineer Group
ATTN: S4

APO San Francisco 96301

Commander and Director
USAFESA

ATTN: FESA-RTD

Fort Belvoir, VA 22060

HQDA (DAMA-CSS-T)
Washington, DC 20310

Commander

Frankford Arsenal
ATTN: SARFA.PDC
Philadelphia, PA 19137

Commander

Yuma Proving Ground
ATTN: Technical Library
Yuma, A7 85364

i UL N s min ot L

aaime s AR s




No. Copies

{1 e s dmr

Addressee

(Commander

US Army Tank-Automotive
Command

ATTN: AMSTA-FL

Warren, Ml 48090

Commander

US Army Arctic Test Center
ATTN: STEAC-PL-TSA
APO Seattle 98733

Commander

US Army Tropic Test Center
ATTN: STETC-TD-P

APO New York 09827

MERADCOM

Commander

Technical Director

Assoc Tech Director (R&D)

Assoc Tech Director (Engr & Acq)
Assoc Tech Director (Matl Asmt)
Assoc Tech Director (Tech Asmt)
CIRCULATE

Chief, Lab 1000

Chief, Lab 3000

Chief, Lab 4000

Chief, Lab 5000

Chief, Lab 6000

Chief, Lab 7000

Chief, Lah 8000

Chief, Lab 9000

Chief, Tech & Res Spt Ofc
CIRCULATE

Lab 2000

Fuels & Lubricants Div

Tech Reports Ofc

Security Ofc

Tech Documents Cir
Requirements & Programs Office
Information Ofc

Legal Ofc

37

No. Copies

Addressee

Department of the Navy

Director, Physics Program (421)
Office of Naval Research
Arlington, VA 22217

Director

Naval Research Laboratory
ATTN: Code 2627
Washington, DC 20375

Commander, Naval Facilities
Engineering Command

Department of the Navy

ATTN: Code 032-A

200 Stovall St

Alexandria, VA 22332

US Naval Oceanographic Office
Library (Code 1600
Washington, DC 20373

Officer-in-Charge (Code L31)

Civil Engincering Laboratory

Naval Construction Battalion
Center

Port Hueneme, CA 93043

Director

Earth Physics Program
Code 465’

Office of Naval Research
Arlington, VA 22217

Commander

Naval Air Development Center
Code 30212

Warminster, PA 18974

Commander

Naval Ship Research and
Development Center

Code 2831

Annapolis Laboratory

Annapolis, MD

Commander

Naval Ship Research and
Development Center

ATTN: Technical Library

Annapolis, MD




No. Copies

Addressee
Department of the Air Force

HQ USAF/RDPS (Mr. Allan Eaffy)
Washington, DC 20330

Mr. William ). Engle
Chief, Utilities Branch
11Q USAF/PRFEU
Washington, DC 20332

AFSC/IN]
Andrews AFB, MD 20334

OL-AA AFCEC/DEZ
Kirtland AFB, NM 87117

AFCEC/XR/21
Tyndall AFB, FL, 32401

HQ USAF/PREES

ATTN: Mr. Edwin B. Mixon
Bolling AFB-Bldg 626
Washington, DC 20332

AFAPL/SFL
Wright-Patterson AFB, OH 45433

ASD/ENCSP
Wright-Patterson AFB, OH 45433

AFAPL/MBT
Wright-Patterson AFB, Ol 45433

Others

Professor Raymond R. Fox

School of Engineering and Applied
Science

The George Washington University

Washington, DC 20052

Reliability Analysis Center
Rome Air Development Center
ATTN: L L. Krulac

Griffiss AFB, NY 13441

Department of Transportation
Jibrary, FOB 10A, TAD-494.6
800 Independence Ave., SW
Washington, DC 20591

38

234

67,813 — AG —Ft Belvoir

S




