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TECIINICAL MEMORANDUM 74154

EFFECT OF HYDRAULIC FLUID (MIL-H-83282) ON SELECTED
COMMERCIAL O-RING COMPOUNDS

INTRODUCTION

The hydraulic system of the Space Shuttle will he a sealed system con-
taining MIL-H-83282 gynthetic hydrocarbon hydraulie fluld, IHowever, vory
little information wag available on the compatibility of elastomeric soft goods in
MIL-1-83282 hydraulic Muid other than the lact that there are at least three
different (lulds markeied by different supplicrs.

The primary objeelive of this study was lo dotermine what elastomerice
polymers are suitable [or use as O-vings, scals, paskels, bladders, and
diaphragms under conditions simulating those of the Space Shuttle hydraulic
systam,

For use in this program, synthetle hydrocarbon (luids meeting the
MIL-1-83282 specellication were obiained [rom three guallfied supplicrs.
Acrylonitrile and fluorcearhon glastomer O-rings from two suppliers were
tested In each fluid,

This report deseribes the key property changes noted lor each rubber
compound as a function of fluid source, temperature, and exposure duration.

DISCUSSION AND TEST PROCEDURES

Immersion tests were run on acrylonitrile and (Muorocarbon polymers
in synthetic hydrocarbon [luids meeting MIL-1]-83282 specilications. The
rubber samples were purchased in the form ol O-vings [rom Precision Rubber
Products Company, Daylon, Ohice, and Parker Seal Company, Lexington,
Kentucky. Precision Rubber Company [urnished O-rings molded from
acrylonitrile (Buna-N) and [fuoroearbon (Viton) compounds, and the Parker
Seal Company furnished O-rings molded [rom one of their acrylonitrile
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formulations. The specific formulntions tasted wore recommended by thelr
manufacturers for outstanding roslstancc and stability to hydroearbon [uids.
Tho three commerclal rubber compounds are Idenfified by thelr compound
numbers as follows:

‘Type Numbeor Source
Nitrile T37-7 Preciston Rubber
Nltrile N304-75 Parker Seal Company
Viton 19367 Procision Rubber

The synthetlc hydrocarbon [lulds were obtained from three qualified
sources ol flulds meeting the MIL-I1-83282 gpeclfication, Droprietary nomen-
clature for each fluid s as [ollows:

Fluid Batzh/ Lot Manufaciurer
Royco 782 Lot 108688 Royal Lubricants Co,
Mobil RM 230A Lot MT2X2061 Mohil Oil Co.

Bray 882 Nov, 228-756-C-I52 Bray Oil Co,
(Brayco)

These {luids were used directly from the shipping containers for test purposes.

O-rings were arranged Into five speeimens per sct, and each O-ring
wad numbered Individually to provide traceability for individual thickness and
Shore "A' hardness measurements, Multiple sets ol O-rings were suspended
in heakers of the different test MMuids at each test temperature. A set of live
individual specimens was withdrawn at each time and temperature condition,
Thermostatically controlled ovens with a constant nitrogen gas purge were used
for maintaining constant soak temperatures of 100°C (212°F), 150°C (302°F),
and 200°C (892°T) over time Intervals of 4, 8, 90, 180, and 360 days.

At the conclusion of cach immenrsion test period, stainless steel wire
holders containing five O~rings were removed from the original test fluid and
transferred to containers containing fresh test fluids at ambient temperatures .
to cool the specimens for approximately 45 min. The specimens were quickly
dipped into a solution of acetone to remove test [Tuid and blotted dry with an
abgorbent paper towel. The thickness and hardness measurements were faken
and recorded. The O-rings were then tested on the Instron tester to ASTM
Method D1414-65T, Procedure 7.1, to obtain tensile strength and elongation,
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These properties, together with hardness and thickness changes, are shown in
Flgures 1 through 9 and Tables 1 through 5, Unplotied values on these graphs,
denoted by the symbols + and X, denote the effeet of temporature alone, 100°C
(212°F) and 160°C (302°1), rospoetivoly,

Short term (4 and 8 day) Immeralon tosts were run at 160°C (302°7)
and 200°C (392°1") on the nitrilo and Viton clastomoers to determine a maximum
test temporature appropriate for the long range testing, The 200°C (392° 1)
Immorsion tests were deleted alter < days. This wasg necessary because almost
complate decombustion of the fuid media oceurred. I s appavent from data
obtalned that hoth the nitrile compounds are grossly alfeeted at 150°C {302° 1),
shown in Tables 1 and 2 afltor 4 days soaking, ‘Tests on the nitrile specimens
were contlnued up to 90 days, where all the nitrile tost speeimens were found
to be hard and brittle. Conseqaently, the 150°C (802°F) condition was deleted
on the nitrile elastomers at the end of the 90 day poriod.

A notlceable change In the color of the immevsion [lulds was apparent
after exposure to 100°C (212°F) for 90 days. The Reyeo fluid changed from a
light amber to a transparent burgundy red. The Mobil [Tuld ehanged from a
light ambor to a yellow trangpavent color, and Bray (luld changed [rom ambey
to a light reddish brown, Immersion Muids containing the Viton clastomer at
100°C (212°F) for 90 days had n more pronounced version ol these colors, All
three of the test [luids containing Viton samples carborized at 150°C (302°F)
during the 90 day soak cycle. This exposure reduced the {luid to a dark syrupy
mass confaining [lake-like solids which could still be wiped from the O-rings.
To avold this complleation, the O-rings were suspended In fresh test [uids
after 180 days cxposure at 100°C (212°1) and alter 18, 32, and 64 days at
150°C (302°F), with [resh [luids introduced every 30 days therealter.

CONCLUSIONS AND RECOMMENDATIONS

This study revealed no evidenee that any of the O-ring compounda
evaluated would nol he serviceahle in MI L-11-83282A hyvdraulic {luid i Shuttle
hydraulic systems. At temperatures above 100°%C (242", an advaniage is
indicated for the Viton compound, However, testing under extreme conditions
revedaled one possible anomaly, The Mobil RM 230A fluid appeared somewhaf
more prone to decompose during clevated temperature lests and, under {he
same conditions, il appeaved more prone to attack the Viton rubber compound,
This was evidenced by more [luid decomposition or carbonization and hy greater
embrittlement ol the Viton samples in this fluid during the 360-dny Viton tests
at 150°C (50207,
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