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2 
RUBBER CUPS FOR HYDRAULIC 
ACI'UATING CYLINDERS -
SAE Jl60l 

Report of Hydraulic Brake Systems Actuating 
Committee approved May 1975. 

1. SCOPE - These specifications cover 
rrolded cups 51-TIm (2 in) in diameter and 
under, COIrq?Ounded from high temperature 
resistant rubber for use in hydraulic 
actuating cylinders employing rrotor ve­
hicle brake fluid conforming to the re­
quirements specified in SAE J1702 and SAE 
J1703. 

These specifications cover the perform­
ance tests of hydraulic brake cups under 
specified conditions and do not include 
requirements relating to chemical compo­
sition, tensile strength, and elongation 
of the rubber COIrq?Ound. 

Disc brake seals are not covered by this 
specification. 

2. GENERAL MATERIAL REQUIREMENTS 
2.1 WORKMANSHIP AND FINISH - CUps 

shall be free from blisters, pinholes, 
cracks, protuberances, embedded foreign 
material, or other physical defects which 
can be detected by thorough inspection, 
and shall conform to the dimensions spec­
ified on the drawings. 

2.2 MARKING - The identification mark 
of the manufacturer as recorded by the Rub­
ber Manufacturers Association and other 
details as specified on drawings shall be 
rrolded into each cup. 

2.3 PACKAGING - CUps shall be pack­
aged to meet requirements specified by the 
purchaser. 

2.4 SAMPLING - The minimum lot on 
which complete specification tests shall 
be conducted for quality control testing, 
or the frequency of any specific type test 
used to control production, shall be 
agreed upon by the manufacturer and the 
purchaser. 

3.
0 

TEST REQUIREMENTS 
3.1 RESISTANCE 'ID FLUID AT 

ELEVATED TEMPERATURE - After being 
subjected to the test for resistance 
to fluid at elevated temperature as pre­
scribed in paragraph 4.1, the cups shall 
conform to the requirements specified in 
Table 1. The cups shall ShON no excessive 
disintegration as evidenced by blisters 
or sloughing. 

3.2 PRECIPITATION - Not rrore than 

SAE Standard 

" , 

0.3% sedjment by volume shall be formed 
in the centrifuge tube after the cups have 
been tested as specified in paragraph 4.2. 

3.3 WHEEL CYLINDER HEAT PRESSURE 
STROKING - Wheel cylinder cups 

when tested by the procedure specified in 
paragraph 4.3 shall meet the following per­
formance requirements. 

3.3. 1 Lip ViameteJL Change - The rninirmlrn 
lip diameter of wheel cylinder cups after 
the stroking test shall be greater than the 
wheel cylinder 1:x:>re by the minimum dimen­
sions specified in Table 2. 

3.3.2 Lea~age - Constant dampness past 
the cups or fluid discoloration of the fil­
ter paper on two or rrore inspections shall 
be cause for rejection. 

3.3.3 CoJU1.o.6ion - Pistons and cylinder 
1:x:>re shall not show corrosion as evidenced 
by pitting to an extent discernible to the 
naked eye, but stain or discoloration shall 
be permitted. 

3. 3 . 4 Ch.ang e in H aJtdneM - Rubber cups 
shall not decrease in hardness by rrore than 
15 degrees when tested in accordance with 
the procedure as specified in paragraph 4.7. 

3.3.5 CondJ.;t.[on 06 Tut Cup - Wheel cyl­
inder cups shall not ShON excessive deter­
ioration such as scOring, scuffing, blister­
ing, cracking, chipping (heel abrasion) or 
change in shape from original appearance. 

3.4 MASTER CYLINDER HEAT PRESSURE 
STROKING - Master cylinder cups 

when tested by the procedure specified in 
paragraph 4.4 shall meet the follONing per­
formance requirements: 

3 . 4 0 1 Lip V iameteJL Chang e - The minimum 
lip diameter of master cylinder cups after 
the stroking test shall. be greater than the 
master cylinder 1:x:>re by the minimum dimen­
sions specified in Table 3. 
. 3.4.2 Lea~age - Constant dampness past 
the secondary cup or fluid discoloration 
of the filter paper on two or rrore inspec­
tions shall be cause for rejection. 

3.4.3 COJU1.o.6,[on - Piston and cylinder 
bore shall not show corrosion as evidenced 
by pitting to an extent discernible to the 
naked eye, but staining or discoloration 
shall be permitted. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j1
60

1_
19

75
05

https://saenorm.com/api/?name=6e802774c1ba86eb2830b2edf37cc05d


TABLE l-FLUID RESISTANCE AT ELEVATED TEMPERATURES 

Change in 
Volume 

Outside diameter, lip 

Outside diameter, base 

Hardness, ASTM 01415, degrees 

+5 to +20% 

o to +5.75% 

o to +5.75% 

-IS to 0 

TABLE 2--WHEEL CYLINDER CU~'EXCESS OVER BORE" 

Diameter, mm (in) 

Through 25.4 (1) 

Over 25.4 (1) through 38.1 (1-1/2) 

Over 38.1 (1-1/2) through 50.8 (2) 

mm(in) min 

0.508 (0.020) 

0.635 (0.025) 

0.762 (0.030) 

TABLE 3-MASTER CYLINDER CUPS ... -"EXCESS OVER BORE" 

Diameter, mm (in) 

Through 25.4 (1) 

Over 25.4 (1) through 38.1 (1-1/2) 

Over 38.1 (1-1/2) through 50.8 (2) 

mm (in) min 

0.381 (0.015) 

0.508 (0.020) 

0.635 (0.025) 

3.4.4 Change ~n H~dn~~ ... The hardness 
of the primary and secondary master cylin­
der test cups shall not decrease in hard­
ness by more than 15 degrees when tested 
according to the procedure specified in 
paragraph 4. 7 . 

3.4.5 Cond{tion 06 T~t Cup~ - The pri­
mary and secondary cups shall hot show ex­
cessive deterioration such as scoring, 
scuffing, blistering, cracking, chipping 
(heel abrasion) or change in shape from 
original appearance. 

3 • 5 IDiJ TEMPERA'IURE PERFORMANCE 
3.5,1 Leakage - No leakage of fluid 

shall occur when cylinder cups are tested 
according to the procedure specified in 
paragraph 4.5.1. 

3.5.2 Bend T~t - The cylinder cup shall 
not crack and shall return to its approx­
imate original shape within 1 minute when 
tested according to the procedure speci­
fied in paragraph 4.5.2. 

3.6 OVEN AGING - Cylinder cups when 
tested according to the procedure speci­
fied in paragraph 4.6 shall meet the fol­
lowing requirements: 

3.6.1 Change ~n H~dn~~ - The change 
in hardness shall be wi thin the limits of 
-5 to +5 degrees. 

3.6.2 Cond{tion 06 T~t Cub~ - The cups 
shall show no evidence of deterioration, 
or change in shape from original appearance. 

3. 7 CORROSION RESISTANCE - Cups when 
tested by the procedure specified in par­
agraph 4.8 shall not cause corrosion ex­
ceeding the limits shCMn in Table 4. The 
metal strips outside of the area where the 
strips are in contact shall neither be pi t­
ted nor roughened to an extent discernible 
to the naked eye, but staining or discol­
oration is permitted. 

The fluid water mixtures at end of test 
shall show no jelling at 23 + SoC (73.4 ~ 
gOp) • No crystalline type deposits shall 
fonn and adhere to either the glass jar 
walls or the surface of metal strips. The 
fluid-water mixture shall contain no more 
than 0.20% sediment by volume. 

3.8 STORAGE CORROSION - After 12 cy­
cles in the humidity cabinet when run ac­
cording to the procedure specified in par­
agraph 4.9, there shall be no evidence of 
corrosion adhering to or penetrating the 
wall of the cylinder bore which was in 
contact with the test cup. Slight dis­
coloration (staining) or any corrosion or 
spots away from the· contact surface of the 
test cups shall not be cause for rejection. 

4. TEST P:RCX:EDURES 

3 
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4 
TABLE 4 - CORROSION TEST STRIPS AND WEIGHT CHANGES 

TEST STRIPS
a 

Tinned Iron: Federal Specification 

Max Pennissible 
Weight Change 
mg/sq em of Surface 

QQ-T-425, Type 1, Grade 1, Class A-2, RM-6a 0.2 

Steel, SAE AA 1018, RM-7 0.2 

Aluminum, SAE AA2024, RM-8 0.1 

Cast Iron, SAE G3000 or strips from housing of wheel 
brake cylinder, srrooth machined surfaces, RM-9 0.2 

Brass, SAE CA260, RM-lO 0.4 

Copper, SAE CAl14, RM-ll 0.4 

a Test strips rn.::iy be obtained from Society of Autorrntive Engineers, Inc., 400 ComIDn­
wealth Drive, Warrendale, PA 15096 

4.1 RESISTANCE TO FLUID AT ELEVATED 
TEMPERATURE - DIMENSIONAL TEST. 

4. 1 • 1 AppMatu..6 - Micrometer, shadow­
graph, or other suitable apparatus to meas­
ure accurately to 0.02 rnm. (0.001 in) and 
glass containers* of approximately 250 em3 
(1/2 pt) capacity which can be tightly 
sealed (RM-51 and RM-52) . 

4. 1 • 2 T e6t SpecAmeM - Two cups shall 
be used for testing at l200c (2480F). 

4. 1 . 3 Pltoc.e.dW1..e - The cups shan be 
rinsed in Isopropyl or ethyl alcohol and 
wiped dry with a clean, lint-free cloth 
to remove dirt and packing debris. Cups 
shall not be left in the alcohol for rrore 
than 30 s. The lip and base diameters 
shall be measured to the nearest O. 02 rnm 
(0.001 in) taking the average of two read­
ings at right angles to each other. Care 
shall be taken when measuring the diameters 
before and after aging that the measure­
rents be taken in the same manner and at 
·the same locations. 

Detennine and record the initial hard­
ness of the test cups. Refer to paragraph 

*Suitable test jars and tinned steel lids 
can be obtained from Society of Autarroti ve 
Engineers, Inc., 400 Corrmonwealth Drive, 
Warrendale, PA 15096 

4.7 and Fig. 5. 
o The volume of each cup shall be deter­

mined in the following manner: Weigh the 
cups in air (WI) to the nearest milligram 
and then wei~h the cup imnersed in dis­
tilled water * at room temperature (W2). 
A Jolly spring balance, adequately shield­
ed from air currents, may be used for Il\:"lk­
ing these determinations.) Quickly dip 
each specimen in alcohol and then blot 
dry with filter paper free of lint and 
foreign material. 

Two ~s shall be corrpletel y immersed 
in 75 em of the specified test fluid, as 
outlined in Appendix A, in a suitable glass 
container and the container shall be seal­
ed to prevent vapor loss. The cohtainer 
shall be placed in an oven at 120 ± 20 C 
(248 ± 3.6Op) for a period of 70 h. At 
the end of the heating period, rernove the 
cups from the oven and allow to cool in 
the container at 23 + sOC (73.4 + 9Op) for 
60-90 min. At the end of the coOling per­
iod, remove the cups from the container 
and rinse in Isopropyl or ethyl alcohol 

""" A trace of a sui table wetting agent not 
large enough to significantly affect the­
specific weight of the water should be ad­
ded to the distilled water to eliminate 

, small air bubbles from being, trapped on the 
rubber surface during the weighing process." 
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and wipe dry with a clean, lint-free cioth, 
Cups shall not remain in the alcohol for 
rrore than 30 s. 

After rerroval from the alcohol and dry­
ing, place each cup in a separate, tared, 
stoppered weighing bottle and weigh (W3)· 
Remove each cup from itS'" weighing bottIe 
and weigh imnersed in distilled water (W4) 
to determine water displacement after hot 
fluid imnersion. 

The final volume, dimensions, and hard­
ness of each cup shall be determined wi thin 
30 to 60 min. after rinsing in alcohol. 

4.1.4 Cal~ulation and R~po~ 
4.1.4.1 Volu~ Change - shall be re­

ported as a percentage of the original vol­
ume. The calculation shall be made as fol­
lows: 
% increase in volume = (W3-W4) - (WI-W2) x 100 

(WI-W2) 

where: WI = initial weight in air 
W')= initial weight in water 
WJ= weight in air after immersion 

in test fluid 
W4= weight in water after test 

4.1.4.2 Dimensional Changes - The 
original measurements shall be subtracted 
from the measurements taken after the test 
and the difference reported as a percent­
age of the original diameters. 

4.1.4.3 Change in hardness shall be 
determined and recorded. 

4.1. 4 . 4 Examine the cups for disinte­
gration as evidenced by blisters or slough­
ing. 

4.2 PRECIPITATION TEST 
4.2.1 AppMatLL6 - Glass containersl hav­

ing a capacity of approximately 250 em3 

(1/2 pt) and inner dimensions of approxi-
mately 125 rom (5 in) in height and 50 rom 
(2 in) diameter which can be tightly seal­
ed, and a cone-shaped centrifuge tube of 
100 em3 capacity. 

4.2.2 T eht Sp~c.Jme.YL6 - Two cups shall be 
used. 

4.2.3 P~oQ~du~~ - Tb determine the pre­
cipitation characteristics of the test cups, 
place two cups in a suitable glass contain­
er containing 75 em3 of the test fluid spec­
ified in Appendix A. The container shall 
be sealed to prevent vapor loss and placed 
in an oven at 120 ± 20 C (248 ± 3.6Op) for 
70 h. At the end of the heating period, 
rerrove the container from the oven and al­
low to cool at room temperature for 24 hrs. 
after which the cups are rerroved. The con­
tents of the Jar shall be thoroughly agi­
tated and transferred to a cone-shaped 

centrifuge of 100 em3 capacity and the sed­
iment determined as described in paragraph 
5 (b) of ASTM D-9l. 

4. 3 WHEEL CYLINDER HEAT PRESSURE 
STROKING 

4 . 3. 1 AppMatLL6 
4.3.1.1 OVen - A well-designed,uni­

formly heated, standard dry air oven con­
fonning to the requirements for Type IlB 
oven in ASTM E145, Specifications for Grav­
ity - Convection and Forced - Ventilation 
Ovens. 

NOI'E: When strip heaters are used, they 
shall be placed not less than 150 rrm (6 in) 
from cylinders on test, but shall be 
shielded to prevent radiation to any cyl­
inder. 

4.3.1.2 Actuating Heat Pressure Stro­
king Fixture for Wheel Cylinder Cups - The 
actuating heat pressure stroking fixture 
~all be designed to provide a 3.8 + 1.7 rom 
(0 .15 .±. O. 07 in) IIDvement of each piston 
During the total IIDvement of the piston 
the pressure shall increase to 7.0 ± 0.3 
MFa (1000 ± 50 psi). The rate of opera­
tion shall be held at a uniform recipro­
cating rrotion of 1000 ± 100 strokes/h. 
Fig. 2 illustrates a recorrnnended pressure 
MFa (psi) versus wheel cylinder piston 
IIDvement curve for wheel cylinders with-
in 12.7 to 50.8 rom. (1/2 to 2 in) diameter. 

NOI'E: A new wheel cylinder assembly must 
be used for each test. 

4.3.2 T eht Spe.c.Jme.YL6 - Two wheel cyl­
inder cups shall be used as test specimens. 

4.3. 3 P~oQ~duJt~ - The wheel cylinder 
cups shall be rinsed in isopropyl or ethyl 
alcohol and wiped dry with a clean, lint­
free cloth to remove dirt and packing de­
bris. Cups shall not remain in the alco­
hol for IIDre than 30 s. 

The lip diameter measurement shall be 
determined to the nearest 0.02 rom (0.001 
in), taking the average of two readings 
at right angles to each other. In the 
case of double lip cups, these measure­
ments shall be taken after the cup has 
been assembled on the piston. Determine 
and record the initial hardness of the 
test cups. The internal parts, which may 
include aIrong other things cups, piston 
springs, expanders, etc., shall be instal­
led in a wheel cylinder of known diameter 
using the test fluid specified in Appen-

5 
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6 
dix A as a lubricant. (Boots shall not 
be used.) Install the wheel cylinder as­
sembly on the stroking fixture. The strok­
ing fixture assembly shall be placed in an 
oven and actuated for 70 h. at 120 + 20 C 
(248 ± 36Op). After 1 h minimum o~ration, 
place a sheet of filter paper under each 
end of the wheel cylinder to catch and 
determine leakage. Inspect filter paper 
at least twice for discoloration at not 
less than 24-h intervals. Filter paper is 
to be changed if discolored from fluid 
leakage. The actuating means and the oven 
heater shall be shut off at the tennina­
tion of the 70-h stroking period with the 
master cylinder piston in the "Off" posi­
tion to relieve retained pressure in the 
system. After 1 h cooling period with the 
oven door open and a ventilating fan on, 
disconnect the fluid line at.the wheel 
cylinder inlet. ReIrove the entire strok­
ing test fixture containing the test wheel 
cylinder frc:rn the oven and allow to cool 
for 22 ± 2 h at room terrperature. Inmed­
iately after completion of the 22 h cool­
ing peri.od, careful inspection shall be 
made to check for fluid leaks past the 
cups and results recorded, the fluid shall 
be drained from the system, and the cups 
shall be rerroved from the wheel cylinder. 
Double lip cups shall be measured before 
rerroval from the pistons. The cups shall 
be rinsed in isopropyl or ethyl alcohol 
and dried with compressed air. CUps shall 
not remain in the alcohol for rrore than 
30 s. Inspect cups for scoring ,scuffing, 
blistering, cracking, chipping (heel abra­
sion), and change in shape from original 
appearance. 

Inspect cylinder parts, recording any 
pitting on pistons and cylinder walls. 

Determine and record the change in hard­
ness. 

The lip diameter of each cylinder cup 
shall be measured within 30-60 min after 
rerroval from the wheel cylinder and the 
difference between the actual cylinder 
bore and the lip diameter after the test 
shall be reported (excess over bore - Table 
2) • 

4.4 MASTER CYLINDER HEAT PRESSURE 
STROKING 

4 • 4. 1 AppaJuLtlUJ 
4.4.1.1 A well-designed, uniformly 

heated, standard dry air oven conforming 
to the requirements for Type lIB oven pre­
scribed in ASTM E-145. 

NOI'E: When strip heaters are used, they 

, 
shall be placed not less than 150 rom (6 in) 
from the cylinder on test, but shall be 
shielded to prevent direct radiation to 
any cylinder. 

4.4.1.2 Actuating Heat Pressure 
Stroking Machine for Master 
Cylinder CUps - The stroking 

machine shall consist of a suitable means 
for actuating the master cylinder contain­
ing the test specimens at the rate of 1000 
± 100 strokes/h. The total piston rrove­
rnent shall be sufficient to cover approx­
imately 90% of the total available stroke. 
On all master cylinders having a total 
stroke of 63 nm (2-1/2 in) or rrore, they 
shall be heat, pressure, stroke tested at 
90% of the 63 nm (2-1/2 in) stroke, or 57 
nm (2-1/4 in). The rate of stroke shall 
be 800 ± 80 strokes/h. Full pressure 7 MPa 
(1000 psi) shall be attained and maintain­
ed for 3 rrm (1/8 in) of the stroke or one 
second maximum. 

Fig. 1 illustrates a typical master cyl­
inder cup stroking apparatus. Fig. 3 il­
lustrates typical pressures in MPa (psi) 
versus the master cylinder piston rrovement 
obtained with three wheel cylinders of ap­
proximately 22 nm (7/8 in) diameter rrounted 
in the three stroking fixtures as shown in 
Fig. 1 actuated by a 25 nm (1 in) diameter 
master cylinder. The total stroke of the 
master cylinder shall be 25 nm (1 in). 

The initial rrovement of approximately 
14-15 rom (9/16 - 5/8 in) shall be at a 
rate providing a gradual buildup of pres­
sure not to exceed 1 MPa (150 psi). This 
shall permit the primary cup to pass over 
the CO!1'pel1sating port ,at a low pressure. 
The balance of the stroke shall provide a 
gradual buildup of pressure to 7.0 + 0.3 
MPa (1000 ± 50 psi) during the last-l.6 -
3.20 rom (1/16 - 1/8 in) of stroke. This 
remaining stroke at 7.0 + 0.3 MPa (1000 
+ 50 psi) shall be held Constant by an ad­
Justable relief valve. 

The master cylinder shall be located in 
a uniformly heated, dry air oven and the 
fluid temperature in the master cylinder 
reservoir shall be maintained at 120 + 20

C 
(248 ± 3.60F). -

NOI'E: A new master cylinder must be used 
for each test. It is recormnended that at 
least 0.05 - 0.13 rom (0.002 - 0.005 in) 
clearance be allowed between the master 
cylinder piston and the master cylinder 
bore when c<\>nducting a master cylinder 
stroking test. 
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4. 4. 2 T e-o:t SpecimeVl~ - One prirncrry and 
one secondary cup shall be used for test 
specimens. 

4.4.3 P~oeedUhe - The cups shall be 
rinsed in isopropyl or ethyl alcohol and 
wiped dry with a clean, lint-free cloth 
to remove dirt and packing debris. CUps 
shall not remain in the alcohol for more 
than 30 s. 

Determine and record the initial hard­
ness of the test cups. The lip diameter 
of the primary and secondary cups shall be 
measured and recorded to the nearest 0.02 
mm (0.001 in), taking the average of two 
readings at right angles to each other. 
The lip diameter of the secondary cup 
shall be measured after the cup has been 
assembled on the piston. 

The cups and master cylinder internal 
parts shall be dipped in the test fluid 
specified in Appendix A and the cylinder 
walls coated with the specified test fluid 
before assembly. 

The master cylinder assembly after in­
stallation in an oven shall re operated 
for 70 h at the rate of 1000 ± 100 strokes/ 
h at a temperature of 120 ± 20C (248 ± 
3.6Or) as described in paragraph 4.4.1. 
After approximately 1 h of stroking to 
allow for evaporation of excess lubricant 
used at assembly, place a sheet of filter 
paper under the secondary cup of the mas­
ter cylinder to catch and determine leak­
age past the secondary cup. The heat and 
actuating means shall be shut off at the 
termination of the 70 h stroking pericx:1 
with the master cylinder in the "Off" po­
sition to relieve retained pressure in the 
master cylinder. After 1 h cooling pericx:1 
with the oven door open and the ventilating 
fan on, disconnect the fluid line at the 
master cylinder outlet. ReIrove the mas­
ter cylinder from the oven and allow to 
cool for 22 :!: 2 h at room temperature. 
Immediately after completion of the 22 h 
cooling pericx:1, careful inspection shall 
be made to check for fluid leakage past 
the master cylinder secondary cup. The 
fluid shall be drained from the master 
cylinder. The primary cup shall be re­
moved from the cylinder f rinsed with iso­
propyl or ethyl alcohol and dried with 
compressed air. The secondary cup on the 
piston shall be rinsed in isopropyl or 
ethyl alcohol, dried with compressed air, 
and the lip diameter measured before re­
moval from the piston. CUps shall not 
remain in the alcohol for more than 30 s. 
Inspect cups for deterioration such as 
scoring, scuffing, blistering, cracking, 
chipping (heel abrasion), and change in 

shape from original appearance. Inspect 
cylinder parts, recording any pitting on 

, piston or cylinder walls. The lip diam­
eter of the primary cup shall be measured 
within 30-60 min after removal from the 
cylinder and the difference between the 
actual cylinder bore and the lip diameter 
after the test shallre determined and 
recorded for both primary and secondary 
cups. 

Determine and record the change in hard­
ness within 30-60 min after removal from\ 
the cylinder. 

4. 5 IJ:JiJ TEMPERATURE PERFORMANCE 
4.5.1 Leakage 

4.5.1.1 Apparatus - The leakage test 
apparatus shall include the following: 

4.5.1.1.1 A cold chamber large e­
nough to permit arrangement of the test 
apparatus within and to permit the oper­
ator to check and operate the apparatus 
without removal from the chamber. 

4.5.1.1.2 A master cylinder and 
wheel cylinder so connected that their op­
eration closely approximates the brake 
system in actual service. The apparatus 
shown in Fig. 4 has been found satisfac­
tory. The cylinder bore containing the 
test cups shall meet the dimensional lim­
itations and bore finish requirements 
specified by the manufacturer. 

4.5.1.1.3 The retractor spring 
shall be such as to require not more than 
.35 MPa (50 psi) line pressure to make 
a complete stroke at room temperature. 

4.5.1.2 Test Specimens - Two wheel 
cylinder cups, one primary and one sec­
ondary master cylinder cup shall be used 
for test cups. 

4.5.1.3 Procedure - The test cups 
shall be rinsed in isopropyl or ethyl al­
cohol and wiped dry with a clean, lint­
free' cloth. The cups shall not remain in 
the alcohol for more than 30 s. The test 
cups shall be assembled in the test cy 1-
inder. During assembly of the cylinder 
assembly, the cylinder walls shall be 
coated with and each other part dipped in 
the test fluid specified in Appendix A. 
The wheel and master cylinder assembly 
containing the test cups shall be instal­
led on the test apparatus in the cold cham­
ber. The system shall be filled with test 
fluid and all air bled from the system. 
Boots shall not be used. The complete 
actuating system shall be enclosed in the 
cold chamber and subjected to a tempera­
ture of -40 to -430 C (-40 to -45.4Op) for 
120 h. The piston and cups shall remain 
in a static position during the first 72 
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8 
h of the test and thereafter shall be ac­
tuated 6 strokes at 0.7 MPa (100 psi) and 
6 strokes at 3.5 MPa (SOD psi) each 24 h 
(after 72, 96, 120 h). The strokes shall 
be approximately 1 min apart, and the piston 
shall return to the stop after each stroke. 
No leakage shall occur during the 120 h 
test period. 

4.5.2 Bend Te!.>:t 
4.5.2.1 Test SpeCDnen - One cup shall 

be used. 
4.5.2.2 Procedure - The test cup af­

ter being subjected to 22 h at -40 to -430 C 
(-40 to -45Op) shall be bent through an 
angle of approximately 90 deg and immed­
iately released. (The cold cup shall be 
bent while in the cold chamber and shall 
be handled to prevent wanning). within 
1 min, examine test cup for cracking and 
change in shape fran original appearance. 

4.6 OVEN AGING 
4. 6. 1 Two test cups shall be rinsed in 

isopropyl or ethyl alcohol and wiped dry 
with a clean, lint-free cloth to remove 
dirt and packing debris. CUps shall not 
remain in the alcohol for rrore than 30 secs. 
The hardness of the cups shall be deter­
mined and recorded. The bNo test cups 
shall be placed in a Type 11B oven, as 
prescribed in ASTM E145, and subjected 
to hot air heating at 100 ± 20 C (212 ± 
3.6Op) for 70 h. At the termination of 
the 70 h heating period, the cups shall 
be removed from the oven and allowed to 
cool for 16 - 96 h at roam temperature. 

The cups shall be inspected for blister-. 
ing, or change in shape from original ap­
pearance. The hardness after aging shall 
be detennined and recorded. 

4. 7 HARDNESS DEI'ERMINATION 
4. 7 . 1 AppCVtatw., 

4.7.1.1 International rubber hardness 
tester as described in ASTM D1415, Method 
of Test for International Hardness of Vul­
canized Natural and Synthetic Rubbers. 
Nom: A type A durometer as described in 
ASTM D2240, Method of Test for Indentation 
Hardness of Rubber and Plastics by Means 
of a Durometer may be used for quality 
control and routine tests. 

4.7.1.2 Rubber anvil or cylinder 
having a flat circular top surface at 
least 19 mm (.65 in) in diameter, a thick­
ness of at least 9 mm (.35 in), and a 
hardness within 5 LR.H.D. of the hard­
ness of the rubber test cup. See Fig. 5 
for one design of anvil. 

4.7.2 P~oeed~e - The rubber cup shall 
be placed on a rubber anvil or cylinder 
as shown in Fig. 5. The hardness of the 

cups is then measured by the procedure 
specified in AS'lM D1415 (ASTM D2240 if a 
type A durometer is used) . 

4.8 CORROSION - Prepare two sets of 
strips from each of the metals listed in 
Table 4, each strip having a s~face area 
of 25 ± 5 em2 (3.875 ± .775 in , (approx­
imately 8 em long (3.15 in), 1.3 em wide 
( . 50 in) and not rrore than 0.6 em thick 
( . 24 in». Drill a hole between 4 and 5 
mm (.16 and .20 in) in diameter and about 
6 nm (. 24 in) from one end of each strip. 
With the exception of the tinned iron 
strips, clean the strips by abrading them 
all on surface areas with 320A waterproof 
carborundum paper and stoddard solvent or 
ethanol until all surface scratches, cuts 
and pits are removed frorn the strips, 
using a new piece of carborundum paper for 
each different type of metal. With the 
exception of the tinned iron strips, pol­
ish the strips with 00 grade steel wool. 
Wash the strips, including the tinned iron, 
with 95% ethanol and dry the strips witl). 
a clean lint-free cloth and place the 
strips in a desiccator containing desic­
cant maintained at 23 + SoC (73.4 + 9~) 
for at least 1 h. Handle the strips with 
clean forceps after polishing to avoid 
fingerprint contamination. 

Weigh each strip to the nearest 0.1 mg 
and assemble each set of strips on an un­
coated steel cotter pin or bolt in the 
order tinned iron, steel, ~luminum, cast 
iron, brass, and copper, so that the strips 
are in electrolytic contact. Bend the 
strips, other than cast iron, so that there 
is a separation of at least 3 mm (.125 in) 
between adjacent strips for a distance of 
about 6 em (2.36 in) from the free end of 
the strips. Immerse strip assemblies in 
95% ethanol containing 5% by volume of 
distilled water to eliminate fingerprints 
and then handle only with clean forceps. 
Place one rubber cup with lip edges facing 
up, in each of two straight sided round 
giass jars having a capacity of approxi­
mately 475 ml and inner dimensions of ap­
proximately 100 rrm (4 in) in height and 
75 mm (3 in) in diameter. Use only tinned 
steel lids vented with a hole 0.8 ± 0.1 mm 
(.032 + .003 in) in diameter. Insert a 

metal strip assembly inside one cup in each 
jar with the pinned em in contact with the 
concavity of the cup and the free end ex­
tending upward in the jar. Mix 760 ml of 
SAE RM-1 corrpatibility fluid with 40 ml of 
distilled water. 

Add a sufficient arrount of the mixture 
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to cover the metal strip assembly in each 
jar to a depth of approximately 10 mm (.40 
in) aOOve the tops of the strips listed in 
Table 4. Tighten the lids and place the 
jars in an oven IlE.intained at 100 ± 20 C 
(212 + 3.6Op) 'for 120 + 2 h. Allow the 
jars to cool at 23 ± SoC (73.4 ± 9Op) for 
60-90 min. Inmediately following the 
cooling period, renove the metal strips 
from the jars by use of a forceps, renov-, 
ing loose adhering sediment by agitation 
of the metal strip assembly in the fluid 
in jar. Examine test strips and test 
jars for adhering crystalline deposit, 
disassemble the metal strips, rerrove ad­
hering fluid by flushing with water and 
clean individual strips by wiping with a 
cloth wetted with 9S% ethanol. Examine 
the strips for evidence of corrosion and 
pitting. Place strips in a desiccator 
containing a desiccant maintained at 23 + 
SoC (73.4 ± 9Op) for at least an hour. -
Weigh each strip to the nearest 0.1 mg. 
Determine the difference in weight of each 
metal strip and divide the difference by 
the total surface area of the metal strip 
measured in square centimeters. Average 
the results for the two strips of each 
type of metal. 

Examine the fluid-water mixture in the 
jars for jelling. Agitate the fluid in 
jars to suspend and uniformly disperse sed­
iment and transfer a 100 rnl portion of 
this fluid to an AS'lM coneshaped centri­
fuge tube and determine percent sediment 
as described in paragraph S (b) of AS'lM 
D-9l. 

4.9 STORAGE CORROSION TEST 
4. 9. 1 AppMatU6 - The apparatus shall 

include a humidity cabinet capable of 
maintaining a temperature of 21 - 460C 
(70 - 11SOp) at 9S% humidity, three wheel 
cylinder assemblies of proper size for the 
cups being tested. 

4.9.Z PnoQedune - Disassemble the three 
cylinder assemblies and using a clean,lint­
free cloth, wipe all fluids from the cyl­
inders, pistons, boots and springs. Cyl­
inder or parts showing light stains or 
corrosion shall be discarded. 

Assemble the six test cups into the wheel 
cylinders after oampletely coating the cyl­
inder walls, cups, springs, and pistons 
with a light film of the test fluid spec­
ified in Appendix B. Install the clean 
boots onto the cylinders to hold the pis­
tons in position. Leave one inlet hole 
open and close the remaining holes with 
suitable rubber or metal plugs. Number 
the cylinders one through three. 

Adjust the humidity cabinet to 46 ± 20C 
(114.8 ± 3.6Op) and 95% humidity. Place 
the cylinders in the cabinet with the un­
plugged inlet holes facing down. Maintain 
the specified temperature and humidity con­
ditions for 16 h. Readjust the cabinet 
controls to 23 ± 20 C (73.4 ± 3.6Dr) and 
95% humidity and IlE.intain new conditions 
for 8 hrs. to complete the first cycle. 

Repeat the aOOve 24 h cycle for 12 days. 
When interrupted due to incidence of one 
or more nonworking days, the cylinder as­
semblies shall remain in the humidity cab­
inet with the cabinet controls set to 
maintain 23 ± 20 C (73.4 ± 3.6Op) at 95% 
humidity until cycling can be resumed. 

At the conclusion of 12 complete cycles, 
the cylinder assemblies shall be rerroved 
from'the humidity cabinet for inspection. 
In case of a nonworking day, the inspec­
tion shall be made on the following work­
ing day. 

Cylinder assemblies shall be inspected 
as follows: 

During the renoval from the humidity 
cabinet and subsequent disassembly, the 
cylinders shall be maintained in the' same 
position as they were in the cabinet to a­
void flUid contamination of the inside of 
the cy lirtder . 

The pistons and cups shall be rerroved 
from the cylinders, after rerroval of the 
boots, by pulling them out from their re­
speCtive ends. Slight air (dry) pressure 
IlE.y be applied internally in the cylinder, 
if necessary, to aid in the removal of cups 
and pistons. 

Wipe the cylinder bore free of fluid with 
a clean, lint-free cloth. The condition 
of the cylinder bore under or adjacent to 
the cup lip shall be inspected under a 
strong light for corrosion, aiscoloration, 
or spots, noting particularly the area of 
the ring left by the lip of the cup during 
its exposure in the humidity cabinet. AIlY 
corrosion or spots away from the contact 
surface of the cubs shall be disregarded., 
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10 

APPENDIX A--cc:MPOSITION OF SAE CCMPATIBILITY FLUIDd 

Constituent 
1. !vbnoethy1 ether of diethylene glycol 
2. M::mobuty1 ether of diethylene glycol 
3. Methyl ether of tripropy1ene glycol 
4. Po1yalky1ene oxide trio1 viscosity 900 ± 45 SUS at 38C (100F); 

(200 ± 10 cs at 38C (100F) ; sp gr 1.064 20/20 cb 
Ethylene glycol 5. 

6. 
. 7. 

8. 
9. 
10. 
11. 
12. 
13. 
14. 

15. 

Diethylene glycol 
Propylene glycol 
Methyl isobutyl carbinol 
Polypropylene glycol 2025 MW 
Polypropylene glycol 120 MW 
Propylene glycol monorichiho1eate 
Reacted castor oi1--po1ypropy1ene glycol 
2-methy1, 2, 4 pentanedio1 
!vbnobuty1 ether 1, 2 oxyethy1ene, 1, 2 oxypropy1ene glycols 
sp gr 1.058 20/20 C; viscosity 2000 ± 100 sus at 38C (100F); 
(440 ± 22 cs at 38C (100F)C 

!vbnobuty1 ether 1, 2 oxyethy1ene, 1,2 oxypropy1ene glycols 
sp gr 1.038 20/20 C; viscosity 260 + 15 sus at 38C (100F); 
(56.5 ± 3 cs at 38C (100F)c -

( 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

Borax -ethylene glycol condensate (25% sodium tetraborate, anhydrous) 
Dipheny101 propane 
Sodium nitrate 
Sodium tetraborate 
Potassium tetraborate 
Tricresy1 phosphate 
Amino imidazo1ine salt 33% solution 
Potassium castor oil soap (neutral-anhydrous) 
N-phenylmorpho1ine 

Total 

sition, 
51. 70 

2.26 
5.12 

5.30 
2.47 
1.34 
2.45 
4.30 
2.30 
1.30 
3.30 
1.90 
2.80 

3.16 

8.85 
0.25 
0.53 
0.01 
0.10 
0.18 
0.10 
0.01 
0.18 
0.09 

100.00 

wt.% 

a This fluid can be obtained from Society of Autorroti ve Engineers, Inc., 
Drive, Warrendale, PA 15096 

400 Cornrronwea1 th 

b Glycerin initiated trio1 using 50-50 charge ethylene oxide and propylene oxide. 
c Butanol initiated monether using 50-50 charge ethylene oxide and propylene oxide. 
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APPENDIX B-CCMPOSITION OF FLUID FOR STORAGE CORROSION TESrra 
AU'I'CMJI'IVE BRAKE SYSTEM AND CCMPOOENTS 

Constituent 
Castor oil 
Diethylene glycol rronanethyl ethe~ 
Ethylene glycol rronobutyl etherb 
Borax-glycol condengateC 

Di-t-butyl-p-cresol 
M-Cresol 

Total 

Canposi tion, wt. % 
38.7. ± 1. 0 
31.4 ± 0.5 
27.3 ± 0.5 
2.1 ± 0.2 
0.475 ± 0.050 
0.025 ± 0.005 

100.000 
The physical and chemical requirements of the preservative fluid shall be as follows: 

167--186C (333-367F) 
9.9-10.7 
0.9620-0.9680 

a This fluid can be obtained from Society of Autorrotive Engineers, Inc., 400 Cornronwea1th . 
Drive, Warrendale, PA 15096. 

b The diethylene glycol rronanethyl ether, ethylene glycol rronobutyl ether, and di-t-butyl­
p-cresol shall be technical grade. 

c The borax-glycol condensate shall be 30 parts by weight of sodium borate decahydrate 
(Na2B407-lOH20) combined with 100 parts by weight of 1,2-propylene glycol. 

SUITABLE PRESSURE RELIEF. VALVE 
TEST PRESSUI£ WITH OPTIONAL 
MECHANICAL STROKING 

STANDPIPE BRAZED IN DRILLED 
OUT FILLER CA P 

FLUID LEVEL TO BE MAINTAINED -~~ 
THROUGHOUT TEST 

(4) SCHNORR 
34 .12 

MASTER CYLIMER AS REQUIRED 

(5) SCHNORR DISCS 
50 .22.4.2.5 MM. 

L---WHfEL CYLINDER CUP 
STROKING FIXTURE 

(SAE RIrI 64-/) 
OVEN ENCLOSURE 

FIG. 1 - RECOMMENDED WHEEL AND MASTER 
TEST CYLINDER APPARATUS 

, 
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FIG. 2 - TYPICAL WHEEL CYLINDER CUP STROKE VERSUS 
PRESSURE 12.7 TO 50.8 MM (1/2 TO 2 IN) DIAMETER 
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FIG. 3 - TYPICAL MASTER CYLINDER CUP STROKE VERSUS 
PRESSURE 15 TO 51 MM (5/8 TO 2 IN) DIAMETER 
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