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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take patt in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7308 was prepared by Technical Committee ISO/TC 22, 
Road vehicles. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
Jatest edition, unless otherwise stated. 

0 International Organkation for Standardization, 1987 0 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 7308 : 1987 (E) 

Road vehicles - Petroleum-based brake-fluid for 
stored-energy hydraulic brakes 

1 Scope 

This International Standard lays down the characteristics and 
test methods for petroleum-based brake-fluids used in the 
hydraulic brake Systems of road vehicles. 

ASTM D 974, Test for neutralization number by color-indicator 
titra tion . 

ASTM D 1744, Test for water in liquid Petroleum products by 
Karl Fischer reagent. 

ASTM D 2266, Test for wear preventive characteristics of 
lubricating grease (four-ball methodl. 

2 Field of application 

The brake-fluid specified in this International Standard is for 
use in road vehicle hydraulic brake Systems equipped with syn- 
thetic rubber cups and Seals (butadiene-acrylonitrile copolymer 
or equivalent). 

lt is for use in hydraulic brake Systems equipped with a pump; it 
may also be used in other Systems without a pump. This brake- 
fluid is not intended for use under arctic conditions. 

3 References 

ISO 37, Rubber, vulcanized - Determination o f tensile s tress- 
s train properties . 

ISO 48, Vulcanized rubbers - Determination of hardness 
(Hardness between 30 and 85 IRHDJ. 

ISO 1817, Rubber, vulcanized - Determination of the effect of 
liquids. 

ISO 2235, Abrasive sheets - Designation, dimensions and ’ 
tolerantes. 

ISO 3104, Petroleum products - Transparent and opaque 
liquids - Determination o f kinema tic viscosity and calcula tion 
of dynamic viscosity. 

ASTM D 2603, Test for shear stability of lubricating oils con- 
taining polymers using an injector rig . 

ASTM D 3182, Recommended practice for rubber - 
Materials, equipment and procedures for mixing Standard com- 
pounds and preparing Standard vulcanized sheets. 

4 Definition 

For the purposes of this International Standard, the following 
definition applies. 

stored-energy hydraulic brakes: Braking System where 
energy is supplied by a hydraulic fluid under pressure, stored in 
one or more accumulator(s), fed from one or more pressure 
pump(s) each fitted with a means of limiting the pressure to a 
maximum value. This value shall be specified by the manufac- 
turer. 

5 Materials 

The quality of the materials used shall be such that the resulting 
product will conform to the requirements of this International 
Standard and ensure uniform characteristics. The fluid shall be 
green in colour. On visual inspection, the fluid shall be clear and 
free of suspended matter, dirt and Sediment. 

ISO 3405, Petroleum products - Determination o f distilla tion 
characteristics. 

6 Requirements 

ISO 7309, Road vehicles - Hydraulic braking Systems - ISO 
reference Petroleum base fluid. 

6.1 Boiling Point 

ASTM D 91, Test for precipitation number of lubricating oils. 
Brake-fluid when tested by the procedure specified in 7.1 shall 
have a minimum boiling Point of 235 OC. 

ASTM D 892, Test for foaming characteristics of lubricating When tested by the same method, the temperature corre- 
Oil. sponding to IO % of condensate shall be at least 250 OC. 
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6.2 Viscosity 6.7 Compatibility 

Brake-fluid when tested by the procedure specified in 7.2 shall 
have the kinematic viscosities specified in 6.2.1 and 6.2.2. 

6.7.1 At -40 OC 

6.2.1 At -40 OC 

Not more than 2 000 mm2/s (2 000 cSt). 

When brake-fluid is tested by the procedure specified in 7.7.1, 
the black contrast Iines on the hiding power Chart shall be 
clearly discernible when viewed through the fluid in the cen- 
trifuge tube. 

6.2.2 At 100 OC The fluid shall show no stratification or Sedimentation. 

Not less than 6 mm2/s (6 cSt). 6.7.2 At 60 OC 

6.3 Water content 

Brake-fluid when tested by the procedure specified in 7.3 shall 
have a water content of 0,005 % or less. 

When brake-fluid is tested by the procedure specified in 7.7.2, 
the fluid shall show no stratification, and Sedimentation shall 
not exceed 0,05 % (V/ V) after centrifuging. 

6.8 Effect on rubber 

6.4 Fluidity and appearance at low temperatures 
Brake-fluid, when tested by the procedure specified in 7.8, shall 

6.4.1 At -40 OC 
not show changes of characteristics greater than the values 
given in table 1. 

When brake-fluid is tested by the procedure specified in 7.4.1, 
the black contrast lines on the hiding power Chart shall be 
clearly discernible when viewed through the fluid in the Sample 
bottle. The fluid shall show no stratification or Sedimentation 
and, upon turning the Sample bottle upside down, the air 
bubble shall resch the fluid surface in not more than 10 s. 

Table 1 - Rubber characteristics changes 

Hardness Volume 
Rubber Change Change 

IRHD % 

Polychloroprene 0 to - 10 max. Oto +lO 

6.4.2 At -50 OC 
Butadiene-acrylonitrile +3 to -5 max. Oto +lO 

When brake-fluid is tested by the procedure specified in 7.4.2, 
the black contrast lines on the hiding power Chart shall be 
clearly discernible when viewed through the fluid in the Sample 
bottle. The fluid shall show no stratification or Sedimentation 
and, upon turning the Sample bottle upside down, the air 
bubble shall resch the fluid surface in not more than 35 s. 

6.9 Performance under simulated Service 

Brake-fluid, when tested by the procedure specified in 7.9, shall 
meet the Performance requirements specified in 6.9.1 and 
6.9.10. 

6.5 Hygroscopicity 
6.9.1 Metal Parts shall not show corrosion as evidenced by 
pitting to an extent discernible to the naked eye; staining or 

When brake-fluid is tested by the procedure specified in 7.5, 
the increase in mass of the Sample shall be below 0,l %. 

discoloration is permitted. 

6.9.2 The initial diameter of any cylinder or Piston shall not 
Change by more than 0,13 mm during test. 

6.6 Foaming 

When brake-fluid is tested by the procedure specified in 7.6, 
the foaming tendency, reported in millilitres, shall be 

6.9.3 Rubber cups shall not decrease in hardness by more 
than 15 IHRD and shall not resch unsatisfactory operating con- 
dition as evidenced by excessive scoring, scuffing, blistering, 
cracking, chipping (heel abrasion), or Change in shape. 

- at24 OC: 100 max. 6.9.4 The base diameter of the rubber cups shall not increase 
by more than 0,9 mm. 

- at93 OC: 200 max. 

- at 24 OC (after test at 93 “Cl : 100 max. 

The complete absence of foam after blowing, reported in 
minutes, shall be 

- at24 OC: 2 max. 

6.9.5 The average lip diameter interference set of all the rub- 
ber cups in the test shall not be greater than 65 %. 

6.9.6 During any period of 24 000 strokes, the volume loss of 
fluid shall not exceed 36 ml. 

- at93 OC: 2 max. 6.9.7 The cylinder pistons shall not seize or function im- 
- at 24 OC (after test at 93 'Cl : 2 max. properly throughout the test. 
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6.9.8 During the last 100 strokes at the end of the test, the 
volume loss of fluid shall not exceed 36 ml. 

6.9.9 The fluid at the end of the test shall not be in an un- 
satisfactory operating condition as evidenced by sludge, jel or 
abrasive grittiness, and Sedimentation shall not exceed 1,5 % 
(V/ V) after centrifuging. 

6.9.10 No more than a trace of gum shall be deposited on 
brake cylinder Walls or other metal Parts during the test. The 
brake cylinders shall be free of deposits which are abrasive or 
which cannot be removed when rubbed with a cloth wetted 
with white spirit. 

6.10 Corrosion 

Brake-fluid, when tested by the procedure specified in 7.10, 
shall not Cause corrosion exceeding the limits shown in table 2. 
Apart from the area where the metal Strips are in contact, they 
shall be neither pitted nor roughened to an extent discernible to 
the naked eye; staining or discoloration is permitted. 

Table 2 - Corrosion test Strips and mass changes 

Test metal - Maximum permissible 
Test Strips” ISO mass Change 

designation mg/cm* of surface area 

Electrolytic topper Cu-DLP f 0,05 
Brass CuZn39Pbl f 0,05 
Bronze CuSn8P + 0,05 
Steel c 35 + 0,05 
S teel Type 4 AZ 0,05 
Cast iron Ft 20 -t 0,05 
Zinc alloy ZnA14 + 0,05 
Aluminium AIMgl SiCu f 0,05 

* See annexes D and E. 

The fluid at the end of the test shall show no jelling at 
23 + 5 OC. No crystalline deposit shall form and adhere to - 
either the glass jar Walls or the surface of the metal Strips. The 
fluid shall not contain more than 0,lO % ( V/ V) Sediment. 

The neutralization index measured by the method specified in 
ASTM D 974 shall not Change by more than i- 1 mg of 
potassium hydroxide (KOH) per gram. 

The rubber samples at the end of the test shall show no 
disintegration, as evidenced by blisters or sloughing indicated 
by carbon black Separation on the surface of the rubber. 

6.11 Shear stability 

When tested by the method specified in 7.11, the decrease in 
viscosity of the fluid at 100 OC, measured according to the 
method described in 7.2, shall not exceed 0,5 mm2/s. 

6.12 Anti-wear stability 

When tested by the method specified in 7. 12, the brake-fluid 
shall not produce a scar greater than 1 mm in diameter. 

7 Test methods 

7.1 Boiling Point 

Determine the boiling Point of the fluid as the temperature of 
initial boiling according to the method in ISO 3405. 

7.2 Viscosity 

Derermine the kinematic viscosity according to the method in 
ISO 3104. 

7.3 Water content 

The water content shall be measured in accordance with 
ASTM D 1744 (method of direct titration by Potentiometer 
known as the Karl Fischer method). 

7.4 Fluidity and appearance at low temperatures 

7.4.9 At -40 OC 

Place 100 ml of fluid in a glass Sample bottle of approximately 
125 ml capacity, an outside diameter of 37 + 0,5 mm and an 
Overall height of 165 If: 2,5 mm. Cork the bottle and place it in 
a cold bath maintained at -40 I!Z 2 OC for 144 zt 4 h. 

Remove the bottle from the bath, quickly wipe it with a clean, 
lint-free cloth wetted with ethanol or acetone, and determine 
the transparency of the fluid by holding the bottle against a 
hiding power Chart (sec annex BI and observing the clarity of 
the contrast lines on the Chart when viewed thorough the fluid. 
Examine the fluid for evidente of stratification and sedimenta- 
tion. Turn the bottle upside down and determine the number of 
seconds required for the air bubble to resch the fluid sutface. 

7.4.2 At -50 OC 

Place 100 ml of fluid in a glass Sample bottle of approximately 
125 ml capacity, an outside diameter of 37 + 0,5 mm and an 
Overall height of 165 + 2,5 mm. Cork the bottle and place it in 
a cold bath maintained at -50 + 2 OC for 6 + 0,2 h. 

Remove the bottle from the bath, quickly wipe it with a clean, 
lint-free cloth wetted with ethanol or acetone, and determine 
the transparency of the fluid by holding the bottle against a 
hiding power Chart and observing the clarity of the contrast 
lines on the Chart when viewed through the fluid. Examine the 
fluid for evidente of stratification or Sedimentation. Turn the 
bottle upside down and determine the number of seconds re- 
quired for the air bubble to resch the fluid surface. 

7.5 Hygroscopicity 

7.51 Apparatus 

7.5.1.1 Desiccator, in borosilicate glass with a cover fitted 
with a grouncl glass tap and porcelain disc as shown in figure 1 m 

7.5.1.2 Crystallization dish, in borosilicate glass as shown 
in figure 1. 

7.5.1.3 Oven that tan be kept at 50 k 1 OC. 
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Dimensions in millimetres 

&%Ground-glass tap 

Crystallization dish 

Test fluid 

Porcelain shelf 

_jF water Distilled 

Figure 1 - Hygroscopicity apparatus 

7.5.2 Method 

Pour 150 ml of distilled water into the bottom of the desiccator 
(7.5.1.1). For each test, replace the distilled water. 

Place the desiccator in the oven (7.5.1.3) at 50 It: 1 OC, for 2 h. 

Weigh the crystallization dish (7.5.1.2) within 1 mg. 

Pour approximately 100 g of fluid weighed to the nearest 1 mg 
into the crystallization dish. This Operation shall be carried out 
rapidly and immediately before putting the crystallization dish 
in the desiccator. 

Quickly put the crystallization dish in the desiccator and put the 
whole unit in the oven set at 50 + 1 OC, for 16 h. 

Remove the desiccator crystallization dish unit from the oven, 
leaving the crystallization dish in the desiccator and cover with 
a watch-glass to prevent drops of condensed water falling in. 

After leaving for 4 to 8 h, remove the crystallization dish, wipe 
the outside with a dry cloth and reweigh immediately to within 
1 mg. 

Calculate the percentage increase in mass. 

7.6 Foaming 

centrifuge tube in a bath maintained at -40 + 2 OC, for 
22 * 2 h. Remove the centrifuge tube from the bath, quickly 
wipe it with a clean, lint-free cloth wetted with ethanol or 
acetone, and determine the transparency of the fluid by holding 
the tube against a hiding power Chart and observing the clarity 
of the contrast lines on the Chart when viewed through the 
fluid. Examine the fluid for stratification and Sedimentation. 

7.7.2 At -60 OC 

Put the centrifuge tube (sec 7.7.1) in an oven maintained at 
60 + 2 OC, for 22 I!I 2 h. Remove the tube from the oven and 
immediately examine the contents for evidente of stratification. 
Determine the percentage Sediment by volume as described in 
ASTM D 91. 

7.8 Effect on rubber 

Use Standard vulcanized sheets of polychloroprene and 
butadiene-acrylonitrile meeting the specifications given in 
annexes A and C. 

7.8.1 Test Strip sampling 

From sheets of 2 mm thickness corresponding to the 
elastomers given in table 1, tut out two test Strips B as given in 
ISO 1817. 

The foaming test is conducted according to ASTM D 892. 
7.8.2 Apparatus and method 

7.7 Compatibility 

7.7.1 At -40 OC 

Mix 50 ml of the fluid to be tested with 50 ml of the ISO 
reference fluid (see ISO 7309) and pour this mixture into a 
cone-shaped centrifuge tube which is then corked. Place the 

The apparatus and the method are those described in ISO 1817 
(case of rubber after immersion). 

7.8.3 Test conditions 

See table 3. 
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Table 3 - Test conditions to 
on rubber 

simulate 

Rubber Duration of test 1 Test temperature 1 

Polychloroprene 
Butadiene- 
acrvlonitrile 

70+2h 120 It 2 OC 

7.8.4 Measurements 

At the end of the test, reweigh the test Strips B to the nearest 
0,l mg. The Change in mass after immersion in the fluid is thus 
obtained. 

Determine the volume Change by the method given in ISO 1817 
(gravimetric method). 

Determine the changes in mechanical characteristics according 
to the method given in ISO 1817 (case of rubber after immer- 
sion). 

7.9 Performance under simulated Service 

Th e test to determine Performance under simulated Service 
an evaluation of the lu brication quality of the brake-fluid. 

is 

7.9.1 Test apparatusl) 

7.9.1.1 Stroking fixture, shown in figure 2 with the com- 
ponents specified in 7.9.1.1.1 to 7.9.1.1.3. 

7.9.1.1.1 Master cylinder 

One cast iron hydraulic brake System cylinder of approximately 
28 mm diameter fitted with an uncoated steel Standpipe. 

7.9.1.1.2 

Four cast iron straight bore hydraul ic brake wheel cylinder 
assemblies of approximately 28mm diameter, as shown in 

Brake cylinder assemblies 

trgure 3. 

With the stroking fixture apparatus, four fixture units are 
required including appropriate adapter mounting plates to hold 
the brake wheel cylinder assemblies (sec figure 3). 

7.9.1.1.3 Brake pressure actuating mechanism 

A suitable actuating mechanism (air or hydraulic) to apply a 
forte to the master cylinder push rod without side thrust is 
needed. 

‘The forte applied by the actuating mechanism shall be ad- 
justable and capable of applying sufficient thrust to the master 
cylinder to create a pressure of at least 7 MPa in the simulated 
brake System. A pressure gauge or pressure recorder, with a 

range of at least 0 to 7 MPa, shall be installed between the 
master cylinder and the brake assemblies; it shall have a shut- 
off valve and a bleed valve to remove air from the connecting 
tubing. 

The actuating mechanism shall be designed to permit ad- 
justable stroking rates of approximately 1 000 strokes/ h. A 
mechanical or electrical counter shall be used to record the total 
number of strokes. 

. . 

7.9.1.2 Insulated cabinet or oven, big enough to house the 
four fixture assemblies, master cylinder, and necessary connec- 
tions. A suitable thermostatically controlled heating System is 
required to maintain a temperature of 120 + 5 OC. Heaters 
shall be shielded to prevent direct radiation to wheel or master 
cylinders. 

7.9.2 Preparation of test apparatus 

7.9.2.1 Wheel cylinder assemblies 

New wheel cylinder assemblies with diameters as specified in 
7.9.1.2 shall be used. Pistons shall be made from unanodized 
SAE AA 2024 aluminium alloy. 

Disassemble the cylinders and remove the rubber cups. Clean 
all metal Parts with white spirit, and dry with clean compressed 
air. Inspect the working surfaces of all metal Parts for scoring, 
galling, pitting and cylinder bore roughness, and discard all 
defective Parts. Remove any stains on cylinder Walls with 
polishing Paste and hexane. If stains cannot be removed, 
discard the cylinder. 

Measure the internal diameter of each cylinder at locations ap- 
proximately 19 mm from each end of the cylinder bore, taking 
measurements in line with the hydraulic inlet opening at right 
angles to this centreline. Discard the cylinder if any of these 
four readings exceeds maximum or minimum limits of 28,55 
and 28,52 mm. Select Parts to ensure that the clearance be- 
tween each Piston and mating cylinder is between 0,08 and 
0,13 mm. 

Use new butadiene-acrylonitrile rubber (ISO/NBR) cups, as 
specified in figure 6, that are free of lint and dirt. Discard any 
cups with defects such as Cuts, moulding flaws or blisters. 
Measure the lip and base diameters of all test cups to the 
nearest 0,02 mm with an Optical comparator or a micrometer 
along the centreline of the ISO and rubber type identification, 
and at right angles to this centreline. 

Determine the base diameter measurements at least 0,4 mm 
above the bottom edge and parallel to the base of the CUP. 
Discard any cup where the two measured lip or base diameters 
differ by more than 0,08 mm. Average the lip and base 
diameters of each CUP. Determine the hardness of all cups by 
the procedure specified in ISO 48. If this International Standard 
cannot be used, another procedure may be selected using a 
rubber anvil (see figure 9). 

1) Test apparatus 
PA 15096, USA. 

components may be obtained from the Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, 
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Dimensions in millimetres 
- ~~- 

Thnrmnmatnr nr +--~nr~+~ lpn I 
, IIGIIIIVBII~L~I Yl !d in 
recnrdina btilh 

LG’ ’ lt=’ a Lu’ G/, ! Standpipe d.raze 
. w-w. -.. .a --.- 

drWxl-out toller Cap 
Pressure gauge 0 to 14 MPa 

Optional : Shut-off valve 
fnr intnrmittnnt nncsratinn 

Fluid level to be maintained 
throughout test 

UYl I, ILVI 8 I ,ILL”, IC “p”IuLI”I I 

-J’--m L Master cylinder 0 28, stroke 

0 3,2 vent fl 

7,8 free Dimensions in millimetres 
7,7 at 503 N 

- providing 1 000 strokes/h 

0 28 wheel cylinder 
Spacer 

Oven enclosure 

W\ 
Air or hydraulic actuator 

Figure 2 - Stroking test apparatus 

11,25 free 
lOat503N 

122 stroke (calculated) 

Schnorr discs - 

36,5 

l-lt--l Ltl- 163 stroke (calculated) 

Schnorr discs -’ L Adaptor for 0 28 cylinder 

NOTE - Lubricate all moving Parts of fixture with multipurpose grease containing 3 % min. MoS, or equhmlent. 

f- Ream at assembly to tap diameter for shear strength (16 places) 

Figure 3 - Wheel cylinder (detail of figure 2) 
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Clean the rubber Parts with hexane and lint-free cloth. Dry with 
clean compressed air. Dip the rubber and metal Parts of wheel 
cylinders, except the housing and rubber boots, in the fluid 
to be tested and install them in accordance with the manufac- 
turer’s instructions. Manually stroke the cylinders to ensure 
that they operate easily. Install the cylinders in the simulated 
bra ke System. 

7.9.2.2 Master cylinder 

A new master cylinder meeting the specifications of 7.9.1 .l. 1 
and having a Piston made from SAE CA 360 W topper base 
alloy (half-hard) and new ISO NBR cups as specified in figures 
7 and 8 in annex A, which have been inspected, measured and 
cleaned in the manner specified in 7.9.2.1 shall be used. 
However, Prior to determining the lip and base diameters of the 
secondary CUP, dip it in test brake-fluid, assemble on the 
Piston, and maintain the assembly vertical at 23 -f: 5 OC, for at 
least 12 h. 

lnspect the relief and supply Parts of the master cylinder and 
discard the cylinder if these Parts have burrs or sharp edges. 
Measure the internal diameter of the cylinder at two locations: 
approximately midway between the relief and supply Parts and 
approximately 19 mm beyond the relief port toward the bottom 
or discharge end of the bore, taking measurements at each 
location on the vertical and horizontal centrelines of the bore. 
Discard the cylinder if any reading exceeds maximum or 
minimum limits of 28,65 and 28,57 mm. Measure each of the 
outside diameters of the master cyinder Piston at two Points 
approximately 90° apart. Discard the Piston if any of these four 
readings exceeds maximum or minimum limits of 28,55 and 
28,52 mm. 

7,58 

6,90 

6,21 

5,52 

4,83 

4,14 

3,45 

2,76 

2,07 

1,38 

0,69 

. 
5.08 10.16 

Dip the rubber and metal Parts of the master cylinder, except 
the housing and the push-rod-boot assembly, in the fluid to be 
tested and install them in accordance with the manufacturer’s 
instructions. Manually stroke the master cylinder to ensure that 
it operates easily. Install the master cylinder in the simulated 
bra ke System. 

7.9.2.3 Steel tubing 

Double-wall steel tubing shall be used. A complete replacement 
of tubing is essential when visual inspection indicates any cor- 
rosion or deposits on the inner surface of the tubing. Tubing 
from the master cylinder to one wheel cylinder shall be replaced 
for each test (minimum length 900 mm). 

Uniformity in tubing size is desirable between master cylinder 
and wheel cylinders. The Standard master cylinder has two 
outlets for tubing, both of which shall be used. 

7.9.2.4 Assembly and adjustment of test apparatus 
(sec figure 2) 

Install the wheel(7.9.1.1.21, prepared in accordance with 7.9.2, 
and master cylinder (7.9.1.1 .l) in the cabinet (7.9.1.2). Fill the 
System with test fluid, bleeding all wheel cylinders and the 
pressure gauge to remove air from the System. 

Operate the actuator (7.9.1.1.3) manually to apply a pressure of 
more than the required operating pressure, and inspect the 
System for leaks. Adjust the actuator to obtain a pressure of 
7 & 0,3 MPa. 

Figure 4 illustrates the approximate pressure build-up versus 
the master cylinder Piston movement with the stroking fixture 

20,32 . 

NOTES 

1 Typical master cylinder cup stroke versus pressure using a fixture as in figure 2. 

2 0 28 mm master cylinder influencing four 0 28 mm wheel cylinders. 

Figure 4 - Master cylinder Piston stroke 

25,4 
Stroke, mm 
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apparatus illustrated in figure 2. The pressure is relatively low 
during the first part of the stroke and then builds up to 
7 * 0,3 MPa at the end of the stroke of approximately 23 mm. 
This permits the primary cup to pass the compensating hole at 
a relatively low pressure. The wheel cylinder Piston travel is 
about 25 + 0,25 mm when a pressure of 7 + 0,3 MPa is 
reached. 

Adjust the stroking rate to 1 000 + 100 strokes/h. Record the 
fluid level in the master cylinder Standpipe. 

7.9.3 Test procedure 

7.9.3.1 Operate the System for 16 000 + 1 000 cycles at 
23 + 5 OC. Repair any leakage and add fluid to the master - 
cylinder Standpipe to bring it to the originally recorded level. 

7.9.3.2 Start the test again and raise the temperature of the 
cabinet to 120 $r 5 OC within 6 + 2 h. During the test, 
observe the Operation of the wheel cylinders for improper func- 
tioning and record the amount required to replenish any loss at 
intervals of 24 000 strokes. Stop the test at the end of 85 000 
total recorded strokes, which shall include the number of 
strokes during Operation at 23 I& 5 OC and the number of 
strokes required to bring the System to the operating 
temperature of 120 & 5 OC. Allow the equipment to cool to 
room temperature. Examine the wheel cylinders for excessive 
leakage. Carry out an additional 100 strokes, examine the wheel 
cylinders for leakage and record the volume loss of fluid. 

7.9.3.3 Within 16 h, remove the master and wheel cylinders 
from the System, retaining the fluid in the cylinders by im- 
mediately capping or plugging the Parts. Disassemble the 
cylinders collecting the fluid from the master cylinder and 
wheel cylinders in a glass jar. When collecting the stroked fluid, 
remove all the residue which has been deposited on rubber and 
metal internal Parts by rinsing and shaking such Parts in the 
stroked fluid, using a soft brush to ensure that all loose adher- 
ing Sediment is collected. Clean in hexane for no more than 
10 s and dry with compressed air. 

Examination of the rubber shall not show a decrease in hard- 
ness of more than 15 IRHD and shall not reveal an unsatisfac- 
tory operating condition as evidenced by excessive amounts of 
scoring, scuff ing, blistering, cracking, chipping (heel abrasion), 
or Change in shape. 

7.9.3.4 Within 1 h after disassembly, measure the lip and 
base diameters of each cylinder cup by the procedures 
specified in 7.9.2.1 and 7.9.2.2 with the exception that lip or 
base diameters of cups may differ by more than 0,08 mm. 

Determine the hardness of each cup by the procedure specified 
in ISO 48. If this International Standard cannot be used, 
another procedure may be selected, using a rubber anvil (see 
figure 9). Record any sludge, gel or abrasive grit present in the 
test fluid. 

7.9.3.5 Within 1 h after draining the cylinders, stir the fluid in 
the glass jar to suspend and disperse Sediment uniformly, and 
transfer a 100 ml portion of this fluid to a cone-shaped cen- 
trifuge tube; determine the percentage Sediment as described 

in ASTM D 91. Inspect the cylinder Parts, recording any gum- 
ming or pitting on pistons and cylinder Walls. Rub any deposits 
adhering to cylinder Walls with a cloth wetted with hexane to 
determine abrasiveness and removability. Clean the cylinder 
Parts in hexane and dry with compressed air. Measure and 
record the diameters of the pistons and cylinders by the pro- 
cedure specified in 7.9.2.1 and 7.9.2.2. 

7.9.3.6 Calculate lip diameter interference set by the 
equation : 

dl - d2 
% lip diamete r interference = x 100 

dl - d3 
where 

d3 

is the original lip diameter in millimetres; 

is the final lip diameter in millimetres; 

is the original cylinder bore diameter in millimetres. 

7.9.3.7 Repeat the test if mechanical failure that may affect 
the evaluation of the test fluid occurs. 

7. IO Corrosion 

7.10.1 Sampling and preparation of samples 

7.10.1.1 Metallic samples 

Take the samples from the plate corresponding to metals 
specified in table 2, of dimensions 40 mm x 8 mm x 3 mm 
(tolerante -i 2 mm). I 

Drill a 5 mm hole in the centre of each Sample. Polish the Sample 
with 400 grit emery Paper and then with 600 grit emery paper? 

Immerse each Sample successively in the following liquids: 
water, ethyl alcohol, acetone. Place the samples in a desiccator 
for 2 h. 

Weigh each Sample to within 0,l mg; measure the three 
dimensions of the Sample and calculate the fully developed 
area, deducting intermediate washer areas (see figure 11). 

7.10.1.2 Rubber samples 

Cut cylindrical samples 2 mm thick and 20 mm in diameter (size 
tolerante : + 0,2 mm), from the vulcanized sheets of the 
following elastomers : 

- polychloroprene; 

- butadiene-acrylonitrile copolymer. 

nd the The formulae of these compounds a 
characteristics are given in annex C. 

ru bber mechanical 

7.10.2 Apparatus 

Apparatus as shown in figure 5, consisting of the following 
components (the circled numbers refer to figure 5): 

a) 0 1 1 litre, flat-bottomed cylindrical Container, 
with a broad flat-flanged opening of 100 mm inside 

. diameter. 

1) See ISO 2235. 
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b) @ 

Cl 2 0 
d) @ 

el @ 

f) 

9) @ 

hl 

i) 6 0 

i) 

Cover, ground flat at the edge of 100 mm inside 
diameter, with five ground-glass necks (four of 
19/26 and one of 34/35). 

Clamp to maintain the cover on the Container. 

Double-area condenser (about 950 cm2) with a 
bottom male joint (34/35) and a top female joint 
(34/35), with a jacket length of approximately 
500 mm and an Overall length of 600 mm. 

Rubber or cork stopper, base diameter of 
31,5 mm, with a centre hole permitting the immer- 
sion of a 3 to 5 mm inside diameter tube bent 
downwards. 

Two ground-glass Stoppers (19/261 for two of 
the cover necks. 

Ground-glass male joint (19/26) fitted with a tube 
and bent-arm connector; tube length approxi- 
mately200 mm. The end to be immersed in the fluid 
is equipped with a sintered glass filter 10 + 2 mm 
long and 4,5 It: 0,2 mm diameter. 

Adaptor with 19/26 male ground-glass joint and 
14/23 female joint. 

Thermometer with temperature range from 
- 10 OC to +250 OC immersion type 224 mm with a 
ground-glass joint (14/23) to be fitted into the adap- 
tor h). 

Three-fingered clamp for holding objects from 10 
to 100 mm. 

kl Chain clamp for holding objects from 90 to 
145 mm. 

1) Two universal tightening nuts. 

m) Clamp stand with an off-centred rod 
(12 mm x 800 mm) and 
base (160 mm x 250 mm). 

n) Adjustable electric flask heater (about 250 W) 
for the 1 I Container. 

01 @ 250 ml borosilicate glass wash bottle, with a 
ground-glass neck (29/32). 

P) Deformable tube of 8 mm internal diameter and 
about 2 000 mm long for joining the different Parts 
in the aeration System. 

q) @ Circulatory reg.ulatable cryostat capable of en- 
suring a temperature of 0 * 1 OC in the trough 
throughout the test period. 

r) Two insulated deformable pipes, 
cryostat q) to the condenser d). 

to link the 

SI (9) Membrane pump for aeration of the fluid under 
test. The pump should ensure a minimum flow rate 
of 10 Vh. (A pump is preferable to a compressed air 
circuit. 1 

Ul 

Ball rotameter to control the air fjow-rate. 

Needle-valve, to regulate the air flow-rate. 

0 1 Flat-bottomed cylindrical Container 0 7 Regulatable balloon-heating 

0 2 Cover, ground flat 0 8 Metal Strips 

0 3 Condenser 0 9 Air pump 

0 4 Stopper with a tube bent downwards 0 10 Cooled wash bottle 

0 5 Ground-glass male joint with a tube and bent arm connector 0 11 Ball rotameter 

0 6 Thermometer 0 12 Regulatable cryostat 

Figure 5 - Corrosion test apparatus 
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7.10.3 Method 7.10.5 Measurements to be made after the test 

Mount the metal test Strips, prepared in accordance with 
7.10.1 .l, as shown in figure 11. 

After clean 
be made: 

ing the test Strips, following measurements shall 

Put into the test vessel L7.10.2 a)] a) metallic test Strips : 

1) mass Change per unit surface area in milligrams per 
Square centimetre; 

- 500 ml of the fluid to be tested; 

- the test stri p assem bly, in such a 
is only half immersed in the fluid; 

way that each test 
Strip 2) appearance. 

- a Sample of each rubber, these samples, prepared in 
cordante with 7 .lO.l .2, being spread around the vessel 

ac- b) fluid to be tested: 

1) neutralization index as described in ASTM D 974 
(sec 6.10); Set up the condenser L7.10.2 d)l cover L7.10.2 b)], air tube 

17.10.2 g)] and thermometer C7.10.2 i)]. 
2) appearance, deposits. 

Connect the cryostat l7.10.2 q)l to the inlets and outlets of the 
condenser via the insulating tubes L7.10.2 r)]. Partially close the 
upper opening of the condenser by the stopper with the tube 
bent downwards L7.10.2 e)l. 

7.11 Shear stability 

The shear resistance shall be determined by the injector method 
carried out according to ASTM D 2603, petforming 250 cycles 
at 175 bar, instead of the 30 cycles specified in this method. 

Regulate the cryostat in such a way that the temperature in the 
trough remains at 0 rt 2 OC. When this temperature is 
reached, Start the heating of the vessel and the passage of air. 

The viscosity at 100 OC before and after testing is measured ac- 
cording to the method described in 7.2. Regulate the air feed (air saturated with distilled water cooled 

to 0 OC, tolerante + 1 OC) at 10 + 1 Vh. 

The test shall last 200 h in two periods of 100 h non-stop at a 
temperature of 120 + 1 OC separated by a pause of at least 
48 h at room temperature. 

7.12 Anti-wear properties 

The anti-wear properties of the fluid shall be determined on a 
four-ball machine according to the procedure specified in 
ASTM D 2266 (1 h, 40 kg, 1 200 rpm, 75 “C). 7.10.4 Cleaning test Strips after immersion in the fluid 

Immerse each Sample in hexane, 
weigh to the nearest 0,l mg- 

wipe it with a dry cloth and The balls 
annex F. 

used for this test shall meet the specifications given in 

10 
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Annex A 

Acrylonitrile-butadiene rubber (NBR) brake cups for testing brake-fluid 
complying with ISO 7308 

(This annex forms an integral part of the Standard.) 

A.1 Rubber composition 

See table 4. 

Table 4 - Ingredients and proportions 

Ingredient Parts 
by mass 

NBR (29 % ACN)” 100 
Diphenylamine-acetone condensate’) 2 
Zinc oxide2) 5 
Stearic acid 1 
Carbon black HAF N 330’) 60 
Dioctyl adipate 8 
TMTD3’ 2 
MBTS4’ 1 
Soluble coated Sulfur at 95 %‘) 0,5 

Total 179,5 

1) Suitable ingredients are commercially available. Details may be ob- 
tained from the ISO/TC 22 Secretariat or the ISO Central Secretariat. 

2) Specific surface (BET: Brunauer, Emmet and Teller) = 5 m2/g; 
Zn0 content = 99,7 %. (French Standard NF X 11-622 presents a test 
method for the measurement of this specific surface by absorption of 
argon at low temperatures.) 

3) Tetramethylthiuram disulfide. 

4) Benzothiazole disulfide. 

A.2 Procedure for mixing rubber compound 

The rubber compound shall be mixed in accordance with the procedure given in ASTM D 3182. 

A.3 Properties of the rubber compound 

See table 5. 

Table 5 - Properties, requirements 
and corresponding test methods 

Property IRequirementl Test method I 

Hardness, IRHD 
Tensile strength, MPa 
Elongation at break, % 

11 
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A.4 Brake cups prepared from rubber compound 

Standard brake cups conforming to figures 6, 7 and 8 may be obtained from 

Society of Automotive Engineers, Inc., 
400 Commonwealth Drive, 
Warrendale, PA 15096, 
USA 

Cups and sheets may be obtained from 

Laboratoire de recherches et de controle du caoutchouc et des plastiques, 
60, rue Auber 
F 94400 Vitry 
France 

Brake cups shall be prepared from the rubber compound by vulcanization under the conditions required to obtain the properties given 
in A.3. The dimensions of the cups shall be suitable for the brake cylinders used to determine simulated Service Performance. The 
cups shall be used in testing brake-fluids either within 6 months of the date of manufacture when stored at room temperature below 
30 OC or within 36 months of the date of manufacture when stored at temperatures below - 15 OC. After removing cups from storage 
they shall be conditioned base down on a flat surface for at least 12 h at room temperature in Order to allow them to resch their true 
configuration before measurement. 

Dimensions in millimetres 

Inside and outside 
diameters to be 

rconcentric < 0,5 

oe e / 

W 
6 
0 

+ 
m 
O- 
+ 
fu 

u, 
! 

R1,5 

m 
ti 

All flash shall be removed 
from edge of CUP. Sharp 
corners required. -m 

&--p Base to be flat 
or concave < 0,15 ’ 

Unless othetwise specified, tolerantes on dimensions are : 

linear: k 0,25 
angular: + 30’ 

Smooth finish all over CUP, to be free of foreign substances 
and moulding imperfections. 

Mould identification 
Mould cavity number 
Height of letters and 
numbers = 0,4 

Figure 6 - ISO test brake cup for wheel cylinder 

12 
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Dimensions in millimetres 

6 grooves equally spaced 

Inside and outside diameters 
shall be concentric within < 

All flash shall be removed 
from edge of CUP. Sharp 
corners required. ‘pp 

Cup to be this dimension when 
inserted in a ring gauge of 
0 2860 to 28,65 

RO,ZSmax. 

L Mould identification ISO 
Mould cavity number 
Height of letters and numbers = 0,4 

Unless otherwise specified, tolerantes on dimensions are : 

linear : f 0,25 
angular : + 30’ 

Smooth finish all over CUP, to be free of foreign substances 
and moulding imperfections. 

Figure 7 - ISO test brake cup for primary master cylinder 

13 
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Dimensions in millimetres 

Flat2.00to2.25 , 

Mould identification ISO 
Mould cavity number 
Height of letters and numbers = 0,4 

7,00 to 7,25 

Unless othetwise specified, tolerantes on dimensions are : 

linear: i: 0,25 
angular : f 30’ 

Smooth finish all over CUP, to be free of foreign substances 
and moulding imperfections. 

Figure 8 - ISO test brake cup for secondary master cylinder 

Single lip seal Secondary seal 

Material for anvils: Rubber having hardness in same range ( k 5 IRHD) 
as a seal being tested. 

Figure 9 - Anvils for measuring hardness 

14 
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Annex B 

Hiding power Chart 
(This annex forms an integral part of the Standard.) 

The hiding power Chart reproduced as figure 10 is only a reduced facsimile; an original may be obtained from the Society of 
Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096, USA. 

Figure 10 - Hiding power Chart 
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Annex C 

Mixture formulae, and basic mechanical characteristics of the rubber used 
for tests simulating the effect on rubber 

. (See 7.8) 

(This annex forms an integral part of the Standard.) 

C.1 Mixture formula 

See table 6. 

Table 6 - Ingredients and proportions 

Ingredient Parts by mass 

Polychloroprene ’ ) 100 
Carbon black APF N 683’) 40 
Carbon black MT N 991’) 13,3 
Diphenylamine type antioxygen’) 2 
Magnesium Oxide’) 4 
Stearic acid 015 
Paraffin 1 
Vaseline l) 4 
Aromatic Oil1 ) 27,7 
Zinc Oxide 5 
Sulfur 1 I 
2-Mercapto imidazoline’) 0,5 

> 3 Total 199,O 

1) Suitable ingredients are commercially available. Details may be ob- 
tained from the ISO/TC 22 Secretariat or the ISO Central Secretariat. 

C.2 Basic properties of sheets ’ 

Vulcanization shall be carried out by curing for 15 k 1 min at 153 + 0,5 OC, following the procedure given in ASTM D 3182; it shall 
meet the requirements in table 7. 

i Table 7 - Properties and corresponding requirements 
\ 

Property Requirement Test method 
I 

Hardness,~ IRHD 55 f 3 ISO 48 
Tensile strength, M Pa > 17 ISO 37 
Elongation at break, % > 140 ISO 37 
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Annex D 

Assembly of metal Strips for corrosion test in brake-fluids used for 
full-power hydraulic Systems with pump 

(See 7.10) 

(This annex forms an integral part of the Standard.) 

D.1 Test assembly layout 

See figure 11. 

Dimensions in millimetres 

u Si a I L-------- 435 I 47,5 m 
a) Assembly A 

4 --I 
Ln, ,-___-_ -----v---p---- 
8, , 4 

,&* 

e 47,5 

b) Assembly B 

Figure 11 - Strip assembly for corrosion test 
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0.2 Components for assembly A 

Set up the different park in the Order given in table 8. 

Table 8 - Components for assembly A 

Reference Designation Number Material Dimensions Tolerante on 
figure lla) three dimensions 

mm mm 

0 6 Hexagonal nut HM4 1 Brass CuZn39Pbl 

0 3 Threaded rod M4 1 Brass CuZn39Pbl Length 47,5 0 
-0,5 

0 4 Insulating sleeve . 1 PTFE (or Polyamide) 0 ext. 5 
0 int. 4 0 
length 43,5 -0,5 

0 2 Support piece 1 Brass CuZn39Pbl 40x8~3 0 
-0,z 

0 5.1 Insulating washer 1 PTFE (or polyamide) 0 ext. 8 
0 int. 5,l 
thick. 1,5 

0 
-0,z 

0 1 Corrosion test piece 1 Electrolytic topper CU-DLP 

0 5.2 Insulating washer 1 Brass CuZn39Pbl 

40~8x3 

0 ext.8 
0 int. 5,l 
thick. 1,5 

0 
-0,z 

0 
-0,z 

0 1 

0 5.2 0 1 

0 5.1 

0 1 

0 5.3 

0 1 

0 5.3 

0 1 

0 5.3 

0 1 

0 5.3 

0 1 

0 5.1 

0 2 

Corrosion test piece 1 Brass CuZn39Pbl 

Insulating washer 1 Brass CuZn39Pbl 
Corrosion test piece 1 Bronze CuSn8P 

Insulating washer 1 PTFE (or polyamide) 

Corrosion test piece 1 Steel C 35 

Insulating washer 1 Steel C 35 

Corrosion test piece 1 Steel Type 4 

Insulating washer 1 Steel C 35 

Corrosion test piece 1 Cast iron Ft 20 

Insulating washer 1 Steel C 35 

Corrosion test piece 1 Zinc alloy ZnA14 

Insulating washer 1 Steel C 35 

Corrosion test piece 1 Aluminium alloy AIMgl SiCu 

Insulating washer 1 PTFE (or polyamide) 

Support piece 1 Brass CuZn39Pbl 

Hexagonal nut HM4 1 Brass CuZn39Pbl 

The support pieces, insulating washers and 
test pieces always have the same dimensions 
and tolerantes. 

0.3 Components for assembly B 

The set-up remains the same as for solution A, but the threaded rod @ , insulating sleeve 0 4 and nuts 6 shall be replaced by 
the components shown in table 9. 

0 
Table 9 - Components for assembly B 

Designation Number Material Dimensions 
mm 

/ 
Insulating screw 1 PTFE (or polyamide)‘) See figure llb) 
Insulating nut HM5 1 PTFE (or polyamide)l) 

1) A suitable insulating product, available commercially, is Nylon technyl grade D “heat insulating” or grade A 
“heat insulating”. This information is given for the convenience of users, and does not imply endorsement of the 
product by ISO. 
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