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3.2

Stroking Mechanism—The stroking mechanism shall contain a mounting plate to which the master cylinder
can be attached. The actuating push rod shall be compatible with the master cylinder piston socket and shall
operate coaxially within 2 degrees of the master cylinder bore longitudinal axis. The fixture shall be constructed
such that full release of the master cylinder piston is obtained. The stroking mechanism may accommodate
multiple master cylinders, if desired.

Means must be provided for the stroking mechanism to stroke the master cylinder both singly and cyclically.
For single stroke operation, the means must be capable of generating a minimum 20 680 kPa (3000 psi)
pressure in the master cylinder.
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FIGURE 1—TEST APPARATUS

The means shall*also be capable of applying the push rod to generate pressure that will provigle for full master
cylinder stroke and allow holding of a fixed siroke position. For Cyclic operation, the stroking mechanism shall
be capable of applying the push rod to generate 10 340 kPa + 690 (1500 psi = 100), at a rate that can be
adjustable from 250 to 1000 cycles/h. The push rod shall be stroked forward at a smooth rate and allow the
piston(s) to return rapidly to the retracted position(s). The time cycle shall be adjusted to allow maximum time
for forward stroking while insuring that the piston(s) returns to the fully retracted position before the start of the
next forward stroke. Means must also be provided for a 207 kPa = 7 (30 psi £ 1) air pressure source to be
applied to the outlet port(s).
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Instrumentation

Two hydraulic pressure measuring devices shall be employed for each outlet port. One shall have a range of
0 to 207 kPa (0 to 30.0 psi) and the other shall have a range of 0 to 20 680 kPa (0 to 3000 psi). Both shall be
of a type which require small hydraulic displacement and are equipped with a bleeder and a shut-off valve.
Pressure measuring device(s) accuracy shall be + 0.5% or better.

Suitable displacement measuring equipment shall be provided, accurate to 0.1 cm? or better.

Short lengths of tubing with suitable connections shall be provided in order to bleed flow fluid from outlet(s)
into reservoir(s).
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p—The master cylinder shall come from one of the sources described in Section 2
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pm temperature

e othérmwise specified. The master cylinder shall not be disassembled until after all tests are
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I Unless testing is discontinued.

NOTE 1—When outlet ports are pressurized on dual master cylinders, both ports must be pressurized
simultaneously.

NOTE 2—When fully stroking master cylinders which do not incorporate internal stroke limiting means, care
shall be exercised to avoid damage to spring(s), retainer(s), cup(s), etc.

Unrestricted Apply and Release—Remove shipping plug(s) from master cylinder outlet port(s) and stroke

the piston th

rough full design stroke five times and allow it to return by the return spring load.

1.

Compatibility fluid may be obtained from Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warendale, PA 15096-0001.
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5.5

Venting—install the master cylinder on the mounting plate and tighten mounting bolts. Make certain that the
push rod is properly aligned with the cylinder bore longitudinal axis within 2 degrees. Adjust push rod to allow
piston(s) to return to normal release position.

Connect a 207 kPa £ 7 (30.0 psi + 1) air supply to the outlet port(s). Bore venting will be indicated by air flow
from the vent port(s).

Without changing the setup in procedure 5.2.1, stroke the input push rod a minimum of 5.1 mm (0.200 in).
Apply 207 kPa £7 (30.0 psi + 1) air pressure to the outlet port(s) and observe that no air is flowing from the
vent port(s).
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s) to return to the normal release position.

reservoir(s), apply 207 kPa + 7 (30.0 psi + 1) maximum air through capcwith outl

lve operation check.

lkage—Stroke piston(s) a minimum of 5.1 mm (0.200 in) such that the vent port(
ically restrain piston(s) from releasing. Apply 207 kPa £7 (30.0 psi £ 1) constar]
rt(s). Cap reservoir(s) with pressure measuring device(s) mounted through cap.

pistons once to full design stroke at no more thap 6.35 mm/s (0.250 in/s) and §
strained position. Record reservoir pressure, measuring device(s) pressure
n period,

iston restraint and disconnect air préssure source from outlet port(s). Conng
pressure measuring device(s). Fill the'test setup with new clean brake fluid to th
ded level and bleed air from master cylinder and pressure measuring device(s)
fluid stream is free of bubbles( If bleed screws are present, open for required blee
torque specified by the manufacturer.

During the following ferocedures, 5.4.3 and 5.4.4, allow 15 to 20 s such that th
Stabilize and then-record pressure at the beginning and end of a 30 s + | interval
pressure cannot be obtained simultaneously in both pressure chambers on any o
A dual masterscylinder, repeat the procedure to obtain the specified pressure fo
Chamber.

the push rod to

bt port(s) open.

cturer's data for

) is (are) closed
t air pressure to

lllow to return to
after 30 + 1 s

ct low pressure
e manufacturer's
by stroking until
ding then tighten

e pressure shall
. If the specified
he application of

each individual

ter cylinder to build up 138 kPa + 14 (20.0 psi = 2) pressure. Hold push rod in applied position(s)

Ve pressure measuring device(s) for pressure drop.

Replace low pressure measuring device(s) with high pressure measuring device(s) and bleed. Stroke
piston(s) sufficiently for seal(s) to pass vent holes at approximately atmospheric pressure and restrain
piston(s). Repeat procedure 5.4.3 for high pressure test of 6900 kPa + 690 (1000 psi :k 100).

Fluid Displacement—Suitable fluid displacement measuring equipment shall be connected to cylinder outlet
port(s) with shut-off valve(s) between measuring equipment and outlet(s). The cylinder and equipment shall be
bled of air before starting test measurements. The cylinder shall be stroked to Its full design stroke for five full
applications at 2.5 mm/s (0.1 in/s) maximum velocity with a minimum of 5 s interval between strokes. Close
shut-off valve(s) at end of each application and while cylinder is being returned to release position. Make-up
fluid may be added to the reservoir(s). The fluid volume discharge from the outlet(s) at the end of each stroke
shall be recorded. Calculate and record the average of all trials.
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Replenishing— From the results obtained in procedure 5.5, calculate the variation between each application
and the average obtained in procedure 5.5 and determine percentage.

Physical Strength—Connect high pressure measuring device(s) to outlet port(s). Apply force to develop 20
680 kPa + 1030 (3000 psi £ 150) pressure for 15 s + 5.

Observe pressure measuring device(s) for an abrupt decline in pressure and master cylinder for fluid leakage.

Humidity Operatlon—Place stroking mechanism with master cylinder mounted and filled with brake fluid to
the manufacturer's recommended level into the temperature-humidity cabinet. Connect the displacement

mechanism(s) to the outlet port(s) of the cyhnder The system shall be bled and carefully drled of fluid. Set the

stroking megh
to the mast
to 80% of it$ full stroke at output pressures of 6900 kPa + 690 (11000 psi £ 100). The\rate
versus trave] shall fall within the shaded limits of Figure 2. Stroke 8 h at 46.1 °C + 3¢(115 °F

and 80 to 90% relative humidity. Cease stroking for 16 h while at room temperature and

humidity. Repeat this sequence.

Periodically observe master cylinder for fluid disturbance in the reservair(s).as an indication
NOTE—Oh dual output cylinders, often only one chamber will givedluid disturbance during

Remove master cylinder from humidity cabinet at the end of the second day (16 000 app
and 32 h dtatic).

Remove the pressure line(s) from the cylinder outlet«port(s) to the displacement mechanis
bleeder lopp(s) from the cylinder outlet port(s) inta:the reservoir(s). Stroke piston(s) five tinj
stroke and allow to return, observing smoothness<f stroke and returnability.

Remove
mechanis

dleeder loop(s) and reinstall pressure line(s) from the cylinder outlet port(s) to t
(s). Repeat procedure 5.4.3.

Repeat prpcedure 5.4.4.

High Tempgrature Durability—_Place stroking mechanism with master cylinder mounted and

fluid to the manufacturer'ssreeommended level into the heated air bath cabinet. Connect t
mechanism(s) to the outletport(s) of the cylinder.

The system
release cycl
displacemerj

shall be~bled and carefully dried of fluid. Set the stroking mechanism to cycle
bs/h .+ 100 (3.27 to 4.00 s/cycle). Adjust the input force to the master cylinder 3
t mechanism(s) to stroke (each) master cylinder piston 60 to 80% of its full

AT V-V

st the input force
ylinder piston 60
of pressure rise
- 5) temperature
esultant relative

of venting
enting.
y/release cycles

M(s), and attach
es to full design

ne displacement

filled with brake

ne displacement

at 1000 apply/
nd/or adjust the
Stroke at output

pressure(s) f6960kPa+696 \J.uuu |JDI * J.UU) Fherateof pressure rise-versus-travetsh

all fall within the

shaded limits of Figure 2. Place leak trap(s) under the entrance to the master cylinder bore(s) and commence

stroking while raising the temperature of the cabinet to 120 °C + 3 (248 °F £ 5) within 2 to 6 h.

Periodically observe master cylinder for fluid disturbance in the reservoir(s) as an indication
See Note in 5.8.1.

Discontinue stroking at the end of 70 h continuous apply/release cycles. Inspect master cyli
leakage.

Remove master cylinder from heated air bath chamber and immediately repeat procedure 5.

Immediately following procedure 5.9.3, repeat procedure 5.4.4.

of bore venting.

nder for external

4.3.
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5.10 Static Leakage

5.10.1 Immediately following procedure 5.9 (while master cylinder remains hot), disconnect displacement
mechanism and plug outlet(s). Cylinder body and area(s) around outlet(s) and seal(s) shall be dry before
starting test. Place master cylinder in design position, filled with brake fluid to manufacturer's recommended

level for a

minimum of 12 h. Observe and measure any fluid leakage.

5.10.2 MASTER CYLINDER IN INVERTED PosITION—Master cylinder with reservoir(s) sealed to the atmosphere shall
be tested for reservoir seal leakage by mounting the master cylinder in an inverted position with the reservoir
cover(s) on the bottom. Cylinder with vented reservoir cover(s) shall be tes by suitably plugging all cover
vent(s). Mountlng shall be such that the Welght of the assembly external means shaII not aid the reservoir

sealing. Cy

cylinder to

any fluid lgakage.

5.11 Cold Tempgrature Operation—Place stroking mechanism with the master cylinder mounte
fo the manufacturer's recommended level into the cold chambér: Connect til;e displacement

brake fluid
mechanism
stroking me

the master gylinder and/or adjust the displacement mechanism(s) to stroke (each) master cyli
80% of its fu]l stroke at output pressure(s) of 6900 kPa + 690 (1000 pSi £ 100). The rate of pres
travel shall fall within the shaded limits of Figure 2 at ambient temperature. Place empty leaK
1+42.8 °C (-40 to

entrance to
—45 °F) with

5.11.1 Observe
5.8.1.

5.11.2 Discontinu

5.11.3 Remove npaster cylinder from cold chamber and immediately repeat procedure 5.8.3.
5.11.4 Immediatdly following paragraph 5.11.3, repeat procedure 5.4.3.
5.11.5 Immediatdly following paragraph 5.11.4, repeat procedure 5.4.4.

5.11.6 Allow master cylinder t@¥eturn to room temperature.

5.12 Storage Co
cylinder on i

cylinder borg(s)-and store cylinder for 7 days at room temperature.

remain in mverted posmon filled with brake f|UId for a minimum of 20 min. Obse

5) to the outlet port(s) of the cylinder. The system shall be bled and-carefully drie
hanism to cycle at 250 apply/release cycles/h + 25 (13.1 to 16.0-s/cycle). Adjust

themaster cylinder bore(s), and lower the temperature of the chamber to -40 to
n 18 h. Commence stroking after a minimum of¢4 h*soak at the test temperature.

naster cylinder for fluid disturbance in the<teservoir(s) as an indication of venti

rosionsResistance—Disconnect master cylinder at its outlet(s) and plug. V
s mounting plate and the piston(s) in release position, place empty leak trap(s) u

gst. Allow master
e and measure

d and filled with

of fluid. Set the
he input force to
nder piston 60 to
sure rise versus
traps under the

hg. See Note in

e stroking at the end of 20 apply/release cycles. Inspect master cylinder for exterpal leakage.

Vith the master
hder entrance to

5.12.1 Atend of 7 days, examine cylinder for visible leakage. Measure amount of fluid in leak trap(s).

5.12.2 Remove outlet plug(s) and install bleeder loop(s). Gradually increase force on input rod(s) until piston(s)
starts to move. Measure and record this force.

5.12.3 Stroke the piston to full design stroke five times and allow it to return by the return spring load.

5.12.4 Repeat procedure 5.4.3.

5.12.5 Repeat procedure 5.4.4.
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5.13 Reservoir Capacity—With the master cylinder located in design position, plug the outlet port(s) and remove
the reservoir cover(s). Syphon, syringe, or otherwise remove all fluid from the reservoir(s) down to the level of
the vent port opening(s). Retain the removed fluid in a suitable clean container for inspection purposes. Using
a graduated cylinder, refill reservoir(s) to minimum design level using new clean brake fluid and measure the
amount(s) required.

5.14 Reservoir Fluid Depletion—Mount master cylinder in the design position filled with brake fluid to
recommended level. Attach line(s) to cylinder outlet port(s) which contain sufficient restriction to pump all
usable fluid out of the reservoir(s). Immerse open end(s) of line(s) in a shallow level of clean new brake fluid in
a clean container of sufficient capacity. Stroke cylinder until all usable reservoir fluid is pumped into container,
saving fluid for inspection purposes. On master cylinder so equipped, remove cylinder cover(s) and gasket(s)

and examing
5.15 Push Rod R
cylinder moy
load shall bg

5.16 Examinatio

5.16.1 Tighten tu
resulting d
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nted in suitable fixture, apply a direct (non-angular, non-twisting) tensiondead to th
the minimum load specified by the manufacturer.

h—Remove master cylinder from test fixture, and carefully disassemble it.

be nut(s) to the maximum as specified by the manufacturer. Measure and
iameter at smallest opening of hydraulic outlet(s).

buld surpass minimum performance and durability requirements for satisfactory vé

etention—For manual brake type master cylinders with integral push_red-oply. With master

e push rod. This

ecord minimum

arts and fluid for evidence which would indicate imminent failure of the cylinder upon its continued

the test master
thicle usage.)
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MASTER CYLINDER NOMENCLATURE
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FIGURE 2—MASTER CYLINDER NOMENCLATURE
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