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Test Apparatus—The basic apparatus shall be that shown and as arranged in Figure 1. All hydraulic lines
and fittings shall be of actual size and design similar to, or equivalent to, the representative vehicle installation.

Hydraulic Pressure Actuating Mechanism—The pressure actuating mechanism should be a dual master
cylinder capable of a rate of pressure application and retraction to the valve of 3448 kPa/s + 345 kPa/s (500 psi/

s + 50 psi/s), unless otherwise specified.

For single stroke operation, the actuating mechanism must be capable of generating pressures to the valve
from 138 to 20 685 kPa (20 to 3000 psi) at a uniform apply and release rate and it must have adjustments

such that the pressures can be held statically after they are achieved.

For cyclic pperatie B SHRHSED H
uniform apply and release rate. The actuating mechanisms, when releasing, must permitt
hydraulic pressure.

Load Fixture (Displacement for Foundation Brake Simulation)—The displacement de
simulate thel pressure versus displacement curves for the actual vehicle withintt10%. If it is
Figure 3 for ftotal rear brake system and connect to the valve outlet to the rear brakes. Use R

front brake dorner and connect to each valve outlet to front brakes.

NOTE—It isjrecommended that the largest size actual brake assemblies for the manufacturer
usagie be used in place of fixtures. In this case, it S _not necessary to measy
reqyirements of Figure 3 or Figure 4, but need to be plumbed as required for the part
intepded usage. Use large enough m/cylinder (bore.Size and stroke) to provide at I
amdunt of brake fluid supply to each brake system:;

Instrumentgtion—Hydraulic pressure measuring devices with a range to 20 685 kPa (3000
and shall haye accuracy of +0.5%. An X-Y-Y plotteréor equivalent (for functional testing) and a|

a (1000 psi) at a
e full release of

ices need to
not known, use
igure 4 for each

' intended valve
re or meet the
cular vehicle for
ast the required

Dsi) are required
counter shall be

used to recdrd number of strokes during cyclic.operation. A 12 VDC power source is requiredl and connected

to the warnimg lamp switch to indicate contact.

A leak trap ghall be provided for each sealing point on the valve assembly as required for the v
require meapuring leakage including the connections. They shall have minimum exposed §
evaporation.

Environmental Equipment

AMBER—AMOzone chamber as described in ASTM D 1149. It must maintain 50

+ 3 °C+100 °F £ 5 °F) ozone concentration.

OzoNE CH
at 37.7 °C

HEATED AIRCCHAMBER—AN insulated oven or cabinet having sufficient capacity to houg

arious tests that
irea to minimize

bphm by volume

e test valve. A

H +1 P 1 PSS T B ) " - : : I e 7 L
SU'table tnNeTmosStattany COTIroneu e dtnTg SYSTETT IS TEQUITTU O TITAITTiA T a UTTiTOTHT aATTa TOTT

d air circulation

temperature of 120 °C + 3 °C (248 °F £ 5 °F). It shall be such that the valves can be checked and operated

without removal. Heaters shall be shielded to prevent direct radiation to valve assembly.

CoLb CHAMBER—A cold chamber shall be provided having sufficient capacity to house test valve. It shall be

such that valves can be checked and operated without removal, and it shall be capable
uniform atmosphere of cold air at - 40 to -42.8 °C (- 40 to - 45 °F) temperature.

of maintaining a

Fluid and Test Fittings—Use brake fluid conforming to SAE J1703 and FMVSS 116 (DOT 3) or the
recommended DOT brake fluid. The hydraulic tubing connections to the valve assembly shall be of the type
intended for the particular vehicle for intended usage and shall be torqued to recommended specifications.
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FIGURE 1—TEST APPARATUS
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Test Set-Up and Procedures—All tests shall be conducted with the valve and fluid at room temperature 15 to
32 °C (60 to 90 °F) except where otherwise specified. Valve assemblies may be disassembled after the tests
are completed unless otherwise specified or testing is discontinued.

Functional Characteristics—Connect hydraulic lines per Figure 1 and tighten all connections to nominal
torque specified by the vehicle manufacturer. Fill the test setup with new brake fluid and bleed the system as
necessary to remove all air. Using a X-Y-Y plotter or equivalent, set X as the front inlet
measuring fronts) or as rear inlet pressure (when measuring rears), and Y1 the front brake outlet pressure
(either front outlet port) and Y2 the rear brake outlet pressure, and conduct the performance test.

pressure (when

PErRFORMANCE TEST—Apply pressure to the inlet port at the rate described in 3.1 to 6900 kPa +345, - 0 kPa

(1000 psi 56

output cur
(knee and

increass

pressurg

from the

knee po

PROPORTI

Differential
circuit shall
shall be ope
(change to f
system inlet
permitted).

Ol Dlat th narfaroaan £ o= [V adral leafaoran | 2\ Ao
AT A% HQI}. LELAA 1A~ HUIIUIIII(AII\.’C U1 MPPI_y ATTU TLCTCUUOU \IUIUIUII\.’C 1 |gu|c L}. g
ves will determine the metering performance (holdoff and blendback), propottio
percent slope), and hysteresis (difference of curves between apply and relgase).

holdoff of front metering pressure (point A, Figure 2 on the apply curve where t
s with no increase in output pressure).

s have returned to within 138 kPa [20 psi]).
he metering outlet pressure on apply and on release at 6900 kPa (1000 psi).

nee pressure of the proportioner (point omthe apply curve where the rear outlet
inlet pressure curve).

£ percent slope of proportioner performance (divide the total increase of outlet p
nt by the total increase of inlet pressure after the knee point).

NER LEAKUP CHECk—Reapply to 6900 kPa (1000 psi) and hold for 30 s at the st3
nitial and final pressure.(5 s stabilization time permitted).

Warning Activation—Open front system outlet to atmosphere. The 12 to 14
be connected to the warning lamp switch to indicate switch contact (reference F

ront inlet-when measuring front inlet pressure). Apply pressure at the prescribegd
port 106895 kPa +345, -0 kPa (1000 psi +50, -0 psi) and hold for 30 s (5 s §

lyzing the input-
ner performance

e inlet pressure

he point where the metering pressure starts to increase again-after the holdoff (pgint B, Figure 2).

blendback of metering pressures (point C, Figure 2 on the apply curve where th¢ outlet and inlet

pressure departs

essure after the

tic pressure.

V DC electrical
gure 1). Switch

n before @pplying pressure. The X of the plotter is to be set for measuring rear inlet pressure

rate to the rear
tabilization time

Record rear inlet pressure to activate warning lamp.

Record rear outlet pressure at 6900 kPa (1000 psi) inlet pressure after the differential piston has shuttled and

the warnin

g lamp is activated (bypass feature check).

Record the rear initial and final inlet and outlet pressures after 30 s.

Release pressure, close front outlet to atmosphere, and rebleed if air ingestion is suspected, being careful
not to recenter the shuttle piston.
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FIGURE 2—TYPICAL VALVE PERFORMANCE
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Reapply pressure to both valve inlet ports at the prescribed rate and record the pressure to recenter the
differential piston by noting the pressure at which the warning lamp breaks contact.

Repeat this entire section (4.2) except open rear outlet system to atmosphere, change X on plotter to the
front inlet, and apply pressure to the front inlet port.

Reverse Flow Tests—Reverse the valve connections so that the valve inlet lines are open to atmosphere and
the master cylinder is supplying fluid to the valve outlets (check each front separately). Place a measuring
beaker under each valve inlet port to measure the amount of fluid discharged. Apply 344 kPa + 68 kPa (50 psi
+ 10 psi) pressure to the outlet ports.

Measure the-time-at-344+Pa+68+Pa{56-psi+10-pshand-amountof-fuid-obtaired-from-the inlet ports and
calculate flow rate (cc/min).
Connect back to normal Figure 1 setup with the master cylinder connected to the intet-ports.| Open the valve
outlet lineg to atmosphere.
Apply 344[kPa + 68 kPa (50 psi + 10 psi) to the valve inlet ports. Measurerthe time at presgure and amount
of fluid obfained from the outlet ports and calculate flow rate (cc/min).

Pressure Lg¢ak and Physical Strength Test—Using the normal sé€tup (master cylinder to inlet ports per

Figure 1) and using recommended outlet connections. Shut off beyond the connection (load fixtures not to be
included for|any leak or physical strength tests). Tighten all eohnections to nominal torque |specified by the
manufacturgr. Fill the test setup with new brake fluid and ¢bleed at all points in the system jas necessary to
remove air. [Use the same valves for all leak and physical strength tests.

Low-PRESSURE LEAK TEST—Apply pressure to huild 138 kPa + 35 kPa (20 psi = b psi) pressure
simultanegusly in front and rear brake systems @fvalve assembly. Close shut-off valve to pressure source,
and releade pressure source.

Allow pregsure to valve assembly to stahilize for 15 to 20 s and then record pressure at begipning and end of
a 30 s + 1[sinterval. Also record any amount of leakage. It may be necessary to remove arly dust covers or
boots to aid leak detection.

HIGH-PRE$SURE LEAK TEST—Apply 13 790 kPa + 345 kPa (2000 psi + 50 psi) pressure sjmultaneously in
front and fear brake systems of valve assembly. Close shut-off valves to pressure soulce, and release
pressure

Allow pregsure toshydraulic valve assembly to stabilize for 15 to 20 s and then record pressjure at beginning
and end of a 30¢s’+ 1 s interval. Also record any amount of leakage. It may be necessary to remove any
dust covens©rboots to aid leak detection.

PHYSICAL STRENGTH TEST—Apply pressure to build up 20 685 kPa + 690 kPa (3000 psi + 100 psi)
simultaneously in front and rear brake system of valve assembly. Hold pressure for 15 s + 5 s and then
release.

Observe pressure gage during test and visually inspect valve assembly for signs of leakage or structural
failure.

Repeat 4.1 and 4.2 of functional characteristics on all valves tested for leak and physical strength.
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Vacuum Capability—Using new dry valves and connection tubes, setup to a vacuum source on the valve
inlets. Install vacuum measuring devices beyond the outlet connections. Outlets are not to be connected to
the load fixtures and are to be shut off after the vacuum measuring devices. Tighten all valve connections to

the minimum recommended torque.

Apply vacuum to the inlet ports simultaneously, recording the time to obtain 2 mm Hg absolute pressure.

Reapply the vacuum in excess of 2 mm Hg, and shut off the vacuum source. Record vacuum after 5 s.

Ozone Resistance of External Elastomeric Boots or Seals—Seal
atmosphere and place valve assembly in
concentration M

the hydraulic
Subject valve assemb

+ 100 cycled/h (3.27 to 4.00 s/cycle of apply and release stroke). Place at least‘eight new val

valve

ports from
ly to an ozone
ut disassembly.

At 1000 cycles/h
e assemblies in

heat cabinefand plumb so that fluid in valves during cycling will be at heat cabinet temperatu:lle. Load fixtures

may be located inside or outside of cabinet. Adjust the pressure actuating mechanisms to b
pressure of 900 kPa + 690 kPa (1000 psi £ 100 psi). Place empty leak ‘traps under each
valves incluging the outlet connections and commence stroking whil€ raising temperature of ¢

+3 °C (248 [F £ 5 °F) within 6 h.
Periodically observe output gages of valve assemblies durhg stroking. It is intended th
functionalfat 120 °C (248 °F).
Measure gnd record fluid in each leak trap daily.
Discontinye stroking at end of 70 000 cycles and allow to cool to room temperature (referen

Inspect valve assemblies for external leakage, including inspection of the switch cavity by rd
Measure gnd record amount of leakage from leak traps and switch cavity.

Repeat 4.1 and 4.2 functional\characteristics on all valves tested at room temperature (refer]

Cold-Tempgrature Operation—Place new valve assemblies in cold chamber and bleed sys

ild up an output
sealing point of
abinet to 120 °C

at all valves be

Ce Section 4).

moving switch.

ence Section 4).

tem. Place leak

traps under
for cyclic

ach sealing point of valves including outlet connections. Set the pressure actua
peration—at 250 cycles/h + 50 cycles/h (13.1 to 16.0 s/cycle).

ting mechanism

Adjust the displacement

mechanism(g). Adjust pressure actuating mechanism to an output pressure of 6900 kPa + 690 kPa (1000 psi
+ 100 psi) apdat'an apply rate of 6900 kPa/s + 690 kPa/s (1000 psi/s + 100 psi/s). Adjust ternperature to - 40

to-42.8 °C

N } PR Bt
) allu CUTTIITIETILE SUTURITTY.

Periodically observe output gages of valve assemblies during stroking.
functional at - 40 °C (- 40 °F).

It is intended that all valves be

Discontinue stroking at the end of 20 apply/release cycles and allow to return to room temperature.

Repeat 4.1 and 4.2 functional characteristics on all valves tested at room temperature (reference Section 4).

Inspect and measure amount of leakage in the leak traps and in the switch cavity.
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