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HYDRAULIC CONTroL VALVE TEST
PRtXEDURE - SAE J7 47b

Report of Construction and Industrial Machinery Technical
Ccmni.ttee approved April 1956 and last revised October 1974.

SAE Standard

1. SCOPE - This procedure describes
laboratory tests for establishing oper­
ating characteristics of hydraulic direc­
tional control valves used on nobile in­
dustrial and construction equiprrent.
These characteristics are to be recorded
on data sheets similar to those shown
herein. Two sets of dataoare to be sub­
mitted - one at 122~ (50 C) and one at
1940 F (900 C). A separate set of data
sheets is to be submitted for the cylinder
ports closest to, and farthest from the
inlet and outlet ports of a multiple sec­
tion valve.

2. PURPOSE OF THE PRXEDURE IS TO:
1. Establish conditions for direction­

al oontro1 valve tests.
2. Outline a procedure for oonduct of

test.
3. Establish a method of presenting

directional control valve test data.
The procedure covers the follCMing

detenninations:
1. Pressure drop.
2. leakage rate
3. Operating effort.
4. ~i:ering characteristics.
5. Relief valve characteristics.

3. MATERIALS AND APPARATUS
Hydraulic fluid shall be a mineral base

oil designed for hydraulic service. Vis­
cosity shall be within 105 - 125 SUS at
122°F and 48 - 50 SUS at 194°F, (21 - 26
centistokes at 49 ° - 50 ° C and 6.6 - 7.4
centistokes at 90°C.) Fluid tenperature
at the directional control valve shall be
maintained at the prescribed level within
+ 5 ° F (2.8°C.) Pressure measurements shall
be accurate within + 2.0%. Flow measure­
ments shall be accurate within + 2.0%.

Precautions shall be taken to-obtain
static pressure readings unaffected by
turbulence and velocity.

Back pressure shall be kept to a mini-
mum.

The test circuit shall be provided with
25P absolute filtration.

4. GENERAL DEFINITIONS AND TEST CON­
DITIONS

4.1 PRESSURE DroP - Difference in
pressure between tWo connected ports of a
control valve circuit as a result of flow.

Shall be expressed in pounds per square
inch (PSI) or (Bar).

4. 2 LEAKAGE RATE - A1rount of oil per
unit time th~t passes through a valve cir­
cuit ~t is blocked. Shall be expressed
in in /rnin or cm3/min.

4. 3 OPERATING EFFORI' - Maximum force
necessary to shift the valve control to
its shifted positions fran its hold or
neutral position, and either the force
exerted by the spool or required to nove
the spool fran each shifted position back
to neutral. Force shall be e~ressed in
lb or N. Torque shall be e~ressed in
in-lb or N-M.

4.4 METERING CHARACrERISTICS - Pres­
sure or flow, versus control m:>vetrent.
Shall be expressed as pressure or flow,·'
in percent of designated, versus control
noverrent in percent of total Gontro1 ~~
mente '1

4.5 FLUID TEMPERATURE -, The tenpera-_
ture of the oil as measured at the oorltXOl
valve. Tests should be conducted at flu­
id tenperatures 1220p (50oC) and 1940

(90oC). The test unit must be at a sta­
bilized temperature.

4.6 PORI' IDENl'IFlCATION - Cylinder
port "A" is the work port nearest the ,
spool end which attaches to the oon;tro1,?
linkage. Cylinder port "B" ~s opposite. dJ
The No. 1 circuit is the circUit locate<3, .1

nearest the valve inlet port. "Designated
f1CM" and "Designated pressure" as used in
the test procedure, refer either to the r
rated fJ.a..,T and pressure for a valve, or a
flow and pressure agreed upon between.user
and supplier. .

5. TEST NO. 1 PRESSURE DROP) - Fig. 3
shows a reoonmended 'circuit for detennin-:-

~'.ing pressure drops. .
5.1 OPEN CENTER PRESSURE DROP (OPEN .

CENTER VALVES ONLY) - With oontrol Valve .
in the neutral or hold position, and. with

J

purrp delivery directed to tank through
the valve, vary the inlet flow from zero
to designated flCM, in a suitable number
of increrrents. Record the difference in
pressure between the valve inlet and
outlet. '''. ,t

5. 2 CIT.oINDER PORI' PRESSURE DroP
5.2.1 VOIl.bf.". Ac.iin.g Valve6 - COnnect
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cylinder "A" port to cylinder "B" port.
Shift the valve control to direct flow
from the valve inlet port to cylinder "A"
port and from cylinder "B" port to tank.
Vary the inlet flow from the punp from
zero to designated flow in a suitable num­
ber of increments. Record the pressure
difference between the inlet and cylinder
"A" port and cylinder "B" port and the
tank outlet. Repeat above test with the
control shifted to direct flow fran valve
inlet port to the cylinder "B" port and
flow from cylinder "A" port to tank.

5.2.2 Si~gle Acti~g Valve - Connect the
cylinder port directly to tank. With the
valve shifted to direct flow from the
valve inlet port to the cylinder port, re­
cord pressure difference between inlet and
cylinder ports in a suitable number of in­
crements of flow. The pressure loss from
the cylinder port to the outlet port shall
be determined in tv.D manners when the valve
is in the "lO\ver" position.
a. Direct punp flow into the cylinder port
and vary in a suitable number of increments,
except double the designated flav.

Record the pressure difference.
b. Repeat (a) with fixed designated flow
directed into the inlet port.

5.3 - Valves having a float or regen­
erative position shall not require test
for pressure losses in the float position,
except by agreement between user and manu­
facturer.

6. TEST NO. 2 (LEAKAGE RATE) - Fig. 3
shows a reconmended circuit for detennin­
ing leakage rate.

6.1 OPEN CENI'ER VALVES
6.1.1 Cylinder port leakage rate shall

be applicable to valves in which the cylin­
der ports are blocked when the valveis on
the holding or neutral position.

Apply designated pressure to each cylin­
der port in turn and record the leakage
rate individually.

If circuit overload relief valve is in­
corporated, test at this ti.m2 in accord­
ance with Test No.5.

7. 2 CWSED CENTER VALVES
7.2.1 Cylinder port leakage rate shall

be applicable to valves in which the cylin­
der ports are blocked when the valve is on
the holding or neutral position.

With the inlet and outlet ports open,
apply designated pressure to each cylinder
port in turn with the valve in the holding
position and record the leakage rate in-
dividually . '

7.2. 2 r~et PoJL:t to Ouil.et PoJL:t Leakage ­
With all cylinder ports open, apply desig-

nated pressure to the inlet port and rreas­
ure and record leakage to the outlet port.

7.2.3 r~let PoJL:t to Cyti~d~ PoJL:t Leak­
age - Apply designated pressure to the
inlet port and measure and record leakage
to the individual cylinder ports.

8. TEST NO. 3 (OPERATUK; EFFORI') - Fig.
3 shows a recC>Illlended circuit for deter­
mining operating effort. Tests shall be
conducted with valve installed on base at
manufacturer's recanmended rrounting holt
torque.

8.1 NO LOAD CONDITION - Operating ef­
fort under no load circuit conditions shall
be measured with no flow or pressure at
the valve. Measure the maximum axial force
OF torque necessary to shift the control
from its hold position to each shifted pos­
ition and record. Measure the minimum
axial force or the torque either exerted by
the control or required to rrove the contro]
from each fully shifted position back to
neutral and record.

8.2 CIRCUIT PRESSURE LOAD CONDITION
A restricting valve shall be inserted in

a line connecting the two cylinder ports.
Apply the designated flav to the iniet

and with valve control shifted to direct
pressure to either cylinder port. Close
the restricting valve to a point where des­
ignated pressure is obtained at the inlet
port. Measure the maximum axial force or
torque necessary to shift the control fran
its hold position to each shifted position
and record. Measure the minimum axial
force or the torque either exerted by the
control or required to rrove the control
from each fully shifted position back to
neutral and record.

8. 3 CYLINDER PRESSURE LOAD CONDITION
Apply designated pressure with available

designated volurre to each cylinder port in
turn. Measure the maximum axial force or
torque necessary to shift the control from
its hold position to each shifted position
and record. Measure the minimum axial
force or the torque either exerted by the
control or required to rrove the control
from each shifted position back to neu"'".
tral and record.

9 . TEST ID. 4 (MEI'ERING CHARACI'ERISTICS)
Fig. 4 shavs a recomrended circuit for

conducting metering tests.
9.1 PRESSURE RISE - Open center pres­

sure rise shall be rreasured by maintain­
ing designated flav to the inlet port and
actuating the control fron a full shifted
position to the opposite full shifted posi­
tion in a suitable number of increments.
Maintain full flow, record control rrove-

3
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4
9. 2 CYLINDER 'ID TANK MRI'ERING - 0jl­

imler to tank metering shall be rreasured
by applying 75% of designated pressure
with a maximum of designated flow at port
"A" • Shift the control in suitable in­
crements, allowing flow to tank. Record
control IIDverrent versus flow. Repeat a­
!?ave test using cylinder port "B".

9.3 INIEI' 'TO CYLINDER MEI'ER.ING - In­
let to cylinder rretering shall be measured
with the pressure and flow conditions list­
ed below. Adjust load relief valve to 75%
of the designated pressure and set the main
relief to designated pressure.

Apply designated flow to the value inlet
port. Shift the control in suitable in­
crements, adjusting the load relief valve,
if necessaxy, to maintain initial pressure.
Record control IIDverrent and flow through
the load relief valve.
rrent and inlet pressure. 0jlinder ports
are plugged during this test. Repeat
above test using 33% of designated flow
to the inlet port.

10. TEST NO. 5 (RELIEF VALVE CHARACI'ER­
ISTICS - Fig. 3 depicts a recommend-
ed circuit to conduct relief valve tests.

The main system relief valve tests shall
be conducted by applying designated flow

to the valve inlet and shifting one valve
spool to direct flow to a cylinder port
with no port relief valve. If all cylinder
ports have port relief valves, shift the
spool to direct the flow to the port with
the highest relief setting.

The port relief valve tests shall be con­
ducted by applying designated flow to the
cylinder port with the valve spcx>l in neu­
tral or holding position.

10.1 LEAKAGE
10.1.1 Gradually apply pressure in suit­

able increments until flow equals approxi­
mately 5% of designated flow, and then de­
crease pressure in the same increments and
record leakage at each increment.

10.2 PRESSURE CDNTIDL \
10.2.1 Increase flow across valve fran

approximately 2% of designated flow to
designated flow in suitable increments and
then decrease flow in the same increments
and record pressure at each increment.

10. 3 OVERSHOOT OR RESFDNSE
10.3.1 Increase the pressure at the ap­

proximate rate of 100,000 psi/s until
designated flow is reached. Record pres­
sure against time on an oscilloscope or
oscillograph. Detennine overshoot and re­
sponse time.
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01 RECTIONAL CONTROL VALVE

PERFORMANCE DATA

5

200 P S.I.

MANUFACTURER' AJA X INC.

M0 OE L: YZ 4 - 06 CI RCUI T TY PE ....:O"'Pc.:E=cN~C'-'Ec'N!cT~E'"R'---- _
SPOOL TYPE SINGLE ACTING SPOOL _2_ OF _2_

DESIGNATED FLOW: 35 G.P.M. DESIGNATED PRESSURE 1000 PSI
TEST FLUID MINERAL BASE HYDRAULIC OIL

FLUID VI5COSITY: 105 SUS AT...!..E2...-° F VISCOSITY - INDEX . ..!..S2?.-
TEST TEMPERATURE: 120 of

MAXIMUM DESIGNATED TANK PORT PRESSURE

TEST NO. I PRESSURE DROP

51 NGLE ACTING VALVE

o

~ 400 _I
a. 300

~ 200 - ---- ~ ------1
w Valve Inlet to
0:: 100 Cylinder
=>
(j)
Vl
W
0::
a.

~~,I-...:-Cylinder Flow to

Tank with Rated

Flow 10 Varve
Inlet

DOUBLE ACTING VALVE
en
a.

rnlet to Cylinder 8

a.
0 to Cylinder A0:: 1000

to Tank
W 500::

B to Tank=>
(j) 0 A 10 Tonk
(j)
W 0 10 20 40a:
a. FLOW (GPM) DESIGNATED FLOW

FIG.!

TEST NO.2 LEAKAGE RATE

* *

Pressure Rise
Designated Flow

Pressure Rise

% Oesionoted Flow

Cylinder

Flow

80 100
I I

CENTER IN

FIG.3

SPOOL TRAVEL PER CENT

60 40 20 0 20 40 60
I I I I I I I

TEST NO.4 METERING CHARACTERISTICS

FLOW (GPM)

100 80
I I

100 % Spool Tra,"1 = 0.310 Intes 1 I
DeSignated Flow = 35 GP M Flow Inlet to

Designated Prejssure = 1000 PSI 1\
Designated

/ Flow Inlef to Cylender OJ
Flow Cylinder \w..,. Designated Flow !3 ,

f\"1\ ('" Flow Cylinder
~'OO to TO~ /'Ii(OJ

to Tank 0:

~!:\ \
0.. 80

/ -"330:
0

1 \
;0 60

1/ 70
...J Iu. 40

\\ 1\ \
...

/ I 7Uz
OJ

r0 \
u 20

1/ I V../
0:
OJ
0..

CENTER OUT

Pressure Rise
Dpsignoted Flo

Pressure Rise
33% Designate

TEST N03 OPERATING EFFORT

* CLOSED CENTER VALVES ONLY

CYLINDER PORT INLET PORT INLET PORT
PORT TO TO TO

TANK CYLINDER PORT TANK

I~ 1% IN
3

A -- MIN -- MIN --- /MIN

I~ 1%B -- MIN -- MIN

CIRCUIT CYLINDER
CONDITION NO LOAD PRESSURE PRESSURE

LOAD LOAD

MAXIMUM
ACTUATING __LB -- LB --- LB

FORCE OR TORQUE

MINIMUM
RETURN __ LB --LB -_LB

FORCE OR TORQUE

FIG.2
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