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1.1 Purpose

To provide a uniform procedure for measuring and reporting the operating characteristics of a hydraulic directional control
valve and associated relief valve when so equipped.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of the specification to the extent specified herein. Unless otherwise indicated the
latest revision of SAE publications shall apply.

2.1.1  SAE Publicatiorrs

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel877-§06-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE TSB 003 Ruleg for SAE Use of Sl (Metric) Units
SAE J1116 Catepories of Off-Road self-Propelled Work Machines

SAE J1117 Methood of Measuring and Reporting the Pressure Differential-Flow Characteristicy of a Hydraulic Fluid
Power Valve

SAE J1235 Measuring and Reporting the Internal Leakage of a Hydraulic Fluid Power Valve
SAE J1276 Stanglardized Fluid for Hydraulic Component Tests
2.1.2 1SO Publicatipns

Copies of these documents are available online at hitp://webstore.ansi.org/.

ISO 4406 Hydfaulic Fluid Power — Fluids.—)Method for coding the level of contamination by solid particles

ISO 6743-4 Lubricants, Industrial oilss'and Related Products (class L) - Classification + Part 4: Family H
(Hydraulic systems)

ISO 3448 Industrial Liquid kubricants — ISO Viscosity Classification Second Edition

ISO 1219-1 Fluig power-systems and components -- Graphic symbols and circuit diagram$ -- Part 1: Graphic
symbols for eonventional use and data-processing applications

ISO 5598 Fluid-power-systems—and-components—Yocabutary
3. DEFINITIONS

3.1 RATED FLOW

Maximum design flow for valve inlet port, work ports, and return ports.
3.2 RATED PRESSURE

Maximum continuous design pressure for the valve inlet port, and peak design pressure for the workports.
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3.3 PORT IDENTIF

ICATION

Work port "A" is the port farthest from the spool spring centering mechanism. Work port "B" is closest to the centering
mechanism. The No. 1 circuit is the valve section located nearest the valve inlet port. “P” is the main flow inlet port. “T”
is the main return flow outlet port. For special circumstances submit a sketch of all ports.

3.4 TEST PRESSURE

Valve test pressure agreed upon by user and supplier.

3.5 TEST FLOW

Valve test flow agreegrupomby useramd-supptier:

3.6 DESIGNATED|LOAD INTERFERENCE PRESSURE

Pressure difference E
providing flow to mul

3.7

etween the “P” port and the “A” or “B” work port, which may be elevated wh¢n the same pump is

PRESSURE DROP

Pressure difference Hetween any two measurement locations.

3.8 LEAKAGE RAT

Volume of oil per unifltime that leaks past a blocked passage at a dgiven pressure differential and oil vj

E

3.9 OPERATING BFFORT

Maximum effort necessary to shift the spool from its holdyor neutral position to its shifted position ang

the spool or required [to move the spool from each shifted position back to neutral.

3.10 METERING CHl

Circuit output (pressyre or flow) as it relates:to a control input (spool stroke, pilot pressure, or electric

3.11 MAIN RELIEF

A relief valve which limits the inlet‘pressure of the valve (may or may not be integral to the valve).

ARACTERISTICS

4. GRAPHIC SYMBOLS

ple functions, and one function is requiring a higher actuation pressure than an

bther.

scosity.

the effort exerted by

bl command current).

Graphic symbols used—tereimare—maccordancewith 1SS

ANSI Y14.17- are not in agreement, ISO R 1219- governs.

AL
VVIICT

ISO R 1219- and
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5. UNITS
5.1 The International System of Units (Sl) is used herein in accordance with SAE TSB 003.

5.2  Approximate conversion to "U.S. customary" units appear in parenthesis after S| units.

6. SUMMARY OF DESIGNATED INFORMATION

6.1  Specify a full description of the valve, including all functions and features, on all requests for this test. For an
example of descriptive data that may be documented (see Figure 1).

6.1.1  The number of total sections (if sectional valve), and/or total number of spools.

6.1.2 The rated floyamdTatedpressure

6.1.3 The port typqd (O-ring, flange, flare, etc.), size, and orientation or placement on the valve'sectjon.

6.1.4  The control ipput range (stroke, pilot pressure, current, etc.)

6.1.5 The location,|type and setting of all relief valves (circuit, LS, etc.)

6.2 Specify a full description of the test fluid used (see Section 15):

6.2.1  The type of fluid.
6.2.2 The fluid test|temperature.
6.2.3 The fluid clegnliness level.

7. GENERAL PROCEDURE

7.1 Conduct the tegt for entire control input range.

7.2  When referring| to this specification for catalog information and sales literature, use only standardized values shown
in Section 15.

7.3 Test and repoft of subplate mounted valves may run with the subplate included. Reports shall explicitly indicate
how such valvgs were tested.

7.4 To minimize vdriables, thewalve temperature shall be stabilized within 3 °C (5 °F) of the tempefature of the fluid and

actuate the val
laboratories, si

ve spoot-or relief at least twice before taking respective data. For close coordin
milar equipment, fluid and procedures are recommended.

ation between testing
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8. THE CONDITION ACCURACY OF UNITS

Maintain the test condition accuracy within the limits shown in Table 1:

Table 1
Maintain

Test Condition Within £ Sl Unit US Unit
Flow 2% L/min gpm
Pressure 2% kPa psi
Pressure Differgntial 2% kPa pSi
Temperature 1°C (3.5°F) °C °F
Force 2% N 1bf
Torque 2% N.m Ibf.in
Spool Position [or Control Input) 2% mm in
Time 0.5% min or s min or s

Percentages are of maximum reading.

8.1 Precautions sh

8.2 Back pressure

9. PRESSURE DR(

9.1

With control valve in

record the pressure @

9.2
9.2.1 Inlet to Work

Shift the control valv
and record the press
9.2.2 Work Port to

Shift the control valv

Open Center P

Work Port Preqg

]

all be taken to obtain readings unaffected by turbulence.and velocity.

shall be 700 kPa (100 psi) maximum except by special agreement between use
DP

ressure Drop (Inlet to Tank Port)

the neutral position, vary the flow\o the inlet port from zero to rated flow. See
ifferential per SAE J1117.

sure Drop
Port

to direct flow:from the inlet port to work port "A". Vary the input flow from ze
re differential per SAE J1117. Repeat for work port "B". (see Figure 4.1)

Tank{Port

r and manufacturer.

Figure 4.6. Test and

o to rated flow. Test

b_to’ direct flow from work pnrt "B" to the tank pnr’t \/nry the inpuf flow from z

pro to twice the rated

flow. Test and record the pressure differential per SAE J1117. Repeat for work port "A". (see Figure 4.4)

9.3 Special Function Pressure Drop

Valves having a float, regenerative, etc. position shall not require test for pressure differential in this position, except by
agreement between user and manufacturer.

' Other control inputs -

use appropriate units
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10. LEAKAGE RATE
The test should be conducted and data recorded in accordance to SAE J1235.

10.1 Work Port Leakage

The test shall be applicable to valves in which the work ports are blocked when the valve is in hold position. The leakage
rate is to be measured individually with 75% rated pressure to the work port and all other ports open to low pressure while

the valve is in the hold position. See Figure 4.4.

If a circuit overload relief is incorporated, test at this time in accordance with Section 13.

10.2

Inlet to Work P

The test shall be apg

prtteakage

licable to closed center valves or valves in which the inlet is pressurized by a

spool or power-beyond. The leakage rate is to be measured individually with rated pressure\to’'the i

ports open to low pre
Figure 4.1.
10.3 Inlet to Outlet |
The test shall be ap
blocked condition, ho

port and all other po
neutral position exce

If a main relief is inco

ssure except as required to provide applied pressure while the valve|is in the

eakage
blicable to closed center valves. It may also be applied to open center valv

ts open to low pressure except as required to provide the applied pressure.
bt as noted for open center valves. See Figure 4.6’

rporated, test at this time in accordance with:Section 13.

10.4 Work Port Loadl Holding Check Leakage

The test shall be applicable to valves incorporating this feature to prevent reverse flow when the

position. The leakag
open to low pressure

If a circuit overload rg
11. OPERATING EF
11.1 Test Requirem

11.1.1 This test is fg

e rate is to be measured individually with 75% of rated pressure to the work p
while the valve is in the shifted position. See Figure 4.4.

lief is incorporated, its-effect shall be considered (see Section 13).

FORT

11.1.2

oad such as another
hlet port and all other
heutral position. See

s in the shifted and

wever, should be noted as such. The leakage rate i)to’be measured with rated pressure to the inlet

Valve is to be in the

alve is in the shifted
brt and all other ports

spool.

his test.

11.1.3

Valves requirt

manufacturer's recommended mounting bolt torque.

11.1.4 Actuate the s

pool at a rate of 1.25 to 2.5 mm/s (0.05 to 0.10 in/s).

Refer to Figure 5. For load sense valves, use appropriate load sense pump. Valve to be installed on base at


https://saenorm.com/api/?name=11a1af967b707e1e8db5bc33b3bd5ec6

SAE INTERNATIONAL

J747™ OCT2023

Page 7 of 14

11.2 Recorded Data

11.2.1 For each valve section tested include all relevant data pertaining to the spool record:

a.

b.

C.

d.

If lever operation,

Type of actuation (describe adequately, such as axial or rotary, etc.)

Lever type used for test (manufacturer’s or special fabrication).

record lever lengths

Record force or torque measurements.

Data may be extracte
if positive force is req

11.3 No Load Cond
11.3.1 The valve sh
11.3.2 Turn off inlet
11.3.3 Actuate spoo
11.3.4 Measure and
a. Maximum axial fq
b. Minimum axial fo

11.4 Looped Work R

11.4.1 Work ports Ig

11.4.2 Apply rated flow to inlet port. Shiftwalve spool to direct flow to either work port. Adjust re

port loop to
11.4.3 Measure and
a. Maximum axial fd

b. Minimum axial fo

dfromm X=Y plotsor X-Ypiotssubstitutedforthe chart withappropriate-informmati
uired to return to neutral position.) See Figure 5.

tion (No Flow)
bll be actuated (three times) in both directions with oil flowing throtgh.valve to w
flow to valve.

| 3 times in both directions.

record:

rce or torque necessary to shift from its neutral’position to each shifted position
rce or torque required to move spool fromreach fully shifted position back to neu
ort Condition

oped with an adjustable reliefivalve in loop. (see Figure 4.5)

btain rated pressure-atinlet port.
Record
rce or torque necessary to shift the spool from its neutral position to each shifte

'ce or{erque necessary to shift the spool from each fully shifted position back to

pn included. (Specify

et all surfaces.

tral.

lief valve in the work

i position.

neutral.

c. Inlet port pressur

d. Optional: Measu

e, ftow, and-temperature:

re pressure, flow, and temperature at the work port and tank port.

11.5 Designated Load Interference Pressure

11.5.1

11.5.2

Work ports to tank. (see Figure 4.1)

main relief valve at designated load interference pressure.

11.5.3 Measure and

a.

Record

Apply rated flow at rated pressure to inlet port. Block bypass flow with another spool or power beyond and set

Maximum axial force or torque necessary to shift spool from its neutral position to each shifted position.

b. Minimum axial force or torque necessary to move spool from each fully shifted position back to neutral.
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11.6 Loaded Work Port Condition

11.6.1 Remove work port loop. Block inlet port.

11.6.2 Apply rated flow at rated pressure to each work port in turn. Plug opposite unused work port. (See Figure 4.4)
11.6.3 Measure and Record

a. Maximum axial force or torque necessary to shift spool from its neutral position to each shifted position.

b. Minimum axial force or torque necessary to move spool from each fully shifted position back to neutral.

11.6.4 Apply rated flow to inlet port. Repeat rated flow at rated pressure to each work port in turn. Leave opposite
unused workportopertotank—(Seecombimatiomof Figure4-2and44)

11.6.5 Repeat 11.6.5.
12. METERING CHARACTERISTICS

Figure 4 shows recommended circuits for conducting metering test for driving and-Gverhauling loads (see 12.1.1, 12.1.2,
12.1.3) and overhauling loads (see 12.2.1 and 12.2.2).

For each spool testeq include all relavent data as described in 6.1

Figure 2 shows metefing characteristics test results as a function of spool travel.
For load sense valve$, use appropriate load sense pump.

12.1 Inlet to Work Pprt Metering

12.1.1 At No Load
Pump to be set for rdted flow. Main relief shall be'set for rated pressure of valve so that it does not|pass any flow. Back
pressure shall be m|nimized at work port and _tank port at rated flow. Actuate the spool from neutral to fully shifted
position first one waly and then the other. ( Record flow to work port versus spool movement. Regcord inlet pressures
versus spool movement. Also, record bypass flow versus spool movement for open center valves (see Figures 4.3 and
2.1) and inlet pressure.
12.1.2 At Rated Prepsure
Pump to be set for flow of 10% greater than rated flow, or some flow agreed upon between customer and supplier. Set

load relief valve at rated.pressure. Record work port flow versus spool movement shifting both directions from neutral
(see Figures 4.2 and [2¢2) Also record by-pass flow and inlet pressure versus spool movement.

12.1.3 At Designated Load Interference Pressure

Pump to be set for flow of 10% greater than rated flow, or some flow agreed upon between customer and supplier. Block
by-pass flow with another spool or power beyond plug and set main relief at designated load interference pressure.
Record work port flow versus spool movement shifting both directions from neutral (see Figures 4.1 and 2.3).
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12.2 Work Port to Tank Metering

Pump to be set for

maximum circuit return flow and rated pressure.

magnification (see Figure 4.4 and 4.3).

12.2.1 Record tank flow versus spool movement first for work port "A" and then for work port "B".

Consider cylinder area ratios resulting in flow

12.2.2 Repeat 12.2.1 with test stand relief set at 25% of rated pressure, or other pressure setting agreed upon by
customer and supplier.

13. RELIEF VALVE CHARACTERISTICS

Figure 4.6 depicts a
by applying rated flo
valve. If work ports
main relief setting; ot

Figure 4.4 depicts a recommended circuit to conduct work port relief test. Rated flow is'\applied to thg

spool in neutral or ho
The following tests sk
13.1 Override and L
With pump set for ra
valve under test. R
pressure. For leakag
Crack and reseat pre

13.2 Overshoot and

Increase the pressu
Determine overshoot

14. DATA PRESENT

14.1 Description of the Valve per)Figure 1.

14.2 Pressure Drop

14.3 Leakage Rate

W to the valve inlet and shifting one valve spool to direct flow to a blocked weork :t

nave port relief valves, the work port relief valve setting shall be a minimum of|
nerwise replace the work port relief valve with a plug for the duration ofthe’main
ding position.

all be conducted to obtain main or work port relief valve characteristics.

pakage Characteristics

ed flow, gradually increase test stand relief valve'pressure to gradually increa
ecord flow versus pressure. Gradually deCrease the system pressure ang
e use Figure 3.1. For pressure rise use Figure 3.2.

5sures may be determined from the leakage curve.

Response

re at a rate of at least 690000 kPa/s (100000 psi/s) and record pressure
undershoot and respansée time (see Figure 3.3) using appropriate instrumentat

ATION

(ChartperJ1117).

Chart per J1235).

s shall be conducted
ort with no port relief
10% higher than the
relief valve test.

e work port with valve

se flow through relief
record flow versus

against time curve.
on.

14.4 Operating Effort per Figure 5.

14.5 Metering Characteristics per Figure 2.

14.6 Relief Valve Override and Response per Figure 3.

15. STANDARDIZED VALUES

15.1

All tests should be run with a fluid per SAE J1276 unless otherwise specified. If an alternative fluid is used, each

test document shall include the fluid type per ISO 6743-4, viscosity grade per ISO 3448, viscosity measurements at
40°C (104 °F) and 100 °C (212 °F).

15.2

15.3 OQil cleanliness

Fluid temperatures 50 °C (122 °F) and 90 °C (194 °F), measured at the valve inlet port.

shall have a minimum of 19/17/14 per ISO 4406.
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16. IDENTIFICATION STATEMENT

Use the following statement in catalogues and sales literature when electing to comply with this voluntary standard.
"Performance data obtained and presented in accordance with SAE J747."

Valve Manufacturer
Valve Model

Valve Type

Valve Serial Number

Rated Flow
Rated Pressure

Outlet Section Information

Port sizes|oulet, aux, LS, etc
System Relief or LS Setting
Special Features

Inlet Section Information
Port sizes|inlet, LS, aux, etc

System Relief Setting
Special Feptures

Powes;, Bey(g

nd, regen, etc

Work Sections

Spool Type single/doulile acting, motar, etc
Spool Activation manual, pifpt, EH
Spool Travel distance in fnm or inch

Poift sizes|work port
Circuit Relief Setting
Special Feptures|check valves, compensators, efc

Figure 1 - Directional control valve descriptive data
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Show appropriate units on graph, identify direction and descriptive information per 6.1.1.

H .i. Ilr-.—-—_ RATED FLOW
.' -

FLOW TO WORK
PORT @ NO LOAD

FIGURE 2.1 ‘

_[INLE‘F PREESURE

X

L [ ']
| i 1 i

- BPOOL. TRAVEL

RATED FLOW
f* BYPASS FLOW { /.

113 1 Flow to work port
T 7 e
:a a 4 @ rated pressure
E o = i n -l—lh — —
FIGURE 2.2 o I#. ] i
o + PRESSURE FINLET PRESSURE
T ) I 1 1 ¥ L ;

SP0O0OL TRAVEL

e O A -

T FLOW TO WORK ORT @ NO LOGD
AND LOAD INTERFERENCE
PRESSURE .0 INLET

FIGURE 2.3
L Ll L F 3
t ] ] 1 i
gPrOtL. TRAVEL
—\p— — — 2 — e —— — o
T Flow work port to T
: + tank @ rated
- T pressure
3 - Flow work port to
FIGURE 2.4 L R tank @ 25% rated
pressure

SPOOL TRAVEL

Figure 2 - Metering characteristics
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