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Hydraulic Motor Test Procedures 

 

RATIONALE 

This SAE standard is revised to make minor changes to the definition and correct errors for clarification. 

1. SCOPE 

This test code describes tests for determining characteristics of hydraulic positive displacement motors as used on 
construction and industrial machinery as referenced in SAE J1116.  These characteristics are to be recorded on data 
sheets similar to the one shown in Figure 1.  Two sets of data sheets are to be submitted:  one at 49 °C (120 °F) and one 
at 82 °C (180 °F). 

1.1 Purpose 

This test code establishes conditions for motor tests, outlines a procedure for tests, and establishes a method of 
presenting motor test data. 

The procedure covers the following determinations: 

a. SAE volumetric rating 

b.  SAE running torque characteristics 

c. SAE stall torque characteristics 

d. Power output 

e. Power loss 

f. Torque efficiency 

g. Overall efficiency 
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FIGURE 1 - WORK SHEET 

2. REFERENCE 

2.1 Applicable Publication 

The following publication forms a part of this specification to the extent specified herein.  Unless otherwise indicated, the 
latest issue of SAE publications shall apply. 
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2.1.1 SAE Publication 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside 
USA and Canada) or 724-776-4970 (outside USA), www.sae.org. 

SAE J1116 Categories of Off-Road Self-Propelled Work Machines 

3. MATERIAL AND APPARATUS 

3.1 Test Fluid 

Test fluid shall preferably be a mineral base oil designed for hydraulic service.  Fluid viscosity shall be within the limits of 
95 to 115 SUS at 49 °C (120 °F) and 50 to 54 SUS at 82 °C (180 °F). 

3.2 Motor Torque and Speed Measuring Apparatus 

Torque measurement must be accurate within ±1% and speed measurement must be accurate within ±0.5%.  The test 
setup shall not impose radial or axial loads upon the driveshaft of the hydraulic motor under test. 

3.3 Flow Measurement 

Flow measurement shall be accurate within ±2.0%. 

3.4 Pressure Measurement 

Pressure measurement shall be accurate within ±2.0%. 

3.5 Temperature Measurement and Control 

Fluid temperature shall be measured in the motor outlet line by means of a thermometer or thermocouple.  Fluid 
temperature shall be maintained at the prescribed level throughout the test within ±2.8 °C (± 5 °F). 

3.6 Drain Line 

Total pressure drop in drain line, if required, shall be as low as possible. 

3.7 Motor Outlet Line 

Total pressure drop in outlet line shall be as low as possible. 

4. GENERAL DEFINITIONS AND TEST CONDITIONS 

4.1 Temperature 

Shall be expressed in degrees Centigrade (C) or Fahrenheit (F). 

4.2 Pressure 

Shall be expressed in Newtons per square centimeter gage (N/cm2g) or pounds per square inch gage (psig). 

4.3 SAE Volumetric Rating 

The SAE volumetric rating of a hydraulic motor shall be defined as delivery to the motor in liters per minute (Lpm) or 
gallons per minute (gpm) at a speed of 1000 rpm and zero torque on the shaft at a fluid temperature of 49 °C (120 °F). 
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4.4 SAE Stall Pressure 

Shall be defined as the differential pressure required to maintain a specified motor torque at 1 rpm. 

4.5 Delivery (Input Flow) 

Shall be defined as the measured flow rate to the motor.  It equals the sum of exhaust flow plus drain line flow.  It shall be 
expressed in liters per minute (Lpm) or gallons per minute (gpm). 

4.6 Pressure 

Shall be defined as the pressure differential across motor ports in pounds per square inch gage (psig) or Newtons per 
square centimeter gage (N/cm2g). 

5. WORKING FORMULAS 

5.1 SAE Theoretical Torque 

 
SAE volumetr ic rating (Lpm) x pressure (N/cm 2g )

628.3
----------------------------------------------------------------------------------------------------------------------------------- N m⋅==

 (Eq. 1) 

 
SAE volumetric rating (gpm) pressure (psig)

27.2
-------------------------------------------------------------------------------------------------------------------- lb in–==

 (Eq. 2) 

5.2 SAE Theoretical Delivery (Flow) 

 
SAE volumetric rating (Lpm) x rpm

1000
------------------------------------------------------------------------------------------- Lpm==

 (Eq. 3) 

 
SAE volumetric rating (gpm) x rpm

1000
------------------------------------------------------------------------------------------- gpm==

 (Eq. 4) 

5.3 SAE Theoretical Hydraulic Power 

 
SAE theoretical deliv ery (Lpm) x N/cm 2g

6
----------------------------------------------------------------------------------------------------------- watts (W)==

 (Eq. 5) 

 
SAE theoretical delivery (gpm) x psig

1714
-------------------------------------------------------------------------------------------------- horsepower hp( )==

 (Eq. 6) 

5.4 Hydraulic Power 

 
Delivery (Lpm) x Δ pressure (N/cm 2g )

6
----------------------------------------------------------------------------------------------------- watts W( )==

 (Eq. 7) 

 
Delivery (gpm) x Δ pressure (psig)

1714
------------------------------------------------------------------------------------------- horsepower hp( )==

 (Eq. 8) 
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5.5 Power Output 

 Output Torque (N m⋅( ) rpm 0.105 watts=×× W( )=  (Eq. 9) 

 
Output Torque (lb-in) x rpm

63 025
------------------------------------------------------------------------ horsepower hp( )==

 (Eq. 10) 

5.6 Power Loss 

 Hydraulic power (W) Power output (W) = watts (W)–=  (Eq. 11) 

 Hydraulic power (hp) Power output (hp) = horsepower (hp)–=  (Eq. 12) 

5.7 Overall Efficiency 

 
Power output

Hydraulic power
------------------------------------------- 100 percent (%)=×=

 (Eq. 13) 

5.8 Torque Efficiency 

 
Power output

SAE theoretical hydraulic power
------------------------------------------------------------------------------------- 100 percent (%)=×=

 (Eq. 14) 

 
Output torque

SAE theoretical torque
------------------------------------------------------------ 100 percent (%)=×=

 (Eq. 15) 

6. TEST 1 

a. Set up the motor as in Figure 2, except uncoupled from load. 

b. Operate the motor from minimum to maximum speed in suitable increments, one speed being 1000 rpm.  If 1000 rpm 
is too fast, operate at 100 rpm and then convert to 1000 rpm to use the SAE equations.  Record inlet and outlet 
pressure, delivery, and rpm. 

c. Couple the motor to the load and repeat Test 1, step b at maximum rated torque and one intermediate torque.  
Record inlet and outlet pressure, torque, delivery, and rpm. 

d. Set up the motor as recommended in Figure 3. 

e. Operate the motor at 1 rpm.  Record the maximum and minimum pressure differential required to maintain the same 
torque as in Test 1, step c. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j7
46

_2
00

90
6

https://saenorm.com/api/?name=f9da986d2dcbaada0c2a3b387070c20a


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


