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The Locked Rotor Test Explained.

Introductions

In our efforts to assist our valued customers, we often answer customers’ technical questions. One
such question is the significance of the Locked Rotor Test.

Basic Concepts

In order to understand this test, it is necessary to explain a couple of concepts surrounding the
motor’s torque.

In its simplest form, Torque is the action of a Force acting on a body to move, turn, bend or break it,
acting at a specific distance and in a specific direction.

Thus:

T=F-1

Where:
T = Torque, measured in N.m. (Newton meter)

F = Force, measured in N. (Newton)
[ = Distance, measured in m. (meter)

Furthermore, one definition of Power is the rate of application of Torque (in a steady state
condition.)

Thus:

P=w-T

Where:

P = Power, measured in W (Watt)

w = Speed, measured in rad/s (Radians per second)
T = Torque, measured in N.m.

! Vector is the Journal of the Institution of Certified Mechanical and Electrical Engineers and the Journal of South African Institute

of Electrical Technician Engineer.
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For an electric motor (in a steady state condition.):

2-7w-n
60

o =

Where:

w = Speed, measured in rad./s.
n = Speed, measured in rpm (revolutions per minute)

We can thus see that the Power a motor consumes is directly proportional to the Torque
the motor produces at a particular rotating speed.

Typical Torque Values

There is specific torque values commonly listed on electric motor specifications. These are explained

briefly in table 1 hereunder:
Name Explanation Typical Other Names
Values
Starting This is the torque value of the motor when stationary, 0.3 — 1.2 pu? Locked Rotor
) X L 3-12pu
Torque where the electrical power is applied. Torque
Pull-up This is the minimum torque value that the motor’s 0.8-1.2 pu Minimum
Torque torque curve will dip to during the starting sequence. ) ) Torque
Pull-out This is the maximum value of the motor’s torque curve .
. 1.8-3.0 pu Tip-up Torque
torque during the run-up cycle.
Full Load | This is the stabilised torque when the motor is ALWAYS Running
Torque delivering the rated power output at the rated speed. 1.0 pu Torque
This is the difference between the motor’s torque, and
Accelerating | the load’s required torque. This torque is the torque Varies
Torque that is accelerating the motor. The higher this value,
the faster the motor will accelerate.
Motor This is a curve plotting the torque that the motor can
Torque vs. | deliver against the motor’s rotating speed during the Varies
Speed Curve | run-up cycle.
Load Torque | This is a curve plotting the load’s (e.g. pump, fan,
vs. Speed | compressor, etc.) torque requirement against the load’s | Varies
Curve rotating speed during the run-up cycle.
2 Explanation: “pu” refers to the base value, for instance: 1 pu Torque refers to 1.0 x Full load Torque value.
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The following curve will help to explain these concepts further:

Torque vs. Speed Curve
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The motor’s torque vs. speed curve is specific to each motor, and is extremely important in defining
the motor’s performance.

The acceleration speed (and run-up time) of the motor from stationary to full speed is dependant on
the accelerating torque (the difference between the load torque vs. speed curve, and the motor’s
torque vs. speed curve).

With these brief explanations of some of the concepts involved in the motor’s torque, we can now
progress to explaining the locked rotor test.

The Locked Rotor Test

The locked rotor test is done by mechanically holding the motor shaft from turning, and applying a
reduced Voltage on the stator. The restraining on the shaft should be coupled to a scale or load cell
in order to measure the torque. The Voltage supplied to the stator is reduced to prevent damage to
the motor. Effectively a stall condition is applied.

The test can be done at different Voltages. Normally the values are recorded at 1 pu., 1.5 pu., and 2
pu. current. This is to ensure that the values are consistent.
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Typical examples of such recorded values are shown in table 2 hereunder:

Locked Rotor Test

Power 800 kW
Voltage 6600 V
Speed 1494 rpm

Full load current |84 A
Full load torque [5112.0 Nm
Arm length 1.0m

Results:
Test Values Locked Rotor
Scale | Current|Voltage| Torque || Torque|Current
1.5kg| 326 A| 575V| 14.7 Nm| 0.38 pu| 4.45 pu
5.0kg| 55.8 A] 961 V| 49.1 Nm| 0.45 pu| 4.56 pu
15.0 kg| 90.4 A] 1529 V|147.2 Nm| 0.54 pu| 4.65 pu

From the test results we need to clarify the following:

The retaining arm length is important to determine the torque values. As noted in equation 1, the
torque can be calculated from the measured force. This force was measured in weight, and thus this
must be converted to Newton, by multiplying it with the gravitational constant. The torque measured
will thus be according to equation 4:

= F-1=(Weight measured)-9.81-( Arm length)

Measured

Normally the current is measured on all phases, and the average value is used.

The motor’s locked rotor torque expressed as a per unit value is obtained by firstly normalizing it to
the rated Voltage, and then by dividing it by the motor’s rated full load torque, as shown is equation
5:

2
I/Rated Voltage
TM» wed |
easure V.
T Test Voltage
pu T

Rated Full Load

The Locked rotor test explained. Page 5 of 7
By Henk de Swardt Rev. 10, Date: 10/2007




Marthinusen & Coutts

The motor’s locked rotor current expressed as a per unit value, is obtained by firstly normalizing it to
the rated Voltage, and then by dividing it by the motor’s rated full load current, as shown in equation

6:
b . VRated Voltage
Measured V

Test Voltage

1, = 7

Rated Full Load
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Conclusion

To summarize, the locked rotor test is used to measure the motor’s starting torque and current. This
is extremely important to ensure that the motor has sufficient torque to be able to accelerate the
motor when driving a specific load.

It must be noted that the change in Voltage significantly reduced the motor’s locked rotor torque.
This is of particular importance when using reduced Voltage starters, etc. For more information
about this, see the author’s article published in the October 2003 issue of Vector, entitled: “Star-
Delta Starting and Dual Voltage Motors explained.”

We are proud to engineer quality solutions for our valued customers.

Henk de Swardt

Engineering Director
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Marthinusen & Coutts (Pty.) Ltd.
C ) ] Tel: +27 11 617 1700
A division of Savcio Holdings (Pty.) Ltd. Fax: 427 86 502 0084
Your Assets. Your Needs. E-mail: henkd@mandc.co.za
Our Service.
About the Author:

Henk de Swardt has a B. Sc. in Electrical and Electronic Engineering. He has more than eleven years of
electric motors experience, both in the electric motor repair industry, as well as the electric motor
manufacturing industry. He was employed for several years by the Largest OEM in South Africa. He also
received specialized training in France on the designing of Electrical Motors. He is currently serving the
Electric Motor industry at the Largest repairer of MV and HV motors in Africa. For a full C.V. visit
http://www.qtime.co.za/CV_Main.html

Other articles written by the Author:

Can a small Voltage increase be used to improve an electric motor’s efficiency?.
Centrifugal Fans: Direction of Rotation Explained.

Critical Speed on an electric motor explained.

Electric Motor Design Enhancements: Ensuring high quality and long term reliability.
Electric Motor Failure Prevention: Wedge Failures.

Electric motor Revitalisation Program: Case Studies 1 - 4.

High Efficiency Motors: Fact or Fallacy?

How does build-up of residue in water heat exchangers influence their cooling efficiency?
Star-Delta Starting and Dual Voltage Motors Explained.

The effects of an increased air gap of an electric motor.

The Locked Rotor Test Explained.

Torque and Starting of High Inertia Loads Explained.

Winch motor failure analysis.

The Locked rotor test explained. Page 7 of 7
By Henk de Swardt Rev. 10, Date: 10/2007





<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


