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Abstract — This paper proposes a novel solution for 
sensorless position detection of conventional surface mounted 
PM motors. The strategy of the proposed scheme is creatively 
formulated with a combination of electromagnetic field with 
transient finite element method (FEM). The proposed solution 
is an improvement over and above conventional methods in 
that it is based on rotor position detection at zero speed with 
high frequency signal injection and back EMF detection. 
Previous researches tend to consider the induced signal from 
different winding terminals independently. The proposed 
methodology however exploits the induced voltage signals 
from two of the motor winding terminals, using the third 
terminal as the signal injection point. The strategy also 
eliminates the process of polarity tests. The relationship 
between the dependency of induced signals and the rotor 
position angle is summarized, and a simple motor starting 
scheme is proposed. Effects arising from the transient 
characteristics of the injected/induced signals are fully 
addressed using FEM. 

I. INTRODUCTION 
Permanent magnet brushless machine is widely used in 

industry due to its high efficiency and high torque/power 
density. However, conventional PM brushless machine 
always requires rotor position information in order to 
operate satisfactorily. In classical electrical drive systems, 
the problem of rotor position identification is solved using 
dedicated mechanical sensors such as encoders, Hall 
sensors or resolvers. Unfortunately, there are many 
drawbacks in these sensors, such as limited temperature 
operation, limited speed, increased cost/size and complexity 
of system which degrades the overall performance and 
reliability of the system. In order to reduce cost and system 
complexity, sensorless control technology is investigated 
extensively [1-3]. Among the various sensorless techniques, 
the zero and very low speed position estimation or speed 
control is one of the most challenging topics for researchers. 
It is well-known that when the motor is running at mid-
speed range, the back EMF induced in the windings can be 
used for rotor position estimation. When the motor is at 
standstill, there is however no back EMF induced in the 
windings, and hence a startup algorithm or an initial rotor 
position detection method is required in order to start the 
motor reliably from standstill up to the minimum speed, at 
which conventional position sensorless control methods 
based on back EMF information could be implemented.  

The most popular sensorless control method for starting 
and low speed operation is based on injecting a voltage 
signal into the phase windings and measures the resultant 
high frequency induced signal. Such a method was 
originally developed for induction motors, and the 

techniques are subsequently extended to PM brushless 
motors with salient constructions. It is also extended to 
brushless motor with a surface-mounted PM rotor by 
utilizing the saliency arising from magnetic saturation. 
Generally this method is limited to fractional loading 
conditions with iron saturation. Also, the cross-coupling 
between d-q axes will heavily influence the accuracy of 
position estimations. Mathematical analysis of the behavior 
of the motor in the presence of injected signals is reported 
in [4-5]. 

The research reported in this paper creatively applies and 
improves the above sensorless control strategy onto the 
BLDC motor to alleviate the starting problem from 
standstill. It has the following advantages: 

1. FEM is utilized to investigate a complete motor model, 
and hence developing a solid theory-based motor control 
strategy.   

2. The research also improves the signal injection 
strategy, simplifies the implementation and eliminates the 
need for polarity detection and hence offering a simple 
control drive.  

3. The biggest advantage is that it utilizes the saliency 
that surface mounted permanent magnet motor originally 
possesses, thus eliminating the requirement to modify the 
rotor structure. This has largely increased the practicability 
of this strategy because it can be realized in most 
commonly used PM motors. 

II. METHODS 
The computation is based on a numerical simulation that 

uses transient FEM on a common Brushless DC motor 
model. One of the three phase windings, in this case, Phase 
A, is used as the signal injection winding. A voltage signal 
V=5sin(1000×2πt) is applied to the terminals of Phase A 
and Neutral wire. The voltage between Phase B and the 
Neutral wire, VB, and the one between Phase C and Neutral 
wire, VC , are measured.  

FEM is used to compute the transient voltages VB and VC 
and then give the variation trend of VB and VC as the rotor 
position changes. 

According to two-phase to three-phase transformation, 
the difference between VB and VC for a three phase motor is 
corresponding to the induced voltage Vb in a two phase 
motor, in which the variation of Vb is reflecting the rotor’s 
position when a voltage Va is injected into winding “A”.    

Since VB and VC are always in phase, it makes sense to 
subtract their amplitudes at different rotor position angles 
and the variation of their difference VBC against the rotor 
position is plotted in Fig. 1.  
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Fig .1. Variation of VBC as the rotor position changes.  
From Fig. 1, one can also see that the amplitude of the 

voltage difference VBC is relatively small at the position 
angles from 60° to 120°, and from 240° to 300°. This will 
give rise to problems for rotor position identification, as the 
small differences in voltage as observed are insufficient for 
one to distinguish between the two intervals.  

The solution for this problem is to inject the same signal 
from another phase winding to, for instance, Phase B. Then 
the difference between the induced voltages VC and VA is 
measured as VCA. VCA has a 120° shift from VBC, and the 
combination of these two quantities is then providing 
adequate information for rotor position detection, as 
summarized below: 0°<θ<60°, the amplitude of VBC is 
between 60 and 500 mV, and VB is larger than VC; 
60°<θ<120°, VBC is quite small at this interval. The 
amplitude varies between 0 and 60 mV, and there is another 
interval that shows the same variation trend. In order to 
distinguish them, another signal is injected into Phase B. 
Between 60° and 120°, VCA varies between 500 to 700 mV; 
120°<θ<180°, the amplitude of VBC is between 60 and 500 
mV, and VB is smaller than VC; 180°<θ<240°, the amplitude 
of VBC is between 500 and 700 mV, and VB is larger than VC.  
240°<θ<300°, VBC is also quite small at this interval. The 
amplitude varies between 0 and 60 mV. When another 
signal is injected into Phase B, between 240° and 300°, VCA 
varies between 60 to 500 mV; 300°<θ<360°, the amplitude 
of VBC is between 500 and 700 mV, and VB is smaller than 
VC.  

III. RESULTS 

To ensure the accuracy and practicability of the research, 
a real BLDC motor is considered as the experiment subject 
and the above model is created based on it. 

 
To verify the simulation results, experiments are carried 

out. A motor that has the same specifications as in the 
simulation is used. A function generator is used as the 

signal source to inject V=5sin(1000×2πt) into Phase A. The 
waveforms of VB and VC are shown in Fig. 2. 

Phase B Voltage Phase C Voltage

  
Fig. 2. Measured Phase voltage VB and VC.  

 
 

Fig. 3. Comparison of VBC variation between the experiment result and 
simlation results. 

Following the same procedures as in the simulation, VB 
and VC are sampled as the rotor position angle θ varies from 
0° to 360° at an interval of 7.5° each time. Fig. 3 gives the 
variation trend of VBC, the difference between VB and VC, 
when a voltage signal is injected into Phase A. As shown in 
the figure, the voltage difference, i.e. VBC, shows the 
variation trend that is very close to that of the simulation 
result. The voltage difference changes from positive to 
negative or backwards at the same angle as depicted in the 
simulation. The maximum value in the region from 180° to 
240° is also larger than that from 0° to 60°, which agrees 
with the simulation. 
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TABLE I 
MOTOR PARAMETERS 

Item Amount 

Number of poles 4 
Trigger pulse width   120° 

Number of slots 6 
Winding layers 2 
Stator outer diameter 56 mm 
Rotor outer diameter 26 mm 
Magnet thickness 4 mm 
Magnet coercivity 125000 A/m 
 



<<
  /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


