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ABSTRACT 
 

Rotor resistance variation due to changing rotor temperature is a significant issue in the design of induction motor 

controls. In this work, a new on-line rotor resistance estimator is proposed based on an alternate qd induction machine 

model which provides better mathematical representation of an induction machine than the classical qd model (which uses 

constant parameters). This is because the former simultaneously includes leakage saturation, magnetizing path saturation, 

and distributed circuit effects in the rotor conductors. The comparisons via computer simulation studies show the ability of 

the proposed estimator to accurately track rotor resistance variation. For the experimental studies, due to the difficulty in 

measuring the actual rotor resistance, comparison of the controller performance using the proposed estimator, the classical 

qd model based estimator, and no estimator is made. 
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1. Introduction 

 

The variation of rotor resistance due to rotor 

temperature can cause significant performance 

degradation unless it is taken into account.  Thus, 

consideration of rotor resistance variation has been a 

significant issue in control design, particularly in the case 

of optimal controls 
[1-7]

. 

Numerous rotor resistance estimators have been 

proposed in the literature.  Most of these estimators 
[1-12]

 

are based on the classical qd induction machine model 

(CQDM) whose deficiencies have long been noted.  

These deficiencies include failure to represent leakage 

saturation, magnetizing path saturation, and distributed 

system effects in the rotor conductors 
[13-18]

.  None of 

these rotor resistance estimators have been specifically 

designed for conditions under which the magnetizing flux 

level varied significantly.  If the magnetic operating point 

does not vary greatly, this is not an issue.  For example, 

suppose a rotor resistance estimator based on the CQDM 

is used in the context of a field-oriented control in which 

the flux level is constant.  Under these conditions, the 

estimators 
[1-12]

 should be effective.  However, if a 

maximum torque per amp (MTPA) control strategy is used 

wherein the flux level varies 
[19]

, the performance of an 

estimator based on the CQDM is questionable.  In fact, 

the estimators described in [1-12] have not been 

demonstrated in conditions where the flux varies 

significantly. 

Recently, an alternate qd model (AQDM) was proposed 
[20]

. This model simultaneously includes leakage saturation, 

magnetizing saturation, and the ability to represent 

distributed effects in the rotor conductors.  The model 
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has been shown to yield accurate predictions of machine 

behavior at both the fundamental and switching 

frequencies 
[19-22]

. 

In this work, a new on-line rotor resistance estimator is 

proposed based on the AQDM, thus taking the 

deficiencies of the CQDM into consideration. Regardless 

of changing operating conditions, the proposed AQDM 

based estimator is shown to predict rotor resistance with 

good accuracy.  The performance of the proposed 

estimator is demonstrated using both computer 

simulations and laboratory experiments. Since the actual 

rotor resistance is unknown and cannot be directly 

measured, performances of the MTPA control strategy in 

[19] using the AQDM based rotor resistance estimator, the 

CQDM based estimator, and no estimator were compared 

to indirectly demonstrate the good performance of the 

proposed rotor resistance estimator. 

 

2. Notation 

 

In this work, electrical rotor position is designated r  

and electrical rotor speed r .  These quantities are 

related to the mechanical rotor position rm  and 

mechanical rotor speed rm  by a factor of 2P  where 

P is the number of poles. 

This work will make use of a transformation of 

variables to both the rotor and synchronous reference 

frames.  The transformation of stator or inverter 

quantities may be expressed 
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where „ y ‟ may be „ s ‟ for stator, „ i ‟ for inverter , or „ m ‟ 

for magnetizing, „ f ‟ may be a „ v ‟ for voltage, „ i ‟ for 

current, or „  ‟ for flux linkage, and 
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The superscript „ x ‟ will denote frame of reference.  In a 

break with the usual notation, omission of a superscript 

will designate the rotor reference frame in which r  .  

This is done for notational simplicity since most quantities 

used herein are expressed in the rotor reference frame. 

Setting „ x ‟ to „ e ‟ will denote the synchronous reference 

frame.  A similar transformation is used for rotor 

variables with the exception that   is replaced by 

r   in (1)–(2). 

A related transformation used herein is the q- and d- 

axis inverter current transformation given by 
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This variation arises from the assumption that the sum 

of the inverter currents is zero. In a similar way, a 

transformation for the q- and d- axis inverter voltages may 

be expressed as  
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A more detailed discussion of reference frame theory 

and notation is set forth in [23]. 

 

 

 

Fig. 1.  Steady-state equivalent circuit of the AQDM model 

with rotor impedance represented as 
lrzsrz Ljr  . 
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3. Alternate QD Induction Machine Model 

 

The steady-state equivalent circuit representing the 

AQDM in [21] is shown in Fig. 1.  Therein, the AQDM 

has been modified slightly in that the rotor resistance 

corresponds to a 1st order rather than an arbitrary order 

network.  This is possible because the model is only 

being used to predict fundamental frequency behavior at 

low slip values 
[24]

.  As can be seen, the rotor impedance, 

 sr jZ  , is separated into a real and imaginary part, 

which are denoted rzr  and lrzs Lj , respectively, s  

is defined as re   , m  is equal to qm
~

2 , and slip 

S is defined as   ere   .  Additional details on the 

model and nomenclature are set forth in [20]-[21]. 

The functional forms of machine parameters for AQDM 

parameters, which are stator and rotor leakage inductances, 

the absolute inverse magnetizing inductance, and the rotor 

admittance, are as follows: 
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Table 1  Resultant parameters 

 lsL    m   

1sl  9.1e-4 H 1m  6.79e0 1H  

 lrL   
2m  6.62e-1   1

sVH


  

1rl  1.4e-4 H 3m  5.03e0   1
sVH


  

2rl  4.2e-3 H 4m  1.85e0 sV   

3rl  7.35e-1   1
sV


  5m  8.68e-1   1
sVH


  

4rl  2.59e0  6m  1.29e-1 sV   

 rY   

1ay  5.65e0  -1  1y  3.21e-2 s/rad  

2ay  4.40e-2  -1  2y  4.78e-4 s/rad  

3ay  3.17e-3  -1  3y  8.76e-8 s/rad  

The test system for this work utilizes a 4-pole, 460 V, 50 

Hp, 60 Hz, delta-connected squirrel cage induction 

machine.  Using the methods set forth in [22], the 

machine parameters of the AQDM for the test induction 

machine are listed in Table 1. 

 

4. Sensitivity Study of Induction Machine 

Temperature Variation 

 

In order to justify the need for a rotor resistance 

estimator, consider the performance of an induction 

machine with an MTPA control strategy.  Using the 

procedure set forth in [19], the MTPA control laws 

derived for the test induction machine may be expressed 

as 

  152.0*0110.0**** 79.741.6102.0 eeees TTTTI        (11) 

 

  15.1*** 00443.027.1 ees TT                    (12) 

 

Fig. 2 illustrates the effect of temperature on the 

electromagnetic torque at a particular operating condition 

using the control law (11)-(12) in the lab experiment.  

Therein, the test induction machine is driven at a speed of 

900 rpm at a torque command of 150 Nm.  This 

corresponds to the inverter current command sI = 61.58 

A and the slip frequency command s = 2.6829 rad/s.  

The torque (hereinafter, called torque estimate) was 

estimated by a torque estimator, which was shown to be 

highly accurate when an induction machine is rotating at 

moderate to high speeds 
[25-26]

.  Trace (a) illustrates the 

measured electromagnetic torque estimate versus surface 

temperature of a point on the stator of the test induction 

machine, which was measured using a Fluke 65 infrared 

thermometer.  The time at which each data point was 

taken relative to the beginning of the study is designated 

X  where X  is the time in minutes.  The torque 

estimate and the surface temperature of the test induction 

machine were measured every 5 minutes.  It is shown in 

trace (a) that the variation of the measured electromagnetic 

torque estimate at the same operating condition is 

significant as stator temperature of the test induction 

machine rises.  As can be seen, as the stator surface 
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temperature (and presumably rotor temperature) rises, the 

torque estimate increases, reaches a maximum, and then 

decreases. The rotor resistance at maximum torque point 

(near 43 C ) corresponds to the effective rotor resistance 

(used to design the MTPA control law in (11)-(12)). At 

this point the measured torque estimate is very close to the 

commanded torque. 

In the Fig. 2 trace (b), the measured torque estimate at 

the optimal slip frequency command, 
*
s , in (12) is 

compared with two additional sets of torque estimate 

measurements taken at 110% and 90% times 
*
s .  At 

low temperatures where rotor resistance is smaller than the 

rotor resistance used to design the MTPA control strategy, 

the torque estimate measured at 90% times 
*
s  in (12) 

was larger and closer to the commanded torque. Then with 

*
ss   , it can also be seen that as the study proceeds in 

time, eventually the slip frequency command of 110% of 

*
s  yields the greatest torque estimate, which implies that 

the maximum torque per amp condition at 
*
s  in (12) is 

not achieved. However, for some temperature region, 

around 43 C , maximum torque per ampere condition is in 

fact achieved at the estimate optimal slip frequency 

command 
*
s  defined by (12).  These observations lead 

to the conclusion that to avoid the degradation in the 

performance of the MTPA control strategy due to rotor 

resistance variation, the actual rotor resistance should be 

estimated and taken into account in the design of the 

MTPA control strategy. 

 

5. Derivation of the AQDM Based Rotor 

Resistance Estimator 

 

The previous section justifies the need for estimating 

the actual varying rotor resistance during operation.  In 

this section, a new on-line rotor resistance estimator is 

proposed based on the AQDM.  This AQDM based rotor 

resistance estimator will be shown to predict the actual 

rotor resistance with high accuracy regardless of operating 

conditions. 

The rotor resistance estimator can be derived from the 

AQDM steady-state equivalent circuit shown in Fig. 1, 

where rotor resistance can be treated as a lumped 

parameter within the normal control range of the slip 

frequency 
[24]

. From stator measurements, the stator input 

impedance qsZ


 can be observed.  By equating the 

measured value to the value corresponding to the stator 

equivalent circuit, the stator impedance entering the input 

terminal may be expressed as 

 

aglsesqs ZLjrZ  


                (13) 

 

 

 

(a) Measured torques estimates at optimal slip frequency, *

s . 

 

 

 

(b) Maximum torque per ampere condition. 

 

Fig. 2.  Effect of temperature on torque with  Nm150* eT  

using the MTPA control strategy based on (11)-(12) 

*

s . 
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The superscript „ ⁀ ‟ in qsZ


 is used to indicate a 

measured value.  From (13), the impedance entering the 

air-gap, agZ , may be computed as 

 

 lsesqsag LjrZZ 


                (14) 

 

Since agZ  in (14) has parallel circuit elements, it is 

conveniently expressed as an admittance 
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where RBZ  is the impedance of the rotor branch defined 

as 

 

  SLjSrLjZ lrzsrmlreRB   ˆ          (16) 

 

From (16), the estimated rotor resistance may be 

expressed 
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s
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In (16)-(17), the superscript „ ^ ‟ in rzr̂  serves as a 

reminder that this is the estimated value; Similarly, m̂  

will be the estimated magnitude of the magnetizing flux 

(the estimate of m̂  will be discussed later in this 

section).  By the substitution of (14) into (15) and 

algebraic manipulation, RBZ  can be also expressed 
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Fig. 3 depicts the block diagram of the proposed 

AQDM based rotor resistance estimator based on 

(17)-(18). 

Therein, the stator input impedance qsZ


 is readily 

obtained from the measured a- and b- phase inverter 

currents, aii


 and bii


, and the measured line-to-line 

inverter voltages, abiv


 and bciv


.  These measured 

inverter quantities are transformed to 
e

qii


 and 
e

dii


 using 

(4), and, 
e
qiv


 and 

e
div


 using (6), respectively.  These 

quantities are filtered by two cascaded first order low pass 

filters (LPF) to remove switching noise. The time constant 

of each LPF is 8 ms in the test system.  Recall that the 

phasor representation of a quantity in an asynchronous 

reference frame is related to its q- and d- axis components 

in the synchronous reference frame by  

 

e
di

e
qiqi jfff 

~
2                          (19) 

 

where „ f ‟ may be a „ v ‟ for voltage, „ i ‟ for current, or 

„  ‟ for flux linkage.  Using (19), inverter currents and 

voltage phasors qii
~

 and qiv~ , respectively, are obtained.  

Since the test induction machine is delta-connected, the 

resulting stator phasors are related to the inverter phasors 

by  

 

6~3~ j
qiqs evv                          (20) 

6~

3

1~ j
qiqs eii                           (21) 

 

where 1j .  Next, the measured stator input 

impedance qsZ


 may be found using 

 

qs

qs

qs
i

v
Z ~

~




                         (22) 

 

The possibility of division by zero and poor 

signal-to-noise ratio under low voltage conditions due to 

noise or measurement error in (22) must be taken into 

consideration.  To this end, (22) is modified as 
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Where 
 

 iv  ,min                            (24) 
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Fig. 3.  Block diagram of the proposed AQDM based rotor resistance estimator. 

In (24), v  and i  are defined as 
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, respectively.  In (25)-(26), sTV  and sTI  are the stator 

voltage threshold and the stator current threshold which 

are set to the level at which measurement deteriorates.  In 

the test system, they were set to 5% of each corresponding 

rated value. In (23), the term 0qsZ  represents an 

approximation of the stator impedance under low current 

conditions. 0qsZ  can be calculated from the AQDM 

assuming zero flux level (since the current is small) using 

the present estimated value of rotor resistance and rotor 

speed. 

Another important part of the control is the estimate of the 

flux level, which is needed because the absolute inverse 

magnetizing inductance m  in (18) is a function of m̂ . 

Once qsv~  and qsi
~

 are obtained, the estimate of the peak 

amplitude of magnetizing flux linkage m̂  is readily 

calculated using 

 

 

e

qslsesqs

m

iLjrv






~~

2ˆ


              (27) 

 

Once the estimated flux level is determined, it may be 

used in conjunction with (17)-(18) to find the 

unconditioned rotor resistance estimate rzr̂ . 

Even though the AQDM based rotor resistance 

estimator is based on the steady-state equivalent circuit, 

there is no performance degradation of the proposed 

estimator in the transient period because of the relatively 

big thermal time constant in the rotor bar compared to the 

motor electric time constant. However, it is desirable to 

prevent transient behaviors in case of operating condition 

changes from influencing the estimator in an undesirable 

way. This is accomplished using a slew rate limiter (SRL) 

to limit the rate of change of the estimated rotor resistance 

to values between min  and max . In the test system, 

these were set to -5 sm  and 5 sm , respectively. 

Due to the switching noise inherent in a current 

controlled induction machine drive used in this work 
[19]

, 

the estimated rotor resistance is also filtered through a 

low-pass filter. Since the rotor resistance will normally 

vary slowly, this time constant, rrz , can be made quite 

large. In the experimental implementation, a value of 1.5 s 

is used. Finally, to keep the estimated rotor resistance in a 

reasonable range, the resulting estimated rotor resistance 

is bounded between min,rzr  and max,rzr . For the test 

system, these were selected to be 0.09  and 0.35 , 

respectively. 
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6. Validation of the AQDM Based Rotor 

Resistance Estimator 

 

The performance of the proposed AQDM based rotor 

resistance estimator was investigated using both a 

computer simulation and a laboratory experiment. The 

configuration for the induction machine drive is depicted 

in Fig. 4. Since the actual rotor resistance is unknown and 

cannot be directly measured, a computer simulation study 

was used to determine if the estimator would track a 

time-varying rotor resistance.  For the computer 

simulation study, the AQDM with the parameters listed in 

Table 1 was used for a truth model.  The rotor resistance 

was initially set to 0.11   and varied to simulate rotor 

temperature increase. Since the rotor circuits in AQDM 

are represented by the rotor admittance where rotor 

resistance is implicit, the rotor admittance is varied rather 

than the rotor resistance itself.  To this end, the dc 

component of the rotor admittance specified in (10) is 

selected, which is  0rY .  Unfortunately, this method 

also causes the frequency dependent rotor inductance, 

 slrz jL  , to change as well.  Nevertheless, this 

approach is taken for convenience since the most 

significant validation step will be experimental.  In this 

study,  0rY  is assumed to vary as 

 

   t
r eY 005.06.07.00.70                  (28) 

 

 

 

Fig. 4.  The configuration of the voltage source current controller 

d inverter-fed induction machine drive used. 

The exponential function is selected to emulate the trend 

of rotor resistance variation which increases quickly at the 

beginning of the induction machine operation and then 

increases more slowly as the temperature approaches 

steady-state condition. The induction machine was 

assumed to be driven at a speed of 900 rpm. 

This study includes the performance of the proposed 

AQDM based rotor resistance estimator during step 

changes in operating conditions. The variation of actual 

rotor resistance is used in accordance with (28).  In 

addition, during the study, three operating conditions are 

generated by the MTPA control law in (11)-(12).  

Initially, the test induction machine was operated at a 

moderate torque command of 130 Nm.  After 300 s, the 

torque command was reduced to 20 Nm. Finally, at 

t =600 s, the torque command was stepped up to 180 Nm. 

Based on this test condition, the performance of the 

proposed AQDM based rotor resistance estimator for this 

study is shown in Fig. 5.  Trace (a) shows the comparison 

between actual rotor resistance and the estimated rotor 

resistance and trace (b) depicts the errors between the two.  

It is shown that the proposed AQDM based rotor 

resistance estimator predicts the rotor resistance with high 

accuracy regardless of operating conditions and that the 

performance degradation of the AQDM based rotor 

resistance estimator in the transient period is not 

significant (herein, less than 4% error). 

For the purpose of experimental validation, an indirect 

approach must be used since it is difficult to directly 

measure the actual rotor resistance of the test induction 

machine.  In particular, the performance of this AQDM 

based rotor resistance estimator is investigated by 

comparing the performances of three MTPA control 

strategies.  The first MTPA control strategy is static in 

the sense that it is based on a constant rotor resistance.    

This static MTPA control law is specified by (11)-(12).  

The other two MTPA control strategies are adaptive and 

explicitly include rotor resistance as a part of the control 

law as in [24].  Using the same procedure set forth in 

[24], the control law for the test machine may be 

expressed as 

 

  152.0*0110.0**** 79.741.6102.0 eeees TTTTI    

(29) 
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  15.1*00.1*9998.0**** 025.022.7, erzrzrzes TrrrT 
       (30) 

 

With this adaptive MTPA control law, the second MTPA  

control strategy employs the proposed AQDM based rotor 

resistance estimator to determine the resistance, rzr , in 

(30) while the third makes use of the rotor resistance 

estimator based on the CQDM using the parameters listed 

in Table 2.  These parameters were determined so as to 

achieve a best fit to the stator impedance over a variety of 

operating points.  

Proper performance of the two adaptive MTPA control 

strategies relies on accurate knowledge of the rotor 

resistance selected. Thus, good performance of the 

adaptive MTPA control strategy demonstrates the 

performance of the rotor resistance estimator incorporated. 

 

  
 

(a) Comparison of the estimated and the actual rotor 

resistance. 

 

 

 

(b) % of normalized error between the estimated and the 

actual rotor resistance. 

 

Fig. 5. Performance of rotor resistance estimator at different 

operating conditions. 

Table 2  CQDM parameters 
 

sr
 lsL

 lrL
 mL

 rr  

22.0
 

mH16.4
 

mH16.4
 

mH5.91
 

 

159.0

 

 

Fig. 6 (a) compares the experimentally observed 

performances of the three MTPA control strategies under 

a particular operating condition. The test induction 

machine was driven at a speed of 900 rpm and the torque 

command was set to 150 Nm in all three cases.  

Measurements in this paper were partially made by 

waverunner xi digital storage oscilloscope and its 

accessories 

As can be seen, the torque estimate produced by the 

adaptive MTPA control strategy which employs the 

proposed AQDM based rotor resistance estimator is closer 

to the torque command of 150 Nm than the torque 

estimate produced by the static MTPA control strategy.  

The torque estimate produced by the adaptive MTPA 

control strategy whose rotor resistance estimator is based 

on the CQDM generally performs worse than the static 

MTPA control strategy.   

In Fig. 6 (b), two additional sets of torque estimate 

measurement are shown. In particular, measurements 

corresponding to the static MTPA control strategy at 0.9 

and 1.1 times of the estimated optimal slip frequency 

commands given by (12) have been included.  Therein, it 

can be observed that the torque estimate produced by the 

adaptive MTPA control strategy with the proposed 

AQDM based rotor resistance estimator incorporated is 

greater than the torque estimate measured at any slip 

frequency of the static MTPA control strategy.  As can 

be seen, the adaptive MTPA control strategy with the 

CQDM based rotor resistance estimator does not satisfy 

the maximum torque per ampere condition. This indicates 

that the maximum torque per amp condition (refer to Fig. 

2 b) is in fact achieved by the adaptive MTPA control 

strategy when the rotor resistance is estimated by the 

proposed AQDM based rotor resistance estimator. 

In order to see if the observations of the study reported in 

Fig. 6 would hold over a variety of operating conditions, a 

second study was performed.  In the second study, the 
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torque command was initially 25 Nm, then stepped 

sequentially to 50 Nm, 100 Nm, 150 Nm, and then finally 

200 Nm, thereby exercising the machine from very low to  

rated torque at a given speed (herein, 900 rpm).  Since an 

MTPA control is used, each change in torque command 

also causes a change in magnetizing flux. 

As in Fig. 6 (b), Fig. 7 illustrates five sets of torque 

estimate measurements under all operating conditions 

selected.  Therein, it is shown that the adaptive MTPA 

control strategy with the proposed AQDM based rotor 

resistance estimator produces the largest torque estimate.   

Conversely, the adaptive MTPA control strategy with the 

CQDM based rotor resistance estimator does not satisfy 

the maximum torque per amp condition over all torque 

commands selected.  Thus, the proposed AQDM based 

rotor resistance estimator is superior to the CQDM based 

rotor resistance estimator. 

Despite the improvements of the performance by the 

adaptive MTPA control strategy over the static MTPA 

control strategy, there exists deviation from the 

commanded torque in the case of the operation conditions 

where the torque commands are set to 25 Nm.  At this 

point, the error in the open loop control is on the order of 

5%. There are several explanations for this.  First, at the 

low signal levels, the current sensor error becomes more 

significant.  Secondly, again at low current levels, the 

rotor resistance estimator may not be as accurate as at 

higher current levels.  Finally, again at very low current 

levels, the AQDM on which the control law is based may 

lose accuracy.  All of these factors contribute to the 

approximately 5 % error. 

The rotor resistance estimates by the proposed AQDM 

based rotor resistance estimator and the CQDM based 

rotor resistance estimator were compared in Fig. 8. It 

shows the estimated rotor resistances predicted by two 

rotor resistance estimators at a torque command of 150 

Nm.  Over a 2.5 hour period, the rotor resistance 

estimated by the proposed AQDM based rotor resistance 

estimator varies from 0.15  to 0.19  in an asymptotic 

fashion.  The rotor resistance estimated by the CQDM 

based rotor resistance estimator varies from 0.14   to 

0.175 . Note that the rotor resistance at maximum torque 

point (near 43 C ) in Fig. 2 is the effective rotor 

resistance used to design the MTPA control law in 

(11)-(12).  

The effective rotor resistance calculated from  )sYr  

in (10) , 
*
s =1.79 rad/s and 

*
eT =150 Nm, is around 

0.176 , which is very close to the value estimated by the 

proposed AQDM based rotor resistance estimator near 43 

C . This indicates that the proposed estimator estimates 

the actual rotor resistance with higher accuracy than the 

CQDM based rotor resistance estimator which 

underestimates the actual rotor resistance. 

 
 

 
 

(a) Estimated torques at optimal slip frequencies. 

 

 
 

(b)  Maximum torque per amp condition. 

 

Fig. 6.  Comparison of performances by the static MTPA 

control strategy and the adaptive MTPA control strategy 

at one operating condition.   
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7. Conclusion 

 

It was experimentally shown that the MTPA control 

strategy performs sub-optimally unless rotor resistance 

variation due to rotor temperature change is taken into 

consideration. In order to maintain optimal performance of 

the MTPA control strategy, a new AQDM based rotor 

resistance estimator is proposed in this work. The 

proposed AQDM based rotor resistance estimator is 

designed to predict the rotor resistance regardless of 

operating conditions, since it takes magnetizing saturation 

and leakage path saturation into account.  

 

 
 

Fig. 7.  Comparison of performances by static MTPA control   

       strategy and the adaptive MTPA control strategy un 

der several operating conditions from light load to he 

avy load at 900 rpm rotor resistance estimator. 

 

 

 

Fig. 8.  Comparison of the estimated rotor resistance by the 

proposed rotor resistance estimator and the CQDM 

based rotor resistance estimator under one operating 

condition at 900 rpm with the torque command of 150 

Nm. 

The proposed AQDM based rotor resistance estimator 

was first validated using a computer simulation study that 

demonstrated that the estimator worked well during a 

series of transient events. Next, the performance of the 

proposed AQDM based rotor resistance estimator was 

experimentally demonstrated by its incorporation into an 

adaptive MTPA control.  It was also compared to the 

performance of an adaptive MTPA control strategy in 

which the rotor resistance was determined from a CQDM 

based rotor resistance estimator. In particular, it was 

shown that the adaptive MTPA control with the proposed 

AQDM based rotor resistance estimator incorporated 

accurately achieved the desired torque regardless of torque 

command or surface temperature (and presumably rotor 

temperature). It was also shown that this was not the case 

for a static MTPA control or for an adaptive MTPA 

control strategy in which the rotor resistance was 

determined by a CQDM based rotor resistance estimator. 
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