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Abstract—A novel parameters estimation strategy of interior 

permanent magnet synchronous machine (IPMSM) for accurate 
torque control is proposed and investigated in the paper. The 
difference of q-axis inductance and d-axis inductance is estimated 
by a PI regulator using the deviation between actual output 
power and reference power. The estimated difference of dq 
inductance can be used to achieve maximum torque per ampere 
(MTPA) control and accurate toque control. This strategy is most 
effective when IPMSM works under high-power high-speed 
working conditions. It provides an effective way for IPMSM 
accurate torque control. The effectiveness of the proposed 
method is verified by both simulation and experimental results. 
 

Index Terms—Accurate torque control, dL estimator, IPMSM, 
MTPA. 
 

NOMENCLATURE 
id, iq   Stator d-axis and q-axis current, A. 
vd, vq   Stator d-axis and q-axis voltages, V. 
Ld, Lq     d-axis and q-axis inductances, H. 
λd, λq   d-axis and q-axis flux linkages, Wb. 
dL   Difference of d-axis and q-axis inductances, H. 
Rs    Stator resistance, Ω. 
RsDC   DC resistance of stator, Ω. 
RsAC   Additional AC resistance of stator, Ω. 
µ   Coefficient of RsAC to RsDC. 
λf      Permanent magnetic flux linkage, Wb. 
p   Number of pole pairs. 
ωe   Rotor electrical angluar speed, rad/s. 
Te   Electromagnetic torque, Nm. 
Te

*   Reference electromagnetic torque, Nm. 
t   Time, s. 
Pin   Electrical power into motor, W. 
Pm   Motor mechanical power output, W. 
Pm

*   Reference motor mechanical power output, W. 
Ploss   Motor power loss, W. 
PCu   Motor copper power loss, W. 
PFe   Motor iron power loss, W. 
PStr   Motor stray power loss, W. 
PMec   Motor mechanical power loss, W. 
Vdc   DC linkage voltage, V. 
θ   Angle of rotor flux linkage, rad. 
idFW   d-axis current from flux-weaken module, A. 
ia, ib   Stator a-phase and b-phase current, A. 
vα, vβ   Stator alpha-axis and beta-axis voltages, V. 
Ten   Normalized electromagnetic torque, Nm. 
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ibase,Teb  Base current and electromagnetic torque. 
idn, iqn,  Normalized d-axis and q-axis current. 
Rc   Iron loss resistance, Ω. 
Kh   Hysteresis current coefficient of iron loss. 
Ke   Eddy current coefficient of iron loss. 
cStr   Stray loss coefficient. 
TMec   Mechanical loss torque, Nm. 
Tfric   Mechanical friction torque, Nm. 
cwind   Windage torque coefficient. 
Ts   Control period, s. 
T   Temperature, K. 
G   Current filter phase lag, rad. 

I. INTRODUCTION 
NTERIOR permanent magnet synchronous machine 

(IPMSM) is the most popular motor for its good 
performance. The efficient, accurate torque control is the 

basic demand for torque control strategy in some application 
such as automotive driving system. However, it is difficult to 
achieve this target because of the varying parameters of 
IPMSM, so parameters identification of IPMSM is quite 
necessary for high performance control. 

There are mainly two kinds of methods proposed to achieve 
parameters identification. One is based on offline 
measurements, and the other is real-time estimating arithmetic. 
The q(d)-axis inductance expressed as a function of q(d)-axis 
current is a common approach in IPMSM control[1]. Cross 
saturation is not considered in this method, so it is not accurate 
enough in actual application. The variation of d-axis and 
q-axis inductances measured offline [2] or calculated from 
finite element method (FEM) [3] in consideration of the cross 
saturation are proposed, and 3-D tables are made and used in 
operation. Online identification methods have also been 
presented in [4]. An adaptive parameter estimator was 
proposed and MTPA control can be achieved with the 
estimated parameters. In order to identify all the parameters of 
IPMSM, recursive least square (RLS) algorithm with signal 
perturbation was proposed [5]. Efficiency was more concerned 
about than torque accuracy in these parameters identification 
methods. However, accurate torque control is as important as 
efficient torque control in some application. That is to say 
parameters identification strategy for accurate torque control is 
critical. Analysis shows that not all parameters are identifiable 
in steady state, and some parameters must be supposed to be 
known [6]. Then the precision of estimation is related to the 
certainty of these assumed known parameters, and the 
deviations caused by the known parameters have to be 
carefully considered, or the control may fail. 

Power based strategies have been previously presented, 
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such as online loss minimization control [7]-[8], maximization 
motor input power per ampere control [9] and 
signal-injection-based MTPA control [10]. However, these 
strategies are also achieving efficient control instead of 
accurate control. Accurate torque control was discussed in 
[11], but it is based on the FEA data. 

In this paper, a strategy designed to achieve accurate torque 
control is proposed. For an IPMSM, reluctance torque plays an 
important role in the total developed torque, but it is sensitive 
to the saturation. To get reluctance torque, the difference of dq 
inductances has to be identified under different current 
conditions. Generally, the torque cannot be directly obtained 
without a torque transducer. An indirect method using actual 
output power and rotor speed is used in this paper. Then a PI 
estimator is designed to estimate the difference between q-axis 
and d-axis inductances, and MTPA can also be achieved with 
this estimated value. Compared with the previous strategies, 
this strategy is based on mechanical power output closed loop 
which acts as an indirect torque transducer. The simulation 
shows that the estimation error will not make accurate torque 
fail but make MTPA control fail. As a result, it is an effective 
approach to achieve accurate torque control. 

MATLAB/SIMULINK models were built to analysis the 
proposed strategy. The effects of inaccurate known parameters 
on the control result were also analyzed. Furthermore, 
experiments were carried out to verify the strategy. 

II. DISCUSSION OF THE PROPOSED STRATEGY 

A. Difference of q-axis and d-axis Inductance Estimator 
The voltage and torque equations of an IPMSM on the d-q 

rotor reference frame can be expressed as: 
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The input power from inverter to motor Pin can be 
expressed as: 

 3( ) / 2= +in q q d dP v i v i  (2) 
The actual mechanical output power Pm can be got from: 
 m in lossP P P= −  (3) 
The reference mechanical output power Pm

* is expressed as: 
 * * /ω=m e eP T p  (4) 

where ωe can be got from a resolver. 
Assume that: 
 q ddL L L= −  (5) 
Ideally, the actual mechanical output power Pm should equal 

to the reference mechanical output power Pm
*. The difference 

between them can be used to achieve parameter estimation. 
The main purpose of this paper is to achieve accurate torque 
control, so dL can be adjusted to eliminate the deviation 
between the reference mechanical power and the actual output 
mechanical power. Then a PI estimator with robust control is 
designed to get the dL value in this paper. 

As Fig. 1 shows, the actual mechanical output power Pm 
and the reference mechanical output power Pm

* can be got 
from (3) and (4). The difference of the absolute values |Pm| and 
|Pm

*| are fed into PI controller, from which dL is outputted. 

The absolute power values are used so that this strategy can 
work while the motor is in generating mode. 

 
The d-axis, q-axis inductance and flux linkage of the 

IPMSM are mostly sensitive to the level of iron saturation, 
which is directly affected by the d-axis and q-axis current 
magnitude. Practically, the variation of d-axis inductance due 
to saturation is small [1][4], and some researchers regard it as 
constant. The motor modeling section in this paper will show 
that Ld is mostly affected by q-axis current and the effect is 
nearly a linear function. Also, simulation will show that Ld 
error does not affect the torque accuracy but efficiency. So in 
our research, Ld is expressed by a linear function of iq.  

From (1), permanent magnetic flux linkage can be 
expressed as: 
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B. MTPA Control Using dL 

 
MTPA control can be achieved with the estimated dL value 

and the flux linkage value λf. A normalization method as 
shown in (7) and look-up tables shown in Fig. 2 are used in 
this paper [12]. 

 (1 )en qn dnT i i= −  (7) 
where 

 
/ , 1.5

/ , / , /
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= = =
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(7) shows that the normalized torque-current relationship 
is independent from motor parameters which can reduce 

 
Fig. 1  dL estimator 

 
Fig. 2  Look-up table of idn and iqn to Ten 
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real-time calculations. 
The whole strategy with MTPA control and flux weakening 

control is shown in Fig. 3. 

III. ACCURATE CALCULATION OF MECHANICAL OUTPUT 
POWER 

The proposed strategy for accurate torque control is based 
on mechanical output power Pm, which means accurate Pm 
calculation is extremely important for this strategy. According 
to (2), accurate d-q-axis current and voltages are the key for 
accurate Pm calculation. 

It is very difficult to measure d-q-axis output voltages 
because they are composed of discrete pulses in a PWM 
inverter [13]. To approximate the output voltages, the 
compensated reference output voltages are used in this paper. 
However, there are some time deviation in sampling, 
computing and output in an actual control system, so the 
reference output voltages cannot be used directly. 
Compensation technique with more accurate control and 
computing strategy is necessary [14]-[15].  

The d-q-axis current is calculated from phase current and 
rotor position by Park transformation. Because of the rotor 
position error and phase lag from the current filter, it is 
difficult to get d-axis and q-axis current accurately in actual 
application. These phase errors must be compensated in the 
software. 

Accurate Pm calculation also needs compensation of motor 
loss. The majority of them are considered in this paper. 

A. Control Timing in the Strategy 
Generally, the actual control algorithm is realized by a DSP 

(or DSC) controlled PWM inverter. In the actual application, 
the algorithm computing needs some time, and the sensor 
signals must be sampled before computing. The calculated 
voltage can only be outputted at the next control period. So the 
inputs and outputs cannot be achieved at the same control 
period. There would be one or more modulation period time 
error. 

In some application such as automotive application, 
IPMSM is a high output power and high working speed 
system, and the PWM modulation frequency is set at a 
relatively low level in order to reduce the switching loss. The 
PWM modulation period time cannot be neglected especially 
when the machine works at high speed. The sample and 
control timing of the algorithm must be designed accurately so 
that the time error can be accurately compensated to achieve 
accurate power estimation. 

The designed control timing is shown in Fig. 4, where ik is 
the sampled value of A and B phase current (ia and ib) from 
current sensors, and θk is the position value sampled from a 
resolver, and kv

v  is the output voltage vector in stator 
reference frame. 

 
In the k period, the algorithm is achieved and the control 

voltage vector kv
v  which will be outputted at (k+1) period is 

obtained by using the current and position signal sampled at 
the very midpoint of (k-1) period. Thus, output voltages lags 
behind the sensor signals two control periods. In this paper, 
the d-q-axis output voltage vector is calculated using Park 
transformation as follows: 

 ( ) 2( , )dq k k kv ParkTrans v θ−=
v v  (9) 

 
Fig. 4  Control timing in the strategy 

 

 
Fig. 3  The proposed control strategy 
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B. Position signal aligning and current filter phase lag 
compensation 
In the calculation of d-axis and q-axis current, phase current 

signals and position signal must be accurately sampled at the 
same time. But in an analog to digital (AD) sampling system, 
a low pass filter (LPF) is necessary to eliminate high 
frequency interference. LPF will bring in phase lag. This may 
make the sampled current deviate from the actual current. If 
the deviation is not compensated, the current calculation may 
be inaccurate and it will result in inaccurate power calculation. 
However, current sample system and phase lag is very 
difficult to be modeled accurately. 

Because of the LPF, the current phase lag G increases with 
motor speed, which can be expressed as: 

 eG kω=  (10) 
where k is the proportionality coefficient of phase lag. Thus, 
the current vector in stator reference frame iαβ

v
 and rotor 

reference system dqi
v

can be calculated with Clarke 
transformation and Park transformation, and expressed as 
follows: 

 ( )

( ) ( )

( )

( , ( ))
k k

dq k k k

i ClarkeTrans i

i ParkTrans i G
αβ

αβ θ

=

= +

v

v v  (11) 

Also, an accurate position measurement is extremely 
important for parameter identification and accurate torque 
control. The most important thing to get accurate position is to 
align the position sensor to the magnet axis. There are two 
methods. The first method is aligning the sensor according to 
phase-U back-EMF, but this method is not accurate enough. 
The second method is achieved by injecting negative d-axis 
current and the zero position offset is adjusted by software 
until the output torque is reduced to zero [13]. The zero 
position offsets under different speed may vary because of the 
current phase lag. 

The second method is used in this paper. Different zero 
position offsets of different speed can be got. With the least 
squares fit method, the zero position and the proportionality 
coefficient of phase lag k can be got according to (11). 

C. Motor Loss 
The main loss of IPMSM consists of copper loss PCu, iron 

loss PFe, stray loss PStr and mechanical loss PMec. That is: 
 = + + +loss Cu Fe Str MecP P P P P  (12) 
For IPMSM, these losses can be expressed as [16]-[17]: 
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D. Stator Resistance 
Generally speaking, stator resistance includes DC resistance 

and additional AC resistance. Additional AC resistance is 

related to current fundamental frequency and switching 
frequency. Under high speed conditions, the voltage drop on 
stator resistance is much smaller than the back EMF, and the 
torque error resulted from stator resistance deviation is small 
which will be explained in simulation section. So resistance 
under low speed conditions is cared much in this paper. Under 
low speed condition, the switching frequency is much bigger 
than the fundamental frequency of phase currents. That is to 
say, the main factor which affects the additional AC resistance 
is the switching frequency which is constant for an inverter. 
Additional AC resistance can be regarded as proportional to 
DC resistance after temperature compensation is made to DC 
resistance [18]. 

 sAC sDCR Rµ=  (14) 
DC resistance is mainly affected by the changes of motor 

winding temperature, which is a relatively slow dynamic 
compared to electrical and mechanical dynamics [5]. The 
winding temperature can be obtained with a temperature 
sensor mounted on the winding, so the actual stator resistance 
can be modeled as: 

 0 0( ) (1 ( ))sDC sDCR T R T Tα= + −  (15) 
where RDCs0 is the resistance at temperature T0, and α is a 
constant which is a function of material and T0. 

IV. MODELING AND ANALYSIS 
MATLAB/SIMULINK models were developed to examine 

the proposed strategy. A 75KW IPMSM for hybrid electric 
vehicle application is used in this paper, and its parameters are 
shown in Table I. 

PWM modulation frequency is set as 5kHz and PI current 
regulating frequency 10kHz. dL estimator working frequency 
is set as 2kHz. The dead time and the voltage drop of power 
device are ignored in the simulation (In the actual application, 
dead time and voltage drop of power device will be 
compensated, so the simplification is valid at this stage). 
Copper loss, iron loss and mechanical frictional loss are also 
ignored in the simulation. 

To make simulation more accurate, the d-axis and q-axis 
inductance parameters were measured offline. In steady state, 

TABLE I 
PARAMETERS OF THE IPMSM 

Number of pole pairs p 6 
Stator resistance Rs 4.23mΩ 
Magnet flux linkage λf  0.1039Wb 
d-axis inductance Ld 0.171mH 
q-axis inductance Lq 0.391mH 
DC linkage voltage Vdc 288V 
Maximum speed nb 4000Rpm 
Peak machine current Ipk 570Apk 
Rated power Pr 75KW 
Peak torque Tmax 540Nm 
Coefficient of RsAC to RsDC µ 0.1 
Hysteresis current coefficient Kh 0.6637 
Eddy current coefficient Ke 0.00084 
Stray loss coefficient cStr 2.56×10-9 
Mechanical friction torque Tfric 5.24 
Windage torque coefficient cwind 3.35×10-3 
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according to (1) and (6), d-axis and q-axis flux linkages can be 
expressed as: 
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Then, Ld and Lq can be expressed as: 
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Electric rotor speed is divided in (17) and (18), so electric 
rotor speed cannot be too low to eliminate calculation error. In 
this measurement, rotor speed is set to 1000rpm. Measured λd 
and λq are shown in Fig. 5 and Fig. 6. 

d-axis flux linkage consists of permanent magnet flux 
linkage and d-axis inductor flux linkage which are coupled 
together. Fig. 5 shows that the permanent magnet flux linkage 
is distinctly reduced with iq increasing when id=0. Generally, 
permanent magnet flux linkage is mainly affected by q-axis 
current. To get d-axis inductance, a simplified permanent 
magnet flux linkage when id=0 is used in this paper. 

Fig. 7 shows the permanent magnet flux linkage λf when 
id=0. With the least squares fit method, λf can be expressed as: 

10 3 7 2 61.01 10 1.123 10 6.123 10 0.1036f q q qi i iλ − − −= × − × + × + (19) 
When id and iq are got from the sensors, λf can be got from 

(19) and Ld can be got from (17). Thus, the relationship 
between Ld and iq can be derived, which is shown in Fig. 8. It 
can be seen that Ld is mostly affected by q-axis current and the 
effect is nearly a linear function. Thus, Ld can be linear fitted 
as:  

 40.1858 1.017 10d qL i−= − ×  (20) 
From (18), when iq changes with different id , the curves of 

Lq are shown in Fig. 9. It shows that Lq is greatly affected by 
cross-coupling. When id negatively increases, Lq saturation 
decreases. If cross-coupling is ignored, the variation of Lq with 
iq can be fitted as: 

 40.3937 2.75 10q qL i−= − ×  (21) 
Permanent magnet flux linkage also varies with the 

temperature of permanent magnet. Analysis above shows that 
q-axis inductance is more sensitive to working conditions and 
d-axis inductance varies slightly in an IPMSM [11][12]. It is 
impossible to estimate all variables of an IPMSM, so d-axis 
inductance is regarded as a known variable by using measured 
data as (20) shows in this paper. Permanent magnet flux 
linkage and q-axis inductance can be got with on-line 
estimation by using (6) and (5). 

In the simulations, permanent magnet flux linkage, 
d-inductance and q-inductance are modeled by (19)-(21). 
These data were collected on specific conditions and 
simplified by polynomial fitting, so they would not represent 
the actual working parameters. In fact, only the varying trends 
but not accurate values of these parameters are needed in this 
simulation, because they are just used to verify the 
effectiveness of proposed strategy. 

A. dL Estimating and Accurate Torque Control 
The proposed accurate torque control and dL estimating 

strategy can be verified after lag compensation of output 
voltage and current phase. The dL estimating and torque 
control results under rated condition (2000rpm/358Nm) are 
shown in Fig. 10. The parameters of dL PI estimator have been 
chosen to lower output torque ripple. 

It is shown in Fig. 10 that estimated dL value and estimated 
flux linkage follow the actual value accurately, and accurate 
torque control and MTPA control are achieved. The 
simulation results under any other condition also verify the 
effectiveness of the proposed strategy (except the zero-speed 
and zero-torque condition under which d-q axis voltages are 
zero and the reference power is zero. In that case, dL estimator 
and flux linkage estimator cannot function). To make 
comparisons with experiments later, results under the 
maximum torque condition (1000rpm/540Nm) are shown in 
Fig. 11. It also shows that the proposed method can function 
well. 
 

 

 

 
 

 
Fig. 5  d-axis flux linkage λd 

 

 
Fig. 6  q-aix flux linkage λq 

 

 
Fig. 7  Permanent magnet flux linkage λf when id=0 
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B. Effect of Parameter Deviation on this Strategy 
The simulations in Fig. 10 and Fig. 11 are based on the 

accurate parameters of IPMSM, but flux linkage (Flux), d-axis 
inductance (Ld) and stator resistance (Rs) could not be accurate 
in actual application. These parameters will deviate more or 
less from the actual value. Simulations were conducted to 
verify the proposed strategy with parameter deviations. 

The known parameters in the strategy are d-axis inductance 
Ld, stator resistance Rs, and iron loss resistance Rc. Because Rc 
is big enough, iron loss is so small that the deviation caused by 
Rc is ignored here. Then the deviations of estimated flux 
linkages, estimated dL and torque deviations caused by Ld and 
Rs errors are analyzed here.  

Fig. 8 shows that the fitting curve of Ld deviates from the 
actual Ld within 0.01mH (5.4% of max Ld). So a modified 
fitting curve with errors of ± 0.01mH is used in the 
simulation. The results with errors of 0.01mH are shown in 
Fig. 12.  

Fig. 12 shows that Ld deviating from actual values will lead 
to dL estimating deviation. Although MTPA control may be 
failed, output torque is still accurate because the proposed 
strategy is based on output power closed loop and Ld deviation 
will not affects the estimation of power. If the error of Ld is 
positive, the estimated flux-linkage is lower than the actual 
flux-linkage. Under the same reference torque, the output 
current and output power will increase. Because of the power 
closed loop, the estimated dL will increase whereas output 
current will decrease to make output power follow the 
reference power. The results will be similar to Fig. 12 when 

there is a negative error of Ld. That is to say, the proposed 
strategy will realize accurate torque control if the power 
closed loop is not saturated, although the efficiency might be 
slightly lower. To achieve accurate and efficient control in 
actual application, Ld should be as accurate as possible. 

The stator resistance deviation comes from stator 
temperature error and AC resistance error. Assume the 
temperature sampling error is ±20℃ (the actual sampling 
error is smaller), then DC resistance may deviate to ±
0.35mΩ under ordinary temperature in this research. Assume 
that actual AC resistance may have a deviation of ±100%, 
that is±0.398mΩ. The worst case, when these two errors are 
combined together and the errors are ± 0.748mΩ, is 
simulated in this research. 

When the simulation is carried out under rated condition, the 
results are almost the same with Fig. 10. That is because the 
voltage drop on stator resistance is much smaller than the back 
EMF. So a lower speed of 400rpm with 540Nm is used here. 
The simulated results, when the stator resistance is with 
deviations of 0.748mΩ, are shown in Fig. 13. 

 

 

 
Fig. 8  d-axis inductance 

 

 
Fig. 9  q-axis inductance 

 

Fig. 10  dL estimation and torque control at 2000Rpm/358Nm 
 

 
Fig. 11  dL estimation and torque control at 1000Rpm/540Nm 
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It can be seen that Rs deviation will not only result in dL 

estimation deviation, but also make accurate torque control 
fail. The reason is that Rs deviation will cause output voltages 
deviation, which will result in power calculation error, 
especially under low speed conditions. In the actual 
application, as the stator resistance is mainly affected by 
winding temperature, the stator resistance is compensated 
using (15) with the sampled winding temperature. 

From the analysis above, it can be concluded that stator 
resistance Rs is a sensitive part for accurate torque under low 
speed condition in this strategy. D-axis inductance Ld will only 
affect the efficiency but not the accuracy if the dL estimator is 
unsaturated. 

V. EXPERIMENTAL RESULTS 
The effectiveness of the proposed power closed loop torque 

control strategy was tested experimentally with the IPMSM as 
Table I shows. A dynamometer was used to emulate the load. 
Freescale DSC MC56F8346 was used to carry out the 
real-time algorithm. Infineon IGBT FS800R07A2E3 was used 

as power switches. A LiFePO4 battery pack (288V/180Ah) 
was used as a power source. To compare with simulation 
results, the motor is forced to work under two working 
conditions: rated condition (2000rpm/358Nm) and maximum 
torque condition (1000rpm/540Nm) up to three minutes. The 
experimental results are shown in Fig. 14 and Fig. 15, where 
the flux and dL are estimated by software. 

 

 
Fig. 14 shows that the voltage of battery drops dramatically 

under rated condition (75KW), down to 256V. So the motor 
enters the flux-weakening region. Compared with simulation 
results, d-axis current increases whereas q-axis current 
decreases and magnetic saturation is not so serious. That’s 
why flux linkage in experiment is slightly bigger than 
simulation result. Experimental results show that the dL 
estimator works well and accurate torque are realized. The 
results also show the estimated flux linkage decreases about 
5.3% at the end of the experiment. That is because such a 
heavy load will bring about the increment of stator and rotor 
temperature. In this experiment, the temperature of stator 
winding increases from 29℃ to 41℃. 

Fig. 15 shows almost the same results with simulation 
except that the flux-linkage decreases due to rotor temperature 
increment.  

Fig. 12  Simulation results with Ld positive error (+0.01mH) 
 

 
Fig. 13  Torque control, estimated flux linkage and dL with stator 

resistance deviation (0.748mΩ, 400rpm/540Nm) 

 
Fig. 14  Experimental results under rated condition (2000rpm/358Nm) 

 
Fig. 15  Experimental results at 1000rpm/540Nm 
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The torque error under these two conditions and other 
conditions such as over-load condition showed a good 
accuracy of less than 1%, which is also limited by 
dynamometer and torque transducer. 

VI. CONCLUSION 
In this paper, a novel parameters estimating strategy of 

interior permanent magnet synchronous machine (IPMSM) for 
accurate torque control is proposed. Assuming that stator 
resistance (compensated by stator winding temperature) and 
d-axis inductance (fitting by experimental data) are known, 
flux-linkage and dL (difference between q-axis inductance and 
d-axis inductance) are estimated online using power closed 
loop. Combining with MTPA strategy, accurate torque control 
are realized. The strategy has been simulated and the errors 
caused by parameters deviation are analyzed. The 
effectiveness of the algorithm is verified by experiments. 

Because the flux linkage and power calculation are related 
to rotor speed, the strategy may have some shortcomings in 
low speed region which is similar to direct torque control. But 
this strategy provides a relatively more effective way for 
IPMSM accurate control, particularly when IPMSM works 
under high-power high-speed working conditions. The ideal of 
power closed loop can also be used in surface mounted 
permanent magnet motor control where the output of 
closed-loop is not dL but permanent magnet flux linkage. 
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