
Parameters identification for Interior Permanent Magnet 

  Synchronous Motor driven by sensorless control

Dept.

             Manabu Kosaka and Hiroshi Uda 
 of  Mechanical Engineering, Faculty  of  Science and Engineering, 

     3-4-1 Kowakae, Higashiosaka, Osaka 577-8502, JAPAN

Kin-Ki  Univ.

(Received December  1st 2012)

Abstract

  In this paper, a new parameter identification method for Interior Permanent Magnet Synchronous Mo-
tor (IPMSM) driven by sensorless control is proposed. Noise and vibration in mechanical plant becomes 
larger if rotor position estimation error occurs. Furthermore, the rotor position estimation error cause 
noise and vibration. When a load torque and a reference motor speed are constant, and phase voltages and 

phase currents in multiple stationary states are measured, motor parameters can be identified even if an 
estimated rotor position does not correspond with the rotor position. Furthermore, this paper proposes a 
new sensorless control method that derives the position by solving motor voltage equation. It is shown that 
the method is able to estimate the true position even  if  the motor is in acceleration. Numerical simulations 
with implementation of Pulse Width Modulation (PWM) inverter are illustrated to verify the effect of the 
methods. 

Key words: parameter identification, sensorless control, interior permanent magnet synchronous motor, 
motor control.

1 Introduction

Interior Permanent Magnet Synchronous Motor 

(IPMSM) is well known because of its high effi-
ciency, high output and wide speed range. Therefore, 
it is widely put into the practical use such as compres-
sor, and is expected to be applied to Electric Vehicle 

 (EV). Sensorless controls that estimate rotor angle of 
Permanent Magnet Synchronous Motor (PMSM) are 
widely studied to raise reliability and to make cost 
cutting because they can drive IPMSM without using 
motor angular sensors  [1]  —  [7]. Most of the sensor-
less control requires motor parameters such as wind-
ing resistance, permanent magnet flux linkage and in-
ductances. However, the parameters have data spread 
among products or vary across the ages. Therefore, 
there is a problem that the difference between the real 

parameters and the initially adjusted parameters for 
the sensorless controller makes the position estima-
tion performance worse. In order to deal with this 

problem, some research projects developed parame-
ter identification methods that identify motor param-
eters  [8]  —  [13]. However, there is no report concern-
ing identification method that theoretically assure to

identify all the parameters in motor voltage equation 

without using the information of angular sensors or 

estimated motor position. 

  Air-conditioner, refrigerator, and electric vehicle 

might have operating conditions in which load torque 

and speed are constant for a while. In this case, that 

is, under the condition that the load torque and the 

speed are constant, some of the transient terms in 

the motor voltage equation are simplified. Then, this 

condition might help to identify the motor parameters 

without using the rotor position. 

  This paper proposes a new parameter identifica-

tion method that does not require the information 

about the rotor angle. This method can identify the 

motor parameters under the following two conditions 

even if the estimated rotor angle derived by sensor-

less control does not correspond with the real angle. 

The first condition is that a load torque and a refer-

ence speed are constant. The second condition is that 

we can derive phase currents and phase voltages in 

multiple stationary states in which current phase and 

so on are different. 

   The conventional sensorless controls require an 

assumption that the motor speed is constant in order
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to make rotor position estimation error zero  [7]. The 
assumption becomes the obstacle to achieve quick ac-
celeration and deceleration. Noise and vibration in 
mechanical plant becomes larger if rotor position es-
timation error occurs. Furthermore, the rotor position 
estimation error cause noise and vibration. There-
fore, the main applications of the sensorless drives 
are limited for air-conditioner, refrigerator and so 
on. This paper proposes a new sensorless method 
that does not require the assumption. This method 
acquires the rotor angle by solving the motor volt-
age equation. The calculation load of the method is 
larger, but the estimated angle corresponds with the 
real angle even if the motor is accelerated or decel-
erated. Therefore, the applications of the sensorless 
drive might spread. 

  In the second section, a new sensorless motor pa-
rameter identification method is proposed. In the 
third section, a new sensorless control that does not 
require the assumption of the motor speed to be con-
stant is proposed. In the forth section, the effective-
ness  of  the methods are verified using numerical sim-
ulations with implementation of Pulse Width Modu-
lation (PWM) inverter.

2 Sensorless motor parameters 

identification

A new motor parameter identification method is pro-

posed here, and it is presented that the method is 
available without using the information of the rotor 

angle.

2.1 IPMSM model

Motor coordinate system is shown in Fig.  1.  0 is ro-
tor angle. The subscript U,  V, W mean quantities on 
fixed 3 phase axis,  a,  /(3 mean quantities on orthogo-
nal fixed 2 phase axis, and d, q mean quantities on or-
thogonal 2 phase axis synchronized with rotor angle 

 0  [2].  7, 6 mean quantities on orthogonal 2 phase axis 
synchronized with estimated rotor angle  0 derived by 
sensorless drive. 

 0, is yielded by

 e, =e-e. (1)

dq-axis corresponds with  76-axis when  0, = 0. 

  IPMSM model on  a/3 fixed coordinate is yielded

by the following equations [7]. 

 so  = (2) 

                                                                                                                                                                                                                • 

 so  =  [so,  so]T  =  Vai3  —  Raio  —  Lqi0) 
      (1)  =  (Oa  (Ld  Lq)  id)  (9)  (4) 

        ftp (0) cos (0)                         (5) 
              sin (0) 

where T denotes the transposition of matrix,  vo = 

 [v,  vo]r  ,  io =  iolr are the voltage and cur-
rent vectors on  a,8-axis, respectively. Ra  is the wind-

ing resistance on UVW-axis.  Oa  is the permanent 
magnet flux linkage. Ld, Lq are the dq-axis induc-
tances.  f  means the derivation of  f. dq-axis voltage 

 Vdq and current  idq are derived by the following rota-
tional transformation of coordinate system [2].

Vdq

     ig1T 

         T =  [Vd  Vq1  — 

  C (0) = [
C (9) vo, 

 cos  (0) 
 —  sin  (0) 

 current  i-y6

 sin  (0) 
 cos  (0)

(6) 

(7)

(8)

 76-axis voltage  v76 and  current  i,6 are derived by 
the following rotational transformation of coordinate 
system [2].

  =idT

V76 = [V,-y V,51T

=  C(o) 
 =C  (e)  vo.

(9)

(10)

  From now, a motor model on 76-axis is  consid-
ered. By multiplying C(9) to  so from the left, we 
get

   = C  (e)  Sao.  (11)

Substituting (3), (9) and (10) to  (11), we get 

 S76 =  C  (e)  Vao  — RaC  (e)  io  —  LqC  (e)io

In order to represent  C(o);.,„0 
differentiated by time. 

        Zryb 

 C  (o)  
 \  )

where J is
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in (12) by  i.y6, (9) is

= (o) c (o) 
 i,„ 

     

• — sin  (0  cos  (0) 
= i7b —  —  cos  (e)  —Sin  (e 
=Zry6  +oJC  (o)  io

J  = [  -1 
   1  0

I  io

(14)

(13)



Substituting (9) to  (13), we get 

 C  CO  2o =  46  + (hVi76  (15) 
where  (2) =  B. Substituting  (15) to  (12),  s,r5 is repre-
sented with  v7a and  ii,y6 as 

 878  =  9J1,6  —  Raj  —  Lq  (,),6 +  Cu  Ji,o) . (16) 

Next,  C(8)(1). is represented with  coe) instead of 
 0(H). From (4), we get 

(1)  =  (O.  + (Ld  —  Lq)  id)  (0) +  (Ld  —  Lq)  40  (0) 
  =  w  (O.  ±  (Ld  —  Lq)  id)  JO  (0)

where w(=  60) is motor speed. By multiplying  C(9) 
to  (17) from the left, we get 

   C (o) (I) 
  =  w  (O.  +  (Ld  —  Lq)  id)  C(e)  ,h1)  (0) 

    + (Ld  —  Lq)  idc  (9)  11  (0) 

 [—  cos  (o)  sin  (0) +  sin cos  (0) 

      X 

 sin  (e)  sin  (0) + cosocos  (0) 
 +  (Ld  —  Lq)  ;,d 

     [ cosCO cos  (60 +  sin sin  (0) 

      X 

 —  sin  (o) cos  (0)  +  cososin  (9) 

 [—  sin 0 — 11   = w (0. + (Ld — Lq) id) 
 —  cos 0 —o 

      Tsos 0 —11    + (Ld — Lq)id (18) 
                  in 0 —o. 

Substituting  (1), (5) and  (14) to  (18), we get the fol-
lowing equation that represents  C(0)(1) with  0(6)e) in-
stead  of  IP  (0)  . 

 C  CO  (i) =  w  (Oa  +  (Ld  —  Lq)  id)  JO  (0e) 
 + (Ld  —  Lq),dflp  (Be)  • (19) 

By rewriting (2),  (11), (16) and (19), we get a  76-axis 
motor model as 

 s„ = C  (9)  (1). (20) 
 s1,6 =  2),),(5 —  /01,6  — Lq  (46 +  (,)  J2,),6)  (21) 

 C  (0)  4)  =  w  ((pa  +  (Ld  —  Lq)  id)  Jo  (ee)

  A torque equation is as follows [2] 

 T =  p  (0„  +  (Ld  —  Lq)  id)  iq  (23) 

where T is a motor torque, and p is the number of 

pole pairs.

2.2 Properties in stationary state 

Properties of signals in stationary state are presented 
when the load torque and the reference speed are con-
stant. The motor torque T and the motor speed w 
have the following relation[2] 

               1 
     w =   (T  —  TL) (24) 

 Jrns  +  Din 

where  J, and  Dm are the moment of inertia and the 

viscous friction, respectively. We make assumptions 

that both of the sensorless control system and mo-

tor control system are stable, and a constant  (2) can 

be detected. Then, a synchronized driving is realized 

because the motor control system is stable, and then, 

it follows

 (2)  =  W.  (25) 

From (24), the motor torque T is controlled to be 
constant, and from (23),  Vdq and  idq become constant 
in stationary state. And then, the stationary value of 

 0c(=  0 —  0) become constant because the sensorless 
control is stable. From (6), (7), (9) and (10), it fol-
lows 

 2,y6 =  C  (0 —  0)  idq,  (26) 
 7l,y6 = C  (O —  0)  Vdq  (27) 

and then,  v,y6 and  i-y6 also become constant.

2.3  Ra identification 

The winding resister Ra identification in 

state is presented.

stationary

 2.3.1 Basic equation of Ra identification 

 In stationary state, because  id is constant, we get 
 id  = 0, and from (17), we get 

     (I) =  w  (gba  +  (Ld  —  Lq)  id)  Jo  (e)  •  (28) 
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From (2), (28), (5) and (14), we get

II so II = 

II so II 
 So  

II so II

 CAJ  (0a  +  (L  d  q)  d) 

 -  sin  (6) 

 cos  (0)

(29) 

(30)

 (31)

where  -11 means 2 norm. From (23) and (29), we get 

          cuT  =  pII  SaQ  1129.  (32) 

Substituting (6) into (32), we get 

 (-071 =  sin  (9)  cos  (0)] (33) 

Substituting (30) and (31) into (33), from (3), we get 

            [  s„sp      cuT = 

                  

iisc311 
                          T•                      Z      =pSrloo. (34) 

From (34), (3) and (25), it is verified that T can be 
estimated using  vo,  ico and  c-J  in stationary state 

even if  B and  o are unknown. Because  C(9)TC(0) 
becomes an unit matrix, from (34), we get

2.3.3 Ra identification at the operating state 

Two stationary states  i(=  1, 2) are considered. In 
the stationary state 1 and 2, it is assumed that the mo-
tor torques  T(1) and  T(2) are equal, and the current 

phases  /3(1) and  /3(2) or the rotational speeds  w(') and 
co(2) are different. The superscript (i) means the sig-
nal in the stationary state i. From (25), the estimated 
motor speed  CJ(i) corresponds with the motor speed 

 w(i). In the stationary state  1, from (36), we get

T(1) = cj(1P)(v(1) - Ri1(1)18)T  i(1)                  76a

In the stationary state 2, from (36), we get

       c2)(2) \ 076 i76 •

(38)

When  T(1) =  T(2) 

we get

   =   a

(39)

    T    WT = p ,(31(C(0)             C  (o)) i 5 
        ((= p C 0) sco) C (0)   i  . 

Substituting (9),  (11) and  (21) to  (35), we get 

                                                                           • w77= ps,r5T 

                                       NT  =p(7),y6 Raj qi76(2)276) 7/76 
                                              T1 

 Substituting6TjTi7s=7;1,4_isi7=0and 
[001T,wegetthefollowingbasicequationto id 
Ra 

                               T

(35)

=p(v76-Rai.-y6-LIql•-yo)i76-1-PWLy(5                                         Jz76.                     ,-.\i.,^•TTT,: 

 tuting i7,5T jTi7s = 7;1,4 _ '07 = 0 and  i,),(5 = 

, we get the following basic equation to  identify

                        (36) 

From (36) and (25), it follows that the torque T can be 
estimated using  v,),6,  i76 and  (4) in stationary state even 
if the rotor position estimation error  0, is unknown.

2.3.2 Ra identification at standstill 

Because the motor speed w is 0 at standstill, Ra can 
be identified by substituting  vey6 and  i„),6 to the follow-
ing equation that is derived by substituting w = 0 to 

(36), and by solving for  Ra. 
                                     T - 

                         (37)  i^-y6  176 

where the  superscript-means the estimated value.

, by solving (38) and (39) for Ra,

v(1)Ti(1)W(2)-V(2)T-2(2)^CA)(1)              6eY76 eYa 7

(1)T•(1)(2) -2
7•(2)T•(2)W(1) 71,6276621,6

(40)

that can identify Ra using  -0-axis voltage 7),),(,76- 

axis current  i( estimated motor speed  c.-u(i).

2.4 Ld and  Oa identification 

Here, we present a Ld and  Oa identification method 
using signals in stationary state when a Lq  is given. 
It is assumed that Ra  is already identified to be Ra, 
that is, it follows  R  a  =  Ra. By the method, it is 
presented that  Oa and Ld can be identified to be true 
values when Lq  = Lq. Because Lq  is unknown,  s,),6 
in  (21) is estimated using Lq instead of Lq as

     =  (0.1,6 -  RaZ7  -  Lq(.2.)Ji-y6 (41)

where  i1,6  = [0  OF is used because  of  the stationary 
state.  oe is derived as

  =tan(`7 

          -    ) 

                                                                 (‘

Using  oe derived by (42),  I and

(42)

 ,ys are derived as

 2)76  = C  (or)  Vey6 
 278 = C  (Or)i.Y6.

(43)

(44)
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Substituting  v,),6 and 

ing  1)76  and  7,76 as

 S76

 i,),6 in (41), g76  is calculated us-

= —  rta276 —  LqW (45)

From  (21),  (41),  Ra  = Ra and (25), it follows  = 
 &Is if Lq = Lq. Then using (20) and (22),  ee derived 

by (42)  corresponds with  0, because it follows  id = 0 
in stationary state. Using  0, =  0,, from (43) and (44), 
we get

i7) = 

  ° 

 i76  =

 Vdq 

 idq•

(46) 

(47)

In the above calculations, Ld and  Oa are not used. 
From (20), (22) and (45), by adopting an error term
e6 that becomes zero when Lq  = Lq, it follows

 g  6 = CA) (Oa (Ld Lq) id) + e6.

Therefore, we get

 Ch)Lqid  =  [c.,)  wid]        E6 [ad]

(48)

(49)

When  Lq = Lq, it is possible to set  4  correspond 
with  id. By adopting an  error term  e6i that becomes 

zero when i7 =  id, it follows

        7 Ld

From (50), using  -y-axis stationary  current  i.(yi) and sta-
tionary motor speed  (Yi),  Oa and Ld are identified us-
ing the least square method as follows

[°a  Ld

  =

 Y =

 (crc2)-1  (ciTy)

[(.,) (,) Co(1) (2,c1)  (2)(2) (2)(2)42) 

 

. . 

 s6  + Cj(1) . 0(y1) 
 S6 + ("j' (2)Lq),2)

(52)

 es1 = 0 in all the stationary state 1  — i only when 

Lq  =  Lq. Therefore, the following residual  error e 

has the same property as -e6i. 

      e =Y—[.(55) 
                     Ld 

Using e,  Lq  is identified so that the following cost 
function  JLq  is minimized by one variable optimiza-
tion such as iteration. 

 JLq  (Lq) =  eTe. (56) 
Lq can be identified because non-zero function  JLq 

becomes the minimum when Lq  = Lq. 

  From now, another cost functions are presented. 

Torque can be estimated by substituting  Cu(i),  i()  76' 76 

and  k, in (36).  Lq is an estimated Lq  is  de-
rived by substituting the estimated torque,  0a and Ld 
into the torque equation (23). The number of L(qi) 
is i because  L(qi) can be derived at each stationary 
state i. When Lq = Lq, it is considered to follow 
 (1)  =  c5,  Ld  = Ld and  Lq(i) = Lq. Therefore, the fol-
lowing two cost functions are introduced.

 Jl  (Lq)  _ E E (Lq(i) _ L9u))2 

                   j 

                     ti 

             ) 

 Lq can be identified  because Ji(Lq) and  J2 
non-negative functions, and become zeros  th 
minimum value when  Lq  =  Lq.

(57)

(58) 

 muse Ji (Lq) and  (L q)are 
and become zeros  that are the

  One variable optimization requires larger calcu-

lation load than the motor controller. However, once 

the calculation was done, recalculation will not be re-

quired for a time. Therefore, it does not require high 

performance CPU if the calculation is done while 
motor is not driven, or while the CPU is not busy by 

setting the priority of the calculation low.

 (53) 3

(54)

The true values of  q5a and Ld are derived because it 
follows  E61 = 0 when Lq  =  Lq.

2.5  Lq identification 

 e61 in  (51) becomes zero when Lq  =  Lq. If the num-
ber of stationary state i is large enough, it follows

Sensorless drive

Here, we propose a novel sensorless drive that makes 
the position estimation  error zero quickly. Conven-
tional methods require the assumption that w is con-
stant [7]. One of the features of our method is that 
the assumption is not required. 

  Substituting (8) into (6), we get 

       id = icos (0) sin (0)1 ict3- (59)

Differentiating with time, we get 

 d  =  w[—sin(0)  cos  (0)]  iao 
 + [cos  (0)  sin  (0)]. (60)
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Substituting (5) and (14), we get 

Substituting (3), (3), (17) and (61) into (2), we get 

 xo  =  cuyao 

   xao = [xa xolT 
         =  Vao  —  Ra2a0  LqictO 

          — (Ld  —  Lq)  MT  ;:ce00  (0) 

   Ya0 = [Ya YO}T 

         (Ld Lq) (Jo (60)T icoo (o)

(61)

(62)

(63)

4 Numerical simulations

The effectiveness of the parameter identification 

method was verified using numerical simulations 

with implementation of PWM inverter, and it was 

shown that the sensorless control using the identified 

parameters was able to keep driving if the speed or 
the load torque were changed quickly.

  Ya0 = [Ya YO] 4 .1 Simulation setting                                  

. (64)The IPMSM parameters employed here were from 
                                      the reference [7]. 

The following cost function  J0(9) is introduced as 

 JO  (0)  =aY—xQy.11  (65)Ld = 3.5[mH] 

         z = 1 (x,y0 —  xoy,) (66) Lq  = 6.3[mH] 
 Tfs  +  1 

where s is a differential operator, and  711 > 0. By us-  Ra  =  0.143  [Q] 
ing (66), high frequency noize in  io  used to get  xo 
in (63) is filtered out. The position is estimated so as  = 0.176[Vs] 
to search for the  e that minimizes  Jo  (o) as 

 o = arg min  Jo  (e) .  (67)Jam.  =  0  .00018[Nms21 
This one variable optimization requires much more=  0.0  [Nms]  . 
load than conventional sensorless controller. How-
ever, this demerit will be resolved in the near future The specifications  of  driving area for this motor were 
because the CPU power has been improved more and as the minimum speed 15 x  271-[ rad/s ], the maximum 
more in recent days. When  B  =  0, from (62), (63) speed 120 x  27-[  rad/s ], and the maximum load torque 
and (64), the non-negative function  Jo(o) follows 15[Nm]. The sampling time was set as  0.1[ms]. 

                                           In order to compensate the voltage drops caused 
 (19  (e) = 0 (68) by switching devices in PWM inverter, phase volt-

                                       ages are adjusted using dead time compensation [14]. that is the minimum value. Therefore, from (65) and 
(68), using a constant k, 

 xao  =  kyao (69) 4.2 Sensorless parameter identification 

follows. From (62) and (69), we getresults 

 w =  k.  (70) Table 1 showed the differences on percentage be-
                                        tween the true and identified parameters at various 

Therefore, the motor speed  c",) can be estimated as driving conditio ns. The current phase  /3 was set as 

 (2)  Si (71)11x011                                        20, 30, 40[deg] at each driving condition, and pa-                                       rameters were identified using the phase current  io 
                                       and the phase voltage vo detected at each stationary  Si  = sign (xa x 0) sign (ya y 0) 

                                        state. The driving condition was set as combination 
where  sign(x) denotes the sign of x. of motor speeds (20 x  27[  rad/s ], 120 x  27[ rad/s]   Fi

g. 2 shows a block diagram  of  the method. The ), load torques (1[Nm],  15[Nm]) and position esti-
subscript * means a reference signal, and  PI means mation errors  0,(2, 30[deg]). Table 1 showed that 

 PI controller.  [3* is the reference current phase, and the maximum absolute value of the difference be-
has the relation as  /3*  =  tan-1(—i,y*/i6*).  tan(3*) tween the true and identified parameters was less than 
is related with motor efficiency and maximum speed 0.03%. Therefore, the effectiveness of the method 

 [2]• was verified, 
 —  26  —



Table 1: Motor parameters identification errors in various operating conditions

 0e[deg]  w[racusi  I  TLENmi  Ra, Lq Ld 0.
2  20  x  27r 1 -1 .3 x  10-12 +3.0 x 10-2 % -3 .0 x  10-4 % I -1.4 x  10-4 %

30  20  x  27r 1 -1 .3 x  10-12 0/0 +3.0 x  10-2 % -3 .0 x  10-4 % -1 .4 x  10-4 %

2  120  x  27r 1 -8 .6 x 10-12 % +3.0 x  10-2 % -3 .0 x  10-4 % -1 .4 x  10-4 %

30  120  x  27r 1 -8 .6 x  10-12 % +3.0 x  10-2 % -3 .0 x  10-4 % -1 .4 x  10-4 %

2  20  x  27r 15 -1 .6 x  10-12 0/0 +3.0 x  10-2 % -2 .6 x  10-2 % -2 .4 x  10-2 %

30  20  x  27r 15 -1 .6 x  10-12 0/0 +3.0 x 10-2 % -2 .6 x  10-2 % -2 .4 x  10-2 %

2  120  x  27r 15 -1 .6 x  10-12 % +3.0 x  10-2 %  -2 .6 x  10-2 % -2 .4 x  10-2 %

30  120  x  27r 15 -1 .1 x io-n 0/0 +3.0 x  10-2 %  -2 .6 x  10-2 % -2 .4 x  10-2 %

  In  Fig.  3 the solid line showed the cost func-

tion  Aq(Lq) in (56) used for identifying  Lq at the 
driving condition of the speed 20 x  274  rad/s ], the 
load torque  1  [Nm] and the position estimation error 

 0, = 30[deg]. For the purpose of reference,  J1(Lq) 
in (57) and J2(Lq) in (58) were shown as dotted line 
and dashed line, respectively. All of the cost func-

tions  Aq  (4),  Ji  (Lq) and  J2(Lq) have the minimum 
zero at Lq = Lq, which matched theoretically. 

4.3 Sensorless drive results 

The proposed  sensorless control was performed using 
the identified parameters. Fig. 4 (a) showed the esti-
mated speed  Co (dashed line), the real speed w (solid 
line) and the  a-axis current  ic, (dotted line). Fig. 4 (b) 
showed the position estimation error  9,. In order to 
verify the case the reference speed changed quickly, 
the reference speed was changed like a step function 
at  0.15[s] from 20 x  274 rad/s ] to 120 x  274 rad/s 

 ], and at  0.25[s] from 120 x  27[ rad/s ] to 20 x  2711 
rad/s  ]  when sensorless driving was being done. Fur-
thermore, in order to check the case the load torque 
changed quickly, the load torque was changed like a 
step function at  0.3[s] from  1[Nm] to 15[Nm]. From 
Fig. 4 (a),  c;) almost corresponded with  co. From Fig. 
4 (b), the maximum absolute value of  0, was about 
less than 2[deg], and the sensorless driving was able 
to continue. 

  Consequently, in the case of these simulations,

the proposed method was able to identify motor pa-

rameters effectively, and good sensorless driving was 

achieved using the identified parameters. 

5 Conclusion 

In this paper, we proposed a novel parameter identi-
fication method available for sensorless driving, and 
a novel sensorless drive in which motor position 
was derived by solving the motor voltage equation. 
It was verified that the identification method was 
able to identify the motor parameters when a load 
torque and a reference motor speed were constant, 
and phase voltages and phase currents in multiple sta-
tionary states were measured, even if the estimated 
rotor position did not correspond with the rotor posi-
tion. Noise and vibration in mechanical plant became 
larger if rotor position estimation error occurs. Fur-
thermore, the rotor position estimation error caused 
noise and vibration. It was also verified that the sen-
sorless drive required large calculation load but was 
able to make the position estimation error small even 
if the motor was in acceleration or the load torque 
was changed quickly. 

  The characteristics of IPMSM corresponds with 
SPMSM if Ld  = Lq, or synchronous reluctance mo-
tor if  Oa  = 0  [2]. Therefore, proposed method can be 
applied to SPMSM and synchronous reluctance mo-
tor.
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