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ABSTRACT 
The aim of the present paper is the study of the behavior of passivity based control and difficulties due to synthesis for  various 

operating conditions of a synchronous motor with a permanent magnets. The study takes into account the guarantee of satisfactory 
static and dynamic performance. It also allows the system to be insensitive to disturbances and uncertainties on the parameters. A 
number of estimation techniques have been developed to achieve speed and position permanent magnet synchronous motor (PMSM) 
drives without mechanical sensor. Most of them suffer from variation of motor parameters such as the stator resistance, stator 
inductance and torque constant. Also, it is known that conventional linear estimators are not adaptive variations of the operating 
point in a nonlinear system. The sliding mode technique has shown promising results when estimating or controlling nonlinear 
systems. This paper presents a sliding mode observer (SMO) estimating the position and speed of a permanent magnet synchronous 
motor (PMSM) to achieve sensorless drive system. The effect of variations of motor parameters such as torque constant, stator 
resistance and stator inductance on the position and/ speed estimations, over a wide speed range, have been studied. Compared to 
other methods, the observer is more robust to operating conditions and parameter uncertainties. Simulations show that the observer 
is robust. 
 
Keywords: Passivity Based Control (P.B.C), F.O.C (Field Oriented Control), PMSM (Permanent magnet synchronous motor), 
sensorless control, SMO (sliding mode observer). 
 
 
1. INTRODUCTION 
 

The use of electrical machines is expanding rapidly 
due to the offered performance.  

The control of machines is the primary concern of 
control theory research. In fact, an electrical machine is 
characterised by a non linear behavior.  Additing to that 
the major difficult tasks to be executed which require a 
higher precision under rapid trajectories. In order to meet 
performance criteria always in increase, algorithms of 
control more and more complex are developed. The 
progress of computers allow to implement these new 
strategies in industry.  In classical control theory, the 
linear models are considered. The non-linear equations are 
linearized with a linear system if they can be linearized in 
order to determine the control laws. The derived control 
laws from this approach are adequate and sufficient in 
many practical application, but in certain cases the linear 
approaches are not sufficient. Thus, a theory for non linear 
system is necessary. However, the non linear theory for 
general systems is complicated and seldom worthy in 
technological applications. But, from the accomplished 
works these last three decades, aiming to improve 
performance, advanced research had allowed emergence 
of new non linear control techniques for electrical 
machine application. In this context a control technique 
requiring the perfect knowledge of the model will be 
presented. The control in consideration is the passivity 
control developed by Sadegh and Horwitz [1] issued from 
Slotine and Li's work [4], it uses essentially.  

For controlling a permanent magnet synchronous 
motor (PMSM), the Lagrangian structure of mechanical 
systems in order to make a decreasing Lyapunov’s 

function. It is necessary to know the position of the rotor. 
The stator currents of the PMSM are controlled to 
generate constant torque using the rotor position signal. 
Encoders or revolvers have been used for sensing the 
position. These position sensors, however, make the motor 
expensive and mechanically unreliable. Position and speed 
estimation techniques to eliminate the encoders and 
revolvers have been studied. 

This paper describes the new sensorless control of the 
PMSM using a sliding mode observer. The proposed 
methodology incorporates the Lyapunov’s algorithm to 
estimate the rotor speed and the stator resistance so that it 
can overcome the problem of sensitivity in the face of 
motor parameter variation. Also, without any mechanical 
information, the rotor speed is obtained from adaptive 
scheme. Results of simulation are carried out to verify the 
feasibility of the sensorless control for the PMSM [5]. 

 
2. GENERAL FORMULATION OF THE          
      PASSIVITY CONTROL  
 

It is possible to distinguish two fundamental steps 
while using passive control for a given system. The 
system modelling is put under the EL formalism and its 
(possible) passivity is used to create relations describing 
the stabilizing control. From these relations and by using a 
variety of techniques (control with variable structure a 
control based on average representation); the dynamic of 
the corrector is computed (if it exists) and the control 
value. In order to achieve the stabilized control, the EL 
properties are used which exist in all the machine circuits. 
The first property states that any control circuit can be 
represented under EL formalism [3].  
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2.1. Definition of passivity 
 
      The basic idea of the passivity consists in shaping the 
total energy of the system then in adding a damping term. 
EL equation allows to obtain easily the formulation after 
having formulated the total energy of the system; it is 
modified to desired (minimum) value. The system 
converge towards this minumum also if the control able to 
inject an additif dissipative term to the system, then the 
convergence to the derived state can be improved with 
respect to that obtained by natural dissipation given by the 
system . 
       In this subsection the definitions of passivity are those 
given in [1]. A continuous systems with input u and an 
output y is referred to be dissipative if a function V(t) >0 
exists and verifies the following equation.  

)t(h)t(u)t(yV T −=  ; with ∫ >
ft

0

0dt)t(h              (1) 

where yT represents the transpose vector of y if 0)t(h ≥  
the system is said to be dissipative. 

In reality one may notice that )t(u)t(y T  represents a 
power and its integration represents energy. The system is 
passive if the input energy is more important than that it 
gives to the environment (of the output) one may know 
that a passive system is necessarily stable [3].  
 
2.2. Passivity and dissipativity of a system [2]:  
 
Function of storage  
 
Theorem 1 Let us suppose that there is a continuous 
function 0)t(V ≥ such as:  

∫≤−
T

0

T dt)t(u)t(y)0(V)T(V                               (2)         

for all functions u and for all 0T ≥ .Then the system of 
input u(t) and output y(t) is passive. Moreover let us 
suppose, that there are two constants 0≥δ  and 0≥ε such 
as:  

∫∫∫ ε−δ−≤−
T

0

T
T

0

T
T

0

T dt)t(y)t(ydt)t(u)t(udt)t(u)t(y)0(V)T(V  (3)                  

for all functions u and all )0(V for 0T ≥ then the system 
is strictly passive in input if 0>δ , strictly liability at 
output if 0>ε , and strictly liability if 0>δ and 0>ε . 
One calls "function of storage" of the input system u(t) 
and output  y(t), the function V (t) of theorem 1. 
 
Theorem 2 (Theorem of the passivity) 
 
Let us suppose that two Σe systems and Σm in closed loop 
(respectively of input u1 and u2, output y1 and y2)(Fig. 1) 
are pseudo strictly passive, is stable with finished gains if:  

d)t(y)t(ydt)t(u)t(udt)t(u)t(y

dt)t(y)t(ydt)t(u)t(udt)t(u)t(y

2

T

0

T
222

T

0

T
2222

T

0

T
2

1

T

0

T
111

T

0

T
1111

T

0

T
1

∫∫∫

∫∫∫

ε+δ≥β+

ε+δ≥β+

 (4) 

 

with :    0,0 21 ≥ε≥δ  ; 0et0 2211 ≥ε+δ≥ε+δ  

 

 

 

 

 

Fig. 1  Interconnection of two under passive systems. 

 
2.3. Relation between stability and dissipativity¶ 
 
2.3.1. Linear system  
 
     In order to illustrate the relationship between the 
stability and dissipativity and for the sake of simplicity, an 
open loop stable system is proposed defined as [4]:  

Cxy
BuAxx

=
+=

                                                            (5)                             

for any stable system of the form  

Axx =                                                                      (6) 

we have  

QPAPAT −=+                                                       (7) 

the quadratic function  

Pxx
2
1V T=                                                              (8) 

is the Lyapunov’s  function for the system defined by (6) 
because  

0Qxx
2
1V T ≤−=                                                    (9)     

the Lyapunov's function (7) is verified for the system 
described in (5) but it is only linked to the system stability 
characterized by the matrix A and is independent of the 
input u. Using the derivative of Lyapunov’s  function (8) 
with substitution  of (5) we obtain:  

PBuxQxx
2
1V TT +−=                                       (10) 

The equation (10) is of the form given in (1) this leads to a 
dissipative transfer between xTPB and u, more, if B and C 
a related such that.  

PBC T=                                                                 (11)

Σm 

Σe 
u1 y1 

u2 y2 

Σm :under mechanical  
       system  
 
Σe:   under electric  
       system  
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the equation (10) becomes:  

uyQxx
2
1V TT +−=                                             (12) 

 
2.3.2. Multivariable non- linear system 
 
      Let’s consider a multivariable non linear system 
having the following form: 
  

)t,x(hy
u)t,x(g)t,x(fx

=
+=

                                            (13)            

with h,g,f,u,y,x mmn ℜ∈ℜ∈ℜ∈  are continuous with 
and slowly varying with x. assuming that ,0)t,0(f =  and 

)t,0(h  for any 0t ≥  
the system described by (10) is said to be passive if there 
exists a scalar function which is continuous and positive 
V: ++ ℜ→ℜ×ℜ n  
which   satisfies ,0)t,0(V = ,0t ≥∀  such that: 

0ttwith

)t),t(x(V)t),t(x(Vd)(u)(y

0

t

t
00

T

0

≥≥

−≥σσσ∫   (14) 

 
3. PASSIVITY BASED MATHEMATICAL   
 DESCRIPTION OF THE FEEDBACK STATE 
  
3.1. PMSM model current control 
  

The PMSM model adopted in this case of control is 
that represented in the dq referential expressed by the 
following equations [3]: 

dqfmdqdqmdqdq
dq

dq VpILpIR
dt

dI
L =φω+ℑω++       (15)      

Lmm BJ τ−τ=ω+ω                                               (16) 

with ( ))iii)LL(p
2
3

qfqdqd φ+−−=τ                      (17) 

The equation (15) and (17) can be expressed with respect to 
the flux under the form: 

dqdqdqdqmdq IRVp −=ψℑω+ψ        (18) 

dq
T
dq Ip

2
3

ℑψ−=τ                                                  (19) 

with fdqdqdq IL φ+=ψ  and ⎥
⎦

⎤
⎢
⎣

⎡ −
=ℑ

01
10

          (20) 

adq RR = :                     stator resistance, 

LLLL qddq === : stator inductance. 

The mathematical subsystem is considered as a passive 
disturbance from CBP point of view. It is assumed that the 
stator current •

dqI are the control input, the M.S.A.P is 
controlled in currents. 

T
qddq )ii(I ••• =                                                  (21) 

thus two statoric current control loops given by the 
relations.   

∫ −+−= ••
t

0
dddidddpd σd)ii(k)ii(kV                         (22) 

∫ −+−= ••
t

0
qqqiqqqpq σd)ii(k)ii(kV                          (23) 

with { } +•ℜ⊂qiqpdidp k,k,k,k                                   (24) 

The two PI control loops an interior and facing current Idq 

of the motor to follow the reference •
dqI . 

The determination of their gain is made by classical 
methods (pole placement) or advanced method (PI flou). 
In this work the method of placement of poles is used. 
Assuming that the two PI loops correctly achieve the task 
due to a convenient choice of their gains by using 
equations (18) (19) (22) et (23), the dynamics of PMSM 
current control is reduced to the following model  

dqdqdqmdq IRp −=ψℑω+ψ                                (25) 

Ldq
T
dqmm Ip

2
3

BJ τ−ℑψ−=ω+ω •             (26)  

the developed torque  :                                                

•ℑψ−=τ dq
T
dq Ip

2
3                                                 (27) 

The PBC is developed form the model (25) (26) (27) of 
the current control PMSM. 
 
3.2. Passivity properties of PMSM in dq model 
 
      The property of passivity in dq model of PMSM 
demonstrated in a different manner than that established 
we can formulate the following lemma: 
Lemma: the input – output relation dqdqI ψ•  

describing the electrical part (25) of input •
dqI and output 

dqψ is passive. 
Proof: Passivity in open loop of the model flux in dq 
referential by multiplying the equation (25) on the left   by 

T
dq

1
dqR ψ−  and knowing that ℑ  is a unit matrix and 

antisymetric we obtain: 

)(
dt
d

R
2
1

I dq
T
dq

1
dqdq

T
dq ψψ−=ψ −•                             (26)                 
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By integrating (26) in the interval ]I,0[ dq , and while 
proceeding after integration to an increase, we obtain the 
following inequality: 
 

f

2T

0
dq

a
dq

T

0

T
dq d

R2
1dI

dqdq

β+σψ−>σψ ∫∫ •                 (27)                

 
with: 0βf <  
 
From the dissipation inequality (27) and according to the 
passivity definition, that the electrical subsystem 
described by relation (25) is passive considering the 
mechanical part in (26) as perturbation.  
 
3.3. Design of the passivity based control current     
        control 
 
      The PBC of the PSMS current control is developed in 
model (25)-(27) whose signals desired current •

dqI . The 
computation is made on electrical part (25) the mechanical 
part (26) is considered as a disturbance. During the 
synthesis procedure the stability in the sense of Lyapunov 
is developed [3]. 
   
Let the flux vector •

dqψ  the following error of this quantity  

is:    •ψ−ψ= dqdqfe                                 (28)                                                                          

The dynamic equation of the error of the flux is obtained 
form equations (25), (28) and give: 

)p(IRepe dqmdqdqdqfmf
••• ψℑω+ψ−−=ℑω+   (29)    

In order to give a proof for the convergence of the error of 
the flux ef the Lyapunov theory of stability is used. 
Given the following quadratic function: 

f
T
fff ee

2
1)e(V =                                                    (30)                                    

After derivation of Vf along the trajectory (29), we obtain: 

))p(IR(e)e(V dqmdqdqdq
T
fff

••• ψℑω+ψ+−=      (31)       

The function fV  is negative defined if and only if the 

control vector •
dqI is chosen under the following form: 

)eK)p((RI ffdqmdq
1

dqdq +ψℑω+ψ−= ••−•               (32)              

with 0ketIkK f2ff >=                           (33)                             

3.3.1. Computation of the derived flux •
dqψ  

 
       The PMSM working at max torque if the direct 
current id is null i.e. according to relation (20) the flux

 dψ along the direct axis d is reduced to the fφ :flux 
created by the permanent magnets. Thus, the desired flux 
along the d axis is chosen [3]. 

fd φ=ψ•                                                                    (34) 

From equation (20) and (25) the desired torque is defined 
by the following relation. 

)(p
2
3

fdq
T

dq ψ−ψℑψ−=τ •••                                (35)                            

The desired flux along the quadratic axis q; from 
equations (34) and (35) is defined as: 

 •• τ
φ

=ψ
f

q
q p

L

3
2                                                      (36)                             

3.3.2. Calculation of the desired torque •τ  
 
       In order to compensate the disturbance of the resisting 
torque at the rotational speed response we propose that the 
machine is controlled using IP regulator. 
 
  
 
 
 
                     

Fig. 2  Regulator IP  

 
The expression of the output rΩ is: 

ipp
2

Lrefip
r

kkkk)sk(BJs

sΩkkk
Ω

+++

τ−
=                          (37)  

The desired torque can be also defined by [3]. 

0b,a,)(bazz

zJ

mm

Lm

>ω−ω+−=

τ+−ω=τ
•

••
                         (38)  

3.3.3.  Passivity based control with oriented flux  
 

By the application of non linear feedback state [3] 
which allows to maintain the reaction of the flux of 
inductance in quadrature with the rotor flux. The 
orientation control of flux will impose a null current id 
along the direct axis. The behavior of the PMSM is similar 
to that of CC motor; thus the control present linear 
feedback expressed by the relation:  

qmqd ipLV ω−=                                                       (39) 

The application of the (39) of the model (15)-(17) impose 
a null id current; we obtain the simplified model: 

refΩ

--
kP 

Lτ  

uc rΩ  Plant 
s
ki
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qqa
q

q ViR
dt
di

L =+                                                  (40)                               

Lmm ττωBωJ −=+                                                (41)                                       

qf ip
2
3

φ−=τ        (42)                                            

If the quadratic flux qψ is taken as a state variable and the 
rotor speed mω , from equations (20) and (40)-(42) we 
obtain the following model: 

qaqfmq iRVp −=φω−ψ                                        (43)                             

Lmm BJ τ−τ=ω+ω                                                (44)                                   

qf ip
2
3

φ−=τ                                                           (45)                                             

The control of PSMS in current using the loop PI of 
current iq given by relation (23) we obtain the model  

•−=φω−ψ qafmq iRp                                             (46) 

Lmm BJ τ−τ=ω+ω                                              (47)  

•φ−=τ qf ip
2
3                                                           (48) 

The equations (44)-(46) represent a mono-input model 
which will be used for the synthesis of •

qi  by passivity. 
Following the same steps (28)-(38) we obtain the 
following –PBC. 

)ek)p((
R
1i fqffmq
a

q +φω+ψ−= ••                         (49) 

with •ψq  given by (36) and the desired torque •τ  by 
regulator IP. Or relation (38) for speed control. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3  General diagram of the PBC without mechanical sensor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  Response of the passivity based control on   the inversion 
of the sense of rotation and application of the couple of load to 

t=0.4s operation without converter . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Test of robustness for a variation of the parameters of the 
motor for: 

a- R=2Rn, L=0.5Ln. 
b- R=2Rn, L=1.5Ln. 
c- nff 5.0 φ=φ
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4. SLIDING MODE OBSERVER [5] 
 

The α -β  model for the PMSM in the stationary 
reference frame is characterized by (50): 

                                           

sLsLss EBvBAii
dt
d

++=                            (50)    

where 
 

T
s )ii(i βα=     : stator α  - and β -axes currents 

T
s )vv(v βα=  : stator α  - andβ  -axes   voltages 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
θωφ=ωϕ=
θωφ−=ωϕ=

=
ββ

αα

rrfr

rfr
s cosE

sinE
E : induced voltage 

A I).L/R( a−= ; BL I).L/1(= ; I ⎥
⎦

⎤
⎢
⎣

⎡
=

10
01  

 
Considering the PMSM, the rotor speed and the stator 
resistance are variable, which are to be estimated. From 
(50), the sliding observer is made as the following 
structure.                      

KÊBvBîÂî
dt
d

sLsLss −++=         (51)                                                                                                           

where:  
⎪⎭

⎪
⎬
⎫

Ψ+ζ=
−=

SK
I).L/R̂(A a  :  observer input  

⎥
⎦

⎤
⎢
⎣

⎡
ϑ
ϑ

=ϑ⎥
⎦

⎤
⎢
⎣

⎡
ζ

ζ
=ζ

2

1

22

11 ;
0

0
 :  observer gain 

:^  estimated values. 

The sliding hyper plane is defined upon the stator current 
errors. 
 

=−== ss
T

21 iî)s,s(S  es (52) 
 
The estimation error dynamic is given by the following 
equation.                          
 

K)EÊ(B)AiîÂ()iî(
dt
d

S ssLssss −−+−=−=     (53)     

                               
4.1. Estimator of speed and stator resistance  
 

In order to estimate rotor speed and stator resistance, a 
Lyapunov’s function V is used.  
 

The Lyapunov’s function is chosen as 

2
)RR̂(

2
)ˆ(

S.S
2
1V

2
ss

2
rrT −

+
ω−ω

+=         (54)                                   

Under the assumption that the rotor speed is constant 
within one estimation period, derivative of the 
Lyapunov’s function becomes: 
 

aaarrr
T R̂).RR̂(ˆ)ˆ(S.SV −+ωω−ω+=          (55) 

                               
Substituting (53) into (55), then following equation is 
obtained 
 

[ ]K)EÊ.(B)iî.(Aî).AÂ(SV ssLsss
T −−+−+−=                                   

      aarr R̂Rˆ Δ+ωωΔ+                                         (56)               

where, rrr ˆ ω−ω=ωΔ  , aaa RR̂R −=Δ . According to 

the Lyapunov’s stability theory, )0V( < must be obeyed 
to guarantee that the observer is stable. In order to drive 
the system to be convergent, let: 

0R̂Rˆ

)]EÊ.(B[S]î).AÂ.[(S

aarr

ssL
T

s
T

=Δ+ωωΔ+

−+−
       (57) 

0]K)iî.(A[S ss
T <−−                                          (58)                           

From (57), estimation algorithms of the rotor speed and 
the stator resistance may be derived. Also, the observer 
input must be chosen to satisfy the inequality (58). 
Rearranging (57) appropriately then two novel equations 
are obtained as 

0R̂R]î).AÂ[(S aas
T =Δ+−                                (59)                             

0ˆ)]EÊ.(B[S rrssL
T =ωωΔ+−                           (60) 

From (59), the stator resistance estimator may be derived 
as 

)î.sî.s(
L
1R̂ 21
s

a βα +=                                       (61) 

Also, from (59), the speed estimator may be derived 
 

as:
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

θ−
θφ

=ω
r

rT

s

f
r ˆcos

ˆsin.S.
L

ˆ )ˆcos.sˆsin.s(
L r2r1

s

f θ−θ
φ

=   (62)                             

The estimated rotor position is obtained by integrating the 
rotor speed.  
                                     
4.2. Design of observer gain  
 

In order to guarantee the derivative of the Lyapunov 
function )0V( < , the observer gains and for observer input 
must be chosen the satisfy inequality (58) 
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0]S)iî.(A[S ss
T <ϑ−ζ−−                                   (63)                 

The sufficient conditions for satisfying the inequality (63) 
are: 

A>ζ        0,ST >ϑ                                              (64) 

The condition for satisfying inequality (64) can be 
respectively derived as 
 

L
R̂

, a
2211 >ζζ ;
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=ϑ
0ssi
0ssi

i
ii

ii  

 
where, iα  , iβ : positive constant. 

 
4.3. Results of simulation with observer speed  
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 6  Response of the passivity based control on   inversion of 
the sense of rotation and application of the couple of load from 

t=0.4s to 0.6s operation    
without mechanical sensor. 

 
5. VALIDATION BY NUMERICAL 
      SIMULATION 
 

The performance of the proposed control has been 
tested by numerical simulation for the motor whose 
parameters are given in appendix. 

The Fig. 4 shows the speed response from 0-100rd/s 
following by sudden loading (application of a nominal 
torque decoupling of PBC; the disturbance rejection is 
satisfactory and the speed response is without overtaking 
and no static error. 

The Fig. 5 shows the results with the variation of the 
parameters of the motor. The speed response from ± 100 
rd/s is made with a rapid rejection of perturbation and 
therefore the system is insensitive to parametric 
variations. Thus the response of the system is convenient 
and is robust. 

The simulation had shown that the control system of 
PBC proposed gives good performance the tracking of the 
speed is robust with respect to the disturbance represented 
by the nominal loading torque and the parametric 
variations (electrical and mechanical).    

One will present in what follows results of simulation 
of a training with base of one PSMS fed with a voltage 
converter without sensor of speed 

The Fig. 6 presents the evolution of the estimated 
speed with the PSMS with introduction of a load of t = 0.4 
- 0.6 and change of the sense of rotation in t=2s. One 
notices after comparison that these results are practically 
identical with those found in the case of use of the 
mechanical sensors; one can so assert that the SMO 
allowed us well to estimate speed of rotation. One notices 
besides in the Fig. 6 that control without mechanical 
sensor presents a good robustness of measure to the low 
speeds. 

 
6. CONCLUSION 
 
     We have presented in the present article the control 
based on passivity applied to the association of three 
level–PMSM. The objective of speed tracking disturbance 
rejections is acceptable. The decoupling is maintained 
even in the case of load variation. 

A good choice of injection and damping coefficient to 
the current control is allowed to have a very good 
performance with robustness and can be applied to 
applications of high performance such as machine tools 
and robots. To show the validity of control suggested 
without mechanical sensor, we thus implemented and 
validated by simulation an observer at sliding mode of 
complete order adaptive. It advantageously makes it 
possible to estimate speed and to compensate for the 
parametric variations. 

 
REFERENCES 
 
[1] P.C. Krause, O. Wasynczuk et S.D. Sudhoff: 

“Analysis of electrical machines”, IEEE Press, 
1994. 

[2] Jean Matthieu B.: Thèse de  Doctorat de   L’INPG “ 
Contribution à la commande de systèmes 
mécaniques non- réguliers ”. Octobre 2004. 

[3] A.Y. Achour, Commandes avec observateurs basés 
sur la passivité: application à la          machine 
synchrone à aimant permanents, Thèse de Magister, 
EMP, Alger, Algérie,  1999. 

[4] Reda Boukezzoula : Thèse de  Doctorat de  
l’université  de Savoie. “Commande d’une classe 
de systèmes non  linéaires ”.  Mars 2000. 

[5] Yoon-Seok Han, Jung-Soo Choi, and Young-Seok 
Kim “Sensorless PMSM Drive with a Sliding Mode 
Control Based Adaptive Speed and Stator 
Resistance Estimator”. IEEE TRANS ON MAGNETICS, 
VOL. 36, NO. 5, SEPT 2000. 

 

-10 

, βϕ  

0.50 

0 

0.5 

stator  flux  considered  plane (α β )  
 

stator flux αϕ  

-0.2 0 0.2

-0.2 
0 

0.2 
αϕ  

βϕ

s

Current  iq ,  id ,iα   ,iβ 

0 0.4 0.6 1

0 

10 

20 

30 

0.4 0.6 0.8
-10 

0 
10 

iα   iβ 

iq   id 

 id 

iα    iβ 

iq 

s

Evolution  of  the stator current  

0 0.5 1
0 

50 

100 

Speed Ω (rd/s) Speed Ω (rd/s) 

0 2 4

-100 

-10 0 

100 

s s



58 Passivity Based Control with Orientation of the Flux of a Permanent Magnet Synchronous Motor without Mechanical Sensor 
 

ISSN 1335-8243 © 2009 FEI TUKE 

APPENDIX: PARAMETERS OF MOTOR  
 
 (In smooth poles Ld=Lq=L) 
 
PN =600W; Ω =150 rd/s; p =1; L =20.5 mH;  
Ra = 1.55Ω; fφ =0.22N.m/A; J = 2.2x10-3Kgm2; 
B =2.2x10-3 Nms/rad; Vmax =300V; Imax =20A. 
 
 
 
 

 

 

 

 

 

Fig. 7  Observer with adaptive sliding mode 
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)î.sî.s(
L
1R̂ 21a βα +=  

sLsLs EBvBAisi
dt
d

++=  

Sliding Mode Observer 

Adaptive Scheme 


