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Robust Nonlinear Speed Control

For Permanent Magnet Synchronous Motor

In-Cheol Baik, Kyung-Hwa Kim, Gun-Woo Moon, Se-kyo Chung, and
Myung-Joong Youn
Department of Electrical Engineering
Korea Advanced Institute of Science & Technology

Abstract: A robust nonlinear speed contro! of a permanent
magnet synchronous motor(PMSM) is presented. A per-
turbed dynamic model including the influence of parameter
variations and speed measurement error on the nonlinear
speed control of a PMSM is derived. Based on this model, a
boundary layer integral sliding mode controller to improve
the robustness and performance of the nonlinear speed
contro} of a PMSM is proposed and compared with the
conventional controller.

1. Introduction

Usually, the speed controllers of a PMSM are based

on linear models. Since the dynamics of the mechanical

speed and the currents are quite different, they can be
decoupled and treated separately in successive regulation
loops. However, studies show that such an approximation
leads to the lack of torque during the speed transient and
reduce the efficiency of control [}, A solution to this
problem is to consider the motor speed as a state variable in
the electrical equations, which results in a nonlinear model.
Then the nonlinear control method is applied to obtain a
linearised and decoupled behaviour [2]. However, the non-
linear controller is very sensitive to not only the speed
measurement error but also parameter variations such as
stator resistance, flux, and inertia due to the temperature rise
or- product tolerance of magnets and load variations. By
including the integrators in the control loops, the steady
state error may go to zero [2]. However, the transient and
even steady state performance can be still significantly
degraded and no robustness is guaranteed [3). In this paper,
a perturbed dynamic model including the influence of

parameter variations ‘and. speed measurement error on the
nonlinear speed control of a PMSM is firstly derived and
then the robust controller employing the boundary layer
integral sliding mode is designed to obtain the robust control
performance for both the transient and steady state.

2. Perturbed dynamic model
The machine considered is a surface mounted PMSM and

the nonlinear state equation in the synchronous dg reference
frame can be represented as follows :
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where, f = ~RiLJi,+ p(L /LS,

£ = ~plLJLYIA - (RILI, ~ pOJLL f;= (31)p (D)), ~ (F QR
—~742). In order to avoid any zero dynamics and to get a total
input-output linearisation, the direct axis current(i,) and the
mechanical speed(€2) are chosen as outputs. Fromeqn. 1 and
the assumption that d7,/dr =0, the relationship between the
outputs(i,,Q2) and inputs of the model (v,,v,) can be obtained
as follows {21 :
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The nonlinear control law which permits a linearised and
decoupled behaviour can be deduced. And, the poles for the
desired error dynamics of the outputs are easily chosen by
means of selecting the design parameters using the integral
time-absolute  error{ITAE) criterion, etc . However, the
actual nonlinear control law employs the nominal parameter
values(R,, J,, ¢,,) and mechanical speed measured by a speed
sensor{Q,) as follows :

ope) o

where v,, v, are the new control inputs and A,, B, are
obtained from A, 8 using the nominal parameter values and
measured speed. As a result, the perturbed dynamic model
instead of a linearised and decoupled model, can be obtained
as follows : '
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where the terms f,.f,, and the control input gain b are
unknown but bounds of them can be deduced. Now, we
consider the feedback linearisation technique as a
model-simplifying device for the robust control {3].

3. Control strategy

Assume the bounds of parameter variations and speed
measurement error as follows :

R=oR, (= 1) S oS o, (= 1.5)

J=BJ, Brn(=1)$P< B (=4)

(D[ = Yq)ﬁ;' Ym‘m(= 09) < Y < ’Ymnx(= 1 1)

Q=38Q, 8= 1/1.05) €8 <6,,,(= 1/0.95).  (6)

And the parameters of a PMSM are R, =1.07Q,
Ly=L,=2.1mH, ®, =0.17Wb, J,=1313-10"Kgm?,
F,=8.75- 10~Nmsec,

p =2, rated speed = 314rad! sec, rated power = 120W.

Using eqn. 6 and the above parameters, the estimates forfonr

and error bounds F,,, F,, of f,,,f,, for the perturbed dynamic

model can be obtained as follows :
£, =-254.762i,—-0.00501Q,i

oy
F, =]-254.762i,~0.10025Q,i, |

Ja=-533577.672i, - 5212.530Q, - 19033.1 157, - 21.417Q, i,
F,.=l 554932.827:', + 10404270182, + 24 108.612T(FH28.33702, i, | .

Bound on control input gain b = ®.J,/®,J) is
b (= %—~ = 0.225] <hsh,, (: Towx 1y, 1]. ®)

'max Bmin

Let e,=i, -i.e,=Q,-Q for the boundary layer integral
sliding mode controller where i,, and Q, are the tracking
commands of the direct axis current and mechanical speed
of a PMSM. From the bound on contro! input gain b of eqn.

8, the geometric mean 5 can be defined as
12

b= G = () ©)

The sliding surfaces s,, s, are chosen as

! 1
x,=(i+k,)f e dr=e,+k.f e, dt—e,0) (10)
dt 0
d Y de, L
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And the control laws v,, v, are

v, =,k sat| 2
1= V=K sa Y (12)

v, = 6“’(\'}2 —k, WG’E’D (13)

where, Gy == Mt ki = Foy 41 Vo = —f - Dy deydt - Njey,
by =W(F,+ M)+ (¥ - 1)1V}, sat() is the saturation function, ¢,,
¢, are the. boundary layer thicknesses, and
¥ = (Do) = {VunPrad VmaBu)} . AlsO, A%y, and 7 are the
strictly positive constants.
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Fig. 1  Overall block diagram of the proposed ro-
bust nonlinear speed controller

4. Simulations and concluding remarks

For the scheme of the proposed robust nonlinear
speed controller described in Fig. 1 and conventional
nonlinear controller, Fig. 2 and 3 show the speed response, i,
, and i, without or with parameter variations and speed
measurement error, respectively. The design parameters
used for the conventional nonlinear control scheme are
selected to show nearly same settling time with proposed
controller. As shown in Fig. 3, there are significant degrada-
tions in the transient response such as the enhanced over-
shoot, sustained settling time, and even steady state oscillat-
ing error for the conventional nonlinear control scheme [2].
However, the proposed robust nonlinear control scheme
shows the transient and steady state responses robust to
parameter variations and speed measurement error. Bounds
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Fig.2  Simulated speed response, i, and i, without
parameter variations and speed measurement
error

of uncertainties needed for the robust nonlinear contro! are
obtained by deriving a perturbed dynamic model and the
robustness is obtained by using these bounds to generate the

—235-



Spesd fra¥sec| Current [A]

% ﬂﬁ o/ Soeed™
1A A
Rl v v LA oo iy
¥ V \—q -
Propoesd convoter Speect
100 f - ; Coremmnicen) conroe Y 0.08 Y I- 10
i » (S
s ==y
! o1y Y
5 ¢ L s
i ! b, e 34
i i |
° i " e i o
Fe300% ReS% o Flac-10% Sproed Mensirmmont ol 5%
= oy ¢
o oz o4 o8 08 1 12 14 18 18

Fig.3  Simulated speed response, i, and i, with
parameter variations andk speed
measurement  error

controf inputs which compensate the parameter uncertainties
and speed measurement error. Chattering and reaching
phase problems are avoided by using the boundary layer and
integral sliding mode [3-5]. Consequently, with the pro-
posed robust nonlinear speed control scheme, the solution to
the nonlinear speed control problem of a PMSM to aveid the
lack of torque during the transient is obtained, which is little
affected by the parameter variations and speed measurement -
error.
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