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Abstract: A simple RMRAC (Robust Model Reference Adaptive Control) scheme for the PMSM (Permanent Magnet
Synchronous Motor) i1s propose in the synchronous frame. A current control of PMSM 1s the most inner loop of
electromechanical dniving systems and 1t requires a fast and simple control law to play a foundation role in the
hierarchy s control loop. In the proposed synchronous current medel, the input signal iz composed a calculated voltage
by adaptive laws and system disturbances. The gains of feed-forward and feedback controllers are estimated by the
proposed e-modification method respectively, where the system disturbances are assumed as filtered current tracking
errors. After the estimation of the system disturbances from the tracking ermors, the corresponding voltage 1= fed
forward to contrel mput to compensate for the disturbances. The proposed method is robust against high frequency
disturbances and has a fast dynanmic response for fime varying reference current trajectory. It also shows a good real-
time performance due to it's simplicity of contrel structure. Through real experniments, efficiency of the proposed
methed 1s verified.
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L INTRODUCTION

For object transferring robots and mechanical
ayatems in various industries, the trajectory control 1=
generally required. Mecessary control torque 1=
calculated based on the dynamic model of mechanical
system and motors for the precise trajectory control. For
an example, the computed torque 1z implemented by an
indirect vector control method for a three phase PMSM
{Permanent Magnet Synchronous Motor). The control
performance 18 directly related to the current control
strategy of the motor.

P-I (Propertional-Integral) controller iz very popular
for the current control in industries [1, 2]. The P-I
controller improves steady state emor charactenstics for
a fixed reference current. However it 13 not suitable for
a system where a precise and fast trajectory tracking are
with a fast changing reference current. On the contrary,
the hysteresis current controller does not show a good
steady state performance. Predictive current controller 1=
very sensitive to motor parameters which can be
changed un-expectably by the environmental conditions
[3, 4]

This paper proposes a new current control algorithm,
RMRAC. It 12 designed as a decoupled control structure
by handling the 4 and g axes back emj in the
synchronized coordinate system as disturbances.
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I1. Statistical Current Model Representation

Current  plant model of PMSM amateur in
synchronization coordinates  and g axes can be

represented as [5].
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In the conventional approach [5], disturbance v, and
v, in Eq. (1) have been ignored and the coupled back
em.f terms are incorporated to d-g axis current state
model. In this research, decoupled dg current state
model iz proposed by defining a system disturbance as
the summation of the back em.f and the external
disturbance. That 15, the back e.nef 1s considered as an
internal disturbance. From Eq. (1), system disturbance

15 defined as follows:

Vag =Vg —Lg -Piy-@ (2a)

Vo =Ly P00+ P-L-a+v, (2b)

To represent the current model regardless of the 4
axis and g-axis, R/L;=a; and 1/L;=b; are
defined for d-axis and R/ L, = a, are defined for g-axis.



Wow from Eqs{l) and (2), the current model can be

represented as

A —E"—f.r,: (3)
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where [ represents either d or ¢ and s 1s Laplace
operator. The system disturbances, w, iz directly related
to dnft of motor parameters, back e.m.f, change of load
to the rotor axis, and error in flux angle measurement of
permanent magnet. This system disturbance affects to
the tracking error performance of current control since 1t
iz very difficult to measure and is it has time varying
characteristics. That iz, the tracking error in current
control 1z an unknown function of the system
disturbance. In stochastic point of view, tracking error
can be handled as a noise with a certain distribution.

Using this assumption, the STRE (Self Tuning
Regulator) adaptive control strategy can commonly be
founded from existing literature [6]. In real application,
precise modeling of functional relationship between the
tracking error and the system disturbance 13 impossible.
However a frequency band which corresponds to high
energy band of disturbance can be extracted precisely
from the frequency band of tracking error.

Releremce Model
I=d,q ! b

Fig. 1. Proposed RMRBAC cumrent tracking controller

In summary, the system disturbance 15 obtained from

the tracking error and fed forward to the control mput of
RMEAC (refer to Fig. 1).
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III. RMRAC Controller Design

1. Reference Model of Current Tracking Controller
Responze charactenistics of current controller agamst
time varying reference current, that is reference model,
can be defined as

bt e (4)

Iy = -y

.S'+E_,m|

represents @ desired reference current
trajectory of either d-axis or g-axis, i, i3 the output of

L&
where i

corresponding reference model, a,; 1s a parameter to
determine the response of the reference model agamst
reference time varying current trajectory, and b, 1s the
high frequency gam. With the change of these
parameters, response characteristics of control system
and robustness against disturbances are adjusted.

2. RMRAC Contral Input
The contral input of RMRAC for reference model

tracking 15 modeled as
vy = 6, (1)) + 8y, (1)1 +7 (5)

Where &, represents a feed forward time wvarying
compensation coefficient and &, 15 a feedback time
varying compensation coefficient. The coefficient
values are updated by the e-parameter estimation
method which will be described in the following
subsection. 1, is estimated by the disturbance
observer showed mn Fig. 1. This control structure
provides a perfect decoupling of dbg axis through the

disturbance observer to compensate system disturbances.

3. Estimation of Parameter of Controller using e-
modification Method

Fust of all, parameter tracking error of the contreller are
defined: @ is defined as an error between the feed
forward compensation coefficient, &, ., and the
corresponding real parameter value, 8, , and w; is
defined as the error between the feedback compensation
coefficient, &y, and the corresponding real parameter,
8y . The real values of the feed forward compensation
coefficient and the feedback compensation coefficient

are assumed to be constant and represented as follows:

Bir =bay /by (6)
By = (ay —aw) /by (7)



Where the parameters are unknown since PMSM
parameters are incorporated in themselves.

For the parameter estimation, Gradient method [7] 12
introduced. However its output 1s diverged by the
integral operation of the error and disturbances in many
cases. In practice, several alternative estimation
techniques are proposed based on the Dead None
approach [8, 9]. In the techniques, the Gradient
algorithm 1s performed until the tracking error comes
into the preset bound named as Dead Zone. This method
shows a good real time performance in parameter
adaptation speed and stability. However, the tracking
error agamst time varying reference trajectory is very
sensitive to the pre-determined threshold value. That 1s,
when the threshold value 1s amall, the output does not
converge on account of frequent integral operations and
disturbance. When the threshold wvalue iz large, the
tracking performance becomes poor even though the
output converges. Therefore, in this paper, for both of
stability and performance, emodification estimation
technique [10] 1s adopted.

The controller parameters are adapted by the following
rules:

o =71 -senlby) e -if =2 -Jo| -6y (8)
Wy == -sgniby) ey iy —ra el - 6 (9)

Where p, and p, represent parameter adaptation

gains, respectively.

V. Efficiency Verification of the
Proposed Method

From the experiments, the charactenstics of tracking
error and response current of the proposed method are
analyzed to compare to the characteristics of the
conventional e-modification method [10] in terms of
tracking performance.

Motor specifications are given as follows: rated
speed: 3000 r'min; stator resistance £ =16.5710) ; stator
inductance: L, = 0.296H L, =0378H flux:
1.32Wh.turn; number of pole pairs P=4.

Figure 2 shows block diagram of the expenmental
system for the algonithm verification. The main
algorithm is processed by Microchip dsPIC30F6010A
DSP (Digital Signal Processor). The control eyele 12 set
as 2% 107 PWM (Pulse Width Modulation) Period is
set as 4x107 5. Therefore every five PWM cycles,
input veltage of w; 1s updated. The encoder for PMSM
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for PMSM has 2048 pulses for a revolution. The
resolution 15 mproved to 8192 pulse by the bwili-in
fourfold pulse modulation at the signal processor using
the encoder pulse through QEI (Quadrature Encoder
Interface). The one pulse of encoder corresponds to
8x107™ rad. The three phase currents of PMSM are
fed to the mput port of AD converter as voltage through
the hall-effect current transducer.

Three-phase voltage source and PWM inverter are
designed by Mitsubishi IGBTs (Insulated Gate Bipolar
Transistors) {Model: PM300CLAOGD, 20EW) to drve
PMEM. Through the Clark-transform, the currents i,
is in the fixed frame are calculated, and the currents
ig and i; in the synchronous frame are obtained by
the Park-transform. The wvoltage calculated in the
synchronous frame, w; andy_, are transformed to the

voltage in the fixed frame, w, and wug, by the inverse

Park-transform. Finally the voltages, w, and wg, are
used for the inputs of SVM (Space Vector Modulation)
algorithm to caleulate the three phase mput voltage, w,,
g, 4, todnve the PMSM [11]. The flux location of
PMSM, &, is calculated precisely from the slip angle
compensation algorithm based on the current medel n

the synchronous frame [12].
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Fig. 2. Block diagram of the experimental system

Figure 3{a) and 3{b) show the current tracking
performance without the disturbance observer and with
the disturbance observer, respectively. The reference
model parameters are set as g, =1000 and
b, =1000. The adaptation gamns are p, = 2000 and
ya=01. In figures, the solid line shows the real
current value while the dotted line shows the reference
current.

The average tracking error without the disturbance
observer 13 045A which 13 reduce to 0.125A by



applying the disturbance cbserver. The tracking error
exists mainly in the d~axis while the g-axis 1s relatively
insensitive to the disturbance. Wotice that the d-axis real
current deviates 0.8A from the reference current in Fig.
3(a), while the d-axiz real current deviates only 0.25A
from the reference current in Fig. 3(b). This implies that
the disturbance observer has explicit suppression effects
against the back emj inducted by the current and

external disturbance.
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Fig. 3. Current tracking performancs. (a) Without disturbance observer.
(b} With disturbance cbserver. Parameters of disturbance observer:
cg =eg =1000, kg =hy =1200, ky=k; =10, g4g=gg=1.
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VI. CONCLUSION

This paper defines a new stochastic current model of
PMSEM in synchronous dbg reference frame including
aystem disturbances. In the control system, the
characteristics of that the tracking error 1s a certain
function of disturbances 1s used and inversely, assuming
that the system disturbance is a filtered current tracking
errors. Based on above hypothesis, a simple disturbance
observer has been designed and implemented. The
output of disturbance observer i1s fed forward to the
control mput computed by the conventional MRAC
{Model Reference Adaptive Control). To guarantee the
atability in parameter estimation, e-modification method
iz adopted. By the experimental result, effectiveness of
this algorithm has been proved at extreme disturbance
conditions. From the results of experiments, it is
concluded that disturbance in low speed operation and
instantaneous change of current cause the temporary
error, which needs to be eliminated by the future
research of disturbance observer with optimal control
structure design and disturbance signal modeling based
on spectrum analysis theory.
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