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A Torque Ripple Reduction Drive Strategy for Permanent Magnet Brushless DC Motor with
Imperfect Back Electromotive Force

Tao Sun, Gi-Yong Nam, Geun-Ho Lee, Jung-Pyo Hong
Changwon National University

Abstract - This paper presents a drive strategy to reduce
(orque  ripple of a permancnt magnet Brushless DC Motor
(BLDCM) with short 120" flat top Back Electromotive Force
(Back-EMF). In this strategy, the phase Back-EMF is divided
into four scctions. Then, in ecach section the phase current is
regulated by corresponding PWM  duty ratio to compensatethe
torque ripple caused by imperfect Back-EMF. A program bascd
on this strategy has been implemented in MATLAB@Simulink.
The validity of the presented method is verified by simulation
resulls.

1. Introduction

In BLDCM drive, the commutation proccss may produce a
current ripple in the non-commutated phase. In ideal Back-EMF
case, it directly causes a ripple in torque [1). Many analysis and
solutions have been introduced to reduce the commulation current
ripple such as [2] and [3]. In practice, however, the Back-EMF
usually has an imperfect short 120° flat top as shown in Fig. 1
(a). According Lo the conventional solutions, the torque for this
imperfect Back-EMF is simulated and shown in Fig. 1 (b
Because the torque ripple gets about 30% of mean torque value,
the conventional solutions arc valid no more.

In this paper, a strategy of torquc ripple reduction for the
BLDCM with imperfect Back-EMF is presented. In this stralegy,
the Back-EMF per 60° is divided into four scctions. Then, in
cach scclion the phase current is regulated by corresponding
PWM duty-ratio to reduce the torque ripple causcd by imperfect
Back-EMF. In addition, for imperfect Back-EMF, a new criterion
lo estimate torque ripple during phase commutations proposed. A
program based on this strategy and table 1 paramcters has been
implemented in  MATLAB@Simulink. The validity of the
presented method is verified by simulation results.

2. Proposed Solution

The assumption of 3-phase BLDCM stator windings is "Y"
connected. The inverter and molor cquivalent circuit is shown in
Fig. 2 (a) According to it, the dynamic cquations of a BLDCM
can be expressed in (1) and (2).
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Because the proposed model is symmetrical, the analysis of
One commutation scction is also suitable for the whole period.
Fig. 2 (b) shows the chosen commutation section where phase a
and phase b are out-going phasec and in-coming phase,
‘espectively. On the other side, according 1o Back-EMF and
current state, 4 sections are assumed as shown in Fig. 2 (b).

2.1 Section |

In this section, only onc current flows in series connected
1::;“"* # and ¢. In the assumption, the Back-EMFs of phasc a
£ ¢ are constant. Thus, the toryue can be expressed as @
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<Fig. 1> (a)the imperfect Back-EMF (b)the torque ripple
caused by imperfect Back-EMF
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<Fig. 2> (a) the equivalent circuit of a BLDCM drive
system (b)the Bakc-EMF divided into 4 sections

where E is constant value of Back-EMF, I is set-point value of
phase current. A set-point torque value also is sct in this
section.

2.2 Section |l

In scction II, phasc-a Back-EMF begin varying with clectrical
position. How to give current of cach phasc to be able to
maintain 2EI torque is the control purpose.

According to (2), the reference current varying rale can be
golten. By means of controlling switch 1 and 2, the phase a and
¢ currenl can be cquated to reference current. And  the
State-Space Averaging Technique could be used to get a PWM
duty-ratio (4) that can dcterminc how to control the switch 1
and 2 and hence the current varying rate.
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2.3 Section Il

Owing to the posilion sensor, the phase b is triggered from
this scction, which is the beginning of commutation. Until
phasc-a current vanishes, the commutation process finishes.
Usually, the commutation duration is so short that the
Back-EMFs can be regarded as constant. Hence, the drive
strategy in this section focuses on current ripple directly. And
according to (2), the reference current varying rate is gotlen as

&, . &, V, d4n+120,
- (- .- ):—Ew “rr+60‘,_ (case 1) (5)
i, i, V, 4m+126,
s (- ™ )= g S T3 (case 2) (6)
i, i, V, 4an+126,
F o <(— P ) ‘—"-': < }:‘_‘at - (case 3) (7

Case 1 shows that there is no torque ripple in section III if the
ratio of DC-Link voltage and phasc Back-EMF constant value is
same to (5). This is also a new criterion for the BLDCM with
imperfect Back-EMF to estimate the commutation torque ripple
state, whercas Case 2 and Case 3 mcean that there are spike
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current ripple and dip current ripple respectively during
commulation.

In order to reduce the current ripple of case 2 and case 3, the
in-coming or oul-going phasc should be controlled by

corresponding PWM. For the case 2, the PWM duty-ratio for
controlling phase-b current is
2 AE(x+34,)

Pa =3t v Gree,) i

In order to reduce the current ripple of case 3, the out-going
phase (phase a) is controlled by PWM. It is somewhat different
from the last control strategy because that controlling of phase a
can affect phase-b current duc to neutral voltage as shown in
(9 <

¥, e, te,te,
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Hence, the duty ratio for reducing the dip current ripple of

case 3 in commultation step is
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2.4 Section IV

When phase-a current vanishes, the commutation step finishes.
But phase-b Back-EMF still is in varying stale, which is similar
to the phase-a Back-EMF in section II. In the same method
with section II, the corresponding PWM duty-ratio is
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3. Simulation Result

The figure 4 (a) and (b) show the simulation results and
corresponding PWM that the proposed strategy is adopted to
reduce case 2 and case 3 current ripples.

The current shape based on the proposed strategy is
shown in figure 4 (c!. And the corresponding torque whose
ripple has been reduced by the proposed method is shown in
figure 4 (d). It is evident that the torque ripple is reduced
from about 30% to about 1026 of mean value.
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(d)
<Fig. 4> (a)the current in the proposed strategy for solving
case 2 and corresponding PWM; (b)the current in the
proposed strategy for solving case 3 and corrensponding
PWM; (c)the 3-phase currents of the proposed strategy;
(d)the improved torque by the proposed strategy

4. Conclusion

This paper presents a novel drive strategy to reduce torque
ripple of BLDCM with short 120° flat top Back-EMF. In this
strategy, the Back-EMF is divided into four different secctions.
Then, in each section the phase currents are regulated by
corresponding PWM duty-ratio, which compensates the torque
ripple caused by imperfect Back-EMF. Particularly, in
commutation section, the conventional commutation torque ripple
estimation equalion is no more valid. An improved criterion is
proposed in this paper. Depending on it, the commutation torque
ripple can be predicted and suppressed easily. And Due to the
all drive seclions are mainly determined by Back-EMF shape
and rotor position, the robust performance is achieved in this
stralegy. A program based on this strategy has becn
implemented in MATLAB@Simulink. The validity of the strategy
has been verified by simulation results, which show the torque
ripple is reduced from 30% to 10% of mean torque value.

{Table 1> Motor Parameters

DC-Link Voltage 110/81.2 (V)
B4 n/10

Phase Inductance 3.05 (mH)

Phase Resistance 0.75 (Ohm)

Speed 1300 (rpm)
Back-EMF 25 (V)
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