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Current Compensation Scheme to Reduce Torque Ripples of
Delta—connected Low-inductance BLDC Motor Drives

Do-Hyeon Park', Dong—Choon Lee™, and Hyong-Gun Lee?

Abstract

This study proposes a method for compensating for the commutation torque ripple of delta—connected
brushless DC motors with low inductance based on a current predictions. At the commutation instant, a phase
current at the next sampling period is predicted and compared with the reference phase current to determine

whether torque ripples will occur or not.

If the predicted current cannot reach the reference phase current, the

reference current is modified and the relevant voltage reference is produced to reduce the torque ripple. The
validity of the proposed method has been verified by simulation and experimental results. The commutation
torque ripple has been decreased by 17.7% at 1,000 rpm and 80% load conditions.
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Fig. 2. Three-phase trapezoidal back-EMFs and phase
current waveforms of ideal A-connected BLDC motor.
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Fig. 5. Control block diagram of the proposed method.
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TABLE I
SYSTEM PARAMETERS

Value
28[Vel
4,000[rpm]
0.048[Nm]

Number of poles 6
Rs 1.2[Q]
L, 705[uH]
15[kHz]

Parameters

Rated voltage
Rated speed
Rated torque

Switching frequency
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Fig. 6. Without compensation at 1,000[rpm] and 80% loads
(a) rotor position, (b) currents, (c) torque.
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(a) rotor position, (b) currents, (¢) torque.
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TABLE II
COMPARISON OF TORQUE RIPPLES WITH
SIMULATION RESULTS

Without With
%perfﬁl Load compensation compensation
1000 40% | 0.0035 7.3% 0.0029 6.0%
80% | 0.0105 21.9% 0.0053 11.0%
4000 40% | 0.0026 54% 0.0019 3.9%
380% | 0.0152 31.7% 0.0109 | 22.7%

BLDC motor driver
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Fig. 10. Experimental setup.
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(a) rotor position, (b) currents, (c) torque.
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Fig. 15. Compensation performance under variable speed
operation.

TABLE III
COMPARISON OF TORQUE RIPPLES FROM
EXPERIMENTAL RESULTS

Without With
Speed Load compensation compensation
[I‘pl’l’l] 7;;1(7)‘1; AT Yg)k*pk AT
[Nm] ‘ [Nm]
L000 40% | 0.0043 9.0% 0.0042 8.7%
, 0% | 0.0174 36.2% 0.0089 185%
000 40% | 0.0113 23.5% 0.0088 18.4%
’ 80% | 0.0143 29.8% 0.0080 16.7%
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