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Automatic Velocity Ripple Compensation Algorithm by Feedforward Control
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In order to improve the speed performance of the direct drive mechanical systems, a
comprehensive analysis of the velocity ripples of blushless DC motors should be required. Every
motor has a certain level of torque ripples when it generates power, and the generated torque
ripple also makes the velocity ripples in the final output stage in speed control system. In this
paper, a novel algorithm for reducing velocity ripples is proposed based on the modeling of torque
ripples for BLDC motors. Various algorithms have been made for torque ripples, but usually they
should be installed inside the amplifier logic, result in the difficulties of flexibility for various kinds
of torque ripples. The proposed algorithm was developed for being ported in the controller not the
amplifier, and it has the capability of the automatic compensation adjustment. The performance of
the proposed algorithm was verified by effective simulations and experiments.
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Fig. 1 Three-Phase current diagram
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Fig. 2 Velocity ripples at different target velocity

Table 1 Velocity ripples without compensation

Target velocity | Magnitude | Standard | Cycle time

(rev/s) (rev/s) deviation (sec.)
2 0.672 0.2080 0.125
15 0.818 0.2715 0.01667
20 1.73 0.5590 0.0125
25 2.48 1.0362 0.01
30 0.76 0.2201 0.00833
35 0.58 0.1369 0.00714
40 0.37 0.1046 0.00625
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Fig. 3 Magnitude of velocity ripple at different target
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Table 2 Comparison of the cycle times

Target velocity Cyclg time Cycle ti.m N
(rev/s) (experiment) (simulation)
(sec.) (sec.)
2 0.12509 0.12500
15 0.01671 0.01667
20 0.01253 0.01250
25 0.01006 0.01000
30 0.00830 0.00833
35 0.00709 0.00714
40 0.00624 0.00625
stes AA |9 o O o] WsiEER, 9%
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Fig. 8 Experiment setup

PC Port Feedback

Port Control
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Feedback DIA output Current Control

Fig. 9 Block diagram of experiment system
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Fig. 10 Velocity ripple (15 rev/s)

Table 3 Comparison of the velocity ripple(15 rev/s)

. Standard

Magnitude deviation
without compensation 0.818 0.2080
with compensation 0.402 0.1092
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Fig. 11 Velocity ripple (20 rev/s)

Table 4 Comparison of the velocity ripple(20 rev/s)

. Standard

Magnitude deviation
without compensation 1.73 0.5590
with compensation 0.58 0.1650
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Fig. 12 Velocity ripple (30 rev/s)

Table 5 Comparison of the velocity ripple(30 rev/s)

. Standard

Magpitude deviation
without compensation 0.76 0.2201
with compensation 0.24 0.0630

withbut
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I—> with compensation

velocity ripple ( rev/s )
@
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, . . . . . . .
2.75 2.8 2.85 29 2.95 3 3.05 31
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Fig. 13 Velocity ripple (35 rev/s)

Table 6 Comparison of the velocity ripple(35 rev/s)

. Standard

Magnitude deviation
without compensation 058 0.1369
with compensation 0.22 0.0633

Table 7 Comparison magnitude and standard deviation
of velocity ripple at 15,20,30,35 rev/s

target without with decline

velocity | compensation | compensation ratio
15 0.818 0.402 50.86%
20 1.73 0.58 70.48%
30 0.76 0.24 71.37%
35 0.58 0.22 53.76%
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