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Improvement of Low Speed Operation Characteristic of DC Servo Motor
Using a Fuzzy Tuning Speed Observer

% &8 mT
(Chang-Hwan Ahn)

Abstract - This paper deals with speed control of DC servo motor using a Fuzzy tuning observer. Speed sensor detect a
speed of rotor continuously. But it have a limit as a driving speed to detect speed precisely. So it is problem to improve
the performance of the driving system. To solve the problem, it is studied to detect a speed of DC motor without
sensor. In particular, study on the method to estimate the speed using the observer is performed a lot. In this parer, the
gain of the observer is properly set up using the fuzzy observer. The fuzzy observer has a superior transient
characteristic and is easy to implement compared the existing method is designed. It estimate the derivative of the
armature current directly using the armature current measured in the DC motor. It estimate the speed of the rotor using

the differentiation. It is proposed speed sensorless control method using the estimated speed.

Optimal gain of

Luenberger observer is set up using the fuzzy observer and adapted speed control of DC servo motor low speed operation.
It is proved excellence and feasibility of the presented observer from the comparison tested a case with a speed sensor
and a case without a speed sensor which used a highly efficient drive and 200W DC servo motor starting system..
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Table 1 System response to the change of observer gain
S5 4557
el & | k4 os T oS T
[rpm]| [s] (AT} [s]
40 | 10 3002.3 0.118 3.308 0.12
10 6 [ 06 30002 0.113 3.253 0.118
40 1 01 30055 013 3.379 0.21
1710 30103 0.125 3.277 0.26
40 | 10 3000.7 0125 3.2704 0.142
04 6 106 error error error error
40 | 0.1 30005 0.172 3.2705 0.2
1|10 3003 0.2 3.2785 0.2
40 | 10 30113 0.103 87633 o111
ol 6 | 06 30004 0.157 11618 0.183
40 | 0.1 3071 0122 6.2849 0.128
1] 10 3064.3 0.111 9.0153 0.114
40 | 10 error error error error
0.04 6 |06 30607 0.118 7.2776 0.123
40 | 01 30587 0.111 90355 0113
1 10 error error error error
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Fig. 2 Structure of Fuzzy Tuning Observer
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Fig. 3 Nonlinear triangle membership function
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Table 2 Fuzzy rule for observer gain L

Alaf NB | NM | NS | ZE | PS | PM | PB
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NB NB

NM | NB [ NB|NM|NM|NM|ZE | ZE

NS NB [NM | NM | NS | ZE | PS | PS

PS NS | NS | ZE | PS | PM | PM | PM
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x 3 N&EH™ Algalold A (200 rpm)
Table 3 The results of constant low speed (200 rpm)

7€YY 7184 =(200 [rpm]) AF(0.216 [AD
Maximum %0S |Ts [sec]
overshoot[rpm]
2w A 2 = [rpm] 207 4 0.104
B571 | "R(A) 067 2194 | 0105
A5z |5 =] 2014 05 | 0133
BS71 | w3 024 157 | 0144
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Fig. 5 Results of simulation
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Table 4 Specification of the DC servo motor

34&9 Pr 200 W
AHE= Tr 6.50 Kgf - cm
AAFH A Nr 3,000 rpm

AAAF Ir 35 A

AAAY Er 5V

F713¢444+ | Km 2250107 V/rpm
AR AR Km 6.25
AR Ke 0.48
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Fig. 6 Experimental system configuration
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Table 5 The results table of constant speed control without load

HoNz 2% [rpm] 73 10
A BEe 23 (%) 14.4 2.0
&AL [secl 0.0102 0.0092
A F A2 [sec] 1.1214 1118
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Fig. 7 The results of constant speed control without load
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Table 6 The resuits table of constant speed control with load(S00om)

Hoigt [rpm] 475 497
Ho NEg 273H%] 0 0
2523 [sec] 0.126 0.139
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Fig. 8 The results of constant speed control with load
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