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Analysis of Dead-Time Compensation Method using Disturbance Observer for Vector control
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This paper proposes analysis a dead-time error voltage compensation method with a disturbance observer for vector control,

and analyses the proposed method. The dead-time compensation is very important to improve performances in the low speed

region. The proposed compensation method is composed in the d-q rotational frame with the disturbance observer. As a result, a

disturbance transmission characteristic becomes same as a high-pass filter. Then a stability of the proposed controller is hardly

affected by controller parameters.

In this paper, the validity of analysis is confirmed by experimental results under some

conditions. The experimental results are similar to analyzed characteristics and indicate a validity of the analysis results.
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Table 1. Analysis condition.

Parameters Values Parameters Values
Primary resistance R, 43.3mQ Proportional gain k, 1pu
Secondary resistance R, 22.5mQ Integrating time T; Imsec
Leakage inductance L, 0.452mH Observer time constant Ty 0.2msec
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Fig. 4. Frequency response of equation (6).
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Fig. 5. Frequency response of equation (7).
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Table 2. Range of parameter variation.

Min. Std. Max.
R, 0.5R R 2R
Lo 0.5L, L, 2L,
ky[pu] 0 1 2
Tms] 1 10
Tms] 0.1 0.2 10
1000_ ....................................................... N0'30
800 Nds
No. ©
600 g
400
200 :
No.7:
0 o
No.8:
-200
-400
-600 o3 Nd-6 .
-800
No.4 :
-1000 = i

-6000  -5000  -4000  -3000  -2000  -1000 0

(a) 8 roots placement.

6.208 6.208
6.207 6.207

e =]
6.206 6.206
6.205 6.205
6.204 6.204

-2.584 -2.583 2582 72584 -2.583 -2.582
(b) Variation of R, (c) Variation of L , .
6.208 6.208
6.207 6.207
6.206 6.206 -
6.205 6.205
6.204 .
-2.584 -2.583 -2.582 6 2—8?‘584 -2.583 -2.582
(d) Variation of 7} (e) Variation of 7}

6.208
6.207

el
6.206
6.205 O shows no parameter variations.
6204 V shows minimum parameter

2.584 -2.583 -2.582 /\shows maximum parameter.

(f) Variation of k.
6 ARMLER & No.7 DIRELES

Fig. 6. Roots placement and root locus of No.7 root.
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Table 3. Experimental conditions.

Motor parameters Values Motor parameters Values
Rated power 2.2kW Rated current 11A
Poles 4 Rated speed 1500r/min
Rated voltage 188V Rated frequency 50Hz
Controller parameters Values Controller parameters Values
Switching frequency 10kHz Integrating time 7; Imsec
Dead-time period 3 u sec Observer time constant 7; 0.2msec
Proportional gain £, 1pu
1d o *
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Fig. 7. Experimental system.
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Fig. 9. Total harmonic distortion of output current.
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Fig. 8. Output current waveforms.
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