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A Study on the Sensorless Speed Control of Direct

Current Motor using Current Error Compensation

Hyung-Chul Ham

Department of Marine Engineering, Graduate School,

Korea Maritime University

Abstract

The DC motor has broadened its role in many intisparts. To control the

speed for DC motor, the system usually requires mhetor speed. However,
there are many problems in case of using speedorseng sensor requires a
mounting space on the motor, reduces the relighiitnd increases cost of the
drive system.

This paper proposes a new speed control method@rmotor, which requires

neither shaft encoder nor speed estimator. The ogexb scheme is based on
decreasing armature current gap between a numariodkel and an actual motor.
By supplying the identical instantaneous voltagebtdh model and motor in the
direction of reducing the armature current diffeesnthe rotor approaches to the
model speed, that is, reference value.

DC motor can be considered as a system whose singtd field & armature

voltage and outputs are field & armature current ammature velocity. As the

-V -



numerical model whose electric parameters are Hmesas those of the actual
motor is adopted, the armature rotating speed oancdnverged to the setting
value by controlling voltages and currents on bsitdles to be equalized.

The simulation and experiment results indicate dgepeed and load responses

and also show accurate speed changing performance.
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Fig. 2.1 Rotation principle of DC motor.
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(@) motor speed. (b) armature currents of model aotor.
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(@) motor speed. (b) armature currents of model aotor.

_23_



time [s]

(@)

actual motor
— — — numerical model

|

N

~

current [A]
o
—

(0] 6 12 18 24 30
time [s]

(b)

a9 45 AGY HAE Wt td H
(@ ds71&% (b) 293 ds71e A71AdF
Fig. 4.5 Simulation responses for step change ekdpsetting.

(@) motor speed. (b) armature currents of model aotor.

- 24 -



5113t=9o G4

B oANY s SEAAALR AATHEE 29 5l EART. AxY
FA7] 9@ shEgole] FAL ARACR wo|ARZ AN AxH,
ANAAF 9 AFL2AY Az, Ao PEIw, A ww Yol
Aok =9, A4 e e A EGE MEE SEHFH LI} A

filo

nfo] AR X Z A A AlAEl2 80586 vlo]| AR EZZAM A7 F2E IBM PCE
Ab43l9 1 PCL 818 7}=2 o] &3te] dlolEH= A+ 3.
%7] LEM LV25-P 2 A&L Algalol
O[V]~5[V] H99 Hdtow wIAIA AD ZAHEE Sl H=e3H
z2¥ 29AE AT HFAY AR ANE FF
TSt 2% 2249 IGBTE F5A717] #ste] wholam = A Aol A
Ase] giw FEAAFE I mo|t). o
g AolE FEIEE NELAR AR A Aste] AE

AFgaxete Mz AoA



oM
offt
2
°
N
N
olr
ol
ol
!
fru
2
2
2
fol
=
=
o
oo
ol
Jpx
k1
N
N
ji
il

Gate
drive
tats it %\ 11 4
: On-off
| | logic signal
|
)
: Dual port 80586
| RAM processor

Dual port
RAM

Speed
monitoring

29 51 ARAET] WA FEA 2

Fig. 5.1 Overall DC motor drive system.

_26_

:oé
=y
o,
rok
B
2
[
i
[
i)
Lo
[o
il



i
ol
=
o2
N

Ll
i3
o
rot

=

( Enable Current Interrupt )

Y
Current & DC Link Voltage Sampling
la, Ve

A

Calculation | am

A

Calculation /5 using PI Controller

( Return )

I8 52 Ao T2 OW T2

Fig. 5.2 Flow chart of control program.

524484

=

&
o

E

219 532 50[rpm] A AL HE 0 olwe] Al AE]s)

of A7IAAFE e Al de7] AT % ARl

1>

ta
e

N

_

o
>
2



dr
o
;O.ﬁ
50

i
o

X

el

i

A% 100[rpm]e. &2 *] &

[e]
e

5.4= -100[rpm]e. =

a4

el
Ton
Li

AL
o0

A

To
wjr
oo

nE
3l

X

i
o

il

4r

=

el
s

vl

oo

o)
o

217}l

N
=

12 40[%]31 1[N-m]

)

47y

5.5= 300[rpm]e.& T% F

a4

el
i
nE

e

X
mK
To

wr
o

il

o)
o
T
oy

il

Tor
o]

AL
OO

i

@
Ho

</

X

)

—~
o

=3
H

o
o

1000[rpm]e] =] & 9

5.6

a4

e
gy

0

il

A
o

o

ol
™~

TH

el
Ton
4
o
M
Bo
oo
i

3

X

o

;i

oy
0P

Yo
o
N

v
4r

Hol A =

_28_



150

g.

S

el

U%' 50 AP AAANAAANAANA AN NALANNLADNA AN
VV\IVVVNVVWV IV ~V NV Y Y, vaVv

0o 2 4 6 8 10
time [s]
(a)
0.5
actuall motor
0.4 — — — numerical model
Z! 0.3
r=R T 11 TV T
9 .
o I '
0.1 i W Al k4 y
0.0 I
04 2 4 6 8 10
time [s]
(b)

29 5.3 A% AAAHAH Hx3HEA (50[rpm])
a =3

Fig. 4.1 Experimental responses for steady statéhénlow speed range(50[rpm])

(&) motor speed. (b) armature current

_29_



200

100 //MV\ O S
6]

-100 [=v== AR e e s

speed [rpm]

-200
4 6 8 10 12 14 16
time [s]
()
2.0
—— |actual motor
1.5 -
— — =|numerical model
1.0
4
E' 0.5 W’-«'wfuq.\ru}wlwnwﬂn Vlv‘w"‘l“ HM H
Q I’”"
= e
5 0.0
(&)

05 w-lm.l n«lnm.lw )

AR BRI AR [

—

-1.0 L

-1.5

a9 5.4 A B 3w (-100—100[rpm])
(@ ds715% (b)) 7127
Fig. 5.4 Experimental responses for step changspekd setting(-166100[rpm])
(a) motor speed (b) armature current

_30_



500

400

300 4

speed [rpm]

200
100
o > 4 6 8 10
time [s]
(a)
1.0
0.8 I I |
z 0.6 ..'rn'lvl” llnnll I ll ||r|| l 'll'l
E \
o) 0.4
=
8 actual motor
0.2 — — — numerical model
0.0
-0.2
o > 4 6 8 10
time [s]
(b)

% 5.5 FetE A tfg §H(0—~>0.5[Nm])
(@ ds7145 % (b) d71Ad 7
Fig. 5.5 Experimental responses for step changéoad torque(6>0.5[N-m])
(a) motor speed (b) armature current

_31_



1500

1000

speed [rpm]

A
Z actual motor
T — — = numerical model
5 2
—
-
3 WMWWWMWMWWWWMWWMWWW
(@)
0{ gh'

a4 5.6 £x=AFl g 3= (0—>1000[rpm])
(@ d&s71&H% (b)) A712d 7
Fig. 5.6 Experimental responses for step changepekd setting(G-1000[rpm])
(a) motor speed (b) armature current

_32_



00 6 12 18 24 30
time [s]
@)
1.5
1.0

—_ |
< 0.5 " II
e \ “
E P
o 0.0 7 -
° Y / / / J
] | i
-0.5
actual motor
— — — numerical model
-1.0
0 6 12 18 24 30
time [s]
(b)

a9 5.7 £x=AH I H
(@ 715 % (b)) A712d 7
Fig. 5.7 Experimental responses for step changepekd setting
(a) motor speed (b) armature current

_33_



A

1

A

Al71aL Al

[e] =
AE N

7}

b A o) A 229

9

= A8
A%/ FR7}F B

=

14

)

=]

9]

i

-

Aol A

e

17 @ weA

3]
-

[e]

=

A o) 54

)

~
o

o

A A

ol o},

H
Fatow,

9

1

A of

(e}

T

i

AR

T

1ot

Al /\] 5

=
=

7

ol
-
o

oo
4ar

=K

qr
JJ

o
o
gl
Nfo

e

X
o

Ho

vze)

i+

—_

0

ol

o
A

rvzel

Ho
!

X

—~
o

!

3}

fol-

o
il

o] k

2 AR H T

7K
el
N
e
o

_34_

=5



[1]

[4]

[5]

[6]

[7]

[8]

ot
|
MO
re

R. Joetten and G. Maeder, "Control Methods f@ood Dynamic
Performance Induction Motor Drives Based on Curremd Votages as
measured Quantities", IEEE, 1A-19, No. 3, pp.353;31983.

S. Tamai, H. Sugimoto and M. Yano, "Speed seeless Vector Control of
Induction Motor with Model Reference Adaptive Syste IEEE/IAS,
pp.185-195, 1997.

A. Gastli, M. Tomita, T. Takeshita and N. Maitsdlmprovement of a
Stator Flux Oriented Speed Sensorless Control of Iraduction Motor",
IEEE PCC, pp. 415-420, 1993.

F. Briz, J. A. Cancelas, and A. Diez, "Speecddurement Using Rotary
Encorders for ‘high Performance AC Drives'Proc. of the 20th
International Conference  on  Industrial  Electronics, Control and
Instrumentation, IECON' 94, Vol. 1, pp. 538-542,949

K. Lizuka, H. Uzuhashi, M. Kano, T. Endo and KMohri, "
Microcomputer Control for Sensorless Brushless MotolEEE Trans.
Indus. Appli., Vol. IA-21, No. 4, pp. 595-601, 1985.

Nobuyuki Matsui and Masakane Shigyo, "Brushleds motor control
without position and speed sensors", IEEE Trans. I@h Appl., Vol. 28,
No. 1, Jan/Feb. 1992.

N. Ertugrul and P.P Acarnley, " A New Algonith for Speed Operation of
Permanent Magnet MotorsTEEE IAS Conf. Rec., pp. 414-421, 1992.

U. Baader, M. Depenbrock and G. Gierse, "Dir&dlf-Control of Inverter
Fed Induction Machine: A Basis for Speed Controlthaiit Speed
Measurement",IEEE Trans. Indus. Appli., Vol. 28, No. 3, pp. 581-588,
1992.

_35_



[9] M. G. Simoes and B. K. Bose, "Neural Network sBd Estimation of
Feedback Signals for a Vector-Controlled Inductibtotor Drive", |IEEE
Trans. Indus. Appli., Vol. 31, No. 3, pp. 620-629, 1993.

[10] B. K. Bose,Power Electronics and AC Drives, Prentice-Hall, 1987.

[11] Sae-Gin Oh, Jong-Su Kim and Sung-Hwan Kim, n®eless Speed Control
of Induction Motor using Current Compensation”, rdall of the Korean
Society of Marine Engineers. Vol. 27. No. 4, 2003.

[12] Katsuhiko Ogata, "Modern Conrtol Engineering?,< %3, 1993.

[13] Benjamin C. Kuo, "Automatic Control Systemd$rentice Hall, 1991.

_36_



	1. 서 론
	1.1 연구배경 및 동향
	1.2 연구 목적
	1.3 논문의 구성

	2. 직류전동기의 개요
	2.1 직류전동기의 구동원리
	2.2 직류전동기의 수학적 모델링
	2.3 직류전동기 제어방식
	2.3.1 전기자전압 제어방식
	2.3.2 계자 제어방식


	3. 직류전동기 센서리스 속도제어
	3.1 기존의 센서리스 속도제어
	3.2 전류오차보상에 의한 센서리스 제어

	4. 시뮬레이션 및 검토
	4.1 전류오차보상에 의한 제어시스템의 시뮬레이션
	4.2 시뮬레이션 결과 검토

	5. 실험 및 검토
	5.1 실험장치의 구성
	5.1.1 하드웨어 구성
	5.1.2 제어프로그램 구성

	5.2 실험결과 검토

	6. 결 론
	참고문헌

