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A Study on the Sensorless Speed Control of
Permanent Magnet Direct Current Motor

Hyeun—Chul, Kim

Department of Mechatronics Engineering,

Graduate School, Korea Maritime University

Abstract

The variable drive systems recently have been required in many
industrial parts. To control the speed for a motor, the system usually
requires the motor speed sensor. However, there are many problems 1in case
of using speed sensors. A sensor requires a mounting space on the motor,
reduces the reliability, and increase cost of the drive system.

Therefore various sensorless control algorithms have been proposed for
the elimination of sensors.

This paper proposes a new sensorless speed control scheme of permanent
magnet DC motor using a numerical model and hysteresis controller, which
requires neither shaft encoder, speed estimator nor PI controllers.

By supplying the identical instantaneous voltage to both model and
motor in the direction of reducing torque difference, the rotor speed
approaches to the model speed, namely setting value and the system can

control motor speed precisely.
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As the numerical model whose electric parameters are the same as those
of the actual motor 1s adopted, the armature rotating speed can be
converged to the setting value by controlling torque on both sides to be
equalized.

And the hysteresis controller controls torque by restricting the torque
errors within respective hysteresis bands, and motor torque are
controlled by the armature voltage.

The simulation and experiment results indicate good speed and load
responses from the low speed range to the high, show accurate speed

changing performance.
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Fig. 2.2 Rotation principle of DC motor 1.
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Fig. 2.6 Dynamic model of DC motor.

(2.7)

4 +B w,+ 1T,

J w
dt

T,

T
B
P

|55 2

=

721—74

2 26904 v

(2.8)

7 S5 Ao A

A

(2.9)9F o]

Al
A

Y
(@)}
™
N—
3
RS
&
S|
>
I
=~
3

4714

wl
=

dl.Al
A



(2.10)
(2.11)

FaL, A7) A

OX]‘

i

S

<]

7

J

Q

= =2
=

}

[+

H,
(2.10), 21D #Zo] & = St

- x)
LG

v(l - T(I/I:(l
Ly

9} A
T, = K,

s

AT

2.3.1 A7|AAS Ao

29 273 #Zol AFAdET|olA AR
7]

O
221003 A @1DeA dE7E$eet Ba

=

d

-

1.

*

ojy
ojn

R

-
o

ircui

Control
C

F 3
A 4

Vg

Armature
Field Current

Constant
Field Current

Fig. 2.7 Armature voltage control method of DC motor.

9 28¢ A AR

5
3V

ojy

zel
Ui
)

_10_



Armature
Field _Current

I Y

(%) | Gircut

29 28 FFAE ARAE) S ATIAAE Ao

Fig. 2.8 Armature voltage control method of permanent magnet DC motor.

2.3.2 Al A A o] 2

AR5 SEE Aojds E Ue $AS Axdo] Aol o wa

< A7IAAYE LA A7)|2 fFAEA ARAFE HEAA SEE A0d}

JEOAA & & gRe]l AF/EEE ARAF vk nHOo R 3

—_

—_

/8 £437] Sl AGARE Zolo} shizdl odd $AL FAKY

—_

_11_



Field Armature
Current Current

a9 29 ARAE71) AA Ao

Fig. 2.9 Field current control method of DC motor.

o] HmAo] W AXARI AVNAAF walA FFe A3 Aol &
oFne AL ARE Aojslel T FHL AT & A& 5ol 9ot ug
e e AR dste] SmEHe Aude A Rk w1, A4

2.3.3 A& Ao

AGgA = 28 21039 o] A7|AF 2o AER A & Wil AZEE

Aske} g Aojehi ol

o
AN
N

;j
=
of
il
N
=
I
=
2
HiL)
b
(it

o] MAL ARARUY & 7144

_12_



Constant Armature

Field Current Field Current W\/
la

1 ¢
F .,

bcO vy Vo | DC)

FIELD

a8 210 AFA 579 A7 A o]k

Fig. 2.10 Resistance control method of DC motor.

24 JTAN AFAET

oA 2 A F A5 7] (Permanent magnet DC motors)E 18 2.11(a)9} Zo]
BTAE AFom AREstY e Aol AR ZH el FHE- o
ATH FTAA Y AFREE Mg, Y e vE g1 gE5E0] AF AR
Ha AXALe] gloerng AV|7E Aa ZEo] Uk AlAAAY FHEe A
g &Aool glen=m Yol folste] "HY T Azo] Jhesith 53
du A FFAE Aol 9gk AeAsrr 7Hd Av ey ARkl vk
w7 stk ©ado] Slal fx-Ea 5o Folsir) mg A s

EoBre g 2ANAT oW TAALY FrAGe FusA gon
& 3

£33 g SuAlel VA Aste) ®A4el o8] sl A st
=3

2.11(b)o} zEo]l H7|AF el W

_13_



A

Ta speed
PM

current
(a) 3|2 % ) &%, dF-E2 F4
(a) a circuit diagram (b)speed, current-torque curve

2y 211 9P A FAE)

Fig. 2.11 Permanent magnet DC motor.

M
ol

ATAN DB vwd PE7E destn Ad 2 5o Tov 4
A HE-E @
Fga 5 glrks Aotk 19 2119 dFA ARAEE A4

29 2129 SobE 2R e ¢

j
i
o,
o
AN
N
Y
2
Noss
vl
e
v
et
o2
2
rlo
N7
g
AN
N
2
=
s}
H,

H
>

9 212 G7AY AFdEre srE R

Fig. 2.12 Equivalent circuit of permanent magnet DC motor.

_14_



ARG, A71dE s A7 AR A212) ' (213)3 2k

o714 K. = d713d9 d(V/rad/sDeolt,

As7] dAEAE gL 23 72

1. =K

e ta

Kt(va—ef) K;(va—chr)

T, Ty

A7|1N K, & E23F(N-m/ADolth

212150 o8t H £E-Ea 34e AHo| €
7 72o] Ak
Tr, = Kv,— K Ku,
K;/U(l_ ]-;JT(J /U(J, T(] T
YT TTRK, K, KK, °

_15_

(2.12)

(2.13)

(2.14)

(2.15)

(2.18)



H

e
N
I

=0 o] wAEER 0 2] .

v
=% 2.1
max Kc ( 9)
D E=H2 4(2.20)0] At
P,= ei,= Kw,i, (2.20)

_16_



A&7 AXE L S50

"

=
=]

3.1 Aojgare

(3.1)

(va —Kaw, — raz'a)

dt

(3.2)

(3.3)

(3.1)~(3.3)el ¢

Al
A

agoz ey g 313 2k

Wy
>

PM DIRECT CURRENT

MOTOR

Va

Fig. 3.1 Input and output variables of DC motor.

o

1yl 3.29F Zo

;OL

N

_17_



T'm

PM NUMERICAL
MODEL

i+
G
0
e
o
o}
Gl

5

—_

+

TR

Fig. 3.2 Input and output variables of numerical model.

K

(3.4)

w K, + (ra —l—pLaa)ia

v, —

(3.5)

wr mKt + (Ta +pLaa )iam

/U(l’nl

e 2359 22 &

-

(3.6)

/L'am )

(ra +pL,, ) (z’a

K (w,, —w,)

Ki,, ol L2 2(36)8 2(3.7)°] Hr},

(3.7)

1
Kt (wrm _wr) = —(Ta +pLaa)(11€ - Ilzm)

Al
A

e, 4

I d&71e 3

FobA 2(3.7)0l 9§

3
T

Aske <7t

St

719l A7) A F AR

5

il

1}

_18_



1 Aol &

I

Aoy7le] £

o]
A%

°f

719 EavF Rde Eadc) =24 o)

A 9

= CY = N

oo w0 L S
H W o Ny ! m
o= F o) O ; m
=~ N W Tm > | o X N “
o — " ! i = ]
Ho - L — i x o )
TN R @ o o m W |
w W@ e o 0z i
w o m % w m N “
T ® oo AT 1& " >, 7 !
= i | t+r _
o Mo o T2 : !
o S on o “ _ ’ m
_— ™ 7o TR | Tmn B !
ellyi 0 \\.AI — H m
e T T A B P i
WO A g M L |og m
X e D | = _
3 T ofp <M a eﬂg | _._M.,m m
— o i H
TR I S A |
o " _ “
®Om K M T m !
o = N BN i "
T I m !
! Jl\_ g e e e A e e !

B o om T K

W T o T T

by the hysteresis controller.
- 19 -

DIGITAL PROCESSOR
Fig. 3.3 The block diagram of sensorless speed control system

j2Hz A2 Ao]

Ky

3.2



ATt BEZ Ago] W] mE FEo] M EE 8 AT = 3974(-1, 0, 1)

e -

* —Hy ATe=
Hy

e Te‘: m

~
v
4
Y
v~

9 34 E= saEH A A Bl B4

Fig. 3.4 Characteristics of torque hysteresis comparator.

%, 2ae) NHA e A E2aeke] o AT 7t Hy vy & 3A5(AT,
Hp) At F5DA 7|3, AT, 7F —Hyp By 28 AX(AT, <—Hy) A4S

_20_



ol A €]

lez]
RS2

3

PN
=

itk 1

5

Al

e

x

ol
Lol A AR A2 Ao o AlEgoli

=l
T

4. Al EHolA
41 2

8

)3, ey

o,

4.1}

simulation and experiment & constants.

Faach.
Table 4.1 Parameters of permanent magnet motor used for computer

—| | _
Z | &S
S | ==
28| =
on

o

e

X
oL |
T |4
||
ﬂmoﬂo]_&l

~

od
el <
T &~
TR
o | —
A=
W || A
R
T | ®O

T
o
T
o

T

o

Olrpm]el A 200[rpm] .= AT & <]

ke
T

a9 41

i

T
o
T
o

T

o

2% 427 Olrpm]ol Al 500[rpm] &2 Al'whd & 9

i

_21_



K

4

4

il
ﬂl
)

Tz

AlE e o

=

o

To

—
o

Olrpmlel Al 2,000[rpm] 2. = A

ke
T

9 43

IJEAS

=]
-

A[N-m] 2]

K
7o

i
To

oo

4

ojy

oo

ojy
R
o
I

0

i

==
&

= A

a9 44

o 1,000lrpml]e] A

2= =)ol o
}\01—001'13\2

o] °F 6[%]

s}

_22_



250 ———

T
200 -

— 180 :
= :
i 3
= :
= :
@ y:
= :
w100 :
50

D 1 1 L 1 I 1 L 1 1

] 0.1 0.z 0.3 0.4 0.5 0.6 o7 0.8 0.9 1
Tirme [s]

Y 4l Aty £ WEk (0-200[rpm])

Fig. 4.1 Simulation responses for step change of speed setting.(0—200[rpml)

EDD l T T [ T l T T '|
00 -+ OO AR A
A0D e o N . o7 - - - LNy . . oo . Y . ... . .0, .. - ... o]
€
i
| TR S -\ ), 5, R e 0 e QRRTEY /7, 0, - A IRERSNE R
=
=
:
[5a)
fo N1 ISP D S S e o
ok ....... SR ....... .............. ...... J
D 1 1 Il I 1 1 1 1 1
i 0Dz 04 08 08 1 1214 16 18 2
Tirme [s]

a9 42 Al SExE W 2 RIEA Wt gk &
(0—500[rpml, (0—4[N-m])
Fig. 4.2 Simulation responses for step change

of speed setting and load torque.(0—500[rpml, (0—4[N-ml])

_23_



2500

SO0 Lessemetesme s

Speed [rpm]
@
=
o

[
=
(=]

Tirme [s]

a9 43 Al SExE W 2 RIEA Wt gk &
(0—2000[rpml, (0—4[N-ml])
Fig. 4.3 Simulation responses for step change

of speed setting and load torque.(0—2000[rpml, (0—4[N-ml)

1500

1000 Feoeoeep

&00 -

Speed [rpr]
o

-500 -

-1000 -

-1500

i ; H i . i i H i
0 02 04 06 08 1 12 14 16 18 2
Time [s]

a9 44 AGdy SEA"E st ik §H(1000—-1000[rpml)
Fig. 4.4 Simulation responses for step change

of speed setting.(1000—-1000[rpm])

_24_



1100
1000+

. . 945 rpm

Speed [rpm]

i ‘
1 15 2

Tirne [s]

79 A5 AV AANY Al o 61%] FsAe W Awd
Srxw W 2 RIEA Wt gk & (0—1000[rpm]),(0—4[N-m])
Fig. 4.5 Simulation responses for step change of speed setting and load

torque with increasing about 6[%6] resistance of armature coil.

(0—>1000[rpm),(0—=4[N-m])
42 NEHeld 43 HE

B oA S aH A A E o] &7 AP Ao

)
o
o
35
v
>,
(Gl
)

2) FHGANN AP F VASEAGS ADE F 5ol

N
=
B
o
2
°

_25_



ak=a

YA A S

e

O
<.

b= Aol ofm

4

Njm

_26_



5. 4% 2wz
5.1 4849 T4
5.1.1 3t=4o] +A

A SEAol 2" HAA FEEE 19 b1 =AY Al Aads
TAs7] A% srdoje] A AlFHor F oAlo] AlAE ) aid WEEA
»e g PWM I E =2 o Xl

dEm B ERAE £EAQ A/ TE 2xndE A g wE
o=

e
i
i
-4
off

Ao 7o) A3 939 master mode ¢ slave modeE A&
A

e s A= AL BE A7 e AWEES uFgLe AA
4 TE olfrE 4% QWv= AlAa"ge W& CPUY DSP & A3t
Ao gk dHA Nt o] 83k A& CPUY DSP 5& $-27 gdutzloz ALy
3= IBM PC 9b= 73 goe] oz

ayrg $ge daus A, AEdeld 2 A%y rEAdEs A4 o
HaolA st=9t =gloluyl AXE IBM PC 840 #ista, A4 SIuE
A 2 Hg Ag A= arke] MDS FHE A& A4 CPUY DSP

ol A kgt

_27_



Main controller
PWM inverter

1

1

1

1

: Gate Signal
E 3|

1

1

1

1

1

Dynamo
meter

DSP

N e ol

High speed
Digital Parallel
Communication
Board

h 4

a9 51 I7AY ARdEr]l A4 FeALE

Fig. 5.1 Overall permanent magnet direct current drive system.
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