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Servo Motor Control by On-Off Controller with Hysterisis

Y.B. Kim, S.H. Kim, B.K. Jeong, J.H. Yang

Abstract

All physical systems are nonlinear to some degree. The examples are relay, backlash,
deadzone, saturation element and so on. In the linear control system design, it is useful method
to restrict the nonlinearity to the linearity of system over the operation range.

It is worth noting that nonlinearities may be intentionally introduced in to a system. A
simple of an intentional non-linearity is the Bang-Bang controller which uses the On-Off relay.

In this paper, an angular position servosystem made of a DC servomotor controlled by a
microcomputer is discribed. Authors use two methods in the design of controller. The one is
linear controller designed by the optimal feedback control theory only and the other is nonlinear
controller designed by On-Off relay with optimal feedback control theory. To do the real time
control, the controller is designed by using 16bit personal computer and A/D-D/A
converter(12bit) is used in order to convert the signal.

According to this way, the results from real time control are as follows.

1) Under the linear controller, step response has a destabilizing result.

2) Under the On-Off controller with hysterisis the influence of disturbance is considerab-

ly smaller than the linerar controller.

3) An increase in the sampling period has a destabilizing effect.

4) In the controller performance, the response time of the On-Off controller is longer than

that of the linear controller.
To close, we note that the On-Off controller with hysterisis is more attractive than the linear
controller in the presence of the input limit.
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Nomenclature

: System matrix

: Input matrix

: Viscous friction coefficient

. Applied voltage to armature
: Voltage induced in armature

: Control input with nonlinear

component
. Armature current
: Inertia moment
: Cost function
: Attenuator gain
: Back emf constant of motor
: Error constant
: Torque constant
: Armature inductance
: Reduction ratio
: Describing function
: Weighting matrix of state v
: Weighting martix of input u
: Armature resistance
: Developed torque of motor
: Load torque
: Amplitude of input signal
: Armature time constant
: Motor time constant
. Angular speed
: Angular position
HoE A 2

sy

Aubd oz Aol A Eol vl e sE

¥ A% mer] ole@ wldEasE AelAE
o whabd six B AL AL A7k B

e o] wiAdg e e s Faby

1991

(5] el HLMO]D}”“
q¥ess desksiel 843
ook e g ess Aojel 4T o)

e

T -

5 pa ofrlel Qlglges 7t (dead
zone) ZHEE gl Zlo] sl A A AR 7l 39
2| Rallo]o|B}90, 1. e Tol 4l - o] 213} E4E 7%
= Adlo] % Ao/ 2z A5G o) falel 2lslol
A AR A RS e -2 Ao vl ey

Ghef, o] 4o Hyhf oded S =cls] xAs
wq sk ) gl dlsl klE ol Al 14
g 4 9k,

=4

att

g

w3k dubH o g dlojefate] Alojgrae 1o
Zloll A G e H9b chtolad ojeldt H¢-
ol -2 Aof7]E o]&she el tS
—3};;}9)40)’

ufela], B o] ol iz Hajo]o] o lztE}
slew) Ao Aol ofsted Aleje]ES Faba, of

e
[
2
o
o
wlo

P P

A
AT

& ST PSR AelAE Fadel IBM
Aol slad AFHZ A8 BE 447k Aol g
W5 1 Ashe AEehat @ek

H2& ME RE{e mal2

AFA571e ool A7|abAlofe} Axpalo]
Foha] she] e, B ol Aok

of 94 AV\AAl AL skl A5

1o

ol

$7151 DAY e5h 24T wol chet BAE o
Eeyson FAS ket e,
a)=a(+i (O R+LIL (g
e (1) =Ky (1) (2-2)
dw (1)
T.()=T () +Bw () + =7 (2-3)
(=K i) (2-4)



B 2w 2] 4] 2 F

m(S)- K

E(3) RB:i(1+ 7a8) (1+ 1) + KK, (2-5)

AH(2-5) BH-E] G (s)ok Ea(s)oll wHal Avtds

& FeliEmd Al (2-6)x) 7ok,

=

U(S,) K)/n

bls) (2-6)
Ea(s)  [RaB((1+ 7s) (1+ 7ms) KKy s
of 7] 4], ra Lo/ Ray tm=Ja/B: otk
T, <<t (& Bi=0)olv A{2-6) (2-T)H e
Bovhepd 4 MLP.
Gls: K o_m
E, (s) si{rs+1) (2-7)
of 7|4, Ki=1/Kyn, ‘r*]aRa/KKh o},

upuefa} 4l (2-7)oll thal BHdw i Fig, 2-171

ek,

Ref  E(s) Ki Bols)
: j" “E]—_‘ M_—.
JeRas+Kikn

Fig.2-1 Block diagram

M(z 7)01 ALIOL_’,L a ]k] /\]/\EUO M(Z"S)
wpode] aeiE Helohn el Hor Esh

w4l 2-9)9} 3ke] ek,

u =k,
Uy = 6(] (2“8)
L= w
= Av+ Bu 2-9)
o 7] 4],
o | i 0 1 0
v= L Asl 1| B K
I |0 =z T
ofrt,

Al (2-8)8 AEE
sl A1(2-10) 7+ 2o,

2y 2-22 Asj7lel & ML Aol 87

(o (k+1) [ 1 (dren)r o (k)
wnlk+1) | [0 e v (k)
T-(1-e-4)r
+K,l (1-e56) [2lf)]
(2-10)

H3H s|AHEIAAE ZHs 2-2= H
o{7]of olst HMojAHe Fd

3.0, MY aZaols
*—‘.(2-9)‘1 b}-E]—L/}-v‘E_— /(]_/_k_%lo“ EHzﬂ_ /}:)LEH _\7—]

=l Ale] WA g Fo] FAFHTY
u=-{Ko+Kuv)
dutzro g A(3-1)9 A zew
uir A(2-9)of sl Al
A2 e weE, A
{Riccati equation) ] &l & dl
2 &E HH sz Aelgtg ¢ £ ek

J=SVIQV +uTRu) dt (3-2)

o 7] 4] Q+= positive semidefinitec] 2 R+

positive definiteo] t},

PA+A"P+Q-KBR'BTP=0 (3-3)
K=R'B'P (3-4)
3,2, 3|2HEAAE U= 2-2Z MO
7]

o aHl g A AaE s 222 Aol Aol A
o3l Al &) ofwl v & mabeli 7 WA
S48 M od Y Eeag J—*LUWLI 7}
ojw 1) o]dtE WolHE wleli- RE WA
o 2y A gl

ol o] zirlsls wlar# jrol 4 AR 4-
0;31_9{ Q A A}H' 4);1-3\}0] '54'“’}}.5”1 ;]‘ :v-;]_q}
FAE o) gk 247 s gyl §

%
FAAol S Fol tel g5l o

& 6 4 '(” B

i, Aargk dlo]E 28k dlofef el

(87)



88 MEAARMENRE B 15% 1% 1991

N
)
nL
AL
o,
ol
M
q

A 5E eolelgh AloidneE

N(o) — H~

o] AL 3 ] LolshAl = oich

32l e 2-22 Aofr|e w4l 1 4 r=2.stul
Ho4s zatalm glon, olld vl e 4 =0
2 457 slsl ofe} s dug F AlERe 11 !
W ol g3t At gt

Agpd oz wAYAe 8ol elA s = D™
ojeie A& ojr shitel el mE A

. Fig.3-1 Relay switching curve
of Agd & glete goldh, el & 8 ! £
2wl o o a9 wjAFAAE HEE F

T 'l pul ]"I‘—% ] ] ] ] e e T 7E1_0] L}-E}-‘é ff‘ 914.

Az, ZlulE Ao]EHE FiIudlelx o] §3
o, webd v AEAY Y2jel gasteln, & # R =Slolk)] (3-6)
Bel s Zgasl Qeln e Zujialm o(k)=K [vk)-Ref 1+ kv (k)
7tAgte 24 FAE chEsha g AgAe] A flolk)]= (3-7)
cl &l A A&!% H xdzsi A 5. §_‘L 74 .
24 S AEe AR A el s ) 05 i o> DL,
438 & gledl, o/ wgoz o o 2
Zdo AAE FAHez I Hol 7w -2.5, if o‘(k)>~22+—1:Pz
4 (describing function) o] ¢}
0.0, if 2 _p g
3.2.1, S| zElgA g 2 -9 s 2 2
Aod71e 7l=d 4 fleik-1}], if PB<olk)<P, or
Fig.3-13% 722 5A4& 7z-& 33 Hello], P <o k<P
& dlaHiaE e -2 Al 7 3.2.2. 7| &8s o] &7 2E9 o=
EREE T MAagese JEdet SAHoz uAl
[e]

32
@ 1l
L g
~
)
Au)

7}&a] Fig, 3-1o) % 5] = I

=4
vl =y
| 249 734 4(3-5) 9 2t

2

2 AHE] Aol AT & ok,
N(X,&)}ZAJAZ+B2 tan'(A/B) Aojhake] Fat4 Adds Gljw) o -1/N
2X of Hgdts T A BE& e
B8 ag 4 ged, gHEY A2 X R4 o
o 7] 4, of i Aol A Aolek oi74 F AAe
Vi SR abd, Zebdol i@ elm] ElolZe)
A="7% ZaA) o 5h Fald wol HE HRE AT
B=2Y, .. .D/2+H o, ) wdol gk AFL oA i
T Lcostsin R G olAe AT o S-slammeld U +
costmsin 2] glil, AdHe) Glw)el AHe Fisr)
2X Zobshe whabol] Aol A m AR -
ol h, UNel #2e AEXD/X7h dashe 4
Savlel A WAS Walol® oixt(excite) b FrhAhE el Aol HHAxE F A
Ao A £ sl wed Sadse 2 o Wadel Hsizekd, o= Aol g
A5k wmo] A7l oleldk wlag el da el EAelF & Ad¥AHelAd Wu Fapsr)

| ]
-7k Frhete HEe FAS W g H Aol HA



v A2 R 2-2F Aorlol o MrRe Ao 89

K¢ V2 Vi
% i
(1svs)

44 s+ Fig 3-29
ool aglelA AlH()E sl 24 A}
A A folel AH Gliw) ol watadel 477
$7] wl ol glo| Eabe] &2 Ealsbx| ¢bAl g

g o d 54 %Al "ok e A

-
U

Fig.3-3 Block diagram of Control system

g AFE 24 AR Alo] AdEg dehr] 9
AN slzA A7 EAshe S g mzoee] Z2$ xEd Fig 349 7
(HYS=1,0)clvd, #AHZel a3 (@=519, ¢},
D/X=0,335)0l 4] EotAgl gju]E Abo]Fe]

Yoa e
- Noi.
qhAgshAl ok, >
m V1| |Measure vy
Gain
(db) Ref? uu::f
16 l.u‘?“
14 1 > 3
N -1/N Conpute Speed| | |HeasureSpeed
(D (11 [ooservation
10 w0, 8
D/%=0.1 } GLwI=Ke/ JotTjoe1) Sort P ine
8 t t Coupute u
0.9 entias
6 D/¥=0, 16 / [Goma
4 D/)l—lo. 21 w=1. 1 Yeu hitg"&upuu
2 mlo. 26 ,,:1!3 [¥a_1s wasured] [Va 13 computed] [V 18 observed] Cheeira ]
D/X=0.31 =1.6 ¢ ! =
0 o Fig.3-4 Flow chart
W=D,
-2
-4 3.5, AR FME
-6 - N
-200 -190 -180 —170(—160 -;50 -140 -;30 -120 =110 ~100 2 odelld A Az g TAE =
Phase (degree .
Fig, 3-59} #-c}
Fig.3-2 Gain-Phase diagram stability analysis of =
nonlinear system containing a dead zone
Ref r vy
PC —-‘—40/A Ampl- = Servo- Poteati-
3. 3. X'”O‘I):”gl ?g' (1BM) l ifier Motor ometer
AE o Felelefuks Zhe A9k 3l ~wH 2 v2
Tacho-
Aag 2 @-22 A7t A4z ol7d
% 73gol ofgh Alo{Ale] FAEL: Fig 3-37) ”
2,
X-Y
3.4, MAIZH HOf ZR30l
ERF RE —

Fig.3-5 Schematic diagram of position control
Azl AdlolAE IMBA ¥4 system

(89)

3.3. HellA

4



90  EEAESRMSE, B 15% 1%, 1991

Table 4-1 The system constants

Name Simbol Value Unit Remark
Armature resistance Ra 3.2 Q]
Motor armature inductance L. 8. 6x107° THY
Moment of inertia Ja 9,9x10°® [Kgm?]
Viscous damping coefficient B, 0 [Nm/(rad/s)]
Emf constant K, 60x10°° ‘V/irad/s)]
Torque constant K, 3.3x107° {Nm/A]
Proportional gain K, 1
Pre-Amp gain K, 29.5
Attenuator gain Ka 0. 06
Gear Ratio n 30
Error Constant | K. 5.7 I [Volt/rad]
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