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A Study on the Optimal Position Control

of a DC Servo Motor
Lee Yong-Ha

Dept. of Marine Engineering, Graduate School,

Korea Maritime University

Abstract

The optimal control theory is applied to a position cont-—
rol problem using a dc servo motor under constant unmeasurable
disturbances. To reject constant disturbances and to persevere
zero steady-state errors for parameter variations or modeliﬁg
errors as long as the closed-loop stability is maintained, one
integrater is augmented in the forward path of the open—loop
system.

An optimal tracking controller which stabilizes the aug-
mented system and minimizes the quadratic performance index 1is
designed and the controller can be easily implemented with all
measurable state feedbacks. A good disturbance rejection and

well tracking capability is verified through the computer sim-

ulation and the experiments using a dc servo system.
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1. 4 =

dojadde] wgrw fEe AF AMor =2H(DC Servo Motor)E 4
Y& ZHE % (Robot Arm)Ale], F27iAIA], & FF2 e vte]  x]Alof
2 7AF ZAEst 717l XA Fel gl ASHm Sl

olgigk FA ol Ar&HE Aoizle FolF gl dstqd EFHo F2 5
4e /KR F FFE 5 UES F ASAI(Rise Time) ¥ FAARE
(Settling Time)©°] #olo} 3tz Q9w 4+E (Overshoot) 7} HAXEE A
Asoizol 3w 53] Fold Aol el oz AW LASA
A=E A HolFHop sith

O}

£ =RdiME HHAolEL o]&3ld AHAF AMoli =EH A&AE H
HAXAA7IE HASY st FEF (Coulomb) wht, #7]138] 2H H A2
(Magnetic Hysterisis) % Zr&x|z2te]l Wz 4] (Backlash) 5 Bl 8 A E0]
AR Molr =mE Axd FE JF¥] Aoz F3a, Alojdide =d
< A¥st srh

olglgt HEst® mdol JYojd U ¥l Rrlgum B3 Ay
Egxe]l =zdg oxe £HF wHviEH] Wiz I FIFEF UES
AN xEe] Aol HErE RrE M2e AHAFE stz ol

AL E3s A AEH S (Full state variables) § Jolz=wladle] Al ojd}

H 3z AoAAHS A dH FAe 2x¥Ae] H g (Quad-
ratic cost function) & HA 3t A Aolre FolmwiAd PHL

2713 (Riccati) 8@ WA s zxe 78 4 o
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2. X 1] )

A% MARg mHe AxAoo WAMAlG AxA] TAX
Aol glEd 2 ATFelMe AojS4ol Fo AAAAYHL A
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717 A Mojr g ARAF7Y FrEl2E Fig.13 gon

=constant

Fig.1 Schematic diagram of an armature-controlled DC motor
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o 7]
X:2x19 A
U Aloji el dEb5Es =3z

v &
Y: &9 zZhad
0
A=[0 _i_j Bz_ié] c=[1 0]
T T

°lsl De HHEF AL ZE Asyd=z 1584

A (M2 BAFSE M2 AAN2H LS FAoA &) & (Controllability
Matrix) U, 7}

U =(B:AB)

~

aly

0
Ko
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2 FolXH Kol 00°] ohdd Rank (U) =27 Ho| 7}xlo]
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] = [S(AXTQAX+ rAU) dt

, Q"=Q¥ WA (Positive Semidefinite) ol A 4sa
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g Aelshy A (1) — (1) Z5H
AX=ANX+BAU+DY
(AS) (12)
Ay =CAX
7boHD o] Alx®) (AS)e ¥erlz @t
of Ax® (AS)S M Btml BAl Bt
J = [7(AXTQAX+ rAU) dt (13)

o, QT=Q¥ WA (Positive Semidefinite) 9l Al Poln] ri= ool

2 HAiAzdeE FHAAYH (Optimal Control input )AU =
AU=—LBTPAX
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4714 K=1BTpojm pPr gaygy e SE7 Ze  Riccati Yy
o 3ol
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Fig.3 Block diagram of a closed-loop position control system
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2 =wdAde A4 CE FARe A2"L /MHAE HAHA AlxH
(AS)e 2asz 3 R#e Alx® (AS)7F 7HAle] (Controllable)
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=U, - K, (X-X)—K, (y—y.)dt (23)

4

<, ’}\{’= [ﬁl f{zj
A (23) oz FAHE AMrig e HHYR AAFS Fig.49 2ol

Z0] X T} 758,910

Al

ﬁif(y,)

Fig.4 A closed-loop position control system with feedback

and the feedforward controllers.
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4. 4¢ 2 ZAAE

4.1 XAl A2y dFFA 4
grolldl AlF AF  Molm mee sAd®  HF  fAXA A=d
(AS)g Adsd Sq48e JT & =S ARINE 4 9
s}a] Feedback Co, LTD 2| Modular Servo System MS 150 MK ¢} Process
Control Simulator PCS 3272 Hitachi Co, LTD &] Analog Computer &
AA s o
AP TR AHgE 7 APFNEL oAt Zeon
Operational Amplifier Unit 150 A
Pre — Amp Unit 150 C
Servo Amplifier 150 D
Power Supply 150 E
Motor Unit 150 F
Input and Output Potentiometer 150 H, 150 K
PID Module 150 Y
Process Control Simulator PCS 327
Hitachi Analog Computer 505 E
o] AFANEL olgda AAJAN2RA(AS) F AML FH A A A 2%
(As)dl W@ AYRFNE Fig. 6 % ol PPt 4¥E A
wa AojA2H (AS) P MR HHANAN2Y (AS)l I AAE

917}t  Input-Potentiometor tHAlol Analog Computer & Ap&3t]
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Photo.1 Photographs of experimental apparatus for the system (AS)

Photo.2 Photographs of experimental apparatus for the improved

system (55)
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4.2 3I¥4dd # ZAAFE

4.2.1 EREX7 AGYd d8d A

HAE71E8 EFHA e AAA2E (AS) o didd FAP Qe
Zasd d@ 3FAF ¢, 812 I F zZd Uy HFAF q &
olefe] ® 13 o] WA 7IWA Digital Computer & o] &3lA HHu o]
= AJg Adsn EBEEXNE 5V4.5)E Fu gAg ABHoHL
3l ASAR) 3 AZAL (DR L FE (Overshoot) & A 4SS
o},

Table 1. Calculation result for the System _(AS) on step input

' : Z Settling — T

q, Ku Kl2 Rise Time T?mel lélg %) Overshoot
1 1.0000 1.0162 0.47 0.77 0.00
5 2.2361 1.0614 0.23 0.37 0.00
10 3.1623 1.0941 0.17 0.27 0.00

o] del=w AE ol&d AYARN Awdel dH s &
A4¥g ¥y 2F SEFH L Fig.8dl EAGHTL
$HAPEH} FFAF Q¢ F/HINE FEARH FFAD] FoAY %
] 298 FETL ZFUIEE S5 olml @RERe] ool FAHE Al
A2 oj@olt F&& (Coulomb) uie] oj3 FAAAZL A7A H &
Fig.9¢l4 & <+ 3tk

£33 1y $¥IH Fig.8g vims B AeA0, BAARY Bd

A 2 Fig.8c1M9 e9HfES] WAL AYP2 Last FPEFUE Jno]
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Figure 9 Control errors for the system (AS)
(a) Weighting Matrix Q—diag ( 1,1) and r =1
(b) Weighting Matrix Q—diag ( 5,1) and r—=
(c) Weighting Matrix Q—=diag (10,1) and r =1
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E =4 Agste Ad" HAA Alxd (AS) o dad  F=y
2 Q8 ¥ 8 474 29 12 FAF: M=¢ Y z9 FHEx

a; € obeflel F 29 o] WFHAJE EFEANE 5V U5 2 Py

Table 2 = Calculation result for improved System (Z S) on step input

Qs ’f{'“ ’Klz ’I\(fz Rise Time 15.51};1‘(“28;/0) Overshoot
5 2.6284 1.0753 2.2361 0.13 1.50 0.3894
7 2.7999 1.0814 2.6458 0.12 1.40 0.4322
10 3.0041 1.0886 3.1623 0.11 1.29 0.4812
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Figure 10, Step responses for the improved system (ZS)
(a) Weighting Matix Q= diag (2,1,6 Yand r=1
(b) Weighting Matix Q= diag (2,1 L7 )and r=1
(c) Weighting Matix Q= diag ( 2,1,10) and r=1
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4.2.2 F:1 A7 #HzdgEel B e
AE1E Faslal ok Aol a®) (AS) ol el 4.2.1Fu gl
shdE Qe Agmxed o EFAST g8 12 FFE el gig s

A5 aq % orelel R 33 gro] wisA 7o @WEE r(t) vF ot A

skl ok

Table 3. Calculation result for the System (/\S) on ramp input

a, K, K, Rise Time %?rtnzh(nzg _)
1 1.0000 1.0162 2.20 10.96
5 2.2361 1.0614 1.15 5.73
10 3.1623 1.0941 0.89 4.45

el &3e HH wolmw NS ol gk AFFACNA Ay gl
dial SwdE e #sdon, euRIMe Figl2e A S

e W wRelA dersts RuE AHxol Axd (AS) ) o skl
dEdE Qe q  q® A% 1z 9% d=e Ay 2o aEd

q; & F 49k ol WA FESAr(t) b td Ffel dstq o

>

Ag AEEeldS Bakel FEA 9 ARANEES Asstad

Table 4. Calculation result for the improved System (ZS) on ramp input

as K, R, K, Rise Time Tﬁﬂ;gg%)
1 1.7702 1.0446 1.0000 1.01 1.96
5 2.4240 1.0681 2.2361 0.73 1.23

10 2.8258 1.0823 3.1623 0.63 1.01
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Ramp responses for the System (AS)

(a) Weighting Matrix Q=diag (1 ,1) and r =1

(b) Weighting Matrix Q

Figure 12.
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Figure 13. Rhmp Tesponses for the improved System (ZS)
(a) Weighting Matrix Q— diag (1,1,1 Yand r=1
(b) Weighting Matrix Q= diag (1,1,5 Jand r=1
(c) Weéighting Matrix Q= diag (1,1,10) and r=1



sl afor B B etz oA 9] 4| slef gk of

. iL l

(S
e

of put o] AE HMolw RE A A golAl AHF AMolE =B

T E R E DL E R R

Ades Aws Ag dme Betu olF solmwstd HAHA AT

il

agse dze wwe Agen dAdw Asded 3 Add dusd
o olma 4 Ads FaA fas AoiAs® TAYRL AR Meld

eel gME ST 2 ANED gsel AdAEE FA¥ A% ¥

| zma = gl= Agw A oskd Ay el FoAHRI
2o Aolaad (XS) & %ol AyBAsE EAsE & Aol Al

cae Ada ARAe Asd (AS)e FPAAE L AR TR

by

azage gedgen AP AFAS AGe Fad Asa &

Aol AjxEe AAT & 9lee HATh

Qatel el FEEMe] B4 Rt B =R Adse A8 H
Aol A~ (B8) e AAWAY AARES 2o FTE F2EEHS
vehA Lok

a2 A Ade] old melaz s24 2~ (Micro-processor) &  ° &
gx Tam 2 wspazel wE Adg FeA FRED ddE che

o AFHAE FAHAET



124

1.

2.

10.

BEEELRE AEE wXE Fl1E

2 £ x #

S5, AFA e, BHAEBAL 1986
Yasundo Takahashi, Michael J. Rabins, David M. Avslander

Control and Dynamic Systems pp.635-666, 1969,

. Donald G. Schultz and James L. Melsa, State functions and

Liner Control Systems, pp.255-275.

. A, Frand D'Souza, Design of Control Systems pp.279-292, 1988,

B. Porter and H.M. Power, 'Controllability of multivari-
able Systems in Corporating integral feedback', Electronics
Letters, Vol.6, No.22, pp.689-690, 1970.

J. Medanic and Z. Uskokovic, "The design of optimal output
regurators for liner multivariable systems with constant
disturbances'" Int. J. Control, Vol.37, No.4, pp.809-830,
1983,

FFE, 354 “PID Alo7]9] HA LA BIATF (D
=871 @83 ], Vol 11, No.3, pp.61 ~ 69, 1987

H. Seraji ; Design of proportion-plus—integral controllers
for multivariable systems, LXT. J. Control, 1979, Vol.29,
No.l, pp.49-63.

C.D. Johnson, "Optimal Control of the Linear Regurator
with constant Disturbances', IEEE Tran. Automatic Control.
P. Hippe, CH. Wurnthaler and F. Dittrich Correspondence

Comments On 'A regulating tracking PI(D) Controller'’



11.

12.

G erlep gl deled st by

INT J. Control, 1987, Vol.46, No.5, pp.13851-1856.

Feedback Co, LTD, .Book 1 dc, Synchro, and AC Basic Experim-
ents 1984,

Hitachi Electronics, LTD, Hitachi Analog Computer 505E

Operation Manual



126

[

W BERES ] Rk ol

SE 3| E g}l
g B

&R

A Study on the Laminar Film Condensation in a Vertical
Type Heat-Pipe

K OB B
R = S <H O
\  Abstract 3-3 ERAE: |

Ew AR FAE BBHER o ZE
BIEF =W 4-1 FEE #THxo KERIES
E2E FRWT Jidl ;4
2-1 WBEF7 o} EMREEERE 4-2 BERAVEERT
2-2 3 EglelZy AEFH2L BEl 4-3 HFABREH A B
2-3 WEHEERAON A BRI 4-4 WEHAR W2 G
2-3-1 |HMFES WEH 4-5 dojEx o 3
2-3-2 BEWmERES 3 4-6 F M, T WHE o o7t o
2-3-3 WEA BESHL aE5E a
£ ¢ FHEH R
BI3E KBEE ¥ BBRHE 85T
3-1 EBEES BE G

3-2 RSt Bl B oW



