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Fuzzy Speed Control of DC
Servo Motor with a Load Observer

Young-Sig Kim

DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING
GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

Supervised by professor Eel-Hwan Kim

SUMMARY

This paper presents a study of the performance of dc servo
motor with a fuzzy speed controller in the presences of load
disturbances. A load disturbance observer is proposed in order to
provide a way to reduce the speed variation due to sudden load
changes in motor system. Experimental results show the good
performance in the dc servo motor system with the proposed fuzzy
controller.
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Fig. 1 Equivalent circuit of dc servo motor

Fig. 1€ AF AR AE7 9 A2dg Yeld oz 32 HAAE T

s A (1) Zo] E4.
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AN Vi ie Re B A2 329 48 A, AN AF, A, U

HeAolH, ¢t £Xd o3 HriAgozAN 4(2)¢ Zo] FHEHE.

eg(t)=wa(l‘) (2)
A71M K= 97138 ol o AF7] dEEoH,

AZ7)d o3 HAHE ELArE ELQA AF K, & A& AFY
HoZH A(3)7 Zo] vEdtt



TAD=Kqi, (P (3)

WA EQaE B4, vhE g3 Ba Ee a9 e g N@4)9 &
o] vetd = irh

TAD= ],,,—dm + B, oD+ To() (4)

o] AN FHWELE (), 0P FIE F Aok A AF AR
AE7)e AL o Wy gPNos & 5 Uk

di (t) R, K,

dt |=| L. ~ L Fatt [ Va“)] (5)
_do(8) K, o] " T

at T -7

Fig. 2 AF AF7] ATY E5HEE dedz Utk o] EFHE
B g91Adgd] ofsto A2 WA ASRFEZE z2u &€ vEhin gl
. & BEAoR HUAEE AEr]Y &9 Sk vHete Az
g& vebin.

V.(5) 1 / T, ¥~ 1
|+ J.s+B,

K,

Fig. 2 Block diagram of dc servo motor drive
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Fig. 3 Block diagram of dc servo motor drive
with a load observer
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Fig. 4 Speed control of dc servo motor with a load observer
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A=(x ptalx)l x € X 6)

1) A A 54

AA Agol XY © HA AT A o|AdHol: {3 HFEHE W
9 ohgF 2o
A = paCxy) waCxy) :E#A(x,) s

#a(x)
A= [HAE 8)

olg| gt F o] BAIMAA, A EE galA AF¥HE HAH
U d4E7 FHE JFE A9 245 HAEE YEET 3 WA
Bl A Fr1a(2)e dFdd &€ uste Aol oty A
FAFE 9nm g, & +435%E “add” 7} ot “union” & HEF}
F AR AN AEVEE 94 deAR] FE gnaA s &2
A& WL dd FITE =Eoh

2) WA 39 ALY

A4 A% Xdol 31X WY A, Bt e4ecn Agaa gAY
UYL ARG obus 2ol vehd & Qok

LRI paup(x) = wal®) vV pp(x)
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A-F + wax) =1 - palw)

mia{x) my (%)

a) A set b) B set

|-”AUO
]
” Anﬂ )

b

c) OOOAUB d) XX XANB

Fig. 5 Fuzzy union set and intersection set
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Fig. 6 Attached function of crisp set and fuzzy set
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HA FAE FA F M9 HF A, BY Cartesiang & F3lAH 2A
gk 28y F AN FAHE 4% Atole #AC dF ‘%
E's 54 #d d8AM EAHA w1, &9 7 [0, 1104 #A
8] BEE ¥ “degrees” 2 BT Wni4g Fo A BHEH
t}, ole} o] HA #A R Cartesian 537+ AXBogXRE 7+ [0,
12 AN, 714 BA ZEE 7152 ppkx v)E FA @,
AANAE A9t AAATE BY Cartesian F3F AXBAA A2 © & o
3 24 R¥Y S T7F doka 7p3 34,

O #HF : pruslx, y)
@ ZZJYF + prnsx, ¥) = minl pex, ¥), #sx, y) ]
Q@ 9T ur(x, ¥) = 1 - pup(x, y)

@ 23 #A RcC S - pupx, v)= us(x, y)

max[ ue(X, ¥), uex, y) 1

HA #Ae ditHez fA JFgolrg fEE HAX HFE Ao
o] Cartesian®d & Ao + vt A4 A Adel H= I X7
EA8, AAAE B W HA JAF Y/ EAgdn A, HA A
& Xt YAtol9 Cartesian® 2 thg3 22 Hz &4 RE& AAAR
=

XXY =Rc AXB

ER(X, ¥) = kxp(X, ¥v) = min( ux(x), #Ly)) 9)

._13«



2. 94 =¥

HA =g WA Pe WEsA AN AYHA @€ oW AESE £
ey Aol & FHAA ARE FHstz, A8 MU wEkA
Z3F¥H gd2A A" E AdoHe] dHe HA HAE 2¢d. HA
WA Po @FEE Qg 03 1 Alol9 grEolxn WA e gt
B3 BFL 03 14lol g FES JAFES (DY A FFULRE A
‘¢ (mapping) A 71 & R o]t

T:U — [0, 1] (10)

HA HAe {2 JFez ddEd. HA HA Pe HAIH A=
ddddz 3td HA Mg T(PE 888 + 3o

TP) = ua(x), 0 = pa() =1 (11)

HA P :xe Ad Ug 99 A 94 x7F HA JAEY Ad X
FEHE 25 AL 2o

s
_'E'l.
OE.
E
‘e

2
_>,~’_.
__2,
1o
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>,
=
il
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X
A
o
2
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o
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i‘ﬂ

O =8d&(Vv)
PVQ = x is A or B. = T(PVQ) = max(T(P), T(Q))
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@ =2 F(N)

PAQ =xis A and B. - T(PAQ) = min(T(P), T(Q))

@ FAH):T(P) =1- TP
@ (=)

P—-Q = if x is A, then x is B.

= T(P-Q)=T( PVQ) = max(T(P), T(Q))
@ "AY FF(o, =)

P—Q = x<A, B

= T(P+~Q) = min(max(1-T(P), T(Q)), max(1-T(Q), T(P))

2) A =YAA9 7

DA =g Ast Zel Hx =g o A2 FHUG YHE

= Edo| 7Hsaeh

P— Q:if x is A, then y is B.

1 48 57 #4 RE FE3}Y

R=(AXB) U (A UY)

A

rr

A Re) &

e
b

t (X, y)=max] p (XA 1a(y),(1- uax)]

=23 o7 53 22 A Hed o
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if x is A, then y is B, else y is C. (15)
A A9 #A Re tST Zo] FEE 5 U

A = (BX A U (AXQC) (16)

A R &

s

Ly

e
rr

pax, v) = max[ pax) A wply), 1 - pax) A uex)) ] QA7)
3. jx #A
A X9 g F94 x; ¥ xo7F ¥ 5dF AT x7t #
=4, x1° x:20% AGEX 5)Z 7128 4] o] #AE Relgte 7E
2 VEd 49 xiRx & T8 F Y}
Cartesian AF7 XXYNA Y HA FAA Roj&F XXYY #A &
Aoz A, 24

mr(x, y) 1 XXY — [0, 1] (18)
of et XxYdol FoEHe= REFINTL oL 2o

R = {((x, y), mr(x, ¥)) | XEX, yEY) (19)

DA @A FA

£ ¥z #A RCXXY €@ SSYXZY FojA uw A ReSE e
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_16_.



RoS={((x, z), mr.s(x, 2)) | (x, Y)ER, (y, z)ES} (20)

® sup-min composition
mg.s(x, z)=sup{min(mr(x, y), ms(y, z))}
YEY
@ inf-max composition @
Mpes(x, z)=inf{max(mr(x, y), ms(y, z)}

yeY

) A #A 44

RS XXYol AHYd HA #AAZT & wf ojuf Xo &3h= Jole
P4 x, y, zol 3ty

1. mr(x, x)=1°]H R RFA}A (reflexive)ol g &1

ii. mp(x, y)=mg(y, x)¥ 9 RE& & A (symmetric)ol & 3}

iii. 999 FA oo il

RRCR (21)

d As #1A #FA RS ol A (transitive)o) g2 e},
A Rel tisdle Ad-14 FAAHE A L8 A5

@ Re] A Aol HeolFHolW BE x, yeEXd] didld

mr(X, ¥)<mg(x, x) (22)

@ Ro| wAtHoln ol & oW
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ReR =R (23)

@ Ri1% Ry7} ®ol&eo]i Ry ¢ R2 = Ry o Ri®|™ Ryi o Ry¥ Al HolA
ol

3) A @A ¥34

HA Bdg AMezdE Aoy A/ GdE HSAE A
g WA B4 wE ¥4 BA 922 484 Qo

2ol A Fold FEHEAE AT £98 vehle X, Y W
g, 9EFR © 2AFNe) W2 BAS WA @A Rel et 9
.

AdE X —» HAFAA R » &Y y

A2

Typel: given x and R, find y.

Typell: given y and R, find x.

Typelll: given {x} and {y}, find R.

Typel & Al2¥ 84 (Analysis)ol | EstE A oln, Typell & A
2% A F(Diagnosis)ol &85 i, Typells A2 Zdgo|u F3
(Identification)o] ®o] 291t}

4. VA

RERS f= XA Y2 djgolt nEYSE 3¢ AdA
A gae HA Aol ool glike] wet
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.94 43S 7IAAY B ¥A AdE 7MAe 5

ii. Ao ofjmjs AHer wgsie #er

i, W3 AA7 A AL SHA= G

s A FFe HA Fqeot B FHY HA g0 A

HA =ee] HEAHY FHL g FAo A F22 oJ&H

B Aol ad FE2 ZAFEOH o ZAFE
= 289 1A =89 fAEY mas 2AFRE
< nA gAY A%E FAY Aoln E24AT MAYe tEH,
oAl HA FEE HEE TAEES UEFH 22 AA-FE FHo
2 EEE 5 Yo

T 1 (29 HA F3A g3t F8)
given :
(1) rule @ if x is A, then y is B.
(ii) input : x is A"
find :
output : y is B
TRAOGHE 7|9k 9% F8)
given :
(i) A set of N rule :
R: ; if x is Ay, then y is Bi.
Rz ; if x is Az then y is Bi.

(ii) input : x is AL
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find :
output : y is Bl =2

1) 99 HA FFo g 2 : CRI £ AFY
"if x is A, then y is B. (24)

E ¥Hg x9 vyl 474 48F3L X 2 8 F0 Y Product Space
el A e B2 #A RE 53

R=A—-2B (25)

2 ZAST 2AAA x=A'S 48 = FHT5Y dgurz 2
o wEtM 28 y=B'E ZAH QA "8 HA

B' = A' « R (26)

2 Ygdon, ALY ALdE F4daA “>ve FAAAAATE
o whiog Mest=itd wat g 71X AArgo] slsEc, &

maior premise : A — B
. - . 1
minor premise : A

conclusion : B'=A' e« R with R = A — B

2)Mamdani A H N A4 9 min-max method
A-BE 349 fuzzy relation RE£A R=AXBE 31, A4
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(circle)24 min-max ¥ & A(sHct F

B'=A' o« (A—B)
=A! ¢ (AXB) 27)

a2 4

ms'(y)= Y {ma'(x) A malx, y))

- \x/{mAl(x) A max) A mey)}  (28)

max operator V 2 min operator AE ZZ} associatived &£
7}A 1 Qern=E

me'(y)= Y (mal) A mat0) A me(y)) (29)

w= \x/{mAl(X) A ma(x)}

olgt &
ms(y)= w A ms(y)} (30)

7b 9tk wE A9 Al A (Degree of Compatibility), & A%
Aol M2 HA e AEE vehlles AE7 S Ao,
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1 —

Conclusion
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-----
-

W o

Fig. 7 Mamdani’s min-max method
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HA &% Aor|e] A2¥ FHEE Fig. 8% 2ol R¥E & Yl

Database| |Rulebase

Input \A Output

4

Interence engine |~ Defuzzifier - Plant

y

L Fuzzifier

Fig. 8 System block diagram of fuzzy logic controller

1. ¥R 5

FHE A ARE HA JFoE HPste ARz, ol W
B2 AdFeR EAste A2Wn AFHoE gEAAN HA AlaF
AE o]z & Pagh Wgog 7NE AMIZHE 328 B Py
F23 43S HA A2de] oFH¥ 4 e FAFoz nFo Fe
AR (1) HA HZE WY (Fuzzy Singleton Method), (2) o]5¥ 42
HdYH o] ey B =Fd A= FLC(Fuzzy Logic Controller)®] ¥

He2Ze £5 23He)d 239 #ig(ae)s Aldstn Z2¥us
Singleton Method E8 & # 3t}
a2l drkEQ)l # X B9 =& NB(Negative Big), NM(Negative
Medimum), NS(Negative Small), ZO(Zero), PS(Positive Small),
PM(Positive Medimum), PB(Positive Big)e] 77§¢] &7t Mediumg A

(e
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3std 5Z dtE ZASE At 8 Fold #A Ao 7Y MK
2857t 2957 "W wHsE AAHL, JAZA A Al
gdug]FEez doh WAL e 27| HFIEES oJ&IHUIE gAY
HZdde A7t A7yl AHSE T gln. o] AL AAY Fe) Aatol H
3taL, el A A zolrt 171 wEold.

e(kT), Ae(kT)

1 NB NM NS 20 PS PM PB

0
-a 0 a
(a) antecedent
AU(KT)
1 NB NM NS Z0 PS PM PB
0
-C 0 c

(b) consequent

Fig. 9 Membership function for the control rules

R AEH ASHHF D), kD) dexD DT ZF HA) 9 W@y
4 &4 Fig. 99 2o HA A7y d&8gL Y& o|S5(scaling
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factor)ell €3} A A=2](the universe of discourse) o2 FF3teA )

2. A F&

e B d A £ 29 A WS ol 4N 4
& g O JAFHAM Y LS E AZEY o] FRE FEHAq g§F
g HAEE doloF doh dE 5o dHE xp,x,,, %, 01T W
1, &8 yHL EIT o HA FEY FEFAL thE o] ¥H
€t

if % 1s Ay and - and x, is A,.,

then vy is w; (i=1,,n) . (31)
ol 7= A EAol, Ay, AL, T ADRY AEFgeEold,
w; & FAFY Ado¥igoly, HA FE WHoZ = vHuF A4 &5

7t w2n AL FAe] Ed B BXFE A S Algsan. ada
2o} A WEge 4£&¥Sse HLE st £ AL TR
ANA Ao vHED table 13 o)
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Table 1 Fuzzy logic rules

Ae
NB| NM| NS| ZO| PS| PM| PB
NB| NB| NB| NB| NB| NB| NB| NB
NM| Z0| ZO| ZO| NM| NM| NS | ZO
NS| Z0O| 20} NM| NS| ZO0| ZO0| ZO
el Z0]1 ZO| ZO| NS| ZO| PS| ZO| ZO
PS| ZO| ZO| Z0| PS| PM| ZO | ZO
PM| ZO| PS| PM| PM; Z0 )} ZO | ZO
PB|{ PB; PB| PB| PB| PB| PB| PB

Tx 7

3. ujH A 5

& AEY F7] T4 FBE AA HEE E8TY 25¥FE UF
7t A JdEYA He d o] EL A RRE HAA FHE A
o] 4O EE AL EHY] SRR HAA A= HAG F M £
4 HEFE LA " A& ol gt

H ] 21 & sle WHdE (1) FA %54 H(Center of gravity method),
(2) & FAW(Center of sums method), (3) o] % (Height method),
(4) Ad AH FAH(Center of largest area method), (5) H izt ¥
¥ (Max criterion method) 5°] JEU & =FdAE HHAAZ Wy
02 FAFAYE AHASAUIL oE £422 REWE S #gop (A
S, 1997).
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V.43 2 43 3=

A W thd de B AFE o] AFD "ASE HE A
s9e $Y AdzAgNA Ldde FYsQen PDs HA Ao
719 Asg BASRG A2t tAE AR A2¢e HITACHISY 14

T vlolaz EZE A9 H8A32E: AL CUXE Ea ARAAd
(digital torque servo system)2.®, PWM -:T‘*ﬁ}"r:-‘; 67[KHz]°]"4 PWM
B2 on-time 24| met AF7) A E AFE M3 AFY
o ZAE Aojste Lot

gAE AME A28 FEQ PCIM C T2y Yy vl g +
ot ZYUE XEE T3 MR AFY] FFIHREE 2 HEE F
Axo] glen, PCAY #lo] Taager HAAZ Aozt sbestwm, 2+
B 2 A58 AR ¢ AEF A s

& =EAA Ao At A== Fig. 105 2o},

Fig. 10 Configuration of control object system

_.28_.



Fig. 10014 A& R 9 gkoll =it §-319 gro] @dadS & ¢ 2
AE719 BARAESY FArvtdATE 758 738 ZHY e &
o2 veEpdS ¢ ¢ AUtk

B Zers VA Atet HA £ Aoj7]s} 71€9 PID £%A
oj7]19] Heg vud dFAHE AANItEH, IESE dEe2e 7Y
2E 1500 => 0 => -1500[rpm]¢] 2 LA A WsE FUAL 2+
o Aolwye] W& HF7Y EYSHE FHEch AdFd o]&d AF
M E AE71E LGAHY FMD-E20EAQ W) AF& table 29 2, HE ¢
NAF T, = 0.001[secle] .

AN2" AojAl BEHAZEL 18[msloln Hie ALY AFL ALE
e o g 17[Qlein, PID AejdlAd ALE® AsE K,=2,
K;=1/32, K;=3 °|t}.

Fig. 112 FX3A9 7|&93 +15000pm]Y) $EXHe2 £
£ £ W PID Alolst #HA Ao Wy £EEHE Veld Aol

PID #Ao]Ql ZA$olE Aite] ewfEZL BAsHoy HA Aos
eul%ESL wASA 4gka, HEANL 2353 PID Aot wES ¢
4 9tk PID AFE 3 AR 4924 F Y 2F F2 FFT5HE
e S & § dth

AAF Ryt EAste AHodlA £1500rpm]e} $EAHoR VY
299 Exggolth F Wy RRoA JEdEge FFHA X¥e &
A, G FEeFo] EAY AHfol= FI FFU]|E AAY dQ
Fd&s & 5 Ak

Fig. 132 Fig. 129} 22 A K3t EAlste &M 23 85
718 BXEAE A =t Rt EAEE AFoE VIERHE
4 3FFEE & 5 dth

N
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Table 2 Parameters of dc¢ servo motor

AN B4 | [, | 1.33%10° (kg - o'l BE2Y | P, 200 [W]
HAut@dAS | B,| 02128 [kg-cm)]| 3AEAR | T,| 650 (ke - cm]
A71A A% | R, 212 []AA A N, 3000 [rpm]
ANAAHEA| L, 1.02 [mH)| AAAF | I, 35 [A]
otZdEa | Ty 0.5 [kg - em]) BAAY | E, 75 [V]
71 A4 | K, 00225 [V/rpm]| E3A4 | K, |2.10 [kg - cn/A]

rpm

2000

1500 |

1000 [

500 |

-500 |
-1000 [

-1500 |

0

2 3
Time [0.5sec/ div]

Fig. 11 Experimental results of speed response using Fuzzy and

PID controller with no load
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- 1500

Time [0.5sec/ div]

Fig. 12 Experimental results of speed response using Fuzzy and

PID controller with no load observer

rpm

Time 10.5sec/ dwv]

2000

~ 1000

- 1500

Fig. 13 Experimental results of speed response using Fuzzy and

PID controller with a load observer
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of Wiel A% $% B4 st FuaA dEEc Bw ohg 9@
of £7d ANE Y&} As Ao FZo] R BEINE Adstel A
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& W7k 948 S4¢ e,

YT R AREL TN Y B TN ALY Yo BT

& WA Aol GRYFE o] AR Au AFAE AY W %
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A
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