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Research on Fuzzy PID Control of DC Motor Speed in Disinfection Robots
WANG Dong, ZHANG Jun, QI Pan, ZOU Kankan
School of Artificial Intelligence, Anhui University of Science and Technology, Huainan 232001, Anhui, China

Abstract: Objective In disinfection robots employing traditional PID ( proportional-integral-derivative ) control, the
accuracy of DC motor speed is often insufficient when the environment changes or there is load interference. To address
this issue, a fuzzy PID control approach is proposed to enhance the response speed and accuracy of the motor speed in
disinfection robots. Methods Starting from the disinfection robot model, the parameters of the robot” s motor are derived
based on kinematic principles, thereby establishing the DC motor model. Using Kirchhoff” s law, the transfer function of
the motor is calculated according to the DC motor model. A traditional PID control system is constructed in MATLAB/
Simulink, and the motor speed is simulated. The correctness of the transfer function is verified by comparing the simulated
speed with the rated speed of the motor. Meanwhile, a fuzzy PID control system is developed by integrating fuzzy control
theory with the motor transfer function. A comparative simulation is conducted in MATLAB/Simulink to evaluate the
effects of the traditional PID and fuzzy PID control systems on motor speed control. Results Experimental results indicate
that under load interference, the response speed of the motor in the fuzzy PID control system is 3 s quicker than that in the

traditional PID control system, and the motor speed accuracy is improved by 8%. The fuzzy PID control system in
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disinfection robots can effectively boost the motor’ s response speed and enhance its speed accuracy. Conclusion In

complex scenarios, the fuzzy PID control system can significantly improve the response speed and accuracy of DC motors.

The fuzzy control method serves as a valuable reference for motor speed research and provides insights for the development

of motor control in disinfection robots. It holds great promise for wide-ranging applications in the field of disinfection robot

motor control.

Keywords: disinfection robot; DC motor; transfer function; PID; fuzzy PID control

1 51 &

Bl b AR R TR R T T B AL AR AT b R ok
N, R DL E B RIS A A
HERP M AT SRR ML AR —Fhn]
PL A ShiEA T 3 R Re LR N, B AT LUAR HE 1
BER R AAAL IR B R S A SR X | R O
H ol s 55 45 T Bk 28 SR IR 3R T A 79 2, DAk
SR BB R ME . T FEAL AR A BT T 42 5
DAL TAERCE, > N TR, SEE % e fb 48 B
DL R AHESHALAS NBOR & J AT B 25 S, X TR A
FAgE AL T A T i A AR e, o B
HL LR TH BEPLAS s sh i i el 2 —

Ziegler'* 3 Hy —hf5c iy 8 Al e 177 010 4% 22 PID 45
Tl 2% 73 RN, 3 P B T 3 gl 37 B[] a4 B 4
25T B RE . Cohen 25 $ M —Fh 7 vE %7
AT TR PR L B 45 (K, ) RIS 4 (K,) i)
g5 (K, BE, (HCHAS RS B FR R F T3 01 s
RO £, 3K PR T 2 1 R B SR A T
(A1 25 AR W8, NBEFEL M, Sanchez—Lopez 25
PEH—FRIZBHAS PID F3 11, 2% i i T 24
TR A, RS S 2 AN FRE 1Y, A X R AR
(R AT IREE . PID #5688 0 e AR PR RE A BR 1y, 1 L
TG B ORI = S TE LR B ML o T I
SRR EE , BEAR A O Tl 5 0 52 e AT LA GE aoh B 4
il R 7 v SE 8

g AL i E B PID ¥ (H & Y F HLSZ 11
far 4t sl L B P58 A8 AL s e AT A 3o 45 SRS o 8 B
K17 164 PID 5l B it 2 i 45 52 (d r S5
FEXT LRI SEME 2 (Bl H1R 2 e VRN HIRR A S, 4
i B s B A B R G Rl W B
BT PID 428l 3301 2 58 o ASOR 42 il A ST HE LT PID 2
BUESEATSLR AR W PID S50, DLk 3 B4
R S B 3 T T A AL A A T
A AR R T B L AR N B ALY A% 3% pR B, 7E MATLAB/
Simulink HVEEN7AZSE PID #26il R e B PID #2Hl &
Gt KPR R G AT O BRI e, SEER AR AR

W1 PID #2H RGEAH I T 48 PID #5H R 48, HL AL 17
R e P AN
2 HHLESE SR AT
2.1 HipLER

SCHFFE A ELI ML PID 2 & 25 T4 2 ML
TN HHL, T B AL AR 1 TR, T B LA
ARV TR A BB S = N T,

Fig. 1 Disinfection robot model
I—H R KE, 2— AN E LR A S 3
FRAARA— KB ES Y BB A S5— P REH Y
Bk A A 60— AR R IR B, T— B B R 8—AE ) A
9—MBAFIR;10—F & ;11— F% F 5 LT HA,;
12— &% 535 13— 44 %

MRYEIZIH T LA N AR B EER i i A 25 JL A
FER MR R B A R AL, R A R ALAE LT
FAt R A s AL CINJCRI L) BA LU LA AR

(1) Bpa s, A WA AL AT LAFE B AR 1
T S A e R S HLE, S AR B AT AR R S
PR i3 3 AN Y R, e 3h TR AIRLEE AR

(2) PAEAPERELS . A R B HILAY 5% 3 AT LA o 96 5
FHL P A 2 LA L R IR

(3) WAEAR, AXF T ICRI R B, A I e AL
AT T B 45 R MR 9 A 3 1A, XA A Rl H
WU —LEARAS LA 7 O R S22 B S 2

(4) M PEsR, A kAL AT LA HT B R At

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



%6 4

I, EHFNEA LR RS PID 2 % 11

ENTTIE i N/ A B e S [ o U 11 0 N 1 1 K
CINDS RN R/ -BURUE 3 21 N R0 3 N T 7Y =1
HR A RS

HRAE T BE HLas A TAE R BT S bRl ok, 5 T &
MBS N EH B EEAKT 40 kg, 2 A KT 80 kg, #3)
HER 0.8 m/s, Ml N TAES T E N, HLEF AT 2
MR S IINT

F=, + m - g=0.25x120x10=300 (N) (1)
KW f RN T, HH TR S EEE R E, m
R,

TESEPriz s HLEs AT BRI 4251 1 F>f=300 N,
T LASK Bl 4= [ 56 8% 87 5 T 2L 0 /NIRRT
_F-V _ 300x0.8

n, * 1, 0.95%0.85
K (2) 1, (ATRHR ) IHLER AR 3 F 5 A T30 %%,
— T AT IR 2 55 05 1, = (0.95~0.003) V 15
(V A, B0 km/h) B V=0. 8 m/s(2. 88 km/h) X,
AR5 n,=0.941 36;m,(HUEHRKR ) AR HAF L SN0R,
HUEH 0.85,

RIE T HL A A AL ML B 0 & e AN i e B
R 152 mm,, 27 SN AS R —Fh 407 i 8% B 1 fe 2
A, B PR R RS R — 2 A FE A8 X S0 40 A Y ] A
RTFULR, SRR SR AR — i 450 P A
X BhEe T 2RI J15E M, =X (3) Fiw .

P

=297.213 6 (W)  (2)

D, . 250 152 |
M=F, - — - 107 =2%"5x107=4.75 (N + m)
2 4" 2
(3)
T 2L A, s (4) s .
M =0.18 (N - m) (4)

R (4) L, CREIHL) BRI 0. 93,
FRLAR A2 S0 M4 0 T LB r BLF 3, it (5)
FR

1 000 vi _

" 20my 02 (/min) (3)

(5 W, n AU, BAT o/ minge AT G BFT
60vi

D B km/h (B A m/s, W n=——) ;i MK

2r
AL s r IR AR B m,
2.2 WIHLBEIE
WE IR FEL S AR h-F 5 Frifs DR i 15 45
R G5 SEBRATE P BLA ML S, B E B ALY
e A BHLEIREUE 280Nk 1 R,

x1 BHHEESH
Table 1 Motor rating parameters

FoERE FEAE HAELHE JmESHE ORILER
/V /Nem /(r-min™") /W /A
24 0.32 6 000 100 5.2
H & 1 AT A5 SRS I A AL A A SR Bl A
H(6) Fin:
M'=M, «i +m n, n;=8.65(N-m) (6)

K (6) i, kR G HLIE RS AL B

R (6) AT, B B FL ML= AR B 3K B 1 A
8.65 N « m, oAIRBNFE s (IR B J1HE ok 4.75 N+ m,,
PRI LI AL AT T H LA A
2.3 HimHALE s R AL

B ML — R B R B R 4 o ALK BE 1Y) 15
2, H T AR IR BREL TV A8 2% 1 R A LA T R B A

B AL b R e A X SE R R A
RO E g e F KR R P I K B T e
M — Y, WIEIEAC 2L T 0 R, Y AR LR
el A L 3 5 i R R il i 2 L A T 3 A EL A FHL
SR AR IR e RS . A T ORI RS 7 Il
— 0, T A R R A Y AR P R
T 1) 5 00 3 M T N ) PR O 2 38 H ) R S 2R Y i
$2 ARSI sh B A ZE e b o SR 38 I AN AR 46 F I
5 X 2 R 22 [ 11 42 fh, A P X 2 P e 9 R D ) R
A5 IR RE S A % 2

TXRRAS AR e H 9 1) () 3 R A A A e B (A
FE R ) SR S, DAL L3 F WA R A Rl AL

F LA IR 2 Sk FEL S T 0 R B e AR R
HL LSRR B AN 2 o Bl — R &R
(U) 5= (L) f—H B (R) BRBCRE R, T
J&(L) FIERH (R) 5 — AN FL TR (o) BRHK, JER N FEL R
S P H 2 P 118 e 2 0 ok i i AR ) I G S R 7 A 1

XA, s Y A5 H B 3
U E

B2 EiRByEHEanRE
Fig. 2 Equivalent circuit diagram of DC motor
HR A IR 8 I R, BV 5 A 65 0] 8% BT A o
PEP s A28 (R T ) ROAREO A5 T, i sl AL T -F
)y A= (7) Fros

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



12 R T AR BA 2R

%40 %

U=E +iR+Ldi/d¢ (7)
F X L Sl 34 i, 3l 34w K5 H Sl L S o e A
HUE BN, = (8) FR
E,=C,®n (8)
K (7). K (&), C, JfshF &, @ Sy sl T ke
i, R SIS B E sn A HHLELE (r/min) .
HL S s Jr AR A= (9) i
T ~T,=Jdw/dt (9)
KO)H, T, WEBEEE, T, NG, w AL
HE
FL B R 5T P LB R 5 3 R L U 110 3
H, = (10) fizs
T =C di (10)
K (10)H,C, MEHEFEL, C,=9.55C, , itz e
AT LIRS Hi g A I S0 5 B 8 o S, R L
TP AR B P, AT LR R R B o O R R
Ji R BT
K (7)—(10) il P72 e il 15 .
U(s)=E (s)+i(s)(R+sL)
E (5)=C,®n(s)
T,(s) =T, (s)=sJw(s)
T.(s)=C,®i(s)
MR (1) AEE R RSHERNE 3 Fis

(11)

H(s) :
3 EHRBURSFIER

Fig. 3 Block diagram of DC motor system
AR B0 8 BL 2R e AE 181, nT 45 4% 3 ok B X
(12) Fi7R
W(s) _ G(s) W(s)
U(s) 1+G(s)H(s) T,(s)
G,(s)
1+G(s)H(s)
M (12) 7T W(s) 5 G(s) ZIa A& 36 ok %, =t
(13) 7R

W(s)

(12)

_ G(s)

T 1+G(s)H(s)
C.d/]
Ls*+Rs+30C,C,d*/ ]/ 7

(Ls+R)/]
T 13
L +Rs+30C,C. 0%/ 1y ) (13)

Gl(s>

V) oo HG) )

W(s)= U(s)-

Rl R 76 B H AL B RS L /N TR RE R, HL RS L BH
{5 LR A 5 SR L R i AL T AR
50 Hz, J& TR, b T a8 f5 220 5, ik L=0, 7] 15
K(14) .

CD/]
= 5 U(s
Rs+30C,C.&*/J/w
(Ls+R)/2] r(s)
Rs+30C,C.&*/ ]/
EIZIEFELES A AL LR 2 R,
®2 ENSH

Table 2 Motor parameters

W(s)
(14)

K AHAL
W, AU E W, /() 5.76
ALY HH K C, 0.188 48
AW ERBEATE D 1
W AUEESE T S C, 1.8
B AR E ] 0. 001

FRAE 2 2 i 5 12 BE LA A0 FR AL A& 328 pR B, N
K (15) FizR
~ 1.8
T 5.76s+3. 241 4

5.76
G(s)=— > "2
()= 5 26543241 4

3 PiapR Skl R85k
3.1 HmHALEER RS Ry

T BHIE % H LA 3 bR Y IE A, T E R R
ML 3 22 T 0E Jil 21 R 2= 8 7, Kl | MATLAB/
Simulink T HJEFTRMLES T R G h 51, WL F A
BILAG 2 A G FR AL ol ARl LU L HILAE %] 3,
BEREREVT RS, N 4 iR,

GU(S>
(15)

1.8
5.76s+3.241 4

5.76
5.76s+3.241 4

L

E4 HimEH
Fig. 4 DC motor

ARG HAR I 5 P, %R SR i 4 5t
PID 45, PID $2 i &5 B¢ D RE 5 B2 81 4 1 24 1 L o1 4%
g (Kp) FUHE 6 (K,) FBor 4 (K, ), DL B et
(bl P AR 78 LI DL R e BT RL o

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



%6 4

I, EHFNEA LR RS PID 2 % 13

PID il g8 L BRANE

(1) K K, MK, (A E AT, BE K, 1, WEE
D7 FLA5 R 5 HUE B th 2 221

(2) MIEH—I K, AR, 4/ Nl 1GR3 — K
Kp {Eo

(3) Pt R BN K, (8, WSS R G x sk

Continuous

IR P HICR , B BT AT WS

(4) ARTFE JEINK,, ¥ K, KW 3008
Mg 7 i

WL, i PID Rl AL LK =7,K, =
0.7, HLERHREM N 24 V., BFFECR N 3, BRIFSIH
R 10, FRR-10, BrBRAREL A 24

]

Convert NOT

0O -7
7/

i

U

F

23

fL—« — ) pIuE ik

T o

[ fa
] i) 1 AL

5 HRBHREHEER

Fig. 5 Simulation model of DC motor system
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