5 37 &5 10
2024 4F 10 H

k o T

Journal of Vibration Engineering

% R Vol. 37 No. 10

Oct. 2024

T 150 0 25 45 14 45 % B0 L B8 1 R 2 4% PID 1% 34 75 3%
MER, BT EE, 2 #

(v [ 32 28 K #F B AR F 9T e, dE Bt 100076)

T BE X PR AR IR R ST PID 2 8083 L 78 70 7% 08 2l 285 5 1 COR RSRS8O TR, £ 18 0 T 1) 3 25 4k 4
FRE PID B35k o 2 T3l 2 )r R g 52 T AL AL AR IR R ST 649 9 B 14 14 R 5 (Transfer Function, TF)BEAL, iz [T 55
Hrf R TE RECZ PR R AN T RGN T E PEL BRI TF R B A PR, DUBRIE PID Bt i 2 b R G iR
FEPERITE 2B . TRl [ 5 T 2 Bost iR g JEAE A ek 9 A 31 0 20 2 000k HE IR TF AL Hh 4% A
SR TR B 52 1 L S R PR RR AR A PID 280, 48w 1 BT AR O FLd o IR A b B R A 2 22 A0
JEFE AR B s 24 O BLAS R R BOTHS B PID 280 00 2 sl SRV s v 20K, i LRI T R G fa % P A0

TF RBRAE, BT 4R 50T 85 R4

R PID ] SRR ShB R AR s AL fAL IR & 46
XEHS: 1004-4523(2024)10-1767-08

mE4SES: TP273; TM341 XERFRERD: A
DOI:10.16385/j.cnki.issn.1004-4523.2024.10.015

5l

T

fA] Ml 28 g8 2 AT 45 ) 2R 40 Y T B S )
Ok A RS R SR FE A 45 A SN I e Bl
WG 4 AR g ok 7 A R O, S RAT AR A A A A
BBl BEE TR T BOR M R R DL R
71 #§ (Electromechanical Actuator, EMA) & v # i
LA IR R Ge B WU TR AIR R G, BT
WOH TG R AE sl & N BB W R R 48, EMA B F
K EE S AEP AL H R PR B A M R A A
AT AR fe TR A 28 L R IR AR 2 Tz R

B ] ik 2R 48 19 4 ) 50 — ik A 45 PID 4%
G EAY CTE - o AN S 717 1k i R = == 20111 R
IS ) A R R PID 45 i 1 45 4 T B
SR B A R A R A R A, TE R R A B T
Z I o HJE PID 561 09 Pk Be Rl T 2 80 e, B
HI L, PID 80388 58 19 71k B2 LA T JLZE : Ziegler
~Nichols % \ISTE f L 8 & ¥ (& K ik B iRIE T
B BR A N 2 vk PR R R AR, Bk ik R E
JE BT LA B PID 25 ) A% A7 0, BAR KRR
AT R TSR G R R, 2 B B
VR T LT AL SR A BT PID By vk L 4R
= 1 PID 2804/ LR Ge 01, B0 545 R R A1
BT ROM PID #1275 Be W) 1 o0 v sh AR AL 1Y
AR VERE s R R R AE T LA IR &R G2 W AF 58 % 4 4

5 B #3: 2024-03-07; 81T H #3: 2024-06-04

T — I AL 2E ) RSO 1 PID S 808
Tk Z kgt IR e A Sh 4 I LA BRI
SRR T F e PID S50, 1A T AL
JA s Pradhan % T —Fp PID AEZe 1 A 2
2 IZ 07 e TE OS2 B TR AR 4 R RS
SR, LT R AL T 1 e A R Bk
T i R o 7 A ABE AU R Oy s 4 Y T — i PID 45 i A%
FE i ROE 5RO & T AN PID A B E B 1R
e T g8 R A 3 A R AR RS JE ;s Davanipour
SEUCR R A AL AR T — T AORA /N v
25 ) 25 BIRL Y 8 PID $5 i 4%, SC 00 3R B A e
15 2 1Y PID 2 BUH B 1y ¥ PR 8 L 3 50 B 19 £
AR/ IR ER R R . DL RS TAEXT PID 1Y 1%
TR AL TR . SR, BRI Ry iR H AR R 2 Ak
TR R B T 1) 3l A5 R M TR A5 Y PID B 5 IR
LF SRS

Al R ZR Ge 0 S SRR PE X BRI R R A &
B R, R Ll X AR R T AR B FE A
SR, A4 W AR PR AR AR T, AR R[]
AT Y A SNE B B A R S B N ] 2R
IR )R] IR R G2 HEAT AT A S AR I AR A R
7 JEAE AN BUE R Bk R G R Y B0 T 8 G O R
PID 5 il 2 800l H 0 e T8 AR 225K o B XF LA Ja) it
A SC LA SR PID 2 i 09 #L L Av] iR 5 2 0 A 58 4 42
@ T R G W9 B 1% 338 R %0 (Transfer Function,
TE) B 7E 2045040 T R 3l 245 R 1 48 b 85080 1%



1768 & & T

S

%37 %

TEH TR R AR E R 1) PID 280, L E 7 i SIMU-
LINK AR LA 5 FA Y S0 GE 11277 ¥k B IE B 1

1 HREFEARREER

1.1 ZREGAEm

BL AL AR Al 28 42y 3 B 4% il 4 AT EMA A8,
P17, AR DBy« 3R sl 4 o i e Wioke 4 7
FGE 07 5 4 A PR A, B S H AL A A s A
TR, OR Ji i 2k 147 58 AL 1R B 22 AT il iy 30 98 2 12
B ELR LA | fie a1 s T 1 60 B T 1 DA A 42
il o F TR R R D) AR AT B DR K Bl 4 ] A A A
SRR AR APE N =

IREE S

BT HLHLR IR R G

Fig.1 Model of electromechanical servo system
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Fig. 2 Nonlinear simulation model of electromechanical servo system
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Design method of PID control for electromechanical servo system
based on dynamic characteristics requirements

CHEN Guo-rong, NANGONG Zi-jun, LIU Bo
(China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: In order to solve the problem that it is difficult to fully consider the dynamic characteristics (amplitude-phase frequency
characteristics) requirements in the PID parameter design of electromechanical servo system, a PID design method for dynamic
characteristics is proposed. The 9-order Transfer Function (TF) model of electromechanical servo system is established based on
dynamic equation. The relationship between Routh criterion and TF coefficient is used to supplement the stability constraint of the
system and the compatibility constraint of TF coefficient to ensure the stability of the system and the compatibility of TF coefficient
in the PID design process. On this basis, based on the idea of parameter identification, the rational fraction orthogonal polynomial
method is used to identify the coefficients in the TF model, so that the PID parameters are quickly determined, which improving
the design efficiency, and multiple groups of controller parameters that meet the original index can be identified by adjusting the in-
dex data. The simulation results show that the designed PID parameters not only meet the requirements of dynamic characteristics,
but also take into account the compatibility of system stability and TF coefficient. The design results are in good agreement with

the simulation experiments.
Key words: PID control; parameter identification; electromechanical servo system ;dynamic characteristics requirements
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