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Abstract: An integral sliding mode control (ISMC) strategy was proposed to address the issues of model
parameter perturbations and external disturbances faced by electric push rods in precision motion control.
Firstly, based on the armature equation of the DC motor and the dynamic equation of the mechanical
system, a dynamic model of the electromechanical coupling system and a voltage displacement transfer
function model of the electric push rod were established and simplified into a second-order system form.
On this basis, an integral sliding surface was designed to eliminate the steady-state tracking error of
traditional sliding mode control, and an exponential convergence law was adopted to improve the dynamic
quality of the system. The asymptotic stability of the closed-loop system was proved based on Lyapunov
stability theory. Through trajectory tracking control experiments on sine waves, complex waves, and
attenuated waves, the trajectory tracking performance of the proposed method was compared with
traditional sliding mode control (SMC) and proportional integral derivative ( PID) control algorithms.
The experimental results indicated that when tracking a sinusoidal trajectory, the ISMC achieved a
maximum error of 2. 781 6 mm, a mean absolute error of 0. 925 8 mm, and a root mean square error of
1.093 5 mm. Under complex waveform conditions, the ISMC yielded a maximum error of 2. 820 6 mm, a
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mean absolute error of 0. 603 0 mm, and a root mean square error of 0.736 9 mm. For the damped

waveform trajectory, the ISMC attained a maximum error of 4. 109 7 mm, a mean absolute error of 0. 609

3 mm, and a root mean square error of 0. 780 7 mm. In terms of control accuracy, the ISMC consistently

achieved the optimal mean absolute error and root mean square error across all three trajectory types. Its

steady-state tracking precision was significantly superior to that of PID and SMC controllers, and it

exhibited enhanced anti-disturbance capability. The research result can provide an effective solution for

high-precision trajectory tracking control of electric push rods in complex environments.

Key words: electric push rod; integral sliding mode control; trajectory tracking; Lyapunov stability

theory; second-order system

0 358

BEFE Tl 4. 07 % BE i & Ao TR AMEE, HL A
IR RGeS B A Al A= 7 RS Az g 4%
i AL PRATER T, LR RE ELHE DR SE 1 g i 2 75 A2
MR A= R B, R SIHERT AR — Rl e i iz 2l
Rt o BEAIERIPLH AT A | e 4 h 5K il
RIEFEMH, C T Z M TR Tl
BT A RUR I A AR, Bk SR 1 Bl A
VRV AR e BR y AAT B AF . H A, W ST 2
Ak A S A SO BT R 2 — BT AR 4
S RN 01 B BB H AR R
b R A RE , B2 T FL SEAT 2 B4 i 1 RE X T 4
AL 25 7 L TR BE AL e B A H 2 A He
A S L E X,

SR, B L 375 50 H 4 52 Al e 4 M g
SORIAWTEE G, L ST 28 G0 ] 1 s 7 22 77 1R
PRk, MRGUERA LR, H AT th EOR AR AR
L JBH LR TR PR 22 AT % Sl ) LA R 51 R 2 A
HEEh 13227 0y Ko ML R R | A sl AT AG B 5
2tk NFETRIBE 22 AT BRI 2 2 IR Y SRR S
R T 26 52 2% PR 3% A 50 At A LB A 15+ 73
PRIAE, [R) I A Ay 2 i v ads T 1 B 4 AR P s 22
SR B A5 AN E P, AT X e A R B R A
HORPRAL, 2o PID 42 NS5 T 5 T B A
AR AT T PR AL 252 R, A — 2 7R
FE L RERS G ML O AR R AR L
A BRI S B, PID 5 i A e Sl 4 AT S B R Y
I b P e DA (BN DS | B 3 R WA LR 7S
Z FE N, 55| R AR TR I A ) R 9 0 5
THERESUR TBEN . Bian S5 UKE RBF MR 45
5 PID 255 1R S IR 45 R AR W BB R 22 0 3%
WA, UEW T S e SR B T AT 1 (EATS A AR AR A
HHESIMR AR . Hu 202 M A4 diE
il FH T A ST s sh 4 il A A PID I35 R T
T HREAVERE IR T I I ] ELATS T L
FEZ IR SR R e S R

W AR (Sliding mode control, SMC) Xt &4t %
B sh AN sh A RS S e — Bk A
TSR | R GEXH G VG I 251 1) 2 808 AL AR
P ol 52 56 A AN THURE ) 3k — R (e A5 T A
il HU I B Ak B R SR X A A 3 AN S Y
il ik % g8, H 7E AL AT A 903 2 A R B I
FHPOT ARAEAE 1A A B . EBA M BER A
A& i, 2808 s F R sh ) 2 5% i 8 28 i
JES B TR ] (ISMC ) 38 1 7 R R B e 5
ARZERI TG BRBOE BRI WG 2518 T BR T 335
Bt , i 22 50 A L st 20 B HL &4 SR etk , FLRETH
PrAasiR2s MdlEHR" >, Gopikadev 257" B E
T ISMC TEE R G h A R, A B I LA
FE LIRS S T =F 0 R ERE LR S Hb
TS R R R A E RS H L,
SR AT RS Y 3l ) A ——TR R 2 A A% Byl
R A 55 TR] RSOV IR BILA AR e PR EE R P
PLS AU B2 18] (19 3 ) 27 W8 5 55, 3K SE R AR B X
BIFai g AL R 48, A B TR s8R sh T
# AR 2 B AR T R AE SR T B
TR I T, SR X ST R A A
BT S UE . I, B L S HEAT AL B B A
SCARE T — b e B IO 18 R A o SR

1 HBEIEFREER

HL 2 HE T PN 3R 45 4 e LS540 I IR an i 1 Jr
N EEAREER VAL sh RGE 2 WAy L &R
SRV RE AL R VRER MREESE B A LE R
B B2 VG 6 2 G J5 T Bl 5 A R I Y 2 H R
oy, it i SRR A R R A ), D ¥ B R sl
FHSA R 4512 50
1.1 ERBHEHFERE

B FLATL R [ (2 r P R

Al L, —— U mH

X HL I, A

La



412 ¥

AT A S

2026 4F

__________________ e

—s

(b) 51 A
SRR 2 H ek e

Fig. 1  Schematics of electric push rod structure
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