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EMB clamping force estimation and fusion control based on
improved sliding mode observer

Lin Qiuhong Gao Cheng Li Haokun Nian Shanshan

(School of Chemical Process Automation, Shenyang University of Technology, Liaoyang 111003, China)

Abstract: To address the issues of environmental interference and high cost of force sensors in electro-mechanical brake
(EMB) systems., this paper proposes a sensorless clamping force estimation method and a composite control strategy.
An electromechanical model of the EMB system is established and an improved sliding mode observer using a saturation
function is designed to reduce chattering. The finite-time convergence of the observer is proven via Lyapunov theory.
An extended state observer is also designed to estimate and compensate for unmodeled disturbances via feedforward
control. Furthermore, a novel reaching law is developed by modifying the dual-power reaching law with a variable-gain
function to suppress chattering while maintaining convergence speed. A controller based on a nonsingular terminal
sliding mode and the improved reaching law is constructed. Bench tests show that the proposed method outperforms
dual-power, exponential reaching law and PID methods., offering faster force tracking, higher precision, and enhanced
anti-interference capability under various braking conditions.
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2] )25 BHOR R SR K e T 1A

il

Kifi 2 A RE VR AN A R 1 R R VR TR BT L il
22 TR W B AR 0 e 2 o . A ) 2 U L AL B 1 B0
(electronic-mechanical braking, EMB) & 4t 1F i% 2 B¢ %
G 2l O T — R S i D HRT L B R
TG Z AT 2 R 2 AL R (55 W) 2 ik iy
FLBIL S A Bl 3l BE e B2 R A BT o8 1S T i B A

W H 199 :2025-09-09
* Be4 T H T8 AR 4 (2015020103) i H 7 Bl

FURT B0 EMB R ST RIATIE 3 BAL 48 S AT 4% ok 5 )
PO e Je B g EMB R GRS R IR 2
0 A o A R A R A G o Bl R RE L O R T R
R AR E B B BT EAE R R L gk B
) 7 2 R S ) A IR A IR e B A R A B E T R
e B - R U = B R 7 vk AR TR 3R SR A A B
SLE S I B F B, Zhao S5 B HH R R R RS T AR

« 79



949 B 2 F o

TR ) e B 0 T s SRR W I U v B BHIR B D L F R
P i) o S O

R LG AR IR AR AR Z 2R AE R E R R Y
R, I B AT T B R AR R . Li
SEUURR I TR LIRS 0 I B AR Oy vk #E S T
SWLIN 25 1 92 B T BB A= R S g . 75 EMB R B AR &
Rk Bael ™ B2 4 L LG 5 75 5 P AL RS 415 R R LU A
THIC B I Ik R T AR A Ak R G MR L (TR R
BB T, RSB X EMB LR Y R, 52
LT B 7 R A L 5 1 e B g R 5 7k Xu
SRR — b 3 T 20 25 S A R TR (7 Y B O
i LS R T BTG T O R A A, R
R 14 T LB A 014 B 2 B R UL 4 {6 e PIL G B o
2% AT LAV ) 2 3k R b U R . Tiang SV ER Y EE R
EMB (AR R S WM &% . Ah T IR A2 T 3. Fu 1
P& T AR LA TS Y Ok, S S N 2 B B S AR Y
FE . FF-5E TR R B R B A UL 2 R A T 8
P 7 1 s MR A B B A 1 o

ADRC (adaptive disturbance rejection control) 4§ & J&
AN R G 0 A B A AL R Ak R AR 2R M R G AN o M
(g —Bh i 7 vk . Xu SR T — Bl AR X R PLBR A
P 0 VS BTG D vk L TRRE AR B K LR L
BRI E P 55 2 Fh 7 Bk Al A RN, LR IE W] ADRC 5 H
7 2 256 R O R 1 A B2 X 4 o) i Y S I 1 R 8
Fho XUAEEEUHR N TV B 5K AR AP E %,
7 LS 06 06 UE LRI A e, R A AR R IR AT
ADRC # 1l &% M08 £ 58 ADRC 747 BRA 98 N 5T 1 fE 4
261 0] R

FEXT EMB (945 50 LA b 70 30 19 92 B g = Oy ik
AT — AT EMB R GOIRZS W 5% 14 I 5 7 45
Fik. BEES EMB RGN R G, Itk )
T BOUL I 5 >R P AL 1T BB B0 A A5 bR S e O U 45 & 3 2ot
Lyapunov PRECIE] 3R 22 Pl sk, [Wa 5| ADRC 119
ESO(extend state observer) {4 #t 2l ML % , % 11 3% 4k
BAMEE Y T B O FE R O . BT T ORI R A B Y
BB T A R O Ty i bR RO O T A S
L I LA I B R A SEIE B S BT Y
Je BENE AW ITER B R G S, L g & Tt
AR BRER

1 REGEE

EMB £ 5t [ i B B2 B2 A, 38 A i) o RS B R L ER PR
WREAF A . Y HT EMB $UAT #% 19 45 44 32 2 A 45 58 3 00 1l
Sl B U 5 A Bl e L B RN 3h 2 S 4
My, A SO S s an &l 1 TR
1.1 IRZhEHIEE

A% 258 5 FH 2 W =X 7k % W] 25 HL ML (permanent magnet

¢« 80

T

ZITIRL
LITIRE

B 1 EMB T4+

Fig.1 EMB actuator structure
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Fig. 3 Relationship between corner and clamping force
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Fig. 16 Step signal motor rotation speed
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