5519 &5 3 1§ 2021 4 6
1672-6553/2021/19(3)/015-07

oo ¥ s ®EHFR

JOURNAL OF DYNAMICS AND CONTROL

Vol.19 No.3
Jun. 2021

BREZIERERNERNNFZD T SES

FFEE"

SEM TRE’
(LB R A T

KEMW?

U85 8 2% B, M 5t 210016)

(2. FHFURIE R B ARTIST . ERIR R 5 TR ARG O, 1 201109)

WE AP E R 3 A VERE RN, BEAT A 4 ) Bl i R P ) B R GE S A PERERT ST ; o0 bT 1
TR 24 3 T 1) 2l 2R 0 14 DB A B T AR, X AR 8 ) B T (R A 7 i A, 78 AMESim (PR 3155
ST T R AR Y B AR SRR R s BT T B RE A ) PR 1 SR S T PID Bk Y FE T
3 I ) SRS 5 4842 T SR P R BT, BE AR T HBW S 65 45 UL i ) T, AT T E R
R ) S AR 7 L AR S0 S0 IE . 45 5 R W B g o7 0 W R A vy, EL o AR A R PR ) 8 2R 4l 2 e i

KW AEBURRIS, EARE,
DOI: 10.6052/1672-6553-2021-004

BhASTERE,

5l

il

il S PERE X A0 Y T B2 45 e FLEOR b
AW R SRR AR, 4 3h R G AEA B kAT
AR TR BB BEOR B f5 AR A 5 T 58
LAY 2 4% W ) 3l R 4t (Hydraulic Brake—by—Wire
system, HBW ) LA S5 44 fi {5 | m 45514 6 00 8 | ey )i
P BLRCT RERY TAE Dy Xmifs AR ARG

VE R — il B B 2 42 3 2R ¢, 3 W 3
RYARF T AP R EE A, 72 TAER ECU
WO A AL AR 5 T 1 5 H T R T Sl v T
e A A S G, DA AS BT R A B AR R L AR
TAEREFE b 3h 7 BRBE Y R4 s AR H AR R
F1E B o3 B AR T . SR A R E X
HBW Z 548 K H S 2w L RE EAT 1 AF5E 47 R 3
TRD alfio FE38 i fF ] HBW 50 3 22, X% HBW
RO AR P R AR L R MU OGRS AT
TRABIBEGE 30T T 2 A0 1 TAERHES L
Xiaoping 2% 1T DDEHB 387 /i £k ¥ 1) 3 R 45, LA4R
AR I S R RE . AR A B AT R
il g &, # Hil 2hiFR 7F 5 A Code warrior 5K
PR AT A T AL R 3G e AR IR, 3RAS T
RGEAE S AL S AR b i e ShASERE S BRECE

2020-05-20 g F 45 1 Ky ,2020-08-29 Y 16 Mk .

RS

S o A R IO A A VA ) B0 2R G i g R
AR 4 PR SN RS, AT T R 30 52
ISR SN o T e =N IV S 0 T B 2 e =7
03T HBW R G000 AR BB, 35 i 445 W 1 3
RGN IRl A AT A9 HBW 35 5 42
XPRERYIEAT T AH S i 2158, B0IE T AR (1Y)
1E B P 5 B #5789 AMESim B R R0 3 M T
HBW = 224540 2 550 i Sl i i R S 50000 ) 3
A5 7 ) 5 M 7. 5K G A S ST T HBW R G5 1 B
AT 38 5 AMESim ZEAR ()7 ECI0 JIE B A5 1)
WEREE , T AT MR T 5 HBW 2R 48 1 56 ik B 50
HEAT T oM sh IE BRI T R 4 Tl sh &
BE B A 0 Bl AR iy R SRR SR e, 1]
B 7 A6 B0 T 42 1) SR WS 1 A 0. T BB
A5 R A R P R 0 R A RO Bl R e g I 3D
34y WL B, Ok R 4 AE 280 50 ) Rk i AT
BiE.

AL e ] Shad A o B R R
IR 43R AR h B 80 1 ARk T 5 IR
2 ) 20y 285 ) 1% i i 3R 3182 g ] R, o, A 50 73 o 78
HERWER B S50 o, B2 S B R 2
RS- E A ) 3 R GE M SR s EA TR 5T,
RIG & W UE7 HEE T A IERPE" s A2 i 1) B

« [E K [HORBIE IS W B H (51775269 ) Al - )5 564150 H (2017M610326)

T IHIHMEH E-mail: 1589535664@qq.com



16 3 1 2%

5B W%

2021 4757 19 &

A il 5 sh 2SRRI AR A H A A% A2 i A XA T 4
B RGN 1 B A HEAT T LA EL A BT
AL FREEL I TS L SE L, 4R
BERAIIB LA S T W Sh Y T Ag

AR TR K i A E R L9 R T T R A
LR PR ) 3h R G0 5 AR AR HBW A T4 J5 P K K
FEALRE T AMESim 5 FLEL Y ; ] HBW 1055 5 22
HEAT %1% il 2 R i S22 i Sl A% B 8 T80 1 3K
I IR B XA A AT FL 3G UE , 43 #7 S AL 4 H
Y i) 2y 3k A e g o AR

1 HBW RS RIRIBSHT

14 1/4 )58 25 HBW 28 40 09 2H i 28R
S, B HL AR e R R OTAR R
T SR R A = AR B . H 2 Sl A
A T BN ) AR RS B B AR S A
il S B AR A e 1) F2 BB, 38 o R AR H - B AR A H
FEAG 5 ¥ S5 5 15 i 5 v 4= ) Bt , ECU )
W 41 Bl H A 55 e A8 SRy 6 I 1) PW ML T B s 4 7
PTG L A7) ] 308 3 0 5 % 42 T o ) o

= solenoid
= :
| roportional
g Mlae
| —=
I1E| r|: —— R
h
| |I =
| |I
| |I
| |I
battery : N L
— | I T3 I
G :
\ v v dvy :
controller :
of EHB K

1 HAL AL R B R G R B

Fig.l Composition of the hydraulic brake-by-wire system

R AR GE RN AR RS B
BAL] ) L2k R RS e U IR | R R e | H R L 1A
RO R AR RS N RE A8 R AR A R4
JCHACECU W55, il o gk e g 45 il R ML 19 T
VIR , 56 M7 RE 4 1 S 2ok A8 . AR vl 1 L 191 1]
B e R, HBW ] 58 ik M3 TR IR R (2R
PRI 1Y A R L Bl L B AR AT RS IR 4 O
ECU B 85545 A8 Sy PWM 4t 4 il e i L A97) )
LU A ) SR i SO e T 75 e v ik L L
5] W 3E N\ Bl G T A 3G R AR Y e AR Y

HLA o R — 2 (LN, PR L f91) 1 2 5 — 7 9 O
JEE A B IS ] AR AR T ) 9t R 5 0 1] 3
R B H AL e A R, 1 by O i AR 2 I A A
CEN R R R v A B SR SR VR 2 (o N
P8 A B R0 T 3 A 30 R 0N e O e

oy
2 HBW ZZEE

2.1 HBW ZZEEEHFEE

HR A 5 R A R A W ) 3 R GE 00 TAR SR, 3
S R e o R R ) E R —— R R & R
i LR LU 1) AR S R T AR A T AR

(1)=& e s

FE HBW 34 R B, 5 BB 2% PN 9 1 20 803 17 il 3
RO, LA B BB PN TR D, AR N RESE N, 8
YN ORI NIB R (VSEAETZY ] SUN =¥ =8 1
B8 e v A D B S B AR A TR

p Vi =p,V, (1)
Ao, p, N HLTE LUAGI TR AL T o B 25 R A SRR g
J SR, V) R FUREG L AG R Ak T T A7 e B R TR
HERe S W B, p, N LI AR 45 & HE A% SRS
MR, V, o HALZE R 45 &5 e 2% BT 1) <= A
T n R S a IFR 5.

2 TR SR T X # RE A T IR A R A S
AT DA H ] 2 i 340 {8 0 3 0 25 R 114 S I e
Z e R

v, |
pg:p2|:V2 +qrt:| (2)
P, p, W RERR I SEIN TR T, g, 9 203 il Sh A LR e
o R T A I HR T A B Y X (E B . 18] 2 2 AMESim

HHR i e E A AR

P2 R E e de i g
Fig2 Model of high-pressure accumulator

(2) AL

e H YIRS H Ay P ML ) 20k P 2R U BT R
PR % 1k R A LA 5, D i 4 ] BRI &
RE % (09 ) s DR F5 7E — 5 Y L 7R 3 1 T
F RE AR N AT SR e AT ShFS L , 3 REAs 1Y SN s
T3 B BN BOE (E, W A2 ) B G 4 i Ak H




5 3 1

TR W LIRS 3 RGBS b S 17

AL 06 TAE B RIS R A s R & et , & g
A SE T e B E, 4k R AR DI AR
S ML i T RO 2 ECU A5 5 1mi 455 1k T4,
A 1] 25 1) i ) 9 1

E,

Qo= SV (= co)P] (3)
A, Q) MR ZE R i, S, ML FE S, V,
R S RS 1) P B HE & B R o S AR R
i, oy MRS B TR T, PR 22 5 A 1 1Y
JE 7, PR 4 % A 7 18] 3 5 AMESim FP Y

PSR ASE A
H-E0
(BN

K3 BRI
Fig.3 Model of motor pump
(3) HL G LL ] i
TE B fe b A L 7 A P AR S £
1 155 A\ 2 P T L 491 £ 0 P MR AR T R MR 2k
FHb I

d/ ds,

ui=LE+IRs +K“E (4)
A, R H B AR P A LR L ok H R L8
PN B 2 BB 1 EL IR 1oy i N ERL TG LU A9 1R Y EL Y L R,
Sy I P A 2 B A LR, K, R Bl A I LB A R B,
s, RERBER B ALAS . FLRE L A9 1 ) R R LA
RR 1 H R A R R H e 4 OB A 5 7% 1Y T A%
P, Gl SR ARG 2 B g VR B A v
R 33 1 55 7 PVE B2 R 1) FLAR 5 e 4 L
%, I A Bl AERE 1) TAE X R, HL )

F . =KI (5)
Ao, KA HU G L A9 1 v Y L - T 3 5

FL TG L 491 1 P4 TS A R 1) TR DX ) AR P
BRI 2232 B 2 A T Ve L AE g g
2y B AR R B ) AR YR A i iz 3

- Ly d2s”+B ds,
e pyA = a dtz a dt (6)

+K, (s, +5,) + K (s, = 5,,)
X, p, AR T St a3l 0, A S B BT g 1 1)
TR, M, Ay H 0 R TR LA () S5 30 BT £, B, 5530
BELJE Z 0, s, by HRLIE LU 19 ) %) BLENE RS, KA [ 457 B
SEWIEE s, oA BRLES A T v 57 B B 7 11 2 ol Y
TF R B K AW 2l o i) M 2R 5. F g A7) e

TEH T AR A S A RESS AL T By ™, oy 1A iy
FEL R L 191 1R ) Bl A e T R

0, = CA, ngwo 7)

A, Q, R Ui 28 HL A L A5 1] A TR U £, C ORI R
T 2B A S IRAS 0 E ) DRI AL p A
W R, PR SRR T . [l 428 AMESim FH i
FL B0 L A5 R A 7

m%mw

P4 G L
Fig4 Model of solenoid proportional valve

(4) il shAe e

il sl ik A v i Sh R A A R 1 R SR L
2 T SR T S AR T TR AR G R, A
FE T B4 SR AR A SR T A SIS R T AR AR
AT P D N S5y

dp,

0. =KV, (8)
AP, KR SR A AR R SRR VORI A AR
& 5 AMESim H (1) il sh S A A

5 iR
Fig.5 Model of brake wheel cylinder

i LA b aT 15 HBW 39 [k o 72 1 3 g 55 il o3

Ji e

dP, CA, |2 v, \
= —| P, - P, (9)
KV, |p Vy+qut

HBW Vi 15 7 10 8) 1 221000 T

dp, =—CZAI/TH (10)
dt KV, \p
2.2 HBW RGHEE
AMESim (Advanced Modeling Environment for
Simulation of engineering systems ) 4 & '] F T &
FE B SRR G RV R T8RS UEERR
P ARR RGP AR KO, R IHGE TR
il B 2R G A 5 LTS . e HBW R T
5 5 I B A5G 2 80 AMESim B 57 A1




18 3 1 2%

5B W%

2021 4757 19 &

AT & 6 D L i il 3 R GE T HBW
B A AR A E R E S N R 1 BT

i

'
(A \ P.LD. amn 1
\\._i_’u_lb—:(y 1D, H‘._M_,.f -

Ko AAwmE 3 R G
Fig.6  Model of the hydraulic brake-by-wire system

*®1 HBWERESESH#

Tablel ~System parameters
Parameter Value
P /bar 207
VL 0.25
Py/bar 100
S,/r/min 1000
p/kgm’ 850
K/MPa 1700

3 HBW Rzl

MK 67 LLFE Y, HBW RS0 & ERERS T N
5 AL 5T R 7 R Bl il B e
3.1 EeEREH

A T B G T TS I Y R (L, 3B A 4k
L g 0T FELBLZE R4 T T AR R4 ] . (B 7 A &g
P i AR P PR 45 ) B 3 A A T Ak i 1 3
e AL ) TARIRES . T & REAR AR ) IR
W FEAE , 78 8 R HL e i i P, I 3 e A 1Y
JE I3 X R T TAE R 7R BRAE A TAE & 77 b BRAE
ZIH), BE eI ML 78l 2 T ) K F TAEE
J1 7R BRAG B, H 4% o r s il 4k i 5 OC TR IL , 452 1k
T ; M F e S 2 HE /N T TAEE T BRAE
B, FAA BT i Ak L 8 S S DL R 2 R 3k )
TAERE T EBRAA.
3.2 HIBIESES

FEART R R T o AR SR H PID 45 i 2% . PID 45 4l
Fe A S bR 2 R 0 5 B AR IR ) 25 (E R T
ARG SRR AR A s i de il 2445
T B0 2R 4 1) FEL e L A5 1)

d(AP)

P, = K,(AP) + K,f; (AP)d: + K, (11)

Horbr, AP Ryl 3l H bR e ) 5 52 bRl 3 0 9 2546,
AT A 0 L R EK, = 4.5 x 107, B

REK, =55x 10", 0 REK, =1x10°. &5
PID F il #5 % il 3l H b5 & 1 5 52 PRl 36 & ) 2518
(A FE i, HBW 28 4t nT DL FAE, 4% B0 2 i 3l g
R

Get
accumulator Output
pressure N voltage to
control relay
start the
Accumulatot motor
pressure> I
lower working Get
pressure accumulator
limit pressure
ccumulato
Output voltage To pressure>
—— control relay turns higher working

off the motor pressure

limit

Y

K7 EReasE R A
Fig.7  Flow chart of accumulator control
P 8 SR i e g s i i R ]
BT ) 2ok e 4 AR 1) SR A A B R4
il L AL T A R T 0 IO B F A S 2

Initialization

————

Data

S

—————

\ Filter the obtained data mean \ Data }

_ processing;
Calculate current wheel cylinder |

pressure, brake pedal stroke and
accumulator pressure
1

Calculate target pressure based on brake pedal travel \
1

Calculate the difference between the current
pressure and the target pressure

Control
output

Wheel cylinder pressure adjustment algorithm

Calculate PWM to control solenoid
proportional valve spool stroke

[
P8 Bl ol Sk i AR

Fig.8 Flow chart of wheel cylinder pressure control algorithm




5 3 1

TR W LIRS 3 RGBS b S 19

i AD BEHUEE ki AL TR SR, B TR
Pt AT Y I8 D S5 AL BEAG 2 H AR s 1 5 2B
FR 250, FH LD F2 1 45 47 1l 12 22 22 5 s s oy o
PO T HARIE ) JF R B PWMAE S

4 HBW ZEFiRIGIEIUE

4.1 HBWiRK&ZE

R4 HBW R G809 TAE I 3, A AR 44k
55548, %0 HBW B R HEA 7 36 1E . 1] 9 SRl ge 15 4211
P R AR AE HBW 2R G0 B 484 J 3, b el YA
Heflb e 2 i BT O AR RS A5 7 il
R BR S5 He gy LB A TR 25 PR TAILAG , TR AH R 9 2 e
SRR

Signal of accumulator pressure

Signal of wheel W Signal of brake
cylinder pressure pedal

h 4

Power Signal | | e
@_. acquisition Computer
module
12V Freescale
¥ Development
48V Freescale —{| environment
battery mlcrocintroller
2av Voltag: (Iirive Data
module Displa
DC-DC — | Display |
controlunit |
¥
[ Relay —+ Motor pump |
\ Electro-hydraulic brake valve \
Executive agency

9 HBW £ 44l
Fig.9 Control schematic diagram of HBW bench
K110 HBW i35 &5 4L 5e 1 A i R Ge i 4%
AR , B RS I 38 5 Code warrior 8K 4 i
5 TR RTS8 BUBCHE 9 e i R AR R T
By T
4.2 HBW Z %45 R K IGIE
SRy B UE ST ARSI % s il Sk A s L i

Fl 10 HA7E HBW i (5 48 L el
Fig.10 HBW test bench for heavy vehicles

JUFR LAY () i 3 T80, 20 M 2ol 8h R Ge sh 25 ek
ZEBANE 11-15 s .

20 -
—test results
10, — Simulation results

c'O 1 2 3 4 5 6 7

Time/s

w
o

Wheel cylinder
pressure/MPa

B 22 3 T.00
Fig.11 Slow braking conditions

P 11 g B A2 21 1 3 T 00, o Sl Al N %
FLR% B e KA R I I 2 . AT LU Y, HBW &
SRR R, 07 A R S S R &
Hrp LR DR SR 22 /N T 2%, JEJ1 N 0 2218
T E R RAERT ] 2 1.6s, 15 EAR A i T 20 T i
ERE 1 TE R, B 3K S5 KRN [a] B2 R 0.5s.
I HBW R St /2 J R 42 248 il Sl i 2K

30
5 ©
o —test results
£220 i i
=53 —simulation results
°5
o]
2 g0
=c

C'0 2 6 8

Tirr?e/s
K12 R T80
Fig.12  Slow decompression conditions

12 R A AR T s Y 00wl A
Al g R b, O BADR iR A R RS
EHARE W5, RS R A TE 3.55 N[5 2 OMPa,
5 R R A e R P BB A — B DAL, BT ST
AR R REAL L b S B S PR HBW 2R 48 T A e

w
o

—test results
—simulation results

Wheel cylinder
pressure/MPa

[ N

o o

| )

Time/s
E13 Zeigds A IR T
Fig.13 Slow pressurization, holding pressure,
decompression conditions

&1 13 Sy d A0 42 R g ol 3 T 00 2 36 e PR
W A =B B2 SR iy R PEAR 45
PR SR AEIG R B, i 45 2R T RS 5 AN
FoE , 3 B L A5 1) JE i A A A e

P 14 S B 4 v B il sh A B A T4 Bl ik
R R R B0 ) AR Ak AT LU TR S P
558 R A Ao AR v R 4 SR )



20

B

5B W%

2021 4757 19 &

I
=

FEVSRE R FS G HE I WR R FESR T 0.5s 2 A, KT

HR AL WU ) sl AR R S S PR RESR UF, il LA
32 .0.5s BIR R 22 , HOL S B PEREAT & 12

Fig.

Wheel cylinder

Fig

Wheel cylinder

30
s —test results
=20 —simulation results
(<3
Z
310
s

G L
0 1 2 3 4 5 7 8 9
Time/s

P14 APEERG R R T 0
14 Moderate pressurization, pressure holding and decompression

conditions

30, —test results

g —simulation results
220
[}
2
2 10
1=

G L L L L

0 1 2 3 4 5 6

Time/s

15 BRI PR RUE T
.15 Emergency pressurization, holding pressure, decompression

conditions

P 15 D RREUL P A B R B Sl B T A

PSRRI T U0, D7 H A5 Al AR by s BR B ]
55 AT HI 2, HAR BB e KR TTAT S, A R
AR TR AR R RIS R RS — UGR B R R
F 1 Z Hi, R G0 ) i T REAR AU AEIRBE TN L
TR I FEIROHE JE T 2%, BRAR AN E B I IK 21 F AR

Ji
b

AR BAERAEIR T 0.4s, A R S R R

$ o UK B R KR ) Z R, R ) i TR RE

e UL 39 1 P ) 5 — 0, (R R ik 31 H
PR, 1% 2% R 0.5MPa, IA R AT LIk 3] H AR )
PR RS DREAR T 1 3 B i R A AT S AR ARG, )
WAL T /N FPARES AT AE R 1K, 32 R T
TIN5 SR AR I ] B AEIR T 0.3s. B A b
PRBLHY T HBW R GEAE il 2y ick A v A4 o 17 Rt AT ]
PEVESR AR A

5

it

o T B R AR PO ) B R G s SR RE,

4l HBW 9 TAE R B 358 1 1/4 ZEHBW R4
AMESim B8, 31 [ 47 AR5 3R 56 5 2R A T 56
IS 25 R, (5 B R 50 5 AL H W AL 5
UE T AR B AERG P HBW 2R G876 38 R el i i o
PRI T B e R A R R JE R )
PG, vl vk HBW R Gesh A MR, & A
THEBAEM S ) T, SR .

Z % X #

Qu W N, XuJ, Ge Y, et al. Development and validation
of a questionnaire to assess public receptivity toward au-
tonomous vehicles and its relation with the traffic safety
climate in China. Accident Analysis and Prevention, 2019,
128(10):78~86

Tao L, Zhang W, Li S, et al. Design of electronic hydrau-
lic brake system for the hybrid passenger vehicle. IEEE
International Conference on Automation & Logistics.
Zhengzhou, China, 15~17

D’ alfio N, Morgando A, Sorniotti A. Electro-hydraulic
brake systems: design and test through hardware in-the-
loop simulation. Vehicle System Dynamics, 2006, 44(1)
378~392

Li X P. Modeling of a new brake by wire system based on
the direct-drive electro-hydraulic brake unit. IEEE Bei-
jing Section, Global Union Academy of Science and Tech-
nology, Chongqing Global Union Academy of Science and
Technology : IEEE Beijing Section, 2015

g, BlE, BT, AF BT G AR A0 4 WU ) 3
RGENBRE . MR R (TR0, 2016, 46(1)
15~20(Li J, Yang X, Miao H, et al. Dynamic character-
istics of electronic hydraulic brake system based on bench
test. Journal of Jilin University (Engineering and Technol-
ogy Edition) , 2016, 46(1):15~20 (in Chinese))
WRieoe, skEmatk, ARIGEIE, A% B J0 N2 g 42 Xl g%
HL PR 1 3 R GE BT Sl . AU Rt B TR A
2016, 36(7) : 695~700 (Chen H Y, Zhang R L, Zhu X
L, et al. Braking system design and experiment research
of an off-road autonomous vehicle. Transactions of Betjing
Institute of Technology, 2016, 36(7) : 695~700 (in Chi-
nese) )

SR, B, T, &L SET AMESim R E
il 3 RGBS TERE 2 7 . 8 PR TR 22 4 ( F AR
), 2014, 28(3):1~5(Jin Z L., Duan B W, Wang R,
et al. Research on dynamic performance of electro hydrau-
lic brake system based on AMESim. Journal of Chongqing
University of Technology (Natural Science). 2014, 28
(3):1~5 (in Chinese) )

TR AR VR LW ) B R SRR b S ) [ A
A B S A R K%, 2013 (Zhang H

S. Analyse and control of electro hydraulic braking system

E A

for vehicle [ Master Thesis]. Nanjing: Nanjing University
of Aeronautics and Astronautics, 2013 (in Chinese))

HRIESR . T 4 vl 4 2l 2R e AR T R B R A R OR
WERIF ST [ 12 0 SC ). KA 7 AROR %, 2014 (Han Z

T. Research on Hysteresis characteristic and compensa-



5 3 1

TR W LIRS 3 RGBS b S 21

10

11

13

tion control strategy of EBS for commercial vehicle [Ph.D

215~221

Thesis ]. Changchun: Jilin University, 2014 (in Chi- 14 MREESC, Wey A5, thscs . TG R 3 R G &
nese) ) S Al TR, 2011, 27(11) : 61~65(Lin M
THHE . AR S EER K 2 H bR 8 ) 4 s Y, Yao G W, Qu W F. Simulation and experiment of elec-
TFTE A2 08 30 . KA 5 MR, 2014(Wang tro—hydraulic braking system of construction vehicles.
L L. Research on parameter identification and multi—tar- Transactions of the CSAE, 2011, 27(11) :61~65 (in Chi-
get braking force distribution for duty vehicle [Master nese ))

Thesis]. Changchun: Jilin University, 2014 (in Chi- 15 2, T L. L) i @ kA A ) Rk Oy 315 S 56 iF
nese)) I8 R BB A=, 2005, 36(2) : 104~107 (Li Q P,
AL R IR A 80 ) I R - 2 A Bl Ding F. Simulation and experimental study on force-stroke
REWFE 2200 3 ] KA i AMRORS, 2013(Wu characteristics of proportional solenoid. Journal of Agricul-
C H. Research on air-hydraulic composite braking system tural Machinery, 2005, 36(2):104~107 (in Chinese ))
for a parallel heavy duty hybrid hydraulic vehicle [ Master 16 T HHER . I FH 4 4R 1 R 8l R G AT 48 2h S AR
Thesis |. Changchun: Jilin University, 2013 (in Chi- TR IE ] KR HF MK, 2018 (Research
nese) ) on actuator dynamic characteristics of hydraulic brake-by-
WARINMANT . o 2 450 i AR G5 1 B0 2R G i 2l S IR AR wire system for passenger car[ Ph.D Thesis]. Changchun:
WFE LA =24 18 SC ). YT 790 K 2%, 2017 (Chen S Jilin University, 2018 (in Chinese))

S. Study on braking delay characteristic of associated 17 ZE00 . R it W ) 1] B A R 4 b 5 i 5 5 T At

braking system of heavy equipment transporter [Master
Thesis ]. Zhenjiang: Jiangsu University, 2017 (in Chi-
nese) )

Mamcic S, Bogdeviciuec M. Simulation of dynamic process

in hydraulic accumulators. Transport, 2010, 25 (2) :

AR SC ] AR KB T R, 2017 (Li Y. Simula-
tion on characteristics and flow field of large flow hydrau-
lic pilot-check value [Master Thesis]. Taiyuan: Taiyuan

University of Technology, 2017 (in Chinese ) )

DYNAMIC ANALYSIS AND CONTROL OF HYDRAULIC BRAKE-
BY-WIRE SYSTEM FOR HEAVY-DUTY VEHICLE *

Li Yurou'  Jin Zhilin' Wang Xiaolu®> Zhang Xinbin®
(1.College of Energy and Power Engineering , Nanjing University of Aeronautics and Astronautics , Nanjing , 210016, China)
(2.Shanghai Aerospace Control Technology Institute, Shanghai, 201109, China)

Abstract For the active safety performance of heavy-duty vehicles, the dynamic performance of the hydraulic brake-
by-wire for heavy-duty vehicle braking process is studied. The principle and working mode of the hydraulic brake-by-
wire are analyzed and the key hydraulic components of the system are mathematically modeled. The hydraulic model of
the hydraulic brake-by-wire system is established in the AMESim. The accumulator pressure maintaining control strategy
and the wheel cylinder pressure following control strategy based on PID algorithm are designed. The control strategy is
embedded in the electronic control unit and the HBW test bench is developed. Under typical braking conditions, the dy-
namic characteristics simulation and test verification of wheel cylinder pressure are carried out. The results show that the
established hydraulic model is accurate, and the hydraulic brake-by-wire system is effective with quick dynamic re-

sponse and high precision.
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