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Simulation of an Electro-hydraulic Brake
System with Integrated Master Cylinder
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Abstract: To recover more braking energy and improve
braking performance of vehicles, a new electro-hydraulic
braking system based on integrated master cylinder is
developed. According to performance requirements and
national standards, key components ’ parameters are
determined. The software AMESim is used to build hydraulic
subsystem’” s model in accordance with its constructer and
working principles. Vehicle model and system control logic
are built on Simulink. The system control logic consists of
braking force distribution logic, wheel cylinder pressure
precise control method and coordination control strategy for
regenerative braking system and anti-lock braking system.

Eventually, the new system’s necessary functions are verified
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by simulation results, reflecting the system’s good feasibility.

Key words: integrated master cylinder; electro-hydraulic

brake system; system control logic

FEETEIR E R IS TIE S ORI KRR
B &R Sh R R H i AR EFE R se I
WRERBZOIMZE T H£FWER, HANAER
b 51 ) 3 R B DL IR A AR 22 B P, ELRE R
R RAEBAZ G 3h R G 3E o 5Lk i s LR

HRERMBIRE] FHHAE S EWBEREE
TS AR, IETER Z B A= M8 AR IR 4 A 15 2]
W, A9 4% 3 B 4 7] B9 Electronically Controlled
Brake system™ . JC ki 2 F] B9 Regenerative Brake
System!? | {# # /A # B Hydraulic Actuation
System™, X & /2 #A M Slip Control
H 7= /A " B Electrically
Brake System®, 7 # A F
Electronically  Controlled  Hydraulic  Brake
System!™ ) & 7 H /2 7] B9 Hydraulic Servo Brake
System!™.

R T REPHA B F HR =AU R R B 4 b R
J& o A A ISR BT XL EEHBRE A
TS RER PR FBGR, AR T —FMET 1k
A3 F LB R R IRE & HI g R 4.

1 BERESHIARZKHZITEN

HLIRAE & B R GEAE AR SRR 3h R AL T
P T ZAEHIEAR b AT O, AR ST O A
PERE. 0 T IAEI H B, IR E Sl s R G
ZEAE AT R

Boost
System!! | Driven

Intelligent

Fa(1986—), B {4, FEHIFR A RIKERBEE S HZI RS, E-mail: 0820180043@tongji. edu. cn

EIREE: IVEFEEA953—), B, &8 . B a5, T4 EL, TEMFR T M VIR ESI N £ 4. Email: Sunzechang@fcv-sh. com



1212 Rl ¥ k2 2 WE KRB 2B

LRV

D BB RERKSHIHR B RN
B B R RGBT T - — R BB , 48 i S AR
WA SR BIR R ; TGS, 18 AR ) S
ShIRH IR R,

(2) BRIk BE % 5 i 3h 28 B B0 RS B4 i B ¢
PEFNSE RS L, 4 4 SRR B, SRAE bl s A7 38 &)
(R E T

(3) ARG etk ELR A HUE T #9 & 4 i 3l iE
73, BIE R SR GE AR ALt . e PR v » 25 3 DY 475 B
3 R 1 Bl B AR R R A R A

(40 RATREZ H B I SRR, i K IF Rl
AP A ) B BB 7 » T UA B8R v B AR i RE P B
R IE R SR AR s BRI 2 5T, JU R 3D
SR ITT TOUT

2 HBHEBRESHIRFHNESIRE

HT UL ERBIHEN, I S B A R &R &t
TMERRTIRERBRE ST RE, A 1 .
R GBI SR o 322 1) Bh B S B AR #8
&% 2% . — R U 80 £ 5T & 5L (integrated master
cylinder, IMC) . % & 5 ] B2 5€ Chydraulic control
unit, HCU) FIHIZHABAL 4 MR AL

1B 2 R ; - FE R BB - TR bl 5-TERR ; 6—JF
FIPR IR s T—F T e AR 5 86— PR ELRERY 5 O—(R R RS s LO—HL 1) Y 5
11— PR AL ; 12-FIPRR ESE ; 13- Sh4R L 14— B AR ABe 15
1 BEHNRZELEHTE
Fig.1 Structure diagram of hydraulic brake system

BUEAE R ITH 2 DA D255 — &3 £
BLEAY 2 AN DS 4 N RS 4Tl
e AR 4 SRS SR BT R A — A T
BEIR 7 RN AL 8. 2 A S — MR
EREA O AR 12, MR W I & —1
BRI 10,2 MU Rl — DB AL 11 3K3).

LRJE, RGEAL T Hlsh e &R A, BT B 2
7 RH ARG 8 SREL RS HDIRAS. TURR
5 MEETRE 1 Pl EH Sk = = IR B e A 3, LGLAT
Je e R BRSS9 LU i shahfE SR A ae .

LB LR T i Sh AR AT, e BAT ECU A%
WL AL RAR 14 (5 {55 mp ARt 25 B 57 Fy
SR B M HI S K AR IE I 30 J1 40 e 48 5 ik
BLBK I 3 2R 52 9 H An B 30 7 » IF i ad 45 4 o o
R0 PR 5 8042 o A R T 6 R R B B A U
"B AL 5FL 8 £ A ) sl B B AR B B il VR L MDA
Giihish R A BURE. th T RS BY 18 IR R
IR R IE B F 28 IR 0 A & R A 8.
TEMCRAS T » il 3h ERLHG =4 T 72 0, 5 i
WERE I E HCU 4k, SPitH st Rk
A A B, 25 S8 0L B AR IR D 8ok B T A 3
5 7 4 5L 1 31 2 G5 13 A 42 o R BV 25 3 B A
BRT ) Sh BB, A7 BEAR 350 L U st 0 B 2 g i o
273, TR FIR Y i AR AP B R R N R ik R AT p R
B | TR T BRI R 2 St AL Y v s i e 2R
GO, JFEE N 70T 38 (FL) (41T %8 (FR) V2R
(RL) A5 (RRO Bl AR GRL 9815 SR A4t vy He ]
B R BRI AR AR B R T — AR TR
0 TR A AL G0 v 30 2R G2 FIAS e i 1t 5L 1 30
ARG T R IR M AR I SRS IR T
M J37 3 P8 KR AR T A7 1) 3 v 1 1 3 2 48 )

HRARGERYCEITRBEW 2 M7 IR &k
wREdy 3 SREWUE 1 ME, 5. il 3 AR 14
FRHHE 3 25 Fh B AR AT 280 0 9 s B 0 B K »
A S B A UL B 2 sl T L 7R Sh RS Ak
T s A B Bl sl s .

3 XKEBSHHITE

T ET 25, ERMARARRE R, EEEK
FEARER K. HEEMRTE R IRGERE F AT
Y2 Ji P 2 ) Sl R T [ B S 5 BRSSO B Bt B 4R
AR BT R LU I S AR G A HE S IR ). RS F 4
B R AL T B RATRE I 25 1 ZE I 2 75, [R5
I ZE R ARG 25 R IS 1 BB ), 2 T LA
bR A] A E AT R

T HUHE f B2 77 4t 5 1 3 2R 4 9 90 42 ol R0
IR FHEATYR AR » AT ZRHROT 56 1 [0 3 2R r AL [
VY E NI R P S e BN IPS 2 2



HeH

E &FET ARSI EHORBE SRR 1213

FEPTER IR B BB 2 24 b
3.1 BEE

RN TR E W E WS ECH RN R WERE
FIHER N = R & BE s AL th A 4 Bk
BRI R ESEAAE, il 35 F & 1S3 E
LI, AN 45 1A A 5K

FEERERIEAGESREREXSERR, R
gurb FYER Bl 1R, IT I G 01 k3l , AT
Vo BRI 2= (D B,

_ Vx(pl/poﬁl W
1— (pr/p2)™

K.V WERSBN I/ESH RGP R
— R B2 I S AR o ARIRTAERE
J15 00 MRS sn HERMARIEEG p. NEH
TAERET].

Lk BB FER G H TR
IR, YRR Ikt 2) K iR

p, =2 )
T
q=V,/t €))

P P AHHLRBIE SE; p I B TAEE 159
R LAV S HUBLEY TAERR g, AR
TAERRER ;¢ oAb FE s & BEas TAE A BUIT RGN A,

VRS R AR W SR R S E AR AR
PN s g, HoHER D BT an= (D Fin

D=q/n, (4
O 7, KR LU L B - 24 7 3
3.2 Bt ARG E R

BB A L S A Dy 5 B R SR R AT A AR
ST, MRS 3 SR FRRAZ , R TR AL Y B AL B8
SR KRR BMRVE N AR, B T R
a3h 2 B, BARPRZE SR, B e i 2 A>3 N
EERYIE.

FEAFRA RSN, EoR R 5 B KR EE AR
INGMEN R TET 2 A HMER AN A hdHE,
P ES XA G AN A 2 fos, Ed F
e ). TEE 2a TP MR R AN (5 Fivw

1 1 1

X K WA AR BRIRE s & /MK BE S ) R
JE s ke S RWIEE RN, FE18 2b b, A A
I BE 5 K O RE 28 FRY I BE A 45

7& AMESim B sy R AT B, AT LLR
BT B AR R BE AR DB B 2 RE A O 25 Bk R AR R
G BB RRUERBE N 3 B,

7Fl7—7F7

I
g L4
a WIS b g

2 BN SARNH S R
Fig.2 Principle of pedal-simulator spring
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Fig.3 Pedal-simulator spring simulation
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Fig.4 Regular braking process
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Fig.5 Braking force distribution strategy under
urgent braking condition

AB Bz 230 51 BRI ) 30 B A A PR s ) 4
HAER I 3h 1 A8 A B B K. TE i BB ] YR A il 3
AR HAME, R EIRNE I RS sh . &
S FEE T4 Wi BE R I B R P 4V 1 3. T
JEREI B I ER B/ A —p B HIBsh S A, H
W B MBS RIS RS HI S 1 43 B R EL

BC B . B0 5 R FFHI Sh B R A A7 B, DA R
TS oK. B LA — 22 W 1 B 728 25 Wi/ i il v s
B 3 RRT B 0 B 77 5 [R] e AR K B i R 3 i
AR, BEFHDBREL S ECE B4
(Economic Commission for Europe) BY3Z 55 C, M
B RAR B S ST RE

CD B - 253 Gy 1 30 B BR A it 2 (e 75 1 22 41
BN F3 9N W B3 2ok O S s/ INFAE R 3l T S i —
20U/ N BB 1) 30 0 B s TR S b 3 0 4 e
Bk D', BB BT 03 B R R 30 71, BBy B/
A—=p B30 1 A AR5 . W 200N B 6 3)
TEEZ.

HARM B LR 6 frs.

4.2 RFBREENBTHERFE

F FITE A 5347 AT LUE ) ZE 31 1 sl i B2 Rl
S Sl O YRR ) B8 T3 B A 1 3 0 R R Ak T AN W AR
At LAORFREAR I S . DR MG 75 B A 1 4 ] o
SECHIM T LR 2 B 1.

H TS BARNE &, RGP U5 EFELESR 1
A AR AR o A Bl 30 R Ak T AN 85 TR 00 A% %

L2
6 0001
5000F
4000Fp T 7
= 3000 Ty
BT AR RIS
2000 A e Bz it
e T BMAKEER
1000ff Ay T s b
0 1 2 3 4 5 6 7 8 9 10
B Rl /s

E6 #ZhomiBia
Fig.6 Braking force distribution logic
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Three-dimensional data graph for pressure
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increasing and decreasing process
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Fig.8 Simulation of brake pressure control
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Fig.9 Coordination control strategy between

regenerative braking and anti-lock

braking
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Fig.10 Transient process from electro-hydraulic
braking to anti-lock braking
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