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Abstract

Through the research of pump in hydraulic control unit ( HCU) of electronic stability program
(ESP), a design method that actively build up brake pressure without pre-pressure was established.
After that, a simulation model in AMESim to analyze the structure parameters of the HCU of ESP was
proposed, especially the influence to increasing pressure rate with different pump flows and motor speed
parameters. Based on the above, the pump flow and motor type can be defined when the hardware was
matched by ESP. Finally, a bench test was carried out to prove the function of the pump that could build
up pressure without a prepressing unit.
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Fig.3  Simulation of pump in AMESim
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Fig.4 Simulation of spherical poppet valve

with conical seat in AMESim
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AMESim simulation with different motor speeds
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Fig. 8 Pressure increasing curves of hydraulic

unit with designed pump

10
8
<
ay
Z 6
R 4
5
2
0 .Il L
10.8 11.0 112 114 11.6 11.8 120
B /s
(a)

£ 77 /MPa
\:/
T

10.8 11.0 11.2 114 116 11.8 120
T[] /s
(b)
9 Bosch 8.1 li4~ i) ESP & Jy 3% < il 2k

Fig.9 Pressure increasing curves of ESP in Bosch 8. 1
(a) EEER (b)) BHRMA G I 3h ¥
Hi &l 8 AT UL, BT By ESP R R AT B OT AE
400 ms B I, Ze B4 s 71 0 3 MPa, 38 s 3 8
N 7.5 MPa/s, 45 |/ 58 JE J3 S 6 MPa, 4 % 3 & -l
15 MPa/s, 2 J5 % & 1 12 MPa/s, 3% J& 3 B N
30 MPa/s, 45 /5% & 18 2 MPa, 34 [ 3 )& 5 5 MPa/s,,
APl 4 A B L R — Bk A2 . i T ESP



4 39

FARES 4. ESP WUE AT BT HE 28 R S AR A B 5 i 8 5

PEAE I HA g & 0 i 2 48 B8 A B o XORL, ] L4
25 W A S 3K A 5 TS I 10 38 e e 0 055, %
A AT AE S X A R G A B S R R 1B 2.
Bk, B0k — AR 00 09 et PRt el T L2 ik
#5342 A R ) AH 22 LR, AT TR AR
X—HER,

H &9 AW, Bosch 8. 1 JitAs 1Y) ESP [ 14 e 34
A 22.5 MPa/s, Jg 5 3 & ol 60 MPa/s, T ESP 11§
P4 A A 40 ms , B J B N 20 AR A s B R S
BOIEATRI , e S — JE I Y ESP gl {E, XF T ESP
Y PIAT BT 1 1 T R A BT R . R AR B
ThT b oA T i) g% T B AR A — M 0. 1) AR 6T s )
—fRAE 1 ~2 MPa B, 25050 234058 . (R ESP 7E—
AP T N B R e PR, a0 R B A 25 MPa/s Bt
BB 404050 VR R RR e R, I AE X ESP
W& s ST 550 19 38 He e PR AT 2 B InE A PR 00
O B AR 1, X M 45 2 30 ESP #E4T £ 3
77 T FoUBST f RS A2 e 07 B B A4S o 3G e N R Aot
[, ML 25 MPa/s I, 25 75 — A5 i i 9 4 45 42
FAIE, T BOR R R e Mo DR B e
PEHITE 20 MPa/s B A 30AH

Wik F1 Bosch 8.1 (1% ESP iy *f ki 55 v] LA &
.

(1) BA7TEciH 1) ESP {9 Hs #0047 o0 1 — Bk
B4 A R K 22 AR B,

7.5 MPa/s #| 30 MPa/s N4

(2) BAF A~ 3 8 (f HTSE 15 MPa/s FAE J5
¥ 30 MPa/s) J Jy 3 Kl £& 3% He 34 B il Bosch 8.1
A1) ESP(22.5 MPa/s) 33k .

(3) i T ESP 42 ] Jil J i) PR 3R, 19 T 3 88 7 3%
Pl 7E 20 MPa/s B i, H AT BT ESP P4 T
I R 22 BOK .

4 it

(1) 7 ESP ¥ He AT B0 19 15 G2 2 19 R Atk b %
RWVEREHEAT TIRAL BT B T —Fh JC W A
N B E S s DR Wt r k. R
AMESim #0175 ESP R GEREI T X AL JE R AT T 1
AEDT HL, 19 2 1 48 6L IR J7 B9 MY < 2L A AT ESP
TERE A VT JC IS BE 47 2 A0 Sh LAY 6 . il i ESP
BEPFAE I B &, IR 1O I HE JE R RS 5
L 3 K 2k, 3@ d 5 Bosch 8. 1 iRy ESP i
TS He e, e W] 10X — FE 2E 5 R GU g 6 52 B ESP
I BT T B T PR RE B K

(2) M X FEFE A R G Bt 5 BN ik
ST AEBA Bl b 58 xR ZE R R G AT AL
T, s AL 28 A AP RE , T DL SE B B 4 i 2
Ao X — BB BGH T 458 ESP Ik 5.0 4 7k
REEHBIL, K fa T ESP 1 R G LM, FEAR T ESP
A AR o

& % x Wt

Anton T van Zanten, Rainer Erhardt, Georg Pfaff. VDC, the vehicle dynamics control system of Bosch [ C]. SAE Paper
950759, 1995.

Mauro Velardocchia, Politecnico di Torino. A methodology to investigate the dynamic characteristics of ESP and EHB
hydraulic units [ C]. SAE Paper 2006 —01 — 1281, 2006.

AR, W &, EHiSE. JH Pro/Engineer S A: SE AL O AT AR RCRGS S5 B LT ]. MR RHE 2F B 2F 4 . H SR BRE
JX, 2008, 36(3) . 83 ~84, 93.

Hu Zhigang, Feng Qigao, Wang Yanrong. The realization of assembly and motion simulation for plunger pump by Pro/
Engineer [ J]. Journal of Henan Institute of Science and Technology: Natural Sciences Edition, 2008, 36(3) : 83 ~84, 93.
(in Chinese)

B, BRI, DU Rl AR AR AR EL LT ], HUA, 2008, 32(11) : 33 ~35.

Zhao Fu, Zhang Li, Xiang Huiyu. Modal analysis of axial piston pump [ J]. Machinery, 2008, 32 (11): 33 ~35. (in
Chinese)

T, ARG, INET. BET AMESim 9 XUE DA R BT @ ST LT ] U R A iR KB4 R, 2006,
32(9). 1055 ~1058,1086.

Lu Ning, Fu Yongling, Sun Xinxue. Digital modeling of double press axial piston pump and its thermal analysis basing on
AMESim [J]. Journal of Beijing University of Aeronautics and Astronautics, 2006, 32(9). 1 055 ~ 1 058,1 086. (in
Chinese)

SRR, RB1, BRE 2, % T AMESim ROUEAE ZER M BT @A S Rk Sl A [T]. BT HLB, 2010, 31(1) .
100 ~ 102.

Zhang Dabin, Su Ming, Yan Jiduo, et al. Digital modeling of hydraulic axial piston pump and its flux pulsation analysis
basing on AMESim [ J]. Coal Mine Machinery, 2010, 31(1): 100 ~102. (in Chinese) (THE 14 77)



14 C AN 20124
MR FEE R AT e R R T R

RGUG R AE S N T 13.4% , ARSI T 2
BT 14 4% I BB 00 A 75 5] T ) M3

4 it

(1) BRI 5 T PID X 2 3 3 A7 9 19, 75 M
DA iy BE X FEHEAT BRI, AR 4 3 fff ke 7 252 0 1Y

(2) 75 Bif 35 28 B0 b B IR o 2 390 2 A5 K 1Y B
bR AR E R B Ik R G a , KA T e
3¢ JRE A B B R BE A B T m e VAT 2 A 3

(3) FERN By 3R EE S A AR AR s B 88 B ik T
YR Zh 2R Gr 4 H T B R AR A AR D A R G B A
ARG 1) IO FH I 55

& % x Wt

1 Kim Y J, Filipi Z. Simulation study of a series hydraulic hybrid propulsion system for a light truck[ C]. SAE Paper 2007 —01

—4151,2007.

2 Simon B, Christine E,Edward G, et al. Hydraulic hybrid systems for commercial vehicles[ C]. SAE Paper 2007 —01 —4150,

2007.

30 EhHEHE. R RGBT SR IM]. duat s Tolk i iicet 2011,
4 BRETI. TR B R i e U TR R R S IR S RGBT SE[ D] KA AR AE,2008.

Chen Jinshi. The study of wheeled off-road vehicles hydraulic drive system based on hydraulic control technology [ D ].

Changchun: Jilin University ,2008. (in Chinese)

5 OREEE BB, RS [ M. Y% S 5 A R L2004,

6 spaA. VRAEHIBIM]. dEat HUM b A4k ,2009.

7 Mehrdad Ehsani, Yimin Gao, Ali Emadi. BAUH K4 R G 30 00 3K 4 ARl it 2 —— A JRU 8BS R i

[M]. dbag: WL Tl H RFE ,2010.

8 . 4 x4 BEPIRAE A G v R SR AR [ D ] KA S AORSE,2003.

Li Jing. Study on the control strategy and control algorithm of traction control system for 4WD vehicles [ D]. Changchun: Jilin

University ,2003. (in Chinese)

9 AL, VFAUH AT T BT SIMULINK p E RGeah & B [T Al HLA 4R ,2000,31(5) :94 ~96.
Shi Hongyan, Xu Chunxin, Fu Lianyu. Study on dynamical simulation of hydraulic system based on SIMULINK [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2000, 31(5) :94 ~96. (in Chinese)
10§, 208, Y, & RIRE D IVEERGBER GBI S BREE ] R PLMER ,2011,42(2) 43 ~47.
Han Bing, Cai Yixi, Zhang Tong, et al. Hydraulic system design and dynamic characteristic simulation of full hybrid

transmission[ J .

Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(2) :43 ~47. (in Chinese)

(E®mEST

)
7 GBI, wER. R SERR S R B R S IR T [T ] . AR AR, 2010, 41(1) : 188 ~ 194,

Ma Jien, Xu Bing, Yang Huayong. Modelling and experiment study on fluid character of axial piston pump[J].

Transactions

of the Chinese Society for Agricultural Machinery, 2010, 41(1): 188 ~194. (in Chinese)
8 MRE IR, K, o3, . AT AMESIim (7R %4 ESP WK R REEE S 40 [T]. UK 5WE, 2005(8) : 115 ~

116,122.

Qi Xuele, Song Jian, Wang Huiyi, et al. Modeling and analysis of vehicle ESP hydraulic control device using AMESim [J].
Machine Tool & Hydraulics, 2005(8): 115 ~116, 122. (in Chinese)
9 ALk, T PXI A cRIO By F A E R AR E S5 SO S IR A [T ], W T3k A, 2009(10) : 74 ~76.

Li Hongzhi. The development of hardware in loop simulation platform based on PXI and c¢RIO in the ESP [J].

Electronic

Design & Application World for Design and Application Engineers, 2009 (10) : 74 ~76. (in Chinese)
10 Aldo Sorniotti, Mauro Velardocchia, Politecnico di Torino. Hardware-in-the-loop ( HIL) testing of ESP (electronic stability

program ) commercial hydraulic units and implementation of new control strategies [ C]. SAE Paper 2004 —01 —2770, 2004.
1L gk, 258, AL, &5 IRGERE I R G 3 B IR X R g [T ). AR MU A=z ,2010,41(10) : 1 ~5.
Zhang Xiaolong, Li Liang, Li Hongzhi, et al. Sideslip angle roadway test system for vehicle stability control [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(10);: 1 ~5. (in Chinese)
120 X0Ht, S0 M 0 52 0. el o ST S BT IR A st A S B A AT LT ] HREE ML R 241 ,2012,30(1) + 75 ~79.

Liu Hong, Peng Zengxiong, Jing Chongbo. Numerical analysis of slipper brearing’ s film shape in axial piston pump using

enetic algorithms[ J]. Journal of Drainage and Trrigatioin Machinery Engineering, 2012,30(1) : 75 ~79. (in Chinese)



