FE3HE F1sH
2015 4 9 H

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.31 No.18
Sep. 2015 71

R E LA =B R R R oA

4

o

. M B

T
OR JFH TR S5 B IR AR 5 R et 2 F # 5 (L 7944 & st =, K 030024)

OB RGN BT A BB e ) R SR AU 7 T RE R SR, 3R A A AL S X 8h R R ) P YR
VCHCHE 2 17715 o 1230 H Y fE SimulationX HHEE ST 1 ML BENLIDE 5 07 FOBTL, 0f SR A AR A% B 1) R S )R B ALE i
Mol 1) TOL N BEAT O H . A T ARBHLER I R 48, X L SR R, BiiE 107 FO R AR k. 1 — 200
VR IAL B DCHC A 170 D V2 NS T e B o 445 5 A A SRR GE A RV R R R O 26 AF R, i R RIE 25 3 00 A
FEFE R B ARA NS U AL R GG 36%, il S HON 37%, Tl IEHN 39%, sl 28%, IR E RGF 0%
& 7 ) AR 5 L REAE ) 30%. 12 SCHR A AT TE TR X BB () T RERIE JU 4R it T 2%

KEEIR): KB mE; R,
doi: 10.11975/j.issn.1002-6819.2015.18.011
FESES: U4 NHAFRERS: A

AEFLE; WRIEE, REHA

XERES: 1002-6819(2015)-18-0071-08

SEE W &, # M BRRELERBNERREHESA]. RUTEFR, 2015, 31(18): 71—78

doi: 10.11975/j.issn.1002-6819.2015.18.011

http://www.tcsae.org

Yan Xudong, Quan Long, Yang Jing. Analysis on steering characteristics of wheel loader based on electric-hydraulic flow
matching principle[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2015, 31(18):

71—78. (in Chinese with English abstract) doi: 10.11975/j.i1ssn.1002-6819.2015.18.011

0 31 &

WM TRE R HER KA —, B
BT ALAINEE, AR AL ) ). R LA I e
PR R BRI vy s T L SR ML 3 A 11 R e Tl
RGAFAEBCRIRERE, O FEARBEREEL sUBT 207 170 o

Daher N A 51 b AR 245 P 2 o A T2 bl
FemRg. WHRRM], AHRE R A A M R G
LI R G BRI TH FEIL 14.5% o JETX 4k 2 AE 1 A
AL TR B 1) 2R 5 TVR i Ay Al 1) R AR G
BEFC, MOaaF. S U s U AR B AR SR T
ARG, RAHEE AT RER oA AT B 3h i,
DA R R, ik e 2 G0 0 e B AT i AT 0 25 TR .
T S et SR A e T ) 5 42 i B 1 8 1) R A
TR, SRR, ZARGA S ERRT R
TEIE B A O AR A F LI B 5 e A IR e 1 RGO T
WEFe, wle 507 A KRR, Prstit (& el a8
AR S 5 e 1) T SR L R, R D B UK
R AR GLREAERE — D PR

3 dg Dy e AR P X 1 [ S v A R R 4 ) R
Ko BRGRAHEA R, BIR T R R ILAC S i
IR TUAR T 1] [l B R 7 0. A iz R SE I 1T e

Wk H#A: 2015-07-24  &ITH#A: 2015-08-20

FGWH: E RS RIREITE (2014BAF08B06)

fEE T B, 5, (vaRJR, FTEFRIT5 In g B b 15 B Ar] edzs il 4
Ao KRR A HE TR A7 B4 RS 5 B B2 ) 0 0 5 L P 40 E SRR
030024, Email: 1065297082@qq.com

MABEIEH: B e, B, WK, i, MEorRASIm, EEPTRIT
17 A LA MR R e 2 i R ) KR KRB T2 B AL I3
BRI ZE 55 1L P64 5 A58 %, 030024, Email: quanlong@tyut.edu.cn

http://www.tcsae.org

Ol ASCE ST T RN A 7 AR, 2RJE 20005 6
R SR IL R RGEEAT 0 T, Hoh, 7 EBA
eV RIS R EAT T LU BIE, DU RS 2
Ferd RERE AR IS5
1 AfMERIRERE @RS

B 1 s 9/ N SR A% TR 1) R e S B

LSRR RE T3 20051

1. Load sensing hydraulic steering gear 2. Priority valve
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Note: CF and EF represent steering port and working port; LS represent control
port; P and T represent inlet port and outlet port; 4 and B represent actuator port;
Coand C) represent throttle.

B 1 RAeiEREa 2L RER

Fig.l1 Schematic diagram of load sensing steering system
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Note: E and M represent engine and motor; B and U represent angular velocity
and voltage signal; ECU represents electric control part.
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Fig.2 Schematic diagram of steering system based on
electric-hydraulic flow matching
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Note: S and S represent displacement signal of steering wheel; U, represents
continuous output voltage signal of sensor; V) represents speed signal; V'
represents speed signal adjusted by PI module; p represents scale factor.
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Fig.3 Schematics of control system
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1.Kinetic model of tire 2.Three-dimensional geometric model 3.Hydraulic
model of steering gear
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Note: f{x) represents control function.
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Fig4 Co-simulation model of steering system



18 1

EIMEACSE: LRI VLRGSR B LA 7 R R 2 AT 73

1 S i Pro/E B EE ST T RPNl = 4EREAY, 4 4
2 fiin. BHS N SimulationX {7 B, 35 4345
PR R S AT R B S T AL B F1 2
B, anfE 4 v 1 B9y B ) A S AR AT S 440
BN ZHEMREAL, BRI, REE. IR
R BT SR S IRANAT AR A . RIS A B
PREESL T S AR B0 1) R RUE R, Qi 4 04
HEEQHECER. HBrassiil, shiEESHmHasb,
RER/T 5 N S M D& = b Y

X SEI = BT E ) BZZ-5-E315C fi A& &
SRR 2R PR 4, DA P 45 AL kAT F 5k i A
SEHER BB o (X B A R A, B
At b T AL RO K AL KNEAT IR, SR B
o AR RS 5 2 TR) ) 3 A T AR BE AR 6 A A
AL, AT EM4MM L EE, /£ Pro/E B4
Ho 7 OGB4 SR A, W Sa Fin . 1/
IR £ 2 8] FA9 388 A T AR 5 H 6 e A 1 9% & il 28 T
SimulationX 4/ valve edge LS R, S HH
N& HWE S5b Fros.

aaaaaaaaaaaaaaaaa

a. FErE =4k LAY
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Fig.5 Hydraulic model of steering gear

X ) R G IEAT O L, IR B A DB s R R
AR mE 7 e R IR AT 7071, fER
SEUT Ol R FASEL (R O B B R FE i 3 o SR L o 22021
WIS E SR, U T R E MR R e
(UniTire) i85 #ERME S Rae . sk B P ik ae
I F A 0 R TR i 25 o ek 3 S 5 B A A I
TR, H % e i R R AR AR IR 1R/ ARAL R )
ZRAr NIZ nSoft 55 B 58 I 75 R L ek s A0 67 #
PEHATACER, 15 B G AN 73R 28

SimulationX H tire-plane Contact FLELER AL T U FH 4
e, o pacejka fe AR R A T K E RS HHE,
ZMRBIEARILN AR IR . T AR R
iR, TEVRZESN )5 iz R, R AR Sk e i
ff) Pacejka Y, FEIZBA bR IGNIEE . A0 fiR AR R
ST WHIEDI R BRI SO TR E
HHATEIE, DIRATReHL SR8, Wil SH0E

bAANE H

b. Input window

RNERME . TEFIRI sphere #EHR R N S5 IR TER 4L
FREEN %S5, CAD Import B NS 6 1Y #4457 &
KATUGAARRAL B S S H
3.2 fHELERSH

BEHMUB R A FE 17 20 N S AT B4 1w, BT R Hb
AR RE T SZ B L) AT B M 2~3 £, RIURfT B
S ARSI 7 32 O [ b B ) ok R A ) R G E
D3 B R R AL R BEAT X L b il 6 BT,
R A7 A AR SRR R [ I AR LA R . AR A B )
AP 2 0 B 1) R G0 IR R 77 B B T R RE RS A [F] R
Wi, DRI 23 ) ARG 2 it e ol PR 47 1) 2 30T i b 2 28
) A % BB PRA B 5 P L (B IEEAT 0 B 5« Al 6a
6b s, AHINAK. s TR, S LR )
RSN S ROEEAB RAE R . SRR S
WA A, PoEEE SRR, RO R RE .
AL, BEER ARG, RGPS EEIERYE
K&, Kl 6a. 6b 1k JJUEAE 2 tH T 1 ZE 225 MU R
AT = A s i i BT

Ak, e m A EAFERINEOT X RES IE R T
ML RE R HREE RN F 52, Rk DA AP s 54 30 77 1m) 4
73 BN IE B B Am AR TR T 0 AT . HoAh R3] T
BRI A 1000 kg, YR TH72F 0 A0 B Ak
RE LA : B 600 kg HIVD A7 HEBAES™ 21 i —M, Aokl
) F ol B 2 ) R K 20 400 mm &b TP 6¢. 6d T
Ny SRR IES AR TOL T R . SRR R
B U AR BE S 7 A BE B I 48 K, L% i v 4
FF(E 5 MPa K45 o
4RI

TR E A ST A7 A A% SR SRR () HE R TR AT 5
E, 7 EX AL ) R G AT IS MR i bR
ISE A aE R, e @SBRI S BB IE, &
S BB ST BRI G 1 E AL

TELRUEAS 4R iR 2 540 L PERE RT3 T, X A2 il 1)
L in 2% HONTKON 2 &7 HPS-M1-10-10V 428 2007 %
%S, ¥ ATOS Aw] E-ATR-7/250/1 10 BY % /)44 k28
2 AR GERAE S O R 2 AN )V LT AT s
b AR AR BRI FE D 0~25 MPa, #it i 4~20 mA
MG S, M REMRANG ST AEEES, Fi
TEAG R IR IEE 500 Q HUFH, XFEFUE B S S
Bl 2~10 V HEIEES . HNERARE S e
54 PCB #4 L HoNIR S 5, M M NACE A
] Type MI-7016 BYHHE R A4 . 3058 0 fr 22K 1S
SHHTRRE, BRGSO Nbr TRERAL, NS
K A BRSO £ @ YR, RIS AR AT I
FEARSE B R AW A A e 3 07 ) B DLV B A 22, ik
56 P R RS R L S R E R S A, R S)
ML T i FE AR ANAS o 4G o 254 TR 8 1) 22 28 T B
P R R A TR B 7 Fos o



74 My TFESHR (http://www.tcsae.org)

2015 4¢

== EOBERLAL Displacement of left cylinder — wwveeen
- == ZH 1K /7 Pressure in pump outlet

5_
«x4' =
s £
g3 g
2 =
£ 2y :
1 a

1 5

=

I} [ Time/s
a R

a. Low speed with no load

{7 #Displacement/mm

J /1 Pressure/MPa

I 7] Time/s
c. IEE P
¢. Middle speed with positive load

A O BT JEHF 5 R 7 Pressure in right cylinder rodless chamber
—— JE O L TEHT 5 7 Pressure in left cylinder rodless chamber

10 7 250
a"‘,}.*.

8 I PP B 4 200
£ e 1 S £
2 i ‘o777 <7 £
2 6 I e S+ 150§
7 1 g
E o
& 4 H 100 =
R 1 &
= d i a

2 1 e 50 ®

1 o sy st d

0 1 1 1 0

1 2 3 4 5 6
i 1) Time/s
b. EOEAE
b. High speed with no load
8 - 4 250
200 E
£ 0r £
. =
S " 150 £
5 AT 151
2 4h s
& ! 100 é
[
E 2 5
I:“' 50 =
0 T 0
1
i [ Time/s
d. {3

d. Middle speed with unbalance load

B6 RMERRBREIMGTEGASR

Fig.6 Simulation results of load sensing principle during steering
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Fig.7 Instrument in steering test of wheel loader
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Fig.8 Test results of load sensing principle during steering
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Fig.9 Control system of servo motor
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Fig.10 Simulation results of electric-hydraulic flow matching principle during steering
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Analysison steering char acteristics of wheel loader based on
electric-hydraulic flow matching principle

Yan Xudong, Quan Long, Yang Jing
(Key Lab of Advanced Transducers and Intelligent Control System, Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: As one of the most commonly used construction project machines, wheel loader has the problems of high fuel
consumption and serious emissions. On one hand, the hydraulic steering system which uses a fixed displacement pump, will
produce large energy losses; on the other hand, the action of steering is frequent during working process. Therefore, reducing
the energy consumption of steering system is becoming one of the key research directions. Currently, small wheel loader
generally uses load sensing steering system. Although the pressure of the system can match the load, the flow of the fixed
displacement pump is proportional to the engine speed and can’t match the varied loads, which leads to energy losses. For this
issue, a new steering control method of electro-hydraulic flow matching which adopts a servo motor to drive the fixed
displacement pump independently is proposed. By this method, the ratio between cycle number of motor and angle of steering
wheel changes to a certain value. The speed of motor will level off if there is no steering movement, so finally the system
energy consumption can be reduced. Meanwhile, in case of motor fault, this system automatically switches into the primal
system by adopting electromagnetic valve. In addition, an accumulator is also added to the new method to reduce the
installation power of servo motor. The loader co-simulation model built by the software Simulation X is used to simulate and
calculate the characteristics of the steering system under pivot steering condition. The models of steering gear and tire have
been described specifically during the modeling. The relationship between flow area and relative angle of the steering gear’s
spool and sleeve is achieved by adopting the valve edge module in software Simulation X. Meanwhile, the testing system
platform is built to test the accuracy of simulation model. Before the experiment, displacement transducers and pressure
transducers are installed to avoid affecting the performance and structure of wheel loader. The accuracy of simulation model is
verified by comparing the results of simulation and experiment. The difference between the 2 results is mainly due to the
discontinuous input signal of steering wheel. In addition, the model established in this paper is simplified appropriately. At last,
the simulation model is used in the electro-hydraulic flux matching steering system. By comparing the energy efficiency
between load sensing system and electro-hydraulic flux matching system, the simulation results show that, the energy
consumption under the no-load condition with low and high speed can be reduced by about 36% and 37% respectively when
using this method. Moreover, the energy consumption under positive and unbalanced load with middle speed can be reduced
by about 39% and 28% respectively. This is mainly due to that the electro-hydraulic flux matching steering system can avoid
not only the overflow losses when high pressure appears, but also the median loss of unloading. Moreover, the accumulator
can provide certain pressure to the suction port of pump during the steering process, which also can finally decrease the output
energy of pump. The output power of servo motor and battery capacity are calculated in this paper finally. The
electric-hydraulic flow matching method can adjust the flow of pump according to the need of steering hydraulic cylinders, and
thus decrease the loss of oil flow. Therefore, this method can provide a reference to the design of other hydraulic systems in
which the load frequently changes.

Key words: loaders; hydraulics; models; flow matching; electric-hydraulic steering; energy consumption
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