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A discussion on the application of EPS on electric forklift truck

XV Xiang, SONG Wen-bin
(Zhejiang Hangcha Engineering Machinery Co. , Lid. , Hangzhou 311305, China)

Abstract: In order to solve the problems of easy leaking and structural complexity on steering system of home-made electric forklift due to
general use of hydraulic power steering system, electric power steering( EPS) technology was introduced into the design of steering system on
electric forklift. After the analysis of the components of EPS typical system, the principal of three-control methods in EPS system was estab-
lished. A method was presented to the application of EPS methods on forklift, and it was tested on the model machine. The experimental re-
sults show that the EPS system can replace the traditional hydraulic steering system for its smooth operation, good reliability and excellent
steering performance.

Key words: electric; forklift truck ; hydraulic power steering; electric power steering( EPS)

(L h B 11 (EPS)

2000 4F 7 47, £ Jungheinrich 2y & 7E4E H B i
oA i L, R34 T EPS A48, 1 10 4F5K,
B X7 EPS L $5 | i A50K g ALl 52 I L AL, R
PO /NI AR HE A B AL B AR B T R, S22

0 51 &

UTAER, HL B XA AE P [ T B R SR 1Y
JRARIAE) ™ W, SEHL) Ok B 22 B W T 52 I 72 4
PERIBAMASZ G AL, S0 H AL B 502 A5 2 %

], TG BB AN, e 2 v s i P el
SRR ARV RCRESR G N, ST A A A
GRS b e S o Y o D R Y R e P
AERGE + HRIR R G, PRS0 ; 75— PR AT
ERGE + WA R G, MRS, (HRSCH Y
I YRR BRIl 2R S T2 e, X T 34 5L 11X
— R, ST A N A L db TF, i E 1
e SR SR T Bl A 1) i AR SR B D et

5 HEA:2010 - 07 - 08

FEY RS A T EPS RGE, U0 =32 i | DU 52 -
AR FEEES A ST s 4 RS 51 4. fE
[ bRk, 2007 4 LUR BRI AT H A2 w3 00T
i, 70% LA 1345 EPS 4L, i [E A ik 4k TR 5141
WA BN A W PR % £ EPS RGEAYHL X, B4R
B3 2R R B e 1) (EPS) AL SO TR 3 ) 5% 1)
(EHPS) i3t ik [ b X 42 R R gz — 12

AT PEABGR X EPS RGEAALHER T |

EFE®IT AR (1976 ) 55, EHTEWI , ERNS 3) 407 MR TAE S TF A 45 . E-mail: xuxiang91@ tom. com


http://www.a-pdf.com/?product-split-demo

.34 - L H

D %27 %

PR R G MOV 2256 . % EPS RGEnlTTiZ
BT RS AU HESRRIE 7 = SO U425 R S
BRSO AT I N

1 B EPS R RLER o

—N AN X ] EPS ARG EIE A 1R,
EmFE RS SR A EPS Ffilar e L + psld R 4
JREITRAT ARG ATUBRCE 1o BILAG 2 i) 56 45 R0 70 41
Wo XA~ EPS RGUEMM AL 23 A Bh SRR, af LURAL
BACEA W B e i HUK , 5y T 22 2 T A

JR B 77 3 1) 2T
EPSw Il 7 235 15l FiAsHk
EX RN
%m/rﬁ%ﬁm—l
il
W [ EPS
]
i
i =
A

K1 EPS REGELNW

T ARG R E A R G R

(1) ¥ bl B T 450 T o i a4
Hi, — A PM R fEHLEAS I FEAL(P =300 W ~
600 W) — N E5E L (i =30 ~55) fit e Ak =X sk i 4 LA
TR A . — Ui, % 1) LAY B BESR Oy A
Yz L ALEL PM O HLHL, SRR AR . I
TR I 1] F ML ARl o) H B 22, DA /INEE 3 R
b IR AR AILALE Y S IHE 5 T R AL U R 1)
A,

(2) fE&E% . EPS G0 0] LUIBZIEE m ML 43 1
55 A, 3 W G LR JLAME R

O EBRUE S A ZH Joystick {555

QMg AR PIAR (IE3) bkl

iy AT AL RS, FRA TF S AU T/ K M55
WA
(3) P ATHAY (WA ) o X B4 — ik
THEUCAGE 2P AL B3/ NMA S, s Kk S 5
ol S R R PR B S —BE AL B R S

(4) EPS B2, X HURA 41 .

(5) Femfe , X EAMBRGR , R B 1 5% 10 R 40

e ) 5 —E , B AT X5 o

2 XL EPS $5 i

s 2T Aoy SR e X o7 s ) o7 254
SEERHRI 3 POyl 3 3 AT T S EPS i,

(1) ot for B P il 7 X (AP 2 B ) o FE X A
Pl 7 U e M Ak A T Joystick FAIAE S
AL i A 508 807 M AL AR (5 5, X 2t
AR SR A T X AR 4%, EPS s 4% 58 i R IR
TG AU LR sl AL A 007 B S 157, 25 3 4 L AL
(OB AR P 2R RE . O TR ARG
PSR B, B [ HUAAL B L AT L i CAN LR

HERER| FE S AE
Le-otizh ~
LITul R
Py ';#.IHI-:w. 3
o mllli.;l:]l A
i
T
i e
i
5 eI 40T
f. =EL I L
TR

B2 oo B4l

(2) frE 2Pl 7 s 3 B ) o FEiX A
il 77 Ak, A LU 25
PORETITESRAOZE) =Py (RIRAOLE) + K x iy A 1] 8 i
1o L F1Ry i B o SR T LA o ) A% SRR AR A
K Sy 1] 7 A% B (Ol i 3 530 5 1 BB, A B AR
{8, AEX AT, EPS 2 45 ] L) 2 245 4 3 4 1 L
(LB LAZERFRE 1) A1 TR

it [Ny I ER I

el o b H A L

Tl I L ST
ol I B ISR S

1111 IENNNEN|
—

P32



5114 T LA AL S A A B Bl 3 e i (EPS) i - 35

R EPS $5 il 7 i R ] BR ] 55 ARG L e
IR gE A=
(3) G CE 4 PR) o XFET J7
FOHEA i 2 ] o7 2 ol O =X (R T
CAN RGEEM X EHIEES . 3, XEREFS
GBS —R S5 T EPS 88 e miE R A
JIE 55 A B OCHK , 3k 3 R R HG I 1 i A i Oy =X
iR R e e o S 1D e = R (Y A NI R VA [ B
VEHL N A5 22 55 e MR BOR BOa L B 4240,
HAF B R 7 2 SR AR R G S, iz
Al EPS = 4RI an &l 5 frR o
Lt 1;*1'1“‘1'
i .

et U (L

Lymny
| o] macul=
0y

.\\'\. 1
ol PRI

NN [IT11T]
—T =

El5 —AHuElf) EPS #5HY

3 WXL EPS RG R4
] 52 45t R 46 Ak 52 A6

TEX G EPS RGeh, e 1) RS FIW) 16 A6 52 461 D)
RERMANE BT IOER, 4 KR ZE o6 & ik
Al R IR A 3 T ok S B R, 2 AH AR
FEOCFT IR, HEAT 0 b Ak 2 A0 (LA DR UE K 3 8 1) 77 1)
FGRATETr 1o — B0 ) 5 M- 8 =0 4, %)
URALE AN T RESC BN, PR I 2 — > e X o7 B A SR
K SIAR N () Z A DI fig

3.1 ¥MmiEs
N TIAS IS o 2 U A 07 e e T L
EJJK*"F le:lﬁl_ﬁ%ﬂilﬁhﬁu Wk 6 B

. ’ .II
i [ 75 .
i
i . - o2
~ AP X L. EEAV T T S L
T FS Tl MR
RITIEER T I RPRE

K6 i e T B BT AT A TR an fe = Ao

LRSI A, e g Sl 5 J7 1w i A T 2
LA, JRHLIR EPS 8 A6 (R I 422 300 1 545 5 02 ]
FILEWIT) WU e B BRI BRI (S
R Sk — i AR T B B IERE , R TT O
(ERCATER =2 TBA Rl | o | I s B O VA= e Y G5
(B [T RE Y ), R B Bl 58 1 75 1) gt A 3 B AP 12
—EH T 2R ERERIEEOTYLR Sk shie in
LR T HAATHAALE, WA T RIHL N 2R R G AL B
JRA o

DAL e EPS AR PR It 00" i A,
A LUK E A7 L1 SR Py (DIERALE) o
3.2 HERE

T bR 3L R A 1) 3 B XA S RO th i
[i] A4 T S B B B A, B — B 2R G0 10 T I 2 1]
e R 0 B 5 MO — RS, T PR O HH AR R 5t
(TFD) ,Unf&l 7 fros. mlSRAERFEE g |l 48 1 B 5t 4
L, SR 2 R BB B A A, ARSI 3t 63 A4 F
T R LR AR AT

M
% Ve BT
o

K7 TED ?ﬂ%ﬁfi 1?#

4 ZERiE

Rt NS NS o S S
Z BN, B B ST _EAE T EPS Bl I e R 2 R
(F4:% 64 7)



.64 - L H

D %27 %

Analyzer based on Network Instrument Bus[ C ]//Proceed-
ings of the 2006 IEEE/ASME International Conference on
Mechatronic and Embedded Systems and Applications,
2006. New York: IEEE,2006:403 —406.

(2] @/ MR BERIBTFELD . BUIN - WL AL
5 R VR AR 2B ,2003.

(3] B, M5 =, RIT R KT SER R 4145 S A i dls b
BRI G [T]. FLH T #,2009,26(3) :6 - 8.

[4] EIDSON J, LEE K. TEEE-1588 Standard for a Precision
Clock Synchronization Protocol for Networked Measurement
and Control Systems [ C]//Proceedings of the ISA/IEEE
Sensors for Industry Conference. Houston; [s.n. ],2002 .98
- 105.

(ST XUWIHF ARAd &, 88 . 2T IEEE1S88 Ayt ah Rl 4 1k
BAESEIL ] ALERL R 24,2006 (23) :2009 - 2011.

-70,74.

(7] BOKAR, 7 2%, 530 TEEELS88-Pps( i i e ] 20 1 fiE
FRISEENE R 3R LA R R Tl B8R 4 A 17 oA [ ] 28 e i 7
F1,2009(4) :1 -4.

[8] NEAGOE T, HAMDI M, CRISTEA V. Frequency Compen-
sated Hardware IEEE-1588 implementation[ C |//IEEE In-
ternational Symposium on Industrial Electronics. Montreal ;
[s.n. ],2006:240 —245.

[9] LOSCHMIDT P, EXEL R, NAGY A, et al. Limits of Syn-
chronization Accuracy using Hardware Support in IEEE 1588
[ C]//2008 IEEE International Symposium on Precision
Clock Synchronization for Measurement, Control and Com-
munication. New York: IEEE 200812 - 16.

[10] Juscdh, £ ¥, 8 5% —Fh R T AR A Y

I Tl e B I B [T ] A i, 2009 (2) 225 -

(6] K ¥, 9 H,3EFIA. —FIET PTP DMLY R8N 25 27.

KSR AR 7 T]. B kAR 50 ,2010(1) .67 [4RER. 2 #F )
(EEFH35 W)
s, AT 12 A B AL G B 1 F e ) #a e, EPS A B ) 2 AL TF IR, RIRL T AE SR BE U 55 , & S e |

FEXHRE B 1 % 1l AR AN F

(1) BUH T1E50H0 4 10075 100 2, B fi o 7T
FETCiE 5 B G L2 5 B4 iR S5 2R

(2) AL A 5 2%, i . =)
HIURDRG B 1l 4% 1o £ BB, 3k %o T 0 0 /N 25 ] Y AR )
NS,

(3) Ty I dskhb e m /0N GIMAS 5 9% 55 , T fii R
INERINHLT R 4, 5 THRHUAGE

(4) %4 EPS R G0 HL ol X4 n] SR Bl )
B 1) TSI TF AL R k- A Bh B 007 DRk i o
FIHLF 4278 56 B 00 B 07 B 00 BR BT, 42400 22 &k kR
PR

ZRENLIAH 25 R R W, 1% EPS RGR (B 2
Pl 27 AT SE  FE W T AL X ) RS R X 3
A FASR) TR ORI W 2 A T B
T BRI FEAN G 1S3 /AN 5 ~6 N - m) L L
FEGEREB F 161 (10 ~11 N - m) /N45% ~50% , If:
A AR S (LS IR N 25 N - m) B4 T

Uf, 2 EPS RGUAT RLAF BT SR S, Al ) W H 2
DL = SO0 USRI B AL 3 A |

5% 3Lk ( References) :

(1] @& ma MBI SR S T]. TR, 2004
(10) .37 - 38.

(2] QARG TRT W) g4 2= 2 310 TR Tk KR
[M]. dbst: A RS ikt , 2001

(3] BRdeth, B A REERE 4200 DU il i b H A 3h
SR HIM]. 2 J. b st NRAZ H ik, 1999.

(4] 5k Fi,5k 50 A S AR SRR ]. TR
L 4Ef%,2005(9) :18.

(5] R B 085 Wik, 4. v sh Bl 0 5% m) R Gl s
MRFFELT]. 154 T ,2006,28(7) :676 - 680.

[6] JA CFx g, g5 Yl Bl A R SR 1) R G
R[] TAEHLIK,2004(5) 6.

[7] KIM J H, SONG J B. Control logic for an electric power
steering system using assist motor[ J |. Mechatronics, 2002
(12) :447 - 459.

[4eE: 9k ]



