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Fig.5 Power flow situation of bilateral track when 0<p<<0.5

2 ERNFEENTERE

K 6 i o e AR L IR B A, JL s
T PR, KBPL D) HR — B m i, ) —
WA EARH e, AR A e AT A
Forb, Ze e o3 B S HE R OR FRAS T, A %L 1)
Oy BRI I R AR AL B T 1R JE ORI R, AR
3% 5 P AT HE O AT LA B o AR AT 8 1 242 2 50

B (v, +v,)

_2(V2—V1) o

] SRAFAR s TG 2 2 T 2 ) A UG R AR G e ) AR 3k =K
B k-i,

p = 2N, (8

b k——ILW R RS A | —— R BIPLZ L
AR ) e BT GUHEA B B AR B LE s |y —— MR B2 4
I 73 i Ja BNCPHER PR IR AL B b o i T3 S as A B
0] ) S ) R AL B LU IR S TR R, i, W
s T 45 2 A 1) B LAE) BE A% ST 2 e 1)~ 42 Y 2
AL, HHE PR RR LW 7 P (K
Vimax TR x P 208, BTS2 00 AR 423 T v]
SCHLIEE 12D

N
: !
- i
i
-d - o1
g gL
! ! B
iy ;i bl }
f R L~ “74~ 1
/ LS S — ] ' !'
1 ) T
P P. !."I':_l ¢ ol A li‘g i; P
AN Iﬂ B(i,) I
| I ’ Yy
! : T [

B 6 RELKEM KGR ER
Fig.6 Scheme of hydraulic continuous differential steering mechanism



64 AN TR R

2009 4F

Vimas  Vimax  Vilmax  VVmse VWi v

B 7 RERLAEREEOIME VR E K
Fig.7 Curve of v-R of hydraulic continuous differential steering
mechanism

3 RIEAZRARM

ARG 2 A AL 5T P T K 2% 330 KW IR S IR e 1 37
BRI & F5e ). RS HA ks K 8 irr,
Hrp—ANZWRT IR s B EA S AN A koo
3 A R P N 8 B .

ﬁ@ﬁm
DNk REE 'I’.L'HT

I e

1 1

i U T A 2% i !
i e L 2 I

: e A S :@ |
: ! 1T : 1
L " I

B i

B 8 RELAEZRIEOIME RIKE/RIEH
Fig.8 Test scheme of hydraulic continuous differential steering
mechanism

IR R (B R S I R SUR ] dSPACE 5K
RGeS B9 AEHE R SR R GHE K, I

| dSPACE 10 {1 11 5% —I |r bl —I
|

(I . |
: DS 1005 N WETE |
I L I
I T l I
|
: DS 2002 DS 2103
| AD DIA

v

IES N
HL i

B9 HEREEEHZAIEN
Fig.9 Diagram of data acquisition and control system

th DS2002 4 % ifiE A/D &, DS2103 4 Z£ifiE D/IA -k,
DS1005 %3 dSPACE Z 4 [ R »
4 iR I
4.1 KEHHEEREFE LA R 4% [0 B 7 A S T 1 AR
L

R AHLSE AR (5 N 03 My, Esh ST R
R a b, BRURSIHLK oot R I E L,
55 FLRFA e 1) e R e A SRR S It S 3 e A 5 &2 AT
15 AN, ARHE R BN HL ST IS D ()T 55 25 S A 0 28

O A 5
KANHLSEI AL R ] H13 g
s,
an— 80 [ M) - M, 09
2r J.
n =n,, =n+An (11

e Jo—HBRUR AN A B Mg(a,n) ——
BRI R S ER S AR, W] R ZPL Map Bl &
PAFs My —— R AL S RGN SR A An——
—ASRAEIS ] A A B ne n,, ——t tHAL
I Z) o s o —— RBWHITTITRE: 4
An=0R}, RN HIE AT T,

s 2 A A o) R v AR P A0 AT i 52 ) 4 B
N URL) i HE i (R A R M BT M K

fG LGL R ,
M, =| =R +—"=-R +—2p, C, A, +
o |: 2 4B 16 pajr D (600 w|)

GR: d do R d
+ — (0, + @)+ oy ——+ ey — — (@, —@) |/
4g dt( (¢} |) track dt veh Bz dt( o |) c
(12
fG LGL R )
M, =|— R, ——— R, +— 0, C, Alw, +
. { T 16 ParCoA@s + @)
GR’ _ :
+&i@ﬂmum%_%ﬁﬂ@;myc
4g dt dt B’ dt
(13

Kp: Rey——F 1A% o——EHIMIEE:  par——
TRER; Cp RN R A——10 XU

Jirack —— W SR AN s Jven —— SRR B L
R 0oy @ ——AMIATA DU R Al A Te ——
ML .

PR IR SR TN S AN L AT Ry, 2R
IR e e R R B, S =IO A A, o
VU332 Ay JiE s 2 0 L A 0, 5 T T A 0 st £ 458
P, SN T A 1 I 2 A A i R e B

AL E RPN O TSR R 0 R B A A T
PR it i B 5 PR R R R T, RSk e 22
o A 1 LR A 00 b i PR



ERE

SIS BT A0 2 A 1) LR e 1) 3 R 3 S (KR 6 T 7 65

4.2 RIGIEIE

B TAR5G & TR R e A % 18, IR B fe v
X BT B A A M S AT T AR, XA S
THREG & FEARTERERIARIL . W50+ : GHL 8, L X 3.61m,
B 281 m, Ryt 0.2m, fHL0.02, prmex HL 0.1, Jwack HX
5kg/m?,  Jwen B 40 kg/m?, icHL 5, CpHX 0.3, AHL 4 m?.

P 10 A3 s JC g 1) B 0l R PR A8 47 A
RIGHNZ . K 10a AFEH ML, b, 22 sB IR
800 r/min 221 Jinidk, 30 s ik E] 1200 r/min, 39 s i Jf4f
T, 42 s I RIF] 800 r/min. & 10b S T AnveE
RERE N AN A H G B ARk, 0~9 s g T, 9~
22 s IFURT- B4, ey i A sty oA 7 T 2 S LS AR L
FiIF, 22 s 2 JaTFuh F 8l 4 A 1 46 o &2 3)
BU R I EIWT L, 22 s 2 G ihnaged 72, 4k
) 2t A A AR 3O, TG R R e, Py A
FEREARAE IR o SR v BT SR PR 58 1 £ 2 (R A48
VRASE T M S e T AR A A, BRI S
IX B TR N I e A S R T AR AR
0.4 Hz [ JEH; 45 o RIS FER ], W RIEP A LA
RO LA /NA JE AR B R o BT AT 2 i g
) BRI R P 7 I ), AR SEBR AR, B
PRIV 2% 15 DLIEAT B2 I

A
1400
1200
1000
E so0 f
=
# 600
o
00 SRS
200 r-—-——.._,_._._._.j PSR E275 T i S —
0 10 20 30 40 50 60
Wil /s
a. Ay
400 ¢ S ASE
300
= X
= 200
<
=
#0100
0
Vg
-100 :
0 10 20 30 40 50 60
il /s

b. FeR g 2k

B 10 AgidARIR M R B
Fig.10 Test curve of simulating inertial load in
straight line running condition

P 11 D8 s JC G T BUAR) A 17 I R sl s e 1 1R 45
Fo B FE A N L3 G 2R 7E 800 r/min. 15l 11a
ARG, AR S 3B, S i,
i N T e ey T i A PR DR T AT e R B[R A0
Y 10 A S T v, T PN O B 1 A BRI A 11D
FTLATR H S i R Py 0l i ) e T 1R R T D
e CHIEAEAR G-, AT P 00 A 4 3 AN it 2 26 1] W
WD AR AR s T AN i Hh g (0 e R U BB g vy
DT SH 2 1 IS S0 i S i i 22 B R % AR 16 7 M
FIRL, R O W T A A 1 e R e A 0
(10 Zh R [0 3815 MO 7 1) D B

Iy
800
700
600
= 500
E
400
i
o300 G
AN
00 T T T T T I
A 5 AT 7
100 Rthhiery R hy
0 : »
40 45 50 55 60 65 70 75 80
il /s
a. FlA e il £k
F Y
B
500 puitaciy N
/ \ r \ ~
DA / \ I,
/ \ / & 5
E i\
£ 4 .; 1 { P
ﬁl 0 o 0 BT '.; ........ ‘:-' ........... %_ ...... I-' ..... _:E_;I ..........
& LA D i ; } i
[ i
f i
=500 L 1 L L 1 1 1 Ly

40 45 50 55 60 65 70 75 80
il /s
b G £

B 11 4heidf2 2 4K

Fig.11 Test curve of dynamic characteristics in steering process

5 4 it

AR SCHE T s P 48 v Z e A DY S BRT AR
PE, SR T A S R 8 2 0 AR 5 RSO i 40
R R b s A B RN S R R R AR
S T T AR A A 1) P BRI ) B SRS DL IR B 46
7 T T B e 1 A T 45, S e T LA 3 1) ik
FELRAEIAREE R, BERGUES 5 1 In 48he & o
AT DU IR AR RE ST, FLRT DL $% U 2 P s 7
B MRE T % WK R B BE R IR BT, B



66

b TRE2EAR

2009 4F

B BOEAURAG, WME AR eH, (AILm g, wT
RESEEREEEL, 2, WA,

(1]
(2]

(3]

(4]

(5]

(6]

(8]

(& % x #f]
Merhof W, Hackbarth E M. J&EH 4404753 124 (M), dbaL:
[l ok A, 1989.
Muro T. Tractive and braking performance of a flexible
tracked tractor moving up and down weak sloped terrain[J].
Journal of Terramechanics, 1993, 30(6): 419—442.
Bodin A. Development of a tracked vehicle to study the
influence of vehicle parameter tractive performance in soft
terrain[J]. Journal of Terramechanics, 1999, 36(3): 167—
181.
Anh Tuan Le. Modeling and control of tracked vehicle[D].
Sydney: The University of Sydney, 1999.
WS, AL, BMgAE. BB HLBUE AR 3
MU LR BT[] AU A4, 2006, 37(9): 5—8.
Cao Fuyi, Zhou Zzhili, Ja Hongshe. Design of
hydromechanical double power differential  steering
mechanism for tracked tractor[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2006, 37(9): 5—8. (in
Chinese with English abstract)
B, R A AR 2 U m LA PR R[] AR
LWL 2R, 2008, 39(7): 14—17.
Chi Yuan, Jiang Enchen. Performance Tests on Differential
Steering Mechanism of Tracked Vehicle[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2008, 39(7):
14—17. (in Chinese with English abstract)
JiinR, ENEE, LA BT m LR bR T X
SIS TRESABE o~ 4, 2005, 19(4): 47—50.
Fang Zhigiang, Gao Lianhua, Wang Hongyan. Indexes
analysis and experimental research on the steering
performance of tracked vehicleq J]. Journal of Armored Force
Engineering Institute, 2005, 19(4): 47—50. (in Chinese with
English abstract)
AR, Enkse, T4, BTN &M R IEW i
WM. LB CFE=4R, 2006, 42(3T): 192—195.
Cheng Junwei, Gao Lianhua, Wang Hongyan. Steering
analysis of tracked vehicles based on skid condition[J].

(9]

(10]

(11]

(12]

(13]
(14]

(19]

(16]

Transactions of the Chinese Society for Agricultura
Machinery, 2006, 42(extraedition): 192—195. (in Chinese
with English abstract)

WAL, RS, BHSAL. JE A A [ UG ORI TTIRR
PORFEAEFT . PTRIRHOR A4 AR, 2008,

24(3): 89—091.

Cao Fuyi, Zhou zhili, Jia Hongshe. Studying actualities and
developing tendency of turning mechanism of crawler[J].
Journal of Luoyang Institute of Technology, 2003, 24(3):

89—91. (in Chinese with English abstract)

R A 2 R LR B ) e B B LR
[J. LML, 2002, (8): 18—21.

Zhao Jianjun. Dynamic analysis and comparison of
differentia type steering mechanism on crawler vehicleq[J].
Construction Machinery and Equipment, 2002, (8): 18—
21. (in Chinese with English abstract)

RUFAE, I, A 5 A TR AR 1) T[] A
W5zh HEAR, 2007, 105(1): 45—48.

Song Haijun, Gao Lianhua, Li Jun, et a. The turn power
study of tracked vehicle[J]. Vehicle & Power Technology,

2007, 105(1): 45—48. (in Chinesewith English abstract)

AHTOHOB B M. ZEH B FaifEa3E[M]. dbxat:
B Tolk ikt 1985.

VEWIAE. SHATREEIRIM]. dbne: BT DMk AL, 1980.
Wong J Y. Theory of ground vehiclelM]. Canada: John Wiley
& Sonsinc, 2001.

Sy A U ZE A I FL I BESE D] . b
s dbRtE T ORSE, 1999.

Ma Guokai. Research of Hydromechanical Double Power
Differential Steering Mechanism for Tracked Vehiclg[D].
Beijing: Beijing Institute of Technology, 1999. (in Chinese
with English abstract)

B 8. RO AMB UL B E G 1) 2 4 0% %
WRIHIFID]. KA. FAR IR, 1998.

Yang Jian. Research and Application of the Efficient
High-power Hydraulic Continuous Steering System[D].
Changchun: Jilin University of Technology, 1998. (in
Chinese with English abstract)

Test method of steering dynamic characteristics of differential steering
mechanism of tracked vehicle

Jing Chongbo, Wei Chao™, Li Xueyuan, Peng Zengxiong
(National Key Laboratory of Vehicular Transmission, Beijing Ingtitute of Technology, Beijing 100081, China)

Abstract: The characteristics of power flow of bilateral track of tracked vehicle in different steering radii were researched, and
the working principle of hydraulic continuous differential steering mechanism was analyzed. Based on that, the test scheme of
steering process in test bench was given, and the method of simulating engine characteristics with driving instrument and
simulating dynamic load with loading instrument were researched, and the tests of steering of hydraulic continuous differential
steering mechanism were finished. The results showed that the characteristics that inside track changed working situation from
output power to input power and outside track increased output power in steering process could be simulated in test bench with
hydraulic secondary regulation. The test method succeeds in resolving the problem of test implementation in test bench for

steering characteristics of steering mechanism of tracked vehicle.
Key words: tracked vehicles, steering mechanisms, test method



