7SO AR VI =

201442 A

doi:10.6041/j. issn. 1000-1298.2014. 02. 005

FHREEMBREARHHBRALRIT

xR OBO# REH

(R mAON R T 2EBe, At 210031)

WE: BT — S RIFBCER RGN THE R 2 30 5 08 , th T B 28 R GT A0 LA 2 8Om0 B 2 Bk LU 2 , 1 5
E TP H I BHES 6 7 h BERSIREL, LIRS B 6 A J5 1] [ SR R B QL R GE BHL e L sk i B2 D A0 46 B e,
322 AR AL B Y da TR BUE J5 X HZ R G AT AL BT T 58, B )5 5 B BB RLHLAR B AT S 2 B 5 B B R

FAs B H2W

GEREAT LB, A R UE W LA R AR BOR | IR I S 1208 20 R e W 3l s o 2 B0 R R R A PR AR

KGR N BRE NEIFBKER  iol
HE S %ES: THI36 MNERARIREG: A

5l

AP A R A RN ZE R A A A A B
JIEAL TAEREE 5 2% AT B B 00T 45, 38 08 B % 4
Tia] 41 S5 R LU AR Z0, 0T 2 40 1) 3 A & 3 M N 5 A
o f e ™ E R L ARG R A
i B 7 G IO A e it 7 B, S R A O Y
BT AR T AR AR B A AT R R R, B T A
AR VR A% 326 B R 2 B s Sy 3 () 2 AR 2y, TR, o
LR —FIEEN 6 AJ5 10 (3 AP 7 1 Fl 3 Mgl )y
[i]) Xof 28 B2 A U IR M A B R G, S KRR T b AR A1
S Sl 025 5 R A s B e AR TR AR BT E

7S 8 I IR SR TR 45 0 R AT LS B6 [ H
AR AW S A KE . B, A% 6 [ hEIH
HeHLAS B B 58 R Z2 B8R T e 2 4k Wik 7 & 7
TS T AN A I T R 2 0 Al A A (i
L) 25 B 4% 7 T BF S O e L AR

A 3C LA AE B T ——% & CF700 7Y 46 7 AL
KGR G, ST ML ML B S R IR IR A
W RGish ) E i, 2 BRI GG HIRE
S % H bR St BRI 7] 80, 32 R B0 1 O ik,
SEARARECA AT X S AT B S B BT 5T
1 EREAEHABKERBHIRIEREL
1.1 BREAEHBRERZRSG HFERE

25 128 7 TR I B R A R T S I — B A
T2 0 IS R 4R 2 IR 6 A% U R S B, S8 B
6 [ Hi BE AUl AR Al AR T, Gl 1 B R . Stewart

il

Wk HH: 2012 -12-26 & H . 2013 -03 - 11

XEHE: 1000-1298(2014)02-0022-06

HUAE EL AT 45 1 ] B iz Bl o R S v S DI el P A ik
I Stewart L4 2 7 2 I Bk B ALY 2 AR 45 f P
Ao G AR S R I ) BT 2
it FHER B 126 T 25 B s R AROM 2 28 B i 4 o
PN B AR ERE T BRI LA R . AR
B Y A 19 SR, R 2 A N R O IR AR A
J7 ONIEZR LI o3 A3 B 2 B

ZEA o)

4;

/ AR
Ay _
/ 00" 4, x(x')
4 A,
L £ | 4
5]

Q»B3 I 9’32
B, B,
©Bs Bs £
14

BT HBER R BRER ARG S A
Fig.1 Mechanical model of cab hexapod parallel

suspension system

TR RS TN R I IR R G e o 2t &R
GE, AF T B - 25 Bk B35 R A 11 o 1 O W O 4
H ELAE DL v 38 Ay 5 725 B 32 22 (8] O M8 328 4 5 BR W
B 45 45 DU AF [ It 220 M8 AN T 5 228 B s A 1 £ 7
WA 3 1 A i 30

HENLE MR AR Oxyzo AEMRL AL LI, A2 B
EE B RGTL O R, il IE 1] D AR Y T
PETT ),y A E 1] DA RIS 5 ) B 2 I 2 O ) Dy 1
FLIA) b o AR A A X T [ E A B

# E R HRPHASE G R BHIH (51275249) [ mt AR ME K2 T 28 BE A 5 [ 3F 3 4 % B3 H (Reqd11 — 06) FLAAE K 2% A A1 58 B3 H (051017)
TEHE /A RV, 4, BN FEWR LS S 5405, E-mail; zhuyue_jin@ 163. com
BWAESE . RO B, AT, FEMNFEWRG S %5 F 658, E-mail : zhusihong@ njau. edu. en



%2 1

RBR S IR T 0 B N ROIF IR

Bspy

X LR
C FiEdir

2 IENIIEATE S AL E LI
Fig.2 Regular hexagonal arrangement of

location of hinge point top view

AL EER AR 0'x'y'2' . TEF Wiz 3 it
P A B 0 5 RS0 07 R IS, o il e
Ti1) g 5005 1) 12 5 1w "k O ) D D e Y 2
BRI b TE W) bR T A AL B E AR
A bR 5 E AR FRE A .

W1 FT7R 2 5 5E 0 IR AR A% 5% o v Ji AR
0(0,0,0) ,F B A5 8] 5, b o S B o 5 i
SRR f K IE S 0%, i 2 fros, 1
6 ™ e A (496,0,0) A, (248,430,0) .
A, ( -248,430,0) A, ( —496,0,0) A ( - 248,
-430,0) (A, (248, -430,0) . x.y [n] 4 ) B3R X AR
— U, B IEA TR A S BB A 20y T B
Bt x oy AN o, ERAETRH T 5 b Abo TR 8¢
S N:B, (496 -a, —a, —h),B,(248 + a,430 +
a,-h),B, ( —-248 -a,430 —a, - h),B,( —496 +
a,a,—h),B; (-248 -a, -430 -a, -h),B,(248 +a,
-430 +a, —h),

NI, i B 20 2R 40 B BE T2 5000T DL S Sk A
YIRS H A 3K R W EE kR BH S # BHL e & 5
co WAL ZSH0 RS i o PSR R
1.2 BREAEHABERZSGEHNFEBETL

W2 A B RGN HELE, 78 5O & (R A bR &R

0'x"y'z' v 2 B3 7N R IR HE 2R B i 4k 3 iz sh i oy
TR RIR N
Mqg+Cq+Kq=0 (1)
Horp
[m, +m, ]
m, +m,
m, +m,
M =

(2)

RER G 23
K-S (E'KE) 3)
c= Y (E'CE) (4)
k, cos’a, 0 0
K = 0 k, coszﬁi 0 (i=1,2,---.,6)
0 0 keosy,
itqj q—fh)\(’ﬂéﬁ,El](x,y,Z,owa,»@z)T
M— R K——WIEHH
C—JE R B
m—%@;ﬂﬁiﬁ%ﬁﬁ&j@ 80 kg
2R TR
K—% 0 R P A SR T i A A AR
F4T I 32 %o £

b5 A S IT 1 1 ) B
W EE & 15 000 N/m

HRAE & CF700 046 Br 4L 5 28 b 5 I &t
354 kg 6 T DT, 4628 b 28 k5
RGN 440 kg (%)

A6 25 5 2 B i R0 1 L B 1

AR AR B T B A R S
@L%%%%@miLxhjwﬁwmm$ﬁ%%
B, T T

Jo 1, .
J=J, 1, J.|=
Jo J. .
238. 64 7. 60 -9.02
7. 60 257. 00 -0.725
-9.02 -0.725 220.26

{87 PR N Rl 2 W o B 7 S P AN
PR (2 yiaszu) , DEHERL B, ALE AR N (2,50
2 ) W BEAR SRR TP BRI BE &, A5 35 1A 2 AR &
O'x'y'z I I5 0 f Al RN A o, B vy, WEL 3 TR
Horp 7 m AR 52 Al R h

Xy =Xy ~Yi

Ap o= IABI o8y =

Zip 2

|A,B, |

cosq; =

B3 IESINTE AN BB AL B AL
Fig.3 Regular hexagonal arrangement of

location of hinge point top view



24 ZSN AR 20144
e S R BB T BB A, fir A min F(x) = (r,(x),,r, (x),e,(x), e, (x))"
BRN (v, ysz) OB AR AR 55 SL Ak A 22 [A] 1) A5 4 [ me:mwpmmf
Elﬂ%\%iﬁj’ﬂ xle[al,b[] (t=1,2,--,n)
1 0 O 0 z -, (8)
E;=0 1 0 -z 0 %] o F(x)%TF r (x)fe, (x) (m=1,2,- M)
0 0 I vy, - X 0 MR /N B Fr e &
8 i ANBLUB CHERLE B AR R P LR M 2.2 EFREERKIEHHEE
£ 15 g BRI 1 R G RTE B BN v, FFAEEE £, (x)
¢, cos’a, 0 0 F LB R B, T DU B R AR Sh R s A
C. = 0 c, coslel 0 HE. f(x)ﬁxo b 28 ) SR T
0 0 ey, i) =fe) + Y Lax, (9)
WA PE JE % 1850 Nes/m, =L
PIRIHLIE ROy 3T AR R Lf 3 (9) 7T BLS
2 BRENEBEHEERERRZMRLLIEITHE S{Ax} =Af
gl Hrh Af=1{f,(x)} - 1f(x,) | (10)
21 SERREH M EED A“ﬁf“?””AE) (11)
BB B B x B 10 R G0 UR SRR 1 i FoalioalBR
FEAE S, (o) ARLSE A L 16 g, G o 1 it o | :” (2)
Fo(x) BT RUR RS W R ShdE A Y T LR _a} o &
ENIZEMAEE . X Tkt s, 5635k §!gf e gﬁ

uﬁﬁﬁlﬁixﬁ FRHLE £, (x) 5 HARE & f, Z
[k fe o PG, BE T RRAE & f, () A1 H bR ) &
S BIAEA ) A i i Sy
min F(x)
) (5)
x%,e€la,,b] (t=1,2,-,n)
Horp F(x) 2 FRAE 5 £, (x) B 45 2R £, P
/N H 5 R
Fe T8l Uy R IE SR RS A B
ST [ A AR H R R T, (x ) IR Sl 5 B2 H b R
We,(x) N
Fin(X) = [

r,(x) :T (m=1,2,--,M) (6)

e, (x)=1-E (x) (m=1,2,--,M) (7)
Kb m——3h )RR
a3 (6) Al W R H bR ok K0E Ry AR X
w2 r, (%) BRI IR BRI 0, kit 5 3 )7
RS S0 A BHe  H AR A
o3 (7) w0, 4R Sh AR5 B H AR BR % e, (x) B
AN RACBETT 5 B 3l ) 27 BB A% ) S AR B 1) 4 5 72
JE BN Bk R R BOR
B (S) ~ (7)), 2T A AR H b ek r, (x)
FIYR B G B H AR R e, () 12 Bk 3 75 2 I
ARG AL BT 0] 8 W] KR R 2 B bR AL AL ) 8
( Multi-objective optimization, MO) , B[

site x=(x,,x,,

A Ax—B0 S R
S—RBULHE  n,

R ik 4> K

BT RBER BTk, LN (10) il &k
nd R IR 45 D 24 AR 2Rk R 7] A

min || Af(x) | 3
5
s.t. x, € [at,b,]
— B SR FI#E ) 1 Gauss — Newton' " B3R i
B 125 B 5 T IR 8 2 B2

[0 A 00 24 A IR £ J3E, U 3k 2% 1) 2 0 SR AR A
or 9N

r,,(x)
Af= [ (14)
e, (x)
[on o or, ]
dx, dx, dx,
or, o, o
ox, B, dx,
S = (15)
de,  de, ade,
ox, dx, dx,
de,  de, de,,
| dx, dx, dx, |

A




%2 1

3 BEREARHARKBRESZSHMMUIZT

BT HREEHEANLEIFRERZ ARERD R
Guyd AR P RE 7 B8 DL R G0 [ A AR IR SRR A R A
ek BAr, B R i o FIESRE I b A 3Bk
FENIEE b BLJE 28 LIS R B ¢ AT S Bk AT ki
it
3.1 EEMENRBEETE

R a2 T R R SR Y S B R B b —
fle e F 180 ~220 mm, M4 45 [0 73 B R LA K R 4
XPFRPERFAE , AL bR FS i o —MEEHE O ~ 60 mm, AR
2B AR WA RIE k78 5 ~ 25 kN/m,
Pt M AT BE R e #£0.7 ~3 kN-s/m,

BRI M, K, CRAKX(L), RIn 15 2]
AR RGN At IR shiE sy g . Horp s
C 55k K XM . FH Matlab Hi ) eig o8 %5 S
T R AP A4 HE R B B 6 Y [ A A R A R
RS A E RS A

— R, Sl 6 1 2R R 1 45 1) B AR
Bk MRS 2%y 4. 3 Haz 3 [ 45 % 2.5 Haz {fF A1)
U 2R Ry 2 Hz 4200 2% 1.7 He R () RV J7) 174 55 556
N 1.6 Hz, 7533k G 4R 59 3R B 30 25 0oF 28 96 5 A Ak
A

e 25 B2 728 0 B3 0 N AR G R, S o B
BRI B o AR S5 SRR R - e B4R 36 4 Hz, Jip ik
Ji PR3 0. 629 5 Hz, ] [ 4% ) 0. 652 Hz, 4 A {k
P& Bl AE LR A5 R BT, B ol ot ), A fAR s 2 it
Ay ANIE . TR AE 0.5 Hz LLF AR 3h I Al fig <3 5]
A A FhAS A B 520

PR AR 4 B Ak B A 6 B AR R [ ey o S s
Srow Sooy > Jeoe ) O H bR 2B A [1.15,1.15, 1.8,
3.09,1.44,1.22] W E®EFER[1.5,1.5,2,1,1.5,
0.5 ;0 6 [ A i B XF R 1Y IR sh HB A 5 H AR N
[1,1,1,1,1,1] ,/¢YFE R 1,

3.2 RUEHIRERERSWT

ik 2 o= N EIFHKER RGN
Rayleigh FLJE , o] LIAH LY F 4k, 7% R G 09 56 J B BiL
JE LT LLZRR A

c

g; YA (16)

LR 75 TE B BE A i AR AL L i R
S, A BHLJE R AE 0.6 ~ 0.7, HoAth Iy 1] R
BWMEALO0.6~0.7, /T 0.7, REREEOT
%

BT RBER A BT AR 4 ~6 Frs, 4%
SR BT AT 5 R I 2 PR

RBR A Al 1T B S R T BGR R R G BT 25
2.0
18 * LR N N O S B B N N
o 16 ' Tk
3 14 . v a
Byat * o h
>

O0000000000000OC

6 8 10 12 14 16 18 20
IEARTREL
B4 SHREE

Fig.4 Parameter convergence

0 2 4

o XA
0.10 « yli
-------- ZHE A
0.08 —- Sixl
« LEyll
gy 006 — Zehh
o ooal
E 0.04
=
N— 0.02
= ol TR
= AT AEREEREREERRR R
& _0.02
—0.04
006l
0 2 4 6 8 10 12 14 16 18 20
BRI
IR e |
Fig.5 Frequency convergence
1.0
0.9
ol
:E 0.8 ,
= X[
“@ 0.7 N yIﬁJ,
{1 0.6 +  zIE)
£z o Sl
= 0.5 e SRyl
% 0.4 - LR
& 03
0.2

0 2 4 6 8 10 12 14 16 18 20

LA TEL
K6 i sh S s
Fig. 6  Vibration coupling degree of convergence
®2 LASYNYESY

Tab.2 Geometrical and physical parameters

S8 AL i Ak A
Ak b A #% @/ mm 30 55
5 1% h/mm 200 210
BINIEE B/ (N-m™") 15 000 10 700
BB R B ¢/ (N-sem™") 1850 1300

HI & 4 ~ 6 Wl . kAR UKL 20 YR, 1 ~ 6 B 4
AR R ZE RS, B R IR 22N 5% 5 IR BB & #B
7E0.90 PLE o PRARJS BB 4EE H AR E IR S &
FERT A 2K o
3.3 #ARRWIE

T B RO AL A R X 25 Bl S AR A e



26 & Ml

L 20144

2R Aoy ) B AL A [ 5 s HE 71 K Bl 1 L 12 km/h
Ip AT g, ok 0 R AG 2 B s BRI X\ Y. Z =
o) PR Bl o 2 s 0 A e A AN BT T P

7 i ] i A AL A
Fig.7 3-axial direction acceleration sensor on cab
iz 1 ADAMS i #i 37 AL - 01 2E 17 DF f, M 4
7 7 I B R L A S R UL B L
B RS RBE N RS A, I A R R R
(ERAVPIR IS S A ey FINLY o RIT PR NECY T N
Y.\ Z Jay s BB U5 AR PR R AR 3 TR

R3 BRE ER-EMEEHFTR

Tab.3 Cab two mounting way cab, seat three

2

acceleration rms m/s”
R E ) U A e
R X Y VA X Y VA
ANAEFBGES 2,107 0.640  1.038  2.327  0.598  1.537
BT EE  1.406  1.434 2,373 2,992 1.719  2.340

1 3 RIAL, MR AL AR b T 00 AT B B i
A BT R 7S R I BB Y Z 1) 25 Bh 5 4R 2 i

JIE 15 7 KRR AR AT BB B 45% 44% . R X [ R
SRS I YO AR AR R A TR 1. 499 £,
AT RE R TR 6 AN SCHE S A AR IR A R B

PR Sy Sk 8 %o 725 9 5 1 ek i A6k SR T A% 3 A A A
JIT LA e R Ay T XY L2 [ iR 2l Jon R B O AR AR
TR T8% 35% 66% | AT HE A TR B A%

R T 2 R Al R TET A2 38 Jon o )25 ofe N B
PERZ R, AR A MRS X HE P2 3 B3 4 B 3R B i O
Wrdg br o] LATES 2 12 km/h i 25 3 5 AR A
HECE B RS R A =g e RE ALY AR A
5.368 m/s”, fii 25 B X 7N AL I I A 4 RS 1T = A
B IMAL Y J5 MR A 3. 698 m/s” Wd /N T 70% , U R
ROR A

4 it

(1) RYEZ4EWi R T &, Bt 78 3= N 2
WAL JETHAR W H T S T ixgi 6 A
HIBE IR 3l R GE R 8l ) 2 B

(2) BEHE/S IR R LU 2 B A bR i
Mot o BB SE b WS HOESENIE kO
JERE c TSR LIZASE 6 A T5 i) 6 A BR
UV AN 3k A S R A A R A E R
B T AL G OE TT R R AT A BT

(3) BEit IS IR R GE L Ge AR B At
PORERGIAT TR AR TR R

2 £ x #

HER, 5P AR, AR5 4L LF80 — 90 4t hu L4k sl 234 [ T]. 34zl 5 4 F 8 iy 4= ,2001(3) =26 - 27.

2 Adarsh Kumar,Puneet Mahajan,Dinesh Mohan,et al. IT-informetion technology and the human interface: tractor vibration severity
and driver health: a study from rural India [ J]. Journal of Agricultural Engineering Research, 2001, 80(4) ;313 —328.

30 B, sRAERR L FRE L. ARSI AR ERERL B R [T]. R A I T AR ,1996,15(1) 137 - 38.
Duan Li, Zhang Xiangchun, Cheng Hong, et al. Whole body vibration effects on human kidney location[ J]. Chinese Journal of

Public Health, 1996 ,15(1) :37 -=38. (in Chinese)

4  Gomez M I, Hwang S, Stark A D, et al. An analysis of self-reported joint pain among New York farmers [ J].

Agricultural Safety and Health,2003,9(2) :143 - 157.

Journal of

5  Temmerman J D,Deprez K, Anthoniset, et al. Conceptual cab suspension system for a self-propelled agricultural machine—part 1.

development of a linear mathematical model[ J]. Biosystems Engineering,2004,89(4) :409 —416.
6 AN FRW]. HT Matlab i R ZIHLE B RGBT L AALT]. MR SR 3hHEH ,2007,2(1) ;57 - 60.

Huang Dingyou, Xu Rongming. The design and optimization of a engine mounting system based on Matlab[ J].

Control, 2007,2(1) :57 - 60. (in Chinese)

Noise Vibration

7OV BRI KER . ERERERAGNHSKK )], AP ,2012,43(12) 11 -4,
Wang Ruochen, Chen Bing, Zhang Xiaoliang, et al. Simulation and experiment of vehicle inerter suspension system [ J].

Transactions of the Chinese Society for Agricultural Machinery, 2012,43(12) :1 =4. (in Chinese)

8 Hostens I, Anthonis J, Ramon H. New design for a 6-DOF vibration simulator with improved reliability and performance [J].
Mechanical Systems and Signal Processing,2005,19(1) . 105 —122.
O VP Tk X B . FIHLE £ % AW £ b B BT [1). BLBREE M S R 200711 (11) ; 124 126,

Xu Zihong, Ma Liizhong, Liu Qingbo, et al. Application study of parallel mechanism for vibration reduction[ J]. Machinery Design

& Manufacture, 2007 ,11(11) ;124 = 126. (in Chinese)



%2 1 RER G5 AR BT 4 B =N RO B R R gt 27

10

11
12

13

15

TRV AR B TE G B A N R IFBRE IR R R SR ERT S (D] AT ARl K A ,2010.

Ding Wenjiang. Dynamic characteristics research on six feet parallel hexapod system for off-road vehicles driver seat[ D ].
Nanjing: Nanjing Agricultural University,2010. (in Chinese)

WIES]. Bl AL H A 254 2 [ M) st ML Tl H Rk, 2004.

INERE KRR INRIS . IR RSB BRGNS [)]. R TREAEA,1994,7(3) : 240 - 245.

Sun Beibei, Zhang Qijun, Sun Qinghong, et al. Study on decoupled engine mounting system [ J]. Journal of Vibration
Engineering, 1994 ,7(3) :240 —245. (in Chinese)

BLEARE. JELtE AR SRS [ M. Jbat. b A RS H kL, 1994,

Ulrich V A, Gohlich H. Fahrdynamik von schlepprem mit und ohne arbeitsgerite bei hoheren fahrgeschwindigkeiten[ J]. Grundl
Landtechnik Bd,1983,33(4) :108 - 115.

ISO -2631 -1 —-1997 Mechanical vibration and shock-evaluation of human exposure to whole-body vibration—part 1: general
requirements [ S]. Englewood:THS,1997.

Hexapod Parallel Design of Off-road Vehicle Cab Suspension System

Zhu Yue Gu Hao Zhu Sihong
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; A six-legged parallel suspension system for tractor cab vibration reduction was designed.
Aimed to the problems to determine the physical and geometrical parameters of the tractor cab hexapod
parallel suspension system, the 6-DOF dynamic model was established based on the Lagrange Equation.
Taken the natural frequency of the suspension system, and the damping and decoupling degrees of cab in
six direction as optimize target, multi-objective optimization model was established and the sensitivity
method was used in the system optimal design research. Compared with the traditional rubber liner
suspension system of tractor cab, the results proved that it had good damping effect, and provided a
theoretical basis for parameter selection for passive vibration control and the manufacturing of suspension
system prototype.

Key words: Tractor Cab Hexapod parallel suspension Optimal design



