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Dynamics Simulation of Stability of Spraying Vehicles
Based on Virtual Prototype
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Abstract.; Truss type sprinkler cart is one of the main parts of traveller irrigation machine, which plays
an important role in modern agricultural irrigation. However, the sprinkler cart may get overturned or
broken in the fields because of its large spraying arm span, unreasonable span setting between wheels
and/or excessive moisture of the fields. Thus, a parameterized dynamics simulation model was
established for type JP75 sprinkler cart in the software ADAMS to improve its abilities of slope-climbing
and anti-overturning. Qualitative performances of the sprinkler cart were analyzed based on the proposed
model. The slope angle was taken as an evaluation index of slope-climbing and anti-overturning abilities.
Several key factors affecting the climbing abilities greatly were optimized, such as attachment coefficient,
wheel spacing and centroid height. The bisection method was firstly brought into the simulation of
sprinkler cart to accelerate the algorithm convergence. Compared with the current machine, simulation
results show that the optimized sprinkler cart improves its stability by increasing the slope angle with 21.
48% . Moreover, a physical prototype was developed and a field test was conducted to confirm both the
accuracy of the simulation and the validity of the methods adopted. Test results show that both the number
of overturn and torsion extent of the cart were decreased greatly with the water distribution uniformity
increased dramatically. The abilities of slope-climbing and anti-overturning of truss type sprinkler cart
were improved significantly. This paper provides a new method for the design of truss type sprinkler cart.
Key words: Traveller irrigation machine  Truss type sprinkler cart  Dynamics simulation  Vehicle
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Fig. 1 Structure of truss type sprinkler cart

LA 2.misk 3. fok=3E 4. 5% 5. %%

L1 IeFEERSN

IRCHT 2R 1 fe 8% 77 1 by R T, AT T O
ST A 45 AT A i OB 1) 3t B nE AR BT
BT 1) T RS ) BE ) 3 W i S 3 B A ok
N BTG B DR o, B 1 Y
W R A IC N o0 B2 FEL 3 23 5l S W
FEAEYN ) R 1] 3 M 52 i dl. 2,6 00
WP 4L ), F, O W AR B Kl ), Fy  F i)
NG SR BN B ST, 2,0 Z 00 3 O SR B A
(3 B AT, R 9 K848 (9 8 Ty 42, H 9 Wil 4 1)
JC 8 BE, L W0 4 i Jn e B, Lo R R 2 5 ) 4

FE LTI T3 1) b B B, v O Y R 5 1) A AT
ML o NS B3 W Fy Fy (Fs 8 =30 %
AR 17 S DR BEL 7 o 25 W50 4 ) i A ) Bl A
A MU 467 2 b TR PR O PR A5 B AN T A (T B e K3
JEE s S 9 1) S 1) b S S BE A X O, R,
RECE!

HGsina, = L' Gceosa, (1)

!

&I a, = arctan " (2)

P30 W A R A ) S b A2 s B
Fig.3 Stress of sprayer on transverse slope

25 G0 7 A R ) e A A B, W 3 B,

FILJ 6 T 2% 7 1B A e S i A0 Rk
Gsina, =u,Geosa, (3)

il o, = arctany, (4)
A WS R
1.2 JeiEB FERZ NS

WA A 5 ok B RS R R PE A TR
W PN ] e T 00T, HOR B RE )t HI A o,
ARt o AL R I, b RE WS 45 4 R 4R it
F B R B B T, 2 W8I 4 RE % iR S 4 AT O AR R
TEISAT b AR v, 0 200 2% 16 Ml T AN 22 48 22 ) 9 AH AR
JH 48 1T 40 3 3 2 S AT FRAE T 20 0 ) A
8 i R b TRDAH ELAE Y ) 2 AR S 1950—1952 4F
Bekker i i 9 - 3 59 UI 57 g 7 A2 5C R R
FEWE T, LA X R AR OL T, AT UK R R
AR NI 1 R T 3 N £ S B S PN W)

k,
oo = (5 k)4 (5)
_ 3P

T +bk,)/D(3 —n)

+




74 &l HLOW ¥ R 2015 4
Rz ERE T RIRE AR y—LEAEHEE

o, — 5 iR 5 TR K T B fih 1E b ) N, N,—— 43 Terzaghi 7K 4% it ) P 4K

P BN R T 1.2.4 FR23MYEH T

D——FRE RS F 12
b—— TR R 5
I, ——— - HE P R
b, —— - B L it
LY R R

n

J

M4 LRz EH

Fig.4 Force of wheel and ground

ERAENMAGITES B, 452 2R S 1
B ST 6, DL R G 2 0y LRI ) ro AR
i SE PR G O, 2SR G KASTE | R4 52 204758 B T A
APEMESIWIRMAE R J1 o ATE PR ) 22l RSB Ty
i B R B AR AT HE T B b
T EE B 4 it . AT EHE ) KR AT E B 1 B, 429
] BT AE o
L.2.1 ZERz 5] 34T
Tt % 3 R RS VY AT RLROR R
F,=cA + Psing (6)
Horp A=2b
X A——450% 5 T 500 4 il i A1
TR RTI R
o— LN EEEA
1.2.2 FRz2) 50 RS T
JE SR ) R 5 i T S - s mp i ) g pEL o e
PSR RSP ) F o 19 B A N
F,:bﬁ”(fi+k) (7)
Bn+1 b ¢
1.2.3 FR=z3 L 80EL
TR, BT Wy W A RS 2
A 5 v i ] 1 RS B T AR AR W R DO RE R 4
FERT BRI R e R A B R TE A K
IR AR IR 478 8 T A UL BE )
K. IR AKX N

2
Dz, -z,

c

F, :b(czoKpU +0. SZ(Z)’}/KW) (8)
H K, = (N, —tanp) cos’ ¢
o, :
K, = ( +1 )cos @
tang

TE—EMIEE b, i 7 2 s IR A3
Jr il FIE R BB ) Fy, iR
F,, =Gsina (9)

2 BHEMEEENES

2.1 EMENERESSEEN
AR LB R AEL BT 2% R 402 Bl 2 M Bl ) 2
AR Ty AR N EOR S BE Al AR AL BOR
PR AT 19 2 1K R 53 3 2% B 3 01 2% 1 45 B4y
B, BB E T 2 A Hr Bk 9 S 3 e fr L
FRFEVER ™ Fh & MSC 23 | 9 MSC. ADAMS'™ | &
BRI H 5 B 07 B2, R @ B O R R
A D S e T A 7 7 1) BR B AR P R T S AR AR B
g, =[x,y.5,0.0,0,) ,4=04,.4:,.4,1" ¥ .0.¢,
SR A BT A S50, NS f g BB 0 R
Moo BANMARM 6 A AR AR, K%
(3 12 07 R
F(q,v,v,A,t) =0
G(v,q) =v-q=0
®(q,t) =0
K g——)7 LAARHE
v q— ) S A
A——2 ) B AR ) S
F—— RS 8 J3 2 RO E R SUMUY J7
G——IE 584 2y o) )y L0 [
D—5¢ B LAy FRAE
FE = Y A Pro/E v g 7 M7 42 AW ZE 1Y
TR RIS SR xR SRR
ADAMS w58 o S0 i S 50, T S E R G
177 3K, 58 BB A R FULRE AL A A A5 0 OG5 e 1 S 8K
b TR — B A 07 B AN AR
Ry HBLARL BT 5 o om o= 387.26 kg, K3 J) F 42
R=0.2 m,#iZ% s 30 m, W) 44 0 B0 5 o H =
0.72 m, Hi J5 % fE L = 1.15 m, 4R 4 GB/T
21400. 1—2008 """ #fi: 75 By 3ok 36 B4, iK% 06 00 A% 7 AT
FE TSRl S0 m/he 85 O A 24 2 T 4
FEHLBE R
b W 4 f S B AN 44 2 ) SR e 3
e M THT 5 2R 4 RN B0 K Ml 2 i SR P R D o
LAl 0 SR Y A e i O A . R e i 2 [
R ) solid-solid 5 SCHE fish o Rlf 1% 7 42 fih 440 10 SR I 4
F Hertz BIE ) Tmpact b6 BB, 206 52 bR 9 14 1)
Rl 4 3o L 2k g 6 T 2 0 TR T A AR R B R



BT

TR 4 o ST R AURE ML AR AT 2R X0 4 AR 1 8l ) 24 0 75

5 MBI G SRR LA A
Fig.5 Virtual prototype model of sprinkler cart
RO R Rk
F =
max | K(x, -x)¢ - Step(x,x, -d,C,, ,x,,0)x,0]
(x<x,)  (10)

0 (x>x,)
A K——H2 Ml R 5L
X, (SIS

x—HE fib Wy A 22 1] ) S 0 A5

E——AR L Pl ) R HK

d———PH.J& F5e s 9 22 ik 4 A4S 11 2 T

C,..— KA FL e

22 fub 3 4y e B SO L 2Z [R) Y EEAE ), BEAEE )

fdi F Coulomb JEHEATITE . SEBn i H S HOR
55 FR N AH [H] 26 BB L A [W) - 48 5T M %) 36 [ BEARDEN
Hi X 1 Kent. Minnesota 32 55 1) 4 FH - 35 119 M 187 )
SERRVES R B X R [ B R UL AR T R TR
Hr y =1256 kg/m’, ¢ =344.7 Pa, ¢ =0.37 rad,

k. =97294 Pa/m k=13 680.3 Pa/m?,£ =0.5,
H 4 Terzaghi 7R 2 B8 7 72 5 Fifi 1 438 P BE 482 471 1) A8 {1k
KRBTSR N, =17 N, = 5, B %5 E R
B TR AR A Rk, 225 Sk [ 15 ] A A i
B NS PR 50 W RS LR D i an SR 1 RTOR .

£ 1 ADAMS fEREEN S HiEE

Tab.1 Settings of coulomb friction

parameters in ADAMS

25 i
iV 42 TR B 0.9
Bl PE B R g 0.75
AT 0,/ (mos™") 0. 001
BRI v,/ (mes ™) 0.003

2.2 IR
2.2.1 HEEEH

T ORAUEMEHE bl B, 2R AT LA B I 4 5 5, 5
W94 19128 B NI B o 2] 3 4K as 3. 7E ADAMS
Hh S RS TR A ) 114 5 3 A T A g R 4 o 7
07 3, BEAL S 13 W 7 A B S A R T 0 R A R O
%o

ADAMS Hf 725 5 % ThT 2 6] M P 432 ik, 15 552 P
0 7R Y B A B A T ML
A2 T35 BT K b X A Y T S B ) A
BHL 3 A S 55 8, I 6 FoR , B4 i 52 I 4 4 07
[6] {49 IO ) AR B U0 00 ) AT DL AE RO A FAE — b T
i E Rk F, MYIE S F o X2 D AE
S8 F [R) i SCRT L 23 fife B 5 R K - O 1wl 59
F, M Fyo 551 F, M F, F% 2 7248 5 W 4%
fih s C AL FFAHAF RN S 5 — A i) S35 Tpe H%
TIFEEE RN G 5 L 0 R R SRR D A i
WAXRT, =TT, =T, FHRIZHIHET, AT
FONNTERZ B R SL LT Fo AL Fp 2
5 R R M, 1D

T.=T,=(F, +F)R (11)

B 6 HEEF A s B
Fig.6 Decomposition of wheel force and torque
Li b TR AE 2 B 42 5 A g el f b, AN
T3l , RE M A5 B i e R 4251 ) F, AT AR
Fy=F, - Fy —Fp - Fy

T
B Fo=F, -4 - Fy (12)

X Fo 9 K(9) B3R Ty o 78 ADAMS Hits 42
Sl L O A R s R T, E AR S
S T ) A X A 200 45 DR B Ay

_F,
T7F
D) R L G R T RN
Pt
Z R 2 2
F2+F, =F, +F LT =Rf /F"”j’ (13)
- 1+f

h
f_F

TERIE T, <T<F,R WO T W T 8 RADe
PFE IR T0. 2 s AR BERR I 1 IR 48 I RE , 2 42
R R AER T I o 8 A v A, T L A
S= +0.02 RIInE# N AT, DT I8 2 ff £ 47 28
Foydas iy H i



76 P A1 M R S 4

2015 4

2.2.2 RSP

HT T HRAE SR EA o T
W 78 2 I 1) B S 19 0, 4 i R SR AL v 1 b T LA
— SR FE KT T 1) bR AR AL e 4
S 7 A Ak 2 T SRS 2 1) 4 8 RILE B £ 33 R
B FL, T b T 2 R AR o NI 7R 3
12 B 4 FE B RS R e R R /N BOE R 4k
AT % Il S 38 B8 A R AT B AR I . B 90° 51 0°
ite R FEE L, v, - Re <0 S 750 K AT Y
SIS A b o, Ay o [R] 2R 50 1 A 1) 35 ) B A
o WURZER R AT, W — K Y 07 F 3% R ff
ARG FEFA R BN AR R 2, R
WUERA R AAT U R — R 07 35 B AR BUAS TR 38
BEM S b i AR R —2F

i B ARG BE P R AE 1O L s Y
oy BRIl 5 35 B8 £ o AN 3 B A 0 0428 1 A O R
EIWE 7 fis .

a,=90°, a,=0° a——a+a)

2=

7 00 w3 B A 4 L A 1

Fig. 7 Flow chart of slope angle control

3 BMEEHBAEHTIAGE

3.1 dmBEERAE

W WG 4P SEAE R b, 5 R 5 I A R A
BAE BB 1 A AR SR o W e (] % 0 % 1f 22 ()
AR B B, SR ] A ik R A 0 LT3, 22 M 38 22 56 N1
D 50 5 b T 5 A5 Ab RS 1 3 A B R O e B
0 BRI 3 A oo D ELUR BRI BE fR YOG R
e 8 iR,

D7 FLAESS 8 KB 45 1k, BT o, =51.25°,
3.2 EREBBATE

MG A — B RE 1 LL v =50 m/h B[] 475
B 328 9 R o B A S 2 MR M A
0 3] 4 4 (R 888 ] 3 B 1 K T4 T 0. 01 m I, {5 L4

135 £R/(°)
8

4
IR INEL
P8 G 2 A 5 K UOROR &R
Fig.8 Relationship between longitudinal slope

angle and times of tests

Ak, WA GBS F W B A S AR o o SR SR T
KB AR 2 A& 9 Prs

50
45 + A
40 +

Cast

&/ 30+

s |

T20r

15
10} A

st s taa

0o 2 4 6 8
R Ut
P9 I A S R ROBOR &R

Fig.9 Relationship between transverse slope

angle and times of tests

15 ELAE 56 8 YR A I 45 1k, b IR ) i 5 3% B A
H a, =6.38°,
3.3 HoEEERHTESHK
TEFCODE BN 0.72 m, {i G5 R 1. 15 m, 3
T (1% T 0 PR 42 DR B i B8 R B e, 4 0. 75 I ) IR AR
AT, DL i A7 IR 1 5, 15 Im 5t 3 B2 fa ok
28.40°,
DA 5 3% B2 Ay Ry W 3G 4 A 1k 1Y 32 ST AN 4
T, R 5 e U@ 5 AR {23 M i A5 O 174 b T R BEE R R
Frt e H RS L AR Bt A i AT A .
BT AN T 35 B A1 00 T 552 0 A7 22 2 2 I 3% e 1t
BIRE T LA OG5 N 3R M BRI . I piik H
T BRI EICRN 24 S 2% Ay
Max o, (u,H,L)
0.25 < <0. 95
s.t. 10.22 <H<1.32
0.65<L<1.65
XF o H AT L7 U B R 4 SRR L7
B 4 A5y Besd SR 5 #E4T 64 ¥k DOE ﬁt?@ﬁljﬂﬁﬁj\fﬁ,
B RmE LR 2,
I 245 3 — > IR A ke v Rk ) 7 Ak it 2
K10 fron . mEHBIE A 4 DT X BT RIS,
JoT 0 (e B H W @I BE Iy 14 5 i R B e K, LR i

(14)



57

ViR A5 ST R SRR BIL A AT AR X 4 AR 1 3l ) 24 0y 77

JE SRR LA M T Sl BE A DR o YRR A B ORI,
©=0.48 H=0.83m, L=1.35m,a=34.58°, DI
FE S RO AR A L X L AL T S R — 3L R il
728 W 4 ) € 3 e i 7 RE T, P AL S W3 4 Y
€Y e s b as T Re 4 S T 21.48% , AT LA
T2 55 I T 35 B T 42 e 1 B O o

*2 SRANRE

Tab.2 Values of segment points

A4 " H L
0.25,0.48, 0.22,0.58, 0.65,0.98,
0.7,0.95 0.95,1.32 1.32,1.65

srBerifE

35.07.
~345f
& 34.0F
 335¢
= 330t

0 2I0 40 6b 8I0
RV C

K10 e M 5 il R 6 &
Fig. 10  Relationship between climbing angle

and number of test

4 HEEIIEREIE

WRIEASSCAAL G 1 2 804 2R B ik 1T JP75
TUWEI 4%, BN P L1 J7 s, JH rp 3 B8 SR T i 4%
A RHIF 5 BE A AT IR i Y SRS

F1L B S

Schematic diagram of bench for slope test
LR BcEE 2.l i i SO

ZIstT AR 23. 509k BB fA A 9. 5°
A9 1) 39 JBE a0 10 YT, 2 A O 1) JRAABURIASE [ 4T 24
UK 3 UCTT R 2 & U L 1 OOl o, BTG O
PRV WSO . BTHLELAE 35 M T 00T EHLRSUIE AR S A 8] T8RRI I AR B T R
10 AR B3 Hm BB ECN 1 ke R3 il IR

2 £ x W

Fig. 11

P12 g P R
Fig. 12 Verification of climbing ability
PRI et . Hop et YT ACRIUR @ L, (N7 AR
R ETSAT I o RS T 05 HAR AT T RAF i S b
BOR

x3 WEBETERIE
Tab.3 Verification of climbing ability

X5 it 5 A A B 35°
%7 IR A/ (°) i
32.0
32.5
33.0
33.5
34.0

=

E o

T e A R =
=

BF

34.5
35.0
35.5
36.0
36.5

o 0 N N R W =
Z Z < << Z < << <

—_
S

(1) ADAMS b 458 il 3¢ B £ 3% 2278 Ak 45 5 30t
T4 25 1) 4 38 3 R e % R U R B R BLIR R, SR
G313 e R AR AR AT R DR ) B I IS AR I R
TPk

(2) LA JP75 AU e HE B ECE 0 A7 240 =X i 7 42
FE S B D0 AT L 52 T 15 00 A 9], b 5% min e
A BB T SO Y b RS B R B O R B R R R
SFHEAT T AT AL o AR S G 4 9 TE 3 B ) EL
AU RE IR T 21.48% . SCBRNIE (TR I E
Y, B A5 0 T ML TR 7 [ A 3 B T 00 0 o 5k ]
T  REAE A B R G #4524 0, UESE A& Bl

1 Edling R J. Variation of center pirot operation with field slope[ J]. Transactions of the ASAE, 1979,22(5) :1039 - 1043.
2 AL, EA A o T K R A R R BRI S [T ] HEE ML R A 4R, 2015,33(1) .78 - 92.
Yuan Shouqi, Li Hong, Wang Xinkun. et al. Status, problems, trends and suggestions for water-saving irrigation equipment in

China[ J]. Journal of Drainage and Iirigation Machinery Engineering, 2015,33(1) ;78 - 92. (in Chinese)



78

P/ I R = - 20154

11
12
13

15
16
17

ok, BEEA, TR, . BURHE BT B EX BB [T]. RPLBFSE, 2007 (3): 69 -71.
Guo Yong, Han Baosheng, Ding Haiquan, et al. Design of a straight-advance self-propelled minimum sprinkler with double
rotation arm|[ J]. Journal of Agricultural Mechanization Research, 2007(3): 69 —=71. (in Chinese)
SL 280—2003 545 4% 5| 4 48 U HE AL T HOR MBS ] . 2003.
JRHFE, R, FHE, F BUEACF R BELE R E M mRa e LT R AE, 2005, 36(11): 42 -45.
Yan Haijun, Jin Hongzhi, Li Junye, et al. Longitudinal stability analysis of towers of center-pivot and linear-move irrigation system
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2005,36(11) :42 —45. (in Chinese)
WKH, BB, 224l S5 WEOE A CE T R LA K ERR e A AT [T ] HEREALAR CRE 24, 2010, 28(3) .
256 -259.
Fan Yongshen, Huang Xiuqiao, Li Jinshan, et al. Stability analysis on light weight and small size watering cart for dual purpose of
both sprinkling irrigation and hose irrigation[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2010, 28(3): 256 —
259. (in Chinese)
SR e AR I A [ ML JE s [ B Tl kR, 2002 22 - 31,
Bk, SUHRE, XUBFH, . SR ESITHLILA S B RO )] Al BLIE IR, 2010, 41(2) : 52 - 57, 8.
Chen Hao, Wu Weiwei, Liu Xintian, et al. Effect of wheel traffic on working resistance of agricultural machinery in field operation
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(2): 52 —57, 98. (in Chinese)
XFSC, mda, 2k, & RASMIEBATER ST D FRET]. L4k, 2012, 43(10) : 36 - 40.
Liu Pingyi, Gao Jincheng, Li Haitao, et al. Terramechanics of all terrain adaptive locomotion chassis for farmland [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(10); 36 —40. (in Chinese)
R, KRB, BR, . HT ADAMS [ B /N FORBGRALOTEL [T]. RBP4, 2011, 42(12): 1 -5.
Du Yuefeng, Zhu Zhongxiang, Mao Enrong, et al. Simulation on small-scale corn harvester for hilly area based on ADAMS[J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(12): 1 - 5. (in Chinese)
BR . HEREFR B S RGBT ID]. KF 5 AR ,2009.
Wong J Y. Theory of ground vehicles[ M]. New York: John Wiley & Sons, 2001.
AR, A, TR, 5. ADAMS JERE S TRFEGIZR [ M. b nt: o [ g R AL, 2007,
2N ADAMS AT S S LM ] dtnt . [ B Lol it ,2007.
GB/T 21400. 1—2008 £ £ BEHEHLES 1 &6 43 1B A7 Fe ik S 52 30 = i )38 77 12 [ S 1. 2008.
DIsE M G HiTH— RS F IR [ M. bat WU Tk i hiAt, 1978 . 198.
ZEHERR, AR, XRE, . BT 2R B E R UG OB T ] A AUAEIR , 2009, 40(10) : 33 38, 23.
Zuo Yanrui, Zong Zhijian, Li Zhongtu, et al. Numerical simulation of wheel sinkage on soft terrain based on multibody contact

problem|[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(10) : 33 —38, 23. (iin Chinese)


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20100211&flag=1
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.10.007
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=2011s01&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=2011s01&flag=1



