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Pure Rolling Steering System Design and Research on
Non-sideslip Steering Control for Wheeled AGV
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Abstract. Aiming to eliminate the wheel sideslip of the front wheel guided AGV, a kind of double crank
steering system with changing length link was designed based on the steering principle of Ackermann. By
deducing steering dynamics models, closed loop control models of rotation angle of left and right front
wheels were established in consideration of steering resisting moment. PID synchronous control algorithm
of steering angle of left and right front wheels was proposed. The dynamic responses of steering control
models were simulated by Matlab, and the relative control parameters were obtained. With Panasonic
PLC as the core, a measurement and control system of AGV steering was built up, which consisted of AC
servo motor of left front wheel, AC servo motor of push rod, actuator and encoder. Synchronous closed
loop control flow of front wheel steering system was designed, and real-time synchronous control of
rotation angle of left and right front wheels and the collection of rotation angle data were realized to meet
the principle of pure rolling steering. Pivot steering test on grassland roadway and turning travel test of
AGV along S-type trajectory under hard roadway showed that the errors between expected turning angle
and actual turning angle of left and right front wheels of steering system of front wheel guide AGV were no
more than 0.1°, and AGV steering system can approximately satisfy the movement condition of pure
rolling and non-sideslip, which validated the correctness and effectiveness of pure rolling steering system
design of wheeled AGV and steering control.
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Fig.5 Mathematical model of AC servo closed loop system of rotation angle of left front wheel
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Fig.6 Mathematical model of AC servo closed loop system of rotation angle of right front wheel
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of left front wheel under different resistance moment
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Fig. 10  Closed loop steering control simulation of

right front wheel

w1 10 Ap g, 2B v % fi L Ae] 2 XA 545 21
A AT A T or NS ZERTRIN R @) JH
FATR] R AEAS ) ) 260 3% A5 5 o 7 HL25 2R 3R WA fie
KRECEBLTT F 8 A RS P 2R 45 1 2 46 e B 5 A R
R AR MR R E—RRE R Y. TR B
JIHEAFAE , Wi L 2R RS i kA AE 3. 27 ° B AR AL
2%, ELICRE fA iy 1oz 25 SRR B 2 37 22 X % i) R R
Wi AN, e PID 4 il 2 80 B 43

4 MRHFEEAZEIER DN

4.1 HEmMRZNETIEH LN
MZR G AT SN B S 0 A B 05 A R e

PEIFA T PLC AE Ny B A~z g 5 il 4% L, PLC E”rﬁ’ﬁ
EEhERAE 4 PID iz AR A FE i N 170
20 . HTER e ) F gk FHAS T 3 Al i FEHLAE S 3
JIUE 2K T 24 VOB E b 41 39 AR 2 0B X 4t A2
ML, FEZH A 50 160 A - b, 303 708 5 451 i H 28 I HL
JE 220 V, i€ & 23 3 000 W, PLC 3@ 157 Modbus
RTU 3 TR SR IS A % 1oy Y35 Al i 78 *22 26 114 &4 %of
G 25 1 5% f A5 8 o 28 T A R e AL 58 6y B 42
il =, AR L 7 B R B ) 4 A 18], PLC 3 i 4%
OB 5 fa4a 4 S5 oR B4 AT S bR AR 22 R
B R 255 A PID 45 ] 2% 48 A5 2’ HLES ) ik whodit
B, GRUBLEL fan AAv BATLBK Bl SR B A2 A AR
SEELIED D PR AR ] R B AR 11 s

Tt
)
IEXEEZT

I 5.5 % e
gl afl
e T i

[ fome Ak sibettfio, o, |

l\ N
FERTAE A3 FrRTEC IR
PID#% il 4 PID#% il 4%
Fk e P ISy ESY
LeRrie AR iR HiFe iR R
HLHLIR Zh% HLALBR 245

N EELIER
e B2
Y

L1 e 1) 22 455 [) 20 P B 42 i O 7 A
Fig. 11

Flow chart of synchronous closed loop

control of steering system
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turning test on grassland roadway



34 & Ak Bl B ¥ R

2018 4

BHL 77 R0 A 53, 3 3k - A AL 4% 1 5% 1l WL A AN 60° %% F|
- 60°, W& G N AR 5 HE 3 B 4 K
HT T P S OR B A, S AR AR R R R T
FATREE b, =18 mm, & i #fE 3/ Be i R K JE [, =
127 mm, A F{ A G T BRI by =13 mm BB JIG HE 1
WA AR B 1, =109 mm 125 5] AGV JE b 44

] B35 M, = 188. 46 N-m oy 1 i 48 5% 1] AL
Fe 1 ioRg B, a2 b A BIL B E e AR AR 18 A
LabVIEW F2 )3 DL [ % 2R A% 6] B (60 ms) ic 5% 52 P
Ie AR R 0 R, AL A 10 AR
AR AR AR 53], R B niE 12
AR EE R 1 PR

®1 BONRFEEHMBEENERXBRER

Tab.1 Turning test results of steering system on grassland roadway

FEHT R B E AR ZERTRVINS AaTR-ESE aiieFAMIE Aiiecr s AniiebiiER AR bR
B oL/ () ME en/(°)  BRAE @ /(°) BAE @n/(°)  IRIE Ap /(%) BIRZE Mg/ (°) o o,

- 60. 00 -79.41 -60.07 -79.36 0.07 0. 05 0. 02 0.02
-34.70 -43.50 -34.76 -43.55 0. 06 0.05 0.02 0.01
-14.50 -16.05 -14.42 -16.12 0.08 0.07 0.03 0.01
-1.20 -1.21 -1.24 -1.18 0.04 0. 03 0.01 0.02
0 0 0.05 0. 06 0. 05 0. 06 0. 02 0.01
5.30 5.11 5.37 5.05 0.07 0. 06 0.01 0.02
17. 60 15.76 17.56 15.83 0. 04 0.07 0.02 0.02
42.80 34.22 42.74 34.28 0. 06 0. 06 0.01 0.01
60. 00 45.94 60. 06 45.87 0. 06 0.07 0.01 0.02

i % 1Al e 1 A ) 1 22 AR R RE AR Ok
Bk NI o T R R ek L N DR
JER 2/ F 0.08° AR 2/ F 0. 03 5 47 i 48 55 B i
i1 5 il S5 AR DI ST 3 R R 25/ T 0..07°, bR i
25/NF0..02, Uk B A 6 % ] P PR 45 ) R G40 A R 47
P 1 s RS 8 R s o AR M o TRD R e ) 4 o
R i A ) 76 T 50 5 £ i AR B A AT R A AT
BT 0 5 B £ O 2R, U0 B IS 40 7 1) LA B B o R S B
{3 52 B 2 VR B 1 4 o BE 5K
4.3 %@ AGV FEREEIS S B EIKE

HF AGV M br TARAR S N EARAE — 17598
EE AR T A W 1Y T AR A T8 4T AE 5T B
TEFE AGV T8 i AN Wi ) AGV % 1) 5f 58 B4 o AT
%o ML, R T IR B AGY Bl 2 i RCR I
J&T AGV FE G T s iV S BUHILIN 1Y) F 3h 1% 5 5% 1)
AT, Horp S AUBLIE 1 AP 48 2 m [ 2 B A
A2 1 m [ B PR A, AN 13 R

T—

B 13 AGV #Y S BUHLIE 9 5% 1) 17 38 1 30
Fig. 13 Turning travel test of AGV along S-type trajectory
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HiB 14 m] 0L, AGV Y B E 1Y S 2 B30 % 1) 47
B AATRE B X B MR 22/ T 0. 1°  AGV B i) &
GEAE )3 15 B B i e 1% 22 A B 8l 1 WY e 1)
ARG 2 A AU AR R A AL PAT P 42 ) E 8 b A B
B AL, AT LA AGV 4l 3 4% 16 47 B, 3 3iE
T AGV 2l 2 5% ) 2 G0 Bt AL ) 22 6 A9 1E 6 1
HABNM.

5 it

(1) JES7 1 2% I8 5% 1) BHL 3 0 09 2 A i 5 e 1)
F PR PR AL 3R T 28 A ATRR % 1A A PID )42
PRI A B T R W RGBS AR R R A )
AP IR P, BT R 10 3 25 e e B B 1 4 o AR E
P 38 I 3 T O



5 43 Bk R A 5o AGV diiR 3 e ) R G i it 5 JO M 3% 1 42 o AT 5 35

(2) 38 2o 0 b 6 T D 4 1) G S 0 R B TV AGY B 1) R 403 LI T 4R 4R Bl G W A2 Bh &

S BUBfLI G ) 47 B S, A S T AER S e 1 R G R IR T AGY ZEVR Sl i) AR Gt AN 1 i Y
M2 AR W B A 5 S PR MR 2N T 0.1, IR IR S A A

10

12

13

14

15

16

17

18
19

20
21

22

2 £ x W

MREEW, ABWAZE KT AF. SR T SR B ALY A 2 5 I E AL AL J/OL]. Ol MU 24, 2017, 48(2) :20 - 26. hutp:
// www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no = 20170203 &flag = 1. DOI;10. 6041/j. issn. 1000-1298. 2017.
02.003.
LIN Guichao, ZOU Xiangjun, ZHANG Qing,et al. Visual navigation for automatic guided vehicles based on active contour model
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(2) :20 —=26. (in Chinese)
AR, B A, 5. BB BB R ) B AR IR ER R Bk [ J/OL ] Al LB 4R, 2017, 48(3) :376 - 382.
www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20170348&flag = 1. DOI: 10. 6041/j. issn. 1000-1298. 2017.
03.048.
SHAO Junkai, ZHAO Xuan, YANG Jue, et al. Reinforcement learning algorithm for path following control of articulated vehicle
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(3) :376 —382. (in Chinese)
KA, WHR, IR, % W55 AGV SR E B SR 0 B R ERER UF 5 [J/OL]. ROALMAAHR, 2016, 47(7) :48 -
56. http; / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20160708 &flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2016.07.008.
WU Xing, SHEN Weiliang, LOU Peihuang,et al. Robust feature recognition and precise path tracking for vision-guided AGV[ ]/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(7) :48 —56. (in Chinese)
ARCHILA J F, BECKER M. Mathematical models and design of an AGV (automated guided vehicle) [ C] // 2013 IEEE 8th
Conference on Industrial Electronics and Applications (ICIEA), 2013 1857 - 1862.
EALER, TR, WS L. S TR A 8 S 51 4 i AR EM B R E RS [T ] Rk L4 ,2014,30(16) : 17 - 24.
WANG Lishu, DING Xiaocheng, SHI Qifan. Data collection system of greenhouse corps based on micro automated guided vehicle
[J]. Transactions of the CSAE, 2014, 30(16): 17 —24. (in Chinese)
RAO A P, VENKATACHALAM R. Estimation of skidding offered by Ackermann mechanism [ J]. Journal of the Institution of
Engineers (India) ; Series C, 2016, 97(2) . 149 - 156.
TIAN Y, SARKAR N. Control of a mobile robot subject to wheel slip[ J]. Journal of Intelligent & Robotic Systems, 2014, 74(3 -
4).915-929.

KEICHER R, SEUFERT H. Automatic guidance for agricultural vehicles in Europe [ J]. Computers and Electronics in
Agriculture, 2000, 25(1 -2): 169 —194.

MITCHELL W C, STANIFORTH A, SCOTT I. Analysis of Ackermann steering geometry [ C ] // Motorsports Engineering
Conference & Exposition, 2011.

CARCATERRA A, D’AMBROGIO W. A function generating differential mechanism for an exact solution of the steering problem

[J]. Mechanism & Machine Theory, 1998, 33(5) :535 - 549.

PRAMANIK S. Kinematic synthesis of a six-member mechanism for automotive steering[ J]. Transactions of the ASME, 2002,
124(4) . 642 - 645.

XUEHT, S, (. FeN W T A m fE F e B S [ T]. ROk ML, 2003, 34(3) ;12 - 14.

LIU Hongxin, ZHOU Ling, HE Jun. Application of side-slipless steering control linkage in wheel type vehicle[ J|. Transactions of
the Chinese Society for Agricultural Machinery, 2003, 34(3) .12 - 14. (in Chinese)

R E ] AR ENR R A B[ T]. MUBER T S s DR, 2001,30(5) 18 - 9.

FENG Yongwei, QIAN Ruiming. Design of the automobile veering mechanism with complete rolling[ J]. Machine Design &
Manufacturing Engineering, 2001, 30(5): 8 =9. (in Chinese)

AL, BREL, EA5, 5. ARAF AL A DR B m s R e vt SikE ] ol TAR244R ,2015,31(18) :63 - 70.
KA. AR SR AER ARG LD ] UM IR, 2008.

ZHANG Ximing. Control system of electric vehicles[ D]. Hangzhou: Zhejiang University,2008. (in Chinese)

Fo g JUAD S B YR G e 1 ALARZ S E B SE [ D] H PR - E PO LR A% ,2010.

WANG Jinlong. Kinematic research on several typical steering mechanisms[ D]. Chongqing: Chongqing University of Technology,
2010. (in Chinese)

ol A TR AR A RGO SEID]. 2 2 5 g1l k24 ,2008.

LI Huimin. The research on an electro-hydraulic steering system for wheeled engineering machinery[ D]. Qinhuangdao: Yanshan
University ,2008. (in Chinese)

T, B, BT, A R U B B RS R AR SELT ] R AL 44,2013 ,34(4) 168 - 173,

bR R A A 0 B R B A I B 1) REWESE (D] UM WL R, 2011.

DU Heng. Research on hydro-pneumatic suspension and electro-hydraulic servo steering system in heavy wheeled vehicles[ D].
Hangzhou : Zhejiang University,2011. (in Chinese)

KA B E A BRI S IR #E 45 R G B BRI Y RO B LT ] LB, 2010, 37(7) :9 - 12.

XN E 250 NG S SRR B AL Bl RGN LR & s Jy e S 5 LT . i3Ik B 84k ,2012,34(18) 108 ~ 110.

LIU Duxi, LI Hao, ZHAO Xiaojun, et al. The rigid-flexible coupling dynamics modeling and simulation of drag cone winding
transmission system[ J]. Manufacturing Automation,2012,34(18) :108 —110. (in Chinese)

F RN 57 . e T 038 gl e 1) R AL N80 AGY RGBT S5 [ D] B VLR R ,2016.

TIAN Lifang. Research on design and test of wheeled AGV system of picking robot based on pure-rolling steering[ D]. Zhenjiang;
Jiangsu University, 2016. (in Chinese)



