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Design and Tests of Road Feel Simulation System for Teleoperated Tractors

XUE Jinlin CAO Zijian LI Yuqing
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; To make the teleoperated tractor driver have more intuitive feeling of the road information,
road feel simulation system was designed on the basis of the teleoperation system for tractors that was
designed before. By referring to the research ideas of road feel in the steer-by-wire system and combining
sensor measurement method and parameter fitting method, the road sense was tested and simulated on the
platform of teleoperated tractor. First of all, the overall design scheme of road feel simulation system was
proposed. Then, through the analysis of the mechanism of tractor road feel, and the transformation of the
steering actuator and controller of the teleoperation tractor, the road feel test system was designed.
Finally, according to the road feel test system, the steering resistance torque of teleoperated tractor was
measured on the grass and cement roads at different speeds, and the simulation test of road feel was
carried out on the grass and cement roads by using the Logitech steering wheel. The test results showed
that the steering torque of teleoperated tractor on different roads varied greatly, but the overall trend was
the same. At first, the steering torque was increased with the increase of the angle, and it began to fall
when the steering wheel angle was between 100° and 120° and rose slightly when the steering wheel angle
was about 200°. The road feel of teleoperation tractor was simulated by the G29 steering wheel of
Logitech, and the score of evaluation indexes were between 6.3 and 8.5, which showed that the
simulated road feel satisfied the driver.

Key words: tractor; teleoperation; road feel simulation; steering system
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Fig. 1 Road feel simulation system for teleoperation
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Fig.2  Structure diagram of modified steering system
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Fig.3  Structure diagram of on-board control system
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Fig. 11 Curves of in-situ and running steering torque on grass

4.1.3 KU I 1 K JER S

Hi AL AE BV PR BE T A7 30 B 4 o — AR e
DAL I A 40 77 i R LA T Bl 2 1) (265 J DNk B 4 B AL A A7
R 43 S R B 10,15 .20 .25 km/h, B A3 K H3 A il
S py Ly, a0 12 B S b LB 38 S 2 2T
58 UG 0 B

P12 KU I THT g S 47

Fig. 12 Site of measuring cement road feeling

TEREE A 13 Bk 13 Al AR, HE R AL
T 7K U 15 T b 2 ) RA T 3 A 1o e KB 1) BEL T R 4
12 3.97 Nem H12.71 N-m, 5 Kb b5 ] BH 77 46
F18y 25 b A ], B 1oy BEL 1 66 4 Bl 5 7 £ 1) 8 K
HOR, IEAETT 1) B 5% f Ak T 100° ~ 120° B JF i3 4 T
a1 7% HLAE 200° 0 A /MR BE (9 BT W47 3R T
B 1) B ) B /N F R MG my . 1B 13D mI AR A
OGT 2 1) BEL P R 4 5% I /N Be KA 22 0.5 Nem o 38
T L 55 K R I T AT b ) S B R K IR i T
ST A5 1 2 1) BEL T R B KT R b

4+

L2
T

Y [ BEL A/ (N - m)
- N

0 L L L L L | L
-300 -200 -100 0 100 200 300

Ty )
(a) [ H % 7]

25

S0t

&

B 15

?é 10§

%ois-

0300 200 <100 0 100 200 300

TTIEEEE A7)
(b) 173 18]

P13 7K st T Dt b R A7 3k % 1) BEL T 4 it £k
Fig. 13 Curves of in-situ and running steering torque

on cement road

4.2 EREEVEBEMSITEN

S AN [r) 1T 1 010 6 T o AN ) i i e —H
o] BH S AR AL G R B AR 1 RV B S, E XA A
St T P T) 8 32 L X i T 2K D0 B TR G B SRR A
WURIF VA, 250 S BT 14 FoR o

3

P14 IR S 0 3

Fig. 14 Scene of road feel simulation test

3 S50 A e R K € B TR A Sk P o S 6 R
PR S MR HLAT BB AP 1S s

S SR DA 7 12 458 8 LT R UL 7 ol
WOLBITEN IR o B PP K — S 2 A R
W RS 8 bS, O RGN B2 IR SR — &



438 w0 AL W ¥ iR 20224
ol P FLORE A 7 1 0 08 BN A $5 i 3o 0 1 R
§w_ ! BT 6 4, AEAR 20 ~30 % Z I, HLh A b 1
P -t R % B AR 3L Logitech G29 % [ # 9N 2 ¥ ik 2
h | - B sE RS ATEE S 3 U0 R0 B U L B
C Reesm Y RO FE L P JE FF SFA4 36 48 10 40, BURE A AL 3
o @ e VBE 1 758 4 (1 F 247 000 S 000 25 e 5% 069 9 43, 65K 6
) AN N — T V4 9 (M 0 A 0T 40 45 10 7543
2 1T Logitech 29 % iy # U4 B A £ L4k B 4760 [
S EVERE , BRI X 4% 16 0 0] 1F MR P4 . SR |
) S —, A R0 P R L ELSE AN A B M 8.5.7. 1,
AR F/m 6.3.6.7, i@t Logitech G29 %# [n] $5 2 %% B 455 1) Hy

(b) Hi
F1S R HLAT B

Fig. 15 Movement track of tractor

B R B AR MR ) R R A S
Bl A IR B 7, LT 45 2 s e
—SE WY R N, 25 B 510 AT L AR A AR B B R
TR VLI v 20 2 B il 0 AT — S TR, PR AR
SCR IR E WA B J7 ¥ X T Logitech G29 J ) £
BRAUL B0 B SR TT VAN SRR SR AR SR 1 iR o

() B PRI 97 6.3 ~ 8.5 Jp Z [0] Btk 1% 7 kL
P SR AT AT

5 it

(1) 2T — 5 B 285 it o8 Y 3 R4 46 17 AL E
177 He i RGEUE , SE BT R ] %R 03, 2R
Logitech G29 J5 [ 5 x4 111 #5205 0 i Je it A7 i
T, ST IR AL

(2) X4t $57 L AE A [ i 180 194 Bt JRE A7 S0, 52
B 45 AR, e 1) BEL ) RE G 2 % A AR 15 DR T 4 K, O

x1 ERFEMIER

Tab.1 Subjective evaluation indexes

167 18] 3555 £ Ab T 100° ~ 120° B FF 4 18] 9% L 76 5%

RIS EEAR M7
R % SRR A T fATE 200° 22 A /NG FE /) T+, 3 i Logitech G29
¢ Ky [l 455 0 5 A6 ~
e s 4 U4 B 1 DL R TF LD, 45
TRt e S A PO ARG 0 BI7E 6.3 ~8.5 2 (a] KB 1T ik
[n] 1E T T 7 T 45 [ T P 6 LI & B n] A7k
2 £ X B

(1] fhamte , REEDE WA , 45 38 1254 o) 3 °F L b gty H R AL B i+ S R AR IR [T ] . Al BLA 27 41 ,2021,52(5) ;358 - 369.
SUN Jingbin, CHU Guoping,PAN Guanting,et al. Design and performance test of remote control omnidirectional leveling hillside
crawler tractor[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(5) :358 —369. (in Chinese)

(2] FEEAh, DEREE, F5,5%. JETRA MBI RPLEREREBOT SR T]. KRR, 2018, 49(8) 395 -402.
XUE Jinlin, WEI Yaoyao, YAN Jia, et al. Design of wireless network for tractors based on teleoperation system[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2018, 49(8) :395 —402. (in Chinese)

[3] MV, AL AT TR, 55§ AL 2h 3 7 HL e U8 i ) R e it S5 E [ T]. ol MUAA i ,2021,52(4) :359 - 365.
ZHAO Chunjiang, WEI Chuansheng, FU Weiqiang, et al. Design and experiment of cruise control system for hydrostatic
transmission tractor[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(4) :359 —365. (in Chinese)

(4] BEEAK,FES, R, %, R HLERERSEIL SRR )], R AL ,2019,50(8) :386 - 393.

XUE Jinlin, YAN Jia, XIA Chengkai, et al. Optimization and performance experiments of teleoperation system for tractors[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(8) : 386 —393. (in Chinese)

[5] AMBERKAR S, BOLOURCHI F, DEMERLY J, et al. A control system methodology for steer by wire systems [ C] //
Edinburgh : SAE International, 2018.

[6] MOLk, XIEHE, BRI, Ly m R o HRB I R AR 05 EIK e [T]. S IE Tk R (B AR M) , 2018,
41(11) 1479 - 1483.

CONG Guanghao, LIU Yanlin, ZHAO Linfeng. Simulation of road feel and hardware-in-the-loop test for steer-by-wire system
[J]. Journal of Hefei University of Technology( Natural Science), 2018, 41(11) :1479 - 1483. (in Chinese)

[7] KIM CJ, JANG J H, OH S K, et al. Development of a control algorithm for a rack-actuating steer-by-wire system using road
information feedback[ J]. Proceedings of the Institution of Mechanical Engineers Part D Journal of Automobile Engineering,
2008, 222(9) : 1559 - 1571.

[8] BAHAI N J R. Direct current measurement based steer-by-wire systems for realistic driving feeling[ C] // IEEE International



%3 1 B . BB AL SN R R DO SR 439

[9]

[10]

(11]

[12]

[13]

[14]

[18]

[19]

(20]
[21]

[22]

[23]

[24]

Symposium on Industrial Electronics. IEEE, 2009 1023 - 1028.
IEHF . 2 45 e 1) e S AU 2 A% 8l LU R PRS2 [ D] & AR & HE Dok k%, 2017
CONG Guanghao. Research on simulation of steering-by-wire feeling and transmission ratio[ D]. Hefei: Hefei University of
Technology, 2017. (in Chinese)
WA RO BRTC R, S AR B T A 1 O 2R ) R BB L S BE IR S (], ML TR A 4R, 2019,
55(16): 148 - 158.
XIE Youhao, ZHAO Linfeng, CHEN Wuwei, et al. Road feel and return control on low friction coefficient road for steer-by-
wire vehicles[ J]. Journal of Mechanical Engineering, 2019, 55(16) : 148 - 158. (in Chinese)
XIES, LI, WA . SEfm R EENS MAERKRORT]. SWME38AR, 2018(2) :41 -46.
LIU Yanlin, WANG Kai, XIE Youhao. A study on control of road feel simulation and hardware-in-the-loop test for steer-by-wire
system[ J]. Vehicle & Power Technology, 2018(2) : 41 —46. (in Chinese)
WSS BT, RS R RGBS EE MR [T]. i A AR R HOR ,2020,39(4) 64 - 72.
ZHAO Hanxue, LI Fang, WU Yan, et al. Road feel simulation and active return control strategy of steer-by-wire system|[ J].
Advanced Technology of Electrical Engineering and Energy, 2020,39(4) :64 —=72. (in Chinese)
o T B I, S BT RE TR PR m RSB [T ] RS E AR ,2018,14(1) 40 - 42.
YANG Xueping, JIANG Chaoyu, XUE Xiuli, et al. Road feeling simulation of steer-by-wire system for new-energy vehicles
[J]. System Simulation Technology, 2018, 14(1) :40 —42. (in Chinese)
Ffp I A e R T R L BRI D R 1) R G AR BT LT ] Al e A 5 AR TR ,2015,53(2) <25 - 30.
XIE Houxun, GAO Xiang. Optimal design of electro-hydraulic power steering system based on road feel[ J]. Agricultural
Equipment & Vehicle Engineering, 2015, 53(2): 25 —30. (in Chinese)
B AR R T LR ) 0 R BB I (T ). BUAR TR 5 F 34k ,2018(4) 16 - 8.
WEI Bo, XU Ying. Road-feeling simulation application based on steer-by-wire[ J]. Mechanical Engineering & Automation,
2018 (4) :6 -8. (in Chinese)
EMER H, WOLF G P, PETER D, et al. Future eleerieal stering systems realizations with safety requirements [ C] //
Edinburgh: SAE International, 2018.
BIRES R R, W8 655 RN R M BES AR [J]. ATl RS2 (A AR, 2020,43(5)
584 -589,595.
HU Yanping, ZHU Tianyang, JIANG Pengfei, et al. Research on road feel friction compensation of SBW system[ J]. Journal
of Hefei University of Technology( Natural Science) , 2020, 43(5) :584 —589,595. (in Chinese)
PABR UG, MOSERF , R SCHE , . 2 P2 3 1) 42 0 % 1) B P SRR E T 5T [T ] WLAR LA 274k , 2018 ,54(24) 138 -~ 146.
ZHAO Linfeng, CONG Guanghao, SHAO Wenbin, et al. Study on steering torque characteristic for steer-by-wire vehicles[ J].
Journal of Mechanical Engineering, 2018,54(24) .138 - 146. (in Chinese)
BIEAG. SR T REIR (0 W RALAE ABER (D] K& 35 #ho s ,2020.
HU Hongwei. Research on pet-type robot based on Raspberry Pi[ D]. Changchun: Jilin University, 2020. (in Chinese)
AR AREIE (M. 5 R b5 BB Tl i i, 2011,
BERTOLLINI G P, HOGAN R M. Applying driving simulation to quantify steering effort preference as a function of vehicle
speedy[ R]. SAE Paper, 1999.
SEACET A, EAEF A5 RE T B LR A Bl O3 T M A 1 e A 0 SRR AT S (T ] o EHLAR AR ,2007,18(8)
1001 -1005.
ZONG Changfu, MAI Li, WANG Deping, et al. Study on steering effort preference of drivers based on driving simulator[ J].
China Mechanical Engineering, 2007 ,18(8) ;1001 — 1005. (in Chinese)
TIAN Jie, WU Jin, CHEN Ning, et al. Research on road feeling control of steer-by-wire system [ C] // 2011 Second
International Conference on Mechanic Automation and Control Engineering, IEEE. 2011 . 4349 —4353.
FERL L R EAE B ROR S BT R R 0 S R L R S R B S R O (T ]. RO LR AR 4R, 2013 ,44(2)
165 - 170.
HAN Keli, ZHU Zhongxiang, MAO Enrong, et al. Joint control method of speed and heading of navigation tractor based on
optimal control[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(2): 165 —170. (in Chinese)
JEVE T AN T IR A e e 4R N A o) B R B R TS [ D ] W R WA IR I Tl K%, 2018,
ZHOU Yuguo. Research on steering maneuver control and road felling simulation technology of lunar rover vehicle [ D].

Harbin: Harbin Institute of Technology, 2018. (in Chinese)



