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Design and Experiment on Automatic Steering Control System of
Friction Drive for Tractor
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
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Abstract. An automatic steering control system of friction drive for tractor was designed to solve the
problem that traditional automatic steering control system was too complex to be installed on 2BFQ — 6
type direct-seeding combined dual purpose planter. A four connecting rods parallel institutions was used
to develop the steering control device of friction drive for achieving fast mode switching. Meanwhile, the
friction drive was simple in operation and convenient in installation by using the clamping installation
method. The discrete simulation model of tire steering maneuver was established based on slip
characteristics of the device. The simulation model was adopted to design the genetic algorithm optimizer,
which could optimize the controller parameters online. The self-adaptation controller was adapted to
control the automatic steering device of friction drive. The experiment on LX854 — DFH tractor was used
to analyze the performance of genetic algorithm optimizer. The experimental results showed that rise and
regulation response time of the genetic algorithm optimization controller was decreased by 15% and 29%
compared with the fixed parameter controller, respectively. The measured 20° step responses indicated
that the average regulation time was 2. 4 s, the average absolute steady-state error was 0. 197°, and there
was no steady state oscillation, when the experimental results were recorded. The automatic steering
control system of friction drive could be applied to control nosewheel steering turning of 2BFQ — 6 type
direct-seeding combined dual purpose planter for rapeseed.
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Fig.3 Cross-sectional view and installation drawing of steering device
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LB 2. 07 3. 4 4 RS

Bl 4 v Al Jy 1 85 5 1l 3 R E AL B
hy e ) e B AL Oy ) B SRR AR A, C T )
BT SEAE G W & 50, D O 22 FF i B S5 ) 5
T E LA 5 AT DU RS e & F
F' G .G Ry VU FFHLAI Y 4 A B85 H L) i 5
JEE JBE 0 B B A, T Oy P R B 5 B A R 1) e
B0 HWEM SR, L o h G m H S
FESERC A KBRS Lo A S H R T HEE Y,
IoNERSE SEE DMEEGEE, L NERSE
2 5 i) 455 ARl O R B

O ik G BE AR A0 AR 55 DU AF LR I TR, LR
70 mm, [ %K 60 mm, Ky Bij 1k Hr ) S R
FRZEW T, L, N 40 mm, FEERREE N
100 mm , 75 J5 21— LX854 U i Hi AL 14 7 i) 4% H 4% 1,
390 mm , 77 [0 £ ALK FE L, 280 mm, P47 Y
BEFFRE Ly 5 L2

L,.>l,+L,.sinf +1,

I, +1, (1)
2 =1, + L, cos6 +1,

Wik 6 S 90° i) B 48 40 55 5 ] 42 fil, AR A
X (V) #4312 175 mm, 3 & 7 & M R &
35 mm, LA K BE B R 140 mm, S0 4% L, /N F
180 mm , % JB I FFHLAE T 5 25 (0K Ly 120 110 mm,
209 Sy O°IF, Jy [ 0 W I G R e 3 % 1) L AR B
BN 155 mm, A5 THRAE

FEPERE LI Sy 45 mm , 55 7 (i) 45545 5% fi 1f o
ELTESE R 30 mm, [ fik 1 07 B 0T LA B R R S
e 0 128 A BB % 38 B 7 1o 485 O 14195 D0, AR 40 )
J s B 0T A5 e K AT AE B A L A 0. 63, — i
5007 1) 2850 0 A 3 0. 3,36 I SE PR R .
2.3 EFEEEREHEEEBHFEAR

SR sh A LB L s fr el R B g
9K Zh %6 F N Sh 48 2 (8] 45 AR X W 8l A X 3l A K
B AR AKX Bh AR, 7E 37 0K Bl FR G0 A R IR 2 A
SR NP2 S = N [ B DR NS Y 0 2 O S A
TR IR R IR B A .

TS B A ph R A U0 1) UK Bl B e A L3
B8 BRI b E6B2 — CWZ6C #Y ] 3 45 fth #% . HLT —
1050 A 741 45 1% B e 1 FZ12A — 1 U2 85 il 2l g 41
B, WS R o FE AR A XA 1 BK Bl 4 8 i e TR
OO E 4 E o 2 A0 5k 2 i 2 4o ol ) e EE 452 BIK 2 6 A
7 ] B T B A A R A i 1 ) AL Sl
FIRE A i 20 25 1 sl b, 0 o ) 48 A S £ 2
L R T B R R T B A% T AR HE O ~6 Nem
L B AR, 8 DN 5w R4 WL ) A OE R AR 1
BT 2 N-m, il Sham i R AL 2ok, W R
I i 20 R AT

(1) 5gh e Jp 1 FHe i g hi i 2 K, &
I 5t 5K By 2 ] $R Ak 33 N BRI K ). i E L E)
BLEE 3 n, 19 8 A~ K F 43 51 2 30,60 ,90 120,150,
180,210,240 r/min, A F, 19 8 4K ¥4l
70.80.1.15.1.50.1. 85 .2.20 2. 55 2.90 3.25 N-m,



6 1

KT A% HEHLHL A BT A EE B A AU K B R G BT 5 AR 35

S B i B B e B0 5 48
Fig.5 Experimental setup of steering device
Lo g 2. PR N m R sk B 3. Oy w4 4. HE
RIS S wmd sy 6. 3T

(2) XA ) K A7 R, JEE 48 48 ) 1 e 3,
S5 1) B Bl o I g it e 0 R 9% 0K 2 e B ok
n, BT 1] L5 5 n, TSRy

n, —ny

77:5

IR RS NI - USB — 6218 Hfls KR 4R, R A
FN 1000 Hz, 45 100 A~ J o B4 5K F- 24 6 48 5 e
R, R AR OB A O 10 Hao 3050 0 & 0
30 s,

(3) AR IRI A R AT AN 1 B i BE 45 5 5
e 1) K B 2 T R R R, AT O A ST UK ) R BT
BRI 3R SO o

Ak F oy 1,954 Nem B, 54 57 017 0] 4 1E

x 100 % (2)

®1 EERXBORHEERBEER,

Tab.1 Step response performance comparison %

- (L n,/(r-min~") n b
F,/(N-m) 30 60 90 120 150 180 210 240 n A W2
0. 852 4.65 4.47 4.85 4.77 4.87 5.23 4.97 5.00 4.85 0.21
1. 154 6.36 6.35 5.93 6.11 6.17 6. 20 6.27 6. 30 6.21 0.13
1.475 8. 64 8.06 7.77 7.60 7.73 8.02 7.73 7.39 7.86 0.35
1.954 11.82 11.57 11.08 11.01 10. 44 10. 40 10. 31 10. 21 10. 85 0.57
2.288 10. 26 10. 74 11. 09 11.12 9.91 10. 48 10. 32 10. 23 10.51 0.40
2. 669 18.71 15. 40 14. 34 14. 00 13.09 13. 14 13.18 12. 66 14.31 1.85
3.024 30.61 24.12 19. 50 17.36 16. 86 16.31 16. 01 15.38 19.51 4.94
3.444 83.07 57.41 31.50 25.40 23.03 21.08 19.76 18. 11 34.92 21.71

AR I A5 0 7 2 5 4R 4 T, I I RS R g M
X R E, S RE A 10.85%  RIRIZIRES T
AR FEE IS R e n, S B R 9 ZE K
WG 7
7=3x10"n} -0.0159n, +12.329
(0 <n, <300 r/min) (3)
HyeE 2BR =0.973 1, KX (3) ¥ HF WK R4
T LR T
R T AT Y RGN Fofd 3 Ne-m
If AR BT WA R g 2R BT, AN BE 98 52 BLEK 5
TIRE o A i 17 0 T AT LA Ao 1 AR 48 AR 1F Hs ) AN
LI H K B IR

3 BIE MRS B B

VLA P 1 o A A O S 4
#5 R R & K 2% (Kalman filtering ) 133 4% 5%
SRARACAT 3 Ty = H E A WA 6 R . SEmt
Bt o R RIS o Bl A RS TR SERBOM 5 T 4 ARG
DR il A e A IR S g B B R
B 5 114 TR 53 45 2R i A 31 Rk 2 R A e 0
TARKK, AT, K, 5 G ad R IR 2 I i %

il 42 AR e AR AT A5 e R i i ' (5 A AR
{550 30 1) 9K I L DTG S92 B i % 1 S A5 4
I

[ wesmes
« i | 0 | e | mege
7 TS E 161 R

I «
6 I N R £ o 05 4 A [

Fig. 6  Structure diagram of self-adaptation fuzzy controller
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Tab.3 Step response performance comparison
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