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Table 1 Orthogonal experiment factors of tractor slip test on roads
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Fig.3 Tractor slip rate driven on cement roads with different gear
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Fig.4 Tractor slip rate rate driven on gravel roads with different gear
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Table 3 Average slip rate of different gear on different roads %
JK e % 1 Cement AT Gravel road B+ Bg 1A Dirt road
P Gear ‘ BARE gy o BARE gy . BARE gy
GPS Min wheel GPS Min wheel GPS Min wheel
Radar Radar Radar
speed speed speed

— 4 First gear 11.37 7.93 13.32 13.7 6.14 13.9 13.60 6.04 13.04
. #Y4 Second gear 9.00 6.70 7.68 9.53 7.14 9.21 10.20 7.36 9.67
=#4 Third gear 6.07 4.47 5.40 5.56 4.18 5.53 6.64 5.01 6.37
PU44 Fourth gear 4.68 3.49 4.05 4.41 3.26 4.02 5.38 4.20 5.36




PhOCEE AF L BRTAT B 00T f LR SR e A Tl 5 4

135

FE W ARG (G PSTE)
" LL wheel slip(GPS)

75 W e e (e /N et )
LR wheel slip(min wheel speed)

RGIRE T GRS

20.0p i LR wheel slip(radar)
L
£ 16.0 ! fﬁ
= 14.0 N ‘ A
Z 140 Qﬁﬁa\qlw o
& 12.0f | ie / “
% 10.0f \
& g0}
6.0
40075770 15 20 25 30 35 40
12,0 I 1a)/s Time
o 110F o
£ 10.0f
=" 9.0t
w2
s 8.0r
7.0 A f-
= 6 0L \/\,_/‘\i\\’
+05 5 ) s

W E]/s Time

AT FAE(GPS )

RR wheel slip(GPS)
o AU R R (e /N B TR
LR wheel slip(min wheel

A e e R (T 1)

—

16.0p RR wheel slip(radar)
o 14.0f B I
) s |
= 12.0f ,
z \-‘Q.{\ A
g 100P MR Ko *9ot X
¥ gof
&
= 6.0t

4.0 5 ) 15 30

e T

8.0 5] /s Time
s 7.0 D
E
= 6.0 =
w0 NG — /(
S 5.“7W/
?E 4_0L/v_\_/—/
E 30

2.05 L )

A lE)/s Time

A.—HFT0 With 1st gear; B. #4473 With 2nd gear; C. =#4§475 With 3rd gear; D.JUR§4TH With 4th gear.

BS5 REIBEAREMTRITHERNNRIRBERE

Fig.5

3 RSt

i P HLAE K e B T AT SR /N 2
R IRIE A GPS ¥ 3 Al i Ty 2k 68 I3 45 SRR L
BRaE B RN, GPS v TR 1 I kI Y
G5 BT S5/ i D 45 SR AR N 2 TR R
SN WAFAE— MW . IR 3 hal LA, 78
RH I (A ) W B R AE 76800 ~13.3240 2
(] 25 Ak . AV B 3 i ML Y 3K 3 g o 8 A5 4 B AL
MIFT IR BRI . A A RS DO, T A
4.05%~6.07 % Z Al 44k .

i PLHLAE AT B T RN A B T L T O R L
KR TIATINZE R, 2R R A A T
AR R T AL By AT W . 3X 2 P I T Y % T
NS B 5 R, ) P T 3 00 T A K B ke s 0
I A o I L R I 3. GPS AR &2 B T 4%
PER TR IS 2R LB AR . FEIRM G L dE
9K 58 B FT ¥ AR T, T DAAS IS A /N B Tk
R R

Tractor slip rate driven on soft soil roads with different gear

FE 3 T TIA T30, B A 42 o B B HE AL AT
TR S N L ER T AL A e T
JERE g 7 EE R B R S I 4.68% ~
5.38 Y0 T [l PN . 7E 8% AT HL AT 41 (4 /K U B T GPS
T RER TR VR A T DL A ) i AL A T R
SR AE B 1 L3 22 1 GPS ¥R R E MR R BE T
ok, B2 GPSTESSZMA R ETH. T
T IR R S T HE 7 ML A% 197 B o 2 2R FR T 22 I 0 Ak
A BRI, 2 5 o 0 S0ORG B2 . Dy 4 o 0 OKS B 7 DU
R ) R G b G B S AR AR BUOR H Janus
Ji HH ) TR IR ok SR W, W] I B 4 B AL R AD 1Y 5%
Wi o DA 4t s B Ak 0 aORg BE L A B GPS Bk i B B
ZeTCNA . SR /INFE B AR A R A R R R R
AA Y o (H 7E 42 5 A ey I5F I B 0 DU i 4 A A 4T
HER RV

W R I S B S R SR R LA 51 ) AR
M VR B A B A A AR LI RS RS B P T 4
il 5 LA KR L PR RS L SR A 0K 3 fe
1) ¥ e R LA B R SRR A 1.



136 NN S A NI i S %34 &

FEAE, 2012,
[9] PRANAV P K, TEWARI V K,PANDEY K P, et al. Automatic

s £ X #
wheel slip control system in field operations for 2WD tractors [ J].
[1] RAHEMAN H.JHA S K.Wheel slip measurement in 2ZWD tractor Computers and Electronics in Agriculture,2012,84:1-6.
[J1.Journal of Terramechanics »2007 ,44:89-94. [10] farig 3, 4 ocs , #h b i LR GPS i 8 5 36 1 Fe g A A LT .
[2] PRANAV P K,PANDEY K P, TEWARIB V K. Digital wheel AR 2002(5) :217-221.
slipmeter for agricultural 2WD tractors [ J]. Computers and Elec- (117 SEsite. 1 2 R0 B e 22 45 1k 94T GPS W5 [ )], 7% 00 e 2%
tronics in Agriculture,2010,73:188-193. B (5 ERFERR L 201009) : 1034-1038.

[3] EBROWSKI Z J. Traction efficiency of a wheeled tractor in con- 127 E0 XU FE ., 3% A B, 2505 4 ABS 2 % v i 1 2 7

LI RHAEBESE . 2006 (3) :198-200.
(137 {73k, WA BE GPS shas i f R il (DM P AR
it B2 A B TR K 2 AR A L 2002,

struction operations [J] Autom Constr,2010,19:100-108.
(4] JRZEE B, P 206 A5 DU 50 B 2 4 AL I e o i ) 5 R
LI TR AR R A 24T - FARBEE R L 2013,44(3) :423-427.
(5] EIHE, p A, b LASE L AF o hr B AT e 3 S I 0 4k o i 42 5 )

BEO7 L) )R UL TS 2009 (4) ;237-240. (141 SCBede XM, 3 50 B 5. 10 X A0 28 DR 9 O AL
[6] A HE. AW JE I . 500 % ABS 5% 45 0 B s 7 Br B X SR MEL) ). 1 T B R4 2012(2) 2 185-189, 209,

[T %+ AR . 2010(3) :37-40. [15] 5Kk Jy. 3T Labview HY 5 5% 2 % & 5% f1 2 i b I 4k A o 8031
[7] FEZ NI AT Tk, 4 A /AR e FU A vk 3R [T ] 4k L] =R 22224, 2008(3) : 67-69.

ﬂkT&%T& 2010,26(6) :141-145. [16] FOLIE 2Rk ME A 36, 45 I3 B0 BB A b 42 405 £ 43 % FL 3
[8] falsexy 73k MH B L W98 5 B L B LD R B RHER W33 2 S8 Bt L) ] A0 WL 2% 41, 2013(2) :159-164.

Test and analysis of the slip rate of tractors driven on roads

ZHONG Wen-jun GAO Qiang LU Zhi-xiong MEI Shi-kun DIAO Xiu-yong JIANG Chun-xia
College of Engineering s Nanjing Agricultural University , Nanjing 210031,China

Abstract The purpose of the experiment is to find out the variation of the slip rates of tractors on
different types of roads on which they often run, such as cement road, gravel road, dirt road. The run-
ning speed of the tractor was measured by GPS, Doppler radar and the minimum wheel speed method,
and the speed of the driving wheel of the tractor was measured by the encoders. PCI1740 data acquisition
card was used to collect sensors data, and then the graphical programming software Labview was used to
display and store real-time data. The experiment was carried out on different roads with different run-
ning speeds of the tractor. The test results showed that the minimum degree of slippage occurred on the
cement road while the largest slippery occurred on dirt road. When the tractor was running at a low
speed (first gear, second gear), the tractor’s slip rate was 9.0%-13.6%. When the tractor was running
at a high speed (third gear, fourth gear), the slip rate was 3.26 %-6.27%. The GPS test results were not
affected by the road conditions, and the radar method was suitable for the good road conditions, and the
minimum wheel speed method was suitable when the tractor was running at a high speed. The tractor’s
slip degree decreased with the increase of the speed of the tractor.
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