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Design of Planter Mechanical Clutch Based on Principle of Reuleaux Polygon

SHI Naiyu CHEN Haitao ZOU Zhen WEI Zhipeng ZHANG Yanlong ZHU Yifan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; The ground wheel provides power for the seeding unit when the planter is working. In the
turning and transportation state of the field, the traction planter can adjust the ground wheel to separate
the seeding unit from the seed bed. At the same time, the ground wheel is used as a walking wheel. The
device cuts off the ground wheel power to stop seeding. The mechanical clutch device has the advantages
of strong environmental adaptability and high reliability. Due to the large amount of dust during the
planting season, traditional planters mostly use mechanical clutch devices, and they are mainly divided
into two types: jaw type and friction type. But compared with the electronically controlled clutch device,
the mechanical clutch device has a longer power switching stroke, resulting in a lag in power switching.
Based on the comprehensive analysis of the existing research results and methods, a mechanical clutch
device was designed based on Reuleaux polygon principle to solve the problems of long power switching
stroke and large instantaneous impact load of traditional jaw clutch device. Through theoretical analysis,
the key structure of the clutch device was designed, the response speed of the clutch device and the
instantaneous impact load of power coupling were simulated and analyzed through virtual simulation
technology. Using the three-factor and three-level orthogonal test method, the seeding unit was used as
the carrier, the axial inclination angle, gear radius ratio and operating speed were taken as test factors,
and the power engagement and cut-off lag distance as test evaluation indicators, which were related to the
performance of the clutch device. Parameters were tested and optimized. The test results showed that for
the power engagement lag distance Y|, the axial inclination angle had a significant impact on it (P <
0.01), and the gear radius ratio and operating speed had a significant impact on it (0.01 <P <0.05).
For the power cut-off lag distance Y, , the three factors had significant effects on it (0.01 <P <0.05).
When the parameter combination was the axial inclination angle of 20°, the gear radius ratio of 0. 3 and
the operating speed of 1.5 m/s, the power engagement and cut-off lag distance was 1.2 em and 0. 6 em,
respectively. Compared with the traditional dog clutch device, the optimized Reuleaux pentagonal clutch
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device’s power engagement and cut-off lag distances were reduced by 82. 4% and 45. 5% , respectively.

The research can provide technical support for the development of high-quality and precise seeding and

precision agriculture for planters.

Key words: seeding unit; clutch; Reuleaux polygon; simulation; orthogonal test
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Fig. 1  Structure of Reuleaux polygon clutch
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Tab.1 Factors and levels

(S
KF ol e i £ WAL Pl 33 B2
X,7(°) X, X;/(mes")
1 10 0.3 1.5
2 15 0.4 2.0
3 20 0.5 2.5

PRISHE BRI 5 7 N IEL 16 7R, ARG B4
PETT IV EESE AR ARAN , B S W IR BT Y, AR b B
PRI IR RERIVE AL 56 B2 — e 7008 S, 5T
HAR A LA S, W ABRIEAE , 31 J1 VWi Je B Y,
DRI EAREEFCRE R AL 48 B89 e — R T
frE S, HIP g A8 S, By AR 22, 1R I
5 WHCFHIMH,

®2 HABREREMESN

Tab.2 Test results and range analysis

e R bR
s Sk

s B¢ sl WIREEE WURHEE
Y,/cm Y,/cm

1 1 1 1 1 7.2 -3.6
2 1 2 2 2 10.0 -8.3
3 1 3 3 3 12.2 -2.6
4 2 1 2 3 4.8 1.4
5 2 2 3 1 7.7 -3.9
6 2 3 1 2 6.4 -5.0
7 3 1 3 2 3.8 4.7
8 3 2 1 3 1.9 -5.7
9 3 3 2 1 4.1 1.2
ky 9.8 53 5.2
Epy 6.3 6.5 6.3
kys 33 7.6 1.9

g 6.5 2.3 2.7
HZEFK A>C>B
etk A A;B,C,
ky,  -4.8 0.8 -4.8
kp,  -2.5 -5.9 -1.9
kys 0.1 -2.1 -0.6

Yop 49 6.8 4.2
SR B>A>C
bl & A3B, Gy

. 5,5',’“'!' ev 008 . \oee seoe o-‘;ﬁ‘

Bl16 g bl i 1A

Fig. 16  Measurement of test indicators
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Tab.3 Results of variance analysis

fehr SRR 2 Al ¥y F P
EL2) Y/ A

A 6414 2 32.07 183.83 0.0054
A 7.96 2 3.98  22.82 0.0420
%)ﬁﬂﬁ; ¢ 11.32 2 5.66  32.43 0.0299

w2 0.35 2 0.17

M 83.76 8

A 36.04 2 18.02 37.98 0.0257
~ B 69.74 2 34.87  73.49 0.0134
ggig ¢ 27.27 2 13.63 28.74 0.0336

®ZE0.95 2 0.47

B 134.00 8
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Fig. 17 Response surfaces of test factors influencing indexes
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Tab.4 Results of comparative test
RIGHE RGN b
mown el o n BIIE
AAY (ms™") i A B %
PEE/em BHE/cm
g e L5 L2219 0.6+1.4 94.4x3.1
ESE 2.0 25+2.1 3.6+1.8 929=x1.9
AR 1.5 6.842.5 1.1£1.2 952+2.8
2.0 8.4+2.0 3.2:1.6 9.1=x1.6
S L5 94.9+2.9
2.0 91.7 +2.8

H13% 4 n 0 AR T 0 5 3 B A B A 1
A TN o i 2 2 L A o LA T
UEASE AORE Rl AR HE T 2F Ui B o % T
S| A R (R A i A e S N R
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