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Design and Test of Automatic Rubber-tapping Device with Spiral Movement

ZHANG Xirui'?  WEN Zhentuo'®> ZHANG Zhifu' SUN Zejin' ZHANG Heng'?® LIU Junxiao'*
(1. College of Mechanical and Electrical Engineering, Hainan University, Haikou 570228 , China
2. Sanya Nanfan Research Institute, Hainan University, Sanya 572025, China)

Abstract; Tapping is the key to obtaining natural rubber. Manual rubber tapping is usually encountered
in harsh environments, high labor intensity, low efficiency, and a shortage of rubber tapping workers. An
automatic rubber-tapping device with spiral movement was designed to solve these problems. Based on
theoretical analysis of the tapping track and force analysis of the tapping knife in working, the equation of
spiral trajectory was obtained, and the spiral track and gear rail were designed. Then the ADAMS
software was used to simulate and analyze the transmission stability of three different gear shapes in the
drive shaft and spiral gear rail, and the structure and working parameters of the spiral transmission
mechanism were determined. On the strength of the flexible connection method, the pasting and
profiling rubber-tapping mechanism was designed. The prototype was tuilt, and an orthogonal test was
taken with the factors of transmission shaft speed, tapping thickness, and rubber tree diameter under
the indexes of qualification rate of the rubber tapping depth and the tapping surface smoothness. The
results showed that the rubber-tapping device had the best tapping performance with a transmission shaft
speed of 12. 00 r/min. While the average qualified rate of the tapping depth was 89.60% , and the
average qualification rate of the tapping surface smoothness was 91.19% . Among them, the 200 mm
diameter rubber trees were the best for rubber tapping with a thickness of 2 mm. The average qualification
rate of the tapping depth and the tapping surface smoothness were 93. 93% and 94. 32% under these best
parameters, meeting the requirements of tapping work, which can provide a reference for further research
of mechanized and automatic rubber tapping devices.
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Fig.2  Structural composition of automatic
rubber-tapping device with spiral movement
L OF R R HUR R A 2. R VB 3. WSRO 0B H1 RS HL A
4. B BRAIREE 5. ML 6. WAL 7. WA 8. m R

fir s i

(b) £ I M4

B3 R R
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rubber-tapping mechanism
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Installation diagram of spiral track and spiral
gear track
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Fig. 17 Rubber tapping test rig
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Tab.5 Testing factors and levels

iSES
K- 1% 5 il & 1/ o BRI B A2/
FE R B BE/mm
(remin~") mm
1 12. 00 1.0 150
2 13. 67 1.5 175
3 15.33 2.0 200
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Tab.6 Orthogonal test results of tapping

e SES HUBCTREE Y

A B c GRER D HRRE%
1 1 1 1 83.33 87.18
2 1 2 2 90. 00 91.43
3 1 3 3 95.45 94. 98
4 2 1 2 85.00 88. 86
5 2 2 3 90.91 91. 88
6 2 3 1 88. 89 94.43
7 3 1 3 77.27 81.70
8 3 2 1 77.78 86. 05
9 3 3 2 80. 00 90. 20
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Tab.7 Range analysis of test indexes %
. BBV IE A T
A B C A B c
El 89. 60 81. 87 83.33 91.19 85.91 89.22
Ez 88.27 86.23 85.00 91.91 89.79 90. 16
}3 78.35 88. 11 87.88 87.40 93.20 89.52
R 11.25 6.25 4.55 4.51 7.29 0.94
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Tab.8 Variance analysis of test indexes

Z R BWETITM HBE F P
A 226. 56 2 85.35 0.012*
o 61.58 2 23.20  0.041°*
e I
31.73 2 11.95 0.077
HER .
R 2.65 2
A 322.52 8
A 60. 42 2 62.22  0.016"
. 79.79 2 82.17  0.012°*
T S
i h 2 1.39 2 1.43 0.410
[ 22
s Tee 0.97 2
S 142.57 8

W= FRBE(P<0.05),
R Bk B LA G AR IR e S 2 =X B B R R
M TAEROR K L& A, B, Coi#k 4T 3 s &S5k
PR, 50 0 A5 0 R TR FE 5 4 4 il R 95. 45%
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