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Abstract: To solve the problems of high working intensity, high technical difficulty, and shortage of
cutting workers of natural rubber in China, a profiling progressive natural rubber tapping machine was
designed. Through the analysis of the tapping trajectory equation, the lead screw transmission
implemented vertical movement and the cylindrical gear meshing transmission were used to achieve the
compound movement of the elliptic motion for the tapping movement way. When the whole machine was
working, it was fixed on the rubber tree through the adjustable binding mechanism; the Arduino
development board was used to control the motor’s action sequence, De motor rod was used to control the
knife in and out of the cutting machine, decelerating stepper motor was used to complete the compound
cutting machine’s rubber cutting movement, and the stepping motor was used to complete the
displacement action. To verify the performance of the machine for forest test, Design-Expert software was
used to design and test. The results showed that when the rubber tapping machine was at a motor speed of
21 r/min, a cutter angle of 25° and a tension spring preload of 20 N, the quality of rubber tapping was
the best and the power consumption was the lowest, with a discharge volume of 6. 29 mL in the first five
minutes and average power consumption of 1. 07 W-h. The research result can provide a reference for the
subsequent development of mechanized and intelligent rubber tapping equipment.
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Fig.1  Structure composition of profiling progressive

natural rubber tapping machine
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Fig.2  Schematic of adjustable binding mechanism
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Fig.3 Schematics of elliptic cylindrical helices

Mo 55 e S S B0 R o3 oA

2 2

(b) A TR e B35

X
;+%=1 (1)
Hir = acosd’
RO 0 <o <2m) (2)
y = bsinf’

S — T
b—— I K,
6'—— 2k 1, BRI B A ()
I I 72
r:2'zrb +4(b-a)

: 3)
T
A A [5 [) R Bt Sf B~ 4% mm
XA Ry X (2) SR AT 1R
dx = —asinf'dé’
e @
y =bcosf’do
DA A S B IS s
ds = /dx® +dy° (5)
B ds = +/(asin®')* + (beosh)*do’ (6)
FARE ORI s Ry
s= je rdd’ = fﬁ ds = je (asin®")* + (bcosh')*do’
(7)

T R R R 2k 1 B 5 1, BeRAH 1,
B Irvg L [ RS 15 1 0

0
f (asin®’)® + (beosd’ ) do’
0

- r (8)
M FAERRTEL 1Y) Z Ak bRy
Hﬁ (asing’)” + (bcosh’)>do’
e (9)

Tom o 2mr

A H——W R T IR E LR 2R mm
RN (2) L (9) 15 HH Ao 520 43 T e e 2 B0 fie 2

UV )



102 ol Bl ¥ W 20224
x = acosb’ ZE 15
= bsinf’ !
e (10) ”f"w?d:w;z (12)
Hf (asin®')* + (bcosh’)*do’
gz 27r v”:%]')r (13)
2.2.2  HIRAL PR TT R d R4 U5 58 43 BE B EL A%, mm
F I B R v ) 1T de o R m— A FE BT, mm
T HRE S s, SR R B B R p—2FL S, mm
il B, B T ELAEA 5 5 1m) b A T 1) b s shiE z, [ A 14 46 144
By H2 B L2 T EAE « 7Ry 5 Y o— L AL B A rad/s
B ENHPE TR v, F o, JTHAEHETH AR A =(12) . (13) ATH
4 nm tanA = —L (14)
Tmz,

v _H_
) =L = tanA (11)
i I—HEA K, mm
A,
,\'\f %! _ 12 .

(@) Fﬁ??ﬂ)ﬁ?&iﬂl (b) BB L
K4 FBuER R
Fig.4 Schematics of tapping trajectory
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Fig.5 Schematic of transmission mechanism for
rubber tapping
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Tab.1 Relationship between number of teeth and

helix angle

z) 14 11 9
A (°) 20.0 24.8 29.5
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Fig.9 Rubber tapping knife parameters and force analysis
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Fig. 10  Schematics of rubber tapping execution mechanism
LRISE 2 RSRPUT R LA PR 3. HEAT 4. WOIT 2
S WOTIAE 6. FAIERTTEL 7. AR A

WA T AP 5 EE R AR e R A 0 4l ek

AR AR E VR A 11 R B TT UD ARG 1) £
JEE | IR Ry i, £ B 98019 Al R 35 i LAy 25° ~
45° T T B R AR, ke 11 s, A
A M )2 i | 38 2 A A R A A T e
JIEEAETI R ZEF MR L,

(a) 1 B VA B 25° (b) fiE AT 430°
B BEIR R A

Fig. 11 Schematics of angle adjustment
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Tab.3 Test scheme and results
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5 -1 1 0 6.32 1.42
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8 0 1 6.12 115
9 -1 0 1 5.02 1.27
10 0 0 0 6.23 1.02
11 1 -1 0 7.04 0.80
12 0 -1 1 5.53 0.99
13 0 0 0 6.24 1.09
14 -1 0 -1 5.16 1.16
15 0 -1 6.38 1.15
16 0 0 6.29 1.07
17 -1 -1 5.75 0.88
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Tab.4 Variance analysis of quadratic polynomial model

of rubber discharge in the first five minutes

F2EW FHEM AmE HF F P
iR 5.11 9 0.57 379.39  <0.0001**
A 2.69 1 2.69 1797.56 <0.000 1 **
B 0.34 1 0.34 224.56  <0.0001*
C 0. 097 1 0. 097 64.66  <0.0001*
AB 0.11 1 0.11 72.74  <0.0001*
AC 3.6x1073 1 3.6x1073  2.40 0.1649
BC 4.0x10°* 1 40x10™* 0.27 0.6212
A? 6.241 x1073 1  6.241x10°% 4.17 0.0805
B 0.17 1 0.17 110.81  <0.000 1 *
c? 1.76 1 1.76 1175.47 <0.000 1 **
B2 0.010 7 1.497 x1073

BT 2,60 x1072 3 8.667 x107* 0.44 0.737 1
aiiR2E 7.88 %1070 4 1.97x1073

pE¥ii| 5.12 16

T e FOREIMM S E (P <0.01), FFE,

x5 FHRBEE_RZUXNRBENAEST
Tab.5 Variance analysis of quadratic polynomial

model of average power consumption

HER  FHEM Al By F P
BT 0.76 9 0.085 98.83  <0.0001*
A 9.80x107* 1 9.8x107% 11.40  0.0118"
B 0. 65 1 0. 65 755.58 <0.0001*
C 8.45x1073 1  8.45x107% 9.83 0.0165*
AB 7.225x107% 1 7.225x10°% 8.40  0.0230"
AC 3.025x10°3 1 3.025x10°3 3.52 0.1028
BC  1.225x107* 1 1.225x107% 1.42 0.2716
A2 3.36x107° 1 3.36x10°* 3.91 0.0886
B? 0. 026 1 0. 026 29.98  0.0009*
c? 0. 049 1 0. 049 57.37  0.0001*
% 6.02x1077 7 8.6x1073

RKPI 1.50x107° 3 5.0x1073  0.44 0.7355
422 4.52%x1073 4 1.13x1073

A 0.77 16
T RN (P <0.05)
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