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1.0Orbital ring gear 2.Transmission gear 3.Spacing sensor 4.Ultrasonic
sensor 5.Cutter rest 6.Ball screw 7.Drive shaft 8.U-shaped support frame
9.Ring gear rack 10.Fixed foot 11. Circle limit sensor 12.Clamping fixture
13.Support rod

A1 R B LB AL ML A,
Fig.1 Structure composition of the fixed tapping robot
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Note: R is the radius of the rubber tree, mm; P is the distance of the cutter moved

up and down, mmy; 6 is the helix angle, (°).
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Fig.2 Theoretical tapping trajectory
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1.Ultrasonic sensor 2.Cutter 3.Capacitive sensor 4.Stepper motor
B3 Ak T TR

Fig.3 Schematic diagram of measuring module structure
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Note: R is the radius of the rubber tree, mm; a is the actual distance from the tip
of the cutter to the bark, mm; S is the distance from ultrasonic sensor to bark,
mm; S is the distance from the center of the front end of the ultrasonic sensor to
the origin of the cutter, mm; S3is the measurement error, mm; S, is the distance
from the cutter tip to the origin of the cutter, mm; Ssis the transverse distance
from the center of the front end of the ultrasonic sensor to the cutter tip, mm;
O, is the position of the center of the front end of the ultrasonic sensor, O, is the

position of the cutter tip.
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Fig.4 Model of measurement error

B 5 DA AR a2 B S TR RGE, Bl

PeAt s 22 BT W AR TR, JIRTIRS A
BAL G TAT, [FRETIRIIMBEA —EME, SE#
PR RS AT L 5 TV R TIRA AR S5, SR
T AR I EIRE Ss.

| s
@
INmTTmTE .\ @
¢ TS S

1 2
TE: S5 A P AL AR A g 0 5 TR R BRI BE RS, mm;

Note: Ss is the transverse distance from the center of the front end of the
ultrasonic sensor to the cutter tip, mm.
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a. Installation location of ultrasonic sensor
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Fig.5 Installation location of ultrasonic sensor and size of cutter
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a. Tapping device b. Control cabinet
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Fig.6 Field tapping test device
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Table 1 Table of test factors level

KF B ] T S PZIEA7N S
Levels  Cutting time A/s  Helical angle B/(°) Cutting depth C/mm
1 20 25 4.0
2 22 27 4.5
3 24 29 5.0
4 30 30 5.5
5 6.0
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Table 2 Test scheme and results

o2t HRAE REHH REREREINE RETEHKR

No. Fac'tors' 'V.Vhether Whether glue Whether glue

combination  injury tree flowing out completely out
1 A,B,C, 0 0 0
2 A1B1C; 0 0 0
3 A1B,C; 0 0 0
4 A1B\Cy 0 0 1
5 A1B,Cs 1 0 1
6 AB,Cy 0 0 1
7 A>B,Cy 0 0 1
8 A>B3Cy 0 1 1
9 A>B4Cy 0 1 1
10 A3BCy 0 0 1
11 A3B,Cy 0 0 1
12 A3B3Cy 0 1 1
13 A3B4Cy 0 1 1
14 AsB\Cy 0 0 1
15 AsBCy 0 0 1
16 AsB;3Cy 0 1 1
17 AsB4Cy 0 1 1

e 0 RRBE WU R BL, 1 R U RS L .

Note: 0 means no corresponding situation, 1 means corresponding situation.
B3 2 IR, BBE AN 25° ~30° I RIS R

ANJEHE S AR BB FLE 1 B0 DI TR) X 1 i OR T
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Fig.7 Effects of the tapping diagram
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Fig.9 Variation of cutter current
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Fig.10 The change in current as the cutter cutting the bark
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Fig.11 Comparison of cutter current at different tapping depths
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Tapping error analysis and precision control of fixed tapping robot

Gao Keke, Sun Jianghong, Gao Feng, Jiao Jian
(Electrical and Mechanical School, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: Tapping is the key technical procedure for the extraction of the latex from rubber trees in the processing of natural
rubber. However, there are some problems with current fixed rubber-tapping equipment, such as high production cost, high
weight of the whole machine, and low tapping precision. In this study, a new fixed tapping robot was designed using advanced
polymer materials. The tapping robot was mainly composed of the clamping mechanism, tapping table, combined roller screw
pair, and the module of measuring limits. The weight of the main body in a robot was reduced, thereby making it easier to
assemble than before. It is conducive to mass processing and production of tapping robots made of polymer materials, due
mainly to the processing cost was also reduced. Specifically, the clamping component was utilized to hold on the tree trunk,
when the tapping robot was attached to the rubber tree within the rubber cutting cycle. A tapping control system was selected
to scan the tree rounds before tapping. In processing, the eccentric load can cause the bending behavior of the rubber trunk
between the tapping robot and the tree trunk. A circumferential motor and an axial motor were set to control the trajectory of
the cutter. The running speed of the two motors was controlled to move at a certain ratio during the cutting process, where the
spiral secant in space was formed from the bottom right to the top left around the rubber tree. An ultrasonic sensor was used to
scan the tree rounds, thereby determining the distance between the ultrasonic sensor and rubber trunk. A mathematical model
of error predictive control was established to obtain the distance between the tip of the cutter and the bark. A PID control was
also selected to control the cutter feed, thereby reducing the cutting error in rubber tapping. The range of cutting depth was
determined, according to the structure of rubber bark, and the relevant technical regulations for tapping. The fixed cutting
depth of 5.5 mm was expanded to the range of 5.2 to 5.8 mm, to reduce the counting of the cutter moving forward and
backward, while reducing the power loss of the motors. Taking the rubber tree with the trunk diameter of 180 mm as a research
material, a rubber cutting test was conducted to verify the simulation data, where the cutting helix angle was set as 25° -30°
in tapping. The results showed that the cutter tip of a tapping robot was guaranteed to reach the target position through the
control system. The tapping work was completed by one pass, where the effective cutting time was only 22 s. The tapping
efficiency of a fixed tapping robot increased by 63%, compared with traditional manual tapping, where usually multiple passes
were required and the effective cutting time was 1 min. The fixed tapping robot achieved a fast and accurate tapping. The bark
consumption of cutting rubber was 1.1 mm, indicating suitable for the requirement of bark consumption in the technical
specification of tapping. The counting of the cutter moving forward and backward was 36%, lower than that of the original
scheme during tapping within the range of 5.2-5.8 mm cutting depth, and the maximum variation range of cutter current was
reduced by 4.11%. The rubber tree was not damaged using the fixed tapping robot and tapping control. The fixed tapping robot
can be expected to completely replace the manual tapping, and further widely popularize due to its reduced motor power, and
improved tapping efficiency.

Keywords: rubber; mechanization; harvesting; error analysis; fixed; spiral
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