
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

The Technology Research on Cutting Test of 4GXJ-I Tapping Knife for
Rubber Tree
To cite this article: Chang Huang et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 592 012070

 

View the article online for updates and enhancements.

This content was downloaded from IP address 60.190.250.120 on 19/09/2019 at 04:40

https://doi.org/10.1088/1757-899X/592/1/012070
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/717093106/Middle/IOPP/IOPs-Mid-MSE-pdf/IOPs-Mid-MSE-pdf.jpg/1?


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

MTMCE 2019

IOP Conf. Series: Materials Science and Engineering 592 (2019) 012070

IOP Publishing

doi:10.1088/1757-899X/592/1/012070

1

 

 

 

 

 

 

The Technology Research on Cutting Test of 4GXJ-I Tapping 

Knife for Rubber Tree 

Chang Huang1,2, Lingling Wang1,2, Jianhua Cao1,2,*, Yong Zheng1,2, Sihao Wu1,2 

1Institute of Rubber, Chinese Academy of Tropical Agricultural Sciences, Haikou, 

571101, China 

2Mechanical Equipment Subcenter-National Center of Important Tropical Crops 

Engineering and Technology Research, Haikou, 571101, China 

*Corresponding author. E-mail: zishi-010@163.com 

Abstract. As the market continues slumps and an aging rubber-cutting contingent, rubber-

cutting labor shortage has become one of the bottlenecks restricting the development of 

caoutchouc industry. The mechanical and intelligent cutting method becomes the development 

direction in rubber-cutting industy. This study choses type 4GXJ-1 of portable cordless 

brushless tapping knife to take rubber-cutting experiment in accordance with appropriate 

rubber-cutting procedures. The results show that the bark cutting technology can research 

millimeter in precision control, and the rubber-cutting average time can achieve the projected 

objective. The results have been validated by the test, and it can provide the references for the 

other similar design. The type 4GXJ-1 of portable cordless brushless tapping knife is practical 

and worthy of wide application. 

1.  Introduction 

How to surpass traditional tapping way has been the focus in the past years. Nowadays, with the 

development of science and technology, mechanical and intelligent tapping becomes necessity choice.  

The mechanical and intelligent tapping can be more greatly improve work efficiency. It can help 

reduce labourintensity and technical difficulty. The scientific and technological innovation and 

industrialization will boost natural rubber economic development. 

The main factors[1-8] of rubber tapping have been researched include tapped part, secant length and 

direction, slotting height, tapped frequency, rotate different trees, bark consumption, tree age, tapped 

efficiency, order of knife time, the degree of tree injuries, labor strength, natural rubber yield and 

tapping machinery. Many positive research work has been done on tapping equipments of semi-

automatic and full automatic, but the equipment achievements are poor in the practical application. 

4GXJ-I tapping knife has been finalised and processed in the research[9-10]. The knife is efficient, 

effortless, utility, economy and simplicity and light.  

2.  The cutting technology of 4GXJ-I tapping knife 

2.1.  Millimeter control technology. The structure of rubber tree bark includes four levels, and watery 

sac level is in bark's innermost level. Watery sac level injuried is one of the major threatening high and 

stable production of natural rubber. The bark thickness of rubber tree is about 7mm, and the tapping 
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depth should be less than it. So the mechanical tapping tools designed must be able to achieve 

millimeter control. 

2.2.  Mechanical cutting technology. The optimal cutting control theory is determined according to the 

impacts of four different methods of cutting on tapped part. The methods include vertical milling, 

horizontal milling, end milling and complex milling. The parameter influence is analyzed, including 

latex certain velocity, dry rubber yield, rubber bark consumption, ash content, ratio of rubber tree 

damage, total length of the bark, rate of effective bark, effective cutting and rubber tapping time. The 

key parameters of mechanical cutting are tested and validated, including the shape and sharpness of 

the rotary blade, cutting route, cutting efficiency, quality, and cutting frequency. All above, the test 

and the theoretical research have formed the basis of practical application for the mechanical cutting 

machine. The key technology of mechanical cutting is as shown in Figure 1. 

 
Figure 1. The key technology of mechanical cutting 

2.3.  The tapping prototype finalised and processed technology. An optimal design method for the 

actual parameters of mechanical tapping knife is determined using physical sensors. The resulting 

sample average approximation problem is then solved by deterministic optimization technique. Type 

4GXJ-I tapping knife is finalised and processed.The research technology flow diagram of tapping 

prototype  is as shown in Figure 2. 
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Figure 2. The research technology flow diagram of tapping prototype 

3.  Cutting test and result of 4GXJ-I tapping knife 

The test focuses on 30 rubber trees located in Danzhou Hainan. All trees are more than 30 ages. 

3.1.  Tree rounds and secant length 
All trees are in the 600mm rounds length above. The average amount of rounds length is 791mm. A half 

secant tapping method is cutted in all trees, and the average amount of secant length is 406mm. The result 

of rounds and secant length of rubber tree is as shown in Figure 3. 

 
Figure 3. The result of rounds and secant length of rubber tree 

3.2.  Bark thickness and bark consumption 

The average amount of bark thickness is 7.4mm. The average amount of bark consumption is 2.19mm. 

The result of bark thickness and bark consumption cut by 4GXJ-I tapping knife is as shown in Figure 

4. 
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Figure 4. The result of bark thickness and bark consumption cut  by  4GXJ-I tapping knife 

3.3.  Cutting time 

Tapping time of rubber tree is in direct ratio with secant length. The tapping time is 13s on average in 

each rubber tree. The result of cutting time during rubber tapping is as shown in Figure 5. 

 
Figure 5. The result of cutting time during rubber tapping 

3.4.  Cutting current 
In rubber tapping test, The average amount of the no-load current, minimum working current, maximum 

working current, average working current of each tree, respectively is 0.64A, 0.88A, 1.64A, 1.29A. The 

currents are reasonably stable. In the test, The amount of standby current is 0.029A, and The average 

amount of maximum working current is below 2A.  

The cutting current during rubber tapping is as shown in Figure 6. 

4.  Conclusion 

The test result reaches the goal of millimeter control, because the average amount of bark consumption 

is 2.19mm cutted by 4GXJ-I tapping knife. The result of the experiment reaches cutting efficient goal, 

because the average cutting time is 13s. The prototype experiment has confirmed the design rationality.  

This study provides both method and experience for mechanical tapping machine.  

The result of cutting current during rubber tapping is as shown in Figure 6. 
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Figure 6. The result of cutting current during rubber tapping 
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