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1. INTRODUCTION

Copper wire is the most widely used conduction material to 
carry a variety of signals. Its applications include a large power 
transportation in power systems, or small signal communication 
in electronic devices or produces. The copper wire size can be 
as small as 0.01 mm, particularly in medical health equipments. 
Presently, many kinds of automatic wire drawing machines  
are being applied in industry. However, the copper wire needs 
heating, being drawn and then going through and drawing  
die mold by human hands when the automatic wire elongation 
process starts.

Currently, various functionalities required in industry have made 
the automation system extremely varied. For this reason, the 
modern automation systems are moving toward very high com-
plexity, depending on the system structure [1–6]. Unfortunately, 
it is found that the copper wire elongation system for threading 
through the die mold is not completely automated so far in industry. 
Recently, an automatic copper wire elongation system was reported 
in the literature [7,8]. The proposed technique was based on three 
pneumatic grippers combined with the ring drawing machine for 
elongation process. However, it was only suitable for a soft copper 
wire rather than a hard material. Accordingly, it still has a difficulty 
for further applications [9–12].

2. SYSTEM STRUCTURE

2.1. Fundamental Concept

The torque required to pull the copper wire is designed based on the 
relation between the torque and gear ratio, shown in Figure 1 [7,8].

In Figure 1(a), the torque is defined as [Equation (1)]

    T F d= ⋅  (1)

where T: torque, F: force, d: distance from the force to the axle center.

In Figure 1(b), the Gear ratio is [Equation (2)]

   A B N N: := 1 2  (2)

Torque ratio is [Equation (3)]

   T T F d F d1 2 1 1 2 2: :=  (3)

The power from the motor is transferred to the gears A and B 
equally [Equation (4)].
   P T T= =1 1 2 2w w  (4)

where w1 and w2 are the angular velocity for A and B gears, 
 respectively.

In the proposed system, N2 > N1 is designed to achieve T2 > T1 and 
thus F2 is enlarged. A gear used module: 1.25, tooth number: 30; 
B gear module: 1.25, tooth number: 150.
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A B S T R AC T
Copper wire can be elongated to a very thin size like 0.01 mm from an original 0.6 mm via wire drawing dies. Although automatic 
machines are available for wire elongating process, the wire threading through dies still requires a human operation before 
entering an automation process. This procedure may repeat up to tens of times to complete, taking a long time. To resolve this 
problem, this paper develops an adjustable automatic wire copper wire drawing system for elongation using contactless heater. 
Three pneumatic claws are designed in the proposed system. The first claw is used to clamp the wire. The second claw fixed in 
the rotating mechanism is to draw the heated wire. The third claw is used to move the wire going through the drawing die after 
the drawn wire is cut off in one side. Then, the wire will be drawn again through the die mold. The force amount for drawing 
the wire can be adjusted via the gear connection controlled by the serer motor. Therefore, the system can be suited for variety of 
copper wire sizes. The experimental results prove that the proposed system has achieved the automatic copper wire elongation 
process successfully. Also, the human loading can be reduced considerably, and more importantly the operation time can be 
decreased significantly.
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2.2. Design of System Hardware

The proposed system shown in Figure 2 mainly contains: (1) 
Copper reel provides copper wire for elongation. (2) Contactless 
heater is used to soft the copper wire. (3) Actuator contains pneu-
matic cylinder, server motor, grippers, pneumatic shear, slide table, 
etc. (4) Ring drawing machine is used to lengthen and elongate the 

copper wire. (5) PLC works as the control core. (6) Human Machine 
Interface panel provides users to operate the system.

The system mechanical organization is shown in Figure 3. It includes: 
(A) Gripper 1. (B) Gripper 2. (C) Contactless heater. (D) Gripper 3. 
(E) Pneumatic shear. (F) Gripper 4. (G) Ring drawing machine.

3.  THE SYSTEM OPERATION 
 PROCEDURES

The proposed system is carried out by the following steps:

Step 1: The wire is pulled close to Gripper 4 through the contactless 
heater, as shown in Figure 4.

Figure 1 | Relation of torque and gear [7]. (a) Torque. (b) Torque and gear.

Figure 2 | System structure.

Figure 3 | System mechanical organization.

Figure 4 | Wire pulling by Gripper 4. (a) Schematic diagram. (b) Entity profile.
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Figure 5 | Heating process. (a) Schematic diagram. (b) Entity profile.

Figure 6 | Lengthening process. (a) Schematic diagram. (b) Entity profile.

Step 2: The wire is clamped by Grippers 1, 2 and 4 simultaneously, as shown in Figure 5. The heater starts to work until the preset tempera-
ture is reached.

Step 3: The heating process stops, and then the lengthening process begins to work until the desired length is reached, as shown in Figure 6.

Step 4: The grippers 1 and 2 are opened, as shown in Figure 7.

Figure 7 | The grippers 1 and 2 opened process. (a) Schematic diagram. (b) Entity profile.
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Figure 8 | The pulled slender wire delivery. (a) Schematic diagram. (b) Entity profile.

Figure 9 | Wire cutting off process. (a) Schematic diagram. (b) Entity profile.

Figure 10 | The die mold moving process. (a) Schematic diagram. (b) Entity profile.

Step 5: The pulled slender wire is delivered to below the pneumatic shear by the ring drawing machine, as shown in Figure 8.

Step 6: The wire is clamped by Grippers 2 and 3, and then it is cut out by the pneumatic shear, as shown in Figure 9.

Step 7: The die mold moves down to the holder for wire threading process, as shown in Figure 10.
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Figure 11 | The die mold threading process. (a) Schematic diagram. (b) Entity profile.

Figure 12 | The wire elongation process. (a) Schematic diagram. (b) Entity profile.

Step 8: The Gripper 1 is opened, and then the Gripper 3 clamps the wire to thread through the die mold, as shown in Figure 11.

Step 9: The Gripper 3 is opened, and then the Gripper 4 clamps the wire to move forward using the ring drawing machine, as shown in 
Figure 12.

Step 10: The wire is pulled forward until reaching the desired length, as shown in Figure 13.

Figure 13 | Accomplishment of the wire elongation. (a) Schematic diagram. (b) Entity profile.
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Figure 14 | Heating temperature vs. heating time.

Figure 15 | Pulled length vs. heating time at k1 speed.

Figure 16 | Pulled length vs. heating time at k2 speed.

that only the heating time between 12 s and 14 s can achieve the 
desired length (≥30 mm) for elongation purpose. It reveals that 
higher pulling speed may reduce the pulled length considerably.

5. CONCLUSION

This paper has successfully designed a copper wire lengthen-
ing automatic system using contactless heater, which can replace 
a human operation and increase the machine working efficacy. 
Additionally, the proposed system can be combined with the 
existing machines directly without changing the mechanism of 
machines. Some more achievements can be reached:

 (a) It is suitable for various copper wire sizes and materials.

 (b) Wire elongation length can be adjusted using PLC programming.

 (c) Human-interface machine can provide a friendly monitoring 
and control functions for users.

 (d) Wire drawing speed is adjustable.

 (e) Contactless heater can soft the copper wire for lengthening 
and elongation appropriately.

Moreover, the experimental results imply that the wire elongation 
is sensitive to the heated temperature and pulling speed. The wire 
pulling speed may be chosen as fast as possible. In contrast, a higher 
speed may risk a wire breaking during the elongation process.

CONFLICTS OF INTEREST

The authors declare they have no conflicts of interest.

ACKNOWLEDGMENT

The authors are grateful to Ministry of Science and Technology, 
Taiwan, for sponsoring the project: MOST 107-2637-E-167-002.

REFERENCES

 [1] J.C. Lin, J.C. Tai, H.H. Huang, The design and manufacture of 
an automatic wrapping machine, Proceedings IEEE Conference 
on Industrial Automation and Control Emerging Technology 
Applications, IEEE, Taipei, Taiwan, 1995, pp. 698–701.

 [2] A.M. Li, C.H. Zhang, H.L. Li, Z.Y. Xu, X.H. Chen, G.L. Qin, 
et al., Design of automatic welding machine based on PLC, 2011 
Fourth International Conference on Intelligent Computation 
Technology and Automation, Shenzhen, Guangdong, China, 
2011, pp. 627–630.

 [3] Y.X. Wang, C.F. Zhao, A novel design of a digital and automatic 
winding machine control system, 2011 International Conference 
on Mechatronics and Intelligent Materials, Lijiang, China, 2011, 
pp. 581–584.

 [4] Y.C. Deng, M. Yu, H. Chen, Design of automatic buckle machine 
for double bag packaging line, 2013 Fourth International Conference 
on Advances in Materials and Manufacturing, Kunming, China, 
2013, pp. 303–308.

4. EXPERIMENTAL RESULTS

The experiments were carried out under the room temperature at 
24°C before heating. When the heating starts from 0 s to 20 s, the 
copper wire heated temperature rises from 24°C to 497°C almost 
linearly over the heating time, as shown in Figure 14.

The pulled length over the heating period between 12 s and 18 s 
under the wire pulling speed: k1 (1.86 m/s) is shown in Figure 15. 
Note that the heating time below 12 s is found insufficient to soften 
the copper wire so that it fails to pull the wire. On the other hand, 
the heating time beyond 18 s, the copper wire heated temperature 
is higher than 478°C. This causes the copper wire carbonization, 
and it is thus unsuitable for elongation. Moreover, it is noted that 
the wire slender length required for threading through the die 
mold must be longer than 30 mm in this system. For this reason, 
the experimental results reveal that the heating period between 14 s 
at 365°C and 18 s at 452°C can be satisfactory.

The experimental results using the wire pulling speed: k2 (3.78 mm/s)  
under the same condition as above is shown in Figure 16. It is found 

https://doi.org/10.1109/IACET.1995.527644
https://doi.org/10.1109/IACET.1995.527644
https://doi.org/10.1109/IACET.1995.527644
https://doi.org/10.1109/IACET.1995.527644
https://doi.org/10.1109/ICICTA.2011.165
https://doi.org/10.1109/ICICTA.2011.165
https://doi.org/10.1109/ICICTA.2011.165
https://doi.org/10.1109/ICICTA.2011.165
https://doi.org/10.1109/ICICTA.2011.165
https://doi.org/10.4028/www.scientific.net/AMR.211-212.581
https://doi.org/10.4028/www.scientific.net/AMR.211-212.581
https://doi.org/10.4028/www.scientific.net/AMR.211-212.581
https://doi.org/10.4028/www.scientific.net/AMR.211-212.581
https://doi.org/10.4028/www.scientific.net/AMR.889-890.303
https://doi.org/10.4028/www.scientific.net/AMR.889-890.303
https://doi.org/10.4028/www.scientific.net/AMR.889-890.303
https://doi.org/10.4028/www.scientific.net/AMR.889-890.303


 H-C. Lin et al. / International Journal of Networked and Distributed Computing 8(1) 9–15 15

 [5] G.G. Kuperman, A.L. Sobel, Design of the man-machine inter-
face for an automatic target cuer system, Proceedings of the IEEE 
1992 National Aerospace and Electronics Conference, IEEE, 
Dayton, OH, USA, 1992, pp. 691–697.

 [6] T.V. Bhaskarwar, S.S. Giri, R.G. Jamakar, Automation of shell 
and tube type heat exchanger with PLC and LabVIEW, 2015 
International Conference on Industrial Instrumentation and 
Control, IEEE, Pune, India, 2015, pp. 841–845.

 [7] H.C. Lin, C.H. Cheng, Achievement of automatic copper wire 
elongation system, Algorithms 12 (2019), 1–16.

 [8] C.H. Cheng, H.C. Lin, Development of automatic mechanical 
control system for copper wire elongation, The 20th IEEE/ACIS 
International Conference on Software Engineering, Artificial 
Intelligence, Networking and Parallel/Distributed Computing, 
Toyama, Japan, 2019.

 [9] Y. Tao, J. Xue-jun, L. Chao-jian, Notice of retraction: wrench 
assembly design in OpUs darwin SO (spray-off) automatic 
assembly machine, 2011 International Conference on Electric 
Information and Control Engineering, IEEE, Wuhan, China, 
2011, pp. 3799–3802.

[10] S. Tang, J. Yao, S. Zhu, M. Wang, J. Fang, X. Tao, Design of the con-
trol system for fully automatic steel-tube molding machine, 2014 
Fifth International Conference on Intelligent Systems Design and 
Engineering Applications, IEEE, Hunan, China, 2014, pp. 393–397.

[11] V.A. Maraba, A.E. Kuzucuoglu, PID neural network based speed 
control of asynchronous motor using programmable logic con-
troller, Adv. Electr. Comput. Eng. 11 (2011), 23–28.

[12] N. Roman, E. Ceanga, I. Bivol, S. Caraman, Adaptive automatic 
gauge control of a cold strip rolling process, Adv. Electr. Comput. 
Eng. 10 (2010), 7–17.

https://doi.org/10.1109/NAECON.1992.220520
https://doi.org/10.1109/NAECON.1992.220520
https://doi.org/10.1109/NAECON.1992.220520
https://doi.org/10.1109/NAECON.1992.220520
https://doi.org/10.1109/IIC.2015.7150859
https://doi.org/10.1109/IIC.2015.7150859
https://doi.org/10.1109/IIC.2015.7150859
https://doi.org/10.1109/IIC.2015.7150859
https://doi.org/10.3390/a12050105
https://doi.org/10.3390/a12050105
https://doi.org/10.1109/ICEICE.2011.5777322
https://doi.org/10.1109/ICEICE.2011.5777322
https://doi.org/10.1109/ICEICE.2011.5777322
https://doi.org/10.1109/ICEICE.2011.5777322
https://doi.org/10.1109/ICEICE.2011.5777322
https://doi.org/10.1109/ISDEA.2014.95
https://doi.org/10.1109/ISDEA.2014.95
https://doi.org/10.1109/ISDEA.2014.95
https://doi.org/10.1109/ISDEA.2014.95
https://doi.org/10.4316/AECE.2011.04004
https://doi.org/10.4316/AECE.2011.04004
https://doi.org/10.4316/AECE.2011.04004
https://doi.org/10.4316/aece.2010.01002
https://doi.org/10.4316/aece.2010.01002
https://doi.org/10.4316/aece.2010.01002

