

  algorithms-12-00105




algorithms-12-00105







Algorithms 2019, 12(5), 105; doi:10.3390/a12050105




Article



Achievement of Automatic Copper Wire Elongation System



Hsiung-Cheng Lin *[image: Orcid] and Chung-Hao Cheng





Department of Electronic Engineering, National Chin-Yi University of Technology, Taichung 41170, Taiwan









*



Correspondence: hclin@ncut.edu.tw







Received: 17 April 2019 / Accepted: 13 May 2019 / Published: 15 May 2019



Abstract

:

Copper wire is a major conduction material that carries a variety of signals in industry. Presently, automatic wire elongating machines to produce very thin wiresare available for manufacturing. However, the original wires for the elongating process to thin sizes need heating, drawing and then threadingthrough the die molds by the manpower before the machine starts to work. This procedure repeatsuntil the wire threads through all various die molds. To replace the manpower, this paper aims to develop an automatic wire die molds threading system for the wire elongation process. Three pneumatic grippers are designed in the proposed system. The first gripper is used to clamp the wire. The second gripper fixed in the rotating mechanism is to draw the heated wire. The third gripper is used to move the wire for threading through the dies mold. The force designed for drawing the wire can be adjusted via the gear ratio. The experimental results confirm that the proposed system can accomplish the wiredies mold threading processin term of robustness, rapidness and accuracy.
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1. Introduction


Automation on demand for all technical processes is essential in industry. However, the variety of desired functionalities makes the automation system extremely varied. As a result, the modern automation systems are moving towards very high complexity. A high degree of automation increases requirements in measurement technology and goes on in automation technology such as closed-loop and open-loop control or others. Feasible application-specific methods for signal measurement to master future systems are thus indispensable [1,2,3,4,5,6]. Unfortunately, the wire threading through the die mold for theelongation process has not been automatizeduntil now [7,8,9,10]. For advanced automation study related to this issue, many papers can be found in the literature [11,12,13,14,15,16,17,18]. Nevertheless, the design of wire die mold threading automation can be regarded as a new technological development in the copper wire manufacturing discipline.



The 2.6 m/m oxygen-free copper is the original material for producing very thin wires. Applications include, for example, super thin medical cable, digestive system endoscopic ultrasound (EUS), and respiratory system EUS, etc. in the medical system. For these purposes, the 2.6 m/m wire must be elongated sufficiently to a small size like 0.05 m/m. Although there are machines available for the elongation process, currently the preparatory work still relies on human operation for the wire dies mold threading action. The whole procedure may take at least 30 minutes prior to machine operation, shown in Figure 1.




2. Design Principle


Fundamental Concept


The proposed system is based on the ring drawing principle, demonstrated in Figure 2.



From Figure 2a, the torque is defined as


T = F · d,



(1)




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



From Figure 2b,


Ratio of gear A:B = N1:N2



(2)






Ratio of gear torque A:B = T1:T2 = F1d1:F2d2.



(3)







By theory, the power output from the motor is equal to the power of gears A and B, respectively.


P=T1ω1=T2ω2.



(4)







It can be rewritten as


T2T1=ω1ω2=Ng,



(5)




where ω1 and ω2 are the angular frequency of gears A and B, respectively.


Ng=N2N1.



(6)







As above, it is clear that the force is the key factor for the wire elongation. It indicates that increasing the force can strengthen the torque. In other words, N2>N1 will result in T2>T1 and thus F2 is enlarged.





3. System Structure


The dies mold used to elongate the copper wire from a wide diameter into a small size is shown in Figure 3. The proposed system structure is shown in Figure 4. It mainly contains (1) copper reel provides the copper wire for elongation; (2) actuator integrates gripper, heater, server motor, cutter and pneumatic cylinder; (3) ring drawing machine supplies necessary power to elongate the wire; (4) Programmable Logic Controller (PLC) is the core controller; (5) operation panel provides a friendly human–machine interface. The profile of elongating wire and dies mold threading are shown in Figure 5a,b, respectively.




4. Design of Mechanical System


The major mechanical blocks of the proposed system, shown in Figure 6, include A: gripper 1. B: contactless heater. C: gripper 3. D: wire cutter. E: dies mold. F: ring drawing machine (including the server motor with gripper 2).



Based on the concept of the above theory, a 30 kg weightwas designed to elongate the copper wire. Selecting the mechanical system parameters is shown as follows.



N1=50, N2=150, d1 = 0.03125 m, d2 = 0.09375 m, F2 = 30 kgw = 30 × 9.8 N = 294 N.


T2 = F2d2= 294(N) × 0.09375 (m) = 27.5625 (N⋅m)



(7)






ω2=2π(rad)10(sec)=π5(rad/sec).



(8)







Assume


⇒ω1 = 3π5(rad/s)



(9)






T1=T2N1N2=27.5625×13≈9.19(N⋅m).



(10)







According to Equation (4), the motor power should be selected larger thanthe following value.


P=T2ω2=27.5625×π5≈17.32(W).



(11)







In this case, a 400 W server motor with rating torque: 1.27 is used in this system.




5. System Implementation with Experimental Results


5.1. Description of System Implementation


Based on the system design shown in Section 4, the implementation procedures apply to the real system, demonstrated as follows. Note that the left figure is the design diagram, and the right one is itsrespective real mechanism for every step.



Step 1: The wire was moved to the ring drawing machine through gripper 2.[image: Algorithms 12 00105 i001]



Step 2: the wireswereclamped down by grippers 1 and 2 simultaneously, and then the copper wire wassoftened for seconds by the heater.


[image: Algorithms 12 00105 i002]

Step 3: the heating process stopped, and the wire wasdrawn for elongation by the ring drawing machine.


[image: Algorithms 12 00105 i003]

Step 4:gripper 1 opened.


[image: Algorithms 12 00105 i004]

Step 5: the elongated wire wasmoved to the cutter by the ring drawing machine.


[image: Algorithms 12 00105 i005]

Step 6: grippers 1 and 3 clipped the wire, and the cutter cut the wire.


[image: Algorithms 12 00105 i006]

Step 7: The cut wire wasdelivered forward a certain distance for falling down whengripper 2 opens.


[image: Algorithms 12 00105 i007]

Step 8: gripper 2 moved back to the starting location.


[image: Algorithms 12 00105 i008]

Step 9: the dies moldwasplaced.


[image: Algorithms 12 00105 i009]

Step 10: gripper 1 opened.


[image: Algorithms 12 00105 i010]

Step 11: gripper 3 movedfor wire threading through the dies mold.


[image: Algorithms 12 00105 i011]

Step 12: gripper 1 opened.


[image: Algorithms 12 00105 i012]

Step 13: gripper 2 clipped, and gripper 3 opened.


[image: Algorithms 12 00105 i013]

Step 14: The wire waselongatedcontinuously until the desired length wasreached.


[image: Algorithms 12 00105 i014]


5.2. Experimental Results


To verify the effectiveness of the proposed system, two kinds of copper wire diameters, i.e., 0.3 mm and 0.6 mm, have been tested using various wire pulling speeds and different heating time (0–2 s). Every test was carried out three times under the same conditions. The experimental data, as shown in Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, Table 7, Table 8, Table 9, Table 10, Table 11, Table 12, Table 13, Table 14, Table 15, Table 16, Table 17, Table 18, Table 19, Table 20, Table 21 and Table 22, includes (1) passable wire length for threading through dies mold, (2) wire elongating length, (3) operation time. Note that the temperature of heating time using 0 s, 1 s, 2 s was 25.5°, 28.5° and 38°, respectively.



Case 1: copper wire diameter: 0.3 mm



Case 2: Copper wire diameter: 0.6 mm



Above results based on average test data can be concluded from Figure 7, Figure 8, Figure 9, Figure 10, Figure 11 and Figure 12. The passable wire length vs. wire pulling speed for 0.3 mm and 0.6 mm wires at different heating period (0–3 s) are shown in Figure 7 and Figure 8, respectively. The wire elongating length and time vs. wire pulling speed for the 0.3 mm wire at different heating period (0–3s) are shown in Figure 9 and Figure 10, respectively. The wire elongating length and time vs. wire pulling speed for 0.6 mm wire at different heating period (0–3 s) are shown in Figure 11 and Figure 12, respectively. Some key outcomes are listed as follows.




	
For both 0.3 mm and 0.6 mm wires, the wire pulling speed didnot affect the passable wire length significantly. However, longer heating period, e.g., 2 s, decreased the passable wire length and wire elongating length considerably due to the wire being easily broken by the heating.



	
The wire elongating time for 0.3 mm wasshorter than 0.6 mm one. In other words, a wider diameter wire required a longer elongating time.



	
Increasing heating period resulted in a relatively shorter wire elongating time. It indicates that the temperature didinfluence the wire elongating time.










6. Conclusions


The demand fora variety of thin copper wires is now increasing considerably in different precision electronic instruments. However, the traditional thin wire manufacturing machinesstill require the manpower to thread the wire through die molds for prolongation before entering the automatic process. Itusually takes at least 2 min for each dies moldwire threading. Contrastively, the proposed algorithm has proposed a new algorithm to reduce the process timeonly taking about45 s, relatively much shorter than the traditional method using manpower. Consequently, it can be applied directly to the current machines formore efficient performance.Moreover, it can reach the following achievements:




	
Automatic wire dies mold threading capability for wire elongation.



	
We had 360° wire rotation during the drawingprocess.



	
Wire elongation up to 140 mm for 0.6 mm wire and 100 mm for 0.3 mm wire without broken line.



	
Adjustable wire drawing speed.



	
Suitability for a variety of wire size elongation.








Additionally, the experimental results suggest that it is unnecessary to use a heater if the wire drawing power is sufficient unless the wire is broken during the process. Also, the wire pulling speed may be chosen as fast as possible. However, the strength and friction of grippers 1 and 3 should be taken account to avoid wire slipping.
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Figure 1. Human operation for wire dies mold treading. (a) Wire elongating process by hands; (b) wire treading dies mold. 






Figure 1. Human operation for wire dies mold treading. (a) Wire elongating process by hands; (b) wire treading dies mold.
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Figure 2. Relation of torque and gear. (a) Torque; (b) torque and gear. 






Figure 2. Relation of torque and gear. (a) Torque; (b) torque and gear.
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Figure 3. Profile of dies mold. (a) Dies; (b) dies molds. 






Figure 3. Profile of dies mold. (a) Dies; (b) dies molds.



[image: Algorithms 12 00105 g003]







[image: Algorithms 12 00105 g004 550]





Figure 4. System structure. 






Figure 4. System structure.
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Figure 5. Profile of proposed system operation. (a) Profile of elongating wire; (b) profile of dies mold threading. 






Figure 5. Profile of proposed system operation. (a) Profile of elongating wire; (b) profile of dies mold threading.
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Figure 6. Depiction of proposed mechanical system. 
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Figure 7. Passable wire length vs. wire pulling speed for the 0.3 mm wire at different heating periods. 
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Figure 8. Passable wire length vs. wire pulling speed for the 0.6 mm wire at different heating periods. 






Figure 8. Passable wire length vs. wire pulling speed for the 0.6 mm wire at different heating periods.
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Figure 9. Wire elongating length vs. wire pulling speed for the 0.3 mm wire at different heating periods. 
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Figure 10. Wire elongating time vs. wire pulling speed for the 0.3 mm wire at different heating periods. 






Figure 10. Wire elongating time vs. wire pulling speed for the 0.3 mm wire at different heating periods.
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Figure 11. Wire elongating length vs. wire pulling speed for 0.6 mm wire at different heating period. 
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Figure 12. Wire elongating time vs. wire pulling speed for the 0.6 mm wire at different heating periods. 
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Table 1. Results based on wire pulling speed: k1(1.86 m/s).






Table 1. Results based on wire pulling speed: k1(1.86 m/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
148.5

	
138.76

	
133.27

	
130.68

	
80.07/43.05

	
74.73/40.18

	
73.39/39.46

	
76.06/40.9




	
1

	
85.98

	
81.87

	
96.65

	
88.17

	
72.06/38.75

	
88.08/47.35

	
80.07/43.05

	
80.07/43.05




	
2

	
60.94

	
65.21

	
66.64

	
64.26

	
72.06/38.74

	
73.39/39.46

	
72.06/38.75

	
72.50/38.98
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Table 2. Results based on wire pulling speed: k2(3.78 mm/s).






Table 2. Results based on wire pulling speed: k2(3.78 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
163.72

	
235.23

	
175.49

	
191.48

	
93.42/24.71

	
106.76/28.24

	
101.42/26.83

	
100.53/26.59




	
1

	
74.7

	
81.31

	
81.96

	
79.32

	
81.14/21.47

	
82.74/21.89

	
80.07/21.18

	
81.32/21.51




	
2

	
69.37

	
49.06

	
46.21

	
54.88

	
68.86/18.22

	
61.39/16.24

	
61.65/16.31

	
63.97/16.92
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Table 3. Results based on wire pulling speed: k3(6.52 mm/s).






Table 3. Results based on wire pulling speed: k3(6.52 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
283.83

	
342.13

	
361.38

	
329.11

	
96.08/14.74

	
106.76/16.37

	
108.89/16.70

	
103.91/15.94




	
1

	
86.85

	
81.61

	
84.05

	
84.17

	
88.07/13.51

	
80.07/12.28

	
82.74/12.69

	
77.4/12.83




	
2

	
46.12

	
38.69

	
37.34

	
40.72

	
66.66/10.01

	
62.45/9.58

	
53.38/8.19

	
60.83/9.26
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Table 4. Results based on wire pulling speed: k4(8.13 mm/s).






Table 4. Results based on wire pulling speed: k4(8.13 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
205.2

	
285.72

	
379.95

	
290.29

	
112.09/13.79

	
108.09/13.29

	
109.96/13.53

	
110.05/13.54




	
1

	
67.38

	
70.94

	
68.91

	
69.08

	
74.73/9.19

	
77.40/9.52

	
80.07/9.85

	
77.4/9.52




	
2

	
37.97

	
49.19

	
43.42

	
43.53

	
61.39/7.55

	
63.26/7.78

	
62.45/7.68

	
62.37/7.67
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Table 5. Results based on wire pulling speed: k5(9.65 mm/s).






Table 5. Results based on wire pulling speed: k5(9.65 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
362.71

	
348.64

	
363.9

	
358.42

	
107.02/11.09

	
101.95/10.56

	
88.61/9.18

	
99.19/10.28




	
1

	
85.89

	
90.11

	
104.44

	
93.48

	
74.73/7.74

	
85.40/8.85

	
86.74/8.99

	
82.29/8.53




	
2

	
56.93

	
63.11

	
45.47

	
55.17

	
66.72/6.91

	
68.06/7.05

	
65.39/6.78

	
66.72/6.91
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Table 6. Results based on wire pulling speed: k6(11.04 mm/s).






Table 6. Results based on wire pulling speed: k6(11.04 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
350.16

	
328.05

	
363.61

	
347.27

	
102.46/9.31

	
96.08/8.70

	
109.96/8.95

	
102.83/8.99




	
1

	
75.75

	
80.72

	
69.07

	
75.18

	
78.74/7.13

	
84.34/7.64

	
76.60/6.94

	
79.89/7.24




	
2

	
53.85

	
66.36

	
54.67

	
58.29

	
67.53/6.11

	
70.46/6.38

	
67.79/6.14

	
68.59/6.21
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Table 7. Results based on wire pulling speed: k7(12.83 mm/s).






Table 7. Results based on wire pulling speed: k7(12.83 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold(mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
349.57

	
372.26

	
375.2

	
365.67

	
98.75/7.69

	
106.22/8.28

	
102.46/8.01

	
102.48/7.99




	
1

	
88.5

	
93.62

	
94.79

	
92.3

	
73.93/5.76

	
74.73/5.82

	
83.27/6.49

	
77.31/6.02




	
2

	
47.75

	
55.55

	
43.32

	
48.87

	
62.45/4.87

	
70.73/5.51

	
60.05/4.68

	
64.41/5.02
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Table 8. Results based on wire pulling speed:k8(14.66 mm/s).






Table 8. Results based on wire pulling speed:k8(14.66 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
291.32

	
242.93

	
313.37

	
282.54

	
90.75/6.19

	
90.75/6.19

	
85.41/5.83

	
88.97/6.07




	
1

	
69.7

	
84.39

	
73.72

	
75.94

	
81.14/5.53

	
81.40/5.55

	
80.87/5.51

	
81.14/5.53




	
2

	
35.55

	
39.12

	
47.13

	
40.6

	
62.45/4.26

	
61.65/4.21

	
68.33/4.66

	
64.14/4.38
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Table 9. Results based on wire pulling speed: k9(16.32 mm/s).






Table 9. Results based on wire pulling speed: k9(16.32 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
364.46

	
374.8

	
378.74

	
372.67

	
99.29/6.08

	
105.16/6.44

	
93.42/5.73

	
99.29/6.08




	
1

	
83.88

	
99.91

	
89.5

	
91.1

	
75.53/4.63

	
92.08/5.64

	
81.40/4.98

	
83.0/5.08




	
2

	
51.52

	
49.43

	
46.92

	
49.29

	
61.39/3.76

	
60.85/3.73

	
62.72/3.84

	
61.65/3.78
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Table 10. Results based on wire pulling speed: k10(18.25 mm/s).






Table 10. Results based on wire pulling speed: k10(18.25 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
328.16

	
375.626

	
375.8

	
359.87

	
96.08/5.26

	
98.21/5.38

	
99.28/5.44

	
97.86/5.36




	
1

	
97.44

	
95.02

	
99.67

	
97.38

	
83.01/4.55

	
83.54/4.58

	
83.01/4.55

	
83.19/4.56




	
2

	
40.68

	
46.05

	
50.23

	
45.65

	
58.18/3.19

	
56.31/3.09

	
60.32/3.30

	
58.27/3.19
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Table 11. Results based on wire pulling speed: k11(20.15 mm/s).






Table 11. Results based on wire pulling speed: k11(20.15 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
374.19

	
369.4

	
368.37

	
370.65

	
111.56/5.54

	
116.64/5.79

	
113.69/5.64

	
113.96/5.66




	
1

	
73.86

	
72.44

	
70.01

	
72.1

	
93.41/4.64

	
86.21/4.28

	
82.21/4.08

	
87.28/4.33




	
2

	
69.71

	
60.37

	
61.47

	
63.85

	
76.60/3.80

	
68.86/3.42

	
74.99/3.72

	
73.48/3.64
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Table 12. Results based on wire pulling speed: k1(1.86 m/s).






Table 12. Results based on wire pulling speed: k1(1.86 m/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
417.02

	
415.98

	
390.81

	
407.94

	
156.64/84.37

	
158.54/85.23

	
117.17/62.99

	
144.12/77.53




	
1

	
394.89

	
390.52

	
400.38

	
395.26

	
155.87/83.80

	
130.25/70.03

	
155.07/83.37

	
147.06/79.07




	
2

	
367.91

	
373.76

	
374.78

	
372.15

	
130.25/70.02

	
148.66/79.93

	
131.31/70.59

	
136.74/73.51
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Table 13. Results based on wire pulling speed: k2(3.78 mm/s).






Table 13. Results based on wire pulling speed: k2(3.78 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
414.56

	
404.02

	
412.74

	
410.44

	
138.25/36.58

	
128.11/33.89

	
137.19/36.29

	
134.52/35.59




	
1

	
402.71

	
382.82

	
381.77

	
389.1

	
116.90/30.93

	
113.17/29.94

	
107.83/28.53

	
112.63/29.8




	
2

	
368.37

	
354.87

	
374.22

	
365.82

	
91.10/24.08

	
91.55/24.22

	
91.55/24.22

	
81.4/24.17
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Table 14. Results based on wire pulling speed: k3(6.52 mm/s).






Table 14. Results based on wire pulling speed: k3(6.52 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
414.12

	
412.8

	
398.67

	
408.53

	
138.32/20.75

	
128.37/19.69

	
127.31/19.53

	
131.33/19.99




	
1

	
379.37

	
373.7

	
377.9

	
376.99

	
105.95/16.25

	
106.23/16.29

	
102.76/15.76

	
104.98/16.1




	
2

	
160.27

	
151.26

	
147.63

	
153.05

	
90.75/13.92

	
90.21/13.83

	
90.48/13.88

	
90.48/13.88
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Table 15. Results based on wire pulling speed: k4(8.13 mm/s).






Table 15. Results based on wire pulling speed: k4(8.13 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
398.57

	
406.22

	
398.33

	
401.04

	
126.51/15.56

	
132.38/16.28

	
126.78/15.59

	
128.56/15.81




	
1

	
361.16

	
372.98

	
370.75

	
368.3

	
105.43/12.97

	
105.69/13.00

	
105.16/12.93

	
105.43/12.97




	
2

	
121.08

	
118.99

	
119.55

	
119.87

	
84.07/10.34

	
83.01/10.21

	
83.81/10.31

	
83.63/10.29
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Table 16. Results based on wire pulling speed: k5(9.65 mm/s).






Table 16. Results based on wire pulling speed: k5(9.65 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
398.78

	
401.97

	
395.41

	
398.95

	
129.45/13.41

	
129.71/13.44

	
125.71/13.03

	
128.29/13.29




	
1

	
361.83

	
360.84

	
361.52

	
361.83

	
106.22/11.01

	
100.35/10.39

	
104.62/10.84

	
103.73/10.75




	
2

	
117.28

	
119.88

	
116.26

	
117.81

	
87.28/9.04

	
91.28/9.46

	
86.81/8.68

	
88.46/9.06
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Table 17. Results based on wire pulling speed: k6(11.04 mm/s).






Table 17. Results based on wire pulling speed: k6(11.04 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
416.57

	
393.32

	
406.06

	
405.32

	
139.32/12.62

	
132.12/11.97

	
134.75/12.21

	
135.4/12.27




	
1

	
377.08

	
369.25

	
371.11

	
372.48

	
110.49/10.01

	
97.15/8.79

	
98.75/8.95

	
102.13/9.25




	
2

	
136.83

	
147.97

	
139.27

	
141.36

	
88.88/8.05

	
93.68/8.49

	
84.34/7.64

	
88.97/8.06
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Table 18. Results based on wire pulling speed: k7(12.83 mm/s).






Table 18. Results based on wire pulling speed: k7(12.83 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
402.49

	
396.81

	
401.94

	
400.41

	
121.17/9.44

	
131.58/10.26

	
136.91/10.67

	
129.89/10.12




	
1

	
383.75

	
378.23

	
372.56

	
378.18

	
112.89/8.79

	
108.36/8.45

	
109.43/8.53

	
110.22/8.59




	
2

	
134.36

	
128.31

	
129.77

	
130.81

	
91.55/7.14

	
94.75/7.39

	
84.41/6.66

	
90.24/7.06
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Table 19. Results based on wire pulling speed: k8(14.66 mm/s).






Table 19. Results based on wire pulling speed: k8(14.66 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
398.96

	
401.23

	
404.89

	
401.69

	
126.24/8.61

	
125.71/8.58

	
125.98/8.59

	
125.98/8.59




	
1

	
369.07

	
372.55

	
370.9

	
370.84

	
103.02/7.03

	
106.49/7.26

	
99.82/6.81

	
103.11/7.03




	
2

	
126.11

	
116.09

	
126.24

	
122.81

	
87.01/5.94

	
84.34/5.75

	
86.21/5.88

	
85.85/5.86
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Table 20. Results based on wire pulling speed: k9(16.32 mm/s).






Table 20. Results based on wire pulling speed: k9(16.32 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
403.73

	
406.41

	
399.23

	
403.12

	
131.85/8.08

	
132.38/8.11

	
126.78/7.77

	
130.34/7.99




	
1

	
375.64

	
375.34

	
368.61

	
373.2

	
104.36/6.37

	
108.03/6.62

	
102.76/6.3

	
105.05/6.43




	
2

	
134.39

	
126.63

	
122.47

	
127.83

	
89.95/5.51

	
85.94/5.27

	
85.14/5.22

	
87.01/5.33
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Table 21. Results based on wire pulling speed: k10(18.25 mm/s).






Table 21. Results based on wire pulling speed: k10(18.25 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
395.4

	
395.41

	
399.68

	
396.83

	
126.24/6.92

	
121.97/6.68

	
122.24/6.7

	
123.48/6.77




	
1

	
368.48

	
381.79

	
375.79

	
375.35

	
103.02/5.64

	
106.23/5.82

	
102.49/5.62

	
103.91/5.69




	
2

	
121.1

	
114.24

	
125.54

	
120.29

	
90.21/4.94

	
85.14/4.67

	
99.82/5.47

	
91.72/5.02
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Table 22. Results based on wire pulling speed: k11(20.15 mm/s).






Table 22. Results based on wire pulling speed: k11(20.15 mm/s).





	
Heating Time (s)

	
Passable Wire Length for Threading Dies Mold (mm)

	
Wire Pulling Length by the Ring Drawing Machine (mm)/Time (s)




	
1st

	
2nd

	
Third

	
Avg.

	
1st

	
2nd

	
Third

	
Avg.






	
0

	
400.74

	
402.02

	
407.25

	
403.34

	
143.86/7.14

	
151.84/7.54

	
150.8/7.48

	
148.83/7.39




	
1

	
374.86

	
366.09

	
376.16

	
372.37

	
117.44/5.83

	
116.1/5.76

	
118.50/5.88

	
117.35/5.82




	
2

	
160.99

	
167.27

	
155.8

	
161.35

	
97.95/4.86

	
99.82/4.95

	
100.89/5.01

	
99.55/4.94
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