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Response of Fiber Diameter with the Continuously Changing of Draw Ratio
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*!Faculty of Textile Science and Technology, Shinshu University,
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Abstract : The fiber with gradually changing diameter was fabricated by changing the draw ratio continuously, that is,

by changing the take-up speed of melt spinning, laser drawing, and heater drawing processes. The diameter profiles of

resultant fibers were monitored and compared each other. As the results, the laser drawing shows the best diameter

responsiveness among the three. For the case, the diameter changing rate increased with the increase of fiber

acceleration rate up to 6.0 m/s>. Moreover, it can make the fiber whose diameter gradually changed about 40% within 8

cm range for the minimum case. The diameter profile was determinded by not only the draw ratio profile but also the

start/end draw ratios. The lower drawing stress change tends to improve the responsiveness, and the minimum response

length for laser drawing was obtained for the draw ratio decreasing case.
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Fig. 1 Concept of diameter gradient fiber.
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Fig. 2 Schematic diagram of drawing system.
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16 cycles of diameter profiles obtained for (a) laser drawing and (b) heater drawing. The draw

ratio changing 4.0 — 8.0 = 4.0 — 2.0 — 4.0 with the take-up speed acceleration rate of 6.0 m/s’.

600
5000

400 ‘

Diameter / um

300

200
0

Position / m

Fig. 4

16 cycles of diameter profiles obtained for melt spinning. The melt draw ratio changing 3.0 — 4.0

— 3.0 = 2.0 — 3.0 with the take-up speed acceleration rate of 6.0 m/s".
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Fig. 5 Averaged diameter profile obtained for (a) laser drawing, (b) heater drawing and (c) melt spinning processes.
The start / end (melt) draw ratios and the take-up speed acceleration rates are noted in the figures.
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Table 1 Response lengths for laser and heater drawings.

Acceleration Response length / cm
Draw ratio 5
/ ms Laser drawing Heater drawing
0.10 22/36 44/ 65
0.20 15/22 36/51
0.40 16/18 -/ =
2.0—4.0/4.0-2.0 0.80 12/12 29 /43
1.6 13/11 -/ =
32 11/8 -/ =
6.0 11/8 27/34
0.10 87 /145 125/172
0.20 67/175 89/86
0.40 52/44 -/ =
4.0—8.0/8.0—4.0 0.80 35/26 71/57
1.6 30/20 -/ =
32 26/13 -/ =
6.0 26/11 58/46
Table 2 Response lengths for melt spinning.
Acceleration
Melt Draw ratio 5 Response length / cm
/ ms
0.050 54 /83
0.10 57769
0.20 37/44
2.0—3.0/3.0—-2.0
0.40 46 /50
1.6 41/43
6.0 47743
0.050 102 /142
0.10 74 /79
0.20 39/46
3.0—4.0/4.0—-3.0
0.40 70/ 47
1.6 40/53
6.0 65/32
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Fig. 6 Drawing stress measured for the steady state

laser drawing.
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