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The Study for Optimal Design of Spindle Insert used in Cotton Spinning Machine
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Textile machinery affects various industry, such as sport leisure industry, metal and chemistry
material, electric electron, mechanical energy, packing and printing industry. In case of design of
textile machine, the very important fact is absorbing the minute vibration induced by spinning
thread and insert which is the part of spindle plays a role of reduction of impact caused by
oscillation of fthread bobbin. Therefore, Optimal design was executed by design of experiments
and kriging optimal desigh methods to prevent fracture of spindie insert under the fatigue
condition and deduced the best value of design parameter to improve the stability of the products.
The highest sensitivity is showed at the design parameter A and D. As the spiral number of insert
is increase, tension force applied its edge is distributed at whole model and the sfress

concentration is reduced.

Key Words: Spindle Insert (& E A E) Soiral Cutling Machine (144 718 & X), Design of Experiments (H EA 2D,
Kriging (272}, Goodman Diagram {Goodman &%)
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Gomax = Maximum Equivalent Stress
= Stress amplitude
= Mean stress
T = Spiral cutting thickness of insert
A = Spiral cutting initial angle of insert
D = Thickness of insert lower part
H= Total spiral cutting length of insert
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Fig. 1 The shape of spindle insert fractured by fatigue test
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Table 1 Material properties for spindle insett

Ultimate strength 460 (MPa)
Yield strength 250 (MPa)
Young's modulus 200 (GPa)
Poisson's ratio 0.3

{ Fatigue Limit 86.2 (MPa)
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Fig. 2 Finite element model for spindle insert
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Fig. 3 Boundary and load conditions
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Fig. 4 Direction of applied loading
Table 2 Cases of Finite element analysis
Cases I I I v
Direction | X | -X | z -z |
Displacement | 0.5mm | 0.5mm | 0.5mm | 0.5mm ’
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Fig. 5(a) Equivalent stress distribution of spindle insert
when the displacement 0.5mm is applied to +X
direction

Fig. 5(b) Equivalent stress distribution of spindle insert
when the displacement 0.5mm is applied to +7Z
direction

Table 3 Results of FEA for spindle insert

Cases ! I I v
Equivalent
quivalentstress ) 1< 2e | 0432 | 41.07 | 206.02
(MPa)
. di t
Max. displacement | <o | (554 | 0.516 | 0.520
(mm)

Table 4 Mean stress and stress amplitude in each cases

Assembly Cases &l & | 1&1V
Mean stress (MPa) 170.05 | 143.43 225.9
Stress amplitude (MPa) | 75.73 102.36 19.88
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Fig. 6 Goodman diagram for spindle insert
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Fig. 7 Design variables for optimization
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Table 5 Boundary of design variables

Design variables | Lower Initial Upper_
T (mm) 1 2 3
AC) 13.76 21.39 40
D (mm) 8 10 11
H (mm) 15 32 35
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Table 6 CCD Type: Face-centered design

Exp. Design Factors Responses
No | T A® | D H | gl
1 2 | 22135 9 25 442.43
2 2 | 22,135 8 25 411.47
3 2 | 22135 10 25 485.64.
4 2 10 9 25 181.45
5 2 3427 9 25 565.37
6 2 | 22135 9 15 539.41
J 2 | 22.135 9 35 270.70
8 1 ] 22135 9 25 503.19
9 3 | 22,135 9 25 417.57
10 1 10 8 15 253.55
11 1 10 10 15 355.08
12 1 34.27 8 15 572.29
13 1 34.27 10 15 695.87
14 1 10 8 35 158.70
15 1 10 16 35 241.58
16 1 34.27 g 35 424.36
17 1 34.27 10 35 531.98
18 3 10 8 15 273.74
19 3 10 10 15 372.66
20 3 34.27 8 15 509.20
21 3 34.27 10 15 614.63
22 3 10 8 35 157.08
23 3 10 10 ;35 277.25
24 3 34.27 8§ 35 356.80
25 3 34.27 10 35 428.13
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8(a) Maximum equivalent stress of spindle insert
with respect to a change of design variable T
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8(b) Maximum equivalent stress of spindle insert

with respect to a change of design variable A
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Fig. 8(c) Maximum equivalent stress of spindle insert
with respect to a change of design variable D
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Fig. 8(d) Maximum equivalent stress of spindle insert
with respect to a change of design variable H

43 3 dx

Table 7 & 2WE AXNES HHs ARE
Bl Rolch Fig. 9 & AA3 A T A
A HEgs udstd AEsae st =8
3 Anae 29gFa Jdoh. AN F&
FHUSH(128.57MPa)H FrE L&A T3 F
g-&-8(135.12MPa)2]  AFel7t 5.1% 23S Heli
Aqol A3 A9 gHEALS AT 5 AUt
28I 2UE JAAE EAse AdgEL 3
g FYT o] F 45% Ha2P As ¢ T+ U
I8 Fig §olA B A go] ~WE d/‘i
Eo x7] g vE G AG WAE DI B
]

o] Zad AL o 4 gk 27 ?ﬂf:}ﬂl H 3 Ur
Azke] Fagom A5 UAe Fgdse Fhw
A& & & Ak il FHAs 7}” =WE

o HY ol o8 TAsE IFEHL 2~

g oA BAAZE d¥e FozH
gg gsAlvlE Aoz e



X M 273 43 pp.72-78

April 2010 1 77

Table 7 Optimization results of spindle insert

Table 8 Results of FEA for optimal spindle insert

Design Cases I I I v
, T | A | D | H |Odwumu(MPa)
variables Equivalent stress
o 13512 | 37.95 | 25.32 | 117.26
Initial design 2 |21.37| 10 32 245.78 (MPa)
imal 135.12 Max. displ ¢
Optimal 1 o7 1379 8.01 |34.31 ax. CISpacementl v s14 | 0.517 | 0.524 | 0.521
design (128.57) (mm)

i

Fig. 9(a) Equivalent stress distribution of spindle insert
when design variable is optimized
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Fig. 9(b) Magnified equivalent stress distribution of
spindle insert when design wvariable is
optimized
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Table 9 Mean stress and stress amplitude in each cases

Assembly Cases [&10 I1&II | T&1IV

Mean stress (MPa} 86.54 80.22 126.19
Stress amplitude (MPa) | 48.585 54.90 8.93
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Fig. 10 Goodman diagram for optimal spindle insert
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