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ARTICLE INFO ABSTRACT

Article history: During the winding process of textile manufacturing, the winder is a piece of
Received 1 July 2021 core equipment. The high-speed winder in this study reaches high operating
Accepted 28  July 2021 speeds of up to 17,000 rpm. The natural frequencies of winder machines by

modael testing have been recorded in previous studyies. The purpose of this
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study is to identify the most effective FE (Finite Element) model through
ANSYS, which is one of the commercial CAE programs. ANSYS requires
configuration optimization for design variables, such as equivalent stiffness of
three different bearings, elastic moduli, and densities of shell and shatft.
Through this study, the best FE model for a high-speed winder was obtained

Natural frequency using the method of response surface optimization with design variables.

Response surface optimization
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Fig. 2 Locations of three different kinds of bearings in a high
speed winder

Table 1 Equivalent stiffness of 3 typed bearings in a high speed

winder by experimentm
Bearing BN35 BN30 6004
Radial stiffness 4,601.9 3,156.4 17,673
(N/mm)

Table 2 Comparison of natural frequencies with modal testing and
FE simulation of a high speed winder by the AN Sys?

Mode | Modal testing (Hz) | Mode analysis (Hz) | error (%)

1 18.75 20.23 7.89

38.75 36.93 -4.70

285.10 -0.83
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Fig. 3 Simplified model of a high speed winder



Journal of the Korean Society of Manufacturing Technology Engineers 30:4 (2021) 301~307

Table 3 Material properties in a high speed winder components

Material SCM435 S45C Al
Density (kg/m3) 7,700 8,030 2,770
Possion’s ratio 0.27 0.29 0.33

Elastic modulus (GPa) 190 205 71

Fig. 4 FE modeling of radial ball bearing with equivalent spring
stiffness
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Fig. 6 Mesh quality of FE model of a high speed winder

4

R}

.]

>

oA w4 ol wheh Az} Zhol
A AMa'g 717158 7Hdstol A
T meElgol] AR FEES HEE AR A
70| 23t} ojuf Hl4] H2JE|(mesh quality)E
F e, gL 10 7SS
A FE modeling¥} vl4] Eeje] £4=

g2t
7

1=}

A

4 E Ao AT o] Aol mEloflMs A FEo] of
3 w4 FE7E Bt 0.500 S-S, & Atolde Bk &
& vl4 e E 8l wHE AR AAshE WA oSt
a2y w7t 2EEA ee47t Rold g FYElE ST
T S| A AJTEo] THEHA] ZojA|= ido] AR o Eis
of At sMAZHE 7AW HEEE Uiz E0]7] fls 24
A7)(element size)Z & 15 mm, A/ZE 20 mm, &3} HjojgLe
10 mme A7sIgit). o] w, w4 H2ElE Fig. 60 Uejon,
PACR 0.659 HElg 2= w47t YU o] A+
ol A9l =E(node)2t &4 (element)= ZH7F 56,91571, 26,8977
Fow, £ RERoA] e 40 94 = 717 88,3047,
47,978710Ict. tl4 HefEld] wE siA Az Aol min|Fn.

=i

2.2 2= iy

A AT BBl §Ee A HElS o]g3lo] 9ekas SiA
Z2I3Q0 ANSYSY] HES|MS Sasoitt 1 At =5H 3
A9 357549 AHZEE Table 40) Yol Hlsstich =
3 Aatz oy 1, 2, 37 [ ELol Uigh 1f BE FAES
Fig. 70l Uehth. 2§ 2E J49 4 14 2405850l
o] FHEHIL, 24 LRI E Do) 9557 St B4
ojd, 34 L{RFLolAME JFE 14 F7] Fho= A

S8 278 Atk ol= Fig. 8ol BAIsIeITh



Jong Yun Kim, Deok Hwa Park, Seong Keol Kim

Table 4 Comparison of results of modal testing and previous
modal analysis

Mode Modal testing Previous modal Error
[Hz] analysis [Hz] [%]

1 18.75 21.14 12.73

2 38.75 39.59 2.15
287.5 283.7 -1.32

Fig. 7 Mode shapes of a high speed winder by modal analysis

(2) Mode 1 at21 14Hz

ﬂ-

(b) Mode 2 at 39.359Hz

e R el

(c) Mode 3 at 283 THz

Fig. 8 Design parameters for optimization of a high speed winder
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Table S Three candidates with equivalent stiffness of bearings
as design variables

Mode Candidate 1 Candidate 2 Candidate 3
1 21.44 (12.5%) 21.43 (12.5%) 21.43 (12.5%)
2 40.8 (5.3%) 40.8 (5.3%) 40.79 (5.3%)
3 288.05 (0.2%) 288.5 (0.3%) 287.95 (0.3%)
© e AR gesto] side aaeith AR 2Ag
Ae 3.3, 3.4, 3.5% 7I&sin
3.3 357 /i Ho{F el Sl chsl £[xzt 7| S HESH
P EsHA
A WA GACME AAESE 57 HolgY S
80~120%2] W 9iollA 223t S 283 HEs|AS 438519

AL
L]_%T\__

o). ojuf Bl 1K 12} 20 Hz, 22+ 39 Hz, 34 288 Hz
ot} A3l AE UL 3719 SRAESE Table 50 UERJC
™, o] e A Qi}gom

3709 $EAE 2 5ol thsliM = A o
Zde 20| 14%2] 2 QS
Hoh H*EH Foyste 29A,
3HA GAE %

OHT

3.4 357 o7f Hjoj3lel STty H dlnt AFZEL| B Aol
s &[X=p|Hs HEot 2oy
A ‘*ﬁlﬂlﬁh ’“ﬁl‘*‘?i, S HloY S7PAdE
90~110%, &3} AFZE T 80~120%2] WLl 24
sigict. ojwf Bl /7 17~} 20 Hz, 27} 39 Hz, 3% 288
Hzo|th.
A3} At

}\‘]_\,}‘ Zz 7]’1\‘]0]

ojglo] 7Kl x% %
ool th2

St

H]
H] =3

A “T:%Iﬂ MR

X
>
i)

il
1
=
2

e
1o

ZoA 0.07%, 31} 18
A9itt. o] Table 69 ]’]-]E]-ME]-~

3.5 35F 570 Hlof S7rA
PSS MBS Des|A
oharo R, Ut AFTEC] B4 Tl Yxg
wAstol 57 Hlofe 57148 90~11

ot AFZEo| o Chal

AR
a

0%, gt APLES] Y&

305

Table 6 Optimization result with equivalent stiffness of bearings

and elastic modulus of shell and shaft as design
variable

True value Analysis result error
Shell E 1.90E+11 Pa 1.54E+11 -18.95%
Shaft E 1.90E+11 Pa 2.26E+11 18.95%
6004 17673 N/mm 16879.2 -4.49%
BN30 3156.4 N/mm 2944.7 -6.71%
BN35 4601.9 N/mm 4842.1 5.22%
Mode 1 18.75 Hz 20.66 10.19%
Mode 2 38.75 Hz 38.78 0.07%
Mode 3 287.5 Hz 292.73 1.82%

Table 7 Optimization result with equivalent stiffness of bearings
and density of shell and shaft as design variable

True value Analysis result error
Shell p 7700 kg/m’ 8002.3 3.93%
Shaft p 7700 kg/m’ 7257.1 -5.75%
6004 17673 N/mm 18189.5 2.92%
BN30 3156.4 N/mm 3346.1 6.01%
BN35 4601.9 N/mm 4426.5 -3.81%
Mode 1 18.75 Hz 20.58 9.76%
Mode 2 38.75 Hz 38.76 0.03%
Mode 3 287.5 Hz 287.97 0.16%
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