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A Study on the Design of the Warper Beam Considering Friction
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ABSTRACT

An analysis for the warping process has been performed to design the warper beam. Nonlinear material
response is included in the physical model of polyester yarn. Large deformation finite element simulation
considering contact and frictional analysis are used to obtain the pressure on the barrel of the warper beam.
Loading condition on the flange is assumed by using the pressure on the barrel, winding number of yarn, Poisson's
ratio of fiber, and fiber volume fraction. By using the above loading conditions NASTRAN finite element
simulation is performed to calculate stress distribution and deformation of the warper beam. By comparing the
deformed shape of the flange with experimental result, loading condition on the flange has been obtained. The

obtained loading conditions on the barrel and flange can be utilized to design the warper beam.
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Fig. 1 Schematic diagram of the warper beam
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Table 1 Material properties of the flange and barrel

Flange Barrel
Young's , Young's .
Modulus Yield Modulus Vield
Strength Strength
(B oe/memd) B | N/mm®
(N/mm?) (N/mm®)
Radial o000t 254 | 128 | 7500t | 1707
Direction Direction
Tangentiall o o100 | gysp | Thickness| o 0| 1722
Direction Direction
Thickness | g sox1gt | 2752 |F2neentiall 5 eigt | 1866
Direction Direction
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Fig. 2 Stress(Load)-strain curve of polyester yarn

under uniaxial tension

A}7} el 2k (winding)E W # o] 20gfE
Y&, 9999 dE vhRAEHON 3 ¥3
S A H22 WddEe Zedab 2 d e 20gf
olate] o] gt waly GAAFE 27
BAATE T3t AME37I = 33Ut

oz, & ¥y E oy eRidEe Egdx
B 2ALe] FIATE 7317] 918t Kawabata
ANENE AHEStY FIAE S TR, 2
A3} Fig. 33 T ZEoladEAle] viAY 2
E-ZE9 #BAE F3HTh

Zed g 2Ale] HAHY RHE.ZEY A2

Fig. 3& AH&3te] o33} o] T3t

M = 0.0000039 + 0.0067192 k- 0.018558 K* +
0.0238442 &’- 0.0132098 x* + 0.0026091 ¥’
@, M : Moment(gf-cm), K ; curvature(cm‘l)

&)



dEH - Yt - N8

: @2 AYFEIH A A20d A3E

Fig. 3 Moment-curvature curve of polyester yamn
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Fig. 4 Wound Shape of polyester yarn obtained by

warping simulation
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Fig. 5 Reaction forces acting on the yarn nodes
calculated by warping simulation
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Fig. 6 Wound

considering friction

shape model of polyester yarn
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Fig. 7 Pressure model acting on the barrel
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40" warper beam flange
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Fig. 8 Pressure model acting on the flange
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Fig. 12 Stress distribution of warper beam

AAAY Az
63 Fig. 79 st

EdA 9 HAHEHE
1.25mmell 382 E Fig.

2dgo] vl HigdttE AHAE Hlh
SHEXY AMEY Ho S wig T

A 147.0 N/mm’olu}, wjde] &E23o| 1707

N/mm® ©]4olx, EWAx A g 114.0

o] 275.4 N/mm’¢| 22 #A)9
AL °

AN=

N/mm’ojt} &2
AR A7 BT Hatel AFA
= A

3. 42inch A8 HA ¥ sy

A WALE I Y= 40inch AFWE 2AZ &
o 42inch AR WS Fig. 137 7o) ZWA Ao
Z}z} 350, 400, 500 mmoll th3] FHoiH Y3l
Zr kol Wil S WP GRE AL

Fig. 13 Modelling of 42" Warper beam



4Ed

- AT - AEE - A2 AL T A A0 A3Z

42" warper beam flange

Pressure (N/mm?)
w

M "N

400 440 500

350 550

Radius (mm)

150 200 250 300

Fig. 14 Pressure model acting on the 42" warper
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Table 2 Results of FEM analysis
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Fig. 15 Stress distribution of 42" warper beam with
500mm flange radius

Fig. 16 Deformation of 42" warper beam with 500mm
flange radius
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