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A Study on the Manufacturing Processability of Automatic Winding
Device for Manufacturing Strand Specimens

Jae Ho Cha*, Jeong Keun Jang*, Bo Mi Lee**, Sung Ho Yoon*'

ABSTRACT: In this study, when strand specimens were manufactured using an automatic winding device to obtain
uniform strand specimens, analysis and test were conducted to investigate the effect of thermal expansion of the
mandrel on strand specimens. Also, necessity of changing materials and mandrel configuration was checked.
According to the results, strand specimen received unintended tension that was created by thermal expansion of the
mandrel and this unintended tension depended on the curing temperature and position of specimens. Tensile test was
conducted to check that initial tension affected on the performance of carbon fiber tow prepreg. All other conditions
were fixed and only the initial tension was controlled at 40 N, 60 N, and 80 N. From the results of analysis and test,
neither additional tension and tension deviation due to the thermal expansion of the mandrel and the initial tension
difference had a significant effect on tensile test results, because carbon fiber had sufficiently high strength compared
with tension. Therefore, it was confirmed that the change of the mandrel material and configuration of the automatic
winding device was unnecessary.
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Fig. 1. Mandrel model: (a) full model, (b) quarter model

Table 1. Number and type of elements in each part

Strand Aluminum | Aluminum

specimens frame beam

Number of elements 45,000 42,000 26,000
Type of elements | SHELL181 | SOLID187 | SOLID186
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Table 2. Material properties of Aluminum
E (MPa) v
71000 0.33

a(Ch
2.3E-05

Aluminum

Fig. 2. Model for analysis

o AHEE LFu]EC] AL Table 20 LhebLt 9lct.

2.2 afjA 2y

Fig. 20]i= sl|4of] AR&-H #F HEo] Leht it AA|
o] FolA E7F 7= &4 RS aLesto] 127)
o] 2EHE A A5 Aottt a4 mdo] HA 3
4ol 140182 AA AL el el diste] tfA 1
<= A&kt st dofl o3t YRS 1253l
O B2 7IAH stE2 FoAshA] ok AstE it 48519
oh 2% 271 A3t 2719 2= FYT 121°CE Fof
sttt g o] ERAA s - A AY 29 g
217) gl 2EHE AJHO] IS FAISEITH6]. 8
Aof] ARG B f-o] B A= 230 GPaoltt. s 4] 2
2 Ho] Hya /jd AEWE XHol| 285t A
o= Zlstint. o] 5 913l Fig. 29} o] AEHE AJH )
x| of] wpeh THFE 128704 M3 S Fojsiqint. jie] 4
ojef e FFo A } o] FHF7AY A= 42 L,
oF L= A oJsto] WP UrtFst=t] Ag-stict.

3. AE MZEF R A S

3.1 Al m=
27] Aol 2EHE AlH | AFAH Aol vA =
FIFe doti7] flsf B zej =z s HEH e
Azt Akg-E &

[e}
o e 2dste] AlEE AlRsklt
o
o

Fig. 3. Automatic winding device for manufacturing strand
specimen
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(a) (b)

Fig. 5. Deformation results for mandrel model : (a) free thermal
expansion model, (b) model with strand specimens
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Fig. 6. Normalized deformation and tension for the longitudinal
direction of the beam
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Fig. 7. Stress distribution for the longitudinal direction of the
specimen
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Fig. 8. Maximum deformation of the beam for temperature
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Fig. 9. Variations of tension for temperature at each specimen
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