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A Study on the Spring-back Phenomena of Thermoplastic
Composite Sheet in Solid Phase Bending

Joong-Hee Lee”, John M.Rhee”, and Cheon Namgung™**

ABSTRACT

Experimental and analytical investigations were performed to understand the spring-back phe-
nomena of random directional glass fiber reinforced thermoplastic composite sheet in pure bend-
ing. The materials tested contained by weight fractions of 20, 35, and 40 percent of glass fiber in a
polypropylene matrix. The pure bending tests were performed at temperatures ranging from 75¢
to 150 with 25¢C increment and at punch speeds of 1 mw/sec and 0.01 mw/'sec. The spring-back
angle decreases with increasing the forming temperature. The spring-back angle measured in pure
bending is compared with the prediction based on the analytical model. Good agreement between
the experimental and the predicted results was observed.
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Table 1. Punch and die geometry used for bending tests

Punch Radius(rp) (mm) 2.5,5.0,7.5
Die Profile Radius(rd) (mm) 10.0
Die Gap(dg) (um) 41.0
Punch Depth (mm) 12.5

Fig. 1. Punch and die geometry used for [)ending tests



60 o] 3 - o] FE - @TAH

BEHA SR

75C2RE 150C7A 258 ZletEA AES g
e 2X spring-back @4 nAE LS EIE A}
3}t Spring-back Zt =+ loadingS AAS A%
o AlHe] Alelzt W3E CCD camera® ©]&3ld

< imageg Aste] FH3ATE ded UG AA
HA) LAz fAle] SiAteld] Fig. 20 B AXE

Fig. 2. The gap formation of 20% composite sheet as
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{c) 25.4mm

g% #A] o] o] M gapol HASHA At 2
gut o]2]3t gape] HA& E3| |AQ] OF ol F
F(buckling)& s, 44 434 AEd 4%
£ H8ME o8 E FEe g Aorstn o3 HF
2 4 ABe &g spring-back 4L <]Fs}t7]
7} ofEch ogEz B dPoAME gape] dA4HA
G X Zo] 12.5 mol|A FEYAEE Pt

3. o]&H 1%

E3A 89 spring-back E3& 58] YT @4
A A& gstgct Spring-back ZEE o &3y 9
g F4A mde F9 A4%& plane strain 270
Vsl #7089 ch Plane straing 93 718 713
& FAle] uulydke] AYELE goini(e =0), FAH
o] ¥R E cv B UFoRFE vigELR A
Yoz Hgciy 7PgsiEch B Be BA AAe
HE oA Edd dgugdes FESYR, &4
P dFT YRS Ze FEo2 X9 vt

PREA dofun] SR dE el Al
o] tiole} Yhi= XFH7A Y] gdog 7P sl
HAPZATZRE AU EL AR FYHeERE F
2 % 3m FEe] G dojur] wE & o]
4 nddie Zde desE f3 #Hxe F94
SBXE % ImE AAWNEY o sPgskt Fig.
3& B Aol AME 2y ¥4 Bl 3 B
do A" $E-¥EE BAe 9 489237
Bud Z27e 48 A9 2dg o8-8l A
tH15] & |7 AHeE ARe veER AR )
Ao, 5P B % HHoMe Feo] Ho
= A gevy /P etk

Fig. 4= 243899 a4 & A3 A€ J3AE
Uehlls AR r& FYEE7AR 9 92E veh,

y

e kR R

il

75 3YPBORLH & 2279 3§ WHoln dz
£ 229 dole] F7helth ane WP Al

HYgEL
%9 Zo] LE 3t AT £ glvh. FEHRAA
9 39| Zol& L, =ro25 Jehd £ glon], 97]A
e 5 Zdxzoltt. #AY FA, AA & tole] 718
3 Fgeend #3474 08 AR, 494 &
o Slojxel 59| Aole L=(r+2)0 o|c}. T3

-

o
F 29 ol Y] v 2hF Bojd & 84
o) MY EL U5t Zo] vEhd # 3ok



% 528 19984

@7t SEAE B4 24 FYJYA Spring-back B3] Y A7 61

| :

i Straight REgi

i

]
Elastiq Region
!
|

|
1 Plastic Region

Fig. 3. Simple bending model used for bending analysis
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Table 2. Material constants for n values
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Fig. 7. Comparison of computed and experimental spring-back
angles for the 20 % glass composite at punch radius of

speed of 2.54unn/sec 5.0mm and punch speeds of 1mw/sec and 0.01mw/sec
30 [ T T L T T 30 T L B B R
——e—= ¢Xp lmm/sec L ——+—= exp Imm/sec
25 ¢ ==& - -exp 0.0lmm/sec B — = exp 0.01mm/sec
) —e = analy Imm/sec © N =+--¢--- analy Imm/sec
g” 20 + s+-%--- analy 0.0Imm/sec ] gb 20 F - =% - - analy 0.0lmm/sec ]
1 e b 4
5 Lp ] & 15k :
%0 é‘) [ 4
Tt * - 4
& 10 3 B S 10 — 7
5F ~ 5 _ 3
0 . : o il P PR NI - 0 . - P : ¢ A PR SR
50 75 100 125 150 175 50 75 100 125 150 175
Temperature("C) Temperature(°C)
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