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Modeling Techniques for a Thermoplastic Bumper Analysis

Abstract
The analysis of thermoplastic automotive bumpers needs not only
characterizations of the thermomechanical properties of thermo-
plastic materials but also the finite element method which can
solve the problems with a large deflection, an elastic-inelastic
deformation, and a change of a contact state.
This paper describes the modeling techniques in the finite element
analysis in order to get a good prediction of thermoplastic bumper
behaviors. Simplification effects of a complex geometry of thermo-
plastic bumpers are studied by comparing the results from static

loading tests and the finite element analysis.
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g5 FHel Addolof s 2 A(dent) 7t ook, ol A==
HAZAHE 7)lFol &4 glojokd. M HELE PC/PBT alloy2 A& A4Y
o2 WEA.
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B8 +2 #EE Ak, AALE PC/PBT alloy 2
FTHY= R o,
(3) AAdAR
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2.3. A& & A¥AY ¥ A%

AEFA FAAN BAY AE FE AYL 3 pendulum test 9 barrier
test2 ¥ v pendulum test = pendulumo] B 9 xojuata} 1}
center hitted pendulum test (CHPT)$ corner hitted pendulum test
(CRPT) 2 vrdc. 71 & CHPTo cfate] dofch, o AUL A4y F
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o 2% transient dynamic behavior2 A o] & fH <}, pendulume] F& F
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PC/PBT alloy: dutH o2 & A A 4(elastic modulus) 9} Z =
(strength) 7} W3 & (strain rate)d} S o] v HEG, HEYZ o
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A4l HHs) wedsolof Ao, =¥ pendulundt FE4 APl
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A3 wHe) HoF AYE e HAEH A,
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HE 4 A8 8Fsls Ed29e 783U 4L @44+, o
TRE, %ﬁ%}i(impact strength)ol™ #4248 4(Finite Element
analysis)E HAdA S$H-HYE F H(stress-strain curve) 7} ¥ L ¢ ¢},
A4 7lE BEALS &5 Mol e dol Aok & PC/PBT alloyol o
HAE -0C(EE -20T)S 424 Fadgd, =% FEANEY 29
St vind7 A HYFol HE FH-HYE FTHE 7. HA9
BA4E 77 sldd dRAHHA FHAESE A
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PC/PBT alloyel A4 &3 -30TCo 49 grip speed 5 mm/minol] w& & -3 3-
MYE TH3 BAH4ES 28 2 9 1 o] AL,

AFAEL 423 -30TCol A grip speed
et AEeRd. 4 SENHE grip speeds] Mol Wt GYASFE
Ao A G2 bd AFFEE HA A, Ao v -0THHE
S4EH AdAF=E ARG, 2 JdAe] HYEE 1050 4o},

wfn

5, 100, 1000 mm/min 2 =

(2) 2444
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7t flojok @, $ANYo2ZE [zod 3 H AU (inpact test) s F 34
Hifelling weight test) S Qd. FAZEE A¥HH A8 =220
we ghel Aol o,

PC/PBT alloy® ¥ 10 cm * 10 cm % 3 on 2719 AHE GFAHE 3
o Q2 A3 -20CHS dF dF-d9 FTHE 2™ 3 o AU,
225 3,77 kg, 25 $E& 5.59 n/s olk. A2l WS
20.5mm ol A Huoiurd 187.5 kg 28 F4H oA % 1914 kgknn o]
2 -20 C oAAE {9 20,3 nm oA Ak 240.2 kg 22 Y A&
2376 kg*nm oljc}. wetA H AMEL -20T AR 4L o4 33 #
E§ A4S ¢ & A

AL G4 E, ABAFE, 3HFETo] 4o v Bl ANA U+
oz WHN A2 43 AY (AE E
i
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A CHPT) ol AN ol 22 ZAASY -20 TAXNSY 5 AHAE

fn
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My A e ¥ddn §¢2484 AFdg vimetr] AMA Hy Y
dated a5 AES AA8[AG. 28 4 of AH FA 2E4Y oY
T AR,
pendulum o] W FFo HxNGT F Eo] AAAAF ] A A},
A" % pendulume] Mg ey F&e AW (penduluno] F & WAFHY)
o ¥4 ﬂ%%%*]ﬂl FAdHG. AP 3 A Lol ddod 4A
gRoem %3 pendulum HH, &FFH W A HAo AF AHA S
Y5 o 4.
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W5 W3 pendulum o) ¥ AAHY ANl e FHdo NE79 3
et F el Bo]E B, "Wl 2" ¥ & F 3 pendulum HH, #F 3
Ao dee FHE vixed 2 #Fol sl pendulun 3} HH A
o] Sdo] 4gd AL AT WY A, o WY @d
Aol AT HYHL T,

4., SR8 284Y
4.1. s} 8

Al Egsn A= S22 22398 ANSYSE o] 8o M W
dated FRaL84H S QA HaF A% HAA g vin A,

d 4 2o o HH A4S 7 AY K 2(element) ] e U
aolw & F&(option)s] 49 F2FEY [5,6]c4 RdRenz o
ZINE 2 ASdRs 793 A$ .

A7t B2 4ol naterial nonlinearity, large
deflection, gap element(geometric nonlinearity) e A& o] H4 ol

A den(l] 8 2l ddx Ho] =R [5,6] #&A

ki

2 =Y HYNHME o]F MYt STH-HYE FTHeZE 29 60
A ¢t zte] "trilinear" ¥&& A&,

84 g2 "4-node plastic shell element” ¢l STIF43 S A} & 3
eoew large deflection & & A§ s, £ pendulumd Wy 99
Aol stFol 7t Holl wet o]Fss AAE 27 A8l "3-D gap
element”" ¢l STIF52& A&, ol A F =(Degree of freedom) 7}
370 (UX, UY, UZ)2 A&FdASdet 54T HEds 240, [7]
AMAAR ] Hdol dF-HH FAHY 717 He 2dej ube 2w
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ZUE 419 cnt ol ASHET AAHNG, o] RAE A4 G F-ES
FTAZ 28 10 o AR, o A3 AFAASG A 71£77 A4
By 27 J1€77 AAEG 39 A FE 0% FE A, @G
A o] AA#R LAY YA 23 HHAS dFS FEW HIH V)
TE AR ¥dEA €A,
A Eo] FAE Ryle] g HHHAS

o] A& pendulume] = F
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He 27 FHolx FAN FUR FHA ZAE A4E3dNg. o

23, dF-99 FTAHA(2™ 10)2 AT Wel THH}AG.

AMiA2 298 9 9 (2)8 2 @y el FAURA AdAd A2

2dE d43xn 2 dF-89 F4H4E 2% 10 ol g, 2 AHE 2
46 9o NEZFAS vimadd 27 7€V, AAINEY], HAIGF T ol
Z dA8E B9 &,

Ao Al 2ldell A $F-HY FHS vinsdd 2l Gy FE I
Al & 432 §2 ¢4 A, F49 AAHY 77 & vixsy
27] 7Z1&€717 438 Aol Gl FEol W Ao WA LAY F
28 dedd GHP A o] HE G S Ao F23
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2HEJ ZFEa AA 9l YUWle] WHEA 2 FHE o]F 2 Yo
W, $A7 g7 AEd 27 VE AW ¢ Wl FIRAEELE VNE
e e 2 FUF AAY Sido] ¢ #
A A A pendulumed] A FL o Aw o] Aol 27 71 &7 Aol FE u
Bdga g4
AANE7NE A 2l dall A vixen ol A G gy 23%w
WE7 Z32 Y] ddFFo] Ao A7 Al EY Ao}, HEyo] Y
45 vdgddde] Frstn ddyg e Aolonded dFHATHY
AFel 2eAn AdadFol Aojst drp. =G vjFYo] R 42
HES Aol HUY T Ae]lE UEF @&,

A GHEHLS 2T A HEo FReE HSuHe] ofymz
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pendulume] ¥ ¢ A Xof et HYs AYHFA7} A J2UdE
Wggdo doltE #F 9 Aolo] A Hez FHF A¥AA
pendulum $1 2ol W AA#RFH aF-49 FHY AT Aol T 9.
A Rde TEHeE HEUN AANAARAN §He] 7% 2. W
Mo g P4 Aol ol ¢ Y4l AA W, ANSYSAA
L 227 305 o4 HNAHNY sl el AF Yol BejAY 2 ol A
Aol e AYollH L4 A5l 438 &4 s 94 FEHeo 2 HEA
o] geojdog 4 &nJt Ao,
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3% 1. PC/PBT 33 AlAwe] #4434 2J4H
Az ol Wy shul, W, A AFF, A

_O"O'-O--o

STRESS ( kg/mm? )
S

=---0O--  room tcmpcrature

! 1 —a— -30°C

0 ! 2 3 4 5 6 7

STRAIN (%)

S22 PC/PBT alloye] A3} 30°Colile] 28 -H¥s
(20A A1 Y. grip speed Smm/min )
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300

——o— ROOM TEMPERATURE
ece-- W°C

200

FORCE (kg)

1060

30

DISPLACEMENT (mm)

S93.  PC/PBT alloye] 423} 20°Cejxie] 9 - Hg A
(=AY, 3 BA 377kg, $E 5.59m/s)

34 98 e PEE AY A,
$ % pendulum, W] Y, A AR
49 2332, 19 |
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LOAD (kg)

g s.

1200
100X
_____ o
.07
rA ~ - ,.."o
R0 I - of®-a
x’ a
I, Il .'D
’ e Lo
It s /-
600 / , Ho
/l l’ 3
A
’ s
/ ‘
/ .
I( Il.
400 A /{(".
/; 9. ——O——  beam § {load-pen.disp.)
" g ——-a-- beam 2 (load-pen.disp )
' /9’ seee@----  beam 3 (load-pen disp.)
e
2001/ ,f-o —--a-- beam 2 (foad-back disp)
’ !
A 9
‘0
;L
;
Q A
o 10 M 0 40 S0 & 70 80

DISPLACEMENT (mm)

Aot Ageln e 513 - 99 24
¥) 1. 3% ) 3. & 3|5 -pendulum H$ LA

-] L 1= -
1) 2. &= 315 -pendulum H$] A F -9 U
'
7
6
-~
@48 (10,5.)
5
)
£y
S
W 4
1 %]
53]
g
5 3 (18,324)
2
1
0 i 2 3 4 b 6 7

STRAIN (%)

% 84 A4e] AT $Y-HYE FA.
B B EAIWY WY Y 2
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PC/PBT ¥ 2| F4+%

g 7.

PRECISE wicOE

A(nee)
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8 22 4o AT Wy W =Y
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5—"’\‘ e | g | BHAT | 2w 2s
B 1 { mm/min) (kg/mmz) (kglmmz)
-30°C H 217 692
- 100 215 7.33
— " 1000 221 7.75
[= L A ) 198 45
| N 100 191 4.94
61 1000 196 5.39
—e——
m @
389, #3892 dMo] ARLE ¥y ¥ 1. 259} grip speede] = PC/PBT alloys
Wel 9d 9 Wy ASe} A7 el vy
M) AbzHY 9 By
@ Qo] FH T wy
1200
10001
o,'O
,,0”
800 o’ At
/ -
& s
& KA
< 600 OI -
O /
s /!
400 SOA
/'( ——0— recianpular, 2.5mm thick
K ===0-~ curvel, 2.5mm thick
LS B curved, non-uniform thick
wof P
0() 10 20 30 a0 50 60 70 80
PENDULUM DISPLACEMENT (mm)
IY0. AR DR Yo OE s wse 24,
D A2 O B4, 25mme] 9 S
(@ 4 o] 2w VA WA 25mme] Yy S
() 9 Wol Fual vl Ak 5o g
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