56 TR R 2009 4, 5537 &, %1 ]

PMI @A MIE T GFRPIER A P = M BE FF 3¢

FXr EXF
(TP KA 2 i K5 00 %% B, LiE 200092)
HE @ =55 wiXFH R TEAE(B) & E(PMI) 0K ML 3K L35 2B 4 (GFRP) 1A A £ 6 &

i VAR B R, K ILZ 25 MR BT 0 B, BT RAH B A, R A R T kAR BT T B BE R, AT B T B R
AR FF 0 AR I LE R GEI T BAABEMGG T AT, SRR L AT T R RG AR A TR R N T AL AT 25 AR R 6

Yo FHATTHMAFL, - FRIEEREF R AT HAEE L B L0 PMI KRS H LA GFRP 18 & 45 £

8 PR AR T A S

KPR BRGHALBEBRE Tkt

TE i S 2K P B B B R EE R SE PR RO BT R
T TR R R R R R = IR e A A
b 235 K T 6 M A 25K A T, BT 4R 8 5 4 A
£ 01 Y 20030 0 22 e, R T LR 25 B A M R
ez i T AT AR e TR A as
i X RS B B A R ) £ S L R
H AR5 T B AL, 1 B T, PR I s 2 S
2 B AL A B 5 IE 7 AH [R) BB RE T 1A 2808 2k .
7 By el TR L BIR R B A A > — il e
TR T M M SN 2 TR R — 1T 2 A AR 7 i

YL R R L7 W 7 A5 4 A 2 A R T U TR
ZER LR b AT B — RO AL S R T LT R TR i
VLR BT, o8 455 K 12 52 7 B9 X e 3 57 1R AT WO
S RE AR AL I H I /D TS b P R AR, T L R
T ARl RO, BRR T a5 . BT
3 45 W 2 38 W B S8 BT L, 25 & R
R 2T i 38 i S0 RE( CFRP) 5214 + 0 7K A4 321 78 i
I 7 =2, s T T A380 BY B AR T 4 m ¥ CFRP
J5 E JIHE

LRI ] P 5 6 T R b 7 R 50 A5 R AR 1 BF 5
KL, KERXT MM RIZ55MH, SRRk
BB BE LT 13 SR ( GFRP) IR, NG A B
G T Mo TR T J2 68 M S B R 7 2 B A I
e, IF AN T AT I S 4 R A M SR D AR 5T
B H AR 7 L MR AR X TR v K
SO I A B Rk R T A 0 A R R 2 Ak 1 AT TR
G2, S 02 A bR R M BR AR 2 28 5K

EFEN = A MR TR RN
(ME) M ( PMIT) RIS #4 5T GFRP( Ol IR A Mg /
TIE LT 45 4 B RL) B AT 00 A5 v e, SR A
BROCTT ¥ R U6 PEAT T RO L, 15 3] T 5K 56k

IR A

FERY 25 5L, R B T $(E BLL 00 T 47 M 78 o SRl I
WFGE T 0 RSE A AR T BE L JEE 2 1 A8 Ak % 2 25 44 M1
FE RS T AT T RUEIT L P IR T
M TIRE M 5 0 PMIL i 3K 8 4 3 5
GFRP 15 U557 92 ( LAF fRIFR U AR 0 A4 JE 72 i A4 7777 % )
Mk BT S8
1 EEREHIE TR R A R AT T EE

Z JE B AR S DR, A A 3RS 0 B A G
FERG K 58 R 20 3o 320,120 AT 14,7 mm. 3KFEAY
R R IR WL 1, o i ol 6ok 30°, WK M 5
BE b R 80 mm, YIRS R A R 12.7 mm., EF
MR GF B2 K[ +45°] s, T JEH 600 g/m’, 45
B PMI K #3 BH( i %5 ROHACELL - 511G) .
PMI YUK SR F7 A 58 B 1.9 MPa, & 45 58 & ok
0.9 MPa, HiffisfpERL 54 70 MPa, A8 LR 0. 36,
BN FE R 0.8 MPa, B P15 PERL R A 19 MPa.

36

M/ ‘

%

b
120

P 1 v b R 5 S R G 0 0 UL T

] 75 75 T4 e e 4 P (T ) SR FH LS Bl
B AR VART) T 250" — B Ry, el 2 s . 45
FH VARI T Z 6B/ GFRP 1A B4R 2T 4 (R 51 4y

BN 51. 8% , Pl 564 MPa, LA st i Ky
36.73 GPa,

R RTOY %)
GFRPIi#

14.7

s by R TS0 H WE B (05d211007) , BT SRR A 4
0% Wy (08ZR1420400) , |- 7 117 7 45,25 B 15 391 H %€ W ( B302)
W F H 372008 -11-11



RIS, 45 PMIT I PR 844 BUFE GFRP i B A% 42 25 i 1k REAF 52 57

B2 VAR T2 406 vt 508 08 5 3

25 i PEBE L S IR GB 1456 — 1988 ¢ )2 45 4
I PERE IR ) BT . K B B 160 mm,
AMAH BE R 80 mm, [k 574 120 mm x30 mm, Jf
HBARHE, R E WLE 3. K’ 4 S PMI I 7K 0 1 45
7t GFRP B Al 2 AE il g ok B i e A5 ol . 181 5
SRR g Al O - B AL g g IR LR
1, Horp s il W B D Fi e 2 45 #2508 vk
SN/ g =

[CIEURZRY 7 b S RN SRS A
2500 ¢

Z L
Z 2000
i 1500
=

= 1000
=P

500 /

0

0 5I lIO ]‘5 26
HelE / mm
[51'5 300 A U b 3L e AR AR 0 M ) - Pe s R
F1 OEREHEFREAFRZHESHRRER
B B

2324.7 70.77 9.69

e i U6 rp e B, 9 RS B SEUTE R R A A A
52 IR B B, sz 2R i ) S P BARNESC R Bl

ﬁj{ﬂ%:ﬂﬂﬁﬁf”m”\] EIE D/ x10° N+ mm®

o g AT A A, S 2R A N e B Ak SR IR M
K F BT 8 B KBS, TR 10 454 e A 9k 28 SR
IR, T2 Bl 25 78 1 Ak 2 K, AR 38 2% 12 B AR (L
B 5) o EHEAE] 20 mm BIEESEE N 1/8 ZE 4 1), IE
R R E R AR K ASIE (WK 4) , (B HZ5 04 &
KA 7R ERE 7 (b BT B8 7K AZ 14 45 il 1 Sl 1936 N,
SR K REL )0 83% ) , 3 i GFRP 4544 T
U IEPE, SRR B U % i —Fh a5 . Ik B
TN 28R B R Sk BRFUT 2 B AT 25 4 RS B4 (LI 6)
JKS FH I A T GFRP AR 5 9 TR 6 b (9 52 5t
Wb A SR DG B, X O R A, B
GFRP TR [0] A 2 F1, 145 78 A8 e 09 9 70 A4 1 Wi
FEAEAR T GFRP, R 2 fEAEAR Ky N ) £, 45 5
KA WU RS, 1 R A g A g PR, RS EL
W 75 775 4% By 5 40 I8 o

RSk 2k Al DUIS, 48 35 & L0 2 73 2 1 45 4
AR AWK, A4y 7 mm B 9B VEASIE . [R] 05 7E 0
TR A TR 02 Sk 118 g — o0 R B T I AR A B R 8 Y
PG, AE LA AL TR U A I U1k 2 — 6 4, WL 7.
XA AR A AR 1 A T 37 B N KT R K Az
B Foe KO A BT T AL I Y S R 5 R ) 1 R 1 B
LA B 1 28 P A T R % G T R A8 b v 328 i % R
)8

PR 6 LR A I 5 R A A7 % T 4k JB A X

I R

&7 JRLUR GBS RE T3 A S B DA [

2 EARSHMEREBEFRNSHNEFRITSH

SR Ansys 5 BRI0HAXF 7 R U b 3 T A A
I )l B HEAT T BCE ALl . B A MRS R
solidd6 HLTT, THI M 1% £ 1F 28 45 1n) 5 1, 25 pify 5o A8
# E, =36.73 GPa, E, =6.344 GPa, G =2 GPa, JA#
b v=0.26, I Ttk GF @2 M +45°] s HIIK
SR soliddS BT, #5245 1 [m] P b 3, 25 iy 5t



38 RNERE |

2009 4F, 4537 .91

P E =70 MPa JAMA b v=10.36. &k K H sol-
id45 B0, E =200 GPa . JAARA I v=0.3,

FE L1 Y IR TS B T T i AR A S A LA RS ST
BORY, Fe Sk F GFRP T8 AR 42 fioh Ab >R FH 42 i .06 . A
BRI 1/4 374 W3 EIN 2 J5 MR R . TE R
Sk b 2 T 0 ¥4 A 28 A 1 7 (AL A e v 48
N 7 38 3 R Sk A% 3 2 1A B ), TR A AR AR I R
8. K9 mitH s be = |, & ihlE D 13t
gERME2.

P8 LA A ST S R A A R A A

= B e—
-6.49 -3934 -1.379 1.176 3.731
-5212  -2.657 -0.10176 2453 5.009

P9 TR A ST R R R e
R2 BASHMEAREEFAROSHE ETESNKLS RILEK

mooH N E D/ x10° N+ mm” B /mm

ik 46 45 R 70.77 0.362
R Te I S g R 70. 69 0.373

R % 1.13 1.13

M2 2 v, ARG 5T A5 0 25 ih W EE 4%
FES R AREE, R EMN N 1.13% (/NT 5%),
ARG FE 5o
3 MERFREGEHHKNKIETT
3.1 AR 0XALKTIE AF R R E 6 Hoa

K AR R A RS THEA f 6 N 20° ~90° 8 Ak i
PRI EE RS R, THA A5 R W3R 3. M4l VARI T. 2%
KB Ok /N, B R T A 4R RS2, AR 3
ATLAE Hh, 0=45°mF iy 25 ity ]I B2 4 2 AH X /DN, B DA
45° e A o
3.2 BAREHMEE O BE h ERTERGEHIAL

TE A B T R 6% m

XA 08 45°7F (A9 RSB JET 70 1 7Y 77 2% 25
P AT BUE 23 B, 45 SRS M 98 B b R b X
A I EE R s o R ML . B 10 S SR IR R,
LU S 7 M AR 77 % 1 A ot D B B B b AR Ak

R3OA T AR EMIEFTIRE AR E R EW R

WA o(e) AR D/ x10° N+ mm? I /mm
20 49.58 0.516
30 70. 69 0.362
45 85.79 0.298
60 97.72 0.262
75 106.57 0.240
90 113.83 0.225

M. hiE 10 v U, FEAR AR EE A ATE LR, 24 %
BE b R 80 mm B, VAN A SEL 78 M AR A7 2 1) A it M
FEX 23 R KA . I UERE 80 mm 2 by 1L VR IS A1
W FETE R . O3 A, Bl A W AU B R BE A 3 N, E AR
] B R 2% F T, S il D B2 Bt 2 14 T, A0 B
JE, A R BE Rk R . BT DAAE B8 B 45 a8 R R A2
% B I 50, AT LTS I TR C b TR B Y O s, SR AT
RES R VAU AT I e I A A 2R A W . (HRE A
JEEJEE 3, YIRS B B T B Y RS R ok
A, T GEF AR EE AR RT3 e M R AR 2, 7E A
R, GF MR T %A% 18,20 ~25 mm J&
BONAE MR R . B 11 S M IR M R b
R AR TEE 80 mm B, 6 PACE A4 35 7T 1 7R A R A
b R0 T 90 A e A R e AR I L, PRI 11 R AT
D300 25 R R o A YA A VRS 8 o ) 155 0
g5 ik, w1 RLAS 2036 PR 0 b I e 0 B A 2t 4
F R PEA S SR Ry W IR A B AR f 0ok 45°, FefE:
FePE b N 80 mm, HAEEE A A 20 ~25 mm,
& 250

- 200 -

£ x 106 / (N * mm?
g 2

:

=
=
o 0 s
40 50 60 70 80 90 100
b/ mm
*—h=5 m—)=10 A—h=12.7
®—)=15 <©—h=20 &a—h=25
B 10 AR JEERE R R 96 RO b BT 0 R A R I BEEE b 1Y
A4k il 2k
“ .
= 350
< 300
Zasor
S 200 [
X150 -
g 100 [
=
= 50
20 0 10 20 30 40
h / mm

[E3 0 B R URF RNy B L RN Sl NN RURE RO 2 A
KA ML (b =80mm)



FEICWE, A5 PMI IR M 58 GFRP i Y7 32 725 i 1E RE WF 5T 59

S % X
KA W E . E A RHE OB L AR TR ] O ]
AR, 2006 (3) : 64 - 66.
(2] Tt 5, 0t 72, B A0 e .t bR A N ). BEIE AR /B A M
. 2001( 3) :53 -55.

4 Hig

(1) AR5 2 PR H BT IR AL A R
1 B A, JLAG A A IR 2 P B TRES A Y 2
7 SR AR TR AR 25l 8 T 5 2 I, 5 SE A AT

Eﬁ%ﬁﬁﬁﬁﬁéj (31 #h 7, B, 2% 0 We. T PMI 0 K 05 96 J2 4 B) ) 2 1
(2) HES7 AT BROCAE AT 33 TR R 505 0 2 AEHFFEL 11, B 50 HE R34, 2007, 10(3) - 364 - 368.
BRI EE, 5 IR 2 R A L, TR B (41 307, BT, B . A PRI TR 9 2 45 ) o A 15 i

YO 0. B N /A MR 2005(2) 13 -6.

PR A& Ak, 5K B, 0 T 52 bR A A G0 1 A BR K 2% B8 ) o)
B[ J1 . A0 T AL, 2001 (5) :51 - 53.

[6] BXUE AR, BXEE e, FAs R Bh LA T ( VARD) WSS )] . £F A
AR RE 2002(1):42 - 46.

A [ £F 2L 0 0 R AR AL 72 5L 2. ZF ARG SRR (BRI W) bR
WAL [ ST . b 50 o [ Al il BiAL L 1998 .

(13) o % Y VK R B 420 T R R A % AT R A %

P, R AT S b 0 f 0 SR b R )
ST TR U B TS I R A % 0 2 ol O 0 5 0, 5 4
H TR SR PMI IS A 7S GFRP i 24 /)
AW 0% 45°, WL TR M B AESERE b 80 (7
mm, LR B AR RE b 9 20 ~25 mm.

BENDING PROPERTY OF PMI FOAM CORE FILLED GFRP HAT-STIFFENED BEAM
Li Wenxiao, Wu Wenping

( School of Aecrospace Engincering and Applied Mechanics, Tongji University, Shanghai 200092, China)

ABSTRACT Three—point bending test were carried out to obtain the bending properties of PMI foam core filled GFRP hat-stiff—
ened beam, it was found that the hat-stiffened beam with the structure above mentioned had better ductility and it was safe for failure
pattern of beam. The numerical simulation was carried out by a finite element model and the simulation results was similiar to the test
results, and it was proved that the numerical simulation was reliable. Based on it, the effects of angle, width and thickness of PMI

foam core on stiffness of beam were studied and the numerical calculating was executed. Finally, considering the processing factors, the

optimized parameters of PMI foam core filled GFRP hat-stiffened beam were obtained for the body panel of fuel cell car.

KEYWORDS foam core filled hat-stiffened beam, bending property, finite element model
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