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Comparison of Three Point Bending Test and Finite Element Simulation Analysis of Sandwich Composites
Chen Tonghai, Zhou Zhengliang, Zhang Shouyu, Zhao Dajuan, Qi Honggiang
(Sinomascience & Technology Co., Ltd., Nanjing 210012, China)

Abstract : The foam sandwich composites were prepared by vacuum assisted resin transfer molding process. The displacement
of foam sandwich composites under different load was tested. At the same time, the finite element software ANSYS Workbench
was used to simulate the displacement of the material under the above loading conditions, and the results were compared with the
experimental results. The results show that under 100-600 N'load, the numerical simulation results and the experimental results are

within 10%, and the data are in good agreement. The results show that the method has potential value in engineering application.

Keywords : composite ; sandwich-structure ;.three point bending ; numerical simulation

eI JZ 45 H 52 6 B RE R R 8 BEO S A R
APHEIZ G AR, RN RS e A5 MR R T
NP AN E S RN A WA -2 NI AL A NN N = PR i
fiAn G o A U SR SR 2 E A
FORE, AT LUR KB AR A8 1T B A 1 i, 3% R AR
FETHEBCR 98D, JEHAE G447 H 2 B SR
LT B SO

FT, G T2 MR BIETE 505 g il A

2 IR RE I A FROTEE T I oE . WA
45 WA RE B IR I 2 A5 0 B A b RE = AU il
RERYBISE T, R FH B2 S B IR 12 28 5198 (VARTM)
T 7RSSR PR T T
PEREAFSY ; Wang Peiyan 55 * BF5E T X P[4 45
LRI RS E SR BT ERE , PR SR
i A BR T E s 2617 7 XF L4375 Jiang Banghai
A LR BUE S BT 5 DRI T I 2 S5 1 = i
RS, BTSSR R, AR I T g A R
AT A TIO RI S A R W s 5 35 T TR
IRIJZ A R A BRIT M K S R P AIF 5
DL BT R B T T BB, IR A BROT
BRI HT S B AE R TR L, B T RJZE

SRR BB )75 . R, Martin 258 P 5 1R 5005
oA TIIRIE N B A BHER T 1 = i
RIS RO T T X b, B8 2o
TR S R0 52 A A ) = S S B 580 A PR T8
(B BT 8CE W A1 , S B BR T BUE B i A
— R R AR PR TR . ST
BRI AL B P AS EZE Ty ] I J = A iR
W5 FLagnr — (i AS 2k a5 st At 5 A i o
SERGEE I ] A BRI 4 R AR R 50
1 SCIGERSy
1.1 EZR4MA

HERIG : GT-807A-1, HMIFAT R B (L)
et A B A 5

WAL . GT-807B—1, BIAIH M R EHE ( |
) B0y BRA ]

WX R 2, I (PET) M1 : 100 kg/m’,
[l e (R ) A MRHERA ]

JCHT %A - 300 g/ m’, ZR I ES LT A BR A )

BRARN : BRIANEE A0, 322 A0 5 LA S8 BT 25# b
ek H Y12 2017-05-01


杨超


112 TR R

2017 4F, 45 45 35 45 7 1)

1.2 FZREAME

T4 BE/K T : LTI2040-5B %Y, by Ili B4
AR W]

F PV T35 XU T4 48 : DHG-9626A &L, J5 M A
IR A PR A W] 5

MTS B4 BHEE R 48 . MTS809 %, 32 [F MTS &

S /NI
HL T J7 Re M EHE B HL: DDL-100 %, K Hik 16
BUBFFE BT A BR A7

1.3 %7
KM VARTM T2l & Tk 22 Ak,
wWE 1 R,

K1 VARTM T2k 282 Gk R
S B BRIE GB / T1456-2005 FE4T 50k .
RIG SR, B 7 A, IEREE I i K
(AN IMA . AR SEK AR IS R S B T2 i
2 R, o R R R TS mm Fl PET IR JE
FER 17 mm ; =525 i i50 a0 B A-360 mm, —

S AR R A RS A e AR s 1

B2 R R S iR T
2 HRSHR
2.1 FBER
FEEE0° 7 BRI 90° 1 TR PR 25 I HERERE

[ ]120mm

400mm

5 i RO LR 1,
1 =AM EE
R oiﬂ%ﬁﬂaﬁ*rék 0° 25 iy 90: ZhsrE 900 Al
Wik / MPa % /MPa Wik / MPa % /MPa
1 3669.30 26.10 2883.68 19.80
2* 3679.50 24.30 2959.50 22.50
3" 3743.42 2430 2959.25 21.60
4 3629.45 25.50 2986.96 22.50
5 3707.94 23.40 2986.96 22.50
P 3685.92 24.72 2955.27 21.78

&l 3 2 0° 1 90° J7 [} 32 A4 8 Ay — 157 % 1 &
i3 al L, B aa B B, B (i A h 447 22, 31X
B DR Ry W 2 e Sk R g 4 22 TRl AE —E TRl
Bl A% 1Y O, Bt A8 AN K5 BE S i 2otk A2k
PEBL, HZ B R AT R 2 i s 487 ik
FNEAA 5 , thZ TR TR, RARZdE .

12}
1.0}
0.8}
0.6
0.4

0.2
0.0

Hf / kN

0 é 4‘1 é é 1‘0 1‘2 1‘4 1‘6
fi# / mm
(a)
1.0 ¢
0.8
0.6
04

A / kN

0.2°F

0.0

02 4 6 8 1012 14 16 18
%% / mm

(b)
Ji1]: a—0° ; b—90°

&3 0°F190° J5 Iiat g fof — (B 2k
BT B IR EE AT A TA] — 2 A i B A SR —
BT 5 8 X S AR B R T R G A S 2
T 0° Jr R G E A AR SHE 100,200,300,
400,500,600 N FEF F MR E5 5L, I3k 2.
®2 FEHEERTHLS

ke Hfar /N

45 100 200 300 400 500 600
¥ 0.666 1332 1.998  2.664 3.33 3.996
2* 0.672 1344 2016  2.688 3.36 4.032
3" 0.666 1332 1.998  2.664 3.33 3.996
4" 0.659 1.318 1.977  2.636 3.295 3.954
5" 0.664  1.328 1.992  2.656 332 3.984

WE 06654 13308 1.9962 26616 3327 3.9924

2.2 AR

(1) EatR I tEie S5

SR RN S PRt g 7y e R SRIURE N S AR
FIRS AR A5 , TR 1 i 57 5 G TR A F S 55 B
— AR RERUAN TR, PR TS BT 5¢ B R SRR B
IUEINZ R E SRR, A — R 4ER G2 15
BRI SR, BNRS TR RSP R R TR LA ST DIAE
A T EE IR BTG TR R T S A


杨超


WIFIHE , 45 - Je 202 A bt = 25 skl A BROTASALL 3 A0 HE 113

TLHEATRAY o

AL PR T BOR RS RO BB AT 2 5 R i
PRIRA SRR, Tl il T S S AR 21, AHE
SHRATRE LANE -

LPLESEE  pr, g/ mm’ 5 BEPERTHE: B, MPa ;T

WA s e s PG FEAR BB . p,, g/ mm’ 5 B A4

LAYt ng 2 ng, RATYNRE ELE; 5 55 M2
IR g 25 1 Ay, % 5 FLBRR C, % ;s BB & &
35%, FLBRFR 0.8% , HoR PR RESEILER 3.
x=3 MRS
MRE I /(g - mm?) BYESEL /GPa IR BIUIMEE: / GPa
By BT 2 2.54 73 0.23
I N 1.1 2.8 0.35 1.4
R A4 B 7 2 5 v B OC SCHRTS H 25 4 3 o
BAMEM RS EGHE AR
Y RF & LIS EOh -

1-cC
V= L _Ab (H)
(1 - Af)pm
LT YE R 50 5 A BB AR A
E=EV+E,G~V)] )
LT YR 2 A MR AR HE R -

oEr
po= w0 == O

ST 2 bR — A O o A B
S
E=EVAE(-VE=E1— @
STAESE 2 bR — 7 A T 9 SR

G=G,1 (5)

KT A AN [ A
_ n, Ty 6
El_Eln[,+nT+ETn]_+nT ()

nT nL
B= b T B, )
iR AT PR BT LA
1+V

G=G,1—y (8)

HRAE 52 A W RS i SE PR 2 T, ve ik
FHICA AT, S BB AT R ZESHLK 4,
Hrr, By o XPRPERCEE, By Y SRPERTER, 1y, R
XY IAfA L, G, i XY BT E, G, by YZ BY
VISR, G5 b XZ sy Ul

F4 WSS EEE
E Ey Hiz G, Gy, Gy
20.67 GPa 20.67 GPa 0.297 3.62 GPa 7.968 GPa 7.968 GPa

(2) B BRICHR AL EE ST
ATy B 43 BT AR AR TR o IR 25 5 A R
WA HIZ IR GB / T1456-2005 Je 245 #4925 th PEfEiat
5 7 R (AR RS A T AR () T, — A 7Y
RSFnE 4 iR, Hoh B RS20 1.5 mm ., PET g
RIEFEA 17 mm 5 RS W ih R S a5 T S, 78
R H [0 it fin 45 557
|
\ +
(a) (b)
a— TR RSB s b— BT 2O
4 AT
(3) A BRICH LS
XL E AR AT T = A R, A58 T
1 5 75100, 200-, 300,400, 500, 600 N VEFH T 9V/EH
RS Jr 5 8 ko Al S Al BE 2 R, RS Bl A
TGN B IEAH G2

0.70671 max 1.4148 max
0.62879 1.25
0.55087 1.10:
0.47295 & 0.94714
0.39503 0.79125 B
031712 0.63536
0.2392 0.47947
0.16128 0.32358
0.083361 0.16769
0.0054423 min : 0.011801 min :
" —5 i ‘ 0 i -
5000 X 50.00
(2) (W)
2.1243 max 2.835 max
1.8904 2.5233
1.6566 22116
1.4228 1.8999
1.1889 § 1.5882
0.9551 |} 1.2766 _
0.72127 0.9648
0.48743 0.65318
0.2536 0.34149
0.019771 min 029799 min
I 3
0.00 100.00 (mm) { . 0.00 100.00 {mm) [ -
[ Se— L Se—
50.00 " 5000 L3
(©) ()
3.5484 max 4.2628 max
3.1586 3.7936
2.7687 3.3243
23789 2.855
1.989 B 2.3858
1.5992 | 1.9165 7
1.2093 1.4473 [
0.81946 0.97804
0.4296 0.50879
0.039745 min 0.039536 min
: r
" — t’  —— i .
5000 " 5000 X
(e) (®

a—100 N 3b—200 N 5 c—300 N 5 d—400 N ; e—500 N ; £—600 N
&5 AlF AR 2
BRI LR LR 5
x5 ERIBEE

i i /N
i H
100 200 300 400 500 600

% /mm  0.71 1.41 2.12 2.83 3.54 426



杨超


114

TREIERL

2017 4F, 45 45 35 55 7 1)

3 IWERMARITAFIILL
i SR A BROC T, B4 T IR )=
LIRS G PR = R i B SE SR AT FROT BT
s oA L3k IR , LA 36 50 56 245 R A PR
JURHU TS R W) G AR EE , DUk P 1% A7 FROT
BRADUR A Al ATESEBRAE = R A T 5
Fo6 LWBIBEMERTHMBIRRES

Wi et /N
; 100 200 300 400 500 600
SEIE /mm 0.6654 13308 1.9962 2.6616 3.327 3.9924

FHBRICHE /mm 0.71 141 212 283 354 426
PE /% 6.7 5.95 62 633 64 6.7
41
£ HBLHE
g 3+F g
N N
D NS
g2 SR
1L

foo ioo 3‘00 460 560 660
Hifii /N
6 SEIRCH A FRCECR AT AT

S U B R A BR T o3 A Bt Y S A e 4
FIL S 1G5 Sl 2 AH DG OC & a1k 6F BE-100 ~ 600
N X 6 N8, A BRI/ Pl 5 50 55 2 R 25 7
10% AN B0 & R4 PR 0E , AT LA 80P
ER A FRICEE 53 B 45 AR A S 3 B3 I K, 32 B 1
RGN A DU R L 1) BT 5 Al 2
BRI A RIRIEE SR g2 M B ; 2)
WEARE AR, ANBEORIERE S VTR ARS L, anff B2
FURCE 45 3) KRB IR Yt 544k 27 4 5 itk Z [h]
B JE R Y] )
4 Hig

() MR ZE A MREAT T = 22 ih PR g
B, AR I 1) 1 25 s A e A 2 i 3
oA R E -

(2) S5 5 K i A BR T 43 B 5040 15 5 00 2 e
Mo AR IS O LM DG OC R a6 L 100 ~
600 N 6 M4l , A FRIC /s 5 S g i iR 25 78
10% VAN Bl & BAf, BRI, v DAFE - 90 bRA 7~

(3) NELF P TH A 7] LUR & 2 G MR T )
2EPERE: 2 — TR AL R s o 4R A 2 A5 A 2
HEZ B B 55— I HIUIERE R0k

5 % ik

[1] YangF P, LinQY, Jiang J J. Experimental study on fatigue failure

and damage of sandwich structure with PMI foam core[J]. Fatigue &
Fracture of Engineering Materials & Structures,2014,38:456-465.

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

Atkinson R. Innovative uses for sandwich constructions[J].
Reinforced Plastics, 1997,41:30-33.

Belingardi G, Cavatorta M P, Duella R. Material characterization of
a composite—foam sandwich for the front structure of a high speed

train[J]. Composite Structures,2003,61:13-25.

HPERERIFSY [7]. TRESDELN L 2016,44(2):101-105.
Lai Jiamei, Yan Dongdong, Rao Xinyuan, et al. Study on three-
point bending properties of stitched foam sandwich structure
composites[J]. Engineering Plastics Application,2016,44(2):101—
105.
Wang Peiyan, Yin Lei, Yue Zhufeng. Experimental and numerical
evaluation of the flexural properties of stitched foam core sandwich
structure[J]. Composite Structures,2013,100:243-248.
Jiang Banghai, Li Zhibin, Lu Fangyun. Failure mechanism of
sandwich beams subjected to three-point bending[J].Composite
Structures, 2015, 133:739-745.
Dy 58 MR, i UK I 2 026 MR R R 437 5 40 B 4k
P ], 2013, 542):45-54.
Yi ' Wen, Zhao yao, Gao Chang. Calculation of initial failure load
and ultimate load for foam sandwich composites[J]. Shipbuilding of
China, 2013, 54(2):45-54.
5 IR A MR AT BROT O3 BT S S5 REPERT5E [D].
B - PR A, 2013.
Yi Wen. The study of the FEM analysis for form sandwich
composite ship and structure characteristics[D]. Wuhan: Huazhong
University of Science and Technology,2013.
Martin R, Marianne J, Pierre C Z, et al. Face sheet debonding in
CFRP / PMI sandwich structures under quasi-static and fatigue
loading considering residual thermal stress[J].Engineering Fracture
Mechanics,2011,78:2835-2847.
SRl RS e 2 A S it g MERE BT [D]. MR AR - i
JREE TR, 2012,
Yu Kun. Analysis of bending mechanical properties of honeycomb
sandwich structure with defects|[D]. Harbin: Harbin Institute of
Technology,2012.
JERUMR, EXLHE . 222G AR RPERT R TS A5 (7], B,
2002,32(2):6-11.
Zhou Zhulin, Wang Yaxiong. The oretical estimation of elastic
modulus of multilayer composites[J]. Fiber Reinforced Plastics,
2002,32(2):6-11.
INEDT , BEOLAE, WIE: . A MRRL IR I 24 T A TR S S
Jrik 0] SRS / SLA MR, 2005,32(2):3-6.
Sun Chunfang, Xue Yuande, Hu Pei. Mechanical properties and
test method for foam core sandwich structure[J]. Fiber Reinforced
Plastics / Composites, 2005, 32(2):3-6.
JABUMR, KA A DR A I J= A5 R Ll 7). v e i
17,2004 ,45(3):43-49.
Zhou Zhulin, Zhang Changming. Design base of FRP sandwich
construction for ship[J]. Shipbuilding of China,2004,45(3):43-49.


杨超




