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Static and Fatigue Fracture Assessment of Hybrid Composite Joint for the
Tilting Car Body
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Abstract

Fatigue fracture behavior of a hybrid bolted joint was evaluated in comparison to the case of static fracture.
Two kinds of specimens were fabricated for the mechanical tests; a hybrid bolted joint specimen for the shear
test and a hybrid joint part specimen applied in the real tilting car body for the bending test. Characteristic
fracture behaviors of those specimens under cyclic loads were obviously different from the case under static
loads. For the hybrid bolted joint specimen, static shear loading caused the fracture of the bolt body itself in a
pure shear mode, whereas cyclic shear loading brought about the fracture at the site of local tensile stress
concentration. For the hybrid joint part specimen, static bend loading caused the shear deformation and
fracture in the honeycomb core region, while cyclic bend loading did the delamination along the interface
between composite skin and honeycomb core layers as well as the fracture of welded joint part. Experimental
results obtained by static and fatigue tests were reflected in modifications of design parameters of the hybrid
joint structure in the real tilting car body.
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an additional rigid frame, (b) fixture nig



168

honeycomb) A=A BEFHFH 2Hlex AH
Az H Y Ajoj9] stolue HAFAMAR FIA
FH9 AF=o PP & Fig. 2 o Yepdd
B AEAAY FIANGHLE g8AA A A
A} FdstA AF}sHHh Fig. 3 3 2] Instron
8516(+ 10ton) A E71E FIA A AT A=F
ZEzHde F71 AASY FABi[Fig. 3(),
ol FAAdE FTHAYEHE ALuAT
[Fig. 3(b)1& 2A AFAsto] FAFIANETG A=
BNl BF JH53ES &gt

22 MH g 52
2 AFAAE Instron 8516 A@7|9} F3e 1
TE o839 33 ¢ JRAFE FY33
A, Fig. 1 9o BEANZAE ADAHo| disiA A
Al 7% lmm/min o] BHEER AW &5
7teted A AEE YR ol& B3 Hdjst
€ T A2ZAEY] B¢ 10Hz 9 A3
(sinusoidal wave) F3F& Jhstlon), S¥M|
R(=P, /P, )< 0 & fAS L, AguEsss
BANGAN & HAAEF 0%, 50%, 40%,
30%, 20%% RFoj7tHA 4333t SN
Z} stFedg 2 e APBE AHEEo
< A Jdehidoh =3 $ef AFol
FA13 AR Z(scanning electron microscope,
SEM)E B8l AZ§ EEC Hddg AFFS
2R AH g wE2EFd g g3 gAYZY
apol g vl

sloldle AFAAR FIAEH X Fig
3 3 Zo] AE nFTE olftd FPFTE 73t
o AAANY £ H2APE FPsich. AHsFL
Fig. 2 ¢} Zo] duZgde] JH o2 RE 330mm B
oA AHelN FARFog JlElAm, FHFHWIHS
O 2 Quges 7kt Zzte] Wit we
Hd FP3FL Ttk AZAE LS 12Hz o A
92 AP TUF Ao FAYFo FY
WEIFS Ve n, Fahlee AFAEH FLst
A OFF =& QFFez Y3t HAnEs
e HAYARZNEF %2 AAsA Az,
e HolstEe BEME AGAHY Ae9 59T
hioz HuulEslEe JdANEER AAA MY
i

to & Jo oX

m o M
o x
dob 2 rlo

J4 - Aed - =249

s Hd - 93

0%
Y
=l

3. MFn g 1E

31 BEHZ HEY

Pl

1o

o}

il

HE

re

3.1.1 HXMuln &4

AgHe Z3 BETY A9 H(ato)d] ©HE I}
HAF zolg Lolrr|Ys) AFH Z-& 60mm FE
193mm 74x] ohesiAlsle] QFEAE L St
Fig. 4 & Zo] 60~19.3mm ¢! AlgH e} 3}F-HHF4
< Jehih AlEEo] 60mm HE 27mm 7AA2] 3¢
£ HulslEol oF 4kN 02 AASHA YERTh
He] Zo] 27~60mm ¢ A= AlE HF o
EQAA Y sl ofs] doiwr] wio 8%
RS ARtk gt AJHZ 0] 19.3mm <l
Qo= AWEtEo] UKN o2 F43] AstHU
T ABE 193mm ollX] FARES] FAG W}
AL VR o] A$ole BEA o] Uof
G ohgk AdHY e BEAAL 439 FHR
YrtAMER ] Zo] ZolA o] RiA mEo] o
W) e 348 s5A}E otk Fig 5&
Fig. 4 & 3l HASME 7 Y&l Ad9Ad
Hel w3 ARNE Jepdth AEH Zo] FolA4E
BEAZE 4FFH riieERs) 2 A% ¥gS
Yo YFo] AEFHYFSE ¢ F Utk =T A
H Z 193mm oAM= AFABEY si97t Dok &
3 /NERI 2 HEE do AdFd Zlolth

Fig. 6 & A& Fo] 3 £E fdW g FA}

30, O o b g >

FAAA| L T B2 ARRYH, HEe £E
2539 AW (shearing plane)S @} FF-olA
SRRTA W FHFA APHAT. £
EEESY XFAAE 2273 3 4=
7 92F3 S3UE Atold FEE®B F9)

(EEEULIREE 2 LT B

40 A

304

width(mm)
20 —o—60.2
—&—43 8

Load(kN)

—e-43.8
-—0—32
— 32
—u—-274
—183

104

[

2 T T v T r .
o 2 a4 8 8 10 12 14
Dispiacement(mim)

Fig.4 Load-displacement curves of hybrid bolted
joint specimens according to various widths



R

22} Hybrid 237

W=60.2mm  439mm  32mm 27.4mam 19.3mm

Fig. 5 Photographs of the fracture of hybrid bolted
joint specimens with various widths under
static loading

Fig. 6 SEM micrograph of the fracture surface of the
bolt body under static shear load
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Fig. 11 Bending load-deflection curve of the hybrid
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Fig. 12 Two kinds of fracture mode of the hybrid joint
part specimen under the static bending load @O:
(a) shear deformation of the honeycomb core
(b) fracture of the lower CFRP layer
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Fig. 13 Bending load-deflection curve of the hybrid
joint part specimen under the load direction @
in Fig. 2

Fig. 14 Fracture occurrence at the welding site of the
hybrid joint part specimen under the static

bending load @
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