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ABSTRACT

Bending Charactenstics of Light-Weight Members of
AI/CFRP Hvbrd

KEim, Jungs—Ho
Advisor ¢ Prof. Yang, In—Young, Ph. D.
Dept.  Advanced Parts &  Materials

Engineering.

Graduate School of Chosun University.

Applications of composite materials in various engineering fields have
been extended significantly. Various researchers have written the rigidity
and strength characteristics of composite material according to shaped
structures and material direction. Strength and rigldity by design
parameters should be determined during the composite material test.
Design parameters., material systems. stacking  direction.  thickness,
stacking sequence, etc are available. CERP. which has been widely vsed in
space/aviation industries, sportsflelsure, and general structural applications
due to dimensional stability. unchangeability of material property. high
strength  and rigidity. corrosion resistance, etc, was  selected.  For
automobile  application.  integration. complex features. safety  and
environmental issues have been improved. To meet this demand. structural
members and parts should be light—weight with high strength and rigidity.

To achieve structural members of CFRP with high strength and rigidity.
theoretical approaches 1s  limited to isotropic material. and empirical

studies have been conducted. As with other composite materials., CERP

e



shows different rigidity and strength according design parameters due to
difference in properties in fiber and substrate material. Among the
numerous design parameters. orientation angle iz selected to find optimal
condition for strength and rigidity about compression. Structural members
recelve not only compression but also bending and torsion. Therefore,
respective study should be conducted. Studies on compression have been
extensively made. but the study on torsion and bending iz lacking. In
addition. aluminum reinforcement is applied to prevent the shortcoming of
CEFRP—trittlensss, swength reduction under external pressure.

In the study., For the mechanical properties like bending strength and
rigidity. CEFRP members and Hybrid members with aluminum reinforcement
was manufactured by changing of cross—section and orientation angle and
test three point bending. Stacking thickness and segquence among design

parameters refers the one In previous studs.

1. To prepare CERP square and circle members with greater strength and

stiffness, 0/90 and 90/0 stacking are best az like fabric

2. Regardless of shape as square or circular, [+0/—0]4 showed bending
fracture before reaching maximum load. and stacking in [+0/—0]4 = not

appropriate.

3. Comparizon on strength and stiffness between square and round
member. circular shape exhibited 2 times of sguare. For same stacking

condition. round structure 1z preferred.

4. In hybrid sgquare members., HQ[+0" /=0° ]4 Is higher than
HO[+15% /=15° ]4 at bending strength and HQ[+15% /—15% l4 is higher
than HQ[+0° /—0° 14 at bending stiffness. To prepare hybrid square

- ¥IO -



members with greater strength and stiffness, =0 or £15 stacking are

best

In hybrid cirele and hat shaped members'. [+15° /=15 14 i= higher
than other members at both strength and stiffness. To prepare hybrid
circle and hat shaped members with greater strength and stiffness, £15

stacking 1z best

Comparison on strength and stiffness between square. clrcle and hat

shaped member. Mot special.
[0° /90° 14 and [90° /0° l4 are almost same in load—displacement.

strength and stiffness. S0 not speclal whatever outside iz stacking
0% ar 90°

- Ix -
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Table. 1 Characteristics and use of the aluminum and CFRF
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Table. 2 Material properties of the CFRP prepreg sheet

Twpes Fiber Resin Prepreg
Characteristic (Carbon) (Epoxy #2500 sheet
Density 1.83%10° [ke/m’]| 1.24%10% [ke/m®] -
Poizsson's ratio — - 0.3
Young's modulus 240 [GP4] 3.680 [GPal 132.7 [GPal
Tensile stress 4.89 [GPal 0.08 [GPal 1.85 [GPal
i 21 (%] 3.0 (%] 1.3 (%]
elongation
Resin content = = 33 [® Wil

Table. 3 Material properties of the aluminum

Density POISS.OHS ADURRTS Yield stress [Tensile stress
ratio modulus
2.68 [ke/m’] (.31 67.2 [GPal 165 [MPal | 192 [MPal




Table. 4 Detinition of Specimens

C{H) Q(R.H,. [6/8s]s

Stacking Angle

[+0/—0]4
IS —15]4
[+45/—45]4
[+90/—90]4
[ 0f 9014
[ 90/ 0]4

Cross—sectlon

0 : Quadrangle
|: K : Round shped
H. : Hat shaped
Twpe

|: Z : CERF member
H : Hyxbrid member



CFRP prepreg sheet (Gyg) |

| CFRP prepreg sheet (8,) |

Fig. 1{a) Schematicview of fabrication of square member

ity e,

CFRP prepreg sheet(,)

Fig. 1{b) Schematicview of fabrication of circle member
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Fig. 2 Schematic arrangement of specimen in the autoclave
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Fig. 3 Curing cycle of CERP stacking specimen
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FPhoto. 2 Three bending test device

Photo. 3 Three bending test device for clrele cross—section

- 15 -



Photo. 4 Universal testing machine(UUTK)

- 18 -



Al 3 4 CFRP #&54 #3454

CFRP ~ta4xt €% FxF4= =g ¢ldEE2 4
B Ee 3 AER HEsle] 2 ESZo|BE Ab&sle] A HE
Aol 22 13 FERFAE did 4y A dstdE
W2 7o A" S Aztstdo. el T4, H5eME Imme (847
fela2®  dAEA  sFece AHegaxz FRe 407 /=07 ],
[+18% /=15 ], [+45° /=45 ], [+90° /=-20° ], [O° /20 ],
[20° /0" |22 st&E o).

HEznel J12E Pig. 49 2ol Agw Aoldes 0 oz Aoy
T, 2 FelAE Fig. 59 Fig. 129 22 Atz 49 ve 348 sa

CFRP FZ %42 32 B3 4%9& %air 49 & Jojal a5
Sold 2t AdEe FUFEY BULLUL 9o A524zg ud

H2 Hrlsldd

3

4]
E

ol

0° fiber |
direction | )
! 0° fiber
90" fiber | o direction
i i 90" fiber
direction | pisdle
& ircution g

Fig. 4 Configuration of CFRP members
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Fig. 5 Cross—section shape of square

- 15 -



1.6

Load[kN]

10 20

Dispalcement|mm ]

Fig. 6 Load—displacement curve of CQ[+0° /=0 ]4

Fhoto. 5 Bending processing of CQ+0° /—-0° 1.
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1.6

Load[k¥]

10 20
Dispalcement[mm ]

Fig. 7 Load—displacement curve of CQ[+158% /—-15° 14

Fhoto. 6 Bending processing of CQ[+15° /—15° 14



l.é

Load[kN]

0 10 20

Dispalcement[mm ]

Fig. 8 Load—displacement curve of CQ[+45% /—45° 1,

Fhoto. 7 Bending processing of CQ[+45° /—45° 1,
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1.6

Load[kN)]

Displacement[mm ]

Fig. 9 Load—displacement curve of CQ[+90° /-90° 1,

Fhoto. 8 Bending processing of CQ[+90° /—-30° 14
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10 20

Displacement[mm ]

Fig. 10 Load—digplacement curve of CQ0* /0% 1,4

Fhoto. 9 Bending processing of CQ[0* /90° 14



1.6

Load[kN]

0 10 20

Displacment[mm]

Fig. 11 Load—digplacement curve of CQ[I0° /0° 14

FPhoto. 10 Bending processing of CQ[30° /0 14
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Fig. 12 Cross—section shape of circle



Laod[kN]
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Dispalcement[mm ]

Fig. 13 Load—displacement curve of CR[+0° /=0 14

Photo. 11 Bending processing of CR[+0° /—=0° 14



Laod[k¥]

10 20

Dispalcement[mm ]

Fig. 14 Load—displacement curve of CR[+15% /=15° 14

Photo. 12 Bending processing of CR[+15° /—15° 14
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Laod[kN]

10 20

Dispalcement[mm ]

Fig. 15 Load—displacement curve of CR[+45% /—45° ]4

Photo. 13 Bending processing of CR[+45° /—45° 4
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0 10 20

Dispalcement|m m ]

Fig. 16 Load—displacement curve of CR[+90% /-90° ]4

Photo. 14 Bending processing of CR[+80° /—90° 14
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10 20

Dispalcement[mm]

Fie. 17 Load—displacement curve of CR[DO® /90° 14

Photo. 15 Bending processing of CR[DO® /90° 14
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Laod[kN]

10 20

Dispalcement|[mm ]

Fig. 18 Load—displacement curve of CR[O0% /0% 4

Photo. 168 Bending processing of CR[90° /0° 14
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Fig. 19 Load—displacrement curve of All CEREP square members
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CQI+90° /90" 1a

=
CQ0° /90° 14

CQe0° /0° 14

Photo. 17 Picture of bending result of CFRP sguare members

after 20 zec

Table. 5 Bending test results for CEFRP square members

Max Load | Dispalcement Flexural Fl-exural
_ N1 [mm] Stress Stiffness
Specimens [MPal] [GPa]
[+0° /07 14 1.164.0830 4.1550 120.6708 BEBT b
[+16° /—15" 14 | 1.234.0630 5.1570 127.9270 27.9073
[+45° /45" 14 | 1.383.8080 F2UT A0 14 3.4802 12.8331
[+00° /007 14 346.2500 5.0280 35.8934 8.0310
[0° /907 14 1.421.7185 5.3280 147.3800 31.2158
20" /07 14 1.439.6870 5.1880 149.2427 32.3628
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Fig. 20 Load—displacrement curve of All CEFREP Clrele members
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CR[+00° /—00° la

CRIO® /90° 14

CRISO° /0° 14

Photo. 18 Pleture of bending result of CEREP cirele members after 20

32

Table. & Bending test results for CERP clrele members

Max Load | Dispalcement Ese;if Stiffness
Soncimans [N] [mm] [MPal] [GPa]

[+0° /07 14 1.222.2017 4.1537 131.3164 28.0114
[+15° /—15" ]a | 2.620.0000 5. 7270 281.4787 43.68524
[+45° /45" 14 | 1.940.8380 17.3840 208.5239 10.6475
[+90° /-90° 1« | 666.5625 5.4890 71.6119 11:67.13
[0° /907 14 3.141.4080 Tol5Eh 337.40957 40.7645
20" /07 14 3.203.1250 8.6890 344.12685 45.6927
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Fig. 24 Bending stifiness of CEFRP sguare members

[#0i]
[0:90]
[=1]
B
g [rov-00]
=11}
E [+ 45/-45]
[ 5]

g [+ 15i-15]

[+0/-0]

0 10 0 30 40 £0
Bending Stiffness [GPa]

Fig. 25 Bending stiftness of CERP cirele members



1000 [ = FEF 8 qua rs Bl am bars
EEH e FEP Circls Mam bars

00
600

400

EI[NmmZ]

200

[0.0]

Fig. 268 Comparizon stiffness of CFRP =square and CERP circle

- 41 -



A 4 4 AYCFRP &4 7254 $9 54

A/CFRP £49 Alz} ¥z R 4205 RE- EHA2E 52 CFRP =4
zHx AEE s 2ESHBE Atg st 4HHzgod 2ES) 7ol
=2 17 FREAE duzt A8 4 dFYE F HASFYTE 8T AEA
£ Azagedch I8t FA, FEEME 2mm (44661422 UAHEA &Y
oo HAEFHE FRE [+0° /-0 ], [+15 /-15" ], [+45" /-45" ],
[+90° /-920° ], [0° /20" ], [90° /0" ]2= 39tk

HEHREZD] 7|£2 Flg. 277 Zo| AEH Ho|9%E 07 22 A&
el e Atzh, 98 2|2 ZAE 9w 42 713 AVCFRP £4 ¢
3 3% H4EE gt 4¥ T dojal sEF-sdAEY 2} A FEw

% FYLYE AFAEY FUIPEER B

|
A

o B
o
oL

CIRP e Alunimnum
i I memhb
ﬁlullnnum ._.lllun.li.n vt I HIEJI:I: memmbhgr—m—"+
: Flat member—— e —

: : Trigger i

e :'_If}

| i

i 4
Mg | f
E. hh%r A I 0” fiber /
R ! 0" fiber : direction !
direction o |
90" fiber : o0 flb.:rL : 90" fiher |
directi i . ot |
irec 1nr11' _ Ao I dlrELTITrll .

Fig. 27 Configuration of ALCFRF Hybrid members



Al 12 AVCFRP £4 Al 234 28 =4

B A AEHT gy np2 ACFRP £4 A4 F2EAY FYEH
£ Bz 33 FYALAE & sF-HYg =y FYEYE YRy 43
o 2¢l 4 AgrzBEg dHTy 37|+ Fig 284 YERi AT

Az wHHd w2 AVCFRP E4 Az FEEA([+0° /-0° ],
[+15% /=15~ ], [+45~ /-45~ ], [+90° /-90° ], [O° /20" 1.
[20° /0" D& 33 39 48 ¥ P43 #ze sF-#J4EE Fig. 20~
3¢ ol YeEhiZen, 2 A ExHe FY 4L Photo. 19 ~ 24 ¢ JERYAh

WEE APHEE HystE ol 5D ZAAM mErt dejyws 34F st

FH4E BHon oy ARH 2§ FETRL 730y} g4 o
HY#5A7AE FYEHeR 20 22y 74 BE4E 459k

CFRP
Aluminum \
T

+ 30 >

32

i

al
-

Fig. 28 Cross—sectlon shape of Hybrid sguare



Load[kN]

0 10 20

Displacement|m m ]

Fig. 29 Load—displacement curve of HQ [+0° /=0° ]4

Photo. 19 Bending processing of HQ [+0° /=0° 14
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Fig. 30 Load—displacement curve of HQ[+15% /—15° 14

=

Photo. 20 Bending processing of HQ[+15° /—15° 14
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Fig. 31 Load—displacement curve of HQ[+45° /—45° 14

Photo. 21 Bending processing of HQ[+45" /=45 14
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Fig. 32 Load—displacement curve of HQ[+90° /—00° 14

Photo. 22 Bending processing of HQ[+90° /—00° 14
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Fig. 33 Load—displacement curve of HQ[0® /90° 14

Photo. 23 Bending processing of HQ[D® /90° 14
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Fig. 34 Load—displacement curve of HQ[90® /0° 14

Photo. 24 Bending processing of HQ[90® /0° 14
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Fig. 36 Load—displacement curve of HR[+0° /=0° 14

Photo. 25 Bending processing of HR[+0° /—0° 14
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Fig. 37 Load—displacement curve of HR[+15% /—15° 14

Photo. 268 Bending processing of HR[+15° /—15° 14
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Fig. 38 Load—displacement curve of HR [+45% /—45° 14

Photo. 27 Bending processing of HR [+45° /—45° 14
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Fig. 39 Load—displacement curve of HR [+90° /—90° 14

Photo. 28 Bending processing of HR [+90° /=00 14
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Fig. 40 Load—displacement curve of HR[0® /00° 14

Photo. 29 Bending processing of HR[0® /90° 14
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Photo. 30 Bending processing of HR[B0® /0° 14
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Fig. 43 Load—displacement curve of HH:[+0° /=0° ]4

Photo. 31 Bending processing of HH: [+0° /=0° 14
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Fig. 44 Load—displacement curve of HH:[+15% /—15° 14

Photo. 32 Bending processing of HH:[+15° /—15° 14
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Fig. 45 Load—displacement curve of HH:[+45% /—45° 14

Photo. 33 Bending processing of HH:[+45° /—45° 14
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Fig. 46 Load—displacement curve of HH:[+90° /—90° 14
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Photo. 37 Plcture of bending result of AVCFRP Hyrbrld square members
aftar 20 sec

Table. 7 Bending test results for AFCFRP Hybrid sguare members

Max Load | Dispalcement Ese;if Stiffness
AR [N] [mm] [MPal [GPa]

[+0° /O0F 14 4.859.2190 4.5580 241.8800 5B.0275
[+15° /—15" ]a | 5.018.7500 4.9755 249.8272 52.8380
[+45° /45" 14 | 3.272.3440 9.6075 162.8932 17.8828
[+00° /90" 14 | 2.574.80997 8.4887 128.1303 15.98938
[0° /907 14 4,207.8580 8.1625 209.4519 30.8016
20" /07 14 4,192.34 35 5.8780 208.6897 87.4512
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Fig. 50 Load—displacement curve of All AVCFRP Hybrid clrele members
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Photo. 38 Plecture of bending result of ACFRP Hybrid circle members

after 20 zec

Table. 8 Bending test results for AFCFRP Hybrid circle members

Max Load |Dizpalcement Bgeiizg Stiffness
- [M] [mm] (MPal [GPa]

[+0° /07 14 4.843.8480 4.6573 252.3002 46.5101
[+15° /15" 1« | 4.929.8880 3.8940 268.7912 ob.04 14
[+45° /45" 14 | 4.209.3750 8.7230 219.2695 21.2093
[+00° /907 14 3662.5 6.073 190.782 26.5063
[0° /907 14 4.780.0000 8.0780 248.9938 34.6312
20" /07 14 4.564.84 35 8.0010 237.7382 34.0884
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Photo. 39 Pleture of bending result of AVCFRP Hybrid hat shaped members

after 20 zec

Table. 9 Bending test results for ALCFRF Hwybrid hat shaped members

Max Load | Dispalcement BS?ZIST Stiffness
S [M] [mm] (MPal [GPa]

[+ /07 14 4987.1875 4.9755 197.9134 41.8681
[+15° /—15" 14 | GB54.6375 4.335 225.3063 oD.0080
[+45° /45" 14 | 4470.3125 10.324 178.1159 18.1957
[+o0° /007 14 2853125 5.98 9 113.6804 20,0196
[0° /907 14 43768.5825 5.0b85 174.3805 36.3822
20" /07 14 4357.8125 4.988 173.6354 36.7 385
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