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a,a,, B,y

Nomenclatures

Total thickness of panel (cm)
Thickness of skin plate (cm)

Thickness of honeycomb core (cm)
Support span (cm)

Distributed load (keg/cnr)

Concentrated load (kg/cnr’)

Maximum deflection of panel (cm)
Maximum moment (kgem/cm)

Stiffness (kgenr/cm)

Stress on skin plate (kgcnr)

Shear stress on honeycomb core (kgcm®)
Strength of honeycomb core crush (kg/cnr’)
Density

Young's modulus of skin plate (kg/cnr’)
Shear elastic coefficient of core (ke/cnr’)
1-(Poisson’s ratio)®

a,a,, 8,y Coefficient



Abstract

A composite material is a macroscopic combinatibriwa or more distinct
materials, having been designed with mechanicaity énemically better function
and characteristic than its original individual evéil.

Fiber reinforced composite materials has variovsatages in terms of big

specific strength and modulus, environmental ismhataromatic property, easy
fabrication and integration.

Various application of composite materials not oMty space shuttle and
aerospace but also boat building and common indsdtas been increased.

There are many fabrication such as fuselage ofadirand helicopter blade at
an autoclave. Car bumpers were made by RTM(Resinster Molding).

According to filament winding process having higiesgth and modulus carbon
fiber with epoxy resin, many pressure vessel haenbabricated.

Aerospace market has sharply increased latelyrbarae part makers started to
make big carbon composite products. Shipbuildirayket are using composite
materials hulls and decks. Sporting goods makersvédening its application as
well.

Regardless of these various usage of compositeriadatehe application of the



materials for industry are still limited and reaadrbetter fabrication technology.

In order to develop composite fabrication techngldmeing applied to real
product, continual academic and scientific studyguired.

Industrial machinery is bigger according to inciegseeds of electric products.

The machinery became efficiency by high speed,ymtdty, light-weight.

Most of LCD(Liquid Crystal Display) and PDP(Plasniaisplay Panel)
production lines are using aluminum pallets. Ireaaisthe aluminum pallets, even
if its evaluation technology has been accumulateths there is rare evaluation of
technology to use composite products on the LCD/p@Euction line.

A composite pallet that fiber reinforced epoxy matomparing with current
metallic ones can be reduced significant weightirgp\and give us economical
advantages.

Commonly, composite materials were known the abibf the significant
vibration damping such that it help us minimizatioherror due to vibration on
production line. It can reduce twisted vibratioddelp us productivity.

Current aluminum pallet having heavy weight makigh lvibration and needs
more bearings. The composite pallets for the @igitsplay production line can be

fabricated either autoclave process or better miodty one, which become light-

Vi



weight, easy maintenance and economic point. Bmtve®mposite materials and
metals, there has been developed better adhesiealegy such that not only a
complete composite pallet can be producted butrabditional composite parts
can be fabricated in terms of co-curing processis surely required to design and
to evaluate of the products.

Therefore, in order to make advanced compositeeppalh digital display
production line, this study will analyze stresstlod composite pallet according to
the theory of composite materials stress analysid design the advanced
composite pallet.

At the result of above, | want to make some advdroaenposite pallets and to
evaluate various characteristics.

Through this study, | am trying to develop a conifgopallet on the display
production line which has many advantages just fil@e weight saving, better
mechanical property than current aluminum one.

Moreover, it can make the base of new applicatiwrother industry.

This study is trying to show design of the thickse§skinning material and core
through stress analysis of the pallet on the dysptaduction line.

Some specimen by autoclave process will be prepared

Vil



And it can make possible to evaluate fiber areagateand
mechanical/chemical/thermal properties, eventualgrify the possibility of the
use of composite pallet and will develop a highfggenance advanced composite

pallet.
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Fig. 1 Wooden rack for digital display



Fig. 2 Aluminum rack for digital display



Fig. 3 Using of aluminum lack
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Expanded Core

Fig. 4 Honeycomb sandwich structure
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Cell size

bbon direction, or width
Long direction, or direction perpendicular to the

L =Ri
ribbon
T = Honeycomb thickness, or cell depth

W

Fig. 5 The technical terms of honeycomb
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8

(3.33)

D :  Stiffness (kgcm?/cm)
E ' Young's modulus of skin (kg/cm?)
G, :  Shear elastic modulus of core (kg/cm®)
A : 1-(Poison’s ratio)?
t : Thickness of sandwich structure (cm)
t. : Thickness of core material (cm)
t, : Thickness of skin material (cm)
47 AA| Exste 21D vl MELA HEo] HPA (o) e

4 2
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Table 1 Specification of autoclave

Classification

Specifications

Internal Max. Operating Conditions

100psig@650°F

Vessel Design Specifications

110psig@450°F

Working Dimensions

36"Diax48"Length

Power Requirements

480 VAC, 3¢, 60Hz, 60FLA

Estimated Weight

70001b@30psi Dist. Load
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3tU 7 #o](Nomex honeycomb core)& AF-&3}3t}.
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B

D freldlf e

o

e

rlr

AolM = A=A Fx2A WAz ARSEE ZYzyoaz

[

BMS 8-79¢] %A A el d /ol EFA 2y =¥ 2(Cytec
Fiberite glass/epoxy prepreg style 7781)5 AF&3}$4 ). Table 2 9l

/\El

i

of AbgR Zelze e =45 JERAAT

Table 2 Properties of prepreg

Property Value
Tensile strength 552 Mpa
Compression strength 483 Mpa
Interlaminar shear strength 62 Mpa
Resin solid content 39 %
Gel time 4 min
Tg by DMA 121
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2) IFolAE
2 AFo A AFESE IAAlsEE 1 5o 4% =9 sy 3o

(Showa CG-SAH1/8)& AF&3l3itt. 21 4 S Table 39 YERAATE

, ARl B AR TElan AAE B

Table 3 Composition of honeycomb core

Nomex honeycomb core
Composition Value
Nomex paper 66 < %
Phenolic multipolymer resin 33> %
Epoxy multipolymer resin 0.3> %
Nylon multipolymer resin 0.3>%
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3) ¥ A E(Adhesive film)

NZAl # 7 AlAawlel] 2 A(Adhesive) ME-& EYste] A U

feiz

T2AE "2 4 9= Loctite Hysol 2] EA 9696 Al#& HIAIE

b

g ol g ek

4.1.3 HA383H

D A
Zzee] A& QTS 95t AF Aurle =ug st
a2k W9 W2 Add Fig. 202 A5 A7) 2 o] &3to] suf =

o1 Alwati Aol

Fig. 20 Scheme of automated cutting machine
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2) dold (Lay-up)
Aol B TP I Y 12 Fig. 2194 RoAE= Az Zo] #Hold

?:5_]__‘:]_.14)

Vacuum bag material
Pressure plate

Breather Glass prepreg

Vacuum
j Mold release
Or
Non-perforated
Parting film
\

Vacuum sealer tape Glass prepreg

Tool

Fig. 21 Diagram of lay—up for process14)%F105
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Fig. 22¢} #Zo] 2 EZF o]y i golgdo] ¥ Tools ¥ 2
TS (Hose)®t My H(Prove)s d4dsta, 43F9 2585 574

a7] Sl ddE F-2E

Fig. 22 Arrangement of autoclave operation
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4) eEZHelrn 49
LEZHCIBAMN AFES AdIFsty] &M el e Azl
whel 2 g 3 d A9 (Recipe) S 238k LEF e OB Alo] Al <

dot ¥ 49E Adar),

i

Fig. 232 QLEZHCIEE Aofstr] f3 AofrAqlolH, Fig. 24°]

L

SEZHolE AoE A% AAYE YERIGA Fig. 25¢ Al %
g AsibolE e HEhlaL Sl
Aeprtol2E AEstr] flgk dAFE ASCARS CPC FEIIEE

o]-g-3ko] Ao} Al 8ol ol 3 ek,
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Fig. 23 Control system for autoclave
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T AEE JhFIth Fig. 262 4" dA 9 Apxlo]th,

Fig. 26  Skin with inserted part
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ote] AL AA AR o]E8 = WHS Fig 27014 HolFu

Fig. 27 Completed transportation rack by autoclave process
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4.2.1 A3 A

[
1

Fig. 28 Scheme of multi layer press used in process

4.2.2 AFA=
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2 Ao = M= A F2AS HAZ AFSEE Ty oz Xy
28 Iy 1(Glass/epoxy style 7628)2 A3ttt Table 2 9
Ado] AR ey e E45 YER I

st Fol= SESFHo|Ho|A AL&¥ Showartd] CG-SAH1/8 A

4.2.3 AE3FA
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Fig. 29 Material lay—up
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Fig. 30 Cure cycle of prepreg
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4.2.4 ZIHX FYol A& & A

Fig. 31 Completed transportation rack by press process

_59_



4.3 LEZHC|E g Ty iAo 3 AFE o|FE #e v

o]

s

)

bl -4

°©

of #

Eal

&

Ry

ol

ol T~

ol #Ha 107K o]do] ABrtE7]

Moz

St

AR ollA =

23 9EZFHolr

SRS

J)

(Caul plate) WO =2

ol

g

_60_



.mo
0

Wi

R
Uz
Wi

L
_*O_l

oy

A& (Fiber contents)2 21743t 228 (GFRP)9] A

o3

o] A(E= F9)9 HE=

A

s

AR (e AAF-I)e o

AR &

oF
pont

ok

o

13]/‘

dA e FA o

o

n
of
TH
oF

o

—_—

)A
25!

il g
(=5
jani

ol

3} =]
==

57}

i

ol

il

4]

37 93

a7

_61_



5.1.2 AJH 9] FH]

AlH O] A= 2g o]Xte]l HES 37N Fig. 329 &2 XA &

ghlo] AGA ) FhaAtel s s B sl

A0 mm J00 tn A0 o 00

] | ]
4 \ -

120 rom \Specim&:n

‘4 F‘ﬂ F‘

Fig. 32 Classification of test specimen19)¥j
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[e)

=

= 2 (5.1)
Initial mass of specimen and crucible (g)

Final mass of specimen and crucible (g)

Fiber weight fraction(%)
Mass of crucible(g)
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5.2.1 2lulo]E SAHAH

ASTM D 638l utet,

QPN G

s

Eo ¢

2k | o]
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Specimen Glass/Epoxy laminate
Stacking Direction [0/90] 107
Spec ASTM D638
Temperature Room Temperature, Dry
Test Speed 0.05 in/min
"
| e |
Unit : in = W L LO R
ASTM T3 A< <0.28 0.25* 2.25* 7.2 3£
1 0.099 0.269 - - -
2 0.098 0.275 - - -
Specimen 3 0.097 0.278 - - -
4 0.098 0.277 - - -
5 0.098 0.275 - - -
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* Tensile Stress/Tensile Strength

Ftu
Pmax

0 i

Ftu — Pmax / A

O‘i:Pi/A

ultimate tensile strength, MPa [psi]
maximum load prior to failure, N [1b]
tensile stress at Ith data point, Mpa [psi]
load at I-th data point, N [Ib]

average cross—sectional area

_69_
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* Tensile Chord Modulus of

Elasticity
Ehord = Ag/ Ag (5.4)
gehord tensile chord modulus of elasticity, GPa [psi]
Ao : difference applied tensile stress between the two
strain points, MPa [psi]
A e : difference between the two strain points (normally

0.002)

Fig. 333} Fig. 34+ Al 703k Algdel] AHgd AvlE el

AT,
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Fig. 33 Specimens for tensile test

Fig. 34 Apparatus for tensile test
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Specimen Glass/Epoxy laminate
Stacking Direction [0/90] 107
Spec ASTM D695
Temperature Room Temperature, Dry
Test Speed 0.05 in/min
A8lcm —
(1.5")
1 [ ——— 1
1.2 cm 1.2T em
Eo.?.s"} {D.50™
i L |l T
- 7.94 cm — / —
i L 3 8lem RADIUS
(1.5")
Geometry
ID W (in) T (in)
1 0.506 0.1
2 0.504 0.099
Specimen 3 0.505 0.097
4 0.507 0.097
5 0.507 0.096
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s 2o}
* Compressinve Strength [MPa, psil = P™/ A (5.5)
P™* ' maximum compressive load
Amin ¢ the original minimum cross—sectional area
* Modulus of Elasticity [GPa, psi] = Stress / strain
Fig. 35= 45A18 ol AFRE AlH ) BEHE HojFr

Fig. 35 Specimens for compressive test
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3) Interlaminar shear test
Interlaminar shear A& ASTM D 2344% ©]£-3F Short beam test
£ %35}9], Interlaminar shear strengthE T3}t AldzxAd 9 AlHA

At g a g 2
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Specimen

Glass/Epoxy laminate

Stacking Direction [0/901407
Spec ASTM D2344
Temperature Room Temperature, Dry
Test Speed 0.05 in/min
—45° ‘In' ase [ J.o03]8]
[Z1-o03]8] =
] 2
| 3.0 mm [0.125 in] dia.
supports
] S orgh || tt: Syt s
' ‘h’& Pﬂ?lf
- i Specimen Length————
Geometry
ID W (in) T (in) Span (in)
1 0.245 0.0985 0.400
2 0.245 0.1 0.400
Specimen 3 0.245 0.101 0.400
4 0.245 0.101 0.400
5 0.245 0.095 0.400
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Interlaminar shear strengths= o}# 8] 218 o] &3to] +3 4= it}

F* =0.75 X P,/ (b X h)

Fsbs short-beam strength, Mpa(psi)

P : max load observed during the test, N (Ibf)
b : measured specimen width, mm(in)

h : measured specimen thickness, mm(in)

Fig. 363} Fig. 37< Interlaminar shear testel] AF&%

H| S HojET
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Fig. 36 Specimens for interlaminar shear test

Fig. 37 Apparatus for interlaminar shear test
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5.2.2 N4

Q1A 8 S E3}o] Ultimate tensile strength$} modulusE -8k C

] Az= ob# Table 49+ 72t}

Table 4 Ultimate tensile strength and modulus

Geometry
ID Fu(ksi) Ei(msi)
w(in) t(in)
1 0.269 0.099 54.160 2.787
2 0.275 0.098 59.610 2.598
3 0.278 0.097 58.760 2.548
Ave. auto 0.274 0.098 57.510 2.644
1 0.278 0.099 55.710 2.788
2 0.269 0.096 57.280 2.553
3 0.278 0.097 58.670 2.597
Ave. press 0.275 0.097 57.220 2.646
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Fig. 38 Fractured specimens of tensile test
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il

r=A)38]S =3 Ultimate compression strength®t modulus

3t Ay}= Table 58 Zt}.

Table 5 Ultimate compression strength and modulus

Geometry
ID Fcu(ksi) Ec(msi)
w(in) t(in)
1 0.506 0.1 45.080 5.184
2 0.504 0.099 55.940 3.795
3 0.505 0.097 57.080 7.167
Ave. auto 5.505 0.099 52.7 5.382
5 0.507 0.096 52.060 2.579
6 0.507 0.096 47.750 4.361
7 0.506 0.1 46.780 4.248
Ave. press | 0.507 0.097 48.860 3.726
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Fig. 39 Fractured specimens of compressive test
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3) Interlaminar shear test

Shor beam testE %3 =743t Interlaminar shear strength= Table

63} 2t}

Table 6 Interlaminar shear strength

Geometry Shear Strength
ID

w(in) t(in) Span(in)  |[Fsu(ksi)
1 0.245 0.098 0.400 6.410
2 0.245 0.100 0.400 5.920
3 0.245 0.101 0.400 6.140
Ave. auto 0.245 0.100 0.400 6.157
4 0.245 0.095 0.400 6.030
5 0.245 0.098 0.400 6.010
6 0.245 0.101 0.400 6.150
Ave. press 0.245 0.098 0.400 6.063
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Fig. 40 Fractured specimens of short beam test
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(b) After fracture

Fig. 41 Sectional diagrams of specimen
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5.2.3 3tHd AMEHA Fx=9 SAYAH

1) Al A 2k

$U7 ol B4R BEAR AW eEZdoln ul max 4

oft

HE o]&3 Fig. 429 £ Loz At (a)+= flatwise
tensionA]A ko] (h)E long beam flexural A2 ok L}E}
Wt} %Y Flatwise tension A|AT dFulE B23)9] A2 [ octiteAl2)

EA9696 & AF&3tl o™, 120TCelA 1A1ZF d3F H 2 skt Fig. 42

—

o} #& AlAS A7) fl8ke] diamond sawell Al 7hEske] A E A

&S Fig. 439} Fig. 449 e 9lct.
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Adhesiye

Aluminum .
Block .. — Bonding

Honeycomb <}

Sandwich o
Fanel 40-50mm
‘ {1.67~2")
Aluminum II_EEImm (2"
Block | /

= E
S0mm (2") |

T5mm 610mm (24) |

s

Fig. 42 Scheme of specimen for flatwise tension test

and long beam flexural test'®
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Fig. 43 Specimens for flatwise tension test

|
}
%
%
4

Fig. 44 Specimens for long beam flexural test
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2) N

L

AlEZAL flatwise tension A8 long beam flexural A] & oA =

cross head speed® HU] dtgtslEo] 3~6F Alolo] Aol 4= gl= H

oz A3tk Flatwise tension, @ long beam flexural strength?]

AP A-S Fig. 457 Fig. 469 YeE AT,

Fig. 45 Apparatus for flatwise tension test
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Fig. 46 Apparatus for long beam flexural test

5.2.4 Ngd3}

B Ao F3F long beam flexural o] 23t F474 % 2 =

u|

A

45 Table 7 flatwise tension test®] ZA3}E Table 8 YERH AT}
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Table 7 Results of long beam flexural test

Flexural strength (MPa)

Test item

L-direction
Specimen 1 2 3 Avg.
Autoclave 53.3 54.7 52.7 53.6
Press 51.3 50.6 51.4 51.1

Flexural strength (MPa)

Test item

W-direction
Specimen 1 2 3 Avg.
Autoclave 64.5 63.8 64.5 64.3
Press 61.7 61.9 62.8 62.1
Table 8 Results of flatwise tension test
Test item Flatwise tension (MPa)
Specimen 1 2 3 Avg.
Autoclave 923.1 912.3 933.5 922.9
Press 888.2 1,032.4 753.5 891.4
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A7 (crystalline state)¥ B]ZAAHA (glassy

=
L

Hlel mia

state) T+ 7}

—

ol

SIEE L

=
[¢)

3k
5 &

7}

(Tg) oFefiollA

ol ®

.

Feldol2 =& Young's and shear modulus®} B]d, %

7,

A <=(coefficient of expansion), F A4 (dielectric constant)s %<
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Fig. 47 Correlation between Tg and property
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Sample : 2204 Film tE: OMA L YU2
Slze : B.1400 x 10.2300 x 4.5500 ma Dpmrator: K
Hathod : 40-250°C./10HIN DN r‘ﬁl Bun Dete: T=Jun=02 0% 32

Comment:
P . : -
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Fig. 48 Results of TA 983 DMA

1) Al e F#H]

oA AFEH AJAY AYS 0.9cm X 1.8cm =7]°]tk.  DSC

I

(differential scanning calorimeter) A%+ XX 1 A3 A] FA]7}

FEHAT oo BAATE 2FqHA k2 & dstE FAE AEL

ol
:
!

AFE-3FA T (Fig. 49) DMA(dynamic mechanical analysis) & A]3#H-&
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glass/epoxy laminate (+7] 2~3mm)E 10mm X 30mm = 7}&3Fo] A

Zspltt. (Fig. 50)'

Fig. 49 Specimens for DSC
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2) N EH

Zhu|Ujol E AlH S AFE-SFGITE. Al¥el A £-3F frequencyt resonant
mode, heat up ratex= 20C/min & 3Fg 1 A4 £97] stollA Al
A 250C7HA S48 Y. el Aol &5+ loss modulus®t storage
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Fig. 52 Differential scanning calorimeter
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Table 10 Flatness measurement of composite rack

3 2 1 0 1 2 3

0.037 0.025 0.036 0 Ty 12 0.005 0.020

Table 11 Results of flatness test

Property Requirement Test values Remark

Flatness(mm) | 0.5mm O[LH 0.016mm(AVG.) (+/= 0.15mmOl LK)
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Fig. 53 Scheme of flatness test machine

Fig. 54 Scheme of flatness test
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Fig. 56 Scheme of resist between inserted brass parts
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