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ABSTRACT

In this paper, the sandwich panel composites consisting of core material and face sheet were studied to
evaluate the mechanical properties, noise level and fire resistance including flammability, smoke, and toxicity.
Four types of sandwich panel were prepared using various kinds of panel and honeycomb materials. It was
observed that Al honeycomb/AI skin composite materials had the excellent flatwise tensile strength and edgewise
compressive strength compared with other types of composites. The flatwise compressive strength and flexural
strength of Nomex honeycomb/AI skin composite were higher than those of other composites. PMI form/AI skin
composite showed the higher core shear strength and facing bending strength. From the experimental results of
flame resistance tests, it can be said that the phenol based skin composite has the excellent flame retardation
properties, which are similar to those of the commercial skin composites.
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Table I Specifications of Core Materials

~
Aluminum Nomex

PMI'
Honeycomb' Honeycomb'

density (kg/rrr') 48 48 75.3

cell size
9.5 4.2

(mm)
-

compressive
1792.6 1903 1468.6

strength(KPa)

shear
1378.9 1158.3 1275,5

strength(KPa)

1. Aluminum 5052
2. Aramid fiber coated with phenolic resin
3. Polymethacrylimide foam

Table 2 Preparation of Composites

----------
facing materials core materials

A type aluminum AI. Honeycomb

-B type aluminum Nomex honeycomb

C type aluminum PMl

D type phenol resin Nomex honeycomb

b+""'~

facing material

11111111111111111111<

/ adhesive sheet

--:j~~~~~~£-."/~_ core material

Fig. I Constituent unit of sandwich panel,
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±AR7} c},g,7-]] l.j~5']Oi 6:]%Bc}. -@£~::<] ~'@.g. AJI:jJ

~.9-£ .!f-'fl.:il ';;!-.g. ~.£9.] {jAR(core materialjs] 0J~ lE

qiol] gr.:il ~.g. 7J.£9.] qi 'B(skin, facing)~ 1l3f~ T~~

0] if-oj i5}Y i'l (honeycomb) {j AR Q] {j -9- qiAR.2J- 1l3ft'}7]
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% Table 2Q} Fig, 101] 1.-}E}L~~q, :J.iC].Jl 'i:!ARQ} ~Al]Q]

1J3j-.g. 01] ~A171] Bondex 206(~,;;-§}01lJ}) 1Jzr sheet~ A}

%"8'}'i;J..Q.oj hot press molding'il.Q.~ A1]-6}"8'}'i;J. q.
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~ "J"JJl} (b) 'i:! "J"J 7}"8'}oj '1'- i;~ "8'}'i;J. q, 5'<}%;..] ~.g. 1).~

1).01] A-1 Q] %"J+Jl}~1). ~Aa"J'il% iT;;<a"8'}.Jl ~~ KS F

2808 iTZl 011 ~"8'}oj ~~'fj5'<] 'T3:.%01] rJ1 tR :fr"J1). ~ lJ]

~ o]%"8'}oj '1'-i;~"8'}'i;J.q. Phenol '1'-A] 'i:! AR 01] rJ1~ \:!-'i':!A<:J

;..1 ~ Jl} ~~7.1 '1'-;..] ~.g. Standon Redcraft-ls] smoke boxs]

Rheometricst-lsl oxygen index tester7]~ o]%"8'}oj zj-zj- ~

;<a"8'}'i;J.q. 7}'i':!A<:J;"]~.g. VIC 564-2 iTZlo1] ~lj] A1]-6}'8 ;..1

~;<J5'<]~ o]-§-"8'}'i;J.q, 'i:!AR~ ER% llR ~A~"8'}~ 7}!::.9.] ~

~.g. E2,f!:: iTZl NF X 70-100011 Q]7l"8'}oj 2t.~"8'}oj Gas

Chromatograph(GC)~ 0] -§-"8'}oj ~~ "8'}'i;J. q, Phenol '1'-7.1 'i:!

ARc°]"8'} P)o1] rJ1~ ~Jl}~ lJ].ill"8'}7] 'fj"8'}oj ~AR "M5:.~}2J

01] 61-§-£].Jl ~~ 9]';;- Culver cityJ..}Q] A1]%(0]"8'} C)Jl}

Stesalit-] A1]%(0]"8'} S)~ 'T'1J"8'}oj 1).~~Jl}~ lJ1.ill ~~

"8'}'i;J.q,

Stress
Stress

0 0
II~II

Rw~'v

11I11111111111111111
iwm*w*,,.··*,v= '

{[ 0
Stress Stress

(a) (b)

Fig. 2 Schematic diagram of compression test.

(a) edgewise compression, (b) flatwise compression
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~ 01] .9.] ~ "8'}y ~ .ILolQ] J11± 01 ;<}.Q.i:!1 "'] Oli;} !2]3 ,..,.,-r'-, 1....:. 0 0 -, ..... 1 ~ 'L. ...., 't!.

ARQ] J1}~ ~ 37}7.] %~011 .9.]~ 1Jzr -¥-'fjQ] J1}~~AJ-.Q.

~ 1.-}E}\:!-q[3]. 0]~ J1}~~AJ oj]~% "8'}7] !f1tRJ..-1 ~~~

ARQ] 7]71]31 ~A<:J% o}~ -3!.g. ul]-9, %Ji.."6}q. ~~'T3:.

%01] rJ1~ 7]71]61 ~Ad;..1 ~.g. 7J5:.;"]~, -tl%~A<:J;..l ~%

% '1'- ~.Q.oj 01~ "J'il%~ ~ol7.1~ ~Jl}~ ~tR ~~~

AR Q] 7]71131 ~A<:J 01] 3i'!tR :;fa 7} ~ '1'- ~ C}, Al1-6J-'8 ~~!f1

5'<1 IiJl\J. ;..]'H01] rJ1~ 7]71]31 ~A<:J ;"1~ ~Jl}Q} 31% iTZl

% Table 301] 1.-}E}L~~q. ~;;<a~Jl}~ zj- ;..1'H01] rJ1tR 5:§1

~;<a~ ~% sr3TI~ -3!.Q.~ "8'}'i;J.q, 7]71131~A<:J;"1~~Jl}

01] u:j-.s'i:!, ~3f-o]l'r 'i:1A + ~3f-IJl1'r "8'}y~ ~AR~ 'TA<:J

'8 A type ~~'fj5'<] IiJl\J.°1 'i:!"J"J ~;<J7J5:.Q} ~"Ji;J ~

~7J5:. ~A<:J 01] A-1 ~'1'-"8'}oj ~3f-o]l'r 'i:! AR + .x.0j!:: "8'}Y~

~ AR~ 'TA<:J '8 B type.g. 'i:! "J"J ~~7J5:.Qj- if"CfJ 7J.5:.7} ~

'1'-~ -3!.Q.~ ~~£l~q. ~3f-011'r 'i:!AR + PMI % ~AR 'T
Ad Q] C~.g. ~ARQ1 {l'rJ.-7J.5:. '31 'i:!ARQ] if~7J5:.7} ~'1'­

~ 51% ~ ~ ~et.

"M.5:.~}2J.g. lJ}~AR, ~-¥- ~ 'i:! 't1:AR, .:B ;<JAR~ 7Jj ~}.9.] L~-¥­

~ ~{l"8'1 7,J-.)(}~ BR5'<l~ "8'}.Jl ~.Q..E'..~, "M5:.~}2JQ] .Jl4j­

-&-i;~ % ~A~ £]~ !2]7]Q}Q] 'rJ.-91¥~ 0}L-] iC} !2]-¥-01] A-1 %
'1J£]~ ~% ~}'rJ.- ~A<:JO] %..8.~ 7]~ %.9.] "8'}1.-}0]q, a,j

%31.Q.~ ~% ~7el% ~~"8'}~ A1]%% A1]-6J-"8'}7] 'fjtRA-1

0].e-61 tR~011 ;"1~ ri]olEl~ 31-§-"8'}oj a,j31.9.] A~71]7} £]

olo]: ~ -3!0]CH5j. u:j-iC}J..l L~.9];<JARo1] rJ1~ ~}-g,;"]~(%i;J
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300Hzo] is"}.91 A1-?-II} s.%"1] "'1 '=" 4%9.] .2. -§ -\!!E.-'fl ;<]7}

If-:i!}-e-~''']iB)o] ~iLiS"}t:}. ~5:.. ;z}2J.91 "riL s.% ~A~~

.g. ;Z}~:i!} ll]~"'}ol"1]"'l ~A~iS"},=" ~%s.%, .:il4j- "rt;~"']

~A~iS"},=" ~~s.%, ~7,H:i:i!} 1J~ ;;<J";<] "'}o]"1] ~A~iS"},="

1J~71] s.% ~ 'T.:£:%:i!} :;>;]'tJ-% %is"}oj ~1'tor],=" A1-?-II}

°8"1.91 s.%, :d% %0] ~2..uj %'Al4j-9.] ~4- 4-:d7] i'J:9.]

s.%5:.. ~;<1]7} -Bt:}. 0]% ;Z}~ LH.!f-s.%.91 -?-~~.g. ~%

s.%, 'T.:£:% ~1'ts.%, :;>;l't!- ~1'ts.% .:::1.2.1.:il 4-:d ;~P]s.

%01t:}[6].

0]?~71] ~),~~ s.%0] ;<l-:'1]~ 'ij"'}is"},=" ~4-, .:::1. %9.] ~

.!f-'=" 'tJ-"'}or].:il L.}o-]:;>;],=" ;z}:,1] 4j-2...£ %oj.z}t:}. ;z}j1] 4j-2..

.£ %oj.z} %.g. ~ .!f-7} ;<} :'1] LH "1] "'1 ~'T'--"']7-] L.} ;<}j1]~ If­

:i!}~t:}. o]uH 'ij"'}% "1]tl:;>;l(1)"1] t:lW If-:i!}% "1]tl:;>;](T)9.]

Il]~% If-:i!}~("c)0]2.}.:il is"}uj FT/I.£ ;;<a.91-Bt:}. If-:i!}-e-~

(transmission loss, TL).g. (I)-61:i!} -'\J-o] R ~ -"'].:il td--'fl '=" [1]

",] 'jj!(dB)o] t:}[6].

1TL= lOLoglO( -)
t

(I)
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oJ "1"1];'1 %ZiJ If-:i!}-e-~ 0] 3.711 L.}E}L.} A1-?-II}'T'-°J "1.91 s.
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Fig, 3 Transmission loss vs, frequency for sandwich panels.
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"1] ~~",]7'j ~.IL%"1] Q]~ ~~ol s.~or]~% uH, "'PH "1]

~),~t}'=" ~~Q] s.~or],=" "'W:i!} ~~"1] .91-crH -e-"'J-B ",]

1[1Q] 'i':!~% ~;;<cliS"}oj "'11[1.91 7}'?:!Aj% Table 4"1] 9.]-crH A1

7,iJ.;;<j~t:}, Table 4"1]"'1 P,=" ~.:il%.91 ~~o] 7J1:d ~ "']1[1-----------
Types

A B C 0

flatwise tensile strength (MPa) 3.45 1.18 1.42 0.79

flatwise compressive strength
1.87 2.22 1.17 1.82

(MPa)

edgewise compressive strength
8.06 6.88 6.95 5.71

(MPa)

sandwich core shear stress
0.93 1.13 1.31 0.93

(MPa)

sandwich facing bending stress
10.64 13.09 15.28 10.82

(MPa)

flexural strength (MPa) 27.54 30.35 28.39 25.18

displacement (mm) 4.0 10.6 11.4 13.6

Table 3 Mechanical properties of sandwich panels
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Jl 9)'=:-[,] Table 6<>1] .::I ~-fr~ L-}lO}LB5jq. {).~~i!}

phenol 'T A] q1AR Q1 7ejJf- ~;±'A]'T7} 56.3.Q.£ 9]-=<:-Al]% C
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Table 4 Flammability Determination

5<100

100<5< 150

5>150

P(sec), 5(cm')

Table 5 Results of flammablility
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;±'Q] -¥-I!J%'13'(mm3/s)0] q.

O2
Oxygen Index = (02 +N

2
)

Fig. 4 Overview of flammability tester.

(2)

P(sec) 5(cm') Results

phenol resin face - 51.5 Approved
material (P)

imported product (5) - 47.1 Approved

imported product (C) - 45.9 Approved

Table 6 Classification of oxygen index

Class Oxygen Index

10 ;;; 70

11 ;;; 45

12 ;;; 32

13 ;;; 28

14 ;;; 20

NC < 20

NC : Non-Classified
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