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The idea of combining low weight and good mechanical properties has led to efforts to develop a new light
fiber/metal laminate (FML) in the last decade. FMLs are hybrid composites consisting of alternating thin lay-
ers of metal sheets and fiber-reinforced epoxy prepregs. In this study, the effect of fiber orientation on tensile
properties of this material is investigated both analytically and experimentally. An analytical constitutive model
based on classical lamination theory by using Kirchhoff-Love assumption, which incorporates the elastic-plas-
tic behavior of the aluminium alloy was applied. Test results show that fiber sheet, with zero angle in laminates,
improve the tensile strength. The composite layers with different fiber orientation change specimens' mode of
fracture. Good agreement is obtained between the model predictions and experimental results. 
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Ÿã†èþ „èõìýñýî: 3mc/g7/2 = lA

Ÿã†èþ ºý»ú …² ðõÑ E: 3mc/g45/2 = ssalg

Ÿã†èþ °²üò ̈»à º~û : 3mc/g51/1 = niser

)1(                                      13/03 =ssalgVssalgV/ssalgm=ssalg

)2(                                      38/32 =niserVniserV/niserm=niser

)3(                                                    65% = )ssalgV + niserV( / ssalgV= fV

ðíõðú|ø† ì}»ßê …² ¶ú æüú „èõìýñýî ‹õ¬ Þú ¬ô æüú Þ†ì�õ²ü• ºý»ú -

…�õÞ·þ ¬° ‹ýò „ðù† Ú±…° ¬…º•.

ðíõðú|ø† ÆŒÜ …¶}†ð~…°¬ 00-9303 D MTSA| ¬° 6 ðõÑ€ ‹† ²…ôüú …èý†Ù

ì}×†ô– {ùýú º~ð~ {† ‹±°¶þ ¬ÚýÛþ °ôÿ …÷± ²…ôüú …èý†Ù ‹± ̈õ…Á

ìß†ðýßþ …üò ¬¶}ú …² Þ†ì�õ²ü•|ø† …ðœ†ï ºõ¬. …² ø± ðõÑ ‹ýò 3 {† 5 ðíõðú

¶†̈}ú ô „²ì†ü¼ º~. ð}†ü� ̈†°ž …² ì¥~ô¬û ìñÇÛþ …² ‹ýò ð}†ü� ¤Ù̄

ô ìý†ðãýò ¶†ü± ð}†ü� ‹ú Îñõ…ó ð}ýœú „²ì†ü¼ ‹±…ÿ „ó ðíõðú â³…°½ º~.

…‹Ï†¬ ðíõðú|ø† mm 2/3×52×571| ‹õ¬ Þú ‹ú ô¶ýéú ¬¶}ã†û Þ»¼ ‹†

Ê±Öý• 06 {ò€ „²ì†ü¼ º~. ð†ï|â̄…°ÿ€ ð¥õû æüú|â̄…°ÿ ô ²…ôüú …èý†Ù

ø± ðíõðú ¬° ›~ôë1 „ì~û …¶•.

ρ

ρ

ρ

ρ

ρ

ð¥õû æüú|â̄…°ÿ ô ²…ôüú …èý†Ù Þ~ ðíõðú

Al/GE(0)/Al/GE(0)/Al

Al/GE(90)/Al/GE(90)/Al

Al/GE(0)/Al/GE(90)/Al

Al/GE(45)/Al/GE(45)/Al

Al/GE(0)/Al/GE(45)/Al

Al/GE(45)/Al/GE(90)/Al

A

B

C

D

E

F

›~ôë 1 -ð†ï|â̄…°ÿ ðíõðú|ø†€ ð¥õû æüú|â̄…°ÿ ô ²…ôüú …èý†Ù ø± üà.
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|ì~ë {¥éýéþ

ðË±üú Þç¶ýà æüú|ø† ‹±…ÿ �ý¼|‹ýñþ ̈õ…Á Þ†ì�õ²ü•|ø†ÿ Ÿñ~æüú

‹† …¶}×†¬û …² ̈õ…Á {à {à æüú|ø† ‹ú Þ†° ìþ|°ô¬. ðË±üú æüú|ø† ðý†² ‹ú

{Ï±üØ ̈õ…Á æüú|ø†€ ²…ôüú ø± æüú ô ð¥õû æüú|â̄…°ÿ ¬…°¬. ¬° …üò

ðË±üú Þ†ì�õ²ü• æüú|…ÿ Öé³ -…èý†Ù ‹ú ºßê ì©éõÆþ …² æüú|ø†ÿ

Þ†ì�õ²ü• …èý†Ù ô ô°Ý|ø†ÿ „èõìýñýî ¬° ðË± â±Ö}ú ìþ|ºõ¬ Þú °Ö}†° „ó

ð}ýœú {é×ýÜ ̈õ…Á Þ»·†ó  ü† ð†Þ»·†ó …›³…ÿ {»ßýê ¬øñ~û …¶•. ¬°

…üò ìÛ†èú °Ö}†° {ñ¼ -Þ±ð¼ æüú|ø†ÿ „èõìýñýíþ ‹ú ºßê ¬ô̈Çþ

Þ»·†ó - �ç¶}ýà ô °Ö}†° {ñ¼-Þ±ð¼ æüú|ø†ÿ …èý†Ù ‹~ôó {õ›ú ‹ú

²…ôüú …èý†Ù ‹ú ºßê ̈Çþ Ö±Å º~û …¶• ]92€82€2[. ìÇ†‹Ü Ö±Âý†–

æô-Þ±ü»ùØ üà ¾×¥ú Îíõ¬ ‹± ̈È ìý†ðþ øñã†ìþ Þú Ÿñ~æüú {Óýý±

ºßê ¬ø~€ øíõ…°û ì·}Ûýî ô Îíõ¬ ‹± ̈È ìý†ðþ ‹†Úþ ìþ|ì†ð~. ‹±…ÿ üà

ì†¬û ð†øí·†ó|â±¬ Þú ²ü± ‹†°â̄…°ÿ Þ»»þ ¾×¥ú|…ÿ ¬° °…¶}†ÿ {ñ¼

…¾éþ ìõ…¬ Ú±…° â±Ö}ú …¶•€ °…‹Çú ‹ýò ðý±ôø†ÿ …Îí†ë º~û ô {Óýý±

ºßê|ø† ‹ú ºßê ²ü± …¶•:

¬° ìÏ†¬èú|ø†ÿ)4( ô)5(  ðí†¬ N| ô M| ‹ú {±{ý� ‹±…ÿ ìñ}œú {ñ¼ ô ìñ}œú

ìí†ó|ø†ÿ ð†ºþ …² {ñ¼ ¬° ô…¤~ Æõë ô Q| ‹±…ÿ ¶×}þ ì†¬û ‹ú Þ†° ‹±¬û

º~û …¶•. || ô KÞ±ð¼|ø†ÿ ¶Ç¦ ìý†ðþ ô …ð¥ñ†ø† °… ð»†ó ìþ ¬øñ~ ô

hÞê Â©†ì• Ÿñ~æüú …¶•. ¬° …üò ìÏ†¬èú|ø† …ð}ã±…ë|ø† ìþ|{õ…ðñ~ ‹†

ì†{±ü̧|ø†üþ ‹ú ºßê ²ü± ›†ÿ|â³üò ºõð~. �̧ ìÏ†¬èú|ø† ‹ú ºßê ²ü±

ðõº}ú ìþ|ºõ¬:

¬° ìÏ†¬èú|ø†ÿ )6( ô)7( ì†{±ü̧ ]A[| ì†{±ü̧ ¶×}þ Þ»¼ -Ö»†°€

ì†{±ü̧ ]B[ ì†{±ü̧ ›×•|º~ó Þ»¼ -̈í¼ ô ì†{±ü̧ ]D[| ì†{±ü̧

¶×}þ ̈í»þ …¶• Þú ø± üà ‹ú {±{ý� ²ü± {Ï±üØ ìþ|ºõð~:  |

¬° …üò ‹©¼€ ì¥†¶Œ†– ‹±…ÿ ðíõðú|ø†ÿ A|€ B| ô D| …ðœ†ï â±Ö•.

øíãþ …üò Þ†ì�õ²ü•|ø† ð·Œ• ‹ú æüú ìý†ðþ ì}Û†°ó ø·}ñ~ ô æüú|ø†ÿ

ºý»ú -…�õÞ·þ ì†ðñ~ üà ì†¬û øí·†ó|â±¬ …°{õ{±ô�ýà ‹† °Ö}†° Þ»·†ó

¨Çþ ¬° ðË± â±Ö}ú º~ð~. ‹ñ†‹± …üò€  ì†{±ü̧ ]B[| ô øî|Ÿñýò ›íéú|ø†ÿ

61D| ô 62D| ¬° ì†{±ü̧ D| ‹±…‹± ¾×± ø·}ñ~. ¬° ìÛ†‹ê …Îí†ë ‹†°

¾×¥ú|…ÿ ̈†°›þ {Óýý± ºßê Þ†ì�õ²ü• Ÿñ~æüú ‹ú ô¶ýéú ìÏ†¬èú ²ü±

{õÂý¦ ¬…¬û ìþ|ºõ¬:

¬° ìÏ†¬èú )9(€ Nd| ð»†ó|¬øñ~û {Óýý±…– ðý±ôÿ ̈†°›þ ¬° ô…¤~ Æõë

…¶•:

ì†{±ü̧ ¶×}þ Þ»¼- Ö»†° ]A[| ‹ú ºßê ²ü± ì¥†¶Œú ìþ|ºõ¬:

¬° ìÏ†¬èú )11(€ n| ô h‹ú {±{ý� ðí†¬ {Ï~…¬ ô Â©†ì• ø± æüú ô ‹†æôð~

lA| æüú|ø†ÿ „èõìýñýî ô ‹†æôð~ EG| æüú|ø†ÿ ºý»ú -…�õÞ·þ °… ð»†ó

ìþ|¬ø~. ‹±…ÿ æüú|ø†ÿ ºý»ú -…�õÞ·þ ¬…°üî:

øí†ó|Æõ° Þú …º†°û º~€ °Ö}†° æüú|ø†ÿ „èõìýñýî ‹ú ºßê ¬ô ̈Çþ Ö±Å

ìþ|ºõ¬. ìÇ†‹Ü ìÏ†¬èú|ø†üþ Þú ¬° ì±›Ð ]82[ „ì~û …¶•€ ‹† Ö±Å

¨Çþ|‹õ¬ó °Ö}†° ¬° ð†¤ýú �ç¶}ýà ìÏ†¬æ– ¤†Þî ¬° …üò ð†¤ýú ºŒýú ‹ú

ð†¤ýú Þ»·†ó ‹ú ¬¶• ìþ„ü~. ‹ñ†‹± …üò€ ¬° ð†¤ýú Þ»·†ó ì†{±ü̧ ¶×}þ

æüú|ø†ÿ „èõìýñýî ‹±…‹± ‹† 1]lAQ[| ð»†ó ¬…¬û ìþ|ºõ¬ ô ¬° ð†¤ýú

�ç¶}ýà Þú ¬° „ó {ñ¼ æüú|ø†ÿ „èõìýñýî ‹ý»}± …² {ñ¼ ¤~ {·éýî

ε

h/2 h/2
h/2 h/2{ }dz [Q]({ } z{K})dzx{N} − −σ = ε +∫ ∫= � )4(

h /2 h /2
h /2 h /2{ }zdz [Q]({ } z{K})zdzx{M} − −σ = ε +∫ ∫= � )5(

}K]{B[}]{A[}N{ +ε= � )6(

}K]{D[}]{B[}M{ +ε= � )7(

]d][A[]dN[ ε= )9(

σ= hddN )01(

Al Al Al GE GE GE[A] n [Q ]h n [Q ]h= + )11(

]d][Q[]d[ GEGEGE ε=σ
)21(
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h/2 2
h/2[A, B, D] [Q](1,z,z )dz−= ∫ )8(
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…¶•€ ì†{±ü̧ ¶×}þ ‹±…‹± ‹† 2]lAQ[| …¶•.

¬° ìÏ†¬èú )41(€ øñã†ìþ Þú 1= i| ‹†º~€ 11E€ 22E€ |21|€ 12|ô 21G|

ì±‹õÉ ‹ú ‹©¼ Þ»·†ó …¶• ô øñã†ìþ Þú 2 = i| ‹†º~€ {í†ï �†°…ì}±ø†ÿ

â×}ú º~û ì±‹õÉ ‹ú ð†¤ýú �ç¶}ýà ø·}ñ~. …ÆçÎ†– æ²ï ¬° ›~ôë2

„ì~û …¶•.

¤†ë ìþ|{õ…ó ‹† …¶}×†¬û …² ìÏ†¬èú )21( °Ö}†° {ñ¼ -Þ±ð¼ æüú|ø†ÿ

Þ†ì�õ²ü}þ „èõìýñýî -…èý†Ù ºý»ú °… ì¥†¶Œú Þ±¬ ô ðíõ¬…° {ñ¼ -Þ±ð¼

¬° ¾×¥ú …Îí†ë ‹†° °… ‹±…ÿ ø± ðíõðú °¶î Þ±¬.

|ð}†ü� ô ‹¥™  |

ð}†ü� ¤†¾ê …² „²ì†ü¼ Þ»¼ ‹ú ºßê ìñ¥ñþ|ø†ÿ {ñ¼ -Þ±ð¼ …¶•.

‹ú ô¶ýéú …üò ìñ¥ñþ|ø†€ {ñ¼ ¤~ ðù†üþ ô ì·†¤• ²ü± ìñ¥ñþ {ñ¼ -

Þ±ð¼ ‹±…ÿ ø± ðíõðú ì¥†¶Œú ô ¬° ›~ôë3 ìÛ†ü·ú º~û …¶• Þú

‹ý†ó|â± ìÛ~…° …ð±ÿ́ ›Ž̄ º~û ¬° ô…¤~ ¤œî …¶•.

„èõìýñýî ‹ú ¬èýê {±¬ ‹õ¬ó ¬° Þ»¼ ‹†ü~ ‹† ²…ôüú 54 ¬°›ú ‹±ü~û ºõ¬.

²…ôüú ‹±½ ¬° ðíõðú|ø†üþ Þú æüú ¾×± ¬°›ú ¬…°ð~€ ¬° ¬ô Æ±Ù æüú

¾×± ¬°›ú ð³¬üà ‹ú ²…ôüú ‹±ºþ „èõìýñýî …¶• ô …üò ð»†ó ìþ|¬ø~ Þú

ºýõû ºß·• „èõìýñýî üÏñþ ºýõû ‹±½ ¬° …üò æüú|ø† ºýõû Ò†è� ‹õ¬û

…¶•. ‹ý»}± ‹õ¬ó ìÛ~…° …ð±ÿ́ Þ±ð»þ °… ðý³ ìþ|{õ…ó ì±‹õÉ ‹ú ô›õ¬

æüú|ø†ÿ Þ†ì�õ²ü• ‹† ²…ôüú …èý†Ù ¾×± ¬°›ú ¬…ð·•. ºßê2 {¿õü±

ºß·• ðíõðú  A°… �̧ …² …ðœ†ï „²ìõó Þ»¼ ð»†ó ìþ|¬ø~. æ²ï ‹ú ®Þ±

…¶•€ {¿†ôü± ðíõðú|ø† ‹† …¶}×†¬û …² ¬ô°‹ýò °Úíþ {ùýú º~û …¶•.

¬° ðíõðú|ø†üþ Þú æüú Þ†ì�õ²ü• ‹† ²…ôüú …èý†Ù 09 ¬°›ú ¬…°ð~€ ¬° ¬ô

Æ±Ù æüú 09 ¬°›ú ºýõû ºß·• æüú|ø†ÿ „èõìýñýî ÎõÅ º~û …¶•.

æüú „èõìýñýî ì†ðñ~ æüú|…ÿ ð±ï ‹† ²…ôüú ¾×± ¬°›ú �†°û º~û …¶•. …üò

ì·‰éú °…  ìþ|{õ…ó …üò Æõ° {×·ý± Þ±¬€ æüú|ø†ÿ Þ†ì�õ²ü}þ …üò ðíõðú Þú

¬…°…ÿ ²…ôüú …èý†Ù09 ø·}ñ~€ ‹ú ¬èýê Þî ‹õ¬ó ìÛ†ôì• ¬° °…¶}†ÿ ðý±ô ‹ú

¶±Î• °ôÿ ̈È09 ìþ|ºßññ~. ‹ú ¬èýê ÂÏýØ º~ó ðíõðú °ôÿ ̈È09

‹±½ æüú|ø†ÿ „èõìýñýî øî °ôÿ …üò ̈È …ðœ†ï ìþ|ºõ¬ )ºßê3(.  |

¬° ðíõðú|ø†üþ Þú ²…ôüú …èý†Ù üà æüú ¾×± ô æüú ‹Ï~ÿ 09 ¬°›ú

…¶•€ æüú „èõìýñýî Ÿ·Œý~û ‹ú æüú Þ†ì�õ²ü}þ ‹† ²…ôüú …èý†Ù ¾×± ¬°›ú ô

ν ν
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)41(

]ld][lQ[]ld[ AAA ε=σ )51(

A A A GE GE GE
i

l l l[dN] {n [Q ] h n [Q ]h }[d ]= + ε )61(

›~ôë 2 -̈õ…Á ìß†ðýßþ æüú ø†.

)1-C( 6-01×21
α )aPM( 2.0

σ )aPG( 12ν )aPG( 21ν )aPG( 22E )aPG( 11E ìõ…¬

42

42|

2/5|

06

05

-|

-|

-

33/0

33/0|

3/0|

53/0

33/0

33/0|

3/0|

53/0

|17|

8/0|

14|

4/3

17

8/0|

14|

4/3

„èõìýñýî )ð†¤ýú Þ»·†ó(

„èõìýñýî )ð†¤ýú �ç¶}ýà(

…èý†Ù ºý»ú

…�õÞ·þ

›~ôë 3 -ð}†ü� ¤†¾ê …² „²ì†ü¼ Þ»¼.

{ñ¼ ¤~ {¥íê )aPM( …ð±ÿ́ ¬° ô…¤~ ¤œî  )3m/Jk( Þ~ ðíõðú

00/3±1/17

16/0±6/81|

05/2±5/43

65/1±3/02|

23/2±8/74

94/1±02

69/1±5/97

15/0±9/7

23/3±54

31/2±3/44

25/2±9/54

57/2±43

A

B

C

D

E

F
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æüú „èõìýñýî ô¶Çþ ‹† ²…ôüú ð³¬üà ‹ú 02 ¬°›ú ºß·}ú …¶•. …ì†€ æüú

Ÿ·Œý~û ‹ú æüú Þ†ì�õ²ü}þ ‹† ²…ôüú …èý†Ù09 ‹† ²…ôüú ¤~ô¬ ¾×± ¬°›ú

ºß·}ú º~û …¶•. ð}†ü� ‹ú ¬¶• „ì~û ð»†ó ìþ|¬ø~ Þú …üò ðõÑ

æüú|â̄…°ÿ ìÛ~…° ›Ž̄ …ð±ÿ́ üß·†ðþ °… ¬° ¬ô °…¶}†ÿ Îíõ¬ ‹± øî ¬…°¬

ô {é×ýÜ Þ†°„ì~ÿ ‹±…ÿ ìÛ†ôì• ¬° Þ»¼ Ÿñ~ì¥õ°ÿ …¶• )ºßê4(.

¬° ðíõðú|ø†üþ Þú æüú Þ†ì�õ²ü• ‹† ²…ôüú …èý†Ù 54 ¬°›ú ¬…°ð~€ Ÿõó

{í†üê æüú|ø†ÿ …èý†Öþ ô „èõìýñýî ‹ú ‹±½ °ôÿ ̈È 54 …¶•€ {í†ï æüú|ø†

{Û±üŒ†_ °ôÿ ̈È 54 ìþ|ºßññ~. ºß·• æüú|ø†ÿ …èý†Öþ …² ì¥ê ì†{±ü̧€

‹†Î™ ìþ|ºõ¬ Þú ìÛ~…° ›Ž̄ …ð±ÿ́ ð·Œ}†_ ¬° ðíõðú Þ†ø¼ ü†‹~ )ºßê5(.

¬° ðíõðú|ø†üþ Þú ²…ôüú …èý†Ù üà æüú ¾×± ô æüú ‹Ï~ÿ 54 ¬°›ú

…¶•€ æüú „èõìýñýî Ÿ·Œý~û ‹ú æüú Þ†ì�õ²ü• ‹† …èý†Ù ¾×± ¬°›ú °ôÿ

È̈03 ìþ|ºßñ~. æüú „èõìýñýî Æ±Ù ¬üã± ô ìý†ðþ Þú Ÿ·Œý~û ‹ú æüú

Þ†ì�õ²ü• ‹† …èý†Ù 54 …¶• ‹ú ºßê ²üã³…å ìþ|ºßñ~. …üò …ì± ð»†ó

¬øñ~û „ó …¶• Þú {±ÞýŒþ …² ºýõû|ø†ÿ ºß·• ¬° ºß·}ò æüú|ø†

¬̈†è• ¬…º}ú|…ð~. ìÛ~…° …ð±ÿ́ |›Ž̄ º~û øî ì}õ¶È …¶• )ºßê6(.

¬° ðíõðú|ø†üþ Þú ²…ôüú …èý†Ù üà æüú 09 ô æüú ‹Ï~ÿ 54 ¬°›ú …¶•€

æüú „èõìýñýî Ÿ·Œý~û ‹ú æüú Þ†ì�õ²ü• ‹† ²…ôüú …èý†Ù09 ¬ÚýÛ† °ôÿ ̈È

09 ºß·}ú …¶• ô æüú|ø†ÿ „èõìýñýî ìý†ðþ ô Ÿ·Œý~û ‹ú æüú Þ†ì�õ²ü•

‹† ²…ôüú …èý†Ù 54 ¤~ô¬… °ôÿ ̈È03 �†°û º~û|…ð~. ‹ú ¬èýê ºß·}ò
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