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During the last decades a new class of materials named fiber/metal laminates (FMLs) was intro-
duced. It is a hybrid composite consisting of alternating thin layers of metal sheets and fiber-rein-
forced composite material. FMLs have both low weight and good mechanical properties. In this
study, the impact behavior of this attractive material is investigated. The effect of fiber angle, stack-
ing sequence and capacity of test apparatus were examined. In addition specimens have been pre-
pared in two sizes according to two standards of ASTM D256-93a for plastics and then ASTM E23-
01 for metals. Test results show that suitable layering, using more aluminum layers and fiber sheets
with zero angle in laminates improve the impact strength. The amount of energy absorption in heavy
apparatus is higher than the light apparatus.
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ì¥†¶Œ†– …ðœ†ï º~û ð»†ó ìþ|¬ø~ Þú ¬°¾~ ¤œíþ …èý†Ù ‹ú ¬¶•

„ì~û ‹ú Æõ° ìý†ðãýò 65 ¬°¾~ …¶•. ðíõðú|ø†ÿ â±ôû 1 …² ¶ú æüú

„èõìýñýî ¶†̈}ú º~ð~ Þú ¬ô æüú Þ†ì�õ²ü• ºý»ú -…�õÞ·þ ‹ýò „ðù†

Ú±…° ¬…º• ô ðíõðú|ø†ÿ â±ôû 2 …² ¬ô æüú „èõìýñýî ¶†̈}ú º~ð~ Þú ¬°

ìý†ó æüú|ø†ÿ Þ†ì�õ²ü• ºý»ú -…�õÞ·þ Ú±…° â±Ö}ú ‹õ¬ð~.  |

‹ú ìñËõ° Æ±…¤þ „²ì†ü¼ ‹±…ÿ ðíõðú|ø†ÿ â±ôû 1 …² ð±ï|…Ö³…°

1.2 sulP scihpargtatS …¶}×†¬û º~. ì~ë ìõ°¬ …¶}×†¬û �†¶ª ¶Ç¦

)esnopser ecafrus( ‹õ¬ ô Æ±…¤þ ‹† ¬ô ì}Óý± ô ¬° ¶ú ¶Ç¦ …ðœ†ï º~

]|91[|. ì}Óý±ø†ÿ ìõ°¬ ‹±°¶þ ²ô…ü†ÿ …èý†Ù ¬° ¬ô æüú Þ†ì�õ²ü• ºý»ú -

…�õÞ·þ ‹õ¬ ô ¤~ �†üýò ‹±…ÿ ø± ¬ô ì}Óý± 0 ¬°›ú ô ¤~ ‹†æ 09 ¬°›ú

ìÏýò º~. Îçôû ‹± …üò€ {õ²üÐ „²ì†ü¼|ø† ‹ú ºßê {¿†¬Öþ ‹õ¬ {† …² …÷±

Îõ…ìê ì¥ýÇþ ‹± ð}†ü� ¤†¾ê …›}ñ†Ž ºõ¬.

ÆŒÜ Æ±…¤þ „²ì†ü¼ …ðœ†ï â±Ö}ú€ ðíõðú|ø†ÿ â±ôû 1 ¬° 9 ðõÑ ‹† ²…ô…ü†ÿ

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

Â±‹ú|…ÿ …üò ¬¶}ú …² Þ†ì�õ²ü•|ø† …ðœ†ï ºõ¬. æ²ï ‹ú ®Þ± …¶• Þú ¬° …üò

ìÇ†èÏú ‹±°¶þ °ôÿ ̈õ…Á ðíõðú|ø†ÿ â±ôû 1 ì}í±Þ³ º~û ô {ñù† ¬ô

ðíõðú …² â±ôû 2 ‹ú ìñËõ° ìÛ†ü·ú€ ‹±°¶þ ìþ|ºõ¬. ð†ï|â̄…°ÿ€ ð¥õû

æüú|â̄…°ÿ ô ²…ôüú …èý†Ù ø± ðíõðú€ ¬° ›~ôë 1 „ì~û …¶•.

‹ú ìñËõ° ‹±°¶þ ø± Ÿú ¬ÚýÜ|{±€ …² „ó ›† Þú …¶}†ð~…°¬ ôüµû ô ìœ³…üþ

‹±…ÿ Þ†ì�õ²ü•|ø†ÿ æüú|…ÿ Öé³-…èý†Ù ô›õ¬ ð~…°¬ ô …üò ðõÑ Þ†ì�õ²ü•|ø†

°… ‹± …¶†¹ ‹ÏÃþ ̈õ…Á ìþ|{õ…ó ‹ú Öé³…– ô ‹± …¶†¹ ‹±̈þ ¬üã± ‹ú

Þ†ì�õ²ü•|ø†ÿ æüú|…ÿ ºŒýú ¬…ð·•€ ðíõðú|ø† ¬° ¬ô …ð~…²û ÞõŸà ô ‹³°å

„ì†¬û º~ð~. ðíõðú|ø†ÿ ‹éñ~ ÆŒÜ …¶}†ð~…°¬ a39-652D MTSA| ôüµû

�ç¶}ýà|ø† {ùýú º~ð~ ô ¬…°…ÿ …‹Ï†¬ mm7/21*721 ‹õ¬ð~ )ºßê 2( ô

ðíõðú|ø†ÿ ÞõŸà ÆŒÜ …¶}†ð~…°¬ 10-32E MTSAôüµû Öé³…– „ì†¬û

º~ð~ Þú …‹Ï†¬ „ðù†  mm|01*55 ‹õ¬ )ºßê 3(.  |
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›~ôë 1 -ì»©¿†– ìõ…¬ ìõ°¬ …¶}×†¬û.

ðí†ÿ Þéþ æüú|ø†ÿ …�õÞ·þ -ºý»ú {±{ý� æüú|ø† ²…ôüú …èý†Ù â±ôû Þ~ ðíõðú

lA/EG/lA/EG/lA 0-0 1 ô 2 A

lA/EG/lA/EG/lA 09-09 1 B

lA/EG/lA/EG/lA 09-0 1 C

lA/EG/lA/EG/lA 0-09 1 D

lA/EG/lA/EG/lA 54-54 1 E

lA/EG/lA/EG/lA 54-0 1 F

lA/EG/lA/EG/lA 0-54 1 G

lA/EG/lA/EG/lA 54-09 1 H

lA/EG/lA/EG/lA 09-54 1 I

lA/EG/lA/EG/lA 0-0-0 2 J

lA/EG/lA/EG/lA 09-09-09 2 K
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 

¬ô ¬¶}ã†û „²ìõó Â±‹ú ì}×†ô– ‹ú Þ†° â±Ö}ú º~. ¬¶}ã†û ¶ñãýò

nosineD| ‹† Ê±Öý• J 051 ô ¬¶}ã†û ¶Œà amihseU| Þú Ê±Öý• „ó J 6

‹õ¬ )ºßê 4(.

ð}†ü� ô ‹¥™  |

ð}†ü� ¤†¾ê ð»†ó ìþ|¬ø~ Þú ›Ž̄ …ð±ÿ́ ðíõðú|ø† ¬° ¬¶}ã†û|ø†ÿ

ì©}éØ€ ‹ú ¬èýê {Óýý± ºýõû ºß·• ô {Ï~…¬ æüú|ø†ÿ ºß·}ú º~û

ì}×†ô– …¶•. ôèþ€ °ôð~ Þ†ø¼ ü† …Ö³…ü¼ ‹±…ÿ ø± ðõÑ ðíõðú ¬° ø±

¬¶}ã†û üß·†ó …¶•. ð}†ü� ø± „²ì†ü¼ ¬° ›~ôë 2 „ì~û ô ¶�̧ ‹† °¶î

ðíõ¬…°ø†ÿ ìÛ†ü·ú|…ÿ ‹¥™ ô ‹±°¶þ º~û …¶•.

¬° …üò ‹©¼ ìœíõÎú|…ÿ …² ðíõ¬…°ø† ‹±…ÿ ìÛ†ü·ú ðíõðú|ø†ÿ A| {† I|

Þú ²…ôüú …èý†Ù ì©}éØ ¬…°ð~ ô ìœíõÎú ¬üã± ‹±…ÿ ìÛ†ü·ú ðíõðú|ø†ÿ A|

ô B| ‹† J| ô K| Þú ¬ô ‹ú ¬ô ²…ôüú …èý†Ù üß·†ó ô {Ï~…¬ æüú|ø†ÿ ì}×†ô–

¬…°ð~€ …̈}¿†Á ¬…¬û º~û …¶•.

‹±°¶þ …÷± ðõÑ ¬¶}ã†û ‹± ð}†ü� |¤†¾ê …² „²ìõó Â±‹ú  |

¬° ºßê 5 …èØ ô Ž ‹ú {±{ý� ð}†ü� ¤†¾ê …² „²ìõó Â±‹ú ðíõðú|ø†ÿ

‹éñ~ â±ôû 1 ô 2 Þú ¬° ¬ô ¬¶}ã†û J|051 ô  J|6 ìõ°¬ „²ì†ü¼ Ú±…° â±Ö}ú|…ð~€

‹† øî ìÛ†ü·ú º~û …¶•. ¬° ºßê 6 …èØ ô Ž ðý³ ð}†ü� ¤†¾ê …² „²ìõó

Â±‹ú ðíõðú|ø†ÿ Þõ{†û ¬° …üò ¬ô ¬¶}ã†û „ì~û …¶•. øí†ó|Æõ° Þú  …²

ºßê �ý~…¶•€ ìÛ~…° ›Ž̄ …ð±ÿ́ ðíõðú|ø† ¬° ¬¶}ã†û ¶ñãýò J|051

‹ý»}± …² ›Ž̄ …ð±ÿ́ ¬° ¬¶}ã†û ¶Œà J|6 …¶•€ Ÿõó ¬° ¬¶}ã†û

¶ñãýò {Ï~…¬ æüú|ø†ÿ ‹ý»}±ÿ ‹ú ì±¤éú ºß·• ìþ|°¶ñ~ ô ìÛ~…°

ºßê 2 -ðíõðú|ø†ÿ ‹éñ~ „²ìõó Â±‹ú �ý¼ …² …ðœ†ï „²ì†ü¼.

ºßê 3 -ðíõðú|ø†ÿ Þõ{†û „²ìõó Â±‹ú �ý¼ …² …ðœ†ï „²ì†ü¼.

›~ôë 2 -ìÛ~…° …ð±ÿ́ ›Ž̄ º~û ¬° „²ìõó Â±‹ú ‹±…ÿ ø± ðíõðú.

ðíõðú ‹éñ~ )2m/Jk( ðíõðú Þõ{†û )2m/Jk(
Þ~ ðíõðú

¬¶}ã†û J6 ¬¶}ã†û J051 ¬¶}ã†û J051 ¬¶}ã†û J6

6/89

23|

8/18

411|

8/47

301|

531|

44|

8/98

9/36|

8/24

572

23|

212|

522|

631|

071|

423|

44|

022|

6/002

8/14

781

92|

3/97

801|

2/28|

901|

191|

64|

6/67

751|

6/12

98

23

57|

88|

47|

08|

28|

24|

07|

76|
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›~…ü¼ æüú|ø† ðý³ ‹ý»}± …¶•. ›³ ¬° ðíõðú|ø†ÿ B| ô H| ¬° â±ôû 1 ô

ðíõðú|ø†ÿ B| ô K| ¬° â±ôû 2€ Þú ‹ú ¬èýê Þî ‹õ¬ó …ð±ÿ́ ›Ž̄ º~û ‹ú

ô¶ýéú …üò ðíõðú|ø†€ ø± ¬ô ¬¶}ã†û Ú†¬° ‹ú {©±ü� üß·†ó ðíõðú|ø† º~ð~

ô ø± ¬ô€ üà Î~¬ °… ð»†ó ¬…¬ð~€ °ôð~ Þ†ø»þ ü† …Ö³…ü»þ Þú ¬° ‹ýò

ðíõðú|ø† ô›õ¬ ¬…°¬ Þ†ìç_ üß·†ó …¶• ô …üò ì·‰éú ð»†ó ìþ|¬ø~ Þú

‹±…ÿ ìÛ†ü·ú ìÛ†ôì• ‹ú Â±‹ú ðíõðú|ø†€ ìþ|{õ…ó ‹ú ø± ¬ô ð}ýœú …¶}ñ†¬

Þ±¬ ô ðõÑ ¬¶}ã†û )¶Œà ü† ¶ñãýò( {×†ô{þ ¬° °ôð~ ð}†ü� …üœ†¬ ðíþ|Þñ~

ô ìþ|{õ…ó …² ø± üà …² ¬¶}ã†û|ø† Þú ¬¶}±¶þ ‹ú „ó ¶†¬û|{± …¶•€

…¶}×†¬û Þ±¬. „ó|Ÿú ®Þ± º~ ‹±…ÿ ðíõðú|ø†ÿ ‹éñ~ ô Þõ{†û ¾¥ý¦ …¶•€

…èŒ}ú ¬° ðíõðú|ø†ÿ Þõ{†û ‹ú ¬èýê Þí}± ‹õ¬ó …ð±ÿ́ ›Ž̄ º~û ô ºŒýú

‹õ¬ó ºýõû|ø†ÿ ºß·•€ ð}†ü� ‹ú øî ð³¬üà|{± ø·}ñ~. ‹ú Æõ°ÿ Þú

Îçôû ‹± B| ôH| ðíõðú|ø†ÿ C|€ E| ô I| ðý³ …ð±ÿ́ ›Ž̄ º~û üß·†ðþ ¬°

ø± ¬ô ¬¶}ã†û ¬…°ð~.

ºßê 4 -¬¶}ã†û „²ìõó Â±‹ú:  )…èØ( J051 ô )Ž( J6 .

)…èØ(

)Ž(

)…èØ(

)Ž(

ºßê  5 -‹±°¶þ …÷± ðõÑ ¬¶}ã†û ‹± ð}†ü� ðíõðú|ø†ÿ ‹éñ~:  )…èØ( â±ôû 1

ô )Ž( â±ôû 2.
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‹±°¶þ …÷± …ð~…²û ðíõðú ‹± ð}†ü� |¤†¾ê …² „²ìõó Â±‹ú

¬° ºßê|ø†ÿ 7 ô 8  ‹ú {±{ý� ð}†ü� ¤†¾ê …² ìÛ†ü·ú ðíõðú|ø†ÿ ‹éñ~ ô

Þõ{†û â±ôû 1 ô 2 „ì~û …¶• Þú ›~…â†ðú ¬° ¬¶}ã†û|ø†ÿ J051 )ºßê 7

…èØ ô Ž( ô J6 )ºßê 8 …èØ ô Ž( „²ì†ü¼ º~ð~. ¬° ø± ¬ô ¬¶}ã†û

ðíõðú|ø†ÿ ‹éñ~ ›Ž̄ …ð±ÿ́ ‹ý»}±ÿ ¬…º}ú|…ð~€ ôèþ °ôð~ …Ö³…ü¼ ô

Þ†ø¼ ›Ž̄ …ð±ÿ́ Þ†ìç_ üß·†ó …¶•.

¬° ¬¶}ã†û J6  {×†ô– …ð±ÿ́ ›Ž̄ º~û ‹ýò ðíõðú|ø†ÿ Þõ{†û ô ‹éñ~

Þí}± …² ¬¶}ã†û J|051 …¶•€ ‹ú Æõ°ÿ Þú ðíõðú|ø†ÿ A|€ B|€ C|€ Eô H|

ð}†ü� {Û±üŒ† üß·†ðþ °… ð»†ó ìþ|¬øñ~. �̧ Ÿñ†ó Ÿú ø~Ù€ ìÛ†ü·ú

…ð±ÿ́ ›Ž̄ º~û ‹ú ô¶ýéú ðíõðú ‹†º~€ ìþ|{õ…ó …² ðíõðú|…ÿ Þú ¶†̈•

„ó ¶†¬û|{± ô Þî ø³üñú|{± …¶• )ìÏíõæ_ ðíõðú|ø†ÿ Þõ{†û|{±( …¶}×†¬û Þ±¬.

|

notroM]02[ ðý³ ‹† ‹±°¶þ „÷†° …ð~…²û ðíõðú ô …ð~…²û ðý±ôÿ Â±‹ú ²ðñ~û

‹± ìÛ†ôì• ‹ú Â±‹ú Þ†ì�õ²ü•|ø†ÿ æüú|…ÿ€ Ÿñ~ Â±ü� {¿¥ý¦ ‹±…ÿ

…üœ†¬ {õ…ÖÜ ‹ýò Úõ…ðýò …÷± …ð~…²û ô ð}†ü� {œ±‹þ …°…̂ú ¬…¬. øî|Ÿñýò€ …ô

¬°ü†Ö• Þú ðíõðú|ø†ÿ ÞõŸà|{± øíý»ú ìÛ†ôì• ‹ú Â±‹ú ‹ý»}±ÿ …²

)…èØ()Ž(

)…èØ()Ž(

ºßê 6 -‹±°¶þ …÷± ðõÑ ¬¶}ã†û ‹± ð}†ü� ðíõðú|ø†ÿ Þõ{†û:  )…èØ( â±ôû 1 ô )Ž( â±ôû 2.

ºßê 7 -‹±°¶þ …÷± …ð~…²û ðíõðú ‹± ð}†ü� ¬° ¬¶}ã†û J051: )…èØ( â±ôû 1 ô )Ž( â±ôû 2.
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ðíõðú|ø†ÿ ‹³°å|{± ¬…°ð~. ¬° �µôø¼ ¤†Â± ðý³ ð}ýœú â×}ú º~û {†‡üý~ º~.

ìÛ~…° ›Ž̄ …ð±ÿ́ {†‹Ð �†°…ì}±ø†ÿ ‹·ý†°ÿ …¶•. ‹±…ÿ ø± ðíõðú

ìÛ~…° …øíý• ô ð¥õû ¬̈†è• ø± �†°…ì}± ‹±°¶þ º~û ô {õÂý¦ ¬…¬û

ìþ|ºõ¬. Ÿù†° �†°…ì}± ìùî Þú ¬° {í†ï ðíõðú|ø† æ²ï …¶•€ ‹±°¶þ ºõð~

º†ìê Ö†¾éú ›~…ü¼ æüú|ø†€ ²…ôüú ̈î|º~âþ ô {Ï~…¬ æüú|ø†ÿ ºý»ú ô

„èõìýñýî ºß·}ú º~û Þú ¬° ›~ôë|ø†ÿ 3 ô 4 ®Þ± º~û|…ð~.

naiQ| ô øíß†°…ó ]12[ ðý³ …÷± …ð~…²û °… ‹± ̈õ…Á Â±‹ú|…ÿ ‹±°¶þ

Þ±¬ð~ ô ¬°ü†Ö}ñ~ Þú …ð~…²û ðíõðú|ø† …÷± ²ü†¬ÿ ‹± ìÛ†ôì• ‹ú æüú|æüú

º~ó „ðù† ¬…°¬. ¬° …üò �µôø¼ ðý³ ¬…¬û|ø†ÿ {œ±‹þ ìõ›õ¬ ¬°

›~ôë|ø†ÿ 3 ô 4 ð}†ü� ì»†‹ùþ °… ð»†ó ìþ|¬ø~.

)…èØ()Ž(
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*ðíõðú Þ†ìç ºß·}ú€ ²…ôüú ̈î º~âþ ô Ö†¾éú ›~…ü¼ ‹±…ÿ „ó {Ï±üØ ðíþ|ºõ¬.

Ö†¾éú ›~…ü¼ æüú|ø† )mm( ²…ôüú ̈î º~âþ )o( {Ï~…¬ æüú|ø†ÿ EG| ºß·}ú º~û {Ï~…¬ æüú|ø†ÿ „èõìýñýî ºß·}ú º~û
Þ~ ðíõðú
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