
T
he high costs of experimental works on the nanocomposites can be reduced

through implementation of analytical and numerical studies. To study the

effect of impact energy on the nanocomposites, a nanocomposite composed

of polyurethane and clay nanoparticles is selected as a case study. The finite element

modeling is carried out using the ANSYS software, and the impact analysis is per-

formed using LSDYNA. Three distinct regions: namely the polymer, the clay parti-

cles, and the interface are considered in the modeling. Subsequently, the effects of

staggering factor, vertical distance between nanoparticles, aspect ratio, and volume

fraction of clay nanoparticles on the reaction of the nanocomposite to the impact

forces are investigated. The magnitude of the displacement of the specimen and the

maximum force at the contact point are important parameters in impact analysis. In

order to study the effect of structural parameters, two different impact velocities are

considered, and for each 160 finite element modelings are performed. In each case,

the effective parameters together with their limitations are considered. Different

graphs are presented and analyzed for the effect of every structural parameter on the

impact. The results of this study show that for a nanocomposite of aspect ratio equal

100, staggering factor of 0.5, and exfoliation factor of 0.51, the volume fraction of

the clay nanoparticles is the range of 1.5 to 3 percent which can be considered opti-

mum as far as the effect of impact forces are concerned.
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0701

0411

2/5 - 1/8

ì~ôë ü†ðä ð†ðõ®°…– ̈†á °¹ )aPG(

ð·Œ• �õ…¶õó ®°…–

Â©†ì• ®°…– )mn(

ì~ôë ü†ðä �éýí± )aPG(

ð·Œ• �õ…¶õó �éýí±

¬°¾~ ð·Œþ ¤œî ð†ðṏ†á °¹ )%(

Â±ü� °ôÿ|øî °Ö}ãþ ®°…–

Â±ü� æüú|æüú º~âþ

ð·Œ• ìñË±

{Ï~…¬ æüú|ø† ¬° üà ®°û

Ÿã†èþ ®°û )3m/gk(

Ÿã†èþ �éýí± )3m/gk(

Ÿã†èþ ð†¤ýú ‹ýò Ö†²ÿ )3m/gk(

¶±Î• …ôèýú Â±‹ú ²ðñ~û€ 0V)s/m(

t2hmin +τ= )5(
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Â±‹ú€ ¬°¾~ ð·Œþ ¤œî ̈†á °¹ …¶•. ºßê 6 ìÛ†ü·ú|…ÿ Þéþ ‹ýò

ì~ë|ø† ‹† ð·Œ• ìñË± 001€ Â±ü� æüú|æüú º~âþ 015/0€ Â±ü� °ôÿ

øî|°Ö}ãþ 5/0 ô ¬°¾~ø†ÿ ð·Œþ ¤œî ̈†á °¹ 5/1€ 3 ô 5 ¬°¾~ °…

ð»†ó ìþ|¬ø~.

¬° ‹¥™ Â±‹ú ìÛ~…° ›†‹ú|›†üþ ðíõðú ô ðý±ôÿ ‹ý»ýñú ¬° ì¥ê {í†¹

…² Îõ…ìê ìùî|…ð~. øí†ó|Æõ°Þú ¬° ºßê 7 -…èØ ì»†ø~û ìþ|ºõ¬€ ‹†

…Ö³…ü¼ ¬°¾~ ð·Œþ ¤œî ̈†á|°¹ ìÛ~…° ›†‹ú|›†üþ ‹ý»ýñú Þú ¬°

ì±Þ³ ì~ë ð†ðõÞ†ì�õ²ü• …{×†Ý ìþ|…Ö}~€ Þ†ø¼ ìþ|ü†‹~. ìÛ~…° ›†‹ú|›†üþ

ºßê 5 -{Óýý±…– ð·Œþ ì~ôë|ø†ÿ Þ»·†ðþ ‹±¤·� ¬°¾~ ¤œíþ

¨†á °¹ ¬° ð†ðõÞ†ì�õ²ü•:  )…èØ( mE/11Eô )Ž( mE/22E.|

)…èØ(

)Ž(

ºßê6 -Æ±§ Þéþ ì~ë|ø† ‹±…ÿ ¬°¾~ø†ÿ ð·Œþ ì©}éØ ¤œî ̈†á °¹: )…èØ( 5 ¬°¾~€ )Ž( 5/2 ¬°¾~ ô )ž( 1 ¬°¾~.

)ž( )…èØ()Ž(
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{í†¹ ‹±¤·� ¬°¾~ ¤œíþ ̈†á °¹ ¬° ð†ðõÞ†ì�õ²ü•.  

)…èØ(
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‹ý»ýñú ‹† {õ›ú ‹ú ¬°ðË± â±Ö}ò …›³…ÿ ìõ›õ¬ ¬° ì¥ê {í†¹ ô ìÛ~…°

{Óýý± ìß†ó „ðù† ð·Œ• ‹ú ¶Ç¦ …ôèýú ì~ë ¬°ðË± â±Ö}ú º~û …¶•. �̧ …²

‹±°¶þ …›³…ÿ ì¥ê {í†¹ ô ‹ú ¬¶• „ô°¬ó ìý†ðãýò ìÛ†¬ü± ›†‹ú|›†üþ€

ìÛ†¬ü± ìõ›õ¬ ¬° ðíõ¬…°ø† …°…̂ú º~û …¶•. Îé• …üò Þ†ø¼ °… ìþ|{õ…ó

…üò Æõ° ‹ý†ó Þ±¬ Þú ¬° üà ¤œî ì»©À ‹† …Ö³…ü¼ ¤œî ð†ðõ®°…–

¨†á °¹€ ìÛ~…° …üò ®°…– …Ö³…ü¼ ü†Ö}ú ô ‹± ìÛ~…° ¾éŒý•

ð†ðõÞ†ì�õ²ü• …Ö³ô¬û ìþ|ºõ¬. ‹† {õ›ú ‹ú ºßê 7 -Ž ìÛ~…° ‹ý»ýñú Ö»†°

{í†¹ {† Þ·± ¤œíþ ¬° ¤~ô¬ %3/3 …Ö³…ü¼ ü†Ö}ú ô ‹† …Ö³…ü¼ …üò ìÛ~…°€

‹ý»ýñú Ö»†° {í†¶þ º±ôÑ ‹ú Þ†ø¼ ìþ|ðí†ü~. °ôð~ …üò {Óýý±…– ‹†

ìÇ†èÏú|…ÿ Þú ¬° ²ìýñú Þ·± ¤œíþ ®°…– ô …÷± „ó ‹± ðý±ôÿ {í†¹ ð†ºþ

…² Â±‹ú {õ¶È niL| …ðœ†ï º~û üß·†ó …¶• ]|9[.

Þ†ø¼ ìÛ~…° ›†‹ú|›†üþ ‹ý»ýñú ‹† …Ö³…ü¼ ìÛ~…° Þ·± ¤œíþ ìþ|{õ…ð~

{† ¤~ ²ü†¬ÿ ì×ý~ ‹†º~ ô ìÛ†ôì• ¶†²û °… ¬° ‹±…‹± ‹†°ø†ÿ Â±‹ú|…ÿ

…Ö³…ü¼ ¬ø~€ ôèþ ‹ý»ýñú ìÛ~…° Ö»†° ¬° …üò ‹†²û Þ·± ¤œíþ ‹ú Îñõ…ó

Î†ìê ì¥~ô¬Þññ~û Îíê ìþ|Þñ~. ‹ñ†‹±…üò °Ö}†° ð†ðõÞ†ì�õ²ü• ¬° ‹†²û

Þ·± ¤œíþ ‹ýò 510/0 {† 30/0 ‹ù}±üò �†¶ª °… ð»†ó ìþ|¬ø~.

…÷± ð·Œ• ìñË±

…÷± ð·Œ• ìñË± …² {Û·ýî Æõë ®°û ‹ú Î±Å „ó ¤†¾ê ìþ|ºõ¬. ‹ú Æõ°

Þéþ ®°…– ̈†á °¹ …¾ç§ º~û ‹ú  Îé• ¬…º}ò Â©†ì• ¬° ¤~ ð†ðõ€

ð·Œ• ìñË± ²ü†¬ ¬…°ð~. ºßê 8 ìÛ†ü·ú|…ÿ Þéþ ‹ýò ì~ë|ø† ‹† ¬°¾~

¤œíþ 5 ¬°¾~€ Â±ü� æüú|æüú º~âþ 015/0€ Â±ü� °ôÿ øî|°Ö}ãþ

5/0 ô ð·Œ•|ø†ÿ ìñË± 05€ 001 ô 051 °… ð»†ó ìþ|¬ø~.  |

øí†ó|Æõ°Þú ¬° ºßê 9 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ð·Œ• ìñË±

ð†ðõ®°…– ìÛ~…° ‹ý»ýñú ›†‹ú|›†üþ ô Ö»†° {í†¹ …Ö³…ü¼ ìþ|ü†‹~. ‹†

…Ö³…ü¼ ð·Œ• ìñË± Æõë ®°…– …Ö³…ü¼ ô ‹ú ð·Œ•€ ¶Ç¦ {í†¹

ð†ðõ®°…– …Ö³…ü¼ ìþ|ü†‹~ Þú …üò …ì± ìñœ± ‹ú …Ö³…ü¼ ìÛ~…° {¥íê

ð†ðõÞ†ì�õ²ü• ¬° ‹±…‹± Â±‹ú ìþ|ºõ¬. ‹ú Æõ° Þéþ€ ð†ðõ®°…– ̈†á|°¹

…² ›íéú ìõ…¬ÿ ø·}ñ~ Þú ‹† ¬…º}ò ð·Œ• ìñË± ²ü†¬ Þ†°‹±¬ Ö±…ô…ðþ ¬°

{Ûõü• ð†ðõÞ†ì�õ²ü•|ø† ¬…°ð~.

‹† …Ö³…ü¼ ð·Œ• ìñË± ¬° üà ¤œî ÷†‹• {Ï~…¬ ®°…– Þ†ø¼ ìþ|ü†‹ñ~.

ºßê 8 -Æ±§ Þéþ ì~ë|ø† ‹±…ÿ ð·Œ•|ø†ÿ ìñË± ì©}éØ: )…èØ(05€ )Ž( 001 ô )ž( 051.

)ž( )…èØ()Ž(

ºßê 9 -{Óýý±…– ð·Œþ: )…èØ( ‹ý»ýñú ›†‹ú|›†üþ ô )Ž( ‹ý»ýñú Ö»†°

{í†¹ ‹±¤·� {Óýý± ð·Œ• ìñË±. 

)…èØ(

)Ž(
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‹† Þ†ø¼ {Ï~…¬ ®°…–€ ‹±øî Þñ¼ ‹ýò ®°…– ô ìÛ~…° ¾éŒý• Þê ðíõðú

Þ†ø¼ ü†Ö}ú ô ¶Ç¦ {í†¹ ®°…– …Ö³…ü¼ ìþ|ü†‹~. …üò …ì± ¶Œ� Þ†ø¼

¾éŒý• ð†ðõÞ†ì�õ²ü• º~û ô …ðÏÇ†Ù|�̄ü±ÿ „ó …Ö³…ü¼ ìþ|ü†‹~.

…÷± Â±ü� °ôÿ øî|°Ö}ãþ

…² ¬üã± Îõ…ìê ìÇ†èÏú º~û ¬° …üò �µôø¼ °ôÿ øî|°Ö}ãþ ®°…– …¶•.

…üò …÷± ‹† Â±ü� °ôÿ øî|°Ö}ãþ )sf(Þñ}±ë ìþ|ºõ¬. ‹† ²ü†¬ º~ó sf

¬°âý±ÿ ®°…– ‹ý»}± ìþ|ºõ¬. ºßê 01€ ìÛ†ü·ú Þéþ ‹ýò ì~ë|ø† ‹† ð·Œ•

ìñË±001€ ¬°¾~ ¤œíþ 5€ Â±ü� æüú æüú º~âþ015/0 ô Â±ü� °ôÿ

øî|°Ö}ãþ0€ 5/0 ô 1 °… ð»†ó ìþ|¬ø~.

ºßê 11 -…èØ ô Ž {Óýý±…– ‹ý»ýñú ›†‹ú|›†üþ ô Ö»†° {í†¹ °…  ‹±

¤·� Â±ü� °ôÿ|øî °Ö}ãþ ð»†ó ìþ|¬ø~. ‹† {õ›ú ‹ú ºßê 11 -…èØ

ìÛ~…° ‹ý»ýñú ›†‹ú|›†üþ {† Â±ü� °ôÿ|øî °Ö}ãþ ¬° ¤~ô¬ 6/0 …Ö³…ü¼

ô ¶�̧ Þ†ø¼ ìþ|ü†‹~. Îé• …üò …ì± „ó …¶• Þú ‹† …Ö³…ü¼ ìÛ~…° Â±ü�

°ôÿ|øî °Ö}ãþ ð¥õû Ú±…°âý±ÿ ð†ðõ®°…– ‹ú {±{ý� ºßê 01 -…èØ ô Ž

¬°„ì~û Þú …üò …ì± ìñœ± ‹ú …Ö³…ü¼ ¬°âý±ÿ ð†ðõ®°…– ‹† øî ô ‹ú ¬ðŒ†ë „ó

…Ö³…ü¼ ìÛ~…° ¾éŒý• ð†ðõÞ†ì�õ²ü• ìþ|ºõ¬. ‹ú øíýò {±{ý�€ ‹† …Ö³…ü¼

ìÛ~…° …üò Â±ü� ìÛ~…° ‹ý»ýñú Ö»†° {í†¹ Þ†ø¼ ìþ|ü†‹~. ðß}ú ›†è�

{õ›ú „ó …¶• Þú …² ìÛ~…° Â±ü� 56/0 ‹ú ‹Ï~ ìÛ~…° ‹ý»ýñú Ö»†° {í†¹

{Û±üŒ†_ üß·†ó …¶• ô {Óýý± Ÿñ~…ðþ ð~…°¬.

…÷± Â±ü� æüú|æüú º~âþ

¬° ì~ë|ø†ÿ …›³…ÿ ì¥~ô¬ …üò �µôø¼ Ö†¾éú Ú†î̂ ‹ýò ®°…–

¨†á|°¹ üß·†ó ¬° ðË± â±Ö}ú º~û …¶•. üßþ …² Îõ…ìê ìõö÷± ‹±

¨õ…Á ìß†ðýßþ ô ô…Þñ¼ ð†ðõÞ†ì�õ²ü• ¬° ‹±…‹± Â±‹ú {Óýý± Ö†¾éú

Ú†î̂ ‹ýò ®°…– {õ²üÐ º~û ¬° „ó …¶• Þú ‹† Â±ü� æüú|æüú º~âþ

ì»©À ìþ|ºõ¬. ¬° ºßê 21 ìÛ†ü·ú Þéþ ì~ë|ø† ‹† ð·Œ•|ø†ÿ ìñË±

001€ ¬°¾~ ¤œíþ %5€ Â±ü� °ôÿ|øî °Ö}ãþ 5/0 ô Â±ü�|ø†ÿ

æüú|æüú º~âþ 154/0€ 015/0 ô 496/0 …ðœ†ï º~û …¶•.  |

‹† {õ›ú ‹ú ºßê 31 -…èØ ô Ž ìþ|{õ…ó ¬°ü†Ö•€ ‹† …Ö³…ü¼ Â±ü�

æüú|æüú º~âþ ô ‹ú ¬ðŒ†ë „ó …Ö³…ü¼ Ö†¾éú Îíõ¬ÿ ‹ýò ®°…– ¬° üà

¶}õó ìÛ~…° ›†‹ú|›†üþ ‹ý»ýñú …Ö³…ü¼ ìþ|ü†‹~. Îé• …üò …ì± „ó …¶• Þú

ºßê 01 -Æ±§ Þéþ ì~ë|ø† ‹±…ÿ Â±…ü� °ôÿ øî|°Ö}ãþ ì©}éØ: )…èØ(1€ )Ž( 5/0 ô )ž( 0. 

)ž( )…èØ()Ž(

ºßê 11 -{Óýý±…– ð·Œþ: )…èØ( ‹ý»ýñú ›†‹ú|›†üþ ô )Ž( ‹ý»ýñú Ö»†°

{í†¹ ‹±¤·� {Óýý±…– Â±ü� °ôÿ|øî|°Ö}ãþ. 

)…èØ(

)Ž(
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…Ö³…ü¼ Â±ü� æüú|æüú º~âþ ‹†Î™ Þ†ø¼ {~…̈ê …÷± ô ìý~…ó {ñ¼

®°…– ¬°  üà|¬üã± øñã†ï ‹±̈õ°¬ Â±‹ú ²ðñ~û ìþ|ºõ¬ ô ‹~üò {±{ý�

ìÛ~…° ›†‹ú|›†üþ ‹ý»ýñú ô ‹ú ¬ðŒ†ë „ó Ö»†° {í†¹ …Ö³…ü¼ ìþ|ü†‹~.   |

ð}ýœú|âý±ÿ

‹† …Ö³…ü¼ ð·Œ• ìñË±€ Æõë ®°…– …Ö³…ü¼ ô ð·Œ• ¶Ç¦ ‹ú ¤œî

ð†ðõ®°…– …Ö³…ü¼ ìþ|ü†‹~ Þú …üò …ì± ìñœ± ‹ú …Ö³…ü¼ ìÛ~…° {¥íê

ð†ðõÞ†ì�õ²ü• ¬° ‹±…‹± Â±‹ú ìþ|ºõ¬. øî|Ÿñýò€ ‹† …Ö³…ü¼ Â±ü�

æüú|æüú º~âþ Ö†¾éú Îíõ¬ÿ ‹ýò ®°…– …Ö³…ü¼ ü†Ö}ú ô ¶Œ� Þ†ø¼

{~…̈ê …÷± ô ìý~…ó {ñ¼ ®°…– ¬° üà|¬üã± øñã†ï ‹±̈õ°¬ Â±‹ú ²ðñ~û

ìþ|ºõ¬. ‹~üò {±{ý� ìÛ~…° Ö»†° {í†¹ …Ö³…ü¼ ìþ|ü†‹~. ¬° üà ¤œî

ì»©À ‹† …Ö³…ü¼ ¤œî ð†ðõ®°…– ̈†á|°¹€ ìÛ~…° …üò ®°…– …Ö³…ü¼

ü†Ö}ú ô ‹± ìÛ~…° ¾éŒý• ð†ðõÞ†ì�õ²ü• …Ö³ô¬û ìþ|ºõ¬. ‹ñ†‹±…üò€ ‹†

…Ö³…ü¼ ¬°¾~ ð·Œþ ¤œî ̈†á|°¹ ìÛ~…° ›†‹ú|›†üþ  ‹ý»ýñú Þ†ø¼

ìþ|ü†‹~.
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ü†Ö}ú ô ‹† …Ö³…ü¼ …üò ìÛ~…°€ ‹ý»ýñú Ö»†° {í†¹ º±ôÑ ‹ú Þ†ø¼

ìþ|ðí†ü~. Þ†ø¼ ìÛ~…° ›†‹ú|›†üþ ‹ý»ýñú ‹† …Ö³…ü¼ ìÛ~…° Þ·± ¤œíþ

ì×ý~ …¶• ô ìÛ†ôì• ¶†²û °… ¬° ‹±…‹± ‹†°ø†ÿ Â±‹ú|…ÿ …Ö³…ü¼ ¬ø~€ ôèþ

‹ý»ýñú ìÛ~…° Ö»†° ¬° …üò ‹†²û Þ·± ¤œíþ ‹ú Îñõ…ó Î†ìê ì¥~ô¬ Þññ~û

Îíê ìþ|Þñ~. ‹ñ†‹±…üò °Ö}†° ð†ðõÞ†ì�õ²ü• ¬° ‹†²û Þ·± ¤œíþ ‹ýò

510/0 {† 30/0 �†¶ª ìñ†¶Œþ °… ð»†ó ìþ|¬ø~.  |
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)ž( )…èØ()Ž(
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