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Vacuum assisted resin transfer molding, as a sub-branch of RTM is a method of manufacturing com-
posite specimens. Considering the industrial development of this method, different modified tech-
niques are designed to improve its performance. Among these techniques, using a half flexible mold
is regarded as an important method. In this work, dominant equations of resin flow through the mold
in polar coordinates are solved analytically. Based on this approach, closed-form solutions have been
presented for different parameters such as thickness variation of preformed fiber, resin pressure,
resin velocity and fiber volume fraction as functions of two variables, namely, time and the distance
from injection port. After verification of the approach employed in this work, the results are pre-
sented. Important parameters influencing the quality and the rate production are studied in detail.
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ìÏ†¬èú|ø†ÿ ì±‹õÉ …Îí†ë Þ±¬. ‹~üò ìñËõ°€ ‹† …¶}×†¬û …² ìÏ†¬èú|ø†ÿ

)52(€ )62( ô )92( ìÏ†¬èú|ø†ÿ ²ü± ‹ú ¬¶• ìþ„ü~:

›†ÿ|â̄…°ÿ ìÏ†¬èú|ø†ÿ )9( ô )32( ‹±…ÿ ì~ë ð×õ®�̄ü±ÿ Þ†²ðþ -Þ†°ìò

¬° ìÏ†¬èú )43( Ÿñýò ð}ýœú ìþ|¬ø~:

‹† {õ›ú ‹ú …üò Þú ¬° Ö±…üñ~ø†ÿ MTR| ¶ñ}þ€ …² Ú†è�|ø†ÿ ð·Œ}†_ ¾é�

…¶}×†¬û ìþ|ºõ¬€ …ð}Ë†° ìþ|°ô¬ Þú Â©†ì• …èý†Ù �ý¼|ºßê ¬…¬û º~û€

øíõ…°û ÷†‹• ô ‹±…‹± ìÛ~…° …ôèýú€ 0h€ ‹†º~. ìÏ†¬èú )23( ‹ú ̈õ‹þ ¾¥•

…üò ìÇé� °… {†‡üý~ ìþ|Þñ~.

‹† ¬Ú• ¬° ìÏ†¬èú|ø†ÿ )33( ô )43(€ ¬ü~û ìþ|ºõ¬ Þú …üò ìÏ†¬èú|ø† Îýñ†_

‹† ìÏ†¬èú|ø†ÿ …°…̂ú º~û ‹±…ÿ {õ²üÐ Ö»†° ô ¶±Î• ›±ü†ó °²üò ¬°

{¥éýê|ø†ÿ …ðœ†ï º~û ‹±…ÿ ì~ë|¶†²ÿ ì±¤éú �±º~ó Ö±…üñ~ø†ÿ MTR|

¶ñ}þ üß·†ó …¶• ]21[. øî Ÿñýò€ ‹† ì¥†¶Œú ¤~ {†‹Ð ìõÚÏý• ›Œùú

›±ü†ó °²üò ‹± ¤·� ²ì†ó …² ìÏ†¬èú )13(€  ìÏ†¬èú )63(  ‹ú ¬¶• ìþ„ü~:

›†ÿ|â̄…°ÿ ìÏ†¬èú|ø†ÿ )9( ô )32( ¬° ìÏ†¬èú )63(€ Ÿñýò ð}ýœú ìþ|¬ø~:

ìÏ†¬èú )73( Îýñ†_ ‹† ìÏ†¬èú …°…ú̂ º~û ¬° ì±›Ð 21 ‹±…ÿ �ý¼|‹ýñþ

�ý¼|°Ö• ›±ü†ó ¬° Ú†è�|ø†ÿ ð·Œ}†_ ¾é� ¬° Ö±…üñ~ø†ÿ MTR¶ñ}þ

üß·†ó …¶•. ‹ñ†‹±…üò€ ìÏ†¬æ– ‹ú ¬¶• „ì~û ¬° …üò �µôø¼ Þú ‹±…ÿ

Ú†è�|ø†ÿ ðýíú …ðÏÇ†Ù|�̄ü± �†üú|â̄…°ÿ º~û …¶•€ ‹† ¶†¬û|¶†²ÿ ‹±…ÿ

Ú†è�|ø†ÿ ¾é�€ ‹ú ºßê ìÏ†¬æ– ô °ô…‹È ìõ›õ¬ ÚŒéþ ¬° ìþ„ü~.

ìÇ†èÏ†– ì±ô°ÿ

øí†ó|Æõ° Þú �ý¼|{± â×}ú º~€ ¬° Ú†è�|âý±ÿ ìõ…¬ Þ†ì�õ²ü}þ ‹ú °ô½

Ö±…üñ~ø†ÿ MTR| …¾ç§|º~û ›~ü~€ …² …‹³…°ø†ÿ …ðÏÇ†Ù|�̄ü± …¶}×†¬û

ìþ|ºõ¬. …üò ì·‰éú ¶Œ� {†‡÷ý± …̈}çÙ Ö»†° ‹± …èý†Ù �ý¼|ºßê ¬…¬û

º~û ô ¬° ð}ýœú {Óýý± Â©†ì• „ó Æþ Ö±…üñ~ {³°üÜ ìþ|ºõ¬. ¬° ºßê 2

ðíõ¬…° {Óýý±…– �†°…ì}± Â©†ì• ‹þ|‹Ï~ …èý†Ù �ý¼|ºßê ¬…¬û º~û

‹±¤·� °…¶}†ÿ ºÏ†Îþ ô ‹ú …²…ÿ Öõ…¾ê ì}×†ô– ›Œùú ›±ü†ó …²

°ô²ðú {³°üÜ ð»†ó ¬…¬û º~û …¶•.

‹† ¬Ú• ¬° …üò ºßê ¬ü~û ìþ|ºõ¬ Þú ‹ý»}±üò Â©†ì• …èý†Ù

�ý¼|ºßê ¬…¬û º~û ì±‹õÉ ‹ú …Æ±…Ù °ô²ðú {³°üÜ °²üò ô Þí}±üò

ìÛ~…° „ó ì±‹õÉ ‹ú ì¥ê ›Œùú ›±ü†ó …¶•. ‹ú ôÂõ§ ì»©À …¶• Þú

…üò ìÛ~…° Þíýñú Â©†ì• ¬° ì¥ê ›Œùú ›±ü†ó ô ‹©¼|ø†ÿ ̈»à
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›±ü†ó °²üò ¬…̈ê …èý†Ù �ý¼|ºßê ¬…¬û º~û ¬° Ö±…üñ~ Ú†è�|âý±ÿ …ð}Û†èþ °²üò ‹ú Þíà ̈çŠ ‹† ... ì¥íõ¬ ìù±¬…¬ ºß±üú€ ¶ý~ °¶õë „{»þ|�õ°

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

…èý†Ù üß·†ó …¶•. ¬° …üò ºßê ¬ü~û ìþ|ºõ¬ Þú Â©†ì• …èý†Ù

�ý¼|ºßê ¬…¬û º~û€ øíõ…°û …² ìÛ~…° ‹ý»ýñú ̈õ¬ ¬° …Æ±…Ù °ô²ðú

{³°üÜ {† ì¥ê ›Œùú ›±ü†ó Þ†ø¼ ìþ|ü†‹~. ‹† �ý¼|°Ö• ›Œùú ›±ü†ó€

Â©†ì• …èý†Ù …Ö³…ü¼ ìþ|ü†‹~. øí†ó|Æõ° Þú ¬° ºßê 2 ð»†ó ¬…¬û º~û

…¶•€ {Óýý±…– Â©†ì• ð·Œ• ‹ú °…¶}†ÿ ºÏ†Îþ€ ¬° …Æ±…Ù °ô²ðú

{³°üÜ º~ü~{± …² ¶†ü± ‹©¼|ø†¶• ô ¬° ð³¬üßþ ì¥ê ›Œùú ›±ü†ó

{Û±üŒ† ̈Çþ …¶•.

¬° ºßê 3€ …÷± ð·Œ• {©é©ê …èý†Ù �ý¼|ºßê ¬…¬û º~û ‹± {Óýý±…–

Â©†ì• „ó ¬° °…¶}†ÿ ºÏ†Îþ ›±ü†ó °²üò ¬ü~û ìþ|ºõ¬. ‹† ¬Ú• ¬°

…üò ºßê ì»†ø~û ìþ|ºõ¬ Þú …¶}×†¬û …² …èý†Ù ‹† Þ·± ¤œíþ ‹ý»}±€

¶Œ� …Ö³…ü¼ ð·Œþ Â©†ì• ¬° {í†ï ‹©¼|ø†ÿ ÚÇÏú ìþ|ºõ¬. …üò

ìõÂõÑ ¶Œ� Þ†ø¼ ¤†è• Òý±̈Çþ {Óýý±…– Â©†ì• ÚÇÏú

Þ†ì�õ²ü}þ {õèý~ÿ ô ð³¬üà º~ó ‹ú ¤†è• üßñõ…̈•|{± ìþ|ºõ¬.

¬° ºßê 4 ìþ|{õ…ó …÷± �†°…ì}± ‹þ|‹Ï~ Ö»†° {³°üÜ °… ‹± {Óýý±…–

Â©†ì• …èý†Ù �ý¼|ºßê ¬…¬û º~û ¬° °…¶}†ÿ �ý¼|°ôÿ ›±ü†ó °²üò

ì»†ø~û Þ±¬.

¬° …üò ºßê ‹ú ̈õ‹þ ¬ü~û ìþ|ºõ¬ Þú ‹† Þ†ø¼ ìÛ~…° …üò �†°…ì}±€

Â©†ì• …èý†Ù �ý¼|ºßê ¬…¬û º~û ¬° øíú ðÛ†É „ó ‹ú Æõ° ð·Œþ

Þ†ø¼ ü†Ö}ú ô {Óýý±…– Â©†ì• ÚÇÏú Þ†ì�õ²ü}þ ¤†è• üßñõ…̈•|{±ÿ

ìþ|ü†‹~. …üò ì·‰éú ð»†ó|¬øñ~û …Ö³…ü¼ Â©†ì• …èý†Ù �ý¼|ºßê ¬…¬û

º~û ‹ú ¬èýê …Ö³…ü¼ Ö»†° {³°üÜ ¬° ì±¤éú �±º~ó …¶• Þú �~ü~û

ð†ìÇéõ‹þ ì¥·õŽ ìþ|ºõ¬€ Ÿ±… Þú …üò ì·‰éú ¶Œ� Þ†ø¼ ¬Ú• {õèý~

ô …üœ†¬ ̈Ç†ÿ øñ~¶þ ÚÇÏú Þ†ì�õ²ü}þ ìþ|ºõ¬.

ðß}ú ìùî ¬üã±ÿ Þú …² ðíõ¬…°ø†ÿ …üò ºßê ð}ýœú ìþ|ºõ¬€ …÷± ¶×}þ

…èý†Ù �ý¼|ºßê ¬…¬û º~û ‹± {Óýý±…– Â©†ì• ÚÇÏú Þ†ì�õ²ü}þ …¶•.

¬° …üò ºßê ¬ü~û ìþ|ºõ¬ Þú …Ö³…ü¼ ¶×}þ …èý†Ù �ý¼|ºßê ¬…¬û º~û€

{Óýý±…– Â©†ì• ÚÇÏú °… Þ†ø¼ ìþ|¬ø~. ‹ú ð¥õÿ Þú ‹† …Ö³…ü¼ …üò

�†°…ì}±€ ¬° ¤†è• ¤~ÿ€ Â©†ì• ÚÇÏú {õèý~ º~û üßñõ…̈• ìþ|ºõ¬.

ºßê 2 -{Óýý±…– Â©†ì• ‹þ|‹Ï~ ¬° °…¶}†ÿ �ý¼|°ôÿ °²üò ‹ú …²…ÿ

Ÿñ~ Æõë ›±ü†ó ì©}éØ.

ºßê 3 -{Óýý±…– Â©†ì• ‹þ|‹Ï~ ¬° °…¶}†ÿ �ý¼|°ôÿ °²üò ‹ú …²…ÿ

ìÛ†¬ü± ì©}éØ ð·Œ• {©é©ê …èý†Ù.

ºßê 4 -{Óýý±…– Â©†ì• ‹þ|‹Ï~ ¬° °…¶}†ÿ ºÏ†Îþ �ý¼|°ôÿ °²üò

‹ú …²…ÿ ìÛ†¬ü± ì©}éØ �†°…ì}± Ö»†° {³°üÜ ‹þ|‹Ï~.
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›±ü†ó °²üò ¬…̈ê …èý†Ù �ý¼|ºßê ¬…¬û º~û ¬° Ö±…üñ~ Ú†è�|âý±ÿ …ð}Û†èþ °²üò ‹ú Þíà ̈çŠ ‹† ...ì¥íõ¬ ìù±¬…¬ ºß±üú€ ¶ý~ °¶õë „{»þ|�õ°

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 336

…üò ôüµâþ€ ì±‹õÉ ‹ú Ú†è�|âý±ÿ ‹† …‹³…°ø†ÿ ¾é� MTR| ¶ñ}þ …¶•.

øí†ó|Æõ° Þú ¬° ºßê 5 ¬ü~û ìþ|ºõ¬€ Þ·± ¤œíþ …èý†Ù …² ìÛ~…°

Þíýñú ¬° ì¥ê °ô²ðú {³°üÜ {† ìõÚÏý• ›Œùú ›±ü†ó …Ö³…ü¼ ìþ|ü†‹~.

‹ñ†‹±…üò€ øíõ…°û Þí}±üò Þ·± ¤œíþ …èý†Ù ¬° …Æ±…Ù °ô²ðú {³°üÜ

…{×†Ý ìþ|…Ö}~. …üò �~ü~û ‹† „ó Ÿú Þú �ý¼|{± ¬° ‹†°û ð¥õû {Óýý± Â©†ì•

…èý†Ù �ý¼|ºßê ¬…¬û º~û ®Þ± º~€ Ú†‹ê {õ›ýú …¶•.

¬° ºßê 6€ ðíõ¬…°ø†ÿ {õ²üÐ Ö»†° °²üò ð·Œ• ‹ú °…¶}†ÿ �ý¼|°ôÿ

›±ü†ó …² ì¥ê °ô²ðú {³°üÜ {† ›Œùú ›±ü†ó ð»†ó ¬…¬û º~û …¶•€ Þú

ø±Þ~…ï ì±‹õÉ ‹ú üà ìÛ~…° �†°…ì}± Ö»†° {³°üÜ ‹þ|‹Ï~ …¶•. ‹† ¬Ú• ¬°

…üò ðíõ¬…°ø† ì»†ø~û ìþ|ºõ¬ Þú …Ö³…ü¼ …̈}çÙ Ö»†° {³°üÜ ð·Œ• ‹ú

Ö»†° ìß¼ ¬° °ô²ðú|ø†ÿ {©éýú€ ¶Œ� …Ö³…ü¼ ìÛ~…° Ö»†° ¬° °…¶}†ÿ

�ý¼|°ôÿ „ó ìþ|ºõ¬. …üò ì·‰éú ‹±…ÿ ¤†è}þ Þú …ðÏÇ†Ù|�̄ü±ÿ …›³…

…Ö³…ü¼ ü†‹~€ ðý³ …{×†Ý ìþ|…Ö}~.

‹ú ìñËõ° ‹±°¶þ °Ö}†° �ý¼|°ôÿ °²üò ¬° ì±¤éú �±º~ó …èý†Ù

�ý¼|ºßê ¬…¬û º~û€ ¬° ºßê 7€ ðíõ¬…° ìõÚÏý• ›Œùú ›±ü†ó ‹±¤·�

²ì†ó€ ‹ú …²…ÿ ìÛ†¬ü± ì}×†ô– �†°…ì}± Ö»†° {³°üÜ ‹þ|‹Ï~ {±¶ýî º~û …¶•.

øí†ó|Æõ° Þú ¬° …üò ºßê ¬ü~û ìþ|ºõ¬€ °²üò ‹† ‹ý»}±üò ¶±Î• ¬°

Æõë {³°üÜ€ ô…°¬ …èý†Ù �ý¼|ºßê ¬…¬û º~û ìþ|ºõ¬ ô ‹† �ý¼|°Ö• ›Œùú

›±ü†ó ‹ú {~°ü� …² ¶±Î• „ó Þ†¶}ú ìþ|ºõ¬€ ‹ú ð¥õÿ Þú ›±ü†ó °²üò

¬° …ð}ù†ÿ ì±¤éú Ú†è�|âý±ÿ€ Þí}±üò ¶±Î• °… ¬…°¬. …ì† …üò Þ†ø¼

¶±Î•€ ¬° …‹}~…ÿ ì±¤éú Ú†è�|âý±ÿ ‹ý»}± …² ø± ²ì†ó ¬üã± …¶•.

ðß}ú ¬üã±ÿ Þú …² ðíõ¬…°ø†ÿ …üò ºßê ¤†¾ê ìþ|ºõ¬€ Þ†ø¼ ì~–

²ì†ó ì±¤éú �±º~ó€ ‹† …Ö³…ü¼ …̈}çÙ Ö»†° {³°üÜ ð·Œ• ‹ú Ö»†° ìß¼

¬° ̈±ô›þ|ø†¶• Þú ¬° Îíê ì»ßç{þ °… ‹ú øí±…û ¬…°¬. …ì†  ìùî  …üò

…¶• Þú …Ö³…ü¼ …ðÏÇ†Ù|�̄ü±ÿ|Ú†è�|ø†ÿ ìõ°¬ …¶}×†¬û ¬° Ö±…üñ~

Ú†è�|âý±ÿ ‹ú °ô½ MTR| …¾ç§|º~û€ ¶Œ� Þ†ø¼ Ÿ»î|âý±ÿ ¬°

ì~– ²ì†ó Ö†² �±º~ó  ìþ|ºõ¬€ ‹~ôó „ó Þú ðý†²ÿ ‹ú Ö»†° ²ü†¬ {³°üÜ

‹†º~.

ºßê 5 -{Óýý±…– Þ·± ¤œíþ …èý†Ù ¬° °…¶}†ÿ ºÏ†Îþ �ý¼|°ôÿ

°²üò.

ºßê 6 -{õ²üÐ Ö»†° °²üò ¬° °…¶}†ÿ ºÏ†Îþ ›±ü†ó ‹ú …²…ÿ ìÛ†¬ü±

ì©}éØ �†°…ì}± Ö»†° {³°üÜ ‹þ|‹Ï~.

µ

ºßê 7 -²ì†ó �ý¼|°ôÿ ›Œùú ›±ü†ó °²üò ¬° ì±¤éú {³°üÜ ‹ú …²…ÿ

ìÛ†¬ü± ì©}éØ �†°…ì}± Ö»†° {³°üÜ ‹þ|‹Ï~.
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›±ü†ó °²üò ¬…̈ê …èý†Ù �ý¼|ºßê ¬…¬û º~û ¬° Ö±…üñ~ Ú†è�|âý±ÿ …ð}Û†èþ °²üò ‹ú Þíà ̈çŠ ‹† ... ì¥íõ¬ ìù±¬…¬ ºß±üú€ ¶ý~ °¶õë „{»þ|�õ°

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

…üò ì·‰éú …ìß†ó ‹ù±û|âý±ÿ …² …‹³…°ø†ÿ Ú†è� …°²…ó|{± °… ìùý† ìþ|¶†²¬

Þú ì·éí†_ ‹†Î™ Þ†ø¼ ø³üñú {õèý~ ÚÇÏú ìþ|ºõ¬. øî Ÿñýò …¤}í†ë

ôÚõÑ �~ü~û|ø†ÿ ð†ìÇéõ‹þ …² ›íéú º·}ú º~ó …èý†Ù ¬° ì±¤éú {³°üÜ …²

‹ýò ìþ|°ô¬. …² „ó|›† Þú ¬° ¶†èý†ó …̈ý± {ç½|ø†ÿ ²ü†¬ÿ ‹±…ÿ …Ö³…ü¼

¶±Î• {õèý~ Þ†ì�õ²ü•|ø†  …ðœ†ï º~û …¶•€ ‹ñ†‹±…üò€ …¶}×†¬û …²

Ö±…üñ~ø†ÿ Ú†è�|âý±ÿ …ð}Û†ë °²üò ›~ü~ ‹† …‹³…°ø†ÿ …ðÏÇ†Ù|�̄ü±€ â†ìþ

ìõö÷± ‹±…ÿ …Ö³…ü¼ ¶±Î• {õèý~ …¶•.

…ì† øí†ó|Æõ° Þú ÚŒç_ â×}ú º~€ ðŒ†ü~ Þ†ø¼ Þý×ý• ð†ºþ …²

…ðÏÇ†Ù|�̄ü±ÿ ²ü†¬ Ú†è�|ø†ÿ ì³‹õ° °… …² ðË± ¬ô° ¬…º•.

‹† ¬Ú• ¬° ºßê 8 ðý³ ì»†ø~û ìþ|ºõ¬ Þú Þ†ø¼ Þ·± ¤œíþ …èý†Ù€

ü† …Ö³…ü¼ ð·Œ• {©é©ê „ó€ ¶Œ� Þ†ø¼ ²ì†ó �±º~ó ìþ|ºõ¬.

øí†ó|Æõ° Þú ¬° ðíõ¬…°ø†ÿ …üò ºßê ¬ü~û ìþ|ºõ¬€ …¶}×†¬û …² …èý†Ù

�ý¼|ºßê ¬…¬û º~û ‹† {±…Þî …èý†Ù ²ü†¬€ ²ì†ó Ÿ±̈ú °… ‹ý¼ …² ¤~

ìÏíõë …Ö³…ü¼ ìþ|¬ø~€ …ì† …² „ó ›† Þú ¬° Ú†è�|âý±ÿ ‹ú °ô½ MTR…²

…èý†Ù �ý¼|ºßê ¬…¬û º~û ‹† ð·Œ• ¤œíþ …èý†Ù Þî …¶}×†¬û ìþ|ºõ¬€

²ì†ó Ú†è�|âý±ÿ ‹ú Æõ° ð·Œþ Ÿñ~…ó Æõæðþ ðý·•.

ð}ýœú|âý±ÿ

{† ‹ú …ì±ô² …¾ç¤†– ì©}é×þ °ôÿ ìõ…¬ ô Ö±…üñ~ {õèý~ Þ†ì�õ²ü•|ø† ‹ú

°ô½ MTR| ¬° °…¶}†ÿ ‹ùŒõ¬ Ö±…üñ~ ô ¤Ù̄ �~ü~û|ø†ÿ ð†ìÇéõŽ „ó€

‹ùŒõ¬ Þý×ý• {õèý~ ÚÇÏ†– Þ†ì�õ²ü}þ ô …Ö³…ü¼ ¶±Î• {õèý~ Ö±…üñ~ …ðœ†ï

º~û …¶•. üßþ …² ìùî|{±üò ºßê|ø†ÿ …¾ç¤þ Ö±…üñ~ MTR€ °ô½

Ú†è�|âý±ÿ ‹† …ð}Û†ë °²üò ‹ú Þíà ̈çŠ ô �õ¶}ú Ú†è� …ðÏÇ†Ù|�̄ü± …¶•.

¬° …üò ìÛ†èú€ ‹±…ÿ ð©·}ýò ‹†° ìÏ†¬æ– ¤†Þî ‹± °ô½ ì³‹õ° ¬° ì±¤éú
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