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Abstract

/LJKW�VSRUW�DLUFUDIW�JHQHUDOO��UHIHUV�WR�VLQJOH�VHDW�RU�WZR�VHDW�OLJKW�DLUFUDIW�ZLWK�D�WDNH�RII�ZHLJKW�RI�OHVV�WKDQ�����NJ��:LWK�

WKH�FKDUDFWHULVWLFV�RI�VLPSOH�VWUXFWXUH�DQG�ORZ�SULFH�� LW�KDV�GHYHORSHG�UDSLGO��LQ�UHFHQW��HDUV��2QH�RI�WKH�NH��SRLQWV�LQ�WKH�

GHVLJQ�DQG�PDQXIDFWXUH�RI�OLJKW�VSRUW�DLUFUDIW�LV�WR�UHGXFH�WKH�FRVW�RI�VWUXFWXUH�PDQXIDFWXUH��7KHUHIRUH��FRPSRVLWH�PDWHULDOV�

DUH�ZLGHO��XVHG��,W�QRW�RQO��UHGXFHV�WKH�ZHLJKW�RI�DLUFUDIW�VWUXFWXUH��EXW�DOVR�UHGXFHV�WKH�FRVW��&RPELQHG�ZLWK�WKH�VWUXFWXUDO�

FKDUDFWHULVWLFV�RI�OLJKW� VSRUW�DLUFUDIW��WKH�PDWHULDO�PDQXIDFWXULQJ�SURFHVV� LV�DQDO�]HG��DQG�WKH�DSSOLFDWLRQ�RI�GLIIHUHQW�

SURFHVVHV�LQ�OLJKW�VSRUW�DLUFUDIW�LV�FRPSDUHG�WR�GHWHUPLQH�WKH�EHVW�PDQXIDFWXULQJ�SURFHVV�SODQ�

Keywords

/LJKW�VSRUW�DLUFUDIW��FRPSRVLWH�PDWHULDOV��SURGXFWLRQ�SURFHVV

1.�INTRODUCTION

�V�D�QHZ�NLQG�RI�PDWHULDO��FRPSRVLWH�PDWHULDO�KDV�EHHQ�ZLGHO��XVHG�LQ�PDQ��LQGXVWULHV��HVSHFLDOO��LQ�DHURVSDFH�VWUXFWXUH��

&RPSRVLWH�PDWHULDOV�FDQ�UHGXFH�WKH�ZHLJKW�DQG�VL]H�RI�WKH�DLUFUDIW�VWUXFWXUH��DFKLHYH�KLJK�HQHUJ��GHYHORSPHQW�PRUH�HIIHFWLYHO���

DQG� UHGXFH�WKH�OLIH�F�FOH� FRVW�RI�WKH�DLUFUDIW��%DVHG�RQ� WKH�VWUXFWXUDO�FKDUDFWHULVWLFV�RI��)��FRPSRVLWH�ZLQJV�RI�OLJKW� VSRUW�

aircraft,��nite�element�software�was�applied�to�establish�a��nite�element�model�of�the�structural�scheme,�and�the�advantages�and�

GLVDGYDQWDJHV�RI�GLIIHUHQW�GHVLJQ�VFKHPHV�ZHUH�DQDO�]HG�DQG�FRPSDUHG�WR�RSWLPL]H�WKH�VWUXFWXUDO�GHVLJQ��:KLOH�HQVXULQJ�WKH�

VWUXFWXUDO�SHUIRUPDQFH�RI�WKH�DLUFUDIW��WKH�PDQXIDFWXULQJ�FRVW�LV�UHGXFHG�

2.�STRUCTURAL�FEATURES�OF�LIGHT�SPORT�AIRCRAFT

The�maximum�take-off�weight�of�light�sport�aircraft�is�within�600�kg,�the�maximum��ight�speed�is�within�222�km/h�and�the�

stall�speed�is�within�83�km/h.�It�is�single�or�two-seater,�with��xed�landing�gear,�a�propeller�with�an�immutable�pitch�or�ground�pitch�

DGMXVWPHQW��DQG�DQ�HOHFWULF�PRWRU�RU�SLVWRQ�HQJLQH�DV�D�SRZHU�XQLW��@���W�SUHVHQW��WKH�GHYHORSPHQW�RI�OLJKW�VSRUW�DLUFUDIW�LQ�&KLQD�LV�

���������������������������7KH��XWKRU�V��������Open�Access�7KLV�DUWLFOH�LV�XQGHU�WKH�WHUPV�RI�&UHDWLYH�&RPPRQV��WWULEXWLRQ����

� � � � � � � � � � � � � � � � � ,QWHUQDWLRQDO� /LFHQVH� �KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E���������ZKLFK� SHUPLWV� XQUHVWULFWHG�XVH��

VKDULQJ��DGDSWDWLRQ��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ��PHGLXP�RU�IRUPDW��DV�ORQJ�DV��RX�JLYH�DSSURSULDWH�FUHGLW�WR�WKH�RULJLQDO�

DXWKRU�V��DQG�WKH�VRXUFH��SURYLGH�D�OLQN�WR�WKH�&UHDWLYH�&RPPRQV�OLFHQVH��DQG�LQGLFDWH�LI�FKDQJHV�ZHUH�PDGH��
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VWLOO�D�EODQN��+RZHYHU��WKH�DGYDQFHG�PDQXIDFWXULQJ�LQGXVWU��KDV�WKH�FRQGLWLRQV�WR�SURGXFH�OLJKW�VSRUW�DLUFUDIW�DW�D�ORZHU�FRVW��)RU�

H[DPSOH��1LQJER��RQJIHQJ��LUFUDIW�&R���/WG��LQGHSHQGHQWO��GHYHORSHG�WKH��)��PDWHULDO�FRPSDWLEOH�WZR�VHDWHU�OLJKW�VSRUWV�DLUFUDIW�

(Figure�1),�and�produced�a�prototype�for�test��ight�in�July�2008.�The�DF2�aircraft�is�designed�and�manufactured�with�full�composite�

materials.�The�main�bearing�structure�is�carbon��ber�material.�Although�some�achievements�have�been�made,�there�is�still�room�for�

LPSURYHPHQW��@.�Composite�materials�are�widely�used�in�the��eld�of�aviation�and�aerospace.�The�application�of�composite�materials�

LQ�DLUFUDIW�LV�LQFUHDVLQJ�JUDGXDOO���DQG�WKH�GHVLJQ�DQG�DSSOLFDWLRQ�RI�PDLQ�EHDULQJ�VWUXFWXUH�LV�UHDOL]HG��,Q�RUGHU�WR�IXUWKHU�RSWLPL]H�

WKH�GHVLJQ�DQG�PDQXIDFWXUH�RI�OLJKW�VSRUW�DLUFUDIW��WKH�LGHD�RI�LQWHJUDWLQJ�GHVLJQ��PDWHULDO�VHOHFWLRQ�DQG�WHFKQRORJ��FDQ�EH�DSSOLHG�

WR�UHDOL]H�MRLQW�FRVW�FRQWURO��7DNLQJ��)��OLJKW�VSRUW�DLUFUDIW�DV�DQ�H[DPSOH��GLIIHUHQW�FRPSRVLWH�ZLQJ�VWUXFWXUHV�ZHUH�GHVLJQHG�DQG�

compared.�In�addition,��nite�element�analysis�and�layering�thickness�optimization�were�carried�out�for�different�wing�structure�

VFKHPHV�WR�GHWHUPLQH�WKH�RSWLPDO�GHVLJQ�VFKHPH�DQG�LPSURYH�WKH�GHVLJQ�HIIHFW�RI�FRPSRVLWH�DLUFUDIW�

�LJXUH�������FRPSRVLWH��LJKW�VSRUW�DLUFUDIW

3.�CHARACTERISTICS�AND�PERFORMANCE�ADVANTAGES�OF�COMPOSITE�MATERIALS

�����RPSRVLWH��DWHULD�

��SRO�SKDVH�VROLG�PDWHULDO�FRPSRVHG�RI� WZR�RU�PRUH�VXEVWDQFHV�ZLWK�GLIIHUHQW�SK�VLFDO� DQG�FKHPLFDO�SURSHUWLHV� LV�D�

FRPSRVLWH�PDWHULDO���OWKRXJK�HDFK�FRPSRQHQW�PDWHULDO�UHPDLQV�UHODWLYHO��LQGHSHQGHQW��WKH�RYHUDOO�SHUIRUPDQFH�LV�QRW�D�VLPSOH�

VXP�RI�WKH�SURSHUWLHV�RI�YDULRXV�PDWHULDOV��,Q�FRQWUDVW��LW�KDV�EHHQ�IXUWKHU�LPSURYHG�DQG�RSWLPL]HG��@��)RU�FRPSRVLWH�PDWHULDOV��

XVXDOO��RQH�SKDVH� LV�WKH�FRQWLQXRXV�SKDVH�DV�WKH�PDWUL[��DQG� WKH�RWKHU�SKDVH� LV� WKH�GLVSHUVHG�SKDVH��WKDW�LV�� WKH�UHLQIRUFLQJ�

material.�At�present,�the�composites�used�in�light�sport�aircraft�are�mainly��ber�reinforced�composites.�The�reinforced��ber�is�

the�main�bearing�body�of�the�composite�material,�and�the�determination�of��ber�species�and�volume�content�can�effectively�

evaluate�the�mechanical�properties�of�the�composite�material�along�the�direction�of�the��ber.�The�composite�materials�used�in�

aircraft�structures�can�be�subdivided�into�glass��ber�composites,�carbon��ber�composites�and�organic��ber�composites�according�

to�the�types�of��bers.�The�composite�material�matrix�used�in�light�sport�aircraft�structures�is�a�resin�matrix.�In�the�process�of�

manufacturing�and�forming�the�material�components,�the�resin�matrix�is�gradually�solidi�ed�by�chemical�reaction,�which�meets�

WKH�UHTXLUHPHQWV�RI�DLUFUDIW�VWUXFWXUDO�GHVLJQ��7KH�HDUOLHVW�FRPSRVLWH�PDWHULDO�XVHG�IRU�DLUFUDIW�VWUXFWXUHV�LV�D�UHVLQ�PDWUL[��ZKLFK�

KDV�RSWLPL]HG�PROGLQJ�SURFHVV�SHUIRUPDQFH��JRRG�PRLVWXUH�DQG�KHDW�UHVLVWDQFH��VLPSOH�VXEVHTXHQW�PDLQWHQDQFH�DQG�ORZ�FRVW��

,WV�DGYDQWDJHV�DUH�REYLRXV�LQ�SUDFWLFDO�DSSOLFDWLRQV�

����3HUIRUPD�FH��GYD�WDJHV�RI��RPSRVLWH��DWHULD�V

�������R��4�DOLW�

7KH�IDFWRUV� WKDW�QHHG�WR�EH�DQDO�]HG�LQ�WKH�VHOHFWLRQ�RI�DLUFUDIW�PDQXIDFWXULQJ�PDWHULDOV�DUH�VWUHQJWK��ZHLJKW�DQG�FRVW��

Compared�with�traditional�metal�materials,�composite�materials�have�higher�speci�c�strength.�Composite�structures�are�much�

OLJKWHU� WKDQ�PHWDO� VWUXFWXUHV�DW�WKH� VDPH�VWUHQJWK��)RU�H[DPSOH�� UHSODFLQJ�DOXPLQXP�SDUWV�ZLWK�FRPSRVLWHV�FRXOG�UHGXFH�

WKH�ZHLJKW�RI�DLUFUDIW� VWUXFWXUHV�E��DERXW������0RUHRYHU�� WKH�PDQXIDFWXULQJ�WHFKQRORJ��RI�FRPSRVLWH�PDWHULDOV�LQ�&KLQD�

LV�FRQVWDQWO��XSGDWHG�DQG�LPSURYHG�� DQG�PRUH�W�SHV�RI�FRPSRVLWH�PDWHULDOV�DUH�DYDLODEOH��7KH�SULFH�RI�KLJK�VWUHQJWK�DQG�

high-modulus��ber�raw�materials�such�as�carbon��ber�has�continued�to�decrease,�which�has� led�to�the�strength-price�ratio�of�

FRPSRVLWH�PDWHULDOV�H[FHHGLQJ�DOXPLQXP�PDWHULDOV��:LWK�WKH�VDPH�VWUXFWXUDO�VWUHQJWK��WKH�FRVW�RI�UDZ�PDWHULDOV�IRU�FRPSRVLWH�

FRPSRQHQWV�LV�ORZHU�WKDQ�WKDW�RI�WUDGLWLRQDO�PHWDO�FRPSRQHQWV�

�������R���RVW

7KH�PDQXIDFWXULQJ�FRVW�RI� WKH�VSRUWV�DLUFUDIW�VWUXFWXUH�LQFOXGHV� WKH�FRVW�RI�UDZ�PDWHULDOV��SDUWV�SURFHVVLQJ�DQG�FRPSRQHQW�

assembly.�All�parts�are�assembled�according�to�professional�speci�cations�by�means�of�riveting,�bolting,�welding�and�gluing.�The�
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FRVW�RI�ODERU�DQG�WLPH�LV�KXJH��&RPSDUHG�ZLWK�WUDGLWLRQDO�PHWDO�PDWHULDOV��FRPSOH[�VWUXFWXUHV�FDQ�EH�IRUPHG�DW�RQH�WLPH�LQ�WKH�

PDQXIDFWXULQJ�SURFHVV�RI�FRPSRVLWH�PDWHULDOV��ZKLFK�JUHDWO��VDYHV�WKH� WLPH�QHHGHG�IRU�SDUWV�DVVHPEO��DQG�ODERU�FRVWV��DQG�GRHV�

QRW�QHHG�WR�GHDO�ZLWK�EROWV��ULYHWV�DQG�RWKHU�FRQQHFWLQJ�SDUWV��7KH�FRVW�LV�OHVV�DQG�WKH�WRWDO�ZHLJKW�RI�WKH�VWUXFWXUH�LV�JUHDWO��UHGXFHG�

�������R��5HVLVWDQ�H

&RPSRVLWH�PDWHULDOV�DUH�XVHG�WR�PDNH�OLJKW�VSRUW�DLUFUDIW��EHFDXVH�ULYHWV�DUH�QRW�XVHG�LQ�WKH�VNLQ�� WKH�IXVHODJH�VXUIDFH�LV�

smoother,�and�there�is�less�resistance�during�the��ight.�Taking�the�four-seat�composite�airplane�LancairIV�and�the�four-seat�all-

metal�airplane�Cessna182�as�examples,�the�equivalent��at�resistance�areas�are�0.197�m��DQG�������P���UHVSHFWLYHO����FFRUGLQJ�

WR�1�&������DLUIRLO�DQDO�VLV��VPRRWK�DLUIRLO�&/�VPRRWK� �������&��VPRRWK� ��������VXUIDFH�URXJK�DLUIRLO�&/�URXJK� �������

&��URXJK� ���������VVXPLQJ�WKH�VXUIDFH�RI�WKH�ZLQJ�LV�VPRRWK��LW�FDQ�EH�GHWHUPLQHG�WKDW�WKH�ZLQJ�DUHD�FDQ�EH�UHGXFHG�E������

DFFRUGLQJ�WR�WKH�IRUPXOD������/LNHZLVH��DV�WKH�ZLQJ�DUHD�GHFUHDVHV��VR�GRHV�WKH�VWUXFWXUDO�ZHLJKW�RI�WKH�DLUFUDIW��,Q�DGGLWLRQ��WR�

a�certain�extent,�it�can�also�reduce�the�dif�culty�of�aircraft�wing�processing�and�manufacturing�and�assembly�technology,�thus�

IXUWKHU�UHGXFLQJ�WKH�UHODWHG�FRVWV�

� � � ���� ���� ���� ����LQ��R��� �LQ�VPRRW� �VPRRW� ��R���

�LQ��R��� �VPRRW�

� � � �

� �

− −
× = × = � � � � ���

&RPSDUHG�ZLWK�OLJKW�VSRUW�DLUFUDIW�ZLWK�WKH�VDPH�DHURG�QDPLF�VKDSH�DQG�WDNHRII�ZHLJKW��WKH�DLUFUDIW�PDGH�RI�FRPSRVLWH�

skin�has�less�resistance�in��ight.�According�to�the�formula�(2),�it�can�be�determined�that�the�piston�engine�output�power�P�is�

UHGXFHG��DQG�WKH�IXHO�FRQVXPSWLRQ�LV�UHGXFHG��VR�WKDW�WKH�FRUUHVSRQGLQJ�UDQJH�RI�WKH�DLUFUDIW�LV�LQFUHDVHG�

� � � � � ��������
�� ��

3
η η

= = �� � � � � � ���

4.�COMPOSITE�MATERIAL�MANUFACTURING�PROCESS

����3URGXFWLR��3URFHVV���D��VLV

7KH�PDQXIDFWXULQJ�SURFHVV�RI�FRPSRVLWH�PDWHULDOV� LV� WR� WUDQVIRUP�UDZ�PDWHULDOV� LQWR�VWUXFWXUHV� DQG� UHDOL]H� WKH�

WUDQVIRUPDWLRQ�RI�GHVLJQ� VWUXFWXUH�GUDZLQJV�WR�SK�VLFDO�REMHFWV���IWHU� WKH�PHFKDQLFDO�SURSHUWLHV�RI� WKH�FRPSRVLWH�PDWHULDOV�

DUH�GHWHUPLQHG��LW� LV�QHFHVVDU��WR�GHILQH�WKH�PROGLQJ�DQG�FXULQJ�SURFHVV��7KH�PROGLQJ�DQG�FXULQJ�SURFHVV�FDQ�EH�GLYLGHG�

LQWR�WZR�SDUWV��PROGLQJ�DQG�FXULQJ��0ROGLQJ� LV� WR� OD��WKH�ILEHU�IDEULF�LQWR�D�FHUWDLQ�VKDSH�DFFRUGLQJ� WR�WKH�SURGXFW�GHVLJQ�

UHTXLUHPHQWV��DQG�EUXVK�WKH�PL[WXUH�RI�UHVLQ�DQG�FXULQJ�DJHQW��&XULQJ� LV�WR�SURPRWH�WKH�ODPLQDWHG�PDWHULDOV�WKDW�KDYH�EHHQ�

ODLG�LQWR�D�FHUWDLQ�VKDSH� WR� IL[�WKH� VKDSH�XQGHU�DSSURSULDWH�WHPSHUDWXUH��WLPH��SUHVVXUH�DQG�RWKHU�FRQGLWLRQV� WR�HQVXUH�WKDW�

WKH�SURGXFW�PHHWV�WKH�GHVLJQ�EDVLF�SHUIRUPDQFH�UHTXLUHPHQWV��@���IWHU��HDUV�RI�FRQWLQXRXV�GHYHORSPHQW��WKH�PDQXIDFWXULQJ�

SURFHVV�RI�FRPSRVLWH�PDWHULDOV�KDV�EHHQ�D�PDMRU�EUHDNWKURXJK��VXFK�DV�KDQG�SDVWH�PROGLQJ�SURFHVV��YDFXXP�DVVLVWHG�PROGLQJ�

SURFHVV��KHDW�WDQN�PROGLQJ�SURFHVV��ZLQGLQJ�PROGLQJ�SURFHVV�DQG�SUHSUHJ�YDFXXP�EDJ�SUHVVLQJ�PROGLQJ�SURFHVV��)RU�OLJKW�VSRUW�

DLUFUDIW��FRPSRVLWH�PDWHULDOV�PXVW�EH�DEOH� WR�UHGXFH�WKH�ZHLJKW�RI�WKH�DLUFUDIW� VWUXFWXUH�DQG�PDQXIDFWXULQJ�FRVWV��7KHUHIRUH��

vacuum�assisted�molding�and�prepreg�vacuum�bag�pressing�are�widely�used�in�this��eld,�and�good�results�have�been�achieved.�

&RPSDUHG�ZLWK�WKH�PDQXIDFWXULQJ�SURFHVV�RI�PHWDO�PDWHULDOV��WKHUH�DUH�JUHDW�GLIIHUHQFHV�LQ�WKH�IRUPLQJ�SURFHVV�RI�UHVLQ�EDVH�

FRQIRUPLQJ�PDWHULDOV������ WR�UHDOL]H�WKH� ILEHU�OD�LQJ�GLUHFWLRQ�GHWHUPLQHG�E��WKH� VWUXFWXUH�GHVLJQ�� ����KRW�SUHVVLQJ�SURFHVV�

PROGLQJ��VWUXFWXUDO�SDUWV�PROGLQJ�DQG�PDWHULDO�IRUPDWLRQ�FRPSOHWHG�DW�WKH�VDPH�WLPH������LW�FDQ�PHHW�WKH�EDVLF�UHTXLUHPHQWV�RI�

ODUJH�VFDOH�FRQVWUXFWLRQ�DQG�RYHUDOO�PROGLQJ��DQG�UHGXFH�WKH�ZRUNORDG�RI�PDFKLQLQJ�DQG�DVVHPEO�������JUDGXDOO��LPSURYH�WKH�

SURFHVV�TXDOLW��FRQWURO�V�VWHP�WR�PDLQWDLQ�D�KLJK��LHOG��@�

�����RPPR��3URGXFWLR��3URFHVV

�������DQ���D���S�3�R�HVV

+DQG�SDVWH�PROGLQJ�SURFHVV�FDQ�EH�VDLG�WR�EH�WKH�KLJKHVW�PDQXIDFWXULQJ�SURFHVV�RI�FRPSRVLWH�PDWHULDOV��ZKLFK�FDQ�EH�

GLYLGHG�LQWR�GU��OD�HULQJ�PROGLQJ�DQG�ZHW�OD�HULQJ�PROGLQJ��7KH�WZR�PHWKRGV�DUH�

�����U��OD�HULQJ�PROGLQJ�PDQXDOO��DSSOLHV�SUHSUHJ�LQ�WKH�PROG�OD�HU�E��OD�HU�WR�WKH�UHTXLUHG�WKLFNQHVV��UHTXLUHG�GHJUHH��

DFFRUGLQJ�WR�WKH�SUHGHWHUPLQHG�GLUHFWLRQ�DQG�VHTXHQFH��REWDLQV� WKH�SUHSUHJ��DQG�EDJV� WKH�UHVXOWLQJ�SUHSUHJ��WKHQ�JLYHV� WKH�

heating�and�pressure�curing,�and��nally�takes�off�the�mold�to�obtain�the�composite�product��@.�Compared�with�traditional��ber�
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IDEULFV��WKH�DSSOLFDWLRQ�RI�SUHSUHJ�FDQ�PRUH�IOH[LEO��FRQWURO�WKH� UXEEHU�FRQWHQW�RI�WKH�SURGXFW�DQG�LPSURYH�WKH�VWDELOLW��RI�

product�quality.�Because�the�prepreg��bers�and�resin�are�fully�wetted,�there�is�no�twisting�of�the�fabric��bers�during�the�brushing�

VWDJH���W�WKH�VDPH�WLPH�� WKH�SURFHVV�RI�PL[LQJ�FXULQJ�DJHQW�LQ�WKH�UHVLQ�FDQ�EH�RPLWWHG�WR�UHGXFH�WKH�IDLOXUH�RI�FXULQJ�GXH�WR�

excessive�or� insuf�cient�curing�agent.�In�addition,�the�contact�of�workers�with�resin,�curing�agent�and�other�chemicals�in�the�

SURFHVV�RI�PDQXIDFWXULQJ�LV�JUHDWO��UHGXFHG��ZKLFK�LPSURYHV�WKH�VDIHW��RI�RSHUDWLRQ�

(2)�Wet�layering�molding.�The�resin�mixture�containing�curing�agent�is�evenly�brushed�on�the�mold,�and�the��ber�fabric�cut�

in�advance�is�laid�on�the�mold�according�to�the�requirements,�and�the�fabric�is�extruded�with�a�brush�or�scraper.�After�suf�cient�

glue�soaking�and�bubble�elimination,�the�resin�mixture�is�brushed�again�and�the�second�layer�of��ber�fabric�is�laid.�The�above�

SURFHVVHV�DUH�UHSHDWHG�XQWLO� WKH�GHVLJQ�WKLFNQHVV�LV�UHDFKHG��@.�Finally,� the�treated�composite�material�is�heated�and�solidi�ed�

XQGHU�DSSURSULDWH�SUHVVXUH�FRQGLWLRQV��RU�WKH�KHDW�UHOHDVHG�GXULQJ�WKH�FXULQJ�SURFHVV�RI�WKH�UHVLQ�V�VWHP�LV�XVHG�IRU�FXULQJ�DQG�

molding,�and��nally�the��nished�product�is�obtained�by�demoulding.�As�shown�in�Figure�2,�the��ber�fabric�can�be�divided�into�

unidirectional��ber�fabric�and�orthogonal��ber�fabric�according�to�the�trend�of� the��ber.�Therefore,�the�strength�and�stiffness�

RI�FRPSRVLWH�PDWHULDO�FRPSRQHQWV��HVSHFLDOO��WKRVH�PDGH�DV�UDZ�PDWHULDOV��DUH�UHODWLYHO��ODUJH�LQ� WKLV�GLUHFWLRQ��ZKLOH�WKHLU�

mechanical�properties�are�relatively�poor�in�the�two�directions.�The��bers�of�the�orthogonal��ber�fabric�are�arranged�at�a�ratio�

of�about�50%�to�90°,�and�the�composite�materials�made�of�the�orthogonal��ber�fabric�have�good�mechanical�properties�in�both�

directions.�Among�them,�the�tensile�strength�and�stiffness�of�the�orthogonal��ber�composite�are�lower�when�it�is�45°�from�the�1�

GLUHFWLRQ��EXW�LW�KDV�JRRG�VKHDU�VWUHQJWK�DQG�VWLIIQHVV��@�

�������D���P��VVLVWH��5HVLQ��QI�VLRQ��RO�LQ��3�R�HVV

The�vacuum�assisted�resin�infusion�molding�process�is�also�known�as�the�VARI�molding�process,�that�is,�a��exible�vacuum�

bag��lm�or�a�sealed��ber�reinforced�material� is�used�to�cover�a�single-sided�rigid�mold,�and�all�the�gas�in�the�mold�cavity�is�

evacuated�under�the�vacuum�negative�pressure�condition.�Through�resin��ow�and�penetration,�the��ber�material�and�its�fabric�

are�effectively�in�ltrated,�and��nally�cured�and�molded�at�room�temperature�or�under�heating.�This�manufacturing�process�for�

FRPSRVLWH�PDWHULDOV� UHTXLUHV�WKH�DSSOLFDWLRQ�RI�D�ORZ�YLVFRVLW��DQG�FXUDEOH�UHVLQ�PDWUL[�DW� URRP�WHPSHUDWXUH��DQG�WKH� ORZ�

YLVFRVLW��SODWHDX�WLPH�EHIRUH� WKH�UHVLQ�JHO� LV�ORQJ�HQRXJK�WR�DOORZ�VXIILFLHQW�RSHUDWLQJ�WLPH��,Q�DGGLWLRQ��LW� LV�QHFHVVDU��WR�

HQVXUH�JRRG�VHDOLQJ�FRQGLWLRQV��PDLQWDLQ�D�KLJK�YDFXXP��DQG�SURPRWH�WKH�HIIHFWLYH�GLVFKDUJH�RI�EXEEOHV��VR�DV�WR�PLQLPL]H�WKH�

SRURVLW��RI�SURGXFWV��7KH�PROGLQJ�WKLFNQHVV�LV�UHDVRQDEO��VHOHFWHG��3UHYLRXV�UHVHDUFK�UHVXOWV�VKRZ�WKDW�WKH�UHVLQ�FDQ�FRPSOHWHO��

SHQHWUDWH�WKH�ERDUG��WKH�UHVLQ�FRQWHQW�RI� WKH� ODPLQDWH�FDQ�EH�FRQWUROOHG�EHORZ������DQG�WKH�JOXH�FRQWHQW�RI�WKH�VDQGZLFK�

ERDUG�FDQ�EH�FRQWUROOHG�DW�DERXW������+RZHYHU��WKH�ZHLJKW�H[FHHGHG�WKH�GHVLJQ�PD[LPXP��ZKLFK�FRXOG�QRW�PHHW�WKH�WDNH�RII�

UHTXLUHPHQWV�RI�OLJKW�VSRUW�DLUFUDIW��DQG�IXUWKHU�DGMXVWPHQW�DQG�RSWLPL]DWLRQ�RI�WKH�H[LVWLQJ�SURFHVV�ZHUH�QHHGHG��@�

�������D���P��D��2QO���RPS�HVVLRQ��RO�LQ��3�R�HVV�IR��3�HS�H�

Prepreg�vacuum�bag�only�pressing�process� is�also�known�as�VBO�molding�process,�which�is� to�apply��exible�vacuum�

bag��lm�coating�or�sealing�line�to�the�single-sided�rigid�mold�for�reinforcement�material�treatment,�and�in�the�vacuum�state�of�

negative�pressure�to�the�mold�cavity�of�all�the�gas�discharged.�Finally,�it�is�cured�and�shaped�at�a�speci�c�curing�temperature�

in�an�oven.�In�actual�production,�the�rubber�content�of�the�prepreg�can�be��exibly�adjusted�according�to�demand,�and�the�resin�

FRQWHQW�RI�WKH�IRDP�VDQGZLFK�SDQHO�FDQ�EH�HIIHFWLYHO��FRQWUROOHG�DFFRUGLQJ�WR�WKLV���FFRUGLQJ�WR�WKH�H[LVWLQJ�UHVHDUFK�UHVXOWV��

WKH�VXUIDFH�RI� WKH�VDQGZLFK�SDQHO�PDQXIDFWXUHG�E��WKH�SUHSUHJ�YDFXXP�EDJ�FRPSUHVVLRQ�PROGLQJ�SURFHVV�LV�VPRRWK��DQG�WKH�

numerical�rubber�content�can�be��exibly�controlled,�which�can�meet�the�take-off�weight�requirements�of�light�sports�aircraft.

5.�OPTIMUM�DESIGN�OF�COMPOSITE�WING�STRUCTURE

�����HVLJ��3UL�FLS�HV�RI�:L�J��WUXFWXUH

7KH�GHVLJQ�RI�WKH�FRPSRVLWH�PDWHULDO�ZLQJ�VWUXFWXUH�RI� WKH�OLJKW�VSRUW�DLUFUDIW�LV�QRW�PXFK�GLIIHUHQW�IURP�WKH�PHWDO�ZLQJ�

GHVLJQ��7KH�EDVLF�SULQFLSOHV�PXVW�EH�DGKHUHG�WR�ZKHQ�GHVLJQLQJ�DQG�PDQXIDFWXULQJ��,W�PDLQO��LQFOXGHV�WKH�IROORZLQJ�DVSHFWV�

����/HDVW�UHVLVWDQFH�SULQFLSOH��7KH�ZLQJ�LV�WKH�PDLQ�VWUXFWXUH�RI�WKH�DLUFUDIW�WR�JHQHUDWH� OLIW��7KH�FRUH�UHTXLUHPHQW�RI�WKH�

design�is�aerodynamics.�It�is�required�to�reduce�all�kinds�of�resistance�to�the�maximum�extent�while�maintaining�suf�cient�lift.�

The�aircraft�wing�shape�parameters�are�optimized,� including�the�chord�number�λ,�relative� thickness� � ��VZHHSEDFN�DQJOH�[��

trapezoidal�ratio�η,�and�various�attached�wing�parameters.�The�strength,�stiffness,�shape�accuracy�and�surface�smoothness�of�the�
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ZLQJ�VWUXFWXUH�DUH�FRPSUHKHQVLYHO��GHVLJQHG�WR�PHHW�WKH�DHURG�QDPLF�VKDSH�UHTXLUHPHQWV�RI�WKH�ZLQJ�

����([FHOOHQW�SHUIRUPDQFH�SULQFLSOH��,Q�RUGHU�WR�LPSURYH�WKH�GXUDELOLW��DQG�GDPDJH�WROHUDQFH�FKDUDFWHULVWLFV�RI�WKH�ZLQJ�

VWUXFWXUH��LW� LV�QHFHVVDU��WR�FRPSUHKHQVLYHO��RSWLPL]H�WKH�GHVLJQ�RI� WKH�VWUHVV�PHPEHU�OD�RXW��FRQQHFWLRQ�GHVLJQ�� DQG�GHWDLO�

GHVLJQ�WR�LPSURYH�WKH�RYHUDOO�SHUIRUPDQFH�RI�WKH�ZLQJ�VWUXFWXUH���W�WKH�VDPH�WLPH��VWUXFWXUDO�JHRPHWU���VWUXFWXUDO�OD�RXW��VWUHVV�

VWDWH��DHURHODVWLFLW��DQG�RWKHU�UHTXLUHPHQWV�DUH� FRPSUHKHQVLYHO��DQDO�]HG�WR�HQVXUH� WKH�SURSRUWLRQ�DQG�DPRXQW�RI�FRPSRVLWH�

PDWHULDOV�LQ�WKH�DSSOLFDWLRQ�RI�ZLQJ�VWUXFWXUH�� VR�DV� WR�PD[LPL]H�WKH�DGYDQWDJHV�RI� FRPSRVLWH�PDWHULDOV� WR� WKH�DLUFUDIW�DQG�

improve�the�application�ef�ciency�of�materials���@�

�����SSOLFDWLRQ�VHFXULW���)RU�FRPSRVLWH�PDWHULDOV��LWV�SHUIRUPDQFH�LV�KLJKO��GLVSHUVLYH��DQG�HUURUV�DUH�HDV��WR�RFFXU� LQ�

FDOFXODWLRQ��7KHUHIRUH��LQ� WKH�GHVLJQ�DQG�PDQXIDFWXULQJ�SURFHVV��IRU� WKH�FRPSRVLWH�ZLQJ�VWUXFWXUH��HVSHFLDOO��WKH�PDLQ� ORDG�

bearing�structure,�it�is�necessary�to�do�test�veri�cation�in�advance.�After�a�comprehensive�analysis�of�the�results�and�calculation,�

WKH�VWUXFWXUDO�VWUHQJWK�DQG�VWLIIQHVV�SHUIRUPDQFH�SDUDPHWHUV�DUH�GHWHUPLQHG�WR�LPSURYH�WKH�VDIHW��RI�DLUFUDIW�FRPSRVLWH�VWUXFWXUH�

GHVLJQ�

5.2�Design�Optimization�of�Laminate�Structures

:KHQ�GHVLJQLQJ�D� ODPLQDWH�VWUXFWXUH� IRU�D�JLYHQ�SO��DQJOH������������������ IRXU�SO��GLUHFWLRQ�DQJOH�WKLFNQHVVHV�FDQ�

EH�GHWHUPLQHG�DV�GHVLJQ�YDULDEOHV��8QGHU�WKH�VHW�FRQVWUDLQWV�� WKH�VWUXFWXUDO�ZHLJKW� LV�JXDUDQWHHG� WR�EH� WKH� OLJKWHVW�� DQG�D�

PDWKHPDWLFDO�PRGHO�IRU�RSWLPDO�GHVLJQ�LV�HVWDEOLVKHG�

7DNH�W���W����W����W����DV�GHVLJQ�YDULDEOHV�
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:LWK�WKH�VWUXFWXUDO�ZHLJKW�DV�WKH�REMHFWLYH�IXQFWLRQ��EDVHG�RQ�FRQVWUDLQWV�VXFK�DV�VWUHQJWK��VWLIIQHVV��DQG�VWDELOLW���WKH�GHVLJQ�

RI�WKH�RSWLPDO�QXPEHU�RI�OD�HUV��OD�HU�WKLFNQHVV��LV�FRPSOHWHG��)LQDOO���WKH�EDVLF�SULQFLSOHV�RI�FRPSRVLWH�ODPLQDWH�OD�HULQJ�DUH�

FRPELQHG�WR�FRPSOHWH�WKH�SURFHVV�GHVLJQ�

�����WUXFWXUD���HVLJ��RI��RPSRVLWH��DWHULD�V

�������LQ���W���W��H

7KHUH�DUH�WKUHH�W�SHV�RI�ZLQJ�VWUXFWXUH��VLQJOH�EHDP��GRXEOH�EHDP�DQG�PXOWL���ZDOO������7KH�VLQJOH�EHDP�ZLQJ�VWUXFWXUH�LV�

WKH�OD�RXW�RI�WKH�IURQW�EHDP�DQG�UHDU�ZDOO��7KH�IURQW�EHDP�LV�ORFDWHG�����IURP�WKH�OHDGLQJ�HGJH��DQG�WKH�UHDU�ZDOO�LV�����IURP�

WKH�OHDGLQJ�HGJH��7KH��DUH�DOO�ORQJLWXGLQDOO��VWUHVVHG�FRPSRQHQWV�RI�WKH�ZLQJ�VNHOHWRQ��ZKLFK�WRJHWKHU�IRUP�D�WRUVLRQ�UHVLVWDQW�

FORVHG�FKDPEHU�IRU�WUDQVPLWWLQJ�WKH�ZLQJ�ORDG��6L[�ZLQJ�ULEV�DUH�DUUDQJHG�DORQJ�WKH�VSDQ�GLUHFWLRQ��QR�UHLQIRUFHPHQW�ULEV�DUH�

UHTXLUHG��DQG�WKHUH�LV�QR�VWULQJHU�RQ�WKH�VNLQ�������RXEOH�EHDP�ZLQJ��WKDW� LV��WKH�IURQW�EHDP�LV� ORFDWHG�����IURP�WKH�OHDGLQJ�

HGJH�� DQG�WKH�UHDU�EHDP�LV�ORFDWHG�����IURP�WKH� OHDGLQJ�HGJH��7KH��DUH�DOO� ORQJLWXGLQDOO��VWUHVVHG�FRPSRQHQWV�RI�WKH�ZLQJ�

VNHOHWRQ��ZKLFK�WRJHWKHU�IRUP�D�WRUVLRQ�UHVLVWDQW�FORVHG�FKDPEHU�IRU�WUDQVPLWWLQJ�WKH�ZLQJ�ORDG��6L[�ZLQJ� ULEV�DUH�DUUDQJHG�

DORQJ�WKH�VSDQ�GLUHFWLRQ��QR�UHLQIRUFHPHQW�ULEV�DUH�UHTXLUHG��DQG�WKHUH�LV�QR�VWULQJHU�RQ�WKH�VNLQ������0XOWL�ZDOO�ZLQJ��WKDW�LV��

�ve�walls�are�set�at�20%�and�80%�of�the�leading�edge,�to�form�an�anti-torsion�closed�chamber.�The�transverse�members�are�root�

ULEV�DQG�VKDUS�ULEV��ZLWKRXW�UHLQIRUFLQJ�ULEV��DQG�QR�VWULQJHU�LV�VHW�RQ�WKH�VNLQ�

�������HVL�Q�RI��W���W��DO��HWDLOV

(1)�Wing�beam.�The�whole�carbon��ber�composite�structure�of�“[”�type�shall�be�used�as�the�main�longitudinal�load-bearing�

FRPSRQHQW�RI� WKH�ZLQJ�EHDP��DQG�LWV�ULJLGLW��DQG�VWUHQJWK�VKDOO�EH�FRQWUROOHG��7KH�VSDU�OHQJWK�DQG�EHDP�KHLJKW�DUH�GHVLJQHG�

DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV����WRWDO�RI����OD�HUV�RI�HGJH�VODEV�DUH�VHW�ZLWK�D�WKLFNQHVV�RI��PP��7KH�ZHE�OD�HU�LV�GHVLJQHG�

DV����OD�HUV�ZLWK�D�WKLFNQHVV�RI��PP������:DOO��7KH�ZDOO�VWUXFWXUH�LV�D�ORQJLWXGLQDOO��VWUHVVHG�PHPEHU��ZKLFK�LV�D�ZLQJ�EHDP�

WKDW�ZHDNHQV� WKH�HGJH�VWULSV��,Q�DFWXDO�GHVLJQ��WR�IDFLOLWDWH� WKH�ILQLWH�HOHPHQW�DQDO�VLV��WKH�HGJH� VWULSV�DUH�LJQRUHG��DQG�WKH�

ZDOO�LV�FRQVLGHUHG�DV�WKH�ZHE�VWUXFWXUH�GHVLJQ����WRWDO�RI����OD�HUV�RI�SDYLQJ�ZDOOV�ZHUH�VHW�XS�ZLWK�D�WKLFNQHVV�RI����PP������

:LQJ� ULE��7KH�ULE�LV� D�WUDQVYHUVH�ORDG�EHDULQJ�FRPSRQHQW��DQG���ULEV�DUH�GHVLJQHG��ZKLFK�DUH�GLVWULEXWHG�DORQJ�WKH�VSDQZLVH�

GLUHFWLRQ��%HFDXVH�WKH�KRQH�FRPE�VDQGZLFK�VWUXFWXUH�LV�DSSOLHG��WKH�ZLQJ�ULEV�FDQ�EH�GLUHFWO��FRQVLGHUHG�DV�WKH�ZHE�VWUXFWXUH�

design�without�considering�the�edge�strip.�In�addition,�in�order�to�reduce�the�dif�culty�of�calculation,�the�same�form�is�used�for�

OD�LQJ��ZLWK�D�WRWDO�RI����OD�HUV�DQG�D�WKLFNQHVV�RI�����PP������7KLQ�JDXJH�VNLQ���V�WKH�VXUIDFH�SDUW�RI� WKH�ZLQJ�� LW�LV�PDLQO��
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XVHG�WR�PDLQWDLQ�WKH�VKDSH�RI� WKH�ZLQJ��ZKLFK�QHHGV�WR�GLUHFWO��EHDU�WKH�DHURG�QDPLF�ORDG�DQG�QHHGV�WR�EH�WUDQVIHUUHG�WR�WKH�

ORQJLWXGLQDO�DQG�WUDQVYHUVH�PHPEHUV�RI�WKH�ZLQJ��7KH�ZLQJ�VNLQ�RI�WKH�OLJKW�VSRUW�DLUFUDIW�XVHG�LQ�WKLV�VWXG��LV�D�KRQH�FRPE�

VDQGZLFK�VWUXFWXUH��ZLWK�D�WRWDO�RI����OD�HUV�RI�SDYHPHQW��D�WKLFNQHVV�RI����PP��DQG�D�KRQH�FRPE�FRUH�KHLJKW�RI���PP�

������D��VLV�RI�:L�J��WUXFWXUH

7KH�ILQLWH�HOHPHQW�PRGHO�RI�DLUFUDIW�FRPSRVLWH�ZLQJ�VWUXFWXUH�ZDV�HVWDEOLVKHG�DQG�DQDO�]HG�E��SURIHVVLRQDO�VRIWZDUH��

Composite� laminate� structures�can�be�simulated�using�plate�and�shell�elements.�At� the�same�time,�because�of�the�simpli�ed�

PRGHO�DQG�WKH�UHTXLUHPHQWV�RI�WKH�FRPSRVLWH�PDWHULDO�SURFHVV��WKH�ULEV�DQG�ZDOO�HGJHV�DUH�GLUHFWO��LJQRUHG��DQG�WKHUH�DUH�QR�URG�

HOHPHQWV��7KH�DLUFUDIW�LV�D�IXOO��FRPSRVLWH�PDWHULDO�VWUXFWXUH��DQG�WKH�LQWHJUDWHG�PROGLQJ�SURFHVV�LV�XVHG��7KHUH�LV�QR�QHHG�WR�

consider�rivets,�bolt�connectors�and�other�components�in�the�whole�structure.�Through�the��nite�element�model�analysis,�under�

WKH�VDPH�ZRUNLQJ�FRQGLWLRQ��WKH�VLQJOH�EHDP�ZLQJ��GRXEOH�EHDP�ZLQJ�DQG�PXOWL�ZDOO�ZLQJ�RI�FRPSRVLWH�DLUFUDIW�KDYH�WKH�PRVW�

VHULRXV�GLVSODFHPHQW�DW�WKH�VOLJKWO��WUDLOLQJ�HGJH�RI�WKH�ZLQJ��DQG�WKH�VWUHVV�DW�WKH�UHVWUDLQHG�SDUW�RI�WKH�ZLQJ�URRW�LV�WKH�ODUJHVW��

�IWHU�EXFNOLQJ�VWDELOLW��DQDO�VLV�� LW�FDQ�EH�GHWHUPLQHG�WKDW�WKH�PD[LPXP�HTXLYDOHQW�VWUHVV�RI�WKH�WKUHH�VWUXFWXUHV�LV�OHVV�WKDQ�

WKH�PDWHULDO��LHOG�OLPLW��ZKLFK�FDQ�PHHW�WKH�VWUXFWXUDO�VWUHQJWK�GHVLJQ�UHTXLUHPHQWV�RI�OLJKW�VSRUW�DLUFUDIW�ZLQJV��7KUHH�GLIIHUHQW�

ZLQJ� VWUXFWXUH�IRUPV�FDQ�EH�GHWHUPLQHG�WKURXJK�FRPSUHKHQVLYH�DQDO�VLV��7KH�ILUVW� WZR�UHDU�ZDOO�VWUXFWXUH�IRUPV�KDYH�WKH�

OLJKWHVW�ZLQJ�PDVV��7KH�DEVROXWH�YDOXH�RI�WKH�ZLQJ�EXFNOLQJ�IDFWRU�LQ�WKH�IRUP�RI�D�VLQJOH�EHDP�GRXEOH�ZDOO�VWUXFWXUH�LV�ODUJH��

8QGHU�WKH�VDPH�FRQGLWLRQV�RI�VWUXFWXUDO�VWUHQJWK�DQG�VWLIIQHVV��LWV�VWUXFWXUDO�VWDELOLW��LV�VWURQJHU�

6.�CONCLUSION

7KH�DGYDQWDJHV�RI�FRPSRVLWH�PDWHULDOV� LQ�OLJKW� VSRUWV� DLUFUDIW� VWUXFWXUHV�DUH�REYLRXV�� ,W�FDQ� UHGXFH�VWUXFWXUDO�ZHLJKW�

DQG�FRVW��)XUWKHU� UHVHDUFK�DQG�DQDO�VLV�RQ�LWV�PDQXIDFWXULQJ�SURFHVV�LV�RI�JUHDW�VLJQLILFDQFH� WR�SURPRWH�WKH�PDQXIDFWXULQJ�

DSSOLFDWLRQ�RI� OLJKW�VSRUWV�DLUFUDIW��7KHUH�DUH�IHZ�UHVHDUFKHV�RQ�FRPSRVLWH�PDWHULDOV� RI� OLJKW�VSRUW�DLUFUDIW�LQ�&KLQD��2Q�WKH�

FXUUHQW�EDVLV��FRQWLQXRXV�UHVHDUFK�DQG�GHYHORSPHQW�VKRXOG�EH�FDUULHG�RXW�WR�DFKLHYH�JUHDWHU�UHVXOWV�
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