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Abstract

,Q� FDUU\LQJ� RXW� WKHLU� UHVSRQVLELOLWLHV� IRU� SURYLGLQJ�PDLQWHQDQFH� VXSSRUW� IRU

WKH� &��$�5�� &DUULHU� 2Q�%RDUG� 'HOLYHU\� �&2'�� DLUFUDIW�� WKH� 1DY\
V� 5HVHDUFK� DQG

(QJLQHHULQJ� 2IILFH� ZDV� IDFHG� ZLWK� WKH� SUREOHP� RI� GHWHUPLQLQJ� SURSHU� ERXQGDU\

FRQGLWLRQV� IRU� WKHLU� GHWDLOHG� VWUHVV� PRGHOV�� $� FRPPRQO\� XVHG� PHWKRG� LQYROYHV

H[WUDFWLQJ�WKH�ERXQGDU\�FRQGLWLRQV�IRU�D�ORFDO�DUHD�IURP�D�ODUJHU�ORDGV�PRGHO�DQG�LW

ZDV�WKLV�DSSURDFK�WKDW�ZDV�DGRSWHG�IRU�WKH�GHYHORSPHQW�RI�DQ�DXWRPDWHG�SURFHGXUH�

,Q� SUHSDUDWLRQ� IRU� WKLV� HIIRUW�� DQ� 06&�1$675$1� ORDGV�PRGHO� RI� WKH� &��$�5�

DLUIUDPH� ZDV� GHYHORSHG� IURP� *UXPPDQ
V� $675$/� PRGHO� DQG� DQ� LQWHUURJDEOH

GDWDEDVH� RI� LQWHUQDO� IRUFHV� ZDV� FUHDWHG�� $� :LQGRZV�EDVHG� SURJUDP�� ZLWK� DQ

06&�1$675$1� IRU� :LQGRZV� LQWHUIDFH� IHDWXUH�� ZDV� GHYHORSHG� WR� DFFHVV� WKLV

GDWDEDVH� DQG� JHQHUDWH� ERXQGDU\� IRUFHV� IRU� WKH� XVHU�VSHFLILHG� UHJLRQ��2XWSXW� IURP

WKLV�SURJUDP�LV�LQ�06&�1$675$1�IRUPDW�FDUG�LPDJHV�DQG�LQFOXGHV�D��VWDUWHU��ILOH

IRU�WKH�GHWDLOHG�VWUHVV�PRGHO�
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Introduction
,Q�1DYDO�DYLDWLRQ��WKH�ORQJHYLW\�RI�DQ�DLUIUDPH�LQ�VHUYLFH�ZDV�LQLWLDOO\�GULYHQ

E\�WHFKQRORJ\��ZLWK�QHZ�DLUFUDIW�UHQGHULQJ�WKH�ROGHU�RQHV�REVROHWH��RU�LQ�WLPH�RI�ZDU�

WKH�ORQJHYLW\�ZDV�GULYHQ�E\�DWWULWLRQ��7KH�UROH�RI�HQJLQHHULQJ�ZDV�WR�UHSDLU�GDPDJH

E\� UHVWRULQJ� �RULJLQDO� VWUHQJWK��� 7KLV� PHWKRG� VLPSO\� UHSODFHG� PDWHULDO� ORVW� RU

UHPRYHG�E\�DQ�HTXLYDOHQW�DPRXQW�RI�PDWHULDO�IDVWHQHG�LQ�LWV�SODFH��:LWK�WKH�UDSLGO\

LQFUHDVLQJ�FRVW�DQG�GHYHORSPHQW�WLPH�RI�QHZ�DLUIUDPHV��WKH�IDFWRU�WKDW�GHWHUPLQHG

WKH�ORQJHYLW\�JUDGXDOO\�VKLIWHG�WR�WKH�HFRQRPLF�OLIH�RI�WKH�DLUFUDIW��7KH�IDFWRUV�WKDW

GHJUDGHG� WKH� HFRQRPLF� OLIH� ZHUH� W\SLFDOO\� FRUURVLRQ� DQG� IDWLJXH�� 7KH� HDUOLHVW

DWWHPSWV�WR�VSHFLI\�VRPH�IRUP�RI�HFRQRPLF�OLIH�DSSHDUHG�LQ�WKH�HDUO\���
V�VXFK�DV�WKH

UHTXLUHPHQW� LQ� WKH�$��� VSHFLILFDWLRQ� WKDW� �7KH� VHUYLFH� OLIH� RI� WKH�DLUSODQH�VKDOO� EH

��������VWDWXWH�PLOHV����5HIHUHQFH�����:LWK�WKLV�VKLIW��WKH�UROH�RI�HQJLQHHULQJ�HYROYHG

WR�DGGUHVV�WKH�SUREOHPV�RI�SUHGLFWLQJ�HFRQRPLF�OLIH��VSHFLILFDOO\��IDWLJXH�OLIH��$V�SDUW

RI� WKLV� HIIRUW�� ILQLWH� HOHPHQW� ORDGV� PRGHOV� ZHUH� HLWKHU� EXLOW� RU� REWDLQHG� IURP� WKH

PDQXIDFWXUHUV� WR� SURYLGH� WKH� LQWHUQDO� IRUFHV� QHFHVVDU\� WR� FRQGXFW� GHWDLOHG� VWUHVV

DQDO\VHV�� � )LJXUH� �� VKRZV� RQH� RI� RXU� ILUVW� PRGHOV� VSHFLILFDOO\� GHYHORSHG� IRU� WKLV

SXUSRVH��WKH�$���PRGHO�ZDV�EXLOW�ODWH�LQ�WKH�OLIH�RI�WKH�DLUFUDIW�EXW�ZDV�QHFHVVDU\�WR

DGGUHVV� WKH� VWUXFWXUDO� LQWHJULW\� LVVXHV� IDFHG�E\� WKH�SURJUDP�� �$QRWKHU� H[DPSOH� LV

WKH�$HURVWUXFWXUHV
�GHYHORSHG�3��&�PRGHO��ILJXUH����

)LJXUH����/RDGV�0RGHO�RI�WKH�($��%

:LWK�WKHVH�PRGHOV��WKH�VWUHVV�DQDO\VW�ZDV�DEOH�WR�JHQHUDWH�VXLWDEOH�ERXQGDU\

FRQGLWLRQV�IRU�WKH�GHWDLOHG�VWUHVV�PRGHOV��:KLOH�WKH�WRROV�IRU�JHQHUDWLQJ�WKH�GHWDLOHG

VWUHVV� PRGHOV� PDGH� LW� D� UHODWLYHO\� VLPSOH� WDVN�� WKH� SURFHVV� RI� GHWHUPLQLQJ� WKH

DSSURSULDWH�ERXQGDU\�FRQGLWLRQV�IURP�WKH�ORDGV�PRGHOV�ZDV�QRW�DV�VLPSOH��&OHDUO\�
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WKHUH�ZDV�D�QHHG�IRU�D�PHWKRG�RI�GHWHUPLQLQJ�ERXQGDU\�FRQGLWLRQV�WKDW�PDWFKHG�WKH

HDVH� RI� XVH� DQG� HIILFLHQF\� RI� WKH� PRGHOLQJ� SURJUDPV�� 7KLV� SDSHU� GLVFXVVHV� WKH

GHYHORSPHQW�RI�VXFK�D�V\VWHP��GHVLJQHG�WR�PHHW�WKH�QHHGV�RI�WKH�1DY\
V�HQJLQHHULQJ

RIILFH�DQG�RQH�WKDW�UHIOHFWV�WKH�LQFUHDVLQJ�XVH�RI�GHVNWRS�FRPSXWHUV�IRU�HQJLQHHULQJ

DQDO\VLV�� � 7KH� GHYHORSPHQW� HPSKDVLV� ZDV� RQ� 06&�1$675$1� IRU� :LQGRZV� DQG

:LQGRZV�DSSOLFDWLRQV�

)LJXUH����/RDGV�0RGHO�RI�WKH�3��&��06&�1$675$1�

Problem Definition
7KH�UHTXLUHPHQW�IRU� IDWLJXH�DQDO\VLV�PHDQV�WKDW� LI� WKH�GHWDLOHG�VWUHVVHV� IRU

IDWLJXH�FRQGLWLRQV�DUH�WR�EH�FRPSXWHG�GLUHFWO\��DOO�VSHFWUXP�EXLOGLQJ�EORFN�ORDG�FDVHV

QHHG�WR�EH�UXQ���)RU�WKH�&��$�5��WKLV�DPRXQWV�WR�D�YHU\�ODUJH�QXPEHU�RI�ORDG�FDVHV�

7KH� WDEOH� EHORZ�GHVFULEHV� WKH� VSHFWUXP�EXLOGLQJ�EORFN� ORDGLQJ� FRQGLWLRQV��(DFK� RI

WKHVH� FRQGLWLRQV� LV� IXUWKHU� EURNHQ� GRZQ� LQWR� V\PPHWULFDO� DQG� DQWL�V\PPHWULFDO

FRQGLWLRQV�DQG�GLYLGHG�EHWZHHQ�SRVLWLYH�EHQGLQJ�DQG�QHJDWLYH�EHQGLQJ�PRGHOV���7KH

WRWDO�QXPEHU�RI�LQGLYLGXDO�ORDG�FDVHV�FRPHV�WR�����
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7DEOH����%UHDNGRZQ�RI�&��$�5��/RDGLQJ�&RQGLWLRQV

Type of Loading Number of Loading
Conditions

Landing Approach 3
Rolling Pullout (RPO) 90
Symmetric Flight 2
Lateral Gust 1
RPO (Cargo Ramp Open) 36
Symmetric Flight (Cargo Ramp Open) 2
CV Landing 47
Field Carrier Landing Practice (FCLP) Landing 46
CVQ Landing 48
Catapult Increments 21
Pressurization 1
Arresting Conditions 4
Ground Relaxation 2
Reversed Conditions 15
Unit Loads 21

Analysis
7KH�ERXQGDU\�FRQGLWLRQV�IRU�D�GHWDLOHG�VWUHVV�PRGHO�PD\�EH�DSSOLHG�HLWKHU�DV

HQIRUFHG� GLVSODFHPHQWV� �VHH� UHIHUHQFH� �� IRU� H[DPSOH��� RU� DV� D� VHW� RI� IRUFHV�� � (DFK

PHWKRG�KDV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�

7KH�HQIRUFHG�GLVSODFHPHQW�PHWKRG�LV�VWUDLJKWIRUZDUG�DQG�HDV\� WR�DXWRPDWH

DQG� HDV\� WR� DSSO\�� &RQVWUDLQW� RI� WKH�PRGHO� LV� DXWRPDWLF� DQG� WKH� XVHUV� QHHG� RQO\

FRQFHUQ� WKHPVHOYHV� ZLWK� WKH� DSSOLHG� H[WHUQDO� IRUFHV�� ZKLFK� PXVW� EH� DGGHG

VHSDUDWHO\�� %HFDXVH� QRGDO� GLVSODFHPHQWV� DUH� YHU\� VPDOO�� GRXEOH�ZLGWK� ILHOGV� DUH

UHTXLUHG�WR�PDLQWDLQ�DFFXUDF\�

7KH� IRUFH�PHWKRG� XVHV� WKH� IRUFH� FRQWULEXWLRQV� DW� WKH� ERXQGDU\� QRGHV� IURP

ZKDWHYHU�VRXUFH��EH�WKH\�H[WHUQDOO\�DSSOLHG�IRUFHV�RU�IRUFHV�IURP�DGMDFHQW�HOHPHQWV�

WR� FUHDWH� D� ERXQGDU\� IRUFH�� 7KH� PHWKRG� LV� PRUH� FRPSOH[� WKDQ� WKH� HQIRUFHG

GLVSODFHPHQW�PHWKRG�DQG�UHTXLUHV�D�PXFK�ODUJHU�YROXPH�RI�UHIHUHQFH�GDWD��,W�GRHV

KRZHYHU��UHVXOW� LQ�D� WUXH� IUHH�ERG\�UHSUHVHQWDWLRQ�RI� WKH�VWUXFWXUH�EHLQJ�DQDO\]HG�

7KLV�KDV�WKH�SRWHQWLDO�IRU�JLYLQJ�WKH�DQDO\VW�D�PRUH�LQWXLWLYH�SK\VLFDO�LQWHUSUHWDWLRQ

RI� WKH�SUREOHP��6LQFH� WKH�PRGHO�KDV� VWLOO� KDV� WR� EH� FRQVWUDLQHG� DJDLQVW� ULJLG� ERG\

PRWLRQ��WKH�UHVXOWLQJ�IRUFHV�RI�FRQVWUDLQW�SURYLGH�DQ�LQGLUHFW�FKHFN�RQ�WKH�DFFXUDF\
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RI�WKH�PRGHO
V�RYHUDOO�VWLIIQHVV��)LQDOO\��VR�ORQJ�DV�WKH�ERXQGDU\�QRGHV�DOVR�LQFOXGH

DQ\�ORDGV�PRGHO�QRGHV�LQWHUQDO�WR�WKH�GHWDLOHG�PRGHO��WKH�UHVXOWLQJ�IRUFHV�FRPSOHWHO\

GHVFULEH� ERWK� ERXQGDU\� FRQGLWLRQV� DQG� DSSOLHG� ORDGV�� )RU� WKHVH� UHDVRQV� WKH� IRUFH

PHWKRG�ZDV�FKRVHQ�

7KH�DELOLW\�RI�WKLV�V\VWHP�WR�ZULWH�DOO�WKH�ERXQGDU\�IRUFHV�IRU�WKH�VWUHVV�PRGHO

PDNHV�LW�D��IUHH�ERG\�IRUFHV�FRQVWUXFWRU��

7KH� V\VWHP� ZDV� GHYHORSHG� VSHFLILFDOO\� IRU� WKH� &��$�5�� SURJUDP� DQG� WKH

GHVFULSWLRQ�WKDW�IROORZV�SHUWDLQV�WR�WKH�&���²�VSHFLILF�DSSOLFDWLRQ��7KH�PHWKRG�PD\�

KRZHYHU��EH�DGDSWHG�WR�DQ\�VWUXFWXUH�E\�XVLQJ�D�VXLWDEOH�GDWDEDVH�RI�LQWHUQDO�IRUFHV�

7KH� XQGHUO\LQJ� PRGHO� XVHG� IRU� WKLV� V\VWHP� ZDV� WKH� 1RUWKURS� *UXPPDQ

GHYHORSHG�&��$�5��DLUIUDPH�ORDGV�PRGHO��,W�ZDV�EXLOW�XVLQJ�WKH�SURSULHWDU\�$675$/

ILQLWH�HOHPHQW�FRGH��7KH�ORDGLQJ�IRU�WKLV�PRGHO�ZDV�GHYHORSHG�DV�SDUW�RI�WKH�6HUYLFH

/LIH� ([WHQVLRQ� 3URJUDP� �6/(3��� 7KH� 6/(3� SURJUDP� UH�HYDOXDWHG� WKH� RSHUDWLQJ

VSHFWUXP� DQG� GHYHORSHG� D� VHW� RI� ORDGV� WR� GHILQH� WKH� FXUUHQW� DQG� H[SHFWHG� IXWXUH

XVDJH�RI�WKH�DLUFUDIW�

7R�GHYHORS�WKH�LQWHUQDO� IRUFHV�GDWDEDVH��ZH�WUDQVODWHG�WKH�*UXPPDQ�PRGHO

LQWR�06&�1$675$1� �ILJXUH� ���� 7KH�PRGHO� XWLOL]HG� VWUXFWXUDO� V\PPHWU\� DQG�XVHG

WZR� VHSDUDWH� FRQILJXUDWLRQV� WR� PRGHO� SRVLWLYH� DQG� QHJDWLYH� IXVHODJH� EHQGLQJ

EHKDYLRU�� $QRWKHU� IHDWXUH� RI� WKLV� PRGHO� ZDV� WKH� KDQGOLQJ� RI� FDUJR� UDPS

FRQILJXUDWLRQV��7KH�DLUFUDIW�RFFDVLRQDOO\�LV�UHTXLUHG�WR�IO\�ZLWK�WKH�UDPS�RSHQ�GXULQJ

VXFK�RSHUDWLRQV�DV�WKH�GHSOR\PHQW�RI�1DY\�6($/V��7KH� FRQILJXUDWLRQ�RI� WKH� UDPS

ZDV�FRQWUROOHG�WKURXJK�D�VHW�RI�03&�HTXDWLRQV�WKDW�GHILQHG�WKH�KLQJHV��ODWFKHV�DQG

WKH�VR�FDOOHG��GUDJRQ�WRRWK��VQXEEHUV�WKDW�WRJHWKHU�DWWDFK�WKH�UDPS�WR�WKH�IXVHODJH�

7KH�UDPS�RSHQ�DQG�FORVHG�FRQILJXUDWLRQV�FRXOG�WKHQ�EH�FRQWUROOHG�E\�VSHFLI\LQJ�WKH

FRUUHVSRQGLQJ�03&�VHW�
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)LJXUH����&��$�5��/RDGV�0RGHO��06&�1$675$1�

7KLV�PRGHO�ZDV�UXQ�RQ�D�3&�IRU�DOO�ORDG�FDVHV�XVLQJ�WKH�OLQHDU�VWDWLFV�VROXWLRQ

LQ� 06&�1$675$1� IRU� :LQGRZV� 9���� �UHIHUHQFH� ���� *ULG� SRLQW� IRUFHV� SXQFK� ILOH

RXWSXW�ZDV� VDYHG��7KH�SXQFK� ILOH� GDWD�ZDV� IXUWKHU� SURFHVVHG� E\� UH�VHTXHQFLQJ� E\

JULG� SRLQW� YLFH� ORDG� FDVH�� JURXSLQJ� E\� ORFDWLRQ� DQG�ZULWLQJ� LQ� ELQDU\� IRUPDW�� 7KLV

DUUDQJHPHQW�DOORZHG�WKH�HQWLUH�LQWHUQDO�IRUFHV�GDWD�WR�EH�VWRUHG�RQ�D�VHW�RI�VL[�&'�

520V�HDFK�UHSUHVHQWLQJ�D�VHSDUDWH�SDUW�RI�WKH�DLUIUDPH��WDEOH����

7DEOH����'LVN�'DWD

'LVN�� �)RUZDUG�)XVHODJH
'LVN�� �&HQWHU�6HFWLRQ
'LVN�� �$IW�)XVHODJH
'LVN�� �(PSHQQDJH
'LVN�� �:LQJ�&HQWHU�6HFWLRQ
'LVN�� �2XWHU�:LQJ�3DQHO

The Free-Body Forces Application
7KH� H[WUDFWLRQ� RI� WKH� IRUFH� GDWD� IURP� WKH�&'�520�GDWDEDVH� LV� FDUULHG� RXW

XVLQJ� D� :LQGRZV� DSSOLFDWLRQ� ´)UHH�%RG\� )RUFHV�µ� ZULWWHQ� VSHFLILFDOO\� IRU� WKLV
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SXUSRVH��7KH�SURJUDP�ZDV�GHVLJQHG�WR�DFW�DV�DQ�LQWHUIDFH�EHWZHHQ�WKH�XVHU�DQG�WKH

LQWHUQDO� IRUFHV� GDWDEDVH� E\� DXWRPDWLQJ� DV� PDQ\� RI� WKH� IUHH�ERG\� IRUFH� FUHDWLRQ

IXQFWLRQV�DV�SRVVLEOH�� ,W�DOVR�SURYLGHV�DQ� LQWHUIDFH�FDSDELOLW\�ZLWK�06&�1$675$1

IRU�:LQGRZV�WKURXJK�WKH�OLVW�ILOH�IHDWXUH�

Defining the Free Body

7KH�XVHU�GHILQHV� WKH�VWUXFWXUH� IRU�GHWDLOHG�DQDO\VLV�E\� �FXWWLQJ�� LW�RXW� IURP

WKH� &��$�5�� 06&�1$675$1� ORDGV�PRGHO�� 7KLV� LV� GRQH� DW� WKH� XVHU
V� FRPSXWHU

UXQQLQJ� 06&�1$675$1� IRU� :LQGRZV�� 6LQFH� ERWK� SRVLWLYH� DQG� QHJDWLYH� EHQGLQJ

PRGHOV� XVH� WKH� VDPH� QRGH� DQG� HOHPHQW� ,'V�� LW� GRHV� QRW�PDWWHU�ZKLFK� LV� XVHG� IRU

GHILQLQJ� WKH� FXWRXW�� 7KH� )UHH�%RG\� )RUFHV� DSSOLFDWLRQ� ZLOO� DFFHSW� WKH� GDWD

LQWHUDFWLYHO\� WKURXJK� LWV� OLVW�ER[HV� RU� E\� UHDGLQJ� DQ�06&�1$675$1� IRU�:LQGRZV

JHQHUDWHG�OLVW�ILOH���7KH�XVHU�LGHQWLILHV�WKH�QRGHV�RQ�WKH�ERXQGDU\�RI�WKH�FXWRXW�DQG

DOO� WKH� QRGHV� FRQWDLQHG� ZLWKLQ� WKDW� ERXQGDU\�� � �7KLV� DOORZV� DQ\� H[WHUQDO� IRUFHV

DSSOLHG� WR� WKHVH� QRGHV� WR� EH� LQFOXGHG� LQ� WKH� GDWD��� 1H[W�� WKH� XVHU� LGHQWLILHV� WKH

HOHPHQWV�WKDW�ZLOO�EH�UHPRYHG�IURP�WKH�FXWRXW��7R�HQWHU�WKH�GDWD�PDQXDOO\��WKH�XVHU

LQSXWV� WKH� GDWD� LQWR� WKH� OLVW� ER[HV�� �%RXQGDU\� 1RGHV�� DQG� �5HPRYH� %RXQGHG

(OHPHQWV���7KH�OLVW�ER[HV�SURYLGH�D�FOHDU�OLVW�WR�WKH�XVHU�RI�WKH�QRGHV�DQG�HOHPHQWV

WKDW�KDYH�EHHQ�VHOHFWHG�

$OWHUQDWLYHO\�� WKH�XVHU�PD\�FKRRVH�WR�XVH� WKH�06&�1$675$1�IRU�:LQGRZV

OLVW�ILOH� IXQFWLRQ�� $IWHU� VHOHFWLQJ� D� OLVW�ILOH� GHVWLQDWLRQ� ZLWKLQ� 06&�1$675$1� IRU

:LQGRZV��DOO�VXEVHTXHQW�UHTXHVWV�WR�OLVW�DUH�ZULWWHQ�WR�WKLV�ILOH��%\�OLVWLQJ�WKH�QRGHV

DQG�HOHPHQWV�RI�WKH�FXWRXW��WKH�,'�RI�HDFK�LV�ZULWWHQ�WR�WKLV�ILOH�

7KH� OLVW� ILOH� FDQ� EH� UHDG� GLUHFWO\� E\� WKH� DSSOLFDWLRQ� �)UHH�%RG\� )RUFHV��� ,W

VFDQV� WKH� OLVWHG� HQWLWLHV� DQG� DGGV� DOO� WKH� QRGHV� DQG� HOHPHQWV� WKDW� LW� ILQGV� WR� WKH

FXWRXW�GHILQLWLRQ�

,I� WKH� FXWRXW� LQFOXGHV� HOHPHQWV� ZKRVH� SURSHUWLHV� DUH� GHSHQGHQW� RQ� WKH

EHQGLQJ�GLUHFWLRQ�RI�WKH�IXVHODJH��VKRZQ�EHORZ�LQ�UHG��LQ� ILJXUH����WKHQ��)UHH�%RG\

)RUFHV��ZLOO�LVVXH�D�ZDUQLQJ�PHVVDJH��6HSDUDWH�GHWDLOHG�PRGHOV�PXVW�EH�EXLOW�XVLQJ

SRVLWLYH� DQG� QHJDWLYH� EHQGLQJ� SURSHUWLHV� WR� UHIOHFW� WKH� GLIIHUHQW� VWLIIQHVVHV

DVVRFLDWHG� ZLWK� WKH� HIIHFWLYHQHVV� RI� WKH� VNLQ�� 7KH� SRVLWLYH� DQG� QHJDWLYH� EHQGLQJ

PRGHOV�ZRXOG�EH�UXQ�VHSDUDWHO\�ZLWK�WKHLU�FRUUHVSRQGLQJ�ORDG�FDVHV�
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)LJXUH����%HQGLQJ�6KDSH�'HSHQGHQW�(OHPHQWV

“Free-Body Forces” Output

)UHH�%RG\� )RUFHV� DUH� ZULWWHQ� LQ� WKH� IRUP� RI� IRUFH�PRPHQW� FDUGV� LQ

06&�1$675$1� IRUPDW�� $� SURYLVLRQ� LV� PDGH� WR� DOORZ� DQ� DOWHUQDWLYH� IRUPDW� WR

DFFRPPRGDWH�VSHFLILF�XVHUV�DW�WKH�1DY\��'HVWLQDWLRQ�RI�WKHVH�ILOHV�LV�VSHFLILHG�E\�WKH

XVHU�WKURXJK�D�VWDQGDUG�´VDYH�ILOHµ�GLDORJ�ER[��,Q�DGGLWLRQ�WR�WKH�ORDG�GDWD�FDUGV��WKH

DSSOLFDWLRQ�ZULWHV�D�FDVH�FRQWURO�GHFN��OLVWLQJ�DOO�RI�WKH�ORDG�FDVHV�WKDW�ZHUH�ZULWWHQ

DQG� D� QRGHV� ILOH� FRQWDLQLQJ� WKH� QRGHV� GHILQLQJ� WKH� FXWRXW�� WKDW� FDQ� EH� XVHG� DV� D

�VWDUWHU��ILOH�IRU�WKH�VWUHVV�PRGHO��7KH�QRGH�ILOH�DOVR�FRQWDLQV�ORFDO�FRRUGLQDWH�V\VWHP

GHILQLWLRQV�
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Application Features

q 7KH� DSSOLFDWLRQ� HPSOR\V� IHDWXUHV� WKDW� DUH� W\SLFDO� RI� :LQGRZV

DSSOLFDWLRQV��7KH\�LQFOXGH�

q $�PHVVDJHV�ZLQGRZ�DW�WKH�ERWWRP�RI�WKH�DSSOLFDWLRQ�ZLQGRZ�WKDW�OHWV�WKH

XVHU�NQRZ�ZKDW�WKH�SURJUDP�LV�GRLQJ�DQG�SURPSWV�WKH�XVHU�LI�WKHUH�LV�D

SUREOHP� VXFK� DV� WU\LQJ� WR� UXQ� WKH� SURJUDP� ZLWKRXW� ILUVW� GHILQLQJ� WKH

FXWRXWV�

q $� SURJUHVV� EDU� WKDW� VKRZV� WKH� SHUFHQWDJH� RI� IRUFHV� GDWD� WKDW� KDV� EHHQ

SURFHVVHG�

q &RPSUHKHQVLYH�ZDUQLQJ�DQG�HUURU�ZLQGRZV�

Documenting the Work

�)UHH�%RG\� )RUFHV�� ZULWHV� D� UHSRUW� WKDW� OLVWV� WKH� FXWRXW� GHILQLWLRQ� DQG� WKH

ILOHQDPHV�FKRVHQ�IRU�WKH�RXWSXW��7KH�UHSRUW�PD\�EH�VDYHG�DQG�RU�SULQWHG�

7KH�UHSRUW�KDV�WKH�IRUPDW�VKRZQ�EHORZ�LQ�ILJXUH���

C-2A(R)FEM Free-Body Forces Program
            Generated on 7/22/98
NASTRAN loads data written to file: C:\C-2_FEM\Data\NLG_Web.DAT
NASTRAN nodes data written to file: C:\C-2_FEM\Data\ NLG_Web.NOD
NASTRAN case control data written to file: C:\C-2_FEM\Data\ NLG_Web.CAS
The following nodes define the cutout:
210055
210073
210075
210163
260157
The following elements are removed from the cutout:
2100095
2100161
2106126
2106235
2108054
2601161
2602158

)LJXUH����6DPSOH�UHSRUW

7KH�IROORZLQJ�ILJXUHV����WKURXJK�����LOOXVWUDWH�WKH�XVH�RI�WKH�DSSOLFDWLRQ�LQ�D�W\SLFDO

VHTXHQFH�
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Figure 6:Input Using MSC/NASTRAN for Windows List File

Figure 7: Selecting Output Destination
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Figure 8:Automatic Prompt for Correct Data Disk

Figure 9:Progress Bar Feature
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Figure 10:Typical Information Window Feature

Figure 11:Reporting Feature
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Illustration

,Q�WKLV�H[DPSOH��ZH�DQDO\]H�WKH�VWUHVVHV�LQ�WKH�QRVH�ODQGLQJ�JHDU�ZHE�DURXQG

D� QHZO\� FUHDWHG� XQUHLQIRUFHG� DFFHVV� KROH�� )LJXUH� ���� EHORZ�� VKRZV� D� SDUW� RI� WKH

ORDGV�PRGHO�DQG�WKH�DUHD�RI�LQWHUHVW�LV�KLJKOLJKWHG��7KH�FXWRXW�LQ�WKLV�FDVH�LV�NHSW�WR

D�PLQLPXP��FRQVLVWLQJ�RI�D�VLQJOH�VKHDU�SDQHO�

)LJXUH�����6HOHFWLQJ�WKH�/RFDWLRQ�RI�WKH�'HWDLOHG�6WUHVV�0RGHO

,Q�ILJXUH����ZH�VHH�WKH�GHWDLOHG�VWUHVV�PRGHO�ZLWK�WKH�DFFHVV�KROH��IRU�RQH�RI�WKH�ORDG

FDVHV�
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)LJXUH�����$YHUDJH�0HDQ�6WUHVV�'LVWULEXWLRQ�$URXQG�WKH�$FFHVV�+ROH�

Conclusions
7KH�ZRUN�GHVFULEHG� LQ� WKLV�SDSHU�DGGUHVVHG� WKH�QHHG�RI� WKH�1DY\
V� DLUFUDIW

VWUXFWXUDO�DQDO\VWV�WR�KDYH�D�WRRO�WKDW�HQDEOHV�WKHP�WR�TXLFNO\�H[WUDFW�ORDGLQJ�GDWD

IURP�D�ODUJH�VFDOH�DLUIUDPH�ORDGV�PRGHO�DQG�DSSO\�WKHP�WR�D�GHWDLOHG�VWUHVV�PRGHO�LQ

D� :LQGRZV� 3&� HQYLURQPHQW�� 7KH� DSSOLFDWLRQ� ZDV� GHVLJQHG� WR� ZRUN� ZLWK

06&�1$675$1�IRU�:LQGRZV�DQG�FRPSOHPHQW�WKH�HDVH�RI�XVH�WKDW�WKDW�DSSOLFDWLRQ

SURYLGHV�� 7KH� VXEVHTXHQW� VXFFHVV� RI� WKH� DSSOLFDWLRQ� �)UHH�%RG\� )RUFHV�� KDV

SURPSWHG�WKH�1DY\�WR�EHJLQ�H[SDQGLQJ�WKLV�PHWKRG�WR�RWKHU�DLUFUDIW� LQFOXGLQJ�WKH

)����DQG�WKH�(��&�
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