






   
 

 
 Example Cases 6-85 

 
Morphing of the Crank Shaft Connection Opening 
 
Figure 6.5.11 shows the resulting BEM boxes and Nastran model for the design variable CRNKDIA set to 
50% and 110%. 
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Figure 6.5.11  Piston Connecting Rod Morphed Model (CRNKDIA set to 50% and 110%) 
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Morphing of the Piston Connection Collar Opening 
 
Figure 6.5.12 shows the resulting BEM boxes and Nastran model for the design variable PISTDIA set to 30% 
and 130%. 
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PISTDIA = 130.0 
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Figure 6.5.12  Piston Connecting Rod Morphed Model (PISTDIA set to 50% and 110%) 
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Morphing of the Connecting Rod Length 
 
Figure 6.5.13 shows the resulting BEM boxes and Nastran model for the design variable RODLEN set to 50% 
and 150%. 
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RODLEN = 150.0 
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Figure 6.5.13  Piston Connecting Rod Morphed Model (RODLEN set to 50% and 150%) 
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Rotating the Connecting Rod Crank Shaft End 
 
Figure 6.5.14 shows the resulting BEM boxes and Nastran model for the design variable RODROT set to 30°, 
60°, and 90°. 
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Nastran Structure Model 
RODROT = 60.0 

 
 

BEM Boxes 

 
BEM Boxes with  

Embedded Structure Grids

 
 

Nastran Structure Model 
RODROT = 90.0 
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Figure 6.5.14  Piston Connecting Rod Morphed Model (RODROT set to 30°, 60°, and 90°) 
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6.5.4 The Standard Output Deck 
 
The ZMORPH standard output file for this example case is listed as follows (for CRNKDIA=100.0, 
PISTDIA=100.0, RODLEN=100.0, RODROT=0.0). 
 

 
                                                                   **                  
                                                       ***        **                   
                                                      ***        **             ***    
                                                      **        **            ******   
                                           ****       **       **          ******      
                                           ****      **       **         *****         
                                            ***      **      **        *****                * 
                                            ***      **     **       ****            ********* 
                                    *       ***      *     **     ****          **************** 
                                   ***       ***     *    **    ****       ************** 
                                  *****      ***     *   **   ***   ***********  
                                  ******      **    *   **  **      ********  
                                   ******     **    *  **                 ******************** 
                                     *****     **   ***         ZONA         ***  ******************* 
                               *      *****    **   *     STRUCTURAL MODEL     **        ************ 
                               **       ****    *  *          MORPHING          *****            **** 
                               ****      ****   ***                              ******* 
                              *******     ****   *                                ********* 
                              *********     ***  *          -  ZMORPH -           ***  ******* 
                                 *********   *****                                ***    ********* 
                                    ********   ***          VERSION 2.0          *****    ********** 
                              *         ******  **                                ******     ********* 
                               ****        ********   RELEASE DATE: MARCH 2010   *********     ******* 
                               *********       *****                            ***********      **** 
                               ***************   ****   LICENSE NO. 00000000   *****  ******       * 
                                **********************                        ******   ******  
                                            ************                    ********   ******** 
                                                    *******             *************   ********* 
                                  ********************************************* ******  ********** 
                                   ********************    *******************  ******   ******** 
                                    *************        ***************  ****  *******   ***** 
                                     *******         *********** ******  *****  *******   **** 
                                      *          ************  *******  ******  ********   * 
                                             **************  ********  *******  ******** 
                                           **************   ********   ******   ******** 
                                              ********    *********   *******   ***** 
                                                ****    **********   ********   *** 
                                                  *   ***********   ********* 
                                                          ******    ******* 
 
 
 
 
                    THIS PROGRAM IS CONFIDENTIAL AND A TRADE SECRET OF ZONA TECHNOLOGY, INC.  THE RECEIPT OR 
                POSSESSION OF THIS PROGRAM DOES NOT CONVEY ANY RIGHTS TO REPRODUCE OR DISCLOSE ITS CONTENTS, OR TO 
               MANUFACTURE, USE, OR SELL ANYTHING HEREIN, IN WHOLE OR IN PART, WITHOUT THE SPECIFIC WRITTEN CONSENT 
                                                       OF ZONA TECHNOLOGY, INC. 
 
 
                                          ************************************************ 
                                          *** ZMORPH STARTED ON 09/15/2011 AT 13:48:58 *** 
                                          ************************************************ 
 
 
 
 
 
                                                  E X E C U T I V E  C O N T R O L  S U M M A R Y 
 
                                  |...1...|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|..10...| 
 
 
                                  ASSIGN FEM=pistonrod.dat, FORM=NASTRAN, INOUT=INPUT, PRINT=2                     
                                  SOLUTION 0                                                                       
                                  CEND                                                                             
 
 
                                                       C A S E  C O N T R O L  S U M M A R Y  
 
                                                S I N G L E  P R E C I S I O N  C O M P U T A T I O N  
 
                                        M A X I M U M  A L L O C A B L E  M E M O R Y  = 800  M E G A B Y T E S 
 
                                  |...1...|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|..10...| 
 
 
                                                                                                                   
                                  $                                                                                
                                  $ * * * Case Control Section * * *                                               
                                  $                                                                                
                                  TITLE = ZMORPH INPUT FOR example4.dat (NASTRAN INPUT FILE)                       
                                  ECHO = SORT                                                                      
                                  SUBCASE = 1                                                                      
                                      SUBTITLE = Morph of Piston Engine Connecting Rod                             
                                      LABEL = Sizing the Connecting Ends + Stretch and Twist of the Rod            
                                      DESSEN = 10                                                                  
                                                                                                                   
                                  BEGIN BULK                                                                       
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                                                       S O R T E D   B U L K   D A T A   E C H O 
                    CARD 
                    COUNT         |...1...|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|..10...| 
 
 
                        1 -       BODY    1001    1001    101     3       41      NO      0.74                     
                        2 -               1       -0.25           0.0                                              
                        3 -               1       -0.25           1.005                                            
                        4 -               1       0.25            1.005                                            
                        5 -       BODY    2001    2001    201     3       31      NO      0.24                     
                        6 -               1       0.0             0.0                                              
                        7 -               1       0.0             0.505                                            
                        8 -               1       0.5             0.505                                            
                        9 -       BOX     3001    3001                                                             
                       10 -               1.0     -1.2    0.75            5.0     -1.2    0.75                     
                       11 -               5.0     1.2     0.75            1.0     1.2     0.75                     
                       12 -               1.0     -1.2    -0.25           5.0     -1.2    -0.25                    
                       13 -               5.0     1.2     -0.25           1.0     1.2     -0.25                    
                       14 -       CORD2R  101             5.0     0.0     0.25    4.0     0.0     0.25             
                       15 -               4.0     0.0     0.0                                                      
                       16 -       CORD2R  201             1.0     0.0     0.5     0.5     0.0     0.5              
                       17 -               0.5     0.0     0.0                                                      
                       18 -       DESDEP  10              BODY    1001    TUBE    0                                
                       19 -               1.0     101     UNIT                                                     
                       20 -       DESDEP  20              BODY    2001    TUBE    0                                
                       21 -               1.0     201     UNIT                                                     
                       22 -       DESDEP  30              BOX     3001    X2      0                                
                       23 -               1.0     301     UNIT                                                     
                       24 -       DESDEP  31              BOX     3001    X3      0                                
                       25 -               1.0     301     UNIT                                                     
                       26 -       DESDEP  32              BOX     3001    X6      0                                
                       27 -               1.0     301     UNIT                                                     
                       28 -       DESDEP  33              BOX     3001    X7      0                                
                       29 -               1.0     301     UNIT                                                     
                       30 -       DESDEP  34              CORD2R  101     A1      0                                
                       31 -               1.0     303     UNIT                                                     
                       32 -       DESDEP  35              CORD2R  101     B1      0                                
                       33 -               1.0     304     UNIT                                                     
                       34 -       DESDEP  36              CORD2R  101     C1      0                                
                       35 -               1.0     304     UNIT                                                     
                       36 -       DESDEP  37              CORD2R  201     A1      0                                
                       37 -               1.0     305     UNIT                                                     
                       38 -       DESDEP  38              CORD2R  201     B1      0                                
                       39 -               1.0     306     UNIT                                                     
                       40 -       DESDEP  39              CORD2R  201     C1      0                                
                       41 -               1.0     306     UNIT                                                     
                       42 -       DESDEP  40              BOX     3001    Y2      0                                
                       43 -               1.0     401     COS     0.01745 402                                      
                       44 -       DESDEP  41              BOX     3001    Z2      0                                
                       45 -               1.0     401     SIN     0.01745 402                                      
                       46 -               0.25            UNIT                                                     
                       47 -       DESDEP  42              BOX     3001    Y3      0                                
                       48 -               1.0     401     COS     0.01745 403                                      
                       49 -       DESDEP  43              BOX     3001    Z3      0                                
                       50 -               1.0     401     SIN     0.01745 403                                      
                       51 -               0.25            UNIT                                                     
                       52 -       DESDEP  44              BOX     3001    Y7      0                                
                       53 -               1.0     401     COS     0.01745 404                                      
                       54 -       DESDEP  45              BOX     3001    Z7      0                                
                       55 -               1.0     401     SIN     0.01745 404                                      
                       56 -               0.25            UNIT                                                     
                       57 -       DESDEP  46              BOX     3001    Y6      0                                
                       58 -               1.0     401     COS     0.01745 405                                      
                       59 -       DESDEP  47              BOX     3001    Z6      0                                
                       60 -               1.0     401     SIN     0.01745 405                                      
                       61 -               0.25            UNIT                                                     
                       62 -       DESDEP  48              CORD2R  101     C2      0                                
                       63 -               1.0             SIN     0.01745 40                                       
                       64 -       DESDEP  49              CORD2R  101     C3      0                                
                       65 -               -1.0            COS     0.01745 40                                       
                       66 -               0.25            UNIT                                                     
                       67 -       DESFUN  101                                                                      
                       68 -               (       0.74                                                             
                       69 -               *       1.0     10                                                       
                       70 -               /       100.0                                   )                        
                       71 -       DESFUN  201                                                                      
                       72 -               (       0.24                                                             
                       73 -               *       1.0     20                                                       
                       74 -               /       100.0                                   )                        
                       75 -       DESFUN  301                                                                      
                       76 -               (       5.0                                                              
                       77 -               *       1.0     30                                                       
                       78 -               /       100.0                                   )                        
                       79 -       DESFUN  303                                                                      
                       80 -               (((     1.0     301                                                      
                       81 -               -       1.0                                     )                        
                       82 -               *       0.75                                    )                        
                       83 -               +       2.0                                     )                        
                       84 -       DESFUN  304                                                                      
                       85 -               (((     1.0     301                                                      
                       86 -               -       1.0                                     )                        
                       87 -               *       0.75                                    )                        
                       88 -               +       1.0                                     )                        
                       89 -       DESFUN  305                                                                      
                       90 -               (((     1.0     301                                                      
                       91 -               -       1.0                                     )                        
                       92 -               *       0.125                                   )                        
                       93 -               +       0.5                                     )                        
                       94 -       DESFUN  306                                                                      
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                       95 -               (((     1.0     301                                                      
                       96 -               -       1.0                                     )                        
                       97 -               *       0.125                                   )                        
                       98 -               +       0.0                                     )                        
                       99 -       DESFUN  401                                                                      
                      100 -               (       1.3                                     )                        
                      101 -       DESFUN  402                                                                      
                      102 -               (       1.0     40                                                       
                      103 -               +       157.381                                 )                        
                      104 -       DESFUN  403                                                                      
                      105 -               (       1.0     40                                                       
                      106 -               +       22.619                                  )                        
                      107 -       DESFUN  404                                                                      
                      108 -               (       1.0     40                                                       
                      109 -               -       22.619                                  )                        
                      110 -       DESFUN  405                                                                      
                      111 -               (       1.0     40                                                       
                      112 -               -       157.381                                 )                        
                      113 -       DESSEN  10                                                                       
                      114 -               10      20      30      31      32      33      34      35               
                      115 -               36      37      38      40      41      42      43      44               
                      116 -               45      46      47      48      49                                       
                      117 -       DESVAR  10      CRNKDIA 100.0                                                    
                      118 -       DESVAR  20      PISTDIA 100.0                                                    
                      119 -       DESVAR  30      RODLEN  100.0                                                    
                      120 -       DESVAR  40      RODROT  0.0                                                      
                      121 -       EXTFILE 10      GRID.DAT                                                         
                      122 -       FEMOUT  10      10      0       FEM.BDF                                          
                      123 -       GRIDOUT 10      10      0       1       $10                                      
                      124 -       PLTBOX  0       YES             TECPLOT BASE_BOX.PLT                             
                      125 -       PLTBOX  10      YES             TECPLOT DEFORM_BOX.PLT                           
                      126 -       ENDDATA 
 
 
*** MESSAGE: 
*** BASELINE BOX MODEL HAS BEEN OUTPUT TO PLOT FILE BASE_BOX.PLT IN TECPLOT FORMAT 
*** DUE TO BULK DATA CARD PLTBOX WITH ID =        0 
 
 
 
 
 
                              B O U N D A R Y   E L E M E N T   M E T H O D 
                          I N T E R P O L A T I O N   S E T U P   S U M M A R Y 
 
 
                        TOTAL NUMBER OF BEM INTERPOLATION BOXES      =      141 
                        NUMBER OF UNIQUE BOX GRID POINTS             =      440 
                        NUMBER OF STRUCTURE GRIDS READ FROM DATABASE =    11608 
 
 
                                            ***  GENERAL BOX INFORMATION *** 
 
  BOX NO. = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
  BOX ID. = BOX IDENTIFICATION NUMBER BASED ON MACROELEMENT IDENTIFICATION NUMBER 
  BLOCK   = BOX MACROELEMENTS BLOCK NUMBER 
  TYPE    = MACROELEMENT TYPE TO WHICH THIS BOX BELONGS 
  X,Y,Z CENTER  = BOX CENTER POINT COORDINATES 
  SPHERE RADIUS = COMPUTED SPHERE OF INFLUENCE FROM CENTER OF BOX (= 20% LARGER THAN BOX MAX DIMENSION / 2) 
                  ONLY STRUCTURE GRIDS WITHIN THE SPHERE RADIUS ARE TESTED TO SEE IF THEY FALL WITHIN THE BOX OR NOT 
  BOX VOLUME    = COMPUTED VOLUME OF EACH BOX 
 
   BOX NO.   BOX ID.     BLOCK      TYPE          X CENTER          Y CENTER          Z CENTER     SPHERE RADIUS        BOX VOLUME 
  --------  --------  --------  --------  ----------------  ----------------  ----------------  ----------------  ---------------- 
 
 
*** WARNING: 
*** BEM BOX NO.        1 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
 
 
*** WARNING: 
*** BEM BOX NO.        2 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
 . 
 . 
 . 
 
 
*** WARNING: 
*** BEM BOX NO.       39 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
 
 
*** WARNING: 
*** BEM BOX NO.       40 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
        41      1041      1001      BODY        5.86712933       -0.06824454        0.25000000        0.32155687        0.01808480 
        42      1042      1001      BODY        5.84577751       -0.20305321        0.25000000        0.32155699        0.01808479 
        43      1043      1001      BODY        5.80360031       -0.33286202        0.25000000        0.32155687        0.01808482 
        44      1044      1001      BODY        5.74163532       -0.45447469        0.25000000        0.32155696        0.01808478 
        45      1045      1001      BODY        5.66140938       -0.56489664        0.25000000        0.32155687        0.01808480 
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        46      1046      1001      BODY        5.56489658       -0.66140902        0.25000000        0.32155699        0.01808479 
        47      1047      1001      BODY        5.45447445       -0.74163526        0.25000000        0.32155696        0.01808482 
        48      1048      1001      BODY        5.33286190       -0.80360001        0.25000000        0.32155693        0.01808477 
        49      1049      1001      BODY        5.20305300       -0.84577745        0.25000000        0.32155704        0.01808482 
        50      1050      1001      BODY        5.06824446       -0.86712903        0.25000000        0.32155696        0.01808478 
        51      1051      1001      BODY        4.93175554       -0.86712903        0.25000000        0.32155696        0.01808478 
        52      1052      1001      BODY        4.79694700       -0.84577745        0.25000000        0.32155702        0.01808482 
        53      1053      1001      BODY        4.66713810       -0.80359995        0.25000000        0.32155710        0.01808481 
        54      1054      1001      BODY        4.54552507       -0.74163520        0.25000000        0.32155699        0.01808484 
        55      1055      1001      BODY        4.43510342       -0.66140896        0.25000000        0.32155699        0.01808478 
        56      1056      1001      BODY        4.33859110       -0.56489658        0.25000000        0.32155704        0.01808480 
        57      1057      1001      BODY        4.25836468       -0.45447460        0.25000000        0.32155696        0.01808481 
        58      1058      1001      BODY        4.19640017       -0.33286190        0.25000000        0.32155699        0.01808480 
        59      1059      1001      BODY        4.15422249       -0.20305312        0.25000000        0.32155684        0.01808477 
        60      1060      1001      BODY        4.13287115       -0.06824448        0.25000000        0.32155710        0.01808482 
        61      1061      1001      BODY        4.13287115        0.06824463        0.25000000        0.32155710        0.01808482 
        62      1062      1001      BODY        4.15422249        0.20305327        0.25000000        0.32155684        0.01808479 
        63      1063      1001      BODY        4.19640017        0.33286205        0.25000000        0.32155702        0.01808480 
        64      1064      1001      BODY        4.25836468        0.45447475        0.25000000        0.32155699        0.01808482 
        65      1065      1001      BODY        4.33859110        0.56489676        0.25000000        0.32155704        0.01808480 
        66      1066      1001      BODY        4.43510342        0.66140908        0.25000000        0.32155699        0.01808483 
        67      1067      1001      BODY        4.54552555        0.74163532        0.25000000        0.32155699        0.01808481 
        68      1068      1001      BODY        4.66713810        0.80360001        0.25000000        0.32155693        0.01808479 
        69      1069      1001      BODY        4.79694700        0.84577739        0.25000000        0.32155693        0.01808478 
        70      1070      1001      BODY        4.93175554        0.86712903        0.25000000        0.32155693        0.01808478 
        71      1071      1001      BODY        5.06824446        0.86712903        0.25000000        0.32155693        0.01808481 
        72      1072      1001      BODY        5.20305347        0.84577739        0.25000000        0.32155699        0.01808479 
        73      1073      1001      BODY        5.33286190        0.80359995        0.25000000        0.32155707        0.01808483 
        74      1074      1001      BODY        5.45447493        0.74163514        0.25000000        0.32155696        0.01808480 
        75      1075      1001      BODY        5.56489658        0.66140884        0.25000000        0.32155696        0.01808478 
        76      1076      1001      BODY        5.66140938        0.56489646        0.25000000        0.32155684        0.01808480 
        77      1077      1001      BODY        5.74163532        0.45447457        0.25000000        0.32155693        0.01808476 
        78      1078      1001      BODY        5.80360031        0.33286196        0.25000000        0.32155687        0.01808483 
        79      1079      1001      BODY        5.84577751        0.20305310        0.25000000        0.32155699        0.01808479 
        80      1080      1001      BODY        5.86712933        0.06824441        0.25000000        0.32155687        0.01808480 
 
*** WARNING: 
*** BEM BOX NO.       81 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
 
 
*** WARNING: 
*** BEM BOX NO.       82 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
 . 
 . 
 . 
 
 
*** WARNING: 
*** BEM BOX NO.      109 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
 
 
*** WARNING: 
*** BEM BOX NO.      110 APPEARS TO HAVE ZERO VOLUME AND WILL LEAD TO A SINGULAR MATRIX DECOMPOSITION 
*** THEREFORE, THIS BEM BOX IS BEING EXCLUDED FROM THE MORPH PROCESS. 
 
 
       111      2031      2001      BODY        1.36843002       -0.03872355        0.25000000        0.31493023        0.01026174 
       112      2032      2001      BODY        1.35232782       -0.11447825        0.25000000        0.31493026        0.01026174 
       113      2033      2001      BODY        1.32082725       -0.18522970        0.25000000        0.31493026        0.01026174 
       114      2034      2001      BODY        1.27530503       -0.24788573        0.25000000        0.31493023        0.01026174 
       115      2035      2001      BODY        1.21775055       -0.29970795        0.25000000        0.31493026        0.01026174 
       116      2036      2001      BODY        1.15067935       -0.33843151        0.25000000        0.31493026        0.01026174 
       117      2037      2001      BODY        1.07702279       -0.36236399        0.25000000        0.31493026        0.01026174 
       118      2038      2001      BODY        1.00000000       -0.37045941        0.25000000        0.31493026        0.01026174 
       119      2039      2001      BODY        0.92297715       -0.36236396        0.25000000        0.31493026        0.01026174 
       120      2040      2001      BODY        0.84932053       -0.33843151        0.25000000        0.31493026        0.01026174 
       121      2041      2001      BODY        0.78224939       -0.29970795        0.25000000        0.31493026        0.01026174 
       122      2042      2001      BODY        0.72469497       -0.24788570        0.25000000        0.31493026        0.01026174 
       123      2043      2001      BODY        0.67917275       -0.18522967        0.25000000        0.31493026        0.01026174 
       124      2044      2001      BODY        0.64767218       -0.11447822        0.25000000        0.31493026        0.01026174 
       125      2045      2001      BODY        0.63156998       -0.03872352        0.25000000        0.31493023        0.01026174 
       126      2046      2001      BODY        0.63156998        0.03872358        0.25000000        0.31493023        0.01026174 
       127      2047      2001      BODY        0.64767218        0.11447828        0.25000000        0.31493026        0.01026174 
       128      2048      2001      BODY        0.67917275        0.18522973        0.25000000        0.31493026        0.01026174 
       129      2049      2001      BODY        0.72469509        0.24788575        0.25000000        0.31493029        0.01026174 
       130      2050      2001      BODY        0.78224945        0.29970798        0.25000000        0.31493023        0.01026174 
       131      2051      2001      BODY        0.84932065        0.33843151        0.25000000        0.31493026        0.01026174 
       132      2052      2001      BODY        0.92297721        0.36236399        0.25000000        0.31493023        0.01026174 
       133      2053      2001      BODY        1.00000000        0.37045938        0.25000000        0.31493026        0.01026173 
       134      2054      2001      BODY        1.07702291        0.36236396        0.25000000        0.31493026        0.01026175 
       135      2055      2001      BODY        1.15067947        0.33843151        0.25000000        0.31493023        0.01026173 
       136      2056      2001      BODY        1.21775055        0.29970795        0.25000000        0.31493029        0.01026175 
       137      2057      2001      BODY        1.27530503        0.24788566        0.25000000        0.31493029        0.01026175 
       138      2058      2001      BODY        1.32082725        0.18522963        0.25000000        0.31493029        0.01026173 
       139      2059      2001      BODY        1.35232782        0.11447822        0.25000000        0.31493026        0.01026173 
       140      2060      2001      BODY        1.36843002        0.03872352        0.25000000        0.31493026        0.01026175 
       141      3001      3001      BOXS        3.00000000        0.00000000        0.25000000        2.61304426        9.60000038 
 
 
                                          ***  BOX CORNER POINT COORDINATES *** 
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                                                            3              
                                                          . |  .           
                                                        .   |     .        
                                                      4     |        .     
                                                      |  .  |           2  
                                                      |     .         . |  
                                                      |     |  .    .   |  
                                                      |     7     1     |  
                                                      |   .    .  |     |  
                                                      | .         |     |  
                                                      8           |  .  |  
                                                         .        |     6  
                                             Z              .     |   .    
                                             +                 .  | .      
                                       Y     +     X              5        
                                         +   +   +                         
                                           + + +                           
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  BOX NO. = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
  POINT   = CORNER POINT INDEX (AS SHOWN IN FIGURE ABOVE) 
  X,Y,Z   = X,Y,Z COORDINATES OF BOX CORNER POINT 
 
   BOX NO.    POINT           X                 Y                 Z        
  --------  --------  ----------------  ----------------  ---------------- 
         1         1        5.73999977        0.00000000        0.50000000 
                   2        5.73088932       -0.11576151        0.50000000 
                   3        5.99262667       -0.15721665        0.50000000 
                   4        6.00500011        0.00000000        0.50000000 
                   5        5.73999977        0.00000000        0.50000000 
                   6        5.73088932       -0.11576151        0.50000000 
                   7        5.73088932       -0.11576151        0.50000000 
                   8        5.74000025        0.00000000        0.50000000 
         2         1        5.73088932       -0.11576151        0.50000000 
                   2        5.70378208       -0.22867258        0.50000000 
                   3        5.95581198       -0.31056207        0.50000000 
                   4        5.99262667       -0.15721665        0.50000000 
                   5        5.73088932       -0.11576151        0.50000000 
                   6        5.70378208       -0.22867258        0.50000000 
                   7        5.70378208       -0.22867258        0.50000000 
                   8        5.73088932       -0.11576151        0.50000000 
 . 
 . 
 . 
       140         1        1.49396455        0.10499544        0.50000000 
                   2        1.50500000       -0.00000009        0.50000000 
                   3        1.50500000       -0.00000009        0.00000000 
                   4        1.49396455        0.10499544        0.00000000 
                   5        1.23475540        0.04989877        0.50000000 
                   6        1.24000001       -0.00000004        0.50000000 
                   7        1.24000001       -0.00000004        0.00000000 
                   8        1.23475540        0.04989877        0.00000000 
       141         1        1.00000000       -1.20000005        0.75000000 
                   2        5.00000000       -1.20000005        0.75000000 
                   3        5.00000000        1.20000005        0.75000000 
                   4        1.00000000        1.20000005        0.75000000 
                   5        1.00000000       -1.20000005       -0.25000000 
                   6        5.00000000       -1.20000005       -0.25000000 
                   7        5.00000000        1.20000005       -0.25000000 
                   8        1.00000000        1.20000005       -0.25000000 
 
 
                                          *** STRUCTURE GRID COUNT SUMMARY *** 
 
  BOX NO.    = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
  GRID COUNT = NUMBER OF STRUCTURE GRIDS LOCATED WITHIN THE BOX 
  FOR PERCENTAGES (%): 
  BOX TOTAL  = TOTAL NUMBER OF STRUCTURE GRIDS LOCATED WITHIN THE BOXES 
  GRID TOTAL = TOTAL NUMBER OF STRUCTURE GRIDS READ FROM THE FEM MODEL 
 
                      PERCENTAGE  PERCENTAGE 
               GRID       OF BOX     OF GRID 
   BOX NO.     COUNT    TOTAL(%)   TOTAL (%) 
  --------  --------  ----------  ---------- 
         1         0        0.00        0.00 
         2         0        0.00        0.00 
         3         0        0.00        0.00 
         4         0        0.00        0.00 
         5         0        0.00        0.00 
         6         0        0.00        0.00 
         7         0        0.00        0.00 
         8         0        0.00        0.00 
         9         0        0.00        0.00 
        10         0        0.00        0.00 
        11         0        0.00        0.00 
        12         0        0.00        0.00 
        13         0        0.00        0.00 
        14         0        0.00        0.00 
        15         0        0.00        0.00 
        16         0        0.00        0.00 
        17         0        0.00        0.00 
        18         0        0.00        0.00 
        19         0        0.00        0.00 
        20         0        0.00        0.00 
        21         0        0.00        0.00 
        22         0        0.00        0.00 
        23         0        0.00        0.00 
        24         0        0.00        0.00 
        25         0        0.00        0.00 
        26         0        0.00        0.00 
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        27         0        0.00        0.00 
        28         0        0.00        0.00 
        29         0        0.00        0.00 
        30         0        0.00        0.00 
        31         0        0.00        0.00 
        32         0        0.00        0.00 
        33         0        0.00        0.00 
        34         0        0.00        0.00 
        35         0        0.00        0.00 
        36         0        0.00        0.00 
        37         0        0.00        0.00 
        38         0        0.00        0.00 
        39         0        0.00        0.00 
        40         0        0.00        0.00 
        41         0        0.00        0.00 
        42         0        0.00        0.00 
        43         0        0.00        0.00 
        44         0        0.00        0.00 
        45         0        0.00        0.00 
        46         0        0.00        0.00 
        47         0        0.00        0.00 
        48         0        0.00        0.00 
        49         0        0.00        0.00 
        50        77        0.66        0.66 
        51       168        1.45        1.45 
        52       206        1.77        1.77 
        53       208        1.79        1.79 
        54       223        1.92        1.92 
        55       250        2.15        2.15 
        56       222        1.91        1.91 
        57       302        2.60        2.60 
        58       280        2.41        2.41 
        59       171        1.47        1.47 
        60       237        2.04        2.04 
        61       195        1.68        1.68 
        62       184        1.59        1.59 
        63       210        1.81        1.81 
        64       206        1.77        1.77 
        65       229        1.97        1.97 
        66       226        1.95        1.95 
        67       226        1.95        1.95 
        68       191        1.65        1.65 
        69       206        1.77        1.77 
        70       238        2.05        2.05 
        71         0        0.00        0.00 
        72         0        0.00        0.00 
        73         0        0.00        0.00 
        74         0        0.00        0.00 
        75         0        0.00        0.00 
        76         0        0.00        0.00 
        77         0        0.00        0.00 
        78         0        0.00        0.00 
        79         0        0.00        0.00 
        80         0        0.00        0.00 
        81         0        0.00        0.00 
        82         0        0.00        0.00 
        83         0        0.00        0.00 
        84         0        0.00        0.00 
        85         0        0.00        0.00 
        86         0        0.00        0.00 
        87         0        0.00        0.00 
        88         0        0.00        0.00 
        89         0        0.00        0.00 
        90         0        0.00        0.00 
        91         0        0.00        0.00 
        92         0        0.00        0.00 
        93         0        0.00        0.00 
        94         0        0.00        0.00 
        95         0        0.00        0.00 
        96         0        0.00        0.00 
        97         0        0.00        0.00 
        98         0        0.00        0.00 
        99         0        0.00        0.00 
       100         0        0.00        0.00 
       101         0        0.00        0.00 
       102         0        0.00        0.00 
       103         0        0.00        0.00 
       104         0        0.00        0.00 
       105         0        0.00        0.00 
       106         0        0.00        0.00 
       107         0        0.00        0.00 
       108         0        0.00        0.00 
       109         0        0.00        0.00 
       110         0        0.00        0.00 
       111       120        1.03        1.03 
       112        83        0.72        0.72 
       113        87        0.75        0.75 
       114        92        0.79        0.79 
       115        91        0.78        0.78 
       116        97        0.84        0.84 
       117       108        0.93        0.93 
       118       133        1.15        1.15 
       119       121        1.04        1.04 
       120       114        0.98        0.98 
       121       125        1.08        1.08 
       122       115        0.99        0.99 
       123       104        0.90        0.90 
       124        75        0.65        0.65 
       125       103        0.89        0.89 
       126        95        0.82        0.82 
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       127       101        0.87        0.87 
       128        85        0.73        0.73 
       129        78        0.67        0.67 
       130        77        0.66        0.66 
       131        69        0.59        0.59 
       132        89        0.77        0.77 
       133       121        1.04        1.04 
       134       126        1.09        1.09 
       135        95        0.82        0.82 
       136        94        0.81        0.81 
       137       101        0.87        0.87 
       138       104        0.90        0.90 
       139       105        0.90        0.90 
       140       107        0.92        0.92 
       141      4138       35.65       35.65 
 
 
  TOTAL NUMBER OF STRUCTURE GRIDS CONTAINED WITHIN THE BOXES =     11608 
  TOTAL NUMBER OF STRUCTURE GRIDS LOCATED ON BOX SURFACES    =      1783 
  (NOTE: STRUCTURE GRIDS LOCATED ON BOX SURFACES ARE 
         INCLUDED WITHIN THEIR RESPECTIVE BOXES) 
  TOTAL NUMBER OF STRUCTURE GRIDS LOCATED OUTSIDE THE BOXES  =         0 
 
 
 
 
 
 
                                            ***************************************** 
                                            *                                       * 
                                            *       SUBCASE       =        1        * 
                                            *       DESSEN        =       10        * 
                                            *                                       * 
                                            ***************************************** 
 
 
 
         TITLE    = ZMORPH INPUT FOR example4.dat (NASTRAN INPUT FILE)                       
         SUBTITLE = Morph of Piston Engine Connecting Rod                                    
         LABEL    = Sizing the Connecting Ends + Stretch and Twist of the Rod                
 
 
  THE FOLLOWING ARE ZLINK MODIFIED BULK DATA CARDS 
 
  >>> BULK DATA CARD [BODY] WITH ID = 1001 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BODY    1001    1001    101     3       41      NO      0.740000                 
        1       -.2500000.0     0.0     0.0     0       0                        
        1       -.2500000.0     1.00500 0.0     0       0                        
        1       0.2500000.0     1.00500 0.0     0       0                        
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BODY    1001    1001    101     3       41      NO      0.740000                 
        1       -.2500000.0     0.0     0.0     0       0                        
        1       -.2500000.0     1.00500 0.0     0       0                        
        1       0.2500000.0     1.00500 0.0     0       0                        
 
 
 
 
 
  >>> BULK DATA CARD [BODY] WITH ID = 2001 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BODY    2001    2001    201     3       31      NO      0.240000                 
        1       0.0     0.0     0.0     0.0     0       0                        
        1       0.0     0.0     0.5050000.0     0       0                        
        1       0.5000000.0     0.5050000.0     0       0                        
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BODY    2001    2001    201     3       31      NO      0.240000                 
        1       0.0     0.0     0.0     0.0     0       0                        
        1       0.0     0.0     0.5050000.0     0       0                        
        1       0.5000000.0     0.5050000.0     0       0                        
 
 
 
 
 
  >>> BULK DATA CARD [BOX] WITH ID = 3001 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     3001    3001    0                                                        
        1.00000 -1.200000.750000        5.00000 -1.200000.750000                 
        5.00000 1.20000 0.750000        1.00000 1.20000 0.750000                 
        1.00000 -1.20000-.250000        5.00000 -1.20000-.250000                 
        5.00000 1.20000 -.250000        1.00000 1.20000 -.250000                 
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     3001    3001    0                                                        
        1.00000 -1.200000.750000        5.00000 -1.199750.750604                 
        5.00000 1.20004 0.749892        1.00000 1.20000 0.750000                 
        1.00000 -1.20000-.250000        5.00000 -1.19975-.250604                 
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        5.00000 1.20004 -.249892        1.00000 1.20000 -.250000                 
 
 
 
 
 
  >>> BULK DATA CARD [CORD2R] WITH ID = 101 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R  101     0       5.00000 0.0     0.2500004.00000 0.0     0.250000         
        4.00000 0.0     0.0                                                      
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R  101     0       5.00000 0.0     0.2500004.00000 0.0     0.250000         
        4.00000 0.0     -.750000                                                 
 
 
 
 
 
  >>> BULK DATA CARD [CORD2R] WITH ID = 201 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R  201     0       1.00000 0.0     0.5000000.5000000.0     0.500000         
        0.5000000.0     0.0                                                      
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R  201     0       1.00000 0.0     0.5000000.5000000.0     0.500000         
        0.5000000.0     0.0                                                      
 
 
 
 
 
 
  THE FOLLOWING IS THE MORPHED STRUCTURE GRID OUTPUT 
 
  >>> ASSIGN FEM= EXECUTIVE CONTROL COMMAND PRINT =  2 OPTION <<< 
 
  GRID NO.  = INTERNAL STRUCTURE GRID IDENTIFICATION NUMBER 
  EXT. ID.  = STRUCTURE GRID EXTERNAL IDENTIFICATION NUMBER 
  INSIDE    = YES     - IF GRID IS LOCATED INSIDE A BOX, 
              SURFACE - IF GRID IS LOCATED ON A BOX SURFACE, 
              NO      - IF GRID IS LOCATED OUTSIDE ALL BOXES 
  BOX NO.   = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
              (OUTPUT ONLY IF INSIDE = YES OR SURFACE) 
  X,Y,Z     = STRUCTURE GRID X,Y,Z COORDINATES 
              (DIFFERENT FROM ORIGINAL IF GRID IS MORPHED) 
 
  GRID NO.  EXT. ID.    INSIDE   BOX NO.          X                 Y                 Z        
  --------  --------  --------  --------  ----------------  ----------------  ---------------- 
         1      2263   SURFACE       124        0.53806001       -0.19134000        0.00000000 
         2      2264   SURFACE       123        0.58427000       -0.27779001        0.00000000 
         3      2265   SURFACE       125        0.50961000       -0.09760000        0.00000000 
         4      2266   SURFACE       122        0.64645004       -0.35354999        0.00000000 
         5      2267       YES       123        0.56382000       -0.24443001        0.08934800 
         6      2268       YES       122        0.61340004       -0.31707999        0.06991300 
         7      2269       YES       124        0.52017999       -0.14060000        0.09594101 
         8      2270   SURFACE       125        0.50000000        0.00000000        0.00000000 
         9      2271   SURFACE       121        0.72222000       -0.41574001        0.00000000 
        10      2272       YES       122        0.61359000       -0.31731001        0.16483000 
        11      2273       YES       121        0.67563999       -0.38051999        0.09499499 
        12      2274   SURFACE       124        0.60250002       -0.17020001        0.00000000 
        13      2275       YES       123        0.54487997       -0.20704001        0.20491999 
        14      2276   SURFACE       122        0.69229007       -0.30949000        0.00000000 
        15      2277       YES       125        0.50858003       -0.09225000        0.18105000 
        16      2278       YES       121        0.66990000       -0.37555000        0.17072999 
        17      2279   SURFACE       125        0.50000000        0.00000000        0.09999999 
        18      2280   SURFACE       123        0.66746002       -0.22957000        0.00000000 
        19      2281       YES       122        0.59973001       -0.29964000        0.28031999 
        20      2282       YES       120        0.75375003       -0.43516001        0.07897300 
 . 
 . 
 . 
     11588     19210   SURFACE        70        5.00000000        0.79167002        0.44999999 
     11589     19211   SURFACE        70        5.00000000        0.79167002        0.50000000 
     11590     19212   SURFACE        70        5.00000000        0.87500000        0.34999999 
     11591     19213   SURFACE        70        5.00000000        0.83332998        0.44999999 
     11592     19214   SURFACE        70        5.00000000        0.87500000        0.40000001 
     11593     19215   SURFACE        70        5.00000000        0.91667002        0.34999999 
     11594     19216   SURFACE        70        5.00000000        0.95832998        0.30000001 
     11595     19217   SURFACE        70        5.00000000        1.00000000        0.25000000 
     11596     19218       YES        70        4.95099020        0.95592999        0.44999999 
     11597     19219   SURFACE        70        4.95099020        0.95592999        0.50000000 
     11598     19220       YES        70        4.95099020        0.99759001        0.44999999 
     11599     19221   SURFACE        70        4.95099020        0.99759001        0.50000000 
     11600     19222   SURFACE        70        5.00000000        0.87500000        0.44999999 
     11601     19223   SURFACE        70        5.00000000        0.87500000        0.50000000 
     11602     19224   SURFACE        70        5.00000000        0.95832998        0.34999999 
     11603     19225   SURFACE        70        5.00000000        0.91667002        0.44999999 
     11604     19226   SURFACE        70        5.00000000        0.95832998        0.40000001 
     11605     19227   SURFACE        70        5.00000000        0.95832998        0.44999999 
     11606     19228   SURFACE        70        5.00000000        1.00000000        0.34999999 
     11607     19229   SURFACE        70        5.00000000        0.95832998        0.50000000 
     11608     19230   SURFACE        70        5.00000000        1.00000000        0.44999999 
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*** MESSAGE: 
*** MORPHED STRUCTURE GRIDS HAVE BEEN OUTPUT TO FILE GRID.DAT 
*** DUE TO BULK DATA CARD GRIDOUT WITH ID =       10 
 
 
 
 
*** MESSAGE: 
*** MORPHED STRUCTURE GRIDS AND THE FINITE ELEMENT MODEL HAVE BEEN OUTPUT TO FILE FEM.BDF 
*** DUE TO BULK DATA CARD FEMOUT WITH ID =       10 
 
 
 
 
*** MESSAGE: 
*** MORPHED BOX MODEL HAS BEEN OUTPUT TO PLOT FILE DEFORM_BOX.PLT IN TECPLOT FORMAT 
*** DUE TO BULK DATA CARD PLTBOX WITH ID =       10 
 
 
 
 
 
                                             **************************************** 
                                             ***                                  *** 
                                             *** Z M O R P H  T E R M I N A T E D *** 
                                             ***                                  *** 
                                             ***          N O R M A L L Y         *** 
                                             ***                                  *** 
                                             ***      13:49:27    09/15/2011      *** 
                                             ***                                  *** 
                                             **************************************** 

 
 
6.5.5 The Logfile 
 
The ZMORPH logfile output file for this example case is listed as follows.  This case takes approximately 30 
seconds on an Intel XEON X5355 (2.66 GHz) machine. 
 
 
                             *  *  *  Z M O R P H   L O G F I L E   *  *  * 
 
   ELASPED     TOTAL                                                                 STEP 
    TIME        CPU                                                                  CPU 
  ---------  -----------                                                          ----------- 
 
 
  000:00:00  000:00:00.0     *** BEGIN ZMORPH  *** 
  000:00:00  000:00:00.2     INIT MODULE: INITIALIZATION                          000:00:00.2 
  000:00:00  000:00:00.2     CNTL MODULE: PROCESS CASE CONTROL [BEGIN]            000:00:00.0 
  000:00:00  000:00:00.2     CNTL MODULE: PROCESS CASE CONTROL [END]              000:00:00.0 
  000:00:00  000:00:00.2     IFP MODULE: INPUT FILE PROCESSOR [BEGIN]             000:00:00.0 
  000:00:00  000:00:00.5     IFP MODULE: INPUT FILE PROCESSOR [END]               000:00:00.2 
  000:00:00  000:00:00.8     BOXGEO MODULE: BOX GEOMETRY PROCESSOR [BEGIN]        000:00:00.3 
  000:00:00  000:00:00.9     BOXGEO MODULE: BOX GEOMETRY PROCESSOR [END]          000:00:00.0 
  000:00:00  000:00:00.9     FEM MODULE: IMPORT FEM MODAL DATA [BEGIN]            000:00:00.0 
  000:00:01  000:00:01.4     FEM MODULE: IMPORT FEM MODAL DATA [END]              000:00:00.5 
  000:00:01  000:00:01.7     BEMINT MODULE: BEM INTERPOLATION [BEGIN]             000:00:00.2 
  000:00:27  000:00:27.2     BEMINT MODULE: BEM INTERPOLATION [END]               000:00:25.5 
  000:00:27  000:00:27.2       SUBCASE NO.        1                               000:00:00.0 
  000:00:28  000:00:28.1         BEMDEF MODULE: BEM DEFORMATION [BEGIN]           000:00:00.8 
  000:00:28  000:00:28.9         BEMDEF MODULE: BEM DEFORMATION [END]             000:00:00.8 
  000:00:29  000:00:29.2     *** END ZMORPH ***                                   000:00:00.2 
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6.6 Multiple BOX Primitive Example: Wing + Winglet Case 
 Using Numerous Design Variables (Reentry Vehicle) 
 
6.6.1 Problem Description 
 
The current example employs two BOX primitives to allow morphing of the wing and/or winglet.  Numerous 
design variables are used to be able to alter the wing leading edge sweep angle, taper ratio, and aspect ratio.  
Design variables are also defined to be able to alter the winglet's dihedral angle, leading edge sweep angle, 
taper ratio, and aspect ratio.  One DESSEN case control command is used to morph the wing + winglet 
geometry based on the aforementioned design variables.  The structure model is an ASTROS input deck 
consisting of 2077 elements (44 CBAR, 12 CELAS, 495 CQUAD4, 1094 CROD, 374 CSHEAR, 58 
CTRIA3) and 548 grids (GRID).  This model also contains a fuselage beam model that is not shown for 
clarity reasons.  Figure 6.6.1 shows multiple views of the structure model.  This case demonstrates the type of 
input that could be setup to control the geometric parameters of an object during an optimization process.  For 
example, in relation to the current case, an optimizer could drive changes to some or all of the aforementioned 
wing and winglet design variables to find an optimum geometry (e.g., minimum weight) that satisfies imposed 
wing loading (e.g., stress) and flutter constraints. 
 
 

 
Front View 

 
Right Side View 

 
Top View 

 
3D View 

 
Figure 6.6.1   Wing + Winglet Structure Model of a Shuttle Reentry Type of Vehicle (File: reentry.d) 
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6.6.2 The Input Deck 
 
The ZMORPH input deck for this case is shown in Figure 6.6.2. 
 
          

$ 
$------------------------------------------------------------------------------- 
$ 
$ ZMORPH BULK DATA INPUT DECK 
$ Section 6.6 - Wing + Winglet Case Using Multiple Design Variables 
$ Original Setup Date: 08-08-2011 
$ 
$-------------------------------------------------------------------------------$ 
$ * * * Executive Control Section * * * 
$ 
ASSIGN FEM=reentry.d, FORM=ASTROS, INOUT=INPUT, PRINT=2 
SOLUTION 0 
CEND 
$ 
$ * * * Case Control Section * * * 
$ 
TITLE = ZMORPH INPUT FOR reentry.d 
ECHO = SORT 
SUBCASE = 1 
    SUBTITLE = Space Shuttle-Type of Vehicle with Winglet 
    LABEL = Design Variables to Morph Main Wing 
    DESSEN = 10 
BEGIN BULK 
$ 
$ 
$ * * * Bulk Data Section * * * 
$ 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ 
GRIDOUT 10      10      0       1       $10              
EXTFILE 10      GRID.DAT                                                 
FEMOUT  10      10      0       FEM.BDF          
PLTBOX  0       YES             TECPLOT BASE_BOX.PLT     
PLTBOX  10      YES             TECPLOT DEFORM_10.PLT   
$ 
$ Main Wing Box Primitive 
$ 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     100001  100001                                                   
        23.747  3.61806  1.92            41.947 3.61806    1.92 
        41.947  14.52806 1.52            35.647 14.52806   1.52 
        23.747  3.61806  -0.08           41.947 3.61806   -0.08 
        41.947  14.52806 0.32            35.647 14.52806   0.32 
$ 
$ Winglet Box Primitive + Coordinate Reference Frame 
$ 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R      201         35.147  14.52806   1.22  35.147 11.20806   2.22 
        36.147  11.20806   2.22      
BOX     200001  200001  201                                              
         0.0     0.05    0.2             6.95    0.05    0.2  
         6.95    4.20    0.1             4.7     4.2     0.1 
         0.0    -0.77   -1.0             6.95   -0.77   -1.0 
         6.95    4.2    -0.6             4.7     4.2    -0.6  
 
$ ------------------------------------------------------------------------------- 
$ Design Variables  
$ SWPANG1 = wing leading edge sweep angle 
$ TPRATE1 = wing taper ratio 
$ ASPRAT1 = wing aspect ratio 
$ 
$ DIAANG1 = winglet dihedral angle 
$ SWPANG2 = winglet leading edge sweep angle 
$ TPRATE2 = winglet taper ratio 
$ ASPRAT2 = winglet aspect ratio 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
DESVAR  110     SWPANG1 48.035   
DESVAR  120     TPRATE1 0.346 
DESVAR  130     ASPRAT1 0.889 
 
DESVAR  160     DIAANG1 74.932   
DESVAR  170     SWPANG2 48.921  
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DESVAR  180     TPRATE2 0.346   
DESVAR  190     ASPRAT2 1.0   
 
$ ------------------------------------------------------------------------------- 
$ ZMORPH Cases To Execute (DESSEN) 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ First Case is Morph of Wing + Winglet's CORD2R 
DESSEN  10 
        101     102     103     104     105     106     107     108 
        201     202     203     204     205     206     207     208 
        301     302     303     304     305     306     307     308 
        309     310 
 
$ ------------------------------------------------------------------------------- 
$ Box Morph Definition for the Main Wing 
$ (Box Points 3, 4, 7, 8  X- and Y-coordinate Values) 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ X-Point 4 
DESDEP  101     X4      BOX     100001  X4      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
$ Y-Point 4 
DESDEP  102     Y4      BOX     100001  Y4      1 
        1.0     202     UNIT 
        1.0     340     UNIT 
$ X-Point 3 
DESDEP  103     X3      BOX     100001  X3      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
        1.0     350     UNIT 
$ Y-Point 3 
DESDEP  104     Y3      BOX     100001  Y3      1 
        1.0     202     UNIT 
        1.0     340     UNIT 
$ X-Point 8 
DESDEP  105     X8      BOX     100001  X8      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
$ Y-Point 8 
DESDEP  106     Y8      BOX     100001  Y8      1 
        1.0     202     UNIT 
        1.0     340     UNIT 
$ X-Point 7 
DESDEP  107     X7      BOX     100001  X7      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
        1.0     350     UNIT 
$ Y-Point 7 
DESDEP  108     Y7      BOX     100001  Y7      1 
        1.0     202     UNIT 
        1.0     340     UNIT 
 
$ ------------------------------------------------------------------------------- 
$ Coordinate Card Morph Definition for the Winglet 
$ DESDEP to move winglet CORD2R X,Y values according to Main Wing Motion 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ X-Point A 
DESDEP  201     X-POS   CORD2R  201     A1      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
        -0.5    0       UNIT 
$ Y-Point A 
DESDEP  202     Y-POS   CORD2R  201     A2 
        1.0     202     UNIT 
        1.0     340     UNIT 
$ X-Point B 
DESDEP  203     X-POS   CORD2R  201     B1      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
        -0.5    0       UNIT 
$ Y-Point B 
DESDEP  204     Y-POS   CORD2R  201     B2 
        1.0     202     UNIT 
        1.0     340     UNIT 
        -3.4673 0       SIN     0.01745 160 
$ Z-Point B 
DESDEP  205     Z-POS   CORD2R  201     B3 
        1.22    0       UNIT 
        3.4673  0       COS     0.01745 160 
$ X-Point C 
DESDEP  206     X-POS   CORD2R  201     C1      1 
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        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
        0.5     0       UNIT 
$ Y-Point C 
DESDEP  207     Y-POS   CORD2R  201     C2 
        1.0     202     UNIT 
        1.0     340     UNIT 
        -3.4673 0       SIN     0.01745 160 
$ Z-Point C 
DESDEP  208     Z-POS   CORD2R  201     C3 
        1.22    0       UNIT 
        3.4673  0       COS     0.01745 160 
 
$ ------------------------------------------------------------------------------- 
$ Box Morph Definition for the Winglet 
$ (Box Points 3, 4, 7, 8  X- and Y-coordinate Values) 
$ Cr = winglet root chord 
$ Ct = winglet tip chord 
$ b  = span 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ X2 = X1 + Cr 
DESDEP  301     2-XPOS  BOX     200001  X2      1 
        1.0     409     UNIT 
        1.0     610     UNIT                  
$ X3 = X4 + Ct 
DESDEP  302     3-XPOS  BOX     200001  X3      1 
        1.0     409     UNIT 
        1.0     640     TAN     0.01745 170 
        1.0     650     UNIT 
$ Y3 = Y1 + b 
DESDEP  303     3-YPOS  BOX     200001  Y3      1 
        1.0     410     UNIT 
        1.0     640     UNIT 
$ X4 = X1 + b * TAN (SWEEP ANGLE;170) 
DESDEP  304     4-XPOS  BOX     200001  X4      1 
        1.0     409     UNIT 
        1.0     640     TAN     0.01745 170 
$ Y4 = Y3 
DESDEP  305     4-YPOS  BOX     200001  Y4      1 
        1.0     410     UNIT 
        1.0     640     UNIT 
$ 
$ X6 = X1 + Cr 
DESDEP  306     6-XPOS  BOX     200001  X6      1 
        1.0     409     UNIT 
        1.0     610     UNIT 
$ X7 =  X4 + Ct 
DESDEP  307     7-XPOS  BOX     200001  X7      1 
        1.0     409     UNIT 
        1.0     640     TAN     0.01745 170 
        1.0     650     UNIT 
$ Y7 = Y1 + b 
DESDEP  308     7-YPOS  BOX     200001  Y7      1 
        1.0     410     UNIT 
        1.0     640     UNIT 
$ X8 = X1 + b * TAN (SWEEP ANGLE;170) 
DESDEP  309     8-XPOS  BOX     200001  X8      1 
        1.0     409     UNIT 
        1.0     640     TAN     0.01745 170 
$ Y8 = Y3 
DESDEP  310     8-YPOS  BOX     200001  Y8      1 
        1.0     410     UNIT 
        1.0     640     UNIT 
 
 
$ ------------------------------------------------------------------------------- 
$ DESFUN used to Define Main Wing Coordinates 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ WING BOX      X1 
DESFUN   201              
           (    23.747    0         0.                     )       1.0 
$ WING BOX      Y1      
DESFUN   202               
           (    3.61806   0         0.                     )       1.0 
$ WING BOX      Z1      
DESFUN   205               
           (    1.92      0         0.                     )       1.0 
$ WING BOX      X2      
DESFUN   203              
           (    41.947    0         0.                     )       1.0 
$ WING BOX      Y2      
DESFUN   204               
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           (    3.61806   0         0.                     )       1.0 
$ WING BOX      Z2      
DESFUN   206           
           (    1.92      0         0.                     )       1.0 
$ 
$ WING BOX      X5 
DESFUN   401               
           (    23.747    0         0.                     )       1.0 
$ WING BOX      Y5      
DESFUN   402               
           (    3.61806   0         0.                     )       1.0 
$ WING BOX      X6   
DESFUN   403                 
           (    41.947    0         0.                     )       1.0 
$ WING BOX      Y6      
DESFUN   404               
           (    3.61806   0         0.                     )       1.0 
$ WING BOX      Z3                    
DESFUN   406                  
           (    1.52      0         0.                     )       1.0 
$ WING BOX      Z4 
DESFUN   405              
           (    1.52      0         0.                     )       1.0 
$ WING BOX      Z7      
DESFUN   408              
           (    0.32      0         0.                     )       1.0 
$ WING BOX      Z8      
DESFUN   407              
           (    0.32      0         0.                     )       1.0 
$ 
$ WINGLET BOX   X1    
DESFUN   409             
           (    0.65      0         0.                     )       1.0 
$ WINGLET BOX   Y1 
DESFUN   410             
           (    0.05      0         0.                     )       1.0 
 
 
$ ------------------------------------------------------------------------------- 
$ DESFUN to Define Main Wing Equations 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ Cr 
DESFUN   310 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
$ .5TCr 
DESFUN   320 
          ((       1.     203       1.          
           -      1.      201       1.                      )     1.0 
           *      0.5     120       1.                      )     1.0 
$ .5TCrA 
DESFUN   330 
          (((     1.      203       1.          
           -      1.      201       1.                      )     1.0 
           *      0.5     120       1.                      )     1.0 
           *      1.      130       1.                      )     1.0 
$  b = .5TCrA(1+1/T) 
DESFUN   340 
          (((     1.      203       1.          
           -      1.      201       1.                      )     1.0 
           *      0.5     120       1.                      )     1.0 
           *      1.      130       1.                      )     1.0 
           *(     1.      0         0.                       
           +      1.      120      -1.0                     )     1.0 
$ Ct   
DESFUN    350 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
          *(      1.      120       1.                      )     1.0  
 
$ ------------------------------------------------------------------------------- 
$ DESFUN to Define Winglet Equations 
$ ------------------------------------------------------------------------------- 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
$ Cr = DESFUN.350 
DESFUN   610 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
          *(      1.      120       1.                      )     1.0  
$ .5TCr 
DESFUN   620 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
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          *(      1.      120       1.                      )     1.0  
          *(      0.5     180       1.                      )     1.0 
$ .5TCrA 
DESFUN   630 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
          *(      1.      120       1.                      )     1.0  
          *(      0.5     180       1.                      )     1.0 
          *(      1.      190       1.                      )     1.0 
$  b 
DESFUN   640 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
          *(      1.      120       1.                      )     1.0  
          *(      0.5     180       1.                      )     1.0 
          *(      1.      190       1.                      )     1.0 
           *(     1.      0         0.                       
           +      1.      180      -1.                      )     1.0 
$ Ct  = DESFUN.350 * TPRATE.180  
DESFUN   650 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 
          *(      1.      120       1.                      )     1.0  
          *(      1.      180       1.                      )     1.0 
 
ENDDATA 

          
 

Figure 6.6.2   ZMORPH Wing + Winglet Example Case Input Deck 
 
This case uses two BOX primitives; one to enclose the wing and a second, that is defined in a local coordinate 
system, to enclose the winglet as shown in Figure 6.6.3.  The boxes are placed (Fig. 6.6.3b) so as to completely 
enclose their respective component grids.  A coordinate system (CORD2R) is placed at the root leading edge 
of the winglet and the winglet's box coordinates are defined relative to this coordinate system. 
 
 

    
 (a) (b) 
 

Figure 6.6.3   BOX Primitives Enclosing the Wing and Winglet 
 
The Executive Control Section references the ASTROS input deck (reentry.d) and requests a printout 
option (PRINT=2) of all morphed structure grids.  The Case Control Section executes one Subcase that calls 
out a DESSEN that identifies the dependent geometry parameters to morph; namely, points 3,4,7,8 of BOX 1 
encompassing the main wing, points A,B,C of the CORD2R, and points 2,3,4,6,7,8 of BOX 2 encompassing 
the winglet.  Note that as the winglet BOX coordinates are defined in the CORD2R local coordinate system, 
moving and/or rotating the CORD2R will in turn completely move and/or rotate the winglet. 
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The Bulk Data Section specifies the following input: 
 
- a GRIDOUT card to output only the morphed structure grids in double precision format 
- an EXTFILE card that specifies the file name to output the GRIDOUT grids to (GRID.DAT) 
- a FEMOUT card to output the resulting morphed finite element model input deck (FEM.BDF) 
- two PLTBOX cards to output the un-deformed (SETID=0) and deformed (SETID=10) boxes with 

embedded structure grids in a Tecplot data format to be viewed within Tecplot. 
- two BOX cards to setup the wing + winglet boxes shown in Figure 6.6.3(a) 
- seven design variables (DESVAR) used within functions specified by DESFUN's to alter the wing 

geometry.  The defined design variables are listed in the following table. 
 

For Component Design Variable Description 

 
WING 

SWPANG1 leading edge sweep angle 
TPRATE1 taper ratio 
ASPRAT1 aspect ratio 

 
WINGLET 

DIAANG1 dihedral angle 
SWPANG2 leading edge sweep angle 
TPRATE2 taper ratio 
ASPRAT2 aspect ratio 

 
- a DESSEN card that identifies the DESDEP cards to be applied to morph the structure grids (this card is 

referenced by the DESSEN Case Control Command) 
- numerous design variable linking functions (DESFUN) are defined.  The DESFUN can be used to define 

an equation or simply used to define a value.  Both are specified in the current example.  Baseline wing box 
corner point values are defined for X1, Y1, Z1, X2, Y2, Z2, X5, Y5, X6, Y6, Z3, Z4, Z7, Z8 where X/Y/Z 
indicates the X, Y, Z - coordinate value and the integer 1/2/... indicates the box corner point number (e.g., 
X1 = point 1's X-coordinate value).  Likewise, baseline values for X1 and Y1 of the winglet are also 
defined. 

 
 Equations defined by DESFUN include the wing root chord length (Cr), wing span (b), and wing tip chord 

length (Ct).  For example, the wing root chord length is entered as follows: 
 

$ Cr 
DESFUN   310 
          (       1.      203       1.          
           -      1.      201       1.                      )     1.0 

 
 This input specifies the following equation 

( ) ( )
1.01.0 1.0

rC 1.0 X2 1.0 X1⎡ ⎤= × − ×⎣ ⎦  

 or simply X2 - X1. 
 
 The equation for wing span is more complicated and is computed from 

r
1b 0.5 T C A 1
T

⎛ ⎞= × × +⎜ ⎟
⎝ ⎠

 

 where T is the wing taper ratio (a DESVAR), Cr is the computed wing root chord length, and A is the wing 
aspect ratio (a DESVAR). 
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 In a similar fashion, equations are input to define the winglet root chord length, winglet span, and winglet 
tip chord length. 

 
- numerous DESDEP cards are used to specify the dependent design variables and are described as follows. 
 
 For the Wing 
 
 X and Y-coordinate values for box points 3, 4, 7, 8 are defined.  For example, the following input defines 

the perturbation of the X-coordinate value of the wing box (with ID=100001) point 4 (entry X4). 
 

$ X-Point 4 
DESDEP  101     X4      BOX     100001  X4      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 

 
 This input specifies the following equation 
 

( ) ( )( )X4 1.0 X1 1.0 b tan= × + × × λ  

 
 where X1 is the baseline X-coordinate value for the main wing box 1 point, b is the computed wing span, 

and λ is the wing leading edge sweep angle (a DESVAR).  Note that the real coefficient C1=0.01745 is 
used to convert the input DESVAR value from degrees to radians. 

 
 For the Winglet CORD2R 
 
 X and Y-coordinate values for the CORD2R card's point A and X, Y and Z-coordinate values for points B 

and C are defined.  For example, the following input defines the perturbation of the X-coordinate value of 
CORD2R (with ID=201) for point A (shown circled in red in the following figure). 

 

 
 

$ X-Point A 
DESDEP  201     X-POS   CORD2R  201     A1      1 
        1.0     201     UNIT 
        1.0     340     TAN     0.01745 110 
        -0.5    0       UNIT 

 
 This input specifies the following equation 
 

( ) ( )( )A1 1.0 X1 1.0 b tan 0.5= × + × × λ −  
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 this is the same equation as X4 for the wing box above except for the added offset of -0.5 since the baseline 
wing box and CORD2R's point A X-values are separated by a distance of 0.5. 

 
 For the Winglet 
 
 The X-coordinate value for box points 2 and 6 and the X and Y-coordinate values for box points 3, 4, 7, 8 

are defined.  For example, the following input defines the perturbation of the X-coordinate value of the 
wing box (with ID=200001) point 2 (entry X2). 

 
$ X2 = X1 + Cr 
DESDEP  301     2-XPOS  BOX     200001  X2      1 
        1.0     409     UNIT 
        1.0     610     UNIT      

 
 This input specifies the following equation 
 

( ) ( ) ( )( ){ }1.01.01.0 1.0X2 1.0 X1 1.0 X2 1.0 X1 T= × + × − × ×  

 
 where X1 is the winglet box original baseline offset position and the term in brackets is defined by the 

DESFUN with ID=610 where X2 is the wing box X-coordinate value for point 2, X1 is the wing box X-
coordinate value for point 1, and T is the wing taper ratio (i.e., this will equal the wing tip chord length). 

 
 
6.6.3 Output Results 
 
The seven design variables (DESVAR) are each, in turn, assigned three values keeping the other six design 
variables at their baseline values.  In this fashion, we can see the effect of each design variable in morphing the 
structure finite element model.  The baseline values for the seven design variables are listed in the following 
table.  Figures 6.6.4 - 6.6.10 show the results for individually varying each design variable. 
 
 

Baseline Design Variable Values 
 
Wing 
Leading Edge Sweep Angle 48.035 
Taper Ratio   0.346 
Aspect Ratio   0.889 
 
Winglet 
Dihedral Angle   74.932 
Leading Edge Sweep Angle 48.921 
Taper Ratio   0.346 
Aspect Ratio   1.000 
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Wing 

Leading 
Edge 

Sweep 
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Deformed BOX Model 
(From PLTBOX) 

 
 

Deformed Box Model 
with Structure Grids 

(From PLTBOX) 

 
 

Resulting FEA Model 
(From FEMOUT) 

15° 

 
 

  

48° 

 
 

  

65° 

 
 

  

 
Figure 6.6.4   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Wing Leading Edge Sweep Angle, DESVAR SWPANG1) 
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Deformed BOX Model 
(From PLTBOX) 

 
 

Deformed Box Model 
with Structure Grids 

(From PLTBOX) 

 
 

Resulting FEA Model 
(From FEMOUT) 

0.15 

 
 

  

0.35 

 
 

  

0.55 

 
 

  

 
Figure 6.6.5   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Wing Taper Ratio, DESVAR TPRATE1) 
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Deformed Box Model 
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(From PLTBOX) 

 
 

Resulting FEA Model 
(From FEMOUT) 

0.50 
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Figure 6.6.6   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Wing Aspect Ratio, DESVAR ASPRAT1) 
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(From PLTBOX) 

 
 

Deformed Box Model 
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(From PLTBOX) 

 
 

Resulting FEA Model 
(From FEMOUT) 

15° 
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Figure 6.6.7   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Winglet Dihedral Angle, DESVAR DIAANG1) 
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Figure 6.6.8   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Winglet Leading Edge Sweep Angle, DESVAR SWPANG2) 
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Figure 6.6.9   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Winglet Taper Ratio, DESVAR TPRATE2) 
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Resulting FEA Model 
(From FEMOUT) 
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Figure 6.6.10   Wing and Winglet Deformations For Varying Individual DESVAR Values 

(Varying Winglet Aspect Ratio, DESVAR ASPRAT2) 
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6.6.4 The Standard Output Deck 
 
The ZMORPH standard output file for this example case is listed as follows. 
 
 

                                                                   **                  
                                                       ***        **                   
                                                      ***        **             ***    
                                                      **        **            ******   
                                           ****       **       **          ******      
                                           ****      **       **         *****         
                                            ***      **      **        *****                * 
                                            ***      **     **       ****            ********* 
                                    *       ***      *     **     ****          **************** 
                                   ***       ***     *    **    ****       ************** 
                                  *****      ***     *   **   ***   ***********  
                                  ******      **    *   **  **      ********  
                                   ******     **    *  **                 ******************** 
                                     *****     **   ***         ZONA         ***  ******************* 
                               *      *****    **   *     STRUCTURAL MODEL     **        ************ 
                               **       ****    *  *          MORPHING          *****            **** 
                               ****      ****   ***                              ******* 
                              *******     ****   *                                ********* 
                              *********     ***  *          -  ZMORPH -           ***  ******* 
                                 *********   *****                                ***    ********* 
                                    ********   ***          VERSION 2.0          *****    ********** 
                              *         ******  **                                ******     ********* 
                               ****        ********   RELEASE DATE: MARCH 2010   *********     ******* 
                               *********       *****                            ***********      **** 
                               ***************   ****   LICENSE NO. 00000000   *****  ******       * 
                                **********************                        ******   ******  
                                            ************                    ********   ******** 
                                                    *******             *************   ********* 
                                  ********************************************* ******  ********** 
                                   ********************    *******************  ******   ******** 
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                                                  E X E C U T I V E  C O N T R O L  S U M M A R Y 
 
                                  |...1...|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|..10...| 
 
 
                                  ASSIGN FEM=reentry.d, FORM=ASTROS, INOUT=INPUT, PRINT=2                          
                                  SOLUTION 0                                                                       
                                  CEND                                                                             
 
 
                                                       C A S E  C O N T R O L  S U M M A R Y  
 
                                                S I N G L E  P R E C I S I O N  C O M P U T A T I O N  
 
                                        M A X I M U M  A L L O C A B L E  M E M O R Y  = 800  M E G A B Y T E S 
 
                                  |...1...|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|..10...| 
 
 
                                  $                                                                                
                                  $ * * * Case Control Section * * *                                               
                                  $                                                                                
                                  TITLE = ZMORPH INPUT FOR reentry.d                                               
                                  ECHO = SORT                                                                      
                                  SUBCASE = 1                                                                      
                                      SUBTITLE = Space Shuttle-Type of Vehicle with Winglet                        
                                      LABEL = Design Variables to Morph Main Wing                                  
                                      DESSEN = 10                                                                  
                                  BEGIN BULK                                                                       
 
 
                                                       S O R T E D   B U L K   D A T A   E C H O 
                    CARD 



   
 

 
 Example Cases 6-115 

                    COUNT         |...1...|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|..10...| 
 
 
                        1 -       BOX     100001  100001                                                           
                        2 -               23.747  3.61806 1.92            41.947  3.61806 1.92                     
                        3 -               41.947  14.528061.52            35.647  14.528061.52                     
                        4 -               23.747  3.61806 -0.08           41.947  3.61806 -0.08                    
                        5 -               41.947  14.528060.32            35.647  14.528060.32                     
                        6 -       BOX     200001  200001  201                                                      
                        7 -               0.0     0.05    0.2             6.95    0.05    0.2                      
                        8 -               6.95    4.20    0.1             4.7     4.2     0.1                      
                        9 -               0.0     -0.77   -1.0            6.95    -0.77   -1.0                     
                       10 -               6.95    4.2     -0.6            4.7     4.2     -0.6                     
                       11 -       CORD2R  201             35.147  14.528061.22    35.147  11.208062.22             
                       12 -               36.147  11.208062.22                                                     
                       13 -       DESDEP  101     X4      BOX     100001  X4      1                                
                       14 -               1.0     201     UNIT                                                     
                       15 -               1.0     340     TAN     0.01745 110                                      
                       16 -       DESDEP  102     Y4      BOX     100001  Y4      1                                
                       17 -               1.0     202     UNIT                                                     
                       18 -               1.0     340     UNIT                                                     
                       19 -       DESDEP  103     X3      BOX     100001  X3      1                                
                       20 -               1.0     201     UNIT                                                     
                       21 -               1.0     340     TAN     0.01745 110                                      
                       22 -               1.0     350     UNIT                                                     
                       23 -       DESDEP  104     Y3      BOX     100001  Y3      1                                
                       24 -               1.0     202     UNIT                                                     
                       25 -               1.0     340     UNIT                                                     
                       26 -       DESDEP  105     X8      BOX     100001  X8      1                                
                       27 -               1.0     201     UNIT                                                     
                       28 -               1.0     340     TAN     0.01745 110                                      
                       29 -       DESDEP  106     Y8      BOX     100001  Y8      1                                
                       30 -               1.0     202     UNIT                                                     
                       31 -               1.0     340     UNIT                                                     
                       32 -       DESDEP  107     X7      BOX     100001  X7      1                                
                       33 -               1.0     201     UNIT                                                     
                       34 -               1.0     340     TAN     0.01745 110                                      
                       35 -               1.0     350     UNIT                                                     
                       36 -       DESDEP  108     Y7      BOX     100001  Y7      1                                
                       37 -               1.0     202     UNIT                                                     
                       38 -               1.0     340     UNIT                                                     
                       39 -       DESDEP  201     X-POS   CORD2R  201     A1      1                                
                       40 -               1.0     201     UNIT                                                     
                       41 -               1.0     340     TAN     0.01745 110                                      
                       42 -               -0.5    0       UNIT                                                     
                       43 -       DESDEP  202     Y-POS   CORD2R  201     A2                                       
                       44 -               1.0     202     UNIT                                                     
                       45 -               1.0     340     UNIT                                                     
                       46 -       DESDEP  203     X-POS   CORD2R  201     B1      1                                
                       47 -               1.0     201     UNIT                                                     
                       48 -               1.0     340     TAN     0.01745 110                                      
                       49 -               -0.5    0       UNIT                                                     
                       50 -       DESDEP  204     Y-POS   CORD2R  201     B2                                       
                       51 -               1.0     202     UNIT                                                     
                       52 -               1.0     340     UNIT                                                     
                       53 -               -3.4673 0       SIN     0.01745 160                                      
                       54 -       DESDEP  205     Z-POS   CORD2R  201     B3                                       
                       55 -               1.22    0       UNIT                                                     
                       56 -               3.4673  0       COS     0.01745 160                                      
                       57 -       DESDEP  206     X-POS   CORD2R  201     C1      1                                
                       58 -               1.0     201     UNIT                                                     
                       59 -               1.0     340     TAN     0.01745 110                                      
                       60 -               0.5     0       UNIT                                                     
                       61 -       DESDEP  207     Y-POS   CORD2R  201     C2                                       
                       62 -               1.0     202     UNIT                                                     
                       63 -               1.0     340     UNIT                                                     
                       64 -               -3.4673 0       SIN     0.01745 160                                      
                       65 -       DESDEP  208     Z-POS   CORD2R  201     C3                                       
                       66 -               1.22    0       UNIT                                                     
                       67 -               3.4673  0       COS     0.01745 160                                      
                       68 -       DESDEP  301     2-XPOS  BOX     200001  X2      1                                
                       69 -               1.0     409     UNIT                                                     
                       70 -               1.0     610     UNIT                                                     
                       71 -       DESDEP  302     3-XPOS  BOX     200001  X3      1                                
                       72 -               1.0     409     UNIT                                                     
                       73 -               1.0     640     TAN     0.01745 170                                      
                       74 -               1.0     650     UNIT                                                     
                       75 -       DESDEP  303     3-YPOS  BOX     200001  Y3      1                                
                       76 -               1.0     410     UNIT                                                     
                       77 -               1.0     640     UNIT                                                     
                       78 -       DESDEP  304     4-XPOS  BOX     200001  X4      1                                
                       79 -               1.0     409     UNIT                                                     
                       80 -               1.0     640     TAN     0.01745 170                                      
                       81 -       DESDEP  305     4-YPOS  BOX     200001  Y4      1                                
                       82 -               1.0     410     UNIT                                                     
                       83 -               1.0     640     UNIT                                                     
                       84 -       DESDEP  306     6-XPOS  BOX     200001  X6      1                                
                       85 -               1.0     409     UNIT                                                     
                       86 -               1.0     610     UNIT                                                     
                       87 -       DESDEP  307     7-XPOS  BOX     200001  X7      1                                
                       88 -               1.0     409     UNIT                                                     
                       89 -               1.0     640     TAN     0.01745 170                                      
                       90 -               1.0     650     UNIT                                                     
                       91 -       DESDEP  308     7-YPOS  BOX     200001  Y7      1                                
                       92 -               1.0     410     UNIT                                                     
                       93 -               1.0     640     UNIT                                                     
                       94 -       DESDEP  309     8-XPOS  BOX     200001  X8      1                                
                       95 -               1.0     409     UNIT                                                     
                       96 -               1.0     640     TAN     0.01745 170                                      
                       97 -       DESDEP  310     8-YPOS  BOX     200001  Y8      1                                
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                       98 -               1.0     410     UNIT                                                     
                       99 -               1.0     640     UNIT                                                     
                      100 -       DESFUN  201                                                                      
                      101 -               (       23.747  0       0.                      )       1.0              
                      102 -       DESFUN  202                                                                      
                      103 -               (       3.61806 0       0.                      )       1.0              
                      104 -       DESFUN  203                                                                      
                      105 -               (       41.947  0       0.                      )       1.0              
                      106 -       DESFUN  204                                                                      
                      107 -               (       3.61806 0       0.                      )       1.0              
                      108 -       DESFUN  205                                                                      
                      109 -               (       1.92    0       0.                      )       1.0              
                      110 -       DESFUN  206                                                                      
                      111 -               (       1.92    0       0.                      )       1.0              
                      112 -       DESFUN  310                                                                      
                      113 -               (       1.      203     1.                                               
                      114 -               -       1.      201     1.                      )       1.0              
                      115 -       DESFUN  320                                                                      
                      116 -               ((      1.      203     1.                                               
                      117 -               -       1.      201     1.                      )       1.0              
                      118 -               *       0.5     120     1.                      )       1.0              
                      119 -       DESFUN  330                                                                      
                      120 -               (((     1.      203     1.                                               
                      121 -               -       1.      201     1.                      )       1.0              
                      122 -               *       0.5     120     1.                      )       1.0              
                      123 -               *       1.      130     1.                      )       1.0              
                      124 -       DESFUN  340                                                                      
                      125 -               (((     1.      203     1.                                               
                      126 -               -       1.      201     1.                      )       1.0              
                      127 -               *       0.5     120     1.                      )       1.0              
                      128 -               *       1.      130     1.                      )       1.0              
                      129 -               *(      1.      0       0.                                               
                      130 -               +       1.      120     -1.0                    )       1.0              
                      131 -       DESFUN  350                                                                      
                      132 -               (       1.      203     1.                                               
                      133 -               -       1.      201     1.                      )       1.0              
                      134 -               *(      1.      120     1.                      )       1.0              
                      135 -       DESFUN  401                                                                      
                      136 -               (       23.747  0       0.                      )       1.0              
                      137 -       DESFUN  402                                                                      
                      138 -               (       3.61806 0       0.                      )       1.0              
                      139 -       DESFUN  403                                                                      
                      140 -               (       41.947  0       0.                      )       1.0              
                      141 -       DESFUN  404                                                                      
                      142 -               (       3.61806 0       0.                      )       1.0              
                      143 -       DESFUN  405                                                                      
                      144 -               (       1.52    0       0.                      )       1.0              
                      145 -       DESFUN  406                                                                      
                      146 -               (       1.52    0       0.                      )       1.0              
                      147 -       DESFUN  407                                                                      
                      148 -               (       0.32    0       0.                      )       1.0              
                      149 -       DESFUN  408                                                                      
                      150 -               (       0.32    0       0.                      )       1.0              
                      151 -       DESFUN  409                                                                      
                      152 -               (       0.65    0       0.                      )       1.0              
                      153 -       DESFUN  410                                                                      
                      154 -               (       0.05    0       0.                      )       1.0              
                      155 -       DESFUN  610                                                                      
                      156 -               (       1.      203     1.                                               
                      157 -               -       1.      201     1.                      )       1.0              
                      158 -               *(      1.      120     1.                      )       1.0              
                      159 -       DESFUN  620                                                                      
                      160 -               (       1.      203     1.                                               
                      161 -               -       1.      201     1.                      )       1.0              
                      162 -               *(      1.      120     1.                      )       1.0              
                      163 -               *(      0.5     180     1.                      )       1.0              
                      164 -       DESFUN  630                                                                      
                      165 -               (       1.      203     1.                                               
                      166 -               -       1.      201     1.                      )       1.0              
                      167 -               *(      1.      120     1.                      )       1.0              
                      168 -               *(      0.5     180     1.                      )       1.0              
                      169 -               *(      1.      190     1.                      )       1.0              
                      170 -       DESFUN  640                                                                      
                      171 -               (       1.      203     1.                                               
                      172 -               -       1.      201     1.                      )       1.0              
                      173 -               *(      1.      120     1.                      )       1.0              
                      174 -               *(      0.5     180     1.                      )       1.0              
                      175 -               *(      1.      190     1.                      )       1.0              
                      176 -               *(      1.      0       0.                                               
                      177 -               +       1.      180     -1.                     )       1.0              
                      178 -       DESFUN  650                                                                      
                      179 -               (       1.      203     1.                                               
                      180 -               -       1.      201     1.                      )       1.0              
                      181 -               *(      1.      120     1.                      )       1.0              
                      182 -               *(      1.      180     1.                      )       1.0              
                      183 -       DESSEN  10                                                                       
                      184 -               101     102     103     104     105     106     107     108              
                      185 -               201     202     203     204     205     206     207     208              
                      186 -               301     302     303     304     305     306     307     308              
                      187 -               309     310                                                              
                      188 -       DESVAR  110     SWPANG1 48.035                                                   
                      189 -       DESVAR  120     TPRATE1 0.346                                                    
                      190 -       DESVAR  130     ASPRAT1 0.889                                                    
                      191 -       DESVAR  160     DIAANG1 74.932                                                   
                      192 -       DESVAR  170     SWPANG2 48.921                                                   
                      193 -       DESVAR  180     TPRATE2 0.346                                                    
                      194 -       DESVAR  190     ASPRAT2 1.0                                                      
                      195 -       EXTFILE 10      GRID.DAT                                                         
                      196 -       FEMOUT  10      10      0       FEM.BDF                                          
                      197 -       GRIDOUT 10      10      0       1       $10                                      
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                      198 -       PLTBOX  0       YES             TECPLOT BASE_BOX.PLT                             
                      199 -       PLTBOX  10      YES             TECPLOT DEFORM_10.PLT                            
                      200 -       ENDDATA 
 
 
*** MESSAGE: 
*** BASELINE BOX MODEL HAS BEEN OUTPUT TO PLOT FILE BASE_BOX.PLT IN TECPLOT FORMAT 
*** DUE TO BULK DATA CARD PLTBOX WITH ID =        0 
 
 
 
 
 
                              B O U N D A R Y   E L E M E N T   M E T H O D 
                          I N T E R P O L A T I O N   S E T U P   S U M M A R Y 
 
 
                        TOTAL NUMBER OF BEM INTERPOLATION BOXES      =        2 
                        NUMBER OF UNIQUE BOX GRID POINTS             =       16 
                        NUMBER OF STRUCTURE GRIDS READ FROM DATABASE =      548 
 
 
                                            ***  GENERAL BOX INFORMATION *** 
 
  BOX NO. = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
  BOX ID. = BOX IDENTIFICATION NUMBER BASED ON MACROELEMENT IDENTIFICATION NUMBER 
  BLOCK   = BOX MACROELEMENTS BLOCK NUMBER 
  TYPE    = MACROELEMENT TYPE TO WHICH THIS BOX BELONGS 
  X,Y,Z CENTER  = BOX CENTER POINT COORDINATES 
  SPHERE RADIUS = COMPUTED SPHERE OF INFLUENCE FROM CENTER OF BOX (= 20% LARGER THAN BOX MAX DIMENSION / 2) 
                  ONLY STRUCTURE GRIDS WITHIN THE SPHERE RADIUS ARE TESTED TO SEE IF THEY FALL WITHIN THE BOX OR NOT 
  BOX VOLUME    = COMPUTED VOLUME OF EACH BOX 
 
   BOX NO.   BOX ID.     BLOCK      TYPE          X CENTER          Y CENTER          Z CENTER     SPHERE RADIUS        BOX VOLUME 
  --------  --------  --------  --------  ----------------  ----------------  ----------------  ----------------  ---------------- 
         1    100001    100001      BOXS       35.82199860        9.07306004        0.91999996       14.55593204      222.49124146 
         2    200001    200001      BOXS       39.79700089       15.39299011        2.96468353        5.93102741       20.71394920 
 
 
                                          ***  BOX CORNER POINT COORDINATES *** 
 
                                                            3              
                                                          . |  .           
                                                        .   |     .        
                                                      4     |        .     
                                                      |  .  |           2  
                                                      |     .         . |  
                                                      |     |  .    .   |  
                                                      |     7     1     |  
                                                      |   .    .  |     |  
                                                      | .         |     |  
                                                      8           |  .  |  
                                                         .        |     6  
                                             Z              .     |   .    
                                             +                 .  | .      
                                       Y     +     X              5        
                                         +   +   +                         
                                           + + +                           
                                             +                             
 
  BOX NO. = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
  POINT   = CORNER POINT INDEX (AS SHOWN IN FIGURE ABOVE) 
  X,Y,Z   = X,Y,Z COORDINATES OF BOX CORNER POINT 
 
   BOX NO.    POINT           X                 Y                 Z        
  --------  --------  ----------------  ----------------  ---------------- 
         1         1       23.74699974        3.61806011        1.91999996 
                   2       41.94699860        3.61806011        1.91999996 
                   3       41.94699860       14.52805996        1.51999998 
                   4       35.64699936       14.52805996        1.51999998 
                   5       23.74699974        3.61806011       -0.08000000 
                   6       41.94699860        3.61806011       -0.08000000 
                   7       41.94699860       14.52805996        0.31999999 
                   8       35.64699936       14.52805996        0.31999999 
         2         1       35.14699936       14.35097885        1.32555664 
                   2       42.09700012       14.35097885        1.32555664 
                   3       42.09700012       15.64361477        5.27037477 
                   4       39.84700012       15.64361477        5.27037477 
                   5       35.14699936       15.26349545        0.19431262 
                   6       42.09700012       15.26349545        0.19431262 
                   7       42.09700012       16.31387138        5.06849051 
                   8       39.84700012       16.31387138        5.06849051 
 
 
                                          *** STRUCTURE GRID COUNT SUMMARY *** 
 
  BOX NO.    = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
  GRID COUNT = NUMBER OF STRUCTURE GRIDS LOCATED WITHIN THE BOX 
  FOR PERCENTAGES (%): 
  BOX TOTAL  = TOTAL NUMBER OF STRUCTURE GRIDS LOCATED WITHIN THE BOXES 
  GRID TOTAL = TOTAL NUMBER OF STRUCTURE GRIDS READ FROM THE FEM MODEL 
 
                      PERCENTAGE  PERCENTAGE 
               GRID       OF BOX     OF GRID 
   BOX NO.     COUNT    TOTAL(%)   TOTAL (%) 
  --------  --------  ----------  ---------- 
         1       224       47.16       40.88 
         2       251       52.84       45.80 
 
 



   
 

 
6-118 Example Cases 

  TOTAL NUMBER OF STRUCTURE GRIDS CONTAINED WITHIN THE BOXES =       475 
  TOTAL NUMBER OF STRUCTURE GRIDS LOCATED ON BOX SURFACES    =        34 
  (NOTE: STRUCTURE GRIDS LOCATED ON BOX SURFACES ARE 
         INCLUDED WITHIN THEIR RESPECTIVE BOXES) 
  TOTAL NUMBER OF STRUCTURE GRIDS LOCATED OUTSIDE THE BOXES  =        73 
 
 
 
 
 
 
                                            ***************************************** 
                                            *                                       * 
                                            *       SUBCASE       =        1        * 
                                            *       DESSEN        =       10        * 
                                            *                                       * 
                                            ***************************************** 
 
 
 
         TITLE    = ZMORPH INPUT FOR reentry.d                                               
         SUBTITLE = Space Shuttle-Type of Vehicle with Winglet                               
         LABEL    = Design Variables to Morph Main Wing                                      
 
 
  THE FOLLOWING ARE ZLINK MODIFIED BULK DATA CARDS 
 
  >>> BULK DATA CARD [BOX] WITH ID = 100001 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     100001  100001  0                                                        
        23.7470 3.61806 1.92000         41.9470 3.61806 1.92000                  
        41.9470 14.5281 1.52000         35.6470 14.5281 1.52000                  
        23.7470 3.61806 -.080000        41.9470 3.61806 -.080000                 
        41.9470 14.5281 0.320000        35.6470 14.5281 0.320000                 
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     100001  100001  0                                                        
        23.7470 3.61806 1.92000         41.9470 3.61806 1.92000                  
        42.1487 14.5071 1.52000         35.8515 14.5071 1.52000                  
        23.7470 3.61806 -.080000        41.9470 3.61806 -.080000                 
        42.1487 14.5071 0.320000        35.8515 14.5071 0.320000                 
 
 
 
 
 
  >>> BULK DATA CARD [CORD2R] WITH ID = 201 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R  201     0       35.1470 14.5281 1.22000 35.1470 11.2081 2.22000          
        36.1470 11.2081 2.22000                                                  
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
CORD2R  201     0       35.3515 14.5071 1.22000 35.3515 11.1592 2.12220          
        36.3515 11.1592 2.12220                                                  
 
 
 
 
 
  >>> BULK DATA CARD [BOX] WITH ID = 200001 <<< 
 
ORIGINAL: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     200001  200001  201                                                      
        0.0     0.0500000.200000        6.95000 0.0500000.200000                 
        6.95000 4.20000 0.100000        4.70000 4.20000 0.100000                 
        0.0     -.770000-1.00000        6.95000 -.770000-1.00000                 
        6.95000 4.20000 -.600000        4.70000 4.20000 -.600000                 
 
UPDATED: 
$...1..|...2...|...3...|...4...|...5...|...6...|...7...|...8...|...9...|...10..| 
BOX     200001  200001  201                                                      
        0.0     0.0500000.200000        6.94720 0.0500000.200000                 
        7.68897 4.28802 0.100000        5.51014 4.28802 0.100000                 
        0.0     -.770000-1.00000        6.94720 -.770000-1.00000                 
        7.68897 4.28802 -.600000        5.51014 4.28802 -.600000                 
 
 
 
 
  THE FOLLOWING IS THE MORPHED STRUCTURE GRID OUTPUT 
 
  >>> ASSIGN FEM= EXECUTIVE CONTROL COMMAND PRINT =  2 OPTION <<< 
 
  GRID NO.  = INTERNAL STRUCTURE GRID IDENTIFICATION NUMBER 
  EXT. ID.  = STRUCTURE GRID EXTERNAL IDENTIFICATION NUMBER 
  INSIDE    = YES     - IF GRID IS LOCATED INSIDE A BOX, 
              SURFACE - IF GRID IS LOCATED ON A BOX SURFACE, 
              NO      - IF GRID IS LOCATED OUTSIDE ALL BOXES 
  BOX NO.   = INTERNAL BOX IDENTIFICATION NUMBER (1 TO N BOXES) 
              (OUTPUT ONLY IF INSIDE = YES OR SURFACE) 
  X,Y,Z     = STRUCTURE GRID X,Y,Z COORDINATES 
              (DIFFERENT FROM ORIGINAL IF GRID IS MORPHED) 
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  GRID NO.  EXT. ID.    INSIDE   BOX NO.          X                 Y                 Z        
  --------  --------  --------  --------  ----------------  ----------------  ---------------- 
         1         1   SURFACE         1       23.74699974        3.61806011        0.92764002 
         2         2       YES         2       36.23481369       14.72923660        1.11186802 
         3         3   SURFACE         1       27.38699913        3.61806011        1.44975996 
         4         6   SURFACE         1       32.84700012        3.61806011        1.40937996 
         5        11   SURFACE         1       41.94699860        3.61806011        0.93910003 
         6        12       YES         1       24.97743034        4.70596218        0.92764002 
         7        13        NO    ----         29.20700073        2.51805997        0.38146001 
         8        14       YES         1       28.37537384        4.70596218        1.41501999 
         9        15       YES         1       30.07434654        4.70596218        1.43745995 
        10        16        NO    ----         29.20700073        2.51805997        1.47381997 

. 

. 

. 
       538     10035        NO    ----         34.00000000        0.00000000        4.07000017 
       539     10036        NO    ----         35.00000000        0.00000000        4.07000017 
       540     10037        NO    ----         36.00000000        0.00000000        4.07000017 
       541     10038        NO    ----         37.00000000        0.00000000        4.07000017 
       542     10039        NO    ----         38.00000000        0.00000000        4.07000017 
       543     10040        NO    ----         39.00000000        0.00000000        4.07000017 
       544     10041        NO    ----         40.00000000        0.00000000        4.07000017 
       545     10042        NO    ----         41.00000000        0.00000000        4.07000017 
       546     10043        NO    ----         42.00000000        0.00000000        4.07000017 
       547     10044        NO    ----         43.00000000        0.00000000        4.07000017 
       548     10045        NO    ----         44.00000000        0.00000000        4.07000017 
 
 
*** MESSAGE: 
*** MORPHED STRUCTURE GRIDS HAVE BEEN OUTPUT TO FILE GRID.DAT 
*** DUE TO BULK DATA CARD GRIDOUT WITH ID =       10 
 
 
*** MESSAGE: 
*** MORPHED STRUCTURE GRIDS AND THE FINITE ELEMENT MODEL HAVE BEEN OUTPUT TO FILE FEM.BDF 
*** DUE TO BULK DATA CARD FEMOUT WITH ID =       10 
 
 
*** MESSAGE: 
*** MORPHED BOX MODEL HAS BEEN OUTPUT TO PLOT FILE DEFORM_10.PLT IN TECPLOT FORMAT 
*** DUE TO BULK DATA CARD PLTBOX WITH ID =       10 
 
 
 
                                             **************************************** 
                                             ***                                  *** 
                                             *** Z M O R P H  T E R M I N A T E D *** 
                                             ***                                  *** 
                                             ***          N O R M A L L Y         *** 
                                             ***                                  *** 
                                             ***      14:25:48    08/05/2011      *** 
                                             ***                                  *** 
                                             **************************************** 

 
 
6.6.5 The Logfile 
 
The ZMORPH logfile output file for this example case is listed as follows.  This case takes approximately 3 
seconds on an Intel XEON X5355 (2.66 GHz) machine. 
 
 
                             *  *  *  Z M O R P H   L O G F I L E   *  *  * 
 
   ELASPED     TOTAL                                                                 STEP 
    TIME        CPU                                                                  CPU 
  ---------  -----------                                                          ----------- 
 
 
  000:00:00  000:00:00.0     *** BEGIN ZMORPH  *** 
  000:00:00  000:00:00.1     INIT MODULE: INITIALIZATION                          000:00:00.1 
  000:00:00  000:00:00.1     CNTL MODULE: PROCESS CASE CONTROL [BEGIN]            000:00:00.0 
  000:00:00  000:00:00.1     CNTL MODULE: PROCESS CASE CONTROL [END]              000:00:00.0 
  000:00:00  000:00:00.1     IFP MODULE: INPUT FILE PROCESSOR [BEGIN]             000:00:00.0 
  000:00:00  000:00:00.4     IFP MODULE: INPUT FILE PROCESSOR [END]               000:00:00.2 
  000:00:00  000:00:00.4     BOXGEO MODULE: BOX GEOMETRY PROCESSOR [BEGIN]        000:00:00.0 
  000:00:00  000:00:00.5     BOXGEO MODULE: BOX GEOMETRY PROCESSOR [END]          000:00:00.0 
  000:00:00  000:00:00.5     FEM MODULE: IMPORT FEM MODAL DATA [BEGIN]            000:00:00.0 
  000:00:00  000:00:00.6     FEM MODULE: IMPORT FEM MODAL DATA [END]              000:00:00.0 
  000:00:00  000:00:00.6     BEMINT MODULE: BEM INTERPOLATION [BEGIN]             000:00:00.0 
  000:00:00  000:00:00.7     BEMINT MODULE: BEM INTERPOLATION [END]               000:00:00.0 
  000:00:00  000:00:00.7       SUBCASE NO.        1                               000:00:00.0 
  000:00:03  000:00:03.0         BEMDEF MODULE: BEM DEFORMATION [BEGIN]           000:00:02.3 
  000:00:03  000:00:03.1         BEMDEF MODULE: BEM DEFORMATION [END]             000:00:00.0 
  000:00:03  000:00:03.2     *** END ZMORPH ***                                   000:00:00.0 
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