WORKSHOP 5
]

Objectives:

m  Mode Tracking Exercise: Keep track of the mode shapes for the first ten
modes of the following fixed-fixed beam.
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]
Model Description:

m  Objective Function - Weight Minimization.
[ Design Variables=B, H
m  Constraints:
Eigenvalue Allowable: 9.8696 <A1<11.942
39.4784 < A\2<43.525
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Exercise Procedure;

PART A

For this exercise, define the BAR property using the PBAR entry and specify
the constraints using eigenvalues. Keep track of the mode shapes for the first
ten modes. The design variables are width (b) and height (h). The properties
on the PBAR entries are defined using the area (A) and moment of inertia (1).
They are related by the following equations:

_bxh’
12

A =bxh I
Use DVPREL2 torelate A, |, b and h by writing the equations given.

PART B

Redo the previous exercise defining the BAR property using the PBARL entry.
Specify the constraints using the frequencies shown bel ow.

Eigenvalue alowable: 0.50<f1<0.55
1.0<f2<105
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]
Generating an input file for MSC.Nastran Users:

1. Generate an input file for PART A using the data from pages 5-1
through 5-4. Use the following input file as a starting point.

$

$ wkshpb5a. dat

*

TI ME 10
SOL 200
CEND

$

$ I NPUT CASE CONTRCL
$

$
BEG N BULK
param post, -1

$
$. .. FI XED- FI XED CANTI LEVER, TWO PLANES OF MOTI ON:
, 0 . ,

GRI D, 10, ., 0., 0., 123456
GRI D, 11, , 10., 0., 0., , 4

GRI D, 12, , 20., 0., 0., 4

GRI D, 13, , 30., 0., 0., , 4

GRI D, 14, , 40., 0., 0., 4

GRI D, 15, , 50., 0., 0., , 4

GRI D, 16, , 60. , 0., 0., 4

GRI D, 17, , 70., 0., 0., , 4

GRI D, 18, , 80., 0., 0., 4

GRI D, 19, , 90., 0., 0., , 4

GRI D, 20, , 100., 0., 0., , 123456
GRI D, 21, , 0., 1., 0., , 123456
$

CBAR, 1, 30, 10, 11, 21

CBAR, 2, 30, 11, 12, 21

CBAR, 3, 30, 12, 13, 21

CBAR, 4, 30, 13, 14, 21

CBAR, 5, 30, 14, 15, 21

CBAR, 6, 30, 15, 16, 21

CBAR, 7, 30, 16, 17, 21

CBAR, 8, 30, 17, 18, 21

CBAR, 9, 30, 18, 19, 21

gBAR, 10, 30, 19, 20, 21

gBAR, 30, 40, 0.5, 1. 042E-2,4. 167E-2

g/ATl, 40, 1. 0E+7, , 0. 33, 0.1

$I GRL SI D V1 V2 ND

EIGRL, 50, , , 10

$
e
% DESI GN MODEL:

$
$ I NPUT DESI GN MODEL
$

ENDDATA
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2. Thecompleted MSC.Nastran input file for PART A is shown below:

$

$ sol n5a. dat

TIME 10

SOL 200

CEND
anal ysi s = MODES
dessub = 100
desobj (mn) = 203
METHOD = 50
DISPL = ALL
MODTRAK=10

BEA N BULK

PARAM POST, -1
PARAM  NASPRT, 1

$

P m m m mm e m e e e e e
$ ANALYSI S MODEL:

% _____________________________________________________________________
$. .. FI XED- FI XED BEAM , TWD PLANES OF MOTI ON:

GRI D, 10, , 0., 0., 0., 123456
GRI D, 11, , 10., 0., 0., )

GRI D, 12, , 20., 0., 0., 4

GRI D, 13, , 30., 0., 0., , 4

CRI D, 14, , 40. , 0., 0., 4

GRI D, 15, , 50., 0., 0., , 4

GRI D, 16, , 60. , 0., 0., 4

CGRI D, 17, , 70., 0., 0., , 4

GRI D, 18, , 80. , 0., 0., 4

GRI D, 19, , 90., 0., 0., , 4

GRI D, 20, , 100., 0., 0., 123456
GRI D, 21, , 0., 1., 0., , 123456
$

CBAR, 1, 30, 10, 11, 21

CBAR, 2, 30, 11, 12 21

CBAR, 3, 30, 12, 13, 21

CBAR, 4, 30 13, 14 21

CBAR, 5, 30, 14, 15, 21

CBAR, 6, 30 15, 16 21

CBAR, 7, 30, 16, 17, 21

CBAR, 8, 30, 17, 18, 21

CBAR, 9, 30, 18, 19, 21

gBAR, 10, 30, 19, 20, 21

gBAR, 30 40 0.5 1.042E- 2, 4. 167E-2

g/ATl, 40 1. OE+7, 0. 33, 0.1

$I GRL SID Vi V2 ND

El GRL, 50, , , 10

$

P m m m m e e e e e eeeeaaao
$ DESI GN MODEL:

P m m mmm e m e e e e e
$

$ MODE TRACKI NG | NPUT DATA:

$

$

g/[I)TRAK 10 1 10 0.8

$...design variables, b & h (cross-sectional dinensions):
DESVAR, 101, , 0.5, 0.1,

gESVAR, 102, H, 1.0, 0.1, 2.0

$...relate to changes in cross-sectional properties:

DVPREL2, 110, PBAR, 30, 4, 1.E-3, , 121, ,
+, DESVAR, 101, 102

DVPREL2, 111, PBAR, 30, 5, 1.E-3, , 122, ,
+, DESVAR, 102, 101

DVPREL2, 112, PBAR, 30, 6, 1.E-3, , 122, ,
+, DESVAR, 101, 102
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DEQATN 121 A(B,H = B*H $ ...equations for
DEQATN 122 I (B, H = B*H**3/12. $ rectangul ar sections
$

$...specify first two eigenval ues as design responses:
DRESP1, 201, LAMBDAL, EI GN, , 1

DRESP1, 202, LANVBDAZ, EI GN, , , 2

$

$...and constrain them

DCONSTR, 100, 202, 9.8696 11.942 $

DCONSTR, 100, 201, 39.4784 43.525 $

$

$...define weight mninzation as the objective

DRESP1, 203, w \EI GHT

$

dopt prm desnmax, 10, pl,1,p2, 15

ENDDATA

MSC.Nastran 107 Exercise Workbook ~ 5-7



3.  Submit theinput fileto MSC.Nastran for analysis.
To submit the M SC.Nastran .dat file, find an available UNIX shell
window and at the command prompt enter nastran wkshp5a
scr=yes. Monitor the run using the UNIX ps command.
4.  When the run is completed, edit the wkshp5a.f06 file and search
for the word FATAL. If no matches exist, search for the word
WARNING. Determine whether existing WARNING messages
indicate modeling errors.
4a.  While till editing wkshp5a.f06, search for the words:
TRACKING

HISTORY
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NUMBER OF FI NI TE ELEMENT ANALYSES COVPLETED 7
NUMBER OF OPTI M ZATI ONS WR. T. APPROXI MATE MODELS 6

OBJECTI VE AND NMAXI MUM CONSTRAI NT HI STORY

OBJECTI VE FROM OBJECTI VE FROM FRACTI ONAL ERROR
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CYCLE APPROXI MATE EXACT oF oF
NUVBER OPTI M ZATI ON ANALYSI S APPROXI MATI ON CONSTRAI NT
I'NITIAL 5. 000000E+00 2. 492728E+00
1 5. 056348E+00 5. 056242E+00 2. 093607E- 05 2. 417018E- 01
2 4. 064205E+00 4. 063976E+00 5. 631968E- 05 3. 783900E- 01
3 5. 073577E+00 5. 074127E+00 1. 084462E- 04 1. 583846E- 02
4 4. 838595E+00 4. 838535E+00 1. 231874E- 05 -1. 867615E- 03
5 4.742812E+00 4.742828E+00 3.418312E- 06 - 1. 854281E- 03
6 4.742828E+00 4.742828E+00 0. 000000E+00 - 1. 854281E- 03
JANUARY 6, 1998 MSC/NASTRAN 1/ 5/98  PAGE
DESI GN VARI ABLE HI STORY
INTERNAL |  EXTERNAL
DV. ID. | DV. ID. | LABEL | INTIAL 1 2 3 4 5
1] 101 | B |  5.0000E-01 : 8.4801E-01 :  1.0597E+00 :  1.0296E+00 :  9.9376E-01 :  9.741
2 | 102 | H |  1.0000E+00 :  5.9625E-01 :  3.8352E-01 :  4.9283E-01 :  4.8689E-01 :  4.868
INTERNAL |  EXTERNAL |
DV. ID. | DV. ID. | LABEL | 6 7 8 9 10
1] 101 | B | 9.7411E-01 :
2 | 102 | H | 4.8689E-01 :
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]
X-Y Plots of Design Results:

Figure 5.1 - Objective Function
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Figure5.2 - Design Variables
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Figure 5.3 - Maximum Constraint
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]
Generating an input file for MSC.Nastran Users:

6. Generate an input file for PART B using the data from pages 5-1
through 5-4. Use the following input file as a starting point.

$

$  wkshp5b. dat
$

TIME 10

SOL 200

CEND

$

$ | NPUT CASE CONTROL
$

$

BEG N BULK

param post, -1

$
$. .. FI XED- FI XED CANTI LEVER, TWO PLANES OF MOTI ON:
, 0 . ,

GRI D, 10, - 0., 0., 123456
@RI D, 11, , 10., 0., 0., , 4
QR D, 12, , 20., 0., 0., 4
Q&R D, 13, . 30., 0., 0., . 4
GRI D, 14, , 40., 0., 0., 4
Q&R D, 15, . 50., 0., 0., . 4
QR D, 16, , 60. , 0., 0., 4
@RI D, 17, , 70., 0., 0., , 4
QR D, 18, , 80., 0., 0., 4
Q&R D, 19, . 90. , 0., 0., . 4
QR D, 20, , 100., 0., 0., , 123456
GRI D, 21, , 0., 1., 0., , 123456
$
CBAR, 1, 30, 10, 11, 21
CBAR, 2, 30, 11, 12, 21
CBAR, 3, 30, 12, 13, 21
CBAR, 4, 30, 13, 14, 21
CBAR, 5, 30, 14, 15, 21
CBAR, 6, 30, 15, 16, 21
CBAR, 7, 30, 16, 17, 21
CBAR, 8, 30, 17, 18, 21
CBAR, 9, 30, 18, 19, 21
S(;;BAR, 10, 30, 19, 20, 21
PBARL 30 40 BAR
0.5 1.0
$
MATL, 40, 1. 0E+7, , 0. 33, 0.1
$
$IGRL SID Vi V2 ND
EIGRL, 50 , , 10
$
e o o mm e e e el
$ DESI GN MODEL:
e m o m m e e e e e
$
% I NPUT DESI GN MODEL
ENDDATA
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7.  Thecompleted MSC.Nastran input file for PART B is shown below:

$

% sol n5b. dat

TIME 10

SOL 200

CEND
anal ysi s = MODES
dessub = 100
desobj (mn) = 203
METHOD = 50
DISPL = ALL
MODTRAK=10

BEA N BULK

PARAM POST, -1
PARAM  NASPRT, 1

$
P m m m mm e m e e e e e
$ ANALYSI S MODEL:
% _____________________________________________________________________
$. .. FI XED- FI XED BEAM TWO PLANES OF MOTI ON:
GRI D, 10, , 0., 0., 0., 123456
CGRI D, 11, , 10., 0., 0., , 4
GRI D, 12, , 20., 0., 0., 4
GRI D, 13, , 30., 0., 0., , 4
CRI D, 14, , 40. , 0., 0., 4
GRI D, 15, , 50., 0., 0., , 4
GRI D, 16, , 60. , 0., 0., 4
CGRI D, 17, , 70., 0., 0., , 4
GRI D, 18, , 80. , 0., 0., 4
GRI D, 19, , 90., 0., 0., , 4
GRI D, 20, , 100., 0., 0., , 123456
GRI D, 21, , 0., 1., 0., , 123456
$
CBAR, 1, 30, 10, 11, 21
CBAR, 2, 30, 11, 12 21
CBAR, 3, 30, 12, 13, 21
CBAR, 4, 30 13, 14 21
CBAR, 5, 30, 14, 15, 21
CBAR, 6, 30 15, 16 21
CBAR, 7, 30, 16, 17, 21
CBAR, 8, 30 17, 18 21
CBAR, 9, 30, 18, 19, 21
gBAR, 10, 30 19, 20 21
PBARL 30 40 BAR
0.5 1.0
$
MAT1, 40, 1. 0E+7, , 0. 33, 0.1
$
$I GRL SID Vi V2 ND
El GRL, 50, , ) 10
$
$ _____________________________________________________________________
$ DESI GN MODEL:
B m m o m e e e e e e e e e e e e e
$
% MODE TRACKI NG | NPUT DATA
$
MODTRAK 10 1 10 0.8
$
$...design variables, b & h (cross-sectional dinmensions):
DESVAR, 101, B, 1.0, 0.1, 2.0
DESVAR, 102, H, 0.5, 0.1, 2.0
$
$...relate to changes in cross-sectional properties:
DVPREL1 110 PBARL 30 12
101 1.0
DVPREL1 120 PBARL 30 13
102 1.0
$
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$...specify first two eigenval ues as design responses:

DRESP1, 201, FREQL , FREQ , ,
DRESP1, 202, FREQ2 , FREQ , , 2
$

$...and constrain them

DCONSTR, 100, 202, .50 .55

DCONSTR, 100, 201, 1.0 1.05

$

$...define weight minimzation as the objective
DRESP1, 203, W VEI GHT

$

dopt prm desmax, 10, pl,1,p2, 15

ENDDATA
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8.  Submit theinput fileto MSC.Nastran for analysis.
To submit the M SC.Nastran .dat file, find an available UNIX shell
window and at the command prompt enter nastran wkshp5b
scr=yes. Monitor the run using the UNIX ps command.
9. When therun is completed, edit the wkshp5b.f06 file and search
for the word FATAL. If no matches exist, search for the word
WARNING. Determine whether existing WARNING messages
indicate modeling errors.
9a. Whilestill editing wkshp5b.f06, search for the words:
TRACKING

HISTORY
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]
X-Y Plots of Design Results:

Figure 5.4 - Objective Function
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Figure5.5 - Design Variables
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Figure 5.6 - Maximum Constraint
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