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Linear Static Analysis of a
Freebody Truss
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Objectives:

Create afinite element model by explicitly defining node
locations and element connectivities.

DefineaM SC.Nastran analysis model comprised of CBAR

elements.

Prepare aM SC.Nastran input filefor alinear static analysis.

Visualize analysis results.
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Model Description:

Figure 26.1 is afinite element representation of the truss structure shown
on Page 23-1. The nodal coordinates provided are defined in the global
cartesian coordinate system (M SC.Nastran Basic system).

The structure is fixed at nodes 1 and 6. There are permanent constraints
at al of the nodes. Point forces are applied at Nodes 7, 8, 9, and 10.

Figure 23.1 - Grid Coordinates and Element Condtions
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Figure 23.2 - Loads and Boundary Conditions
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Table 23.1 - Element Properties

Elastic Modulus =

10E6 Ib/in?

Poisson’s Ratio =

0.3

H t
;L it1
et 1—4T

Beam Dimensions
H 20in.
w1 1.0in.
w2 1.0in.
t 0.1lin.
t1 0.1lin.
t2 0.1lin.
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Linear Static Analysis of a Freebody Truss

Suggested Exercise Steps:

Open a new database.

Explicitly generate afinite el ement representation of the truss
structure without defining any geometry, i.e., the nodes
(GRID) and element connectivities (CBAR) should be defined
manually.

Define material (MAT1) and element (PROD) properties.

Apply simply-supported boundary constraints (SPC1) and
point forces (FORCE).

Prepare the model for alinear static analysis (SOL 101 and
PARAMS).

Generate an input file and submit it to the M SC.Nastran sol ver.

Post-process results.
Review the results.

Quit MSC.Patran.
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Exercise Procedure;

1. Userswho are not utilizing M SC.Patran for generating an input file
should go to Step 11 otherwise, proceed to Step 2.

1. Create anew database called wor kshop23.db

File/New Database

New Database Name workshop23

OK

In the New Model Preferences form set the following:

Tolerance: 0 Default
Analysis code: MSC/NASTRAN
OK

DEE Show Labels

1. Createthenodesby manually defining their respective coordinates.

[] Finite Elements

Action: Create
Object: Node
Method: Edit

[0 Associate with Geometry
[J Auto Execute
Node Location List: [0,0,0]

Apply

Repeat the previous operation to create the remaining nodes. Refer to the
Figure 23.1 on page 23-3 for the nodal coordinates. . .

Node Location List: [30,0,0]
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Apply |

Node Location List:

Apply

Node Location List:

Apply

Node Location List:

Apply |

Node Location List:

Apply

Node Location List:

Apply

Node Location List:

Apply |

Node Location List:

Apply

Node Location List:

Apply

Node Location List:

Apply

Node Location List:

Apply

Node Location List:

[60,0,0]

[90,0,0]

[120, 0, 0]

[0,30,0]

[30,30,0]

[60,30,0]

[90, 30, 0]

[ 120, 30, 0]

[15,15,0] |

[45, 15,0]

[75,15,0]
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Apply |

Node Location List:
Apply

Next, manually define the truss segment connectiviteswith BAR elements
using our newly created nodes. Again, refer to page 23-3 for connectivity

information.

[J Finite Elements
Action:

Object:

Method:

Shape:

Topology:

[J Auto Execute
Node 1 =

Node 2 =

Apply

Repeat the previous operation until all the truss segments have been

created.

Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |
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Node 1 = Node 4
Node 2 = Node5
Apply |

Node 1 = Node 6
Node 2 = Node7
Apply |

Node 1 = Node7
Node 2 = Node 8
Apply |

Node 1 = Node 8
Node 2 = Node 9
Apply |

Node 1 = Node 9
Node 2 = Node 10
Apply |

Node 1 = Node 1
Node 2 = Node 6
Apply |

Node 1 = Node 2
Node 2 = Node 7
Apply |
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Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |

Node 1 =
Node 2 =

Apply |
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Node 1 = Node 2
Node 2 = Node 12
Apply |

Node 1 = Node 3
Node 2 = Node 12
Apply |

Node 1 = Node7
Node 2 = Node 12
Apply |

Node 1 = Node 8
Node 2 = Node 12
Apply |

Node 1 = Node 3
Node 2 = Node 13
Apply |

Node 1 = Node 4
Node 2 = Node 13
Apply |

Node 1 = Node 8
Node 2 = Node 13
Apply |
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Node 1 = Node 9
Node 2 = Node 13
Apply
Node 1 = Noded
Node 2 = Node 14
Apply
Node 1 = Node5
Node 2 = Node 14
Apply
Node 1 = Node 9
Node 2 = Node 14
Apply
Node 1 = Node 10
Node 2 = Node 14
Apply
Figure23.3
6 5 7 6 8 7 9 8 10
16 17 20 21 24 25 28 29
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Y
L
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2. Next, define a material using the specified modulus of elasticity and

Poisson’s ratio.

[] Materials
Action:
Object:
Method:

Material Name:

Input Properties...

Constitutive Model:
Elastic Modulus =
Poisson Ratio =

OK
Apply |

Create

| sotropic

Manual I nput

alum

Linear Elastic
10e6
0.3

In theCurrent Constitutive Models data box, you will seeinear Elastic -
[,.,] - [Active] appear. Click oi€ancel to close the form.

Cance

3. Define element properties for the analysis model.

[] Properties
Action:
Dimension:

Type:

Property Set Name:
Option(s):

Input Properties...

Material Name:

Bar Orientation:

Create
1D

Beam

truss

General Section

m:alum

<1, 0.5, 0>
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m Associate Beam Section

Click the beam library icon:

Create Sections

Beam Llbrary
Action: Create
Type: Standard Shape
New Section Name: truss_dim
H 2
W1 1
W2 1
t 0.1
tl 0.1
t2 0.1
OK
OK
Select Members: Elm 1:29
Add
Apply

4. Shrink the elementsby 10% for clarity; thisallowsusto easily assessthe
element connectivities. Use the Display/Finite Elements... option.

Display/Finite Elements...

FEM Shrink: 0.10

Apply
Cancel
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5. Create two displacement constraints and apply them to the analysis
model.

5a. Define the left constraints.

[] Loads/BCs

Action: Create
Object: Displacement
Type: Nodal

New Set Name: fixed _end
Input Data ...

Trandations< T1 T2 T3 > <0, 0, 0>
Rotations< R1 R2 R3 > < >

OK

Select Application Region...

Geometry Filter: L] FEM
Select Nodes: Node 1,6
Add

OK |

Apply

5b. Define the permanent constraints.

[] Loads/BCs

Action: Create

Object: Displacement

Type: Nodal

New Set Name: permanent_constraint
Input Data ...

Trandations< T1 T2 T3 > <, ,0>
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Rotations< R1 R2 R3 >
OK

Select Application Region... |

Geometry Filter: [ FEM
Select Nodes: Node 1:14
Add
OK

Apply

Figure23.4

/\
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Y

L

6. Apply forcesto the upper joints of the truss as shown on page 23-3. Ver-
tical forces and horizontal forces of 250 Ibs each should be applied at
the proper nodes.

6a. First, define the vertical forces.

[J Loads/BCs

Action: Create
Object: Force
Method: Nodal
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]
New Set Name: vertical load
Input Data...
Force< F1F2F3> < ,-250, >
Moment < M1 M2 M3 > < >
OK

Select Application Region... |

Geometry Filter: 0 FEM
Select Nodes: Node 7:10
Add

OK

Apply

o6b. Define the horizontal forces.

[] Loads/BCs

Action: Create
Object: Force
Method: Nodal
New Set Name: side_load
Input Data...

Force< F1F2F3> <250, 0, 0>
Moment < M1 M2 M3 > < >
OK |

Select Application Region...

Geometry Filter: 0 FEM
Select Nodes: Node 7:10
Add

OK
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Apply

Figure23.5
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7. Generate an input file for analysis.

Click on the Analysis radio button on the Top Menu Bar and complete
the entries as shown here

[l Analysis

Action: Analyze
Object: Entire M odel
Method: Analysis Deck
Job Name: workshop23
Subcase Create...

Subcase Name free_sub

Output Requests

Form Type Basic
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L ]

In addition to the default requests, add the following result typesto the
Output Requests.

Applied L oads
Element Forces
Grid Point Force Balance

Select Result Type

(Click each selection to add to the Output Requests)

DISPLACEMENT (SORT1,REAL)=All FEM
STRESS(SORT1,REAL ,VONMISES,BILIN)=All FEM
SPSFORCES(SORT1,REAL)=All FEM
OLOAD(SORT1,REAL)=All FEM

GPFORCE=AIll FEM

FORCE(SORT1,REAL ,BILIN)=All FEM

Output Requests

OK

Apply |
Cancd

Subcase Select...

Subcases For Solution Sequence | free_sub
(Click on thisto select.)

_ | Default |
Subcases Selected: (Click on this to deselect)
OK
Apply

A MSC.Nastran input file called wor kshop23.bdf will be generated. This
process of trandating your model into an input file is called the Forward
Trandation. The Forward Trandation is complete when the Heartbeat
turns green. MSC.Patran Users should proceed to step 11.
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Generating an input file for MSC.Nastran Users:

8.  MSC.Nastran users can generate an input file using the data
from D-3. The result should be similar to the output below
(wor kshop23.dat):

I D SEM NAR, wor kshop23
SOL 101
TI ME 600
CEND
SEALL
SUPER = ALL
TITLE = Linear Static Analysis of a Freebody Truss
ECHO = NONE
MAXLI NES = 999999999
SUBCASE 1
SUBTI TLE=Def aul t
SPC = 2
LOAD = 2
DI SPLACEMENT( SORT1, REAL) =ALL
SPCFORCES( SORT1, REAL) =ALL
OLOAD( SORT1, REAL) =ALL
GPFORCE=ALL
STRESS( SORT1, REAL, VONM SES, BI LI N) =ALL
FORCE( SORT1, REAL, Bl LI N) =ALL
BEG N BULK
PARAM POST 0
PARAM PATVER 3.
PARAM AUTOSPC YES
PARAM | NREL 0
PARAM ALTRED NO
PARAM  COUPMASS -1
PARAM K6 ROT 0.
PARAM WIVASS 1.
PARAM NOCOWPS, - 1
PARAM  PRTMAXI M YES

ALL

PBARL 1 1 I +
+ A2 1. 1. .1 .1 .1

CBAR 1 1 1 2 1. .5 0
CBAR 2 1 3 2 1. .5 0
CBAR 3 1 3 4 1. .5 0
CBAR 4 1 5 4 1. .5 0
CBAR 5 1 6 7 1. .5 0
CBAR 6 1 8 7 1. .5 0
CBAR 7 1 8 9 1. .5 0
CBAR 8 1 10 9 1. .5 0
CBAR 9 1 1 6 1. .5 0
CBAR 10 1 2 7 1. .5 0
CBAR 11 1 3 8 1. .5 0
CBAR 12 1 4 9 1. .5 0
CBAR 13 1 5 10 1. .5 0
CBAR 14 1 11 1 1. .5 0
CBAR 15 1 11 2 1. .5 0
CBAR 16 1 11 6 1. .5 0
CBAR 17 1 11 7 1. .5 0
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CBAR 18 1 12 2 1. 5 0.
CBAR 19 1 12 3 1. 5 0.
CBAR 20 1 12 7 1. 5 0.
CBAR 21 1 12 8 1. 5 0.
CBAR 22 1 13 3 1. 5 0.
CBAR 23 1 13 4 1. 5 0.
CBAR 24 1 13 8 1. 5 0.
CBAR 25 1 13 9 1. 5 0.
CBAR 26 1 14 4 1. 5 0.
CBAR 27 1 14 5 1. 5 0.
CBAR 28 1 14 9 1. 5 0.
CBAR 29 1 14 10 1. 5 0.
VAT1 1 1.+7 .3

&R D 1 0. 0. 0.

&R D 2 30. 0. 0.

&R D 3 60. 0. 0.

&R D 4 90. 0. 0.

&R D 5 120. 0. 0.

&R D 6 0. 30. 0.

&R D 7 30. 30. 0.

&R D 8 60. 30. 0.

&R D 9 90. 30. 0.

&R D 10 120. 30. 0.

&R D 11 15. 15. 0.

&R D 12 45. 15. 0.

GRID 13 75. 15. 0.

&R D 14 105. 15. 0.

SPCADD 2 1 3

LOAD 2 1. 1. 1 1. 3

SPC1 1 123 1 6

SPC1 3 3 1 THRU 14

FORCE 1 7 0 250. 0. -1. 0
FORCE 1 8 0 250. 0. - 1. 0
FORCE 1 9 0 250 0. - 1. 0
FORCE 1 10 0 250. 0. - 1. 0
FORCE 3 7 0 250. 1. 0. 0
FORCE 3 8 0 250. 1. 0. 0
FORCE 3 9 0 250. 1. 0. 0
FORCE 3 10 0 250. 1. 0. 0
ENDDATA
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SUBMITTING THE INPUT FILE FOR MSC.Nastran and
MSC.Patran USERS:

9. Submit theinput file to MSC.Nastran for analysis.

9a. To submit the MSC.Patran .bdf file, find an available UNIX shell
window. At the command prompt enter nastran wor kshop23.bdf
scr=yes. Monitor the run using the UNIX ps command.

9b. To submit the MSC.Nastran .dat file, find an available UNIX shell
window and at the command prompt enter nastran workshop23
scr=yes. Monitor the run using the UNIX ps command.
10. When the run is completed, edit the wor kshop23.f06 file and search for

theword FATAL. If no matches exist, search for the word WARNING.

Determine whether existing WARNING messages indicate modeling
errors.

10a. While till editing wor kshop23.f06, search for the word:
DI SPL A CE (spacesare necessary).
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Comparison of Results:
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11. Compare the results obtained in the .f06 file with the results on the
following page:
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12. MSC.Nastran Usershavefinished thisexercise. MSC.Patran Users
should proceed to the next step.

13. Proceed with the Reverse Translation process, that is, attaching the
wor kshop23.xdb results file into MSC.Patran. To do this, return to the
Analysisform and proceed as follows:

[ Analysis

Action: Attach XDB
Object: Result Entities
Method: L ocal

Select ResultsFile...

SHlected Results File workshop23.xdb
OK

Apply

Clean up the display using the Reset Graphicstool.

(% Reset Graphics

14. When thetrandlation iscomplete and the Heartbeat turns green, bring up
the Resultsform.

Deactivate the entity labels by selecting the Hide L abels button on

the toolbar.
I:I]; Hide Labels
[] Results
Action: Create
Object: Freebody
Method: L oads
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= Select Results
=

SHlect Result Case: Default
Select Result Type: Freebody L oads
Apply

Figure 23.6:

Notice that M SC.Patran plots the combination SPC forces and OLOADs
for the entire model.

Select Result Case: Default
Select Result Type: Applied Loads
Apply
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Figure 23.7
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Notice that M SC.Patran plots the OLOADs for the entire mode!.

Select Result Case: Default
Select Result Type: Reaction L oads
Apply
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Figure 23.8
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Notice that M SC.Patran plots the SPC forces for the entire model.

15. In addition to plotting the SPC force and/or OLOADSs for the entire
model, MSC.Patran can aso process grid point force data for selected
elements. Bring up the Results form again.

[] Results
Action: Create
Object: Freebody
Method: L oads

= Sdlect Results

=9
Salect Result Case: Default
Select Result Type: Internal Loads
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i Select Entities

Select By: Element
Select Elements: Elm 6,21
Add
Apply

Figure23.9

Tl L paed 5 Foe Defwral S e Bubeage = {11}
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Notice that M SC.Patran plots the summation of forcesfor Elements 6 and
21 at node 8. Additionally, MSC.Patran plots the forces on Element 6 at
Node 7 and the forces on Element 21 at Node 12. (The node locations can
be found in Figure 23.1)
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16. Create asimilar asimilar plot for the moments on Elements 6 and
21.
&t; Display Attributes

Show: Moment

Apply

The display should resemble Figure 23.10.

Figure 23.10

| o
Tl L paed 5 Foe Defwral S e Bubeage = {11}

[
=

17. Create similar plots for external loads on Elements 6 and 21.

[J Results

Action: Create
Object: Freebody
Method: L oads
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% Sdlect Results
Salect Result Case: Default
Select Result Type: External Loads
o s s
Select By: Element
Salect Elements: Elm 6,21
Add
*/J';* Display Attributes
Show: Force
Apply

The display should resemble Figure 23.11.

MSC.Nastran 120 Exercise Workbook 23-31



Figure23.11
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Notice once again that M SC.Patran plots the summation of forces acting
on Elements 6 and 21 at Node 8 and the forces on Element 6 were plotted
at Node 7 and the forces on Element 21 were plotted at Node 12. Also
notice that NO applied loads and SPC forces were added to the
summation. (The node locations can be found in Figure 23.1)

18. MSC.Patran can also calculate interface loads at any user defined loca-

tion.
[] Results
Action: Create
Object: Freebody
Method: Interface
% Sdlect Results
Salect Result Case: Default
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Select Result Type: Internal Loads
st e
Select By: Element
Select Elements: Elm 6,21
Add
Select By: Node
Select Nodes: Node 8
Add
Apply
Figure 23.12
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Notice that M SC.Patran plots the summation of forcesfor Elements 6 and
21 at the default setting [0 O O}. For a similar plot of the interface

moments:
&t; Display Attributes
Show: M oment
Apply

The display should resemble Figure 23.13.
Figure 23.13:

Tl L paed 5 Foe Defwral S e Bubeage = {11}

Plot the interface forces at a different location.

[] Results

Action: Create
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Object:
Method:

=

Salect Result Case:
Select Result Type:

Summation Point:

SHlect By:
Salect Elements:

Add

SHlect By:
Salect Nodes:
Add

Show:
Apply

Freebody

Interface

Sdlect Results

Default

Internal Loads

[1000]

5] s et

Element

Elm 6,21

Node

Node 8

Display Attributes

Force
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The display should resemble Figure 23.14.

Figure 23.14
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Notice that M SC.Patran plots the summation of forcesfor Elements 6 and
21 at the user defined setting [10 0 0]. To see a similar plot for the
Interface moments:

Show:

2

Apply

Display Attributes

M oment

The display should resemble Figure 23.15.

MSC.Nastran 120 Exercise Workbook



woRKsHoP 23 Linear Static Analysis of a Freebody Truss

Figure 23.15
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Notice the difference in calculated combined moment.

19. Reset graphics using the icon on the main toolbar.

% Reset Graphics

Quit MSC.Patran after finishing this exercise.
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