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WORKSHOP 1
BUCKLING ANALYSIS OF A STEERING TIE ROD

100 lb.
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WORKSHOP OBJECTIVE:

• Run a buckling analysis on a finite element model of a slender bar.

• Software Version:

– MSC Nastran 2012.1

– Patran 2012
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100 lb.



SUGGESTED STEPS:

1. Input File: Create an MSC Nastran input file to perform a linear
buckling (SOL 105) analysis.

2. Case Control: Add method command.

– Create Executive Control and Case Control sections.

3. Bulk Data: Create EIGRL eigenvalue entry.

4. Grids: Create GRID points every three inches along the x-axis from 0
to 30 in.

5. Elements: Create ten CBAR elements connecting the GRID points.
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5. Elements: Create ten CBAR elements connecting the GRID points.

6. Properties: Create PBARL properties.

– The tie rod for the steering is made from aluminum tubing.

• Outer Radius = 0.5 in.

• Inner Radius = 0.25 in.



SUGGESTED STEPS:

7. Boundary Conditions: Create a pin constraint at both rod ends (SPC1).

8. Load: Apply a 100 lb. compression point load (FORCE entry) on the
right end.

9. Analysis: Solution Type = Nastran Linear Buckling, Solution
Sequence = 105. Submit input file to MSC Nastran.

10. Examine Output Text File: Examine the Nastran output F06 file

11. Analysis: Access analysis results and model data by attaching the XDB
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11. Analysis: Access analysis results and model data by attaching the XDB
file to a Patran database

12. Results: Plot buckling results and determine critical buckling load.



1. Open Input File:

1. Open the MSC Nastran input file wkshp1.bdf

$
$ wkshp1.bdf
$
$ Add the Executive and Case Control Sections
$

BEGIN BULK
PARAM POST 0
$
$
$ Add the eigenvalue entry
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$ Add the eigenvalue entry

$ Create the GRID Points

$ Create the CBAR elements

$ Add the Element Properties

$ Material: Aluminum
MAT1 1 10.0E6 .3
$
$ Add the SPC1 entries to define the boundary condition

$ Add the Force entry

ENDDATA



2. Create Control Sections and EIGRL Card:

2. Create Executive Control and Case Control sections.

3. Bulk Data: Create EIGRL eigenvalue entry.

$
$ soln1.bdf
$
SOL 105
$
CEND
TITLE = Tie Rod Buckling Analysis
SPC = 1
SUBCASE 1
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SUBCASE 1
LOAD = 1
DISP = ALL
SPCFORCE = ALL

SUBCASE 2
METHOD = 1
DISP = ALL

BEGIN BULK
PARAM POST 0
$
$
$ Eigenvalue entry
$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >
EIGRL 1 5



4. Create GRID Points

4. Grids: Create GRID points every three inches along the x-axis from 0
to 30 in.

$ GRID Points
GRID 1 0. 0. 0.
GRID 2 3. 0. 0.
GRID 3 6. 0. 0.
GRID 4 9. 0. 0.
GRID 5 12. 0. 0.
GRID 6 15. 0. 0.
GRID 7 18. 0. 0.
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GRID 7 18. 0. 0.
GRID 8 21. 0. 0.
GRID 9 24. 0. 0.
GRID 10 27. 0. 0.
GRID 11 30. 0. 0.



5. Create CBAR and PBARL Cards:

5. Create ten CBAR elements connecting the GRID points.

$ CBAR elements

$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >

CBAR 1 1 1 2 0. 1. 0.

CBAR 2 1 2 3 0. 1. 0.

CBAR 3 1 3 4 0. 1. 0.

CBAR 4 1 4 5 0. 1. 0.

CBAR 5 1 5 6 0. 1. 0.

CBAR 6 1 6 7 0. 1. 0.

CBAR 7 1 7 8 0. 1. 0.

CBAR 8 1 8 9 0. 1. 0.
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6. Create PBARL Tube properties

CBAR 8 1 8 9 0. 1. 0.

CBAR 9 1 9 10 0. 1. 0.

CBAR 10 1 10 11 0. 1. 0.

$ Element Properties

PBARL 1 1 TUBE

.5 .25



7. Create Load and Boundary Conditions and Solve:

7. Apply SPC1 boundary conditions.

8. Apply FORCE load.

$ SPC1 entries

SPC1 1 1234 1

SPC1 1 23 11

$ Force entry

FORCE 1 11 0 100. -1. 0. 0.

ENDDATA
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9. Submit input file to MSC Nastran.



10. F06 OUTPUT FILE
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10. F06 OUTPUT FILE (Cont.)

Lowest Buckling Load =Lowest Buckling Load = ll11 xx applied loadapplied load = 50.276 x 100 = 5027.6 lb.= 50.276 x 100 = 5027.6 lb.
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11. POST PROCESSING

Create a new database

a.File: New

b.Enter workshop1 as the File
name

a
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name

c.Click OK.

d.Select Default tolerances.

e.Select MSC Nastran and
Structural for the Analysis Code
and Type.

f.Click OK.

b

d

e

c f



a

11. POST PROCESSING

Attach results file

a.Analysis: Access Results / Attach
XDB / Both

b.Click Select Results File.

c.Select wkshp1.xdb.

d.Click OK.

a
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d.Click OK.

e.Click Apply.
c

d

e

b



a

12. PLOT RESULTS

Plot the results

a.Results: Create / Deformation

b.Select the First Mode as shown.

b
a
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b.Select the First Mode as shown.

c.Select Eigenvectors,
Translational as the Deformation
Result.

d.Click Apply.

c

d



SOLUTION FILE FOR WORKSHOP 1
$ soln1.bdf

SOL 105

CEND

TITLE = Tie Rod Buckling Analysis

SPC = 1

SUBCASE 1

LOAD = 1

DISP = ALL

SPCFORCE = ALL

SUBCASE 2

METHOD = 1

DISP = ALL

BEGIN BULK

PARAM POST 0

$
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$

$ Eigenvalue entry

$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >

EIGRL 1 5

$ GRID Points

GRID 1 0. 0. 0.

GRID 2 3. 0. 0.

GRID 3 6. 0. 0.

GRID 4 9. 0. 0.

GRID 5 12. 0. 0.

GRID 6 15. 0. 0.

GRID 7 18. 0. 0.

GRID 8 21. 0. 0.

GRID 9 24. 0. 0.

GRID 10 27. 0. 0.

GRID 11 30. 0. 0.



SOLUTION FILE FOR WORKSHOP 1 (Cont.)

$ CBAR elements

$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >

CBAR 1 1 1 2 0. 1. 0.

CBAR 2 1 2 3 0. 1. 0.

CBAR 3 1 3 4 0. 1. 0.

CBAR 4 1 4 5 0. 1. 0.

CBAR 5 1 5 6 0. 1. 0.

CBAR 6 1 6 7 0. 1. 0.

CBAR 7 1 7 8 0. 1. 0.

CBAR 8 1 8 9 0. 1. 0.

CBAR 9 1 9 10 0. 1. 0.
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CBAR 10 1 10 11 0. 1. 0.

$ Element Properties

PBARL 1 1 TUBE

.5 .25

$ Material: Aluminum

MAT1 1 10.0E6 .3

$

$ SPC1 entries

SPC1 1 1234 1

SPC1 1 23 11

$ Force entry

FORCE 1 11 0 100. -1. 0. 0.

ENDDATA



THEORETICAL SOLUTION FOR WORKSHOP 1

• Critical Buckling Force:

Where,

– I = 0.04602 in.4

– E = 10e6 psi

2

2

L

EI
Pcr



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– E = 10e6 psi

– L = 30 in.

– The theoretical solution is slightly higher than the Nastran result. Can you
explain this difference?

lb
e

L

EI
Pcr 5047

30

0.04602610
2

2

2

2









THEORETICAL SOLUTION FOR WORKSHOP 1

• We used PBARL properties in this example, which incorporate shear
flexibility.

– Shear flexibility is not accounted for in the theoretical Euler buckling equation.

– With shear flexibility, the critical force will be slightly lower.

2

2

L

EI
Pcr



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– With shear flexibility, the critical force will be slightly lower.

– In order to match these results more closely in Nastran, you could set
appropriate value of Area factor for shear K1 and K2 as follows; For PBAR,
leave K1 and K2 blank. For PBEAM, set K1=K2 = 0.0 (For more details, see
remarks under PBAR and PBEAM, in the Nastran Quick Reference Guide).
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WORKSHOP 2
RBE2 v/s RBE3

RBE3
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RBE2
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WORKSHOP OBJECTIVE:

• Understand the difference between RBE2 and RBE3.

• Software Version:

– MSC Nastran 2012.1

– Patran 2012
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SUGGESTED STEPS:

1. Input File: Edit the given MSC Nastran input file wkshp2.bdf.
The input file contains two models. Each model has two similar plates.
There are two nodes created in between the two sets of plates The two
plates on the top are connected with RBE3 element and the bottom set
of plates is connected with RBE2 element.

2. Create RBE2 and RBE3 entry.

3. Analysis: Solution Type = Nastran Linear Static , Solution
Sequence = 101. Submit input file to MSC Nastran.
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Sequence = 101. Submit input file to MSC Nastran.

4. Examine Output File: Examine the Nastran output F06 file.

5. Results: Plot displacements.



1. Open Input File:

1. Input File: Edit the given MSC Nastran input file wkshp2.bdf

$
$wkshp1.bdf
SOL 101
CEND
TITLE = RBE2 VS. RBE3
SUBCASE 1

SPC = 2
LOAD = 2
DISP=ALL
SPCFORCE=ALL
MPCFORCE=ALL
STRESS=ALL

BEGIN BULK
PARAM POST 0
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PARAM POST 0
PSHELL 1 1 .2 1 1
$
CQUAD4 1 1 1 2 7 6
CQUAD4 2 1 2 3 8 7
.
$
MAT1 1 1.+7 .33
$ Create RBE2 Element

$ Create RBE3 Element

$
GRID 1 0. 0. 0.
GRID 2 2.5 0. 0.
.



1. Open Input File: (Cont.)

• Scroll down to the end of the Grid list to see the two nodes to create
RBE elements.

.

.

.
GRID 98 25. 25. 0.
GRID 99 27.5 25. 0.
GRID 100 30. 25. 0.
$
$Create two independent nodes
GRID 1000 15. 5. 0.
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GRID 1000 15. 5. 0.
GRID 2000 15. 20. 0.
$
SPCADD 2 1
LOAD 2 1. 1. 1
$
.
.
.



2. Create RBE2 and RBE3 Elements

2. Create RBE2 and RBE3 entries

.

.
CQUAD4 62 1 92 93 98 97
CQUAD4 63 1 93 94 99 98
CQUAD4 64 1 94 95 100 99
$
MAT1 1 1.+7 .33
$ Create RBE2 Element
RBE2 1000 1000 123456 5 10 15 20 25

51 56 61 66 71
$ Create RBE3 Element

RBE3
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$ Create RBE3 Element
RBE3 2000 2000 123456 1. 123 30 35

40 45 50 76 81 86 91 96
$
GRID 1 0. 0. 0.
GRID 2 2.5 0. 0.
GRID 3 5. 0. 0.
GRID 4 7.5 0. 0.

RBE2



3. Submit Input file to MSC Nastran

3. Analysis: Solution Type = Nastran Linear Static , Solution Sequence
= 101. Submit input file to MSC Nastran.
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4. F06 Output File
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5. Plot Displacements
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Solution File for Workshop 2
$soln2.bdf

SOL 101

CEND

TITLE = RBE2 VS. RBE3

SUBCASE 1

SPC = 2

LOAD = 2

DISP=ALL

SPCFORCE=ALL

MPCFORCE=ALL

STRESS=ALL

BEGIN BULK

PARAM POST 0

PSHELL 1 1 .2 1 1

$
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CQUAD4 1 1 1 2 7 6

CQUAD4 2 1 2 3 8 7

.

MAT1 1 1.+7 .33

$ RBE2 Element

RBE2 1000 1000 123456 5 10 15 20 25

51 56 61 66 71

$ RBE3 Element

RBE3 2000 2000 123456 1. 123 30 35

40 45 50 76 81 86 91 96

$

GRID 1 0. 0. 0.

GRID 2 2.5 0. 0.

GRID 3 5. 0. 0.

.



Solution File for Workshop 2 (Cont.)

.

.

GRID 1000 15. 5. 0.

GRID 2000 15. 20. 0.

$

SPCADD 2 1

LOAD 2 1. 1. 1

$

SPC1 1 123456 1 6 11 16 21 26

31 36 41 46 55 60 65 70

75 80 85 90 95 100
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75 80 85 90 95 100

$

FORCE 1 1000 0 100. 1. 0. 0.

FORCE 1 2000 0 100. 1. 0. 0.

$

ENDDATA



WORKSHOP 3
INSTRUMENT CONSOLE-COMPOSITES
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WORKSHOP OBJECTIVES:

• Create a composite shell model and material properties for a
graphite-epoxy tape layup and perform a finite element analysis.

• Software Version:

– MSC Nastran 2012.1

– Patran 2012
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SUGGESTED STEPS:

1. Input File: Examine the existing MSC Nastran input file wkshp3.bdf

– The CQUAD4 elements have MCID set to coordinate 0. (So the material
orientation will be aligned with the basic X axis.)

– The load is already included in the file, and is a 10 lb. point load in the middle
of the top face, representing someone pressing down on the console.

– The model is constrained in all three translations at the lower edges.
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SUGGESTED STEPS:

2. Materials: Create MAT8 composite material entry:

– Tape Properties (0.0054” thick):

– Failure Criteria: Hill Theory

E1 E2 n12 G12 G23 G13 r A11 A22

20e6 2e6 0.35 1e6 1e6 1e6 1.3e-4 -2.3e-7 4.5e-6

Component Tension11 Tension22 Compression11 Compression22 Shear Bonding Shear
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– Composite Layup:

Ply 1 2 3 4 5 6 7 8

Orientation 0 45 -45 90 90 -45 45 0

Stress Limit 1.3e5 1.1e4 1.2e5 1.2e4 1.25e4 5000



SUGGESTED STEPS:

3. Properties: Create a PCOMP property to represent the laminate. The
first two lines are shown below:

4. Analysis: Solution Type = Nastran Linear Static, Solution Sequence =

PCOMP PID Z0 NSM SB FT TREF GE LAM

MID1 T1 THETA1 SOUT1 MID2 T2 THETA2 SOUT2

PCOMP 1 5000 HILL

1 .0054 0. YES 1 .0054 45. YES
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4. Analysis: Solution Type = Nastran Linear Static, Solution Sequence =
101. Submit input file to MSC Nastran.

5. Examine Output Text File: Examine the Nastran output F06 file

6. Review the Nastran output F06 file for Displacement, Stress and
Failure Indices output

7. Results: Plot displacement results in Patran with OP2 file.



1. Open Input File:

1. Open wkshp3.bdf with a text editor.
$

$ wkshp3.bdf

$

SOL 101

CEND

TITLE = Composite Console Analysis

ECHO = NONE

SUBCASE 1

SPC = 1

LOAD = 1

DISP=ALL

SPCFORCE=ALL

STRESS(CORNER)=ALL

BEGIN BULK

NAS101B, Workshop 3, March 2012
Copyright© 2012 MSC.Software Corporation WS3 - 7

BEGIN BULK

PARAM POST -1

$

$ Enter composite properties (PCOMP)

$ Enter material properties (MAT8)

$ Elements:

CQUAD4 1 1 1 2 8 7 0

CQUAD4 2 1 2 3 9 8 0

CQUAD4 3 1 3 4 10 9 0

CQUAD4 4 1 4 5 11 10 0

CQUAD4 5 1 5 6 12 11 0

CQUAD4 6 1 7 8 14 13 0

CQUAD4 7 1 8 9 15 14 0

CQUAD4 8 1 9 10 16 15 0

CQUAD4 9 1 10 11 17 16 0

CQUAD4 10 1 11 12 18 17 0



2. Input Material Property and Solve:

2. Create MAT8 composite material entry:

3. Create a PCOMP property to represent the laminate:
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4. Submit input file to MSC Nastran.



5. Review F06 Output File:
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5. Review F06 Output File (Cont.):
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5. Review F06 Output File (Cont.):
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5. Review F06 Output File (Cont.):
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6. POST PROCESSING

Create a new database

a. File: New

b. Enter workshop3 as the File
name

c. Click OK.
d

a
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d. Select Default for Tolerance.

e. Select MSC Nastran and
Structural for the Analysis
Code and Type.

f. Click OK.

b

f

e

d

c



6. POST PROCESSING

Attach results file

a. Analysis: Access Results /
Read Output2/ Both

b. Click Select Results File.

c. Select wkshp3.op2.

a

a
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d. Click OK.

e. Click Apply.
c

d

e

b



7. PLOT RESULTS

Plot the results

a. Results: Create / Deformation

b. Select Displacements,
Translational as the
Deformation Result.

a
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Deformation Result.

c. Click Apply.

c

b



SOLUTION FILE FOR WORKSHOP 3
$ soln3.bdf

SOL 101

CEND

TITLE = Composite Console Analysis

ECHO = NONE

SUBCASE 1

SPC = 1

LOAD = 1

DISP=ALL

SPCFORCE=ALL

STRESS(CORNER)=ALL

BEGIN BULK

PARAM POST -1

$ Composite Material Description:

PCOMP 1 5000. HILL

1 .0054 0. YES 1 .0054 45. YES
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1 .0054 0. YES 1 .0054 45. YES

1 .0054 -45. YES 1 .0054 90. YES

1 .0054 90. YES 1 .0054 -45. YES

1 .0054 45. YES 1 .0054 0. YES

$ Lamina Description:

MAT8 1 2.+7 2.+6 .35 1.+6 1.+6 1.+6 1.3-4

-2.3-7 4.5-6 130000. 120000. 11000. 12000. 12500.

$ Elements:

CQUAD4 1 1 1 2 8 7 0

CQUAD4 2 1 2 3 9 8 0

CQUAD4 3 1 3 4 10 9 0

CQUAD4 4 1 4 5 11 10 0

CQUAD4 5 1 5 6 12 11 0

CQUAD4 6 1 7 8 14 13 0

CQUAD4 7 1 8 9 15 14 0

CQUAD4 8 1 9 10 16 15 0



WORKSHOP 4
SOLID TO SHELL CONTACT
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WORKSHOP OBJECTIVE:

• To create and understand solid to shell contact.

• Software Version:

– MSC Nastran 2012.1
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MODEL DESCRIPTION:

1. The model contains a horizontal plate (meshed with Shells) resting
on two vertical blocks (solid bodies with rectangular cross section)
meshed with Hex elements. Hence this is a case of shells in contact
with solids.

2. The user will join the plate to pillars by solid to shell contact.

3. Aluminum material is used for both the plate and the pillars.

4. The bottom of the pillars are fixed and vertical sliding is applied to
two rows of nodes, midway on the plate .
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two rows of nodes, midway on the plate .

5. A force of 2.5 psi is applied to each of the shell element in the model.



MODEL DESCRIPTION (Cont.):

Plate
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Pillar

Pillar

Plate



SUGGESTED STEPS:

1. Input File: Edit the given MSC Nastran input file wkshp4.bdf.

2. Create contact tables for the two solids by creating entries for
BCBODY, and BSURF .

3. Analysis: Solution Type = Nastran Linear Static , Solution
Sequence = 101. Submit input file to MSC Nastran.

4. Examine Output File: Examine the Nastran output F06 file.

5. Results: Plot displacements.
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5. Results: Plot displacements.



1. Open Input File:

1. Input File: Edit the given MSC Nastran input file wkshp4.bdf.

$wkshp4.bdf
NASTRAN SYSTEM(316)=19
SOL 101
CEND
TITLE = THIS IS A DEFAULT SUBCASE.
ECHO = NONE
SUBCASE 1

TITLE=THIS IS A DEFAULT SUBCASE.
BCONTACT = ALLBODY
SPC = 2
LOAD = 5
DISPLACEMENT(SORT1,REAL)=ALL
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DISPLACEMENT(SORT1,REAL)=ALL
STRESS(SORT1,REAL,VONMISES,BILIN)=ALL
BOUTPUT(SORT1,REAL)=ALL

$ Direct Text Input for this Subcase
BEGIN BULK
PARAM POST 0
PARAM PRTMAXIM YES
$ Elements and Element Properties for region : plate
PSHELL 1 1 .1 1 1
$ Pset: "plate" will be imported as: "pshell.1"
CQUAD4 100 1 217 218 236 235 0. 0.
CQUAD4 101 1 218 219 237 236 0. 0.
CQUAD4 102 1 219 220 238 237 0. 0.
CQUAD4 103 1 220 221 239 238 0. 0.
CQUAD4 104 1 221 222 240 239 0. 0.
.
.
.



1. Open Input File (Cont.):

• Scroll down the input file:

.

.

.
GRID 403 0. .75 1.
GRID 404 .25 .75 1.
GRID 405 0. 1. 1.
GRID 406 .25 1. 1.
$ Loads for Load Case : Untitled.SC1
SPCADD 2 1 3
LOAD 5 1. 1. 1
$ Displacement Constraints
SPC1 1 12 225 226 297 298
$ Displacement Constraints
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$ Displacement Constraints
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deformable Body Contact LBC set of Hex Elements
$
$ Deformable Body Contact LBC set of Shell Elements
$
$ Pressures of Distributed Load Set
PLOAD4 1 100 8.0 THRU 167

0. 0. -1.
ENDDATA



2. Create Contact Sets for Hex and Shell Elements

.

.
$ Displacement Constraints
SPC1 1 12 225 226 297 298
$ Displacement Constraints
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deformable Body Contact LBC set of Hex Elements
BCBODY 1 3D DEFORM 4 0
BSURF 4 200 208 209 210 211 212 213

214 215 224 225 226 227 228 229
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231
$ Deformable Body Contact LBC set of Shell Elements
BCBODY 2 3D DEFORM 5 0
BSURF 5 100 117 134 151 101 118 135

152 115 132 149 166 116 133 150
167

$ Pressures of Distributed Load Set
PLOAD4 1 100 8.0 THRU 167

0. 0. -1.
ENDDATA



2. Create Contact Set for Hex Elements (Cont.)

Hex elements in
contact
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.

.

.
$ Displacement Constraints
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deformable Body Contact LBC set of Hex Elements
BCBODY 1 3D DEFORM 4 0
BSURF 4 230 208 209 210 211 212

213
214 215 224 225 226 227 228

229
231

$ Deformable Body Contact LBC set of Shell Elements
.



2. Create Contact Set for Shell Elements (Cont.)

Shells in contact
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.

.
$ Deformable Body Contact LBC set of Shell Elements
BCBODY 2 3D DEFORM 5 0
BSURF 5 100 117 134 151 101 118 135

152 115 132 149 166 116 133 150
167

$ Pressures of Distributed Load Set
PLOAD4 1 100 8.0 THRU 167

0. 0. -1.
ENDDATA



3. Submit Input File to MSC Nastran

3. Analysis: Solution Type = Nastran Linear Static , Solution Sequence
= 101. Submit input file to MSC Nastran.
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4. F06 Output File
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5. Plot Displacements
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Solution File For Workshop 4
$soln4

NASTRAN SYSTEM(316)=19

SOL 101

CEND

TITLE = THIS IS A DEFAULT SUBCASE.

ECHO = NONE

SUBCASE 1

TITLE=THIS IS A DEFAULT SUBCASE.

BCONTACT = ALLBODY

SPC = 2

LOAD = 5

DISPLACEMENT(SORT1,REAL)=ALL

STRESS(SORT1,REAL,VONMISES,BILIN)=ALL

BOUTPUT(SORT1,REAL)=ALL

$

BEGIN BULK

PARAM POST 0
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PARAM POST 0

PARAM PRTMAXIM YES

$ Elements and Element Properties for region for plate

PSHELL 1 1 .1 1 1

$

CQUAD4 100 1 217 218 236 235 0. 0.

CQUAD4 101 1 218 219 237 236 0. 0.

CQUAD4 102 1 219 220 238 237 0. 0.

CQUAD4 103 1 220 221 239 238 0. 0.

CQUAD4 104 1 221 222 240 239 0. 0.

CQUAD4 105 1 222 223 241 240 0. 0.

CQUAD4 106 1 223 224 242 241 0. 0.

CQUAD4 107 1 224 225 243 242 0. 0.

CQUAD4 108 1 225 226 244 243 0. 0.

CQUAD4 109 1 226 227 245 244 0. 0.

CQUAD4 110 1 227 228 246 245 0. 0.



Solution File For Workshop 4 (Cont.)
.

.

.

.

GRID 401 0. .5 1.

GRID 402 .25 .5 1.

GRID 403 0. .75 1.

GRID 404 .25 .75 1.

GRID 405 0. 1. 1.

GRID 406 .25 1. 1.

$ Loads for Load Case

SPCADD 2 1 3

LOAD 5 1. 1. 1

$ Displacement Constraints

SPC1 1 12 225 226 297 298

$ Displacement Constraints
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SPC1 3 123 307 THRU 316

SPC1 3 123 357 THRU 366

$ Deform Body Contact LBC set of Hex Elements

BCBODY 1 3D DEFORM 4 0

BSURF 4 230 208 209 210 211 212 213

214 215 224 225 226 227 228 229

231

$ Deform Body Contact LBC set of Shell Elements

BCBODY 2 3D DEFORM 5 0

BSURF 5 100 117 134 151 101 118 135

152 115 132 149 166 116 133 150

167

$ Pressures of Distributed Load Set

PLOAD4 1 100 8.0 THRU 167

0. 0. -1.

ENDDATA



ADDITIONAL METHODS OF DEFORMABLE BODY

• Along with BSURF users also can try other deformable body
methods for BSID in BCBODY: BCPROP

BCPROP

Defines a 3D contact region by element properties. All elements with the specified properties define a

contact body used in SOL 101 and MSC Nastran SOLs 400 and 700 only.
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Field Contents

ID Identification of a deformable surface corresponding to a BSID value on the BCBODY

entry. All elements corresponding to the property IDs specified that may potentially

come into contact. Do not specify mixed property types (use all shell, all solid or all

beam properties only). (Integer > 0)

IPi Property ID. A minimum of one entry is required. (Integer; no Default)
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WORKSHOP 5
SOLID GLUE CONTACT
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WORKSHOP OBJECTIVE:

• To create and understand solid face-to-face glue contact.

• Software Version:

– MSC Nastran 2012.1
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MODEL DESCRIPTION:

1. The model contains two solid bodies and are meshed with Solid
elements.

2. The first body is meshed with CHEXA elements and the second body
with CTETRA elements and hence they have dissimilar mesh.

3. Both these bodies are separated by a gap of 0.01 inches between
them.

4. The user will join the two solids by means of glue contact.

5. Aluminium material is used for both the solid bodies.
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5. Aluminium material is used for both the solid bodies.

6. The free end of the solid with hex mesh is fixed in all directions.

7. A force of 10 psi is applied

to the two corner nodes of

the solid meshed with Tet

mesh.



MODEL DESCRIPTION (CONT.):

Gap of 0.01 in.
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Suggested Steps:

1. Input File: Edit the given MSC Nastran input file wkshp5.bdf.

2. Create contact tables for the two solids by creating entries for
BCBODY, BSURF and BCTABLE.

3. Analysis: Solution Type = Nastran Linear Static , Solution
Sequence = 101. Submit input file to MSC Nastran.

4. Examine Output File: Examine the Nastran output F06 file.

5. Results: Plot displacements.
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5. Results: Plot displacements.



1. Open Input File:

1. Input File: Edit the given MSC Nastran input file wkshp5.bdf.
$wkshp5.bdf
NASTRAN SYSTEM(316)=19
SOL 101
CEND
ECHO = NONE
SUBCASE 1

TITLE=This is a default subcase.
BCONTACT = 1
SPC = 2
LOAD = 2
DISPLACEMENT(SORT1,REAL)=ALL
STRESS(SORT1,REAL,VONMISES,BILIN)=ALL
NLOPRM MPCPCH=BEGN
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BEGIN BULK
$
PARAM POST 0
PARAM PRTMAXIM YES
$
$ Elements and Element Properties for Hex Elements
PSOLID 1 1 0
$
CHEXA 1 1 7293 7294 7315 7314 7524 7525

7546 7545
CHEXA 2 1 7294 7295 7316 7315 7525 7526

7547 7546
.
.
.



1. Open Input File (Cont.):

• Scroll down the input file:
.
.
.
GRID 8244 9.5004 5. 0.
GRID 8245 10. 5. 0.
$ Loads for Load Case
SPCADD 2 1
LOAD 2 1. 1. 1
$ Displacement Constraints of Load Set
SPC1 1 123456 7313 7334 7355 7376 7397 7418

7439 7460 7481 7502 7523 7544 7565 7586
7607 7628 7649 7670 7691 7712 7733 7754

$ Create Contact Tables
$
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$
$ Create Deformable Body Contact LBC set for Hex Elements
$
$ Create Deformable Body Contact LBC set for Tet Elements
$
$
$ Nodal Forces Applied in the Z Direction
FORCE 1 8017 0 10. 0. 0. 1.
FORCE 1 8225 0 10. 0. 0. 1.
$
ENDDATA



2. Create Contact Set for Hex Elements
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.

.

.
$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
$
.
.
.



2. Create Contact Set for Hex Elements (Cont.)

Hex elements in contact
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.

.

.
$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
$
.
.
.



2. Create Contact Set for Tet Elements

.

.

Tet elements in contact
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.

.
$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
BCBODY 2 3D DEFORM 2 0
$
BSURF 2 704 950 258 951 557 651 779

487 486 280 1513 1561 1505 1512 1503
1442 1499 1509 1571 1053

.

.



3. Create Contact Tables

.

.
$ Create Contact Tables
BCTABLE 0 1
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BCTABLE 0 1
SLAVE 2 0.015 2

0 0 0
MASTERS 1

$
BCTABLE 1 1

SLAVE 2 0.015 2
0 0 0

MASTERS 1
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
.
.



3. Submit Input File to MSC Nastran

3. Analysis: Solution Type = Nastran Linear Static , Solution Sequence
= 101. Submit input file to MSC Nastran.
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4. F06 Output File
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DISPLACEMENT OUTPUT IN F06
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5. Plot Displacements
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Solution File For Workshop 5
$soln5.bdf

NASTRAN SYSTEM(316)=19

SOL 101

CEND

ECHO = NONE

SUBCASE 1

TITLE=This is a default subcase.

BCONTACT = 1

SPC = 2

LOAD = 2

DISPLACEMENT(SORT1,REAL)=ALL

STRESS(SORT1,REAL,VONMISES,BILIN)=ALL

NLOPRM MPCPCH=BEGN

BEGIN BULK

$
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PARAM POST 0

PARAM PRTMAXIM YES

$

$ Elements and Element Properties for Hex Elements

PSOLID 1 1 0

$

CHEXA 1 1 7293 7294 7315 7314 7524 7525

7546 7545

CHEXA 2 1 7294 7295 7316 7315 7525 7526

7547 7546

CHEXA 3 1 7295 7296 7317 7316 7526 7527

7548 7547

CHEXA 4 1 7296 7297 7318 7317 7527 7528

7549 7548

CHEXA 5 1 7297 7298 7319 7318 7528 7529

7550 7549

.

.

.



Solution File For Workshop 5 (Cont.)
.

.

.

GRID 8243 9.0003 5. 0.

GRID 8244 9.5004 5. 0.

GRID 8245 10. 5. 0.

$ Loads for Load Case

SPCADD 2 1

LOAD 2 1. 1. 1

$ Displacement Constraints of Load Set

SPC1 1 123456 7313 7334 7355 7376 7397 7418

7439 7460 7481 7502 7523 7544 7565 7586

7607 7628 7649 7670 7691 7712 7733 7754

$ Create Contact Tables

BCTABLE 0 1

SLAVE 2 0.015 2
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SLAVE 2 0.015 2

0 0 0

MASTERS 1

$

BCTABLE 1 1

SLAVE 2 0.015 2

0 0 0

MASTERS 1

$ Create Deformable Body Contact LBC set for Hex Elements

BCBODY 1 3D DEFORM 1 0

$

BSURF 1 1 21 41 61 81 101 121

141 161 181

$

.



Solution File For Workshop 5 (Cont.)

.

.

.

$

$ Create Deformable Body Contact LBC set for Tet Elements

BCBODY 2 3D DEFORM 2 0

$

BSURF 2 704 950 258 951 557 651 779

487 486 280 1513 1561 1505 1512 1503

1442 1499 1509 1571 1053

$ Nodal Forces Applied in the Z Direction

FORCE 1 8017 0 10. 0. 0. 1.

FORCE 1 8225 0 10. 0. 0. 1.
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FORCE 1 8225 0 10. 0. 0. 1.

$

ENDDATA



ADDITIONAL METHODS OF DEFORMABLE BODY

• Along with BSURF users also can try other deformable body
methods for BSID in BCBODY: BCPROP

BCPROP

Defines a 3D contact region by element properties. All elements with the specified properties define a

contact body used in SOL 101 and MSC Nastran SOLs 400 and 700 only.
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Field Contents

ID Identification of a deformable surface corresponding to a BSID value on the BCBODY

entry. All elements corresponding to the property IDs specified that may potentially

come into contact. Do not specify mixed property types (use all shell, all solid or all

beam properties only). (Integer > 0)

IPi Property ID. A minimum of one entry is required. (Integer; no Default)



WORKSHOP 1
BUCKLING ANALYSIS OF A STEERING TIE ROD

450N
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WORKSHOP OBJECTIVE:

• Run a buckling analysis on a finite element model of a slender bar.

• Software Version:

– MSC Nastran 2012.1

– Patran 2012
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450 N



SUGGESTED STEPS:

1. Input File: Create an MSC Nastran input file to perform a linear
buckling (SOL 105) analysis.

2. Case Control: Add method command.

– Create Executive Control and Case Control sections.

3. Bulk Data: Create EIGRL eigenvalue entry.

4. Grids: Create GRID points every three inches along the x-axis from 0
to 750 mm

5. Elements: Create ten CBAR elements connecting the GRID points.
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5. Elements: Create ten CBAR elements connecting the GRID points.

6. Properties: Create PBARL properties.

– The tie rod for the steering is made from aluminum tubing.

• Outer Radius = 13 mm.

• Inner Radius = 6.5 mm.



SUGGESTED STEPS:

7. Boundary Conditions: Create a pin constraint at both rod ends (SPC1).

8. Load: Apply a 450 N compression point load (FORCE entry) on the right
end.

9. Analysis: Solution Type = Nastran Linear Buckling, Solution
Sequence = 105. Submit input file to MSC Nastran.

10. Examine Output Text File: Examine the Nastran output F06 file

11. Analysis: Access analysis results and model data by attaching the XDB
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11. Analysis: Access analysis results and model data by attaching the XDB
file to a Patran database

12. Results: Plot buckling results and determine critical buckling load.



1. Open Input File:

1. Open the MSC Nastran input file wkshp1.bdf

$
$ wkshp1.bdf
$
$ Add the Executive and Case Control Sections
$

BEGIN BULK
PARAM POST 0
$
$
$ Add the eigenvalue entry
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$ Add the eigenvalue entry

$ Create the GRID Points

$ Create the CBAR elements

$ Add the Element Properties

$ Material: Aluminum
MAT1 1 68.9E3 .3
$
$ Add the SPC1 entries to define the boundary condition

$ Add the Force entry

ENDDATA



2. Create Control Sections and EIGRL Card:

2. Create Executive Control and Case Control sections.

3. Bulk Data: Create EIGRL eigenvalue entry.

$
$ soln1.bdf
$
SOL 105
$
CEND
TITLE = Tie Rod Buckling Analysis
SPC = 1
SUBCASE 1
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SUBCASE 1
LOAD = 1
DISP = ALL
SPCFORCE = ALL

SUBCASE 2
METHOD = 1
DISP = ALL

BEGIN BULK
PARAM POST 0
$
$
$ Eigenvalue entry
$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >
EIGRL 1 5



4. Create GRID Points

4. Grids: Create GRID points every three inches along the x-axis from 0
to 750mm

$ GRID Points

GRID 1 0. 0. 0.

GRID 2 75. 0. 0.

GRID 3 150. 0. 0.

GRID 4 225. 0. 0.

GRID 5 300. 0. 0.
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GRID 5 300. 0. 0.

GRID 6 375. 0. 0.

GRID 7 450. 0. 0.

GRID 8 525. 0. 0.

GRID 9 600. 0. 0.

GRID 10 675. 0. 0.

GRID 11 750. 0. 0.



5. Create CBAR and PBARL Cards:

5. Create ten CBAR elements connecting the GRID points.

$ CBAR elements

$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >

CBAR 1 1 1 2 0. 1. 0.

CBAR 2 1 2 3 0. 1. 0.

CBAR 3 1 3 4 0. 1. 0.

CBAR 4 1 4 5 0. 1. 0.

CBAR 5 1 5 6 0. 1. 0.

CBAR 6 1 6 7 0. 1. 0.

CBAR 7 1 7 8 0. 1. 0.

CBAR 8 1 8 9 0. 1. 0.
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6. Create PBARL Tube properties

CBAR 8 1 8 9 0. 1. 0.

CBAR 9 1 9 10 0. 1. 0.

CBAR 10 1 10 11 0. 1. 0.

$ Element Properties

PBARL 1 1 TUBE

13.0 6.5



7. Create Load and Boundary Conditions and Solve:

7. Apply SPC1 boundary conditions.

8. Apply FORCE load.

$ SPC1 entries

SPC1 1 1234 1

SPC1 1 23 11

$ Force entry

FORCE 1 11 0 450. -1. 0. 0.

ENDDATA
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9. Submit input file to MSC Nastran.



10. F06 OUTPUT FILE
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10. F06 OUTPUT FILE (Cont.)

Lowest Buckling Load =Lowest Buckling Load = ll11 xx applied loadapplied load == 56.356.3 x 100 =x 100 = 25335 N25335 N
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11. POST PROCESSING

Create a new database

a.File: New

b.Enter workshop1 as the File

a
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b.Enter workshop1 as the File
name

c.Click OK.

d.Select Default tolerances.

e.Select MSC Nastran and
Structural for the Analysis Code
and Type.

f.Click OK.

b

d

e

c f



11. POST PROCESSING

Attach results file

a.Analysis: Access Results /
Attach XDB / Both

b.Click Select Results File.

c.Select wkshp1.xdb.

a

a
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d.Click OK.

e.Click Apply.
c

d

e

b



a

12. PLOT RESULTS

Plot the results

a.Results: Create / Deformation

b.Select the First Mode as
shown.

b

a
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shown.

c.Select Eigenvectors,
Translational as the Deformation
Result.

d.Click Apply.

c

d



SOLUTION FILE FOR WORKSHOP 1
SOL 105

$

CEND

TITLE = Tie Rod Buckling Analysis

SPC = 1

SUBCASE 1

LOAD = 1

DISP = ALL

SPCFORCE = ALL

SUBCASE 2

METHOD = 1

DISP = ALL

BEGIN BULK

PARAM POST 0

$
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$

$ Eigenvalue entry

$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >

EIGRL 1 5

$ GRID Points

GRID 1 0. 0. 0.

GRID 2 75. 0. 0.

GRID 3 150. 0. 0.

GRID 4 225. 0. 0.

GRID 5 300. 0. 0.

GRID 6 375. 0. 0.

GRID 7 450. 0. 0.

GRID 8 525. 0. 0.

GRID 9 600. 0. 0.

GRID 10 675. 0. 0.

GRID 11 750. 0. 0.



SOLUTION FILE FOR WORKSHOP 1 (Cont.)

$ CBAR elements

$ 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >< 9 >< 10 >

CBAR 1 1 1 2 0. 1. 0.

CBAR 2 1 2 3 0. 1. 0.

CBAR 3 1 3 4 0. 1. 0.

CBAR 4 1 4 5 0. 1. 0.

CBAR 5 1 5 6 0. 1. 0.

CBAR 6 1 6 7 0. 1. 0.

CBAR 7 1 7 8 0. 1. 0.

CBAR 8 1 8 9 0. 1. 0.

CBAR 9 1 9 10 0. 1. 0.

CBAR 10 1 10 11 0. 1. 0.

$ Element Properties

PBARL 1 1 TUBE
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PBARL 1 1 TUBE

13. 6.5

$ Material: Aluminum

MAT1 1 68.95E3 .3

$

$ SPC1 entries

SPC1 1 1234 1

SPC1 1 23 11

$ Force entry

FORCE 1 11 0 450. -1. 0. 0.

ENDDATA



THEORETICAL SOLUTION FOR WORKSHOP 1

• Critical Buckling Force:

Where,

– I = 21029.77 mm4

– E = 68.95E3 N/mm2

2

2

L

EI
Pcr



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– E = 68.95E3 N/mm2

– L = 750 mm.

– The theoretical solution is slightly higher than the MSC Nastran result. Can you
explain this difference?

N
e

L

EI
Pcr 25442

750

39568
2

2

2

2





21029.7.



THEORETICAL SOLUTION FOR WORKSHOP 1

• We used PBARL properties in this example, which incorporates
shear flexibility.

– Shear flexibility is not accounted for in the theoretical Euler buckling equation.

– With shear flexibility, the critical force will be slightly lower.

2

2

L

EI
Pcr



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– With shear flexibility, the critical force will be slightly lower.

– In order to match these results more closely in Nastran, you could set
appropriate value of Area factor for shear K1 and K2 as follows; For PBAR,
leave K1 and K2 blank. For PBEAM, set K1=K2 = 0.0 (For more details, see
remarks under PBAR and PBEAM, in the Nastran Quick Reference Guide).
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WORKSHOP 2
RBE2 v/s RBE3

RBE3
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RBE2
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WORKSHOP OBJECTIVE:

• Understand the difference between RBE2 and RBE3.

• Software Version:

– MSC Nastran 2012.1

– Patran 2012
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SUGGESTED STEPS:

1. Input File: Edit the given MSC Nastran input file wkshp2.bdf.
The input file contains two models. Each model has two similar plates.
There are two nodes created in between the two sets of plates The two
plates on the top are connected with RBE3 element and the bottom set
of plates is connected with RBE2 element.

2. Create RBE2 and RBE3 entry.

3. Analysis: Solution Type = Nastran Linear Static , Solution
Sequence = 101. Submit input file to MSC Nastran.
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Sequence = 101. Submit input file to MSC Nastran.

4. Examine Output File: Examine the Nastran output F06 file.

5. Results: Plot displacements.



1. Open Input File:

1. Input File: Edit the given MSC Nastran input file wkshp2.bdf

$
$wkshp1.bdf
SOL 101
CEND
TITLE = RBE2 VS. RBE3
SUBCASE 1

SPC = 2
LOAD = 2
DISP=ALL
SPCFORCE=ALL
MPCFORCE=ALL
STRESS=ALL

BEGIN BULK
PARAM POST 0
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PARAM POST 0
PSHELL 1 1 .2 1 1
$
CQUAD4 1 1 1 2 7 6
CQUAD4 2 1 2 3 8 7
.
$
MAT1 1 1.+7 .33
$ Create RBE2 Element

$ Create RBE3 Element

$
GRID 1 0. 0. 0.
.



1. Open Input File: (Cont.)

• Scroll down to the end of the Grid list to see the two nodes to create
RBE elements.

.

.

.
GRID 98 635. 635. 0.
GRID 99 698.5 635. 0.
GRID 100 762. 635. 0.
$
$Create two independent nodes
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$Create two independent nodes
GRID 1000 381. 127. 0. 1
GRID 2000 381. 508. 0. 1
$
SPCADD 2 1
LOAD 3 1. 1. 1
$
.
.
.



2. Create RBE2 and RBE3 Elements

2. Create RBE2 and RBE3 entries

.

.
CQUAD4 62 1 92 93 98 97
CQUAD4 63 1 93 94 99 98
CQUAD4 64 1 94 95 100 99
$
MAT1 1 68000. 2500. .33
$ Create RBE2 Element
RBE2 1000 1000 123456 5 10 15 20 25

51 56 61 66 71
$ Create RBE3 Element

RBE3
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$ Create RBE3 Element
RBE3 2000 2000 123456 1. 123 30 35

40 45 50 76 81 86 91 96
$
GRID 1 0. 0. 0.
GRID 2 63.5 0. 0.
GRID 3 127. 0. 0.
GRID 4 190.5 0. 0.

RBE2



3. Submit Input file to MSC Nastran

3. Analysis: Solution Type = Nastran Linear Static , Solution Sequence
= 101. Submit input file to MSC Nastran.
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4. F06 Output File
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5. Plot Displacements
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Solution File for Workshop 2
$

$soln2.bdf

SOL 101

CEND

TITLE = RBE2 VS. RBE3

SUBCASE 1

SPC = 2

LOAD = 2

DISP=ALL

SPCFORCE=ALL

MPCFORCE=ALL

STRESS=ALL

BEGIN BULK

PARAM POST 0

PSHELL 1 1 5. 1 1

$
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$

CQUAD4 1 1 1 2 7 6

CQUAD4 2 1 2 3 8 7

.

MAT1 1 68000. 2500. .33

$ RBE2 Element

RBE2 1000 1000 123456 5 10 15 20 25

51 56 61 66 71

$ RBE3 Element

RBE3 2000 2000 123456 1. 123 30 35

40 45 50 76 81 86 91 96

GRID 1 0. 0. 0.

GRID 2 63.5 0. 0.

GRID 3 127. 0. 0.



Solution File for Workshop 2 (Cont.)

.

.

GRID 1000 381. 127. 0. 1

GRID 2000 381. 508. 0. 1

$ Loads for Load Case : Untitled.SC1

SPCADD 2 1

LOAD 3 1. 1. 1

$ Displacement Constraints of Load Set : spc1.1

SPC1 1 123456 1 6 11 16 21 26

31 36 41 46 55 60 65 70

75 80 85 90 95 100
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75 80 85 90 95 100

$ Nodal Forces of Load Set : force.1

FORCE 1 1000 1 450. 1. 0. 0.

FORCE 1 2000 1 450. 1. 0. 0.

$

ENDDATA



WORKSHOP 3
INSTRUMENT CONSOLE-COMPOSITES
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WORKSHOP OBJECTIVES:

• Create a composite shell model and material properties for a
graphite-epoxy tape layup and perform a finite element analysis.

• Software Version:

– MSC Nastran 2012.1

– Patran 2012
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SUGGESTED STEPS:

1. Input File: Examine the existing MSC Nastran input file wkshp3.bdf

– The CQUAD4 elements have MCID set to coordinate 0. (So the material
orientation will be aligned with the basic X axis.)

– The load is already included in the file, and is a 10 lb. point load in the middle
of the top face, representing someone pressing down on the console.

– The model is constrained in all three translations at the lower edges.
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SUGGESTED STEPS:

2. Materials: Create MAT8 composite material entry:

– Tape Properties (0.14 mm thick):

– Failure Criteria: Hill Theory

E1 E2 n12 G12 G23 G13 r A11 A22

13.8E4 13.8E3 0.35 6.89E3 6.89E3 6.89E3 3.6E-9 -4.14e-7 8.1e-6

Component Tension Tension Compression Compression Shear Bonding Shear
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– Composite Layup:

Ply 1 2 3 4 5 6 7 8

Orientation 0 45 -45 90 90 -45 45 0

Component Tension11 Tension22 Compression11 Compression22 Shear Bonding Shear

Stress Limit 6.17 0.52 827.3 82.7 86.18 34.47



SUGGESTED STEPS:

3. Properties: Create a PCOMP property to represent the laminate. The
first two lines are shown below:

4. Analysis: Solution Type = Nastran Linear Static,

PCOMP PID Z0 NSM SB FT TREF GE LAM

MID1 T1 THETA1 SOUT1 MID2 T2 THETA2 SOUT2

PCOMP 1 34.47 HILL

1 0.137 0. YES 1 0.137 45. YES
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4. Analysis: Solution Type = Nastran Linear Static,

Solution Sequence = 101. Submit input file to MSC Nastran.

3. Examine Output Text File: Examine the Nastran output F06 file

4. Review the Nastran output F06 file for Displacement, Stress and
Failure Indices output

5. Results: Plot displacement results in Patran with OP2 file.



1. Open Input File:

1. Open wkshp3.bdf with a text editor.
$

$ wkshp3.bdf

$

SOL 101

CEND

TITLE = Composite Console Analysis

ECHO = NONE

SUBCASE 1

SPC = 1

LOAD = 1

DISP=ALL

SPCFORCE=ALL

STRESS(CORNER)=ALL

BEGIN BULK
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BEGIN BULK

PARAM POST -1

$

$ Enter composite properties (PCOMP)

$ Enter material properties (MAT8)

$ Elements:

CQUAD4 1 1 1 2 8 7 0

CQUAD4 2 1 2 3 9 8 0

CQUAD4 3 1 3 4 10 9 0

CQUAD4 4 1 4 5 11 10 0

CQUAD4 5 1 5 6 12 11 0

CQUAD4 6 1 7 8 14 13 0

CQUAD4 7 1 8 9 15 14 0

CQUAD4 8 1 9 10 16 15 0

CQUAD4 9 1 10 11 17 16 0

CQUAD4 10 1 11 12 18 17 0



2. Input Material Property and Solve:

2. Create MAT8 composite material entry:

3. Create a PCOMP property to represent the laminate:

PCOMP 1 34.47 HILL
1 .14 0. YES 1 .14 45. YES
1 .14 -45. YES 1 .14 90. YES
1 .14 90. YES 1 .14 -45. YES
1 .14 45. YES 1 .14 0. YES

$ Lamina Description:
MAT8 1 138000. 13800. .35 6890. 6890. 6890. 3.6e-9

-2.3-7 4.5-6 6.17 827.3 .52 82.7 86.8
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4. Submit input file to MSC Nastran.



5. Review F06 Output File:
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5. Review F06 Output File (Cont.):
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5. Review F06 Output File (Cont.):
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5. Review F06 Output File (Cont.):
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6. POST PROCESSING

Create a new database

a. File: New

b. Enter workshop3 as the File
name

c. Click OK.
d

a
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d. Select Default for Tolerance.

e. Select MSC Nastran and
Structural for the Analysis
Code and Type.

f. Click OK.

b

f

e

d

c



6. POST PROCESSING

Attach results file

a. Analysis: Access Results /
Read Output2/ Both

b. Click Select Results File.

c. Select wkshp3.op2.

a

a
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d. Click OK.

e. Click Apply.
c

d

e

b



7. PLOT RESULTS

Plot the results

a. Results: Create /
Deformation

b. Select Displacements,
Translational as the

a
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Translational as the
Deformation Result.

c. Click Apply.

c

b



SOLUTION FILE FOR WORKSHOP 3
$ soln3.bdf

SOL 101

CEND

TITLE = COMPOSITE CONSOLE ANALYSIS

ECHO = NONE

SUBCASE 1

TITLE=COMPOSITE CONSOLE ANALYSIS

SPC = 2

LOAD = 3

DISPLACEMENT(SORT1,REAL)=ALL

SPCFORCES(SORT1,REAL)=ALL

STRESS(SORT1,REAL,VONMISES,BILIN)=ALL

BEGIN BULK

PARAM POST -1

PCOMP 1 34.47 HILL

1 .14 0. YES 1 .14 45. YES
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1 .14 0. YES 1 .14 45. YES

1 .14 -45. YES 1 .14 90. YES

1 .14 90. YES 1 .14 -45. YES

1 .14 45. YES 1 .14 0. YES

$ Lamina Description:

MAT8 1 138000. 13800. .35 6890. 6890. 6890. 3.6e-9

-2.3-7 4.5-6 6.17 827.3 .52 82.7 86.8

$ Elements:

CQUAD4 1 1 1 2 8 7 1 0.

CQUAD4 2 1 2 3 9 8 1 0.

CQUAD4 3 1 3 4 10 9 1 0.

CQUAD4 4 1 4 5 11 10 1 0.

CQUAD4 5 1 5 6 12 11 1 0.

CQUAD4 6 1 7 8 14 13 1 0.

CQUAD4 7 1 8 9 15 14 1 0.

CQUAD4 8 1 9 10 16 15 1 0.

CQUAD4 9 1 10 11 17 16 1 0.



WORKSHOP 4
SOLID TO SHELL CONTACT
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WORKSHOP OBJECTIVE:

• To create and understand solid to shell contact.

• Software Version:

– MSC Nastran 2012.1
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MODEL DESCRIPTION:

1. The model contains a horizontal plate (meshed with Shells) resting
on two vertical blocks (solid bodies with rectangular cross section)
meshed with Hex elements. Hence this is a case of shells in contact
with solids.

2. The user will join the plate to pillars by solid to shell contact.

3. Aluminum material is used for both the plate and the pillars.

4. The bottom of the pillars are fixed and vertical sliding is applied to
two rows of nodes, midway on the plate .
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two rows of nodes, midway on the plate .

5. A force of 100Pa is applied to each of the shell element in the model.



MODEL DESCRIPTION (Cont.):

Plate
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Pillar

Pillar

Plate



SUGGESTED STEPS:

1. Input File: Edit the given MSC Nastran input file wkshp4.bdf.

2. Create contact tables for the two solids by creating entries for
BCBODY, and BSURF .

3. Analysis: Solution Type = Nastran Linear Static , Solution
Sequence = 101. Submit input file to MSC Nastran.

4. Examine Output File: Examine the Nastran output F06 file.

5. Results: Plot displacements.
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5. Results: Plot displacements.



1. Open Input File:

1. Input File: Edit the given MSC Nastran input file wkshp4.bdf.

$soln4 (in SI units)
NASTRAN SYSTEM(316)=19
SOL 101
CEND
TITLE = THIS IS A DEFAULT SUBCASE.
ECHO = NONE
SUBCASE 1

TITLE=THIS IS A DEFAULT SUBCASE.
BCONTACT = ALLBODY
SPC = 2
LOAD = 5
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LOAD = 5
DISPLACEMENT(SORT1,REAL)=ALL
STRESS(SORT1,REAL,VONMISES,BILIN)=ALL
BOUTPUT(SORT1,REAL)=ALL

BEGIN BULK
PARAM POST 0
PARAM PRTMAXIM YES
include 'Model_Include_SI.bdf'
$ Loads for Load Case
.
.
.

The ‘include’ card calls
the model bulk data

from file
'Model_Include_SI.bdf'



1. Open Input File (Cont.):

• Scroll down the input file:
.
.
.
$ Loads for Load Case
SPCADD 2 1 3
LOAD 5 1. 1. 1
$ Displacement Constraints of Load Set
SPC1 1 12 225 226 297 298
$ Displacement Constraints of Load Set
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deform Body Contact LBC set of Hex Elements
$
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$
$ Deform Body Contact LBC set of Shell Elements
$
$ Pressures of Distributed Load Set
PLOAD4 1 100 0.07 THRU 167

0. 0. -1.
ENDDATA



2. Create Contact Sets for Hex and Shell Elements

.

.

.
$ Displacement Constraints of Load Set
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deform Body Contact LBC set of Hex Elements
BCBODY 1 3D DEFORM 4 0
BSURF 4 230 208 209 210 211 212 213

214 215 224 225 226 227 228 229
231

$ Deform Body Contact LBC set of Shell Elements
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$ Deform Body Contact LBC set of Shell Elements
BCBODY 2 3D DEFORM 5 0
BSURF 5 100 117 134 151 101 118 135

152 115 132 149 166 116 133 150
167

$ Pressures of Distributed Load Set
PLOAD4 1 100 0.07 THRU 167

0. 0. -1.
ENDDATA



2. Create Contact Set for Hex Elements (Cont.)

Hex elements in
contact
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.

.

.
$ Displacement Constraints
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deformable Body Contact LBC set of Hex Elements
BCBODY 1 3D DEFORM 4 0
BSURF 4 230 208 209 210 211 212 213

214 215 224 225 226 227 228 229
231

$ Deformable Body Contact LBC set of Shell Elements
.



2. Create Contact Set for Shell Elements (Cont.)

Shells in contact
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.

.
$ Deformable Body Contact LBC set of Shell Elements
BCBODY 2 3D DEFORM 5 0
BSURF 5 100 117 134 151 101 118 135

152 115 132 149 166 116 133 150
167

$ Pressures of Distributed Load Set
PLOAD4 1 100 0.07 THRU 167

0. 0. -1.
ENDDATA



3. Submit Input File to MSC Nastran

3. Analysis: Solution Type = Nastran Linear Static , Solution Sequence
= 101. Submit input file to MSC Nastran.
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4. F06 Output File
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5. Plot Displacements
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Solution File For Workshop 4

$soln4 (in SI units)

NASTRAN SYSTEM(316)=19

SOL 101

CEND

TITLE = THIS IS A DEFAULT SUBCASE.

ECHO = NONE

SUBCASE 1

TITLE=THIS IS A DEFAULT SUBCASE.

BCONTACT = ALLBODY

SPC = 2

LOAD = 5

DISPLACEMENT(SORT1,REAL)=ALL

STRESS(SORT1,REAL,VONMISES,BILIN)=ALL

BOUTPUT(SORT1,REAL)=ALL

BEGIN BULK
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BEGIN BULK

PARAM POST 0

PARAM PRTMAXIM YES

include 'Model_Include_SI.bdf'

$ Loads for Load Case

SPCADD 2 1 3

LOAD 5 1. 1. 1

$ Displacement Constraints of Load Set

SPC1 1 12 225 226 297 298

.

.

.



Solution File For Workshop 4 (Cont.)

.

.

.
$ Displacement Constraints of Load Set
SPC1 3 123 307 THRU 316
SPC1 3 123 357 THRU 366
$ Deform Body Contact LBC set of Hex Elements
BCBODY 1 3D DEFORM 4 0
BSURF 4 230 208 209 210 211 212 213

214 215 224 225 226 227 228 229
231

$ Deform Body Contact LBC set of Shell Elements
BCBODY 2 3D DEFORM 5 0
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BCBODY 2 3D DEFORM 5 0
BSURF 5 100 117 134 151 101 118 135

152 115 132 149 166 116 133 150
167

$ Pressures of Distributed Load Set
PLOAD4 1 100 0.07 THRU 167

0. 0. -1.
ENDDATA

Do not forget to ‘include’ the
file 'Model_Include_SI.bdf‘
in the same directory as
your ‘soln4.bdf’ file.



ADDITIONAL METHODS OF DEFORMABLE BODY

• Along with BSURF users also can try other deformable body
methods for BSID in BCBODY: BCPROP

BCPROP

Defines a 3D contact region by element properties. All elements with the specified properties define a

contact body used in SOL 101 and MSC Nastran SOLs 400 and 700 only.
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Field Contents

ID Identification of a deformable surface corresponding to a BSID value on the BCBODY

entry. All elements corresponding to the property IDs specified that may potentially

come into contact. Do not specify mixed property types (use all shell, all solid or all

beam properties only). (Integer > 0)

IPi Property ID. A minimum of one entry is required. (Integer; no Default)
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WORKSHOP 5
SOLID GLUE CONTACT
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WORKSHOP OBJECTIVE:

• To create and understand solid face-to-face glue contact.

• Software Version:

– MSC Nastran 2012.1
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MODEL DESCRIPTION:

1. The model contains two solid bodies and are meshed with Solid
elements.

2. The first body is meshed with CHEXA elements and the second body
with CTETRA elements and hence they have dissimilar mesh.

3. Both these bodies are separated by a gap of 0.25 mm between them.

4. The user will join the two solids by means of glue contact.

5. Aluminium material is used for both the solid bodies.

6. The free end of the solid with hex mesh is fixed in all directions.
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6. The free end of the solid with hex mesh is fixed in all directions.

7. A force of 45 N is applied

to the two corner nodes of

the solid meshed with Tet

mesh.



MODEL DESCRIPTION (CONT.):

Gap of 0.25 mm
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Suggested Steps:

1. Input File: Edit the given MSC Nastran input file wkshp5.bdf.

2. Create contact tables for the two solids by creating entries for
BCBODY, BSURF and BCTABLE.

3. Analysis: Solution Type = Nastran Linear Static , Solution
Sequence = 101. Submit input file to MSC Nastran.

4. Examine Output File: Examine the Nastran output F06 file.

5. Results: Plot displacements.
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5. Results: Plot displacements.



1. Open Input File:

1. Input File: Edit the given MSC Nastran input file wkshp5.bdf.

$wkshp5.bdf
NASTRAN SYSTEM(316)=19
SOL 101
CEND
ECHO = NONE
SUBCASE 1

TITLE=This is a default subcase.
BCONTACT = 1
SPC = 2
LOAD = 2
DISPLACEMENT(SORT1,REAL)=ALL
STRESS(SORT1,REAL,VONMISES,BILIN)=ALL
NLOPRM MPCPCH=BEGN
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NLOPRM MPCPCH=BEGN
BEGIN BULK
$
PARAM POST 0
PARAM PRTMAXIM YES
$
$ Elements and Element Properties for Hex Elements
PSOLID 1 1 0
$
CHEXA 1 1 7293 7294 7315 7314 7524 7525

7546 7545
CHEXA 2 1 7294 7295 7316 7315 7525 7526

7547 7546
.
.
.



1. Open Input File (Cont.):

• Scroll down the input file:

.

.

.
GRID 8244 241.31 127. 0.
GRID 8245 254. 127. 0.
$ Referenced Coordinate Frames
CORD2R 1 0. 0. 0. 0. 0. 1.

1. 0. 0.

$ Loads for Load Case
SPCADD 2 1
LOAD 2 1. 1. 1
$ Displacement Constraints of Load Set
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$ Displacement Constraints of Load Set
SPC1 1 123456 7313 7334 7355 7376 7397 7418

7439 7460 7481 7502 7523 7544 7565 7586
7607 7628 7649 7670 7691 7712 7733 7754

$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
$
$ Create Deformable Body Contact LBC set for Tet Elements
$
$ Nodal Forces Applied in the Z Direction
FORCE 1 8017 0 45. 0. 0. 1.
FORCE 1 8225 0 45. 0. 0. 1.
$
ENDDATA



2. Create Contact Set for Hex Elements
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.

.

.
$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
$
.
.
.



2. Create Contact Set for Hex Elements (Cont.)

Hex elements in contact
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.

.

.
$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
$
.
.
.



2. Create Contact Set for Tet Elements

.

.

Tet elements in contact
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.

.
$ Create Contact Tables
$
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
BCBODY 2 3D DEFORM 2 0
$
BSURF 2 704 950 258 951 557 651 779

487 486 280 1513 1561 1505 1512 1503
1442 1499 1509 1571 1053

.

.



3. Create Contact Tables

.

.
$ Create Contact Tables
BCTABLE 0 1
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BCTABLE 0 1
SLAVE 2 0.4 2

0 0 0
MASTERS 1

$
BCTABLE 1 1

SLAVE 2 0.4 2
0 0 0

MASTERS 1
$ Create Deformable Body Contact LBC set for Hex Elements
BCBODY 1 3D DEFORM 1 0
$
BSURF 1 1 21 41 61 81 101 121

141 161 181
$ Create Deformable Body Contact LBC set for Tet Elements
BCBODY 2 3D DEFORM 2 0
$



3. Submit Input File to MSC Nastran

3. Analysis: Solution Type = Nastran Linear Static , Solution Sequence
= 101. Submit input file to MSC Nastran.
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4. F06 Output File
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DISPLACEMENT OUTPUT IN F06
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5. Plot Displacements
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Solution File For Workshop 5
.

.

.

GRID 8243 9.0003 5. 0.

GRID 8244 9.5004 5. 0.

GRID 8245 10. 5. 0.

$ Loads for Load Case

SPCADD 2 1

LOAD 2 1. 1. 1

$ Displacement Constraints of Load Set

SPC1 1 123456 7313 7334 7355 7376 7397 7418

7439 7460 7481 7502 7523 7544 7565 7586

7607 7628 7649 7670 7691 7712 7733 7754

$ Create Contact Tables

BCTABLE 0 1

NAS101B, SI Unit, Workshop 5, March 2012
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SLAVE 2 0.4 2

0 0 0

MASTERS 1

$

BCTABLE 1 1

SLAVE 2 0.4 2

0 0 0

MASTERS 1

$ Create Deformable Body Contact LBC set for Hex Elements

BCBODY 1 3D DEFORM 1 0

$

BSURF 1 1 21 41 61 81 101 121

141 161 181

$

.

.



Solution File For Workshop 5 (Cont.)

.

.

.

$

$ Create Deformable Body Contact LBC set for Tet Elements

BCBODY 2 3D DEFORM 2 0

$

BSURF 2 704 950 258 951 557 651 779

487 486 280 1513 1561 1505 1512 1503

1442 1499 1509 1571 1053

$

$ Nodal Forces Applied in the Z Direction

FORCE 1 8017 0 45. 0. 0. 1.

FORCE 1 8225 0 45. 0. 0. 1.

NAS101B, SI Unit, Workshop 5, March 2012
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FORCE 1 8225 0 45. 0. 0. 1.

$

ENDDATA



ADDITIONAL METHODS OF DEFORMABLE BODY

• Along with BSURF users also can try other deformable body
methods for BSID in BCBODY: BCPROP

BCPROP

Defines a 3D contact region by element properties. All elements with the specified properties define a

contact body used in SOL 101 and MSC Nastran SOLs 400 and 700 only.

NAS101B, SI Unit, Workshop 5, March 2012
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Field Contents

ID Identification of a deformable surface corresponding to a BSID value on the BCBODY

entry. All elements corresponding to the property IDs specified that may potentially

come into contact. Do not specify mixed property types (use all shell, all solid or all

beam properties only). (Integer > 0)

IPi Property ID. A minimum of one entry is required. (Integer; no Default)
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