WORKSHOP 12b
I

Frequency Response of a Printed
Circuit Board with an Analysis Restart
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Objectives:

m  Define frequency dependent loads on an existing model

= Conduct afrequency response to 50 Hz analysis using
modes with frequencies less than 50 Hz saved in a
previous Analysis

m  Re-runthe response using al the saved modes and
compare the two sets of results

m  Expand the complex results at acritical frequency to see
the animated shape
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Model Description:

Frequency dependent loads will be defined on the model from
workshop 12a. A frequency response analysisfrom 10-50 Hz will be
conducted using the modes that were saved for restart in the previous
analysis. The purpose of the analysis is to determine if the two
daughter cardswill contact under the dynamic load. Theload will be
a4 psi. pressure on the outside faces of the two daughter cards. We
will first run the analysis using only the saved modes with
frequencies below 50 Hz and then with all the saved modes. The
results will be compared. Finally, the complex results at the critical
frequency will be expanded to allow an animation to be displayed.

Figure 12b.1 - Printed Circuit Board Dimensions
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A printed circuit board is pinned at its corners. The materia
properties data are given below. Determine the first 10 modal
frequencies of the circuit board.

Circuit Board Properties:

Elastic Modulus, E = 3.3E6 psi
Poisson’s Ratioy = 0.3

Mass Density = 0.1 Ibs.fn
Thickness, t = 0.125 in.

Capacitor Properties:

Mass, M = 1lb

IX = 4 bs.fir?
ly = 4 bs.fir?
1z = 3 Ibs./irf
Offset from Board = 2

CPU Properties:

Mass, M = 0.251b
IX = 4 bs.fir?
ly = 4 |bs./irf
1z = 3 Ibs./irf

12b-4 MSC.Nastran for Windows 102 Workbook



WORKSHOP 12b  Frequency Response of a Circuit Board with Analysis Restart

Exercise Procedure;

1.  Start up MSC.Nastran for Windows V4.0 and begin to create a new
model.

Doubleclick on theicon labeled M SC.Nastran for WindowsV4.0.
On the Open Model File form, select Circuit_board.MOD.

Open Model File: Circuit_board.MOD

Open

2. View the undeformed moded!.

View/Sdlect... (F5)

Deformed Style e None-Model Only
Contor Style e None-Model Only
OK

View/Rotate... (F8)

Diemetric
OK

3. Create aunit load function versus frequency.

M odel/Function...

Title: Unit_L oad

Type: 3..vs. Frequency
X 1

Y 1

More

X 100

Y 1

More

OK
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Canced
Surface 2

Figure 12b.2 - Finite Element Picute of Circuit Board.

Create the pressure load of 4 psi on the outside faces of the daughter

cards.

4.

M odel/L oad/Elemental...

Title
O

Pressure L oad

on Surface

+2

1..Unit Load

K

M ethod”

Select Surface 2, the card closest to the edge of the main board

<see Figure 12b.2>

ID

On the Create L oad on Elements menu:

Pressure

OK

Function Dependance

OK
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Face

OK

Now, enter the pressure on the second daughter card.

M ethod”

on Surface

Select Surface 3 <see Figure 12b.2>

ID
OK

+3

On the Create L oad on Elements menu:

Pressure
Function Dependance

OK

Face
OK
Cancedl

Figure 12b.3 - Pressure L oading on Daughter Cards.

4

1..Unit_Load
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5. Definethe parametersfor the dynamic analysis. The analysiswill be
conducted form 10 to 50 Hz. We will only include modes with
frequencies below 50 Hz.

Model/L oad/Dynamic Analysis...
Solution Method e Modal Frequancy
Equivalent Viscous Damping

Overall Sruct... ...Coeff(G) 0.1

Response Based on Modes

Highest Frequency (H2) 50

Modal Freqg...

Modal Results

First Freq 1..Mode119.81138 Hz
Last Freq 5.Mode5 47.16561 Hz

Note: We only want to include frequencies below 50 Hz.

Number of Point per Existing | 5
Mode

Soread(+/-) 5
OK

OK

6. Add additional solution frequencies every 1 Hz from 10 to 50 Hz.

M odify/Edit/Function...

Entity ID 2..Modal Frequency Table
OK

Data Entry e Linear Ramp

Delta X 1

X 10 Y

ToX |50 ToY

OK
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WORKSHOP 12b

7.

8.

0.

Frequency Response of a Circuit Board with Analysis Restart

File/Save As..

File name

Save

Delete old output sets

Now, save the model with the new settings.

Prob12b

Delete/Output/Set...

Select All

OK

Yes

Quick Options... Ctrl+Q

All Entities Off

Draw

Done

X Element

Submit the model for analysis

File/lExport/AnalysisModel...

Type

OK

File name

Write

Additional Info

Restarts...

OK

File name

Open

Advanced...

4..Frequency/Harmonic Response

frf12b_50

X] Run Analysis
e Restart Previous Analysis

circuit_board.MASTER
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Note: In order for the restart to work correctly, the model contraints
and eigenvalue extraction must be exactly the same as in the modal

run.

Solution Type

Eigvalues and Eigenvectors
Number Desired

OK
OK
Output Requests

e Modal

10

Deselect all of the output options except Displacement

X Displacement
OK

PARAM
X] WTMASS
OK

Yes

Continue

0.00259

10. Plot the results from the relative motion degree of freedom (node

1000, T1).

View/Sdlect... (F5)
XY Syle

XY Data...
Output Set
Output Vector

Output Location
Node
OK
OK
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1..Case 1 Freq 10.

2. T1 Trandation
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Figure 12b.4 - Relative Motion Plot of Node 1000

01 \
017 'X \
0159 } \
0148 / \
0137 / \

0126

0115 / \‘

0104 / \
003332 /

00823

00713

006032

00492

0.03g32 \

0.0273 \\
00163
10. 14.44 18.89 2333 2778 3222 3667 1.1 45 56 50.
SetValue

1: T1 Translation, Mode 1000

What is the magnitude of the largest relative deflection and its
frequency?

List/Output/XY Plot..

Double click on the lower message window to view the output from
the plot.
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Figure 12b.5 - Sample of Output Data from Plot

ﬂq MSC/HASTRAN for Windows Messages and Lists

HU_ DY 15 H_U/0/08 UM -
41, a_a88472 1888 |
42 8_895865 1888
43 . B.11483 1888

43 _8365 B.13644 1888
Ly B.14121 1888

L4 _ 80873 B.16615 1888

L4 99891 B.17166 1888
45 . B.17195 1888

45 9865 B.19164 1888
LT B.19172 1888

46 1437 8.19217 10886
47 . a_18064 1888

47 1656 8_1759 1888

L7 2973 8.172061 1888
48 B.14929 1888

L8 _3447 B.13827 1888

48 _4589 8.13561 1888
4o 8.11938 1888

40 5239 B.18656 1888
ca. B_896586 1888

1 »

Does this indicate contact between the two cards?
Doubleclick onthe message window to reformit to the original size.
11. Now, re-run the analysis using all 10 saved modes. Setting the

Highest Frequency to 0 will cause MSC.Nastran to use all available
modes

Model/L oad/Dynamic Analysis...

Response based on Modes

Highest Freq (H2) 0

OK

File/Export/Analysis M odel...

Type 4..Frequency/Har monic Response
OK

File name frf12b_All

Write

Additional Info X] Run Analysis
Restarts... e Restart Previous Analysis
File name circuit_board. MASTER
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Open
Advanced...

Solution Type

Eigvalues and Eigenvectors

Number Desired
OK
OK
Output Request

e Modal

10

Deselect all of the output options except displacement

X Displacement

OK
PARAM
X] WTMASS
OK

Yes

Continue

0.00259

The first analysis results are in ouput sets 1-66. The second output

setsarein 67-132

View/Select... (F5)

XY Syle
XY Data...
Output Set
Output Vector
Show Output Sets

From
To
OK

e XY vsSet Value

67..Case 1 Freq 10.

2. T1 Trandation

67

132
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OK

Figure 12b.6-Relative Motion Plot of Node1000 for All 10 Modes

1.053
1.032
1.004:
0.977
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0.321
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0833
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0.733
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1T

10. 14.44 18.89 23.33 2778 3222 3E.6Y 41.11 45.5F Ai0.
SetValue
Translation, Mode 1000

What is the magnitude of the largest relative deflection and its
frequency?

List/Output/XY Plot..

Double click on the lower message window to view the output from
the plot
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Figure 12b.7 - Sample of Output Data from Plot

,“n MSC/NASTRAN for Windows Meszages and Lists
48,6715 094747 1880 ;l
1. B.9556 1880
42, a.984082 1880
43, 1.8151 18680
438365 1.840863 18680
hh 1. 84585 18680
14 8073 1.85915 1880
4. 9981 1.85948 108880
45 1.85945 18680
L5 9865 1.83257 18680
h6. 1.83188 18680
16 . 1437 1.82422 18680
h7. B.97733 18680
47 .1656 A.97058 18680
L7 .2973 B.96613 18680
n8_ B.95656 1800
L8 _34ah7 8.95937 1060
L8 _4589 8.96098 1060
49 _ 8.97352 1060
49 5239 B_98987 1060
ca. 1.0808685 1060
4 I I » /:é

Does this indicate contact between the two cards?
Doubleclick onthe message window to reformit to the original size.

12.  Animate the displacement at 44.9901 Hz from the second analysis.

View/Options... (F6)

Catagory e PostProcessing
Options Deformed Style

% of Model (Actual) [ ]
Options Animated Style
Frames 9
Delay 100
OK
View/Sdlect.. (F5)
Model Syle e Draw Mode
Deformed Style e Animate
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Deformed and Contour Data...

Output Set
Output Vectors
Description
OK

OK
View/Rotate... (F8)

NG X

Does this indicate contact?

119..Case 53 Freq 44.9901

2. T1 Trandation

Notice that al motion is in phase. This is because we are only
ploting magnitude. To see the true response we must include the

phase.

View/Select... (F5)
Deformation Style
OK

e None-Model Only

M odel/Output/Expand Complex...

[ ] Entire Set
From

Output Set
Output Vector
First Phase
Last Phase
Increment
OK
Veiw/Options... (F6)

Option
Shape
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119..Case 53 Freq 44.9901

2. T1Transation

0

360

30

Animate Style
2..Linear - Half
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OK
View/Select... (F5)

Deformed Style e Animate- MultiSet
Deformed and Contour Data..
Output Set 133..Freq 44.99, Phase 0.
Output Vector
Deformation 2.T1 Tandlation

Final Ouput Set 144..Freq 44.99, Phase 330.
OK
OK
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Use Dynamic Rotate and the left mouse botton to rotate the model
and inspect the phase at which the two daughter cards contact.

Dynamic Rotate Symbol

G

Figure 12b.8 - Side View of Daughter Cards When in Contact

0133
b2

When finished, exit MSC.Nastran for Windows.

File/Exit

Yes

This concludes the exercise
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