Modal Frequency Response Analysis using MSC.Nastran

1. Theoretical background for calculations in Nastran

In this section, a very brief description is given of how the calculation of frequency response
functions works with Nastran's modal frequency response analysis. Therefore, the most important
equations are given in a chronological order as applied by the programm.

After input of an bulk data file (*.bdf), Nastran assembles the system's mass and stiffness matrices,
leading to a set of differential equations, displayed by eq. (1), already transformed in the frequency
domain (damping is nectlected at first).

Mx+Kx=f(w) (D

Secondly, Nastran solves the characteristic equations (eq. (2)) for eigenvalues and computes the
corresponding eigenmodes.

det (K—w' M)=0 )

With the seperation approach in eq. (3), a modal transformation[1,3] is performed, which
diagonalizes the system from eq. (1), using the orthogonality properties of the eigenvectors in the
modal matrix ¥, consisting of the calculated eigenvectors.

x=¥q(w)

. 3)
with Y:[Wl,WZ,W3,---aWN]

Hereby the system, consisting of N degrees of freedom, is decoupled, leading to a system of N
single-mass oscillators, with each oscillator representing an eigenmode of the system in general
coordinates ¢; (eq. (4)).

m;g.(w)+k;q,(w)=p,(w) 4)

Here, ™, is the modal mass, k; the modal stiffness, and p,:q/iT-f the modal force.With the
eigenfrequencies w,”=k,/m, , eq. (4) can be transformed to eq. (5). Furthermore, damping can be
introduced by a modal damping ratio C; (eq. (6), [1]).
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The solution of this differential equation is well known and given by eq. (7) .
_ 1 . pilw)
w—-Q+i2Cw,Q, m,

q:(w) (7)

Then, the solution for the system ist a linear combination of the solutions for all oscillators (eq. (8)).



x(w>=§ w,q,(w) (8)

The frequency response function is defined as the ratio of the response of a system x(w)
(displacement, velocity, acceleration) to its excitation force F(w). The FRF for displacement of
the system is given by eq. (9).

_x(w) & ! i
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Thus, the FRF for the kth node (degree of freedom) with an single excitation force at jth dof can be
calculated by eq. (10).

Hk(w)=i ijik';»uij (10)
o1 m(w; —Q;+i2C,w,)

2. Pre-processing with Patran

In this case a simple model of a cantilever plate under a single-point cyclic load is used. In the pre-
processing step the model geometry, the finite element mesh, the loads and boundary conditions and
material properties have to be generated. Also, the load cases and the Nastran case controls
parameters have to be defined. With these informations the Nastran bulk data file is automatically
created by Patran created.

A. Geometry:
- Create a Surface:

- length: 30mm Action: Creste ¥

- height: 10mm

Object: Surface

hethiod: MyZ W

2l

Surface D List
|2

Refer. Coordinate Frame
| Coared 0

Yector Coordinates List
| =30100=

[w Auto Execute

Origin Coordinates List
ool

-Apply-




B. Elements:

- Generate a regular isometric mesh:

- globale edge-length: 1 mm

- 10 x 30 elements

C. Loads

=1

Action: )
Dhject: Mesh ™
Type: Surface ™
Ottt 1D List
rode [1
Element |1
Elem Shape Gluad ™
Mesher lzoMesh ™™
Topology Cluacd v

lzobdesh Parameters... |

Mode Coordinate Frames... |

Surface List

| Surface 1

Global Edge Lencgth
[ Automatic Calculation

walue [1.0

Select Existing Prop. .. |

Create Mewe Property ... |

-Apply-

- In this example for one edge of the plate all six degrees of freedom are fixed. Further, a single
point load with the magnitude 10 N is applied at a certain node.

- 1. Generating boundary constraints:

Load/BC Set Scale Factor

f1.

ol =i
Action: Create ¥ -
Ohiject: Displacemerit =~
Type: Rocal

Current Load Case:
Dr=fault

Type: Static

Existing Sets
fixed_dots

Mew Set Mame
| fimed_dofs

Input Deta.”

ol x|

>

Translations =T1 T2 T3=

>

|=000=
Ratations =F1 R2 R3=

|=000F
Tranzs Phase =Tpl Tp2 Tp3=

[= ~
Rotation Phase <Rp1 Rp2 Rp3=

[= =

< |

|
|£

Spatial Fields

FEM Dependent Data...

Analysis Coordinate Frame

| Coord 0

Reset

(ow

Selact Application Region

Select Geometry ¥

Application Region
Select Geometry Entities
| surface 1.1

Acld | Remove |

Application Region

Surface 1.1




2. Generating force:

ol x|
Action: Create ™ e
Ohject: Force ™
Trype: kodal ™

Current Load Case:
Default. ..

Type: Static

Existing Set=
force

Rlewe Set Mame
| force

Input Data®.. |

Load/BC Set Scale Factor

[1.

Force =F1 F2F3=

|ko.,o,-10=
Mament =kt W2 k3=

Force Phase =Fpl Fp2 Fp3=

Moment Phase <hpl Mp2 Mp3=

< |

| %

|2

| £

Spatial Fields

FEM Dependent Data..

Analysis Coordinste Frame

Coard 0

9038 Feset

5 Selec‘t.ﬂ.pplicaﬁonRegion..é L =

-Apply-

Select: FEM W

Application Region

Select Modes

| node 245

Add | Remaove

Application Region

Mode 243

olx|




D. Materials / Properties
- 1. Define material properties:

- Aluminum:

E=70.000 N/mm*

p = 2,7E-6 kg/mm’

v=203

M Input Options

Constitutive Modet

Property Name

Linear Elastic ¥

Walue

Elastic Modulus = | 70000

Poisson Ratio = o3

Shear Maculus = [

Densty = |27e-8]

Thernal Expan. Coeff = [

Structural Damping Cosff = [

Reference Temperature = [

Tempersture Dephodel Variakle Fields:

Currert Constitutive Models:

Cancel

- 2. Define model properties:

- thickness: 2 mm

Action: Create ¥

Ohject 200 ™

Type: Shell ™

Prop. Sets By pame ™ |

propd

Fitter [«

Property Set Mame
[ prop

Options:

Thin

Homogeneaous w7 |

Standard Farmulation 7

| ﬁnpﬁ Propetti

N

Bi=x
Action: Creste ™ La.’

Dhject: Izotropic -
hiethoc: Manual Input -

Existing Materials

alu

Fitter =

Material Marme

| alu

Description

Date: 20-0ct-05 Tirme:
10:34:45

Input Properties ... |

Change hMaterial Status |

-

Stan. Homogeneous Plate(CQUADE)

Property Name

Walue “alue Type

Material Mame

Mzt Prop Name &

[Material Crisntation]

T | cn v

Thickness

[Nonstructural Mass]

[Plste Oftsst]

[Fiber Dist. 1]

[Fiber Dist. 2]

<

2. Real Scalar hd x|
=

Real Scalar

Real Scalar

Real Scalar

Real Scalar

>
Select Frtities ™

Ertter the Material MName or select & material with the icon,

Application Region

Select Members

| Surface 1

Clear

Add Remove

Application Region

Surface 1

Sgeled Application Regiogg‘ ]

Apply | Close |

o=




E. Analysis

1. Solution Type:

- Frequency response analysis,
modal formulation(SOL 111)

- Solution Parameters [2]:

- Residual Vector
Computation for
decreasing modal
truncation error

- Coupled Mass

calculation

- Rz stiffness to prevent
singularities in matrix

- Eigenvalue Extraction:

- Lanczos algorithm

- Frequency range:
- 0-4000 Hz

- undefined number of
roots (eigenfrequencies)
in range of interest

=

Freouency Response Solution Parameters

¥ Database Run
=

v Automatic Constraints

v Residual Vector Computstion

Shell Mormal Tol. Angle =

Mazs Calculation:

Data Deck Echo:

Plate Rz Stiffness Factar =
Maximum Prirted Lines =
haximum Run Time =

Wt -Mass Conwversion =
Mode i.d. for v, Gener. =
Detault Initial Temperature =

Detautt Load Temperature =

Struct. Damping Costff. =

Eigenvalue Extraction

E—

Coupled ¥

Mone ¥
[fooo—
—————
——
[ro
—————
——

LINE&AR

Dynamic Reduction |

ADAMS Preparstion |

(el 9

Defautts

Cancel |

MO Mastran
Salution Type

Solution Type:

" LIMEAR STATIC
MOMLINEAR STATIC
MORMAL MODES
BUCKLING

COMPLEX EIGENY ALUE
FREGUEMCY RESPOMNSE
TRAMSIEMT RESPONSE
MOMLINEAR TRAMSIEMT
IMPLICIT MOMLIMEAR
DDAM Solution

qOTY Y Y

e e e

Select AZETASET...

ol x|

Formulation:

Modal ¥

Solution Parameters...

Solution =eguence: 111

oK |

Cancel |

M Figenvalue Extraction B |E| |£|

REAL EIGEMYALUE EXTRACTION

Lanczos ¥

Extraction Methocl

Frequency Range of Interest

Lower = | 0

Upper = | 4000

umbet of Desired Roats =

Diagnostic Output Level:

Results Normalization

Mazs *

BMB

Cancel

Action:

Analyze ™
Ertire hoclel ~
Method: FUlRun ¥

Ohject;

Code: WD Mastran

Type: Structural

Availahle Jobs

Job Mame

| exercize

Job Description (TITLE)

MO Mastran job crested on
20-0ct-08 =t 10:46:17

SUBTITLE

LABEL

| Tranzlation Parameters...

1 . Solution Type...

Direct Text Input....

Select Superelemerts...

2.

Subcazes...

3.

Subcase Select...

Apply

J=IES|
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2. Subcases:

- select the Default subcase= T SIS ST — EEY

Solution Sequence: 111

Create ¥

Action:

Ayailable Subcases

- Subcase Parameters:

- Define frequencies:

FREQUENCY RESPOMNSE SCOLUTION PARAMETERS
FREGUENCY RECOVERY POINTS

DEFIMNE FREQUENCIES .. |

a)

Modal Damping

Crit. Damp. (CRIT) &

table for frequency

Subcase Mame

response analysis (5
Hz increments), this
frequency table is
used for generating

| Default

Available Load Cases

the cyclic frequency
of an harmonic
excitation force, the
amplitude is the

Subcase Options

Subcasze Parameters...

prior defined single-

Dutput Reguests... |

point load

Direct Text Input... |

Select Explict MPCs... |

Apply

b)

DEFIME MODAL DARPING. .. |

Default Load Tempersture =
Rotor Dynamics
[~ Enable Rotor Dynamics
Cortact Table. . |
QK Defaults | Cancel |

Cancel

Il Define Frequencies

Lingar ™ Input Data
Incr. Type Start Freq. End Freg. Ma. Incr. Cluster/Spread
4 Lirear 0. 4000, 00 Mot Used
Al Row Clear All Delete Row
Ok Defaults Cancel
- Crit. modal damping, define = Define Damping o e
. . n a r—
constant modal damping ratios e
via table (¢ = 0,001 for all Fiet iy L
1 s} 0.001
modes; values are extra- = 00 =
/interpolated from table for
each mode)
Al Rosa Clear Al Dielete Rowy
[ Create a Field
Load Data From Field. .. |
Ok Cancel




- 3. Subcases Select: Subcase Select Eo®

_ Select the Default Subcase Subcaszes For Solution Sequence: 111
Default

- Run Analysis!

" Select &l " Unzelact Al

Subcazes Selected:
Defautt

CK

3. Post-processing with Patran £
Ohject: Attach XDB ™

A. Analysis Methot  Resul Ertfies

- Access Results:

Code: MD Mastran
- check correct Job Name

- (Select Results File -> * xdb)

Type: Structural

Ayailable Jobs

EXEICiEe

Job Mame

| exercise

Job Description (TITLE)

D Mastran job crested on
20-0ct-05 ot 10:46:17

SUBTITLE

LABEL

Select Results File... |

Translation Parameters .. |

Apply




B. Results:
- 1. Graph the FRF
- Select Result Cases

o=

Actior;  Create ¥
st Graeh |
Method:  Yws X ¥

N S P

- Filter subcases
U’_B]Eﬂ

Select Result Cazes

Select Result Cases

Fitter Method:  Global varishble =2

“ariable Freguency ™ i 0
Walues: Above ¥ alue:

Clear

foo

Remove

Subcaseld=

w

: Default, &1:Fregq
Subcaseld= 5 : Default, 41:Freq = 20,-THIZ IS A DEFALLT SUBCASE
Subcaseld= 6 Defaul, A1:Freq=25,-THIS IS 8 DEFAULT SUBCASE
: Defauk, A1:Freq = 30,-THS IS & DEFAULT SUBCASE
. Defaul, 21:Freq.=35,-THEZ IS A DEFALULT SUBCAZE
: Default, A1:Freq.= 4|
Subcaseld= 10 : Default, 21:
Subcaseld= 11 : Default, 81:
Default, 21:
: Default, &1:

: Default, &1:
Subcaszeld= 17 : Default, 21:

THIS IS & DEFAULT SUBCASE
TH

-THIS IS & DEFALLT SUBCASE

-THIS IS A DEFALLT SUBCASE
-THIS IS A DEFALLT SUBCASE

Fre.= 4

Freq.= 50,-THIZ IS A DEFALULT SUBCASE.
Freq.= 55,-THIS IS A DEFAULT SUBCASE.
Freq.= 60,-THIZ IS A DEFALULT SUBCASE.

Freq.= 75,-THIZ I3 A DEFALULT SUBCASE.
Fred.= 80,-THIS IS A DEFAULT SUBCASE.

Appaly

Close

¥, Resut ™

Select ¥ Result

Congstraint Forces, Translationsl

jonal

Poziion.. ((MOMN-LAYEREDY) |

Z Component hd
K Global Yariable v

Quantity;

Subcaseld= 14 : Default, A1:Freq.= 65,-THIS IS & DEFAULT SUBCASE. .
Subcaseld= 15 Defautt, &1:Freg = 70;-THIS 1S & DEFAULT SUBCASE Wariable: Frequency ¥

Anply | Reset

- display Z-Component of displacement function over frequency

- 1.e. for the excitation node, with logarithmic scaling of y-axis, magnitude

Action: Create ¥

Ohject: Graph ¥

Method,

=X v

o=l

oixj

Action: Create
Chfect:  Grapn = |

WwsH W

Methiock

Coordinate Transformation:

Target Entity: Curve Fit Linear ~ soe |
Modes Curve Style: —

Select Modes

| Mode 245

Apply Reset

[~ Show Symbol
v Sort Data By X Coordinate

¥ Show X Axis Lakel

H Axis Label:

| Frequency

¥ Axis Scale
f* Linear 1 Log

H Axis Format...

v Show ¥ Lxis Label

W Axis Label:

| Displacements, Translational

N Axis Scale
 Linear { Log

¥ Axis Formeat

H winclowe Mame:

E
[~ Append Curves in X% Window

Apply Reset

[ro

Scale Factor

Filter “alues:

0. &5 Magnituce -

[~ Use PCL Expression

Existing Graph Plots |

Save Graph Plot As:

Apply Reset




The resulting graph should look like this:

1.00+00

1.00+000

1.00-0M

1.00-002

1.00-003

1.00-004

Displacements, Translational

1.00-00%

1.00-006

LEGEND

Mode 245: Displacements, Translational, Z2

1.00-007

for display

T
7.00+002

T
2.10+003

1.40+003

Frequency

T
2.80+003

3.50+003

2. Print the results in a file (for import in Excel or similar)

Action: Create ™
Ohject: Report ™
Method:  Owvervwrite File i

@) =

Select Result Cases ,E E ﬂ

Default, 801 of 801 =

Select Report Result

Select Guantties

I Location
¥ Component

-

v

Apply . Resst

o x|

1.e. magnitude for excitation node

1
4.20+003

It is also possible to select the phase, real or imaginary part of the displacement function

" Descending

Organized B
¢ Load @

OK

o x|
oix
Action:  Creste Action:  Create ™
Object:  Report ™
Object:  Repot ¥ ject.  Feport < |
Methoc Orverwrite Fi
Method:  Overwrte File ¥ —
=
S(&)s8 ©
T Filz Mame Lo
| exercize rpt /
Target Entity:
Select Modes
[ Mo 245 Report Type Ful v Sort Order
v Azcending
Apply | Reset
Sort By
* Algebraic Yalue
" Absalite Value
Sort Data By
Magnitucde
Apply Reset



4. Damaged Model

A simple damaged model can be created by deletion of several elements. This is examplary shown
in this section

A. Deletions of elements ofx]

— Go back to Elements Action Deiste ¥ | o
- select Action: Delete, Object: Element Obiect  Eemert ¥ |
— select the desired element e
¥ MNodes

[ Empty Groups

[ Auto Execute
Elemert List
| 2m 234

-Apply-

B. Analysis and Postprocessing Elz
Action: Create ™ I
Ohject: Graph ™ |

YwzH W

- Perform analysis with the same parameters, but a different job _

name (i.e. exercise_dam) Methors

— Attach the new * xdb-file %!
— Go to Results

~ H ¥

- filter out the new subcases (filter method: subcase ids)

Select Result Cases

Default, 1602

Y Result 'l

Select v Result

Constraint Forces
Dizplacements, T

Tranzlational
anslational

er Method:  Subcase o= - ! ’

: Min: 1 Wa: 1602
a@ 8021602 > J
Position.. ((MOMN-LAYEREDY) |
Fiter | Clear | Remove | Cantity: Z Component - |

Selected Result Case(s)
Subcaseld= 602 : Default, AZFreq = 0,-THIS [5 & DEFALULT SUBCASE
Suboaseld= 803 : Defautt, A2:Freq = 5,-THIS IS A DEFAULT SUBCASE
Suboaseld= 804 : Defautt, A2 Freq = 10,-THIS IS & DEFALLT SUBCASE
Suboaseld= 805 : Default, A2Freq.= 15,-THIS IS & DEFALLT SUBCASE

=

H Global Yariable hd |

Subcaseld= 506
Subcaseld= 507
Subcaseld= 506
Subcaseld= 809 :
Subcaseld= 510
Subcaseld= 811 :
Subcaseld= 812
Subcaseld= 813 :
Subcaseld= 814
Subcaseld= 815 :
Subcaseld= 816 :
Subcaseld= 817
Subcaseld= 816

Detault, 42 Freg.= 20,
Detault, 42 Freg.= 25
Detault, 42 Freq.= 30
Detault, 42 Freg.= 35
Detault, 42 Freg.= 40,
Detault, A2Fregq = 45
Detault, 2 Fred.= 50,
Detault, A2Fred.= 55
Detault, S2Fred.= 60,
Detault, 82 Frea.= 65
Detault, AZFres.= 70
Detault, 82 Freg.= 75,
Detault, 52 Freg.= 60

-THIS IS & DEFALLT SUBCASE
i-THIS IS & DEFAULT SUBCASE
;-THIS IS & DEFAULT SUBCASE
-THIS IS & DEFALLT SUBCASE
-THIS IS & DEFALLT SUBCASE
;-THIS IS & DEFAULT SUBCASE
-THIS IS & DEFAULT SUBCASE.
-THIS IS & DEFAULT SUBCASE.
-THIS IS & DEFAULT SUBCASE.
-THIS IS & DEFAULT SUBCASE.
i-THIS IS & DEFAULT SUBCASE.
-THIS IS & DEFAULT SUBCASE.
;-THIS IS & DEFAULT SUBCASE

Wariahle: Freguency vI

Apply

Close I

Apply I

Reset




- Make sure that the desired node ist selected. ax

—  Check the box for Append Curves in XY Window on the 2:'2 4Z:j: :
Display Attributes card. ject

Method: Y ws X

- All other parameters are the same. = ﬁ

-
A

t

i/

Curve Fit: Linear -
LEG EN D Curve Style: —

[~ Show Symbol

Mode 245: Displacerments, Translational, 22
MNaode 245: Displacements, Translational, 22 [ Sort Data By ¥ Coordinate

[ Showe ¥ Axis Lakel

X Axis Label:
1.00+001 T |}{Axis Lakel
X Axiz Scale
1.00+000 7 ¢ Linear 1 Log
¥ Axis Format...
1.00-001 7
[ Showe " Axis Label
T 100002 ¥ s Label
5 [ &xis Lakel
o 1.00-003 7 )
é W Axis Scale
" Linear {# Loy
T o004 ?
W Axiz Format...
100005 7 Y Windowe Mame:
| frf damiunciam
1.00-006 7
[v Append Curves in ¥y Window
1.00-007 T T T T T 1
0 7.00+002 1.40+003 2.10+003 2.80+003 350+003 4.20+003 Soply | Reset
K dis Label

- Natural frequencies can be extracted from * f06-files
- Possible variations of results:
- Comparison of FRFs for different nodes

- FRFs for accelerations, velocities can be calculated (Analysis -> Subcases -> Output
requests -> Select ...)

- Calculate Resonances (with damping influence...) from extracted data...

- Given is the simplest case of excitation, more complicated excitation loads can be created
using tables and fields (i.e. white noise excitation)
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7. Appendix
- MSC.Nastran Bulk Data File
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