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Introduction

The natural frequency of abeam isincreased by an axial tension load and decreased by
an axial compressive load.

The governing differential equation for the transverse displacement y(x, t) is
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where

E isthemodulus of elasticity
| isthe areamoment of inertia
is the mass per length
L isthelength
P, Iistheaxial compressiveload

Equation (1) istaken from Reference 1.



Natural Freguency Formulas

Natural frequency formulas are given in References 2 through 4.
The exact natural frequency f, for a pinned-pinned or sliding-sliding beam is
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Notethat Pis positive for atension load. P isnegative for acompression load.
The exact natural frequency for a sliding-pinned beam is

2 2 2
L I L N Y- ©)

8riL2 Eln2m2 \ m

fn=

The approximate natural frequency formulafor beams with other boundary conditionsis
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Per isthe buckling load, as given in Appendix A for common boundary conditions.

Ay isthe non-dimensional frequency in the absence of an axial load. Values for
common boundary conditions are given in Appendix B.

Note that the fundamental frequency approaches zero as P approaches the negative
critical load. Again, the negative sign corresponds to compression.

An exampleis shown in Appendix C.
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APPENDIX A

Critical Buckling Loads for Beams with a Constant Axia Load

Boundary Condition Per
: : 2
Fixed-Fixed 4 El
L2
Fixed-Pinned 20.197° El
L2
| ’ El
Fixed-Free 2
4L
Pinned-Pinned ™ El
or >
Free-Free L

The critical loads are taken from References 5 and 6.



APPENDIX B

Non-dimensional Frequency Parameters

The valuesin the following tables are taken from Reference 7.

Table B-1. Fixed-Free

n An
1 1.875104
2 4.694091

Table B-2.

Free-Free or Fixed-Fixed

An
4.73004

2 7.85320

Table B-3.
Free-Pinned or Fixed-Pinned

An
3.926602
2 7.068583




APPENDIX C

Example

Consider afixed-free beam made from aluminum. The beam is 24 incheslong. It hasa
circular cross-section with adiameter of 1inch. It issubjected to an axial load of +833
Ibf, where the positive sign indicates tension. Calculate the fundamental frequency for
the loaded beam.

E = 9900000. Ibf/in*2
I = 0.0490874 in4
m = 0.098 Ibm/in

L = 24inch

P = 833Ibf

The fundamental frequency for the beam with no axia load is

(o= 1 {3.5156} El (C-1)
2| |2 m
f1 = 47.8Hz (for P=0) (C-2)

Equation (C-1) istaken from Reference 8.

The critical buckling load is

Por = "2—5' (C-3)
4L
Pcr = 2082 Ibf (C-4)
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The fundamental frequency requiresn = 1.
f1
_‘ P20 _ |4 P (C-6)
f1| P=0 |Pcr|
f1
‘p;:o _ \/1 , 833 7
f1] p=0 | 2082
f1
ero = 118 (C-8)
f1| p=0
fa] oo™ 118(47.8Hz) (C-9)
fl\ o= 566HZ (C-10)

The result was verified using afinite element model. The software was NE/Nastran. The
finite element frequency was 55.87 Hz, using a model with 24 elements. The mode shape
isshown in Figure C-1. Theinput fileis shown in Appendix D.
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a33.

Output Set: MODE 1, FREQ= 5.587E+01
Deformed(28.41): TOTAL TRANSLATION

Figure C-1. Fundamental Mode Shape, Cantilever Beam with Axial Load



APPENDIX D

| D C.\ NENASTRANB2\ Model er\ ca, NE/ Na
SOL LI NEAR PRESTRESS MODAL
TI ME 10000
CEND
TI TLE = Normal Modes
ECHO = NONE
DI SPLACEMENT( PRI NT) = ALL
SUBCASE 1
LABEL = PRESTRESS TENSI LE LOAD ( AXI AL)
SPC =1

LABEL = MODAL

BEG N BULK
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Witten by : NE/Nastran for W ndows

Ver si on : 8.20

Transl ator : NE/ Nastran

From Model : C:.\ NENASTRAN82\ Model er\ canti |l ever beanB8. MOD
Dat e : Mon Jul 21 12:05:50 2003

AR ALA B
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$

PARAM POST, -1
PARAM OGEOM NO
PARAM AUTCSPC, YES
PARAM GRDPNT, O

El GRL 1 10

MASS

CORD2C 1 0 0. 0 0 0 0
1. +NE/ NAC1

+NE/ NAC1 1. 0. 1.

CORD2S 2 0 0. 0 0 0 0
1. +NE/ NAC2

+NE/ NAC2 1. 0. 1.

$ NE/ Nastran for Wndows Load Set 1 : set 1

FORCE 1 25 0 1. 833. 0. 0.
$ NE/ Nastran for Wndows Constraint Set 1 : set 1

SPC 1 1 123456 0.

$ NE/ Nastran for Wndows Property 1 : Bar

PBAR 1 1 0.785070. 0490870. 0490870. 098092 0.
+PR 1

+PR 1 0. -0.5 0.5 0. 0. 0.5 -0.5
0. +PA 1

+PA 1 0.88652 0.88653 0.

$ NE/Nastran for Wndows Material 1 : 6061-T651 Al Plate .25-2.
MAT1 19900000. 0. 332. 539E-41. 265E-5 70.
+MT 1

+MI 1 35000. 35000. 27000.



MAT4
GRI D
GRI D
GRI D
GRI D
GRI D
GRI D

GRI D
GRI D
GRI D
GRID
GRID
GRI D

GRI D
GRI D
GRI D
GRI D
GRI D
GRI D
GRI D
GRI D
GRI D
GRI D

CBAR
CBAR
CBAR
CBAR
CBAR
CBAR

CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR

CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
ENDDATA

12. 060E-3 81. 1442. 539E-4
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