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A=
b
A
4%
N

(2)3DOF system (b)10 DOF system
B4 $pd R %

301 fud B2 ol B P2 BEHCA ¥ 5 [13]

method velocity
First

Order . 1
Backward Vo= A= 5o (= x)

formula

Second
Order 1
Vi =% =——0Bx,, —4x, + X,
T O R

Backward

formula

First

Order . 1
Bl

formula

Second
Order . ( 8 8 )
Vo = Xop = oo X pap 8%, 40y = 8%,y + Xy
Central re = Xek = T ap X it T 8Xrjr t Xeyp
formula

method
First

Order - 1
Backward A= K= (o= voi)
formula

Second

Order 1

Backwara | Bri = K = g @Vl = 4V VL)
2 At

formula

First
Order - 1 ( )
Ak = Xk = Viker ~ Veko
Central . KT AL .
formula

Second

Order - 1
Central Ay =Xy = At (’ Veir #8Vq =8V + V,‘H)

formula

2. fad R 2B PR EEHA S E[13]

H

Method Velocity Displacement
mid-point
e Ve =Veyp +2:-Ata Xek = Xpp +2:ALV,
Trapezoid At ( ) At
e Vrk :Vv,m‘*’? Bt Xek = Xv,k71+7(vr,kfl+vr‘k)

rule 3

) At
Simpson’s = At
" Vik =Vek2 + (ar‘wz +43, 4 +am) Xex =Xk 2 +?(Vr,K72 + 4\/”‘71 +Vpp

)

System 3DOFs 10 DOFs
m 0 0 - 0
m 0 0 0om 0 .. 0
M] 0 m 0 0 0 om "
0 0 m, : 0
0 0 0 m 1010
+k) -k 0 ~ 0
(k,+k,)  —k, 0 -k, k) -k, w0
K] -k, (K, +k) —k, 0 ko (krk) :
0 -k, k, : N -k,
0 0 7k k 1010
%,=[1,0,0] %=[1,1,1,1,1,1,1,1,1,1]
1.C.
v,=[0, 0, 0] v,=[0,0,0,0,0,0,0,0,0,0]

Note: k,=1,000,000Nm, m =1kg,i=1,2,3,...,10
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ERR FEA TR FAf F fs/fm & | & | & | & | & | &
1st Backward formula 7000 2265 | -0.14 [ -051 | -0.72 | -1.71 | -1.89 | -2.19

2nd Backward formula 7800 25.24 0.03 | 027 | 0.70 | 1.21 | 1.67 | 2.05

=B

1st Central formula 5800 18.77 | -0.03 | -0.25 | -0.64 | -1.11 | -1.55 | -1.86
2nd Central formula 2200 7.12 0.00 | -0.04 | -0.23 | -0.68 | -1.30 | -1.84
Mid-point rule 5500 17.80 | -0.03 [ -0.28 | -0.71 | -1.23 | -1.72 | -2.06
dei¥ B3 Trapezoid rule 7300 23.62 0.02 | 0.15 | 0.31 | -0.18 | -0.34 | -0.09
Simpson’s rule 3800 12.23 0.00 | 0.00 | -0.02 | -0.09 | -0.76 | -0.04

Note: N, =200, k=50, SNR=0

%57 1% SRS MAFVRO = 2 $5231 %

7 oo
N fi}i 5}'7?‘ E
2 FAE | MAFVRO + SNR
Ev | & | & | &4 | &5 | €6 | €71 | S8 | So | fn0
B #* (%)
w B R 2 039 | -0.10 | 0.26 | 0.09 | 015 | -0.03 | -0.41 | -0.03 | -0.49 | 2583
e
-giER 3 023 | 057 | 040 | 054 | 035 [ 029 | 075 | 111 | 110 | 244
v O R 1 0.0 | -0.05 | 0.02 | -0.06 | -0.24 | -0.47 | -089 | -113 | -1.13 | 090
-gRER
-RrER 3 092 | 053 | 043 | 0.41 | 008 | -0.14 [ 039 | -048 | -0.36 | 230

Note: N, =200, k=50, f . =2200Hz

#6732k pd B2 iAaaFLAEREH
() AT 2FFY L LA

DOFs | SNR(A) | & | & | &5 | &4 | &5 | &6 | &7 | &5 | €0 | €10 | Cag | Emax | Emin
3 1n | 85| o7 | 028 122 | 264 | o012
4 10 | 188 | 258 | 20 | 154 0as | 1s2 | oos
5 8 |203| 212 | 137 | 170 | 182 076 | 248 | o014
6 6 | 104 082 | 145 | 02 | -040 | 034 055 | 215 | -013
7 5 o7 | o83 | 047 | 0| 001 | 067 | 210 073 | 263 | 006
8 35 | o060 | 064 | 044 | 052 | 001 | -033 | 032 | 127 0s6 | 27 | -002
9 3 |oss| 041 | 030 | 0z | 021|020 | -043| 005 168 0d0 | 2m | 027
10 3 |oa1| 028 | 022 | 0 | 013 |-020 | 021 | 06| -071| 125 [ 024 | 138 | -004

Note: N, =200, k=50, f.=2200Hz

(b) frid R
e ?LZLF){ E | & | &3 | &4 | &5 | 6 | &7 | & | & | E10 | Eag | Emax | Emin
3 04 | 023 [-105|-014 069 | 007 | -163
4 03 | 005 [-138 | -Lo1 | -108 116 | 050 | 253
5 02 |-005| 006 | 002|101 215 067 | 000 | 70
6 02 |-013| 043 | 127 | -0.4 | -455 | 0.3 067 | 015 | 157
7 01 | 053 |-013| 010032 | -012 | 021 | -087 020 | 041 | 120
8 01 | 007 | 002 | 001 | 002 | 001 | -0.04 | -0.43 | -055 004 | 006 | 047
9 01 | 002 | 000 | -001| 000 | 003 |-001| 000 |-008f-020 026 | 017 | -145
10 | o004 [-012| 002 |-001|-004| 001 | 001 |-001| 000 |-007]|-067| 006 | 065 | -0.6

Note: N, =200, k=50, f, =3800Hz
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Abstract

This work aims to develop the algorithm for modal
analysis by free vibration response only (MAFVRO), in
particular for the general damping system model. If the
structural displacement or acceleration response due to
free vibration can be measured, the system response
matrices, including displacement, velocity and
acceleration, can be obtained through numerical
differential or integration method. These response
matrices can then be applied to the developed
MAFVRO method to determine the structural modal
parameters. The numerical differential and integration
methods are introduced and adopted for establishing the
modal parameter prediction program for the general
damping model of MAFVRO. This work shows a three
and ten degree-of-freedom (DOF) systems, respectively,
to demonstrate the feasibility of MAFVRO. The
developed method can successfully use the output
response only to obtain the structural modal parameters
and also be extended to continuous system as well.

Keywords: modal analysis, modal parameter, natural
frequency, mode shape, damping ratio.



