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Prediction of Resonance Frequencies and Analysis of Frequency

Response Characteristics in a Robot-Based Inspection System
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ABSTRACT

This study investigates vibration behavior observed in a robot-based inspection system and assesses its

response characteristics under different operating and structural conditions.

Triaxial accelerometers were

installed at the robot base and key locations of the inspection unit, and frequency response function (FRF)
analysis was conducted. The results reveal pronounced vibration amplification within a certain low-frequency
band, which is attributed to structural resonance of the inspection unit. The analysis suggests that the
dominant vibration source is associated with structural vulnerability in the inspection unit and its supporting

frame rather than the robot itself.

Keywords : Robot-Based Inspection System(Z2% 7|8+ ZAA} A[AHED), Resonance Frequency(3E XS F),
Frequency Response Function, FRF(FIty SE &), Vibration Analysis(Rls £4),
Structural Resonance(TxX S3)
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Table 1 Test cases and operating conditions for evaluating robot base behavior under various actuation states

and support structure reinforcement conditions

Case | Input Output Condition
1 Platform Base Robot Actuation
2 Left Fixed Plate Robot Actuation
3 Left Work Table Robot Actuation
4 Left Camera Module Robot Actuation
5 Left Camera Module Robot Stop
6 Left Camera Module Robot actuation enabled with support structure
. Robot Actuation Enabled with support structure reinforcement
7 Robot Left Fixed Plate
along the X, Y, and Z axes
Base
Robot Actuation Enabled with support structure reinforcement
8 Left Work Table
along the X, Y, and Z axes
. Robot Actuation Enabled with support structure reinforcement
9 Right Camera Module
along the X, Y, and Z axes
. Robot halted with support structure reinforcement along the X,
10 Right Camera Module
Y, and Z axes
. Support structure reinforcement along the X, Y, and Z axes
11 Right Camera Module

under human-induced floor impact
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Fig. 8 FFT results of
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Z-directions for Case 6
g 00 "
£
3
2w
;f 0.02
. 0.01
MMWUWM_M‘ Wi
40 60 80
Frequency (Hz)
o 008 "
H
7 006
B
2 004
=
£
< 0 A |
J‘._\ LYY &g»}m,m.:
40 60 30
Frequency (Hz)
5 o @
5 0015
]
z 0.01
< 0008

it AL

60
Frequency (Hz)

Fig. 10 FFT results of
acceleration responses
in the X, Y, and
Z-directians for Case 8



fu
e
N
=
fincy
>
>
[>
o
o
o
o,
™
offt
E
2
AN
P!

FkE S5

7 A7FEES A A254, A4s

0.06 )
0.05
0.04
0.03
0.02

| o
oo ""h-u-lw MM&'!“W%@MWJM?MPWJ
80

Frequency (Hz)
0.06 )
0.05

0.04

0.03 {

0.02 . &., E
iy

0.01 | LT
b hutall A Wb Tt T, Kol

Amplitude (m/s?

Amplitude (m/s?)

40 60 80
Frequency (Hz)

0.02 Z)
0.015

0.01 |

sl J#)'L Gh\\.m«u ,J’r*\&_a,"Lm

40 60 80
Frequency (Hz)

Amplitude (m/s?)

0.005

Fig. 11 FFT results of acceleration responses
in the X Y, and Z-directions for Case 9

% 0014 5 ZZ 008 &
3 oo 5 006
3 g
2 001 H
2 o006 = 0.04 |
< 0.004 I < o0 l"\
- i,
0.002 | 7\1.‘\.‘ “"LV.A,,,*, |
40 60 80 40 60 80
Frequency (Hz) Frequency (Hz)
™ e
é 00 m & 00 U]
2 0015 3
8 £
0.005 E
cabbl | | .
40 60 80 40 60 80
Frequency (Hz) Frequency (Hz)
% os @ F o0s @
5 ]
é_’ 0.02 : 0.04
Z 005 ERT
& =
£ oo o
) 0.005 < 0.001 ,'(H\ N
»} by : Ji ‘_‘,W,K
40 60 80 4 60 80
Frequency (Hz)

Frequency (Hz)

Hg. 12 FFT results of
acceleration responses
in the X, Y, and
Zdiredtias for Case 10

Hg 13 FFT results of
acceleration responses
in the X, Y, and
Zdirectiars for Gase 11

4. &4

2 ATl 2R I A AzEe] s
54 2487 98 FFT 8 Fub 89 @
(FREE ol &sta] 45t 29 3o Fub 39
A Hlﬂfﬂ?&t} °lg &3l Az W T
A AU S st A 2P A8de
w4kt
L2l Ad 2doA 43 29 3 A%

Aol AA ggtew, AxEle AHow g

A 3" 54 FAS

2. Y 4 o= oF 80 Hz F-ollA &9
ZZo] 48 vl FIHIA FUlste @Al
#EFEoH, ol AT FIg FHAA 7=
FEAY ¥ JHRlo] HzAgsHAN 58 F

o] Yelt A¥=z sHEoh

o

>

Re)
12

PN ERERERR S
S4o] UEhgon], o Al
of 9% JhAuch Fx 1§ 5
2 Bee nAEY.

£ o
i
rr

¢

o o 010 o
1o fo il oft
of ™ —

o% ol of\
o N
L ojt

o
o2t
rlo

FRF #4 A¥e}l da=A v

i
vpoll A T4 Ad 54l

o & O
Moy ®
it [o
flo i)

A

ol

Jl
ro
9#
24\
RS

=

[0
R
2

¢ e 2ad U
AARGE 724 5
slow, g% 47 o
9 33 AAE RYste
A A o

o m Mz o

[0
= 4

of
¢
) l'N
i, [iu
2

N
olft ﬁ
4% 2
2
JN

9 off md U ofN
X
)
o
nﬁ

o
fu
e
(L
i,
v

-
N
¥
N
=)
2
ot
A
ox
of
12
2
i
N
5y
o
N

ml oM

>,

o
= o offf

Lo olo

o fr ne

I
w1l

o,
flo
N
>
R
£

o Jn 4 © op
%0
o
o
2

A

S
o
oy
}01‘
=)

g
ox

i

N,

)

il

9#

_%_l,

oxl

2 Ho Xt i

e > i

fo N Pi

9#
¢

23 g
=2
2
N
fo
off

- 136 -



AR, oS : FFVIAESIA A2s5d, A4s

REFERENCES

. Inman, D. J., Engineering Vibration, 4th ed., Pearson
Education, Boston, 2014.

. Ewins, D. J., Modal Testing: Theory, Practice and
Application, 2nd ed., Research Studies Press,
Hertfordshire, 2000.

. Craig, R. R. and Kurdila, A. J., Fundamentals of
Structural Dynamics, 2nd ed., John Wiley & Sons,
Hoboken, NJ, 2006.

. Maia, N. M. M. and Silva, J. M. M., “Modal analysis
identification techniques,” Philosophical Transactions
of the Royal Society A, Vol. 359, No. 1778, pp.
29-40, 2001.

https://doi.org/10.1098/rsta.2000.0712

. Allemang, R. J., “The modal assurance criterion-
twenty years of use and abuse,” Sound and Vibration,
Vol. 37, No. 8, pp. 14-23, 2003.

. Bendat, J. S. and Piersol, A. G., Random Data:
Analysis and Measurement Procedures, 4th ed., John
Wiley & Sons, Hoboken, NJ, 2010.

- 137 -





