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Development of the Natural Frequency Analysis System to Examine
the Defects of Metal Parts

Chung Suk Lee, Jin Young Kim, and Joonhee Kang"

Abstract

In this study, we developed a system to detect the various defects in the metallic objects using the phenomenon that the defects cause
the changes of the natural resonant frequencies. Our system consists of a FFT Amp, an Auto Impact Hammer, a Hammer controller
and a PC. Auto Impact Hammer creates vibrations in the metallic objects when tapped on the surface. These vibrational signals are con-
verted to the voltage signals by an acceleration sensor attached to the metallic part surface. These analog voltage signals were fed into
an ADC (analog-digital converter) and an FFT (fast fourier transform) conversion in the FFT Amp to obtain the digital data in the fre-
quency domain. Labview graphical program was used to process the digital data from th FFT amp to display the spectrum. We com-
pared those spectra with the standard spectrum to find the shifts in the resonant frequencies of the metal parts, and thus detecting the
defects. We used PCB’s acceleration sensor and TI’s TMS320F28335 DSP (digital signal processor) to obtain the resolution of 2.93 Hz

and to analyze the frequencies up to 44 kHz.
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o SOl T Fust e Fure] 113 =
Begol AR AER A% Bt /1A REEe
ST O FHB o] WSl 283} WYL
A1) 58] A A A Beo]ar|2m1st golge] v
o) 9)5to] AFsHed F RES TRFRE LOW 2 &
&3 =eo] WP ek olH@ BAE ] 93 47
A 7 REE TR S 24 PASRe A7t W9

i)
4
o
119
)
o
=2
R
o
>
_,4
ol
rr
2
n-h-l

Q1 o st & 2] 83 (Dept. of physics, Incheon National Unversity)
(Songdo-dong)119 Academy-ro, Yeonsu-gu, Incheon, Korea.

“Corresponding author: jhkang@jinu.ac.kr

(Received : Mar. 22,2015, Revised : May. 7, 2015, Accepted : May. 22, 2015)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http:/creativecommons.org/
licenses/bync/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

169

Sk A= AEe] B xeeln
3 A4 o) oprE 4 itk wakA A
9 AE) A%S ANTOR o T Bl B 5 RS

E4 o] 7o) viEsiaL 2 Eok | Hhe ]Eﬂ 6“:]' U}a}’ﬂ Xﬂﬁ"ﬂ
Yol EAIE 49 549 7ol ZAldY10-12]. LA 5T
= 2] 13} o] YeRd 4= ) o714 ke stiffnessE 2] 0] 5}
I me massE 9|v|g}
1
f= e (D

B AFdM e FERE F A77F E AFe] obd AEA}
A AR sk ThgEE 717 A w4 FEES] A%s A
ghe AlEElS AASL Al Al A" A s,
Ao, AZEo]] 3717 ooz FRHAL. ==
S E JHE v, s ﬁlé%ai FFT Amp, AA(7H5%= Al
N AFSE AR TR B9lols FFT AmpE 58k
AZEJooln, AxEo)= PCol AX|=o] FFT Amp2| Zt
T A3, 54 deold 4 9 ARE @3e. doly 4

1% PC A~ E 9] o] &= National Instrument A}2]

LabviewZ 7] &3}t & Ao A= PCBAFS] 130E20 AF

[e]
A s

J. Sensor Sci. & Tech. Vol. 24, No. 3, 2015



1261

SEAN 352034 MSEANE ALE seinh A A4 A
A E M-S AN E AL HEE AN E AHESHe

o] obdl 7ol 9o} 7|7k A A Folt mego]

2
A AFL H2ED ) A
2.7 &Y

2.1 StEQ|0] 7H

Fig. 12 3 3 24 A|28]9] sl=9o] B2 tloloj

YR 9t} 8 AL = ETA AEZE diH A
2o HjaL 7HE = X 9] 2B S ol Hlo|HE A2 st
FT Amp, 3|H2] #4719} 54 $22 AEES 4= 8H A
AR e A S AEo T F& A E

e seiz 74 Hojsleh,

o
;

T

- o do
i

9
Eh)
o
Nl
:(|){:|‘l
N
fl

l:rcg 1 1y =%

d

2.1.1 s AESEZ MA|

v AESE & YUE HE TEANE 9BL 5
R 2 A7 QHE e AR S0l =S ALE

stgon st FE] e TE
v AESUE s FEASE Ao] s

Fig 1. Hardware block diagram.

Fig. 2. Hammer Controller PCB layout & case
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Fig. 4. Firmware block diagram
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Fig. 6. Frequency Input-Output test.

171

1271
3.HAE Zx

3.1 Fo &Y HAE
Fig. 62 /e A|2gle] a4 4] A5 Jewe) vt
B4 HZE ARES YeRl AL Qo HAE WL vkEE Al
AME JE 297 & Al 3 dAs ForE 29AE
AFAAG AXE T3l T+ 54 2 245 79 A
o B AEA ASEH 7FE=AA 9 7= (Sensitivity) =

10.2 mV/(m/s?) ©]Att.

Table 1-= 1,000 Hz ©A] 20,000 Hz 7}A] H2=E3F 2=}
E Yer AL Utk HIAE= 7F Fake with103] vHEste] ©)
2E3 HFghe YR Input frequencys 5 2=3]A

o AFFE FI4E Ju|slH, Output frequency= 7
Aol FFT AmpE &3t S4 3 F349] 75 Yehli iz

M=

1T}, Input-Output frequency= U FIr¢t A E 53
9] 2ol & 2| dtt}, Measuring efficiency & Y 8 F 3
st 241 Fu9) Aole] exg ey Uk oxg
o] H g2 0.001%°]3L HHEE 0.06%°1 AT W2 =3}
FollA Aol w2 Fug Ry 2 AL & F e
™, kol 0.06%= A7F mf¢- 22 2 & < ATk
Table 1. Frequency Input-Output test result
Input frequency Output frequency Input - Output ~ Measuring

(Hz) (Hz) frequency (Hz) efficiency (%)
1000 1000.6 0.6 0.060
2000 2001.2 1.2 0.060
3000 2998.9 1.1 0.037
4000 3999.6 04 0.010
5000 5000.2 0.2 0.004
6000 6000.8 0.8 0.013
7000 7001.4 14 0.020
8000 7999.1 0.9 0.011

9000 8999.8 0.2 0.002
10000 10000.4 04 0.004
11000 11001 1 0.009
12000 12001.6 1.6 0.013
13000 12999.3 0.7 0.005
14000 13999.9 0.1 0.001
15000 15000.6 0.6 0.004
16000 16001.2 1.2 0.008
17000 17001.8 1.8 0.011
18000 17999.5 0.5 0.003
19000 19000.1 0.1 0.001
20000 20000.8 0.8 0.004
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Fig. 7. Steel material defect analysis test.

Fig. 8. Steel material FFT spectrum graph.
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Fig. 9. Worm wheel defective product detect test.

Fig. 10. Worm wheel FFT spectrum graph.

Fig. 11. Worm wheel FFT spectrum expand graph.

Ei

e

|

Mol 7k $HA] AEe}r] flete] ARREAIAE AMS
stod S8 vlolEl & AT AHEE A s *Mgl Fdp-
£ 45 mV/Pa 31t} 71%101 +ZH6}X1 °‘t 473
3 7]—L°1 *XH Ciae
H 2~

O

[e]

i

kHzZ A7 3to] HI2ESA T & Ja
Aem #A Tt

Fig. 11 Fig. 109] 287 (14 kHz 1Y) 9] 949
Soigh 22 zolt}. 14 kHz & A o= B4 &
FE SHEY zpol7) gt 7ko]7] wfFoltt.

AAEL 14,1 kHz oA 14.25 kHz(7}21100 Hz)$l 7+ o
A] peako] EA| gt W E7FE-2 14.1 kHz oA 14.25 kHz
Abol & Blojuh= 235 BTt BEFF4] T 3ol B4F
o] H]3] 100 Hz ©]’¢ $A 4 =2 ™ o= Worm wheel#|
ZAlll A7 715l olgh a¥E Ak



Development of the Natural Frequency Analysis System to Examine the Defects of Metal Parts

Fig. 12. Input shaft heat-treat check test.

Fig. 13. Input shaft heat-treat check test result graph.
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