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Analysis

Woo-Jung Yeom', Yeon-Chan Hong', Jin-Young Kinr, Joonhee Kang>

'Department of Electronics Engineering, Incheon National University
’Department of Physics, Incheon National University

& ok sl AL vl%e] W Qs JARES ade AAske WEEe] FE& W) AL, et vlshg
[e]

AR FAAE S FARE YR S8 1 PR BE A Qo) AFS] B olE By 4T /1%
2 Ad & AT ARE F 23 Fue) 29 A A8 29 Al 08 978 agsaon),

2% 87 WYOE WA Aol /5w AsHE TASAT 24bit ADC IZE BAGOH, 4B dole FUL

913 MCUE §HAlsiglen, st dlolE) §41€ $la) TOPIP £41 QB lo)22 FAaIT) Hole 34€ 918 ANE
ClolanEE Agaslon, 29 dus WD A A=l AT B4 weonoa:% TR, AA A
BIA AL 22 FOE Aol HAES QWS FE} Ao0] Yt BIAFS PEs: H2ES YFHoR

ANl A AEY) 48T 5 93 Feshck

Abstract Due to the development of nondestructive testing techniques, methods of inspecting cracks in mechanical
parts have drawn attentions. Among various non-destructive testing methods the acoustic resonance method which
analyzes the natural frequencies has been developed into a technique suitable for the prompt judgements of the
existence of the defects in the mechanical parts. In this study, we investigated the crack inspection technique to
examine the cracks in the yoke tubes by using the acoustic resonance method and realized the system to quickly detect
the cracks. A 24bit ADC circuit and an MCU were installed for the smooth data collection, and a TCP / IP
communication interface was configured for the data communication with PC. We used a microphone as a sensor
measuring the vibrations. We constructed an analysis software to obtain the frequency spectra of the vibrations, to
find the existence of the cracks, and to feedback to the user. Tests were conducted using the yoke tubes manufactured
in the real industrial field. The tests were successfully conducted to distinguish the good products from the defective
(cracked) products and confirmed that they can be employed in the actual industrial field.
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Fig. 3. Analog circuit diagram of the receiver.
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Fig. 4. Fabricated controller PCB. The size was 93mm
x 102mm.
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Fig. 5. Fabricated auto-hammer. Impact force could be
varied. The cylindrical design made it to be
compact and convenient. The size was 120mm
x 38mm x 38mm.
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Fig. 7. Test setup of yoke tube crack detection system.
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Fig. 8. Test results of the auto-hammer impact forces
with 10,000 hits. The average impact force was
60.28 N.
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Fig. 9. Test results of yoke tube crack detection. The

frequency spectrum of the crack-free samples is
in black and the samples with cracks in red.
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Fig. 10. Enlarged view of Fig. 10 for the frequency
range from 8000 Hz to 14,000 Hz.
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Table 1. Peak positions of the 10 orders for a crack-free
sample and a sample with cracks. Allowed
minimum and maximum frequencies are

also shown.
order ?llz( I:lf lzziiriiit uiizriiileit
(Hz) (Hz) (Hz) (Hz)
1 5079.0 4995.4 5045.9 5086.5
2 8626.0 9083.1 8592.8 8627.0
3 10447.8 10615.1 10369.5 10448.8
4 13074.2 13125.7 12989.5 13075.2
5 15513.9 15417.4 15448.6 15579.3
6 17895.7 17638.2 17817.5 17896.7
7 20779.7 21127.3 20688.5 20806.4
8 22504.9 22936.2 22330.1 22505.9
9 31942.0 31530.0 31812.2 319494
10 35765.7 35225.0 35636.0 35779.6

Table 2. Peak positions of the order 1 to order 5 for
24 crack-free samples and 8 samples with
cracks.

NO Order 1 | Order 2 | Order 3 | Order 4 | Order 5
(Hz) (Hz) (Hz) (Hz) (Hz)
OKO1 5079 | 8626 | 10447 | 13074 | 15513
OK02 5053 | 8613 | 10422 | 13003 | 15468
0K03 5046 | 8619 | 10422 | 13054 | 15468
OK04 5053 | 8606 | 10370 | 13042 | 15462
0KO05 5046 | 8593 | 10441 | 13022 | 15481
K06 5053 | 8613 | 10447 | 13016 | 15475
OK07 5053 | 8619 | 10422 | 13029 | 15456
OKO08 5079 | 8626 | 10402 | 13054 | 15481
OK09 5085 | 8619 | 10447 | 13042 | 15533
OKI10 5053 | 8626 | 10422 | 13029 | 15456
OKI1 5053 | 8606 | 10428 | 13035 | 15501
OK12 5046 | 8606 | 10428 | 13029 | 15488
OKI13 5053 | 8593 | 10415 | 12990 | 15475
OK14 5046 | 8619 | 10415 | 13054 | 15475
OKI15 5059 | 8619 | 10415 | 13048 | 15578
OK16 5053 | 8606 | 10396 | 13035 | 15456
OK17 5079 | 8626 | 10428 | 13054 | 15475
OKI18 5079 | 8626 | 10422 | 13048 | 15475
OK19 5059 | 8619 | 10428 | 13042 | 15488
0K20 5085 | 8626 | 10447 | 13067 | 15501
OK21 5059 | 8613 | 10415 | 13048 | 15449
0K22 5059 | 8619 | 10415 | 13022 | 15488
0K23 5079 | 8626 | 10434 | 13061 | 15507
0K24 5059 | 8606 | 10402 | 13016 | 15456
NGO1 5027 | 8606 | 10274 | 13003 | 15423
NG02 4995 | 9083 | 10615 | 13125 | 15417
NGO3 5034 | 8619 | 10415 | 13016 | 15584
NGO04 5053 | 8613 | 10319 | 13003 | 15340
NGO5 5040 | 8613 | 10087 | 13035 | 15050
NG06 5027 | 8407 | 10087 | 12707 | 15153
NG07 5053 | 8613 | 10396 | 12958 | 15475
NGO8 5008 | 8600 | 10286 | 13022 | 15462
lz\zleerraliﬁt 5045 | 8592 | 10369 | 12989 | 15448
Tolerance 5086 | 8627 | 10448 | 13075 | 15579
upper limit




5% 27 ~HEY BAS §9 23 FH A A
Table 3. Peak positions of the order 6 to order 10 for 5 A&
24 crack-free samples and 8 samples with
cracks. — _ B S - =
2 Qpolde §3 ¥4 24598 S48 0|2
NO Order 6 | Order 7 | Order 8 | Order 9 | Order %3“ ﬂ% —erﬁ—% Tll:_‘_/\_«]' @'QE}VH 7] ]1?_%94 ﬂﬂ% A
(Hz) (Hz) (Hz) (Hz) | 10 (Hz) a5 2 ol mal AZol= s P .
0K01 17895 | 20779 | 22504 | 31942 | 35765 T o' A9 HE7E AAsta Azt o5
OK02 17863 20721 22395 31871 35688 _ﬂgﬂ 0217(6]@_ E}_z}] /pﬂ7]_§__ 77%-11—_; o OH‘H ;\] 1—%} g /\}_%
OK03 17844 20753 22466 31929 35752 a 3 @ A= L=l
= h = == =
OK04 17837 | 20689 | 22492 | 31871 | 35688 sto] <t ® sl A HE7VE NEsv
OKO05 17837 | 20721 | 22376 | 31832 | 35662 - A&7 I RE /gyﬂg}giguq 24bit ADC 3|22 T
OK06 17870 20721 22401 31884 35694
skl o AL 1AE =
OK07 17876 | 20741 | 22408 | 31896 | 35733 gatslon, a7he A S sk 47 AME AL
OK08 17844 20741 22446 31929 35765 ‘g.é_} Z,‘_ 9\)\5% ?—Aéf;}.gi]:}_ QE oH\:ﬂ'— Eﬂ/\Eo]—
OK09 17876 20760 22440 31909 35733
o] o o) MR B4 gHAEE £33
OK10 17882 | 20721 | 22421 | 31909 | 35733 mem, 60 No= st 64 HiES +48
OK11 17824 | 20766 | 22434 | 31884 | 35701 A3} 6028 No| Figre dgon, ¥F #Ax=
OK12 17844 20734 22421 31851 35682
o 1] 1)
OK13 17850 20805 22331 31813 35637 071 No&= }—E}- E}—
OK 14 17844 | 20753 | 22466 | 31929 | 35752 - 9kx V)3 AEV)Y S EHWE AL5te] A A}
OK15 17863 20766 22453 31916 35746 -
T} HEoF A o]t Q3 = Mol ok
OK16 17818 | 20766 | 22434 | 31884 | 35694 SAF Fsla sl 8 B 24744 9
OK17 17876 | 20753 | 22472 | 31942 | 35772 F7 8719 B AES HES A7 o] 1A
OK18 17863 20728 22440 31916 35740 = =) 3 == = =
§l-87 EE]: ME m==2 74€ 3} oloit}
OK19 17863 | 20741 | 22440 | 31903 | 35746 f =2 A2 25E a2 & 5 g
OK20 17870 | 20760 | 22479 | 31948 | 35778 - 2 ATE S e 2 AXF Al2wE A A
OK21 17837 | 20786 | 22459 | 31903 | 35740 )\P?iﬂx]—oﬂlﬂ A 7é }_E ;5'%%} 73_% ,\g;‘\l/\é 5:)]:,53]_
OK22 17870 20760 22421 31922 35746 N o B
0K23 17882 | 20753 | 22479 | 31948 | 35772 of AA olwAE = US Aew FATHTh
OK24 17863 20728 22389 31871 35694 _ O;—,]_'QAET: ﬂﬂ %‘301] = _Z,_T— o~ Eﬂﬁ]—% %@,3}04
NGO1 18108 20683 22356 31864 35701 . . . . 5
NG02 17638 | 21127 | 22936 | 31530 | 35225 Holgulo] =g F58h= A7rE AT AlFelrh
NGO03 17593 20824 22897 31948 35752 o] E}@} ];ﬂ o] ]ﬂ Hﬂ o] _/:7}. ?_%_%]:}_[‘ri %7(6]7‘?3_‘7 oﬂ ];q,
NGO04 17799 20747 22395 31896 35714
2 Bk o398 = ki &l 2= o) 3L 7]
NGOS 17586 | 20921 | 22749 | 31903 | 35733 g =3 735 wEA A & 5 9o FHe
NGO06 17831 21114 22279 31575 35443 ‘;l,l %EO]::’_E] T,‘:_]—O]:oﬂ/ﬂ W%O}ﬂ] /\}-%% 9\)\% ;—1
NGO7 17728 20831 22279 31890 35469 o= Fhriy
NGO08 17799 20895 22414 31903 35707 - = “E}—
Tolerance 117017 | 20688 | 22330 | 31812 | 35636
lower limit
Tolerance 117096 | 20806 | 22505 | 31949 | 35779
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