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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.

Keywords : Natural frequency, Crack, Yoke tube, Nondestructive, Acoustic

1. M2 %3t HEslo] BAS Frhskshe YO uekHel
WS ATt vk ol JAAFS TR V1A
A7} A7kl sel A ek WA R42 REse pAuw, Azte) RES) AT R E vote
Ape] 2 Al Q) ARbo] ERIth FHoll= ZRYXA V]
o] i dHdigtal 2018 % AAATH] A el ofste] AFEHUAS
“Corresponding Author : Joonhee Kang(Incheon Nat. Univ.)
Tel: +82-32-835-8226 email: jhkang@inu.ac.kr
Received July 13, 2018 Revised August 13, 2018
Accepted October 5, 2018 Published October 5, 2018

108



23 BB 39 A4

£ TSPE o E & oW K
p 297 % 95 - Sk o
g ~ — ~ ~ ~ e}
g g § 2 woT e WA + T m
: : 5 5 > T P T RSSO )
£ £ gy, @ o . T x
25 X & 4 = KT o E
S8 % = % RS wp BB ) ﬁ o+
opmydusy epmydury spmygdury &7 o Aﬂw % 5 Eﬂw Aﬂw = B &
g o g Ww ol z\T 1ﬂ_o/u ﬂ7,w1_ oF . NF o G w _n“%,_
; : EoEE g UL thE oge f50
, g 5 =n N g ﬂwﬂ_ﬂt WE T o
S g op o R N C Y
h=is Lv 2% ~ — el o <, " A g B L
£ L T4n L gFEFfWEoelx
2 S ﬂkﬁ% .Jmﬂmtﬁwouzru['%?%
Wm O+ - H — < ~o o o_Hﬂ Hﬂﬂa
e = 8 o My o <o M = N
— % >8 4o+ AT I o B oIl T R AT:lmﬂﬂu
" ﬁ -~ T T T Wo ST = S T B o
o w Exwg < x Mg FEC m
i Gy T o T S xr T B N
cTETEEIY §rEifpeiEri 2RI BEed
BT BB Td HXTa o TE PR B ZOE o, o
ZErRT g e LREAL g sELwaz tHEE
PEEREIRT dmpr LTl et aTl HE e
R ot o WX I o- o ,_mmmOuuMﬂﬂHd. ey T T T T_éma%
W_MEMM_“%J@'E JMmﬂdﬂ R _o.ﬂ%ﬁcﬂo sz:.ﬂﬂo
T N P S Mﬁ%%@_ﬂoﬂﬂ%wﬁrd %MMH%} N
T ERE®T Lt BN R g I R R S
TESEEIgy E¥pcrazc2ii B 2iaiil RIUE
o N w He o ~ o A SRR R T ! B X N F X
Toah ko tox MﬂMﬂ??%%%? mrow o w Yo o = &
S T B S A O s TR e R
)| —_
gl X em o W oy T 5 TeaTpr TR
IWﬂMﬂZDﬂ.MWZT ]Eﬂeﬂmouutﬂna#e%oﬁ%i © ﬂ/F,.E]ATOEﬂEI U,Hlxﬂmﬂ,lﬂtl
ﬂﬂnﬁix,o%g @ﬂ\an ,qO#e?ﬂﬁ]iﬂb o ﬂo_LOEﬂﬂELdldl.Lt&qu
TurdwgEx L EiDwcsgw _RiEg I S TRC RN
~ o\ R o = T T 38 o ™ T LT = H.:.Mx_ll X s o ) zT,lEo
m e THGC O o gE TN Ay Ty LI BRI
ﬁd.@rn_rm,imOﬁ.mOfmuonfaamﬂdL%%mﬁmumm G ﬂLﬂﬁaT@uﬂA iy
LR R T B F R @ gk o XMy T X0y
dHH E R R T R L RSy T o ® M X oo ® S Al
Kt ap®PRR g Eomynmsoms > RO o ozoog e WRTT
WE BT TR ZHTEATDE TR W TE T R T HW

AT

o

A AR A

i

ke
w

3. 3 AE7|e 4A X M=E

3.1 32 #B7|o| 7

o) 2L AZF 9

109

@.1)

f(t)

ofaloh 2.
ma+ cx+kx



FEAe71E8 8] =2 A Al9d A0, 2018

[ ) Yoke tube

microphone

Signal
analyzer

(24 bit)

Fig. 2= A} A&dle] 74 =5 vehar 3l Fig
2014 & 4= gl%e] A AE7|E 83 FHE B4
ate] AES AN E S E | A|2dH ElFoR
WA AE 9 288 A A% vle]aREe] H
FHoln, AlMe] NegE FHE] g AZFIF 28
stk el fAEV9 AEE BAEe] dE EE B
S AR F Qe 2ZEY 07 Dasit) B Aol
= AE71E st ARt on, 23 FHe] AHA
MES SATte] 0 EES stk

3.2 3! HAET|9 MA

A AZ7)9 AR wo|ARE T HEH

2% A, gAdE 48 §, TCPIP A2 4
stgiom, x1°17l°ﬂ AREEE wholARE R AN R =
STM32F407% AH8-319th 24bit ADC I 2E A5}

o AlA 9 ofd= 1 Ho|HE st tAER Wskst
= i Fig 3& M AzE FAlshs ofd R
a1 32R] FREE JEI

2 Aol A= ICP (Integrated Circuit Piezoelectric)
ER§]e] mpo] ARES AR F UEF ofET IS

TE3ATh ICP Bl ¥we] SF A7} B2 glo
B2 akdollA] @ol] ARE-3H= W4 o]th 100kHz &
o] 7VEsle s 3|2 E T38| 44kHze AlB7A] 54
& UEE J2E FASE B3 QESH Aj~d
o ke A Ao} nfo]aRE| HHE PO
2 AT 5 JEE 44D A JEEEES TSI
3 10KF180¢ e c3 )
F i . ) "or
S I B-F e Gl ™
%m =
'(L‘ mmsus’l\ 10UFHBVIT-A

kY &

Fig. 3. Analog circuit diagram of the receiver.

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 % 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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0.1 T T T T . Table 1. Peak positions of the 10 orders for a crack-free
sample and a sample with cracks. Allowed
o6 minimum and maximum frequencies are
also shown.
5 e OK NG TolcrarAlccA TOlCralle&?
'ﬂ:—, order (Hz) (Hz) lower limit upper limit
w (Hz) (Hz)
* 1E-4 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
1859 4 130742 | 131257 12989.5 130752
5 155139 15417.4 15448.6 15579.3
1E-6 ; : ; : . 6 17895.7 176382 17817.5 17896.7
8000 9000 10000 11000 12000 13000 14000 7 20779.7 21127.3 20688.5 20806.4
Frequency (Hz) 8 225049 | 229362 22330.1 22505.9
. . . 9 31942.0 31530.0 31812.2 31949.4
Fig. 10. Enlarged view of Fig. 10 for the frequency m 357657 352250 356360 357796

range from 8000 Hz to 14,000 Hz.

 Fu 197 YeEhE 99S A% o Table 2. Peak positions of the order 1 to order 5 for
24 crack-free samples and 8 samples with
Fig. 904 & 4= 9150] OHz o141 35,000Hz AFo] o] e P P
<) 3 = 3 = 7] 0 o} 2= OF3L .
D]' Ok—d— ;45_ Eo] Eé/g El “ ;4\ = 2 T 9‘)\‘:} Ok% EH}:)] NO Order 1 | Order 2 | Order 3 | Order 4 | Order 5
B Aol AR I 9avt AZE HAY (Hz) | (Hz) | (Hz) | (Hz) | (Hz)
> o101 o _ " OKOI 5079 | 8626 | 10447 | 13074 | 15513
= = b1 3 = =
F= v d9d 1f Ty g3 0] AAEE A OKO02 5053 | 8613 | 10422 | 13003 | 15468
o o} 2= oJr} A4 FEo] Aod|= AR IS OKO03 5046 | 8619 | 10422 | 13054 | 15468
OK04 5053 | 8606 | 10370 | 13042 | 15462
skl Bak gEo O o) = r}oks 2 Alo] =
JotAel, S5 AlEe Bl B A9 Alo]=st OKO05 5046 | 8593 | 10441 | 13022 | 15481
o xjo] whe} 7|2 FAeks e g2 So] LAEH] & OK06 5053 | 8613 | 10447 | 13016 | 15475
0K07 5053 | 8619 | 10422 | 13029 | 15456
-7 Zylo] HlWE E) Bk 8= g 3} A 8 2=
A 7lERe) N g EE S WA AR OKO08 5079 | 8626 | 10402 | 13054 | 15481
At B dAfoE 23 FHO af Fu FoA OK09 5085 | 8619 | 10447 | 13042 | 15533
N N OK10 5053 | 8626 | 10422 | 13029 | 15456
Mol TG FuE AEns] 71% dag A
107e] i ke AdEste] 71E sam 24 OKI11 5053 | 8606 | 10428 | 13035 | 15501
I HAE AES 25 2439 Fig. 102 15904 OK12 5046 | 8606 | 10428 | 13029 | 15488
oL {sle} Mek [ o] Z AT OK13 5053 | 8593 | 10415 | 12990 | 15475
FE 1Mot 2 1 H_“] 0o }_ bt sle. 417 OK14 5046 | 8619 | 10415 | 13054 | 15475
olFlE 4 YL x5 J9E it 8,000 Hzoll Al OK15 5059 | 8619 | 10415 | 13048 | 15578
G o ala OK16 5053 | 8606 | 10396 | 13035 | 15456
14,000 Hz Abo] & e FAIS A9 %
tol& 2= 3 - HE e sl OK17 5079 | 8626 | 10428 | 13054 | 15475
th Fig. 10& 53l & 5 Aol &Fe] Afele 2 A OK18 5079 | 8626 | 10422 | 13048 | 15475
23 2 4 A2 v 27t Aol gon, uja] MRS OK19 5059 | 8619 | 10428 | 13042 | 15488
=~ o A N N 0K20 5085 | 8626 | 10447 | 13067 | 15501
i oA gk el 9SS o Uk B Aol OK21 5050 | 8613 | 10415 | 13048 | 15449
=0 A4 3 A, 4 Ae] WA} AZEY AL o OK22 5059 | 8619 | 10415 | 13022 | 15488
o ¥ gz e 2 A 27 0K23 5079 | 8626 | 10434 | 13061 | 15507
T R 12 AedE AR eAk At A sk OK24 5059 | 8606 | 10402 | 13016 | 15456
ZHe2 UeEh)a glom, okEe] A$el Hake] A4S NGOI 5027 | 8606 | 10274 | 13003 | 15423
NGO02 4995 | 9083 | 10615 | 13125 | 15417
Zygll= wl Z == o]
°f T%Tﬂ ofgA A7t vh=AE vrehfar glek NGO03 5034 | 8619 | 10415 | 13016 | 15584
T 1 oA Q2 9o] Bk AlZo] Ao | 2504 NGO04 5053 | 8613 | 10319 | 13003 | 15340
NGO5 5040 | 8613 | 10087 | 13035 | 15050
32> Alolo] = 7ro|l 3Lz} Alskal §lsle] ool o
10 2 Abole] = gho] &4k At sete] 492 NG06 5027 | 8407 | 10087 | 12707 | 15153
Hojds & 4= duh B Ao A F 3270(%F 2471, NGO7 5053 | 8613 | 10396 | 12958 | 15475
2 g7)e) NS HAES Ay RE B 4SS A ThlIGOB 5008 8600 | 10286 | 13022 | 15462
S o) olerance 5045 | 8592 | 10369 | 12989 | 15448
3t = 99tk lower limit
Tolerance 5086 | 8627 | 10448 | 13075 | 15579
upper limit
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Table 3. Peak positions of the order 6 to order 10 for 5 7E=|§
24 crack-free samples and 8 samples with
cracks. - _ _ s e
B ATelAE o 37 ~AEYS 2t ol
NO Order 6 | Order 7 | Order 8 | Order 9 | Order B 15 Fu5E BAgto g 7 AREe] a9 A
(Hz) (Hz) (Hz) (Hz) 10 (Hz) S o A A= =101 -
OKO1 17895 | 20779 | 22504 | 31942 | 35765 =8 e 2 AE7)E AL AT ol&
OK02 17863 | 20721 | 22395 | 31871 | 35688 98] AR B A7E 2= 0K Fu] AlAHS AL
OKO03 17844 | 20753 | 22466 | 31929 | 35752 ol ol Aol <ol 1Sl lielol
OKO04 17837 | 20689 | 22492 | 31871 | 35688 sled ebdd Ase Y AE7E JNEstdn)
OKO05 17837 | 20721 | 22376 | 31832 | 35662 - A%7) 322 AAE0n, 24bit ADC 3 2E T
OKO06 17870 | 20721 | 22401 | 31884 | 35694
2] =Lod o o] NI 2] ] =
OK07 17876 | 20741 | 22408 | 31896 | 35733 Jetglon, 47§ AdE Adsted 47 AAE AL
OKO08 17844 | 20741 | 22446 | 31929 | 35765 83 5 QR AL S E I E gAES)
OK09 17876 | 20760 | 22440 | 31909 | 35733
o] o o A A7 A AEE 233
OK10 17882 | 20721 | 22421 | 31909 | 35733 2om, 60 No= a3t B4 HAES 7Y
OKI11 17824 | 20766 | 22434 | 31884 | 35701 A1} 6028 N Huzhs dglon, ¥k Az
OK12 17844 | 20734 | 22421 | 31851 | 35682
e} 1)
OKI13 17850 | 20805 | 22331 | 31813 | 35637 0.71 No.= Uit
OK 14 17844 | 20753 | 22466 | 31929 | 35752 - O TSt A&7} QESHE ALREle] A &
OKI15 17863 | 20766 | 22453 | 31916 | 35746 =l B o “ =
4 _i/\,Q_E'_yO]VCOﬂ H JNe] ok
OK16 17818 | 20766 | 22434 | 31884 | 35694 ° b Fslat 9= 85 71 24709
OK17 17876 | 20753 | 22472 | 31942 | 35772 3 809 B MES HAES Ay 30| Ay
OKI8 17863 | 20728 | 22440 | 31916 | 35740 < a = opoe g5 & o
3 87 B2 A RFE A T o] .
OK19 17863 | 20741 | 22440 | 31903 | 35746 h a2 A% s 4% 2 5 Al
OK20 17870 | 20760 | 22479 | 31948 | 35778 - B AFE T e 2 AL Al 2ES HA A
OK21 17837 | 20786 | 22459 | 31903 | 35740 A A A AAE AL Ao A A
0K22 17870 | 20760 | 22421 | 31922 | 35746 e o
OK23 17882 | 20753 | 22479 | 31948 | 35772 of AA ouA|E F & AR FAtHrt
OK24 17863 | 20728 | 22389 | 31871 | 35694 _orog Id Sao] wpE 2yl Wale RAls]
NGOl 18108 | 20683 | 22356 | 31864 | 35701 s e o aEel s
NG02 17638 | 21127 | 22936 | 31530 | 35225 dlelgulo]~E F5dhs A7E Ay A gl
NG03 17593 | 20824 | 22897 | 31948 | 35752 o &t dlolElm|o] 2~} FEE T, =4 AT} u}
NG04 17799 | 20747 | 22395 | 31896 | 35714
= Bgk 05O = byl sl 2=~ o) 3L 2] 3]
NG05 17586 | 20921 | 22749 | 31903 | 35733 2 2% F9& wEd Ad & 5 glo) FAue
NG06 17831 | 21114 | 22279 | 31575 | 35443 1 Bgyly] Hopo| A §-25 AFRE & 9L A
NGO07 17728 | 20831 | 22279 | 31890 | 35469
[e) biRsi=
NG08 17799 | 20895 | 22414 | 31903 | 35707 o ekt
Tolerance 12017 1 20688 | 22330 | 31812 | 35636
lower limit
Tolerance 12006 | 20806 | 22505 | 31949 | 35779
upper limit References
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