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Study on Thickness Measurement about Insulation Rubber
of Steel Motor Case Using Ultrasonic Resonance

Dongryun Kim* - Jaehoon Kim**"

ABSTRACT

The rubber side could be contaminated using the existing pulse echo method because the ultrasonic
wave was incident on the rubber side from the interior of the steel motor case, which could lead to
the critical disbond defect. To develop the test method which can be replaced the existing method, the
ultrasonic wave was incident on steel face of the steel/rubber adhesive test block. Rubber resonance
frequencies measured from the steel/rubber adhesive test block were in good agreement with
theoretically predicted rubber resonance frequencies. This paper was described about the ultrasonic

resonance method to convert the rubber resonance frequency into the rubber thickness.

Pt
fu

el Brdmye 28 Aad Yol nFWeR 2898 YAAYEE AN} 6 2
288 & gon, = A AAA AT AVE LAY § A% P] PUS 2R 4
e A Slsl 28/a% H3 A9 2

Key Words: Nondestructive Test(H] 3} A §), Ultrasonic Wave(Z-53}), Ultrasonic Resonance(Z s 3}
F %), Steel Motor Case(2~¥ 143, Rubber Thickness(2LF F7)

A4 2012, 5. 23, FRLED 2012. 9. 13, A}xﬂi—};ﬁ"—i 2012. 9. 19
* A3, %H‘FF&@‘?* 17]E€ATEE 65 LM B
= A8, SEigal 7 74]“7414‘5]"4
t 22 A A}, E-mail: kimjhoon@cnu.ac.kr

nu.a 29 dagd Yo nie 29 dray F
[O] ERe #F2ATEI 0IE éﬁﬂ?ﬂ%EHﬁ](ZOlZ. 5. 1718, g A W T E =+
FOFHYe W) HREES AAE] £ - B A A Apolo] EA)3te] FA AA4A AL 1Y



S0

o
E._ﬂmHE._o
]o_eo#ﬂﬂr
__mﬁao B8
Tﬂ%%@r T A
DT@EAT% %.@ﬂ
o o 7 o rnY " Mo )
Eal l%ma =
wy op o T o o T T
4 o W ol UGS WX o 2 "
o Ho % %aag ﬂV% S
%%%DT# R0 awoﬂg L__Aﬂ « B3
%ﬁ%ﬂﬂe = ﬂuemﬂh B o — %m R
Fo = % s 3 R 3 w© i
ETW&GE,MM _.__.Azlm Mﬁ_owm ﬂwwaq m iw‘w‘l._n_ﬂ mmooﬂwﬁ,l__/l‘olﬂro]
b ° T F LS & Tl 3 o &% ﬂﬂrjzgoﬂq@
A np i B £} g o = ATMM = s g o O ! o =
. N P o ol g5 =% T > o X gup# G -
s 9 N s G Y ® A g 70 m Loy o M
del.maich MﬁToF@Mo I oy B = nam I_r\_,i ogqu%MﬁE]q W
o I S ]%16? szf _omoWsE + +ﬂ£ Hoﬂwr( T =0 N
N ,mmﬂlm - o < %o W ©le B oA T T = b 0 o F it dﬂﬁomﬂ et
%Wﬁﬁz 7E§$ﬂ_me e > »E" w%@% MoE e
<) T T oo T A b BN o W , 5" X ol ﬂ.dlﬂnﬂdl. N
m o o B S mp oF = o E Pon ie o T W o8 s m P G
xﬁﬂﬂo ,_:,m.mﬂg = mi.a Jﬂﬂl uo_zx,_ﬂ
- @c&,mml‘_n\f _E CS‘IZ._OLI_ = (\,mﬂ:._o 7~._1_l0ﬂﬂhﬁ‘*ﬂ?
I i X o w8 = "o zuno S R o D ol
" ] =T U R = & © e w R ) X W
x TR & T W IR v g ) ﬂnniﬂgm
. s — it N ~ By = ;3 ~ —_
%ﬂwoxﬂ7 M R J%uomq = ,im# ﬁoﬂ_fwzfuw_mﬁaﬂ
i%gdrﬂ]frﬂr. T 1ﬂ.E x) Ho:% ﬂ@oﬂﬁ@ﬁi%
ﬁ@u}oihﬁoﬁﬂggzgfvw% o T E WETMM:@ wmx@é
ﬁﬂAW@A@ aﬁzw;agg ﬂﬂ?@.m 5 R a_ﬂ.loe
@f}ﬂ_x %_ZTAI;& zw U A P _Eiq@ o B
loﬂ@l%o geig_omgu &rﬁ < ° _ Eﬂwz .V@ wrmﬂodi
~ UHJ_HU.W #L#L}Alﬂwmoamﬂﬂﬂ ]yl,ldﬂ;o‘_ < Nr 3 q‘quo,m.x_ N nk
dp < R m];oﬂo _sﬂﬁoP] FoR o Eﬂw.]r ,1r1 il
ﬂuae}xa] T X S auﬁoxgz; ) T 7 Lz‘__w 5N =
H._@Ao AATOTxm.,_ereMEﬂWﬁI&ﬁ] %de}mﬂl © o _nn1ae
T ook ) ) ﬁo‘o|£|m 1_,_A|;o T " v anq e~ K © o Ho%.mw ﬂ;] o = 7 A
K 1%@9 aﬂa_é%aﬁ R 0 g_%gz%@ﬁ w Qﬂ#
1:\_ 1 o I i —_ T 8 %A N ‘q ]‘Vl Z_l ,A‘.w s — el - 3 =
= % = ot o o B o B ; CE > T o T T
o mg%zﬁ L3 k%awo@ﬂ wgg%% qqﬁg %@sﬂt
OATA = ﬂﬂ 4%%0 - X ; Eg_.]rﬁz i % o A
ﬂg%m%gom;éw4ﬂﬂwawﬂw %ug@wWwa@w m@%%mwna
2 ) T TR ,XL o n:|‘_ ) ojn e T R ‘7|E ol T B T Wu 2 N - o %o N __mV —_ Wy ]u = NF E ‘%
o T W o " = o ™ .~ g H ® o o Ha e als! %o = ) U3 . N al m_m,_m = = _ﬂ_ S = o
ﬂgﬂéﬂgﬁﬂgvgﬂg%iwﬁﬂviﬂu o_%@_ﬂnwwuruj_ewah T W%M;ﬁ
gaaﬁﬂm$amw4agﬂw LN %on%ﬁﬂeﬂ%@ qM%ﬂ%1z¢
do o}l B & iy of o =T do - M% o = oup & gy o R ol m B M o - B
fgﬁﬁzﬁf 2%z ;o_ééjo{ié E
E%;wiﬂz$1M1la %sz%%ﬂ% %%@L_gqﬁmia
o_u1r§.nn nx;ooll i . ® ix}ﬂoe uwm,meO;o_,__v
.sﬂu_]ﬂormoﬂﬁkm i%ﬁﬂtimﬂéufuﬁﬁ}fgoyzo
oﬂfo movoqﬂo_uo%eoa%%% _mlﬂ1u?gﬂﬁﬂ1
iﬂmﬂ é.i?immua] aﬂgaa ) X = ® T
N S = g v = o) ¥ = R <~ N = o 4
_.mn\ﬂ'ﬂeMmhwe._much Lmann:T%ﬁﬁEg_
RO T 2 S Ao M oy % T o at o=
SFERE ST 34 T
o — n = n
ﬂaww%ggo_uwlwmwn
T M.iﬂm&mH‘zﬂ.%
BT W o o T
oo = )
aE*EOLO

==

Az
UHXE]Q/]

A
-

oA



H163A H5& 2012. 10. =21 Z7lg 0|28

91

9, A3 wAe WE mR 2 A4
o2 44T 5 Utk 2t 29 Ax
Ao 29 dAid YR AW

A AWEAA WA =

4T 223 d2E YA Ak

ol

st BolAA B,
Az WA %wwﬁ Eq. 3% 2o] &
2 4 Ui, 5]

- ©)

Z 7 7
(1+7])Rr[exp7( ko)) +j(— +7)Im[exp7( kyz,)]
Zs

(1— ?)R@ lexpj(—kyz,)] +j<é ﬁ)lm lexpj(—kyz,)]
3

A71M, R A wWAEY SEEHAHAIFel
Z< HA 4 §3F ddzon, k9 g,
2 A 2 wjde Zg F FAC|Th

Equatlon 34 A 1 A HEwAE, A 2
g e , Al 3 Ee FY)Ek . 7HgskE
99 WT n°ﬂ et 2"e 233 gAgo]
nA/29] 27 A Fxlo] LA, A 1 wEL

29, A 2 AL 1%, A 3 e Frga

sk geole] A4 nol thete] nFE x2S
o Fgo] (2n—1)A/49 ZAA FFo] A
gt} Eq. 4914 293 157t 23S o 29t
HEAMAl S VrER AT
L (4-7)  (#-14%)
=iz B (Z2+22,) (4)

A7, R 29l AL W LA
o)x, RS IEIL FAE wf StyrAbAGolH,
z= A A $F geEzelth 2 v
o &3 JYUAE YPsd RE L9 HEEZ
23, RE ¥ ¥3E5 2 HEz 287 9
e wrA g

Equation 3& 01%5}04 k, L3} %?}E‘}/\}ﬂ]—?
RO FBABAE
stk =" 33 —zr
04 Oﬂzﬁ‘d} T demn,

Fig. 1 Prediction of Ultrasonic Resonance Frequency
Using the Pressure Reflection Coefficient (a)
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Fig. 2 Simulation Result at Steel 186 mm and
Rubber 3.97 mm

=2
i
to
olo
Ja
o
fr
o8
fo
i

o%
fr a4
X
K
k1
o,
1o
o
i
[ rr
i)
z
8
=S
1o,

0.67 pse]al 1% 3.97 mmo <

pselt}. Fig. 2(a)v= A" &9 &
2o A 0.67 psd Aol AAE 2
7F &R EI Jdom S3ko 4
ANz A7 AR FolA 1
|4 585 nse] Alzte] AAE

)

1

o

o o & 1 1 do
T o\
tefse
r, ) [ > s
, ">
faed
Ay
o2l
n
&
pack
32
it £
k1
-
1o, 9
™ i, o
> Y 4y 4 do o

[
i)
ofNi
j'i_l,
]
i o
ofNi
>~
i)

Ry O A
ox

2 2 Jg b o f
S :
£

<, o T
>
©

(e <
i)

32
o
N
P do
oo
1=
oy
B Lo
fu
o
_O'L
9
>,
o 1

AE7F 067 psellA SR HU A
A&7} 585 usollA

_f_
Az 29 A AEG aF 9

o
=
>
[
o
olo
ft
o
K
=2
>
rr
N
_
(R R ST P e

23 4 itk 100 kHz g&219 98 A&
Al ZH(waveform duration)©] 64.10 pso]2Z2 2d
o & FAA 067 pset nF9 F FA
518 psEtt €53 ZB2 Yed ddo|th It
3 A& NS Fol7] Hste nFug &§EA
E AT AR, 1FgFoMe 239
& A7t AANBRZ 2537 15 W@ s F4
g gl7] WE 15 FAE F8E 5 9l
=2

olfl o|fFE PAZA 249 dx#e 1F F
AE ZAs7] AsiA 15 FEAE JSH
AA 2595 IFHESZ YAAZIE B2d=
HE HE&sta AT, A P AFHY
edom FXA/ oY wHFR AT 22
WA A%S FIAZE & Uth

1€ domyS MMy Y ¥ F
A FoFE ol &t 1F FAE SHE =
+9 FAHE MEsdnt. 259 Y
2 A& AFto]l wjdel F3F FART ZHolA
FA "9l wxtgE EEetr] Z@g Al
AFEE Utk 2579 o) 9 ¥ (bandwidth)2
A7 FR FIF FAR Agste 2" FX
For7t SR/EHA FEE SN 2LIE
29 1FE YAXA T T FIF

41 A3
Figure 32 253 33 255 #43517] 93
A AA FARCH. B ATide 29

o 747 FosE wERe Y Fuiel AR
AT, LE BE S50 WEE st 4
Be 20T $A0N FIF Axel FASAT.



H16H X535 2012. 10. =T} ZXIE 0[8%F A Ao WY I =4 53 71" 37 93
RAM-5000 :7 / (=96.82 kHz ]
—_—
40 f=67.68 kHz {=13268kHz  6dB 1
- ——- g ]
Computer § 20 i
Clamped Diplexer
Transducer Freque‘:::y(kHz)

Test Block .

Fig. 5 Frequency Response Curve of 100 kHz

Fig. 3 Schematic Diagram of Experimental Apparatus

Steel : 186, 2.82, 5.68, 7.00 mm
Hmber :2.86,4.03, 5.05 mm
Liner: 1.01 mm

Fig. 4 Sectional View of Steel/Rubber Adhesive Test
Block
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Rubber 397 mm in Thickness
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