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'.I:'.:Z:"...'IZ::::.':Z.!II (a)
ose 8 L] " peseP * § § Tetnp * '.."'..;“l
Direction Direction
of particle of wave
vibration propagation
(b)
—r
Direction of
wave propagation
Fig. 1, (a) A longitudinal wave of sound?
(b) A transverse or shear wave of sound?
(a)
+ - -]+
(b} + - =1+
+ - <}l s
faces
Fig. 2, Disc transducer element. (a) Front

view. (b) Side view with fio voltage
applied to faces (normal thickness),
voltage applied (increased thickness),
and voltage of opposite polarity
applied (decreased thickness).?

AatEE ot Falo] ste] HA S transducer 9
L% % 8 (resonant frequency ) & 2.9| odd over-
tone frequency & 57 <} (oscillating voltage )
ol gl ofste] AEw o}

Z5vbe @z e (continuous mode )Y H .~
2= (pulsed mode )2 A£E <t Continuous

ALl ofsta ALy o
Z2edE ogExog ArE5
o HAjoll 4= 2598w+
(source ) transducer 7} A% o=

mode+ transducer”}
2 71EEY, Ags s
t}. Continuous mode 2}

Aske EEH
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Pulse durotion
. o e
Normal Time
e
\ Pulse_repetition period )
1Second

Fig. 3. Pulse repetition frequency is the number
of pulses occurring in 1 second. In this
figure, five pluses (containing three cvcles
each) occur in 1 second: thus the pulse

repetition frequency is 5 Hz.
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generator pulse back surface

Plezoeletric crystal

Fig. 4, A schematic diagram of a simple pulse-
echo flaw detection system using a

contact-tvpe transducer.®
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of e} 5ol A gl Aee st Aol 2E
G2 ol sl A2 19299 S.Sokolovel 935k
7] & Al 5l % o} pulse ~echo whol Aub= 7] A
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w2 9} zhe o] E g9 »] £ (bubble nucleus )
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7b vha] ofH ol Zrhshu] Yo Ao 74 -n
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ol & 75,000 psi @ 74 oF# (instaneous pre-
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ssure ) ¥ 13,000°F 8 =& &%) aklg 4 gl
255 34 FAH Tl A }% WA AE 4y
Ao g uo] Abgg Hok= Z2ul A (ultraso -
nic cleaning )eolt}, Al A2+ Z-&abo] cavitation
Aol olste] A A o] HAuk 2Jas} HAE  wh
Fr 8 w3 AT gl ofste] Foldl 4
gl =z of af 7} & = HalE Y] 5 Steh A Heke
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o]z glvk Al b 0l AEFT+ 25KHz 7
40 ~50KHz F Zfoly 1liter ol tished 1 watt
of 4] HEl 25watt 459 power 7} A&t}
Zaab A3 ool Hol Abgs= 233 ¥l
A2 frohagot el AHE = ofe] A Eol ok
W Holx] 9 T ylx9] WA ES cavitation F
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mocouple junction) & wt= ] Hol et}
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st o we ool Ao WAHA @rlw o &
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.2 Zs EtM(flaw detection)
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=
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£4A AT F s e 32 Fo4 Ha gl
o},
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(crystal YA 358 7144
gom 1 4st SME FA A vrte Hd
9} 7} Fig. 404 B uhel o] ot A o
ole wW= 223} pulse 7} EA kel A 71 7=
7 o3 Agislol sindel 9sle] whals{o] FHotoA
5‘4\4. 22 crack o)vF A9 (dislocation)E 2l
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o] vlaA sz wheba 14 otel A2 AFAHE
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22 AsA o g 4 glon A S1x9 A

i
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o] 225} energy & A3 sty o Foll E
715, 244 (glycerm )%-/] #A &% WAl (cou-
pling medium) & S¥3] 223 25 vy &l A
32 vk 2% (axle)el 2.25 MHz i # 2.5MHz
o) 225} transducer & Fobd FENE Hao ©
2gch, A 8ol Agold zekx 59 ATHoR
71 E35la wlQ) EE Holulo] AA HAE FEAIG
o},

9tz 7] 9 Ejul (turbine) o} F-A& ©E2E (forg-

ol
tive ) ol 2k ol w2 9_33_%"\1' %o 4l g Rolsiet

L

ings)E, vlAtel (missile)e] & (nose cones) 9
A E7) S rotorEe] BA3 dehol FHEAFES W
Astee 5 o] wyo] 28} &9 rotor &
Bl 5h = w) = 72 Aelv] EHatgl ojdd -
o transducer% ‘i'}";}?ﬂ st 4 glo g rotor 7T
RNA S el z1o] Bol ol Aggtel o 2 Etran-
sducer A4l 5 E&o] wh2n] 20 rotord 2495
2 7 Zel (coupling)Al# 4 energyt 7l = A=
Zolth aluminium < A1 &3stedl &= 100MHz2}h

i
e

Frol & A&7 P"F%ﬂ“’l. 73 (stee) e YUl
X*ii 1= 5MH , Z2}2H (plastics)-& 100

W=l 5KHzol @& 2A5+E dag et F29
E (concrete)= 60KHz A%9 A E4+5 &}

i

3.3 =33} x=Z(Measurement and Control)

2gvhe AT Adel 54T wA G AR &

A & Aals] B2 %iﬂﬂ Abell o) Z 2w}
3} Walsb gom 28atel st WAl gk

ulefa £xol WEs AEgs BAe %, gy,
gl *g%ﬂ—, <l z} (grain)®l #A7], o|¥Al (aniso-
tropy), Al el s &5, A Zolg FolF
S 9M BJ oleldl WEFEe) ZAol ol F
g 1 FHES A 2 ’*]Z:E“ (systemoll 97
sted sj=w 24 (feedback control) ol 7}53lct.

712 (distance)®] ZA 2 echodd Aoz A
& 9o

2.9} (sound wave) & A9 QrRFol FrAH S
2 gats go sl A A Astslr] el
2 5 YA B3 gAEo] qol oste et
U 4A A 4 glvtel] = L FRE
QAL F9o JAEFH AV e UH,
“spring constant” ¢ % %ol 2lsted AR A
A 1# BAd A% spring constant £ £ 9
g} A4 4 (elastic constants) A3 a3 vepd <
9l o1 o] 52 longitudinal wave 2l %% Ci% she-
ar o wave %% Cs 9 ch&xt o] e =c)

Ci=yV (14 22)/9
Cs= V 4/9

A b 71 ol = transverse wavey AHiabx| E3}
I 9F& 4§ (compressibility)el = &+2] longi -
tudinal wave & &%l elastic constant £ g
Eil=0

c} A4 Aol 4 longit udinal # shear wave 9|
25 o)A F3} elastic constants &2 %€ young's
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CW.osc. Gate RF pulse Amplifier
20-400kc genergfor |_Detactor
Piezoelectric
Scope crystal
Frequency Phass v sync. “A" sweep
counter inverter Specimen trigger input

¥ 3
'rquq:r'::;gt ~{ Tektronix 535A

& Y

— “wq_Delayed
- trigger
Input ©
“4+A’ gate output 1 Video

Fig. 5. Block diagram of apparatus for the precise

measurement of the velocity sound by a pulse

superposition technique. (After H. J. McSkimen)®
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X ~ray 7} 1895de] A= s & oAl 4] 2]
AL wz 7ZEs A o Add AL F o
22 ApAloltl 1970 d ol HEBERSZHE (com
puted tomography) & 7| dhell o] 271743 o 2] 2}
o] o3t M ee At gl olste X —ray =
ol aAlol A 7FA F ot Hehuhy o ALg-5]of gkt
uhloll Akl Aol A S EH I AR = 2 Azke] A
2l 1920 Fulel| of AbEE7] A}

7}71— e —l‘%zﬂ e H]—A]-/H —% %-?’—6] iJg:]] A] 7] =4 0]9;{
o R A (steel) Al ol 28 52 volt-
age & wAl7lE Aoldeh 5~6cm Ax Tl
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7+d e (steel section)S A4 =
200kV e X—-rayel 2 5% A5 & A
gk

Z59bE X —ray 9 Wil AgdAlel A g1A] A
e 7 o Al A F e A" AL ool *1 g A
o] 1970 Fefolc) Abd Aol A Zoupi=X —
ray 7t & 5849 5 & Sl b A geel ek
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ol 5—’“4101]/11 Q8o AR AHEHE e
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hertz W 9]e] 227} AL Ry m ol Ko} o Fglds
v 2fu dolrl ol goerng o o 25 (re-
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A (acoustical properties) o] W&} HEo) o
shed ulkalzlo] 914 echo 7} A7 A €t o 5o
w 9} T80 scoustical properties So] A& vl %
TR PR o] & Alojol A Z-Lalrl whabgc}

4.1 EX(tissue)ol M S (acoustical
properties)

AN eA e F3kahd H4L 239 energyst A

BE = Fx, sl SaEs Ag, 23 9

% et g9 £5 Co FeCE vl 4
t] A~ (impedance ), 4t &t (scattering) 54 5ol &
s ohe} o} Yol & tissue 9 dpA} (reflectivity ) 54
e tissue o A Y Rk zelir FSulrt 2 uls
e weFrte] ztE Foll 95t AA=El o

df 2859 A5 dazdmda we E5e
2A0) Weted Fgslo] gouk o HE oA oz

Alwdsha 311%17-‘1 o7 AASAA F gleh md o
2l 5450 ol 2HAlA Az 9 £ e v
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3 93l EREMAA ) (data) & A W AE
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Fig. 6,

Attenuation in biological materials.

expressed in terms of @ /1.
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A FA 20 wef vl2o 2y Yo Fups
ol A= AFolch ddz bol g 1uc) g A
A A& (viscosity ) 9+ A A% (heat conduction)E
9] 34 (classical) mechanism o 23} & <=4 = 7}

&2 A Fel v sk 2t o2k Schwann o
sk 80% Hxo F4 249 proteino] o 5}
o o] 02 bk’ webs] proteine Fz7b Eabsio
24 3l (activation) energy oF 23}4) 7} (relaxation
time) o] o}-& of2) ¢a}#A (relaxation process)
& AYa gl “H-ﬂﬂ o] A gel A A 4ule
A 7F kA" 5 g) e

Fig. 7 4 Zﬂi%‘Oﬂ/ﬂ 2597k Aspete &5
5 Yebdcl Attenuation 7 #ol A 2} 7Ho| tissue
o] Eiret FHxAC wel o) gho] delan
9 EF5% FAEA et £x9 gho| welxn
tissue vhet of w3t W 9le] Hx &« glel
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