ULTRASONIC

TESTING

LEVEL &Il &Il

o p{ Ev %a ACQwWEDENG® AU 5



ULTRASONIC TESTING

¢ A%Ad
A el
10 Yow o g
13 Aug é
15 i CYAAv3%odv CUEE ¢\
17 a6a 0 ¢watlwnvoeyweAv avwuid) Az
20 i CYAAv3%ud)] ¢AEE % AZ ¢ v
20 i Cy AjA e )AwAv
21 i€ TAE¥U~ ¢i %OV AW ai BpAw A A
23 cAada ¢éwa acwnwmwE ¢v
25 ©AUl i7¢ ACa
25 al» (7 OAU
25 ©AU ATV Ay v
2 6 wa ©Au CABWY oa¥%
26 wa O©OA#(76-v©°
26 i CYAAv3%ausj 6&E C
26 ©Ov Ay ¥w
26 CEAl owuv U,
28 (G) modulus of rigidity )2(9
30 non-planar waves:interference of wave§ 6 - v° £ ¢wa ©A0 3(92 O A&l
31 surface orRayleighCo6 ¢ v 4 weé4 (€ OA
33 CEQViAluUv Y%WEHBoyv
34 i Al owényvl)ly xw
35 Ayve ulv2 ¢{ A&
39 6vdBs )
47 ApbOé %Y 0j GQ°E t¥%vy y 1AAc®O
50 isobar presentationtaw z y A&\ 4 E & w U
59 band width frequency C £y wi %4 5° y w;
60 Sensitivity and resolution ¢ %¢ %~ 1 Clla8f y

cop{E

11



ULTRASONIC TESTING

60
61
61
61
61

62
62

66
66

67
6 8

76
78

80
81
82

85
85
85
85

8 6
8 6

8 6
87
8 7
87

¢ CAwLEs 6
resolution .2(1 6
axial resolution)1(2(1 6

near surface resolution2 OA Az ¢i%E YA 2(1CE £

deepresolution e GY %!  §3g2€1%~ 1 C
technicalnotes Cp & WA | w
attenution of ultrasonic waves in solides | v %24 W& £ Al ¢ wWhk8 ©Ov A

attenuation in metals ; Anisotropy and cast stacture .1 9
Gwz ¢ ¢v VvY% O] G Az gAu O6COH(1¥ acC
AWSD1.1t bveywaeAv e{ O ) oCp
6ved )
i CyAAv %ad2)1 Ov A
CYApT U 1 ¢&%oidvEALT~ ¢\
.piezo-electric methods of generation and reception of ultrasonic wavg( 2 1
piezo-electric materials and their properties
6ver )
i CyAAv %o®d3 v,
portable instrument functions 1(2 3
timing and synchronization)2(2 3
receiver gain adjustmen )3(2 3
sweep signal filtering and display4(2 3
signal gating andthreshold selection)5(2 3
pulse repetition frequency * AE Cu ° COAE OGwils2 P 3 vy
pulse amplitude and shape contrgf(2 3
LAACDAEXLDWAEY 0wl we °Covayw 6144t cwa B~ ¢
avoidance of receiver saturation) * AE C U
signal gate and alarm level setting¥®(2 3
transmition power ¢! y %y A O2MB~ | ¥
distance amplitude correction(DAC) 1)(2 3
interface triggering 1)22 3

cop{E

11



ULTRASONIC TESTING

8 8 special purpose ultrasonic equipmeni2 4

89 thickness gags 1(2 4

89 principle of operation wa 2 p A ¢ 0202 4N  %w
90 contact thickness gaging3(2 4

92 delay line mode}(2 4

92 acoustic microscope¥(2 4

93 bond tester)6(2 4

93 generation and reception of ultrasonic signal¥(2 4

94 spike 8(2 4

95 square wave pulsergd(2 4

98 impedance matching deviceg 5

98 radiofrequency amplifiers )2 6

98 signal gates)2 7

99 video and peak atectors)2 8

10 i VACA-£ C¢H9EE |
10 norrowband filter to improve signal to noise in high gain application)3 0

104 xy %31 0vAy
104 Owu ¥y (3XLY %~)
104 OwWUl %y oxWARE YWEM 1¢ E£
105 y £ wé gCR@EL(3wlz  d
106 gC” 6 S a(3ildwl £
106 y £ WA L(JFwl £v
106 C6A0 ©OvAuUuvV3)ZEwa
106 OAE¥i 1 £ 3¥3wa X
106 CovAel évyA~ 13d7T £
107 yud OWAUV X
107 C” OA ©W8Auv X

cop{E

11



ULTRASONIC TESTING

p

108 C” OA ovAuv WBG6¢C EE
108 C” OA ov RWBW ¢ we
108 C” OA ovAuv3BwWa ¢é&
108 immersion probesé¢ YA OA & ¢ )&EH x V3
108 centrascan composite transducer8 8

10 9 WAAGC Ey BBE XV
10 9 accusc)l(d9fiso
10 9 accuscadonro
1009 videoscan4)0

110 contact transducersy 1

12 techniques4)2

12 pulse echo contact techniquel 4 2

12 initial pulse 4)3

12 back surface reflection4)4

123 i CYAAv3%audj awoaB:r C
124 6wl %y ANNEX.H WS D1.1 & {h@izontal linearity)Cy wi ¢ %A 406 01 /
12 5 wewa Co4mj 0
126 ¢ %C Y~ 148 *f
126 Xy %~ Aywba
127 pulse shape and duratiogp O

127 sensitivity penetrating power ¢ CAw /&3 § ¢ BA Ya~ »
127 signatto-noise raton A& Ay AB26wp
127 dead zonea ! %0 58é Op |
128 beam width A £ %~ A8&AL ¢
128 delay i Cp1T £ ¢v atl waedpl wz
129 range 2y %5 6 CCb
129 size measurement descontinuitigs 7

130 selecting of ultrasonic test frequencieAy wi %8 X$®&, oy

cop{E

11



ULTRASONIC TESTING

13 effect of ultrasonic transducer diamete#sA A ¢ © /£y § %E %
13 effects of mechanical and thermal processe®)0
13 effects of composite structured 1
13 2 selection of test frequencieg 2
133 selection of test frequency in composite€) 3
13 4 selection oftest frequency based on discontinuity sizé)4
13 4 effect of discontinuity orientation on signal amplitude6)5
134 effect of geometryof discontinuity on echo signal amplitudé 6
135 data presentation 6)7
136 test of multilayered structures and composite$3
137 test of adhesive bond<)9
139 pulse echo immersion technique ultrasonic¢ 2y A OA& Cy % A@ C¢£
10 immersion coupling1(7 O
10 limitations of immersion coupling)2(7 0
10 advantages of immersion coupling)3(7 0
112 immersion coupling devics)7 1
14 2 bubbler devices)1(7 1
143 water jet devices)2(7 1
143 wheel transducers)3(7 1
144 water couplant characteristicsy(7 1
144 wave velocity in water5j7 1
144 attenution in water 6(7 1
145 pulse echo immersion test parameterg(7 1
14 6 back surface reflection amgitude )7 2
146 amplitude of extraneous reflectiong7 3
146 small discontinuities)/ 4
147 large discontinuities)? 5
147 time of flight measurements)/ 6

cop{E

11



ULTRASONIC TESTING

147 interpretation of ultrasonic immersion test indications)7 7

148 indications from small discontinuities)7 8

148 indications from large discontinuities)7 9

149 indications from three-dimensional discontinuities)8 0

149 loss of back surface reflection8 1

16 coupling media for ontact testing)8 2

16 contoured shoes for curved test structure}@ 3

1% use of couplant and membanes)3 4

151 high temperature application)d 5

P UG ¢v Aeyve xy¥%~ wz CAwWmE CV

152 selection and use of coupling medji 8 6

153 test object surface preparation2(8 6

153 angle beam contact testing3(8 6

puvo Y°YAE Ao d%i %wiz a°E %%ueéu adGwu, %Y @r AE w:

153 verification of Shear wave anglel(8 7

156 range in shear wave test®( 87

N0 ¢v ¥z Ai 6wl Xy %~ ¢v al wsdoAv
o Ewz CugngdsyosN at y°o 0 0°

158 Vi A6z wz ¢év AEyve 89 ¥~

159 ¢v AEyW2e e Ry ~wwvz PE0A vV ¥

159 ultrasonic tests of tubeg9 1

16 pitch and catch contact testing9 2

161 weld testing)9 3

165 X ACY @€ AExL

165 LOPy CY Ca@AwpE

171 rootlofy CY CeWAwpE

171 sidewalllofy CY C8@®AwpE

174 (UC)root undercuty CY CR@Awp E

cop{E

11



ULTRASONIC TESTING

Yov 1 AUS(9 6 3.z Y

y

175 root concavityy CY C&@Awp E
176 excesses weld metalinrooty CY C&@AwpE
177 CA« Advarlap €Y (GrcomA wp E
178 nonrelevantOA z 0wy CEAAIT v
181 burnthrough y CY CejwAwpE
181 hi-lowy CY Ca @Rdwp E)
182 slag inclusiony CY Ca wdawp E)
183 porosityy CY CéelvR4ap E
183 pinhole.1(1 29 4

184 wormhole 2(1 29 4

185 clusterporosity }3(1 29 4

186 6 %UE yCY1l@®AWAWL
186 1(1 89 4

187 toecrack AEC g A%! A - B(% B9e43%LE )
188 2 OA wt CAB1LABH4p ~ &
188 opentothesurfacewt v C6 A0 & 3%Ef Owla 4(MeR9 €A «
1809 underbead crack CA« a %A B(18E4 & ¥
18 9 transver crack  C N %6(1 @934£ )
190 acceptance criteriaj y weee o ¢¢wal B\bOy w!
191 DAC%v t A®® oA
191 ABADG DAC&VERNHP 60 AY
192 ASMESECV t %bv°oywo BRe6e{ O
192 pByv Uolui ADM YwzZ ARe oARd
194 ASMESECV t %bvoywa Aj@ee{ O
1914

195 ASME SECV ARTICLE4 ! %v°o yRACAw A®zO 6(vb . E
198 DAC %v!Aluy CVv®(9P° COH
199 DAC %v!AlGy wz &a46wo_, 0 ¢waldv oy

cop{E

11



ULTRASONIC TESTING

M ¢
M b ¢

M b b
20 0

20 1
20 2
20 3
20 3

2472
242
243
143

300
329

o»

0j 06 Cddain yArUX 3% i M dEitw N v
U«Pain Az 0! %i Prodedure WE H(Pw{ £ ¥
¢t &l Ay gadv 3% % U « & Nprocedure UDGjd € YoV
ASMESECVIII t %v°ywaAvy C%é:
APl RP/2X1 Yv © \CWa€ A 9 81 y ©
B31.3 t %v°ywAv 10Q%¢ ¥
AP 1104 1 %voywo A®01C¥%uE
AWS D11 t %vaQ@o Ay
lamination y CY Caut w3 at
ASTM A578 1 %v A3 Av

ASTM A435 1t LBy 2(H &3 Av
APl RP 2X 1 %4v J1yOwha Av

LEVELIIL CE¢AuUj ¢waloyoyy
i CYAAV%adj C¢CAEELNBRG | w

cop{E




ULTRASONIC TESTING

M
vbwao efi EC
"gC3 %OV UUS® WOV &V
)"1 Ly 1 EW 60031/2 EyWﬁopZ Vv GWT C"y ?/42
gt Ve v ¥ Az y BAAU Al %Y Az +°Y gaoj ¢V EOBE« y aA
ytvt Y%vyé Upl etwér y ¢

¢Av wvAér Cz Ayw-
¢Av wwabu Cz Ai ¢aid 0v/

yI §ECBPY ¢EéwAy Cz ¢v % E i €6 +wayv ¢v®mwée v Ai
y°yv a *AERA av¥%uaYv Ow

dwz @owY OGwCzy%i Alua wz
)y sCa ECy wvy°eCuv CE Az Af A« Az y gée¥%nvyoCuv A
Yo CtwA Cu ¢éewewn{i OowodlGCu ¥map & 0WA- A3 yI
)ouj °AVA.Yy !y¥%A E¥%OEr awmAj 3
POl OYyYvO . G A

Yoy %év °yyvoe. Az 1lyoy
1 A«y YWBVvAE! y Bl ¥

% Aér %z 1Az Eéy °piy

¢v ¢rtvyav AP ¢Av ®»AOT §y Kév atvi gET wAyj] Az A
Keppi Cay & w%iCoviy, veitkweyrv Aait Ay Ay | %o0 KEv al Al ¥ié
KeyApECuy aj wz Ai CEewAEAR § Kopp

WABGS3 ¢ § °y°o¢gr wA-y¥®% AE ¢AA Az ¢ywi°pz ¢Ev°oa a
Yoyl veda ACY3 vya 2yA% & 0 wwi ¢A

og"u Cpbél ¢CywAEyv @£v A, Ey y | ¢zw-y §y ¢owiv ¢
YysoAy Adj y ACoY év Co61 ¢{ £ %u

cop{E

11



M M

ULTRASONIC TESTING

av% v¥%uad ¢6C0O04& y v

goY Aiv ®yBsdr ¥ Can % §*

) Al by ¥é il

>
D>
th
<

Sbyvy¥wi ¢cwupal® y 06C6¢

Yowi  O0€v %' %] y @ga oyv y

Qvey%a O0PEO %03 0] ¢v A~ Ai{laxg w3 063%za 0Bl wiowf
cwA%uad ¢éwd ¢cwAE®%wivead §y %uCUy Cz jvoeaw-0u wz § |

) o yolyyyvwAywy CoéwY CAR Az vi% O oCowbf
¢CAv +wOof v¥% wio yv o6j y CoY

Cyvey wao Az vy yv Ciy atevyr § %{uacC~ v €V Yl

¢
v
¢

) COwEY wo Azl ¢AAE [ wN3%u Az 6Cy ¢w
z ¢Eewz Cu CI1,£ @0Y %A ¢%ChAva ¢v 0{¢é)cAwa ¢
Vv V% WUEIWOE @06Y %Av UEévY¥%zwpz) ¢ u%C

y °pi ¢évea CywAEyv oOowli avi % Aoz 1{Wiz¢e £GWH Lo
Yo pi %yt v¥% wWOGE | @g06Y ¢t A«y o61lv ¢v

A- ¢veo . wizZAw BuoCAIZEi+ Ovpl % Azi CA« ¢ AEE Ev¥%z 1 CyAAvs
Y@ CpCEpz ¢
téecées y e¥AUWYV

eces wz v¥v AEf Ai Céve. ¢v)=+%mvt ¢omAytrt 1t A%Yy" AGA
Yo AE Oéd | +°CRAw ¢@A e ANz%uy Al WCEWLE- ¢v) =1 %i
Ar ¢v ¢vwi Coéy Ai +v Acd@%i *wél ¢! % 63 v¥% 0]

&vA- 063 CavA,Cu %C- o0 ¢évmuz AE Ai ¢E»%AOywaa | ¢
Y& A0z wiz, WEAEC Av Col %4 1 pév)°opiCu ¢E%wé v% wa (wi/

a
a

=)

¢

&

wphe°eyj v¥u )+%v:i ¢oAyr Ai Cywp°eyj Af£ | Cpu %wh?
tvvy AyAoyj] y ¢°yVvA- v¥%ad eEY xVv¥% %y rAzCuv #UA YA
c1 A. asveoeyv Az gyvAoz AT pév WE @gyvez v¥% Cgvi ©
WCYyWA« Az v¥% 0] Vv gAwpEviClAiv W ¥R wiE w C YA EWWV

tA- AzAy Az y)r*AE éw~ ¢CywAhAyv uGuv? v ga y A
CEEf avw®wAuzL veWlawedivwEeE) ¢ EEy savA,y ¢iwA °paAA ¢C
V¥%z OGv¥%noery A Az 0%y 04A«WI EEWEY av e Vi
%o Eu eUy ¢ %CWMAWT 0 AWMLz~ @GEEIi wéd Az y °C3 AEf o6

¢c°p{E

11



ULTRASONIC TESTING

UCA: av¥$+v Acdwé v CpeéAy a'iwAC ANywl &EC AZU y%hie F
y jrtwbhbA §y ¢CéaMrAdA I YywEY Qf ASA wkwFHL Wyl v ¥z Ai
+y%CU | +v Avmdwé a¥%wzyrloglo®E UPEY LAWIARECYN-E
¢v +EAEBV ACOY uCA Aceéeun ¢3wA Az O6AAE y Gwuasd ¥ ¢
YL % CAavA- 10d awnidEZ w« *Axza CavAU- a1 %a %t AE£ | Y
ApCeaeA ¢Awnt Caoywiu%d wz wEg =y% Cu UCU¢ a%ui ¢y
cWAAQywEY wh %l ai j 9.0 Ch°yl opiva udel/ESYW WEHHEE- ¢3AC VYA «

y eEY wz UAE- y UNvAE ¢éwAy % Af 1 Ai a°pz uée
Af Ai +%vi UCéé )+%vi ¢%0o0Er Y%ywz AE ¢v i pev Ul
y +v Ao. Aduj A

£ ¢v VY% @EY U0 | Gu x A& 00 WAY V) s WANE

wC- °A3%z o0 Az wCytr Gév %awUa y AE ¢v A°yj =y
%O- ¢v U0 wov ) ¢AECYy %O goby AGwarw @2 3% ° WA REA W A4
A%EV v%u y ¢°Cu! Gu % ¢3y¥% v Ai ¢v li0 eéodw-

y vouomév yprvwidwApiYeAzz QyiwA pEevIl ¢t %yj %Y G0 %C, .
Yoy %é %z v wa AOzvY UE%HeCoOWY WAYyWAEYyvV HUEwA wz ¥

%W ay+-wByw a°cE wpEj] o6wui y eEY y ¢CywEyv wz y =+v
wz %A0 | CaQriAvl ditwil U@vear vl kw CT , E wz 17 %Az Cyv

5

e =

i°cye | ¢ % wOY OGvmoéer y oo Az Ai CywAEyv §wai
v | CoFka AGa eédw- ¢v )ogpi w~ Az ¢CéalAwajpvviywa
i ¢uby Aua uév Aw~ Az y AEf ¢{ 0o y &abd6 uév Aw-~
VIS0 C@E O i ny RIEY wy celEdwAEwE —-ewG- Cu | ¢Av ac°E
GOwWCUEAvV wol dwCyv#%év wo Ai gCpi ¢zw§ wCyr Az Cb6
CywA« é%nEu gUREQUA EQwHg w¥% 2wdyAzAi ¢Av 0év aw
V! Euv% §y @EY ¢v %~ CywA«Y Il °A%uz %w, odv § ¢°p

X I

wizsAz CywA« )wgé¢owhEz Czj wE- y awCA gE~ |1 °Caelh y
13%& Y3%a& Eév¥z v¥% Euviv% O0wA« Al %Y %t wf OGwz %A
660 wu wf ' AE +w-yv wCy! 660 ¥%wEév Auada ucCz jwol
dy¥ ¢v Céw{ée¢ Vv UEAy CywA« V oEAE Ba&aowBé AT v

YBEoWEZ VY 064

ney, oCyvAE Cu oa %oér ¢v AyAd Az

y A %w 1T¢ Coua Vv @EAE e8A0 %UCOEVvEeCOAWAE) siCdAWwiz ¢ &
V% E¥%zv¥z § EW%lv¥z § Clvej Py ¥WAI O EU

cop{E

11



ULTRASONIC TESTING

At pév wg °Cpi UpOpgviweoRAyv i RALETY: wul wBBRECH Ow  E

) +%vi v Cyvi %oé ¢ WU EE o6wui =+ AEdY OGweAytr ¢
Au®° éu

i ALT ) °zwié yCU WhWwBwWIylv jwa w « %Ly ¢Av CiCywiuo jw

i ALT 0°LuUOj *AL«Az ¢év¥%uz Co6CoH! wa jv¥%» Aipév 6

©OvALOv )°Lppt Cu GwLAAYy wa awio U0év %t Ao CAEY
ALi CEWBALI %rloppi Cu ¢i % Ad« y yeévYa At ¢C Al (
%z 61 CA tvopg {0 wzywprou tvAl %t CowiCywild ¢i
CLUO @gLi CLO6C- ¢wLa ARywi %D yanCav © yAIALL KB O VALY
CLu AcA-£ CEAI cwa Aywi %32 VOECWEY PN BWEBBLEeE N CavacC
SLBYWHAA®WBLEG a°CpE awAEyv CAfA OAAE ¢E¢viw~ | %/
¢wLa ©OvALuv ) E&plLz v%ad O©OvAuv 06" 0 ©°poFECy ©°¢t
Ai OspbBomiy v @&l A£#g C£AI ¢ witiaso@nd Artukrasgudic® |v &% AE @@ ¢ d w z
y ¢LEYVY% ¢CA« CE£ywenu ¢Ewa ¢°pz¢ %ui waC FANIw i Byaw i Y3656 !
i értwlLé¢g OVALCO Az CE£AIv#ad éwa ©OvAuv )t wnvt (
ALi @Cpi ¢rtwéeeg COCYUVABECHECRWRHR! °Pp] Ax ®Av yiu)
i¢ 0t¢ dpA ¢vnz Ai Cywuiue | E- % o6ws %]l atw{pA
*AE Cu atwecAt000A0 WEEAAECOBRBO WAE Bdva Ay wi %&) 1 2

h ! .X
' o - ! . ' |
& > ) DI it GO o s Y >
' ' ' s K YoM
: : : T :
: : | S I o ol e
' ! (] |( - H o - > :
[ [ ] : ° < '
} : - ' >
e H 2 Voo Hz 'k X e K M YoM Yoo MH:
figure 1

YOYVAECU ¢°pz oCAEEE aywui ytr Az CEAI v %é

cop{E




ULTRASONIC TESTING

M

6" 0 ¢adwz 16 Owu%l ¢v¥z %OEr | vuw{cYwaAzA£)R~y AE CQie

Cu Al ucCpecua)Ae¥ ¢v C-ABDBAKON: iw ¥ oIC{E HA~ EGE W¥
) °at +w-yv CiéAcCa Otv#uE wz v¥% Céwa

¢ vbwi ACUE CO w1 Ceéewada jvi%» 01 3%i Uar évz 6w’ U ¢

OAd ., 0 ¢év¥z § ¢ewhA 0ACASAUV CO %t C° OA EB¥d CHAwzdz

Cu Al C¢CAmyv ¢v ¢%vt3z avwuAz Az OAzmu Auca Ai Ci

YLAE C0 atwe

A

Cu %vé atweaeeAv t %AL Cawi ANy wz O& waooowp o6Owha
CewAwpE °oywmvt 1t A«y wéwnt wnt Afi Céwa CoEi eCétr o
yCY WAOv Nz VI vAl OCEVHEYORupWACCHwL ULH°aE YO Af

YLAE Cu atwenAv Cy¥% Uév ¢v CABAdwelu y§ CT (
a°patr xAWE Owzwoipéa Az °pzwé Cu O6wéwoyv tvAU Oy BT vo

y°Ewz Cu CEwWYEOv ¢yws Ai t*AE Cu tw-év a
¢ £ tvAu Ai Cywu¢ 67U | °Ewz CE£AIv3%a& ¢wa OvAuv
v tvAUu ¢EE %t ColAwnt GAyweé 18 )ieYColCa Adv e A CE

Yo pi cu 1

YOE ©°advAGE A< vitd viiwaevh 0¢ EEEELEY ¢ v %z | Al v #Ha v Ci
¢ Av ¢cAr +1 y gCéa LU VAL iVCAY pTCUCHWICIPECY %LEU tv
vwi Ej ¢wzEuwi ¢AE 1 & wz CEu- y CEpE ¢wa EDpE
¢cwad EpPE wz i Alvxa v Al AEéwéeu wz)°E ApOé Cz
CE%z| ¢ bkwE&I CEEi ¢wa EpEf °yAE Cu atwaeAvCi @yAWiva
v¥%a ¢wad O©OAU !t A«y %8v %t Ai wAyj CiCywiu ¢wa E
ApOé Az y arAz ¢%oui CiCEAGY %0t %AT ! Yw?2 EO&@& WA G \

yoywAY Gay

Ai  °(RRT) oMl o(Non- déswuctiwebtesting) x %, 0 %Ca ¢ /&E£ oAU CWAEY Y
z Al rtrywoljp BEOxwCawiEa ¢A&£ dAiv )ttt %A Cu Y
i Al 0 Az 0! ;AdAweedl Yo yeizCyrwiAw BEMVIA-A¥ %ChA a¢gveoyy
yoywyl a°ayY GCEAU Yy wa ¢

CAvewz ¢Y%A wz wAyija Az tiwvary vAblA AEC Kj° CBYAEZ  jdvAb O &
bzwé ACy &a6n, 0 ¢wAadwomAr ¢wad UCEwl § ¢%v°oAOdYy

5

p>

cop{E

11



M p

ULTRASONIC TESTING

¢t CeGiAdAz ¢§¥% ¢wCy ¢06Y Az Co6y TAE Cu xAA U 0vA«

iv ECz
C %o /N

gy ¢Av
v

)

alt weaeoAdv

coewE AT é®»nAOz

¢Av Avd@%i | Al @06Y

A

v el

uc
CiCyy%ueidv 0% 0 ¢wAEVY% UvAyv wfg COBRO0 atw.

atl i LWz V%

) °zwé (
5 ¢V OpEERHN{ YWAREYW % &E
Visual testing Cu E~ (4 A££

Ultrasonictesting i Cy AAv¥x o6v ¢

Magnetic particle testingC £AC Owp & 0 (3j v ¥%»
Electromagnetic testing CAECOwWp a4y %ai d
Ligmd peneteration methad awy (5 whbéw
Leak and pressure tesbwWE & YEE ¢(Ba CV !
Acoustic emission methodi Ca AAi j (BLEY C

Neutron radiography testing C& v % A¢é-8 v %4
Leakage testing Co Ey (9¢ A££
Infrared testing Au %é agrwowa ¢
Radiographytesting Cabpi CA&(tL %i A¢t
Vibration analysis i WE wPjE Y@ H2A C 6 w

1A Gwe A6o. 0 UewhIiCyAAYBERGI
1 CAWEC~ ¢uA Az ¢y%uv CAABApPT £ 1 °Ewz Cu Zoev!
cAdEw« v% ¢Av Ci cPhasell arlay anGTOFD w7 00 j¢ Yiaweit Awhiv ¢ AEE

oyAE Cav#uiAélvy gad §y OAUPU Cy% @& UEAOCEV

) 1 Lyt

AP px % cwenCa ¢ AE EWAEV Y% %6 wy

Y°Ewz Cu Cav#uiAértvy wz AALEwéou %t CHuev |

Yy CAv Tt wée %wCAEz %0O0Er (RWAEV:

CtwECu IR QA Vv MRAE v BOBA AV v ¥ L %HBOY Ac

))tAE €

+whE«v Aua Ei y awCa y Ut%e y 1CoAE~ o060 @YApIT
) ¢Av arweaesAv

¢Av CA%oAr o6zw@ A6 v

Y CAv Czwée¢%v y ¢/EE 0zwéCEVYWTUYYVE WA RFeEwa wiC

i CYAAvBEa & wal) ¢ ety

)t %vt Cawi Az1%-£

YLAE Cuy a°awgfu y¢




ULTRASONIC TESTING
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Influence of section thickness
The utility of the ultrasonic method in this respect is opposite that
ofradiography.radiography(with proper choice of radiation source) yields more reliable
results at less expense in thinner sections.conversely,umnic weld examinations on thin
section welds are performed with great difficulty.for full penetration butt welds below
thicknesses of 1 inch .a comparison of efficiency and cost to produce equivalent information
favores the radiographic technique.as thehickness increases,the utility of the ultrasonic
method become more apparent.
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7.2.2 influence by different types of welds

7.2.2.1 ultrasonic techniques become more reliable on full petnation butt weld in pipe and
plate in thicknesses over %z inch.
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6.20 General
6.20.1 Procedures and Standards. The procedures and

standards set forth in Part F shall govern the UT of groove
welds and HAZs between the thickesses of 5/16 in and
8 in [8 mm and 200 mm]
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USA ASTM E 500 Standard definitions of terms relating to ultrasonictesting

USA ASTME 127 Fabricating and checking aluminum alloy ultrasonic standard
reference blocks Fabrication and Control of steel Reference Blocks
Inspection Used in Ultrasonic

USA ASTME 31779 Practice for evaluating performance characteristics of ultrasonic
pulse-echotesting system without the use of electronic measuremen
instruments.

ASTM draft Evaluating the characteristics of ultrasonic search units
ASTM draft Evaluating the electronic characteristics of sections of pulse

echo ultrasonic inspection instruments.

ASTM E 317 Evaluating performance characteristics of ultrasonic pulse
echo testing systems without the use of electronic
measurement instruments.
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ULTRASONIC TESTING

USA ASTM draft

ASTM E 214

ASTM E 114

ASTM E 587

ASTM E 804

ASTM A 388

ASTM A 418

ASTM A 503

ASTM A 531

ASTM A 745

ASTM A 588

Proposed recommended practice for the detection and
evaluation of discontinuities by the immersed pulsecho
ultrasonic method using longitudinal waves.

Immersed ultrasonic testing by the reflection method using
pulsed longitudinal waves.

Recommended practice for ultrasonic pulsecho straight
beam testing by the contact method.

Ultrasonic angle beam examination by the contact method

Calibration of an ultrasonic test system by extrapolation
between flatbottom hole sizes.

Recommended practice for ultrasonic examination of heavy
steel forgings

Ultrasonic inspection of turbine and generator steelator
forgings

Specification for ultrasonic examination of large forged
crankshafts.

Recommended practice for inspection of turbinegenerator
steel retaining rings

Ultrasonic examination of austeniic steel forgings

Detection of large inclusions in bearing quality steel by the

ultrasonic method .
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ASTM A 21

ASTM A 435

ASTM A 577

ASTM A 578

ASTM A 548

ASTM B 594-82

Carbon steel axles,norheattreated and headtreated, for
railway use.

Straight-beam ultrasonic exanination of steel plates for
pressure vessels.

Ultrasonic angle beam examination of steel plates

Straight-beam ultrasonic examination of plain and clad steel
plates for special applications.

Specification for standard method for ultrasonic inspection
of aluminium alloy plate for pressure vessels.

Method for ultrasonic inspection of aluminium-alloy
wrought products for aerospace applications.

ASTM E 213 Ultrasonic inspection of metal pipe and tubing for
longitudinal discontinuities.

ASTM A 609 Specification for ultrasonic examination of carbon lowalloy
steel castings.

ASTM E 164 Recommendation for ultrasonic contact examination of
weldments

ASTM E 273 Ultrasonic inspection of longitudinal

ASTM C 597 Test method for pulse velocity through concrete.

ASTM B 594 Ultrasonic inspection of aluminium-alloy products for
aerospace applications
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ASTM D 2845 Test method for pulse velocities and ultrasuic elastic
constants of rock,laboratory determination of

ASTM E 494 Measuring ultrasonic velocity in materials

ASTM E 664 Measurement of the apparent attenuation of longitudinal

ultrasonic waves by immersion method.

ASTM E 797 Measuring thickness by manual ultrasonicpulsescho contact
method.
ASTM G 46 Recommended practice for examination and evaluation of

pitting corrosion .

ASTM D 2966 Test method for cavitation erosioni corrosion characteristics
of aluminium in

Engine Coolants Using Ultrasonic Energy

i CYAAvV %adjp B ALV Hze AQH GG Tv
i wCt Alkv ;SARGpERwi cwCy CouyY Y%wi %oeAz atwesAv ¢v ¥z
Yam Az CRCH &G YA~ Y% Ywi EWa Az OB &6 6 WzEWHHE 'Ybwi A
)P Ewz Cjp CERAMNBEE: we ¢cXwiz CHLAE
i Cy AjAwvowup )AwAv
“UE ¢3v¥% wpuuaOu °Ewz AcEvi CVy YNBTI xVekwi¥Chaw Advw &C - OWHRE
Yo i vBC~ ¢Ar %o Az aéwoy Az #%uC
YoE v~ CU x%, 0 %Ca ¢wa ¢/AE£ oAU
)P Ew{ CU %awy  (capilfaw actioh)££€ 0 et AAWACI
Yo Ewz Cu C&ACOwD a u(magnetie teakageC ACEBw AAvE (208 weAE O
Yo Ewz Cu CAav % fpénetratien) 4 AEfakistaption) xAuA v A «
Y Ewz Cu 1 Cy AA (aousii¢ impedEacy v ij(4 Aav A w
dCYAAWBLo By CLydw{ v+ vAZbp 3A bOxé i CECWEEAT t %vi ¢CUOAvV
Ai Conéy §y 1%vi 1 A«y VA& é%UE ¢E~ LATEpAEV 06 @6 *H oW
Az)¢Av vAa +wpz Cuytr OC 0 0aj ¢E~ Ai °Awn Cu Ci:
Cawe Az Y{ poAwm Wil @AY vii Avil 3y wzzwé Y%wEoyv vAa %!
i VLEIWIEG Wiz C Ui AX Y6«A %Ay e Ev setBwvé AL wi EY%E WA ® §WARAL

¢c°p{E

11



ULTRASONIC TESTING

C 8iWyoACRRV IEoRj0 ya WAty v 0t Wi Cay ¢CAWA%D CA R
) L AE

AcEv: tA«y ¢év atwu wé OC 0 ¢v a°patr xwEfgigwz we

XWE¢wz ¢ %oOEr ¢uA Az wé y RUAB 0 Ala AsewAEza yave E¥.zowsezo
X300 €t ¢ wha BEC zpt AR @i

v (adwopeo”CA Eeway A @l ¢y¥% %z °Ewz a°E +w-ayv U{

YCAv ¢EE Cy¥% %wi AwAv 6C6r Az vy

mp
c

Cayaw

reﬂected wave

Sender/ :] Object
Receiver

ori |na| wave

e

dlStaﬂCQ r

figure 2

¢v v %aai CEAI OvAuv %A{Y %wu¥w At ¢ #aaA wezE JHEHAVA

tcows ¢v OwpoCA Uweef¥%v wiav | ¢%) Kt AE ¢Cu¢odgoweu Go
y °zwée Cu wklayAz s@ERO0CEERA AT pév 6C6r Az K CoC6°
°©zwé WWER yOU ys &l Bafy ) WRE T %1 AzAlv AGA = y)r ¢ OC” Ai o0y

ypeCuy xwAaA Az Ai C

) ¢AvAa =yt OC 0 dAub0 CA« ¢

duwi tvAU ¢l rw@€: 6wkFv Usév AwecjpP Az Cuyr BOCow Az
¢wz °Ewz a°Ey tw-év CRwiKEw wOCCui WEMSZLo EWI 6108 i
Kt 3% Cu %z

L vy AAve viaoéERPdz%it dAA v EcuayweéuOCAhD Al PMEYVEKETS
wov ¥yt 1 A«y é%ocEU 0614& ¢v CoOwpoCA awomAr Ecwu
)y ¢Av %oeai C6C- °Ewz vAa =<yt

iCz vAa t%Hvey tA«y CowlEv #%uiv 0A° ¢CAv ZBECA« 0
Y°E CA%%uz ACy o6yv O6vAA %t Ai tAECU

i¢ TAE¥%U~ Ci %Ov U@ A] Wy

cop{E

11



ULTRASONIC TESTING

i 6 W%t WBAzWI jv¥%» )°Ewz Cu ¢cwi | UEWEAI® OWAUNBG
Yz ILAAVEWICHWA a° Cuwy OwAAy Aywi %41 ACyw§ 16 o0 %l
yopatfwioy viAwBWAY jhzyALE LEAWEUACY \ES
¢ Av ¢wny%uN awnvAua %éE¢e Ol
) ¢Av cwCy ! %A0 °Ewz +%« ¢v¥%vi Aji ¢M al wl
) O YVIAUARALOIYVY ¢Ow3d Az v YBAzZYI + Y« (WE ¢ A
13%4CoCu +w-ayv CAECOwpauy %adisly wiwa dowaA terv Amzy CAIRIAES.
YPEW{ CUu a!ws
Ceaeb£ y wa aAvy C%A 16 voR2EWRLEWYQORAAY vwdpi BCAE W
1A %Uy °yvAwmz 1 CyAAv %odj° pYBweE 04 CiEE  Awe WHAEE vBA-wi
yAwpAr awoxy %~ xw,oyv CA« %! aé¥%wbEf Uév)°opi =+EY
Y CAvV vt wA. %z Ciw- ¢Clhav CwWHEE wb £ didivEe v
i¢ wz ¢v atwhA ow 0)!%vavOEow E£z WU, CALG QP & AR o A x
Yopi GwCz °Pbz 1 & %%t vy
A )°EwW{ioX ¢ ¢lCPéAU %! wOa& Y% CWEAB DY)=AGIA twekx)g Az |
1yo BKE (BOWWE)eHz AGwe L vy w@dsplay  jM0ly weCAzsay v Owéayv Cw
y°Ewz Cu

°o@je Kouz e ¢ A oy vEPMEZ A BB ivazA(MKEC A OR Y U AY w

6 AOA GiCyziz2 1oA2 ~ Ao i wd ASCABRANASOADAE KOWKDE MBI C 7
V=wk fof %y j CA°zOavEiAORU AC YA wDED PSR £

) EME)EE %A 0 (ACTwWEY ABAAY ®BivopE |
v CEYyWBURE CCHE wa ! Wéew A v ASMEGEFOAVAMRHIGLE b awihw oAt wp Ay
Y Ewz Bohiv@nhz v %

T-530 EQUIPMENT AND SUPPLIES

T-531 Frequency

This examination shall be coducted with a pulseecho
ultrasonic instrument capable of generating frequencies
over the range of at least 1 MHz to 5 MHz.

Instruments operating at other frequencies may be used
if equal or better sensitivity can be demonstrated and
documented.
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6.22.7.1 Frequency. The transducer frequency shall
be between 2 and 2.5 MHz
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Transeducer elements should oscillate at a frequenciy between 1 and 6 megahertz(MHZ)

nominal frequency of longitudinal wave 2.25 mhz uCphia vy
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Hn ULTRASONIC TESTING

Iable 1: Densities, velocity of sound and acoustic impedances of some materials

Material Deunsity ¢ Velocity of sound Acoustic
impedance
long. ¢ transv. <, Z - oy
10" kg/m? 10° mv/s 10" mv/s 10* kg/m’s
Metals
Aluminium 2.7 6.32 3.13 17
Bismuth 9.8 2.18 1.10 21
Brass (58) 8.4 4.40 2.20 37
Cadmium 8.6 2.78 1.50 24
Cast iron (cf. Section 31.3) 691073 35w sS.8 2.2t 3.2 25 10 42
Constantan 8.8 524 2.64 46
Copper 89 4.70 2.2 42
German silver 8.4 4.76 2.16 40
Gold 19.3 3.24 1.20 63
Stellite 11to 15 6.8t0 7.3 4.0t104.7 77 to 102
Iron (steel) (cf. Section 31.1) 7.7 5.90 3.2 45
Load 11.4 2.16 0.70 25
Magnesium 1.7 $.77 3.05 10
Manganin 8.4 4.66 2.35 39
Mercury 13.6 1.45 — 20
Nickel 8.8 5$.63 2.96 50
Platinum 21.4 3.96 1.67 85
Silver 10.5 3.60 1.59 38
Tin 7.3 3.32 1.67 24
Tungsten 19.1 5.46 2.62 104
Zing 7.1 417 2.41 30
Non-metals
Aluminium oxide 3.6 to0 3.95 Qo 11 5.5t 6.5 320 43
Epoxy rosin 1.1t01.25 241029 1.1 27w 36
Glass, flint 3.6 4.26 2.56 15
Glass, crown 2.5 5.66 3.42 14
Ice 0.9 3.98 1.99 36
Paraffin wax 0.83 2.2 - 1.8
Acrylic resin (Perspex) 1.18 2.73 1.43 3.2
Polyamide (nylon, perlon) 1.1 w0 1.2 22t02.6 1.1t0 1.2 2.4 0 3.1
Polystyrene 1.06 2.35 1.15 2.5
Porcelain (seoe Section 32.1) 2.4 5.6t 6.2 3Stw 37 13
Quartz glass (silica) 2.6 5.57 3.52 14.5
Rubber, soft 0.9 1.48 - 1.4
Rubber, vulcanized 1.2 - 2 | -— 2.8
Polytetrafluoroethylene (Teflon) 2.2 1.35 0.55 3.0
Liquids
Gilycerine 1.26 1.92 — 2.5
Methylene iodide 3.23 0.98 — 3.2
Dicsel oil 0.80 1.25 - 1.0
Motor car oil (SAE 20 a. 30) 0.87 1.74 — 1.5
Water (at 20°C) 1.0 1.483 —_ 1.5
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Time
Low
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<D
hg = |
=
E Medium
= Frequency
High
Frequency
figure 3
Table 2: Acoustic constants of gases
Mass tongituginal Wave Acoustic
Temperature Deruity Velocity impedance
Material (1) [kgrm) (mes) (kgemis-')
Ar 0 19 m L
0 (B 0 4n
Angen 0 1% 39 %3
Helum 0 018 90 175
Hydogen 0 o 1.280 s
Methane on 20 38
Neon 0% 430 »
Neogen 0 135 % 413
0 116 9 ©%
Omygen ¢ 1 36 “9
b (] R s a3
Table 3: Acoustic constants of composites
Mass Longitudinal Wave Shear Wave Acoustic
Density Velocity Velocity Impedance
Material (kgm?) mes') s’} % 10% kgrmes')
Geaphe epoxy
Ase mooe 1540
Aoy foer ann 83% 1w
Perpendauar 10 10 3 1043 L
Polned ad proponnonal
Popencoly 10 s 1552 240
Aong aws 1850 2%
Menohc, cartbon 1.510 1990 401
Prenchc. gass 1% 4100 g
Table 4. Acoustic constants of wood
Masy Longitudinal Wave Shear Wave Acoustic
Denuity Velocity Velocity Impedance
Material (gt (L] (o) % 10% kgremtg')
Do fe
Cross gran 1400
Wen gan 450
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ULTRASONIC TESTING

Table 5: Typical wavelengths [miilimeters) at different frequencies

Frequency Aluminum Plexiglas® Porcelain Silicon Carbide Steel Water
(megahertz) A Ay A Ay A As A As Al As A M
050 1264 626 552 80 1.2 &80 200 1500 HX &4 2%
1.00 6312 33 27 130 580 340 1200 750 585 33 149
200 316 157 1.38 045 280 170 600 375 293 2 05
225 281 139 1.3 058 249 151 533 i3 280 14 086
400 158 o7 049 033 140 085 100 188 14 08I 037
500 126 043 055 0.26 112 088 240 150 117 085 0X
600 105 052 0% oR 093 057 200 1.5 0%8 04 035
800 09 03% 035 016 Q0 o043 150 05 073 040 019
000 0s83 O 08 13 0S5 034 120 ars 059 03 015
15.00 042 021 018 009 03 o3 0% 050 0% o2 o
300 0% 013 all 005 022 04 048 030 0 013 008
50.00 013 006 008 003 o 007 024 015 0112 008 003
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dB == 20log10(A1/A2)
dB = Decibels

Al = Amplitude of signal 1
A2 = Amplitude of signal 2
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ULTRASONIC TESTING

Table 6: Common Wave Mode Characteristics

Mode Notable Characteristics Velocity Alternate Names
Longitudinal Bulk wave in all media Y Pressure Wave
In-line motion Dilatational (traight Beam)
Transverse Bulk wave in soids Vi-12V, S
Polarized, e2. &, 1 Torsiona) (Angle Beam)
Transverse motion

Surface (Guided) ~ Boundary wave in sohids VR=09Vp  Rayleigh Wave
Polarized vertically
Elliptical motion
Polarized horzontally Love Wave

Plate (Guided) Twintosndarywave-sobids ~ P(Tm) Lamb Wave
Symmetncal
Hourglass meton
Asymmetrica)
Flexing motion
(. Common cotloquia) berms
a Signifies approximate relationship for common materials
P T,m)  Depends on Frequency, Thickness, and Material
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ULTRASONIC TESTING

Reference information is valuable for many aspects of ul-
trasonic testing. Characteristics of ultrasonic waves and their
behavior inside different materials have been tabulated be-
low, including some new data,

Calculation of Acoustic Velocities

Using strictly S1 units, the relationship between ultrasonic
velocities and the elastic constants of isotropic solids can be
calculated using Eqs. 1 through 11,

Velocity Formulas

Thin rod velocity, longitudinal mode:

’ )'
Vo = \/%

Longitudinal velocity, in bulk:

(Eq. 1)

£ 2 seitl = %
L Np(l + o)l - 20

Shear velocity:

,-.,\;;m“ﬂ,\p (&g, 3)

Velocity Ratio Equations

Vo, 1+ o)l = 20
[ —— (Eq. 4

(Eq. 5)

Bergmann approximation:

5.1 =().87 + 1120
‘7

T (Eq. 6)

Poisson’s Ratio Formulas

P
2 - o 37) (Eq. 7
Vi
8 - 84*
o=1-~- P g (Eq. 8)
Elastic Constants Formulas
w=Vip (Eq.9)
- 20)
Y = Vi \ﬁp“—+;r)_(l__21 (Eqg. 10)
. : 9K
= 9 - -dg) = .
Y = 2u(l + o) = 3Kl = 20) T (Eq. 11)
Where:
a = Vp/Vy,
Vo = thin rod velocity, longitudinal mode (meters per
second);
Vy, = longitudinal wave velocity, in bulk (meters per
second);

Vr = transverse wave velocity (meters per second),
Vy= Ra\leafh or surface wave velocity (meters per
second);

Y = Young's modulus of ch\mm {newtons per square
meter or !

i = shear morliw us of clasticity (newtons per square
meter or pascals);

o = Poisson’s ratio (dimensionless);
p = density (kilograms per cubic meter); and
= hulk modulus (newtons per square meter or

pascals).

By measuring longitudinal and shear velocity and material
de nsity, 4 complcte set of elastic constants and Poisson’s ra-
tio can be obtained (see Fig. 1),

¢c°p{E
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OH
figure 6:Relationship of velocity ratios to poisson's ratio
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ULTRASONIC TESTING

Vs =9/Vt

Vr = constant{E4 *1/2(1+S)}1/2

WhereE = Longitudinal Stress/ Langitudinal Strain =Young Modulus

S =Transverse Strain/ Longitudinal Strain = Poisas Ratio

} =Density

Constant =~ 0.9

VR =Rayleighvelocity
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ULTRASONIC TESTING

figure 10 Oscilloscope display of ultrasonic echo signals reverberating
in a typical test object (horizontal scale is 20 ps per division vertical
scale is 1V per division)

figure 11:Diagram of simple system for measuring the velocity and
attenuation of ultrasonic waves in solids

YOCY N

£S R 'ECT

o o

wror o1 B o1 v
l B s
Vi |
/ ! |
ANSMTTING RECE | ATENuATC |
|| Y
. 2. P
1 AE A{ Aw’ U %€ ¢

cop{E




ULTRASONIC TESTING
oT

ACyws8 3%z %oda GjV Afvy

¢ EE  %AO Touw, N

Uev ¢v2dwkoiowhd VAL AdT Adw~ CEA%z § ¢84% Gwl¢ twé | .
yopi CO C¢CERA%z y ¢a¥% %Cuv B EWY\

wz AWwWOE ¢év¥z § COHme YOoAEEAwzy CAad @ajljj L RARAAT ¢ A Y %A
YO Ewz ¢¢vAu Cao /e

i Al owéoyvl)ly xw

+yt §y 6yv OC 0 UCz é%oEU CyAatogst impeivce DCTE U~ ¢ Az YA
12 6) EAE Cu 1 ,Eu OC 0 9yt %t ©AU0 O6wéoyv y XWELwz
°of %1 o Ewz UCAnyElv olyCA Axd @OV Aa Aol wad y ° EwWz °CAA & w
) ° E W {ACadoustic impedance ¢ { £y Ai ¢Av Cow3 %"l UWEVHW&Ew] \C

STEEL STEEL

TRANSOUCER

™~ SOUND BEAM  —cemem S il

VELOCITY REMAINS CONSTANT

figure 12

Yom G O w1 § 1

>
m\
oO»

U XWEe¢sgwz (Al ¢v ¢rwéegl8io®RE td

yozwée Cuo ¢
TMNS)UCU\

| —
pr— —~——— o ——
. — —_— -

SOUND EEAM

figure 13

Owaa wz O©OApedanse AZAVAR @AE awaul pi %A %z OC 0 ytr ¢

90 ¢v WE UCEw~ WE A«¥! el ¢v %UEdwz AEyve wz O©OA
Xrefraction)¢ AT Vlransfere)d w greflgcte)k WE ¢ wz © BAAC® pli 2! &PA8 Bz & %o

11

cop{E




ULTRASONIC TESTING
oy

Mediunm 1 4 R

- interface
Medium 2

D

figure 14

tAE Cu A{Aw 0 %ué¢ O6A
R =(Z2-Z1)? ] (Z2+Z1)?
1 AE Gu A{Aw 0 %E¢ OAL
T:222/%1+Zz
T=R-1AT pEv w
°o¢j Cu ¢ A° z 3acgustic hpedadcédw Wiz © F
YO Ewz Cu | Wi Mot AAY YD B C z
Ayvo ul)2 ¢{ &
atwo ¢v CEAIl Af£%~ i1¢ Ai Cuwopal %oéer at wy »WE Al
%z +yt atwu CEAI Ayve v gCAEEE£ olyws awzw GEA za !owdlv

) #1 Az ©°avA. %UoECz a°Czwf£¢igwz EA%yv GvA

+0 YB*® EQuizAT OAy vee{ £y %Av O6w 0 CEv¥z)!AECU Aseid AC
tyo3s @OVvW{ ¢ %éEf Uéwl atwuo 1 & V) )rAued  BwMpve? cuw Ce
1 ADOOOW{ E%eEf EAGA altwou i¢é ¢y vAa ucCz CEAI Ayve
vwi ARDGE Al wHkad ¢EA%yv ¢v Cui °0 %t wAhFwZL LA Aad G
yzweowWadayyv
Ayve oav %oétr atwu Az ¢év atwin ¢v CEAI VA EA%nyv
ZoZ:1=1) ° Ewdtiz v ¥z °Ewz wWAYj] CHAEIwzAYKWWMAEIV °E{wA
Z:acoustic impedance kg/m?s] or [Pa.s/m]
} :density[kg/m3]
C:velocity of sound[m/s]
u(Veodeconversion =+ my ¢ %0 ¢ 1 A-o@Guerface)® p o Etk 2 OA Az o6¢&wl B
) ¢ Av 1BwEiwiEy Ai  ©° 41t

cop{E

11



ULTRASONIC TESTING

figure 15:Incident reflected transmitted,and refracted waves
at a liquid - solid interface.
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nH
wnoa  1dA4 % C8AE WLCuCNaWR&ow2ANy wg vy & gad GavAO Ov
KOE ©°&v?2
K ¢Ev: gCavA- CoAD6 @A *dAd dAzvA BAYwe
K ¢Av 1° &~ Ag
KAz °avA- W e&Av i AdA& e&CvEBAER W, Ccowwivik C
%A 1)3
Q. 1: SOUND Waves continue to travel ééé.

a. unit thay are reflected by material suface

b Gradually dissipating by the effects of beam spread
c. gradually dissipating by scattering and absorption
d. All of the above

Q. 2: Wavelength may be defined aséeéééé

a.frequency divided by velocity

b.the distance along a wave train from peak to wugh

c.the distance from one point to the next ideircal point along a wavetrain

d.the distance along a wavetrain from an area of high particle motion to one of low particle motion

////////

Q3 To determine wavelengthééééeeeece
a.multiply velocity by frequency

b.divide velocity by frequency

c.divide frequency by velocity

d.none of the above

Q4.:The wavelength of a 5 MHz sound wave inwateresé é é . (VL = 1.48(10)5 c¢cm/
a.0.01in

b.0.10in

c.0.296 m

d.3.00 mm

Q.5:The equations that show VL and VT being dependent onelastic properties suggst
thateeée

a.materials with higher densities will usually have higheacoustic velocities

b.materials with higher moduli will usually have higher velocities

c.wave velocities rely mostly upon the ratios of elastic moduli to matedi density

d.V1 will always be onehalf of V. in the same material

Q.6:Velocity measurements in a material revealed that the velocity decreased as frequency
increased. This materi al i's call edééééé.
a.dissipated

b.discontinuous

c.dispersive

d.degenerative

Q.7:Plate thickness = 25.4 mm,pulsecho,straight beam measured elapsed time = 8

cop{E
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no

microseconds.What is the most likely material?
a.carbon steel

b.lead

c.titanium

d.aluminum

,,,,,

a.64 percent
b.41 percent
c.22 percent
d.52 percent

Q.9:The acoustic energy transmitted through a Plexigldd-wat er i nterface i s eql
a.87 percent
b.36 percent
.13 percent
d.64 percent

Q.10:The first critical angle at a water Plexigas™i nt er f ace wi | | beééééé.
a.16 degrees

b.33 degrees

c.22 degrees

d.none of the above

rrrrrr

Q.11:The second critical angle at a water Plexigld¥ i nt er f ace wi | | be éeééééé
a.22 degrees

b.33 degrees

c.67 degrees

d.none of the above

Q.12The incident angle neded in immersion testing to develop a 7#08egree shear wave in
a.83 degrees
b.77 degrees
c.74 degrees
d.65 degrees

Q.13 Two plates vyield different backwall reflections in pulseecho testing (18 dB)with their only
apparent differenc e being in the second material Njs void
is the effective change in acoustic attenuation between the first and second plate?

a.3 dB/in

b.6 dB/in

c.18 dB/in

d. none of the above

Q.14:Another name for Rayleigh wavess:
a.shear waves

b.longitudinal waves

c.transverse waves
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d.surface waves

Q.15:Another name for a compressional wave is :
a.lamb wave

b.shear wave

c.longitudinal wave

d.transverse wave

Q.16:When the motion of the particles of a medium is parallel tahe direction of propation.the
wave being transmitted is called:

a.longitudinal wave

b.shear wave

c.surface wave

d.lamb wave

Q.17:When the motion of the particles of a medium is transverse to the direction of propation.the
wave being transmitted is cakd:

a.longitudinal wave

b.shear wave

c.surface wave

d.lamb wave

Q.18A term used in ultrasonics to express the rate at which sound waves pass through various
substances is:

a.frequency

b.velocity

c.wavelength

d.pulse length

Q.19 The number of complete vaves which pass a given point in a given period of time(usually 1
s)is referred to as the :

a.amplitude of a wave motion

b.pulse length of a wave motion

c.frequency of a wave motion

d.wavelength of a wave motion

Q.20:The boundary between two different maerials which are in contact with each other is called:
a.a rarefactor

b.a refractor

c.an interface

d.a marker

Q.21:Which of the following test frequencies would generally provide the best penetration in a 30
cm(12 in)thick specimen of coarsgrained sted?

a.1 MHz

b.2.25 MHz

c.5 MHz

d.10 MHz

Q.22.Most commercial ultrasonic testing is accomplished using frequencies between:
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a.l and 25 kHz

b.1 and 1000 kHz
c.0.2 and 25 MHz
d.15 and 100 MHz

Q.23:In ultrasonic testing a liquid coupling medium betweenthe crystal surface and the part
surface is necessary because:

a.lubricant is required to minimize wear on the crystal surface

b.an air interface between the crystal surface and the part surface would almost completely reflect
the ultrasonic vibrations

c.the crystal will not vibrate if placed directly in contact with the surface of the part beingnspected
d.the liquid is necessary to complete the electrical circuit in the search unit

Q.24:Sound waves of a frequency beyond the hearing range of the humaar are referred to as
ultrasonic waves or vibrations,and the term embraces all vibrational waves of frequency greater
than approximately:

a.2 kHz

b.200 kHz

€.20000 Hz

d.2 MHz

Q.25:The velocity of sound waves is prirary dependon:

a.the pulse length

b.the frequency

c.the material in which the sound is being transmitted and the mode of vibration
d.none of the above

Q.26:All other factors being equal ,which of the following modes of vibration has the greatest
velocity?

a.shear wav

b.transverse wave

c.surface wave

d.longitudinal wave

Q.27:The angle of incidence is:
a.greater than the angle of reflectic
b.less than the angle of reflection
c.equal to the angle of reflection
d.not related to the angle of reflection

Q28 0100000 cycles ptet secondod can be writ
a.0.1 kHz
b.10 kHz
¢.100 kHz
d.100 MHz
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Q.29 When testing by surface wave method,patches of oil or dirt on the surface may:
a.block the progress of sound

b.attenuate the sound

c.have no effect on the test

d.cause both an attenuation of sound and dications on the screen

Q.30:The piezoelectric material search unit:
a.converts electrical energy to mechanical energy
b.converts mechanical energy to electrical energy
c.bothaand b

d.neither a nor b

Q.31:Which of the following frequencies will produce the shortest wavelength pulse?
a.l MHz

b.5 MHz

c.10 MHz

d.25 MHz

Q.32When testing a plate increasing the frequency of an ultrasonic longitudinal wave will result
in:

a.an increase in its velicity

b.a decrease in its velocity

c.no change in its veloity

d.a reversal in its velocity

Q.33When inspecting coarsegrained material,which of the following frequencies will generate a
sound wave that will be most easily scattered by the grain structure?

a.l MHz

b.2.25 MHz

c.5 MHz

d.10 MHz

Q.34:When performing a surface wave test, indications may result from:
a.surface discontinuties

b.oil on the surface

c.dirt on the surface

d.all of the above

Q.35A term used to describe the ability of an ultrasonic testing system to distinguish between the
entry surfaceresponse and the response of discontinuities near the entry surface is:

a.sensitivity

b.penetration

c.segregation

d.resolution
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Q.36.;The phenomenon where b an ultrasonic wave changes direction when the wave crosses
boundary between materials with different velocities is called:

a.refraction

b.reflection

c.penetration

d.rarefaction

Q.37:Ultrasonic waves that travel along the surface of a material and whose particle motion is
elliptical are called:

a.shear waves

b.transverse waves

c.longitudinal waves

d.Rayleigh

Q.381n a test where the transducer is not perpendicular to the inspection surface,the angle of
incidence is equal to:

a.the angle of refraction

b.the angle of reflection

c.the shear wave angle

d.half the shear wave angle

Q.39:The interference field near the face of a transducer is often refred to as the:
a.Fresnel zone

b.acoustic

c.exponential field

d.phasing zone

Q.40:The product of the acoustic velocity of sound in a material and the density of the material is
the factor that determines the amount of reflection or transmissiorof ultrasonic energy when it
reaches an interface.This term is called:

a.acoustic impedance

b.velocity

c.wavelength

d.penetration

Q.41:When the incident angle is chosen to be between the first and second icat angles,the
ultrasonic wave mode within the part will be a:

a.longitudinal wave

b.shear wave

c.surface wave

d.lamb wave

Q.42 The formula used to calculate the angle of refraction within a material is called:
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ny
a. Fresnel Njs | aw

b. FraunhoferNjs | aw
c.Snell Njs | aw

d. LambNjs | aw

Q.43In a material with a given velocity , when frequency is increased , the wavelength will:
a.not be affected

b.increase

c.decrease

d.double

Q.44:1f the velocity of a longitudinal modewave in a given homogeneous material is 0.625 cm/ns at
13 mm (0.5 in.) below the surface,what is the velocigt 51 mm(2 in.)below the surface

a.1/4 the velocity at 13 mm(0.5 in.)

b.1/2 the velocity at 13 mm(0.5 in.)

c.the same as the velocity at 13 mm@®in.)

d.none of the above

Q.451f a 5 MHz transducer is substituted for a 2.25 MHz transducer, what would be the effect on
the wavelength of a longitudinal mode wave produced in the test specimen?

a.the wavelength would be longer

b.the wavelength wouldremain constant

c.the wavelength would be shorter

d.the wavelength would vary directly with the acoustic impedance

Q.46:As thegrain size increases in a material , its principal effect in ultrasonic testing is on the:
a.velocity of sound

b.attenuation

c.acoustic impedance

d.angle of refraction

Q.47:Another name for Fresnel Zone is:
a.Fraunhofer Zone

b.near field

c.far field

d.Torrid Zone

Q.48 Attenuation is a:
a.test display characteristic
b.test material parameter
c.transducer characteristic
d.form of testing

Q.49:Surface (Rayleigh)waves traveling on the top face of a bloch:
a.are not reflected from a sharp edge corner
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no

b.are reflected from a sharp edge corner
c.travel through the sharp edge corner and are reflected from the lower edge
d.are absorbed ly a sharp edge corner

Q.50:Surface (Rayleigh) waves are more highly attenuated by:
a.a curved surface

b.a heavy couplant

c.a thin couplant

d.bothaandb

Q.51:The velocity of sound in a material is depend the :
a.frequency of the wave

b.wavelength

c.material properties

d.vibration cycle

Q.52 To vary or change the wavelegth of ound being used to test a part.you would change the:
a.sound wave frequency

b.diameter of the transducer

c.electrical pulse voltage

d.pulse repetition rate

Q.53:Which of the following has the longest Fresnel zone?
a.13 mm (0.5 in.) diameter 1 MHz

b.13 mm (0.5 in.) diameter 2.25 MHz

€.28.5 mm (1.125 in.) diameter 1 MHz

d.38 mm (1.5 in.) diameter 2 MHz

Q.54:The product of the material density and the velocity of sound within tat material is referred
to as:

a.acoustic impedance

b.near field

c.acoustic attenuation

d.vibrational index

Q55 Refracted energy wild.l assume a new directi
changed.

a.principle angle

b.reflected angle

c.critical angle

d:incident angle

Q.56:The loss of energy as it propagates through material is the result of beam:
a.interference

b.attenuation

c.absorption

d.reflection

Q.57:For a given incident angle , as the frequency of the transducer increases , the refracted angl

11
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a.increases
b.decreases

c.stays the same

d.can not be determined

Q.58 Penetration of ultrasonic waves in a material is normally the function of testrequency used
.which of the following frequencies would provide the greater depth of penetration?

a.l MHz

b.2.25 MHz

c.5 MHz

d.10 MHz

Q.59 The change in direction of an ultrasonic beam when it passes from one material to another
material in which elasticity and density differ is called:

a.refraction

b.rarefaction

c.angulation

d.reflection

Q.60:When ever an ultrasonic incident angle is set at®om normal:

a.the refracted wave is mode converted

b.the refracted wave is the same mode as the incident wave

c.the refracted wave will have tow components , one of which will be the same modeas the incident
wave

d.it is impossible to determine mode(s) of refracted wave without more information

Q.61:A transducer is vibrating at a frequency and injecting ultrasonic energy through water into a
steel specimen:

a.the sound wavelength is the same in both the watena@the steel

b.the sound frequency in the water is less than the sound frequency in steel

c.the sound wavelength is not the same in both the water and the steel

d.the sound frequency in the water is greater than the sound frequency in steel
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figure 28:Angular characteristics for large distances from the oscillator.a Values of the
sound pressure in a linear plot;b the same plotted in dB
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figure 29:Lines of equal sound pressure,plotted in dB Also the
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figure 32:Sound pressure on the axis of a piston oscillator
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figure 33:Conceptual representation of the sound field emitted by a
circularplane-wave piezoelectric transducer
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figure 35:Uniform divergence of the ultrasonic beam beyond the near field
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6.22.6 Straight-Beam (Longitudinal Wave) Search

Units. Straight-beam (longitudinal wave) search unit
transducers shall have an active area of not less than

1/2 in2 [323 mm2] nor more than 1 i2[645 mrme]. The
transducer shall be round or square. Transducers shall be
capable of resolving the three reflections as described in
6.29.1.3.

6.22.7.2 Transducer Dimensions. The transducer
crystal shall be square or rectangular in shape and may
vary from 5/8 into 1 in [15 mm to 25mm] in width and
from 5/8 in to 13/16 in [15 mm to 20 mm] in height (see
Figure 6.17). The maximum width to height ratio shall be
1.2 to 1.0, and the minimum widthto-height ratio shall

be 1.0 to 1.0.
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7.5.2 EQUIPMENT REQUIREMENTS

b.at least one longitudinal(compressional) wave transducer,1/2 inch to 1 inch in diameter

7 . prob2 selection

for angle beam scanning of weld discontinuities of the size of interest in offshore strucal
fabrication ,a probe with a transducer element approximately %2 in round or square.operating
between 2 mhz and 2.25 mhz is suggested as a good compromise of all desirable attributes.

Near Field l Far Field

Amplitude ——y

Metal Travel Distance ——3

figure 36:Typical straight beam DAC curve.

Table 7: Near field in millimeters for longitudinal Table 8: Near fleld in millimeters for longitudinal
waves In water (longitudinal velocity In water Is waves In acrylic resin (longitudinal velocity In
1,490 mes™') acrylic resin Is 2,670 m=s')
Frequency Frequency
(megahertz): 05 1 2 S 10 20 %0 (megahertz: 05 1 2 S 10 20 S0
W Wavelength
(mitlimeters): 298 149 075 030 0.15 007 0.03 (millimeters): 534 267 1.34 053 027 0,13 0.05
Transducer Transoucer
Drameter Drameter
Imulhimeters) Imillmeters)
! 0 0 0 0 2 3 8 ! 0 0 0 0 0 2 S
2 0 0 | 3 JERI T Y 2 0 0 0 2 4 8 2
3 0 2 3 8 - Dy 3 0 0 2 4 8 17 45
4 ! 3 - O & Bl o )L 4 0 ! 3 8 IS 3 8
S 2 4 8 21 2 & 20 5 ! 2 S/ 48 15
b 3 6 12 0 & 121 W 6 » Dol YRRy JTy R R M T
8 S 2t 58 107 25 8 3 6 2 3 $ 123
10 8 17 X M 18 3% 10 § 9 19 & 93 W
12 12 4 8 121 M 12 gl S0 2741 684133
T 9 3 2% 18 I 1S I 21 4 106 28
2 ¥ 67 14 3 2 9 3 % 18
S S2 105 210 Sx4 5 A 59 1z 25
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Table 9: Near fleld in millimeters for longitudinal  Table 10: Near field in millimeters for longitudinal

waves in steel (longitudinal velocity In steel Is waves in aluminum (longitudinal velocity in
5,850 mes™') aluminum Is 6,250 mes™')
Frequency Frequency
(megahertz): 05 1 2 S 10 20 S0 (megahertz): 05 1 2 5 10 20 S0
Wavelength W,
[miflimeters): 11.70 585 2.93 1.17 059 029 0.12 (millimeters): 12.50 6.25 3.13 1.25 0.63 031 0.13
Transducer Transouces
Diamezer Diameter
{millimegers) [mullineers)
| 0 0 O 0 0 ! 2 | 0 0 0 0" 10010 2
2 0 0 0 o™ 3 8 2 0 0 0 (B U e
3 0 (13 2 AN -9 3 0 0 0 r SR, SRy A 1
B 0 ! ! c PNy fagl | B 4 0 0 | AL Yoo ki v
S ! pue? g ) S - GL 5 0 0l 5 10 20 S0
b 1 LIRS 8 IS 31 75 [ 0 i 3 y G | S, P 7
8 1 3V “ SN 55 8 ! 3 25 135 00 5]
10 2 4 5952 42 8 10 2 4 .8 70 9080
12 3. 60 =36 12 300260 12529158
15 S 1019 48 9% 15 ) v Je R Sl )
2 9 il =N 8S 2 8 16 R 8
S 13 53 5 Boho s

Table 11: Near field in millimeters for shear waves Table 12: Near field in millimeters for longitudinal
in steel [shear velocity in steel is 3,240 ms™') waves in silicon carbide (longitudinal velocity in
silicon carbide used for this table is 12,000 ms™')

Frequency
(megahertz): 05 1 2 5 10 20 S0

Frequency
Wavelength [megahertz): 0.5 1 2 S50:10:25204 50
(millimeters): 648 3.24 1.62 0.65 0.32 0.16 0.06

Wavelength
(millimeters): 24.00 12.00 6.00 2.40 1.20 0.60 0.24

Transcucer
Diameter Transaucer
[millimeters) Diameter
| 0.0 0 050 “2554 [millimeters)
2 0 0 O 2530 bt | 0 0 08 00N l
3 0 0 ] 3 2o 1535 2 0 0 05,108 05Rs2iet
B 0 i 2 Sl 'S . & 3 0 0 05,002, 459
S 07245010009 -39 - % N 0 0 0 2 3 el
6 ! 36 28 56 139 5 0 0 1 3 S 10 2%
8 2 510" -5 99N ) 0 0 254 8538
10 4. 8505 395377 . IA < 0 I 3 1132l
12 S I 6 1l 10 | 2 45110 -2 42
15 9175 535 8T 1M 12 2 3 6 15 0
X 1S 31 & I% 1S 2 5 QB A7
25 24 48 % A 20 : 817" 42
r) 7 i3 2% &5
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Table 13: Near field in millimeters for shear waves Table 14: Half angle beam spread (degrees)

n silicon carbide [shear velocity in silicon carbide is Transducer Diameter (milimeters)
1,500 mes™')
Frequenc 1 iRl y 0 a . (50
Frequency y
(megahertz): 0.5 1 2 S 10 20 SO Water
W. 05 401 188 93 37
[millimeters): 15.00 7.50 3.75 1.50 0.75 0.38 0.15 10 535 188 93 456 18
20 536 27 93 46 23 09
Transcucer 50 88 93 37 18 09 04
m‘:‘f:{‘:’” : 100 93 46 18 09 05 02
W e
2 , Sa, ot L SN BT 1000 09 05 02
3 0000 52 NSRS ; '
4 0 0 I 3. S o2t Plexiglas®
B 0 0.2 4 BRI 05 352 168 66
6 | S LI AR S/ Juctr "\ 10 352 168 83 33
2 ! ISl U | E 20 4.1 168 83 41 17
10 P IR SNy AR | R - e 50 52 168 &6 33 17 o7
12 2 5 10 6 48 10.0 68 83 33 17 08 03
15 4 8 I5 38 B 200 83 41 17 08 04
20 A | ST ¢ R 50.0 33 17567 .03
%5 10 21 42 104 100.0 1.7 08 03
Steel
05 192 146
10 92 184 73
20 92 184 91 36
50 92 146 713 36 14

100 92 184 73 36 18 07
200 184 9.1 36 I8 09

S00 73 36 14 07
100.0 36 18 07

Aluminum
05s 425 157
10 425 197 78
20 425219792 39
50 25182 718..:39 . 15
100 425 192 78 39 19 08
200 19250 00339: 1 19 10
S00 78 39 1S 08
100.0 39 19 08

Silicon Carbide
05 312
10 04 150
20 r 404 189 74
50 312 150 74 30
100 404 150 7% 37 15
200 404 189 74 37 19
500 IS0 74 30 1S
1000 » LA LE 15
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Table 15: Refraction of ultrasonic beams (degrees) Table 16: Refraction of ultrasonic beams [degrees)
from acrylic resin (acoustic velocity 2.67 km+s™') to from water [acoustic velocity 1.490 kmes™' at 23 °C)

steel (longitudinal velocity 5.85 kmes™' and to steel [longitudinal velocity 5.85 kmes™' and
transverse velocity 3.23 kmes™') transverse velocity 3.23 kmes™')
Angle of Angle of
Lpe i, Angle in Steel [degrees) Inddece Angle In Steel (degrees)
(degrees) Longitudinal  Transverse  Surface (degrees) Longitudinal  Transverse  Surface
2 &4 28 2 79 43
K &8 48 5 159 87
6 132 13 6 242 131
8 178 97 8 331 176
10 24 121 i0 430 221
12 21 145 12 547 %8
14 320 170 14 718 316
16 372 195 145 754 29
18 426 20 16 >5%0 367
20 485 244 18 421
2 552 269 20 479
24 630 35 2 543
2% 738 320 24 619
2 >%0* 3#6 2 719
30 372 28 >%0 S0
32 399 30 %0
34 426
3% 453
38 41
0 51.0 Table 17: Refraction of ultrasonic beams (degrees)
2 540 from water [acoustic velocity 1.490 kmes™') to silicon
4 572 carbide (longitudinal velocity 12 kmes™' and
:g 605 transverse velocity 7.5 kmes™')
640
50 679 Angleof  angie in Silicon Carbide [degrees)
54 782 (degrees) Longitudinal  Transverse  Surface
% >%0 s I 8l 50
* ANGLE FOR CREEPING WAVES 2 163 10.1
3 245 153
: 342 206
5 8 20
b 573 37
? 10 378
B >90 #5
9 519
10 809
" 738
12 >50 %
13 %
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Table 18: ummmwmmmqmmnmmqm,

Designated angle in s2eel b as 40 45 50 S5 60 &5 b 80
Angle of incidence 20 - 20 a2 3% » 4) 4 9 s L3 ) s
Refractoad angie in
AT P -~ a4 is 43 48 s 57 6! &5 L 2
Pexgtas®
ransverse " 1 s 16 8 20 21 22 24 s S 26
ongituinad 2 Pet Pl L e a7 40 <4 47 0 s2 g 56
Povcotnn 2% 2 3 4“2 48 54 5 o5 72 &80 >%0 =90
SAConN carteoe a >0 =90 =% =90 >90 >90 >90 >%90 >90 »>90 90

Table 19: Optimized plezoelectric element diameters (millimeters) with 50 1 impedance for low frequency
transducers

Frequency uthium Lead
(meganerts) Quartz Sulfate Metaniobate PIYA PITSA PITSH PITSA
! 540 Jaa S0 28 24 18 s
< 270 174 5 - 2 v &5
s 108 70 10 o S 4 10
10 54 s s 3 < z S
20 27 17 3 ' ' 1

* ABAD DIRCONATE TITANMATE

Table 20: Optimized piezoelectric element diameters (millimeters) with 50 {2 impedance for high frequency
transducers

Frequency Zine Caamium Aluminum Lthbum LN~
{megahertz) Oxide Sulfice Nitride SN Niobate Composites rVOor'
s 810 o5 % 1052 123 475 191 “a
10 405 »7 526 62 238 26 23
20 202 164 263 L 8} e 48 AN
50 81 65 105 1.2 8 19 44
100 L] L 53 o6 24 1.0 22

* BOOMIM FPOTALIIUM AMIOBRATE
T UTIHEUM METAMIORATE
1 FOAYVINTYLOWLUOMIOE

Table 21: Half-power beam diameter of 1, 2 and 5 MHz focused transducers

Element Near Focal millimeters
Dlameter  Field e i ]
[millimeters) In \Water s 10 20 30 <0 so 75 100 125 150
F«amwdlw:um«um:
3 19
6 6 12 25 50
8 1 09 19 7 58 93
10 17 07 15 io 45 75 12 149
15 18 oS5 10 20 i0 S0 75 99 124 149
20 &7 04 o7 15 22 37 56 75 93 n2
25 105 03 04 12 18 30 45 60 75 89
F«umwo!:mumxmlmml
3 1.2 25
4 s 09 19 37
6 12 06 1.2 25 iz 50 62 93
8 21 oS 09 9 28 37 47 70 93 e
10 34 04 o7 15 22 30 37 Sh 75 9.3
15 76 02 0s 10 15 20 25 37 50 62
20 134 02 04 07 it 15 1.9 28 37 47
5 210 o1 03 056 0% 1.2 15 2. 30 7
Focal point dameter of S MMz transducers fmeilimeters)
3 8 0s 10 20 30 40 so 75
< 13 04 07 15 22 30 37 56 5 93
6 30 02 05 10 1S 20 25 £ 50 2
8 54 02 04 o7 1 15 19 28 37 47
10 B4 o1 03 06 09 12 15 22 30 37
15 189 ol 02 o4 0% cs 10 15 2 2
20 33 01 0! 03 [+ 8 o6 o7 1 15 19
3 524 o1 o1 02 os 05 06 09 1.2 1S
¢cop{E
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Q.62:The equation, sind= 0.7a/D , describes

a.beam spread angle at 50 percent decrease in signal from the centerline value

b.onehalf the beam spread angle at 50 percent decrease in signal from the centerline value
c.onehalf the beam spread angle at 20 percent decrease in signal from the ceritexlvalue
d.onehalf the beam spread angle at 100 percent decrease in signal from the centerline value

Q.63:The beam spread haHangle in the far field of a 1 in. diameter transducer sending 5 MHz
longitudinal waves into a plexiglasM b | ock i séééééé

a.0.5degrees

b.1.5 degrees

c.3.1 degrees

d.6.2 degrees

Q.64:The near field of a round 1/2 in. diameter contact kwave transducer being used on a steel test
part operating at 3 MHz iséeééé.

a.0.51in.

b.1in.

c.lcm

d.2cm

Q.65:The depth of penetration ofthes ound beam i nto a material can
a.using a higher frequency
b.using a longer wavelength
c.using a smaller transducer
d.using a lower frequency and a larger transducer
band width frequencyC £y wi %&4.185y wz
i Cla®f y ¢CAGWEBP OWA CCéCd 2awowpnC~z KiEyowk wad Cw wC Ey w
CAv%ymwo ECz wa Aywi %8 Ai %0 %! § %o ECz ¢ ABW-vE ¥EWisyY °
) Yam Ui
aC%ubf Ywi ¢Ca&Ci ¢v¥z CAywi %4 °ywz UEv¥»zwpzl!weé

YLAE C0 atwecAv O0AU%E UEVv wz

Q=fo/f>-f1
Y Ewz Cu CAEy Wi €9 vy Aoy %4 VELe@@ CAHA i
Cu (GrasgAg Ay wuv *AE Cu xA.- ¢%uEY¥%~ 1 Cief A-Coy !
1 AE
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figure 37:Quality factor or *Q* of a transducer.
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figure 38
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figure 39

technicalnotes Cp & &wAa | w

) ° b acoustiC interface v ¥ apopsticaimpedance wz v Au Y ! 0

C- %z WEMWEAWZ v v C- %z | ° yabdolgiicirkerfaedi ¢ AA ! | #éel A

YLAECU 1, E0 2%& ¢ WwoaA i@ w §VAAMEEpdogsy COAWIYVCA ¢ av V)
loss=10 Log10 [44Z2/ (Z1+ Z2)7]

Z1 = Acoustic Impedance of First Material
Z2 = Acoustic Impedance of Second Material

YAECU awCz %é¢ O6Au%d OAAE OCdblpss yélA 3gy3ve ECUA
dB loss=10 Log10 [(Z- Z1)% (Z1 + Z2)F
attenution of ultrasonic waves in solidesj v ° %#w« CE Al ¢ wh8 ©Ov A
Y°YyAE E,~ C«Au ¢wa Af£¥%~ Ai °zwé Cu
Ail * Bwvi ACU YBWE & € Vi »%zIgAKCE y&iw Agv C%y Y, Aé Opu %!
y XYW« § Af£¥%~ Ao Al Ndsonptimx K« (Soamérc e L YN
) © péBExtinctiéha 0j Az wa ¢éy CObz Ail o

AR ¢ %eef

figure 40 :Scatter at grain boundaries
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) Ew{ Cu CEawi%uoaz adAr0O£n WA Car
Table 22
dB Attenuated Gain dB Attenuated Gain
amplitude amplitude
in % in %

0.0 100 1.00 10.0 32 3.16
0.5 94.5 1.06 12.0 25 3.98
1.0 89 1.12 14.0 20 5.01
1.5 84 1.19 16.0 15.8 6.31
2.0 79 1.26 18.0 12.6 7.94
2.5 75 1.33 20.0 10.0 10.00
3.0 71 1.41 30.0 3.2 31.62
3.5 67 1.50 40.0 1.0 100.00
4.0 63 1.59 50.0 0.32 316.23
4.5 60 1.68 60.0 0.10 1000.00
5.0 56 1.78 70.0 0.032 3162.30
6.0 50 2.00 80.0. 0.010 10 000.00
7.0 45 2.24 90.0 0.003 31623.00
8.0 40 2.51 100.0 0.001 100 000.00
9.0 35 2.82

Table 23: Attenuation of longitudinal waves at 2 MHz and room temperature in various

materials

Attenuation Low Medium High
coefficient « up to 10 10 to 100 above 100
in dB/m

Material

Cast: aluminium, mag-
nesium, pure and
slightly alloyed

Worked: steel, alumi-
nium, magnesium,
nickel, silver, tita-
nium, tungsten (all
pure and alloyed)

Non-metals: glass,

Predominantly absorption

Plastics Plastics and rubber,
(polystyrene, perspex, with fillers, vulcan-
rubber, PVC, ized rubber, wood

synthetic resins)

Predominantly scattering

porcelain Cast aluminium and
magnesium, alloyed
Cast steel, slightly al- Cast steel, highly al-
loyed, high-quality loyed, lowstrength
cast iron cast iron, cast cop-
Worked: copper, zinc, per, zinc, brass,
brass, bronze, lead, bronze
stellite, sintered me- Non-metals: porous
tals ceramics, rocks
Max. thickness 1tol0m 0.1tolm 0 to 0.1 m, may fre-
that can be quently no longer be
tested tested
¢°p{E

0




ULTRASONIC TESTING

TN
6Au0%a& Az A«AEf wz y a°E OwpoCA Apuv? Eawi | Ywz
7 0AU¥%&S T AE AcEAYW W VAEI Ta %y
p=po. N d e
) ¢ Av 10°0i0%®H Ou %ADO Bzl ¥oAiCOoBLWE &  3%é
Table 24
At a distance of 100 mm l1m 10 m
Due to the divergence of the beam alone: 100 10 1
Due to the attenuation alone at
= 1dB/m 100 90 32
10dB/m 100 35 0.001
100 dB/m 100 0.003 —

ywa 1 CeAE~ %t wiAl , 0 °pogka C6A0 ¢wa ©

) wad 1 CeAE~ %! wivATwz tdAEn O
¥ AECU vO¥OECGuaiwIAGC WAkt fdel Baaw § & %€ g wd oOowéoyv AOQéy

attenuation in metals ; anisotropy and cast structure .1 9
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T M
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= wopa ByyEAPKWHELOGIEEIMEAWIW (G¢y CEv¥%vi a°E A
Cu twéeg ACy ¢%wEA EwWA«VvAUV C¢YHA °oyv i
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)1 AE
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6.25.4.2 Sensitivity. The sensitivity shall be adjusted
at a location free of indications so that the first back
reflection from the far side of the plate will be 50% to
75% of full screen height.

6.26.6.4 Attenuation Factor. The "Attenuation Factor,

c,” on the test report shall be attained by subtracting

1in [25 mm] from the soundpath distance and multiplying
the remainder by 2. This factor shall be rounded

out to the nearest dB value. Fractional values -less than
1/2 dB shall be reduced to the lower B level and those

of 1/2 dB or greater increased to the higher level

Table 25: Attenuation Values for Common Materials

Nature of Material Attenuation* Principal
(dB/m) Cause

Normalized Steel 70 Scatter

Aluminum, 90 Scatter
6061-T6511

Stainless Steel, 110 Scatter/Redirection
3XX

Plastic (clear acrylic) 380 Absorption

'Frcquency of 2.25 MHz, Longitudinal wave mode

6cd 2D

Q66: The principal attenuation modes areéé

a.absorption , scatter, beam spread
b.beam spread, collimation, scatter
c.scatter, absorption, focusing
d.scatter , beam spread, adésion
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11



TH ULTRASONIC TESTING

Q67 Attenuation caused by scatteringéée
a.increases with increased frequency and grain size

b.decreases with increases frequency and grain size

c.increases with higher frequency and decreases with larger grain size

d.decreases with higher frequecy and decreases with larger grain size

Q.68Inveryfine.gr ain , isotropic crystalline materi al
a.scatter

b.mechanical hysteresis

c.beam spread

d.absorptio

Q.69:In figure 2.10 , what is the rate attenuationexpressed in dB/in. , of the 5 MHz transducer as
observed in the far field ?The horizontal scale is 0.5 in. per division.

a.1.00 dB.in.
b.2.22
c.2.55
d.3.25
2.25 MHz
T mem 7 ? R [T 00 0 T L e
Y: 1 Y- 5MHz L
_g e =5 = gy "Q, ==l
S 3 N 1 =
pre - i IS 2 FE Do =0 1
= B A
R = BN —— | | =
= E =] (5 S P = 8 B I ) Sl A [
-_F_- | E=E B =A T3 [ L B e
Metal Travel

figure 41:Distance - amplitude response of two 3/4 in.diameter search units.

Q.701In figure 2.10, what is the rate of attenuation of the 2.25 MHz transdecer using the conditions
of Q.68?

A.2.0dBl/in.

b.3.5

c.4.0

d.8.0
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Q.71:The sound beam emanating from a continuous wave sound source has two zones.These are
called theeéeeé.

a.Fresnel and Fraunhofer zones

b.Fresnel and near fields

c.Fraunhofer and far fields

d.focused ad unfocused zones

Q.72:The random distribution of crystallographic direction in alloys with large crystalline
structures is a factor in determining:

a.acoustic noise levels

b.selection of test frequency

c.scattering of sound

d.all of the above
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©OvAuv °C6AE CEv¥mz wBAzWI EWAG wo EE % V8 Al6 wihp bar
c@AGPU 1 Cy AAv %Brangducer/EmA e © Ey ¢ L wy L Cwad owo EE %i U
CiéewoiowudecAkwwe AvA- ACy i1 e6%eiovyAC~ %Al Az 1¢@

AAT bu %8v) °¢t %l °©CavA- tw-év 0] o6zwésou *AOA
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GveCU %z +YAUMOWA« BWht §y Cl e&%eidv OveClh CA« ¥ 6w
OXAWLE %z O6wo ¥EE LRuz) O @ER2.Cowa £ %i yCEWUE Az v¥% j\
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e

figure 42:AXES OF QUARTZ CRYSTAL

figure 43:X-CUT CRYSTAL

Crystal materials are usually cut in two ways:
Crystals cut perpendicular to the X-axis produce longitudinal waves.
Crystal cut perpendicular to the Y-Axis produce shear waves,

f X-AXIS

—=

figure 44:CRYSTAL DEFORMATION AXIS
As shown above,most crystal used for UT are cut perpendicular
to the X-AXIS

Y-AXIS
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figure 45 :Piezo - electric effect

figure 46:An electric charge deforms

a piezoelectric element and deformation
of the element causes a charge:(a)
charge induced deformation and (b)
deformation induced charge

(a)
- > -

(b)

-

1- NATURAL PIEZO ELECTRICAL CRYSTALS

Certain naturall occurring crystals suchas Quartz , and Rochelle saltésodium potassium
tartarat)exhibit the piezo-electric effect ,with Quartz being the crystal which was favored for use in
flaw detection .Different modes of sound propagation may be obtained from crystal , dependent
upon which axes the crystal is cut.ithe crystal is cut ,so that the Y axis is the major axis ,as shown
in figure 2 then it will vibrate in the transverse mode.if the crystal is cut , so that the X axis is the
major axis , as shown in figure 3 the it will vibrate in the compression mode.

1-2.QUARTZ

This was the most widely used transducer, offering good chemical , electrical,mechanical and
thermal stability(its curie temperature is 576 C).it was also very hard and exhibit good resistance to
aging and wear.its disadvantage was that it was tHeast efficient generator of acoustical energy .it

also suffered from mode conversion interference and required a high voltage in order to opeeaat

11
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2.SYNTHETICALLY GROWN CRYSTAL
Several crystal which exhibit the piezo electric effeatan be grown synthetically.One such crystal
used in nondestructive testing is Lithium sulfate.

2-1 LITHIUM SULPHATE

This transducer is the most efficient receiver of acoustic energy and does not age harden or suffer
from mode conversion interference.ltanain disadvantage is that it is very fragile,soluble inater
and is reduced to poweder when the temperature is raised in excess of 75 C (its decomposition
temperature

3. ARTIFICIALLY PRODUCED PIEZO -ELECTRIC MATERIAL

Certain artificially produced ceramic materials can be made to exhibit piezo electric effect after
6pdoarizingéd. And allowing it to cool -elsctrioisvl y. Aft er
permanent unless the fAcrystal oThdpslaribhrgarocesd above
requir es the ceramic to the heated above its critical temperature,and at the same time a high DC
voltage is passed across it,They are aligned by heating the ceramic to a temperature above its curie
temperature,passing across it 2000 volts DC per millimeter of tbkness.With the DC voltage still

flowing the ceramic is allowed to cool slowly.The voltage is utilized toaign the randomly
orientateddomains within the ceramic,which only have mobility above its critical temperature.The
ceramics commonly use in NDT a& Barium Titanate,Lead Molibdate and Lead Zirconate

Titanate(PZT).

4. POLARIZED CERAMICS

These are the most efficient generators of acoustical energy with Lead Zirconate Titanate being one
of the most efficient generators in the ceramic familf.they operatewell on low voltage and are
unaffected by moisture and their deploying temperatures are in the range of 115 C to 550 C .The
main limitation of ceramics is that they suffer from some mode conversion interface and have a
tendency to age .Ceramics are the nsbcommonly used materials for transducers in ultrasonic
testing.

5. PLASTICS
These are a new generation of piezo electric materials, currently being introduced into ultrasonic
testing.Of these polymer materials, poly vinylidene fluoride or PVDF is the ntarial which exhibits

piezo electrical is polarized in a similar manner as polarized ceramics.The advantages of PVDF are
broadband frequency response.low acoustic impedance, robustnelssge areas, uniformity and the
ability to be molded into shape.Themain limitation is the maximum operating temperatures at

which it may be used, 90 C.

6. TRANSDUCER QUALITIES
Two transducers even if made from may not present identical indications on an ultrasonic flaw
detector , and hence vigorous control during probe maufacture is essential.

7. MODES OF VIBRATION

There are approximately four modes of vibrationfor a piezoi electric crystal.The mode in which it
vibrates is dependent upon the axis on which it vibrates is dependent upon the axis on which the
piezo-electric crystal is cut.The most common deformation used for ultrasonic transducers is the
thickness expansion mode .Generally any crystal will exhibit a combination of twar more modes
of vibration, usually at different magnitudes, this is referred to as modenterference.
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8. TRANSDUCER OPERATION
There are five terms which are used to describe the operation of a transducer these are:Sensitivity.
Acoustical impedance, Resolving power, Bandwidth and Q (Quality Factor).

9. SENSITIVITY
This is the transducers allity to detect echoes from small discontinuities at a distance.Sensitivity is
proportio nal to the product of the efficiency of the transducer as a transmitter and receiver.

10. ACOUSTICAL IMPEDANCE
This is the product of the velocity of sound within thecrystal and density of the crystalassuming a
loss free crystal ).

11. RESOLVING POWER

This is the ability of a transducer to separate the echoes from two reflectors which are close
together in depth.The limit of thetransducers ability to resolve the wo reflectors is due to the
length of time the crystal nings after being struck by the voltage pulse.

The resolving power of a search unite is directly proportional to its bandwidth, as the bandwidth
increases, its resolving power increases .(ie.Broad bdmidth transducers exhibit greater
resolution).

12.BAND WIDTH AND Q (QUALITY FACTOR)
These properties are defined by:
Q =fu/f2i f1 See figure 5
Where :
fo = Central frequency of the crystal
f1 = Frequencybelow fc at which the amplitude of sound fall to 70% (more accurately at
1/(2)%?= 0.707)
f2 = Frequency above fc at which the amplitude of sound falls fall to 70% (more accurately
at 1/(2)1/2 = 0.707)
f21 f1 = Bandwidth the transducer.
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Example kr 8 change of
bandwah thvough matenal

figure 47

The number of cycles required for the crystal vibrations to reach to full amplitude , when
driven by constant AC supply voltage is given by its quality factor (Q).

Crystals which are not mounted on the backing material (No damping ) can have Q
values which are greater than 20,000. Transducers which are utilized in ultrasonic testing
usually have Q values in the range of one to ten. The higher the Q value the longer the
crystal will ring for a given voltage pulse , this affects the front surface initial echo
pulse/main bang by making it wide , which can mask any small indications close to the
surface.

The backing matenal on which the crystal is mounted is a factor controlling bandwidth. If
the impedance of backing matenial is equal to the impedance of the crystal material
maximum damping will occur,

The product of bandwidth and sensitivity should remain roughly a constant, therefore as
the sensitivity increases the bandwidth of the transducer decreases and vice versa. Also
for a given value Q , resolution increases directly with frequency and for a fixed value of
frequency , sensitivity increases directly with the value Q.

Narrow bandwidth transducers exhibit good penctrating capability and sensitivity , but
relatively poor resolution. Broad bandwidth transducers exhibit greater resolution , but
have a lower sensitivity and penctrating capability , than the narrow bandwidth
transducers.

Operating frequency , bandwidth and active-clement size must all be selected on the basis
of the inspection objectives , such as high penetrating power may be most important in
the axial examination of long shafts. Hence it may be best to select a large diameter ,
pasrow ~ bandwidth , low frequency transducer for this application , even though such a
transducer will have low resolution,
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4.5. STANDING WAVES

As the piczo — clectric is struck with a voltage pulse |, energy , travelling in a simple
harmonic motion, lecaves the top surface and travels through the crystal. When the energy
ammives at the bottom surface of the crystal it is reflected and refracted. as the thickness of
the crystal reaches certain points |, the reflected retuming wave is super imposed on the
initial wave , creates arcas maximum and minimum sound pressures. These maximums
and minimums are referred to as Standing waves, and the crystal is said to resonate.
Resonance is dependent upon the velocity of the crystals matenal and its thickness.

- Anti roce
S Noce

figure 48
13. FUNDAMENTAL (NATURAL) RESONANT FREQUENCY

Il n the pulse echo technique of wultrasonic fl aw
electrical energy and allowed to vibrate at itratural frequency (sometimes called resonant

frequency ).The natural frequency occurs when the wavelength is twice the thickness.Thus the
thickness of the crystal governs the frequency of vibration, as shown below:

These standing waves will cause the crgd to resonate and the amplitude of sound generated is
dictated by the number of standing waves in a given thickness of crystal .Maximum resonance
occurs at the Fundamental Resonant Frequency and result when the thickness of the crystal is
equal to the hdf a wave length of sound in material. Therefore the operating frequency of the probe
is governed by the crystathickness.
Optimum crystal thickness (t) =a/2 (millimeters)
Where &= wave length = V/f (Velocity / Frequency)

V = velocity of the material in mm per second

f = frequency

Therefore Thickness = V/2f

Natural (fundamental) Frequency = V2t (Hz) or Operating frequency

cop{E




ULTRASONIC TESTING

yn
4.6 CURE TEMPERATURE
Curie temperature is the temperature at which a piezo-clectric crystal will lose its piezo-
clectric properties. The values given in table 1 are approximate .the value depending on
the exact composition of the crystal. It is essential that the curie temperature is not
exceeded in use.
QUARTZ LITHIUM BARIUM LEAD
SULFATE TITANATE ZIRCONAT
E
TITANATE
CURIE 550 75 115 340
TEMPERATUR
E (DEGREES C)
COMPRESSION 5760 5460 5680 2800
AL VELOCITY
(METER/SECO
ND)
Table 26
4.7. DAMPING
To achicve the short pulse required by the pulse echo technique the crystal is damped to
give a short pulse as shown in figure 4.
0[\\ £X i N e
figure 49 :CRYSTAL DAMPING
‘ x /o3
0} i(s)
X .y g in
I w
figure 50
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figure 51:Elementary cell of barium titanate (schematic)
figure 52:Perowskit structure, tetragonally distorted

Table 27: Piezoelectric Material Characteristics

Material Efficiency Imped- Critical Displace- Electrical Density Note
ance Temp ment
T R T/R (Z) °C) (d33) (g33) P

Quartz 1 1 1 15.2 576 23 57 265 (1)
X-cut

PZT 5 70 021 146 33 193-365 374-593 20-25 7.5 2)
Lead Zirconate
Titanate

BaTi 84 - - 31.2 115-150 125-190 14-21 54 (2)
Barium Titanate

PMN 32 - - 20.5 550 80-85 32-42 6.2 (2)
Lead Metaniobaté

LSH 69 -~20 - 11.2 75 15-16 156-175 206 (3)
Lithium Sulfate
Hydrate

LN 28 054 1.51 34 6 23 4.64
Lithium Niobate

PVDF 69 135 9.3 4.1 165-180 14 140-210 1.76 )
Poly(vinylidene
Fluoride)

Notes:

(1)
yields distortional transverse waves.
(2)
3)
4)

Soluble in water, R estimated at ~2.
Flexible polymer.

Mechanically and chemically stable; X-cut yields longitudinal wave motion while Y-cut

Ferroelectric ceramic requiring poling and subject to extensive cross-mode coupling.
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Y H
= +
(6 figure 53:Deformation of an X-cut quartz plate
of dimensions x,y,z=530,20 mm, for an applied
voltage of 1000 volts illustrated on a much
a exaggerated scale of 1 million to one.a change
of thickness alone ; b additional change of Y-axis;
¢ additional shear of of the Y-Z plane
e
b
c

e

X - ~Z o
i = T .///,I«/, P ,_',/';._-’_r*'","A T T
ZOPITPZ,

¢ ' Surface wove
wove

- - —
Surfoce waove ' '
Transverse -
Y

figure 54:In the solid material the Y-cut quartz plate generates
a transverse wave normal to the surface,and a surface wave in
the X-direction .the latter is particularly strong if x:y~7:1

- Gerection of
polarizotion

figure 55:Design of a thickness-shear oscillator

The crystal material in a ultrasonic transducer is made of piezeelectric materials such as quartz,
lithium sulfate or polarized ceramics.

1.1)Quartz was the first material used .Ithas very stable frequency characteristics.However, quartz
is a poor generator of acoustic energy and has generally been replaced by more efficient materials.

1.2)Lithium sulfate is a very efficient receiver of acoustic energy, but is fragile, soluble inater and
limited to use at temperature below 165 F.

1.3)Polarized ceramics produce the most efficient generators of acoustic energy but the do have a
tendency to wear.Common polarized ceramics include barium titenate,lead nastiobate,and lead
zirconate titanate.
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piezo-electric methods ofgeneration andreception ofultrasonic waves)2(2 1

piezo-electric materials and their properties
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figure 56::Axial sound pressure of a circular -piston oscillator with two different
distributions of the excitation voltage.type a) overall excitation by a uniform
electric field but reduced at the edge by leaking field lines.this gives a sound
pressure curve a with reduced fluctuations.type b) excitation in the form of a
gauss function applied over a larger diameter R>Ro which completely
suppresses variations in the sound pressure b,[852],1620]
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Table 28: Properties of materials used In low frequency transducers
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Table 29: Properties of materials used In high frequency transducers
Pezo-
T™hickrnen Racist elecrric Pezo-
Cowpirg Covpting Prewsure electric
Souna Relative Coefficiert Coefficcent  Constamt ModLa Working
OCeraity Velccity Dieleciric *, ., $n Sn Temperature
Matenai grom?) (o) Constart (percent) (percers) feVerN-')  pCNT) <
< O 548 6330 854 28 <l 135 04
2 482 $,460 953 2 03
e 0.40 8 0 £6-105 5-3 200
vl - 444 6940 220 6 4% P 350
e 404 7.400 0 49 40 116 40 150
PoN™eny
PO se PVOF 8 S0 ) 0 0 ‘ 0
Fermosiec Ceraer mposLe
223 M M
compostes UMN' 44 4000 0 38 350
K .80 - & 0 80 350
* 3 YOUT
1 SHOWING A RANGE OF COMPOUTE PROPERTIES
66d 2 P
Q72Barium titanate is a piezoelectric mater:

a.s naturally piezo electric

b.is piezo electric at temperatures above the critical temperature
c.has a high acoustic impedance

d.is highly soluble in water

Q.73 The formula used to determine the fundamental resonant frequency is:
a.F=VIT

b.F=V/2T
cF=T/N
d.F=VT

Q.74Mechanical and electrical stability.insolubility in liquids.and resistance to aging three

advantage of search units containing transducers made of:
a.lithium sulfate

b.barium titanate

c.quartz

d.Rochelle salts

Q.75.A quartz crystal cut so that its major faces are parallel to the Z and Y axes and perpendicular

to the X axis is called:
a.a Y-cut crystal

b.an X-cut crystal

c.a Z-cut crystal

¢c°p{E
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Q.76.0f the piezo electric materials listed below,the most efficient sound transmitter is:
a.lithium sulfate

b.quartz

c.barium titanate

d.silver oxide

Q.77:0f the piezo electric materials listed below,the most efficient sound receiver is:
a.lithium sulfate

b.quartz

c.barium

d.silver oxide

Q.78When using two separate search units(one a transméit, the other a receiver),the st efficient
combination would be a:

a.quartz transmitter and a barium titanate receiver

b.barium titanate transmitter and a lithium sulfate receiver

c.lithium sulfate transmitter and a barium titanate receiver

d.barium titanate transmitter and a quartz receiver

figure 57
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figure 58
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figure 59:Typical cathode ray tube A-scan presentation :(a) system

configuration and (b) screem display that occurs when testing a
75 mm (3 in) thickness of acrylic

(=)
‘g: L. ’ UGS
l I TRANLSOLUCHR

MO INSTRUMENT

[ I THST OUBIECT

()

e e —

RESMDOUE FROM BACK
TRANLMITTER SURFACE
INITTIAL PULSE

figure 60:Battery operated ultrasonic instrument for discontinuity
detection and thickness gaging
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figure 61:Block diagram of the portable ultrasonic instrument
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figure 62 :Principal functions of a portable instrument’s
receiver and their effect on the receiver ultrasonic signals
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T-471.2 Pulse Repetition Rate. The pulse repetition
rate shall be small enough to assure that a signal from a
reflector located at the maximum distance in the examination
volume will arrive back at the search unit before the
next pulse is placed on the transducer.
T-471.3 Rate of Search Unit Movement. The rate of
search unit movement (scanning speed) shall not exceed
6 in./s (150 mm/s), unless:
(a) the ultrasonic instrument pulse repetition rate is sufficient
to pulse the seech unit at least six times within the
time necessary to move onbalf the transducer (piezoelectric
element) dimension parallel to the direction of the scan
at maximum scanning speed; or,
(b) a dynamic calibration is performed on multiple
reflectors, which are within +2 dB of a static calibration
and the pulse repetition rate meets the requirements of

T-471.2.
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figure 63:Use of an interface triggering function for automatic
tracking of an ultrasonic signal gate:(a) test configuration

(b) initial pulse triggering for transducer position 1) interface
triggering fortransducer position 1,d) initial pulse triggering
transducer position 2
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figure 64 :Function diagram of an ultrasonic thickness gage
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figure 65 :Interface and back surface echoes from a test object : (a) test setup and (b)
cathode ray tube display
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figure 66 :Interface and back surface echoes from a thick test object:(a) test setup and (b)
cathode ray tube display
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figure 67
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figure 68.Contact test using a thin film of liquid couplant:(a) test setup and (b) cathode ray tube
display (see figure 65)
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figure 69
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figure 71
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figure 72 :Delay line test using a buffer; buffer delay time is also called the water path for immersion
transducers(see figure 62)
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Spike wave pulse 1
Square wave pulse 2
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figure 73 :Waveforms used by ultrasonic testing system :(a) spike pulse (b) square
wave pulse(c) bipolar tone burst and (d) step pulse
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figure 74:Essential components of a spike pulser
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figure 75 : Pulse shape associated with a spike pulser
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square wave pulsers9(2 4
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figure 76 :Diagram of a square wave pulser similar
to figure 67 but the shape of the pulse used to

excite the transducer is significantly different
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figure 77 :Pulse ahapes associated with a square wave
pulser :(a) switch position and (b) transducer voltagee
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gure 78: Comﬁanson of ultrasonic signal voltages figure 79 :Comparison of signal voltage with a 5 MHz
Wlth a 2.25 MHz broad band transducer:(a) spike broad band transducer: (a) spike pulser and (b) square
pulser and (b) a property adjusted square wave pulser wave pulser
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figure 80 : Diagram of square wave pulser similar to
figure 71 but the shape of the pulse used to excite
the transducer is significantly different
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figure 81 :Diagram of tone burst operation achieved
by repetitively closing the square wave pulser
switch :(a) switch position and (b) transducer voltage
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T-430 EQUIPMENT
T-431 Instrument Requirements
T-431.1 Type. A pulseecho type of ultrasonic instrument
shall be used. The instrument shall be equipped with a stepped gain control calibrated in units of
2.0 db or less
APPENDIXF 8 NOZZLE
EXAMINATION
F-10 GENERAL REQUIREMENTS

F-30 INSTRUMENT REQUIREMENTS
(a) A pulseecho type of ultrasonic instrument and/or
examination system shall be used. The
instrument /system shall be equipped with a stepped
gain control calibrated in units of 2.0 dB or less.
(b) The system shall exhibit the following:
(1) Center Frequency:
(a) For examination systems with bandwidths
less than 30%, the center frequency shall not change
more than £5%.
(b) For examination systems with bandwidths
30% or greater, the system center frequency shall not
vary more than £10%.
(2) Bandwidth:
(a) The examination bandwidth shall not change
more than £10%.
NOTE: Bandwi dth is measured at the 16
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ULTRASONIC TESTING
MAOT

ARTICLE 5
ULTRASONIC EXAMINATION METHODS
FOR MATERIALS AND FABRICATION

T-530 EQUIPMENT AND SUPPLIES

T-531 Frequency

This examination shall be conducted with a pulseecho
ultrasonic instrument capale of generating frequencies
over the range of at least 1 MHz to 5 MHz.

Instruments operating at other frequencies may be used
if equal or better sensitivity can be demonstrated and
documented

T-541.4.1 Equipment

The requirements for equipment

shall be inaccordance with T-530, supplemented

by (a) and (b) below.

(@ Thetransducer shal | be 1 or 1108 in. (25 or
29 mm) in diameter, or 1 sq in. (645 mm2), maximum.
(b) 1 MHz search units shall be used for examination,
although other frequencies may be used for evaluation
if equal or better sensitivity can be demonstrated and
documented.

AWS D1.1 An American national standard

6.22 UT Equipment

6.22.1 Equipment Requirements.

The UT instrumentshall be the pulse echo type suitable for use with transducers
oscillating at frequencies between 1 and 6 megahertz.

The display shall be an ‘A" scan rectified video
trace.

6.22.2 Horizontal Linearity.

The horizontal linearity of

the test instrument shall be qualified over the full soundpath
distance to be used in testing in conformance with
6.30.1.

6.22.3 Requirements for Test Instruments.

Test instruments

shall include internal stabilization so that after

warm-up, no variation in response greater than + 1 dB
occurs with a supply voltage change of 15% nominal or,
in the case of a battery, throughout the charge operating
life. There shall be a alarm or meter to signal a drop in
battery voltage prior to instrument shutoff due to battery
exhaustion.

6.22.4 Calibration of Test Instruments.
The test instrument

shall have a calibrated gain control (attenuator)
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adjustable in discrete 1 or 2 dBsteps over a range of at

least 60 dB. The accuracy of the attenuator settings shall

be within plus or minus 1 dB. The procedure for qualification
shall be as described in 6.24.2 and 6.30.2.

6.22.5 Display Range. The dynamic range of the instrument's
display shall be such that a difference of 1 dB of
amplitude can be easily detected on the display.

6.22.6 Straight-Beam (Longitudinal Wave) Search

Units. Straight-beam (longitudinal wave) search unit
transducers shall have an active area of not less than
1/2in2 [323 mm2] nor more than 1 in2 [645 mm2]. The
transducer shall be round or square. Transducers shall be
capable of resolving the three reflections as described in
6.29.1.3.

6.22.7 AngleBeam Search Units. Angldbeam search
units shall consist of a traasducer and an angle wedge.
The unit may be comprised of the two separate elements
or may be an integral unit.

6.22.7.1 Frequency. The transducer frequency shall
be between 2 and 2.5 MHz, inclusive.
6.22.7.2 Transducer Dimensions. The transducer

crystal shall be square or rectangular in shape and may
vary from 5/8 into 1 in [15 mm to 25 mm] in width and

from 5/8 in to 13/16 in [15 mm to 20 mm] in height (seligure 6.17).

The maximum width to height ratio shall be

1.2 to 1.0, and the minimum widthto-height ratio shall

be 1.0 to 1.0.

6.22.7.3 Angles. The search unit shall produce a

sound beam in the material being tested within plus or
minus 2° of one of the following proper angles: 70°, 60°,
or 45°, as described in 6.29.2.2.

6.22.7.4 Marking. Each segh unit shall be marked

to clearly indicate the frequency of the transducer, nominal
angle of refraction, and index point. The index point
location procedure is described in 6.29.2.1.

6.22.7.5 Internal Reflections. Maximum allowable

internal reflections from the search unit shall be as described
in 6.24.3

6.22.7.6 Edge Distance. The dimensions of the

search unit shall be such that the distance from the leading
edge of the search unit to the index point shall not exceed
1in [25 mm].

6.22.7.7 IIW Block. Thequalification procedure

using the 1IW reference block shall be in conformance
with 6.29.2.6 and as shown in Figuré.~.
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