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Special linear phased array probes used for
ultrasonic examination of complex turbine components

-pU{PH�3RJXHW��,PDVRQLF���)UDQFH
3HWUX�&LRUDX���2QWDULR�3RZHU�*HQHUDWLRQ�,QF����&DQDGD

$EVWUDFW

$�ODUJH�YDULHW\�RI�OLQHDU�SKDVHG�DUUD\�SUREHV��/3$3��>VL]H��IUHTXHQF\��EDQGZLGWK��PXOWL�KHDGV�
SLWFK� VL]H@� ZHUH� GHVLJQHG� DQG� PDQXIDFWXUHG� IRU� H[DPLQDWLRQ� RI� FRPSOH[�VKDSH� WXUELQH
FRPSRQHQWV�� VXFK� DV� EODGH� URRWV�� URWRU� VWHHSOHV�� QDUURZ�JDS� ZHOGV�� GLVN� EODGH� ULP
DWWDFKPHQW��7KH�SUREHV�ZHUH�GHVLJQHG�DQG�FKDUDFWHULVHG�IRU�WKH�IROORZLQJ�IHDWXUHV��JHRPHWULF
GLPHQVLRQV�� FHQWUH� IUHTXHQF\�� SXOVH� GXUDWLRQ�� EHDP� IHDWXUHV� �IRFDO� GHSWK�� EHDP� VSUHDG� LQ
ERWK� GLUHFWLRQV�� VLJQDO�WR�QRLVH� UDWLR��� 0XOWL�KHDG� /3$3� ZHUH� PDQXIDFWXUHG� WR� RSWLPLVH
GHWHFWLRQ� DQG� VL]LQJ� IRU� OLPLWHG� DFFHVVHV� FRQWDFW� DUHDV�� ([DPSOHV� RI� SUREH� FKDUDFWHULVDWLRQ�
GHWHFWLRQ�DQG� VL]LQJ�RI� DUWLILFLDO� DQG�QDWXUDO� GHIHFWV� DUH� JLYHQ� IRU� WKH� IROORZLQJ� DSSOLFDWLRQV�
EODGH�URRWV��URWRU�VWHHSOH��DQG�GLVN�ULPV��([DPSOHV�RI�SUREH�EHDP�IHDWXUHV�DUH�DOVR�SUHVHQWHG�
6RPH�DVSHFWV�RI�,PDVRQLF�DQG�23*�4$�SURJUDP�IRU�SKDVHG�DUUD\�SUREH�FKDUDFWHULVDWLRQ�ZLOO
EH�LOOXVWUDWHG

,QWURGXFWLRQ
23*� KDV� WR� UXQ� VHYHUDO� LQVSHFWLRQV� RI� FRPSOH[�VKDSH� WXUELQH� FRPSRQHQWV�� VXFK� DV� EODGH� URRWV�� URWRU
VWHHSOHV��QDUURZ�JDS�ZHOGV�RU�GLVN�EODGH�ULP�DWWDFKPHQW��6SHFLILF�DVSHFWV�RI�WKLV�SURMHFW�ZHUH�SXEOLVKHG
LQ��>���±���@���$Q�XSGDWH�RI�ILHOG�WULDO�QU����ZDV�SUHVHQWHG�LQ�>���@�
7DNLQJ�LQWR�DFFRXQW�WKH�UHTXLUHPHQWV�IRU�PLQLPXP�WDUJHW�VL]H��WKH�JHRPHWU\�RI�WKH�SDUWV�WR�EH�LQVSHFWHG
DQG�WKH�SURGXFWLYLW\�FRQVWUDLQWV��LW�ZDV�GHFLGHG�WR�XVH�SKDVHG�DUUD\�WHFKQRORJ\�ZLWK�DQ�LPSURYHG�SUREH
GHVLJQ�DQG�UHOLDELOLW\�
,Q�WKLV�IUDPHZRUN��FROODERUDWLRQ�ZDV�VHWWOHG�ZLWK�,PDVRQLF�IRU�WKH�GHYHORSPHQW�RI�DQ�DGYDQFHG�SKDVHG
DUUD\�SUREHV�FRQFHSW�GHGLFDWHG�WR�WKHVH�DSSOLFDWLRQV�

3UREHV�FRQVLGHUHG
$ERXW����SKDVHG�DUUD\�SUREHV�KDYH�EHHQ�VSHFLILFDOO\�GHYHORSHG�GXULQJ�WKH�ODVW���\HDUV�

$PRQJ�WKHVH�SUREHV�ZH�FRXOG�PHQWLRQ�
½ +DUG�IDFH�PXOWL�KHDG�/�ZDYHV�SUREHV�LQ�D�VLQJOH�+\SHUWURQL[�FRQQHFWRU
½ +DUG�IDFH�FXVWRP�EXLOW�SUREH�IRU�WRS�LQVSHFWLRQ�RQ�/���VWHHSOH
½ 6RIW�IDFH�7�ZDYHV�SUREHV�IRU�3DUVRQ�W\SH�EODGHV�VWHHSOHV
½ /DUJH�VRIW�IDFH�SUREHV�IRU�ORQJHU�87�SDWK����������PP��WR�LQVSHFW�*(�WXUELQH�FRPSRQHQWV

3KDVHG�DUUD\�WHFKQRORJ\

3KDVHG�DUUD\�WHFKQRORJ\�KDV�EHHQ�VHOHFWHG�IRU�WKH�EHDP�VWHHULQJ�DQG�IRFXVLQJ�IOH[LELOLW\�DQG�DOVR�IRU�WKH
SRVVLELOLW\�WR�DQJOH�WKH�EHDP�ZLWKRXW�ZHGJH�WKDW�ZRXOG�UHTXLUH�WRR�PXFK�VSDFH�IRU�VRPH�LQVSHFWLRQV�
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3LH]RFRPSRVLWH� WHFKQRORJ\� ZDV� SUHIHUUHG� IRU� WKH� SKDVHG� DUUD\� WHFKQRORJ\� DQG� DOVR� WR� RSWLPLVH� WKH
HOHFWURDFRXVWLFDO�SHUIRUPDQFHV�OLNH�VHQVLWLYLW\��VLJQDO�WR�QRLVH�UDWLR��EDQGZLGWK�DQG�SXOVH�OHQJWK�

+LJK�IUHTXHQF\�PLQLDWXUH�SUREHV

$OO�SUREHV�DUH�KLJK�IUHTXHQF\�SUREHV��IURP���0+]�WR����0+]��IRU�KLJK�UHVROXWLRQ�LQVSHFWLRQ�
0LQLDWXUH�SUREHV�ZHUH�QHFHVVDU\�WR�LQVSHFW�WKH�FRPSOH[�JHRPHWU\�DQG�OLPLWHG�DFFHVV�FRPSRQHQWV�

+LJK�TXDOLW\

)XUWKHU�WR�WKH�HOHFWURDFRXVWLFDO�SHUIRUPDQFHV��23*�DQG�,PDVRQLF�SXW�HPSKDVLV�RQ�WKH�UHOLDELOLW\�RI� WKH
SUREHV�IRU�WKHLU�XVH�LQ�WKH�LQGXVWULDO�ILHOG

3UREH�GHVLJQ

%HDP�0RGHOOLQJ

7KH�PRGHOOLQJ�RI�WKH�SUREH�LV�GRQH�E\�2�3�*���ZLWK�3$66�VRIWZDUH�
7KH�WDUJHW�SDUDPHWHUV�RI� WKLV�PRGHOOLQJ�DUH� LQVSHFWLRQ�GHSWK�� ODWHUDO�DQG�D[LDO� UHVROXWLRQ��DFFRUGLQJ� WR
YDULRXV�LQVSHFWLRQV�DQJOHV�
7KLV�PRGHOOLQJ�ZRUN�DOORZV�WKH�GHILQLWLRQ�RI�WKH�SKDVHG�DUUD\�SUREHV��DQG�SDUWLFXODUO\
)UHTXHQF\��EDQGZLGWK��SXOVH�OHQJWK�VSHFLILFDWLRQ
1XPEHU��VL]H�DQG�JHRPHWU\��RI�WKH�HOHPHQWV
3UREHV� DUH� DOVR� GHVLJQHG� WR� DYRLG� JUDWLQJ� OREHV� RU� VHFRQGDU\� OREHV� WKDW� PD\� JHQHUDWH� XQH[SHFWHG
SDUDVLWLF�HFKRHV�

,PDVRQLF�FKHFNV�WKLV�GHVLJQ�ZLWK�LQ�KRXVH�VRIWZDUH�4XLFN6RQLF�WKDW�DOORZV�D�YHU\�TXLFN�FKHFN�RI�WKH�EDVLF
SDUDPHWHUV�RI�D�OLQHDU�SKDVHG�DUUD\�SUREH
,I�QHFHVVDU\��,PDVRQLF�PD\�DOVR�FRQILUP�WKH�GHVLJQ�ZLWK�&,9$�VRIWZDUH��GHYHORSHG�E\�&($��)UDQFH���7KLV
YHU\�FRPSOHWH�VRIWZDUH�DOORZV�DFFXUDWH�EHDP�VLPXODWLRQ�DQG�LQWHUDFWLRQ�ZLWK�GHILQHG�GHIHFWV�

(OHFWURDFRXVWLFDO�GHVLJQ

%DVHG�RQ�23*�VSHFLILFDWLRQV��WKH�HOHFWURDFRXVWLFDO�GHVLJQ�RI�WKH�SUREH�LV�GRQH�E\�,PDVRQLF��7KLV�GHVLJQ
SDUWLFXODUO\�FRQFHUQV�
7KH�SLH]R�FRPSRVLWH�PDWHULDO
$�VSHFLDOO\�GHVLJQHG�SLH]RFRPSRVLWH�PDWHULDO�����VWUXFWXUH��VHH�)LJXUH����LV�LPSOHPHQWHG�LQ�HDFK�W\SH�RI
SUREH��'HWDLOV�FRXOG�EH�IRXQG�LQ�>���@��
7KH�FRPSRVLWH�FRPSRQHQWV�DQG�JHRPHWU\�DUH�GHILQHG�DFFRUGLQJ�WR�WKH�WHPSRUDO�DQG�IUHTXHQF\�UHVSRQVH
VSHFLILFDWLRQV��ZKLOH�NHHSLQJ�KLJK�VHQVLWLYLW\�DQG�VLJQDO�WR�QRLVH�UDWLR�OHYHO�
7KH�SLH]RFRPSRVLWH�PDWHULDO� LV�DOVR�GHVLJQHG�WR� ORZHU�WKH�FURVV�FRXSOLQJ�EHWZHHQ�QHLJKERXU�HOHPHQWV�
ZKLFK�LV�QHFHVVDU\�WR�SURSHUO\�VWHHU�WKH�EHDP�ZLWK�HOHFWURQLF�GHOD\�ODZV��7\SLFDO�FURVV�FRXSOLQJ�LV�ORZHU
WKDQ�±��G%�

The matching layer
7DNLQJ�LQWR�DFFRXQW�WKH�XVLQJ�FRQGLWLRQV�RI�WKH�SUREH��PDQXDO��DXWRPDWHG��GLUHFW�FRQWDFW��FRQWDFW�ZLWK�D
ZHGJH���WKH�PDWFKLQJ�OD\HU�LV�GHVLJQHG�WR�RSWLPLVH�WKH�HQHUJ\�WUDQVIHU��WR�VKRUWHQ�WKH�SXOVH�OHQJWK�DQG
WR�EH�ZHDU�UHVLVWDQW�

)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ
RI�D�SLH]R�FRPSRVLWH�SODWH�ZLWK�D���

��VWUXFWXUH���:�$��60,7+
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The backing material
7KH� EDFNLQJ�PDWHULDO� LV� GHVLJQHG� WR� VKRUWHQ� WKH� SXOVH� OHQJWK� DQG� DWWHQXDWH� WKH� EDFN� HFKR�� 6SHFLDOO\
GHVLJQHG� EDFNLQJ� PDWHULDOV� DOORZ� LQWHUHVWLQJ� FRPSURPLVH� ZLWK� KLJK� GDPSLQJ� DQG� KLJK� DWWHQXDWLRQ� LQ
UHGXFHG�GLPHQVLRQ

The cable
7KH� FDEOH� SHUIRUPDQFHV� DUH� DOVR� D� NH\� SDUDPHWHU� IRU� WKH� RYHUDOO� SHUIRUPDQFHV� RI� WKH� SUREH�� ,WV
DWWHQXDWLRQ�PXVW� EH� DV� ORZ� DV� SRVVLEOH��PDLQO\� IRU� KLJK� IUHTXHQF\� SUREHV�� ,WV� HOHFWULFDO� LPSHGDQFH� LV
PDWFKHG�WR�SUREH�DQG�HOHFWURQLF�FKDUDFWHULVWLFV�
7KH�EHQGLQJ�FDSDELOLW\�LV�RSWLPLVHG�WR�DFFHVV�VPDOO�DUHDV��ZKLOH�NHHSLQJ�KLJK�PHFKDQLFDO�UHVLVWDQFH�DQG
FRQVWDQW�HOHFWULFDO�SURSHUWLHV�

KLM Model
7KH�HOHFWUR�DFRXVWLFDO�LQIOXHQFH�RI�DOO�WKHVH�FRPSRQHQWV�LV�VLPXODWHG�ZLWK�VRIWZDUH�EDVHG�RQ�./0�PRGHO�
7KH� WDUJHW� SDUDPHWHUV� DUH� WHPSRUDO� DQG� VSHFWUDO� UHVSRQVH�� VHQVLWLYLW\� DQG� HOHFWULFDO� LPSHGDQFH� �VHH
)LJXUH����
&RPELQHG�ZLWK� WKLV� VRIWZDUH�� ,PDVRQLF� GDWDEDVHV� RQ� SLH]RFRPSRVLWH�PDWHULDO� DOORZ� SUHFLVH� VLPXODWLRQ
DQG�YHU\�SUHGLFWDEOH�HOHFWURDFRXVWLFDO�SHUIRUPDQFHV�

0HFKDQLFDO�GHVLJQ

23*� LVVXHG�PHFKDQLFDO� VSHFLILFDWLRQV� IRU� HDFK�SUREH�EDVHG�RQ�SDUW� JHRPHWU\�DQG�PDQLSXODWRU�KROGLQJ
GHYLFH�

7KHVH� VSHFLILFDWLRQV� LQFOXGH� RYHUDOO� GLPHQVLRQV�� SDUWLFXODU� JHRPHWU\� UHTXLUHPHQWV�� DQG� FDEOH� RXWSXW
SRVLWLRQ�

,PDVRQLF�YDOLGDWH�WKLV�GHVLJQ�RU�SURSRVH�PRGLILFDWLRQV�WR�23*�WR�JXDUDQWHH�D�KLJK�PHFKDQLFDO�UHVLVWDQFH
DQG�ZDWHUWLJKWQHVV�XQGHU���FP�RI�ZDWHU�

1HZ�FKDOOHQJHV
23*�FKDOOHQJHG�,PDVRQLF�ZLWK�QHZ�IHDWXUHV�IRU�LWV�SKDVHG�DUUD\�SUREHV

+DUG�IDFH

6HYHUDO� SUREHV� DUH� XVHG�PDQXDOO\� RU� DXWRPDWLFDOO\� LQ� GLUHFW� FRQWDFW�� ZKLFK� LV� YHU\� DJJUHVVLYH� IRU� WKH
IURQW� IDFH�� 7KH� ZHDU� RI� WKH� IURQW� IDFH�PD\� KDYH� XQH[SHFWHG� FRQVHTXHQFHV� RQ� WKH� SUREHV� OLNH� ZDWHU
SHQHWUDWLRQ�LQ�WKH�SUREH�RU�PRGLILFDWLRQ�RI�HOHFWURDFRXVWLFDO�SURSHUWLHV�
,Q�WKH�PHDQWLPH��WKH�LPSOHPHQWDWLRQ�RI�D�SURWHFWLYH�OD\HU�RQ�WKH�IURQW�IDFH�PD\�DOWHU�WKH�SXOVH�OHQJWK
DQG�VHQVLWLYLW\�GXH�WR�WKH�DGGLWLRQDO�LQWHUIDFH�

)RU� WKLV� UHDVRQ�� ,PDVRQLF� LPSOHPHQWHG� D� QHZ� KDUG� IDFH� PDWHULDO� λ��� PDWHULDO� WKDW� FRPELQHV� DQ
DSSURSULDWH� DFRXVWLFDO� LPSHGDQFH� IRU� KLJK� HQHUJ\� WUDQVIHU�� 23*� WHVWHG� ZHDU� UHVLVWDQFH� ZKLFK� ZDV� ��
WLPHV�KLJKHU�WKDQ�FRQYHQWLRQDO�IURQW�IDFH�

0LQLDWXULVDWLRQ�	�*HRPHWU\

7KH� UHVWULFWHG� VSDFH� DYDLODEOH� IRU� LQVSHFWLRQ� DQG� OLPLWHG� DFFHVV� IRU� FRQWDFW� DUHD� UHTXLUHG�PLQLDWXULVHG
SUREHV�ZLWK�SDUWLFXODU�IURQW�IDFH�JHRPHWU\�

)LJXUH����(OHFWUR�DFRXVWLFDO�GHVLJQ�ZLWK�./0 Model
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)LJXUH�����3UREH���$�	����%������(��
�+3����HOHPHQWV���3LWFK������PP�����

0+]�3UREH���&�������(����+3
���HOHPHQWV���3LWFK������PP�����0+]
$XWRPDWLF�LQVSHFWLRQ�RI�/���URWRU

VWHHSOH�JURRYHV�

,PDVRQLF�PDQXIDFWXUHG�VPDOO�SUREHV�GRZQ�WR���[���[����PP�IRU���[��PP�DFWLYH�DUHD�ZLWK����HOHPHQWV�

0XOWLSOH�KHDG���FXVWRP�EXLOW

,QVSHFWLRQ� VSHHG� UHTXLUHG� SDUDOOHO� LQVSHFWLRQ� RI� QHLJKERXU� EODGH� URRWV� RU� URWRU� VWHHSOH�� RU� SDUDOOHO
LQVSHFWLRQ�RI�GLIIHUHQW�DUHD�RI�WKH�VDPH�SDUW�
)RU�WKLV�SXUSRVH��23*�GHVLJQHG�DQG�,PDVRQLF�PDQXIDFWXUHG�XS�WR���KHDG�SUREHV�FRQQHFWHG� LQ�D�VLQJOH
FRQQHFWRU��VHH�)LJXUH����

7KH� HQGV� RI� /��� VWHHSOH�PD\� EH� LQVSHFWHG� IRU� FUDFN� FRQILUPDWLRQ�ZLWK� D� FXVWRP�EXLOW� KDUG�IDFH� SUREH
FDSDEOH� WR� ILUH�SRVLWLYH� DQG�QHJDWLYH�DQJOHG�EHDP� IURP� WKH� WRS�RI� WKH� VWHHSOH�� XQGHU� WKH� EODGHV� �VHH
)LJXUH����

,PDVRQLF�4$�V\VWHP
7KH�SUREHV�DUH�GHVLJQHG�DQG�PDQXIDFWXUHG�DFFRUGLQJ�WR�4XDOLW\�$VVXUDQFH�V\VWHP�RI�,PDVRQLF��ZKLFK�LV
,62������FHUWLILHG�VLQFH�-DQXDU\������

&KDUDFWHULVDWLRQ�SURFHVV

$OO�SUREHV�DUH�FKHFNHG�DFFRUGLQJ�WR� LQWHUQDO�SURFHGXUHV�DQG�SHULRGLFDOO\�FDOLEUDWHG�HTXLSPHQW� OLQNHG�WR
WUDFHDEOH� VWDQGDUGV�� 7KH� JRDO� RI� WKHVH� SURFHGXUHV� LV� WR� WHVW� GXULQJ� WKH� PDQXIDFWXULQJ� DQG� WKH� ILQDO
FRQWURO� WKH� SHUIRUPDQFHV� RI� WKH� SUREH� WKDW� FDQ� JXDUDQWHH� WKH� VSHFLILHG� SHUIRUPDQFHV� LQ� WKH� VSHFLILHG
XVLQJ�FRQILJXUDWLRQ�

&KHFNHG�SDUDPHWHUV

7KH�PDLQ�SDUDPHWHUV�FKHFNHG�GXULQJ�WKH�ILQDO�FRQWURO�DUH
)UHTXHQF\��W\SLFDOO\�±����
%DQGZLGWK���W\SLFDOO\����WR�������	�SXOVH�OHQJWK
6HQVLWLYLW\�KRPRJHQHLW\��W\SLFDOO\���G%�
&URVV�FRXSOLQJ��W\SLFDOO\�����G%�
(OHFWULFDO�LPSHGDQFH

$Q�H[DPSOH�RI�SUREH�SHUIRUPDQFHV���QU�����LV�SUHVHQWHG�LQ�7DEOH���DQG�)LJXUH���

)LJ�����3UREH����DQG�6�VFDQ��9&�6�VFDQ�
GLVSOD\�RI���WDUJHWV�RQ�&&9�DQG�&9;�+RRN��
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3UREH������/��(����+5
���HOHPHQWV��������PP����0+]

0DQXDO�3$�/���EODGH�VWHHSOH�+�
$XWRPDWLF�3$�/���EODGH

Electroacoustic measurement for the XCR n° 2154 A101 :
(Acoustic load: 1.5MR. IMASONIC procedure: INP 410.)

# Vpp Fc Bw Lg p. (-20dB) # Vpp Fc Bw Lg p. (-20dB)
(mV) (MHz) (%) ( µ s) (mV) (MHz) (%) ( µs)

1 694 6.53 69 336 17 631 6.34 64 348
2 669 6.46 67 580 18 600 6.33 63 408
3 644 6.52 71 492 19 587 6.36 66 348
4 619 6.31 64 672 20 606 6.33 65 356
5 619 6.39 65 596 21 600 6.35 65 596
6 562 6.59 72 600 22 594 6.33 66 352
7 587 6.44 68 604 23 587 6.31 64 592
8 600 6.49 69 344 24 600 6.30 64 592
9 613 6.52 70 492 25 594 6.39 66 592
10 587 6.39 66 348 26 575 6.37 66 596
11 631 6.46 68 348 27 556 6.48 70 604
12 637 6.42 68 596 28 562 6.39 66 488
13 613 6.39 68 344 29 581 6.39 64 584
14 600 6.32 66 496 30 581 6.50 69 344
15 613 6.38 67 344 31 587 6.50 66 336
16 631 6.34 66 352 32 606 6.44 65 340

Vpp Fc Bw Lg p.(-20dB)
(mV) (MHz) (%) ( µs)

Minimum : 556.0 6.3 63.0 336.0
Maximum : 694.0 6.6 72.0 672.0
Standard deviation : 29.68 0.08 2.25 120.40
Average values : 605.2 6.4 66.7 469.4

Homogeneity in sensitivity (dB) : -1.93

7DEOH����(OHFWUR�DFRXVWLF�PHDVXUHPHQW�IRU�SUREH�QU����

23*�FKHFNLQJ�SURFHGXUH
23*�LPSOHPHQWHG�D�FKHFNLQJ�SURFHGXUH�IRU�/3$3�SUREHV��)XUWKHU�WR�,PDVRQLF�WHVWV��WKH�JRDO�LV�WR�WHVW�WKH
EHDP�FKDUDFWHULVWLFV�ZLWK�UHSUHVHQWDWLYH�GHOD\�ODZV�
$XWRPDWLF�DQDO\VLV�SURFHGXUH�OLQNHG�WR�H[FHO�VKHHWV�KDYH�EHHQ�GHYHORSHG
7DEOH���SUHVHQWV�WKH�PDLQ�IHDWXUHV�WR�EH�FHUWLILHG��,QGH[�HYDOXDWLRQ�LV�SUHVHQWHG�LQ�)LJXUH���

7DEOH����3KDVHG�DUUD\�SUREH�PDLQ�IHDWXUHV�WR�EH�FHUWLILHG�E\�23*�

Feature Symbol Value (example) Remarks
Centre frequency [ MHz ] f0 10.8 for one set-up
Peak frequency [ MHz ] f p 11.2 for one set-up
Pulse duration [ µs ] ∆ t -20 0.32 for one set-up
Relative bandwidth [ % ] BW 78.5 for one set-up
Focal depth [ mm ] F 0 50 for specific angles/focal laws
Depth of field [ mm ] L -6 14 –86 for specific angles
Wedge delay [ µs ] TOF wedge 3.5 – 6.4 for specific angles
Refracted angle [ 0 ] β 35 – 55 , step 5 for a specific focal law
Signal-to-noise ratio [ dB ] S / N > 30 for specific angles
Start Scan – Index [ mm ] ∆ Xβ 14 for specific angles
Beam divergence  [ mm ] ∆ X –6 dB 3 for specific angles
Near-surface resolution [ dB ] A n “ h =     mm “ >2 for specific angles
Far-surface resolution  [ mm ] A f  “h” mm < 80 for specific angles
Skew angle  [ ° ] θ skew N/A for one refracted angle
Beam dimension on X [ mm ] X-3 dB 1.8 for specific angles
Beam dimension on Y [ mm ] Y-3dB 8.5 for specific angles

)LJXUH�����LOOXVWUDWH�HYDOXDWLRQ�RI�EHDP�GLYHUJHQFH��GHSWK�RI�ILHOG�DQG�6�1�UDWLR�RQ�YDULRXV�SUREHV��7KH
([SHULPHQWDO�SDUDPHWHUV�DUH�YHU\�FORVH�WR�PRGHOOLQJ�
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)LJXUH����3UREH����6HQVLWLYLW\
KRPRJHQHLW\
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Depth of field for L-waves - P 9 - 10°

F1 = 30 mm F2 = 50 mm F3 = 70 mm
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F1 = 20 mm

F2 =35 mm

F3 = 50 mm

Beam divergence for P3C L-waves - 15°

Beam-P3C.hcx
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F1 = 20 F2 = 35 F3 = 50

S/N Ratio dependence on depth and focal law

Probe 15 C - L-waves -35°

S-N-15C.hcx
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