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)RUHZRUG

,62 �WKH ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ� LV D ZRUOGZLGH IHGHUDWLRQ RI QDWLRQDO VWDQGDUGV ERGLHV
�,62 PHPEHU ERGLHV�� 7KH ZRUN RI SUHSDULQJ ,QWHUQDWLRQDO 6WDQGDUGV LV QRUPDOO\ FDUULHG RXW WKURXJK ,62
WHFKQLFDO FRPPLWWHHV� (DFK PHPEHU ERG\ LQWHUHVWHG LQ D VXEMHFW IRU ZKLFK D WHFKQLFDO FRPPLWWHH KDV EHHQ
HVWDEOLVKHG KDV WKH ULJKW WR EH UHSUHVHQWHG RQ WKDW FRPPLWWHH� ,QWHUQDWLRQDO RUJDQL]DWLRQV� JRYHUQPHQWDO DQG
QRQ�JRYHUQPHQWDO� LQ OLDLVRQ ZLWK ,62� DOVR WDNH SDUW LQ WKH ZRUN� ,62 FROODERUDWHV FORVHO\ ZLWK WKH
,QWHUQDWLRQDO (OHFWURWHFKQLFDO &RPPLVVLRQ �,(&� RQ DOO PDWWHUV RI HOHFWURWHFKQLFDO VWDQGDUGL]DWLRQ� 

,QWHUQDWLRQDO 6WDQGDUGV DUH GUDIWHG LQ DFFRUGDQFH ZLWK WKH UXOHV JLYHQ LQ WKH ,62�,(& 'LUHFWLYHV� 3DUW ��

7KH PDLQ WDVN RI WHFKQLFDO FRPPLWWHHV LV WR SUHSDUH ,QWHUQDWLRQDO 6WDQGDUGV� 'UDIW ,QWHUQDWLRQDO 6WDQGDUGV
DGRSWHG E\ WKH WHFKQLFDO FRPPLWWHHV DUH FLUFXODWHG WR WKH PHPEHU ERGLHV IRU YRWLQJ� 3XEOLFDWLRQ DV DQ
,QWHUQDWLRQDO 6WDQGDUG UHTXLUHV DSSURYDO E\ DW OHDVW �� � RI WKH PHPEHU ERGLHV FDVWLQJ D YRWH� 

$WWHQWLRQ LV GUDZQ WR WKH SRVVLELOLW\ WKDW VRPH RI WKH HOHPHQWV RI WKLV GRFXPHQW PD\ EH WKH VXEMHFW RI SDWHQW
ULJKWV� ,62 VKDOO QRW EH KHOG UHVSRQVLEOH IRU LGHQWLI\LQJ DQ\ RU DOO VXFK SDWHQW ULJKWV� 

,62 �������� ZDV SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH ,62�7& ���� 0HFKDQLFDO YLEUDWLRQ DQG VKRFN�
6XEFRPPLWWHH 6& �� 8VH DQG FDOLEUDWLRQ RI YLEUDWLRQ DQG VKRFN PHDVXULQJ LQVWUXPHQWV�

7KLV ILUVW HGLWLRQ FDQFHOV DQG UHSODFHV ,62 ������������ ZKLFK KDV EHHQ WHFKQLFDOO\ UHYLVHG�

,62 ����� FRQVLVWV RI WKH IROORZLQJ SDUWV� XQGHU WKH JHQHUDO WLWOH 0HWKRGV IRU WKH FDOLEUDWLRQ RI YLEUDWLRQ DQG
VKRFN WUDQVGXFHUV�

3DUW �� %DVLF FRQFHSWV

3DUW ��� 3ULPDU\ YLEUDWLRQ FDOLEUDWLRQ E\ ODVHU LQWHUIHURPHWU\

3DUW ��� 3ULPDU\ YLEUDWLRQ FDOLEUDWLRQ E\ WKH UHFLSURFLW\ PHWKRG

3DUW ��� 3ULPDU\ VKRFN FDOLEUDWLRQ XVLQJ ODVHU LQWHUIHURPHWU\

3DUW ��� 3ULPDU\ DQJXODU YLEUDWLRQ FDOLEUDWLRQ E\ ODVHU LQWHUIHURPHWU\

3DUW ��� 9LEUDWLRQ FDOLEUDWLRQ E\ FRPSDULVRQ WR D UHIHUHQFH WUDQVGXFHU

3DUW ��� 6KRFN FDOLEUDWLRQ E\ FRPSDULVRQ WR D UHIHUHQFH WUDQVGXFHU
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0HWKRGV IRU WKH FDOLEUDWLRQ RI YLEUDWLRQ DQG VKRFN
WUDQVGXFHUV²

3DUW ���
6KRFN FDOLEUDWLRQ E\ FRPSDULVRQ WR D UHIHUHQFH WUDQVGXFHU

� 6FRSH

7KLV SDUW RI ,62 ����� VSHFLILHV WKH LQVWUXPHQWDWLRQ DQG SURFHGXUHV WR EH XVHG IRU VHFRQGDU\ VKRFN
FDOLEUDWLRQ RI UHFWLOLQHDU WUDQVGXFHUV� XVLQJ D UHIHUHQFH DFFHOHUDWLRQ� YHORFLW\ RU IRUFH PHDVXUHPHQW IRU WKH

��
� �

7KHVH PHWKRGV DUH QRW LQWHQGHG IRU WKH FDOLEUDWLRQ RI G\QDPLF IRUFH WUDQVGXFHUV XVHG LQ PRGDO DQDO\VLV� 

127( � 7KH PHWKRGV VSHFLILHG LQ WKLV SDUW RI ,62 ����� DUH EDVHG RQ WKH PHDVXUHPHQW RI WKH WLPH KLVWRU\ RI WKH
DFFHOHUDWLRQ� 7KHVH PHWKRGV IXQGDPHQWDOO\ GHYLDWH IURP DQRWKHU VKRFN FDOLEUDWLRQ PHWKRG WKDW LV EDVHG RQ WKH SULQFLSOH
RI WKH FKDQJH LQ YHORFLW\� GHVFULEHG LQ ,62 �������� 7KH VKRFN VHQVLWLYLW\ WKHUHIRUH GLIIHUV IXQGDPHQWDOO\ IURP WKH VKRFN
FDOLEUDWLRQ IDFWRU REWDLQHG E\ WKH ODWWHU PHWKRG� EXW LV LQ FRPSOLDQFH ZLWK WKH VKRFN VHQVLWLYLW\ VWDWHG LQ ,62 ��������� 

� 1RUPDWLYH UHIHUHQFHV

7KH IROORZLQJ UHIHUHQFHG GRFXPHQWV DUH LQGLVSHQVDEOH IRU WKH DSSOLFDWLRQ RI WKLV GRFXPHQW� )RU GDWHG
UHIHUHQFHV� RQO\ WKH HGLWLRQ FLWHG DSSOLHV� )RU XQGDWHG UHIHUHQFHV� WKH ODWHVW HGLWLRQ RI WKH UHIHUHQFHG
GRFXPHQW �LQFOXGLQJ DQ\ DPHQGPHQWV� DSSOLHV�  

,62 ����� 9LEUDWLRQ DQG VKRFN² 9RFDEXODU\

,62 �������� 0HWKRGV IRU WKH FDOLEUDWLRQ RI YLEUDWLRQ DQG VKRFN SLFN�XSV ² 3DUW ��� $FFHOHURPHWHU UHVRQDQFH
WHVWLQJ² *HQHUDO PHWKRGV��

,62 ������������� 0HWKRGV IRU WKH FDOLEUDWLRQ RI YLEUDWLRQ DQG VKRFN WUDQVGXFHUV ² 3DUW �� %DVLF FRQFHSWV

,62 �������� 0HFKDQLFDO YLEUDWLRQ DQG VKRFN ² 6LJQDO SURFHVVLQJ ² 3DUW �� 7LPH GRPDLQ ZLQGRZV IRU
)RXULHU 7UDQVIRUP DQDO\VLV

�� ,Q H[FHSWLRQDO FDVHV� VKRUWHU RU ORQJHU VKRFN SXOVH GXUDWLRQV DUH SRVVLEOH� 

�� 8QGHU UHYLVLRQ WR EHFRPH D SDUW RI ,62 ������ 

!ISO 16063-13:2001, Methods for the calibration of vibration and shock transducers — Part 13: Primary 
shock calibration using laser interferometry"

time-dependent shock. !The methods are applicable in a shock pulse duration range  of 0,025 ms to 
8,0 ms and a dynamic range (peak value) of 100 m/s  to 2 000 km/s  (time dependent)." The methods 
allow the transducer shock sensitivity (i.e. the relationship between the peak values of the transducer output 
quantity and the acceleration) to be obtained.

NOTE 1  Larger accelerations (peak values) than 100 km/s2 and shorter pulse durations than 0,05 ms are possible 
with traceability to ISO 16063-13 under the following conditions for the primary shock calibration.— The shock machine 
is based on wave propagation inside a long thin bar as specifi ed in ISO 16063-13:2001, 4.3.
—  An interferometer method and procedure specifi ed in ISO 16063-13, 4.6 is used observing the maximum measurable 

velocity.
— The uncertainty requirements specifi ed in ISO 16063-13 are complied with.
—  Reference to primary methodologies (traceability) is limited to the maximum acceleration value used in the primary 

calibration."
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� 7HUPV DQG GHILQLWLRQV

)RU WKH SXUSRVHV RI WKLV GRFXPHQW� WKH WHUPV DQG GHILQLWLRQV JLYHQ LQ ,62 ���� DQG WKH IROORZLQJ DSSO\�

���
SHDN YDOXH
PD[LPXP YDOXH RI WKH PDJQLWXGH RU DEVROXWH YDOXH RI WKH VKRFN SXOVH

� 8QFHUWDLQW\ RI PHDVXUHPHQW

7KH OLPLWV RI WKH XQFHUWDLQW\ RI VKRFN VHQVLWLYLW\ PHDVXUHPHQW DUH DV VKRZQ LQ 7DEOH ��

7KH XQFHUWDLQW\ RI PHDVXUHPHQW LV H[SUHVVHG DV WKH H[SDQGHG UHODWLYH PHDVXUHPHQW XQFHUWDLQW\ LQ
DFFRUGDQFH ZLWK ,62 ������� �EULHIO\ UHIHUUHG WR DV ³XQFHUWDLQW\´�� 7KH VSHFLILHG XQFHUWDLQWLHV DUH EDVHG RQ D
FRYHUDJH IDFWRU N   � WKDW LV D FRYHUDJH SUREDELOLW\ RI DERXW �� �� 

7KH XQFHUWDLQW\ VSHFLILFDWLRQV RI 7DEOH � FDQ EH DFKLHYHG DV ORQJ DV WKH VSHFWUDO HQHUJ\ SURGXFHG E\ WKH
H[FLWDWLRQ RI DQ\ PRGH RI UHVRQDQFH LQKHUHQW LQ WKH WUDQVGXFHU RU VKRFN PDFKLQH VWUXFWXUH GXULQJ FDOLEUDWLRQ
LV VPDOO UHODWLYH WR WKH VSHFWUDO HQHUJ\ FRQWDLQHG LQ WKH IUHTXHQF\ UDQJH RI FDOLEUDWLRQ� 7KH WUDQVGXFHU
UHVRQDQFH WHVWLQJ VKDOO EH SHUIRUPHG LQ DFFRUGDQFH ZLWK ,62 �������� 

127( )RU WKH FDOLEUDWLRQ RI WUDQVGXFHUV RI KLJK DFFXUDF\ �H�J� UHIHUHQFH WUDQVGXFHUV� DQG LI JUHDW FDUH LV WDNHQ WR
NHHS DOO XQFHUWDLQW\ FRPSRQHQWV VPDOO HQRXJK WR FRPSO\ ZLWK WKH VSHFLILFDWLRQV �VHH XQFHUWDLQW\ EXGJHWV LQ $QQH[ $��
VPDOOHU XQFHUWDLQWLHV WKDQ VWDWHG LQ 7DEOH � PD\ EH DFKLHYDEOH� )RU WKH SHQGXOXP VKRFN FDOLEUDWRU� WKH GURSEDOO VKRFN
FDOLEUDWRU DQG WKH SQHXPDWLFDOO\ RSHUDWHG SLVWRQ VKRFN FDOLEUDWRU� DQ XQFHUWDLQW\ RI � � KDV EHHQ REWDLQHG LQ DQ
LQWHUODERUDWRU\ FRPSDULVRQ FRYHULQJ DFFHOHUDWLRQ SHDN YDOXHV IURP ��� P�V� WR � ��� P�V� >�@�

7KH DFFHOHUDWLRQ SHDN PDJQLWXGH PD\ EH H[SUHVVHG LQ WHUPV RI WKH VWDQGDUG DFFHOHUDWLRQ GXH WR JUDYLW\�
V\PERO JQ �� JQ  ����� �� P�V�� ��� NP�V�  ��� JQ��

7KH VKRUWHVW VKRFN GXUDWLRQ DSSOLFDEOH WR D WUDQVGXFHU DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V VSHFLILFDWLRQ VKDOO EH
WDNHQ LQWR DFFRXQW WR DYRLG LQFUHDVLQJ WKH PHDVXUHPHQW XQFHUWDLQW\ DQG GDPDJLQJ RU GHVWUR\LQJ WKH
WUDQVGXFHU� 

Table 1 — Uncertainty reference conditions for secondary shock calibration

Shock calibrator apparatus
Acceleration peak 

magnitudea 
km/s2

Minimum pulse 
durationa b 

ms
Uncertainty limit

Pendulum 1,5 2 5 %
Dropball 100 0,100 5 %
Pneumatically operated piston 100 0,100 5 %
Hopkinson bar with velocity comparison 2 000c 0,025c 10 %
Hopkinson bar with acceleration compar-
ison

2 000c 0,025c 6 %

Split Hopkinson bar with force comparison 2 000c 0,025c 10 %
a Variations in peak values and duration =  ± 10 %.
b Pulse duration is measured at 10 % of the peak value (see Clause 7).
c In the case of Hopkinson bars, the minimum pulse duration is limited by the bandwidth over which the bar approximates 
an ideal compressional waveguide as dictated by the diameter and material properties of the bar. For more information, see 
Annex C.

!
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� $SSDUDWXV

��� *HQHUDO FRQVLGHUDWLRQV

$OO VXUIDFHV RQ ZKLFK WUDQVGXFHUV �WKH UHIHUHQFH RU WKH WUDQVGXFHU XQGHU WHVW� DUH PRXQWHG VKDOO EH SROLVKHG� 
IODW DQG FOHDQ� 7KH VXUIDFH RQ ZKLFK WKH WUDQVGXFHU LV WR EH PRXQWHG VKDOO KDYH D URXJKQHVV YDOXH� H[SUHVVHG
DV WKH DULWKPHWLFDO PHDQ GHYLDWLRQ� 5D� RI OHVV WKDQ � P� 7KH IODWQHVV VKDOO EH VXFK WKDW WKH VXUIDFH LV
FRQWDLQHG EHWZHHQ WZR SDUDOOHO SODQHV � P DSDUW� RYHU WKH DUHD FRUUHVSRQGLQJ WR WKH PD[LPXP PRXQWLQJ
VXUIDFH RI DQ\ WUDQVGXFHU WR EH FDOLEUDWHG� 7KH GULOOHG DQG WDSSHG KROH IRU FRQQHFWLQJ WKH WUDQVGXFHU VKDOO
KDYH D SHUSHQGLFXODULW\ WROHUDQFH WR WKH VXUIDFH RI OHVV WKDQ �� P� L�H� WKH FHQWUHOLQH RI WKH KROH VKDOO EH
FRQWDLQHG LQ D F\OLQGULFDO ]RQH RI �� P GLDPHWHU DQG D KHLJKW HTXDO WR WKH KROH GHSWK� $SSURSULDWH VFUHZ DQG
EROW WRUTXH PD\ EH IRXQG LQ QXPHURXV UHIHUHQFHV DQG DUH FKRVHQ DFFRUGLQJ WR WKH PRXQWLQJ VXUIDFH PDWHULDO� 
7KH UHFRPPHQGDWLRQV RI WKH WUDQVGXFHU PDQXIDFWXUHU VKDOO EH IROORZHG LQ DOO FDVHV�

��� $QYLO VKRFN FDOLEUDWRUV ���� P�V� WR ��� NP�V��

����� *HQHUDO FRQVLGHUDWLRQV

7KLV FODXVH JLYHV UHFRPPHQGHG VSHFLILFDWLRQV IRU WKH DQYLO VKRFN FDOLEUDWRUV WR REWDLQ WKH XQFHUWDLQWLHV RI
&ODXVH �� :KHQ EDFN�WR�EDFN FDOLEUDWLRQV DUH SHUIRUPHG ZLWK WKH GURSEDOO VKRFN FDOLEUDWRU RU WKH
SQHXPDWLFDOO\ RSHUDWHG SLVWRQ VKRFN FDOLEUDWRU� LW LV UHFRPPHQGHG WKDW WKH WUDQVGXFHU XQGHU WHVW EH PRXQWHG
GLUHFWO\ RQ WRS RI WKH UHIHUHQFH WUDQVGXFHU DV VKRZQ LQ )LJXUH �� 7KLV PRXQWLQJ LV QRW UHFRPPHQGHG IRU
SHQGXOXP VKRFN FDOLEUDWRUV� VHH ����� DQG )LJXUH �� )RU EHVW DFFXUDF\� WHVW WUDQVGXFHUV DQG PRXQWLQJ IL[WXUHV
VKRXOG QRW KDYH GLPHQVLRQV RU PDVVHV VLJQLILFDQWO\ JUHDWHU WKDQ WKDW RI WKH UHIHUHQFH WUDQVGXFHU EHFDXVH WKH
VHQVLWLYLW\ DQG IUHTXHQF\ UHVSRQVH RI WKH UHIHUHQFH WUDQVGXFHU ZLOO YDU\ VOLJKWO\ GHSHQGLQJ RQ WKH DPRXQW RI
PDVV DWWDFKHG� )RU DOO PHWKRGV� WKH QDWXUDO SHULRG RI WKH WHVW WUDQVGXFHU� HTXDO WR WKH LQYHUVH RI WKH
UHVRQDQFH IUHTXHQF\� VKDOO EH OHVV WKDQ ��� WLPHV WKH KDOI�VLQH SXOVH GXUDWLRQ RI WKH DSSOLHG VKRFN SXOVH WR
HOLPLQDWH H[FHVVLYH RYHUVKRRW DQG ³ULQJLQJ´ GXH WR UHVRQDQFH H[FLWDWLRQ� 

.H\

� WHVW WUDQVGXFHU

� UHIHUHQFH WUDQVGXFHU

� WHVW PDVV

� DQYLO

)LJXUH � ² 5HFRPPHQGHG PRXQWLQJ RI WUDQVGXFHUV� DQYLO DQG WHVW PDVVHV
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����� 3HQGXOXP VKRFN FDOLEUDWRU

7KH SHQGXOXP VKRFN FDOLEUDWRU SURYLGHV DQ DVVHVVPHQW RI WKH VKRFN VHQVLWLYLW\ DQG PDJQLWXGH OLQHDULW\ IRU
WUDQVGXFHUV DQG D PHDQV RI FDOLEUDWLQJ ODUJH TXDQWLWLHV RI WUDQVGXFHUV� &RPSDULVRQ FDOLEUDWLRQV DUH SHUIRUPHG
DW DFFHOHUDWLRQV UDQJLQJ IURP ��� P�V� WR � ��� P�V� ��� JQ WR ��� JQ� DW KDOI�VLQH SXOVH GXUDWLRQV �PHDVXUHG
DW �� � PDJQLWXGH� IURP � PV WR � PV� $ VFKHPDWLF GLDJUDP RI WKH SHQGXOXP VKRFN FDOLEUDWRU LV VKRZQ LQ
)LJXUH �� 7KH VKRFN SXOVH GXUDWLRQ� 7� LV GHSHQGHQW RQ WKH DFFHOHUDWLRQ SHDN YDOXH� L�H� � PV DW � ��� P�V�

DQG � PV DW ��� P�V�� $PSOLWXGH OLQHDULW\ PD\ EH PHDVXUHG RYHU � WR � LPSDFWV RI WKH SHQGXOXP V\VWHP� RU
ZLWK D QXPEHU RI VLQJOH VKRFN SXOVHV DW GLIIHUHQW DFFHOHUDWLRQ PDJQLWXGHV� 

7KH SHQGXOXP VKRFN FDOLEUDWRU FRQVLVWV RI D ULJLG IUDPH� D KDPPHU SHQGXOXP DQG DQ DQYLO SHQGXOXP� 7\SLFDO
GLPHQVLRQV IRU WKH IUDPH DUH DSSUR[LPDWHO\ ��� PP E\ ��� PP IRU WKH VTXDUH EDVH SODWH DQG ��� PP KHLJKW� 
7KH PDVV RI WKH ZKROH FRQVWUXFWLRQ LV DSSUR[LPDWHO\ �� NJ� 7KH OHQJWK RI DQYLO SHQGXOXP LV DSSUR[LPDWHO\
��� PP� 6KLIWLQJ WKH KDPPHU SHQGXOXP WR WKH GHVLUHG DQJXODU GLVSODFHPHQW DQG GURSSLQJ LW FDQ H[FLWH DQ
LPSDFW IURP WKH KDPPHU SHQGXOXP WR WKH DQYLO SHQGXOXP� $Q DQJXODU VFDOH� JUDGXDWHG LQ GHJUHHV� LV SURYLGHG
IRU GHWHUPLQLQJ WKH DQJXODU GLVSODFHPHQW RI WKH KDPPHU SHQGXOXP� 7KH PD[LPXP YHORFLW\ FKDQJH GXULQJ WKH
LPSDFW SKDVH LV OHVV WKDQ � P�V� $ UHIHUHQFH WUDQVGXFHU DQG D WHVW WUDQVGXFHU DUH PRXQWHG RQ WKH SHQGXOXP
DV VKRZQ LQ )LJXUH �� $ VFDOH� JUDGXDWHG LQ GHJUHHV� LV SURYLGHG IRU DQJXODU GLVSODFHPHQW RI WKH KDPPHU
SHQGXOXP� %RWK SHQGXOXPV KDYH DSSUR[LPDWHO\ WKH VDPH PRPHQW RI LQHUWLD WR JLYH D VHULHV RI LPSDFWV ZLWK
GHFUHDVLQJ DPSOLWXGH� $ UXEEHU SDG EHWZHHQ WKH WZR SHQGXOXPV WUDQVPLWV WKH LPSDFW ZLWK D NQRZQ SXOVH
VKDSH IURP RQH SHQGXOXP WR WKH RWKHU� 7KH KDUGQHVV RI WKH UXEEHU SDG GHWHUPLQHV WKH SXOVH VKDSH DQG
GXUDWLRQ DV ZHOO DV WKH QXPEHU RI DSSOLFDEOH LPSDFWV� 7R FUHDWH D KDYHUVLQH SXOVH VKDSH� W\SLFDO EXWDGLHQH
UXEEHU SDG VSHFLILFDWLRQV DUH � PP WKLFNQHVV DQG �� 6KRUH $ KDUGQHVV� 7KH WHVW DQG UHIHUHQFH WUDQVGXFHUV
DUH ORFDWHG DW WKH QRGDO SRLQW IRU WKH ILUVW D[LDO PRGH RI WKH DQYLO SHQGXOXP WR SUHYHQW VWUXFWXUDO YLEUDWLRQV
IURP FRQWDPLQDWLQJ WKH GDWD� ,W LV UHFRPPHQGHG WKDW WKH FHQWUH RI JUDYLW\ IRU WKH VHLVPLF PDVV RI WKH
WUDQVGXFHU XQGHU WHVW EH DOLJQHG ZLWK WKH VHQVLWLYH D[LV RI WKH UHIHUHQFH WUDQVGXFHU DW WKH DQYLO SHQGXOXP E\
PHDQV RI D PRXQWLQJ VWXG RU RWKHU RSWLRQDO PRXQWLQJ DGDSWHUV >��@�

.H\

� JUDGXDWHG VFDOH ZLWK DGMXVWDEOH HQG VWRS

� KDPPHU SHQGXOXP

� UXEEHU SDG

� UHIHUHQFH WUDQVGXFHU

� WHVW WUDQVGXFHU

� DQYLO SHQGXOXP

)LJXUH � ² ([DPSOH RI D SHQGXOXP VKRFN FDOLEUDWRU IRU WUDQVGXFHU
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.H\

� UHIHUHQFH DQG PHDVXUHPHQW VXUIDFH XVHG IRU SULPDU\ FDOLEUDWLRQ

� DQYLO SHQGXOXP

� WHVW WUDQVGXFHU

� UHIHUHQFH WUDQVGXFHU

� EXWDGLHQH UXEEHU

� KDPPHU SHQGXOXP

)LJXUH �² &RUUHFW PRXQWLQJ RI WUDQVGXFHUV DQG VHOHFWLRQ RI WKH UHIHUHQFH VXUIDFH IRU WKH UHIHUHQFH
WUDQVGXFHU IRU SHQGXOXP VKRFN FDOLEUDWRU

����� 'URSEDOO VKRFN FDOLEUDWRU

$ GURSEDOO VKRFN FDOLEUDWRU XVHV D UHIHUHQFH WUDQVGXFHU PRXQWHG EDFN�WR�EDFN ZLWK WKH WHVW WUDQVGXFHU RQ D
VWHHO DQYLO DV VKRZQ LQ )LJXUH �� 6KRFN SHDN PDJQLWXGHV RI ��� P�V� WR ��� NP�V� ZLWK SXOVH GXUDWLRQV RI
����� PV WR �� PV DUH FUHDWHG ZLWK WKH GURSEDOO� 7KH DVVHPEO\ LV LQVHUWHG LQVLGH WKH WXEH RI WKH GURSEDOO
DSSDUDWXV ZLWK WKH WUDQVGXFHUV ORFDWHG RQ WKH ERWWRP RI WKH DQYLO� 7KH DQYLO LV KHOG LQ SODFH LQVLGH WKH WXEH
PDJQHWLFDOO\� $ YDFXXP FKXFN LV XVHG WR SRVLWLRQ DQG UHOHDVH D VWHHO EDOO EHDULQJ ORFDWHG RQ WKH WRS RI WKH
WXEH RI WKH GURSEDOO DSSDUDWXV� VXFK WKDW WKH EDOO VWULNHV WKH FHQWUH RI WKH DQYLO ORFDWHG LQVLGH WKH WXEH XSRQ
LPSDFW� 8SRQ LPSDFWLQJ WKH DQYLO� WKH EDOO FUHDWHV D PHFKDQLFDO VKRFN SXOVH DQG FDXVHV WKH DQYLO WR IDOO IUHHO\
LQWR D IRDP UXEEHU FDWFK PHFKDQLVP ORFDWHG EHORZ WKH PDJQHWLF FKXFN LQVLGH WKH WXEH RI WKH FDOLEUDWLRQ
DSSDUDWXV� 7KH SHDN DPSOLWXGH DQG GXUDWLRQ RI WKH VKRFN SXOVH FUHDWHG E\ WKLV FROOLVLRQ FDQ EH FRQWUROOHG E\
YDU\LQJ WKH GLDPHWHU DQG PDVV RI WKH EDOO>�@� DQG E\ YDU\LQJ WKH DPRXQW RI GDPSLQJ SURYLGHG E\ WKH PDWHULDO
DGGHG WR WKH LPSDFW VXUIDFH RI WKH DQYLO� 

7KH GURSEDOO DSSDUDWXV LV XVHG WR GHWHUPLQH VHQVLWLYLW\ DV D IXQFWLRQ RI HLWKHU WKH SHDN DFFHOHUDWLRQ PDJQLWXGH
�JQ� RU IUHTXHQF\>�@� ,GHDOO\� SDUDPHWHUV VKRXOG EH YDULHG WR SURGXFH SXOVHV WKDW UHVXOW LQ VLJQLILFDQW VSHFWUDO
HQHUJ\ LQ WKH IUHTXHQF\ UDQJH RI � N+] WR �� N+]� LQGHSHQGHQW RI SHDN DPSOLWXGH� )RU H[DPSOH� WKH GLDPHWHU
RI WKH DQYLOV WKDW SURGXFH SXOVHV KDYLQJ SHDN DFFHOHUDWLRQ DPSOLWXGHV LQ WKH UDQJH RI ��� JQ WR � ��� JQ LV
OHVV WKDQ �� PP� 7KH SXUSRVH RI WKH SOXQJHU LV WR SUHYHQW PXOWLSOH FROOLVLRQV RI WKH UHODWLYHO\ VPDOO�GLDPHWHU
EDOOV ZLWK WKH DQYLO DIWHU WKH LQLWLDO LPSDFW� 7KH XVH RI VPDOO EDOOV ZLWK D VPDOO�VL]HG DQYLO WR SURGXFH SXOVHV KDV
WZR DGYDQWDJHV� )LUVW� WKH GHFUHDVH LQ WKH PDVV RI WKH DQYLO UHGXFHV WKH ULVN RI GDPDJLQJ WKH WUDQVGXFHUV
ZKHQ WKH DQYLO LPSDFWV WKH FDWFK PHFKDQLVP� 6HFRQGO\� WKH UHGXFWLRQ LQ WKH VL]H RI WKH DQYLO LQFUHDVHV WKH
IUHTXHQFLHV RI LWV QDWXUDO PRGHV RI UHVRQDQFH� 7KH VHFRQG IDFWRU LV LPSRUWDQW LQ WKH GHWHUPLQDWLRQ RI SHDN
DPSOLWXGHV LQ WKH WLPH GRPDLQ� VLQFH DQYLO UHVRQDQFH FDQ VLJQLILFDQWO\ PRGXODWH WKH HQYHORSH RI WKH
PHFKDQLFDO VKRFN SXOVH>�@�
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