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8VHU ODQXDO IRU7 6HULHYV

,Q WKLV XVHU PDQXDO ZH ZLOO WU\ RXU EHV
PDWWHUYV UHODWHG WR WKH RSHUDWLRQ RI WI
OLPLWDWLRQV VSHFLILF SURGXFW XW DJIHWD Q G
SRVVLEOH WR SURYLGHD GHWDLOH®GHYG LRW$BWL
LPSRVVLEOH RSHUDWLRQV LQ WKH V\VWHRN 7KH
VSHFLILFDOO\ VSHFLILHG LQ WKLV XVHW PDQX
LPSRVVLEOH RU QRWDOORZHG RSHUDWLRQV



8VHU ODQXDO IRU7 6HULHYV &RQW

&ERQWHQWYV

&KDSWHU 3URJUDPPLQJ %DVLFV
,QWURGXFWLRQ WR 7
3URGXFW GHVFULSWLRQ
7HFKQLFDO VSHFLILFDWLRQV
&OLPDWH DQG HQYLURQPHQWDO DGDSWDWLRQ
3RZHU DGDSWDELOLW\
BURWHFWLRQ

SURJUDPPLQJEDVLFYV
RUNSLHFH FRRUGLQDWH VI\VWHP DQG SURJUDP JHURYV

$EVROXWH DQG UHODWLYH FRRUGLQDWH SURJUDPPLQJ
'LDPHWHU DQG UDGLXV SURJUDPPLQJ
*HQHUDO VWUXFWXUH RI WKH SURJUDP
&KDSWHU 067 &RGHYV
0 FRGHV DX[LOLDU\IXQFWLRQV
(QG RI SURJUDP 0
(QG RI SURJUDP RSHUDWLRQ 0
IRFDO ORRSV 0
6XEURXWLQH FDOOV 0
5HWXUQLQJIURP D VXEURXWLQH O
$XWRPDWLF UHSHDW ORDGLQJIXQFWLRQ 0
JRUFHG VLIQDO RXWSXWV 0 DQG 0
'DLWLQJ IRU HIWHUQDO VLIJQDOV O DQG 0
< D[LV &RXQWHUFORFNZLVH 5RWQ\DQRQ6 V&R K BRDLW b REGRW®D W
0 DQGO
< D[LVHQDEOHRU GLVDEOHO DQGO
0 FRGHIRUVWDQGDUG 3/& ODGGHU GLDJUDP GHILQLWLRQ
3URJUDP VWRS 0
3URJUDP VHOHFWLRQ VWRS 0
&RXQWHU FORFNZLVH FORFNZLVMDQ®VDAGCO®H VWRS FRQ
&RROLQJ SXPSFRQWUROO 0
7DLOVWRFN FRQWUROO 0
&KXFN FRQWUROO 0
6SLQGOH SRVLWLRQ VSHHG FRQWURO VZLWFKLQJO 0
6SLQGOH FODPSLQJ XQFODPSLQJFRQWUROO 0
QG VSLQGOH SRVLWLRQ VSHHG FRQWURO VZLWFKLQJO 0
IXEULFDQW FRQWURO O 0
$XWRPDWLF VSLQGOH VKLIWO 0 0 O
BHFRQG 6SLQGOH &RXQWHUFORFMZERW BWWDQDRG 680 RN
BWRS &RQWUROVO 0O DQGO
6\QFKURQL]DWLRQ VXEURXWLQH FDOO 0
6SLQGOH IXQFWLRQ



8VHU ODQXDO IRU7 6HULHYV &RQW

6SLQGOH VSHHG VZLWFKLQJ FRQWURO
6SLQGOH VSHHG DQDORJXH YROWDJH FRQWURO
&RQVWDQW OLQH VSHHG FRQWURO* FRQVWDQW VSHHG FR
6SLQGOH PXOWLSOLHU

OXOWL VSLQGOH FRQWURO IXQFWLRQ

&V &RQWRXU &RQWURO )XQFWLRQ

7RRO )XQFWLRQV
7RRO FRQWURDO

&KDSWHU * FRGH

2YHUYLHZ
ORGDO XQLPRGDODQGLQLWLDO VWDWHYV
2PLWWHG (QWU\ RI &RGH :RUGV
'"HILQLWLRQV

4XLFN SRVLWLRQLQJ *

/LQHDU LQWHUSRODWLRQ *

$UF VSLUDO LQWHUSRODWLRQ * *

7KUHH SRLQW DUF LQWHUSRODWLRQ *

(OOLSWLF LQWHUSRODWLRQ * *
3DUDEROLF LQWHUSRODWLRQ * *

3RODU FRRUGLQDWH LQWHUSRODWLRQ * *
&\OLQGULFDO LQWHUSRODWLRQ *
$XWRPDWLF WRRO FRPSHQVDWLRQ *

30DQH VHOHFWLRQ FRGHV * WR *

6TXDUH FXWWLQJ *

&KDPIHULQJIXQFWLRQ
BWUDLJKW FKDPIHULQJ
$UF FKDPIHULQJ
6SHFLDO FLUFXPVWDQFHV

6XVSHQVLRQ FRGH *

OHFKDQLFDO JHUR SRLQW PDFKLQH WRRO JHUR SRLQW IXQFWLR
YLUVW UHIHUHQFH SRLQW RI WKH PDFKLQH WRRO *
S5HIHUHQFH SRLQWV DQG RIWKHPDFKLQH WRRO *

-XPSLQWHUSRODWLRQ *

JORDWLQJ ZRUNSLHFH FRRUGLQDWH V\VWHP VHWWLQJ *

OLUURULQJ * *

/RFDO FRRUGLQDWH V\VWHP *

"RUNSLHFH FRRUGLQDWH V\VWHP * WR *

* <$& D[LVIRUURWDU\D[LV WDSSLQJ

JL[HG /RRS &RGHYV
$[LDO FXWWLQJ F\FOH *
5DGLDO FXWWLQJ F\FOHV *
1RWHV RQ )L[HG /RRS &RGH

OXOWLSOH/RRS &RGHYV
$[LDO URXJKLQJ F\FOH *



8VHU ODQXDO IRU7 6HULHYV &RQW

5DGLDO URXJKLQJ F\FOH *
&ORVHG FXWWLQJ F\FOH *
JLQLVKLQJ F\FOH *
$[LDO JURRYLQJPXOWLSOH F\FOHV *
5DGLDO JURRYLQJPXOWLSOH F\FOHV *
x IRUHQG GULOOLQJ F\FOHVGULCOOLQRB\¥DGIN
7KUHDG FXWWLQJ FRGHYV
(TXDO SLWFK WKUHDG FXWWLQJ FRGH *
5LJLG WKUHDG FXWWLQJFRGH *
9DULDEOH SLWFK WKUHDG FXWWLQJFRGH *
= D[LV WDSSLQJF\FOH *
7KUHDG FXWWLQJ F\FOH *
OXOWLSOH WKUHDG FXWWLQJ F\FOHV *
7 WKUHDG FXWWLQJ F\FOH *
&RQVWDQW /LQH 6SHHG &RQWURO * G&&RRYWWDRW*SRWDWLRQ 6S
JHHG SHU PLQXWH * IHHG SHUUHYROXWLRQ *
&KLS EUHDNLQJ IXQFWLRQ *
30DQLQJ *
BHWWLQJ* DQGFDQFHOLQJWKHIROORZHUD[LV *
7JRUTXH WHVW *
7JRUTXH /LPLW 6NLS *
ODFUR FRGH
ODFUR YDULDEOHYV
2SHUDWLRQDO DQG WUDQVIHU FRPPDQGV *
ODFUR &DOOLQJ &RGH
ODFUR % ,QVWUXFWLRQ 'HVFULSWLRQ
&RQYHUVLRQ EHWZHHQ OHWULF DQG ,PSHULDO 6\VWHPV
)XQFWLRQDO RYHUYLHZ
)XQFWLRQ FRGHV * *
1IRWHYV
&KDSWHU 7RRO WLS UDGLXV FRPSHQVDWLRQ * *
$SSOLFDWLRQ RI WRRO WLS UDGLXV FRPSHQVDWLRQ
*HQHUDO
+\SRWKHWLFDO WRRO WLS RULHQWDWLRQ
BHWWLQJ WKH FRPSHQVDWLRQ YDOXH
&RGH IRUPDW
'LUHFWLRQ RI FRPSHQVDWLRQ
1RWHYV
$SSOLFDWLRQ H[DPSOHYV
,OOXVWUDWLRQ RIWRRO WLS UDGARVIEFRPSHQVDWLRQ RIITVHW W L
&RQFHSWV RI WKHLQQHU DQG RXWHU VLGHYV
7RRO PRYHPHQW GXULQJ WRRO VWDUW XS
7RRO PRYHPHQW LQ WKH RIIVHW PRGH
7RRO PRYHPHQW LQ RIIVHW FDQFHOODWLRQ PRGH



8VHU ODQXDO IRU7 6HULHYV &RQW

7TRROLQWHUIHUHQFH FKHFN
&RGHIRUWHPSRUDU\ FDQFHOODWUYQ RI FRPSHQVDWLRQ YH
6SHFLDO FLUFXPVWDQFHYV



8VHU ODQXDO IRU7 6HULHYV SUHII

'"HDU FXVWRPHUYV
‘HDUH KRQRUHG DQG JUDWHIXO IRU\RXU FKRLFH

7KLV PDQXDO GHVFULEHV LQ GHWDLO WKH SURJUI

,Q RUGHU WR HQVXUH WKH VDIH QRUPDIKKHDQG HII
SURGXFW SOHDVH EH VXUH WR UHDG WKLO/ORQYXDO

DQG XVLQJ WKH SURGXFW

& ,PSURSHU RSHUDWLRQ ZLOO FDXVHDFFLGHQW'
ZLWKDSSURSULDWH TXDOLILFDWLRQV DUHDOORZH!
6SHFLDO QRWH 7KH V\VWHP SRZHU VXISi$ 6 DEQ QW W Q.0 HDGGRE LLRDWA 6 €

SRZHU VXSSO\RQO\ IRU WKH &1& VA\VWHPVSID@R XY HW X DH/G D\RVWKD Y @R E
WR XVH WKLV SRZHU VXSSO\IRU RWKHU 6 XUHS/RNOHWY L IDIDKDW B/RQGEIRI M R



8VHU ODQXDO IRU7 6HULHYV ,PSRUWDQ

,PSRUWDQW 1RWHYV

v7UDQVSRUWDQG VWRUDJH
BURGXFW ER[HV PXVW QRW EH VWDFNHG E\ PRUH WKDQ VL[ OD\HU\V
'R QRW FOLPE VWDQG RUSODFH KHDY\REMHFWV RQ WKH SURGXF
'R QRW XVH FDEOHV FRQQHFWHG WR WKH GMRXFW WR WRZ RU FD
W LVVWULFWO\ SURKLELWHG WR FRX30GGHSD@G WVFUWIBDANVF K RI WKH
7KH SURGXFW ER[ VKDOO EH SURWHFWHGBGDIURP PRLVWXUH VXQOL,

VBQSDFNLQJDQG LQVSHFWLRQ
$IWHU RSHQLQJ WKH SDFNDJH SOHDVHRDEKWKKIHVIVMG LV WKH SUR
&KHFN ZKHWKHU WKH SURGXFW LV GDPDUHRB@®RU QRW GXULQJ WUDC
&RQILUP ZKHWKHU WKH FRPSRQHQWV DU i BARR\S D HIN_K) B ¥ GAYKGIGIDLPY
I WKHUH LV DQ\ SURGXFW PRGHO GLVFWRUS\Y QB Q \DDEWNR GDPHHWYV R
SOHDVH FRQWDFW WKLV &RPSDQ\LQ WLPH

v .:LULQJ

SDUWLFLSDQWY LQ ZLULQJ DQG LQVSHFWILW® BESWREULBWRII
FRPSHWHQFH

7KH SURGXFW PXVW EH UHOLDEO\ JURXQ@GHGRZODWK\ODWHKRBRRQGLQJ
DQG QHXWUDO ZLUH JHUR ZLUH FDQQRW EH XVHG WR UHSODFH WK

:LULQJ PXVWEHFRUUHFWDQG VHFXUH WRIDQEHG SBERENKFWHOQEB X

6XUJH DEVRUELQJ GLRGHYVY FRQQHFWHG WRVWEH @ WRKGIX¥ BHF X VIVA
GLUHFWLRQ RWKHUZLVH WKH SURGXFW ZLOO EH GDPDJHG

%HIRUH SOXJJLQJ RU XQSOXJJLQJ WKH B RGHBN. QIHIWR SWM IQH B R WH
VXSSO\WR WKH SURGXFW PXVW EH GLVFRQQHFWHG

vV2YHUKDXO

3RZHU PXVW EH GLVFRQQHFWHG EHIRUHRRYHIUWKY XO RU UHSODFLQ

KHQ D VKRUW FLUFXLW RU RYHUORDG RVFH& DW GMWKHR R K O W \W\KKRIRON
EHIRUH UHVWDUWLQJ

'ROQRWVZLWFK WKH SURGXFW RQ DQG KIFWHKIDOWX W®VE®\ U B QHEQLH WWIK f
DIWHU EHLQJ VZLWFKHG RIl WKHLQWARHYDO VKDOO EHDW OHDVW



8VHU ODQXDO IRU7 6HULHYV ,PSRUWDQ

7KLY PDQXDO SURYLGHV H[SODQDWLRQ\DNM
PXFKDV SRVVLEOH EXWGXH WR WKH PXOWL
QRW SRVVLEOH WR H[SODLQ DOO WKH RSH
SHUIRUPHG RQH E\RQH 7KHUHIRUH DQDWRQ
VSHFLILFDOO\H[SODLQHG FDQ EH FRQVLGHU

%HIRUH LQVWDOOLQJ FRQQHFWLQJ SU
SURGXFW \RX PXVW UHDG WKH SURGXFW P
PDOXIDFWXUHU V LQVWUXFWLRQ PDQXDOKE
UHTXLUHPHQWY Rl WKH PDQXDO DQG LQVWE
UHOHYDQW RSHUDWLRQV RWKHUZLVH LW FI
DQG WKH PDFKLQH WRRO ZRUNSLHFHVFUDS

7KH IXQFWLRQV DQG WHFKQLFDO LQGHI[H
HWF GHVFULEHG LQ WKLV PDQXDO DUH RC
IXQFWLRQ FRQILIJXUDWLRQ DQG WHFKQLROQ
WRRO LQVWDOOHG ZLWK WKLV SURGXFW DL
PDFKLQH WRRO PDQXIDFWXUHU DQG W KH KXX
LOQGH[HV RI WKH &1& PDFKLQH WRRO DUH VXE
RI WKH PDFKLQH WRRO PDQXIDFWXUHU

7KLV VA\VWHP LV HTXLSSHG ZLWK D VWDQC
WKH IXQFWLRQV RI WKH NH\V RQ WKH VWD
GHILQHG E\ WKH 3/& SURJUDP ODGGHU GLD
IXQFWLRQV RI WKH NH\V RQ WKH PDFKLQH V
GHVFULEHG IRUWKH VWDQGDUG 3/& SURJUDI

7TKHFRQWHQWYV RI WKLV PDQXDO DUH VA EHMHFW WR FKDQJH



8VHU ODQXDO IRU7 6HULHYV ,PSRUWDQ

ODQXIDFWXUHU VUHVSRQVLELOLWLHV I
7KH PDQXIDFWXUHU VKDOO EH UHVSROQYV
EHHQ HOLPLQDWHG DQG RUFRQWUROOHG K¢
VXSSOLHG &1& DQG WKH DFFHVVRULHV VXSS
7KH PDQXIDFWXUHU VKDOO EH UHVSRQ¥
VXSSOLHG DQG WKH DFFHVVRULHV VXSSOLH(
7KH PDQXIDFWXUHU VKDOO EH UHV SR QR
DQG UHFRPPHQGDWLRQV SURYLGHG WR WKH

8VHUV UHVSRQVLELOLWLHV IRU VDIHW\
8VHUV VKDOO OHDUQ DQG UHFHLYH WUD
DQG EHFRPH IDPLOLDU ZLWK DQG PDVWHU Wi
8VHUV DUH UHVSRQVLEOH IRU WKH VD
FKDQJLQJRUPRGLI\LQJWKHRULJLQDO &1& F
8VHUV VKDOO EH UHVSRQVLEOH IRU DQ\
RSHUDWH DGMXVW PDLQWDLQ LQVWDODQI
ZLWK WKHLQVWUXFWLRQV LQ WKH XVHU PDQ

7KLV PDQXDO LV IRUWKH FROOHFWLR @RINH@®E&E KR/W URX UHNV |
XVLQJ RXU SURGXFWYV



8VHU ODQXDO IRU7 6HULHYV 3DU

&KDSWHU 3URJUDPPLQJ %DVLFV

L QWURGXFWLRQ WR 7
BURGXFW GHVFULSWLRQ

7KH VIVWHP FDQ FRQWURO IHHG D[HV LQFUSGQQOHVDDRW PWQ
KLJK VSHHG LQWHUSRODWLRQ DW RERGAD QR DEF X UR FH \Z MK H/L
DFFXUDF\DQG VXUIDFH TXDOLW\RI SDUWV PDFKLQLQJ
&RQWURO VL[D[HV; = < $ % DQG & QDPHVY®BK GHBHMRI VL[ D[H)
PVLQWHUSRODWLRQ F\FOH RSWLRQ®O FRQWURO DFFXUDF\ DW
OD[LPXP VSHHG DW P PLQ

$GDSWDWLRQ WR VHUYR VSLQGOHV R 6B QWLIQ %R D S/SILQUGIDHGS
WKUHDGLQJ

%XLOW LQ PXOWL 3/& SURJUDP FXUUHQWODEOXQQLQJ 3/& SURJUDF

6XSSRUW IRU VWDWHPHQW W\SH PDFUR FRB8H BDRURBRDSFPRIIDFPQ G
FDOOV ZLWK SDUDPHWHUYV

6XSSRUWYV PHWULF LPSHULDO SURJUDWWLQJ DXWKRPOWR F FWDP M
DQG WRRO OLIHPDQDJHPHQW IXQFWLRQV

6XSSRUWV GLVSOD\LQ &KLQHVHDQG (BWAHWK VHOHFWHG ZLWK SI

86% LOWHUIDFH LV DYDLODEOH VXSQRUW\ 8%% /¥ WR BRNLUIXXAHD RERQL
VRIWZDUH XSJUDGHYV

9WR 9DQDORJXHYROWDJHRXWSXRYWWWRIBRUW GXDO VSLQG
KDQGZKHHO LQSXW VXSSRUW KDQG KHOG XQLWV

SRLQW XQLYHUVDO LQSXW SRLQW XQLYHUVDO RXWSXW

THFKQLFDO VSHFLILFDWLRQV
I1XPEHU RI FRQWURO D[HV

1XPEHU RI FRQWURO D[HV D[HV ; = < $ % &
IXPEHU RI OLQNHG D[HV D[HV

YJHHG D[LV IXQFWLRQ

OLQLPXP LQSXW LQFUHPHQW PP LOFK DRQGK PP
VHOHFWDEOH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 3URJUDPPL!

OLQLPXP FRPPDQG LQFUHPHQW PP PPLQFK DRDQGK
VHOHFWDEOH
OD[LPXP WUDYHO * [PLQLPXP FRPPDQG LQFUHPHQW
5DSLG WUDYHUVH VSHHG XSWR P PLQ
)DVW PXOWLSOLHU ) ZLWKURN WOHFPIOYJRI UHDO W
JHHG UDWH WR WRWDO RI VL[WHHQJOHYHOV RI UHDO WLPH WL

 QWHUSRODWLRQ PRGH OLQHDU LQIWHLURSER O/DX\E SR Q WF WUKFXHMD 8 RLLCX,
LQWHUSRODWLRQ WKUHDGLQWHUSRODWLRQ ULJLG WDSSLQJ

$XWRPDWLF FKDPIHULQJ IXQFWLRQ
7TKUHDG IXQFWLRQ

30DLQ WKUHDG IROORZLQJWKH VSLQGOH 5LJLG WKUHDG

6LQJOH PXOWL KHDG PHWULF DQG LP SIHDWIHD®W KMWMADGGLNI KMVT XV D SHQ
YDULDEOH SLWFK WKUHDGV

7KUHDG EDFN RII OHQJWK DQJOHDQG V\BHWM G FKDUDFWHULVWLFV
7KUHDG SLWEK PPWR PPRU WKHIHO\G VQLQ WR WKU
$FFHOHUDWLRQ DQG GHFHOHUDWLRQ IXQFWLRQV

&XWWLQJ IHHGYV OLQHDU ZLWK IURQW BPEANOMULBWLRQQ 6 ZUWK W

DFFHOHUDWLRQ H[SRQHQWLDO ZLWK UHDU DFFHOHUDWLRQ

5DSLG WUDYHUVH IRUZDUG DFFHOHUDMURQ D® 6 FFHFOHOUHUMDIVRICR
GHFHOHUDWLRQ 6 EDFNZDUG DFFHO H UW WAIRFN DIGG GIHAFFHHOOHHULDMLLRRY,
GHFHOHUDWLRQ H[SRQHQWLDO

7KUHDG FXWWLQJ OLQHDUDQG H[SRQHQWLDO RSWLRQV DYDLODE

$FFHOHUDWLRQ DQG GHFHOHUDWLRQ VWBUD/WISRHH BQBQHY 5 OHE
WLPH DUH VHW E\ SDUDPHWHUV

6SLQGOH IXQFWLRQ

9WR 9DQDORJXH YROWDJHRXWSXRYWWRIBRUW GXDO VSLQG (
VSLQGOH HQFRGHU IHHGEDFN VSLQG@EH WOIMRGHY 0laQH GXPEHU
(QFRGHU WR VSLQGOH UDWLR  WR WR

6SLQGOH VSHHG FDQEHJLYHQ E\ 6 FRGHHRW3P& Y WR DO UVBH® G UL
6SLQGOH PDJQLILFDWLRQ W R ZLWELRPHLYOHOV RI UHDO WLPH
&RQVWDQW OLQHDU VSHHG FRQWURO RI WKH VSLQGOH

5LJLG WDSSLQJ

7RRO IXQFWLRQV

7TRROOHQJWK FRPSHQVDWLRQ
7TRRO WLS UDGLXV FRPSHQVDWLRQ W\SH &



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 3URJUDPPL!

7TRRO ZHDU FRPSHQVDWLRQ
7TRRO OLIHPDQDJHPHQW

7RRO VHWWLQJ PHWKRGV IL[HG SRUQWUWRB DDWHRXWMDLIQ W RRFW
UHIHUHQFH SRLQW WRRO VHWWLQJ DXWRPDWLF WRRO VHWWLQJ

7RRO RIIVHW H[HFXWLRQ PHWKRG PRW®@HIIPFDWKRE RIRWROHPRRRIPE
PHWKRG
$FFXUDF\FRPSHQVDWLRQ

%DFNODVK FRPSHQVDWLRQ
OHPRU\W\SH SLWFK HUURU FRPSHQVDWLRQ
3/& IXQFWLRQ
7ZR VWDJH 3/& SURJUDP ZLWK D PD[LPXP RI JH SWRISADP QG DUIHL VUK W
F\FOH RI PV
3/& SURJUDP FRPPXQLFDWLRQ GRZQORDGYV
6XSSRUW IRU 3/& ZDUQLQJV DQG 3/& DODUPV

6XSSRUWYV PXOWLSOH 3/& SURJUDPV XS WR SURXKIDPXADUHBRM O\ L
VHOHFWHG

%DVLF, 2 LQSXWYV RXWSXWV
+XPDQ PDFKLQH LQWHUIDFH

LQFK ZLGHVFUHHQ /&' ZLWK [ UHVROXWLRQ
OXOWL ODQJXDJH GLVSOD\LQ &KLQHVH (QJOLVK HWF
'"WRROSDWK GLVSOD\
5HDO WLPH FORFN

2SHUDWLRQ PDQDJHPHQW

2SHUDWLQJ PRGHV (GLW $XWR (QWU\ RBOKALXH WIRRBRY HE UFRD QRD
SURJUDP =HUR

OXOWL OHYHO PDQDJHPHQW RIRSHUDWLRQDO ULJKWYV

$ODUP ORJV

SURJUDP HGLWLQJ

BURJUDP FDSDFLW\ 0% SURJUDPV LIDGPEBURY VXEURXWLQF
(GLWLQJ IXQFWLRQV SURJUDP VHJRH®M V¥ R UKBRBH DSAKWPRIRG LI\
URJUDP IRUPDW ,62 FRGH VXSSRUW IRU PDRUR/ ARG HJBOR WILD/RHF



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 3URJUDPPL!

DEVROXWHDQG PLIHG FRRUGLQDWH SURJUDPPLQJ

3URJUDP FDOOV VXSSRUW IRU PDFUR SURJYHBEP V¥ RO @ X EZU RMWIIUHE
QHVWLQJ

&RPPXQLFDWLRQV IXQFWLRQ

86% 86% VWLFN ILOH RSHUDWLRQ GLUHFOWHVYD¥KEQRQIWRRBG634 &
SURJUDPV VA\VWHP VRIWZDUH 86% VWLFN XSJUDGH

6DIHW\ IXQFWLRQ

(PHUJHQF\ VWRS

+DUGZDUH WUDYHO OLPLWYV
6RIWZDUH WULS LQVSHFWLRQ
'‘DWD EDFNXS DQG UHFRYHU\

*&RGH OLVW

&RG JXQFWLRQ &RGH JXQFWLRQ

* 4XLFN3RVLWLRQ * -XPSLQJ IXQFWLH
* /ILQHDU LQWHUSR * (TXDO 3LWFK 7KUHD
* &ORFNZLVH FLUFXOD * 5LIJLG WKUHDG FX

&ERXQWHUFORFNZLYV
* * o
LQWHUSRODWL = D[LVWDSSLQJF

* 6XVSHQVLRQ TXDVL * 9DULDEOH 3LWFK 7KU

&EDQFHOODWLRQ RI'W

* *
7TKUHH SRLQW DUF L FRPSHQVDWLRQ

* &ORFNZLVH HOOLSWI * 7TRRO WLS UDGLXV OHI

&ERXQWHUFORFNZL .

COWHUSRODWL 7RRO WLS UDGLXV ULJ

JORDWLQJ ZRUNSLHF

* &\OLQGULFDO LQW * VIVWHP

* &ORFNZLVH SDUDERO * /IRFDO ZRUNSLHFH FRR

* &ERXQWHUFORFNZLV,|, , ., 6HWWLQJ WKH ZRUNSL
LOWHUSRODWL VAVWHP

* &ORFNZLVH K\SHUERO * ODFUR &RGH 1RQ ORG

ERXQWHUFORFNZLVY N

LOQWHUSRODWL $[LDO URXJIKLQJF

* $EUDVLRQ FRPSHQ * 5DGLDO URXJKLQJ




8VHU ODQXDO IRU7 6HULHYV

&KDSWHU 3URJUDPPL!

6WDUW 3RODU FRRUGL

&ORVHG &XWWLQJ

&DQFHOODWLRQ RI 3R
LQWHUSRODWL

JLOQLVKLQJ F\FO}

&ORFNZLVH LQYROXW

$[LDOJURRYLQJF

&ERXQWHUFORFNZLV
LOWHUSRODWL

5DGLDO JURRYLQJ

&ORFNZLVH H[SRQHQW

OXOWLSOH WKUHDG H

&ERXQWHUFORFNZLVH
LOWHUSRODWL

7 TKUHDG &XWWLQ

3RODU FRPPDQG FD(Q

S5LIJLG WDSSLQJ VWDW

3RODU FRRUGLQDWH
FRPSXWLQJ

$[LDOULJIJLG WDS

3ODQH 6HOHFWLR(

5DGLDO ULJLG WD

3ODQH 6HOHFWLR(

$[LDO FXWWLQJF

3ODQH 6HOHFWLR(

7TKUHDG FXWWLQJ

6HOHFWLRQ RI LPSH

5DGLDO FXWWLQJ

OHWULF XQLW VHC(

&RQVWDQW OLQH VS

6WDUWHU V VLG

&DQFHOODWLRQ RI FR(
FRQWURO

&DQFHOODWLRQ RI W

JHHG SHU PLQXW

$XWRPDWLF UHWXUQ
JHUR

JHHG SHU UHYROX

SHIHUHQFH SRLQWYV
UHWXUQ PDFKLQH

&KLS EUHDNLQJ IX




8VHU ODQXDO IRU7 6HULHYV &KDSWHU 3URJUDPPL!

&OLPDWHDQG HQYLURQPHQWDO DGDSWDWLRQ
7TKHHQYLURQPHQWDO FRQGLWLRQV IRUVWRIDARZWUDQVSRUW DQ

,WHP :RUNLQJ FOLPDWH F %SVLRPUDDV\SEFDFQRGC
(QYLURQPHQWDO W f&a f& a
5HODWLYH KXPL ” QRQ FRQGHQV ” fa&
$WPRVSKHULF SU} N3Da N3D N3Da N3C
$OWLWXGH ” P " P

BRZHU DGDSWDELOLW\

1RUPDO RSHUDWLRQ LV SRVVLEOH XQGHHWUWRRQEOWRREQ Y J BROMOD
YDULDWLRQ DW W R TUDWHG $& LQFXWKOROIWDJIH] $8R  YJHTXF
FRQWLQXRXVO\

SURWHFWLRQ
SURWHFWLRQ FODVV LV QRW OHVV WKDQ ,3

SURJUDPPLQJEDVLFV

‘RUNSLHFH FRRUGLQDWH VA\VWHP DQG SURJUDP JHURYV

7TKH ZRUNSLHFH FRRUGLQDWH VA\VWHP LVWHPLVKW D RRRWUHCHRIR WER ¢
SDUW GUDZLQJ :KHQ WKH SDUW LV FODPSHWGRRXWHKH RPREGLQBWHRRRI
WRRO VFXUUHQW SRVLWLRQ DUH VHW ZLWKPHQVLRQU RARWKGH QD WAR
WKH ZRUNSLHFH FRRUGLQDWH VA\VWHP LV HD/OVMDE WKWK E @ LY WK WV RE
ZRUNSLHFH FRRUGLQDWH VA\VWHP FRLQFQG MWKHALWIK] WKIHVVGR RGWH @ Pl
EHIJLQQLQJ RU HQG RI WKH SDUW 2QFH HR/RUWDE@QDMWH &\ VWKHPZBHRBSLGE
HITHFW XQWLO LW LV UHSODFHG E\D QHZ ZRUNSLHFH FRRUGLQDWH V\V

7TKH FXUUHQW SRVLWLRQ RI WKH ZRUN F R RRDEOL@HDGVW K/NVSAHRRB W BI FVP Al
JHUR SRLQW DQG LVUHWXUQHG WR WKLVHIURVRBHBDWIRGU WKH SURJ
I1RWH ,I WKHFRRUGLQDWH VA\VWHP RI WKHZWUN SVLKH IS R ¥ HUR MV VWHXAU DLH
GRQRW UHWXUQ WR SURJUDP |JHUR RWKHUZLVHDQ DODUP ZLOO EH JH

$EVROXWHDQG UHODWLYH FRRUGLQDWH SURJUDPPLQJ

'KHQ ZULWLQJ D SURJUDP WKH FRRUG L Q DFV\M LYIDND B FIVRR W\ KRHJ HADKGHSVR |
SRVLWLRQ QHHGV WR EH JLYHQ $FFRUGLBG WRRNWIGH QDSANHHRY DACKXHS U R/ JF
GLYLGHG LQWR WKUHH SURJUDPPLQJ PHMRKROGF PD B Y RDKOHMVLRRIURR L
SURJUDPPLQJDQG PL[HG FRRUGLQDWH SURJUDPPLQJ

3URJUDPPLQJ XVLQJ WKH DEVROXWH FRR DGH \Q DHY S UHDVOXHV IR W K H ;
LV FDOOHG DEVROXWH FRRUGLQDWH S URH WHROFLWQU Y § UWGR.MBBOFPALHORIHQAM
' DQG =D[HV H[SUHVVHGDVS8 : LVFDOOHGRMOAMIWLYH FRRUGLQDWH ¢

$OORZLQJ WKH ; DQG = D[HV WR EH SURJUDPPHGJ ZARRU B EYR W/XW |
YDOXHV DQG UHODWLYH GLVSODFHPHQWVHJPHNSM AWL B O D HIGY P KHt



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 3URJUDPPL!

FRRUGLQDWH SURJUDPPLQJ
'LDPHWHUDQG UDGLXV SURJUDPPLQJ

7KH ; D[LV FRRUGLQDWH YDOXH LV HOQOWHUHGLRV DD®XH BWBHILUQY D |
SURJUDPPLQJ DQG FDQ EH FODVVLILHG DRLIRIOD GRBY X'V BB RWHLPSURIU

'LDPHWHU SURJUDPPLQJ :KHQ WKH VI\VWHR SDRDPBIMAHGLY D OLXM RW
; D[LV LQ WKH SURJUDP LV HOQOWHUHG DV W KRUGLLRMHYWHH/URY D MY HV D@
GLVSOD\HG DV WKH GLDPHWHU YDOXH

5DGLXVY SURJUDPPLQJ :KHQ WKH VI\VWHP SDUDPIRWHG YDOXN RIWK|
; D[LV LQ WKH SURJUDP LV HQWHUHG DV WKHRUDBGGE QOWHINORANH DQG WK
GLVSOD\HG DV WKH UDGLXV YDOXH

*HQHUDO VWUXFWXUH RI WKH SURJUDP

3URJUDP

&RPPHQW d 1RWHYV

6HIPHQW VH( 1 o )

SURJUDP WH

SURJUDP QDPH

8S WR SURJUDPV FDQ EH VWRUHG ,Q RUBMUIDWR EGWZWHQ D/
SURJUDPV HDFK SURJUDP KDV D XQLTXH SUR JULLPP QIIPAH \G X\ @IRAD W L
DOORZHG ZKLFK LV ORFDWHG DW WKH EHJQERQYWY RI & KH S URXWD
VXEVHTXHQW GLJLWYV



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 067

&KDSWHU 067 &RGHYV

O FRGHV DX[LOLDU\IXQFWLRQV

7KH 0 FRGH FRQVLVWY Rl WKH FRGH DG GUHYMOVDWIGH UMD | V& H UL \D Q E
XVHG WR FRQWURO WKH IORZ RI SURJUDP BHHWRWLLIRHD 3R & WR RXWSXW W

0 DQGO DUHSURFHVVHGLQGHSHQGHQW CG\YXEN WKH D& FOGHEVER \@ R
3/&

0 DQGO KDYHEHHQ GHILQHG DV HQG RI SURJYG DFRRBEM\DEHWKH
DOVR RXWSXW WR WKH 3/& ZKLFK FDQ EH XYSDOME RW WIS X & SREWURD | R/U
GRZQ WKH VSLQGOH VKXWWLQJGRZQ FRROLQJ HWF

0 DQGO DUHXVHG DV SURJUDP FDOO FRGHV 0G RQGS WR JMWDH XV HC
FRGHV DQG WKH 3/& SURJUDP FDQQRW FKDBFRWHKW BIIOR\P K RUW KR G|
DUH RXWSXW WR WKH 3/& DQG WKH 3/& SURWHKBIPFEB H\D HS\OW B M H XUQH WL
WKH PDFKLQH WRRO PDQXIDFWXUHU VPDQXDO

7KHUH FDQ EH RQO\ RQH 0 FRGH LQ D SURJUDP VHHPHERGBQYG ZKH
DSSHDU LQ D SURJUDP VHJPHQW DQ DODUP RFFXUV LQ WKH &1&

7TDEOH /ILVW RIOFRGHV LQ WKHIORZRIFRQWURO SURJUDF

&RGH JXQFWLRQ
0 (QG RISURJUDP UXQ
0 (QG RISURJUDP UXQ
0 IRFDO ORRS
0 6XEURXWLQH FDOO

S5SHWXUQ IURP VXEURXWLQH LIO LV XV
0 SURJUDP L H WKHFXUUHQW SURJUD
SURJUDP WKH SURJUDP LV H[HFX

0 $XWRPDWLF UHSHDW ORDGLQJ
0 O JRUFHG VLIJQDO RXWSXW
0 0 'DLW IRUH[WHUQDO VLJQD

0 < D[LV FRXQWHUFORFENZLVE

0 < D[LV FORFNZLVH

0 < D[LV VWRS

0 < D[LVQRW HQDEOHG

0 < D[LVHQDEOH




8VHU ODQXDO IRU7 6HULHYV &KDSWHU 067

(QG RI'SURJUDP O

&RGH IRUPDW 0 RUDO

&RGH IXQFWLRQ ,Q DXWRPDWLF PRGH WWHO WRRIGHHFXWHR RVRH & \
FRGH LQ WKH FXUUHQW SURJUDP VHIJPHQW IQVHQR®\SE OWM MH G X WEKHIUDRKIW
ZRUNSLHFHV LV LQFUHDVHG E\ WKH WRWR G DVIFHOBIGL )XO\Q ERW & H XDV
UHWXUQV WR WKH EHJLQQLQJ RI WKH SURJUQ® L 2K HRW KHKWBI \§ B RIJHVD R ULQ
GHWHUPLQHG E\ WKH SDUDPHWHU

(QG RI'SURJUDP RSHUDWLRQO

&RGH IRUPDW 0

&RGH IXQFWLRQ ,Q WKH DXWRPDWLF PRGMHH[WRX\WRMWE&H B KRB HVQRI
FXUUHQW VHFWLRQ DUH H[HFXWHG WKRMEKVQRKPEWURR %R U B B/ILHREHZZ IO
LQFUHDVHG E\ WKH WRRO WLS UDGLXWGERB 818QWINWERQVARLD DLBHD ALLHY
WKH EHJLQQLQJ Rl WKH SURJUDP ZKHWKH U LRIQQQ W RIWVALHO DURH WX P (
GHWHUPLQHG E\WKH SDUDPHWHU

/IRFDO ORRSV O

&RGH IRUPDW 0 34/
&RGH GHVFULSWLRQ 3 6WDUWLQJ1QXPEHU
4 HQG 1 QXPEHU
/ QXPEHURIFDOOV
&RGH IXQFWLRQ /RRS WKH FRGH EHW ZH HHQ@ 3HPHFSX AV HD WAKHHUF/RAGLHP B MV
0 8VXDOO\0 LV SODFHG DIWHU 4

6 XEURXWLQH FDOOV 0

Codeformat MO8 FPoooco OCDD

Called subroufine number (0000 to 9258) When the
number of calls is not entered, the leading 0 of the subrou-
fine number can be omitied; when the number of calls is
entered, the subroufine number must be a £-digit number;
the call number {1-238%2), may not be entered when called
cnce,

&RGH IXQFWLRQ ,Q DXWRPDWLF PRGH ZIKNHHUHYKFXWHEIXWLF® @HRE
FRGHV LQ WKH FXUUHQW VHJPHQW LV FREBRWW® G V&HSE 7 LIOHIGFD @ [H WX\
DQG WKH VXEURXWLQH FDQ EH H[HFXWHG IRU WLPHV DW PRVW

SHWXUQLQJIURP D VXEURXWLQHO

&RGH IRUPDW 0 3B

&RGH GHVFULSWLRQ 3 5HWXUQV WKH VHIRHQMW\WKIP PBUQ SURRUDP
ZLOO EH H[HFXWHG OHDGLQJ FDQEHRPLWWHG

&RGH IXQFWLRQ LQ VXESURJUDP $IWHIHWKB M[KHF ¥FWURE QW BWRHE
VHIJPHQW LV FRPSOHWHG UHWXUQ WR WKH SURJWRIP FBILUO QR JEH\PL W
FRQWLQXH H[HFXWLRQ :KHQ 3 LV QRW LQ ®PW HIPW X WQL QY RVWIK HP DIH]
SURJUDP WKDW FDOOV WKH O FRGH RI WKH AXH[HF®WLWRE SURJUDP W
XVHG WR WHUPLQDWH WKH PDLQ SURJUDP D 30 W& R & X 1 FDQWHSUR\JR\D
SURJUDPV WKH FXUUHQW SURJUDP ZLOO E HLWHSHID/OH G @\KHH @ FIXWQ QG



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 067

XQGHU 0",

$XWRPDWLF UHSHDW ORDGLQJIXQFWLRQO

&RPPDQG )RUPDW 0 .B,B-B 3B /B
&RGH GHVFULSWLRQ . ORDGLQJRXWSXW SRUW
, ,OSXW SRUW RI ELW VLIQDO WKHUH DUIE WIREROV W
LQGLFDWH WKH HITHFWLYH OHYHO K OMR/ZHOHM HCFMILM AV
FDQ QRW EH
- OD[LPXP ZDLWLQJ WLPH IRU WKH LQ SODFH.QUJQDO
ZKLFK WKH SRUW VSHFLILHG E\ . UHPDLQV RSHQ DQ
VSHFLILHG E\.LV FORVHG ZKHQ WKH ZDLWLQJ WLPH HJ
3 '"HOD\ WLPH EHWZHHQ WZR ORDGLQJ RVHQG MDA WLPF
ORDGLQJ RXWSXW SRUW DQG RSHQLQJ LZALWEDLQ XQI
GHFLPDO SRLQW GXULQJ WKLV SHULRG QWKH SRUW
FORVHG
/ 7KH QXPEHU Rl WLPHV WKH ORDGLQJ L UH®HDWHG L
WUHDWHG DV
)XQFWLRQ 'HVFULSWLRQ 0 IXQFWLRQRDEXQWSERFHRY ZXW R FOIR
PDWHULDO MDP LW FDQ EH DXWRPDWLFDRQM UWGHHUXW R H B DR 6 RADKGHH\GX
UDWH RI ORDGLQJDQG PDFKLQLQJHIILFLHQF\
7KLV IXQFWLRQ LV XVHG IRU ORDGLQJ ERQILWROD X WIRE® DOVR DRDLAA\ |
WLPHV
$FWLRQ SURFHVYV
7KH ORDGLQJRXWSXW SRUW LV RSHQ
'"HWHFW ZKHWKHU WKH , SRUW LQSXW LVIY.MOL\GYROUOQ BWR W ® B B HV¥ M \
WKH QH[W VWHS ZKHQ WKH WLPH VSHFLILHEEXWHY UHDFKHG RWKHU
7KH IHHG RXWSXW LV FORVHG DQG WKH®EPEHU RI UHWULHV LV LQF
0 WKH QXPEHU RI UHWULHV LV JUHDWH WV WK Q B URBJHTGX DROVWK R U ZD @ HD
QH[W VWHS LV SHUIRUPHG
‘DLW IRUWKH WLPH VSHFLILHG E\3DQG H[HFXWH
&ORVH WKH ORDGLQJ RXWSXW DQG ILQLVK

JRUFHG VLIJIQDO RXWSXWV 0 DQGO

&RGH IRUPDW 0 . -
0o .-
&RGH GHVFULSWLRQ . SRUW QXPEHU GHIRQNGULBPHREXWSXW 3RUW 'F
- GHOD\WLPHLQPV
&RGH IXQFWLRQ
0 )RUFHRQH SRUW WR RXWSXW KLJK OHYRLQ JD QADHDUV-WEIHVD D \
0 )RUFHRQH SRUW WR RXWSXW ORZ OHRKWQJDOW B W WHDMMAD\ |



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 067

:DLWLQJIRUH[WHUQDO VLJQDOV O DQGO

&RGH )RUPDW 0 /-
0 /-
&RGH GHVFULSWLRQ / 3RUW QXPEHU GHIWQRQ V6 WHHD, QSXW 3RUYV
ZDLW WLPHRXW LI WKHUHLV QR - WKHQ ZDLW DOO WK
&RGH IXQFWLRQ 0 ZDLW XQWLO LQSXW SRUW LV KLJK
0 DLW XQWLO WKHLQSXW SRUW LV ORZ

< D[LV &RXQWHUFORFNZLVH5RWDWLRS &RIRFHROVH 5RW
0 DQGO
&RGH IRUPDW 0
0
0
&RGHIXQFWLRQ O &RXQWHUFORFNZLVH
0 &ORFNZLVH
0 6WRS

< D[LVHQDEOH RU GLVDEOH O DQG O

&RGH IRUPDW 0
0

&RGHIXQFWLRQ 0 < D[LVLV QRW HQDEOHG
0 <D[LVLVHQDEOHG

0 FRGHIRUVWDQGDUG 3/ ODGGHU GLDJUDP GHILQLWLR

([FHSWIRUWKHDERYHFRGHV 0 0 0 0 GHRWEHG B\FPRIGH 8/&UH
7KH IROORZLQJ LV WKHOFRGH GHILQHG E\PVUKLH VO D QBB LA & /I1&V XKH G |
PDFKLQH WRRO FRQWURO 3OHDVH UHIHUWMXRER HWUKWY P@WVWUXHF WLARRXY B
IXQFWLRQV PHDQLQJV FRQWURO WLPLQJ DQG ORJLF RIWKH O FRGH

0 FRGHGHILQHG IRUVWDQGDUG 3/ ODGGHU GLDJUDP

&RGH )XQFWLRQ

0 6XVSHQVLRQ RIS
0 3URJUDP 6HOHFW
0 3RVLWLYH VSLQG
0 6SLQGOH UHYH
0 6SLQGOH VWR
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'"HFHOHUDWLR

&RROLQJ 211

7TDLOVWRFN

7TDLOVWRFN ZLW

&KXFN &0DPSL( &KXFNV QRW DVVRFLDWHG |

FRPPRQ SDUDPHWHUV FKXF
&KXFN UHOHDV T WR . WR

6SLQGOH SRVLWL

6SLQGOH VSHHG

6SLQGOH FODP ¢

6SLQGOH UHOH

IXEULFDWH DQG

OO0 00O o0 | o oo|o|o

IXEULFDWLRQ E

o Oo

o O

$XWRPDWLF VSL(Q

&DQFHOODWLRQ
RULHQWDWLR

6SLQGOH RULHQ

QG VSLQGOH FOF

0G VSLQGOH FRxQ| 2SHQ QGVSLQGOH 3/& SDUI

OO0 o| O

FKDQJHG WR

QG VSLQGOH V

LV

1RWH &RGHV PDUNHG ZLWK GHILQHG E\DMKIBRMDRBESB UG 3/& DU

SURJUDP VWRS O

&RGH IRUPDW 0 RUDO
&RGHIXQFWLRQ $IWHU H[HFXWLQJ 0 FREGHY DMXEHW KR ZIRDJRG U XX
GLVSOD\HG DQG WKH SURJUDP FRQWLRQREM WWR JXWY MHVHU SUHV VL(

S3URJUDP VHOHFWLRQ VWRS O
&RGHIRUPDW O RUO
‘D)
&GRGHIXQFWLRQ 9DOLG LQ DXWRPDWL "'JCBHIGHRWGRQJ&V\RGBHNISU\M

PDNH WKH LQGLFDWRU RI 6HOHFWLR® EWV®'S &R\ R/GI O MJ K VXS D W K HRQ
BWRS :KHQ 0 FRGH LV H[HFXWHG DW WKLR % DRH V8RN \SH RILDP ZH (
GLVSOD\HG DQG WKH SURJUDP ZLOO FRQ VDU N FYX R W 6Q EKWIDGW K HWF
SURJUDP VHOHFWLRQ VWRS VZLWFK LV QRW SWDONHHIBYRI@ M KAHKSILOR JERE

LV

UXQ

&RXQWHU FORFNZLVH FORFNZLVHDQG VBQ@®OH VWRS F

&RGH IRUPDW 0 RUDO
0 RUDO
0 RUDO
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&RGHIXQFWLRQ O ERXQWHUFORFNZLVH WXUQ
0 FORFNZLVH URWDWLRQ
0 VSLQGOH VWRS
I1RWH 7KH FRQWURO WLPLQJ DQG ORJLF REV WKH VIVNQ@ GD U33H BLQ D® F
GHWDLOHG LQ 3DUwW,,, ,QVWDOOXWHRPPDQBERQQHFWLRQ RI WKLV

&RROLQJSXPSFRQWUROO 0

&RGH IRUPDW 0 RUDO
0 RUO
&RGH IXQFWLRQ 0 &RROLQJSXPSRQ
0 &RROLQJSXPSRII
1RWH 7KH FRQWURO WLPLQJDQG ORJLF RIWDQP@DBWG [ & IR QH G W\ KE |
6HFWLRQ,,, ,QUWDOODWLRQDQG &PQ@QHFWLRQ RIWKLV XVHU PDQ

ITDLOVWRFN FRQWURO O 0

&RGH IRUPDW 0
0
&RGH IXQFWLRQ 0 WDLOVWRFNIRUZDUG
0 WDLOVWRFN ZLWKGUDZ
1RWH 7KH FRQWURO WLPLQJDQG ORJLF RMWD Q®IZUIG 35 8 IR QH G EW\W K@ |
3DUW,,, ,QVWDOODWLRQDQG &RQQHFWLRQ RIWKLV XVHU PDQXDO

&KXFN FRQWURO O 0

&RGH IRUPDW 0
0
&RGH IXQFWLRQ 0 &KXFN &ODPSLQJ
0 &KXFNB8QFODPSLQJ
1RWH 7KH FRQWURO WLPLQJDQG ORJLF RIWDQ@DBWG [ & IR QH G W\ KE |
3DUW,,, ,QUWDOODWLRQDQG &RQQHFWLRQ RIWKLV XVHU PDQXDO

6SLQGOH SRVLWLRQ VSHHG FRQWURO VZLWFKLQJ O 0

&RGH IRUPDW 0
0
&RGH IXQFWLRQ 0 7KH VSLQGOH VZLWFBHVW R FBR VISW HEQF RRGM)|
PRGH
0 7KH VSLQGOH VZLWFKHV IURP SRVLWLRRQRMRIRMDURO F
PRGH
1RWH 7KH FRQWURO WLPLQJDQG ORJLF RIWDQ@DBWG [ & IR QH G W\ KE |
3DUW,,, ,QUWDOODWLRQDQG &RQQHFWLRQ RIWKLV XVHU PDQXDO
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6SLQGOH FODPSLQJ XQFODPSLQJFRQWURO O 0

&RGH IRUPDW 0
0
&RGH IXQFWLRQ 0 6SLQGOHFODPSLQJ
0 6SLQGOHXQFODPSLQJ
1RWH 7KH FRQWURO WLPLQJDQG ORJLF RIWD Q@DBWG G & IR QH G EW\W K6
3DUW,,, ,QVWDOODWLRQDQG &RQQHFWLRQ RIWKLV XVHU PDQXDO

QG VSLQGOH SRVLWLRQ VSHHG FRQWURO VZLWFKLQJ 0

&RGH IRUPDW 0
0
&RGH IXQFWLRQ 0 7KH QG VSLQGOH VZLWEGHWIR &R WLS/MHIHREQFRRRO!

PRGH
0 7KH QG VSLQGOHVZLWFKHV IURP SR HGVLR@WRRAV U R (
PRGH
1RWH 7KHFRQWURO WLPLQJDQG ORJLF RIHVVWRG®D UXGV3G & DLWOHH G HEW I |
LQ 6HFWLRQ ,,, ,QVWDOODWLRQ DRBQRMDUHFWLRQ RIWKLV XVHU

IXEULFDQW FRQWURO O 0

&RGH IRUPDW 0
0
&RGH IXQFWLRQ 0 /XEULFDWLRQ SXPS RQ
0 /XEULFDWLRQ SXPSRII
1RWH 7KH FRQWURO WLPLQJ DQG ORJLF Rl WKH YW DQGDWU G GH&LQUIIE
GHWDLOHG LQ 6HFWLRQ ,,, ,QVWIKAUDWHRPDQEERQQHFWLRQ RI W

$XWRPDWLFVSLQGOH VKLIW O 0 0 0

&RGH IRUPDW 0 Q Q

&RGH IXQFWLRQ :KHQO QLV H[HFXWHG QWKKMILWGOH VKLIWV WR V
1RWH 7KH FRQWURO WLPLQJDQG ORJLF RIQHGE\ WKHYQ®QGBHG 3/&
GHWDLOHG LQ 6HFWLRQ ,,, ,QVWIKAUDXWHRPDQEERQQHFWLRQ RI W

6HFRQG 6SLQGOH &RXQWHUFORFNZLVRIGRYOGWERQ@QGCREBR
6WRS &RQWUROV 0 0 DQGO

&RGH IRUPDW O
0
0
&RGH IXQFWLRQ O &ERXQWHUFORFNZLVH URWDWLRQ
0 &ORFNZLVH URWDWLRQ
0 6SLQGOH VWRS
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1RWH 7KHFRQWURO WLPLQJRIO 0 DQGG®DUWHBILOHG EKWR/HHFWD\
0 0O DQGO
1RWH 7KLV IXQFWLRQLV HIIHFWLYH RE0XQRKWQR\KHWHFRQGHYSLQG

6\QFKURQL]DWLRQ VXEURXWLQHFDOO 0

7KH SXUSRVH LV WR VROYH WKH FRQGLWLR Q@ KR IR P DQIH D \B RHVH
VDPH WLPH QHHG &1& V\VWHP IRU EDFNJURXQG DFWLRQ FRQWURO

,QVWUXFWLRQ 0 3B

'HVFULSWLRQ 3 SURJUDP FDOO QXPEHUHQBQIHQRW 8 BHFXOW GV 3

3 2
3 2
3 2
3 2
3 2

7KH FRGHV WKDW FDQ EH XVHG LQ WKH VXEURXWLRE®OH * 0 0
1RWH ,I WKH ODVW O DFWLRQLV QRW FRPBDIMHVOH GVD QG ® H W W Ui PH DX
WKH VI\VWHP SDUDPHWHU 1R

‘DLW IRUWKH ODVW O WREHFRPSOHWHG

$ODUP

7KH FXUUHQW O DFWLRQ LV TXHXHG DQGWKRHH[BIEQWHRJUDP FRQ
6\QFKURQL]DWLRQ LQVWUXFWLRQ

7KHUH DUH ILYH VIQFKURQL]DWLRQ FRP P DI G * * * * *
)XQFWLRQ 7KLV LQVWUXFWLRQ HQDEOHV WK P]BICQ Z3 WRKI WDKFH W
VIQFKURQL]DWLRQ VXEURXWLQH

00001 09940
GO X0 Z0 M80 K1 // outputfrom Port 1
M70 PO // Startthe background program G4 X1 // Delay by 1 second
G1 X100Z100 M81 K1 //Port1isclosed
X-5Z-5 M80K2 // outputfrom Port 2
G4.5 // synchronization G4 X1 // Delay by 1 second
M30 M81K2  //Port2is closed
G4.5 // synchronization
M99

SHVHW FDOO VXEURXWLQH
BUHVVLQI WKH UHVHW NH\IL[HV WKH FDOO WR WKH 2 VXEURXWLQ
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ORGLI\ WKH VI\VWHP SDUDPHWHUV 1R QR BBIQCP D BXUHY V' WHEDH \
WKH SURJUDP XQGHU DXWRPDWLF SUHVVQG& WHKWM QVRDROWKH SURJUDP
EDFNJURXQG FRPPDQGYV

%DFNJURXQG OLQHDU LQWHUSRODWLRQ * + B)B< 9B=:B$ (B

‘DLW IRU WKH HQG RI EDFNJURXQG JHW KB FR FD®EQDWAKHR
EDFNJURXQG IODJ *

(QG EDFNJURXQG SURJUDP MXVW VHW WKBI[V'$ HHRG W R R WWHK[H. \E D
WKH EDFNJURXQG WDVN *

$GMXVWPHQW RIEDFNJURXQG VSHHG * )B

&ERQVWDQW OHQIJWK URXQG WULS FRQWURO * B)B3< 9 B=: B¢
DQ\ SRVLWLRAQ JHUR SRVLWLRQ VIBIHIHLEIOHHG SRVLWREBOQHNDBROQB IYQ
;=<$% &

'HOD\ WLPH* -B'HOD\WLPH XQLW VHF
JRUFHG 3RUW 6ZLWFK * .B,B
'HVFULSWLRQ . 3RUW 1R
, 2)) 21
‘DLWLQJIRULQSXW SRUW * B -B
'HVFULSWLRQ, SRUW QXPEHU JUHDWNWWRRQ ZZDWWR R QR L\IIQIHM®D
- :DLWLQJWLPHLQPLOOLVHFRQGV
$XWRPDWLFIHHGHU* .B,B 4B -B 3B /B
'"HVFULSWLRQ . ORDGLQJRXWSXW SRUXW SXWH U O RIDGR\DH R.X W S\NKHWH
, ,OSXW SRUW IRULQ EXLOG VLJQDO 6ILQG HBDYKHP B H b FYALLIYDH
OHYHO
4 +ROG WLPHIRULQ EXLOG VLJQDO VHF
- OD[LPXP ZDLWLQJWLPH IRUD UHDG\VLJQDO VHF
3 '"HOD\WLPHEHWZHHQ WZR IHHGV VHF
/ 1XPEHURI ORDGLQJUHSHWLWLRQV

6SLQGOH IXQFWLRQ

7KH 6 FRGH LV XVHG WR FRQWURO WKH VSLQGOHWFR HIRE@ WIUR® WHKHH
VSLQGOH VSHHG 6SLQGOH VSHHG VZLWFKR®H FROQWH RDKH FRGH GIV]
SURFHVVHG E\ WKH 3/& ZKLFK RXWSXWVHWCH MZOQWRAKRRO WLR QBIO OMR
VWHSZLVH FKDQJH RI WKH VSLQGOH VSHHG

6SLQGOH VSHHG DQDORJXH YROWDJH FR@MURIDOKXRIGM S BI'FL | L H&LWILK
DFWXDO VSLQGOH VSHHG DQG 1& RXWSXVWWDLJQWR VROWERAO VBLH) EREW
GHYLFHRUIUHTXHQF\FRQYHUWHU WR DFKR& VRH WWH YCSHYG VB NISE WG .

6SLQGOH VSHHG VZLWFKLQJ FRQWURO

KHQ SDUDPHWHU 1 LVVHW WR WKHGESTRQHWHRAEHRG QVEVHZR QY IH 16
FRGH LQ D SURJUDP VHIPHQW :KHQ WZR RU PRUMHP6VHRBHQ W SWHKBIU L (
&1& ZLOO DODUP

, ] WKH 6 FRGH DQG WKH FRGH ZRUG WKDW S HUDRIUP VOWKKHPRLY HHP H C
VHIPHQW WKH VHTXHQFH RI HTHFXWLRQ PV GKILEGHGE BHVKH BE& G U R JW
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PDFKLQH WRRO PDQXIDFWXUHU VLQVWUXFWLRQ PDQXDO

YRU VSLQGOH VSHHG VZLWFKLQJ FRQW UR D F KWK OMDR\RH RRRL@EW. Y RXOY |
WKH WLPLQJDQG ORJLF RI 6 FRGH H[HFEKWULRK PIXKAQ B WRR 0 FDFQ XL B B!
7KH IROORZLQJ6 FRGHV DUH GHILQHG IRU WWBQBE®RBGGBX&V DQG DUH IR

&RGH IRUPDW 6B

&RGH GHVFULSWLRQ 6 WR OHDGLQJ ]HLRQFEIOHEMS R PIIGWAZ HWE F K L
FRQWURDO

‘KHQ &1& LVUHVHW 6 6 6 6 RXWSXWDQUBWXYV UHPDLQV XQFK

"KHQ WKH &1& LV SRZHUHG RQ WKH 6 WR 6 QR Q/\SRKQHFD WHKIHQFYFDEH.\G
6 6 6 RUG6 LVH[HFXWHG WKH FRUUWSSRQWLQDIGBLGLDQDB®PRKQWI
DQG WKH RXWSXWV RI WKH RWKHU WK UH MV&K M L6 Q PR HD IL\H H[DIG K WAHEG W
RXWSXWV RI 6 WR6 DUHFDQFHOHG DQG RYOVRM)WIRR 6 WLRE LV YDOL

6SLQGOH VSHHG DQDORJXH YROWDJH FRQWURO

7KH VSLQGOH VSHHG LV DQDORJXH YR OWBDIJIHIF R QWWRHMDWE ZKHQ SI

&RGH IRUPDW 6B

&RGH GHVFULSWMRRQ 6 OHDGLQJ FDQ EH RPLWWHG HSLQGOH V.
YROWDJH FRQWURO

&RGH IXQFWLRQ VHW WKH VSLQGOH VS HH & HE&/IRORKMIFHXWR FR QIMOUR
VSLQGOH VHUYR RU IUHTXHQF\ FRQYHU® AKDW RHDE KWK ¥H/ 8 WHIG O H V6/ Ry
YDOXH LV QRW PHPRUL]HG ZKHQ SRZHU RIl DQG VHW WR ZKHQ SRZHU

"KHQ WKH VSLQGOH VSHHG DQDORJXH YIRIOFNDLIVHF RGWM U R M UHQ W\E R R
WR LQSXW WKH VSLQGOH VSHHG 6 FRGG WHRM\QW OH G HIGHV\ES. IQEEMHHV\ES:
FRQVWDQW ZKHQ WKH 6 FRGH YDOXH LV QFFRRIQ ¥ WDQJIH & S B K IGF R RLYWFIDRQ
PRGH 6 FRGH VHWV WKH WDQJHQW VSHHG WKMWRNWHRRBLUEWK &H W
ZRUNSLHFH P PLQ ZKLFK LV FDOOHG FRQ VMO ®LIH XMBEHIE WR B\
FRQVWDQW OLQHDU VSHHG FRQWURO PRGMWWEH IHSHLEQ BIOHOV 8 M HZG. \ K
DEVROXWH YDOXH RI WKH ; D[LV DEVROUYRHDPRYGELVY D WNHHFWORUH R | W K

7KH &1& KDV D IRXU VSHHG VSLQGOH PHF KDW K FID0F RHGIHULINK B FHAFLXRACH (
WKH DQDORJXH YROWDJH YDOXH FRUUH \FHORFEE DQIWMEE WK FARIWE HQISR |
YDOXH FRUUHVSRQGLQJWR SDUDPHWHU ¥ SHHG3 RIKW KHD FIXRXUPH\DSA. @ 6 IC
JHDU RXWSXW DQDORJXH YROWDJH LV WR DX WKEHQAWH LWHRIX\R R
LQYHUWHU VR WKDW WKH DFWXDO VSLQGOH 8 SAHSHG GV WKH VDPH DV W

"KHQ WKH &1& LV SRZHUHG XS WKH DQD O RDCHW R V@D B RICWHSYKRAO MW/
RXWSXW UHPDLQV XQFKDQJHG DIWHU W KKH PRGN LLYJH HHG WW B WXHQLOH
FRQVWDQW OLQH VSHHG FRQWURO DQG W E B \DREO/RW KX \W R RMUDGOLQHD RV HWAKD
FKDQJHG :KHQ 6 LV H[HFXWHG WKH DQDGORIKH ¥R O WRJIMHRKRVSW B/J |
RXWSXW UHPDLQV XQFKDQJHG ZKHQ WKH &1% LV UHVHW DQG HPHUJHQ|

&RQVWDQW OLQH VSHHG FRQWURO * FRQVWDQW VSHHG

&RGHIRUPDW * 6B 6 WR 6 OHDGLQG]HURV FDQ EH RPLWWH
&RGHIXQFWLRQ &RQVWDQW OLQH VIS8 MG FRRXWWA® 1\WVHQH M8 HYIG
FRQVWDQW VSHHG FRQWURO LV FDQFHOWGE H F X.IV UMKQUVPARRG®DO* LRRG H \
FDQ QRW HQWHU *
&RGHIRUPDW * 6B 6 WR 6 OHDGLQG]HURV FDQ EH RPLWWH
&RGH IXQFWLRQ FDQFHOODWLRQ RI FRREWWDDQQYWOVSQHHG FRQWRR
HITHFWLYH JLYHQ WKH VSLQGOH VSHHG GWH PLLIQN K*H XU KK VRRGROGOH *LAR
\RX FDQ QRW LQSXW *
&RGHIRUPDW * 6B 6 WR 6 OHDGLQG]HURV FDQ EH RPLWWH
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&RGH IXQFWLRQ 6HWV WKH PD[LPXP VSLQGRQVYDQPE CLLRLN V §HR
FRQWURDO

* DQG* DUHPRGDO FRGH ZRUGV RI WKH VDP H HURXSL® QG RQO\ R
WKH LQLWLDO FRGH ZRUG DQG LW LV KASRW ISRWHBBG W& E K O W/XW DK
ZRUNSLHFHV RQ D ODWKH WKH ZRUNSLH FH ®@0OBOI] L U RW DWK H VF Bl QRWHL
7KH FXWWLQJ SRLQW RI WKH WRRO FXWWHG) D WK i ZIRFXEL U PIRWDRE E B
WKH VSLQGOH D[LV DQG WKH LQVWDEQWWQB® XC\L Y HPW E RW \RIQW K H IMDF
WKH FXWWLQJ OLQHDU YHORFLW\ XVXDO®O\ UKH UHRSLW R © LGQLHDHD
YDULHV IRU ZRUNSLHFHV PDGH RI GLIIHR 89 W P®NVR UG DI O UHQGNVFRXDWWH.L

7KHFRQVWDQW OLQH VSHHG FR QW U RFHOQ YWXFHWLIR.@ G\D R /S \HHH GHVFLVP [XXC
YROWDJH FRQWURO IXQFWLRQ LV HIGHFR\QLW HR @) ARKGIVVSL QS CH. @' B WISE
ZLWK WKH DEVROXWH YDOXH RI WKH : DHLR/I DVEBMR X R BRR H G VDD DWHH
LJQRULQJ WRRO OHQJWK FRPSHQVDWLRI) LV BIEWDEYRW MKW R R DGXGIDRN K
LQFUHDVHVY WKH VSLQGOH VSHHG GHFUMPHN K \D [ MWK B EDVER/GROMX MV A RYRDUOGK
YDOXH GHFUHDVHV WKH VSLQGOH VSHBGQI®FSH B GHN LG W B M FK KHAL
YDOXH %\ XVLQJ WKH FRQVWDQW OLQH XW8 HEIRE NFRLW H R O WX & FVWXLLRIC
VPRRWKQHVV RI ZRUNSLHFHV ZLWK Y D U\ IQMIGGLROPHWMHQRMDM EH PDLQ

JLQHDU VSHHG VSLQGOH VSHHG 1 ; 1 & - PPLQ

6SLQGOH VSHHG U PLQ
_;_ DEVROXWH YDOXH RIWKH ; D[LV DBWRHWHUHYBRRAHS LRD W H
E 8§

.

40 20 130140 2b02%02%03%03604bo4h04k05205606b0  Unit (mm, diameter value)

YLIXUH

'LWK FRQVWDQW OLQHDU VSHHG FRQWURG RQION 8XUQG D W KIS HFEX @/ \
IHHG LQWHUSRODWLRQ DV WKH DEVRO&WHMDY\DHD X Bl (RX WK IHWDKEH/ R D {UW
SURJUDPPHG WUDMHFWRU\ LV FKDQJHG )RUSWRBOH UBSHG WHPDY HQY\
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XQFKDQJHG GXULQJWKH H[HFXWLRQ RI®J EV BB XVRIUPRIGF VG 6 OV KXWS |
VSHHG LV FDOFXODWHG DV WKH OLQHDWKAS S HIRID\D RVKHJIPEIQ WRVLWLR

YRU FRQVWDQW OLQH VSHHG FRQWURO WHKIHV3 \DJIHWP FPIXW WHFRR Q¥ LEQ
ZLWK WKH VSLQGOH D[LV ZRUN URWDW LRI B[V % H HRGV K IHQQ LORMWWATHNIF
JLYHQ OLQH VSHHG

"KHQ WKH FRQVWDQW OLQH VSHHG FRQW.WPR® IWKHH IHIFWR X Pl VS L QS €
VSHHG U PLQ :KHQ WKH VSLQGOH VSHHG ®HOFXOHGV B G GE D DHIGY R Q
FRRUGLQDWH YDOXH LV KLIKHU WKDQ W KW R/BI[W PEAP* V $LBQ GAOKH VDSFHMGE
VSLQGOH VSHHG LV WKH PD[LPXP VSLQGO S R/BHHEGOR® LW K HKPIQ[ BR %A
VSLQGOH VSHHG OLPLW YDOXH LV QRW $HW®QIGPWWH XGE W GR® [P\D [IQPYC
PD[LPXP VSHHG OLPLW YDOXH GHILQHG E\ EO 6B/ LW RBHDQWDILQHG X!
PD[LPXP VSHHG OLPLW IXQFWLRQ LV HKIHHP /LYK PQY SL Y B/OMHS BBG WH \
* 6B GRHV QRW KDYH D OLPLWLQUJ HIIHFWPLXP * S0 O/ VEXW G & HFPLDY

LV VWLOO PDLQWDLQHG

6SHFLDO DWWHQWLRQ VKDOO EH SDLG WRUWKH IROORZI
PLOQLPXP VSLQGOH VSHHG IRUFRQVWDQW MYISHG ERQWO EE |
OLPLWHG WR U PLQ QR VSLQGOH URW IMLRRO GXtLYRARQ)
H[HFXWHG ,I* VRLVH[HFXWHG WKH VSWRGOHPLSHNGZQGO}

ZLOO QRW URWDWH GXULQJFRQVWDOQW OLQH VSHHG FRQWUF
&1& SDUDPHWHU 1 LV WKH ORZHU OLP QW VRD § /L QIGA®H WSHHG AR Q

"KHQ WKH VSLQGOH VSHHG FDOFXODW H GUES LI H/ S Bl 61 B HDIQWGQ RV AR

YDOXH WKH DFWXDO VSLQGOH VSHHRIMSOQBIOMHEWIRGVKH ORZHU OLP
([DPSOH

i
;
z 8
- z
= =1 —
. _‘ﬂ.}
C B
30
i D - a8 I _'.:_ '
] I 0 I i
: I
YLIXUH

1DPHRISURJUDP
1 0O * 6 5RWDWLQJVSLQGOH FRQVWDQW OQKMSY/
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P PLQ

5DSLG WUDYHUVH WR SRLQW $ VSLQC

*
1 o WUDYHUVH
L _ 5DSLG WUDYHUVH WR SRLQW % VSLQC
’ WUDYHUVH
L ) &XWWLQJIURP SRLQW % WR SRLQW & V4l
GXULQJFXWWLQJ
. ) &XWWLQJ IURP SRLQW & WR SRLQW ' VS
’ IURP U PLQWR UPLQ
L _ 5DSLG UHWXUQ WR SRLQW $ VSLQGOH
’ PRYHPHQW
1 0 (QG RI SURJUDP VKXW GRZQ VSLQGOH F

1RWH 7KH 6 YDOXH WKDW ZDV FRPPDQGH GYHHOQW.KQHW K /W DWHDWH-P ¥ IK®
YDOXHLVUHVWRUHG ZKHQ UHWXUQLQJ WR WKH* VWDWH
([DPSOH * 6 FXWWLQJ OLQH VSHHG P PLQ
* 6 VSLQGOH VSHHG UPLQ
o FXWWLQJ OLQH VSHHG P PLQ

1RWH 7KHFRQVWDQW OLQH VSHH GFRQWHURCH IX QKW [PRDF KV YMVWER® @ L
' DQG =D[HV GR QRW PRYH ZKHQ DQ ; DQG = DH® PRWLRQ FRGH LV

1IRWH $OWKRXJKWKHFRQVWDQW ZL UMHRVESIH HBWFIRGHGHXRUD QXIQVE MU IRIG.
WR HQVXUH WKUHDG PDFKLQLQJ DFFXUDFV SHRHEBRAVR RWHI W & & KR Q §
WKUHDG FXWWLQJDQG SHUIRUP WKUHDG FXWWLQJLQ *

1RWH :KHQ FKDQJLQJ IURP * WR * LI WKHWWHWRKHQR 6SERGHDBE PLQ
VHFWLRQ WKH ODVW VSHHG RI * LV XVHGWKHWISH @G®RE M FH HG
UHPDLQV XQFKDQJHG

1RWH :KHQ WKH VSLQGOH VSHHG FDOFNOMWHG LWR R LWHHIUFW WIVQ Q\
KLIJIKHVW VSHHG RI WKH FXUUHQW VSLQGOG XD RR & \B\I D Q AWHOLK
VSHHG FRQWURO WKH VSLQGOH VSHHG KW KM/ WELHPHHGL R | O IR 1
FXUUHQW VSLQGOH JHDU

6SLQGOH PXOWLSOLHU

"KHQ WKH VLPXODWHG YROWDJH FRQWURW HIHMAYRIGY HR W ¥ 8 L VDX
VSLQGOH VSHHG FDQ EH DGMXVWHG XVKQOWEHQGQHA ¥SHH® WILVRH UKHG
WKH VSLQGOH UDWLR LV OLPLWHG E\ W KHFPOJU P QRV\VISHLIOG ORIV SHHR®@ L
DOVR OLPLWHG E\ WKH PLQLPXP DQG PDI[X®BM V S\ PRIQASMBIGWO OR DWW
FRQWURO PHWKRG

1& SURYLGHVY OHYHOV RIVSLQGOH PDJ®IOLFIFWDRQH SHWROHY HQ W
7KH DFWXDO QXPEHU RI OHYHOV DQG D GMXIVVDRHIQAVD WHR/E PGV RBIHVBQ €
WKH 3/& ODGGHU GLDJUDP DQG VKDOO EHPWIHREQNFEIRW K H @D WIRLW K HV
PDQXIDFWXUHU 7KH IROORZLQJ LV D HX® FWLRIQD/OVOWHVFADL S @/ BR& GRD C
GLDJUDP IRUUHIHUHQFH RQO\

7KH 7 VHULHV VWDQGDUG 3/& ODGGHU GLDJUWDBPY GHIVGHY GID MRV
PDJQLILFDWLRQ 7KH DFWXDO VSLQGOH \DSHWGE PFD ® VE § JD &K M VWWSH.®
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PDJQLILFDWLRQ DGMXVWPHQW NH\ ZLWKIL®W KHKFHRPPQIIGRIG VIHHG RQ
WKH VSLQGOH PDJQLILFDWLRQ LV PHPBML]HG LQ FDVH RI SRZHU IDLOX

OXOWL VSLQGOH FRQWURO IXQFWLRQ

7KH7 VHULHV FDQ FRQWURO XS WR WZR ¥ ERGHDXWHIG WSR. @ B PRIVQ BL
DQ\RQHRIWKHVHVSLQGOHYV 7KH VHOHFWUIRQXRF ELFKMBLQG OUHRIPWEK
DQG HDFK KDV JHDU VKLIWLQJ IXQFWLRQ

'XH WR WKH 7 VHULHV KDYLQJ RQO\ RQH VWK®&G B H WQRRE® BRIGCHN
IHHGEDFN IRUWKH VHFRQG VSLQGOH mQESNKHNSLQGOH VSHHG LV QR

7KH 6 FRGH LV VHQW DV D VSHHG FRPPDQG WK MW KB LVBGEQIE O H VHOWMI
VLIJQDOV 6:6 6:6 * * | DQG HDFK VSK@OCSHH BRWB®/ MSHDHG | |
VSLQGOH GRHV QRW UHFHLYH D VS L QXX WHROH R W DRVWH \DLW Q VY $ WHFYR.(
7KLV DOORZV HDFK VSLQGOH WR URW D WHDWL BH | |(-DFKKQWSE VGEHE B \K DW
RZQ VSLQGOH VWRS VLIJQDO DQG VSLQGOH HQDEOH VLJQDO

6SLQGOH FRQWURO LV DYDLODEOH LQ WKHIROORZLQJIRUPV

"OXOWL VSLQGOH FRQWURO 7\SH $

'KHQ WKH VW VSLQGOH LV VHOHFWHG Y ML WKMOGLY X\V.HGDMOR &KW 8 L
ZKHWKHU WKH VSLQGOH DQDORJXH YR®VED&I RWUWWR & H&F D@V WRIOHD 5 G,
WR 5 , VLIQDOV DUH XVHG WR VHW WKH KISV B &0 HQD@D/ORR XHR WRIDI WHF\
QG VSLQGOH

7KH EORFN GLDJUDP RI WKH PXOWL VSLQEBBORRQWURO PHWKRG $ L'

{ SIND

| Holdl | [ First spindle

‘ SWS1 *SSTPI

Scode | B
o S *SSTP
Qe Hold2 | spindle |
SWS2 *SSTP2

"OXOWL VSLQGOH FRQWURO 7\SH %

(DFKVSLQGOH KDV D VHSDUDWH 6,1'VLJQDO

:KHQ WKHVSLQGOH VHOHFWLRQ VLJQDUW @6 WOIGOH R'UV/ LJQ VS IRQ GUX
VHW WR WKH 6,1' VLIJQDO GHWHUPLQMAR ZBAH MKMW UHDFEHG EQWRH B
WKH &1&

7TKH EORFN GLDJUDP RI OXOWL VSLQGOH SS&ZQOWURO OHWKRG % LV VKI
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| SIND1 |

- .‘ Haldl .'Firstspindle'.
*SSTPI

smND2 |

r 1 Second |
{ HoldZ | ~ __spindle |

= L - e -
AT =
SWs2 *SSTP2

"OXOWL VSLQGOH FRQWURO IXQFWLRQ LV LQYDOLG
"KHQ WKH PXOWL VSLQGOH FRQWURO IWDL\QNRIDMIRZ WKH FRQWURO P

— SIND

: Scode ] ol - e ! Spindle
———— *QQTP — —

&V &RQWRXU &RQWURO )XQFWLRQ

7KH VSLQGOH VSHHG FRQWURO LV FDOOHGGSH QRW/HD WRR/@ \HL RS H
FRPPDQG DQG WKHVSLQGOH SRVLWLRQWRXW BRQW Y RO O\OH® & DIHQEF
PRYH FRPPDQG 7KH VSLQGOH FRQWR XU NVQRIRFRQRKUWR @ J XFRRAWLURROOL NX @
7KH VSLQGOH ZRUNV DV D VHUYR IHHG D[HD | ER W B NHW ISR § RWIL W QR
FRPPDQGYV DQG FDQ EHLQWHUSRODWHG ZHWR RWRXWFNHBHDHV WR S

7RRO )XQFWLRQV

7TRRO FRQWURO

7TKH WRRO IXQFWLRQ 7 FRGH KDV WZRHKRQFBW DRGVH IHEX R/RRW LR W
WRRO RIIVHW 7KH FRQWURO ORJLF IRUKDKHG D KW FER DWKIHF3WER B D GE B Q .
HIHFXWLRQ RI WKH WRRO RIITVHW LV KDQGOHG E\ WKH 1&

&RGH IRUPDW

T OO 00

Tood offset number (00-32, leadging 0 cannot be omitted)

Target tool number (01-32, leading 0 cannot be omitted)

&RGH IXQFWLRQ $XWRPDWLFDOO\ FKWQ UKW W MRREB RX RRIDG B R W.RV
SHUIRUPV D WRRO RIIVHW DFFRUGLQJ W RKWKWM RFRRG R INWRRD QX PVBHHN @ DR
WKH VDPH DV WKH WRRO QXPEHU RU G L IHHRXIQML SSOH RRIQ H W R K © EFFHDWV'|
H[HFXWLQJ WKH WRRO ELDV H[HFXWH WKH

7  WKH&1& ZLOO UHYHUVH WKH RIIVHWRXFRRIVE W) DWB WKH EX&
ZLOO FKDQJH IURP WKH H[HFXWHG WRROQRIDWHVE VWDWH WRKWK IS XRF
FDOOHG FDQFHOODWLRQ RI WRRO RIBHID @& &RRMURR Y HWKHXWRRO G D
LQ WKH 7 FRGH DUH WKH VWDWXV EHIRUH SRZHRRBH LTK B WU RDQDEPH R
VHIJPHQW ,I WKHUH DUH WZR RU PRUH 7 FRGH\&LI® Q I$URWWHYPD\QHD © B Q W
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7KH SRVLWLRQ RIIVHW GDWD FDOOR@ R RRDFKI W RIRVORLY VR E R/M G ®l HGH
VHWWLQJ RSHUDWLRQ EHIRUH PDFKLQHBXWBGQGDWWIR RMDRRLCF B O ® H IV W\
FRGH LV HIHFXWHG GXULQJ WKH SURJUDP UXKH SUW KU FZ CH D E K H/QRHR®L
ZULWWHQ DFFRUGLQJ WR WKH GLPHQVLRQWKRI S\RK/H. V8 DRIGD G UDHQ QW L
EHWZHHQ HDFK WRRO LQ WKH PDFKLQH W& RVUFRIP WG HGED \WM WK\ W B P KALD
GLPHQVLRQV GHYLDWH GXH WR WRRO Z®ID U H\E KOHF ARFRIREL R 11 WHRMFKDHD GEHHY

:

'
. i

@ o 0 ¢ o ° e e 0
e Ole e Oe e Oe
e e e e o ® e o 0

JLIXUH 7TRRO 2IIVHW

7KH WRRO RIITVHWY DUH IRU WKH SURJUDRPM G RMWIHWISRW B U DF W B ¢
WRRO RIITVHW QXPEHU LQ WKH 7 FRGH L VKHGRHRPG W & VROMMOKREQNIUADREXNHNG D U
HQG RI HDFK SURJUDP VHIPHQW ZKHWKHU WHKH V DHIGV DWVRIR G IR0 PMHHWRM
YDOXH RU D UDGLXV YDOXH LV VHW E\ WKH V\MMMPVRRWDRHWH{W V1D U
H[SUHVVHG DV D GLDPHWHU YDOXH RU D UV&HXH/[WBORD OG5 WEPHWHHU/ F
ZRUNSLHFH LY FKDQJHG E\D GLDPHWHU Y K6 XHRRW DU DA WKVFRIPG XD ¥ B
YDOXHLV FKDQJHG

KHQ WKH 7 FRGH LV LQ WKH VDPH SURJUDP VAAWLERI WKRWHWPKRHY HR G
IXQFWLRQ DQG WKH WRRO RIITVHW LV HUBERWWGE \E\W R B IPIRLYJ VR KSHH FORORC
FRGH DUH H[HFXWHG DW WKH VDPH WLPH D¥KSW K HPRBRYUHHEQ R/QVWRKRHD
FRRUGLQDWH PRYH YDOXH RI WKH PRYH FWGWHKBIQW®D R HHW X WH O WWR B H WWKR
FKDQJHG DQG WKHVSHHG RI WKH PRYH LVGGHHWRHGRWHHIE EQW KK HPWR K H U
WKHFXWWLQJIHHG RUWKHUDSLG WUDYHUVH VSHHG

I WKH7 FRGHDQG WKH FRGH IRU WKH PRYMIP NG WWKR G W IQRQWKUIHW R
RITVHW LV H[HFXWHG LQ WKH WRRO PRYHPHDW@GPWRKEH 7WRIG R ®YHPHH @ WXF
VHSDUDWHO\ DQG WKH WRRO FKDQJH DQWVWRREHQIWHKW BRBH[RBX
PRYHPHQW IXQFWLRQ LV HIHFXWHG DG@G WWHWKRIRERXBUNGGW UWD Sl B FRX
VSHHG

7KH WRRO RIITVHW ZLOO EH FDQFH O H GHVIDWHLUR @\ ORU MV & H U RROUCPRZG. Q J

7TKH 7 "' FRGHLVLPSOHPHQWHG
7KH* FRGHLVH[HFXWHG RU WKH PDFKHG@HWRRROORIVVAD/D) XV DO HH

RQO\IRUWKHD[LV WKDW KDV EHHQ ]HUWR W& DBENX WDQ/RMR MR B NVKMH [RIW RH G

KHQ WKH VA\VWHP SDUDPHWHU 1 WRWYY U HXHPEW URRQ W R FOAR BVRWHLW

WR DQG WKH WDUJHW WRRO QXPEHU LWS@PPWHIKETW B A QVQ X/PIEH B XW
FRQWURO WLPLQJDQG ORJLF RI WKH WHRR/A& IOPGGHW IGL B HWHU P IIVQHHG M
FRGHLVLQVWUXFWHG DQG WKH LQVWQOQXFIVHWROYVHIU WKIHORDEWHY B WOR |
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&KDSWHU * FRGH

2YHUYLHZ

*FRGH FRQVLVWY RI FRGH DGGUHVYV * DOQOGWERKRGHKFEDBOEKXH QKWL FW R\
XVHG WR VSHFLI\ WKH PRYHPHQW PRGH RZRWNSWIRRHD EFR® RBIGIDWILWRIQ W
DOQG RWKHURSHUDWLRQV DQG LV OLVWHG LQ 7DEOH

*FRGHVDUHGLYLGHG LQWR V ([FHDSNGIJURXRBXSDQG
JURXS FRGHY FDQ QRW VKDUH WKH VDPH MHRIPHOQ W VHRGHWD 603 HHLU
FRPPDQGHG LQ WKH VDPH VHIPHQW ,Q SULRFWXGBGH MPARIRIIRREB BB @ RARC
EH FRPPDQGHG LQ WKH VDPH VHIPHQW LI WRRRDPEHHG R & SVKIHFRGMHY |
VHIPHQW ZLWKRXW DODUP WKH ODVW *HFRIRXBLROIGFRB YD OY ® R WWOKOD
LOQOWKHVDPHVHIPHQW WKHODVW * FR&$¥YIRIO® ERIGHDVOZIGW K I R FIR® R/RI
SDUDPHWHU FRGH ZRUG FDQ EH XVHG LQ WIQN WDRH & DIWP WEW ¥ DW K WX
UHJDUGOHVYV RI WKHRUGHU ,ID* FRGH RWKHRSMWKIRQRWKRXQAWLMDME OW
DQ DODUP RFFXUV

7TDEOH *&4RGH :RUG /LVW

&RPPDQG 7 *URX YXQFWLRQ 1RWH
* "KLS ,QLWLDO
* /LQHDU LQWHUSRODMW
* $UF LQWHUSRODWLRQ H
* $UF LQWHUSRODWLRQ FR)

* 7KUHDG FXWWLQJ

* = D[LV WDSSLQJF\FOH ORGDO * F
* 9DULDEOH 3LWFK 7KUHD

* $[LDO FXWWLQJ F\FO

* 7KUHDG FXWWLQJ F\F

* 5DGLDO FXWWLQJ F\F

* 6XVSHQVLRQ TXDVL VXV

* ‘HDU FRPSHQVDWLRQ

* OHPRU\WULS GHWHFWLRQ IX

* OHPRU\ WUDYHO GHWHFWLRQ

* 5HWXUQ WR 5HIHUHQFH 3R

* 5HWXUQ WR WKH PDFKLQH WRHR

* $XWRPDWLF UHWXUQ IURP

* 5HWXUQ WR PDFKLQH WRRO 1RQ PRG
* -XPSLQWHUSRODWLR * ERGH
* &RRUGLQDWH V\VWHP V

* ODFUR FRGH

* J)LQLVKLQJ F\FOH

* $[LDO URXJKLQJ F\FOI

* 5DGLDO URXJKLQJ F\F

* &ORVHG &XWWLQJ &\F

* $[LDOJURRYLQJPXOWLS




8VHU ODQXDO IRU7 6HULHYV &KDSWHU

* 5DGLDO JURRYLQJPXOWL
* OXOWLSOH WKUHDG FXW
* ‘RUNSLHFH FRRUGLQDWH
* ‘RUNSLHFH FRRUGLQDWH
* 'RUNSLHFH FRRUGLQDWH

ORGDO * F
* 'RUNSLHFH FRRUGLQDWH
* 'RUNSLHFH FRRUGLQDWH
* 'RUNSLHFH FRRUGLQDWH
* BHOHFWLRQ RILPSHULDO

ORGDO * F
* OHWULF XQLW VHOHFV
* &RQVWDQW YHORFLW\| ORGDO * F
* &RQVWDQW /LQH 6SHHG ,QLWLDO
* YHHG SHU PLQXWH ,QLWLDO
* JHHG SHUUHYROXWLH ORGDO * F
* &DQFHOODWLRQ RI WRRO WLY ,QLWLDO
* 7RRO WLS UDGLXV OHIW F

ORGDO * F
* 7RRO WLS UDGLXV ULJKW H
* ‘< SODQH ORGDO * F
* =: 30DQH ,QLWLDO
* <= 30DQH ORGDO * F

ORGDO XQLPRGDODQGLQLWLDO VWDWHYV

* FRGHV DUH JURXSHG LQWR

$* FRGH LV FDOOHG D PRGDO * FRGH ZKHQ QWHGE LRQQWWHRE RGH/ W
UHPDLQV YDOLG DIWHU H[HFXWLRQ XQ®HY LQVVIK HF KD BIH® EXBW,K B WP R
* FRGH LV H[HFXWHG DQG LWV GHILQHG IRQR®LREHRY KREDHVFDIQV EQR
H[HEXWHG LQ VXEVHTXHQW VHIJPHQW VR DWEKRXW LQSXWWLQJ WKH * FR

$IWHU WKH HIHFXWLRQ RI WKH * FRGHH® KB MIQH WHER®@HRIUVVYDIDW B GR-L
WLPH DQG WKH * FRGH ZRUG PXVW EH UH H QW HFXGVHGH D QWS LW KILW KH. ©
RI* FRGH LY FDOOHG QRQ PRGDO * FRGH

7KH PRGDO * FRGH WKDW LV YDOLG ZLWRWR X W DMWHHF X MMHU WWN VX QW
SRZHUHG XS LV FDOOHG WKH LQLWLDO WHRIGHR Z HQ RR*GF RAGKHH LLVQLLA\SLOWD D
H[HFXWHG

2PLWWHG (QWU\RI &RGH :RUGV

7R VLPSOLI\ SURJUDPPLQJ WKH FRGH ZR U\ K H LVDNWWGU IHQRT DUEHOMHD L Q
WKHLU YDOXHV DIWHU HIHFXWLRQ VR QXWHK B\LKDYUHXYQ B KD GAHD R H Q W
QHHG WR EH XVHG LQ VXEVHTXHQW VHJP HQ@VRVHDLQALK WK HVKBIR 16 R BRARX!
QHHG WR EH HQWHUHG



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

7DEOH
3URJUDP
DGGUH OHDQLQJRIWKH IXQFWL| ,QLWLDO YDOXF
8 * OHGLXP GHSWK RI FXW, 1 3DUDPHWH
8 . D[LVEDFN RII GLVWDQFH| 1 3DUDPHWH
: * OHGLXP GHSWK RI FXW, 1 3DUDPHWH
= D[LVEDFN RII GLVWDQFH 1 3DUDPHWH
5 * * &\FOLF UHWUDFW DP| 1 3DUDPHWH
5 * 1XPEHURIPHGLXP DQG URXJK 1 3DUDPHWH
5 SHWUHDW DIWHU FXWWLQJ| 1 3DUDPHWH
5 * OHGLXPILQLVKLQJDOOR 1 3DUDPHWH
5 * %+ x * OQOHGLXP 7DSHU
x ) 3DUWLDO IHHG UDWH * | 1 3DUDPHWH
* ) JHHGUDWH *
) OHWULF WKUHDG SLWFK *
, ,PSHULDO WKUHDG SLWFK *
6 6SLQGOH VSHHG GHVLJQDW
6 6SLQGOH OLQH VSHHG GHVLJ
6 6SLQGOH VSHHG VZLWFKL(
* 1XPEHURIWKUHDG FXWWLQ. 1 3DUDPHWH
3 * OHGLXP 7KUHDG &XWWLQJ 7KU 1 3DUDPHWH
* OHGLXP 7KUHDG &XWWLQJ| 1 3DUDPHWH
4 OLQLPXP FXW LQ * 12 3DUDPHWH

127( B3URJUDPPLQJDGGUHVVHV ZLWK PXAQWLISBE SXUFRLIORQWH HRHG SHU UHYR O X
WKUHDG SLWFK HWF DUH DOORZHG WHGHHZRRIGWVK\DH/GERIGIQ\ HD[IMFEKW WEH @ G WK
IXQFWLRQ GHILQLQJ FRGH ZRUG LV H[HEXWH)B DWDH[HBPHRW HFIASNKRXW WKH * FR
WKUHDG LOQOWHUSRODWLRQ WKH) FRGHWRKWEPHXWHGE WRKSHBGIPWRKLDLQJ
1RWH . WLVDOORZHG WR RPLW WKH LQS&SRQWKIHD ®GUHHEKWHGANDRRIA¥H MKH FRRUGLQ
HQG RI WKH SURJUDP VHIJPHQW ,I; 8 RU = JUDPOQRWN RQEWWWIKQHWKHWWRIR ZLOO WD
DEVROXWH FRRUGLQDWHYV RI WKH FXRRUGW Q DWIHVRRU W B HLN @& RV KHKH SURJUDP V|
1RWH KHQ XVLQJ D SURJUDPPLQJ DGGUHVWKIRMROUHWBRQ®LLIEFRGH ZRUG P X
HQWHUHG DQG FDQQRW EH RPLWWHG

([DPSOH

* . = 5DSLG WUDYHUVH WR ; = PRGDO FRGH Z

D= 5DSLG WUDYHUVHWR ; = PRGDO FRGH ZR
HQWU\

=) /JLQHDU LQWHUSRODWLRQ WR ; = IHHGGU
ZRUG * LV YDOLG

: JLQHDU LQWHUSRODWLRQ WR ; = IHHG

FRRUGLQDWHY DUH HQWHUHG WKH FXUUHC
) KROG * LVDPRGDOFRGHZRUG FDQ EHF

. )DVWPRYHWR,; = PRGDOFRGHZRUG®* LV I



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

'"HILQLWLRQV

7TKHPHDQLQJVY RIWKH ZRUGYV FKDUDFWHRIMVKQWXWHHR 6 D XDQJIDARQ
IROORZV ZKHQ QRW RWKHUZLVH VSHFLILHG

6WDUWLQJ SRLQW 7KH SRVLWLRQ EHIRUH WKH FXUUHQW VHIPHQW

(QG SRLQW WKH SRVLWLRQ DW WKH HQGRDIRP[WHRXMHERW RI WKH FXUL

; WKHDEVROXWHFRRUGLQDWH RIWKHR®@[LV RIWKHHQG SRLQW SF

8 WKHGLIITHUHQFH EHWZHHQ WKH DEVRGXWH RY [LM/LRRORNGE QMKW HY |
SRVLWLRQ

= WKHDEVROXWH=D[LVFRRUGLQDWH RI WKHHQG SRVLWLRQ

"LITHUHQFH EHWZHHQ WKH DEVROXWH =GD$RW FW RR QG IDQBMWM K HRY W

SRVLWLRQ

) &XWWLQJIHHG UDWH

4XLFN SRVLWLRQLQJ *

&RGH IRUPDW * : 8B = :B

&RGH IXQFWLRQ 7KH : D[LV DQG = D[LV PRWIR WRIR WEG &RLDQW D QJIV
VDPH WLPH DW WKHLU UHVSHFWLYH VSHHGV W2aR VIKRIXQP RY H LD WU H
LQGHSHQGHQW VSHHGVY WKH VKRUW D[LV DUHD MKHY ORQH IDQLG/ PRRUYGHA
LQGHSHQGHQWO\WKH UHVW RI WKH ZD L \DQRW®&H PH Q@ WKUHVOL D W WRINDH B

&RGH GHVFULSWLRQ * LV WKHLQLWLDO 8DOXHIR) RPREHRRHIRR X S
DOO RI WKHP ZKHQ RQHLV RPLWWHG LQGPHO® 8 RVLKQDMWRNV KWH M \B PLUMK DR
VDPH FRRUGLQDWH YDOXH ZKHQ RPLWW HGKDW WIKH VWDRSHS\R L DMV DY ® W
SRLQW DUH LQ WKH VDPH SRVLWLRQ ZKHQ ; LRQRQGD @& H DQ W XBI OADEP
ZKLOH 8DQG : DUHLQYDOLG

ORWLRQ WUDMHFWRU\ GLDJUDP

| ) ( Faint C is the intermediate
E point from point A to point
| B in a rapid movement.
| |
[ Z-axis N
T T -—
S
r B
| ) : :11
| - J‘r - 'E s
i
Illl | 3
1 X-axis
YLIXUH

7KH ; D[LVDQG = D[LVUDSLG WUDYHUVHWESHGEGW D SB WHRHEAHWKH VAVDQG
DFWXDO WUDYHUVH VSHHGY FDQ EH D G MBH WW HGRQ/ WEHW B If KIIDBH. &/ RRIO BB Q HC
([DPSOH 7KHWRRO LV PRYHG TXLFNOMURPHRLQW $WR SRLQW %



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

i
9]' Z-axis
1 B
| I I
95 | =
: = i = :
i O §
| X-axis h
JLIXUH
* = $EVROXWH &RRUGLQDWH 3URJUDPPLQJ RU
* 8 : 5HODWLYH &RRUGLQDWH 3URJUDPPLQJ RU
* o OL[HG &RRUGLQDWH 3URJUDPPLQJ RU
* 8 = OL[HG &RRUGLQDWH 3URJUDPPLQJ

ILQHDU LQWHUSRODWLRQ *

&RGHIRUPDW * ; 8B = :B)B

&RGH IXQFWLRQ 7KH PRWLRQ WUDMHFWRD\UW B5RLVODWDWIRKWKAHL® G
7KHWUDMHFWRU\LV VKRZQ LQ )LJXUH

&RGH GHVFULSWLRQ * LV PRGDO *FRGH

7 8 = FDQRPLWRQHRUDOO RI WKHP ZKAEWQWIRQHW WKPLVRWHG LOQW \R
WKH VWDUW SRLQW DQG HQG SRLQW RI WKH B [LMWWHGI WKH MDRN VEKBI\
HQG SRLQWDQG WKH VWDUW SRLQW DUH DW WKH VDPH SRVLWLRQ

7KH) FRGH YDOXH LV WKH YHFWRU V\Q VOKIHRWXMW WSSFHH3V RIQWKIKIH. Q B A
DQG = D[LV GLUHFWLRQV DQG WKH DFW>X3XXF WXRN WWLKQHJ 1IHHHHGS WIDWVHH L@ G
) FRGH YDOXH

$IWHUDQ ) FRGH YDOXH LV H[HFXWHG WKHRGBXB OUXR D VAV EKRXWHX
,l WKH) FRGH ZRUG XVHG LQ RWKHU * FR G HW DVOWR RHEVHD® HM K Q IEEVH. R DQ L
6HH 7DEOH IRUWKH UDQJH RI'YDOXHYV
I1RWH ,QWKH* VWDWH WKHPD[LPXP YDIOKMIROXBRHWQRVGBWBBOCWPHWHU 12
OLPLW VSHHG RIFXWWLQJIHHG

ORWLRQ WUDMHFWRU\GLDJUDP
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|Starting point '

Y  |ecdpont

B

B |ur2
H—

e W—— e

YLIXUH

([DPSOH 3URJUDP FRGH IRUFXWWLQJIURP GLDPHWHU - WR -

o 3URJUDP
Za Cr oo $EVROXWH
- - SURJUDPPLQ
. s 5HODWLYH
e 7 : SURJUDPPLQ
—H 8t e - OL[HG
b SURJUDPPLQ
e « g = OLIHG
rt=e TS - SURJUDPPLQ
| l
WU .
1 X

$UF VSLUDO LQWHUSRODWLRQ * *

$ SUFLQWHUSRODWLRQ

&RGH IRUPDW * 5
j|>;8B :{
* ,B.B

&RGH IXQFWLRQ * FRGH PRWLRQ WUDFN LWZHBORRRUGV®DWHD
VIVWHP FRXQWHUFORFNZLVH IURQW WRR® KRRPGW KH RR DG MWQSRULH W
HQG SRLQW WKHWUDFHLV VKRZQ LQ )LJXVHRRXQW HREHRFRAVILRBD WHIDR
KROGHU FRRUGLQDWH VI\VWHP FORFNQDWHH MORQYWPW RRG KURROFGW K H R
SRLQW WR WKH HQG SRLQW WKH WUDFH LV VKRZQ LQ )LIJXUH

&RGH 7UDMHFWRU\ GLDJUDP
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— ) i
—-i- L —| ._Ir- W
i = =
| 2 i i 2
| .l'llg 5! tg i oy o g.
R™ g sz R~2 i
’ | X-axis s | X-axis
JLIXUH * 7TUDMHFWRU\ 'LDJUDP JLIXUHUDP 7UDMHFW

&RGH GHVFULSWLRQ * * DUHPRGDO *FRGHYV

5LV WKHUDGLXV RI WKH DUF

,LVWKH GLITHUHQFH EHWZHHQ WKH FH QW WK R IDW K H © VKD H@®LQGH AR
H[SUHVVHG DV D UDGLXYV

. LV WKH GLITHUHQFH EHWZHHQ WKH FHQVRUQW \RK W K H UDFLOFH LIDQWE K\
GLUHFWLRQ :KHQ WKH DUF FHQWHU LV VFHRALUHNG EQ 66 BARHW K H DD Q(
D[HV UHVSHFWLYHO\ ,DQG . UHSUHVHQWKWKHWMHFW B B LFQRW S\RRQ\W R M/ ¥ H
WKH DUF ZKLFK DUHLQFUHPHQWDO YDOXHV DV VKRZQ LQ )LJXUH

, &LUFOH FHQWHU FRRUGLQDWH : : FRRUGLQ®MWH ®H WKB DRE V
FRRUGLQDWH = =FRRUGLQDWHRIWKHDUF VWDUW SRLQW

,DQG . DUHPDUNHG ZLWK D VIPERO DFFRUGUE FWRRQKRH GDQBF W VR\Q
VDPH DV WKH GLUHFWLRQ RI ; DQG = D[HV OWdHH QR WK FAUIZNLM W DL B/RW DW

QHIJDWLYH YDOXH

X
End point
/ Starting point
R o
o |
Round dot / e
K Z
+——»
JLIXUH

$UF GLUHFWLRQ 7KH GLUHFWLRQ GHILQMW LROMXIH ITURQB/UWRRRE!
FRRUGLQDWH VA\VWHP DQG WKH UHDU WRRD)KROGHU FRRUGLQDWH V\V
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Poocs
o —
o e e = : = i 1
Z1 zl I
‘| : 1 ‘
> » ¢ 63. 060
" l ~ __7
A E - > ‘ End poi
Zar l G
g - -
s 1X
JLIXUH YLIXUH
1RWHYV
" KHQ , RU . LW FDQ EH RPLWWHG KRZH DHGG IDHW QHY VW RRQAH5R |
PXVWEHLQSXW RUWKHV\VWHP JHOQOHUDWHV DQ DODUP
":KHQ, . DOQOG5DUHLQSXW VLPXOWDQHRXVAM\LRYDIDGLG DQG , DQ

"7KH5 YDOXH PXVW EHHTXDO WR RU JUHDWWWBWRKQW WRONKDBI\ H QRSPS\A
DQG WKH VIVWHP JHQHUDWHY DQ DODUP LI WKH)HGZ SWKGW LV QRW RQ

"$GGUHVV ;8 = : FDQ RPLW RQH RU DOO ZEW @ RB WVWWKLH V \R R Bl WLS\F
DQG HQG SRLQW RI WKH RPLWWHG D[LV DURPWWMW VQP RHD\Y WW K D/\D RAHK
SRLQW DQG WKH VWDUW SRLQW DUH L QRN KHWDFRLH B Q M LLW LVRSQH ALLI | WHKG E|
WKH WUDMHFWRU\RI WKH H[HFXWHG * H* FRGHH ZWOLY &S BAXIQ® 6 lZLMA
ZLOO PHDQ WKH FLUFOH RI f

" 1, DQG.YDOXHV DUH XVHG IRU SURJUD P RLBH QM KK R | GALK/KVBLQUFHD I
WKH HQG RI WKH DUF LV QRWEHTXWXKMWR\YWHP ZLOO DXWRPDWLFDOO
SRVLWLRQ Rl WKH FHQWHU RI WKH FLUF OM MQRGHOQY/X SHR WOKD W | WAKKHH
PRYHPHQW DUH WKH VDPH DV WKH VSHFIQEHENDZKHQ \BRIEG \L W\ KW GIRL
HQG SRLQW RI WKH DUF LV JUHDWHU WKDQ 5 WKH V\VWHP ZLOO DODUF

":KHQ 5LV VSHFLILHG LW LV DQ DUF OHVVLWKDQW LV ZQHY B 1V HHMA
WKDQ f DQG ZKHQ5LV SRVLWLYH LW WRDQDUF OHVV WKDQ RU HTXI

(I[DPSOH 3URJUDP FRGH IRUFXWWLQJDQ DUF IURRBUBPHWHU - WR
3URJUDP

x = 5 ) RU

* 8 : 5 ) RU

x = , . RU



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

* * FRGHFRPSUHKHQVLYH SURJUDPPLQJH[DPSOH
- S
- - >

/A 'FF.’- "

_..__'_.l___.._. s

32 16
O 21

J)LJXUH $UF 3URJUDPPLQJ ([DPSOH

3URJUDP

1 * 0=

1 0O 6 4XLFN SRVLWLRQLQJ

1 =) 6SLQGOH RSHQLQJ

1 * 8 5 &ORVH WR WKH ZRUNSLHFH

1 o, = 5 EXWWLQJRIS FLUFXODUVHFWLRQ
1 o= &EXWWLQJRI5 FLUFXODU VHFWLRQ
1 ;= EXWWLQJRInN

1 0 S5HWXUQ WR VWDUWLQJ SRLQW

(QG RI'SURJUDP

% 6SLUDO LQWHUSRODWLRQ

&RGH IRUPDW * * , 8B =:B,B.B4B 3B
&RGH GHVFULSWLRQ
; 8B=:B FRRUGLQDWHYV RIWKHHQG SRLQW RI WKH KHOL]
, LV WKH GLITHUHQFH EHWZHHQ WKH FHOQOWHWRH WKH EQUWFROH ;D C
GLUHFWLRQ H[SUHVVHG DV D UDGLXYV
. LV WKH GLITHUHQFH EHWZHHQ WKH FHQWHWRHWKH EIQUW&H B Q
GLUHFWLRQ
4B 3LWFK EHWZHHQ VSLUDOV
3B 1XPEHU RIVSLUDO FRLOV

JRU DUF LQWHUSRODWLRQ IRU DQ\ WZR D[HWKRQDUV WW ®I XY 6 H\V Q HEY |
FRPPDQG LV WKH KRUL]JRQWDO D[LV



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

(I[IDPSOH * <B$B5B* $B<B5B

KUHH SRLQW DUF LQWHUSRODWLRQ *

&RGH IRUPDW * =:8 , . )_

&RGH IXQFWLRQ ,I \RX GRQ W NQRZ WKH FHBEXWHURXQMGQRBREZ G KN R
FRRUGLQDWHYV RI WKH WKUHH SRLQWYV R® W K KX Q@RW LFFR® W R GW WRDUPD QK
GLUHFWLRQ RI WKH DUF E\ WKH SRV LW LRDHRHIQWY KH. § W B U ®/HSRLLIDMHDSRG
SRLQW

&RGH GHVFULSWLRQ * LVDPRGDO *FRGH

, WKHUHODWLYH FRRUGLQDWH YDOXHNKQRBLK BKMALKRWY KR | DMKEHS DIV
ZLWK UHVSHFW WR WKH VWDUWLQJ SRLQW GH [IBLURWIVRH@G DV D UDGLXV YI

5HODWLYH FRRUGLQDWH YDOXH RI WK H YH G\GROW KSR V@B IRW \8BRH Q
GLUHFWLRQ ZLWK GLUHFWLRQ DV LQ)LJXUH
'8 = :, .LQPP LQFKLQ 7DEOH  RI

-

J End point
/

7 Middle point
/

I

Starting point

Tx

YLIXUH

1IRWHYV

" QWHUPHGLDWH SRLQW LV DQ\SRLQWWQ®W®O&HDRGFSRWEWY WKDQ WKH
" 7KH VAVWHP JHQHUDWHV DQ DODUP ZKHQ WBRFRRWHGWKUHH SRLQWYV
" KHQ,LVRPLWWHG LW LV K\SRW K H W LFFLDADWAHKED WW L \DKQ\G R WK & WILF RO
ZKHQ ERWK , DQG . DUH RPLWWHG WKH V\VWHP JHQHUDWHY DQ DODUP
" 7KH PHDQLQJV Rl , DQG . DUH VLPLODU W R DAQKG . GRIWB IO FH B A QMW FHDV
FRRUGLQDWHY UHODWLYH WR WKH VWDURRESRLMQW FRRUGLQDWHV LQ W
"+ FDQQRW SURFHVV D IX0OO FLUFOH

([DPSOH $VVXPLQJPDFKLQLQJRIDVHPLFLUFOH

3URJUDP
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Middle point S

X~axis'
YLIXUH

(OOLSWLFLQWHUSRODWLRQ * *

&RGH IRUPD *

' 8B = :B $B %B 4B

*

&RGH IXQFWLRQ * DUH PRGDO * FRGHYV

* 7KH FRGH PRWLRQ WUDMHFWRU\ LV D FORAFRUGY8DWHDU
VIVWHP FRXQWHUFORFNZLVH IURQW WHRIRMLISK 6 GbIR FFW R H &/ MOIDUMH SR |
HQG SRLQW

* 7KH FRGH PRWLRQ WUDMHFWRU\ LV D FRRKQ®HHW FFGRARFINGZLQ/BHW H
VIVWHP FORFNZLVH IURQW WRRO KRG H U FER RAKGL\DW BVHW S\RILB WV W8
SRLQW

&RGH WUDMHFWRU\ GLDJUDP

Z-axis Z-axis

6FKHPDWLF GLDJUDP RI * FRGH WUDFHV FRAHPOYWDFIBVLDJIJUDF

&RGH GHVFULSWLRQ

$ (OOLSVH ORQJ KDOI D[LV OHQJWK $ "W LQFUHRIDQ WX X QY BXQH
XQLW PP LQFK

% (OOLSVH VKRUW KDOI D[LV OHQJWK YW LQFUHP A QYL PXPVILQ O K
XQLW PP LQFK

4 7KHDQJOH EHWZHHQ WKH ORQJ D[LV RRWWIHI i @ RR 8'GH Q@ D\G FWK\N W



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

FRXQWHUFORFNZLVH XQLW J QEHLUVY WHD NHROWLRQ D Q
(OOLSWLF GLUHFWLRQ * * 'HILXLWKRQY RIHWKH\GH® HBDWLIRHD | ZR
UHDU WRRO KROGHU FRRUGLQDWH V\VWHPV

X-axis

\ G&2
e L. G&.3
'\ Z-axis
/
662

X-axis

JURQW WRRO KROGHU FRRUGLQDWH V\VWHP HV\VWHPU WRRO

4 YDOXH 4 YDOXH UHIHUV WR WKH ULJKW KRQ® W HIK\W \B BB O R B WWKHH\
D[LV RI WKH SRVLWLYH GLUHFWLRQ ORFINLQ 3B REZW IMKHG; = USHFIWQLHR QVKG
URWDWLRQ WR FRLQFLGH ZLWK WKH OW® Bl D[QYORI WK H/ KR DQ S \OHWKKUIF
EHORZ

JURQW WRRO KROGHU FRRUGLQDWH V\VWHP HV\VWHPU WRRO

1IRWHYV

"$ % DUH QRQ PRGDO SDUDPHWHUV LI QRWHB®W H URHGYN K H \8 K HD X O W
VI\VWHP JHQHUDWHY DQ DODUP ZKHQ$ % DV DUF * * PDFKLQLQJ

" 7KH 4 YDOXH LV D QRQ PRGDO SDUDPHWH UWF K MWDWH XWW. \E KX WHG! FD QL
GHIDXOWV WR GHJUHHV ZKHQ RPLWW HRU ERW® FALIGH Q WL I/[K W Bl =D D)
7KH XQLW RI 4 LV GHJUHH ,1 WKH DQJOWHHAHMVKRX O)YHW G WR LEHX!
4 LQ WKH SURJUDP LI\RXLQSXW4 RUWGHUHEMWK DWHBREWYV
"7KH GLVWDQFH EHWZHHQ WKH SURJUDPP MG WMDWKUSRK DR @ \DRIG BIRGJ:



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

OHQJWK DQG WKH VI\VWHP JHQHUDWHY DQ DODUP

"$GGUHVV ; 8 =: FDQEHRPLWWHG LQ RQHGR W\ ®® DAKH Y RIMWM WK R R/L\
DQG HQG SRLQWV RI WKH RPLWWHG D[LV HDGWWVKKDWD WH HRIPQ & &R RQ \E FD)
VWDUW SRLQW DUH DW WKH VDPH ORFDWLRQ DQG ZLOO QRW EH SURFH
")RUHOOLSVHV RQO\PDFKLQLQJ IRUFDXGLEVMHY OHVV WKDQ f LQ
"* DQG* FRGHVFDQEHXVHGLQ FRPSRXK® RKRHOBINH 1RWHLWYV *
DQG *

"* DQG* FRGHV FDQ EH XVHG LQ WKH & WWRRD ¥RPBH@®WHNVLIRQ*ZL W
DQG *

([DPSOH &XWWLQJDQ HOOLSVHIURP GLDPHWHU - WR -
o A T 3URJUDP
2 " ’ o = $ % 4
4 AL 4B
43,68 \ T Bigs 1Y
— 1 o 8 % %
—_— s
= 7
—7A5tamng point
End point ‘L,,-‘"'; i s0
X
([ DPSOH &XWWLQJDQ HOOLSVHIURP GLDPHWHU - WR -
/ SURJUDP
43,68 Iz * ; = $ %
4
' _ __RU
] L’ —~ 7 Q:60 8 $ %
g2 7 4

$ 6.

End point

* * &RGH &RPSUHKHQVLYH 3URJUDPPLQJ ([DPSOH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

— : - h:dd

YLIXUH
3URJUDP
* . = 5DSLG SRVLWLRQLQJ
0 6 6SLQGOH RQ
x =) &ORVH WR WKH ZRUNSLHFH
s % &XWWLQJ$ % HOOLSWLFDO VHJIPI

5HWXUQ WR VWDUWLQJ SRLQW
6SLQGOH RII
(QG RI SURJUDP

o O

SDUDEROLFLQWHUSRODWLRQ * *

&RGH IRUPD *

: 8B =: B 3B 4B

*

&RGH IXQFWLRQ * 7TKH FRGH PRWLRQ WUHIDMHMRFRRUJKROOGHWRRRDIIC
VIVWHP FRXQWHUFORFNZLVH IURQW WRFHOQ BRRGB U FR|
IURP WKH VWDUW SRLQW WR WKHHQG SRLQW
* 7KHFRGH WUDMHFWRU\ LV D FRXQWHRRWKGHNZALWH UH
VIVWHP FORFNZLVH IURQW WRRO KRO®BU FRR WXIH)DWH
VWDUW SRLQW WR WKH HQG SRLQW

&RGH WUDMHFWRU\ GLDJUDP



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

Z-axis
-—

' Parabolic endpoint

Z-axis
-—

'*" Parabolic starting point

Parabolic endpoint Parabolic starting point

' X-axis ' X-axis

6FKHPDWLF GLDJUDP RI* FRGH WUDMHFWRU\ FRG6RAKHPDWLF G
WUDMHFWRU\

&RGH GHVFULSWLRQ * DQG* DUHPRGDO *FRGHYV
3 LV WKH YDOXH RI 3 LQ WKH VWDQGDUG SDUDBROURPHTX\CRVLRQ
XQLW PLQLPXPLQSXWLQFUHPHQW QR VLJQ
4 LV WKH DQJOH EHWZHHQ WKH SDUDEROLHALD[LYIRQM\®P HWRP DWR \
XQLW GHJUHHV QR VLJQ
3DUDEROLF GLUHFWLRQ * * 'HILQIOWHROSRIOWKH B QU K MWAKRIQVRR
LQ WKH IURQW WRRO KROGHU FRRUGL Q0 Wb FRRW B P @MWBHWKN EB PN WR

X-axis

'\ G7.2
N G7.3
—
\\\ Z-axis
—
Vi
G
"137.:4

JURQW WRRO KROGHU FRRUGLQDWH V\VWHP WH VI\BWEB WRRO KR

4 YDOXH 4YDOXHUHIHUV WR WKH ULJKW KDQBWH IMWWHR OH RD UK I
SRVLWLYHGLUHFWLRQ RI WKH <D[LV ORRMNRYLBRYG BQ WHEHNV;I=RSO D IQM}
FORFNZLVH URWDWLRQ WR WKH SDUDER(DL \WK. W RH \D\Q POINRV UVAHMRWARL C
EHORZ



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

JURQW WRRO KROGHU FRRUGLQDWH VA\VWHP WH VI\WBWEB WRRO KRC

1RWHYV
»7KH 3 YDOXH FDQQRW EH JHUR RURPLWWHGDRWKHUZLVH DQ DODUP L\
"7KH 3 YDOXH LV XQVLJQHG DQG LI D QHHDEVRKD X IVGIXYHD IOK H Q W MADHNG Q
"7KH YDOXH RI 4 PD\EH RPLWWHG DQG ZKH ¥ \IP"P HWR P RWW/HIHG S IV I Bl D D\
SDUDOOHO WR RUFRLQFLGHV ZLWK WKH=/DJRV DQG 4 GRHV QRW FRQW
"$Q DODUP LV JHQHUDWHG ZKHQ WKH OLQH ZKH 6 RVFIDHVW\G D.WVE D Q B CHX
WKH D[LV RI VIPPHWU\ RI WKH SDUDEROD
"+ DQG* FRGHVFDQEHXVHGLQ WKH FRMSRX® & RRDFRPSHQVDWL]
ZLWK WKH VDPH QRWHV DV WKRVH IRU* DQG *
(I[IDPSOH ,I WKH 3 RI WKH SDUDEROD LV PP WWHKHVQLWXP LYFUF
PP LWV D[LV RI VIPPHWU\ LV SDUD O O MBKW R DWKL- =G D PLIWJ DIPQRS! W/ I¥
PDFKLQLQJ GLPHQVLRQV RI WKH SDUW LW YKRRZIQ/LE WRBAKIRQUB JBKRC
FDQ EH SURJUDPPHG DV IROORZV

Z-axis

URJUDP



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

* - ) 0
* = 3 4
0
o = 0O 6
0
3RODU FRRUGLQDWHLQWHUSRODWLRQ * *
&RGHIRUPDW * , QLWLDWH 3SRODURRRRUGLQDWH LQWHUSROD\
* B &B
* ‘B
* * * ‘B &B
* * ;B &B $B % BB LOQVWUXFWLRQV DYDLODEOF

* * ;B &B $B % B| 4B
* * ;B &B 5B

* * ;B &B
* * * —
* FDQFHOODWLRQ RI WKH SRODU MRKRWGGLQDWH LQWH

&RGH IXQFWLRQ 3RODU FRRUGLQDWH Q@\R XU FRADWILRRID VI K DOVVAS
SURJUDPPLQJ FRPPDQGY LQ D &DUWHVLDQ IFIR BPIGL © R WHHP W\ W/ PWROR
PRYHPHQWY DQG URWDU\ D[LV PRYHPHQWM | IHEUWN.YIHHIRRU U B RQW IORRQW]
DQG FDPVKDIW JULQGLQJLQ WXUQLQJPDFKLQLQJ
&RGH GHVFULSWLRQ * DQG * DUH QRQ PRGDO * FRGHYV
JLQHDU D[LV ; D[LVRU = D[LV < D[LVRU WK RU WK D[L\
5RWDU\ D[HV D[HV RWKHU WKDQ IHHG D[HV < D[LV RU
%HIRUH VWDUWLQJ SRODU FRRUGLQDWHW BHH OLQHE
VHW LQ SDUDPHWHU 1
7KH IROORZLQJ LV DQ H[DPSOH RI WKH ONQRIDU D[LV ;
URWDWLRQ
3RODU FRRUGLQDWH LQWHUSRODWLR@®BOGRDWH LOWBHWS R QVIKWMLS
DQG VHOHFWV D SRODU FRRUGLQDWH L QWK BLRG D W ERI® B D DIQGH Z B VF\K!
SRODU FRRUGLQDWHY DUH FRPSOHWHG



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

Rotary axis (virtual axis)

linear axis

Workpiece coordinate system origin

3RODU FRRUGLQDWH LQWHUSRODWLRQ SODQH

1IRWH $IWHU * WKH SUHYLRXV SOD Q H ISR PDQFHRRHGED Q B W I WOIW M W\
SODQH DIWHU * WKH SODQH LV FDQ PHONGUBIY & RAKHGS WDH WIHRIX Y
WKH SRODU FRRUGLQDWH LQWHUS R QIHW MRRU H\G DR IHKGIHSA) FAYKLIR B
DQG WKH FXUVRU UHWXUQV WR WKH EHJLQQLQJRI WKH SURJUDP

3URJUDPPLQJ IRUPDW "ULWH WKH &DUWDVY FIR® & & RY BW® DIMYMAMH UGS R\

SODQH DV VKRZQ EHORZ

i

© /LQHDU D[LV GLVWDQFH LQ PP LQFK
& 'LVWDQFHRQ WKHD[LVRIURWDWLRQ LQPP L
/JLQHDU D[HV FDQ EH SURJUDPPHG LQ GLDPHWH
RQO\LQ UDGLXV

3UHSDUH SRODU FRRUGLQDWHYV LQ WR SRODY BNRAKRIZ@QDEMDO RQWH U

A 7 OHQIJWK RI WKHFXUUHQW WRRO WR WKF
LQ PP LQFK
_Command location & $QIXODU XQLW RI WKH FXUUHQW D[LV RI

8VH * WR LQGLFDWH WKDW WKH FXUUH
FRRUGLQDWHY DUH SRODU FRRUGLQDWH
FDQFHO ,I * LV QRW ZULWWHQ WKH Gl
SURJUDP LQ &DUWHVLDQ FRRUGLQDWHYV
* * LV YDOLG RQO\ LQ SRODU FRRU
LQWHUSRODWLRQ

8 Current location

%RWK OLQHDU DQG URWDU\D[HV DUH UDGLXRZSURJUDPPHG 7KLV LV Vk
" JHQJWK FRPSHQVDWLRQ 7KHUH LV QR GHHQRWR IFRP[EN QD QW WRIQHI R H
ELDV VKDOO EH FRPPDQGHG EHIRUH EHFRPLQJWK EIPIRGHDQQRBWVEH
FKDQJHG LQ WKH SRODU FRRUGLQDWH LQWHUSRODWLRQ PRGH

"7JRRO WLS UDGLXV FRPSHQVDWLRQ LQ WKHWRRO WLS GLUHFWLRQ

"ODFKLQH WRRO PRYHPHQW OLQHDU DQGUWRWDU\D[HV DUH SHUSHQG]



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

"$UF LQWHUSRODWLRQ LQ WKH LQWH U SROD®/ILRWQ RS ODKIHD UKH BB BD® ¢
IRUDUF LQWHUSRODWLRQ LQ WKH SRQB GABR QG VQGOQWMKH) W H YV S/RIDD W
D[LV LQ WKHLQWHUSRODWLRQ SODQH
$+ 8VH,DQG -LQ WKH ;S <S SODQH ZKHQ WKH OWYHDWDROH® IMKM ;: D[L\
$+8VH-DQG.LQ WKH <S =S SODQH ZKHQ WKH DW@ HFSDW D PLVH DKM < D[L
+ :KHQ WKH OLQHDU D[LV LV WKH = D[LV &Y D WK $DE DLOFIHD D3P VR BAHK XV, |
WKH =S :S SODQH ZLWK WKH 5 FRPPDQG
"¢ RPPDQGHG YHORFLW\ 7DQJHQW L D COYDHUIORRRFR WG ILQDMKHHVSODQH R1 SR
$V WKH WRRO PRYHV QHDU WKH FHQWH U \RF R\PKSHR @ R Q WS R H IVHK HWEK 1B [X. X
EHFRPHY ODUJHU DQG H[FHHGYV WKH PD[LP&PDFXW WK 8 J) MIHIEX b DLV HAVRKIF
SURJUDP VKDOO EH GHULYHG IURP WKH IROORZLQJHTXDWLRQ
/ "LVWDQFH EHWZHHQ WKH WRRO FHQW HU Q Q\GKW KHRRROUMNFSQ W FI EN G\U |
WKH ZRUNSLHFH FHQWHU PP
5 OD[LPXP FXWWLQJIHHG UDWH RI & D[LV GHJ PLQ
W FDQ EH FRQFOXGHG WKDW ) /151 PP PLQ
W LV WKHUHIRUH QRW UHFRPPHQGHG WR PLLFKIQQMW WRIRDKZR SIRIGHM F B
VRPH FDVHV D UDSLG FKDQJH LQ IHHG UD W HGIVQU HRT X K H G RWRDSU DY H\D
'R QRW VHOHFW WKH SRODU FRRU G L XBHIWHRIRDWNWUEREG /T L R Y M KRIF \§ R R
" ORWLRQ LQ SRODU FRRUGLQDWH LQWHUE&RODPR\Q R R OFDRIG ARRUREQ O M
LQWHUSRODWLRQ SODQH WKH WRRO FDQ VRO QRGO DQW OO RDQ 3 RN
FRRUGLQDWH LQWHUSRODWLRQ EXW L@&H FRW RLQISOLOL §RAW YOO 56 U
QRQ SRODU D[HV
"&RRUGLQDWH GLVSOD\ :KHQ * LV H{EBDXMWNGPDENRQKXWRRBKERBU G
DQG UHODWLYH FRRUGLQDWHY GLVSORO WKGIGDWWN O BRLVQ QR G LRIV
GLVSOD\HG DFFRUGLQJ WR WKH ULJKW UDRR R GRRFOUGH Q Q W H VU $ ROV KVH
ZKHUHDV DIWHU * LV HIHFXWHG RU UH WHRW LY LSASKO\DY MK HVKRHRFUFERD®
WKH FXUUHQW V\VWHP SODQH
1IRWHYV

* * EHORQJ WR JURXS FRGHV * YKDOO EHMH SODFHG RQ D
VHSDUDWH OLQH

7RRO FKDQJH LV QRW SRVVLEOH EHWZKBQJH DQGGRVLWIRRQA.OJ DIW|
FKDQJH PXVW EH GRQH EHIRUH *

3RODU FRRUGLQDWH LQWHUSRODWLRGGOB ®RR & E@VDH WSRO IWHICR IQQF
* VWDWH RUDQDODUP ZLOO EH JHQHUDWHG

"KHQ * LVLQVWUXFWHG WKH WRRMS RV WQWAUSRGR /DR G KRG W

7KH DQJOH 4 LQ WKH HOOLSVH DQG SDQDEHR @ DW.K WK H XF BVIL R Q\D LW K\
SODQH WKH DQJOH ZLWK WKH < D[LV LQ WEHWK WREQH [DQGQVWKHHD .
SODQH



8VHU ODQXDO IRU7 6HULHYV

&KDSWHU

(IDPSOH

*,&
*
*l&$
* - & 5
*,&
*,&
*,&
* . & 3

Al L L

% )

FDO EH UHS OBA

— LQGLFDWHVY WKDW WKH IR
SURJUDPPLQJ LV OHQJWK DQG [
SURJUDPPLQJ

-H& ZLWK & 5
* & 5
* PHDQV WKDW WKH DERY

- SURJUDPPLQJ PRGH LV FDQFHOHG D
IROORZLQJ LV WKH &DUWHVLDQ &F
SURJUDPPLQJ

&\OLQGULFDO LQWHUSRODWLRQ *

&RGH IXQFWLRQ 7KH PRYHPHQW RI WKH WRK\MDDAQLIROM DM . QNS H B QID
FRQYHUWHG LQWR WKH GLVWDQFH DO RQU WHKH OLR BN UWR[ ER RS @/H\N HR !
LQWHUSRODWLRQ RU DUF LQWHUSR O DWH B Q QWRH H B/RKOIWZILRVK LRMAR-PLS |
GLVWDQFHLVFRQYHUWHG LQWR WKH PRRHPIHRPL ®J WKH ¥ R WRIDVGHREQVIX]
RID F\AOLQGHU IRUF\OLQGULFDO LQWKUISEEDWZRQ DV VKRZQ LQ WKH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU
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&RGH)RUPDW * &F &\OLQGULFDO LQUWFHHWSRODWLRQ PRGH VWDUW
&F LV WKH F\OLQGULFDO UDGLXV YDOXH
5DGLXV YDOXHe+ &\OLQGULFDOLQWHUSRODWLRQ PRGH VWD
5DGLXV YDOXH &\OLQGULFDO LQWHUSRODWLRQ PRGH FDQF
7KH FRRUGLQDWH FRPPDQG IRU WKH LQWHUREWLBRO WK
LQWHUSRODWLRQ PRGH WR WKH FDQBBDQDWH RQVUIWHWPKH F\
* &[[[[ F\OLQGULFDO UDGLXV YDODGHGULFDO LQWHUSRRO
VWDUW

&RRUGLQDWH WERUVYWDXFWLRDQWIQHWHK DV Q
FRRUGLQDWH VA\VWHP

* & &\OLQGULFBPPAQIWHIURRR ODWLRQ FDQ
* LVDQRQ PRGDO FRGH
&\OLQGULFDO LQWHUSRODWLRQ FDGRHOODWLRQ PRGH DW
0 WKH URWDU\D[LV H[HFXWHV WKH SURJ UDPFWL RQ RQWE& H
URWDU\ D[LV LQ WKH F\OLQGULFDO LQWHUISRIDWMWGERQ F
DXWRPDWLFDOO\ DQG WKH YDOXH RI WRI© G ERJUDHPPWE U L (
WKDQ ZKHQ WKH LQWHUSRODWLRQ UBPQJH LV JUHDWHU W
&RRUGLQDWH YDOXHV FDQ EH DEVROXWH RULQFUHPHQWD(
7RRO WLS UDGLXV FRPSHQVDWLRQ * RO W\ SRB\LYIHFWH BQ G
FRQVLGHUHG WR EH JHUR
7KH IHHG UDWH ) LV WKH WDQJHQW L D OD\GSIH® B FR © LVDKRIUF \ O L
LQFK PLQ

&RGH OLPLWDWLRQV
JLQH* DUF* * WKHUDGLXV RI WKH DU F5FIDIQPRPQROY EH VSH
LQFK HOOLSVH * * DQG SDUDEROD RODWHGRQ EH L
F\OLQGULFDO LQWHUSRODWLRQ PRGH
* SRVLWLRQLQJRSHUDWLRQ LV QIRQWWIMYUISLRODEW HRIQQPER G HQ
%HIRUH HQWHULQJ WKH F\OLQGULFD®H @W BHRISRODNRRRQ |
UDGLXV FRPSHQVDWLRQ PRGH DQG VWDUWRDRG WKH. VK W
F\OLQGULFDO LQWHUSRODWLRQ PRGH
$X[LOLDU\ IXQFWLRQ 7 FDQQRW EH XWIHRQLRREBBLQGULFDO L
7KH &\OLQGULFDO LQWHUSRODWLR @ GHBI\G 8 DWHQPOMHR Q O\

IHHG

<RX FDQ QR ORQJHU XVH * WR VHW WKH HRWNSWHKFH FRR
&\OLQGULFDO LQWHUSRODWLRQ PRGH
&\OLQGULFDO LQWHUSRODWLRQ D OMREZR QX IWRDQSHE L QHRD
D[LV RI WKH FXUUHQW F\OLQGHU



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

30DQH VHOHFWLRQ %HIRUH VWDUWR®NKIQQ GULVFW O/ HQ W FHW SARRCHD S1Q
WKH LQWHUSRODWLRQ LV ORFDWHG 2@W\WUD/LIRWRLYQH ODLQHLDL B\®
LQWHUSRODWLRQ DQG WKH RWKHU D[ERZUG® ERQIEK ) Y W B DALK KW RW Q

ZKHQ XQIROGHG LQ F\OLQGULFDO LQWHAUSRODWLRQ VHH WKHILIXUH |
%DVLF FRRUGLQDWH VA\VWHP

* * *

N A =

> Z b §
- - -

'KHQ WKH URWDWLRQ D[LV LQ F\OLQGKH E DPLIVQRWHW B R SDW DR@ HD DHIWN
- D[LV

=

G117
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'KHQ WKH URWDWLRQ D[LV LQ F\OLQG W R DJ LL\QRH D SSOQDVD IORH@D LD/ MH R
< D[LV

z
A '

X : e C

'KHQ WKH URWDWLRQ D[LV LQ F\OLQG UL EDIJ LL\Q R/W D SSROOLDVOLORHD LIV[ VA ¥
= D[LV

ol G18 G19

Y
=

5SHODWHG 3DUDPHWHUYV

2Q0\RQH URWDU\ D[LV FDQ EH VSHFLILHREQIRAKA\ORYWGWUL M) DVLERDNHE
HLWKHU WKH EDVLF D[LV RUD SDUDOOB® WV IRM RIMKMKWMKEDML B G GLW ZR €

FDQ EH VHW ZLWK SDUDPHWHU 12 < 8 H SURSHEWLHVQRE WKH D[HV
VHW ZLWK GDWD SDUDPHWHU 12 VHH WDEOH EHORZ
6HW YDOXH OHDQLQJ

IHLWKHU WKH EDVLF WKUHH D[H




8VHU ODQXDO IRU7 6HULHYV &KDSWHU

; D[LV RI WKH EDVLF WKUH

< D[LVRIWKHEDVLF WKUH

= D[LVLQ WKHEDVLF WKU

SDUDOOHO D[LV RI WKH ;

SDUDOOHO D[LV RI WKH <

3DUDOOHO D[LV RI = D|

(I[IDPSOH RI XVH

6HW SDUDPHWHU 12 WR VHOHFW FWXH*G US.® D Q H. QWHIMUS R B R WH
D[LVIRU F\AOLQGULFDO LQWHUSRODW[ULR/QQOW R HE R IWNKKIH WNKKDD LIVV WHRWE W
SDUDPHWHU 12 DQG VHW WKH DWWULESBMHDRIOW OHD WYX R[MWKWR B
GDWD SDUDPHWHU 12 7KH UDGLXV Rl WIQHE FV&EKHOWH D MNVFW R UR R |
F\OLQGULFDO H[SDQVLRQ LV VKRZQLQ ViVKH ILIJIXUH EHORZ
Cfdag)

&\OLQGULFDO LQWHUSRODWLRQT* DSSOLFDWLRQ H[DPSOH

[ — =1

|

[
.= & Y

[

* ; — )
* & ™
* * -
1 &

L]
1 * = & 5
L

v
1 * = & 5
1+ &

5.
1 * = & 5
1+ = &
1 * = & 5
1+ &
. .= -
&

o

$XWRPDWLF WRRO FRPSHQV

* 3B7RRO 21IVHW 1R 8B :B
30DQH VHOHFWLRQ FRGHV * WR *

&RGH IRUPDW



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

* ;< SODQH
* =, SODQH
* <= SODQH

&RGH IXQFWLRQ * FRGH WR VHOHFW WK K SWKHQSHORIQMHUR | LMPRVRHQ B R C
FRPSHQVDWLRQ
&RGH GHVFULSWLRQ * * * DUH PRGDO ¥ RRGOM ¥ K@ HHSIOD O K H5
VHIPHQW ZLWKRXW LQVWUXFWLRQ
1RWH
" :KHQ VHOHFWLQJWKH* DQG* SODQHVHWHKNEDVVRD[LV < PXV
"& 7KH SODQH VZLWFKLQJ FDQQRW EH SHUIRUPHG LQ WKH WRROL
"+ WR* * * * FDQRQO\EHXVHGLQ WKH?* SODQH
"30DQH 6HOHFWLRQ &RGHV FDQ EH FR VHJPREHWHG ZLWK RWKHU
"ORYH FRPPDQGVY DUHLQGHSHQGHQW RI SODQH VHOHFWLRQ
" +DQGOLQJ Rl GLDPHWHU RU UDGLXV SURJBRPPIMUDBHWHUWK |
1 WR VHOHFW ZKHWKHU WR SURJUDP WK H \GRQP®N W B O LRUIB D
WKH ; D[LV WKH = D[LV DQG < D[LV FDQ RQO\EHXSWRKHDPPPHG
XVLQJ FRPPDQGV VXFK DV * * HWF DQG WWKHG;ZD WK MX® EH
SDUDPHWHU
"7KH WRRO WLS GLUHFWLRQ Rl & WRRO FRPGBQNDWV RQ LQ WKH*

6TXDUH FXWWLQJ *

* 3B 1XPEHU RI WRRO QHJDWLYH QXPEHU LV THDYHRUWHBB4B 1XF
6\QFKURQRXV SKDVH GLIIHUHQFH
* (QG RIVTXDUH FXWWLQJ

&KDPIHULQJIXQFWLRQ

7KH FKDPIHULQJ IXQFWLRQ LV WR LQV HWQWDZRWRDWRWIVL YR RKD W
WRRO FDQ VPRRWKO\ WUDQVLWLRQ |URPVRQHRFRDPRIXULW R IXQRWK R
VWUDLJKW OLQH DQG DUF

6WUDLJKW FKDPIHULQJ

,QVHUW D VWUDLJKW OLQH EHWZHHQ VWWRXIKW RB W R XH WY QEVHW\Z B
FROQOWRXUV DQG DUF FRQWRXUV 7KH FRGH DHJGIUM N V7 KRIUOHWR U IVIKJ R WWCK
FKDPIHUHG VWUDLJKW OLQH LY VSHFLILHBFE\WRPRQG WKH YW®&MH DD bt
VSHFLILHG E\/H[FHHGV WKHUDQJH WKHIJKFMRGHQN EBKQR UIHGP XK W \EWM XI
LQ WKH * * RU* FRGHVHJPHQW
$ 6WUDLIJKW OLQH WR VWUDLJKW OLQH
&RGH IRUPDW * ; 8B = :B/B

* ;8B =:B
&RGH IXQFWLRQ ,QVHUW D VWUDLJKW OURQW WH HRHH DAWIHQNVE R ONDKNHL R/
VHIPHQWYV



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

Inserted straight line segment

Running trajectory

Angle bisector without chamfering function

% 6WUDLJKW OLQHV WR DUFV
&RGH IRUPDW * ; 8B = :B/B
* * . 8B=:B5B
RU
* ,8B=:B/B
* * - 8B=:B,B.B
&RGH IXQFWLRQ ,QVHUW D VWUDLJKW Ol @HQ R HQVE BHW 2AHHOHW B R
FRGHV

Arc tangent

Angle bisector

& $UFWR DUF
&RGHIRUPDW * * ;. 8B = :B 5B /B
* * ;SB

:B 5B

RU

* * ,8B=:B ,B .B/B
* * , 8B =:B ,B .B

&RGH IXQFWLRQ ,QVHUW D VWUDLJKW OWGIH YROPMQWEHRRGEHWQ WZR D



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

" $UFVWR VWUDLJKW OLQHV
&RGH IRUPDW * * 8B =:B5B/B
* . 8B =:B
RU
* * - 8B=:B,B.B/B
* ;8B =:B
&RGH IXQFWLRQ ,QVHUWY D VWUDLJKW OQ®@ N WHDRB KW &HWWEZ HEG QY MK
FRGHV

Arc tangent

Angle bisector

$UF FKDPIHULQJ

$UF FKDPIHU ,QVHUW DQ DUF EHWZHHQ VWULF B R QY VOR X bIVF FEGIWR X bl
VWUDLJKW OLQH FRQWRXUV DQG DUF FR QW/IRRXQ E HIMZG R Q MBI ' D B DH)Q
FRQWRXU OLQH 7KH FRGH DGGUHVV IRU FKWKIH FIK@P LHWU'L 7K B UMD G\
VSHFLILHG E\' DQG WKH YDOXH UDQJH LV SMMRLILHRPEL! MKR XD @ K W K
UDQJH WKH'FRGH ZLOO EH LIQRUHG ,1 WWHRY BVBOHHUDSHIFHL | WHKE E E RIGWH
LJQRUHG 7KH DUF FKDPIHU PXVW EH XVHG LIWKHQ'W * RU* FRGH YV
$ 6WUDLJKW OLQH WR VWUDLJKW OLQH
&RGH IRUPDW * ; 8B = :B'B

’

* . 8B =:B



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

&RGH IXQFWLRQ ,QVHUW DQ DUF LQWRQNZRJPWQ W/IVJ KWK B LLGCH/ HQW H C
VHIPHQW LV WDQJHQW WR WKH WZR VWX LYKWE BE QIHW GDENG WKH UDGL:

" Cut point

Cut point

% 6WUDLJKW OLQHV WRDUFV
&RGH IRUPDW * ; 8B = :B'B
* * . 8B=:B5B
RU
* , 8B =:B'B
* * . 8B=:B,B.B
&RGH IXQFWLRQ ,QVHUW D VHIPHQW RIQHNP Q& DMX B LK) VWHWGCYW KW LRY H
DUF VHIPHQW LV WDQJHQW WR ERWK WKHXHLIQOWHVCEHGEWKH®BYFY' 7KH UDG

\ =

Cut point

/‘aéut_p;i;!
& $UFWR DUF
&RGH IRUPDW * * : 8B=:B5B'B

* * ;8B =:B5B
RU

* * ;8B=:B5B'B
* * ,8B=:B,B.B
RU

* * ,8B=:B,B.B'B
* * ;,8B=:B,B.B

RU
* * ;,8B=:B,B.B'B
* * ., 8B=:B5B

&RGH IXQFWLRQ ,QVHUW DQ DUF VHIJPHQW & BWE N HQPWDRVDLUFW DY K H Q



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

ERWKDUFV DQG WKH UDGLXV YDOXH LV VSHFLILHG E\"

Cut point

R

$UFVWR VWUDLJKW OLQHV
&RGH IRUPDW * * . 8B =:B5B'B
* ;8B =:B
RU
* * . 8B=:B,B.B'B
* ., 8B =:B
&RGH IXQFWLRQ ,QVHUW D VHIJPHQW RI DQB VW WXH K @/ VOH @QWHH FWKIHRLQQ
VHIPHQW LV WDQJHQW WR ERWK DUF DQ GUDMGU XNVIKWWEHEH | IDHRGGENVKH Y

Cut point

6SHFLDO FLUFXPVWDQFHYV

7KH FKDPIHULQJ IXQFWLRQ LV LQYDOLCRRW R ?DYP FRBEEKHQLRQ VYV LQ Wi
JRUVWUDLJKW FKDPIHULQJ

$ 7KH FKDPIHU IXQFWLRQ LV LQYDOLGVAKIHG /TR DY W RQSR IO WHIRHOQIQ

,/?’"a

% &KDPIHUHG VWUDLJKW OLQH OHQJWK LY WARRWRQJ DQG &1& JHQHUD
$V VKRZQ LQ WKH ILJXUH EHORZ O LV W KHKFXHD@JWEKH G @ WILMDW KKMNKILQ
RI WKH WULDQJOH IRUPHG E\ FRQQHFWIOQDWY ZL\WWK BHRR O/BW H ® @ &/ 8
JHQHUDWHY DQ DODUP ZKHQ / LV ODUJHU WKDQ /



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

& $0LQH DUF LV WRR VKRUW FDOO WKH SROLFH

$VVKRZQ LQ WKH ILIJXUH EHORZ WKH OH @QJWLKQRH MVK/H FKKHD R WHKUHHWG H/QAVAU IR
FDOFXODWHG FKDPIHUHG VWUDLJKW OMWMHLUX W RPW R WW H Y RW MKIRID
WKHLQWHUSRODWHG VWUDLJKW OLQH &1& *HQHUDWHDQ DODUP

"KHQ FKDPIHULQJ DQ DUF
$ KHQ WZR LQWHUSRODWHG OLQH VHJPHQYFDRKD R IH W KXQFMALHR Q LL

LQYDOLG

% &KDPIHU UDGLXV LV WRR ODUJHDQG &1& JHQHUDWHYV DQ DODUP

$V VKRZQ LQ WKH ILJXUH EHORZ WKH UD G LXKHRP MK R ¥K D P IGILX\QR IDAVKF
DUF WDQJHQW WR WKH WZR VWUDLJKW OLUQWMKDY 5SFBEH R Q& FHPOH UD WP
DQ DODUP

& :KHQ D VWUDLJKW OLQHLV WDQJHQW W R/ /@ D UJFKRW MLADBIU W KW\ D B Fh
IXQFWLRQ LV LQYDOLG

—>

7KHDUF FKDPIHU IXQFWLRQ LV LQYDOLWMWKAKBEQFNKH DUF LV WDQJHQW



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

+RZHYHU WKH DUF FKDPIHU IXQFWLRQ LV WD BB WQ WHOZRNHHOWKKHI RO G
ILIXUH

IID

6XVSHQVLRQ FRGH *

&RGH IRUPDW * 3B RU
* ;B RU
* 8B RU
]
&RGH IXQFWLRQ (DFK D[LV PRWLRQ VWRBV QW KRKRG AKDRGIH QG DWy
DQG VWDWH DQG WKH QH[W VHIPHQW LMWH[PIRXWHG DIWHU D JLYHQ GH
&RGH GHVFULSWLRQ * LVDQRQ PRGDO * FRGH
* 7KH GHOD\WLPHLV VSHFLILHG E\ WKH FRGH ZRUG 3B

7KH 3 YDOXH UDQJHV IURP WR XQLW PV
7KH : DQG 8 FRGH UDQJH LV WR TPLQLPXP LQSXV
XQLW V

1IRWHYV
":KHQ 3 ; DQG 8 DUH QRW HQWHUHG LW LQWEZHABW WV DRHMAFX UDWH VW
"3 ;DQG 8 FDQQRW EH LQ WKH VDPH SURJUDP VHIJPHQW

OHFKDQLFDO JHUR SRLQW PDFKLQH WRRO JHUR SF

J)LUVW UHIHUHQFH SRLQW RI WKH PDFKLQH WRRO *

&RGHIRUPDW * ; 8B =:B
&RGH IXQFWLRQ 6WDUWLQJ IURP WKHIDW YU HB LSRR QWK HW.\QRWHHUORA
SRVLWLRQ VSHFLILHGE\; 8 = :DQG WK HQVMRRRWXUHQRGIRWWKH PDFKLC
&RGH GHVFULSWLRQ * LVDQRQ PRGDO *FRGH
7 = $EVROXWH FRRUGLQDWHY RI WKH PLGSRLQW SRVLW
8 : '"LIIHUHQFH EHWZHHQ WKH DEVROXWHH; D[LV FRF
PLGSRLQW SRVLWLRQ DQG WKHVWDUW SRVLWLRQ
2QH RUDOO RI WKH FRGHDGGUHVVHV ; 8 ZQ EQQ EH RPL
WKH WDEOH EHORZ



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

7DEOH
,QVWUXFWLRQV )XQFWLRQ

. . g " D[LV UHWXUQV WR PDFKL(

: DQG < D[LVUHPDLQ LQ WKH

. = D[LVUHWXUQV WR PDFKL

- DQG < D[LVUHPDLQ LQ WKH

. SHPDLQ LQ SRVLWLRQ DQG

QH[W SURJUDP VHJIPF

. . g= 6LPXOWDQHRXV UHWXUQ RI

’ JHUR SRLQW RI WKH PDF

&RGH DFWLRQ SURFHVV )LJXUH
4XLFNO\PRYHV IURP WKH FXUUHQW SRRIQNVBERQQVRIN ISR PQ&IR L Q \
4XLFNO\ ORFDWH IURP WKH FHQWHU SR DOWMZON S RVIKFWBEH IHUHQFH S
.l WKH PDFKLQH WRRO LV QRW ORFNHG ZWHKE& WHHRUFHANOULD WDRD WV

UHIHUHQFH SRLQW LV FRPSOHWH

vy N

L*

Starting point &

Middle point

¥ B (X, Z)

Mechanical zero point
Figure 3-12 R

1RWH ODQXDO]JHURLQJRIWKHPDFKLQURLRR® !V WREH P-PHRRY S RUWKH PDFKLQF
DQG WKH GHFHOHUDWLRQ VLJQDO D QHFWHGW IVKKIW IVRHQDO PXVW EH GHW

1IRWH 'XULQJWKH SURFHVV IURP SRLQW $.:.Q3/R B QWK% MZ® DRHQ \W YH: BRYLQJ DW W
LQGHSHQGHQW IDVW VSHHGV VR WKW{DULODMWEWRUKLWWDQHWQRW QHFH

1RWH $IWHU WKH* FRGH LV H[HFXWH QW R IUMKH PRQFKRQHKW RIRORERH V\VWHP F
WRRO OHQJWK FRPSHQVDWLRQ

1RWH ,1 WKH PDFKLQH WRRO LV QRW HWXIHS'S HERZG.M B @G| WHRVXDIQMER PDFKLQH W
PXVW QRW EH SHUIRUPHG

SHIHUHQFH SRLQWYV DQG RIWKHPDFKLQH WRRO *

7KH PDFKLQH WRRO JHUR SRLQW LV D IL[HG ISWHQW LRXH & IEN WRAKHQ
VZLWFK RU]JHUR UHWXUQ VZLWFK LQVW DRRWUHG & Q WWH\H FPI DF K H @ MKRLRYG
UHIHUHQFH SRLQW DUH WKH YDOXHV VHW LQ SDUDPHWHU 1

7 VHULHV LV HTXLSSHG ZLWK WKH IXQFW L RQUHRIFW KSR L@QGV V (RG W&
PDFKLQH WRRO DQG WKH PDFKLQH WRRO FRRRUGWQD VOV RIGVIK®IG DK



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

UHIHUHQFH SRLQWV RI WKH PDFKLQH WRRO F'\DQ EH WRW ZLWK WKH
UHVSHFWLYHO\
7KH UHODWLRQVKLS EHWZHHQ PDFKLQH \WWRR G RHLQRV FDFX PQH KALROR
WRRO UHIHUHQFH SRLQWV DQG LQ WKWHRPRENLNKREREBGRRUGLQD
Y
A

Reference point 2
<&
Reference point 3
Reference point
o

Reference point 4 |

&
G =

Machine zero paint

&RGHIRUPD
* 3 ;8B =:B
* 3 ;8B =:B
* 3 ;8B =:B
&RGH IXQFWLRQ 6WDUWLQJ IURP WKH RWPRWHY DSARD QW SWE NVR DF|
VSHHG WR WKHLQWHUPHGLDWH SRVLWILRBBQBHRWXANURE BAR W KH P DRIGE C
QG UG DQG WK UHIHUHQFH SRLQWV &RQQHZKFHRUBINW 3U @ DQJEWRRW
PDFKLQH WRRO V QG UHIHUHQFH SRLQW
&RGH GHVFULSWLRQ * LVDQRQ PRGDO *FRGH
; DEVROXWH  FRRUGLQDWH RI WKH ; D[LV RI WKH PLGSRL
8 UHODWLYH FRRUGLQDWH RI WKH ; D[LV RI WKH PLGSRL
= DEVROXWHFRRUGLQDWH RI WKH = D[LV RIWKHPLGSR
UHODWLYH FRRUGLQDWH RI WKH = D[LV RI WKH PLGSRL

&RGH$GGUHVVHV ; 8 = :2QHRUDOO PD\ EWRRMWWDEB®GE EMGRIVDLOHG L
,QVWUXFWLRQ )XQFWLRQ
+ 30 8B : D[LV UHWXUQV WR WKH QWK U
’ PDFKLQH WRRO = D[LV VWD\V L(
© 30=:8B = D[LV UHWXUQV WR WKH QWK U

PDFKLQH WRRO ; D[LV VWD\V LQ
%RWK D[HV UHPDLQ LQ WKHLU R
FRQWLQXH WR H[HFXWH WKH QF
DQG = D[LV VLPXOWDQHRXVO
UHIHUHQFH SRLQW RI WKH F

*

* 3Q: 8B = :B !

1RWH QLQWKHWDEOH WDNHV WKH YDOXH RU
1RWH WLV QRW QHFHVVDU\ WR GHWR FW MDD G IEKHUQ B U MWK IHRQHMQG THWR WKH P
QG UG DQG WK UHIHUHQFH SRLQWYV
7KH FRGH HIHFXWLRQ DFWLRQ SURFHVYV DWQGKRZOQXNVWW R W H.G XU 4 HEIHH
SRLQW RIWKHUHWXUQ PDFKLQH WRRO

AXLFNO\ ORFDWHV IURP WKH FXUUHQW\8RRQWSRIQQWRSW B R LPQ\8 IR LR]
VSHFLILHG D[LV

3RVLWLRQ IURP WKH PLGSRLQW DW WKH WRHW&H MWFIR@ SDUHIAKHW®



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

SRLQW SRLQW % : SRLQW5 VHWLQ SDUDPHWHU 1
.l WKH PDFKLQH WRRO LV QRW ORF N HGXNQG! & KW KUIHH¥H. WH QG IRV E
WKH UHIHUHQFH SRLQW SRVLWLRQ UHWXUQ HQG VLJQDO =3 DUH KLJK

v

Starting point A

A\
X

Middle point
B (X, Z)

Machine tool reference point R2

1RWH 7KHUHWXUQWRPDFKLQH WRR QO X®FWLRQAH DRYADIVWDD E O HDRXEBO\ DIWHU PD Q>
WR WKH PDFKLQH WRRO UHIHUHQFH SR IHWX R Q SHRUWKWPRIDAIKL © HARREARIOUUH IHUH Q F 1
1RWH 'XULQJ WKH SURFHVV IURP SRLQW $ LORLE WWKE QB FLEW PR:YSHRDW WKHL
LQGHSHQGHQW VSHHGY VR WKHLU W.ADD MWEWR UKW\ORQHWRW QHFHVVDU

1RWH $IWHU WKH* FRGHLV H[HFXWHG/WRQ@ NWXEFQ QR WKH PG DGR XUWK UH I+
WKH V\VWHP FDQFHOV WKH WRRO OHQJWK FRPSHQVDWLRQ

1RWH ,I WKH PDFKLQH WRRO LV QRW HWXIHS'S HEBRZAN K HDW K U@ WRLMIFKKLQH WRRO
SRLQWV DQG PXVW QRW EH SHUIRUPHG

1RWH B5HWXUQLQJWRPDFKLQH WRRO GRHNUIRW M ISWVOKWHVZ R UNSAGHFH FRRUGLQD

-XPSLOQWHUSRODWLRQ *

&RGH IRUPDW * ; 8B = :B)B
&RGH IXQFWLRQ ,IDQ H{WHUQDO MXPS VY MWIQH B[H F X W VRH@® RIBVKILG/ G
WKH H[HFXWLRQ RI WKH FRGH LV LQWHUUXS8WE® DQ Gl \MK XWHIGW 7KW K
IXQFWLRQ FDQ EH XVHG IRU G\QDPLF PHDVQVUHPHD VW RI RRUD S UK DI I6C
PDFKLQH WRRO WRRO VHWWLQJPHDVXUHPHQW HWF
&RGH GHVFULSWLRQ 1RQ PRGDO * FRGHV *URXS
6DPH DGGUHVV IRUPDW DV * FRGHDQG VLPLODU XVH
7RRO WLS UDGLXV FRPSHQVDWLRQ PXVW ERGBQFHOHG |
,Q RUGHU WR HQVXUH WKH DFFXUDF\ RI WHG WKWDFROSDOS RV L V
QRW EH VHW WRR ODUJH

D 7TKHOLQH RI WKH VXEVHTXHQW VHIPHQW ZKHQ WKH MXPS RFFXUV
7KHQH[W VHIPHQWRI* LVLQFUHPHQWD®HRRUWXIUHDWH SURJUDPPI



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

G31 W100.0 F100;
Us0.0;

L]
Jump signal input here ) 0

L )

Actual motion

Mation without jump signal

YLIXUH

7KH QH[W VHIPHQW RI * LV WKH DEVROXWRII RRRUDBG[LLYD WH HS JLR XWMHP

G31 Z200.00 F100;

X100.0; X100.0 ‘
L]
1]
.
Jump signal input here :
.
1]
.

L --ab Z2000

= Actual motion
..... Motion without jump signal

YLIXUH

7TKHQH[W VHIPHQW RI* LV WKH DEVROKXWHRFRRUGL Q/HWHISIURJUDPP
3URJUDP * = )

Jump signal input here

Actual motion

Motion without jump signal

YLIXUH

E 6LJQDOV UHODWHG WR* MXPS FRGHV

-XPSVLJQDOV

6.,3 *

7\SH ,QSXW VLJQDO

YXQFWLRQ 7KH* VLJQDO HQGV WKH MXP\BHIPW QAVK B WQW DIL@ DGR J UN

DEVROXWH FRRUGLQDWH SRVLWLRQ DW ZK LIPK WWKRIUM GPLSQVD. XYHQ PHDR

YDULDEOH WR FRUUHVSRQGV WR : FWEY HOKQ DD RW W KUHHR/FS\N

FRGH RI WKH SURJUDP VHIJPHQW LV WHUPLQDWHG DW WKH VDPH WLPH
2SHUDWLRQ :KHQ WKH MXPS VLJQDO FKD QMINWGRH V F WKEH & 1RHSOURRZF



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

KLOH WKH VHIJPHQW LV HIHFXWLQJ WKH MXPBKHRBEXUUH QWD BRYR ¥X
FRRUGLQDWH SRVLWLRQV RI WKH D[HV W RHK&1& VARIEHHVDW KHVR\RDYLHVR ¥ @
HIHFXWLRQ RI WKH QH[W VHIPHQW D Q GAWR\NHD WXIPRSI WK B /O GPHAVQIF VWD
ULVLQIJHGJH 7KHUHIRUH LIWKH MXP&SWKDRDWAIKWH MXPS ERGRQWILEK WK
PHW LPPHGLDWHO\
1RWH 7RHQVXUH VWRS SRVLWLRQ DFFKDOG®G\EW RN HRZGDWDSRY RLE O M

*

JLUVW XVH ZDLWLQJIRU H[WHUQDO ;
6HFRQG XVH * ,B.B
, 3BRUW QXPEHURILQSXW SRUW VLJQHG QXPEWURWWEBW ISR UM DQ Y CPOH
WKDQ PHDQV ZDLW IRUWKH SRUWLVLQYDOLG

$IWHU WKH WUDFN LV ILQLVKHG DQ® P RW RHHIEH GV BE® HFWMHR DODQ
QHHGHG GRQ WDGG .

JORDWLQJ ZRUNSLHFH FRRUGLQDWH VA\VWHP VHW

&RGH IRUPDW * ; 8B = :B
&RGH IXQFWLRQ 6HW WKH DEVROXWH FIRRRQJ GLE® WNHWRD BAKLHY R YDUIDHRQ
ZRUNSLHFH FRRUGLQDWH VA\VWHP LQ WK KXWHNVRMRRUB\L QDWW LRI MWK KHF X
SRVLWLRQ $IWHU H[HFXWLQJ WKLV FR@WM S\ KHW LR\Y HP/ XWKIH WK R BRIU
SURJUDP DQG UHWXUQV WR WKLV SRVLW LR QWZAKH [H WK IS RLSHW RW MRQ
SURJUDP LV H[HFXWHG $IWHU WKH IORDWMHP ZIRW NS MWFEHO ERRH G L §
DEVROXWH FRRUGLQDWH SURJUDP P L Q JRILGLQN VWIRRWR K G\ € R R/ GYLIDIDXWHA
XQWLO * LV H[HFXWHG DJDLQ WR HVWDBOWHKW\OMERZRUNSLHFH FRRU
&RGH GHVFULSWLRQ * LVDQRQ PRGDO *FRGH
© WKH QHZ DEVROXWH ; D[LV FRRUGLQDWH RI WKH FXUU|
8 WKH GLIIHUHQFH EHWZHHQ WKH QHZ DEWRGIXWH ; D
FXUUHQW SRVLWLRQ DQG WKH DEVROXWH FRBHGLQDWH
= WKH QHZ DEVROXWH = D[LV FRRUGLQDWH RI WKH FXUL
'"LITHUHQFH EHWZHHQ WKH QHZ = D[LV DEXRODKGM FRRL
SRVLWLRQ DQG WKH DEVROXWH FRRUGIHQDWH EHIRUH H|
'KHQ ; 8 DQG = : DUH QRW HQWHUHG LQ WKH * QB RGIHY DAOKXH-H LW QR \
FKDQJHG DQG WKH FXUUHQW SRLQW FRRUGPJHBHWR FRIOXWM LW K/H BUIRV U
JHUR SRLQW LV QRW VHW ZKHQ * 6;;;;

ZT Z

b 250

& 100

. 50 G - 150 v
v X h (250, 50) Program zero point
(100, 150)

%HIRUH VHWWLQJ WKH FRRUGLQDWH V\VAVHRRALGLKY*D W HH WHRWHWPHM W K (

JLIXUH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

$VVKRZQLQ)LIXUH DIWHU HITHFXWLQJ WKH FRD BR/BINBHIQFRH *
FRRUGLQDWH VA\VWHP ZDV HVWDEOLVKHEB®BV; VKRZQ §RLMDRKAHZAD ¥YXNUHHW D (
DVWKH SURJUDP JHUR SRLQW

OLUURULQJ * *

* , = 6HW SURJUDPPDEOH PLUURU ([DPSOH WKH SRWKWLRQ DW
PLUURUD[LV VWDUW PLUURU

* , =&DQFHO SURJUDPPDEOH PLUURU ([DPSOH * ,  (QGPLUU

IRFDO FRRUGLQDWH VA\VWHP *

KHQ SURJUDPPLQJ LQ WKH ZRUNSLHFH FRR WGH @DWXHE ZRWW B P H FRIX
FRRUGLQDWH VA\VWHP LQ WKH ZRUNSLHF@ IFHRQRRG I6XEF W B VYWBVHRRIRGLEX
VI\VWHP LV FDOOHG DORFDO FRRUGLQDWH VA\VWHP

&RGH IRUPDW * ;8 B=:B

7KH * LQVWUXFWLRQ LV XVHG WR VHW W®H OB FARQ R RFARUIRAILE] M) M
VAIVWHPV *  WR * 7KH RULJLQ RI HDFK ORHBRPHR/RW & HQIRWH WLRW
GHVLIQDWHGE\; 8 B=: BLQWKHUHVSHFWIZXH FRUVARBRGGCAQWH X/)\\
WKH ZRUNSLHFH FRRUGLQDWH VA\VWHP LV VKRZQ EHORZ

A X

Local coordinate system

g 7 X'
G54 workpiece coordinate system
G55
s G56
» .

Local coordinate system
G57

i

G59 workpiece coordinate system

Y

Origin of coordinate system

* FRGHV DUH JURXS *FRGHV DQG DUH QRQ PREBRK FR&E UG1L GBIWHL
SRVLWLRQ RI WKH RULJLQ RI WKH ORFDOPRFRERUGLW BHWHVWNMRK HD RV
ZRUNSLHFH 7KHH[HFXWLRQ UHVXOW LV RUWMDPWEKHGRENRY X\8H HL

I1RWHYV
"7TKH VHWWLQJ RI WKH ORFDO FRRUGLQ MHWH UNSALHF K RRR WERNVD B KMHO
RUWKHPDFKLQH WRRO FRRUGLQDWH V\VWHP
":KHQ* LVH[HFXWHG WKHWRRO WLS UBRURV FEPSH@QMDOMH®RQ LV WH
"$IWHU* LV VSHFLILHG WKH ORFDO FPRPRUGLQDWHWKW IODMHUMWMAPDLQV X
LVVSHFLILHG DQG QR PRYHPHQW LV JH @MU IROQH XISHF WKHG LQVwWU
"7TR FDQFHO WKH ORFDO FRRUGLQDWH V\WHHPR PDO® F R\RKHG THIRVIHR Y Q/
FRLQFLGH ZLWK WKH JHUR SRLQW RI WKH ERHUNBRPFBQ®RU G LQ IRWH V\
* 8
" :KHQ WKH ZRUNSLHFH FRRUGLQDWH V\VWHW ILRFVQ/ W WK ALO\WFWER HFRR UL G
VA\VWHP LV FDQFHOHG IRU DOO ZRUN S LHF$SHFFR.RIUHEG. Q PAWH M \W WHH P R IRU @
YDOXHYV RI DOO D[HV DUH QRW VSHFLILH®VVRKHD [HR/FDIONKRRQGE QPIWIH
FRRUGLQDWH YDOXHVY DUH QRW FDQFHOHG



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

"5HVHW PHFKDQLFDO UHWXUQ WR |JHUR DQG-RRHN\GK D WHR WL @HPODW
HQG RI SURJUDP HIHFXWLRQ FDQ EH VHW E\ WKH SDUDPHWHU

A
([DPSOH X
1 * R A G54 G55
, 300 |— X 0 100
i * * = Z 0 100
1 * . = 250 |—
1 * ; = 200 |— >
N7 Local coordinate system generated by G52
1 * — N2
- ) | ey
1 ; 5
100 |— - >
1 * . = N8 G55 workpiece coordinate system
1 % - = 50 |— :
¢ § r 4 % 1 ‘
10 50 100 150 200 250 300 350 z

,Q WKH1 VHIPHQW WKH ORFDO FRRUGD®BRHGLY WWR MWMKHWW X RO INVGK.|
FRRUGLQDWH VA\VWHP DQG FDQFHOHG LQ WKH 1 VHIJPHQW

'RUNSLHFH FRRUGLQDWH VA\VWHP * WR *

&RGH IRUPDW * WR *
&RGH IXQFWLRQ 6SHFLILHV WKH FXUUHQW VZHROMFWR/RW®& HQDRWN \
FRRUGLQDWH VA\VWHP E\ VSHFLI\LQJ WKHGR UK WRRUSULRIUVDH VI\VWHP *
&RGH GHVFULSWLRQ 1R FRPPDQG SDUDPHWHU
7KH VI\VWHP LWVHOI FDQ EH VHW XS VLHPRENSLHFH FF
FRPPDQG* a* FDQFKRRVHDQ\RQHRIWKHFRRUGLQDWHYV
"RUNSLHFH FRRUGLQDWH V\VWHP
"RUNSLHFH FRRUGLQDWH V\VWHP
"RUNSLHFH FRRUGLQDWH V\VWHP
"RUNSLHFH FRRUGLQDWH V\VWHP
"RUNSLHFH FRRUGLQDWH V\VWHP
"RUNSLHFH FRRUGLQDWH V\VWHP
KHQ D GLIITIHUHQW ZRUNSLHFH FRRUGLQDWH V\VWH]|
SURJUDP VHJPHQW WKH D[HV PRYHG E\ WKHG RRPW Q6 ZR B OCAEH) BRML B/F
XQGHU WKH QHZ ZRUNSLHFH FRRUGLQDWH\WYXWHRPRE® ZHWQRWVXKPRY
WKH FRUUHVSRQGLQJ FRRUGLQDWH YDOXMHGXQOBWH WIKMBRAZEZRUR I M
FKDQJHLQ WKH DFWXDO PDFKLQH WRRO SRVLWLRQ
(IDPSOH 7KH RULJLQ RI WKH FRRUGLQDWH VRVWHKH RDFKLERUWRRNGOF
FRRUGLQDWHYV
7KH RULJLQ RI WKH FRRUGLQDWH V\VWHP Rl *LQHRWRRUSRQG
FRRUGLQDWHYV
KHQ WKH SURJUDP LV HIHFXWHG VHTXHQWWMHI | WKH B ERBGRIRAW M CRF
PDFKLQH WRRO FRRUGLQDWHYV DUH GLVSOD\HG DVIROORZYV

BURJUDP| $SEVROXWH FF ODFKLQH WRRO H

L R R
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YLIXUH

$V VKRZQ LQ WKH ILJXUH DERYH WKH PDFRXEQHRANWR WKW PHEKDQOKI
JHUR SRLQW DIWHU WKH PDFKLQH WRRO DW WRRGF KRR RL MONGHWK M VP
HVWDEOLVKHG IURP WKH PHFKDQLFDO [HPR SRL@QMWWWRRRXWIHHBUHOQ WH. (
DQG GHWHUPLQLQJ WKH ZRUNSLHFH FRRUBUQB WHHFWY\ RW HIPL 7 R HI VA W/ H
SDUDPHWHU 1 FRUUHVSRQGYV WR WKH RY.HUEFEBCOKR RUG HQDRIHMNK\NY W H
7KH RULJLQ RI WKH VL[ ZRUNSLHFH FRR U GLH®D BAHHOQ\WWUH PQ JFPROREIIKE VG
RITVHWY LQ WKH HQWU\ PRGH RU E\ VHWWL Q4 KSIFKDIPHMNWWEHDWHIG R QV\R KLF
GLVWDQFH IURP WKHPDFKLQH WRRO |JHURISRE MW R WKRIRH G RGBIRW B W
([DPSOH 1 * * * =

1 = ; =

,Q WKH DERYH HI[DPSOH WKH 1 SURJUDP VHIRWIOWMLRQYDQWW RZ MWNKHK
SRVLWLRQ RI WKH ZRUNSLHFH FRRUGLQDWHAKVOHNWRH 1 ; SURIUDP
VHIPHQW VWDUWY ZLWK D TXLFN SRV L ARUNSLAHFW R RVRKUHGI. R\DLIWWH. R Q/ RVIH
DQG WKH DEVROXWH FRRUGLOQDWH YDOBHWRDWHHO XWRRB W LLED W®&WH F
ZRUNSLHFH FRRUGLQDWH VA\VWHP ; =

* <$& D[LVIRUURWDU\D[LVWDSSLQJ

< D[LVIRUURWDU\D[LV WDSSLQJ

;< GXDO D[LVLQWHUSRODWLRQ WDS SLOLWLN[WKHV MWKG DJRW D U\
,QVWUXFWLRQ * ,; 8 B)B4B 3B 5B -B.

'"HVFULSWLRQ ORGDO * FRGH

;8B ; D[LVWDUJHW SRVLWLRQ
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D[LV

)B SLWFK )! ULJKW KDQG WKUHDG ) POHIW KDQG WKUHDG XQLYV
4B < D[LVURWDWLRQDO VSHHG XQLW USP

3B DIWHU WDSSLQJLQ SODFH GHOD\ WWPKQWWHQHHFRWDBUP UHYH
5B LOGLFDWHVY WKHDEVROXWH  FRRUGLQDWH YDOXH RI5 SRLQW
-B '"HSWK RIFXW IRUHDFK FXWWLQJIHHG XQLW PP

.B SHSHDW WLPHYV

SDUDPHWHU 6HW VWDQGDUG PRGH UHMWU QKWRKS\RIHHNGS HLC
PRGH UHWXUQ GHDFK WLPH SDUDPHWHU VHW WKH DPRXQW RI
<=GXDO D[LVLQWHUSRODWLRQ WD¥SEQJLV DRIWVWRYH WHHSURW\D U
,QVWUXFWLRQ * =:B)B4B 3B5B-B.B

'"HVFULSWLRQ ORGDO * FRGH

=:B =D[LVWDUJHW SRVLWLRQ

)B SLWFK )! ULJKW KDQG WKUHDG ) POHIW KDQG WKUHDG XQLV
4B < D[LVURWDWLRQDO VSHHG XQLW USP

3B DIWHU WDSSLQJLQ SODFH GHOD\WLRGLWKWIQFRHUIRUP UHYH
5B LOGLFDWHV WKHDEVROXWH FRRUGLQDWH YDOXH RI5 SRLQW
-B '"HSWK RIFXWIRUHDFK  FXWWLQJIHHG XQLW PP

.B SHSHDW WLPHYV

SDUDPHWHU 6HW VWDQGDUG PRGH UHWWU QKW RKS\RI KORGS5 H D
PRGH UHWXUQ GHDFK WLPH SDUDPHWHU VHW WKH DPRXQW RI
;=$% DQG < D[LVLQWHUSRODWLRQ WOB®LG®% M[ILW LW WHKHH [HRI\G

, QVWUXFWLRQ * ; 8 B=:B$%$ (B%B)B 4B 3B

'"HVFULSWLRQ 1RQ PRGDO * FRGH

; 8B ; D[LVWDUJHW SRVLWLRQ

=:B =D[LVWDUJHW SRVLWLRQ

$(B $ D[LVWDUJHW SRVLWLRQ

%B % D[LVWDUJHW SRVLWLRQ

)B SLWFK )! ULJKW KDQG WKUHDG ) POHIW KDQG WKUHDG XQLYV
4B < D[LVURWDWLRQDO VSHHG XQLW USP

3B $IWHU WDSSLQJLQ SODFH GHOD\ WWP XQAUWH @ IHRIQRBUP UHY H

$ D[LVIRUURWDU\D[LV WDSSLQJ

i$ GRXEOH D[LVLQWHUSRODWLRQ WD/SSIDJUVSH D WK H VHMGHDU RW D
, QVWUXFWLRQ * ; 8 B)B4B 3B 5B -B.B

'"HVFULSWLRQ ORGDO * FRGH

; 8B ; D[LVWDUJHW SRVLWLRQ

)B SLWFK )! ULJKW KDQG WKUHDG ) POHIW KDQG WKUHDG XQLYV
4B < D[LVURWDWLRQDO VSHHG XQLW USP

3B $IWHU WDSSLQJLQ SODFH GHOD\ WWP XQUWH @ IHRIQRBUP UHY H
5B LOGLFDWHVY WKHDEVROXWH  FRRUGLQDWH YDOXH RI5 SRLQW
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B '"HSWK RI FXW IRUHDFK FXWWLQJIHHG XQLW PP
.B 5HSHDW WLPHV
3DUDPHWHU 6HW VWDQGDUG PRGH UHWWUQKULRKSRSEBMG5 HD
PRGH UHWXUQ G HDFK WLPH SDUDPHWHU VHW WKH DPRXQW RI
=$ GXDO D[LVLQWHUSRODWLRQ WDSSIDJIV$L U [W¥K i\ HAHKCHDJ RW D U \
,QVWUXFWLRQ * = : B)B4B 3B 5B -B .B
'HVFULSWLRQ ORGDO * FRGH
=: B = D[LVWDUJHW SRVLWLRQ
)B SLWFK )! ULJKW KDQG WKUHDG ) POHIW KDQG WKUHDG XQLV
4B < D[LVURWDWLRQDO VSHHG XQLW USP
3B $IWHU WDSSLQJLQ SODFH GHOD\ WWWP KX QU WH @ ISFHRIQRBUP UHY H |
5B LQGLFDWHV WKH DEVROXWH FRRUGLQDWH YDOXH RI 5 SRLQW
B '"HSWK RI FXW IRUHDFK FXWWLQJIHHG XQLW PP
.B 5HSHDW WLPHV
3DUDPHWHU BHW VWDQGDUG PRGH UHWWU QKW RK5VSSRHHIGN H D
PRGH UHWXUQ G HDFK WLPH SDUDPHWHU VHW WKH DPRXQW RI
'=<% DQG $ D[LV LQWHUSRODWLRQ WDS8SLEQXK% D[LV LV WKH UHRMG
D[LV
,QVWUXFWLRQ * 8 B=:B<9B%B)B4B 3B
'HVFULSWLRQ QRQ PRGDO * FRGH
8B [ D[LVWDUJHW SRVLWLRQ
=: B = D[LVWDUJHW SRVLWLRQ
< 9B < D[LVWDUJHW SRVLWLRQ

%B % D[LVWDUJHW SRVLWLRQ

)B SLWFK )! ULJKW KDQG WKUHDG ) POHIW KDQG WKUHDG XQLV
4B < D[LVURWDWLRQDO VSHHG XQLW USP

3B $IWHU WDSSLQJLQ SODFH GHOD\ WWWP KX QU WH @ ISFHRIQRBUP UH Y H

& D[LVIRUURWDU\D[LV WDSSLQJ

(QGIDFHULJLG WDSSLQJ* ;8B&+B=:B3B4B ), B .B
IDWHUDO ULJLG WDSSLQJ* =:B& +B;8B3B), B.B
'"HVFULSWLRQ ORGDO *FRGH

; & T7TDSSHG KROH SRVLWLRQ *

= 7TDSSHG KROHERWWRP SRVLWLRQ *

= & 7DSSHG KROH SRVLWLRQ *



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

. 7DSSHG KROH ERWWRP SRVLWLRQ *
3 7DSSLQJWR WKH ERWWRP Rl WKH KFB®SBXVH WLPH XQLW PLC
4B HDFKIHHG DPRXQW XQLW PP
), WKUHDG OHDG ), ! ULJKW KDQG WIBIRLIQJ ) , OHIW KDQC
1XPEHU RI WDSSLQJUHSHWLWLRQV

(I[DPSOH

3DUDPHWHU FKDQJHG WR
0 6

* )

J)L[HG /RRS &RGHYV

,Q RUGHU WR VLPSOLI\ SURJUDPPLQJ WKH 7D VHQI1E8W BDRKLGHYJ*
F\FOH WKDW XVHV RQO\ RQH SURJUDP VHJPHQMQ W RS FERIPVE DRIQWLHD JU |
OLQHDU WKUHDG FXWWLQJ DQG ILQD@WDWMALGE) BSRYLIOMHQW EDFN WR V

*  $[LDO FXWWLQJ F\FOH

*  7KUHDG FXWWLQJ F\FOH

* 5DGLDO FXWWLQJF\FOH

* 7KUHDG &XWWLQJ)L[HG &\FOH &RGHV DUN GHWERQEH/GI EQ WK 7K

$[LDO FXWWLQJ F\FOH *

&RGH IRUPDW * ; 8B =:B)B &\OLQGULFDO FXWWLQJ
* . 8B =:B5B)B &RQLFDO FXWWLQJ
&RGH IXQFWLRQ 6WDUWLQJ IURP WKH FXWM/L X S/RLQN [BHE IR[U B
= D[LVRUERWK ; DQG = D[LV FXWWLQJQLF DG KLHWMLFQO EQROUH\F DO RU
&RGH GHVFULSWLRQ * LVDPRGDO FRGH
&XWWLQJVWDUW SRLQW VWDUW SRWWWQRQHRHIG®LQHDU
&XWWLQJHQG SRLQW HQG SRVLWLRQRIKH®HDU LQWH L
. DEVROXWH ; D[LV FRRUGLQDWH RI FXWWLQJHQG SRLQ
8 WKH GLIIHUHQFH EHWZHHQ WKH ; D[LVADEWVRDIWH FR
HQG SRLQW DQG WKH VWDUWLQJ SRLQW
= WKH = D[LVDEVROXWH FRRUGLQDWH RI WKH FXWWLQJ
'LIlHUHQFH EHWZHHQ WKH DEVROXWH RMRRUIBQGDWHYV |
SRLQW DQG WKH VWDUW SRLQW RI WKH FXW
5 WKH GLIIHUHQFH EHWZHHQ WKH DEVRI®ORWWW DJUV FRF
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VWDUW SRLQW DQG WKH FXWWLQJ HQ GRS LAKMH QUWN & H XX PYEDROO\H R | L MK
DUH GLIIHUHQW UHTXHVW G5G ” G8 G 5 ULRDGAXDWOMY 1 QBXMK B VO)LL(
RWKHUZLVH FRQLFDO FXWWLQJ VXFK DV )LJXUH

&\FOH SURFHWY; D[LV PRYHV UDSLGO\ I[URP WKH VWILWWWLQJ SRLQW WR
8 /LQHDU LQWHUSRODWLRQ FXWWLQJ IWHGBR WRR R}V W LX)

HQG SRLQW
9 7KH ; D[LV UHWUDFWV WKH WRRO DW WKH KXWWLQ/J IHHG U
DW WKH VDPH DEVROXWH FRRUGLQDWHY DV WKH VWDUWLC
= D[LVPRYHV TXLFNO\EDFN WR WKH VWBVWLQJ SRLQW DQ

| Rr————— L, e D #  Quickly move
——1 e CUttING feed

_—— e — — — — — — — — —ﬁ A: Starting point (ending point)
| ‘ B: Cutting starting point
C: Cutting endpoint

JLIXUH
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YJLIXUH

&RGH 7UDMHFWRU\ 8 : 5 UHDFW WR WKHWHODMQAY I BIRYWWLERE WRI
VWDUWLQJ SRLQW 8 : 5LQ WKH VIPERB®V RKW BR O MUHXWH F RIREJA QD
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URJUDP

0 6 * o =

o = ) $:' - FXWWLQJ

; = B

: > $:% - FXWWLQJ FXWWLQJ F\FOH LQPWYL[IHHGY HDFK IH
’ J

* . =

* ; = 5 )

= 5 % : & WDSHUFXWWLQJ FXWWLQJLQIRXU IHHG

I 1
(S IN¢) |

5DGLDO FXWWLQJF\FOHV *

&RGH IRUPDW * : 8B =:B)B HQGIDFHFXWWLQJ
* . 8B=:B5B)B FRQLFDOHQGIDFHFXWWLQJ
&RGH IXQFWLRQ 6WDUWLQJIURP WKHHHGVWDGLBALQW[LV[RDQ = D]
DW WKH VDPH WLPH FXWWLQJ WR UHDIOQ]H W OH HQIGH B RIG R K DAD /H U K
VWDUWLQJ SRLQW DQG HQG SRLQW
&RGH GHVFULSWLRQ * LVDPRGDO FRGH
&XWWLQJVWDUW SRLQW VWDUW SRVWWQRQHRIG®LQHDU LQWHUSROI
&XWWLQJHQG SRLQW HQG SRVLWLRQRIMH®HDU LQWHUSRODWLRQ
© . D[LVDEVROXWH FRRUGLQDWH RI FRWKVLQJ HQG SRLQW XQLW P
8 GLIIHUHQFH EHWZHHQ ; D[LV DE VR O XGVSRAFRORW B Q G D/AWHD B WF X RV IV
= $EVROXWH FRRUGLQDWHV RI WKH = D[LV RI WKH FXWWLQJHQG SR
'"LITHUHQFH EHWZHHQ WKH DEVROXW HIFVRKRH B Q G B\RH § \R I DVIQIGHWEK B[ \
SRLQW RI WKH FXW
5 WKH GLIIHUHQFH EHWZHHQ WKH DEVR®XRWW KR R X &/MLEQW HANRIUWK
DQG WKH FXWWLQJHQG SRLQW ZKHQ WKHLW. 19 W RT X DQHGSVDKIBIVG GHE U
UDGLDO VWUDLJKW FXWWLQJDV LQ )LIXKQHLIXUBMDGLDO WDSHU FXWWL
&\FOH SURFHWYLY PRYHV TXLFNO\ IURP WKH VWDUWLQJ SRLQW WR W
8 /LQHDU LQWHUSRODWLRQ FXWWLQJ |HMG® RURPHWKH |
FXWWLQJHQG SRLQW
9 7KH = D[LVLV UHWUHDWHG DW WKH FXW WIHFIMHRIG UDW
RI7 DQG UHWXUQHG WR WKH = D[LV DEVROXWH FRRU(
SODFH DV WKH VWDUWLQJ SRLQW
7KH : D[LVPRYHV UDSLGO\EDFN WR WKH W@BVWLQJ SRL
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——— 3 Quickly move

Figure 3-21
Cutting feed
$ 6WDUWLQJ SRLQW HQG SRL(
% &XWWLQJVWDUW SRLQW
& &XWWLQJIJHQG SRLQW
F
|

. @
"T@C

B @
YLIXUH

&RGH WUDMHFWRU\ 8 5UHIOHFW WKHMLIQO HRQIGYSRERWLIWQ B YWRI
SRLQW 7KH WRRO WUDMHFWRU\RI 8 RPRAELVKHRZ QW G ) LIEKWHHIQ W VP

8 : b5

8! : 5
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B3URJUDP

o = 0 6

=)

; = ) (QGIDFH FXWWLQJ RXWHU FLUFOH - FXWWLQJ
x -

* = 5

;05

: 5 & % :$ - FXWWLQJ

;5

;5

1RWHV RQ)L[HG /RRS &RGH

2QFH ; 8 =: DQG 5 DUH H[HFXWHG LQ D ILFHELOBR®ORBW RWKI8 V!
= : DQG5UHPDLQ YDOLG XQWLO D QHZ ILRHIGIQIRR S FRGH L \DIP[®B B X AKHHG
VSHFLILHG YDOXHV RI; 8 = : 5 DUH FOHD UHGFIR ®HQRW KMHRIGDIOD QU R XU
* %+ x % x | VH[HFXWHG

,Q WKH IL[HG F\FOH * DQG* FRGHV LISBIVDQHIH WHIPX\GMRIQ/RR V
HQWLUH IL[HG F\FOH LV VWRSSHG LQ D VLQJOH VHIPHQW

OXOWLSOH/RRS &RGHYV

7KH PXOWLSOH F\FOH FRGHV RI 7 VHULHNOH E O XGMG IDI ODWRXRE K 1 RL
F\FOH* FORVHG FXWWLQJF\FOH * LDRQLUWKRIRYILRFPKGWLDI\FOH *
JURRYLQJPXOWL F\FOH* DQG PXOWL WKQUWEKE FXWWHRQH [FAFXOW HV WK
FRGHY LW DXWRPDWLFDOO\FDOFXPBWE®GRXVOWPEH W BDKMHFWRQL MW
WR WKH SURJUDPPHG WUDMHFWRU\ IHHG DPRXWKNHDR G RIGNW DEW L
HIHFXWHG WKH V\VWHP DXWRPDWLFDQGXRMDO BRGDMXNWW R Bl \§ X P K
DFFRUGLQJ WR WKH GDWD RI WKH SURJUD PIHHGE WD QMM K MW B B R X\KW I
UHEDWH DQG WKHQ FDUULHV RXW WKH 8B FRXQMLQR\ FUDHE B MPK VQLGS O#
WR DXWRPDWLFDOO\ FRPSOHWH WKH URMBISL®F B @G DIQNW KALQWKRW WHK
VWDUWLQJDQG ILQLVKLQJ SRLQWYV

7KH * PXOWLSOH WKUHDG FXWWLQJ F\FOHKBRBELIQJ GHYFWLROW
VHFWLRQ

$[LDO URXJIKLQJ F\FOH *

7TKH* KDV WZR URXJKLQJ F\FOHV 7\SH ,DQG 7\SH,,
&RGHIRUPDW * 8 0G 5 H )B 6B 7B
* 3 QV 4 QI 80X : 0z

1 Qv » * | 8 1 QV * * ;8 5 . «
)
6 6

~—



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

1 QI 1 QI
7\SH , 7\SH ,,

&RGH IXQFWLRQV 7KH* FRGHFRQVLVWV RI WKUHH VHFWLRQYV
$ SURJUDP VHIJPHQW WKDW JLYHV WKH DWRXIQW RI FX
UHWUDFWLQJDQG FXWWLQJ VSHHG WKHFBIILR®OH VS|
IRUURXJKLQJ
$ SURJUDP VHJPHQW WKDW JLYHV WKH SURJUDP VH
GHILQLQJWKH ILQLVKLQJ WUDMHFWRIFHDQG WKH ILQH
$ QXPEHU RI FRQVHFXWLYH SURJUDP VRVURHB\QRNYV GHILC
WKH ILQH WXUQLQJ PDFKLQH WRRO ZKWERDWHKRQO\ X
WUDMHFWRU\ RI WKH URXJKLQJ PDFKLQHWRRE ZKHQ *
QRW DFWXDOO\H[HFXWHG
7KH VAVWHP DXWRPDWLFDOO\ FDOF X0 DWQNWRK W KR GIKW QR R U RDQLN
WUDMHFWRU\ ILQLVKLQJ DOORZDQFH PRKQWPBRGWVEBG BXWWY LW
GLUHFWLRQ SDUDOOHO WR WKH = D[LV KMHQZARERIBS 6 A W WK WRXJIWRXK K IFC
F\FOH RI PXOWLSOH IHHGV : FXWWLQJ : UG WQ B F/RILQ@IW W R F * 7 KOHJ M W\LKL
VDPH 7KLV FRGHLV DSSOLFDEOH WR URXQMNVIREDRIWJ RI QRQ IRUPHG E
5HODWHG 'HILQLWLRQV
JLQLVKLQJ WUDMHFWRU\ 7KH SUHFLYXHRZRPDBK HF HQL WHOQ B HWW R W KR
RI WKH FRGH QVaQl SURJUDP VHIJPHQW ZKHUH WKH V)
SUHFLVLRQ PDFKLQLQJ WUDMHFWRU\ L BURXHDPWDUWL
VHIJPHQW LV WKH VDPH DV WKH VWDUWL @ UBQBUHGIGLQJ S
WR DV SRLQW $ 7KH ILUVW VHIJPHQW RI VW KMRBUHFLVLRQ
SURJUDP VHIJPHQW FDQ RQO\EH WKH UDSLGWRIYBPHQW R
IHHG DQG WKHHQGSRLQW RI WKH QV SURJBDPWHIPHQW L
7KH HQGSRLQW RI WKH SUHFLVLRQ PDFRMQRQW WH QMHF W
SURJUDP VHJPHQW LV UHIHUUHG WR DV SRIVQSREQWKH ILQ
$:SRLQW % : SRLQW &
5RXJKLQJ FRQWRXU 5RXJK FDU FRQW R X UD @ KM/ W/UKDIVFHRRQWRRUX (R | RMJKPHH €
H[HFXWLQJ * ZKLFKLV WKH WUDMHFWEDLQIOVHW E\ WKF
Z $IWHURIIVHWWLQJ SRLQWV $ % DQ@ICQ& RIWDHIH § WHRRIL \
FRUUHVSRQG WR SRLQWV $ % DQG & RI WKH URXJK
FRQWLQXRXV FXWWLQJWUDMHFWRU\ RISRKBW & RGH LV I
0G 7KH FXWWLQJ DPRXQW RI WKH ; D[LV GXUPQJ URWRIK WXUQLQJ U
,6B6 W R ,6B& XQLW PP LQFKVLWMGIGKVDOIEOWKH XHH G
GLUHFWLRQ LV GHWHUPLQHG E\ WKH PRY HP H/GI\WPGILQWA FOVWRIQ RV KWK
H[HFXWLRQ RI 8 0 G WKH VSHFLILHG YDWKH GBWD PDERWDHQ WG G
WKH FRUUHVSRQGLQJ YDOXHDQG VDYHG LQ SIVUDRPW W8 W i U H G: KHQ
WKH YDOXH RI SDUDPHWHU 1 DV WKH IHHG DPRXQW
H 7KH EDFNODVK DPRXQW RIWKH ; D[LV B XDDXHWDQUKHWRAUDLQJ X DWW
PP LQFK UDGLXV YDOXH XQGHU ,6B6 FEABRN OPYKLG QUIEF \Z L RB R/KH
WR WKH IHHG GLUHFWLRQ $IWHU 5 H L®XHHFXWH® LYW LQEHF IDC
FRQYHUWHG LQWR WKH FRUUHVSRQGLQJHWDIDXH ZKLEKQ\ VID YIWG LQ
QRW HQWHUHG XVH WKH YDOXH RI SDUDPRWXQW SDD®DMHKMHHURIRO U}
05 H LVQRWHQWHUHG WKH YDOXHR| SDUBDWHWFHW DPRXYWVHG DV
QV WKH SURJUDP VHIPHQW QXPEHU RI WKH LIQUHWXSURIQYDW VBIBERHQW |
Ql WKH SURJUDP VHIJPHQW QXPEHU RI WKH OQONW SURILQD RVVUIDFAHQW R
0X ; D[LVILQLVKLQJDOORZDQFH YDOXH UDQJH
a ,6B % a ,6B&PHWBI U XQLW PP LQFK
ZLWK VLJQ ; D[LVFRRUGLQDWH RIIVHWSHR/RWRL@LFVRQYRWU I
LH WKHGLIIHUHQFH EHWZHHQ ; D[LVSIRA\QRD X QE F KR IUGW QD \& HM»
LV QRW HQWHUHG WKH V\VWHP WUHDW® QWZD\QFH L\ OH I WR QLWK Y
: D[LV RI WKH URXJKLQJ F\FOH
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0Z )LQLVKLQJDOORZDQFHRI = D[LV YDOXH UDQJH
a ,6B% a ,6B&LWSPP LQFK VLJQHG
WKH = D[LV FRRUGLQDWH RIIVHW RI W K HFMUR K WKK 1) ILFR YW RY U V¥ UW K
LH WKHGLIIHUHQFH EHWZHHQ WKH # DHLQWE ¥ RIDXGVSIRARRVUE L,Q L
0Z LVQRWHQWHUHG WKH V\WVWHP WUHQWINVQAGRZD QF H LLVHO HOWR LK
= D[LVRIWKH URXJKLQJ F\FOH
"KHQ . LV QRW LQSXWWHG RU . LV QRW  WWKH PRRQRRVERHFNLOR R IFW
SURJUDP H[FHSW WKDW WKH = YDOXHV RI WRH WWHD DWEQBH OQIGSMA G
SDUDEROD DUH HTXDO RU WKH DUF LV JUH D WMKHMWD Q H P G K HUF MW KK
PRQRWRQLFLW\RIWKH SURJUDP
) FXWWLQJIHHG VSHHG 6 VSLQGOH \RSHHHGN D XWPERI® QXPEHU WRRO
0 6 7 ) ,WFDQ EH VSHFLILHG LQ WKH ILUYW FER GHR GRHU R WWKH VGHVFaRQQ ¢
SURJUDP ,Q WKH * ORRS WKHO 6 7 DQG PIXGFMH@®WYV RI W
QXPEHU EHWZHHQ QV DQG QI DUH LQYDOL GMHBMW/QOWMKOLG LQ
SUHFLVLRQ WXUQLQJ ORRS
7\SH ,
&RGH H[HFXWLRQ SURFHVV )LJXUH
7 5DSLGO\ PRYH IURP WKH VWDUWLQJ SRLQW $VWRQ SRILZMQ$W EHI X |
= D[LV
8 ORYH WKH ; D[LVJG IHHG IURP SRLQW $ DIQGWHIBDG MKFHHWBRG G&
ZKHQ WKH QV SURJUDP VHIJPHQW LV * DQG)RW*W KZHK A RWWKIHQ J | HH
QV SURJUDP VHIJPHQW LV* LQ WKH VDPHGLUHFWLRQ DV SRLQW $
= D[LVFXWWLQJIHHGV WR WKH UR X J K LFQ\ LFRRQ MVRRRIQ D QMK IQHVI B IH)
FKDQJHRI = D[LV FRRUGLQDWHV IURP SRLQW % : SRLQW &
: D[LVDQG = D[LVEDFNRIIH f VWUDLJXWDOAI HD @& WKH{ G XWH/F I
RIEDFNRIILVRSSRVLWH WR WKH GLUHFWLRQ RI HDFK D[LV IHHG
7KH = D[LVLV UHWXUQHG WR WKH VDPH SRARRWULGLD DWW RH DENVRG
DW D IDVW WUDYHOOLQJVSHHG
I WKH HQG SRLQW RI WKH PRYHPHQW L@ H BH Y2 HHHOWSRL © WGK MH)
SRLQW % QRW UHDFKLQJRU H[FHHGLQJHS®RDQWL® 005 WHUMWKKID :
H[HFXWH Y WHSKH ;: D[LV DGYDQFHV DJDLQ 0G H DQG WKH HQ
PRYHPHQW UHDFKHYV SRLQW % RU H[FHHGD Q\KSRLIQWH % HWEZ K H G
- D[LVDGYDQFHV WR SRLQW % DQG WKHQ H[HFXWHYV
&XWWLQJIHHG IURP SRLQW % WR SRLQW & DORQJ WKH URXJKLQJ
> ORYH TXLFNO\ IURP SRLQW & WR SRLQW $Q &K HD'Q GFWHKHH SHU[RI FUXDWL
MXPSV WR WKH QH[W SURJUDP VHIJPHQW RQWKH QI VHIJPHQW IRU H

©

N
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g n —
B : B§
> j - ;l _ 'l
Program specified : -
trajectory .
----------------- Finishing trajectory
e i 3 == Quickly move
R\ . ' ey = = Cutting feed
AY A: Starting point (ending point)
A’-B’-C’: Roughing contour
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JLIXUH * &RGH &\FOH 7UDFN

7KH GLUHFWLRQ RI WKH FRRUGLQDW W R LI H VOZEKRIZD@HFBIY LQJ D ILQH \
X DQG 0Z UHIOHFW WKH FRRUGLQDWH RUIVHMWSD® E LAY \RY IPDF&LQH
7KHUH DUH IRXU GLIIHUHQW FRPELQDWLRQRZRILX)RQBUH V\PE® GWK HD \
ILJXUH % : & UHSUHVHQWY WKH SUHFLVLRQ RIHFXLIQ\LIOQ WWI VM H FUNRRXL
PDFKLQLQJFRQWRXU DQG $UHSUHVHQWY WKH VWDUWLQJ SRLQW
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Au<0. Aw>0 Au<D, Aw<(.

A0, Aw>0 Aur0. Aw<D

JLIXUH

7\SH ,,

7\SH,, GLIIHUV IURP 7\SH , DV GHVFULEHG EHORZ
'"HILQLWLRQ PRUH SDUDPHWHU WKDQ 7\SH ,

- :KHQ - LV QRW HQWHUHG RU - LV QRW W KMKH W\R M PKALQIJOSQ RW. O'|
DIJDLQ ZKHQ - WKHV\VWHP ZLOO UXQ DIDRQJ WKH URXJKLQJ SUR
7KH SURILOH DORQJ WKH ; D[LV GRHV QR Y KDHIHVW Q ERILP & B RWWRDQ/L

DQG WKHUH FDQ EH XS WR JURRYHV DV VKRZQ EHORZ

10 e 3 2 1

JLIXUH 7\SH ,,

+RZHYHU WKH SURILOH DORQJ WKH = DFWMWBPX\VLW ERW G QY RWHRBOLLKDIO O
IROORZLQJ SURILOH FDQQRW EH PDFKLQHG



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

__d
e

The Z-axis direction is not

monotonically changing

YLIXUH 7\SH ,,

7TKHILUVW FXW GRHY QRW KDYH WR EH SHIUSBHRKRQ R WRMUW F,0 GVIX\HDDKRI,
= D[LV LWFDQ EHPDFKLQHG DV VKRZQ LQ WKH GLDJUDP EHORZ

N/

YLIXUH 7\SH ,,

$IWHU WXUQLQJ WKH WRRO VKDOO EHQMA WY WBWHIA L AIGHEY MM Ul HaD \
SDUDPHWHU RU E\ WKH VHWWLQJ YDOXH R} WIKUWDFPHOWHDR EHORVZ VKRZQ

e (Set by parameters)

YLIXUH 7\SH ,,

&RGH ([HFXWLRQ 3URFHVV 5RXJKLQJ7UDMHFWRU\$ '+



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

1IRWHYV

"QV 3URJUDP VHIJPHQW FDQ RQO\EH* DQG * \BRGHY 8DQQ&& EDVH RI
D[HV PXVW EH VSHFLILHG DQG: PXVW EHWGRRVIQR® PR WKH = D[L

"YRU 7\SH,, WKHILQLVK PDUJLQ FDQ EHJ/WHSMALR QH @ RE®\ILQ MVKHP; DAL L
= GLUHFWLRQ LV VSHFLILHG WKH HQWWHIG P\DF K WQLL\QHE H\WB W K Z MOROVESHH
LV VSHFLILHG

"YRU 7\SH,, ZKHQ WKH FXUUHQW JURRYH LR EXW D\Y GOMIDK B MKMHIG RRW |
RI WKH EDFN RIIDPRXQW IRU WKH W R R OHVWDRVOMKH) \DSJHDH. @ RW*W KPHD DRI U ¢

DQG LI WKH UHWUDFW DPRXQW LV RHW KMKDHP\Y K € LUHMWGLLLYFWD Q I
WKH VA\VWHP OHDQV LQWR WKH ZRUNSLHFH ZLWK *

"3DUWV WKDW GR QRW VSHFLI\ ZKHWKHU WARPADRUHVRR BBW KRU 7\SH ,, [

" YRU WKH ILQH WXUQLQJ WUDMHFWRU\ QV WR W GEBR QWD R ¢ HXP/HQ B/
PRQRWRQLFDOO\ YDU\LQJ LQFUHDVLQJ RUGERFQWDRRRQBP XVIQ G HW |
PRQRWRQLFDOO\YDU\LQJLQ 7\SH, EXW QRW LQ 7\SH ,,

" 7KH QVaQl SURJUDP VHIPHQW PXVW EH ZKH W WHHORLI RJDHP GALHDIMP H QWD | W
WKH QVaQl VHIPHQW LV ZULWWHQ EHIRHR WXWRP DAMUP B Q @\ WHIHUWVF WH
WKH QVaQl VHIPHQW DQG H[HFXWHV LW DQ\8HE& HVQK-H IQFX W ISRIR 1V FR R
* VHIJPHQW LV H[HFXWHG VHTXHQW LD GION FX WX R © IRX W\LIQH U H'B H DRAWHHC

"KHQ* LV H[HFXWHG WKHQVaQlVHJIPHQIWK R KB URKHEG WR FRQMKR X
WKH VHIPHQW LV QRW H[HFXWHG QVaQ| MRIGHNQLY® Q/IKE ZRHa@ MAKHH] P
F\FOH LV H[HFXWHG DQG QVaQl FRGHV LQ & &K HXY SXIHVH J PIHEQLW HLUHI
F\FOH LV H[HFXWHG

" QWKH QVWR QI VHIPHQW WKHUH FDQ RQO\ EH *IXQFWLRQV *  *

* x x+ x x ¥ DQG* FRDE® WKHUH FDQ EH QR
VXEURXWLQH FDOO FRGHV HJ 0 0

"k % % x x x * * FRGHV DUH QRW WDHAGWIKHIQWKH * F\FOH
EXW DUH YDOLG ZKHQ H[HFXWLQJ WKH * ILQLVKLQJF\FOH

"'XULQJ* FRGHH[HFXWLRQ \RX FDQ V WLRRSQWKHSE PRV Ri PFCDMDLFDROSH UBX
H[HFXWH WKH * F\FOH DJDLQ \RX PXVW RUBMWXUQPRR MG A BBRXVLW/Q R Q
\RX FRQWLQXH WR H[HFXWH ZLWKRXW WHHFWRWQ Z QO ONEKHH PVLYVEDVCH T XQHHGBV

" 3HUIRUP IHHG KROG DQG VLQJOH SURJUD H\SHIPHDP RS HDXWHRB @V WD
UXQQLQJWKURXJK WKHHQG SRLQW RI WKH FXUUHQW WUDMHFWRU\

"8G OBUH GHVLJQDWHG E\ WKH VDPH DGGUHVVFRFRUA IGLVWR TRKW WK L
RUQRW WKH VHIJPHQW KDV D3 4FRGH GHVLIJQDWHG

"$* FRGHFDQQRWEHH[HFXWHG LQ WKH BQ@WD\UPHW KIRI® HRWVDKHUZ L V H

" 'KHQ FRPSRXQG ORRS FRGH LV XVHG VHYHDPB OQWIafH \D UG W R W \DIDROHR E ¢
WR KDYH WKH VDPH SURJUDP VHIJPHQW QXPEHU



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

" 7KH WRRO UHWXUQ SRLQW VKDOO EH DV & WKHRW FORZ IDAR B RWR/X E IOLHQV
ZRUNSLHFH
(I[IDPSOH )LJXUH 7\SH ,

80

®100
-7
= |
0.5]
|
Figure 3-27 = e
3URJUDP
* . = 0 6 FRXQWHUFORFNZLVH URWDODWLRQ VSHHG U P
* 8 5 ) PP GHSWK RI FXW SHU SDVV PP UHWUDFW >GLDPHWHU@
* 3 4 8 : IRUD HURXJK WXUQLQJ DOORZWDUERH PP LQ =GLUH
GLUHFWLRQ
1 * ; 6 SRVLWLRQLQJ
=) D:E
; E:F > JLOLVKLQJ URXWH D : E : F: G : H SURJU
VHFWLRQ
F:G J
1 ; : G:H
* 3 4 IRUD HILQH WXUQLQJ

0 HQG RI SURJUDP



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

5DGLDO URXJKLQJ F\FOH *

&RGH IRUPDW * : 0G 5 H )B6B7BB

* 3 QV 4 Ql 84X : 0Z .

&RGH IRUPDW * : (0G 5 H )B6B7BB
* 3 QV 4 QI 84X : 0Z
1B QV

)
6

1B QI
&RGH IXQFWLRQV 7KH* FRGHLV GLYLGHG LQWR WKUHH VHFWLRQV
$ SURJUDP VHIJPHQW WKDW JLYHV WKH DPRXXJW RI FXV
UHWUDFWLQJ DQG FXWWLQJ VSHHG WKXQFSAKIQRE® RRYSHH
URXJKLQJ
$ SURJUDP VHIJPHQW WKDW JLYHV WKH SURLQRP Y HJIPHQ
WKH ILQLVKLQJ WUDMHFWRU\ DQG WKH ILQH WXUQLQJ DO
$ QXPEHU RI FRQVHFXWLYH SURJUDP VHWRHW®Q WNVBKHL QL ¢
ILQH WXUQLQJPDFKLQH WRRO ZKLFK D WHUR®EFYRUG RIR
WKH FRDUVH WXUQLQJPDFKLQH WRRO ZKHFW XDWB\HF X W
H[HFXWHG
7KH VA\VWHP DXWRPDWLFDOO\ FDOF X0 D WQNWRK W KR GCIKDR R U RDQLN
WUDMHFWRU\ ILQLVKLQJDOORZDQFBP RKG\VD PRGOAMX WY ® O R QYU VKW LG
SDUDOOHO WR WKH ; D[LV DQG FRP SO H WHHVWAKKIHR X RE IKKHD B RW W K B Z R\U
PXOWLSOHIHHGV : FXWWLQJ : UHWUDF \BLHQJGBRE QMK R VAW CDUWMHLVD K IS R DE
7KLV FRGH LV DSSOLFDEOH WR WKH URXUKLQJ RI QRQ SURILOH EODQN\
5HODWHG 'HILQLWLRQV
JLQLVKLQJ WUDMHFWRU\ 7KH SUHFLYHRIRPDNBSKHE HQL WHQ & HWWK R W\
SDUW RI WKH FRGH QVaQl SURJUDP VHJPHQW K H ISHBIHF MVK.IR @ W D B KLL@L]
WUDMHFWRU\ L H WKH VWDUWLQJ SRLQKHRY MMPKH DQNVWSKIHR ¥ WIDRU WH. PIH
HQGLQJ SRLQWV RI * LV UHIHUUHG WR DRISWRKE V8 $HFKWLR Q\PD MVKLU®
WUDMHFWRU\ QV SURJUDP VHIJPHQW FDQ RGHO3 BHLW KRHJ IFXS\\G LRQRIYI P
DQG WKH HQGSRLQW RI WKH QV SURJUDP VHJFKOW Q3 IR B WURIGWKR
SUHFLVLRQ PDFKLQLQJWUDMHFWRU\ WHKIR HQWSRL QW RUWKB Q/IRSDR Sl
7KHILQLVKLQJ WUDMHFWRU\LV $SRLQW : % SRLQW : & SRLQW
5RXJKLQJ FRQWRXU 7KH WUDMHFWRU® D WUDUWMRIA WHRW WD BB RUIGH. QLI
ILQLVKLQJ DOORZDQFH 00X 0Z LV WK HRRFPHVE REA UNAKIHWH] H FAKUWDLNR KDF RV R-U
3RLQWVS$ % DQG & RIWKHILQLVKLQJ WURDMHEW BRLDWH/ B 1\ \D Q'R & RR.
URXJKLQJ FRQWRXU DQG WKH ILQD O\ RR W HQ X RPRGHXMWWSLRQLDW/WA M ISR\
&
0G = D[LV FXWWLQJ DPRXQW IRU URXJK WoBUQLQJ Y PsBEH WRQJH
XQLW PP LQFK XQVLJQHG IHHG &L WHFWL B Q YLH/OGGIMWIHHEF MLLQRHOGR
SURJUDP VHIJPHQW $IWHU : 0G LV H[HF XMIKGA WHKIH. QSWALQ HIEG Y Q G XWKR
LV FRQYHUWHG WR D FRUUHVSRQGLQJ YDOXH ID:QIGSVIANRQRW HQ /B WHBIFSH
WKH YDOXH RI SDUDPHWHU 1 LV XVHG DV WKH IHHG DPRXQW
H 5RXJK WXUQLQJ = D[LV EDFNODVK DPRXQWXQDW X APUD@AK  WI
XQVLIJQHG EDFNODVK GLUHFWLRQ LV RS SRWHWUH5WR MWK H[HFX® B G U A
VSHFLILHG YDOXHHLV PDLQWDLQHG DB G RUKHE B WQ & VEFRQD/GHUMBIGOM
LQ WKH GDWD SDUDPHWHU 1 05 H LV QRWMHQWHUHG WX KWD® DN
WKH UHWUDFWLQJDPRXQW
QV WKH SURJUDP VHIJPHQW QXPEHU RI WKH LIQUHVWXSURIQDW VBIBRH Q



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

Q! WKH SURJUDP VHIJPHQW QXPEHU RI WKH OQONW SURILQD RVVUIDFAH Q\
X )LQLVKLQJ DOORZDQFH OHIW LQ ; DHWDRUHIRXJK WXWRLQJ
: D[LV FRRUGLQDWH RIIVHW Rl URSBKMQW RRIQWRXUZLWK DMHF
WKH GLITHUHQFH EHWZHHQ WKH DEVRO ¥XM$H D @GLYRAFORW & L\QEHF H M. R IGSH
GLDPHWHU UDGLXV ZLWK VLJQ
0Z ILQLVKLQJ DOORZDQFH OHIW LQ = DRNHGXNQOH URXJIK WHXRU QL
= D[LV FRRUGLQDWH RIIVHW R VYR XK LIQJLVKQ WY RWWUW DME DWR U\
GLIIHUHQFH EHWZHHQ = D[LV DEVROXWRIFRWNR $GZIQOWMHLRQSRLQW $ DQ
'KHQ . LV QRW LQSXWWHG RU . LV QRW  W/HKH{ \P\R' @R\ FEQRIHAL @Y R VI ¥
SURJUDP :KHQ. WKHV\WWHP FKHFNV WK PR QR & RW WALQA\ | Ri IHVE KUH-D S\
6 VSLQGOH VSHHG 7 WRRO QXPEHU WRRO RIIVHW QXPEHU
0 6 7 ) &DQ EH VSHFLILHG LQ WKH ILUVW * FR& B HRRIUL\Y KHK\HHE RO
SURJUDP H[FHSW IRUWKH 7LQVWUXFWLRG) I;)QQFKH RQ® RR % KMKIHIR JaJ
VHIPHQW QXPEHU EHWZHHQ QV DQG QI DUHRIQMDPOVBJIPO® R P @ L WIKOL C
SUHFLVLRQ WXUQLQJ ORRS
&RGH H[HFXWLRQ SURFHVV )LJXUH
ORYH TXLFNO\IURP WKH VWDUWLQJ SR LW\ ER % R QEGWWK HPR ¥ LLQ/J
E\QZ
0G IHHG IURP SRLQW $ WR WKH = D[LV Q VHSERW K B PMARRI® 1D @AVLK
UDSLG WUDYHUVH VSHHG QV SURJUDP VHJPHBXWWLQ WIRI HGHGSW K6 R
* DQG WKHGLUHFWLRQ RIWKH IHHG LV S\RUIHQWDP HSIRVY. @/\W 196G LUHFWLR
- D[LV FXWWLQJ IHHGV WR WKH URXJK L QN LRRXQDWR WK H @ K\CKQ4J M CRA
. D[LV FRRUGLQDWHV IURP SRLQW % : SRLQW &
. D[LV DQG = D[LV EDFN RII H f VWU D HHKGVUDLMDH  DQVWAKKH GLUME
RSSRVLWH WR WKH IHHG GLUHFWLRQ RI HDFK D[LV
7KH ; D[LVUHWXUQV WR WKH VDPH SRVLRRBGLDQDWHIH REBRQRW I$
DIDVW WUDYHOOLQJVSHHG
.l WKH HQG SRLQW Rl WKH PRYHPHQW O\ @ W EGI®/ Z B HAK §IRR_LQGAG § HD
SRLQW % QRW UHDFKLQJ RU H[FHHGLQUHSRRDOM. @ OIWHWWKB H [BI[LX/
VWBS,|l WKH = D[LVDGYDQFHV DJDLQ 0G H DQBPHQMVHIHDSRHY VS RIL G\
% RUH[FHHGY WKH OLQH EHWZHHQ SRL QG $DDRO6B\SWRQ/R KQ W\K HDQ B[
H[HFXWHV
&XWWLQJIHHG IURP SRLQW % WR SRLRXW& DORQJWKH URXJKLQJ
ORYH TXLFNO\ IURP SRLQW & WR SRLQWHQ GKHDQ GORRIS $IPRE NP
MXPSV WR WKH QH[W SURJUDP VHIJPHQW RQ WKH QI VHIPHQW IRU H[HF X
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ssssssasissssnssnns Finishing trajectory
= Quickly move

= Cutting feed

A: Starting point (ending point)
A’-B’-C’: Roughing contour
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YLIXUH

&RGH GHVFULSWLRQ

"7KH QVaQl SURJUDP VHIPHQW PXVW EH ZKH. W WSHUR U R PIPG LIDMKHOQ Da W
VHIPHQW LV ZULWWHQ EHIRUH WKH * VHREP® QW HDKIH K WM R B BV RP
VHIPHQW DQG H[HFXWHV LW DQG ZKH Q HH[[HHFXWH. R @/ K¥ BRP & CSHMRK G D
WKH QI VHIPHQW LQ VHTXHQFH WKXV KWOR@R IGWE B QAR L R € FP HHQ MF
":KHQ * LV H[HFXWHG WKH QVaQl VHJPHROWDMWLQQHBGKRIQLR X RKLERDICGR Q
DQG WKH VHIPHQW LV QRW H[HFXWHG QVHQWFRGHYRW WK LGVAIQH @
* F\FOH LV H[HFXWHG :KHQ WKH * ILCGH&KNKRH F\6 OMAY HFRBXW LQ W
QVaQl VHIPHQW DUH YDOLG
"QV 3URJUDP VHIJPHQW FDQ RQO\EH * * FRGHZRWKRXELVH DROGMYZR
"YRU WKH ILQH WXUQLQJ WUDMHFWRU\ QV WRVQLIRSWWREUWR I i DHQ IV (
= D[LVPXVW FKDQJH PRQRWRQLFDOO\ NHHS LQFUHDVLQJRU GHFUHTE
" QWKH QV WR QI VHIPHQW WKHUH FDQ RQO\EH *IXQFWLRQV * =

* x» x x DQG* FRDAB® WKHUH FDQ EH QR
VXEURXWLQH FDOO FRGHV HJ 0 O0
"k x % x x * DQG* FRGHV DUH QRWNBDOWGQ@KWRH* F\FOH
EXW DUH YDOLG ZKHQ H[HFXWLQJ WKH * ILQLVKLQJ F\FOH
"'XULQJ* FRGHH[HFXWLRQ LW LV SRVMVLESHUDRVWREA D YEH RXWRB QX
EXW WR H[HFXWH WKH* F\FOH DJDLQ \RX XV RUHRMRYULQ W RD/QKHD S RN
\RX FRQWLQXH WR H[HFXWH ZLWKRXW WHHFWRWQO ZQ @ ONEKH PO T XQHHEV
"3HUIRUP IHHG KROG DQG VLQJOH SURJUD H\SHIPHDP RS HDXWHB @V WD
UXQQLQJWKURXJK WKHHQG SRLQW RI WKH FXUUHQW WUDMHFWRU\
"G GZDUH GHVLJQDWHG E\ WKH VDPH D GGRINVN D FFRRUGIL\DW MOFF VK HR\Y |
RUQRW WKH VHIJPHQW LV GHVLJQDWHG ZLWK D 3 4 FRGH ZRUG
" 'KHQ FRPSRXQG ORRS FRGH LV XVHG VHYHDB OQWIafH D UG W R W DIDROHR I ¢
WR KDYH WKH VDPH SURJUDP VHIJPHQW QXPEHU
"$* FRGHFDQQRWEHH[HFXWHG LQ WKH B@WD\UPHW KIRI® HRWDRHLUEZ L V H
" 7KH WRRO UHWXUQ SRLQW VKDOO EH DV & WKHW ORI IDAR B RWR/X E IOLHQ\
ZRUNSLHFH
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7KH GLUHFWLRQ RI WKH FRRUGLQDWH RQYBO/@KHQFEHDYLQJI D ILQH W)
X DQG 0Z UHIOHFW WKH FRRUGLQDWH RUIVMHMWSD® E LAY \RY IPDF&LQH
7KHUH DUH IRXU GLIIHUHQW FRPELQDWLRQRZRILX)RQEUH V\PE® GWK HD \
ILJXUH % : & UHSUHVHQWY WKH SUHFLVLRQ RIHFXLIQ\LIOQ WWI VM H FUNRRXL
PDFKLQLQJFRQWRXU DQG $UHSUHVHQWY WKH VWDUWLQJ SRLQW
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o = 0 6 &KDQJH 1R WRRO SHUIRUP WRXU QVRROOQRY HAHAVMO RF N Z L

VSHHG
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*oo 5 ) 7TRRO IHHG PP UHWUDFW PP

* 3 4 8 : JRUD G URXJKWXUQLQJ OHDYHP IRRRJIRU ; DQ

1 * = 6 5DSLG PRYHPHQW

o ) JHHG WR SRLQW D

;o ODFKLQLQJ D>E JLOLVKLQJ URXWH SURJUDP VH

ODFKLQLQJE F

1 ;5 ODFKLQLQJ F|G
/

* 3 4 0 JLQLVKLQJD G

&ORVHG FXWWLQJ F\FOH *

&RGH IRUPDW * 8 aL : N 5 G )B6B 7B
* 3 QV 4 QI 84X : 0Z
1B QV

)
6

1B QI
&RGH IXQFWLRQ 7KH* FRGHFRQVLVWY RIWKUHH VHFWLRQV
$ SURJUDP VHIJPHQW JLYLQJ WKH DPRXQWAWR/I DGIGDWH W
WKH FXWWLQJVSHHG WKHVSLQGOH VSHHG DQG WKH W
$ SURJUDP VHIJPHQW JLYLQJ WKH LQWHUYD@LRIJWKH SUI
WKH ILQH WXUQLQJ WUDMHFWRU\ DQG WKWKSQRQUDP VI
DOORZDQFH
$ QXPEHU RI FRQVHFXWLYH SURJUDP VHWRQWY GHILQ
WKH ILQH WXUQLQJ DUH XVHG WR FDOF XODXNHWEH WUD
RQO\ZKHQ* LV H[HFXWHG EXW DUH QRW DFWXDOO\ H[I
7KH VI\VWHP DXWRPDWLFDOO\ FDOFXODQNPWY WHKHG URXGKUR I JRLI
WUDMHFWRU\DFFRUGLQJ WR WKH GDWDRWLIQIHDW R ¥ QWP QREZPIQF R
HWF (DFK FXWWLQJWUDMHFWRU\ LV DIEWRYHW @G WHKH | E QW WLXQIQW Q D
FORVH WR WKH ILQH WXUQLQJ WUDMHFPWRAMLYW\NB EMWENB UD QG WHKHH 1T
WUDMHFWRU\ RIITVHW DFFRUGLQJ W RHMWKMD U Q/H QUXSRLL@W DQ GRZIOK A
* DUHWKHVDPH DQG WKH FRGHDSSOLHVGWE W& B QRWX JKLHPRG MK HLPV
D QRQ PRGDO FRGH DQG WKH FRGH WUDFN LV VKGZQ\LQ QRXUHR G D O7 K
FRGH DQG WKH WUDMHFWRU\RI WKH FRGH LV VKRZQ LQ )LJXUH
5HODWHG 'HILQLWLRQV
JLQLVKLQJ WUDMHFWRU\ 7KH SUHFLYHRIRPDNBSK HE HQL WHQ & HWWK R W\
SDUW RI WKH FRGH QVaQl SURJUDP VHJPHQW K K ISKBIHF MK IR @ W D B KLLGL]
WUDMHFWRU\ L H WKH VWDUWLQJ SRLQKHRY MPKH DQNVWSKIHR ¥ WIDRU WH. PIH
HQGLQJ SRLQWV Rl * LV UHIHUUHG WR KXW SRULQW $H3JRH G\ GGR SQW JR
VHIPHQW RI WKH SUHFLVLRQ PDFKLQLQJRVLQMWH FWRHH QG SRILIQUWRIG
SUHFLVLRQ PDFKLQLQJ WUDMHFWRU\ WKR HQWSRLQWIRUWKB QIRS\R §
& 7TKHILQLVKLQJ WUDMHFWRU\LV SRLQW $: SRLQW % : SRLQW &

5RXJKLQJ WUDMHFWRU\ $ VHW RI RIIVHVD MKW QM E F WARWLK W KRHU VDUP
QXPEHU RI URXJK PDFKLQLQJ WUDMHFW RUEBW D VS WKHUQRRPAE W E LRI PV M/ |
SRLQWV $ % DQG & RI WKH ILQH WXUQLQRQWUY BNH BAQR D\QFER & Q@ HRY SARKY
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FRDUVH WXUQLQJ WUDMHFWRU\ UHVSHFWKMNHIOUYV® IFXW KN QXBEHHW HRC(
SRLOQWVS$ % DQG& DQG WKH ODVW FX®& [/GU B RGHYEH Q WHHGFIRRR B R LQ Y
RITVHW RI WKH ILUVW FXWWLQJ UHODWIUDHWRWRIH §VHFL VLRIXPDEK DO
UHSUHVHQWHG E\ GLDPHWHU SURJUDP P L QW KIHQ@DW KM/HF XR\IRWIGQ QR WAVAHD
WKH SUHFLVLRQ PDFKLQLQJ WUDMHFWRUMHNWIR HBZFK RAVWVRRQ G UG DY

V£A1x2 Ak
WKH SUHYLRXV FXWwLITWubMHEWRU\ LV
GL ; D[LV URXJK WXUQLQJ EDFN DPRXQW YDOXH WDMmUIW PP WR

UDGLXV YDOXH GLLVHTXDO WR WKH ; DPIOXFRRUSR QOW $ I WHW HWVISG:
SRLQW $G WKH WRWDO ; D[LV FXWWLQJDWRXQW _ WLU®GRXVK WX LIQI HI
- D[LV FXWWLQJ GLUHFWLRQ LV LQYHWUVHOWHHO MWHGLW K XWK HQ DIQHRIC
GLUHFWLRQ LQ URXJK WXUQLQJ 7KH YDWMH MBHPUMLR® | W GLWKHK 8 C
FRQYHUWHG WR WKH FRUUHVSRQGLQJ YDOXHIDBQGLVWR QHRGV LHOQS\DHULDHA
WKH YDOXH RI SDUDPHWHU 1 LV XVHG DWWKRHRXQWY URXJKLQJ UHWL

ON = D[LV URXJK PDFKLQLQJEDFN RII DPRX®W WKH UDRQHWV
PP GNLVHTXDO WR WKH = D[LV FRR U G LIQDHMWM RR $IR/IHYWRSH G5 R MV \§ R WHDQL
DPRXQW RI = D[LV LQ URXJK PDFKLQLQJ LQHGXDBRWR R RIQGDIIKH LAX
RSSRVLWH RI WKH VLJQ RI OGN ON! WKH PRWRLIQQLG LLWHIFQVWK®G Q3 UIRV
GLUHFWLRQRI = D[LV 7KH VSHFLILH G FDWIXRQR IDNNG. W K H G® Y DMHUFHR[®IY
WKH FRUUHVSRQGLQJ YDOXH DQG VWRUHG LGRSWHOWHWHG 1WKH ,Y D Oix
SDUDPHWHU 1 LV XVHG DV WKH = D[LV URXJKLQJ UHWUDFW DPRXQW

G 7KH QXPEHU RI FXWV UDQJLQJIURP WRLQGLFDPIW. QULWKNW ZEW
FRPSOHWH WKH FORVHG FXWWLQJ F\FBOG® GV RKID & DOWH V $iH F E XWVHIGRIQD |
YDOXHRI GDWD SDUDPHWHU 12 LV FKB @ H& W R \& HQQN MU MG PMKH YID
SDUDPHWHU 1 LV XVHG DV WKH QXPEHU BRHEXWNKH,Y B @GX H R QRIW DG W
1 LV XVHG DV WKH QXPEHU RI FXWV 1 WKH \Q\XRVEHPU FRRIPFOMWY HW W W
FORVHG FXWWLQJ F\FOH ZLWK WZR FXWYV

QV WKH SURJUDP VHIJPHQW QXPEHU RI WKH LIQUHVWXSURLIQDW WBIBRH Q

Q! WKH SURJUDP VHIJPHQW QXPEHU RI WKH OQONW SURILQD RVVUIDFAH Q\

0X : D[LVILQLVKLQJDOORZDQFH WKH UDQJHKKRYLW PP VWIRFLILHG
E\GLDPHWHU UDGLXV WKH ; D[LV FRRUKLQD W H RA HVHVWK | WHAHES B BW W\
ILQLVKLQJ WUDFH L H WKH GLIIHUHRE & LR DWKHH PIES/RIOWVWS! Z DWK/ UFIR\
SRLQW $ ,10X! WKHODVW URXJKLQJWHUDLRHHIEWWR. IR QHRW L Q [WK & ISR K LUW |
WKH ILQLVKLQJ WUDFH ,10X! WKH O RWK b RRNKLY L WHUBLFHHIPWR. IR QHRV \
ZLWK UHVSHFW WR WKH ILQLVKLQJ WUDFM\V, W8 B XV WNDQRWINQWIH BIH G
ILQLVKLQJ DOORZDQFH LV OHIW LQ WKH ; D[LV RI WKH URXJKLQJ F\FOH

0Z 7KH SUHFLVLRQ PDFKLQLQJ DOORZDQFH RI WKH WR)[LV UDQ.

XQLW PP DQG WKH = D[LV FRRUGQRDW i RXIML /W URQ QRJ W B \

UHODWLYH WR WKH SUHFLVLRQ WXUQLQHWUDMHEWRBZHHEY WKH B D\
FRRUGLQDWHV RI SRLQW $ DQG SRLQW $ HIZW R UK H\OR N WHWR XQ KNVFKIHUS\R
= D[LV GLUHFWLRQ UHODWLYH WR WKH ILDW GRW WYDMHEWE UW KKHQ"
SURFHVVHV LW DV 0Z ZKLFK PHDQV WKDW. WK®JU B Q®RYD 8B HFRLVIVR QC
URXJK WXUQLQJ F\FOH = D[LV

) FXWWLQJIHHG VSHHG 6 VSLQGOH \RSHHGN D XWPERIO® QXPEHU WRR(

0 6 7) &RGH ZRUGV FDQ EH VSHFLILHG LQV'WRRQIGUW W RGFHRBH RQ W
WKH QV WR QI SURJUDP H[FHSW IRU WKH 7 DQQFVWILRFMWLRIQW KZHK M HJ BH
QXPEHUV EHWZHHQ QVDQG QI DUH QRW YDWOHIPHQ W VFAEWKY BHXQYHR X\
F\FOHV
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&RGH H[HFXWLRQ SURFHVV DV LQ )LJXUH
7%$:% 5DSLGPRYHPHQW

8 )LUVW URXJKMW XKEQ $
$:% 5DSLGWUDYHUVHVSHHG ZKHQ WKH QV SU RHEGDWPS\HHIEHQW L

VSHFLILHG E\* ZKHQ WKH QV SURJUDP VHIPHQW LV *
%: & &XWWLQJIHHG
9 &:% 5DSLGPRYHPHQW
6HFRQG URXJK WXUQ& QJ $
$: % 5DSLG WUDYHUVH VSHHG ZKHQ WKH QV SURHEGOWS\HHICHQW L
VSHFLILHG EM* ZKHQ WKHQV SURJUDP VHIPHQW LV *
%: & &XWWLQJIHHG
; &:$% O5DSLGPRYHPHQW

7KH QWK URXJK WXUQLQJ $Q : %Q : &Q
$Q : %Q 5DSLG WUDYHUVH VSHHG ZKHQ WKH QVFRURWUQR P MHHI® HQ
VSHHG VSHFLILHG E\* ZKHQ WKH QV SURJUDP VHIJPHQW L\
%Q:&Q &XWWLQJIHHG
&Q :% 5DSLG PRYHPHQW

IDVW URXJK WXUQ $G: %G : &G
$G : G 5DSLG WUDYHUVH VSHHG ZKHQ WKH QVVSIURYU UDHPGY HJI P H
VSHHG VSHFLILHG E\* ZKHQ WKH QV SURJUDP VHIPHQW LV
%G : &G FXWWLQJIHHG
&G :$ ORYH TXLFNO\WR WKH VWDUWLQJ SRLQW
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JLIXUH * &RGH5XQ 7UDFH
&RGH GHVFULSWLRQ

"7KH QVaQl VHIPHQW PXVW EH ZULWW H Q\HPRHELP WHOAQD [ WHHIWP /G
LV ZULWWHQ EHIRUH WKH *

VHIPHQW MXWHFK\WWIHRRJ DAXKAHR @ 2 3\QLIF\DHDITP\
DQG H[HFXWHV LW DQG DIWHU WKH H[RXWW VRQKIHY CAHR NS ®HRVIH® PLRM My

VHIPHQW LQ VHTXHQFH WKXV FDXVLQH GXSQILFBWH B FXWLRQ RI WK
" KHQ *

LV HIHFXWHG WKH QVaQl VHIPHQWDW XYH® RH ORKRIK LFQ

F\FOH LV HI[HFXWHG

FRQWRXU DQG WKH VHIPHQW LV QRW H[WEFXMHG PO'DAD D BRGKW DQ MK
LV HITHFXWHG 7KH) 6 DQG 7 FRGHV LQ WXIHGQAKHD WHKIHP H QM QIVKY. R

*

"QV SURJUDP VHIPHQWYVY FDQ RQO\EH *

*
*

* * *

* *
" %

FRGH H[HFXWLRQ
EXW WR H[HFXWH WKH *
PRYHPHQW

ZLOO EHPLVSODFHG

DGGUHVYV :

*

DQG *

*

FRGHV
"QV WR QI SURJUDP VHIPHQWY FDQ KDYH RYOYWRKH IROORZLQJ *1XQ
* * *

FRGHVY DQG WKH\
DQG *

FRGHV DUH QRW[MBROWG @K W® HH *
F\FOH EXW DUH YDOLG ZKHQ H[HFXWLQJ WKH *
"XULQJ *

ILQLVKLQJ F\FOH
\RX FDQ V WIRFSQMKXHGCDXRWRP B DV )k DRCBAH\L
F\FOH DJDLQ

\R XRX E WI RIHNV WKG R R QX B 1D

FDQQRW KDYH WKH IROORZLQJOIXQFWHRIQW VXEURXWLQH FDOO FRGH
* *

I\RX FROQWLQXH WR H[HFXWH EZWWRKR R WIKHMROQIRZL QN K-S

"3HUIRUP IHHG KROG DQG VLQJOH SURJUDP $HRRHOQW REHEDRWHR Q)
DIWHUUXQQLQJ WKURXJK WKHHQG SRLQW RI WKH FXUUHQW WUDMHFW

D3 4FRGH ZRUG

0L 00X DUH GHVLJQDWHG E\ WKH VDPH DGGUG®DNMW I8 GDE)Q GVIKN V¥R DH H
7KH GLVWLQFWLRQ LV PDGH WRKHRUHIIPGIW/RL X KGHHWK B Q [RW HX
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"$* FRGHFDQQRWEHH[HFXWHG LQ WKH B@®WDUPHW KIRI® HWVDRHLE L

"ODFURV FDQ EH ZULWWHQ LQ *

":KHQ FRPSRXQG ORRS FRGH LV XVHG PXOWUD®H QW AIRVQL @ WK 1 R I
DOORZHG WR KDYH WKH VDPH SURJUDP VHIJPHQW QXPEHU

" 7KH WRRO UHWXUQ SRLQW VKRXOG EH DL &MWKHRWRRZ DVRPRVR X E R
WKH ZRUNSLHFH
7KH GLUHFWLRQ RI WKH FRRUGLQDWH RQYBO/@KHIQFEHDYLQJI D ILQH W)

dL ON UHIOHFWV WKH FRRUGLQDWH RIIXHN QD G ¥ XVWZWILHY O B E WK PMW
FRRUGLQDWH RIIVHW DQG FXWWLQJ GKUMZE WDR E HQEF RREIMKHL® L Qi P DI
ZD\V LQ JHQHUDO XVXDOO\WKH VLJQ RILYD RO GNI K\ W WHK M VDHP B VVWWKKHD'
0Z DQG WKHUH DUH IRXU FRPELQDWLRQV LQ,BRPRHRQLIXHH VS HV) WK H
VWDUWLQJ SRLQW % : & LV WKH ZRUN S L HFHQRIRFRQRWRIX % D @G LV W& HLWY
WKH ILQLVKLQJ WUDMHFWRU\

1Y A0 Ak=0, Audd Aw>); 2) A0 AKRD. SuE0 AweD;

3) A0 AkCO, Audd AwdO: 4) A0 Ak<O, Auwrd  Aw<:

{5 1"

LH

e ———

(I[IDPSOH )LJXUH
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40 10 40 Q_20
R20
180 160 120
Z-axis
,41
Starting point =l
(200, 10} | X-axis
3URJUDP
*x - = 0 6 6SHFLI\IHHG SHU UHY ROKNVY R@ UOWRFEDIWSHR L Q W
VWDUW WKH VSLQGOH
* 8 : 5 ; D[LVEDFN RII PP = D[LV EDFN RII PP
* 3 4 8 ) BRXJK WXUQLQJ OHDYH V P®@G RUP;PDIRU
= D[LV
1 * ; = !
* ) 6
: JLQLVKLQJ VKDSH SURJUDP VHIJPHQW
* : 5
1 * : )
* 3 4 0 JLQLVKLQJ

JLQLVKLQJ F\FOH *

&RGH IRUPDW * 3 QV 4 QI

&RGH IXQFWLRQ 7KH WRRO SHUIRUPV SUHFRWNBQHFPEFXWHEQULRQ
PDFKLQLQJ WUDMHFWRU\ JLYHQ E\ WKH QVaQl SURJUD
VWDUWLQJ SRVLWLRQ $IWHU URXJK PDFKHQLQJ RQ * *
FRGH IRU SUHFLVLRQ PDFKLQLQJ DQG FRNEREWH WKH
PDFKLQLQJ DOORZDQFH LQ D VLQJOH RSHEBTDADERQ $W W
WKH WRRO UHWXUQV WR WKH VWDUWLQJ SRLQW DQG F
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VHIPHQW DIWHU WKH * SURJUDP VHIPHQW
KHUH QV WKH SURJUDP VHIJPHQW QXPEHU R Il WKHH TLLUMAWWSURILUDIP
WUDMHFWRU\
Ql WKH SURJUDP VHIPHQW QXPEHU RI WKH GIMWSURIWPDIP VH
WUDFN
7KH * FRGH WUDMHFWRU\ LV GHWHUPLQHG ERIWKKHSYWRR UDPPLQJ

VHIPHQW EHWZHHQ QV DQG QI 7KH UHODBWHENW ZSRMVY \Q VROP® QIHIOM® W

*

* SURJUDP VHIPHQWV LVDV IROORZV

* * * « «

1B QV  ~

6 > JLOLVKLQJ URXWH SURJUDP VHIPHQW JURXS

1B QI ««_/
* 3 QV 4 Ql

&RGH GHVFULSWLRQ

"+ PXVWEHZULWWHQ DIWHU WKH QV WR QI SURJUDP VHIJPHQW
":KHQ WKH * ILQLVKLQJ F\FOH LV H[HFXWH® WHKH Q V6WIRQE Y H RGHHQ
DUH YDOLG

"« x %+ x ¥ x ¥ FRGHV DUH YDOLG ZKHMXSIHUIRWAIMXLQJ
F\FOH

" 'XULQJ * FRGH H[HFXWLRQ LW LV SRV\WIFERS$HW R W MRRB DAQKH FLRM
PDQXDOO\ EXW WR H[HFXWH WKH * F\FOH KB LR VWRW LARQV WHU R WM
PRYLQJ PDQXDOO\ ,I \RX FRQWLQXH WR WKH X WEIVZHLTVX K RXWWWUHDAVMH
ZLOO EH PLVDOLJQHG

" 3HUIRUP WKH RSHUDWLRQ RI D VLQJOH SUR.DWPDEDKYIP\HQ WV HIQ G
UXQQLQJWKURXJK WKHHQG RI WKH FXUUHQW WUDMHFWRU\

"$* FRGHFDQQRWEH H[HFXWHG LQ WKH B@®WDUPHW KIRI® HUWVDRHLUE L
" 'KHQ FRPSRXQG ORRS FRGH LV XVHG VHYHU PO QWLaRH\DU® \WRMW VD
DOORZHG WR KDYH WKH VDPH SURJUDP VHIPHQW QXPEHU

"7KH WRRO UHWXUQ SRLQW VKRXOG EH DL & MWKHRWRRZ DIVRPRVR X ER
WKH ZRUNSLHFH

$[LDOJURRYLQJPXOWLSOH F\FOHYV *
&RGH IRUPDW * 5 H
* ,8B=:B304dL 4 40N 5 0G )B
&RGH OHDQLQJ 5DGLDO ; D[LV IHHG F\FOWHWRPIBAAYWHGQ V¥ LAXKV /LI

IHHG UHWUHDW DQG UH IHHG IURP WKH VWWWWQQ JUB [DLFWVK HVDWIKH XD
SRVLWLRQ DV WKH FXWWLQJHQGSRLQWI=DD[UW WRIRIDGL QO ®/ B [ LCOQOG UK\
VDPH SRVLWLRQ DV WKH VWDUWLQJ = DHLIV[ER® FGMWMDLVOH FRAR P 8§ 0 $INWLHQ
UH FXWWLQJ SURFHHG WR WKH QH [WLID[L BV&R FKXKWHWFLXQN VF L DA HH GG\8 R U P
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WKH VWDUWLQJ SRLQW WKH VWDUWLQJ DIRHH QDE1L® WER LW R JI Y R PO
FRPSRXQG F\FOH LV FRPSOHWHG 7KH URQVIR) D Q B WH LEHOM Hi i IBL @ HEGH E
WKH UHODWLYH SRVLWLRQV Rl WKH FXWVWLQWBQWERLGWNVQWS 7KLV FF
XVHG WR PDFKLQH DQQXODU JURRYHV RU FHSLWBE CH QB H® KR GH VDRQ

LQWHUPLWWHQW FXWWLQJ SOD\V D URICSHUHPRKIDOEUHDNLQJ DQG WLP |

5HODWHG GHILQLWLRQV

BWDUWLQJ SRLQW RID[LDO FXW W L QHIHG FDOM W7KKHH BSHRM_LQ/QLLR)G R 1 BI LK
FXWWLQJ F\FOH UHSUHVHQWHG DV $Q Q RRUGLQINHUN $\KN ¥ IDHH\DN
VWDUWLQJSRLQW $ DQG WKH GLITHUHQF$IQLRQ ®$IQV ARRILGZRD WW E U W
SRLQW $ RI WKH ILUVW D[LDO FXWWLQJ EQIOSRILY W KH QB HWWBY W R FL
FRRUGLQDWH RI WKH VWDUWLQJ SRLQW LD®SAXINW QOIHFA FDO/HS L VRW WHK M [
WKH FXWWLQJHQGSRLQW

$[LDO IHHG HQG SRLQW WKH HQG SRV LWR®A G RW V[LODAHDG | KB B R A
%Q Q WKH = D[LV FRRUGLQDW Hi @ G/S® L W R H R/O/P\W LDQY/IW\K K H
FRRUGLQDWH RI %Q LV WKH VDPH DV $Q D QL®DW KH H3® G 8 RIRWWH 8 | DV K%l ¢
WKH VDPH DV WKH HQG SRLQW RI FXWWLQJ

5DGLDO UHWUDFW HQG SRLQW $IWHU Y DVAKH O [.LDDOOFA X\W & H@JIGFS RQ B W
HQG SRLQW RI UDGLDO UHWUDFWLRQ UHWUDFWHG E\ W&H LY D§HQR W
FRRUGLQDWH RI &Q LV WKH VDPH DV WKH HQIG SRQG W RH WEXHHXW KBIQ ®
FRRUGLQDWH RI &Q DQG WKDW RI $Q LV 0 G QKMHRHQ® SRDQ W H W WXHA
GHQRWHG DV &Q Q

(QG RI D[LDO FXWWLQJ F\FOH 7KH HQGR®RW LWRR @ RH HQ B CRE DPIGL
EDFNLQJ RXW GHQRWHG DV 'Q Q WHV \WRKH=DDH WRRRWFPLHDV W
VWDUWLQJ SRLQW DQG WKH : D[LV FRRU G LRMHWRHIVERI @ KIHUG LW KK N Q P
EHWZHHQ WKHP DQG WKH : D[LV FRRUGLQDWHV RI$Q LV QG

EXWWLQIJHQGSRLQW ; 8 B=: BVSHFHHGEQ@EBSRWQWHIODVW D[LDC

5H 7KHDPRXQWRID[LDO UHWUDFWLR@DILWMKHIEKQDH RD WM

,6 % WR ,6 & XQLW PP XOQOWHGQEPWGXKHMBBEQN. YDOLG C

5H LVH[HFXWHG DQG WKH GDWD LV FRQPOUWP® & RWKHHFRUQYBUBER®
1 ,J/5H LVQRWHQWHUHG WKH YDOXH®RDSDMNXKHBIWBEO EDF NV XWK

© $EVROXWH ;: D[LV FRRUGLQDWH YDOXH RI WKH FXWWLQJHQG SF
8 'LIIHUHQFH EHWZHHQ WKH ; D[LV D EV RDOXWN HHRFER SFGLLAVD Wb H IRQ ¢
WKH VWDUWLQJ SRLQW $
= $EVROXWH FRRUGLQDWH RI WKH = D[LV RI WKH FXWWLQJHQG S
'"LIIHUHQFH EHWZHHQ WKH DEVROXWH © ® BIRL DPRRRIGW R B \W KW o
DQG WKH VWDUW SRLQW $
3 0L UDGLDO ; D[LV FXWWLQJ YROXPHFNROH YDQX®HUD[Q DD

aL” ,6B% aL” ,6B& XQLW RLQDFXMRRIGW GLDPHWHU Y
XQVLIQHG

4 ON 7KHDPRXQW RI = D[LVLQWHUPLWWMWW.QHHBGLWK D MDOX H

WKH UDQJH RI aN” ,6B% aN” S QBRXPXDQSXWILQFUHPHQV
XQVLIQHG

506 7KHDPRXQW RIUDGLDO ; D[LV EDHR®RRIDMWBO FXWWLQJ

WKH YDOXH UDQJH LV a TPLQLPXP LQR XQHK FALLHDAPHHQWH UXQD @VX P

VLIJQ :KHQ 5 GG LV RPLWWHG WKH V\VWHP GHDDX O WM W KEDDB RRIQ |
WKH HQG RI D[LDO FXWWLQJWR EH :KHQ WIKHFRBRERWEWER| L\§ ®H) B
EDFNLQJ RIIl WKH WRRO LQ WKH SRVLWLYH GLUHFWLRQ
&RGH H[HFXWLRQ SURFHVV )LJXUH

7 &XWWLQJ IHHG 0N IURP WKH VWDUWLQJQSRLQOWVRI H RO FXWWHGQJ O
FRRUGLQDWH RI WKH FXWWLQJ HQG SRR R WALQ\DPADHD R IHW KMK\DV) DK\ © D
FXWWLQJIHHG LV QHIJDWLYH WR = D[LYHBG® GW §RN IY\M UYID \WRK=H IFDLW W L ¢
8 5DSLGO\ PRYH WKH WRRO EDFN H LQ WK HKBI[ G\ GH EW E R/Q RO WK B [W\R R C
LV RSSRVLWHMHGWKHW HFWLRQ

9 , WKH = D[LV FXWV DQG IHHGV DJDLQ ON HHH® GWMMLIOQGCE SIRLIHM @
VWDUWLQJ SRLQW RI WKH D[LDO FXW WILW K F \F[QB & Q HHIGS YK RVHK®IG= STR[IL ¢
DQG IHHGV DJDLQ OGN H DQ® WKWG®H HHFXWRNVQW Rl WKH IHHG UHDFK
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DIWHU WKH = D[LV FXWV DQG IHHGV DJDLQD QB % QR W KW © FOWLE/HRAXZNHVH D
IHHGV XS WR SRLQW %Q DQG WKHQ H[HFXWHYV

"KHQ WKH UDGLDO ; D[LV UDSLG PRYHPHQW R/I 8\QK HD'W & R\K H H VDX IU\Q \
FRRUGLQDWH RI SRLQW %I FXWWLQJ HR[E S FIRRW GLL\QDRDHDRIHSRW & VG W
SRLQW WKH WRRO UHWXUQV LQ WKH SRMLWRW KHUZALWFHWMLR @ MWRZ D Q
QHJDWLYH GLUHFWLRQ WRZDUGV WKH ; D[LV
- 4XLFNO\PRYH WKH WRRO EDFN LQ WKH QW.D® 0 RGHFKNH R k=D LID\O R
F\FOH HQGV ,I WKH FXUUHQW LV QRW KX W B,V W IOH LFDXQU B X\VQ W LLQ/J VIF KFHO!
D[LDO FXWWLQJ FAFOH H[HFXWH
< 5DSLG UDGLDO : D[LV IHHG LQ WKH GLWHRQLRIDVRSSRWLRG WIR DV MH
- D[LV IHH®&B~L WKHHQG SRLQW RI WKH IHHG LV VWLOW KM WEZBH® BRLQ
SRLQW RI WKH ODVW D[LDO FXWWLQJ F\FO®~ L; DLV URS$G WDRGHUVH
WKHQLV H[HFXWHG WKH QH[W D[LDO FXWWLQJX*B\FDH WWHIQ/WV LI ; C
HIHFXWHG WKH QH[W D[LDO FXWW L Q JHH B-G3H\LW DM\KMVH Q, G [SIRVHQUWV; FDI [ WK
IHHG UHDFKHV $1 SRLQW RU LV QRW EHW ZHHKV' Q DG DI\ SRR § MS R LBY WV
WKHQ H[HF W\VRBAWDUW WKH ODVW D[LDO FXWWLQJ F\FOH
= 7KH ; D[LVPRYHV UDSLGO\EDFN WR WKH VMW B [HF XQULRROLIOWGY DQG *
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{} P Nk ’.5:‘ Fal t‘; — s Cutting feed
JLIXUH * 7UDMHFWRU\N'LDJUDP

&RGH GHVFULSWLRQ
" 7KH F\FOLF DFWLRQ LV SHUIRUPHG E\ WKHOLGURJUD® G/ & JAMH QEX AR Q
WKH F\FOLF DFWLRQ LV QRW SHUIRUPHG LHREOHQW KM H[HEXWHSURJUD!
" G DQG H DUH ERWK GHVLJQDWHG E\ WKH V IFMHL D GEDWHAGY RQ TKKIHG L
SUHVHQFH RUDEVHQFHRIWKH =: DQG 4 0N RARGPHQRUGY LQ WKH SUR.
"'XULQJ* FRGHH[HFXWLRQ LWLV SRVMVLESHUDRVWREA D YEH RXWRB QX
EXW WR H[HFXWH WKH * F\FOH DJDLQ LWKHVSQMEWY RQUEHVR UHHRMRYL
PDQXDOO\ ,I \RX FRQWLQXH WR H[HFXW B VAT KRXW WIUHWX-HFQLRU\ I
PLVDOLJQHG



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

"3HUIRUP WKH RSHUDWLRQ RI'D VLQJOH SURRI SD K WHI\ PHWY WU DNXQ@ GMK}-
WKURXJK WKHHQG RI WKHFXUUHQW WUDMHFWRU\

":KHQ SHUIRUPLQJ EOLQG KROH FXWWLQJ WRHKIHASW B G B-HRFEDHX X/ R WGKRHHXUWH
QRUHWUHDW GLVWDQFH IURP WKH FXWWXHFIWWRWKH HQG SRLQW RI WK

(I[DPSOH )LJXUH
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Y)LIXUH
3URJUDP $VVXPLQJ D JURRYLQJ WRRO ZLGWK Rl LR DHRGH QWP IRQ L P X
PP
* . = 0 6 6WDUW WKH VSLQGOH SRVQWVRWD UW WRLWQKH B BBKW@ L
ZLGWK LQ WKH ; GLUHFWLRQ
* 5 ODFKLQLQJ F\FOH
* = 3 4 ) = D[LV IHHGV LQ PP DQG PHWBRMAVYH PQG
DIWHU IHHGLQJ WR WKH HQG SRLQW = LW TXI
VWDUW SRLQW = ; D[LVIHHG PP F\FOH WKH L

FROWLQXH UXQQLQJ
0 (QG RI' SURJUDP

5DGLDOJURRYLQJPXOWLSOHF\FOHV *

&RGH IRUPDW * 5 H
* . 8B=:B30L 40N 5 0G )B

&RGH OHDQLQJ $[LDO = D[LV IHHG F\FOM AR P EWW\HX ML WXWIDIGLD
IHHG UHWUHDW DQG UH IHHG IURP WKH V@R UMV WEH FRIVOWL QD G&IHDIFE
VDPH SRVLWLRQ DV WKH FXWWLQJ HQGRBRQQM W D HL/W R RUDGLA [DVIE DD
WKH VDPH SRVLWLRQ DV WKH VWDUWLQJO$RULION RQH V FGRNG EQBANWH C
$IWHU D[LDO UH FXWWLQJ SURFHHG WRIWKH BX\WWU Q G MCROWFRKAVRKVOW E
UHWXUQ WR WKH VWDUWLQJ SRLQW WKHDNWDWWH YDPBG BIQG MYIHSIRD ¢
JURRYH FRPSRXQG F\FOH LV FRPSOHWHG 7KWHPBPWDROQB QR ¥ D @LDD
GHWHUPLQHG E\ WKH UHODWLYH SRVLWLQRW E B WZ H HIQQ & KAHK FIXWWMDLUQW |
SRLQW 7KLV FRGH LV XVHG IRU PDFKLQUG)O®DEEDOFD@QXXAD D FIH\R RDYGHC
LQWHUPLWWHQW FXWWLQJ SOD\V D URICSHUHPRKIDOEUHDNLQJ DQG WLP|

5HODWHG GHILQLWLRQV



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

BWDUWLQJ SRLQW RI UDGLDO FXWWLQHBDWOUWDGKD Y WPWWLQJ &
IRUUDGLDO FXWWLQJLY GHQRWHG DV $¥ FRRRUG L QD WKHWHASKHW DB H.D
VWDUWLQJ SRLQW $ DQG WKH GLIIHUHQFHOLRQ=DM[G \$ 6 R RIWGILN) DAVKHV
VWDUWLQJSRLQWS$ RIWKHILUVW UDGILRIBD ¥W\W WWQQ F SFOLH MV E B & BVF
FRRUGLQDWH RI WKH VWDUWLQJ SRLQWO EX\QRWOIEAMFGH RY WKH UDF W
FXWWLQJ HQGSRLQW

(QG SRLQW RIUDGLDO IHHG 7KH HQG S RIWVOWLSR \Fl W@ R Q/ RJIDHDLAKOU
LVGHQRWHG DV %Q Q ZKHUH % Q VD FDH IDWARKRH BX @ B/AW € 1L M QVKS:
DQG %Q V = D[LV FRRUGLQDWH LV WKH VD R-DIWSIOD G K Bl (4 [HGHSR LGHD R W/
%!l LVWKHVDPHDV WKHFXWWLQJHQGSRLQW

$[LDO WRRO UHWUDFW HQG SRLQW $IWHKHNDW K HJ B G GDIR E QW VRL
UDGLDO IHHG WKHHQG SRLQW RID[LDO VKR/AD®BW &QHQYUDFW DP R WEW
- D[LV FRRUGLQDWH RI &Q LV WKH VDPH DY WRB WEE SR LIGIW HRQ AHK B H\X ¥
&Q DQG $Q = D[LVFRRUGLQDWH LV 0G

5DGLDO &XWWLQJ &\FOH (QG 3RLQW 7K RXVOEDFRM IR PRQKR DK B
FXWEDFN HQG SRLQW GHQRWHG DV 'Q I FRRUGLQDMMK WKHQ: EHLQJ
VDPH DV WKH VWDUW SRLQW DQG WKH = DM MDPRFWGW R R WH R IR8 QQ FLHA
WKH GLITHUHQFH LQ = D[LV FRRUGLQDWHV RI $Q EHLQJ 0G

&XWWLQJHQGSRLQW ; 8 = : VSHFLIIHEGHSRYIRMLQRWY %IDVW UDGL

5H 5DGLDO UHWUDFW DPRXQW DIWHU HDMKRUDGLD® % D[LV IH
WR 6 & XQLW PP UDGLXV YDOXH{GXQD/QX B WE PTKHQVSHDFALG DIW
LV HIHFXWHG DQG WKH GDWD LV FRQYHUW BD® &V R WRWHHERILQ) BB ERE A L
1 0 5H LV QRW HQWHUHG WKH YDOXH Rd BD UDKHWBGLD O UHWU
DPRXQW

- $EVROXWH ;: D[LV FRRUGLQDWH YDOXH RI WKH FXWWLQJHQG SF

8 'LIIHUHQFH EHWZHHQ WKH ; D[LV D EV RDOXW HHRFER SFRGLLAVD Wb H IRQ ¢
WKH VWDUWLQJ SRLQW $

= $EVROXWH FRRUGLQDWH RI WKH = D[LV RI WKH FXWWLQJHQG S

'LIIHUHQFH EHWZHHQ WKH DEVROXWH © ® BIRL DPRRRIGW R B \W KW o

DQG WKH VWDUW SRLQW $

3 0L )HHG DPRXQW RI; D[LVLQWHUPLWWH QMH G H® G X H LUDIQUBIG

aL” ,6B%  QON” ,6B& XQLW RLRQPYRRIPGW XQVLJIQHG
4 N $[LDO = D[LV IHHG IRU D VLQJOH UDHSLDIQAKXKWWLQ]J
aN” ,6B% OGN ,6B& XQLW PLQQFNPRBOW XQVLJIQHG
530G 7KHDPRXQW RID[LDO = D[LV UH W WIDRNRIRGD IBIMDHDUFFXWYNAL L
LQ WKH UDQJH RI WR TPLQLPXP LQSXWHRKQPUHMPHQWGXQLW PP

KHQ5 0G LVRPLWWHG WKH V\VWHP GBICXDMWYV VERH BPRXRXMRW
DIWHUWKHHQG RIUDGLDO FXWWLQJ
2PLWWLQJ=: DQG 4 ON GHIDXOWV WRROLUHWWDRWLRQ LQ WKH
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A
X/2
B(Bf) CfBn Cn B2 Ca B C
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i
; . : _ : L .
4 i i H . = i
', | : '" ; ‘ 1 | e s s &= Quickly move
E : . i «@me= Cutting feed
] é 1
H e : rm -
f h - 1 0< alk's Ak
: : ; ' i s wmre
| i : - ; U< AT A
_|_
' & ¥ 1 E ' An: Starting point of radial cutting cycle
' L» ' Bn: Endpoint of radial feed
E -_i l:-, ! Cn: Starting point of axial tool retraction
: . Dn: End point of radial cutting cycle
’ Where: n=1,2, 3
- o . —

JLIXUH * 7TUDMHFWRU\

&RGH ([HFXWLRQ 3URFHVV )LJXUH
7 )JURP WKH UDGLDO FXWWLQJ F\FOH VWD DW.LQ F % RLIAWGSIG HEBKEH U D
L LI WKH : D[LV FRRUGLQDWH RI WKH HQW KRQ QWK IR | FDOX{ WWWHFROR W& L\QFLDVOH
VWDUW SRLQW WKHQ IHHG QHJDWL Y HE® S RARLWI M H @\ MAMR R\WKH WDZLVH |
8 5DSLG UDGLDO ; D[LV UHWUDFW H 7KH UHKRHUIDF @& GILWHFWILRQ LV RS
9 , WKH ; D[LV FXWV DQG IHHGV DJDLQ 0L HIHBQ G WKW [HIWG BRI DIHR)I
VWDUWLQJ SRLQW RI WKH UDGLDO FXW W MXHFUPGH BQ DHHIG WHKH WEE S
FXWV DQG IHHGV DJDLQ GL H 8D Q GWKKHIQQHI ISRX\WWWRI WKH IHHG UHDFK
RULV QRWEHWZHHQ $Q DQG %Q DIWHU WKH ; DIJRLIVQF XNK\HD @G LI YA IF & W E \D ¢
IHHGV XS WR SRLQW %Q DQG H[HFXWHV

4XLFNO\ PRYH LQ D[LDO = D[LV GLUHFEWIRQWRRSBH@QW BN W RN
= D[LV FRRUGLQDWH RI SRLQW %I HQG S MRIRQMS LIQ\D &/HVR/I \8 R D QWK HV W [
SRLQW WKH WRRO LV UHWUHDWHG LQLWKE G® ¥ QWLKH GH. UMW UWMHR G LRU R
WKH = D[LV
- 7KH QWK UDGLDO FXWWLQJ F\FOH ZLO O FHI| LUILYIKGH & Z B M 1B UNVKIHEDF G A
WKH WRRO WR WKH 'Q SRLQW ,I LW LVOGRWM WK XU W U DVGLHD O DPXW WD ¢
FXWWLQJF\FOH H[HFXWH
< 4XLFNO\PRYH WKH IHHG D[LV = D[LV D QRVWKH WM & IGH W HFMWLHOQL G |
R ,I WKH = D[LVMGV* NH®QG WKH IHHG HQGSRLQW LV VWLOO EHWZHHQ
WKH VWDUWLQJ SRLQW Rl WKH ODVW URB&HD QJ B3 WOQAQW RENFOIE WKH :
WKDW LV 'Q:$Q DQG WKN@/ B[H¥FXWKH QH[W UDGLDO FXWWLQJ F\FOH
4G GN UHDFKHV WKH IHHG HQGSRLQW DW G IDSRL RIVS R UQW \Q RWK H HWIX]H
TXLFNO\PRYHV WR $I SRLQW W& WRHQY MKIF)XOWMNW UDGLDO FXWWLQJ
= = D[LVUDSLG WUDYHUVH UHWXUQV WR WK HHWXYIVUWQHQFBRLQW $ DQC
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&RGH GHVFULSWLRQ

" 7KH F\FOLF DFWLRQ LV SHUIRUPHG E\ WKH ®LGURS8UD® & B JPLH QEX AR G
WKH F\FOLF DFWLRQ LV QRW SHUIRUPHG LHREOHQW KM H[HEXWHSURJUD!
" G DQG H DUH ERWK GHVLJQDWHG E\ WKH V IFMHL D GEDWHAGY R5Q TKKIHG L
SUHVHQFH RUDEVHQFHRIWKH ; 8 DQG 3 GLWFRGH ZRUGV LQ WKH VHJP
" 'XULQJ * FRGH H[HFXWLRQ \RX FDQ VWRS RNKHH FDDXQNXFDRIDON L E XUX QV R
H[HFXWH WKH * F\FOH DJDLQ \RX PXVW RHW MK} W R QWD SFRRMHW L, R R
H[HFXWH DJDLQ ZLWKRXW UHW XU QL QJZJ WX & WZLIDMDHEERV RIU RO MIKQHH IGR O C
" 3HUIRUP WKH RSHUDWLRQ RI D VLQJOH SURRSD R WHI\ DHW WU DG QUKH
WKURXJK WKH HQG RI WKH FXUUHQW WUDMHFWRU\

" :KHQ SHUIRUPLQJ D JURRYH FXWWLQJ F\FOH EW KR-P 6 WWGH G FEGI A DDRWUHG
WKHUH LV QR UHWUHDW GLVWDQFH IURFHYKISRX@WLQJ WR WKH UDGLD

([IDPSOH )LIJXUH

—
1
1 ¥
YLIXUH * &RGH &XWWLQJ'LDJUDP
7KH SURJUDP $VVXPLQJ WKH ZLGWK RI WKHHBPRQYRRB WERRWHP\H PP R
WKH VA\VWHP LV PP
*x . = 0 6 6WDUW VSLQGOH DW  USP
x . = 3RVLWLRQLQJ WR WKH PDFKLQLRQ 8®BVUW SRL
WRRO ZLGWK
* 5 ) ODFKLQLQJ F\FOH
x . = 3 4 : D[LV IHHGV LQ PP DQG UHVWUBERH/ IHPABDW
WR WKH HQG SRLQW ;: DQG WKHQ TXLFNO\ UH\
SRLQW = D[LV IHHG PP F\FOH WKH DERY!
FRQWLQXH UXQQLQJ
* . = 5HWXUQ WR PDFKLQLQJ VWDUW
0 (QG RI SURJUDP
* * IRUHQG GULOOLQJ F\FOHV 0OO0OEFQJ FRAOHMGH GUL

*

B5B3B4B )B .B
* ,8B5B3B4B)B .B
5B QGLFDWHY WKHDEVROXWHFRRUGLQDWH YDOXH RI WKH5 SRLQV



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

3B 'ZHOO WLPH DW WKH ERWWRP RI WKH KIRQ K RRARGBOIDOFGE DIWG KXW L W,
GZHOO

4B 'HSWK RI FXW IRU HDFK FXWWLQJIHHG

)B FXWWLQJ IHHG UDWH

.B QXPEHU RITUHSHWLWLRQV

+LJK VSHHG GULOOLQJ V\VWHP SDUD®HWWHIQ F HVIRW \H ¥V KK & B MCED F N
* = : B5B3B4B )B .B

* ; 8 B5B3B 4B )B .B

TKUHDG FXWWLQJFRGHYV

'LWK D YDULHW\ Rl WKUHDG FXWWLQJ | X®P\L R WLDRHDUR FHDWL B
OHDG WKUHDGV DQG WDSSLQJ F\FOH )OXIQAS\WKMV | @ DK VO HYD 8 R RUHLLPGS HRUU
LQSXW , VSHFLILHV WKH QXPEHU RI WS H@®&HHVU R QFKVRU MAKV\WDVGH PQ G
EDFNLQJ OHQJWK DQG DQJOH FDQ EH F KMKQMHDEG \P KD @ E HF FROM QX MOMDIVD:
SURWHFW WKH WRRO DQG LPSURYH WKH YROMERBHAO®GWK &RQMADGXI
7KUHDGLQJ&RGH* O9DULDEOH 3LWFK 7KUH BGHQ@REGRIGH * 7 K UMD
&\FOH &RGH* DQG 7KUHDGLQJOXOWL &\FOH &RGH *

7R XVH WKH WKUHDG FXWWLQJ IXQFWLR Qr XW & 8§ HRED E KW® HD WBR Q GO
HQFRGHU 3DUDPHWHU 1 VHWYV WKH Q >XQPEGIH HRQ RRKGHHD GVQ RS S\DKUHD VP Sl
1 DQG 1 VHW WKH UDWLR RI WKH VSLQGEMW W RQN KMHKHIGIFREG/H W K K N/
UHFHLYHV D VLJQDO IURP WKH VSLQGOH HQFRENUWRRVRWFOYUHW WK KU H
PDFKLQLQJ 7KHUHIRUH DV ORQJ DV WK HH\GS LOVGIOHS\ROIHH.E QM QRW LFKU
VDPH WKUHDG PDFKLQLQJ E\URXJKLQJDQG ILQLVKLQJVHYHUDO WLPH

9DULRXV WKUHDG FXWWLQJ IXQFWLRQV BB DRGEH2AWHCRWR BDFHKWQB |
JURRYH +RZHYHU GXH WR WKH DFFHOHUDMWRIRQKMQ;GDGIHF B Q B U-DIMLR @
WKH EHJLQQLQJ DQG HQG RI WKUHDG FXWVWPHQUV \WBM JSL WHRK LHW UR U/
QHFHVVDU\WR DOORZ IRU WKH OHQJWK RQ & MH HQMA WRIDXFWIORIQG R MW I
DFWXDO EHJLQQLQJDQG HQG RI WKH WKUHDG

8QGHU WKH FRQGLWLRQ WKDW WKH W KIDHMH® SLW F K § M K561 R/IH; UP[ILYH
= D[LV GXULQJ WKUHDG FXWWLQJ LV GHWHKLPAQKBVEQ RW K L\EILY 8 GH \Z
WKH FXWWLQJ IHHG UDWH PXOWLS O LHHUF RIQKV U RIOQIGVO i | M-BFHMHLGY A XGOXWIL
FXWWLQJ DQG ZKHQ WKH VSLQGOH VSHHG HKDQFFWOWKBWLRQ \DQ
GHFHOHUDWLRQ ZLOO FDXVH DQ HUURU HQ SIKHGOIHWFEKH N B G R ULRW DG
FXWWLQJ DQG GR QRW VWRS WKH VSLRIGIOHU BV XYOWR § © LAQDIPDKH WRLW &
WRRO DQG WKH ZRUNSLHFH

(TXDO SLWFK WKUHDG FXWWLQJFRGH *

&RGH IRUPDW * : 8B=:B), B-B.B 4B
&RGH IXQFWLRQ 7KH PRWLRQ WUDMHF@/HHR UYRP WKH WWRO WY @JI\SRU
WKH HQGLQJ SRLQW 7KH FRRUGLQDW HHID[WMV ZR ? K R HO D W DHUWG QV SR
HQG SRLQW EDVHG RQ WKH UDGLXV YDOXHR QI WKH/ ; DOLG/ WLKVH FROWD KOHH
FRRUGLQDWH D[LV LV FDOOHG WKH VKROW @JLD[/L\XBRYBH WRB H PW DR QS
UHYROXWLRQ RI WKH PDLQ D[LV DQG WEROKRH® D[MWKLWKH. QRQU O LL\
WKH WRRO FXWV WKH ZRUNSLHFH DQ HTXMBOR®LWRHK VSUUDPHJIR R R/ Kk
ZRUNSLHFH DFKLHYLQJ WKH PDFKLQLQUKH HARGI® BRWGE K WXVUH® GAR )
WKH SLWFK RI D WKUHDG DQG H[HFXWLQUWKMW RFGSH BBG SU@RE HH\DQ\G
WKUHDGV ZLWK HTXDO SLWFK DV ZHO W DAKERIQE IPD¥RKXQ PAOWL VHIPH
&RGH GHVFULSWLRQ * LVDPRGDO *FRGH
7KH WKUHDG OHDG LV WKH GLVSODFHPHROXRILWRHRORQJ
WKH VSLQGOH ; D[LV GLVSODFHPHQW LVLKWVHG RQ WKH
'KHQ WKH ; FRRUGLQDWH YDOXHV Rl WKH VRIBUW DQG H
QR:RUS8LVHQWHUHG VWUDLJKW WKUHDG FXWWLQJ L
.l WKH = FRRUGLQDWH YDOXHV Rl WKH VWDQR/DQG HQG !
RU:LVHQWHUHG IDFHWKUHDG FXWWLQJLYV FDUULHG |
.l WKH : DQG = FRRUGLQDWH YDOXHV RI WKW NKMWDUW DQ
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VDPH WDSHU WKUHDG FXWWLQJLY FDUULHG RXW
5HODWHG 'HILQLWLRQV

) 6SHFLI\ WKH WKUHDG OHDG WKH DPRXDMW \RIPWRRPHIHY RO WK HRX
WKH VSLQGOH WKH UDQJH RI YDOXHV LV )HULP® L QS XMQ FW KRIUVISAHF |
YDOXHRI) UHPDLQV YDOLG XQWLO WKH )GF RIGMFARINGH RHF WW H G LDYJHDQ @/ |

, 6SHFLI\WKH QXPEHU RI WKUHDGV SHU L QKK HIKG ¥ KR QVDWOKHQQ WK ER
LQFK PP LQ WKH ORQJ D[LV GLUHFW LRR® D WWWFKDH) MXOPVERH BJHR X @/GX i) W\
VSLQGOH URWDWHY ZKHQ WKH ORQJ D[LV PRNHMV YDQKKY LWP WH |

WHHWK LQFK 7KH VSHFLILHG YDOXH[RFXWHLARI)L QYW D@ WX B | WFHR G H
WKH JLYHQ WKUHDG SLWFK LV HIHFXWHGLIDI® L Q S%WW K R 5 WHI\LIF W) & KF
RI WKUHDGV SHU LQFK

- $PRXQW RI PRYHPHQW RI WKH WKUHDG L[ MK BEKGIQU EIB NLIRQY RRIT W |
EDFNLQJRIIDPRXQW ZLWK SRV LW LKH{ \RKURQAI D WL IV YLH/ GMLKUHH F WV [LLR/Q WLK
LV VSHFLILHG DV D UDGLXV WKH - YDOXHLV D QRQ PRGDO SDUDPHWHU

7KH OHQJWK RI WKH WKUHDG LQ WKH G\L WHRW VRRQ IR | IW\KKHORRQQIJIDY |
WKH : D[LV WKH YDOXH LV VSHFLILHG DV .DYDDXHXVV QROQRIQUARGDR(
SDUDPHWHU

4 BWDUWLQJ DQJOH UHIHUV WR WKH RI1VHRWDW IORIQEWHW RIDIDQDW K
VWDUWLQJ SRLQW RI WKUHDG FXWWLQJ XKQH WD O XH GWHDIQUHHMW 7WR 4
YDOXHLV D QRQ PRGDO SDUDPHWHU WKDWW KV W\EHGY SHFR W. N S HHFYLH UM\
FRQVLGHUHG WR EH GHJUHHV

4 8VDJH UXOHYV

1 4LV QRWVSHFLILHG WKH GHIDXOWI®H GHJUHHV IRU WKH VW
JRUFRQWLQXRXV WKUHDG FXWWLQJ HEMRY | RAK W K IV 8 HRF I K H C

WKH IROORZLQJ WKUHDG FXWWLQJ VHEWIGRQVQANA QYD IO GJ QRGHEGY |

7KH WRWDO QXPEHU RI PXOWLSOH WKWHHBIEN. QR WRIR® E\Q\G\WM PLLL

VKDOO QRW H[FHHG KHDGV

7KH XQLW RI14 LV GHJUHH I WKH HJUHHY/ UV RPIWKW ESLQGO
4 VKDOO EH LQSXW LQ WKH SURJUDP LIL® LRBRQVLGNUWIDPG XWR
GHJUHH

'"HWHUPLQDWLRQ RIORQJDQG VKRUW VKDIWV )LIJXUH
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= Starting point »
¥

When Lz>Lx (a<45 °), the Z-axis is the long axis;

Cone thread When Lz>Lx (a>45 *), the X-axis is the long axis;

| Z-axis

— A | i . e ——
Current

4 point !

End N - =3

:_. " puri‘nt 5 1 ~
- 3 =i i ;
I_? Tool path

Y

G32 programming endpoint

1 X-axis
JLIXUH * TUDMHFWRU\'LDJUDP
1RWHYV
":KHQ -RU- . LVRPLWWHG WKHUHLV QR EEBRNQQJAKHDVN. LV RPLWWHG
":KHQ - RU - . WKHUHLY QR WDLO FKDPIHULQJ
":KHQ -« DQG . SUHVV - . WR EDFN RXW

":KHQ - DQG.» WKHUHLV QR WDLO FKDPIHULQJ
" | WKH FXUUHQW SURJUDP VHIJPHQW LV |RUQWKLWHIIRG FKKNW DI FXQ\GA
WKUHDG PDFKLQLQJ VWDUWYV GLUHFW OY RZQ XM R \A_-H @ Bl 6 WRL QW KK YA
SRVLWLRQ HQFRGHU DW WKH VWDUW R FXQWW LDQQIA @ MLKHI Q& FW/ SRIG HWY
FRQWLQXRXV WKUHDG PDFKLQLQJ

" 'KHQ WKH IHHG KROG RSHUDWLRQ LV SHUWIRIDPHG WIQKE WK W KMPK G HD.
FXWWLQJ GRHV QRW VWRS XQWLO WKH ARG HQWVKWRED\DH R/ HER € @ WQL
WKUHDG PDFKLQLQJ WKH WKUHDG F X W WH Q/XK ¥ HPIFRHHPWH QW L Q IMKRISSS B
WKH SURJUDP RSHUDWLRQ LV VXVSHQGHG

" ' Q VLQJOH VHIJPHQW RSHUDWLRQ WKH FRWUR QW \SV RRESMH & HIIMHU
HIHFXWHG DQG LQ WKH FDVH RI FRQWL @RRW\RY K VHMERBS HIGLRQ Q ¥ DWW
WKUHDG FXWWLQJ SURJUDP VHIJPHQW LV H[HFXWHG

"7KUHDG FXWWLQJ GHFHOHUDWHV DQG VIV® SV B K BIQQWFK N W RSMHPDL G U
DODUP LV JHQHUDWHG

([DPSOH 7KUHDG SLWFK PP / PP /| PPWWRAVIVWARAZWK RI FX



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

-7
o Starting
* point

£ End point

rx

B3URJUDP

* o, = JLUVW WLPH FXWWLQJ PP

o ) JLUVW FXWWLQJ RI WDSHUHG WKUHDG

o 7TRRO H[LW

: = D[LVUHWXUQV WR WKH VWDUWLQJ SRLQW
; ,QVHUW PPIRUWKHVHFRQG WLPH

o ) 6HFRQG FXWWLQJ RI WDSHUHG WKUHDG

o 7TRRO H[LW

= D[LVUHWXUQV WR WKH VWDUWLQJ SRLQW

S5LIJLG WKUHDG FXWWLQJFRGH *

&RGH IRUPDW * - 8B=:B&+B), B6B
&RGH IXQFWLRQ 7UDGLWLRQDO WKUHRBBU RWSMS\RHOW MHICR B DX\NHE/
SRVLWLRQ HQFRGHU LQVWDOOHG R QXW K H @\ LRRSYGHP WERW B O WX®ID W H GV
RUGHU WR DFKLHYH WKUHDG LQWHUSRDWDWWEKRQ 3K& G B M KW VHGLG/ D@ YD
WKDW WKHUH LV D ODUJH WKUHDG OHD Gl BIiDWRR @ S/RW & W D,KF WG H WD \WIL
LQWHUSRODWLRQ PHWKRG WKH VSLQGOH RRVBRIWIRRENEJOWNKH HD C
LQWHUSRODWLRQ EHWZHHQ WKH I HHGKL[LK B QEFW Y HRGBWEEE B ®AR R E W\
&RGH GHVFULSWLRQ * * FRGHIRUULJLG WKUHDG LQWHUSRODW
& 6WDUWLQJDQJOHRIWKUHDG LQWHUSRODWLRQ
- = (QG SRLQW FRRUGLQDWHV RI WKUHDG LQWHUSROT
), WKUHDG OHDG ), ! IRUULJKW KDQG QXUHDGV )
WKUHDGV
6 6SLQGOH VSHHG
7KHLQVWUXFWLRQ HIHFXWLRQ WUDMHFWRU\ LV VKRZQ EHORZ
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[ 771_1
P
i Z-axis
. - | [e— -
/ a | Current point *
= NN
End point g . ™
/:,f k = [ ™ % "‘\ L \] -
I - W
Y X-axis
JLIXUH * ,QVWUXFWLRQ 7UDFH 'LDJUDP

'"HVFULSWLRQ
* LV DJURXS *LQVWUXFWLRQ
'KHQ WKHUH LV D & D[LV PRYH LQVWUXFWLRR VYQLWIGKD B URJIUD
SRVLWLRQHG DW WKH VWDUWLQJ SRVLWKRQWRUWRK & D[LV EHI
'KHQ UHSHDWHG PDFKLQLQJLV UHTXLUMWEHNKH DWOWBMWO[RIY SR\
PXVWEH WKH VDPH HDFK WLPH
7KH * LOQVWUXFWLRQ GRHV QRW VSHF&W WKH HQG RI WKH V
WKUHDG WKHIHHG D[LVDQG WKHVSLQ®®GH VWRS PRYLQJDW W
7KH LQSXW UDQJH RI WKH DGGUHVYV YDOXHKNWURKFWLRRHIGVLVQ KM
VDPH DV WKDW RI WKH QRUPDO WKUHDG WXUQLQJLQVWUXFWLF
"KHQ WKH * LQVWUXFWLRQ LV HIHFXWHWG H? SRUDAVY. U XER QPR
ZRUN DQG WKH VSLQGOH PDJQLILFDWLRQLVIL[HG DW
I1RWHYV
"7TKHVSLQGOH PXVW RSHUDWH LQ SRVLWLRQ FRQWURO PRGH
", Q WKH FDVH RI PXOWL VSLQGOH FRQW URLHH Q WKHHQ RUN\ONV K13 XYG GHEE
IHHG D[LV DQG WKH PHWKRG RI XVH DQ G QIKHWHONDRNHH\GDFHUMW WW R HY
ULJLG WDSSLQJ
":KHQ H[HFXWLQJ WKH * LQVWUXFWLR QW V& KNV & F&VVAK MW R HLRW Y K) R X
VSLQGOH LV LQ WKH SRVLWLRQ RU VS H HRS FRREMVWUR®D P[R & 1R | WRKYH WUW K+
WR WKH &V D[LV RSHUDWLRQ PRGH WR HQVXWUXY¥WIHRM ZKHQ XVLQJ WK
"7KH DEVROXWH FRRUGLQDWHY RI WKH &PD[Q @ NI DVGRODEYHR VG \R YLIQUD CFR |
FRRUGLQDWH YDOXHYV
"KHQ VZLWFKLQJ IURP WKH VSLQGOH FRQWBRCRREHVWRVWKH REHW
PRGH SHUIRUP WKH VSLQGOH UHWXUQ WR UMKHURXQURH QRL & W [R § HMIND
SRVLWLRQ ZLWK WKH * LQVWUXFWLRQ
(IDPSOH 6XSSRVHO WKH VSLQGOH LVQWURGRPRG MW R SRWIKWLRILEB C
VZLWFKHG WR VSHHG FRQWURO PRGH
7KH WKUHDG LV D ULJKW KDQG WKUHDG ZHWIS DHGHIDVG RIUBP GXKH B
WKUHDG FXWWLQJ DQG WKH OHQJWK RI WHK IS WRKIWBDPE IFXIV RV P XP®D WX
IROORZV

o = SRVLWLRQLQIJWR VDIH SRWLWLRQ IRUWRRO FK
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7 &KDQJH 7KUHDGHG WRRO $VVXPLQJ LV D WK

* . = 3RVLWLRQLQJ WR WKH VWDUW W ILW KMKWKUHD
ODVW PRXOGLQJ FXW

0 6ZLWFK WKH VSLQGOH IURP VSHHGGFRQWURO
PRGH GHJUHH SRVLWLRQDIWHU VZLWFKLQJ

& 6HW WKH JHUR SRLQW RI WKH URWDU\ D[LV
UHODWHG WR WKH VWDUWLQJDQJOH RI WKH IRC

* = )6 0 7KUHDG WXUQLQJ DW WRH BQG RHHMKHB[VSLQ
VSHHG LV DW WKH VDPH WLPH

x SEHWXUQ WRRO

: = & UHWXUQ WR WKH WKUHDG VWDUWKBJ SRLQW
SURFHVV

* = ) 6 5HSHDW PDFKLQLQJ

&DQ EH UHPDFKLQHG
x 5HWUDFWLRQ

= S5SHWXUQ WR WRRO FKDQJH SRVLWLRQ
6ZLWFKLQJ WKH VSLQGOH IURP SRVLWLRQ F
FROWURO PRGH
&DQ EH SURFHVVHG LQ D VHFRQG VWDJH

0 (QG RI SURJUDP

9DULDEOH SLWFK WKUHDG FXWWLQJ FRGH *

&RGHIRUPDW * ; 8B=:B), B-B.B5B
&RGHIXQFWLRQ 7KHPRWLRQ WUDMHRWR URR IWWH WWWRERIOML\QD 8 R/ID

WKH ; DQG = D[HV WR WKH HQG SRVLWLRQ VHOMM IFKE ERWHE LRV H [DH
ZLWK D ODUJHU GLVSODFHPHQW IURP WE&RLNOWD EEW V@ & SRR @ WHMRDWS K K K
; D[LV LV FDOOHG WKH ORQJD[LV DQWERBD BMXWKRFFNRKRGEGWIDMWW DXILNV
PRWLRQ WKHORQJD[LVY PRYHV RQH OHDBG I3 HYQUHWR & XSWWHF® RI WKH V
PRYHV FROQWLQXRXVO\LQFUHDVLQJ RUG@GHH WBWHDWLEIEENHD SASMFFK MSHG D |
LVIRUPHG RQ WKH VXUIDFH RI WKH ZRUNSI RFH DUWRL D E OIHHY IHWF K HAVRKIJH
"XULQJ FXWWLQJ WKH DPRXQW RI WRRO UBRXG QWRQHGFHWRWSHFIKIN WV
SLWFK RI WKH WKUHDG DQG H[HFXWLQJ WHKH RUARPGH B DOOSYRE HYE G-
VWUDLIJKW WKUHDGY WDSHU WKUHDGY DQG HQG IDFH WKUHDGYV
&RGH GHVFULSWLRQ * LVDPRGDO *FRGH

7TKH PHDQLQJRI; 8 =: - .LVWKHVDPHDV WKRVHIRU *

) 6SHFLI\WKH OHDG WKHYDOXHUDQJHLVY WR PP

, 6SHFLILHV WKH QXPEHU Rl WHHWK SHWLQFRKRVRI WKUHD (

WHHWK LQFK

5 . QFUHPHQWDO RU GHFUHPHQWDO YDOKH R$ISQ&/EK SHU

5) ) 5ZLWKGLUHFWLRQ

)!) 5LVQHIDWLYH ZKHQ WKH SLWFK GHFUHDVHYV

JRU) ) WKHSLWFKLQFUHDVHV IRU SRVLWLYH YDOXHV R

5DQJH RI 5 YDOXH * a“ PLOOLPHWHURUFADUWLGSLWFK

“ a’“ WHHWK SHULQFK %ULWLVK WKIAHHG V:KHQ WK

WKH DERYH UDQJH DQG WKH SLWFK HI[FHHBWWKKH DOOR:

LOQOFUHDVH GHFUHDVH RI'5 RUZKHQ WKHBQWREKOKPVY D QH

LVIJHQHUDWHG
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Starting point
of machining

Variable pitch thread diagram

YLIXUH
1IRWHV
"7KH VDPH 1RWHV DSSO\DV IRU* WKUHDG FXWWLQJ

(IDPSOH 7KHILUVW SLWFK DW WKH VWDUQVERQQW QXH RP DIONEFK KSHH U Q/F
UHYROXWLRQ LV

@50 -
A
] |
¥
- . 4 -‘-‘\
1
x
JLIXUH 9DULDEOH 7TKUHDGLQJ
3URJUDP
2
*, = 0 6
* .
* o ) - 5
1 0

= D[LVWDSSLQJ F\FOH *

&RGH IRUPDW * = :B), B/B
&RGH IXQFWLRQ 7KHPRWLRQ WUDMHFWRU\SRILY MWHWMRRE OH. M QR WV

DQG WKHQ EDFN WR WKH VWDUWLQJ SRLQWK K RR YWKR-HIQPGS QR FSHRL\Q WV
VSLQGOH PRYHV RQH SLWFK DORQJ W K HK+ DK LUHIRDIL IV FARQH/Y. R @Y MR 1)
SLWFK RIWKH WDS $VSLUDO JURRYH LVZRURISGHRHWB & G QUKXHUMKRICHD &
WKHLQQHU KROHFDQ EH FRPSOHWHG LQ RQH FXWWLQJ

&RGH GHVFULSWLRQ * LVDPRGDO *FRGH
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=: :KHQ=RU : LV QRW HQWHUHG WKH = FRRWGLQDWH
DQGHQG SRLQWV DUH WKH VDPH DQG QR WKUHDG F X
) TKUHDG OHDG VHH 7DEOH IRUWKHUDQJH RIYDOXH
, 1IXPEHU RIWHHWK SHU LQFK RIWKUHDG/ VHH IRU D W
[/ 7TKH QXPEHU RI KHDGV RI PXOWL KHDG WRUHDG WKHY
WKH GHIDXOW LV ZKHQ/LV RPLWWHG
&\FOLF SURFHVYV
7 = D[LVIHHG WDSSLQJ 6SLQGOHRQPXVWHEHVSHFLILHG EHIRUH * FF
8 :KHQ WKH HQG SRLQW RI WKH SURJUDPPHG = DNKW PR RWGE Q@ODWH/NV L'
RXWSXW
9 '"HWHFW WKH VSLQGOH DIWHU LW KDV FRPHWRD FRPSOHWH VWRS
&ORFNZLVH URWDWLRQ VLIQDO RXWSKWLRQ IR WISW § GVARHWIKRHVRDUWL LI R Q
; = D[LVUHWUDFWV WKH WRRO WR WKH VWDUWLQJ SRLQW
<0 VLIQODOLVRXWSXWDQG WKHVSLQGOH VWRSV
= 5HSHDW VWUWSNRU PXOWLSOH WKUHDGYV

(IDPSOH RI SURJUDP )LJ 7TKUHDG O 1
L — = g — 4 -
Z
.-m.. .
fx - -
B3URJUDP
2
* = ;0 6WDUW VSLQGOH
* o= ) 7TWDSSLQJ F\FOH

0 5H VWDUW VSLQGOH
* . = &RQWLQXH PDFKLQLQJ

0

1RWH %HIRUHWDSSLQJ WKH GLUHFO\QLRB & HWSHORA.@H G FOW B R & QUKW R WKH UR W
WKH WDS $IWHU WDSSLQJ WKH VS LKHG\OH. RIGADH \ZWE S QRW 6 WIRQPH GIF WDUWHG LI
LVUHTXLUHG

1RWH 7KLV FRGH LV IRU IOH[LEOH WWRBSL\QU QD& HY WIKGILGS WIGDWSL.QGOH ZLO O
GHFHOHUDWLRQ WLPH EHIRUH LW VMW R DV LUWRZLDWL\QW L D@ WRAVREZLWKHWERBLQGOH V
XQWLO WKH VSLQGOH VWRSV FRP S GRIWW WO R QVKIHW K HRAWKIU MIXG HGF WO \BKDO O EH D
WKH DFWXDO UHTXLUHG SRVLWLRQ WKW & HDVFRW © HQH & 0 RF RAUKA. 8 JFWRWKH VSL(
VSHHG GXULQJWDSSLQJDQG WKHVSLQGOH EUDNLQJ GHYLFH

1RWH 7KH = D[LV WUDYHOOLQJ VSHHXG &X WGLHW MUPS RIHIE D\QEKFHXWILD GOH VSHHC
DQG KDV QRWKLQJ WR GR ZLWK WKH FXWWLQJIHHG UDWH PXOWLSOLHU

1RWH :KHQ UXQQLQJLQ D VLQJOH SURJUDPHHGE RRQW R B HHUWRBPLWKH V\VWHP
SDXVH DQG WKH WDSSLQJF\FOH GRHV\QRRPSWR® X Q\D RS WKHWRSEPRIDW LV UHW
VWDUW SRLQW
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1RWH 7TDSSLQJDQG FXWWLQJ GHFHOHRDWURY NW RSR/HAKIHH@ PAKHMWR S WU GULYH D

7TKUHDG FXWWLQJ F\FOH *

&RGHIRUPDW * ; 8B =:B)B-B.B/ OHWULFLEQUWUWDEDKW 7KUHDC
* ;,8B=:B,B-B.B/ ,QFK VWUDLIJKW WKUHDG FXWWL!
* ;8B =:B5B)B-B.B/ OHWULF WDSHU WKUHDG FXWWL(
* ;,8B=:B5B,B-B.B/ ,QFK WDSHU WKUHDG FXWWLQJ |

&RGH IXQFWLRQ B6WDUWLQJ IURP WKH VOVD UWL[QY SIRIHBEWD RIGF X M I
= D[LVRU : DQG = D[LV DW WKH VDPH WLPH BX\WW RH B UHD FDRJ UL GDR.
WKUHDG DQG WDSHU WKUHDG FXWWL®JRZR @K HTKKHDWDHSLLWIF K K PHHIDXGVE.
RXW SURFHVV DW WKH HQG RI WKUHDG PDFWK® LHQ G RV IV K U HHOEG OFHKQ\ W
FDOOHG EDFNLQJ RXW OHQJWK Rl WKURI 3@ UIRKLFOW KUBILE EQQYWUSR
. D[LV DFFHOHUDWHV WR H[LW H[SRQHQ@WDPE®\HRU LG QHKHU BD FMH §/J
GLUHFWLRQ DQG ; D[LVEDFNV RXW DW DL\D B WUWLRHNMD W S\HKHGHI & RU F=
DV VKRZQ LQ)LJ
&RGH GHVFULSWLRQ * LVDPRGDO *FRGH
&XWWLQJVWDUW VWDUW SRVLWLRQ RI WKUHDG LQWHU
&XWWLQJHQG SRLQW HQG SRVLWLRQ RI WKUHDG LQWH!
- DEVROXWH ; D[LV FRRUGLQDWH RI FXWWLQJHQG
8 WKH GLIIHUHQFH EHWZHHQ WKH ; D[LVMDEWVWRDYXWH FR
HQG SRLQW DQG WKH VWDUWLQJ SRLQW
= WKH = D[LVDEVROXWH FRRUGLQDWH RI WKH FXWWLQ.
'"LIHUHQFH EHWZHHQ WKH DEVROXWH MRRUIBQGDWHYV |
SRLQW DQG WKH VWDUW SRLQW RI WKH FXW
5 WKH GLIIHUHQFH EHWZHHQ WKH DEVRI®RWWW DQUV FRF
VWDUW SRLQW DQG WKH FXWWLQJ HQG SRROWDQDBG®BLXV YD
DUH QRW WKH VDPH LW ES UBSXBUHG WKDW
) 7KUHDG OHDG YDOXH UDQJH ) ” PP ) VSHFLIL}
PDLQWDLQHG DIWHU H{IHFXWLRQ FDQEH RPLWWHG IURP W|
, 7TKH QXPEHU RI WHHWK SHU LQFK RI WKH WKUHDG UDQ.
WHHWK SHU LQFK 7KH VSHFLILHG YDONFXRVL RQ PRQIGOMDIL Q
EHRPLWWHG IURP LQSXW
- WKH DPRXQW RI PRYHPHQW LQ WKH GLUHFWLRQ RI
EDFNLQJ RIl WKH WKUHDG UDQJH FWQRW WKHZLW
EDFNLQJ RIl GLUHFWLRQ LV GHWHUPL RHWKHKWWPDWLBDO
SRVLWLRQ RI WKH SURJUDP PRGDO SDUDPBIWMUWIKIHVKH V
YDOXH LV VSHFLILHG DV WKH UDGLXYV
WKH OHQJWK RI WKH WKUHDG LQ WKH GEDRRNWQRQ RI W
RIl WKH YDOXH UDQJH LV WR XQLWI WKH ORGH SDUI
D[LV LV ; D[LV WKH YDOXHLV VSHFLILHG DV UDGLXV
/ 1XPEHURIKHDGV IRUPXOWL KHDG WKHHDG WWKH UDQ.
PRGDO SDUDPHWHU 'HIDXOW LV VLQJOWMHDG WKUHDG
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Tail chamfering width

1 - 7
TR i » Quickly move
C B
- I i — » Thread cutting
{ o
P £ @ J us2 A: Starting point (Ending point)
LAY
D @ | B: Cutting starting point

C: Cutting endpoint

X
JLIXUH
f “““““ » Quickly move
—— Thread cutting
L A: Starting point (Ending point)
) /2 B: Cutting starting point
‘ C: Cutting endpoint

JLIXUH

7KH* FRGH DOORZV WKH PDFKLQLQJ RIHRGWH BXW KIRGL FRRYOWE SO
WKUHDGV RU IDFH WKUHDGV 7KH GHILQERGR Q\RWW K WHDPG DIVWWF K WRK
SLWFK LV WKH GLVSODFHPHQW RI WKHIGRQ \DSL'Q GFOHR QB [UM GR.® 3 W DR
DFFRUGLQJWR WKH UDGLXV YDOXH

7KH SLWFK RI WKH WDSHU WKUHDG LV WKHW R B Q B FUHPYHRONX W L RIE HR |
VSLQGOH ; D[LV GLVSODFHPHQW DFFRUGQQ\VKMRDWE YR OMX/GH XD @ R B RH
GLIIHUHQFH EHWZHHQ WKH = D[LV FRRUGL@DWHD\RHBRLIQMQIWKB D ER
YDOXH RI WKH GLITHUHQFH EHWZHHQ W K HYIPFOR(UHG LW R W H \DRU Y DYLWK H [
D[LV RQ WKH FRQWUDU\ WKH :; D[LV LV WKH ORQJD[LV
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&\FOLF SURFHVV 6WUDLJKW WKUHDGYV DGV@YLUGYHIXUHWDSHUHG WKI

7 7TKH ; D[LVPRYHV TXLFENO\IURP WKH VWDMNMDVUW S BRQWW WR WKH FXWW

8 TKUHDG LQWHUSRODWLRQ I[URP WKH FXW®H  SRLYWDUW SRLQW WR WK

9 7KH ; D[LV LV UHWUHDWHG DW D UDSLG WUDYHWVRQ@QBH@&G RSSRV|

UHWXUQHG WR WKH ; D[LVDEVROXWH FRRH&MWIDUWH- DWSRLIQWDPH SOD
= D[LVPRYHV TXLFNO\EDFN WR WKH VWDBVWLQJ SRLQWDQG WKH F\F(

I1RWHYV

":KHQ -DQG . DUH RPLWWHG EDFNRIIDFFRWGQQPRWR WKH SDUDPHWHL

", -LVRPLWWHG WKHORQJD[LV GLUHRHRPWR R ® Q& BADKFHN W K5 RRU WD [F R/ U3E LU

LVEDFNHG RIIDFFRUGLQJ WR WKH VHWWLQJ YDOXH RI SDUDPHWHU 1

"!KHQ .LVRPLWWHG SUHVV - . WR EDFN RXW

":KHQ - RU - . WKHUHLY QR WDLO FKDPIHULQJ

":KHQ -« DQG. EDFN RII EN . -

":KHQ - DQG .. WKHUHLY QR WDLO FKDPIHULQJ

"$IWHU WKHIHHG KROG RSHUDWLRQ LVG@GHWRHRNGWHKRJERQ WKQ XIDG W

FXWWLQJ DQG ZKHQ WKUHDG FXWWLQIQU\HREPBQGEWHRJUIPXREHUD W |

VXVSHQGHG

"$IWHU SHUIRUPLQJ D VLQJOH SURJUDP VHID 8 HXW R § & Il DRASLHRUD B/ X RIQQ

DIWHUUHWXUQLQJ WR WKHVWDUWLQJ M \RUDW FFERSOHWLRQ RI RQH W

":KHQ D QHIJDWLYH YDOXH LV HQWHUHG IRVEWDRGH YD KW WUHDWHG D\

"7TKUHDG FXWWLQJ GHFHOHUDWHY DQG VI/Q VP AKBIPQVFK N W RSAMHP D G U

DODUP LVJIJHQHUDWHG

&RGH WUDMHFWRU\ 8 : 5 UHDFW WR WK G HF&DWLYH SRGL B/RR@WRD §Y(

VWDUWLQJ SRLQW LQ WKH VI\PEROV DU HHERMR W KEHQGDW K HVG P W HE KVH. RV

UHWUHDWLQJ WDLO DV VKRZQ LQ WKH ILIXUH

1a
v = 3 3
| k2= PR :
- i-] > - ',"

gl 1t 5 G5G " G8 G 8 51 G5G"G8 G
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YLIXUH

(I[IDPSOH )LIXUH

Hiw
30 [
5
';j Z-axis
& -
o O
& =
B A
[
| X-axis
YLIXUH
3URJUDP
2
0 6 * o = 7 7TKUHDG WRRO
* = 4XLFN SRVLWLRQLQJ
* ; = ) - . ODFKLQLQJ WKUHDGY HXWWAOHH® WRROV

6HFRQG IHHG PP
UG IHHG PP

WK IHHG PP
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6FUHZ LQ
* ;,8B=:B5B)B-B.B/B 3B
- 6KRUW $[LV5HWUHDW
/IRQJ $[LVEHWUHDW
/ 1XPEHU RI KHDGV IRUPXOWL KHDG WKUHDGYV
3, URWDWLRQ GLVWDQFH PP UDGLXV YDOXH

OXOWLSOH WKUHDG FXWWLQJF\FOHV *

&RGH IRUPDW * 3P U D 4 GGPLQ 5 G
* .8B=:B5L 3N 440G ), B
&RGH IXQFWLRQ 7KUHDGLQJ RI D VSHFEXMH G X F RPS/O HWRNVEDED B X G W
WKUHDG URXJKLQJ DQG WKUHDG ILQ QWL KB 5B GDQURGI \V IQRKAH G HWL
SRLQW IRU URXJKLQJ LV JUDGXDOO\ PRY RGVIKJHR B RWK\M R\PRFS| RV KNWHK\M KAUKALE
WKDW WKH DQJOH EHWZHHQ WKH DG M DIFHH® W RNZHD W HOWQH DGV TK/HWK HF R
FDQ PDFKLQH VWUDLJKW DQG WDSHUHG WRIHLUDL®V ZD Q& FDKQ B B & HHGY
VLQJOH VLGHG WRRO HGJH WKUHDG FXWWILQJ DLPREK QWD GXDPKOL V IEE B
IRU SURWHFWLQJ WKH WRRO DQG LPSURYLDQ Q\RW RDEKRLIAHKHRE\ IDF}
WKUHDGV 7KH PDFKLQLQJWUDMHFWRU\LV VKRZQ LQ )LJXUH D
5HODWHG 'HILQLWLRQV
BWDUWLQJ SRLQW HQG SRLQW WKH SRKHWXRQRE MIRK B IDRJG D P/
VHIPHQW GHQRWHG DV SRLQW $
7KUHDG HQG SRLQW 7KH HQG SRLQW R 8\BK HD G ® % WRDLVOH G5 B VL G
SRLQW ' ,l WKHUH LV D WKUHDG WDLO FXD POQHW K & JO RMKHDA XK W & L QH FMDIC
HQG SRLQW RI WKH WKUHDG FXWWLQJ LIDQREKIVKIH S RY L W QRQKDI W K R UN
GLUHFWLRQ
6WDUWLQJ SRLQW RI WKH WKUHDG 7KH D E\LROMXK\HHVIDRPRHUMB. Q/IX\D k
RI SRLQW $ DQG WKH GLIIHUHQFH EHW Z\H R QW\KKH ; DIE[ V. R @XQGHS RR R WG'LLG
WKUHDG WDSHU UDGLXV YDOXH ZKLHAKGNILQE& GR®KMH-EDBVDSRIOHW & Q
FXWWLQJFDQQRW UHDFK SRLQW &
7KUHDG GHSWK RI FXW UHIHUHQFH SRLQW WX B [V D FDHE B R QWD RV FRR |
SRLQW $ WKH GLIIHUHQFH EHWZHHQ WKHDREVREKWIHE Y ROXW FIR;RD G
FRRUGLQDWH RI SRLQW & LV N WRWDO GWXW KRG FX2W L B GV XC/H QIROXH
SRLQW % 7KH GHSWK RI FXW RI WKH WKUH DB IBIW FS®E ) 8/RA QW RDW & H W\
IRUFDOFXODWLQJWKH GHSWK RI FXW RI WKH WKUHDG DW HDFK WLPH
7KUHDG FXWWLQJ GHSWK 7KH FXWW L QJFGHSBW K IRH H Q RKHW K H F\ C
SRLQW EHWZHHQ WKH UHYHUVH H[WH Q V VRQDOALHFWRRIUN IFXGVWKKIHH D@ FFIX
%& DQG WKH GLITHUHQFH LQ DEVROXWH ; DDIGL ¥R RID®LXPID \E HW ZX¥®I\DL\
SRLQW DQG SRLQW % LV WKH WKUHDG EQRW®H YW G RS WBEF K KIHRWXU WG @
V'H{TQ LY WKH FXUUHQW QXPEHU RI URXJK W XD DX W WIOHNGHOW K ® LW
ILUVW URXJK WXUQLQJ

7KUHDG FXWWLQJ DPRXQW 'LIIHUHQFH EMWZIHH QG WKW K D QGH\@ K

SUHYLRXV WKUHD GV W3 GHSWK

(QG SRLQW RI WRRO UHWUDFWLRQ 7KH HQGRB® DQWHRI WE 8 DG F
WKUHDG FXWWLQJLQ HDFK URXJKLQJDWGEIRQQWKLQJ F\FOH GHQRWHOC

7KUHDG (QWU\ 3RLQW 7KH SRLQW ZKH UHUW K ULHD 8 DFRPKWWHK QH DG
URXJKLQJF\FOHDQG ILQLVKLQJ F\FOH HGODQFRAMHIGRD ¥ XMWSLRLIQFNVF Q HHV W
WKH ILUVW WKUHDG URXJKLQJ HQWU\ SRLIQIWH QW WV SRK D \U DD Q/GWIKHK H E
WKUHDG ILQLVKLQJ HQWU\ SRLQW 7KH G®LVS ®D PP SRWVD Wi Z LW KWUBY S |
WKH % SRLQW LV LQ DFFRUGDQFH ZLWK WKH IRUPXOD
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| ®fScetee’Zf].
—%Lm.
; SEVROXWH ; D[LVFRRUGLQDWH RI WKHWKUHDG HQG SRLQW
8 WKH GLIIHUHQFH EHWZHHQ WKH DEV R WW H H DG LH/OFR KRR IGQ \Y
DQG WKH VWDUW SRLQW
= WKHDEVROXWH=D[LVFRRUGLQDWH RI WKHWKUHDG HQG S
"LITHUHQFH EHWZHHQ WKH DEVROXWH UB[DE H@EK IERIL@NVH
DQG WKH VWDUW SRLQW
3P TKUHDG ILQH WXUQLQJ WLPHV WR DHEAWDWXRHYV I
UHPDLQV YDOLG DIWHUH[HFXWLRQ DQGWIKH YIVOPRGR I VNGWHRP IS Q U [
PLVQRW HQWHUHG WKH YDOXH RI VA\VWHP BHUDFPFRBEMHWURL ILQIH X\
WXUQLQJ WLPHV ,Q WKUHDG ILQLVK LFXJ | HMIGHLFXAVIVW D@J VDR RWKGHWF R Y
DPRXQW RIWKUHDG ILQLVKLQJ
3 U 7TKUHDG WDLO OHQJWK IURP WR XQWWH V SIHFLILVHGK U
YDOXH RI U UHPDLQV YDOLG DIWHU H[HARXRVERQDPKYW HUWUKH Y DIOWXH
PRGLILHG WR U :KHQ ULV QRW HQWHUHG KNWHMKH YDDXMWWRHV\VYV
WKUHDG WDLO ZLGWK 7KH WKUHDG UHWUHBBW LFREF KXQEW I RQWBR:
UHWUDFWLRQ JURRYHY 7KHWKUHDG UHVODDPWHR/M BLIGW K & N DQLHG
IRU * DQG * FRGHYV
3 D WKHDQJOH EHWZHHQ WZR DGMDFHQWWKUHBEKQYWWKH UI
GHJUHH f WKH VSHFLILHG YDOXH RI DRLY B Q&SWNVKMHOYEOXINY R UWVH VH
SDUDPHWHU 1 LVPRGLILHGWRD ,IDLYYRWHAQGWUHDPIBWWKH YDO
LV XVHG DV WKH DQJOH RI WKUHDGHG WHHNWHW KH BDIFQWH®D B\ WIKUHH\L
DQJOH VRDVKDOO EHWKHVDPHDV WKHWRRODQJOH
B4 0GPL®KH PLQLPXP FXWWLQJ TXDQWLW\ IRUYIIROX{NK WXUQL
UDQJH LV IURP WR XQLW PP UDG/EWE!B{QD(D(XHOGEPB_IQKHQ
WDNH 0GPLQ DV WKH FXWWLQJ DPRXQW RW K RRA IFKXW XRJQV.IQH W.KHKJ H DMV
JV*®80G 0GPLQ GGPLQLV VHW WRDYRLG WRRRFNPQOWRXRIKIRUQJ F X
WXUQVY GXHWR GHFUHDVLQJ WKUHDG URXGRHRLULE JWXW VS WHLU LHH B FXOW
IGPLQ UHPDLQV YDOLG DQG WKH YDOXH R R/G\LWHIRS SDR D@ P IMH UKIH Q
4 0GPLQ LV QRWHQWHUHG WKH YDOXH RIMWE® DR/ S\DKUHD P IHQMLHPWX R
FXWWLQJDPRXQW
5 G 7TKH FXWWLQJ DPRXQW RI WKUHDG IRQLWKRQJ LV ZLWKLC
XQLW PP LQFK XQVLJQHG UDGLXV YD OKHK DD Q\ERWKKHUDLG LEKWHYDRC
: D[LV DEVROXWH FRRUGLQDWHY EHWZHBQ S\WKH W KuUH DG GLW KWKQ |
WKUHDG URXJK FXWWLQJ FXWWLQJ SRHQWS ElH L BL WE Y PIOEKHXG/ UG P B |
YDOLG DQG WKH YDOXH RI VI\VWHP SDUDPHWHU 16B%LY RRGLILHC
,6B & :KHQ 5 G LVOQRWHQWHUHG WKH YDOXHLIRM XYHEBHPYSDUD
WKHWKUHDG SUHFLVLRQ FXWWLQJDPRXQW
5L WKUHDG WDSHU WKH GLITHUHQFH ER WJ& HG DQWWHYWHRD BAVKRHO
WKUHDG VWDUW SRLQWDQG WKH WKUHOGHQG SRIaQW WKH UDQJH |
XQLW PP LQFK UDGLXV YDOXH 05 L UDHDWW HQ WY BHG WKW UDY
WKUHDG
3 N 7TKUHDG KHLJKW WRWDO WKUHDG GHSWK R] FXW UDQJ
PLQLPXP LQSXW LQFUHPHQW UDGLXV YDOXHWHKWODHGEJIQHKGE VNV NP
DODUPV
4 0G WKH ILUVW WKUHDG FXWWLQJ GHSWK WHHMXBIOXH UDQ.
PLQLPXP LQSXW LQFUHPHQW UDGLXV YDOKG WRH VIQW H PIIBOLVUPR/V
) 7TKUHDG OHDG YDOXH UDQJH )" PP
, WKH QXPEHU RI WKUHDGYV SHU LQFK RI WKEBHDG WKH YDO?}
WHHWK LQFK

"IaijUHDG DQJOH
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'"HWDLOV RI WKH FXW LQ PHWKRG DUHVKRZQ LQ )LJXUH E

JLIXUH E

7KH WKUHDG SLWFK UHIHUV WR WKH GLVI$8QFHPH@RORWWRB PBKB D|
GLVSODFHPHQW LV EDVHG RQ WKH UD G L XD/OYXIHORIHW K: K 1 QD\MKVHFIRERVURGQL X,
GLIIHUHQFH EHWZHHQ SRLQW & DQG SRLQWWH W DO BWRH UV K D, QD LK
FRRUGLQDWH GLITHUHQFH WKH UDGLXWDDOXHRILY H WXIHO=WOR MVKLH/ DAER/H
D[LV 2Q WKH FRQWUDU\ WKH ; D[LVLV WKH PDMRU D[LV
&RGH H[HFXWLRQ SURJUDP
7 5DSLGO\ PRYH IURP WKH VWDUWLQJ SRLQYWMR/ %G WIKBI W RQID GV&H
- D[LVLV PRYHG LIDs WKH: D[LVDQG = D[IWLPWH P@ & MG B & WKHF WL
PRYHPHQW LV WKH VDPH DV WKH GLUHFWLRQ RI $: "
8 7TKUHDG FXWWLQJLQ D GLUHFWLRQ SDUR®QMEK WR(&ZL WK EDKEM LQW
RXW SURFHVV ZKHQ U
9 ORYH WKH ; D[LV WR SRLQW ( TXLFNO\
© = D[LVPRYHV TXLFNO\WR SRLQW $ DQG/VFRIP SQEWMHGURXJIKLQJ F\FO
- 5DSLGO\PRYH WKHIHHGHU DJDLQ WR % Q RJIK/WXURQ XB E H I IR GW ISRWKY
FXW LV WKH @DRUG W R280G O0GPLQ LI WKHGHSWKRIFXW LV OHVV WKI
8 IRUH[HFXWLRQ LIWKHGHSWK RIFXW LVIHHDOWKH WRRQ WR BT DOFG R\
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WR WKH GHSWK RIFXW N G DQG WKHQ SHWQIRUP 6MKHHSODVW WKUHDG U
7TKUHDG FXWWLQJLQ D GLUHFWLRQ SDUQQAQDWR 'WR & D'PWMR QUKRH ILQW H |

ORYH WKH ; D[LV WR SRLQW ( TXLFNO\

= D[LVPRYHV TXLFNO\WR SRLQW $ W K UHDIECU /XKWL Y MFKEE B G\ LFGRLPV
4XLFNO\PRYH WR SRLQW %H GHSWK RI FXWWK VKR XKW R IDFESX VD GG M R
UHWXUQ WR SRLQW $ WR FRPSOHWH D WKUHDG ILQLVKLQJ F\FOH

@, WKH QXPEHU RIILQLVKLQJ F\FCHI\R UMKHHVQYHYW D QL WKX QQ F\FOH W
GHSWK RI FXW LV VWLOO N DQG WKH D P RIXIQ@LRIKAXQW E VF O HVWLR/HHT X B BH
WKH* FRPSRVLWH WKUHDG PDFKLQLQJF\FOHHQGV

1IRWHYV

"$IWHU WKH IHHG KROG RSHUDWLRQ LV@HWRHRNGWHKRERQ WKQ X ID\G \F
FXWWLQJ DQG ZKHQ WKUHDG FXWWLQS QP \FREPBQGE \8§HRBJUDPXRSHUD G |
VXVSHQGHG

"'XULQJ WKUHDG FXWWLQJ D VLQJOH SURU URDPP\HHE) FCHIQBAVRAS $HUDIWAL IRRQ\
DIWHU UHWXUQLQJ WR WKH VWDUWLQJ S\RIDRWWI FEPMSOHWLRQ RI RQH W
"7KUHDG FXWWLQJ GHFHOHUDWHV DQG VIV® SV B K BIQQWFK N W RSMHPDL G U
DODUP LV JHQHUDWHG

" 3P U D 4 0GPLQ 5G $00 RU SDUW RI WKRLRR\GHGD GG GHVKHFL
RPLWWHG DGGUHVV RSHUDWHV DFFRUGKX®J WR WKH SDUDPHWHU VHWV
"P U DQG D DUHLQSXW DW RQH WLPH XVLQPWKHD\IZPH BRB R BPGWWH G
RSHUDWLRQ LV SHUIRUPHG DFFRUGLQJ WR WKH VHWQEBOIXHV Rl SDUD
WKH YDOXH RI DLV WDNHQ DV D ZKHQ RU 3 IZKMQYWKH DGSKNWWRDLE
LQSXWWHG ZLWK RU GLJLWV WKH YDOXHV DUHUDQG D

"7KH VIPEROV RI 8 DQG : GHWHUPLQH WKH GLUHFMH RPER®:RI5' L( DQ
GHWHUPLQHY WKH GLUHFWLRQ RI & : ' 7KHUWKH NVUMEIRXV RR® BIQED:W L R
ZKLFK FRUUHVSRQG WR IRXU PDFKLQLQJ WUDMHFWRULHV DV VKRZQ L

NV I e A

([DPSOH )LIXUH WKUHDG 0 1
LBdIA
|
ral 14
' = -~
?60. 64 i
|
!
N Enlarged view of cutting point
1.
- 13.68
Y
Y)LIXUH
3URJUDP 2
o = 0 6 6HW WKH ZRUNSLHFH FRRUGLQWKWH V\VWHIF

VSLQGOHDQG VSHFLI\ WKH URWDWLRQ VSHH
= 5DSLG WUDYHUVH WR WKH PDFKLQLQJ VWDU'
3 4 5 JLOQLVKLQJ UHSHWLWLR®&®V PRKDRRHU ZLGW

DQJOH f OLQLPXP GHSWK RI FXW 3U
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WXUQLQJDOORZDQFH

o = 3 4 ) 7TKUHDG KHLJKW G HS WK W KXW G
o = 5HWXUQ WR VWDUW RI SURJUDP
0 (QG RI SURJUDP

7 WKUHDG FXWWLQJ F\FOH *

&RGH IRUPDW * 3B 5B 4B /B
* . 8B=:B5B), B-B.B 3B
&RGH IXQFWLRQ 7XUQ WKUHDGV LQ OD\HQV¥ WRIR@N O HD) WKD@B\ KL
WKUHH FXWV ILUVW WKH PLGGOH RI WKH &BIUN DQG W K HQAE RRUKU\RLZG Y\ |
5HODWHG 'HILQLWLRQV
3 7KUHDG FODPSLQJDQJOH
5 7RRO IHHG SHU WLPH
4 7RRO ZLGWK
/| 'LGWK DW WKH ERWWRP RI WKH WKUHDG
. $EVROXWH :; D[LV FRRUGLQDWH RI WKH WKUHDG HQG SRLQW
7KH GLIIHUHQFH EHWZHHQ WKH DE VR GIXWKHU;HID[E W B B RSURG IQON
DQG WKH VWDUW SRLQW
= 7KHDEVROXWH = D[LV FRRUGLQDWH RI WKH WKUHDG HQG SF
© '"LIIHUHQFH EHWZHHQ WKH DEVROXWH =UBDW HQ&8 LBQRILQIW H
DQG WKH VWDUW SRLQW
5 7KUHDG WDSHU
) /HDG UDQJH

&RQVWDQW /LQH6SHHG &RQWURO * &ERQWWBQW
6HH VHFWLRQ RI WKLY GRFXPHQW IRUD GHWDLOHG GHVFULSWLRQ

JHHG SHU PLQXWH * IHHG SHU UHYROXWLRQ *

&RGH IRUPDW * )B OHDGLQJ]HUR FDQ EHORRULWMWHG WD WHIQ WKH S

&RGH IXQFWLRQ *LYHQ WKH FXWWLQJ IHHGPEOWH ERGPP PILWKH L
FXUUHQW PRGHLV* * FDQEHRPLWWHG

&RGH IRUPDW * )B

&RGH IXQFWLRQ *LYHQ WKH FXWWLQJ MRHEGXWLWRE LQ ALLMVOWK A HP\R B D¢
FRGH ,I WKH FXUUHQW PRGHLV* LWLV:ERY QH&EHVWDUN MAR*L Q)BX W *
WKH SURGXFW RI WKH ) FRGH YDOXH LQ 8LMDIOH P K WHHIYVE M B LUH/GRID X B/F
UPLQ LV XVHG DV WKH FRGH IHHG UDWH WR G RQWWYIR OKW & FVXHW)XSL @ €
VSHHG FKDQJHV WKH DFWXDO FXWWLQJN PbG XNDLVOH F K DB WHR/ \DHAF RAUKG
FXWWLQJIHHG UDWH SHU VSLQGOH URMFIDW LERH | RAUDFLH S URPQFW WHIV V. B U IDIF
WKH ZRUNSLHFH :KHQ SURFHVVLQJ LQ * PRGHE M KA XLSBHLE B LWKRD
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VSLQGOH HQFRGHU
* DQG* DUHPRGDO *FRGHV RIWKH VDPH JURXS$H RQDONR OH RVWKH
WKHLQLWLDO *FRGH DQG* LVYDOLG RZGHID&E RW Z&KRHQYWK N IRH Q@ LR/USF

IRUIHHG SHU UHYROXWLRQ)]FQG)U—ITEG SHU PLQXWH
:KHUH )P )HHG SHUPLQXWH PP PLQ
JU IHHG SHU UHYROXWLRQ PP U
6 VSLQGOH VSHHG U PLQ
KHQ WKH &1& LV SRZHUHG XS WKHIHHG VEWHE SO WEPIHWDIOXH VHW |
:KHQ ) LV H[HFXWHG WKH IHHG UDWH LV TEIHH G YK H WKHP BRLQV X QF
UHVHW RU VWRSSHG
1RWH ,Q* PRGH ZKHQ WKH VSLQGOH VS MHKG IFK O/RVAHU WKDRUDVWH@LOO EH
ZKHQ WKH VSLQGOH VSHHG IO XFW X D\BW\H Z\LKOHD CKFDAY X{DID | ROV £ RQ J WG RU ,Q RU
WKH PDFKLQLQJ TXDOLW\ LW LV UHFRAARBQ&ED® & RRW WK D RS HQGOKDYSWKH OR:
VSHHG DW ZKLFK WKH HITHFWLYH WR U XH WY R R W BNV XHRPFWKRIQASH QS DU
5HODWHG 3DUDPHWHUYV

&1& 3IDUDPHWHU 1 8SSHU OLPLW YDOKH IRUWKH FXWWLQJIHHG |

&1& SDUDPHWHU 1 ([SRQHQWLDO DFFRQHW DMH FF® OWQ/ED Q MRVH R
FXWWLQJIHHGV DQG PDQXDO IHHGV

&1& SDUDPHWHU 1 6WDUW HQG VSHHG IRUFXWWLQJIHHGYV

&KLS EUHDNLQJIXQFWLRQ *

&RPPDQG )RUPDW * .B/B 6WDUWRIFKLSEUHDNLQJFRPPDQG
* (QG RI FKLSEUHDNLQJ FRPPDQG
"KHUH
BWRSSLQJ WLPH
/ &KLS EUHDNLQJ GLVWDQFH
'"HVFULSWLRQ
7KH XVH RI FKLSEUHDNLQJLQVWUXFOQ® QUF RDEK L R U YIMLDAW K WR
* » * EXWQRWIRURWKHU LQVWUXFWKR G¥LSEWDNLY R \WRE Y RRI
WXUQLQJ 5HVHW RUHQG RI SURJUDP WR/IFORVH WKH FKLSEUHDNLQJ V'
7KH VSLQGOH PXVWEHLQ VSHHG PRGHHQRW YR SBNVQWQORQ PRGH F
3DUDPHWHU . VKDOO EH QRWHG WKDWWRHW R D Q\KHHUSW K M F/ MM VH
WKH VHWWLQJ LV WRR VPDOO HDVLO\ EFHHRDHU/IHARIFDGF BH @ B O B WV R Q YO\QH3
IHHG D[LV VSHHG LV QRW XS WR UHVXOMLRY LEXQRAKKH. 8 EV H D N D@/L RX
FKLS VWULS LV VWLOO D FKDQJH LQ WKLFNQHVYV
7KH VKRUWHU WKH SDUDPHWHU / LV WKH RRRSEH IDHITX & WWR KUK
UHODWLYH PDFKLQLQJ WLPH ZLOO EH RXFIKVO RIGHHQR Q QHBUWNKHKIHORKQ BH/UZ
FXW RXW
IDWKH IXQFWLRQ
1RWHYV
'KHQ RQHRI .DQG /LV WKHIXQFWLRQ FDQ RWW BN KX Q®HBWRIQY |
QXPEHU LW ZLOO FDXVHDQ DODUP DQE LZLWQA WQNBIDMLYEVROXWH YI
7KH XQLW RI . LVVHFRQG DQG WKH XQLW RI/LV PP
7KH FKLS EUHDNLQJ IXQFWLRQ LV RQQGHIIHEWEDI® FRO B W HV WX H
GLVWDQFH EHWZHHQ WZR SRLQWYV LQ D ¥ WOUDWHWKH.QWF O HRQW K : KB
GLVWDQFH VHW E\ / LV UHDFKHG WKH FXUHEBQWR) MIN® WLFDQILRBILY
'KHQ WKH WLPH VHW E\ . LV UHDFKHG WKH WP BUHYLRBW YRP® XH\JRGQ
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GLVWDQFHLVY UHFDOFXODWHG ,W LV WKHDRRFRSDUHG ZLWK / DJDLQ D
([HFXWLQJ* DORQH GLVDEOHV WKWWKHRAWEGRRQ WKHF X WR RUODRI D
UHVHW DOVR GHDFWLYDWH WKH IXQFWLRQ
2SHQ FKLSEUHDNLQJ * /B FKLSEUHDNLQULEHVWRQWH VB FVR\QRS S B
FKLSEUHDNLQJFLUFOH :KHQ ERWK 3DQG .H[LVW LJQRUH .
&ORVH FKLSEUHDNLQJ *

30DQLQJ *

* 3B.B,B 8B 4B
3 GHSWK SODQLQJ LV WKH DPRXQW RI HBRKZLHGHAGK 80 VG H SVRIRDL Q
V\PERO

WKH DPRXQW RIOLIWLQJ WKH WRR O @WRHRWIK\WM =R Q[ LAL MMKDDGW\P @ R
, DPRXQW RI WRRO OLIWLQJDIWHU WKWLRQLYUWKGLYIRQFHG LQWR §
8 ZLGWK ZLWK VLJQ
4 GHSWKSODQLQJ IODW SODQLQJ
* FDQFHO SODQLQJ PRGH

6HWWLQJ * DQG FDQFHOLQJ WKHIROORZHU DJ[L"

6HW WKH IROORZHU DJ[LV * 3B DFWLYHRJDO\R ZB URIJOR BH Y IDG H\G, |
WKH PDLQ D[LV UDWLR ;= < % % WRDEIDWFHBBVKWLURB ORLAH
;= < $ % & ,I3GRHVQRWH[LVVW BPpHMWHO DOO IROORZ

TRUTXH WHVW *

* 3B

3 OD[LPXP ORDG ,I WKH ORDG LV UHTXLUH® GRRJI MR PH WKDIQ D 6BUW
WKH ORZHU GLJLWV DUH WKH ORDG W KH RHJKHPLOWLWIER YEY W
OLPLW LV VNLSSHG :KHQ WKH VSHFLILHE RWRUHKHQW IU\H DG WHHE UW F
DQG WKH QH[W SURJUDP VHIPHQW LV HQWHUHG

7TRUTXH /LPLW 6NLS *

* :<=B 3B 4B )B

;<=B $[LV QXPEHU RQO\RQHD[LV FDQ BH.VPHRNMHPHGWSHFLILHG
3 7JRUTXH OLPLW YDOXH XQLW SHUFHQWDJH

4 YROORZLQJHUURU XQLW PP

) YJHHG UDWH

ODFUR FRGH

BURYLGHVY PDFUR FRGH VLPLODU WR KLJKRGHYRDI®@ @OIFFELXYHY XV HDE
DVVLIQPHQW DULWKPHWLF RSHUDWLRQGLOWRRGEDO WXOCQNWPHIQWZIBIQ
FRQGXFLYH WR WKH SUHSDUDWLRQ RI VSHFREBDWYS DUE X ARIQN KHHKHDAFIXQ
SURJUDPPLQJ RIWKHWHGLRXV QXPHUQB DMXHDXVANOPWRLIRIPWY VWUHDP (
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ODFUR YDULDEOHYV

"5HSUHVHQWDWLRQ RI YDULDEOHYV

9DULDEOHYV DUH VSHFLILHG ZLWK WKH VAW WERO WKH YDULDEOH QXPI
JRUPDW L L ([DPSOHV

"7\SHV RI YDULDEOHYV

O9DULDEOHYVY FDQ EH FODVVLILHG LQWR GRKQXMABEHY EDVHG RQ WKH YDUL

O9DULDEOH QXPE 9DULDEO JXQFWLRQ

7KH YDULDEOH LV DOZD\V QXO(

1X00 YDy DVVLIQHG WR LW

/IRFDO YDULDEOHY FDQ RQO\ EH
PDFURV IRUH[DPSOH WKH RSH
a {RFDO YDU YDULDEOHV DUH LQLWLDOL]HG
RFFXUV :KHQ D PDFURLV FDOO
YDULDEOHDVVLIJQV D YDOXH YV

3XEOLF YDULDEOHY KDYH WKH
GLIIHUHQW PDFURV :KHQ SRZ
SXEOLF YLD YDULDEOHYV WR DUHLQLV
WKHYDOXHV RIYDULDEOHYV V]

DUH QRW ORVW HYHQ LI SRZH

a 6\VWHP YD 6\VWHP YDULDEOH

"SHIHUHQFHV WR YDULDEOHYV

5HSODFH WKH YDOXH DIWHU WKH DGGUHVV ZLWK D YDULDEOH
JRUPDW DGGUHVV! , RU DGGUHVV! XH RHPDQWLWE®H WK H Y DAOK
QHJDWLYH YDOXH RI YDULDEOH , RU QMG HHDOKBERIHY DULDEOH
(IDPSOH ) ZKHQ VDPH IXQFWLRQ DV ) FRGH

= ZKHQ VDPH IXQFWLRQ DV = FRGH

1RWH $GGUHVVHV 2 *DQG 1 FDQQRW UHDHPSH@®FR YDULDEOHY PRIHH OOHJDO
UHIHUHQFHYV

1RWH ,] WKH PD[LPXP FRGH YDOXH VSHFEHHGEH B\ WKHDQQRWWHLXVHHG ([DPSOH
H[FHHGV WKH PD[LPXP FRGH YDOXH ZKHQ

"1XOO YDULDEOHYV

"KHQ WKH YDOXHRID YDULDEOH LV XQ G®H)I GQHKEH WIXBLDEOLD EOW D@ DIX\C
LW FDQQRW EH ZULWWHQ RQO\UHDG
"KHQ UHIHUHQFLQJDQ XQGHILQHG YD UL D/BEOHN QKXOIOLYILU QIREBIKE WKH |

"KHQ QX0O0! 'KHQ

o = (TXLYDOHQW WR * * = (TXLYDOHQW WR *

"'LVSOD\RIYDULDEOHYV

‘KHQ D EODQN VSDFH LV GLVSOD\HG RQ WIKW PB B QR 9\DKLOLWD BVOKHHY Y\DRULL
LVQX0OO LH LWLV QRWGHILQHG

7KH YDOXHV Rl WKH SXEOLF YDULDEOHVDUHWRVSOD\H®/RQ WKH ODF
9DULDEOHV VFUHHQ DQG \RX FDQ LQSXW\C\WR/ I/ GH SKEW OF WRWLADVEGD BV
VFUHHQ

7KH YDOXHV RI ORFDO YDULDEOHV  WRD Q QRUGEH \GW M B OYM\WILED E D
ZDQW WR FKHFN WKH YDOXH RI D ORFDO R BDRE®HEBO N\ YW HR ¥DVILDE
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&KDSWHU

WR D SXEOLF YDULDEOH

"6\VWHP YDULDEOHVY DV VKRZQ EHORZ UHVSHFWLYHO\

,QWHUIDFH ,QSXW 6LJ
,QWHUIDFH RXWSXW V

; D[LVOHQJIJWK FRPSH
= D[LVOHQJWK FRPSH

< D[LVOHQJWK FRPSI
7TRROUDGLXV FRPSHQ
; D[LV ZHDU FRPSHQVI
= D[LVZHDU FRPSHQYV
< D[LVZHDU FRPSHQ\

SHDG 30& LQSXW VLJ(

6LIJQDO IRU ELWZLVH
30&

SDGLXV YDOXH UHDG
SHDG ZULWH

SHDG ZULWH
SHDG ZULWH
SDGLXV YDOXH UHDG
SHDG ZULWH
SHDG ZULWH

SDGLXV ZHDU FRPSH(C SUHDG ZULWH

$ODUP

8VHU 'DWD 6 KHHW 5HDG RQO\ QRW ZULYV
ORGDO LQIRUPDWLRC 5HDG RQO\ QRW ZULYV
/IRFDWLRQ LQIRUPDW 5HDG RQO\ QRW ZULYV

'"HWDLOHG GHVFULSWLRQ RI VIVWHP YDULDEOHYV

,QWHUIDFH VLJQDOV 7KH &1& RQO\ RSHVD VO RIQHMKH tJ IRQUGQ)RWA
WKHUH LV D FRUUHVSRQGLQJ, 2 QXPEHU GHISIQQ®YRQ WKH VSHFLILF 3

9DULDEOH )XQFWLRQ

6LIJQDO VWDWXV RIWKHFRUUHVSRQGLQJ WRWH

&RUUHVSRQGLQJ WR WKH VLIJQDO VWDWXN RVWWK

6LIJQDO VWDWXV RI WKHFRUUHVSRQGLQJWR/W H

6LIJQDO VWDWXV RI) DQG) E\WWHV RI WKHF

&RUUHVSRQGLQJWR V\VWHP) ) ) ) HRXL

7TRRO FRPSHQVDWLRQ VA\VWHP YDULDEOHYV

&RPSHQV

QXPEH %LDV FRPSHQVDWLR

HDU FRPSHQVDWLR{

. D[L] = D[L < D[L 5DGL ; D[L| = D[l < D[U 5DGL
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6\VWHP PRGDO LQIRUPDWLRQ YDULDEOHYV

9DULDEOH )XQFWLRQ
* * * * * * * * * * *
. *URXS
* *URXS
xow *URXS
* * * * * * *URXS
xow *URXS
* * * *URXS
* * * *URXS
) &RGH
0 &RGH
2UGHU QXPEHU
3URJUDP QXPEHU RIDFRPSXWHU DSS
6 &RGH
7 &RGH

6\VWHP YDULDEOHV IRUFRRUGLQDWH SRVLWLRQ LQIRUPDWLRQ

7TRRO SHDG
O9DULDEOH SRVLWLRQ VIl SRRUGLQDW FRPSHQV, RSHUDV
YDOXH GXULQJ F

"RUNSLHH

WR (QG RI VHJIPH FRRUGLQDW ([FOXVL 3RVVLE

&EXUUHQW SRVLW ODFKLQH V
WRRO FRRUGI FRRUGLQDW

&XUUHQW SRVLW :RUNSLHF (QFRPSD 0DV QRY

FRRUGLQDW FRRUGLQDW

1RWH 7KH SRVLWLRQ LQIRUPDWLRQ OHV®RIGAWQWRKW DH R PHLW DE OHLWRY D[LV WK

WK D[LV LQ RUGHU IRU H[DPSOH LB UPDWHR QVRH; SRV VWLRQLQGLFDWHYV WK
LQIRUPDWLRQ RI = D[LV LOQGLFDWMAROKRISRPLIWLRQ LQMRAFDWHY WKH S
LQIRUPDWLRQ RI WK D[LV DQG LI®RE PPV IRY \R K HVMRIV[LW LR Q LQ

RUNSLHFH ]JHUR RIIVHW DQG ZRUNSLHFH FRRUGLQDWH V\VWHP

%DVH2IIVHW a
* a
* a



8VHU ODQXDO IRU7 6HULHYV

&KDSWHU

*
L Y O D

"/RFDO YDULDEOHV $GGUHVVHVY FRUUHVSRQG WR ORFDO YDULDEOHYV

ﬁiﬁiﬂﬂ’Rggggﬂ_fffoX’Rggggﬂ_5§§#§f’Rg§ggﬂ
YDULDE YDULDE YDULDE

$ ( 8

% ) 9

& 0

, 4 ;

- 5 <

6 _
' 7

2SHUDWLRQDO DQG WUDQVIHU FRPPDQGV *

*HQHUDO FRGH IRUPDW * + P 3 L 4 M 5 N

KHUH P ,QGLFDWHV WKH RSHUDWLRQ FRIPXRIFQMA.RQ WUDQVIHU FRP
L 7KH QDPH RI WKH YDULDEOH LQWR Z KRLF KWEKHSIRHALX\GHVE R | W K
M 7KH QDPH RI WKH YDULDEOH RQ ZKLFK WAL RE FDRQVEHRI LV ¢
FRQVWDQW
N 7KH QDPH Rl WKH YDULDEOH ZKHUH WKHKR S K FDW LERQDLV SH
FRQVWDQW

&RGH PHDQLQJ L M2 N

2SHUDWLRQ VIPERO GHWHUPLQHG E\ +P

([ DPSOH 3 4 5 « 2
3 4 5 « 2
3 4 5 « 2
1RWH 1R LVDOORZHG ZKHQ WKH YDULDEOH LV D FRQVWDQW

ODFUR -XPS 7DEOH
&RGH IRUPD JXQFWLRQ '"HILQLWLRQ
L M DVVLIQ WKH YD
* -
+ 3,4 $VVLIQPHQW RSH MWR YDULDEO
* + 3 L4 M5 '"HFLPDO DGGLWLR( L M N
* + 3 L4 M5 '"HFLPDO VXEWUDFW L M N




8VHUODQXDO IRU7 6HULHV &KDSWHU
* + 3L4M5 | 'HFLPDO PXOWLSOLF L M1 N
x 4+ 3L4MS5 '"HFLPDO GLYLVLRQ L M- N
* + 3L4M5| %LQDU\DGGLWLRQ L M25 N
%LQDU\PXOWLSOL
*
+ 3L4MS5 RSHUDWLROV L M$1' N
* + 3L4MS5 %LQDU\ (25 L M:25 N
x 4+ 3 L4 M '"HELPDO VTXDU L J/SE
* + 3 L4 M '"HFLPDO WR DEVRO L M
x + 3L4MS '"HFLPDO UHPDLQ L UHPDLQGHU RI
x 4+ 3 L4 M '"HFLPDO WR ELQ L %.1 M
* + 3 L4 M %LQDU\ WR GHFL L %&' M
"HFLPDO PXOWLSOI .
* .
t 3L4M5 GLYLVLRQ RSHU L LI M- N
x + 3L4MS &RPSOH[VTXDUH L/SES:
* + 3L4MS5 6LQH L MiVvLQ N
* + 3L4MS5 &RVLQH L M[FRV N
x 4+ 3L4MS5 7DQJHQW L MiwDQ N
x 4+ 3L4MS5 $SQWLWDQJHQ L $7%1 M N
* + 30 8QFRQGLWLRQDO -XPSWR SURJUDP Vi
I M N WKHQ MXPS \
* ]
* 3Q4 M5 &RQGLWLRQDO W' o \WKkHUZLVH H[HEXWH
| M+« N WKHQ MXPS
* ]
* 3Q4 M5 &RQGLWLRQDO W™ o\ HUZLVH H[HEXW
| M! NWKHQ MXPS W
* ]
* 3Q4 M5 &RQGLWLRQDO W/ o\ Kk HUZLVH H[HEXWH
I M N MXPS WR Vi
* ]
* 3Q4 M5 &RQGLWLRQDO W o\WKHUZLVH H[HEXWH
| Me N MXPS WR V
* ]
* 3Q4 M5 &RQGLWLRQDO W p\wKkHUZLVH H[HEXW !
| M” N WKHQ MXPS
* ]
* 3Q4 M5 &RQGLWLRQDO W' o\ k HUZLVH H[HEXWH
* 4+ 30 *HQHUDWH XVHU [ *HQHUDWH Q XV

*

2SHUDWLRQDO FRPPDQGYV

$VVLIQPHQW RI YDULDEOHV -

+ 3

(IDPSOH

54_

*

+

3

'"HFLPDO DGGLWLRQ -
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*x 4+ 3,4 -5,
([DPSOH * + 3 4 5
'"HFLPDO VXEWUDFWLRQ RSHUDWLRQ , -
*x 4+ 3,4 -5,
([DPSOH * + 3 4 5
'HFLPDO PXOWLSOLFDWLRQ RSHUDWLRQ , -1
* 4+ 3 ,4-5.
([DPSOH * + 3 4 5 [
'HFLPDO GLYLVLRQ RSHUDWLRQ , - -
* 4+ 3,4 -5,
([DPSOH * + 3 4 5
%LQDU\ORJLF SOXV RU , -25
* &+ 3,4 -5.

([DPSOH * + 3 4 5 25
%LQDU\ ORJLFDO PXOWLSOLFDWLRQ DQG , -$1°
* + 3,4-5.
([DPSOH * + 3 4 5 $1'
%LQDU\ (25 , -;25
* + 3,4-5.
([DPSOH * + 3 4 5 ;25
'"HFLPDO VTXDASHE
* 4+ 3,4 -
([DPSOH * + 3 4 VSsrt
7DNLQJ DEVROXWH YDOXHV LQ GHFLPDO , _ -_
* 4+ 3,4 -
([DPSOH * + 3 4 _
'HFLPDO UHPDLQGHU , -+7581& - . 1 .JRI8WNEKH RXOFGNLIRQDO SI

* + 3,4 -5

([DPSOH * + 3 4 5 7581& |
'"HFLPDO WR ELQDU\ FRQYHUVLRQ , %,1 -

* 4+ 3,4 -

([DPSOH * + 3 4 %, 1
%LQDU\WR GHFLPDO FRQYHUVLRQ , %&' -

* 4+ 3,4 -

(IDPSOH * + 3 4 % &'



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

OXOWLSOLFDWLRQ DQG GLYLVLRQLQ GHFLPDO , ,1 -
* + 3 ,4-5 N

(I[IDPSOH * + 3 4 5 D

&RPSRXQG 6 TXDUH/BRRWV
* + 3,4 -5

(IDPSOH * + 3 4 5 VSsrtESsrlu
6LQH , -1f6,1 . LQ GHJUHHYV

* + 3,4 -5,

([DPSOH * + 3 4 5 16,1
&RVLQH , -1&26 . LQ GHJUHHV

* + 3,4 -5 N

([DPSOH * + 3 4 5 $1&26
7DQJHQW , -17$0 . LQ GHJUHHV

* + 3,4 -5,

([DPSOH * + 3 4 5 17%0
$QWLWDQJIJHQW , $7%$1 - . LQ GHJUHHV

* + 3,4 -5 N

([DPSOH * + 3 4 5 $7%1

7TUDQVIHU RUGHUYV

8QFRQGLWLRQDO WUDQVIHU * + 3Q
Q VHTXHQFH QXPEHU
(I[IDPSOH * + 3 JRWR1 SURJUDPVHJIJPHQW
&RQGLWLRQDO 7UDQVIHU - (4
* + 3Q4-5. Q 6HTXHQWLDO QXPEHU
(IDPSOH * + 3 4 5
'KHQ JRWR 1 SURJUDP VHIJPHQW ZKHBXWH:VHTXHQWLDOO\
&RQGLWLRQDO WUDQVIHU -1( . -
* + 3Q4-5. Q 6HTXHQFH QXPEHU
(IDPSOH * + 3 4 5
'KHQ . JR WR 1 SURJUDP VHIJPHQW ZKWMRH SURJUDP LV
H[HFXWHG VHTXHQWLDOO\
&RQGLWLRQDO WUDQVIHU -*7 . |
* + 3Q4-5. Q 6HTXHQFH QXPEHU



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

(IDPSOH * + 3 4 5

'KHQ ! JR WR 1 SURJUDP VHIJPHQW DQG WKH@URJUDP LV

H[HFXWHG VHTXHQWLDOO\

&RQGLWLRQDO WUDQVIHU - /7

* + 3Q04-5. Q BHTXHQFHQXPEHU

(I[IDPSOH * + 3 4 5

'KHQ JR WR 1 SURJUDP VHIJPHQW DQG WKHQSURX>IDP LV

H[HFXWHG VHTXHQWLDOO\

&RQGLWLRQDO WUDQVIHU - *( . =

* + 3Q4-5. Q 6HTXHQFH QXPEHU

(IDPSOH * + 3 4 5

'KHQ ” JR WR 1 SURJUDP VHIJPHQW ZKHBXWH VHT¥HQWLDOO\
&RQGLWLRQDO WUDQVIHU -/( . "

* + 3Q04-5. Q B6HTXHQFHQXPEHU

(IDPSOH * + 3 4 5

'KHQ ” JRWR 1 SURJUDP VHIJPHQW ZKHEXWH!IVHTXHQWLDOO\
3 6 DODUP RFFXUV

* + 3L L $ODUP QXPEHU

(IDPSOH * + 3 3 6DODUPRFFXUUHG

1RWH <RX FDQ VSHFLI\ WKH VHTXHQFH QXMEBRSONWK D DBLDEIOH 5»R

ZKHQ WKH FRQGLWLRQ LV VDWLVILHG WXJHD B WRHIIPMHRQ WRZIHVKWRKW KHHBXIRQFH Q.

VSHFLILHG E\

ODFUR &DOOLQJ &RGH

7KH GLIIHUHQFHY EHWZHHQ XVHU PDFUR FO@OW\W * DD 6 W KEQ®RK I
'LWK WKH * \RX FDQ VSHFLI\ WKH LQ GHEE Q/@H@W I HULLVD BEVIRHDGRDD
SURJUDP EXW WKHO GRHV QRW KDYH WKLV IXQFWLRQ
<RX FDQ FKDQJH WKH OHYHO RI ORFDOZMDMKLDEOHYV ZLWK * EXW C
* 2Q00\WKH FRGH ZRUG 1LV DOORZHG WRBSE KB B K6 HRARH\G KBLR/UF
+ PXVW DSSHDU LPPHGLDWHO\DIWHU LW

1RQ PRGDO FDOOV *
&RGH )RUPDW * 3B /B LQGHSHQGHQW YDULDBCSHBLITKIE EDFUR
DGGUHVV 3LV FDOOHG DQG WKH DUJXPHQWDEDR/'BURV SDN¥RGWR WKI
&RGH 'HVFULSWLRQ 3B PDFUR SURJUDP QXPEHU FDOOHG
/{B1XPEHURIWLPHVY FDOOHG GHIDXOWVYWRGULURPLWWH
WR
'"HSHQGHQW YDULDEOH!B 'DWD WUDQVIHUUHG WR WK



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

DVVLIQHG WR WKH FRUUHVSRQGLQJ ORFDO YDULDEOH
1HVW HG FDOOV * FDOOV FDQ KDYHIRXU OHYHOV RI QHVWLQJ
ODLQ BURJUDP ODFUR OHYHO ODFUR OHYHODFURODFUR Ot}

OHYHO
O : / 0O : 0 O 0
G65P G65P ; / G65P ; / G65P : /
------- M99; . M99; b M99; - M99,
(Level 0) (Level 1) (Level 2) (Level 3) (Level 4)
#01 #01 #01 #01 #01
Local variable S S S S
#33 #33 #33 #33 #33

6SHFLI\WKHLQGHSHQGHQW YDULDEO® 18¥% H DFHKVOHHAW HRWKHQ BAH\D HF
RQO\RQFH DQG WKH ODVW RQH LV YD®\LG LI LW LV VSHFLILHG UHSHDW

$GGUHYV /IRFDO YD $GGUHV /IRFDO YD $GGUHV IRFDO YD
LQGHSHQ(Q QXPEHL LOQGHSH QXPEHL LOQGHSH QXPEHL
YDULDE YDULD YDULDE
$ ( 8
% ) 9
& 0 :
) 4 ;
- 5 <
6 =
' 7

I1RWH $GGUHVVHV WKDW GR QRW QHHG WRIEHGVWS KALORHG ¢ Y Q EHDERIHVRRHJ UHV SR
RPLWWHG DGGUHVV ZLOO EHDVVLIQHG WR QXOO!

ODFUR % ,QVWUXFWLRQ '"HVFULSWLRQ

, )RUPDWWLQJDQG FLWDWLRQ
5HSUHVHQWDWLRQ RI' YDULDEOHYV
8VH RIYDULDEOHYV

6SHFLI\ WKH YDULDEOH QXPEHU RU IRUP XFODPDMW H D G\KUHHIY G G U
DGGUHVV ZRUG! > HTXDWLRQ!@

7KH YDULDEOH QXPEHU FDQ EH UHSODFHGIE\ D YWKHQEOH H J

> ODWKHPDWLFDO H[SUHVVLRQ!@ <RX ME@UHIXRBEMR DVRDIILLUDHFOMOR G ¥
DQHTXDWLRQ

, @ RU > HTXDWLRQ!

ZRUG! ,

([DPSOH P> @ <> &26> @@
6,1> @
1RWH ,I WKHDGGUHVV VI\PEROV ; = DUH WRMLH BRRHEQH & \ZILRWKVP B\



8VHU ODQXDO IRU7 6HULHYV &KDSWHU

PXVW EHHQFORVHG LQ >@
., SULWKPHWLFDQG ORJLFDO RSHUDWLRQV

7R WKH ULJKW RI DQ RSHUDWRU FDQ EH® RRQVIXDQ®\WRQDZKEEEHMID
N FDQ DOVR EH FRQVWDQWY 7KH M DQG NVIVQ JDKHG HRS QAW D IRV F B K
YDULDEOHV RQ WKH OHIW VLGH RI WKH RESGHUHDWVER X ¥ D Q DH[\SR) B M \DLRQ

)XQFWLRQ (ISUHVVLRQ IRU 1RWH
'HILQLWLRQ RU DV L M
$GGLWLRQ 6XEW LL '\l\’/'l NN
OXOWLSOLFDW RV
LYLVLRQ TN
L M25 N
, : /RILFDO RSHUDW
25DQG ;25 t |\'\:|I5$215 : SHUIRUPHG RQH E\ R
6TXDUH URRW L 6457> M@
$EVROXWH YDO L $%6> M@
5RXQGLQJ XS L 5281'> M@
5RXQG XS WR WKH QF L )83> M@
5RXQG GRZQ L ).:> M@
1DWXUDO ORJD L /1> M@
(ISROHQWLDO IX L (;3> M@
6LQH L 6.1> M@
6\2{;5'[33};\’\/0" I[ 262’61>>MM@@ $QJOHV DUH VSHFLIL
JQYHUVH FRVL( L $&26> M@ | 1Y fGHHJ[USHUHHVVVH(
7DQJIHQW L 7$1> M@
$QWLWDQJIHQ L $7%1> L@ >
0, ' 0,
;ngégf‘lwstﬁ)’; L %.,1> M@ L %{ )RUVLIQDO FRQYHL

I1RWH 7KH VA\VWHP VXSSRUWYVY PL[HG TGDQGUOSWMILFQRWKKHDMM REXVWLWRKE>X>S DUHQWK

H[SUHVVLRQ PXVW EH VTXDUH EUDFNHQWW XK DD/Q/EWLS RBRLIRCPAH MKQIEFVMIIXQFWLRQV P X
E\VTXDUH EUDFNHWV >@

.., TUDQVIHUV DQG UHF\FOLQJ
7KH IORZ RI FRQWURO FDQ EH FKDQJHG LQ D SIPRQUD P XE WQKIHW,KH *
VWDWHPHQW 7KHUH DUH WKUHH WUDQVHHU DQG ORRS RSHUDWLRQV D
*272 VWDWHPHQW XQFRQGLWLRQDO WUDQVIHU
&RQGLWLRQDO FRQWURO ,) VWDWHPHQW
'+ /(ORRS VWDWHPHQW

BQFRQGLWLRQDO WUDQVIHU *272 VWDWHPHQW
7UDQVIHU WR WKH SURJUDP VHIJPHQW ZLWK VEBDRH® FIH QXPLBHHWG BN ¢ |

VSHFLI\LQJ D VHTXHQFH QXPEHU RWK H UQWHKDIXPER U F D QVEH{ WS L H C
DQ H[SUHVVLRQ
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YRUPDW *272Q Q VHTXHQFH QXPEHU WR
(IDPSOH *272
x272

&RQGLWLRQDO FRQWURO ,) VWDWHPHQW

*272)RUPDW ,)>FRQGLWLRQDO H[SUHVVLRQ@ *272Q

. WKH VSHFLILHG FRQGLWLRQDO H[SUHWVPRQ W VZ YWD R L\GH TW K FH.
QXPEHU Q LV WUDQVIHUUHG LI WKH VR8FLVLGRBW RQGL® LWRB @ H [8/USH
VHIPHQW LV H[HFXWHG VHTXHQWLDOO\
([DPSOH

,] WKH YDOXH RI YDULDEOH LV IJUHDWHWKKM BEDRJU DIPW
ZLWK VHTXHQFH QXPEHU 1

JOWKHFRC [—— ,I> *7 @ *272 I WKH FRQGLWLRQ
DUH QRW F

L -|3URJUDP

l * * ,

7+(1)RUPDW ,) >FRQGLWLRQDO H[SUHVVLRQM@H®W!PDFURSURJUDF

.l WKH FRQGLWLRQDO H[SUHVVLRQ KRDEM LW KH{ WFXDWHGP HDANVE IRQ@
RQH VWDWHPHQW FDQ EH H[HFXWHG

([IDPSOH ,)> (4 @ 7+(1

0 WKH YDOXH RI LV HTXDO WR WKH YDOXH RUI QFOWVIRQ W

GRZQ LQ RUGHU ZLWKRXW H[HFXWLQJ DVYLIJQPHQW VWDWHPHQWYV DIW

&RQGLWLRQDO H[SUHVVLRQV $ FRQGGIR D FR GIGS WH \R\QLIRAD FPSH/W
ZKLFK FDQEH D YDULDEOH D FRQVWDQW. QRU DRHERQHE\LWIRRDQR@ HHL BAKH
VKDOO EH HQFORVHG LQ SDUHQWKHVHV p>TH@ T

&RQGLWLRQDO RSHUDWRUV 7KH V\VW HPDRDRUIN G LW WHH B R @GW WH. RR)
WDEOH

&RQGLWLRQDO RS OHDQLQJ
(4 RU (TXDO
1(RU ! 1IRWHTXDO WR -«
*7 RU | *UHDWHU WKDQ !
*(RU ! *UHDWHU WKDQ RU H
/7 RU /JHVV WKDQ
/( RU /HVV WKDQ RU HTXD

7\SLFDO SURJUDP 7KH IROORZLQJSURJWHIMBUORRODWHY WKH VXP RI
2
6XP LV LQLWLDOL]HG WR
7KHLQLWLDO YDOXH RIWKHDGGHG QXPEHU LV
1 ,)> *7 @*272 7UDQVIHU WR 1 ZKEHUWKH DISBW B WWRD Q
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&DOFXODWH WKH VXP RI WKH WZR QXPEHUV
7TKHDGGHG QXPEHU SOXYV

*272 BQFRQGLWLRQDO MXPS WR SURJUDP VHIPHQW 1
10 (QG RI SURJUDP
/IRRS :+,/(VWDWHPHQW

6SHFLI\ D FRQGLWLRQDO H[SUHVVLRQ BGWHRIQGLMW L RIQWMKWH NWDSHFL |

VHIPHQW IURP '2 WR (1' LV HIHFXWHG RWHKHWZLVH X\PKSHBHIPHQW DIW|
(IDPSOH

'+, /(> FRQGLWLRQDO H[SUHVVLH

I WKHFRQGLWLRQLVY QRW PHW 3URJU

(1'P

([SODQDWLRQ :KHQ WKH VSHFLILHG FR8IMHRW EV WIDEKHQ WXBPIBA RLI U
LVH[HFXWHG RWKHUZLVH WKH SURJUDMGH JKHQ/W JoQ v WWHUW " R \D R [G1 X

VLIQ DIWHU (1' VKDOO EH WKH VDPH DQGHNKHRAD O XN RO WH R W KHYU ADIQL
RU ZLOO FDXVHDQDODUP

IHVWLQJ '2 (1' 7KH ODEHOV a LQ WKH ORRWLPPHY BN XOWHHFGE DWDRD Q
+RZHYHU DQ DODUP ZLOO EHJHQHUDWHG ZEHQ WKHIBHW RVIDDARURVY UH
7KH VIPEROV WR FDQ EH XVHG DV PDQ\WLPHV DV UHTXLUHG

(> @'2
3URJUD
(1
(> @'2
3URJUD
(1’
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7KHVFRSHRI'2FDQQRWEHLQWHUVHFWHG

— . +,/(> @'2
3URJUD
i+ (> @'2
—(ll
3URJUD
(1

'2ORRSVFDQ EHQHVWHGLQ OD\HUV

(> @'2

(> @'2

3URJL

(1

(1

(1

7TKHFRQWURO FDQ JR WR WKH RXWVLGH RI WKH ORRS

i+ (> @'2
) > @*272Q
— (1"

1Q
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7UDQVIHU FDQQRW HQWHU WKH ORRS JRQH

—— )> @*272Q
(> @'2
1Q
(1

&RQYHUVLRQ EHWZHHQ OHWULFDQG ,PSHULDO 6\

JXQFWLRQDO RYHUYLHZ

7TKHUH DUH WZR W\ASHV RI LQSXW DQG RXW SXWURIL WVI\W WRHP&1 & IQW P |
XQLWY PLOOLPHWHUV PP DQG LPSHULDDPHWMUN UGQ BHHWH G QWK P HWK
LPSHULDO VA\VWHPV LQ WKH V\VWHP DUHDV IROORZYV
1 ,QSXW LQFUHPHQWDO XQLW VHOHFWLRQ
OHWULF LQSXW *
,PSHULDO LQSXW *
7KLY SDUDPHWHU FRUUHVSRQGY HIDFWO\ WRDWKHMXWRFWDRQZKRG H
* * LV H[HFXWHG LQ WKH SURJUDP WKLWGS DFFRAUWHQ JAO\O @KEHHORFKR
SDUDPHWHU LV PRGLILHG WKH* * PRGHQ@IGADO EH FKDQJHG DFFRUG
1 "KHWKHU WRRO FRPSHQVDWLRQ DQGLFHDDW Y BR G WN LDAHHGDZKAH
FROYHUWLQJ EHWZHHQ PHWULFDQG LPSHULDO LQSXW PHWKRGYV
IR DXWRPDWLF FRQYHUVLRQ RQO\RQH GHFLPDO SRLQW LV F
SHUIRUP DXWRPDWLF FRQYHUVLRQ

1 OHWULF PDFKLQH WRRO ,PSHULDO IP@IFAKXR) R XWNRSRXON VIHICAHURAP LHF
VHOHFWLRQ
OHWULF PDFKLQH WRRO RXWSXW PP
,PSHULDO PDFKLQH WRRO RXWSXW LQFK

)XQFWLRQ FRGHV * *

&RGH IRUPDW * LQFK LQSXW

* PPLQSXW
7KLV * FRGH PXVW EH SURJUDPPHG DW WKH EHS H® RIL®E RIQMX W HSURU D \D
VHIPHQW

1RWHYV

1 ,QSXW LQFUHPHQWDO XQLW FKDQJH

7 &KDQJH WKH XQLW V\WVWHP RI WKH IROBRZPOJIPYROXB¥KLPHQ PP
DIWHU FKDQJLQJ WKH LQSXW LQFUHP KX@WPRQXLW LLRRGHULDO PHWULF
YHHG UDWH VSHFLILHG E\) FRGH PP PLQPPQRKQFKQ WKUHDG OHDG
3RVLWLRQ FRGH PP ILQFK
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7RRO &RPSHQVDWLRQ 9DOXH PP ILQFK
+DQGZKHHO VFDOH XQLW PP ILQFK
7UDYHOOLQJ GLVWDQFHLQ LQFUHPHQWDO IHHG PP ILQFK
6RPH RI WKH SDUDPHWHUV LQFOXGLQJWH BKX® DW R IG LV PPD F6{ PoH QR
PHWULF LQSXW * DQG LQFK ,6 % IRRUPHPBSDG LQISWMKH ¥ DP M
SDUDPHWHU 1 LV VHW WR LW PHDQV  KFRFGZIKVH BHWHKUH. E @ S X IVQRCH V
LQFK ZKHQ WKH LQSXW LV LPSHULDO *
8 7KH PDFKLQH WRRO FRRUGLQDWHYV DUH W YW R AL XFMD D@RK FRN @
XQLW FKDQJH LPSHULDO PHWULFLQSXW FRQYHUVLRQ
1 2XWSXW FRGH XQLW FKDQJH

1 PHDQV WKDW WKH PLQLPXP FRGH LQFURRWEQWWRLQVRHWUYYW
PP

1 OLQLPXP FRGH LQFUHPHQW RI WKH WWVBV®IP LV RQWEXW LQ LPS
7KH PHDQLQJ RI VRPH RI WKH SDUDPHWHUV RIQMQURY B H QPWMNH B X \D
FKDQJHG
7 6SHHG SDUDPHWHU OHWULF PDFKLQH WRRO PP PLQ

,PSHULDO PDFKLQH WRRO LQFK PLQ

)RU H[DPSOH D VSHHG VHWWLQJ RI PHDUQL\F PDPRLBIHQWRRE ®\HDQ

LQFK PLQIRU LPSHULDO PDFKLQH WRROV
8 3RVLWLRQ OHQJWK SDUDPHWHU OHWULF PDFKLQH WRRO PP

,PSHULDO PDFKLQH WRRO LQFK

JRUH[DPSOH DVHWWLQJRI PHDQV PRORWRIBW U LIFQPAKFIKUQIHPS R U L

PDFKLQH WRROV

$00 SLWFK HUURU FRPSHQVDWLRQ SDUDPHWHUV DUHDOVR LQFOXGHG
1RWH :KHQ WKH PLQLPXP LQSXW LQFUHPH D QGDIQWGF WK PIHQLW XFRXPVVRPBH GLITHU
PD[LPXP HUURU LV KDOIRIWKHPLQLPXP ARPRDQGE Q@MU FRFXQMD WK Y ¥

1RWH ,Q WKHDERYH GHVFULSWLRQ QWKH\ X6J®WHQW V\VWHP LQFUHPH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

&KDSWHU 7RRO WLS UDGLXV FRPSHQVD)

$SSOLFDWLRQ RIWRRO WLSUDGLXV FRPSHQVDWL

*HQHUDO

3DUWV PDFKLQLQJSURJUDP LV JHQHUDOOVKDYHG RQ DPHRL QW LRI WL
DV VKRZQ LQ )LIXUH SRLQW $ DFFRUG LLQW WHR S\UKHS B D DW V. Q) DHZRZH)
WKH DFWXDO PDFKLQLQJRI WKH WXUQHQJUWMRR DU I& KX HQWRVS WRKFHHW 1 RRJI
LVRIWHQ QRW DQ LPDJLQDU\ SRLQW EXBURF¥HFW LR KH D AW K DQ F XMW
DQG WKH LGHDO VWDWH RI WKH FXWWLE&0O S\RLK \G HRYI LW WH RSR VZMOLGR @
RYHUFXWWLQJ RU XQGHUFXWWLQJ DIIHVFWLQHUW KRHU B F FKRIFDG \WRLIS WLKE
FRPSHQVDWLRQ LV SHUIRUPHG GXULQJ SURFMHVVLQJWR LPSURYH SDU!

B
| L

S

JLIXUH 7TRRO

7KHPHWKRG RIRITVHWWLQJ WKH W U D MHH AR R O\VRIL SV B GBLDXUML B WRK H C
WRRO FRPSHQVDWLRQ PHWKRG 7KLV PHMRRREUL\R V MPKSD B H B VB UNRKIHY
VHIJPHQW LV SURFHVVHG RQO\ DIWHU WKW FHRR BXOW WRIGE RZ RIQAHK WUHI\PXHAD
RYHUFXWWLQJ DW WKH LQWHUVHFWLRQ RI WKH DVERYSURURD®N P HMWF
QHFHVVDU\ WR HVWDEOLVK WKH & W\SHQRRE®HAR W & HR\ODWH LR K HPHIWKR
DQG HOLPLQDWH HUURUV LW LV QHFHVVOQ PWWR KRG RWW \[> M & R:& H R A
SURJUDP VHJPHQW LV UHDG LQ LW LV QRW I[HH[FMX WHHI® HRRHIG. D WBI® L @E
WKH FRUUHVSRQGLQJ WUDMHFWRU\ WUDBQRQHWKH FRRQHEW ERQ R O
LQWHUVHFWLRQ SRLQWV RI WKH WZR VHIP RIQMWYH WX BRVRUR B bl C5RJ VI HR P Fi K
WKH & W\SH WRRO FRPSHQVDWLRQ PHWKR G RMXLDOWH® R RFQR WKHHQRFDQW
7KLV LV VKRZQ LQ )LIXUH

Tool path of the tool tip center without
" tool compensation C

Workpiece

- Tool path of the tool tip center with
tool compensation C

Tool path with
hypothetical tool
tip and tool

i Tool tip
compensation C

i ‘\\ I e Y —

without tool compensation C

JLIXUH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

+\SRWKHWLFDO WRRO WLS RULHQWDWLRQ

7TKH VHWWLQJ RI WKH K\SRWKHWLFD O HWDG®\ @ L 8§l L~FXEHF DR WHW W
RI'WKHEODGH WRRO WLS UDGLXV DW WX)H YX\WUHU W L QN BYR U HW DR\ YCHWOV K
VHW WKH K\SRWKHWLFDO EODGH WLS DWRZ@®¥KH) WWIDUMILQJ SRNQWLF
SURJUDPPLQJ WKHUDGLXV RI WKH FXWWLQJLMGIHW D\ DR EHKRQAV L C(
WKH FRPSDULVRQ RI WRRO SDWK GLDJUDPV ZKH@ FHRWHW LG L
K\SRWKHWLFDO WRRO WLS UHVSHFWISHHOAD WV R@J D/QFGR Q RWL ¥ MULIG LW
UDGLXV FRPSHQVDWLRQ

N

Starting point

Starting point

When programming with the center of the tool tip When programming with a hypothetical tool tip

YLIXUH YLIXUH

.,/ QR WRRO WLS UDGLXVY FRPSHQVDWLR 3UHFLVLRQ FXWWLQJZLOOE
WUDMHFWRU\ ZLOO EH WKH VDPH DV WK UDGLXV FRPSHQVDWLRQ

| Compensation

iy ; ( . } L Tool tip center path : )
_b}_- T78 TPY Tool tip center path — i begins
W o o T 2
R e ""-a( }
o
Program path Program path

JLIXUH 7TRRO SDWK ZKHQ SURJUDPPLQJ ZLWK WLS FHQW

LWKRXW WRRO WLSUDGLXV FRPSHQVD\ 'LWK WRRO WLS UDGLXV F
WUDMHFWRU\ ZLOO EHWKH VDPH DV WKt SUHFLVLRQ FXWWLQJ L

Hypothetical : \) ; Hypothetical Compensatio
- ~, tool tip path | —. H:- p tool tip path _begins
“Qt A : ) H"“
R cen sl - T -
Program path Program path
JLIXUH

7RRO WUDMHFWRU\ ZKHQ SURJUDPPLQJ ZRR® DD IPRIUDRPPMNE RR ® ¢
LPDJLQDU\ SRLQW ZKHUHDV WKH DFWXDG5ARW V8RQ D WGEXHFIY R QRIVR FE
UHTXLUHPHQWY RURWKHU UHDVRQV 7KLM PIDFVIK MQKLODW WKBIRFX VF Y X @ E
QRW DQ LGHDO SRLQW EXW DQ DUF FDQ EG WOS PUIMDWKNGRP XMDRY D W
IXQFWLRQ ,Q DFWXDO PDFKLQLQJ IKP K\S RMUKHIML B B ¥ IWMLSR IO WHIO
WKH FHQWHU RI WKH WLS DUF VR LW LVKLWBR WA D&FAWLR @ RU WHKFHMD L S
K\SRWKHWLFDOWLS L H ZKHUH WKHRWR®RO VWDUWLQJSRLQW LV RQ V



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

7KH LPDJLQDU\ WRRO WLS QXPEHU LV GHWHUPERW @/ [EQ MW R REL UK |
YLHZHG IURP WKH FHQWHU RI WKH WRRO WIS WRZDUHG N WHKB WRWDQ B
7 a7 VHWWLQJV IRU WKH K\SRWKHW LKEHD G E\VOLD\GLHR @S UH © D WAL RIQY/XK
GLUHFWLRQV 6SHFLDO DWWHQWLRQ MKRROG WK VDE KVW R\RKH WD BWG |
QXPEHU LV UHSUHVHQWHG LQ GLITHUHQW B W URGRLRQUDGAL I9) I WWHV AR/ HUPH |
IURQW WRRO VHDW FRRUGLQDWH V\VWH®P GWKH WRWR O DVL8KRIZWH E )/ |
IROORZLQJ ILJXUH 7KH ILIXUH LOOXAMHUODWKN WKS RIHW R M/ INFQQV H LDSG
VWDUWLQJ SRLQW ZLWK WKH HQGSRLQW WLW RHWKHRDEHL QKXW KHW XI
WKH FRRUGLQDWH VIVWHP 7 7 RI WKH UHNDXUHEODGHKNKNDW XYW KRZ ® ILY
IURQW EODGH VHDW FRRUGLQDWH V\VWHP D QG L7V ¥ R ZQKHQV)LLW X D M/ L F
ZKHQ WKH WRRO WLS FHQWHU DQG WKH WW DVYWK®Z 8 RIQQW JXWHH W KH VD



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

X-axis

Rear tool holder
coordinate system Z-axis

The hypothetical tool tip numberis 1 | The hypothetical tool tip number is 2

The hypothetical tool tip numberis 3| The hypothetical tool tip number is 4

-

The hypothetical tool tip numberis 5 | The hypothetical tool tip number is 6

o | B

The hypothetical tool tip numberis 7 | The hypothetical tool tip number is 8

JLIXUH +\SRWKHWLFDO WRRO WLS QXPEUWGE LLDWHKHVUWHWWU HRVRR O |



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

Z-axis

Front tool holder
coordinate system ,X-axis

The hypothetical tool tip number is 3 | The hypothetical tool tip number is 4

O | B

The hypothetical tool tip numberis 5 | The hypothetical tool tip number is 6

& | P

The hypothetical tool tip numberis 7 | The hypothetical tool tip number is 8

JLIXUH +\SRWKHWLFDO WRRO WLS QXRRRU GQQDIHH B RQWHPRR O +



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

JLIXUH 7TRRO 7LS FHOQWHU DQG 6WDUWLQJ 3RLQW DUH VDF

6HWWLQJ WKHFRPSHQVDWLRQ YDOXH

7TKH K\SRWKHWLFDO WRRO WLS QXPEHHMIFXCGWRRROCPW Y ¥/ EBGLUXHY Y B®
WR DSSO\LQJ & WRRO FRPSHQVDWLRQ WKR® RROXAHLISVUMHIN RYQ FARKPHS %4 Q
VHH 7DEOH 5LVWKHWRRO WLS UD G L XWHRP IS\FB@ WKW IWRLF B D GAWKLHS DO

7TDEOH &1& WRRO WLS UDGLXV FRPSHQVDWLRQ 'LVSOD\ 6

1R ; = 5 7

6SHFLDO DWWHQWLRQ VKDOO EH SDLG WRHQKWKHRR® QYHWWR)J R
K\SRWKHWLFDO WLS LV VHOHFWHG WRKEHWRR @ VHWW L QK\S RMWXWM R K F I
SRLQW )LJIXUH VKRZV WKH GLIIHUH QRAHBHWHIORHG-W R QW RVKG! V HVAQWE- @ .
SRLQWV LQ WKH UHDU WRRO KROGHU FRPRWRGEWOPHNHFHYWHB DND WIKI W
SRLQW WKH RIITVHW YDOXH IURP WKH VWXMGCDGEL R LRIW WHR WIKSH EKQ
K\SRWKHWLFDO WLS LV7 DQG WKH RITRHW WA XWAKH RPSRKHK AW D RGO A
WKH K\SRWKHWLFDO WLS LV 7 DUH GLVYIRYHRWDRUHVUKWRYP R B WXR ROV
GLVWDQFH IURP WKH VWDQGDUG SRLQW RMR WHKHH \KWIRQYGHOHMEL & B IOQWVL ¢
FHOWHU RI WKH WRRO WLS UDGLXV VRWMW VG RHRRPY W RW KINVGON K M /G
WKH VWDQGDUG SRLQW WR WKH K\SRRIKWKANH.- WD S WM. XV X HO ON K K FS\LW @l



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

X
—9 1
‘ Z
OFM OFX
X-axis tool e o
: compensation
compensation | ‘
e
OFZ OFZ
Z-axis for tool ol
compensation compensation
Set the distance from the standard Set the distance from the standard
point to the took tip center as the point to the tool tip as the
compensation amount compensation amount
Place the starting point at The starting point is placed
the center of the tool tip on the hypothetical tool tip
JLIXUH 7RRO RIITVHW YDOXH ZLWK WRRSKIRDWMHU FHQWHU D)\
&RGH IRUPDW
*
* -[* * ] ;B =B 7B
*
&R G )JXQFWLRQ GHVFULSWLRQ 1RWH
* &DQFHOODWLRQ RI WRRO WLS UDGL
6HH )LJX
* LQ WKHUHDU WRRO KROGHU FRRUGLQOMI DQG
* FRPSHQVDWLRQ DQG* LQ WKHIURQWHWPRLR JLIJXUH
GHVLIJOQDWHG DV DULJKW FRPSHQ PRUH
. * LVVSHFLILHG DV DULJKW FRPSHQVDWLR(C LQIRUPD
VI\VWHP DQG D OHIW FRPSHQVDWLRQ LQ\WWH

'LUHFWLRQ RIFRPSHQVDWLRQ

7R DSSO\ WRRO WLS UDGLXV FRPSHQ V DQWIDRDL RADKPIXSIWJ B A V& IHRAQH R PR
EDVHG RQ WKH UHODWLYH SRVLWLRQ R IDW KM RRR O QV)LLS XWRHW K H DRUG)



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

X
Tool
G42: Looking along G41: Looking along
the direction of tool the direction of tool
movement, the tool movement, the tool
is on the right side is on the left side of
of the workpiece the workpiece

TR /W

\Alorkp ece

G i{;} - r"':_ G41

b— —_— ———— — — - b— — — —  — —y —— -

JLIXUH &RPSHQVDWLRQ 'LUHFWLRQ RIWHDUVARRE +ROGHU &R/



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

e =

l 7
X

- Tool -

G41: Looking along
the direction of tool

movement, the tool I :
is on the right side is on the left side of

of the workpiece the workpiece
o ,.;’ e, - - - . -
/Jff}/};’/{fﬁi’?’%ﬁfﬁfx/’%’? 2% 4{?‘/?/ 722
f
\ /
/

G42: Looking along
the direction of tool
movement, the tool

\ Workpiece /

1 G41 o~ —~, G42

! — | -+-—
Z jos -

Z T 2 L
: X3 "'l_i.*:" / .Ai;"" l ,,:,':F
E
R rEShiieceg il N et .
E boas (Ot 632
E ” ') ‘L:I .
 # ' [ - — 'd"“
I - G4 GAR '~
E
JLIXUH &RPSHQVDWLRQ 'LUHFWLRQ RI WHRQWWRRO +ROGHU &
1RWHYV

", QWKHLQLWLDO VWDWH WKH &1& LVDY WKHRADRRE WQABWIDRQ RRERP B
WKH* RU* FRGHLV HIHFXWHG WKH &1&WRRDUMWNSWD G VXWD ERR. & K QW!
RITVHW PRGH $W WKH VWDUW RI FRPSHQVDHIWRY LY DK & D& B H DESYONZAR
RQH VHIPHQW LV HIHFXWHG WKH QH[W VWU BHR@W LLXWRMRRPLEHH® ¥ Q WYVLKRHQOW
PHPRU\ ,QVLQJOH VHIJPHQW RSHUDWLR QQ® AHRHHMAXIW HRQVW VDR SHVUHWD @/ K
RI WKH ILUVW VHIPHQW ,Q FRQWLQXRXW HQHFX W URQG WHZBHIUR JW R R W
VHIPHQW EHLQJ HIHFXWHG LQ WKH &1& DQBQOWKWH WZR VXEVHTXHQW VH
", Q WRRO WLS UDGLXV FRPSHQVDWLRQ ZKHRQ@®PWYKILWMKQ RVE R YRHP PR
FRGH HJ DX[LOLDU\IXQFWLRQ SDXRRIYHGVWR WKH MQG RHOYWH G UN
VHIPHQWDQG SHUSHQGLFXODU WR WKH SPRIDUWMWP SDWK Rl WKH SUHY LI
"<RXFDQQRW FUHDWH RUXQGR D WRRO FRPSHQVDWLRQ &LQ WKHO0', P
"7TKH WRRO WLS UDGLXV 5YDOXH FDQQRWHE RW & WMHULH/G WK QVHUOMNVH_FYW
EHLQFRUUHFW

"7TKH FUHDWLRQ DQG XQGR RI WRRO WLS B GIYH RPSHQVID'W LIRRD*F D Q
FRGHV QRW E\XVLQJDUF FRGHV * RU* LOOGEHRHQHGDWMHBODUP Z



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

7KH &1& FDQFHOV WKH WRRO FRPSOHPHQW WRIR SH QWVDNH\RIQYY PRG |
SUHVVHG RUO LV H[HFXWHG

7TKH* FDQFHOODWLRQ ELDV PRGH PXVMQEHRY S HFH. QUHREOBEB IR MWK H Z
WKH WRRO WUDMHFWRU\GHYLDWHY E\RFKXKWRE O WLULRUDGLXYV YDOXH .
7R XVH WRRO WLS UDGLXV FRPSHQVDWLRRXWLVDKH WRHQS & IR XWYWINP EDH)I
WKH FRPSHQVDWLRQ FDQFHOODWLRQ RRIGHIEH IR U H H DROJHL Q [JHW K W VQE
DQG FUHDWH WKH WRRO FRPSOHPHQW & DJDLQ LQ WKHVXEURXWLQH

* * * * * * FRGHV GR QRW SHUIRUPRRRRBE QWIDBWU B G LXY G
WHPSRUDULO\ZLWKGUDZ WKH FRPSHQVDWLRQ PRGH

* DQG* FRGHV SHUIRUP WRRO WLS UDGWXV FRREB3HQVDWH RQI VIHOVG E
E\RQH WRRO WLS UDGLXV DFFRUGLQJMWR WXWWLRWKHWLFDO WRRO \

$SSOLFDWLRQ H[DPSOHV

ODFKLQLQJWKH SDUW VKRZQ LQ )LIXUH RUICQ Q/EW HUR QW HPR B QK RVG
QXPEHU 7 WRRO WLS UDGLXV 5 DQX® EMSRWKHWLFDO WRRO WLS Q

:; 1 = ] -

7|
|

1 X

}
!

JLIXUH

KHQ WRRO VHWWLQJLY SHUIRUPHG LCHRAIMHW EY QRGO DW L R ) \PHRW
D WRRO WLS UDGLXV YDOXH DIWHU WRR®JVWWWK B KLYRFRCHW HRMDHD &
GLUHFWLRQDQG WKH WRRO VHWWLQH BRHQWXWRWK B WRRKE WKH WRRX
WRRO VWDUW

2Q WKH WRRO RIIVHW VHWWLQJ VFUHHQ KH W\ B3/KW KWRR.E DO 8 RR G
GLUHFWLRQ



8VHU ODQXDO IRU7 6HULHYV

&KDSWHU 7RRO WLS UDGLXV FR

7DEOH
1R = 5 7
([DPSOH
* = 0 7 6 3RVLWLRQLQJ VSLQ®OHFRBBAQH QJQ GVR
H[HFXWLRQ RI WRRO FRPSHQVDWLRQ
x ok = (VWDEOLVKPHQW RI WRRO WLS UDGLXV FR
=) &XWWLQJEHJILQV
= )
* 5
*
£k = &DQFHOODWLRQ RI WRRO WLS UDGLXV FRF
* = 7

,OOXVWUDWLRQ RI'WRRO WLS UDGLXW FRPSHQVDV

&RQFHSWV RIWKHLQQHUDQG RXWHU VLGHYV

7KH WHUPV LQQHU VLGH DQG RXWHKHGEMNMFDLSW ERIQXVKB @ WWH D
RILQWHUVHFWLRQ RI WZR PRYLQJ VHJIPMQRW V £ VLIV HD WHOQOMIGD Q RQ HU
ZKHQ WKH DQJOHRILQWHUVHFWLRQ RI \MBDR PRGLQ J VHYRNGEFWD OV 6 HRY,

VLGH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

Workpiece side

side

Program path

a =180"

Program path

QOuter i
side

Workpiece side

0° = a <180°

7TRRO PRYHPHQW GXULQJWRRO VWDUW XS

7RRO WLS UDGLXV FRPSHQVDWLRQ LV FRPISHHD MR RVX € H H DAWLHSY
FRPSHQVDWLRQ H[HFXWLRQ DQG WRR® FRPSHQVDWLRQ FDQFHOODW.L

7KH PRYHPHQW RI WKH WRRO IURP WKH RKH/ YW IFIDVQ RH OVKIVHRI @ XO\R
SURFHVV RIHVWDEOLVKLQJ WKH * RU EQJFRS HDLONARDFODOCHIGH G RARFCR\DHW
1RWH 6 / DQG & LQ WKH IROORZLQJ GLDJWDPVQKD YXQW K MMV RRAKRZALZ)
LQGLFDWHG

6 VLQJOH VHJPHQW VWRS / VWUDLJKW OLQH & DUF

7KH DFWLRQ Rl WKH WRRO SDWK ZKHQ FRPH®IIQY D W DR@ IL & DEADHHUMH
W\SHV W\SH$DQG W\SH% DQG LV VHOHFWHG E\ SDUDPHWHU 1
D ORYHDORQJWKHLQVLGHRIWKHFRUQHU .- f

/[LQH VWUDLJKW OLQH /ILQH FLUFOH

Tood lip cenfer pait  Programming Patn

JLIXUH D6WUDLIJKW /LQH 6W )LIJXUH E6WUDLJIJKW/LQ
6WDUW 6WDUW



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

E ORYHDORQJWKHRXWVLGH RI WKHFRUQHUfZKMUH WKH FRUQHU LV F

/JLQH 6WUDLJKW OLQH ILQH $UF
.
n u -
L I‘r-. .' IIIIl '\-._\L
r--'r-.-.-------:;-_. - 'H— / -?'-.L}
w ipte g '.".-.. " F—u .‘_ d ].'.énpp‘;:;-}
'.- L __.«|l|' ~ ] .-"'xh
Programming 23t 'ﬁﬁ ‘ r v / .-"'h'.
+laan N S )
5 "H
------------------------- = L }r ]I
L Toal Hp cander path C l, y, ]
A v/ |

(JLIXUH E6WUDLJIJKW /LQF

JLIXUH D6WUDLJKW /LQH
6WDUW

2XWVLGH 6WDUW

F ORYHDORQJWKHRXWVLGH ZKHUH WKH FRUQHU LV DFXWH f

JLQH 6WUDLJKW OLQH /LQH $UF

r_
Ly -
¥ ; 1. r —r -":IF_,-' ";_.r' ]
‘h._- o .\:__. / ;.-':I..._,';z ]
I f.-' L] Frogramming Patn
LY / #I A
1'/ H - .I ..... e - = 0 1 2
L S L T . e Pty Toal ip center path  Programming Path
JLIXUH D6WUDLJKW /LQH 6WL JLIXUH E6WUDLJKW /

6WDUW 2XWVLGH 6WDUW

G ORYLQIJDORQJWKHRXWVLGH RI DQ DFXWW KI)J OE HKRVH FRWUPH U KX

:VWUDLJKWIOIfQH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

S i T s Tool tip center path

| o Programming Path

JLIXUH 6WUDLJIJKW /LQH 6WUDLJKW /L Q R XFRWLGEHJVONHD/WWY K D Q

7TRROPRYHPHQW LQ WKH RIITVHW PRGH

$IWHU WKH WRRO WLS UDGLXV FRPSHQ@UDHNVILWR Q \L ¥ Y MHDAEHDG. VIKWM G \D
WKH RITVHW PHWKRG

2[ITVHW WUDMHFWRUNLQ FRPSHQVDWHRRKRPRERVYDWKRQAW FUPRWILERDW
D ORYHDORQJWKHLQVLGH RI WKHFRUQHU . - f

/LQH 6WUDLJKW OLQH /ILQH S$UF
Pr-:-grarn.rrJngﬂ?aE
e
[ Toal tip center paih PP
¢ ¥
= <] Tool §p certer path Programming Patn
JLIXUH D6WUDLJKW /LQH / JLIXUH E6WUDLJIJKW |
PRYHPHQW ,QVLGH PRYHPHQW
$UF /LQH $UF $UF
77 g 77777777
- =__F"rt:»grarnn'ing='i|th
5 | Toal Hp center path

T T
e T T W

Tool tip center path - Programming Pat

JLIXUH F$UF /LQHDU ,QVL )LJIXUH G$UF $SUF ,QVLGlH



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

E ORYHDORQJWKHRXWVLGH RI WKH FRUQHUfZKMUH WKH FRUQHU LV F
JLQH 6WUDLJKW OLQH /ILQH $UF

=]

J Pr-::glarnrnng— 23t
-.¢ | a 1
S L Toal tip center path Toal ip center paln Programming Patn

JLIXUH E6WUDLJKW /LQH

JLIXUH D6WUDLJKW /LQH
$QJOH 2XWVLGH PRYHP

$QIJOH 2XWVLGH PRYHP

$UF = /LQH $UF $UF

Prograrmming Path

Tool tip center path Tool fip center path Programming Path

JLIXUH F$UF /LQH 2EWX JLIXUH G$UF $SUF 2EWX
2XWVLGH PRYHPHQW 2XWVLGH PRYHPHQW

F ORYHDORQJWKHRXWVLGH ZKHUH WKH FRUQHU LV DFXWH . f
JLQH 6WUDLJKW OLQH ILQH S$UF



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

L
L "- | /f:- /,.fé;?{f r 4 .4
N \& / ‘,x" / ;
—— ,-{-:/;5’24%1

Programming Path

S L L Tool tip center path Toal ip center path  Programming Path
JLIXUH D6WUDLIJKW /LQH JLIXUH E6WUDLJKW /LQH
DFXWHDQJOH 2XWVLGHF DQJOH 2XWVLGH PRYHP
$UF = /LQH $UF $UF
)
)
SRR ;*/

I -
57 A
Z = L"- / < F :
Pragramming Path !
............. . - - ..{} & .
L Tool tip center path Tool fip center path  Programming Path

JLIXUH F$UF 6WUDLJIKW /L )LIXUH G $UF $UF DFXWH
2XWVLGH PRYHPHQW PRYHPHQW

,QQHU VLGH PDFKLQLQJ ZLWK WKH GHIDMH REWHRAMWNKRQ HQRQG B RHPFSHH(G



8VHUODQXDO IRU7 6HULHV &KDSWHU 7RROWLSUDGLXV FR
=
f"; Tool center path

\ '| i e D e
J— ‘ /EIT—:_—_—____———~*1 C____-__ Program path

L o

YLIXUH H6WUDLJKW /LQH 6WUDLJKW /IHQ H QFVRGOIFPIRTH P ¥ QM D Q

G 6SHFLDO FLUFXPVWDQFHYV
"KHQ WKHUH LV QRLQWHUVHFWLRQ

When the tool fip radeus s langs (r2)

When the radius of the tool
tip is small, the paths of
circular and arc
compensation have an
] I imtersection point P. When
. r— the radius of the too! tip is
N large, the paths of circular
and arc compensation may
nat hawve an intersaction
paint, and the systerm will
promipt an alarm.

When the ool tip radius s smal (r1) !

r r 4

Programming Path

JLIXUH 6SHFLDO FDVH WUDMHFWRU\RIL WHKWWWQIQWHUVHFW

7TKHFHQWHU RI WKHDUF LY WKHVDPHDV WKHVWDUW RUHQG SRLQW

Tool tip center path Stop (enerate alarm: The start or end point
o of the arc is the same as the center of
l the circle, and stops at the end of the
previous segment.
(G413

Program path N5 GO1 W20 :
N6 GD2 W10 I KO0 :

N7 603 U100 I-10:

JLIXUH 7TKHFHQWHU RI DQ DUF FRLOQFLIRKAHNQ@GWR WHKMH VWDUWL

&KDQJLQJ WKH RIITVHW WUDMHFWRU\ RIOWKKIH RRBHIQYDIW. RRQGRRERW
7TKH* DQG* FRGHVIRUWRROWLS UD G L KWKRIPFSRHRBHQWIDRW)L R IQVEH. U M IE



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

DQG WKH VIPERO IRUWKH FRPSHQVDWERQ DPRXQW LV OLVWHG DV IRO((

7DEOH
* & RGH
&RPSHQVDWLRQ DP
* JHIW VLGH FRPS| 5LJKW VLGH FRP
* 5LJKW VLGH FRP| /HIW VLGH FRPS

,Q VSHFLDO FDVHV WKH FRPSHQVDWLRQ WKWHFR\PLISHHD VDY ERERRBQ
+RZHYHU WKH FRPSHQVDWLRQ GLUHFW HR QWD) BW REIHW B R D/GIHPE Q 0
VXEVHTXHQW SURJUDP VHIJPHQWYV :KHQ WKIH FFRFOSHIGINGD WMLKRHQU B LLUVH €
FRQFHSW RILQQHU VLGH RURXWHU VOOGRZRQ JDFORPESRQE DWILRQ@VD FRXQ
K\SRWKHWLFDO WR EH SRVLWLYH

JLQH 6WUDLJKW OLQH ILQH $UF

-~ Warkpiece” - i ¥ ANorkpiste

r

o )

: - . Frogramming Path | (el | ! Wt:'rl-c.ple;e'
Programming Patn v ¢ < Worktiesd >, 1 L/
= -‘-;_‘.'. ’ .:'F 3 - ' - g i F
Tool tip center path o Tool fip center path S
$UF £ /LQH $UF S$UF
.r. !l'-'c"‘p'gEPE ..-'I..i'- e - " : —
i Pl :” > * ! o
Programming Patn g d WMFIE?E
el ] C

* - _ I- J
Tool tip I:th!rpﬂﬂl{ e

"1‘ Programming Pa‘m-:J
et g C
D?_.x"l:i"‘:"_a: Tool tip center path g I, ; ‘.:.:mpim';
I FRPSHQVDWLRQ LV HIHFXWHG QRUPD/NQRQESRL@WHUH LV QR LQWHU
KHQ FKDQJLQJ WKH RIIVHW GLUHFWLRQ IURPKVHIPEGW $ WBNHHJP H (
D YHFWRU SHUSHQGLFXODU WR VHIJPHQW KHDM WHKUYWAHFIML\W R RV MIPH |
SDWK LV QRW UHTXLUHG

L 6WUDLJKW OLQH VWUDLJKW OLQH




8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

YLIXUH D6WUDLIJKW /LQH 6WUDLJKW /H ®H&RP SG\@M D WHRWYL RQH B WD

LL 6WUDLJKW OLQHYVY DUFV

YLIXUH E6WUDLJKW /LQH $UF QR ,QWHUWHWWR A QL BHKPWURQ®R | &

LLL $UFV DUFV

Programming Path

]
Tool tip center path

YLIXUH F$UF $UF 1R, QWHUVHFWLRQ &WDRQH &RPSHQVDWL



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

7TRROPRYHPHQW LQ RIITVHW FDQFHOODWLRQ PRGH

,Q WKH FRPSHQVDWLRQ PRGH WKH &1& HOQAMHIOWD WKR G RR & HQ\KDHDLI
SURJUDP VHIPHQW PHHWY DQ\ RI WKH IR XWR RLQQ JDRRQW K W IDRFQW. RRQU RH
VHIPHQW LY FDOOHG FRPSHQVDWLRQ FDQFHOODWLRQ

* FRGHLV XVHG LQ WKH SURJUDP
0 FRGHLV H[HFXWHG

$UF FRGHV * DQG * DUH QRW DYDLODEOH K& Q I&DWQRRWLIFEDW YV D
FRPPDQGHG DQ DODUP LV JHQHUDWHG D QG SRHIHIDMLIRRY ADVQR $\D O, QW
PRGH FRQWURO HIHFXWLRQ RI WKLV VHBHPWR RODW IGSWIHG Y XY PHRPE M Q
EXIITHU UHJLVWHU ,Q WKLV FDVH LI WKV HQR BPXW\LHRIP N QR SWZ DUWF K L
VHIPHQW 3UHVV WKH VWDUW EXWWRQ DJQWQZWMRKH X\ XUNHD & IK@IJ QMK W

VHIPHQW
D ORYHDORQJWKHLQVLGH RIWKH FRUQHU .+ f
6WUDLJKW OLQH : VWUDLJKW OLQH $UF : VWUD

E ORYHDORQJWKHRXWVLGH RI WKHFRUQHUfZKMUH WKH FRUQHU LV F
6WUDLJKW OLQH : VWUDLJKW OLQH DUF : VWUDLJ

F ORYHDORQJWKHRXWVLGH ZKHUH WKH FRUQHU LV DFXWH . f
6WUDLJKW OLQH : VWUDLJKW OLQH DUF : VWUD



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

G ORYHDORQJWKHRXWVLGH RIDQ DFXWWPRRQOIEAKBNH RARVIQIHLI KW
VWUuUDOIRW . f

J)LIXUH 6WUDLJIJKW /LQH 6WUDLJKW /LQRIXWQILGH ORHYWHMWKPIQ FGHO

7TRROLQWHUIHUHQFH FKHFEN

7RRO WUDQVLWLRQ FXWV DUH FDOOH G H\Q AMDHQY BHJ 8 QI H\K H BIQHEGL IR
WRRO WUDQVLWLRQ FXWV HYHQ LI WKR ZHYHYV IQRMRQFX WR B® IQRWHR
FDQ EH FKHFNHG
%DVLF FRQGLWLRQV IRULQWHUIHUHQFH
7KH WRRO SDWK GLUHFWLRQ LV GLIITHUH®W®W | UKM \U QK CGH B BIWYMH S K
WKH SDWKV LV EHWZHHQ GHJUHHV DQG GHJUHHV
YRUDUF PDFKLQLQJ LQ DGGLWLRQ WBQNIOH EERWZH ARQGK M Y RIQW \
HQG RI WKH WRRO FHQWHU SDWK DQG WKH S\ VKD DB G HIQ\GGR | W K H S WR
GHJUHHV RU PRUH
(IDPSOH /LQHDU PDFKLQLQJ



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

JLIXUH DODFKLQLQJ QWHUIHUHQFH

JLIXUH EODFKLQLQJ QWHUIHUHQFH

7KH DEVHQFH RI DFWXDO LQWHUIHUHQFFMHLY DOVR WUHDWHG DV LQW
'"HSWK RILQGHQWDWLRQ LV OHVV WKRQ WKH DPRXQW RI FRPSHQV

JLIXUH 6SHFLDO FDVH RILQWHUIHUHQFH SURFHVVLQJ

7TKHUH LV DFWXDOO\ QR LOWHUIHUHQFH EXPWLRQURIWRR SHBRBHDW L
RSSRVLWH WR WKH SDWK RI WKH WRRO WR® WIWRXW IFRE THR VDWUR
GLVSOD\HG

'"HSWK RI WKHJURRYHLV OHVV WKDQ WKH DPRXQW RIFRPSHQVDWLR(



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

JLIXUH 6SHFLDO FDVHV RILOQWHUIHUHQFH SURFHVVLQ.

7KHUH LV DFWXDOO\ QR LQWHUIHUHQFH EXPMWMLROWRRIWRR SHRBHDW L
RSSRVLWH WR WKH SDWK RI WKH WRRO \RR® WIMRSXW FRE THR DDW UR |
GLVSOD\HG

&RGHIRUWHPSRUDU\FDQFHOODWLRQ RIFRPSHQVDWLRCQ

0 FRGHV * * WR * DUH VSHFLILHG LQ WK M KR FRPGWHIDW DRV R @ (
YHFWRU LV WHPSRUDULO\ FDQFHOHG D\QBXWKRPBRPLFHD@O\OD W HR @ R Y F\G
FRGH LV H[HFXWHG 7KH WHPSRUDU\ FDQ@FH®O®WLROHBW FIRRPH Q/\K
FRPSHQVDWLRQ FDQFHOODWLRQ PRG L QUWR R DWK M/ K & WHRUR\OHAF RWLHR\Q GBLRU
FRPPDQG SRLQW ZKHUH WKH FRP SHQV D W QRNKHHFR\PFSW QW B Q R B CPHRGS H
UHVWRUHG WKH WRRO PRYHV GLUHFWO\WR WKH LQWHUVHFWLRQ SRL

&RRUGLQDWH VIVWHP VHWWLQJ* FRGH

JLIXUH * 7THPSRUDU\ &DQFHOODWLRQ &RPSHQVDWLRQ 91

1RWH 66 LQGLFDWHY WKH SRLQW DW XKKILWVIKQN BH W R RFOHWOQWREBR/GMZLFH LQ W

,Q FRPSHQVDWLRQ PRGH LI * LV FRPPD@GEIG FDRFHHDPN\CED IV RV K2
PLGSRLQW DQG FRPSHQVDWLRQ PRGH ZLVDKU DWW WHR RIDAWLADIDLAD J Ul RP|
UHIHUHQFH SRLQW

)LJ * THPSRUDU\FDQFHOODWLRQ FRPSHQVDWLRQ YHF

* WR* &RPSRXQG F\FOH * * 7TKUHDG FXWWLQJ

KHQ* WR?* IL[HG F\FOHFRGHVDQG * WKHHMHFRWE LYK HRCRRD
UDGLXV FRPSHQVDWLRQ LV QRW H[HFXWHRBR®XWLEY UD/EGHXFAFRIR SBIQGE D
FDQFHOHG WHPSRUDULO\ DQG WKH &1& DLPRGUHHN YWVRRPDWH.IF FRE® 'S AK



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

WKHUHDUH* DQG* FRGHVLQ WKHIROORZLQJ SURJUDP VHIPHQWYV
* * * 7TKUHDG FXWWLQJ
&DQOQRW EH UXQ LQ WRRO WLS UDGLXV FRPAIHOODVDWDRE® PRGH LI 1
FRPPDQG FDQQRW EH XVHG LQ & 7TRRO &RPSHQVDWLRQ

)LJ * WR* 7HPSRUDU\ &DQFHOODWLRQ &RPSHQVDWLRQ

* * FRGHV
* RU* FRGHSHUIRUPV WKH FRPSHQVDW DRQFRIPWHKRERWIRRO WL

$ 3RVLWLRQLQJWR WKH VWDUW RI WRIRE\WQEH DGO X\WQERPE K RDWJ
% 7R HVWDEOLVK WKH SUHYLRXYV & FRP SMQ/V DWKIHRW WHDQ! RVE M R X W W L
ILJXUH EHORZ ZLOO HVWDEOLVK WKH RRUGHLQDO UDGLXV FRPSHQVDWL
& 7TKHWUDMHBYRUQHWKH ILIXUH EHORZ DUH FXWV ZLWK UDGLXV FR
" 7TUDMHFWRORZ ZLOO XQGR WKH UDGLXV FRPSHQVIDQNLRIQMK®G UHW
F\FOH LI WKHUH DUH * DQG * FRGHV LQ WKH EBRGAORO.M@ U N WRHIGWW

FRPSHQVDWLRQ PRGHDXWRPDWLFDOO\

JLIXUH * 21IVHW GLUHFW )LJXUH * 2INVHW GLUHFW
UDGLXV FRPSHQVDWLF UDGLXV FRPSHQVDWLI

6SHFLDO FLUFXPVWDQFHYV

"KHQ WKH LQVLGH FRUQHU LV PDFKLQHG KIF DNORIRHOU WMLKSD @V WVHK H QDL
RITVHW RI WKH WRRO FDXVHV H[FHVVLYQHWFXWRENQD QK B WRKRDURPR BHEP F
GLVSOD\HG DIWHU WKH VWDUW RU FRUQ HUDRPRWHIFPHH@QW R + RVAHIY HIWH Y L W/,
6,1*/( SURJUDP 6(*0(17 VZLWFK LV 21 WKH WRWKH BREYLERWWXUWHRHE Q O



8VHU ODQXDO IRU7 6HULHYV &KDSWHU 7RRO WLS UDGLXV FR

VHIPHQW

'KHQ PDFKLQLQJD FRQFDYH VKDSH VP DO QR WKW WKH \RES GUD 2
WKH WRRO WLS UDGLXV FRPSHQVDW L RRQPFROYXH HY WHH R & QRWHWWRI GVLKUHH V
WKH SURJUDPPHG SDWK ,Q WKLV FDVH WRHWREBP IPREHWV S QM N® BBWH
VWDUW RI WKH SUHYLRXV SURJUDP VHJPHQW RU FRUQHU PRYHPHQW

'KHQ PDFKLQLQJD VWHS VPDOOHU WKD ®RKMXWKBGURV RD W KR QWRRIC
DVWHS VPDOOHU WKDQ WKH UDGLXV RI WKH W RR® &/ ES QW& WX BIW KRB
D GLUHFWLRQ Rl PRYHPHQW RSSRVLWH WRWHKMWEHRLUNM STHF K R D
DXWRPDWLFDOO\LJQRUHG DQG WKH W RROH RN FIR/QGVUHDAWRW W R FVEKWBIR:
VWRSV DW WKLV SRLQW LQ WKH FDVH RHCF B V& JROHD WHLIPHGHW HLJ RHRQWVL
F\FOLF RSHUDWLRQ FRQWLQXHV ,1 WK H @ WDHI\S VRO HWWSHILD RIKPMH GWAKRHU
ZLWKRXW DODUPV +RZHYHU WKH XQFXW SRUWLRQ UHPDLQV

"KHQ VXEURXWLQHV DUHLQFOXGHG LQ WKH * FRGH

7KH &1& PXVW EH LQ WKH FRPSHQVDWLRQ PDQE QO ODMXER® RW G & H H
EHIRUH H[HFXWLQJ 0 $IWHU HOQWHUL QGFIDR EXEDRWM WYLIW H @/ KEHX RV |5/Ht
UHWXUQLQJ WR WKH PDLQ SURJUDP L H EHIRU& \NM[EFXWYL QKO
FRPSHQVDWLRQ FDQFHOODWLRQ PRGHXPWKHUZLVH DQ DODUP ZLOO R

"KHQ FKDQJLQJFRPSHQVDWLRQ DPRXQW

D 7KH YDOXH Rl WKH FRPSHQVDWLRQ DP RXIQW DVWRRIP BRDQ FIK D C
FDQFHOODWLRQ PRGH ,I WKH FRPSHQV BRRRBOMRXIRIY PR BKID QUKHG Q
FRPSHQVDWLRQ DPRXQW LV RQO\YDOLG DIWHU WKH WRRO FKDQJH

E 3RVLWLYHRU QHIJDWLYH FRPSHQVDWHRG@DWRXQW DQG WRRO WL

.l WKH FRPSHQVDWLRQ DPRXQW LV QHJDW LYHHG Z LW KDHQDGFK RDAUKHHHU[ E ¢
WKH SURJUDP ,1 WKH WRRO FHQWHU PRY BR DNORMF W KIHWR XMOHOUPVRYGH IF
WKH LQQHU VLGH DQG YLFH YHUVD

7KLV LV VKRZQ LQ WKH IROORZLQJ H[DP K0 H RAHSHOQMDOMMR Y KN DPR
ZKHQ PDNLQJ D SURJUDP :KHQ WKH WRRO SDWK LW SURJWIKRMPHG D
FRPSHQVDWLRQ DPRXQW LV QHJDWLYH EWKDHERRPHWOWAMIU PRYHV L

7KHHQGSRLQW RI WKH SURJUDPPLQJDUF LV QRW RQ WKH DUF

"KHQ WKH HQG SRLQW RI WKH DUF LQ WKH SURJIPRPHRHDRWVRWR &K H
DQG WKH DODUP PHVVDJH WKHHQG SRLQWERIWSIOHDDHIE LV QRW RQ WK F



*XDQJ]JKRX $XFWHFK $XWRPDWLRQ 7HF

$GG5RRP %XLOGLQJ ( 'HVLJIQ &LW\ 1R W + HIHLCORQ D RBWWWKI 6IW/U H H

%DL\XQ 'LVWULFW *XDQJ]KRX &LW\ &+,1$%

7HO
( PDLOQIR#DXFWHFK FRP FQ

HE 2Z2Z DXFWHFK FRP FQ




	Contents
	Chapter 1 Programming Basics
	1.1 Introduction to T6
	1.1.1 Product description
	1.1.2 Technical specifications
	1.1.3 Climate and environmental adaptation
	1.1.4 Power adaptability
	1.1.5 Protection
	1.2 Programming basics
	1.2.1 Workpiece coordinate system and program zero
	1.2.2 Absolute and relative coordinate programming
	1.2.3 Diameter and radius programming
	1.2.4 General structure of the program
	Chapter 2 MST Codes
	2.1 M-codes (auxiliary functions)
	2.1.1 End of program M02
	2.1.2 End of program operation M30
	2.1.3 Local loops M97
	2.1.4 Subroutine calls M98
	2.1.5 Returning from a subroutine M99
	2.1.6 Automatic repeat loading function M35
	2.1.7 Forced signal outputs M80 and M81
	2.1.8 Waiting for external signals M82 and M83
	2.1.9 Y-axis Counterclockwise Rotation, Clockwise 
	2.1.10 Y-axis enable or disable M110 and M111
	2.1.11 M-code for standard PLC ladder diagram defi
	2.1.12 Program stop M00
	2.1.13 Program selection stop M01
	2.1.14 Counter-clockwise, clockwise and spindle st
	2.1.15 Cooling pump control M08, M09
	2.1.16 Tailstock control M10, M11
	2.1.17 Chuck control M12, M13
	2.1.18 Spindle position/speed control switching M1
	2.1.19 Spindle clamping/unclamping control M20, M2
	2.1.20 2nd spindle position/speed control switchin
	2.1.21 Lubricant control M32, M33
	2.1.22 Automatic spindle shift M41, M42, M43, M44
	2.1.23 Second Spindle Counterclockwise Rotation, C
	2.1.24 Synchronization subroutine call M70
	2.2 Spindle function
	2.2.1 Spindle speed switching control
	2.2.2 Spindle speed analogue voltage control
	2.2.3 Constant line speed control G96, constant sp
	2.2.4 Spindle multiplier
	2.2.5 Multi-spindle control function
	2.2.6 Cs Contour Control Function
	2.3 Tool Functions
	2.3.1 Tool control
	Chapter 3 G-code
	3.1 Overview
	3.1.1 Modal, unimodal and initial states
	3.1.2 Omitted Entry of Code Words
	3.1.3 Definitions
	3.2 Quick positioning G00
	3.3 Linear interpolation G01
	3.4 Arc (spiral) interpolation G02, G03
	3.5 Three-point arc interpolation G05
	3.5.1 Elliptic interpolation G6.2, G6.3
	3.5.2 Parabolic interpolation G7.2, G7.3
	3.5.3 Polar coordinate interpolation G12.1, G13.1
	3.5.4 Cylindrical interpolation G7.1
	3.5.5 Automatic tool compensation G10
	3.5.6 Plane selection codes G17 to G19
	3.5.6 Square cutting G24
	3.6 Chamfering function
	3.6.1 Straight chamfering
	3.6.2 Arc chamfering
	3.6.3 Special circumstances
	3.7 Suspension code G04
	3.8 Mechanical zero point (machine tool zero point
	3.8.1 First reference point of the machine tool G2
	3.8.2 Reference points 2, 3 and 4 of the machine t
	3.9 Jump interpolation G31
	3.10 Floating workpiece coordinate system setting 
	3.11 Mirroring G51.1, G50.1
	3.12 Local coordinate system G52
	3.13 Workpiece coordinate system G54 to G59
	3.14 G68 YAC axis for rotary axis tapping
	3.15 Fixed Loop Codes
	3.15.1 Axial cutting cycle G90
	3.15.2 Radial cutting cycles G94
	3.15.3 Notes on Fixed Loop Code
	3.16 Multiple Loop Codes
	3.16.1 Axial roughing cycle G71
	3.16.2 Radial roughing cycle G72
	3.16.3 Closed cutting cycle G73
	3.16.4 Finishing cycle G70
	3.16.5 Axial grooving multiple cycles G74
	3.16.6 Radial grooving multiple cycles G75
	3.16.7 G83, G83.1 for end drilling cycles, G87, G8
	3.17 Thread cutting codes
	3.17.1 Equal-pitch thread cutting code G32
	3.17.2 Rigid thread cutting code G32.1
	3.17.3 Variable-pitch thread cutting code G34
	3.17.4 Z-axis tapping cycle G33
	3.17.5 Thread cutting cycle G92
	3.17.6 Multiple thread cutting cycles G76
	3.17.7 T-thread cutting cycle G78
	3.18 Constant Line Speed Control G96, Constant Rot
	3.19 Feed per minute G98, feed per revolution G99
	3.20 Chip breaking function G104
	3.21 Planing G105
	3.22 Setting G150 and canceling the follower axis 
	3.23. Torque test G152
	3.24 Torque Limit Skip G160
	3.25 Macro code
	3.25.1 Macro variables
	3.25.2 Operational and transfer commands G65
	3.25.3 Macro Calling Code
	3.25.4 Macro B Instruction Description
	3.26 Conversion between Metric and Imperial System
	3.26.1 Functional overview
	3.26.2 Function codes G20/G21
	3.26.3 Notes
	Chapter 4 Tool tip radius compensation (G41, G42)
	4.1 Application of tool tip radius compensation
	4.1.1 General
	4.1.2 Hypothetical tool tip orientation
	4.1.3 Setting the compensation value
	4.1.4 Code format
	4.1.5 Direction of compensation
	4.1.6 Notes
	4.1.7 Application examples
	4.2 Illustration of tool tip radius compensation o
	4.2.1 Concepts of the inner and outer sides
	4.2.2 Tool movement during tool start-up
	4.2.3 Tool movement in the offset mode
	4.2.4 Tool movement in offset cancellation mode
	4.2.5 Tool interference check
	4.2.6 Code for temporary cancellation of compensat

