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8VHU PDQXD

PRWRU FRQWURO SRZHU ERDUG EDVHG RQ WKH 6//
, 30V

 QWURGXFWLRQ

7TKH7(9%/ ,301* 4V D FRPSDFW PRWRU GULYH SRZHU ERDUG EDVHG RQ 6//,00 QDQRE&E
PRGXOH QG6YHB&RY 7 +=,W SURYLGHV DQ DIIRUGDEOH DQG HDV\ WR XVH VROXWLR
ZLGH UDQJH RI DSSOLFDWLRQV VXFK DV SRZHU ZKLWH JRRGV DLU FRQGLWLRQLQJ

PRWRU GULYHV LQ JHQHUDO 7KH ,30 LWVHOI FRQVLVWY RI VKRUW FLUFXLW UXJJHG
ORFNRXW VPDUW VKXWGRZQ HPEHGGHG WHPSHUDWXUH VHQVRU DQG 17& DQG RY!

7KH PDLQ FKDUDFWHULVWLFV RI WKLY HYDOXDWLRQ ERDUG DUH VPDOO VL]H PLQLF
FLUFXLW %&6FRQQHWFWRUV ERRWVWUDS FDSDFLWRUV VQXEEHU FDSDFLWRU KDUG

WHPSHUDWXUH PRQLWRULQJ ,Q RUGHU WR LQFUHDVH WKH IOH[LELOLW\ LW LV GHYV
WULSOH FXUUHQW VHQVLQJ RSWLRQV WKUHH GHGLFDWHG RQERDUG RS DPSV DQ L
7KH +DOO (QFRGHU VHFWLRQ FRPSOHWHY WKH FLUFXLW

'LWK WKHVH DGYDQFHG FKDUDFWHULVWLFVY WKH V\VWHP LV GHVLJQHG WR DFKLHY'}
VDWLVI\LQJ WKH W\SLFDO UHTXLUHPHQWYV IRU ILHOG RULHQWHG FRQWURO )2&
TKHW7(9%/ ,301* 4V FRPSDWLEOH ZLWK 67 V 670 EDVHG FRQWURO ERDUG HQDEOLQJ
IRU PRWRU FRQWURO

JLIXUFORWRU FRQWURO ERDUG WRS YLHZ EDVHG RQ 6//,00 QDQRE Q!

1RWLFH )RU GHGLFDWHG DVVLVWDQFH VXEPLW D UHTXHYXW WKURKBK/RXIRRIQOWLQH

80 5HY -XO\
JRU IXUWKHU LQIRUPDWLRQ FRQWDFW \RXU ORFDO 670LFURHOHFWURQLFV VDOHV RIILFH
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"H\ IHDWXUHYV

. H\

IHDWXUHYV

+H +H+ H+ +H+ H+ +H

+H +H+ +H ++

+

,QSXW YROWDJHg 9
1RPLQDO SRZHU: XS WR

1RPLQDO FXUUHQW XS WR $UPV

,QSXW DX[LOLDU\ YRQWDJH XS WR 9

ORWRU FRQWURO FRQQHFWRU SLQV LQWHUIDFLQJ ZLWK 67 0&8 ERD!
6LQJOH RU WKUHH VKXQW UHVLVWRUV IRU FXUUHQW VHQVLQJ ZLWK V

7TKUHH RSWLRQV IRU FXUUHQW VHQVLQJ H[WHUQDO GHGLFDWHG RS DP
WKURXJK 0&8

2YHUFXUUHQW KDUGZDUH SURWHFWLRQ

, 30 WHPSHUDWXUH PRQLWRULQJ DQG SURWHFWLRQ
+DOO VHQVRUV 9 HQFRGHU LQSXWYV 9
, %7 LQWHOOLJHQW SRZHU PRGXOH

+ 6//,00 QDQREVHULHWT73034 & 7 +9X00 PROGHGS®PRIDD BIH
8QLYHUVDO GHVLJQ IRU IXUWKHU HYDOXDWLRQ ZLWK EUHDG ERDUG DQ
9HU\ FRPSDFW VL]H

JLIXURORWRU FRQWURO ERDUG ERWWRP YLHZ EDVHG RQ 6//,00 QD

SDJH
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&LUFXLW VFKHPDWI

&LUFXLW VFKHPDWLFV

5HY

7KH IXO0 VFKHPDWLFV IRU WKH 6//,006Q0D3JRE D28 7SBERGEAWY LV VKRZQ EF
FDUG FRQVLVWV RI DQ LQWHYJBRO GHBWRIUN 9EBBRMQGVYDS FDSDFLWRUV V.
FLUFXLW SURWHFWLRQ IDXOW RXWSXW FLUFXLW WHPSHUDWXUH PRQLWRL
VLIQDOV ,W DOVR LQFOXGH D OGVERRIMS\DWUWS F\D $SBELOWRUYV 7KH FDSDFL!
FORVH WR WKH GULYH ,& WR DYRLG PDOIXQFWLRQ GXH WR QRLVH

7TKUHH FXUUHQW VHQVLQJ RSWLRQV DUH SURYLGHG WKUHH GHGLFDWHG R
HPEHGGHG 0&8 RS bPSV VHOHFWLRQ LV SHUIRUPHG WKURXJK WKUHH MXPS

7KH +DOO (QFRGHU VHFWLRQ SRZHUHG DW 9 RU 9 FRPSOHWHV WKH FL

6FKHPDWLF GLDJUDPV

JLIXUH7(9%/ ,301* 4 FLUFXLW VFKHPDWLF R

Input
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&LUFXLW VFKHPDWI

JLIXUH7(9%/ ,301* 4 FLUFXLW VFKHPDWLF R
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&LUFXLW VFKHPDWI

JLIXUH7(9%/ ,301* 4 FLUFXLW VFKHPDWLF R
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JLIXUH7(9%/ ,301* 4 FLUFXLW VFKHPDWLF R

3.3V Qﬁ
S SwW9

€32 Hall/Encoder
100n C>2
- Swio R34 R35 R36
4k7 4k7 4k7
15V R37 2k4
P 1 PN < M_phase_A
33 SWIi1
100n
R38 2k4
'\ 1 o < M phase_B
SWi2
J5

R39  2k4
- o

Encoder/Hall 100n|

< M_phase_C

Q+ @@z
Z wN P
CREENANEN
SN w o
W+
<
a

G AW —
|u|4>wl\)|.—-

%]

o

%]

IS

%]

o

o—

+5V-




‘ 80
,l 0DLQ FKDUDFWHULV'

ODLQ FKDUDFWHULVWLFV

7KH ERDUG LV GHVLJIJ@QHMERIRY XSSO\ YROWDJIH

$Q DSSURSULDWH EXON FDSDFLWRU IRU WKH SRZHU OHYHO Rl WKH DSSOLF
WKH ERDUG

7KH 6//,00 QDQR LQWHJUDWHYV VL[ 026)(7 VZLWFKHV ZLWK IUHHZKHHOLQJ Gl
7TKDQNV WR WKLV LQWHJUDWHG PRGXOH WKH VI\VWHP RIITHUV SRZHU LQYHU
OHVV 3&% DUHD DQG LQFUHDVHYV UHOLDELOLW\

7KH ERDUG RIITHUV WKH DGGHG IOH[LELOLW\ RI EHLQJ DEOH WR RSHUDWH L
VROGHU EULGJH MXP$§HBWHVDMLQUIVH VRIW WKUHH VKXQW VHOHFWLRQ

JLIXUH67(9%/ ,301* DUFKLWHFWXUH

Input
Input MC Connector 15-20V Vdc
signal
filters =
Ve power
supply
OPAMP indicator
network
selection Encoder/
Hall sensor
connector
OPAMP Bootstrap
network capacitors
1 or 3-shunt

configuration

Bulk capacitor

Shunt ; 5 o
resistors predisposition
1S7]
()| \or 7L aporoveo ron 25
Motor output Input
connector 400 Vdc

80 5HY SDJH
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)LOWHUV DQG NH\ SDUDF

J)LOWHUVY DQG NH\ SDUDPHWHUYV

1RWH

5HY

,QSXW VLJQDOV

7KH LQSXW vLJQDOV /,1[ DQG +,1[ WR GULYH WKH LQWHUQDO 026)(7V DUH
UHVLVWRU LV EXLOW LQ IRU HDFK LQSXW VLJQDO 7R SUHYHQW LQSXW VLJ(
FORVH DV SRVVLEOH WR WKH ,30 7KH ILOWHU LV GHVLJQHG XVLQJ D WLPH

YRRWVWUDS FDSDFLWRU

,Q WKH SKDVH LQYHUWHU WKH HPLWWHUV RI WKH ORZ VLGH :@26DMV DUH
FRPPRQ UHIHUHQFH JURXQG ZKLFK DOORZV DOO ORZ VLGH JDWH GULYHUV
HPLWWHU RI WKH KLJK VLGH 026)(7V LV DOWHUQDWLY3H QHBE BJY QWRHARNG/G WR V

GXULQJ UXQQLQJ FRQGLWLRQV

$ ERRWVWUDS PHWKRG LV D VLPSOH DQG FKHDS VROXWLRQ WR VXSSO\ WK
DFFRPSOLVKHG E\ D KLJK YROWDJH IDVW UHFRYHU\ GLRGH 7KH 6//,00 QDQ
SDWHQWHG LOQWHJUDWHG VWUXFWXUH WKDW UHSODFHV WKH H[WHUQDO GL
ZLWK VHULHV UHVLVWRU $Q LQWHUQDO FKDUJH SXPS SURYLGHV WKH '026

7TKH YDOXH RLWBISEFLWRU VKRXOG EH FDOFXODWHG DFFRUGLQJ WR WKH D

JLIXUKoy2,7JUDSK VHUKRZV. FMKH EH$DY IFODRK@DWHG YHUVXV WL WEKLQJ |1
GLIIHUHQW YRPHOXHRWIRD BRQWLQXRXV VLQXVRLGDO PRGXODWLRQ DQG D GX\

7KLV FXUYH LV WDNHQ IURP DSSOLFDWLRQ QRWH $1 DYDLODEOH RQ Z2Z7
67*,3 & 7 +\\ GHYLFH ZKLFK UHSUHVHQWYV WKH ZRUVW FDVH VFHQDULR IRU

7KH ERRW FDSDFLWRU PXVW EH WZR R, KD B HRXWIDPWHHGOIDQY WHKHWKDQKWKH
JRU WKLV GHVLJQ D YDOXH RI —) ZDV VHOHFWHG

JLIX U y227JUDSK VHOHFWLRQ

5
“ STGIPQ5CE0T-Hyy

8=50%
AVepoor=0.1Y

2 \ AV egoor=0.3V
\
1 \

CgooT caleutated (HF)

SDJH
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,l )LOWHUV DQG NH\ SDUDF

2YHUFXUUHQW SURWHFWLRQ

7KH 6//,00 QDQR 60' 026)(7 EDVHG LQWHJUDWHY D FRPSDUDWRU IRU IDXOW
DQ LQWHUQDO YROM{DJH B®H MWISH QFRQQHFWHG WR WKH LQYHUWLQJ LQSXW

WKH &,1 SLQ FDQ EH FRQQHFWHG WR DQ H[WHUQDO VKXQW UHVLVWRU WR L
':KHQ WKH FRPSDUDWRU WULJJHUV WKH GHYLFH HQWHUV WKH VKXWGRZQ V

7KH FRPSDUDWRU RXWSXWs'LYLEROQ® REAVEHG WR WHOG WKH IDXOW PHVVDJH \

6' SLQ
7KHB' LV DQ LQSXW RXWSXW SLQ RSHQ GUDLQ W\SH LI XVHG DV RXWSXW X\
WKHUPLVWRU LQWHUQDOO\ FRQQHFWHG WR *1'

7KH SXOO XS UHVLVWRU 5 xiFDXVWR &KHUHDOYWDDIWH WKH WHPSHUDWXUH LQ
WKH YROWDJH DERYH WKH KLJK OHYHO ORJLF WKUHVKROG WKH SXOO XS U

7KH ILOWHBE RRQG & PXVW EH VLIHG WR REWDLQ WKH GHVLUHG UH VWDUYV
DV FORVH DV SRVVLEOH WR WKH SLQ

$ VKXWGRZQ HYHQW FDQ EH PDQDJHG E\ WKH 0&8 LQ ZKLFK FDVH WKH 6" |
&RQYHUVHO\ WKH 6' IXQFWLRQV DV DQ RXWSXW SLQ ZKHQ DQ RYHUFXUUHC

6KXQW UHVLVWRU VHOHFWLRQ

7KH YDOXH RI WKH VKXQW UHVLVWRU LV FDOFXODWHG E\ WKH IROORZLQJ F
(TXDWLRQ

Vref

Ioc

Ry =

"KHUH;$LV WKH LQWHUQDO FRPSDUDWRULV&WKH RY & WABU UDIQ® , WKUHVKROG

7KH PD[LPXP 2& SURWHFWLRQ OHYHO VKRXOG EH VHW WR OHVV WKDQ WKH
GHVLJQ WKH RYHUFXUUHQW WEKUHYV KRIO® FOHGHHO WR MHBOG MWD FRPPHUFLD(

(TXDWLRQ
Viep - (BEEL) 4 v, 0.54- (1209414700) 4 0.18
Rsy = oo = e =0.128Q
:KHUH 8V WKH YROWDJH GURS DFURVV GLRGHV ' ' DQG '

YRU WKH SRZHU UDWLQJ RI WKH VKXQW UHVLVWRU WKH IROORZLQJ SDUDP!
f OD[LPXP ORDG FXUUHQW RJrbQ¥bidMbEWkLD; RI ,

$  6KXQW UHVLVWRU YP&OXH DW 7

$ 3RZHU GHUDWLQJ UDWLRgRI VKK®&W UHVLVWRU DW 7

$ 6DIHW\ PDUJLQ

7KH SRZHU UDWLQJ LV FDOFXODWHG E\ IROORZLQJ HTXDWLRQ

(TXDWLRQ

2 .
Pey = l . Ilaad(max) + Rgy "margin
SH™2 Derating ratio

7KH FRPPHUFLDO YDOXH FKRVHQ ZDV Y WR ZKLFK FRUUHVSRQGV DQ RYl
7KH SRZHU UDWLQJ LV

Inom

t Inom = 54 = Inom[rms] = W = ljoad(max)

= 85%<1n0m[rms]) = 3.04:ms

$ 3RZHU GHUDWLQJ UDWLRGRI! VKX@W UHVULRWRBDWBNKHHW PDQXIDFWXUH
+ 6DIHW\ PDUJLQ
(TXDWLRQ

80 5HY SDJH
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JLOWHUV DQG NH\ SDUDF

80

5HY

po —1.300%:013-13
SH— 5 "~  ona

5 08 = 0.95W

&RQVLGHULQJ WKH FRPPHUFLDO YDOXH D  VKXQW UHVLVWRU ZDV VHOHF

%DVHG RQ WKH SUHYLRXV HTXDWLRQV DQG FRQGLWLRQV WKH PLQLPXP VK
EHORZ

/TDEOBKXQW VHOHFWLRQ

L ORDG P|D .
"HYLFH QRP SH@,{B@Z&3SHD,~?$ Ecig17>Y/@0LQLPXP VKXQW SRZHU @
>SSUPV @

67%,34 & 7 +=

&,1 5& ILOWHU

$Q 5& ILOWHU QHWZRUN RQ WKH &,1 SLQ LV UHTXLUHG WR SUHYHQW VKRUYV
WKLV GHVLIJQ WKH 5 & 5& ILOWHU KDV D FRQVWDQW WLPH RI DERXW —)\

6LQJOH RU WKUHH VKXQW VHOHFWLRQ

6LQJOH RU WKUHH VKXQW UHVLVWRU FLUFXLWV FDQ EH DGRSWHG E\ VHWW
7KH ILJXUHV EHORZ LOOXVWUDWH KRZ WR VHW XS WKH WZR FRQILJXUDWLR

JLIXUH2QH VKXQW FRQILIXUDWLRQ

JXUWKHU GHWDLOV UHJDUGLQJ VHQVLQJ FRQILIJXUDWLRQ DUH SURYLGHG L

SDJH
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,l &XUUHQW VHQVLQJ DPSOLI\LQ.

&XUUHQW VHQVLQJ DPSOLI\LQJ QHWZRUN

7KH7(9%/ ,301* PRWRU FRQWURO HYDOXDWLRQ ERDUG FDQ EH FRQILJXUHG
FRQILIXUDWLRQV IRU ILHOG RULHQWHG FRQWURO )2&

7KH FXUUHQW FDQ EH VHQVHG WKDQNV WR WKH VKXQW UHVLVWRU DQG DP
RU E\ WKH 0&8 LI HTXLSSHG ZLWK RS DPS

2QFH WKH VKXQW FRQILIJXUDWLRQ LV FKRVHQ E\ VHWWLQJ VROGHU EULGJH
BHFWLRQ6LQJOH RU WKUHH VMKMHWXVHO HFD/QLRKRRVH ZKHWKHU WR VHQG W
0&8 DPSOLILHG RU QRW DPSOLILHG

6LQJOH VKXQW FRQILIXUDWLRQ UHTXLUHV D VLQJOH RS DPS VR WKH RQO\
FROQQHFWHG WR SKDVH 9 WKURXJK 6:

6ZLWFK 6: LV XVHG WR VHQG DPSOLILHG VLIJQDO FRPLQJ IURP WKH LQWHU

6: 6: 6: DQG 6: FDQ EH FRQILIJXUHG WR VHOHFW ZKLFK VLJQDOV DUH V|
IROORZLQJ WDEOH

7DEORS DPS VHQVLQJ FRQILIJIXUDWLRQ

&RQILIXUDWLRQ@HQVLQJ %ULGJIJH 6[f %ULGJH 6 %ULGJH 6/ %ULGJH 6:

,30 RS DPS RSHQ RSHQ
6LQJOH 6KXQ@W ERDUG RS DPSRSHQ RSHQ
0&8 RS DPS RSHQ RSHQ

2Q ERDUG RS DPS
TKUHH 6KXQW
0&8 RS DPS

7KH RSHUDWLRQDO DPSOLILHU 769 XVHG RQ WKH DPSOLI\LQJ QHWZRUNYV
SRVLWLYH VXSSO\ RI 9

7KH DPSOLILFDWLRQ QHWZRUN PXVW DOORZ ELGLUHRWLR QDD UFKKSWHNOHAD WH
JHUR FXUUHQW

JRU BKH 34 & 7 +343 $ 62817 Y WKH PD[LPXP PHDVXUDEOH SKDVH FX
FRQVLGHULQJ WKDW WKH RXWSXW VZLQJV IURP 9 WR 9 0&8 VXSSO\
9 WR IRU QHIJDWLYH FXUUHQWYV LV
(TXDWLRQ
_ AV _
MaxMeasCurrent = — =64 A
m
_ AV _1.65 _
"m = MaxMeasCurrent = 6.4 =0.260

7KH RYHUDOO WUDQV UHVLVWDQFH RI WKH WZR SRUW QHWZRUN LV
*m = Rspyunt - AMP = 0.13 - AMP = 0.26 Q
0.26

T,
AMP = = =22 =2
RSHUNT 0.13

J)LQDOO\ FKRRYVDQG B WKH GLIIHUHQWLDO JDLQ RI WKH FLUFXLW LV

_ R _
AMP—R—a—1.9
$Q DPSOLILFDWLRQ JDLQ RI ZDV FKRVHQ 7KH VDPH DPSOLILFDWLRQ LV I

DFFRXQW WKH 2&3 FXUUHQW DQG WKH VKXQW UHVLVWDQFH DV GHVFULEHC

7KH 5& ILOWHU IRU RXWSXW DPSOLILFDWLRQ LV GHVLIJQHG WR KDYH D WLP
UDQJH RI —V

80 5HY SDJH
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,l &XUUHQW VHQVLQJ DPSOLI\LQ.

80

4-1=4 R, C.=15pus

1.5us

Ce= 1000

= 375 pF (330 pF selected)

7DEOKPSOLI\LQJ QHWZRUNYV

$PSOLI\LQJ QHWZRUN 5& ILOWHU

3KDVH -

3KDVH 8 5 5 5 5 5 &
3KDVH 9 5 5 5 5 5 &
3KDVH : 5 5 5 5 5 &

5HY SDJH
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,’ 7HPSHUDWXUH PRQLWR

THPSHUDWXUH PRQLWRULQJ

7KH 6//,00 QDQR 60' 026)(7 IDPLO\ LQWHJUDWHY DQ 17& WKHUPLVWRU SODF
ERDUG LV GHVLJQHG WR XVEDLSY Q@ QORKQRWLRQIL DUWHO @/ lEM HQDEOHG DQG GLV
VZLWFK

17& TKHUPLVWRU

7KH EXLOW LQ WKHUPLVWRU NY DW  f& L¥ L®VSIGH WHKHD UIDGDILGN R R IQH!
IXQFWLRQ

*LYHQ WKH 17& FKDUDFWHULVWLE DRGFWKR Q/ KW KHQIHINIRKUWHKN GHVLIQHG
WKLV SLQ KLIJKHU WKDQ WKH PLQLPXP YROWDJH UHTXLUHG IRU WKH SXOO
UDQJH

&RQVLGHYBLRJI 99 D SXOO XS UHVAL VWY KIVHE
7KH ILJXUH EHORZ VKRZV WKH W\SLFDO YROWDJH RQ WKLV SLQ DV D IXQFW

JLIXUH17& YROWDJH YV WHPSHUDWXUH

96'BWK+

96' >9@

90&BBWK+

5VG N R K|P
, VG 6' 21 P$

THPSHUDWXUH >f&@
—9GG 9

80 5HY SDJH
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,l )LUPZDUH FRQILJXUDWLRQ IRU 670 306!

J)LUPZDUH FRQILIJXUDWLRQ IRU 670 3060 )2& 6'

7KH IROORZLQJ WDEOH VXPPDUL]HV WKH SDUDPHWHUV ZKLFK FXVWRPL]H W
OLEUDU\ IRU SHUPDQHQW PDJQHW VIQFKURQRXV PRWRUW789%/0,3704 3060

/DEO®B7 PRWRU FRQWURO ZRUNEHQFRK (*85/ SBUIDPHWHUV

%ORFN 3DUDPHWHU 9DOXH

&RPSDUDWRU WKUHVKR®G '(%)+VF=O.83V

2YHU FXUUHQVv SURWHFWLR \%/
2YHUFXUUHQ QHWZRUN RIIVHW

2YHUFXUUHQW QHWRR®N JDLQ
%XV YROWDJH WKQVYROWDJIH GLYLGHU

OLQ UDWHG YROWDJH
5DWHG EXV YROWDUDWERRYROWDJIW

1IRPLQDO YROWDJH 9

&XUUHQW UHDGLG@GLQWGRORU\WKUHH VKXQW
&XUUHQW VHQVEKXIQW UHVLVWRU YDWOXH

$PSOLIN\LQJ QHWZRUN JDLQ

3KDVH 8 'ULYHU +6 DQG /6 $FWLYH KLJK
&RPPDQG VWDJBKDVH 9 '"ULYHU | +6 DQG /6 $FWLYH KLJK

3KDVH : '"ULYHU +6 DQG /6 $FWLYH KLJK

SDJH
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&RQQHFWRUV MXPSHUV DQG

&RQQHFWRUV MXPSHUV DQG WHVW SLQV

7DEORRQQHFWRUYV

6XSSO\ FRQQHFWRU '& = 9 WR 9

- ¥ /' SKDVH
¥ 1 QHXWUDO

ORWRU FRQWURO FRQQHFWRU

HPHUJHQF\ VWRS *1
3:0 + *1
3:0 / *1
3:0 + *1
3:0 / x1"
3:0 + x1"
3:0 / +9 EXV YROWDJH
FXUUHQW SKDVH $ *1"
) FXUUHQW SKDVH % *1"
FXUUHQW SKDVH & *1"
17& E\SDVV UHOD\ x1"
GLVVLSDWLYH EUDNH 3:0 x1"
9 SRZHU KHDW VLQN WHPSHUDWXUH
3)& V\QF 9"'BP
3:0 95() *1"
PHDVXUH SKDVH $ x1"
PHDVXUH SKDVH % PHDVXUH SKDVH &

ORWRU FRQQHFWRU

b SKDVH $
b SKDVH %
¥ SKDVH &

946 VXSSO\ g PD|

N ¥ SRVLWLYH
b QHJDWLYH

+DOO VHQVRUV HQFRGHU LQSXW FRQQHFWRU
+DOO VHQVRUV LQSXW HQFRGHU $
+DOO VHQVRUV LQSXW HQFRGHU %
+DOO VHQVRUV LQSXW HQFRGHU =
RU 9GF
*1'

7TDEOHXPSHUV

-XPSHU 'HVFULSWLRQ

7R FKRRVH FXUUHQW 8 WR VHQG WR FRQWURO ERDUG
6: -XPSHU RQ IURP DPSOLILFDWLRQ

-XPSHU RQ GLUHFWO\ IURP PRWRU RXWSXW

7R FKRRVH FXUUHQW 9 WR VHQG WR FRQWURO ERDUG

-XPSHU RQ IURP DPSOLILFDWLRQ
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80
&RQQHFWRUV MXPSHUV DQG

80

5HY

-XPSHU 'HVFULSWLRQ

6

-XPSHU RQ GLUHFWO\ IURP PRWRU RXWSXW

7R FKRRVH FXUUHQW : WR VHQG WR FRQWURO ERDUG

-XPSHU RQ IURP DPSOLILFDWLRQ

-XPSHU RQ GLUHFWO\ IURP PRWRU RXWSXW

7R VHQG RU QRW WHPSHUDWXUH LQIRUPDWLRQ FRPLQJ IURP 17,
7R FKRRVH RQH VKXQW RU VKXQW FRQILIJXUDWLRQ 7KURXJK V
6: 6: FORVH 6: 6: RSHQ RQH VKXQW

6: 6: RSHQ 6: 6: FORVH WKUHH VKXQW

7R FKRRVH LQSXW SRZHU IRU +D0OO (QFRGHU

-XPSHU RQ 9

-XPSHU RQ 9

7R PRGLI\ SKDVH $ KDOO VHQVRU QHWZRUN

7R PRGLI\ SKDVH % KDOO VHQVRU QHWZRUN

7R PRGLI\ SKDVH & KDOO VHQVRU QHWZRUN

7R FKRRVH RQ ERDUG RU ,30 RS DPS LQ RQH VKXQW FRQILIJXUDW
-XPSHU RQ RQ ERDUG RS DPS

-XPSHU RQ ,30 RS DPS

7TDEOHHVW SLQV

7THVW 3LQ 'HVFULSWLRQ

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

287:
+,1: KLJK VLGH : FRQWURO VLJQDO LQSXW
9FF:

B VKXWGRZQ SLQ 17&

/,1: KLJK VLGH : FRQWURO VLJQDO LQSXW

23

23287

23

9ERRW:

2879

19

+,19 KLJK VLGH 9 FRQWURO VLJQDO LQSXW
9ERRWO9

/,19 KLJK VLGH 9 FRQWURO VLIJQDO LQSXW
&,1

18

1

2878

9ERRWS

/,18 KLJK VLGH 8 FRQWURO VLIJQDO LQSXW
*URXQG
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5HY

7THVW 3LQ '"HVFULSWLRQ

73
73
73
73
73
73

*URXQG

+LQ8 KLJK VLGH 8 FRQWURO VLJQDO LQSXW
&XUUHQWBS$BDPS

&XUUHQWB%BDPS

&XUUHQWB&BDPS

*URXQG
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,’ %LOO RI PDWHUL

%»LOO RI PDWHULDOYV

7TDEO%LOO RI PDWHULDOV

- 5HIHUHQFH 3DUW 9DOXHVFULSWLBRQXIDFWXUHU2UGHU FRG

9 (OHFWURO\
. FDSDFLWRUTE2E

Q) 9 &HUDPLF
& & & & “ PXOWLOD\H®9; & .$7 %
FDSDFLWRUV

—) 9 (OHFWURO\WLF
FDSDFLWRLﬁb\

- &HUDPLF
& & & “ PXOWLOD\HOXUDWD *&0 05 ( .$% /
FDSDFLWRUYV

DQ\

&HUDPLF
& Q) 9 “ PXOWLOD\HWHHPHW & & . 5%&78
FDSDFLWRUYV

—) 9  (OHFWURO\WJF

FDSDFLWRU $ -373

&HUDPLF
PXOWLOD\H®9; $ -$7 %
FDSDFLWRUYV

&HUDPLF
& “ PXOWLOD\HOXUDWD *50 '5 - .o/
FDSDFLWRU

Q) 9 &HUDPLF
& “ PXOWLOD\HWHPHW & & . 5%$&78
FDSDFLWRU

—) 9  (OHFWURO\
FDSDFLWRU\Bb'f

s) 9 &HUDPLF
& & & “ PXOWLOD\HIIHPHW & & - *$&78
FDSDFLWRUV

s) 9 &HUDPLF
& & & “ PXOWLOD\H®9; $ -$7 %
FDSDFLWRUYV

Q) 9 &HUDPLF
& & & & &, PXOWLOD\H®9; & .$= %
FDSDFLWRUYV

'"LRGH %$7 67 %$7 -
I 5HG /(' /IHGWHFK |/ 55 * (3

DLUFKLOG
HPLFRQGXEQ\FRU

7( &RQQHFWLYLW\
- &RQQHFWRI$03
&RQQHFWRUYV

I 9" =u(5GLRG% %

- 3 &RQQHFWR 6

bp 3 7( &RQQHFWLYLW\
- &RQQHFWRI$03
&RQQHFWRUV

- PP 3 ®RQQHFWRWBKRHQL[ &RQWDFW

; PP 3 ¢RQQHFWRGS6 . 7 b58&
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"' %LOO RI PDWHULI
lIlHHM S5HIHUHQFH 3DUW 9DOXHVFULSWLBRQXIDFWXUHU2UGHU FRG

OHWDO ILOP
UHVLVWRU D&t DQ\
¥ 9 OHWDO ILOP
5 UHVLVWRU &t DQ\
N Y 9 OHWDO ILOP |
5 . UHVLVWRU 3B DVRQLE(5-3 ) 9
5 5 5 5 5 5§
5 5 5 5 5 y . OHWDO ILOP.6Q"
5 5 5 5 5 NY 9 UHVLVWRU &R DQ\
5 5 5
5 NY o+ OHWDO ILOR,GQ’ Do\

UHVLVWRU

) OHWDO ILOP
5 5 5 v o o s 389 DVRQLF(5- 756)5 8

5 5 5 5 5 NY 9 OHWDOILOP%Q

5 : UHVLVWRU DQ\
) . OHWDO ILOP
5 5 5 Ny e DHUIDD SO B DQ\
5 5 5 5 5 y . OHWDO ILOP
5 5 NY 9" UHVLVWRU D&t DQ\
OHWDO ILOP
56 58& 5& NV B DQ\
56 58& 58& 5&
56 58& 58& 5& '10
56 5& 5&
6: 6 6ROGHU %ULGJH
6: 6: RSHQ
? % 6: 6 “XPSHU 37+ SLQ 56 . 7 ©5g&
6: 6: 6:
6: 6: 6: -XPSHU 37+ SLQ 56 .7 58
6:
73 73 73 73 73
73 73 73 73
73 73 73 73,
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73 73 73 73
73 73 73 73
73
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“XPSHU 7(
&RQQHFWLYLW\
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*
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3&% GHVLJIQ JXLGH

38% GHVLJQ JXLGH

5HY

2SWLPL]DWLRQ RI 3&% OD\RXW IRU KLJK YROWDJH KLJK FXUUHQW DQG KLJ
SRLQW 3&% OD\RXW LV D FRPSOH[ PDWWHU DV LW LQFOXGHYV VHYHUDO DV
DUHDV EXW DOVR WKH SURSHU URXWLQJ RI WKH WUDFHVY DQG WKH RSWLPI
HOHPHQWY LQ WKH 3&% DUHD

$ JRRG OD\RXW FDQ KHOS WKH DSSOLFDWLRQ WR SURSHUO\ IXQFWLRQ DQG
KDQG D 3&% ZLWKRXW D FDUHIXO OD\RXW FDQ JHQHUDWH (0, LVVXHV SUR
LQGXFWDQFH DORQJ WKH 3&% WUDFHVY DQG SURGXFH KLJKHU SRZHU ORVYV
VWDJHYV

,Q JHQHUDO WKHVH FRQGLWLRQV ZHUH DSSOLHG GXULQJ WKH GHVLJQ RI1 YV

T 3&% WUDFHVY GHVLIJQHG DV VKRUW DV SRVVLEOH DQG WKH DUHD RI WKt
WKH VHQVLWLYLW\ RI VXFK VWUXFWXUHV WR VXUURXQGLQJ QRLVH

T *RRG GLVWDQFH EHWZHHQ VZLWFKLQJ OLQHV ZLWK KLJK YROWDJH WUL
HOHFWULFDO QRLVH

¥ 7KH VKXQW UHVLVWRUV ZHUH SODFHG DV FORVH DV SRVVLEOH WR WKH
SDUDVLWLF LQGXFWDQFH D ORZ LQGXFWDQFH W\SH UHVLVWRU 60" ZC

¥ 5& ILOWHUVY ZHUH SODFHG DV FORVH DV SRVVLEOH WR WKH 6//,00 SLQV

ID\RXW RI UHIHUHQFH ERDUG

$00 WKH FRPSRQHQWY DUH LQVHUWHG RQ WKH WRS RI WKH ERDUG 2QO\ W
WKH LOQVHUWLRQ RI D VXLWDEOH KHDWVLQN IRU WKH DSSOLFDWLRQ

JLIXUH6LON VFUHHQ DQG HWFK WRS VLGH

= 100.3 =
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‘_ 80
,l 5HFRPPHQGDWLRQV DQG VXJJFh

SHFRPPHQGDWLRQV DQG VXJIJHVWLRQV

t 7KH %20 OLVW LV QRW SURYLGHG ZLWK D EXON FDSDFLWRU DOUHDG\ L
VSDFH KDV EHHQ LQFOXGHG & ,Q RUGHU WR REWDLQ D VWDEOH EXV
DGHTXDWH EXON FDSDFLW\ )RU JHQHUDO PRWRU FRQWURO DSSOLFDWI
LV VXJIHVWHG

t 6LPLODUO\ WKH 3&% GRHV QRW FRPH ZLWK D KHDW VLQN ,Q FDVH RI C
ZLWK WKHUPDO FRQGXFW{YHVIRQOLP QBUWNGWVIDFWRU IRU JRRG WKHUF
GHSHQGV RQ FHUWDLQ IDFWRUV VXFK DV FXUUHQW SKDVH VZLWFKLQJ
WHPSHUDWXUH

¥ 7KH ERDUG UHTXLUHV 9 DQG 9 WR EH VXSSOLHG H[WHUQDOO\ WKL
- 30HDVH UHIHU WR WKH UHOHYDQW ERDUG PDQXDOV IRU LQIRUPDWL]|
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‘_ 80
,l *HQHUDO VDIHW\ LQVWU)

*HQHUDO VDIHW\ LQVWUXFWLRQV

'DQJHU 7KH HYDOXDWLRQ ERDUG ZRUNV ZLWK KLJK YROWDJH ZKLFK FR
JXUWKHUPRUH DOO FLUFXLWYVY RQ WKH ERDUG DUH QRW LVRODYV
SRZHU GHQVLW\ WKH FRPSRQHQWY RQ WKH ERDUG DV ZHOO D\
YHU\ KLJK WHPSHUDWXUH ZKLFK FDQ FDXVH D EXUQLQJ ULVN .
LOQWHQGHG IRU XVH E\ H[SHULHQFHG SRZHU HOHFWURQLFV SUF
SUHFDXWLRQV WKDW PXVW EH WDNHQ WR HQVXUH WKDW QR GI
WKLV ERDUG

&DXWLR@IWHU WKH RSHUDWLRQ RI WKH HYDOXDWLRQ ERDUG WKH EXON FDSDFLWR
VHYHUDO PLQXWHV 6R LW PXVW EH ILUVW GLVFKDUJHG EHIRUH DQ\ GLUHF!

,PSRUWDTRWSURWHFW WKH EXON FDSDFLWRU & ZH VWURQJO\ UHFRPPHQGHG XVLQJ
GLVFKDUJH WKH KLJK EUDNH FXUUHQW EDFN IURP WKH LQGXFWLRQ PRWRU
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,’ 5HIHUHQFHV

SHIHUHQFHV

JUHHO\ DYDLODEOH RQ ZZZ VW FRP
67*,34 & 7 +6DWDVKHHW
769 GDWDVKHHW
%$7 GDWDVKHHW
006= %GDWDVKHHW
80 670 PRWRU FRQWURO 6'. Y WRROV
$1 6//,00E QDQR VPDOO ORZ ORVV LQWHOOLJHQW PROGHG PRGXOH
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‘_Yl 80

SHYLVLRQ KLVWRU\

TDEOMREFXPHQW UHYLVLRQ KLVWRU\

6HS ,QLWLDO UHOHDVH
-X0 8SGDWHBWLRQFKHPDWLF GLDJUDPYV
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‘_,l 80

,03257$17 127,&( + 5($' &$5()8//<
670LFURHOHFWURQLFV 19 DQG LWV VXEVLGLDULHV 267" UHVHUYH WKH ULJKW WR PDNH FKDQJHV FRUU
SURGXFWV DQG RU WR WKLV GRFXPHQW DW DQ\ WLPH ZLWKRXW QRWLFH
,Q WKH HYHQW RI DQ\ FRQIOLFW EHWZHHQ WKH SURYLVLRQV RI WKLV GRFXPHQW DQG WKH SURYLVLRQV
67 WKH SURYLVLRQV RI VXFK FRQWUDFWXDO DUUDQJHPHQW VKDOO SUHYDLO

7KH SXUFKDVHUV VKRXOG REWDLQ WKH ODWHVW UHOHYDQW LQIRUPDWLRQ RQ 67 SURGXFWYV EHIRUH SO
FRQGLWLRQV RI VDOH LQ SODFH DW WKH WLPH RI RUGHU DFNQRZOHGJPHQW

7KH SXUFKDVHUV DUH VROHO\ UHVSRQVLEOH IRU WKH FKRLFH VHOHFWLRQ DQG XVH RI 67 SURGXFWYV D
WKH SXUFKDVHUVY SURGXFWV

1R OLFHQVH H[SUHVV RU LPSOLHG WR DQ\ LQWHOOHFWXDO SURSHUW\ ULJKW LV JUDQWHG E\ 67 KHUHL
5HVDOH RI 67 SURGXFWV ZLWK SURYLVLRQV GLIIHUHQW IURP WKH LQIRUPDWLRQ VHW IRUWK KHUHLQ VKI

,| WKH SXUFKDVHUV LGHQWLI\ DQ 67 SURGXFW WKDW PHHWV WKHLU IXQFWLRQDO DQG SHUIRUPDQFH UH"-
VHIPHQW WKH SXUFKDVHUV VKDOO FRQWDFW 67 IRU PRUH LQIRUPDWLRQ

67 DQG WKH 67 ORJR DUH WUDGHPDUNYV RI 67 )RU DGGLWLRRDOVLVQ IFRAUP D/W DERODERNKWUGE 3 URIGIXE MP R U NAH |
DUH WKH SURSHUW\ RI WKHLU UHVSHFWLYH RZQHUV

,QIRUPDWLRQ LQ WKLY GRFXPHQW VXSHUVHGHY DQG UHSODFHYV LQIRUPDWLRQ SUHYLRXVO\ VXSSOLHG L
< 670LFURHOHFWURQLFV = $00 ULJKWV UHVHUYHG
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