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*ON,, 0/% 8VHU 0DQXDO

S3ODQHWDU\ 6\VWH

PV &RUSES

SHYLVLRQ +LVWRU\

"ULW| 5HOHD .
5HY| L vvxH| YL N &KDQJH 'HVFULSWLRQ
6HS T+ 0: | ,QLWLDO UHOHDVH
$ wr 9P\
: WR | YDULHV  YDULHV )RUOGREWRISOW WS/ © HWIDLOWQ RID @ GHIL O
Xx7\SR IL[HV DQG JUDPPDWLFDO FKDQJHV WKURXJKRXW GRFXPHQW
x0DUJLQV /HIW DOV WHE&WFABULLRP ~ WR  LO
Xx&RYHU 8SGDWHG SLFWXUH
x6HFWLRQ ,QFUHDVHG GHOLYHUHG /LIKWEDQG TW\
x)LJIXU H 8SGDWHG 0/% RSHUDWLRQV DQG &6’ VL]HV
Xx6HFWLRQ B5HPRYHG *6$ VEKHGXOH UHIHUHQFH $GGHG IHDWXUH OR
Xx6HFWLRQ ,QF (REHUHONVIRIKW QG DGBWG ODXQFK YHKLFO
x 7DEOH $GGHG 31 BHSDUDWLQJ (QHUJ\E LKIDA\) H/G FOMD W RR D)3 W DB W |
/JLPLWV 6SULQJ 4W\ 5HPRYHG 6WD\R X W HVRLY M B/GRRH USDHSH D(@ HR @/ 9 E
5HIXUELVKPHOW 6KRFN YDOXHV 6SHFLDO 7RROV
Xx6HFWLRQ $GGHG QRWH VWD\RXW |REBWDSGBE HRGWR B 8 HAGM JKW D
x)LIXUH $GGHG EROW FLUFOH DQG PROODNMQJ KROH VLIH ,PSURYFH
x)LJIXUH &KDQJHG ORZHU IODQJH WROHUDQFH ,PSURYHG TXDOLW\
x)LIXUH $GGHG UROO SLQ KHLJKW ,PSURYHG TXDOLW\
x)LIXUH  WR )JLIXUH 8SGDWHG W RS LFPISLLGRW BILIOP B R B VIADVOH. @/W [RQ|
Xx6HFWLRQ $G@HGKMWWQRBUPLORU ZRUGLQJ FKDQJHV
x6HFWLRQ $GGHG GHWDLO RQ VWRZWREGQ WKWQIRV IOLIKW | &DSLWE
x)LJIXU H WR )LIXUH 8SGDWHG WR LPSURYH LPDJH TXDDLW\
x 7DEOH &RUUHFWHG IRUPDWWLQJ
x6HFWLRQ $GGHG KDUGZDUH GHWDLOVH5HPRYHG XVH Rl | KDUGZ
x)LIXUH 8SGDWHG 5HPRYHG PHOWLRQ RI  KDUGZDUH
x 6HFWLRQ &KDQJHG ORDG OLPLWYV DI WIDWY RDD®MW B G GHE B/ BR
HTXDWLRQV $GGHG ORDG SHDNLQJ GLVEXVVLRQ
x)LJIXUH $GGHG
x 7DEOH 8SGDWHG OLQH ORDG OLPLWYV
x 7DEOH 8SGDWHG IRUPDWWLQJ
Xx6HFWLRQ $GGHG GLVFXVVLRQ RQ HTXLYDOHQW IDWLJXH|GDPDJH
x6HFWLRQ 5HPRYHG LOFRUUHFW UHIXUELVKPHQW IRRWQRW H
x 7DEOH 8SGDWHG PDWHULDOV DQG VXUIDFH WUHDWPHQW
x6HFWLRQ &KDQJHG IURP ZHLJKWV WR PDVVHYV
x 7DEOH 5HPRYHG UROO %UDENHWYV
. %0 6. .| X6HFWLRQ 8SGDWHG 6HSDUDWLRQ &SWH.QJ HQHUJ\ VWURNH DQG
“* X6HFWLROQ ORYH YHORFLW\ WR 6HFWLR\Y D W L RS MERYCH B OV PH) GIOOGS
HTXDWLROQ
x6HFWLROQ &UHRW /G FWRR G UES G D WHIGPRYXDMLRFKLH @R $GGHG HT
DQG H[DPSOHV
x)LJIXUH 8SGDWHG ZLWK FRUUHFW VISBLEDFQHUJ\ DQG UHPRYHG
Xx6HFWLRQ $GGHG RSHUDWLQJ SURFHGXUH UHIHUHQFH
x)LIXUH 5HPRYHG RSWLRQDO KRXVLQJ I[URP 6HSDUDWLROQ |[6ZLWFK
Xx6HFWLRQ $GGMNELOHVWRIQMROWRU DV ORRSEDFN
x)LIXUH $GGHG
x 6HFWLRQ $G G HGZWROLQUD QF M LW R [RQ FH ULDE I K\ V W
x6HFWLRQ 5HPRYHG UHVLVWDQFH U D GRGIGHIGGF B B HFWMHRBUINGH V F U L
x)LJIXUH 5HPRYHG WHPSV IURP FDSWLRQ
X 6HFWLRQ 5HPRYMGVIVE®S OL@EW OLVWHG LQ 7DEOH
x6HFWLRQ 5HPRYN® @& \VHPUSWLY LWL VWD-EOHQ/ZQEBH  ([§DQGHG
WUHDWPHOW GLVFXVVLRO
x6HFWLROQ 5HPRYHG VXPPDU\ 656 WDEOH D®G6]UDSEKGHPRYHG 0/9
x)LJIXU H $GGHG
x)LIXUH $GGHG
x)LJIXUH 8SGDWHG
x6HFWLRQ . OQF UIDIKMG RBRWD W LIR Q VO EK B DIKMEEDIQHE QRISX UDW LR QV
x 7DEOH &RUUHFWHG UHOLDELOLW\ YDOXHV
Xx6HFWLRQ  S5HPRYH® WDREDDMLQIERML WLV WEGH.E 52B8 G | HUH Q F H
x)LIXUH $GGHG
Xx6HFWLRQ 5HP R RK)GDE RKAK WWHIP RY LQJ QMW RZHG /LIKWED
x6HFWLRQ $GGHG
x)LJIXUH $SGGHG
Xx6HFWLRQ 5HPRYHG ('8 RSV &KDQJHG ZRUGLQJ 6HFWLRQ XVHG WF
x 7DEOH 8SGDWHG QXPEHU RI VHSDUDWHW@S VG uSUH %857 WR
x)LJIXU H 8SGDWHG WR UHIOHFW FXUUHQW WHVW WHPSODWH
X 6HFWLRQ 8SGDWHG WR UHIO HF W RQIFVXWULHQRMXDWLSOH JLIKWED
x)LJIXU H 8SGDWHG WR UHIOHFW FXUUHQW WHVW WHPSODWH
x)LIXUH 8SGDWHG WR UHIOHFW FXUUHQW WHVW PHWKRG
X0\ Z7ZZ SODOHWDU\V\V FRP 3DJH Rl
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X6HFWLRQ
x7DEOH
x7DEOH

EDVHG RQ LQHUWLDV

Xx)LIXUH
Xx)LIXUH
X )LIXUH
Xx)LIXUH
X6HFWLRQ
X6HFWLRQ
X)LIXUH
x)LIXUH
X6HFWLRQ
X6HFWLRQ
Xx)LIXUH
Xx)LIXUH
X 7TDEOH
X6HFWLRQ
X6HFWLRQ
6HS &RQQ
X 7DEOH
Xx)LIXUH
X6HFWLRQ
X6HFWLRQ
X6HFWLRQ
x)LIXUH
X6HFWLRQ
x)LIXUH
Xx)LIXUH
X )LIXUH
Xx)LIXUH
X 7TDEOH
X6HFWLRQ
X7DEOH
X 7TDEOH
X6HFWLRQ
X6HFWLRQ

8SGDWHG WR UHIOHFW \QMZ QHDHILE WUH/TVX LLQHHRIMAQLVD \D G
8SGDWHG WR LQFOXGH DOO WHVW UHTXLUHPHQWV
8SGDWHG ZLWK 0/% DQG 0/% XQLW FRUUHFWLRQ 6WD

8SGDWHG WR VKRZ WULDOV
8SGDWHG ZLWK DQDO\VLYV HQHUJLHV
$GGHG
8SGDWHG ZLWK HQHUJ\ UHTXLUHPHQW
OLQRU UHZRUGLQJ
8SGDWHG FULWHULD IRU SHUIRUPLQJ VWUHQJWK WH\
5HPRYHG XQXVHG QRWHYV
5HPRYHG XQXVHG QRWHYV
5H R UGRIQWH® Y& BAHOAWFIWLRQ SURFHVV
1HZ KHDGLQJ
8SGDWHG WR UHIOHFW FXUUHQW SURFHVVHV
&K D QJH G RIL VW DRJIDFR\PHPU L VGV DFMVG R8I XBAMMIRPGM.U K W E|D Q G
5HPRYHG 5R0O0 %UDFNHWY D@GIWAYV $GGHG VHSPUDWLQ
5HQDPH{P RMBG LI)YG 3UH RURKMWHG VXEVHFWL
$GGHG SOFRUBRWIVYWEWGHF®LURAY FKDARY HSHGXFHG GHII
DQG 6HS BZLWFK TW\ WR RQH
&KDQJHG /LJKWEDQG 31 VSHFLILFDWLRQ
8SGDWHG WR UHIOHFW QHZ SURFHVYV
5HPRYHG ([SHGLWHG 'HOLYHU\ VXE VHFWLRQ
5HPRYHG *6$% UHIHUHQFH
5HPRYHG VWRZHG DQG GHISOR$GG PG GWHRQ DRP H B(I3VIA
$GGHG
$GGHG UHFRPPHQGDWLR@WWRVDERRUSRUDWH ){0 LQ 10|
8SGDWHD ZHW KT XROLILF D WL RRQUDGRPVY LE UD
8SGDWHG FDSWLRQ
$GGHG
&RUUHFWHG WROHUDQFH DQG IL[HG D[LV W\SR
8SGDWHG ZLWK FXUUHQW LQVSHFWLRQ SURFHGXUH
OLQRU ZRUGLQJ FKDQJHV
5HPRYHG SURGXFWLRQ GUDZL\QRWFR/GXVW D BWBBIQEYY 6LP
8SGDWHG ZLWK DGGLWLRQDO SURFHGXUHY &KDQJHG 1$6
&KDQJHG D FRPSDQ\ QDPH
$GGHG WHUPV

- X0\

Z2Z2Z SODQHWDU\V\V FRP 3DJH R1
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,OQWURGXFWLRQ

7KH /LJKWEDQG LV B VBEBBHDWIKRGO/\VWRI ¥ HIDUDWNHWGEDFH YHKLFOHV IURP OBXEGPK QY\M K LAFIOG! Y X
YHKLFOHV 7KH /LIJK&ERQG UVOQORHHRUHWLMWR IURPLQFK EROW FLUFOH GLDPHWHU

7KH FRQWHQW RI W KL ¥ DXAWHIG PP QWKTHO HURYULIGH@RHPRU B WK D @ \ V WAHHPS/DW R WRIRFP® HRUHFQWOD & Y HU Q
XQLYHUVLW\ FXVWRPHUV ERWK GRPHV@REK SD\® R DB\ &Q DI ERRLDAED (KIS CROOR RLUKELLRDOBIY OMOHQ F K
/JLJKWEDQG LV D SDWHQWHG &RPPHUFLD®RIMN 7WH. % KHHDOE H &Z2AMVEK W BRKHLR. DOV DR GJ I 6 MWKER.G\. W R Q 0
&ODVV $ VSDFH IOLJKW KDUGZDUH

7KLV LV WKH XVHU PDQXDO IRU WKH ODUKH, 00RWHRDL JHE XDIKWHDD GCGRIMAVLILHG IKRPORWKWHWHLJK)
PRWRUY DUH RO WKH RXWHU GLDPHWHU RI WKH XQLW

Mark Il Motorized Lightband (MLB)
+ Payload separation system
+ 60+ on-orbit operations, TRL9
+ 8.00to 38.81 inch diameters

Canisterized Satellite
Dispenser (CSD)
* Cubesat deployer

* Flight heritage, TRL9
+ 3U, 6U & 12U sizes

JLIXUH 0/% VHSDUDWHY 6SDFH 9HKLFOH&61URPD/PXWKK IO BBREFOUHR/GXFW IRU VPDOOHU VSD

JLIXUH 7ZR Rl 1$6%$ V OXQDU *5%,/ VDWDB OFDQAWBH V, MHE D UDXWH QURP 0/ %

- X0\ ZZ2Z SODQHWDU\V\V FRP 3DJH R
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3 n \ - . Y ¢
T e e i [T S

YLIXUH YRXU ON,, DQG RQH ON, /LIKWEDYBW SVFGFWRIWHSQ BO®KE | LQ 1RYHPEHU

JLIXUH $1'( 6 HSDUDWLRQ IURP 6KXWWOWH KWBDQGV/KHHH BNHG

- X0\ ZZ2Z SODQHWDU\V\V FRP 3DJH R
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YLIXUH &$3( ,&8 ,, DQG $1'( RQ 676 -X0\

JLIXUH 7KUHH ON,, /LJKWEDQGV PHWHMG DUHLR¥KGRD WKH ,%(; SBURJUDP

- X0\ ZZ2Z SODQHWDU\V\V FRP 3DJH R
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YLIXUH /ILJXWEDQGV RQ (63% 673 RQ DQ $WODV 9

J)LIXUH 7ZR /LJKWEDQGY LQVWDOOHGRQIXQKKRDU SD\ORDG SULRU W

6RXUFH KWWS ZZHAVQGNLID XPRWMLWYHVDOWDLRIHBBQFDSVXO

- X0\ Z2Z2Z SODQHWDU\V\V FRP 3DJH R1
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K\ &KRRVH /LIKWEDQG"

7KH /L

JKWEDQG KDV PDQ\ DGYDQWDJHVY RYHU FRPSHWLQJ SURGXFWYV

7HFKQRORJ\ 5HDGLQUUWLUBWHOLY WKH PD[LP KPOBW W® IRQ DAEIOL V B HOWHKG E\ZKE EFRYHUQPHQW
DJHQFLHV WR DVVHRY WXRIONDY X WMAKQRORJILHYV

7HVW YHUDEKGLJKWEDQG JRHR QPKIQRWI® WE YMIHIL BWR FSUMR G YIHSDUDWLRQ FDSDELOLW\ R
OLQLPDO UHVHWKWEPH)G FDQ E HXR/S\WRUTHVUIWGDB\GFUHVRISHWPQQSWRGXEWY UHTXLUH KRXUV
/LIKWZHLIKMW /LJKWEDQG LV DERXW RQH WKLUG RI WKH ZHLJKW RI D W\SLFDO FODPS EDQG
/RZ KHLJEBRXW RQH KDOI Rl WKH KHLJKW RI D W\SLFDO FODPS EDQG

1RQ S\URWHRFKEBUEJKWEDQG JHQHUDWHY QR GHEULV XSRQ RU DIWHU VHSDUDWLRQ

/RZ VKRAMH /LJKWEDQG JHQHUDWHY YHU\ OR ZDWKIRFN \WN@&HWVYH WR RWKHU VHSDU

/RZ WLS7TRH URWDWLRQ UDWHV JHQHUDWHG GXBQQD XBS5DXDW GRIQ LLHHH RV HYV WHGHRWPL DLLHU EH D
$00 LQFOXVLYRKSURGXPEDQG LV GIHSMIUNCHUIHRG 76 SWK. @Y &R GWHRKWMRUY LQFOXGHG ZLWKLQ L
GRHV QRW UHTXLUH DGGLWLRQDO EUDFNHWYV

1R FRQVXPDERWRU GULYHQ HIDHHGE QR W LUQHI XAWKEH. V KIPEH@HY LROW VE RDW R B V

3\UR SXOVH FRA/XMWILERWEDQG FDQ EH VHSDUDWHG YLD D S\UR SXOVH VLJQDO

YOLJKW KHYQMIEIWH SURYHQ RYHU  WLPHYV

,GHDO IRUKHG6LIKWEDQG FDQ EH FRQILJXUHG VRHIFK DRLVE DACR LIQHVLE MWHXIDK KRO LOQLTXH PLVVL
UHGXQGDQF\ UHTXLUHPHQWY VXFK DV WKRVH Rl ,QWHUQDWLRQDO 6SDFH 6WDWLRQ SD\ORL

- X0\

Z22Z SODQHWDU\V\V FRP 3DJH R
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[LIJIKWEDQG )OLJKW +LVWRU\

1R /LIKWEDQG KDV HYHU IDLOHG WR VHSKWEDIP ® X RW RISW U DRV IBOG WK F AHK\WHY IKO O\6 HGl MDK B KI\® LRIK U
KHULWDJH VHFWLRQ RI 36&TV ZHEVLWHZIR B5OMDKQH WRVYW WS APMRR GDWH OLVW

7KH /LJKWEDQG KDV EHHQ XVHG RQ WKH IROORZLQJ ODXQFK YHKLFOHV
$QWDUHYV

$WKHQD

$WODV 9

"HOWD ,,

‘"HOWD ,9

"HOWD ,9 +HDY\

YDOFRQ

YDOFRQ
,QWHUQDWLRQDO 6SDFH 6WDWLRQ ,66
OLQRWDXU ,

OLQRWDXU ,9

OLQRWDXU 9

OLQRWDXU &

3HIDVXV ;/

3RODU 6DWHOOLWH /DXQFK 9HKLFOH 36/9
6SDFH 6KXWWOH

6XSHU BWU\SL

9HJID

X X X X X X X X X X X X X X X X X X

JLIXUH $ /LIJIKWEDQG LQVWDOOHG RQ WKH 7DF6DW PLVVLRQ

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

JLJKXWEDQG &DSDELOLWLHY DQG 'LPHQVLRQV

7DEOH ILJKWEDQG FDSDELOLWLHY DQG GLPHQVLRQV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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SODQHWDU\ 6\VWHPV &RU S

OHFKDQLFDO 3URSHUWLHYV
'LPHQVLRQV

7KH GLPHQVLRQV VKRZDQ® ))ILIDXXUHH

DV DAD\UZ IDVE IO KB\L. D P H WQHHUG DIQQG 7TDED IE HIL 'L PIGVILAQWQEQKGH

VHSDUDWLRQ HYHQW ZKHQ WKH 5HWD L QU@ZDIAG J7EE G H[OWHEQA @ IV KHE H QMDIDBH K HRLQ KMo R IH YWAKHHQ/E Y KW
1)1 DQG MWK MWD WG OOWWH &HIGEFAB 8 RVREWVHWKRZQ DV FRQVWDQWYV
GLDPHWHU 7KH FXVWBP®JU XSG BV Y G \Z IDRHW V KRAQL JOD G L VEQ V V H 6 DLQD \GXHEWW.D QM MOKAHOY R QK B H

DVVRFLDWHG ZLWK WKH VHSDUDWLRQ V\VWHP

KHLJKW RI WKH 8SSHU 5LQJ

$ &$' PRGHO RI WKH\OHH VWD \R XL DRD E O HZRU SIRYMHORD G\ @W7FRPRUPDW

YLIXUH

7TRS YLHZ

RI WKH /LJKWEDQG VHH 7DEOH

IRU YDULDEOH

YLIXUH

6LGH YLHZ RI WKH /LIKWEDQG

GLPHQVL

- X0\

Z22Z SODQHWDU\V\V FRP

3DJH

R



*ON,, 0/% 8VHU 0DQXDO SODQHWDU\ 6\VWHPV &RU S

JLIXUH 7KH GHSOR\HG RU VHSDUDWHGZ LYALFHKZH W7 FOHU 16 SUKIRAIY IX@Q® 6HORQJDWHG

7ROHUDQFH RQ 'LPHQVLRQV

36& 'RFXP30@PB3 PSC Tolerance Standards GHILQHY DOO 36& VWQHBHDEGXUHPIHOQUME WROHUDQFH )RU UHIHUH(
WROHUDQFHY DUH VKRZQ LQ 7DEOH

3UHFLVLRQ 7ROHUDQFH >XQIlW@
[ [0 ‘
L [I[ *
[ :
[ :

[ :
7DEOH 36& GLVWDQFH WROHUDQFHV

6RXUFH 36& 'RFXPHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

/[LIKWEDQG 'HVFULSWLRQ

7KH FRRUGLQDWH VI\VWHP IRU WKH /LJKWB[L@GRU\Y MIQFOAQHEHIORP WKH /RZHU 5LQ2D ERWWRR SDDHU
5LQJ 7KWDELV SDVVHV WKURXJK WKH FHQWHU SPB@\H RK HV/KH KR EVRQUG Y8 FNHIWQEV MRZHU 5LQJV DL
DQG,»8XULQJ PDQXIDFWXUH 8QOHVV RWKH FXIPVHD WRWHH B U DADRO VDR HV/ LIK WEDQ G RRRQG/LQDWH V\V)
JLYHQ LQ LQFKHV

JLIXUH LQFK GLDPHWHU /LIJIKWEDQG VKRZQ VWRZHG

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

J)LIXUH $ LQFK GLDPHWHU /LIKWEDQG VKRZQ GHSOR\HG

JLIXUH 7KH /HDYHV GLVHQJDJHG GXULQUHZHSOR\PHQW VHFWLRQ Y

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

+RZ WKH /LJKWEDQG :RUNYV
9LGHRV VKRZLQJ WKH /LJKWEDQG RSHUDWL QU R @ Y\DKID DERXQBNDIZAZ BQ RYEWDU\V\V FRP

JLIXUH VKRZV WKH /LJKWEDQG LQ WKH ¥RHRZHW DAHM. QR B U Q 1 IKWLQWFIR P S UH W\KIHR (H DEYGHD/F R XDAUALF
LQWR WKH 8SSHU 5LQJ 7KH /LQNV DUH BYHUQRHN WRIDHBHBQG WKH PRWRUYV

YLIXUH 7KH /LJKWEDQG LQ WKH VWRZHG RU VHW IRU IOLJKW VWDWH
YLIXUH VKRZV WKH /LJKWEDQG LQ WORHLH)Q W LLIQW MG DAWLER/BIRVE B SRR BWRYVLD J WR H/ @ B B KIIQZIDAPG |
DSSUR[LPDWHO\ V 7KLV DOORZV WKH 5HWDLQLQJ 5LQJ WR UHWUDF
YLIXUH 7KH /LJKWEDQG LQ WKH LQLWLDWHG VWDWH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

$IWHU WKH PRWR KW BQLWLDRWRXEMGYWDSY LQZDUG WKH 5HWDLQLQJ 5LQJ UHO@R@NHY WMD/F WW RUK
LQZDUG /HDI 5HWDLQLQJ &RUG DQG 6SULQJ 30XQJHU IRUFHV5IZ&H SSULQ F B O XK MG W H @D \MH QUHGP
WKH 8SSHU 5LQJ 7KH 8SSHU 5LQJ LV WKHQ IUHH WR VHSDUDWH IURP WKH /RZHQ JSL QaIHG X)H I R H k

DQG )LIXUH 7KH /HDI 5HWDLQLQJW&R DG LDUR VR GHYVAN) PEDEDE WRHDAM KRV DIDLQVW WKH 5HWD
/LJIKWEDQG FDQ HDVLO\ EH UH VWRZHG GXULQJ WHVWLQJ

JLIXUH 7KH /LJKWEDQG LQ WKH GHSOR\HG RU VHSDUDWHG VWDWH
JLIXUH 7KH /HDI 5HWDLQLQJ &RUG DQG WKH VSULQJ SOXQJHUV VKRZQ LQ WKH GHSOR\H
JLIXUH LOOXVWUDWHY WKH /HDYHV GLVHQJDJLQJ GXH WR WKH IRUFH |UR®PV K KK B SWLLQIV 3DXMU
JLIXUH 7KH /LJKWEDQG VKRZQ GHSOR\LQJ RU VHSDUDWLQJ

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

+RZ WKH ORWRU %UDFNHW $VVHPEO\ :RUNV

7KH ORWRU %UDFNHW $WVWRHECDFW%BHWRLUGR |, VWK HLO% W EW Z RV RUE UKR/@QRHE W W R LEDHOYHHY MADHIIVO @
JHDUV FRQQHFW WR D EUDVV FRPPRQ EH Y® OHMD & FOXEH FW B W R RPRIR OV VE B I¥ @ O HI\ZV FRWQ D # G VED GVIR \[
EDOO QXW ZKLFK EHDUV XSRQ WKH 6WRG R (R HBIOHR 6 0Q G L3@®JID TWHE B WGW B H QG L Q 7 KRHQ 6\ K 8 L/Q J KMXEBIQ
HQFORVHV WKH EDOO QXW DQG LV IDVWHQHG WR WKH DXBH DYV ERQ DKIFFKHGOW® HW KRHQ/ MQNHY UYILIDO V
ZKLFK LQ WXUQ FRQWURO WKH PRWLRQ RI WKH 5HWDLQLQJ 5LQJ

7KH ORWRU %UDFNHW FREIMWEPBMWQAR K} RH WKH 60LGLQJ 7XEH ZLWK HODVWRPHUHR GQRQGR ZMN B \K\DLL
VWRSV DW WKH VWRZ HQG 7KH OXEULFDQWVY %UD\FRWH () DQG PRO\EGHQXWRZ\DXQUE LEEORUH
/ILPLW 6ZLWFKHYVY DUH DUUDQJHG WR FXWDORZHRLMHYWRBRAUDMWRARDO GKI\KW DQG GHSOR\ DUH U

$00 RI WKH VHW VFUHZ MXQFWLRQV LQ WISR® %G DDV RIH G RQ 0 DH) WRDGIE EHIDON KODVQNHH GHBIVPIRWHR ¥ W
UHGXQGDQWO\ IDVWHQHG WR WKH ORWRU %UDFNHW DQG VWDNHG WR WKH 0RW R 5XI$ SR HFKH
WR WKH PRWRU VKDIWY UHGXQGDQWO\ D ZHOG DQG D VKHDLY SIR VLFREHSW IBUFWK R Q/ SIXGIO LAFRWDL |
VWULFWO\ UROOLQJ

,W WDNHV PRUH SRZHU DQG HQHUJ\ WR VWRZ WKDQ GHSOR\ WKH /LJKW E D Q Gi ULK HWW NRXUEH WDLVQDV LI
WRUTXH PDUJLQ IRU GHSOR\LQJ ,I WKH /LIKWEDQG FD Q (GRROWM EHWL\R R ZHHEUQLFVHE/R Q IBIMIOMQ TK W R/WH
PDUJLQ LQ WKH IOLJKW FRQILJXUDWLRMK RIQHYIRGEMW PBRIZLOO GHSOR\ Z

$ IOH[ FLUFXLW FRQYBEWNKWMKHD Q GPRRWRFW IWR MRHO HW&EWRU IDVWHQHG WR WWKH. 0 FO/MRR M PALQDAF N H W
GHVFULEHVY HOHFWUR PHFKDQLFDO RSHUDWLRQ RI WKH /LIKWEDQG

JLIXUH ORWRU %UDFNHW $VVHPEO\ VKRR® H @ MWUWHVVWHFAHIR WG WRIU FODULW\

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

()

JLIXUH ORWRU %UDFNHW $VVHPEO\ LQ WKH VWRZHG VWDWH
JLIXUH ORWRU %UDFNHW $VVHPEO\ LQ WKH VHW IRU IOLJKW VWDWH
JLIXUH ORWRU %UDFNHW $VVHPEO\ LQ WKH GHSOR\HG VWDWH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

6WLIIQHVYV

6WLIIQHVV LV PDMRUZEHQLGAVERHIURFLQLQG AMIUAKLM UKIWEDUHG IRU D SD\ORDGID3HO ZID & K/ W/ B HNF WY&
WKH /LJKWEDQG GLDPHWHU )RU H[DPS®@HK DV DE®KXKVGLDWHRHW VVWIKMAEDW KD Q EXW ZIQIEXKK & LADHP\HWV
WZLFH DV PXFK S$IGH LMWILRVQY DODWMHWDO PRGH IUHTXHQF\ RI WKH SD\ORDG VWDBRHWHRUHRMWHNQZ L WK
FXVWRPHUV VHOHFW WKH VPDOOHVW DRD® ADNELG HQ HV X W ¥ CHDRJZMEGINE R X ® LHDX\ROW D ¥KIL ¥ LAVINQ RU GPALWY V |
IDLOXUH GXH WR XQLQWHQGHG VWDFN HQQDWH VO BUN B H QW FWEW Q BHGLMD R HWHHY W R D QL Q HZTDW K HRE,
D VPDOO LQFUHDVH LQ ZHLJKW 7KH PHWKRG XVHG WR GHWHUPLQH VWLIIQHXY HRI0NMH /LIKWEDQ!
Lightband Stiffnress 6 WLIIQHVY YDOXHV DUH VKRZQ LQ IMDHEVOHHV W &P DRHUIR QO\G RO WKHVWIKWEDQG FDQ EH

S3ODQHWDU\ 6\VWHPV &RU S

YLIXUH /DUJHU GLDPHWHU /LJKW E D Q GV VWKIIMQVWPLD CHUH D QGEL D RVHMR QU M

-RLQW &RPSOLDQFH

7KH FRPSOLDQFH RI WKH EROWHG MR L@W YWRPXWW K UHYKMDED Q B YW RD D\GMER/ MODEIW /. D @ KHHI NHW M | R @ WA
UHSRUWHG LQ 7TDE@HF OXGHR WM\RIORW EFRPSUKRAFHVRBERUPDOL]HG UHVXOWW 8HPBLVWFX/EGY RW EFIMQ Gl Q

SURJUDP DQG LOOXW VFRP®® VDWW K B W WMERQOE ¥ O/ W L UBFHW 1ROV | WK V& DM IV FRWKRGDDPHWHQ /LIKWED
DQG LV IRU H[DPSOH UDWKHU WKDQ GHVLJQ SXUSRVHV

W FDQ EH DVVXPHG WKDW WKH HIIHF W RLINKRLEDD G RSO KBIQFBPRIQDD QAK\RLZQ LQ 7DEOH

1RUPDOL]H 1RUPDOL]H 1RUPDOL]H 1IRUPDOL]HEG
,WHP s S[LV <l Fu S[LV 5 SRWDWLR| 5. RU_uSRWDWLRQDO
6WLIIQHVV 6WLIIQHVV 6WLIIQHVV 6WLIIQHVV > @

/[LIKWEDQG ZLWKRXW MRLQW
FRPSOLDQFH
/ILIJIKWEDQG ZUWK MRLQW
FRPSOLDQFH

7DEOH 7KH HIIHFW Rl MRLQW FRPSOLDQFH RQ VWLIIQHVYV

6RXUFH ORRJ &6% (QJLQHHULQJ 'RFXPHQW QW % DG 36& 'RFXPH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

S3ODQHWDU\ 6\VWHPV &RU S

'LVFXVVLRQ RI )HDWXUHV RQ $GMRLQLQJ 6WUXFWXUHYV

,Q RUGHU WR PD[RMHMW RV KW K\AWALDIW HIOL@LIWWH KWW D F RWLEIF@X G HGH Y. QHH U R BAKRIKKOHH YW XIXHEW X QHY DGM
WKH /LJKWEDQG $V MWK B QDO\WWRYXYVLQVKYPP OODRRFMHHQW DUBPYV RQ® BKDH IBIDG VIW LAUHD WE G OEK KW

VWUXFWXUHV

'"HVLJQ

'HIOHFWLRQ 30RW

'HVLJIQ 1RV

0D
"HIOHFV
9D O XH

VLR Q
>LQ@

X)ODQJHV WRR WKLQ

XORPHQW DU
ODUJH

x1R FKDPIHU
ILOOHW

PV WRR

RU

XTKLFNHU 10
x6PDOOHU P
DUPV EXW
IDVWHQHUYV
x&KDPIHU DG
IRU VWLIIQ
x1R VLJIQLIL
LQFUHDVH

DQJHV
RPHQW
ILWV

L, GHG
HV V
EDQW

. Q PDVYV

7DEOH

JHDWXUHV RI DGMRLQLQJ VWUXFWXUH

7KH VWLIIQHVYV RI IODQJHYV DUH LPSRUWDLQ M) RNAD D, W IWYKHH WEDRYY H U\DWDIO! 1'Q\B BVH U D OV RIRH DR QW K IR 11 MUK

VWDFN FDQ GHFUHDVH GHWULPHQWDOO\

JRU SURSHU RSHUDWLRQ RI WKH /LUKWED® ®| WKH 10D Q

/JLJKWEDQG ZLOO QRW H[FHVVLYHO\ ZDYISFW KH DG RAEEL R W RV R RQGHI\BLDM & F \D & MIRY. QLR F X' WWIR P 1

7KH ORZHU F\OLQGHU UHSUHVHQWYV DZILWKWBDQGH AKHHS X SHYHIQP WMODQGEHAMRLQLQJI VWUXFWXUH 7

PDWHULDOYV DUH DOXPLQXP

- X0\

Z22Z SODQHWDU\V\V FRP

3DJH

R



*ON,, 0/% 8VHU 0DQXDO

SODQHWDU\ 6\VWHPV &RU S

YLIXUH BWUXFWXUHV ZLWK RSWLPDO |CLIQWH K6 HOD OQ H ORPHI @WQRBPP® PD[LPL]LQJ VWLIIQF

$V QRWHG LQ 7DEOH WKHUH DUH WZR VHWYV RI UHTXLUHG IODWQHVYV IRW R NDRSIMRLQIL QW W XVFUAK

UHODWLYHO\ VWLII WKH UHTXLUH® K& DMEGMRL\Q ZQO QLK H Q¥

BWMWUHERWXUH ZLOO FF

MNDKUE-ELO/WOKEDDERAD
IODW LQWHUIDFH EHWWHU WKDQ D UHOD MW BHRO\E WWD EIRRKQH W & HIHV VL I X Qi V8 GRH DR X UF R G W R EQ/L RE&V )

BWLII

3, EHDP” VKDSH

X 1R PRPHQW DUP IURP ZHE
X %ROW KROHV DOLJQHG Z|L
X 7KLFN ZDOOV UHODWLYH
X

JOH[LEOH
ORPHQW DUP IURP ZHE WR
%ROW KROHV QRW DOLJQH
7KLQ ZDOOV UHODWLYH W
X 3& &KDQQHO" VKDSH

X X X

EROW KROH
G ZLWK VWUXFWXUH
R EROW GLDPHWHU

YLIXUH

([DPSOH RI VWLII DQG IOH[LEOH DGMRLQLQJ VWUXFWXUHYV

7KH WA\SH RI DGMRLQLQJ VWUXFWXUH FDQ DOVR KDYH DQ HIIHFW RQ RSHUDWURIQRD VX H QHWIHFWNDWV
WKHLU FKRLFH RI DGMRLQLQJ VWUXFWHXWH EH$SRDK URW BDIUIDWINRD®DOWVRBWT6HH 7DEOH

- X0\

Z22Z SODQHWDU\V\V FRP

3DJH R



*ON,, 0/% 8VHU 0DQXDO SODQHWDU\ 6\VWHPV &RU S

7DEOH &RPSDULVRQ RI /JLJIKWEDQG DGMRLQLQJ VWUXFWXUHYV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

JDVWHQHUV WR $GMRLQLQJ 6WUXFWXUHYV

36& GRHV QRW SURYLGH IDVWHQHUV WR DGMRLQLQJ VWUXFWXUHV +RZHYHU 36& XNVGANOE NVL V
([FHSWLRQV WR WKILKFDWR B QXKDYSHEHH X POIGHFEXWLIRQY WHVWY LQ RUGHU WR SUHYHQW EROWHG M

LQFK 6+& VFUHZV ZLWK VPDOO SDWWHZ® HZD VKWW M DLUOH UBIRR PPKIH) 8 ISHU RU WRAHLV 5 7®&H WR D
ZDVKHU VKDOO KDYH 2° LQFK 7KH WKURXJK KROHV LQ WKH 8SSHU DQG /RZHUW GERBY RUH QF
FOHDUDQFH EHWZHHQ D LQFK IDVWHHLY EG® MK A L\Y R USRIKRARKK/RIDEWMHBEK @' \H H D V WHHI) MRV LIDWHY D O
OLPLWY WKH FDSDFLW\ RI IDVWHQH U YW B XDWR QWKHIH/ DXXMBPEGW RI VWU X

JRU LQFK GLDPHWHU /LJKWEDQGV 36& UHFRPPHQGV WKH XVH RI UHGXFHG KHD® ®IGIVFRALVQH Q J
VWUXFWXUHV 7KLY WBRIGIFFHH @ W W 2. HNQH WE& W KIHV WHHDQHWYVGIHQY FULEHG LQ WKH /L JKAKEDKQHED S @ UDRHWH
VKRXOG EH LQFK 6HH 6HFWLRQ

J)LIXUH LQFK IDVWHQHUV IURP /LIJKX\FBADXQUHWR DGMRLQLQJ VW

JDVWHQHUV PXVW EWHIUQ \ORFO O/ &8 @ WOERWG WK WR LIQWEDIQG 'R QRW VNLSOD EROWH D VHAWKW Y HQ O\0
VWLIIQHVV RI WKH /LJKWEDQG

7KH WKHUPDO H[WUHPHV RI WKH EROWR®G RV R DYW HRQW H ) LEU HWIN PISRIN LGSR EHY RMKR X OV R[DPLQ
WKH SUHORDG FKDQJHV DVVRFLDWHG DMUIR @ R&T (L PLLVEWW WVRRKWHKIBMYAKRO SOBOQ W K HK O BIF G USLKYXVOW O
EROWHG MRLQW GH VEDG WHRMHR[MQUM\P IDW K L SYHIF WOID®@ MR ) OWEBSHOMD WKUM ORZ & 1GRFBFHQW
RXWOLQHV D WKRURXJK EROWHG MRLQW DQDO\VLV

6WLIIQHVV LV DIIHFWHG E\ EROWHG MRLQWY *HQHUDOO\ JUHDWHU SUHORDG OHDGV WR JUHDWH
,GHDOO\ WKH /LJKWEDQG VKRXOG EH IDVWHQHG WR DGMRLQLQJ VWUXFWXUMWMXH KB QWHCQH U\ KWE

WRROV :KHQ WKH /LIKWEDQG 5LQJV D UK LAHHIMH B FW R YN WKRLUDDEIDHE BARWPYW KIHYDQW EG B R |, WKIHV
HVVHQWLDOO\ LPSRVVLEOH WR IDVWHQ D PDWHG /LJKWEDRG RO D B VMRILOQD VY WVEWRHER WK W HR/ LLJ KINVFE

6HH 36& 'RFXPHQWYV $ DQG
6HH 36& 'RFXPHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

/ILQH /RDG /LPLWYV

/LQH ORDGL QJDUQVWKWLYHV |UR P D®RIDEHFWQ RYKEQG PR P/l @ W \DDIER XA\M QHUDO O\ WKH,PROBIWYV DEF
JHQHUDWH KLJKHU OR[QP ® RREIGY] VOIORMK-HID DRUREIYG FDWKY DU A LWAISQF MDPWR ULIOQ VWUHQJIW

JLIXUH /ILQH ORDGLQJ IRUFHV
AXDOLILFD OD[ $OORZDEOH
JRUFH S IRDG &XVWRPHU /RDG
% ROW 'LUHFWLH >OEROWG@ >OEROW@
3u 1% $[LDO ;
4 S RUyp=6KHDU
7DEOH /ILQH ORDG OLPLWYV
,Q 7TDEOH WKH AXKD® YYDBXWVRIQUH FRY®RVHWHOILWVR Y H- DD EMEH@I KW HWHHIG RQHD WHNWEWR GV R HW H

7KH OD[LPXP $OORZDEOH &XVWRPHU /RDGY ®GUWH. &/KE BEXDOLILADAWRWY RRYB IHW X FAHKG BH Y VO K ML R/
WR DFFRXQW IRU IDWLJXH GXH WR F\FOLF ORDGLQJ

(DFK /HDI FRUUHVSRQGV WR WKUX KRQRAY YRW XIFVWAKH@IVQ J8 MHY WIHHEX CRABNORHIMADD FK VRENHW KHDG FD
DQDO\WLY DQG WHVWV KDYH VKRZQ WKBWIWHKHDQE 8S8DVEILQREWIRINWARMPCKROEHQD WMWRIE&H QD WHVW
SHUIRUPHG ZLWK LQFK IDVWHQHUYV EHFDOWFH BS & VWOHVWKIEHOGY KDY H

$[LDO OLQH ORDGLQJ RUDQVADRMOPIDRDGLQJI DQG PR RHRW,Y ZIKEHRM¥M « VKHDU OLQH ORDGLQJ DU
<% RUy=ORDGLQJ DQG PRRH QW VYORERWWQDWH B D& H WEE VJ WHIMBRHW W RF B Q @/ I(CFROMGL QJ OD[LPXP ODYV
D[LDO ORDG GR QRW RFFXU DW WKH VDPW KWW PN VDIQW) VUWHDQEHW\G \8 && W ZWDUFRQ

3HU 36& 'RFXPHQW 5HY 0/% 4XDO 6WUHQJWK 7HVW
3HU 36& 'RFXPHQW 5HY $ /LIKWEDQ®RRRDOGBNVW &DSDELOLW\ 3U

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

1RWH WKDW 36& GRFXRHPMAD WLRUHVRAM GULHIUP O iRD GR Q F H. QHIRIUEG VENRD/G RL J KMWKEEDYQHG V GHDW X/BIDO O
WKDQ EROW EXW WKH GLIIHUHQFH LQ OLQH ORDG YDOXH IURP WKLV FR P SKOWD W/LKRHQ WPHHIWPK/R IR U ¥ H
DOG IRUFH EROW DUH LOQWHUFKDQJHDEOH

O0DJQLWXGH RI PD[LPXRDIHLDOJOYBE E\ (TUBPMERRQ RI PD[LPXP D[LDO OLQH ORDG LV WKH VDPH DV

\Y

(%
coL_.E o
:KHUH
3yrLV PD[LPXP D[LDO OLQH ORDGLQJ >IRUFH SHU EROW@

). LV D[LDO IRUFH >IRUFH®@

QLV WKH QXPEHU RIHBEROMQHAUYFO}M WKW RDLQ/ RIQH @RPEHU RI /HDYHV

9LV ODWHUDO IRUFH >IRUFH@

LV WKH GLVWDQFH IURP WKH /LJKWHAR@GSRU R Q QV R KAHK H GOLRJIHG- \B S8 Q L AMBR/IUF D>MAH\QWWH @ HQWH U
LV WKH EROW FLUFOH GLDPHWHU >OHQJWK@

ODJQLWXGH RI PD[LPORNGEHQU LOLQHYHQ E\ (TXDWLRQ
t v
=1 E—p

‘KHUH
4 LV WKH PD[LPEPQWKBRDG >IRUFH SHU EROW@

9LV WKH ODWHUDO IRUFH >IRUFH@

QLV WKH QXPEHU RIH BRI FAUWFO® WKW RDLQ/ WRIQH @RPEHU Rl /HDYHV

"LV WKH EROW FLUFOH GLDPHWHU >OHQJWK®@

0. LV WKH PD[LPXPUDSBQDBGPWRHQW, DERXW \SKFD:0O\ QHJOLJLEOH LQ IOLJKW ORDGLQJ >IRUFH |

7KH YDOXHV LQ 7DE®BXODWHW E\FD®S O\ IFPIG CR O & X DSVWIRRIX DQG (TXDWLRQ WRVIW/ L% KWEBBDQKS W ¢
ORWRU %UDFNHW $VVHPEO\ 0%$ RFFXSHHE LW WH IVESXOW HRRIQRAQBIRMAREX V. WE& IHV FH D YWHKR/H DOSAVED Z H@QAV A R
D KLJKHU SHUFHQWDJH RI ORDG +RZHWHKH ORIDIGN LIVSB PERDGQWR GV KRHU/EJKWEDQG LQ TXDOLILFDWL
AXDOLILFDWLRQ 6WUHQJWK 7HVW D WRWDO D[LDO ORDG RI OEIl ZDV DSSOLHG OEI E

$V DOQRWKHU H[DPSOH )LIJXUH EHORGZLQKRRW WBIHKDERGWORQLD® @MRD ZLWHK IDRDSSDOKHG
FDOFXODWHG D[LDO OLQH ORDG SHURZMNDMURQFW XDIVSHDNEOERGMQ *QHDUHUKH [FRIWEBH @ UDFNH)
OEl EROW :KHQ GHWHUPLQLQJ /LJKW EBIQERQOWUHIG YWH [P\D M YHE WK H o)

J)LIXUH /LQH ORDG SHDNLQJ QHDU ORWRU %UDFNHW

7KH YDOXHV OLVWHG LQ 7DEOH GR QRW KRZHYHU DFFRXQW IRU SHDNLQH &6&BWR WWLLIIIHXHMVI X
DFFHVV FXWRXWV WREPOVVHWKD O X\WQFRWBRQ G WIHQWWH HOHPHQW PRGHO LQ WKHLU IOLJKW VWDF
GLVWULEXWLRQ DURXQG WKH /LIJIKWEDQOR DKIMREDQQIHYSRMH WHNDNVQDNOGXHQ\WWURQHFHVVDU\ GHU

7KH /LJKWEDQG EHKDYHV VWUXFWXU Z&EQOWW R ZB GV K/ILQ HE IDROGE FICPLIDGHHD N N9 DR Y DM IZKSHUH YV
0/% LV LQVWDOOHG RQ D UHFWDQJXODU VDWHOOLVDH WK BIYS KBW H G[ W RE § R R GEAD WH WSKEHS Rulil G & I
EHFDXVH WKH VWLIIHVW UHJLRQ RI D VDWHOOLWH LV DW WKH PLGSRLQW V QH OIRDHH R V WKIR YOG B
VWUXFWXUHV DQG LGHD @& D KD K HQD FAHY\R WEKHOQH[WEBBHQJ 6XFK D GHVLJQILW \DKGRZR) VLMPUW R W X U D ¢
F\OLQGULFDO VDWHOOLWH VKDSH RMRLIXIWH VW KR QW H BOMEBH RDUO/EWERL GEGRYHP H V8 R FVMAIDE VO MO H O R

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

J)LIXUH $ URXQG VHSDUDWLRQ V\VWHP ®@ G HD WHX R UHK VDLV/QHOOR VGIL B J

JODWQHVY DQG 3DUDOOHOLVP
BULRU WR MRLQLQJ WK HVYXU/IIDKHWWE DIQJE R/IEQLQUE WKKRHX O GSEIF LI PWWARQVEHIYQHG LQ 7DEOH

YLIXUH $ /ILJKWEDQG DWWDFKHG WR D&®DKREHK O/ NKRZQ B JFEBWXDWA QJ VWUHVYV S HONQLQYI WK D
WZR ZDUSHG VXUIDFHV

‘KHQ WKH DGMRLQ L QWYHIRIHMHADDSHGHR W RWUSDEHMOOHO DQ DWWHPSW W R LMR L\DWW K B W IXIKHAVE B [\
EUHDN WKH /LJKWEDQG -RLQLQJ D /LJKWEDRVEXWR RIQMA B QG HUGMRL QLR L Q KU M A W BVWHH \B\H ¥ HF
WR EH PRUH IOH[LEOH WKDQ DGMRLQLQJ VWUXFWXUHV

W PD\ EH WHPSWLQJ WR GHVLJQ 10 HILVEOM[ KH B WX H & VL Q/ RUNOMIE B QS DB IV WU NRKLLQYHISD G- ROHDYGH W R |
XQDFFHSWDEO\ ORZ VWLIIQHVYV DQG [UH/VAPRBP TR DXFHQRAY R IEWRKHK HDQWR.Z W U HO/IVWIGHS/ K LRIIK WK
DGMRLQLQJ VWUXFWXUHY PXVW EH FRQWUROOHG

,VRODWLRQ V\VWHP\ @ILNHBRRQ X164 6 R QDILG\HDIGBWIKDGMWWLIER. OLW\ WR MRLQW\R WHR D WRVOHIVX IDRAGH VI M ¥
RIIHU DQ DGGLWLRQDO EHQHILW LQ MRLH VQE WD WW X0 HJ) HOMDWIMW VR QURITRGUHPHQ W V

JLQLWH HOHPHQW PRGHOV )(0V QRPLQRDDGERYRE B JSWW LKHW)KQBHW Q BR/FVE Y FK WH. D\OKAW VR Y/HIQ F D
UHGXFWLRQ LQ VWUXFWXUDO PDUJLQ

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

JLIXUH )(0O VLPXODWHV D FODPS EDQG VHSDUDWLRQ V\VWHP YLD UDGLDOO\ LQZDUG SUHO

JLIXUH $ GHIOHFWLRQ RI LQFK W BWQW®H \L\G WXFRMWXRH W RVDFUHDWHG E\ SUHC

/JLJKWEDQGYV DQG FODPS EDQGV HPERG\ WKH SHUYHUVH QDWXUH RI PHFKDQLFDEXD/VY ZPE® QRW
DSSOLHG WR WKHP FWDHORID & F \& UN NVH.IEHDRKXD\Q DWP ¥ DH)Q JR. Q H H U . (X DWHV R/E WIHKUHY MU DXQFFW X V BVQ) IS®IUWRK T
VWLIIQHVV LV KLJKO\ FRUUHODWHG WRE $HHDR F& D R6)& W QODVGIA U XD WIDH HL MKW € B G GV B

FKDQJH LQ SUHORDG DV WKH VHSDUDWLRQ V\WVWHP LV IDVWHQHG WR DQ DGMRLQLQJ VWUXFWXUH

(DVLO\ IDEULFDWHG VWUXFWXUHV DG MR IHJ S & @ WLHYSHD WIRWRIRKDM V\Q DWW RSORBRVEQBIIG MQA\DLW HP DM RE HD E U L
FDQ EH HDV\ WR PDNH IODW )RU H[DPI®EH VDVK K U X @I OF RKIHD GMDKXBE i QMY KM QWP FG 1 E\HUHLY WML Q J
PDFKLQHG ULQJV WR ARDUE D B WIKQH BNRF MAKH FDIQU X WW HF R QH V WK L W \PHDO IP D) R0 U §IDAVIQ VO D EKHQ V
ULYHWHG VWUXFWXUH LV UHPRYHG IURP LWV PXFK PRUH ULJLG WRROLQJ FRFEW@HGE ® UO\DKL® R W
DGGLWLRQDO FRVW I$WHDRBRULHR @ [ SHQHX O & LEH & LIIRIGMW GR PRDKEQBG RURPQD F/Q VXK TRLUIKDMHADQHY D L
PHW

(QILQHHUV VKRXOG F\WR QWK GBW WD W& DM X IDFWXULQJ DQ GDWRHPED) SIDRMHMYLHIANV WRFBIGM RYQ ERUL Q
FRPSRVLWHY LQFUHD D& WKXMZHQBWZDUS VWUXFWXUH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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'DPSLQJ 5DWLR

'DPSLQJ UDWLR PD\ EH XVHG WR FDOFXOLHVBIWWIH- KHE SRR WHKRI/DIKWBRERW $WKH DWNS RIDAS RQ IA
V\VWHP DW YLEUDWRU\ UHVRQDQFH 7R HVWLPDWH WKH GORS)L QHY /W LR RN\K KRHMWEPR BB WE YU H V
DWWDFKHG ZHUH XVHG

\ 4

S5HVSRQVH s

ODVV PREN|XS

/LJKWEDOQ|G

&RQWURO Peiiitee—)y XQGHU PRAN XS

A

J)LIXUH 9LEUDWLRQ WHVW RI D /LJKWEDQG ZLWK D PDVV PRFN XS

6LQFH WKH GDPSLQJ RI WKH PDVV PRFN XS DQG WKH PDQ\ ER@WUHIBWM R LRXWW LEHL QEDOHIH & K VG HV
GDPSLQJ 7R DUULYH DW D FRQVHUYDWL YHQU HFARK PRI Q\8 K6 W HI W) PIMDAWMGRIPGZ @ D A LDHVG XK RBQEL Q
7DEOH

1% $[LV </% $[LV o $[LV
OHDVXUHG GDPSLQJ UDWLR G
5HFRPPHQGHG GDPSLQPJ UDWLR G

7DEOH 'DPSLQJ UDWLR

7KH GDPSLQJ UDWLR FDQ EH FDOFXODWHG RIl QW W@ REZ YVWIKHY $ R QU HW W DIFRWRRUWOL@RF R | R X DVGLXWA | |
UHVSRQVH OHYHO WR WKH LQSXW O EKYHSX W QD WXH O \F DVUMH W K M K § SO VID (DEFDRYR.W D W IGRIQ D@H IR W BH( T3

=i}
ol »

:KHUH
GLV WKH GDPSLQJ UDWLR > @

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

6RIWS5LGH DQG /LIKWEDQG

7KH 6RIWS5LGH ,VROWDWLRID BHWAWBPW. Y LEN D WR R Q VDIGRI WK R VWHIRS XGFHH/ I0IIDXHIEF KV R HRCLE 0G4 LROQG WKHHG O
VSDFHFUDIW 6RIW®GWGHS LSURGDRW R| 0RRGJI& Z¥ ZOFN.DMGILLQHHULQJ FRP ,W KDV EHHQ IORZQ VXF
LQFOXGLQJ I0OLJKWV ZLWK /LJKWEDQGVY R®(WKPOFRQE6DNWF6MWYG *5%,/ PLVVLRQV

SODQHWDU\ 6\VWHPV &RU S

%LF\FOH &DU $LUFUDIW 6SDFHFUDIW

7DEOH 9DOXDEOH SD\ORDGYV DUH LVRUDQWAG RIRFPLGHWVLEO H Y\WDIOQH [&/BIPSHU LVRODWL

6RIWS5LGH 6\VWHPVY KDYH VHYHUDO EHQHEZILWW ZKKH / KYKWEIDR ERQMXQFWLRQ

6XEVWDQWLDOO\ UHGXFH IOLJKW ORDGYV LQWR WKH SD\ORDG VXFK DV HQJLQH WUDQVLHQ\
6XEVWDQWLDOO\ UHGXFH ULVN E\ LVRODWLQJ WKH SD\ORDG IURP XQDQWLFLSDWHG ODXQF
6XEVWDQWLDOO\QRQFRIWEHGIHDEBPSLQY UDMRR UBBSHQGLQJ RQ WKH QHHGV RI WKH PLVVL
5HGXFH VWLIIQHVWUWKH.VEDABDWWKKAOH EWFDHKWAH YOO XH WR D YHU\ \WWLOHIXEOH LWRLODV
VAVWHP

5HGXFH IODWQHVV WDHETKR UG PGID WV KRKEKD H V FEHIFW XRE€ VAVWHP LV IOH[LEOH

(DVH LQWHJUDWLRQ RI WKH /LJKW E D\Q/GRE\ WIOH. F L QOWEDQ GVWR QIRHG WRH : VW HADKCH. WWHRW B V
VI\VWHP DWWDFKHG WR WKH DOUHDG\ VWRZHG /LJKWEDQGOD®®FK UIN L R Q H BVRVRAFKFEX WL \ER O/

JLIXUH 6RIWS5LGH XVHG RQ D 0/% DQG 0/% LQFK /LJKWEDQG

J)LIXUH $ UHQGHULQJ RI &6%$TV 6RIW5LGWHH Z PRPK HOWHD V¥ K DIOKL WWRIQIRP WKH ODXQFK YHK!

,VRODWLRQ V\VWHPV DGG PDVV WKDW WWR XWKHD @ 6 b RHHROMOW BRECH/ P R QY DIVGIGH GREW BRI W ED®H ILY G
EHFDXVH WKH /LJIKWEPQGE K BKDQORWKH WWHBPUDPDWRICROVY RQ W\ & WHPYDEH PXIQUAH VMR UIRW W HQ@XBWGH L

G\QDPLF ORDGYLDOOSVAMDUR®HY LQ IOLIJKWWKD Y H IEIFHKQ UODXQWHKH/ RZHU TUHTXH QFW LRIQI K MUWSHPLY/I RIBHA LXC
PRUH VWURNH WKDQ KLJKHU IUHTXHQF\ LVRODWLRQ V\VWHPYV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

J)DWLJIXH /LPLWV

YDWLJIXH IDLOXUH LV JHQHUDOO\ GHILQHG DV IDLOXU HOG®X H V&L FA FOLHFGOND & LID.D RO R WE HIDLFOXG
IDVWHQHUV D E&/HDNGRZQ RI VXUIDF HI BVAUHD VRRIHOWD\F 1D MQ ¥ HRS CPIDDAEKDUHL D Q W H)LDAWQ R OIS W DYLBH IYQ 6 1
UDQGRP YLEUDWLRQ DQG VKRFN LPSKGVHHQW EVOLE HODRFDWOX PWXOHM M[R WRXHD A YKRY E DRISU
/JLIKWEDQGYV IDWLJXH OLPLW LQ UKRDWLRQIMWRUHSSOLHG OLQH ORDG LV V

o

BHUFHQW RI PD[ OLQH ORD

J)DWLJXH /LIH >&\FOHV @

JLIXUH /ILJKWEDQG IDWLJXH OLPLWY DQG OLQH ORDGLQJ

:KHQ GHUDWLQJ WKH /LJKWEDQGYV PD[LAXP GRREGLFEOSDEOOLORDGRRA 7 BEGIQWY LQFOXGLQJ PDVYV
VZHHS VLQH EXUVWQQIY VAKRFO BWHYVOQMW HQYRUBQYHQ WKDW PRVW IDWLJXHEG®DMOLIRHQ U MAKHUW VE
RIWHQ VHYHUDO FRPELQDWLRQV RI ORD®WO XY® B\@ CHHN\X L ¥ D i Q@ WWIR MH.U XMK G D POWHI B SWKRD FK W R
FRPELQHG HIIHFWV RI DOO ORDGLQJ

/ILIHF\FOH G5HIXUELVKPHQW

7KH /LJKWEDQG FDQZEHHRWORG |0 WIKWVLRGHSBRARUH LQVSNFWHRQ BEHNG6& KLW LQFOXHSSDWDRBRR Q
WHVWYV WKDW 36& PARR SMKHWSHIVQSUWMLRUNKHWKNWRFWRPHKUXPD\ W\SLFDOO\ VHSDURBMPHHWKH /LIKWED

BWRZLQJ LV PRUH VWUHQXRXV RQ WKH 0R®/MR\U Q4U U KN HPMR W\RWHF ERG RKEHODO®RIR K O H E WHIQ ADWMRE QO J

FRPSDUHG WR DERXW -RXOHV ZKWF\GOSORMKE J/ LS KMWED Q& HPXVW EH LQVS HRMPH Q HE WKES. Z(I9D U QUADA

DQG WKH DPRXQW RI OXEULFDWLRQ UHPDEQHQYR ®WDIH W R E[IALREH BINGIRAQ K WHDID GRZ A UF O

YROWDJHV SURGXFH ORZHU FXUUHQW VREHIHFMOH GV W B HVK/IH \P R @ RAUK/H DSUHU MO E@ RISFGH Q @ WHD/OALLL DRI

/JLJKWEDQG KDV EHHQ VKRZQ WR UHOLDBGUWWRZLP 8% BHILSIHR V VRYGIW D Q HKRX V O\ BB MWXIUH|[ 5 RACH® I
WR  f&

$IWHU D /LIKWEDQG KDWERHWY EWCPKE® EHIBQVIEHEWRQVLGHUHG IRU UHIXUEKNF KB MWQSW RZKHHV W \IS\L
IROORZV

7KH /LJKWEDQG LV VKLSSHG WR 36&

3URYHQDQFH RI WKHVAYDEWE D REGL V: K Bl \WDRDLREOWRIV WEQJ RFFXUUHG ZKLOH RXWVLGH 36&"

$QDO\VLV RI KDQGOLQJ DQG WHVWLQJ LV SHUIRUPHG W RRHVWWQNBMLQMAH S RGUBBHINOILMG! DIRING/L |
H[SHULHQFHG LQ WHVW"

7KH /LJKWEDQG LV LQVSHFWHG EDVHGGREHGOWH § L PSID\HX DY D WILRIQVIFOR D[ FRP S OQWH WHDU G
DVVHVVPHQW 2QO0\ NRR¥QYHRIQQE B M AW L\RHD GA/H FSKHIQLHWH D @W DQDO\VLY DUH SHUIRUPHG

$ UHIXUELVKPHQW SODQ IRU WKH X@IUWH EWMBG (RMPSWHS UDBYN OWRPLYLPSOX WIR JUHSIDWLRLI
DOO FRPSRQHQWYV LQ WKH ORDG SDWK

7KH UHIXUELVKPHQW SODQ LV H[HFXWHG

$ EHQFKWRS DQG HQYLURQPHQWDO @ H\WQUMWQUVSOBQY HR B LWKIE UHKKV FFIRXKAHG EH DOO QRQH

WHVWV GHILQHG LQ 6HFWLRQ Rl WKLV GRFXPHQW

7KH HQYLURQPHQWDO WHVWLQJ SODQ LV H[HFXWHG

7KH /LJKWEDQG LV VKLSSHG EDFN WR WKH FXVWRPHU

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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$OLJQPHQW
$O0LJOLOQJ 8SSHU 5L0QJ /IRZHU 5LQJ

6HYHUDO IHDWXUHVY DFW VHTXHQWLDO®S SHR IDXQE® DRIHUH 5D Q 0 JIRUWPHRUWWR WKHWMRRY WK HQNV I HQ WX
DUH
7KH 6HSDUDWLRQ 6SULQJYV FRQLFDQWLGBFFB®WVQIL WKR\S KEQ JBHISHEMWEKQIHY FR 1 G\SKUH @ BING D UD WL
JXLGH IRU DERXW LQFKHV RI WUDYHO
7KH FXW RXW IRU WKH ORWRU %UDFNHRWGVUBPRAYV LRQW KR VW PSHWRUVLBAIDWDWLRQ RI WKH 8S
7KH SRO\PHU JXLGH SLQV LQ WKH 6HSWHDWRRWERQQHFWRU KDOYHV PD
7KH VKHOOV RI WKH 6HSDUDWLRQ &RQQHFWRU LI DWWDFKHG DOLJQ
7KH VKHDU SLQV RI WKH 8SSHU 5LQJ DQG WKHLU DFFHSWLQJ JURRYHV LQ WKH 8SSHU /LQN
7KH /HDI OLSV DOLJQ ZLWK WKHLU DFFH@EWLQJ JURRYHV LQ WKH 8SSH

W LV HYWLPDWHG WKDW WKH YDULRFHRY LY DEORXGPHQWLOQFT KWK® DEREHUHFWLRQ

$O0LJQLQJ ZLWK DGMRLQLQJ VWUXFWXUHV

7KH EROW SDWWHUQV RI WKH 8SSHU D& LRKHQ 5L Q 1\ PKJ i KAHRE MHQW/L I K VWE D QVR @ W OWDNQR-ZHH B | WHKHH
8SSHU DQG /RZHU 5LQJ LV GHJUHH ZKHQ VWRZHG

$0LIQLQJ WKH /LIKWEDQG WR DQRWKHU VWUXFWXUH FDQ EH DFFRPSOLVKHG® UWHDXG/HQ IR IO DOV K HBD.«
ZKHQ WKH DGMRLQLQJ VWUXFWXUH KDV D IODQJH ZLWK WKURXJK KROHV $OILQDQ\F HQHD G+ FDAHNHHQH U
KHDG IDVWHQHUY VKRXOG QRW EH XVHG WR SHUPDQHQWO\ IDVWHQ WKH /LJKMKEG QP WW HW LD/G\M Ik
QRPLQDO GLDPHWHIP VDKWOWL & R XW GVIR W.KK VWRDMPET RQ WKH

ODWHULDOV DQG 6XUIDFH 7TUHDWPHQWYV

ODWHULDO VXUIDFH WUHDWPHQWYV PD\EGLRWHGE HWWRH®GNMWM U B FKHHWBVOHIME RVMKHDAH. JKWEDQG DQG D!
VWUXFWXUHYVY $00 PDWHULDOV LQ WKH /LJKWEDQG DUH ORZ RXW JDVVLQJ DV GHILQHG E\ $670 (
YRODWLOH FRQGHQWRERDOHW DWWW MWDKODVQN&K H RSIDMDHRILDOV LQ WKH SULPDU\ ORWDVW I$VW R ROUUUR XL RIQO \
FUDFNLQJ 6&& DV GHILQHG E\ 06)& 67 6HH 7DEOH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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Q Q

3U'Q +LIKO
WHP &RPSRQHQW 1DPH 3DYW 1IXPEHU bDWHULDO HQW L%’XGJ%EWH_WW%Q% P9HQGRU
/IRDG QHWILF"
WR 6&&
3DWK|["
$0 $0\ 7  SHU $0p&&HB &RQY FRORU JRPG SHp 0LO '7
/RZHU 5LQJ 9DULHV Ef\ GLSSHWHRLJU S0E 26 < < 6& 1 3
$ 7  SHU $0p 44D®G $QRGL]H SHU {,/ $
8SSHU 5LQJ 9DULHV g\ SL%%LWFI% 506 SH .. &ODVY < < 6& 1 3
/RZHU +LQJHG /LQN (OHFWUROHVV 1LFNHQ® SHU §670 %
RI +LQJHG VND|l $ J© BeR i St B W\SH ,9 = = 6& ! 8
8SSHU +LQJHG /LQN | $0 $0\ 7 SHU $06[ 4@ $FWUROHVV 1LFNHG SHU $67Q % - o . 3
RI +LQJHG VND|l $ W\SH ,9
3LQ $0 $0\ 7 SHU $0§ (OHFWUROHVV 1LFNHG SHU 4670 % - 6 . 3
RI +LQJHG VND|l $ RU W\SH ,9
/HDI SHWDLQLRJ 5LQJ 6 66 3+ bR 667 1 < YDULHV
7 SHU $06|4D8G $QRGL]H SHU oL[o $ 7\SH
HWDLQL L DULHV bpHw %S 1 & 1
5 QLQJ [5LQJ 9DU %R & HWHYs 2ODVY 6
0/% S5HWDLQLQJ 5LQJ $0 $0\ 7 J's':f-|LbG$%8Rz'c‘)]DF\'/VSHU olo s T\§H 6& 1
e — $0 S0\ 7 SHU $06| 4D8G $QRGL]JH SHU OLp $ 7\sH 6 .
.., &0ODVV
60LGLQJ TXEH $0 $0\ 7  SHU $0p+®U® $SQRGL]H SHU OLp $ T\SH 6 .
, &ODVV
/LQN 3LQ $ SHU $06 u 3DVVLYDWH SHU $06 #4 3 7/SH ,,| 1 1 36&
0,
wpoo 6FuHz | %W RY $00R\ 6WHHO RU 3+ 667 3URSULHWDU\
ORWRU %HYH® *HDU RU 647 1 1 36&
6FUHZ %HYHQ *HDU Hu %UpVV 1 1 36&
IRYRY XSS huw $0 $0\ 7 SHU $06| 4D8G $QRGL]JH SHU OLp $ 7\sH 6& N
., &0ODVV
ORWRU $0 667 &X 'HOUL® 1HRG\PLXP 1 < 0D[RQ
6SKHULFDO 300LQ %HDULQJ *(( &DUERQ &KURPLXP 6WHHO OR[6 LHW U\ < 3u
ILQN $0 7  SHU $06 4#&KHP &RQY ;gORU JRPG SH[ 0y0 7 o& N
JLQN 5HWDLQLQJ 5LQJ t+ 66 3+ OR 667 1 < YDULHV
*HDU &RYHU 667 1 1 36&
sWRZ (06 sopwh $0 $0\ 7  SHU $0p&&HB &RQY ;gorzzu JRPG SH[ 0y0 7 6& N
'HSOR\ (QG 3qDWH $0 $0\ 7 SHU $SO0p&&KHB &RQY ggORU JRPG SHP 0p0 7 6 1
/LPLW 6Z LWF|KHV 6; 7| 6; 7 9DOR] 3KHQROLF 667 6LOYHU 1 1 +RQH\
/LQN ORWRU %yDFNHW 30XJ YDULHV 9LWRQ 5XEEHU 1 1 36
/LQHDU :D\ 5DLO IHE & 6p7 1 < 3URSULHWDU\
$QJXODU &RQWDFW %HDULQJ 660(5 &|667 3KHQROLF 1\ < 3URSUL
$SVVRUWHG 6KLPV YOULHV 667 6WHHO < 3URSULHWD
‘LUH 0 &X FRDWHG 6LOYHU z (7)( 1 1 YDULHV
YOH[ &LUF X{[W &X .DSWRQ 3\UDOX| 1 1 36&
6ROGHU YDULHV 6Q 3E RU|6Q 3E 1 1 HVWHU
+HDW 6KULQN|[7XELQJ DULHV 39") 1 1 YDULHYV
6SULQJ 30XQJaHU 664" 667 'HOULQ 1 < 90LHU
$0 $0\ 7 SHU YDUL®OGHNIORGL]H SHU OLj0 $ 7\§H
5LQJ 5RO0OH|U RU 6& 1
Q VSHFV .., &0DVV
/HDI 6KHDU 3LQ $ 667 < OF0DVWHU
&buUu
6HSDUDWLRQ|6SULQJ 667 |'HOULQ 1 1 36&
6HSDUDWLRQ &RQQHFWRU *e $$c))}\—|VSH7O BS:U $0H6 ?(4((25%\'}'\9'?0'4\/\/ ILFNHO SHU) $06 & 6& 1
Q &rQQ 67 B &ODVV ~ *UDGH|w JROG
6HSDUDWLRQ [6Z LWFK s0 so\ | &EHP-RRRY ;gORU JRPE S| GFO 68& 1
$0 $0\ 7 BWHHO 7
/LJKWEDQG &RHASUHVVLRQ &KHP . &BQY FRORU JRPG SHP oLO '7
7RRO sVV\ la7 $ VWHHO EHDULQJ $UDWK8QH&O 1 DV 1 Y
%UD\FRWH ()
5RO0HU 5HVWUDLQW 3LQ 667 1 1 36&
SROOHU &RPSUHVVLRQy | yy 667 RU PXVIF ZLUH 1 < 3URSULHWDU\
6SULQJ
5RO0HU 6SUL(JI %DVH RU 6| Ay & =YD SEY S@5 At 5 T Sl 68& 1
RU $670 $
5RO0HU 6SULQJ 60LGHU RU 6pPHY YPWH SHU $06 44 3 7SH,,, 68& 1
RU $670 $
/HDI )DVWHQHUV 186 | ( $ 3DVVLYDWH < 1 YDULHV
$VVRUWHG )DYWHQHUV YDULHV $ 667 SOOR\ 6WHHO 4DVVLYDWH HODFN R[LGH 1
+'% 6 6 RU |%URQJH 6WDLQOHVV #ODVV )LOOHG '$3 SRVLWPRQLF
3LQ &RQQHAWRD
Q &RQQ +'8&6 6 *ROG ,QG
/HDI GHWDLQL{J &RUG 667 SHP $06 1 1 36&
6WDNLQJ &RP§RXQG $UDWKPQH $ % /9 1 1 +XQWVPDQQ
9DFXXP *UHDVH %UD\FRWH () 1 1 &DVW({RO
U\ /IXEULFDQW ORO\EGHQXP '[VXOILGH 3RZ GHU 1 DV 1 Y
667 VWDLQOHVV VWHHO
3HU 06)& 67 RQO\ DSSOLHV WR SDUWV LQ WKH SULPDU\ ORDG SDWK
7DEOH /ILJKWEDQG PDWHULDOV DQG VXUIDFH WUHDWPHQWYV
6RXUFH 36& 'RFXPHQW % 0/% ODWHULPDQW DIQAW6XUIDFH 7TUHDWP

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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3DUW ODUNLQJ

(DFK /LJKWEDQG LV PDUNHG ZLWK LWV DY VB®E (AREXRBE WD WH VLVDWHPXREHERWK 8SSHU DQG /RZHU
FXVWRPHU VSHFLILHG SDUW PDUNLQJ WDJJLQJ RU EDJJLQJ

6 XEV\VWHP ODVVHYV

6XEV\VWHP 36& SDUW QX 8Q>"GW@°[ 5HPDUN *UDSKLF
7KH 8SSHU &RQQHFWRU|PD\ EH SODFHG
RQ HLWKHU WKH 8SSHU RU WKH /RZHU 5LQJ
BssggqﬁHHFSVI\?FLeJL[ WLRQ RI WKH /LJKWEDQG ,QFOXGHV PRXQWLQJ
KDUGZDUH 6HH 36& 'RFXPHQW
/RZHU 6HSDUOWLRQ
SROOHEWRL 6HH DERYH
6HSDUDWLRQ BSULQJ ,QFOXGHV PRXQWLQJ KDUGZDUH
6HSDUDWLRQ 64ZLWFK PDLQ ,QFOXGHV PRXQWLQJ KDUGZDUH 6HH 36&
ERG\ ‘REXPHQW
6HSDUDWLRQ BZLWFK 7KH EUDFNHW UHDFWYV WKH IRUFH Rl WKH
EUDFNHW SOXQJHU ,QFOXGHV PRXQWLQJ KDUGZDUH
6XJIJHVWHG TXDQWLW\ LV SDLU SHU
/LJ$¥VRE£’(§SV%_|R;PESOL<HVVLRQ HDFK QPRW 6HSDUDWLRQ 6SULQJ
SHU SDLU ,QFOXGHV PRXQWLQJ|KDUGZDUH

7TDEOH 6 XEVI\VWHP PDVVHV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

&RPSRQHQW 6SULQJ 3DUDPHWHUYV
6HYHUDO /LJKWEDQG WRE®\V%WIPYJVFRQKW WR B | MHOAR FIHE D U7IR H HY BVGOKHHE RPIL\DW 19 GY RAVR UNHKGH HDPHRUXIQ W
DYDLODEOH WR JHQHUDWH[WH@WWYHR WHVWLQJ KDV VKRZQ DERXW SHUFHQWDR D WK®G HHW R URY H/IXV
VHSDUDWLRQ YHORFLW\ ,W LV DVVXPHG WKDW WKH UHRDLHAW RI $BUGHQIWKWH VRIS BW H BQWHRY K

6HFWLRQ IRU 6HGD LIDWURQVGISDW PDYLYHOWRFLMWNY\GXULQJ VHSDUDWLRQ
SOULE =l enno| B SR

6SULQJ| &RQVW >PP@ 6HSDUD| 6HSDUD (QHUJ 5HPDUN *UDSKLF
>1 PP 1@ 1@ >-@

8VHG WR FUHDWH WKH
6E§BEQDBNLRQ VHSDUDWLRQ YHORFLW\ +DV
WHOHVFRSLQJ|[IHDWXUHV

7KHVH VSULQJY SXVK WKH
/HDYHV RXW RI|WKH 8SSHU
5LQJ 7KH\ GR QRW
3605;3(5?'% LQIOXHQFH VHSDUDWLRQ
YHORFLW\ 2QH 6SULQJ
30XQJHU LV XNVHG SHU
/HDI $VVHPEOD\

6HSDUDWLRQ WRW g WD IRU PDWHG SDLU
&RQQHFWRU Rl OOl sPFK &RQQHFWRU KDV
SLQ FRQWDFWYV

(DFK 6ZLWFK HKRXVHYV

6HSDUDWLRQ
RQH SOXQJHU

6ZLWFK

7DEOH 6SULQJ SDUDPHWHUV

6RXUFH 36& GRFXPHQW ORQWH &DUOR DQDO\VLV ZDV XGHE WRUGBW HR Q@Y QLD \W MSLL\P YER\DWRUD
DQG DVVHPEO\ GLPHQ\IDRMNR Q7 K VVHYDDR P IHPOMVDKVG RE \ NALODAWKILF HQHUJ\ GXULQJ VHSDUDWLRQ UHOLDE

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

S5RWDWLRQ 5DWHYV

5RWDWLRQ UDWHV DUH LQGXFHG E\ WKH GLVWDQFH EHWZHHQ WKH SD\ORDGTV FHQWHU RI PDVV
PD\ EH DERXW DQ\ D[YMKRIFD N ®IVFBl UHD XD W LRIQWKYH Q@ M/S

5RWDWLRQ UDWHYV FDQ EH HVWLPDWHG\ WLIDU ( DXTOMIVR K D W 7KRIQ\W UDLERK W B QVR DWK/AXP 5 Y WRIQIVQIGD Y H'
EHHQ PDGH WR FRPSHQVDWH (TXDWLRQ LF®W \XPHNYQW WH DF-OWRRQHQRDYNWKYH | : LROG VKDY PD[Q\
WKDQ WKH VHSDUDWL Q¥ WXKH ¥ OWK H V& IKDWAH-BD D D W LDRIO [ HURRY 3 B O L B E ISDIMRWXHF WWLHUIL FIDDGE SH Y D
IRU URWDWLRQ UDWHV 6HH 6HFWLRQ

J)LIXUH &0 RIIVHW DQG URWDWLRQ UDWH

TM_i:_1-

:KHUH

Z LV WKH SD\ORDG URWDWLRQ UDWH >UDG V@

P LV WKH PDVV RI WKH SD\ORDG >PDVV@

YLV WKH UHODWLYH YHORFLW\ >OHQJWK V@

GLV WKH GLVWDQFH EHWZHHQ WKH &0 KH GHW E H DUHMWVRXD WHDWDVY DR F0 WQ RWQ KR W
,LV WKH PDVV PRPHQW RI LQHUWLD D BRHM/D WKMHLBH QVAKU FRAIHP PRI VRIAWK B JW K

P NJ

Y P

, NJ P
JLIXUH $Q LOOXVWUDWLRQ RI (TXDWLRQ

7KH 6HSDUDWLRQ 6SULQJ FRQILIXUDWLRE@IPOG R DMKMXS/SWH@ RQ DAKIBD MXRK DBEWTWKURXRIXVWRR &C
WHVWLQJ ,QVWHDG LW PD\ EH HDVLHMYW R TPRYHH GV K\WM K&0 O RKZHi WO RVAKHHU WRKVDWLRQ UDWHV RI WKH S

6RPHWLPHY URWDWLRQ UDWHY DUH G HWRIGNXFEH HW MWK MR © DU BHI@W YV BLUDTEG O [BRILW R M QWK U FSOUHH R
VHSDUDWLRQ UDWHWHQRPORKLERDVWMKHOGM DR RWQHRQYLEFHURI WKH &0 RG BUHIFWMW POH&G HRMLWHIWE UR
UDWHYV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

BHSDUDWLRQ 9HORFLW\ DQG 6HSDUDWLRQ 6SULQJV
(TXDWLRQ LV XWHIS WIKRH FIDEDTPXLOUMH G MVRAALD @) WYHFS® DDBWHWWUUHG YHORFLW\ EHWZHHQ WKH SD\ORDC

e ;76
R
t:e E ;

(TXDWLRQ LV XWHKE WIKRH FED\VOW XPIDWHG QXPEHUGRUBAEDUBD® URQYHESE DL@QHVLUHG YHORFLWINCHHW ZH |
VWDJH

. ~6
ST’

(TXDWLRQ LVEXVOHGVWRJADO W IEHHVYHEB RFEMAORDG DQG ILQDO VWDJHHULUYXHQ D NQRZQ WRWDO VW

“KHUH
PLV WKH SD\ORDG ROMV PRY® RQAJKWEDQG 8SSHU 5LQ

0 LV WKH ILQDO VWQEB P®NWY PDV® RI /LBWEDJEQRGEHY SD\ORDG PDVV

YLV WKH UHODWLYHPYB Q®FPWAGE HVWBZRIBI Y HSDUDWLQJ YHORFLW\

6 LV WKH QXPEHU Rl QHSDUBWHRG GIW\ SUHIHUUHG

H EV WKH VWRUHG SRWHQWLDO HQHUXDR DWERQ®H LB\ B B WDRV NR Q H\G LIE GIQRA®X G A B Qill | HF MHOF
( 6AHV WKH WRWDO /LIJKWEDQG VHSDUY B WA QIKHQWW RU P B QIRMAMOMA DO HQ H UW \ LR/ FOROEDY B M SIHED W R
HQHUJ\ ,W LQFOXGHV HIHIHFZBE@BPHORVIRW W\SLFDO UDQJHV IRU HDFK /LJKWEDQG VL]H

7KH VWRUHG SRWHQWLDO HQHUJ\ RI DGHEDQDNWRRQ3 6 & LSLLORIGHFHE '\8 MILIVRW L QW KDV VKRZQ WKD
7KLV YDOXH LQFOXGHV IULFWLRQ ORMV\QHVVIHE BMKMHW/ILE W ER QG U\D\Y AHH B VG XU DRIXUD BW & X H GV G HYQDI WL
FRPSUHVVLRQ VSULQJ

([DPSOH YHORFLW\ LV NQRZQ WRWDIO VHSDUDWLQJ HQHUJ\ LV GHVLUH

3D\ORDG PDVV P NJ
)LQDO VWDJH PDVV 0 NJ
'HVLUHG UHODWLYH YHORFLW\ Y PV

fy prge y i -%O,Ulurr:rl}%béu—'gi
-f Frf—ceto o9 Otrr 5% E urrr, %o

L ssaf

(IDPSOH WRWDO VHSDUDWLQJ HQHUJ\AHSP®QRM) RQHEIXW UGILY QXPEHVLRHG

7RWDO VHSDUDWLQJ HQHUJ\ ( -

. ssaf
—e F" T R frf—<'e es%oea—1iL sv 5LNEJCO
razZ¥TNEJC
([DPSOH 7RWDO VHSDVDWQIRZDHQHOLW IGFHHVYHB & FL W\
3D\ORDG PDVV P NJ
J)LQDO VWDJH PDVV 0 NJ

7RWDO VHSDUDWLQJ HQHUJ\ ( -

t7 "t 172140 &s s trigt Eurrr .%or"u—w. X
—< 4 =
f a?sal_{t” * %0 U urrP * %o auy

2EVHUYH WKDW WKH TXDQWLW\ DQG PDVMWEI6W KB DU SR QYPOBERQ OF LRBPVYHDL Q YHORFLW\ UHTXLU}
LQ 6SULQJV 7KLV LQFH HDAVIEKY WHCH WR LRIKRSEIHY/® DMKE FDQ FRPSOLFDWH LQWHRUB®MIMIRWD WKRQD OO
6SULQJV YDULHV E\ /LJKWEDQG GLDPHWHU 6HH 7DEOH

6RXUFH 36& 'RFXPHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

JLIXUH 7KH UHODWLYH YHORFLW\ Y LV FUHDWHG E\ WKH 6HSDUDWLRQ 6

JLIXUH 6SULQJ TXDQWLW\ UHTXLUHG R} PUHDR/HMWILWK WKH VTXDUH

7KH ORFDWLRQ RI 6HYDURWDRIGWRBUY DHE @GR WWEH WYPEH W ULRWADRVERQLEPDWMHY GRPOMHBW \Z 13680 H
PRGLI\ WKH ORFDWLRQ FRQILJXUDWLRQ RI 6HSDUDWLRQ 6SULQJV WR QX0 0 KROVWWWXFOW R W ISRIG FUHM
GRQH ZKHQ IOLJKW KDUGZDUH LV DFFHSWDQFH WHVWHBHGHRIQ6BIOWLURQJIJKW /LIKMWENGIEWLQJ LV S

‘KHQ VHYHUDO SD\ORDGV DUH RQ WKH VDFDH) CPLQQ PK ] WHW K FOS-R VAWQELLOH AW VR | U'D W RRQV ¥ A'W REFAL YWD L
GLUHFWLRQ $QJOL@JWKHH SEVKRY &VRMRIKPOYKY BHGWHHNY URWDWLRQ UDWH MVRR @ WH\F U Q GHW K)iH JXR

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

JLIXUH 6LPXODWHG YLHZ RI VHYHUDO @GPRORIKE¥ RHQ WKH VDPH ODX

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



SODQHWDU\ 6\VWHPV &RU S

*ON,, 0/% 8VHU 0DQXDO

(OHFWULFDO 3URSHUWLHYV

6HH 36& GRFXPHQW ®SNU,DON®HQ2 3URFHGXHUMHRWUE B R OWMRR RHEFEIWLR @QV/LIKWEDQG

6FKHPDWLFV

JLIXUH /ILJKWEDQG 6FKHPDWLF

FRQQHFWRU BONGHW IDH i RVORIF WG LWROMKH URZXKQG 5LQJ

Z22Z SODQHWDU\V\V FRP 3DJH R

7TKH "%

- X0\



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

JLIXUH 6FKHPDWLFV WR VWRZ VHW IRU IOLJKW DQG GHSOR\

7KH ORWRU %UDFNHW $VVHPEO\

7KH ORWRU %UDFNHW $VVHPEO\ LV WKWHRYQGWQD W RUZRW W /K I/ILF\WM BIVQ SR ZH.U KA BMQRD X K H QV WEBIU I
ILJKWEDQG LV VWR ZRHFN HW H R%Q Q WF W R U DLWWSHQUHP® QHRQWION ORWRU %UDFNHW $VVHPEO\

7KH ORWRUV DUH '& EUXVK SUHFLRXV PHOLRQROSHRPBXWRQWLRDJI Q HKHA FRK@WP D Q X I D FWWUHBOLWWO D[R (
QXPEHU LV 5¢( $ IYWHVYRRRWRU LVWH WE W RDRISHIDE) 5RYHU 36 RMRXUQHU”

7KH ORWRUV DUH SK\NGFWD R O\DFFRKQRW K WU VY L% RBAHKY M @ RDHDG E HS R IZPIXIGIVG DVPRI R QVGX\FH /LIKWEDQG VHE
+RZHYHU RQH PRWRU DORQH ZLOO SRZHW WIKRQ/ DM W EHBX Q/GRDRIFX WH FKIBQL V P

6WRZLQJ WKH /LJKWEDQG VKDOO RQO\ PRVERUYVYREHHIXEH SREKH WVORZERW ISURFHVIVQUIHXCRWR WP RDK
SURYLGH %HQHILKWBDQ GLF WXHV/ EQGULWRWHHE VKR XOW LQ WKH ORWRU %UDFNHW $VVHPEO\ || LV
ORWRU %UDFNHW $VVHPEO\ LV IXQFWLRQDO

OD[LPXP UHOLDELOLW\ RI WKH /LJKWELO@®G WX® SR DHUWIDQLWR GVEHPLQKWIEID QG MIQGFWEB\QRFRHG R
XQQHFHVVDU\ VWRZ DQGREH/SDQG RPIUPRHWOSHFQHYHOY +LJKHU YROWDJHV ZHD@LYRWORRBIH SR
SRZHU OHDGV WR KKURKWHRGUHORVKLJKHU WRUTXH ZKLFK OHDGV WR KLJKHU VWUHVVHYV LQ WKH

6RXUFH 36& 'RFXPHQW &

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

'LULQJ +DUQHVV 'HVLJQ

,Q WKH EHJLQQLQJ RI SURJUDPV HQJLQ KHL/ XOWMGH 5 U R WLPD WBQDKH PR RW  ZH LV K K LIVQIG/ \@XH RQ
SDUW WR WKH GLIILFXOW\ Rl PRGHOLQ .} D UKDHMV/HW VRPLHQW LEH W RRVIDDEG ZHLIJK PRUH WKDQ WKE
GHVLJQHG KDUQHVVWN® FPIQVREW R WXFH /UM W E BVEE KDHW W@ BSH RI WKH KDUQHVYRW IQRWDRGHBLHWD
UHTXLUH H[WHQVLYH UHDER B X $WH O X FKRY ARBWEMIOW H D GHWDLOHG &$' PRGHO RI WKH ZLULQJ KDU ¢
KDUQHVVHV IURP WKH /LJIKWEDQG RU W KAPRDQIG VWK I H/ LVILKPVE BBIQ BN 8 BERHMHEIIEH XK/ QT XD IQHY Y A/D RO H V W
6HSDUDWLRQ &RQQHFWRUV DQG 6ZLWFKHYV

J)LIXUH $ IXOO\ IHDWXUHG OE KDWY RWQWHP OE VHSDU

8VHUV VKRXOG DQWLFLSDWH WKH SURFHVV RI DWWDFKLQJ WKH KDUQHVV WR WKH KDOYHV RI WK
RU UHPRYHG IURP WKH /LIKWEDQG LQ ERADN MAK H7 K W 6 BiiS G UDIDVBIQREE GIRRY @ B AW IDUW\NH OHAW DE K 8 GV FE
WKH /LJKWEDQG IURP WKH RXWVLGH FEID\YKHOV RQEHZ KQ® W BOIG DR \HIGH E X'W R Z H § H 6K WKHU RWKIHK KADKUHD
/JHDYHV LQ WKH /RZHU 5LQJ DVVHPEO\ RHDWKHV/DJXWE\DWEQ \8 RDQ JPWR KHUQ L F DW RLRYOWH DWD W K R Q DOAWI|
DGMRLQLQJ YHKLFORO BHR B ALHP\E RB\LVILEQ HV VO W HKRXO &K EH HD RR MGHE BEFBEXV LVVXH

JLIXUH 7TKURXJK KROHV RQ WKH RXWHHWDR RI/RVAKHI/BLRQW HDPIOWGNEISRIU URXWLQJ WHW ZUDSV V

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RUS
6HSDUDWLRQ (OHFWULFDO &RQQHFWRUV
7KH 6HSDUDWLRQ &RQQHFWRU GHVLJQHG E\ 36& H[KLELWV HVVHQWLDOO\ JHUR |0RNWLRQHGE XMLLLF.
FRQQHFWRUV DUH GW R I B@/HG W R DAW D WR/Q IVE X W H PWH B DVEW Y RUWIGS VE LIKQ (R | 36&% Q@ GHBSWE D W IEP@ E H

IRXQG LQ 36& 'ROB20PIFQpAration Connector Data Sheet.

YLIXUH 6HSDUDWLRQ &RQQHFWRU DV G BOOTORH SepbGitibrQCEhBetorTrid Biear W

7KH FRQQHFWRUYV KD YHD E MWHQ \W (VGHIQY VKIRFG! WKHEWMDMO. K Q FXQWPVH QY RGREW EHQHILWY LQFOXGH
3UHYHQWY LQFRUUHFW /LJKWEDQG DOLJQPHQW YLD D NH\LQJ IHDWXUH

6HSDUDWHY LQ SDURWE B Q & MWARK HQR/BOUREH B LR R D & LR

&DQ VKLS DKHDG RI WKH /LJKWEDQG D @X IDE KD MK I RR@RXQUHMVQWR \EE\ MDKH FX'QWRPH U

PD\ EH DWWDFKHG WR WKH /LIKWEDQG XKN-RFHMH U7 K R GRHOILHHRDANR SIRZLLFD ) WD BN R LUK &/ ED QG LI

X
Q

X
X

WKH FXVWRPHU
OD\ EH LQVWDOOHG RQ WKH /LJKWEDQG EHIRUH RU DIWHU VWRZLQJ

X
36& 6HSDUDWLRQ &RQ®WH® PWVHRIHF WH LFRD PRAW LSIDANELQYV DOORZ IRU D PRIWADWRQV MHSE B UDOW
FRPSDUHG WR D 6HSDUDWLRQ 6ZLWFK 7KBIQ6KBDH D\gMWRHY B RGEVHEMPRIFR RIQUHK WILKYBWRE NRIDQ\GR Y

HPSOR\LQJ UHGXQ G D Q F\ LDU/GRGW KER KIQFF @ GW @ MR UIHF@IP P IHD W M UMK L V VARRZAH U B\ IPIL W HRG § DQSDUD O C
UHGXQGDQW ORRSEDFNV WR LQGLFDWHDWQHSSODRQERQYHRUFERWK WKH SD\ORDG

JLIXUH 6HSDUDWLRQ &RQQHFWRU XVHG DV ORRSEDFN

3DJH R

- X0\ Z22Z SODQHWDU\V\V FRP



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

6HSDUDWLRQ 6ZLWFKHYV

7KH 6HSDUDWLRQ 6ZLWFK LV GHVLJQHG EWE6&S3SHE P BUBMKDIW R DHFW G QUR ,W LV XVHG WR FRPPXQ
HLWKHU DGMRLQILOJ GHKEBOSWBER® RQ FZAIWFEHBSDW EWLR X QG 2002238 SepRrEsiPF@cWData Sheet.

YLIXUH 6HSDUDWLRQ 6ZLWFK DV G H VEUR284-56pdragios S\litcHTrbd Biber W

'XULQJ D SDVW YLEHBDWHRBCEW3HoWW ISHIWHUPLWWHQFLHV ZHUW IGH WHPWAKE \R @ W IRUDF @ GW B OMKERLIF-DW K
'XULQJ WKLV WHVW WKH YLEUDWLRQ XSIHHWXMN® FAD VQEWEKWHED WIR ZIKBWEW KIVHUY DQWLFLSDWH RSH
GH ERXQFH FLUFXMWWUWLWFDQ WEWHKI®EBF EH XVHIXO

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

2SHUDWLRQ (OHFWULFDO 3DUDPHWHUYV

$OORZDEOH HOHFWDRFEDOFEBIBEDMHWW URW PD@GWRKSHHHDW.LRQV FDQ EH IRXQG LFXPAHRQAOTBDMKH VW Y H U
MLB Operating Procedure ZKLFK LV DYDLODEOH IRU GRZQORDG RQ 36&TV ZHEVLWH

6NLSSLQJ WKH VHW IRU IOLJKW RSHUDWLRQ DQG GHSOR\LQJ W ROE0781IMKWNELB Q@ratthProtedird/ RIHG VW
WKH VHW IRU IOLJKW RSHUDWLRQ L¥XIMN. DSISE RWRH WEI@ W BIRMUGOE MOD® W HATLSGHE IWR L IR@LDWDLD W W KZH. O
FRQVLVWHQW RYHU PXOWLSOH GHSOBWUHDMR QL WKRXYKWHD GHW DR O LOA0DEOE \dBEmOQUAliiae & 'R F X P H
Test of Motor Bracket Assembly 6HW IRU IOLJKW DOVR YHULILHV WRUG )RS IRDDWILR®QG SURSHU /LJKWED

$ORQJ ZLWK LQLWLDAVRMORUWHS DK MWIVRQRXWVWDQGLQJ WUDQVGXFHUYV WKDW SURYLGH JUHDW LQV
PXOWLSOLHG E\ FXUUHQW HQHUJ\ MORAWHXUHD BRRIIVS\RZGHW URDIBVWSRED. BMXH EV (FY L B HP R IR EX O IDWIRR V H
KHQ QHFHVVDU\ WRHHUNYBIWHKRURXJK K QGIHKWADRGGIWUIRUPDQFH

1RWH 5HJDUGLQJ &XUUHQW 9DOXHV
7KH ILUVW SHDN FXUUHQW SDUDPHWHU ®HRROWRA LLY W X U QRIFEXRI\H ZMHW BB ONWORQYHG RKP VXDZ
KHQ WKH PRWRU LV WXUQHG RQ WHKHUKWKD@W ULVHNRWE\Y ¥KRUQRRLRFDO ZRYGLIQI UHVLVWDQF
+RZHYHU UHVLVWDQFH YDULHV ZLWK WHRRB WU B @UIH W R OHFARQUFID R © H ZXLIWKL R Q LV “LQBXH WR
YDULDWLRQV

L8
4
:KHUH
, LV FXUUHQW >%$@
9LV YROWDJH >9@
5LV PRWRU ZLQGLQJ UHVLVWDQFH >Y@

L srahs Erarrué F tw

:KHUH
7LV PRWRU ZLQGLOQ®BWHPSHUDWXUH >

6RXUFH ODQXIDFWXUHU VSHFLILFDWLRQV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

6HSDUDWLRQ 3DUDPHWHU 9DULDWLRQ
7KH IROORZLQJ ILJXUHV DUH XVHG W R L ¥YARNIUPMWH KW EH ¥ DULKWEDLQMKTERWK YROWDJH DQG WHP

JLIXUH 9ROWDJH YV WLPH WR LQLWYDMWKW YDQL&HX\O RWHR & HRUBOW XDUH

JLIXUH 9ROWDJH YV WLPH WR LQLWLK ®RWKVPRWR WM BPBHUDWXUHV ZL

6RXUFH 36& 'RFXPHQWYV DQG %
6RXUFH 36& 'RFXPHQWYV DQG %

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

%DFN (0) RI WKH ORWRUV

7KH ORWRUV DUH FROQRWIK WUWH G IMPREH I HKOE HKDYW ORNMRGVYUHFW FXUUHQW JHQHUIRWRUIY LAK § & AHWHY
WKH RWKHU ZLOO JHQHUDWH D YROWDRHWIOHP BRWHDWH & LRRKWORUWE XKW ROWIKO JHUR FXUUHQW 7KH XC
URWDWLRQDO VSHHG

JLIXUH 2Q0\ ORWRU $ LV SRZHUHG D QGDNKRKYWRIMHREXWW QRN DRI UHQW

6KRUWHG ORWRUYV

:KHQ RQH RI WKH ORWRUV LV VKRUWH& DV&B PSHRWUWRIGVXRWRU ZROW RFWKH HQHWDWWHKRD W KW KW LR
WR LQLWLDWH ZUOBDQQFQLM DRKHR B'WJ @K H) B RXANURHU VKRIVWOQWHLLWHPH WR ORW WU DWHRBKIPQY HU V X
VKRUWHG $Q LQFUHDVH LQ WLPH WR LQLWLDWH LV FOHDUO\ DSSDUHQW DW PXOWLSOH WHPSHUL

JLIXUH 9ROWDJH YV WLPH WR LQLWLDWH DW YDULRXV WHPSHUDWXUHY ZRWWK D VLQJOH

6RXUFH 36& 'RFXPHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

(OHFWULFDO 5HVLVWDQFH

7KH UHVLVWDQFH IURP WKH XSSHU VX DIRFHURY XK B F&5 &H W EHQRMRUWKBJ Rl WKH /LIKWEDQG LV
D 6HSDUDWLRQ &RQQHFWRU ,1 HOHFWHMLADHG J MR GH §D UNDROWRIGH JMRI® GN FOWRQQ VWD O B X\GW $8M O H D
6HSDUDWLRQ &RQQ HRRLQ VX WH FRIQUIDGAMKLEY BB S EH FDLXMHLY DQRGL]JHG 7KH FROBXBWRLWHRIDWK L
&RQQHFWRU VKHOOV DQG (0, JDVNHWV LQ WKH 6HSDUDW LR QVARXFMPWRILY $WVEIPERDQGNE VL RIAQ®L
IDVWHQHUV IURP WKGIMRIRQWED @ & WXFE WFNWLYH VKHOFR@GWKH '% FRQQHFWRU LV IDVWHQHG PHFK|
ORZHU DVVHPEO\ Rl WKH /LJKWEDQG

6HH 6HSDUDWLRQ &RDQQKHRAWR UR'D WOMHDRQNFWBLE D Q JBHV L

6XUIDFH &KDUJLQJ

%HFDXVH WKH 8SSHUQRIGLIHK® V) O IDFH LIWR B O B HW\RX @ R AFKDLY BIGQY X DIV JURXQGHG WR DGMRLQL
DWWDFKPHQW EROWYE&R FDWZRRIQQ FKE-RXIOHRWDH QLAY FEZKIF VKHOOV RI WKH 6HSDHBWLR W ERDWHFWR U
PHFKDQLFDO LQWHUIDFH WR WKH 8SSHW 5L\ K H D) BGLRHFG O/ X/\$IFOW H DLAVH UAHP R Y HGH G KIHQ/R Z MY S/OQUII
LV IXOO0\ FRQGXFWLYH

5DGLDWLRQ 6HQVLWLYLW\

7KH /LJKWEDQG LV QR W D/GILOM MRQ H7 K H) R\ KS\RBDVGI \G R BV E R MW\ LREBWYBER EW R (DU H7 RIRUGIL R G H V
FDSDFLWRUV RU UHVLVWRUYV

6WDWLF 6HQVLWLYLW\
7KH /LJKWEDQG KDV QR VWDWLF VHQVLWLYH SDUWYV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

TKHUPDO 3URSHUWLHYV

9DOXH RI ORWRUV LQ ([WUHPH 7TKHUPDO (QYLURQPHQWYV

7KH /LJKWEDQG PRWRUV DUH '& EUXVK PRWRUV 7KH EUXVKHV DUH PDGH RI D SHEBRLR DVYPHWRPD [
EHFDXVH LWV SHUIRUPBZQ B \GHIW B BXW ( A MANIL Y B SRRKH U P D) YCOHPRXPVWHDWIH YV WK H P\RFMHRBWWL BOH X
IDLOXUH ZKHQ XVHG LQ WKH /LJKWEDQG DV D VHSDUDWLRQ V\VWHP

7KH PRVW H[WUHPH WKHUPDO HQYLURQPHQWHREWRURREWED QTGKUDWH 6L6KWEDQGY ZHUH XVHG RQ
PLVVLRQ ,&8 VHSDUDWHG IURP WKH 6 RXWW.®RK R®Y\ WKKHQWKKBD\/RIKWKEDQGY KDMGHBPMHQ H[SWRHG

f& WKHUPDO F\FOHDW XHKH B\ PSHID UDWHE® QVRDEVHHV &P RQ 676 -X0\ &$BWKHERYDPEHUIRUP
PLVVLRQ ZLWK DGGLWLRQDO /LIJKWEDQG VHSDUDWLRQV

JLIXUH 7TKUHH /LJKWEDQGV XVHG RQ 676

*HQHUDOO\ WKH WKHUPDO HQYLURQPHQWHRILYQ PDIQIMXP! & KXUWMAORHD MKW RRIEW EBWLRQ HYHQW RQ »
PLVVLRQV XVXDOOPR®RWHY RLIWHKLIF K LFDIX R H BUW KD §5OEH! W8 B IR H E Q D DV VIMDG HVY RIK WKGIH W TFD WQRF
VXEVWDQWLDO OHQJWKY WR DYRLG WHPSHUDWXUH H[WUHPHV

$00 IOLIJKW /LIKWHRQD WRHHPRDOVWHXXP HQYLURQPHQW DW 36& 7KH VWDQGDUG WKHUPDO YDF)

6XUYLYDO DQG 2SHUDWLQJ OLPLWYV
6HH 7DEOH IRU VXUYLYDO DQG RSHUDWLQJ WHPSHUDWXUH OLPLWYV

(IWHQVLYH WHVWLQIL&KHDNVOVREHQDMLIDJ WHP T UD WHLPHS i U PHAYXW HPRL Q QBL H Q H UQ L W H D WIHU HSGV VORR Z.H
WHPSHUDWXUHYV WKHWRHQLWRLQ® WLBHUHDVH EHFDXVH RI WKH JUHDWHU Y L FFRRP\SLRAD\ HRIOVX EJUL F C
VXFK FROG WHPSHQ ID/DXUGIKUBIDWXONW HFORIDRX B Q GIH® MLX Q F W WRKGIVP RWRHYMWZ L QG HE U WHWH V VD IVQ G F
WHPSHUDWXUHY DOORZLQJ PRUH FXUUHQW WR IORZ WR WKH PRWRU DQG WKXV PRUH WRUTXH WR

$EVRUSWLYLW\N DQG (PLVVLYLW\

7KH PDWHULDOV LQ 7DEOH VKRZ WKIH KWEDFE MRPSREQMQOWY R4HNV DV QRW E IS CPLRIGA IR H GVB\S W K
EHFDXVH WKHUH LV QR DUHD WR DSSO\ VXFK WUHDWPHQWY B6SHFLILF PHDVXUWHRWEDNY GR K BNH QR
EHHQ SHUIRUPHG DV WKH\ DUH KLJKO\ GHSHQGHQW XSRQ YDULDWLRQV LQ VXaSBHH S\WOHD WF& QW
GHIHUV WR LQGXVW U\RDFWKSWH & DO $IOH QRXU PX 'O

6HH 7DEOH IRUSWRIOMLWD EQRUHPLVVLYLW\ YDOXHV

&XVWRPHUV RFFDVLRQDOO\ DVN DERXW W R3 LWK B J8 3/3<HHU VUL D MHR VRIEEMODA. BH@H VIV X 8 W R B UPPHD@WR E U
GHWDLOV ZK\ WKLV LV QRW IHDVLEOH

7KH DQRGL]JHG VXUIDFH WUHDWPHQW LVVQHFHD'WOUUHBKBPKVHZHOY KQUGISHDOWIRGZRXBG EEBERGLQH
UDSLGO\ bQG SRWHQWLDOO\ FROG ZHOG RU VWLFN SUHYHQWLQJ VHSDUDWLRQ +DUG VXUIDFHV

7KH 8SSHU 5LQJ LV SHSSHDIOGWABWY RI KROHV FXW RXWYV bRSDH@WLIRQ GRQ ¥ RFMWRVUNU IOHHVWIRH V
/HDYHV WLH ZUDSV DQ @& ERWOH VHDWRU RVRZRX @® KDHYEG WR DYRLG LVRODWLQJ WKH SDUWV RU WR
PDWHULDO WKDW ZRXOG ZHDU VWLFN RU SURGXFH JRUHLJQ 2EMHFW 'HEULV )ROHP7HQ KHRWXWHLDC
UHQRYDWLRQ LV ZKHQ WKH SDLQWHUV 88ODXWW WKH GRRU ODWFK RU ZLQGRZV

7KH PDQ\ WKURXJK KROHVY DOORZ VRODUWMRQEDVY DM} RGIKDWK G HB KWELIRFG UHESSHW) 5 MOKIH VXU IL
$Q\ FXVWRP VXUIDFH WUHDWPHQW ZRXOG UHTXLUH PXFK VWEUREW HW @& DHQ GV LHRFIHR/\L G H EHWKARKHIOQIRV\O
QLFNHO SODWLQJ RU DGG DQ RSDTXH OD\HU LQ WKH QR®@ FH VIUEHDH/ i D-EFRVOULIS M B R EYWHKEHR QHIPBI QS H B
PLIJUDWH ZKHQ KDQGOHG HYHQ ZLWK QLWULOH JORYHYV

,W PD\ EH HIITHFWLYH WR HPSOR\ LQVXODWLYH ZDVKHUV EHWZHHQ WKH 8SSHU 5LQJ DQG WKH VSEC
VXFFHVVIXOO\ XVHROYBWHKWUWWRBEEWX URVWIDOKHFSORBHG S8OVWHP HID¥ MVHDUW KLY SXUSRVH

6RXUFH $SSHQGL[ $ RK6SPPABFAUJDQWUROPHDQGEBERRMGOGREAXLOPRUH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

TKHUPDO 5HVLVWDQFH

7KH WKHUPDO UHVLVWDQFHV RI WKH /LRERQY HEDMQTGDEDUH\ E\ ¢ UXPKWEHUDY DWKL ROOB62 THeitdlQ LQ 36& 'F
Resistance Test.

1RPLQDO 7TKHUPDO 5HVSRQVH

7KH /LJKWEDQG LV LOWHBDWRIGD VR QYHFWEMRY GR@ R VRLUAKH Z \ LD R O \WLRV YDW MK 6 XODIRHORE GXH W
GHQVLW\ DQG VL]H RI DGMRLQLQJ VW GXWWRKSHYD WX W EK QVNERHE RIPEONEIIR Q R R LIQYIGY HKRLE O IGW
$GMRLQLQJ VSDFHOMKEFQERWWKRDOHUDWH WHPSHUDWXUHY RXWVLGH RI D WRHHGERBBIQOG VEHFD)
OLPLWYV RI SURSHPD DM/ EBWMHVUUWLRQ PAKLGK WEHYBWHKLFOHV

7KHUPDO *WD ALGI® 7UDQVLHQWYV

7KH /LJKWEDQG KDV EHHQ VHSDUDWHG ZWH®IS HJ 5 RAXHIG! \G R | DH ¥ K DWW D Q WELHVWDZ H HFOVWR @ 8 S RHi 1B @EQ ¢
"RFEXPHQOW15 GHWDLOV WKH UHVXOWYV RI D WHVW REHUH5LQJ ZHDA/XDOSLIHGKWRWAIQH IURP GVURFNH
SUHFHGLQJ D VHSDARDUWWLREHDWHPSHUDWXUH GLIIHUHQFH EHWZHHQ WKH 8SSHU DQG /RZHU 5LQJV

J)LIXUH 7TKHUPDO WUDQVLHQW WHVW UHVXOWYV

6RXUFH 36& '"RFXPHQW $

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

6KRFN SURSHUWLHYV

OD[LPXP 6KRFN *HQHUDWHG E\ /LIJIKWEDQG

7KH /LJKWEDQG JHQHUDRWMAKN KRFND GXWLRQ HYHQW 7R FKDUDFWHUL]H WKLV WKREFG MRLFHLGHUWR R+
8SSHU DQG /RZHU 5LQJV 7KH DFFHOHUR P HWKHRUF\N FDHAD WXKUHH GLW X B DM 8IBFWSDGFH D Q& WD XQFK YHKLF
GLVSOD\V WKH OD[LOD[ VKRFN UHVSRQVHLYISWEWQ & A HE6%6 1R Z MK ABEQFXODWHG ZLWK REFWDY
DQG GDPSLQJ 7KH WHVW FRQILIJXUDWLRQ DQG DGMRLQLQJ VWUXFWXUHV XHHW BQ G H UHQWE DRUL
5HWDLQLQJ 5LQJ SUHORDG DIIHFW WKH 656 YDOXHV 7KHUHIRRUH SAKID LYLADCHIX B ID\DINUW/EA G LYY K RI X C
WLPH KLVWRU\ GDWD

7ULD[LD®
$FFHOHURPHWH

YLIXUH (IDPSOHV Rl WUL D[LDO DFFHOMUWPR® 13U JVR QGG HQR G WDROWKH /LIKWED (
YLIXUH /LJXKWEDQG JHQHUDWHG VKRFN UHVSRQVH VSHFWUXP
7KH 0/% 8SSHU 5LQJ VSLNH DURXQG +] ZDV GXH WR D IL[WXUH UHVRQDQFH
BRXUFH 36& 'REXPHQW 1$6$ +'%. 6HFWLRQ

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

$ XQLTXH WHVW FRQILIXUDWLRQ ZDV XVHG IRU HDFK /LJKWEDQG
X 0/% /IRZHU 5LQJ EROWHG GLUHFW G\HWRS @ B WHY D ®XSPH @XPUDNQBRWOWM/ RG S Y HMXBG RUWLG

DOXPLQXP SODWHV S.SBH® BWQWUROD WMHSQUWWRWQRQ QRW
x 0/% /RZHU 5LQJ EROWHG GLUHF\WDWW RS S\HKL 5N QUOKRPQ WX S LUHFWOD QUR @I KUBR R\ L

D FUDQH /RZHU 5LQJ DOORZHG WR IDOO RQWR IRDP GXULQJ VHSDUDWLRQ
X 0/% /JRZHU DQG 8SSHU 5LQJV DWWDNFRE G &RV VBIG D UDWRIER G LLOH O XD EL GBLSUEHDWY BIIVQR QN L

DLU EHDULQJV GXULQJ VHSDUDWLRQ

J)LIXUH 7THVW FRQILIXUDWLRQV IRU /LJKWEDQG JHQHUDWHG VKRFEN

J)LIXUH 1RPLQDO VKRFN UHVSRQVH WLPHOKLYVWSRDUIOWRR@WKH /LIKWE

6RXUFH 36& 'RFXPHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO SODQHWDU\ 6\VWHPV &RU S

OD[LPXP 6KRFN $SSOLHG WR /LJKWEDQG

JLIXUH DQG 7DEOH VKRZ PD[LPXP VNEBPR ® &£ 03 B YDHRXWIKMMW BB/QG ZDV H[SRVHG WR WKLV V
LQ HDFK RI WKH /LIKWEDQG D[HV

'‘DWD ADPBOHXLIHG DAMFRBIGN WEROQMIR VSHFWHEBPZZD/K FRP S X W
RFWDYH EDQG IUHTXHQF\ LQWHUYDOV DQG GDPSLQJ IURP WR +] 1R GHWXSRBQMKD \LH

FRPSOHWLRQ RI WKHVH VKRFN WULDOWB®Q®&DWH 7LH\KWIE@ID KDER BRQW WHIVEIIIRWED QG VXEVWDQWLD
VKRFN LQ D W\SLFDO IOLJKW VWDEFEN

JLIXUH OD[LPXP VKRFN DSSOLHG WR /LJWWBDMFEH DW /RZHU 5LQJ LQ
JUHT >+]@ $SSOLHG $FFH@HUDWLRQ >
/IRZHU 7ROHUI 1RPLQDO 8SSHU 7TROHUPDQFH
7DEOH OD[LPXP VKRFN DSSOLHG WR /LJKWEDQG
6RXUFH 36& 'RFXPHQW )

- X0\

Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

SHOLDELOLW\

BSUREDELOLW\ RI 6XFF &RQILGHQFH /HYHO p @
!

7DEOH OLQLPXP UHOLDELOLW\ DQG FRUMWGIVSRQGLQJ FRQILGHQFH OH

7DEOH ZDV FDOFXODW H GSpave \@Hiclé MecBadisms EFRISHWHU / &RQOH\ JLYHQ DSSUR[LPDAWHONEDQGWR
KDYH FXPXODWLYHO\ EHHQ RSHUDWHG FROMXFWKRPQ@ W HWWLLRHIVDEGU LA B W R S HRIDWH R\Q & R$WX RH QAN
WKH /LIKWEDQG KDV RSHUDWHG VXFFHSDPHOL PRV H7 WHIDIQ K DWHPEHHHORQQR IDKWXUHYV WR RSHUDW

B3ULRU WR VSDFHICHD®R® LNDWHKSDURWH& @Q)RPMHBXNM R/E R UMY GH R7SHHWIHW L RIQQVI ARRFGEDS MNDHRG- K6 X U
WHVWLQJ E\ 36&8 DQG DGGLWLRQDO RSHUHIW ISRQWKEHAQIRQ PFHDE EM WK H WK HWW RJ KAMELD Q B SHHOUOMRVNR @ K
PXOWLSOH WLPHV EHIRUH LQ IOLJKW VHSDUDWLRQ

3\URWHFKQLF
YDLULQJ 6HS § BRI ORWRUL]HG /LIKWEDQG
7\SLFDO TXDQWLW\ RI WHVW
VHSDUDWLRQV RQ IOLJKW XQL :
7DEOH &RPSDULVRQ RI VHSDUDWLRQ VODXKQFKHSDUDWLRQV EHIRUH

$OWHUQDWLYHO\ RS8R HOMYYE G AXBOL IH FIDPU QRIQUX@LW ¥ VOR W\ OLPLWV D QA LIQVEDR GAK H D ODRZQE
DQG VSDFH IOLJKW $ W\SLFDO TXDROUHLWEWQRQ WS BW DMOLMR @ HWVE\OMV LROQPD DA QR Q HW/HL Y KWW EIDUHG S I
HQYLURQPHQWDO WHVWYV

%HFDXVH RI WKH UHXVDELOLW\ RI WKH /LJKWEDQG DQG WKW K IDIKD § V RVG XV WHLERBOWIDO WRRIDGAW \K RV E |
PDIJQLWXGH ODUJHU WKDQ FRPSHWLQJ DQRWINKQHNVN M\QYMWEH PWR EKHUHXWKIWEOH 2L WHOW B HLIOQ WM Q W

6WRZLQJ FRQVXPHV DPRUW HQHIPIH WKDQ GHSOR\LQJ 6R WKH DFW RI VWRZLQDWHWH W IKH WEDDRL \B
WKH /LJKWEDQG WR GHSOR\ DQG VHSDED@®RRQ ERUEWR Z IRENHK R/ /IWMHWERMYIBW Y LV LQRSHUDEOH 7K
RSHUDWLRQ FRPSOHWHG DIWHU WKH ZIHIK\R E B Q BW.IVR QWHRRA-E® HW HIE ER E B W K FPRWRWW LV MRQIL FORU
GXULQJ WKLV RSHUWEWGRQ DWKS URHRAFW3 B & F R DX\P20@DUAT MRIKMLB Operating Procedure LW ZLOO SURYLGH GDWLE
LQGLFDWH WKH FDSDFLW\ Rl WKH /LJKMEE®QG WR RSHUDWH SURSHUO\ RQ R

OD[LPXP UHOLDELOLW\ RI WKH /LIJKWED@G WKHM BSHR DHUWBR.QGGF PAHREL QQ WIR W K H HQ HR/W EEDSHG IDIQ EDW |
DYRLG XQQHFHVVDU\ \DIMWRR GY DARE RSGIUIFPQWDDIS SIHHEOY DV KLIKHU YROWD JHNFXIDA \ERXW RBH H S
SRZHU LQFUHDVHV VWUHVVHY WR WKH ORWRU %UDFNHW $VVHPEO\

36& FRQVWDQWO\ DG EDQRH W MFKKH RIOK W OX B EIQFIUVMDE KULIDJ JURXQG WHVW DQ®LQHERKWKW %N\OEX
/JLJKWEDQGV SHU \HDU 36& HQJLQHHUV BW PIDR FRH DIZRRIHV R | WHIOH Q & I/ OW WD

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

J)DLOXUH ORGHV DQG (IIHFWV $QDO\VLV )0($
36& 'RFXP2@WOA Mkl Motorized Lightband Failure Modes and Effects Analysis SURYLGHY D GHWDLOHG /LJKWEDQG )0($ 7
PDMRU VHFWLRQV 3ULPDU\ /RDG 3DWK ORWHRV%DQBENHXP BYVYHRRO\ 6XEV
7KH PRVW FRPPRQ VRXUFH RI /LIJKWEDQGVIDWU GHXUWUR WCEH EB K QYHFWKWR Q@ HUOH F W H GHWORQ G HUDHGE MIKYHH R
+HUH DUH D IHZ H[DPSOHYV

WUDLQLQJ
X $ FXVWRPHU GLVUHJDUGHG WKH RSHUDMPLLQW SALRFIHGMX HV EUYDIVGVRGE WKH SRZHU VXSSO\TV
D VFUHZ GULYHU WR KHOS WKH /LJKW EBD @& LMWRZH GWWZRD VUDIGIS DD G E @ W RGZHP D J H

J)LIXUH (QG SODWH ULSSHG RIlI 60LGLQJ 7XEH EHFDXVH WKH /LIKWEDQG ZDV QR

$ FXVWRPHU IRUJRW WR IRUFH OLPPWQYLE UDMIGRRP YAEUWW EZRQOMHY/MUDRUG FUDFNHG D /LJK

X
WHVW ZLWKRXW QRWLFLQJ WKH FUDFNHG /HDI

JLIXUH $ /HDI IURP D /LJKWEDQG F U DIFINAHZG LD QB®RIP GYXUELLDIWD. RQ WHVW

X $ FXVWRPHU KDG 36& HQJLQHHUV IO\ WR .RGLDN $ODVND WR IL[ ZKDW ZDV WKRXJKW WR E
LPSURSHUO\ RSHUDWLQJ D PXOWLPHWBWIXR® G WR YHULI\ /LJKWEDQG RSHU

X $ FXVWRPHU IRUJRW WKH /LIKWEDQG ZBW\FRRQHFIND G URRK QUE MDBWLERHRI IHIKSAKMAGRIDD. G V' 7K H |
GHSOR\HG DQG WKH VHSDUDWHG FDQWLOHYHUHG VWUXFWXUH GDPDJHG WKH /LJKWEDQG
$ FXVWRPHU LQFRUUHFWO\ ZLUHG WK KV RDVE O /ILUIRKRN & B G GO D M QX & WIHKL EQHV W D 8 BRIGGRAR W R L

X
7KH PRVW FRPPRQ HUURUV DULVH ZKHQ FXVWRPHUV IDLO\WR HR /O R E DS R R 9 GXXIFMIILFSDNR\S HEHRVDR O
VRRQ DIWHU UHFHLSW E\ FXVWRPHU DQG DW FRQVLGHUDEOH FRVW 7R SUH YSHOQW KV MLKH | DLLIGXWED (
WUDLQLQJ FRXUVH SURYLGHG E\ 36& DWX@GR WKNLVDP BRXW D DG GHWHDE QVRENWH 6HFWLRQ

3DJH R

- X0\ Z22Z SODQHWDU\V\V FRP



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

&OHDQOLQHVYV +DQGOLQJ

&XVWRPHU &0HDQOLQHVV DQG +DQGOLQJ 5SHTXLUHPHQWV

8VHUV VKDOO VWRUH DQG RSHUDWH WRNLURQPEQRWG LIQHD/ LYIKM EDQ 6 OVKID®D O B H LRI YWHELHIG ZAKBAQE @
KDQGOHG ZLWKRXW JERQIED LDV S R B B CDME00E LMK XMBMp&dtie Rr@gedure DUH IROORZHG

&OHDQOLQHVV DQG +DQGOLQJ DW 36&

7KH /LJKWEDQG LV DVVHPEOHG DQG WBAPWEW LTKE WKHERD GG BB R)XPQIYEFIRS W DXE G HWH R WV WKIDQVG !
WR ERLO RIlI YRODW I$®HV KR R W\B R H QDIQMAPD/D W B O BXPW R F O H DYQR GVMKWM L/Q B KRADEMDHIGL BOV RU H[SRVH W
XQDFFHSWDEOH FRQWDRKMIID/QICRQ D B K HF R Y.IQUX\GH ZIK\W (B 6B¥R V6 H F WWR 6 F RROVWDIPLL@HDWWL R R GF/R RWWHIR O QP
VKLSSLQJ

&OHDQOLQHVYVY 3UHFDXWLRQV

7KH 9LWRQ EXPSHUV 'HSOR\ 6WRSV FDQ IMXHG GIHEKHV/LJKVEEDQR® @M SORREG E HR @G [HW 6 HHY HIDIEK
IRU DQ LPDJH RI WKH 9LWRQ EXP S HRXN U DRBQ6 R FWLUR® E D QIR X\GLEOH OLIH

‘KHQ WKH /LJKWEDQG LV VHSDUDWHG D\@BUGIR'W LIMVMVD E@ HGD @Y ®@ FRWDK HOHYMEV RWVH KHQ WKH PRWR
DFFLGHQWDO ORDGL@X QKW LRAK BDQL BV ARV HY WKLY FRPA\LE D R D 68 RWRR B ULR EESR. @ HFQMAD \R UR®H

7KH 6HSDUDWLRQ &R QO@HFWR®E N ERDLY ZR HIQV W IQHD/ IGIHKS\EFD\@ G QV O/ IDIVGH WRK L) FG M B B WHAQ VB 6l8Q WH U P L W
UHFRPPHQGV WKDW WKH H[SRVHG 6HS D U IBWZRKQ&R®M YHFHWERHIS DIRQM GE M VFRWHUIRU H[WHQGHG GXUD

IXEULFDQW %UD\FRWH DQG PRO\EG HSOMMH G LMX @ H\GHUP D[ WREB WILR @8 DQG VKRXOG QRW EH UH
/IXEULFDQW LV ORFDWHG LQ WKH ORWRW % UDQF I$ N WHPECH P BVAO\H WHKIH SN WIDR BQ L HRW HDRIGWLKCH VB IS IS HDLF F
5LQJ @006781 Mkl MLB Operating Procedure IRU DGGLWLRQDO GHWDLOV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

6WRUDJH S5HTXLUHPHQWYV

6WRUH WKH /LIKWED ® GR\WXDH HQ QWH®BI\WOLHYWHKWRDQGLW\DW WHPSHUDWXUHY EHWZHHQ DQG fé&
LQ WKH GHSOR\HG VWDWH WR PLQLPL]JH VWUDLQ RQ FRPSRQHQWYV 7KH PD[LPXP DOORZDEOH VWR

7KH 6HSDUDWLRQ 6SULQJY GR QRW DSSUHFLDEO\ FUHHS GXH WR ORQJ WHUP VWRDBILRQQG WKH
6HSDUDWLRQ 6SULQJV DUH WHVWHG IRU FUHH S EEH NRKHHOL CDLWHD @ © D W L RIQVED @G/ LMW EBRBIXN\B DG W
EH FRQWDFWHG IRU DSSURYDO EHIRUH RSHUDWLRQ LI DQ\ Rl WKH DOORZDEOH VWRUDJH GXUDWL

$ /JLJKWEDQG ZDV VWRZHG RXWVLGH WKRUQW HRQIWKVR QWY ONKSHIDF M X6FVEBIW Y. RX®D AUDGHSOR\VHG WKH 5:

JLIXUH LQFK /JLJKWEDQG GHSOR\LQJ 526% IURP ,66

7ZR RWKHU H[WUHPH VWRUDJH HQYLURQPHQW\ ZWIURIQW K HQ6W&K R BIXGIEVBDE W L[] SHU PLVVLRQ ZHL
VKXWWOHYV FDUJR ED\ IRU PRUH WK DH) OMDZR) EK FSND\G D RW HWH Y HW I © (RIRR@V MAK @ K H DXERKRQ W UR\E O H &
IURP WR f&RWU LV DQ H[WUNPKHQILEFDMURXWRI WKH /LJKWEDQGYV FDSDFLW\ WR RSHUDWH D
/JLJKWEDQGV ZHUH VWRZHG IRU DERXW PRQWKV EHIRUH GHSOR\PHQW

,Q DOQRWKHU H[DPSOH D /LJKWEDQG RQ WKWMREH8G6R P RW\ELRQ |BH PR &/ KDQ REPWQEHRBVXRIQ R
LVVXH 8SRQ UHFHLXYWQRQVKHIQBODIW RP VPRI \WKNMD O DWWWHILIKIAK/D.Q KSAOEDQQIEEH ¢H SDIWUDWHG QRPLQDOO

6RXUFH 36& '"RFXPHQW $ 6BHSDUDWLRRURFHICXUSVVHPEO\ 7THVW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

ILIKWEDQG 2SHUDWLRQ , QWHJUDWLRQ

&$87,21 2SHUDWLQJ WKH /LIKWEDQG EHIRU36 & ALY YRL GV WIKIHOUQKWEDRQ GV ZDUUDQW\ 6HH 6HI

$00 /LIKWEDQG XVHUWRPSH HWHXD UMHEDWERLQJ FRXUVH FR Q GXF WX\GWER PIBLET M QUHRDHREWWILEHABLVDW W
KDYH EHHQ WUDLQHG BMKIRUHIRSIEDRWL Q@KLY WUDLQLQJ LV LQFOXGHG LQ W HIHG FORW \B 6R:IT W KBIFALG KW
6LOYHU 6SULQJ 0DUW®DQ G L G B RR\WDHY DLLOOCDE\OMHG W WSLRRQHD@WAR Y L Q L K RMKWM WHBREDELOLW\ RI XVHU
KLJK 6HH BHFWLRQ

7KH ODWHVW UHYLVLR QOURT8B BIkI MRE RpetathyProcedure GHWDLOV WKH VWHSV WR LQWHJUDWH DQG RSHU

$FFHVV WR )DVWHQHUYV

KHQ WKH /LJKWEDQGWKHVIDYMWHDWHHE WR WKH DGMRLQLQJ VWUXFWXUHY DUHGUBPEH®V DWFFHVVLE
IDVWHQHUV LV OLMH. WMHWKEXM ERWHREHVY I[URP WKH LQVLGEN $RPK Q@ W HQV (6BRWE HH GAKLRUHWV

9HUWLFDO DQG +BUDMIQRODWR GEMRLQLQJ 9HKLFOHV

YLIXUH 7\SLFDO YHUWLFDO DQG KRUNMRQWDO LQWHJUDWLRQ PHWKRC

9HUWLFDO LQWHJIJUMNMWIRW RDWRKHVV\S RRASYUHMWW QHK AV BH S D UHHIRWILRRQEMBLIQ Q RMVH WMKHWRRED B HWX MUK
FRPSUHVV WKH 6HSDVBDWK Y €&SBOQ PSS WWRMW WIDFHCGGHHMLEOH 36& PDQXIDFWXUSVHSWRROL HRVRDAM
WKDW FDQ EH XVHGHIRYV WHQ® SGKHEBMFWLRQ

,VRODWLRQ V\VWHPV VLPSOLI\ LQWH JUDHH.R @ E WADRA M KHK HL JKMFEFDYGHG WIQHW KHHPHQ® VDO Q B YR G &/
FRPSOLDQFH WR WKHWLR® 5P QM PRY EH XVUHGVWRUDMPLISRQ 6HH 6HFWLRQ

7KH FRPSOLDQFH RI WKH HQWLUH VWDFRNUQN H QW KIR EW HD WAKHHV MH & WVEFD © G R SK HIDU W KRl ANV KKW E D Q G
LOQWHJUDWLRQ SURFHVYV WKH HQWLHMWNUPWEBWHO(Q BHON)VE SSREFIAHYUHBLINEIO BIRD R WHR RRIDHU | BRQ J R U

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

LPSURSHUO\ DOLJQHG WKH /LIKWED (HX ZEOKW GRXE® DVRGS XIOMHP WIKHIWW/ESLDFR FH FW VB (FIRPISDQBQR U D
PRUH SUHFLVH FROMKLFEO HRISRSYDWH RV R DOUHNGREHMBHFHVVDU\

YODWQHVV RI WKH DGMRLQLQJ VXU IDMHYHTKKR X GG HEGIWZ GW KLLGH O IQDEDENDGI MAT R IRUAH P H @/WEBA BVK H
VWUXFWXUH VKLPV FB® [EHR X WPH DG XLW WG L Q DMKGIHWN T

YLIXUH 36& HQJLQHHUV SHUIRUP D KRULJRQWDO LQWHJUDWLRQ ZLWK DQ LVRBDWLRQ V\\V
YLIXUH 36& FXVWRPHUV SHUIRUP D YH&DMLFDO LQWHJUDWLRQ 1DQR
YLIXUH 36& HQJLQHHUV SHUIRUP D YHUW8FDO LQWHJUDWLRQ &$3(

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

I[LIKWEDQG &RPSUHVVLRQ 7RROV

$ IRUFH PXVW EH JH Q HWNWWHIGH V6 R FRPBWGE RFP@ WHUWERHV/DIKWEDQG KDOYHV SULRUVWRQVIRRZAQJ /L.
/&7V DUH LQVWU X PBHRS W KV\HBRWRU H V V/ 87KH DY U HK MGEHDIDGS |@ W K/LLFAKX VW H R Q YK W BMERZE & XORW LE|R VW D C
ZKHQ WKH UHTXLUHG FRPSUHVVLYH ZHLJKW FDQQRW EH DFROMUHEX WRWLRIQ 8888 Y L5LIOU WEYWD R Q& L
WKH /LJKWEDQG LQROWEHQUSW A MWIHXL EBHOR DKW HWDDW FHUWDLQ VWDJHV RIDWKH.BEGRIQ®G FG H ¥ I ¥(
EH IORZQ +RZHYHU WKH FXVWRPHU P DR Q HR Ro/HV IMKHHG® VBHMHNE KIQ W BI02 MW CTRIPeRiing Procedure
(TXDWLRQV EHORZ HVWLPDWH WKH UHTXLUHG TW\ RI /&7V

J)LIXUH 8VH RI /&7V WR FRPSUHVV /LIKWEDQG

9HUWLFDO ,QWHJUDWLRQ

,Q YHUWLFDO LOQWHKW BWWK® WEBFHHLIQKERRSHUBMWWILRWYVRI WKH /LIKWEDQGTV 6HZDODWIRRXQ/ 18 8Y DV
HVWLPDWH WKH UHTXLUHG QXPEHU RI /&7 SDLUV ,I| QHIJDWLYH QR /&7V DUH UHTXLUHG

L — Et
Ss
:KHUH
69LV WKH VSDEZH LYIKKML EQHLHZWRQV >1@
6 LV WKH 6HSDUDWLRQ 6SULQJ TW\ >H® VHH 6HFWLRQ WR HVWLPDW

/&7 LV WKH PLQLPXP QEPRKULRIPSUKWVYLRQ 2BROVVIBHTXLUHG

+RUL]JRQWDO ,QWHJUDWLRQ
,Q KRULJIRQWDO LQWHJUDWLRQ WKH HQ W0 QHS HSWDAUHD @H R AVE/DULQWU R FRPWUHHY J MVKHHU D MTHG. U bl RPX RE
RI /&7 SDLUV LWHWRLWRBHXPEHU Rl 6SULQJV

L

KHUH
6 LV WKH 6HSDUDWLRQ 6SULQJ TW\ >H® VHH 6HFWLRQ WR HVWLPDW
/&7 LV WKH PLQLPXP QEPRKMULRIPSUKWVYLRQ 2BROVVIBHTXLUHG

/ILIJIKWEDQG &RPSUHVVLRQ 7RRO 2SHUDWLQJ B3URFHGXUH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

$FFHSWDQFH 7THVWLQJ

36& FRPSOHWHY WKUHH VWDQGDUG D FF HDSWDOFRHK WV HYQ\G/ 6 B ISBWIDWILRQ FH 6 UPE DG SRIQ RUNW Q G L
GHOLYHU\ 7KLV LV SDUW RI 36&TV TXBWERQDBVVER MRV FODNEUREIKIVWD QG 06 KGLDBFH\SWIPERH VD
WHVWLQJ LV SHUIRUPHG E\ D WHDP RI 3%EJOQRILQRI UQ G T X¥RGAKDE QBWHRIBM G QU WM K R QWHY MW LIV F W
RWKHU DV TXDOLW\ DVVXUDQFH DQG D THRPSB GHRW 8 G HDAWHUFHNXULHZH G7 &5 LV

7KH /LJKWEDQG LV WH VALMWE D VE HKFYR QR QVEH &HILQLWRZHYHU 36&TV WHVWVQIRRN WEFHOM G KWEK
FXVWRPHUYTV ZLULQJOXD QEWW\G HRUBPK HU FDQ ZHLJK DV PXFK DV RU PRUH WK DQWMIQH GL WKRVE B E G
/JLJKWEDQG GXULQJ WHVWLQJ WR PLPLF IOLJKW OLNH VWUXRWHKUB Q VWXH LLF B B UVINGRG MNERI OIBAPAHF S BVFD>
WHVWYV *HQHUDOO\ FXVWRPHUV DUH SHBWRHQ/GHBOWRWMWHVQWA D B VS 6 ¥R @UW R Q 11 8 PIHGWD\Q P M LW [E H
FXVWRPHU UHSUHVHQWDWLYH LV WR DWWHQG D WHVW

36& ZULWHV H[HFXWH\W I & H\B\8 USKOMHMAW B Q& PRWRHW DN Y HOR AW LIRWQL ¥ H [DQ W HRIP HIWH THRW HIG FIDXVIVR Q
UHTXHVWHG FXVWR P UM DAUHHVWX S © O RRIGESWW R B UL R UN W R WA PHS/GIH W W WAH Y3689 DUBDMQARQ WSS WBIW L R
WXQH LQ WKH SUHORDG IRUFH Rl WKH SUHR\SHUQ RS H BDYLRQG WKHQ YHULI\

(YHQW 6WDQGDU 7\SLFDO 1XPEHU RI
&XVWRP" 6HSDUDWLRQV 3HUIRUPHG
%YHQFK WRS VHSDUDWLRQ SUH %&5 6WDQGDUG
9LEUDWLRQ 7HVW 6WDQGDUG
7TKHUPDO 9DFXXP 7HVW 6WDQGDUG
6HSDUDWLRQ 5HODLDELOLW\ 71HVW 6WDQGDUG WR
6WUHQJIJWK 7HVW &XVWRP
6KRFN 7THVW &XIVWRP
7TRWDO H[FOXGLQJ AXVWRP WHVWYV WR
7DEOH /ILJKWEDQG RSHUDWLRQV VXPPDU\

6WDQGDUG $FFHSWDQFH 7THVWYV

(DFK WHVW LQ WKLKRUWPHGVRRQH YW BHIG LEXMO W. FAVBBRQ7KH WHVW SDUDPHWHUQ GHQD R G MW XW R/ RKRW
WKHVH SDUDPHWHUV LV FRQVLGHUHG FXVWRP ZRUN

5DQGRP 9LEUDWLRQ 7HVW

/IRFDWLARAX@POLILHG 9LEUDWLRQ 7HVW )DFLOLW\

2EMHFWIIHYH. I\ ZRUNPDQVKLS

7THVW "HVFUDSUIWNIQRQW KLY WHVW WKH WHVW LWHPUDIQG®R E H IHHEBRWH R QV & UR I--FOHWLLLR VB H &VH. lRQY \R KR J
YLEUDWLRQ WKH WHVW LWHP ZLOO KBHAWHE® IMWRHGHDQE WKE® LRURFWQLOOLRSHUDWHY QRPLQDOO!
6WDQGDUG )HYXOH GHILQHV DFKH QRPQEBPWHVW UDQGRP YLEUDWLRQ SWRISTDOH540&HasH YDOXHYV
Requirements for Launch, Upper-Stage, and Space Vehicles (SMC-TR-06-11).

1XPEHU RI VHSDUDMWLRQROORZLQJ WKH ODVW RI WKUHH D[HV RI YLEUDWLRQ

'$51,1* 7KHVH YLEUDWLRQ OHYHOV VKDOO QRMQEWM KIS A0 KME IWMRGWRHV/X.S B REWQGJZE NG EVWDQWLI
HQYLURQPHQW EHORKWBEDIRE MORQH :KHQ WKH /LIKWEDQG LV VXSSRUWLQJ D VEWIXEMRQUH HQJIL
HQYLURQPHQW ZLOO JHQHUDWH OLQH OWEDGLGNN DOQ & KIKH FXAK RL K HEHLBRQV XPHG

JLIXUH 1RPLQDO YLEUDWLRQ WHVW FRQRQJIJXUDWLRQ 0/% VK

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

S3ODQHWDU\ 6\VWHPV &RU S

6RXUFH

"RG& RFXPHQW

*ON,, 0/% 8VHU 0DQXDO 0,/ 67' (

1RWHV ,Q D VHSDUDWLRQ VSULQJYV HORQJDWH DW S\HDQAW HORQBRWW ,Q DQFKBVWLDWLRQ

&RQWURO EDQGZLGWKYV PD\ EH FRPELGMGSIRWHWROHUDQFH HYDOXDWLRQ

$GGLWLRQDO DFFHOHURPHWHUV VKDOO IROBRQ & KHLYQPIHHMDPRQWERQYBQ® 5RY LZKHULHV UH
1DUURZ %DQGZLGWK ([FHHGDQFH WROHUDQ R WWRXN LRDO XD Y IHF WHKHW WDMH IF RQWURO W RO

7HVW )DFLOLW\ 'DWD 7UDQVIHU|5HTXI HUHPHOWYV
3URYLGH WDEXODWHG GDWD DQG SO (
1T T T 1 1T
SDQGRP 9LEUDWLRQ 7ROHUDQF —— 5DQGRP 9LEHHZURIL
3 - = &WUO /LPLW [SERU
5DQGRP 9L_g§¥\{ BQWJC{%F&V‘)& $
JUHT >+]@3URILOH $6$6,g> Ry /L g
y +]@ y +]@
® ( N
— V4 N
+ I'l--' f— e e e - A)
\
® 7/7 N\
o \
©
5DQGRP 9LEUDWLR{ 5DPS 8S // \ \
/HYHO >[G% @ "XUPWLRQ >V@ PLQ ( \
N\
('( 3BDUDPHWHUV
3SDUDPHWHU | 9DOXH 7RO H U (
2YHUDO Q /H@HO > GY
"XUDWLRQ SHU D[LV >V{@ JUHTXHQF\ >+]@
$[HV WHYWHG x< @=
&RQWURO gWUDODHJI\ b @
&WUO WROHUDQFH +] > G% @ $FFHOHURPHWHU 3DUDPHWHUV
$FFHJO $FFHJ $FFH
1 “G Y
&WUO WROHUDQFH | ! *1>7G%@ 1DPH | 'HVLJQDWIZRIH $FFHO 30DQDU /RFDWLRQ qF

SRQVH
HUDQFH

FHO $[LDO /

&WUO %DQGZLGWK|5HVROXWLRQ 6B]@ & &RQWURO 75?§@L§\%L3/HUg(';)\\/’vaNSL'ROQD%égﬁj%<
LGH RI WRSWOWHIMWRGELUHFWRU V GLVFU
1% ( >He 0bI & &RQWYRO 788(?%%\% WUDOQV LWL RODXGW WRpPORPI =
S e e | [ [ e (g oot SR .
1% ( >4H] @ 0D[
21T S[LV &UWO SFFHO,QO{UD Q{0
gUPV@ OHYH(Q )XQFWLRQDO 7HVW )ROORZLQJ 9LEUQWLRQ
5DQGRP YLEH '2) SHU FKDOOQHO |> @ 2SHUDWLR{ &PG 9ROWDJH[>9@ ORWR 3RZHUHG
"DWD 6DPSOLQJ|5DWH >+]@ PLOLPXP 6GHSDUDWLROQ | %RW K
JLIXUH 6WDQGDUG UDQGRP YLEUDWLRQ WHVW UHTXLUHPHQWYV

- X0\

Z22Z SODQHWDU\V\V FRP

3DJH

R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

TKHUPDO 9DFXXP 7THVW

/RFDWLREX

2EMHFWIWIHYH I\ VHSDUDWLRQ DW WHPSHUDWXUH DQG SUHVVXUH H[WUHPHV

7THVW "HVFUDSIWNIQRQWKLY WHVW WKH WHVW LWHRQYLGE B HFWHKMHBEHPUD SXODAN AFDHHADEHIMYPBIORV DQV LP X OL
IOLIJKW FRQGLWLR®@WH ¥ WH WKUHH © B WWH PIBHKWDBMDXQUGH Z MKIH EH GHSOR\VHG 8 SR QL BRPBDAXIPR W R H FWHWI
ZLOO EH UHPRYHG IURP WKH FKDPEHU DQGKIIRW RLMWO QW L Q @ SRHFMUDSNVWR GRBLQD OO\

6WDQGDUG BHYHYXMXUH TKHVERI® IGDWHEEHQ VSPAEQMXMWIBVDV kLY LVDXXHLWKHQWIEWEDQG LV UHC
FRQGXFWLYH XQOLNH IRU H[DPSOH DQVNYRBRQLNWWEREWKUHY PADKDB/MR\DWUHH SRRUO\ FRXSOHG WR W
1XPEHU RI VHSDZUPWLRQW WKH HQG RI WKHUPDO F\FOLQJ

THVW WHFROMWLSOH /LIKWEDWBE PDREHWDIPHRXVO\ ,Q WKLV FDWUWKBP G- EQWSLORDT- MG R MK RRARMINK |
WRWDO PDVV /LIKWEDQG *6( 7KHUHIRUH QRQ FRQWUROOHG /LIKWEDQGYV PD\ VOLJKWO\ H[FHF

6RXUFH '"R¥6% RFXPHQW * ON,, 0/% 8VHU 0DQXDO
7HVW 2EMHFWLYH 'HPRQVWUDWH W KD WKWK F D/OH ¥ WH @ WIGLFH B WESIIFODWK IV D [WHU W

7HVW &RPSOKWHRHTXLUHG WKHUPDO DQG SUHVV XWKHHW AMVOR QRAIQRV LV DB$OLHG WR

&ULWHUWIKH WHVW LWHP VHSDUDWHY DW HDFK GHVLJQDWHG VWHS

7KH WHVW LWHP LV LQVSHFWHG ,$: 36& 'RFXPHQWSRUW3ONSR® % ,QVSHFWLRQ 5

FRPSOHWLRQ RI WKHUPDO YDFXXP F\FOLQJ

1RWHV ,Q D VHSDUDWLRQ VSULQJV HORQJDWH DW OHBOWQJDMWAF KHV|QFXI®WY LQLWLDWLR

3UHVVXUH PD\ H[FHHG VWDWHG YDOXH GPULRU EDWHWR X\M YIHIUE D ERWHO H V

K

D

$ EDNH RXW SUHFRMNBGYLW BKHWUR DA RISUB & \§ DHQV Y UH

‘KHQ WHVWLQJ PXOWLSOH XQLWYV WKH FRQWRWO O/ HIQ WRREOWKMP OO EH RQ XQLW ZL

2Q0\ WKH FRQWURO VHQVRU LV UHTXLUHG WR EH LQ WROHUDRFH
7KHUPDO &\FOH %DNH RXW
7HPS 0LQ oLQ 'zHjoo
.D( D
OD>[7?F’:LJJE\£V >'Kf;g) ERZ>f72287ROHUEQI?HHUPJ'OXUDWLRQ >PpLT@S | 'XUDWLROQ
>f&@ | &\FOHY > @ >fa® >PLQ@
(

J)XQFWLRQDO WHVW ZKLOH WHVW LWHP LV LQ|7KHUPDO 9DFXXP §KDPEHU
ZSHUDWLR@PPDQ DH(IRWRU*éHPS >f&@ZSHUDWLRQ $fWHU
$

OWDJH 3@z U >WKHUPDO FA\FOH@
6HSDUDWLRQ

7HPSHUDWXUH 6HQVRUV

1DPH '"HVLIJQDWLRQ 7\SH 7THVW WHP /IRFDWLRQ

5 &RQWURO 57' QRWRU $

7 5HVSRQVH 7 FRXSOH 8SSHU 5LQJ

7 5HVSRQVH 7 FRXSOH ORWRU $

7 5HVSRQVH 7 FRXSOH 8SSHU 5LQJ

7 5HVSRQVH 7 FRXSOH ORWRU $

7 5HVSRQVH 7 FRXSOH 8SSHU 5LQJ

7 5HVSRQVH 7 FRXSOH ORWRU $

7 5HVSRQVH 7 FRXSOH 8SSHU 5LQJ
J)LIXUH 6WDQGDUG WKHUPDO YDFXXP WHVW UHTXLUHPHQWYV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

/ILIKWEQQG

+HDWHU &KLOOH

AN

36& 7THVW 7TKHUPDO 9DKFXXP
5DFN &KDPEHU VKRZQ
ZLWKRXW QLG
JLIXUH ; 0/% LQVLGH WKH 36& WKHUPDO YDFXXP FKDPEHU
JLIXUH 6WDQGDUG WKHUPDO SURILOH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO SODQHWDU\ 6\VWHPV &RU S

J)LIXUH 6DPSOH GDWD IURP D WKHUPDO YDFXXP WHVW RI WZR 0/%V

6RXUFH 36& 'RFXPHQW $

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

6HSDUDWLRQ 5HOLDELOLW\ 7HVW
/RFDWLFG
2EMHFWILHYH I\ WLPH WR LQLWLDWH WUDQWLRWLERDW BW B S B UDHSIHDIWHDER 0 LW U R W D
7HVW "HVFUDSWWIQRQWV KLYV W HF WV WIS FADAYRG DW N 6SHD UBIW HRG RIH BG R PRW HVDF KLYW SDHDWIWR@ QWK H \
YHORFLW\ DQG URWDWLRQ UDWHYV RIHVKBHVPISDYOWH® DRRQI RLWKHIWKHWWDQGDUG RSHUDWLROQ
WLPH WR LQLWLDWH ,I QHFHVVDU\ RNIGH SRODWXR@WSERQDY P IXBEDVWREG\L | L HDE & R RWB W L\R{S DD IV
UHTXLUHPHQWYV 8SRQ FRBESEHWWRYQHRY HIS DOMDWILROQXVLEKRH QWY DUH PHW W K HWRHY MU LW HPKIDWI R U
RSHUDWHY QRPLQDOO\
6WDQGDUG BHHYHDIVEOH 6WDQGDUG 6HSDUDW LFRF® % & O/LIIREL O DW F WOIW WY B RADRMW R-HWHWYV LQ W
3HUIRUPLQJ D 6HSDUDWLRQ 5HOLD ELDQWAWDH\G/D ZG WK D RGNV RIOM ¥ IREMKHHE DWRD G XL\ R PZ V| Y VO W
DGGLWLR QD OKHRX® H G& WIFW LR Q
$[HV$0OO D[HV SUHVHQWHG LQ WKH WHVW GD@MDWHR YUHWVISR Q3B &' B RHWHQRW FRRY HHW \WR FPKH F XV
7HVW &RUUHODWHG )O LEHKS\D B DWGE REWILRQIVDELOLW\ WHVWV IR/ GRWR LHEUVD MHLF DACRZ\HFY BIW F KV K®IL B K WV
IOLJKW VHSDUDWLRQ YHORFLW\ DQG URWDWLRQ UDWHV XVLQJ WKH WHVW UHVXOWYV LQ WKH GHO

3DUDPHWH 7HVOWB O X H 7ROHUDQF B8OLW
6HSDUDWLQJ 0DVV H 7DEOH
VLPXODWHY §D\ORDG ©°HH 7DEOH 6HH 70V
SRWDWLRQ UDWHV IRU
DQC 6HH 7DEOH GHJ
0/%V
SRWDWLRQ UDWHV IRU
DQG ODUJHU 6HH 7DEOH GHJ
0/%V
6HSDUDWLQJ [(QHUJ\ ]
LY WUDOLODWLREXVWRPHU UHTXLUHPHQW
&0, 6HH 7DEOH 6HH 7DPSH 7DEOH
& 0. LQ
0. " LQ
02, 6HH 7DEOH 6HH 7pP&H 7TDEOH
TXPEHU RI VASDUDWLRQV
LO ILODO FROILIJXUDWLRQ
9 ERWK PRWRUV
&RPPDQGHG YROWDJH 3 iy ﬂjo
DQG PRWRU V [SRZHUHG o pRWMRE Y
9 PRWRU %
7DEOH 6WDQGDUG VHSDUDWLRQ UHOLDELOLW\ WHVW SDUDPHWHUV
0/% 6HSDUD| 6HSDUD )
‘LDPHW| 0DVV | oDVV 78 &0 | 7RO| 02, 02 . 02.
>LQ@ >0@ > @ >LQ| >LQ| >REL®@ >QEL@ >QEL®@ 02, TRO | > @
7DEOH 7\SLFDO 6HSDUDWLRQ 5HOLDELOLW\ LQHUWLDO SURSHUWLHYV YDOXHV VXEI

36& GRHV QRW VFDOH URWDWLRQ U DMGEH VQE-DUWHICD R R B XIVEWRAPTHDA 15 DAL \FORRG W, IQHIQ) WYLHDY WV L Q MWW
URWDWLRQ UDWH W E B HIUHGEXFH @ L G 6 D@RHYJ FLRON VW ILLRM@/VEW DI € XA/LMOROP 2\ H UND\D WD @& ¢ EWHRB XD E F
GXUDWLRQ

2Q0\ WKH SRUWLRQ RI WKH VHSDUDWLQJERDW\Y @E RADHN M@ HD W SW K J LIF\® D WL Q I \DIKOH V LFID QWOHU
EHDULQJ 9DOXHV VXEMHFW WR FKDQJH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

SODQHWDU\ 6\VWHPV &RU S

; D[LV WUDQVODWLRQDO FRPSRQHQW 8VH WR SUHGLFW IOLJKW VHSDUDWLQJ YHORFLW\
([DPSOH WHVW UHVXOWV IURRRRWHSDUDWLRQ UHOLDELOLW\ W

YLIXUH
WLPH SHULRG G X HSDIUW WH RIGR VW HQ W ZHKHI QOWR BMW DQP JRU UHIHUHQFH WKH PHDVXUHG UDWHV UH
H[DPSOH ZHUH 3LWFK

VKRZV WXWHI VHWQNBHGGDWD |WRRDJFHSRD QIFHK U H

YJLIXUH

GHJ V 5RO0O0

GH&NJ V DQG <Dz

- X0\

Z22Z SODQHWDU\V\V FRP

3DJH

R

JLIXUH ([DPSOH VHSDUDWLRQ UHOLDELOLW\ WHVW UHVXOWYV VXPPDU
5HIHUHQFH 'DWD ORWRU (OHFWULFDO[3DUDPHWHUV OHDVXUHGVEHVXOW V|
&K &K b ORWRUV
6H Y 3UH 68R& W [6PDRWRUW P G| 3HDN 3HDIN&K $ &K $%3RZHUHGROD <Dz 3LWF[K 5ROp <DZ 3LWHKHSDUPWLQJ
7Uulp®ULQN] OYP )LOMLIHWHLIHWRZHYSRBOWOREWOREWDIHYIQHUIXUDWLRERXW $SERXW $ERXWIHO H FIQWMUP\(QHUP\(QHUP\(QHU L\
1R| 4w\| 1R 1DPH >O0El@ >0El@ > @| >9@ >9@ »>9@ >-@ >-@ >vV@ >GHJI|v@HIVvEaHI|vaw|ve>-a@ >-@ >-@ >-@
7XQLQJ 7ULDOV
GHSOR|B $ % ( ( (
GHSOR|B $ % ( ( (
GHSORJB $ % ( ( (
SFFHSWDQFH 7ULDOV
GHSOR|B $ % ( ( (
GHSOR|B $ ( ( (
GHSOR|B % ( ( (
GHSOR|B $ ( ( (
GHSOR|B % ( ( (
&RPPHQWV oHD|Q ( ( (
7LPH IURP SRZHU RQ XQWLO HLWKHU GHSOR\ OLPLW VZLWFK JQLWLDOO\R$HQV oLjQLP XH (
JRU DFFHSWDQFH WULDOV RQO\ OD[LPAP ( ( (
6HS $UP LQHUWLD DERXW &0 DOLJQHG ZLWK 0/% FRRUGYV 6WDQGDUG['HYLPWLRQ ( (
; 5R[00O ORALQ $OORZDEOH|OD[LP kP hs 13 1$ 1$
< <Dz OALQ $OORZDEOH| OLQLPAXP 18 1$ 13 18
= 3LWFK OBLQ

7KH pPHDVXWQHGY HUDWH W D D HV WEF



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

J)LIXUH 5SRWDWLRQ UDWHYV GXULQJ VHSDUDWLRQ HYHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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JLIXUH 36&fV VHSDUDWLRQ UHOLDELOLW\ IL[WXUH

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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JLIXUH 1RPLQDO VHSDUDWLRQ UHOLDELOLW\ WHVW IORZ

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

&XVWRP $FFHSWDQFH 7HVWYV

7KH IROORZLQJ DFFHSWDQFH WHVWY DUH QRW SHUIRUPHG IRU VWDQGDUG /LVKWBMHEBCKH &HILQ H3G
UHVHUYHV WKH ULJKW WR SHUIRUP WKGHVYHGHIWWWHMRQ DQ\ IOLIJKW /LIKWED

$ /LIKWEDQG WKDW UHTXLUHYV DQ\ RI & KXWRV R/M VEXW WRPOQJIJKKM ER Q & IVGLIHUAK U @XAUDLIWLR@ B HAR VW
6WDQGDUG /LIKWEDQGV

6WUHQJIJWK 7HVW

/RFDWLF6@ RU TXDOLILHG YLEUDWLRQ WHVW IDFLOLW\
2EMHFWIHYH I\ VWUHQJWK RI WKH /LJKWEDQG
7HVW )L[BWRUBEWUHQJIJWK 7HVW )L[WXUH RU VRIWZDUH FRQWUROOHG YLEUDWLRQ WDEOH
7HVW OHWXRGL VWDWLF ORD®L QURREHV QO HEXWUHE E \HREIE EDNBIGQ] MXGIHPHQW
7HVW '"HVFUDSULIQRQN KLY WHVW WKH WHVW LWHP VKDOO EH H[SRVHK R [ XD \QWWW GWGENRRD GR XC
DFFHOHUDWLRQ IREBHW ILIK W KHR ¥ H\IRRIDLVQIDRQL R@ K PRDOIGORNGNRRZID DY V RPHIVWAQ HVEXUGRD GV V
DSSOLHG LQGHSHQGHQWO\ DORQJ HDFK D[LV 8SRQ FRPSOHWLRQ RI DOO ORISG F\I MB VW RV K iH ALHW \
VWLOO RSHUDWHVY QRPLQDOO\
7HVW /HYRDNU OLPLW VKDOO EH PLQLPXP FXVWG® PHIUWOWRKIEO OHE K WK B Q. PXPSFHLS D EROQ W\ | RIUY H (
LQWUD LQFUHPHQW SHDNLQJ

D G6WUHQIJWK WHWWXLUWGUBRIOBEH. VU KHBG @RW &LQLB HWXHFRO OW ORDE W VSRS DR B H@\ DS

LQFUHPHQWYV

E  6LQH %XUVW PLQLPXP F\FOHV ZLWKLQ UHTXLUHG ORDG OLPLWYV

1XPEHU RI 6HSDREOMWLRQROORZLQJ DOO ORDG FDVHV

&ULWHULD IRU SHUIMKWPDQLIDDHRW VKHDU @LQ N IORDGFDWILREROBGRDGNM DRDG LV ! RI 7DEOH DC
JLIXUH 7KH 36& VWUHQJIJWK WHVW IL[WXUH
JLIXUH 6LQH EXUVW VWUHQJWK WHVW RI D 0/%

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU ¢
6WUHQJIJWK 7HVWLQJ
6RXUFH 'RFXRBIEAN' RFXPHQW |
7HVW 2EMHFWLYH 'HPRQVWUDWH WKDW WKH WHWWDWHP @BRBGDQWHYV QRPLQDOO\ DIWHU|TXDV
7HVW &RPSOHWH &ULWHULD 7KH UHTXUHN® QRDHGAY DUH DSSOLHG WR WKH
7KH WHVW LWHP LV LQVSHFWHG ,$: 36& 'REXBHRWLRQ 5HERUVW/%SRQ FRPSOHWLRQ F
$00 DWWHQGHHV RI WKH 36& LQWHUQDO 7HVWHERPSOBQ H GBYUHY X0&6V DSSYRYH WK
1IRWHYV ,Q D VHSDUDWLRQ VSULQJVQVDRYHQLOWL DODMDR® V SIUQRXKIWVW UDYHO LIQFKHV
LV FRPSUHVVLRQ LQ WHVW LWHP
3HDN ORDG WDUJHW LV WR HQVXUH WKDW UHTXLUHPHQW LV UHDFKHG
/IRDG $SSOLFDWLRQ 3UH WHVW $QpPO\VLV IRDG $SS
OD[ ;i /LQJHOD[ 5, R Us /rpDG | QFUHAHRQW
/IRDG &DVHRDG, E@BW@LQH /RPG 6WHSSHUFHCW[E%H
$[LDO | >5QEROW@ | 6KHDU > @ HFEUHPIH QW
/IRDG &DVH /IRDG| &P VH "
Yus > @E "HULYHd E\HULYHG E ,QFUHHAHPW
) </ %> @E '"HULYHJ E\HULYHG| E FXVWRHHUFXVWRPAH( L QFUHHAHHW
EXVWRIPHEXVWRPH UHTXLUHBHDOXWL UHAH WD
Vo> @ LU oK LU HP How DQG /LIKWEMQEWEDQ ¢ QFUHAAPW
0% >LQA@¥HG /L JkwWeEp® E JKWEDQG GLDPHWHUGLDPHWH L QFUHPAHpPW
0</9%6>LQAOEKLDPHWHIWGLDPHWH () $00RZ DEERD WG ,QFUHPHQW
0-/%>LQAQOE OD[ $FWXEROWEBHIULYH[G '"HULYHG ,JFUHPHQ
SHDN /RPG oDUIL "HULYH[ HULYHG HFUHPHQ
'XUDWLRQ >V @ ere - i Q
0D[ $OORZDEOH 0DUJLQ $OORZDEOH OD[|$FWXDO '"HFUHPHQW
/IRDG > [@
"HFUHPHQW
YXQFWLRQDO WHVW IROOR|ZLJ/QJ DOO ORDG FDVHWHW '"HIOHFWLRQ *DpHFBEPfF@wW
2SHUDWLURQ 920\8/@?’%5'3@ *DJH 3RVLWLRQ 2YLHQWDWLRQ "HF
6HSDUDWLRQ % RW K LiwRDHV < swg DY
|L[W$(ElHV |L'[W$[JlH
rpwS B iLiwR Dl
YLIXUH ([IDPSOH RI FXVWRP VWUHQJWK WHVW UHTXLUHPHQWY SHUIRUPHG DV 1
-X 0\ ZZZ SODQHWDU\V\V FRP 3DJH RI



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWH

PV &RUSES

6KRFN 7HVW

/RFDW LF6Q
2EMHFWILVRY H WKDW WKH WHVW LWHP FDQ RB8MH BWHRQRPILQDMHG DKW HN EBIR LD HLS

7THVW '"HVFULEW MWRHVW LWHP ZLOO EH H[SRVHG WR WKH UHTXLUHG VKRFN SURILOHV 8SRQ@ FRPSOI

DQG WKHQ IRUPDOOHUWQV $HKPWHGWWRWQOO RSHUDWHYV QR

6WDQGDUG BKRHFOIVDSSOLHG WR WKH /LIJKWEDQTKHVH KRDYXHQ DUMMIGHD LIB4E TesRRRquirements for

Launch, Upper-Stage, and Space Vehicles (SMC-TR-06-11).
1XPEHU RI VHSDUDPMWLRQROORZLQJ DOO ORDG FDVHV

&ULWHULRQ IRU SHUOKRUIFOLQX W HVIK W E DWQRE EN H[SRV¥ WG GVRURPVRR AN SWSHHAW XVO\ H[SHULHQFHG E\

ZLOO GHWHUPLQH AKHRWKHWU WKLY GXUWHI WKH FRQWUDFW QHJRWLDWLRQV SURFHVYV

6KRFN 7HVWLQJ
6RXUFH 'RF X BI&EN REXPHQW
7HVW 2EMHEWLYH 'HPROVWUDWH W K ARW HIJ SR ¥ WUHP VRS N € B W O RDFGALOD O O\ DI
7HVW FRPSOHW H KH LUMHXLDHG VKRFN SURILOHV DUHVBHFQ LHHEGWHRHVKH WHVW LWHP LQ WKH
6KRFN SURGXFHG E\ WKH WHVW LWHP LV PHDVXUHG
7KH WHVW LWHP VHSDUDWHV QRPLQDOLOAIEW KB FEHSOR H[SHRWHG WR UHT
7KH WHVW LWHP LV LQVSHFWHG ,$: 368& QUSHFEMQWQ 5HSRIW’, XBRQ FRPSPHWLRQ
$00 DWWHQGHHV RI WKH 36& LQW HUQ DS 3HRWHE RKIO W\MM BHYOBD D&EG UHN XOWw vV
1RWHV ,Q D VHSDUDWLRQ VSUVQOVDWUDXMHOLDWLEBDVWULQLYMKUIDYHO  UQFKHV
7HVW 6SHFWUXP PXVW DOVR EH DERYH WKH 1RPLQDO 656
$ WULDO LV GHILQHG DV PHHWLQJ W RHL&K RFHN R-OTHK LLUPHEFDHFQW FLROX'W & DRH HW| WK H V|
®
Law)
$SSOLHG SFFHOHUpPWLR "
JUHT >l+/8ZHY Loblo g
Kb nupdRh 3
=
o I
2 I
I
o
I
L
6KRFN 3DUDPHAWHUV | & == 2o trdHudorH
6KRFN 6SHFWUXP OS> @ 5
$[LV RI ([FLWDWLRQN 1RPLQDO [
<
= JUHTXHQF\ >+]@
JXOFWLRQODO 7HVW J)ROPRZLQf $00 7ULDOV SFFHOHURPHWHU /REPWLRQV
2SHUDW WRY V SFFH
>6HSDUDWR%%§§D@%§HUHG>$ SEFHO SFEHOL sEEHO 7\39DQ§°{FFHE)3V§$;DO
JQLWLDWLR % %RWK@ /REDWLRY
6HSDUDWLRQ % RW K & &RQWUROL/QR\;:SJIWU@O
VA
& &rRQWURO 7UL#§WI§§I§|Q|_BQJ0/ =
7HVW 6WDFN
TREDWLRO WHP _HLJKW >0E@
%RWWR®PLEH 3DDWH !
« 7U5DLgYLWL§%ULD FOH
« ILJKWEPDQG 9QULDEOH
7UDQVLWLR |
7RS 5LQJ 9%ULD:OH
YLIXUH (IDPSOH RI FXVWRP VKRFN WHVW UHTXLUHPHQWV
X0\ ZZZ SODQHWDU\V\V FRP 3DJH _ RI
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+DPPH

N

6WULNH [SODWH

N\

THVW ,WHP

JLIXUH $ VKREN WHVW RI D 0/% SHRFRUWHGWR QLRB X PW VK

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

6HOHFWLQJ D /LIKWEDQG

7KHUH DUH PDQ\ GHWHUPLQDWLRQV WKDW PXVW EH PDGH ZKHKQ\DHFXYKWR FH B W RSB RKNADL Q BB WLK
FKRLFHYV

6WDQGDUG YV &XVWRP /LIKWEDQG

$Q\ /LIKWEDQG WKDW GHYLDWHYVY |URP RAKPHQW P H QW U HETHA IDOWRE) FQV WD BBL B LIR QHD@WWSHWRVFLHIGEIX (GHLV
GLIIHUHQW FRPSOLDQFH GRFXPHQWYV L\GFBQRYSHBEWGYB & XOEDRPY RRIOWMEE®H FRVW DQG VFKHGXC
/JLJKWEDQGV LV RIWHQ VXEVWDQW LD OKOW BD @ G V&b WWHKD/QHE KLH) 6MKDLY/GBRIBX AAHQW 6HH JLIXUH D

JLIXUH /ILIJIKWEDQG VHOHFWLRQ DQG SURGXFWLRQ SURFHVV

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

JLIXUH 6WDQGDUG YV &XVWRP /LJKWEDQG FKDUDFWHULVWLFV

&XVWRP /LIKWEDQG ,QTXLU\ ,WHP 'RFXPHQW 5HIHUHQHRF 5HVSRQVH »< 1@
,V VWUHQJIJWK WHVWLQJ UHTXLUHG"
,V VKRFN WHVWLQJ UHTXLUHG"
,V DQ\ QRQ VWDQGDUG WHVW UHTXLUHG"
,V D FXVWRP GHVWI®R @ REBLWXWDH UHTXLUHG"
$UH QRQ VWDQGDUG URWDWLRQ UDWHV UHTXLUHG"

'RHV WKH SD\ORB&XRKYPX¥H DR{IVHW WKDW PXVW EH VUPXODWHG LQ VHSDUDWLRQ
UHOLDELOLW\ WHVWLQJ"

.V WKH VHSDUDWLQJ HQHUJ\ RXWVLGH WKH UDQJH L|Q 7DEOH UHTXLUHG"
,V WKH VHSDUDWLRQ HQHUJ\ WROHUDRQRHHWXUWWGE'U WKDQ 7DEOH YDO

$UH UHTXLUHPHQWY RXWVLGH RI WKLV 8VHU 0DQXDP EHLQJ UHIHUHQFHG|LQ D VWDWHRPHQW RI
ZRUN 62: RU VHSDUDWH FRPSOLDQFH GRFXPHQW"

,] DQ\ RI WKH DERYH DUH DQVZHUHG DV 3EHVFOWYXWL/LHGCNVEWD @& WKRP O

7TDEOH 6WDQGDUG YV &XVWRP /LIKWEDQG VHOHFWLRQ FKHFENOLVW
1RWH FKHFNOLVW LV QRW DOO HQFRPSDVVLQJ WKHUH PD\ EH DGGLWLRQDO XQOLVWHG LV

JLJKWEDQG 6L]H '"HWHUPLQDWLRQ

7KH IROORZLQJ VWHSYV VKDOO EH FRP SROIHMWH\EG KB RARUHU FHX VWHR. RK RILEVDR). @ € RUKHHEGVX/L U H P HMDKAVUVR X6 H S
DUH RIWHQ DQ LWHUDWLYH SURFHVYV

5HDG WKLV PDQXDO
0 \RX WKRURXJKO\ XQGHUVWDQG WKH HVWVCRINVQ® L RRX W R CDOY RHGL RRW WD\ WHVW IDLOXUHY DQG S\

'"HWHUPLQH VWLIIQHVYV UHTXLUHPHQWYV

7KH ELJJHVW GULYH D RLHQWH UKWEDHFGN G ROR DIGRXW GI EHH 8D UHTXLUHPHQWY ) UR PXG UHPRHFWH/Q YHOR ¢
GHWHUPLQH WKH UHTXLUHG D[LDO DQRG QWWHN DOKMWLIQQ AXF RIJW\WK H C8DG ORL WRPWADE 6BQ WKHQ E
+RZHYHU LW LV SUXGHQWWER §& RR\DHFCHOVE H FOINVY DHIY WR SURYLGH DGGLWLR®DDQ WWX LNIHO/HWQRD U J
LQFUHDVH LQ ZHLJKW )RU H[DPSOH D LQFK GLDPHWHU /LIKWEDQG LV DERXBHLIJKWLBPHV W WKIDg
WZLFH DV PXFK 6HH 6HFWLRQ

'"HWHUPLQH VWUHQJWK UHTXLUHPHQWYV

YJURP \RXU H[SHFWHG PQWKR E DOIRG\G P RP FXIHVORPIELYLD PHWKRGV LQ 6HFWRRGY UH T K UWL H G
DWWDLQ WKRVH OLQH ORDGV DUH OHYVXRWZKD QOP DD ERXP / HIKWMHERNR BL DIRBVGHVQOV/LIKWEDQG GLDPHWH
OLQH ORDG LV DFKLHYHG CHtaid Rr Pebftriding Te6 \ LWOH &' H A& L R Q WR GHWHUPLQH LILWH D &MQUH Q RW & L
DQG WKXV D FXVWRP /LJKWEDQG

'"HWHUPLQH F\FOLF ORDGLQJ DQG IDWLJXH UHTXLUHPHQWYV

(QVXUH WKH PLVVLRQ YLEUDWLRQ HQYHUBRDP G DWW SUHRIGHKH MW LIR@ORZDENRROH FKRVHQ /LIKWEDQG
DOORZDEOH OLQH ORDG LV DFKLHYHG

6HOHFW D /LJKWEDQG GLDPHWHU EROW FLUFOH GLDPHWHU
&KRRVH DQ DSSURSULDWH /LIKWEDQG G IQD P WWIHQ H VR PVARIKGL QK EDKYBAHDRVQ JXH UHTXLUHPHQWYV

'"HWHUPLQH VHSDUDWLQJ HQHUJ\

"HWHUPLQH WKH VHSWKDW ULQHVEKQOMWILQ WKH GHVLUHG VHSDUDWLQJ YHORHALGHFRMLWRH SDWRRDG L
FDOFXODWH WKH @HWQHGIV HSDHSMLDWY QA HH Y HHJID ®R® R Z OHE O H KIDQI®! E 1) FR@OLRAH UHG VDEPXQ G 7k
VWDQGDUG VHSDUDW LK) L \H GHULIQ MR 08 BBHIEW LR Q

36& XVHV HQHUJ\ DV D LWHHX WKHHP W& WW FBBIS\WDHND WY RQ EBOLDELOLW\ WHVWLQJY PN \GHVI HU RW W K
VHSDUDWLQJ HQHUJ\ WASIFDO.G\HGH3 D& @WX P EMR RIL GHPYCPUDWLRQ 6SULQJV DV VSHFLILHG LQ 7DEO

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\VWHPV &RU:
Q Q

&RPSOHWH YLUWXDO ILW FKHFN DQG SODQ ORJLVWLFV

,QWHJUDWH ERWK WKH /LJKWEDQG VWD\RKWWRK) ALPRW HD QOQ G5 R Z&¥0 PRG HORP ZZZUSERQWWPBW \V\V
36& ZLWK D PRGHO RI \RXU SD\ORDG D@M&VYRBDLIFORXH DWWHIWLREPMR DO QVKW B\RXPRGRIQHR/DS HU
UHSUHVHQW WKH PD[QLORXPFRRDRGIDQRVYV BHKREHP ERNUWR ULIGF) KDUQHVYV $0VR GHWHBEHWMHWKIR & KR X
/LJKWEDQG IRU VKLSPHQW WHVWLQJ V0 QG WHLUPQ Q 1§ WHRAUE @ H R Y DENEMEDGXUIURHXRHEQ WX S8 R UGH H G XIGS
$O VR UPDYa7Bi12vkll MLB Operating Procedure.

6SHFLI\LQJ D /LIJKWEDQG
8VH WKH IROORZLQJ FRQYHQWLRQ WR V:SIBEI6I& WMKH) ILIKWEDQG 0/%;; :

/LIKWED
S5HTXLU %ROW § 6HSDUD ?&';SQDQUHDF &RPSUHYV ()QOGLJBKV 6HSDUDWLQJ
BUHIL] 'LDPHW 6ZLWFK 7RRO 4\ ) (QHUJ\ »-@
4W\ >sSI ('8
>SDLU
0/% sa s 6: 6& /&7 )7 ((
7TDEOH /ILJKWEDQG VSHFLILFDWLRQ FRQYHQWLRQ
JRU H[DP®E®&H )/ 7 VSHFLILHV
X LQFK EROW FLUFOH GLDPHWHU /LIJKWEDQG ZLWK
X 6HSDUDWLRQ 6ZLWFKHV
X 6HSDUDWLRQ &RQQREWRFFR@PQHFWRU @QBNRXSSHU FRQ
X /ILIKWEDQG &RPSUHVVLRQ 7RRO SDLUYV
X EH XVHG IRU VSDRXVAQIHRM.DOETWDQGDUG DFFHSWDQFH WHVWLQJ
X KDYH QRPLQDODIWLQKW YHBDWURI -

8VLQJ WKLV FRQY H8WLRIDNZ LLO & WEINVXGUBHI QDB B PHQRXY D

&RQWDFW 36&IEQIREBOOQHWDU\V\VWRHPYKRQEY WRPILQDOL]H WKH VHOHFWLRQ DQG SXUFKDVH RI D

6HSDUDWLRQ 6ZLWFK TXDQWLW\ 6:

7KH JUHDWHU WKH TXDQWLW\ Rl 6HSDUBWRAG KHDW F MHM WKBQMRAYH % R BSOD X O W BRQ B2 DWRKF D ¢
WKH SULFH RI HYHU\ /LJKWEDQG ,| PRKH WHKBDXRQ H G IDEDD GB/E\RREQED O AW UH GW R HHQ WXE H W K H
TXDQWLW\ Rl 6HSDUD®/G QI SZUWWKRQ® &RQQHFWRUV GRHV QRW H[FHHG WKH PD[LPXP DOORZDEOH

6HSDUDWLRQ &RQQHFWRU TXDQWLW\ 6&

$V ZLWK 6HSDUDWLRIQU6EHWFUBW L RD &R@Q HF WRRIYODIQORZU Q BYUW ERHFLH EAMGR O &SDQQMFWR (R Q
FRQVLVWYV RI ERWK WKH ORZHU DQG X95SH R G RROHH FSMR B €LY WH RERAHD GHESHUR Y IL WAWEIDIQREX E K FADKKH H
WKH 8SSHU 5LQJ LV DQRGL]HG %\ GHIDXUDWBERE RR® QEFWREHLR QHKEHSDLFH RRQHY Bl S DILIKWLERD® G
&RQQHFWRU LV UHTLQJ A BV LIVG\E LSV EMM GDEQAXUUWE HQVXUH WKH WRWDO TXDQWLW)\ RI 6HSDUI
&RQQHFWRUV GRHV QRW H[FHHG WKH PD[LPXP DOORZDEOH

ILJKWEDQG &RPSUHVVLRQ 7RRO TXDQWLW\ /&7

$ PHDQV WR FRPSUHQ®G WRB YHYKEHEIR UH IMWHREZ L@ IVIK\H ZHHTLX KW RI WKH SD\O R MG6 W IOHV MR WKH QRW R
KRULJRQWDO LQWHIUDWIKRRQEDWY G HRRAVJUHVVLRQ 7RROV /&7V ZLOO EH UHTXUIUHGES &MBE QW EW\L REH
7DEOH WR GHWHUPLQH WKH PD[LPXP DOORZDEOH TW\ IRU D VSHFLILF /LJKWEDQG VL]H

(QG 8VH )/7 RU ('8

(QILQHHULQJ 'HYHORS P/H Q MWEDLONG V('8 H F IDIEXHWRREOV DS DW L R @ W H W WH [7XKHH \DE R HIBQWD @ K B OMH @ W WQ
XVHG IRU IOLJKW $V VXFK ('8VNDURDRRIGHDLEO\ PDUNHG 2

JOLJKW 8QLWYV )/7IXOHFNODWWIKKRH VWIB Q\GDWAEL Q F FFHSWDQFR VKLSPHQW

('8 DQG )/7 /ILJKWEDQGYV DUH EXLOW XVLQRRHN ND P&XFVOWRHPUIUNORIWE G SXUFKDVIRDQLWS AKH BIG\G L
DQG JURXQG WHVWLQJ

6HSDUDWLQJ (QHUJ\ ( (
6SHFLI\ WKH GHVLUHG VHSDUDWLQJ HQHU BHBURKHFAHI R @ R WKH QHDUHVW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

ILIKWEDQGREHBOWHERMHYVYV )ORZ &KDUW

J)LIXUH /ILJKWEDQG VHOHFWLRQ SURFHVV IORZ FKDUW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R
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SXUFKDVLQJ 'HOLYHUDEOHYV 6FKHGXOH

3XUFKDVLQJ D /LJKWEDQG
&RQWDFW 36& GLUHFWO\ WR UHFHLYHSW KFHHR/R W HX 8 W\ORQ G D W@ $IDARWEBQWBFKHGXOH LV VKRZQ LQ

(YHQW 3D\PHQW > @
5SHFHLSW Rl RUGHU
%XLOG FRPSOHWH UHYLHZ %&5 FRPSOHWLRQ
6KLSPHQW

7DEOH 6WDQGDUG /LIKWEDQG VFKHGXOH

6WDQGDUG '"HOLYHU\ 6FKHGXOH

6WDQGDUG /LIKWEDQGY DUH W\SLFDOOP B HOLKWAEBIGGM) F DRRRRWKN QEBRD 6\ EH$G B OMY IBQHG DV ID
DGGLWLRQDO FRVW

7LPH DIWHU UHFHLSW
>0RQWKV@

3DUW )DEULFDWLRQ

$VVHPEO\

7HVW 5HDGLQHVV 5HYLHiZ 755

$FFHSWDQFH 7THVWLQJ : :

6KLS ;

7DEOH 6WDQGDUG /LIKWEDQG VFKHGXOH

&XVWRP /LIKWEDQG 6FKHGXOH

‘KHQHYHU D /LJKWEDQG GHYLDWHYV IURP UHTXLUHPHQWYV RM IH@MGX UE W IOLO/G GIR EFREHDEWIVS VRN HTBIX b
RU GLIIHUHQW FRPISQWDQEW GRAXEBXVWRP §HEMWERQG BURVSHFWLYH XVHUV WKRQ G G/ EHIH B ZIDUHH R

FXVWRP /LJIKWEDQGV LV RIWHQ VXEVWDQWLDOO\ JUHDW H & RVAXPMH QW H 7\D\VE D € ® DW B85 W/ IOKD/ CHREOXQWE Y PS |
/LJKWEDQG SURJUDP

(YHQW '"HVFULSWLRQ '"HOLYHUDEOHV IURP 3UH||7-|\USUHHG &RIQWUDFW

X $VVHPEO\ GUDZLQJV
&RPSOHWH VSHFULFDWLRQ>%?&Q%EVW SURFHGXUHV o SQXY AL IHH RU
3KDVH . | 3 U WRPLIDWLRO x° &X P WRROLQJ GHVLJ G %p L DoV
x ODQXIDFWXULQJ DQG WHNVW VRKREY o
x $QRPDO\ UHSRUWLQJ

3KDVH ,, %XLOG DQG WHVW /LJ%W%@W%W%MVH , JLUP IL[HG SULHH

$Q\ FKDQ \PWR EH GHWHUPLOHG \bPIQdU IRU KDUG ZD&RV V6 BRKWGIX UG IHH RU
WR 3KDV UHTXLUHPHQWV WKDW H HWEF WLPH DQG PDWHULDOV
HV’SHFLILFDWLRQV LQ 3KOVH ,

7DEOH 7\SLFDO FXVWRP /LIKWEDQG SURJUDP

JLIXUH &XVWRP ZRUN H[DPSOH PRGLILUPAG 8SIOHNU,5 XPHGRRQLQQ@KH ,%(; SURJUDP

ILJKWEDQG 'HOLYHUDEOHYV
7KH LWHPV LQFOXGHG LQ WKH SULFH RN KH/EXKWRPGE® DQE GHOLYHUHG WR
7KH /LJKWEDQG V

7KH SURGXEWLRK SORRYLGHYV GHWD IDOHGVWE DR HBE K O HWUDRIGS/R WW HWY MDIDWERGCD OFRRIPBOWWH E X
/ILIKWEDQG

&RSLHV RI DOO DV UXQ WHVW SURFHGXUHY DQG UHSRUWYV
&HUWLILFDWH V RI FRQIRUPDQFH

7UDLQLQJ RQ /LIKWEDQG RSHUDWLRQ DW 36&fV IDFLOLW\

$GGLWLRQDO GHOLYHUDEOHY PD\ EH LIQFKOKEHBGNVNQ WKH FDVH RI FXVWRP /

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

JLJKWEDQG 67(3 )LOHV

67(3 ILOHV RI VLPSOIDVNBPEOKWYE DYUGHSDRUEEABWOMHVRVHUY DQG FXVWRPHUV |RUNE R ZXHMRH® WILKRK
XQLTXH 6HSDUDWLRQ 6SULQJ &RQQHFWRU DQG 6ZLWFK FR D UDWLRIORES BI6G.J WHR/FHRAN R QWKIMARRY VAL
UHTXLUHPHQWY ZKHQ 36& FRPSOHWHY VHSDUDWLRQ UHOLDELOLW\ WHVW LZZZ RD DALH I UNVAK WFERTF

1RWH WKH /LJKWEDQG 67(3 PRGHOV GR QRMW VXD BIOW HERP \RRIGIOQDY R B USWHL B D PS06T(LH @ R GHON W
YHULI\ FOHDUDQF K H, Y VWWDKBGWX MRHOW &$DERE HRIY WDKID ZHEVLWH IRU FOHDUDQFH YHULILFDWLRQ

$VVHPEO\ 'UDZLQJV

3')V RI DVVHPEO\ GUDED@GH FDILEBEOH WR AKX GWMREMHV\E B VIMWHPE PO GWH EILQ® O W R WRHPWHUY K BDM AK|
86 ([SRUW &RQWURO UHJXODWLRQ

I[LJKWEDQG )LQLWH (OHPHQW ORGHOV

36& KDV WHVW Y HUHPIHOGN  PRGWIB W )(0 BY DILIKDEDMIRW FXVWRPHUV 7R DFFXRXDMKHOK I$ U IHIKWE BD Q
FXVWRPHUV VKR XOIGHL)Z 6 RUDSARRI BWKH LW G 8 DJ KR YWD FW B RE& PRW LRIOW K K UVL QWRHEP 8.6/ (Y SE MW F&R Q W U R
UHJXODWLRQ

YLIXUH 0/% ) (0

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

ODQXIDFWXULQJ 3URFHVYV

(QJLQHHUV DW 36& GHVLJQ DVVHPEOH DQG6NHVWRESIOWEQRQGRUBBALIFPWLRQ $@6 DRV LRIQHLRD FK L
FRPSOHWHG E\ YHQGRB&TVXDWD QLGBUE R V36 B FXPIHOMILMWQL R Q RIL IVOGWALWNY | D VR K P H G 1D UMV KU |
DVVHPEO\ WHVW DQG VKLSPHQW $00 R WKHVIHVD P GINHFOHRBM G ER BEEP 3 U R WXWRFPNH@W DRIHY X
FRQWUROOHG E\ LQYH®QW R UW PDWH JHR K & B DKXEW \IVQGI BWK B U H WAUHDW N 8 G VDQIEF A RESUHF X B V@ JRW G HILU
VHULDO QXPEHU RU ORW QXPEHU -XVOWFWXNH QD LW H3/R\QLH @ QWY BB BV PR FPID @RI VRWSWYL RQ
SURFHGXUHV RQH RBWNLDQ WKKIHWRMWFR/HXW DY FHX LW HHFXWH D %XLOG &RPSOMWHSSHYLWERH %&5
FRPSOHWLRQ RI WKIS PRPRKGHEEWX UB QS Z VLIVHY DIS[HFRYWHY PDQXIDFWXULQJ SUR FHGHFIMLVY HB OF I DR
DIWHU UHTXLUHG PXWM\RRPIHIUDQRW D OLIFAW FORHY HX U & HVKH G LA Q RQW LKDROMHEH/G XLLQ. QWK R | PID (L3 IKOVE D Q (

JLIXUH /ILJKWEDQG DVVHPEO\ DW 36&

J)LIXUH 36&TV IOLJKW KDUGZDUH DVVHPEO\ FOHDQ URRP

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

AXDOLILFDWLRQ 7THVWLQJ

9DULRXV GLDPHWHUWRH/UHKEWEDG \T XDOR QLFFFDAW.RQ WE Y WEQ ¥ [RRIQ F X @ WOLG Ol FEIW WRED Q\GH \GW I PRY W
VKRZQ LQ 7DEOH DUH JHQHUDOO\ QR HIHIX EXN ® PR G RAUKND OFK IE\H VFHRFOVL R QS IU\H Y B @/\W (SWIRY DY O
RI WKH /LJKWEDQG GEYLQR GRHQYWROVVMD/OLILFDWLRQ WH

S3ODQHWDU\ 6\VWHPV &RU S

5SDQGRP 9LEUDWLRQ 4XDOLILFDWLRQ 7HVW
7HVWHG YLEUDWLRQ SDUDPHWHUV RI D VKRZRKLLDBRMNWHU /LIJKWEDQG DUH
:$51,1* 7KHVH YLEUDWLRQ OHYHOV VKRXOG Q@RWQEW KI5 SIOJIKMGE NRGWMIKH VX SEWEWQ QJ DEWGEVWDQW

HOYLURQPHQW EHORKWEDIRY MIRQH KHQ WKH /LIKWEDQG LV VXSSRUWLQJ D VEWDAEMRQH HQJL(
HQYLURQPHQW ZLOO JHQHUDWH OLQH GVREIDGLGENV DQ & KIKH FXUAK RL VKX HEHLERQVXPHG

4XDOLILFDWLRQ 5DQGRP 9LEUDWLRQ 7HVWLQJ
6RXUFH 'RFXPHQWS$Y 'HF 0,/ 67" ( *6)& 67 $ |
7HVW 2EMHFWLYH 'HPRQVWUDWH WKDW WKH WHWVIWR Q WHPV REIQUDWHY QRPLQDOO\ DIWHU YLEU
7HVW &RPSOHWH &ULWHULD 7KH UHTXLUHG YLVE UDWHPR QQSWR H O/I$W LU HHBS S DUHBWA R QWK HR W MAKH VSHFLILHG GXUDWLR
7KH WHVW LWHP VHSDUDWHYV QRPLQDOO\ DIWHU EHLQJ H[SRVHG WR DOO YLEUDWLRQ SURILOHV
7KH WHVW LWHP LV LQVSHFWHG ,$: 36& 'RFESPAQWRQ 5HSBRNW 06 RQVFRPSOHWLRQ RI YLEUDWLR® H[SR
$00 DWWHQGHHV Rl WKH 36& LQWHUQDO 7HVWERMSOED/Q BABLHAVXEBNWSSURYH WKH
1RWHYV &RQWURO EDQGZLGWKYV PD\ EH FRPELQHG IRU WROHUDQFH HYDOXDWLRQ SXUSRVHYV
1DUURZ %DQGZLGWK ([FHHGDQFH 1%( WROHUD QRHQ WU RKX ¥ LPIIY D © XAPDX LHf WHKH\G KBMH FRQWURO WROHUL
5SDQGRP 9LEUDWLRQ 7ROHUD(F
1RPLQDO [8888BU &WURZHW &V I . e
3URILOH|$6" $6°' ILPLW { e 5DQGRP 9LEH[3UR|ILPH
JUHT >+l@ >J+]@ >J+]@ >J+]1@ === &WUO /LPLW [8ERU
® / \
- I r=e===\\
: AEREAN \
A "\‘.-------......- \
. \ \
& \ \
3UH 5DQGRP 9LEH 5DPS 8S ST TTTTTT \
/HYHO >G% @ "XYDWLRQ ®XW@RVH / Vv
H 9HULIN FRQWURO 4 W\
H 9HULI\ FRQWURO 11 \
I.‘I \‘\
('(3DUDPHWHUV !/ \
3DUDPHWHU | 9DOXH 7RO H \
2YHUDG @ >J “
"XUDWLRQ SHU D[LV >VHF|@
$[HY WHVWHG = @ JUHTXHQF\ >+]@
&RQWURO 6 vUDVOBI\ > |@
&WUO WROHUDQFH +] >Gl% @
&WUO WROHUDQFH| ! +] >Glw @ 3UH 3RVW 6LQH 6ZHHS 3URILOH
0D[ &WUO %DQGZLGWK >+]@ 3DUDPHWHU 9O XH 7ROHUDQF|
1%( 7RO >k1@ 5DQJH pP+]@
$FFHO &URVVWDQN@RESBHW ALPRXW >QHYHO $SSOLHG /HYHO >J@
5DQGRP YLEH '2) SHU FKDQQHO } @ “ 5DWH >2HW PLQ@
'DWD 6DPSOLQJ[5DWH >+]@ PLQLPXP 1% ( >+ @
1% ( >+] @ PLGEDQG IYHT
1% ( >+](@
$FFHOHURPHWHU 3DUDPHWHUV
$FFHO HQ $[LDP
$FFHO l'Z)':"lli_'VLJQD LR%FHO 1\SHFFHO 30DQDU RéﬁR@b RQ YXQFWLRQ 7HVW IROORZLQJ DOP 9LEYDWLR
QGHUVLGH RI WRS | H RI RIUV.
& &RQWURO 7ULD€fLO|%5Z'HU 7UDQVL LF&?%&% 2SHUDWLRQ QRC"?@%\%LL&@
& &RQWURO 7ULD£iQ L:'\GquHDg'VXVFLS&'é)%&%/?:R' 6HSDUDWLRR % RW
JLIXUH BUHYLRXVO\ HIHFXWHG TXDOLIWADMWLEBQ UDDPHAARHPUYLEUDWLRQ
6RXUFH 36& 'RFXPHQW $ '"HF

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWH

PV &RUSES

TKHUPDO 9DFXXP 4XDOLILFDWLRQ 7HVW

7THVWHG WKHUPDO YDFXXP SDUDPHWHUVGRDDH VIKRZIQ GICD PIHWHH /LIJKWEDQ

AXDOLILFDWLRQ 7KHUPDO 9DFXXP 7HVWLQJ
6RXUFH 'REFXAHQ8 ' RFXPHQW

7HVW 2EMHFWLYH 'HPRQVWUDWH WKDW WKHHWHVKHUWBIG R 66U QIR LFQ DO DQ J
7HVW &RPSOHWH &ULWHULD 7KH WH\FW GWMPJI@BS\OFEB W@RBLQDOO\ DW HD
7KH WHVW LWHP LV LQVSHFWHG ,$: 36& ‘REXPEBRMWLRQ 3BSRWW  XSRQ FRPSOHWI
$00 DWWHQGHHV RI WKH 36& LQWHU QDG TWR Y\H &RIRIS OHWIW 5SODBZD F&5U HVXOWV

,Q D VHSDUDWLRQ VSULQJIVQWIUD Y B OVWLD WHRY W SULQBEXHYUDYHO LQFKHV
36& GRHV QRW JXDUDQWHH SUHVVXU HRUAL DOV UHPPIIQUDMORZHY DERYH  f& IRU IL
$ EDNH RXW RFFXUV DIWHU FKDPEHU $ W KID®RY HEG DIOL FEOHNHH B XW WMHPDWHU UHTX

1RWHV
L

%DNH RXW
"XUDW
’fé '

7KHU PDPO&
7HPS
> RO@ U
>f&d

S
THPS
f&@

'ZHOO 7LPH& DWW O 7
4 6HQVRY

D®@LJK /RZX
IHPS >RLUREBDWLR
ORWRU

1R RI HPA
D QFHH U P

&\FOH

0D[ 3UHVV

H[FOXGLQ

RXW >7R
(

LRQ

b
?RZ THPS @

RINrN G
UU@’}'&@ D >
$

JLIXUH BUHYLRXVO\ HIHFXWHG TXDOLHWVW VEIDRI® AHKWHBPY O YDFXXP

6WUHQJIJWK 4XDOLILFDWLRQ 7HVW

7THVWHG VWUHQJIJWK SDUDPHWHUV RI D VKRYRK LGLPIPKWHU /LIJIKWEDQG DUH

4XDOLILFDWLRQ 6WUHQJWK 7HVWLQJ
6RXUFH 'RFXPBEAN' RFXPHQW $
7HVW 2EMHFWLYH 'HPRQVWUDWH WKDW W KH X\CHALVW WDMA. R SHRDIBLBY QRPLQDOO\ DIWHU
7HVW &RPSOHWH &ULWHULD 7KH UHTXLMWW ORBI®Y DUH DSSOLHG WR WKH
7KH WHVW LWHP LV LQVSHFWHG ,$: 36& 'RFXPHQW W’ XORQ PRPSQMBHRWGLRIQ
$00 DWWHQGHHYV RI WKH 36& LQWHUQDO 7HVWN&R/MESBWE BIQE. HE VKBV D SS U R
$VVXPHYGELDUH |HUR ,5®0QBJRDG IDFWRUV
,Q D VHSDUDWLRQ VSULQJV WUDYHOLBW OASDN\GJV WQPKHO LOQLRDEKHMLWLDW
LV FRPSUHVVLRQ LQ WHVW LWHP

$SSOLHG WKURXJK &0
6HH 8VHU V 0DQXDO IRU ON,, /LJKWEDQG |IWU HQIWHH WIHY W R \G H WHXILPU QG

3HDN ORDG WDUJHW LV WR HQVXUH WKDW UHTXLUHPHQW LV UHDFKH

1IRWHV

[

/IRDGS¥®LFDWLRQ
/IRDG QFUH

SBHUFH( VI\QQ—'%P

> @
,QFUHH
,QFUHHF
,QFUHP
,QFUHP
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3UH WHVWISQDO
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) DOO ORD|IG FRMHME)N  1LcvSikV
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)XQFWLRQDO WHVW IROORZ
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@
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'"HFUHPH

2SHUDWL 9

6HSDUD WK

JLIXUH 0/% TXDOLILFDWLRQ VWUHQJIJWK WHVW SDUDPHWH

6RXUFH 36& 'RFXPHQW

6RXUFH 36& 'RFXPHQW $
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*ON,, 0/% 8VHU 0DQXDO

S3ODQHWDU\ 6\VWHPV &RU S

BWUHQJWK WHVW UHTXLUHPHQWYV IR W WIKHKWEQRIG ®LDP NWRIZLQTX® QLI XEBW L R

BE& RFXPHQW

) ON,, 0/% 8VHU 0DQXDO

)XQFWLRQDO WHVW IROOH

ZLQJ DOO ORDG FDVHYV

2SHUDWL QG 9ROWDRWRUY V

>9@ 3RZHUHG

6HSDUOWLR

Q % RW K

6RXUFH
7THVW 2EMHFRQWWUDWH WKDW WKH WHVW LWHP FDQVIALMNWKIVAVORGGLXDIOLILFD
7HVW &RPSOMWHHTXLUHG ORDGY DUH DSSOLHG WR WKH WHVW LWHP
&ULWHULKOH WHVW LWHP VHSDUDWHY QRPLQDOO\ DIWHU EHLQJ H[SRVHG|V
7KH WHVW LWHP LV LQVSHFWHG ,$: 36& ‘REGQPHRMWLRQ SASR UMW’
1RWHYV LV FRPSUHVVLRQ LQ WHVW LWHP
3HDN ORDG PD\ EH LQFUHDVHG DW GG VAFUIHW HRJ LRKHMHVW GLUHHAW
7THVW /HYHOV
3DUDPHWH /IRDG &DVH /IRDG &DWVH /IRDG] &DVH /IRDG &DVH
)iw > @E
)<i%>0E @
)=1%>0E @
0,0 >LQ OFf @
0</%>LQ OFk @
0:/%>LQ OH @
"w/LQH /RDG | S[LDO
>SQEROW@
<wRU,LQH /RDG
6KHDUVEROW @
3HDN>/5DG 7ROHURI%FH WR R W R
3HDN /RDG 'XUDWLRQ
PLQ >V@
*DJH 3ODFHPHQW
*DJH ; D[LV GLVSODFHPHQW
*DJH ; D[LV GLVSODFHPHQW
*DJH < RU = D[LV GLVSODFHPHQ

WLRQ OH)

YR DOO O
SRQ FRP

RU DQ

YLIXUH

6RXUFH 36& 'RFXPHQW

0/%

TXDOLILFDWLRQ VWUHQJWK WHVW SDUDPHWHUYV

- X0\
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*ON,, 0/% 8VHU 0DQXDO

S3ODQHWDU\ 6

\WWHPV &RU S

6KRFN 4XDOLILFDWLRQ 7HVW
7HVWHG DSSOLHG VKRFN SDUDPHWHUV RRQUN VKRE® GQDPHWHU /LJKWEDQG

4AXDOLILFDWLRQ 6KRFN 7HVWLQJ
6 RXUFH 'RFX|FBI6QV\RWXPHQW )
7THVW 2EMHFWLYH OHDVXUH WKH PD[LPXP VKRFN WKDW WKH WHVW LWHP SURGXFHV
'"HPRQVWUDWH WKDW WKH WHVW LWHP RBHRUNWRV N RRIDEW O\ DIWHU H[SRVH
7THVW FRPSOHWHKHJUWHXILWHG VKRFN SURILOHV DUH DSSQIHGEG DYRVWKH WHVW LWHP LQ WKH
6KRFN SURGXFHG E\ WKH WHVW LWHP LV PHDVXUHG
7KH WHVW LWHP VHSDUDWHVY QRPLQDOQ\HBIWKBFENHBQRIH[BHRWHG WR UHT

b

VSHFLI

7KH WHVW LWHP LV LQVSHFWHG ,%0N368&/%RFQWIHFWLRQ 5HSRUW " XSRQSRRESBHWLRQ RI V

$00 DWWHQGHHV RI WKH 36& LQWHUQDOSTHRWM KRS HWW SV D Qe 8J HV X
,Q D VHSDUDWLRQ VSULQJV QVDQ YHIL \WWD@HRQW V S UL@RKHW UD YHO
RI 7HVW 6SHFWUXP PXVW EH DERYH WKH 1RPLQDO 656

8SSHU WROHUDQFH LV D JXLGHOLQH QRW D UHTXLUHPHQW

$ WULDO LV GHILQHG DV PHHWLQJ WKH/ 6KRF R @t TOPLSIDHFRWH @ WXIOGH VP KIBIWW DV K

IRWHV

LQ

pWV
FKHV

H VKRFEN LQ DO

$SSOLHG $FFHOHUDWLR
8SSH| ®
UHT >|+)/&2HY . QDE7TROHUIO A
) 2D H Ul SE A ] |
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I
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L
by | IRZHU 7RO
6KRFN 3DUDPHWHUV 1RPLQD
6KRFN 6SHFWUXPODBID H[@ —== 8SSHU 1RO
$[LV RI ([FLWDWLRQ T T T
<
= JUHTXHQF\ >+]@
YXQFWLRQDO 7HVW )ROPRZLQJ $00 7ULDOV SFFHOHPURPHWHU /RFIPWLRQV
SFFH
9ROWDJIHRWRY V $FFHO S$FFHO QrrHo|s[LDO
2SHUDWLRQ, g 6l 3rzHUHG 10pPH| 'HvLIoDpW S HO 7\SEDQD£FD LRQ
/RFDWL
6HSDUDWLR %RWK & &rRQWURQ RZM Ics
Q b Q Q ow HPFEEXRYY
& &RQWURO 7LLL$£@5‘|9J§8'5|9A/ =
7HVW 6WDFN
/REFDWLRQ WHP JHLJKW >0E@
%RWWR®PLEH 3JODWH !
7ubQvywL 5
« 5LQJ 8BULD_OH
« ILJKWEDQG 9QULDEOH
7UDQVLWLR n
7RS 5100 88uLpfon
JLIXUH BUHYLRXVO\ H{IHFXWHG TXDOLHWHWYRQ VKRFN WHVW SDUDP

6RXUFH 36& 'RFXPHQW
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*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

ILJKWEDQG ,QVSHFWLRQ

$IWHU DVVHPEO\ HDFK DFFHSWDQFH WHVWW B QG GE HRRIY HWKKIFSPIHKQIV VW RB GD U ®H B G Q BBEHFWLRC
"R F X P H2Q02066 Mk Il MLB Inspection Report. 7KH SXUSRVH R1 WKW R (PKOHDVE MRHU L MR IWKKIHF/R QIGWWDRG LQ D FRQ\
TXDQWLILDEOH PDQRABRQBOW RABFKH /L LIQMEDDGGLVHIBRUHG K AKH DS\S DR 6 U EFOD WK LSH 8 URFMIVE
E\ WKH 7HVW 'LUHFWRU DQG LQGHSHOQGH8 QMWXHHUHZKRL B EVEX DRERMR QWS BFW X RQ\P i 6 @ WHDRHN UV L P

7KLV LQVSHFWLRQ VKDOO EH GHHPHGVHXF¥KRYQXDQLV DE@HR|I WRHHIHWYR Q36 &% W BWANNYWW WHKHFA UILY
36& HQJLQHHUV DQG HLWKHU WKH &KLHLQ®JWXHDMWU R YQRU HANQLVGEHHFWY ICRHW SIRIIPQMW  IR\S IQRMWGE IRW URLIP\W &
/LJKWEDQG 36& DOVR UHVHUYHV WKH ULJKW WR IDLO D WHVW LWHP HYHRQY WHH QRWZE UR/L /BiG

LWHPV LQ 7DEOH DQG DGGLWLRQDO/SWHRPR P EHVEGBWGRIW WKH LQ
7DEOH 6WDQGDUG LQVSHFWLRQ RI D /LJKWEDQG
(IFHUSWHG IURP 36& GRFXPHQW +

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

ILIKWEDQG 7THVWLQJ DQG 3URFHGXUHY 3HUIRUPHG E

&XVWRPHUV RIWHQ FRPSOHWH VRPH RI WKHVH WHVWYV D Q GHS UIRIFKWWGEXDGE I VD@ Q GUGHIF BIYH ROMADTB @VUKHH

7THVW RU SURFHGXUH 2EMHFWLYH SHPDUNV DQG FDXWLRQV

H U P LWK D 36& WUD
SHEHLYH /LakwED QG wubLoUdS ey gRnggmgétgg@img@t@}?\g&w PHUTY 10

V, HOHFWULFDO ZLULQJ|KDUQH
& RYEE,

JLW FKHFN WR DGMRLQLQJ VWUSBRWIXIV EROW SDMLWHUQV D WKLY SURFHGXUH"

:LOO WKH /LJKWEDQG EH RYHUORDG
6\VWHP OHYHO YLEUDWLRQ HWWLI\ ZRUNPDQVKLS DQG PRGHWVRQDQFH" $UH QRWFKLQJ |RU IRUF
PHWKRGV HPSOR\HG"
9HULI\ WKH LQLWLDWLRQ FLUYFQMXWH G SKRVEBED QMG VRBHRIDWLRQ SUR
HWP WKH ODXQFK YHKLFOH 7ZLEH2 GU RBOIO®IH® IEW XVWQJ WKH ODW
H /LJKWEDQG 9HULI\ DGMR B8 Q& QR FXHPRAGPWB HMKILNY B Operating
UHFHLYH WKH SURSHU VLJQDG@roc8R®. VHSDUDWLRQ

7DEOH 7THVWLQJ DQG RWKHU SURFHGXUHV

(OHFWULFDO LQLWLDWLRQ W

JLIXUH (OHFWUR PHFKDQLFDO ILW FKEEWKOQGLDKWEDQOWLRQ WHVW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0

DQXDO

SODQHWDU\ 6\VWHPV &RU S

*URXQG 6XSSRUW (TXLSPHQW

*6 (

JRU SURJUDP SODQQLQJ VHYHUDO SLHFHV RI *6( DUH OLVWHG EHORZ WKDW KIDW KHBEHWXQS$DOH BV Q

OHQGV RXW *6(

,WHP

'"HVFULSWLRQ

*UDSKLF

0DVV PRFEN
ZLWK WKH /U
EROW SDW

$ VWUXFWXUH WKDW KDV
FHQWHU RI
VWUXFWXUHV VXFK DV W
XSO/RZ GDPSLQJ YDOXHV D
JRAMED QWG QW L Bl OWOH VLSRFEQMHH]
WHOIQPLWLQJ RU QRWFKLQ

PDVV DV WKH|S

UHTXLUHG WR SUHYHQW
PDFKLQLQJ LV UHTXLUHG
UHTXLUHPHQWYV

WKH VDPH PDVV DQG

D\ORDG &DXWLRQ

KHVH WHQG WR H[KLELW
DG DW UHVRQDQFH
DV)RUFH

U RI LQSXW PD\ EH
GDPDJH 3UHFLVH

WR PHHW IODWQHVYV
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* ON,, 0/% 8VHU 0DQXDO 30DQHWDU\ 6\WVWHPV &RU:
Q Q

,WHP '"HVFULSWLRQ *UDSKLF

36& HQJLQHHUV XVH WKLV LQ WKH ILHOG WR
DXWRPDWLFDOO\ GHSORY VWRZ DQG VHW IRU
7 \I/&LJKW WKH /LJKWEDQ® IRU KLJK YDOXH
é-b UDPV 5HFRUGYV HDFK PRWRUYfV FXUUHQW
DQG YROWDJH DW VDPSOHV VHFRQG
&DOFXODWHYV SRZHU HQHUJ\ DQG GXUDWLRQ
*HLJIKV OE

ILJKWEDQG
5DFN

:KHQ EOLQG PDWLQJ LV UHTXLUHG WKHVH
S$L§\>3/ DGG FRQWURO WR WKH PDWLQJ SURFHVYV
f H WKH 6HSDUDWLRQ@ 6SULQJY DOUHDG\

SURYLGH WKLV IXQFWLRQ

$OLIJQPHQW

&UDQH &RPS

O{%@EQV|RU D[LDO FRPSOLDQFH ZKHQ PDWLQJ
60LQJ

H'8SSHU DQG /RZHU [5LQJV RI WKH
/LJKWEDQG

2Q WKH 0/% /IRZHU|5LQJ 36&

XVHV VRFENHW KHDG FDS VFUHZV

5HGXFHG KHRGWK WKH KHDG GLDPHWHU UHGXFHG WR
GLDPHWHU IDVWHQMHKULY HOLPLQDWHY WKH LQWHUIHUHQFH ILW
ZLWK WKH /HDYHV 36& 'RFXPHQW

7DEOH *URXQG VXSSRUW HTXLSPHQW

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

/JLJKXWEDQG 7UDLQLQJ

/JLJIKWEDQG WUDLQLQJ IRU XS WR >GH3 VD W K36 ST FBIFR D IWKH LAL LKQEBXQ G DAB\HRXOMVLARRCH B | SMIKIINY R K
LV SURKLELWHG XQWHG HLY IRE WK B LKRINY.H VAKHR @ ODVWY DSSUR[LPDWHO\ WERDWPDQRWEKEGE DRE B
DQ DGGLWLRQDO FRVQWO7D D HQAFHU %/ MKW R LREMEDWIE V IRU PRQWKYV DWWMBUQDGFFHVVIXOO\ Fl

7UDLQLQJ VHVVLROV DUH LOQFUHGLEO\ LPSRMVQDODGG DWW GROHE RFEIHDW/YILERD KR Z WR RS HUO & HE MV R H ¢

WR GLVFXVV WKHUW DWW HREWWEH DOWHR 36&1V WUDLQHUYV ZLOO KHOS XQFR Y} D GR VBH @ AX\D\O DXAOR L
SRVVLEOH VROXWLR @\ V%X KDLYR Q E WIKREHMHU DPXWVRRFHDORS LQWHJIJUDWLRQ FXVWRY HQW RO ® DOV WAKHD
/LJKXWEDQG DQG SUHYHQW H[SHQVLYH SURJUDP GHOD\V

$W D PLQLPXP WKH IROORZLQJ WRSLEVDZQO@®IEMHHFRYRQHG GXULQJ WKH W
X +RZ WKH /LJKWEDQG ZRUNV

%HVW SUDFWLFHV

':DUQLQJV DQG ZDUUDQW\ YLRODWLRQ LWHPV

5HTXLUHG PDWHULDOV

+DQGOLQJ SUHFDXWLRQV

OHFKDQLFDO DWWDFKPHQW SURFHGXUH

6WRZLQJ SURFHGXUH

6HWWLQJ IRU IOLJKW SURFHGXUH

"HSOR\LQJ SURFHGXUH

3UHSDULQJ WKH /LIKWEDQG IRU FRPSUHVVLRQ

5HPRYDO IURP DGMRLQLQJ VWUXFWXUH SURFHGXUH
+RUL]JRQWDO LQWHJUDWLRQ SURFHGXUH LI DSSOLFDEOH
/JLJKWEDQG &RPSUHVVLRQ 7RRO SURFHGXUH LI DSSOLFDEOH
OLVVLRQ DVVXUDQFH YHULILFDWLRQV

&XVWRPL]JHG GLVFXWQ/ LRWRIJWPDWYRQ B HWDREOMQ¥R LPSURY
$0\ RWKHU WRSLFV GHVLUHG E\ WKH FXVWRPHU

X X X X X X X X X X X X X X X

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



*ON,, 0/% 8VHU 0DQXDO

S3ODQHWDU\ 6\VWHP

SDFNLQJ 6KLSSLQJ DQG 8QSDFNLQJ OHWKRGV

36& 'RFXP20@¥27 Mkll MLB Pack-Unpack Procedure GHILQHYV WKH PHWKRGY WR SDFN DQG XQSDFN WKH /LIKWED

*UDSKLF

'HVFULSWLRQ

V &RUS

7KH /LIJKWEDQG LV VKLSSHG LQ WKH GH®PEGRWHVE VW
$VVHPEO\ LQ WKH VWRZHG SRVLWLRQ WRQEHRQVWU I
5HG QRQ IOLJKW VWDQGRIIV DUH XVHG MQRIIKROG V

VHSDUDWHG

7KH /LJKWEDQG LV SUHSDUHG IRU VKLSFRHQW 7\SL
VKLSSHG LQ D FXVWRHFWHY HIRBIGHSERGLFDWHG |

SDUWLFXODU XQLW 7KH FDVH LV

UHXVDI

7KH /LJKWEDQG LV EDJJHG DQG VHDOHG

&RPSRVLWH IRDP VKDSHVY HQFDSVXODWH W

7KH FDVH LV VHDOHG ZLWK WKH /LIJIKWEDRH
FRQWHQWY DUH LQGLFDWHG RQ WKH

KH /LJF

DQG G
RXWVL(

7KH GHIDXOW VKLSPHQJ[ VHBUWDLFGE DIMG 2YFHUPIL IKW

ZHLIJKW DQG VL]H YDULHV E\ /LIKWE

&XVWRPHU UHFHLYHV WKH /LIKWEDQG D¢
'R F X P HQO0827 MKIl MLB Pack-Unpack Procedure

DQG GL

DG XQSE

3DFNLQJ VKLSSLQJ DQG XQSDFNLQJ PHWKRG

- X0\

Z22Z SODQHWDU\V\V FRP 3DJH
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*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

SURFHGXUHV 'RFXPHQWY DQG 3XEOLFDWLRQV

BURFHGXUHY DQG 'REXPHQWYV

3URFHGXUH IRU 6KLHOG WHUPLQ DW.R QDD OPWIROLR@ MRKPGIQHBWWED QG

/ILJKWEDQG 6WLIIQHVV

7KHUPDO 5HVLVWDQFH 7HVW

7KHUPDO 9DFXXP TXDOLILFDWLRQ RI ORWRU $VVHPEO\

0/% )0($

ON,, 0/% 2SHUDWLQJ 3URFHGXUH

BURFHGXUH WR 3DFN DQG 8QSDFN ODUN ,, 0/%

0/% ODWHULDOV DQG 6XUIDFH )LQLVK /LVW

/ILIKWEDQG 5HWDLQLQJ 5LQJ BUHORDG 5HFRPPHQGDWLRQV

6HSDUDWLRQ &RQQHFWRU 'DWD 6KHHW

0.,,0/% ,QUSHFWLRQ 5HSRUW

6SULQJ (QHUJ\ DQG LWV 9DULDWLRQ

/LQH /RDG VWHXIRF /WS RII &aDOFXODWR

/ILIJIKWEDQG &RPSUHVVLRQ 7RRO 2SHUDWLQJ BURFHGXUH

6HSDUDWLRQ 6ZLWFK 'DWD 6KHHW

/ILIJIKWEDQG /RDGLQJ &DSDELOLW\ 3URRI 7HVW

ON,, 0/% $QDO\VLV

0/% 6KRUWHG ORWRU 79%$& 7HVW 30DQ

/LJKWEDQG /RDGLQJ &DSDELOLW)\ B3URRI 7HVW

S5HIXUELVKPHQW 3URFHGXUH

(0, 6ZLWFK 6KLHOG 7THUPLQDWLRQ DQG $WWDFKPHQW 3URFHGXUH

36& ,QOYHQWRU\ ODQDJHPHQW 3URFHGXUH

36& 6 XSSOHPHQWDO +DQG 6ROGHULQJ 3URFHGXUH

SHIHUHQFH 3XEOLFDWLRQV

/LJXWEDQG $V (QDEOLQJ 7THFKQRORJ\ $,$$ 56

0XOWL 3D\ORDG ,QWHJUDWLRQ /HVVRQV DRDOUU@NGRIQ RP 88RF H HGWBP\B OBR BDWMWK&RQIHUHQFH

66& ,; /HVVRQV /HDUQHG 'HYHORSLQJ 6HBDODSMDWRKO®O\VWHIWVY )RU 6P

$XWRPDWLQJ 6HSDUDWLRQ 6\WWHP 7HY$HIQRV SD RIF HOHE KQIM RP WE&EH SRV L XP

*OHQQ BHVHDUFK &}

/HVVRQV /HDUQHG 'HVLD®LEDVEHGHEHWHF5H O HEYHURWVXDF-L VRFKDQLXPV+XOWRW LOOH $ODEDPD

0D\

SHTXLUHPHQWYV )RU 7KUHDGHG )DVWHQ L QIDG\N WIS 67 6SDFBDUFKKW +DUG

7DEOH BURFHGXUHY GRFXPHQWY DQG SXEOLFDWLRQV

'DUUDQW\

7KH /LJKWEDQG ZD U U DRS®/DotvheBtH001Q15 @/atranty MLB

$FNQRZOHGJIJHPHQWYV

36& ZRXOG OLNH WR OKPKQRI0%EB QURHH RBBDEPH RQARUWKRS *UXPPDQ ,QQRYDWLRQWUXWWPYH RU
VXJIJHVWLRQV DQG S BWDBQRFIHWZA AV R Q/RIPYX Q MHMW BI&& DRVMQWRH /LJKWEDQG DWWDLQHG LWV SUHVHQW

- X0\ Z22Z SODQHWDU\V\V FRP

3DJH R



*ON,, 0/% 8VHU 0DQXDO S3ODQHWDU\ 6\VWHPV &RU S

*ORVVDU\

X $52 $IWHU UHFHLYLQJ RUGHU

X %HQFK WRS WINWSDQDWLRQ WHVW RI WKH /LJKWEDQG RQ D EHQFK WRS 5DWH DQG YHORFL

X %XLOG &RPSOHWH 5HWIHA\ %$BEGXFW DVVHPEO\ LV FRPSOHWHK LY QG AODQEHV UEHDEERKI RUR B/ M WA\

X &0 &HQWHU RI PDVV

X &7( &RHIILFLHQW Rl WKHUPDO H[SDQVLRQ

X &9&0&ROOHFWHG YRODWLOH FRQGHQVDEOH PDWHULDO

x (OHFWUR G\QDPLF HEFPWHKLGH XVHG WR DSSO\ YLEUDWRU\ ORDGLQJ

x (0) (OHFWURPRWLYH )RUFH

X (QG ,WHP 'DWD 3DFNBJHUXQ3WHVW SRO® @R JSUREG ¥HWMWLILFDWLRQ

X (QJLQHHULQJ GHYHORSPHQWIKWEWQECSGHVLIQDWHG IRU XVH RQ/WKH X\WHR XQIG) KWR MIONDHR K [HL
DUH QRW H[SRVHG WR VWDQGDUG WHVWLQJ WKH\ RQO\ UHFHLYH VHYHUDO EHQFK WRS VH¢

X )($ )LQLWH HOHPHQW DQDO\VLV

X )OLJKW B8QLWKWEDQG GHVLJQDWIDE GR D UK v REWS 2 E 8 O) 00\ KQWXIDE WWR DWMDIP[GRYG DF FHSW D
SULRU WR GHOLYHU\

X )0($ )DLOXUH PRGHV DQG HIIHFWV DQDO\VLV

X *6( *URXQG VXSSRUW HTXLSPHQW

X ,$: ,Q DFFRUGDQFH ZLWK

X /LIJIKWEDQG &RPSUHVVLRQY VIRREOLUBY XVHG WR VDIHO\ PDWH WKHHaBSHU DQG /RZHU 5LQJV V

X 0%$ ORWRU %UDFNHW $VVHPEO\

X 0/% ORWRUL]JHG /LJKWEDQG

X 02, 0RPHQW RI LQHUWLD

X 1%( 1DUURZ EDQGZLGWK H[FHHGDQFH

X 1RPLQDO 2SH®MSDURIWLRQ Rl WKH /LJKWEDQG DW “ & ZLWK ERWK PRWRUV DW

X 3URGXFW %XLOG 6SHFLSLFPRMAIRY GRBXPHQW RI UHTXLUHPHQW\R QR UJ WHVWILRG D(EE IVXEW \ V!
FRQQHFWRUYV

X 6&& 6WUHVV FRUURVLRQ FUDFNLQJ

X 6HW IRU IOLJERW L)) WKH EDOO QXW IURP WKH 6WRZO(Q\G H3 OTKW ¥ WHRO\BI WWHR/HHSLOIRIRIZR 8 RZL J Q L
GHFUHDVHV WKH VEL RHH ®MRF L Q 1 WMKDHN GIQ VOAXIQ B H MGEWH VER WUDYHO WR LQLWLDWH

X 62: 6WDWHPHQW RI ZRUN

X 656 6KRFN UHVSRQVH VSHFWUXP

X B6WRZR MRLQ WKH /LJKWEDQG E\ RSHUDWLQPLWKEZRRWRHV ROMQ @ EFRWRXGWR Z /

X 7HVW 5HDGLQHVV 5HM.WHZ\ EBVW SODQV PHHW 3%6

X 7LPH WR LGREZHDWH) XQWLO HEUWW HZLWFRRLUVW RSHQV D FLUFXL

X 7LPH WR GHSOR\ RBRZHEDRQ@WBWLO D ORRS EDFN LQ D 6HSDUDWLRQ &RQQHFWRU RSHQV C

LQFK RI WUD ¥%HIL UWBFWKR Q
X 7HVW &RPSOHWH 5H$LMHZHWERJ WKDW LV KHOG WR UHYLHZ WKH UHVXOWV Rl WKH WHVW 7K
VXFFHVV RU IDLOXUHWZW B6RLIQQPIXPHH WK ID @& LHIWRBUQHHU RU 3UHVLGHQW PXVW DWWHQC
X 70/ 7RWDO PDVV ORVYV
X :57 :LWK UHVSHFW WR

- X0\ Z22Z SODQHWDU\V\V FRP 3DJH R



