
$7/$6
3L[HO 'HWHFWRU

,QWHJUDWLRQ

RI�WKH

$7/$6�3L[HO�'HWHFWRU

0DUFK� �� ����

86 $7/$6 5HYLHZ
(� $QGHUVVHQ� /%1/�&(51



0DUFK ��

86 $7/$6 5HYLHZ
(� $QGHUVVHQ /%1/�&(51

$7/$6
3L[HO 'HWHFWRU

2YHUYLHZ

� 2YHUYLHZ RI WKH VWUXFWXUH

± *HQHUDO /D\RXW

± *OREDO 6XSSRUW (OHPHQWV

± /RFDO 6XSSRUW (OHPHQWV

± ([WHUQDO ,QWHUIDFHV

� ,QWHJUDWLRQZLWKLQ 3L[HO 6WUXFWXUH

± ,QWHJUDWLRQ DUHDV

� 6WUXFWXUH

� ,QWHUIDFH

� 6HUYLFHV

± 2UJDQL]DWLRQ

� &RQILJXUDWLRQ &RQWURO

� :RUN 3DFNDJHV 5HVSRQVLELOLWLHV

� 6FKHGXOH

� ,QWHJUDWLRQZLWK WKH UHVW RI $7/$6

± ,QWHUIDFH 'RFXPHQWV

± 6HUYLFHV

± ,QVWDOODWLRQ DQG0DLQWHQDQFH
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� %DVHOLQH 'HVLJQ LQ 7'5 KDV

WXEXODU WUXVV HQG IUDPHV

ZLWK GLVNV WKDW H[WHQG

SDVW = ���

� 3URJUHVVLRQ RI GHVLJQ

LPSRUWDQW WR UHPHPEHU�

± %DVHOLQH LQ 7'5

± &RVWLQJ

± $QDO\VLV

± 0DWHULDO (VWLPDWHV

± 6WUXFWXUDO 3HUIRUPDQFH

%DVHOLQH

� 'HVLJQ FKDQJHG WR IODW

SDQHO WR UHGXFH FRVW

� &KDQJHG DJDLQ WR =����

/D\RXW RI 'LVNV IRU

LQWHJUDWLRQ UHDVRQV

%ULHI�+LVWRU\�RI�/D\RXW
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*OREDO�6XSSRUW�6WUXFWXUH

6XSSRUW &RQH ���

)RUZDUG

'LVN )UDPH ���

&HQWUDO %DUUHO

)UDPH

86 $7/$6 KDV WDNHQ UHVSRQVLELOLW\ IRU WKH

2YHUDOO 3L[HO *OREDO 6XSSRUW IUDPH� VSHFLILFDOO\

WKH DUWLFOHV VKRZQ�

&HQWUDO DQG )RUZDUG IUDPHV� 6XSSRUW &RQHV DQG

'LVN 6XSSRUWV
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Global Support Concept

Central Barrel Frame (1)

Forward Disk 
Frame (2)

Barrel Support Cone (2)

B-Layer
Services

Disks (10)

���PP
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�PP
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'LVN�DQG�%DUUHO�*OREDO�6XSSRUW�6XE�6WUXFWXUH

� 'LVN 6HFWRUV DQG %DUUHO 6WDYHV DUH SODFHG RQWR 'LVN 6HFWRU

6XSSRUWV DQG %DUUHO +DOI VKHOOV UHVSHFWLYHO\

� %DUUHO +DOI VKHOOV DQG 'LVN 6HFWRU 6XSSRUWV DUH FRQVLGHUHG

SDUW RI WKH ³*OREDO´ VXSSRUW V\VWHP
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Omega piece

C-C TMT

Top view Bottom view

/RFDO�6XSSRUW��6WDYH��%DVHOLQH

� FRROLQJ WXEH PDGH RI DQ 2PHJD�

VKDSHG *UDSKLWH &\DQDWH (VWHU

PDWHULDO JOXHG WR D &DUERQ�

&DUERQ �&�&� 7KHUPDO

0DQDJHPHQW 7LOH �707�

� 707 PDFKLQHG IURP D &�& SODWH

DQG LPSUHJQDWHG WR VHDO

SRURVLW\

± 6KLQJOHG *HRPHWU\ DFFHSWHG DV

EDVHOLQH -DQ��

± 6PDOO OD\RXW FKDQJH LQ GLVNV

QHFHVVDU\ WR DFFRPPRGDWH WKLV

± %DVHOLQH GHVLJQ DVVXPHV

HYDSRUDWLYH FRROLQJ DQG XQGHU�

SUHVVXUH RSHUDWLRQ

± %DFNXS GHVLJQ WR SURFHHG LQ

SDUDOOHO XQWLO 355
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6HFWRU�%DVHOLQH

Total Length: 421.05mm - 56 = 365.05mm

(6/, IORFNHG JODVV\ FDUERQ

7XEH �2OG � GLVN GHVLJQ�

6HFWLRQ WKURXJK WXEH

+HDWHUV

&RROLQJ 7XEH

(6/, LV RQ SURWRW\SH �� LW

LV WKH ILUVW RQH ZLWK WKH

QHZHU � GLVN OD\RXW DV

GHILQHG LQ WKH 7'5

0RXQWLQJ 3DGV

�QRW VKRZQ DERYH�

%DFNXS HIIRUW LQFOXGHV ERWK && WXEH RSWLRQ

DQG DOXPLQXP WXEH RSWLRQV� ZLOO SURFHHG XS

WR 355�

5HVXOWV SUHVHQWHG ODWHU WKLV PRUQLQJ
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� %DUUHO /D\HUV %�/D\HU �� 6WDYHV

/D\HU � �� 6WDYHV

/D\HU � �� 6WDYHV

�� 0RGXOHV SHU 6WDYH

���� PRGXOHV

� 'LVNV HDFK HQG ��� �� 6HFWRUV

��� �� 6HFWRUV

� 0RGXOHV SHU 6HFWRU

��� 0RGXOHV

&KDQJH�WR�7'5�/D\RXW�LQ�'LVN�5HJLRQ

� 1HZ /D\RXW UHGXFHG QXPEHU

RI GLVN PRGXOHV E\ a��

� (DVHG LQWHJUDWLRQZLWK WKH

EHDPSLSH

� 6ROYHG 6&7 &ODVK

2OG %DVHOLQH ZLWK FKDQJH LQGLFDWHG
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/RFDO�([WHUQDO�(QYLURQPHQW

6&7 7KHUPDO %DUULHU

%�/D\HU 7KHUPDO %DUULHU

&RYHU

%HDP 3LSH

3HQHWUDWLRQ
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,QWHJUDWLRQ�ZLWKLQ�WKH�3L[HO�6WUXFWXUH

� 6\VWHP ,VVXHV

± 6WUXFWXUDO 6XE�HOHPHQWV

� 3HUIRUPDQFH FULWHULD

� $FFXUDF\

± ,QWHUIDFH &RQWURO

� *HRPHWU\�(QYHORSH

� $FFXUDF\

� /RDGV DQG (QYLURQPHQW

± 6HUYLFHV

� &RROLQJ

� (OHFWULFDO

� ,PSOLFDWLRQV IRU WKH 6WUXFWXUHV

� 2UJDQL]DWLRQ

± &RQILJXUDWLRQ &RQWURO

± :RUN 3DFNDJHV�5HVSRQVLELOLWLHV

± 6FKHGXOH
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5HTXLUHPHQWV�6SHFLILFDWLRQ 6FKHPH

� 0HFKDQLFV VKRXOG QRW VLJQLILFDQWO\ GHWUDFW IURP LQKHUHQW 3L[HO

UHVROXWLRQ

± *RDO� ��µ LQKHUHQW SL[HO UHVROXWLRQ ZLOO EH LQFUHDVHG WR QR PRUH WKDQ ��µ
E\ PHFKDQLFDO XQFHUWDLQWLHV �QHJOHFWLQJ WUDFN DOLJQPHQW ZKLFK PD\ UHGXFH

WKH ��µ�
� 7ZR SRVVLEOH DSSURDFKHV

± $�� )DEULFDWH ZLWK ORRVH WROHUDQFHV DQG UHO\ RQ WUDFN DOLJQPHQW �SDUWLFOHV�

± %�� )DEULFDWH ZLWK YHU\ WLJKW WROHUDQFHV WR PLQLPL]H WUDFN DOLJQPHQW HIIRUW

� 'HVLUH WR IDOO FORVHU WR RSWLRQ % WKDQ $� EXW FHUWDLQO\ LQ EHWZHHQ

± 'HVLUH WR XVH 6WDYH DV IXQGDPHQWDO DOLJQPHQW XQLW WR PLQLPL]H WUDFN ILWWLQJ

HIIRUW IRU ���� PRGXOHV ZLWK � '2)

7ROHUDQFHV SUHVHQWHG DUH ZLWK YLHZ LQ PLQG WKDW 6WDYH LV D ZHOO NQRZ XQLW
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5HODWLRQ RI $VVHPEO\ WR 7ROHUDQFHV

� 0RGXOHV 3ODFHG RQ /RFDO 6XSSRUW

± 0LQLPXP DFFXUDF\ UHTXLUHG IRU PRGXOH WR PRGXOH UHJLVWUDWLRQ

± $OO PRGXOHV DUH WR E�σ, ZLWKLQ � SL[HO ZLGWK RI GHVLUHG SRVLWLRQ

� 0RGXOHV 6XUYH\HG RQ /RFDO 6XSSRUW

± 0RGXOHV¶ 3RVLWLRQV DUH GHWHUPLQHG UHODWLYH WR VWDYH PRXQWV DQG

HDFK RWKHU

± &00 $FFXUDF\ OLPLWV IXQGDPHQWDO DFFXUDF\ RI WKLV PHDVXUHPHQW

WR E� µ (RQH σ IRU &00�
� /RFDO 6XSSRUW SODFHG LQ 6KHOO�'LVN

± /DVW WLPH WR SK\VLFDOO\ PHDVXUH PRGXOH ORFDWLRQ

± &00 $FFXUDF\ OLPLWV IXQGDPHQWDO DFFXUDF\ KHUH DV ZHOO�

� 3RZHUHG RQ LQ RSHUDWLQJ HQYLURQPHQW �)ORZ� &0(� &7(� HWF�

± &KDQJHV ORFDWLRQ RI PRGXOHV IURP VXUYH\HG SRVLWLRQ

� ;�5D\ VXUYH\ LQ SRZHUHG RQ FRQGLWLRQ

� 6WDELOLW\�5HSHDWDELOLW\

± *UDGLHQW RI VWDELOLW\ PRWLRQV VKRXOG EH OHVV WKDQ

DFFXUDF\�FDOLEUDWLRQ�WLPH�FRQVWDQW

$
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D
W
X
U
H

&KDQJH RI 6WDWH

1RW 6WDWLVWLFDO

$IIHFWV

)XQGDPHQWDO

3HUIRUPDQFH

&RQVLGHU WKDW WKLV UDWLRQDOH UHTXLUHV D WKRURXJK ;�UD\ 6XUYH\

2QO\ IXQGDPHQWDO UHTXLUHPHQWV DUH 0RGXOH SODFHPHQW� DQG 6WDELOLW\

)XQGDPHQWDO WR

0RGXOH EXW

8QUHODWHG WR UHVW
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0DS *OREDO 7ROHUDQFH WR 6WDYH 'LPHQVLRQ

�'RQH DOVR IRU 6HFWRU�

�µ

D]LPXWK

U
D
G
LD
O

6WDYH

� *OREDO 7ROHUDQFHV EDVHG RQ � HIIHFWV

± 7LOW DQJOH

� δ�D]LPXWK�  δ5VLQ�WLOW� �D]LPXWK DV OLQHDU GLPHQVLRQ�

± 0RGXOH GRHV QRW FKDQJH GLPHQVLRQ DV LW PRYHV �∆5 PDSV WR ∆Φ )
� δ�D]LPXWK�  δ5�D]LPXWK/5�

± /RZPRPHQWXP WUDFNV KDYH EHQG UDGLXV �QHJOLJLEOH�

� *OREDO 7ROHUDQFHV DUH PDSSHG WR VWDYH FRRUGLQDWHV

± /DWHUDO 7ROHUDQFH LV DSSUR[LPDWHO\ HTXDO WR $]LPXWK WROHUDQFHV

�SURMHFWLYHO\� FRV�WLOW� y ��

± 2XW RI SODQH �QRUPDO� PRWLRQ RI VWDYH PDSV WR D]LPXWK YLD WLOW DQJOH��

D]LPXWKDO WROHUDQFH VHWV OLPLW RQ RXW RI SODQH PRWLRQ� QRW 5DGLDO

7ROHUDQFH

O
D
WH
U
D
O

Q
R
U
P
D
O

/LPLWV 1RUPDO

H[FXUVLRQ
7ROHUDQFH %R[

1RPLQDO 'LPHQVLRQ

E1R
UPD

O

(requires touch)7U\ WR GHILQH

WROHUDQFHV LQ

WHUPV HDV\ WR

PHDVXUH RQ &00
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&RRO GRZQ VWDELOLW\ WHVWV

Cold
box

Stave

Measuring
head

CMM tooling

ESPI setup

0-15-0 stave longitudinal r displacements

0-90-0 stave longitudinal r displacements

Stave longitude

-20 µm

+20 µm
+13 µm

Support location

A

A

B

A curve: FEA surface impregnated TMT

B curve: FEA deep impregnated TMT
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&RRO�GRZQ WHVWV� ������ VWDYH WZLVWLQJ

� ,Q DGGLWLRQ WR D QRUPDO GHIOHFWLRQ� WKH �����

� RPHJD VWDYH DOVR VKRZV DQ XQGHVLUDEOH

WZLVWLQJ GXH WKH ��� &)53 OD\HU

� $ WRUTXH RI ��1PP LV UHTXLUHG WR FRQVWUDLQ

URWDWLRQ RI WKH HQG RI WKH VWDYH

� :LWK WKLV FRQVWUDLQW� WKH PD[ VLGH

GLVSODFHPHQW GXH WR WLOWLQJ LV ZLWKLQ WKH

VSHFLILFDWLRQV ��� µP�
� 1HHG WR IDFWRU 6WDYH ORDGV LQWR %DUUHO

+DOI 6KHOO GHVLJQV

-0,008

-0,006

-0,004

-0,002

0,000

0,002

0,004

0,006

0,008

1 2 3 4 5 6 7 8 9 10 11 12 13

steps alon g  the stave

co
s 

(tr
an

ve
rs

e 
til

t a
ng

le
)

∆y (side displacement)

Stave mid
support location

ESPI cross check

Free end
support
rotation

Rotation
fully

constrained

CMM-touch probe measurements

∆y=260 µm

∆y=20 µm

∆y=60 µm

8th step 9th step

Trans. Tilt angle
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6WDWXV�RI�6SHFLILFDWLRQV�IRU�3L[HO�6WUXFWXUHV

� 6SHFLILFDWLRQV IRU 6WDYH DQG 6HFWRU WR EH ZULWWHQ LQ

WKH VSLULW RI WKH SUHFHGLQJ E\ -XQH 3L[HO PHHWLQJ IRU

DSSURYDO E\ WKH FROODERUDWLRQ

� 6LPLODU 6SHFLILFDWLRQV DUH QHHGHG IRU WKH 'LVN 6HFWRU

6XSSRUW DQG %DUUHO KDOI VKHOOV LQ WKH QHDU WHUP IRU

SURWRW\SH VWUXFWXUHV WR EH EXLOW��VKRXOG IROORZ

UHDGLO\ IURP WKH VSHFLILFDWLRQV RI WKH 6WDYH DQG

6HFWRU

� 6SHFLILFDWLRQ IRU WKH *OREDO 6XSSRUW 6WUXFWXUH LV D

PRUH FRPSOH[ SUREOHP DQG UHTXLUHV LQWHJUDWLRQ

HIIRUWV WR SURFHHGZLWK H[WHUQDO V\VWHPV� DV ZHOO DV

GHWDLOLQJ RI VHYHUDO LQWHUQDO LQWHUIDFHV� LQFOXGLQJ

6HUYLFHV
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,QWHUQDO�,QWHUIDFHV�RI�WKH�3L[HO�'HWHFWRU

� %DUUHO �KDOI�VKHOO� WR 6WDYH

� %DUUHO WR 6XSSRUW &RQH

� 6XSSRUW &RQH WR &HQWUDO %DUUHO )UDPH

� )RUZDUG )UDPH WR &HQWUDO %DUUHO )UDPH

� 'LVN WR )RUZDUG )UDPH

� 6HFWRU WR 'LVN

� *OREDO 6XSSRUW WR 6&7�757�&U\RVWDW

� 6HUYLFH SHQHWUDWLRQV�/RDGV

� 7KHUPDO %DUULHU

(
X
U
R
S
H

�
3
(

8
6
�
3
(

7KHVH LQWHUIDFHV ZLOO XOWLPDWHO\ DIIHFW WKH ILW DQG DFFXUDF\ RI DVVHPEO\ RI WKH

GHWHFWRU DQG WKXV UHTXLUH FRQWURO�
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&RQILJXUDWLRQ�&RQWURO

� %DVHOLQH LV QHFHVVDU\

± 6WDQGDUG 'RFXPHQWV

± &DG 'DWD ([FKDQJH

� &KDQJHV IURP EDVHOLQH QHHG WR EH GRFXPHQWHG

± 9HUVLRQLQJ

� &HQWUDOL]DWLRQ RI LQIRUPDWLRQ IRU ³&XUUHQW´ GHVLJQ

± ('06

� 1HHGV IRU FRPPXQLFDWLRQ DUH SDUDPRXQW

± $SSURYDO SURFHVV

± QRWLILFDWLRQ
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&XUUHQWO\�DYDLODEOH�7RROV

� ('06

± 'RFXPHQWV� DOO VRUWV

± :LOO HYHQWXDOO\ UHSODFH &''� DOO RWKHU GDWDEDVHV IRU

GHWHFWRU LQWHJUDWLRQ DW &(51

� &''

± (QJLQHHULQJ GUDZLQJV

± 7R EH UHSODFHG E\ ('06 )\��

± :LOO QRW EH XVHG E\ 3L[HO 'HWHFWRU

� LPSOLHV VOLJKW GHOD\ RI IXOO IXQFWLRQDOLW\ IRU GUDZLQJV

� :HE 3DJH

± &HQWUDOL]HG /LQN LQIRUPDWLRQ IRU UDSLGO\ FKDQJLQJ GDWD

± $OO LQIRUPDWLRQ RI FRQVHTXHQFH VKRXOG EH SXW LQWR ('06

± 8S WR LQVWLWXWHV WR PDLQWDLQ

('06ZLOO EH WKH FHQWUDO ORFDWLRQ IRU $// 3L[HO FRQILJXUDWLRQ LQ
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� 0RGXOH 6HUYLFHV

± 3RZHU

± &RQWURO

± 6LJQDO

± &RQQHFWRUV�%UHDNV

3L[HO 'HWHFWRU 6HUYLFHV

��0RGXOH VHUYLFHV GRPLQDWH VHUYLFH YROXPH� 7KHUH DUH ���� PRGXOHV FRPELQHG LQ WKH

EDUUHO�IRUZDUG UHJLRQ� DQG ��� LQ WKH %�/D\HU�

��&RROLQJ ([KDXVW WXEHV DUH WKH ODUJHVW VLQJOH LWHPV WR URXWH

��%�/D\HU 6HUYLFHV� ZKLOH VLPLODU� KDYH GLIIHUHQW PRGXODULW\ DQG DUH URXWHG GLIIHUHQWO\

� &RROLQJ

± 6XSSO\�5HWXUQ

± 0DQLIROGLQJ

± 7HPSHUDWXUH 6HQVLQJ

± &RQQHFWRUV�%UHDNV
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3L[HO�&RROLQJ

� (YDSRUDWLYH FRROLQJ LV WKH EDVHOLQH IRU WKH 3L[HO 'HWHFWRU

� 3KDVHG FRROLQJ SURJUDP XQGHUZD\ DW &(51 WR GHWHUPLQH

RSHUDWLQJ SDUDPHWHUV��UHVXOWV )\�� WLPHIUDPH

� 1RW PXFK SURJUHVV LQ WKH SDVW \HDU

� 2QO\ KDYH HVWLPDWHG WXELQJ VL]HV IRU WLPH EHLQJ
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3URRI�RI�FRQFHSW�LQ�3L[HO�6WUXFWXUHV

� (YDSRUDWLYH &�)�� FRROLQJ

KDV EHHQ VKRZQ WRZRUN LQ

3L[HO VWUXFWXUHV LQ WHVWV DW

&330

� 'LVN VHFWRUV ZHUH WHVWHG LQ

DOO RULHQWDWLRQV ZLWK D

³UHDOLVWLF´ �P WXELQJ

URXWLQJ VKRZLQJ

VDWLVIDFWRU\ UHVXOWV

� $OO VWDYH GHVLJQV KDYH EHHQ

VKRZQ WRZRUNZLWK

HYDSRUDWLYH FRROLQJ

� 7KHUPDO TXDOLILFDWLRQ DW

SURWRW\SH PDQXIDFWXULQJ

VLWHV VWLOO XVH PRQRSKDVH

IOXLG �PHWKDQRO ZDWHU� RU

%LQDU\ ,FH� WR WHVW WKHUPDO

SHUIRUPDQFH RI VWUXFWXUHV
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&XUUHQW�6WDWXV�$7/$6�,QQHU�'HWHFWRU

&RROLQJ

� &(51 EDVHG &RROLQJ JURXS HVWDEOLVKHG� KHDGHG E\ 3L[HO FROODERUDWRU

± ,QWHQW WR HVWDEOLVK SURRI RI FRQFHSW IRU 6&7 VWUXFWXUHV IROORZHG E\

GHWHUPLQDWLRQ RI UHOHYDQW HQJLQHHULQJ SDUDPHWHUV WR GHVLJQ V\VWHP

± 3URRI RI FRQFHSW SKDVH KDPSHUHG E\ GLVVHQW IURP 6&7 FRPPXQLW\� DQG WRR

GLYHUVH DQ LQLWLDO VFRSH

± 0DQSRZHU LV DQ LVVXH

� ³&RROLQJ 'HFLVLRQ´ VODWHG IRU /DWH0D\ µ��

± &RROLQJ UHYLHZ ����� 0D\ ����

± 6HOHFWLRQ RI FRROLQJ PHGLD DQG W\SH �PRQRSKDVH�HYDSRUDWLYH� IRU ,QQHU 7UDFNHU�

± 8QFOHDU LI HQRXJK LQIRUPDWLRQ ZLOO EH DYDLODEOH LQ 0D\ WLPHIUDPH WR GHFLGH

� 3KDVH ,, VWDUWV DIWHU FRROLQJ UHYLHZ

± )XOO VFDOH V\VWHP GHYHORSPHQW LV SODQQHG

± 6XEMHFW WR ILQDO DSSURYDO DW &RROLQJ 5HYLHZ

± )XQGLQJ LV PRVWO\ LQ SODFH WR SURFHHG

± 6FKHGXOH LV RSWLPLVWLF

� 2YHUSUHVVXUH 2SHUDWLRQ D FRQFHUQ

± 6&7 GHVLUHV FRROLQJ WHPSV DV ORZ DV ���& DQG SUHVVXUHV DV KLJK DV ��EDU ��EDU

H[KDXVW SUHVVXUH�
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3L[HO 'HWHFWRU

&XUUHQW�&RROLQJ�,QYHQWRU\

� (YDSRUDWLYH FRROLQJ LV 3L[HO %DVHOLQH

� 6SDFH UHVHUYHG IRU PRQRSKDVH FRRODQW V\VWHP

± 5HWXUQ OLQH WR 33%� LV ���PP� VXSSO\ LV ���PP

± $OO WXEHV ODLG LQ DW ���WR UHVHUYH VSDFH LI PRQRSKDVH LV

UHTXLUHG

� &RROLQJ PRGXODULW\

± 7ZR VWDYHV�VHFWRUV SHU FLUFXLW� H[FHSW %�/D\HU� ZKLFK KDV RQH

FLUFXLW SHU VWDYH

± SRVVLELOLW\ RI PDQLIROGLQJ RQO\ H[KDXVW XQGHU VWXG\ �LQGLYLGXDO

FDSLOODU\ VXSSOLHV�

� 5HWXUQ OLQH VL]HG EDVHG RQ VLQJOH SKDVH IORZ

SDUDPHWHUV

± 5HWXUQ OLQH VL]H XQGHU VWXG\ IRU HYDSRUDWLYH IORZ �WZR�SKDVH

IORZ�

± $VVXPSWLRQ WKDW WKLV LV FRQVHUYDWLYH

� &RQQHFWRUV VWLOO QHHG LQYHVWLJDWLRQ

± 2YHUSUHVVXUH FXUUHQWO\ QRW IRUHVHHQ LQ FRQQHFWRU VHOHFWLRQ

± 5DG�KDUG FRQQHFWRUV XQDYDLODEOH FRPPHUFLDOO\ IRU XVH DW ORZ

UDGLXV

Barrel Layer 1 Barrel Layer 2 B-Layer Disks
56 Staves 42 Staves 18 Staves 56 Sectors PPB1 PPF1

14 Supply 10 Supply 9 Supply 28 Supply 52 Supply 9 Supply
14 Return 11 Return 9 Return 28 Return 53 Return 9 Return

Totals
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Power budget W/cm^2 Power Supplies AMPS AMPS VOLTS WATTS WATTS
Module 0.540 Circuit Current (Max) Current (USED) Voltage Power(Max) Power (NOM)

Stave Pigtail 0.059 curr_scale 0.8 Vcc 0.75 0.6 1.5 1.125 0.9
.5meter PPB1 0.026 Vddd 1.5 0.75 3 4.5 2.25

TOTAL 0.626 Vdda 0.6 0.45 3 1.8 1.35
PT100 0 0 0

Optical link 1.00E-05 1.00E-05 10 0 0
Active Area (cm^2) 9.216 VCSEL 1.00E-05 1.00E-05 4 0.0001 0.0001

Bias Voltage 2.00E-03 1.60E-03 300 0.6 0.48
Module Power 4.9801

0RGXOH�3RZHU�VXSSO\�3DUDPHWHUV

� 1XPEHUV XVHG WR VL]H FDEOHV DUH ³QRPLQDO´ DW WKH HQG RI

GHWHFWRU OLIH

± (VWLPDWH EDVHG RQ FXUUHQW SURWRW\SH HOHFWURQLFV

� 3RZHU EXGJHW QRUPDOL]HG WR DFWLYH DUHD

� 1RWKLQJ FDQ LQFUHDVH ZLWKRXW QHJDWLYH LPSDFW �JURZWK� LQ

VHUYLFH FURVV�VHFWLRQ

� &DEOH 3HUIRUPDQFH UHTXLUHPHQWV KDYH QRW EHHQ FRQVLGHUHG

± &DSDFLWDQFH� QRLVH UHMHFWLRQ

± SHUIRUPDQFH RI ���P FKDLQ

± ,PSDFW RQ SHUIRUPDQFH GXH WR FRQQHFWRUV

� &DEOH &KDLQ RXW WR 5DFNV KDV EHHQ VL]HG DQG LV EHLQJ UHYLHZHG

� 6\VWHP WHVW RI IXOO OHQJWK FDEOHV ZLWK IOH[ SODQQHG IRU

VXPPHU ��
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&LUFXLW�6HQVLWLYLW\

Circuit Current (Max) Current (USED)
Vcc 0.75 0.6
Vddd 1.5 0.75
Vdda 0.6 0.45

PT100 0 0
Optical link 1.00E-05 1.00E-05

VCSEL 1.00E-05 1.00E-05
Bias Voltage 2.00E-03 1.60E-03

%XQGOH LQGLFDWLYH RI VHUYLFH FURVV VHFWLRQ �7\S

� &XUUHQW�3RZHU

± VOLJKW VHQVLWLYLW\ IRU VPDOO FKDQJHV

� ���� ������

� 1XPEHU RI FLUFXLWV

± ,W LV OLNHO\ WR LQFUHDVH LQ WKH FDVH RI VHQVH

ZLUHV �GRXEOHV QXPEHU RI ORZ SRZHU WUDFHV�

� XS WR ��� LQFUHDVH

� 1RLVH 5HMHFWLRQ

± 7ZLVWHG SDLU GRXEOHV ZLUH DUHD

� XS WR ��� LQFUHDVH

� )LEHU 0RGXODULW\

± &XUUHQWO\ FRQQHFWRUV FRPH PRGXOR �� ZKLFK

GRHV QRW HDVLO\ GLYLGH LQWR �� ; �

� SRVVLEOH �� LQFUHDVH

6HQVLWLYLW\ WR FKDQJHV LQ SDUDPHWHUV

0RGXOH VHUYLFHV PD\ XS WR GRXEOH LQ

IDFH DUHD IURP FXUUHQW EHVW HVWLPDWHV�

)XOO VFDOH WHVWLQJ RI PRGXOH SRZHU FKDLQ

LV QHFHVVDU\ WR GHWHUPLQH WKH H[WHQW WR

ZKLFK WKH\ PD\ LQFUHDVH
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&DEOH %XQGOHV DV 'HILQHG LQ 3L[HO 9ROXPH

� %XQGOHV GR QRW DFFRXQW IRU 3KL 5HJURXSLQJ

± %XQGOHV ZLOO QHHG WR EH LQWHJUDWHG DQG EXQFKHG

LQ *$3 UHJLRQ LQWR � DQJXODU UHJLRQV IRU H[WHUQDO

URXWLQJ

� %DUUHO 6HUYLFHV DUH URXWHG RQ WKH RXWVLGH

RI WKH IRUZDUG IUDPH

± %XQGOHV KDYH VHUYLFHV IRU XS WR � PRGXOHV

� 'LVN 6HUYLFHV DUH URXWHG LQVLGH RI IRUZDUG

IUDPH

± 7KLV KDV FKDQJHG GXH WR OD\RXW FKDQJHV� EXW LV

VWLOO UHOHYDQW DQG LOOXVWUDWLYH

D D

E

E

F

F

6HFWLRQ $$ 6HFWLRQ %%

6DPH EXQGOH� ZLWK DVSHFW UDWLR

PRGLILHG
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6HFWLRQV RI ³URXWHG´ &DEOHV

%DUUHO /D\HU �

%DUUHO /D\HU �

2XWVLGH

)UDPH

6HUYLFHV RXWVLGH RI )UDPH

KDYH ��� FLUFXPIHUHQWLDO

PDUJLQ IRU XQLSKDVH WXEH

SDFNLQJ�

�� ; �� VXSSRUW

3DFNLQJ VWXG\ IRU

%DUUHO 6HUYLFHV

&DEOH ZLGWK

OLPLWHG E\ SLWFK

6HUYLFHV H[LWLQJ EDUUHO DIIHFW ILUVW

GLVN SRVLWLRQ�
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6HUYLFH�3DFNLQJ�LQVLGH�IUDPH

Services for 3 Modules

6SDFH )UDPH ZDV EDVHOLQH IRU FDEOH URXWLQJ
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6HUYLFH�/D\RXW�LQWHUDFWLRQ

1 2 3 4 5

� 6HUYLFHV DIIHFW OD\RXW E\

GLVVDOORZLQJ WLJKWHU

VSDFLQJ RI GLVNV

� 'LVNV ��� DUH VPDOOHU LQ

GLDPHWHU WKDQ ���

� 'LVN � RYHUKDQJV 6&7� QRW

URRP WR URXWH VHUYLFHV LQ =

2�.� GXH WR VPDOOHU UDGLXV RI GLV

4XHVWLRQDEOH� OLNHO\ UHTXLUHV PR

FRPSOH[ URXWLQJ WR VROYH ZKDW D

WR EH WLJKW RU DFWXDOO\ LQWHUIHULQ
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6HUYLFHV�DV�URXWHG

� 'LVN 0DQLIROGV KDYH EHHQ

ODLG LQ

� 6HUYLFH SDFNLQJ ODLG RXW IRU

IODW SDQHO IRUZDUG IUDPH

����VLGHG VKRZQ����VLGHG

FKRVHQ�

� �' PRGHO KDV EHHQ VWDUWHG

ZLWK ³UHDOLVWLF´ PDQLIROGLQJ

DQG WKRXJKWV WR VWUDLQ

UHOLHI

� ([LW RI EDUUHO VHUYLFHV

IURP LQWHULRU RI IUDPH QHHG

FORVH DWWHQWLRQ

� 6XSSRUW FRQH OLNHO\ WR EH

DGGHG WR SUHVHQW PRGHO
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5HPDLQLQJ�,VVXHV
� 3DWFK 3DQHOV ���

± 3URWRW\SH RI ��� WUDFNHU XQGHUZD\ LQ ,QGLDQD DQG 8&

/RQGRQ

� 5RXWLQJ QHHGV WR EH UH�GRQH LQ ��'

± &DEOH EHKDYLRXU KDUG WR FDSWXUH LQ &$'

± �' QRQ VWUXFWXUDO VFDOH PRGHOV KDYH KDV EHHQ

FRQVWUXFWHG

± 5RXWH VHUYLFHV RQ PRGHO� IHHGEDFN LQWR ��' &$'

� )RUFHV QHHG WR EH HVWLPDWHG

± &RROLQJ WXEHV ZLOO UHVSRQG WR SUHVVXUH DQG

WHPSHUDWXUH YDULDWLRQV��QHHG WR HVWLPDWH ORDGV

� &RXSOLQJV DQG 6WUDLQ UHOLHI QHHG WR EH

LQYHVWLJDWHG

± $VVHPEO\ DQG VXEVHTXHQW DWWDFKPHQW RI VHUYLFHV ZLOO

FRXSOH WKH SL[HO GHWHFWRU WR H[WHUQDO GHWHFWRUV�

± )OH[LEOH FRQQHFWLRQV QHHG WR EH UDG�KDUG��ORRNLQJ DW

1LFNHO %HOORZV

� &RQQHFWLRQV QHHG WR EH 3URWRW\SHG

± $OXPLQXP FDEOLQJ LV QRW HDVLO\ FRQQHFWHG WR

± &RPPHUFLDO FRQQHFWRUV DUH QRW GHVLUDEOH DW HQG RI

6WDYH
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&RQQHFWLRQV�%UHDNV�7HUPLQDWLRQ

'RXEOH VLGHG FDEOH

'RXEOH WR 6LQJOH 6LGHG )OH[

+9

+9 &UHHS

3DWKV

%DOO *ULG $UUD\

&RQWDFW 3DG

$WWDFKHV KHUH

$UPV IROG RYHU WR

SLFN XS WRS
���PP SLWFK DOORZV IRU WLJKWHU

DFFHVV DW HQG RI VWDYH�

8S WR �� FRQQHFWLRQV PXVW EH PDGH

DW HDFK HQG RI HYHU\ VWDYH

��PP 3LWFK &RQWDFW

XVHG LQ 3URWRW\SH

6WDQGDUG 7XEH

%RQGHG RQ ULQJ

2�ULQJ

%RQG�VOHHYH

�GLVSRVDEOH�

1LSSOH

6HPL�SHUPDQHQW WXEH FRQQHFWRU
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$ EULHI ORRN DW H[WHUQDO 5RXWLQJ

���

���

���

��

33)�³*$3´

���

��� WR

33%�

³&U\RVWDW´
33%�

3L[HO 9ROXPH

�3RZHU FDEOHV FKDQJH VL]H DW 33%� DQG 33)� IURP ³7\SH �´ WR ³7\SH �´

�7\SH � LV VL]HG IRU WKH ���P UXQ IURP LQVLGH 3L[HO 9ROXPH WR 33%� WKURXJK ³*$3´�

�7\SH � LV VL]HG EDVHG RQ RQO\ ���P RI WKH ���P UXQ IURP 33%� WR 33%� DORQJ ³&U\RVWDW´�

�7KHVH UHJLRQV ZHUH GHHPHG PRVW FULWLFDO IRU ERWK VSDFH DQG GLVVLSDWLRQ UHDVRQV

SRZHU FDEOHV ZHUH VL]HG EDVHG RQ DFFHSWDEOH YROWDJH GURSV IRU WKH JLYHQ OHQJWKV

%�/D\HU FDEOHV DUH 7\SH � FDEOHV RXW WR 33)�

%�/D\HU URXWLQJ LV

VKRZQ LQ %OXH� WKH

UHVW RI WKH 3L[HO

VHUYLFHV DUH

URXWHG DORQJ WKH

JUHHQ SDWK�
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&DEOH�3ODQW

� &DEOHV KDYH EHHQ VL]HG DQG FRQQHFWRUV VHOHFWHG IRU

SURWRW\SH FDEOH FKDLQ

� &DEOHV VHOHFWHG EDVHG RQ ORFDO RSWLPL]DWLRQV� H�J� PDVV�

YROWDJH GURS
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/RZ�0DVV�&DEOH�'HILQLWLRQ
Type I Type II Type III Type IV Type V Pigtail

Power Supply Max Nominal Max Nominal Allowed Worst Case Actual Actual Actual Actual Nominal Nominal
VDD 6.000 3 2 1.5 2 2.046 0.409 0.371 0.269 0.547 0.200 0.250

VDDA 6.000 3 1.2 0.9 2 2.039 0.246 0.569 0.253 0.522 0.200 0.250
VCC 4.000 1.5 1.5 1.2 2 2.030 0.327 0.478 0.337 0.437 0.200 0.250

VVDC - 4 - 0.2 - 2.530 0.415 1.493 0.056 0.116 0.200 0.250
VPIN - 10 - 0.0005 - - - -

VDEPL - 700 0.004 - - - - -

Cable Circuit Name

Material/        
Area for Nom ∆V 

mm 2̂
Nearest 
AWG

Trace 
Width 
mm

Conductor 
Area 
mm 2̂ ∆V quantity

OD or 
Thickness

mm
Width   
mm

PF =  2 
Area 

mm 2̂
HV Copper Flex Cu Width  Thickness Area

Vdepl - 0.5 0.0125 14 0.10 3.00 8.40 21 0.4 8.4
Hi Power Aluminum Wire Al

Vddd 0.178 26 - 0.1550 0.409 14 0.51 0.51 7.28
Vdda 0.076 26 - 0.1550 0.246 14 0.51 0.51 7.28
Vcc 0.102 26 - 0.1550 0.327 14 0.51 0.51 7.28 Area: 21.85

Low Power Copper Flex Cu
Vvdc - 0.5 0.0125 0.415 14 0.10 1.00 2.80

Flex Foil Vpin - 0.5 0.0125 - 14 0.10 1.00 2.80
0.025 PT100 Module - 0.5 0.0125 - 14 0.10 1.00 2.80 Width  Thickness Area
mm PT100 Cooling - 0.5 0.0125 - 0 0.10 1.00 0.00 21 0.4 8.40

OPTO 12-way Bundle Width  Thickness Area
Fiber bundle - - - 2 0.32 3.06 1.96 3.06 0.64 1.96

Cable Circuit Name

Material/        
Area for Nom ∆V 

mm 2̂
Nearest 
AWG

Trace 
Width 
mm

Conductor 
Area 
mm 2̂ ∆V quantity

OD or 
Thickness

mm
Width   
mm

PF =  2 
Area 

mm 2̂
HV Copper Flex Cu Width  Thickness Area

Vdepl - 0.5 0.0125 14 0.10 3.00 8.40 21 0.4 8.40
Hi Power Aluminum Wire Al

Vddd 0.570 20 - 0.6150 0.371 14 1.02 1.02 29.13
Vdda 0.341 24 - 0.2410 0.569 14 0.64 0.64 11.29
Vcc 0.451 22 - 0.3820 0.478 14 0.80 0.80 17.92 Area: 58.34

Low Power Copper Flex Cu
Vvdc - 0.5 0.0125 1.493 14 0.10 1.00 2.80

Flex Foil Vpin - 0.5 0.0125 - 14 0.10 1.00 2.80
0.025 PT100 Module - 0.5 0.0125 - 14 0.10 1.00 2.80 Width  Thickness Area
mm PT100 Cooling - 0.5 0.0125 - 0 0.10 1.00 0.00 21 0.4 8.40

OPTO 12-way Bundle Width  Thickness Area
Fiber bundle - - - 2 0.32 3.06 1.96 3.06 0.64 1.96

TYPE 1                   
Bundle Summary             
Packing Factor 2

42 Cables, each 0.51mmOD, 
likely twisted pair.  

                       TYPE I (7 Module)  (∆V nominal 0.4V/1.5m)

                       TYPE II (7 Module)  (∆V nominal 0.4V/5.4m)
TYPE 1                   

Bundle Summary             
Packing Factor 2

42 Cables, 7pairs each of 
20,22and 24AWG wire, likely 

twisted pair.  

Voltage Current Line Drop Power Supply 
Current figures are 
for two modules in 
parallel.                   
Line drops are two 
way, supply/return
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&RQYHQWLRQDO�&DEOHV

Cable Circuit Name

Material/        
Area for Nom ∆V 

mm 2̂
Nearest 

AWG

Trace 
Width 
mm

Conductor 
Area 
mm 2̂ ∆V quantity

OD or 
Thickness

mm
Width   
mm

PF =  2 
Area 

mm 2̂
HV Copper Wire Cu Width  Thickness Area

Vdepl - 7 1.00 1.00 14.00 7 2 14
Hi Power Copper Wire Cu

Vddd 0.178 14 - 1.9300 0.269 14 1.80 1.80 90.72
Vdda 0.076 16 - 1.2300 0.253 14 1.44 1.44 58.06
Vcc - 16 - 1.2300 0.337 14 1.44 1.44 58.06
Vvdc 0.102 16 - 1.2300 0.056 14 1.44 1.44 58.06 Area: 264.90

Low Power Copper Wire Cu
Vpin - 30 - - 14 0.31 0.31 2.60
SENSE - 30 - - 42 0.31 0.31 7.81
PT100 Module - 30 - - 14 0.31 0.31 2.60 Area
PT100 Cooling - 30 - - 0 0.31 0.31 0.00 13.02

OPTO 12-way Bundle Width  Thickness Area
Fiber bundle - - - 2 0.32 3.06 1.96 3.06 0.64 1.96

Cable Circuit Name

Material/        
Area for Nom ∆V 

mm 2̂
Nearest 

AWG

Trace 
Width 
mm

Conductor 
Area 
mm 2̂ ∆V quantity

OD or 
Thickness

mm
Width   
mm

PF =  2 
Area 

mm 2̂
HV Copper Wire Cu Width  Thickness Area

Vdepl - 7 1.00 1.00 14.00 7 2 14
Hi Power Copper Wire Cu

Vddd 0.178 10 - 4.7400 0.547 14 2.83 2.83 224.25
Vdda 0.076 12 - 2.9800 0.522 14 2.24 2.24 140.49
Vcc - 10 - 4.7400 0.437 14 2.83 2.83 224.25
Vvdc 0.102 12 - 2.9800 0.116 14 2.24 2.24 140.49 Area: 729.48

Low Power Copper Wire Cu
Vpin - 30 - - 14 0.31 0.31 2.60
SENSE - 30 - - 42 0.31 0.31 7.81
PT100 Module - 30 - - 14 0.31 0.31 2.60 Area
PT100 Cooling - 30 - - 0 0.31 0.31 0.00 13.02

OPTO 12-way Bundle Width  Thickness Area
Fiber bundle - - - 2 0.32 3.06 1.96 3.06 0.64 1.96

                       TYPE IV (7 Module)  (∆V nominal 0.50V/100m)
TYPE 1                   

Bundle Summary             
Packing Factor 2

54 Cables, 14 pairs each 12 and 
10 AWG wire likely twisted pair.  

70 Cables each 0.305mmOD, 
30AWG wire, likely twisted pair

                       TYPE III (7 Module)  (∆V nominal 0.25V/20m)
TYPE 1                   

Bundle Summary             
Packing Factor 2

56 Cables, 42 pairs  16AWG and 
14 pairs 14AWG wire likely 

twisted pair.  

70 Cables each 0.305mmOD, 
30AWG wire, likely twisted pair
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:RUVW�&DVH�5RXWLQJ�WR�WKH�5DFNV��86$���



0DUFK ��

86 $7/$6 5HYLHZ
(� $QGHUVVHQ /%1/�&(51

$7/$6
3L[HO 'HWHFWRU

86����(OHYDWLRQ



0DUFK ��

86 $7/$6 5HYLHZ
(� $QGHUVVHQ /%1/�&(51

$7/$6
3L[HO 'HWHFWRU

86���DV�SRVVLEOH�5DFN�/RFDWLRQ



0DUFK ��

86 $7/$6 5HYLHZ
(� $QGHUVVHQ /%1/�&(51

$7/$6
3L[HO 'HWHFWRU

%�/D\HU�,QVWDOODWLRQ

� 5HTXLUHPHQWV�1HFHVVLW\

± %HDP 3LSH EDNH�RXW

± )LQLWH 'HWHFWRU /LIH

� $FFHVV

± 6KRUW 2SHQLQJ 6FHQDULR

� &RQVWUDLQWV

± 6SDFH OLPLWV

± $OLJQPHQW *ULG LQ )RUZDUG 6&7

± 7KHUPDO %DUULHU

� 7RROLQJ

± 'HVFULSWLRQ RI 7RROLQJ

� %HDPSLSH

± 3URSRVHG FKDQJHV WR PDNH LQVWDOODWLRQ HDVLHU
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5HPRYDO�RI�%�/D\HU�LV�1HFHVVDU\

� %DNH�RXW RI %HDP SLSH

± 6PDOO %HDPSLSH GLDPHWHU OHDGV WR 9DFXXP LQVWDELOLW\

± %DNH RXW MDFNHW ZLOO QRW ILW ZLWK %�/D\HU LQ SODFH

± %DNH RXW WHPSHUDWXUHV ZRXOG GHVWUR\ %�/D\HU

± %DNH RXW LV QHFHVVDU\ ZKHQHYHU YDFXXP LV EURNHQ

� )LQLWH OLIH RI %�/D\HU

± 7KH %�/D\HU LV H[SHFWHG WR VXUYLYH WKH ILUVW � � � \HDUV DV /+&

UDPSV XS OXPLQRVLW\

± $W IXOO /+& /XPLQRVLW\� H[SHFWHG OLIH RI WKH %�/D\HU FRXOG EH DV

VKRUW DV RQH \HDU� EXW QHZ GDWD LQGLFDWHV WKDW WKLV PD\ EH

H[FHVVLYH
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$FFHVV�WR�%�/D\HU

&KDPEHUV LQGLFDWHG LQ

5('� &ORVHG 3RVLWLRQ

$FFHVV

&KDPEHUV LQ 2SHQ

3RVLWLRQV

6PDOOHVW RSHQLQJ�

���PP

5HIHUHQFH 0DQ��

0DJHQWD %DU RI

6DPH KHLJKW VKRZQ

QH[W WR KLP

�PHWHU
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&RQVWUDLQWV�DQG�5HTXLUHPHQWV

� :RUN�6SDFH /LPLWDWLRQV

± $FFHVV 3RUW LV �� ; ��� 0HWHUV

± $YDLODEOH /HQJWK LV � 0HWHUV

± 7RRO PXVW ZHLJK OHVV WKDQ ���NJ

� ,QWHUQDO &RQVWUDLQWV

± %HDP SLSH VXSSRUW DW � ���PP

± $OLJQPHQW 3DWKV LQ 6&7 )RUZDUG

� 7KHUPDO %DUULHUV

± �� 'HJ & 'HZSRLQW &DYHUQ $LU

± :DUP�XS VFHQDULRV

� 7LPH

± 6KRUW 2SHQLQJ 6FKHGXOH�

� &RPPRQ 7RROLQJ:LWK %DNH�2XW -DFNHW VKRXOG

RQH EH UHTXLUHG
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7KHUPDO�%DUULHU�5HTXLUHPHQWV

� 7KH 9ROXPH IRU LQVWDOOLQJ WKH %�/D\HU LV ILOOHG ZLWK &DYHUQ $LU �

� 'HZSRLQW RI �� 'HJ &

� 'HWHFWRU 9ROXPH LV DV ORZ DV ��� 'HJ &�� 7KHUPDO %DUULHU PXVW

VWDQG�RII a�� 'HJ & WKHUPDO JUDGLHQW LQ PLQLPDO VSDFH

� 6WUXFWXUH RI 7KHUPDO %DUULHU PLQLPL]HG IRU ;�

� 1R&RQGHQVDWLRQ LV DOORZHG RQ DQ\ VXUIDFHZLWKLQ WKH

GHWHFWRU

� 'HVLJQ UHTXLUHV .QRZOHGJH RI ,QVWDOODWLRQ DQG 5HPRYDO

6FHQDULRV� 7LPHV DQG IDLOXUH PRGHV

7KHVH UHTXLUHPHQWV OHDG WR DQ DFWLYH WKHUPDO EDUULHU UHTXLULQJ

KHDW LQSXW RQ WKH H[WHULRU VXUIDFHV WR PHHW ERXQGDU\ FRQGLWLRQV
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7KHUPDO�%DUULHUV�DQG�)RUZDUG�5HJLRQ

6SDFH

*ROG ³&\OLQGHU´ FRQH LV )RUZDUG 5HJLRQ

7KHUPDO %DUULHU� 5HG FRQH LV ,QQHU (QYHORSH

RI &XUUHQW $OLJQPHQW *ULG�

%�/D\HU WRROLQJ PXVW ILW LQVLGH RI

7KHUPDO %DUULHU� ZKLFK PXVW ILW

LQVLGH RI )RUZDUG $OLJQPHQW *ULG

7KHUPDO %DUULHU LV GHVLJQHG WR KDYH D ZDUP H[WHULRU VXUIDFH DERYH WKH GHZSRLQW�

7R DFKLHYH WKLV ZLWK D PLQLPXP RI WKLFNQHVV DQG PDWHULDO WKH H[WHULRU LV KHDWHG DFWLYHO\�
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7KHUPDO %DUULHU &RQVWUXFWLRQ

7HVW $UWZRUN IRU FXUUHQW

/LPLW WHVWLQJ� /HIW 6HWV

KDYH HTXLYDOHQW UDGLDWLRQ

OHQJWKV� 6OLJKWO\ PRUH

KHDW LV UHTXLUHG DW

SHQHWUDWLRQV DQG

ERXQGDULHV

7HVW SURJUDP RQ�

'RXEOH�6LGHG $O�.DSWRQ

��PLFURQ $/

��PLFURQ .DSWRQ

+HDWHU SDWWHUQV HWFKHG

LQ RQH VLGH

'HVLJQ JRDO�

��$PS � WUDFH

� WUDFHV � VTXDUH FP

�WUDFHV KDYH �PP SLWFK�

+HDWHU ODLG XS

DQG &R�FXUHG

ZLWK ODPLQDWH
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7HVW 5HVXOWV

7HVW KHDWHUV IDLO DW RYHU ��; WKH UHTXLUHG SRZHU GHQVLW\

,5 &DPHUD UHVXOWV VKRZ XQLIRUP RSHUDWLQJ WHPSHUDWXUHV
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+HDWHU�8QLIRUPLW\
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3,;(/�(1*,1((5,1*

B-Layer Installation Tooling
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3ULQFLSOH�RI�2SHUDWLRQ

� %�/D\HU LV LQVWDOOHG RQ VKXWWOH LQ *XLGH

7UDFNV LQ UHWDUGHG SRVLWLRQ �3RVLWLRQ ��

� %�/D\HU LV DUWLFXODWHG DURXQG EHDP SLSH

VXSSRUW E\ VOLGLQJ LQ WUDFNV �3RVLWLRQ ��

� )ODQJHV RQ %�/D\HU LQFOXGHV UHJLVWUDWLRQ

IRU *XLGH 7UDFNV DVZHOO DV ORFDWLQJ SLQV WR

UHJLVWHUZLWK 3L[HO 'HWHFWRU �3RVLWLRQ ��
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&XUUHQW DQG 3URSRVHG /D\RXWV

&XUUHQW /D\RXW�
�� 6XSSRUWV

�1(* DW (QGV

3URSRVHG /D\RXW
�� 6XSSRUW 5HPRYHG

�1(* ([WHQGHG LQ

3L[HOV VKRZQ LQ SRVVLEOH

VKUXQNHQ FRQILJXUDWLRQ

��127 2)),&,$/

757

(1'&$3

757

(1'&$3

757 %DUUHO

3L[HO

757

(1'&$3

757

(1'&$3

3L[HO

757 )RUZDUG

6&7 )RUZDUG

757 )RUZDUG

6&7 )RUZDUG6&7 %DUUHO

757 %DUUHO757 )RUZDUG

6&7 )RUZDUG

757 )RUZDUG

6&7 )RUZDUG6&7 %DUUHO

%HDP 3LSH 6XSSRUW

1(*
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&XUUHQW /D\RXW 3UREOHPV

� %�/D\HU LV LQVWDOOHG LQ LQGHSHQGHQW +DOI�6KHOOV

± +DOI�VKHOOV DUH OHVV ULJLG� VR PRUH PDWHULDO LV UHTXLUHG WR GHVLJQ

VDWLVIDFWRU\ %�/D\HU VWUXFWXUH

± 7RROLQJ LV FRPSOH[ WR DFWXDWH +DOI�6KHOOV WRJHWKHU $URXQG WKH %HDP�

SLSH VXSSRUW IURP �PHWHUV DZD\

� %�/D\HU LV UHPRYHGZKHQHYHU WKHUH LV D EDNHRXW

± %�/D\HU FDQ ODVW IRU WKH ILUVW � \HDUV RI RSHUDWLRQ ZLWKRXW UHPRYDO

± (DFK UHPRYDO RI %�/D\HU ULVNV SRVVLEOH GDPDJH WR ,'

� )UHTXHQW %�/D\HU UHPRYDO UHTXLUHV 7KHUPDO %DUULHUV

± %�/D\HU UHPRYDO DQG EDNHRXW UHTXLUH H[WHQGHG DFFHVV WR ERUH RI

6LOLFRQ 7UDFNHU DQG 3L[HOV ZKLFK DUH QRPLQDOO\ ��� 'HJ & �QHJDWLYH�

± 8QFHUWDLQW\ LQ DFFHVV WLPHV DQG IUHTXHQF\ UHTXLUH WKHUPDO EDUULHUV

WR DOORZ WUDFNHUV WR VWD\ FROG DW DOO WLPHV�ZDUP�XS VFHQDULRV DUH LOO�

GHILQHG
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%HQHILWV RI 3URSRVHG /D\RXW

� 5HPRYDO RI RQH %HDPSLSH VXSSRUW VLPSOLILHV %�/D\HU GHVLJQ

± %�/D\HU FDQ EH PDGH IXOO F\OLQGHU UHGXFLQJ PDVV

± 7RROLQJ IRU %�/D\HU LQVHUWLRQ FDQ EH VLPSOLILHG

� 'RHV QRW QHHG WR DFWXDWH DURXQG VXSSRUW

� ([WHQVLRQ RI 1(* WRZDUG ,3 UHGXFHV RU UHPRYHV %DNH�RXW

UHTXLUHPHQWV

± 5HGXFHV IUHTXHQF\ RI %�/D\HU UHPRYDO

± 1R EDNHRXW WRROLQJ LV QHFHVVDU\ �IXUWKHU VLPSOLILHV %�/D\HU WRROLQJ�

± 3RVVLEOH WR GRZLWKRXW WKHUPDO EDUULHUV

� 'XH WR UHGXFWLRQ LQ IUHTXHQF\ DQG WLPH RI DFFHVVHV

� 8VH RI 1(* -DFNHW WR VXSSRUW %�/D\HU GXULQJ LQVWDOODWLRQ

± /RDG�3RVLWLRQLQJ WUDQVIHUUHG WR 3L[HO 'HWHFWRU XSRQ LQVHUWLRQ YLD

UDLOV

� %�/D\HU LV XQGHU �NJ��FXUUHQW HVWLPDWH ZLWK VHUYLFHV LV OHVV WKDQ �NJ

± 6LPSOLILHV IXUWKHU WKH LQVWDOODWLRQ WRROLQJ IRU %�/D\HU �OHVV WR EULQJ

WKURXJK DOUHDG\ LPSRVVLEOH DFFHVV SRUW�

± 5HGXFHV WLPH WR LQVWDOO %�/D\HU� IXUWKHU LQFUHDVLQJ WKH OLNHOLKRRG RI

UHPRYLQJ WKH WKHUPDO EDUULHUV
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1HHG WR 6WXG\�

757

(1'&$3

757

(1'&$3

757 %DUUHO

3L[HO

757 )RUZDUG

6&7 )RUZDUG

757 )RUZDUG

6&7 )RUZDUG6&7 %DUUHO

1(*

� %HQHILWV RI WKH 1HZ /D\RXW DUH RQO\ SRVVLEOH LI FHUWDLQ SDUDPHWHUV DUH ZLWKLQ

DFFHSWDEOH OLPLWV

± +RZ FORVH WR ,3 PXVW WKH 1(* FRPH WR QHYHU EDNHRXW WKH EHDPSLSH"

± 'XULQJ 1(* UHDFWLYDWLRQ� +RZ+RW GRHV WKH FHQWHU VHFWLRQ JHW"

± :LWK DGGHG PDVV RI H[WHQGHG 1(*� LV RQH EHDPSLSH VXSSRUW IHDVLEOH"

± &DQ D UHGXFWLRQ RI PDVV DW ORZ HWD EH WUDGHG RII ZLWK LQFUHDVHV DW KLJK HWD" �FDQ WKHUPDO EDUULHU

UHTXLUHPHQWV EH UHOD[HG�UHPRYHG"�

7KHUPDO

%DUULHU (QYHORSH

+RZ&ORVH +RZ+RW
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(VWLPDWHG 0DWHULDO 7UDGHRIIV
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 The internal thermal barrier (alone)  X0 0.22 *   

Rin Rout Zstart Zfinish 
9.5 9.5 0 95
9.5 25 95 95       (2X)
25 25 80 95       (2X)
11 11 95 170
11 20 170 280

Compare this with: at X0 approx .4 (normal incidence)

Rin Rout Zstart Zfinish 
4 4 80 280


%RWWRP IRXU OLQHV �WDNHQ RQFH� UHSUHVHQW 6&7 IRUZDUG

WKHUPDO EDUULHU ZKLFK LV OLNHO\ WR EH ��� WR ���� ;�� QRW

WKH ��� TXRWHG� 7KLV LV WKHUHIRUH VRPHZKDW FRQVHUYDWLYH
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&XUUHQW :RUN

� :RUN WR VWXG\ VHFWLRQDO VWDELOLW\ RI EHDP SLSH

± :RUN PDQGDWHG E\ $7/$6 (%

± &RQWUDFW WR EH SODFHG ZLWK +\WHF ,QF IRU IHDVLELOLW\ VWXG\

� :RUN RQ 0DVV 2SWLPL]HG 1(* LQVXODWLRQ -DFNHW�+HDWHUV

± %H RU &) YDFXXP VOHHYH ZLWK 0/, DQG NDSWRQ�IRLO KHDWHU

± &XUUHQW GHVLJQV IRU $( UHJLRQ UDGLDWH OHVV WKDQ ��:�PHWHU�OHQJWK

� :RUN WR UHGXFH $FWLYDWLRQ WHPSHUDWXUH RI 1(*

± &XUUHQW VWXG\ WR UHGXFH DFWLYDWLRQ WHPS WR ���& IURP ���&� &HUQ� �/%1/"�

� :RUN WR FRDW 1(* RQ LQVLGH RI %HDPSLSH

± $GGUHVVHV PDWHULDO FRPSDWLELOLW\ LVVXHV

� 7KHUPDO %DUULHUV SUHOLPLQDU\ GHVLJQZLWK LQWHJUDWHG KHDWHU

± +HDWHUV SURWRW\SHG DQG VXFFHVVIXOO\ WHVWHG

� :RUN RQ %�/D\HU 'HVLJQ

± &XUUHQW GHVLJQ RSWLPL]HV ULJLGLW\ RI KDOI VKHOOV� VLQJOH EHDPSLSH VXSSRUW UHTXLUHV

UHLQYHVWLJDWLRQ RI WKLV

± 5HTXHVW IRU LPSDFW VWXG\ RI VHUYLFHV FRPLQJ RXW RQH VLGH PDGH E\ 3L[HO &RPPXQLW\

� :RUN RQ %�/D\HU 7RROLQJ

± &DQWLOHYHU GHVLJQ LV 3L[HO 7'5 EDVHOLQH

± 3HUPDQHQW 5DLOV LQ 'HWHFWRU DUH EHLQJ LQYHVWLJDWHG
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%HDPSLSH�LVVXH�6XPPDU\

� 3RVVLEOH %HQHILWV

± 6LPSOLI\ %�/D\HU 7RROLQJ

± 5HGXFH %�/D\HU 0DVV

± 5HGXFH %�/D\HU 5HPRYDO )UHTXHQF\

± 5HPRYH 7KHUPDO %DUULHUV LQ ,QQHU 7UDFNHU %RUH

± 1HYHU EDNH RXW

± 5HPRYH %�/D\HU RQO\ DW HQG RI GHWHFWRU OLIH WLPH

� 7UDGHRIIV

± ,QFUHDVHG 0DVV LQ )DU IRUZDUG

± +RW %HDP 3LSH QH[W WR %�/D\HU

� 3RVVLEOH UHGXFWLRQ LQ %�/D\HU /LIH

� ,QFUHDVH LQ %�/D\HU FRROLQJ PDVV�FRPSOH[LW\


