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(Design of 1 kA current Lead with their components)
gl 9 TG 3. fAge deet

UEd Shdl: el &N

oy, . &-1  pralcifas gsmer




FT-3ET (Index)

J TEATdA]

O YRT-ef3ahT 1 AdTfedd T Hifold I(%p'l|$<-'| (Conceptual Design)

A fESsa & 3TdTh SAYC HUAT TASA (Design Input/Directions)

O UT-TIA & ACIGUS (Material Selection Criteria)

O YRT-efSar %91|$o-| %q IOTATT T fI&oT (Design Calculations & Analysis)

Q shrATSTiad {fideld (Cryogenic Cooling )

| gﬁﬁ Pl Irgg1|$c-l Ud UQFddl (Design of components and Assembly)

O IR (Summary)



YRT-CISHhT BT URTT (Introduction)

% YRT-UdTE & aRTe, 3ifaaree qFad Hralelfad o (< 123 Hiead) W, Wed
-3 T, HeT-aTashdl (~ 300 hfedeT) W

% URUMATIRY, 3H I8 dUR & JFaehl W SCHI-HR BT TATTA
< 38 AT &7fagfd & FLadi b i URT-GR3AT P 3maegehar

fOYq-gid (FeT-did) YelcHP (+) jmmmm—————————————— -~
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URT-ETZRT B TAIADAT : Tl STAT
Current Leads: Analogy




IRT EfShT: AgT-Fid a Jidaiere gFaesl & FeT
?-ﬂ?ﬁ/?-?g (Current Lead act as Ladder/bridge )




(Design Principles)
» qRT-Ef3T H ST yHR

> SCHII-ATeld THR (Q.) (Thermal conduction) : &T-dT4 b PRI

» S[el-3CAT (Joule heat) : URT-UdTE d 3cUcd (Q) [due to current]

- 3T YHR-Tger

Ples Ul (HRASIA-UdTE) = ST SCHIY (Q,) + FCHI dATeld UHK (Q))
HA, AT TJeld FHAPIOT > [Q. + Q= m. C,. AT]



IRT-SfeeT fBomser & 3age Rrefiex

(Input Parameters for design of Current Lead)

o HTYPIH URT: 1 Thell TFIW

o Ul QI TEART-319EAT # fATAY (steady state continuous operation)
o« 3RTeAA : &TaST (horizontal)

» AMTerA-fdehed: Oeh URT-GTSHI, HAUTT Begdhlcd-Hes Bl I

« ATT-UdUTdl: ~55-65K (3TfddTeleh HR) & 300K
o« JFQUT FaS < 1 HeX
- FrASAE Hid: QR FPela 3R shrllgerR Jomel (< 55K)



UT-TIA / ATAGUS

(Material Selection Criteria)

SCHII-fAfAARIS &

1) TR IOT: STHT-THR A HId & 35T 4

A A& faga ufaduerdar (p)

Q A% FdiF drelehar (K)

feoqoft. m—ﬁﬁr f[ATd (Wiedemann—Franz law): K(T).p (T=L, T

T= dmuehd, L, =eliel §&AT K o 1/p,

ATITA: hrAlSllcddh o HAedo]

> AP gRETe A (YRT-UaTg): 33 fagd-drele b UTg T

> 6 FURDTT At (SFRN-G2M T YT URT)/TE3-a15 Alg : 3Td A
Uil arq adIdr [31UeTipd A W—W-E\T (heat dissipation)]




(Material Selection....)

Il) ST TIeh fToleh-UdTe & 31aRIY (LOFA): 3Td d1-3T3¢ 3afd uifd &
Q == R Fea1 (C,)

0O 3=g RibTeasSadd daaATa (High Recrystalization Temperature) :

> PrlslfAs H, QAT drgedA] o7 geral Joi $ &7 (value) H IRFR



1 5. AP URT-EfSaT o A1g-Ta

(Material Selection for 1kA CCCL)

SSHT fafadArs & arg-uae: [ g3 W R
* +TIgT-UfaNYIRdT *SHT-ATTRAT *TTU-TAATUT *eprIfAe a fAaTd
eTH UIqu: 1. I 2. Qe (51T9) 3. TegAIfaaA

Uidel: 37) A Jiaidehdl g fagd giadusndr 3ifde
URT i3RI T TR HAT HUETTpd AR Gl & PHRUT HJugD

Q@ﬂﬁ’qﬂ:
P30T FiRIT T fagd-ufaIy &




hSeRIT fHros URT SISl &l S

(Design:Conduction Cooled Current Lead)

-t (GIRARE) g, = (1) = \/zim: To)

sthe3hAdd FCHT THR (Q ) =[K dT. (A/L)
u GE*{-W CFSTIT (QJ) = |2' Ravg
u W qu UHN = QC+QJ

URT EiZhr/FoAT AfaA™ISR

. (RN . ~ T2 ~ 0 TR
hr TGS P JITT ATTATA T — Pl 2 [(T‘_Tﬂ) *’ﬂt] T
? @) =—pi” T 7 Topg|FT




heeRIT FHros URT SISl &l ST

(Design:Conduction Cooled Current Lead)

« hET-dT ¥ A dU W FeU-dd URadd & 9 Ior-UiRl A ey aiada

« dGJAR, HaT-dTd (300K) ¥ 65K deb TATIT UTI3T &I UIeh IOUTITA, AT =3K [2]

« SCHIT ATl YHR & 3Theled o 38 T JdUTAT TR SCAT-UTARIIBAT Bl TRl

arg 3rad agd-ufaqYuerdr (p) | HHATRIIT SSHT-HATThT- [KdT fafre-zea "l
(nQ-HTeX) (300K-65K) (d1e/#HeT) (300K-65K) (Cp) 300 K (TT/THT 3)
(STl / TeharT-thieds)
hITT 9.49 1.01E+05 386 8.96
ST (Uil ) 45.45 2 50E+04 380 8.5
CuZn20
TofRfaTa 14. 07 6.09E+04 902 2.7

12




1fh.¥. URT-EFSHT ] IMOTATY / 3Tehelel

(Design Calculations of 1kA CCCLs)

3m3eyge WA PIUT /A de vfafaga
AT haex ( T./3.) 4.62E+06 1.05E+06 3.79E+06

HIUEY Pre-89%d (D) 108.34 476.38 131.95
GogHATA (IIT.) 485.4 2134.2 178

43.80 47.70 53.35

faga gfdier (uo) 43.8 47.7 53.4
HShHAT SCHIT YHR (dTT) 22 24 16
S 3HT YR (d1e) 44 48 54
P SCHII YHAR (d1e) 66 72 70
1.26 1.38 1.34
740 2941 521
dR-GEIT ( 0.83 AT =I) 200 244

381




IRT-&fShr31T 1 Mdered aRaYy

(Schematic cooling of 1kA CCCLs)
» T Teholl TFRAT YURT SiSehT & MATT : Sseid Hos [dehed &1 T3




URT &fShr/56F
fopdy foig o duaAT & fEafa

‘|

T(z) =

SCHT-TATAATID: dTUhHA TAHTSTA

~ T2
B FIthE
242

(Heat Exchanger:Temperature Distribution

(17 — To)

pLI;

{

+

2A2);

IERCIGEIE ]

] z-+-ih
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dATIsh - BISel

—Temperature T(z) (K)

(CL-HEX-TemperatureProfile)
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(Main Parts of Current Lead)

PHeT-dTUshH Eldlael
(3R, &. °d-

i
!
3
"
3
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*

4
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(Components Design for Assy and Fabrication)
YRI-GfSehT 3 faffeet 03 UehR T T faffeet TATAATIT Arusha/ITereAien feig

H m - B¢ 9. 9 I

IesfET 250 °C (955n-5Ag) * SUYh 3SR 3raerer
(Tool-clearanance)
sifSier 420°C
. ° Ic-'ld'c'ldd'l duold ’\CI 3TPhIR]
dfesar fear 1400 °C
IR, €. cfiad ag-3raFgel vd. 8. effiaa ga-3feael  3ATeidd (o/K ratio) . wiee IRG (Frost free)

- Taffiee el Tag3it & HruT, AIAT-AHAOT 3geha B TROT # &
- Fifh, TTa-du AT G AeT-au Afda @i @ sgardr seeh
+ 3T, & AT & ALY 3UGhH G (3TTel) TP

« g QAATHT G T ITeledAieh, qad @i AT & AIY-AAOT-ATThA & HA




HRILA
(Summary)

< 1fp. O GrI-Sf3epT &1 SEdA Boed dia &l uIry

< FEAH TS g 3UGeh UT3M & UM & YT T 3Mehold H, URT-GISehI

fp aRATeIA-AmeTd & &1 IS & |

< URT-Cf3hT &b FAT-TAfFATS o1 d8s, AR, d9-313¢ cBd, [AHa-uaa e

T IUTATT g fF&woT fohar, I shratsed Gfeldr gomell &1 faega Barsfaer aw

< GSil &1 f3arsa fafa#ATor gff & d3erdrn, Soleddr & MUR W fhar = &

< gail /38l Beisa # Affea afdat fr feufaar/qRar, sad aefers fagsi
W IR &I U fohar

% golt/ ATl s & SR 3ugd 3rAFdel $heA Sl AT T@T I

& Th oA URT-GISH3T & gaif &1 AT grafiies dik @ s
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3T GR&T BT STaRgDddl
Need of Fire Safety

30 17, 2018
dd— Hidl



HRd IPIY / Government of India
TRHE St fAumT/ Department of Atomic Energy
wfuareay 99y 3{HTT / Secretariat Coordination Section

(UL &= / Anushakti Bhavan,

BAufa Ras #erR™ Arf/ ¢.8.M. Marg,
H&E / Mumbai - 400 001

3-Ad / Email: sectcord@dae.gov.in

No.GF/27-SCS/ 2 4_0 o1 Dated: /;A -03-2018

YRl / ENDORSEMENT
fawa s Subject: Observance of Fire Service Week Commencing 14th April, 2018.

*hk

IR vy ) ® dFem, 98 Relt ¥ ud 97w 16-02-2018 & I @M
VI-32013/1/18-DGCD (F) &1 U Ufq @1 Td Mawqd HRAT ag ftd e |

A copy of Letter No.VI-32013/1/18-DGCD (F) dated 16-02-2018 received from
Ministry of Home Affairs, New Delhi on the above mentioned subject is forwarded for
information and necessary action.

WY : U / Encl.: As above

(. &1. WHfAa® / N. J. Khanvilkar)

STHTT HfUPTR / Section Officer
(022 - 22862661)

TS & Wt Haew gH1Sal / AIdWS &3 F IuPHI / Heradl U SR & yrate
T |
All Administrative Heads of Constituent Units / PSUs / Aided Institutions of DAE.

ufafIf / Copy also to:
Under Secretary (Admn.), DAE for further necessary actions in respect of DAE Secretariat.

TS & 9t ittt qa S{JHIT/ All Officers & Sections in DAE Secretariat.

b

TS WIsd Y&AT/ Guard File No. 27/SCS. o



No. VI-32013/1/18-DGCD (F)
Government of India
Ministry of Hecme Affairs .
Directorate General Fire Service, Civil Defence & Home Guards
(Fire Cell) .

*
FokHN

East Block - VI, Levei — 7,
R K. Puram, New Delhi-110066
Dated the 16" February, 2018

The Chief Secretaries cf ail States/UTs.

subicct: Qpservance of Fire Service Week Commencing 14™ April, 2018.

It is proposed to’obser\/e Fire Service Week from i A" April, 2018 to enhance general
putlic awareness about the necessity of minimizing losses due to fire. 14" April will also be
< shserved as “MARTYR'S DAY” to pay homage to those brave firefighters who saqr'iticgd
their hves whiie discharging their duties. .

2. HOMAGE TO MARTYRS

'

has been decacmd in the DGPs and IGPs conference the Fxre Service ﬁnqamzatxona

must organize the func uons on Martyrs Day each year at the local cchonls wher tha martyr
hac( studicd to pay homuge to them, sg as to inspire the younger generauom Studenis from

L>(‘hoo|/\,olleges should also speak on the life hlstory and valour of martyr during the
oocasion, You may identify the Marbyrs, their schooi. villages, faﬂuhes etc. and organize the
function. The family merrbers/relatives of the martyrs may alsc be iz:uvited. It is requested to
organize the funé:tion in a befitting manner and compliance reoort be sent. -

3 THEME FCGR PUBLICITY

“Fire loss is Mational LLoss:- Let ‘us adopt Fn'e Safety Measures”-

« T W B P TH AT - &T’Qﬁrﬁﬂ aifags&nt{qnﬁa—‘rdm’%ﬁ

22
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ui=g

14 3T, 1944 P Giag M8 H BICK b THb
qTedIg® Sigrsl [ogH &g &f i, fahle® td gg
UMD WR U U, H 3hd &n?TFﬂTTRﬂ Il
H! I T e & fIpled IRl 89 & HRO
66 &mﬂqc—ﬁf&mcﬁaﬂeﬁ&nﬁw
T §U A1 3 S5IgR A= Sl ‘“rwi%[fr
gdd dy 14 30d B IS feaq I=mam Si1di g




ui=g

STARTT TG & A AR DT I J s
qUT YT R & _JWY H ST A & o
ﬁf’-\tﬂ BTUHHT BT Mo bl ST 81 I FRan
g 1 IeRd ARG BI SHfydie] J g aral

&rf?r & Ufd SITRe &b BT dUT ABIS] Bl A T

AV T a9 & U F ey H Rfera H1 5




Sl

R dY § HAH,YURA WHR VAR & ol Te

fawgfe) &1 ofg sl g1 s au 1 fava g,

“3fT7T G ETi TH T -
Wﬁwwﬁg?%aﬁm »

“Fire Loss is National Loss —
Let us adopt Fire Safety Measures.”



3T &I IS



ST g Ht TARTRITAT
fr&lm %?Eﬂlqv"rﬁ?r

fegmR 29, 2009

Fire In N-hub: 2 researchers burnt

alive in BARC lab
fegwR 29, 2009



Hag HATAT § 3(FT; i & o Hid

o[ 22,2012
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TTHSR3ATS(AMRI) ST DT 31T H 89 ARTI

TR 9, 2011




34



¢
22

3aCaR 17, 2016

& THYUH AT B 3T
kG




ATA(SAL)SRTdTd | 3R, 100 | 3if¥U®H
ECAG MU (evacuated)

s 17, 2017




3T ¥ fae! T A= T 3 dRe

%Ejl (NMNH) ¥
31U 26, 2016




A1 sl H 3T, HEdqul GIdTasl Y

S 24, 2012

d8ITg; Yo 17-6 H PRI PRT B
SARd H 3T: Rpls 79

S[dTs 03, 2017

45 SRR A WV | AHELALE SR (G131 10 cll2R GUERR SIR ALDAL : 4 SELS 2L S164H1 A1)

M 2’{‘:!5‘[ SRAML 2L AL %ol 53l
Atz AldlRR-vMc s id-a Uz sida oz o U gl wudl udl. s wilz-l siel st
W 2036l wiye 3l adladl s28u year-dl  woll daigau-ud 2 S, sl su s-uau 45 Faal HERSRAHI AN ERIdI KR GlIRAGHI

HL2UA 21t 2 M5 28U 3L S edl. A2 ael Ml 22 sl win u g st gl '
! l"| p q ” "E r:'.
: * ".]1! I.
- =

sl auz mEs Af vudl sl 2t 4 sasdadug - s e g AsARREd Haz dud B,

331 HS Al £ GLollA vits &) AL s BALdA
1281 AN ASAUAAAL HEE Al : MR A5AAS3)

wady Vidle el e
Al s e ter magis
srueell ghat 2 = ona H9 waa
ot Ataart sudl wdl, el
oz sl U 10 Wkl
aladl wilfEuni ssm vRimE W
ol adl. 2091 gl M2 gy His
14 AEIT sy AN ot ud
1% Ag 4 artal S B ae e

el wedl, mzia1s 193 B anL 3y
gl [ty gz 1l sl spefid ug
23 2ami ol wedl, 20T A 2 ey
SR 309 4% 2o Ml 2] adl,
) seitaedl oo satasr idla-l oy
QLAAL RS Ml MHTAMD 3UBLS 216
Al @A Y3 B K Al B @tar]
Glese 2o el il gy -l uig
2ks wleni 5138 @l sladl nsyal s,

P 5132 M M2 RgRuSeed] vee
W dart udl B, ol amiseig
s 45 Szen s, e-laz, avidl
Al AAME AAGL b oA LAY

ERRTTE TR CURULCATL (ERSTUTE T A

4L Aol AL SRA Blan gl
Al sl mi ) -l uig 3.0
S35 SR st Aty wudl
Wi

38
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12 il Dindedl s 3 a1t AAUA Wt @il AN a2 1Y o



& ASHID CRICISd HIPC H AT
md & T g AT Al Ba | 399 ¥ T Afad ol

Hid 81 715 98l 22 TN 919d gu|
31U 24, 2014
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@S & U d claX H 3,67 HY

S 14, 2017




313,311 91, SAYR BTAR — 2009,12 T 73,300 ST




BpIYT — 2009

%

$d JHAM 60 T US SIeR
60,000 KL 34 P ST b1 Al
U101 TR gYTa1 -




M & 3Hhe

3T BT YSHTE (2010 | 2014) 1,20,000 H 3ffUD

3T HId (2010 | 2014)  1,13,961

YR § AT ASTHET 62 Hid 3T A gl g



ST

&b HRUT 3HAH THIM

3T B dTd 3TfYh JHHH R HRA H D3 YD Scl

U T8l §

2014 B URAT A7 Hufar gRT )

| BTd] 09 U SHJHIT > ]%CI f9h ay 2013-

T giiHal 9

OdT IadT & fob T 45% aTd] 1 aelg T T U7 |

YR H 3Ug

3ff B AT Ufd 9y 10 3RT AN

ARSIINE

®I g UG 3

v Rare



- fdggd famdd (Electrical

failure)

o HICT @R a%T[ (Cutting

and welding)

. ATURdT8! (Carelessness)
. RIS BI3YDITUIT (Poor

housekeeping)
* YHUIH (Smoking)
. d\ls-lh\ls (Sabotage)



http://www.google.co.in/imgres?imgurl=http://www.pipeslot.net/full-images/welding-and-cutting-services-754340.jpg&imgrefurl=http://www.pipeslot.net/welding-and-cutting-services.htm&usg=__sJIO9ro0Q3mwVTTHTFWmKNVyZTQ=&h=324&w=400&sz=21&hl=en&start=3&zoom=1&tbnid=t-MXWA9Ur6QBSM:&tbnh=100&tbnw=124&ei=2JkdTpyAGobLrQePkNmcDA&prev=/search%3Fq%3Dcutting%2Band%2Bwelding%26hl%3Den%26sa%3DG%26gbv%3D2%26tbm%3Disch&itbs=1
http://www.google.co.in/imgres?imgurl=http://www.funkylighting.com/ekmps/shops/funkylighting/images/3x-led-flicker-tea-light-candle-set-safe-flame-390-p.jpg&imgrefurl=http://www.priceninja.com/3x-led-flicker-tea-light-candle-set-safe-flame-2905296-p.asp&usg=__o2n4pjmTGFeHzug_iiqzVbEvWz4=&h=600&w=800&sz=120&hl=en&start=11&zoom=1&tbnid=GOaWsBMkqdE1oM:&tbnh=107&tbnw=143&ei=-5kdTuy2L4brrQePx9jBDA&prev=/search%3Fq%3Dopen%2Bflames%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1
http://www.google.co.in/imgres?imgurl=http://www.pat-testing-surrey.co.uk/Bad%2520House%2520Keeping_fault_example.jpg&imgrefurl=http://www.pat-testing-surrey.co.uk/pat-testing-oxfordshire.htm&usg=__HXvUWWA_9thJiaOFRNAsFvFkZd0=&h=250&w=280&sz=24&hl=en&start=4&zoom=1&tbnid=lpGwAVU2imz4yM:&tbnh=102&tbnw=114&ei=KpodTomFH4blrAfzzLi1DA&prev=/search%3Fq%3Dpoor%2Bhouse%2Bkeeping%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1
http://www.google.co.in/imgres?imgurl=http://www.indiabuzzing.com/wp-content/uploads/smoking-banned-at-public-places-in-india1.jpeg&imgrefurl=http://www.indiabuzzing.com/2008/10/01/smoking-banned-at-public-places-in-india/&usg=__mGd0Mqhb0k1folhvOCJyPW0w5ig=&h=400&w=500&sz=27&hl=en&start=2&zoom=1&tbnid=xJg4n_hvGngfEM:&tbnh=104&tbnw=130&ei=cpodTvi_H5G3rAf5gZGbDA&prev=/search%3Fq%3Dsmoking%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1
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AT & qHqd GO (Consequences

due to fire)

o \J|| ¢

9

¢ Uix

fauna)

faig

"]

/CF{EMC & Jh &

(Loss of life)

SRH/AIC] (injuries)

-1 (Damage to Flora/

10l YHTG (Environmental Impact)

gifcl/ 3 Jae

I-1 (Financial losses)



&1 BT ST
ey



ABYTH AT O g B

Prevention is better than Cure.



3T &l AH & U]

&l YR&IUT (Physical Protection)

YlhITHD II&fU (Procedural Protection)

J?ffa‘ & I&JU (Educational Protection)



WW&I’UT(PhysmaI Protection)

« YA HHD| 3R Aigarsll (B189) BT HoR ARV
- 3fafHfed (3 foee) JR&m goma!

- ffepg 319 TRe01 Jomelt (URTT BRR Wich e RiIeH)
- GichT 3 TREUT YUTTell (Tided TR W h I RIeH)

- ToTieId Y TREUT JUMelt (3ICHicd HIR WehIH
Rrem)




UIE IR G & UT(Procedural Protection)

¢ 3

YR IREAL]

A YIS (TR SHISIG! W)

« 3{TUGT U Y- oI (FSSIReR HASHE W)

. fAOd
R&T AT G
. b

o HIURHT IUc

STel- Ut siifge

5T 3{TATST
RIAC ReH

aRdlg

¢ 3

1 gucH

53U ] HTAlYe URI&0T U9 fHafad

3 ]

ASIE

+ ST FETIT IS (GY3I TS S Wb 1H)



5"&@ Y& UT (Educational Protection)

- 30 R&M R Fafdrd ufieor wrden
- 1d ST dih fSd T 3MTaTe

+ SR IUBRON Bt Y2 (SHRL M)
+ X (HIfCARAe) TISHTY




3T &I AHA B $S gfaadr (few)

- 78 g o3 b erafadl iR warm=enst |

\

. TORTRIETS B saa-Rid WA e 7 Ride’] &t

PIS ®IISC, P HIvlld, oIy C'<6"I-‘2IIQ‘I et |

&HH I,

. AfET, T dleq, 3Mfe @@r Y Idaee &

. ﬁ%ﬁ-ﬂ]ﬁ 3

SaeTLie G & U 9 6

ﬁmﬁfﬁ?ﬁﬂ(@fﬁﬁ%ﬂ)ﬂcﬁ,




31T B! A B P gfear (ew)

. foorelt & Ffdbe & faRaAifST ol Jdb 3R IS
SIRIECER
: Eﬂ\rﬁwm Bl ¥ Ugd gt faeiell & IJuaull i g

2

. HRIRYT TR JIIRIT §U I,

Q

Q



STo31 §Td

3T H YRIYD TR H Gbleell HIT §gd &l 3 g,
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e o Utes I7 YTl § Ad f&u|
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Bd DI 3R Hd U

RISl A e Pt HIR W 7d B |
ferte b1 SUIINT 9 B | Tifed! 1 SUTNT HI |
DI M ShgT h- H JHY ddig Hd Hr|

AT Bl Uch ] EO_CI@. Y HaR HIbh DIici] (crawling)

HID dEX Hhd|
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< ‘ LA scnentlflc
institution, be it a
laboratory or an
academy, has to
be grown with
great care like a
tree"

s

~Dr Homi Jehangir Bhabha

(30 Oct 1909 - 24 Jan 1966)

Nuclear physicist and known ‘
as father of the Indian nuclear
programme
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| YRYTY] Sl 2

‘ywg - - fefed

1075 24000 49000

1Kg BPRR g8 1 Kwh foreredt

1Kg PIaT 3 KWh farett

1Kg Oil 4 Kwh foreredt

1Kg UTPpTdd T | 50,000 kwh foreredt

1Kg of Pu 60, 000,000 KWh farsTedt

Per Capita Electricity Consumption in India (in kWh)
2008-00 734
2009-10 779

2010-11 819

2012-13 914
2013-14 as57
2014-15 1010

2015-16 1075

Cleaning
322 kwh, 6%

Recreation
466 kwh, 8%

wtﬁfﬁw Wrde TdH e

-

H ol ST fasTell @ad (KWh)

Gl
Tpld® TN & 17,000 TS Bie St
Bl
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Organization Structure of the Dept of Atomic Energy (DAE), Govt. of India
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i fA@us (Nuclear Fission)

>2Ba

Nuclear Fission mmf‘uﬁtrﬁms-—rﬁmﬁw heavy nucleus @I neutrons

" Bombard @%b &l 3@ nucleus ® split W%ﬁl’\‘l’@a@ﬁ energy release gial
%Eﬁ Process @I Nuclear Fission mwmﬁﬁﬁ Nuclear Fission

T ATfHP g fT4GUS BT Use Nuclear Reactor ﬁaﬁm%ﬁm@f Nuclear Power

Plant A Electricity Generate &I STl %|

N i /




qaTage o Reeey ( fesgam )

A Pressurized Heavy Water Reactor (PHWR/Candu)

Containment Structure

Reactor
Vessel generator
Control Rods
Control rods
Calandria ‘L
[ Condenser

Pressure tube

Pressure tubes
-« -«

Calandria
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mvjﬁwﬁmzon

Rajasthan Nuclear power plants
® 1 x 100MW ® Operating
1 x 200MW @ Under construction
4 x 220MW CHINA' | o Proposed
@ 2 x 700MW . 4 x 220MW = Number and
Mahi Banswara capacity of reactors
® 4 x 700MW -
7 West il ;.1
PAK!STAN al | BHUTA'?' «
A v = 5 ! /
i [ i’_ ,//ﬁh
Kakrapar — R )
® 2 x 220MW > { ;
’ 2 x 700MW BANGLADJESH
N \
| Gujarat ‘ 300km
\ g Kaikata ©\{, ; w‘ 185 miles
( @ 2 x 700MW ,?.u;, A\
S Bhimpur , |Haripur
Virdi ® 4 x 700MW £ @56 x 1.000MW &
@ 6 x 1,000MW 7/ Kovvada
I Andhra ,/’ ® 6 x 1,0004MW |
!~ Tarapur Bay of i
@ /4 ®2x160MW  Bengal
Kaiga \ ?, 2 x 540MW
® 4 x 220MW \Kamataka ) Chennai  Kalpakkam
® 2 x 700MW | ® 2 x 200MW s
Arabian | Kudankulam E‘ ' 4
Sea J @ 2 x 1,000MW 4
Jaitapur F R @4x1,000MW t
@65 x 1.650MW % AR S
Sources: Stratfor, wika agoncles SR’, LANKA © GRAPHIC NEWS
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981 9 ¢ |

Pl ¢ |

PR 1 3R 2

TG 1 3R 2

RRT1 3R 2

ISR 1 3R 2
A 3 3R 4

IAERIF 5 3R 6
3R 4

ERECN -
EE T -

ARTYR
e

MWe -ie )
I UPR 3 HGHIRS Udler =g fRufa =
HERIY il 150 1969 He-fafry, sfgeaw 2009
< EISIREling ®
PHWR 202 1999, 2000 T
PHWR 202 2007, 2012 T
fedav 2010 U HSd &
oI PHWR 202 1993, 1995 T
afem g PHWR 202 1984,19 86 =
IJW THEMd & dgd of-as]
PHWR 202 1991, 1992 T qed
e 20159
ICRME  Candu PHWR 90,187 1973,1981 e faf2ry, 3ageR 2009
RS EIE] PHWR 202 1999, 2000 U qH3Id & ded 9" 2010
B! AR SIEY & e aga]
IR PHWR 202 T ed g
2010 2009
HERIY PHWR 490 2006, 2005 EiEl]
LIEET IR feweR 2014, e
917 Te-fafary, 39k 2009
(@) 2017
621 9 AIMETC
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nuclear power is clean
nuclear power is green
nuclear power is cheap
ionising radiation \s good
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Applications of High Temperature Superconductors
and associated Cryogenic requirements
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» JEAIAH]
> Jfceielent & IUTERT T JhR
> 3T A9 AfcTelehl & HTET cTeheilehl HeTodlaT
> 3T a9 ATl 8 Srilel e AaRIhdrd
> AdleTdd AT
> TSy / 3UEER gRGSFCH o
(3rferarerehr) Q(HTS) C
% IOTE, RCTICD)
fayare TS
3I=g a9
ATt (HTS)
TR qoTferat
LEEIRIEICE]
TR

AfaeT el “REr gansl” — 17 319 2018, TAITaAT 3. &, IR
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Juihsed (3ifare)

1908: EIferIH T TITAH dellhuT — K. Onnes

1911: #H H (Hg) FRFsIFclact #I @it — K. Onnes (Y= TIaRIEr)

1934: AR TG (HalTH Fi-YaehdT / SSHTAEITH)

1957: dr.@.vg. {gid

1970’s : faf#eT guirsiFcar grai #1 faw

1986: 3= ATT 3ifd=reral #I @lsr (Bednorz & Muller @ La based Cu ~ 34 K)
1987: YBCO @ 93 K (Tc) — (Phy. Rev. Let. Vol. 58, P 908, 1987)

N\ 160 —
T : < AfEg |
JIIhsacH 3T AP g 140 | 8 g Ba-CaCipo_|
— 2 ke (v S -
G , 2 ’ ';' 120 § TI-BIa-Ca—Clu—O
~— ',. ; = Eli-Sr-liCa-CLil-O ql
./ = 100 = T T
R S = Y-Ba-Cu-O o
. ya o 80 {
‘ //V\ g _LN2 || Gd-Fe-As-O
_________________ ~QE ‘ETIT;T — &0 | i (Pictide)_|
d e -
_________ g 40 La-Ba-Cu-Q t | :
? g -1 Ne Nb S ”Jf;ffmgsz
. . . 20 —44+H n‘ﬁbsG
Fuiehs faredr gifaere amm (T,) IS =y P
l/ N 0 LHe ’Izlpéﬁ I Nt.”N.bTI. i .
rr
T SRS S S T < < T S
c quAET FF FELFFFES
sy Ud a3t & [T aradTeT (0 K) & e g gfady Year of Discovery
o] ~ 9 o]

fAfae e, “RREr gansl” — 17 319 2018, TaITaAT 3. &, IeledR
[¢)3}
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I ECIREIRGD ?grUT‘énfr UdH YR

Q sifcraree i g wfaRitrehdr, T fhicehd AuaAE & i =g (0) gl & 3rUTd
faga anT & Yarg A W SAH el ISAT §Ifat gl gl

0 38 37eTaT 3ifcrareieh 378 Tfd-Yeehdl Td 3= Fe SRS ST fadvde ford gl &

Q ST 3T JEI: AT, dhailehl Td HIfAPT eI (3T Yraehld &7, HoT
cdi& |/ cIdhrHe 311e), TFAIS Adsleldey Tad ”fehcar & & & MRI, NMR 37f¢
quTTerar & 8T 8T WT g |

Q 38 y&dfd & 3= d9 Afddreshl & [affedd 36IUAeT TaH Solhl ATl
3TIISATT G Tehl2l STAT IRAT gl

10000

— |
— |
1000 =
MNb-Ti
Né 100 h
< _ _
= Conventional iron
2 electromagnets
Lab]
= 10 =
—
o
=
(-
1 .
0 2 a 6 8 10 MRI (ﬂ?ﬁﬁ? Mg sﬂ%l?T)

Field (T)

Q‘]\Fzrmqu U9 3T Hic S/ & A fder sl “Rer Tomdl” — 17 3m9er 2018, TollgAT 3. &, eI’
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srfaareret & gaftetor
% folo=T g 31faarele Low Temperature Superconductors (LTS)
% 3Tg a9 3ifddares High Temperature Superconductors (HTS)
% TSY - | (74 A HefATHFe guehswed) (AHI: g YT, dca)
< TSY - || (Y3 # HefAd §1S gulchsaed') (HTHTN I A% ardu, Jifdeh)
3T Afeh Teaehl & oIl 39T NbTi, NbySn 31Tfe; (1937 & a7Te)

Cuvent Dengily, J

Superconducling Region

H MNormal H

Tearnperatwe, T S-L_Jpelr-::onducling,' l-:‘

Type 1 Type 10

Magnetic Field, H E,'Té-q- _ | _Q_a_ g ) ” T - = ﬁ a; H_T ] .
guehsered $1 J-B-T HaEUT-3IRY
Afaer Seh, “RREr Iasl” — 17 319 2018, TATTAT 37, . IefeleT
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feAaT T8Y — | gUiehseed

gfeiar TR — || guahsaey

Material (Type) T K] WH,,* [T] Material (Type) T, K] W H,, [T]
) Nb (metal) 9.5 0.2%
Ti (metal) 0.40 0.0056 —
Zn 0.85 0.0054 Ab-1i (alloy) 8 | 105t
Al 1.18 0.0105 NDbN (metalloid) 16.8 15.37
In 3.41 0.0281 Nb;Sn (intermetalic compound: A15) 18.3 24.5%
Sn 3.72 0.0305 Nb;Al 18.7 31.07
Hg 4.15 0.0411 Nb;Ge 23.2 35.07
A4 5.40 0.1403 MgB, (compound) 39 | ~150
Pb 7.19 0.0803 YBa,Cu, (O, (oxide: Perovskite) <YBCO> 1~ 93\  150*
0K Bi2Sr2Ca,_,Cu.0,,., <BSCC02223 or 22124 110 | 108
150 *0K1T4.2K
Z o el 150 O
05" BiSCCO BISrCaCuo %- 3 div W (HTS)
5 0] RS { oo 1 -180 2 = AT 3od gUREsTae gifter
o ] —
£ 60 1-210 “éi ATIHATT (T,)
l_ - >rCu .
30_ taga((:ju% 41 -240 & ] m (8:"3;[{')
] ATASY
Nb ; Nb Ge . . .
ol npmooTC TN B NS ] " 3T SR HYe ST
1900 1920 1940 1960 1980 2000 « 3T TRfeT o T2 ds Pres

Year

AfaeT el “REr gansl” — 17 319 2018, TAITaAT 3. &, IR
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HTS 3= dT9&ATeT olehsered (TH.E1LTH.) & e]oarer

< 3T dUAT gWsded (VI.E.TH.) H Tohellenl WIfd o 3Td dledsl &
HIY-H1Y 3T Hic AT o TIT GR fhar g

% 3TT FC AR S8 faRmer guiehsigcar sy 3R gulehsiada
GEShI T ATeT I g TH.E1.TH. YRT-ESHTT FdlTeieh Tl IIIaaT g |

< St TI.E.TH. 3R 3T dieesl 3UhI0N o fob Aled, arahaT 31T
Piee e ToIHeT g gl Jafold 37edVUT & [dYT & |

< 3T d9ATT guehseed (TU.E1.TH.) &l 3T SILET. shael 3R fagd i
SRR fOFeH g1 & fov oY fohar sirerm 8, forad 3= faga emr aRage
&TH AT, fo=Tde IRYoT gIfel 31T Tea YuTell o AT 8l o |

Afaer Seh, “RREr Ias” — 17 319 2018, TIATeAT 37, . I e
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HTS 3menRe 3regweT

» HTS 3menRa e <iisa (ITER, W7-X, JT-60 SA, KSTAR, EAST etc)
> HTS 3 3917 &7 Soiadieh IF o STeiiey, AT, THmT

» HTS dlax dhadl

> HTS 9iaT shaol 3MTRA SiH AT U [3a<0T YUTTell, hiee Hic fafHeT
> TaaTeT Ua dehellehY e+ g 3T Afeh Toaehl T 3T

> GUehs(Feal YFaehT 3T $SROT (SMES)
HTS 3meniRd Al HTS e ga: | o | o
v 3= 9ia¥ =T8T vB0OK-300K&mfTage |
v 3T 31T &&TdT TSR & et
v BT 9t Fleic ceTar AR AT g *
. v T ]
v &H TRAETT (Rargfsr, A3FAd) HTS 30 &1 i
, (JaTghcd) el

v TR Lﬁﬂé&ﬂ%il?«l?—ll 2]

s ( v 3HIT AR R hA (10 ol | |
Sl Hdﬂd) UTU'ITFIEFW) Ci:il C;il

IRIRE FATH HTS Fe olisd
fAfasT Sl “REr G’ — 17 39 2018, Tl AT 37, . IENTIRX
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HTS deheileh & ST8T Al T

» HTS 9 & T3S A e fagd o

« HTS & Cu IT LTS Siisc

+ FAT TIETUT: TALCLTH. & ToIT Teh Ja7q HT
+ I (A AF) AT TF Hehfeehel I[0T
- heFcd dTd

o T FHsFey &l AT (km)

Afaer Seh, “RREr Ias” — 17 319 2018, TATTAT 37, . Il eT
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HTS HTS dahailsh

. Silver alloy matrix
SUH 98T (1G): Bi-2223 A)-TheTdic Fael HTS filaments Y
Tqier & Hfeaw Fr aorg F Agam TIeo
WW(ZG):YBCO,....%W 4x 0,25 mm”
1G Bi-2223 3maid HTS 29
* QT 3T TG AT EATE ® ¥ 3y
« 3T A9 GaTele (3TOLN), HTS 2
~ T £ 1G: Sumitomo; Nexans;
g 31’. § SSMAARET fagd geied (J) Southwire; Brucker, Innost
» SEX AT IOT 2G: Superpower, American HTS based CICC
7 Superconductor; Super Ox;
Copee = Theva, Sumitomo, Brucker; . e
Siw;dvazfer ) Su NAM; STI...
(RE)BC(I‘JL-('P—{TS (i) - Expected price development of conductor wire
ey
Fecropolshng 160 -
_ 40
§ 120
@ 100
S o
Lo g
40
20
0
2006 2008 2010 2012 2014 2016 2018 2020
. PUEN Year EId: G. Celentano et al, IEEE
2G HIFET JMhCH=R Eid: IEEE/CSC & ESAS European Superconductivity

i Superpower Inc.

Transactions on App. Superconductivity,
News Forum, No. 4, April 2008 Vol. 24, No. 3, June 2014
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HTS 9iaX shael TR e AL B

Dielectric Shield

-----
-------

Thermal Insulation

qTaT m . HTS m ﬁ-qT ((_'l\'IJﬁT) Spacer Semiconductors  caple Cover =
HTS &l &l Ueh TR
HTS halol & oITH:- N
J— HTS el & Taffieet UEh = i1g sy aiatrorem:
ﬁ SIRATECE
15 " = Carrollton 2000
R <TIeRI hefFcdT Slig Ud Albany (NY) 2006
= HYIhsldcdl oils Ud = Albany project
» R dehaileh (TATAIOT > .
AL G G = Columbus project 2006
o 3eTdhel) .
CEN R IR ERIRRG] » Long Island project 2008
EARIEICERNICED qUTTST = New Orleans
JUTTeIT . = Super 3C
, = TFIFOT 3R GI&T JoTTelT P
» fA2=07 37X FRaT gomely 2 = Yokohama...
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HTS el &l 8T8 HTS/LTS 3maRd
Wlﬁawﬁrﬁmﬂ

Power
Supply
Dump
Circuit 300 K
S-bend HTS-room temperature
For flexibility transition from 65 K -
300 K
TF i -
Coil Aluminium bus bars 5l AR
replaced by the HTS A
bus bars 65 K
®
LTS feeder part 45K 65 K
LTS-HTS transition
from45K-65K
CIshTH T LTS TR daehl g HTS MR YurehsTarcar fis yomelr
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aa%w@rao—«qm : UehSTFEAT cToheileh & WA-8139 I (GHG) ScHsiel H FHaT

dos deh o 2014 o STeT & 3TEN AR H ST 20 % TIGT IRYOT (STEfARNE) T faeror
HIEKICIGICIK Y

* https://data.worldbank.org/indicator/EG.ELC.LOSS.ZS?end=2014&locations=IN&start=1971&view=chart&year=2014

SIETHer, [9aoT g1fat:

0 dehfeTenl BTTeT (STl 3SAT, hUTATed, SFUISYH, olichol URT, TAHT,
STES AT, PRIAT, Fieeae AT 3MH...)

Q IR Teheitehl g1 (Tage T, W1 #HIe, fo=tr FHiex arr 3mydT,

> Met-g138 A9 (GHG) e et a 2100 |
(STame# $e1eT & &geT & CO,, CO, » AFAF CO, IcHold H Tl T IT8

4 3 @ 5 f3alt AmoAT & e gig
S0, 37Tfe 3chsie) HEERIE
> 3oll g&T Salaeleh I >

AfaeT el “REr gansl” — 17 319 2018, TAITaAT 3. &, IR

108



HIAST T FHodell : uihsiaedr gRd faar !
> 3o AT, El?l'éfr-if%m Udel-darenT :
> HTS 3menRd 31 gaT seierdish Iai o [International [Juperconductor-grids

SR, HIET, TABHR, laX haol T [agd
> 3T I H 3T
> URSTFCI FFaehld 3ail $SROT (SMES)
FShIT JolT HSROT
> 3T AT9HAT oehseed TR fagad

IRYUT (STafaereT) Td fadror Yutelr
QoW pr—

[Qiobal [3nergy [Metwork [Hquipped with Holar-cells and

Electricity flow around the world, from
daylight areas to nighttime areas and
from sunny areas to rainy or cloudy
areas, with as little loss as possible.

Only 4% of the world's desert area is
required to safisfy worldwide electricity

“"’Eg‘v"“ - 1% # Gilobal Enangy Matwork Equippad with Solr-calls and Intermasional Supenconductor-grds
. =R
e X N GENESIS - S faa aRasar
ssl’,,J— s < AV . Es
This is fantastic! N ——1 < ‘,,5'1 PAVAVives )
: } r. ¢ ‘ TIS=T: R. Hata et al, “GENESIS Project” and HTS DC Cable -
/N3 . . .
.p«t:‘l' X o Keen Use of Ultimately Sustainable New Energies” SEI

Technical Review, No. 66, April 2008

ﬂl‘

Over 174 million birds are killed in the USA annually by high voltage lines.

39 dlecsl dRI 8 ARG 7 giday 17 s § 31fes |
el AR STd § B Foltes, Yer. e Sel, “Rer @endl” — 17 319e 2018, Tl AT 37, &, aefisTay

109




110

STAITdH TAET : HTS Yiax shael TUTRA A TART JoTelr

Nuclear [.'iEll"l't Plant control
L computer
= Sﬂlar plant

Superconducting
Cable

Superconducting
Motor

Distribution
substation

'*. End ~Uuser

End-user
hnmes

'y Superconducting
- Fault Current Limiter

Fossil Plant

3T AT9HT Iehsered TR T TRYOT (SHTARIe) Td faaor yourel
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AMA® HTS $hadl IRASFATV (678 - o)

Wall of market

30m S0m 12 2 1

ow to jump
® {ﬁmm‘ . _ Wall is not length, | _ ;-5
st euAs Wall is commercially
M-PACC s available or not.
pm ect KERI Ls f .I'I.M| rican
IS‘“{{V N {m 7 s EECD i oo Bupereonductor
"';’uﬁﬁ _.ru.-esans —— |33|{V
2 @‘)"‘" : LIPA1&2 projects
115kV +— Je i
[ Yokohama JSltiO¢ i e —- 110KV
oFl SE| SE| SE| E e

Te _ &) .é.@fﬁ - ojec —- 66KV
Albany

SOKV — =kt Russia

000 GG American P"’l"‘-" —L 36KV
4 ol R -
= moPuw;t" it 2 @- Gemigiheon) =1 34.5kV

24kv I LS a 5 000 ShySira, Superfwer.

Spain & & mme. oSh ol
150KV 5 KER! "@ﬁ_ , 4 —4 13.8kV
13.2kV - “'“'. 2 s e Sewtirrire nm%ac.w = I

o | :,_,'_‘?_1! AEP . x
10KV T%0ain DI IEIJECAS I project A HM | |
==l ! e ] |
33m  75m 100m 200m 350m S500m 1km 2km 6km

@ & e @@ @ F 2 0O

DC  3d.deryo 3@ 3eryo WD 3d,laxis,lervo  grid on going weak info. Recent project
gl: S. J. Lee at al, IEEE Transactions on Applied Superconductivity (EUCAS17-3L0O4-01)
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3T maﬁm@ﬁ%mﬁmam ICETR
<% el giferad (LHe) a1 gurishicahel alferdd gRT 2fidere (~ 4.2 K)

& det faATeT (LNe) gRT effdelet (~ 27 K),

% el ATIEISTT §RT (LN,) effdeleT (~ 77 K)

< FIheR GRT HSFAA (ATeAeT) feTele

< 50 K/ 60 K 32 gifarae 3t grr eirders

% 70 K He-%e8 dlel ATIeleTs §RT (LN,) efiders

% 80 K U2R185S diel «Irucislel gRT (LN,) 2iiceret

HTS—room
Heliym L.NI temperature
compressor Tank l/ transition from
>
>

85K-300K
Canvertic nal € Vi Py LN,
transition - Tank
rnc | s aven Tk an ‘/HTS cable
MNHANK LA
e LH; H-X L/ T HTS cable coaled by
Seable .
I\ v pressurized 0K LMy Heat ~ exchanger
;g o&e!dﬁgyk % \ fiom75K- 10K
o  Tuboexpander Ll Subcooler / /
elium gear 3l TOK .
LN, dewar with
o Vet Heat exchanger LN, Cold Circulator
. N\
50 K / 60 K 33t &iforas 70 K §9-5¢3 avd 80 K SRRT$5S el AIICISTeT &N
I gRT Mot ATIEISTe gRT Aol AMTeTT (PIES Fell Sfela)

AfaeT el “REr gansl” — 17 319 2018, TAITaAT 3. &, IR
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3T dT9ATT ulehsered (HTS) & 3I91ai & il faen ficelet JoTrell

v ST eNcelel JoTell g RIS Ged (ShraiTlel) I T TReTelel fEafaal @
TR B

v AR R ETITH 3R ATSITT HIH AT & J TG FHrAloll ¢ |

v fagd v o g W A T.ALud. HRAe @A # 3o 1 @ud gl g,
37cT: THLELTH. TR I TR SYE sh o IR 3318 fohd ST @ |

v UehsTFEaT Siged AR Shelel gRT AT Tsh & eIl ScTe] 3SAT HR &l Ffaqfd
QffcToleT JUTTelT AT ¢ |

v fage e, TR (Farele) 3¢ Tsh AR T8, & YollaTd #feTd & TR W,
fafeeeT efdereT faemedl & dersitehl-3Te 3reage ifasnayes g oo a.éno.
YUTTell & 3NCeATSes 39T H Heg fAedr &1

v T.8.TE. Yunferdt & frv efidelel Aretelr Ter.EN.Tud. ¢9 & foll gailerd ofRTd & fAaer
% FRISel TTleT o SICT Tsh I ITTR gleil AT
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SRy / 3TEER

Q TT.d. Ty, SRR FReae IR d9d 9T Adr & 3R SHTAT I§ oETd 98rar
AT ¢ |

Q T.8.0F. WA & I9ANET F fagd IRY0T 3R STHTARIA JohdTeT H HTHT HHAT g1af i
o gaTavor & fga & ot grefr|

QO t=.8.ug. 3TRT Yonfedl & gREmed & foT dd Asersd gRT 77 K IT Biy-Far
T IaT AT ST ST ATAAR JaTg AT lhes dlel ATSeloTe AT 35T E T H I gRT eNcTeled
fohaT ST @ T B

0 TR BITerIa TR YOTell § SIST ST T ceheilehl SI{celdT 8T 3T giafl|

Q grelifeh Ta.8.ud. U & T YeiRTd oRTd & 8o & HedTehed hleh TIACITH YOIl
3T eI H f3oTSe XA Y IMTIHATE |

Q .80, ooy &l 3= di9dATeT U SdTfold el & iAol folenr oITaTd & &l STl g,

IToheT 38 GRUMHTGRY UH.EN.UH. ¢F G dT9HTT Alfoled s 3R o191 3118 & ST g |

O HT PEeis MaRTRaAr3l IR IR oeTd Hl dH e & folT TI.EL.Ta.
YUTIToIAT ST Ueh dehailchl-3TTeh T T cTAgRT THATYUTT oI [ohdT STeIT 319 ¢ |

114



115
el
1. “Superconductivity: Basics & Applications to magnets”, R. G. Sharma, Springer International 2015

2. Xian-Yong Xiao et al, IEEE Transactions on Applied Superconductivity, Vol. 26, No. 7, October 2016

3. Schmidt F. et al, Proceeding of Superconductivity Centennial Conference, Physics Procedia, Vol. 36,
pp 1137-1144, (2012)

4.“Superconductors in the Power Grid: Materials and Applications”, C. M. Rey, ed. Cambridge, U.K.:
Woodhead, 2015, p. 38.

5. Hideaki Maeda et al, IEEE Transactions on Applied Superconductivity, Vol. 24, No. 3, June 2014
6. L. Y. Xiao et al, IEEE Transactions on Applied Superconductivity, Vol. 17, No. 2, June 2007
7. Jisung Lee et al, IEEE Transactions on Applied Superconductivity, Vol. 25, No. , June 2015

8. R. Hata et al, “GENESIS Project” and High-Temperature Superconducting (HTS) DC Cable —Keen
Use of Ultimately Sustainable New Energies” SEI Technical Review, No. 66, April 2008

9. IEEE/CSC & ESAS European Superconductivity News Forum, No. 4, April 2008

10. G. Celentano et al, IEEE Transactions on Applied Superconductivity, Vol. 24, No. 3, June 2014
I1. L. Y. Xiao et al, IEEE Transactions on Applied Superconductivity, Vol. 17, No. 2, June 2007
12. V. L. Tanna, PhD. Thesis, Institut fiir Technische Physik, FZK, 2006

13. Woo-Jin Kim et al, IEEE Transactions on Applied Superconductivity, Vol. 27, No. 4, June 2017

fAfaeT el “REr gansl” — 17 319 2018, TAITaAT 3. &, IR

115






Thermal Performance Enhancement of Liquid
Nitrogen Distribution System of SST-1

TH TH & & 5 ATGZ I [GaR0T AUTEt & THe
frome= & gafa

T[S I, HTATS A [HRT, T8 U 2i-1
3TE Tt AR, TR



7req (Outline)

EESIEE|

NN

SIS ek THA S~IeT9H oh TR

5o TSZ ST ToIdRoT WOTTeA! ot Sirer 3717 Fdtetor

NN O

a) N0
’.-Z)"{iC’i-ﬂ"l He X4l opl Y4 3:ﬁ_{ gHhl doh-leh[ ATIIhd]

NN N

SICTI HERIACT ol Aehrileh Ta¥Tsal
TgTTg ohl TTOTAT 3T TROTH

STAY Tehreh! 3T AT skl
T TE9T 3T o9 (ATeTevM) o
FTH o IR FANTAT 3R ST
TThY (conclusion)

METFTT (Acknowledgment)
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PESIERI

= qHE TV ST (B12) AR & foTd Ueh UcRieeh T 1A il © |
= oS AT BI oh T ol ek &1 o2 81 o oIl ol Ushdll & |
" 5 '-Ilc'.l\fi'-l EREY HUIIQ*Il (System) H Bi{TaH T HT 80 OhIVOI-I T AHA vTlee,

FAZ IS NW.H, kcblavd RIC (flow) TIROT 3R =0T YoTedt, Wi-ShieiT g1
TRTTSR 3R TIREER Hied giar e |

N O (o) N N N N N
= 80 Shica UOTell | SEHT &l aTell S geiv™
. e R N o N N N NN N N
(1) 10” AT SR IgH + W Hee[ AA AT TSI dleg do-IH Jhe g IS
N N . h o N
TSI STHHT el o i
cey € N N N N N N . N . N o
(i) 99T TGO (SRTATSIE UT) TSI ek d< 3ot SR oAeT oh ford

I SST-1 80 K Systems:
LMNZ2 Tanks I > Thermal Shield, IFDC,

LN2 Transfer Line Inlet Cur.rF:-nt Feeder System,

Phase
} Separator
15 L

- %

Seg— S
119 LMN2Z Outlet Transfer Line

-

Sub-
cooler
Vessel

80 K ga Argia faawur yunet & Renfes



LN, SIS e ZTRIET ele AR faauT JoTett

Evacuation ports Vacuum section 2

Vacuum section 1 Vacuum in barrie

| )

\ I I !
! _ L//
G-10 spacer
Outer vacuu i
jacketedpipe  Super insulation on = Weldjoints  jnner process pipe

INNer process PIPe  \/acyum barrier

faitfes : 80 K ga et 2w oirge




BT E T ST

THATAUGR | FeIae AT | Soea¥ aa|e | A (ReS)
(°C) (°C)

ST T ot 0 250 EN 13162
hcEaH Tgetiene -18 650 EN 13162
oI T -260 480 EN 13167
grettgRes wH(PUF) -210 120 EN 13165
AT ST AR -180 150 EN 13166
EIECLRIGIEY -30 540 EN 13162
RITS ATEZ IS Ta -200 85 EN 13162




o ATSS I [aavuT WoTet st Sire 3 f-aror

= TG YUTC o HEATCTRad TR H STl T B RIRST 3R SheT99M 3TesTes gl
(1) LN2 Ziewe &g (i) e Hiex fawey (iii) Tentend vare (flow) faaror
(iv) TIRERR (V) 7 REA o AR 2R 3T3eied FI-FHor ot

" IR WA o S eRa e Uie § LN we131e ol o]

HIXUT (Causes)

¢ ¢ N () N ¢

= YA Il Sc1¥ i HICTS
N o N o [ N
= TR AT TSR HISTRIE Tl HH Aoy
N N N e c O
= I T BRI | T HTa
= I BT &ROT > 107! el IR LN2 i &8 & T @d |
(WY

= E1 b cAlhs] o HRUT FaTd o TGl
= g 1 A < 319 o5 ammEe (Dew point temp.)

" IHEICIE Hel SIS SR a1 379 300-77-300 K & Tq9 drsehed & URA
(Induced) ot ©9 3tk B
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w LN2 escaping

evacuation-

80 K ga Argier faeavor wotedt # %ifkeT X Seaay=



3-2T3H fasfad que gqrear
80 K g Ao faavut yorredt § efieht



AHATHT ATATIFATE AR FLATH RIS T T

* S qHT AToTehdT (Thermal conductivity)

NN N

N o N () (O N N O N
* X AW TSHEA HIARIE (1 =10-100 TSHE 212 HERIA & To7d)
* TR FATHIEHHI (DIN 4102, BS 476, EN 13501)

* HIYGT TT (corrosion risk)

o THT 9T (Temp Range)

o Tt TTTAT (Cell Structure):(p = 1: 3= T, 3-7: FArSE Te)
* ga<d (Density)

o TOIgH UTAeeh &T9dT (Weathering Resistance)

* 3TITHT F2RAT (Dimensional Stability)

IS TAHIH

o T (Economical) 37¥ R Qe

* ToohT 3T &0 AT (Light weight-and less Maintenance)




AT WeRAA it ddhten! fafyreame

HTUEE (Parameters) BITE ATSSEA WY | gt (PUF)
GLEAER))
ool Treehdl (Thermal conductivity) at 0.019 0.021
77 K (W/m.K)
arqar ger (Temp Range) -200 to +85 -190to +110

X IR IRIEIAT (Water vapour
permeability)

7000 as per BS EN
1SO 9346:1996

5.84 X102 pg-m/s.N
as per BS: 4370 part 2,
1972)

1 TR 24 hrs °

0.2% by volume

1.9 % by volume

R TR~ Class O Class P (Not easy
ignitable)
g (Density) Kg/m? 60-70 40
FAE TA Fee %o 95 90

et RS (VST ST hi STHIT )
ISO 354: 2003

Up to 30 dB (A)
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TSI BT AT 3R ARUTH

® AT dgHE Line Temperature:77 K

o grufaTeh 3Aar Relative Humidity :
85%

e U= dI9HE : 303 K

o 37 fag amHE (Dew point temp):
301 K

e gar 1 a7 Wind Velocity: 1 m/s

* ThIZE 3TEd i IHSThdl
(Emissivity) : 0.95

* Tiof 1Y oht STasTehar :0.15

* TICIYH i ITdsTehal :0.05

T HIHYT Equations used
* g @G ThIH 3THT U127 (SS

304), Q; =2n K, L (T, -Ty
/In (r, rY W/m

* g I T RS T HeA
ae  (FERME): Q,= h A(T, —
Ty W/m

* gT T (FTBWIHE): Q.= 0 €A
(T4, —T4), 9% g0 AT
R.=1/h K-m%W, h= g2 TaH

I AT, € = Emissivity

L w»n

* TRICIYM I FHA UMREH © R,
= 1/K;, K-m4/W,

* TIIM i I AILTE:

toqg =T, X In(ry 1y




q1Eq |IET (OD) qdE Bl IHA | AT
-0.063m AHE K | ATeishal | i Aies
ST : FTELEA Wim-K | mm
T O T
R 1 190 0.020 25
FT 0 240 0.028 25
S 3 265 0.032 19
ST 4 285 0.034 19
ST 5 300 0.036 19

LGERIUIED
Surface coefficient :
10.44 W/m? .K)

AT &I

Max. Heat gain
(linear): 23.63 W/m

F A o
27.42 \W/m?2

1SO 12241 |TH® &
TR

9

128




AT AT TETATI dhlh
/. FEE ORI B e e TR

* TS ST 91T dAhHIh

*  SHIAISIE ISRt § 100 THAT 7 7Y
T TgIvH Tael o S H fage
(free) HWegT (convection) dht
R & foTu

o EEe WIF (joint) T=IIIM

Tcel 1 Teh e | =7el &1 A1eq
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80 K fa=at ¥ waa (Apphed) =nsz13ﬁ 379?3!'517-[

B SRS SR N

IFDC soKaﬁc‘«rsﬁ—s' AT qs 3T 8 80 KFI'IEFT



AT AT TETATI dh-lh
QR | (PUF)

* 2T YT YRH | oz teedia & ar
* TS TR TR Tie 12 ATEshiA &aT IR & fou
* TY TH TR el (F2) TYATH il & w2k W ~50 Tt SfieRkeld W
o T TEY Hag W 24g AL 5t i soifer (3160
2 St hY Y AW o
* TS WY (joint) TIeI¥ FAL! T Ueh TS U el eI Mgy

Layered staggered insulation joint

—

PUF
insulation
top layer
Wire mesh

Vapour barrier

PUF insulation inner layer

Pipe
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80 K faweni ¥ ugad (Applied) % 39

80 K NBI fa=q



Repaired section of vent
line with DP weld joints

80 K Main
vent line

Ruag LN, 59 e g2 @i @gA
rd'B K




ﬂﬁ'ﬂ’f fren & e = (performance), §ATAA

(validation) 2% ¥ ufvorw
THATH HERAA : UF U137 WA I g A& (Kee) | sty
(137 x 100 fieit.) (rereti)
ifeTer ofieh 28 (0-4) IR (), 300 K, | <2.0x10® e Ore = IPR &
77 K mbar 1/s
o] HTZhol S 300-77-300 K ANSI / EIA- e S el
364-32C-200
e 39.08 Kg/m® | ASTM C 303
e oI 0.12 N/mm2 | DIN 53421
FAT HA Freg 96.25 IS 11239 Part 5
0.058 DIN 53431 e
atex AR HISASTe . NP —
O TTeTehdT 0.020 ASTM C177 SEICAREAR
TeH=9e! Rlafere] (i) -0.29 DIN 53431
(i) -25°C (ii) 70 °C (i), Nil




/i it g " "
it R (N

oY I1Teh S




AT AR AN

SgIvH T TRCITH, AT 3T USIE GST0T STieet 80 hica
2T 12 HIeX i HaE W HM

IR T11e o Tohdl T H aoH [SUSIE, Hre~avH 31X 3712d
h! THTESTT 3T BT oileh ol gt (confirm)

N () o

80 hica- SHIATSIS [dH & Sied 3T, diectd, Taal, o[ad, Fois

FHHIH, REIH T T hl T TH

) o

AT~ TR & $ESHE I SGeI9H Fl 9T 3T 3
ZER hH ATTH T

N O N ¢ N N N o N
X 80 Shica Aedeh o QM SIS [HeH (T goT) i Ior]

T SRS Sge19H & |, Teh 37U UITH o hR0T 44
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fr=w (Conclusion)
80 hicad ShIASI-H HEH i [oaor Jumett & =i AR A

IR AT (6 to 150 THHT ot |RST) H SgelvM &l el
(STTHT100 HeX) 3R g (AfASIE)

NC A

" ToIcE SR AT i T SIS ZIH oAl § i I

o N

SO ST, HIe~HI 3N 3T HIEST hl Hel < T 747 |

" -3 AU I T LN, TSI Sg®Y agd i STRIEA

4 ¥ NO N o N _ QA A o 0
$@£|3|:| ff JqlAS AT YT, bl 8lcIIH oTlsh R &l

" R O H LN, T 3T i S

Y AN

" HAYTER 3R SUHIOT I T, LN, T 3TS o Tlchs ohl AhhT
" Tg TH -1 % 80 Hicad THA SIS TG0 JUMed! o U9 |




aAfEsta (Acknowledgment)

*  FHIESIH I HER
* TTH IR TYIvH, EHRER
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Nt Ne Ve
o Uy frafea TR, 3TeusIETs
*  TYS INHI, 3T °f 3R, MR

T

» HVAC 99T SIeT9M U eTa
> AR TSATS TS Hg3Tel, . oh.
> el TeIvH T Rl
NN N a N_C A 0 N O 0
> TSI SGeI9H, ST RIS, BIF TS Hhideed, 3ol
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141

JEr Far g ?

ACTH (31T _Ue1y, d¥dl, U9 AF) H FaT &l 3dR TeId ST sl a&q hl
qRage (chi ECIR R IEGRIG %I) >

g [affiesT 3/aTar A RN & A1HT Hid ol

FEell IR Foar dEM R AR 7l

3MYfAF BT dede (HIES) HT 3TN

qerd faeet, e faareT 3R AIf0ia T o g A &t
dET U9 3dh did 3d-Thar & ATEIH I ST o ohdTl gl
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Modbus Message
< 13
Start Address | Function Data | CRCCheck End
>3.5 char 8 bits 8bits | Nx8bits [ 16 bits >3.5 char
Frame 1 Frame 1 Frame 1
‘ | | | |
| | | | ||
IE ;I IE 5I IE E| :
At least 3.5 char At least 3.5 char :3.5 char :
—
4.5 char
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Asad A9

= MODBUS DATA SCANNER M=
fie Acicn Sebp Help L
Device 1d: 17
Address: (0100 MODBUS Paint Type 3:,';':,";.',:,':’,
Length:  [25 04: INPUT REGISTER -/
Idle Connection
40100:  <00000> 40111: <01000> 40122: <000C0O>
rﬁllll: S 1000> 40112: <01000> 40123: <01000>
102: p1000> 40113:  <00000> 40124: <02999>
103: <02s00> 40114: <0000
104 <ocen> 40115 25395
105: <00000> 40116 00000 >
106: <0O000> 40117 000>
107:  <pooar> 40118 ooo00>
108: <01230> 40119 000>
109: <0O000> 40120: <0O000>
110: <00000> 4012%:  <00000>

MB Serial Init... MB Serial Ma... MB Serial Exa... MB Serial Exa... MB Serial Sla...

maﬂaq " PAS
MB @ I i

MB Slave Op... MB Ethernet... MB Ethernet.. MB Ethernet.. MB Ethemet..
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