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1.1 History Introduction
NIN = Northwest institute for nonferrous metal
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R&D of NbTi materials (Ingot and wire) started in 1965.

The first mono-filamentary NbTi wires were fabricated in 1967.

The first multi-filamentary NbTi wires were prepared in 1972.

J. of NbTi wire reached 3450 A/mm? (4.2 K,5 T) in 1980, the World Record.
The first NbTi/CuNi wires for AC applications were made in 1987.

The large size NbTi multi-filamentary wire with weight of 80 kg were prepared in
1995.

Provided NbTi materials to superconductor producer:
®20 mm NbTi bars to IGC in 1999 (MRI wires)

®193.5 mm X 760mm NbTi billets to Alstom in 2001

®29.4 mm NbTi bars to OXFORD in 2002 for MRI wires

WST was founded on February 28, 2003, and the main aim was ITER project.

(NIN is the largest share holder)
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1.2 Registration Information

Shareholders and Portion,%

ENIN

mCITIC Group
4% m Shenzhen Capital Group
m Xi'an Industrial Asset

® Hangzhou Ligi Hanyuan

® China Everbright Group

m Others

m Xi'an Tian Hui Technology

The company invested by 10 more shareholders
the registered capital is 55 million USD.
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1.3 Organization : Personal and Educational Background

A

Staff and

operators | 350 >)

Year2009 |  Year2011 | Year 2012 | Year 2014

)) 619

v

All Ph.D and ME.D
of WST are from
Chinese first-class
university and
institute

® Ph.D
B Master
» Undergraduate

M Technician
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1.3 Organization : Management Team

-

Board of Director

Dr. Pingxiang ZHANG

Dr. Dr. Prois Dr. Prof.
Xianghong LIU Haiming LIU Changhu PENG Yidong LI Jinhua LUO
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Western Superconducting Technologies Co., Ltd.

1.4 Company Scale- Area and Location

® The 2"d Area

® Location: Xi’an Economic-
Technological Development
Area

® Area: 110000 square meter

® The 15t Area

® Location: Xi’an
Economic-Technological
Development Area

® Area: 82000 square meter

® The 3@ Area
® Place: Xi’an Jing Wei
Industrial Park

® Area:208000 square meter
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Layout of Area 1 and 2:

) L9 ‘I -
5 R, W

M el 2 B
ol

Capability of advanced Ti alloy and superconductor production lines: 6000 ton
ingots of Ti alloy, 3000 ton rods of Ti alloy and 400 ton superconductor per year
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Western Superconducting Technologies Co., Ltd.

1.5 Industrial Fields

Titanium Product

Aerospace and Medical Field
o Aviation Field:
= Aviation and
S Navigation Field | B bars. slabs implants
rings glasses profiles
wires
> S
Industrial
Field Superconducting Product
Medical
Field Energy and Medical Field
Transportation Field
magnet coil MRI coil etc.
magnet

electromagnetic

ol (g g




Titanium Alloy in Aviation Field
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Titanium Alloy in Marine, Spaceflight and Medical Field
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NbTi Alloy in Superconducting material Field

NbTi superconducting wire
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Low Temperature Superconducting Strands for ITER and MRI

NbTi Internal Tin Nb,Sn

WIC or monolith wires

MRI
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NbTi/Cu Superconducting Wires for customized

NbTi
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# A MIUOE

TEMNEFTAESE AU 2S5

CHAA CLASSICATION STCIETY CERTIFICATION COVPANY
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QUALITY MANAGEVMENT SYSTEM CERTIFICATE

fiy: No, 00311Q2097T9RIM

VISR S R B R A4 A7
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Thas is to cortify chat the Quality Managaeent System 10MS) of

WESTERN SUPERCONDLCTING
LTECHNOLOGIES CO., LTD.

SINGEHIANG ROAD, FCONOMIC &

NT ZONT, XTAN CITY, STINANXT PROVINC K, 1021

i Production Add: Ne
AN GICAL DEVELOPA
PROCHINA)

RERSILE
Las been Zound 1 confon

GRITT9001-200% 7 156 Y001:2008,
and GRAT 190012008 7 150 9001:2008.

A
i MRS,
This cwrtticats is valid to e following
DEVELOPMENT
MATERIALS,

LIRSS LR ST G0 LSRR ARENTHHFG B 4

ope tor QMS: ADESIGN, RESFARCH AND
PRODUCTION  AND  SERVICE. OF  SUPFRCONDUCTING
ANUNM AND ITS PROCFSSING MATERIATSS,

B LGSR WA ms AN AL

This ecif]

15 valid unul 1L August 2014,

N w249 5188
Reiss.sed on 18 Seprember 2012
RUOL: 2000 TRARZH

fsiwed on 12 Augunt 2011

4 '?‘ 2
S
General Menaper Huang Shiyuan

b SR
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Certification

Cettification
Awarded Lo
WLSTERN SUPERCONDUCIING TECHNOLOGIES €O, LID.
NO. MINGGUANG ROAD
ATAN ECONOMIC & TECIINOLOGICAL DEVELOPMENT ZONI
KPAN, SHANXI, CIIINA

Bureau Veritas Certification North America, Inc. centifies that the manayement system of the
above organization has been audited and found to be in accordance with the roquirements of'
the management system standards and scope af supply detailed below

___STANDARDS_

150 9001:2008 AND AS 9100 C

IN ACCORDANCE WITII AS9104/1 Issue 2012-01
Bunzu Verims Cevtification North America, [ac. is accredited under ‘e

T.A QP Scheme,
Cecttication Siructure: Single Site
SCOPE OF SUPELY.

DLSIGN, DEVELOPMENT AND MANUFACTURE OF TITANIUM AND TITANIUM
ALLOY BARS, MANUFACT'URE OF TITANIUM ALLOY FORGINGS FOR ALROSPACE
INDUSTRY.

Qriginal Approval Dste: 3 Aupust 2010

Subject to the comtitnied warisfactosy operstior: of the Orpanizaen’s Mincs sterr, this certificare
wdll reach valic woril: 1 Auguet 2016
Further clszificat divg the scope of this celificate and the aplicallity of the managerment

systess noguin iy e oacained by caniing tre orgaaization.

ficate Wo. 271802 l, Bl
Tasar Thute: 2 Augenst 2013 ol [l e ait7

A Pl (s

F Burea: Virias Centtication Nowth Amaesica, In
290 D Torive, Houston, Texas, LISA

s beauesitan.com; brc

ACCREDITED

B MI1102R02

o G WP £ 7t BB A UE 22 S

CHINA CLASSFICATION SOCETY CERTIFICATION COMPANY

B 85 5% PR & A UE UE 13

ENVIRONMENTAL MANAGEMENT SYSTEM CERTIFICATE

%% : No.00513E21212ROM

HAEW

SR PR B A RA A
LR L7 M : REEHZNEFEATFL YA 12 G BR: 710018)

This is to certify that the Environmental Management System (EMS) of

WESTERN SUPERCONDUCTING
TECHNOLOGIES CO., LTD.
(Registered/Production Add: No.12, MINGGUANG ROAD, ECONOMIC & TECHNOLOGY
DEVELOPMENT ZONE, XI'AN CITY, SHAANXI PROVINCE. 710018, P.R CHINA)

i A E s SR b GB/T 24001-2004 / 1SO 14001:2004.
has been found to conform to standard: GB/T 24001-2004 / ISO 14001:2004.

AERH T
g%,
This certificate is valid to the following scope for EMS: *DEVELOPMENT, PRODUCTION
AND SERVICE OF SUPERCONDUCTING MATERIALS, TITANIUM AND IT' S
PROCESSING MATERIALS*.

EEFFEETRERAA EIHE. SRt THBSRI BR. &7

AUEHA RO 20169 H3H.
This certificate is valid until 3 September 2016.

TS _,%,{ %/_

General Manager Huang Shiyuan

1ISO9001B

AS9001C

1SO14001
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‘@adcap

In accordance with SAE Aerospace Standard AS7003, to the revision in effect at
the time of the audit, this certificate is granted and awarded by the authority of
the Nadcap Management Council to:

Western Superconducting Technologies
Co.,Ltd

No.12 MingGuang Road, Xi'an Economic & Technological Development
Zone
Xi'an, 710021
China

This certificate demonstrates conformance and recognition of accreditation for

specific services, as listed in www.eAuditNet.com on the Qualified Manufacturers
List (QML), to the revision in effect at the time of the audit for:

Heat Treating %

= Z =
Joseph G. Pinto, Vice President and Chief Operating Officer

Performance Review Institute (PRI) 161 Thorn Hill Road Warrendale, PA 15086-7527

n accordance with SAE Aerospace Standard AS7003, fomerews:onmdfectatthemolmeoudr
this certificate is granted and awarded by the authonty of the Nadcap Management Council

Western Superconducting Technologies Co.,Ltd

No. 12 MingGuang Road, Xi'an Economic & Technological Development Zone
Xi'an, 710021
China

This certificate demonstrates conformance and recognition of accreditation for specific services, as
sted in m.mz.mmmowmmwmmguwom,mmmmmmw
a

NonDestructive Testing

%uw/zg by

Z &
Joseph C._ Pinds
Vice Presudent and Chief Operating Officer

Cotiose Nontw sfel seudl
Eqgewon Date 31 2y 2073

Nadcap Heat treatment and Nondestructive testing certificate
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Test Report No. TSNEC1500225001 Date: 06 Mar 2015 Page 1 of 9

WESTERN SUPERCONDUCTING TECHNOLOGIES CO.LTD

NC2MING GUANG ROAD.ECONOMIC & TECHNOLOGICAL DEVELOPMENT
ZONEXI"AN, SHANX], CHINA

The following sample(s) wasiwere submitted and identified on behalf of the clients as - MRINBTI/Cu

MULTI-FILAMENT STRAND

SGS Job Mo. - TP15-001047 - TJ

Main Substance : Mb,Ti,Cu,Sn.Ag,PET

Date of Sample Received : 04 Mar 2015

Testing Period : 04 Mar 2015 - 08 Mar 2015

Test Requested : Selected test(s) as requesied by client.
Test Method © Plezsze refer to next page(s).

Test Results : Flease refer to next page(s).

Signed for and on behalf of
SGS-CSTC Standards Technical Services (Tianjin) Co., Ltd.

="

Reabeca Zhou
Approved Signatory

This. docu

nmm’wwlnv farmia-and-Coelgdtions A8 sl for s1EcTaE femes documents, mtject m ams.

irkr s P i ac e
24 witin e I
kmhoﬁ'mmm'ﬁu“'mu"““"w”w“ 1 i tha idi af Caeats imsvuciions. 1 g

T e s
. 1 m-mmu-ea-

neems

scsmmu- Mo 41, Tha Sth Awanua TEDS, Tianfin, Ching 200457 1 (8627 S5388000 1 (B6-20) 25005052
B -ERTEFERFRE NI LM REGs kN BB 00457 1 [B8-27) SEZREO00 (B 2D

Taating Sarvica

i o by s Campany subject 0 s G Conndisons uf Servioe prnti verieal avalatle un fegeors 1 acosssitio

ot hapace: rufiacls

o o e Nhkwwm =
2 o

WA SEETOLL OO

0 sgm g

ROHS level: Level 4

Cadmium, L ead, Mercury, Hexavalent Chromium, PBBs(Polybrominated biphenyls) and PBBEs(PBDEs

(Polybrominated biphenyl ethers)

Test Method :

1) With reference to IEC 62321-5:2013, determination of Cadmium by ICP-OES.

3) With reference to IEC 62321-4:2013, determination of Mercury by ICP-OES.

4) With reference to IEC 62321:2008, determination of Hexavalent Chromium by spot test /
Colorimetric Method using UV-Vis.

(5) With reference to IEC 62321:2008, determination of PBEBs and PBDEs by GC-MS.

(
(2) With reference to IEC 62321-5:2013, determination of Lead by ICP-OES.
(
(

Test ltem(s) Unit MDL oot
Cadmium (Cd) mg/kg 2 ND
Lead (Pb) mg/kg 2 ND
Mercury (Hg) mg'kg 2 ND
Hexavalent Chromium (Cr(\1)) - & Negative
Sum of PBBs mg'kg - ND
Monobromobiphenyl mg/kg 5 ND
Dibromobiphenyl ma/'kg 5 ND
Tribromobiphenyl mg'kg 5 ND
Tetrabromobiphenyl mg'kg 5 ND
Pentabromobiphenyl mg'kg 5 ND
Hexabromobiphenyl ma/'kg 5 ND
Heptabromobiphenyl mg'kg 5 ND
Octabromobiphenyl mg'kg 5 ND
Nonabromobiphenyl ma'kg 5 ND
Decabromobiphenyl mg/kg 5 ND
Sum of PBDEs ma'kg - ND
Monobromodiphenyl ether mg'kg 5 ND

This document i Issuad by the Company subject to ts General Conditions of Service printed owerleaf, avallable om reguest or accessible
at httpaiwww.sgs. comfan/Terms-and-Conditions aspx and, for electronic format documents, subject to Terms and Conditions for Electronic
Documents ab http:ifwaw, s?s .com/en Terms-and-Conditions/ Terms-e-Document.aspx. Attantion is drawn to the limilation of liabil
indamnlllcmnnn and jurisdiction isswes defined therain, Any holder of this document is advised thal Informatlon contained hataan reflecis
5 findi '?B at the time of its intarvention onI]‘I and within the limits ufcllam ] Imlructluna if any. The mg & rasponalbility
is to Ils lignt and this document doss not & parties o a rom g all thair ri h:s and ||qat|ur|s undar tha
transaction documents. This document cannot be reproduced except in full, wilmul prior wrlllan approval of the Dompany Any unauthorized
altaration, fnrﬂary or falsification of the content or appearance of this document |s unlawful and offenders may be prosecuted to the fullest

axtant cvfthu Unlass otherwise stated the results shown in this test report refar only to the sample(s) tested .
Attention: To check the authenticity of testing finspection report & certificate, please contact us at telephone: (86-755) 8307 1443,
or amall: GN,Doceheck@@sgs.com

$GS Mansion, No.41, The 5thAvenue TEDA, Tianjin, China 300457  t (B-22)65288000 f (B6-22)25205252  www.spsgfoup.com.cn
TE-ERTEFEAFEEHELEHNSSCSAN BP4M: 300457  t (B6-22) 65288000 f (86-22)25206252 @ sgs.china@sgs.com
1

Member of the SGS Group (SGS SA)
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International Thermonuclear Experimental Reactor (ITER)

e The ITER magnet system is made up of
— 18 Toroidal Field (TF) Coils,
- a 6-module Central Solenoid (CS),
- 6 Poloidal Field (PF) Coils,
- 9 pairs of Correction Coils (CC's).

China (WST):

180 t NbTi strand
30 t Nb3Sn strand

Pair of
TF Coils
@

ITER Feeder System il

Proportion (%)
Coils Superconducting wire | Weight (t)
CN EU JA KO RF uUs
TF Nb,Sn 420 7.5 20.2 25 20 19.3 7.8
CS Nb,Sn 122 100
PF NbTi 224 65 35
CC/Feeder NbTi 21 100
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Performance of WST NbTi Strand

ITER WST
specifications performance

Piece length (m) >1000 Max.=90,000
Diameter (mm) 0.730+0.005 0.727-0.732
Twist pitch (mm) 15+2 13.2-16.8
Ni thickness (um) 2.0+0/-1 1.3-1.6
Cu/non-Cu 2.35+0.1 2.28-2.34
Filament diameter (LUm ) <8 7.8-8.0
RRR (273/10 K) > 100 110-160
Ic (A) @4.2 K, 5T 2339 360-390
Q, (mJ/cm®) @4.2 K, =+ 1.5T <45 35-45

Performance of WST NbTi strand can completely meet ITER specifications.
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Sultan sample results
*WST produces NbTi strand for 4 types of conductor: PF2-4, PF5, CC and Feeder.
*All 4 types of Sultan samples have passed the qualification test.

*Up to now, 10 Sultan samples made by WST NbTi strand have been qualified.

Tcs of SULTAN samples

M Tcs lower limit M Tcs of Sultan sample

7.40

7.10

6.80

6.50

6.20

5.90

Current Sharing Temperature (K)

5.60

PF2-4 PF5 CcC cB

Conductor Type
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Performance of IT and Bronze Nb;Sn Strand

!TER . WST IT NbsSn strand LU L
specifications strand

Piece length (m) >1000 Max.=10,000 Max.=7,000
Diameter (mm) 0.820 + 0.005 0.819-0.823 0.818-0.823
Twist pitch (mm) 15142 15.60-16.20 15.80-16.30
Cr thickness (pum) 2.0+0/-1 1.34-1.96 1.24-1.89
Cu/non-Cu 1+0.1 0.91-1.05 0.91-1.02
RRR (273/20 K) >100 108-238 132-173
Ic(A) @4.2K,12T > 190 230-270 220-250
nvalue @4.2K,12T >20 26-36 30-40
Qn(m)/ecm’) @4.2K, £ 3T < 600 370-560 380-440

Performance of WST IT and Bronze Nb,;Sn strand can completely meet ITER specifications.
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Comparison of all TF SULTAN Samples

7.5—|

I Drop from initial to final run |

N
o

o
&

o
o

ITER lower limit

5.5

5.0

Current sharing Temperature @ 68 kA, 10.78 T [K]

Three TF SULTAN samples made of WST IT Nb,Sn strands show
the same good performance as other samples.
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Cu/Sc=1.3, 55, $0.97 mm Cu/Sc=4,36, ® 1.6 mm Cu/Sc=1.8, 7225, ®0.7 mm

Cu/Sc=7, 24,1.8X1.2 mm Cu/Sc=1.3, 630, 1.28X0.83 mm Cu/Sc=11,54,1.94X1.12 mm

Cross section images of NbTi superconducting wire
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Typical parameters and properties of NbTi wire (monolith)
Item NO.1(M) NO.2(M) NO.3(M)  NO.4(M) NO.5(M) NO.6(M)
Dimension of
wire ®0.73 1.28*0.83 1.8%1.2 1.0*0.6 d1.067 1.28*0.83
(mm)
NI TR || e 630 36 630 54 36
filaments
Twist pitch (mm) 15 15 50 15 75 50
Cu/Sc 1.60 1.3 4 1.3 2.5 4
RRR(273/10K) >100 >100 >120 >100 >120 >120
>100 >630 >525 >750 >550 >450
| (A)@4.2K
Ae (9T) (7T (7T) (5T) (6T) (5T)
n value >30 >30 >25 >25 >30 >25

¢ WST can design and produce according to customers’ request.
) Till now, WST has delivered about 100 tons wire for MRI.
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Item

Dimension
of
insulated
wire
(mm)

Number of
the
filaments

Twist pitch
(mm)

Cu/Sc

RRR(273/1
0K)

|.(A)@4.2K

n value

Western Superconducting Technologies Co., Ltd.

Typical parameters and properties of NbTi wire (wire in channel)

NO.1(W) NO.2(W)  NO.3(W) NO.4(W) NO.5(W) NO.6(W) NO.7(W) NO.8(W)

2.553*1.765 | 2.553*1.765 2.24*1.425 2.24*1.425 2.24*1.425 2.24*1.425/1.815*1.29| 2.90*1.56

55 55 55 55 54 54 55 55
75 75 37 37 37 37 37 37
7.7 10.5 6 7 8 10 5.0 8.5
>200 >200 >100 >100 >100 >100 >200 >200
>2000A(2T) | >1490A(2T) / / / / / /
>1550A(3T) | >1210(3T) / / / / / /
>1210A(4T) | >950 (4T) >1000 >875 >780 >600 >900 >875
>30(3T7) >30(3T) >35(4T) | >35(4T) >35(4T) >35(4T) | >35(47) >35(4T)
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Heavy lon Accelerator Facility in China

fiberglas

insulation

NiCr
NbTi wire

CuNi tube

Df :3~5um .
Jc:>2500A/mm?(4.2K,5T)
Stabiliazer: CuNi

WST are supplying the fine filament NbTi/CuNi superconducing conductor for HIAF project.
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Accelerator driven Systems in China

~2016 ~2022 ~2032
Testing Setup Exp. Facility Demo Facility
v
REQ - sc-CH 5~10 MW ~100 MW : 1000 MW y
MHz |

ENEE
] | I Elliptical w—
- | CH/Spoke Spoke J Elliptical J
50~100 keV 3 MeV 8~10MeV © 255 MHz 325 MHz] 1300/650 1300 MHz

MHz

ENZEN 50~80MeV o 0.6~1.0 GeV 1.5 GeV
10 mA 10 mA 10 mA
RFQ Spoke
!LEBT‘ 325MHz | BT 325 MHz

No. of filament :630
Jc:>2900A/mm?(4.2K,5T)
Insulation:Formvar

WST are supplying the high preformace NbTi superconducing wire for ADS project.
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Summary

€ WST have capability of advanced Ti alloy and superconductor production lines: 6000 ton
ingots of Ti alloy, 3000 ton rods of Ti alloy and 900 ton superconductor per year.

€ Though the mass production of ITER wire, WST has built our technique and quality
system for superconducting wire.

€ WST are involved in ITER project as a unique supplier of NbTi and Nb3Sn superconducting
wires in china, and 120 tons high performance wires have been delivered until 2014.

€ We have rich experience of manufacturing the high Cu:Sc NbTi wires for MRI, and supply
the product with stable quality and effective cost solutions.

€ WST also put forth effort to the customized superconductor for High Energy Physics,

NMR,and High Magnetic Field applications.
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Thanks for your attention!



