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We started with solenoids

® 3T solenoid with cold iron yoke

® 5T active shielding
® Low stray field focusing solenoid for

ADS
® 7T magnet for Lanzhou Penning Trap



3T solenoids with cold iron yoke (1)

This is our first self-developed
superconducting magnet (2009); Main solenoid
Two shim coils at the ends was
designed to improve homogeneity
Cold iron yoke is used to lower stray

Shim coils

field
Magnetic field in the center T 3. 004
Operating current A 270
Operating temperature K 4.2
Inductance H 1.5
¥ VECTOR FIELDS
Stored energy kJ 57
Field constant G/A 111 : |
=y
Diameter of warm bore mm 70 " Iﬂi‘*
Mmqml
Outer diameter of cryostat mm 870 l l...-

Cryostat length mm 790




3T solenoids with cold iron yoke (2)

Cryostat

Wet winding

With this magnet, we
explored:

» The winding
techniques

» Cryostat fabrication
techniques

» Cryogenic testing
techniques

BN Y ; a’l,.

Testing




5T actively shielding solenoid(1)

* This magnet is similar to the NMR |
design; L

« The shape and position of each caoill
IS optimize to achieve good
homogeneity;

» Bulking coils are used to minimum
stray field.

FROBLE DATA

Central field 5T
|
Inner diameters 120 mm Coil configurations
Outer radius 360mm
Length 250mm

100ppm without shimming, ®40 DSV 5 Gauss line about 1 meter from center



5T active shielding solenoid(2)

Finished winding

Cryogenic testing
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ADS low stray field focusing solenoid

These two kinds of solenoids is

developed for ADS superconducting

Linac as strong focusing element | e

between two SC cavity

Steer dipole

ADS solenoid parameters

Central field 3T-7T l
Bore 40 mm 1\ ;
Effective length | 150 mm , 60mm : | [_)‘_ = %
Fringe field <200 Gs j A 9 E

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

L60 solenoid

Stray field



ADS low stray field focusing solen

>

. # Assembled L60 solenoid
Three L150 solenoid has

been finished and tested

Installed in the Cryomodule



7T magnet for Lanzhou Penning Trap

central field 7T
homogeneity 3X10 " within 1 cm®
5 Gauss line 2m

Field stability 10°/h

Warm bore size P156 mm

©156 mm

Purification |, Measurement
) trap E trap

Two good field region
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7T magnet for Lanzhou Penning Trap
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Research fundamentals

*** SC magnet design process and
tools;

*** SC magnet manufacturing;

»* Testing



SC Magnet design process and tools

P L o mm_ i
Self-developed
code

Mechanical
design

Optimizer
\ EM design

2
DS SOLIDWORKS

Cryostat
design




SC Magnet Manufacturing

PQLAGRLBHARIRAGET

AR (REJN TAK) CORPORATIEN, LTD

‘“ Western Superconducting Technologies Co.,
Ltd.

Xi'an Superconducting Magnet Technology Co.,
Ltd.



Testing

» Linde LR280 refrigerator;

» Several testing dewar (200mm
— 800mm) ;

> NI PXI based data-acquisition
system

Data-acquisition system ® 300mm Dewar ® 800mm Dewar



Projects In progress
¢* SECRAL Il SC ECRIS(28 GHz) magnet
* Fast-cycling dipole prototype for HIAF

** R&D of tilted solenoid type dipole



SECRAL Il magnet (EM Design)

4/MH fzo12 18:03:5T

Injection Field 37T

Extraction Field 22T

Radial Field on the wall of 20T
pasma chamber

Diameter of warm bore @142 mm

Storing energy Ol?M\] 186410197 -48.564102 -48.54102 18.5410197 60.0

Xcoord 60.0 541 54
Yecoord 0.0 352671151 -35.267115 -57.063391 0.0

Zcoord -55.0 -5 -55.0 -55.0 -55.0

5.0 -55.0
Component: BR, from buffer: Circle, Integral = 0.08134515095273

Vector Fields ﬁ

Radial field Br
(®120mm)
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Xcoord 0.0 0.0 0.0

Ycoord 0.0 0.0 0.0

Zcoord -500.0 -300.0 -100.0
Component: BZ, from buffer: Line, Integral = 1467.77809590853
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SECRAL Il magnet (EM design)
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SECRAL Il magnet (Cold mass design)

Al alloy ring Iron
Iron yoke core(DT4)

End plate (DT4
iron)

Sextupole coil

Winding
bobbin




SECRAL Il magnet (Stress anlysis)

300K

Iron core Iron yoke

Cooled down to 4.2K

AN

......

0.1mm gap between
two adjacent coils

>

AN

JEN 14 2014

Energized

> &

000000000000000000000
00000000000000000000000000

3333333

7777777

Gap cause big deformation and
stress (about 500MPa)

Apply Al alloy rings with the 0.6mm of
interference fit

The stress is reduced to 166 MPa




SECRAL Il magnet (Fabrication)

Yo b hJ ’)&J ]
i L R — <

After vacumm impregantion Trial assembly



SECRAL Il magnet (Fabrication)

Remove the coils and process the iron yoke
assembly to improve the precision

shrinkage fit(150°C) Finished



SECRAL Il magnet (Testing)

**Winding completed in 2013,
begun to assemble in 2014

¢ In June 2014, the cold
mass was dilverd to IMP for
testing

s»After 10 times quench, 90%
of design value was achieved

Solenoids+Sextupole train
100.0%
80.0% %W
60.0%

40.0% o

20.0%
0.0%

quench current

0 2 4 6 8 10 12 14

quench No.

Ready for testing Cool down



SECRAL Il magnet (Cryostat fabrication)

S
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- Prototype dipole for HIAF BRing (Design) .

s Base on the Super-FRS

dipole's design;
¢ Use nuclotron type cable to

achieve cycling rate of 2T/s;

: Installed into the
Cryostat design Super-FRS yoke



Prototype dipole for HIAF BRing

(CACC Cable)

Advantag eS: Glass-fibertape

Polyimide film
Ni-Cr wire

» Good performance of mechanical stability

» Lower eddy current loss

> Good performance of cooling Hauidheium channel
~  Withstand high voltage Superconducting cable
Structure of cable: Parameters of SC wire
> Cu-Ni pipe: inner radius 6 mm with thickness | Diammeter 0.7mm
0.5 mm Filament diameter 5 um
> NDbTIi superconducting wire: diameter 0.7 mm | 1yist pith on filaments 8~12 mm
> NiCr (0.3 mm) wire is wound for SC wire Rafio of Cu and SC 16
»  The polyimide film (0.1 mm) is half wrapped —
Numbers of wire in cable 33
one layer
> The Glass-fiber tape (0.1 mm) is half wrapped | TWistofwire 11525 mm
two layer Critical current Ic of wire >600A (3T, 4.2K)

Critical current Ic of cable >19.8 KA(3 T, 4.2 K)




Prototype dipole for HIAF BRing (Design) .

¢ Finished the coil winding
and expoxy impregnation;

¢ The cryostat has been
fabricated and assembled

*» Waiting for the feeding
box, cryogenic system,
current leads and power
supply to do cryogenic testing



Tilted solenoid dipole

¢ First suggested by D.l. Meyer and R.
Flasck in 1970 I

“ BNL & LBNL have started the R&D - Bém

* Compared with conventional cosine- P!
theta coil, screwed solenoid coil isan

almost perfect approximation of a o Wéﬂ
N

cosine-theta magnet, thus yields very

good field distribution(especially for 3,71 . K B B, B
integral field) NS
% The combined function coil can be S Buipoe

easily achieved

> Avoid tight bends for the ends of the
coils

¢ Has good application prospect in
particle accelerator: synchrotron,
FFAG, Heavy ion Gantry

Vector Fields =4



Tilted solenoid dipole

% A 3T dipole with ®50mm bore was
designed and fabricated

s This sample aims to explore the possibility
of tilted solenoid dipole used in
synchrotron

/
N / \

/ \
ol / \
W \

300 - 200 100 0 100 200 300

Z mm

Field distribution along beam
direction

999999

999999

999999

- Finished winding, to be vacuum
Integral field homogeneity impreganated and assembled



Prototype dipole for HIAF CRing (Design)

“ Winding tilted solenoids with CACC cable

NS

% alternative to superferric design & cosn0
design

* High quality field
s Simpler structure and cryostat
*+ But need more cables

hem  vawe

bore ®170mm Zzz=
length 800 mm %%%—é
field 3T =
lop 11.7kA

dB/dt 2.5T/s

Coils model




Future plans

» Superconducting magnet system for HIAF
» Superconducting magnets for Chian ADS
» Next generation SC ECR source(50 GHz)

» Supercoducting magnets for Cancer
therapy facility



The Layout of HIAF Complex

> Main Components:

» High intensity ion source
» High intensity pulse SC-Linac ‘—*- ——

» Multi-function booster and
collector ring

Ty e,

> Long straight ion collider el
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Schedule for early stage work
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Project proposal: refered to National Development and
Reform Commission (NDRC) in Sep 2014; Approval

expected in March, 2015
Land expropriation: March, 2015

Site formation: December, 2015
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Superconducting magnets for HIAF project

Name

Number Parameters

Dipoles for BRing

Dipoles for SRing

Dipoles for CRing

32 R=6 m, L=2.36m
$=22.50, Bmax=2.25T
A= 275mm X 70mm

16 R=19.2m, L=2.51m
¢=7.5" , Bmax=2.25T
A= 114mm X54mm

48 R=19.2m, L=2.51m
$»=7.5° , Bmax=2.25T
A= 114mm X 54mm




Main parameters of B-ring dipole magnet

Parameters Values Unit
Magnetic field 2.25 T
Gap 120 mm
Good field region +160 X 110 mm
Curvature radius 20 m
Bending angle 7.5 deg
Effective length 2618 mm
Integral field quality +3X 104 —
Ramping rate 1.125 T/s




3-D magnetic field analysis

Surface contours: BMOD
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China ADS Project

(T:r#e uIt_imtate q{og:.o; the AIgS :e_slearcrll in [ e (D),

ina is to establish an industrial-scale BCR WO — Linguce

demo facility for nuclear waste BOR,RFQ ssan_ Sckent P EEHG s, | S, GEESGH o,
transmutation through the following three [ e iriiiee) 00 g o r'\
phases: f_m L.j (ﬁl
Phase 1: To resolve the key technology Phase | | '

. . Research Facility (~10 MW1) | |

issues related to the accelerator, spallation ey tohaloal AT b nocelermies e | D T
target, and sub-critical core of ADS, and BPILE py-itenl ooy | (=100MWO) | (~1000 MWE)
then start building a 10 MWt research | |

system

Road map of China ADS

o ® ECRIS + LEBT « S60keV RFQ prototyne
o @ Valdate L3+UIBToRIQ donign. Loern experionce.
e’ ® Comgleted, 2013
© ECRIES « LEBT « RFQ « MEST « TOML, 1.5 MeV
® RIQ committioning, validate O desgn.
e N . ® Ongoing, beam commissioning ia Sept. 2014

P & ECRISSLEBTSRFQMEBTCME, § eV
© Beam commusnioning i Macch 2015

Phase 2: To construct an experimental
system of several hundreds of MWt around
2030.

Phase 3: To construct a demo system
around 2040.

1
2

® JOuS « UIBT « RIQ »
MLBT « 20OWME SMEBT, 10 MaV
® Dec. 2015~1eb. 2016

Hundreds of

® “25 Me¥, Dec. Sept. 2016 - 2017




Next generation SC ECR source(50 GHz)

® Higher field;

® New type and configuration of coils to optimize the EM force;
® All NbTi coils;

® Difficult to fabricate;

Sextupole coll
12_‘ 1207 MbiSn- 80 GHz
| MbTi- S0 4GHz
10 4
~ 8 7.07
C 1 58T
1o} B
=] o ] _
4 357
] TT
0 T

.600 400 -200 O 200 400 600

Injection coil Middle coil Extraction coil Z (mm)



SC magnets for Cancer therapy facility

Torus curvature radius 833mm

Clear bore diameter 150mm

Coil inner diameter 173mm DE AN

Central dipole field 3.6T
Turns 250
Number of layers 4
Current 2500A

Trial process of a test former



Thanks for your attention!



