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Integration of Bi-2212 and Nb;Sn CCT magnets for a hybrid
magnet test
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* Introduction: Plans for hybrid tests at LBNL
* Preparation for the CCT5-BIN5c hybrid test

* Preparation for the CCT6-BiCCT1 hybrid test
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U.S. MAGNET
rocram 7 Plans for hybrid tests at LBNL

Hybrid test plans: Necessary upgrades:
Outsert: Upgrade the test facility at LBNL for testing LTS-HTS hybrid magnets:
* Nb,Sn Canted-Cosine-Theta (CCT) dipole * Two independent power circuits
magnets (CCT5, CCT6) * A new header
Inserts: Focus of this talk
[- Bi-2212 CCT dipole magnets (BIN5c, BiCCTl)] o Power circuits é Header
* Possibility of testing Rebco (CORC) CCT \_%] -
magnets (CT3 with only 2 layers) (X. Wang)

(CAD by Aurelio Hafalia Jr., Regi Lee)
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* Preparation for the CCT5-BIN5c hybrid test
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U.S. MAGNET : . .
e OPMENT - CCT5 and BINS5c main characteristics

CCT5: BIN5c:

Kapton/epoxy-glass bag

* Nb,Sn two-layer CCT magnet, 90 mm clear bore, 1 m long * Bi-2212 two-layer CCT magnet, 30.8 mm
clear bore, 39 cm long

Aluminum

 Layers impregnated individually
* Coils reacted using the Deltech

 Layers assembled using bend overpressure processing heat treatment Aluminum bronze
and shim technique CCTE o header furnace at NHMFL SINc on header
e Tested at LBNL in 10/2018 ¥ - y-{ _f - * Layers impregnated independently

] * Layers assembled using epoxy-filled

Kapton bags

* Produced ~8 T in standalone
configuration at 80% of its

short sample limit e Tested at LBNL in 06/2021

* Produced 1.64 T in standalone
configuration at 65% of its short sample
limit

Bend and shim technique

. ¢ Force Release After Cure
epoxy filled

Kapton bag

shell

*(see performance details in the poster WED-PO2-
111-08)

Directional
Pre-Load on Coils

TApplied Force

layer 1

layer 2
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rocran 7 Practical considerations for the CCT5-BIN5c hybrid test

Dipole field in the bore of the hybrid CCTS-BINSc magnet

Key points: 12
e CCT5 and BIN5c were designed independently lz o '?BC&;BEE?E)
-
* Their main goal was to prove Nb,;Sn CCT technology and Bi-2212 CCT E 6  CCTS-BINSG
: - | i INSc at 2725A
technology, respectively (not the hybrid test) 2 4 Region where BINSC is (BII\(IBSC S lLal e S)SL)
£ 2
* For this reason the structure of BIN5c had to be adapted during the = 0 _E:BCHE?BEI?&IA)
° ° ° ‘Ca
fabrication process to be compatible with CCT5 for the hybrid test > (BIN5cC at SSL)

-500 -400 -300 -200 -100 0 100 200 300 400 500
Axial position (mm)

Length mismatch:

Configuration of the BIN5c splices:

* CCT5is1 mlongand BIN5cis 39 cm long

* Due to the length mismatch, the splices of BIN5c are in the ~6 T BIN5c Bi-2212 cable //;7////
region of CCT5 \ //:f/{’// /?523;1/
S
 Therefore, we chose four Nb-Ti_530 cables per joint, in contact with Nb-Ti_ 530 cable —_ =" i
to LHe to ensure good heat dissipation in a 30 cm long region, at //

4500 A ~
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crocran 7 Peak field increase in CCT5 in hybrid configuration

CCT5-BINS
The radial distance between the outer coil of BIN5c and the inner coil of CCT5 is 2 cm )

The increase of the peak field in the Layer 1 of CCT5 when working in hybrid configuration is: ©

e 0.2Tif BIN5cis powered to its SSL (not feasible)

e 0.15Tif BIN5c is powered to 65% of its SSL (performance reached

during test in standalone configuration at 4.2 K) Peak field on CCT5 conductor per turn (half magnet)
10.0
- o CCT>5-Layerl
With this field increase, the margin of CCT5 would be reduced in: bt < |8 (BINSc at 0A)
. ‘E ’ C2ee00e®® '..:::-
* 0.9% for 0.2 T increase - 0oe00000®T | o e CCT5-Layerl
E 00 ‘:‘unnnnaﬂ":‘ﬂﬂ c":. (BINSE&‘[ZTZSAB
e 0.7% for 0.15 T increase = ? ._.;,'33. (BINSc at 65% of SSL)
= °ﬂggss e CCT5-Layerl
g 8 ®e855 (BINScat4191A)
The peak field increase in CCT5 is not a concern for working safely & (BIN>c at SSL)
~ 8.0

0 2 4 6 81012141618 202224 26 28 3032
Turn No.
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U.S. MAGNET
procan T Mechanical behavior of BIN5c inside CCT5

BIN5c under background field of 8T (inside CCT5)
(BIN5c at 65% of SSL and CCT5 at ~81% of SSL)

* BIN5c coils are impregnated independently

Azimuthal Stress (Pa) Radial displacement (m)

ANSYS Release 19.2
ANSYS Release 19.2

Build 19.2 ,
The assembly of the magnet consists of Kapton NODAL SOLUTION ﬁg;ﬁ égiﬁnom
. . . STEP=2
bags filled with epoxy-glass, spanning +/- 45 deg SUB —1 iﬁ?’ii
from the midplane, placed between the coils and gMEﬂ Ve T TME=2
between the magnet and the aluminum shell RSYS=1 el e
PowerGraphics p :
- owerGraphics
el
In hybrid configuration, the outer layer bends MY = 334F-03 AVRESTMAt .
such that a gap opens at the midplane SMN =-.216E+09 SMN =-.334E-03
SMX =-1Z§2+0§9 SMX =.554E-04
—.21l6E+ ~.334E-03
. . . . —.172E+09 Bl 5503
Still under discussion how the mechanical B 1298409 T Ry
. . —.850E+08 _ _
coupling between BIN5c and CCT5 will take place  lamsos P piipos
in order to ensure contact at the midplane during -2 L4E+07 B0 - 118E-03
. .A457TE+08 -.743E-04
operation .893E+08 L1 _.311E-04
.133E+09 1 . 122E-04
Bl ce00 ‘ Bl 5545 04
Gap in BIN5c in hybrid configuration
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Torque In the hybrid CCT5-BIN5c magnet

Hybrid BINSc-CCTS5

900
SR ) . P S !
600
é 300
W
R ~ ~ 5
S
=300
-600
o L @
900 L !
20 -10 0 10 20

Displacement in Z-axis (mm)

—e— BINJSc-tx
—eo— BINSc-ty
—a— BIN3c-tz
--o - CCT5-tx
--o - CCT 5ty
--o - CCT 5tz

900

-300

Torque (Nm)
=

-000

-900

Hybrid BIN5c-CCTS

—e— BINS5c-tx
—e— BINS5c-ty
—e— BIN5c-tz
- - - CCT5-tx
- - - CCT5-ty
- e - CCT5-z

S5 4 -3 -2 -1 0 1 2 3 4 5
Rotation @Z-axis (deg)

* The only misalignment that influences the torque is the rotation about the z-axis

 There is always a torque about the x-axis between the magnets (even in the perfectly aligned position)

 The torque can be handled by assembling the magnets using end supports (no need for radial contact between the magnets)

 Itis desirable to minimize the mechanical coupling between the magnets. However, it is being considered adding shims at the pole
region or at the midplane as a redundant measure to handle the torque
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crocran 7 Additional preparation of BINS5c to account for the hybrid test

Assembly of BIN5c inside CCT5

BIN5c inside aluminum shell

* For the hybrid test, extension tubes will
be installed at the ends of BIN5c to

match the length of CCT5 CCT5

Extension tube at
* The assembly of BIN5c inside CCT5 will the lead-end A
rely on end supports T
. The voltagg tap wires and Nb-Ti leads Extensmf\ tube at CCT5 aluminum shell
will be guided through the lead-end the layer jump-end

extension tube towards the header of
the cryostat

_ . _ End supports
* Nb-Ti cables will also be guided

through the other extension tube for
the installation of the layer jump

(CADs by Aurelio Hafalia Jr.
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rocan =T Additional preparation of BINSc to account for the hybrid test

Layer jump of CCT5 _
\ Leads and voltage tap wires of BIN5c will

/ﬂ out from the bore of CCT5
|

End supports
BIN5c

Iron yoke

The layer jump of BIN5c will be
in this region

Layer jump of BIN5c

(CADs by Aurelio Hafalia Jr.
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crocan T Note: Setup adaptation for the standalone test of BINSc

el N

Split aluminum shell |
‘ N Ay

* Since the standalone test of BIN5c was
done in a small cryostat, the extension
tubes were not be used (because the whole
setup would not fit). Therefore, the layer
jump will be dismounted and re-soldered
for the hybrid test

 |n addition, a split shell was used for easier
assembly and the installation of the
Instrumentation
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* Preparation for the CCT6-BiCCT1 hybrid test
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U.S. MAGNET
rocaam e CCT6 and BiCCTA main characteristics

CCT6:

* Nb,Sn four-layer CCT magnet, 120 mm clear bore, 1.5 m long

e Willuse LD1 cable in layers 1 and 2, and MQXF cable in layers 3 and 4. Not the most optimum design but the most
practical from the conductor availability point of view

* Support structure still under optimization

CCT6-BiCCT1

 Should produce 12 T in standalone configuration at 75% of its short sample limit

BiCCT1:

O

 BIiCCT1 two-layer CCT magnet, 40 mm clear bore, 85 cm long
e Mandrels are under fabrication

* Coils will be reacted using the RENEGADE overpressure processing heat treatment furnace at NHMFL
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crocian 7 Practical considerations for the CCT6-BiCCT1 hybrid test

Length mismatch: Peak field increase in CCT6:

e CCT6is 1.5 mlongand BiCCT1 is 85 cm long  The radial distance between the outer coil of BiCCT1 and the inner

* The splices of BIiCCT1 are 9 cm long and under 6-8 T coil of CCT6 s 1.5 cm

background field * The peak field increase in CCT6 in hybrid configuration is 0.9 T,

. . . rr ndin r in margin of 4.29
* Therefore, Nb,;Sn splices are under consideration for the corresponding to a decrease arsin o /o

6-8 T region, followed by Nb-Ti splices for <6 T region * Considering that CCT6 should produce 12 T with 25% SSL margin, a
decrease of 4.2% should not be a concern (still under discussion)

Dipole field in the bore of the hybrid CCT6-BiCCT1 magnet Peak field on CCT6 conductor per turn (half magnet)

16 13.5

14 E * CCTo6-L 1

2+ f z===== . I~ -..nu"“'“ '-. © -10- ayer
o —— - C(?T 6-BiCCT]1 E 13.0 ....i...il‘" ... (BlCCTl at UA)
< 10 (BiCCT1 at 0A) = ° .
E 8 E ... .'I
g S 125 |° %e,
@ Approximate region = e
) _ : . ) & e CCT6-Layerl
5 3 Where Rt _(%Cn{rifﬁf %2@ T 120 40000000000000000000000000%%% %0000, “eel  (BICCT1 at 5525A)

= 000° (BiCCT1 at SSL)
: 3
-2 A 11.5
=750 -500 -250 0 250 500 750 0 10 20 30 40 50
Axial position (mm) Turn No.
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Hybrid BiCCT1A-CCT6

Torque In the hybrid CCT6-BiCCT1 magnet

Hybrid BiCCT1A-CCT6

50000 20000
15000 - 150007
10000 & - ______ o -———————————————= —e— Tx-Insert (Dx) 10000 & el —e— Tx-Insert (Rz)
= 5000 - —e— Tx-Insert (Dy) T 5000 T —e— Ty-Insert (Rz)
Z 0 | . . —o— Tx-Insert (Dz) % 0 —o— Tz-Insert (Rz)
¥ | 1 1 et
= - & - Tx-Outsert (Dx) = - o - Tx-Outsert (Rz)
= -5000 - S -3000
= - -» - Tx-Outsert (Dy) - - -» - Ty-Outsert (Rz)
-10000 ¥ ? - - - Tx-Outsert (Dz) -10000 + --o - Tz-Outsert (Rz)
-15000 - -15000 +
-20000 -20000
0 2 4 6 0 2 4 6 8
Distance from coordinates center (mm) Azimuthal angle (deg)

* Like in the CCT5-BIN5c hybrid, the only misalignment that influences the torque is the rotation about the z-axis
 Like in the CCT5-BIN5c hybrid, there is always a torque about the x-axis between the magnets (even in the perfectly aligned position)
* Inthe BICCT1A-CCT6 hybrid, Tx is more than 10 times larger than in the CCT5-BiCCT1 hybrid
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rocan T Mechanical behavior of BiCCT1 inside CCT6

CCT6+BiCCT1 inside support structure

(Structure under optimization by M. Juchno)

BiCCT1 with

< R R
Gy TR
i s

Very high stress on the BiCCT1 mandrels
Gap opening between BiCCT1 layers (like in BIN5c)

Stainless steel (stiffer) shell helps decrease the

stress and the gap, but is not enough Bi_CCTl with
stainless steel
Mechanical coupling between the magnets will be shell

needed to handle the torque and the gap

Optimization of the shims’ spanning angle is under
consideration to reduce the bending of the layers

N
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aluminum shell

CCT6+BiCCT1
Azimuthal stress (Pa)

ANSYS 2021 RZ
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rocranm T Summary of key points for hybrid magnet test preparation

. The desigh and preparation of magnets for a hybrid test require extensive teamwork and continuous optimization

. There is a length mismatch between the Bi-2212 inserts and the Nb;Sn outserts (the length of Bi-2212 magnets is limited by
the size of the heat treatment furnace). This carries assembly/alighment challenges and special considerations for the
splices of the insert. Extension tubes and end supports have been identified as a solution for the assembly/alighment
concerns.

. The magnetic field from the insert increases the peak field in the outsert and affects its working margin (0.7% for 0.15 T
increase in CCT5, and 4.2% for 0.9 T increase in CCT6). The selection of the working point for the hybrid tests is under
discussion.

. There is an intrinsic torque (Tx) between the magnets (~800 Nm for CCT5-BIN5c and ~8000 for BBT6-BiCCT1). End supports
and shims at the pole region are under consideration to handle the torque.

. The mechanical behavior of the inserts and the outserts is very different in standalone configuration and in hybrid
configuration. Loss of contact was detected in the midplane of the inserts in hybrid configuration. Modification of the
spanning angle of the shims, modification of the shell material of the insert and mechanical coupling between the magnets
are being considered to eliminate the gap.

. The first hybrid test (CCT5-BIN5c) will provide practical experience on the application of the proposed solutions.
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Related work:

 Poster WED-PO2-111-08. Tengming Shen. First canted cosine theta Bi-2212 accelerator magnets: Fabrication, performance,
and prospects.

 Poster TUE-PO1-110-04. Lucas Brouwer. Design of CCT6: a large-aperture, 12 T, Nb35n Dipole Magnet.

 Poster THU-PO3-707-10. Christopher Reis. Quench detection and protection of high-temperature superconducting magnets:
The case of a Bi-2212 Rutherford cable canted-cosine-theta dipole magnet.

i S REEE e ol | Office of MT27-2021. Session: HTS coil II. ID: FRI-OR7-303-
3))ENERGY Science O 303-03




