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U.S. MAGNET . . .
DEVELOPMENT 4-layer mirror magnet with SMCT coil

PROGRAM

Cos-theta dipole mirror
=

Nb;Sn Rutherford cable - 145m

0.7 mm RRP108/127 from 11T
40-strand cable coils

X2) @@ EE® X+,
reacted dimensions: 15.1x1.319 mm
Jc(12T, 4.2K)=2650A/mm?2

Stress management for whole coil using
stainless steel 3D printed mandrels

\ S/
§§@§ - WZ/% Modified MDPCT4 structure
§§ | | %‘% « Cold mass OD=610 mm

*12.5 mm thick SS shell

* Aluminum I-clamps

Inner coil for 15T dipole ID=60 mm

EPARTMENT OF Ofﬁce Of

NERGY Science




U.S. MAGNET : ) . .
DEVELOPMENT Mirror magnet magnetic and mechanical analysis

PROGRAM

V-vertically split iron : : : :
Y =P * Two versions of iron configuration

* Two electromagnetic loads: for 2-layer/4-layer

* 4-layer case has 35% higher EM load

* HandV cases are almost identical for the coil
stress distribution for two loads

* Coil loading with 130MPa (max) at 300K

lower=15 KA;
lins=0 kA \

lsmcr=lins=12 KA
42K

pole gap @%

Yo
%

B[T]

0 leads to 170-180MPa at max current of 12kA ‘@‘ %
e for 4-layer case in both designs e ;
43 * The horizontally split iron is easy to assemble 180 MPa
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U.S. MAGNET
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PROGRAM SMCT coil

e ——

) winding

| 2mil Kapton ~—_

H -
Q 1mil SS strip ~
Smil Kapton —___ /,7 X
5mil Kapton —___ /7‘/ 4 : \\‘\ _~ 5mil Kapton
? < ';ﬁ'y_ ‘7" S ".“. & \ ‘ ) '.:
Smn.l Kapton ~4 77~/ AN W\, 5mil Kapton
Smil Kapton 4/ 77 /& ~\ \ XS

228 X W i
7 N\ 2mil Kapton

SMCT coil after reaction. Coil ground insulation and instrumentation schematic
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U.S. MAGNET

PROGRAM T T Colil block assembly and clamping

MP simming Electical test befoe clampingﬂ |

Iron lams with aluminum clamps formed a
coil pre-compressed cylindrical cavity

Iron clamping was done under vertical and
side pressure.

Inner coil gauges monitor the process

SG’s data compared with FEA prediction

The electrical insulation is constantly checked

at all stages of the assembly process. = SN W . g
Two S|de V|ews of the clamped iron
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Setasmen
NT -
BROGRAM Mirror cold mass assembly

Clamped iron positioned in the
bottom half-shell.

The fillers inserted from both
sides to form round-shape iron.
Top half-shell and the contact
tooling cover entire iron assembly.

The tooling placed into the The mirror in the contact tooling for welding

vertical press for welding L ||
Inner coil and skin strain gauges -
monitor the process

Iron filler insertion The welding contact tooling in the press
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U.S. MAGNET

DEVELOPMENT 1 : H
e Mirror skin welding

We are using the same stainless-steel skin for the 39 time!

The welded stainless-steel shell finalized the coil assembly prestress
The half-shells stich welded in the contact tooling under vertical
pressure

Final filling welds perform from both side simultaneously.

Two end rings welded to the shell to form a stainless-steel casing for
the iron

Inner coil gauges and skin gauges monitor the process

The skin éfter stich welding in the press Two new welders perform the skin filling-welds on both sides simultaneously
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PROGRAM
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Magnet leads with VTs
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LE wiring and insulation work

Surface preparation before gluing
the SMCT coil pusher plate on the
LE

All VTs on the inner layer of the
SMCT coil were lost during coil
production

As a preventive measure, the
SMCT coil was insulated from
ground and checked with a 1kV
Hi Pot test before and after end
loading

SMCT coil inter-layer insulation on LE




U.S. MAGNET . .
DEVELOPMENT LE pusher plates and wire bundling

Installed pusher plates on the magnet LE

Wire bundles layout on the magnet LE
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U.S. MAGNET
DEVELOPMENT RE pusher plates

Gluing SMCT coil pusher plate at the RE Installed pusher plates at the RE Bullet’s saddles at the RE
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PROGRAM " End plates for SMCT coil

Modified SMCT (outer) coil end support
8x@24mm rods with the middle anchors

50mme-thick end plates with
instrumented bullets

The LE end plate for the SMCT coil
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U.S. MAGNET

DEVELOPMENT : H
SRR End plates for inner coil

Inner coil support

Unmodified inner coil end support
Ax@30mm rods with the iron-end

anchors
35-50mm-thick end plates with
instrumented bullets

The LE end plate for the inner coil

The RE end plate for the inner coil
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U.S. MAGNET
DEVELOPMENT i
DROGRAN Bullets loading

The inner coil bullets provide a coil
support at 4K and torque to the
same load as in 15T magnet

The SMCT coil bullets have the

same purpose - “cold contact” and
torque to smaller load

Bullet's location at the LE Bullet’s location at the RE
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VR OO e T Supporting plate, coil leads, VT and SG wires are ready for

PROGRAM hypertonic connectors

Magnet LE view Magnet RE view
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U.S. MAGNET

DEVELOPMENT 1 1 :
PRt Final electrical check for the mirror magnet
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Checkout documents for the mirror magnet
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U.S. MAGNE 1 K = .
DEVELOPMENT Coil's VT schematics and PH diagram

PROGRAM

for the 4-layer mirror magnet

NbTi-Nb3Sn splice

NbTi-NbsSn splice
0 ® {
NbTi lead to the top head LN WN2|p1 D2 g

WN

@] O

D1 D2

L4

Simplified schematic
for Test 2

Simplified schematic

for Test 1

HCP
L3 SHP y L3
£
+ 5;; wp
NbTi lead to the top head _": r P WP2 1 ‘&2
SHN z D E— e s (]| [
NbTi leads to the top head
o 5 HCN ° .
floating NbTi lead | B1 B2 HCN2 B1 B2
Coil 003 = LNN WNN2 Coil 003
WNN
floating NbTi lead Al AQ.'
NbTi-NbsSn splice
For test #1 oo - For test #2

Protection heater for the SMCT outer coil
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Setasmen
NT -
B s Leads connections for two tests

Test 2:

Only SMCT (outer) coil 15T inner and SMCT
powered (outer) coils powered

Y- y 7 i (= N . 4\,\ ‘
= L] L+ = 2 ~ & s AN 4 2 ‘a-/ )
Modified “pizza box” and parts for the leads N
S ‘U“\ = ; \
= -

Working space for the lead's reconnection
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U.S. MAGNET

DEVELOPMENT
oo Summary

« SMCT concept R&D is a key part of the updated MDP plan
* Even with limited resources (techs) the task is progressing towards the goal
o 2D magnetic and mechanical analysis for 2L and 4L Mirror with SMCT coil is complete
o MDPCT1 structure for the SMCT 4L Mirror and 4L Dipole has been modified and procured
o SMCT coil fabrication and instrumentation completed
o Mirror magnet assembly completed
o Magnet is at the hypertonic connectors stage
* Next steps
o Mirror magnet test in two configurations
o SMCT mirror magnetic and mechanical analysis update
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