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Main parameters of the coil

Values, May 2018
Inner diameter of the winding, mm 1396 1390
Cross section sizes of the winding:
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Coil design, cross-section of the upper coil

Support strut

Stainless steel plate

Helium cooling tube

SC winding

Copper case

Radiation shield

Vacuum vessel




4 mm

Assembling and first impregnation

Soldered wires

52 layers
33 turns
0.3 mm of interlayer insulation

Beginning of the winding procedure
first layer
Winding tool is not
shown. =
=
(&=
The winding is finished
Grooves

Before first
impregnation

The cable tension is expected to be 10-20 kg depending
on the behavior of the winding and insulation.
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Insulation

Steel

SC winding

Copper




Assembling and second impregnation

The second (as the first) impregnation
Bolt_ technology will be finalized during FDR
O Coil assembled and will be works!
- epoxy wet
- or vacumm impregnated

There are several ways how to assemble
and impregnate the coil.

Glass cloth + epoxy

Here is the main idea presented:

two copper rings will be attached to the
winding, screwed by bolts via indium foils.

The thickness of the glass cloth will be
unclear.

indium foil The thickness of the cooling copper ring
may be adjusted to minimize the thickness
of the glass cloth.



Assembling stage, continued

The copper case is
assembled

The assembled coil with radiation shield. The
shield is cut to avoid the eddy current.

The assembled coil with stainless steel plate and
the support system.




SCca b | e SC cable parameters (monolith technology)

o Rectangular bare sizes: h x w, mm 2.02x3.25

The six pieces of SC cable was manufactured. :

Insulated sizes: h x w, mm 2.62x3.85
The insulation is 0.1 mm of Kapton and 0.2 mm of glass-fiber cloth. Cu/NbTi ratio 7/1
The glasfs fiber cloth will have silane grease having hydrophobic Critical current 8T@ 4.2K, A -
properties.

RRR measured on bare wire >200

Number of filaments 713
The insulation process had been started in Sareter oF e T o 33
November 2019.

Twist pitch, mm 39
Routing 1 kV quality testing Length of one piece, km 59

The breaking voltage test result is 13 kV.
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Impregnation tests of the mock-up coil — previous experience with Al,O, compounds

The coil sample for impregnation
tests. The wire diameter is ~ 0.9 mm.

Epoxy resin with Al, O, fine powder
(3-5 um) was used.

The cross-section shows that the
powder does not go inside the
winding.

The 6 T solenoid was tested in 2018-
2019. Only one training quench was at
5.8 T in 4.2 K bath cryostat.

The maximal field was 7.5 T at ~ 4 K
temperature.

Copper
bobbin
i.d. is 102 mm .
The short wiggler prototype tests:
L=05m 1. One half before the impregnation.
20 + 2 layers 2. After impregpation in a rubber bag.
3. The wiggler is assembled for testing.
'6:32T30 o 4. The training behavior — critical current was reached. The

training quenches were in one coil (defect) mostly.
lo/lc > 80%



Impregnation tests of the mock-up coil

The mock —up coil is 1 m length straight part of the CBM caoil.
(The round coil with iron cylinder has disassembling problem.)

The epoxy compound is with Boron Nitride Powder 0.5-2 um
(Chengdu nuclear materials, China).

This epoxy compound (BINP specification is «3IK-5» SLAC) was

several times used in the superconducting magnets manufacturing.

Main purposes of the tests are:
1. To see the behavior of the epoxy compound with too fine boron

nitride powder.
2. The filling ability of such compound to penetrate the CBM caoill

structure. What is the channel width?

Poiseuille equation for volumetric flow in the channel:

Q = md“(P1-P2)  me/s - the width of the channel is
- 12g-y-1 ' the mostimportant parameter.

Copper wire, wrapped with fiber glass cloth
Impregnated with gluceryl-phtalate varnish.

Bare sizes are 2 mm x 4 mm.
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The epoxy compound has 5 components +
filler. Temperature of the impregnation is
90 C. Intermediate temperatures are 120
and 160 C.

Total time is 46 hours.



Impregnation tests of mock-up coil - results

"= 1. The pieces of the wire were
placed as shown here.

3. The view after assembling.
The compound was penetrating
from one side.

About 2-3 bars of external
pressure was applied during
impregnation.

-‘ f.?’, 2. The layers of the wire were pressed
| J/ in vertical direction.
40, However, the gap was left on the top.

4. The view of the cut from 2 cm of the "“"'jl'_-i,t:_
far end with respect to the filling side. = .
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Impregnation tests of mock-up coil - conclusions

The previous experience shows that even the powder is not filling all space between the wires the training behavior is
good. That is due to decreasing of contraction coefficient of the epoxy compound.
The BN compound first sample results.

Positive items

1. The boron nitride powder can be used as filler for already tested type of epoxy (SLAC).
2. The cured compound had homogeneous structure.

Negative item
The mock up coil was not completely impregnated. The channels are necessary.

The next mock up coil will be tested soon.



Results

The design of the CBM magnet coils is presented.

The design of the coils, winding and epoxy impregnation
technology was discussed in BINP workshop. No principal
problems was revealed.

The support struts should be manufactured and tested as soon
as possible.

The superconducting cable is manufactured. The insulation
process Is going on, to be finished not later than March 2020.
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