J. Vlogaert: Technical specification an qualification

[image: image1.png]masncnnc  REV A-A &)

ANNEX B12&Soldering of the Layer Jum)
oil Interconnection and End Stabilisers

1.. INTRODUCTION

This Annex combines the descriptions of several soldering/insulation procedures which are
performed at different spots and at different phases during the manufacture of a pole. The
Contractor will be fully responsible for the quality and performances of the brazed joints and
must take full responsibility for possible manufacturing faults, including hidden ones which may
be discovered during tests or the operation of the magnets. Should any of the brazed joints
specified herein reveal any defects due to manufacturing or other faults, CERN will be entitled to
the urgent repair on replacement of the faulty part(s) free of charge.

The descriptions reflect the general approach and mention the key points to be observed. In
particular, all tooling shall be designed to minimise the strain in the cables and to avoid local

overpressures or over-temperatures. Details of the execution may slightly vary according to the
;éont.ractor's specific conditions,

Stwithstanding the descriptions given below, the Contractor shall submit, for CERN’s
approval, the design of all special tooling, moulds etc., as well as complete details of all steps of
the manufacturing procedure that he proposes to apply.

As a general rule, the superconducting cable shall be carefully brushed and cleaned to remove
the thin oxide layers before any soldering operation. Full penetration of the solder shall be
demonstrated by metallography tests.

The procedures described are interleaved with other manufacturing steps that are mentioned for
memory. They are enclosed in brackets and written in iralics.

2. FORMING AND SOLDERING OF THE COPPER STABILISER OF THE LAYER JUMP

The term “layer jump” designates the area where the two (coil) layers are joined to form a pole.
It comprises the ramp region (where the cable of the inner layer is raised on a copper stabiliser to
the level of the outer layer) and the splice (where the two cables are connected).

Before winding, the inner layer cable must be brazed to a copper strip and formed to a precise
shape linking the lower and upper levels. Care must be taken during this to limit internal stress
and possible damages to the superconducting filaments.

Forming and soldering shall be performed inside a mould under pressure.

The inner layer cable shall be pre-tinned under a moderate tension (about 100 N) with silver-tin
96-4 alloy. The copper stabiliser to be brazed to the inner layer cable shall be silver-tin coated.
Before soldering, the cable and the copper stabiliser shall be cleaned with an acid-free pickling
solution acid. A silver-tin 96-4 sheet (0.15x5x300 mm’) is thereafter placed between the cable
and the copper stabiliser, and the whole closed in the mould. The inner layer cable shall be
guided not only along the length of the solder, but also at least SOmm outside this region to limit
incorrectpositioning of the strands. Special care must be paid to prevent silver-tin from flowing
outside the portion of cable which is soldered to the stabiliser.

Thermal insulation shall be fitted between the main mould where soldering occurs and the
additional guide which limits the deformation of the cable outside the soldering region.
Thereafter the mould shall be heated to 200°C. Only when this temperature is reached shall the
forming blade of the tooling shall be displaced to form the ramp to the right geometry. The shape
of the forming blade shall take into due account the spring-back of the cable.

Once the cable and copper stabiliser are formed and firmly held in place the mould shall be
heated from 200 °C to 220°C to make the silver-tin alloy flow and to braze the cable to the
copper stabiliser. The total time needed for the thermal cycle shall not exceed 20 minutes. The
mould shall be heated by resistive heaters, the temperature controlled within £2°C.
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After cooling down the solder shall be carefully rinsed with alcohol. The overall thickness of
cable plus stabiliser shall be checked every 40 mm at the middle of the cable, starting 10 mm
from the beginning of the ramp. The maximum deviation from nominal shall not exceed
+0.05 mm.

The results of the measurements shall be recorded in the traveller.

(Winding of the first layer follows).

3. SOLDERING THE COPPER STABILISER TO THE CABLE ENDS

After the winding of a layer but before curing, a copper stabiliser shall be brazed to the outer
cable end. The stabiliser is located partially within the last end spacer and extends outwards by
1000 mm ( see drawings LHCMB__A0049, LHCMB__A0050). The solder shall be supplied
only on the first 90 mm after the coil end. The operation comprises the soldering of a copper slab
followed by partial insulation of the joint. :

The soldering shall be executed in a mould under pressure. Before soldering the cable must be
cleaned with acid-free pickling solution. A silver-tin 96-4 sheet (cross section 0.4x10 mm) is
thereafter placed between the cable and the copper slab, and the sandwich closed in the mould
which confines it to the nominal geometry defined in the drawings mentioned above. The closing
pressure of the mould shall be kept controlled around 5 MPa. Soldering is obtained by heating
the mould to 220°C for 5 minutes. The mould shall be heated by resistive heaters, the
temperature controlled within +2°C. Special care must be devoted to protect all the parts which
are not brazed against temperature.

After soldering the joint shall be carefully rinsed with alcohol, thereafter insulated according to
the same standards as for the rest of the layer.

(The insulated end stabiliser shall then be undergo curing (polymerisati
inner layer.

Electric test and filling of the layer ends follow.

Essentially the same procedure applies for the outer layer, with the exception that no copper
stabiliser for the layer jump is provided.)

on) together with the

4. SOLDERING OF INNER TO OUTER LAYER

The connection between the inner and outer layers requires careful initial alignment of the two
parts. The operation itself consist of three main sequential steps: bending the outer layer cable to
the position of the joint with the inner layer, cutting the outer layer cable to the right length,
finally soldering the inner layer cable with the outer layer.

The soldering shall be performed in a dedicated mould, which during soldering closes down
inderapressure of - 57 - . ...+ 155 3Pa over a length of at least 120 mm. The outer

pre-tinned with a tin g

S.minutes. :
The total time needed for the thermal cycle shall not exceed.l
Feated by resistive heaters, and temperature controlled within

un-siuver 0Y.
Special care must be devoted to protect all the parts which are not brazed against temperature.

5 minutes. The mould shallbe
C looking at the melting of the

After cooling down, the joint shall be carefully rinsed with alcohol, thereafter its thickness shall
e measured at the mxaﬁfe of the cable in three points: at 10, 60 and 110 mm from its extremity.
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The thickness of the joint (copper strip + inner layer cable + outer layer cable) shall not exceed
e nominal thickness by more than £ 0.05 mm at any o € measuring points above.
e results of the measurements s Teco! in the traveller.

5. INSULATION AND RECONDITIONING OF THE LAYER JUMP REGION
After the soldering of the joint, the layer jump region shall be re-insulated by wrapping it with
the same insulation tapes as specified for the regular cable. Once the wrapping is completed, the
end spacers of the outer (coil) layer shall be put in position together with the inner and outer
layer conductors. Resin type CIBA AV106™ + HY953™ 4 shall be applied only on the external
side of the wrapping, where adhesion to the other cable turns and the end spacers is required. In
order to avoid any risk of resin flowing into the cable, the amount of resin shall be the minimum
needed for giving the required bonding and not exceed 2.5 g per linear meter of cable.

For reconditioning the region concerned shall be placed inside a precise dedicated mould
confining the layers to their nominal geometry. The mould shall cover the end spacers, the layer
jump and at least 500 mm of the straight part, and be designed to provide a moderate
longitudinal compressive force (between 2000 and 5000 N) against the outer layer end spacers.
Individual shims shall be put in the mid-plane such that a compressive azimuthal pressure
between 20 and 30 MPa is applied on the layers when the mould is fully closed. Under these
conditions the mould shall be heated up to 105+5°C for 30 minutes.

Another acceptable solution is the replacement of insulating layer 3 (Table 6.1.3) by a “Prepreg”
insulating glass- fibre tape 110 pm thick. No resin coating is required in this case, the curing
time is 90 minutes at 130°C.

4 AV106, HY953 are trademarks of CIBA-GEIGY
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> Qualification of[procedure by
- Microscopic examination; penetration, voids

- Measurement of splice resistance at CEA of a series of
samples

> Quality in[production]

- Measurements of productlon joints on SPC base
- Measurement of coil resistance at 5000 A
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