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EuCARD-2 High Temperature Superconductor (HTS) Project

e WP10 Magnet design: 40 mm Clear-Aperture Accelerator Dipole
Demonstrator

o Cable: so-called “Roebel” wound from REBCO tapes
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SIDE VIEW OF THE TWO ASSEMBLED AND IMPREGNATED FEATHER-M2 PoLES R
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Talk overview

Joint options for the FM2
Requirements for a good joint
Soldering process

Testing results

Conclusion

Feather M0.4

“Inexpensive”

race track

Roebel test coil for
testing and solving
problems of FM2

Right: FMO0.4
Ready to be

moved into

cryostatIn a
test

insert




For testing, the FM2 magnet needed a connection to the cryostat leads and
between the poles

Requirements for a good joint:

e We have to be able to connect/disconnect from test site cryostat, or
disconnect/exchange poles, no in situ soldering -> We need a

“Roebel Plug”
e Soldering only to construct the “plugs” (connectors), ex-situ
e To do a safe soldered lap joint between tapes and the connector, we

need large enough area
e We need to connect the connector into cryostat somehow

How?




For testing, the FM2 magnet needed a connection to the cryostat leads and
between the poles

Requirements for a good joint:

e We don’t want to focus on joint problems during the testing, but to
test the magnet (quenches in the coil, not the joint)

How?




Current leads: First thing to come in mind was to try

e “Conventional LTS type”
Soldered block cable joint

Connect the soldered part of cable with a clamp to cryostat bus

bar, use indium to improve contact Bolts for clamping adapter to
bus bar

Bolts on plate to clamp cable to
adapter

Bus bar



Connect the soldered part of cable with a clamp directly to
cryostat bus bar ---> NOT GOOD
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How to fix this??

-> need more parts

Common sense: Avoid direct contact of the cable to sticky
indium
->Solder Cable to back strip + indium

g g
pressure @ D4

I Cable

Copper back strip

Indium

Adapter surface



M6 bolts to provide
light pressure on

Cable soldered on copper
back strip

Indium layer

Feather M0.4




Constant
compression
provided during
the soldering
+ temperature
monitoring
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In the Feather 0.4 coil, Bruker tapes
were used, but the cable was first
batches, “Frankenstein” cable.
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Current [A]

M6 bolts to provide
light pressure on

L.
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Roebel

Cable soldered on copper
back strip

Indium layer

* Run 2: Equivalent Resistance values
measured before runaway of Splice 2 at
3200 A (not this joint, another internal
splice between two Roebel block joints)

» Splice 1 <50 nQ

* Splice 2 <150 nQ

« Copper-clamp < 200 nQ 4—

+ Coil <70 nQ




After adding cooling to the internal extension of the
Roebel, we continued testing with higher currents....

* Test stop at 9600 A due to quench in
our joint

Later testing was continued..

finally FMO went to 12kA at 20K but only for 5
min, due to temperature drifting

® Joint was not stable: eventually we didnt know if the temperature

rose because of high resistivity of the joint, or bad conductor
performance, or damaged conductor during soldering, because we
didn’t know the tape Ic...
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-> We had to solve all the joint problems regardless of not knowing
why it didn’t work.

We decided to engineer a joint that would certainly solve every
problem and take away all worries

(Pressure with testing schedule of FM2)
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Solution: Fin-block joint

Solder all tapes to
Cu-fins

solder fins together
polish the clamping
interfaces

clamp the block to
adapter

inter pole joint:

clamp two Fin-blocks
together, we used
indium to further
improve the contact
here

FINn-DlOCK Clamped to
adapter copper surface.
The fin on the
interface

is polished.

M6 bolts Volta e
Tos Nm, ROEDE £l

elastic cable tap 2on

Bus bar,
§ Ag-coated /w;shers ¢/the cable

The tapes are !

soldered on ; Adapter
the fins on / (Cu)
their super- |

conductor : Top
side. clamp
Wax is - i extension
used to fill 4 (invisible)
the void l

between

the i Top
tapes | clamp
and /(CU)
around A

the [ e

cable, ~ clamp (Cu)

to sup-
port the £

1 i Voltage tap 1
||| on Bus bar
I P \ bottom face
Rl ¥ Fin-block, 15x

polished Cu-fins
soldered together ~

cable
exit. \

M6 bolts
T~18 Nm,
elastic

washers

m sheet were seL

Inter pole joint 7% 7 > n Inte‘fﬁn%Fln bIocks, v

8x M4 bolts T~22 Nm tShiﬁ‘;’none

15



Performance comparison between
Tape area available for joint

in one twist pitch length the joints
(=300 mm)
A=6 x 27 mm = 162 mm"

* We can estimate the resistance
of the two joints by looking at the

Plate thickness tape internal resistance only
Contact: 1.5 mm
Groove: 0.5 mm

T o Eio B —_— We have at least factor 6 lower
ape area 1 min-vlock fin resistance in the Fin-block based
available for joint

Anil 70 % 55 mm = 535 mm on simple computation,

13 Fin contact area with adapter A=6747 mm” :
mm P because the soldered tape area is

TABLE I simply much larger
HEAT DISSIPATION RATE [W] OF JOINTS AT 4.2 K, 10 KA, DUE TO TAPE

INTERNAL RESISTANCE

Joint SuperPower | SuperOx | Bruker | Sunam | AMSC
Fin-block 1.3 1.3 04 29.4 5.4
Soldered block 7.4 7.4 255 169.8 31.3




Soldering equipment Fin-block

e

2x Kapton} Soldering pasteg
sheet on copper fm

Holes for boltsy
!Yof the lid

¢ 2
/ 's L]

Heater type 1[AN A\ Heater” |
jeurrent feed gﬂ COO“”Q plpe type a




e The preparation of the SOIdering

soldering configuration takes

approximately 2 h for two

technicians, if all the

equipment is available. B e OOV "'l"SIJDtE-:l
L (A

Thermal
camera Image

e Sirius 1 Di-86-3
Sn62-Pb36-Ag2 solder

e The solder flux requires 2 min
activation time at 140 °C, and
melting temperature of the
solder is 190 °C.

e The soldering process lasted
40 s at melting temperature.

After that, the joint was rapidly
cooled down by blowing ambient c
air into the joint.

Camera not calibrated: hotter in reality??



Large uncertainties in the measurement of joint resistance

» We measure the joint resistance
over the Vtap on the bus bar and
on one of the tapes

-> over 2 clamped interfaces, bus
bar to adapter and adapter to
Fin-block.

« We dont know the Ic of the cable
-> we dont know if the tape
reached it's Ic due to heating or
if it reached the Ic due to current

M6 bolts to provide
light pressure on
cable

op Fin-block cl d t M6 bol
in-block clamped to olts Voltage
V cla p adapter copper surface. T~5 Nm, Roebel 9
cable tap 2on

The fin on the . elastic
Adapter the cable
Vi

Bus bar,
interface J

is polished.

Roebel

The tapes are [ |
soldered on
the fins on
their super-
conductor

side. clamp

extension
(invisible)

Wax is -
used to fill
the void

Top
clamp
“ (cu)
Voltage tap 1
on Bus bar
bottom face \

- %7 Fin-block, 15x M6 bolts
polished Cu-fins T~18 Nm,
soldered together ~a_ elastic

washers

» We dont know the torque of the
bolts in both tests connecting the
busbar to the Adapter. - >
significant impact on resistance

s /% N - m sheets were set @
Inter pole joint ) i erﬁﬁl%ﬁin-blocks}r'

8x M4 bolts T~22 Nm tshi’@none.ﬁ



Resistance [nf}]

Fin-block clamped to
adapter copper surface.

M6 bolts \Voltage
T~s Nm, ROEbel S

Comparable resistance between the Fin block The fin on the g g par, ehstic ' cable 9P 2 O
and the soldered cable joint is close to the points I polishEd: Y
for the inter pole joint since there is Indium to 1he tapes are . |adapter
improve the contact the fins on. ~|(Cw)
180 conductor i To
170 |-a lJoint B . : o | sy
128 = Jeitit B — used to fil | (invisible)
140 12 Inter pole joint " T
130 +{mFEA, Joint B without ITR . /Eg;‘;p
120 —{m ITR at 77 K, SuperPower i around
110 7—m  ITR at 77 K, Bruker ' Esl;'fp Voltage tap 1
100 L TR at 4.2 K, SuperPower o T port the on Bus bar
90 |+ cable , bottom face AN
80 +* ITR at 4.2 K, Bruker 0 et & Fin-block, 15x M6 bolts
70 zgllélser:'zill S:g;:::hser 3 leichm’
60 || washers
50 =
40 A
30 =L . £ °
20 ”—5 AAl A . "
10 _@uu! A A aa
0 10 20 30 40 50 60 70 80 90

Temperature [K]

Inter pole joint
8x M4 bolts T~22 Nm

N 5x indium sheets e
L betw%%iiter ‘ lgbﬁin—blocks,,f@‘
Yy While th eaﬂ%ﬂts/haﬂe’non‘e.



Conclusions e

Fin-block clamped to
adapter copper surface.
The fin on the ,

M6 bolts \Voltage
T~s Nm, ROEbel S

elastic ~cable tap 2on

Bus S8 washers ¢/the cable

Ag-coated
S

The tapes are

' |Adapter

We have a fully working joint, no issues conductor |
. side. clamp
thermally. We took the FM2 until 6.5 kA Waxis =a | onenaen
with Fin-block. .
op
! %clamp
around | Ul (Cu)
We need to develop tape exit, to prevent ="\l | ey
the tapes to squeeze together due to Bl B ,
electromagnetic forces. Maybe instead of o 1000 e
wax filling use Stycast. Foldered togei 8 o

Tape exit support need to be connected
better to Fin-block

\ g 5x indium sheets were set
¥ between inter pole Fin-blocks, ?P‘,
while the lead joints have none.

Inter pole joint s
8x M4 bolts T~22 Nm @AsH



Extra slide FM2.1-2 Critical current

Feather-M2.1-2 (SuperOx, Sunam)
EuCARD?2 // Future Magnets

Operating Temperature 7.9K
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Electromechanical modelling of contact resistances

0.16748 Pressure
0 [MPa]
-0.1
-0.75
-0.81
-0.82
-0.85
-0.9

-1

-1.1
-1.2998

TABLE II
APPROXIMATE RESISTANCE INCREASE OVER THE JOINT B

Voltage [ ]

[mV]

-16.7

Location: Interface (I) / Solid (S) | Value | Unit
Bus bar to Adapter (I) 4.4 n§?2
Adapter (S) 14.7 n{?
Adapter to Fin-block (I) 143.0 n{2
Fin-block (S) 0.4 n{2
Total 163.2 n{2

2.2634
0.1

-0.1

-1.9
-2.75
-16.7
-16.71
-16.72
-16.73
-16.75
-16.789

Fin-block clamped to
adapter copper surface.
The finonthe 4 g bar,
interface

is polished.

The tapes are
soldered on
the fins on
their super-
conductor
side.

Wax is ~aa
used to fill

| Ag-coated
S

T~5 Nm,

;§/(CU)

Top

clamp
i extension
| g (invisible)

M6 bolts Roebel Voltage

elastic cable Eﬁp 2 CIJDT
washers ¢ e cable
e

Adapter

Top
clamp
“ (cu)
to sup %2 | J Voltage tap 1
port the Il on Bus bar
cable  HUN o bottom face AN
exit.

Inter pole joint
8x M4 bolts T~22 Nm

') Fin-block, 15x
polished Cu-fins

re set

/) between inter pole Fin-blocks, -
%s While the lead joints have none.

M6 bolts
T~18 Nm,
elastic
washers

=
N



SUI.1
SLI1.1

Extra slide

Testing scheme

VA

twisted pair

Su1.2

SL1.3

<

Q
=
aa)
=
L

FinBlock

SL1.2

Fin-block clamped to
adapter copper surface.
The fin on the

. Bus bar,
!nterfgce | Ag-coated
is polished. SN

The tapes are
soldered on
the fins on
their super-
conductor
side.

Lis

1 to fill
void
veen

Feather-M2.1

(SuperOx, Sunam)

T LAAAAAL
Y YTV Y

Feather-M2.2
(SuperOx, Sunam)

T NAAAANANL

Y Y Y YOV L

inductive cancellation wire

inductive cancellation wire

VB ind
| clamp
————Su2.1 &
twisted pair '
SL2.3 SuU2.2 SL2.1 'ethe |
SL22

Inter pole joint
8x M4 bolts T~22 Nm

#N

Adaﬁter
l
, COR

Voltage tap 1
on Bus bar
bottom face

') Fin-block, 15x
polished Cu-fins
soldered together ~

Di-86-3 Sn62Pb36Ag2

T~5 Nm, 5
elastic cable tap 2 on
washers ¢/ the cable

Adapter
(Cu)

Top
clamp
extension
(invisible)

-

I}»

Top
clamp
“ (Cu)

X

M6 bolts
T~18 Nm,
elastic
washers

m sheets were sel

inter ﬁ%ﬁn blotﬁg



