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Abstract

Prototypes of 13 kA HTS current leads for the Large

Hadron Collider (LHC) have been specified by CERN and

produced by several manufacturers. The specification
defines the required thermo-electric performance and the
geometric limitations imposed by the LHC infrastructure.

A report is given of the results obtained from extensive
tests on these leads.

1 INTRODUCTION

Following encouraging test results on High Temperature
Superconducting (HTS) samples [1] and theoretical
studies [2], a technical specification has been issued by
CERN for the design and fabrication of 13 kA HTS
prototype leads. Several companies have been selected for
the manufacture of pairs of leads of different design.
Different types of HTS materials (YBCO 123, BSCCO
2212, BSCCO 2223) have been proposed, both in bulk
(MCP cylinders, MT bars) and in metal-stabilised form
(PIT tapes, AFM and DIP bars). This report presents the
test results of the first prototypes delivered to CERN.

2 TEST SET UP _ .
A cryostat has been built at CERN to test the therm('):-Igure 1: pair of 13 kA prototype leads on the test

electric performance of the prototype lea®. The stand
helium flow (20 K, 1.3 bar), needed for the cooling of the
resistive heat exchanger, is obtained by mixing of room 3 TEST RESULTS

temperature helium gas and gas vaporised from the 4.5 Kasurements have been performed in stand-by
liquid helium bath. The cold end of the HTS dips i”t?I:O A) and in nominal operation (=13 kA).

4.5 K saturated liquid helium. The vapour generated by The |eads are optimised for operating at 13 KA
the lead at 4.5 K cools the HTS element prior beingiih the minimum 20 K helium flow (m) which
released into the cryostat environment. maintains the warm end of the superconductor at
The leads are tested in pairs, with a |0W'temperatuf§mperatures (Tx) below 50 K. The flow is
superconducting  short at the cold end. Thggntrolled by a warm valve at the outlet of the
instrumentation (temperature probes and voltage taps)dsistive heat exchanger. The temperature is read via
installed on the leads by the companies according to tQ‘?Jlatinum sensor located inside the warm end cap of
CERN specification. Voltages, temperatures and currgfle HTS element. In stand-by operation, the flow is
are recorded by a data acquisition system built Witaqyced and Tx is kept equal to the value in nominal
LabVIEW". The same system is used for the control Qfperation. The temperature at the warm end of the
the power converter and for the simulation of th§ad is maintained at about 290 K by a heater,
exponential decay of the current. The cryogenighermostatically controlled, included at the warm
parameters are controlled by an industrial PLC with a@rminal of the resistive heat exchanger.
operator interface based on PCVUE32 The specified values defining the thermo-electric

Signals interlocked to the power supply are the V0|taq%rformance of the leads have been previously
across the resistive heat exchanger, the voltage acrosqu-&ented [4], [5].

superconducting circuit and the liquid helium level. Measurements have been performed in transient
operation in order to study the lead behaviour in
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* loss of the 20 K helium flow cooling the resistive part oBoth leads were able to withstand the test of coolant

the lead; loss without suffering damage. During the transient,
* resistive transition of the superconducting part of théx has increased from 40 K to 60 K.
lead. To perform the quench test of the HTS material,

For the first test in operating conditions (1=13 kAthe quench detection voltage was increased in steps
Tx<50 K), the valve supplying the 20 K helium flow toof 1 mV from 1 to 5 mV. For voltages below 5 mV,
the leads is closed and, within 5 seconds from thhe voltage across the high temperature
detection of the coolant loss, the current is made to decayperconductor decreases as soon as the quench is
exponentially with a time constant of 120 secondsletected and the current starts to decay: the
During the discharge, the temperature at the warm endresistive zone does not propagate and the material
the HTS element must stay below its critical value. recovers the superconducting state. For a quench

For the second test, the temperature at the warm enddetection voltage of 5 mV, corresponding to a
the superconductor is brought to its critical value btemperature (J) of about 86 K, the resistive zone
increasing, at nominal current, the inlet temperature of tippopagates and the voltage increases up to a peak
gas cooling the resistive heat exchanger. The resisti{t¢,) of 0.1 V for lead A and 0.11 V for lead B. The
heat exchanger is over cooled and the voltage drop is kepaximum temperature measured on the HTS during
equal to about the value in nominal operation. Thihe transition is about 110 K. The total energy
guench detection signal is the voltage drop across tteposition corresponds to about 0.13 MJ.

HTS element. When it reaches the critical value, In Fig. 2 is represented the time dependence of the
indicating a resistive transition of the superconductor, theltage across the HTS element and of the current
current is made to decay exponentially with a timeuring the resistive transition of the superconductor.

constant of 120 seconds. The current is by-passed in &he two leads presented a comparable behaviour.
metallic shunt, included in the HTS element to protect tiEhe critical temperature remained the same
superconductor. The resulting ohmic heating must ntitroughout the exercise. After the quench tests, the
damage or modify the properties of any part of the lead.leads have shown no deterioration in their

3.1 BSCCO 2223 Ag/Au tapes properties.

The results of the measurements on the leads are

The first pair of 13 kA prototype leads were supplied b§ummarised in Table 1.

Fuji Electric. The resistive part consists of a CIC copper The leads withstood the electrical insulation test

heat exchanger, while the HTS element is made wit¢rformed by applying 3.5 kV between the current

BSCCO 2223 Ag/Au tapes produced by Sumitomo [6]. carrying part and the ground, in helium gas
At zero current, the leads were operated with the magénosphere (300 K, 1.3 bar). The leakage current

flow required to maintain the warm end of themeasured is less than 348, corresponding to an

superconductor at 30 K and 40 K, which is equal for botiisulation resistance of better than ©.G

leads and corresponds to respectively 0.32 g/s and

0.27 g/s. The heat conducted by the HTS element into theTable 1: Measurements on Fuji prototype leads

liquid helium (Q) is 0.5 W, for Tx=30 K, and 0.64 W, for

Tx=40 K. LEAD A LEAD B
The current was increased from 0 to 13 kA with a I=0 A I=0 A
maximum ramp rate of 50 A/s. At 13 kA, the steady state | Tx  (K) 40 40
mass flow required to cool the resistive heat exchanger | m (g/s) 0.27+0.01 0.27+0.01
between 40 K and 300 K corresponds to 1.12 g/s for | Aop  (mbar) 2.5+1 2.5+1
lead A and 0.97 g/s for lead B. The measured pressure | (W) 0.64+0.04 0.64+0.04
drop is 16 mbar for lead A and 19 mbar for lead B. The =13 KA =13 KA
voltage drop across the resistive heat exchanger (U) is [T (K) 40 40
99.5 mV for lead A and 84 mV for lead B. m (g/s) 1.12+0.01 0.98+0.01

At nominal current, each lead dissipates 0.715 W into

+ +

the liquid helium. This value corresponds to the sum of Ap _ (mbar) 16+1 19+1

) Lt u (V) 0.099 0.084
the heat conduction plus the Joule dissipation at 4.5 K due R ) 115 1o
to the contact resistance JR between the high x (nQ) - :
temperature superconductor and the cold end cap. The R (nQ) 0.5 0.7
contact resistance at 40 K between the warm end cap and Q___ (W) 0.715+0.04 | 0.715+0.04
the high temperature superconductor )(Rs about T, K 86.9 86.3
1.15 M. U, V) 0.1 0.11
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Table  2: Preliminary = measurements  on

0.12 14000 Enel/Cryogenic prototype leads
] -+ 12000
0.1 LEAD A LEAD B
= 0.08 | T 1000& =0 A =0 A
< + 8000§ X (K) 40 40
> 0.061 1| 60005 m  (g/s) 0.27 0.27
5004 = Ap  (mbar) <1 <1
> T 40000 Q (W) .62 .62
0.02 1 2000 =13 kA =13 kA
o y>mv o ™ (K 40 40
‘ o ‘ m  (g/s) [D.97 il
0 100 200 300 400 500 Ap _ (mbar) 3 3
time (s) U V) 0.082 0.082
. L . . R, (nQ) 7.7 9
Figure 2: resistive transition on 13 kA Fuji HTS leads R, (nQ) 5 5
3.2 BSCCO 2212 DIP bars Q W) [1.68 [1.68
A pair of 13 kA prototype leads has been supplied by
Oxford Instruments. The HTS section consists of bars 4 CONCLUSION

made up of dip coated BSCCO 2212 produced by OST.
At zero current, the leads operated with a flow of abodthree pairs of 13 kA HTS prototype leads have been
0.19 g/s The temperature at the warm end of tﬂ@sted at CERN. The measurements haVe ShOWn that
superconductor is about 30 K. The heat conduction intBe cryogenic and electrical requirements within the
the liquid helium corresponds to about 1.1 W/lead. stringent geometrical limitations defined in the
The measurements with current have been performedi@ghnical specification are achievable on prototype
10 kA: at higher current rates, a high contact resistandgads. In particular, the heat load into the liquid
on the resistive heat exchanger of one lead, was spoiliglium at nominal current can be reduced by a factor
the thermal performance. At 10 kA each lead requiré® t0 19 with respect to conventional self-cooled
about 0.79 g/s of 20 K helium flow when Tx is equal téeads. Other prototypes will be tested at CERN over
48 K, and about 1.2 g/s when Tx is equal to 40 K. THEe next few months.
measured heat conducted into the liquid helium, when Tx
is 40 K, is about 1.82 W/lead. 5 REFERENCES
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