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Abstract] The electrical resistance of contacts between
strands in the Rutherford type superconducting cables has a
major effect on the eddy current loss in cables, and on the
dynamic magnetic field error in the LHC main magnets. In
order to guarantee the value and constancy of the contact
resistance, various metallic coatings were studied from the
electrical and mechanical points of view in the past.

We report on the molten bath Sgs.Agswt. coating, oxidized
thermally in air after the cabling is completed,that we adopted
for the cables of the LHC main magnets. The value of the con-
tact resistance is determined by the strand coating and cabling
procedures, oxidation heat treatment, and the magnet coil cu-
ring and handling. Chemical analysis helps to understand the
evolution of the contacts.

We also mention results on two electrolytic coatings resulting
in higher contact resistance.

|. INTRODUCTION

The coils of the LHC dipoles and quadrupo[@f are

These effects are proportional to dB/dt and inversely
propor-tional to R The inner layer of the LHC dipoles is the
main source of field error and Joule heating.

The value of R suitable for the main LHC magnets, is li-
mited at its minimum by constraints on the dynamic magne-
tic field error and the energy losses. At its maximumjsR
limited by the cable stability against thermal excitation [2],
and uneven current distribution between strands due to non-
uniform cable-to-cable R and boundary-induced coupling
currents [3]. Based on a theoretical study [4] and the measu-
rement of dynamic field errors, the Cable 1, Rshould be
> 15uQ, and the Cable 2 B > 30uQ [5]. The R&D work
aims at 2Gand40 uQ respectively

The effect of R on the magnetic field errors is not signi-
ficant as long as Rz 0.2uQ [6]. We will not discuss Ras
R, >> 0.2uQ in all cables mentioned in this paper.

In order to guarantee the specified,Rin the supercon-

made of two layers of 15.1 mm wide Rutherford type supeducting cables for the LHC, an R&D program, described in

conducting cable. The dipole coils have a different cable
each layer.

7], was started at CERN. Within the program we studied
properties of different coatings. We selected the molten bath

The cable for the inner dipole coil (Cable 1) is made of 28€Posited Sp,Ag;,,, electrolytic Cy,,Sn,,, and Sg,,Niy,

strands 1.065 mm in diameter. The cable for the outer dip

dl%] as the best candidates.

coil and for both the inner and outer quadrupole coils We developed a method, based on thermal oxidation in
(Cable 2) is made of 36 strands 0.825 mm in diameter. Thér, causing an increase of J of the Sg ,Ag,, coated

LHC main dipoles and quadrupoles will
fabrication of around 6900 km of superconducting cable.

require thecables to the requested specified values. We learned about

the microscopic processes determining Rnally we tested

In the Rutherford type cable strands touch in 3 types of cof€® Cls..SNs,, and Sg,,Niy,,, coated cables.
tacts: strands from opposite faces of the cable form crossing In this paper we report on the new results and we make

contacts with electrical resistance, Reighboring strands

reference to [7] when necessary. In Section Il we explain

form (on most of their length) adjacent contacts with resignodifications to the method for.Rneasurement. Section Il
tance R, while on the cable edges they form more compleis a summary on chemical analysis of,$Ag,,, strands.
contacts related to,Rand R. We define R as the resistance Section IV deals with the formation and evolution of contacts

per one cross-over of two strands. We definafthe resis-

in the S, Ag., coated cables, and Section V with iR

tance between two adjacent strands normalized per crossthgse cables. In Section VI we discussdRthe Cuy,, Sn,,.

contact.

and Sp,Ni, , coated cables. Although Rs controlled in

35wt.

As manufactured, the cable has a contact resistange R both cables 1 and 2, most of the work was done on cables 1.
A coil is wound from that cable, and cured in a press at We reserve the term “heat treatment” (HT) for the oxidi-
190°C for 0.5 h (standard curing) in order to obtain its precizing treatment of cable done in order to increasetyRical-
se form, and to glue the polyimide insulation of the cabldy in 200°C dry air; the term “curing” for the application of
Due to the curing the contact resistance drops to a new valressure and elevated temperature to the wound coil. As a

R

C,Crd"

Before the coil is mounted in a magnet, the inter-strarphrt of the R test we simulate the effect of curing on the ca-

contacts may reopen. This increases the contact resis-tancbleoby heating the cable sample in the sample holder and un-

Rerx ORewn Therefore in a magnet the resistancg, Ris
I?C,Crds lQC,MgnS I?C,Rlx'

During the excitation of the magnets, coupling currents
are induced between the strands of the cable, resulting in dy-
namic distortions of the magnetic field, and in energy losses.
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der pressure to the same temperature and for the same dura-
tion as the coil in curing. We call this process curing as well.

Il. DC ELECTRICAL METHOD FORMEASUREMENT
OFR_.ONCABLE SAMPLES

As the system and the method for the DC electrical mea-
surement of Rand R in cables were described in detail in
[7], we outline the principle and the sequence of measure-
ments.



We do not measure in magnetic field anymore, as the c¢) Which HT a cable needs in order to reach the requi-
induced change in Ris negligible for cables with SnAg red resistance after curing.

coated and oxidized strands. For c) we cut several samples of a cable and we heat treat
The measurements were done at 4.2 K, and at the pressitem in 200°C dry air for 4, 8, 12, and 16 h respectively.
re onto the cable of 50 MPa. Then we trace the curves (see Fig. 2), showing hoyy -

pends on the duration of HT.

A. Principle of the R Re Measurement [7] Each sample must be prepared with care and skill, since the

A pressure of 50 MPa is applied to the broad face of a sflatness of the sample holder surfaces, the insulation of the
mple of cable. The sample is cooled down to 4.2 K. Currersample and its position in the holder, and tightening of the
of up to 100 A is injected into two opposite strands. One « = so

them is chosen as potential reference. The DC voltage on s S
strands of the cable against the potential reference is mee I 4 Cured for 1h at 160C S/
red, and the Rand R are evaluated from this distribution. w | © Cured for 30min at 190C P

B. Sample Holder [7] 3 |

w
o

All R, measurements reported in this paper were do
using stainless steel sample holders (see Fig. 1) with a len
of 240 mm. Each holder consists of a cradle, a piston, ins
lating strips, and a set of 24 M8 bolts with INVAR washers.
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1 \ M ‘ o \ y - Fig. 2. R.., as a function of the heat treatment duration
Y\S\ g with the curing condition as parameter on Sn,, Ag;,.
coated cable.
Cable samples bolts can affect the result. At least 3 cable samples have to be
/ ' measured for a), 4 samples for c).
Insulafion | [1l. ANALYSIS OF THESNsiAQsw. COATED STRANDS
Cradle R. in the Sp,,Ag., coated cables originates from a very
thin layer of oxides on the strand surface. This section
Fig. 1. The sample holder consists of the cradle, the piston, and the presents ,reSUItS of Observatlons for the C(‘)‘IO!’ of the"strands,
fastening bolts. the chemical composition profile, and the “thickness” of the

coating.
Two trapezoidal cable samples, insulated by a single wrap
of 25um thick polyimide foil, are inserted into the cradle in A, Appearance of Contact Surface
opposite directions, so that they have an overall rectangular ) o )
cross-section. The piston is pushed against the cradle by the Will be described within Section IV.

PTFE lubricated bolts, tightened at 7.5 Nm. The nominal
pressure on the cables is 50 MPa. B. Color of the Strands after HT

The Sn,,Ad,, coated strand is bright and shiny. After
HT of the cable the strands become colored. The color pat-
In order to obtain R, R.cuisier Rocg e aNd Ry, R tern runs along the strand and changes only slightly in the
Mnf? ,Crd 160C? ,Crd 190C? LRIx?
is measured on each sample passing successively through ¢REtact areas. _
following stages: as manufactured/prepared, (R after We observed 3 types of color pattern: a) Rather uniform
curing at 50 MPa, 168C for 1h (R, o). after the standard pattern. The main color is brass yellow, often covered with
curing at 50 MPa, 190C for 30 mi'nr (R o050, and after the large ocher or blue to black stains or strips. The overall tone
1 ,Crd 190C/? . . . .
pressure on the sample was relaxed overnight and restoriédclear. b) Fine linear structure. The lines are aboytn20

C. The Sequence of Measurements

(R wide, and their color is alternatively copper red, brass yel-
The R tests are done on sets of 3 to 5 samples to obtainlow’ or dark blue to black. The overall tone is dark. c) Al-
a) R. of a particular cable most uniform gray to dark blue or black pattern, occasionally
b) TFle unil?ormity of R alohg a HT cable the brass yellow can be seen. The c) type corresponds to the

dark areas seen on b).



The color pattern is characteristic for each cable manufage HT are about 0.fm thick. Metallurgical cut followed by

turer. observation under microscope is too laborious for serial tes-
ting. The coating is too thin for optical microscope, and the
C. Chemical Composition Profile result is a local characteristic. The X-ray fluorescence was

The chemical composition profile near to the strand surr-]Ot available when the work was performed. The AES is too
P p expensive for serial testing. The result is even more local

Egzn\gaﬁf ?ﬁéaglaslidE?gct?Ong é_(t:ctjr.og:]oand( AE)I%/S)CEORVI\érb;?an the metallurgical cut. The coulometry would suite well
9 P Py : t the coating thickness is at the limit of resolution of avai-

AES profiles were measured on as-coated, HT, and cur le instruments. Furthermore, the measurement would be

strands, giving pri_mary information about the metallurgicadisturbed by the complex metallurgical state of the coating
processes determining.R layer. Finally we used chemical dissolution followed by AAS
As-coated strandsNext to the strand surface the composi-to measure the quantity of the coating.

tion profile is almost constant and close to$2u Starting at Description of the methodi0 cm of strand is put into 25 ml

depthd,. ., the Cu concentration starts to increase at the %5t mixture of 6.2% HSO, and 4.5 % KD, rest HO at room

0 1
pense of Sn, and reaEhes more than 95 at.% at dgpth temperature. The surface layer of the strand of aboutr20
Typical values ared,q,, = 0.2Um, 3,,,~ 0.4pm. thick is dissolved. The concentration of Sn (Ag) in the

HT strands:2 types of composition profiles were measured: solution is measured by the AAS. The amount of Sn (Ag) per
«  SnO type of profile:Near surface the O concentration unit of length of the strand is calculated. The analysis takes
follows that of Sn suggesting presence ofBwith on-  about 30 min/sample.

ly traces of Cu. After deptd,,, the Cu fraction rapidly The result of this measurement is the quantity of Sn (Ag)
increases and that of Sn decreases. Outside the oxifear to the strand surface. Even though the Sn forms an alloy
layer the composition is about GuSn at least as far as with Cu, and the thickness of the coating is hard to define,
depth o,.., Typical values are:d,,=0.01 pym, we can calculate the effective coating thickness. It is the thic-
8,..5,>= 0.5um (end of the AES profile). Strands havekness that the measured quantity of,hg,,, would have,

color pattern a). had it just covered the strand without penetrating inside. The
«  CuO type of profile:Near surface is a layer of @u quantity of Ag is expressed as fraction of SnAg.

with thicknessd, , containing only traces of Sn. The = We keep in mind that the strand coating material does not
thicker this layer, the darker is the color of the strandform a separate and uniform layer in real cables as: a) The
From the end of the oxide layer the fraction of Sn firsamount of the deposited coating material varies locally depe-
increases up to 10 at.%, and then remains level till dep#ding on the cross section of the bare strand and on the coa-
0,,; The rest is Cu. Typical values af; ,=0.03 to ting tools and procedure. b) During the coating and perhaps
0.05um, 8, >= 0.5um (end of the AES profile). All during the cabling the coating material diffuses into the Cu
strands in the cable have color pattern b) or c). matrix of the strand and Cu diffuses into the coating. c) The
. , ... unalloyed soft coating material is displaced, likely scraped
Cured strands2 types of composition profiles were distin- ot the most exposed part of the contact during the cabling.
guished on the strands of the HT and cured cables: | The quantity of coating becomes smaller within the contact
- Strands with SO type profile after HT:No obvious 5163 compared to the rest of the strand. What remain are
difference before and after the curing can be seen on ﬂ?ﬁ‘ainly the hard CSn intermetallic layer and the Cu matrix

AES profile. f the strand. d) Th t of th ting diff duri
+  Strands with Ci© profile after HT:The profile is simi- ,c_)|-|-_ @ strand. d) The rest of the pure coating diffuses during

lar to the one after HT. The difference is in the@u . .
layer. While after HT, the composition was constant wit-Measurement of effective thickness on HT cabéswould
hin the CyO layer, in cured cables the concentration ofike to use the described method to HT cables as well. We

oxygen gradually decreases towards the interior of theompared the effective thickness measured on samples of 8

1Cusn 1Sn

strand. different cables before and after HT. For 7 cables the method
indicated —1Gt7 % less Sn after HT. For one cable the diffe-
D. “Thickness” of the Coating rence was +21 %. The origin of the difference may be a frac-

tion of Sn in the HT cables, perhaps in the form of oxide that

Some cables gain more. Buring HT than others. We al- iy not gissolve. Adjustment of the solvent might further
so found that the Rdrop due to the curing is related to theimprove the accuracy.

R.-gain during HT: the greater the gain, the smaller the drop. _ _
We felt that thickness of the coating was a relevanMeasurement of the concentration of Agre fraction of Ag
parameter. in the coating of cable may affect the sensitivity ofdRHT.

We have considered the following methods to measurk€ fraction of Ag in SnAg was measured in 10 cables and
the thickness of the coating: a) Metallurgical cut and obseas found 2.40.2 at.% in 7 cables, and 14203 at.% in 3
vation under microscope, b) X-ray fluorescence, c) AES, djables.

Coulometry, and e) Chemical dissolution followed by Ato- ) ) )
mic Absorption Spectroscopy (AAS). E. Comparing Rwith the results of analysis

All cables produced during the last two years have coa- We can correlate Rto the result of visual or chemical
tings less than Lm thick. Moreover, the coatings sensitive analysis. When doing so, we keep in mind that each measu-



red R represents a mean value over 1500 or 2900 contacts The complex color pattern (lll. b), which appears on the
(Cable 1 or 2) between crossing strands. strand surface after HT, originates in a longitudinal fine stru-

Comparing R with the color patternSince both the color ;:ture (.)f :Ee str§r|1d surfa;:?r.] The rtJattteLn tbecotrr?es S(t)mfe\g]hat
and the contact resistance depend largely on the surfagg2y In e axial area of the contact but on the rest of the
oxidation, the color pattern is a useful guide in assessing gurface it is undamaged and only slightly displaced in the di-

of the cable. rection perpendicular to the strand axis.

. . . During HT, two scenarios are possible:
Comparing R with the AES resultsThe AES analysis is Residuum of pure coating on the strand surface oxidizes
done on an area of about 2043®. As one R measurement faster than it alloys with the Cu matrix. The,Griayer
refers to an area of 3.2X18ES analyses, we do not directly  protects the surface and prevents Cu from reaching it.
correlate the composition profiles to the measured values of The cy appears only deeper in the strand without link to
R.. We only establish the typical chemical composition of
different types of strands. b) Sn alloys with the Cu matrix too fast to form the,Sn

Comparing R with the effective thickness and the Ag con- layer on the surface. Cu reaches the surface and oxidizes
centration: The effective thickness is a macroscopic parame- {0 CuO. The concentration of Sn is very low within the
ter based on the assumption that all the coating material uni- 0Xidized Cu layer. It increases deeper into the strand.
formly covers the strand. Later we will correlate the effective  Those cables that gain readily. Buring HT contain al-

thickness to R most uniquely the CO covered strands. Therefore we be-
lieve that the CiO oxide layer determines.R
IV. EVOLUTION OF CONTACTS IN THESN,,, AQ;,, COATED During curing the cable is compressed and heated up to
CABLES 190°C for 30 min. The access of O to the contact surface is

When controlling R in the magnets, it is useful to under- _res_tricted, and part of the O from the QOuayer dissolves
stand how the contacts have evolved before. inside the strand. Fof the cable decreases.

In the SBswAgsw COAting process the strand passes first Non-coated strands would form resistive layers more

through a cleaning bath, then through a bath of moltewgﬂzyeggﬁy rdeig(s:glv\ée%rzggpigmixgr);nrg?&dmog\r/gge;troo-
SnpswiAswt- At that stage, part of the coating material forms dly [7]. The Sg., Ag,, forms a bar’rier rendering_Rtable

an alloy with the strand Cu matrix. For thick coatings, thé! L S osw X
rest of St Agss. remains on the surface. and restricting it into a range suitable for the LHC magnets.

) ” It makes the oxidation process slow enough to be controlled
During cabling the contacts between strands are formegh a spool of cable in oven.

by plastic deformation. The contacts between the crossing

strands grow elliptical and those between adjacent strangs R_ N CABLES wiTH STRANDS COATED WITH Sh,,, Ad.,,

grow flat. The deformation starts by scraping off the soft un- o ) i

alloyed rest of SpwAgsw The following layer, rich in Since the publication of [7] we _a|med to |_ncr(_aa§eoR
Cuw,Sn, is hard, fragile, and adheres well to the Cu matrix. AY® Si,AJ,,, coated strands, mainly by oxidation. After
the deformation continues this layer breaks together with tHgSting different methods, atmospheres and temperatures, we
Cu matrix into severaiim sized segments. The segmentgd€cided for HT in dry air at 208C. In that atmosphere all
separate in the direction perpendicular to the strand axes [19§nsidered cables 1 need between 4 and 20 h to form resisti-
and pave the zone of the highest deformation. The surface \§ !ayers on the strands that result jn Fof 20uQ after the

the opposite contact can show superposition rather tha@ndard curing.
separation of segments [12]. In industry, specified lengths of cable will be wound on

The contact between crossing strands has the form c)fsgools before passing a HT in air ventilated ovens. As the

stretched ellipse with a long to short axes ratio of about émiformity of the HT is prere_quisite for the unjformity Og’.R .
and an average surface of 1.25 hior Cable 1 [8]. Two re- care has to be taken that air can penetrate into the winding,
9 | : that the thermal conductivity across the spool is not deterio-

glk?enrsalZ?)Zel)gnzliﬂggcueli?rz(lj Zlg]e\nsual observation: the Pl ated by spacer or protective layers, and that the cable is not
' locally overheated. The HTs are long enough to preserve uni-

The peripheral zone was formed last and reflects the eafgrmity in duration and temperature of the treatment within

stage of the deformation. At 70 x enlargement the surface g¢fe spool. The homogeneity of. Rf cable within one HT

the coating is smooth and continuous. At 1000 x enlargemespool is now under evaluation.

the surface shows traces of spread and flow @fwFsw. The strand manufacturing process was optimized so that

[10, 11, 12]. HT does not degrade the current carrying parameters of the
The central zone fills an ellipse coveritigto '/, of the  cable. Moreover, it has positive secondary effects. Performed

whole contact in the direction of its long axis. Its axial part i®n finished cable, it removes the mechanical stress residing

deformed first and reflects the strongest deformation. At 70 ftom cabling and improves the RRR of the copper matrix.

enlargement the surface looks rough, and Cu shines together

with the SBs.Agswt. At 3000 x enlargement the pavementA. Sensitivity to HT

of severalum large segments described above can be seen

[10, 11, 12]. As mentioned in the previous section, the sensitivity to

oxidation, and thus the required HT duration, depends on the
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\
\\ A Rc of the cable as prepared

quantity of coating on the contact, and on its metallurgical 1o
status. As the quantity of Ag on the strand is fixed through

the controlled concentration of Ag in the coating bath, and ® Rcof the cable cured for 30 min at 190C
the metallurgical status is determined by the cable manufac-120 — - = Re curing drop for 30 min at 190C »
turing procedures, the main free parameter is the amount of = | i

X HT duration needed to prepare cable
Sn. giving Rc,Crd=20pOhm

Fig. 3 shows the maindRelated parameters as function
of the effective coating thickness: a} iz of the HT cable
for HT of 200°C, 8 h, dry air. b) Rcq Of the HT and cured
cable for HT as of a) and curing of 30 min at 280 c) The
Rc-drop equal to BunfRc.cre While the curves a) to c) show
Rc related parameters for the fixed HT duration of 8 h, the 4, |
curve d) shows the HT duration in 200 dry air, needed to
increase R so that the after the 30 min, 19CG curing the
cable reaches 200.

In spite of the complex nature of a contact, the link bet- €0 |
ween the sensitivity to HT and the effective coating thickness
is obvious. The spread of points is mainly caused by diffe-
rences in procedures among the strand and cable manu-
facturers. 40 -

The plot shows the following:

a) The effective thickness of 0.Am is needed to get
Rc = 20uQ after the HT during 8 h.

b) The R-drop, which causes uncertainty irz B real
magnets, decreases with decreasing coating thickness,
and is 4.3 for 0.fum effective thickness.

c) There is considerable freedom in the choice of HT dura- ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
gon prpvidingdthe corresponding effective thickness can ', 43 04 05 06 07 o8 o8 10 11

e maintained. Effective thickness of SnAg [um

d) It is not necessary, in principle, to measure any of the o
curves shown in Fig. 2 to obtain the required HT dura- Fig. 3. In“_lp'?lct of the effective coating thickness on the main R,
tion for a cable. This time consuming operation can be Claracteristics.
substituted by the measurement of the effective thick-
ness, and the HT duration can be found from Fig. 3.  A. Cable with the Gy, Sn,, Coated Strands

100 - 1 20

20uQ [h]

c,Crd

1 16

Re (1@

1 12

Rc curing drop [1] and HT duration for R

20

As manufactured the cable had & 90 uQ, which drop-
ped to a very low value of 2{2Q after the standard curing.
The R-drop due to the curing depends on the curing temowever HT in 200C dry air, as short as 5 min, raisedt®

perature, pressure, and duration. Until now we have not me@00 HQ in the as prepared state, followed by 18D, after
sured the sensitivity to the curing pressure and duration.  the standard curing.
We estimate the relative sensitivity to the curing temperas ~gple with the Sp.Ni

1 dRC.Crd _ _ -1 i
ture Reca Ol to -6 to -8 x 19 K™ for cables HT during As manufactured, the cable hadd® 65uQ that dropped

8 h. This means that the averagedecreases by 1id ina  to 12pQ after the standard curing. As R is not much be-
coil cured at 200 instead of 19Q. Our estimation is based low 15 pQ, the coating would still be interesting for the use
on the difference in R4 of samples cured at 18C and at in coils. Moreover, adding more Ni in the compound could
190°C. The estimation is optimistic, as the diffusion rate andncrease R The Sp, Ni,, coating does not need any HT.
thus the R-drop will be higher close to the 19Q than over

B. Sensitivity to Curing

Coated Strands

35wt.

the whole interval of 160 to 19C. The advantages of the electrolytic coatings are the better
control of the coating process, and the shortness or absence

VI. R, IN CABLES WITH STRANDS COATED WITHCU, SN, of the HT. The inconveniences are: a) Higher price. b) Being
AND Sn Ni. close to intermetallics, these coatings are much harder than

the molten bath deposited SpAg.,.. Strands coated with
Cu,,.Sn,, or Sn,,Ni.,. cause problems during cabling.

Although the electrolytic coatings are not foreseen for the
cables of the main LHC magnets, they remain candidates if
higher contact resistances are needed for special magnets.

In [8] two electrolytic coating materials were found pro-
mising with respect to their Rthe Cy,,Sn,, and the
Sn,,.Ni,,,. In order to measure all_Relevant data, Cable 1
type strands were coated with quh thick layer of each of
these materials, and cables were manufactured.



VII. CONCLUSIONS

The S, ,Ag.,, coating was selected for the production off1]
the LHC main magnets’ cables. It is cheaper than the ele ;
trolytic coatings, it has been widely used in the superconduc-

tor industry, and it does not perturb the cabling process.

In order to obtain R, of 20 uQ, the quantity of deposi- &l
ted material is kept low, and a special HT in 2Q0air was [4]
added after cabling. As a secondary effect, this HT removes
the residual mechanical stresses introduced during cablin[g]
and improves the RRR of the strand Cu matrix. 6]

The strand manufacturing was modified so that the addiZ]
tional HT does not deteriorate the current carrying capacity.

The AES analysis showed that Cu, diffusing through the
coating to the surface, and oxidizing there during HT, is edél
sential for the buildup of Rn the Sp,, Ag,,, coated strands.

It seems that during the coil curing, the Sn embedded deepi
the Cu matrix prevents the O, concentrated in the vi-cinity of
the surface, from escaping in the depth of the Cu matrix. g
reduces the Rdrop during coil curing to an acc-eptable
value in contrast to the cables with bare Cu strands.

The quantity of the deposited coating material has a majé]rl]
effect on the increase in_Rluring HT. The effective thick-
ness of 0.5um is needed for HT to take the acceptable 8 hl12]
During the mass cable production the relatively simple mea-
surement of the effective thickness can be used as an indus-
trial control process parameter in order to check the coating,
and to tune the HT duration.

Two cables with electrolytic coating, the (ibn, . and
the Sn, .Ni,., were tested. Though they will not be used for
the main LHC magnets, they, may prove suitable for magnets
requiring larger R
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