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ITINERARY AND SUMMARY

This report presents information gained during my official travel to the
eastern United States and Europe from 25 March through 12 April 1981. This
report describes visits to companies, laboratories and conferences during the
above travel. Most of the travel was official travel and was paid for by the
Lawrence Berkeley Laboratory and the Department of Energy. A portion of my
travel was paid for by others. A list of institutions visited and the people
I contacted is given as follows: '

March 25 Travel to Albany, New York via Newark, New Jersey.
March 26 Intermagnetics General Corporation, Guilderland,
New York. :

® (Contacts: R. Schwartz, J. Scudiere, and R.
Stewart. .

® I talked to various people about small magnet
‘construction, superconductor manufacturing, and
insulation. I inspected and did some tests on the
superconductor for the new TPC magnet.

' ¢ Paid for by LBL and DOE.

March 27 Wilson Laboratory of Cornell University, Ithica,
New York. ’

e Contacts: D. Andrews and E. Nordburg.

o I inspected the CLEQ thin solenoid which had failed
due to arc-over. [ gave a short talk on problems
with the TPC magnet.

o Paid for by LBL and DOE.

March 28 Fly from New York to Frankfurt, W. Germany. -

March 30-April 3 The 7th International Conference on Magnet Tech-
nology, University of Karlsruhe, Karlsruhe, W.
Germany.

¢ [ presented four papers during the conference
sessions. The papers were on high current density
magnet technology, quench velocities, the TPC
magnet failure, and computer modeling of cryogenic
cooldowns.
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April 3-4

April 6-7

April 8

April 9

April 10
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Paid for by LBL and DOE.

Uhde Chemical Company, Dortmond, W. Germany.

Contact: G. Lang.

I discussed various aspects of computer modeling
of chemical processes.

Not paid for by LBL or DOE.

Institute fur Technische Physik (ITP), Kernfor-
schungszentrum Karlsruhe (KFK), Karlsruhe, W. Germany.

Contacts: W. Heinz, H. Komereck, F. Arendt, J. Erb,
K.P. Jungst, H. Katheder, G. Krafft and P. Turowski.

I visited various groups and discussed their progress
on various aspects of fusion magnet research and
development of cryogenic equipment.

Paid for by LBL and DOE.

Brown Bovari Company (BBC), Mannheim, W. Germany.

Contact: H. Cord Dustmann.

I discussed superconducting dipole and quadrupole
designs with BBC people. There was a long discus-
sion with BBC people on insulation standards for
superconducting and conventional magnets. I inspected
the BBC clean area and looked at their hi-potting
area.

Not paid for by LBL or DOE.
ISR Division, CERN, Geneva, Switzerland.

Contacts: T. Taylor and M. Morpurgo.

I discussed superconducting and conVentiona] magnet
insulation studies. I saw the CERN 8 Tesla, 1.8K
dipole under construction.

Paid for by LBL and DOE.
CEN Saclay, Gif sur Yvette, France.

Contacts: H. Desportes, J. Perot, J. Parain, and J.
LeBars.



April 12
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I gave a short seminar on problems with the TPC
magnet, and I spent a lot off time comparing notes
on insulation problems in superconducting magnets.
I Tooked at the Saclay slotted dipole magnets.

Paid for by LBL and DOE.

Returned to the United States via Frankfurt, W.
Germany. .



M.A. GREEN
FOREIGN TRAVEL REPORT

1. Visit to Intermagnetics General Corporation
Guilderland, New York

March 26, 1981

I visited Intermagnetics General Corporation (IGC) primarily to inspect the
superconductor for the TPC magnet before it went to Essex for Formvar coating.
[ also inspected the IGC Guilderland superconductor manufacturing facility and
talked to people in their potted superconducting magnet facility. :

a) Inspection of the LBL Superconductor

The LBL conductor had been drawn, twisted and sized the Tuesday before I
arrived at IGC. The conductor was scheduled to be cleaned on March 27, and
it was to be shipped to the Essex Formvar mill on Monday, March 30, 1981.

The conductor was in four rolls with lengths of 6906m, 4060m, 871m and 2391m.
The total length, 14228m, exceeds the specified length, 13500m, by just over 5
percent. The shortest length of 871m does not quite meet specification, but we
accepted it because the remaining three pieces are 13500m + 5%. It is unlikely
that any of the 871m length will be needed to wind the TPC magnet. It should be
noted that the longest length piece may have to be cut into two pieces because
of difficulties in the Essex plant.

Samples about 1m long were cut from each of the four rolls. These samples
were checked for 1) roundness of the corners, 2) dimensions across the flat
faces, and 3) twist pitch. In all cases the corners were smooth and well
rounded with radii of curvature between 0.225 abd 0.275mm. The conductor
in all cases was somewhat larger in dimension than called for, but it was
within the allowed tolerance band (see Table 1). See Figure 1 for a con-
ductor cross-section photo-micrograph.

A1l four samples were etched with a mixture of nitric acid, sulfuric acid,
and water. The copper etched away in a few minutes revealing the supercon-
ducting filaments themselves. The twist pitch in all four samples was very
close to the nominal 40mm specified. The surface of the superconductor itself
(1ooked at through a magnifying glass) was smooth and free of pits. The fila-
ments looked continuous, but the copper was not etched away completely so one
could not test filamentary continuity using the falling hair test. I predicted
that the conductor will test at or above the specified critical current from
that looked for in the superconducting filaments themselves. The critical
current measured by IGC was 20 percent higher than the specified 2000A at 5.0T
and 4.2K. Measurements at Los Alamos will verify these measurements.

”
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Table 1
Dimension of Samples of Bare
Conductor Measured on March 26, 1981

Length Dimensions
Sample of Roll (mm)
Number (m) Short side Long Side
1 6906 1.028 . ' 3.607
2 4060 1.041 . 3.612
3 871 1.028 3.612
4 2391 , 1.051 3.622

The IGC inspection of the LBL superconductor resulted in passing the material on
to the Formvar mill. The conductor was shipped to the Formvar mill on March 30,
1981. The finished conductor was shipped after final inspection on April 20,
1981. The conductor arrived at LBL on April 24, 1981. The IGC is to be congra-
tulated for delivering the superconductor three weeks before the sheduled
shipping date of May 11, 1981. (Note the conductor order was placed about 15
January 1981.) This is the first time I have ever had a superconductor arrive
early.

b) Superconductor Production Facilities at IGC

IGC has an impressive capability for manufacturing Nb-Ti superconductors.

I saw a machine for small wire manufacturing which is capable of drawing
wire down from 6.6mm to 2.31mm in diameter in 11 draws.. I also saw a machine
which draws wire from 2.31mm to 0.3mm in 21 draws. In both machines the wire
area is reduced to 82 percent of the area at the end of previous draw with each
draw. Annealing is applied at the end of each machine. IGC has the capability
of drawing wires finer than 0.3mm.

I saw the IGC cabling facility for making both Rutherford type and conven-
tional cable. The IGC also has a facility capable of producing the braid
which Brookhaven uses on ISABELLE magnets. IGC, like many in the business,
is not enthusiastic about this conductor. They feel, like many others, that
this braid may be one of the causes of Brookhaven's training problem. From what
I saw at IGC, I doubt that IGC could produce the braid needed for ISABELLE at a
rate which 1is commensurate with a production run of ISABELLE magnet. Un-
doubtedly, if ISABELLE is built, IGC could gear up for full-scale production of
whatever conductor they require.

”



I watched the IGC solder line at work as it made a conductor similar to the
HISS conductor. The copper had a slot in it that was slightly wider than a
rectangul ar superconductor. The steps which the solder went through are as
follows: 1) ultrasonic cleaning, 2) water cleaning, 3) flux application
with a bubble applicator, 4) the solder bath itself with a crimp step in it
while the solder 1is still hot, 5) cleaning, 6) wire brush, 7) water clean,
and 8) inspection. The key to the IGC line 1is the crimping step while the
conductor is hot in the solder bath. As a result, the superconductor is
positioned and held mechanically as well as with the solder. The materials
going into the 1ine are bright dip cleaned, then they are ultrasonically
cleaned. The finished.conductor looks very good, and it appears to be free
of solder burrs. o '

IGC has a new supercdhddctor facility in Connecticut. This facility has a
draw bench over 400 feet long. They are capable of handling large billets
of superconductor 1in that facility. The IGC plant in Connecticut produces
1 million feet of Fermi Lab wire (about 50,000 feet of cable) in a single
shift. IGC is now the sole supplier of Fermi Lab cable for the Doubler.

c¢) Small Magnet Production

I saw the facility where IGC winds their Nb3Sn diffusion process ribbon coils.
These coils are an old IGC product which has been made by them since the
days when IGC was a part of General Electric Research Labs in nearby Schenec-
tady, New York. There is not much of interest to report here except that these
Nb3Sn coils require a great deal of hand labor to build.

I talked to R. Stewart about small potted coil production. We talked about
insulation systems and the use of small superconducting coils in Gyrotrons. The
Gyrotron work is of interest to IGC because there is the potential for the
production of a number of coils.

Insulation was a topic of conversation here as it was everywhere else on my
tour. IGC uses thinner Formvar coatings than we do. We use the equivalent
of triple Formvar about 0.05mm thick where IGC uses the equivalent of heavy
Formvar 0.02 to 0.03mm thick. I asked IGC about other coating on wire besides
Formvar. They have tried them, but their success has not been too good. IGC
had a couple of coils where the coating used on the wire dissolved in the epoxy
used to impregnate coils. As a result, IGC now insulates its wire with Formvar
rather than take the risk of failure. The ground plane insulation used by IGC
in potted magnets is generally less than 0.5mm thick. The ground plane in-
sulation is generally glass and epoxy. I did not ask if the glass was specially
treated. :

i



2. Visit to Wilson Laboratory of Cornell University
Ithica, New York

March 27, 1981

[ visited Cornell University w1th the express purpose of seeing the th1n
superconducting magnet for the CLEQ experiment on the e* e~ CESSAR storage

ring at Cornell. This magnet failed during the course of testing. I discussed
the failure with D. Andrews and E. Nordburg :of Cornell University Physics
department.

Before proceeding with a discussion of what went wrong with the Cornell thin
Solenoid, it is useful to describe the magnet and compare it with the slightly
larger TPC thin solencid. The Cornell solenoid, which houses a drift chamber,
is designed to be about two-thirds of radiation thick. The coil package con-
sists of a 1/4 inch thick 1100 aluminum bore tube, two layers of 1.65 x 3.3mm
superconductor, three layers of 1/8 by 1/4 inch 6061-T6 aluminum banding, and
cooling tubes spaced about a foot apart. .(See Figure 2.) The coil package
itself 1is about 0.42 radiation lengths thick. Table 2 shows a comparison
between the Cornell CLEO solenoid and the TPC solenoid. (The data given in
‘Table 2 for both magnets is given without iron.) i

The Cornell solenoid was successfully cooled down and operated on a CTI Model
1430 refrigerator which is located quite close to the magnet. (The transfer
line length is less than 10m.) ' The refrigerator cooled down and held the load
just fine. There was no evidence of garden hose oscillation in the CLEO magnet
cooling circuit. According to Dave Andrews, the solenoid measured quench
performance agreed well with computer simulations on the Rutherford. quench’
program. The quench data was taken with a chart recorder.
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Table 2

A Comparison of the Basic Parameters
for the CLEO Magnet and TPC Magnet
Without their Iron Return Zones

(Radiation Len)

TPC
Parameter CLEO Magnet Magnet
Magnet warm bore (m) 1.91 2.04
Magnet Outside Diameter (m) 2.33 2.36%
Cryostat Length (m) 3.35 3.84
Coil Average Diameter (m) 2.04 2.17
Coil Length (m) 3.15 3.30
'BARE Superconductor Dimensions (mm) 1.65 x 3.3 0.9 x 3.6
Design Current to Create (R) 2260 2230
1.5T with Iron
Central Induction Without
Iron at Design Current (T) 1.22 1.26
Coil Inductance Without Iron (H) 2.80 3.41
Stored Magnetic Energy at (J) 7.15 x 106 8.48 x 106
Design Current with no )
Iron
Superconductor Current (Am'z) 4.15 x 108 6.88 x 108
Density at Design
Current
EJ2 Without Iron at (JA2m-%)  1.24 x 1024 4.02 x 1024
Design Current
Coi] Circuit Time Constant (s) 9.3 5.2
-] Without Iron
Secondary Circuits Time: (s) 3.0 N 11
Constant T2 Without
Iron ’ -
Coil Package Thickness 0.42 0.29
(Radiation Len)
Magnet Package Thickness 0.64 0.65

quer the outer drift chambers at the end the 0D is 2.44m




The Cornell solenoid was tested to a current of 1100A without an external
quench protection circuit. (The TPC magnet went to 800A without quench pro-
tection.) The quench protection circuit consisted of a mechanical switch which
switched the current in the coil to a 0.2 ohm resistor across the coil leads.
This resistor reduces the coil circuit time constant considerably.

The failure of the TPC magnet caused considerable consternation at Cornell.
As a result, the central field of the CLEO magnet (with iron) was dropped
from 1.5 to 1.2 Tesla. The magnet design current was reduced to 1808A.
The decision is. not necessarily a good one because the quench behavior of
the coil may not,be as good at reduced current. The decision was made out
of fear. Tt :

The magnet quenched spontaneously at first at a current of 450A. These quenches
were due to the superconducting lead between the lead pot and the coil being
normal. 450A was the highest cryostable current at which the coil could
operate. A repair was made by adding copper to the superconductor circuit to
provide cooling from the coil to nearly the lead pot. A piece of doubled up
superconductor connected this copper bus (uncooled) to the lead pot. The coil
quenched spontaneously at around 1600A. The coil quenched spontaneously and
burned at a current of 1780A which is 30A below the revised design current.
After the quench, the coil was an open circuit and there was a hole in the lead
pot which drained liquid helium into the magnet insulating vacuum space.

When the coil was removed from the cryostat, one of the doubled up super-
conductor leads had burned. About a three-inch section was burned out of
this uncooled section. In addition, one of the superconductors leading into the
coil was also burned for some distance into the coil. There was extensive
damage to the lead pot itself. A hole the size of a U.S. nickel was burned
through the stainless steel helium vessel. The damage zone in the coil for-
tunately did not extend into the two layer coil itself. It was a reasonably
easy repair to fix the burned region into the coil.

The electrical data consisted of the charts from the chart recorder. Un-
fortunately, there was not enough data to reconstruct their quench as we
- did during the TPC magnet failure. A complete failure analysis was not done on
the Cornell magnet. It is surmised that the double piece of superconductor was
at about 7K. The heat needed to cause the elevated temperature is believed
to come from radiant heat transfer through a hole in the nitrogen shield
through which instrument wires had passed. As the current in the coil was
increased, there was enough magnetic field and current to cause the super-
conductor to go normal. At a current of 1780A the doubled up piece of super-
conductor which as cooled at both ends could carry current in the normal state
for about 15 seconds before the conductor would melt breaking the coil circuit.

Oqce the coil circuit was broken, an arc was struck between the ends of the
wire. It takes only a few tens of volts to maintain an arc particularly if

i



there is gas generated by the burning of superinsulation. The coil supplied
energy to the arc without shifting a lot of current to the bore tube. The
arc continued to burn until the Tead pot was ruptured causing an inflow of
helium to the vacuum space. It is believed that the original arc was ex-
tinguished by the inflow of helium. A second arc was struck between the
superconductor lead into the coil and a nearby cooling tube. The comment Dave
Andrews made was that the bore tube saved the coil from being severely burned.

The coil was being reassembled into its cryostat when I was there. The CLEO
magnet cryostat was much simpler than the TPC magnet cryostat. The CLEO magnet
‘support system is not self-centering nor is there any restriction on how
services can be brought in and out of the cryostat. The magnet tests are
expected to resume in May or June of 1981. ' : .

The CLEO superconducting solencid is compensated by a pair of superconduct-
ing solenoid magnets. Each magnet is capable of delivering 2.41 Tm of inte-
grated solenoidal magnetic induction. The magnets have a 165mm warm bore.
Unlike the planned LBL compensators which would have had a 250mm warm bore,
these solenoids don't contain the steering dipoles for the straight section.
(Note: At the time of the writing of this report, the TPC compensating sole-
noids have been wiped out by the proposed mini beta modification to the PEP
lattice.) The Cornell compensating solenoids, unlike the-LBL design, are bath
cooled from helium tanks located above the magnets which are contained in iron
return yokes. The physical and magnetic parameters of the Cornell compensating
solenoids are shown in Table 3. '
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Table 3
Parameters of the Cornell
Superconducting Compensator Solenoids

| ﬁ'veral] Length, Including Iron 0.964m
Ejﬁf:Warm Bore | ‘ ~ 0.165m
(.v0utside Diameter Including Iron ‘ . 0.533m
Coil Lengfh 0.764m
Coil Package Cold Bore 0.216m
Coil Package Qutside Diameter _ 0.279m
Central Induction 3.2T
Coil Design Current 128.5A
Coil Inductance with Iron 12.8H
Stored Magnetic Energy per 1.06 x 105J
Coil with Iron While _ _
Operating at Design Current

I gave a short talk on the causes of the failure of the TPC magnet to an
assembly of Wilson Lab and Cornell University physicists. At the same meeting,
there was considerable discussion of the increase of luminosity at PETRA due to

“the mini-beta quadrupole structure. At that time PETRA had achieved a lumi-
nosity of 1.3 x 1031 compared to a peak luminosity of 0.7 x 1031 at PEP. 1.
did not see the Cornell storage ring because the ring was circulating electrons
and was being filled with positrons.
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3. Impressions of Europe
1981

I arrived in Frankfurt Rheinmain Airport at 9:30 a.m. on March 29th. Frankfurt ™
Airport was its usual clean self. Everything is so clean, it is sterile. VYet,
just outside the custom's area there is the sex shop to greet incoming pas-
sengers from abroad. The trains from the Frankfurt Airport to the city ran with
split-second timing one expects from the Deutschbundesbahn. a

I had left New York where the trees had not begun to bud. There were no
spring flowers or fruit trees in bloom anywhere in New York State. Across
the Atlantic in Southern Germany spring had arrived in all its splendor about
three weeks early. The countryside was ablaze with yellow Forcythia. Fruit
trees by the hundreds were covered by a white mantel of blossoms reminiscent of
years past in the Santa Clara Valley of California--before it became a perverse
copy of the Los Angeles basin.

Along the tracks between Mannheim and Karlsruhe, the farmers had already
begun to mound the asparagus to keep the tips from finding the sun which
will turn them green. The gardens of village houses had daffodils and tulips,in
full bloom. The graveyards were well tended and ablaze with the glory of
spring. During the two weeks I spent in Europe the spring color became more
intense as more plants added color to that already there.

The Baden royal palace at Karlsruhe and the smaller palace at Bruchsal were
beautiful among tended gardens and budding trees. Baden Baden had begun
its spring show. The tulip trees in the park through the center of town
were in full flower. The formal gardens in front of the Kurhaus Casino were
neat, trim and flashing with the colors of spring. The Baden Baden casino with
its white marble doric columns is one of the plushest in Europe. Baden Baden is
refined compared to Monte Carlo which has been invaded by Americans and other
nouveau riche. Baden Baden casino is still very formal with twenty-one,
roulette and baccarat the only games permitted within its walls.

The prices 1in Germany and Switzerland have not changed much since my last
visit. The major exception is gasoline which has gone up 15 to 20 percent
in the Tlast six months. Much of the gasoline price increase can be attri-
buted to the increase of the value of the dollar. German gasoline is 1.35
DM per liter for regular (about $2.60 per gallon). The Mark and Swiss Frank are
down so prices seem lower.
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4, The 7th International Conference on Magnet Technology
March 30 through April 3, 1981 at the

RS

I attended the 7th International Conference on Magnet Technology (MT-7) and
gave four papers during the conference. The Magnet Technology Conference
has changed since the first conference at Stanford in 1965 (MT-1). At MT-1
there were perhaps a dozen papers which dealt with superconducting magnets.
MT-7 had a bit over a dozen papers on conventional magnets. MT-1 had a number
of papers devoted to the calculation of magnetic fields.. This conference had
only one such paper because virtually all such papers are now given at the
COMPUMAG conference. Three sessions of this conference were devoted to fusion
magnets alone. Two sessions were devoted to energy storage and rotating
machines. Three sessions included high energy physics magnet problems. One of
these sessions was a workshop on superconducting dipoles for accelerators.

The conference included participants from the United States, Canada, most
of Western Europe, a number of East-European countries, the Soviet Union,
India, China and Japan. The Japanese had a particularly Targe delegation.
They are working in virtually all fields of applications of superconductivity.
There were representatives from the four major electrical companies in Japan.
These companies are involved in magnet development, fusion rotating machinery
and levitated train development. (The latter is in conjunction with the
Japanese railways. In fact, the Japanese levitated train work 1is the only
serious effort in this field.)

The MT-7 conference poster session was extremely well run. All of the poster
session papers were put up at once in one area. The authors attended that one
session for two hours. The posters were left up during the rest of the con-
ference. This permitted one to browse through the poster session papers and it
permitted people giving oral papers to refer to poster session papers being
given by their collaborators.

I shall not talk about the papers. I attended many of the sessions, and
there were a number of outstanding papers given. This conference emphasized the
development of larger and larger magnets for fusion, energy storage and MHD.
Another facet of the conference was progress on superconducting dipole and
quadrupole design. It has become apparent that stress and strain calculations
in dipoles are a good thing to do. There were a number of novel dipole design
concepts presented which are supposed to be based on stress and strain calcu-
lations. It 1is clear that the plastic and elastic properties of dipole coils
are not well understood. '

Our paper on the failure of the TPC coil was well received. There were few
papers which described the problems that magnet builders were having. My
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discussions with various people on insulation standards and the cause of
insulation failure indicate LBL wused reasonably good insulation standards
on the TPC magnet. Most magnets do not have 0.5mm of insulation filled with
epoxy. To some, our accident was considered to be bad luck. To others, it
pointed out the need for additional insulation development.

Training is still a topic of conversation at conferences of this nature.
There- was a session devoted to quenching and quench protection. There are
many who advocate using helium in close contact with the superconductor as
a solution to training. It 1is considered out of vogue to .suggest a fully
potted dipole coil system. My invited paper .caused some controversy with
the suggestion that helium be excluded from high current density superconducting
magnet windings. Most of the disagreement came from those who are building or
advocating building dipoles of the Fermi Lab type. Support for fully-epoxy
impregnated superconducting dipole or quadrupole coils comes from people at CERN
and European industry.

One session was devoted to heljum cooling methods. Most of the magnets des-
cribed at the conference were bath cooled in 4.2K helium I. There was some
discussion of helium II at 1.8 to 2K. There was also discussion on-forced
cooled systems of various types. I presented a paper about a computer code
developed at the Kernforschungszuntrum Karlsruhe and LBL which calculates the
cool-down characteristics of forced cooled magnet systems. The paper generated
interest among ‘the Europeans and the Japanese. Unfortunately, there is littTe
money available to continue the development of this computer code at LBL.

I received some comments from the conference organizing committee concern-
ing the U.S. Department of Energy limitation of participation at the conference.
According to P. Komarek, there-was a verbal agreement with someone in DOE (he
did not tell me who) that American participation in the conference would not be
restricted by DOE. I tried to sooth his feelings by explaining that the poli-
tical situation has changed under the new administration.

The MT-7 conference was well run and was organized to avoid a lot of parallel
sessions. I found the conference to be worthwhile, and information gained
during the meeting will be useful to the Lawrence Berkeley Laboratory and

DOE.
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5. Visit to Uhde Gmbh Chemical Company
Dortmund, West Germany, April 3 and April 4

Uhde 1is:ione of the large chemical companies in the Ruhrgebiet. I met with =
Dr. Ing.G. Lang who is the head of the Technical EDP-Department. Dr. Lang
heads the -computer modeling division of the firm which makes process equipment
for all kinds of chemical plants all over the world. Dr. Lang's work has taken
him all over Europe, the United States, Canada, Brazil, Saudi Arabia and India.
His work in India is of particular interest because it was one of the first
applications of the use of the computer to model and design a plant for the
separation of Deuterium from ordinary hydrogen. )

Deuterium separation is very important to the Indian government because heavy
water is used as a moderator for their reactors which use un-enriched uranium as
a fuel. The spent fuel of these reactors is throught to be a major source of
Plutonium for the Indian nuclear weapons rogram. I have met engineers and
physicists from India at the Kernforschungszentrum Karlsruhe who were working
with German scientists in the separation of Plutonium from Uranium. (I met
these people nine years ago when I was working at the Kernforschungszentrum.
Discussions with these Indian scientists yielded some rather horrifying obser-
vations of the sloppiness of Plutonium handling and radiation safety standards
in Germany at that time. I understand that many of these deficiencies have been
corrected.) :

The computer codes developed by Lang and his co-workers modeled chemical
processes in much the same way that the LBL GEOTHM code models energy conversion
processes. The Hydrogen-Deuterium separation process chosen by Lang and Uhe
apparently involves streams of Hp, Do, NH3, ND3, Ho0 and D20. (It is probable
the molecules of NDHp, NDpH, HDO and HD are also involved--I can't say for
sure.) In any event, a distillation and differential solubility process apears
to be the method of separation. I don't know what the process is. In any
event, there are systems which have anywhere from six to ten different process
streams. The computer is ideally suited for keeping track of all of the consti-
tuents.

Lang and his co-workers have developed an impressive amount of software for
use in modeling various chemical processes. This software is available (at
price) to industrial concerns. A number of American oil and chemical companies
are using Uhde software in their computers for the modeling and ‘design of
chemical process systems.
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6. Visit to the Institute fur Technische Physik
Kernforschungszentrum Karlsruhe, West Germany
April 6 and 7

My - contacts during the visit to ITP (Institute fur Technische Physik) KFK
(Kernforschungszentrum Karlsruhe) included the following people: W. Heinz,
H. Komereck, F. Arendt, J. Erb, K.P. Jungst, H. Katheder, G. Krafft and P.
Turowski. This report is more in the nature of an update of .my last foreign
travel report where I reported extensively on work done at ITP.

a) The LCT Project

The ITP is the prime contractor of the Euratom LCT coil. ITP is doing much
of the engineering work on the coil in conjunction with Siemans in Erlangen
and Krupp in Essen. Siemans will wind the LCT coil and assemble the package.
The LCT structure is being fabricated in part by Krupp (their role is not
totally clear to me). The conductor, which has been developed by ITP Karlsruhe
is a forced cooled cryostable conductor designed to carry 15000A at 8T. The
dimensions of the conductor are 10 x 40mm. .

The LCT coil will be 2.5m wide by 3.5m high and when combined with the other
five coils at Oakridge, is supposed to produce a toroidal field of 8T. The
conductor is a flat cable with a stainless steel case. Helium is carried in the
conductor in the supercritical state. The coil wound with this conductor is
fully vacuum impregnated inside a heavy stainless steel cas1ng .

The conductor has been therma]]y tested in a thermal model; the conductor
and the casing in the model cooled in a satisfactory way. The experimental
data has been modeled using a program developed by myself and S. Mitina of
LBL and G. Krafft of ITP. We have been able to model, to first order, the
thermal behavior of the LCT model coil. Unfortunately, all development work has
been stopped on this program due to a lack of funding. With some additional
work, this program could be used to model the cool down and warm up of the TPC
magnet or a string of accelerator dipole magnets. Under present funding, it is
unlikely any more work will be done on this code.

The piston type helium pump built by Karlsruhe was successfully tested by
G. Kraffts' group. The pum? pumped helium at a pressure of 10 atm at 4.2K
at the rate of 100-150 gs- The pressure drop across the pump was less
than 1 atm. The success of the pump test means that it can be used to pump
helium for the LCT coil test using the TOSKA test facility.

The biggest change in the Karlsruhe facility in the 7 months since I had last
been there was the completion of the new experimental hall. The hall is
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huge--about 15m high and 40m long. In the center of the hall is a huge hole,
the interior of which is painted in psychedelic colors. The hole is 10 meters
in diameter and 12 meters deep. Around the hole for the upper 365 meters is a
gallery which has an outside diameter of 16 or 17 meters. Within this gallery
instrumentation, helium piping and vacuum pumps can be located.

The TOSKA“test facility hole is designed to permit the testing of large toroidal
magnet sections such as Torr-Supra. The LCT test vacuum vessel fits in the hole
with 2.5 '‘meters to spare on all sides. When the LCT magnet is within its
vessel, the expected stray field at the edge of the hole is expected to be less
than 200 Gauss when the LCT coil is operating at full current.

Bits and pieces of the TOSKA control dewar and the LCT test vessel were being
assembled. The hardware is impressive but is literally dwarfed by the test hole
in the center of the huge, new experimental hall at Karlsruhe. The combination
of the Karlsruhe 1.8 and 4.2K refrigerators with the TOSKA facility makes the
ITP test facility the largest and best equipped test facility in Europe (perhaps
the world).

b) TESPE Progress

TESPE falls further and further behind schedule. It is so far behind schedule
that its usefulness at this late date is limited. It would be premature to
write off TESPE because there is still much that can be Tearned from it. I hope
that the German government doesn't make the same mistake that was made with
ESCAR. (We know today that ESCAR would have been very useful for solving
problems encountered at Fermi Lab and at Brookhaven. TESPE may be useful for
debugging problems which may be encountered on the LCT.).

The weld problem on the TESPE coil packages has finally been solved accord-
ing to K.P. Jungst. Cracking in the stainless steel weld has been a problem for
over two years. The solution has been a change of weld rod and weld technique
which hopefully prevents nitrogen embrittlement in the welds. I don't know what
the solution was.

The major problem remaining with TESPE is the conductor. The conductor itself
was trained during short sample testing. Jungst is not sure this is a major
problem. He is optimistic that the problem with the supercritical forced cooled
conductor can be solved. Others at Karlsruhe are not optimistic at all. These
people feel the conductor should not train at all during short sample testing.
(I understand the test was done in liquid helium, but I am not Sure. The
discussion was heated and in German. I may have missed a verb at the end.) In
the opinion of some, training of the short samples guarantees bad training of
the coils in the finished torrus. This bodes badly for a project which is
already two years late.

Even the critics within ITP arque that TESPE sould be completed so that a
complete systems test can be made. This is one of the important reasons
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for TESPE. Even if the magnet trains badly, a lot of useful data can still be
received from the experiment. I don't think that politically a major training
problem in the magnet will help Karlsruhe but not finishing TESPE is not good
either. Superconductivity is a hard business.

¢) The 13.5 Tesla Hybrid Magnet

The winding of the outer coil for the Karlsruhe 13.5T Hybrid magnet test
facility is complete. The coil is designed to produce 8.0T by itself at 4.2K
(10T by itself at 1.8K). The coil was mounted and ready for testing. Turowski
expected testing to start in May or June 1981. The insert magnet which is to be
made of Nb3Sn is expected to produce 11 Tesla when it is operated in the outer
magnet at 4.2K. (At 1.8K the field inside the Hybrid combination is expected to
be 13.5T.) o -

Turowski has successfully tested a wind and react Nb3Sn small solenoid.
The magnet produced a field of about 4.0 Tesla. The behavior of the Nb3Sn
under stress could not be tested in this magnet.

Turowski pointed out that his 8.0T outer coil is cryostable up to 85 percent of
design current. At full current the coil is not cryostable. Quenching at full
current in this coil may be a hazard because quenches do not propagate well in a
coil which is well cooled. The insulation turn to turn, layer to layer and
layer to ground is not very good (1 to 2mm of helium). Turowski is worried
about quenching at full current because some of his test coils have had voltage
breakdowns and arcing.

d) General Comments on Electrical Insulation

Electrical insulation has been a problem at Karlsruhe as well as other labora-
tories. In general, many of the coils which have been built at Karlsruhe
probably do not have adequate insulation. There have been a number of arc
overs. There was one small coil that repeatedly quenched. Arc overs occurred
with each quench until the coil failed.

The Karlsruhe did study high voltage insultations in order to build the 47kV
switch. Insulation for the switch was graded. The insulation consisted of a
series of layers of glass cloth and sand-blasted mylar. The whole assembly was
vacuum impregnated with epoxy. The epoxy stuck well to the glass and the
mylar. There were no voids 1in the insulation. Karlsruhe made no systematic
search for a good insulation system. The insulation system adopted is not very
strong in tension.

Karisruhe has done some testing of Formvar-type insulations. In general,
this type of insulation was found to be adequate except on sharp corners.
The comment made by many at Karlsruhe was that the 0.5mm thick insulation
used in the TPC magnet between the UPA and the bore tube was thicker than
the insulation they use in potted coils. Another comment: Insulation is a
persistent problem in superconducting magnets. There is a lot to be learned.
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7. Visit to Brown Bovari (BBC) in Mannheim, W. Germany
8 April 1981

I had long discussions during the magnet conference and during my visit to
BBC with H. Cord Dustmann (head of the superconducting program at BBC, Mannheim,
W. Germany) concerning the use of computer codes to calculate the properties of
superconducting dipole magnets. We discussed techniques for calculating the two
dimensional and integrated fields in dipoles and quadrupoles with unsaturated
iron. The effect of winding errors on field uniformity was discussed. We also
discussed the method of calculating the field generated by circulating currents
in the filaments of the superconductor used in accelerator dipoles and quadru-
poles.

We discussed the techniques for designing dipole and quadrupole magnets with
saturated iron. BBC uses the CERN magnet program. This code does not permit
one to put holes in the iron as the poisson code does. It was agreed that a 4
to 5 Tesla dipole can be built using saturated iron provided the outer boundary
is shaped so that higher multipoles are not introduced by iron saturation. In
principle, this can be done for N = 3 and N =5 for all values of dipole fields
from 0 to say 5 Tesla. The saturation of the iron will change the dB/dI
derivative for the central field at high central fields in the magnet.

My discussion with Dustmann also included the HERA magnet at DESY. BBC is
a strong contender to build some of the HERA superconducting magnets should
the machine be built at Hamburg. BBC is proposing a magnet design which is
layer-wound similar to the Fermi Lab design. It is proposed that the coils
be made with highly compacted keystoned cable which is Formvar coated. Some
consideration is being given to a monolythic conductor. The coils would have
hard epoxy glass islands and would be vacuum impregnated in epoxy. The proposed
collars for the coils are cold iron with round keys at the poles to insure the
azamuthal position of the coils.

The proposed coil structure is to be precompressed, clamped and welded into
a rigid structure. The laminated iron is to be supported in a stainless
steel cylinder. The cylinder is the 1liquid helium conduit for refrigera-
tion of the magnet. The helijum will flow outside the iron laminations and
the coil structure. BBC proposes that the magnet have a cold bore of 75mm. The
cold iron dipole would have a simple hanging type cryogenic support system which
supports the stainless steel tube at the quarter point. The accelerator vacuum
between magnets is sealed by a weld between it and the cryostat vacuum.

The following parameters are proposed for the BBC HERA magnets:

”
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The following parameters are proposed for the BBC HERA magnets:

~ Dipole
Length 6.08m
Cold Bore Diameter | <75 mm
Central Magnetic Induction : 4.53T 
Max imum Magnetic Induction L4.92T
Stored Magnetic Energy per : 560kd

Magnet at Design Induction

Quadrupole

" Length ~  1.00m
Cold Bore Diameter ' ~  75mm
Design Gradient ~n  90Tm-1

‘Maximum Magnetic Induction no AT
»in the Coil

Stored Magnetic Energy : N 25Kd
per Magnet

Dustmann and I had some discussions of insulation techniques used by BBC at
Mannheim and in Zurich. In general, BBC advocates using insulation standards
which they would use on conventional magnets. As the current density of the
coil goes, up, this becomes a .problem. Dustmann told me that considerable
work must be done on insulation before successful accelerator dipoles can be
built. :

For large low current density coils, BBC suggests the following insulation
standards:’ .

7
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1) Turn to Turn ~ 0.5mm Glass Epoxy

2) Pancake to Pancake . ~ 1.5mm Glass Epoxy Plus
Mylar for High Voltage

3) Ground Plane ' v 2.0mm Glass Epoxy Plus
; Mylar for High Voltage

BBC advocatés vacuum impregnation with epoxy and that the glass be Volan treated
(or an equivalent treatment depending on the epoxy system used). Mylar should
be sandblasted if it is used. The coil should be wound and insulated in a clean
room. The conductor should be cleaned and deburred before insulation. After
vacuum impregnation, the coils are water dipped for 48 hours before hi-potting.

The OMEGA coils and the Swiss LCT coils have this type of insulation standard.

The insulation standards for the SIN solenoids and the proposed dipole coils are
as follows:

1) - Turn to Turn ~100¢ m of Formvar or
: Equivalent

2) Layer to Layer N~ 500u m of Vacuum
Impregnated Glass
Plus Formvar on
the Conductor

3) Ground Plane ~ v Imm oof Vacuum
Impregnated Glass
or Glass Plus G-10
Mylar can also be
Used if Strength
is not Needed

As with the Tlarger magnets, winding and insulation must be done in a clean
room. [ asked about the coating BBC used on their wire. I was told it was
a preparatory coating similar to Formvar. The coating 1is compatible with
the epoxy used for vacuum impregnation. A1l glass is Volan or equivalent
treated.

BBC states that it is important that the epoxy be well filled with glass. BBC
uses vacuum impregnation most of the time but the Swiss facility has done some
work with filled wet layup epoxy. Dustmann could not give me any details of the
BBC Zurich wet layup technique. Dustmann felt that one should try to use the

insulation standards which are equivalent to those used in the power generat1on
industry.

”
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Visit to CERN
Geneva, Switzerland
April 9, 1981

I visited CERN after a train trip up the Rhein to Basel. At times this German
inter-city train traveled over 160 km per hour. I took a comfortable Swiss
train between Basel and Geneva. The weather was clear. One could see snow-
capped high mountains over lakes as the train rode smoothly at speeds of 100 km
per hour. Once in Geneva, I stayed in a moderate priced Swiss hote] (30 Swiss
Francs per night including a contintental breakfast). :

My contact at CERN was T. Taylor of the ISR group. - I gave a short seminar
on the cause of the TPC magnet failure. While I was at CERN I talked to T.
Taylor and M. Morpurgo on insulation of superconducting magnets. In general,
the 0.5mm insulation which failed on the TPC magnet was considered to be a
rather thick insulation. CERN has wound a large number of superconducting
magnets and has not done a systematic study of insulations except for the turn
to turn insulation on the ISR quardrupole coils. A number of conventional
magnets have failed because of shorts. In one case, insulation failure was
responsible for a 1 million Franc fire on an experiment. M. Morpurgo told me at
least three of his conventional magnets have had insulation fajlures. Two of
these had insulation failure caused by chips. It was Morpurgo's observation
that chip induced insulation failures often manifest themselves years after the
chip was generated.

The general recommendation at CERN was that superconducting magnets be wound in
an area where machine tools are not used, if possible. I visited two areas
where CERN was w1nd1ng superconducting co1ls. Neither area was a clean room
area.- In both areas iron chips were present. 1In one case I found a small iron
chip stuck in the fiberglass turn to turn insulation. On the table next to the
winding machine chips up to 3mm in length could be found. CERN has been lucky
despite Morpurgo's claim that superconducting coils are less sensitive to chips
than conventional coils. Morpurgo has increased his insulation thickness to lmm
in one of his magnets.

I visited the area where Morpurgo was winding an 8 Tesla dipole magnet.
The magnet is wound with hollow copper based Nb-Ti superconductor. The turns are

/"

wrapped with glass tape (about 0.5mm thick between turns). The magnet has

several distinct coils which are wrapped with another 0.5mm of glass. (The
ground plane and coil to coil insulation is 1.0mm.) I am not sure if the glass
is volar treated or not. (I was told that CERN often does not use volar-treated
glass in their magnets.) The coils will be vacuum impregnated in epoxy. Then
the coil will be mounted in a stainless steel support stucture. The coil will
be tested in a bath of helium II. The hole in the conductor is supposed to
permit helium II to penetrate into the conductor directly. Morpurgo considers
the magnet to be experimental and does not guarantee the magnet will go to full
field. I was not told which group is sponsoring the construction of the 8 Tesla
dipole. :
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Visit to CEN Saclay
Gif sur Yvette, France
April 10, 1981

' P. Eberhard of LBL showed me a bit of his hometown. I have
passed through the Lausanne railway station perhaps a hundred times, but I have
never stopped and climbed the hill until the evening of April 9.

01d Lausanne is a true delight. The city is built on several hills which
overlook Lake Geneva. It was a clear evening; the city and the lake sparkled in
the dusk. 01d Lausanne has its winding cobbled streets and a number of old
churches including the main cathedral. On one hill is the castle which stands
as a fortress over the town below. There is a delightful covered stairway which
goes down one of the hills into one of the old market places of old Lausanne.
On either side of the covered stairway there are 1ittle shops and one or two
small sidewalk cafes. One can imagine the boxes of geraniums which must surely
be there during the summer months.

I ate at a small restaurant on one of the cobbled squares. The food was good--
especially good when drunk with a local red wine. 01d Lausanne was truly a
delight. One can be sure that I will visit Lausanne again before another
hundred trips through the Lausanne railway station.

I took a couchette from Lausanne to Paris. As the train wound through the
French countryside, one could hear the bell ring in each station as the depar-
ture of the train barked over 1oudspeakers. The voice, always the same voice
recorded in Paris, announced the coming stops in dull monotone. The closer to
Paris one got, the shorter the announcements became. At 6:50 in the morning of
April 10 the train arrived at Gare du Lyon. I took the metro to Luxembourg
station where I transferred to a suburban line which took me to Orsay. 1 saw
little of Paris that day.

My contacts at Saclay were H. Desportes, J. Perot, J. Parain and J. LeBars.
During my visit I gave a short seminar on problems encountered with.insulation
on the old TPC magnet. I spent a good part of my time comparing bad experiences
with insulation. Saclay like many other laboratories has had problems with
insulation. The problem in their opinion is more acute on dipole and quadrupole
magnets. .

a) Insulation Problems

I had long discussions with Desportes and Mdm. LeBar on insulation problems
associated with the CELLO magnet. - The CELLO magnet is a single layer magnet
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wound with a ultra pure aluminum stabilized conductor. According to Mdm. LeBar, .

the insulation between the ultra pure aluminum and the thin aluminum bore tube
was silk less than 0.5mm thick. The conductor itself had no organic insulation
on it. The silk was wet layed up with epoxy. The ground plane insulation was
porous. Several chips apparently penetrated this insulation. The chips were
found after winding and banding and after they shorted the coil to the bore
tube. The chips were removed by removing a small section of the bore tube
itself. From what I could understand, there was no special treatment of the
tape used in the insulation. Semi-clean room conditions were used when the
CELLO coil was wound. '

Chips also caused insulation failure on the first of the CESAR magnets built for
CERN. This resulted in a clean room being set up in the area where the CESAR
magnets were wound. The introduction of clean room techniques included inspec-
tion of incoming materials and a good cleaning of the conductor before it was
insulated and wound. I remember seeing the clean room used to wind CESAR. It
was quite good--similar to the coil winding area I saw at BBC last year.:

The general comment I got from Saclay people was that 0.5mm is considered
adequate. Desportes felt we were damned unlucky. He felt that our -paper
on the failure of the TPC magnet insulation did the superconducting community a
lot of good. Most groups do not report their failures because of politics.
Such information should be exchanged at conferences, but it rarely is.

b) The Saclay Dipole Program

Saclay has been building superconducting dipoles since the late 60's. -Saclay
was a participant in the GESS collaboration formed in 1970. For that effort the
Saclay group built MOBY and ALEC dipoles. These dippoles were a single block
coil made up of many layers of monolythic conductors. Since the coils, were
large blocks, heat drains were installed to help cool the coils. These magnets
reached nearly 6 Tesla under D.C. conditions.

Saclay built two CESAR dipoles for CERN. These magnets were a multiple block
type magnet similar to the Brookhaven design. The magnets were very expensive
to build but they developed very good field accuracy. 'The field integrals were
good to 2 parts in 104 over 50 percent of the coil aperture of 150mm. The
magnets developed 4.5 Tesla. The magnetic length is 2 meters. They reached
nominal field (80 percent of short sample along the load line) with little or no
training. Above nominal field there was considerable training.

The CESAR design could not be used for the UNK project because it was difficult
to mass produce. The UNK dipole was cheap to produce, and its design was

similar to the Fermi Lab doubler design. The two layer design did not produce

good field accuracy. The three 0.7m long UNK coil, which was built in 1979,
had an aperture of 90mm. They trained some. (4 to 7 quenches to yet to 4.9
Tesla.) The a.c. losses were quite low, and there was no ramp rate dependence.

‘r
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The UNK design was later adapted for HERA in both the dipole and a quadru-
pole. These magnets do not have very good field accuracy either. The problem
as Saclay sees it is a two-fold one 1) the modulus of the Fermi type layer coil
is low, and 2) the strain distance is large. Another factor is the fact that
there are only two controllable angles in the UNK Fermi Lab design.

The solution Saclay has been trying is to divide the coil up into a number of
blocks (this improves basic field quality and reduces the strain distance), and
they have tried to increase the modulus of the .coil package as a whole by
casting the blocks in stainless steel collars. Two types of collars have been
developed. (See Figures 3 and 4 for xerox copies of the two collars.) The two
types of collars permit one to wind variable depth and variable width blocks.
In terms of superconductor usage, the block configurations are less effective
than the shell configuration because of the voids between the blocks. (Figure 5
is a xerox copy of a layer Fermi type quadrupole collar.)

I saw the winding machine for putting the conductors into the slots. I saw
assembled laminations for both types of slot windings. There has been a
lot of effort expended in developing the technique. I am not sure that it
yields an easier construction technique. _

c) Other Programs

I talked to Desportes and Parain about other Saclay programs, but I did not
see the hardware. The projects which 1 heard about were the rapid cycling
bubble chamber magnet for CERN and the TORE SUPRA fusion magnet program.

The CERN rapid cycling bubble chamber is somewhat smaller than the HISS magnet
at LBL. The coils which have a 1.4m warm bore and an 0.82m gap between the
coils generate a 3.0 Tesla central induction. The peak induction at ‘the con-
ductor is 5.8 Tesla. The construction of the coils appears to be a lot like the
HISS magnet. The conductor is also similar to the HISS conductor. Like HISS,
the coil is bath cooled in two tanks.

The TORE SUPRA project calls for developing 4.5 Tesla in the TORUS. The
peak field in the conductor will be 9.0 Tesla. The 9.0 Tesla conductor will be
Nb-Ti cooled in a pressurized container at 1.8K. A great deal of study work has
been done on various options for TORE SUPRA.

"
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Figure 3. Saclays slotted diple collar for variable depth coils
(The X marks the position of the coils.)




Figure 4. Saclays slotted dipole collar for variable width coils.
(The X marks the position of the coil.) ;



Figure 5.

A quadrupole collar for a layer wound
quadrupole magnet. (The coils are shown.)
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APPENDIX

This appendix consists of a biographical listing of papers and reports collected
during the trip which is reported upon in this foreign travel report.

Papers from Intermagnetics General Corporation, Guilderland, N.Y.

Superconductor Technology from IGC

Papers and Booklets from the MT-7 Conference, University of Karlsruhe, Karls-
ruhe, W. Germany.

MT-7 Program
MT-7 Abstracts

List of participants at the conference

The Proceedings of the MT-7 Conference IEEE Transactions on Magnetics,
MAG-17, No. 5, Sept. 1981

Brochure from La Metalli Industriale Research Centre, Fornaci di
Barga (Lucca), Italy, Superconducting Wires and Cables

Vacuumschmelze gmbh "Filament conductors made of Vacnyflux NS"

"Vacuumschmelze gmbh Das unternehmen und seine Erzeugnisse"

"L.R. Turner, "Saféty of Superconducting Fusion Magnets: Twelve
Problem Areas"

M.N. Wilson, "“Some Basic Problems in Superconducting Magnet Design”

K.D. Haid, V. Jung, and J. Spiess, "Arrangement of Permanent Magnets
in a Lev1tat1on System with Ind1fferent or Weakly Unstable Character-
istics" .

E.S. Bobrov and P.G. Marston, "“Theoretical and Engineering Aspects
of Momentless Stucturess for MHD Magnets"

A.M. Dawson et al., "The United States Superconducting MHD Technology
Development Program"

P.G. Marston et al., "The Football Test Coil: A Simulated Service
Test of Internally-cooled Cabled Superconductor"

V.D. Arp, "Stab111ty and Thermal Quenches in Force-cooled Superconduct-
ing Cables”

V. Bechtold et al., "Design and Test of a 700 mm Long Hexapole Composed
of Rectangular Rare Earth Colbalt Permanent Magnets"



- Appendix, continued

® S5.0. Hong et al.:, "Fabrication of the NbTi Compacted Monolith Conductor
for E1mo Bumpy Torus (EBT-P) Prototype Coils"

® E. Gregory et al., "Recent Developments in Superconductors for Large
Magnets" _

®. K. Misek and P. Suoboda, “Residual Fjeld of a Superconducting So1en01d .
and its Suppression" _

® Yan Luguang et al., "Experimental 1nvestigation of Wax-filled Super-
conducting Solenoids"

® 7Zhang Yang et al., "A.Superconducting Magnet System for Large Format
Electro-camera Research"”

Papers obtained during my visit to the ITP 'KekntorschunQSZentrum Karlsruhe.

® A. Ulbricht, "A Resistive Superconduct1ng Power Switch w1th a Switching
Power of 40 Mw at 47 kv" v

° p. Turowski, "The Stab111ty of Nb3Sn Compos1te Conductors Coo]ed
- by Normal and Superfluid Helium" y

e U. Jeske, "Eddy Current Calculation in 3D and Finite Elements"

® P, Turowski, "Experimentelle Prﬁfung' der Technischwiehtigen Eigen-
schaften der NbTi-Leiter fiur einen 8T 40 cm Solenoiden”

Note: For copper PRR = 155 at 4.5K
o (B) & (1 + 0.45 B) x 10-10 ohmm
B is magnetic field in Tesla

based on Turowski measured data up to about 8 Tesla

® P, Turowski et al., "Die Entwicklung eines supraleitenden 13.5 T Magnet-
systems fur Mossbauer-Experimente" KFK 3093"

* p, Turowski L.Z. Lin and E. Seibt, Cu and Al Stabilized Nb3Sn Multi-
filamentary Conductors and their Stab111ty Against Heat Pu]ses Under
Bath Cooling Conditions"

¢ Various pamphlets on

Liquid Helium Pump Development
LCT Conductor Test Facility
TESPE

HELITEX

Large Coil Task



Appendix, continued

Papers obtained during my visit to CEN Saclay, Gif sur Yvette, France.

"CELLO - A New Detector at PETRA"

J. Benichou et al., "Long Term Experience on the Superconducting
Magnet System for the CELLO Detector"

A. Patoux and J. Perot, "A New Accelerator Superconducting Dipole-
Suitable for High Precision Field"

J. Perot, "Protection de Dipoles Supraconductours Par Couplange Magne-
tique" :

J. Perot, "Dipoles a Blocs, Parameters Principaux"
J. Perot, "Quadripole HERA, Parametres et Géométric”

H. Desportes et al., "Superconducting Magnet for EHS"

J. Deréée], R.ﬂDuthil and C. Lesmond, "Superconducting Magnet System for
the N-N Polarized Target Experiment at Sac]ay"

A. Aymar et al., "TORE-SUPRA - Status Repbrt Concerning the Supercon-
ducting Magnet after the Qualifying Development Programe"

A. Aymar et al., "Global Test of the Conductor for TORE-SUPRA under
Actual Working Conditions"

S.G. Ladkany and W.C. Young, "Problems Associated with the Use of
High Purity Aluminum in the Design of Composite Conductors in the
Elasto-Plastic Region"

S.H. Kim and S.T. Wang, "Measurements of Mechanical and Electrical
Properties of High Purity Aluminum"
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