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TITLE 

F ORE I GN TRAVE L R EP.....:O.....:RT~,L-.:..l ~98~1~~~-;;-o;~::;-o.-:;~:;-;;--_____________ -i 
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 
Lal;lrence 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 

March 26 

March 27 

Travel to Albany, New York via Newark, New Jersey. 

Intermagnetics General Corporation, Guilderland, 
NevI York. 

• Contacts: R. Schwartz, J~ Scudiere, and R. 

• 

• 

Stev/a rt. 

I talked to various people about small magnet 
const ruct i on, superconductor manufacturi ng, and 
i nsul ati on. I inspected and di d some tests on the 
superconducto~ for the new TPC magnet. 

Paid for by LBL and DOE. 

Wilson "Laboratory of Cornell University, Ithica, 
New York. 

• Contacts: D. Andrews and E. Nordburg. 

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

• Paid for by LBL and DOE. 

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

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

• I 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 
cool dm·ms. 
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April 3-4 

April 6-7 

April 8 

April 9 

-ii-

• Paid for by LBL and DOE. 

Uhde Chemical Company, Oortmond, 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 Oustmann. 

• I discussed superconducting dipole and quadrupole 
des i gns wi th BBC peopl e. There was along di scus
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 di scussed superconduct i ng and convent i ORa 1 magnet 
insulation studies. I saw the CERN 8 Tesla, 1.8K 
dipole under construction. 

• Paid for by LBL and DOE. 

April 10 CEN Saclay, Gif sur Yvette, France. 

• Contacts: H. Desportes, J. Perot, J. Parain, and J. 
LeBars. 
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April 12 

-iii-

• I gave a short semi nar on probl ems with the TPC 
magnet, and I spent a lot off time compari ng notes 
on insulation problems in superconducting magnets. 
I looked at the Saclay slotted dipole magnets. 

• Paid for by LBL and DOE. 

Returned to the United States vi a 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. 
I al so inspected the IGC Guil derl and superconductor manufacturing facil ity and 
tal ked to peopl e in thei r potted superconduct i ng magnet facil ity. 

a) Inspection of the LBL Superconductor 

The LBL conductor had been drawn, twisted and sized the Tuesday before I 
arri ve.d at IGC. The conductor was schedul ed to be cl eaned 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 1 ength, 14228m, exceeds the specifi ed 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. 

Samp1 es about 1m long were cut from each of the four roll s. Thesesampl es 
were checked for 1) roundness of the corners, 2) dimensions across the· fl at 
faces, and 3) twist pitch. In all cases the corners were smooth and well 
rounded with radi i 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. 

All four sampl es were etched with a mixture of nitric acid, su1 furic acid, 
and water. The copper etched away in a few minutes reveal ing the supercon
ducting fil aments themsel yes. The twist pitch in all four sampl es was very 
close to the nomi nal 40mm specifi ed. The surface of the superconductor itsel f 
(looked at through a magnifyi ng gl ass) was smooth and free of pits. The fi1 a
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 Al amoS\'/i1l verify these measurements. 

.. ~ 
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Figure 1. Photo-Micrographs of conductor drawn through two 
dies purchased by IGC (the lower die was used for 
the TPC conductor). 
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Tab 1 e 1 
Dimension of Samples of Bare 

Conductor Measured on March 26, 1981 

Length Dimensions 
of Roll (mm) 

(m) Short side 

6906 1.028 

4060 1 .041 

871 1.028 

2391 1 .051 

Long Side 

3.607 

3.612 

3.612 

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
tul ated for del i veri ng the superconductor three weeks before the shedu1 ed 
shi ppi ng date of May 11, 1981. (Note the conductor order was p1 aced about 15 
January 1981.) This is the first time I have ever had a superconductor arrive 
earl y. 

b) Superconductor Production Facilities at IGC 

IGC has an impressive capabil ity for manufacturing Nb-Ti superconductors. 
I saw a machine for small wire manufacturing which is capable of drawing 
wire down from 6.6mm to 2.3lmm in diameter in 11 draws. I also saw a machine 
which draws wire from 2.3lmm 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 cab1 i ng faci1 ity for maki ng 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, 1 ike 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 is 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. 

->, 
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I watched the IGC sol der 1 i ne at work as it made a conductor s imil ar to the 
HISS conductor. The copper had a slot in it that \'Ias sl ight1y wider than a 
rectangul ar superconductor. The steps which the solder \'Ient through are as 
follows: 1) ul trasonic cl eaning, 2) water c1 eaning, 3) fl ux app1 ication 
with a bubble applicator, 4) the solder bath itself with a crimp step in it 
\1lhile the solder is still hot, 5) cleaning, 6) wire brush, 7) water clean, 
and 8) inspection. The key to the IGC 1 ine is the crimping step whi1 e the 
conductor is hot in the solder bath. As a result, the superconductor is 
positioned and held mechanically as vlell as with the solder. The materials 
going into the line are bright dip cleaned, then they are ultrasonically 
cleaned. The finished.,\:,,<;:.onductor looks very good, and it appears to be free 
of solder burrs. 1·'~:.· 

IGC has a new supercQ'hcfJctor faci1 ity in Connecticut. This facil ity has a 
draw bench over 400 feet long. They are capable of handling large billets 
of superconductor in that fac il ity. The IGC pl ant 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 sa\1J the facil ity where IGC wi nds their Nb3Sn diffusion process ribbon coil s. 
These coils are an old IGC product which has been made by them since the 
days when IGC was a part of General El ectric 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 Gyrotro~s. The 
Gyrotron work is of interest to IGC because there is the potential for the 
production of a number of coils. . 

Insul ation was a topic of conversation here as it was everywhere el se on my 
tour. IGC uses thinner Formvar coatings than we do. We use the equival ent 
of tripl e Formvar about 0.05mm thick where IGC uses the equival ent 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 ~ane 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. 

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

March 27, 1981 

I visited Cornell University with the express purpose of seeing the thin 
superconducti ng magnet for the CLEO 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 
depa rtment. 

Before proceeding with a discussion of what went wrong with the Cornell thin 
Sol enoid, it is useful to describe the magnet and compare it with the sl ightly 
1 arger TPC thi n sol enoid. The Cornell sol enoid ,'wh'ich 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 
cool i ng tubes spaced about a foot apart. (See Fi gure 2.) The coil package· 
itself is about 0.42 radiation lengths thick. Table 2 shows a comparison 
betv/een the Cornell CLEO sol enoid and the TPC sol enoid. (The data given in 
Table 2 for both magnets is given without iron.) 

The Cornell sol enoid was successfully cool ed dO\'tn 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 
cool ing circuit. According to Dave Andrews, the solenoid measured quench 
performance agreed well wi th computer s imu1 ati ons on the Rutherford quench' 
program. The quench data was taken with a chart recorder. 
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Figure 2. Cross-section drawing of the 
CLEO thin superconducting coils. 
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Tab 1 e 2 
A Comparison of the Basic Parameters 
for the CLEO Magnet and TPC Magnet 
Without their Iron Return Zones 

Parameter 

Magnet warm bore (m) 

Magnet Outside Diameter (m) 

Cryostat Length (m) 

Coil Average Diameter (m) 

Coil Length (m) 

BARE Superconductor Dimensions (mm) 

Design Current to Create (A) 
1.5T with Iron 

Central Induction Without 
Iron at Design Current (T) 

Coil Inductance Without Iron 

Stored Magnetic Energy at 
Design Current with no 
Iron 

(H) 

(J) 

CLEO Magnet 

1. 91 

2.33 

3.35 

2.04 

3.15 

1.65 x 3.3 

2260 

1.22 

2.80 

7.15 x 106 

Superconductor Current 
Density at Design 
Current 

(Am-2) 4.15 x 108 

EJ2 Without Iron at 
Design Current 

Coil Ci rcuit Time Constant 
~ Wi thout Iron 

Secondary Circuits Time 
Constant't'2 Wi thout 
Iron 

Coil Package Thickness 
(Radiation Len) 

Magnet Package Thickness 
(Radiation Len) 

(s) 9.3 

(s) 3.0 

0.42 

0.64 

Under the outer drift chambers at the end the 00 is 2.44m 

TPC 
Magnet 

2.04 

2.36* 

3.84 

2.17 

3.30 

0.9 x 3.6 

2230 

1.26 

3.41 

8.48 x 106 

6.88 x 108 

4.02 x 1024 

5.2 

'\, 11 

0.29 

0.65 
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The Cornell sol enoi d was tested to a current of 11 OOA 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 Tesl a. The magnet des i gn current wa s reduced to l808A. 
The decision is;,_n<;>t necessarily a good one because the quench behavior of 
the coil may nof-;-,oe as good at reduced current. The decision was made out 
of fear. ":,:,<, 

,i 

The magnet quench~d 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 cryostabl e current at which the coil coul d 
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 spontaneousl y at around 1600A. The coil quenched spontaneousl y and 
burned at a current of 1780A \'Ihich 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 doubl ed up super
conductor 1 eads 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 al so 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 stai nl ess steel hel i um 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 el ectrical data consi sted 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 surmi sed that the double pi ece of superconductor wa s 
at about 7K. The heat needed to cause the el evated temperature is bel i eved 
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 \'/as enough magnetic field and current to cause the super
conductor to go normal. At a current of 1780A the doubled up pi ece 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. 

Once 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 particul arly if 
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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 lead pot \ .... as ruptured causing an inflm'/ 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 \'/as there. The CLEO 
magnet cryostat was much s impl er than the TPC magnet cryost.at. The CLEO magnet 
support system is not self-centering nor is there any restriction on how 
servi ces can be brought in and out of the cryostat. The magnet tests are 
expected to resume in Mayor June of 1981. 

The CLEO superconducting solenoid 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 l65mm warm bore. 
Unl ike the pl anned 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 so,le
noids have been wiped out by the proposed mini beta modification to the PEP 
lattice.) The Cornell compensating solenoids, unlike theLBL 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 

--'\;, 
:}:'::"~Overa 11 Lengt h, Inc 1 ud i ng I ron 

... ~ 
0.964m 

";:.. 
: .... 
}.! ~'Yla rm Bore 

Outside Diameter Including Iron 

Coil Length 

Coil Package Col d Bore 

Co i1 Package Outs ide Di ameter 

Central Induction 

Coil Design Current 

Coil Inductance with Iron 

Stored Magnetic Energy per 
Coil with Iron While 
Operating at Design Current 

0.165m 

0.533m 

0.764m 

0.216m 

0.279m 

3.2T 

l28.5A 

l2.8H 

1.06 x l05J 

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. I 
did not see the Cornell storage ring because the ring was circ~ating electrons 
and was bei ng fill ed \,/ith positrons. 

'. 
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3. Impressions of Europe 
1981 

I arriVed in Ftankfurt Rheinmain Airport at 9:30 a.m. on March 29th. Frankfurt·~ 
Airport was its usual clean self. Everything is so clean, it is sterile. Yet, 
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. 

I had left Ne~ York where the trees had not begun to bud. There were no 
spri ng 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 yenow 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 vi 11 age houses had daffodi 1 sand tul ips, i n 
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 in 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 last 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 
OM per liter for regular (about $2.60 per gallon). The Mark. and Swisi 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 

~'~_University of Karlsruhe, Karlsruhe, W. Germany 
", .,' t~ ( ~ ~ , 

I attendedth-e 7th I nternati onal 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-l). At MT-l 
there were perhaps a dozen papers \'1hich dealt with superconducting magnets. 
MT-7 had a bit over a dozen papers on conventional magnets. MT-l 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 sess ions of t hi s conference were devoted to fus i on 
magnets alone. Two sessions were devoted to energy storage and rotating 
machines. Three sessions included high energy physics magnet problems. One of 
these sessi ons was a workshop on superconduct i ng di po 1 es for accel erators. 

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 large 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 is 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 peopl e 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 1 arger and 1 arger magnets for fusion, energy storage and MHO. 
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 wh ich are supposed to be based on stress and strai n cal cu
lations. It is 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 used 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 conf~rences of this nature. 
There was a session devoted to quenching and quench protection. There are 
many who advocate using hel ium inclose contact with the superconductor as 
a solution to training. It is considered out of vogue to ,suggest a fully 
potted di pole coil system. My invited paper caused some ,controversy with 
the suggestion that hel i urn beexcl uded from hi gh current .densi.ty superconduct i ng 
magnet wi ndi ngs. Most of the di sagreement came from thOse who are buil ding or 
advocating building dipoles of the Fermi Lab type. Support for fully-epoxy 
impregnated superconduct i ng di po 1 e or quadrupol e coil s comes from peopl e at CERN 
and European industry. 

OnE:! session was devoted to hel ium cool ing methods. Most of the magnets des
cribed at the conference were bath cooled in 4.2K helium 1. There was some 
discussion of helium II at 1.8 to 2K. There was also discussion on·forced 
cool ed systems of various types. I presented a paper about a computer ccide 
developed at the Kernforschungszuntrum Karl sruhe and LBL wh ich cal cul ates the 
cool-down characteri st i cs of forced cool ed magnet systems. The paper generat~d 
interest among the Europeans and the Japanese. Unfortunately, there ;s 1 ittle 
money available to continue the development of this computer code at LBL. 

I received some comments from the conference organi zi ng committee concer.n
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 feel ings by expl aining that the poll
tical situation has changed under the new administration. 

The MT -7 conference was well run and was organi zed to avoid a lot of parall el 
sessions. I found the conference to be worthwhil e, and infonnation 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 

:~:'~~f'<, . 
Uhde is":.:one 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 t~~computer modeling division of the firm which makes process equipment 
for all kinds of chemical plants allover the world. Dr. Lang's work has taken 
him allover 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 
appl icat ions of the use of the computer to model and design a pl ant 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 maj or source of 
Plutonium for the Indian nuclear weapons rogram. I have met engineers and 
phys i ci sts from I ndi a at the Kernforschungszentrum Karl sruhe \'1ho were worki ng 
with German scientists in the separation of Plutonium from Uranium. (I met 
these peopl e ni ne years ago when I was worki ng 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-Deuteri um separat i on process chosen by Lang and Uhe 
apparently involves streams of H2, 02, NH3, ND3, H20 and 020. (It is probable 
the molecules of NDH2, ND2H, 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. 
Turo\,/ski. Thi s report is more in the nature of an update of .my 1 ast foreign 
travel report where I reported extensively on work done at ITP. 

a) The LeT Project 

The ITP is the prime contractor of the Euratom LeT coil. ITP is doing much 
of the engineering work on the coil in conjuncdon vlith Siemans in Erlangen 
and Krupp in Essen. Siemans wi 11 wi nd the LeT coil and assemble the package. 
The LeT 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 l5000A at ST. The 
dimensions of the conductor are 10 x 40mm. 

The LeT coil will be 2.5m vlide by 3.5m high and when combined with the other 
five coil s at Oakridge, is supposed to produce a toroidal field of ST. 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 casing. 

The conductor has been thermally tested in a thermal model; the conductor 
and the casing in the model cooled in a satisfactory way. The experimental 
data has been model ed using a program developed by myself and S. Mitina of 
LBL and G. Krafft of ITP. We have been .ab 1 e to model, to fi rst order, the 
thermal behavior of the LCT model coil. Unfortunately, all development work has 
been stopped on this program due to alack of funding. With some additional 
work, this program could be used to model the cool down and warm up of the TPe 
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 pump pumped helium at a pressure of 10 at~ at 4.2K 
at the rate of 100-150 gs-l. 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 Karl sruhe facil ity 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 
instrumentatjon, helium piping and vacuum pumps can be located. 

\:;>~~;. 

The TOSKk~t~st facility hole is designed to permit the testing of large toroidal 
magnet sectici~s 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, th~ 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 facil ity the 1 argest and best equi pped test facil tty in Europe (perhaps 
the worl d). 

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 learned 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 
prob 1 ems 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 criti cs wi thi n ITP argue that TESPE soul d be compl eted 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. 

c) The 13.5 Tesla Hybrid Magnet 

The winding of the outer coil for the Karlsruhe l3.5T Hybrid magnet test 
facility is complete. The coil is designed to produce 8.0T by itself at 4.2K 
(lOT by itself at 1.8K). The coil was mounted and ready for testing. Turowski 
expected testing to start in Mayor June 1981. The insert magnet which is to be 
made of Nb3Sn is expected to produce 11 Tesla when it isoperat~d in the outer 
magnet at 4.2K. (At 1.8K the field inside the Hybrid combination is expected to 
be l3.5T.) , 

Turowski has successfully tested a wind and react Nb3Sn small solenoid. 
The magnet produced a field of about 4.0 Tes1a. 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 percen~ 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 i.n 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 worhed 
about quenching at full current because some of his test coils have had voltage 
breakdowns and arcing. 

d) General Comments on El ectrical lnsul ati on 

El ectrical i nsu1 ati on has been a probl em at Karl sruhe as well as other 1 abora
tories. In general, many of the coil s which have been built at Karl sruhe 
probably do not have adequate insul ation. 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 vii th epoxy. The epoxy stuck well to the gl ass and the 
mylar. There were no voids in the insulation. Karlsruhe made no systematic 
search for a good insulation system. The insulation system adopted is not very 
strong in tension. 

Karl sruhe has done some testing of Fonnvar-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
po 1 es. 

~1e 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, cl amped and wel ded into 
a rigid structure. The laminated iron is to be supported in a stainless 
steel cylinder. The cylinder is the liquid helium conduit for refrigera
tion of the magnet. The helium 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 6.0Bm 

Cold Bore Diameter < 75 mm 

Central Magnetic Induction 4.~3T 

Maximum Magnetic Induction 4.92T 

Stored Magnetic Energy per 560kJ 
Magnet at Design Induction 

Quad rupo 1 e 

Length 'V 1.OOm .!i 

.' 
Cold Bore Di ameter 'V 75mm 

Design Gradient 'V 90Tm- l 

Maximum Magnetic Induction 'V 4T 
in the Coil 

Stored Magnetic Energy 'V 25KJ 
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, thi s becomes a probl em. Dustmann told me that cons i derab 1 e 
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: 

, 

." 
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1 ) Turn to Turn 'V O. 5rnm Gl ass Epoxy 

2) Pancake to Pancake 'V 1 • 5mm G 1 ass Epoxy Pl us 
Myl ar for Hi gh Voltage 

3) Ground Plane 'V 2. Ornm Gl ass Epoxy Plus 
Mylar for High Voltage 

·'V'iJ,; .. ~ 
';;'?~::: .> 

BBC advocat~~:vacuum impregnation with epoxy and that the glass be Volan treated 
(or an equrvalent 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 foll OV/S: 

1 ) Turn to Turn 'V 100 II m of Formvar or 
Equival ent 

2) Layer to Layer 'V 500 II m of Vacuum 
Impregnated Glass 
Pl us Formvar on ,-

the Conductor 

3) Ground Plane 'V 1 mm of Vacuum 
Impregnated Glass 
or Glass Plus G-10 
Mylar can also be 
Used if Strength 
is not Needed 

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

BHC 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 
~nsulation standards which are equivalent to those used in the power generation 
1 ndustry. 

-.:: 
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Vi s it 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 cou1 d 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 hotel (30 Swiss 
Francs per night including a contintental breakfast). 

My contact at CERN was T. Taylor of the ISR group. I gave a short semi na r 
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 \,/hich 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 i nsul at i on on the ISR quardrupo 1 e coil s. A number of convent i ona 1 
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 failures. Two of 
these had insulation failure caused by chips. It was Morpurgo's observaflon 
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 
wher~ CERN was winding superconducting coils. Neither area was a clean room 
area.· In both areas iron chips were present. In 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 1mm 
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 \'/rapped with another 0.5mm of gla"ss. (The 
ground plane and coil to coil insulation is 1.Omm.) I am not sure if the glass 
is volar treated dr not. (I was told that CERN often does not use volar-treated 
gl ass in thei r magnets.) The coil s wi 11 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 

Ap rill 0, 1 981 

I left:~.e"ERN early on the evening of April 9 on a train bound for Lausanne, 
Switzer'v'arid. P. Eberhard of LBL showed me a bit of his hometown. I have 
passed,:,th'rough the Lausanne railway station perhaps a hundred times, but I have 
never "stopped and cl imbed the hill until the evening of April 9. 

Old 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. Ol d Lausanne has its wi ndi ng cobbled streets and a number of 01 d 
churches including the main cathedral. On one hill is the castle ~'1hich 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 stain-lay there are 1 ittl e 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. Old LausaYnne was truly a 
del ight. 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 loudspeakers. 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 metrQ to Luxembourg 
station where I transferred to a suburban line which took me to Orsay. I 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 ~uadrupole 
magnets. 

a) Insulation Problems 

I had long discussions with Desportes and Mdm. LeBar on insulation problems 
assoc i ated with the CELLO magnet. The CELLO magnet is a s i ngl e 1 ayer 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 
\'/aS silk less than 0.5mm thick. The conductor itself had no organic insulation 
on it. The silk was wet 1ayed up with epoxy. The ground plane insulation was 
porous. Several chips apparently penetrated this insulation. The chips were 
found after wi ndi ng and bandi ng and after they shorted the coil to the bore .:: 
tube. The chips \'/ere 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 useq 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 techniqu~s included inspec
tion of incoming materials and a good cleaning of the conductor before it was 
i nsul ated and wound. I remember seei ng the cl ean room used to wi nd CESAR. It 
was quite good--simil ar to the coil wi ndi ng area I saw at BBC 1 ast year. 

The general comment I got from Saclay people was that 0.5mm is considered 
adequate. Oesportes felt we \'/ere 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 wer.e a single block 
coil made up of many 1 ayers of monolythic conductors. Si nce the coil s, were 
large blocks, heat drains were installed to help cool the coils. These magnets 
reacWed nearly 6 Tesla under D.C. conditions. 

Sac1ay built b/o CESAR dipoles for CERN. These magnets were a multiple block 
type magnet s imil ar to the Brookhaven desi gn. The magnets were very expensi ve 
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 l50mm. 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 di po 1 e was cheap to produce, and its desi gn ,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. 
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The UNK desj gn was 1 ater adapted for HERA in both the di po 1 e 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 tri ed to increase the modul us 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 devel opi ng the techni que. 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 I heard about were the rapid cycl ing 
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 O.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 
peak field in the conductor will be 9.0 Tesla. 
Nb-Ti cooled in a pressurized container at 1.8K. 
been done on various options for TORE SUPRA. 

'. 

4.5 Tesla in the TORUS. The 
The 9.0 Tesla conductor will be 
A great deal of study work has 



Fi gure 3. 
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Saclays slotted diple collar for variable depth coils. 
(Th~ X marks the positioh of the coils.) 
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figure 4. Saclays slotted dipole collar for variable width coils. 
(The X marks the position of the coil.) /, 
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Fi gure' 5. 
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A quadrupole collar for a layer \'JOund 
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 Bookl ets from the MT -7 Conference, University of Karl sruhe, Karl s-
ruhe, W. Germany. 

• MT-7 Program 

• MT-7 Abstracts 

• 

• 

• 
• 
• 

• 
• 

List of participants at the conference 

The Proceedi ngs of the MT -7 Conference I EEE Transact ions on Magnet i cs, 
MAG-17, No.5, Sept. 1981 

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

Vacuumschmelze gmbh "Fi 1 ament conductors made of Vacnyflux NS" 

"Vacuumschmelze gmbh Das unternehmen und seine Erzeugnisse" 

"L.R. Turner, "Safety 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 Levitation System with Indifferent or Weakly Unstable Character
istics" 

• LS. Bobrov and P.G. Marston, "Theoretical and Engineering Aspects 
of Momentless Stucturess for MHO Magnets" 

o A.M. Da\'1son et al., liThe United States Superconducting MHO Technology 
Development Program" 

• P.G. Marston et al., liThe Football Test Coil: A Simul ated Service 
Test of Internally-cooled Cabled Superconductor" 

• V.D. Arp, "Stability 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" 
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. Appendix, continued 

• S.O. Hong et al., "Fabrication of the NbTi Compacted Monolith Conductor 
for Elmo Bumpy Torus (EBT-P) Prototype Coils" 

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

• K. Misek and P. Suoboda, "Residual Field of a Superconducting Solenoid >-
\ 

and its Suppression" 

• Yan Luguang et al., "Experimental Investigation of Wax-filled Super
conducting Solenoids" 

• Zhang Yang· et al., "A Superconducting Magnet System for Large Format 
Electro-camera Research" 

Papers obtai ned duri ng my vi sit to the ITP Kerntorschungszentrum Karl sruhe. 

• A. Ulbricht, "A Resistive Superconducting Power Switch with a Switching 
PO\'Ier of 40 MW at 47 kV" 

• P. Turm'lski, "The Stabil ity of Nb3Sn Composite Conductors Cogled 
by Normal and Superfluid Helium" 

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

• P. Turowski, "Experimentelle Pr~fung der Technischwiehtigen 
schaften der NbTi-Leiter fur einen 8T 40 cm Solenoiden" 

Eigen-

• 

• 

Note: For copper PRR = 155 at 4.5K 

P (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 ll KFK 3093 11 

P. Turowski, L.Z. Lin and E. Seibt, Cu and Al Stabilized Nb3Sn Multi
fil amentary Conductors and thei r Stabil i ty Aga i nst Heat Pul ses Under 
Bath Cooling Conditions ll 

• 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. 

• IICELLO - A New Detector at PETRA" 

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

• A. Patoux and J. Perot, IIA Ne~1 Accelerator Superconducting Dipole" 
Suitable for High Precision Field ll 

o J. Perot, ItProtection de Dipoles Supraconductours Par Coupl ange Magne
tique ll 

o J. Perot, °ItDlpoles a Blocs, Parameters Principaux ll 

• J. Perot, ItQuadripole HERA, Parametres et Gtometric" 

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

• J. Deregel, R. Duthil and C. Lesmond, "Superconducting Magnet System for 
the N-N Polarized Target Experiment at Saclay" 

• A. Aymar et al., IITORE-SUPRA - Status Report Concern; ng the Supercon
ducting Magnet after the Qualifying Development Programe lt 

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

• S.G. Ladkany and W.C. Young, IIProblems 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, ItMeasurements of Mechanical and Electrical 
Properties of High Purity Aluminum lt 



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company cir product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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