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I. 

In f tors 
could 
d 

a survey 
accelerator d and then we rank these can

to ease of 

ever, in addition to these 
(see Section III) and also 

or difference between NbTi and the 

wel l as 

must have a 
reasonable cost. 

tors shown in 

deter-

its ease of is a 
cessed ize laments 

can be pro
ex trus ion and cold 

On the other hand, the other 

tens 
order to utilize these materials 

of spec 
group of 

most advanced 

can be deformed 

(See Table I-1.) 

ls 
o. 

Several processes have been which allow Nb to be 
and then converted to 

In the first, called the 
( Cu-13 wt % 

has been 

after deformation is 
process" ( • I-3), Nb 

and then reacted 

for fus Note, however, 
still small necessary for an 

of the SSC, i.e., between 250 and tons of 
, on fields. (See Table I-2.) Two 

of this process are (1) the l ted ductili of bronze 

In 

fabri-

com-

cos anneals , and ( the need to co-process 
th bronze means that the overall current densi reduced. (See Sec 

III.) Alternate processes are under deve most advanced is the 
1 process" ( • I-4) in wh Sn is co-processed 

Nb. Problems assoc with , such as 1 
limited ductili , and the 

is 
wall to 

100 lbs. of ma-
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is 

is on 

of the Proces 
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Fig. 1 A sche~atlc dl~~r~m nf the internal tin 
proccs11. 

the Nb Process" 
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Table I-2. Production Status of rconductors 

t 

Nb Ti Excellent (ductile Present rate 35 tons/yr NM:R $ - $ /lb. 

Sn 

alloy, c ible 
with 

Good, but not as 
ductile as NbTi 

fabrication 
s are 

necessary to avoid 
brittle e 

fabrication 
es are 

necessary to avoid 
brittle e 

ial fabrication 
techniques are 
necessary to avoid 
brittle e 

HERA requ 50 tons 

< l ton 

4 tons MFTF, HFTF 
5 tons LCP 

100 

20 

$ 1 /lb. 

$ 250 -

$1000/lb. 

? 

NOTE: SSC requ s for 6.6 T magnets are~ 2000 tons of NbTi or 
~ 800 tons of NbTi al 

The time scale for the evolution of these processes for fab cation of 
multifil Nb has been quite long; the bronze process was tial 

about 1970, ,9 Nb process 1975,7 and the 
nal-tin process in 1974. The t is due in part to the 
rather complex th Sn and in part to the 

lb. 

lack of a s of conductor. As a result, the trial 
base does not appear the 250-500 tons of Sn 

1000-2000 tons of be required to in construction of the 
SSC 1 

On the other • the industrial fabrication of NbTi is 
th about 35 tons l be , for NMR 

In addition, recent results from the SSC related R&D 
f ant NbTi are possible. As shown in , the 

critical Jc (5.0 T, 4.2 K) ievable ize billets 
has been increased from about 1800-2000 ( ical for the Tevatron and CBA 
conductor p s), to SSC R&D 
cent results with an R&D billet icate values as are 
possible. 
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II. 

indus and ac-
Severa l thousand 

are in use, and no at 11 be 
Three cases that are most relevant for 
for the SSC 11 be ment these 

are the Tevatron accelerator, the HERA ect and the results of the SSC R&D 
program. About 1000 were lt and the Tevatron at 

lab. An addi about 800 magnets constructed over the next sev-
eral years for the HERA ect at DESY. the last 18 months, 8 di 
magnets 1 m th ( and 8 d le 4 m have been built 
and tested as part of the SSC R&D All s performed as 

and indicate, th the be 
uoron, that the SSC des safe 

strate 
Sn 

III. 

used where the magnet 
These app at are so-

s. In the 
were lt for the 

Test Facili 

and the rug-
the use superconductor. 

that the conductor be a rela-
the that the conductor be somewhat less robust 
in the fus ls (to overall cur-

s has led to R&D efforts aimed accelerator coils 
methods, react-after-wind React-

les have been lt at Sac le us 
lt at CERN. s lt at 

A. Current Densi 

SSC R&D program. (See 
can as prog-

before success is assured. models us the 
to demonstrate that the di 

Produced 

lems can be solved. Add 
necessary to demon

the 

Methods 

of ac-

for 



parameters are given in 

cal 

In contrast to 
does not require 

s process could 
However i s 

the e feet 

B. R&D to 

the table, 

Internal Process: 

ments can reduced 
local Cu-to-Nb 

to 

measurements 

s 
produc

or have shown 

to note that 

process 
with 

the fact that 

the las two processes are 

lament 

measurements of a 
that the 

la
Sn 

set of 
the la
in the 

laments was 



Process Method 

(1) Process 
Pure 

( ) Internal 
Pure 

( 

+ 

Nb Tube Process 

Sn + Cu 

NOTES: 

( 

(c) exclud 
local Nb 

( an 

III-1. 

.,. 1 

.,. l 

.,. 2 

.,. l .3 

./'15 
JI> 

( 

Current Densi 
4 K 

Amount of Nb\D) 

21 

( 
(1. :1) 
(l.S:l) 

(l. :l) 
(1.8:1) 

Multi l 

H.T. 
(c) 

1200 

1200'-e) 

2100 

1600 

Ref. 

(25) 

(26) 

( ) 
( ) 

( ) 

( 

(31) 
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of 1. :1( 
t.hat 

However, measure-

core. 

for accelerator 
years) if the 

above Sn 

The Tube Methods: 

the 
Nb tubes. 

la-

Sn the latter method 
the the i a-

ments as smal as for also 
shown Table I and a further of 
s to ~2 µm appears 

C. Some Cost 

The es ted costs are g 
The total cost of $ 
Reference Des 

would be the 
for mode 

were several rounds 
future costs of the 

BNL and 



le III-2. Cost sons 
The Actual Costs 

for 

t 

B ls $ 

2 B . ' extrus 

Cab and 2 
latter for 

TOTALS - lb. $ 

It understood that cons le work 
would be the es future costs 

es that the reduced costs at 
manufacture of about 000 lb. of 

about of 

would be necessary 
mum cost for the SSC. 

tor for SSC 
and Es s are 

son of th for SSC Des 

The 

processes 
would have current densi 

of 

an SSC magnet 
Here we have shown 

current densi f 27 
at from 3 to 8 
1. have been 

K. 

that it would not 

ts 
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too low. 
for outer 

16 

The is 1.3:1 
ls; these values 

le debate over 
of 1.5:1 

effect 

not be 

inner layer Des D 
are found to be ade
the amount of 

a reasonable 
all po 

As 

better 1 t process than if 
constructed NbTL Of course, 

in Table III-1 • III-1 

E. Sn Conductor R&D for SSC 

At when BNL ini 
accelerator there were several 
centrat of R&D efforts. Some of these 
t 1 samples of cand 

here. 

1. to reduce 
in Sect III-B, filaments 

act 
laments. 

were found to 
of the opt 

2. rs to 
reacted with 

formed a th 

conductor s 

3. Alternate methods for 
would lead to more 

costs. Also, some methods 

4. tive sources for Nb 
successful magnet des 

to compete for orders. 
would prepare these 

Table III-3 

the use of 
used for 

were 

re-

the 

methods and lower 
current dens 

to have a 
sup-

R&D 
either funded BNL or var manufacturers us their 

All of these 
for the SSC. 

were addressed. Several proposals 
for cons but were not 

as a result of the mag
lems stated above 

tted 
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Table III-3. Nb tor R&D for SSC 

IGC 
9K 

IGC 

A. tat 

In the 
a way that 

was made 
rather than 

1. The 
for 

for 

Nb tube process for 
Sn 

Internal t 
rol 
mesh 

deve 

process us 
method 

process us 
method and 

1 

us 

the most 
add 

les completed 
and 

found 
but not yet used 

t 

contract 

In progress 

In progress 

to emp 
conductor 

manufacture the 

scheme that had 
and BNL 

are ted 

so well 
be used 

s 
be 
the 

and could be used. 
heat treatment of the Sn 



a method 
ls 

compare d , 

8 

part of the BNL R&D program was 
cable around the ends of the small 

the 

to that measured in s reacted Nb 
the features of des tool 

1. 

cab 

a mandrel bones 
the ends was marked and careful removed 

cable from 
s 

of a Manu Process 

the 
accelerator magnets at BNL there were 

SSC 

solved and 

conductor 
The 

form in 

Status of the Sn t at BNL 

2. 

occurred at BNL 
and 

ls were constructed us 

Calendar Year 1 ; 
ls were constructed. 

assemble 
from IGC 

from IGC. Numerous tests were on 
F the 

ls were 
number 

scovered among the coils 
1 turns of 
ls are assembled 

tested to check whether 

conductor 
t and there 
s s. 

ls were cut into 
of 

cable 

and are be 
table for as-

made the 
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IV-1. Effect of s 
Measurements were 

of cable 

9 

5 

B:: 

conductor. 
, at 6 T three 

and 



• IV-2. 
end of an 

coil at BNL. 
are used to maintain 
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Problems 
After-React Method 

at BNL 

Solut 

Comments: 

React 

Problem: 

Solut 

Problem: 

remove. 

A cost-ef 
used and 
off. 

Comments: A 
stalled. 

were found to enable 
so that the 
not be di 

used 
react 

furnace. A very 
the cable and s 

that was 

used between cable 
to the cable 

furnace and 

of th Prereacted Nb Cable 

Comments: 

Nb and a 

methods as 

copper strands 
to bend. 

made poss 

pro-

paper was 
and vacuumed 

prereacted Nb cable. 
was ob 
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Table IV. (Cont.) 

of Prereacted Sn Cable 

Of 

5. As ls· 

Comments: As the text, the 
have not yet been 

the end 
of SSC 

lt and tested 
for Nb 

Because 
at a 

that one or more 

assem
have been 

methods 

for 

re-

to a re-
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be a role for Nb in SSC if it is necessary to construct a few spec magnets 
th very d e lds or espec ients. However, 

for s the next few years there appears to be no practical alternat to 
the of for the of the main latt of the SSC. 
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