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Short m
odel 0.5 m

eter design rem
inder 

Im
age of Cross section is  as full length m

agnet
Short m

odel 0.5m
 

Glyn A. Kirby  CCT update Dec 2016
3



LH
C dipole N

b-Tiw
ire 0.825 dia

1.9:1 Cu:Sc
w

ith PVA 
or PEI enam

el coating, then S2 Class 0.05m
m

 thick 
sleeve, Resin Im

pregnated 
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Courtesy of : Am
alia Ballarino

&
 Angelo Bonasia 

Conductor section &
 CERN
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W
inding in 927 of 1m

m
 x 5m

m
 deep test
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1m
m

 x 5 m
m

 deep w
inding test.

Tight to get glass insulated w
ire into slot w

ithout dam
aging the insulation but w

as achieved!   
Form

er has som
e sharp edges. That w

ill need rem
oving on next m

odels. 
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1m
m

 dia
cutting tool

35000 rpm
Problem

 tool dam
aged 

0.5m
 m

odel  m
/c

W
hen w

e m
oved to the full 0.5m

 long short 
m

odel the tool broke!  Long story. 
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Slot and 
tool Ø

turns in 
form

er

W
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each slot 
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er 

m
in w

all 
thickness  
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w
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retrun 
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Cost Reduction Im
provem

ent Idea's 
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M
agnetic Field O

ptim
ization

•
To achieve 5 Tm

 field integral w
ith less than 10 units w

e first determ
ine the m

axim
um

 field in one aperture that w
ill 

not pollute the field quality in the adjacent aperture. -15
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M
ore com

plicated than one plot, 

Exam
ple of one configuration Presenting harm

onic solution due to high 
field in the adjacent aperture

2.59 T
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Slot and 
tool Ø
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Form
er  Therm

al contraction !!!               1930m
m

 
Alum

inium
    -4.19 m

m
/m

                            8.0 m
m

   
Alu

Brass        -3.24 m
m

/m
                          6.24 m

m
std barass

-3.83 m
m

/m
 (0.283%

)           7.4 m
m

N
b-Tiw

ire      2.97 m
m

/m
                            5.73 m

m
 

1x5  742 turns 
5X5    149 turns
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First 3T sam
ple #22 therm

al contraction test at C
E

R
N

, 
B

dg.927, 30.04.14

1.
A

l sam
ple (A

-201 A
li) –

3T order Q
5663D

-12 (M
2673).

2.
C

ooling in the tem
perature range 294K

 > 10K
.

3.
R

esult: therm
al contraction dL/L = -4.15 m

m
/m

 (-0.415%
) 

is very close to reference m
aterial A

l-7075 dL/L = -4.19 
m

m
/m

 (-0.419%
).
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A
l-bronze sam

ple therm
al contraction test at C

E
R

N
, 

B
dg.927, 15-16.08.16

1.
A

l-bronze (C
u-81%

,A
l-10%

,N
i-5%

,Fe-4%
) sam

ple, Lo = 
298.6 m

m
.

2.
First cooling in the tem

perature range 296K
 > 11K

.
3.

R
esult: therm

al contraction dL/L = -3.27 m
m

/m
 (-0.327 %

) 
-the closest reference m

aterial is C
u O

FH
C

 dL/L = -3.24 
m

m
/m

 (-0.324 %
).
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Voltage M
ap, an overview

  

-L di/dt

IR
-L di/dt

Tw
o layer CCT w

ith 5 w
ires 

on each layer.
O

nly one layer quenching 

This is for the 1 x5 design 

W
ith m

ore joints the 
voltage is spread. 

Glyn A. Kirby  CCT update Dec 2016
15



N
ew

 test form
er w

ith 2m
m

 x 5 m
m

 slot 
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2 m
m

 x 5 m
m

 slot w
ith 10 w

ires coil W
inding 

w
as successful
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2 w
ide x 5 deep turns
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M
agnet Insulation 

•
Glass sleeve im

pregnated w
ith CTD 101K or CTD 422 !  

Tests = < 2kV
•

Enam
el coating in w

ire,  w
e are still looking for com

pany to coat our old lhc
w

ire , three com
panies contacted  w

aiting for reply = 700 V
•

Alum
inium

 6000 Form
er coating Anodizing 60 um

 to 80 um
  up to 4000 V 

•
Tutn

to turn = 2kV to 3kV 
•

Coil to form
er =  2 -3kV,   ( w

ith Anodized form
er 6 -7 kV w

ith coating. 
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H
ard Anodizing on alum

inium
  for electrical 

insulation  and radiation hardness! 
Layer build up 0.04m

m
2000 to 4000 V

Form
er 

50%
 

50 %
 

Layer 
thickness

Build up

0.3m
m

 rad
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M
aterial H

ardness v U
TS
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N
ew

 coil w
inding M

/c search visit this w
eek

http://w
w

w.w
hitelegg.com

/products/w
ire-form

ing
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Im
pregnation 

•
CTD101K or later CTD422

•
3 to 6 Bar LN

2

3 -6  bar pressurized m
ould 

under design and w
ell be 

tested later in the project 

130 C  heating
? 
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Test Planning 1
stm

odelw
1

w
2

w
3

w
4

w
5

w
6

w
7

w
8

w
9

w
10

M
achining inner tube 

M
achining outer  tube 

W
inding 0.5m

 inner form
er 

W
inding 0.5m

outer  form
er 

jointing 
yoke assem

bly 
 Cold test !

Xm
as 

jan 
Feb

CCT Cold test 

1m
m

 x 5m
m

 design

Vacuum
 bag 

im
pregnation for 

this 1
stm

agnet 
Glyn A. Kirby  CCT update Dec 2016

24



Project Sum
m

ary
•

The D2 orbit Corrector (CCT) m
agnetic design is now

 fixed in term
s of:

•
Conductor type ( using LHC dipole outer strand w

ire N
b-Ti0.825m

m
 dia

1.9:1 Cu/Sc) 
•

Coil geom
etry ,N

um
ber of turns of conductor, coil length. 

•
M

achining Tests have led to the need to change from
 a single w

ire in a m
achined slot to a 2 w

ire in one slot design 
this does not change the m

agnet length. 
•

W
inding tests w

ere successful and this is the new
 base line design. 

•
This also had a significant reduction in the m

achining cost ~ factor 8.
•

M
oving to w

ider and w
ider slots w

ith m
any w

ires in each slot is a possibility how
ever at the com

plexity of m
ore joints. W

hich
for this design is not easy!  

•
The w

ider slot w
ith 2 w

ires also gives larger stronger w
alls betw

een slots and a tougher com
ponent. 

•
Insulation system

s
•

W
ire Insulation.  W

e are testing a Polyim
ide coating on the strand then w

ith a glass sleeve im
pregnated w

ith CTD101K to give 
extra insulation and m

echanical support. 
•

The CCT coil form
er m

aterial selection is under review
. 

•
Initially : Alum

inium
 Bronze w

as selected, for its free m
achining , therm

al contraction , and heat extraction. but the is nota low
 cost option 

and is difficult to electrically  insulate. During quench w
ill extract som

e energy from
 the coil, not essential but help a little.

•
Alum

inium
 6000 series: can be hard Anodized giving ~ 4kV insulation! , is less expensive, and easy to m

achine. Testing of the
anodized 

electrical insulation has started, and w
ill extract energy during quench.

•
A third interesting option is :   a GRP w

ith radiation hard resign cyanate ester blend, insulating m
aterial, bonding of the glass sleeve w

ould be 
very good to the GRP form

er. (for consideration, not for now
) the draw

ings w
ould not change only the m

aterial. 
•

The 1m
m

 w
ide slot test coil is being m

achined and w
ill be w

ound in January if the m
achining is successful. 

•
Full length m

aterial is in stock at CERN
 , 3m

 long Alum
inium

 bars, w
e are now

 investigating the m
achining of the full 

length 2.2m
 design w

ith the 2m
m

 w
ide slot. And testing the new

 joint box w
ith its  10 joint design. 

•
W

e are looking for a com
pany that can insulate the w

ire. W
aiting for offers!

•
Cold testing of the first coil planned early in 2017. 
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