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Magnet types : field harmonics




Field type: shape and function |

Why sextupole ? 8= VFTE

g = charge in Coulombs

¢ = the speed of light in m/sec
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Field type: shape and function Il

NORMAL CONDUCTING MAGNET
OR IRON DOMINATED MAGNETS
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Field type: shape and function IlI

Shaping the field
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Lratho Therefore the flux line (to which the
tana, = ——tana, a5 . . .
Iy 1Mo B is tangent point by point) is

L perpendicular to the shape of the
tana, = —tana, interface between a material with high

#ro . and the air independently of the
‘ U D1 = ay~= . . i
v . 2 shape of the flux lines in that materials
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Field type: shape and function, real
magnet
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But iron saturates |, .....

1.8

-V, N Br— >
121 A —17T
Ay E= —~15T
0.6 TRrrisr —12T
= ra I SIH NS Hc
e S e L et N 10T
01 Bozorth, 1951 s 0.8
—05T
0.6 -
—03T
1.2
H (A/m)
'1.8 T T T T T
-150 -100 -50 0 50 100

Eif?froh, above 1.5-2 T any increase of magnetic field costs a lot of magnetomotive force

Effect of interaction field with the coill

current:

On a conductor immerged in magnetic field

F=1LxB

LT
v—AD

Example for the Anka dipole:

On a the external coil side with N=40 turns, I= 700A, L~2.2 m

in an average field of B=0.25T

‘ F=40-700 - 2.2:0.25 = 15400 N =0.015MN~ 1.5 tons;

0.007MN/m
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moval

To increase the temperature of 1 kg of water by 1
degree C we need 1 kcal=1/4.186 kJ

Losses and he

In a coil of cross section S, total current 1,
per unit of length I,

PIKW ]

Q[l/min] =14.3- AT

P/|[W/m]=§|2
oy =1.72-(1+0.0039- (T —20))-10°Q2-m

To efficiently cool a pipe you need the fluid
velocity be greater than zero on the wall, i.e. the
flow being moderately turbulent (Reynolds >
2000):

R, = dv_ 1400- d[mm]-v[m/s] for water at ~ 40°C
v

Small pipes need high velocity, however attention

to erosion (v>3m/s)!

As cooling pipes in magnets can be considered

smooth, a good approximation of the pressure

drop AP as a function of the cooling pipe length

L, the cooling flow Q and the pipe hole diameter

d is derived from the Blasius law, giving:

In the yoke we have losses due to:
« hysteresis: up to 1.5 T we can use
the Steinmetz law

P[W /kg]l=7n-f-B'®
with 7 =0.01+0.1, about 0.02 for silicon steel

» eddy currents: for silicon iron, an
approximate formula is

PIW /kg] = 0,05 (d, 1o+ B’

where d,,,, is the lamination thickness
inmm

|

Q[l/min]®
d[mm]ﬂs

AP[bar]=60-L[m]-

Normal conducting magnet
construction

\
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Coil production
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An example of technological issue:
the insulation radiation resistance

\
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Dose on a normal conducting magnet in the

(Aon) esoa

@) Normalization: 1.15 10%6 p (30-50 fb1).
7 Computations with E 6.5 TeV relaxed collimator settings

Different epoxy

e
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54 14 >
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Filler contribution
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2 Categories of

- Dose for fillers:
N . " Composition N Dose Range . .
Resins |t Filler (o) | F® 5‘(";’:5"' (MGy) 1. Powder fillers
- 2.Glass/Silice
Papier 100-27-200 [5.14] 13 1-2 Paper [cellufitser{CoH;Ox), ]
Silice 100-27-200 [5.14] 10 > st d £ radi
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Silice (5 micron) | 100-27-20 [s.16] 14.8 10-15 resistance 1 |
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Alum!ne 100-27-220 |4.7| 23.5) Graphite and Alumina
Alumine 100-27-220 |5.14[ 517 20-50
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The limits of NC magnet application
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MATERIALS
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Superconductivity

7 -

\

= °

z

. O 3
2 RRA-30_] =0

E T g

§ k]

. |=RRR-100 =

Z .2 s

o' 1 £

= [_rAr-300 f =

: T I :

3 { &

T — RRR-1000 —ig? 3

z o

E / =

[

o

e
__'Jl" ,,F"' g
- V.' »

14/10/2013

16



14/10/2013

Advancing Critical Currents in Nb-Ti

e
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Superconductor material, but under

which conductor shape

yLl_2E
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The main reason why
Rutherford cable succeeded
where others failed was that
it could be compacted to a
high density (88 - 94%)
without damaging the wires.
Furthermore it can be rolled

+a single 5um filament of Nb-Ti in 6T to a good dimensional
carries 50mA accuracy (~ 10mm).

: : - : Note the 'keystone angle’,
*a composite wire of fine filaments typically _ which enables the cables to
has 5,000 to 10,000 filaments, so it carries [ be stacked closely round a

circular aperture

250A to 500A

SUPERCONDUCTING
MAGNETS

\
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How we can use the SC cable ?

DIPOLE MIAGNETS

HERA
B-477
BORE : 75 mm

Remark: the field here is higher

of ferromagnetic material therefore the iron is pushed out
s where the field is lower and closes the flux lines

Bere : 56 mm

GENERATION OF MAGNETIC FIELDS:
FIELD OF A WINDING

14/10/2013
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Approximate expression of the field

engineering current density

A 4 1000 Je =AcAwAs I¢
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Engineering current density (A/mm:
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.
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Field (T)

we expect the magnet to go
resistive 'quench’ where the peak
field load line crosses the critical
current line *

usually back off from this extreme
point and operate at®
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Creating field: limited by the critical surface
and pald in term of forces / X
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Bending magnets: the
Force(d) evolution
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And what about stresses ?

o 1
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Preventing coil movement: preload
R4
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Adding pre-
compression during
cool down due to
differential thermal
contraction of

Adding pre-
compression at
warm during
mechanical
assembly.

components.
Mechanical
structure and
assembly controlled
by force

Mechanical
structure and
assembly
controlled by
displacement

CNITICAL CURBENT 1% of sere men L)
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Superconducting magnets an

example of technological issue: the
insulation

\
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Stress sensitivity, different materials, new problems, new

technoloiical aEEroaches to coil production

The Superconductor is ductile and The Superconductor is fragile therefore

therefore the finished cable with the SC cable with the SC phase precursors are
phase existing can be used for coil used and the SC phas_e is formed only after
production winding

(in the past react and wind was also tested)
i.e. Polyimide

190° C time linked to
coil dimension

impregnate

Fibre glass

650° C for about 2 weeks

Epoxy or other resin
providing dielectric and

mechanically protecting the
superconductor
CERNN l

The environment as dielectric

Helium and Air Breakdown voltage in function of electrode distance in few
selected pressure and temperature conditions

" T &1 TH
275K P 1 b: ]
/ / [
“—#=75KP 1 bar / / !
275KP5ba /
275 K AIR 1 bar /
/
L/ 1/
// /)
w /

,/ v d

Brekadwown voltage [V]

.///
v / g2
B \~-.,——- = ///
N A\ 7 :V/
\ N » //;/’
\:Wfﬂ

0.001 0.01 0.1 1

Electrode distance [mm]
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The environment as dielectric

The liquid helium is a very good insulator,
but the largest voltages in Sc devices appear during quench
Quench normally create local heating and therefore vaporization of He.
Insulation design shall be performed therefore taking as reference
gaseous helium

During component fabrication tests are performed in air.
Therefore the test voltages shall be a large multiple (i.e. x 5) of the
voltages to be withstood in gaseous helium condition

Sc magnet insulation shall be
1) Capable of withstanding few thousands volts in gaseous helium
2) Withstand high stress
3) Working at cryogenic temperature
4) As thin as possible to dilute as low as possible J
5) Provide good heat transfer

Insulation for Nb-Ti

Enhanced insulation for improved
heat transfer

% i

14/10/2013
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Insulation for Nb3Sn magnets

- In Nb;Sn magnets, where cable =
are reacted at 600-700 °C, the
most common insulation is a tape
or sleeve of fiber-glass.

- Typically the insulation thickness
varies between 70 and 200 pm.

1870 1837

14/10/2013
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Superconducting magnets
construction

|

Example of assembly process: the
LHC Nb-Ti main dipole

— RS

14/10/2013
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Coil winding 11 Preparation for curing

Coll production and collaring

.‘s-.
| ) =

k4

i v A
Collaring press Collared coils ready for cold mass assembly

28
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Cold mass assembly

» ;
Introducing collared coils in cold masses Shell welding

Feet and alignment Instrumentation completion
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Arbitrury cost unit
"~

—— Crawford model Firm 3
I ~o- Wright model Firm 3
e Rest fit Crawford model
==+ Best fit Wright model

11 —
LEARNING PERCENTAGE (% SELECTED REFERENCE INODUSTRIES
o
020 40 60 %6 100 120 140 160 150 20 Industey A
Cumulative preducton [Collared Cel Complex machine tools for new models R
> Repetitive electncal operations Ti%e85%
? Shipbuildeag B00e-88%
AcTospece B5%
Puarchased Parts 85%-88%
Rey \ing o 0%
' Rey I finctaring H95%
I/ Repetitive machining or pusch-press operatioms S0e95%
/ Raw matesials 93406
> o <o TABLET 2 TABLER
LEAZNING PERCENTAGE ACCORDING TO CRAWFORDAND WRIGHT MODELS | 10 0 noy conrs o6 ACeORamNG 70 CHARFED AND WEILHET MOBELS
COLLARED COLLS PRODUCTION ) e MRS PRODRCTIN ;
Fom Crawford Model Wnght Model Fan Crawloed Model Wrsaha Model
Firm 1 5% 51, Fim § [ETH 1%
Fum 2 90t £6% Fum 1 2% 0%
Fiemn 3 E9% £3%, Fum 3 $8% 2%

Thanks you for your attention

|
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