J.R. Miller, Solenoid Issues, 1/22/01

                                                                            Summary of solenoid issues

J.R. Mill er

22 January 2001

J.R. Miller, Solenoid Issues, 1/22/01

Solenoid groups

                             ¯ Target

                             ¯ Pion  Capture/Decay Channel

                             ¯ Muon Drift

                             ¯ Muon Cooling

                             ¯ Muon Acce leration

J.R. Miller, Solenoid Issues, 1/22/01

Target Solenoid

General

                             ¯ Resistive magnet nearest the beam for more

                                                efficient field production

                             ¯ WC/H

                                                                                                             2

                                                                                                                    O shield between resistive and

                                                superconducting magnets

                             ¯ Resistive-magnet housing removable as a unit

                                                from shield vessel and superconducting-

                                                magnet cryostat

                             ¯ Assembly gaps fixed at minimum practical

                                                values

J.R. Miller, Solenoid Issues, 1/22/01

Target Solenoid:

Resistive Insert

                             ¯ Bitter-plate construction

                             ¯ Hard-copper conductors

                             ¯ ^Ce rami c~ insulators

                             ¯ 4-coil assembly

J.R. Miller, Solenoid Issues, 1/22/01

Target Solenoid

                                                                                    Superconducting Outsert

                             ¯ Single coil

                             ¯ Force-cooled by supercritical He at 4.5 K

                             ¯ CICC with 316LN jacket and MF-Cu/Nb

3

Sn

                                                cable strands

                             ¯ Pancake-wound construction with He inlets

                                                at the cross-over turns

                             ¯ Radiation-tolerant epoxy-glass insulations

                                                applied after heat-treatment

J.R. Miller, Solenoid Issues, 1/22/01

Target Solenoid

                                                                           Typical insert/outsert sizes

23 MJ

5.4 MW

J.R. Miller, Solenoid Issues, 1/22/01

QuickTime� and a

Photo - JPEG decompressor

are needed to see this picture.

Turn height

Water passage

                                                                                                                       Insulation

layer

Conductor stack,

one turn

Typical subcoil ,

Bitter-plate

technology

J.R. Miller, Solenoid Issues, 1/22/01

                                                                                               Parameters for a Bitter-coil set
producing 10 T on axis

C oil A C oil B C oil C T ot a l s

Insi d e  r a di u s ( m m ) 1 0 0 1 6 8 2 3 5

O u t s ide  r adi u s  ( m m) 1 6 5 2 3 2 3 0 0

H eigh t ( m m ) 3 2 0 4 0 4 5 3 8

N u m b er o f  t u r n s 3 3 2 5 1 8

C u rre n t  (k A ) 6 0 6 0 6 0

N I  (MA) 1 .9 6 1 .5 0 1 .0 8 4 .5 6

V ol tage  dro p  (V) 5 8 3 8 2 1 1 1 7

P owe r  (M W ) 3 .5 2 .3 1 .3 7 .1

                                                                                         P a c k c u r r en t den s it y  ( A / m m 2 ) 1 2 5 6 7 3 6

                                                                                                                V ol tage  dro p  p e r  tu r n ( V ) 1 .7 4 1 .5 6 1 .1 7

D z
t u r n

 ( m m ) 9 .7 1 6 . 5 2 9 . 6

D z
i n s ul .

 ( m m ) ~ 0. 4 ~ 0. 4 5 ~ 0. 5

                                                              D V / D z  a c r oss the  ins u l a tio n  ( V / m m ) ~ 5 ~ 4 ~ 3

                                                                                                            D i a . of c ool ing holes (m m ) 1 .5 1 .5 1 .5

W a ter  ve loc ity (m / s) 1 6 1 1 9

J.R. Miller, Solenoid Issues, 1/22/01

                                                                     Cooling (SFOFO) Solenoids

                                                                                                                     What kind of windings:

                                                                                       Ventilated windings ˘ stable?

or

                                                      Impregnated windings ˘ metastable ?

J.R. Miller, Solenoid Issues, 1/22/01

                                                                                     Advantages of ventilated
windings

                             ¯ Will  not quench or ^train~ under

                                                normal  circumstances

                             ¯ Much larger margin for tol erating off-

                                                normal  events

                             ¯ If there is a quench due to an off-normal

                                                event, most of the energy will  typically

                                                be extracted, resulting in less time to

                                                recool

J.R. Miller, Solenoid Issues, 1/22/01

                                                                     Disadvantages of ventilated

windings

                         ¯ Typically, larger conductors are

                                            desirable to avoid ^wasted~ space

                         ¯ Active protection may be required

                         ¯ A coil case is required

                         ¯ A larger volume of conductor is required

                         J.R. Miller, Solenoid Issues, 1/22/01

                                                                                        Experimental results support
this simple model

100

                                                                                                                    1000

                                                                                                                10000

                                                                                                           100000

0 100 200 300 400

Helium contact

Isolated

Quench energy density (J/m

3)

Conductor current (A)

From "Accelerators and Superconductivity: a Marriage of Convenience,"
lecture delivered at the CERN Accelerator School, 27 November 1986,
by Martin N. Wilson, CERN /87-06

J.R. Miller, Solenoid Issues, 1/22/01

Slide 16

                                                                                  Basic components r equiring

                                                             structural linking in the cryostat

                                                            Absorber

                                                              solenoid

                                                                            pair

Cavity

solenoid

Cavity

                                                         Absorber

Room temp.

LH

2

 temp.

LHe temp.

J.R. Miller, Solenoid Issues, 1/22/01

                                                                                            Cold inter-coil structure

Adjustable shims to compensate
for cooldown shrinkage

                                                                                        The potential fault forces on a set of coils are 2 orders

                                                                                                                  of magnitude greater than the gravity loads