SDC SOLENOID DESIGN NOTE 166

TITLE:  Minutes of the SDC Magnet Subgroup Meeting
AUTHOR: Akira Yamamoto

DATE: November 22, 1991

This design note consists of the viewgraphs that Akira Yamamoto
presented at the SDC Magnet Subgroup meeting at Fermilab on Nov 7-8, 1991
and the minutes which he took at that meeting. The viewgraphs associated
with the design of the detector solenoid are in the front; those for the
prototype magnet are at the back.



MINUTES OF THE SDC MAGNET SUBGROUP MEETING

DATE : Nov. 7~8.'91
AT : FERMILAB
ATTENDANTS : R. FAST, B. RICHARDSON, B.KEPHART, J. KREBS,
B. WANDS, R.STANEK, D.FIELD, A.LEE, C. GROZIS,

1. DETECTOR (MAIN) MAGNET DESIGN

(1) Impact of re-entrant iron on MAGNET

-Tron re-entrant should not get into

coil region in Z axis. ,
important
7 coil end < Z iron pole end

-Reason:
-Axial compressive force is safer than repulsive force
in coil.
-Decentering force should be smaller.

(2) Cooling Scheme
Forced 2f He flow may be better because its less physical space requirements in
R direction.

(3) Support
-Three option have been discussed. Two of them (Warren Truss & Separate
Functions) are still candidates. Separate Function requires less radical space
and smaller thermal loads, Warren Truss may distribute force uniformly.
Study will be continued in Prototype Magnet.

(4) Vacuum Wall
-All brazed (Metal) Honeycomb Wall at KEK. It may be a strong candidate for
the main magnet.

(5) Dimensions: (Drawings will be brought by T.KONDO)
-It has been reported by A.Y. that. The Magnet could be made in a region of
1750 £ R < 2050.
-The present Magnet envelope of 1700 < R < 2050 has been kept. Because of
possible Warren Truss support option. And for other un-certainties.

2. TECHNICAL PROPOSAL

-See attached sheet & ( an outline given you from KONDO)

-(Zeroth) draft by Nov. 20 7> A. YAMAMOTO
-First draft from A.Y. » All by Nov. 29




3. PROTOTYPE

-Vacuum vessel dimensions: <hould be 2060.

IR = 1700, OR =2050 < Rt
O-ring seal will be applied to inspect the coil after Magnet Test.

-Support
Separate function may be better. Transparency will be checked before
decision.

-Schedule plan
Detail discussed
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Table 3-1. Design parameter of the SDC thin solenoid.

in air in iron
Dimensions:
Cryostat Inner Radius 1.75 m
Quter Radius 2.05m
Half Length 4.0 m
Coil Effecuve Radius 1.85m
Half Length 375 m
Coil + QSC 44 + 31 mm
Tracking Aperture Radius 1.7 m
Half Length 4.0 m
Transparency Radiation Thickness 1.2 Xo

Interaction Length

Electrical Paramerters
Central Field
It B, dl (m=0)
(m=1.0)

(n=1.5)
MNominal Current
Inductance
Stored Energy
EM

Mechanical Pamamerers
Eifecrve Cold Mass
Total Weight

Radial Magnetic Pressure (@z=0)

Axial Total Compressive Force

Superconductor
Nb.T1/Cu /Al rato
Overall conductor size

Load Line Ratio (@ 2.27T, 4.2K)

RRR of pure Al (@ B=0T)
Yield Strength of pure Al

18  tons

723 tons

1.6 MN/m?
18 MN

0.5 /0.5 /29
4.37 x 4.4 mm?
50 %

600

65 MPa

3.6 T.m

8,000 A
4.6

160 MI
8.9 kl/kg
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PIMENSICN S
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Table 3.14 (a). Cooling design paramerers in the iniral cool down.

Concepts for cooling of coil and radiation shield;

- Single cryogen of helium, GHe or LHe,

- Indirect forced two-phase helium flow in coil cooling,

Indirect forced GHe flow in radiation shield cooling,
- Single loop in each pass, coil and shield.

Boundary conditions:
Coil cold mass
Coil (AD specific heat
Coil enthalpy

(alumninium)
(@ 300 K)
(@ 300 K

Coil coid mass heat capacity (300 - 4.2 K)

Radiadon shield mass

Shield enthalpy difference

Shield cold mass energ

(alurminivrm)
GO0 -T7T K)
(300 - 77T K)

Coil and shield cooling tme

Temeramre difference in coil during cool down

Desired emp. difference b/w coil and shield

Inidal cooling conditons:
- Coil:
Initial cooling speed

Tnitial heat capacity in coil
Heat exchange efficiency

Initial GHe inlet temperature  (Teoit=300K)
Initial GHe outlet emperature
GHe delta-h (enthalopy) bfw 290 -250 K

GHe mass How required

Initial cooling power

Cooling 1ime extraporaied

Initial inler pressure

Pressme drop in cooling pass (25 mme.eq.x 2635 m)

- Radiation shield:
Initial cooling speed

Tnitial hear capacity in radiarion shield

Heat exchange efficiency

Tnitial GHe inlet wmperature  (Tcoil=300K)
Inital GHe outlet emperare
GHe delta-h (enthalopy) b/w 290 -250 K

(GHe mass flow required

Initial cooling power

Initial inlet pressure

Pressure drop in cooling pass (14 mme.eq.x 550 m)

18 tons

0.86 ki/kg.X
170 ki/kg
3.1 GI

1ton
160 kl/kg
160 MY

<14 days
< 50 K

1 K/hr (=2.8E-4 K/s)
15.5.MI/K

0.8

250 K
290 K
209 kl/ke

21 g/s (420 Nm-/hr)
4.4 kW

195 hr (8,15 days)
0.7 MPa. A (7 atz)

(.2 MPa

1 K/br (=2.8E-4 K/s)

860 kJ/K
0.8

250 K.
290 K
209 kl/kg

12g/s (=24 Nm3/hr)
250 W

0.7 MPa. A (7 ama)
< (3.035 MPa
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Table 5-1. Requirments on the SDC cryogenics

General requirements:
Refrigerator: (e C&Q«Q;; o ee w et %)
Refrigeration capacity (@ 300 K) 5000 W 77777
(@ 60 K) 500 W and
(@ 4.2 K) 600 W ord50 W +50/h
Total mass flow capacity in compressor 100 g/s  (=2000 Nm3/hr)

Mass flow capacity into magnet shield line
Helinm gas recovery capacity
Purification capacity

Control dewar:
Lig. He resouvior capacity 5,000 1
Heat exchanger capacity m
Thermal load (@ 4.2 K) 7

(@ 60 K) 777

Transfer lines:

Length
Thermal load

Magnet thermal load condition (typical)
- Initial cool down
Mass flow
Pressure head

- Steady state condidon )
Mass flow capacity 25 gfs (=500 Nm3/hr)
Inlet quality

- Excitation
Mass flow capacity

- Quench recovery
Mass flow capacity
Liq. helivm consumption
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Table 7-1. Design parameters of the prototype R&D solenoid magnet.

Parameters Main Coil Prototype Coil
Dimensions:
Cryostat Inner Radius 1.75 m 1.75m
Quter Radius 2.10 m 2.05m
Half Length 4.0 m 1.2 m
Coil Effective Radius 1.85 m 1.85m
Half Length 3.8 m 0.95 m
Coil +OSC 44 + 31 44 + 31 mm
Tracking Aperture Radius 1.7 m 1.7 m
Half Length 40 m 1.2 m
Transparency Radiation Thickness 1.2 Xo 1.2 Xo
Interaction Length 0.25 Ao 0.25 ho

Flecrical Parametwers
Cenural Field

Int. B.dl (nn=0)
Nominal Current
Inductance

Stored Energy

Mechanical Parameters
Effectve Cold Mass
Total Weight
Radial Magnetc Pressure (@z=0)
Axial Total Compressive Force
Maximum hoop stress
Maximum axial stress
Maximum shear stress on bonding
Mazx. shear soess on bonding

Peak field in coil
Load line Rato

20 7T
3.4 T.m
8,000 A
4.2 H
133 MJ

i

21 tons
1.67 MPa
17.7 MN
41 MPa
=21 MPa
62 MPa

< 10 MPa

-

Ll
foes 3

8
50

Loy N3
S

o
o

~
wgpos

11,250 A
0.68 H
48 MJ
10KT/ kg

4.5 tons
8 tons
1.73 MPa
16.7 MIN
43 MPa

- 19 MPa
62 MPa

38T
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Table 9-1. A plan for the schedule for development of the SDC thin solenoid.

Year
JEY1990 B 4D}
(Apr./90-) - High swength Al stabilized superconductor
-Inner winding technique
JFY1991 Prototype ( 1/4 1. ) Coil Development
(Apr. /91 -) - Superconductor ( 6 km ) fabrication
- Coil inner - winding machine development
JEY1992 - Coil winding
- Cryostat element
JFY1993 - Assembly of coil and cryostat
: - Cooling and excitation test
- BEvaluation and engineering design report
JEY1994 Main Magnet Fabrication
- Superconductor ( 25 km )
- Cryostat element
JFY1995 - Coil winding
- Magnet assembly
JFY1996 - Cool - down and excitation test in air
- Transportation to SSCL
- Installation into the SDC detector iron structure
JFY1997 - Cool - down and excitation test in iron

- Field measurement
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