SDC SOLENOID DESIGN NOTE #139
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Fast R.
Wands L.
Stefanik  J.
Krebs C.
Lee

Grozis

. Friend

dustrial partner:

Bartoszek
Grimson
Drennan

PS Associates P. Slys




Conductor Magnetics Vacuum vessel

Coil design EM forces Chimney

Coil winding Quench analysis Supports

Prototype coil, Cryogenics

outer support

cylinder High-current
electrical

equipment

Prototype
cryostat

Assembly of prototype
Testing of prototype

[}

Write procurement design report



Outer vacuum shell--investigated honeycombs, carbon
-epoxy composites and isogrid. Placed contract

with PS Associates, Inc. for feasibility and
preliminary design study of aluminum isogrid,

Chimney--calculated that the chimney must be one
square foot. Preferred route is straight up through
calorimeter and muon system.

° cge &

Supports--studied many possibilities, are concentrating

now on a Warren truss at one end and a system
of radial supports on the other.

Cryogenics--performed heat load analysis and sized

refrigerator. Studied several 4.5-K cooling schemes.

High-current electrical equipment--located vendors for
10-kA power supply, dump switch and dump resistor;
sized bus to surface.

Magnetostatics--using ANSYS studied the effect of iron
calorimeter geometry on coil forces. Studied effects
of axial preload.

Quench analysis--developed a method to use ANSYS
to follow quench propagation and calculate coil
temperature following a quench.






Conductor development--leading to a high-strength

#

low-resistivity Al/Cu/Nb-Ti composite conductor

Development of winding technique and equipment
£

for winding on the inside of the outer suppport

cylinder--with Toshiba as partner

Practice winding at Toshiba
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Chimney viewgraphs from DN #134 were shown here.
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Refrigeration viewgraphs from DN #4134 were shown here.
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FLECTRICA

10-kA BUS

A copper area of 17 §n2 minimizes capital + 10-year

operating cost,
Voltage drop: 5.5 mV/ft  Power loss: 55 W/ft
Capital cost: 400 §/ft Operating cost: 40 $/ft-yr

10-kA, 30-V POWER SUPPLY

Four vendors located: cost $40,000 to $50,000

10-kA MECHANICAL FAST DUMP SWITCH

Three vendors located: cost $20,000 to $35.000

150-MJ, 50-mohm FAST DUMP RESISTOR

Two vendors located: cost $15,000 to $20,000



Viewgraphs of Fig. 2-6 from DN #138 were shown here.



OF FY91

Toward Prototype Coil (3.6 m dia. x 2 m long)

Complete feasibility studies of isogrid and composite
vacuum shells

Fabricate and test scale models of isogrid and
composite shells

Choose shell material for vacuum vessel

Fabricate and test prototype composite and metal
support elements

© @ 3

Engineer radiation shields and support intercepts

s

Choose 4.5-K cooling scheme, diameter and spacing

I

of LHe tubes on outer support cylinder

Genera

SRR

© o

Assist integration efforts at SDC and SSCL

Continue magnetic, structural, and quench calculations

Secure cost and schedule for refrigerator and cryogeni

.

components and for electrical equipment and controls

Obtain cost estimate from consultant for magnet coil
and vessels



FERMILAB STAFF TO WORK ON SDC
SOLENOID BALANCE OF FY91

% Time Individual

0.25 R. Kephart (physicist), working group leader

0.10 B. Foster (physicist), liaison with calorimeter group
0.65 R. Fast (physicist), vacuum shell, cryogenics, project

management and reporting

0.10 J. Grimson (engineer), calorimeter structures
0.15 Stanek (engineer), cryogenic system design
1.00 B. Wands (engineer), ANSYS solenoid magnetostatics and

calorimeter structures

1.00 A. Stefanik (engineer), cryogenic system design, liaison
to SSCL cryogenics group

1.00 A. lLee {@mgm@@ ), ANSYS a analysis of coil preloads,
magnetostatics, quench analysis

1.00 J. Krebs (engineeri mg phys}mg‘i} ANSYS design of supports,
liaison to SSCL for building layout

0.75 C. Grozis [engineerir zg asgm

i ), design of outer vacuum
shell, li

ate
aison to SDC calorimeter and tracker groups

1.00 D. Friend (designer), cryogenic systems, supports, vacuum
shell

Above effort is 6.0 FTE (engineers and designers) and 1 FTE (g@hy% cist).
Two additional FTE drafters/technicians may be needed to meet the FY91
goals. The FY91 budget covers 3.5 FTE engineers.



IL,

A. For the Prototype Coil

(Components ready to ship in the Fall of 1992)

Engineer, design, procure and test vacuum vessel
Choose support scheme, engineer support members

Procure support system components

3 e 3

Procure radiation shields and associated piping

© e

Assemble supports, shields and piping into
vacuum vessel



B. For the Full-size Coil
Finalize 4.5-K cooling scheme, prepare flow schematic
Update heat load calculations, verify size of refrigerator

Finalize design of shield and intercept cooling system,
prepare flow schematic

Design transfer line from surface to control dewar
IFinalize chimney route through detector: design chimney
Continue ANSYS magnetostatic calculations

Assist calorimeter group with ANSYS structural
calculations

Perform quench analysis with AN
coil design

SYS to verify KEK

Write magnet section of SDC Technical Proposal

Continue integration activities with SDC, e.g. cryostat
to calorimeter interface and tracker mounts

Continue integration with SSCL facilities
Prepare cost and schedule information as requested

Write procurement design report for solenoid



FY 92 R & D BUDGET--FERMILAB

ltem Personnel Man-yr  SWF SWF  M&S
(SDC)  (FNAL)

(k$) (k$) (k$)
A. For Prototype Coil

Isogrid outer shell, Grozis 0.50 25.0 0 200
inner shell, Friend 0.25 12.5 0 50

annular flanges

Radiation shields Stefanik 0.25 12.5 0 25
Friend 0.25 12.5 0
Tech +#1 0.50 25.0 0
Supports Krebs 0.50 25.0 10
Friend 0.25 12.5 50
Tech #1 0.50 25.0 0
Chimney, control not
dewar (if reqd) included 0.0 0.0 0 (50)
Assembly Stefanik 0.25 12.5 0 25
Grozis 0.25 12.5 0
Tech #2 1.00 50.0 0
Tech #3 1.00 50.0 0
Travel to Japan, six trips at $3000 each 18

Subtotal--prototype coil: 5.50 275.0 0 428



ltem Personnel Man-yr  SWF SWF  M&S
(SDC)  (FNAL)

(k$) (k$) (k$)
B. For Full-size Coil

Cryogenic system Stefanik 0.25 12.5
Friend 0.25 12.5

Chimney and control

dewar Stefanik 0.25 12.5 0
Magnetostatics Lee 0.50 25.0 0 15
Wands 0.50 25.0 0 15
Krebs 0.25 12.5 x 10
Quench analysis Lee 0.50 25.0 0 10
Coil-calorimeter
integration Wands 0.50 25.0 0 10
Integration, reports, Kephart 0.25 0 12.5
project mgmt Fast 0.75 0 37.5
Stanek 0.25 0 12.5
Krebs 0.25 12.5 0
Grimson 0.10 0 5.0
Computing equipment (SGl work station) 25
Subtotal--full size coil: 4.6 162.5 67.5 85

Total for FY92: 10.1 437 .5 67.5 h13
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