SDC SOLENOCID DESIGA 7/79

KEK Narional Laborarory for High Energy Physics
Oho t-1. Tsukuba, Ibaraki-ken, 305, Japan

Tel: 81-208-64-1171
Fax: 81-298-64-7831
18th, June, 1992

Dr. R. W. FAST

Fermi National Accelerator Laboratory
P.O. Box 500

Batavia, linois 60510

U.S.A.

Dear Ron

Here enclosed is a copy of ransparency of my talk representing the magner
subgroup ai the SDC collaboration meeting held at KEK on May 26 - 29,'92.
It would be appreciated. if you may file the copy into the SDC D/N at Fermilab.

Regards
Akira Yarnamoto

P50 Tam now ut Lynn Lake,Canada. You may reach me, when you need it, at
the TEL/FAX number of 204-356-8318 (Dedicated line).
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Table 5-2
Baseline design parameters of SDC solenoid.

Dimensions:
Cryostat

Coil

Conductor
Outer support cylinder

Inner radius

Quter radius
Half length

Effective radius

Half length
Thickness
Thickness

1.70 m

2.05 m
4,389 m
1.84 m
4.12-4.18 m
44 mm

31 mm

Electrical parameters
- Central field
Neminal current
Inductance
Stored energy
Stored energy / cold mass
‘T'ypical charging time

8,000 A
7.4 k/kg

1 hour

Mechanical parameters
Effective cold mass
Total weight
Radial magnetic pressure
Axial compressive force
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Design parameters of the SDC superconductor.

Aluminum stabilized superconductor

Superconductor material Nb Ti/Cu .

Stabilizer Al (99.999% 4200 ppm Zn)

Area ratio (Nb/Ti/Cu/Al) 1/1/29.8

Conductor size 43.8 x 4.37 mm?
Superconductor strand

Strand diameter 1.277 mm

Nb Ti filament diameter 20 pm

Number of filaments. 4100
Superconductor cable

Overall size 6.4 x 2.5 mm?

Number of cables 10 (2 % 5)

Cabling pitch 50~60 mm

Je in Nb Ti (at 5 2 K 2

Critical current (
@hm&m@m%mm of stal mb?@x

REB (Aj,); 500
Yield Strength of Al (at 77 K) 67 MPs
Shear strength b/w Cu / Al 20 MPa

Conductor welding joint
Joint resistance (at 4.2 K) <107 Q
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FIG. 5-9. Stresses as a function of axial position (a) on support cylinder,
(b) on superconducting coil, and (c) on epoxy joint.
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(a) section view, (b) enlarged end view.
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Table 5-16

Design parameters of the prototype R&D solenoid.

Dimensions
Cryostat Inner radius
Outer radius
Half length
Coil Effective radius
Half length
Conductor Thickness
Outer cylinder Thickness
Transparency Radiation thickness
Interaction length
Electrical parameters
sentral field
Nominal current
Inductance
Stored energy
Mechanical parameters
Effective cold mass
Total weight
Radial mag. pressure (Qz =0)
Axial compressive force
Maximum hoop stress
Maximum axial stress
Maximum shear stress
Peak field in coil
Load line ratio

1.70 m
2.06 m
1.17 m
1.85 m
0.95 m
33 mm
1.23 Xy
0.26 Ag

48 MJ
10 kJ/kg

4.5 tons
8 tons
1.73 MPa
16.7 MN
—19 MPa
62 MPa
3.8T
0%
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DEVELOPM
HIGH STRENGTH AL STABILIZED SUP

WHY IS IT NECESSARY?

- Present superconductors used in CDF, TOPAZ etc.
are mechanically too weak to sustain electr romagnetic
force at B = 2 T.

- Mechanical @@s,@;g@ﬁ under elastice boundary condition
is desired in the SDC thin solenoid to be loaded with
combined stress in terms of hoop and axial
components (2 1. = S¢- S2)

GOAL OF DEVELOPMENT

- Yield Strength (0.2%) at 4.2 K >

HOW TO IMPROVE MECHANICAL STRENGTH?

- Specially Additional Impurity Zn (200 ppm)

- Mechanical Cold Work

Drawing and/or
Rolling (10 - 20 %)
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RRR

SAMPLE D

800

O NOCURE (rv)
600 N (5)

A REDUCTION 5 % +130°_ 10H 1
o REDUCTION 5 % +130°C x 15HT

o ~
Colb WoRK
» HEDUCTION 10 % +130°C x 10H

400F  w REDUCTION 10 % +130°C x 15H

o PEDUCTIom In%e + 130°C X [BW =2 T Kk

2007

() L T } i : ] ) |

() COLD WORK REDUCTION

0 1 2 3 4 5 G 7
0.2% YIELD STRENGTH (kgH/mm?)

RAR v.s. Y/S In SAMPLE D
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A STRESS- STRAIN CURVE OF HIGH STRENGTH
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MECHANICAL CHARACTERISTICS OF SDC

SUPERCONDUCTOR

TEST RESULT

ITEM before Curing after Curing
S C Strand RT 77K 4.2K RT 77K 4.2K
T.S. [kgf/mm?] 88.9 121.1 150.3
(88.7)  (121.0) (155.7)
(89.4) (121.1) (144.9)
(88.6)  (121.1)
Y.5.(0.2%) 40.2 47.4 76.9
[kgf/mm?2] (42.9) (46.7) (76.9)
(38.6) (45.0) (76.8)
(39.0) (50.4)
Elogation [%] 3. 1.5 1.6
( 3.0 ( 1.5) ( 1.6)
( 3.0) ( L5 ( 1.6)
( 3.0) ( 1.5)
Stabilizer CAL ) RT 7K 4.2K RT 77K 42K
T.8. [kgf/mm?] 6.3 14.7 30.4 6.0 14.5 30.2
( 6.2} (14.6)  (30.6) (6.0) (14.4) (30.2)
( 64) (147  (30.1) (6.0) (14.5) (30.2)
YV.5.(0.2%) 6.0 8.0 9.7 5.2 . T4
[kgf/mm?] 6.0 ( 58) (800 (100 5.4) ( 6.6) ( 7.0)
T ( 6.2) 7.9y { 9.3) 4.9 ( 67 ( 1.7
Elogation [%] 22.4 53.9 55.0 334  o6ld4d 547
(23.0)  (85.4)  (55.0) (32.8) (64.2) (58.6)
(21.8) (82.4) (34.0) (58.6) (52.7)
RT 77K 42K RT 7K, 4.2K
T.8. [kgf/mm?] 11.2 17.9 107 16.8  30.2
(11.2)  (17.8) ) (10.7) (16.7) ( )
(11.2y  (17.9) ) (10.7) (16.8) ( )
Y.5.(0.2%) 10.3 11.2 7.9
(kgf/mm?] (10.2) (110 ) (8.0) (7.7) ( )
(10.3) (1L4) ) (7.8) (84) ( )
Elogation [%] 10.8 15.6 11.9  16.8
(11.0)y  (15.3) ) (11.9) (16.8) ( )
(10.5)  (15.8) ) (11.9) (16.7) ( )
Shearing(Al/Cu) RT 77K 42K RT | 7TIK 43K
[kgf/mm2] 2 3.9 5.8 4.5 37 57 87
( 3.9 (54 (4.5) (3.9) (6.6) (8.7)



CHARACTERISTICS OF SDC SUPERCONDUCTOR

ITEM SPEC before Curing after Curing
Diamension(mm)
Strand Dia. 1.277 1.273
Cable
thicness ~2.5 2.34
width ~6.4 6.14
Conductor
thickness(L) (4.42) 4.42
(8) (4.32 4.35
width 43.8 43.8
corner 50.5 0.4
Al/Cu/NbTi Ratio  27.9/1/1 27.9/0.9/1
Twist pitch(mm) 27
1C(A)*1
at 3.0T 23950 24580 *2
at 4.0 T 19750 20250
at 5.0 T 216000 16025 16475
at 6.0 T 12600 13075
at 7.0 T 92285 9500
at 8.0 T 5890 6120
4.2k,10-110cm
RRR Al Cu Al Cu Al Cu
at 0T ~600,100 497 95
at 1.0 T 215 79 243 81
at 2.0 1 162 66 198 67
at 3.0 T 140 55 184 56
at 4.0 T 127 47 178 48
at 5.0 T 118 41 176 42
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FIG.10-1

SCHEMATIC VIEW OF THE PROTOTYPE
COIL WINDING MACHINE
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Purpose:

The SDC solenoid is required to be thin in terms of
radiation lengths. If this shell were made with conventional
techniques (e.g. Welded shell of solid aluminum ) then it
would be a major contributor to the overall thickness of the

coil in terms of radiation lengths. (.3 Ar) For this reason the

SDC magnet group began a program to develop an
improved technique to fabricate this shell.

outer radius

total length
High Reliability

Radiation tolerant

Safe - predictable

8.72 m
metallic - welded

> 6 megarads
(10 yrs @ 1034 cm-2 s-1)

built to ASME/CGA codes



The outer vacuum shell thickness for a solid shell is

L
determined by elastic stability criterion for a cylindrical shell
under external pressure.

The SDC magnet group evaluated vari ous fabrication
tec hm@w@ intended to achieve the equivalent stiffness of a
solid plate but with much less material.

We chose to pursue R&D on two techniques that we gm‘%@@d
most likely to lead to a practical shell that would meet the
requirements of SDC:

=
St

R&D is in progress at this time on both techniques. | will
discuss our progress and plans:



o  Near optimal use of material for high stiffness

S

e High Thermal Resistance = => Weld able

e  High Reliability (no epoxy adhesives)



Honeycomb OQuter Vacuum Shell

Aluminum alloy AB951/A4045
Total thickness 45 mm

e

Skin thickness 3.0 mm + 3.0 mm

Skin layers double

Node configuration hexagon

o

Weight reduction ratio 1/3.83

Radiation thickness 0.08 Xo



CORES

ASSEMBLY OF

COMPLETED PANEL
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soncept

| 3 POINT BENDING

with Bending Roller

4 POINT BENDING

R W\u . P

ﬁ\\iw“"ﬁmﬁmmwwfi Zi

Shearing Force
Distribution

Bending Moment

Distribution

Possibility of

Expected
Cares Callapsed ¢ None
Possibility of Expectad None
Shearing Deformation
gﬁ@m@ Size Limited

Long




HONEYCOMB VACUUM STRUCTURE

RESEARCH AND DEVELOPMENT
(3RD EFFORT)

4 POINT PNAEL BENDING WITH CONSTRAINT FIXTURES

e
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1. BENDING SUCESSFUL DOWN TO R/T RATIO OF 46 WITHOUT
BUCKLING,

2. RADIAL SPRING BACK OF 10 % OBSERVED AFTER
RELEASING,
SAIPLEN
3. YE-BACK- SAGITA OF 15 MM ,

(IT COULD BE ELIMINATED WITH ANOTHER CONSTRAINT
FIXTURE).
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» A lattice of intersecting ribs forming
equilateral triangles.

an array of

e |sotropic (no directions of instability or weakness

o Efficient use of material for either compression
and/or bending

Lightweight

Proven analysis technia

Can be optimized for wide range of loading
intensities

kS

Readily reinforced for concentrated loads
and cutouts

ular pattern of nodes provides attach
vints for other structures




Large experience base :

e programs, extensively
military, and industry.

milab has received structural analysis and
gineering design assistance from P.
Associates

Companies with ISO grid construction

experience are av@ﬁ@m@ f &D and for
production of final shell. (e.g. machining,
welding, bending)




hining

Panel size - 0.63mx1.1m (two panels)
Panel thickness - 46 mm

Sin thickness - 4 mm

Radius Formed To: Thickness
Plate 1  2.05m . 46mm
Plate 2 2.05m 46 mm

CONCLUSIONS

1. No significant problems in brake forming plates if skin is
on outside radius. No buckling or web crip
observed.

2. Small deformations observed near edge
nodes...understood and easily fixed ===> no problems
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Technique is likely to be successful but somewhat
less efficient than Aluminum honeycomb.

SDC magnet group decided to fabricate prototype

shell using this technique. (3 Al plates 2.5 mx 5 m
are on order from Alcoa)

We will fabricate a large test panel from 5083-H321.
This will have exact circumferential and longitudinal
weld configurations as Prototype shell. Test panel
will be formed to 2.05 m radius.

More weld joint tests will be done with 5083-H321

Decision for final shell will depend on outcome of
Honeycomb R&D effort,
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indicated.

Table 5-17

schedule for the prototype solenoid and the production
solenoid. The Japanese fiscal year begis

ns April 1 of the year

JEY1992
JEY1993

JEY1994

JEY1995

JEY1996

JEY1997

Magnet Development
m&mgup@m@mdmmr fabrication (by Mey )12
Windi d@if@i@p ment by Tuly )
m@m@r support cylinder fabrication
um Waﬁ development

( Sapt ~ pec )

-~ @Wﬁgmm element fabrication
—Assembly of the magnet
—Cool-down and excitation in air

Production Magnet Fabrication

~—Superconductor fabrication
—Cryostat element fabrication
—Coil winding

-Magnet assembly
~—Magnet assembly continued
—Cool-down and excitation test in air
—Transportation to SSCL
——Cool-down and excitation in iron
—Field mapping




?H§§ﬁ£€§?§%%§ﬁm BOUNDARY CONDITION OF
B=2.0T AT X=1.2X0o WITH Z(Fe-END)=4.783 m ,
Aﬂ% @@ L= 0.62m AND Fz(COIL)=1300 tonnes
WITHIN ACCEPTABLE FORCE LEVEL. ~

THE SUPERCONDUCTING COIL MAY BE SUPPORTED
WITH 2 x 6-FOLD RADIAL SUPPORTS AT BOTH AXIAL
ENDS AND WITH 14 (=12+2) AXIAL SUPPORTS AT THE

CHIMNEY END. THE AXIAL SUPPORTS REQUIRE
Xay =3.6X0 AROUND n=1.5 WITH IN A REGION OF 6%

OF CIRCUMFERENCE.

' MAY BE SUPPORTED WITH 8-FOLD.
: BARREL CALORIME
RT m PREF
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AT 4.2K

PERCONDUCTOR OF 6km HAS BEEN

B % BR

JLETED. IT MAY SATISFY TO HAVE 60.2=67MP&

COIL WINDING MACHINE IS BEING DEVELOPED. THE

PROTOTYPE COIL

IS

TO BE WOUND BY THE END OF

THIS YEAR.

EPOXY BOUNDING

SHEAR-STRENGTH ME

%ﬁ%ﬁ;‘%m@ %@&W

A
=S TAKEN FROM THE

FIRST wgmm
A FACTOR 10

OUT IN %@%
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