S5C DETECTOR SOLENOID DESIGN NOTE #101

TITLE: Thin Solenoid Design Ideas

AUTHORS: R. Fast, B. Wands, T. Kondo, A. Yamamoto, J. Purcell

DATE: November 16-18, 1989

ABSTRACT: This design note comsists of copies of the viewgraphs shown by

the authors in their presentations at the Solenoid Detector Collaboration
Meeting at Argonne National Laboratory, November 16-18, 1989.






PRESENTATION BY RON FAST (Fermilab)



Bob Kephart Ron Fast John Grimson

Jim Krebs Bob Wands
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Rad. Length

Thickness
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6.4

Inner vac shell-Al
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Inner shield-Al
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COMPRESSED GAS ASSOCIATION SPECIFICATION CGA-341

INSULATED CARGO TANK FOR CRYOGENIC LIQUIDS

General Requirements. . .

3.

pressure o

= modulus

E

where:

length (in), D = diamet
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PRESENTATION BY BOB WANDS (Fermilab)



B ands
W j Vl g%C‘\

EVALUATION OF SOLENOIDAL MAGNETS FOR SSC

PURPOSE

TO EVALUATE THREE SOLENOID GEOMETRIES IN TERMS
OF STRUCTURAL AND QUENCH REQUIREMENTS OF THE

CONDUCTOR STABILIZER AND SUPPORT CYLINDER OVER
A WIDE RANGE OF COIL RADII

ANSYS FINITE ELEMENT PROGRAM WAS USED WITH
REAL B-H CURVES FOR TYPICAL 1020 MAGNET STEEL.
AXTAL DIMENSIONS WERE FIXED, AND RADIAL
DIMENSIONS SCALED FROM 0.5 M COIL RADIUS TO 2.5 M
COIL RADIUS

CURRENT DENSITIES IN THE THREE GEOMETRIES WERE
ADJUSTED TO GIVE THE SAME BDL INTEGRAL AT 90
DEG. FOR A GIVEN RADIUS

RESULTS OF PROGRAM WERE AXIAL AND HOOP FORCES
ON COIL AND SUPPORT CYLINDER, INDUCTANCE, AND
MAGNETIC FIELD. AVAILABLE BUT NOT PRESENTED
HERE WERE FTORCES ON IRON.

RADIAL STABILIZER THICKNESS WAS BASED ON:

A. AXIAL COIL FORCE

B. ADIABATIC HEATING DURING QUENCH (ASSUMING
PEAK 500 V)

SUPPORT CYLINDER THICKNESS WAS BASED ON:

A. RADIAL STABILIZER THICKNESS
B. COIL HOOP FORCE



ALLOWABLE STRESSES

STADILIZER.

HIGH-PURITY ALUMINUM, RRR=T50

MAXIMUM STRESS (COLD) AT 0.1% STRAIN
3670 N/CM**2
(8.7 KGF/MM**32)
(5300 psi)

MAXIMUM STRESS (WARM), 76% OF 0.2% YIELD STRESS
2070 N/CM**2

(2.1 KGF/MM**2)
(3000 PSI)

SUPPORT CYLINDER

STRUCTURAL ALUMINUM (UNSPECIFIED)
MAXIMUM STRESS (COLD) AT 0.1% STRAIN

9200 N/CM**2
(0.4KGT /MM**2)
(13000 PSI)

VALUES WERE OBTAINED FROM STRESS-STRAIN CURVE FOR
2-CM R&D CONDUCTOR IN CDF DESIGN REPORT BASED ON
ASSUMPTION THAT STABILIZER AND SUPPORT CYLINDER
HOOP STRAINS MUST BE THE SAME. NUMBERS ARE
AGGRESSIVE - 0.1% TOTAL STRAIN MAY BE INADMISSABLE
DUE TO CHANGE IN RRR FROM CYCLIC STRAIN EFFECTS.



DESCRIPTION OF THREE GEOMETRIES

CALORIMETER FLUX RETURN SOLENOID

LENGTH = 10 M
FLUX RETURN IS THROUGH THE STEEL PLATES OF A
LEAD-STEEL CALORIMETER

IRON FLUX RETURN SOLENOID

LENGTH = 14 M
FLUX RETURN Is THROUGH IRON ONLY

AIR-CORE SOLENOID

LENGTH = 7.3 M
TRON FAR REMOVED FROM SOLENOID



APPROXIMATION OF BH CURVE
FOR CALORIMETER TLUX RETURN SOLENOID
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STABILIZER AND SUPPORT CYLINDER THICKNESS

STABILIZER AXIAL THICKNESS

BASED ON CURRENT DENSITY, COIL AREA ASSUMED IN
ANSYS, COIL LENGTH AND CURRENT

“ (CD)A

STABILIZER RADIAL THICKNESS

BASED ON ADIABATIC HEATING DURING A QUENCH

(ASSUMING 500 W6§EMMK) ¥¢ﬁgﬁ“%%% 1= rdactance
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ENTATION BY TAKA KONDO (KEK)
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5 1.000 1.972 2.001 1.992
8 1.250 1.948 | 1.994 1.979
7 1.500 1.916 -} 1.986 1.964
8 1.750 1.8758 1.976 1.944
9 2.000 1.823 1.963 1.919
10 2.250 1.758 1.947 1.888
11 2.500 1.678 1.927 ﬂ 1,849
12 2.750 1.580 1.902 1.801
13 3.000 “‘10464 1.868 1.741
14 3.250 1.331 1l 1.820 1,867
15 3.500 1.187 “ 1,756 1.578
16 3.780 T AAT =& 771,669 1,470
17 - 4,000 0.891 8 1.556 1.347
18 4.250 0.758 2 1.419- 1.211.
18 4.500 0.636 1,264 1.068 A
20 4,750 G.533 1.101 g.921
21 5.400Q 0.448 0.942 0.784
22 5.250 0.379 0.795 g.662
23 5,800 0.324 4.667 0.555
24 5,750 0.279 - 3.558 0.4686
25 6.000 (3.243 3.469 0.393
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Technicanl Developments on Superconducting Solenoids for Detector

CELLO : introduction of Al stabilized superconductor,
TOPAZ/CDE/VENUS removal of internal bobbin,

CDF: co-extruded Al stabilized superconductor,
TOPAZ : inner internal winding,

VENUS : CFRP outer vacuuwm vessel,
ALEPH : helivm circulation with thermo-siphon,
ZEUS ¢ _ air-core (iron-free) solenoid,

BESS(AstroMag) ¢ statisc indirect
cooling, honeycomb outer vacuum vessel
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Introduction of a new d@szg‘m concept

- E(stored energy)
7 M(active cold mass)

=H(TD-H(Te) where H = [CpdT.

=
e
§ :
o

R = H(80K) - FI(4K) = 10 kJ/ke

Lh

experiment B (M) M (ton) R (kd/kg)

CDF 30 5.6 5.4
TOPAZ 20 4.5 4.4
VENUS 12 4.3 2.8
ALEPH 137 25 5.5
BESS 0.82 0,12 ~ 7

ZEUS 16 1.9 8.4
~y ACS 120 12.5 9.6 (aggressive)
or 17.4 6.9 (conservative)
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Stress and Strain at B = 2 Tesla

Desig,n

conservative

aggreesive

Hoop Force
o ¢ (coil)
¢ ¢ (cylinder)

strain

Axial Forceat z=0
O 5 (coil)
o 5 (cylinder)

strain

3.4 kgfmm?
4.2, kglfmm?2
0.049 %

X0 kgﬂmmz
~2.5 kgfimm?
~0.029 %

4 kgt/mm?2
7.3 kgf/mm?2
0.086 %

~2.8 kgfimm?
~3.4 kgf/mm?2
~0.041 %

Properties

ninun at 4°K

mate

%/

rial pure Al
(BRRE=750)

22197851 5083-0

606315

Youngs Modulus 6900
Yield Stength ~ 4

Allowable stress o D0

8500 | ~7500
48.4 17.8
-39 - 12

7700 | kgf/mm?
> 20 | kgf/mm?2
~13.3

kgf/mm?




T

ARY OF ACS MAGM

oA CTHIN AIR-CORE SOLENOID INSIDE ALORIMETER, SEEMS
TO HAVE LITTLE INFLUENCE oW HERMETICITY AND @- %53

b
e~

g
SRR
o
<Y
.

2. TECHNOLOGY BXISTS FoR MR-CORE SOLENOID W
Be2T ., L=8M , R=1L9M

THICKNESS ~25CM

v\

LMINLM =~ HONEYCOME
AL ALUMINUM STRIPS
B/ 2 Qe g/

Yy BY QUENCH SIMULATIONS,

AND VERIFIED

T %m«%z\\%%@m%

A A A ! I T %ﬁ%i%ém
%%WM aB/B=1t2 %
- .1 é%%i% A
/(iBxdfineo = 0.97 (f=t0), 081 (]=1.5)

6. FIELD STRENGTH N

BARREL REGONW
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PRESENTATION BY AKIRA YAMAMOTO (KEK)
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One--part epoxy resin

#1 Ground insulating material
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#2 Quter cylinder

Fig.e Cross section of the TOPAZ coil
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TABLE 1. Main parameters of the thin solenoid
for balloon experiments in particle astrophysics.

Dimensions:
Coil diameter. 1.0m
nom. thick. 5.4 mm
ryostat O.D. 1.2 m
length 2.0 m
Useful aperture 0.85 m
length 1.0 m
Central field 1.2 T
Bmayx in coil 22T
Current 520 A
Turns 2368
Inductance 6 H
Stored energy 815 ki
Wall_thickness 0.21 Xo
E/Mef 7 kJdikg
Total weight(+ LHe) 400 ka
Ace force 10 G
Conductor: -
Superconductor Nb.Ti/Cu
. tabilizer Pure Al
HAR in pure AL >1500
NbTi:Cu:AL 1:1:7.3
Quter size . 1.2x1.8mm
Ic (@3.8 T, 4.2 K) 930 A
Je 3700A/mm?2

insulation Kevlar




-

mexqemwwmgmmmw\

13

&

SIA

-

NNOYA

B

(SIXV-4)
180ddns

00¢ ¢

et
C\]o

e

YA

Iwiel
4 3wl
I gE0LS
HAONYEOOONT

SNENL
LNEEENO

[
&
Lo o

AN
Wz g
Wwe L

i
o
o

LS N

HLONFET
R oy e +
T LVISCAYD
HOTH™ “WON

0001 ¢
0Bl ¢

™3

cl¢ - (GWOJAINOH

WANIWATY

19

Xo

o

~
U

0

2



i i ;
e 150 w0 170

R “ADT rx ey

i fadetety
Sl

FIGURE 4. Cross section of the sample coil.
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Quench  Simulation
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PRESENTATION BY JOHN PURCELL (Adv. Cryogenics)
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SUMMARY REPORT OF MAGNET WORKING GROUP
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