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SDC Design Note 141

A Truss Support System for the SDC Superconducting Solenoid

Jim Krebs

Introduction

The purpose of this work is to determine a feasible method of supporting the
SDC superconducting solenoid inside its vacuum chamber. The cryostat assembly is
located internal to the barrel electromagnetic and hadronic calorimetry. This
geomebry requires that both the coil and the cryostat be "thin® in terms of
physical thickness and radiation and absorption lengths. Greater transparency
may be achieved through the use of low absorption structural materials for the
outer vacuum shell. One function of the support system is to ease the mechanical
strength constraints on the outer vacuum shell by transmitbing all of the grav-
itational and electromagnetic loads from the 4.2 K degree coil package directly
through the annular bulkheads of the vacuum chamber which are at 300 K degrees.

The chimney end of the coil incorporates 32 support rods that form a
dual function trussed support system that is designed as a load path for all of
the axial decentering force and half of the radial decentering force. The remain-
ing radial decentering force is distributed on the opposite side of the coil
using a single function truss support that has a sliding connection at the coil
to allow for thermal contraction in the direction of the solenoid axis. Therefore,
no bension preloading or adjusting of the support rods is necessary after final
assembly.

Each of the support rods is assumed to be a carbon fiber filament wound
composite with titanium 6al-4v integrally wound threaded fittings on both ends.
Also, the rods incorporate radiation intercepts at 77 K degrees and 4.2 K degrees
to minimize the amount of external thermal energy introduced to the coil due o
conduction and pinned spherical ball bearings on both ends to minimize Lhe
development of bending moments under load conditions.

The metallic end components mentioned hereafter are sized for comparison using
mechanical properties at room temperature. The maximum allowable stresses are
determined by the lower of 2/3 minimum yield stress or 1/4 minimum ultimate stress
according to the ASME Boiler and Pressure Vessel Code, Section VITE, Div. 1.

The allowable shearing stress is determined as 1/2 the allowable tensile stress.

General Assumptions (All values at 300 K degrees except where noted)

Mean radius of current sheet (4.2 K degrees) 71.26 inches (1810 mm)
Length of current sheet (4.2 K degrees) 299.22 inches (7600 mm)
Radius of warm support location 76.50 inches (1943 mm)
Radius of cold support location 75.25 inches

Axial length of vacuum chamber 314.96 inches (8000 mm)
Conductor radial thickness (4.2 K degrees) 1.73 inches (44 mm)
Bobbin radial thickness (4.2 K degrees) 1.22 inches (31 wm)

Number of truss support points per side 16



General Assumptions (continued) Reference
Modulus of elasticity (carbon fiber) 27,000 ksi
Minimum yield stress (carbon fiber) 100 ksi
Maximum allowable tensile stress (carbon fiber) 52 ksi
Ultimate strength (inconel 718) 180 ksi MH
Minimum yield stress (inconel 718) 150 ksi MH
Radiation length (inconel 718) 16.4 mm DN-126
Minimum yield stress (titanium 6al-4v) 135 ksi MH
Ultimate strength (titanium 6al-4v) 145 ksi MH
Radiation length (titanium 6al-4v) 37.2 mm DN-126
Maximum yield stress (aluminum 2219-T851) 51 ksi MH
Ultimate strength (aluminum 2219-T851) 63 ksi MH
Radiation length (aluminum 2219-T851) 79.5 mm DN-126
Minimum yield stress (aluminum 7075-T6) 66 ksi MH
Ultimate strength (aluminum 7075-T6) 75 ksi MH
Radiation length (aluminum 7075-T6) 90 mm
Ultimate strength (beryllium copper 172) 175 ksi MH
Specified minimum yield stress (beryl!lium copper 172) 150 ksi MH
Radiation length (bery!lium copper 172) 14.5 mm DN-126
Weight of cold mass 44000 pounds (20 tonnes)

The Finibe Element Model

A one half finite element model was created using the ANSYS general purpose
finite element program. Figure 1 is a view of the finite element model as it one
were looking down the x axis The support rods are represented by stif 8 3d spar
elements. The coil assembly is defined using stif 63 quadrilateral shell elements.
The total thickness of this assembly is the sum of the conductor thickness plus
the bobbin thickness. The model consists of 714 nodes and 672 elements. The max-

o

imum wavefront is 150. Three load cases were run:

A. A thermal cooldown of the coil from 300 degrees kelvin to 4.2 degrees
kelvin. No electromagnetic or gravitational loading.

B. Estimated radial decentering forces totalling 132,000 pounds (3 % cold mass
= 60 tonnes) for a one inch cold mass radial displacement (DN-149) .

C. Estimated axial decentering forces totalling 145,300 pounds (66 tonnes)
for a one inch cold mass axial displacement (DN-149).

Cooldown Analysis

Figure 2 is a stress plot of the cold mass after a thermal cooldown from 300
degrees kelvin to 4.2 degrees kelvin. No electromagnetic or gravitational loading
is present. The figure indicates that the truss support system allows a stress
free cooldown of the cold mass. The support rod axial forces are also negligible.
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Support Rod Axial Forces Due to Magnetic and Gravitational Forces

Figure 3 is a graph of axial force magnitudes in the support rods as a function

of the truss axial connection location on the coil. Maximum axial and radial coil
loading is assumed. The rod force components in the chimney end supports due to
axial and radial coil loading and the rod force in the slide supports all vary with

axial connection location. The minimum axial force value in the chimney end support
rods occurs with a connection point at approximately 3550 mm axially from the coil
center. This value is 12300 pounds. The corresponding force that is induced in the
supports on the other end is 6100 pounds. Forces induced by the friction in the slide
mechanism are disregarded. The length of the truss support rod for this geomebry is
approximately 22.250 inches from warm pin center to cold pin center.

Rod Size - Carbon Fiber Composite Truss Support

Since the direction of the axial decentering forces cannot be determined with
reasonable certainty, the truss support rods on the fixed (chimney) end must be
designed as tensilef/compressive members. According to the AISC Manual of Steel
Construction, the maximum allowable compressive stress in an axially loaded
compression member is determined by:

[, -
2.2 9 g
F, o= S where . e f\// _’_%_’mefi
5 3(KI/r) KUyt B I,
3 8C, 8C.7

and nomenclabure iz defined as follows:

Fa = Axial compressive stress permitbted in a prismatic member in the absence of
bending moment, in psi

K = Effective length factor for a prismatic member (Fqual to 1.00 for this
application)

I = Actual unbraced length of member, in inches
r = Governing radius of gyration, in inches
Cc = Column slenderness ratio separating elastic and inelastic buckling
Fy = Specified minimum yield stress of the type of material used, in psi
E = Modulas of elasticity for type of material used, in psi
Therefore, the maximum allowable compressive stress for a 1.250" diameter x .1259
thick wall support rod is calculated to be:
[1 - (550625)2/2(73)2} 100000

S e O et 37,400 psi
5/3 + 3(55.625)/8(73) - (55.625)" /8(73)”
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The actual direct stress on the rod is:
(12300 1b.)/(.442 in.%) = 27,850 psi

It is important to realize that this method of formulation was developed for steel
construction applications only. Thus, the 37,400 psi allowable stress will supply a
basis to determine the APPROXIMATE cross section of the rod. Actual optimized cross
section dimensions should be determined by an engineering firm with experience in
the design and manufacture of carbon fiber filament wound composite assemblies.

Pin Diameter (See Figure 4)

The rod pins are in double shear. Therefore, the cross sectional area, a, of the
pins are determined by:

P/2

Fs
where nomenclature is defined as:

P = Maximum axial force in the composite support rod

Fs

B

Maximum allowable shear stress in the pin

and the maximum allowable shear stress is equal to 1/2 the maximum allowable
tensile stress, Thus, the pin diameter, d, is determined by:

Pin Diameber (Titanium Bal-4v)
For titanium Bal-4v the cross sectional area of the pin is determined to be:

[(1/2) (12300 1b.)]1/(1/2) (130000/4 psi) = .379 in® or .695" diameter.

Pin Diameter (Inconel 718)
For inconel 718 the cross sectional area of the pin is determined to be:

[(1/2) (12300 1b.)]/(1/2) (180000/4 psi) = .273 in® or .590" diameter.

Pin Diameter (Aluminum 2219-T851)
For aluminum 2219-T851 the cross sectional area of the pin is determined to be:

[(1/2) (12300 1b.)]/(1/2) (63000/4 psi) = .781 in% or .997% diameter.
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Pin Diameter (Aluminum 7075-T6)

For aluminum 7075-T6 the cross sectional area of the pin is determined to be:

[(1/2) (12300 1b.}]1/(1/2) (75000/4 psi) = .656 in“ or .914% diameter.

Pin Engagement (See Figure 4)

The length of the pin engagement, w, in the rod end assembly (rod end width) is
determined by:

P
(Fb) (d)
where nomenclature is defined as:
P = Maximum axial force in the composite support rod

Fb = Maximum bearing stress (assumed to be 1/4 ultimate stress)

d = Pin diameter

Pin Engagement (Titanium 6al-4v Pins with Beryllium Copper 172 Balls)

Une material choice for the spherical ball is assumed to be beryl!lium copper
172 which is heat treatable. Also, the yield and tensile sbrengths of this material
increase at low temperatures, while the duckility remains adequate. Hence, the
minimum length of pin engagement in the spherical bearing with titanium pins is
determined to be:

(12300 1b.)/[(1/4) (175000 ps
(12300 1b.)/[

for the truss support ball and the truss support pin respectively.

(.695 in.) = 405 in. and,
(.

(1 il
(1/4) (130000 psi}](.695 in.) = .545 in.

Pin Engagement (Inconel 718 Pins with Bery!lium Copper 172 Balls)

The minimum length of pin engagement in the spherical bearing with inconel
pins is determined to be:

(12300 1b.)/[(1/4) (175000 psi)](.590 in.) = .477 in. and,
(12300 1b.)/[(1/4) (180000 psi)](.590 in.) = .463 in.

for the truss support ball and the truss support pin respectively.
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Pin Engagement (Aluminum 2219-T851 Pins with Beryllium Copper 172 Balls)

The minimum length of pin engagement in the spherical bearing with aluminum

pins is determined to be:

(12300 1b.)/[(1/4) (175000 psi)](.997 in.) =  .282 in. and,

(12300 1b.)/[(1/4) (63000 psi}](.997 in.) = .783 in.

for the truss support ball and the truss support pin respectively.

Pin Engagement (Aluminum 7075-T6 Pins with Beryllium Copper 172 Balls)

The minimum length of pin engagement in the spherical bearing with aluminum

pins is determined to be:

(12300 1b.)/[(1/4) (175000 psi)]1(.914 in.} =  .308 in. and,
[(

(12300 1b.)/[(1/4) (75000 psi)](.914 in.) = 718 in.

for the truss support ball and the truss support pin respectively.

Pin Engagement (Titanium 6al-4v Pins with Aluminum 2219-T851 Balls)

If the material of the spherical ball is assumed to be Aluminum 2219-1851,

the minimum length of pin engagement is determined to be:

(12300 1b.)/1(1/4) (63000 psi)] (.695 in.) = 1.124 in.

8

for the truss supporbt ball.

Pin Engagement (Titanium 6al-4v Pins with Aluminum 7075-T6 Balls)

2

G

hen

Lf the material of the spherical ball is assumed to be Aluminum 2219-T851, then

the minimum length of pin engagement is determined to be:

(12300 1b.)/[(1/4) (75000 psi)](.695 in.) = .944 in.

=3y

or the btruss support ball.

Pin Engagement (Inconel 718 Pins with Aluminum 2219-T78 Balls)

The minimum length of pin engagement for an inconel pin with an aluminum ball

is determined to be:

(12300 1b.)/[(1/4) (63000 psi)](.590 in.) =  1.324 in.

for the truss support ball.
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Pin Engagement (Aluminum 2219-T78 Pins with Aluminum 2219-T78 Balls)

The minimum length of pin engagement for an aluminum pin with an aluminum ball
is determined to be:

(12300 1b.)/[(1/4) (63000 psi)](.997 in.) =  .783 in.

for the truss support ball.

Rod End Size (See Figure 4)

The radial thickness, t, of the rod ends is determined by:

(Fa) (n)

where nomenclature is defined as:

]

Maximum axial force in composite support rod
Fa = Maximum allowable stress in rod end

w = Width of rod end

Titanium 6al-4v Rod Ends With Titanium 6al-4v Pins and Bery!!ium Copper 172 Balls
The radial thickness of the rod end for this configuration is debermined to be:

(1/2) (12300 1b.)/[(1/4) (130000 psi)](.545 in.) = 347 in.

Titanium 6al-4v Rod Ends With Inconel 718 Pins and Bery!!ium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (130000 psi}](.477 in.) =  .397 in.

Titanium 6al-4v Rod Ends With Aluminum 2219-T78 Pins and Bery!lium 172 Copper Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (130000 psi)](.783 in.) =  .242 in.
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Inconel 718 Rod Ends With Titanium 6al-4v Pins and Beryllium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (180000 psi)](.545 in.) =  .251 in.

Inconel 718 Rod Ends With Inconel 718 Pins and Beryllium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.}/[(1/4) (180000 psi)](.477 in.) =  .287 in.

Inconel 718 Rod Ends With Aluminum 2219-T78 Pins and Beryllium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (180000 psi)](.783 in.) =  .175 in.

Aluminum 2219-T851 Rod Ends With Titanium 6al-4v Pins and Beryllium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (63000 psi)1(.545 in.) =  .716 in.

Aluminum 2219-T851 Rod Ends With Inconel 718 Pins and Beryllium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (63000 psi)](.477 in.) =  .819 in.

Aluminum 2219-T851 Rod Ends With Aluminum 2219-T851 Pins and Bery!lium Copper 172 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (63000 psi)](.783 in.) =  .499 in.

Titanium 6al-4v Rod Ends With Titanium 6al-4v Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (130000 psi)](1.124 in.) =  .168 in.
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Titanium 6al-4v Rod Ends With Titanium 6al-4v Pins and Aluminum 7075-T6 Balls
The radial thickness of the rod end for this configuration is determined to

(1/2) (12300 1b.)/[(1/4) (130000 psi)](.944 in.) =  .200 in,

Titanium 6al-4v Rod Ends With Inconel 718 Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined to

(1/2) (12300 1b.)/[(1/4) (130000 psi)](1.824 in.) =  .143 in.

be:

be:

Titanium 6al-4v Rod Ends With Aluminum 2219-T851 Pins and Aluminum 2219-T851 Balls

The radial thickness of the rod end for this configuration is determined to

(1/2) (12300 1b.)/[(1/4) (130000 psi)](.783 in.) =  .242 in.

Titanium 6al-4v Rod Ends With Aluminum 7075-T6 Pins and Aluminum 7075-T6 Balls
The radial thickness of the rod end for this configuration is determined to

(1/2) (12300 1b.)/[(1/4) (130000 psi)](.718 in.) =  .264 in.

Inconel 718 Rod Ends With Titanium 6al-4v Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined to

(1/2) (12300 1b.)/[(1/4) (180000 psi)](1.124 in.) =  .122 in.

Inconel 718 Rod Ends With Inconel 718 Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined to

(1/2) (12300 1b.)/[(1/4) (180000 psi)](1.8324 in.}) =  .103 in.

Inconel 718 Rod Ends With Aluminum 2219-T851 Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined %o

(1/2) (12300 Ib.)/[(1/4) (180000 psi)](.783 in.) =  .175 in.

be:

bea:

be:
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Aluminum 2219-T851 Rod Ends With Titanium 6al-4v Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (63000 psi)](1.124 in.) =  .347 in.

Aluminum 2219-T851 Rod Ends With Inconel 718 Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (63000 psi}](1.324 in.) =  .295 in.

Aluminum 2219-T851 Rod Ends With Aluminum 2219-T851 Pins and Aluminum 2219-T851 Balls
The radial thickness of the rod end for this configuration is determined o be:

(1/2) (12300 1b.)/[(1/4) (63000 psi)](.783 in.}) =  .499 in.

Aluminum 7075-T6 Rod Ends With Titanium 6al-4v Pins and Aluminum 7075-T6 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.)/[(1/4) (75000 psi)](.944 in.) =  .347 in.

Aluminum 7075~T6 Rod Ends With Aluminum 7075-T6 Pins and Aluminum 7075-T6 Balls
The radial thickness of the rod end for this configuration is determined to be:

(1/2) (12300 1b.) (1/2)/[(1/4) (75000 psi)](.718 in.}) = .47 in.

Diameter of Spherical Ball (See Figure 4)

If one assumes a minimum radial bearing end thickness of .062 inches and that
the bearing protrudes .062 inches from both sides of the rod end as a baseline design
then the ball radius, Rb, is determined by:

8

v/{(d/@)&(QQGZ in.)]%+[(w/2)+(.062 in.)]?
where nomenclature is defined as:
d = Diameter of the pin
Width of the rod end

&
]
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Diameter of Beryllium Copper 172 Ball (Titanium 6al-4v Pins)

The ball radius for this configuration is determined to be:

/[(1/2)(,695 in.)+(.062 in.)1%+[(1/2) (.545 in.)+(.062 in.)]% = .529 in.

or 1.068% in diameter.

Diameter of Beryllium Copper 172 Ball (Inconel 718 Pins)

The ball radius for this configuration is determined to be:

E/E(l/@)(.@@@ in.)+«(.062 Ena}}gé[(l/Q}(°@7? in.)+(.062 Eng)jz = 467 in.

or .933% in diameber.

Diameter of Beryllium Copper 172 Ball (Aluminum 2219-T851 Pins)

The ball radius for this configuration is determined to be:

/ . 5
f{{i/?}(D@@7 in.)+(.062 in.}]"+[{1/2)(.783 in.)+(.062 in.)]" = .721 in.
¥

i

or 1.442% in diameter.

Diameter of Aluminum 2219-T851 Ball (Titanium 6al-4v Pins)

The ball radius for this configuration is determined to be:

¢
;ggz/z}(aﬁgg in.)+(.062 in.)]"+[(1/2) (1.124 in.)+(.062 in.)]° = .746 in.

or 1.493% in diameter.

Diameter of Aluminum 2219-T851 Ball (Inconel 718 Pins)

The ball radius for this configuration is determined to be:

/[(1;2)(0599 in.)+(.062 in.)]%+[(1/2)(1.824 in.)+(.062 in.)]® = .807 in.

or 1.614% in diameter.
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Diameter of Aluminum 2219-T851 Ball (Aluminum 2219-T851 Pins)

The ball radius for this configuration is determined to be:

‘/qu/z)(.@97 in.)+(.062 in.)1%+[(1/2) (.783 in.)+(.062 in.)]* = .721 in.

or 1.442% 1n diameter.

Diameter of Aluminum 7075-T6 Ball (Titanium 6al-4v Pins)

The ball radius for this configuration is determined to be:

S/[(z/z)gnagg in.)+(.062 in.)15+[(1/2) (.944 in.)+(.062 in.}]% = .673 in.

or 1.346% in diameber.

Diameter of Aluminum 7075-T6 Ball (Aluminum 7075-T6 Pins)

The ball radius for this configuration is debermined to be:

o

g[{i/%)(cgié in.)+(.062 in.)]%+[(1/2) (.718 in.)+(.062 in.)]® = .668 in.

or 1.337% in diameber.

Support System Spring Constant
The magnetic spring constant is assumed to be 132,000 Ib/in in the radial direction
and 145,300 Ib/in in the axial direction. The spring constant for the support sysbem
is determined to be:
(decentering load)/(maximum coil connection point displacement)
Therefore, the spring constant for the truss due to axial loading is:
(145,300 1b.)/(.018 in.) = 8.07e6 Ib/in
Similarly, the spring constant for the truss due to radial loading is:
(132,000 1b.)/(.022 in.) = 6.00e6 Ib/in
In both cases the spring constant of the support system is much greater than the

magnetic spring constant of the coil in the respective directions. Therefore, the
support system is considered to be stable with a one inch magnetic offset.
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Slide

The total movement in the slide after cooldown is .018 inches. This is due to
the axial decentering force increasing during excitation. The charging time of the
coil has been estimated to be a minimum of 20.3 minutes at 220 watts (DN-119).
Therefore, the rate of displacement in the slide is approximately .001 inch/minute.

Reaction Forces at End Connecbion

The maximum reaction forces for any support rod connection point are |isted
below. All forces should be considered bidirectional.

Load Component Max. Max. Max.
S RFradial RFtheta RFz
L Axial Load 0 0 0
I Radial load 300 7850 1600
D
E Total 300% 7850 1600
C
H Axial Load 1500 0 9100
I Radial Load 350 8000 2000
M
N Total 1850% 8000 11100
£
¥ « Denotes forces to be absorbed by bthe vacuum chamber.

Conclusion

The comparative sizes of the metallic rod end assembliies for V@ez@u@ materials
are listed in Table 1. Item 16 is 1.864F% @ D. % .718% wide with a maximum s@d abe
length of .737. The use of tivanium 6al-4v for the ball housing makes it an excel
choice for the warm end of the support. Although the ya@%d and ultimate strengths
of Titanium 6al-4v increase significantly at cryogenic temperatures, btoughness
decreases making it a poor choice for the cold end. However, Aluminum 2219-T8E1
remains relatively ductile at liquid helium temperatures. Therefore,item 1 is the
apparent choice for the cold end assembly. It is 2.440% 0.D. x .783% wide with a
maximum radiation lengbh of .780. However, this °@ the size of the rod end based on
material properties at 300 K. Figure § (MH} and Figure 6 (MH) are graphs of the minimum
ultimate strength and minimum yield strength of aluminum 2219-T851 as a function @f
temperature. It can be seen that both the ultimate strength and the yield strength
increase significantly at cryogenic temperatures. Furthermore, the magnetic decenter-
ing load is only present when the coil is energized at 4.2 K. Therefore, the use of
material properties at 77 K for the cold rod end is realistic yet conservative. The
use of the warm properties provides a rod end that is 2.242% 0.D. x .715% wide with
a maximum radiation length of .716.

Figure 7 is a conceptual drawing of a CFRP composite support rod assembly complete
with the selected rod ends. The spherical balls are coated with Microseal 100-1
graphite smpnnged coating to increase bearing efficiency and eliminate the risk of
galvonic corrosion,

This prelimiminary investigation indicates that a trussed composite rod support
system is viable in terms of mechanical strength, physical thickness, and radiation
length. The angled geometry of the rods minimizes particle interaction at the con-
nection points and the no preload, self adjusting concept after coil cooldown is a
great advantage over conventional isolated function support systems.
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17.

18.

19.

20,

21.

22.

a2 = Aluminum 2219-T851
a7 = Aluminum 7075-T6
i = Inconel 718
b = Beryllium copper 172
t = Titanium Bal-4v
Material
B
RE A P HAR
0N L. I Thickness
DD L. N (inches)
aZ a2 a2 2.440
a2 a2 i 2.204
a2 a2 b 2.186
a2 b a2 2.440
a2 b i 2.572
ad b 17 2.490
al  al a? 2.250
al  a?l t 2.040
i aZ a2 1.792
i a2 i 1.820
i as & 1.736
i b a2 1.792
i b i 1.508
i b b 1.560
b a2  a?l 1.926
b al a7l 1.864
b a7 b 1.746
b a2 i 1.220
t a2 t 1.828
& b a2 1.926
t b i 1.728
t b b 1.752
Rod

Table 1

?YBF?
Width
(inches)

783
1.324
1.124

.783

ATT

.b45

718

718
L0944
1.324
1.124
.183
ATT

.545

End Material Size Data

-

v

.

-$4Tw~—-.062"
B

%)

T
N

HAH

Thickness
(radiation lengths)

1

1

780
429
101
AL18
039
684
635
971

.003

L2824
538
.203
003
790
737
050
AN
076
426
058

700



oy “ur QOO [-0¥0 0 2m]d puv 123Ys pujo puv 2409 Lopy wWnuiuno
701-6177 fo (".3) yiSusuis sipuwim 3j1susr 24 U0 sunipspduIa] 2 fo 1024l

1 June 1987

MIL-HDBK-5E

TANDIA
4 ‘aungoisdwel
Q0L 00% 00S oovy {81015 Qo< OOl G OO 90 A 00€—~ OO0y~ 00S—
W T 7 Q
ESRiEE BESE UV =t T
% = = mﬁ Qw el Lifd H”* -
-+ ) - EREgRs =
400l =s BRfstsiEiass 0z
RN . 4 @Q@m Hﬁwx i T;ix.ﬁ)wwrw .
T Y 0000l 2 annsEesses paay pEARSH
S e “ or
e - )
- e Y O ]
smaet Ty Q01 T 0o
N EEEE- AU 0001 H R
] N Ay Q@@Q. T
o8
i .
Y : T 00!
T ,wﬁﬂ L -
r- ,..‘ - . - Oct
+ SR aRe o
] T
T - 4
:_ L “ _ A
S SR e osi

sanyosadwa) wooy Jo Mg jusded



n%.@wm UL 000 [-0p0°0 210pd puv 125yS pIo pup 54vq Lofjp
wmunny 791-6177 fo (“4) wiSusus prail apisuzs syg uo sumpusdwa; fo 103l

MIL-HDBK-5E

1 June 1987

Cos 0oL 00% 00& o0% 00Cg
LU LI L L ARSI A A T AR JRANNINES B Ny 6 ;
EaRSSSans LEfEme Y 00001 m geajgEm
RO L 000 THIEHHEAE
kY 001 oo
M e Loy bodos
N
a Sadda T 4 0000
1 w TR B g 44 Q00!
e, g u ErLE T LAY GO
ﬁ T i X “Hay ot W
T et f | £
H 1 w I ) = A smw.w Wp ¢
- L
T [ R
i
r r TR 08
, : - olel
,, u v L 3=t I — hﬁ,
: w i
T i ;_ M « I :
T i NS RS Y EaREE AnBRA RS T ﬂ rl o2
iy Q001 0 dn asnsodx3 T o
asnipssduwsy 10 uibuasg T M i
e s -4 i -
(o ,f e ! ] F Ov
| t
; I O { ]

aingosedwa) wooy 1o My usssed



g | L

w

1§

e

¥ i
! 3 ] i
K m.ox Fauﬁw VBT IV e
ATEWASSY G0 1¥0ddNS IVNLJIONCS PN
GIONIT0S ONILONANOOYAdNS L3NS

NO [1V¥08Y1100 80103130 VQION3I0S

ADEINT 20 LNZNLYYJ3C SILVLS GILtNn v%ﬁ
ABOLYHOEYT HOLVHITIOOV TYNOILYN [H¥3s RE

g
4

£ y
SOV SR £ H n e‘
a m 308 GUSLTSY | il v N f\ﬂ : m&.w oS
2,018 GieLA IS Wit f
o o | =L HE R 280" SO U 2 200"
. n ARy | ST Gevis TV A Tt ] “rI!M.H»W,n =3 [
P i wonof .1 F| S00 T en¥ T % 7 i it 1l i1 1y M §
1% RN Yorvua | | sowiosa {meuisv PRV A - .. b ey mlr ; ; —_— e
1879 SN P BOLYHIO110 [ TES10348 DSIARTALO DEZ WO 3 w H m!l /m i { m
: { ]
1517 Si¥vd 7 ; [ T
7 T o ame |0 290" BT >/ i A v 280"
B R = wo’
bof eIl o TTVHORLNT HLIS OOME T ¥IRNOD §
241000 BEOK §‘.:&.§ SENDRL ﬂmMMM i ".ﬁ
L 1T @8’ R "0'0 YL 00N 1¥0daNS N - (434} een i
Y Ry ) Iv— o
L et Rais B0 mevey B0 $H3
ort Y03 ARIHGVY NI H 4 '
bR SMERINGLS .o | teamoe | o
HORIROTY ! (6D Wvin) ONIBYIE WD IEEHS
[ e Y g e
b Laes iivait o s ¥ M
Y s —n
b beeslot RAIm (OB v T wo] TINGD | € aNa Y GNZ G700
[ T8 g AL A LTINS o B I LR
wTh ol en £X oo s b 200
b eieles Ry 0a 0% o oo S £
e T TR |
A METRIVALE LB Teawos | e
RRITITY! (G REYR) ONTEYIE WO MBS e { 438} B/5 ¥ —
Lvm (43} 18t 1
P
(438} vee1 e
../ (a8 2veed
) ey .
{s3u)080 " 18 (raaL) 008"
Z D ~4, S DY
Z . S : 7 SEEE DN L
/ i I ‘ \
7 \ ] / \
[ - - - - ==3 - } ——
\ _\\\ / |
* \\ w IIIII //
vie'd = R TS —— | FE—. — ; N—— -
- oie'g
/ s / 07 TEIRY /
SLATRLAR. —
/ Y &1 508 £%
engt i~ @ Y v)
/ / e I &
/
@ e (ALY ON . —
e T -1
Ap— {43 2z
26T | oy 1ot et Maxw
EVG | g f ]
T ~ i |




References

MH

DN-119

DN-126

DN-149

(22)

MIL-HDBK-5E, June 1,1987, ®Metallic Materials and Elements for Aero-
space Vehicle Applications®, Naval Publications and Forms Center,
5801 Tabor Avenue, Philadelphia, Pennsylvania 19111-5094.

SDC Design Note #119, November 7,1990, *Transient Heat Load to Outer
Support Cylinder from Eddy Currents®, R.W. Fast, Fermi National
Accelerator Laboratory, P.0. Box 500, Batavia, Illinois 60510

SDC Design Note #126, December 20, 1990, "CGA Calculations for Homo-
geneous Outer Vacuum Shells; Thickness for Typical Materials®,

R. W. Fast, Fermi National Accelerator Laboratory, P.0. Box 500,
Batavia, Illinois 60510.

SDC Design Note $#149, July 26,1991, "Radial and Axial Decentering
Forces for Several SDC Solenoid/Calorimeter Configurations®,

B. Wands, Fermi National Accelerator Laboratory, P.0. Box 500,
Batavia, Illinois 60510,



