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Introduction

The conductor stabilizer dimensions and support cylinder thickness of a
thin contact cooled solenoid for an SSC detector can be determined by
magnetic stresses and/or quench characteristics. The overall radial thickness of
such a solenoid must be kept small, due to the placement of calorimetry
outside of the field volume, and the possibility of particle interaction within
the uninstrumented solenoid mass. The three solenoid designs considered here
differ in length and in the manner of flux return. Therefore, the stored Energy
and magnetic stresses differ between the designs for a given radius and central
field. This report illustrate use of a finite element magneto-static analysis and
the application of simple adiabatic heating quench models to evaluate overall
coil-support cylinder thickness for a range of coil radii from 0.5 to 2.5 meters,
and a central field of 1.77T.

Solenoid Geometries

Three geometries were studied. The first, designated FTDI1 (for Fast
Tracking Detector) is shown in Fig. 1. This design uses an iron return yoke
which provides a field-free region for the calorimetry between the coil and the
iron. The second design, FTID2, is shown in Fig., 2, and uses calorimetry to
provide for the flux return, which allows greater hermeticity but requires the
calorimetry to function in a magnetic field. The third design, ACS, is shown
in Fig. 3, and is an air-core solenoid whose primary advantages include a
nearly crack-free calorimetry configuration about the solenoid and the ability to
build and test the coil without regard to the status of other aspects of
construction.



The lengths of each geometry remained fixed at those given in Figs. 1-3
during this study, while the radial dimensions were scaled from a minimum
coil current sheet radius of 0.5 meters to a maximum of 2.5 meters. Figs. 4-6
show the dimensions used in the ’standard’ finite element model of each
geometry before scaling.

The conductors in this study were assumed to be of the CDF-type, with a
Nb-Ti superconductor embedded in a high purity alumimura stabilizer. Major
structural support for the coil is provided by a support eylinder of structural
aluminum. This aluminum is unspecified at this time.

Finite Flement Models

The geometries were modeled with the ANSYS STIF13 multi-field solid
finite element. A b-h curve for 1020 steel, taken from previous work by R.
Yamada on the CDF solenoid, was input for the FTD1 and the ACS. FTD2
required a modification of the b-h curve based on the fact that the calorimeter
contains only 50% steel, with the remainder being non-magnetic lead. The
modification of the b-h curve is discussed in Appendix A.

The coil in each model was coupled radially to a eyvlinder of STIF61
cylindrical shell elements, which model the external support cylinder. The
support cylinder contains endrings of STIF61 elements which can interact with
the coil through STIF41l gaps. The support cylinder was connected to the irom
in each model with STIF1 spar elements. The features were used in previous
work in which the coil was considered to be in two or more modules, with a
space ab the midplane, and so could produce a net axial force on the support
eylinder. In this work, however, the coils are assumed to be one continuous
current sheet, and the support cylinder and spar connections are of little
importance to the analysis for axial loads, since they are taken by the coil
alone in compression.

The analysis also produces forces on the iromn, although those are not
presented here.

Adiabatic Temperature Rise

The radial thickness of the conductor is a function of the maximum
temperature found during a quench. This is most easily and comnservatively
calculated by assuming that the decay of the current after the opening of the
dump switch is dependent on the dump resistance and the coil inductance only
(i.e., the resistance of the coil is negligible). If it is also assumed that the



conductor stabilizer does not transfer heat to it’s surroundings, so that the
total temperature rise can be calculated by equating the energy deposited in a
volume of conductor with the change in enthalpy.

A simple Fortran program was written to calculate the adiabatic
temperature rise for a range of RRR from 100-30000. This program is
described in Appendix B.

Allowable Stresses

The conductor stabilizer is subjected to three stresses:

1. Axial preload stress
2. Hoop magnetic stress
3. Axial magnetic stress

The axial preload occurs when the coil is warm and is preloaded against
the support cylinder in an effort to make the coil and cylinder act as a two-
springs-in-parallel system against the axial magnetic forces. Appendix C
describes the preloading function in more detail.

The hoop and axial magnetic stresses result from the presence of &
magnetic fleld in the current-carrying elements, and is calculated from

oy ol

The ANSYS program performs this calculation automatically, and in the
case of magneto-structural coupling, applies the resulting force to the structure.

The maximurm allowable stress for the cold stabilizer was chosen based on
the assumption that the support cylinder and the stabilizer will have the same
hoop strain. This strain was limited to 0.1%. The stress-strain curve for a
CDF R&D conductor study (Fig. 7) was used to determine that the stabilizer
can then be stressed to 3670 N/cm**2 (5300 psi), while the support eylinder
at the same strain will have » stress of 9200 N/fcm” (13000 psi).

The maximum warm stabilizer stress was limited to 0.75S

y 4o oF 2070
N/em® (3000 psi)



Calculation of Stabilizer Dimensions

The stabilizer axial dimension can be determined from the product N*I,
where N is the number of turns in the coil and I is the current in the coil.
This product must equal CD*A, where CD is the current density from the
ANSYS model and A is the area of the coil assumed in the ANSYS model.
(The area assumed in the ANSYS model has no bearing on the conductor
dimensions calculated here; it is simply necessary due to program input
requirements). Then,

t = 1*i/(cd¥a)
a.
where
1 = axial stabilizer dimension
= length of coil

cd = current density for central field of 17T
= area of coill assumed in ANSYS

The radial stabilizer dimension can be determined from either the
adiabatic heating requirements or the axial stress requirements. For axial
stress, the thickness is found with

& - i o oo kg
b = 0 af (2*pite Sg)
where
o= radial stabilizer thickness
r = radivs of coil
F = maximum axial compressive force from ANSYS
%j = maximum allowable stabilizer stress at 0.1% strain

For adiabatic quench requirements, the program described in Appendix B
was used, with a correction applied to the axial stabilizer dimension to allow
for 0.2 mm thick insulation turn-to-turn in the coil,

The thickness of the support cylinder can be found from the hoop stress
requirements.



t_ = thickness of support cylinder
F, = maximum hoop force from ANSYS, N/cm
Ss = maximum allowable hoop stress in stabilizer

s = maximum allowable hoop stress in support cylinder

Results and Discussion

The conductor stabilizer and support cylinder dimensions for each geometry
are given in Tables I-IX. The first table for each geometry calculates the
radial thickness of the stabilizer based on the axial stress requirements. The
remaining tables calculate the radial stabilizer thickness based on adiabatic
quench requirements. All tables calculate the radial support cylinder thickness
from the radial stabilizer thickness and hoop stress requirements. It can be
seen that the maximum preload for the stabilizer dimensions determined b
adiabatic quench requirements are less than the maximum of 2070 N/em?,
while this value is exceeded in most cases where the dimensions are
determined by axial stress requirements.

Figs., 8-10 compare the radial stabilizer thickness as calculated for axial
&>’ %

stress and adiabatic quenching requirements. It can be seen that in each case,
the radial thickness is determined by quenching rather than stress, although in

ATy

the case of the ACS the thicknesses are very nearly the same for |

A.
Figs. 11 and 12 show the total radial thickness of stabilizer and support
cylinder for 5000 A and 10000 A, The ACS is the thinnest design in each
case. This is primarily because as the shortest of the three geometries, it will
have the smallest inductance for a given radius, and therefore the smallest
adiabatic temperature rise.

Fig. 13 is a plot of the integral

B_ X dl
7

along a line running from the center of the solenoid at a constant angle to
the inner radius of the coil. The angle has been converted to pseudo-rapidity
to allow comparison with physics requirements. This plot shows the more



nearly constant integral value for the FTD1 and FTD2 designs, which show
less decrease in axial field toward the end of the solenoid.

This work allows the three geometries to be compared against one another
for a wide range of radii for total radial thickness. Future work will focus on
a narrower range of radii and more detailed field and forece calculations.



Table I. FTD1
Stabilizer and Support Cylinder Thicknesses
for Stress Requirements Only

Joil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer
(m) Thickness  Cylinder (cm) Stress Thickness
(cm) Thickness (N/ @mz) (cm)*
(cm)
0.50 0.48 0.32 0.80 1466.82
1.00 0.65 0.89 1.53 2123.35
1.50 0.74 1.58 2.31 2500.07
2.00 0.81 2.37 3.18 2739.22
2.50 0.90 3.27 4.17 2874.62

Table IL. FTD1
Stabilizer and Support Cylinder Thicknesses
for Adiabatic Quenching and Stress Requirements
5000 A

Coil Radial Radial Total Required Axial
Radiug Stabilizer Support Thickness Preload Stabilizer

(1) Thickness  Cylinder (em) Stress Thickness

(cn) Thickness (N/ @mg) (cm)
(cm)

0.50 1.45 0.00 1.38 .00 .37

1.00 2.88 0.00 2.88 0.00 0.37

1.60 4.32 0.15 4.47 20.51 0.37

2.00 5.96 0.40 6.16 33.21 0.37

2.50 7.22 0.75 7.97 43.29 0.37



Table III. FTD1
Stabilizer and Support Cylinder Thicknesses
for Adiabatic Quenching and Stress Requirments

10000 A
Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer

(m) Thickness  Cylinder (cm) Stress , Thickness

(cm) Thickness (N/em”) (cm)

(crm)

(.50 1.00 0.11 111 176.80 0.74
1.00 1.90 0.39 2.29 211.19 0.74
1.50 2.97 0.68 3.65 170.70 0.74
4.00 3.69 1.22 4.91 199.79 0.74
2.50 4.98 1.65 6.61 167.23 0.74

Table TV. FTD2
Stabilizer and Support Cylinder Thicknesses
for Stress Requirements Only

Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer

() Thickness  Cylinder (cm) Stress Thickness

(cm) Thickness (N/em®) (em)*
{cm)

0.50 56 0.31 0.86 1305.09

1.00 0.81 0.87 1.67 1899.94

1.50 1.01 1.61 2.52 2199.11

2.00 1.23 2.21 3.45 2357.17

2.50 1.48 3.02 4.51 2459.38



Table V. FTD2
Stabilizer and Support Cylinder Thicknesses
for Adiabatic Quenching and Stress Requirements

5000 A
Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer

(m) Thickness  Cylinder (cm) Stress Thickness

(cm) Thickness (N/ @mz) (cm)

(cm)

0.50 1.21 0.05 1.26 85.65 0.37
1.00 2.39 0.23 2.62 110.565 0.37
1.60 3.56 0.49 4.05 126.07 0.37
2.00 4.75 0.81 5.56 139.08 0.37
2.50 6.13 117 7.30 143.03 .36

Table VI. FTD2
Stabilizer and Support Cylinder Thicknesses
for Adiabatic Quenching and Stress Requirements
15000 A

Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer

(m) Thickness  Cylinder (cm) Stress Thickness

(cxn) Thickness (N/ @mz} (cm)
(cm)

0.50 0.83 0.20 1.03 477.38 0.74

1.00 1.64 0.63 2.17 443.01 0.74

1.50 2.45 0.93 3.38 417.09 0.74

2.00 3.27 1.40 4.67 415.41 0.74

2.50 4.20 1.94 6.14 411.21 0.72



Table VII. ACS
Stabilizer and Support Cylinder Thicknesses
for Stress Requirements Omnly

Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer

(m) Thickness  Cylinder (cm) Stress Thickness

{em) Thickness (N/ cmz) (cm)*
(cm)

0.50 0.78 0.16 0.94 623.17

1.00 1.56 0.38 1.94 722.03

1.50 2.37 0.69 3.05 824.45

24.00 3.14 1.20 4.35 1015.16

2.50 3.97 1.74 5,71 1120.44

Table VIII. ACS
Stabilizer and Support Cylinder Thicknesses
for Adiabatic Quenching and Stress Requirements
5000 A

Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer

(m) Thickness  Cylinder {cm) Btress Thickness

{cm) Thickness (Nfem®) (cin)
(cm)

0.50 1.03 0.06 1.09 163.08 0.37

1.00 2.08 0.17 2.25 210.54 0.36

1.50 3.26 0.33 3.59 244.99 0.35

2.00 4,72 0.57 5.29 264.92 0.33

2.50 6.28 0.82 7.10 268.03 0.32



Table IX. ACS
Stabilizer and Support Cylinder Thicknesses
for Adiabatic Quenching and Stress Requirements

10000 A
Coil Radial Radial Total Required Axial
Radius Stabilizer Support Thickness Preload Stabilizer
(m) Thickness  Cylinder (cm) Stress . Thickness
(em) Thickness (N/em®) (cm)
(cm)
0.50 0.71 0.19 0.90 869.75 0.74
L.00 1.43 0.43 1.86 926.94 0.72
1.60 2.24 0.74 2.98 960.19 0.70
2.00 3.30 1.14 4.44 897.86 0.66
2.50 4.30 1.61 5.91 0923.28 0.64

*- axial stabilizer thickness is not determined by stress
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HICKNESS FOR FTD1
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STABILIZER THICKNESS FOR ACS
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THICKNESS FOR 10000 A AND 177
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This program calculates the maximum temperature rise in
a superconducting wire during a quench.

Require input is:

S
c
¢
¢
¢
c
¢ I = total inductance of magnet, Henrys (array)
€ rd = dump resister resistance, ohms
¢ rr = residual resitivity of aluminum stabilizer, unitless
¢ ta = axial width of conductor (array)
¢
Criehb b RBRERBBBBEREER SRR PR R PR bph Rk r R h b AR Ak h kR ek ks h kB Rk khd
program maxt
real 15000(5,3)/.7076,2.778,6.181,10.98,17.25,1.026,4.049
1 ,9.104,16.15,25.35,.513,1.999,4.606,8.516,14.11/

C
real ta(5,3)/.0037,.0037,.0087,.0037, 0036, .0087, 0037, 0037, .0037,
1 .0037,.0037,.0036, .0035, 0033, .0032/
&
real ta2(5,3)/.0074,.0074,.0074, .0074,.0072, .0074, .0074, 0074, .0074,
1 .0074,.0074,.0072,.0070, .0066, .0064/
<
real 110000(8,3)/.1769,.6946,1.545,2,745,4.313, .2566,1.012,2.276,
1 4.038,6.336,.1282, .4997,1.151,2.219,3.526/
[

real tr(5,3)

ChwE
open(unit=l,file=’cptemp.dat’ i$@&@ﬁ§m new’)
open(unit=2,file="rhotemp.dat’, status=’new’)
open(unit=3,file="results.dat’ status="new’)

0

input the insu

] n thickness and call subroubine adjusta to
4
adjust the axia

abio i
I thickness arrays ta and a2

c
o

Hins=0.0002

call adjusta(ta,ta2,tin)
¢
Chddi
©

rre7s0,

rd=.1

tmax=100,
¢
e call calecu to calculate radial widths
C

cez=5000 .,

call calcu(18000,ta,rr,rd,tmax,br,ce)
€

write(3,3100)ce,rd,rr, tmax
3100  format(’ current=’,f7.0,’ dump resistance= ’,¥3.2,’ RRR= ’,f5.0,
1 7 tmaxs=’,f5.0)

¢
¢ print |
c
write(3,3000)
do 10 i=1,8

10 write(3,1000) (15000(i,j),j=1,3)
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cadisusss Subroubine calcu takes in the array of inductance in, the
cesswssss array of axial widths, ta , the maximum desired temperature
cuswsisst tmax, bthe dump resistance, the rrr of the stabilizer, and
ceewnwess rebturns the array tr, the radial width of the conductor
CalhbhphbRidbe RGP RR bR RS E bR AR ReR B R B bR hhREhhhhdkkedgiE

<

C
<

print tr

wribe(3,2000)
format (3g20.5)

format(/,’ Radial Thickness (meters)’,/)
format(/,’ Inductance (henries)’,/)
format(/,’ Axial Thickness (meters)’,/)
do § i=l1,5

write(3,1000) (tr(i,j),j=1,3)

print ta

write(3,4000)

do 15 i=1,5

write(3,1000) (ta(i,j),j=1,3)
write(3,3200)

format(///)

call calcy to calculabe radial widbhs

rd=.085
cc=10000 .
call calcu(110000,%a2,rr,rd,tmax, tr,cc)

write(3,3100)ce,rd, rr,tmax
print |

wr i be (3, 3000)
do 100 i=1,8
write(3,1000) (110000(i,)),j=1,3)

print br

write(3,2000)
do 35 i=1,5

wribe(3,1000) (br(i,),i=1,3)
print ta
write(3,4000)

do 25 i=1,5
write(3,1000) (ba2(i,j),j=1,3)

sbop
end

subroutine calcu(l,ba,rr,rd,tmax,tr,cc)
real 1(5,3),6a(5,3),tr(5,3)

do 10

i=1,5
do 10 j=1,3
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print tr

write(3,2000)

format (3920.5)

format(/,’ Radial Thickness (meters)’,/)
format(/,” Inductance (henries)’,/)
format(/,’ Axial Thickness (meters)?’,/)
do 5 i=1,5

write(3,1000) (tr(i,j),j=1,3)

print ta

wrri be (3,4000)

do 15 i=1,5

write(3,1000) (va(i,j),j=1,3)
write(3,3200)

format(///)

call calcu to calculate radial widths

rd=.05
cc=10000,
call calcu(110000,%a2,rr,rd,tmax,br,cc)

write(3,3100)ce,rd, rr, tmax
print |

write(3,3000)
do 100 i=1,5

write(3,1000) (110000(i, ), j=1,3)
print tr

wr i be (3,2000)
do 35 i=1,5
write(3,1000) (br(i,j),i=1,3)
print ta

write(3,4000)
do 25 i=1,5
write(3,1000) (va2(i,j),j=1,3)

°
of

98

stop
end
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cakwikess Subroutine calcu bakes in the array of inductance in, the
cesvsswse array of axial widths, ta , the maximum desired temperature
cisikiki tmax, the dump resistance, the rrr of the stabilizer, and
cekwkwnwe reburns the array tr, the radial width of the conductor

o sl o ok ool ol oo ol ool ol oo oo o ol oo oo ol o oo o oo o o o o oo ol f o o of ol o o ool o ot o o ot o o oo ol oo

C

<
C

subroutine calcu(l,ta,rr,rd,tmax, tr,cc)

real 1(5,3),ta(5,3),tr(5,3)

do 10 i=1,5
do 10 j=1,3



Call intg(tmax,!(i,]),rd,rr,tot)

¢
c Solve for appropriate jo
a=(1(i,j)/(2%rd))
jocor=sqrt(tot/a)
c
c solve for radial thickness of conductor
c
tr(i,j)=(cc/(jocorsta(i,j)))
10 conbinue
reburn
end

el sl o ot ool o ol oo oo ol o 0 ol o ol oo oo o ot o oo oo oo oo o o o o oo o o ok o o o o
cewshsaukis subroutine writerl asks for inductance, dump resistance
cusnaswasss residual resistivity, and current density
o st ol e s oo s oot o ool o oo ol oo o o oo ol o 0 o ol o ol oo 0 ot o oo o o o oo oo o ol o o o ol o o oot o o sk oo
subroutine writerl(l,rd,rr,ta)
real ta,l
print #,’ enter inductance, dump resitance, rrr, and axial thickness:’
read =,|,rd,rr,ta
reburn
end
0 ol o b o e s oo o e o of o ool o oo o o s ool ol o ol o e o o o sl o o oo o ool o o o s o
chssasssiss subroubine writer2 asks for trial tmax
(o s o ofofolofoe of oel ofoe of o o ofof  o of o  o  oe oe o o oo of  olo o o fo o o
subroutine writer2(tmax)
print =,’ enter trial tmax:’
read *,tmax
reburn
end
€ 2 el o oo o ool o ol o ool oo ool o ol o ol o o o oo o o oo o o o oo o o o
compkrasses subroubin intg does the numerical integration of the
criswnsisris integral gammazcp(t)/rho(t) between tmax and 4.2k
ol o o ol oo oo oo oo o ol o o oo o o o o ool o o o ol ol oo o R o o
subroutine inbg(tmax,!,rd,rr,tot)
real rhotemp (500) ,cpbemp (500)
tend=tmax
tstbart=4.2
tine=l,
gamma=2770.
call prop(rr,bstart,tend,tine, rhotemp,cptemp)
tot=0
totbemp=tstart
do & i=1,600
write(l,1000) botbemp, cpbemp (i
write(2,1000) totbemp, rhotemp (
1000  format(f6.2,5%,920.6)
cpbemp (i)=4.1868e3xcptemp (i)
tot=tot+ (gammascptemp (i) /rhobemp (i) ) »tine
tottemp=totbtemp+tine
if(totbtemp .gbt. tmax)gobo 10
5 continue
10 continue
reburn
end
€ ol oo o ool oot of oo of oo o o o oo ool ool o o o o oo ol oo s oo of o o o o o oo o o o o o o o o o ook
ckbmssunssns subroutine prop fills the arrays rhotemp and cptemp with
crikenwunsk resistivity and specific heat as functions of temperature
ckrukwkakks requires starting temperature, ending temperature, and inc

)
i)
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subroutine prop(rr,tstart,tend,tinc,rhobtemp,cptemp)
real cscoef(4,6),rhot,break(6)
real cscoefl(4,24) ,breakl (24),rhotemp (500),cptemp (500)
CHEk b
CHkk
ETT T
cikss  call subroutine to interpolate rho vs ¢ for rint, do spline
cokss  fit and return info necessary to determine rho f@r any b
CoEEE
call rer(rr,cscoef,break)
Cike
ckwt  call subroutine to do spline fit of cp vs t and return info
cesws  pecessary bo debermine cp for any &

Cledkk
call cpe(escoefl,breakl)
SIIT
cexex  fill arrays rhotemp and cptemp
Gk
tetstart
do 6 i=1,1000
ninby=5s
rhotemp (i)=csval (t,nintv,break,cscoef)
ninbv=23
cpbemp (i)=csval (t,ninby,breakl,cscoefl)
t=tebine
5 if(t .gb. tend)goto 10
Gl
10 continue
retvurn
and

EEE E L IS SRS EE LR E
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subroutine rrr(rint,cscoef,break)

Gk ok ol o e D sk e o
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N
fst 1

G This subroutine finds the resistivity of aluminum over the
ClkE temperature range from 4k to 273k, for rrr’s from 100 %o
Gt 30000. Data is interpolated from ’Handbook on Materials for
Chan Superconducting Machinery?
Cldedp
Chi Declare array for handbook tables and initialize
Qoo
ChdE Vectors of temperatures and rrr
Cedd

real Gemp(6)/273,100,50,20,10,4/

!
real rya@u@iﬁ}/%@@@@ 1@@@@ 8@@@ 1000,300,100/
]

real rint rh@r??(@)g@@aagf(@ 6), bW@%k(ﬁ)
parameter (ndata=6)

Qs

CHe b Array of resisitivity

CHwk

real rho(6,6)/2.43e-8,2.43e-8,2.43e-8,2.43e-8,2.44e-8,2.45e-8,
1 4.6e~-9,4.6e-9,4, ﬁl@m@ 4.63e~ 9 4 .68e- 9 4.85e~ @
1 4. Qﬁ@wl@ 4, g?@ml@ 5. OS@ml@ 5. 19@m1@ 5. 76e~10, 7.4e- 10,
1 7. @2@m12 8.64e-12,1.43e~11,3.05e~11,8.74e-11,2. 52@m1®
1 1.e-12, 2 62e-12, 8 29%9e-12, 2 45e-11 8 l4e-11 2 45e-10,

1 8. 15@m13 2. 43@%12 8. 1@m12 2. 43@m11 ;8.12e- 11 22 45em10/
Cidon
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Chlkg

Cerik

Call subroutine for calculating six values of resistivity at
the six temperatures

Call crre(rint,temp,rratio,rho,rhorrr)

Call subroutine to calculate coefficients from trrr and temp

°

Call cspline(rhorrr,temp,cscoef ,break,ndata)

return
end

oo s s oo o ok i o ool o o e o o o o o oo oo e o o0 o o o ool 0 o o e ol o o o 0 0 o o o oo 5 o o ot oo o o
€ o o o o i ol ol o oo o ol o o ol ol o o e o o oot o ol o oo o o ool o o ol o o oo ol sl s kb s
caunssssesassss Subroubine errr

s o s o o s s ol o s ol o

crsssnssusisets This subroutine calculates the six values of rho at
crukswwssssssts the six temperatures in the array temp by linearly
ceswmskhennkent |nterpolating the values in rho

€ i o s i o o ol oo ol o o ol o o o s o o o oot ol o oo o o oo o ol oo o ol o ol ol o o o o o o ool R ot sk o oo o o s ok o

Chdedgd
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Chdddpd
ChGshdks
FITTTT
FIITTY

Colse st

15

25
30
35

subroutine crrr(rint,temp,rratio,rho,rhorrr)
real rint,temp(6),rratio(6),rho(6,6),rhorrr(6)

find the two values of rratio that rint |ies between

do B j=l,5

if(rint .eq. rratio(i))goto 25

if(rint .1%. rratio(i) .and. rint .gb. rratio(i+1))goto 10
b=

ubs=i+l

The interpolation will occur between row bl and row b2 in the
array rho. i.e., rho(bl,j) and rho(b2,])

Interpolate for btemp(i)

do 15 i=1,6
fl=rint-rrabi o(l b)
%zmrh@(ubgﬁjwrm@( b,i)
f3=rratio(ub)-rratio(lb)
rhorrr (i)=(f1+f2/3)+rho(lb,i)
gobo 35

do 30 j=1,6
rhorrr(j)=rho(i,})
continue

reburn

end

o e v e ool ol o ol ol s o ol ol o ol o ol ol ol ol o ool ol oo W o ot ol oo o sl o o o ol ot o ool o o e ol o ol ol o ol R o o ok o ot ol ok ol e o ol o o o e o

crwwwnsrsussait  Subroutine cspline inbterpolates rhorrr and temp data
@ﬁ%@%%$$$$$$$$$$$$@$$@$$$$$%$$$$$$$%#$&&%@&@%%%@%%@$$$$$$&$$$$$$%%$*%%

Subroutine cspline(rhorer,temp,cscoef,break,ndata)
real cscoef(4,ndata),break(ndats)

call csakm (ndaﬁapﬁ@mpgrh@rrrpbrgakpcg@@@f)

return

end

ke o ke o sl e afe ol s ol e o ol g o o ol o i ol o ol ofe s ofe o e ol o o ol ool o ol oo o ol o ol ot ol ol ool o ot o o o olp s ot o ok o ok o ol o e ol e v e o R K o
cawknnismisss Subroutine cpe initializes cp-temp arrays, calls

cosnrknnnsrks spline fit routine cspline, and returns cscoef and break
ChihmpdbhbbdhbhhbhhhdbRbrbhhbdhadhppbtdhhbhhshddhhhhhhRphhhhdhdinkdkd



subroutine cpe(cscoef,break)
parameber (ndata=24)
real cscoef (4,ndata),break(ndata)

Cedparfpsk
cesdnk initialize cp vector
Coeko e
real cp(24)/6.768e-5,9.826e-5,1.245e-4,2.567e-4,4.133e-4,
1 6.067e-4,8.918e-4,1. 398@ 3,1, QSB@ 3,
1 3e-3, 9@%3 1. Q@@WQ 4 .88e-2, ﬁ 13e-2,
1 6096@w25@021@m2,10185@m1»1Ggﬁg@mlploﬁﬁg@wly
1 1.816e-1,1.932e-1,1.993e-1,2.065e~-1,2.109e~1/
Copr
cewwsx initialize temp vector
Cole s b o

real temp(24)/4.072,5.093,6.003,8.426,10.479,12.185,
1 14,713,17.121,19.280,22.67,31.61,40.68,58.59,65.79,70.52,
1 84.,97.97,119.74,148.5,178.45,204.92,225.75,253.32,273.03/
Gtk
ceawsk Call cspline and get back cscoef,break

(o3 £ 3 %
Call cspline(cp,bemp,cscoef,break,ndata)
reburn
end

o s s ol o e ool ool o oo ool o o ool ol o o ol ol ol oo 0 oo o o o ol ool oo o o o o o oo o ol ol o
cakwsssnsik subroutine adjusta reduces the axial thickness
caswansasiss of the conductor by the amount of the insulation
cruwnnsessrs thickness tin
@%%@%%%%&%%%%%%%*@ﬁ%%%%%%ﬁ%%&%%@%%%%%%@%%%%@%%%%%@%%%%@%%$%%%%$%

subroutine adjusta(t1,42,%in)

real £1(5,3),42(5,3),tin

do 5 i=1,8

@

do & °mJ3£

L (i, j)=061(1,] )muam
5 %2€ﬁpg)mﬁ?(ﬁﬂ J=tin

revurn

and
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