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In IEA-LCT coil, eleectric phenomena in energy dumping were studied
analytically and experimentally.

Protection resistance of the Japanese LCT coil is chosen as 0.1 @
considering the quenching voltage, so that temperature rise of the coil is
no problem.

_ Energy dumping characteristic of the six-coil system is calculated
under different conditions. It is concluded that simultaneous dumping of
all the coils with the equivalent resistance values of preotection is
necessary.

Flashover voltage tests of the model in 4.2 K liquid helium, 4.2 K
gas helium and 4.2 K boiling helium show margin in practical quenching

voltage of the coil.
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1. Introduction

IEA-LCT (Large Coil Task) has been started since 1977, 1In this
project the six large scale superconducting magnets built by four
international participants will be assembled at ORNL (Ork Ridge National
Laboratory), where experimental coil tests are planned.l)

In this project JAERI has been fabricating a pool-cooling ceoil with
edge-wise pancake windings of Nb-Ti conductor.Z)

This report describes calculation and experimental studies on
electric phenomena due to energy dumping of LCT coil,

Table 1 shows the main parameters of the Japanese LCT coil,

2. Choice of the Resistance Value for the Japanese LCT Coil Protection

In this report, calculation is executed with the assumption that six
coils have the same electric constants as those of the Japanese LCT coil,
Electric parameters of the Japanese coil are listed in Table 2. With the

coil arrangement shown by Fig. 1, the whole energy E; of No,1l coil is

Eq = %—L0112+M1I;IZ+M21113+M3IIIH+M211I5+M11116

Calculated results are later summarized in Table 4 (Sec, 3.1), where 100 7%
current of each coil is assumed to be 10 kA.

In order to set the resistance value of the coil protection there are
various conditions. We take the next conditions

We take the next conditions for LCT coil.

(1) By ORNL LCT specification, the temperature rise of conductor during
coil dumping shall be lower than 80 K in case of the Normal
Operation, 100 K in case of.the Extend Test (ALT, A etc.).

(2) The Japanese LCT coil is operated by pocl cooling system, so that
a high voltage is not acceptable. The maximum voltage between the

terminals should be below 1 kV.

Thus we chose 0.1 Q of protecting resistance of the Japanese LCT coil.

3. Analysis of Current and Voltage during LCT Coil Dumping
3.1 General Solutions for Six Coil System

Currents of the coils during coil dumping, I;, Iz, «...... Ip are

generally written by the next expression.
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I, I17 Ty vouns crees 116-‘ exp (pyt)
I, Is9q Too eenecenns . ]:26 exp (pZt)
= . . . (1)
Tg _151 Igo oo censs 1gg exp (p6t)“|
Coefficients I17, I17 ««vee... lgg shall be determined through
unknown coefficient method by later equations (4) v~ (9), and
P1, Poy wvvenns P are roots of the next sixth equations.
LiiptRy LisP  ceveeiianns . .. Ligp
Loip LooptRo cegtear st Logp
=0 (2)

Lg1p Lgop

Where Ly;, L1y, etc. are coefficients of induction in the six coil system

and Ry, Rp, etc.

connected to that coils.

are protection resistances which are independently

Ry = 0 in the equation (2) corresponds to no dumping of No. k coil.

Equation (2), as far as R # 0, is transformed to the next eigen value

equation.
Ly 1 Liz
Ry -p * R T
Lz Laz 1
Ry » Rp  -p
Lg1 Lgo
R 7~ Rg

Coefficients I7y, Iig,

simultaneous equations.

Lee

Rg

Lig
Ry
Lzg
Ry

1

-P

=0 (3)

«ev.. Igg are determined by the. following 36
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_ 1 4 - A
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Pylyy  PyloptRo PyLog Iy 0
. R . . = . (7)
Pylel Prlgo PuleetRe || Tew | | O_
. — 4 A
PcLyj#R;  Pglip  ceceev-s Pelig || Iis 0
Pshoy  PsLa Ry Pslog Iyg 0
. s = . (8)
| Psley PsLe Pslee¥Re || Tes | | O |
Ty + 110 + + Iie | T Tyg |
11 12 P I I . 1§ 10
121+122+ R N R +126 .[20
: = (9)
Il T Igo F coveeninnnesnns +1664_ B IBO_

Where 1,45, I3p, --++... lgp are currents just at the moment of the beginning

of dumping in No.l, No.Z, .......... No.6 coil respectively.
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Terminal voltage of each coil is given by the multiplication of each

current and the protection resistance of that coil,

3.2 Simultaneous Dumping Whole Coils with the Same Dumping Time Constant

The normal resistance value in the superconducting winding is
practically neglected in comparison with the protection resistance value
Rp.

The discharge currents I of all coils with the same dumping constant
are expressed by
R
I =1, exp (—-Ip--t)

Io : Initial current (A)

Time after initiating discharge (sec)

L =1, +2M1+2M2+M3
= 2,972 H
Rp = 0.1

L/Rp = 29,72 sec.

Accordingly, the time constant of the system is 29.72 sec.

3.3 Current Characteristic with Different Dumping Resistance

As an example with different dumping resistances, calculations of
the dumping current have been performed with the arrangement of Fig. 1,
where the different resistances are alternatively connected. Because it
may be expected that there exist plain effected modes in current by each
other.

The numerical solution I of dumping current of No.l coil for two

typical cases are given as following.

Case I; Ry = 0.1Q, Ry, = 0.25 8
I; = 10{1.3766 exp(-0.03812t) - 0.3766 exp(~0.1268t)} kA

Case IT; R; = 0.1 92, Ry, =1 R
I; = 10{1.3886 exp(-0.04046t) - 0.3886 exp(-0,478t)} ka

Examples of these two cases are shown in Fig. 2. 1If the difference of

the coil protection resistance is so large as shown in an example for the
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Case 1I, the dumping current value of the coil which has the smaller
resistance is increased over the initial current. In order not to have
large current value than the initial value, the smaller difference value

between R; and R, is preferable.

3.4 Current Characteristic of No Dumping Coil in Case of Dumping of a

Neighbouring Coil

The current characteristic of no dumping coil is here calculated on
the case of dumping of a neighbouring coil in order to check the worst
condition of no operation of circuit breaker. The current I;(t) of no
dumping coil is shown by the following equatiocn,

Rz
C1,(0)e” T

=

L) = L+« 1,(0) -

where L/Ry is the time constant of the neighbouring coil. If the time
after the dumping is sufficiently long. The second term of the above
equation diminishes.

A numerical value is presented here on the example of LCT test "ALT A"
where the test coil of 110 % current is not dumped and a neighbour is

dumped.

0.390)
2,141

13 kA

I;(=) = (1 + x 11 kA

fl

If two neighbouring coils are dumped without opening of the circuit
breaker.of the test coil, the current value of the test coils is more than
13 kA. Such a high value is above the stable operational current calculated
by thermal equation.Z)'.Consequently all six coil should be absolutely

discharged in any quenching case.

4. Experimental Measurement of Breakdown Voltage in Coil Quenching
4.1 Insulating Configuration of the Japanese LCT Coil and ORNL Specification

In the Japanese LCT coil winding, the roughed surfaces of the conductor
is separated with fiber reinforced plastics of 3 mm thickness for the purpose
of electric insulation. On the other hand ORNL specification of insulation

for LCT coil are summarized as follows.l)
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Case II, the dumping current value of the coil which has the smaller
resistance is increased over the initial current. In order not to have
large current value than the initial value, the smaller difference value

between R; and R, is preferable.

3.4 Current Characteristic of No Dumping Coil in Case of Dumping of a
Neighbouring Coil

The current characteristic of no dumping coil is here calculated on
the case of dumping of a neighbouring coil in order to check the worst
condition of no operation of circuit breaker. The current I;{t) of no
dumping coil is shown by the following equationm,

Rz
I,(t) = (1 + %) - 1,(0) - % » Ix(0)e T t

where L/R» is the time constant of the neighbouring coil, - If the time
after the dumping is sufficiently long. The second terﬁ of the above
equation diminishes.

A numerical value is presented here on the example of LCT test TALT A"
where the test coil of 110 % current is not dumped and a neighbour is

dumped.

0.390

2.141) * 11 kA

It

13 kA

If two neighbouring coils are dumped without opening of the circuit

breaker of the test coil, the current value of the test coils is more than
13 kA. Such a high value is above the stable operational current calculated
by thermal equation.Z) 'Consequently all six coil should be absolutely

discharged in any quenching case.

4. Experimental Measurement of Breakdown Voltage in Coil Quenching
4.1 Insulating Configuration of the Japanese LCT Coil and ORNL Specification

In the Japanese LCT coil winding, the roughed surfaces of the conductor
is separated with fiber reinforced plastics of 3 mm thickness for the purpose
of electric insulation. On the other hand ORNL specification of insulation

for LCT coil are summarized as follows.l)
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(1) The coil insulation resistance shall be a minimum of 100 kQ between
conductor and ground at 4.2 times the quench voltage dc when
measured in air at ambient conditioms.

(2) The insulation resistance of layer-to-layer or pie-to-pie shall be
a minimum of 100 ki when tested by applying a voltage of 4.2 times
the voltage which will appear between adjacent layer or pies.

(3) The coil shall withstand a potential of 3 times the voltage of quench
rac, root-mean-square, 60 Hz, applied for one minute between the
conductor and ground. This requirement shall be met for ambient
conditions with the coolant volume filled with He gas at a pressure

of 1x0.1 atmosphere.

4.2 Experimental Procedure

The insulation model specimens simulating to pie-to-pie insulation,
shown in Fig. 3 were set up in He dewar, a series of voltage breakdown
test were carried out. ‘

An appearance of the model and the roughed surface electrode are
shown in Fig. 4. The FRP (fiber reinforced plastic) spacers with 3 mm
thickness are used as insulators, and two kinds of cooling surface with
smooth surface and roughed surface of THERMO EXCELL3) (commercially named)
are used as electrodes.

The surfaces of spacers were polished by emery paper before setting
up into the electrodes. 1In the experiments two types of voltage DC {+,-)
and AC rms.- (30 Hz) are applied. Breakdown in any case.arose on the surface
of FRP spacer. The voltage is applied between conductor models in 4,2 K
Liq, He, 4.2 K Gas He, room temperature Gas He and room temperature Air,
The model specimen in 4.2 K Gas He is prepared such that the level of Lig
He is at the center of spacer imsulating vertical channel.

In order to inﬁestigate breakdown voltage in the condition of boiling
He, the Liq He was heated up with a 100 W heater in the bottom of the
model specimen. Thus He bubbles were floating up in the insulating channel
and in this condition a voltage was applied between conductors, Photographs
of the experiment with and without heating are presented in Fig. 5(a) and

5(b} respectively,

4.3 Experimental Results

The experimental results of breakdown voltage tests are summarized in

Tahle 3.
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Main conclusions of the breakdown voltage tests are followings,

(1) THERMO EXCELL surface decreases 50 % of the flashover voltage of FRP
spacer in comparison with that of smooth cooling surface in 4.2 K
Gas He. ‘

(2) The flashover voltage of 3 mm thickness spacer in 4.2 K He isg at
least DC 10 kV, which has large clearance for the quenching voltage
1 kV/20 layers i,e., 50 V.

(3) The insulating strength in Liq He of 3 mm thickness spacer is .about
DC 20 kV.

(4) Boiling of He decreases the insulating strength in Liq He, but the
“ingulating strength with boiling He is considerably higher than that
of Gas He. (dielectric constant £ in Lig He = 1.049)

(53) The rms of AC bfeakdown voltage is in any case in this experiment
about 50 % of DC breakdown voltage.

{6} The value of scattering in AC breakdown voltage is smaller than that
in DC breakdown voltage.

(7) On the insulating configuration it would be noticable that the break-

down voltage in Gas He is extremely low at the room temperature,

5. Temperature Rise of Conductor due to Coil Quenching

5.1 Temperature Rise in the Case where the Whole Conductor is changed

into Normal State

In the case where whole length of winding is changed into normal

stage, the energy dissipation in the winding with the extermal resistance

0.1 & is as following.

0.02949
0,10+0,02940

196.8 x10% J x = 44,71 x 10% J

In the above calculation the constant value of substrate resistance
at 77 K is applied. For simplicity it is assumed that the whole energy

is exhausted only in the winding.
The energy consumption per unit weight of winding is

(44.71x10%)5 = (20.9x103)kg = 2139 J/kg.

From the enthalpy of copper the temperature rise is 56 K,
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spacer in comparison with that of smooth cooling surface in 4.2 K
Gas He.

(2} The flashover voltage of 3 mm thickness spacer in 4.2 K He is at
least DC 10 kV, which has large clearance for the quenching voltage
1 kV/20 layers i.e. 50 V. _
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5.1 Temperature Rise in the Case where the Whole Conductor is changed

into Normal State

In the case where whole length of winding is changed inte normal
stage, the energy dissipation in the winding with the external resistance

0.1 @ is as following.

0.02945
0.106+0.02940

196.8 x106 J x = 44.71 x 10% g

In the above calculation the constant value of substrate resistance
at 77 K is applied. For simplicity it is assumed that the whole energy

is exhausted only in the winding.
The energy consumption per unit weight of winding is

(44.71x108)J = (20.9x10%)kg = 2139 J/kg.

From the enthalpy of copper the temperature rise is 56 K.
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In such a way the temperature rise of each extended test is calculated

and summarized in Table 4.

5.2 Hot Spot Temperature of Conductor with Fixed Cold Ends

During the resistive voltage across the coil terminals at coil
quenching is lower than the detection voltage, the circuit breaker for
protection does not operate.

When a comparatively short normal zone is limited and temperature
rise is progressive, there may be an excess temperature rise of conductor
by insufficiency of the generating voltage.

In fact such conditions are most probable when a short normal zone
is limited by both cold ends with enough replenishment of liquid He.

The temperature of a conductor are calculated with the one-dimensional

heat conduction equation (10).

3T _ 3 3T P
m-C(T)-Bt = g;-{A(T) ax} +Q- H (10)
- JrL(e)so
Q = p(T)-{ A }
H=0 (|x| g 2/2)
T = 4.2 K (|x| 2 £/2)

where
T : Temperature of conductor at the point (x,t)
Coordinate of situation along conductor length

Coordinate of time

ct

Specific resistivity of copper
: Specific heat of copper

Heat conductivity of copper

: Heat generation rate by current
: Heat dissipation factor
Periphery of conductor section
Section area of conductor

Current of conductor

* o= P "oz O > 0 T

Dry zone length

Specific gravity of conductor

8
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For simplicity the next conditions are assumed in order to keep the

estimation safe.

(1) A dry zone of conductor is due to vapor locking etc.

{2) Enough replenishment of liquid He prevents dry zone length from
progressing.

(3} Enough replenishment of liquid He keeps the both ends of the dry
zone at the constant temperature of 4.2 K.

(4) There is no heat dissipation from surface of the dry zone conductor.

The main parameters of the Japanese LCT coil are shown in Table 2.

Then calculation procedure with Crank-Nicolson method and the computer
code are written in the Appendix.

The calculated results are given in Table 5 and in Fig. 6. 1If the
dry zone length is less than 0.7 m, the temperature is saturated without
detection of which voltage is 80 mV. The hot spot temperature reached at
the maximum value when the dry zone length is 0.7 m, and-it is 165 K.
Figure 7 shows an example of the temperature distribution along the
conductor of dry zone of 0.8 m in length. As conclusion in this section
it can be said that the maximum temperature rise is attained to across the
conductor length of 0.7 m, so that their is no anxiety of thermal stress

in the winding.

6. Conclusion

Several electric problems due to quenching of the Japanese LCT coil
are picked up and examined by calculation and experiment.
The conclusions of this report are listed as followings.

(1) The protection resistance 0.1 2 of the Japanese LCT coil is chosen
in view of the voltage below 1 kV and the femperature rise below 80 K
at coil quenching.

(2) The analysis of current dumping with six coil system proves that the
whole coils should be simultaneously dumped at quenching of any coil
with the condition of equivalent resistance value.

(3) The insulating strength in the winding with rough surface in the
Japanese LCT coil has enough margin for practical quenching voltage.

(4) The temperature rise of the Japanese LCT coil at quenching is cal-
culated as 60 K in the case where the whole winding is normalized, and

~as 165 K in the case where local winding is normalized.
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Séveral electric problems due to quenching of the Japanese LCT coil
are picked up and examined by calculation and experiment.
The conclusions of this report are listed as followings.

(1) The protection resistance 0.1 £ of the Japanese LCT coil is chosen
in view of the voltage below 1 kV and the temperature rise below 80 K
at coil quenching,

(2) The analysis of current dumping with six coil system proves that the
whole coils should be simultaneously dumped at quenching of any coil
with the condition of equivalent resistance value.

(3) The insulating strength in the winding with rough surface in the
Japanese LCT coil has enough margin for practical quenching voltage.

(4) The temperature rise of the Japanese LCT coil at quenching is cal-
culated as 60 K in the case where the whole winding is normalized, and

as 165 K in the case where local winding is normalized.
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Dumping current analysis with six practical ceoils and insulating
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Table 1 Main Parameters of the Japanese LCT Coil

JAERI - M 8726

Item Value
Coil Bore 2.5m x 3.5 m
Maximum Operational Field 8.0 T
Ampere Turns 6.76x10% AT
Operational Current 10,21 kA
S.C. Material | Nb-Ti

Rough Surface Copper Stabilizer

Conductor

Soldered Cable Superconductor
Winding Fdge Wise, 2 Grading

20 Double Pancake
Weight 39 n 40 ton

Table 2?2 Electric Parameters of. the Japanese LCT Coil

Item Value
Coil Winding Weight 20.9 ton
0.0133 ¢ at 4.2 K
(6x10710  om)

Substrate Resistance

0.0294 @ at 77

X

(13.3x10710 gm)

Inductance

L, = 2.141 H

M; = 0.390 H (No.l - No.2)
M, = 0.129 H (No.l - No.3)
M3 = 0.084 H (No.l - No.4)

Conductor Current

100 % = 10 kA

Table 3 FRP Flashover Voltage ; 3 mm, 1 atm

THERMO EXCELL C* | Smoothed surface

Insulating Media Temp. DC AC rms DC AC rms

Liq He 4.2 K;19.8 kv | 10.1 kv | 20 kv | 11.6 kV
Boiling He in Liq He | 4.2 X | 15.1 8.9 20 | 11.6
Gas He 4.2 K| 10.8 4.8 19.7 9.4
Gas He 15 °c| 1.08 0.59 1.16 0.6
Air 15 °C | 5.24 3.12 9.98 4.16

* Height of saw-teeth :

1.2 mm, Interval of saw-teeth: 0.8 mm
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Table 4 Magnetic Energy of No,l Coil and
Temperature Rise of ORNL Test Sequences

Test I 1 I, I, I, Ig £, Temgizzture
Normal Op.| 100 #Z | 80 % 80 %Z | 80 % | 80 % | 80 % 196.8 MJ 56 K
ALT A 110 % | 90 % | 90 % 90 Z 1 90 % | 90 % | 248.9 MJ 60 K
ALT B 100 % | 100 % 1100 % |100 % {100 % | 0 %21 210.8 MJ 57 K
ALT C 140 % 0 7 0% 0% 0%Z| 0%} 209.8MJ 57 K

Table 5 Calculated Results
L T, t Ty th
(m) () (sec) (K) (sec)
0.1 -— —_— 6.56 0.06
0.2 —— -— 12.4 0.4 n
0.4 -— —_— 48.5 42 n
0.5 —-—= o 58.4 100 ~
0.6 -— - 88,12 650 ™
0.7 163.8 183.6 165.6 190
0.8 149.1 87.1 160.5 100
1.0 127.8 52.2 156.5 74
1.2 111.5 39.7 153.0 70
1.4 98,6 32,4 148.3 68
1.5 93,7 30.0 146,1 70
1.6 89.4 27.8 144.0 70
1.8 80.0 23.2 136.4 72
2.0 74.5 20.7 133.3 76

L ; Dry Zone Length
Ty; Temperature corresponding to V=80 mV
ty1; Time corresponding to V=80 mV
Th; Maximum temperature over all time
tys Time cerresponding to maximum temperature
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No.4

Fig. 1 Coil Arrangement with Alternatively

Different Dumping Resistance

12 L =11.37
Case I R;=0.1&, Rp=18
10
Case I R;=0.12, R2;6TEgﬁﬂh-‘"-"“‘"—-——_q____
8 e
g 6F
“T
2 -
O | I 1 1 1 L 1 —
0 1 2 3 4 5 6 7 8

t (sec)

Fig. 2 Dumping Current Characteristics with

Different Dumping Resistors
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Copper Model Conductor

///

ilivuy

//////

—= 1 0mm =

ngh Voltage

FRP Spacer

h\\\ Copper Model
Conductor

\
/ )

N

‘\“Vinyl Tube
100W Heater

10A%10V-

(b) Side View

Fig. 3 Configuration of Test Sample
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(ay Sample and Sample Holder

{b) Section View of THEMOEXCELL Surface

Fig. & Sample of Breakdown Voltage Test

s
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(a) Herium bubbles in Liquid Helium (b) No bubbling in Liquid Helium

Fig. 5 Helium Conditions with and without Bubbles
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Appendix Computer Code for Calculation of Hot Spot Temeprature of

Conductor due to Coil Quenching

The differential equation (10) is transferred to the difference

equation (11) with Crank-Nicolson method.

m* C(T) B 1 Ui, §417 20 41T, 5L
i (a4~ oug,p) T B o
+ ?\(T) .Ui_l,j—ZUi’j'}'ui+l,j}
Ax?
+ 1 BA(T){“i+l,j+1“ui—l,j+1 + ui+1,jfui—1,j&
4 9x Ax Ax
N P
Q(T) - % H(T,x) (11)
uyo3o i+Ax and j-At in the equation (10) are respectively T(x,t), x

and t in the equation (11).

Now Q(T) is generated by the current which is constant until that the
terminal voltage of the coil is below the detection voltage V) and dumped
with the dumping time constant T after a delay time tj.

Furthermore the equation (11) is transformed to the gradualing
expressions in the code,

In that code the symbols concerning "IN PUT" are as followings, and
numerics are used in MKS unit,

DX; x, HFLG; & ; Dry zone length, DSEC; At, FTIME; Calculated last time,

AREA: A, PEFF; P, CUR; I(0), GRAV; m,

IP: Full mesh number of initial dry zone length

IS; Spaced mesh number for recording the solution along the dry zone
length

IKM; DPivision number for recording the solution along the dry zone

length ' '

SECS; Spaced time for recording the solution

~
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230=T5 WMT FORTRAN-IV H COMPILER ' (IPT2.CPY SOURCE PROGRAM | [5T

SOURCE PROGRAM

CHOUDENDDU K. OKA« 1979.10+2s  TEMP DSTRIBUTION ALONG CONDUCTOR
DIMENSION UACLOOQY «LUBCLOQOY » TMP CLOGOY s ULLIG00) (AL1000) B100D)
1CL10002 D (1000} vALPHI1000)45{1000)

DIMENSION ALTTCLOY sRHOOCI0Y 1HHTT (1074 CCUUC10)
GIMENSION DLTX (103 « SAHEN{IDY s UHEN{10)

READ (5.10011 DXwAF(Gr ~ DSECFTIME,AREAPEFF 1 CUR,GRAV
FORMAT (BF10.0)

READ €541002) TP.[34[KM4SECS
- FORMAT(31104F10.0)

SECP=SECS

8J=0,0Q

HEATM=14000.0

TB=4.2+1.2

LET=T3=4,2

XP=iPalxX

DRZmiEwey

VPNP R DEDX#ED

VOSEC-2.08D5EC

wlAmb, GeDL

THmAF L BADK

LhMMZ ES

Ju=F T [ME/DSEC

CA=(CUR/AREA) +%2

PEmFEEF FAREA .

WKITE (6320007 OX.=FLG+DSECFTIMELAREAPEFF +CURPA
FORMA™ (F1H 13X SGHDX s HFL G DSECHFTIME 4 AREASPEFF 1+ JURFA
18E11,4) - B

PPITE (A Z009) CAGRAV.IM e 1P 1151 TKMASELS
FORMATL/ 1y W 3X. EOHCASALY w IMe S TP ] 50 | KM BECS
12E11.4+5/11,E11,4)

Lo 25 Twlelm

IFCI.GT.IFY GO TD 24

LACLI=10,0

o0 TO 2t

UACL =4, 2

CONTIHLE,

CTNTINUE

UAZ=UALLy

QU 15 TK=latkM

laj5e)c

JUCIRISLACTY

WAITE (020050

FORMATCZLH ¢34 ANHINITIAL COKPISIIN € $.0 SEC 3 )
WRITE (642002 UAZy EHIICTRI 2 TE=1 ¥ )

FURMATU/DH 2342 11F1144) .

JeG

CONTENUE

O 20 1mlslm .

TeR L1 =a T}

T=1

2=l

ESLANL

H
T=Lacl?
ALT=ELLTD
aLY2=sL(T2)

23L=78 MT FCRINAN- |V d DOMPILER  (UPTEWLP) SOURCE PRIGRAM ( [ST

SCUPCE PHOGRAM C FTMAIN 2

ALTT=AL(T1)
CALET=ALTZ=8LT13 /(2. O#0XY
Wl=CHaRMOLT)

IFEX. AT, ARy 50 T2 ar

HT=Dd

6L TS 42

ATz {12

LONT InGE

DU1IRA|TAVDX2 RCUACEI=2,UNUACL) +UaLY+DALRT /WD N CUALZ) =UaL)+qT
1=PARHT+GRA¥ACCUIT) FDSECHLALL)
CACLYEALT/VDRRZ-DALKT /6 .
COLYmALT/VORZ*DALKT/ Wik
BOL)RGRAVACCU{TI/DSEL AL T/ONZ
s =De1)

BUPHL] B (1) =n {1}
CTUSLI Y =LLULTY

ALTTCIY=ALT

RAOD ([ I =RADCT) '
HHTT ([ J=nT

DLTxCLY=DALRY

CONT [WLE

D 30 =2a M-l

=

AmZ]#DX
Stimyadi=1)

TZmUA(]1+1)

T=UACLY

ALT=AL(TY

ALT1=AL(T1)

ALT2=AL(T2)

DALXTw (AL TZ-ALT12 /(2. CHNX)
BTmCARHHO(TY

IF{X.GT. XP) %C TC 50

H1=0, G

Go TC 52

H1=H(T}

CONT INUE

DOTIMALT/VEAR #LUALT+1)=2,0%UALTI*UALI=132+DALXT/WDXa{UALI+1]-
LUAL =LY ) s BT=PASHT+GRAVRCCUCT) /DSECRUALLY
ALL)=ALY/¥DXE-DALXT/PDxX
COIYmal T/ vDX24DALXT/NOX
B(1)=GRAY*CCULT) JDSET+ALT/DXZ
ALPH(]IwE (1) A (1) aCLI=1) FALPH{I=1)
SCII g3 +AL1InS(I=12/ALPHCI-1Y
1F{J .GT,2 1 GO TO 91
CIFGL ,6T,9 ) GO TO 31

DLTAC] F=DALX]

CCULKTImECU(Ty

ALTTCDI=ALT

RAOOL] Y mRHO(TY

HHTT (I I=hT

CONT [NUE

30 CONTINUE

UBLIMy =4, 2
DG 33 1mly[M=1
11

=1M=]
33 UBCELD=(SCIII4CCT I AUBCIEELI) FALPHCLDD

—_ 2() —_

=TRO420-{¥D2,L142 DATE

SEQUENCE

=790820-(v02,L 1%}

SERUENCE

DATE

19.10,22/15123

19,10, 22415173

PAGE

PAGE

-



FACOM 230-73 M7 FORTRAN=1V H COMPILER (OPTZWCP) SOURCE PROGRAM LIST =T90420-(V02,L14) DATE 79,10.22/13:23 PAGE
1SN ST-NG SOURCE PROGRAM ¢ FTMAIN ) SEBUENCE
109 CONTiNUE
110 UBZmUB(1) .
111 1F(J .GT,2 3 GO TO 92
112 DO 37 {249
113 SAHEN( I Y=mGRAVSCCUUC] ) /DSECH(UBLT)I=UACI))
114 UHENC] ymALTTE]}/VDX29 (URCI#1)=0 O%UBLI I +UBCI=1) *UAL I o2 =2 , D4UALIY
L+UALL=1Y ) «DLTXC] I /HDKS (UB (T4 13mUB L T=1+UACT+1I=UACT=1))
2¢CAMRKDDC [ y=PARHHTT (1}
1% 37 CONTENUE
! 116 SAMEN (1) wGRAVACCUL (L) /DSEC*(UBC1)=UACL) )
: 117 UHENCL3wALTT(1) /VDX29 (UB L2} =2, UnuBL1) vUBZ +UALZ) =2, ORUALL) +UAZY
2+DLTECL) WDX#(UB (23 ~UBZ ¢UA 2D =UAZ ) ¢CAKRHOO( L) =P ASRHT T 1)
118 92 CONTINUE
19 Ju+l
120 Pimd
121 SEC=DEEC#PJ
122 1F¢) ,8T,3 ) G0 TO 93
123 “wRITE{6.,2004) SEC
, 124 WRITEC6,2005) UAZ CUACI) +i=14103
: 125 WRITE (650013 (ACI) 2 1=1493
1z¢ WRITELE,5001) (BCI1 1 [mis92
127 WRITE (6450013 CCCI) 112149}
128 WHITE (645001) (DCI) 1 [w1ed)
129 WRITECH 5001 (ST o [=1e9)
130 WRITE(6,5001) (ALPECI) s 1=149}
131 WRITECH45001) CCCUUCIS +1=149}
132 WRITECH.5001) CALTTCE olwi 9
133 WRITECE150D1) CRRODCI) vim}+2)
i3a WRITE (643001) (MHITLLED N
13% WRITE (645001 LSARENC[) 4 [ =19}
136 WRITE (6,5001) C(URENCEI o|m]5)
137 5001 FORMATC/1H +14X410E1L,4)
138 WRITE(642005%) UBZ+(UB(I)+1mLe10)
. 139 93 CONTINUE
‘ 180 1F (SEC.GF,SECP3 GJ TO 300
181 &G 10 309
. 162 300 CONTINUE
& 143 FRCNES I
14k SECP=GJs5ECS
145 DO 16 [Kml,1KM
1ss Km[5[K
1e7 16 LUCTK) =UB (KD
146 4H|TE(6.20047 SEC
149 2000 FURMATCZLM (1X\F8, 3
150 WRITE (6420053 LBZs (LUCIK) 2 IN=L IKH)
131 2003 FORMATC/LH 3X.11E11.4)
152 369 CONTINUE
153 IFJ,GT M) GO Ty &
154 DO 34 [=LyIM
155 34 VAL =UB(D)
154 UAZmUBZ
157 GO TO 5
153 & CONTINUE
159 STOF
ls0 ERD
FACOM 230-75 MT FORTRAN-|V W (OMPILER {OPTZ.CP) SOURCE PROGRAM | [GT =T90420-(v¥G2.L14) DATE T9.10.22/15:23 CAGE
IS8 51=nD SUURCE PROGRAN SEYUENCE
c CQULTY 5 (JZRGAXD 5 Re=CALCT) FOMwn 3/ CGRAVACLUCTY/DBEC)
H FUNCTION CCI(TS
H TFCT.GT, 40,0} 6O 1D BUL
3 CCU =, F5I1ZE~I4TH4d
4 GU TO 609
5 601 [FCT.GT.E0,0) GO Tt L2
6 CCU =3, 6w<T=40,0)¢f1,0
: 7 cu TO 60%
i [ L02 LFLT.6T,106,00 GO "C 603
! ] CCU 22.458T+9.0
10 GG 1T 609
11 £33 1F(T,5T,150.03 60 TO 608
12 CCU =1.1z#T4132.0
13 GO TC 405
14 404 IFCT.3T.200.0% GBI TD 605
13 - QU mg.AZaTeRAT, O
16 GO TC 60%
17 605 CCU =0.33a7+255.3
18 €05 CONTINUE
19 RETURN
20 ERD
<
t FACOM 230=75 M7 FORTRAN-IV = COMP[LER (OPTZ (¥) SOURCE PROGRAM L[ST =TOU420-(VUZ.L14) DATE 79.10.22/15!23 PAGE
1
- 18n  5T=nO SOURCE PROGTAM SEGUENCE
c ALCTY § CHAMIK)
1 FUNCTION ALCT)
Fi hLaTE, TTAT24T, 58
3 RETURN
a END
| FACCK 230-75 M7 FORTRAN-|V H COMPILER (DRT2.CP) SOURCE PROGRAM LIST =T30420-{¥02.L18) DATE 79,10.22/15:23 PAGE
18N ST-HD SOURCE PROGRAM SEWVENCE
c RHOCTY § (OHw=m)
1 FUNCTION RKO(T)
2 RHO =20.9
3 IF(T,6T,5,8) GG TG 700
4 GO TO 709
5 700 [FLT.GT.80,03 GO TO Tu1
: & RHO =4, 66E=158 T4 #3+6, DE=10
) 7 - Go TO 703
i L) 701 RHD =0,7E=1G#(T=50.03+4,0E=10
! 9 709 CONTINUE
: 10 RETURN
i n END
i FACUM Z30rT5 MT FORTRAN-1v H COMPILER (OPT2:CP) SCURCE PROGRAM LIST =790420m{v02.L14) DATE 79.10,22/15!33
1SN 5T=ND SOURCE FROGRAM SEGUENCE
c HOTY & (W/M2)
1 FUNCTION H(T)
2 801 H =0.0
3 09 CONTINUE
4 RETURN
3 END

—_ 2]7 —




