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ABSTRACT

FRIDA is a computer code that calculates the dynamic longitudinal
response of fuel rods subjected to thermal transients. The fuel rod
is modeled as a simple beam, fixed at one end and in series with an

effective cladding stiffnecs spring and plenum spring at the other end.
The model is discretized through a finite element approach and the re-
sulting system of differential equations solved with a fourth-order

Runge-Kutta integration scheme.




I. Introduction

During a hypothetical reactivity insertion accidenc (RIA), fuel rods
will be subjected to thermal loads sufficiently severe that the inertial
response of the rods must be considered in a complete mechanical analysis
of their behavior. A computer program, FRIDA (Fuel Reactivity Insertion
Dynamic Analyses), has been written that computes the dynamic axial loads
in fuel rods subjected to such transients. FRIDA compliments the
FRAP-T1 (Fuel Rod Analysis Program - Transient) computer code in that
FRAP-T fuel temperature histories are typically used as input to the
program, although arbitrary histories are permissible.

FRIDA was originally coded and documented in 19752.
the code were sometimes questionable. In particular, the calculated
axial loads seemed unreasonably large. Since then, a number of signi-
ficant improvements have been made, specifically: (a) a new driver pro-
gram, (b) arbitrary noding, (c) more frequent updating of the stiffness
matrix, (d) incorporating the latest MATPRO material properties, (e)
an input smoothing function, and (f) calculation of the natural freguen-
cies of the model. The purpose of this report is to demonstrate the
effects of these changes on the program calculations.

Results from

Section 11 of this report will discuss the assumed fuel rod model,
Section 111 the solution procedure, and Section IV th generai code
description. Section V will present the results of a benchmark problem
comparison, while Section VI will present the results of an RIA sample
case. Finally, Section VII discusses limitations and recommendations
for use of FRIDA. Appendix A is a user input manual and Appendix B is
a code listing.



I11. General Model Description

1. Fuel Rod Model

The fuel rod is modeled as a one-dimensional (longitudinal) beam.
One end is assumed to be rigidly fixed while the other end is modeled
by two springs in series, one for the plenum spring and one representing
an effective cladding stiffness. The stiffness of the beam itself is
assumed to be entirely due to the fuel. In other words, no friction
is assumed between the fuel and the cladding.

The temperature of the beam model is input by the user as discrete
temperature-time histories. The axial temperature distribution and
history may be arbitrary although most frequently the histories are
derived from FRAP-T analyses. FRAP-T calculates both axial and radial
fuel temperatue profiles; however, for FRIDA only one temperature is
used at any axial location., Often a volume averaged radial temperature
is used to describe the fuel rod temperature.

A simple model for estimating the cladding hoop stress is incor=-
porated in the code. It is assumed that during the high fuel temperatures
of an RIA (frequently exceeding the fuel melt temperature) the fuel
stress distribution will be very nearly hydrostatic. Thus the axial
stress resuiting from the calculated axial loads will approximate the
fuel-cladding interface pressure. Thin wall tube theory then leads
directly to an estimate of the cladding hoop stress.

2. Equation of Motion

The equation of motion for longitudinal vibration of the mode 1ed
fuel rod, see Figure 1, may be derived as shown,



B W i, T o, 1, 6
=3
oy
-
-

Fig. 1 Beam/spring model of the fuel rod

where

u(x,t) = longitudinal displacement as a function of distance
(x) and time (t)

[+ = mass density

R = cross sectional area of beam

E = Young's modulus of elasticity

L = length of the beam

k = effective spring constant of the cladding and
plenum

psA,E = may be functions of temperature, T, and hence of x

and t

The thermal heat conduction solution for the beam is assumed to be
uncoupled from the mechanical solution. That is, the change in the
temperature field arising from work being done on the beam is negligible
compared with the change in temperature from the nuclear fuel internal
heat generation source. Thus, the thermal solution may Le arrived at
first and used as input for the mechanical solution without the need
for iteration.



the square of the velocity of the elemental displacement. The kinetic

|
|
The kinetic energy of an element of the beam is proportional to
energy of the whole beam is found from the integral over the length, or

L
e * T oA (g—‘g-)z dx (1

The work done per unit volume in straining an elastic element to
a uniaxial strain €y subject to a uniaxial stress 9y is

work - X
volume 0! a,de, (2)

Hooke's Law for elastic deformation with thermal locads is given by

e, * Flog =y (o, *+5,)) +al (3)

v = Poisson's ratio
a = linear coefficient of thermal expansion.

The beam is assumed free to contract laterally so that o and g, are
zeroc. The work per unit volume can then be solved for by substituting
(3) into (2).

€

work - X
iy e Of (Ec, - EaT) de,

E cxz - EaTsx

"
M-—-

Noting that €, = %%- and integrating over the beam, the potential

energy associated with the beam is given by

L
] U, 2 3u
VBEAM = Of [Z'AE (3;' - AEaT (3;)]dx (4)




The potential energy associated with the spring is given by

1

K a(L,t)?

v (5)

spring
The beam is assumed to have a distributed viscous damping, that is, the
local damping is proportional to the local velocity of a given element,
The dissipative work increment for the whole beam associated with an
increment of displacement is thus given by the following, where 35 is
used to indicate an increment (or as it will be termed later, a
variation).

L
W = [ b (g—‘;) su dx (6)
0

where
W = work increment
b = yiscous damping coefficient.

Hamilton's Principle (Reference 4) for continuous systems states that the
variational indicator must vanish between times t1 and t2, where the
variational indicator (VI) is determined as
t
Vi = ! (5K = 8V + 8W) dt ! (7)
4

where K, V, and W refer in general to the kinetic energy, potential
energy, and work (force times displacement) defined specifically for this
system earlier. The variational indicator is defined to be zero « times
t, and tz. Substituting from equations (1), (4), (5), and (6) gives the
variational indicator for the fuel rod model.

t
2 L
Vi = 1 w2 _ 1 3u,2 3y
t‘f [6 {of [? oA (at) 3 AE ('-'3,() + AE aT ax]d)&

L
. % k u(L.t)z} - Of b(%%) éudx] dt (8



) . 3(5u)

at
and § ( ) - -12!) the first term of the VI may be integrated by parts

performing the indicated variations, and noting that ¢ (

timewise and the second and third terms integrated by parts spacewise,
Making use of the geometric boundary condition that u(0,t) = 0 and
su(0,t) = N and that the VI vanish by definition at t, and t

the VI becomes

t L 2
. 2 5y e (e . L X
VI ‘1[ {OI [-oA 2§ + = (AE 33) (AEaT) - b 23] Sudx

¢ [-ku(L,t) - AE 2 (58] o Agat su(L, :)} (9)
J

Also, the mass densi.v, o, was assumeZ to not be a function of time.
For the variational indicator to vanish for a geometricaliy admissible
variation Su(x,t) implies that

3%

a -~
-pA (AE 55) (A[ aT) = b % = 0 Q<L (10)

@
(ad
(=
.
wla
>

and
-kKu - AE *AEGT = () K= (1])

Equation (10) is he equation of motion for the model and Equation (11)
is the "natural" L.undary condition at x=L.




I11. Solution Procedure

1. Finite Element Formulation

The equation of motion (10) centains, in general, partial deriva-
tives of the cross sectional area, Young's modulus, coefficient of thermal
expansion, and temperature as well as displacement, For this problem
the partial derivative of the mass density with respect to time is
assumed to be zero as previously stated. It is also reasonable to
assume that time derivatives of the area are zero., However, the
other terms vary significantly with temperature. Since temperature is
allowed to be an arbitrary function of time and location, these terms
cannot be discarded. Thus the solution is analytically intractible
and a numerical approach is necessary.

A finite element formulation was chosen to describe the beam be-
havior. The beam was divided into a number of elements, each described
by two nodal locations and an c¢lement length, Each element was
allowed a linearly distributed mass and linearly distributed displace-
ment function (a constant strain element in static finite element
problems), Using kinetic and potential energy arguments for the
discretized elements, submatrices were constructed for each element by
equilibrating nodal forces with elemental displacements and distriLuted
forces. The submatrices were assembled into an overall matrix repre-
sentation of the beam, given as

(M) % () + (8] 3¢ (ur + (K] QW + (@ =0 (12)
where

[M] = mass matrix

[B] = viscous damping matrix

(K] = stiffness matrix



{Q} = nodal thermal forces
(u} = nodal displacements.

The spacewise variation is handled through this formulation by evaiuating
material properties and temperatures at discrete locations and the time-
wise variation thro.gh numerical integration over time (dividing the
history into load -steps). The stiffness matrix is updated at every

time step while che mass matrix is assumed .onstant. The damping matrix
is assumed proprtional to the mass matrix, but the proportionality
factor is ass'.med to be a function of Young's modulus of elasticity.
Hence, the “amping matrix is updated every time step as well,

2. Solv¢ion Technique

The finite element representation of the beam generally results in
a system of second order differential equations to be solved. Equation
(12) may be rearranged to sclve for the nodal accelerations as functions
of the property matrices, nodal velocities and nodal displacements.
This initial value problem is then solved given assumed initial displace-
ments and velocities by a1 fourth-order Runge-Kutta integration scheme.
The explicit Runge-Kutta scheme was chosen because of its good con-
vergence qualities and fast running time.



IV. General Code Description

1. Flow Chart

The flow ct -t for the program is shown in Table 1. Functional
activities are described in rectangular boxes and the subroutine names
associated with those activities are shown in ovals. Logical decisions
are shown in diamond shaped figures.

2. Input Requirements

The input to FRIDA consists of four basic parts: (1) a general
physical description of the beam and spring model, (2) a tabular listing
of the temperature history as a function of time and location, (3)
modeling parameters such as the number of nodes, assumed damping ratio,
and so forth, and (4) numerical integration scheme controls. A user
input manual giving the specific input details and job control language
is given in Appendix A,

3. Qutput Results

At each axial node FRIDA calculates and plots the displacement,
velocity, acceleration, load, stress, strain, strain rate and an
estimate of cladding hoop stress. The output is given as a time
history. 'n addition, the natural frequency and modeshape of the model
are calculited.
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V. Benchmark Problem

In order to estimate the accuracy of the numerical approximations
in FRIDA, a benchmark problem was devised whereby sufficient simplifying
assumptions were made that the equation of motion could be solved
analytically. In particular, the beam was assumed to be subjected to
an axially uniform step jump in temperature at time zero with no damping
and no spring, Equation (10) reduces to

2 . N
4

X 3

5

o=

(13)

o
e

W
L

under these assumptions. The boundary conditions become

u(0,t) = 0

3U$th} - ),T (]4)

3%
and the initial conditions become

u(x,0) = 0

0, (15)

The solution of this problem is given as
1-1) i

- ( -
U(X.t) 2 qTX = E‘."%L 12] g ‘_;_%LT sin %IX:COS %‘E\lg (]5)

where T is the change in temperature of the beam.
The analytical solution for the displacement of the midpoint of the

beam is shown in Figure 2 and can be compared with the FRIDA solution
shown in Figure 3. The particular beam modeled was 3.76 m long, 1.22

12
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¢m in diameter, and had a density of 10,42 g/cm3. The temperature
jump was 1000 K from a reference of 572 K, The FRIDA model used

20 nodes. Both solutions predicted a frequency of about 280 Hz,

and the analytical solution had about an 3% greater maximum displace-
ment than the FRIDA solution at the midpoint. This is a reasonable
agreement between the two solutions.

14



VI. Sample Problem

RIA 1-2 is the second of five planned tests in the Reactivity
Initiated Accident (RIA) Test Series 1. It was performed in the Power
Burst Facility (PBF) which is operated by the Thermal Fuels Behavior
Program at IZaho National Engineering Laboratory (INEL) as a part of
the Nuclear Regulatory Commission's (NRC) Reactor Safety Research
Program. The objectives of the RIA Series 1 tests are to determine the
thresnolds, modes, and consequences of fuel rod failures under RIA
conditions as a function of energy deposition, irradiated history, and
fuel design. Test RIA 1-2 was comprised of four, individual, pre-
irradiated fuel rods, each surrounded by a separate flow shroud. The
specific objectives of Test RIA 1-2 were to (a) characterize the
response of preirradiated fuel rods during an RIA event conducted at
BWR hot-start ccnditions for an axial peak pellet surface energy of
200 cal/g UOZ’ and (b) evaluate the effect of internal rod pressure on
preirradiated fuel rod response during an RIA event,

The purpose of this FRIDA sample problem is to investigate the
mechanical response of the RIA 1-2 fuel rods. The temperature input to
the code was taken from a FRAP-TS5 analysis of the RIA. The tempera-
tures were chosen as the hottest calculated fuel temperatures at each
axial node. Figure 4 shows the input temperature history as a dotted line
and the smoothed input as a solid line. The base data for the analysis
are listed in Table 2.

Figure 5 shows the axial acceleration of the rod midpoint as a
function of time. The frequency of vibration is about 1300 Hz. The
lowest natural frequency of the rod at the initial conditions is 1295
Hz so the rod is primarily vibrating in its first mode. Figure 6 shows
the axial displacement and Figure 7 the axial strain at the midpoint as
functions of time. The axial load, Figure 8, is seen to nave a maximum
value of aporoximately 178 N. However, the maximum axial load occurs at
the bottom of the rod and has a value of 215 N occurring at 0,0396

15
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TABLE 2
RIA 1-2 FRIDA INPUT

Axial Nodes 10

Fuel Stack Length 86.69 cm

Rod Qutside Diameter 1.00 cm

Fuel Density 10.30 g/em’
Cladding Thickness 0.08 cm

Cladding Length 95.97 cm
Integration Time Step 1.0 x 10°° seconds
Damping Ratio 0.03
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seconds into the transient, Figure 9 shows the estimated cladding
hoop stress based on the assumption of a hydrostatic state of stress in
the fuel,

The maximum axial load is probably the most interesting result in
that it can be used as input to an analysis of the structural integrity
of the fuel rod support system. For an 8x8 BWR, 248 fuel rods would
possibly experience the dynamic axial loads calculated above, ccasidering
only the four adjacent bundles. A: many as 750 rods may actually be
affected. For the first case, a transient lcad of around 53,000 N is
thus exerted on the fuel rod support system. Such a load is certainly
significant and should be considered in a design analysis of the
system.
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VII. Limitations and Recommendations

Within the framework of the beam model, FRIDA adequately calculates
the dynamic structural response of beams subjected to arbitrary tempera-
ture histories. The temperature smoothing functicn, finite element
formulation, and Runge-Kutta solution technique all contribute to a
numerically reasonable approximation to the continuum. The limitations
of the subcode are directly related to the accuracy of the model
assumptions and not the programming itself, Specifically, the tempera-
ture distribution in a fuel rod during an RIA has a decided radial
dependence, sometimes melting at the outer surface. An input single value
of temperature at a given axial node may not adequately model the rod
conditions., Furthermore, the input of tnhe hottest temperature may not
be conservative since the decrease in Young's modulus with increase in
temperature may outweigh the increased thermal strain. Second, the
ef fact of the cladding on the dynamic response of the whole rod should
probably be included. Although the therma: ~xoansion coefficients of
the cladding and fuel are similar for 1ike temperaiures, the intense
heat generation in the fuel over such a short time (approximating
adiabatic heatup) should lead to vastly different actual thermal
expansions between the fuel and the cladding., Under such conditions
the assumption of no friction between the fuel and cladding does
not seem likely. Third, the cladding stress calculation is based on a
crude approximation, This approximation is probably only good for Lne
same duration that the no friction assumption is not good. As soon as
any appreciable heat transfer has occurred, the cladding will Tikely
melt since the fuel contacting the cladding melted at the onset
of the RIA, Fourth, the damping in near molten fuel or highly fragmented
fuel is unknown, There is good reason to believe it is nonlinear
since fragmented fuel would probably withstand compressive wave
fronts but probably not withstand tensile ave fronts such as reflective
waves might have. Thus, there is some justification for qualifying
the results of the FRIDA code in terms of fuel rod dynamic behavior.
However, for general applications where the assumptions are good,
the code can and does produce reasonable results.
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APPENDIX A

INPUT
1. Card 1: (1615)
Columns 1-5 NX: Number of nodes,
6-10 NTEM: Number of nodes at which temperature
history is defined,
11-15 WRITE: Multiple of integration steps at which
printout is desired
16-20 IFSI: Units used (1=5.1., 0=1b., in, sec,)
21-25 NF1: Logical file number for accelerations,

velocities, displacements and times to
be written (eg., 8)

26-30 F2: Logical file number for axial loads,
strains, strain-rates, cladding hoop
stress and times to be written (eg., 9)

31-35 [IPRNTI: For intermediate printout, (1=YES, 0=NO)
36-40 IPRNT2: For response printout, (1=YES, 0=NO)
41-45 NTABT: Interpolation control,
(0= Interna: generation of interpolation
time table).

(GT.0=Externally supplied table with
NTABT equal to the number of times

supplied).
2. Card 2: (8E10.4)
Columns 1-10 RODR: Fuel outside radius,
11-20 RHO: Fuel density,
21-30 ROODL: Fuel stack length,
31-40 TS: Start time of analysis,
41-50 TO: Integration time-step size,
51-60 TE: End time for analysis,
61-70 CLADT: Cladding wall thickness.
3. Card 3: (8E10.4)
Columns 1-10 SPRNG-K: Sprina constant for plenum spring,
11-20 CLADAE: Average value of cladding AE,
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4.

5.

21-30 CLADL: Length of the cladding tube,

31-40 SFACT: Fraction of chanae allowed in stiffness
before updating.

41-50 ODFACT: Fraction of change allowed in damping
before updatinn~.

51-60 ZETA: Damping ratio.

Temperature input card set
Temperature is input as a matrix of values by axial location and time.
Two matrix indices and four temperatures are input per card.
First card (A6,14,I5): Alphanumeric matrix name, total number of axial
locations, total number of times.
Next N cards (215,4E16.0): Axial index, time index, four temperatures
(K) (to time index +3).
Last card: Zeros in the first ten card columns.

Time history input card set

Time is input as a vector of values in a matrix format.

First card (A6,14,15): Alphanumeric matrix name, 1, total number of
times.

Next N cards (215,4€16.0): 1, time index, four time values in seconds
(to time index +3).

Last card: Zeros in the first ten card columns.

Axial locations for temperature input card set

Axial location is input as a vector of values in a matrix format.

First card (A6,14,15): Alphanumeric matrix name, tctal number of
locations, 1.

Next N cards (215,4£16.0): Axial index, 1, four locations (distances)
(to index +3).

Last card: Zeros in the first ten columns.

Interpolation time step card input
If NTABT is greater than 0, include a card set similar to card set
5 with the desired interpolation time history.
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APPENDIX B

LISTING OF THE FRIDA CODE
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#ss¢e  (COEC cY Je Ne SINGH SsS2ss
$8%s e LLOY. 1929 s eSS

s ¢ $ * < = - = & = * ® - - B * - % ¢ - < < -

Friva ChulS TRE FOLLCWING SbcRCbT ES ‘1vi. MAS3e MULTG»
TIFFs IRly TERPZs mriTE

 ERIOA CailS THE ECLI0wiNC MATPRO ggu][nﬁ},..FIHExP, FELMOD.

¥ ® + ® = ¢ < % ¥ % N ® - ® = * * € * E < s -

ielale R Rl e Sl

FTaees NOTE N INPUY URITS §FEsE
[T % 3% $%$3s
s48%% GARIAELES ARE thuT IN SI UNITS seees
s58e%s L% 28
$93% Th URTTS OF L3 TRCFESSCLURCS 39999
s3%%% sUT *s92%

$¥9%% TEMPCoRATURE IS ALWAYS IN KELVIN ##%se
SLonCUTINE ARCUMENTS (INPUT)

\ﬁﬁt‘#’vhr.l alnlnis s alelt alnels S alels

TAoT = FIRST=——MLTIRIX QF NOCAL TEHPEFATU&ES...EACH CoLUNN
g GL & # JRES FLK A ISCRET

: c [

FUR GNE NCCe Cnh A FCG.

slde (NTEPSNCTT(MAX ecC) ) q===—=(LEGKEES KELViIN)

teN TE®s THIS TEMP, SHUULD BE SUCH ThHAT IT GIVES A FUEL ac

AVe- AGEL AlKU THE FUEL TRLOO=5clLiiUNAL AKLA.
= SECUND=-VECEOR GF TIPFES CORRESPOUNLING TO TEMPERATURES 1IN
TéoLc CF T;HPEELTURES SIZE (l«N(CTT).
C ALONSG RUD AXIS AT wHICh TEMPERLTUKE
G &t 3 -
C = % % FIRST NOut ShCLLu COJINCICe wiTH BCOTTOM OF wGD- % & #
¢ ¢ % ¢ LAST NGot SHCULY CCINCIDE wiTh TOP DF &uD ¢ e e
8 NCTE= THE SUPPLIEDU TEMPERATUKES (2 MAX. UF 20 TIME PTSe PER NCOE)
C “[S DiAPARABOLICALLY INTERPULATEL TO 100 TIME PTSe PER WOt
C TC PAKE IT SP_OTHER,
T T I T IR IR T Y Y e

C xOCR = FLEL OUTSICE RACIUS.
L RUCL = FUEL STACK LENGTH.
C SPRNGK = FPLENUYM SPRINGe SPRING CCONSTANT.
C CLADAE = AVERAGE VALUE Ovek LENCTH ANC TTmE UF CLADCIAG ace
g QEAE* = tihGTH OF CLAUCING TLEEt .
9 [ e = - [ - LLEANT DD e
C SFACT = FRACTICN CF CHANGE ALLGWED IN RUD AE BEFCRE STIFFNESS aND
C UAMPING ARE MCULFIcLl ANC A NEw INTECGRATICN INTERVAL IS STARTEG.
C { C.c OL'. SFALT 0‘.50 le C ) ow RL(C“ENCED VALUE GF - fG -25.
. UFACT = APUUNT EY WHICH CARPING FACIUR IS5 LIN_KEASED I8 EXACH INICGRAZTIUN -
& » INTERVAL CVER hHl;H STIFFe. AND UAMPING MATRICES ARE RECALCULATEL.
< CETA = CEITICAL CAMPING FACTOR USELC IN CUNSTRUCTING DAMPING MATk 1.
C The SAME VALUE IS USEL FCGR EACH VIBKATCRY Miuce
- To = OIARIING TIPE FCR ANACYSIo. -
& TC = INTeEGRATICN TIMc STEP SiltE.

o
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~ L . ¢ & . < * 5 *® * * < « & * ® ® < & - s $

PRUGRA® VARIADLES INTERDAL 10 FRiIuieee

#iSS MATRIX FOR Fucle.
Y o eST ELEMeNT OF MLSS MaTRIX.

¢ = Coly IF IT 15 TCO 8E CALCULATED INTcRNaLLY.
L TE = FINAL TIFE FOR ANALYSIS.
C NA = NLMotch LF RUOED (UGLFJ rUR RESIRKAINED LUNLITLULIRAL ®LL SYSTt M.
L ¢¢ MUST BE .ube ¢ ANL LESS THAN OR EQUAL TL ¢y *%¢
C NTEF = NUMGER CF NCDES AT whiCh TEPPERATUKE HISTORIES ARt DEFINEL.
L NTF = ?k?gsn CF C;SCxETt TI1McS (N TEMPERATURE HISTURY MATRICES T&AETEr
- v Cle AAC U Ude
C IFSI = Ls 51 UNITS USEL. -
¢ = Usieds ETCy UNITS ARE LB=IN=SEC_wiTh TEMPERATURE IN DEGRLES K. _
L IPENTL = L,rgi,PRJh*buT GF MATRICES CF IFFNESSoUAMP INGeMASS TEMPERATURE y
C FURLESTAMLOeEIL 10 LESIREUS , _
C = Gy LF NC PRINT CF THIS INFORPATICON IS DESIRcl. ~
C IPANTZ = iy iF PRINTOUT OF KCC KESPCONSE IS CESIReL EVERY naRITC # Tl.
i = s F hﬂ Eﬁl?l CF IF;: ;g;ag*e[i;ﬁ 15 _DeS]lklD,
C MakITE = PLLTIPLE O NTcGRATION € L PRINT CUTe
c = 1y PRINT EVERY S5TiP (Usleldresa)
C = 2y PRINT EVERY SECCNE 5TeP (09294 9ess)
Il Elc. €£1c.
C NFl = LLUGICAL STCRAGE UNIT ON whiCF FUKCESSACCELERATICONS, VELOCLITIES,
C CISPLACEPENTSs ANC COKRESPONLING TIMES ARE wrlTTEN. THI> UNIT
? IS5 aRITTEN In THE FULLCWING FaSEIUNeas Sils
C ANU WHERE 1=T.MEs AND FUJ) = FOrRCE AT J=Tn NJuc. i _
C NF& = LULICAL STCRAGE UNIT CN whICh AXIAL LOALS, STRAINS, STRaib —AJES,
C ENG CLAD MOCP STRESSe ANC THE CLRRESPONCING TIMES aRE n L TTEN.
L IEI1S UNIT IS miTIcN & THE FOLLO INC FASHIUN eea
C FuniTE (hFILE&lts(AxLDAC(l)v&STRE.(I)’EPS(Al.‘PSuOI(I)qCHS(l)oltl.hxa
C NTABT = G s IMPLIES iLv cCUAL TIME=PGINTS ¢ BETmEZN START TiMc
€ ANC END TIMc CF TEMPERATUKe TABLE) TCO oe UScw FOR
L INTERPOL AT ION .
C = GleGse IPPLIES NThaol NC. OF TIME PCINTS IS5 TO 8& REAU LINe
C THESE ARt THE TIME PGINTS AT wHIChH TEMPERATURE I3
% TG Bc INTERPCLATEC. SIZEtL Xx NlacT)
C SULECUTINE ARGULMENTS (CUTPUT, I&PUT AND GuTPUT)
& . ——— All INTERNAL
C X = INPUI _INITIAL CISPLACEMENT AT T = TS5. oist (ke
¢ = CGLTPuT FItAL OISPLACEMENT AT T = TE. SIZE (NX)e
% X0 = INPUT INITIAL VELOCITY AT T = TS. SIZE (NX).
s [ ) 51 YEILOCIYY A » N
C M t ; LT maUllL KL L AXIAL Nuukde
¢ “PS = GUTPUT NOCAL AxIAL STRAINS AT T = Te. SIZE (MX), K
C ASTRES = LLTPUT NCCAL axlAL (MOLTEN FYOROSTATIC) STRES> AT T = Tc.
L SIl (Nsl. ®ee¢ NESATIVE VALUES ARE COMPRESSIve STRESS #e¢
C
¢
<
¢
-
C
¢

CIAGCNA

AXial 24" RESDY LALCULATEU wl EALH IRitue DIiETre SiccC KT e
C s¢¢ NEGATIVE VALUES AKE COMPRESSIVE STHESS *¢s
C AXLOAL = AXIAL INTERNAL LCACy CALCULATED AT E4ACH INTEG. STEP. SIJE (k).
ok i NEQ&!*V; VA;UES AKE COMFRESSIVE LCAD ¢s#
L B = CARN AlX o Che
% C = STIFFNESS MATRIX.
10
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o

X

w
"

4L NCLE CLACCING HOUP STRESS APPROXIMATIONs CALCULATED A1 EACKE

C axla
C INTCGRATICHN STEP. #9388 NEGATIVE VALUES o/0U McaANING #%%8
$ Slet [(NXJ. — YV PUSTTIVE VALUES ARE (CisILL voew
C Crax = LAKGEST [ IAGONAL ELEMERT OF STIFFNESS MATARLX.
C C5anéA = CRUSS-SECTIONAL aRes UF FUEL.
€ GoFASS = CISTRIGELTED MASS PRCPEKRTIES.
T “UAt = uisln TEC STIFFRCOS PRLPERTAE Se ,
C cFFK = cFFz! ¢ SPRING CONSTANT FCUND AS SERIES AUCITIUN OF PLENULF
B SPri? snD CLACCING wWALL STIFFNESS.
E §h8§ - [ "Hg FOR AN INTEGRATICN INTERVAL.
[ = AAL STRALNDY CALCGBLZTELD Al CACH iivitUe J1EPe JILE (xdle
C EPSOOT = axialL STRAInN RATESe CALCULATEC AT E&Ch INTECL. STePe SIIE (N£)e
E F = ;{IAL‘FLRCE Out TO INITIAL CEFLECTICN OF PLENUM SPRING.
o A
. KX = DIﬁ:RS!C& TIZT UF RUU FPAREL PUINTS ARU UF WMASS AND STIFFSESS
€ MATA ICES FUR Trc UNRESTRAINEC ROuL SYSTER. )
C KTE® = LIMENSILN SIZE Fur NUMBER COF INPUT TEMPERATURE NULE Se
— KIE = L%t-h N £ FOR AUMbcR OF OL1SCRETc TIMES IN TEMPERATURE =
L iMc 3
C Nl = NLPsER CF . STkA YSTER.
C = NX ¢ 1l
L PP = YELCID d ‘
C <L = vecsuk CF INITIAL ABSCLUTL CISPLACEMENTS. 1ic .
- CF = LINcARLY INTERPOLATED NUCDAL THERMAL FORCES UScl IN RUNGE-RLTTA
g §§IEG§:§§OL. FOUND LSING TABF ANC TasT IN TRL SuekllTihce.
ALl -
T RAACLT = WLLTOR GF PELY KAGIT CURmRESPCRCING YU NTe¥™ AXiAL NULES.
C Ih THIS VERSIGN THE RUG IS ASSURED YO MELT ON Thk OuTSTvc e
C SPAN = LeNGTR_CF EACH ROD SEQHgNT'(IF'NA +NE. NTEMI.
C TAndAE = Malwix CF NCOAL AE VALLES AT vawilU - : L R
L TABF = MATWRIX LF NOOAL THERFMAL FORCES. SIZEINXsNTF).
g TaeT = gLI@Ix CF YI:ESQCDRSES?ONCING T0 THE TEMPERATURES IN TaoF.
C TEMP = MATmix UF INTERPLLATED TeMPERATLKRE Re
C Sidc {NLeNTF).
C TTLTTE = TiPe VARIABLES USED IN CALCULATING LENGTFS OF INTEGRATIUN
| il IImE INTERVALSA
C
% —~UPDATE INTERVAL CHECK IS HARD wIRED AT S.C*TL FOR THE PRESENT.
L 2L c ] IS ISa SIZ2E (NX1.
C XoC = veCTUR GCF INITIAL YELUCITIES. SIZE (MX)e
C X = AXIAL CISPLACEMENTSs CALCULATEC AT EACH INTEG. STEP. SIZE (M)
C XU = aalAl VELUCETKESo CALCULATED AT EACH iNTEGe STEP. 3ilE Nx).
£ MBS yraL ALl X ! i IEC AT FACH INTEG. SIEP . S1Z2F AMNAL o
¢
C ¢ & & % & % ® & # % & & & & & s s & & s s = 3
C
—C & s s & SEGINANISNG OF PROCRAN & ¢ 9 ¢
C , : -
wKITE (RUT+3C0L) RODRSROCLyKHCs SPENG¥y CLADAESCLALLY
L Elp.‘r)‘QSFACI‘DFACT'ZE_T"TSQTUQTE'oNXohtEHoNYF.IFS"
3001 FUAMAT Ginls/4777774416x%50erUUTINE FRIDA HAS peen CALL wiln IRLE
I FOLLOWING SCALAKS TRANSFERKRED THROUGH ThE VYARIAoLE LIST® /714714
2 KRy RCOK = %<lPELSeE4tXe® RODL = ¢51PELS.890X0* RHU = %,
i 1PE1S  BaBX £44 2X®2P3ANCK = 0.1?&15.5,&;;
4 SLLADAL = #9iPEloebebA*® CLAUL = ¥,
3 LPELSet /77 2Xe® CLALT = #,iPEL15.8+8Xs® SFALT = $41PELSe848Xy

11
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= $, PEL1S.b9024"® ’L?EIS g /II Ay 15 = Wy

le
g EX4 ¥ TO = $®41PELS

<
Che® JE = vl?ElS B8/1i717/5n
L ] , [RPERYTLE]
= #,(3,12Xe3[PRANTL =
= ‘sl3olJA,‘HFALal -

®* 4 0INO
4

o |

o @

T K "‘*ﬁ}.uxrr T TEC

%} ; KNTZ = 4303413 %s
E

3 /4l
L39i3Xy e s %913)

o

GG 16 1

- m
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Ll

wrs
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(Nl
e
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TmMmm
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co
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wr

B e
TH4OTT
cuwco

m
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OMne

220 O
c
—
)

2ol oy NOD
—>cl>x>xocd ©
—dd e e o~

P L

(990 22 1ol 10
Zie|Wre

T
2]

/

(uujcftiﬁax r;?
SET INITIAL o

(ala!
wir
[«
Te

eV NI T RX ® 1
LL 30 I=1402
XCO(1) = XEL1D
cC(l) = x(!)

Py AVULLd = Ue
CallL »RITE (uhv&lvlvbhAQ T99KX)

IFTC = 1

(&)

IF Ll eifCe Vewid utw TC &0
LFTC = &

R® NCCc POINT LOCATIONS.

(2 aln]
il
(@
x

WiEM/Z
+.EC. N1} GT TO 16O

r
=t

1Y)
>
Lol

o
"

DU d NA
tuficL‘a,

N
$1-1) ¢ SPAi

N o e 8]

ol
e L

N
-4 W f."-’f\—*
me Ve

.

wl.cfve U2 X
O

e U o0

O e >
Ore
P~
—
o~
..1

-

i
N
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4 -~

-

-
""

o

z

»
-

'\J * i1 36X Fhlul MU e
t 5LGVE RGU 50 TCF‘ // (30le3117l.‘951b E))
IF LCAESC PP(NL)=PP(L}) RCOL) «GEe let=3) GC TO 999

Bt~ — =4
=0 MM

"
wrr

CALCULATE Ubc—SRHCT MASS MATRIX FRUM UNLFUOR® FASS LCISTRIbuTICh.

CSAREA = 3.14139 ¢ RCDR ¢ &0k
LraSSCles) = PLL)

(alnl &

ULFMASSLELe2) = FPLNLL)

CMASSEle3) = RRDU ¢ CSARER
CMASSEivee) = RHC * (SawER

Caly MASS LP -E}!‘::\S shalslelelalKl)

CALL mhiTe t(ieN1 sNL s OHMASS FoK1li
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E RESTRAIN M45S MaTRIX IN THE FLIKST UCF.

A= 4 s lNA
FEDET B!
= Adl+ledi

L=49isA
= A{ledel.
RITE (2 onXoeNXy6HMASS ReKi)

‘el d* ek dele
Tl (sl el &

3C
41
40 J=uo9Nx
qYu
41
-

6L TC 15u

o
b sl o

P % 1"

L o

> me

-3 Cl=- O
b AT o~
mZed >

A=MAS50

t Eale
0 X
e ™

Kiid
SIVeK1l)
=L sinX)s

J=14NX)

nnﬁr1

FIND TABLE COF AE

«V5. TIME (TAEAE]).

F4)

e "?”“f‘EIETT‘?TL“—tUtTT'U“' TEGAE

r
{414
~L

{inc

TRoTEY
TC 207

ele Tl (il 4
[+3
PPy = BN B e

K= .

TI3K) s iesFUIFILSFCUMPT ¥ CSAREA

WK = LLU > Tl KJ
L niRiTE (TABAESNTEMINIFoonTAR

«

(ale (ale
r

NTEX JNE. N1) GO TC <<€

- ——

AELLKTIM)

TRCERLY INIERPULATE TAGIEMIRICPsNIFT TG CBTALIN TREFINXSNIF T+ Rl

2.0

"2Z10 R=L1sN1
cFLlsK) =

SLLF THoxP(

c
iF

CC 210 I=1l4NT*1
Ll

Ta

1/2.
LeK)sCaldi/2a

-« I‘ '“ x“'z ‘ J lx ' C ’ ¥ 'l| XT'IISIE.-(x'lollvdolll(.I'CSZREl

&
GC TO <¢5
X (Ll 25C) REFERS TO PP NUDELS.

I=isN1

E
25C
23% Jd=4i,
{PP L

NTEL
1) oGELTEMNCDAJ) oAND. PPUINLLT.TEMNGO(J#l)) &G TCO 23C

U <39

J - -~
0 <40
.

T
NTAIMUE

KERRuR = <

L3



2492 FACT = (PP(1)=TEMNCDI(L)) 7 (TEMNCO(L«L)=TEMNCLLL))
C BFMELTICL] = RP(L) « FALT * (ML *l)=kMqL))
Ll <49 K=LeNITF
245 TEMPI(lsK) = TABTEM(L.K) ¢ FLCT » (IAﬁTEH(L’lQK)"&JrEH(LOK))
29¢ CONT INLE
CL 2995 1=1sNA
2585 RMelLI(l) = KRFELTAI+L1)
CALL aRITE (RMELTsNXs1,6HRMELT ,K1)
CaLL wklTc (TEMPoNL NTFy&RTENMP K1)

oo ﬂ(l"

T INCEX tLu <26C) REFERS 10 i=Th RLL SEGMENT.

CC 260 I=LlsNX
CL 260 K=1 NTF

260 TAeF(lsK) = 4F€LPOC(T:H§(lsKlol.gFOTPYL'FCUHP) %
i ELRGDlTEHP(I'I'Klgl.qFOIHTL.FCGHP)llt. &
)& ((FTHo AP (TEMPLIsK)sTad + FTHEXP(TEMP(I*1lyK)s0ad i/l
- 3 = LETHEXPE  IENPEl1ollale.l » FIREXPAL TEMP {1 ¢29i)0a)) /2 0*CSAREA
28% 1E CIES) +~Ef. 13 G TU 7%
CC 270 Lk=1NX
L0 225 KaloNIE
27C TabBF(l4K} = .0C01450 * JABFL1,K)
¢ 27 CALL WhITE (TAEFeNASNTF 46PACALFToK1)
__%__Egag_unnAL_Lngg:AL_szghS1Dh EURCES FRCE ROD ELEMENT TCRMS.
00U 277 I=1sNxl
CC 277 n=L4NTF
.____;ll_lihﬁtLtf+_:T*A%Ell;ﬁﬁTi_lé§FlI’l-K)
c CALL = 3 - s X olN sbhimer=1sK1d
g FCRM TIME TABLE CCRRESPONUING TC TAGBF«
15
CU <bG i=aahA
CO0 260 J4=LsNTF
280 TAsTLl+43 = VIAETLJ)
CALL wmRITE (TAST o NX oNTF g6 F TAcT WK1}
T B
g FINC EFFECTIVE TCP SPRING STIFFRESS.
EFFK = lo /7 (1o/5PRNGK + 1./C(CLADAEZCLAULY) .
T
L
5 STARTT = T5
¢
SCU LUNTIRUE
IF (STARTT .EC. T3) GC TC 550
¢ IF (STARTIT .GE. TE) GC TC &u0U
UC SiU i=syek
xCil) = X1}
_ 510 xCOLI} = aLCD)
- :
E’ FIRG TIPc SP-N FCR UNCHARGEL STIFFRESS AWL TEMP IR PRCPERTIESS
c 5<0 TT = STARIT
> Sow CURTIRUC

40



2C K=L4WTF

6
ATT oGee VYTABTUK) JANC. TT .LT. VIAETIKeli) GC TC 6LV
L

U Ccu
E -KVI&ST(KoL)
= AnS((STAnTT—VTAaI(LL))/(VTAbT(LLOI)-VTASIlLLl))

6iv

il 14 Lol )

- s - & " - - Nyl i

60

pu

.—%ZCJV

YY) i
{
£

no
M -y ;f‘i »r
—

T0 o4C

TE } GO TO 5eC

|
( Ti=viaoitil)
&
{

o3V FALTs = Apdl T7UVTASTULL «iJ=-VIia §(LL
AETT = TABAEINTEM2oLL)+FACTB*(TABAE( NTEMZoLL ~L)=TA (hTEH&.LL))
CELTAE = ABS{(AESTAT—AETI}/AESTATI
5 : CI) GC 10 630

ENDT =
C
E FIND AVERAGE AE VALUES UVER THE TIME SPaN (STARTT.Lc.T.LE.ENCT).

700 FACTL = (STARTT — viAcT(LL)d 7 TVIABTILL+1) = Vviacilil))

FQC;; = ENCT - VTABT(LL)) 7 C(VIABT(LL#l) = vIaaT(LL))
o
£ Ll . Ll
AEZ( LLy)
€O 73
CAE(IT
CAELL s D 3
CAE (1 1) »+ 0 )
IF (N IPiNTL )
: IF CIPRNTL ofCe 13 CALL mRITE C(UAEsNTRLs496H  CAESKIER)
C FIND STIFFNESS MATRIX.
CALL stx;r(PP,CAE,C.NL.nTFL.Kra K1) |
IF (NKESP <EC. O  <AND. IPKNTL oNEe 1)
LCALL ahITE (thL,NI.oHaT!FIF.KL
C l ‘h!' A;l:‘ ;A‘l -h[lE (C i\L-NL-hHSILF EIKL)
C RcSTRAIN SYSTEM wITH TOP SARING AND BOTTCM FIXITY.
= S0 7231 I=1.N>¥
LC 731 Jd=lieN1
730 Clledd = CUIe1,y40
CC 73Z Jd=1i+NX
CC 731 =1 .0
732 Cllsd) = Clledei)
CANXghX} = C"‘ngl) + CFFK
iF (NRESP .EC. C &NDe IPRATL oME. 1)
lF (IPEN‘L oEbo l, ALL - | 4 "\ ’Nl’bh) *
lF ‘N&ESP .EC. 0 .&NO. lPRth ."ﬁo

a1



L1CALL INWL (CeBEoeNXgleKly
IF (IPRNTL .EC. 1) CALL INV1 €Cy= gNXsIPRNTL9nl)
IF TRRES? stee U oANUe IPRRIL efCce 47
LCALL mhITE (BoNXoeNAsGHFLEX—=I9Ki) .
¢ IF (IPRNT1 <ECe. 1) CALL WRITE (BohXeNXsOHFLEX +K1)
T= > Mp—— e
o CALCULATE NATURAL FREQ. ¢ MCDESHAPES Al INITIAL CONCITIONS.
IF (NRESP «NE. O) oG TO 135
REwIND NrILEL
READ (NFILEL) ((A(Isd)sl=hanNX)ed=1eNX)
CALL MULTS (BeisNXoeAXoNXsKXsnX])
¢ ' (S s SCINXsLeCr Lok XJ
CO 733 1 = 1l+NX
Afl41) = CeC
I E ) CPS*.T = swrllleC/Zcrotlildl / ' YV4- B E)
L ARRANGE THE FFEC. AND MOULESHAPES IN ASCENDING CRUE* o
[ AL S0 MAKE FIRST ELEMENT CF EACh MCOE PCSITIVE.
____*;..ﬂ_m‘_i.-.u.x ) GG IC 7340
L = N = 1
OC 7335 J=1yNPL
CPSMIN = EPSCI)
ANMIN = Jd
JrL = Jeol
C0 733C [=JPLlsNRx )
IF ¢ EPSMIN JLE.EPS{I) ) GC TU 7230
EPSMIN = EPS(])
NFIN = |
7330 CUONTINGE
IF (NMEN ECeJd ) w3 TC 7235
___Lgé_mmgi.{iiuz
£ (4 = ¢ Pih
CC 7334 X=14hX
Ekd = BLKsJd)
(K43 = BE(KJ NFIN)
73-4 HUEJNPIN) = BrJd
c73]5 CONT INUE
2340 U 7345 Jd=1aNX
iF ( blled) <GEeC ) GU TC 7345
CC 734c a=14NX
7342 cllsd) = =btled)
B INLE
CALL mRITE (EPSeNXely4hnFREGIKX)
. CALL maRITE (BohAeNXs4HMOCELKX)
AL 2.9 f=1 KX
EPSUI) = Ca.C
wC 729 Jd=1l+K21
‘(I’J’.9.£
———-1&9—-8— .
" 135 CChilhuE
%
—e e INC CAMPIAC PLATELX
C
KEWING M ILEL
")
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READ (NFILEL)C(AGLyddal=lonX)ed=1aNX]) A=MASS

IE (Sg‘ﬁ‘t NE. TS) GG TC 739
£ Z3n I=1.NIEP

CAMMA = Jullu4a & GCAMMA

) = GAMMA * Al]D,J) c=CAMP

GAMMA ¥ All4J) b=Can?

9

etwe U <&ANUe TPRNTL .he. 13
(E yNXyNX96HDAFPIN,KL)
oECe 1) CALL &wRITE (BoNXeNAybH CAFPPSK1:

CY I -OC
"”\H‘F‘
L}

Z e
-y
[l

THEE SHORT
THE LARGES
S ANC MASS

NE {nrtcihrxcm TIMNE ST
.

£Ee ES
CH [ISs IN TURNy CE}ﬁ T

USING C.
NED FROM
STIFFNE )

xow

i
i R AN
£ FNES AT

'a alalslisn

h
L ELEMENTS, RESP.s OF
To .NE. G) GO TG 756

(
= X
{7 i%t. CMAXY GT 1T 75%%

10 =005 ¥ SoRTIANIN/CNEX T ¥ 6.2831Y
PERFCKM TRANSIENT RESPONSE AMNALYSIS.

alelnll

CU CALL TKL (AsBsCy TAC T 1 ADF s XU AUSAD
PAX'XP INySTARTT,TLGENC
DPIN' XHAX.TXPII‘.'XPRN
‘Pk\rtl

Lf‘d -

NRESP = NRESP + 1
STARTT = ENDT
U 10 5¢Cu

FINC AND PRINT VECTORS CF A!lAL LOACQSYRAINQSTRAIN RATEs &ND
CLACDING BGOUP STRESS .V5. TIME.

'alnllh

E PRINI ﬂ[h[ngg?‘:&x[t&;i q; fsﬁLﬁnA![ Ny % [TY DKSPLACEFENT- ANC
g AxlAL LUALS UL

800 REWIND hFlLE%

= ANFILEL) (TA(L4d)sl=1oNX) =19 NX) A=FASS
KEwmIND NrILEL

1T



C

_TWI.ZCGQI NRESP
Uu4 kMAT (iha <S0/) SLX B i
3 1 SRESPONSE ROUTINE mAS CALLEC ——®,(7, ¢ - TIRMES®)
¢
("
CL od0 I=14NX
CL BLU J4=1l+MX
aiv B84ledd = 0.C
E.sl
CU 8lu Jd=MyNX
820 bliesdi = 1.C B=L00Su?

€
e _CALY MULTE (Bas DNXaAXNXoKLaf LA N
E ¢ NOTE ¢ LGACS CAN of FOUND AOwm AS, LIT) = —A%XODIT).
——he EINC QUANIITIES AT TISE = TSa

C
ReAal (NFILEZ) T.(CF(J!,Jalng1.(XED(Il'xc(i).x(ll.&sl.hxl
STARTIT = 1
g PL3) - PPL3)
SPANX = PPINL) = PP(hX)
c GO0 70 b4ad
A a ] 4 X01)sd=2qNx)
24 LU obu i=ieNX
AXLOALII) = Co
CO 855 J=LlsNX
A%5 AXICAC{I)1 = At CADCI) = Afi.Jd) ¢ XOO{Jl
ASTRES (L) = AXLGAULL) 7 CSakea
C 860 CHS(I) = = (RMELTCII/CLACT) ¢ ASTRESH I} GLi
bol ggg:ij = - { KODR {CLACI) & ASTRES (1) NE W
ePS{NALY = X(hxi-x%thfTYSPahx C
EPSOCTLLI) = XLt2) /7 SPANI
EPSCOTINK) = (XDUINX)=XUCAXLII/SPANX
uﬁ_%zc =2 NX 1
SPEN = rPtleZ) = PPLLI
EPSCI) = (Xx(l*1l)=X{I=1))/SPAN
g 870 FPSOGTCI) = (XLLiel)=XUCI=-12)/SPAK
.nRITE (NFaLEl) T"§X%C§¥{IIQASTRESfA)o:rS!I1oEPSUuT(I).LhJ(II’
L=49i
C
- 1f 47 .GY. SIARITI GC IC SCG
E SET PMINIPUPSMAXIMUM VALUES AND CORRESPONUING TIMES OF GCCURRENCc.

_—__Q_E'TS%VCC [=1sNX
% (il = A

ZLCACt1]
AXPINCI) = AXLCAUC])
ASMAX(I) = ASTRES(L)
A}ﬂihlll = ASTRESCLI)
[ 3 =
EMINCI) = EPSLIL)
EOMAXLI) = EPSCOT(I)
EUMINCI) = EPSCUTLL)
CFoPAXCLY = Croli]d
ChSMINCI) = CHSULI)

a4



Taxmax(l) = STARTT
TAXMINCL) = STARIT
TESPAXTIT = STARGY i
TASMINAILI) = STARTT
TEMAXCLY = STARTT
TEMINGI) = STARTT =
TEONAXTIs = STARTT
TEDMINLIY = STARTY
TCHMAXC(L) = STARTTY
cag JCHMINGL) = STARTY
wl Tu Seu

C

90C CC 950 I=1eNX

1F €A A

AXMA =

Taxmar(i) =
925 IF (AXLULAC(

) oLE. AXMAX{I)] &3 TYC 9<£5

LA
|
1 .GE,‘:§HIN(XI! GO T1C 927

= A .
b ™~ =
927 IF (ASTRESUI) JLE. ASmax(I)) GC TO 928
ASPAXLI) = ESLL)
. TASHAX(L) = T
9.8 [F (ASTRES(I) .GE. ASMINCI)) GU TC 93C
ASMINCI) = ASTRES(D)
" TASMINGEY = T -
| M
930 IF (EPSCI) JLE. EmMAX(I)) GO TO 935
EFMAXLI) = EPSLID
LEMaXeJ) = I - _
G35 IF (ePSCi) .CE. tMINCID) U TU 94C
EMINCL) = EfPSUI W
“ TEMINCLY = T
94y LF (EPSOLCTEI) .LE. tOPMAXUTID) GO TC 945
EOMAX(I) = EPSDOTLI)
TEOMAX(L) = T
Qu% if (FPSHUTLI) .GCE. ELCMINCIZ) G0 _IC 947
EOMINCIY = €PSCOTED)
¢ TEUMINGLY = T
_“___&:1_l£_LLHSLLL_‘L£§_£hSLA}LlJl,LE 10 9448 .
CESMAX(L) = CH3(D2
TCHPAXLL) = 1
948 lFlCﬁSlll «CEe. CHSPINII)) GC TO S50
CHMINC(L) =
954 CONTINUE

(&

200 LE (1 aATa TE) CC TCQ 640

PRINT RESULTS

lalale

EVERY NwRITE ¢ 0 IN TIFE.
El

tw il
F OLIPRNTZ

c
96 ﬁbﬂ* = Nmwrl

R

“NE. 1) GG TO 1050
1% = 3

- 5
93 Amll = NaMl

- 3
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965 UC 970 NPR=LsNarl
nEAC UNFILEL) T
REAe SNFILF2d TX
IF (T .EC. TIS) GG TC 96C
iF (T .Gce (TE=1.E=6)) GC TO 980

97C CChTIth
. RERCTRFITE T TS taxteaotiast

: .

1=1sNX)
KEAD (NFILEZ) T)o(GF(J)nJ‘l.NX)v(AuD&X)oXE(l).x(l)ol LeNX)
NERROR = 9
S % o v v YR ¥ R R L a e
GG TG 9% ;
YEQ BACKSPACLE NFILEL
EACKSPACL NFILEZ o N
At‘u lnFthTT‘T‘TT!EtSUTT?‘ISTR!SfTT‘f?SfT#‘ff)GQTTitoun;‘si
i=1yNX)
HEAD (NFILEZ) TX'(-F(JI’J=L’NX)9(XDD(IlglulX59X(I)vI-10NX)
NERRLK = 1C
1 IT - REe TXT U TG 999y
990 nﬁ;Tt thuT,20503 T
o 995 x’lth .
995 WwRITE §b§T12025l [gK%%({lzxsli)¥Xll)9&XLG&D(X’QASTRES(A)O
3 - ’ 4l
IF (T +EQ. T5) GC TQ 903
IF (] eUfe (TE=1l.E-6!) GC TG 1050C
GC TO 9¢<
b~
g PRINT MINIMUM/®AXIMUM VALUES AND THE CCRRESPONCING TIMES.
1050 CC L06C I=14AX
= ASTid * Wil
1060 XMINCI) = XMIN(I) « GQCLID)
CC 1i1C Mm=1,8
Axe =
11u0 ANXS = RIF v i
NXE = NX
IF LANXE=NXS) «CTe I(NLPP=11)) NXE = NXS + (NLPP-11}
i MM . - n | ' < 'R} ) sAu SRV
® TUOMINGI ) oAOOMINCI) y I=NXSeNXE])
IF (MM ot Ge 2) WRITE (NOT92020) (IsTXOMAXCI)oXDMAALL), )
& TXCMINCI) o XOMIN(I3 s I=NXSeNXE)D
IF (MM .CGe JJ wrITE (NOT,2G301 (I.TxSZ§TTTT‘XngrIJ,
* TXMINCI)y XMIN(iE)s LI=NXSeNXE)
IF (#M +EC. 4) mRITE (NUT+2060) (L TAXMAXCI) sAXMAX(1)»
* IAXFLEii‘a&XFKh(Iln [=NXSeNXE])
IF (MR <EG. 5) meITE (NOT,2065) (i,1ASkA sachakli]),
% _ TASMINCL) ASMINI I o I=NXSeNXED
IF (MM .EQ. 6) &PITE (NOT92070) (1, TEMAX(I)y EMAXLL )Y
4 TEMINCI )y EMINCI), I=NXSyhXE]
IF (MM ofae 7) WRITE (NOT92G80) (IsTeumaxil),tEL mwilile
* TELMINCI)wEDMINCI)y [=NXSeNXE)
IF (PP EQC. EB) WRITE (NOT,c09C0 (I+TCHMAXCI ) JCHSMAX(L )
* TCHMINCL ) <CHSMINCI) o I=NXS g NXE)
IF (NX .GT. NXE) GC TU 11CC
clllO CONTINUE
. I1.20C1J
®t TURK
999 WRITE (NCT+2101) NERRUK
20
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~T0P

C
~ Ry
2050 FORMAT (LMLl/4CXo*ROD TKANSIENT RESPONSES T0 RiA THERMAL LOAQINGS
i J4/5Q0%X 98T INME = S oF 12a59/ /72X SNULE® 93X SACLELERATIUNS,
< QX <FVELOLTTY®, CXQ‘Cl)?LLCEﬂEhr.o‘lK‘AXl‘L Lu&;}‘vgzl
3 —— X T AT S TRE TS I S P AXTAL STRRINT XS $EX STRATN RATE®S
o 2X+#CLAC HO P STRESS® //)
2055 FORMAT (3Xs[13y 82X l1?El3.61)
2010 FURMAT (/7 20xye8F T .M OF s<0oX.8H TIME OF
T mxmmﬁmc
¥ 10Xe1Ch MIN ACCELs6X9 kOt MIN ACCEL
3 _ 7/ (LOXs1390PF Lbeb s iPELBByOPFLEHy1PELE.BI])
202¢C FORMAT (/7 2Cxe8H TIME CrFs <EXe8H TIME CF
5 7S X3 AFRCUSy TX>EH TAX VELS BXsCH PRX VELS
2 12X98H MIN VEL, &XetH MIN VEL
.3 /7 (lOXei3y0PF L6 by iPELBLEyUPFiB.6,1PELB.8))
2030 FORMAT (// 2CXs8H *iﬂ& OF + <oXeBF TIME OF .
T TS X SRRUCE s TX9F FEX Ul Py ¢X39F MEX CI3Ps
2l L0XeGH MIN UISPy BXe9H MIN CIsSP
3 J7 L1CXe13s0PFloebsiPELB.8+0PFLBa6slPELBLE)])
C060 FORMAT (//20X48H TIME OF s2oXxeart TIME UF
% 755 s GFRUUEs0X 3 IUFPAX AALCAC»EX3 LCHMAX AXLUALS
P 10X LCHMIN AXLUAD 96X AOHMIN AXLUOAC
3 //_l10xqXB'OPFlb.b.lPElB.&.CPFlé.bol?ﬁlb.all
2065 FOKMAT (//2ix.8M TIME CFs38Xson TIME CF )
T 7T X GARCUEsSXs IOF"RX AXI AL SIRESSI-Xvs PP R
7 5 GX,16HFIN AXIAL STRESS+S5Xs16HMIN AXIAL STRESS
3 'y (lcx.13qSX,OPF}b.b.5XglPELb.8’91.0PF1b.b,§XglPElb.8)l
2070 FORMAT (/7/20nx48F TIME OFscbXedHn TIME CF
. [V ] v d . * ~iivy
2 10X 1CHMIN STRAINGEXSLOHMIN STRAILN
3 J/ LL1CXs134CPF lbebsiPELBEJUPFL1B8.641PELE.8))
2080 FUGRMAT (//22x+8H TIME OF+38Xs 6H TIME OF
A JTGXsAFRRUUE s BAy LOFRRAK STRAEIN RalCs0Ks IOHNAKX STRA: R RETES
2 10X+ 15HMIN STRAIN RATE»6Xe15HMIN STRAIN RATE
. S £ (xcx'13,5x.§PFLo.o,sx.LPELo.a.Qx.OPFlo.b,5x.19ELb.8)l
2090 FORMAT (//22%X+8% TIMi UFs3cxs 8H TIiFRE CF
T lvx.hﬁﬂuut,bx.1SFFzT—tt1t‘STRESSTBTTT3HH11‘tttU“STRt))q
< AUXsLSHMIN CLAD STRESS+6X915HMIN CLAL STRESS
3 /7 ‘lCXQ‘315XQOPFXboboﬁx91?E1°.809“0PF1°.°'5X’lPElboB"
2101 FORMAT (AHLls/////7/2uXs*ERRUK ENCCOUNTERED IN SUBKROUTINE FRILDA®
¥ = 77 3CAs®ATl KNERKGR = ¥3130
| 3
¢ FUNCTION FELMCOCFTEMP yFRADENSFOTPTLFCCMP)
TONMCN JPHYPKG 7 FTRELT FREFUSCIPELIsCREFUSSCIRKANE »
¢ ] CTRANEJCTRANZSFCELTA,BU s COMP
C ooaooo.otooosOOQOOOtooocotootoottooo.ooooooooov00000000.000.000004
C FTENP = FLcL TCMPERATURE I[N CEGKREc> KELVIN.
C FTEMP = FuUiEL TEMPERATURE IN DEGREES KELVIN.
A FEAEEN B FhAC!!ON;L_EEhSITY CF FUEL FATERIAL.
sPccesBsctteT L XI5
C
C
X ;P%B-Jqﬁlc ¢ (1. - (2.752%(1l, — FRADEMN))II®(Lle —1.09i5E~-04¢
sFTc
UFELMD = 6.0ECS

\
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IF (FTEMP .L

Y

ne oL

= (ol

UFELHQ = 0.0

T. 1.6€03) GC TO 10
- -
113.157 G 10

SFDC «
COMP oL

(Te l. S EL 60 TC 2¢C , '
Te 108=-C3) GTU TC @O

¢ FCOMPI

COMMON  /PH

HEXP g
YPRO /

- e
r
b 4
m
"
C
v
-
s
-
x
»
z
o
.

cu +COM

N CF PLUTCONIUE IN THE Fuel
N CF Thnt waY THROUGH MELTING
° seTEe e

1.
B¢ L0E LIS FENS LS 0L HRRE TSN

CELTA

= —dy,

£ Lo 4
972E=4 + T 1C7E=6%T + 2.,581lE=9%T¢T ¢ 1l.140E-13%T+%%3

Th=

~—
_—

-1

F

]

T = =3,
3«7

F

M

G739C~% * BeA400SC~6F] ¢ JeloLlJE~G¥(Tl ¢+
1;%5;%6‘(7“4)
< -

MELT -
1 7.

273.15
(TP=1.E-1C)) GG TO 10

o
(g

3

I

2 () o] e g
L Tl
1

X

“-wie
.Cc.
«GT
UE X

TITM=1-E=10T1T L aNRD- R R T T O O ——
(TPeFCELTA)) GO TO SC

e Cs8) &8 TU 15

(71}

w
\n

CIMO Mt YN T e et
;f“%ﬂﬁ

54
Cim OO

-

;f“

c
C
o
A
0

.F
o ll

(l.

1»

gr

10y
P = (la
100

- CLISLEXCTL) « CLlePEX(TL)

.CT. 0.0) GC _TO 35

3eUSBE~2
- CLISUEXITIF) & CL*PEXITM) + R*®3.090c~2

T
- -

T

ol

S

PR

« LeUT UL

tu -3
P = UEX(TM) ¢ 3.096E=2 ¢ (3.5E-5¢(T1 - TM)}

A%

icu
= PEXRCTM) ¢ 3.096E=C * (3.5~5%(T1 - Tr1)

A

0 X»xeiw

z2
(24

NY
1

crjovm
P 7

~20 O—X

P CT 1T o = T) o [T] o o T = 7 o o oM

e
e

-
-
ci>»
o~

‘“

1 CAgZoNgiPRINToKR) 3
Yo {109l X03C) 9n i 3G) sGE30)9DETREICH
i2s017
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MATRIX EINVERSION (A%8-]1 = /). BORDEKING METHOC.

IF PrRINY CPIIUN TS JTURKNEU UNe ThHE TAVERSIUN LHELR Z¥X AnY TFE GETER.TT
~ATIC DET(IeLl)/CETC(I) ARE PRINTEC. DETLI) IS5 THE DeTeRMINANT OF THE »ik5T
i oY I SUE=MATRIX GF a.

FATRILES Asd MAY SHARE SAME CURE CUCTATIUNS. TZ¥5 CTIECK IS TRER INVEAUIOT.
SuBﬁUuthE ARCUHFﬁTS

nrxnhnnnrwnnr»n«—l\n

a'm T : Ny
¢ = ULITPUT RESULY MATRIXe O - ,
N = IRPUT S1JC OF MATRICES Aele RAXIMUM IS DIMENSIONED SIZE.
[PRINT = INPUT PRINT LUGIC VARIABLE« (=1sPRINT). (=0+2+ETCoNG PRINTI.
K = 1 in LINME LLING PROGRANM.
10C0 FORMAT CiMi)
2000 FURMAT €//1CX+10(7Xs1HC+1291HI)) , )
2 #SUBRQ LATED The CATA BELOWE
® 1/ /710X+%THE CelTerRMINAN ATLU + t
* 77 (1329 1C{1PELL.3)})
2002 FCRMAT (/7/1Cx3"TrE (AS%#-1)#(A) INVERSION CHECK GIVLST
5003 FORPAT (/77 LCXe®TH: MAXLPUM GFF-GCIAGUNAL ELEMCN ’
) s E1le3s2Xs4HAT (1390Hel31F))
L0 a0 I1=2.N

160 Ixti) = i

CU 190 I=1i.N
iE 113 JNEs Co.) GO TO 220

190 CUNT INLE
GO TC 99%

o
.
m
o

>

VI ) e o
O
‘o o
r
Ou
>

I

el
™~ Xe
-~ Ml

erq4 =

Wil WA ™o

%

L
He

©
o
>
X ClO s X r X

e
r~
@ e

[
-
»>

-0
b
- -
L~
e
* +

Hin w e
4
e £ e L

‘F. !%‘%l H! *
esu G i H CJdid

- &
450 S = 5 + AlLl)*t
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1G 550

0.0) GO TC 450
«li=6) GO TO 55C

XLEAR T RoStEC 7 AL

6o Tu 4Su
4cu ALBAK = AeStAL)

} GC TU 540
«lE-8) CO

AlLLL) + S
«fEQa

«GE o

{ALBAK <GEa

{F (adLlL)

AL =
49U IF (ALBAR

MA Avoln
vlcatLdﬁ

gl e
d O
[ ) »~ e

e JOCOIN W
A
3 -l
NI

o
"
n

&

¢ (ix(i) - 1)
(LLd

(L)

X

0
e

o d -
R s ]

—
L)(
ey
T
xu.J
= T
M
Uall B Lo

v
Sl
(D= N

Qo3

~
Y.

24

INc INVLE®)
ra |

sal=1aNJ}
50

=1le10)

A

DFASO(KUMel)

(JC_.JC

C 795
ABS(XCFF))Y GC TO 710

1} & TU 989

1
RA! ClH1910(/1+20Xs *ERROR 1IN SUBRCUT

) ¢ ALKA)
3 oC
.L T.

* AE®(K=-11

i

KJA = Kk ® {(J=-1]
8 -
=

XJ. Ve
C 7C3 K=1,.M\




LINEAR VELOCITY FUNCTION ASSUMEL

L
% TRANSLATICNS AT THL PANEL PCINTS A~E THE GENERALIZED CCORDINATES.
Y INPCT 135 CIODIRIBUTEC FPkSS. TRE UISTKIGUTIEDC CATHX MAY NGl EXCEED T HE -
E PANEL PCAINT LIMITS (BEAP ENLCS).
C SuuKCUTINE ARGUPCNIS
5 CEY PCINRTS. SIZE (NPPJ e 2
C DHASS - thut hATRIX GF ulSTRIBuTEO ﬂASSg STRAIGHT L INE SEGHENT CATA.
C SIZE (NP4l
C CCL L = X COCRLC. AT SECMENT END 1.
C CCL < * X CUURU. KT SEGPENT ERU <Z-
C COL 3 = MASS/UNIT CISTANCE AT SEGMENT END L.
C COL 4 = MASS/UNIT UISTAMNCE AT SEGMEANT ENC 2.
C I = QUTPUT TRI-DIAGONAL MASS MATRIX. SIZE(NPPINPP).
T NPP = [KNPUT NUFGEER UF PANEL PUINTSe SIZt CF VECIUR PPy NEIRIX Z.
C NCM = INPUT NUFMBER UF SEGMENTS (RChS) IN OMaSS.
e KOM = INPUT RCw CIMENSION CF UOMASS IN CALLING PRUGRAR.
E KZ = INPUT ROW DIMENSION CF 2 IN CALLING PROCRAPF.
CC LU I=1NPP
CL 10 J=isNPP
Lo Jlledd = Q.0
NEAYS = NP=-1 -
CC SC I=1,ACP
X1 = DPRASS I 41)
XS = UhALS(142)
Vi = DRASS(1,3) b
Vi = CRASS(I 442
' ANERRCR = 1
_ ] L1 PPANPP) LUK, Xl.CE.XZ) GC TCO 999
Ll E K=L4NBAY f —
IF (X1 <ile PPIK*1l)) GG TU s5o
3¢ CONTimUc
34 XP = X1
Y = Vi
Jo IF (Xe <iLEe PP(K+l,) GG TC 38
XC = PPUin+l)
YL = ¥l » {(Xg~ = - -x11
¢C TO 39
Jo Xe = X<
VC = Vg
em—— 1. § L /W AT QW EE S
SEGL = X4 = »P
HF = (XxP=PP(r. 1) / OSAYL
FC = (XCG=PP(C)}) /7 iYL
YPYQ = WP # YL
Fl = SEGL * VPVC/2,
Fd = SEGL & (VPYUR(HP*HU) + VPEHP + VUEhCL) / 6.
F3 = St * (YPYOS(HPeHU)®®L + 2 ¢(VPOHP®*S?2 + VINO®$2))/12.
- = [t'
I{KeK) = JIKoRh) * Fi = 2.%F¢ + F3
ZAKsl) = Z(KoL) * FZ - F3
ZULel) = JlLol) * F3
JE (a2 if. PPIXK*1Y) Gu IC 99U
K = Ke,
aPg = xQ

25
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vP = NQ
GLC IL _3n

90U CUNT INLE
CC 110 K=1.NBAYS
110 Z(Kelek) = ZUKskel]

L
*EuTuf&L PASS PRLPERTIESe.orur CHECKOUT PURPT3ES.

tﬂ = Qo
IP = (o
11 = Ca
cC 100 i=isNPP
DC 100 J=1«NPP
I = M & J(1s1010
TP = 1P » Zllsd) ¢ PPLI)
130 TI = T1 + PPLINSItLd)%PP LI
CC = TPJTIN
1L = JI — ImsCCee?
mxilE (ACT20C1) TPeCUel |
20C1 FCRMAT CIH191GCU/) 948X +*SLERCUTINE MASSE //
s “lXe sCOMPLTES Tht TOTAL PROPERTIES® 7//
& 4 ina 8N e S FE15 Balle3Xs®XCG = 2-E1S.82/4483X22%1CC = ¢4£15.561
RETUKN
999 whITE (NOT42CC2) NERRGK i
2002 FURMAT (1H1+2CX»#*ERROR EACOUNTERED IN SUSBROUTINE MASS#®
s - J//30xs#AT NERKROR = ®4512)
AU
SUBROUTINE MULTE (A BZyNRAJNRSyNCByKA KBEZ)
c CIMENSICN A(KE41)4B8Z(KBZIN1DY wi3C)
T C  FaTRIX MCLTIPLITATIUN. A ¥b = L.
%
C USES TnlO nCRK SPACES. RESULT Z IS PLACED IN B. v
€ ©d MUST ck CIMENSIONED LARGE ENCUGH INk CALLING PROUGRAM TO CONTAIN TiE
T LCARKCER UF o LR d»
¢
C SUBROULTINE ARGUNMENTS
4 A = INPLYT MATRIX. SIZE (NRASNRB) «
S Al ) - i . Ol e
u = QUTPUT RESULLT MATRIX. SIIE (NRAJACED.
C NRA = INPLT NUMBER CF RCnS CF HMATRICES Aql. MAX.=CIMENSION SIIE CF bhe
C Ned = INPUT NUPMBER CF RURWS GF PATRIX By CUGLUMNS OF MATRIX A.
—t—Teb = INPUT NUXGER CF _CCLUNNS GF MATKICES S3is
C KA = INPUT RGw LIMCNSION COF A IN CALLING PRUCGRAN.
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