
IBK - 1300 

IBK - 1300 
Obrad M Sotić 

Experimental determination 
of material buckling in fast 

reactors 
Programme BUCKLING 

Boris Kidrič Institute of nuclear sciences 
Beograd - Vinca 

1»7*. 



We regret that some of the pages in the microfiche 
copy of this report may not be up to the proper 
legibility standards, even though the b«*st possible 
copy was used for preparing the master fiche. 



^ ~*&1, ^v^i^m^.,, 

A B S T R A C T 

The developed method for determination of material 

buckling in fast reactor systems has been analyzed and some 

improvements made. The non-cylindrical shape of the reactor 

core is taken into account and the linear correlation between 

experimental and theoretical reaction rate traverses has been 

thoroughly studied. The corresponding con.outer programme 

BUCKLING is written and applied to measurements in the fast 

reactor assembly SNEAK - 7A in Karlasruhe. The evaluation of 

measurements was performed with the latest cross-section sets 

available at the Kernforschungszentrum in Karlsruhe. 
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1. INTRODUCTION 

Material buckling characterizes media of a nuclear 

rector, independently of their shape and surroundings. Its 

experimental determination could provide a suitable test of 

the cross-section data being used, since accurate calculational 

methods for evaluations of parameters of a fast reactor are ava

ilable (material buckling is the eigenvalue of the space indepen

dent multigroup diffusion equation). The value of material buc

kling is determined by the fundamental mode of neutron spectrum. 

However, the interaction between the core and reflector in the 

fast reactor facility is very marked, so that spectral and harmo

nic efiects are large even at the center of the core. That excludes 

the possibility to measure the fundamental mode of neutron flux 

in the reactor medium directly. 

The ncthod of determining material buckling experi

mentally, was developed by the Masurca-group in Cadarache, Fran

ce (1). It is based on synthesizing the fundamental mode of neu

tron flux from measured fission rate distributions, of suitably 

chosen detectors, along the principal axes of the core. The ba

sic theory of the method is described briefly in the next section. 

Further investigations and some improvements of the method have 

been made by the SNEAK-group in Karlsruhe, Germany (2,6). 

The present report shows the influence of the cylin-

drization effect on determination of the spatial fundamental 

mode of neutron flux. The way how it can be accounted for, and ' 

the analysis of the linear correlation between experimental end 

calculated reaction rate traverses is included also. The programme 

BUCKLING for determining axial and radial bucklings of the cylin

drical core, written in the FORTRAN language for the CDC-3600 

computer, is listed and its ftatures explained. It is based on 

the developed theory and includes the corrections given in the 

report. 
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Experiments for material buckling determination in 

the assembly SNEAK-"JA are analyzed and the results obtained by 

the programme BUCKLING are given and discussed. The necessary 

theoretical calculations of various parameters and reaction rate 

traverees, have been done in Kernforschungszentrum, Karlsruhe 

using in multigroup calculations the most recent cross-section 

sets available there. 



3 

2. THEORY OF THE EXPERIMENT 

The diffusion equation for the given multiplying 

region with a constant composition, using common notations 

for cross-sections, etc., can be written in the operator 

form as: 

D(E)V2*(r,E) + H*(r,E) =0, (2.1) 

where: 

H 5 - o.(E) + / oe (E'+ E)dE" t k x (E) / vo-(E')dE' 
x E s E 

k E l/keff 

Symbols a stamd jere for macroscopic cross-sections.The 

continuous energy notation is used throughovt the paper in

stead of a multigroup notation for easier readabil.ity. The 

scalar neutron flux can be expressed through the eigenvalues 
n 

B. and the corresponding eigenvectorsf .(E) of the diffusion 

matrix H, and the eigenfunctions is (r) of the Laplacian: 

J- (?, E) = I A.f. (r)f . (E), (2.2) 
i 

with: 

V2 ft (r) + B* f± (r) » 0, (2.3) 

where Ai are the proportionality constants. 

The largest eigenvalue, e| , is by definition th* 

naterial buckling of the medium. This <»igenvaltta is positive 

for a medium with k«> 1, and th« associatedeigenvector f^(E) 



H 

is the asymptotic sp^ctrun (or fundamental mode spectrum). 

To the material buckling is associated the so called fundamen

tal spatial node of the eigenfunction f. (r). Omitting the index 

1 for the fundamental mode and the asymptotic spectrum, and 

supposing that the neutron flux is normalized oy the condition 

f (o) = 1, Eq. (2.2) can be written as, 

* (r,E) = f(r) ; (E) + E (?, E) <2.«0 

The first term represents the fundamental mode, and the se

cond is the contribution of transient modes. 

According to the Eq. (2.3), the material buck

ling io given by: 

B2 = -^Ii|> (2.5) 
m fCr) 

In order to determine experimentally the quantities on the 

right hand-side of this equation, one should measure the 

spatial distribution of the fundamental mode in the medium. 

As already mentioned, the asymptotic neutron spectrum is 

practically never established in any part of the reactor 

core. Nevertheless, it is possible to define a "buckling" 

which is spatially and energetically dependent) by the fol

lowing relation. 

B* Cr, E ) * - * ' » < ; . E> 
• (i, E) 

The measurement of a neutron flux distribution 
consists in fact of measuring the reaction rate distribution 
of a detector with the macroscopic cross-section ff^CE): 

R. <E) * foAZ) •<?, E) dE it.$} 
d E d 
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Using the relation (2.L) it is possible to define "buckling" 
associated to the detector d as: 

2 V2 / (E)*(r, E) dE 
B2

 (r) s _V_RdM a . _Ef (2#?) 
a ~d(r) / o,(E)*(r,E) dE 

E d 

Assuming that the neutron flux can be separated in several 
principal directions, s.g. in axial and radial direction 
by the core of the cylindrical type, the total buckling 

2 •+• can then be expressed by the sum of an axial buckling, o. (r) 
and a radial one &, (r): 

B2 (r> = a2 (r) + 02 (r) (2.8) 
a d d 

Inserting expression (2.4) for the neutron flux into Eq. 
(2.7), one obtains: 

V2f (r) /«, (E)'f(E)dE +V2 /o,(E) E (r,E)dE 
2 E d v d 

8* (r) = £ £ / ad (E) [f(r)f(S) • E (r, E>] dE 
E 

The following question can be raised now: What properties 
2 

should detector d have, in order that B, be equal to mate-
2 a 

rial buckling, B ? Recalling that the eigenvectors * <E) 
are orthogonal to the adjoint asymptotic spectrum with 
diffusion coefficient as a weight function /!/: 

/ D (E)f*(E)f. (E) » 0, for i>l <2.*> 
E i 

it can be seen that a detector with a cross-section propor
tional to D (E) (E), 

od (E) - 0 <£)? * <£) (2,10) 
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would fulfill the requirement stated above. Substituting 

expression (2.10) into the relation for B (r), one easily 

obtains: 

± .e., the buckling associated to a detector of a cross-

section proportional to D(E)f (E) is identical to the mate

rial buckling. However* such a direct measurement of the 

fundamental mode f(r) is not possible, since there exist 

no detector with an effective cross-section of Eq. (2.10). 

2.1. Determination of the fundamental mode traverse 

In its or5.ginal fotm, the procedure for determining 

geometrical bucklings and hence material buckling (by these 

measuređents one deals always with a reactor in a critical 

state) was the following 111: 

From the definition of B*, Eq. (2.7), it is 
2 2 obvious that the discrepancy between B, and B depends on 

how well does o(£) fit to represent D(E)lf (E). A careful 

study of various fission rate detectors has shown that the 

value of material buckling can be enclosed between the 

"buckling" values obtained by threshold and non-threshold 

detectors. The procedx.re, adopted as a standard procedure 

fot the experimental determination of geometrical bucklings 

in nuclear centers in Cadarache and Karlsruhe, consists in 

measuring and calculating the fission rate traverses of four 

detectors along the principal axes of the reactor core. The 

four detectors (from practical reasons the neasurenenl« 

are performed with fission chambers) include two non-thresh

old detectors: U235 and Pu239, and two threshold onest 

U 238 and Np237. Each traverse gives the corresponding "buck

ling". The correlation between calculated and experimental 
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"buckling" values is assutr-d to be linear, so that the value of 

experimental buckling can be deduced, as shown in. Fig. 1. 

Further investigations have shown that such a 

procedure might not be reliable enough in cases of small 

reactor cores til. On account of very strong influences of 

2 

a surrounding reflector, the values of B, (f) are not con

stant even in a quite small region near the center of the 

core. In such cases one should not expect to obtain good 

single values for '"bucklings", out of the measured fission 

rete traverses. Their combination to obtain an experimental 

value for buckling would thus be improper, too. 

The way out of this difficulty was found in 

determining the fundamental mode traverse, rather than 

bucklings directly. Instead of representing buckling values, 

as shown in Fig. 1, the same procedure is adopted to deter

mine the fundamental mode traverse according to measured 

and calculated values of fission rate traverses, as shown 

in Fig. 2. This is performed along the whole core, step by 

step, at suitably chosen distances. The value of buckling 

is then obtained by fitting this traverse to the fundamental 

spatial mode (sine of Eessel-J function for a cylindrical 

core). 

Let us now examine more thorughly the assumed 

linear correlation of measured and calculated values of 

traverses along the principal axex of the core. Many cal

culations have shown that there were no systematic dis

crepancies between calculated and experimental values of 
2 
B. for threshold and non-threshold detectors. The sam« was 
true with comparison of traverses themselves. In each ease 

the correlation coefficients were close to one justify

ing thus the assumed linear relationship. Instead of merely 

applying the regression analysis to the given set of four 

pointes (see Fig.2), it might be interesting to know bow 

really well the fundamental node distribution can be appro

ximated by the linear combination fo several fission rate 

detectors. 
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The question of how good the approximation: 

K 
f(r) = I a.R. (r), 

i«l * 

is, according to the theory given above, may be written as: 

K 
D(E)r'* <E) z I a.a. (E) (2.11) 

j=l 3 3 

The problem is to determine the coefficients a., for K 
detectors, eo that the right hand-side of the equation 
be as close as possible to the left one. The best approxi
mation is obtained by applying the least squares method. 
Such minimization procedure always includes the choice of 
•weight factors. It seems logical to apply the neutron flux 
in this case, or luore precisely its fundamental mode, but 
other choices are possible too. The minimization condition 
has then the following form: 

/ W(E)(B(E)f* (E) - I <x.a. (E)|2dE t min (2.12) 
E 

with: 

3 3 
j«l 

W (E) s ^ (E) (2.13) 
/HE)d£ 
E 

The calculation itself is done applying the multigroup pro
cedure and is explained fully in Section 3. 
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2.2. Cylindrization correction 

The reactor core is usually of the cylin

drical form. While in the axial direction requirements of 

the diffusion theory are practically always fulfilled, i.e. 

the fundamental mode distribution of neutron flux obeys cos

ine function, in the radial direction the Jo-Bessel function 

hardly justifies its distribution.Namely, the cross-section 

of the core is a circle only in a rough approximation (see 

Fig. 3). According to the cylindrization correction already 

applied for k-- calculations, it seems reasondable to apply 

such a corection in calculating the fundamental mode of 

neutron flux in the radial direction. This correction can 

be obtained by comparing a one-dimensional diffusion calcu

lation with a two-dimensional in XY-geometry, as: 

f <x) 
cor (x) - -£ (2.1H) 

In both calculations the same axial bucklings are to be 

used. The experimental fundamental mode, calculated by the 

procedures described in Section 2.1, is to be multiplied 

with this correction function. 

t 
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3 . COMPUTER PROGRAMME SUCKLING15 

The programme calculates sets of values of 

axial or radial Ouckling for different core regions, from 

the measured data obrained by fission rate detectors. It is 
based on the "theary given in prerions sections. The input 
descripton of the programme is given in Section 3.1. 

First of all, programme reads input data cards 

and classifies calculated and measured traverses of fission 

rate detectors. Sin*? measurements and calculations are, in 

general, performed in different points along the axial or 

radial direction of the core, it is necessary to make an 

interpolation and to express them for equal distances. It 

is commonly used to make a polynomial fit up to the eighth 

order of the measured traverse points, and then find the va

lues corresponding to the distances of calculated traverses. 

Each of the four previously mentioned traverses (U235, U238, 

Np237 and Pu2397 is fitted to the polynomial consisting of 

terms with only even exponents (their distribution 

resembles the cosine or J curve): 
o 

T (x> * a • J a9. <x - b )
2 i (3.1.) 

0 i*l 2 i 

The upper limit of summation takes on the values 1, 2, 3, and 

«•, succesively. Ater each least square fit, the sum of squ

ared residuals is calculated and the polynomial with the sftel 

lest sum of square i.e., the one that best represents the 

measured traverse, n** been chosen. This part, of the calcu

lation, as well as the linear regression analy*ls is perfor

med by the subroutine POLFIT, specially written for these 

purposes. 
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All of thy four pairs of traverses, and the cal

culated fundamental rriode 3 ar^ then normalized to unity in 

the center of the core (its position has been determined 

by the parameter b in EQ. (3.1) fpr measured traverses). 

The next step in the programme is the determi

nation of the fundamental mode of neutron flux in the core. 

Two alternatives are possible in the programme: 

1. The linear regression analysis is papplied to 

the four pairs ox fission rate traverses, as 

explained in Section 2.1 (see Fig. 2). 

At suitable pcints along the axis of the core 

(they are taken from the calculation of fis

sion rate traverses) the results of the mea

sured traverses are plotted against the 

corresponding calculated ones, as illus

trated in Fig. 2. The least squares fit of a 

straight line is made to the four resulting 

points. From the value of calculated "D* " 

detector, one obtains the experimental D# 

value. The procedure is repeated for all 

calculated points along the axis* 

2. The procedure according to Eq. (2.11) is used. 

The cofefficients cu have to be known and given 

as input data. 

In this report, when evaluating experiments in 

SNEAK- 7A, the special prograane named PARAD£T was written in 

order to compute these coefficients. The calculation was don« 

applying the multigroup procedure, so that expression (2.12) 

was used in the form: 

f w* [p8/» . f •.off) V Bin. (9.2) 
gal 3«1 * Jr 
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with: 

j . . g A E g 

Here g denotes the number of energy group (totally G groups), 

and AEg is the corresponding energy range. 

After the experimental distribution of the 

fundamental mode has been computed by one of these alterna

tives, the final step in the programme is performed. It con

sist«- in fitting the eigenfunciton cos- or J - to that mode. 

Before this fitting takes place, if radial buckling is to 

be evaluated, the cylindrization correction can be applied. 

( it's an option in the programme). This correction is 

given by Eq. (2.14) and it must be known previously and given 

in the input. The special programme, named CYLCOR was writ

ten for this purpose. Since, as for traverses, the one-and 

two-dimensional calculations connot be generally performed 

in the same points, the fundamental mode obtained by one-

dimensional calculation is first fitted to polynomial 

of the .eighth order, and the values corresponding to XY-

distiuices are then calculated. 

The obtained values for the fundamental mode 

are then fitted to the expression: 

f(x) - a ^ U j X ) , (3.3) 

where T takes on cosine or J - Begsel function form, de-
o 

pending on the problem case. Parameter a2 represent! th« 

value of axial or radial buckling* respectively, this proce

dure can be repeated for different ranges in the core, as 

stated by the input conditions (record XI in Section 2*1). 

The errors* in the form of standard trr**ra, the bu

ckling* are given with, can be evaluattd In several ways« 
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Firstly, starting with errors of the measurements given as 

input data for experimental traverses, each fitting proce

dure uses weight factors, based on the errors obtained from 

the previous one. Variances of points taken into the polyno

mial and linear regression analysis are calculated as /7/: 

var (Yi) * a
2 [-i— + CF* M " 1 ^ ) ] , 

x 

where the matrix F is given as: 
a 

V 
x 
2 
x 

M is the variance-covariance matrix, and 6. are the weight 

factors expressed by standard errors of the points. The final 

fit to the fundamental mode function is performed with the 

special subroutine CURFIT, which is an abreviated version 

of the subroutine CURVEFIT * /7/. 

Secondly, it is allowed that weight factors 

of the determined fundamental mode be independent of the pre

vious regression analysis. In this case they can be taken as 

being constant or proportional to the amplitude of the 

fundamentalmode traverse. 

A complete list of the programme BUCKLING 

is given in Appendix A. This is a standard FORTRAN program

me, and no special operating instructions are needed. The 

* The correlation of errors is not allowed in this 
abraviated version. 
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subroutines: CURFIT, POLFIT and FUNCT, needed by the pro-

granune are listed in Appendix B. FUNCT is a special subrou

tine which calculates linear function, polynomial, cosine 

function and J function, together with their derivatives. 

The programme also needs the subroutines MINV and DGELG 

from the IBM Scientific Subroutines Package. 

3.1. Input description of the programme BUCKLING 

The following list shows the way of writing 

the input data, The letter K, followed by the required for

mat statements, denotes one record. The letter S explains 

the choice of various possibilities that are allowed in the 

programme, or conditions governed by it. The dimensions of 

physical quantities have to be expressed in the CGS-system 

of units. 

Kl (format 6j5) 

NCAS 

16 

IS 

ISZ6 

- If NCAS=1, the radial buckling 

is determined (i.e., the radial 

traverses are fitted to J fun-
o 

ction), and for NCAS*2, the 

axial buckling is determined 

(cosine fitting); 

- (16-1) represents the maximum 

number of rejected points in the 

polynomial fitting. 16 is limited 

to lot 

- Rejection stap. The ratio (16-1) 
ns must be an integer» 

- This parameter detaraina* weight 
factors in the fitting prooedure 
to cosine ov JQ function: 
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NVER 

NKORR 

K2 (format 2E13.6) 

CA^UM-1,2) 

K3 (format 2E13.6) 

XN 

1: weight factor are constant, 

2: weight factor are propor

tional to the amplitude of 

the fundamental mode trav

erse, 

3: weight factors are determi

ned according to the previ

ous regression analysis; 

For NVER = 1, the D«p traverse is 

calculated according to the alter

native 1, and for NVER* 2, accor

ding to the alternative 2 (Section 

3); 

If NKORRsl, the cylindrization 

correction is to be taken into 

account. If no such corrections* 

NKORR = 0. 

Initial values of parameters 

(Eq.3.3.) by the fitting proce

dure to the fundamental mode 

function. A (1) stands for the oo 
amplitude and A (2) for buc

kling. 

- Multiplication factor for expres

sing measured coordinates of the 

traverses in cm; 

YN - Multiplication factor for express 

sing calculated coordinates of 

traverses in cm. 

St IF NVER»2, then KH, otherwise K6. 

K* (format IS) 

NAL - Number of detectors in traverse 

measurements« Usually, four de

tectors arS used« 
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K5 (format 8F10.0) 

(AL(I), IsljNAL) - Values of coefficients o. for 

each cetector, according to 

Fq.(3.2). 

K6 (format 15) 

NN - Number of calculated points of 

reaction rate distributions 

(maximum 10). 

K7 (format 8F10.0) 

(Y(I,1),I=1,NN) - Coordinates of calculated reac

tion rates distributions. 

S8 If NKORR =1, Then K8, otherwise S9. 

K8 (format 8F10.0) 

(CORR(I),Isl,NN) - Cylindrization correction 

given for each coordinate of the 

calculated reaction rate distri

butions . 

S3 For each detector in the sequence: U235, U238, Np237, 

Pu239 and "D?*", records K9 to K10. 

K9 (format 15) 

KENN - Atomic number of the detector 
* 

isotope (arbitrary for D'-' ). 

K10 (format 8F10.0) 

(Y(I,2),I=1,NN) - Values of the calculated reaction 

rates of detectors, according to 

the points given in K7. 

Sll For each detector ih the sequence: U235, U238, 

Np237 and Pu239, records Kll to K12. 

Kll (format 2IS) 

KENN - Atomic number of the detector 

isotope» 

N - Number of measured points of re

action rate distributions (maxi

mum 120). 
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\ 

K12 (format 3E13.5) 

(X(I,2), SIGKX(I,2),X(I,1),I =1,N) 

- Values of the measured reaction 

rates of detectors, their stan

dard deviations and coordinates. 

END 
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«•. ANALYSIS OF MEASUREMENTS IN THE ASSEMBLY SNEAK-7A 

The fast critical facility SNEAK /8/ (Schnelle 

Null-Energie-Anordnung Karlsruhe) was utilized to perform 

physics experiments on a clean plutonium-fueled fast assem

bly 7A. This assembly was a simple one-zone core with PuO« -

^UO« fuel and reflected by depleted uranium. The matrix 

plane of the assembly is shown in Fig. 3, together with po

sitions of control rods. The cross-section of the core cy-

lindrized for an RZ two-dimensional dscription is given in 

Fig. 4. The fuel elements are suspended vertically with a 

lattice pitch of 5.^4 cm. The core cell consisted of two pla

telets: a Pu02-U02 platelet and a graphite platelet of 0,626 

cm and 0. 3126 cm thicknesses, respectively. The homogenized 

compositions of the core and blanket are given in Table 1. 

The control rods were loaded with an enriched uranium cell 

/8<f. For fomogeneous calculations they were smeared over an 

outer ring of the core zone (denoted as the outer core zone 

in Fig. *t.). The assembly and its features are described in 

more detail in Ref. 6. 

The fission rate traverses of four detectors 

(U2 35, U238, Np237 and Pu239) were measured in the axial 

and radial directions with fission chambers hiving a 6 mm 

outer diameter and 25 mm active length. The axial traverses 

were performed along vertically made channels (marked 

positions "x" in Fig. 3), while the radial traverses were 

performed along the horizontally made ehannsl (the dotted 

line in Fig. 3). Axial traverse measurement« were perfo

rmed in the central and edge elements of the core to check 

the separability of the neutron flux. Both measurements 

yielded the same form of the distribution, justifying thus 

taht the neutrvn flux was separable in axial and radial 

components. The data cf chese measurements ara given in 

Ref. 3. 
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The calculated traverses w.ere obtained using 

two-dimensional multigroup diffusion calculations with 

MOXTOT cross-saction set A / , and the newest KFKINR set 

/5/. The use of two different sets was aimed to check their 

influence on the results, and therefore the validity of the 

proposed method for material buckling determination. The 

axial traverses were calculated in RZ-geometry, and the 

radial in XY-geometry where the control rods were considered 

in their respective positions (i.e., not smeared over the 

core). Since, corrections for heterogeneity and transport 

effects are throughout small, they were neglected. 

The cross-section data for fission detec

tors, used in calculations, are given in Table 2. The obtai

ned results for diffusion coefficients, fundamental modes 

of neutron and adjoint fluxes, used in computing the expe

rimental fundamental mode (Eq. 3.2), are shown in Table 3. 

The calculations were performed using standard 26-group 

codes in Kernforschungszentrum Karlsruhe. The three last 

groups are omitted because of the small values of neutron 

flux in them. 

Calculations have shown that experimental 

buckling values did not depend on the choice of cross-section 

sets used in calculating radial and axial traverses. The 

results obtained from radial and axial bucklings are given 

in Tables u and 5, respectively. The values obtained for 

axial bucklings when changing the region of fit, are prac

tically constant, so that only one representative value it 

given. The determination of radial buckling is always a 

crucial point in the analysis, since control rods causa 

flux perturbations and the core itself ha* an irregular 

cross-section (see Fig. 3). 

The influence of control rods demanded that 

only a small inr.er portion of radial traverses could 

be used in evaluations. Therefor«, tha representative 

values of the radial buckling ara taken tvtm approxi

mately r Z IS cm. Alternatives 1 and 2 rwfmv to two different 
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ways of calculating the fundamental mode traverse, as ex

plained in Section 2.1. An example of the output list accor

ding to the alternative 2 is given in Appendix C. 
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5. CONCLUSIONS 

The material buckling is calculated as the 

sum of axial and radial bucklings and is given in Table 6 

(the assembly was always critical when performing traverse 

measurements). The calculated material buckling was obtained 

by a zero-dimensional homogeneous multigroup calculation. In 

these calculations material buckling was the eigenvalue of 

the diffusion equation with k f f set equal to 1. The experi

mental value of material buckling when taking no cylindriza-

tion correction into account is by no means too small. This 

correction, as expected, is important by small cores. The 

results obtained with linear regression analysis, compared 

to those obtained by alternative 2, .ire :so to say more 

"experimental", since the second alternative tries to approach 

the experimental fundanetal mode to the calculated one. By 

varying the weight factors in the analysis one can govern 

this trend. However the introduction of that alternative in 

this report was mew ly aimed to show that the linear regres

sion analysis applied can be analytically justified. 

It . is seen that the experimental material 

buckling is overestimated by calculations. The overestimation 

ranges from about 3% to 5% depending on the cross-sections 

being used. The standard error of the experimental values is 

lower than 0.5%. Results obtained for SNEAK-7A, together 

with earlier experiences in material buckling determination, 

show that the flux mapping technique combined with the de

veloped method of interpretation delivers very satisfactory 

results. The influence of the theory, which is present in 

the method, is certainly less than the experimental error, 

so that accuracy better than II in determining the material 

buckling can be obtained. 
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TABLE 1. 

M a t e r i a l composi t ion of t h e assembly SNEAK-7A. 
- 2 1 3 

(atom d e n s i t i e s 10 /cm ) 

1 Isotope 

Al 

C 

Cr 

Fe 

Mn 

Mo 

Nb 

Ni 

0 
235Pu 
240Pu 
m P u 
242-, 

Pu 

Si 
235u 

238y 

Inner core 
zone 

.0000080 

.0260987 

.0022423 

.0079713 

.0001109 

.0000165 

.0000089 

.0011664 

.0218462 

.0026374 

.0002368 

.0000215 

.0000011 

.0000933 

.000056b 

.0079604 

Outer core 
zone 

.0011906 

.0255387 

.0022390 

.0079824 

.0001178 

.0000145 

.0000077 

.0011818 

.0211909 

.0023434 

.0002105 

.0000191 

.0000010 

.0000932 

.0002958 

.0080456 

Blanket 

.0000135 

.0011080 

.0039549 

.0000875 

.0000100 

.0000065 

.0009845 

.0000453 

.0001624 

.0399401 
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TABLE 2. 
Fiss ion c ros s - sec t ions for de t ec to r materials 

(values given in barns) 

Group 

1 

2 
3 
4 

5 

6 

7 

8 

9 
10 

11 

12 
13 

m 
15 

16 

17 

18 

19 

20 

21 

22 
*2f3 

Energy range 
AE 

.6.5-10.4Mev 

4.0-6.5Mev 

2.5-4.0Mev 

1.4-2.5Mev 
0.8-l.UMev 

0.4-0.8Mev 

0.2-0.4Mev 

0.1-0.2Mev 

46.5-100kev 
21 .5 -46 .5kev 

10 .0 -21 .5kev 

4.65-10.Okev 

2 . l 5 - 4 . 6 5 k e v 

i . 0 - 2 . 1 5 k e v 

i»65-1000 ev 

215-465ev 

100-215kv 

46.5-100ev 

21 .5r46 .5ev 

10 .0 -21 .5ev 

4 .65 -10 .0ev 

2 .15 -4 .65ev 

1 .0 -2 .15ev 

o f(U235) 

1.532 

1.070 

1.169 

1.290 

1.219 

1.17 

1.30 

1.50 

1.78 

2 .20 

2 .65 
3.60 

5.16 

7.20 

11 .30 

16.35 

20.19 

30.18 
30.84 

t*9.0 

50 .9 

1 7 . 1 
31 .9 

c^(U239) i 

2.09>* 

1.724 

1.8CS 
1.954 

1.744 

1.608 

1.552 

1.530 
1.578 

1.688 

1.85 

2.34 

3.27 

4 .70 

7.25 

12 .25 

18.17 

58.90 

17 .85 

85.36 

33.9 

10 .7 

22 .5 

fff(Np2373 

2 .08 

1.45 

1.57 

1.64 

1.42 

0.66 

0.076 

0.025 
0.014 

0.012 

0.012 

0.012 
0.012 

0.012 

0.012 
0.012 

0.012 

0.012 

0 .0 2 

0.012 

0.012 

0.012 

0.012 

O f(U238) 

0.934 

0.54O 

0.520 

0.472 
0.0272 

e.usno*1* 
3.2*10" 6 

i 

• 
1 
: • 

http://21.5r46.5ev
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TABLE 3. 
Diffusion coefficients and fundamental modes of neutron flux 
and neutron importance of the core SNEAK-7A 

/ v0-(E)*(E)dE=l for neutron 
The normalization is performed with:E flux 

/X(E)**(E)dE-l for adjoint 
E flux 

Energy 
group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Difusion coef f ic ien t 

3.322 
2.728 
2.157 
2.122 
1.542 
1.344 
1.081 
0.971 
0.880 
0.840 
0.786 
0.645 
0.732 
0.749 
0.721 
0.703 
0.672 
0.613 
0.634 
0.584 
0.666 
0.741 
0.631 

Neutron 
flux 
V*g 

0.292 
1.899 
4.206 
8.251 
7.914 

12.774 
16.087 
15.746 
14.204 
11.994 

7.905 
4.936 
3.171 
1.586 
0.735 
0.276 
0.0904 
0.0159 
0.00392 
0.00046 
0.000069 
0.000031 

0.00000« 

Adjoint 
f lux 
T*g 

4.786 
4.127 

4.217 
4.027 
3.770 
3.757 
3.790 
3.756 
3.716 
3.688 
3.778 
3.891 
3.990 
4.345 
4.897 
5.334 
6.104 
5.102 
3.169 
5r09* 
3.393 
6.331 
3.074 
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TABLE 4 . 

Measured radial bucklings in SNEAK-7A. 

BCnf1) R = 28.63 cm 

Region of 
fit 

(r/R) 

0.51 

0.56 

0.63 

0.72 

0.76 

0.86 

0.89 

1 alternative 1 

no cylindriz. 
(case 1) 

6.075+0.005 

6.070+0.005 

6.047+0.005 

6.032+0.007 

6.008+0.006 

with cylindr. 
(case 2) 

6.129+0.007 

6.149+0.008 

6.17O+0.008 

6.178+0.005 

6.180+0.005 

6.189+0.004 

6.190+0.003 

alternative 2 
with cyl^ndri. 

(case 3) 

6.273+0.012 

6.300+0.011 

6.322+0.010 

6.346+0.008 

6.354+0.008 

6.384+0.010 

6.390*0.009 

TABLE 5. 
Measured axial buckling in SNEAK-7A. 

odn"1) H= 22.02 cm 

Region of 

fit 

(h/H) 

0.73 

alternative 1 

4.742+0.003 
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TABLE 6. 

Material buckling in SNEAK-7A. 

B2 <m~2) 

Experiment 

MOXTOT 

KFKINR 

Case 1 

59.39+0.14 

Case 2 

60.05*0.18 

62. OC 

62.91 

Case 3 

61.84+0.30 
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Fig.1. Deter/rmation cf the „experimental" budding value 
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L I S T • * T«fc * f t » * i U A * f t l U c i U i i l t 

PROGRAM BUCKLING 
C 
C BUCKLING DETERMINATION IN FA*i REACTORS 
C 

COMMON NFUNCT.NCAStlCH,KP 
DIMENSION IPO(10*lO>*APP(lot+>«AUXlP(l2o>+>*RUotlO)»YU26'2> 
DIMENSION SUMM4(40)*O1(40*10)•B(40*10)»DE(4Q*lo)tXA(120»2) 
DIMENSION CORR(*0)tSIGMX(120'*)*A00(l0)»D(±0tlo)*O2(40tl0)*AL(l0> 
DIMENSION AUXK120)*Xtl2o*2)*f.(l20) 
DIMENSION FX(120*2)tFA(120*10)tA(10)*OA(50»lO)*SlGMAxa20i2> 
DIMENSION SU(4Gf*tlO) *RR(40t9ilO) 
DCl'BLE PRECISION AOUC) *AUX2UQ0> 

C 
100 FORMAT <1H1,3X»»POLYNOMIAL FifTlNG FROM •*F9.4,2X»*UNTlL»*F9.4t 

••(CM)») 
iCl FORMAT (5X.»POLYNOMIAL 0RDER#»I3> 
102 FORMAT (14) 
104 FCRMAT PET3.5) 
ICS FORMAT (416) 
jQ7 FORMAT UHo«4X**NO CONVERGENCt »N£R**»X2»2Xt*CASE»»tI2) 
12'. FORMAT (iH0f5Xt*C0OR*t4Xf*U23Š«tl8X»*U23B*»18X««NP237«tl7X» 

**pU239*tl7X»*DpMU«»6Xt»TRAV#>6X*»SIG(TRAV)*/6x**(CM)«) 
)21 FORMAT ( 2 X t F y t 4 > l 0 F l l « 6 * l X t E U . 4 ) 
\d5 FORMAT (lH0*3X**AMPLXTuDE*»l4Xt*BUCKLING#«X6X»«STAN0ARD*» 

•6X»*KEGI0N OF FIT»*/29x**(CM-A)»»iax**ERR0R#,llXt»(CM)»/) 
j2b FORMAT <4X*FB.5f i2X»El3 .6* l2A»El I .4 ,5X*Fl0»4> 
130 FORMAT UHl?50Xt # P R 0 G B A M * / / 4 7 X t * B U C K L I * G # / / / 

• / 4 X t * I N p U T V A L U E S#//8X.»PR0GRAM V£RSlON#*30X*l4/«X* 
••TYPE" OF 0ISTRIBUTI0N»t25X»I4V8X»#MULTlPLiCATION FACTORS FOR COORD 
•lNAT£s»/l5Xf•EXPERIMENTAL V A C U E S « * 1 « X » F 1 0 . Š 7 1 5 X » » Ć A L C U L A T E D VALUES 
•••2iA«Fl0.5/8Xt*MAXlMUM NUMBfK OF RtJECTEO POlNTS*f 12X»U/8X»«5TEP 
• 0F.REJECTI0N*f28X*l4/8X**TYPE OF WEIGHTS FACTORS*«22X»l4/eXt 
•• INlTlAL'VALUES FOR THE FITTING PR0CE0URE»/l5X,#AMPHTUDE»»3lXt 
•El3.$/l5Xf»ARGuM£NT*f32X»£l3*$/8Xt*CTLlN0NXZATI0N CORRECTION*,2W 
• • 1 4 / / / ) 

150 FORMAT (615) 
iSI FORMAT (2E13,6) 
153 FORMAT (8F10.0) 

C 
C READ INPUT DATA 
C 

READ (60* 150) NCASflGtlStXSXGtNVERtNKORR 
REAO (60*151) (AOj0fl)tl«lt2) 
R£A0 (60f151) XN*YN 
XOWIG-I 
PRINJ 130,NVER,NCAS,XNfYN,IOw»IS»I$IG»A00(i)»A00(2)»NKORR IF(NVER,EQ.l) GO TO 25; 
READ (60*150) NAL 
REAO (60*153) (AL(D»I»ltNAL> 

250 1TMAA»50 
NDIM-120 
Mn2 
MAXLS.20 
EP5-1.C-5 
£P$l"l.E-3 
SUP«£«1.£300 



READ (60*150) NN 
READ (60*153) (Y(I*1)*I«1»NN> 
IF(NISORR.EQ.O) 60 TO 5oO 
READ (60*153) (CORR(I),I«l,NN) 

500 00 ta l»l»NN 
70 Y(I*i)«V(Itl)«YN 

NCA«0 
1 NCAaNCA^l 

IF*NCA«6T.5) SO TO 3 
READ (60*150) KEN 
READ (60*153) (Y(Ii2>»I-ltNN* 
00 2 I«l*NN 

2 R(I»NCA)«Y(I»2)/t(l»2) 
IFCNCA.LE.5) 60 TO 1 

3 READ (60*150) KENN,N 
READ (60*10«) (X(I*2)*$I0MX(I*2>*X(I*l>*I"ltN) 

C 
C POLYNOMIAL FIT OF EXPERIMENTAL TRAVERSES 
C 

KM*N/2 
DO A I«1,N 
XU*D«X(I»1)*XN 
XX(I*l)«X(Itl) 
SI6MX(I,2)«SI6MX(I»2)«X(I»2) 

• SlGMAX(I*2)«SI0HX(It2) 
N0"N 
NFUNCT-3 
REDUCTION OF EXPERIMENTAL POIHTS 
00 60 II»1.IG»IS 

n«ii 
I2«N-II»1 
SUPP"SUPRE 
IC»0 
CHANGING THE ORDER OF POLYNOMIAL FUNCTION 

300 IC«IC*1 
SUPR"SUPRE 
ICrtilC 
K»ICH*1 
KP«K 
FINO THE COORDINATE DISPLACEMENT 
QuQ, 
Ql»0.5 
LA«0 
LB"Q 
00 TO 9 

6 LB« i 
7 Ol«0*5«Ol 
i to*io1i«si»i2 

10 XlI*U»XMI»l>-« 

11 Rlti|Wf" 
CALL POLPIT (Jt»NOIM*X*F»FX,FA»fI»MAXfAt.A^AUX4,AUXt*Nf^«IItli#fO?l 
IP(N£R,EQt0> 00 tO 12 
PRINT lotfNCRfNCA 

12 IFWSSiaiJ.LC.EPSl) 00 TO 15 



IFCSUP.6E.SUPR) 60 To 13 
SUPR«SUP 
IFCLA.6E.H 60 TO 6 
60 TO 8 

13 LA"L*n 
LB»LB»l 

IFtLB.GT.l) 60 TO 14 
60 TO 7 

14 Ql»-«1 
LB«0 
60 TO 8 

C CHOOSE THE OROEft OF POLYNOMIAL 
15 IF(S0p.8T,SOPP) 00* To 302 

SUPP«SUP 
DO 3W I«1,K 

3C1 APP<ItIC)>AO(I) 

00 310 X>ltKK 
310 AUXiPtItIC)«AUXKX> 

KIC»1C 
302 XFCIC.LT,*) 60 TO 300 

K«KXC»l 
ICPKjC 
ICH«XC 

303 SUNA*0 
00 1* I«XitX2 

16 SUMA>SUMA«l./(SX6NX(Xt2)*«2> 
SUMA-1./5UMA 
DO 1§ X»ltK 

18 A(D»APP(I,IC) 
KK"K#K 
DO 320 I-1»KK 

320 AUXltl)BAUXlP(XtlC) 
CALL FUNCT(KtNDXHtAiYfF*FXtFA»l9|HMl) 
00 1? I«1»NN 

17 RR(XtNCAtIi)BF(I>/A(l) 
SUP**OPP 
00 2i I«2»NN 
SUMMA(i>«o. 
00 20 J»1,K 
SUM«0» 
00 1* L»1#K 

19 SUM«il>M*FA(ItL)»AUXHL*K«(J-D ) 
20 SUMNA(I)i$UMHAfX^SUM«FA(I»J) 
21 $UU»NCAtnM<SUMXAll)*JUMA)4»UP/(I2»Il*l^) 

JpO(IIfNCA)%«XC 
60 eONTlNUC 

C A*P?AT THE PtpctOUl« FOA EACH EXPERIMENTAL TftAVEftffc 
I F C N C A . L * . 9 ) ' m * • 1 

C 
C FI*0 THE 0*PHI* TRAVERSE 
c 

MB* 
Kl-NN/2 
K.2 



KP»0 
00 61 II»ItlGtlS 
CHOICE OF THE VERSION 
IF<NVER.£Q.l) 60 TO 350 
LINEAR FIT OF CROSS-SECTIONS 
DO 20 IB»1,NN 
D ( I 8 » I I ) » 0 . 
DE<Id,H)«o. 
00 96 JJ-UNAL 
0{IBtII)«D(XBtXI)*AL(JJ)*RR(XBvJJ*BtXX) 

96 DEar i t I I )»DE( IBtn)*AL(JJ)»S0l lR.JJ»5t I I ) # AHJj) 
IFHd.OT.l) 00 TO 999 
DDO-U(itll) 

999 0(lBtII)aDfIBtXX)/OO0 
OE(lU»II)*S'QRT(DE(XBtII))/DOO 
60 TO 26 
LINEAR FIT OF TRAVERSES 

3&C DO 26 I«2,NN 
NF<JNCT«2 
00 22 L«1»N 
X(L»1)«R( I ,L ) 
X(Lt2)BRRlX*L«StXl) . 

22 SIGMAX(L.2)»S0RT(SUU,L*5»II)> 
X(ltl)«0.9»X(l,D 
X(2.1)«i;i-X(2tD 
X(3.i)»l.l»X(3tl) 
X(itl)«0^9»X«4»l) 
X(1»2)»0.9»K<1,2) 
X(2»2)«i;i»X(2»2) 
X(3.2)*i;i»X(3»2) 
X(4*2)BO*9*X(4*2) 
XAV«U. 
SUMA«Ot 
00 80 L>ltN 
XAViAAV*X(Lj»l)/«SI««AX(L«2)»#8) 

80 SM"A«SUMA*lv/t$I8MAX(Lf2)**2) 
XAV*AAV/SUMA 
06 23 J«i*K. 

23 A(J)*1» 
CAti. POtFIT (H,N0X«»Xtf|*X<rA»li8MAX»A0tAtAWltAUX8»HfRti,4tfO^) 

PRINT 107,NErttS 
24 0(Xt!x>aAt(i)«A0f2J*R(i»9> 

QaO* 
Z>0* 
00 25 J«W* 
Z«2»X(J#1)#»2 

25 0«0*(X(J.1)-XAV)*»2 
A0(2>' 
00 ij l*U* 
A0(21»A0< 

90 A0<^-*0(2)*(<X(L.1UXA«H#«>/(SIO»'AX(L»2)»»2) 

00 91 L«1»N «__—„.«_ *. 
91 A0(l)»A0U)*X(L«,trf*M»l8«AX(Lf2)##2> 

Ad (2> "OSQRT ( S U P / » P M > M » / A O (2)) 
AO 11»»OSQRT (AO U>/8YMA> #A0 C2> 



DE(I»1I>*0$QRT(Q/Z«A0(1)**2«<(R(I<5)-»XAV>**2)*A0(2>**2> 
26 CONTiNUE 

C 
C WRlTfc EACH TRAVERSE INCLUDING THE D#PHl* ON£ ANO ITS STANDARD ERROR 
C 

pRirjr ioo,(xx(iiti)»$X(No-il*i,D) 
DO *i0 NCA=6»9 

400 PRINT loitlPO(IItNCA) 
PRINT 120 
D(1»II)»1. 
DE(1«II)*0. 
00 2.7 1*1 tNN 27 PRINT 121,(Y(Itl)tR(Itl)»RR(I»6»II)»R(I.2)tRR(lf7tII),R(I,3), 
•RR(I»8*II)fR(I»4)»RR(I,9tII)»R(I?5>»0(I»li)tDE(I»II» 

C 
C FIT THE 0«PHU TRAVERSE TO THE FUNDAMENTAL MODE OF THE FLUX 
C DISTRIBUTION IN THE REACTOR ČORE 
C 

NFUNCT«1 
I l « 2 
00 *0 I«2,NN 

• 0 Y( i»2)aO(ItII ) 
ir(NKORR.EQ.O) 00 TO 5o2 
00 SOI I>2tNN 

$01 YU»2>«YtIt2>«C0RRU> 
502 IFdLGE.5 ) 60 TO 50 

I22*NN 
GO TO 51 

50 I22*NN-II*5 
51 00 31 I2*KltI22 

MAXiT«ITMAX 
SUP*5UPRE 
DO 2B I«1,K 

28 A0(.I>*AOO(I) 
00 2* I>Ilt12 
SlGMAX(Itl)»0. GO TP (203t202.201)»I$IG 

201 SIGMAX(I,2)-0E(I»1D 
GO TO 29 

202 SI6HAX(lf2).Y(it2) 
GO TO 29 

203 SlGMAX(Xf2)al. 
29 CONTINUE 

CALL CURFIT «K»M,NOlM»MAXIT»HAXL$»EPS.SuP»YtF»FX»FA, 
• SIGMAX»A0,A.DA»AUXl»AUX2tNERvIl»l2) 
IF(NER.EQ.O) GO TO 30 PRINT 107,NER,12 

30 Ol(IŽtlI)«A(l) 
02<UtII)«A<2) 
B(12»II)«A0(2) 

31 CONTINUE 
C 
C WRITE THE OBTAINED BUCKLING VALUES 
C 

PRINT 125 
00 32 I**WI22 

32 PRINT l26,(0MI»lI)f02(IfIP»t»(I»lI)»r<I»l)) 
61 CONTINUE 

C 
END 



L I S T 0 * T M .SUf t f tOUT I1 l£S 
C U R t l T , S O L V I T 4 1 1 P U M C T 

S U ^ v O T l n . CUKFI! (^•rt ,Ni) IM»MAXlT»MAXLS.t»' i»SO»»,X.F tFX»FA, 
• SIGMAXtA0»AvOAffAUXltAUA<:vNER»Il*Ii>> 

CC-nr-KM <FU:iCT»MCAS»lCri,KP 
'A*E -»SIO« A ( ' t 0 l H * l ) « S l 6 H A X ( N i > l M t l ) » F f l ) » F X ( H 0 l M t l > « F A l N D l H t l ) 
Ljh£*!>I0r* A ( i ) , 0 ^ t H A X l T t l > » A U * l ( l ) 
C..Ob«-E P H E C I S I O J A0»1) .AUX2(1> 

L>2 7 j = l t p ; 
7 H ( J ) = A , ( j ) 

IT=x 
«> LSl = 

C^.tL Fij.iCT t *» i:>i i » H t * , F t F X » r A » l l » l 2 » l > 
Dy 1 ' 1 = 1 1 t I ć 
AUA1U) = - . 

lb A U X i * I > « A U M t I > * l r A l I , L > * S l « i * < < I t L ) ) » » 2 
17 A U * 1 ' I ) " 1 * / A , i x i ( i ) 

S U * * • 
00 2c J = l i , l ć 

22 CC- ITA i,;E 
IFlSJ,-»»'>t.S<Jr*> '»•-• TU i * 
S U K = ^ J : 

23 C-LL Fu>*CT ( * • «iu-->tA»*.F«r ***** I l t i 2 » 2 > 
i">t- ćv> J*i»»v 
[•=_• 2 ^ J i « i f K 

00 2 ' I « 1*1 * 11 
il A U A * i j * K « U l - i > > « A U A 2 t j * K M J ± - U > * F A l I » J > # A U * l l U # F A U f J l » 
io C v " T i W £ 

I F t l w . G T . ) CO Tu AO 

A . j t J ' « : . 
uc 3«: 1 * 1 1 , 1 2 

32 A,i«J>«A • ( j ) * F A ( l f J ) # A > J « l ( i ) * r l p 
33 CvV^TiNUC 

CALL uGtLvi u : j , A ' ' A 2 » * » i * t . ~ - i s » U R > 
I F < I t « . E U . - 1 ) tf'> TO t,J 
>:> 3 * J « i t * 
i A l l i » J ) * A < U ) 

J4 » , ( J ) " M ( J ) - i ) A » I T t J ) 
; ' . i J j * ; , f , 
! » U J S ( , > M I T » J ) > . uT •&»-•>• .b 5 < " * J ) M * U TO 3 * 

j 5 ;;. <T ••«.>-
.»: Tv 47 

3"- : T » I ' . * ; 
•;•'. 3 / J » * » - N 

37 * . ( J ' » ~ ( J ) 
: ? ( X I . ' J I . , I . : . < 1 T ) .»l» fO ->* 



60 TO 8 
38 U«U*J.5 

IF(L^U6T.MAXLS) 60 To 40 
00 3V J»1,K 

39 A(J)«A0(J)-Q*OA(iT-l»J) 
GO TO je 

40 IF(L^2.iiT.MAXLS) 60 Ti) 45 
IF(L|2.6T.l) 60 TO 41 
QxQ«Š 

41 IF(I(.NE.2) 60 TO 43 
00 *2 J«1»K 

42 A(Ji"A0(J)*Q*OA(IT-l»J) 
GO TU 9 

43 DO *• J«liK 
44 A(J)«AC(J)*Q«0A«IT-2tJ) 

60 TO 9 
45 IFdf.E'J.2) 60 TO 65 

00 •» J«ltK 
46 A(J)*AO(J) 
•7 IL«I>-*1 

GO TO 23 
48 KK«K*K 

00 5V I«1,KK 
59 AU*4U)«AUX2U> 

CALL NlNV(AUXltK*DtF*Sl6MAX) 
DO 61 J»4»K 
00 60 I«1,K 

b& AtrX2tl»K»tJ-l>>»SUM/tl2»Il*l-K)»AUXl<I»K<»tJ-l)> 
61 Ac(J)«0StiRT(AUX2(J»K«(j-l))) 

MAX1T«IT-1 
NE«"« 
RfcTUflN 

63 NEA«I 

RETUHN 
64 NE&«Ž 

RETUKN 
65 N£R"3 

RETURN 
ENO 



SUrttfOJTINE POLflJ |K*NDlMtXtFtFXtFA,SI6MAAtA0» 
• AtAuKl»AUA^*NER»Il*l2tbOH) 

COrtrtOh JFUNCTtNCASiICH.KP 
PlrtE'SION X(NOIMtl)tF(l).FX(NUIM»l)»FA(NOi"lil).AOAl(l) 
DIMČ^SION A(l)t$I6MAX(NDlM,l> 
DC«JBu£ PRECISION A0U).AUX2(D 
IT*u J' CALL FUMCT(K»NOIHtA»XtF»FX,FA»n,I2,l) 
OC 3 J*1»K 
HO 3 Jl»lfK 
AUA2tJ*K*(Jl»i^i0t 
PO 2 1*11,12 

c AUA2U*K«(JX«|JĆ>»AUX2(j*K»CJi-l)UFA<I.tj)nt/(SI6«Axa»2)#*2)» 
•FA(I»J1) 
3 CONTINUE 
IF(ti.EQ.l) Of fO 31 
OC 6.J»1»K 
00 5I«IltI2 

b Al:CJ|«Aa(J)«FA(I»J)»l»/(SI6MAA(lt2)««2)»X(It2> 
0 CONTiUUE 
CALL OGELG (A0f^X2tK.ltl.E-ltt,IER) 
XF(Kif.ett«2) 00 TO 60 
IF(K.EQ.S) 00 TO 10 

6 DO 7 I«I1,I2 
GO TU (70.80»9Q»100>tlCH 

7C F{I)«AO(l)*(X(I»i)«*2)«A0(2) 
GO TO 7 

*»(• F(I)"Ad(I)«(X(Itl)**2><»A ,(2)MX<I»1>»»*>#AU(3) 
GO TO 7 

*. F<lJ"A-<l)»UUtU»#2>»Ao(2)»Uliti)••*>•*J(3)•CX<Jtl>#»6>#A0<A> 
C * TO 7 

)„; FUJ*A:(l)»(X<Xtl»«#2)»A(2)*tX(I»l)»»*)*Av(3)* 
•(X(I*l)»»6)»AQ(4)#(X(I,l)»»e)#A0t5> 
7 C0"»T*NU£ 
Gt, Tu 12 

i oj U I«I1»I2 
11 F(I)«A; <l)*Au(2)tXiaI,l) 
12 soP*•-. 

uO 1 I«I1»I2 _ 
1 SUP«S»OP*((X(I»2Jt*«ft)M»2)/(SIOMAX(If2)»»2) 
IT«1 
T'C * I«1»K 

••. A(I)«AO(I) 
30 Tw 3i 

3i lF(Kr\EQ,2) 00 TO 01 
lF(K.£u.2) 00 TO SO 
1,0 • 1*1 tKK-

* AUAliDMUXZd) 
CALL MlNV(AUXltK»D,FtFx) 

5 If <UR.£U.-1) 00 TO • 
NE«"?' 
KfiTu^ri 

t> MCK«1 
RtTUKN 
ENO 



SUBROUTINE FUNCT (KtNDIM»A*X»F,*X,FA»I1.I2»NF) 

COrtMOt) NFUNCT»NCAStlCHfKP 
DIMENSION A(l)tX(NOlMtl)»F(l)»FX(NUIH»l)»»"A(NOlM.l) 

C 
60 TO tlO,20»30)»NFONCT 

10 60 tO ( H f l 2 ) t N C A S 
C 
C BE$S£L FUNCTION 
C 

l i 60 TO (16*17)tNF 
16 DO & I"11.12 

Xl*At»S(X(Itl)*A(2)) 
IF(Xl.Ea.D.) 60 TO 170 
CALL SESJ (Xl»0tB0*UE..6»IER> 
CALL BESJ IX1,1.B1,1.E-6,1ER> 
60 TU 171 

170 B0»1' 
B1«0. 

171 F(D"X(I»2)-A(1)»B0 
FX(I»1)«A(1)*A(2)*B1 

5 FX(I*2)»1. 
RETUKN 

C 
17 DO 1«* 1-11.12 

Xl«AtfS(X(I»l)«Ai2)) 
IF(XI.EU.0.) 60 TO 180 
CALL BESU (X1.0.B0.1.E-6.IER) 
CALL BESU U1,1,B1,1.E-6.IER> 
60 TU 181 

180 B0"i» 
Bl«0j 

Idi FA(I»1)*-B0 
lb FA(It2)BA(l)«A0S(X(Itl))«Bl 

RETUHN 

c 
C SIN FUNCTION 
C 

12 60 TO (23.24).NF 
23 DO 8 1-11,12 

F(I)"X(I»2)-A<l)»COS<A(2)»XU»l>> 
rx<!»l)«A(l)*A(2)«SlN(A(2)*Xtl.D) 

B FX(I»2)»1. 
RETUHN 

C 
24 00 2* I»H»I2 

FA(I»l)--COS(A(2)*X(l*l>) 
25 FAiX*2)»A(l)*X(I»l>niM(Am#A(I»l>) 

RETUKN 
C 
C STRA19HT LINE 
C 

20 00 •>> I«I1»I2 
F(l)-A(l)»A(2)»X<Ifl) 
fA(I»l)«l» 



• i; FA(I»2)3A(Itl> 

C 
C POLYNOMIAL FUNCTION 
C 

3. DO 3J I»H,I2 
QO Tw (5v,60?7Ct«*0)tICM 
SECO-H) ORDER 

b;> F{I)»A(1)*(X(I.D»»2)»A(2) 
FA(I»D«1, 
FA(I*2)«tX(Itl)**2> 
GO TO 33 
FOURTH ORDER 

60 F(Ii"A(l>*(XCI.l)««2)»A<2>*<AlI»I)»«*)»Al3> 
FA(X«1)B1. 
FA(I»2)s(X(I»l)**2) 
FA<I»3)*U(Itl)»#*) 
GO TU 33 
SIXTH ORDER 

7t F(n«A(l)*(X(I»l)»«2)*A(2)*CXtltl)*»*)»A«3)*(X(Iti)««6)«A(*) 
FA(IM)«1. 
FA<It2)»»X(Ifl)**2) 
FA(If3)«UtI»l>»*4) 
FA(If*)»(X(I»l)##6) 
60 TO 33 
EIGHTH ORDER 

bO F(IJ»A(l)*(X(Ifl)»*2)»A(2)*(A<I»l)##*)#A(3)*(XJIfl>»»6)#A(*)» 
*(XUtl»«»8)«A(5) 
FAlIfl)«l. 
FA(l'2)«U(lfl)*#2> 
FA(X'3)-CX(Itll***) 
FA«I»4)«(X(I»1)*»6) 
FAU»5)«(X(I.1>»«8> 

33 CONTINUE 
RETUKN 
END 

i 



P R O G R A M _ > 

e u c K L i N o 5 5 
C fit 
- I * 

I N P U T V A L " C S © ~ 

PRO-AM VEHSION 2 H 
TYPE OF ATTRIBUTION \ 2 f* 
MULTlPLlCftllON FACTORS FOK COOROINAj.ES 5 

CAPbRlNENTAL VALUES 0,10000 ^ 
CALU4LATEO VALUES l.OOOOO _. 

MAXIMUM NUAaeR OF REJECTED POINTS 0 E 
STEP OF REJECTION * *5 
TYPE OF -EIGHTS FACTORS l "• 
INITIAL VALUES FOR THE FITTING PROCEDURE AMPLITUDE ¥.500000-001 

9 

ARSUMtNf S.500000-002 5 
CtLiNORIiAlION*CORRECTION 1 S 

fBHPPPwM.- . . . ' \mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^ 

http://COOROINAj.ES


POLYNOMIAL FITrINO FROM 
POLYNOMIAL OR0ER 8 
POLYNOMIAL OROER 8 
AOLfNOrtlAL OROER O 
ROL»MOrti»L OHUER a 

- 2 4 . 2 9 0 0 UNTIL. 2 4 . 1 6 0 0 ( 0 ) 

COOH 
( C M ) 

••OCOČ 
• * 9 c 6 7 
K « 1 3 3 
•£•7200 
| j j 2 6 7 

4. »Hoc 
4,3467 
?*2S34 
$•1600 
9.0667 

10*8800 
1117867 
l|j»934 
14s6o«o 
l « l 5 » 6 7 

•134 
[3200 
.2267 

S3* 
i*;o4oo 
1*.*46T 
2Uj»534 

U235 

: . « o . jco 

, . 9 9 o b 3 * 
v.99«J©»5 

, * 8 » 3 7 l 
» . * » 3 , 0 
i. .97I70«* 
r . V 6 1 6 j C 

0 .936969 
C . * 2 2 * l 7 
0.9QO69t) 
0.88*570 
0.#7i2o2 
0.851675 
C.831096 
0.ttO?58o 
r.7872jtt 
0,764042 
0.J4CU* o.714448 
C.69^037 
p.663875 
v.630985 
l.*0?4*>9 
C.*8*2oc 
;>.35*4l8 
i.52312v 
„.493362 
.,..»0.1195 
0.43*654 
:.4o*7S8 
.37 5^8 

AUPCiTuoe 

l»00082 
U?«*«3 

B 
.toio« 
•ttto« 
$••249 
»•0271 
. • •m 
%003t« i00375 
1.00439 

I.OOOOOO 
»,. 9992*9 
0.997196 
C.993t>85 
u.988759 
0.982*19 
0.97*f>*8 
C.965* o 
0.954'Sl 
*>.9*2otoj 
0.929158 
0.9l4t65 
0.898^26 
0.880495 
0*861?42 
0.841056 
0.820928 
0*799 65 
0.776478 
0.752962 
0.728904 
0*704259 
0.679J27 
0*653143 
0*626449 
0.598643 
0*569285 
0.537707 
fi.5c2?83 
ii*463904 
3.418842 
0,365758 
0*302069 

BUCKLING 
<CN-1> 

U238 
l.COOOOU 
0.999141' 
0.9965?2 
0.9922U 
0.986273 
r.9785?§ 
: .9691?8 
.1.958148 
-.9*5*40 
:.<*3ll2> 
0.9152-* 
-,»977<:o 
•;."787^1 
r,. 85834 ̂  
C.8365?* 
r.8136J"? 
is. 789631 
0.7646?? 
9.7388b« 
C.71?1*| 
r>.68*6*»? 
0.6562?? 
0.626903 
6.59651} 
0.565102 
ž ^ | 2 6 8 4 

0r*6490& 
U.*295T«? 
0*3932«? 
C.355981 
n.3l75<>v. 
0.2778O9 

6*258203-002 
6.273377-602 
6.267405-C02 
6*300155-002 
§•311575*002 
6*321691-002 
6*330630-002 
6*338638-002 
6.346C92-002 
6*353524-002 
6.361639-002 
6.371326-002 
6.383o75-00? 
6.399988-002 

1.000'00 
0.999213 
0.996651 
0.992V1«: 
0.9«7391 
0.96C286 
0.971S9* 
0.961315 
0*949456 
0*936033 
0.92106* 
0.9C4586 
0.8H664S 
0.867*99 
?>.©*6t>20 
0.82*698 
0*801622 
0.777496 
0.752425 
0.7265oO 
0*699800 
0*672376 
0*644222 
0*615274 
0.-585377 
0'. 554 2 44 
0*521457 
0*486386 
0*448161 
0*405648 
0.35733* 
0.301319 
0.235199 

NP237 

000000 
9991*7 
996596 
992342 
986*w5 978790 
969517 
958598 
946064 
931938 
916261 
899o76 
880435 
860411 
B 3 9 O 9 B 
816612 
793091 
768632 
743294 
717114 
A90106 
662250 
633518 
6039*7 
573512 
542341 
510*78 
477998 
444970 
411492 
377601 
343358 
308?99 

1.000000 
0 .999194 
0 .996777 
0 .992753 
0 .987126 
0 . 9 ' 9 9 0 7 
0 . 9 U 1 0 8 
0 .96o745 
0.948840 
0.935424 
0.920528 
0*904196 
0.886479 
0.867433 
0.8*7125 
0.825629 
0.8u3oi8 
0.779374 
0*754780 
0.729304 
0.703012 
0.675953 
0.648137 
0.619547 
C.S'OllS 
c.559693 
0.528o73 
0.4*4920 
0.459772 
0*422o32 
0.380891 
0.335336 
0.284089 

STANUAKD 
ErtHOR 

1.1995-00* 
1.1942-004 
1.17*1-00* 
1.1407-004 
1.0968-00* 
1.0453-00* 
9.9o33-Oo5 
9.3637-005 
8.8892-ooS 
8.5509-005 
6.4539-005 
8.7616-005 
•9.7,.,bi.-005 
1,1560-004 

REGION UF FIT 
(CM) 

13.6000 
14.5067 
15.4134 
16.3260 
17.2267 
18.1334 
19.0*00 
19.9467 
20.8534 
21.7000 
22.6668 
23.5/34 
2 * . 4 » 0 0 
2 ,5.3O0R 

PU239 

1 .000000 
0 .999198 
Q.99678S 
0 .992774 
0 .987176 
^979999 
0.971270 
0.961004 
0.949?33 
0.935996 
0.921327 
0.905272 
0.887891 
0.fl69?6o 
0,84946o 
0.828598 
0,806799 
0.784J47 
0.760706 
0.736512 
0.711593 
0.685949 
0.659579 
0.632518 
0.604816 
0.576546 
0.54777o 
0.518568 
O.*89oll 
0.*59!67 
0.*29l01 
0.398865 
0.3A8491 

1,000000 
0.9992B6 
0.997143 
0.99357? 
0,988573 
0.98?147 
0.97*299 
0.965n32 
0.95435a 
0.942294 
0.928857 
0.9l407ft 
0.897989 
0.880636 
0.»62o74 
0.842364 
0.821572 
0.799775 
0.777052 
0.753475 
0.729]2o 
0.704046 
0.67829J 
0.65186J 
0.624731 
0.596803 
0.567926 
0.537842 
0.506174 
0.472429 
0.435917 
0.395761 
0.35o842 

DPMI* 

1.000000 
0.999165 
0.996724 
0.992644 
0.986926 
0.979602 
0.970704 
0,960233 
0.948251 
0.934760 
0.919791 
0*9o34o8 
0.885677 
0.866692 
0.846520 
0.825255 
0 . 8 O 3 Q 2 6 
0.779962 
0.756127 
0.731522 
0.7o62o9 
0*680190 
0*653432 
0.626000 
0 .597957 
0 .569368 
0 .540330 
0 .510873 
0 .481128 
0 . 4 5 U 5 8 
0*421059 
0 , 3 9 0 8 6 * 
0*360669 

TRAV 

1.000000 
0.999228 
0 .996911 
0 . 9 9 3 0 * 7 
0 .987636 
0*980675 
0 .972167 
0 . 9 6 2 U 3 
0 .95o522 
0 . 9 3 7 * 1 2 
0 . 9 2 2 8 0 1 
0.9o67g5 
0 .889227 
0.87o3S9 
0 . 8 5 o l 8 8 
0 .828794 
0 .806257 
0 .782670 
0 .758130 
0 .732718 
0.7o65l2 
0.679566 
0.651887 
0 . 6 2 3 * 4 0 
0 .594116 
0«563696 
0 .531665 
C.498130 
0 .461810 
0 . 4 2 2 0 U 
0 .377537 
0.326870 
0.268103 

SIO(TRAV) 

0.0000*000 
8.3606-00* 
7,9i98-oo4 
7,2724-004 
6,5530-004 
5.9470-004 
5.6443-004 
5.7316-00* 
6,1168-00* 
6.6017-00* 
7,001*-00* 
7.1996-00* 
7*1601-004 
6.9257-00* 
6.6l26-oo* 
6.3601-00* 
6.3538-00* 
6.53o8-oo4 
6.7671-004 
6,6736-004 
6.7372-00* 
6.4215-004 
6.2078-004 
6.3917-00* 
6.8045-004 
6.8646-004 
7,*445-0rt4 
1.4266-003 
3.1867-003 
6.3432-003 
1.1416-002 
1.9U0-002 
3*0321-002 


