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ABSTRACT

The method of determining the actual geometric shape of
the surface of the cooling tower after a fallure was presented
in the paper. The method of surrounding tangents was used %o
establish deformation in horizontal sections. Deformation wa-
lues calculated for each horizontal section and for each pho-
togrammetric stand.

INTRODUCTION

Construction and geometric shape of cooling towers deter-
mine strictly defined methods of gedetlc and photogrammetrlc
measurements. The fact, that it is not possible to have poin=-
ts of signalization on the tower surface, implies the appli=-
cation of surrounding tangents method as the optimum method
for the measurement of the shape of the cooling tower surface.

The inventory measurement for determining the actual sha-
pe of the surface or testing deformation on the basis of con=
trol measurements is the aim of photogrammetric measurements
of the cooling tower. Determining the actual surface shape on
the basis of photogrammetric measurements is much more diffi-
cults It is determined most often on the basis of approxima~
tion of rotaticnal object radii and deformation in vertical
planes [1,3] « This method is efficient when one studies co-
oling tOWer axis deflections and d&splacements using cyclic
measurements. However, when the task is to determine the ac=-
tual shape and to compare it with the theoretical one, the
problem should be considerably developed. Different way of
solving the problem results from the basic assumptions of the
method of surrounding tangents in which the polnts of ftange=
ncy to the surface of rotational hyperboloid shape are the
subject of measurements.

METHODOLOGY OF DETERMINATION

The approximate value of a radius, which is determined
for individual horizontal sections, is one of the parameters
which is calculated on the basis of photogrammetric measur-
ementse.

The radius values in all horizontal sections were defi-
ned on the basis of the tangent gquations and their distan-
ce from the circle centre (fia,1), in accordance with the
equations:
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i = Myt X + 3,

fipy" q+ ¥,

I o=

and after transformations we get the following expressions for
each section:

Yo

Figele Determination of the horizontal section radii.

Approximating equation, from which the approximate values Py
q,s T, are established, are as follows:

Vj = Pgesinfy - g ecosY; - XesinTy + Y.cosY; - r, (3)

where: P, q, - appicximate coordinates of horizontal section
centre
X, ¥ - coordiéates of photogrametiric stands,
of = azimuth of the direction tangent to cooling
tower surface.

¥ = QDQ'OC
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In the case when high cooling towers are observed from a short
distance the values p_., q., and r, are calculated taking dig~
placement of tangent Boin%s.

The calculated values r. and approximate corrections defi-
ne the degree of cooling to%er deformation in horizontal pla=-
nes. A full picture of surface deformation can be obtained com=-
paring the position of the points of tangency with the theoret-
ical values.

The set of the intersection points of the conical surface
mapggd out by vectors perpendicular to the straight line
p (W f% and the vectors on the straight line p W;) in the po~
intsP8# tangency to the surface of the rotationsl hyperboloid
(figs2) are the geometric locus of the points of tangency
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Fig.2. Observed points of tangency to the hyperboloid

This relationship can be put down as the scalar product of two

vectors: - —

wps " ws = 0

where the components of the perpendicular to the hyperboloid

surface are:
o

wps = [""sz "Zys ﬂ
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Calculated partial derivatives (zx) and (z_] are:

y

2
& |3 ] b
%% = Azx s 2y = &EX“ s gdzie = —;5

The components of the tangent vector to the hyperboloid are:

—

wsn[x-xo,y—yc,z-zo]
Thus:

- - “Ax =AYy ] [ ] _
s ¢ s =‘£ T s T X Ky ¥ - Vo 27 2= 0

After transformations we get the equation of the plane com-
prising the points of tangency:

Io %o 1%
7z =A=2 ey +A2 ,x - = 3
Z, z, z, ( )

The shape of the cooling tower surface, observed from each
stand is different according to the stand coordinates {x_,
V.s 2.} In order to define the geometry of cooling't0we8
d8forflation it is necessary to determine additional compo=-
nents for the planes XY and ZX in the from of the difference
betwen the actual and theoretical values.

The theoretical projection of the set of tangency points
on the plane XY can be determined solving the equations:

X vy 2
7 =R —2 X +?\....9.,y..3?._
Zy 2, Z,

2n(? 4 $2) - b2 (4)

Accepting the position of the camers in the plane ZY and the
designation:

y 2
.AE?.z k gw =n
o] o)
2
we obtain: (y k.11>
X2 — k2 "')r = 1
(k%5°%=b> = n°A) (k“b°-p“A-n“2)
A(<® =) (k2 -2)2
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Finglly the equation representing the projection of the geome=-
tric locus of the points of tangency from a given position on
the plane XV is of the following form:

(y _ azbzyo 2
2.2 2.2
<2 _ b7y = a"z i
(ygbz-zgaz-azbz)az z§a4(y§b2-z§a2-a2b2) (5)
2.2 2.2 2.2_.2.2)2
b Yo = & %4 (b Jo-e Zo)
. « 2 2 2
at the assumption : z_+« O and x™ + y a

For y » o the equation (5 ) assumes the form:
y=o0

Fige3 present the shape of the hyperbola defined by the equation
(5)s It is conditioned by the distance of the camera from the
cooling tower (y.) and the heigh of the camersg axis in rela-
tion to the intePesection point of the hyperbola asymptotes.

Solving the same problem in the projectionoon the ZX plane
we also make use of the equations ?4 ). We get:

2

2 2 1 2 2 n ) 2
Z- = (X" + Z e = 20+ - b
( 12 k° 2
and then:
( a )2‘ ~
2= 2
kK- = A _ - X = 1
k% (An® -Ap°-p2%k°) An®- A b%= b2k°
(k* -2)? Ax% -2)
and after transformation:
2
[ - a2b2Zo
_?(yozhz, - 8] - x° - 1
yob4<a2b2 + ézzg -bdyq) az(azb2 + azzg - bzyg) (6)
2\2
(v5 v°- e%s5) (0252 - &f 22)

661



When y-eethe equation (6 )takes the form:

s(0,y,z.)

Fig.3« Projection of the points of tangency on the
horizontal plane

The equation (6 )15 particulary significant from the point of
view of the measurement. It presents a theoretical shape of
the constructed cooling towers, which are observed from a gi-
ven stand in the proaectlon on the vertical plane, perpendi-
gulartto the line passing through the cooling tower axisg and
he stand.

DETERMINATION RESULTS

Photogrammetric photos were taken by UMK-10/1318 camera,
manufactured by Carl Zeiss - Jena, from 11 stands arranged in
such a way as to obtain uniformly distributed points of tan=-
gency on the cooling tower surface. The geodetic net measure-
ment was supplemented with the measurement of photopoints for
the orientation of photogrammetric models in the horizontal
and vertical planes.
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The measurement of the background coordinates were performed
according to the technology given in [1,3] .

0 10 20 3040 cm

Figedo Actual and approximate shape of the cooling
tower surface in the horizontal sectione

Fig.4 presents the actual shape of surface in the horizontal
sections and the approximate values of the section radii.
The degree of deformation in thehorizontal plane is defined
by the difference between the planned values of the radii
and the determined values obtained from different stands.
For instance for the lowest section the maximum difference
between the planned value of the radius and the real one is
6 cm at the approximation accuracy + 2 cm and the radius
determination accuracy + 4 mme.
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The deformation values in the ZX plane were determined from
each stand in relation to the theoretical shape observed from
each stand. The example of diffence between the theoretical
shape of surface from typical stand and shape of meridian
section presented fige5.

= theoretic shape
from S{0,yo,zo )

—— theoretic shape
for yo —so=

“5\5_______-‘_—_____——"'

Fige5e« Distortion meridian section from the camers
stand.
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