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Application of least square fitting method in installation
of large hydro generating sets

Li Linwei, Wang Lei, Zhu Luoping, Shi Guoging

(Institute for Hydroelectric Technology, Huadian Electric Power Reasearch Institute, Hangzhou, Zhejiang 310030, China)

Abstract: In order to analyze the quality of installation and machining, and the deformation of equip-
ment in hoisting and concrete construction for large hydro generating sets, an algorithm of least squares
for fitting a circle and plane based on VC programming was presented and applied into installation of
large hydro generating sets. In the light of this method, the roundness of bored holes on top and bottom
annular plates of the stay ring was 1.53 mm and 1. 74 mm, the fitted radius was 6 340. 24 mm and
6 335.48 mm, the concentricity was 0. 14 mm, all the parameters have arrived at the standard of ex-
cellence. In another hydro power station, the altitude of each point on the top annular plate of stay ring
was measured by a level after volute concreting and grouting was completed, then the flatness of the
plate was fitted by means of this method, showing a 6.44 mm flatness which was better than that in the
quality standard for installation. During integral hoisting of a large stator frame, the altitude of each
point on the legs of the frame was measured, and then the flatness of every leg was calculated by fitting
plane with that method, eventually, the deformation of the frame could be analyzed quickly.
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Fig. 1  Schematic of measuring point positions
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#include < stdio. h >

#include " MyArrays. h"

#include " Circle _fitting. h"

i=1,2, N (14)

int main( )

{

Read _Data( ) ;//3 N0 & $ 3%

Circle _fitting _Tool () ;// 44+

Write _Data( ) ;// 33 #r

printf (" { & X0 =%f, YO =%f, ¥4 R =%f,
BEEZe=%f\n" ,A, B, R, e);

if (points X) Freel DArray( ( void * ) points _X) ;

if (points Y) Freel DArray( (void * ) points _Y) ;

if(r) Freel DArray( (void = )r);

return 0
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Tab.1 Measured results for bored holes on top and bo-
ttom annular plates of stay ring after cut and

polished mm
JEES BN JER O

1 6340.72 17 6 340.32 1 6335.95 17 6335.95
2  6340.60 18 6 340.35 2 6335.74 18 6335.70
3 6340.25 19 6340.55 3 6335.25 19 6335.89
4 6340.75 20 6339.90 4 633570 20 6335.25
5 6339.20 21 6339.70 5 633551 21 6335.00
6 6339.82 22 6340.12 6 6335.20 22 6334.31
7 6339.70 23 6 340.38 7 6335.10 23 6334.91
8 6340.50 24 6340.55 8 6335.90 24 6335.22
9 6340.65 25 6339.67 9 633575 25 6335.68
10 6339.96 26 6 340.40 10 6335.65 26 6335.85
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6339.95 27 6 340.65 11 6335.40 27 6335.80

12 6340.18 28 6 340.60 12 6335.35 28 6335.70
13 6339.90 29 6 340.63 13 6334.25 29 6 335.60
14 6340.25 30 6 340.50 14 6335.60 30 6 335.68

—_
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6340.50 31 6 340.32 15 633593 31 6335.58
6 340.60 32 6 339.35 16 6335.93 32 6 334.90
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Tab.2 Fitted results for circle with least square method

mm
[PNALY 7
HBAL R E G
XO YO
JER b4 0.10 0.01 6 340.24 1.53 014
FER TR -0.03 0.06 6 335.48 1.74 '
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FTRE v b1 B 10 1 T2 R [ B8 429 35 3] 2 e e e
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Tab.3 Calculated flatness of top annular plate of stay ring

mm
b
75 H, L,
X Y
1 0 4 978.00 199. 00 0. 66
2 1 904. 04 4 596.76 196. 90 0.37
3 3516.09 3 516.09 196. 50 -0.45
4 4 589.37 1 900. 98 199. 50 -3.33
5 4 967. 00 0 199. 00 -1.39
6 4 589. 37 -1 900. 98 200. 00 0.16
7 3520.33 -3 520.33 200. 30 3.12
8 1 905. 00 -4 599.07 204. 30 2.61
9 0 -4 978.00 211. 00 -0.91
10 -1904. 04 -4 596.76 213.00 -0.52
11 -3 516.09 -3516.09 215.00 -1.30
12 -4 589.37 -1 900. 98 215.00 -1.42
13 -4 967. 00 0 213.00 -0. 86
14 -4 589.37 1 900. 98 209. 00 0.59
15 -3520.33 3520.33 205. 00 1.33
16 -1 905. 00 4 599. 07 201. 50 1.34
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Tab.4 Fitted results for a plane constructed by measuring
points on frame legs mm
SCRBAR AR

X Y

1 0 19 500.00 401.50 297.80 103.70 -0.12
2 6025.83 18 545.60 398.50 283.50 115.00 0.03
3 11461.81 15775.83 401.00 277.70 123.30 0.26
4 15775.83 11 461.81 398.80 273.40 125.40 2.93
5 18 545. 60 6 025.83 400.20 270.60 129.60 -0.72
6

7

8

9

H, H, H, L

S

19 500. 00 0 397.20 269.00 128.20 -3.05
18 545.60 -6 025.83  400.20 282.10 118.10 -0.59
15775.83 —-11461.81 401.00 294.40 106.60  0.10
11 461.81 -15775.83 403.00 310.20 92.80  0.98
10 6 025.83 -18545.60 399.00 321.20 77.80  2.23
11 0 -19500.00 397.20 330.50 66.70  0.07
12 -6025.83 -18545.60 397.00 340.40 56.60 -1.28
13 -11461.81 -15775.83 398.50 351.20 47.30 -0.51
14 -15775.83 -11461.81 392.10 350.00 42.10 -0.08
15 -18545.60 -6 025.83 396.20 354.30 41.90 -0.43

16 —-19 500. 00 0 395.50 349.40 46.10 -0.90
17 -18545.60  6025.82 395.80 346.20 49.60  3.24
18 -15775.83 11461.81 401.00 336.50 64.50 -0.85
19 -11461.81 15775.83 395.20 317.40 77.80 -1.23
20 -6025.83 18 545.60 398.20 307.80 90.40 -0.08
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Fig.2 Measured relative elevations of legs after
stator frame was lifted
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Fig.3 Deformation of stator frame after lifted
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