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ABSTRACT

The Component Seismic Qualification and the piping system design depend on a
frequency criterion, as the resonance instabilities must lie out of the seismic
frequency bandwith, say 33 Hz £ f. The paper describes a process estimating the
component spectrum from the environmental dynamic data, and evokes the
Component Frequency Data Base.

1 INTRODUCTION

The Nuclear Plant Safety subjected with Seismic events calls for about
250 motor operated valves reliability. Also to complete qualification tests
with the full scale seismic table facility raises some practical and economic
problems. Moreover, 900 MW Plant components has to be justified, being no
longer available for laboratory tests.

Providing a successful answer, a method 1is developed to avoid these
difficulties. By means of an industrial tool, it is applied to components
within the Nuclear Plant environment. The principle and the application are
derived hereafter.

2 THE GENERIC PROBLEM OF THE SPECTRAL IDENTIFICATION

A WWSWSWeMWWS MMMV SAWVAVSMMSVSWWWWIWEWWEMNWE
‘ 14 13 12 1 10 9 8 7 6 5 4 3 2 1
Frequency(Hz) 1.33/6.34/15.85/23.92/28.39/30.29/54.39/79.44/102.66/123.40/141.12/155.,38/165.83/172.20
14 D.0.F. Chain: m =1kg;k12,k23,k34,k45 =10000 N/m;K56,k67,..,k1314 =300000 N/m;kl4ground =1000 N/m

AW W
4 3 2 1
Frequency (Hz) 5.53/15.92/24.38/29.91

4 D.0.F. Chain: m=1kg;k12,k23,k34,kd4qround=10000N/n

Finure 1 Settinn the enertral decnunlina acheme
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Hereabove the Fig.l sets the generic problem: from the 14 D.0.F. chain modal
data, deduct the spectrum of the 4 D.0.F. considered as a substructure of the
former.

Figure 2 The component spectral decoupling problem

Mode | Frequency(Hz)|Hodal mass { Modal stiffness Mode | Frequency(Hz)|Modal mass | Modal stiffness
1 6.48 1.039E+03 1.724E406 1 15.08 8.273E+10 7.425E+05
2 7.56 5.395E+03 1.217E+07 2 26.45 1.159E+03 3.203E+07
3 8.58 2.886E+03 8.396E106 3 61.87 7.568E+01 1.144E407
4 10.51 3.761E+03 1.641E407 4 139.86 5.054E+02 3.903E+08
5 11.72 1.469E+03 7.970E+06 5 157.10 5.844E+01 5.694E+07
6 14.46 1.240E+03 1.024E+07
7 14.85 1.094E+03 9.523E+06
8 31.60 1.016E+04 4.006E+08
9 51.69 1.262E+04 1.331E+09

10 59.99 6.439E+02 9.150E+07

11 77.95 3.717E+03 8.916E+08

12 81.85 3.876E402 1.025E+08

13 84.49 3.898E+04 1.099E+10

14 128.05 4,814E+05 3.116E+11

15 129.36 8.575E+04 5.665E+10

16 138.77 1.040E+03 7.909E+08

17 146.66 2.145E+03 1.821E+09

18 158.82 2.036E403 2.028E+09

19 161.37 7.859E+01 8.079E+07

20 197.71 1.792E+03 2.765E409

21 210.54 2.958E+03 5.176E+09

22 211.98 2.056E+04 3.648E+10

23 219.20 1.855E+03 3.518E409

24 278.54 4.32 Et02 1.323E409
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Obviously, this reduces the more real situation of Fig.2, where the valve is
the investigated substructure.

Formerly [1], a Substructuring operator has been derived from the orthogonal
congruence (}) of the coupled structure modal stiffness (K), with (B)
diagonalizing the modal matrix of the constraints (AK). The constraints are a
stiffening to the ground of the bearing D.0.F. subset, wether n® 5 to 14 nearby
the chain or the measured D.0.F. of the pipe, so :

0 =BT.K.B and AK = B.X.B'

The substructuring operator is an optimal submatrix of (), which properva-
lues approximate the component spectrum. It deducts from intermediate problems
for eigenvalues [2], but with a quite general unbounded (AK) operator.

The interest of the approach is evident: to make possible accurate
evaluations on wide sets of secondary structures fitting the Nuclear Plant,
with varied support situations, avoiding particular Laboratory conditions.

3 CAUCHY SPECTRA SEQUENCE

The method is expanded about the chain (Fig.l). Also the constraints of the
n° 5 to 14 D.0.F. provide the decoupling of the substructure D.0.F. n° 1 to 4.
It calls for the (X) approximation with lower rank matrices generating the Q)
sequence of ({1) submatrices, with the spectra sequence L(Q.); this is performed
with OPTDIM, the so called appropriate software (copyright EDF).

SPECTRA EVOLUTION AS A FUNCTION OF THE APPROXIMATE DIMENSION

1.3

1.3 6.3

1.3 6.3 15.8

1.4 6.3 15.9 23.9

1.4 6.3 15.9 23.9 28.4

1.4 6.3 15.9 23.9 28.4 30.3

2.8 6.3 15.9 24.0 28.4 30.3 54.4

4.8 6.4 15.9 24.0 28.4 30.3 54.4 79.4

5.5 8.4 16.1 24.0 28.4 30.3 54.4 79.4 102.7

5.5 15.9 16.2 24.4 28.4 30.3 79.4 79.4 123.4 123.4

5.5 15.9 24.4 24.5 29.9 30.3 79.4 123.4 123.4 141.1 141.1

5.5 15.9 24.4 29.9 29.9 79.4 79.4 123.4 155.4 155.4 155.4 155.4

5.6 15.9 24.4 29.9 123.4 123.4 123.4 123.4 155.4 165.8 165.8 165.8 165.8
5.6 15.9 24.4 29.9 172.2 172.2 172.2 172.2 172.2 172.2 172.2 172.2 172.2 172.2

ORDERED SPECTRA MATCHING DISTANCE
0.00 0.00 0.00 0.00 0.00 .17 .57 .61 0.00 0.00 .06 0.00 .01
SUBSTRUCTURE CONSTRAINT CONDITIONING NUMBER

1.00 1.00 1.00 .8 .88 .87 .87 .75 .72 .61 .31 .20 0.00 0.00

Table 1 The spectral sequence of the chain
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Tablel indicates two domains where ideally the vanishing distance of adjacent
spectra defines a Cauchy sequence.

Comparing this sequence with Fig.l, reveals the 4 D.0.F. frequencies on the
left of the Table and the 14 D.0.F. ones on the right, separated with one
spectra distance hump.
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Figure 3 Spectra distance versus approximate dimension

But on industrial applications, the modal data are uncomplete, then the modal
manifold dimension (n) of the 14 D.0.F. chain is gradually reduced from n = 14
to n = 6, dropping the higher frequency eigenparameters, say the modal mass and
stiffness, then the corresponding modal vectors. It provides a distorsion of
the previous result, as the substructured 4 D.0.F. domain shrinks between humps
of the spectra distance (Fig.3), and a very relevant result holds:

- the spectrum of the 4 D.0.F. remains accurately computed near the minima of
the distance value.

This may deduct from the Cauchy convergence of compact operators, involving a
consistent limit, say the decoupled substructure spectrum.

4 APPLICATION ON PLANT COMPONENTS
4,1 Test on a continuous structure

Similarly with the finite dimensional chains, the continuous structures at
Fig. 2 provides modal manifolds. These deduct from hammer tests in application
with the ANTEK modal analysis software; a 400 spectral lines two chanels
analyzer was used to define rough accurate measurements.
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The added constraints apply to the Degree of Freedom of the pipe, which are
grounded with 1016 N/m stiffness, then OPTDIM computes the spectral sequence
hereafter derived.

SPECTRA EVOLUTION AS A FUNCTION OF THE APPROXIMATE DIMENSION

1,2
1,0 1
] 7.4
0,8 - 74 8.2
] 7.4 8.2 14.4
0,6 - 7.5 8.2 14.6 14.9
] 7.5 8.2 14.7 14.9 51.0
0,4 - 7.6 8.4 14.9 14.9 5.1 52.2
; 7.6 10.0 14.9 15.2 51.7 52.2 62.6
0,2 - 7.7 10.1 15.0 16.7 51.7 58.9 63.6 69.5
- 7.7 11.3 15.1 23.5 51.9 58.9 63.7 78.8 84.
0,0 11— 8.3 13.5 15.1 23.8 54.4 59.3 64.7 78.9 87.3 107.1

—
0 2 4 6 8 10 12 14 10.5 14.4 155 24.2 54.4 66.5 73.2 83.7 87.9 127.8 127.9

10.6 14.4 15.6 62.9 82.5 82.5 83.1 83.8 127.8 127.9 128.8 129.1

10.9 15.2 16.1 66.4 84.5109.0 109.2 109.2 127.8 128.8 128.8 133.8 138.7

14.6 15.2 34.5 75.0 95.3 111.3 119.4 125.6 127.9 128.8 133.9 133.9 160.8 160.9

15.4 25.4 49.8 94.9 97.5 116.0 119.4 126.5 132.1 136.6 137.1 160.6 161.0 162.7 164.0

22.9 26.1 63.8 102.2 116.6 121.9 121.9 128.6 154.5 154.9 160.6 160.6 207.6 208.7 209.4 209.6

26.1 37.7 69.6 126.3 144.0 175.1 177.4 177.9 203.6 203.9 205.1 205.1 208.9 211.2 211.2 211.2 211.2

31.5 139.1 179.3 189.2 190.6 213.2 213.7 213.8 214.0 218.3 218.3 218.6 218.6 218.9 219.0 219.0 219.0 219.0

ORDERED SPECTRA MATCHING DISTANCE
200 .36 .62 .18 1.04 .73 .69 .45 .53 .43 .22 .13 .94 .28 .10 .12 .18
SUBSTRUCTURE CONSTRAINT CONDITIONING NUMBER

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .99 .99 .99 .98 .97 .94 .92
Table 2 The spectral sequence of the continuous structure

The distance spectra (Table2) is like the 14 D.0.F. chain ones (Fig.3); also
the spectra besides the small value pr = 0,18 are good estimates of the
component spectrum (Fig.2), the three lower frequencies, in the range of
seismic interest, are accurately forseen. This result confirms the method
reliability, as the consistency and robustness of the spectra convergence
criterion; even rough experimental data resulting of practical conditions in
industrial environment are sufficient to operate the process.

4,2 Seismic qualification program results

To obtain the industrial efficiency, the method implements now a powerful
analysis tool (Fig.4), which has been used at Plants of BUGEY, FESSENHEIM and
St LAURENT DES EAUX. It calls for a computer with a Hewlett Packard sixteen
chanels Fourier Analyzer. This provides the suitable accurate measurement in
the frequency domain of the response of the structures, with an optimized
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resolution up to 1600 spectral 1lines. The excitation 1is wether impulse
sequencies or swept sine vibration 600N range, depending on the structure
weight.

Figure 4 Component analysis facilites

COMPONENT DATA SET FREQUENCIES(Hz)
Closure | Actuator [Diameter |Height | Mass |Pressure | Structure|Accessories
(m) (m) (kg) | (MPa)
Electric | 0.050 | 0.40 40. | 25. 33
Pneunatic| 0.050 - | 0.80 40. | 25. 22 25
Globe | ......... 0.050 1.20 60. 6.4 26
......... 0.050 .70 | 100. 5. 34
Electric |0.050 |1.10 80. | 25. 15/ 26
Pneunatic | 0.100 .50 28. 1.6 60 32
Butterfly | Electric |0.250 .80 68. 1.6 |27 /31
Pneumatic | 0.750 | 1.50 | 200. 2.5 |22/ 30
Ball Pneumatic | 0.200 | 1.50 400. | 10. 38
Control |........ 0.300 |1.70 400. | 10. 3l
Electric |0.080 |0.70 80.| 1.6 12 /25
........ 0.150 {0.80 .| 110.| 1.6 30
Parallel | ........ 0.200 |1.10 150.| 1.6 32
seat | ........ 0.350 ]2.20 500. | 1.6 17
Pneumatic | 0.300 |3.0 1500. | 2.5 37 16
Hydraulic {0.800 |8.0 |12000.| 6.4 17 / 28

Table 3 Component frequency data base sample

It is emphasized the attractive way which cancel any intervention delay to
get ready; to locate the accelerometers over the structure is indeed not
difficult, then to complete a test three hours is a common time, the result
derives on one day and officially furnished the week after. It is pointed out
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the corresponding price is much more smaller than the Seismic simulation test
one, a ratio near five occures in most of the cases. The frequency estimate
(Table 3) involve varied valve technologies. The results are gathered within a
DATA BASE according to the quality Assurance requirements. Here are sampled
typical motor operated valve calling for a wide range of structures.

Some data agree with the seismic frequency condition say 33 Hz £ f,
indicating an appropriate design of the valve. But there apear also frequencies
within the seismic range; it involves to submit at least one generic sample to
a seismic simulation test and it may happen that component secondary bearings
has to be designed. Even the later can be optimized using Finite Element
softwares within the IPLite Computer.

For, the knowledge of the FREQUENCY DATA BASE, added to the component
structure definition, confirms the technological improvement efficiency to
balance the seismic conditions; general recommandations are derived :

. lower the structure mass center,

. stiffen the assemblies, bolts and supports,

. set air command systems on fixed board and connect actuators with flexible
tubings.

Some other field of interest is the induced vibrations by safety and control
valves, which are recorded with the system to analyze the excitation source
frequencies, then the fatigue simulation can be managed with updated
specifications.

5 CONCLUDING REMARKS

Involving an approach with analysis, the so called spectral sequence method
is an appropriate facility to provide the spectral identification of
components. Operating with experimental modal manifold induces consequently the
most accurate results, with a robust efficiency which advantages the industrial
applications on the Plant.

Therefore, this spectral method improves the way to estimate the dynamic
behaviour of some substructure, avoiding full scale tests or difficult
numerical modelling.

Then the application to motor operated valve is meaningful, as the hypothesis
wether the dynamic coupling with the piping system occurs or not, is
significantly and straightforward verified.

But the underlying concept of the method can provide some other development
within the field of the Nuclear Seismic Engineering, improving the Safety
Equipment Technology.
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