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This summary report contains comparison between results of final
qualification reports (either analysis or test) and in-plant
mechanical impedence measurements on seventeen representative
LaSalle County-1 Nuclear Power Plant equipment. The objectives

of this evaluation are:

To assess the similarity and differences between the impedence

test results and the existing qualification reports; and

To re-assess the adequacy of the equipmert for the additional
hydrodynamic loadings, particularly in regard to the high frequency

resonances reported as a result of impedence testing.

Based on the findings, as detailed in sections 1 thru 17 of this
report, it can be concluded that, in general, a good agreement exists
between the existing qualification reports and the results of the '
in-plant impedence tests. Moreover, there is adequate margin of
safety to account for higher frequency resonances found in the

impedence test measurements.
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I. OBJECTIVE

The objectives of this study can be summarized as follows:

a) To assess the comparison between the impedance test results and
the existing qualification report,

b) To re-assess the adequacy of the equipment for the additional
hydrodynamic loadings, particularly in regard to the high
frequency resonances reported as a result of impedance tests

conducted in-situ.

II. SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

Qualification report presented the results of analytical assessment

and design gualification for this LPCS pump. (Ref. 1)

In order to assure the functional reliability and operability as
well as the structural integrity, the following analytical efforts

and considerations were undertaken:

a) A detailed dynamic/static analysis was performed on a three
dimensional finite element model, which represented the mass,

stiffness and boundary conditions of the pump-motor assembly.

b) The seismic and hydrodynamic load combinations (T-Quencher) as

stipulated in the design environment werec met.

c) Compliance was assured with the design requirements of the
ASME B&PV., Section III Code (NB-3200) per service levels B & C
and with other conservative methods of mechanics and stress

analysis.
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d) Operability was verified by checking relative displacements at

critical locations.

Based on the results of analysis as presented in Ref. 1, this LPCS
Pump was qualified as a reliable and functional pump for the RHR

system in the ECCS.

The schematic representation of the finite element model is given

in Figure 1. Essentially, the model is a three dimensional lumped

mass beam element model, capible of accepting loads from the

vertical and two horizontal directions simultaneously. Model has <
. total number of 105 nodes, 97 beam elements and 16 boundary elements.

S&L SAPIV computer program was used for both dynamic and static

analysis of the model.

A modal analysis was performed using the subspace iteration technique
and all eigenvectors were saved on a permanent file for subsequent
analysis with various dynamic loading conditions. Twenty-five modes
were considered in the aralysis, with the highest frequency of 140.5
cps. This frequency is high enough to cover the 2ZPA of all
applicable response spectra. Table 1 on page gives the frequencﬁes
of the structure. BAs can be seen from this table, the fundamental

frequercy of the equipment is 7.82 cps.

IIT. SUMMARY OF PERTINENT RESULTS FROM IMPEDANCE TEST REPORT

. SORT in-plant impedance testing on the LPCS pump was done on July 24,

19806. At that time, all hydraulic and electrical connections to the
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TABLE 1

PRINT OF FREQUENCIES

MODE CIRCULAR
NUMBER FREQULNCY
) (RAD/SEC)
1 .4912+02
g 2 .5352+02
3 . 7308402
4 LTECE+02
S .2167+03
6 .2173’03
7 .2235+03
e .2590+03
9 .3729+03
10 .4034+023
11 .4605+03
12 .4825+03
13 .4923+403
14 .5284+03
15 .5818+03
16 .5910+03
17 5957403
18 .5962+03
19 .6201403
20 .6219+403
21 .6266+03
22 . 0269403
23 ;6430003
24 .6B45+03

a5 .8R28+03

- EIGENFREQUENCIES

FRTGUENCY  PERIOD  TOLERANCE
(CYSLES/SEC) (SEC)
7918401 1279400  .6€705-08
8518401 1174460 .2559-00
.1162+02  .B598-01  .3421-07
1214402  .8260-01  .2253-07
.3450-02  .2099-01  .1594-07
3458402  .2892-01  .1240-07
3717402  .2€91-01 . 1248-07
.4122+402  .2426-CY  .2935-07
.5935402 .1685-01  .4124-07
6421402  .1558-01  .8730-08
7330402  .1364-01  .8963-08
7679402  .1302-01  .2232-07
. 7835402 . 1275-01 .1750-07
8409402  .1189-01  .1954-07
.,9259+02  .1080-01  .3938-07
9406402  .1063-01  .3304-07
9481402  .1055-01 . 1984-08
9429402  .1054-01  .2872-07
L9E69+02 1013-01 . 1167-08
9898402 .1010-01  .3537-08
,9973402 . 1003-01 .2506-07
.9978+02 L 1002-01  .1471-07
.1023+02  .6772-02  .3082-07
,1089+C3  .8179-02  .4B70-05
1405402 .7147-02 . 1305-07
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pump and motor were completed. The wire frame model of the test AS
geometry is shown in Figure 2.
The TRANSITEK hydraulic shaker with the small weicht (122 1b. mass)
was attached to the top of the motor in the horizontal direct.ions
at points 27 and 31. The acceleration amplitudes at that point
were limited tec the range of 0.1 to 0.3g at the request of the
contractor responsible for the pump installation. Further details
pertaining geometry, method of testing and evaluation are given in
References 2 and 3.
The modal parameters as identiflied by the tester (Ref. 2, Table
4.2.1) are given in Table 2, page AJ.

IV. COMPARISON OF RESULTS

An inspection of the wire frame model of the impedance test
geometry as given in Figure 2 indicates that the measurements were
essentially conducted on the portion of the pump/motor assembly
that is visible above the foundation plate; namely the motor stand,
outside elements of “he motor and the discharge elbow. Therefore,
before attempting any comparison of the results, the frequencies
that are pertinent to these parts are to be identified from the
analysis results. This task is carried on, and by carefull
inspection of the node displacements and rotations at the nodes of
finite element model, describing the above mentioned portions of
the equipment assembly, the important frequencies are identified and

tabulated in Table 3, page AS8.
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The Z-direction input force spectrum and
four representative transfer functions in

various directions are presented on pages

Al0 - Al4.
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TABLE 2
MODAL PARAMETERS OF THE LPCS PUMP
(IMPEDANCE TEST)
Mode Frequency Damping Ref. Res .

1 21.722 0.047359 272+ 272+

2 53.341 0.0414695 272+ 2724

3 63.485 0.041254 272+ 272+

4 10.385 0.012157 31X+ 31X+

5 83.151 0.043828 31X+ 31X+

6 12.150 v.016476 31X+ 31X+
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TABLE 3

ANALYTICAL FREQUENCIES FOR THE PORTIONS OF THE

EQUIPMENT CORRESPONDING TO THE TESTED REGION

FREQUENCY

7.82

8.52
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By comparing Tables 2 and 3 following can be said:

a) frequency range covered by analysis is inclusive of the

>frequency range presented as test results.

b) and of six experimental frequencies presented, four resonant
frequencies can be matched very closely with frequencies given
in Table 3, namely, 11.722 and 11.63, 12.150 and 12.11, 63.485

and 64.21, 83.151 and 84.09.

¢) by investigating transfer functinns given in pages All - Al4, it
can be concluded that there are a number of resonant freguencies
between 53. and 65. cps., which is an inclusive range for modes

9 and 10 reported in Table 3,

d) by investigating the input force spectrum given on page AlQ, it
is concluded that frequencies below 10 cps. were not adequately
excited during the experiements, resulting a difficulty in
positive identification of resonant frequencies below 10 cps.
Yet, investigation of transfer functions in Z direction that are
presented on pages Al2 and Al indicate that there is an identifi-
able frequency in the vicinity of 8.5 cps, however, not well

defined due to insufficient excitation.

e) In general there is good agreement between analytical and test
results. Small differences may be attributed to the conservative

approach that is followed in the finite element modelling.
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V. CONSIDERATION OF HIGH FREQUENCY RESONANCES

In the case of this equipment, there is no special evaluation

required for the high frequency resonances at this stage, simply
because the analysis considered both the seismic and hydrodynamic
(T-quencher) response spectra load combinations, and the frequency
range was wide enough (7.?2 - 140.5 cps), and equipment was

gqualified for this frequency range.

CONCLUSION

Comparison and discussion of results indicate that the frequencies
identified by analysis and by impedance testing are practically
the same, confirming that the method of analysis, and the modelling

technique using finite element methodology was correct and adequate.
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I. OBJECTIVES

The objectives of this study are:
{i) To compare and draw conclusions on equipment adequacy
based on the impedance test restlt and the existing

qualification report.

(ii) To determine equipment adequacy for the additional hydro-
dynamic loads. This is of additional concern in view of
the high frequency resonances reported in the impedance

test.

(iii) To assess the importance of pipe vibration on pipe
mounted equipment particularly with regard to the
transmissability of high frequency vibration through the

piping system,
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ANALYTICAL MODEL (3)

A conservative estimate of the minimum natural frequency has been

obtained (3) by considering a single degree of freedom-limped

mass cantilever model. By inspection it is clear that the yoke

section is the weakest section in the valve assembly.

Thus a

consideration of this section would yield the lowest natural fre-

quency for the system.

The single-degree of freedom model is

Jw

|/

0

Figure 1

The natural frequency, fn is completed using

. bt
| 3E1 .-
fa = % 1(w7g)x."} (1)

The computed frequency using (i) above is 62 Hz. (3)
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TEST MODEL

l. Geometry. (2)

The geometry of the 2" pipe mounted valve described by the

location of the accelerometers is shown below.

Nodes | thru 3 mpresenf |ocation of acceleromelers.,
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Discussion of Experimentally Obtained Frequencies & Mode Shapes

In the experimental analysis by Transitek (2) node 7 has been excited
along the three coordinate exes. The following natural frequencies

have been identified.

(i) Seven frequencies based on excitation along the X axis at
node 7.

(ii) Nine frequencies based on excitation along the Y axis at
Node 7.

(1ii) Five frequencies based on excitation along the Z axis at

—

node 7.

Based on the above frequencies the structure-mode shapes
have been plotted. Cross coupling coefficients have not
been included due to the lack of a definite orthogonal

structure frame of reference.

Excitation Along X Axil

Seven equipment natural frequencies have been identified for struc-
ture excitation along the X axis at node 7. From the mode shapes
it is seen that six of these modes are associated with pipe move-
ment. Hence a realistic assessment of the actual equipment fre-
quency can be made only if quantitative data of the transmitted
vibration is studied. These modes correspond to shapes 1 thru 5
and 7 on pages 28 thru 32 and 33 respectively of the Transitek

Report (2).
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Shape 6 on page 33 of the Transitek Report corresponding to a fre-
quency of 60.07 Hz deserves further investigation. Pipe motion at
this frequency is minimal in contrast to the rest of the modes. Node
seven, which is further away than node 5 from the point of support,
displaces more than node 5. These observations suggest a cantilever

type valve motion.

A 1 d-o-f vibration analysis of the gate-valve indicates a flexural
frequency equal to 60.07 Hz. Thus showing close agreement between
the experimental and the 1 d-o-f analytical model. Equipment shape
corresponding to this frequency as represented by the wire model is

shown on page B3,

A typical system frequency corresponding to pipe motion is shown on

page Bll,

Excitation Along Y Axis

Eonipment exciteétion at node 7 along the Y direction is characterized
by movement of the pipe along the Y axis. Some local transmitted
vibration is present, however the importance of this vibration can
only be assessed by quantitative values for each of the nodes. Pipe
vibration can be characterized by the following dominant pipe vibra-

tory modes.
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(i)

(ii)

(1ii)

Rocking Mode
Typically shapes 1, 2 and 3 pages 36 thru 38 of (2). In this

mode both the ends of the pipe diverge after a common meeting

point.

Parallel Mode
Shape 4 page 39 of (2) corresponds closely to this mode. The

pipe is seen to exhibit a nearly parallel up and down motion.

Convergent/Divergent Mode

In this mode the pipe vibratory motion is such that thc pipe
axis tends to either diverge or converge from some point

either on or off the pipe. These modes are shown on p. 40 thru

44 of (2).

It is clear that none of the above modes constitute a global
mode. Local modes associated with pipe transmitted frequen-
cies may be present. The extent, and severity of these local
modes can be gauged using quantitative nodal displacement
data. An example of each of the modes (i) thru (iii) is

shown on pages Bllthru Bl4.

Excitation Along 7 Axis

Five mode shapes corresponding to five natural frequencies identified

are shown on pages 46 thru 50 of (2). All of the modes shown corre-

spond to pipe motion. A typical system frequency corresponding to

pipe motion is shown on page Bl5. Pipe motion is clecarly identifiable

in this plot.
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Comparison of Experimental & Analytical Equipment Frequencies

Experimentally Obtained Valve Frequencies (2)

Equipment

Frequency
Hz Axis Remarks - (Based on Mode Shape)
11.45 X Pipe motion observed - valve stem moves with pipe
13.66 X . ? ! " ! ! " "
18.82 X " " " " " " " "
21.30 X w " “ " " " " "
31.89 X . . » . . . " "
60.07 X Cantilever mode observed

. 69.57 X Pipe motion observed = valve stem moves with pipe

7.339 L' Pipe motion observed - valve stem moves with pipe
107 Y " " " " " " " "
13.16 Y " " " " " " " "
21.46 Y " " " " " " " "
37.67 Y " " " " " " " "
70.61 ; - " " " " " " " "
3,02 4 " " " " " " " "
90.75 Y " " " " " " " "
94.12 Y . - . " " - - -

7.216 2 Pipe motion observed - valve stem moves with pipe
6.691 Z Pipe torsional frequency.

21.49 Z Pipe motion observed - valve stem moves with pipe
31.32 Z " - " » " " " "
37.52 Z o " . 3 " » - "
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Analytical Equipment Freguency

A cantilever frequency of 62 Hz is computed for the valve assembly.

The valve is modeled as indicated in Figure 1 of page B2,

computed frequency compares well with the experimentally observed

frequency of 60.07 Hz.

Qualification For Hydrodynamic Loads

The valve is qualified for 6g (3).

The

l'he response spectra shown

on pages Bl6 thru Bl9 indicate that the acceleration obtained by

summing the horizontal slab, vertical wall and slab acceleration

values is 1.86g. This valuc ic bel

ow the value for which the

valve is qualified. Hence the valve is qualified.

Brief Evaluation of Piping Vibration Tests (4)

The following three piping subsystems were

2" line RI-65C Subsystem
4" line HP-06 Subsystem
14" line HP-02 Subsystem

tested:
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The original qualification analysis for the 4" & 14" pipe mounted equipment
indicated that the valves were unacceptably flexible,
The required design chan es were then made and subsequently implemented in

the field, *

The impedance test was performed on the 4" & 14" lines before the required
design changes were implemented in the field. Thus no basis for comparison
exists between the final qualification report incorporating the required design

changes and the Impedance Test performed prior to the incorporation of the

neccessary design chunges.

For tne case of the 2" pipe line the original qualification report was
adequate and the equipment tested corresponded to the equipment qualified

analyticilly. Hence an excellent basis of comparison between the pipe frequencies

and the equipment frequencies exists.

The frequencies at the valve location given in (4) and reproduced
on pages Bll & Bl12 are identical to the valve frequencies ( pages B7 &B8)
given earlier., The average damping ratios expressed in terms of the % of critical
damping are 2.48%, 3.2% and 2.7% along each of the three orthogonal axes X,Y &Z
respectively. The tests (4) further indicate that the bigh frequency vibrations

are attenuated no faster than the low frequency vibrations in the piping system.

* The data on these design changes were transmitted to NRC thru our transmittal

dated 3-10-81 ( EMD File # 028847 ),



2" Motor Operated Gate Vaive

Cales. For Calc. No. EMD 030469
SARGENRT - LUNDY Rev. 00 | Date 06/01/81
S Ace »-X]— Safety—Related Non-—Safety—Related PageB) O of B 22
| Clemt_ Commonwealth Edison Company Preporndty Nasir Munix Date
| Project LaSalle County, Units I & II  Reviewed by Date
Proj. N0.4 266 /4267 /609 3~00Equip. No. Approved by Date

Concluding Remarks

The 2" motor operated gate valve is qualified for the additional hydrodynamic

loads. The response spectra indicate a maximum acceleration of 1,86g. The valve

however can withstand an acceleration of 6 g. Good correlation exists between

the analytically connuted frequeucy ( 62 Hz) and the experimentally cbtained

frequency. ( 60.07 Hz).

References

l, Final Test Report - SQRT In Plant Impedance Testing

LaSalle Co. 1, Transitek, Inc., EMD File No 029461,

2, Impedance Test Results for 2" Motor Operated Gate Valve

( Add, to Ref, 1 ) 3-17-81,

3. Equipment Qualification of 2" Motor Operated Gate V-.ive

LaSalle Co. - 1, Sargent & Lundy EMD File No. 024218,

4. Final Test Report Phase I Piping Vibration Tests

LaSalle Co. - 1, Transitek, Inc. EMD File No 029605

3'2(}'81.

3-17-81,
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TABLE 4.3.3.1

MODAL PARAMETERS MEASURED IN THE X DIRECTION

T1-80042-5
March 23, 1981

MODE FREQUENCY (HZ) DAMPING
(Fraction of Critical)
1 '11.45 ..065
2 13.66 .034
3 18.82 .018
4 21.30 .022
5 31.89 .012
6 60.10 ' .009
7 69.57 .014
TABLE 4.3.3.2
MODAL PARAMETERS MEASURED IN THE Y DIRECTION
MODC FREQUENCY (HZ) DAMPING
Bkl (Fraction of critical)
1 7.34 .016
2 10.77 .063
3 13.16 .036
4 21.46 .026
5 37.67 .019
6 70.61 017
7 73.02 .066
8 90.75 .025
9 94.12 .020
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T1-80042-5
March 23, 198,

TABLE 4.3.3.3

MODAL PARAMETERS MCASURED IN THE Z DITECTION

=
o

w R w ~N — I

FREQUENCY (HZ) DAMPING
(Fraction of Critical)
7.22 .029
9.69 .039
21.50 .023 -
31.32 ' 029
37.52 .015

4.3-22
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FRQUIRED RESPONSE SPECTRUM CURVE

( EMERGENCY CONDITION )

FOR

1 7% - PO19

2" VALVE PLUS PIPING

LOCATED IN

REACTOR BUILDING El. 687'0"
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I. OBJECTIVE

X+

The objectives of this study are as follows:

a)

b)

Comparison between the impedence test results and the existing

gualification reports which were done by analysis and tests.

i

To re-assess the adequacy of SLLC Pump for the present pool
dynamic loads especially in the high frequency zones reported by

the impedence tests conducted in-situ.

SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPdRTS

In order to assure the functional reliability and operability as well

as the structural integrity of the pump and the motor of the Standby

Liquid Level Control, the following reports we.e issued:

1)

2)

Hand Calculations for Seismic Qualification of the pump fluid

end aligning pins, pump hold-down bolts and foundation bolts.

In the same report SRV requalification was completed using 'g'
values at 50 Hz for the new response spectra load combinations
and PIPSYS loads for the Ramshead combinations. Fluid end

aligning pin and pump hold-down bolts weére analyzed. !‘Reference 1)

-

Tests were conducted to qualify the motor. The qualification

method used is described in detail in Reference 2.

The motor insulation resistance was measured along with the
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thermal Aging of the stator at 347;- 365°F for 40 hrs. Also the
stator and all non-metallic parts were subjected to gamma

radiation dosage during a 23-hr period.

A seismic test was conducted including resonance search in three
axes, OBL Simulation (1.4 g peak), SSE Simulation (2 g peak).

The motor was then nperated for 125 minutes while loaded to 40 HP.

As for testing the pump, the performance data, as stated by the

.

vendor, may be found in vendor print files.

Bascd on the results of the previous two reports (Ref. 1 & 2),
. the Standby Liquid Level Control Pump-Motor Unit was qualified.

See Tables 1 & 2.

ITI. SUMMARY OF PERTINENT RESULTS FROM IMPEDENCE TEST REPORT

SORT in-plant impedence test on the SLLC Pump-Motor Unit was
conducted on July 14, 1980. The wire frame model of the test

geometry is shown in Figure 1.

The hydraulic shaker was attached to three places:
a) Tho top of the motor (Nodes 10 and 11;.

b) The corner of the hydraulic cylinder (Node 18).

Further details pertuaining method of testing and evaluation are

given in References 3 and 4.

The modal parameters as identified by Transitek test are given in

Table 3.
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IV,

COMPARISON OF RESULTS

1)

2)

3)

4)

5)

6)

The first mode on Ge Test (31 Hz) did not appear in Transitek

modes. This can be explained by the fact that after coupling the

motor with the pump the assembly became stiff enough to eliminate

this resonant frequency.

The Transitek fregquencies were inclusive of the freqguency range

of the motor tests (GE) excluding the frequency mentioned in 1).

From the four frequencies presented by Transitek two
frequencies, namely 46.05 and 79.5 Hz were matching very

closely to the GE tests (48 and 79, B0 Hz).

The GE tests did not show any frequency beyond 80 Hz on the
motor alone. Apparently due to the fact that Transitek
tested the Pump-motor assembly, the pump contributed to the

appearance of higher frequencies (86.25 and 94.997 Hz).

Both tcsts agree that there is no resonant frequency below

30 Hz.

Even if we assume that the system does have a global mode of
31 Hz in the horizontal direction (a very conservative assump-
tion), then from the corresponding response spectra (Figure 8)
we find that the g-value at this Frequency is 0.55g. From
Calc. #EMD-021193 the pump was qual. ‘ied for 1.2g vertical

and .83 g horiz. loads. Also from GE Tests the motor was

qualified at this (31 Hz) frequency therefore it is acceptable.
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7) From the response spectra at El. 820'6" in the vertical
direction and horizontal direction the ZPA frequency is about
45 Hz, therefore, the only range of interest in frequencies
might be up tc 45 Hz. Both tests show that all frequencies

(except 31 Hz for motor only) are above 45 Hz.

. IV. CONSIDERATION OF HICH FREQUENCY RESONANCE

For this equipment there is no special evaluation required for
the high frequency resonances because the analysis (EMD-021193)
has considered both the seismic and hydro-dynamic response spectra
load combinations with RAMSHEAD which is more conservative than
the ones with T-quencher loads. Also the ZPA frequency in the

response spectra curves is about 45 Hz.

V. CONCLUSION

Comparison and discussion of the results indicate that the
frequencies identified by both the analysis, GE te.ts and

Transitek tests are compatible.

The stresses calculated in the analysis are conservative based
on the response spectra curves used. Thus the equipment is

gqualified as a class I active equipment.
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I. OBJECTIVE
The objectives of this study can be summariz.d as follows

a) To assess the comparison between the impedance test results and

the existing qualification report.

b) To re-assess the adequacy of the equipment for the additional
hydrodynamic lecadings, particularly in regard to the high
frequency resonances reported as a result of impedance tests

conducted in-situ.

. II. SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

The Standby Gas Treatment Equipment Train shown on CVI drawing
B453-0001 Rev. B in Ref. 1, was designad and analyzed for seismic
and operating loads and was qualified to the effect thet it did not
suffer any deformations and stresses that would interfere with the

functioning of the units.

The housing framework is treated as a planar frame and one average
bay is investigated each for various parts of the structure, disre-

ga ding the benefit of interior stiffeners.

Frequencies that are hand calculated as a result of plate theory
within elastic stability range are prescribed in Tabl. 1 on page D2
It can be cconservatively stated that minimum frequencies for the

entire urit are z21., 25. and 26.6 cps as a result of this analysis.
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TAB.LE 1

CALCULATED FREQUENCIES FOR VARIOUS PARTS OF THE

1VGO1S

SGTS EQUIPMENT TRAIN

Frcquency (cps) *

Part X  f Z
Base (Front) 1765.3 29.6 127.2
Base (Rear) 1483.9 24.6 >127.2
Roof >33 25 > 33
Side Panels >33 >33 21
End Panels 26.6 >33 > 33
Transition 70.9
Inlet Cone: Top => 27.2

Bottom = >33
Sides => 32.5

* Directions are indicated or. the wire diagram

on page DA.
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III. SUMMARY OF PERTINENT RESULTS FROM IMPEDANCE TEST REPORT

SGTS equipment train was shaken in four different orientations at
points 58, 86 and 151 as shown on Figure 1 on pageD4. At the time
of testing, theeyuipment train was completely installed and properly
eccured to the flocr. All electrical and pneumatic connections were
complete. The unit was tested without the charcoal filters because
preservation of these units required that they remain in sealed

storage.

The large hydraulic shaker was used to excite the equipment train.
The level of force used in the test ranged from 800 pound force
peak to 2500 pound force peak. The acceleration response levels
were 0.1g to 0.5g., depending on the location. Details of testing
are given in R. . 2 and Ref. 3. The modal parameters as identified
by the tester (Ref. 2, Tables 4.8.1, -+.8.2, 4.8.3) are gyiven on

Table 2, page D5.

IV. COMPARISCN OF RESULTS

A. End Panel:

The end panel boundaries are indicated by nodes 1,2,3,4,51,52,
53,54 on the wire diagram (Fig. 1, p.D4). A minimum frequency
of 26.6 cps was identified for this portion of the equipment,

by way of analysis. Tester identified nine frequencies for the

. same portion. These frequencies are listed in Table 2, under
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MEASURED FREQUENCIES FOR SGTS EQUIPMENT TRAIN

Excitation Point

151 X +

58 Y +

86 2 +

58 2 +

Frequency Damping
(cps)
19.08 0.041
21.01 0.021
26.91 0.028
28.70 0.019
36.09 0.010
40.14 0.016
65.57 0.010
73.40 0.023
81.20 0.007
24.20 0.021
27.40 0.045
29.90 0.009
36.60 0.005
40.96 0.008
45.70 0.003
51.00 0.002
64.90 0.006
78.70 0.030
86.60 0.002
13.60 0.015
28.60 0.050
29.60 0.005
34.60 0.208
39.20 0.005
59.70 0.018
63.40 0.011
83.60 0.023
92.10 0.006
95.50 0.001
38.40 0.091
53.80 0.041
57.00 0.031
64.50 0.001
97.90 0.034
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excitation point 151 X+ . The range is from 19Y.08 to 81.20 cps.
As seen, analytically identified 26.6 cps frequency is also
observed in this list. Yet, two frequencies smaller than 26.6,
namely 19.08 and 21.01 cps., also exist. However, inspection
of horizontal response spectrum curve indicates that all nine

frequencies are in the ZPA ranca.

Side Panels and Inlet COne:

Minimum frequency for side panels is identified as 21. cps.,

by analysis in 2 direction and the test results indicate fourteen
frequencies affecting various parts of the panels in a range

from 28.6 to 97.7 cps. Again, all these frequencies are in the

ZPA range of the horizontal spectrum curve.
Roof :

Minimum frequency identified by analysis is 25 cps., in vertical
direction. The test results indicate eleven frequencies affecting
the roof panels in a range from 13.6 to 86.6 cps. The mode shape
for 13.6 c¢cps., frequency is given on Figure 2, pageD7. The
maximum deflection is seen to occur at node 58. This particular
node (58) is the location where the large shaker was attached on
top of theequipment train to excite the structure during the test.
The weight of the shaker is 500 lbs. The inspection of the
structure in as built condition indicates no special conditions
for the occurance of this frequency strictly in this region. It

appears that this frequency is a localized frequency, excited by
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the own mass of the shaker itself. However, since it is lengthy
to prove this argument analytically, 13.6 cps. 1is considered as

a natural frequency of the structure and an equivalent static
analysis is carried on for this portion of the structure tc¢ assure
the structural integrity. A simplified and conservative frame
model is considered without the benefit of internal stiffeners.
There are two 3 x 2 x 1/4" L angle stiffeners welded to the 1/4"
plate forming the casing of the equipment train in this region.

The representative frame, cross-section and pronerties are shown

below. Pertinent computations are given on following pages.
c P
1 t D Z/ ‘Z‘ - I
L %h-C - 97"
. . k-2t .y
WA | r ol
Vg
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Therefore, the final bending and pressure load stress (shear and
membrane stresses are negligible) is 9802. psi. for combined seismic,

hydrodynamic and operating loads.

There are five other frequencies, namely 24.2, 27.4, 29.9., 36.6 and
40.96 cps., that have acceleration values slightly higher then the

ZPA value. Their combined effect is:

\/(1.25 +1.05 + 1.03)2 + 12 + 0.86° g

s}
]

o
]

3.58 ¢

If 13.6 cps. frequency is also considered to exist and all six
frequencies are excited simultaneously, the acceleration value will

be:

By ™ V33 G.

Comparina both these va'ues and, values ani results described on
pages D8-D1l, it can be concluded that an acceleration of 7.33g does
not present any problems; the section considered has considerable
margin up to allowable stress. Elsewhere on the structure, the
typical section will have one 3 x 2 x 1/4 angle stiffener, instead
of two, reducing the area and moment of inertia to slightly lesser
values, yet by inspection of figure 2, it is obvious that 13.6 cps.,

does not participate at these sections, making sure L UL 3.58q.
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This value of acceleration, in spite of lesser stiffness, still does

not create an cverstress problem.

B Instruments:

There are various instruments mounted on the side panels of the
SGTS Equipment Train, mostly on the east side. Differential
pressure transmitters and numerous thermometers and switches are
basically mounted on the 1/4 inch plate of the housing unit.
Special measurements were done at the locations where these
instruments are mounted and no new resonances were identified
. beyond those which existed as global resonances on the SGTS
Equipment Train. Since all the instruments are mounted on side
panels, the frequencies identified befcre correspond to the
ZPA range on the horizoncal response spectra curve for all modes.
Consequently, it can be concluded that, the mounted instruments
will experience acceleration values of the ZPA,namely 0.6g in

case of the combined seismic-hydrodynamic events.

V. CONSIDERATION OF HIGH FREQUENCY RESONANCES

Inspection of Table 1, page p2indicates that existence of high
frequency modes were predicted by analysis, but were not identified
in most cases. The test results that are summarized on Table 2,

. page p5 shows that there are a number of high frequency modes existing

for various parts of the equipment. In all cases, for the horizontal

direc ion, frequencies that are above 16. cps., and for the vertical
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VI.

direction frequencies above 40 cps have corresponding response
acceleration values in their ZPA range. Therefore, these frequencies
have no significance as far as the structural integrity and operability
are concerned. (The re.ponse spectra curves are included at the end

of this report.)

CONDLUSIONS

Comparison and discussion of results indicate that the frequencies
identified by analysis and by testing generally agree; except three
modes, two of which identified for the rear panel and one for the
roof. Yet, all the frequencies considered both in lower and higher
ranges indicate no serious effects on the structural integrity and
operability of the SGTS Equipment Train, verifying the adequacy of

this equipment for seismic, hydrodynamic and operating loads.
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I. OBJECTIVE

II.

The objective of this study can be summarized as follows:

a) To assess the comparison between the impedence test results
for SRM & IRM Preamplifier Enclosure and the.existing gquali-
fication report.

b) To re-assess the adequacy of SRM & IRM Preamplifier Enclosure
for the additional pool dynamic loads particularly in the

region of high frequency resonances.

SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

Qualification report presented the results of a dynamic analysis
(Ref. 1) using S&IL SAP-1IV computer program with seismic loading
in X, Y & Z directions for SRM & IRM Preamplifiers Enclo~ures
which were welded on the Floor (P030 & P033) by two legs. Stress
in P030 & P033 Panels were considered more critical than P03l &

P032 which are bolted to the vertical wall.

The mathematical model consisted of 74 nodes, 62 beam elements
and €6 plate elements (See Figures 1 & 2). The response spec-
tra method was used to calculate the forces in the model's

elenents.

The response spectra curves used in the analysis were oh*ained
by enveloping SSE (2% Damping) and OBE (1% Damping) seismic

loadings at EL 740'-0" of the reactor building.
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Figures 3 & 4 represent the enveloped response spectra for

horizontal and vertical directions.

In this model all devices and attachments including the weight
of the preamplifiers were considered for their masses which

were distributed on the nearest nodes.

The weight of each amplifier was conservatively assumed to be
50 1b. which tended to give smaller values for resonant frequen-

cies.

Based on the results of analysis as presented in Reference 1
the SRM & IRM Preamplifier Enclosures were qualified as a

reiiable and functional structure.

Table 1 shows the resonant frequencies for the enclosure in
the analysis. As can be seen from this table, the fundamental

frequency of the enclosure is 7.35 Hz.

III. SUMMARY OF PERTINENT RESULTS FROM IMPEDENCE TEST REPORT

SQRT in-plant impederce testing on the equipment was done on
July 27, 1980. The three preamplifiers were installed and were
operational at the time of testing. The panel (1H22-P030) with
L=30", W=17", H=36" was mounted by molly bolts secured to the

concrete wall. For unknown reasons, the wall had high (0.5g)
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ambient vibrations. The panel was excited by both electromag-
netic shaker and the hammer blows. Excitation by electromagnetic
shaker and the large hammer was done in three directions while
response was measured in the Z direction. The wire diagram of
the tested panel is shown in Figures 5 & 6. The preamplifiers
were excited separately by the use of the small (3 o0z.) hammers

while the response was measured at the points pictured in Fig. 7.

Figure 8 is a representative transfer function using the large
hammer with the response in the Z direction. Figures 9, 10 and
11 are representative transfer functions as excited by the elec-
tromagnetic shaker in the Y, X and Z directions, respectively.
Note that for the two Z direction tests, resonances are equiva-

lent.

Table 2 lists the resonant frequencies and dampings iletermined
from analytical fits to the test data. The cross coipling coef-

ficients for each resonance are listed in Table 3.

Figures 12 through 17 are composite mode shapes associated with
the resonant frequencies ian the Z direction. Figure 18 through
20 are the mode shapes associated with the resonant frequencies
in the Y direction while Figures 21 through 25 are associated

with the X-direction.

According to the Impedence Test report, the results show many

resonances in the 30-100 Hz range.
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IV. COMPARISON OF THE RESULTS

a.

Wire Frame mcdel in Impedence Test Vs. Finite Element Model:
By inspection of the wire frame model (Figures 26, 27) it is
indicated that the measurements were taken at three or four
points of each corner of the enclosure plus the CG of the
side of each plate. For the preamplifiers,mecasurements were
taken at each corner and the midpoints (Pts. 32, 37 & 42).
Essentially, the wire frame model is very similar to the
finite element model. The global axes for each model are
as follows:

Xp = =Xp, Yp = 2p, Zp = Yp

Where T = Impedence Test, A = Analysis as shown in Figure 27.

Table 4 shows the nodal points in the wire frame and the

corresponding nodal point(s) in the analysis for comparison.

Frequency range covered by analysis is inclusive of the
frequoncy range presented by tests up to about 63 Hz which

is the cut off frequency in the analysis.

Due to the fact that the preamplifiers' masses were lumped
at the nearest nodes on the panel's sides the first mode
in the analysis was lower (7.°5 Hz) vs. the first mode in
the tests (10.4 Hz). Also in the analysis the weight of

each preamplifier was assumed to be 50 lbs. which is very
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conservative since the average weight of each is 21 1lbs.
As a result of this assumption the first mode in the analy-

sis tended to be lower than the tested panel.

Another factor which contributed to this high first mode
is the fact that in the test the shaker did not have enough

energy to excite the panel at a frequency below 10 Hz.

d. By comparing the second mode in both the test and the analysis
20.8 Hz in test vs. 17.92 Hz in the analysis it can be noticed
that they are comparable because of the excess weight of the
preamplifiers assumed in the analysis and the nature of the
finite element model in assuming lumped mass versus distribu-

ted mass actually present and reflected in the test results.

e. A major difference in the two models is that the model ana-
lyzed was mounted on the floor by two legs while the panel
tests was one which was mounted on the wall. That tended
to give higher resonant frequencies in the test rhan in the

analysis due to the flexibility of the leg supports.

f. The impedence tests showed two frequencies 29.5 and 30.7 Hz
which were not shown in the analysis results. From the mode
shape composite associated with 29.5 Hz (Figure 12' it can
be shown that it is a local mode for the door at nocde No. 25
of the wire diagram where there is no instrument located hence

it has no effect on its performance.
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As a conservative approach by inspecting the maximum stresses
which might result due to the frequencies 29.5 and 30.7 Hz

in the panel the following calculations were made:

From Reference 1 the maximum stresses in the beam element

=16100 psi. By multiplying this steess by a factor K where

K = ngax L 5 g = g value corresponding to the given

29max frequency

Imax = Maximum g value in the Response
Spectra Curve

2(1.9)+.7

K = -——2—(1——9)— = 1,184 (£f=29.5 to 30.7 Hz)

Therefore

Sl = 19062 psi ¢ 25,500 psi allowable (.7 Sy)

Hence it is safe. Table 5 shows the values of k for every

mode.

As mentioned before due to the fact that the cut-off fre-
quency in the analysis was about 60 Hz, any frequency above
this number did not show in the results. However,

since the ZPA frequency for this equipment is 50 Hz,
frequencies higher than this value are not important

from the qualification point of view.

In general there is a good agreement betw~en the analytical

and the test results.
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V. CONSIDERATION OF HIGH FREQUENCY RESONANCES

In the case of SRM & IRM Preamplifier Enclosures there is no
special evaluation required for the high frequency rescnances
at this stage. The reason for this is the fact that the ZPa
frequency at the EL 740'-0" is about 50 Hz., (considering all
seismic and hydrodynamic loads Figures 28, 29 & 30), while in
the existing gqualification analysis frequencies up to 65 Hz

are already accounted for.

VI. CONCLUSION

Comparison between the impedence test results and the analysis
done by S&L indicates that the frequencies identified are
practically the same. Some of the frequencies were not identi-
fied in the analysis due to modeling techniques but by conser-
vatively es?imating the stresses the maximum stress in any beam
ie still less than th2 allowables hence acceptable. As a con-
clusion the method of analysis and modeling techniques were

correct and adequate.
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TABLE 1 : RESoWANT FREQUENCIES FOUND IN ANALYSIS

PRINT OF FREQUENCIES

MODE CIRCULAR
NUMRER FREQUENCY FREQUENCY PERIOD TOLERANCE
(RAD/SEC) (CYCLES/SEC) (SEC)
1 ,AG18+02 . 7350401 . 13GC+00 . 7110-08
2 1126+03 .1792+02 .5581-01 .4764-07
3 , 1445402 . 2300402 .4248-01 .5725-08
a4 1516+03 .2413+02 .4145-01 .2441-07
5 .2433+403 .3872+02 .2523-01 .6296-07
6 .2904+03 .4622+02 .2164-01 .A4740-07
? .3077403 .4898+02 .2042-01 .65G614-07
8 .3168+02 .504 1402 .1984-01 .3292-07
9 .3511+02 . 5589402 .1789-014 .3635-06
10 .3951403 .6208+02 . 1590-01 . 1205-06

TABLE 2A: RESONANT FREQUENCIES FounD W IMPEDENCE TEST

€& RECORDS IN us .
REC 13 29. ooe HZ  SRM/IRM PANZL Z-AX1S

REC 2 V4S-100 HZ  SRM/IFRM PANEL Z-AXIS

REC 2: VEa,100 HZ  SRMZIRM PARNEL 2-~x1S

e 4l VIO .G00 HZ  SRMZIRN FPANEL Z-AXI1S

REC St 76.000 RZ  SRM/IRN PAIREL Z-AXIS

REC 6 96.500 HZ  SRMZIRNM PANEL Z-~AXIS

REC 73 v3T.200 HZ  SRMAZIEN PREAMPLIFIER Z-A¥15
REC 8¢ V72,529 HZ  SRNVZIRM PANEL V=15

REC Ot V3O .TOO HZ  SRMSIRM PANEL V=ax1s

REC 113 L21.100 HZ SF L10M PAMEL V=X 1S

REC 12 vE3.200 HZ ‘.~ - IiF11 PANE 7= 1S

REC 133 v7S.929 H” 0 Ien PHNEL X-AXIS

REC 14: vV 20.800 TRM PANEL X-AXIS

REC 153 v10.400 H.  SHSTRM PANEL X-AXIST
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TABLE 2B
AMETERS OF THE SRM/IRM PANEL

PARAMETER FREQUENCY

29.5

(3

45.1
54.1
70.9
76.0
96.2

| 37.2

21.1
30.7
72.5
10.4
20.8
53.2
75.9

. -
B— 7
vt e E40 o £47
o tasein o
T e

DAMPING (%)  DIRECTION
1.36 z
1.96 z
3.12 Z
.94 z
.33 L
3.01 z
1.4 z
2.08 Y
2.€4 Y

.
2.3 Y
6.90 X
8.06 X
4.11 X
2.3 X
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. TABLE %

CROSS COUPLING COCFFICIENTS FOR THE SRM/IRM PANEL

EXCITATION EXCITATION EXCITATION
MODE FREQUENCY DIRECTION X DIRECTION ¥ DIRECTION 2
SHAPE (H2) NY(E) 5] W(E YVRIEY TG (5
1 29.5 29.0  37.0
2 45.1 | 10.6 7.6
3 5.1 | 45.8  37.5
4 0.9 ‘ 14.8 7.3
5 76.0 0.2 16.2
6 96.2 | 6.3  15.8
7 37.22 ; 45.8  40.0
11 21.1 37.0 68.6
9 30.7 | 137.9%  22.5
8 72.5 2.3 3.7
15 0.4 20.5 77.8
14 20.8  134.3*  51.7
12 §3.2 4.7  43.8 ;
13 75.9  T18.0*  338.4%
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I. OBJECTIVES

The objectives of this report are as follows:

j_e_\lnﬂncd by DNate

a) Comparison between the results of the impedance test and the
existing qualification report for Reactor Building Isclation

dampers.

b) To re-assess the adequacy cf the dampers for the present pool
dynamic loads especially in the high frequency zones reported
by the impedence tests conducted in-situ. This comparison wilil
be based on the response spectra at El. 791'00" for the Auxiliary
Building (Spectra No.: 105DB-NA, 105DB-EW, 114DB-VW).

II. SUMMARY OF PERTINENT RESULTS FROM QUALIFICATION REPORT

In this qualification report the valves were analyzed for static,

seismic and dynamic loads (Ref.l).

Figure 1 illustrates a schematic descrpition of the dampers. As
shown, the VR04YA&B valves are held open by air cylinders, and
close to seal the building at 1/4" H,0 negative pressure. These
two valves are made with aluminum valve plates. The VROS5YA&B
valves are also held open by air cylinders. With no flow through
the valve and the air cylinders vented the springs will close the
valve and will maintain the valve closed against a 1/4" H30 reverse
differential pressure trying to open the valve. These valves are
made with steel valve plates and special bracing (struts) for high

pressure strength.

Assuming the valve plate as a simply supported plate the natural
frequency of the steel valve (worst case) was found to be 231 Hz.

Since this frequency exceeds 33 Hz (ZPA frequency) the dampers
were considered rigid. The ZPA accelerations at El. 786'6" were
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used for the static analysis of the rigid parts.

Table 1 shows the ZPA and maximum g values used in both the

horizontal and vertical directions.

As for the valve plates, which constituted a flexible system,a factor
of 1.5 ¢f the peak loads was used in the calculations to coenserva-

tively account for the higher mode participation.

Multiplying the maximum seismic horizontal loads (33 g) by a factor
of 1.5 the equivalent static load would be 5.0 g which was the

basis for the valve plates' design.

Using the value 5.1 g> 5 g the seismic equivalent pressure on the

plates was calculated and it was shown that both types of valves
,aluminum and steel plates, are safe where the stresses for the
aluminum plates (VRO4YA&B) did not exceed 0.5 Sy, i.e. 24.5 ksi.
The stresses on the steel plates (VRO5YA&YB) did not exceed the
allowables 7.5 S, in the upset conditions i.e. 26250 psi

|
| (SA-515 Gr 70 at 300°F).
!

The vertical supports of the valve plates were qualified based on
a horizontal seismic load of 0.575z (Rigid part) which was larger

| than the resultant of the horizontal ZPA loads in Table 1 (0.538g).
Table 2 illustrates a summary of the results based on which the

dampers were qualified.

N
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In the mean time ASCO Valves (831655 & 631667) were tested in the
lab where it withstood 7.f9 and 8.5g loads respectiveiy in all
altitudes and pressure ranges (10 to 125 Psig & 10-40 Hz). (Ref.

2 & 3).

SUMMARY OF PERTINENT RESULTS FROM IMPEDENCE TEST REPORT

SORT in-plant impedence testing on the Reactor Building Isolation
Dampers was done on August 20, 1980. The 1VRO5YB steel damper
was chosen to represent the worst case. The damper consisted of
two plates (leaves) which are heavily reinforced bolted plates,
pneumatic actuators and a square cross section vertical support
nember. The test has concentrated on the square vertical support
and the right damper place as viewed from inside the ventillation
tube. The wire diagrams for these parts are shown in Figures 2
and 3. The damper was fully installed and operational at the
time of the test. The damper was tested with the plates in the
closed position that is the position that would not permit flow

through the vent (Ref. 4).

Method Of Testing

The damper was tested by the impulse technique in all data col-

lection. The vertical support was impulsed in both the axial (Y)
and horizontal (X&Z) directions. Testing on the plates was per-
formed perpindicular to the direction of the plate (2 direction).

Figures 4 through 16 depict the resuvlts of the impedence tests
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along with the modes shapes. The modal parameters for the dampers
are shown in Table 3. As shown the resonant frequencies ranged

between about 17 and 90 Hz.

IV. COMPARISON O RESULTS

An inspection of the wire frame diagram of the impedence test
indicates that it represents the esseatial parts of the damper,
namely one plate and the vertical support with the actuator.
Therefore, the results would give a true representation of the

behavior of the damper under seismic loading.

Figures 7 and 8 show the bending modes of the vertical support
in 2 direction . The principal resonances detected at 29 and 61
Hz are torsional and in-phase bending of the support to

the spring. The ZPA frequency (Figures 17 & 18) is

about 15 Hz where the resultant horizontal acceleration is

V.362% + .42 - .538g. From Reference 2 the vertical support was
qualified for a horizontal load of 0.575g which is higher than

.538g with a ratio of 1.07 hence it is safe.

Also from Figures 13, 14 & 15 the resonances of the vértical sup-
port in the cross axis direction perpindicular to the vent axis

(X axis) are 19, 21 and 17 Hz respectively. As mentioned before
these frequencies are higher than the ZPA horizontal frequency of
15 Hz. Since in the analysis the supports were designed for

higher g values, hence it is safe. It must be noted that these three
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VI.

modes (19, 21, 17) are essentially identical responses of the

vertical support to its somewhat loose later ends. Figure 16
shows the 2nd bending mode curve of the support at 70 Hz > ZPA

frequency of 15 Hz.

As for the valve plate (leaf) Figures 9 through 12 show the bending
modes which are an expected bahavior of a simple plate bending
modes with irregular restraints. The lowest frequency is 38 Hz for
the plate (Fig. 9) which is almost two times the ZPA frequency at
the damper elevation. Since the plates were qualified statically
for 1.5 times the peak loads, therefore the damper load 5.1g is

considered safe enough to qualify the plates.

CONSIDERATION OF HIGH FREQUENCY RESONANCE

The ZPA frequency in the response spectra curves is about 15 Hz
in the horizontal and 25 Hz in the vertical directions. The highest
resonant frequency in the horizontal direction from the impedence

tests is about 17 Hz. There was no resonant frequency detected in
the vertical direction from these tests. Therefore, no special

calculation was required for the high frequency resonances.

CONCLUSION

Comparison and discussion of the results indicate that the loads
t:ken in the analysis as design basis confirm the fact that the
damper plate and vertical support have naturul frequencies higher
than the ZPA frequencies specified in the latest response spectra.
Therefore the qualification for this equipment is correct and

adequate.
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FIGURE
THE FIRST LEAF BENDING MODE AT 38 HZ
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221~
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RES.

102+
102+
227+
221+
221
221+
3X-
3X-
3X-

TABLE 3
HODAL PARAMETERS OF THE REACTOR BENDING ISOLATION DAMPER

LABEL  FREQUENCY DRHPING
1 28.996 0.05%
2 61.329 0.04¢
3 90.396 0.058
4 76.108 0.036
. 5 59.544 - 0.05
6 38.316 0.079
3 21.080 0.009
7 16,867 0.018
9 16.841 0.012
10 70.228 0.019
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ASSESSMENT OF VIBRATION CHARACTERISTICS AND

ANALYTICAL SEISMIC QUALIFICATION

I OBJECTIVE

SIZE = 240' x 97'

x 36

To assess the vibration characteristics of above equipment

determined analytically and by i: pedence test, and to determine

adequacy of equipment under the additional hydrodynamic loadings,

particularly in regard with the high resonances determined by

impedence test.

. I1 INTRODUCTION

In conducting this assessment, one must recognize the prac-

tical limitations of available analytical and experimental tech-

niques. For example, the finite element method is limited when

representing a structure by number of nodes, number of «lements,

nodal masses, nodal stiffnesses, idealized boundary conditions and

by the type of functional relations between the nodes.

On the other hand, experimental techniques such as impedence

testing is also limited by the number of locations utilized in

applying vibration inputs and in measuring vibration response.

Other limitations include inaccessability to certain areas, coherence

of signals, cross coupling between natural modes of equipment and

cross coupling with other natural modes of attached structures.
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Therefore, assessment of the results obtained by both methods,
has to consider these listed limitations and cons. quently has to be

based on engineering judgement of obtained results.

SUMMARY OF TMPEDENCE TEST RESULTS

The equipment is represented by the wire diagram shown on Page 6.
The panel was shaken with a small weight attached to the hydraulic
actuator at two locations as shown on Page G8& The nominal force uti-
lized is 1000 1bs.

The panel response was measured each time at 50 lccations in
86 directions. The resonant frequencies and damping were determined
from analytical fits of test data. The determined natural fre¢ uen-
cies are as follows:

fp Hy Direction *

17.02 X z
19.62
22.54
33.66
37.18
41.42
43.39
45.32
54.10
55.25
64.12
70.5
78.03
92.73 X z

* Axes referenced here are those of finite element model

< MO e
N N N N N N

®noX X X X X X X X
e
N

Z
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IV SUMMARY OF ANALYTICAL RESULTS

The reactor cooling core bench board has been represented by a
detailed and rigorous mathematical model.
The mathematical model consisted of 146 nodes, 174 beam elements
of 35 different beam types and 112 plate elements. The distributed
masses of the structure (beams and plate) are computed and distri-
buted at all respective nodes. The concentrated masses of mounted instru-
ments and devices are calculated in detail for each of 112 supporting node:
A schematic representation of the board by finite elements is
shown on page G9.

. Computed Natural Resonances of Main Bench Board

Modal Participation Along Global Axes *

Natural Freguencies Hz X Y Z

14.16 - .11 .01 T

15.88 1:.25 - ,01 - .07

21.02 .01 2.48 - .00

30.05 1.06 - .01 19

31.18 .02 .44 - 03

32.97 .03 1.10 3

34.64 .09 - .05 - 02

36.38 .03 =~ .04 - ,01

48.33 - .28 .02 - .01

52.76 .02 .03 - .05

| 56.81 .11 .09 - .11
57.58 .04 .08 .01

58.19 .10 = .05 .03

. 59.62 .00 .02 - 5353
64.76 .85 .09 - 07

* Global axes of Finite Element Model
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IV FREQUENCIES IN AGREEMENT

ANALYTICAL EXPERIMENTAL
15.66 17.02
21.02 22.54
32.97 33.66
36.88 37.18
48.33 45.79
52.76 54.10
56.81 55.25
64.76 64.12

V EFFECT OF RESONANT FREQUENCIES WHICH ARE NOT DETERMINED EXPERIMENTALLY

. It is advantageous that more natural frequencies are determined
analvtically thanby testing, since the dynamic stresses in the final
Qualification Report are based on analytically determined resonants and
their node participation factors.

In this case of the bench poard there are three frequencies that
fall in this category, below ZPA level of 33 Hz. These are 14.16 Hz,
30.05 Hz and 31.18 Hz.

If these natural frequencies do exist, they are already included
in the stress computation. If they do not exist, this could be an
added consec>rvative element in the seismic qualification. Investi-
gation of transfer functions obtained in impedence test report show
that there is no peak of g level at 14.16 Hz. at 30.05 and 31.18 Hz
there are high levels in some transfer functions and very few peaks

. in some others, see pages -C17,G18G19 . The conclusion is that

inclusion of 14.16 Hz as a natural frequency in the Finite Element
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analysis is considered an added conservation, and the inclusion of
30.05 Hz and 31.18 Hz is considered an added accuracy of the analy-
tical analysis over the experimental analysis.

EFFECT OF RESONANT FREQUENCIES DETERMINED EXPERIMENTALLY AND NOT
INCLUDED IN ANALYTICAI RESULTS

1) kesonants Below ZPA level

This is generally a cause of concern especially to the seismic
stresses calculatec analytically, however, in this equipment only
one frequency of 19.34 falls in this category.

The investigation of transfer functions indicates that there
is only one peak of the g level curve at this freQuency, page o
This transfer function resulted from the test when the shaker
(weight 122 1lbs) was attached to the side of the board and input
vibration was directed along + X direction at node 27 and the
response was measured along - X direction at the same node. The
effect of addinag the mass of the shaker at this location would be
a lowering of the actual frequencies i.e.. The actual frequency
of 21.02 which was confirmed both analytically and experimentally wés
temporarily lowered to a level of 19.34 Hz. Therefore, we con-
clude that this frequency is not an added mode which was not picked
up by the analytical analysis but rather an artificially lowering
ot an existing mode of vibration. It must be added, however, that the
g level at this frequency in this direction (horizontal) lie in the
ZPA range if .42 g's, hence contribution of this mode is not signi-

ficant.
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2) Resonants Above ZPA Level

There are three natural frequencies which fall into this cate-

gory. These are

70.5 Hz, 78.03 Hz and 92.73 Hz. Since these

fre-

quencies are higher than the ZPA level, there will be no added

seismic loads on the board structure due to these frequencies.

Therefore, the qualification of this equipment which is based on con-

sidering the analytical frequencies alone are still valid.

CONCLUSIONS

Based on the fact that the analysis considered the

additional hydrodynamic loads, and based on above assessment of ana-

-lytical and experimental vibration characteristics,

it is concluded

that the analytical result has been verified by the impedence test

and that the qualification of above equipment is based on sound

and verifiable technique.

It is also concluded that extending the qualification of this

board (1H13-P601)

to gqualify the two boards [1H13-P602 and 1H13-P603]

which are sim lar in structure and contain less and lighter egquipment

is therefore adequate.

is based on the following reasoning. Since the structures of

two other boards are simular to that of lH13-P601 board,

The adequacy of this extended qualification

the

and the

masses of mounted instruments/devices are lower the natural frequencies of

the two boards will be higher in magnitude and the seismic stresses

will be lower.
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I. OBJECTIVE

11

To assess the vibration characteristics of above equipment determined
analytically and by impedance testing, and to determine adequacy of
equipment under the additional loadings, particularly in regard with

the high resconances determined by impedance test.

INTRODUCTION

In conducting this assessment, one must recognize the practical
limitations of available analytical and experimental techniques.

For examples, the finite element method is limited when representing
a structure by number of nodes, number of elements, nodal masses,
nodal stiffnesses, idealized boundary conditions and by the type of

functional relations between the nodes.

On the other hand, experimental technigues such as impedance
testing is also limited by the number of locations utilized in
applying vibration inputs and in measuring vibration response.
Other limitations include inaccessability to certain areas,
coherence of signals, cross coupling between natural modes of
equipment and cross coupling with other natural modes of attached

structures.

Therefore, assessment of the results obtained by both methods,
has to consider these listed limitations and consequently has to

be based on engineering judgement of obtained results.
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I11. SUMMARY OF IMPEDANCE TEST RESULTS

The valve and part of attached pipe are represented by the wire
diagram shown in page HE. The small weight (122 lbs) was attached
to the Transitek hydraulic actuator. The positions in which the
hydraulic actuator provided force are shown in page H9. The top of

valve actuator was tested by hammer impulse in the direction parallel

with the valve actuator stemn.

Representative transfer functions resulted from shaker positions 1,

2 and 3 are shown in pages HI0 through Hi2,.

. The results of the impedance test are listed as follows:
FREQUENCY Hz DESCRIPTION
17.5 Bending of yoke section along y* axis
ke Bending of yoke section along x* axis
53.8 Torsion of yoke section around z* direction
30.4 Coupled resonants of pipe in Bending and Test line.
37.3 Coupled resonants of pipe-valve body and limit
switch bracket
66.4 Pipe-valve body bending mode
75.6 Pipe~-valve body bending mode
89.6 Pipe-valve body bending mode
. 86.9 Pipe bending mode
93.4 Pipe bending mode

*Axes referenced here are those utilized in impedance test, page H8
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Iv.

The first three modes are the fundamental frequencies of the upper
yoke section. The remaining seven modes are typical bending modes
of pipe and valve body vibragtion. As shown in the attached mode
shapes pages Hle through H22. Five of the seven modes are decoupled
completely from the yoke section modes. It is important to note
that there are two resonants of the pipe 30.4 Hz and 37.3 Hz. which
are coupled with a resonant frequency of the test line and that of

the limit switch bracket respectively. The mode shapes of these

two critical frequencies are shown in pages HI®& and H19.

SUMMARY OF ANALYTICAL RESULTS

Only the yoke section was modeled. for finite element anaivysis to
determine the determine the natural frequencies and the maximum
dynamic stresses of the yoke section. Page H23 shows the finite

element model. The results are as follows:

FREQUENCY Hz DESCRIPTION
16.66 Bending mode along y* direction
16.74 Bending mode along x* direction
41.31 Torsional mode
77.14 Combined bending & torsion
88.82 Combined bending & torsion

* Axes referenced here are those of finite element model page HZ23
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The mode shapes determined analytically are shown in page H24&

through H26.

NATURAL FREQUENCIES IN AGREEMENT

The following is a list of frequencies which are determined
analytically and were confirmed by the impedénce test. The first
three modes represent the three fundamental modes of the yoke

section. The fourth resonant is that of the limit switch bracket

assembly.

ANALYTICAL Hz IMPEDANCE. TEST Hz DESCRIPTION
16.66 17.5 Bending along y*
16.74 21.2 Bending along x*
41.31 53.8 Torsional
35,12 37.4 Limit Switch Bracket
77.14 i Pipe mode coupled with

twisting of yoke section

88.82 89.6 Pipe mode coupled with

twisting of yoke section

*Axes referenced here are these of finite element model.

FREQUENCIES DETERMINED BY IMPEDENCE TEST WHICH ARE NOT INCLUDED

IN THE ANALYTICAL RESULTS

There are four modes which fall in this category. These modes
concerns only the valve body and the attached piping. The mode

shapes at these frequenices are shown in pages HI9 through H2Z.
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These modes were not picked up in the dynamic run because the
finite element model did not consider the valve body or the
attached pipe. It is important to note, however, that the
impedance test results clearly showed definite seéaratipn between
the modes of vibration of the upper yoke section and five other
modes concerning the valve body and attached pipe. It is therefore
concluded that the additional seven nodes determined by the
impedance test shall have no éffect on the analytical results which

was intended for the upper yoke section.

.VII. ANSWERS TO THE COMMENTS MADE BY TRANSITEK, INC. IN THE IMPEDENCE

TEST REPORT

Two comments were included in the impedence test report of the MSIV
valve. The first is a recommendation to analyze the fatigue life
of the limit switch bracket in light of the coupling of frequencies
between one of the pipe modes and that of the bracket. The second
comment is a recommendation to secure the 1" test line since there

is a coupling between one of the pipe Modes and that of the test line.

The Limit Switch Bracket

The Final Qualification report of the MSIV valve EMD-029523 did
include determinatic 1 of three fundamental modes of vibration of
. the bracket. One of thesr modes is torsional about the center of

mounting bolts of 37.6 Hz. This mode is coupled with one of the
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VIII.

pipe modes measured by impedence test. However, the detailed fatigue
analysis included in the Final Qualification report did indicate that

the fatigue life of the bracket is sufficiently secured.

The 1" Test Line

Based on field assessment conducted by the preparer on May 22, 1981

"it was concluded that the coupling of frequencies reported in the

impedance test report Ref, (2) is due to the fact that the 1" test
line of the tested valve 1B21-F022A was not yet supported at the
corner of two long arms as it should according to the installation

procedures.

After inspection of the 1" test line of 1B21-F00C valve which is
supported at the corner it was concluded that adding this support
to all eight valves will increase the natural frequency of the test

line and will reduce the amplitude of vibration of the new natural

mode.

Therefore, it is concluded that the recommendation included in the
impedance test is based on temporary conditions and that the
installation of the corner support will resolve this problem

completely.

CONCLUSIONS

Based on the fact that the analysis considered the additional

hydraudynamic loads and on above assessment of analytical and
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experimental vibration characteristic and based on the answers
provided to Transitek comments it is concluded that the analytical
results has been verified by the impedance test and that the
qualification of above equipment is based on sound and verifiable

technique.

It is also concluded that extending the qualification of this MSIV
valve (1B21-F022A) to qualify the other sever MSIV valves
(1B21-FP022B,C,D) and (1B21-F028A,B,C & D) is adequate. The adeguacy
of this extended gualification qualification is based on the fact
‘ that all eight MSIV valves are similar in structure and subject to

similar Joads.

IX. REFERENCES

1) Seismic qualification of MSIV valve #1B21-F022A/D,

EMD- dated Rev. 0.

2) Impedance test report for MSIV valve 1B21-F022A

EMD- dated 3/17/81.

3) Final test report SQRT in plant impedance testing,
LaSalle Co. 1. Transitek, Inc. Job No. 80042,

EMD-029601-00 dated
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A WIRE FRAME DRAWING OF THE VALVE AC'UATOP AND PIPING
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