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This document contains material that is proprietary to the Westinghouse
Electric Corporation. The proprietary information has been marked by
means of brackets. The basis for marking the material proprietary is
identified by marginal notes referring to the standards in Section B of
the affidavit of R. A. Wiesemann of record "In the Matter of Acceptance
Criteria for Emergency Core Cooling Systems for Light Water Cooled
Nuclear Power Reactors (Docket No. RM-50-1)" at transcript pages 3706
through 3710 (February 24, 1972).

Due to the proprietary nature of the material contained in this report
which was obtained at considerable Westinghouse expense and the release
of which would seriously affect our competitive position, we request
this information to be withheld from public disclosure in accordance
with the Rules of Practice, 10 CFR 2.790, and that the information pre-
sented therein be safeguard in accordance with CFR 2.903. We believe
that withholding this information will not adversely affect the public
interest.

This information is for your internal use only and should not be
released to persons or organizations outside the Directorate of Regu-
lation and the ACRS without prior approval of Westinghouse Electric
Corporation. Should it become necessary to release this information to
such persons as part of the review procedure, please contact Westing-
house Electric Corporation and they will make the necessary arrangements
required to protect their proprietary interests.
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1.0 OBJECTIVE

The objective of this qualification program is to demonstrate that the
four-bay cabinet of the Two-Train Solid State Protection System (35PS)
will experience the camparable in-equipment seismic responses to those
of the three-bay SSPS cabinet which has been demonstrated to be seismic-
ally adequate in the previous tests. A qualification program pased on
the combined analysis and test approach was employed to establish the
in-equipment response spectrun comparison for the seismic service condi-
tions defined in Figure 1.

7674A
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2.0 EQUIPMENT QUALIFIED

2.1 The four-bay cabinet of the Two-Train Solid State Protection System
(SSPS) results from bolting together a one-bay and a three-bay
cabinet, The complete assembly is attached to a common base which

in turn is fastened to the floor.

2.2 The mechanical drawings applicable to the equipment are liste¢ in
Table I.

7674A
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3.0 PERFORMANCE SPECIFICATIONS

The seismic behavior of the four-bay cabinet of the Two-Train Solid
State Protection System was investigated through the combined analysis
and test approach for the seismic service conditions defined by the
required response spectra for Safe Shutdown Earthquake (SSE) of Figure 1.

7674A
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DESCRIPTION OF PREVTOUS TESTS

~

he equipment, facili 5 and procedures used in the previous test are

sumnarized in th

Three-Bay SSPS Cabinet

-

three bay cabinet seismic tests are reported in references

4.

{ WFMV{

of all test equipment used during previous testing

appears in Table

The three-bay cabinet mounted on a 30 inch x 90 inch x 4
inch steel mounting bracket was bolted to the vibration

le to simulate field conditions.

Vibration Input

—




WESTINGHOUSE CLASS 3
4.1.3.2 Vibration Monitoring

Time histories of the accelerometer outputs were obtained
during each vibration input test and were uced as an aid in
determining resonant conditions if any, and provided
additional information as to the localized acceleration
intensities in the equipment,

4.2 Rotary Relay Tests

The time histories and response spectra at various locations in the
three bay cabinet reported as part of the rotary relay test program
(Reference 1) were used to develop the in-equipment seismic responses
for this program,

7674A
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5.0 PROCEDURES FOR THE COMBINED ANALYSIS
AND TEST APPROACH

The combined analysis and test approach is employed to demonstrate that
both the three-bay and four-bay cabinets are to experience the compar-
able in-equipment seismic responses when subjected to the same seismic
inputs. The two cabinet modules, the three-bay and the one-bay cabinet
which comprise the four-bay cabinet have been previously qualified as
described in references 3 and 4, In view of this, if it can be shown
that, under the same seismic condition, the four-bay cabinet will under-
go comparable seismic responses to that of the three-bay cabinet, then
the three-bay qualification results can be used to demonstr ate the
seismic adequacy of the four-bay cabinet. The following is a discussion
of the the procedure which leads to this conclusion.

5.1 Validation of Cabinet Analytical Models

Finite element models were first devised for each of the individual
three-bay and one-bay cabinets. The adequacy of the models were
verified by a camparison of the camputed and measured natural fre-
quencies. This correlation was carried out for both the three-bay
and the one-bay cabinets for the lowest few modes of vibration. The
two cabinet models were then coupled to form the four-bay analytical
model .

5.2 Boundary Conditions

The bolted base boundary conditions and the mass and stiffness
properties of this four-bay cabinet model are kept canpatible to
those used in the ndividua! three-bay and one-bay models.

5.3 Modal Analysis of the Cabinets

Moda! analysis of the four-bay, the three-bay and the one-bay
cabinets were performed. Seismic response properties such as

7674A
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natural frequencies, mode shapes and participation factors were
generated for all the modes with frequencies less than [ 1a,b,c.

Assumptions

Similar to the procedure (reference 2) used in generating the
multi-frequency and multi-axial test inputs by means of test data an
analytical equivalent of the procedure was developed to compute the
in-equipment required response spectra at device locations. In this
case, the test validated modeling criteria for the three-bay cabinet
are assumed to be valid for the four-bay applications.

In-Equipment Required Response Spectra

The response spectrum analyses for a group of sine-beat input wave-
forms were performed to compute the most probable maximum in-equip-
ment accelerations. W WECAN Computer Code was used for finite element
modeling. Computations were done for a number of device mount
locations. The responses as functions of sine-beat frequencies and
amplitudes were first generated for all the cabinets involved. The
in-equipment response spectral peaks were then generated for all the
device locations of interest. The inputs associated with all the
equipment principal axis directions were considered. Use had been
made of the previously 2vailable seismic cabinet amplification data to
arrive at a conservative estimate of the spectral peaks and the
frequency content of the in-equipment response spectra. Finally, the
envelopes of the spectral peaks were established.

Structural Integrity and Functional Operability Considerations

The seismic structural integrity of the four-bay cabinet is evalu-
ated by reviewing the response characteristics for both the three-bay
and the four-bay cabinet. Geometrical properties such as the aspect
ratios of the individual cabinets were considered for determining the
overturning effects on the structural adequacy.

7674A



WEST INGHOUSE CLASS 3

For electrical operapility considerations, a comparison is made on
the spectral intensity and frequency contents of the in-equipment
response spectra computed for both the three-bay and the four-Day

cabinets.
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6.0 RESULTS

The detailed finite element models have been developed to compute
seismic behavior of the Solid State Protection Cabinets. These test
validated models are considered adequate for establishing the comparison
between the in-equipment required response spectra of the three-bay and
the tour-bay cabinets. Table III lists the measured and the computed
natural frequencies for the cabinets. Vertical modes are found to have
frequencies higher than [ 1a,b,C, They are not seismically
significant and are considered inconsequential,

It is shown that for the floor seismic service conditions defined in
Figure 1, the four-bay cabinet will experience less severe seismic over-
turning response than the three-bay cabinet previously qualified for
structural integrity. Hence, the four-bay cabinet is structurally
qualified.

Figure 2 shows the comparisor of the in-2quipment response spectra for
the cabinets corresponding to the Figure 1 seismic conditions. Since
there exists essentially the same envelope spectral curve both in
intensity and frequency content, operability aualification previously
achieved for the three-bay configuration in references 3 and 4 are
considered applicable to the four-bay cabinet.

7674A
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7.0 SUMMARY

The combined analysis and test approach has been introduced to generate
the in-equipment required response spectra for the generic floor seismic
cervice conditions, In-equipment envelope response spectra for the
Solid State Protection System (SSPS) cabinets were developed. Struc-
tural integrity qualification was obtained by considering the overturn-
ing moment effects. The operability of the three-bay cabinet was
demonstrated in previous tests. Since comparable in-equipment response
spectrum envelopes are seen to exist for the three-bay and the four-bay
cabinet configurations, the operability seismic qualification previously
achieved for the three-bay configuration is considered applicable to the
four-bay cabinet.
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TABLE 1

FOUR-BAY CABINET OF THE TWO-TRAIN

SOLID STATE PROTECTION SYSTEM - MECHANICAL DRAWINGS

Qutline and Installation

Assembly (SNUPPS)

Cabinet Sub-assembly

Cabinet Weldment Output II

Cabinet Weldment Three-Bay
Cabinet
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TABLE 111

COMPUTED AND MEASURED NATURAL FREQUENCIES

a,b,c
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Figure 1 Required Response Spectrum Envelopes-
Four Bay Solid State Protection System
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Figure 2 Comparison of the Three-Bay and the Four-8ay
In-Equipment Horizontal Required Response Spectra

a,b,c
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