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DISCLAIMER OF RESPONSIBILITY

This report was prepoved as am accowns of vesearch snd develop-
ment work performed by Gemerval Elecivic Company. It is being
made aveslable by Geneval Electric Company without comsiders
tiow im the imtevest of promoting the spread of techwical knowl-
dp Neitber General Electric Company nor the individual antbor:
A. Makes amy warranty or representation, expressed or implied,
with respect 10 the accuracy, compleieness, or usefulmess of the
imformation comtuined im this report, or that the wie of amy
imformation disclosed im 1bis repors may mot infringe privasely
owned rights; or
B. Assumes any responsibility for liability or demage which may
reswlt from the use >f amy informarion disclosed im 1his veport.
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ABSTRACT

This Licensing Topical Report describes the program of General Electric
Company for the seismic qualification of Class I* electric equipment on all
standard product line reactors. Included are discussions of design criteria
and current qualification methods. Sample documentation is provided to
illustrate actual application of described procedures.

1.0 INTRODUCTION

It is the goal of the General Electric Company to design and qualify the
Class I electric equipment used on the boiling water reactor to assure the
proper functioning of such equipment before, during, and after being exposed
to a Safe Shutdown Earthquake (SSE). This report shows how that goal is reached
by describing the design criteria, the qualification methods and the documenta-
tion used.

Ths field of seismic design and qualification is a relatively new one and
requires an interesting marriage of the electrical equipment designer and the
structural dvnamicist. For this reason, it was not until 1969 that any national
standards organiiation approached the problem, and it was not until 1971 that the
first standard for seismic qualification was issued for trial use by the IEEB.l

Prior te 1971, however, the General Electric Company had begun a seismic
qualification effort which did not differ markedly from IEEZ 344. Since there
vere no guidelines at that time and since such qualification may cost an apparently
disproportionate percentage of the equipmeni’s cost, a very conservative approach
was takeo in the hope that as the state of the art advanced, the early effort
would nuc be wasted.

* Class I electric equipment as used in this report has the same meaning as
defined in ITEE 344-1971, "ILEE Guide for Seismic Qualification of Class I
Electric Equipment for Nuclear Power Generating Stations.”

1
IEEE 344-1971 TIEEZ Guide for Seismic Qualification of Class I Electric

Equipment for Nuclear Power Generating Stations, New York, NY, 1971.
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2.0 DESIGN CRITERIA

All instrumentation and electiic equipment required for nuclear safety
for any reactor site is capable of performing all safety related functions
during normal reactor operation, during anticipated transients, during design
basis aciddents and during post-accident operation while being subjected to the
accelerations resulting from the SSE at the point of attachment of the equipmert
to the building or supporting structure.

2.1 SEISMIC CONDITIONS

f£ince General Electrie instrumentation and electric equipment are used on
many nuclear power plants with differing seismic requirements and in 4ifferent
parts of the plants (with differing amplifications), such products are designed
to meet the above criteria for a standard seismic loading chosen to exceed the
requirements for any given site, The present design acceleration and frequency
tequirements at the puint of attachment to the building structure are:

Horizontal 1.5g
Vertical 0.5g8

Frequency 0.25 to 33 Hz

If any specific site requires se.smic capabilities greater thar the above values,

the instrument and electric €quipment capabilities will he evaluated on a case
basis.

The standard seismic loadings were determined through a study .¢ response
spectra for many different reactor sites, equipment locations and building
designs. The method used to obtain the seismic loading from the response spectra
vas the same as that described in IEEE 344. Since the response spectra rep-
resent the Jucus of maximum accelerations of single degree of freedom bodias
when excited at their mountings by a giver acceleration time - hiscory, it is
Recessary to determine the peak excitation function that produced such a resgonse.
It is their excitation (floor acceleracion) that will be u-ed to test actual
equipment. To do this, the value at the high frequency end cf the spectrum
(above the frequency at which the acceleration remains constant with increasing
frequency) is taken as the maximum acceleration at the base of the equipment.
Since it is not possible to reconstruct the time - history which produced the
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response spectrum, a conservative a-proach is to assume the maximum accelera-

tion to be present over the full freyueacy range. Figure 2-1 shows a sample

ground response spectrum from whick th. ground z=ceieration could be determined

as 0.15g.

The rationale for using a response spectrum to determine floor motion is

based simply on the mathematical method used * .nerate the response spectrum,

Since the plot is a composite of the peak acceleration that would be generated

by single degree cf freedom bodies when subjected to a particular ground or

floor acceleration sequence, it is apparent that the maximum acceleration of

the bodies with higher resonant frequency than those contained in the forcing

acceleration will be equal to the maximum forcing acceleration. This is true

since the higher frequency bodies will be relatively rigid at the iower fre-

quencies of the forcing acceleration and will move on a one-to-one basis without

amplifying the input acceleration. This is seen in the sample spectrum shown

in Figure 2-1 where the forcing accelerations above approximately 13 Hz provide

insignificant energy inputs.

A3 mentioned above, the standard

values of vertical and horizontal accel-

erations were obtained by stucying rerponse spectra for many ruclear power
plants. Soue of the plants studied are listed in Table 2.1 along with the

valies of accelerations. Tha values in Table 2.1 were obtained at 20 Hz instead

of the presently used value of 33 Hz because at the time this work wvas performed,

this vas generally considered the upper end of the amplified portion of the

response spectrum and, as can be seen from Figure 2-1, the use of a lower fre-

quency gives a more conservative value. It is important to note at this point

that this discussion has been directed specifically at cthe method used to gene~

rate the standard acceleration level that was used for the qualification of

Class I equipment. Each plant requirement is evaluated against the standard

acceleration level to assure that the standard is in all vays in excess of the

actual requirement.

2.2 EQUIPMENT PERFORMANCE

As mentioned in Section 2.0, safety related instrumentation and electric

squipuent must be capable of performing their safety functions during and after

& Safe Shutdown Earthquake. To establish these functions, General Electric has

determined which systems, subsystems,

and equipment have safety related functions.

PP A
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TABLE 2.1

Worst Case Floor Acceleration

Floor Acceleration
Resulting From

SSE
Equip. Location
Ilﬂﬁﬁ. (Elevation) Vert. Horiz.
Dresden 2/3 517 ft 6 in. 0.26g 0.52g
Quad Cities 1/2 595 ft O in. 0.19 c.38
Fukushima I 1C.2¢ 0.36 0.72
Millstone 14 ft 6 in. 2.17 0.34
Monticello 939 ft 0 in. 0.17 0.34
Pilgrim 23 ft 0 in, 0.20 0.40
Vermont Yankee 272 fet 6 in, 0.30 0.60
Peach Bottem 150 fe O im. 9.21 0.42
TVA 1/2/3 621 ft 3 in. . 0.25 0.50
3593 ft 0 in. 0.20 0.40
Copper Station 903 £t 0 in, 0.17 0.34
Hatch 164 ft 0 in, 0.13 0.22

The safety related functions are determined and qualification is performed to
verify that these functioas can be accomplished during and after the SSE. The
mechanisms of failure and the standards of performance for Class I electric
equipment differ from those of mechanical since, in most cases, mechanical
failure (yield, buckling, etc.) may not affect the perrormance of the equip-
ment's safety function. Conversely, mechanical pProperties such as stiffness,
damping, and mass may have a great bearing on the accelerations seen by the
electric equipment and are very important design considerations. Also, as will
be discussed below, the Frimary safety functions of a number of components is

the retention of reactor Primary pressure, and the evaluation is therefore
treated somewhat differently.
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3.0 QUALIFICATION

One of the goals of the General Electric seismic qualification effort for
Class I electric equipment is to generate data which verify that the equipment
r4n meet its safety related performance requirements during and following an
SSE. It is a further goal to do this in accordance with applicable national
standards, regulatory requirements, and particular plant needs.

The accepted means of qualification are type testing, analysis, and oper-

ating cupcrtcncc.(z)

The former is preferred, but when there are practical
limitations the latter two may be used to augment or extend the type tests.
Genaral Electric's application of these methods for seismic qualification is

described in the following paragraphs.
3.1 OPERATING EXPERIENCE

In general, the use of operating experience is not practical for seismic
qualification due to the lack of adequate hist-rical data ard because the
"worst case"” or SSE hae never been found to occur. Operating experience was
usad, however, to partially substantiate the validity of analysis and testing
methods by analyzing the performance of General Electric switchgear at t.e
Sylmar terminal of the Pacific High Voltage Direct Current intertie during and
after the San Fernando earthquake of February 9, 1971.(3)

3.2 ANALYSIS

When equipmert is large or structurslly simple, it is often more practical
to demonstrare its seismic capabilit: by dynamic analysis. When each important
sub-structure or mode of vibration can be properly represented dynamically as
having one degree of freedom, analysis is particularly straight-forward,
reliable, and efficient. For complicated aquipment where considerable diffi-

culties are encountered in proper mathematical modeling, testing is usually
preferred.

) 18EE-323 - 1971, IEEE Trial Use Standard: General Gulde for Qualifying

Class I Electric Equipment for Nuclear Power Generating Stations.
Paragraph 4.3

(J)loylc. Skreiner and Test, “Sei.mic Requirements for Electrical Equipment -
An Analysii of the IEEE Seismic Guide,” presented at the Pacific Coast
Electrical Association Meeting, San Francisco, CA, March 16, 1972,
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Dynanic seismic analysis of equipmen: can be considercd as comsisting of
three parts:

1. Determination of the natural frequencies in the frequency band of
interest (0.25 to 33 1z is currently beirg used).

2. Determination of the .vropriate seismically induced intertial forces

a8 a function of the natural frequency of the equipment, location of
the equipment, and the earthquake response spectrum.

3. Combination of the seismically i.'uced inertial forces on the equip-
ment with the other forces which can occur simultaneously.

3.7.1 Natural Frequency Dotcrlinltigg

The analy .ically determined natural frequencies
obtained by denerating an analytical model which is
ment behavior for frequencies below 23 Hz.

of the equipment are
represeantative of the equip-
This may reguire a model with
hundreds of degrees of freedom or may require only one degree of freedom. The
large, complex analytical models are used oa equipment which is too large to
test under opera ional condicions vith the
and accelerations.

required seismic frequency spectrum

For the important special case when the equipment and/or its components

can be properly mudeled as a single-degree-of-freedom system, the natural
frequency is obtained from the relationship

1 K
Ak - M (1)
when
f is the natural frequency in Hz
K is the effoctive stiffness in 1b/in

M is the effective mass in 1b lcczlin.

This equation is often used in the form

3.13

vhere
61s the deflection in inches of the center of mass when a forcas equal to

the effective weight is applied at the center of mass.
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3.2.2 laortlal Force Dctctninqsifgl

When a aultidegree-of-frecdom system is analyzed, the inertial forces f~r
each mode are obtained using the response acceleration from the respunce
spectrum at the point where the equipment is attachad to a much heav.ier
structure (see Appendix A for descripticam).

An importart special case is & single-degree-oi-freecom systim. 1z this
case, tne inertial force equals the product of the masa and the response
acceleration (for the natural frequency of ths equipment) from the response
specctrum at the point where the equipmant is «ttachad to a much heavier

st.ucture.

Another important special case occurs when the natural frequercies of the
vquipment are all greater than 33 Hz. 1In this case, the incrtial force iquals
tte product of th: mass tires the maximum acceleraiion at the poict wherw the
equipment is attached to a much heavier structure. -

3.2.3 Combination of Fovces

The seismically induced forces are .ombined with the other forces
according to the requirements of IEEE-344.

Whea a multi-degree-of-ireedom svstem is analyzed by the response spectrum
method, the seismically induced inertial forces sre obtained from the square
root of the sum uf the squares of the modal forces (see Appendix A for
description).

3.2.4 Pressure Boundary Devices

Class I pressure boundary devices are qualified in accordance with
Section III of the ASME Boiler and lressurs Vessel Code. When applying this
Code, stresses due to seismicaly irduced inartial forces are treated as
primary stresses. Stresses due to differertial movement of heavy supporring

structures or equipment are treated as secondary stresses.

The seisaically induced inertia forces fur usa in the Code analysis ave

determined by dynamic analysis, tests, or a combination theraeof.
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3.2.5 Combined Test und Analysis

Often equipment capability is demonstrated by a combination of tests and
analysi- When this is done, the tests are performed in the manner described
in Secti. .3 and the analysis in accordance with Section 3.2.

Many of the tests are performed on a shake table which has minimum fre-
quency limit of 5 Hz. The equipment tested at frequencies above 5 Hz is
analyzed to demonstrate that there are no components that affect the Class I
functions that have natural frequencies below 5 Hz. This is done by first
separating the components into those which, by inspection, obviously have
natural frequencies greater than 5 Hz and those which might have a natural
frequency less than 5 Hz. Those which might have a natural frequency below
5 Hz are analyzed with sufficient accuracy to demonstrate that there are no
natural frequencies below 5 Hz (see exarple in Appendix B). If this is not

possible, the component is modified, tested at a lower frequency, or replaced
by an alternate dasiga.

Another use of combined test and analysis occurs with equipmemt which is
structurally simple except for a few complex components. In this case, the
acceleration at the component locations is calculated and the component is

tested to demonstrate its functional capability at the calculated accelerations
and frequencies.

3.2.6 Static Analvsis

If the above analysis or the tests described below show that the equipment
is rigid (does not contain resonances in the frequency band of concern), a
statis analysis may be pct!orn.d.“) For rigid control panels (the basic
structures are a standard design), analysis has shown that the
bolts are the points of highest stress.

floor mounting
Tha utatic analysis on all control
panels consists of an analysis of the bolts and is performed as descri“ed in
Appendix C. The stress determination for
Table 3.1.

a typical set of pannels is shown in

3.3 TESTING

The testing of Class I slectric equipment is accomplished in one of two
wvays depending on whether the equipment is a device or an assembly of devices.

) reex 344-1971, op etc, 3.1.3.

4
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Table 3.1
Sample Stress Determination for a Typical Set of Panels
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By “device" is meant the basic electric building block such as a relay, motor,
or sensor which may become a part of the more complex "assembly" (such as a
control panel or large switchgear). Since the devices are basically simple in
function, input, and electrical connections, seismic testicg {n an operating
condition is very practical. Tha larger assemblies may contain pleces of
various operating systems and subsystexs and are impractical to test in an
operating condition. For this reasom, the following test procedures are used.

3.3.1 Device Testing

A3 mentioned in paragraph 2.2, the safaty relared systems are established
and the Class I electric devices determinsd. In General Electric's seismic
qualification effort, seventy-two types of devices were identified as Class I.
Table 3.2 lists those devices and indicates which were tested. Note that this
is an ongeing effort and, a3 plant designs change, more devices are added to
the list (or deleted) with the result that seversl have yet to be tested.

The test procedure for devices requires that the devices b: mounted on
the table of the vibration machine in @ manner similar to which it will be
installed. The device is tested in tha operating stutes that it will be used
vhile performing its Class I functions and these stat«s ars monitored before,
during, and after the test to assur« proper function and absence of spurious
function. In the case of a relay, both energized and de-energized states and
normally open and normally closed contact configurations are tested if the
relay is used in those configurations in its Class I functions.

The seismic test itself is the so-called "continuous" test in which the
vibration is applied in the form of a sinusoidal table motiocn at a fixed peak
acceleration and a single frequency at any given time. Each frequency and
acceleration combination is maintained for at least 30 seconds except when a

resonance search is being made.

The vibratory excitation is applied i{n three orthogonal axes individually
with the axes chosen as those coincideat with the most probable mounting
configuration.

The first step is t» search for resonances in each device. This is done
since resonances cause amplification of the input vibration and are the most
likely cause of malfunction. The resonance search is usually run at low
acceleration levels (0.2g) in order to avoid deatroying the test sample in

-11-
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CASe a severe resonance is encountered. The resonance search is currently

run from 5 Hz to 33 Hz in accordance with IEEE-344 in no less than 7 minutes;

if the device is large enough, the vibrations are monitored by .cceleromaters
placed at critical locations from which resonances are determined by comparing
the acceleration level with that at the table of the vibraticn machine. Usually,
the devices are either too small for an accelerometer, have the.r critical pacts
in an inaccessible location, or have critical parts that would be adversely
affected by the mounting of an accelerometer. In these cases, the resonances

are readily detected by visual (strobe light), audible observation, or
performance.

Following the frequency scan and resonance determination, the devices are
tasted to determine their malfunction limit. This test is a necessary adjunct
to the assembly test as will be shown later. The malfunction limit test is run
at each resonant frequency as determined by the frequency scan. In this test,
the acceleration level {s gradually increased until either the device malfunc-
tions or the limit of the vibration machine is resched. If no resonances vere
detected (as is usually the case), the device is considered to be rigid (all
parts move in unison) and the malfunction limit is therefore assumed to be
independent of frequency. To achieve maximum acceleration from the vibration
machine, rigid devices are malfunction tested at the upper test frequency

(33 Hz) since that allows the mazimum acceleration to be obtained from
deflection-limited machines.

The summary of the results of tests on the devices used in Class I appli-

cations by General Electric given in Table 3.2 includes the malfunction lilit_

and resonant frequencies for each device tested. It should be noted that, in
general, the devices were not checked for such characteristics as the ability
to change state and the maintenancs of required accuracy, but rather were moni-
tored for spurious operation when set close to (within 2% usually) a trip level.
If these characteristics vere measured, an excessive length of tims would be
required and .iie devices would be exposed to the malfunction vibration for a
period which might cause fatigue failure and iasccurate results, Note also

that severzl devices in Table 3.2 lack malfunction limits. This is because

testing was in progress when this report was prepared.

The above procedures are required of purchased devices as well as those

made by General Electric. Vandor test results are revieved and if unacceptable,

-12-
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Table 3.2
Seismic Class I Electric Equipment
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the tasts are repeated by Genecel Electric. If the vendor tests ar~ adaquate,
thé device is considered qualified to the limits of the rast.

3.3.2 Assembly Testing

Assemblies of devices which have had seismic ws)functica limits established
are teste< by mounting the assembly on the table of a vidration @achire in the
manner it i{s to be mounte¢d when in use and vibration tested vy running a low
level resonancs search. As with the devices, the assemblies are teste¢d in the
three malor orthogoanal axca. The resonance fearch is run in tie same manner
as described iu paragraph 1.2.) for devices. 1{ resonances are present, the
acceleration leve) is graduaily increased at the resonant frequency (or fre-
quencies) until the measured acceleraiion at the location of the critical
devices reaches the mzlfunc..on level previocusly determined for tie davices.
The lowest floor acceleratlion at which tiie malfunction level i+ reached is
defined ar the malfunction floor accelerrtion limit for the agsemblisa, .f no
resonances exist, the assembly may be considered a }1;16 body and its malfuoc~
tion limit may be considered that of the device mounted on it that has the
lowest seismic capability.

Since control ;e~als and racks constitute the majority of Class I elsceri:
assemblies supplied by Ceneral Electric, seismic qualification tasting of these
will be discussed in more detail. There are four generic types as shown in
Teble 3.3. One or more of each type was tested using the abuve procedure.

Table 3.3
Panel Types
Typical Number
Panel Type Use Per Plant
Vertical Buard, Operating Information 9
Benchboard acd Controls
Instrument Racks, Nuclear Sceam 3
Cabinets Supply Monitoring
Instrurmcatation

Local Racks Process I[nstruments 15
NEMA Type 12 Miscellanecus 2

Enclosures

Figures 3-1 through 3-4 {llustra‘e the panel tvpes referencsd above and
show typical accelerometer locations. As ca> be seen from these {llvecraions,

-14-
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ACCELEROMETYER LOCATIONS /

Flgure 3-1. 1ypical Vertical Board (benchboard would be the same
with a bench section prutruding out about half way down).

Binnd 1.7

Figure 3-2. Instrument Rack (cabinet would contain pages or other
special instruments instead of simply drawver type {nstruments).
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Figure 3-3. Typicai Local Rack
(piping and other external connections not shown) .

N

&

Figure 3-4. NEMA Type 12 Enclosure (instruments mounted inside
on iniarnal membrars mounted on standoffs attached to back).

-16-
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there are clear differences in the four types, but as will be fllustrated below,
there are many minor variations on each type which do not affect the seismicity
and allow a single type qualification to stand for the many variations.

As an example, a panel of the benchboard type (Figure 3-1 but with a
bench) was tesced in a configuration as shown in detail in Figure 3-5., As

can be seen from the illustration, the panel contains electrical devices for
the following major systems:

Isolation Valves
Auto Depressurization
RCIC

Reactor Water Cleanup
Reactor Recirculation
Nuclzar Steam Supply

The panel was tested as shown in Appendix D and resonances were found to
exist at 10.1, 12.6, and 14 Hz with amplification factors of 1.1, 2.6, and 1.5
respectively. These resonances were such that the Class I electrical devices
on the panel (SBM switches and HFA relays) would perform their functions as
determined by the device tests (1.1g). Note that the test of Appendix D was
not run exactly as described above. This is because it vas diszovered by
General Electrie and otkers (3 that structures such as centrol panels tend to
be fairly linear in their response to sinusoidal vibration. This means that
an adequately Instrumented panel can be vibrated at lower acceleration levels,
and the amplification factors to eich instrumented spot on the panel can be
established. 7he acceleration at full vibration input can then be determined
by muleiply. . “ne input acceleration for which the parel is to be qualified
‘Y Tt ompalfication factor and comparing the result with the qualification
‘cvel of the device at that location. This mechod makes possible the use of
a siapler testing arran.olnnc.(s) specifically, that of a mounting surface
physically isolated from the ground on which the panel is affixed (see Fig-
ure 3-6). A variable speed electric motor with counter-rotating eccentric

(S)Pr.u-o. R. H. and Ahlbeck, D. R., "Seismic Evaluation of Electrical

Equipment for Nuclear Power Stations," Battelle Shock and Vibration
Bulletin, P. 17, Jan. 1972.

(‘)vonna-. C. A., "Seismic Testing for Reliable Instrumentation and Control

Systems," T72-230-6 IEEE Winter Meeting, New York, Nt Jan. 30, 197z,
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Figure 3-5. Sample Panel Configuratiea i
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Figure 3-6. Mounting Base for Panels
Showing Isolators and Stiff Structural Members

weights is mounted in the bottom of the panel and is used to generate the
variable frequency input vibrations. The level of the input acceleration
varies with frequency but, since the acceleration at the davice location is
being measured against the input acceleration, this is not lmportant.

The justification for this method was obtained by showing the correlation
between the tests on the same panel using the regular vibration machine test
and then the "soft-mount, eccentric weight" tc.t.(7) The reason for this is
that the panels are quite rigid since they are made of 3/16" steel with 1/4 X
2" stiffeners welded across the faces for flatness and with welded corner
posts. At the low accelerations of seismic qualification tests (1-10g), there
is rarely any indication of exceeding elastic limits so the responses tend to
be linear except for a decrease at higher amplitudes due, possibly, to friction
in some bolted joints (damping changes) .

The subsequent panels of similar type (see Figure 3~7) were considered
qualified even though thay contatncd.lllghtly different arrangements of elec-
trical devices and different Systems because the mechanical structure is the
same and the elect:ical devices are a small percentage of the total panel mass.

Mop. cic.

-19-
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Panels with a greater instrument-to-structure mass ratio are tested using
the normal vibration meca. . procedure described previocusly rather than the
"soft mount" method. An example of this is shown in Appendix E.

In all cases, the panels are tested vith the devices installed so as to
reproduce the weight and stiffening effects of installed equipuent. A summary
of qualification tests results on a typical lineup of panels for a boiling
vater reactor is given in Table 3.4.

3.3.3 Purchased Equipment

The seisaic qualification of equipment supplied to General Electric by
others is required to follow the same procedures as used ty General Electric
and described in paragraphs 2.3.1 and 3.3.2. The qualification data are
supplied to snd revieved by General Electric for conformance to the required
procedures. All such equipment is purchesed using Purchised Part Dravings
vhiclk contain the performance and qualification requirements. A sample is
shown in Figure 3-8.

In the case of & few pieces of Class I alectric equipment such as large
electric motors, where proven analytical methods are available, analysis is

peiformed. In such cases, the best cnalysis methods svailatle to the supplier
are used.




Paral Number

1 Hi1-P601
H11-P602

11-P606
: H11-P608

, H11-P609/11
H11-P612/1)
H11-P617/18
H11-P620

{ E‘ H11-P622/23
H21-PO13A/B/C/D
#11-P628
11-P626/27
H11-P621

7 : their caseq.

*“Tests run on the Process Instrumentation Au
amplifications which were fouad to be caused by the GE/MAC modules ispacting with

designed and & test will be performed.
in the deenergized mode with an
Under these conditions, the

A mechacical restraint is being
**The limiting sccelerations are for the relays
acceptable contact chatter limit of
.relays shoved a resonant fallure st frequencies over
1.2g (6g 1f energized) .nd the HFA withstood 1.5g (7g 1f eorrgized). The requirements
and use of these relays ars being revieved at

Sample Qualification Test Results for Pancls

Nene

Reactor Safeguards

Reactor Cleanup, Recire, &
Inboard Isolation Valves

Starct-Up Neutron Monitor
Power Range Neutron Monitor
Protection System

Process Instrumentation Aux.
RHR & ADS

HPCI Relays

Inboard & Outboard Valves
SRY/IRM Presmplifiars

HPCI Relays

HPCI Relays

HPCI Relays

e -

100 microseconds.

e e i | o Y T e ——"

Table 3.4

Type

Benchboard
Benchboard

4-Bay lnstrument Rack
5-Bay Instrument Rack
3-Section Vergyical Board
2-Bay Iastrument Rack
Vertical Board
Vertical Board
Vartical Board
Hoffman Enclosure
Vertical Board
Vertical Board
Verctical Board

xilisry Panel revealed apparent high

Lisiting Part

Controller (5g)
Controller (Sg)

Log Rad (g

PRM Systea (1.5g)
HFA Relays (1.1p)
GE/MAC (1%)

HGA Relays (0.96g)
IGA Relays (0.96g)
HFA Relays (1.1g)
Voitage Preamp (8.5g)
HGA Relays (0.96g)
HCA Relays (0.96g)
HCGA Relays (0.963)

30 Hz. At 20 Hz, tle HGA withstood

present for higher selesic applications.

Max. Horizomtal
Floor Acceleration
Without Tailure

1.8g
1.8g

1.%g
1.5
1.1g%e
.
0.96gee
0.96g**
1. 1ge»
3.9%
0.96g**
0.96g**
0.96g**

8L90T-0QaN
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PROJUCT CRAWING NO. 238X905NS TYPE_ 12 FT BE'!CHBOARD

MAKUFACTURER GE/NID MODEL NO.  9-5

. 12 FY STRGLE SECTTON BERCTBOARD ROUSING ESSENTIAL SBM AND CR2940
DESCRIPTION: qyuiTCcHES ON BENCH

CLASSIFICATION: ESSENTIAL - SEISMIC I
QUALIFICATION REFERENCE DOCUMENTS:

REQUIREMENTS: 257HAB88 AND 239X523 (APED)

TEST PROCEDURES: 225A5766 (NID)

RESULTS REFERENCES: QUALIFICATION REPORT MEMO #1 - “SEISMIC TESTING
OF INSTRUMENTATION™ (STANDARDS AND QUALIFICATION
ENGINEERING - WID)

CALCULATIONS: NONE
TEST RESULTS: 225A6280 (CR2940 SWITCH), 225A6262 (SBM),
225A6762 (MILLSTONE 9-5) (234A9134 COCPER 9-39)

BASIS FOR QUALIFICATION:  yiTCHES MOUNTED ON NEARLY HORIZONTAL PANEL OF A
3/16 STEEL CAN WITHSTAND NEARLY TWENTY TIMES MAXIMUM VERTICAL ACCELERATION
TEST REQUIREMENT OF 0.14 g'S. HO BRACING IS REQUIRED BUT PANEL IS BRACED
WITH CONTIIIOUS 0.25 BY 4.0 INCH STIFFENERS FROM TOP TO BOTTOM OF VERTICAL
PORTION OF BOARD AT 24 INCH INTERVALS. HORIZONTAL STIFFENERS ANCHOR
VERTICAL STIFFENER AND BRACKET INSTRUMENTS. VERTICAL STIFFENERS ARE ALSO
EMPLOYED ON BENCH.

CONFIGURATION FOR: COOPER 9-5. AS DESCRIBED ABOVE.

QUALIFICATIONS:  PANEL 9-5 MEETS SEISMIC CLASS I REQUIREMENTS.

APPROVALS: £ - E . =
RESPONSIALF ENCINEER __ P o W AR wYe J/-30-<7D -
DESIGN REVIEW BOARD CHAIRMAN s LR MTE /I-30-70
Figure 3-9. Sample Seismic Summsry
-24-
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4.0 DOCUMENTATION

The seismic qualification documentation consists of the Seismic Test
Report, Seismic Summary, and if analysis is used, the Stress Analysis Report.

4.1 SEISMIC TEST REPORT

An example of a Seismic Test Report can be found in Appendix D and
Appendix E with the latter representing the versicn currently being used. The |
document provides a standardized format for the description of the equipment to
bs tested, the test itself, the results, conclusions, and recommendations. It k
also contains the data obtained from the test, reduced for ease of understanding.
The report is on a corporate drawing form with a unique number and is retreivable
’ from the Company's document storage system. 4

4.2 SEISMIC SUMMARY

The Seismic Summary is a form which contains the rationale for the
qualification of any particular piece of Cla.s I electric equipment for a
N particular application. As can be seen from the sample shown in Figure 3-9,
3 the Summary identifies the equipment, the seismic requirements, the applicable
'» results documentation, and the justification. The Summary is finally reviewed
and approved by the Chairman of the Design Review Beard.

4.3 STRESS ANALYSIS REPORT

This document is required by the ASME Boiler and Pressure Vessel Code for

21l equipment within that Jurisdiction and is prepared to conform to the
requirements of that code.
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5.0 COMPLIANCE WITH IEEE 344 -~ 1971

Those sections of IEEE 344 - 1971 which give guidance for the qualification
of Class I Electric Equipment are listed in the following paragraphs with e

brief statement as to which procedures and practices apply and why.
5.1 ANALYSIS

As stated in subsection 3.2, the anslysis method is used only for that
electric equipment which can be adequately modeled to correctly predict its
seismic response. Ordinarily, analysis is practical for equipment that is
structurally simple, or is designed by rational stress analysis methods (e.g.,
pressure boundary equipment designed to Section III of the ASME Boiler and
Pressure Vessel Code). Examples of celculational methods are given in
Appendices A, B, and C.

5.2 TESTING

The description of the test procedures given in subsection 3.7 meets the
requirements of IEEE 344-1971's paragraphs 3.2.1 (exactly), 3.2.2 (exactly),
and 3.2.3 (partially). For the first two paragraphs, the method used is that
of IEEE 344 as is evidenced by the description given in subsection 3.3 and
paragraph 3.3.1 of this report. The requirements of paragraph 3.2.3 of IEEE
344 are met exactly by the full shaker test described in paragraph 3.3.2 of this
report, but omly partially as explained above when the "soft mount"” test ls
used-although it should be noted that paragraph 3.2.3.1 of IEEE 344 mentions
such an approach but does not cover the extrapolation to higher levels from
such a test. Paragraph 3 of IEEE 344 does, hovever, allow the usze of "other
effective methods" if they are adequately justified. The explanation of the
limited use of the "soft mount" technique in this report provides the appropriate
Justification,

5.3 DOCUMENTATION

As explained in vection 4.0, the documentation provided by General Electric
on the qualification of Class I electric equipment conforms to the requirements
that 1) the documentation demonstrates meeting performance requirements (se
Appendix E, 2) the documentation presents step-by-step analytical proof (see
Appendix A, and 3) the documentation contains certain recommended test data (see

Appendix D).

-26~
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6.0 CONCLUSIONS

Ceneral Electric has adopted a verification program for the seismic
Qualification of Class T electric equipment on all standard product line reactors.
The program assures the proper functioning of essential equipment before, during,
and after a Safe Shutdown Earthquake. This report has described the equipment
design criteria and the tests perforued, including the specific equipment to
vhich the tests have been or will be applied. Appropriate reference to the
paragraphs of IEEE-~344 have been made to signify conformance to the intent of this

standard. . \\
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Appendix A
Dynamic Analysis by Response Spectrum Method
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The system stiffress and mass matrices are generated using standard

techniques. A seismic analysis 1> performed using the following equations of

motion and procedure to uncouple these equations:

The equatious of motion in matrix form are as follows:

ME+TH+cxX+Kxe0 (1)

where

M = nass amatrix, n x o (this includes the hydrodynamic mass)
X = column vector of displacement relative to ground* (n x 1)
C = damping matrix (n x n)

K= gtiffress matrix (n x n)

Y- column vector of ground accelerations (n x 1)
* = first derivetive with respect to time

e

= sercond derivative with respect to time

It should be noted that for equipment containing fluid, a hydrodynamic mass

coupling exists between real structural masses. This hydrodynamic mass appears
s diagonal and off-diagonal ::rms in the mass matrix,

stiffness matrix K g determined by either the matrix fo
displacement method.

The overall system

rce method or the matrix
The resulting stiffness trix is similar.

Removing the driving-point acceleracion vector to the right side of
equation (1), the equation reduces to the classical form:

MX+CX+KXw ¥

(2)
In order to uncouple equation (2), we ser:
X =dq (3
Equation (?) then becomes
Meq + Céq + Kgq = -af “
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Pre-multiplying (4) by 07. the transpose of ¢ , and performing the coordinace
transformation described in (4) such that ¢ is defined by the following
orthogonality conditions:

o Mo =1 ()

R 2]
¢ K‘ ru\ (6)

vhere 1 is an identity matrix (n»xn) and [\uz\] is a diagonal matriy of the
eigenvalues. Then (4) becomes

oT wi + oTceg 4 ¢ xaq = -oTiy m
i|'+¢rc¢:;+ [\uz\]q--trn‘i (8)

The sbove procedure for uncoupling the equation of motion by using the
modal matrix of the undamped system assumes that damping in the sysiem is small.
[t will further be assumed that the damping matrix C is such that ¢rc ¢ is a

diagonal matrix. The elements of this diagonal-matrix are the modal damping
values,.

With the above assumptions, equation (8) may be written in the following
uncoupled form:

.- . 2 -
Y 2P w o v L Tl B

i=1, 2, ===n 9
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where
— -y - r -~
U BT % = o
X4 ¢
_xntJ ‘nlJ

The maximum physical displacement for each mass is then taken to be the
Square root of the sums of the squares of each of
responses for each mode, if.e.,

the maximum displacement

1/2
n

2
(X) max, = };.1 % vi=1, 2....m

vhere: (X) maximum is the coluan vector of maximum displacements. Similarly,

the maximum load response for the 1th mode is found from

Lyg = By Xy
Lyy Y
Lt
LMJ
vhare

pJ is the stress matrix for element j, j=1, ...m

m = total number of elements.
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damping ratio for the lth zode expressed as percent of critica’

damping
natural angular frequency of the system

modal participation factor the 1th

-ode--::.‘ﬂ)

ground or floor acceleration time history

= transpose of the 1th mode shape

= earthquake direct.on vector

.

The response is calculated using the response spectra specified for the

location of the input to the analytical model. The analytical procedure .J

described briefly in the following paragraphs.

iy o RECN N

The system of one-degree-of-freedom equations represented by equation (8)

1
,"
M

or (9) can be solved by the response spectrum method. With this method, the
maximum modal response for each natural frequency of interest is found from the

applicable response spectra. Response spectrum curves are essentially plots of

-

el B

the maximum responses of single-degrees-of-freedom systems described by

equation (9) with S1 * 1.0 as a function of their natural frequencies.

193{5

vy
O |

vy
A

Having found the maximum modal displacements q, 1 = l1...m, the maximum

physical displacement for the 1th mode is given by:

ol TR

s

The maximum load response is taken to be the square root of the sums of

the squares of each of the maximum responses for each mode, i.e.

1/2
2 2
(LJ) max 2;_1 L 54 t =1, 2,...m

where (L) max. is the columm vector of maximum loads.

32
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The acceleraticns for each mode are dete2rmined by multiplying the
dinplacements vector for that mode (x‘) by the natural frequency (u12) of
that mode.

The maxizum accelerations are then deterwined by

172
o 2
(A) max = 2:_1 A
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Appendix B
Sample Panel Frequency Analysis
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The method of analysis used to determine the resonant frequency of the
panel is as follows:

1. Calculate the moment of inertia of the corner post structure.
2. First assume a simplified structure and calculate the frequency
using the expression:

t = 1/27 Vg/v = Vg/2r Vk/v = 3.13/Vw/k

S - 3-13/\"(')
where

f = frequency

g8 = 386 1n.lo¢cz

k = gspring rate #/in.
v = weight #

6 = deflection = w/k

veight distribution is ssumed to be uniform.
3. Additional structural components are added and the moment and fre-
quency recalculated.

The calculated resonant frequency of 7.4 Hz for the jsvel and 5.9 Hz for
the benchboard was obtained using only the corner posts 4nd the top. The
addition of skin (3/8~in. steel) and 2-in. x 1/4-1in. steel stiffeners will

raise the frequency further. This proves that resonances cannot exist in
the unstable regicos below 5 Hertz.

FLRST APPROXIMATION

For first approximation lump the 4 corner posts together and assume the
panel is a cantilever beam fixed on one end and uniformly loaded.

The natural frequency is 2.6 HZ so we will have to use more if the structure.

-35-
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Figure 1. Corner Post

SECOND APPROXIMATION

For a second approximation, consider two u.18" x 30" barriers in addition

— e

to the corner posts. The plan view of the panel is shown in Figure 2.

el -

P

— ¥

Figure 2. Plan View of Panel
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In the X direction just one barrfar will raise the frequency to 30 HZ.

Use 4 inches of the back panel for each of the two barriers (see Figure 1) and
the natural frequency in the Y directicn becomes 4 HZ,

:{_
T_

. ACTUALLY A
;}4h—”"--!u;;r\Ata

Figure 3. Barrier with Two End Plates

The deflection equation used so far is very conservative: it assuwes chat
the & corner posts are lumped togeilar and that the structure can reflect like

& simple cantilever beam. Actually the corners are separated by an angle (rame

: as shown in

—

Figure 4,

fe—s

SUPLE CANTILEVER
AR A

vhich is stiffer than the corner posts. This will force the structure to deflect

FRAME
P —— & /

INFLECTION
POINT

i

Figure 4. Panel Deflectious

SIMUCATED MODE L

In the simulated model we are not conservative (if we used all of the
members) but we are very close. The reason we are not quite correct is because
the stiff top frame will deflect slightly as whown belov. The calculated
frequency {8 7.4 HZ which is above the necessary 5 lZ,
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IITIIT 7222227272777 777

For the benchboard Hll P601 which weighs 4000 pounds, the calculated
natural frequency iz 5.9 HZ which is still above the 5 HZ test frequency

minimum.

NOTE: This negl :ts the barriers, the end and front panels, top plate, the
stiffening of the lower part of the structure due to the bench board

geometry, and all other members of the structure.
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Appendix C
Samvle Seismic Stat!: Analysis
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PART 1

The purpose of this appendix {s to provide the designer a set of curves from
wvhich static sefumic analysis of standard enclosures =an he quickly performed.

A standard enclosure is Any enclosure listed in the Enclesure Standards Manual.
The eoclosures are assumed to be floor mounted, using all mounting holoozvtth
3/8 inch steel bults or studs cach having an effective area of 0.2256 in

Using an elastic limit of one half the uitimate strength, the bolts are assured
t9 have a maximum safe tension wtress and maximum safe shear stress of 28,000
PSI and 21,000 pSI, respectively. The curves are based on a design basis carth-
Qquake having s horizontal acceleration of 1.5G and a vertical acceleration of

0.5G. It ts wssumed :hat each enclosure is mounted alone and not coupled dire~tly
to any other enclosure.

The static analysis consists of determining the maximum allowvable safe weight of
tke enclosure and its components for which the movating bolt stresses are not
exceeded. The curves of Figure I-1 have been derived for this purpose. To use
the curves given in Figure I-1, first determine from Table I-1 the curve designa-
tion of the enclosure being censidered. Next, using the corresponding curve in
Pigure I-1, determine the maximum safe weight per bolt for & given height of the
center of gravity. The maximum safe enclosure weight 1s then determined by multi-
plying the weight per bolt by the total number of enclosure mounting bolts. Com=
parison with the actual weight of the enclosure and its components then indicates
whether or not the mounting bolt stresses arc exceeded. If the comparison shows
that the maximum safs weight per bolt is exceeded, steps should be taken to in=-
crease the effective bo.t¢ srea by weldirg the enclosure to its mounting, in-
creasing the number of mounting bolts, adding top braces to a wall, or using
another appropriate meihod to insure safe operation during seismic disturbance.
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TABLE 1-1

STANDARD ENCLOSURES

Enclosure

Widch

Depth

Mode of Failure

Instrucent Rack
Instrument Rack
Vertical Board
Vertical Eoard
Benzhboard
Benchboard

24"
30"
24"
30"
8"
54"

Side to Side

Instrument Rack
Instrument Rack
Instruaent Rack
Instrument Rack
Instrument Rack
Instruzent Ruck
Vertical Board
Vertical Board
Vertical Bnard
Vertical Board
Vertical Board

Front to Back
OR
Back to Front

Inutrument Rack
Instrument Rack
Instrument Rack
Tnstrument Rack
Vertical Board
Vertical Board
Vertical Board
Vertical Board
Vertical Board

Front to Back
OR
Back to Front
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TABLE 1-1
STAKDARD ENCLOSURES
(Continued)
Curve Enclosurn Width Depth Mode of Fallure
Cc4 Conscle 96" 42" Back to Front
" "
CcS Benchboard 48 54 side to Side
Benchboard 48" 48"
Ccé Benchboard 48"
Benchboard 96" 48" Front to Back
Console 96" 48"
- "
c? Benchboard 72 54 Beck to Proat
Benchboard %" 54"
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PART 11

The purpose of this appendix is to present the necessary assumptions and equa-
tions for the calculation of the maxizmum normal and shear stresses in the mount~

ing bolts of any enclosure under seismic disturbance. Tha following assumptions
and conventions ure made:

1. The enclosure urdler consideration is assumed to be a rigid body in
equilibrium with respect to ite mounting.

2. The forces on the enclosure due to seismic accelerations are assumed
to act through the enclosure's center of gravity.

The enclosure e assumed to have a known weight W as well as a known

center of yravity located at X, Y, Z with respect to a right-handed
Covrdinate aystem.

The right-handed coordinate system is arbitrarily assumed to be located
At the (ront left-hand lower corner of the enclosure with the positive
X-axis to the right along the front edge, the posicive Y-axis r_ward

the ba~k of the enclosure, and the positive Z-axis toward the top of the
enclosure,

The stresses on the enclosure @ounting bolts are assumed to be greatest
when the horizontal cumporent of the floor acceleration is perpendicular

to a side of the enclosure and the vertical component of the acceleration
is downward.

It 1s aswured that the enclosure tends to rotate about an axis parallel
to eirher the X-axis or the Y-axis, dependent upon the direction of
the horizontal acceleration. The location of the axis of rotation is
depeandent upon the mounting coufiguration of the enclosure.

There is assumed to be no friction between the enclosure and its mounting.

The horizontal shear force due to the horizontal compenent of the acceler-
ation is assuued to be diatributed equally among the wounting bolts.

All mounting bolts are assumed to be {dentical.

The following procedure outlines the equations involved in determining the mount-
ing bolt stressws.

From the geometric configuration of the mounting bolts it is found that the ten-
sion forces in the bolts are related by

¢
Fy z:rj » (1)
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(Contiaued)

vhere '1 and ¥ are the tension forces acting on the i-th and j-th bolts, respect-
tvely, iind d, dnd d, are the perpendicular distances of the i-ih wnj j-th bolts,
respectively, from lhc Axis about which the enclosure terds to rotate. When

ths encloture is mounted directly to the floor, the axis of rotation will be an

edge of the unclosure. For other mounting configurations, care sust be exer-
cised in determining this axis.

Summing moments about the enclosure's axis of rotation, the equation relating
the unknown bolt tension forces to kaown quantities is found to be

'1d1 + '2‘2 .0 'l‘l © WAL » Z + (A2-1)L], (2)

where N {s the aumber of mounting bolts, Al and A2 are the relative magnitudes
of the horizontal and vertical components of the floct &ccelvation, respectively,
and L is the perpendicular distance betveen the line of action of the vertical

acceleration through the center of gravity and the axis about which the enclos-
ure tends to rotate.

Substituting (1) into (2), the j=th tension force is

_— it‘ WAl e 2+ (A2-1)L)

3 rea =
d*dy+. ..+ qy

« (3)

The other tension forces are determined using Equation (1).

The tension stross Tl is related to the tension force by

Lelt L@
A

Where A is the effective crose-sectional area of a mounting bolt.

Summing forces in the direction of the horizonal furce acting upon the enclosure
and making use of assumpctions 7 and 8, the shear stress on the i-th bolt 1s

feira. o

Due to the combined tension and shear atresses, the msximum tension stress,
(r‘)..‘. ad the maximum shear stress, (81)-nx‘ present in the i-th bolt are

T
(Tg’..x 31 + /zf;)z . ‘SQ 2 ., (6
2
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(Continuad)
(st)-.‘ - /(i)/, + (51)2 4]
2

Por a detiilcd derivirien of Equations (6) and (7), the readrr is directed to
Stroouth OF flaeriocin, sy Ferdinand L. Sfnger, Chupter 9, Section 6.

— et e+

To apply the above weitions to determine the suximum tension and shear stresses,
the folleving: is reguired:

Total Weight W Pounds
Centur Of CGravity X, ¥, Z lnches
Horliontul Seismic Acceleration Al = G
Verticul seismic Acceleration A2 - C

Distance to CC (see eq. (2)) L Inches

Nuaber of Bolts N

Are. Each Dole A Sguare Ianches

Bolt distonce From Axis ‘1' d2 . & d“ Inches

Of Rotution

PROCIDUKE:

1. Deterwine the axis abeut which the cabinet tends to rotate for a given
floor wution,

2. Deterulne, using Equation (3); the tension force acting on the j-th
wounting bolts (arbitrarily choose orz).

3. Determine the tension forces acting on the remainin: mouniing bolts from
applicution of Equation (1).

4. Calculare the tension stress scting on cach bolt using Equation (&) and
the results of Step 3.

5. Calculate the horlzontal shear stress from Equation (5).

6. Dezermine the maxinum tension stresses using Equation (6) and the results
of Stops 4 and S,

7. Detovmine the maximum shear stresses ueing Equation (7) and the results

l!; “A' -'l;: ‘
’z;*!,_:\‘ i yrey # y

X

5,

N .
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(Continued)
of Steps & and 5.

8. Compare these maximum stresses and allovable stresses of one half the
ultimate strengrh (in PSI) for the bolt materiai.

A computer program CALST, to implement the above steps, has been written in the
BASIC language and is available on the G.E. Time Sharing System. Program CALST

calculates the forces and maximum stresses acting on each bolt of a floor mounted
enclosure.

-47-
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PART III
Design Report: Static Seismic Analysis of Standard Cabinets

I. PURPOSE
The purposc of this report is to document a static seismic analysis which

was performed to verify that the mounting bolts of the standaurd cabiaets are
capable of withstanding seismic enviromnment.

IT. SCOPF

The scope of this report is limited to the static analysis of the mounting
bolt stresses of five (5) standard cabinets. The standard cabinets are:

a. Area Knd.acion Monitor, 236x400 (911)

b. TIP Concrol, 236x401 (913)

C. Start-up Neutron Monitor, 236x402 (936)

d. Power Range Monitor, 236x403 (937)

e. Rod Position Information System, 236x404 (927)

I11. DISC'SSION

The Seismic Design Guide, 225A4582, was used in conducting the static
seisric analysis. Each cabinet was assumed to be floor mounted using 5/8"
bolts in all ~,unting holes. The maximum safe tension stress and maximun
safe shear stress vere assumed to be 28,000 PSI and 21,000 PSI, respectively.*
The design basis earthquake was assumed to have a horizontal acceleration of
1.5C and a vertical acceleration of 0.5G. The weight of each cabinet was
estimated using the weight of each major compcnent listed in the parts list
for each cabinet. The height of the center of gracity of each cabinet was
calculated using the weight and center of gravity of each of the major

components.

The following data sheets include the necessary information for determining

the factor of safety for each cabinet.

*Equal to one-half the ultimate strength as given in Machinery's Handbook,
Fourteenth Edition.
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SEISMIC DESIGN VZRIFICATION DATA SHEET

Cabinet Name: Area Radiation Momitor, 236x400

Applied Horizontal Acceleration
Applied Vertical Acceleration

Tension Stress (Maximum Safe)
Shear Stress (Maximum Safe)

Weight of Cabinet

Number of Mounting Bolts
Height of Center of Gravity

Maxizum Allowable Welglht Per Bolt
(From Curve No. Ci on Page 8 of Seismic
Design Guide, 225A4582)

Maximum Allowable Cabinet Weight
830 Lba/Bolt * 4 Bolts =

Factor of Safety = Maximum Allowable Weight

Weight

Cabinet Name: TIP Control, 236x401 (913)

Applied Horizontal

Acceleration

Applied Vertical Acceleration

Tension Stress (Maximum Safe)
Shear Stress (Maximum Safe)

Weight of Cabinet
Nuaber of Mounting

Bolts

Height of Center of Gravity
Maximum Allowable Weight Per Bolt

(From Curve No. C3

on Page 8 of Seismic

Design Guide, 225A4582)

Maximum Allowable Cabinet Weight
1,110 Lbs/Bolt * 8 Bolts =

Factor of Safety =

Maximum Allowable Weight
Weight

-49-

1.5¢
0.5¢

28,000 PSI
21,000 PSI

675 Lbs.
&

48 Inches
850 Lbs/Boit

3,320 Lbs.

4.9

1.5 c
0.5¢GC

28,000 PSI
21,000 PsI

755 Lbs.
8

50 Inches
1,110 Lbs.

8,880 Lbs.

11.7

[ —————



Cabinet Name:
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SEISMIC DESIGN VERiIFICATION DATA SHEET (Continued)

Applied Horizontal Acceleration
Applied Vertical Acceleration

Tension Stress (Maximum Safe)
Shear Stress (Maximum Safe)

Weight of Cabinet
Number of Mounting Bolts
Height of Center of Gravity

Maximum Allowable Weight Per Bolt
(From Curve No. C3 on Page 8 of Seisaic
Design Guide, 225A4582)

Maximum Allowable Cabinet Weights
1,110 Lbs/Bolt * 12 Bolts =

Factor of Safety = Weight

Cabinet Name: Power Range Monitor, 236x403 (937)

Applied Horizon. 1 Acceleration
Applied Verticas Acceieration

Tension Stress (Maximum Safe)
Shear Stress (Maximum Safe)

Weight of Cabinet
Number of Mounting Bolts
Height of Center of Cravity

Maximum Allowable Weight Per Bolt
(From Curve No. C3 on Page 8 of Seismic
Design Cuide, 225A4582)

Maximum Allowable Cabinet Weight
1,210 Lbs/Bolt * 40 Bolts =

Maximum Allowable Weight
Weight

Factor of Safety =

Start-Up Neutron Monitor, 236x402 (936)

Maximum Allowable Weight ;

1.5¢
a.s c

28,000 PSI
21,000 PSI

1,910 Lbs.

12

50 Inches
1,110 Lbs/Bolt

13,320 Lbs.

11.9

1.5 6
o.s c

28,000 PS1
21,000 PSI

4,345 Lbs.

40

46 Inches
1,210 Lbs/Bolt

48,400 Lbs.
11.1
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SEISMIC DESIGN VERIFICATION DATA SHEET (Continued)

Cabinet Name: Rod Position Informstion System, 236x404 (927)

Applied Horizontal Acceleration
Applied Vertical Acceleration

Tension Stress (Maximum Safe)

Shear Stress (Maximum Safe)

Weight of Cabinet
Number of Mounting Bolte
Height of Center of Gravity

Maximum Allowable Weight Per Bolt
(Prom Curve No. C3 on rage 8 of Seismic

Design Guide, 225A4582)

Maximum Allowable Cabinet Weight
1,225 Lbe/Bolt * 20 Bolts =

Factor of Safety = Haximum Allowable Weight

IV. CONCLUSION

Review of the Factor of Safet
the mounting “olts of each cabinet

disturbancer a) specified in the

Weight

Seismic Design Guide.

- =51=

l.s c
0.5¢C

28,000 PSI
21,000 PsI

2,500 Lbs.

20

45 Inches
1,225 Lbs/Bolt

24,500 Lbs.
9.8

y of esch standard cabinet indicates that
are .apable of withstanding seismic
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Appendix D

g Sample Seismic Test Results - Benchboard
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Appendix D
Sample Seismic Test Results - Benchboard

I ITEM [UENTIFICATION
DWG. NO. 238x904 TITLE  9-4 BENCH-EBOARD

DESCRIPTION THE PANEL CONSISTS OF 180 TYPE METERS, ANNUNCIATORS ANUD
SBM SWITCHES.

IT  YEST FACILITY
LOCATION SAN JOSE, BLOG B DATE 8-12-70
SHAKER TYPE __ MECHANICAL-ECCENTRIC WEIGHT

I11  OPERATIONAL TEST METHOD
TES. METHOD OESCRIPTION THE BENCH BOARD WAS SUPFORTED WITH AIR COLUMNS

AND EXCITED WITH A MECHANICAL SHAKER. VIBRATION DISPLACEMENT WAS
MONITORED WITH A VIBRATION PICKUP.

TEST_INSTRUMENTATION

GENEPAL RADIO YIBRATICN PICKUP-TYPE 1553-A
FIRESTONE AIR COL(™NS.
BUDINE VARIADLE SPELT C.C. MUTOR

-33-
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Iv VIBRATION TESTS
RESOMANCE VIBRATION TEST

(VERTICAL ) =

/-RIN'TE SWEEP AMPLITUDE (MORIZONTAL - 2 AXES) _0-30.6 Wz

- —

OBSERVED RCSOMANCES (MORIZOATAL - AXIS 1) 12.6

| (HORIZONTAL - AXIS ' i

(VERTICAL) e s L

. ———— - — -

2-MINUTE RESONANT TEST:

B —— — —

MFTHOD OF OBSERVATION __GENERAL RADIO VIBRATION_PICK-yP r

RESONANT FREQUENCY APPLITUJE AND PARAMETER _AXIS
/A -
VIBRATION ENDURANCE TEST
SMEEP ACCELERATION AMPLITUCE (S-33hz) AX]S
N/A
MAXIMUM ACCELERATION AT 33hz (W/3 MALFUNCTION) by

¥ RESULTS
OBSERVATIONS MADE DURING VIBRATION:

OPERATION AT RESONANT FREQUENCIES (IF ANY) _LARGEST AMPLIrICATION

-

FACTOR: AT 12.6 HZ - 2.6

OPERATION DURING ENDURAMCE SWEEP N/A

LIMITS TO MAXTMUM ACCCLLRATION AT 33hz N/A




GENERAL OBSLAVATIONS (INCLUDING MODIFICATIONS NECESSARY - IF Anv)
THE BENCH AND UPPER VERTICAL BOARD PORTION OF THE PANEL RESULTED
1ii AN AMPLIFICATION OF GREATER THAN ONE. LIKEWISE AN INPUT OF
1.5 g's COULD RESULT IN AN ACCELERATION OF 5.9 g's AN THE BENCH
PORTION OF THE PANEL. STIFFENING OF THESE AREAS MAY BE REQUIRED
IF_THE DEVICES MOUNTED IN TMESE AREAS WILL WOT TOLERATE THIS

ACCELERATION LEVEL. THE SBM SWITCHES AKD THE CONTROLLER MOUNTED

ON THIS PARTICULAR PANEL WILL SUCCESSFULLY OPERATE, HOJEVER,
AT THAT AMPLIFIED ACCELERATIUN LEVEL.

$16KED R. E. GREEN
POSITION ENG. TECH.
12-10-70

CATe
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Ag = 051 x D.A, 1!2
Ag = ACCELERATION
D.A. = DOUBLE AMPLITUDE
F = FREQUENCY
ACCEL !
poedt § 2 3 4 5| 6 7 5 9 1w | n 12
FREQ 5 5 s ~1s 715 /15 s/1s/1s 715 .75
pisP 15 2 ) 8 14 13 ) 19 16 1% g 12
9's (MAx) | .019| .002(.003 | .022 | .017|.0i6] .025 |.022 | .020 017 .013| .01%
FREQ 6.2
DISP 20{ /8 2 22| S | 7 7 4 ﬂ 20| 19 |~ 2¢
g's -038] .015(.004 | 055 | .o43 | .055 | .055 | .ou9| .01 |.038 | .037 .051
FREQ 0.4
pisSP 18] % 3 1?7 | % 1 19l 61 12 16 | 20
9's -095) .041) .015| .087 | .090 | .18 | .18 | .11 |.084 |.063 |.073 | .12
FREC 12
wse |22 4| A 0| A2 1_A 7l Al Al s
9's AV L051) 02k f 07| 10| 18] a7 | .we | .11 032 ] .07 | .18
WREC )08
oInp 16| 10| 6 3 1 L7221 22 L9 17l 15| /5 19
9's 20 | 32 4 .07 | .038) .08 .27 .27 | .26 | .21 ]| .18 ] .06 | .2%
FREQ 9.3
DiIsp /e 12 1 50 22 28 730 29 29 77. 21 35
9's 351 .25 ) .20 | 1.0 |.u5 |.55 .6 |.59 .59 J1.65 | .45 | .7
FREQ 20.5 .

LN BN R e
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ACCEL
LOCAT 1 0 13 14 | 15 16 172 18 19

pise S‘ 19| 16 11/ /

9's .026] .025/.020 | .015 | .013 | .01q .013
FREQ 5.2
oisp 26 32 171 20 13 6 4

033 1.038 | .025| oVt .007

.0k3 .
FREQ 0.1
L oise 0 A 1| A 4 /3 /

e W B O et 6 R ARSI N s e

g's 2 | 09| .078| 078 | 08¢ | .a36 | .001 |.
[FREQ Ice
DIsSP 19 AA 14 mA / A ]
9's . L A 10 1 .07 965 | .0L0 ].02% .08 .06 .065§ s
FiEQ 5.5 Z
oISP | Ae AA 1L, v el A 1 /A 3
9's il s IELLT LN BN TY BTN SEPR BETS BT S 18 B
pen | B8
FREQ 9.3 ' IS
DIsP sl 755\ 2| o ol e | A /{/(/ = E
L2 alel i B
g's LEpvrpoes)sy | s osof sof .51 .32 .o 1.5 ; ’
FREQ o5 ‘ B
oise | 65| A% | Ao A AV AVAVL 20 e g
9's 1.4l 16t 80 |65 fuo |.60 |.55 |.ss lwo | o 2.5 >
I
FREQ 3A R
oIsP !‘/@ ARAP? £z Ve AP .
9's 24 | 260130009 | ws| 65)] - VL fog |0 3.75] 5
FREQ 212 3
Dise L0 40 Pl Vet V) Z 12 19 T 21 8¢
2's 1osfr Jed [e2 o6 | o.27] 0.28] s 28| 2.1

® #19 ¢ 20 POSITION AT 20.8 WZ NOT TAKEN DUE TO FAILURE 0
DRIVE BELT. 173D LESS WEICHMT WAS LSED TO CONTINUE TEST,
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Appendix E

Sample Seismic Test Results
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THE FOLLOWING DATA SHEET IS INTENDED TO RECORD THE RESULTS OBTAINED FROM
VICRATION TESTS PERFORHED IN ACCORDANCE WITH SEISMIC QUALIFICATION
PROCEDURE 225A3766.

EQUIPMENT IDENTIFICATION
DRAWING NO. NAME START UP CABINET

DESCRIPTION _4 BOX START UP CABINET CONTAINING INMAC EQUIPMENT

TEST FACILITY
LOCATION __ PHILCO FORD, PALO ALTO DATE 7-22-71

SHAKER TYPE AND CAPACITY _ LING A249 ELFCTRODYNAM®"

EQUIPMENT OPERATING CONFIGURATION
DESCRIPTION

THE 912 PANEL WAS BOLTED TO THE TEAM BFARING SUPPORTED SLIP TABLE AND
MONITORED AT 14 LOCATIONS ACROSS THE FRONT OF THE PANEL. THE PANEL WAS
VIBRATEC IN THE FRONT-TO-REAR OIRECTION ONLY DUE TC TS SIZE AND WEIGHT,
PAST TESTS HAVE SHOWN THIS AXIS TO BC THE MOST CRITICAL AND INDICATIVE OF
SWTESS OR FAILURE OF PANEL.

SEE ATTACHED FIGURE CN PAGE B
FOR ACCELFROMETER LOCAiIONS
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CONNECTION DIAGRAM OR_SKETCH

"o

TEST INSTRUMENTATION IDENTIFICATION
_——— —_—

o S —

INSTRUMENT TYPE MODEL. WO. AN[ MFR. SERIAL NO.
e == LI 84N

EIJ::CTRO DYNAMIC SHAKER LING A-249
ACCELEROMETERS ENDEVCO

CHARGE SENSITIVE AMPS ENDEVCO

STRIP RECORDER HONCYWELL

VIBRATION TEST DATA

e e e e o
OBSERVED RESONANT FREQUCNCIES
St e e oo e

HORIZONTAL X AXIS 9, 12, 15, 26

HCRIZONTAL Z AXIS

VERTICAL Y AXIS

-62-
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VIBRATION TEST DATA (CONTINUED)
MODES OF VIBRATION AT RESONANCE
THE HIGH TRANSMISSABILITIES OF PARTS OF THE PANEL RESULTED IN SUCH
SEVERE RESPONSES THAT Tnc INPUT SWEEP WAS LIMITED TO LOW LEVEL INPUTS. :

PERFORMA'CE OF VIBRATIUN ENDURANCE TEST YES [ No (X l
P W T - - ——a
ENDURANCE TEST NOT REQUIRED FOR PANELS, VIBRATIONS A RESONANCE IS 100
MALFUNCTION LIMIT TEST SEVERE IN ANV CASE.
“

OBSERVED MALFUNCTION LIMIT _ NA

FACTORS LIMITING OPERATION _ jA

LOW_FREQUENCY ANALYSIS

IT IS KIGHLY IMPROBABLE FOR A RESONANCE TO EXIST BELOW SHz {ONCE
MODULE RESTRAINTS ARE ADDED) DUE TO THE SHAPE FACTOR AND WEIGHT
OF THE PANEL. OTHER LARGER AND HEAVIER INSTRUMENT RACKS TESTED
TYPICALLY HAVE NO RESONANCE UNTIL ABOVE 12 Hz.

STATIC ANALYSIS
s
SEE 1748901

T e S——— .

SUMMARY OF RESULTS
B e e e N

GENERAL O0BSERVATIONS (INCLUDING MODIFICATIONS NECESSARY - IF ANY)

SEVERE AMPLIFICATION FACTORS OF OVER 20 CCCURRED AT 15 HERTZ. THE
INMAC DRAWER SCREW-LATZAES LOOSENED DURING TEST DUE TO FLEXURE ZENDING
OF THE DRAWER FRONT PANELS. THE ARM GEMAC CASE DEVELOPED VIOLEWT UP
AND DOWN MOTION AT THE CANTILEVERED REAR OF UNIT WHICH CAUSED FRONT
PANEL DISPLACEMENT IN THE CENTER OF ALMOST AN INCH. IN SPITE OF THE
SEVERITY OF THE RESPONSES NOTED DURING THE TEST, HOWEVER, DUE TO THE
CAPABILITIES OF THE INDIVIDUAL ESSENTIAL INSTRUMENTS THE PANEL IS
SATISFACTORY FOR SERVICE WITH A BASE INPUT ACCELERATION OF 1.5 g°

AN P R T N G

CONCLUSIONS




ANALYSIS OF RESULTS

THE CONTINUOUS SINUSOIDAL INPUT APPLIED TO THE PAMEL BASE RESULTED IN
WORST-CASE RESPONSE TRAWSMISSABILITIES AT RESOMANCE (15Mz) AT THE
INPUTS OF THE THREE ESSENTIAL TYPE INSTRUMENTS CONTAINED IN THE PANEL
AS SHOWN IN THE FIRST COLUMH OF THE FOLLOWIN. TABLE (SEE PAGE 6):

3

- e
8  |5.d |53y | BB |EES
5 gor| | 383 | £5e| | %52
& =23 | £33 | EEE | edg
2 =35 | S¥g | 255 |5%%
= |88 | Y | "e
o —
2 %’ <
1. TRIP AUXILIARY
RELAY PANEL >20%%= 330 ¢'s * 17 g's >15 g's
2. IRM(MSV) DRAWER 6 9 = 5.0 4.5
L3. LOG. RAD. MONITOR 1.5 2.2 t 3.0 1.2

"ws -

WITH AN INPUT ACCELLRATION AT THE BASE OF 1.5 g's THEN THE RESPONSE
WOULD BE AS SHOWN IN COLUMM 2. VIBRATION TESTS PERFORMED INDIViGUALLY

ON THE INSTRUMENTS RESULTED [N MALFUNCTION LIMITS AS SHOMN IN COLUMN 3.

(SEE FOOTNOTES FOR DETAILS RFFERENCES).

IF A SIKE-BEAT 1.5g INPUT USING 10 CYCLCS/BEAT AND ASSUMING A DAMPING
FACTOR OF 2% (REASOMABLE FOR WELDED STEEL - SEE AEC DOCUMENT TID7024
P.148) WERE APPLIED IN PLACE OF THE SINUSOIDAL STEADY-STATE INPUT THEN
THE RESPOHSES WOULD DE AS SHOWN IN COLUMN 4. (SEE CURVES OF P.7 AND
USE 27 DAMPING SO THAT MULTIPLICATION FACTOR BETWEEN STEADY-STATE AND
10 CYCLES/BEAT IS APFROXIMATELY 2). THE RESULTS SHOW THAT THE EQUIVA-
“LENT SINE-BEAT INPUT WOULD ALLOY SATISFACTORY EQUIPHENT OPERATION.

FROM THE STANDPOINT OF PANEL RESPONSE THE FOREGOING ARGUMENT SHOWS THE

PANEL TO BE QUALIFILD TO OPLRATE AT 1.36 g's INPUT.

AI?OIF!CATIMS. HOWCVER, WOULD MALL THE MARGIN OF CONSERVATIVENESS MORE
CEPTABLE:

1. ADD BRACE ON REAR OF ARM GEMAC CASF TO ELIMINATE CANTILEVER
ACTION.

2. ADD STIFFENER BFHIND EACiI INMAC DRAWER FRONT PAMEL TO REDUCE
BINDING AND THEREFORC PREVENT LATCH LOOSENING.

3. ADD RCSI ICNT HATERTAL BEHIND TRIP AUXILIARY PAMEL DOOR TO HOLD IN
THE RELAYS.

R } SEE SHEEY 5

' -

.
- ——

- ——
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SINE-BEAT TESTING IS AN ACCEPTABLE APPROACH IN ACCORDANCE WITH IEEE JCNPS
GUINE #344, AND THE ABOVE ANALYSIS IS CONSERVATIVE IN THAT SINUSOIDAL
LEVELS WERE ASSUMED '‘FOR THE MALFUNCTION LIMIT OF THE INSTRUMENTATION.

THE APPARENT TRANSMISSIBILITY OPF 20 AS SHOWN BY SENSOR #14 WAS MOST
LIKELY DUE TO A LOOSE DOOR LATCL. NOTE THAT SENSOR #1, AT THL SAME
ELEVATION SHOWS A TRANSMISSIBILITY OF ONLY 2. THE SAME 1S ALSO TRUE FUR
SENSORS #2, & AND 11.

*  SEE 225A6605. 1T 1S RECOMMENDED THAT A RCSILIENT PAD SE ADDED
BETWEEN THE RELAY PANEL DCOR AND THE RELAYS TO KEEP THE REL\YS
IN THE SOCKETS.

#*  TESTED MALFUNCTION LEVEL FOR INSTRUMENT AT ITS RESONANCE. EXTREME
FLEXURING OF FRONT PANEL CCCURRED WHICH BENT AND LOOSENED HOLD-IN
CLAMPS FOR DRAWER.

t SET 225A6609.

#%%  THE READOUT RECORDER SATURATED AT 10 G'S WITH 0.5 G INPUT. WITH
AN ASSUMED DAMPING OF 2 PERCENT THE MAXIMUM POSSIBLE RESPONSE IS
12.5 G'S OR A TRANSMISSIBILITY ™ 25.

-65-
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TRANSMISSABILITY
Accelerometer Locations

FREQUENCY < 6 7 “ 9
SHz . 1.0 1.0 1.2 1.0 0.4
(0.59)
9Hz ) . 0 1.2 1.5 1.2 1.0 0.4 ' ¥ X 0.4 2.0
(0.5g)
1242 O 1.2 1.5 1.0 0.4 1. ! h 0.4 2.0
(0.59)
15Hz y 0 1.5 20 1.5 0.4 ; 0 0.4 >20.0
(0.59)
13Hz ' 1.0 1.5 1.0 1.0 0.5 . : 0.5 1.6
(0.25g)
17Hz ’ X 0 1.5 1.5 1.0 0.5 1. i 4 0.5 6.0
(0.25g)
26Hz . . .8 0.6 1.0 0.5 0.5 0.5 0. ¥ 0.5 4.0
(0.25g) |

5Hz 4 1.0 1.0 1.0 0.5 1.0 J 0.5 1.0
(0.259)
7Hz 5 1.0 1.0 1.0 1.0 0.5 1. ] 0.5 1.0
(0.25g)
10Hz b 1.5 1.0 1.0 1.0 1.0 d 0.5 1.5
(0.259)

TRANSMISSABILITY VS FREQUENCY AT DESIGMATED ACCELEROMETER LOCATIONS
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STEACY STATE,

QFACTOR, MAGNIFICATION NUMBER AT RESONANCE

\§- ——

|‘§
e
.! \ss'
| - ——
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. L | | ]
" 2 S L B "

£, PEACEWT OF CRITICAL DAMPING
, COMPARISON OF VIBRATION MAGHIFICATIONS AT RESONMANCE
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/:uvmon OF VIBRATION FRONT-TO-REAR

ACCELEROMETER LOCATIONS

912 STARTUP PANEL 7/22/71
AUXILIARY AUXILIARY AUXILIARY AUXILIARY
TRiP AW @ TRIP 0 TRi»

| 2
v

§E8
:
@
@

§
AL -

AREA AREA
RAD RAD
MO SAO %

(%) mass

scctenomeren ocanon | D (|00 |0 |0|®0 @ 101B|E)] @

TRANSMISSIBILITIES AT 15 M2 20|20 |30 1512015 (12|04 |60 |2 (w0 |0a >0 | u
RESPONSES WITH 1.5 ¢ BASE INPUT | 393 | 30 [u 24 123 1320|2018 |08 |90 |30 |18 |06 | >30
TABLE OF TRANSMISSIBILITIFS AND ACCELERATION AT WORST-CASE FREQUENCY
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« 259 ScaAN
Panc. LU Dare 7/ / Z/
"
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