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KUOSHENG MECHANICAL IMPEDANCE TESTING

INTRODUCTION

The Kuosheng Nuclear Power Station, located on the northern tip of
Taiwan close to the port city of Keelung, will be the world's first
operational boiling water reactor (BWR) using the General Electric (GE)
designed BWR-6 Mark IIl pressure suppression containment system. The
plant was constructed by the Bechtel Power Corporation under contract
with the plant owner, the Taiwan Power Company (Taipower). Fuel loading
was completed in January 198]1 and preoperational testing, including an
extensive safety relief valve (SRV) test program is planned for mid-year
of 1981. Information obtained from the Kuosheng tests will provide data
useful to the United States Nuclear Regulatory Commission (USNRC) licensing
determinations for safety evaluations of the U.S. systems.

Late in 1980 c£G&G Idaho was requested by USNRC to conduct mechanical
impedance tests on selected components at the Kuosheng Nuclear Power
Station in Taiwan in cooperation with Taipower's startup test program.
Since EG&G Idaho did not have on hand the proper equipment to provide this
service nor sufficient time to purchase it before required testing in
January 1981, the task was subcontracted. TRANSITEK, Inc. was retained
for the task because of their expertise and previous experience in per-
forming tests on similar components at La Salle and Zimmer nuclear power
plants.

TRANSITEK, with EG&G Idaho assisting and acting as technical monitor
and in cooperation with Taipower, performed on-site tests from January 18
to January 27, 1981. The components tested are listed in Table 1.

Appendix A describes the impedance test procedures utilized for each
component tested along with test equipment used; analysis methods used for
data reduction to obtain resonant frequencies, damping ratios and structural
mode shapes; and, finally, results and conclusions concerning the test






program which include figures depicting mode shapes and tables defining
resonant frequencies and damping ratios. Table 2 presents a summary of

the first four frequencies and damping ratios for :ach component tested.
Appendix B contains figures of personnel involved in the testing, equipment
tested and some o1 the test equipment. Appendix C contains supplementary
information regarding data obtained during the tests. Appendix D contains
microfiche with mode shapes listed.




TABLE 2. SUMMARY OF FREQUENCIES AND

Jet Punp Instrumentation

Panel B

Recirculation Control Valve B

RHR Pump A-3

480V Motor Control Center

3-Inch Motor Operated Valve

a -- Frequency in hertz (Hz)
b -- Percent of critical damping

DAMPING RATIOS

Mode

Hz

Hz

Hz

Hz

Hz

19.87
2.1

16.21
9.0

17.34
2.3

7.40
2.4

18.20
1.1

21.32
0.9

18.97
3.8

18.30
2.4

29.19
2.6

20.60
4.1

22.70
3.7

22.57
8.5

87.00
1.7

33.93
4.4

21.1
1.0

31.45
2.4

27.07
3.3

92.12
3.1

39.72
1.4

21.4
1.0
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EXECUTIVE SUMMARY
TRANSITEK, Inc. was retained by EG&G under Subcontract No. K-7685 of
Contract No. DE-AC07-761 D01570 to provide mechanical impedance measure-
ments on five items of plant equipment of the Kuosheng Nuclear Power
Station - Unit 1. The tests were performed on-site from January 18 to
January 27, 1981. Analysis of the test data proceeded from teDruary 5
to March 13, 1981 at the TRANSITEK offices in Santa Clara, California.
Analysis was performed concurrently with analysis of supporting data
from other power plants.
The equipment tested and included in this report consists of the
following items:
Jet Pump Instrumentation Panel B, Equipment No. R-53-H22-P009
Recirculatiun Control Valve B, Equipment No. R-57-833-D003
RHR Pump A-3, Equipment No. IP-48C
480 V Motor Control Center 1C1D (located in auxiliary building)
3" Motor Operated Valve near V-8 SRV discharge
Resonunces were found on each piece of equipment in the 33 to 100
Hz frequency range. These resonances are in the frequency range above
the original seismic qualification (1 to 33 Hz) and in the frequency
range where LOCA loads contribute to dynamic loads. The measured resonant
frequencies, dampings and mode shapes are believed to be generally
accurate and entirely usable in confirmation of subsequent computer

modeling for equipment qualification. The one item of equipment on
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which the data quality is degraded, due to restrictions imposed by
Taipower of .2 g maximum acceleration and 33 Hz maximum frequency is
motor contrel center 1C10. The resulting low input force levels, coupled
with ambiert vibrations of .0l to .03 g, had the end result of poor

quality mode shapes and probably reduced estimates of damping.
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1.0 PURPOSE

Background Information: The dynamic qualification of Kuosheng
Nuclear Power Station safety related equipment has been achieved for
seismic loads. Later determination from test data developed by G.E. and
others showed the hydrodynamic loads from the pressure suppression pool
contained frequency components greater than 33 Hz, the cut-off frequency
for the original seismic qualification. In some cases, it is d1 ficult
to determine the sensitivity of the equipment to the high frequency
loads.

The purpose of this project is to measure the dynamic characteris-
tics of five representative items of equipment. The equipment tested
includes the following:

Jet Pump Instrumentation Panel B, Fquipment No. R-53-H22-P009

Recirculation Control Valve B, Equipment No. P-57-B33-D003

RHR Pump A-3, Equipment No. [P-48C

480 V Motor Control Center 1C1D (located in auxiliary building)

3" Motor Operated Valve near V-8 SRV discharge

The characteristics measured include resonant frequency, damping,
and mode shape. On each item of equipment in the containment vibration
was induced to a sufficiently high level (.4 g) to excite all modes
between 1 and 100 Hz. This procedure allowed us to measure dynamic

properties in both the seismic and higher frequency ranges of interest.

1-1
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For the RHR pump and the 480 V MCC we used decreasing forcoe ampli-
tudes between 30 and 100 Hz. This procedure was successful in giving
us all modes on the RHR pump. An additional restriction (.2 g max.) on
the MCC panel caused reduced quality of the higher frequency data and

distorted mode shapes of the lower frequency data.

1-2
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Set-up Project
Files

Enter Geometry
and Traces

Set Conditions for
Data Acquisition

i -

Apply Sensors and
Hammer/Shaker

{
Acquire Data

T

Identify Resonances

Excite Structure

Estimate Modal Para-
meters by Curve Fitting

e |

Calculate Mode Shapes
by Circle Fit

|

Generate Animated Mode
Shapes

FIGURE 2.1

A FLOW DIAGRAM SHOWING THE OVERVIEW OF MODAL TEST ACTIVITIES
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2.1 Theoretical Background:

2.1.1 Overview
With the evolution of the dual channel minicomputer
based frequency analyzevs in the early 1970's, engineers were making the
first applications of these instruments to perform modal tests in a few
hours on structures that had previously taken weeks to perform with
swept sine techniques and analcg analyzers. In the following section,
we will detail the considerations that made these advances possible.

2.1.2 FFT Processes in Mocdal Analysis

The first operation performed on the analog signal
entering the Gen Rad system is low pass filtering. The filtered signal
is then digitized and undergoes a Fast Fourier Transform (FFT) in a
dedicated microprocessor.

The filters are included to prevent "aliasing" of
higher frequency signals which appear as low fregquency signals in the
range of interest. Figure 2.1.2.1 shows how a high frequency signal can
be misinterpreted as a low frequency by the digitization process.

Generally, the filters cut off frequencies (Fc) are
set to at least one-half of the sampling frequency (Fmax) and generally
less (.45 to .25). Aliasing then occurs only in the upper half of the
channels in the frequency data block. These frequency channels (the
hatched areas of Figure 2.1.2.2) contain invalid data and are disregarded

(set to zero) and only the vailid frequencies are displayed or stored.

2-3
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Adequate f';'
Sampling

Nyquist
Sampling

Under
Sampled

i

“Alias"

FIGURE 2.1.2.1

AN EXAMPLE OF THE OCCURRENCE OF ALIASING
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DISTORTED
AND
ALIASED
DATA

GOOD DATA

l,‘-__-_ I——. Y P TE T E— %v——--——-b-l

FIGURE 2.1.2.2

A DIAGRAM SHOWING ALIASED AND DISTORTED DATA
RELATIVE TO SIGNAL ANALYSIS PARAMETERS
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These processes are handled automatically and correctly

by the MPLUS(]) computer code

Once we have FFT's of the input, it is possible to

compute a number of functions more useful to modal analysis. These, and

the storage locations of each in the computer, are listed in

Table 2.1.2.1

TABLE 2.1.2.1

FUNCTIONS GENERATED BY MPLUS

Storage

Function Nane Symbol Blstk
Input Auto Power Spectrum Gxx (f) 2
Response Power Spectrum Gyw(f) 3
Transfer Function H(f) 1
Coherence 2 4

Def inition

Average Input Power Spectrum
Gx(f)* G*x(f)
Generally of the force

Any Response Power Spectrum
Gy(f) * Gy(f)

H(f) = zx,f; . Gy(f)*G*x(f)
Gxx Gx (f)*G*x(f
The ratio of input to output
in both phase and amplitude.
The ratio of the output power

spectrum that is linearly re-
lated to input power.

2 Gyx (f) |
0sv"s 1 = Bxx(F)« Byy

2-6



81001-1
March 13, 1981

0f the four functions listed, only the transfer function
is critical to the modal analysis. The others “support” the transfer
function measurement by serving as tools with which we can examine its
quality and diagnose problems in the data collection.

2.1.3 Frequency Content of Impulses and Random Force
Excitation

The impulse is an ideal forcing function for modal
analysis for the following reasons:

A. The frequency content of an impulse is very
uniform as shown in Figure 2.1.3.1.

B. The break frequency and general shape of the
frequency contest of triangular or square impulses
are approximately the same as that of the half
sine and depend mostly on the pulse duration. In
other words, we do not have to worry too much
about the shape of the pulse.

C. The uniform distribution of the force in frequency
gives each resonance equal exzitation oul *o the
break frequency of the pulse.

D. Impulse- can be applied quickly and easily with a
small hammer. A iarge number of poinis can be
tested in a snort period of timc,

E. We czn easily contre! the pulse width of the
2pplied force by changing the mass of the hammer
and hardrcss of the tip. Figure 2.1.3.2 shows
exanples or different hammer tips.

2-7
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F
Fourier -_~\$\
L Sine Wave — '
Transform
1
t T

FIGURE 2.1.3.1

TIME HISTORY AND FREQUENCY CONTENT OF
A ONE-HALF SINE PULSE OF DURATION T
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,_,Steel

Plastic
- Aluminum .
|/~ 25 Plastic l i Aluminum

\ ~Steel

VT

—

| \

FIGURE 2.1.3.¢

INFLUENCE OF HAMMER TIP MATERIAL ON
FORCE FREQUENCY CONTENT

In the structures tested by impulse technique, the hammer tip was a
very soft rubber to provide approximately 125 hz break frequency.

2-9
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T —— S —————————————————

Unfiltered Pulse Filtered Pulse
with Ringing

FIGURC 2.1.3.3

THE EFFECT OF THE A/D FILTERS ON
FORCE SIGNAL APPEARANCE
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To resolve the difficulty of too narrow a pulse, a
higher sampling rate or a greater hacuer force pulse width should be
chosen, This must be done with some attention to the resolution of the
response as described in Section 2.1.4.

Similar consideration exists for random force excitation,
the significant features for consideration are:

1. The forces shall be approximately uniform in
frequency over the entire frequency range of
analysis.

2. Clipping of the signal will introduce spurious
high frequency content. Avoid this by using a
“Sampling AbLort" option a. all times as is done
in MPLUS.

The advantage of random force excitation is that the

impulse equivalent (force times time) of a relatively small shaker i.
equivalent to a large hammer in providing continuous excitation. With
a four channel analysis system, the rate of data acquisition is approxi-

mately equal to that of the hammer test.

2-14
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Leakage

Inertia Restraint of

Lower Modes Leakage

Total Response
Residual Flexibility of

}?her Modes

La »-] Freguency
l Frequency Range 1
of Interest:

FIGURE 2.1.4.1
CONCEPT OF INERTIA RESTRAINT AND RESIDUAL

FLEXIBILITY APPLIED TO A FREQUENCY
RANGE OF INTEREST
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The key element of structural response that influences
the quality of a measurement is the sharpness (damping) of a resonance.
If the sampling rate is too high (or the resolution too lTow) for a par-
ticular resonance, two things will happen to degrade the quality of the
measurement. Ffirst, the resonance will be poorly resolved and fitted.
For example, only three or so frequency lines will describe the resonance.
Because ot leakage, the data from the highest response will tend to "leak"
into the lower lines, and an incorrect estimate of the damping will
result. Efforts to circle fit the data will also be frustrated because
not enough points are available to describe the resonances as shown in
Figure 2.1.4.2. (for definitions of circle fit, see Section 3.2).

The next section shows the importance of each of these
elements in the measurement of transfer functions which contain the

modal properties.



Circle Fit to Data
With Inadequate Resolution

FIGURE 2.1.4.2

EXAMPLES OF CIRCLE FITS WITH
DIFFERENT SAMPLING RATES
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Circle Fit to Data
With Adequate Resolution
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2.1.5 Transfer Functions

The modal analysis of structures relies on the measure-
ment of the transfer of force to a variable of the structural response.
Common names for each of the commonly used transfer functions are listed

in Table 2.1.5.1

TABLE 2.1.5.1
COMMON NAMES OF TRANSFER FUNCTIONS

Variables Common Name
Acceleration/Force Inertance, acceleration admittance
Force/Acceleration Apparent mass, acceleration impedance
Velocity/Force Mobility, velocity admittance
Force/Velocity Mechanical impedance, velocity impedance
Displacement /Force Compliance
Force/Displacement Sti€fness

The real art of modal analysis is in the interpretation
of transfer functions. Through long experience, the following has been

developed as an interpretation and ways to use transfer function data.
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MEANING OF TRANSFER FUNCTION DATA
FROM A SYSTEM DYANAMIC ANALYSIS POINT OF VIEW

For driving poirc transfer functions, the resonances and anti-
resonances must alternate as one goes up the frequency range.

The addition of a single mass to a system decreases all non-zero
rescnances where the connection point participates. The rescnances
of the higher modes tend to be shifted more and as the frequency
becomes large the new frequencies approach the anti-resonances of
the original component at that location.

The addition of a sing'e spring to a component increases all
resonances in which the connection point participates. The fre-
quencies of lower modes tend to be shifted more and as the fre-
quency approaches zero the new resonances approach the anti-
resonances of the original system.

[f a sprung mass is added to a component such that its anti-
resonances occurs between two successive resonances (i.e., W,
and wb) of the original system, all resonant frequencies of the
original system below . will be decreased and all resonant fre-
quencies above i ¢ will % increased. In addition, a resonance of
the combined system will occur between the anti-r.sonance of the
sprung mass and the anti-resonance of the original system which lies
between " and @_,

b

2-2



5.

10.

81001-1
March 13, 1981

If a constrained single degree of freedom system of natural fre-
quency w is connected to a system, the natural frequencies of
that system will be shifted toward Wy In general, the farther a
resonance is from w, the more it will tend to be shifted toward wye
If a component is altered by means of a single interconnection to
another system then resonances of the original system cannot be
shifted from thei original positions farther than the anti-
resonances adjacent to each original resonant frequency.

[f one component is connected to another component, at a single
location, one and only one resonance of the combined system will
lie between the resonances of the unconnected components, and one
and only one resonance will lie between the anti-resonances of the
unconnected components.

When anti-resonances of two separate systems coincide, a mode of
the combined system in which the point of interconnection has zero
displacement exists at that frequency.

If two components are rigidly interconnected at n points, the
number of modes in the connected systems is n less than the number
of modes in the separate systems.

When a system with two or more degrees of freedor, is rigidly con-
strained at one point, the lowest resonance is raised and between
every pair of resonances in the unconstrained system there will be
¢ resonance of the constrained system. Also, the resonances of
the constrained system will be at the anti-resonances of the

unconstrained system viewed at the point of constraint.

2-21
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When a strong and a weak system are rigidly interconn <ted at a
single point, the modes of the combined system lie near the
resonances of the strong system and the anti-resonances of the weak
system.

If a rescnance of the strong system and a resonance of the weak
system lie close together, the combined system will have a pair of
modes in this neighborhood. Furthermore, one of these modes will
occur at a lower value of frequency than either the anti-resonance
or the resonance and one will occur at a higher value of frequency.
When two systems of comparable strength are rigidly connected at a
single point and a resonance of one lies near an anti-resonance of
the other, the natural frequencies of the combined system will be
displaced from that neighborhood by a substantial fraction of the
maximum allowed by statement 7.

When two systems are connected together through a single weak
spring, the resonances of the combined system will occur near and
at slightly higher frequencies than the resonances of the separate
systems. 'f two rcsonances of the separate systems lie close
together, two corresponding resonant frequencies of the combined
system result, of which one lies between the two separate resonances

and the other iies slightly higher than either.

2-22
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When two systems are connected together by means of a s‘ngle large
mass, the resonances of the combined system will lie near and
slightly higher than the anti-resonances of the separate systems.
If two anti-resonances of the separate system lie close together,
but do not coincide two corresponding resonances of the combined
system result, of which one lies between the anti-resonances of
the separate systems and one lies higher than either.

When two systems of comparable strength are connected together at
a single location by a weak coupling element, whose transfer
function varies slowly with frequency, the two systems will have
little effect on one another unless 3 resonance of one system is
nearly coincident with a resonance of the other. In that case,

a pair of modec will exist which will have a large participation
of each component.

When two systems of comparable strength are interconnected by a
general stiff coupling element, whose transfer function varies
slowly with frequency, the two systems will have little effect on
one another unless an anti-resonance of one is nearly coincident
with an anti-resonance of the other. In this case a pair of modes

will exist which will have a large participation of each component.

2-23
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2.1.5.1 Criteria for Good Transfer Function
Measvrements

The following criteria will generally result

in high quality measurements:

TABLE 2.1.5.1.)

EXCITATION CRITERIA
FOR HIGH QUALITY TRANSFER FUNCTICN MEASUREMENTS

1. The excitation signal level should be 40-60 db above the background
noise.

2. The frequency content of the excitation should be uniformly dis-
ty ibuted (: 15 db) over the range of interest.

3. The excitation should contain no zeros at any frequency ovei the
frequency range of interest. Dividing by zero will improperly
range the transfer function.

4. The force should be appropfiately ranged to the mass of the

Structure. The force shculd not permanently deform the structure
or produce a non-linear response.

5. The analyzer input should be ranged appropriately for the peak
signal level. (If a 2 volt peak is produced by the force, the
analyzer should be set for 2 or 4 volt but not 8 volt signals).

6. mpulse testing is used, the trigger level should be set as -
Ir s possible.

2-24
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The following response criteria will generally

produce high quality transfer function measurements:

TABLE 2.1.5.1.2

RESPONSE CRITERIA
FOR HIGH QUALITY TRANSFER FUNCTION MEASUREMENTS

The response signal should be 40 - 60 db above the background
noise.

The sensor should be appropriately selected for the modes of
interest. Generally, displacement, strain or velocity are pre-
ferred for low frequency modes (below 5.0 Hz). Further, the
sensor weight should be small compared to the weight of the
structures (less than 1%).

The range of the response input should be correctly set to
allow full use of the dynamic range of the instrument.

The mounted resonant frequency of the sensor should be at best
five times that of the highest mode of interest.

There should be no major resonances just outside the range of
analysis. The residual compiiance of a large resonance can greatly
distort the measurement of modal properties of a small adjacent
resonance.
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The criteria for coherence in obtaining usable

transfer functions for modal analysis are described in Table 2.1.5.1.3

TABLE 2.1.5.1.3

COHERENCE CRITERIA FOR HIGH QUALITY TRANSFER FUNCTIONS

1. Coherence = .9 and above at resonances.

2. Coherence = .6 and above at all but antiresonance.

c Partial coherence for indirect transfer functions are above .8
and well understood.

Thes’. criteria were met throughout this program.

[f the coherence is less than .8 in the vicinity of an important
resonance or over any substantial frequency interval, it is an indication

that:

The signal-to-noise ratio of either or both signals is
too low (this could be caused b, insufficient excitation
at the input or response point, or by faulty measurement

equipment) .

Ex .raneous inputs are eniering the structure.

Ex:itations are not being measured properly (i.e., trans-
ducers are loose or mounted in the wrong place or in the
wrong direction).

"ot enough averages are being taken for each measurement
(i.e., the more noise sources inherently associated with
the structure, the more averages that should be taken).
Aliasing of the data is taking place.

Resolution of the measurement is not adequate.

The response of the structure at a non-resonant frequency

is extremely low relative to the response of resonant
coherence at non-resonant frequencies.
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2.2 Hammer Test Procedure

The equivalence of hammer (impulse) testing to shaker testing
is described in Reference 4.

This section describes only the data acquisition activity for
hammer testing as it differs from shaker testing. The analysis pro-
cedure for impulse generated data is described in Section 3.0.

First, the response measuring accelerometer is attached to the
structure under test at 4 point where all modes can be measured. Ger-
erally ar end or edge point is best. Next, the hammer is used to hit
the structure at several points and the accelerometer moved to new
points to assure that all modes are sensed at the final accelerometer
position. This determinatinn is made by observation of the data.

Several steps precede the acquisition and analy<is of data.
The first steps establish a “préject file" on tne magnetic disc. The
project file is a framework in which all of the testing and analysis
can take place in an orderly manner and which allows easy information
retrieval.

In this example (a fuze), the project was initiated by the

command :
1Z "FUzt"
[ implies initiate.
Z implies project.

(The word in quotation marks 1is the title of the project.)

2-27
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Finally, we are prepared for preliminary data acquisition. To ’
confirm that our signal form and amplitude are correct, using the “ES"
command, we impact the fuse one time and observe the signal level using .
the a#l command for observing the force signal and a#2 for the response.
Examples of each are shown in Figures 2.2.1 and 2.2.2. These examples
show that we are correctly ranged for this test.

Finally, we gather data into transfer function format. The
transfer function we use is acceleration per pound of force at each

frequency. It is in this format that the data is stored onto magnetic

media for later analysis.
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2.3 Electro Magnetic (E-M) Shaker Test Procedure .

A typical E-M shaker test set-up is shown in Figure 2.3.1.
The force signal is a broad band random signal with approximately equal
input from 1 to 100 Hz. The accelerometers are moved from point to
point until data is collected at each point for which a measurement has
been specified.

Prior to start of testing, the force signal is examined by
oscillgscope for smoothness and amplitude to confirm that the force
transducer is not rattling and that the shaker armature is not bottomed
out. This step assures us that all of the shaker energy is going into
the desired frequency range. A complete set-up similar to that dis-
cussed in Section 2.2 1s performed and verified.

The accelerometer signals are examined at each measurement
point to assure that the range of the A/D converter is set to utilize
the full dynamic range of the analyzer.

Once the shaker has been started, the force signal is not
changed throughout the entire test. For this reason a representative
sample of the force spectra is adequate to characterize the force at .
all times throughout the test.

Analagous to the repeated blows of the hammer, repeated .
samples of the time histories are analyzed to provide improved statis-
tical estimates of the transfer function. In these tests 16-30 frames

(samples) were analyzed, or about 3 minutes per measurement.
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2.4 Hydraulic Shaker Test Prucedure o

In theory, the hydraulic shaker test is identical to that of
the EM shaker. In practice, the measurement of force must be altered -
radically due to the bulk of the brackets involved in mounting the
shaker.

Figure 2.4.1 shows ¢ typical haudraulic shaker test set-up.

The shaker force is measured by an accelerometer on the reaction mass.
The shaker force is directly proportional to the reaction mass and to
the acceleration of the mass. The advantage of this method is that no
brackets or fixtures are required for anchoring the shaker to a wall or
floor and no static load is applied to the structure by the actuator.

The oscilloscope (Figure 2.4.1) is used to observe the force
to assure that no bottoming out is occurring and that the bearings sup-
porting the mass are not binding. The accelerometer signals are observed
upon starting the force to assure that the acceleration does not exceed
reasonable levels on special equipment. Also, this observation assures
that the signal levels are set into the computer to provide the maximum
dynamic range for analysis.

At each measurement point, the accelerometer position gain
and signal level were recorded and saved as part of the permanent test

records.
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HYDRAULIC SHAKER TEST SET-UP
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3.1 Theoretical Background for Analysis of Transfer

Functions(1)
The theory behind modal analysis via frequency response functions
can be examined by referring to the equations of motion for an N degree

of freedom system with viscous damping:

(M1(q] + [CICq) + [K1lq] = [f] (1)
where

[M] = mass matrix

[C] = viscous damping matrix

[X] = stiffness matrix

[q] = time history of the displacement of system
[f]
(q]

[q] = time history of acceleration of system

time history of excitati~» to system

i

time history of velocity of system

This equation is inconvenient to handle with standard methods
of eigenvalue analys.s if [C] is not proportional to [M] or [K]. How-
ever, a method has been proposed by Duncan(7) which reduces these equations
to a standard eigenvalue form. In this method combine the identity:

(M1(q] - (M1C4] = [0]

with Equation 1 to obtain:
[ B 6
(e ) {(a1) + Leodtkf [rall ™ (Cf (2)

Represent this equation in the following manner:

(Ally] + (BIlyl = [z] (3)
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In the case where the eigenvalues of a system are complex, in which
case they occur in conjugate pairs, the eigenvectors will be complex and

will also occur in conjugate pairs,

The above eigenvectors have important orthogonality conditions which

th

can be easily shown. Consider the r and pth eigenvectors [¥"] and

Ef'p] both of which satisfy Equation 5. First write Equation 5 for the

rtM mode and premultiply by the transpused vector [f’p]T, to obtain:

T .
[YPI[BIPT]-s [ ¥PIT[AI[ ¥T]=[ 0] (6)
Using the reversal law for transposed matrix products and recalling

that [A] and [B] are symmetric matrices, transpose Equation 6 to obtain:

[PTITLBILYPI+s [P T [AILY FI=L0] ()

th mode and premultiply by [¥ r]T
rqT
(¥TICBILY P+ LTI [AIL 2 PI=[0] (8)
If Equation 8 is subtracted from Equation 7, the result is:

(s.-s,) [PTIT[AILEP] = 0

If eigenvalues S, and sp are different, the following orthogonality

Next write Equation 5 for the p

properly relates the two eigenvectors:

[PTITAIER) = 0 (9)
It follows that these vectors are also oithogoral with respect to
matrix [B]
(10)

(ETITBI(PP] = 0
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tEquations 9 and 10 are important orthogonality conditions which shows
that the 2N vectors [¥ ] form a linearly independent set, and therefore
any vector in 2N space can be expressed as a linear combination of
these 2N vectors. Since we are interested in freguency response infor-

mation, let

[:(0)]=[2] g ** o
and seek a solution in the form:

[y(t); =[Y)ed®* (12)
Substitute Equati n 11 and Equation 12 into Equation 3 and divide by
et ty ottain:

jw[al[Y] + [B][Y] = [2] (13)

Since the eigenvectors defined by Equation 5 form a linearly indeven-
dent set over 2N space, write the solution to Equation (13) as a
linear combination of these 2N vectors
2N -
[vJ= > ¥ 19°) (14)
r=1
T to

Substitute Equation 14 into Equation 13 and multiply by [¥ P]

obtain:
21

-

o[ ¥P17A)

i)

From the orthogonality conditions, we obtain:
jeoa (¥ ) + bo( 'a’p)=['{'P]T[zJ (15)

where

C2akPSIC 2
(¥ P 80$P)

o
1
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Hence, we can solve Equation 15 forarp to obtain:
T
(wP](z]

jwa

pt PP

Substituting Equation 16 into Equation 14, we obtain:

2n_ [¥T)2I(¥T)

(1 = -

r=1

Ja)ar + br

However, from Equation 7, we obtain

) + =
r 6, @, 0

Therefore, Equation 17 can be written

SREILE

2N
) - > S
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Frequently the complex eigenvalues S, are written in the following

+ . 2"
=3 w,/l- 5.

3r = damping ratio
W, = undamped natural frequency
In terms of [Q] and [F], Equation 18 becomes:
47| O -
[M] ENCRUHICH
- + -
Q v a (jw-3 w *) wr./l Srz)
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Therefore the frequency respcnse function recorded from excitation

A applied at location k and response monitored at location i is:

v r

Hiy= E
ik ar(Jw - 3 rt jwr/i-—ff_) (19)

Since the eigenvalues occur in conjugate pairs, Equation 19 can be

written as:

ol (20)

Equation (9 is an extremely valuable relationship between Frequency
Kesponse Functions and modal characteristics. It relates motion at

any point 1 due to a force at point k. Notice that Equation 19 implies
that the frequency response between response at 1 and excitation at k
is the game as the function between response at k and excitation at i.

Equation 19 is frequently written in the form:

2N
AT N AT AT
My i | USRI X % My
r=1 (s - sr) r=1 (s-sr) (s-sr) (21)
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where

r r
A{k = Residue at pole sr(i.e.?i \Pk )
a
r

The impulse response of the system can be obtained from Equation 21

by performing an inverse transform to obtain:
2N r
- srt
Hyp (2) = E Aiy © (22)
r=1

Since the roots occur in conjugate pairs, Equation 22 can be written

in the form:
Ho(t)= 2 > lA 'e—s @t e [(le '52)+[1:]
ik A e ¥ ¥ %0 e V' °r ikJ (23)
where
" r
ik {"ik

fquation 23 indicates that the impulse response of the system can be
represented by a summation of the number of damped cosine waves times

the appropriate modal parameters.
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The multi-degree-of-freedom (MDOF) curve fitting procedures in the modal
analysis program calculates the value of A:k in the above equations.
Therefore, in the case where A:k was determined from a displacement/force

frequency response function, the value of a can be determined from the

equation:
r r
¢ W/
By 7 AT
ik
where
A:k is determined from a displacement/force function.

In the case where a velocity/force frequency response function was
curve fit with the MDOF procedure, the parameter a, is determined from

the following:

N Ppr

R . L R

where: W Is in the units of rad/sec and

A;k is determined from a velocity/force function
Sim .rly, 1f an acceleration/force frequency r<sponse function is
used, a is determined from the equation:

vl ¥y 2

- % (-60}

a = -
o
Aix

where

ut is in units of rad/sec and

A"

ik is determined from an acceleration/force function.
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If an analytical mode! is to be created from the test data, the para-
meters a_, \Pr,ur and sr are all that is necessary to describe the
comjonent with complex normal modes. However, in some cases an analyst
would like to use a “real” mode approximation with the associated effec-
tive mass or effective stiffness in order to describe the component

under test via the fo'lowing equation:

i i i ¥y (24)
r=1 mr[ “"’&‘2' wZ tiz Sr“"”"r:l

In that case 1t 1s recommended that this approximate representation be
determined by setting the magnitude of the mode shape coefficient equal
to the magnitude of the complex mode shape value and the sign of the
mode shape coefficient from one of the following procedures:

1) Inverse of the sign of the imaginary portion of the mode shape
coefficient when a displacement/force frequency response
function 1s used to determine the mode shape coefficients,

2) The sign of the real portion of the mode shape coefficient
when a velocity/force frequency response function is used to
define the mode shape coefficients.

3) Sign of the imaginary portion of the mode shape coefficient
when an acceleration/force frequency response function is

used to determine the mode shape coefficients.
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The effective mass necessary to approximate the actual frequency
response with that described by tquation 24 can be determined from one

of the following equations:

(Approx. Q,)(Anprox. q' )

m = i it L ittt By’
$ o),
£ l Alk I
where A“‘ is determined from a displacement/force function
. r‘
; (Approx. Q?)(Anprox. \I’k,
BEN S ) ey

| r & |‘n|

where A", is determined from a velocity/force function

ik

r
; o _(Approx. 37, p_prox.?\') .
r

2 IAIYI

r 3 . "
i wher: A 1s determined from an acceleration/force function

ik

In order to represent & component in an ove-.ll system model via a "real”
mode approximaticn, the following approach can frequently be used. The
uncoupled equations of motion for the component in terms of modal
coordinates [ ¥ ] are:
(-0’ Cnd s jwled  [xd} [¥) = [70
. where [~mi] 1s a diagonal matrix of effective masses

M~cd] is a diagonal matrix of effective damping

[k.] is a diagonal matrix of effective stiffnesses

. 3-11
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The motion of the physical coordinates [Q] is related to the motion of

the modal coordinates by:

Q] = [¥](¥]

Symbolically, this can be represented by the following diagram:

Structural
Coordinates

Modal
Coordinates

e :

Remainder of Structure

g .
““‘-T,____~__~,.__~_“‘-__ o
(Ol
- . . -
* * Q) = [y] [4] .
(7]

i e {m
il my m

Ky ¢ k2 ) kg €n

S S S

Therefore, a comporent can be represented analytically from

test data in an overall system model by a set of springs, masses, dampers

and equations of constraint which relate the motion of the physical

coordinates to the motion of the modal coordinates. Since the equations

of constraint can be quite voluminous, the NASTRAN input and MATRIX

Generation task provides the capability to generate NASTRAN Multi Point

Constraint (MPC) equations in a relatively automatic manner.
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RESINUAL INERTANCE AND COMPL IANCE

The frequency response in a specified range can be approxi-

mately described in terms of the following quantities:

1) "Residual Inertance” of the modes «t vibration below
the range of interest.

2) The modes of vibration which are resonant in the speci-
fied frequency range.

3) “Residual Compliance" of the modes of vibration above
the range of interest.

Mathematically this can be expressed as:

o r r
PR, | R MR, 4 £ .,
ik ot Tl . . v ik
= + =
r=1 ar(Ja> $rn} t jw, Jl Sr )
This concept is shown graphically in the following figures:
e e oo e s oo 3 e s P e el =
e e =iz
1 - ' | i \ L 1 1 i | 1 1
! B - AR
|
1 RERRN
%{— e ? u Y j*
I Residual W iy =
El inertance Total 7
| ¢! | | Response
3 ST
// “& Residual
= s =<0 pliance
e — - 3 - - ¢ e A7 o
P adis. W ST A A (W
g C ST
! I ‘ - | ~ | }'“.
Froauency M) """.:;::::‘1 il
of Interent
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The SDOF and MDCF curve fitting procedures available in the
Estimation task are used to evaluate the contribution due to the mcdes
which are resonant in the frequency range under investigation. In order
to determine the contribution of the residual effects the Generate
Residual command in the Frequency Response Synthesis task is used.

3.2 Identification of Resonant Frequencies

Resonant frequencies can be estimated in any of the following
Ways:

1) Peak identification from the transfer function.

2) lero crossing of the real component with simultaneous
peaking of the imaginary component of the transfer
function.

3) Etstimation from the inverse Fourier transform of the

transfer function by the GE command.

Examples of results of each method are shown in Figures 3.2.1
through 3.2.3

Throughout this test program resonant frequencies were
determined by the third method which is described in great detail in

Reference 2. »
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FLOW DIAGRAM FOR ESTIMATING MODAL PARAMETERS
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(See Reference 2)
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3.3 Estimation of Dampings

There are four commonly applied methods of estimation of
damping. Each has advantages and limitations ac discussed in the
following sections.

3.3.1 Exponential Decay Rate: (5)

If a mode can be excited in such a way as to not excite
modes other than the mode of interest, measurement of the decay rate is
a valid means of estimating damping. The variables invoived are illus-
trated in Figure 3.3.1.

This method is generally limited to damping estimates
of the fundamental or lowest frequency mode due to difficulty in
xciting individual modes.

3.3.2 Forced Vibration Response

When modes are'well separated from one another, two
independent methods of estimating damping can be developed from the
resonance curve whose parameters are shown in Figure 3.3.2.

This method is successful provided the modes are well
separated and the amplitude of the mode for which an estimate of damping
is desired is not substantially smaller than a nearby mode. In these
cases, estimation by either circle fitting or Inverse Fourier least

squares curve fitting is necessary.
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FIGURE 3.3.1
ESTIMATION OF DAMPING FROM TIME DOMAIN DATA

This method often fails because other modes are als' excited.
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= 20k or Q = f;:?;

FIGURE 3.3.2

METHODS OF ESTIMATING DAMPING FROM FORCED VIBRATION
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3.3.3 Damping Estimation by Circle Fitting

The original approach for this method was developed
by Kennedy and Pancu (6) for systems with hysteretic damping charac-
teristics. As shown below, the method can be extended to the viscous
damping cases and has been extended to include complex modes by David
Brown with the following assumptions:

1) The modes are only weakly coupled in the range where
one mode is predominant. The contribution of lower and
higher modes can be approximated by a complex constant
(N + 313.

2) The system is relatively lightly damped.

These condilicns 2re frequently met, so circle fitting is very useful.

The frequency response of the structure in the
frequency range where the r-th mode is pre¢-minant is obtained from
Equation 1 as:

X U

TR pqr ! jYqu
= - — + R+ jl
Q 6r +l w&;j

where R+jl includes the contribution of the term associated with the
conjugate eigenvalue. If the complex constant is neglected and the

magnitude of the mode is set to unity, (Up + 0 and Vpg + -1 for a

g9
single degree of freedom, w> 0) the following relations is obtained:
X (w-w, )
R%r‘% it r—7
- +&
q (”‘”d%) r
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é

] o

v

and thus,
2 2

il - (el ] - ]

In other words, the contribution of one mode to the general response
can be represented in the Argand plane as a circle (Figure 3.3.3.1).

Taking into coordinates of the center is calculated as:

! v
(R - " qr . ) S ;Eqr-)
6r ‘6r

and the diameter as:
2 g
U + Vv
d = ‘lqur pqr

The complex modal displacement vector expands or reduces

the diameter and rotates the circle in the Argand plane. On the other
hand, the complex constant (R+jl) will translate the center of the circle
in the Argand plane (Figure 3.3.3.2).

A measure of the accuracy of this method is given by
the shape of the frequency response in the region of the resonance: the

more circular the curve, the more accurate the result.
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THAG

FIGURE 3.3.3.1

AN ARGAND DIAGRAM OF A TRANSFER FUNCTION
IN THE VICINITY OF A RESONANCE
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It was shown in Reference 2 that the resonant frequency
could be found where the variation of the phase angle as a function of

frequency 1s a maximum:

The damping ratio, g, can also be determined from the
fitted circle. By locating the two frequencies Wy and w, at ¢ 90 degrees
with respect to the damped natural frequency (Figure 3.3.3.2), the
damping can be calculated by the following relation:

SEELE
,

The diameter of the circle is proportional to the

modulus of the residue:

d = -]_

&p

A 2
pqr

The phase angle apgr , of the complex modal coefficient
can be calculated by passing a straight line through the point of the
resonant frequency, . and the center of the circle. The angle this
line makes with the imaginary axis is equal to the phase angle of the

complex modal coefficient:

U
a = arctan| P35 ) = T 4 arg(A
pqr (qur) 2 ra( pqr)
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Circle fitting typically is the next level of parameter
estimation above quadrature response. [t does a better job of separating
coupled modes than the quadrature technique, but it, like most of the
more sophisticated methods, can diverge and qive very poor answers. In
general, the method is fast and can be used to obtain complex modes but
in order to get the best po.sible results it should be used interactively.
The center frequency and bandwidth used in the circle fit can be varied
depe 'ding upon the amount of noise, the coupling of modes, and the
damping of the mode. This choice of data points utilized in the circ’:
fit gives different answers and the best answer becomes a judgement. As
a result, the best answers are obtained by a skillful operator with
experience using the "GS" command of MPLUS.

The normal procedure for using the circle fit is to
first determine the natural frequency of the system using the “GE"
command procedures. Also, the peaks in the quadrature response or the
peaks in a summation of power spectrums {constructed from the quadrature
responses of all of the measurements) are very good indicators.

Using the following least squares Circle Fit algorithm,
a circle can be interactively fit to the meas.ired frequency response
data at the designated natural frequency:

Least Squares Errvor Fit of a Circle

The general equation of a circle is

x2 + y2 +ax +by +¢c =0
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Setting this equation equal to an error function E,
the least-squares error term is formed by a summation over the discrete
frequencies in the area of the natural frequency.

2 . 2

I (x
! k=) K

M3
™
C

2 2
+ + 4 +
. Yy ax, byk c)
The partial derivatives of the least-squares error term
with respect to the constants, a, b, and ¢ should be zero.
Writing these equations (while dropping the subscripts

and sumnation interval for simplicity of notation):

idel
g}a.(k)zzz(x?+y2+ax4b_y+c)x=0

g
gﬁ(i ! . zz(a2 +y +vaxsbysc)y=0

2
%%(E ) . Zz(x2 + y2 +ax +by+c)l1 =0

Rewriting these three¢ equations in matrix form:

1x2) £lxy) (0] [a] [-z06° + xy%)]
sixy) £62) 1) | b= | -20Py ey
i(x) E(y) m Lc -Z(x2 + yz) _
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9 ;
ARRNRR Y ARSR SR E

FIGURE 3.3.3.3
MODES OF A CANTILEVER BEAM
At point 2 of the Second Mode, only poor Circle Fits can be anticipated

because it is at a Node Point of that Mode.
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e e e i e e ol )

ﬁ 3.3.4 Estimation of Damping from Multidegree of Freedom
Curve Fits of Inverse Fourier Transformed Data

Since the single degree of freedom equations are simply
special cases of the multiple degree of freedom equations, all theoretical
discussions will be made in terms of the multiple degree of freedom case,

In studies carried out by Klostermansz) Van Loonsa) and
Richardsongq) a derivation is given for the general formula of the fre-
quency response of a multiple degree of freedom system with viscous or
hysteretic damping.

For general viscous damping, the frequency response for

a multiple degree of freedom mechanical system can be written as:

X A A* (1)
P D+ i
where
xp = response at point p,
. Fq = 1nput at point q,
J = -1,
E S. = eigenvalue of r-th mode = &. + j%dr
wdr = damped natural frequency of the r-th mode,
ér = decay rate of the r-th mode (damping), ex-
ponential decay), and
qur = complex residue of r-th mode = qur + Jqur.
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Continuvus systems have an infinite numbe ~ of degrees
of freedom but, in general, only a finite number of modes can be used to
describe the dynamic behavior of a system. The theoretical number of
degrees of freedom can be reduced by using a finite frequency range
(fa’ fb). Therefore, far example, the frequency response can be broken up
into three partial sums, each covering the moda, contribution corres-
ponding to modes located in the frequency ranges (0, fa)’ (fa’ fb) and
(fb.-o). {(Figure 3.3.4.1). In the frequency range of in'erest, the
modal parameters can be estimated to be consistent with Equation 1. In
the lower and higher frequency ranges, residual terms can be included to

handle modes in these ranges. In this case, Equation 1 can be rewritten

as:
y r
A A*
r " +§h:[ x q]*z e
ﬁi%?—— ﬁJ%T—T
G s - Sr J Sr k
where
5 = lower mode index of the frequency range of interest,
s = upper mode index of the frequency range of interest,
qu = Jlower residuai term, and
qu = upper residual term.
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In many cases the lower residual term is called the
inertia restraint, and the upper residual term is called the residual

flexibility. These can be written as:

r
r @ A A* (3)
L = - -%? = Re E [-—235— + r |
pq w &D'S Jw- J
r=]
G A q .
Z = Re [ it A ]z
Pq Ju-S_ Ju-S*
i=r +] “ b (4)
b
Where
Re z = real part of‘a complex number 2
qu = inertia restraint, and
qu = residual flexibility

Therefore, Equation 1 can be rewritten as:

X Y J A A*
L2 = . B9 [ ¢ L . ]
Fo g i ! v 1, ()
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-
; This concept is shown graphically in the following
I
{ figures:
: & ——— - —— e - —— e
| : * : it spsves ety - et o
| —— e 0 S B et B .3 s
' i PR T | b b SR T UV RINE R
: ' I
VL DRI e AN
z o X . T‘{ sI- Residual N ""o.‘al -
. L i ! : Ly vy tl-Inertance el ~
| P 0 W /T v % O AR | Response
LT L DY TN ‘N
3 N 9 \ ,V Resicual
, = = = e o x=—<onpliance
S = “‘V‘) I_A‘I 5 + —— o 4 T T A, - 4 -
[ s 'Ij"‘A .i'izvi'\xﬁ' X\IJA ) ‘A.H, V0
pesallne U T RS W W O — = e e
| AT Y [ 1 [EYERIIEN
| L RRUNL T | | [ ITWTIT
Y - L ~ ‘N-
. i |
Froowency (M1) r e l.n"] tal
of Imeren
f The SDOF and MDOF curve fitting procedure available in
' the Estimation task are used to evaluate the contribution due to the
modes which are resonant in the frequency range under investigation.
An alternate way to write the frequency response in
- terms of 1ts undamped natural frequency and damping coefficient is:
r fw\ B
X Y BPQ" + J(;n—\ pgr
. __E s -, .—Bg R r 4 Z
9 i ¢ + '2 ’_(f’_
1 -{— Jeg,. W
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or for the case of proportional damping as:

Y- B
;az__pa* pg e R
q

Z 2 Pq
R e
wr r wr

Several of the curve fitting cases which were dis-

cussed in this section utflized the unit impulse response of the system.
The unit impulse response is the Fourier transform of the frequency
response. Therefore, a mathematical expression for the unit impulse

response can be obtained by a Fourier transform of Equation 1:

e S t 5rt
h t ¥ T - r
pgt) :/:‘] [qure t Abar® ] (12)

The method of estimation from inverse Fourier transform
described in this section, was the method used exclusively in the analys
for damping.

Generally damping was calculated from the driving point
transfer function. In the case of complex structures, with strong local
resonances, we also estimated damping from other points.

While the same method of curve fitting for damping
estimation also gives modal coefficients, the circle fit technique
developed in the following section is more efficient for estimating moda

amplitudes.
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3.4 Mode Shape Calculation

In the following sections two methods of mode shape calcu-
lation are discussed. The first method, circle fitting, wis used
exclusively in this report.

3.4.1 Mode Shape Calculation by Circle Fit

Once the transfer functions are safely stored on the
disc, the data analysis can be begun. The procedure we prefer is to
read in several of the transfer functions and use the "GE" command of
the /E task to obtain the first estimate of modal parameters:

These rules apply to use of the "GE" command:

1) Choose a range for analysis that includes

a minimum at a 'ow frequency and at a
high frequency.

2) Allow two degrees of freedom for each

obvious mode over the range of analysis.

3) Check the fit with th> "GA" command and

compare fit to original data.

4) Store the appropriate modal parameters in

the active modal parameter file.
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The example shown is an example of a good circle fit.

The following options are available as a response to tk2 circle fit:

To accept the modal coefficient as displayed.

To temporarily erter a new frequency limit
between vl and v2 for a new SDOF estimation.

To use the measured response at frequency v
for the mode shape definition.

To use the measured quadrature response
(imaginary part) at frequency v for the mode
shape definition.

To use the measured coincident response (real
part) at frequency v for “le mode shape
definition.

To set the mode shape coefficient for the
current coordinate to zero.

To skip this coordinate and leave the mode
shape unmodified.

To leave the mode shape unmodified and force
an exit from a macro, if the user has
included the GS command inside a macro opera-
tion.

To accept the modal coefficient as displayed,
but invert the sign before storage.

Now we are ready to run the macro program again for SDOF

fitting of the data (Option 3). For “his, the high and low frequencies

are centered as we determined in the first circle fit at the reference

coordinate.

Code (i)

WL D WM -

Of the SDOF options, 8 is preferred from the list below:

Analysis Mode Shape Type Rotation
Automatic Real Center
Interactive Real Center
Automatic Complex Center
Interactive Complex Center
Automatic Real Resonance
Interactive Real Rescnance
Automatic Complex Resonance
"iteractive Complex Resonance
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Option 8 gives the interactive capability to change
the frequency range or other steps to improve the mode shape estimate

and uses the complex or total response. Opti.ns 1, 2, 3 and 6 use only

the quadrature component of the response.

3.4.2 Mode Shape Calculation by MDOF Curve Fit

In order to generate mode shapes from either the circle

fit or MDOF routines, the following prerequisites must be met:

1) There must be a mode shape file appended to the
project file through tie AS command.

2) A geometry file is in core,

3) A trace link file is in core.

When using circle fit, acceptance of a fit of the data
(entering A to the query) automatically moves the numbers noted in
Figure 3.4.2 to the active mode shape file.

The MDOF curve fit subroutine for generation of mode
she ¢s 1s considerably more complex to use and subject to uncontrolled

rrors. :
¥ In this procedure the following steps are used:

1) The most agreeable result of a "GE" command listing
- 1s moved to a parameter file using the "MP" command.

2) The MDOF subroutine is selected from the MACRD
Subroutine.

3) Enter error bands for acceptance of resonant fre-
quency (generally + 5% of the resonant frequency)
and damping (generally a range from .5% to 5% is
adequate).

4) Enter the number of roots, frequency range, and
trace coordinate file.

5) Execute the MACRO using the "XM commands.
3-41



FREQ= 39.3S
DAMP= ©.2371E-01

342+ 324Z+
MODE SHAPE @: SCALE co .86
MODE COEFFICIENT
REAL E.9370SE-0S
IMAG -7 .3€ESESE~-04
AMNPL  7.41957E-04
LIMNITS 29.687 31.05%

(A,L,R,Q,C,Z2,S,E,1,B,T)is2

FIGURE 3.4.2
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In this example, the circle fit results moved to the act‘ve mode shape
file are the numbers labeled REAL (8.93705E-05) and IMAGINARY (-7.36565E-04).
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4.1 Reactor Recirculation Flow Control Valve (RRFCV):

4.1.1 Equipme~t Tested:

- The reactor recirculation flow control valve, located in
the inner containment, was tested using excitation from the hydraulic shaker. -
The maximum acceleration on the valve body which weighs about 5,000 1bs.,
was raised to .4 g's and provided adequate excitation for modal analysis.
The frequency content of the excitation was broad band pseudo random to a
maximum frequency of 100 Hz.

At the time of testing, the flow control valve line is
believed to have been filled and all hydraulic and electrical connections
had been made to the valve controls. At TRANSITEK's -equest, the mirror
insulation on the valve body was removed to permit access to t'e valve body.
Mirror insulation was not removed beyond approximately two feet from either
side of the valve due to the time restrictions placed on the testing by
the construction schedule of the biolngical shield. Generally, more detailed
geometric models are constructed. .In this case, the extreme time limitations
required that we go to reduced geometric description of the valve. The

number of points appears to be adequate for the number of modes measured.

4.1.2 Method of Testing:

The reactor recirculation flow control valve was excited
to a level of .4 g's at the body of the valve. The acceleration 1imit was »
imposed at the request of Taipower. The force level required to produce
this level of acceleration was approximately 1200 pcunds peak. Random force
excitation was used in the Z and Y directions. The valve was not testcd
in the X direction (which generally produces only minimal information) due

to the extreme limitat® . o° time imposed by the construction schedule.
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GEOMETRIC LOCATIONS OF POINTS OF RESPONSE MEASUREMENT

REACTOR RECIRCULATION FLOW CONTROL VALVE

Point
No.

X Y "
(In.) (In.) (In.)

-
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TABLE 4.1.2

MODAL PROPERTIES MEASURED ON THL RRFCV

Mode Shape #

(=2 B S N .

Frequency

(HZ)

18.
22.
30.

38

40.
45.

47

89.

16.
27.
32.
37.
54.

97
57
69

.36

86
20

.96

99

21
07
59
98
29

Damping
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(% Critical)

Y DIRECTION

Z DIRECTION
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FIGURE 4.1.5

THE MODE SHAPE OF THE RAircV ASSOCIATED WITH THE 18.97 HZ RESONANCE
MEASURED IN THE Y DIRECTION
THIS VIEW IS DIRECTLY INTO THE SIDE OF THE VALVE.
THIS MODE IS PRGBABLY A PIPING RESONANCE.
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FIGURE 4.1.6

THE MODE SHAPE OF THE RRFCV ASSOCIATED WITH THE 22.57 HZ RESONANCE
MEASURED IN THE Y DIRECTION
IT IS MOST LIKELY A PIPING MODE.
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FIGURE 4.1.8

THE MODE SHAPE OF THE RRFCV ASSOCIATED WITH THE 38.36 HZ RESONANCE
MEASURED IN THE Y DIRECTION
THIS IS THE FIRST TRUE CANTILEVER MODE OF THE CONTROL ARM.
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FIGURE 4.1.10

THE MODE SHAPE OF THE RRFCV ASSOCIATED WITH THE 45.21 HZ RESONANCE
MEASURED IN THE Y DIRECTION
THIS IS A THIRD CANTILEVER MODE OF THE CONTROL ARM.
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FIGURE 4.1.12

THE MODE SHAPE OF THE RRFCV ASSOCIATED WITH THE 89.9 HZ RESONANCE
MEASURED IN THE Y DIRECTION
THIS IS A CANTILEVER BENDING MODE OF THE SMALLER COMPON NTS AT THE END OF THE ARM,
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FIGURE 4.1.73
THE MODE SHAPE OF THE RRFCV ASSOCIAT L WITH THE 16.21 HZ RESONANCE ‘
MEASURED IN THE Z DIRECTION =z
THIS VIEW IS FROM THE SIDE OF THE VALVE AND OPPOSITE FROM THE CONTROL ARM, -4
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» IGURE 4.1.17

THE MOCT SHAPE OF THE RRFCV ASSOCIATED WITH THE 54.29 HZ RESONANCE

MEASURED IN THE Z DIRECTION
THIS IS A CANTILEVER MODE INVOLVING THE SMALLER COMPONENTS OF THE CONTROL ARM,
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4.1.5 Conclusions:

_ The results of this test show that large components such
as the reactor recirculation flow control valve can be tested successfully
using the restraint applied by Taipower for conduct of this program. The
effort to measure dampings at higher acceleration levels was not permitted,
but the damping values indicated in this test are quite reasonable for this

type of structure.
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4.7 Residual Heat Removel (RW') Pump:

4.2.1 Equipment Tested:

The residual heat removal pump, which we estimate weighs
3,000 1bs., was tested using the TRANSITEK hydraulic shaker-at a force
level of approximately 500 pounds. At the time of testing, the RHR line
is presumed to have been filled with water. All hydraulic and electrical
connections had been installed and completed at the time of testing. The
pump located in the auxiliary building was properly secured to a base and
foundation on the floor of the auxiliary building. The wire frame model
of the RHR pump prepared by TRANSITEK is shown in Figures 4.2.1 and 4.2.2.
The geometric location of points of response measurement on the RHR pump
are listed in Table 4.0./. The dimensions are given in inches.

4.2.2 Method of Testing:

The RHR pump was excited to an acceleration level of .3 g's
at the point of excitation. The .3 g acceleration limit was iuposed at the
request of Taipower. The force level required to produce this level of
acceleration was approximately 500 pounds force peak. Shaped pseudo random
force excitation was used for both axes of testing. The spectrum was shaped
to produce a one over frequency rolloff i- the range of 30 to 100 Hz. This
was done to satisfy the request of Taiy - that we not shake the pump at
greater than 33 Hz which was the upper previous limits of its level of
qualification. The force level at the higher frequency proved to be adequate
to excite the higher modes of the pump. Special brackets, which add approxi-
mately 70 1bs. of dead weight, were made to mount the shaker to the pump in
both horizontal directions. The point of excitatio. for the X direction was
36 and point 48 for the Z direction.

The response was measured using high sensitivity (lg/volt)
accelerometers (PCB Model 308) attached to the pump with beeswax. At each

point 16 samples were taken, or about 3 minutes of continvous data collection.
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GEOMETRIC LOCATIONS OF POINTS OF RESPONSE MEASUREMENT - RHR PUMP

Point X Y z
No. (In.) (In.) (In.)
1 v @ 2¢€
2 2 4 22
2 ] 4 1e
& “ ) 1€
5 “ 35 1€
€ i 56 1€
7 ] 91 14
e -2& “ @
Q -23 B #
16 -1 < @
11 -1 e @
12 -16 39 @
13 -16 oe w
14 -14 51 @
S a @ -26
16 B 4 -23
7 “ 4 -1¢€
8 “ 20 -16
2e o Se -1e
21 @ 51 -14
2z 2% o @
23 23 4 @
24 1€ 4 3
25 16 Py @
2¢€ 16 35 2]
27 16 59 @
28 14 51 @
29 38 35 3
3 - 35 @
31 5% 35 27
2 -28 35 [
33 -68 35 @
34 @ €4 @
35 14 84 @
36 17 85 @
37 17 112 @
g 17 137 (4
39 @ 84 14
4@ B 8% 17
41 o 112 17
42 v 137 17
43 -14 84 K
L -17 a5 ]
45 -17 112 @
46 -17 137 (3
47 “ 84 ~-14
48 14 85 -17
49 @ 112 -17
Se @ 13?7 -17
51 @ 137 31
19 @ 35 -1€
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4.2.3 Modal Properties:

The driving point transfer functions are shown
in Figures 4.2.3 and 4.2.4 for the X and Z directions, respectively.

Only two resonances were apparent in either transfer function. The slight
difference in the resonant frequencies measured in the two directions are
believed to be due to differences in the stiffness of the coupling housing
hetween the motor and pump in the different directions. Table 4.2.2 lists
the modal parameters estimated from the transfer functions chown in
Figures 4.2.3 and 4.2.4,

4.2.4 Mode Shapes:

The mode shapes measured in the X direction are shown in
Figures 4.2.5 and 4.72.6. The mode shapes are identified in the subtitle of
each figure. The mode shapes measured in the Z direction are shown in
Figures 4.2.7 and 4.2.8. The mode shapes are entiirely those that would be
predicted for equipment of this type.

4.2.5 Conclusions:

The vesults of this test show that even with relatively low
levels of excitation and sharply reduced forces over 33 Hz, the mode shapes
and modal properties of this type of equipment can be successfully measured.
The damping values ranging from 1.7% to 3.0% are entirely believable and
appropriate for equipment of this nature and is consistent with previous
TRANSITEK eperience.

The measurement of dampings at more than one force level
was impractical on this piece of equipment for the extremely low levels of
excitation to which we were restricted. The values stated, however, are a
good indication that both structural and sone acoustic damping would occur

beyond the low values associated with hysteresis type damping.
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Mode Shape #

TABLE 4.2.2

Frequency
Hz

X DIRECTION

17.34
92.i2

ZD

18.3
87.0

81001-1
March 13, 1981

MODAL PROPERTIES MEASURED ON THE RHR “UMP

Damping
(% Critical)

&3

3.]

2.4
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FIGURE 4.2.5

THE MODE SHAPE ASSOCIATED WITH THE 17.39 HZ RESONANCE
we <URED IN THE X DIRECTION ON THE RHR PUMP
(S A FIRST ORDER CANTILEVER BEAM MODE
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FIGURE 4.2.6

THE MODE SHAPE ASSOCIATED WITH THE 92.12 HZ RESONANCE
MEASURED IN THE X DIRECTION ON THE RHR PUMP
IS A SECOND ORDER CANTILEVER BEAM MODE
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FIGURE 4.2.7

THE MODE SHAPE ASSOCIATED WITH THE 18.2 HZ RESONANCE
MEASURED IN THE Z DIRECTION ON THE RHR PUMP
IS A FIRST CRDER CANTILEVER BEAM MOODE
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FIGURE 4.2.8

THE MODE SHAPE ASSOCIATEN WITH THE 87 HZ RESONANCE
MEASURED IN THE Z DIRECTION ON THE RHR PUMP
IS A SECOND ORDER CANTILEVER BEAM MODE
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4.3 Motor Control Center (1CID):

4.3.1 Eguipment Tested:

The motor control center 1CID was tested to an acceleration
level of .2 g's maximum. A high ambient background vibration (up to .05 g's)
frustrated this test in the high frequency range in particular.

At the time of testing, all electrical connections and
instrumentation of the control center, which is located in the auxiliary building,
were completed. The cabinet was properly attached to the cement floor. The
wire frame model of the control center prepared by TRANSITEK is shown in
Figure 4.3.1. Four other views of the motor control center wire frame model
are shown in Figure 4.3.2. The model is extremely detailed in an effort to make
the very most of the possible mo. shapes at the low level of excitation. The
location of each point of response m@asurement is described in Table 4.3.1.

4.3.2 Method of Testing:

The motor control center was excited by the TRANSITEK hydrau!lic
shaker to a maximum acceleration of .2 g's with wide band shaped pseudo random
excitation. Above 30 Hz, the force spectrum was rolled off at approximately
one over frequency rate of decrease. The actual rate of decrease was, in fact,
higher due to the softness of the structure. The force level required to produce
this level of excitation was approximately 300 pounds of force peak. The panel
was tested only in the / direction, or along the nerrow dimension because previous
TRARSITEK experience has shown that both vertical shaking and axial shaking tend
to excite only the resonance of the narrow dimension with no new resonances. A
special bracket which added approximately 100 1bs. of dead weight held the shaker
at the top of the motor control center at point 92.

Thirty frames or samples of data were collected at each point
to minimize the effects of the low level of excitation and high ambient vibration.
The response was measured using high seisitivity (1 g/volt) accelerometers (PCB

Model 308) attached to the structure with beeswax,
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TABLE 4.3.1

GEOMETRIC LOCATIONS OF POINTS OF RESPONSE MEASUREMENT

Point £ Y z
No. (In.) (In.) (In.)

1 a 2 @
2 a 42 2
3 2 B2 2
B a 192 2
S 42 2 é
[ 42 42 2
? 40 L) 2
8 4a 128 2
] -1 2 @
10 22 42 2
11 L) 28 2
12 29 182 2
13 129 2 @
14 129 42 2
15 1202 88 @
16 122 e -]
17 169 5 2
18 169 42 2
19 169 L] @
22 169 1@e a
21 122 a a
22 182 40 2
23 189 80 @
24 188 1aa a
25 2929 @ @
26 204 492 a
27 2498 88 2
28 289 192 @
29 229 @ 2
3e 229 42 2
31 220 29 2
32 229 122 2
13 a w 29
34 2 2e 29
35 2 49 29

MOTOR CONTROL CENTER 1CID

Foint X Y Z
No. {In.) (In.) (In.)
3€ a €0 29
37 a 20 29
3% 2 198 20
39 29 2 2@
4@ 29 2a 29
41 29 4@ 28
42 29 e 9
43 29 aa 29
44 29 198 28
45 4@ a 29
45 49 22 20
47 49 40 20
42 a8 aa 29
43 4a aa 20
Se a9 a0 29
61 232 g0 28
St &2 @ 20
52 L) 29 2e
53 &2 42 i)
54 €2 &0 29
S5 €9 e 29
56 €2 1pa 2%
S?7 ad a 29
S8 g8a 2e 2e
59 22 a0 29
ae aa (34 20
62 a2 1aa e
63 iaa a 20
f4 1984 29 2n
65 1a2 4a 29
13 12 5@ 29
&7 1ea 29 29
3] 192 (o9 20
62 129 a 29
7e 122 29 2e

Point X Y z
No. (In.) (In.) (In.)
71 120 49 20
T2 120 £ 2@
73 120 aa 28
74 129 122 e
7S 142 @ 2@
e 1492 z2e 20
77 142 42 29
78 1402 £9 2@
79 142 29 rdJ
80 149 182 29
81 i@ a 2
82 164 29 20
83 &2 an 29
24 1£2 L 2@
s 162 a9 2%
8¢ 169 {aa e
87 182 a rd )
88 1ga 2e 292
g9 180 40 20
a9 189 €a 2e
91 189 aa 20
92 189 18a 2e
a3 z2e9 a 29
g 299 rdJ 20
95 2949 49 2@
96 2ea (3 2@
o7 2 a9 29
1) 299 19a 20
99 229 a 20
1ea 22e 29 20
191 229 49 29
192 229 €2 20
1972 2zn an 29
194 229 1aa 20
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4.3.3 Modal Properties:

The driving point impedance function is shown in
Figures 4.3.3A and 4.3.38. It will be noted that resonant frequencies
range from 7.4 to 63 Hz. There is the possibility that more resonances
exist at higher frequencies, but, due Lo the extremely low level of
excitation, the quality of the data is inadequate for modal analysis.

The modal properties derived from the driving point transfer functions
shown in Figure 4.3.3A and B are listed in Table 4.3.2. The values of damping
presented in this table are generally lower than TRANSITEK's experience
on similar equipment in which higher levels of excitation were applied.
The ambient vibration at th2 motor control center is between .01 and .04 g's,
and this high ambient vibration also inhibited the measurement process.

4.3.4 Mode Shapes:

The mode shapes measured on the motor control center
and associated with the resonances of Table 4.3.2 are shown in Figures
4.3.4 through 4.3.9. The resonance at 69.65 Hz had no discernible mode
shape due to the low level of excitation.

4.3.5 Conclusions:

The results of this test were somewhat marginal indicating
that higher levels of excitation are essential to the success of measurements
of this type. TRANSITEK experience on similar structures using excitations
to the 1 to 3 g level show significantly higher values of damping and greater

clarity of the mode shapes.

4-41
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TABLE 4.3.2
MODAL PROPERTIES MEASURED ON THE MOTOR CONTROL CENTER (1C1D)

Frequency Damping
Mode Shape (Hz) (% Critical)

] 7.4 2.4 :
2 29.19 2.6
3 33.93 4.4
4 39.72 1.4
5 47.42 1.4
6 62.98 1.3

No Shape Found 69.65 5.4

4-44
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FIGURE 4.4.1
JET PUMP INSTRUMENT PANEL

A LABELED WIRE FRAME MODEL OF THE ENTIRE WIRE FRAME MODEL OF THE
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FIGURE 4.4 4A
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TABLE 4.4.2
MODAL PROPERTIES MEASURED ON THE JET PUMP INSTRUMENT PANEL

Frequency Damping
Mode Shape (Hz) (¥ Critical)
X DIRECTION
1 19.87 2.1
2 21.32 0.9
3 31.45 2.4
4 : 34.57 J.8
5 42.26 1.9
6 52.0 1.8
7 64.0 2.6
8 78.4 1.8
9 85.3 1.3
10 89.0 2.4
11 94.4 2.7

Z DIRECTION

2 35.0 2.8

W
O & o o o







v9-v

FIGURE 4.4.6
THE MODE SHAPE ASSOCIATED WITH 19.87 HZ RESONANCE

MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION.
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FIGURE 4.4.7

THE MODE SHAPE ASSOCIATED WITH 21.32 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION
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FIGURE 4.4.8
THE MODE SHAPE ASSOCIATED WITH 31.45 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION
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FIGURE 4.4.9
THE MODE SHAPE ASSOCIATED WITH 34.57 4Z RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION
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FIGURE 4.4.11

THE MODE SHAPE ASSOCIATED WITH 52.0 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION
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FIGURE 4.4.13
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THE MODE SHAPE ASSCCIATED WITH 78.41 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DTRECTION
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FIGURE 4.4.14

THE MODE SHAPE ASSOCIATED WITH 85.29 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION
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FIGURE 4.4.15

THE MODE SHAPE ASSOCIATED WITH 89.03 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE X DIRECTION
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FIGURE 4.4.17

T'E MODE SHAPE ASSOCIATED WITH 22.73 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL iN THE Z DIRECTION
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FIGURE 4.4.19

THE MODE SHAPE ASSOCIATED WITH 38.37 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE Z DIRECTION
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FIGURE 4.4.20

THE MODE SHAPE ASSOCIATED WITH 44.9 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE Z DIRECTION

1861 ‘€1 ydaey

L-10018




6L-v

FIGURE 4.4.2]

THE MODE SHAPE ASSOCIATED WITH 48.24 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE Z DIRECTICN
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FIGURE 4.4.22

THE MODE SHAPE ASSOCIATED WITH 53.81 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE Z DIRECTION
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FIGURE 4.4.23

THE MODE SHAPE ASSOCIATED WITH 58.45 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE Z DIRECTION
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FIGURE 4.4.24

THE MODE SHAPE ASSOCIATED WITH 60.1 HZ RESONANCE
MEASURED ON THE JET PUMP INSTRUMENT PANEL IN THE Z DIRECTION
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4.5 3 Inch Motor Operated Valve:

4.5.1 Equipment Tested:

The 3 inch motor operated valve was tested using impulse
techniques. At the time of testing, the valve was completely installed
and all hydraulic and electrical connections to the valve were completed.

The pipes on which Lhe valve was located are believed to have been empty.
We estimate the valve to weigh nominally 300 1bs.

The geometric location of eaun point of response measure-
ment is listed in Table 4.5.1. Figure 4.5.1 is a labeled wire frame model
of the valve. Figure 4.5.2 shows additional views of the wire frame model.

4.5.2 Method of Testing:

The valve located on the inner wall of the inner containment
was excited to an acceleration level of .2 to .3 g's in each of the three
directions by hammer taps of nominally 200 1bf. Higher accelerations resulted
from nore forceful hammer taps up to 1,000 Ibf in testing to determine if the
damping changed appreciably with the level of excitation. Response was measured
using sensitive (1 g/volt) accelerometers (PCB Model 308) attached to the valve
with glued on mounting pads.

4.5.3 Modal Properties:

The driving point transfer function for the X direction
is shown in Figure 4.5.3. Five modes are apparent in the transfer function.
Figure 4.5.4 is a graph of the driving point transfer function measured in
the Y direction. Again, five resonances are apparent in the transfer function.
Figures 4.5.5A through D are the driving point transfer function measured
in the 7 direction. Eieven different modes are apparent in the expanded
views (4.5.58 through D). The modal parameters derived from these transfer

functions are listed in Table 4.5.2.
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TABLE 4.5.1

GEOMETRIC LOCATIONS OF POINTS OF RESPONSE MEASUREMENT
3 INCH MOTOR OPERATED VALVE

Point X Y z
No. (In.) (In.) (In.)

1 2% 12 a
¥4 6 12 @
3 @ 12 o
4 @ 6 @
S a “ f
€ @ -6 3
7 9 17 Bl
£ @ -28 @
9 4 “ 7
19 [ -4 7
1i -4 a 7
12 & 4 7
13 2 a 14
14 .2 [ 14
15 2 -3 21
1€ -3 -3 21
17 3 -3 25
18 -3 -3 S
19 6 -1 21
29 13 -1 21
21 13 -1 25
22 & -1 25
23 3 4 21
24 13 4 21
2% 13 4 25
26 S 4 1
‘ 4 16 18
22 -3 16 1e
29 4 16 24
iu -3 16 24
31 -4 k! 21
32 -7 3 21
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FIGURE 4.5.1

A WIRE FRAME MODEL OF THE 3 INCH MOTOR OPERATED VALVE
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FIGURE 4.5.2
FOUR VIEWS OF THE 3 INCH MOTOR OPIRATED VALVE
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THE DRIVING POINT TRANSFER FUNCTION OF THE 3 'NCH MOTOR OPERATED VALVE
MEASURED IN THE X DIRECT:ON
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TAELE 4.5.2
MODAL PROPERTIES MEASURED ON THE 3 INCH MOTOR OPERATED VALVE
Mode Shape # Frei::n!cy (%D::‘i’:?gal)
X DIRECTION
] 18.2 1.1
P4 21.4 1.0
3 30.1 1.3
4 33.4 9.7
5 74.6 1.9
Y DIRECT.ON
1 21.9 1.1
2 29.6 1.1
3 44.8 1.0
4 48.1 .9
$ 49.5 .9
6 75.1 1.3
Z DIRECTION
1 20.6 4.1
9 1.6 .9
: 2 29.3 - Y
10 30.2 .4
' 3 44.1 5
4 48.2 1.0
5 49.3 1.0
6 72.4 1.6
8 79.9 1.6
7 75.8 * | 4-93
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4.5.4 Mode Shapes:
The mode shapes associated with the resonances listed

in Table 4.5.2 for the X direction are shown in Figures 4.5.6 through
4.5.10. The mode shapes for the Y direction are shown in Figures 4.5.11
through 4.5.16, and the eight modes measured in the 7 direction are shown

in Figures 4.5.17 through 4.5.25.

4.5.5 Special Test Results:

The 3 inch valve was subjected to special tests consisting
of impulses at greatly different force levels. The purpose of this special
test was to measure the change in damping with excitation level and the
tests were completed before we were advised of Taipower's desire to limit
the response levels,

The results of the tests, listed in Table 4.5.3, show
that generally the damping increase; with the level of applied force.

There are exceptions, howev =. The most frequent result is that damping

increased a factor of 2 to 4 with a factor of 10 change in the force level.

4-94
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FIGURE 4.5.6

MODE SHAPE ASSOCIATED WITH THE 18.2 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE X DIRECTION
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FIGURE 4.5.7

MODE SHAPE ASSOCIATED WITH THE 21.3 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
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MEASURED IN THE X DIRECTION
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FIGURE 4.5.8

3

MODE SHAPE ASSOCIATED WITH THE 30.1 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE 5
MEASURED IN THE X DIRECTION o
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FIGURE 4.5.9

MODE SHAPE ASSOCIATED WITH THE 33.4 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE X DIRECTION

1861 ‘€1 yd4ey
L-10018

0



FIGURE 4.5.10

MODE SHAPE ASSOCIATED WITH THE 74.6 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE

MEASURED IN THE X DIRECTION
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FIGURE 4.5.11

MODE SHAPE ASSOCIATED WITH THE 21.9 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Y DIRECTION
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FIGURE 4.5.12

MODE SHAPE ASSOCIATED WITH THE 29.7 HZ RESONANCE OF THE 3. INCH MOTOR OP
: 5 RAT
MFASURED IN THE Y DIRECTION RO T
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FIGURE 4.5.14

MODE SHAPE ASSOCIATED WITH THE 48.1 HZ RESUNANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Y DIRECTION
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FIGURE 4.5.15

MODE SHAPE ASSOCIATED WITH THE 49.5 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED
MEASURED IN THE Y DIRECTION

VALVE

1861 "€l Ydaey

L-100(8



SOL-t

FIGURE 4.5.16

MODE SHAPE ASSOCIATED WITH THE 75.1 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Y DIRECTION
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FIGURE 4.5.17

MODE S4APE ASSOCIATED WITH THE 20.6 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.18

MODE SHAPE ASSOCIATED WITH THE 29.6 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.19

MODE SHAPE ASSOCIATED WITH THE 29.8 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.20

MODE SHAPE ASSOCIATED WITH THE 30.2 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.21]

MODE SHAPE ASSOCIATED WITH THE 44.1 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.22

MODE SHAPE ASSOCIATED WITH THE 48.2 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.23

MODE SHAPE ASSOCIATED WITH THE 49.3 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IN THE Z DIRECTION
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FIGURE 4.5.24

MODE SHAPE ASSOCIATED WITH THE 72.4 HZ RESONANCE OF THE 3 INCH MOTOR OPERATED VALVE
MEASURED IM THE Z DIRECTION
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FIGURE 4.5.25

MODE SHAPE ASSOCIATED WITH THE 75.8 HZ RESONANCE OF THE 3 INCH MOTOR OPERATEC VALVE
MEASURED IN THE Z DIRECTION
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TABLE 4.5.3

SPECIAL TEST RESULTS
3 INCH MOTOR OPERATED VALVE

Hard (800-1000 1bf)

81001-1

March 13

Soft (<100 1bf)

, 1981

Freq iency Damping Frequency Damping
_(Hz) (% Critical) __(Hz) (% Critical)
; X DIRECTION
18.56 1.52 18.10 0.2
21.11 2.8 21.66 2.1)
29.87 1.22 29.59 0.60
33.34 2.31 3¢.94 1.08
73.55% 0.02 73.56 0.02
Y DIRECTION
21.18 2.20 21.07 0.60
21.73 0.66 21.82 0.42
29,88 .13 28.59 3.55
44 .94 0.69 45.19 0.63
47.17 2.21 47.31 1.22
49.55 0.98 48.83 0.58
73.98 1.17 74 .64 0.13
Z DIRECTION
21.28 1.38 0,83 9.66
21.54 1.06 21.11 2.02
29,70 1 36 29.87 0.43
44.73 1.16 43.88 0.80
47.95 0.63 47.75 0.10
49.70 1.07 44 49 0.51
.72 1.04 72.20 0.41
75.25 2.68 74 .53 0.53
80.88 0.79 81.09 1.58
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5.0 CONCLUSIONS

The values of resonant frequency, dampings and modal coefficients
are consistent with TRANSITEK experience on similar equipment. Many
resonances were jetected in the 1 to 100 Hz ‘requency range. While
these resonances in and of themselves do not pose clear or potential
hazards, they indicate that additional analysis is required to accurately
assess the likelihood of failure in an event which produces a combina-
tion of seismic and high frequerncy loads.

The cooperation of station personnel (Taipower's C.C. Cheng, H.C. Lee
and Hainan Hsiah) and EG&G personnel (Ira Hall and Bob Guenzler) enabled
us to perform this program to the general extent of the original scope.
The response levels to which the gram was limited ruled out the hoped-
for measurement of variation in damping with response amplitude and
limited severely the quality of data from the Motor Control Center. The
data are, however, usable as the values of damping are in the range of

expected and are characteristic values.
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General References on Modal Analysis (continued)

“ldentificatinn of the Modal Properties of an Elastic Structure from
Measured Transfer Function Data”

Richardson, M.; Potter, R.

Instrument Society of America, 1SA ASI 74250 1974, pp. 239-246

"Viscous vs. Structural Damping in Modal Analysis”
Richardson, M. » Potter, R.

"ldentifying Modes of Large Structures from Multipl: Input and
Response Measurements"”

Richardson, M.; Kniskern, J.

SAE Paper No. 760875 1976, 12 pp

“Effective Measurements for Structural Dynamics Testing: Part "
Ramsey, K.
Sound and Vibration, November 1975

“fffective Measurements for Structural Dynamics Testing: Part 11"

Ramsey, K.
Sound and Vibraton, April 1976.

“Survey of Excitation Techniques Applicable to the Testing of Automotive
Structures”

Brown, D. L - Carbon, G.; Ramsey, K.

SAE Paper No. 770029 1977, 16 pp.

“Parameter Estimation Techniques for Modal Analysis”
Brown, D.L., et al
SAE_Paper 790221 - Preliminary

General References on Digital Signal Processing

R. Otnesy and L. Enochson "Applied Times Series Analysis Vol. 1." Wiley & Sons,
1978,

R. Otnes and L. Enochson "Digital Time Series Analysis." Wiley & Sons, 1972.

J. S. Bendat and A. G. Piersol, “Random Data", 1971.
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Overview

Addendum to "Test Results, Mechanical Impedance Tests on Selected Components,
Kuosheng Nuclear Power Station".

This addendum contains disk files from the above referenced test results.
The raw data files are contained on both dual density floppy diskette and RKO5
Hard Disk. In addition the hard disk contains all subsequent files generated
during analysis and processing. Each file type is discussed in detail on
pages 2 throuyh 8. Pages 9 throuah 14 contain 1istings of each structure

tested.
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Format for Disk Files

The files are all in standard DEC RT-11 format.

Disk File Name  File Extension  Number of Blocks Date File Created

ey 8 e et

6 characters 3 characters 255 Byte blocks
miax imum max imum

Example:

K3INZ.DAT 52 08-May-81
File Extension Blocks Date Created
Name

After each *ile the contents are identified.
Example:

K3INZ.DAT 52 08-May-81 Project

By looking in the appendix under 'Typical PROJECT FILE', you will find a
break down of the contents of a PRGJECT FILE.

tach Typical File or Typical record contains information which applies to
that file type along with a more detailed description of the records within
the *file.

These f.les are structured arouni the FORTRAN based MPLUS structural analysis
program written by SORC (Structural Dynamics Research Corporation). FORTRAN
listings are not supplied ac a normal part of the program, we cannot go any
deeper into the tiles.

Each of the five structures tested are broken down to the project file level
with the listing of the records for each file.

2-1
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TYPICAL PROJECT FILE

A PROJECT FILE is the master file ‘or a given structure. Each PROJECT FILE
contains Attached Data Files which may be moved in and out of the PROJECT FILE
Any Data File may be attached to any P JJECT FILE.

PROJECT FILE

Check Point - A set of default conditions followed by the date
and time of last update.

File Type Code File Name Date Time Records Identification

Project Z K3INZ 050881-000000 0/Taipower 3" Valve Project
Parameter P K3INP 011881-000000 4/Taipower 3" Valve Parameters
Mode Shape S K3INS!  012181-000000 10/Taipower 3" Valve Shapes 29X
Geometry G K3ING 011.31-000000 1/Taipower 3" Valve Geometry
Funetion H K3INM3  011981-000000 45/Taipower 3" Valve Z-Functions
Traces [ § K3INT 011881-000000 6/Taipower 3" Valve Traces

Oniy one record is contained in a given project file although any data file may be
attached to any project file.

’ CHECKPOINT 050881-000000
7z K3INZ 050881 -300000 0/Taipower 3" Valve Project
P K3INP 011881-000006 4/Taipower 3" Valve Parameters
S K3INSZ 030581 -000000 20/Taipower 3" Valve “hapes 297
» G K3ING 011881-000000 1/Taipower 3" Valve Geometry
H K3INHI] 011981 -000000 45/Taipower 3" Valve X-Functions

T K3INT 011881 -000000 6/Taipower 2" Valve Traces



BT LN A

T RECORDS IN USE
REC 1:LC
REC 2:LC
REC 3:C

P RECORDS IN USE
REC 1:5:
REC 2:7:
REC 3:9:
REC 4:11:

S RECORDS IN USE

REC 1: 18.190 W2
REC 2: 21.329 HZ
REC 3 30.140 WZ
REC 33.410 W2
REC 5: 74.570 HZ
REC 6: 74.570 Wl
REC 7: 16..90 HZ
REC 8 21.329 HZ
REC 9: 30.140 WZ
REC 10: 33.410 W2

Shape
Shape
Shape
Shape
Shape
Shape
Shape
Shape
Shape
Shape

#
#2
#3
#4
#5
5 Modified
1 Modified
2 Modified
3 Modified
4 Modified

81036
May 15, 198]

Trace Records in File
L = Trace of Links
C = Trace of Coordinates

Parameter Records in File

Mode Shape Records in File

Only one Geometry record is included in any Geometry file so no »ecord

listing is included.



M PECORDS IN USE

REC
PEC
PEC
43

REL
PEC
FEC
R
RELC
PEC
REC
REC
REC
REC
REC
REC
FEC
REC
REC
wEC
REC
REC
PEC
PEC
REC
REC
PEC
REC
REC
PEC
PEC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC

-
D WO NN B AN -

11
12
13
14
15
1€
17
1€
19
2¢
21
22
23
24
25
2€
27
28

3e
31
32
33
31

5

-

36

37

38

4@
41
42
43

29y4
29x+
29x%+
29x+
2Gx+
29x+
29x%+
29x%+
29x+
29%+
295+
29x+
26+
29%4
29Y4
29x+
29%+
20x4+
29X+
29x4+
20!0
29%+
29,4
29x%+
“ax+
29%4
29%+
29x%+
29x+
29¥%+
29x4
29%+
275+
27X+
27%+
27n4
27X+
27X+
27X+
27%+
29x+
29x+
29X+

81036
May 15, 1981

FUNCTION RECORDS IN FILE

3:-

3X-
4%
9%~
6x-~

7%~
8x+
9%+
11X+
13%-
145+
15X~
17%-
28X~
21%-
24y -
25% -
27%-
29%~
29%.-
29%-
29% -
28x%+
Jex+
3%+
16X+
18X+
29Y-
292-
21Y+
212-
52+
28x+
28x+
28X+
28%4
28X+
29X+
26X+
28X+
24~
29X~
29%-

A DO O DT PTPIPTOIDOPIEOEDTPIDDTED

-

DT OO DODPDO DN N

“ H = Function Records in Use

Record Number Reference Response Sequence Number
User Assigned

Ti. sequence numbers used for this report are as
follows:

Standard frequency response function
special frequency response function
Response PSD

Force PSD

Coherence

Not used

Maximum force frequency response function
Max‘mum response PSD

Maximum force PSD

Maximum Ccherence

Minimum force frequency respon.e function
Minimum response PSD

Minimum force PSD

Minimum Coherence

Not used

Force time histor,

Response time history

H n B n W N wn

[ T T | [ I (O | )

it o et ek et =d D W N BWN O

N wWwN —O

—
(> 2]
"
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A Typical Record Taken From A Parameter File

LABEL = User identification for analysis

FREQ = Resonance freqguency

DAMPING = Viscous damping ratio

AMPLITUDE = Modal amplitude

PHASE = Modal rotation

REF = Referencs Coordinate

RES = Response Coordinate

MODE = Associated rode number

FLAGS = Processing flags for analysis

MODE PARAMETERS

LABEL FRLY DAMPING AMPLITU & PHASE REF RES  MODE
1 21.250 0.014956 6.4277E-02  -1.4680 92+ 292- 0
3 29.803 0.021740 0.4216 -1.4091 292+ 291- 0
4 48.221 0.010247 8.1723E-02 -1.7421 291+ 291- 0
5 44.067 ©.C05251 1.9301E-02 -2.2971 292+ 29i- 0
9 72.370 0.016246 0.1678 1.8579 292+ 281+ 0
10 75.784  0.007499 7.8523E-02 -2.1828 2971+ 291- 0
11 79.892 0.0157%8 0.2826 -1.6253 297+ 292- 0
6 49.332 0.009690 0.3022 1.7980 292+ 237+ 0
2 20.552 0.040843 2. V412E-0¢  -9.4385 297+ 292- 0

—

COoCcoOooCococC
coocooCcoOoCoCcoO™m
o )OQOOOOO%
— o ot — — — — ke (S}
— o — s



LOC = Geomet) y Location Followed by Coefticients for X,

A Typical Record Taken From A Shape File

pOE SHAPE

L0

10 B A G Y e

]

T TDDTPWID IO T DD PDO™II I DM IO - ®

X FEAL
ov2E -9l

.89k -81
.316E-83 -

e2ac .91
eavE -9)
902k -81
aaet . a1
BeRE 8]
Qent -91
wat - 9]
o9vE -81
gant -8

. 99uE 91

a9ve - a1

ek -e1
@9uE-81

fy4ac-a1
gauE -a1
2BvE -0
anet -81
wavE -9
¥anE -e1
@nag -2
099k -01
eowt -al
8evE -01
113€-02 -
vavE -21

B89k -81
. B99E -81
. QY9E -9
BORE -81

2P DTINVITITOIATITT ORI DD SNED®

X ImAG

.B88E-81
. 900E-081

242E-03
9e9E-9!
vAgE -]
BaRE -9
ot -a}
vaet -9l
avag -91
WAAE-81
LIS
nanag .91
wagE -8l
B8uvE-81

.B0RE-8]
.80eE-081
. BeRE-9!

avet-81
aveE .1
|aac-9]
PORE-B]
GRRE-9)
BYRE -91
CLUIEC )
@erc-9
HevE-81

.978E-82
.899E -91
.8ABE-81
. B0eE-21
.B98E-81
.Q8eE-M

T T IOTDVTITIAIDNITDIIDDDDTOEDIITDDVITIDDEODWD

Y PEAL

. BeRE-B1
.397E-04
.8eRE-81
.B@E -081
. 898k -91

@a9E-081
9a2E -9
@e2uE -e!
890t -91
QUvE-81
eveE-91
049: -81
88eE-81

.B9RE-91

88RE-91

.@geE-01
.89pE-01

feRE-81
80eE-81
890E-01
e99€ -81
PORE-81
eevE-9!
89t -01
eantE -91
eeec -9l

.819€-03

8U9E-81
edec-01

.0RE-91

fanE-81

.B9QE-01

PO TODVESDPDIICTORIDITODDIOEDDDIDODDIODDNODD WD

Y ImAC

.089E-9]
. 273E-83
.89eE-B1
.288E-B1
.N09E 81
.89eE-81
.BBeE-81

88eE-8]
2R3k -81

.BBeE-81

9evE-281
egec-01

.08RE-81

PUBE-081

.BRBE-81

08eE-081

888 -8,
.Bavc-e1

A8eE-81

.8eeE-9]
.89BE -1

900t -91

e2eE-81 -
. BYRE-81
. 80vE-21

BOVE-B1

.372€-83
. BHRE-8]
. B¥ReE -8l
(APBE-B1

8var-81

.@89E-01

' . ¥ b #3580
WD = NN W

1
S WWNWN=NDODVNVND® D

i

-1

-9.

2 PEAL
931£-083
29€E-82

.873E-82
.799:-82
.964E-82
.123E-82
.899€-82
.765E-82
.@18E-83
.89RE .91
.262E-82
.Bu2E-01
.88eE-n1
.88ef -81
.871E-82
.272E-82
.88RE-81
.88eE-21
.419€-83
.985%€E-082
.954€-83
.440E-92

I55E-03

.478£-82
.9449E-03
9. 235E-03
-2.
-2.
-2.
.86%E-02

159€-82
766E-82
272e-082

fceE-02
A00E-B1

61036
May 15, 1981

Y and Z Directions

-3.
-2.
.827E-82

-3

-3.
.930E-82
-3.
.995E-82
.984E-82

-3
-3
-1
~1

-3

2 ImAG
794E-83
781E-02

759€-82
4808E-82
159E-82
939g -8!

e28E-02
#9vE -8

.@49E -2}

8 JehE-81

I [}
W& DD W

-4

-2.
.372€-82
.395E-12
.694E-83
.929€-82

-4
-3

-4
671E-92

-2

-3.

-9

.364E-92
.285E-82
.8@BE-81
.888E-81
.769%c-03
.T42E-92
.7O3E-83

425E-82
838E-02

783E-82

S77E-@2
@89E-82

.BABE-81
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A Typical Geometry File

GEOMETRY
- LOC X Y 2

1 25 18 @

2 & 18 @

3 Cl 12 o

“ 4 5 U]

. 5 v G L]
5 C) -6 ]

7 W -17 L)

9 Cl -22 “

b 4 L) 7

19 o -4 ‘

i1 -4 9 by

12 ) 4 7

12 2 g 14

14 -2 ) 14

15 3 -3 21

1% -3 -3 21

17 2 -3 2%

13 -3 -3 o

19 s -1 ' |

2u 13 -1 21

21 13 -1 29

22 . 1 25

23 5 4 21

29 13 4 21

25 13 4 Fpe

26 [ 4 2%

27 4 16 18

239 -3 16 18

29 4 16 24

R0 -3 16 24

N -4 3 21

22 -7 3 21

v
-
’ 6-1
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Typical Frequency Response Function

. Function Number = Data array from which function was listed.
297 = Reference location, axis and sense
292-= Response location, axis and sense
Frequency = HERTZ followed by real and imaginary components, amplitude

and phase.
-
FmCTIom 1 292+ 292.
CeENUENCY FeaL [man amPLITUDE PHASE
CRCIE -4 1427683 9 a4 4 1423€-93 3 142
# Tape -% SERSE-NS 4 9991E-w4 S ARE4E-B4 | 798
¢ 7912 ~7 7333604 4 1952€.94 ¢ 5199E.g4 2 293
3172 -5 1593605 2 1362604 2 3241E-04 | 276
562 £ OIU3SE-RS 2 TI2IC.9S | 2377604 9 w429
1.2% T RS12E-9S ) 99ISE-Ad 2 eoTuE.Rq 1 419
2 344 uoMeay 2.213%c-04 2 21265584 | ST
2774 ! S2S3E-95 1 I336E-94 | IN9SE-aq ) 434
! SICIE-RS | 2207E-84 1 2392E-94 | 44
3. 5:¢ 9, 36€SE-95 | 9259€-94 1 £773£-84 | 149
7 9y 1 Z37GE-04 -3 2147€-99 | 351%E-v4 -9 29¢1
4.2 1 2970E-@84 -2 2289E-A5 1 3170€-94 -9 1747
4 & ! BE21E-B4 1 WRSIE-B4 1 SINSE-B4 A 7954
$.973 1 3773E-84 6 2665E-95 1 SIS4E-04 9 4635
§ 483 | 6R2E-94 9 91826-95 | B343E-A4 @ 553
5. 3%9 2 S940E-94 - 29P3E-99 2 6941E-94 -8 €907E-@2
6 250 2 4414E-04 5 J4PcE-wS 2 4391E-84 A 2154
Hoeal 2 6TRZE-R4 -2 2539€-85 2 6391€-04 -9 SSUSE-92
7 931 1221699 -1 2681E-94 3 TWS4E-84 -8 3299
o 7 42 SI1I7E-94 7 6294c.w6 S 1127E-04 | 4924E-92
7.912 4 HITEE-R4 7 K3 RS 4 1 149C.04 9 1345
| 3 2a3 S 4932624 1 C2COC.08 S QAS.Pq 2 T771E-02
2 G2 5 ACYIE-08 -2 AfIuC. 04 & 9TaE.g -9 7372
e
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2.3%
s 7eh
12 16
12 5%
19 94
1 33
Sl
12 11
12.5¢
12.99
13.2%
13.67
14 95
14 4%
14 94
5.2
19.62
1% 92

4

e
17,19

18,99
| E e

[
" -
e

o
-

92
31
ra
na

o to ==
Ll
-

o
—

v g
-
>
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T P o 00 1 Py t9
WA e e e T T

G 4 -

Lt .

ue

1w

e Ty ™ Fy Ty
F N

W W e g
AW e

w !
B

v
o

v

o

7.782us-00 2}
T oR24E-08 -1
1 #471£-93 @
1 #71E-93 |
1 1gs?€.93 2
1 #22ag.-93 7
1.2817€-83 -9
1. 3362€£-83 -3
1. 4267€-83 <)
1 €922€-03 -1
{ T914E-83 -3
1 8oinE-03 -7
1 972¢0E-93 -5
2 2212€6-03 -3
2 4185E-03 -1
2 £993£-03 -1
< 7399%€-83 -3
3 U74nE-93 -1
T 2578E-93 -2
3 S934E-03 -2
i 2444€.93 -3
4 4174E-93 -6
€. 2567E-07 -1
4 S4K3E-R? @
6 11307 -

6 33IS1E-07 -
3 6517€-982 -
A oTIeE.HY -2
1 3130E-02 .5
9 TI29E-03 -3
S 4274£-93 -9
5 274nE-93 -2
4 4920893 -3
T 6n21E-84 -»
2 %Lu2E.el 1
§ B4T5E-03 2
€ 1722€-83 -4
5. 9529€-83 -1
9 5517E-92 -
I #97E-82 .2
2 Avic.93 -4
1 1294E-82 .}
1 EE- 92 -2
1 431582 -2
} T1976-92 -2
2 1799 92 -3
2. 7794k 82 -5
I 4119€ w2 -

239699
9259€ -0%
LLLL

Bed1€-04
. 2880€ -05

L294E -89
9192€-95
3923€-0%

.2207€-04

2370k 04
9519€ -05
€294€-09
3426k - <
#519¢ -5

. 60822€ -4
6R22€ 94

1281E-94
2207 -94
6793E -84
4414€-94
1281E-4
1792€ - e

AT
£2120-94
1902E -3
i691E-97
NS8’E-v2
2MWSE-92
2919€ 93
J46ME -02
B452€-93
9427¢ -0
75435 -4
5785E -94
1RISE-ne
790k 9]
FI75TE-93
4719¢ .03
1942693
flbnt 93
TIP1E-B2
4949¢€ -0 3
3304E -03
CERL SR
4779€ -3

'-)Q“‘s‘.l

S

B I o o N O S A I I 2 I I e |

[

Bl

ok T PG v v pe e 1D e DN BN N RIS e e e DY

F 225" -04
6339 -04
9@7iE-23
B¥127€-02

125 5E-83

¥961E-22

. 2996E-23
. 3907€-93

4319E-83
6874E-83
7915E-83
3631€-83
A767E-83
2214E-93
4239€-83
6142E-03
7568E-93
8771E-83
2687€-93
6917E-03
A553E-83
4504E-83
8212k .97

wd=sxon?

4 &
PRI
i
b =4
& %
.

F

,
e o o Iy i

- e
0 L DN
rS o > e .
= T T ™
mmMmmMmMmmMmmmnm
r 4

- O - O S

n

-

—

©

-

m
|

3451€-93
F494E 44
9654€-03
F467E-93
2923€-03
1549E-83
7184£-93
AI7RE-A2
939%E-92
1414¢-92
3I61E-02
S123€-92
7361E-02
1977E-92
a329E-92

w10eE 92

-1 S5¢5E-92
-1 9937E-02
9 Qdua

@ 1957

2 VEyPE-92
7 B305E-02
-7 1227€-02
-6 @937E-82
-8 .53%4€-02
-9 @776E-02
-1 7935€-22
-4 W91E-02
~2 7020E-92
-1 .3377E-92
-6 5145€-92
-5 1327€-92
-9.1137
~3 9¢31E-92
-8 1794E-92
-6 7336E-02
-7 .9138E-92
-8 1358

-9 1421

L e

-3 12%%
-4 1237
-9 13a”
-9 2329
-9 1572
-1.387
-8 9919

-«1 816

-2 424

-1 998

9 9289¢c-82
-3 333%E-02
-9 AS547E-82
-8 2493
-8 1277
-9 2407

-9 43158
-9 1919

4 Jeag
-4 1597
-0.137%

-9 1411

-4 1948

-9 3332
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A Typical Recurd Taken From A Trace File
Trace of locations
Locations = Connectivity sequence for geometry locations
0 = Pen lift
Humbers = A line drawn between locations
LOCATIONS
1 2 3 4 5 6 7 8 0 6 10
4 12 0 9 10 1N 12 9 5 11 0
13 15 17 0 11 14 16 18 0 15 16
17 18 0 19 20 0 21 22 J 23 24
25 26 0 23 19 22 26 23 0 24 20
25 24 0 16 31 29 0 18 30 0 27
30 29 27 0 32 2] 0 15 19 0 17
0 23 27 0 26 29 0

Trace of coordinates

Coordinates = Sequence in which functions are accessed, includes
axis and sense direction.

COORDINATES

12+ 2I+ 31+ 41+ 51+ 62+ 71+ 81+ 91+ 11%+
152+ 162+ 312+ 197+ 207+ 2471+ 231+ 211- 221- 251-
267- 297- 301- 271+ 28I+ 27Y- 27X~ 2Y-  3X+

8-1
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Disk Files For RHR Pump A-3,

ERHRT DAY

KRHRG DAT
KRHPHZ DAT
KeHRZ .DAT
KFHRP DAT
KRHPH1 DAT
YEHRS DAT

HECKPLINT

P KpwE
S ONERRS

I, ¥RU2C

S S

T ¥SHURY

s 161
F e
e
VE
-~ &5 <
REC 1
£

T BECDE
PEC 3 L
REC 32
REC 31
KET @
FEL &, ¢

? KOHE2

11 21-Jan-81- Trace

S 21-Jan-81-
279 21-Jan-81-
52 #8-May-91-
9 21-Jan-81~
279 21-Jan-81-

61 23-Jan-81- Shape

A I B o I N

¢ ta M)

EX XXX T X

AR i 1 TS T ] @ TPr

4-TP(
18-7PC
1/79¢
65100

121-080000 10 TP

SHAPE |
SHRPE | MODIFIED
SHAPE 2

SHRFE 3 MODIFIED
Z2-Axls

SHAPE S MIDIFIED
Z-AX]1E

SHAPE 7 MODIF LEC

Geometry
Function-X
Project

Parameter
Function-Z

PHF
(314
FHEP
PHE
1SS
Cup

Equipment No.

PLmE
PN
Piimp
pime
Erime
Piime

81036
May 15, 1981
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PARAmETERS
SHEFES
CEOMETRY
FUNCTIONS 36x-
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i a 4 -1¢
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22 J€ ¢ v

o 23 4 v

24 1% 4 ¢

25 i e o

26 16 3% W

27 1€ L @

23 14 b} | v

29 Kl % o
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33 -£ 8 35 @
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3% 14 L] ¢
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o a o5 37
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2 " 137 ) ¥4

4: “19 94 o

41 37 es v

' 4" 3 £12 o
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et 40 0 el R T AU A
1

H PECORUS

E°C
PEC
REC
FEC
PEC
REC
EEy

REC
PEL
RET
REC
KEC
REC
PEC
REC
REC
REC
REC
FEX
REC
REC
PEC
43
KEL
RET
2
FEC
REL
REC
REYL

NN B W N e

T e
O =4 N IR B P e DD

-

—
o

20
21
29

--

23

24
e
27
2¢

a2
3e

In LSE

Jex- 22+
JEX- _ 27+
3ex. 42+
36%- 924
3ex- 624
36~ 6T+
e~ 13-
Ied- 13-
36X~ 12X%-
¥~ 11X-
ex- QK-
36X~  97-
JeL- 1674
3exX- 162-
365~ 182~
Iex- 192-
Ins- 207-
36X~ 297+
I6K-  27Y+
Ie¥-  27x+
i~ 26X+
Iers 20%9
I 23X+
icr 23y
JeX- 294
Ie¥. 2974
X~ 297+
et~ 382-
Zex- 31+
LK. FIX-

TPV O2T TV DI IIIROIRITTOOIITDIIT DD

-

Ll T

REC
PEC
REC
REC
PET
PEC
FEC
FEC
PEL
PEC
REC
FEC
REC
REC
REC
PEC
FEC
FEL
REC
pee
FET
EEC
PEC
FEC
FEL
FET
PEC
REC
FEC
PEC
FEC

1
32
33
34
25
R
37
39
39
aw
a1
12
47
a4
45
a5
a7
42
an
Su

€1

Je
€4
5%
L

€
v

€
-

98
34
€1

81036

May 15, 1981

3ex-
36X~
36X~
36X~
36%-
36~
6%~
36X~
36X~
36%-
36%-
36X%-
36X~
6% -
36%~
265~
36X~
36x%-
I6x-
I6%-
357~
I K-
JEX-
JE%-
36X~
36%-
3EX-
3€r-
36X%-
36X~
364~

33x+
327+
322+
4%+
342+
34Y-
422+
412+
422+
427+
387+
x4
3754
3€x+
482 -
492~
502~
Siv+
457+
45 <~
45 -
a4 <.
447~
39y-
S1x+
Siy+
S12+4
36X+
36X+
6%+
36X+

LN =D PO EDTOETDDIIIIIIDIIDD DD

-

9-3



¥ KECORDS Inm USE

FEC
REC
FEC
PEC
PEC
REC
REC
REC
REC
Rt
FEC
PEC
PEC
REC
REC
REC
REC
FEC
REC
REC
REL
REL
REL
REL
PEC
PEC
PEC
REC
REC

—-
R B e B Sl S

. -
R

- . -
LA RS

:

- -
'S @ v

29

249
&7

4524
482+
4824
4574
4274
ag’s
4274
qul4
482+
4524
482+
482+
497+
487+
487+
48724
487+
487+
437+
4274
SEl4+
482+
45l
av "4
R
4i2e
494
492+
4924

42+
27+
22+
SZ+
62+
€Y+
135~
137~
12%-
11%-
9y -
ay-
167+
162~
182~
192-
207 -
20T+
27Y+
27%+
2ux4
25X+
23x+
231+
29%+
292+
297+
3uZ-
31+

PO PIEDWETOOTRDODEEDT DO PTOIEOODNRDTDD

FEC
REC
REC
REC
PEC
PEL
PEC
FEL
peC
FEL
FEL
REZ
PEC
Rzl
PEC
REC
FLL
PEC
REC
PEC
FEC
REC
REX
PEC
REC
KET
PEL
fEC
PEC

3¢

O o«

A et P e &

N ELELET R IET IS

woen
QO ~§ T

4324
42+
487+
apzs
482+
482+
487+
432+
a3+
422+
ag7s
a2+
487+
487+
452+
422+
482+
47+
a7+
457+
4274+
427+
437+
a4
a2+
42+
ag2+
432+
482+

317~
KRAES
327+

327+,

344+
342+
34Y-
4u7+
412+
422+
427+
g+
38x+
374+
36X+
482-
492~
L
Sey+
457+
467~
45% ..
44%-
a4y~
29y~
S1%+
S1y+
S12+
S1X+
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Disk Files For Jet Pump Instrumentation Panel B, Equipment No. R-53-H22-P009

JPCPP DAT 9 20-Jan-81 Parameter

JPCPS DAT 121 28-Jan-81. Shapes-Shaker

JPCPHI DRT 556 28-Jan-81- Function-Z Shaker

JPCPH3 DAT 215 21-Jan-81- Function-X-Hammer

JPCPG DAY 5 20-Jan-81- Geometry

JPCPT  DAT 11 29-Jan-81- Trace

JPLPST1 DAT 133 @3-Feb-81- Shape-Hammer

JPCPH2 DAT 87 24-Jan-81- Function-Special Points

PCPZ DAl 52 ¥8-may-81- Project

CHECHFOINT £S059) -@rangn

2 JPCP2 REEACL-EOEEBE O TPC JET PUMP CONTROL PANEL
BoR e ELAS o RaRMal 4 TPC SET PUMP CNTL PHL PARAMETERS

Pk QL2091-M00aR  2v TRC JET PUMPCNTL PNL SHAPES
o G12uE1-000808 1 CTRPC JET PUME CNTL Pl GEQMETRY

boECPR] @12031-00RA0 130-TPC LET PURMP CNTL PhL FUNCS S92
roeds P120E)-00aned 18- TPC JET PUMP CNTL PHL TRACES
FOEECURDS TN per

FEC 1 31

PEC 21

REC 3 8

FLPS

§ BECOSDY [N USE

FEC 1 22 730 MI Z-Ax1T 3uapE |

pee 2 34 957 MD Z-AX1S SHAPE 2

pEC 2 g IR D 2.a¥TS SHAPE 3

PEC 4 44 993 BI 7. 4¢1S SHAPE 4

pEC S 48 240 12  Z-AXIS SMAPE S

BEC € €7 210 KD Z-pv]5 SHAPE &

P SC 4%0 M2 2.AK1S SHAPE 7

PEC 8 8 RER MO Z-451S SHAPE 8

kEC < 22 TIe MZ O Z-AX1S SHAPE 1 MODIFIED

FEC 10 14 95T OMD JoRd1S SHAPE 2 MODIFILED

REC 11 I ITR WD Z-AXIS SHGPE 3 MODIFIED

PEC 12 44 P33 T 2.A¥1S SHAPE 4 MODIFIED

pEC 12 49 240 M2 C-AX]S SHAPE S MODIFIED

PEC 14 3 918 MD Z-AXIS SHAPE € MODIFIED
« PEC 15 S8 450 M2 2-AXIS SHAPE 7 MODIFED

PEC 16 69 098 WD Z-AY1S SHAPE @ MODIFIED

10-1



JPCPS]

B T T S e e T o0

S PECOPDS In USE

FEC
FEC
REC
PEC
REC
pPEC
PEC
REC
pE
FEC 18
REC 11
PEC 12
FEC 13
REC 14
FEC 19
REC 1€
REC 17
PEC 1%
BEC 12
FEC 29
pEC 21
PEX 22

WA s Ll P e

3 o™

O D

T RECORD: IN USE

REC 1:LF
REC 2'L<
REC 3:LC
REC 4-LC
fEC S-LC
FEC » LC
REC €
REC 2. €
EEL S .C

n EECORDS
geC
PEC
eEC
FEC
REC
PEC
PEL
EEC
FEC
REC
PEC

D NP D Ty e

—

12,879 HZ SHAPE 1
21.720 HZ SHAPE 2
31 4@ HZ SHAPE 3
34 579 HZ SHAPE 4
42 260 HZ SHAPE S
52 900 HZ SHAPE €
64 Q1@ HZ SHAPE 7
72 418 B2 SHRPE 8
£%.298 HZ SHAPE 9
23 93 HI SHAFE 10
34 358 HZ SHAPE 11
19 878 HI HARMER SHAPE
21.320 HZI HAMNER SHAPE
31 458 HI HAMNEER SHAPE
24 T7@ HZ HAMMER SHAPE
42 268 HI HAMMEFR SHAPE
92 09R HZ HPMMER SHAPE
£4 910 HD HAMMER SHAPE
T 418 HZ  HAMAER SHAPE
€S 292 HZ HAMMEP SHAPE
59 830 HZ HAMMER SHAPE
G4 I50 HI  HAMMER CHAPE
In USE
S92+ 98xe+ 9
597+ . 90Y+ 9
582+ 902+ @
992+ Mxe @
992+ J1Y+ @
992 912+ ¥
By 924 B
392+ 927+ @
SN2 922+ 9
S92+ 992+ . 1§
98¢ 892¢ 3

I WODIFIED
2 MUDIFIED
3 MODIFIED
4 MODIFIED
S MODPIFIED
€ MODIFIED
7 WODIFIED
8 MOLIFIED
@ MOCIFIED
10 MODIFLED
11 RODIFIED
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ReC
FEC
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REL
fEr

CEC

FEL
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VEST
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H RECORDY IN VSE

PEC
ReC
REC
EC
REC
REC
Rec
REC
REC
REL
FEC
REL
PEL
REC
PEC
pEL
REL
e
per
ee
PEL
Fet
REL
REL
FEC
REC
pEC
REL
kEC
REC
PEC
PEC
REC
PEL
REC
REC
KEC
PE!
REC
PE
REC
REC
PEC
PEC
REL
REC
FEL
REC
PEC

s B Y -

wi O = D O B

B e e e G e e e

“d* R

592+
592+
592+
992+
S32+
S92+
992+
S92+
992+
£92¢
92
S92+
592+
G324
S9Ze
9924
S92+
592+
QQZA
9924
S9Zs
§aZs
t9ls
892+
592+
S92+
S92+
592+
532+
S92+
S92+
K974
saZs
S92+
932+
G372+
9924+
992+
9§32+
§92+
Y82
G324+
992+
592
592+
592+
592+
392+
592+

22+
32+
12+
25+
32+
42+
47
52+

b

62+

ey-

72+

7K~

7Y+

82+

974
1als
112+
122+
124+
1324
147+
152+
162+
172+
177+
182+
192+
202+
212+
222+
2324
242+
245+
247+
252+
2624
272+
282+
292+
29Y+
3z«
312+
322+
332+
33x+
34+
342+
352+

TODPT VT EDI DI IITNDDLTDTPOODPTTOEDITTO®EDTOO®TSTISPDOCDDDEDS

REC
REC
PEC
PEC
RET
REC
FEC
PELC
PELC
FEC
FEL
PEL
REC
REC
REC
REC
PEC
PEC
LA
REC
FEC
FEC
PEC
PEL
FEC
REC
PEC
CEC
P
REC
PEC
FEC
REC
REL
Fer
REC
REC
RELC
REC
RELC
REC
REC
FEC
FEC
PEC
FEC
REC
REC
REC
REC

59
St

v._o
-~

83

94
95
%€
s?

~
-

69

61
[
&3
£4
€5

wt

€9

34%¢
5K+
32
Jexe
361+
437+
43x4+
42+
41%+
491+
394+
38%+
STA*
44 -
452~
46 -
472+
475+
452~
49x+
43x+
452
Sux s
592-
GRY+
512~
922~
53Z-
£12-
617+
Eaxe
[T s
hHY +
592 -
S9x 4+
S8x+
S7e-
§7%+
SEX4
562 -
952~
942~
€22~
632~
64. -
652~
662-
672-
68Z-

TP IODNTIONDTIIDNIITNTPTDTLIDIDIDETDDILIOEDITITPTIOEDRNT P OSIDPDD DD D

May

FEL
REC
REC
REC
PEC
PEC
REC
REC
REC
FEC
REC
REC
REC
REC
REC
REC
REC
PET
REC
REC
REL
FELC

81036
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1c;
102
19?2
194
185
18
1e?
182
103
118
111
112
113
114
119
116
117
11¢€
119
120
121

592+
59.2+
554+
592+
592+
592+
592+
592
597+
592+
592+
S92+
592+
592+
592+
S92+
9592+
592+
592+
S37+4
S92+
S92+
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697+
69~
974+
767+
76X~
762~
752~
794~
747~
74x-
732-
73%-
72%-
722-
712~
787~
71~
83x-
g2%-
B1x-
fay -
79% -

TPTODDTODDTODDDDDNPIDDDDD®DD®D
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: GECMETPY 22 120 e 12
g Loc X ) Py 41 128 24 12
g ! v ¢ 8 4s 120 9 1
2 @ 14 9 as 129 14 R
! 2 ) 27 @ 4 129 29 3w
4 o § ) 4’ ize 4: 3¢
- o S7 @ 4z 129 S57 39
) 3 2 e Y 43 128 n in
2 9 . 8¢ ¢ se 120 B 30
23 9 & <t &7 u 3
@ 2% 4= 2 2 97 22 21
"' 29 91 12 = ¥ 4z 12
3 23 77 ' 4 re “ 30
13 2% “4 o 5 72 14 30
13 a7 @ “ 13 Te 29 3n
14 47 29 12 7 72 47 39
1% 47 51 12 b3 72 sS7 0
‘. 5 47 i 12 23 72 i k)
| 17 47 84 2 £@ 72 4 20
19 72 @ W £1 a7 24 W
s re 14 @ 82 a7 ) I
=4 = g2 e £3 a7 23 21
21 72 e B 54 47 43 12
| 22 72 % ¥ £5 2% @ k)
23 2 8 @ es ot 23 21
24 72 92 (3 £7 29 43 12
29 97 (3 i £ a7 a4 I
28 7 % 12 £4 25 24 34
a 2? 1 i2 g e i@ o ks
2 37 o7 12 | e 14 W
2% ar 24 @ - “ 29 3@
3¢ 129 (8 " 22 i LB 3w
kR 20 14 - 74 i o 30
22 129 4 ” P o e 39
33 129 417 by = i 24 in
34 128 s7 ) & u ga 12
23 745 7@ L 74 o i 12
12 e " rq @ e z
| 3T 129 ¢ 12 20 W 47 12
28 129 14 12 21 o 29 12
39 y2e 29 92 o 14 12
4 12¢ LE 83 o " H
A 4 12w 57 2 24 72 51 12
2% - 29 12
86 72 7? 12
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81036

_? May 15, 1981
'
)
Disk Files For Recirculation Control Val.l B, Equipment No. R-57-B33-V003
.
KRRUP DAT 9 23-Jan-81- Parameter
KRRUG DAT 5 23-Jan-81- Geometry
) KRPUM2 DAT 194 22-Jan-81- Fynction - 2
KRPUN DAT 215 27-Feb-Bl. Function - Y
KRRYUZ DAT 952 @8-Mav-81- Project
KERUT  DAT 11 23-Jan-81- Trace
KRRYS DAT 121 23-Jan-81- Shape P
FERUS2 DAT 61 84-mar-91- Shape -1
(MECYENINT BSH08] - 98000
2 ¥PEU2 WECEY [ BEARRA B TPC REACTOR RECIRC UALUE
P oyERUR B12701-0RARAR  4/TPC CEACTOR PECIRC UALVE PARANS
S VREUS R12201-EARE 28 TPC REACTOR RECIRC UALUE SHEPES
G KERUG A12721-RR@0Ew 1 TPC PEGCTOR RECIRC UALUE GEOM
WO EOUY2 (12721 000008 45S/TPC PEAT  RECIPC VALUE FUNCTIONS 72
T RenT @1ZI01-0R0BE  18-TPC PEACTOR PECIPC URLUE TRACES
B OPECOMDS IN LSE
PEC 1 B
REC 2 9
LR S
S PECORDE INM USE
FEL 1 12 478 U2 Y.B1R SHAPE M1
pEC 2 22 870 M2 Y-Di® SHAPE #2
PEC 2 10 700 M2 Y-DIP SHAPE 87
REL 4 T8 3EA HZ Y-DIP SHAPE €4
REC S 4% 576 M {-DIR SHAPE €%
FEC € 45 210 MZ Y-DIR SHAPE #6
FEC 7 47 970 M2 Y-DIR SHAPE 47
PEC @ 99 S8 M2 Y-DIR SHAPE #%
FEL @ 19 978 M2 SHAPE 81 MODIFIED
\: PEL 18 22 970 HZ SHAPE 42 MODIFIED
PEC 11 38 7R W2 SHAPE €3 MODIFIED
REC 12 70 0 W2 SHAPE 84 WODIFLED
REC 13 40 8§78 MZ  SHAPE 8% MODIFIED
PEC 14 45 218 M2 SHAPE 6 MODIFLED
Z REC 15 47 970 W2 SHAPE 87 MODIFIED
REC 1% g9 S0 HZ  SHAPE 92 MODIFIED



PRS2
§ RECORDS

PEC
REC
REC
REC
PEC
REL
Be
r

;CL

BB o O e

P

In USE

210
are
599
930
2%
21e
are
393
®e

S4.290 M2

T RECORDS IN USE

REC

x

o o BB NI AV O I BN IR SR SV I O

xr

TEXTIXITITX

2-DIR
2-DIR
2-01e
2-01R
2-p1IpP
SHAFE
SHAVE
SHHPE
SHAFE

SHARE %]

SHAPE
SHEEE
CHAFE
SHAFE

1 MOCIFJED
2 WOPIFIED
3 mODIk FED
4 MODIFIED
SHGPE 5 MODIFLEC



W PECORDS IN USE
BEC 1 e
REC 2 9ye
PEC 3 8
PET 4 9
REZ Sy
eSOV
CEL 7. . 9Ye
pec 8§ Bve
L3 S B
BEC & 9ve
FEL 1 oY+
FEC av4
REC e
e “ie
LEC aye
PEC e
FEC ave
REC e
REL avs
FEC por SIS 3 2]
| 4 2 23 e
YEL 22 b
FEL " 4 aye
BEC o Qs
eer s Gys
REC 26 9
BeC 27 - WY
PEL 23 Bye
REC 20  9vs
PEC 8 9+
REC 3 | 2vs
REC X2 Y
PEC 27 NN+
£EC KL Sye
PEC ™M e

1'r+
12+
22¢
I
k5
474
ais
52+
&2+
e 2
e

22~
8-
Gye
192~
1974
112+
11vs
122~
§2%+
132~
1ive
147
147+
182~
iLys
155+
.
avs
e
sV
e
¥
s

R e B 1O W TR D YD D D D D R D D R R D D DD D D DD D R

- -
0.

w RECOLCT N uSE
e l TEy. 226 1%
pEC SRR L TUSE - T |
CEC 3 i R i, ST |
L34 A+ e P4 R
BEC L SRS LR
£EC € .72 Bx @
PE" il TN NS
“EC B 2+ 32s @
PEC 8 Jie. 428 R
BEC 18 T2& 4Ye B
N & B 2+ @
REC 12 e &% 9
BEC 13 TIs T 9
pel th - TR TR
RET - Tat BYe @
BEL 1= Ted, 22~ B
PEL 17 72% " 82- /¢
PEC 18 722+ 9+ @
REC 15 72« 182~ @
PEC 20 " T34 10ve - @
REC g 7+ 112- @
RET 22 £ S & ¢ ]
Far 2 Tie 122+ @
FEC- 24 FZ+¢ 12vs @
PEC - 23S T8¢ 132~ @
FEL b 27+ 13I¥+ @
PEL 27 72+ lal- @
REC 238 72+ 14Y+ @
e 2% 72¢ 1852 . @
BEC 34 fa* 15Y+ @
el 3} Ter s 1 @
FEC 2 T e @

e

P e e

N .



81036
May 15, 1981

Disk Files For 3" Motor Operated Valve Mear V-8 SRV Discharge

#5-Mav-81
K3ING .DAT
r3inp DAl
y3InH1 DAl
Y3I1NH3 DAT
¥3INSZ DAl
X2InZ DAY
K3INT DAY
K3INSX DAT
K3INHD DAY
K3INSY. DAY
x3InP1 DAY

194
194
21

o2

61
194
121

1€-Jan-81-
16-Jan-81-
19-Jan-81.
19-Jan-81-
f5-Rar-81-
e8-May-81-
18-Jan-81~
21-Jan-81-
19-Jan-81-
26 -Feb-81-
10-Rar-81-

CHECYPOINT 095023) -000p9e

Geometry
Narameter
Function
Function
Shape
Project
Trace
Shape "
Function -
Shape -
Parameter -

~N

DRI PE022]. 200000 @/ TRIPOMER
by IINE 011291.700658 4/ TRIPOKER
¢ §IING3 PIN5AL-RRAARE  20/TRIPONER
6 K3ING P11901-00A0RE 1/ TRIPONEP
S ILE #11901-000000 45/ TRIPOWER
T K TINT A11931-020A00  /TAIPOMER
P EECORDE IN USE

pEC 1 S

REC 2.7 J

REC 3 @

FEC 4 11

KIING2

S RECORDS IN USE

REC 1 20 550 2 2-AXIS SHAPE 1

REC © 29 00 HI 2-AXIS SHAPE 2

REC 3 44 P79 M2 2-AX1S SHAPE 3

REC 4 48 220 K2 2-AXIS SHAPE 4

REC S 4% 370 HZ  2-AXIS CHAPE S

REC 6 72 378 HMD  2-AXIS SHAPE 6

PEC 7 7% 788 M2 2-AX1S SHAPE 7

REC € 79 892 M. I-AXIS SHAPE @

REC © 29 €18 HZ 2-AXIS SHAPE 9

REC 19 30 190 M2 2-AXIS SHAPE 1@

REC 11 20 558 M2 SHAPE 1 MODIFLED
PEC 12 23 0Ap W>  SHAPE 2 MODIFIED
REC 13 44 070 W2 SMAPE 3 MUDIFIED
PEC 14 47 220 W>  SHAPE 4 MODIFIED
REC 1% 4% T30 Mo SMAPE S5 MODIFIED
REC 16 22 370 WD SMAPE € MODIFIED
PEC 17 7S 7% WD SHAPE 7 MODIFIED
REC 19 79 §SA HI  SMAPE © MODIFIED
FEC 19 29 610 M© SHAPE @ MODIFIED
REC 20 0190 M2 SHAPE 10 MODIFIED

X ~ =€ >

3.
3.
3.
3.

3.

3.

i/lo

URLVE
YRLUE
URLVE
VALVE
YALVE
VAL VE

PROJECT
PAFAME TERS
SHAPES 292-
CEOMETRY
Z2-FUNCTIONS
TRACES

12-1



N W RN NN R =y,

PIINGY
§ RECOPPS .M USE

KEC
kEC
PEC
PEC
PEC
REC
PEC
eEC
%C
REC
REC
REC

DA e R

1
12
13
14
1%
16

E3INGK
§ RECOMDS IN USE

PEC
FEC
REC
FEC
PEC
PEC
PEC
FE.
PET
REC

T RECORDS

. v~
~

per

REC 2:LC
REC 3 C

i

N WM & ol T

-0 0%

"

.

21.891 M2
29 €50 W2
44 780 HZ
42 110 M2
49 540 M2
75 876 H2
21. 891 W2
29 €50 W2
44 780 M2
48 110 W2
49 S48 H2
75.070 M2

19 .19¢ W2
21 32% MZ
20 14 HZ
3% 410 M2
74 ST By
74 570 W2
1€ 198 W7
21,329 W2
36 11¢ W2
33 410 H2

N USE

K3INFL HI-LO FORCE
P PECORDS IN ySE

FEC
RE!
REC

-1}
14
18

L

Y-AX1S
Y-A¥IS
Y-AX1S
Y-AY1S
y-ax1s
Y-AX1S
SHAFE
SHAPE
SHAPE
SHAPE
SHAPE
SHAPE

3° vaLuE
3° veLE
3° value
3° vaLY
3* VALE
3" UALUE
! MODIFIED
2 MOCIFIED
3 ROPIFIED
4 RODIFIED
S MODIFIED
€ MODIFIED

SHAPE ¢ 1
SHAPE §2

cuapt

LR

CHLPE g4
CHAPE 85

SHAFE &
1 ROCIFIED

SHRFE

ROCIFIED

SHAPE 2 MODIFIED

SHAPE

3 MODIFIED

SHAPE 4 MODIFIED

.

81036
May 15, 1981
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A

W RPECORDS IN USE

PEC 1 29%+  3x-
pEC 2 29%+  3x-
REC 3 29x+  4x-
REC 4 29%+  Sx-
FEL 9 29%+ 6r-
REC 6 29%+¢ 7x-
REL 7 29%+ Bxs+
REC € 29%¢ 9¥s
REC 9 29x+ Jix+

REC 19 29X+ 13x-
FEC 11 29X+ 14X+
REC 12 29%+ 15X-
REC 13 29%+ 17X~
REC 14 29%+ 20X~
REC 15 29% 21X~
REC 1€ 29X+ 24X
FEC 7. Ove  DSR-
REC 18 29%+ 27%-
REC 19 29x+ 29x-
PeEC 20 29x¢ 29x- |
REC 21 29%s 29X%-
FEC 22 29%* 2. %+
REC 23 290+ Jore
PEC 24 29x+ 31X+
PEC 295 29%+ 1ex+
REC 26 29¥+ 18x+
REC 7 29%+ 29Y-
REC 28 29X+ 292-
REL 29 29%+ 21Y+
REC 38 29x%x+ 212-
REC 31 29X%+ 52+

DD ADDID®ITDD® NI &4DDODDDODDDDPTOTDODOPDDT OO D

REC 32 27X+ 28x+ 180
PEC 33 27%+ 78X+ 11
REC 34 27x+¢ 28%+ 12
REC 35 27X+ 28X+ 13
REC 36 27x+ 28X+ 6
REC 7 27%+ 28%+ 7
REC 38 27%+ 28x+ ¢
REC . 39 27X+ 28X+ 9
REC 48 29X+ 29%- 15
REC 41 29x%+ 29x. 2
Rel 42 29X+ 29X- @
REC 43 29%+ 29x- 1

81036
May 15, 1981
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e

B Sy

- o e e

B TRIPCHER 3% yYALUE Y-FUNCTIONS
M RECOPDS IN USE

FEC 1 257+  1Y-
FEC 2 257+ 27
PEC T 25Y+ 95Y-
PEY 4 25Y+ 7Y-
PEC S 2%y+  BY-
wer 6 25Y+ 18Y+
FEC 7 257+ 117+
PEC g 297+ 147s
PEC 9 2%Y+  (hye

FEC 1@ 257+ 16Y+
2L 11 299 17y»
REC 12 207+ 18Y+
BEC 11 29%Y+ 19%s
REC 14 2%y« 20v+
REC 15 23Y+ 217+

PE! 1€ 2%Y% 22v+
REC 17 2%+ 3tY+
(39 I8 2NYs  ZYe
RE. 19 2%ve  Favs

PEY 20 2%ve  Zay-
ki 21 25Y+ 25Y-
eE 32 Mvs  2%Y-
LEL 2T 257+ 25Y-
FEC 24 2%ve 2%¥-
L8 2¢ 257+ 26Y-
REC 26  29v+ 27v-
FEC 27 2%Ys 28Y-
REC 29 29v+ 29v.
PEC 29 257+ Y-
REC e 257+ 32+
REC 31 287 4.
REC 37  £ays S2¢
PEC 3T 209%+ 62»
FEL 34 257+ [ Pk
kel 35 2957 Sy -
ReC 36 2%ye 29x.
REC I 25Ys 297-
REC 32 3Jeye 3Jev-
REC 39 3eys+ Jev-
PEC 4% JeYe 30v-
PEC 41 3eY+ 3ey-
REC 42 3@y+ Jey-

—
C‘.O'QGO"OQQOOGOO’DO-—VOWO@Q"QQ"OQCOOQCO’.‘!"..

PEC 43 3oy+ 3evYy- 11
REC a4 3OYes 3J@Y- 12
REC 45 3@ye 2ov. 13

£1036
May 15, 1981
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¥ TRIPOKER 24° VALUE 2-FUNCTIONS
H PECORDS IN USE

PEC 1 292¢ 124 -
PEC 2 292+ 2%
pEC T 29+ J2s
FEC & 292+ A2¢
PEC S 2982+ 924
PEC o 292¢ 624
PEL 7 292+ - 7Z*
et 292 82+

o
PEC 9 292+ 92+
PEC . 1@ 292+ liz»
REC 11 29Z+ 1352+
REC 1:c 292+ 162+
REC. 13 292+ 24
BEC. 14 292¢ 192+
REC 15 292+ 202+

OB T RO R NN EDD DTV PRPDPTPTITPTITONDTYOTEO N

PEC 1€ 287e 2424

PEC 17 297+ 2142

REL 18 282+ 212-

BEC 19 292¢ 272

PEC 28 252+ 252-

REL 21 292+ 2€2-

PEC 22 292+ 282-

REC 27 2u2s 297-

PEL 24 2927+ 292-

PEC 2% 292+ 302-

PEC 26 192% 272+ ;

REC 27 292+ 282+

PEC 28 292+ 27Y-

REC 29 292+ 27

FEC 3@ 250 2vY-

PEC 31 292+ 3ve

REC 32 292+ 2724
| KEC 3 292% 277+
| CEC 4 290+ 272
| REL 3% 292+ 2724
| FEC 38 297+ 272+ 1%
. peC 37 2926 272+ 11
| PEC . 33 297+ 272+ 12
| REC 39 232+ 272+ 13
. FEC 40 292+ 292- 1
R FEC 41 292+ 297 B

R R S ————

12-5
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81036

T P e D e A 4

f Disk Files For 480V Motor Control Center 1CID (Located in Auxiliary Building)
i .

y
a8 '
rCCe DAl S 26-Jan-91 - Geometry
KNCCP  DAT 9 26-Jan-3i - Parameter
KMCCH2 DAT  21% 26-Jan-31 - Function-Front
KMCCS .DAT 73 @3-Feb-81 - Shape
kmCC2 . DAT 52 @8-mav-81- Project
E ¥ACC. DAl 11 26-Jan-81- Trace
' KMCCHYL . DRT 215 26-Jan-81- Funciion-Rear
¥MCCH3 DAT 215 26-Jan-81- Function-Front
[HECYPOINT @529 ] -A0eaes
hall LIP3 REEA91-RORPRR  BTEC KNCC-1CID CONTROL PANEL
£ AMCCP PL2EC1-RABG0E 4/ TEC KMCC-1CID PARAMETERS
§ VHLCS PIOTY1-RORARA  12/TPC YMCC-1CID MODE SHAPES
G RS DIZEC]-BAAREE 1 TPC MCC-1CID GEOMETRY
. B OAMEORE BI2E01-R00AR8 S8 CTPC YMCC-1CID FUNCTIONS FRONT 82
| ToemeeT B1Ze9] GRRARA 1R/ TPC KMCC.1C1D TRECES
P OEECORDS [N 1SE
REC -0
PEC 2.7
pRilE .
¢ BECOPDS IN USE
PEC 1 7 405 M2 MCC-1CID SHAPE 1
PEC 2 29 200 W2 MCC-1CID SHERE 2
PEC 2 33 938 M2 MIC-ICID SHAPE 3
PEC & 19 728 HZ MCC-1C1D SHAPE 4
REC $ 47 428 HZ ACC-1C10 SHQPE §
BEC € €2 890 M2 MCC-1C-10 SHAPE &
PEC 7 7 A0S M2 SHAPE | MODIFIED
REC @ 23 209 HZ SH&PE 2 MODIFIED
PEC 3 27 972 M2 SHAPE 3 MODIFIED
REC 1@ 39 726 W2 SHAPE 4 MODIFIED
» REC 11 47 420 M SHAPE S MODIFIED
PEC 12 £2 990 M2 SHAPE 6 MODIFIED
T RECORDS IN USE
PEC 1 LC
(- REC 2 LC
REC 3L
BEC 4 C
prC ¢
, BEC € €
; REC 7:C
E REC 8 C
' REC & €
PEC 19 ©

13-1
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R o e e e R e e e e el

GEmETRY
Los

LR L

x

1260
12e
129
1o
160
el
156
e
1535
18
13y
184
Ju
2ue
2ev
v
229
Ly
229

2
229

4

(3

1o

ap
oy
1120

4
se
169

4u
ve
1oa
.‘5
ai
Bl
198

a1t
el
19w
40
g

1ev

@
o
1o

29
an
(14
o
1o
20
4w
L3
s
16

-
<

v
e
g9
18

LY

~

r
TE SIS ITTETOETE DO TR D PN DD OO0 DD TS D

e T M T

LAY
-

2e

-
o
LT

194
1980
109
189
194
102
12¢
129
12¢
12¢
128
124
149
148
144
14¢
140
14¢
1589
169
168
164
168
150
184
189
180
189
189
184
200
2ua
2
20m
294
20
22%
229
22¢
229
22¢
29

81036

2 e
an - 29
(33 20
fe 20
16¢ 20

L] 28
20 e
104 29

" rd )
29 24
an L)
6@ 2e
ga 20
10w 2n

" 2e
28 28
4 29
fa 2%
69 2w
160 29

2 29
2% 2n
4y 20
L 29
o 2
124 2e

o 2@
e 20
an 29
6@ 20
e 2e
109 20

“ 2e
rd) 20
ap FLy
(3 28
ae 2@
18w 2w

“ 2v
2@ 28
40 28
e 20
e 29
1o 2e

@ 20
2e 20
4w 20
69 20
9 2e
188 2R

13-2




“

“ BELOECE

REC
REC
FEC
rES
FET
PEC
ke

FEC
FEC
fEL
FEC
FEC
REC
REC
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