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1.0 SCOPE

This plan will outline the Qualification Program for ths Class 1E

Battery Chargers for the Comanche Peak Station.

It will demonstrate the capability of the Class 1E Battery Chargers to
perform their requireﬁ function over the qualified life period.' The
Qualification Program is based upon a combination of analysis and_testing;
Included in the program is a generic type test of a sample Class 1E Battery
Charger. The specific 1E charger or chargers to be qualified in this
program are subsequently qualified by analysis and/or testing based upon
the generic type test data. At the conclusion of the program, 2 qualified
life fof these chargers will be determined. The goal of this program is a
qualified 1ife of 40 years. The qualification methods are in accordance
with 1EEE 323-1974. 1In addition, the methods dti1ize guidance froz: the
proposed Standard IEEE P-650 "Qualification of Class 1E Battery Chargers
and Static Inverters for Huclear Powor Generating Stations" (Draft #7,

May 16, 1978) and I1EEE 381-1977. In all cases the Qualification Program
will be performad in accordance with the latest available technical data
and state of art procedures. The entire Qualification Program will be
subject to the requirements of the PCP Quality Assurance Program. The
battery chargers discussed in this pian are safe%y related, however, this
document addresses only this equipment as a component in the safety
related electrical system. The application of this equipiment in the
plant's electrical system is not within the scope of t@is document as
industry standards exist for this purpose such as 1EEE 308-1974,

JEEE 279-1971, and IEEE 603-1977. o
2531 008
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2.0 REFERENCE DOCUMENTS

2.1 The following documents are referenced in the generic Qualification

Plan for the sample equipment:

1EEE Standards

A. 100-1977  1EEE Dictionary of Electrical and Electronics Terms

B. 101-1972 IEEE Guide for the Statistical Analysis of Thermal
Life Test Data

£ 259-1974 Standard Test Procedure for Evaluation of Systems
of Insulation for Specialty Transformers

D. 323-1974 Qualifying Class 1E Electric Equipment for Huclea:
Power Generating Stations

E. 344-1975 Racommended Practices for Seismic Qualification of_
Class 1E Equipment for Nuclear Generating Stations
(ANSI N. 41.7) :

F. 352-1975 Guide for General Principles of Reliability Analysis
of Nuclear Power Generating Station Protection Systems

6. 380-1372 Definitions of Terms Used in 1EEE Standards on Nuclear
. > Power Generating Stations

H. 381-1977 Criteria for Type Tests of Class 1E Modules Used in
: Nuclear Power Generating Stations

N 383-1974 Standard for Type Test of Class 1E Electric Cables,
Field Splices and Connections for Nuclear Power
Generating Stations

J. P650 (Proposed Standard) Qualification of Ciass 1E Battery
DRAFT 10 Chargers and Static Inverters for Nu lear Power Generating
Stations.

2331 009
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Military Handbooks

J. Mil-Hdbk-217-B, Reliability Prediction of Electronic Equipment
Notice 1, 7Sep76

National Electrical Manufacturers Association (NEMA) Standards

K. PV-5-1976 Constant-Potential Type Electric Utility
(Semiconductor Power Converter) Battery Chargers

Other Documents

L. Wyle Laboratories Test Plan 545/7611, Revision A dated May 22, 1978
( M. PCP Workmanship Manual

N. PCP Quality Assurance Manual
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2.2 The following.documents will be referenced in qualifying the

specific Class 1E Charger or Chargers:

A. Purchaser's Specification 2323-55-&3 Rev. 1 (12-17-76)

B. PCP Drawing D-55-15335

Schematic Diagram

C. PCP Drawing D-55-1539

Qutline and Parts Layout

2331 011
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DEFINITIONS

3.¢

These definitions establish the meaning of words in the context

of their use in this document.

3.1 Age-Related Failure Mechanism - A mechanism of degradation in
components or equipment which may result in the failure of the

equipment under specified service conditions during the qualified

life.

3.2 Aging (Accelerated) - The process of subjecting components or
equipment to stress conditions in accordance with known measurable
physical or chemical laws of degradation in order to render its
physical and electrical properties similar to those it would have

at an advanced age operating under expected service conditions.

3.3 Aging (Natural) - The change with passage of time of physical,
chemical,  or electrical properties of components or equipment under
design range operating conditions which may result in degradation

of significant performance characteristics. (IEEE Std 381-1977)

3.4 Analysis - A process of mathematical or other logical reasoning
that leads from stated premises to the conclusion concerning specific
capabilities of equipment and its adequacy for a particular application.

(1EEE Std 323-1974)

3.5 Break-In Period - That early period, beginning at some stated time
during which the failure rate of some items is decreasing rapidly. Also

012

called early failure period. (IEEE Std 352-1975) 233




-

%owu conversion producls inc.

3.6 Burn-In - The operation of components or equipment, prior to

type test or ultimate application, intended to stabilize their

characteristics and to identify early failures. (1EEE Std 100-1977)

3.7 Common-Mode Failure - Multiple failure attributable to 5 common
cause. (IEEE Std 352-1975) In the context of a single type test,

any failure must be examined to determine its potential for occurrence
in the same time frame in identical equipment due to the same

excitation stress.

3.8 Components - Items from which the system is assembled (for
example, resistors, capacitors, wires, connectors, transistors,

tubes, switches, springs, etc.). (IEEE Std 380-1972) .-

3.9 Containment - That portion of the engineered safety features
designed to act as the principal barrier, after the reactor system
pressure boundary, to prevent the release, even under conditions of

a reactor accident, of unacceptable quantities of radioactive material

beyond a controlled zone. (IEEE Std 323-1974)

3.10 Demonstration - A course of reasoning showing that a certain
rasult is a consequence of assumed premises; an explanation or

i1lustration, as in teaching by use of examples. (I1EEE Std 323-1974)

3.11 Design Basis Events - Postulated events, specified bv the safety
analysis of the station, used in the design to establish the acceptable

performance requirements of the structures and systems. (1EEE Std 323-1974)

-9- 2331 013
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3.17 Maintenance Interval - The period, defined in terms of real
time, operating time, number of operating cycles, or a combination
of these, during which sa:isfactory performance is required without

maintenance or adjustmants.

3.18 Malfunction - The loss of capability of Class 1E equipment to
initiate or sustain a required function, or the initiation of undesired
spurious action which might result in consequences adverse to safety.

(IEEE Std 344-1975)

3.19 Operating Basis Earthquake (0BE) - That earthquake which could
reasonably be expected to affect the plant site during the operating
life of the plant; it is that earthquake wiiich produces the vibratery
ground motion for which those features of the nuclear ,ower plant
necessary for continued operation without undue risk to the heaith
and safety of the public are designed to remain functional.

(IEEE Std 344-1975)

3.20 Operating Experience - Accumulation of verifiable service data
for conditions equivalent to those for which particular equipment is

to be qualified. (IEEE Std 323-1974)

3.21 Qualified Life - The period of time for which satisfactory
performance can be demonstrated for a specific set of service conditions.
Note: The qualified life of a particular equipment item may be

changad during its installed life where justified. (IEEE Std 323-1974)

" 2331 014
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3.22 Random Failure - Any failure whose cause and/or mechanism

make its time of occurrence unpredictable. (IEEE Std 100-1977)

3.22 Sample Equipment - Production equipment tested to obtain data
that are valid over a range of ratings and for specific services.

(IEEE Std 323-1974)

3.24 Service Conditions - Environmental, power, and signal conditions
expected as a result of normal operating requirements, expected
extremes in operating requirements, and postulated conditions appro-

priate for the dasign basis events of the station. (IEEE Std 323-1974)

3.25 Stress Analysis - An electrical and the mal design analysis of
component applications in specific circuits under the specified ranég

of service conditions.

3.26 Stress Test - A type test performedona sample equipﬁxent vwhich

"stresses” the equipment to the specified range of service conditions.

3.27 Type Tests - Tests made on one Or more sample equipments to

verify adequacy of designand the manufacturihg processes. (IEEE Std 323-1974)

3.28 Wear-Out Period - The time interval following the period of
constant failure rate, during which failures occur at a greater rate.

(1EEE Std 352-1975)

2551 015
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4.0 IDENTIFICATION OF THE EQUIPMENT TO BE QUALIFIED

The Class 1E Battery Chargers for the Comanche Peak _tation

will be qualified using analysis and/or testing baﬁed upon actual
type testing of 2 sample Class 1€ Battery Charger (sample equipmant)
hereafter called "the sample charger”. The specifications for the

sample charger are included in Appendix A and condensed below:

Hodel No. 350-130-300 Serial No. 12442-1

AC Input 460 Volts 60 Hz 3 Phase
DC Output 135 Volts 300 Amps

Output Ripple .030 Volts rms

Cabinet Size 75" H 46" W 36" 6

- o

By comparison, the Class 1€ Chargers for the Comanche Peak Steam Electric
Station (CPSESS, hereafter called "Station", are detailed in Appendix B and
condensed below: :

P.0. It: . No. _CP-0440-8-1

ocdel No. 350-130-300

AC Input 460 Volts 60 Hz 3 Phase
DC Output 135 Volts 300 Amps
Output Ripple .030 Volts rms
Cabinet Size 75" H 46" 7] 36" D
2331 016
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P.0. Item lNo. CP-0440-R-2

Model No. 350-130-30Q
AC Input 460 . Volts 60 Hz 3 Phasé
DC Qutput 135 _ Volts 300 Amps
Output Ripple .030 Volts rms
Cabinet Size 75" H 46" W 36" D
P.0. Item No.
lodel No.
AC Input Volts Hz Phase
DC Output Volts _ Amps
Output Ripple Volts rms e
Cabinet Size | H Y D
'P.0. Item ho.
Hodel No.
AC Input Volts Hz Phase
DC Outpur Volts Amps
Output Ripple Volts rms
Cabinet Size - H W D
2331 017
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5.0 QUALIFICATION OF THE SAMPLE CHARGER

Refer to Figure 1 for a flowchart representation of the qualification
process. The flowchart will greatly assist in understanding the
qualification steps. Steps 5.1 through 5.5 consist of qua]ifﬁéation
of the components within tha sample charger. In step 5.6, all |
components are assembled into the complete charger and the charger
subjected to a series of type tests to demonstrate the ability of

the charger to perform its required function during normal, abnormal,

Dt and post DBE service conditions.

€ 2351 018
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FLOYCHART FOR QUALIFICATION OF CLASS 1E BATTERY CHARGERS
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5.1 Provide Specification Data

The first step in qualification 1s to provide specification data for
the following:

A. Class 1E performance characteristics

B. Al significant environmentzl parameters

C. A1l significant service conditions

D. Any other conditions.

The above specifications are provided by those responsible for

design ¢ plication of the equipment. The specifications for the

sample charger are contained in Appendix A and are actually a composite
of the specifications for many Class 1E Chargers for several nuclear

plants. ‘-

5.2 Classify Components

" Mext all components within the sample charger are classified into
‘two categories:
A. No&-safety related compcnents (refer to Appendix C)
B. Safety related components (refer to Appendix D)
Components designated as safety related are those whose failure

affects the ability of the charger to perform its required function.

2331 02U
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5.3 Non-Safety Related Components

A Failure Modes and Effects Analysis (FMEA) in accordance Qith

1EEE 352-1975 will be performed on all components designated as
non-safety related to demonstrate that thé failure of these components
as used in the circuit does not affect the ability of the charger

to perform its required function. Any component determined to be
safety related by the FMEA will be addressed in 5.4. A1l components
classified as non-safety related after the FMEA will be assembled

into the sample charger in a new conditin» without any additional

analysis or testing.

5.4 Safety Related Components

A1l components classified as safety related will be analyzed in

accordance with the requirements in this section.

5.4.1 A stress analysis will be performed on all safely related
components to demonstrate that no component is stressed to a point

where its aging is accelerated beyond that expected in normal operation.

5.4.2 A1l safety related components will be classified into one of
the two categories below:
A. Components with age-related failure mechanisms.
- B. Components without age-related failure mechanisms.
The safety related components are classified into the two.categories
above in Appendix D. | 253] UZ |
Components in category 5.4.2.B need not be aged. They will be
assembled into the sample charger in 2 new condition.

-18-
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5.5 Component Qualification

To qualify components with age-related failure mechanisms the component
shal’ be aged to the equipment qualified life objective or if the
qualified life of the component is less than that of the equipment,
then the component shall be aged to its qualified life and assigned a
maintenance replacement interval equal to or less than jts qualified

life.

5.5.1 Determination of Maintenance Replacement Interval

The replacement interval for age sensitive components which cannot
meet the desired equipment qualified life will be determined based

upon either operating experience or component life test da‘a.

5.5.2 Aging Techniques

Components with age-related failure mechanisms will be aged in

‘accordance with accelerated aging techniques which are technically

.

justifiable and the latest state of art. Actual procedures are

specified in Appendices F through K.

2331 022
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5.6 Equipmant Qualification

1EEE Std 323-1974, paragraph 6.3.2, outlines a specific order in

which type testing is to be performed. This sequence is not followed
in this plan due to the variations in aging rate of the various
components. Since the equipment is to be assembled of aged components,
testing of the sample equipment must come after the coﬁponents have
been aged and the assembly is complete. The type test sequence in

this section includes margin in that the components are subjected to

additional stresses after aging.

A. MNon-safety related and safety related components will be assembled
into a complete piece of equipment (the sample charger) in accordance
with the PCP Yorkmanship Manual and Quality Assurance Manual. Mechdhical
jnspection, dielectric testing and functional teSting for normal
conditions will be performed in accordance with the procedures in
Appendix M. Tests will be conducted to demonstrate the following

specification conditions in Appendix A, Section 1.0: A, B, C, D, E, F.

B. Since the battery charger is located outside containment, only
low levels (typically 1.0 x 10% rads or less, total integrated dose)
of radiation are encountered. Documentation (refer to Appendix N)
will be provided to demonstrate that the ability of the equipment to
perform its required function is unafferted by the radiation dose

specified.

2331 023
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C. The equipment will be subjected to a minimum burn-in of 100
hours (50 hours at full load, 50 hours at no load) at room ambient
temperature. The burn-in places the equipment into its normal
installed condition and is intended to eliminate infant mortality

failures.

D. 1In order to establish a reference for the measurement of operating
paraneters and a valid basis for comparison of test results, the |
sample charger will be subjected to the conditioning pfocess as
follows:

Place the charger into an environmental test chamber which has the
capability of being varied both in temperature and humidity over %
the required service conditions. With the chamber set at an ambient
terperature of 25 degrees + 5 degrees C and prevailing relative
humidity, operate the equipment at full load for a peribd of two
hours ahd document functional performance date for normal conditions
in Appendix A,1.0.A, B, C, D, and F. This data will be utilized as

raference data for the continued tests to follow. Calibration

adjustments may be made to the equipment at this time.

2551 024
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E. In order to demonstrate that the equipment will meet its specified
performance characteristics under the specified abnormal conditions as
required by IEEE Std 323-1974 refer to Figure 2 and perform the following
stress test to the fully loaded equipment in the test chamber:

Allow the chamber to increase to the maximum temperature and maximum
relative humidity specified in Appendix A. The equipment will be |
operated at this level for a period of eight hours at the end of which
functional performance data (Appendix A,1.0.A, B, C, D, and F) at

maximum, nominal, and minirum input voltages will be documented. Allow
the chamber to decrease to the minimum temperature srecified in Appendix A
and maximum relative humidity attainable. The equipment will be operated
at this level for a period of eight hours at the end of which functional
performance data (Appendix A,1.0.A, B, C, D, and F) at maximum, noﬁi;$1
and minimum input voitages will be documented. A complete cycle including
the transition period will last a maximum of 24 hours. At the end of the
tes* cyc1e the equipment will be allowed to stabilize at room ambient
temperature and humidity and a final set of functional performance data
(Appendix A,1.0.A, B, C, D, and F) at maximum, nominal, and minimum input
voltages will be documented. The above stress test is described in Figure 2.
This test subjects the com~lete equipment to the worst case and nominal
conditions of tempe:uture, humidity, input voItagés and output loads

(for battery chargers, input frequancy variations have no impact on
aging). The stress test also adds additional aging (margin) to the
previously aged components. In addition, non-aged components are

"soaked" at these conditions after the 100 hour burn-in, thus giving

additional age-type stress prior to the seismic test. -
| ; S ) 2331 025
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F. The ability of the equipment to withstand the operational vibration

" requirements specified will be demonstrated by analysis. The equipment

will be subjected to 2 simulated seismic environment as specified in
the equipment specification. The testing will be performed per

1EEE 344-1975 and the equipment will be operated during and after the
seismic test at rated output and within the specified input voltage
range. The equipment must meet jts required Class 1€ function

(Appendix A,1.0.G) during and after the seismic test.

G. In order to demonstrate the ability of the equipment to meet its
specified performance characteristics during post DSE conditions, an
additional stress test using the procedures of 5.6.1.E in accordance

with the post DBE conditions will be performed.

H. Upon successful completion of these tests, a functional test
shall be performed to meet the performance characteristics for normal
conditions specified in Appendix A,1.0.A, g, C, D, and F, and the

sample charger will be considered qualified.

2531 026
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|
6.0 ACCEPTANCE CRITERIA

In the evaluation of the type test results, any sample equipment

is considered to have passed when the equipment meets or exceeds

the function required by the equipment specification as determined

by the data tak{nldwring the type test. If any failure occurs during
test steps 5.5.2 and 5.6.C the defective component will be replaced
with a component that has been subjected to the same aging as tne
component which it replaces. Should any failure occur during test
steps 5.6.A, 5.6.D, and all subsequent testing, it will be analyzed
to determine if it is of random or common-mode origin. The failure
will be determined not to be common mode if one of the following

c-iteria is met: i i

A. Physical examination of the failed component(s) and its interface(s)
determines that a workmanship problem vas the cause of failure; e.g.
: improperly tightened connector, cold solder joint, use of 4n incorrect

component, etc.

B. Reexamination of the stress analysis determines that the part is
properly applied and any components similarly applied in the test
sample have had no like failures and the failure is not repeated
during subsequent retesting with replacement components. Note:
Consequential component failures caused by the failure of a single

component are not considered to be of common mode origir.

1f the above or other methods h>ve not jdentified the cause of

failure, further analysis will be conducted. ;
A 2331 028
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7.0 COMPARISON OF STATION CLASS iE CHARGERS TO THE SAMPLE CHARGER

Details will be provided on the differences between the Class 1€
Charger to be qualified and the sample charger. A complete analysis
of components of the other model ratings to demonstrate that no
component of the type aged and qualified in the type tests is stressed
at a rate higher than that in the qualified mode! to the extent that

a different ag’ag acceleration would have to be employed. Should

the analysis determine that either a different aging acceleration

test is necessary or an entirely neQ generic type of part be employed,
the part will be aged and seismic tested as a component or as'embly

.(' to a level equivalent to the previous qualification level. Hote:

-

Different ratings of the same component family are considered type-
qualified if the apnlied stress does not exceed that in the qualifi-
cation model. A demonstration will be made to verify that the service
conditions to which the qualified unit was tested are as severa as
those sﬁecified for the units being qualified. Each model rating

will be seismically qualified by testing and/or analysis in accordance
with 1EEE 344-1975 and a determination made that the acceleraticn

of components or assemblies which have age-related failure mechanisms

does not exceed that of the sample charger.

2531 029
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8.0 DOCUMENTATION

8.1 The following documents will be provided to verify that the
Class 1E Charger or Chargers are qualified:

A. Qualification Plan - The Qualification Plan will contain a
description of the methods and procedures used to qualify a Class 1E

Charger or Chargers for a specific application.

B. Qualification Report - The Qualification Report will contain
the following:
1. Equipment performance specifications
2. 1ldentification of specific features to be demonstrated by the
analysis and testing
3. Qualification procedures
4. Qualification results which shall include:
A. Failure Modes and Effects Analysis (FMEA) for non-safety
.related components (5.3)
B. Stress analysis (5.4.1)
C. Documentation for classification for component qualification (5.4.2)
D. Test data, component aging data, accuracy and instrument
calibration for each test described in Section 5.5
€. Documentation for radiation analysis (Section 5.6.8)
F. Specific failure analysis for any failure occuring during
the qualification type tests in Sections 5.6.A, 5.6.D, and
all subsequent tests. 2331 030
G. ldentification of equipment qualified 1ife with a summary
of justification for the qualified 1ife. This shall include

any maintenance replacement compcnents or ascemblies.
Nl
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APPENDIX A

Specifications for the Sample Charger

The specifications below represent a composite of specifications

for many Class 1E Chargers for nuclear generating stations and

will be used in qualifying the sample charger.

1.0 Class 1E Per “ormance Characteristics

:'"Uﬂwb

Input conditions are: 460 VAC + 10%, 60 Hz * 5%, 3 Phase

Output conditions are: 135 VOC, 300 ADC

Output voltage regulation is: #* 0.5% from 0-100% load

Output ripple voltage is: 30 mv. rms. without battery connected

Surge withstand capability is: | * "

4000 V applied to DC output terminals (10 microseconds)

3000 V applied to AC input terminals (20 microseconds)

Output current limit is: 120% of rated output current

Reéuired (Class 1E) function is:

1. Rated output is 135 Volts DC, 300 Amps DC with input variations
of 414 VAC to 506 VAC.

2. While delivering rated output current and rated output
voltage within the input variations specified above, the
voltage regulation shall not exceed + 2%, output ripple shaill
not exceed 1% rms without a battery connected, and all external
alarms contacts will remain operational (will not give false

alarms). Maximum relay contact chatter allowad = 30 milliseconds.

2351 031
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APPENDIX A

Specifications for the Sample Charger

(cont.)
2.0 Environment
A. Ambient Temperature
Minimum 329F (0°C) Maximum 1229F (50°C)

Annual Average  86°F (30°C)

B. Storage Temperature

Minimum 32°F (0°C) Maximum 1229F (50°C)

C. Maximum Relative Humidity

Operating 0 to 85 % Storage 0to9 %

D. Minimum Pressure Atmospheric

Altitude 3300 Ft. 1000 meters

E. Operational vibration - _not specified

F. Seismic Requirements - See Appendix _ Q

G. Radiation Type - Gamma

H. Dose Rate 0.25 mr/hr

Total Dose 1 x 104 Rads

. Radio Frequency Interference (RFI) or Electromagnetic Interference (EMI)

2531 032
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Specifications for the Sample Charger

APPENDIX A

(cont.)

3.0 Other Considerations

A. Significant sequence, rate of change, or combinations of
performance characteristics and environmental 1imits have not been

specified.
B. DOuty cycle is continuous.
C. Mo unusual atmospheric contamination has been specified.

D. A1l input and output connections will enter the equipment

enclosure from the top. The equipment will be welded to the filoor.

K Diele~tric test requirements are specified below (refér to

NEIMA-PV-5-1976):

AC to Ground - 2000 Volts 47 1 »
2551 033

DC to Greund - 1500 Volts

AC to DC - 1500 Volts

A-3
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APPENDIX B

Specifications for the Station Class 1E Battery Chargers

The specifications below include the detailed requirements for the
Station Class 1E Battery Chargers. If there are differences betveen
the specifications for the station chargers and those for the samp]?
charger, the differences must be analyzed and justification provided
in sections 7.0 and 8.0. Additional analysis and/or testing may

be required to verify that the qualification of the Station Class 1E

Battery Chargers is valid.

1.0 Class 1E Performance Characteristics

The required Class 1E performance characteristics are specified
by those responsible for design application of the charger and

include numberical values for normal, abnormal, DBE and post DBE

‘conditions as follows:

2551 034
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APPERDIX B

Specifications for the Station Class 1E Battery Chargers

(cont.)
Input conditions are:
460 £ 10% volts, _ A0 * 5% Hz, 3 ° Phase ' ' 2
Output conditions are:
135* Volts 300 Amps * Max. Float Vo~ 2age z

Output voltage regulation is:

.53 from __0 % load to _full Toad R ¢

Output rippie voltage is:
.030_ _ Volts rms with _ battery

——

Surge withstand capability is:
4000 _ volts applied to DC output terminals (_10 10 microseconds)
300 volts applied to AC in.u’. terminals (__20 “microseconds)

Output current limit is:

331-035°

NN
N

120 % of rated output current.

Required (Class 1E) function is:
While delivering rated output current and rated output voltage within

~

the input variations specified above, the vqltage regulation shall not
exceed + 1%, output ripple shall not exceed .030V RMS with a battery

connected, and all external alarms will remain operational (will not

give false alarms). Maximum relay contact chatter allowed = 30 millisecond:
B-2
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APPENDIX B

Specifications for the Station Class 1E Battery Chargers

(cont.)

2.0 Environment

A1l significant environment2| parameters are specified by

responsible for design zppiication of the equipmént.

environmental condilions spec

DBE and post DBE conditions.

Ambient Temparature

Minimun o O°F -6 °C Maximum _122 Of 50 OC .

Annual Average 75 OF 24 ©°C

Storage Temperature

Minimum _32 _OF OC Maximum _122 OF

those

The range of

Relative Mumidity

Operating _30 to _90 % Storage to

Minimum Pressure atmosphei i<

Altitude 792 Ft. 241 Meters

Operational Vibration ___ not specified

Seismic Requirements pe Apgendix Q

B-3
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APPENDIX B

Specifications for the Station Class 1E Battery Chargers

(cont.)

G. Radjation Type gamma

H. Irradiation

Dose Rate 0.25 mR/hr

Total Dose 103

1. RFI/EMI Requirements not specified

2351 037
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APPENDIX B

Specifications for the Station Cla;s 1E Battery Chargers

(cont.)

3.0 Other Considerations

A. Signifizant sequence, rate of change, or combinations of specified
performance and environmantal limits listed in 1.0 and 2.0 are
identif ‘ed below:

not specified

B. The duty cycle is continuous o

C. Unusual atmospheric contaminations are specified below:

N/S

D. A1l input end output connections will enter the equipment from
the _x _ top bottom as specified in the outline drawing referenced
in section 2.2. The equipment will be _ X  welded bolted to

the floor as shown in the outline drawing referenced in section 2.2.

E. Dielectric test requirements are specified below:

23351 038

AC to Ground 2000 Volts

DC to Ground 1500 V,its

AC to DC 1500 Volts

B-5



power conversion products inc.

APPENDIX C

_valuation of Non-Safety Related Components

The following items are included in the sample charger. It is

believed that the failure of these components will not affect the

ability of the charger to perform its safety related function. The
justification for this determination will be included in the Qualifi-

cation Report.

1.0 Quantity 3 Stock No. 0214266050

Manufacturer * 2 Manufacturer's Part No. _26F1059 2

Value and Rating 5mfd/660V. AC Description Paper 0il capacitor

2.0 Quantity 3 Stock No. 1102260110 -

- ——

Manufacturer 7 Manufacturer's Part No. FRS 10

Value and Rating 600 Volts AC, 10 Amps Description  Fuse

Schematic Symbol _F14-16 _ _ Function _Protect filter capacitor§

|

3.0 Quantity _1 Stock No. _ 1262603100

Manufacturer 8 Manufacturer's Part No. 6F30A3S

Value and Rating 600Y. AC/24 Fmps Description Fuse holder

Schematic Symbol  F14-16 Function _ Hold fuses F14-16

* See Appendix E

2331 039
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APPENDIX C

Evaluation of Non-Safety Related Components

(cont.)

4.0 Quantity _1 Stock No. _ 0821500220

5.0
¢

6.0

7.0

Manufacturer 36 Manufacturer's Part No. T3S-DMV—OSO-UW/SEa1e

Value and Rating 0-500 A. DC Description 2% Accuracy DC ammeter

Schematic Symbol _ AM Function DC current moni.or

Quantity 1 Stock No. 08C1150320

e

Manufacturer 36 Manufacturer's Part No. T3S-DVV-150-U

vValue and Rating 0-150V. DC Description 2% Accuracy DC voltmater

Schematic Symbol VM Function DC voltage monitor

Quantity 1 Stock No. 92-3019 modified

Manufacturer 28 Manufacturer's Part No. 1416

Description _ 0-120 hour timer

Function Changes charger output from float to equalize manually

and from equalize to float automatically.

Quantity 1 Stock No.  DS1
Description Q-55-13034 Rev. ) Pilot 1ight assembly

Consists of: Qty Manufacturer Mfg. Part No. Description

1 29 30099-0 Receptacle
1 29 P58120 Bulb
1 30 135-3271 Lens

Function AC (on) pilot 1ight

c-2
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APPENDIX C

Evaluation of Non-Safety Related Components

(cont.)
8.0 Quantity 1 Stock No. 96-1136
Manufacturer 26 Manufacturer's Part No. B258E
Value and Rating 115 VAC Description AC undervoltage relay
Schematic Symbol K3 Function AC undervoltage monitor
9.0 Quantity 1 Stock No. 96-2771
Manufacturer 27 Manufacturer's Part No. KUP11A15
Value and Rating 115 VAC Description Relay
Schematic Symbol K2 Function Fan-out relay
10.0 Quantity 1 Stock No. 96-1131
Manufacturer 27 Manufacturer's Part No. KUP11D15
Value and Rating 115 vDC Description Relay
Schematic Symbol Kl Function Fan-out relay
11.0 Quantity 1 Stock No. 91-3202
Manufacturer 1 Manufacturer's Part No. DSLV120T72-01

Value and Rating 120 VDC Description Low DC Voltage Relay

Schematic Symbol DSL Function Low DC Voltage Relay

2331 041
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APPENDIX D

Evaluation of Safety Related Components

Items listed on the following pages are safety related components.

The column headings are explained below:

DESCRIPTION - the industry standard nomenclature for the component
QTY. - quantity (number of components of this tyu.e in the equipment)
STOCK NO. - the internal PCP stock number shown on the bill of material
MFG. APP.E - the manufacturer of this component is listed in Appendix E
M"FG. P/N - the manufacturer's part number for this component

RATING - significant parameters (input or output) for this component

N

REF. DES. - the reference designation on the schematic diagram
FUNCTION - the function of tho component in the equipment
AGE-RELATED FAIL. MECH. - age-related failure mechanism; if the

component has age-related failure mechanisms, the letter "Y" is
shown_in this column. If not, the letter "N" is listed.

AGING PRO. (APP.) - the appropriate aging procedure can be found in

the appendix listed in this column

2331 042

-

o —— ——

- —— . a——



2-a

/\ ."“.J-\
-
‘
\
SATETY RCLATED COMrONCdT LIST
= ACE FCIATTD ACLI3
NrC, MIG. RLF, FAIL. MICH. rROC.
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- ..

Clrcuit Breaker 1 1319212012 b ] THED 136125WL 12%A cel AC Protection Y 2
Clreult Sreater 1 1318240207 b THIK W264000L . “00A 82 DC Protectlon Y 2
Vire ¢ Cable 1 Lot b ] CXAL 400 Interconnection Y 1
T.,rlater 6 0657529008 [) C5-400-08-G02 Tsoa/900v CRI-6 Rectifler /Control N
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Sensing Bosnd b ) r-5s-2019 1 35-130-CY A Control N
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Choke 1 04608 1 L rilter Y "
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Tuse b 1113225010 7 ACZ-1 14,25V ru-9,12,13Contral Protection N

™2
Pesistor t 2 L} 013219218 13 0996 1504 ,23%¢ Bleeder N

N~ -
Switeh il 1 97-0820 12 gI60K1% sa/izovac SW2 T/C selection Y r

B

N
Surge Suppressor 7 20 V250PALGE 01-07 Trenslent Proteation X
Potentlowater 1 2110423000 16 $0Qa29 R, R6  Range Adfustrent -
Pecistor - 1 0111032102 16 4 | LN b L Ranze Adjustrent »
Cabinet 1 D-15-1%38-02 10 Structure L]
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APPENDIX E

List of Manufacturers

Manufacturer

Power Conversion Products Inc.
General Electric - Capacitors
General Electric - Breakers
National

International Rectifier
Syntron Div., FMC Corporation
Bussman

Marathon

Wakefield

Alloy Velding

Vectrol

Cutler-Hammer

-Ohmite

Centralab

Stackpole

Allen-Bradley

Western Cullen

Crompton

Cinch-Jones

General Electric-Terminal Blocks

Glastic Corporation

Yokagawa Corporation of Anerica

E-1

Location

Crystal Lake, I1linois
Columbia, South Carolina
Plainview, Connecticut
Geneva, I1linois

E1 Segundo, California
Broomfield, Colorado

St. Louis, Missouri

Waco, Texas

Wakefield, Massachusetts”™
Melrose Park, I1linois
Lincolnwood, I1linois
Broadview, I1linois
Skokie, I11inois
Milwaukee, Wisconsin

Kane, Pennsylvania
Milwaukee, Wisconsin
Chicago, ITlinois

E1" Grove Village, Illinois
Elk Grove Village, I1Tinois
Philadelphia, Pennsylvania
Cleveland, Ohio

SYasford, New York

2331 045
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List of Manufacturers

APPENDIX E

(cont.)

Corporation

No. ngufacturer

23 Samuel Harris

24 HWestinghouse Electric
25 Fenwal

26 Time Mark Corporation
27 Potter & Brumfield

28 Zenith Timer & Controls
29 Sylvania

30 Dialco

31 C.T.S. Corporation

32 Molex

33 Haveq, Inc.

3¢ Littlefuse

35 Trantec

36 Modutec

E-2

Location

Waukegan, I1linois
Beaver, Pennsylvania
Ashland; Massachusetts
Tulsa, Oklahoma
Princeton, Indiana
Chicago, I1linois
Salem, Massachusetts
Brooklyn, New York
Elkhart, Indiana
Lisle, I11inois
Winooski, Vermont
Des Plaines, I1linois
Columubs, Nebraska
Norwalk, Connecticut

2551 046
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APPENDIX F

Aging Procedures - Circuit Breakers and Switches

(cont.)

1.0 Circuit Breakers

The number of cycles required for all necessary testing prior to

plant operation is a maximum of 20 cycles (10 times per year x 2 years).
The number of plant maintenance cycles is 4 times per year or 160 times
for 40 years maximum. The number of customer planned cycles for
equipment or plent maintenance is 2 times per year or 80 timesAfor

40 years maximum. The circuit breakers will be cycled a total of

260 times to simulate 40 years of service. The cycling will occur

- -

with a representative charger operating at full rated load.

2.0 Switches (Flozt-Equalize)

The number of cycles required for ai'! necessary testing prior to

plant operation is a maximum of 20 crcles (10 times per year x 2 years).
The number of plant maintenance cycles is 4 times per year or 160 times
for 40 years maximum. The number of customer planned cycles for
equipment or plant maintenance is 12 times per year or 480 times for

40 years maximum. The switch will be cycled during the stress test

and seismic test a total of 660 times to simulate 40 years of service.

2331 047
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APPENDIX F

Aging Procedures - Circuit Breakers and Switches

General
The predominant age-related failure mode of circuit breakers and
switches in typical Class 1E Battery Charger applications is of a
mechanical fatigue nature as induced by switching cycles. DOue to
the continuous operating mode of this equipment, circuit breakers,
control and power switches (and their associated annunciating relays)
are only cycled during testing, preventive and corrective maintenance
and during plant shutdown pericds. A determination of anticipated
number of cycles during the qualified 1ife will be made based on the
sum of the following: iy
- Mumber of cycles required for all necessary testing prior to plant
operation.
- Estimated number of equipment maintenance cycles.
- ﬂumber.of customer-planned cycles for any purpose (equipment
or plant maintenance, etc.)
The breakers and switches will then be cycled under simulafed service
conditions. Coil insulation systems associated with the breakers and

switches if normally de-energizea (e.y sShunt trip coil) need not be

aged. If normally energized, they wili be aged.

2351 048
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APPENDIX H

Aging Procedures - Magnetic Components

General

The life of any magnetic component is determined by the insulation
cystem (IEEE 259-1974). An insulation system will be employed on
which thermal evaluation has been performed and correlated temperature
versus age data has been done in accordance with IEEE 259-1974.
Magnetic components will be subjected to accelerated aging to the
desired qualified 1ife at the selected temperature and time in
accordance with documented thermal evaluation data. Accelerated

aging will be perfermed in accordance with one of the procedures

of section 3.2 of IEEE 259-1974.

Procedures
The following magnetic components are used in the sample charger:
Quantity 3 Part No. 04747

Manufacturer 1 Description Transformer

Schematic Symbol T1A,B,C  Function _Isolate input and reduce orimary AC

Rating 22.56 KVA voltage to usable level.

Ciass of Insulation 220°C

Max. Hot Spot Temp. 150°C at 35°C ambient

2351 049
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APPENDIX H

Aging Procedures - Magnetic Components

(cont.)

Quantity 1 Part No. 04606 Rev. 1

———————

Manufacturer 1 Description Choke

Schematic Symbol _L1 Function Filter DC output

Rating 2.00 milli-henries at 300 amps DC

Class of Insulation _220°C

Max. Hot Spot Temp. at _ 1509C at 350C ambient

In the analysis in this section, the ambient within the cabinet is
50C above the specified annual average ambient temperature to acc0un£
for temperature rise within the cabinet. The magnetics above consist
of copper magnet wire, steel core material and insulation materials.
Thermal degradation of the insulating materials determines the life
of these components. The insulation materials consist of layer to
layer and wire insulation. The copper magnetic wire used is
classified as 220°C insulation. The layer to layer insulation used
consists of a high temperature resistant polyamide polymer and is

classified as Class H insulation.

™Y
L~y
LN
-
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APPENDIX H

Aging Procedures - Hagnetic Components

(cont.)

The insulation curves reveal that operation at 150°C yields an
expected 1ife of approximately 1 x 108 hours (using the lower 95%
confidence 1imit). This is an expected life of 100,000,000 hours'
or 1141 years and far exceeds the qualified life objective. An
accelerated aging test will be conducted as described below. Data
from the insulation chart will be used to age the magnetics. Testing
at 2300C for 7.5 x 102 = 750 hours is equivalent to 400,000 hours

at 1500C (35°C ambient) which exceeds our life objective. The values
of maximum hot spot temperatures stated above are based upon PCP
enginesering design data. Actual hot spot tests nave bzen conducted

demonstrating that these values are accurate.

Procedures

1. Equipment required

A. Nine (9) transformers - PCP #04747
B. Three (3) chokes - PCP #04606
C. Hipot tester

D. Temperature chamber capable of temperatures = 230°C
2331 051
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APPENDIX H

Aging Procedures - Magnetic Components

(cont.)

Procedures

A. Dielectric test magnetics and record.

B. Energize oven to obtain 230°C + 3°C

C. Remove one set of transformers and chokes after 562% hours
to simulate 30 years of life.

D. Remove the last set after 750 hours to simulate 40 years of
life.

£. Perform an insulation resistance test to check the integrity
of the insulation system. i

F. Failure is defined as a dielectric breakdown in any of the

components.

H-4
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APPENDIX 1

Aging Procedures - Wire and Cable

General

Wire and cable used will be qualified for temperature, humidity,

and time required for normal service of this equ...sent by the methods
described in IEEE Standard 383-1974. The basis for qualification

will include pre-aging data to simulate qualified life (such as
Arrhenius plots with 95% confidence limits). Wire and cable used

in the sample charger will be thermélly aged in accordance with

this data. Where practical, wire will bz aged in harnesses with
connectors and terminal blocks attached in order to test'the integrity
of the connection methods employed in the aged condition. Mechanical
cycling of cunnectors as employed in this equipment i< not an aging
factor. Interconnections shall be aged by the thermal and mechanical
stresses induced by the burn-in test (5.6.C), the stress test (5.6.0),

and the seismic test (5.6.E).

Procedures
In accordance with IEEE 383-1974, proceed as follows:
1. Equipment needed

A. Two complete wire and cable harnesses acquired from model
350-130-300 battery charger, S/N 12442-01.

B. One temperature chamber capable of temperatures = 150°C.

2351 053
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APPENDIX 1

Aging Procedures - Wire and Cable

(cont.)
Procedure
A. Measure and record length of representative sample wire.
B. Install harness in oven. The harness will be suspended in
the oven with continuous air circulation simulating service
conditions. '
C. Energize oven to obtain 136°C + 2°C.
D. Remove one harness after 126 hours to simulate 30 years life
at 35°C annual averace ambient within the cabinet. Measure
and record length of sample. Failure is defined as mere than
50% elongation. ko
A representative sample of the aged wire shall be bent around
a mandril 40 times to verify lack of brittleness of the wire
jnsulation. Evidence of brittleness to the extent that the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>