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ATWS MITIGATION SYSTEM LICENSING SUBMITTAL CHAMGES
T BYRON7BRAIDWO0D

- UNITS 182

REVISION 5
PAGE NO. REVISION 5 SUBMITTAL REVISION 6 PENDING SUBMITTAL
-8 Added statement about the SAIC
3-e equipment*s Z-out-of-3 logic
coincidence to trip.
3-4 Inoperable alamm includes lass Added "module removed . ”
of power, AMS in test, and
automatic bypass (C-29 < 40%). Deleted “automatic bypass”
(C-20 < 40%).
§-] ...Rosemount master trip unit. .. SAIC {Science Applications Inter-
national Corperation) bistable. ..
4-1 ...Rochester Solid State iogic SAIC Selid State Logic System
System or approved equivalent.
3.2 Current-limiting voltage regu- Non-safety-related 24 Ydc
lator from a new nmon-safety- uninterruptible pewer supply
related 24 Vdc battery with a (uPs) .. .purchased from Lambda
dedicated battery charger. .. Electronics.
§-2 The voltage regulator.. current The UPS .. .current limit of

limit of 32 amps.

5.7 amps.

Pege 1 of 4

REASON FOR CHANGE

New feature to SAIC equipment
that enhances reliabality.

Feature unique to SAIC systes.

This deletion is based on the
philosophy that this “Inoperable”
alarm should warn eperators of
“unsafe” and “"abnormal”™ condi-
tions. This bypass situation is
a mormal, operational design
cordition (similar to R.G. 1. 47
states windows).

New hardware purchased with logic
system - see below.

Rochester no lTonger supplied the
eriginal specified hardware,
thus, new vendors were investi-
gated, and SAIC was chosen.

The battery and charger were
combined into a UPS.

The new SAIC equipment reguired
much less current, thus the power
Timit is reduced.
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ATWS MITIGATION SYSTEM LICENSING SUBMITTAL CHANGES
T BYRON/BRATOWOOD - UNI

REVISION S5 SUBMITTAL

REVISION 6 PENDING SUSMITTAL

4-12

IEEE 323-1974 and 324-
...exposed to 1s 32 amps.

These output relays will be

...0f the master trip units...
Housed in & single MTU chassis.

(The detafled calibration of the

Rosemount MTUs s described here.)

(The detailed testing of the

Rochester logic system is described

here.)

TEEE 323-1974 and 344
...exposed to is 10 amps.

These output relays have been
...5ER. Reference WCAP-8637,

Appendix B, Supplement 2-[68A.

...0f the bistable units. ..

Housed in three dual bistable
modules .

(The detailed calibration of the

SAIC bistables is described here.)

{The detailed testing of the SAIC
logic is described here.)

Page § of &

REASON FOR CHANGE

Typo

Maximum amps decreased due to
new UPS .

Purchase of S-0 219 relays from
Westinghouse includes completed
test as referenced.

Replaced MTUs wit.. SAIC bistables.

Cescribes new SAIC equipment

Describes new SAIC bistable
equ igment .

Describes new SAIC logic testing.
The function of the “MTU test
switch™ and the new “logic test
input switch™ is similar. The
testing of the 3 logic systems
and the 2/3 coincidence is
described here.
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ATWS MITIGATION SYSTEM DESIGN BASIS

The Byrnn/Brafdwood Statfons ATWS Mitigation . - (AMS) design fs

based on the following requirements:

0. The ATWS Rule (Reference 1)
D. ATWS Quality Assurance Requirements (Reference 2)

c. westinghouse AMSAC Generic Desfgn Guidance (Reference 3)

The foregoing documerts provide the basis for the specific AMS system
design as descrived in Section 3.0. In addition to the details
provided in Section 3.0, plant specific Information, as requested by
the NRC 1n their letter (Reference &) stating acceptance of the
Westinghouse AMSAC Generic Design, s included in Section 4.0.
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ATWS MITIGATION SYSTEM FUNCTIONAL DESCRIPTION

fnis section will functionally describe the proposed ATWS Mitigation
System (AMS) design for the Byron and Braidwood Stations. The
operation of the proposed AMS 15 defined {n Figure 3.1 and by the

following descriptions,

3.1

System Overview

The required fnftiating actions of the AMS are as fo))lows:

a. fnitiate the ausiliary feedwater system, and

b. trip the main turbine,

The plant variadle that 1s monftored to determine loss of heat
sinc and provide for the actfons described above fs Steam
Generator (SG) leve). Each steam generator 1s monitored by four
existing sets of level instrumentation. Any of the four leve!
measurements indicating Yow leve! 1s an indication of loss of

heat sink for that steam generator,

As shown in Figure 3-1, one AMS logic train with three logic
subsystems 1s provided. Both the main turbine trip and auriliary
feedwater actuation signals are initiated by this logic train.
For reliadility, thre: redundant, fdentical logic subsystems are
provided, and a two-out-of-three coincedence of these logic

subsystems s required in inftiate actuation,

3.1
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Each AMS logic subsystem monitors the RPS Ch. 1 S5G leve!
transmitter fron each steam generator for a total of four leve)
fnputs. A three-out-of-four coincident Yogic scheme 1s employed
to interrogate these SG Yeve) signals, therefore requiring three
of the steam generators to indicate a loss of heat sink in order
to actuate each subsystem. The AMS level setpoint will pe 3% of

narrow range span below the RPS Steam Generator level setpoint,

Two-out-of-three cofncedence of the logic subsystem trips will
actuate the auxiliary feedwater system (1.e., motor driven and
diese) driven auxiliary feedwater pumps and related equipment)
and trip the main turdine (through the emergency trip). A time
delay (approaimately 25 secunds) is provided to ensure the

reactor protection system will provide the first trip signal.

Arming of the AMS s automatic and 1s accomplished when both the
C~20 power leve! (=>»40% of nominal ful) power) permissives are
achieved (see figure 3-1). Upon a decrease in power below the (-
20 power level the AMS will be automatically bypassed. The .20
power level permissive 1s developed in the AMS system based on

turbine impulse chamber pressure.

After an AMS initiation of the auxiliary feedwater system and

, «ng of the main turdbine, the AMS will self reset. That is,
after AMS inftiatfon as power decreases and after a time delay
(approximately 360 seconds), the C-20 interlock will inhidit the

1ogic thus allowing shutdown of the auxilfary feedwater system

3.2
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end reset of the main turdine trip. The time delay allows the
AMS to remsin armed long enough to perform 1ts function in the

event of a turdbine t:ip.

The Togic pro 'des for one {nhibiting signal which s manually
implemented under aaministrative control and prevents the logic
from inftiating 1ts intended functinas (1.e., start the auxiliary
feedwater system and trip the main turbine). This {nhiditing
signal results from the requirement that the AMS must have the
capadility for testing during power operation. When the operator
selects the AMS test/oypass mode, the final A™S actuation output
devices (relays) are inhibited from operating and inad s ' :ntly
fnitiating the auxiliary feedwater system or tripping tie main

turdine during power operation,

Control of the auxiliary feedwater system and mair turdbine are
provided for by existing controls and are not in the scope of the

AMS design.

Main Control Room Interface

The control room 1nterface between the AMS and the operator
includes the following aarms and indications located at the main

contro) boards:

a. Alarms - AMS Initiated

AMS Inoperadle*
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24Y0C P/S Failure

b. Ind{cations - AMS Inftiated - Red Light

MMS Armed - Green Lient

AMS [ Test Mode - ~:° | ‘ght

. Bypass Permissive Light Box - ATWS Permissive C-20

*Inoperadle alarm includes Toss of power, module removed, and AMS

in test/bypass.

3.3 Termination of Steam Generator B)owdown

Steam generator blowdown will not be automatically terminated by
the AMS. Since the immediate effect of steam generator D)owdown,
in the event of an ATWS event, is to remove heat from the steam
generator, automatic isolation 1s not necessary. Once AMS is
initiated, steam generator inventory can be adequately satisfied
with both t-ains of auxiliary feedwater operating. Auxiliary
feedwater flow per steam generator will pe approximately 320 gpm

with maximum blowdown flow per steam genecator of 90 gpm.

1-4
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PLAK” SPECIFIC DESIGN DETAILS

The folluwing section provides the plant specific design detafls as

requesiec by the NRC. Each topic 1s addressed 1n the order in which

they are listed in Reference 4.

4.1

Dive'sftz

The ATWS Mitigation System (AMS) design for the Byron and
Brafdwool Staticns uses equipment which is largely diverse from
that used in the Reactor Protection System (RPS). AMS inputs are
derived from the existing SG level and C-20 instrumentation which

fs located in the RPS Westinghouse 7300 protection cadi . .s.

The AMS SG level and C-20 fnputs are isolated from the existing
fnstrumentation loop signals by Technology for Energy (TEC)
Analog S7 nal Isolators. These isolators are classified as
safety related. After isolation the signals are fed to SAIC
(Science Applications International Corporation) bistable units
which generate the SG low level and C-20 logi~ inputs to the SAIC
Solid State Logic System. The Solid State Logic System provides
imp'ementation of the coincidence logic, permissives, test
inhipits, time delays and other AMS functions. Outputs from the
logic system are then used to trip the turbine and start
auxiliary feedwater via a number of interposing relays. The
interposing relays interlocking safety related circuits are
classified as safety related. These relays will be Struthers

Dunn relays.

4-1
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Safety-Related Interfa~c

Two safety-related interfaces exist between the AMS and
exfsting safety related circufts. The first {s the
interface between the AMS and the SG levei and C-20
fnstrumentation circufts. As previously discussed in
Subsection 4.1, analog signal fsolation is provided by the
use of Technology for Energy Corporation analog signa)
fsnlators. The second is the interface between the AMS and
the auxiliary feedwater circufts. 1solation is provided by
the use of Struthers Dunn relays. The exfsting criteria
for physical separation between reactor protection, ESF,

and non-safety system wiring will also pe utilized.

Quality Assurance

Safety-related components which are part of the AMS will e
procured with the appropriate quality assurunce required
for safety-related equipment. A1) other components in the
AMS design will be procured using the quality assurance

requirements stated in Generic Letter B85-N6 (Reference 2).

A1l activities involved fn the construction, maintenance
and operation of the AMS will pe in accordance with the
eighteen items of the above referenced generic letter and
other Commonwealth Edison Company quality control

requirements.

4-4
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Maintenance Bypasses

Maintenance at power can be accomplished by taking the AMS
out of service administratively (main test/bypass switch)
and removing electrical power. It {s recommended that the
main test/bypass switch located in the AMS cabinet, be
placed in the test/bypass mode to ensure that maintenance
activities do not result in spurious actuation of the AMS
output relays. Loss of power to the AMS or placing the AMS
in test mode will result in an AMS inoperabdle main control
alarm. This alarm along with other AMS alarms and
indicating 1ights will be grouped and located on the main
control board utilizing human factors engineering

practices.

Operating Bypasses

«ne AMS shall pe automatically armed coincident with power
above C-20 (40% of nominal full power) a&s a permissive.
Bypass of the AMS shall be automatically initiated 1f the
power is reduced below (~20. The C-20 power level {s
measured by two transmitters. The transmitters will
measure first stage impulse chamber pressure at the hign
pressure turbine. The basis for the 40% of full power
setpoint is provided in 0/G-87-10 (Ref. 5). The automatic

bypass »>f the AMS is indicated in the control room via an

4.5
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“AMS armed” status light and a "C-20 power level
permissive™ status window at the Bypass Permissive Light

Box.

Mean: for Bypassing

The main test/bypass switch as discussed in Sections 3.1
and 4.5 {s a permanently installed toggle switch with two
positions: normal and test/bypass. The main test/bypass
switch is located in the AMS cabinet and is the only means
provided for bypassing the entire system. An operating
bypass switch fs provided to allow bypassing of any one
bistadble during system operation. This allows on-line

testing and calibration of the analog instrument Yoops

without degrading system operacion or reliadility. Other
means for bypassing as specifically excluded by the
guidance are not used. The main test/bypass switch will pe
included in the overall human factors engineering review of

the system.

Manual Initfation

Manual actuation of the AMS is not provided. Manual

inftiation of auxiliary feedwater and manual tripping of

the turdine can be accomplished by the operator at existing

controls provided on the main control boards.

4-6
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Electrical Independence From Existing Reactor Protection

System And Other Safety Related Circuits

The interface between the SG level and C-20 instrumentation
Toops and the AMS 1s made through Technology for Energy
Corporation (TEC) Model 156 Nuclear Qualified Analog
Isolators. These {solators, which are located in a mild
environment, have been fully qualified by the vendor
according to the guidelines set forth in the applicabdle
IEEE Standards. The maximum credible voltage/current
transient which the non-safety-related (output) side of the
circuits would be exposed to is approximately 30 volts DC
and 10 amps due toc the current limiting voltage regulator
installed on the output of the UPS power supply circuit and
due %o the distance and barrier fsolation of the 120 vac
UPZ input power. Appendix A of AMSAC Generic SER criteria
has been satisfied by the TEC Mode)l 156 fsolator as

follows:

p) Attachment 1 of this document are diagrams which show
how the maximum credible transients were applied during
the TEC testing. These diagrams also include short,

ground, and open testing.

B) The TEC Model! 156 isolator has been tested to
demonstrate that the isolator would provide 1solation

during maximum credible transient of 120VAC at 20 amps

4.7
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and 2000VDC at 20 mA and during other transients such
as shorts, opens, &nd grounds. This testing is
documented 1n TEC Reports 150-TR-02 and 156-TR-03.
These tests envelope any credidle voltage and current

levels present in the AMS cabinet.

See Item B adbove.

The pass/fail acceptance criteria for the TEC isolator
will be that the isolation capability of the assembly

is not degraded during or after the transient.

The TEC isolators were tested to JEEE 323-1974 and 344-
1975 as documented in TEC Reports 156-TR-02 and 156-TR-
03. This environmental and seismic testing envelopes
the Byron/Braidwood station requirements for the

installed location.

The TEC isolator has been successfully tested to
determine susceptidbility, at 10v/M from 20-50 MHZ and
15 V/M from 100-500 MHZ with a spot check from 500 to
1000 HZ. The stainless steel case will also pe
grounded which generally eliminates electromagnetic

interferences.
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The design of the isolators fs based on an inherently fail-
safe principle which ensures isolation, even if all power
fs removed from the device. It should be noted that the
TEC isolators are protected by both in-1ine circuit fuses

and internal fuses on the fsolator outputs.

The AMS output interface to the safety related auxiliary
feedwater circuits 1s provided at the output rriays via
coil to contact separation. The proposed out:t relays are
Struthers Dunn auxiliary relay Type 219. The.e relays,
which are located in a mild environment, will pe certified
to operate in the environment in which they are located.
The results of the sefsmic testing, already performed,
envelope the Byron/Braidwood Stations requirements. In
addition, the relays have been functionally tested. The
masimum credidble voltage and current transient which the
non-safety-ralated side of the circuits would be exposed to
is approximately 30 volts dc at 10 amps (f.e., the AMS
cabinets where the relays are located, are powered from a
28 volt DC System which is current limited to 5.7 amps).
The relays will pe purchased from Westinghouse who has

provided generic qualification, via WCAP-BE87, Appendix B,

4-9
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separation requirements. Likewise all exfsting criterfs
for physical separation of reactor protection, ESF, and
non-safety system wiring external to the AMS cabinet will
also be followed.

Environmental Qualification

The AMS cadinet is located in a mild environment. The
environmental parameters for the location, Zone Al, are

Tisted in the Byron/Braidwood FSAR Table 3.11.2.

The four exfsting SG level transmitters are located in a
harsh environment. The environmental parameters for the
locatiun, Zone C6, are 1isted in the Byron/Braidwood FSAR
Tadle 3.11-2.

The twe existing C-20 transmitters are located in a mild
environment. The environmental parameters for the
locatfons, 7ones T1 and T2, are listed in the

Byron/Braidwood FSAR Table 3,11.2,

Both non-safety and safety-related components of the ATKS
cabinet and the 3G level and C-20 transmitters will be
designed to meet the environmental conditions existing in

the zcnes they are located.
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Sefsmic qualification will be provided for the AMS cabinet
and internal safety-related components which prov’ de the
fnout and output AMS interface to exterr ) safety related
circufts. Isolation devices shall be provided with seismic
qualification fn accordance with the basis fur plant

licensing.

Testability at Power

The AMS is designed to allow testing of the bistadle units,
solid state and relay logic system, and final AMS output
relays during power operation as well as below the C-20
power Tevel permissive. AMS testing at power will be
performed once every 6 months. AMS testing at power is
subdivided into three areas which are described

individually delow.

a. Testing of bistadble units - The logic train requires
six Distadles (one per steam generator plus two C-20's)
which are housed in three dual bistable modules mounted

fn the logic subrack assemdly.

An Operating Bypass selector switth on the test panel
will allow the testing of any one bistadble at a time.
Selection of a bistable with this switch will introduce
a selectadle logic tripped or not tripped signal to the

logic system regardless of bistadble state. Thus,

calioration or test of that bistable can be

§4-12
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An individual logic bypass switch 1s provided for each
of the three logic « bsystems. When the master
test/bypass switt’, .3 in the test/bypass position,
these individua) logic bypass switches will force the
associated logfc subsystem output to the “untripped”
state regardliess of logic fnputs. This feature allows

testing of the 2 out of 3 logic functions.

Testing of final AMS output relays - The testing
circuits used for the final AMS cutpu! relays and final
actuated devices at power will pe similar to the
testing schemes used in the Byron/Braidwood Safeguards
Test Cabinets. However, for the purpose of the AMS,
testing of the final AMS output relays and fina)
actuated devices will be 1imited to a continuity test
only of the circuits and not full actuation of the
final devices (control relay which operates the

auxiliary feedwater pump, for example).

Continuity testing of the circuits will pe used
because,
the AMS is not safety-related,
any additional periodic cycling of safety related
system components in the auxiliary feedwater system
as a result of AMS testing should dbe limited in order

to maximize the qualified 1ife of those components,

and

4-15
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tripping of the turbine at power 15 obviously

unacceptadle.

A complete off-11ne end to end test will pe performed once
each refueling outage. This test will simulate fnputs to
transmitters and monitor proper actuation of output

relays. A test procedure will be prepared once the system

hardware 1s purchased.

Completion of Mitigative Action

Once inftiated tr~ AMS actuation signal will go to

completion except as delayed by the 25 second time delay.
The C-20 permissive is delayed from de-energizing for 360
seconds .0 ensure that the C-20 permissive 1s present so

that AMS operates.

Seal-in of the AMS actuation signal is not necessary at the
logic level, since the final actuated or tripped equipment
control circuits (auxiliary feedwater and turdine trip)
will remain in that condition until stopped or reset by the

main control room operator.

Technical Specification

No specific technical specification is proposed at this

time.
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2.2.3. Output (non<16) spplied voltage/current fault concitions
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2.2.3, Outpat (non-1E) applied voltage/ourrent fault conditions (oontinued)
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PART VI—CUSTOM POWER SYSTEMS
LAMBDA HIGH EFFICIENCY UPS MODULAR SYSTEM |

COMES COMPLETELY ASSEMBLED AND READY TO USE
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ATypica! Lambda UPS Rack System Provides




PART 1 —INDUSTRIAL POWER SUPPLIES AND CONVERTERS
LAMBDA LFS SERIES
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PART VIIl — MECHANICAL DRAWINGS
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" PART VI—CUSTOM POWER SYSTEMS

....... ot

DESIGN GUIDELINES FOR LAMBDA'S UPS SYSTEM

1. Determine actual load requirements
For Example:
114 vory s

2) 24 Vol @ 204
3) a8 ot T TOA

2. Select 8 Lambda Switching Power Supply that fis your
load requirement.

For Ex 'y
1) Rateg Av-bvaits (1 20 OA 2 -
2) LS ton e Rated At 20 vottywrd 1A LFs-42 é

1) WSA0A-48-— Rated Ar-48 vols L LA

3 Determine the et iciency of sach power subply Uhing the
cha“t i item § below, and caiculste the input powe!
uhing the following formuls

For Example: 2‘-/ UL |

(Actue! W/ts) » (Actud! Amps)

Input Poveer = t 26w
Hlerremiy o Ko or Supd '
£ Y 80%
OOk PN e
Wwe1s "0 142 B Vi
LS 104 3¢ [ 'L 800 wat
W 104 48 [ 120 60 00 Wt

Total tnpwt Power + 261 BE Watls

4. 8) When using (1) FRL-24.005 Battery, look at Figure 1 10
determine the maxmum amount of UPE L for the
colculated 1018 input powe!

i the above example, 262 BE watts correLponas 10 3
maximum of approximately 8.0 minytes

b) For a longer UPS time use (2) FRL-24-005 Batteries in Zhu“ 2 60 -
®

pareiiel ano refer to Figure 2

For the same system 262 B6 watls cOrresponds 10 8
manimum of spproximately 20 minutes

(For longer operation Limes, consult factory for 8 re¢
ommended battery)

§ Use the following guidelines for eMiciencies wheneve!
using & Lambaa switching power supph

ouTet vOLTAGH FEncuncy
Sv 0%
1vsy "Hw
ey ARy | 1

Dus! Output Powe Suppies  Reler 10 reapective pages n Lamuds Catslog
Yripie Outpy’ Power Supplies  Reler 10 reapect ve pages n Lambds Catelog

\ bu\" % 22mn
”

POR USE WITH (1) FRL 24005 BATTERY

il

L

FOR USE WITH (2) FRL-24-00% BATTERIES
CONNECTED IN PARALLEL

Sl et v2balt = 22mia ¢ SOmin Flhar (0

NOTL These Siagiam on appranimaton Lonied teciony for procne UM ue

o - na o o

:'" ! o o
Lo i
[ 1Y e
i R m————
| ¢
| FEREE
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BDA MBW, MBS AND MIF SERIES LINE FILTERS

e v T T TRV | TR——p—
'FEATURES —MBW, MBS and MIF SERIES
Kt MEBW, MBS and MIF Series filtert are designed 1o achieve optimal attenustion w th switching
dance with VVDE safety reguiations they have beenr pretested with Lamboa power supplies 10

of Lambda’s filters are Ul recognized and CSA certified They are stocked for production

one day cel cery from stock

——— S — ———————— " S———————— ——

Wmbda's compact, lightwe g
power supplies Built in scor
meet $CC Docket 20780 Class £ Al
of guantities and are avai'atie for

Prices: "
b
AT € " ‘ot " =‘.
MEW 120021 ) Ampn 1w LA R [ 20N Y s Ay
MW 1208 12 § Ampn "o "o 1100 "ww e
CTIREALS ) 10 Ampn M 00 M "W "o »
MEs 2002 20 Ampn nw » 0 508 11 00 W
Mir 20322 3 Ampn AL 1760 M"w (%1} "
MIE 12082 & Amps 1" ALE 1num 10 50 ™
.
$pecifications
: T MO e e
N O . . AL e L -
S O ATON L SURE wer e e e 1y 120822
Rated Voltage (mar volts x 130 I %¢C i FL%
Rated Current (max) Amp ¥ L N \¢ 20 LN &
Breatdown Vollage (min) Vol 750 2% %% 3% 80 15
insulaton Revtance (min) L VX ' s 1O 100 X
Leatagt Current imax mA 0 0s oS 0s s (!
DC Resntance (max) i1 0) 3 008 ool 01 004
Operating Tempersture Range’ < 0~ «08 20- + 08 20«08 0+ 20~ + 1% 0- +88
*ho gerating up 10 58°C
WOTED ' Tha ratee current o lor oot 8100 vb 16 330 1o lamee ,-‘.,,,,._,J‘;".'—.T_"“ T T & 0 R — e e e
fo tempe aturm between 300 ane B8 secaie sirding 1o turve B on b 18I

W The (8100 turient 8 for Gpeaton up 1o %G
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