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FOREWORD

A maximum credible fault test was performed per Nutherm test pro-
cedure 11.3.91, Revision 1, Maximum Fault Test for SCT/MVT
Transmitters, SCT/4-20mA/4-20mA/117VAC[STD], MVT/80-160mV /4~
20mA/117VAC[STD].

A copy of the procedure used during testing and the recorded
results are included in the Appendices..
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INTRODUCTION

The purpose of this testing is to provide evidence of credible
fault testing of the Moore Industries isolator, Model SCT/4-20mA/4-
20mA/117VAC[STD], MVT/80-160mV/4-20mA/117VAC[STD] under Common-
wealth Edison Company's purchase order number 329944 and Cygna
Energy Services Number C-89136-1. '
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1.0 MAXIMUM FAULT TEST FOR SCT TRANSMITTERS

The following are the results of each test performéd in the order
as specified in Procedure 11.3.91, Revision 1.

Step 6.4 - Test 1 - SCT Transmitter

6.4.1

6.4.2

 6.7.5 - 6.4

6.7.5 = 6.4.2

607-5 - 604.3

Unit 1 was connected per the diagram on Page 4 o
procedure. :

A jumper was connected between the output positive
terminal and output negative lead. The input
voltage was recorded on Channel 2; the output
current was recorded on Channel 3, and the 120VAC

‘source was recorded on Channel 1. When the short

was connected, the output current dropped from 20
milliamps to O milliamps. No change was observed
on the 120VDC source or 20 milliamp input signal.

After § minutes, the short was removed and the
output current return to 20 milliamps. The short
had no effect on the unit during the event. The
results are recorded on Chart 1 of 6.4. ‘

The test was reperfbrmed per Step 6.7.5, which
required the 120VAC supply to be removed. _ ‘

A short was applied between the positive output and
the negative output terminals. Source voltage was

‘OVAC. Input signal was 20 milliamps, output current

was 0 mA, as seen on Chart 2 of 6.4. The input
remained unchanged during the event.

After 5 minutes, the short was removed, the input
source and output was unchanged.

Step 6.5 -~ Test 2 - SCT Transmitter

6.5.1

6.5.2

Unit 2 was connected per the diagram on Page 4 of
the procedure.

A Jjumper was connected between the output positive
terminal and chassis ground. When the short was
applied, the source and the input remained
unchanged; output current remained at 20 milliamps
during the event.



60705 - 6.5

6.7.5 - 6.5.2

6.7.5 - 6.5.3
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Vhen the short was removed, the output current
remained at 20 milliamps; the input and source
voltage remained unchanged. The results are
recorded on Chart 1 of 6.5. :

The test was performed per Step 6.7.5, which
required the 120VAC supply to be removed.

A jumper was applied between the positive output and
chassis ground terminals, without the source
voltage. The input signal of 20 milliamps was
unchanged and the output current was recorded as O
mA during the event.

When the short was removed, the input voltage,
output current and source voltage was unchanged.
The results are recorded on Chart 2 of 6.5.

Step 6.6 - Test 3 - SCT Transmitter

6.6.1

6.6.3

6.7.5 - 6.6.1

6.7.5 - 6.6.2

Unit 3 was connected per the diagram on Page 4 of "
the procedure. A theoretical load of 120V and 50
amps maximum was designed for the hot voltage
injection test. Actual load values were recorded
as 120.9VAC and 45.6 amps. '

The load was connected between the positive output
and chassis ground terminals.  The input and source
signal was not affected when the load was applied.
The output current remained at 20 milliamps for the
duration of the event.

The load was removed and the current remained at 20
milliamps, normal operation. The results are
recorded on Chart 1 of 6.5. ‘

The test was reperformed per Step 6.7.5, which
requires the 120VAC supply to be removed and a
theoretical 1oad of 120V and 50 amps maximum applied
for the hot voltage injection test. Actual load
values were recorded as 120.8VAC and 45.9 amps.

The load was connected between positive output and
chassis ground terminals. The input voltage, source
voltage and the output current was not affected
during the event. The output current remained at
zero throughout the test.
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6.7.5 - 6.6.3 VWhen the load was removed, the unit remained stable.

The results are recorded on Chart 2 of 6.6.

Step 6.7 - Test 4 - SCT Transmitter

6'7.'1

“ 6.7.3

6.7.5 - 6.7.1

60705 - 6.,7.2

6.7.5 - 6.7.3

Unit 4 was connected per the diagram on Page 4 of
the procedure. A theoretical load of 120V and 50
amps maximum was applied for the reverse voltage
injection test. Actual load values were recorded
as 120.9VAC and 45.7 amps.

The load was connected between positive output and
the negative output terminals. The input voltage
was affected by a .2 Vpp ripple with the load being
applied. The source voltage remained unchanged.
The output current reached a peak value of 103
milliamps before falling from approximately 20 mADC
to 0 uA in .0100 seconds. The .input, source and
current remained stable through out the 5 minute
event. The output remained stable with a 120VAC
signal from the applied load.

When the load was removed no change was observed.
The output current remained 0 mADC with an 8 Vpp
signal; the source and input remained stable. The

unit was not functional after the test. The results
are recorded on Chart 1 of 6.7.

The Test 6.7 was reperformed per Step 6.7.5, which
required the 120VAC supply be removed and a
theoretical load of 120V and 50 amps maximum applied
for the reverse voltage injection test. Actual-load
values were recorded as 121.5VAC and 45.9 amps.

The load was connected between the positive output
and the negative output terminals. The input signal
remained stable at 20 mADC with a .2 Vpp signal
throughout the event. The source voltage remained
at OVDC. The output current was 0 mADC prior to
connecting the load, a peak of 120VAC was observed
when the load was applled.

After the 1load was. removed the output current
returned to the 0 mADC with an 8 Vpp signal on the
chart recorder. The input and source remained
stable during the 5 minute event. The results are
recorded on Chart 2 of 6.7. :
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2.0 MAXIMUM FAULT TEST FOR MVT TRANSMITTERS

The following are the results of each test performed in the order
as specified in Procedure 11.3.91, Revision 1.

Step 6.4 - Test 1 - MVT Transmitter.

6.4.1

6.4.2

6.7.5 - 6.4

6.‘7.'5A- 60402

607-5 -'604-3

Unit 1 was connected per the diagram on Page 4 of
procedure.

A Jjumper was connected between the output positive
terminal and output negative 1lead. The input
voltage was recorded on Channel 2; the output
current was recorded on Channel 3, and the 120VAC
source was recorded on Channel 1. When the short
was connected, the output current dropped from 20

"milliamps to 0 milliamps. No change was observed

on the 120VAC source or 100 mV input signal.

"After 5 minutes, the short was removed and the

output current return to 20 mADC. The short had no

‘effect on the unit during the event. The results
.are recorded on Chart 1 of 6.4.

The test was reperformed per Step.6.7.5, which.
required the 120VAC.supply to be removed.

A short was applied between the positive output and
the negative output terminals. Source voltage was
OVAC. 1Input voltage was 100 mVDC, output current
was 20 mADC, as seen on Chart 2 of 6.4. The input
remained unchanged during the event.

After 5 minutes, the short was removed, the input
source and output was unchanged. e

Step 6.5 - Test 2 - MVT Transmitter

6.5.1

6.5.2

Unit 2 was connected per the diagram on Page 4 of

the procedure.

A jumper was connected between the output positive
terminal and chassis ground. When the short was
applied, the output source and the input remained
unchanged.

PR A R U A AP AR T T P



6.7-5 - 6.5

60705 - 6-5'2

60.705 - 6.5.3
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When the short was removed, the output current
remained at 20 mADC; the input and source voltage
remained unchanged. The results are recorded on
Chart 1 of 6.5. :

The test was performed per Step 6.7.5, which
required the 120VAC supply to be removed.

A jumper was applied between the positive output and
chassis ground terminals. Without the source
voltage, the input voltage of 100 mVDC was unchanged
and the output current was recorded as 0 mA during
the event.

When the short was removed, the input voltage,
output current and source voltage was unchanged..
The results are recorded on Chart 2 of 6.5.

Step 6.6 - Test 3 - MVT Transmitter

6.6‘1

6.705 - 6-601

607.5 - 606.2

Unit 3 was connected per the diagram on Page 4 of
the procedure. A theoretical load of 120V and 50
amps maximum was designed for the hot voltage
injection test. Actual load values were recorded
as 121.0VAC and 46.2 amps.

The load was connected between, the positive output
and chassis ground terminals. The input and source
signal was not affected when the load was applied.
The output current remained at 20 mADC for the
duration of the event.

The load was removed and the current‘remained at 20
mADC, normal operation. The results are recorded
on Chart 1 of 6.5.

The test was reperformed per Step 6.7.5, which
requires the 120VAC supply to be removed and a
theoreticdl load of 120V and 50 amps maximum applied
for the hot voltage injection test. Actual load
values were recorded as 120.8VAC and 47.9 amps.

The load was connected between positive output and
chassis ground terminals. The input voltage, source
voltage and the output current was not affected
during the event. The output current remained at
zero throughout the test.

10
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6.7.5 -~ 6.6.3 When the load was removed, the unit remained stable.

The results are recorded on Chart 2 of 6.6.

Step 6.7 - Test 4 — MVT Transmitter

‘6.7.1

6.705 - 6.7{1

6.7.5 - 6.7.2

6.7.5 - 6-7c3

Unit 4 was connected per the diagram on Pége 4 of

‘the procedure. A theoretical load of 120V and 50

amps maximum was applied for the reverse voltage
injection test. Actual load values were recorded
as 121.6VAC and 46.3 amps.

The load was connected between positive output and
the negative output terminals. The input voltage
was affected by a peak of 8 mVDC and a ripple
voltage of .6 mV by the load applied. The source
voltage remained unchanged. The input, source and
current remained stable through out the 5 minute
event.

When the load was removed no change was observed.
The output current remained 0 mADC; the source and
input remained stable. The unit was not functional.
after the test. .The results are recorded on Chart
1 of 6.7.

The Test 6.7 was reperformed per Step 6.7.5, which
required the 120VAC supply be removed and a
theoretical load of 120V and 50 amps maximum applied
for the reverse voltage injection test. Actual load
values were recorded as 121.6VAC and 46.3 amps.

The load was connected between the positive output
and the negative output terminals. The input signal
shows & peak of 15 mVDC when the load was applied
with a .6 mV ripple throughout the event. The
source voltage remained at OVDC. The output current
was 0 mADC prior to connecting the load, a peak of
120VAC was observed when the load was applied.

After the load was removed the output current
returned to the 0 mADC on the chart recorder. The
input and source remained stable during the 5 minute
event. The results are recorded on Chart 2 of 6.7.

11
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SUMMARY

The Moore Industries isolator, Model SCT/4-20mA/4-20mA/117VAC[STD],
MVT/80~160mV/4~-20mA/117VAC[STD] was subjected to 8 separate maximum
credible fault tests per Nutherm Test Procedure 11.3.81, Revision
1. The results of the 8 tests indicate that the effect of the
fault on the outputs is not transmitted to the input terminals.
The fault tests did produce an increase in the noise signal on the
source terminals, but did not effect the source supply. The
overall performance of the unit is found to be acceptable.

FL:JP7
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APPENDIX A
NUTHERM APPLICABLFE TEST PROCEDURE



@ therm RY7 | oo e e

SPECIFIC TASK

INTERNATIONAL, V. R ] .
Mt Uernon, Il 62064 (618)-244-0000 Page of
MAXIMUM FAULT TEST
| FOR
MOORE TRANSMITTERS
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Revised
Revised
Revised
Reviséd
Réviged
Revised
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Sections 6.7.4 and 7.1 .
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note in Section 6.0. q¢xif?

Sections 6.1, 6.2, 6.4.4 and 6.5.4.
note of Section 6.6.
Section 6.6.4.

note of Section 6.7.
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MAXIMUM FAULT TEST
‘ FOR
MOORE TRANSMITTERS
1.0 -PURPOSE

1.1 To establish a method to test Moore Industries SCT
transmitters.

2.0 SCOPE

2.1 This procedure covers the maximum fault test for Moore_
Industries transmitters. _

‘3.0 RESPONSIBILITIES _
- v3 1 The Hanager of Engineering is responsible for specifying
- this testing requirement and coordinating with the
. Nutherm Test Laboratory Hanager to have the tests.
performed.
3.2 The Managerf of Quality Assurance is responsible for
performing required inspections. -
4.0 REQUIRED EQUIPMENT
- 4.1 - Power supply, DC -- -~ -+ . -~ .~
4.2 Power supply, AC
4.3 Shunt ratings capable of 50 amps ‘or equivalent
4.4 Calibrated DC voltmeter, 1% | |
4.5 Gould recorder capable of chart speed 200 millimeter per
second

'5.0 PREREQUISITES/TOLERANCES/PRECAUTIONS
‘ 5.1 Do not remove calibration seals, 1f supplied.

5.2 Signal input tolerance is +5%; overall tolerance is +5%.
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6.0 INSTRUCTIONS

NOTE: This iest requires four equivalent transmitters,
labeled 1 through 4 using Unit 1 for Test 1 and Unit
2 for Test 2, etc. .

6.1 Connect test equipment as shown in Figure 1 of'pagq,e.
Shunt may be incorporated as part of the load.

6.2 Adjust Gould recorder for chart speed of 200 millimeter
per second until the event stabilizes, then reduce the
chart speed to 2 millimeter per second for the remainder

~of the test period and record the new chart speed on

chart. Adjust channel sensitivities for appropriate

response.
NOTE: Record on recorder chart each step as performed.

‘ 6.3 Record output current, input voltage and source voltage.

6.4 Test 1 - The output short circuit test will be performed

as follows:

6.4.1 Connect Unit 1 as shown on page 6.

. 6.4.2 Connect the output positive lead to the output

negative lead. ' Record input voltage; output
current and source voltage for approximately 5
minutes or until unit output opens.

6.4.3 Remove short circuit from terminals and.recorﬁ

.1hput voltage, output current and source voltage. -

6.4.4 Disconnect unit from test configuration.

6.5 Test 2 - The grounded circuit output test will be per-
formed as follows: :

6.5.1 Connect Unit 2 as shown .on page 6.

6.5.2 Connect a jumper wire to the positive output lead

and to the chassis ground. Record input voltage,

. output current and source voltage for approxi-
‘ mately 5 minutes or until unit output opens.

6.5.3 Disconnect jumper wire and record input voltage,
output current and source voltage.
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6.5.4 Disconnect unit from test configuration.
6.6 Test 3 - The hot voltage injection will be performed as

6.7

follows:

NOTE:

6.6.3

6.6.4

Test 4

This test will require an additional power supply
of 120VAC and a load for 50 amps maximum, +0%,

10%.

Connect Unit 3 as shown on page 6, verify and
record load voltage and current before connecting
isolator. - ) _

Connect 120VAC and a load of 50 amps from the
positive output terminal to the chassis ground.

- Record input voltage, output current and source

voltage for approximately § minutes or until unit
output opens. : ,

'Disconnect 120VA¢ source and load, record input

voltage, output current .and source voltage.
Diéconnect unit from test configuration.

- The reverse voltage 1injection test. ﬂwill be

performed as follows:

NOTE:

6.7.1

. 6.7.2

This test will require an additional power supply
of 120VAC 50 amps, +0%, -10% tolerance.

Connect unit 4 as shown on page 6. Verify and
record load voltage and current before connect-

ing isolator.

Connect the 120VAC and a'theoretical'load of 50

amp to the positive out lead and to the negative

. output lead. Record input voltage, output current

and source voltage for approximately S5 minutes or

~until unit output opens.

Disconnect 120VAC power supply and load from unit.

Record input voltage, output current and source
voltage.

Disconnect unit from test confiéuration.
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6.7.5 Disconnect 24VDC power supply from isolators and

repeat entire test procedure,

Steps 6.3 thru

6.7.3, using the identical units used on Tests 1

through 4.

7.0 ACCEPTANCE CRITERIA

7.1 The 41input signal per the data sheet shall remain
unchanged during each of the four tests. Submit all
records to Engineering for evaluation.

FL:JP4
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Inspection Plan

SPECIFIC TASK
IP 11.3.91

1

Inspection Plan No.
11.3.91

Rev. NI Ref. No.

1

IP. Report NoO.

Procedure No.

Foy, Work Traveler No.

Step No.

Rev. NTL No. / or

Item NoO.

Aggg qyi‘ﬂfq' \§$;;251:;;44?:5a_444<:;ru—— ._J?Qﬁgé422§fi—-g
Prepared By ' Date ~ Reviewed By Date
(xThe type of inspection action - W = witness H = Hold)
Inspection | Procedure| ¥| QC Accept | QC Reject
Step No. Step No. Byr/Date. By s/Date ' | Inspection Requirements||
NCR No. L
6.4.1 Verify all data and circuit
1 thru H connections.
- 6.4.3
» 6.5.1 Ve;ify all data and circuit‘
2 thru H connections.
6.5.3 : : .
6.6.1 Verify all data and circuit
3 thru H connections. il
6.6.3 - .
f 6.7.1 Verify all data’ and circuit i
4 ;h;u3 H connections.

7.1

Verify acceptance criteria.

1

]

56561-13-2
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_2o mapct S
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' . Test Results K
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Unit Procedure Step No. / Activity Performed By /Date
No 642 Record ' - 64.3 Record 70
: Inpat Outpat Soaxce lspat Ocrtpert Soaxce Sat Unsat.
] 20.080¢ OoanApC | J20.2VAC | 20.0n81c 1 20.0BD¢ | 120.4 VAC 539
| 652 Record . 65.3 Record NN
Inpat Outpat Source Inpat | Outpat Soxxce G )
2 120.0mmape | 2000manc 1 120.4VAC 12000mape 120.04mape 17205 vaC 4-5-39
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Lood Voltege | Load Current Inpat | Ouatpat Souxce { .~
3 [20,9 vAC, 48 6 onnp 20.0mpp0¢ {2p.0mupe | /20 3vAC 0-5-89
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. _ -
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; ' i
| Acceptance - W L>
Criteria v}_/ /{/J d
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mm’ Procedure Step No. /7 Activity ' Performed By / Date
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: ' - revised : .
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ADUEDUM TO AETC REPORT 16376 - . : .

2 The information contained in this addendum should be used with
" reference to the various sections addressed. Coantained in the
.addendum 1s information regarding qualified life, as well as
‘other data which is intended to clarify certain sections of
the report. '

l. PVC Wire
'Reference Table VIII Page 7-16 7-17

Due to the low activation energy of PW wire a simulated .

. 20 year thermal aging period_was. .not -attainable because of ... . . ..
the time constraincs of the program. 11.79 years was
reached thus an 11.79 year qualification for several

. . instruments resulted. In order to extend the qualified _

° life to the plamned 20 years, AETC suggested that the PVC . ...
vire jumpers and interconnections in all production units
contain irrads-ced cross link polyethylene wire. This
recommendation will be implemented, thus the following
instruments will be qualified for 20 years (with the
exception of the maintenance items listed in Table VIII):

SC-1302, SC-1326, SC-1326W, SC-1330, SC-1372, sc-1371.
ET-1214 and ET-1215.

2. 21-6677 Power SuPPly

-Reference ‘l‘able VIII pase 7-17, Table x page 7-22

" The 3000 u£/35v e.lectrolytic capacitor. Cl has a linited
qualified life of 1.71 years: ~This is based om a
continuous 2 amp load omn the 24 volt output. A decrease

~in the load will increase the qualified life of this
-capacitor. As an example, a continuous 500 ma load will
resulec in a 7.55 year qualified life for Cl. Table I and
the load curve attached to this addendum provide. a. comparison .
of qualified life to load. Cl s maintenance interval will
be based on the applied load.

)

R e s O L

3. EI-AIo79 Pover Supply

Reference l'able VIII page 7-17, ‘l'able IX page 7-22

a. The capacitor analysis of CZ a lO uf/25v elecctrolytic,
" resulted fn & 1.13 year qualified life. Due to the
short qualified life, this capacitor will ‘not be used
in the production wnits. A 10uf/35V tantalum capacitor,
ideutical to the type used in the qualified EI-4420 .
‘modules, will be substituted in place of the electrolytic.
. The qualification of the tantalum capacitor in the EI-4420
vill justify 1its use in the EI-4479 power supply thus
elimingting C2 as a maintenance item.
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3. EI-6679 Power Supply (cont d) ’

. The capacitor analysis of CS, a 330u£/35V electrolytic
capacitor, resulted in a qualified life of 2.26 yearrs.
Due to the short qualified life, this capacitor will
not be used in the production units. This capacitor
will be rep;aced with an Illinois type RMR capacitor
of the same series used in several of the other
instruments. Analysis of the Illinois RMR capacitors
indicate that the qualified life i{s 9.06 years.

. Capacitor C5 will become a maintenance ‘item based on
this qualified life. o { : :

b . -1326‘1-323-81 Item 33

h.w,w.Refetence Section 0. 6.» pages 10-5 and 10 6

The report addresses the need for special handling of the »
1044-249 transformers. The correct installation and - - -
operation -of these transformrs will be verified bv visual -
inspection and ‘testing of all production vaits.

S¢-1372-323-I.1 ’ Item 19

Reference Section 10.8, pége 10-8 .

The report recommends that all wnits containing the subject
transformers be tested prior to leaving the factory. |

'Svinc'e"te'sting and ins'pectibn are .mandavto‘ry ‘for each bpro‘d\mtion'
unitc any failures or lnarginal material will be detected prior
to shipment.

Recalibration’ of Equipment

Reference Section_ 10.0, Test Resulcts

As a result of the extreme environment encountered during

the various. phases.of.the. environmental: tests,..it. was:.necessary
to: periodically re—calibrate. several of. .the. instruments... As..
a matter of routine maintenance it is recommended that the
calibration of the production units be checked at one year
intewals thrcughout their qualified life.

Prepared by.!

Approved by 4 .LU.




" QUALIFIED LIFE - VS LOAD .

L POR EI-4477%

R T "nsz o QUALIFIED LIFE (@51.9°C)
RIPPLE (AMPS) _o°c_ - | HOURS . YEARS

0.86 S L9 60,790 ... .. 6. 94
1.25 A 4068 52,439 5.99
160 6.633.. 43,83 . 5.00
Lo - 951 35,316 403
2.33 14,066 - 26,187 2,99
260 17.650 © - 20,426  2.33

2.92 - 22.090 1,980 . 1L.71

ESRHAX-O].Sohm

'Hanufac:urer s Life Test = 7000 hours a 85'C
((85-T2)/10)

NI

Qualified Life (Hrs) - 7000 x 2

Triss

vhere T2 = [x_?,,l(zsg)/xA]_{,.fs;,9°,c'A

f

[rzm_(s (0.15)/(.006 x 9.649‘)] 4 51.V9°¢'_3

. o S . - T .
.Using Acton capacitor life ar_xalysis method (Ref Section 7.1.4)
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ACTON
ENVIRONMENTAL
. TESTING =

1.0 GENERAL
1.1 M
This docunent s prepared by Acton Environmental Testfng
Corporation (AETC) for Rochester antrument Systems, Inc., ;o
detail the Qualification Program and results for the SC-1300
~ —wand ET-1200-Fami1ies-of-Si gnoln«Transoi tters-and-Electronic:
Trips and the £1-8400 Analog Isolator System to the réquire—
Bents st forth fn IEEE 323-1974 and IEEE' M4-1975.

1.2 Objectives
- This quoiificotion report will preSent_ the ap’proaoh.

" testing methods, and technical Justifications for the
qualification of SC-1300 and ET-1200 Famtlfes of Signal
Transmitters and Electronic Trips, and the EI-4400 Analog

_ Isolét_or Systen_.

1. 3 Deﬂnitions
The definitions which follow establish the meanings of
. words used-in.this qualification.report

SraaT IR e e iga it MU SRS G T T
: : S




o . : 1.3 Defini”tions'(continued)'

| asine o

" o _ The actual process of sinulation procedv"e which results in the

e - cumylative effects of various envirom:ental conditions including the

B frequency and duration of transients due to planned or unplanned _

’ o . events, up. to. but_not. including. design. basis -and.. post-design - | o ' iy 1

. 1 events, which fmpact equipment during its installed lite. ] o i :5

:  AUDITABLE DATA = - S e e

Technical {nformation which is docmented and organized in a

N _ | readily understandable and traceable manner that pennits independent

_ 4auditing of the inference or conclusions basad on that information. 3

" A BASELINE FUNCTIONAL TEST B L *!

) | ] _ Reference measurements made of critical paraaeters needed to o o

o " detemine operating status. L .» Lo e ____ _ ' e

Iﬂn I B The safety classification of the equipment and systems that B R o)

l S - are essential to emergency reactor shutdown, containment isolation. R e

;\“:c. f " reactor core cooling and containment and reactor heat removal, or B

| '. »are othenvise essential in preventing significant release of radio- |

i R active naterials to the environment. - |

B | nepeaNe a8 | ,
Page __1-2 . ] :




) ACTON :
’:’,, WRON&AENTAL 4
. 1.3 Definitions (continued)‘ | N | | o
- | COMMON MODE FAILURES "

Vnntiple fatlures attributable to d common cause, ‘ N
COMPONENTS = - I L | _' i »
Items from which equipment 1 assembled. o o . , |
‘..,._.ﬂ_cgm_xm_en_r_ S A .
: ' - . ‘- | That portion of the engineered scfaty faatures designed to act.
| | as the principal barrier. ai’ter the reactor system- pressure _ ,
‘ boundary, to prevent the release, even under conditions of a reactor _
'accidant. of unacceptable quantities of radioactive naterials beyond _' S
! ] a controlled zone. o S o | R

N INSTALLED LIFE | &
. | | “ | ‘The interval fron installation to removal during which = g '. o L ”
N N | equipoent or canponents ‘thereof may be subjected to design- service‘ o |  _ - :
‘ | conditions and systens demands. - o R “ 9
| o neea T .

. L The period, defined in terms of real time, ooeratin'g 'time.b - o ; :
- @@ | _. number of cperating cycles or a combination of thesa, during which ~ o : 1
' specified performance is expected: without maintenance or : ' - e
o | - adjustment.- o ' A T T B 11

: L

' _ o

' , | o | Page 1-3 s




"ACTON
ENVIRONMENTAL
TESTING

1.3 .DafinitionsA(continued)
MARGIN |
“The diffarence'between the most severe'specified'seruica

conditions of tha’plant and the conditions usedAin type testing to

account -for normal variations in cannercial production ‘of equipment
and reasonable errors in defining satisfactory perfornance,

. OPERATING expsmncz | o |
Accululation of verifiable service data for conditions q.a'a‘

.iequivalent to those for which particular equipment s to be
qualified.

gggglrlso LIFE

" The period of time for which it has been demonstrated that the
equipnent will meet all design requirements uhen operated within
: the service conditions for which..it.was. qualified over a set of
service conditions and during uhich a common node failure will not
oceur.

SERVICE CONDITIONS -

VEnvironnental loadings, power and. signal conditions expected
as a'result of'noroal operating requirements, expected extremes in"
abnonoal operating requirements, postulated conditions approprizte
for design basis events of the sftuation.

Ropon No. 16376




3 - S
h ENVIRONMENTAL
_ o TESTING
‘- 2.0 APPLICABLE DOCUMENTS - '
t o 2.1 Institute of Electrical & Electronics Engineers, Inc. , _ |
: ' Std. No. 1, 4/19/68, IEEE General Principles for o b
ngggrature Linits in the Niting of Electric Eguiggggt. S e
o S o - o 1
M 2.2 Institute of Electrical & Electronics Engineers, Inc. B
. ‘ _ Std. 98, 1972, IEEE Guide for the Preparation of Test .
- ' C f“‘fProcedures for the " tva t iil

o I D of Temperature Indexes of Solid Electrical Insulating - | o
Faterials 5.53. e Fetedrs aasn H

2.3 lnstituta of Electrical & E1ectron1és.En91neers. te. | N

o - Std. 101-1972, IEEE Guide for-the Statistical Anal sis ‘ 1 .
. of Thermal Life Yest Data. . R N

o 2.4 Institute of Electrical & Electronics Engineers, Inc. - . R -y
. ° Std. 323-1974, IEEE Standard for Qualifying Class 1E. _ -k H
) - Equipment for Nuclear Féuer Benerating Stations. ) - t

2.5 Instituté of Electrical & Electronics'Engineers, Ine. - K B

b > o -Std. 344-1975, IEEE Recommended Practices for Seismic
. 3 ualification of Class IE Equi © for Nuclear power
l . L -
e S| o 3 s".." -
‘ - "\,. ‘vf

- | ‘ 2.6 Institute of Electrical & Electronics Engineers, Inc. o
* _ o Std. IEEE 650-1979, IEEE Standard for Qualification of : o 3
v 1. Class 1E Static Batte argers cnd Invertecs for - - -

|~ 2.7 u.S. Muclear Regulatory Commission, NUREG-0588, Interim
| e S ~ Staff Position on Environmental Qualification of '
"~ Safety-Related Electrical'Eﬂuipment.

' | 2.8 Selecting Electolz%es for‘Longer System Life. :
i f ' ~ C. Forge, Electronic Design, rebruary 1/, 1983.

N S " ReportNo. __16376
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2 i
3. 0 TEST ITEM DESCRlPTION
Two equipnent groups were- submitted for qualification. One
.consisted of the SC-1300 family and ET=1200 faniiy of signal trans- '-.'1 '}‘:“'~ -'};%;é
' . "nitters and e’lectronic'trips. The other group consisted of the ' I ;i \*
EI-4400 analog isolator group 2s well as the interfacing power : ;._f. _"}’:4 o gi '

supplies and chassis. These groups are described further in the
fol_lowing Nragraphs.

I L o 3.1 Signal Transnitters and Electronic Trips

i o : o This group was div1ded into three (3) distinct categories
. L - (see Figure 1). The first group consisted of the SC-13XX
| signal transmitters specifically including-

1) SC-1302 Isolator Transmitter w/Hl, & HO options

1 _ 2) SC-1326 Isolated Hillivolt Transmitter w/I &C
N S : ~options . , -

d |3 sc-nzs Isolated Mi1livolt Transmitter w/HL option

- . I o 4)" Sc-1326\i Isolated Themocouple Transmitter w/ll
- . S option

P

§) SC-1326W ‘Isolated: Thermocouple Transnitter w/H1"
: option

o
s

, o * o R * Report No. 16376 ' oo
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$C-13XX

$C-1302
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» S : : o " o o ENV"\ONMENTAL

3.1 Signal Transmitters and Electronic Trips (continued) -

‘The $C-1302 1s an interface instrument designed for use
with standard process signals. lt provides compatibility for . ' R 3
| a wide range of electrical signals. The circuitry is 1
i“mndesignedmsucnathatwitwcaneacceptwsignals*tnatwoperate"etQa.'“j*“riv“ et i 7
potential'above or below ground. vComplete fsolation s '
provided between inputs and outputs. High allowable load _ |
vartation refection 1s provided in the SC-1302 due to 8 Mgh N )
',effective impedance of the current output and very Tow _‘ ' :
impedance of the voltage output. Amplifier:staoility is e 2
maintained at zero ohms for current output and an open | | '
o circuit for voltage outputs. o
- h .; - The SC-1326 1s a solid-state isolated millivolt _ .
.' ' "temperature transmitter. The SC-1326W.1s identical to the‘ -' o

$C-1326 except that the input is generated by thermocouples.
Cold Junction compensation is built in for all standard | : B
thermocouple types. to.allow transmitter ambient temperatures L O l
from 0°F to 140°F with very low drift. This unit also has »_' o B
the capability to compensate for instrument internal L : B

temperature.rise.' A regulated tenperature-stable power . - . '» s

supply provides power to the ouiltfin coid Junction,n

Report No. 16376 | -k




o - - , " PACTON
- , | © ENVIRONMENTAL
_ - | S TESTING

3.1 Signal Transmitters and Electronic Trips (continued)
canpensation circuitry. As was the case for the Sc4l3b2 a
high impedance at the current output and low impedance of the
' ~-~(?~voltage~output“provideswforwa“highwallowablerloadmvariation
rejection. | _ |
The second group consisted of the following: -
1. SC-1372 Isolated RTD Transmitter (with HL and Ii'Opticn)'

2. SC-1373 Dual Isolated RTD Transmitter (with H3 and I
Option)

3. SC-1330 Square Root Extractor (with H1 Option)
. The SC?1372 is designed to accept inputs frOm resistance

_ type temperature detectors. and generate outputs in any of
' o the standard process control signal ranges. Each instrumert
| 1s equipped with a bridge excitation circuit for powering the
resistance element. An excitation supply provides for
detector lead wire resistarce compensation. A synchronods
chopper isolation stage provide' full isolation at the input,
and permits application of this instrument ‘where high common
mode voltages may exist (e.g., monitoring the windinq

temperature in large motors)

Report No, 16376
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y | A o R |  ENVIRONMENTAL |
: ' " TESTING o

3.1 Signal Transmitters ano‘Eiectronic Trips'(continued)

The $C-1330 Square Root Transmitter is a field-mountable
process instrument designed to provide a Iinear output from a
-;~square~funotionwinputsmmThisw4smaccompiishedwthrough~en |
"electronic multiplier circuit using pulsa width-height |
technique. _ o _ ’
~ The 56-1330'¢ontains 20 tern.cermet trimmners used for
input end output zero oontrol balante; span. and*dropout o '7
controls. ~These pots are accessible from the front of the | | |
enclosure.
_ A The SC-1373-323 is a duel range. panel-mountable
Ny - : RTD-to-current_transmitter, The input»stage fs fully
. | ‘ is:olate'd from the power supply. ,en'd. ou‘tpot 'signa'l. An RTD
bias is standard for a wide renge of inpots. Current~output
_spang of 20 mA to 50 mA are available as'stendard-options.
The third group consisted -of - the ET=12XX- voltage/
'current alarms specifically including | |
1) ETf1214 Single ourrent/voltage alarms:w/H option -
'2) ET?1214 Single current/Voltege alarms w/Hl1 option

3) ET-1215 Dual/Duplex current/voltage alarms., w/Hl & TZ‘
_options '

- 4) ET-1215 Dual/Duplex current/voltage alarms w/Hl
- ‘ R . option :

Report No. __ 16376
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_3 1 Signal Tran'mitters and E!ectronic Trips (continued)

fodeput(s). The ET;1214 is equipped'eith one (1) DPOT S-amp

all of the above groups.

" H 0pt1on_‘- 24 VOC power 1nput deletion of transformer Tl

“H1 Option

M3 Option

- 117 VAC sower fnput | |

I Option - 24 VAC 1solated power 1nput (add printed circuit

‘ ~ . . board) : ‘ _
fl Opt{on - 48 VDC 1solated power 1nput (add printed circuith PR
: L board)

X Optipn' - Input impedance change (add a resistcr)

c.Option - Add1t1on of conduit mount1ng plate and terminal

cover . o
B8 Option - Addition;of conduff mount{ng pldte3

The ET-1214 and ET-1215 are solld-state s1ngle and -
dual/duplex 1nstrument. respectively. designed to accept

stendard voltage and turrent~1nputs and prov1de reldy

relay output' the ET 1215 provides two (2) SPOT 5-amp relay
outpu.s. These units are fixed deadband 1nstruments with
fie!d-selectable values between 0 2: and 10% of span.

The mjoﬂty of . the opt1ons listed below are cwnon to

and some additional wiring added

~117'VAL power input ' ‘
H2 Option - 230 VAC'pqwer‘input. internal wiring change

Report No. 16376
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3.1 'Signal Transmitteré_aud Eiectronic Trips (cohtinuéd)r
The foliouiug optiou fs common only to the Sc-i330 and
the first two (2) groups (1.e., SC- 13xx and SC- 1372), but not
to the SC-1373,
HO Option - H1gh loop driva (add printed c1rcu1t board)
' The following option 1s common on'y to the ET-IZIS series'
T2 Option - Additional terminal block and’ w1r1ng for

extra contact outputs.

3.2 Analog Isolator System

The Rochester Instrument Systems ssries of El-4400
_Anclog Isolator Module System consists of s1ngle channel
ofug-in cards, proy1d1ng electrical and physical {solation.

This system s designed so that any circuit or component

failure‘on'efther sfdé'of tho separut1on will not'oroduce_a
failure on the other side of separation. This 13 achieued'
'_using an optlcal coupler and/or galvanoneter technique to
- provide circuit 1solation.
The isolator modules are mounted onto a module chassis
capable of accommodating up to 20 modules. A biock-diagram.

~{s shown 1in Figure 2.

Report No. ___ 16376
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: R p ' . 3.2 A'nal:og [solator Sy.st'em (continued)
g | Also tncluded in the qualification program is a 120 VAC,'
9 24 VDC power supply No. EI-4477 which suppHes power ta the
" ; R 1solator module, and the EI-4479 power supply which can be
h 2 IR used 7or several applications with up to a 4-amp Toad.
. - Tho EI-4420 1solator modules can be mounted in eithar an
B | erss or o chassis. The EI-4481 chassis contains
{\( . A | - terminal blocks for 1ntorfac1ng connect*lons. whi le the
i - | EI-4482 chossis contains connectors used for the same
’ bpurnose. The EI-4481/FI-4482 chassis submitted for test
K : | - contains both terninal blocks and connectors.
- - == s e
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4.0 TEST SEQENC

The quaHfication testing for the R'S SC- 1300 and ET-1200
faaﬂies of sigml transuitters and electronic trips as well as the

Et-4420 analog 1solator nas .performed .. in._the. following sequence'

1.
2.
3.
“'
5.
6.

7.

8.
9.

10.

-Incoling Inspection and Ident{ ficagion
Baseline Functional Testing |
Theml Aging
| ‘Verification Functional Testing
N lhchanical_ Aging
Radiation Aging
Verification Functional Tests
seismi'c Testing
'Veriﬂcat‘lon Functional Testing

Abnomal Enviroment Test

11.

Veriﬂcation Functional Tests




ENVIRONMENTAL
TESTING .

5.0 DEFINIT!OKS'OF SERVICE CONDlTIONS

The following service conditions represent the normal service
conditions as determined by RIS/AETC for a naJority of the nuclear
power plants “fa ‘the country. "The values tabulated below do’ not

include margin.
'Tenperature' A ' 1.1 to 51.5°C"
Relative Humidity 20 to 95%, 70% normally

Pressure ATM.

5 1 Accident Conditicn rPost DBE 1 year]

Temperature _ 5.0 to 60°C

Relative Humidity Zﬂuto 95%.'952 normally:

Pressureh.'~!. ’ fl.o't0“+1.0'in. ater

Radfstion Dose | ‘ . | _
Kormal and ﬁccident: 2 x 105 rads'_(total integrated dosei

hd This accident dose rate applies to aly’ components except

‘a) . SC1302-323
b) $C1326-323
c) SC1326W-323
‘d) '$C-1372-323
@) 'SC-1373-323

The total integrated dose for these five (5) components

is 1. 0 x 104 rads.

__ReportNo. 16376

Rev.




6.0

6.1 hre-rast'xnsgggtto

INSPECTION_AND FUNCTIONAL TESTING.

Inspoction of the test units was performed upon their

B delivory to Acton Environmzntal Tbsting Corporation to ensure

that the equipnant was not damaged due. to handling and

shipping. No such damage uas noted.

6.2 Functional Testino

Tha purposa of these tests was to chack operational
charactarist1cs of tho test 1tens at the beginning of tho
progran and after humidity. aging, and sefsamic testing. The

parameters were as follows:

1. Diolectric'Strengtn

2. Devfce Oporability

The test 1teus “described in ¢ Section : 3. 0 underwent
baseline functional testing as. described herein with
acceptance criteria-deSCribeo'specifically_for-cach 1tem_
1isted. | | |
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6 2 Functicnal Testing,(continued)
| NOTE Section 8.6.3 of the Acton Environmental Qua]ity
,H[anm-meontrolwnanualMstatestthewfollouing°
“All neasuring standards used in the calibration
'}systen shall show traceability to: the National
‘Bureau of Standards by means of a CERTIFICATION
or TEST DATA REPORT .

The{ gen‘eral .dielectric strength test procedures arel

described below. More specific‘application of these general
procedures are given for 1nd1v1dual components when applicable.,-

01electr1c HithstandinqﬁVoltage (General)

This test 1nvo!ves the appllcation of 3 voltage higher than
rated vo!tage. for a specific tine. between mutually 1nsulated
points or betueen 1nsulated points and oround It 1s used to
prove that the cmponent can operate safely at. rated voltage and
withstand momentary surges due to switching, etc.» This test was
conduc.ed to determ!ne whe.her 1nsulat1ng materials and spacings*'
JAn the component are edequate. The dielectric withstanding |
voltages are given in the follouing paragrapns and. are applied
as specified by HIL-STD-ZOZF Method 301

'he components were electricaliy connected to a dielectrfc

voltage tester. The test voltage was 1ncreased gradually to the

Report No. __ 16376




exwmoumeu'm. '
TESTING

6.2 Functional Testing (continued)

, voltages specified balow and nafntained for one (1) minute.

S ,u:u;,«-Accggtance Criteria : e o S
| | No arcing. breakdovn or current ﬂow in excess of 2.0

millianps

6.3 Signal Transmitters and Electronic Trﬂ:s
6.3.1 sc-1302 |

Dia!ectric strength uas performed in accordance
with Section 6 2 and Figuro 3. The genoral acceptance
criterta specified 1n 6.2 are applicable for the SC- 1302
unit.

| Dovice operability was determined for this unit
(including options) by applying the appropriate power |
-1nput and signal 1nput voltage and monitor1ng the output.
_drive capability aqainst 2 given o0ad- (see<Table ).

For acceptanco cr1ter1a see Table I.
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SLE9L °"ON 340day

chlectrlc Testing L

o ‘ [ l_paent. Used: Milwaukee Electronlcs Corp.
@‘ ~. i Model 49, HE-2.5KY
S O N , , lnput . }. hmiml 13(-) to Tonlml 11, lz(f)(tooo VAC)
N o 2. Terminal 13(-) to Terminal 1,2(*) (1000 VAC)
I B 3. Terainal 13(-) to Termtnal 5,6(+) " (1000 VAC)
N0 —~ | 4 Terstan 1,2(-) to Terntnal si6(+) (ROTE: 600 VAC)
g N e - (Kot to be performed on Kodel -do. SC- 1330-323)
: . ', Output .
' _/+ o * 5. Terminal 11,12(-) to ‘leminal l 2, 5 .6 (f)
o - o (Note. 600 VAC)
- 3 | "N {-DC Pover)
: : AC Power.
C} /(mc Power)
@——‘—-—- Case Ground
' FIGURE 3

TERMINAL LOCATSOHS FOR
$C-1302-323, 1326-323, 13266-323,
- SC- 1330-323 1372 23

Nty -
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ACTON
ENVIRONMENTAL

TABLE |

INUT ~ OUTPUT  ACCEPTANCE

DEVICE _SIGNAL _ LOAD CRITERIA
$C-1302  1- sv | zso@‘ , | ‘

E L e Output - signal
SC-1326 10-100 mv , 250a must be between

' ‘4 and 20mA.*

SC-1326W Thermocouple 2500

' Input
SC-1330  1-5 VOC 2508

NOTES: (1) Linearity:

(a) 0. 1: of span maximum for $C-1302, SC-1326,
; T3264

(b) +0.1% of span from 10 to 100% of 1nput
max imum for SC-1330 e

(2) Poyar'SupplyAEffect;.

“(a) SC-1302 - *0.15% with 20% power variation
(b) SC-1326/1326W - 20.15% with +20: power

- variation _

(¢) SC-1330 - £0.15% with $20% power variation

* Since the current 1s'be1ng'measured acrb«s e 2500 res 1stor;j
acceptatle voltage drops across these resistors would be in
the range of 1 to 5 voC.




ENVIRONMENTAL
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6.3. 2 §c-132
Dfelectric strangth was performed in accordance

withVSection 6. 2. Tha gonaral accoptan.o critnria
specified in 6.? are applicable for the 5071326 unit.

we~**‘Davice“operabiiity*was'detarminad”for“thiS”unitf_

(including options) by applying the appropriate input

| voltagg and monitoring the output drive capability

against & given nutput load (soo Table I) ARosponso;
time will also bo recorded

For acceptance critoria see Tabla I.
6.3.3 sc;xszsn

oiolectric strongth was performed in accordance

with Section 6.2 and Figure 3. The general acceptancs

—critéria specifiad in 6.2 are applicabia for the | .
SC-1326W unit. )

Device operability was determined for this unit

i('“g‘“d1"9 opttons) by applying thewappropriateojnpucvn:’"

‘voltage and mon{toring the output drive capability
against a given output load (see Yable I).

For accaptance criteria see Table I.

ReportNo, ___16376
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6.3.4 SC-1372

Dielectric strenpth was performed-in'accofdence
with Section 6.2 and Figure 3. The generel acceptance
criteria ‘specified in 6.2 are applicable for the SL-1372-
unit.

0ev1ce operebility was decermined for this un!t
(1ncluding options) by ut1l|z1ng a § to 2000 ohm
variable resistor to simulate RTD fnput (see Table ll)
The output uas also monitored and recorded ver:us'a
resistance value 1nput and specified output load.

For acceptance criteria see Table II.




CNVIHONMENTAL
TESTING

TABLE II
- INPUT . OUTPUT  ACCEPTAMCE
DEVICE SIGNAL LLOAD " CRITERIA
~-§C-1372 - "two~. three-- 02500 ~*~4fThcﬁoutpu£“signal
or four-wire : shall be baetween
RTD (5-2000%) . 4 and 20mA.  (or
o 1-5 VDC across =
‘ _ _ the 250Q resistor)
SC-1373  Oual ATD 0-2500 .

fnputs
Overall  278.220-480.460
Expanded 384.200-444.840

'NOTES: (1) Linearity:

(a) SC-1372 - £0.1% of span maximum £0. OSZ
typ1cal '

~(b) SC-1373 - £1°c maximum
(2) Power Supply Effact
(a) SC- 1372 - :0 15: with *202 power variation

(b) SC- 1373 - ‘0 15% with . £20% power)variacion
(9101 for H3 option) '

'Table III shows a derivation of the acceptable values which
apply to the $C-1373-323.

Report No. o 16376
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| 6.3.5  SC-1373
J“ Dieloctr1c strength measurements ware performed
: 1n accordanca with Section 6.2 and Figure 4 The
A ; _ :gcneral accaptance criteria spocified in Section 5. 2
S | applfed to the S-1373 unit. |
" | , | | | Device oparabﬂity was datamined for this un1t
i , : (1nclud‘ing options) by utiliz‘lng a 5-2000 ohm var‘able
e . resistor to :1amlate each RTD 1nput (sea Tabte II) The
: output was also monitored and recorded ver'us a;
resistanca value 1nput and speciﬂed uutput load. _ The
i . - | : 4 ' acceptanc‘a_crituria are al s_o given {n Table II.
\.
: r - R o I v 'Rapon:!ib,‘ "1637‘.6
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Dielectric Test:lng' (500 VDC @ 2mA)

Equipment Used. AETC 10K VDC Power Sup l
and Fluke 8050A (to neasure @A dr.a)

1. Terminal 13( ) to Termina) 1-12(+)
2 Termlnal 1,8(-) to Teratnal 1-6(+)
Terninal 5,6(-) to Teratnal 1-4(¢)

' feﬁnlna)- 11,12(4) to Termfnal 1-8(+)

© 6900

)

2
£

NOLLYHOGUOD DNILEEL Q
TULNRNROUIAKD mu.:n .

.+ ‘Outpu,t'? ’ Note: The test voitaqe between Tenninals 13 add 12

was 500 VDC. A1l other test voltaqes were -
10600 VDC. .

N (- bc Power)
AC Power
(fDC_Pougr)‘

L

e -Tg7EeT oN Ju0d9y

(o

® 96 00 ©

.Case Ground

FIGURE 4

TERN!NAL LOCATIONS FOR
' SC-1373 323
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TABLE LI
! $C=1373-323
Input (Narrow Ranqa)

.U LLUBAL . L 10EAL
F_ o OMMS VALUE  OUTPUT

466 240.55  384.20  4.0mA
802.5  261.38 399.5) - 8.0mA
840 282.22 . 41472 12.0mA
57785 03,055 420.86  16.0mA
615 - 323.88  444.84  20.0mA

lnpbt *°F Rahga:.6150°F
Input °C Range: 483.3°C
Input a Range: 60.64n

§0.640 + 150°F « .404260/°F

Acceptanca L1near1ty . +1°C

lﬁmA' } 83, 33°C - .l92mA/°C

output,*

" Report No.

60.640 + 83.33°C.=..727684/5C.. . .. - .

(.018 + 60;549) 100 « 0164908 error/.orn'shftc.

Output Span (maximum output - mfnimum output) = 16mA

Therefore, the output may be off e l92mA from the 1deal

'Slnce the curront was measured as a voltage drop 3cross a
2509 resistor. the allowab!e voltage drift was 0.048 VDC,

16376

Rev. 1
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0_\-.

e,
B T
- 304,2 = a,oo@A | 2192
399.8 C7.99736L4mA . . +.192mA
4.7 11.994723mA %1920
2.8 15.989446m -~ +.192m
444.3 19.989446mA o slem
Input (Wide Range) | o

¢ % ou;ggckLué 'éﬁ?ﬁtr
212 100  278.22 4.0mA
336.25 166:47- 330,428  8.0mA
488.6__238.94 38183 __12.UmA
§81.78  308.42  431.84 16.0mA
706 f:373188f“f?“74§Q146'“”. ZO;OQA:

Input °F Range: a493°F
Input ‘C Ra'hge': 4273.868°C
: lnput 2 Range: 202 240

Output Span (maximum output - minimu:u output) = 16mA
202,240 » 493°F « .41022n/°F.

16376
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YABLE I11
- (continuad)

202,260 ¢ 273.868°C = .738400/°C
Acceptance Linaarity s +1°C
16eA + 273.885°C = .05842nA/°C

Therefore, the output may ba off o, osaazmA from the
outpuc. ,

010 ¢ 202.248) x 100 = .0049446% arror/.01n shift,

.000049438) (10mA) = .000791136mA/.N10 shift.

CAVAILABLE - IDEAL QUPUT . TOLERANCE
OHMS VALUE _FOR AVAILABLE GUTPYT __ ALLOWED

14001'

278.2 - 3.998417728mA  +.08842mA  .S996044V
330.4 . 7.99802216mA  +.088420A  1.5998086V |
381.5  11.9976260mA . ».N8842mA  2.9994063V
4315 . 15.99683%46mA  +.05842nA  3.9992087Y
4904  19.9982831mA  +.08842nA 4.9908132V

Ideal Output for Ava1l. lnput e

ldeal . (Ideal ohms value - pvatl, ohms value] x (.000791136mA)
Output. s L _.Ulﬁ N T

'anco the current wds,medsured as a'voitage drop across q'zson~'

reiistor, the voltage tolerance was .0146 VOC.

16376
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6,3.6° SC-1330

Dielectrir strength was performed in accordance

'uith'SectionfG.z and Figure 3. Device operability ‘was

determined for the $C-1330 unit‘(including_optione by

'applying the eppropriate'input‘voltage and'monitoring

the output drive capability against a given output load

: (see fhble l).‘

The accoptance criteria are found in Table I.

6.3.7 ET-1214 o

Dielettric strength was performed n accordance
with Section 6.2 and Figures 5 and SA;} The general
accaptance criteria specified in 6.2. are applicable for
the ET-1214 unit.

CEntact resistance for the DPOT output “relay was—

'determined by utilizing the volt-amp method. using 2

Aknown current and measuring the. voltage drop across thew o

contacts. AII contacts were tested
A resistance value of greater than one ohm

constituted a failure.

18376
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.

|  FIGURE SA .
. qi£L£crnxc STRENGTH TESTING , o
sr-led-u;jza; | ©ET-1214-323 ET-1216-323 Er-nzlsgiz-aza_

. |
1000 VAC ;

-Lead +Lead _‘j;Léaé tlead - -Lead +lead  -Lead +Lead .

6 AF 6 AF 6 A-F & A-F, H-K
2. 600 VAC b o -
A BE A BE A BE A B, K
F a.Q.E.D r B.C.D.E’A l' F B.C.D.E.A. F ’ A‘E. "-K )
‘l.o

"(lniacrOss term,

<1a across term.
(power supply
effect) -

13-15 (1215-12)  14-15 (1215-T2)

Record the 1nput:voltages that cause relay to change stite'aeproxlmately,
equal to 3,000V and 2,880V (High trip-K1) approximately equa) to 3.500V
and 3.520V (Low trip-K2 on 1215) approximatiey equal to 3.500¥ and 3.480V

-(for-high trip oP_ET-lzls)

§-7 (1214,15,15-T2) 6-7 (1214.55.15-12) 8-10 (1215,16-12) 9-10 (1215,15-T2)

-10:(1214) . 9-10 (1214 16-18 (1215-72)3 17-18 (1215-12) -

5-7 (1214,15,15-12) . 8-10 (1215,15-72)
- 8-10"(1214) S 16-18 (1215-12)
13-15 (1218-12) T
i
1
O T " Test Report Ho. 16376
| . Page Mo, BTG
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6 3 7 ET;1214 (continued)
-NDTE “In the case of multiple output relay
options. all relays uere tested. o
| Device operability was determined for this‘unit o
(including options) by applying the appropriate input
signal _necessary to trip the unit resulting in the
.output relay change of state. The output relay contacts:
E were monitored. For acceptance criteria see-Table IV,
| | Device_deadhand was preset.'recorded and |
- i o verified'during.the_device operability testing.
 6.3.8 ET-1215

Dielectrir strength was . performed in accordance
uith Section 6 Z and Figures 5 and SA., lhe general

acceptance criteria specified'T"S Z‘are applicable for
.the ET-IZIS unit,.. ac;iy‘:,
Contact resistance for the two (2) SPOT output
_relays was determined by utilizing the volt-anp method
sing a known current to oeasure the voltage drop across

the‘contacts. an contacts werevtested.*

16376
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TABLE IV
g L INUT -  ACGEPTANCE
S "~DSVICE o SIGNAL T T TOUTPUT CSIGNAL 0 T CRITERIA - 0 7 s
ET-12186 © 1 -8V Relay contact  The relay contacts ’
. (into 5 M) rated S amps = must transfer
£T-1215 L - at 30 voC

NOTES: (1) Power Supply Effect - less than $0.15% of span for
a +20% change

(2) Deadband - ET-1214/1215, fixed 0.5% +0.1% of span
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 6.3.8 ETQIZIS‘(continued)
A resistance value of greater than one ohm would
© o rrhave corstitutedwa failure.
Device operability ws determined for this unit
(including options) by applying the appropriate input
signal necessary to trip the unit resulting in the
output relay change of state. The output relay contacts
were then monitored. ' ' .
For acceptance criteria see " Table IV. _
Device deadband was periodically preset, recorded"v .

and verified during the device operability testing.

6.4 Analog Isolator System

T 6l.4e1 Anal Isolator Module El-4420
e A assis o _

Dielectric strength tests were. perfonmed in.

accordance with Section 6.2.
Input/output isolation was tested by means of the

dielectric withstand voltage test as specified in

Report No. 16376
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_6,4.1" Analog Isolator Module (E1-2420) .
. aﬁa %gissis 1513313173152) icontinued)

Section 6. 2. A1l.5 KV AC voltage was applied between the

input to output inpu._to ground, oucput to grrnd, power

to input/output, and power to ground.
'The test.resultsvuere'acceptabie if tne'cunrent
»leakage was less than 2 nil]iamps; |
gggrabilitx
The analog isolator nodule and chassis was tested

-nto verify device operation and performance specifications.
An input test signal was applied to the test samples as

shown in Figure 6.

ﬂcceptance~Critenfawhﬁ”

Operation of the analog isolator was acceptable if
the output voltage nas 1 to 5 vnc or 4 to 20mA when the
input voltage on“current“was*varied'between'l“to 5°voC' or -
4 to 20mA.* o S

Input/output signal difference shall not exceed

+.25%. Power supply effect shall be Tess than +0.15% of

span for a +10 change.

*Since the cutput currents in the current {nput/output
analog isolators were measured as voltige drops: -aCross
a 2502 resistor, the acceptable output range for these
test items was also 1.5 VDC.

Report No. 16376
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6.4. 2 EI-4477 Power Supply
The baseline functional testing included
‘dielectric strength and'dcvice 9”“,“.."..‘.“?’.’, 1.
A. Dielectric Strength
o1electr1c strength was measured for atl pins of
_Jl and J3 to ground and J1 to J3 using 1 500 VAC for. one'
(1) llfnute.
&nce Cr‘lter‘la | ]
There could be no arcing or breakdoun with a
resultant current ﬂow in excess of two (2 0) nﬂlianps.
B. Device ggerabﬂitx
The EI-4477 power supply accepts 120 +10$ VAC. :
| 60 Hz and outputs 12 VoC, 24 VOC, and 125 voc. _During . o
this test, a O.qu capac‘ltor was connected across
Terminals 3 and 6.
Acceptance Criteria
Output _vol_tages were veri fied_ by observing
operation of LED 1 and 2. ° The output voltages on the
power,_sup'ply converter J3 (OC return on P_fn 8') were then
vneasured. |
Report No. 16375
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6.4.2 EI-4477 Power Supply (continued)
8. Device Operabiiity (contfnued)

(See diagrma of connector for pin locations on
Page 6—22 ). "Pins 2,-3, 4.,and -10.are. described bolow-
Pn 10: IZS.VDC *20%. -321 @0 to 0.2A load
Pins 2 and 4: 24 YOC +20% @ 0 ta 24 Toad.
Pin 3: 12 VOC 462, -15% 0 0 to 0.2A load

6.4.3 EI-4479 Power Supply |
The baseline functional testing included
~ dielectric strength and dov1co operability.

A. nielectric Strenqth

Dlelectric strength was measured as follows
Case_to terninalg_}._g;_lsgp VAC _

Case to terminals 4, S, 6, 7, 8; 500 VAC
Terminals 1, 2 to 7, 8; 1500 YAC

Terminals 7, 8 to 5, 6; 500 VAC °
_Acceptance Criteria

There could be no arcing or breakdown with a

resultant current f1ow in excess of two (2. 0) miiliamps.-a»r
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6 4. 3 EI-4479 Power Sugg y (continued)

. ) B Device ggrabﬂit! _

...'_,.‘.4_;,_4....'rn'e.,..exAMs;accepts,a...zzo.,VAcl.«.soa Hz-input -and
outputs 24 VDC. |

Accgggahce Criteria _

The output voltage at Terminals 7 and 8 was
measured. Output 24 VOC +.1V at 4.0A. Line/load effect
at 120 VAC 210% input/output 24 VDC 452 caxtaum. For
power monitor output, the relay contactor should have

~ been closed with the power on and open vdth the power
off. S .
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7.0 AGING PROGRAN
7.1 Thermal Aging
7.1, 1 General 5g ng ggg
The purpose of this progran was to reproduce the

physical stresses, thermal, mechanical and electrical
which a ;anponeﬁt would nost 1ikely see in a ZQ-year
S;rvitg period. This program consisted of one or more
applied stresses including thermal, mechanical and
electrical. Upon the successful completion of an aging

—progrzn. the cnmponent would have 2 qualified 1{fe of 20
years or a naintenance cycle as listed in Table VIII.
In order to accnmplish this, 1t was neces:ary'to analyze

the overall unit and divide cnnponent parts 1nto three

[ (3) different aging categor1es. nechanical thermal and
a]ectrical. At this time conponehts which wer .
previously proven not to have agevrelated failure

mechanisms were eliminated.




euwadm:g&t o :i: 5

; : B3

S i;i: “‘

7.1.2 Rationale for Normal Thermal Aging ;

Polyneric aaterials undergo degradation reactions : o Ty

which cause loss of strength and insulative abilities. ' | | g }

~There" s a”potential for failure with age for these o S

naterials. These degradation reactions are accelerated N | _. B

. tnernally by Placing the test units fn an mviromental | . 1T 2

chmber at an elevated temperature. Te timeand | |RHEEH

cenperature for accelerated aging of a test unit with o - P ;

several matertals {s determined for the materfal in the I , '

test units with the lowes“ activation energy. 1 tl'.e | r,»i‘.q‘

activation energy for that material is known, the -

~ Arrhenfus equation s used to determine the tec:perature R Si

W and time perfod at which.the-test unit fs aged. The | [pEE
Speci fic uethods by which each type of test' unit | S :u,_‘i ~ -

component set is aged is discussed in the follouir. - , o 5 A %

sactfons. . o SRR : o R

i
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7.1.2 Rdtionale for'No'majl Thermal Aging (continued) - o

If thermal deg‘radation i determined by a 's‘-i_mp'l'e 1 K
tenperature-dependent reaction that follows the S o RS
Ar_rhenius law, this law can be used as the basis for Riibal
thermal aging. This law is expressed by the fdllr'owin'g'_r R N
equation: - o o - - | . s

dlok - g2, B ) N - e

| k = Reaction Rate : o R .' I Nty
8 = B&ltmanh"'s Constant . - o o 3 5
T = Absolute Temperature (°K) | ' - o 2k

Tl
Ea = Act‘lvation energy of the reaction (eV) o L ¥
. ' ’ : P ]
It is assumed that Ea 1s 1ndependent of  EEa
N . . e & ‘;‘;::
T _ temperature. Rearrange equation (1)’ - A LT ) ; 3 - -
Integrate between Hmits of Kz, Tg and Ki,. T1_ o C ) i o
At
& g
' i g
. .!F o SR
i i et
' s
. ) » . ..-ﬁ»;h.‘.k
. . . . . i Ry o
Raport No. . 1_'6376 1 f e
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7.1.2 Rationale for Norma1 Thermhl Aging (cqntinded)
d (k) = Ea - | ¢ (3
Ka . I 2

© k.| = Ea

| -4
L 7 T2

=
L Lo

Tnk,

e (o h) @

-— F—— . — - . . g, "t — cam - . —— .-

ki, T| = . service conditions

k2, T2 = aging conditions | 4
.kl . Ea | (6)
AR A r)

Hultiply equation (G) by -1

n (2 - g (1,_ r) (7)
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' SR : e
7. 1 2 Racionale for Nomal Thermal Aging (continued) B B
Assuning the reaction rate is constant at a given | Pl
temperature, then t]_ and tz nay' be substituted for the e
reacvtion rates' at those temperatures. . : o _ S B "
n €2 1 .1 ® Ay
E: T MW B i
t2. -.axp €2 1 -1 . (9 | | X
't'i n W S o )
t2 = exp £ 1 -1 . - ‘ o
' N I O} T2 g
= t] exp -€a 1 - 1 - o _ - . 2 i
I U A R
The aging time required (t2) at T2 may be |
calculated based upon knowledge of tha activation energy . g '
Ea and the desired qualified life (t1) at l'1. ' o o o
The aging:time has been’ calcul.ated for each - S ‘
conponent based upon the lowest activation energy found | B
for materials in that device. and a table of ‘these ‘ 1 ‘_ , v |
values follows the sanple calculation. - . ' T 1 S "‘
7.1.3 Aqing Analysis L e ‘ _ . HEEE
NOTE: Each module was evaluated using _ | R
activation -energy to detcmine the lowest value or o o
'waak link. . The nodula was’ then aged to end of life i
condition base upon the lowest most conservative. o | R ”a
’ 16476 f ' it
Report N : st
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7.1.3 Aging Analysis (continued) - 7 o B
| 'activ'.auon energy Compone'nts‘ 1‘n the module that were: . v
not ju‘dged"to be' the weak lfnk were exposed to the same o | e
N%themal aging and mechanical cycling as the weak . an R KA .
couponent. , S ' L I | . i
. i BN
The qualiﬂed Tife for each aodule is lmited by < 3
, , )

Athe qualiﬂed life of the ueak an.
The camponents contained in the test 1tem may i
consist of various materfals. The weak 1ink approach ' \ i
dictates that we select a component with the lowest ' s
activation energy and apply the Arrhenius equaticn to - ° :
determine an appropéiate agi’ng time basvrd on a desired S B e

qualitied u'fa.' From Appendix A the weak 11nk lnaterial
- _ T8~ the semiconductor” material contained‘in 14,7 T _'__‘.‘ —
electronics cunponents (Ea = 1.0). It shquld a!sq be . o
noted that using the Arrhenius equation one can obtain | |
the aging' time required to aimul'ate"twenty"(zo)"’years D B :i’%
service based on a 100°C aging temperature. 4
. . . - . : g‘:
%3
i
e
| - e .| e
| RO_DOﬂ ~O. - ‘ : . S o




TESTING

7.1.3 Aging Analysis (continued)

‘The foliowing is a sample calculation:

ty exp [-Eaf1 . 1Y]
Al s GRS

Where: < . - -

t2.

'Ea = Activation energy of the semiconductor
devices (1.0 eV S

'8 = Boltzmann's Constant (8.617 x 10-5)
T2 = Aging temperature = 100°C = 373°%

T1 = Environmental temparature being sjmulatéd
tl = Duration at T (see :able_bélow)‘v

t2 = Required agjng tiﬁe |

exp [x] = e | S
| | NORMAL ACCIDENT .
CONDITIONS CONDITIONS

TT (Env. Temp.) 51.5 (324.5°%K) - '60°C (333°K)
175,200 hours 8760 hours

t’(quation)

ENVIRONMENTAL -
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7.1.3 Aging Analxsi (cont1nued)
To simpli'y the aging calculations and all

_references to the service environental temperatura, a

weighted average for the nomal and accident temperatures

was de'rived; as follows: ]

T - 5.8 mu%mg%w m‘ﬁg—m' 51.9%

In afdditi'on, the total service time being simu'lated' .
(t1) is hereafter dafined as: »
t] = 175,200 + 8,760 = 183,960 hours

Then:

t2 = 183 960 exer (m 373)

tz = 1,897.95 hours e

— i ——

Add 10% margin:
tz - 2, 021 7 hours

- Calculated by:

_Revié@ by‘:\.' f 'Yl\ . ,'}M'kav\ \~

K. J. (Fredkin.‘Jr..‘ Project tngineer

16376
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7.1 3 Aging Analzsi (continued)

From this mple calculation. the semiconduator
PC board cpuponents were aged fon 2,022 hours_to
simylate twenty (20) yearﬁ of service under normal

‘,,w.nhwvw-;condixtons;plus“one;(l)wyearuoﬁnpostUJated»accident
condition with 10% nargin.

In addition. severa! of tha test items contain
polyuric parts as mll as relays and transfomers whicn
experienca a tenperature rise during operation.

The general strategy of tne ag1ng program. based
on the activation energies found 1n Appendix A, was to
age all components being qualified at 100°C for 2,072

“hours. A sample of each 1tem-be1ng qualified iin'ich' had

efther a relay or a transformer (except the power
'supplies-) wa's'energ'ized during aning. ‘The cofl rises
seen would increase the qualified lives. As a.backup.'
an 1dent1cal samp'le of eacn wergized 1ten: was aged at»
100"; in 'a»de-engrgized state.’ The qualified lives of
the ti'ans'fnmers and relays in these items were extended

by aging spare transformers at 130°C and spa're‘ relays

Ropou"t'No. 1637_6
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7.1.3 Aging Analysis (continued)
at 120°C. The spare parts were fnstalled into the

backup dhits.whendver a fallure occurred in the
~ energized units. All items Qere aged fdr 2:0'72 hour.gm.i
; because this per1od of time wds more than enough to
dfully qualify the electron1c components and the. time
availab!e to conplete the aging program was limited
- bacause of scheduling problens. ‘ .

. Table VI lists all the fully assembied units
or191n311y supplied to Acton for qualif1cation. Those
{tems that were energized during aging are noted. Tadle
VII lists the spare parts ‘that were aged.

50veral 1tens vere dropped from the progran and

.}qualified by s similltude to_other {tems. ! Other 1tems

= T .. were changed in terms of the options they contained so
that a sample of each option wou!d be tested. Tdble
VIII contains a tinalized-list:of'a11ﬁtheuitem§“ o
vquat'imd by tes:ir.gfand_an the qualified Tives are
based on this list. Just1f1cations for those items not
tested further are found in aection 11.0.

ReportNo. ____ 16376
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T 1 3 Aging Analysis (continued)

These qualified lives also take into accoant the
- aging analyses performed on all the capacitors. Qualifi-‘
catjnn;ot,themcaﬂacitorswpnesentshsomeuunique;ccnsidéna-
tions. The most significant aging/stress méchanisma are
those which result from a combination af voltage
- stre;sing;cripple.carrent.,and in sqmc-casesltﬁermal_
| degradacionAof polymeric materials. No tharmai ading
_program'caa'prqperly”a&dress all of these streaaA
'mechanisms.1 Thic'progbam addcesseS'this‘problem by
qaing ﬁanufacturersf data.to eatabfish a qualified life
by analysis. Apbendixlu contains the manufacturers'
data used and Tabie IX gives the qualified iives of the
: capacitors used in the program as derived from this o

data,
.", : ‘A
Report No. 16376
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‘ mf\é‘;gxgENTAL
TABLE VI

AETC. . | o
ITEM MODEL SERIAL - | OPTION
KO, NO. N, __DESCRIPTION INCLUDED
18.. VSC-13"26'-323-I—-C' 95%7' ) 'I's'ol_ated“RfD.' Tr‘a»nsmitt."evr E Ix. C .
19. SC-1372-323 9448-11 Isolated m¥ Transmitter *  Hl

20, $C-1330-323 7236143 -Sq'uare'_ Root 'Extracior.. * Hl

21. :sc-lsz'o-az_a | © 723614-4 sqga're Raot Extractor W

25, ETI214-H-323°  95448-1 Voltage Alam -+ H

26. ET1214-323 95448-2 Voltage Alarm -

27. ET-1215-T2-323  95448-3 Voltage Alarm < * T2

28. ET-1215-323  95448-3 Voltage Alarm | .

29. SC1302-323-H0 954485 Isolator Transmitter % HO

30. SC1302-323  95448-6  Isolator Transmitter HL

- = —| = auTsc13267323 — " 9sk4s-g TIselator Milllvelts T W T
- ~ Transmitter S ,

2. sc-;la'_zsu-‘sz's-‘u 195448-9 . tsolated_,,ir/.c\;.rr'anlst’ttteh;r..,4 n
33, SC-13264-323  95448-10 Isolated T/C Transmitter . HL
38, sC-1372-323 '95448-12 1solated RTD Transmitter H1

'35, $C-1373-323-H3  723614-1 Dual Isolated RTD  *  H3

* Energized during 2ging

Transmitter




TABLE VI
(continued)
AETC - - : ' o
ITEN KODEL SERIAL .-~ QPTION
NO. M. M. _ _ DESCRIPTION __INCLUDED
36. SC-1373-323-11  723614-2 ODual Isolated RTD 1
. ’ o Transmitter : ' .
3. EI-4477 521104-4 Power Supply - "
38, E1-4477 521104-X Power Supply .
39. E14481/E14482 521104-U Analog Isolator Chassis- -
40.-59. EI14420 521104-A Analeg Isolators ~ » .
' through ' , '
521104-T |
60. El4479 - 521104-Y Power Supply .
(6l. EIM79 . 521104-Z Power Supply o -
T+ Energized T fioted beTow e e
Items Energized Items Non-energized
© 40,41,51,52,53 o ' 42-50,54-59
Respor. 'No. 153.76
. Page _7"13 e
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AETC NO.

TABLE VII

SPARE COMPONENTS AGED

MODEL NO.  DESCRIPTION

: 1.2.’3.72’
12A-C

©13,4,5,62,
_62A.65 :

6,7,8,66,
66A-666G
ssa_,s,n :
12,14

15,16,17

63,63A-631

110,64,644

67A-D

NC2ED  Aromat Relay

1041-045

10¢4-249 - Tabtronics

Transformer

1040-059

1024-610
- (Same as
1041-058)

1016-336 Tabtronics
" (Same as T Transformer.
1041-050)

B1041-050 - Tabtronics
(Same as** ** * ' Transformer
1016-336) - T

81041-058 . Tabtronics
(Same as Trapsfonmer

102:-610)
1045-358 Tabtronics

Transfonmer

CONTAINED IN_
ET1214 & ET1215
HO Option

SC1302, SC1326,
SC1326W, SC1372,
$C1373, SC1330 -

I1 Option
R Opﬁipn
Hl, H2 Options
‘M1, H2.Options -

I Option

H3 Option
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TABLE VII
(continued)

SPARE COMPONENTS AGED

AETC MO.  MODEL NO. DESCRIPTION e .CONTAINED IN .. - -

68A,688 1047-535 Tabtronics ~ E1-4477
_ o ' Transformer o

69,69A-G 1049-139 Tabtronics = . = s§C1372, ET1214,
: Transformer ET1215, SC1330,
: . sC137;3 -

70,70A-70H  1048-128 Tabtronics E14420
. - . Transformer - - :
71,71A 503277 . Power One . EI4479 .
C N C Transformer - o S

73,73 MRRNIA - '_éﬁ;uthers;ohnn, . E14479




O

JC LTEM

8O,

= em seos

19

2

23

3

- o 00000 ol

—..n.- - e g

Test Report Mo. 16376
TABLE Vlll < LISY OF IIENS QUAL!FI(D.IREQQQH lESI Paga 7-16 Rev.'T
I A : . I ‘HATNTEHINEE'TTEHS" T ‘
OESCRIPTION UNLT QUALIFIED | LIMITING COMPONENY OPTION I TEWP RISE | TTiﬂﬂ]Tﬂlﬁ"
; LIFE ACTIVATION ENERGY | INCLUDEO ITEN CR LIMITING LIFE
R PR - : — | SOMPONENT | (YEARS)
SC-l3é§Q323-l-C 1.9 yoars PYC (Yire)* 0.88eV|: 1, C 3 :g gi . c14 'Elec;roljttc | :; }g.:g
e . | Clé L} ? | 4 .
$C-1372-323-1-1, 11.79 yoars - | PVC (Wire)* -0.88e¥| 11 | ¢l Electrolytic |  18.10
isolated Transaftter ‘ . o N '
$C-1330-32) 11,79 years | PVC (Mire)* 0.880v{ H1  |a) Y;a:;f?;g;r s;vc :"{',’ 2) 11.79
| ) . . oF . - nsulation .
! b él Electrolytic | b) 18.10
| c) G2, C1, C9, Electrolytic | ¢) 18.10
e A (W) o :
| E1l215-72-323 11.29 rbifi PVC (Mire)* 0.88eV ;f a) T;a:;fg;:;r .:VC gl:? @) 11.79
. . : v o . - psulation .
; ' - Id él : Electrolytic | b) 18.10
| c) C4 | Electrolytic | ¢) 18.10
! d) €101, Ci04, | Electrolytic | d) 9.06
. €105 (KO ; ‘
C Option) , .
S : SR EE , N _ .
5C-1302-323-H0 11.79 years PVC (Wire)* 0.882V HO o) rm:_fgmr PVC Leads: a) 11.18
B ' ' e : : b s; b Electrolytic | b) 18.10
i ¢) <4, C5, C\4 Electrolytic | <) 18.10
; B C16 - _ o :
. j ' ‘ B R N
SC-1326M-323-11 11.79 years .| PVC {Mire)* 0.88eV n - gg-cz s, 6 .%}ec:ro:y::c :; }g.{g_
. S ~ : < . ectrolytic .
% 1 e, cnc ,
-.-.g-o...—.;..“-.Jh-—..;-.o—o.owr-“c-u.o-o.—-—-— . - -e - Ad

RIS hes 1ndtcated that they will replace these wires 1n the dasign with trradtated X- \inked polyethylene to lncreose the
qnolt!ted llle of these units to 20 yeers. . :

3 -
5

v
w
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' R - L | | " Test Rep . 16376 -
g Sy . TABLE VIl - LIST OF [TEMS QUALIFIED THROUGH TEST -~ Page 7-17 Rev. T
SRS e _ _ : _ _ . 1loﬂflnuedy v o ' _ "f;
o - —-— V - RN TYENS ™ "
: ’ B |AETC ITEM] - DESCRIPTION UNIT QUALIFIED | LIMITING COVOONENT oPTION { TERP RTSE 'fUUIfTTTtﬁﬂ‘ﬁ
S KO, . 1. LIFE ACTIVATION ENERGY INCLUDED ITEN 0P LIMITING LIFE
i e | —- - - — ' - COMPOMENT | (YEARS) _ |~
Y. 35 [SC-1373-323-H3 11.79 years | PVC (Wire)* 0.88ev| ~ H3 | a) Transformer | PVC Wire 2) 11.79 4
O e n | | o . - A (1049-139 & | Insulation . E
i | S - 1044 ) | S B
£ R | o o . - - » ' v ' ; : Electrolytic | b) 18.10 |:
e o 1. - _ o o ' D . c1e Electrolytic | c) 18.10 |+
FRBRAN | 3. 38 €1 4477 power supply| 20 years | Eectrontcs (1.0e¥)] - | ) Fuse Holder | Linited by | a) 17.00
i . ' ‘ ' . , . | - .96eV activa-| |
S A : e e S S . ' - S tion energy K
ahe oo | - | R : o . b) Cl 22.09°C b) 1.71 |3
RN CR 1. . ' . I o ; 2 . ’ c) C2 - : 1.31°C € 7.24 ;
. i ’ ' o ' o d) Transformer | PVC Leads d) 11.79 [
%, DR | 39 |ei4481/E14482 20 years - |Nylon Termina) Block|  -- SRR o ,
2, ‘ ~ |Chassis Assembly s (1.0ev) ' I : o
BRI | 42, 45, [£14420 Analog 20 years " |Electronic Components -« 4
i R | 53, 55 |lsolators - (1.0ev) . R
ESERP | co. 61 |c14479 power Supply | 20 years Electronics (1.0eV)|  -- a) Transformer | 44.20°C | a) 16.10° |.5
i s | - : o B v o éPower One) : I
v S S ' o ; . ' {3y Electrolytic | b) 3.61 |™
PR - - . | SR c)c2 Electrolytic [ ¢} 1.13° |
. . H : L : d) s Electrolytic | d) 2.26 |
AN f : » - » _ e) Terminal Phenolic | e) 17.00 |
T A . . - o : o Blocks 0.96 eV) ' : 5
i 7. N : o _ : ‘ R E 11 s ' lectrolytic | 1) 9.06
VLY {r" wo i ' . 0.'.0 - coowal - -Jb' . - - - " A 4 " - :
. K {' RIS has lndlcated that they will re,lace these wires in the design with lrradlated u-llnked polyethylene to fncrease the “:
£ ek g . qualified lives of these units to 20 years. .




7.1.4 Capacitor Life Analysis |
 The primary failure mechan{ sm for electrolytic

capacitors over a long- period of time 1s loss ko'f
e'lectrolyte due to evaporation. " As more and more.
electrolyte is ‘Icst. the capacitance is reduced ane the
equivalent series resistance (ESR) 1ncreeses.
Eventuany one or both of these properties nea"hes an
intolerable level. -

One parametor that will accelerate this process fs -
an 1ecrease in temperature. In this situat_ion,_ the 10°C
rule is applic_able..- This rule states that every 1(')°C‘
inc.reese» in the emriromental' temperature w’il'l -cut the
capa'citor""liife '1'n' haif,” There are two parazeters that
wi)) _qmge__thg effectue.mvimmental__tenpecature._ B

One 1s the temperature of the surrounding awiroment and
the other is the heat generated by ripple. current.
This analyfs was based on manufacture_r's data and
an agreed upon acceptance cﬁterion.» This yfelded a |
specific er at a speciﬂc tauperature. The acceptance
cr‘lteric was F 201 change in capacitance or-a change 1n
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-Heasured Ripple Current: 0.113 Amps

llevi'ewed by: /V\TFGD/Vé 2

7.1. 4 Capacitor Life Analysis (continued)

the ESR that would result in an increase in the power -
'dissipation~of*the capacitor above~its«rated pouer
dissipation capability. In no case, however, uill«a‘
change in ESR greatar than 501 be acceptable.

The tirst step in the analysis %3s to determine
the temperature rise due to ripple current, vThis was
done using the following relationship.

Te Ii(ESR)/KA
uhere° A _

T = The temperature rise at the core (‘C)

I = Measured ripple current in amperes

ESR = Equivalent._Series.Resistance (ohms)

K = Core constant equal to 0.006W-in2/°C

(ref. 2.8 in Section 2.0)
A Case area (in2)

An example calculation uould be as follows.

Capacitor Hanufacturer, P/N CDE liBR 100 150
Used In: EI4477 Power Supply

760 2
Case Area = vDL+2x D2/4 = #(.760)(1. 723)+21 = 5, 02 ln2
‘ESR (from mfr's data): 3.1a . .
Ts= 113)2(3 1)/( 006)(5.02) = 1. 31°C

Calculat*d by:

1am er, Project Engineer

N. J. Fredkin, Jr., Projact Engineer

Report No. 16376
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. 7.1.4 __pacitor Life Analysis (continued) - : '

The next step in the analysis is to determine the
acceptance criteria and. aging characteristics based on
manufacturer s data._ Fron data found in Appendix [\ a
sinilar capacitor (HBRSOO-SO) retains 87 3: its capacitance

at the end of 7000 hours at 85°C. This time period will ‘be
,‘considered to be the qualified life at 85°C even'though the
capacitance is still above the oandatory 80%, because there
is no test data beyond this point. |

The final step in the analysis fs to determine
the qualified 11fe using all of the parameters di scussed
above. This {fs done by using the 10°C rule as follous

(This is justified in Reference 2.8 fn Section 2. 0)

Ty-T2)/10
ts , (M z)/
Where:
ty = oualified Life at Tz
- t] = Life derived through test data at T1 = 7000 hrs.
Ty = Test Temperature in mfr's data = 85°C
T2 = Environmental Service Temperaturs +
o Tenperature Rise s 51.97+ 1. 31°C = 53 21
e (85-53 21)/10
t2 = 7000 2 = 63397, 50 hrs = 7.24 yrs.v

Calcuiated'by:

. > roject‘thgi‘éer

Rev.iewed by: . A/nd. ﬁech

N. J. Fredkin, Jr., Projéct Enqineer

Table X tabulates the qualified 1ives given to the

Report No. 16376
capacitors used in the test samples. : '
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TABLE 1X - CAPACITOR LUFE AALYSSS S
- T —=- ——r : T YeRE ﬁ
2 % RIS C - _ESR | RISE
WANUFACTURER | RIS | DESIG.| us<D [cAracioal vours  atopie | case | AT | Frow RATED quu.mi;
se's e/ | oo/ | watiow| Iw YALUE | ACROSS - fcueaent | MREA 1120 Mz [RIPPLE | LiFg AT LIFE .
B S ' A {aws) | (1n?2)] (o) [cuareny c (YEARSY
.-—.-....o-. ‘ . i ’ : l.‘g_l : -——".-‘
Xallory 1044.239| €1 |sc1302, | 1000, | 26v | o013 | 6. 0.078 | 0.67 | 4000 s | 18.10"
TCX1020040L 1t L sc-sm. 0¥ (Mote 1’ ‘  105°C
1sc.13%0, ;
|se-1m2,
{sc-1313,
- fe1-1218,
je1-1218 |
Soregee toae.-2e4] c2 fsc-1326, | anr | 15y | 0.002 1048) 238 | 0.001 | 5250 wes | 23.77 .
| mwmozsccsc | - 15€-1326¥ 284 (siote 2) o 9 105°C
€2,€18 {3C-3302 s :
e |1044-262) €a,Cs |2e-1302, | 100uF | ae v | 0,007 | 1464 2.25 | 0.0128| 1000 wrs | 18.10
107 THA-7X025A -1326, 25V - (note 23 | ® 125°C e
U o lsepyacy - : | :
€3 |%-1330
c4  ET-1214, :
, | SR (A B FIT - | ’ ‘f
Iliteofs — 11049-135| c16  |s¢-3302, 33061 v [ wegit- | 6108 1.32 {wegit- | 1000 ks 18.10 -
335 THA- 100APY $C-1326, | - 100Y |(49 when | gible gible | o 125°c :
: _ 15C-1326¥ uted with | = '
| 1  |#o optton) | | |
tnols 1049-137{ €14 |ic-1302, L 23y fmete 3| .29 | 132.7 [Mote 3| 1000 wes | 18.30
105 THA- {OOAPX 1sc-1326, 160Y - ' ¢ 125°C ‘
S 5C-1326W, .
{sc-1330 |
i P Rt TL PP PR SR SUUS BUUU e -;..J_..--.;,..-,.._.L.--..-.,..-L_.. ........
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* o - IABLE IX - CAPACITOR LIFE ANALVSIS o | |
i _ S ‘ S _ 7contlnued) o o ’
;»' - ‘ ‘ - . . - . r - . i : "_‘-il ] lElu L] ) : . :
L | . N RIS , T - | ESR | RISE B !
' KAUFACTURER. | RIS | DESIG-| usep |capacitor| voLTs [RIPPLE | CASE | AT | FROM |~ RATED  [QUALIFIED | .
& MFR'S P/ P/M | NATION] M- | VALUE | ACROSS |CURRENT | AREA |120 Hz |RIPPLE | LIFE AT LIFE
| - . . cap |(mps) | (In2)} (a) c?nagut ' o¢ | (vEARS) |
-~ S oy | - | ;
fnofs 1015-3571 9 Isc-1330 | 2.20F | 23v | mote 3| .701 | 60.3 | Mote 3| 1000 mes | 1810 |
225THA-PX100A . clg |SC-1372, | 100V - (49 when | | - @ 125°C | |
' SN P - |SC-1373 | used with | , : : !
) o | ‘4o option)| , | |
Nitnots  |109-138] c7° {sc-1330 | 4.7uF | sV | more 3 | .779 | 28.3 | Mote 3| 1000 Hrs | 18.10 |
~ |a75THAGS3APX T o T ew | | o 7] e 12sec R
“lininots - . |1089-136] €101, |HO Option| 474F 25y | o0.008 | c.e04] 2.82 | 0.012 | 2000 trs | 9.06 |
476RMROSOMPX | cro4, Tl osov | | : - - | e 105°C ]
) €105 o o | ‘ )
sprague  |104s-514] cro0 |11 option| 1syf | 33v |o0.023 |1.228] 7.0 [ o.502 | s250 mes | 22,96 )
672D156H06CDSC | | | eov , ] ' @ 105°C |
COE 1046-862| C1  |E1-4477 | 30004F 2av | 2920 | 9.649] 0.15 | 22.09 | 7000 s | 1.1 |1 R
WBR-3000-35 | sy | N IS R @ 85°C S
1 e~ |ioss-s6r| c2  [er-aa77 | 100 | 125 v [0.m3 | s.02 | 3.0 | 13| 7000 ws ) .24 |
g WBR-100-150 | | | 1sov | B R B @ 85°C | |
: Mallory 1050-284| €1 [E1-a479 | 1300w | 40v | s.08 | 34.53| 0.033 | 4.11 | s000 wes | 426 ||
CGS133U0SOVACIPH y s | L 1 | essc | |
Nichicon -  |1050-285| c2 = |€1-4479 | 104F v | Mote s | .329] 1132 | note 3f 1000 mes | 13 |1
ULBIEIOOM | ; | v | T | essc | |
I14nofs |r0s0-282] c4 [E1-a479 | 2204F 8V  Note 3 | 0.853] 1.020 | Mote 3| 2006 Hrs | 9.06 |
227rmp0l6MPX - | . | - 1 wev | | | e esec | |
Unfted Chemi-Con1050-287] 5 |e1-aa79' | 330,f | 26 v | mote 3| 2.61] 5.360 | mote 3| 2000 wrs | 2.26 |
= |sL3sve3z0 - ] sy | T - @ 85°C ] ;
o . LY o . '.mJ.éw. - onn-a - - y —‘-‘ re . - -‘—u---. ‘“‘-‘M‘ '
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2.

o

Notes to Table IX

" CAPACITOR LIFE ARALYSIS

This ripple current was measured by RIS personnel as part of
the S:-1330-323. 'This volue 'i's'assu-ed- to apply'vto=oli loca~-

tions uhere it 1s used because the other circuits resylt in
sililar application. (See Appendix ).

This ripple current nas neasured whiie installed in the
SC-1302-323-HO. (See Appendix £). This vaiue is also ossuned
to be applicable in a'il other applications in this report |
because they are m si-ilar.

‘The ‘ripple current was not measured because the capacitor is
located in'o sign,o_l c_ircuit ‘rather.than”in.aipower,..c'ircoi't.so..,..
it does not see any significant nount of ripple current. ' The

neasurenents taken of mny of the capacitors in the Sc-l302--

323-HO tend to support this assumption. Because of this. the

temperature rise associated with ripple current is.also. .

assumed to be negl.igible_.'

ReportNo. ____ 16376
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7.2 Mechanical E'i ng

Relays are electromechanical devices and as such. have

| two (2) basic factors that contribute to their aging.. The -

first is deterioration of a resource factor (h) with tine as

X3 result of electrical and thermal ‘stresses. The second ‘is’a_ :

fatigue-related factor of cyclic stresses on the nechanical

-'systeu._ The aging nethods used for these types of devices
_ 'consisted of cyclinq the devices a specified nunber of '

actuations to simulate normal operations. -

‘ The nechanical aging program used uas‘based; on a maximum
nuaber of actuations with a maximum load. The following
table details the aging program used. - | '

ITEM NO.  DESCRIPTION commen IN_ CYCLES _LOAD
'1,2,3,72,  Aromat KC2ED 51'1214 mes 2300 SA @
T2A-C - _ Relay - i _20 voc
(Aged at ST - :
120°C) S . ST30  2.5A @

’ o .’ VC
73,73A° Struthers-Dunn - EI4479-Power~ - 2300% - 0.5A @:.
(Aged at MRRN1A Relay  Supply - 24 VOC
120°¢) | | , |
Original - - | 520 150mA @
Relays : ' ‘ ' 30 voC
(Aged at . -
100°C)

Only one set of contacts were loaded during cycling of the relays. ~

*These relays were also aged an indeterminate number of cycles

with a 0.25A load before they failed. Failure occurred before

1080 cycl es at 0 ZSA.

Report No. ____16376
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7.3 Radiation gin

- Radfation’ aging was performed in two stages. During the
first stage. the test items that were still considered to be
in the progran as well as the spare transforuers were
‘{rradiated to a TID (gm) of 3. 0 x 105 rads. |

Some of the electronics components failed in a nunber of _
the test itens and repiacenent parts were subsequently
frradiated to a TID of 1.1 x 104 rads. )

Table X lists the items that were irradiated to a TID of
3.0 x 105 rads and Table XI lists the {tems {rradiated to a
TID of 1.15 x 104 rads.

Radiation aging was conducted at’ Isomedix. Inc. The
test itenls were exposed ‘to the ievels shown in Tebles x and
XI.

rotated 180° to give a more uniform dose distribution and

Hal fway through the exposure. the test itens were ~

eliminate any shielding problems resulting from test item
geometry. The test item temperature was also monitored and

did not exceed 100°F during ‘the exposure.

‘Report Na. 16376
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7.3 Radfation Aging (continued)

1s calibrated directly with NBS.

| solﬁtioh in the same relative position. -

Dosimetry was perfoméd using a _Hahvel_l Red 4034 Perspex .
db_simeter, ut{11zing a Bausch and Lomb Hode’_l .710'- spectro-

. - .- -photometer -as-the-readout instriments,” “The dosimetry system

The trradiation was conducted fn air at ambient tempera-
ture and pressure for the facility. Radiant heat from the
;o{drce- was determined to 1mp9§e less than a 30°F temperatur"_é

rise (air), as indicated by previyous measurements on an ofl

o
B ecpne o

TR RICTILIITS
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_rAau-: X
ITEMS IRRADIATED TO 3 x 105 RADS
ITEM M. "qu'AmTv " TYPE NO. DESCRIPTION
20 1 $C-1330 Square Root Extractor
4,5,10-14,62, 11 N/A Transformers
62A,64,64A
70A,C,D,E,F.H 6 N/A Transformers
33,33 from 1326W 2 N/A Transformers.
. 63A.8'.C'.AG'.H.I 6 N/A ‘Transformers
16,17 2 N/A ' Transformers
7A B,C, D 4 N/A Transfomers
9, 40-59 2 WA . Analog Isolator/
o . o o Plus AlT PC Boards
27, 28 2 ET 1215 Dual Duplex Current/
' - Voltage Alarms
18 1 SC-1326 ... . .1solated«Mi1livolt- -
' Transmitter..
33 1 SC-1326W  Isclated Millivolt
' ' Transmitter
29 1 SC-1302-H0  Isolator Transmitter.
ReportNo. ___ 16376
~ Page ?’27
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.
N 36
e : L
[ ;- . o T
T, 19
! ' bl
° N .
v ;“:‘:‘ .
£y .
, |
RS . ‘ 42
- < ’ T . .
I
e | 53
. . N g
R - ’ . X .
- i L 55
* 9

I , 45
i 37, 38
S | 6,6

QUANTITY.  TYPE WO, .
1 :

,fl,.

. TABLE X
- (continued)

DESCRIPTION

$C-1373

- El 420
E1-4420
EI 4420
EL 4477

- sc-1372

EI 4420

El 4479

'Dual Isolated RTD
Transmitter '

Isolated RTD
Transmitter

Analog Isolator
Analog Iselator
Analog Isolator

- Analog Isclator

Power Supply
Power Supplyz
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TABLE XI
E ITEMS [RRADIATED T0 1.15 x 104 RADS
| . _ITEM NO. TYPE NO. ___ DESCRIPTION . CONTAINS. SPARE PARTS FOR:
30 NA  P.C.Board from  Item Mo. 29, SC-1302-HO
.. SC-1302 Signal : : o
, Transmitter A
31 N/A  P.C. Board from = Item No. 18, SC-1326
' ’ . SC-1326 Signal : ’ '
‘ - Transmitter
32 NA  SC-1326W Stgnal. ..o
- Transmitter - o
26 N/A HO Option Board - Item No. 29, SC-1302-HO
'3 . N/A SC-1373 Dual Isolated - eem
o - . RTD Transmitter T I
384 LMI3IT  Voltage Regulator e
o - - - from SC<1372 : Y
_ (Item No. 34)
348 4N36  Optical Coupler from oo

SC-1372 (Item No. 34)

As a result of this program, [tems 18, 19, 29, 32, and 35 are
qualified to a TID of 1.0 x 104 rads and all other .items are . -
qualified to a TID of 2.7 x 105 rads.. These figures take margin
“{nto account. Section 10.0 provides more details concerning '
the components-that failed-and were replaced in each unit.
Radfatfon certificates are found in Appendix A, '

- Report No. 16376
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8.0 »SEISH!C TESTING
- | The purpose of this iést was to Subjeéﬁ thé coﬁponehts
described in Section 3.0 of this test report to seismic |
vibration testing (as spéﬁifieq below) to défefmibe theif
abili;y.t§ withstand su;h.vibra;igh_githqyt\g??d@pggugf;' )
mechanical damage, deterforatiod. or loss of ité ébility to
perfdrm Clﬁss iE fﬁnctions.during and after thé,simgléted_.
'seismic é&ént.. Bééause §f thé nymbér 6f test items-involved, '

these items were tested in three (3). groups. .

8.1 Teﬁ-t Mounting -

The iiems.Specified_in Section 3.0_wefe.m0unted in three
(3) groups to a test fixture fabricated.from structural steel
as shown in the skéﬁﬁhes in Appendix H. Each test ftem Qas
mounted in its yer;i;alippsitjon to.simUIate its most likely
field mounting configuration. The mounting fixture was rigid
and without ré;onances'ub,to 33 Hz. This waé verifféd by a
reéoqahcé.suhyex iseeﬂ?afagnabn_sz)."{The?teét“fijpgreﬂwés...<
then seCuréfy"at;ached'to a dependent biaxial tabTe which’

resulted in equél horizontal and. vertical tomponents.

16376
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L | | A . 73
‘ | . 8,2 Test Monitoring | B S _ N
All test components were energized in a mnnner' which | ‘ | ,q‘ 2
'sind'i ated as _‘closel'y asv' pos_sit{'le nomal operating conditions.' ' _ : ‘ :
‘The system outiput'. signals/alarms were monitored along with - - e
output relay contacts for chatter on vi'si'cordier tape which 1s S o B
“'"'s'u“ﬁb‘l"'i‘ed"wi'th“thi'smreport" -Figures- 8v~through 16-are. schm.'ics i 2
which detail the mnitoring setups used. o ' : ' : ‘ f
8.3 Test Conditions o . : . : ;
The seismic test was run at amblent temperature md R B ,f
pressure for the test facility. o o - : | , %zﬁ
8.4 Resonance Survey
A resonance survey \as' cqndugted.for the test fixtures
. ‘ -uith_ attnc'he'd-test, saiaples. The purpo'se'.of the test wgt to
‘demonstrate and verify. the,.pi;gidity_of the fixture/test ftem : 3
system. The test 'tlovns'istedvof a dgpendent biqxig] sinusoicial ‘
input with pen'k,horizontal and ver_tical accelerations of 0.29 ,‘ [
at frequencies. from 1.>,'tow40,\ Hz. swept Aac.a.rate.of. one ‘octave-. . 3
per-minute. One biaxial group of accelerometers was mounted ,§
on the test fixture to monftor innut' Tevels. Acce_i‘eroneters ' L t
" were also mounted on the test fixture at appropriate po.i'nt_s. o | o o v
to monitor the response to vibr'ation. Data. from all acce.l:enol-. o o * T
: . . o WY, A
o 16376 . R %
Report No. o :
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8.4_: ‘ Resonance Survey (conti'nued)
oeters wa's 'processed through” .'a.pprop 1ate s"gnol conditioning
and recorded on an oscﬂlographic recorder device. _,".'e
recorder oucput 1s 1nc1uded with this test report. 'No
resonances were found. : B
| 8. 5 Maltd ple bFrg‘uenc'z Test |
A dependent biaxial mlt‘lp'le' frequency excita;ion was
epplied. The test 1nput was recorded on a 14-channel tape
recorder, eoch track having discrete frequency sine beats
recorded at a df fferent frequency and delay bet'neen beets.
All frequencies were recorded at mximu:u levels. |
The 1nput war, p!ayed back through a 14-c?ramnel tape ‘
recorder. _The outputs of the 14 channels were then colnbined
in a 14-chenn_el nixer_ which resolted in a mult‘lp'le freq'uency |
_output.. . vT_he. individual- mixer: channels-had- ga{ n""*con't‘rol'; 's'o
" that the level of each output ta'pe channe) possing through
‘the mixer could be cont'rol'ied.v In this manner the requfred
‘test spectrun was shaped by controlling the level of 1ndlv1dua1

frequenc_ies in 1_/3-octoye_ 1_ntervals.' Qualiﬂcation'tests.“ "

consisting of dependent bfax{al perfodic random -excitation; |
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8.5 Hultiple Fregyency'Test (continued)-

were performed - The level of periodic random excitation was
such that the Test Response Spectrum (TRS) from the control
accelerometers. was shaped as shown in the curves in Appendix C.
The curves all enveloped the curves shown in Figure 16A. The
ftems received the fnput six (6) t1mes'1n each ofvfoUr (4)
biaxial directions of excitation for a 30-second duration:

Right-to-left & vertical

Back-to-front & vertical

Left-to-right & vertical

Front-to-back & vertical

The level of the first five (5) 1nputs in each biaxial

. dfrection were designated as the 08E’1nputs and.the sixth

1nput was designated as the SSE input The 0BE 1evels.are 2/3

of the SSE levels.' Output from the control acceierometers was
analyzed on line by a Spectral Dynamics S0321 shock spectrum
'analyzer 1n 1/3-octave intervals. The X-Y plots of the Test
iResponse Spectra ’TRS) from the control accelerometers are |
shown 1n Appendix C of this test report. |
During testing of Group 1 the TRS plot for Run No. 4D (OBE)
in the vertical direction wasvlost'due-to a_faulty monitor1ng‘
cable. - Stnce the'test‘uas-conducted on a'dependent bi421ql .
_ tabie and the other hor{zontal-vertical pairs of plots were.
roughly*thevseme. it can be assuoed_that'the horizontal plot

generated for Run 4D is epplicable to the vertical direction.

" ‘Report No. 16376
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9.0 HUMIDITY TEST

‘In order to demonstrate cperability of the test 1ta_n§ under

péstulated abnormal enviraonment conditions (outsi'de of containment)

the test {tems were operated mne subjected to a humidity test

fbased on the mviromental profﬂe given in IEEE std. 650-1979,

'I'he actual profile used {s shown in Figure‘17.

‘The mmidity test was conducted as follows:

L.

The chamber temperature and humidity were maintained at
140°F and 95 to 100%Z relative humidity for 21 hours.

During this time the test items were energized with their -

nominal -supply voltages. Steps 2 through 7 were
perfomed while these cenditions were naintained.

The input signal voltage to the ET-1215 was set at 2.5 VDC
and the input signals to 2all the other units, except the
power suppHes. were set to =« 201 of full scale.

The output signals of all units, 1nclud1ng the power
supplies, were measured and the status of the alarm
relays were monitored. ..

The input signal voltage to the ET-lZlS was set to 4.5 VOC
"and the input signals to the other units, except the
power supplies, were set to 80% of full scale.

The outputs. of .all units,: ex'cept- -the poéér‘ 'sup'pl'i'e“s".‘“"" )

and the status of the alam relays. in-the:€T-1215" were»Q
aonitored.

The shpply' voltages to the units were reduced"to 90% of'

their nominal value and Steps 2 throqqh S wer2 repeated.

N

"ON 240uU3¢ .
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‘the same nethodology for an outside of containment environment

| 'temperatures far in excess of thetr design operating temperatures.

9.0 HUNIDlTY TEST (continued)

7. The supply voltages to the units were increased to 110% of
their nominal value and Steps 2 through.s were repeated. .

8. The chamber _tenperature and hunidity wers maintained at 40°F
and 95 to 100% relative humidity for 8 hours. During this -
time the units ware supplied witn their nominal voltages.
9. Steps 2 through 7 wero _repeated while these condit‘lons were
' naintained. ' . . ,
During F lengthy (30 days or more) LOCA test, tne nnr:nal way
to justi fy a l.-year accident period would be to elevate the
temperature during the test so that the balance of the accident

period is Justified using Arrhenius methodology. In order to use

uring the extremely short ‘test time used in tnis program. however,

it would have been necessary to operate the test items at

This is especially true in tne case of P c. board components and
other electrical canponents. '

" To cperate this equipment under these conditions would have |
constituted a severe over-test, and for thi s ‘reason this method-

ology was not used. Instea_d, this -Justification consisted of a.

16376
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9.0 Huﬁtotrf:rzsr (continued)

.two‘_-ol.!a'se al»tarnative.- The first phase consisted of simulating
the degradation ('chemicol mechanical, and radiation) that _oaccurs
'during the entire accident period during the aging’ program. The
'econd phase 1nvolved subsequent operation of the equipment under'
| postulated DBE conditions. The cumulative effect of these two .
phases was to prove :hat the equipment could operate during the
entire length of tho occidont period. This was accomplished

*Abecause oporabﬂity of the tast item was demonstrated under DBE _ K
condit'lons after the equipaent had seen the cumulative effects of '

. the ent‘lre occ'ldent period This approoch 1s speciﬁcally
recomendcd in IEEE Std 650-1979

N T
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10.0 TEST RESULTS
1. SC-1302-H0-323 (Item 29)

This unit, whlcn.uas energlzod during aging, has a
| quaiffied-11fe 6f 1179 years wlth-tho’éXCéotlon'O? the.
"'mlnt'enance ltems in Table VIII. The unit is also qualified
for radiation dosage up to 1x 104 rads (TiD).

After the tast 1tem was frradiated to a TID of 3 x 105
rads. it was found to be lnoporatlva. RIS personnel
discovered that the two (2) LH337T voltage regulators and
the four (4) VN1OKM FET ‘s were damaged due to the high

L radlatlon dose. To correct this problem 1t was decided to '
. ‘ {eradiate spare, ldentlcal aged voltage regulators and FET's
"to a TID of 1. 15 x.10% (this Ancludes-margin) and derate the a

entire unit to a doso of 1 x ‘104_ rads. To this end, th_e- .
aged P.C. bdard from Item 30 and thé7unagea'ao board wére
irradiated to. a TID of 1.15- x- 104~rads.» The- vol=tfa"ge‘:’-"‘~' e
regulators and FET's were removed after 1rrad1atlon and
lnstalled in Item 29. (The unaged HO components are

Justified because they are identical to the component"s in ,

Item 30 that were aged.) The unit was tested. after being

16376
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10 0 TEST RESULTS (continued)
i. SC-1302-H0-323 (;tem 29) (continued)

recalibrated and an anomaly occurred during'the 2 VOC fnput-to-
output iinearit) meosurement. The meesured'outputhwes Tt964 mAZ'“
The.z0.016_mk;toierance‘was not enough}to'brinn thisfup}to the
nominel e'ooblmA requirement. fTesting*wes cont{nued per the

- customer S instructions and measurements showed that this
- particular data potint drifted back into the range of accept-
able limits during subsequent testing.: Otherwise, the test
ftem perfommed satisfactoriiy’efterwards. |

| 2. 5C-1302-323 (with Wl Opcion)

. © This unit is qualified by similarity to the SC-1302-H0-

1t. 323 and by the- qualification tasts performed on Item 21 |

which elso contained the H1 Option.

3. SC-1326-I C;iltem 141
This unit has a’ queiified“life of 11 79 years with the

exception of the maintenance items in Table VIII The unit
“1s also qualified to a TID of 1.0 x 104 rads.
After the unit was frradiated to a TID of 3.0 x 105 rads
g‘it was found to be inoperative. RIS personnel later
discovered that the LM337T voltage reguiators and the two
VNIOKH FET s were damaged due to irradiation.. In order'to
ReportNo. ___ 16376
Rev. 1
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10 0 TEST RESULTS (continued)
3. SC-1326-I-C (Item 18) (cont1nued)

produce 3 qualified unit, it was decided to irradiate the
.?.C.nboandm!non~ltén-31“toqamTID”otnl.Ismx@104wgadsmand‘

subsequentfy replacn the damaged components in Iten 18 Qith

their connterparts-from Item 31, After the unit wis - |
- recalibrated it worked $at1sfnCtof1ly throughout the rest of
‘tne'init nrogfan;, It inonld'be noted that prior to seisaic

testing. the RIS personnel removed Option C from Item 18 and
'installed it on [tem 32 (sc-xszsu-aza-x1) This,uas dnne in
'nrden to fagjlitate-testinq of Item 32. Since Option C
' performnd satisfacfnrily during the rémninnér'nf the test,.

and 13 mounted in an identical manner, Item 18 1s also

qualified with Option C. .

It should also be noted that this unit'needed to be

»recalibrated before and after humfdity testing.

4, SC-1326-323-H1

. This unit s qualified by similitude to Item 18, The
same qualified 11fe and radiation doses alsn apply;' Option’

H1 1s qualified by similitude to Option Hl test as. part of

Iten 21.}
| Report No. 16376
Pngn .1045
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10.0 TEST RESULTS (continued) S B
5. SC-13264-323-11 (Item 32) o o R 2

This unit has a qualified life of 11.79 years with the
exception of the maintenance ftems listed in Table VIII and
15 ‘rated to a TID of 1.0 x 104 rads. ‘ |

This unit, which was powered during thermal aging, R 5

. failed during post-thermal aging tests (no output response o o B {

_to input signals) because a screw was loose on the terminai ‘- ' : Ry

o>

biock at Tenainal #4 inside the housing. This caused an
open circuit at the terminai point which interfered with the | “ 3
output signal. Later, the loose screw was tightened by RIS }. f
Vpersonnel and the unit was immediately irradiated to a TID ‘
of 1.5 x 104 rads. Functional testing was not. done prior to -
irradiation due to time constraints. Since the unit A - f S
performed satisfactorily'after irradiation and suosequent _
'recalibration by implication the unit operated ‘_' ‘ o | , IR *
Vsatisfactorily before irradiation. ‘

The unit performed weli during seisnic and hunidity' ' o 4
testing although it had to be recalibrated:folloning seismic*
and'humidity testing.- |

*The unit was recalibrated by RIS and was not. tested again _— L f;"‘ o
by Acton prior to humidity testing. ' S o B .

¢ .ReponiNo.‘ ‘ 16376 : : ,A - % 3R%
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: | 10.0 TEST RESULTS (continued)
- [ 6. SC-1326W-323-H1 (Item 33)
After thermal aging this'ltemvpassed:all'oftlts

"fonctlonal tests, 1nclud1ng-d1electr1c strength testing.
Since thls unlt‘was not energlzed during thermal aglng, the
two 1044-249 transformers were replaced with Items 6 and 66.
Both of these itens failed dlelectric strength testing after.-.
belng 1nstalled 1n the unit. Items 8, 66A. and GGC-G were
~ tested foredielectrlc strength outside the unit and all
passed. ITexs 69‘and 69A7F were also tested since'they were
of simllar construction. An RISVrepresentatlve replaced ’
Items 6 and 66 with Items 66C and 698 (Item 698 was used 1n
‘error) Item 698‘fa1led'subsequent dielectrlc testing and,_
was replaced with, Item 69 (also in error) “The unltfworged'
| satlsfactorlly after these changes were made. A

| After radlatlon aging, Items 69A 69C- F. and ltems 8,
66A and 66D-G were tested for dle]ectrjc strength;and all
passed.A | o |

It ls belleved that the lnstallatlon process ltself

.caused the failures seen by the transformers. This process
‘was especlally stressful consldering that the transformer

_{nsulation was at its end-of-11fe condition. This theory is B

‘ReportNo. __16376
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10.0 TEST RESULTS (continued)
6. 5C-1326W-323-H1 (Iten 33) (continued)

,further supported by the fact that the trax formers that failed
did 30 after being instalied in the unic and one of them per-
_ formed satisfactorily Just prior to instai]ation. In view of

these ;ircqmstances. these failures are not considered to be

common mode in neture,faithough:spetiai'care‘shouid be taken

during_inStaiiation of.fhe'transformers during manufactdring.
After frradiation to a TID of 3.0 x 105 rads, the anit
.was inoperative because the M337T voitage regulator and the
two VNIOKM FET's were damaged: by radiation. At this point
.Iten 33 was dropped from the program and qualified instead
' to a iawer TID (1 0x 104 rads) by simiiiarity to Item 32.
'This unit is also assigned the same qualified iife. It is
qualified with Option H1 because Item 21, which also '
ained Option Hl was fuliy tested and qualified
7. SC-1330 323-H1 (Item 20) .

This te't unit has a qualified iife of 11 79 years, with:
“the exception of the meintenance items listed in Table VIII

and is qualified to a dose of ..0 X 105 rads TID.

Repdn No.
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10. o resr nssuu's (continued) - o - - i
sc-137z 323-11 (Item 19) ' B .
‘The test unit has a qualiffed 1ife of 11.79 years, with | el
the exception of the maintenance items lsted in Table VIII, . N
and.1s.rated to 2.TID..of..1.0.x. 104 rads. I B L“',;‘
' This unit failed during post-radiation functional tests ?f?vhad
(no response to 1nput signals) RIS,personnel discovered”~" : : - B E;FA
1 - that one LM337T voltage regulator and 4N36 optical coupler' | _ L R ¢
u - | ‘uare damaged from baing irradfated to a TID of 3.0 x 105 B 5 ‘*wf
: " rads. To correct this failure, an identical voltage o : - e
regulator and optical coupler were removed from [tem 34 '. . | . : g FJ §
frradiated to a TID of 1.15 x 104 rads and fnstalled tn | EESuSS
Item 19 in place of the failed components. £
In addition, Option I1 was removed from Item 36, _ _ _ ii o .
irradiated to a TID of 1.15 x 104 rads and then installed . ' , irc,%’ K
into Item 19. : , - B ) ' ' iz,
| Prior to radiation one of the replacement transformers . , R - i ]
(aged at 130°C). Item 9 was lnstalled fntc the 11 board and 2 wwéf
was subsequently found to have an open primary. Item GSAI _ f ¥’ Ei%
-vwas subsequently 1nstalled 1nto the 11 board in place of T : ---“ S f: @ﬁﬁi
. v ,‘ fg
C O
_ ) y
ReportNo. 15378 %
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10 0 TEST RESULTS (continued)
8 SC-1372-323-11 (1tem 19) (continued)

Vlten 9 and the unit per_fomed satisfactorﬂy.‘ It was also
O_ noted that an ‘ldentical transfomer (Item 11) and a sinﬂar _-
transfomer (Item 10) were tested for continuity at the
"pins. Both Items 10 and 11 had open primaries. This
problem was causad by handling rather 'than agi'ng.; The
connectfons beﬁween the transforoer coils and the-pins are
'all_ metal and extremely delicate. Since ﬁhey did not
| re'ce'ivvg_ any' :pociol .‘handl'ing,_.the spore téansfomers were
e'spe'cial:ly' vulnerable to damage. Since the original
_' transformer in Ootionv 11 worked well ‘after ohemal_: aoing- and

the other Optfon I1 tested (from Item 32) worked well = "~~~

_ throughout the program, the problem can be attr'lhtmed
' exclusively to being handled ocutside the unit. It 1s
'cecomended that al‘l units containing this type of

‘transformer be tested prior. to leaving rthe-n.fa_ct,ooy.( o

| 16376
Report No. i
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10. 0 JEST RESULTS (continued) ’ | , -  _ - '  ‘f .
9. sc-1372-323 H1 (xm 35)_ L s
Testing of this unit was termiﬁated'pridr to irradia- ¥ b
tion because it was reeded for spare parts. Itsis _hoiever. _
qualif1ed by similltude to Item 19. Option'Hl is further R ' g o :
qualified by stailitude to the HL option in Item 2Lwhich | - L
was fully tested. . o , o : : . B : SR 3
10. SC-1373-323-H3 (ftem 35) | . i
This unit has a qualified life of 11.79 years. The - . X
unit fs elso'qualiffed to a TID of 1.0 x 104_reds. g . .i' e :i
The unit which was energized during thermal aging : e o
failed during post-thermal aging dielectric withstand =~ - : B

voltage tests. This failure was determined to be a result
~of improper alignment between the P.C. board and the spacers ' S ’ |

in the housing. As a result _one of the P.C. board mounting

S gt
© screws was extremely close to-oqe of the PCB etchings, : . : fur
After the P.C. board was properly~aligneds; the/unit ~'
performed satisfactorily. It shguld.be'noteditﬁat the
Report No. i S S i
: " Rev.'l . A
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10. 0 TEST RESULTS (continued)
10. SC-1373 323 H3 (Item 351 (continued)

Humiseal removed during the process of repairing this unit
_nas replaced. This was the case 1n all the units where a
'.hmmcomponeht;pasmchanged.out 4for example-when'a transformer
was replaced with another which was aged at a higher
temperature). Since the Huwfseal'was replaﬁed 1nvsmall_
| localized areas ind'thethajbrity.bf’the.aged Huniseal was
undisturbed the new Humiseal fs jﬁsfi’fied_i& terms of t’h_e
:jothér Humiseal.uséd'in the test items. The aged'HumfseaT is
'polyﬁrefhane baﬁed_aﬁd, therefore,'hds an.activation egérgy i '-_:

of 1.14eV (AETC File No. M32-3) and 2 qualified 1ife of 20

years. It should be noted, also, that these units required»
calibration after humidity testing.
11. SC-1373-323-I1 (Item 36)

This unit was tested until it failed as a result of
‘being 1rrad1ated to a TID of 3.0 x 105 rads. This unit 1s
qualif1ed to a TID of 1.0 x 104 radswby»similitude tOtdtem

35.' Option Il was qualified as part of Item 19.

Report No. ___ 16376
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10.0 TEST RESULTS (continued)

12. ET-1215-323-TZ (Iten 211
| This unit is qualified for 11.79 years although f{t

contains some maintenance items. The alarm relay has a
qualified,life determined through analysis of 20 years due
to a temperature rise of 22.5°C and the transformer is
A limited by fits wiring to a qualified life of 11.8 years.
AN of the components are qualified to a TID of 3. 0 x 105
rads. |
'Prior'tO'mechanical cycling an RIS representative_
laccidentall} broke'one of the 1N207O diodes in the unit.
The unit was replaced and {s jusfified by the. other |
identical diode still in the program, Additional problems
‘were also'encountered during and after mechanical cycling
- with the relays. | o | '
Seven Arcmat NCZED JP z4v relays were aged at 120°C in
addition to the two relays that were aged at 100°C The two
1relays aged ‘at 100°C for 2072 hours . performed satisfactorily |
.'after aging. The seven relays aged at 120°C encountered
Z'problems. During mechanical cycling; one of these relays'

failed early'durino_the test. This is considered a random

Report No., : 153_75
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10 0 TEST RESULTS (continued)
_12. ET-1215-323 T2 (1tem g;),(continued)

THO'of the remaining six relays failed

This

mode failure.
"dielectric strength testing prior to radiation.
"feilure rate (33%) is considered too high to be considered a
random mode fa1lure. Since the 1nsulat10n system for these
'relays 1s rated at 105°C, it can be postulated that these -
The '

feilures»were a result of thermal overstressing.

qualification of these relays was

of testing end analysis. This is

[EEE Std. 323-1974 in cases where

performed by a combination
permissible according to
it 1s not feasible to

Because of the

‘conduct one or more of the tests.
'_temperature‘r1se seen”at'the coils during operationJ tne
'required aging time at’ an aging temperature et or below
© 105°C was far too great to permit completion of the test
'program within a reasonable period of time.:

. In_order to address the thermal aotnd portion of. the
.progrem, the following analysis was performed'uSing
‘Arrhenius metnodology, o |

Weak Link Meteriel: Polyurethane (Coll Wire Insulation)
51.9°C + 22.5°C (Cof1

Temperature Rise) .
= 74.4°C = 347, d°K

Environmentel_Temperature (Tj):

Activation Energy (Ea): 1.14 (RETC File No. M32-3)

| Report No. 15375
' " Rev. 1
Page _ 10-12
R " n o ¥ “{’t SRS, A iy é;;




ENVIRONMENTAL |
TESTING

10.0 TEST_RESULTS (continued) |
12. ET-1215-323-T2 (Item 27) (continued)
Boltzmann's Constant (B): 8.617 x 10-5

UL Temperature Index (T}) 130°C = 403°K
‘Time Temperature Index (tj) = 60,000 hours

exp [x] - eX
Ryl -

t; = 60,000 exp [ -1.14 1 - 1 ) = 11,479,612 hours

This figure'is far in excess of the‘359.160 hours in 41

yearss Therefore based on this analysis. these relays are

_qualified for 41 years. -

" The worst case situation “Was - simulated during the
remainder of the test program bacause two of the surviving
relays aged at 120°C were used during the remainder of the
test program;';.hv' | | '

The'operation of the relays was intermittent
immediately after. seismic testing, although these same
‘relays performed satisfactorlly during subsequent testing,
as wel] as'during the previous seismic testing. Because the
failure could not be duplicated iater, they were probably ' |

,eaused by an error in testing. : : .
Report No. ‘ 15375'
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10.0 TEST RESULTS (conttnued)
13, ET-1214-323-H
This unit is qualified by similitude to. ltem 27, to the

;same parameters. The only differences are the following

a) There are two alarm. circuits.and. relays An. Jtem 21,
uhile only one i{s used in the ET-1214 323-H.

b) ltem 27 contained power isolation component (Hl
Option) not found in the ET-1214-323- H :

Every clrcuit containred in ET-1214-323-H uas contained‘
in Item 27.
14, ET-1214-323 Hl

This unit is also qualified by similitude to ltem 27.
;Both have the same power input circuits and Item 27 differs
only in the number of alarm circuits it contains.
15. I 4420-323 o |
This unit is manufactured in several configurations
~ depending on the type of signal input befng monitored and
the outpu’t‘desire‘d. The following four configurations were. .
-tested although 16 others were used during seismic testing

to balance the cnassis.

_a) Ttem 42, 10-50 mA input, 10-50 mA output
b) Item 45, 1-5 mA ‘nput, 1-5 mA output

Report No. 16376
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10.0 TE$TARESULTS (continued)

15. EI 4420 (continued)
 _ analog 1solator that was energized during aging. Apparently ' :f :
'this_causgd gnough stress to shor,en the life of theée' - O
cipaditors;f”ft shodld'also“be_nbted‘thaf theré'afé,ﬁfné"(9)
such capacitors on each board which means that 36 were
tested. Thfs low faflure rité along'with the'ci}cdmstances e :
.of the failures that did occur are factors in AETC' s 'f o L '
conclusion that thesa failures are not cmunon mcde failures. R '  v,{

It shou]d also be noted that the test units had to be

recalibrated after radiation aying and humidity testing.

| 16. EI 4481/E1 4482 Chassis Assembly (Item 39) a ‘ 2
‘ ’ This chas.sts assembl:y is quaVHfie‘d ‘for 20 years and _ | ' |

| 3.0 x..105. rads TID. ...... IS abi]ity to perform 1ts safety- B AFCRnE
related function was demonstrated by the fact that the EI | . é e
4420 modulgs performed satisfactorily wh11evmounted in and

‘electrically connectedsthrough- theschassis-assemblys =

17. E1 4477 Power Supply (Items 37 and 38) |
This power supply has a qualified life of 20 years with 1 B 1

~‘the gﬁceptioh of the maintenance items listed in Table VIII. A B

Report No. | 16376 + ' ~“.'_; :
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10,0 TEST aesuurs (continued)

- 17. El 4477 Power Supply (continued)

This unit s also qualified to a TID of 3.0 x 105 rads.
| ﬁhringjinitial,fdnctiona] téstfng. it was necéssary to
place a o;1uf/Sd YOC capacitor acrqss':efmihais 3 and § in
order to obtain acceptablé test results. .
used for the duration of the test.
It was noted that the ouvtput voltage from one output
from'each unit tested was slightly high before and after.
hﬁmidity‘tgstfng, Tﬁe values obtained were, héwevgr,_
considered s#tisfa;tory by the custémer'in view of their
unloaded conditions, The PVC ieads‘were overstressed during
thérmalAa§ing and the 1nshlat106 an the transformérs had to
be.sprayed-wfthrﬂumiseaIMQOfprevgnt~Shbrting'offthe wires,
- This fs'jusf\fied since mo§t of thé‘tést-uﬁits.contained

PVC insulated wiring that performed well after being

thermally aged: at 100°C ‘for: 2072 hours"v,.h

18. El 4479 (Items 60 and 61)

This power supply has a qualified life of 20 years with
the exception of the maintenance titems listed in Table VIII,

In addition, the unit is qualified to a TID of 3.0 x InS rads.

‘Report No.
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10.0 TEST RESULTS (continued)
18. EI 4479 j}tems 60 and 61)
ln order to attain a quallfied life of 16 1 years for

:the transformers, Item‘71A was 1nstalled fnto Item 60 and'
Iten 71 was 1nstalled into Item 61 ‘after thermal aging.
‘It should be noted that ltems 60 and 61 needed to be

rocalibrated after therwal aginq. - S : .






