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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/WIT 
Transmitters, SCT/4-20mA/4-20mA/117VAC[STD], MVT/80-160mV/4-
20mA/1i7VAC(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, Mode 1 SCT /4-20mA/4-
20mA/117VAC[ STD], MVT/80-160mV/4-20mA/117VAC[STD] under Common
weal th 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 performed 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 

6.4.3 

6.7.5 - 6.4 

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

.. 
A jumper was connected between the output positive 
terminal and output negative lead. The input 
voltage was recorded on Channel 2; the out.put 
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 120VDC source or 20 milliamp input signal. 

After 5 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 reperformed per Step 6 ;7. 5, which 
required the 120VAC. supply to be removed. 

6.7~5 - 6.4.2 A short was applied between the positive output and 
the negative output terminals. Source voltage was 
·OVAC. Input signal was 20 mil liamps, output current 
was 0 mA, as seen on Chart 2 of 6.4. The input 
remained unchanged during the event. 

6.7.5 - 6.4.3 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 jumper 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. 
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6.7.5 - 6.5 
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When 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. ,, 

6.7.5 - 6.5.2 A jumper was applied between the positive output and 
chassis ground terminals, without the source 
voltage. The input signal of 20 mil liamps was 
unchanged and the output ~urrent was recorded as 0 
mA during the event. 

6. 7. 5 - 6. 5. 3 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 .2 

6.6.3 

6.7.5 - 6.6.1 

Unit. 3 was connected per the diagram on Page 4 of 
the procedure. A theoretical load of 120V and 50 
amps maximum was des~gned 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 
iignal 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 load of 120V and 50 amps maximum applied 
for the bot voltage injection test. Actual load 
values were recorded as 120.SVAC and 45.9 amps. 

6.7.5 - ~.6.2 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 When the load was removed, the unit remained stable. 
The results are recorded on r.hart 2 of 6.6. 

Step 6.7 - Test 4 - SCT Transmitter 

6.7.1 

6.7.2 

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. 

6.7.5 - 6.7.1· The Test 6.7 was re~erformed 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. 

6.7.5 - 6.7.2 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 applied. 

6.7.5 - 6.7.3 After the load was. removed the output current 
returned to the O 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. 

8 
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2. 0 MAXI HUH FAULT TEST FOR MVT TRANSUITTEP.S 

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 

6.4.3 

6.7.5 - 6.4 

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

.. 
A jurnper 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 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 curr.ent return to 20 mADC. The short had no 
effe~t on the unit during the e~ent. 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. 

6.7.5 - 6.4.2 A short was applied between the positive output and 
the negative output terminals. Source voltage was 
OVAC. Input voltage was 100 mVDC, output current 
was 20 mADC, as seen on Chart 2 of 6.4. The input 
remained unchanged duribg the event. 

6.7.5 -·6.4.3 After 5 minutes, the short was removed, the input 
source and output was unchanged. 

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 conneGted between the output positive 
terminal and chassis ground. When the short was 
applied, the output source and the input remained 
unchanged. 
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When the short was 
remained at 20 mADC; 
remained unchanged. 
Chart 1 of 6.5. 

removed, the output current 
the input and source voltage 
The results are recorded on 

The test was performed per Step 6.7~5, which 
required the 120VAC supply to be removed. 

6.7.5 - 6.5.2 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. 

6 •. 7.5 - 6.5.3 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 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 th~ hot voltage 
injection test. Actual load values were recorded 
as 121.0VAC and 46.2 amps. 

6.6.2 The load was connected between.the positive output 
and chassis ground terminals. The input and source 
signal was not affected wheri the load was applied. 
The output current remained at 20 mAnC. fo:r the 
duration of the event. 

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

6.7.5 - 6.6.1 The test was reperformed per Step 6.7.5, which 
requires · the 120VAC supply to be removed ·and a 
theoretical load of 120V and 50 amps maximum applied 
for the hot voltage injection test. Actual load 
values were recorded as 120.BVAC and 47.9 amps. 

6.7.5 - 6.6.2 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 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 121.6VAC and 46.3 amps. 

6.7.2 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. 

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

6.7.5 - 6.7.1 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. 

6.7.5 - 6.7.2 The load was connected between the positive output 
and the negative output terminals. The input signal 
shows a 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. 

6.7.5 - 6.7.3 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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~UMMARY 

The Moore Industries isolator, Model SCT/4-20mA/4.:..20mA/ll 7VAC[ STD], 
J.fVT /80-160mV /4-20mA/117VAC[ STD] was subjected to 8 separate maximum 
credible fault tests per Nutherm Test Procedure 11.3.91, 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 terminalf?, but did not effect' the source supply. The 
overall performance of the unit is found to be acceptable. 

FL:JP7 
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1.0 ·PURPOSE 

TEalHICAL 
PROCBDURE 

MAXIMUM FAULT TEST 
FOR 

MOORE TRANSMITTERS 

SPECIFIC TASK 
So.: TP 11.3.91 In. 1 

2 6 

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. 

3.1· The Manager of.Engineeri~g is responsible for specifying 
this testing requirement .and coordinating with the 
NutheJ;'m Test .. Laboratory Manager to have the . test.s . · 
performed. 

3. 2 The Manager of Quality Assurance 1$ · responsible for 
performing required 1n$pect1ons. 

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 mi 11 imeter per 
second 

· 5.0 PREREQUISITES/TOLER~NCES/PRECAUTIONS 

~ 5.1 Do not remove calibration seals, if supplied. 

5~2 Signal input tolerance is +5%; overall tolerance is +5%. 



SPECIFIC TASK 
''fBCHNICAL 
PROCEDURE 

Ho.: TP 11.3.91 In. 1 

3 6 
of 

6.0 INSTRUCTIONS 

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

6.1 Con~ect test equipment as shown in Figure 1 of, page .. 6. 
Shunt may be incorporated as part of the load. 

6.2 Adj~st Gould recorder for chart speed of 200 millimet~r 
per second until the event stabilizes, then reduce the 
chart speed to 2 millimeter per secoQd for the remainder 

.. of the test period and record the new 'chart speed o·n 
~hart. Adjust channel sensitivities for appropriate 
response. 

NOTE:· Record on recorder chart each s'tep 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 vol1;age; output 
cur.rent and source voltage for approximately 5 
minutes or until unit output opens~ 

6 .. 4. 3 Remove short circuit fr.om terminals and .record . . 

input voltage, output current and source voltage. 

6. 4. 4 Disconnect unit. from test configura t!on. 

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 ~utput opens. 

6.5.3 Disconnect jumper wire and record input voltage, 
output current ~nd source voltage. · 
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6.5.4 Disconnect unit from test configuration. 

Test 3 - The hot voltage injection will be performed as 
follows: 

NOTE: This test will require an additional power supply 
of 120VAC and a load for 50 amps maximum, +ol, -
101. 

6. 6 .1 Connect Unit 3 as shown on page 6 ,' verify and 
record load voltage and current before connecting 
isolator. 

6. 6. 2 Connect 120VAC and a load of 50 amps from the 
positive output terminal to the chassis ground. 
Record iriput voltage, output current and source 
voltage for approximately 5 minutes or until unit 
output opens. 

6.6.3 Disconnect 120VAC source and· load, record input 
voltage, output. current.and source voltage. 

6.6.4 Disconnect unit from test configuration. 

6.7 Test 4 - The reverse voltage injection test .~will. be 
performed as follows: 

NOTE: This test will require an additional power supply 
of 120VAC, 50 amps, +OS, -101 tolerance~ · 

6. 7 .1 Connect unit 4 as shown on page 6. Veri·fy and 
record load voltage and current before connect
ing .isolator. 

6. 7. 2 Connect the 120VAC and a theoretical ·1oad of 50 · 
a·mp to the positive out· lead and to the negative 
output lead. Record input voltage, output current 
and source voltage for approximately 5 minutes or 

. until unit output opens. 

6. 7. 3 Disconnect 120VAC power supply and load from unit. 
Record input voltage, output current and source 
voltage. 

6.7.4 Disconnect unit from test configuration. 

In. 
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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 

FL:JP4 

7.1 The input signal per the data sheet shall remain 
unchanged during each of the four tests. Submit all 
records to Engineering for evaluation. 
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SPECIFIC TASK 
IP 11. 3. 91 

Inspection Plan No. 
11.3.91 

1 

Rev. 
1 

Procedure No. Rev. 

Foh Work Traveler No. Step No. 

Mw:IJ~ q/utl'J · 
Prepared By Date 

(MThe type of inspection 

Inspection Plan 

NI Ref. No. IP. Report No. 

NTL No. I OT Item No. 

~=+.~"4· Reviewed By ~ 
action - w = witness H = 

~~~ 
Date 

Hold) 

Inspection. Procedure M QC Accept QC Reject 
Step No. Step Nc:i. By/Date By /Date Inspection Requirements 

NCR No. ,. 6.4.1 Verify all data and circuit 
1 thru H connections. 

6.4.3 
6.5.1 Verify all data and circuit 

2 thru H connections. 
6~5.3 

6.6.l Verify all data and circuit 
3 thru H connections. 

6.6.3 -

6.7.l Verify all data' and circuit 
4' thru H connections~ 

6. 7 •. 3 

5 ·7 .1 H V~ri_fy ac,ceptance criteria • . . . . . . . . . .. 

56561-13-2 
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.\DtlE:iDtni TO AETL REPORT 16376 · .. 

The information contained in this addendum should be used with 
reference to the various sections addressed. Contained in the 
addendum is 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 P~ wire a simulated 
. 2Q __ ye~. d.t•r1Ja.l ... g~g._~rio~L~as .. not .. attainable_.because. o.f .. ,, .... ·, 

the U.me constraints of the program. 11. 79 years vas 
reached thus an ll. 79 year qualification for several 
instruments resulted. In order to extend the qualified 
life to the plasmet 20 years• AETC sugge_sted that the. PVC 
vire jumpers and iJlterconnections in all production units 
contain irndi • . .;.ed cross link polyethylene vire. ·This 
recommendation will be implemented, dtus the following 
instruments vill be qualified for 20 years (vi.th the 
except ion of the maintenance items listed in Table VIII) : 

SC-1302, SC-1326, SC-1326W, SC-1330, SC-1372, SC-1373, 
Er-1214 and ET-1215. 

2. EI-4477 PoWer Supply 

Reference Table VU! page 7-17, Table IX page 7-22 
. . . . •. . 

11le 3000 uf/JSV electrolytic capacitor, Cl, has a limited 
qualified ·life of 1. 71 years·;:·· TliiS' is' based on a 
continuous 2 · aJl'P load on the 24 vole output. A decrease 
in the load will increase the qualified life of this 
capacitor. As an example, a continuous 500 ma load will 
result in a 7.55 year qualified life for Cl. Table I and 
the load curve attached to th~s add~n~um provide. a c()mp,arison 
of qualified life' 'co load: · Cl's inaiiicenance inte.rval will 
be based on the applied locld. · · 

3• EI-4479 Power Supply. 

Reference Table VIII page 7-17, Tab 1£ IX page 7-22 

a. The capacitor analysis of C2, a io uf /25V electrolytic, 
resulted in a 1.13 year qualified life. Due to the 
short qualified life 1 this Capacitor Will "not be used 
in the production mits. A lOuf /JSV tantalum capacitor, 
ida.tical to the type used in the qualified EI-4420 . 
modules, will be substituted ui place of the electrolytic • 

. The qualification of the tantalum capacitor in the EI-4420 
will justify its use in the EI-4/i79 power supply thus 
eliminating C2 as a mintenaace item. 

-~~ .... ~ .. 



J. ' 

J. £1-4479 Power Supply (cont'd) ' 

b. The capacitor analysis of CS, a 330uf/35V electrolytic 
capacitor, resulted in a qualified life of 2.26 year~. 
Due to the short qualified life, this capacitor vill 
not be uaed in the 'production units. This capacitor 
vtll be replaced with an Illinois type RMR capacitor 
of the same series used in several of the other 
instruments. Analysis of the Illinois RMR capacitors 
Jndicate. that the qualified life is 9.06 years. 
Capacitor CS vill become a maintenance item based oo 
this qualified life. 

4. .SC-1326W-323-Hl. item 33 

--"..'. .... w.-•• -.Reference .. Sect.ion .. 10 .6., •. pages •. 10.~.5.,<oand .10-6 

The .report addresses the need for special handling of the 
1044-249 transformers. The correct installation and 
operation of these transformeu vill be verified •by visual 
inspection and testing of all production \1Dits •. 

S. SC-1372-323-I.l, Item 19 

6. 

Reference Section 10.8, page 10-8 . 

The report recommends that all units containing the subject 
~ransformers be tested· prior to leaving the factory. 

Since testing and inspection are mandatory . for each produce.ion 
unit any. failures or marginal material vill be detected prior 
to sh 1.pmen t • 

Recalibration' of £9\iiP~o'c 

Reference Section 10.0, Test Results 

As a result of the extreme environment encountered during 
the various phases.of.,the-.en·.r.ironmentaL tes·ts, .. it .. was,necessary 
to periodically re-calibrate. several. of ... the. instruments.,., As·. 
a matter of routine mainte:nance it .is recommended that the 
calib.ration ·Of the production units be checked at one year 
intervals throughout their qualified life. · 
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TABLE 1 

QUALIFIED LIFE - VS LOAD. 

· FOll EI-44 77• 

DC CUllEN'l' ·u. · °taISE. QUAL I.FT.ED LIFE c@si. 9•c> 
LOAD ~AMPS2 RIPPLE (AMPS2 o•c .HOURS YEARS 

o.s 0.86 I,. 91.6 ... , ... 60.790,, ,.,. b.~4 

O. 7S 1.25 4.048 52,439 5.99 

1.0 1.60 6.633 ,, . 43,836 5.00 

l.2S 1.94 9. 751 ' 35 .316 4.03 

l.S 2.33 14,066 26,187 2~99 

1.75 2.61 17 .650 20,426 2.33 

2.0 2.92 22.090 14,980 l. 71 

!Sil MAX • 0 .15 ohm 

Manufacturer's Life Test.;,. 7000 hours ca as•c 
...... ~. ; ..... 

Qualified Life (Hrs) • 7000 x 2 < (S5-T2 ,> /10) 
,\1 -· _____ ., 

\, _____ _ 

where · T2 • (12. (ESR) /KA l +5L 9 •c · 

T2 - (r2
RMS co.15)/{.006 x 9.649) J · + 51.9°c 

* Using Acton capacitor life analysis method. (Ref SE!ct·ion 7 .1.4) 
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1.0 GENERAL 

1.1 Scope 

ACTON 
ENVtRONMEHT AL 

TESTlNG 

Thfs document ts prepared by Acton Envf ro~tal Testing 

· Corporation (AETC) tor Rochester Instrument Systems, Inc., ta 

detail the Qualtffcatfon Program and results for the SC-1300 

... ,,.~····-"'~·and·· .. ET-1-200·~Fam11·f·es--.·of~Stgnal·~Transmttters.,·and"'Electronfc · 

Trips and the EI-4400 Ana 1 og Isolator System to the requt re

aents set forth tn IEEE 323-1974 and IEEE.J44.;.1975~ 

1.2 Objectives 

Thfs qualiffcatton report will present the approach. 

testing methods. and tectu11cal just1f1cat1ons for the 

qualf ficatton of SC-1300 and ET-1200 Fam111es of Signal 

Transmitters and Elec.trontc Trips, and the EI-4400 Analog. 

Isolator System. 

1.3 Oeftnttf ons 

The def1nttfons which follow establ 1sh the meanings of 

.words used ~ t n , thh -qua 1 t ft cat 1 on , report<;;,,,.:··· .. ··· . · 

Report No. 16376 
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ACTON 
EHVIAONMENT AL . 

1.3 Def1nf tf ons (cont1nuld) 

AGING 

TES'TlNG· 

The actual process of siaruhtfon procedL'""e which results fn the 

emulative effects of various environmental c:onditfons fncl uding the 

frequency and duration of transients due to planned or unplanned 

..,_.~s .•. µp,t.o .• ~ .. not .. Jncludf.ng .•... des.f.gn .. basts .and •. pos.t~desf.gn .· 

events. whfch fmpact equipment during its installed lf fe. · 

AUDITABLE DATA 

Technfcal fnformatfon "'fch fs docUlllented and organf zed in a 

readily understandabh and traceable manner that permits independent 

audftfng of the inference or conclusions bas~ on that information. 

BA6ELINE FUNCTIONAL TEST 

Ref~ce measurements made. of critical parameters needed to 

--.-dt!!~ermfne operatJng status._· __ _ --. ~ 
Cl.ASS lE 

The. safety classf ficatfon of the equipment and systems that 

are es sent fa 1 to emergency reactor shutdown, con ta fnment 1so latf on, 

reactor core cooling and containment an~. rea~tor heat removal, or 

are otherwise essential fn preventing· sfgnf fica·nt .. release of radio

actfve materials to the environment. -· 

Report No. · 16376 
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1.3 Def1nft1ons (cont1nued) 

COMMON MlOE FAILURES 
. . 

ftllt1ple fa11ures attributable to ~ CClllllon cause. 

C[JfpQNENTS 

Items frcm tlihich equipment fs assembled • 

. .. _CONTAINMENT 

ACTON 
ENVIRONMENT AL 

TESTlNG 

That portton of the eng1neered M?fety features designed to act 

11 the principal barrier, after the reactor system prenure 

boundary, to prevent the.release, eoten under conditions of a reactor 

acc1dent, of unacceptable quantttfes of radioactive materials beyond 

a controlled zone. 

INSTALLED LIFE 

·The interval frcm tnsta,lation to renoval during which 

equipment or caaponents thereof may be_subjected ~o design ·servfce --· . . . . . . . . 

conditions and systems demands. 
. ~ . .. . ... . ··:·. ·: .' . 

MAINTENANCE INTERVAL 

The period, defined in terms of real time, operating time, 

nmber of operating cycles or a ccmb1nat1on. of these, .. dur1ng .. whtch 
' 

specified performance ts expected without maintenance or 

- •dJ ustment. -

Report No. 16376 
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J. >•.-··· 

··e~ON 
ENV1AONMENT AL 

TiSTtNG 

1.3 Deff nitf ons (continued) 

MARGIN 

The difference between the most severe specf ffed service 

candftfons of the plant and the c0nditfons used fn type testing to 

account -for· _normal· va'ria"ti ons···1n · coillDercfal pl-oductlon ''of ·equi paient 

and reasonable errors fn deff nfng satisfactory performance .. 

OPERATING EXPERIENCE 

Accumulation of verifiable servfce data for condit4ons 

. equivalent to those for "'i ch particul•r equfpa_sent 1s to be 

qualified. 

t!JALIFIED LIFE 

The period of time for whfch ft has been demonstrated that the · 

equipment wfll meet all design requirements when operated wfthfn 

the service condftfons. for whf.chAto.was, .. qualf fted over a set of 

senice conditions and during which a ce11111on mode failure will not 

OCCIJr". 

SERVICE CONDITIONS·. ·:. 

Envi ronmenta 1 , 1 oadf ngs, power and st gna 1 eond1t1 ons expected 

as a result of normal operating requtrements, expected extremes 1n 

abnormal operating requirements, postulated conditions appropr1lte 

tor desf gn basts events of the situation. 
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~.1.CTON 
ENVIRONMENT AL 

TUTINO 

2.0 APPLICABLE DOCUHEHTS 

2.1 Institute of Electrical & Electronics Engineers, Inc. 
Std. No. 1, 4/19/68, IEEE General Principles for 
Temperature Limits 1n the Rating of Electric Equipment. 

- -

2.2 Institute of Electr1ul & Elec;tronics Engineers, lnc. 
Std. 98, 1972, IEEE Guide for thP. Preparation of Test 

'"Pr0cedures"'for .. the Therma 1' .. Evaluati OA .. ana· "Estab-11 shiDent 
ot Trn'rature Indexes ot _ 501 ia Electrical Insulating 
Miter a s. . · . 

2.3 Institute of Electrical I Electronics Engineers, Inc. 
Std. 101-1972, IEEE Guide for-the Statistical Analysis 

r of Thermal Life Test Dita. . . · 

2.4 Institute of Electrical & Electronics Engineers. Inc. 

2.5 

Std. 323-1974, IEEE Standard for Qua11fl1ng Class lE 
Equipment for rfiiclear POW\!r &eneratinq tatio_!?!,• 

. 2.6 · Institute of Electrical & Electronics Engfneers, Inc. · 
Std. IEEE 650-1979, IEEE Standard for qualification of 

___ ~!~f!a~~P~!:~if;e=~!~ffig~:iit~~s~a.,. ~~.v~rte~s tor 

2.7 u.s. Nuclear Reguhtory Cm1ss1on, NUREG-O:i88, Interim 
. Staff Position on Environmental Qua11ftcation of 

Safety-Related Elec:tr1cal·Equ1pment. 

2.8 Selecting Electol*fes for lon~er System life, c. Forge, Electron c Design, ebruary 17. 1983. 
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~~CTON 
EHV1nONMEHT AL 

TESTlNG . 

3.0 TEST ITEM DESCRIPTION 

Two equipment groups wera submitte1 for qua11ftcat1on. One 

consisted of the SC~1300 famfly and ET-1200 family of signal trans

mitters and electronic trips. The other group co"~isted of the 

EI-4400 analog isolator group is well as the interfacing power 
. . . -. . . ' . . . . . . - . ' •' ~ . . ; ... ~ . . . . . 

supplies and chassis. These groups are described further 1n the 

fol lowing l'.'lragraphs. 

3.1 Stgnal Transmitters and Electronic Trips 

This group wls divided tnto three (3) distinct categories 

(See Figure 1). The ftrst group consisted of the SC-llXX. 

stgnal transmitters specifically tncludfog: 
I 

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

2) SC-1325 Isal ateJ M1111val t Transmf tter .w/I, & C 
options 

- . . . 

3) SC-1325 Isalat~ M1111volt Transmitter w/Hl option 

4) SC-1326W Isolated Thermocouple Transmitter w/ll 
option 

· S) SC-1326W · Isohted.,·Thermocouple 'Transmitter·· w/Hl" 
optio" 
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· . . ACTON 

"' .,, : ~ -··' r' .. , ..... ' : , . • ,· .. i .!'~·· ' 

ENVtnONMENT AL 
TESTING 

3.1 Signal Transmitters and Electronic Trips (continued) 

The SC-1302 1s an interfac~ 1nstrwnent des1 gned for use 

with standard process signals •. It provides compatibility for 

1 wide range of electrical signals. The circuitry .1s ·. 
. . .. -........ ".,des i gned···Such~·that···+t· ·-can ·wacaept"'Si gna ls~that-~ operate· ·at ·a · · 

potential above or below ground •. Complete isolation 1s 

·provided between tnputs and outputs. High allowable load 

variation rejection ts provided tn the SC•l302 due- to a htgh 

. effective· tmpedanca of the current output and· very low 

impedance of the voltage ot.itput. hapl1fter stabtlfty ts 

maintained at zer·o ohms for current output and an open 

.. ctrcutt for voltage outputs. 
.. . . 

. The SC-1326 ts a so 11 d-state isolated rat 11 tvo 1 t 

temperature transmitter. The sc-'t326W .. 1s f denti ca 1 to the 

SC-1326 except that the input ts generated by thermocouples. 

Cold junction canpensatton ts built in for all standard 

thenr;ocoup 1 e types•>· to --al 1.ow ··transmitter· ·ambt ent, temperatures··· ·· · 

from 0°F to 140°F with very low drift.. Thts unit also has 

the capab111ty to compensate for instrument internal 

temperature ris11 •.. · A regulated, t&r.wperature-stable power 

supply pr0vides power to the buflt-tn coid junction ·-

Report No. 16376 
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~ 
'-CTOicroN 
ENVIRONMENT AL 

TESTING 

3.1 Signal Transmitters and Electronic Trips (continued) 

ccnpensat1on circuitry. As was the case for the SC-1302, a 

high impedance at_the current output and 1.JW impedance of the 
. . 

-- ·-··· ""-voltage~output·'"prov1des· .. forMa··htgh··a1 lowablrload-.. varhUon 

• 

reJ~t1on. 

The second group consisted of the fa 11 ow1 ng: 

1. SC-1372 Isolated RTD Transmitter (with Hl and 11. Opt1cn) 

2. SC-1373 Dual Isolated RTD Transmitter (wfoth H3 and Il: 
Option) 

3. SC-1330 Square Root Extractor (with Hl Option) 

The SC-1372 is designed to accept inputs from re$1stance 

typ.e temperature detectors, and generate outputs 1n any of 
. . 

the standard process control signal ranges. Each 1nstrumer.t 
. . . 

fs equipped with a bridge excitation circuit for powering the 
. . . . 

reshtan~e element. An excitation supply provides for 

detector lead w.i re res1star.ce compensat1 on. A synchronous 

chl)pper isolation stage pro~1de: futl isolation. at. the. fnput,, 

and pennits app11cati on of thf s instrument where h1 gh corrmon 

lliode voltages may ex1St (e.g., mon1tor1ng the wfnd1ng 

temperature 1 n 1 arge motors) • 
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• 
ACTON 
ENVIRONMENT AL 

TESTING . . 

3.1 Stgnal Transmitters and Electronic Trips (continued) 

The SC-1330 Square .Root Trans111ftter fs a field-mountable 

process instrument desf gned to provfde a ltnear output from a 

· ·· ·· ·· ·--·-squara .. fuoct·1on····1nput ...... fhf s-~fs.,·accomp·Hshed·,·through·.·an 

electronic mult1plfer circuit usfng pulse width-height 

technique. · 

Tha SC-1330 ~ontafns 20 turn cermet triamers used for 

t nput and output zero c'ontro 1 , Ila 1 ance, span. and -dropout 

controls. These pots are accessible frO!!I the front of the 

enclosur11.· 

The SC-1373-323 ts a du~l-range, panel-mountable 
. . . ., -

· RTD-to-current transmitter. The fnput stage fs fully 

isolated from the power supp,ly_ and. output sf gnal. An RTD · 

bias 1s standard for a wide range of f nputs. Current· output 

span1 of 20 mA to 50 mA are available as standard options. 

The third .. group .-consf sted-of···the ~-ET-12,XX .. voltage/" · 

current alanns speci f1cal ly f ncl udfng: 

1) ET-1214 Sfngh current/voltage alarms w/H opt1on · 

2) ET-1214 Sfngle current/voltage alarms w/Hl option 

3) ET~1215 Dual/OlAplex current/voltage alarms,w/Hl .&.T2 . 
. options 

4) ET;..1215 Dual/Duplex current/voltage alarn1·s w/Hl 
option 

Report Ho. 16376 
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••• 4 • ..., • 

·A.. 
~2CTON 
~VIRONMENTAL 

TESTING 

3.1 Signal Tranr.mftters and Electronic Trf ps (contf nued) 

The ET-1214 and ET-1215 are solid-state sfngle and 

dual/duplex instrument, respectively, .designed to accept 

standard voltage and current inputs and provide relay 

output(s).. The El~1214 fs equipped w'fth one (1) DPOT 5-amp 

relay output; the ET-1215 provf des two (2) SPOT 5-amp relay 

outi:1J-:Os. These units are fixed deadband instruments with 

field-selectabl,e values betwoen 0.2i and lOS of span •. · 

The maj or1 ty of the options J hted be I ow are ccmaon to 

all of the above groups. 

H Option - 24 VDC power input, deletion of transfonner, n, 
and sane additional wiring added. 

Hl Option - 117. VAt power input 

H2 Option ~ 230 VAC power f nput, i nterna 1 wi rf ng change 

H3 Optf on - 117 VAC !JOwer input 

I Option - 24 VAC Isolated power input (add printed circuit 
board) 

I1 Option - .48 VDC isolated.pow,r fnput (·~dd pr,1nted.c1rcuit,,, , 
board) 

I.. Option - Input impedance change (add a resister) 

C Option Addition of conduit mounting plate and terminal 
cover 

' ' ' 

B Option - Addition. of conduit mounting plate 

Report No. 16376 
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·e· . .., 

CTON 
... ACTON 

ENVIRONMENTAL 
TS:STING . 

3.1 Stgnal Transmitters and Electronic Trips (continued) · 

The following option 1s i:orrnon only to the SC-1330 and 

the f1 rst two (2) groups ( 1.e., SC·l3XX and SC-1372), but not . 

to the sc-1373. 

HO Option - High loop drive (add printed circuit board) 

The foll owt ng opt ton ts c011111on on!y to the ET-1215 serf es: 

T2 Opt1on - Additional terminal block and w1 r1ng for. 
extra contact outputs. 

3.2 ·Analog .Isalator System 

The Rochester Instrument Systems Hri es of El-4400 

Analog Isoldtqr Module System consists of single channel 

plug-~n cards, providing electrtcal and physical 1solat1on. 

Th1s system ts designed so that any cfrcut t or component 

fai 1 ure on .either s1de of the separut1 on w111 not produce a 

failure on. the other ~1de of separation. Th1s 1s ach1ev"d 
. . . .· . 

using an optical coupll!r and/or galvanometer technique to. 

provide circuit tsolatton. 

The tsolator modules are mounted onto a.module chass1 s 

capable of accomnodat1ng up to 20 modules. A block diagram 

ts shown tn Ff gure 2. 
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3.2 Analog Isolator System (continued) 

Also tncluded in the qua11ficat1on program. is a 120 VAC, · 

24 voe power supply No. EI-4477 whi cti supplies power t~ the 

ho 1 a tor modu 1 e, and the EI-44 79 power supp 1 y which can be 

used ior severil appl'1cat1ons with up .. to a 4-<1111p load. 

The EI-4420 1solator modules can be mounted in eith1tr an 
. . 

EI-4481 or EI4482 chassis. The EI-4481 Chassis contit1ns 

teminal blocks for interfacing connections, wh11& the 

EI-4482 chassis contains connectors used for the same 

pur;lose. The EI-4481/F.I-4482 chass1 s submitted for test 

contains both tenn1hal blocks and connectors. 
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4.0 TEST SEQUENCE 

eCTON 
ENVIRONMENT Al 

TESTING 

The. qualf ftcatton testfng fo,. the R!S SC-1300 and ET-1200 

famf11es of sfgn.1 tl'ansm1tter-s and elect,.onic trips as well as the 

El-4420 .anal99, l$o1ato.r wa~ ,per.formed ... tn._.the .... follqw1ng ... 14quence: 

1. Incam1ng Inspection and Ident1ficat1on 

2 ... Basel tne Functional Testing 

3. Thenlal Aging 

4. Yerifiation Functional Testing 

5. Mechanical Aging 

6. Radiatton Aging 

7. Ye,.ificat1on Functional Tests 

8. Se1smtc Testing 

9.· Ye,.1ffcat1on Functional Testing 

10. Abnormal Environment Test ----- -
11. Ver1ffcatfon Functional Tests 
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5.0 DEFINITIONS OF SERVCCE CONDITIONS 

ENVIRONMENT AL 
TESTING 

The following service c9ndtt1ons repreSEnt ~he normal service 

conditions as detenntned by RIS/AETC for a majority of the nuclear 

....... ··power··plants·-tn"the country. ·'The values 'tabulated below do not 

t ncl ude aaar-gi n. 

Temperature 

Relative Humtd1ty 

Pressure 

1.1 to Sl.5°C 

20 to 951. 1oi nonnally 

ATM 

5.1 Accident Cond1t1cn (Post DdE - 1 year] 

Temperature s.o to 60°C 

Relative Hum1 dHy Z\J to 95i. 95i r.onna lly° 

-1.o ·to +l.O 1n. water 

Radtat1on Dose 

Normal and Accident: 2 x 105 rads• (total integrated dose) 

* Th1s accident dose rate 'appl fes·'· t'o"·an' components except: 

a) 
b) 

:i 
SC1302-323 

. SC1326-323 
SC1326W-323 · 
·SC-1372-323 
SC-1373~323 

The total . integrated dose for these fhe {5) comµonents 

1s 1.0 x 104 rads. 
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6.0 IMSPECTION AND RmCTIONAL TESTING 

6.1 Pre-Test Inspectfon 

ACTON 
ENVtRONMEHT Al 

TF.STING 

Inspection uf the test uraf ts "'IS pe.-formed upon thef r 

delfvery to Acton Envfronmental Testfng Corporation to ensure 

that the equipment ws not damaged due to handlfng and 

sh1pp1ng. No such damage ..as noted. 

5.2 Functfonal Testfn" 

The purpose of these tests ws to check operatf onal 

characterfstf~s of the test ftems &t the begfnnfng of .the 

Pf"OCJ~• and after hwlfdfty, agfng, &nd sefsmfc testfng~ The 

parameters wre as fol 1 ows: 

1. Dielectric Strength· 

2. Device Operability 

Thetat-ftass~de$crfbecCtn-Sec.tton 3.o- unde~nt 
base I fne f•.mctfona1 testf ng ., as .. descrfbed .. here.f n 'wf th·' ' 

acceptance crf terfa desert bed specf ff cal ly for each ttem 

lfsted. 
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6.2 Funct1cr;a1 Testin9 (_continued) 

ENVIRONMCNT AL 
TESTING 

NOTE: Seet1on 8.6~3 of the Acton Envf ronmental Quality - . · .. · .. 

,.,_ , -······ _ .. _,Contr.ol. .... Manual .. -st1.tes ... the ... f.ol1 owing: . 

•All measuring standards used in the caltbrat1on 

system shal 1 show traceabi ltty to· the National 

Bureau of Standards by means of a CERTIFICATION 

or TEST DATA REPORT.• 

The genera 1 . df e 1 ectrf c strength tes·t procedures 4re 

described below •. More s~ttfc app11cat1on of these gen~ral 

procedures are given for 1nd1Yfdual components ~en appl kable • 

. otelectrfc Wtthstanding Voltag~ (General) 
. . . : 

Thfs test tnvolves the appltcatfon of a voltage hfgher than 

rated voltage, for a specific time, between mutually insulated. 
. . . 

points or bet~"!_-~nsul.~~ po!nts. and. graund~_,Jt ts us~t.o __ _ 

prove ~t the cailponent can op~rate. safely. at, rated voltage and 

wf thstand momentary !'urges due to swt tchi ng, etc. Thf s test was 

conduc:;ed to determ1nt! whether tnsulating materials and spacings 

.fn the component are !dequate. The dfelect~fc wfthstandtng 

voltages are given tn the fo11ow1ng paragrapns.and.ar~ applied. 

as sped t't ed b.Y Mll-STD-202F. Method JOl. 

The caaponents were ele<:trtcally conn~ted to a dfelectrfc 

voltage tester. rne test voltage was 1ncreasP.d gradually to the 

Report Na. 16376 
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ACTON 
ENVIRONMENTAL 

TESTING . 

6~2 Functional Testf ng (continued) 

voltages specified ~low and mafntafned for one (1) minute • 

. .. ·~·-·-~~eptancct-·Cr1ter·fa 

No arcing. breakdown or current now tn exces~ of 2.0 

mtlHusps. 

5.3 Sisnal Transmitters and Electronic Trips 

. 5.3.1 SC-1302 

Df a?ectrf c strMgth NIS performed fn accordance 

wfth. Sectfon 6.2 and f·tgure 3. The general acceptance · 

cr1ter1a spec1f1ed tn 6.2 are appl fcabl e for the SC•l302 

unit. 

Device operabt11ty was determined for this unit 

(tncludfng options) by applying the appropriate power 

tnput-and-s1gn~l fn-putYoltage and monftor1ng th'e output 

drfve capabf l1ty against. a gfv.en .toad-· (see· T&bl e ·I). 

For acceptance crf ter1 a see Table I. 

Report No. 16376 --·---
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I Dte1ectrtc Te1ttn9 

I £qutpaent Used: Milwaukee E1ecttontc1 Corp. 
Model 49, tE-2.5KY 

Input . 

' 
l. Tel'lltn11 H(-) to Ten1tn1111~12(+) (looo VAC) + 

j .. 

· 2. Ter11tna1 13(-) to Tenatna1 1,2(+) (1000 VAC) 

' -
Output 

+ 

(-DC Powr). 
AC Power • 

. (+OC Powr) 

Cue Ground . 

3. Toratna1 ll(-) to Te,.tnal 5,6(+) . (1000 VAC) 

4. Teratn11 1,2(-) to Termt~a1 Si6(+) (NOTE: 600 YAC) 
· (Not to be performed an Model.Ho. SC-1330-323) 

• 5. Teratnal 11,12(·) to Termtn111·.1,2,5,6,(+) 
(Note: 600 VAC) 

FIGURE l 

TERMINAL LOCATIONS FOR 
SC-1102-323, l326-l23, 1326W-l23_, 

· SC-1330-323, 1312-3?3 

:n 
iJ 
G-

el 
!g 
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INPUT 
DEVICE SIGNAL 

SC-1302 1-SV 

SC-1325 .. 10-100 mV 

SC-1325W Themocouple 
Input 

SC-1330 1-s voe 

TABLE l 

OUTPUT. 
LOAD 

2SOQ 

2500 

· 2son 

2500 

ACCEPTAHCE 
CRITERIA 

, · ... ~ ........ Output,. s·} gna 1 · 
must be between 
4 and 2CRA.• 

ACTON 
ENVIRONMENT AL 

TEBt1NG 

NOTES: (1) Lf near1 ty: 

(a) +O.lS of span maximum for SC-1302, SC-1326, 
Tl26W 

(b) +O.lS of sp'an from 10 to lo~ of fnput 
iMx1muiiJ f~r SC-1330 

(2) Power Supply Effect:_. 

(1) 
(b) 

SC-1302 - t0.1si wt th 20S power varf at f on 
SC-1326/1326W - tO.lSS wfth +20S power 
v~r1atf on · . · ~ 

(c) SC-1330 - tO.lSS with t201 power var1atfon 

• St nee the current .f s bet ng measured acro~s 1: .250n res fstor, 
acceptatle voltage drops across these resistors would be fn 
the range of 1 to 5 voe. 

R N 16376 .eport o. 
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A ACTON 
ENVIRONMENTAL 

TI!STING . 

6.3.2 SC-1326 

Dfelec:tr1c strength was performed fn acc:ordanca 

with Section s.2. The general, acceptance cr1tar11 

specf ffed 1n a.?. are applfcable for the SC:-1326 unft. 

· ····~ · , ···Dev tea ·operab·fltty wa• ·determf ned"·for· ·thf s· ··u;ff t. 

(tncludfng·optfons) by applying the approprfatr fnput 

voltag• and monftorfng the output drive capab111ty 

1gatn1t 1 given nu~put load (see Table I). Response·. · 

tt .. wtll also be recorded. 

··For acceptance criteria see Table I. 

6.3.3 SC-1326W 

Dtelectrfc strength was performed 1n accordance 

with Section 6.2 and Figure 3. The general acceptancs 

-crttirfa spectfied-t1f'0.2 areapplicable for the 

SC-1326W unf t. 

Device operabfl 1ty "'4S detenn1ned for th1 s unit 
. ' ~ . . . . . . . 

(1nclud1ng options) by applying the· .appropr·f·ate.1:fnput ''1 · .· 

voltage and monitoring the output drive capabf 11ty 

a~atnst a given output toad (see Table I). 

For acceptance cr1ter1a see Table I. 

Report No. 16376 
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·' .... 

&.3.4 sc.1312 

a~ON 
ENVIRONMENTAL 

TESTING 

Dielectric strength was perfonl'.led in accordance 

with Section 6.2 and Figure 3. The general acceptance 

criteria spectf'1ed tn 5.2 are applicable for tha SC-1372 

untt. 

Device operabt11ty --11. determined for this unit · 

(including options) b1 utiltz1ng 11 5 to 2000 ohm 

variable resistor to simulate RTD 1nput (see-Table II). 

The output NH also monitored and recorded versus a 

resistance value input and specified output load. 

For acceptance criteria see Table II. 

Report No. 16376 
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ACTON 
.•. ·,..------------~------------------~~-----~---------~-·N_v_•A_o_N_M_E_N_T....,AL . TESTING 

• 

DEVICE 
INPUT 
SIGNAL 

TABLE U 

OUTPUT 
LOAD 

ACCEPTAHCE 
CRITERIA ---

... sc-1"372 '"""two .. ·; ··three-' wQ;.;·zson . -- .. :·Tha· ·outpot··s1gnal 
or four-wire shall ba between 
RTD (5-20000) 4 and 2Qr!A. (or 

1-5 voe 11crQss 
the 2500 resistor) 

SC-1373 Dual RTD 
tnputs 

Overall 278.22n-480.46n 

Expanded 384. 20n-444.84n 

NOTES: (1) Linearity: 

o .. zson • 

(a) SC-1372 - t0.1i or span ~ximllm to.osi 
typical · 

(b) ·. SC-1373 - t1°C maximum 

(2) Power Supply Eff4'ct: 

(a) SC-1372 - ±0.15~ .with t20% power variation 

(b) sc.;1373 - .±0.15.i w1:th,,·t20i .poweri var-1at·1on 
(!l<li for HJ optf on) 

•Table III shows a derfvat1.on of the acceptable .values which. 
apply to the SC-1373-323. 

Aeport No. 16376 

Rev. 1 

6-8 
Plllgot ---• . ------ - - - - -

- --.. . . 

·- .. ----- - ----

A .. 



----

6.3.S SC-1373 

ACTON 
ENVIRONMEtiT AL 

TESTING 

01electr1c strength measurements were performed 

1n accordance with Section 6.2 and Figurt! 4. The 

·general accept1nce critarh specified in Section 5.2 

applied to the SC-1373 unit. 

Dev1ce operab111ty W4S daterm1ne4 for th1 s unft 
. . : . -

(including options) by uti11z1ng A 5-ZOOQ Ohm var~able 

res1 star to simulate each Rm input (see Tabl-e II). The 

output was also 1110111tored and recorded ve~us a · 

resistance value input and spec1f1ed output load. The 

acceptance cr1tarh are also g1ven 1n Table II. 

Report No. . 16376 
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I 
I 

\ 
I 

Input 

+. Output 1 

. + . OutPllt 2 

I 

I 

Otelectrtc Testtng (500 VDC I <2mA) 

Equtpeient Used: AETC lOIC VDC Powr Supply· 
. · 1nd flute 8050A (to measure ~ dr~~> 

1. Te.rmtnal 13(-) to Tersatnal 1-12(+) 

2. Terminal 7,8(-) to Tenatnal 1-6(+) 

l. Tef1Dtna1 5,6(-) to Tel'lltnal 1-4(+) 

4. Termtnal 11,12(-) to Yermtnal 1-8(+) 

' Note: The test vo.ltaf)e between Tenntnals '3 arld 12 · i · was 500 voe. All other test volt&ges were · 
~ · 1000 voe. 
I (-DC Power) ~ 

AC Power 
(+DC Power)· I 

' 
case Ground 

I 

. . 

FIGURE 4 

TERMINAL LOCATIONS FOR 
$C-ll73-l23 

~ 
ii •• 

' nl 
=1 •• g, 
~-!J 

~ n a> 
~ :r -< s 
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TABLE tu 
1 SC-1373-323 

Input (Narrow Range) 

~ 
~CTC~CTON 
INVlnONMENTAL 

TESTING 

.. . . . . . . .,_ ~ . .;ICJE,\L . .. _,."' .. IOF.AL . - . ~ -· .. '" . ·- . ' . 

•F •c OHMS ~ALUE 

468 240.85 384-20 

502.!5 261.38 399.51 

540 282.22 414.72 

577.S 303.055 429.84 

615 323 •. 88 444.84 

Input •f Range: Al50°F 

Input •c Range: A83.J°C 

Input n Range: 6D.64n. 

OUTPUT 

4.()nA 

8.Q:IA 

12.()nf\ 

US.OmA 

20.()nA 

Output Span (maximum output • mi n1mum output) • 16mA 

ao.a4n + 1so•f •• 4042Gn/•F 

&0.64n • 83.33°C ·"' · • 7276ann.c, .. 

Acceptance L1near1 ty • .;tl °C 

l&nA • 83. 33°C • .192mA!°C 

Therefore, the output may b., off !-192mA from the fdaat 
output.* 

(.Oln • 60.64n) x 100 a .016490i error/.Oln shift. 

•st nee the current wu measured. as a voltage drop across a· 
2500 resistor, the a11owabte. voltage drift was 0.048 voe. 

Report No. 
163i6 
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~ 
't''~CTON 
lfNIRONMSNT AL 
. TESTING -------------.·---.----------------

TABLE tl l 
(cont1nutd) 

AVAILABLE . IDEAL OUPUT . TOLEPAHCE 
' ........... --··-·······---····--OHM_s_v_~b_U_E __ ._,_oa_Av,_A .... U .... .A' ... e~ .... f--®-TP_u_r_· __ A....,LL....,'l...,WE...,D_ 

.. ...---- ·. 

' 394.: 4.00mA +.192~ 

399.& 

'414.7 

429.8 

444.S 

Input (Wtde Rln91) 

•r •c 
212 100 

7 .997lCS14mA . 

u • 994 7il 3111A 

15. 98944e&\ 

19. 989~CSllA 

IDEAL 
OHMS VALUE --

270.22 

' 336.25 ' 1CS1h47··· ' ' 330.t4l5 

'181.75 ' 305.42 431.54 

10& ·· · 373~oe ·.··:·· · ·4eq~4~ · 

lriput "F Range: 11493•F . 

Input -C Range: A273.881•c . 

. Input a Range: 202.240 

IDEAL 
OUTPUT 

4.0rt:A 

8.0iftA 

lCS.OalA 

20~0mA' 

-
!• 192mA 

+.U2mA -
+.192mA .. 

Output Span (maximum output - 11'1n11114a'l1 output) • l6mA 

202.240 • 4g3•f II! .41022n/9f. 

Report N.o. __ 1_6_37_6 __ _ 
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• 
~ 
·'-CTOiCTON 
SNVIAONMIHT Al.. 

TISYINO 
,~...---------------------~----~--~---

. l'ASl.E II I 
(cont1nutd) 

zoz.2•n • 273.aal•c • .7384onrc 
Acc1ptane1 L1n11r1ty • !t•c 

. 111A • 273.aaw•c • .o!5&4aitArc 

Ther1for1, the output rfflY b• off +.0984aiiA from tho td101 
output.• -

(.010 • 202.24n) x 100 • .00494461 arror/,Oln 1htft. 
(,000049468) (lGmA) • .000791t3&11A/,01n 1httt. . 

AVAILABLE IDEAL OUPUT TOLERANCE 
OHMS VAl.UE FOR AVAILABLE OlJ'rPUT ALLOWED 

._.._...._.--~--

278.2 3, 9984177 2BnA !.•0584Z'nA .999'5044V 

"330.4 7.99802215a!A +.OS842JDA l.99960!5V - . 

381.5 11.99762S&nA !.nse.42mA 2.9994065V 

431.!5 18. 99683546111A !·05842mA 3.9992087V 

480.4 19.99525319"1A !·05842mA 4.99081~2V 

. .. .. ; ' . ~ ... . '•. 

ldea 1 OUtput for Ava 11 •. Input · . • .. ,_, 

•st nee the c1Jrrent was .mtuurad u " vo 1 t4ge drop icross a zson · 
rU11stor, the voltage tolorancs WU .0146 VOC. 

Report No; U5316 
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6.3.6 SC-1330 

A . 
CTON 

ENVIRONMENTAL 
T&STING 

01electrit: strength WIS performed in accordance 
. . . - . 

·with Section 6.2 and F1gure 3. Device operabi Hty was 

. 

determf.ned for th• SC-1330 unit (fncluding options by 

applying the approprhte input volt11ge and monitoring 

the output drh" capabi 11 ty 1911 nst a g1Yen output 1 oad 

(sac Table I). 

.. ' . 

The accoptanc& criteria ara found.in Table I. 

6.3.7 ET-1214 

Dielectric strength \lllS performed in accordance 

wtth Section 6.2 and Figures 5 ~nd SA. The general 

accoptance cr1teri1 specified 1n 6.2 are applicable for 

the ET-1214 unf t. 

·-COntict res1 stance-for-the-DPOT-output- re f.Y ·w-.·s 
d6termfned by utf 11zfng the volt-1111p method, •Jsfng a 

known current and measurf ng ... the .. voltage. drop +a~rou ... t·he,: .. · · 
. . . . . . 

contacts •. All contacts were tested. 

A resfstance value of greater than one ohm 

constituted & failure. 

Report No. __ 1 _6_3_76 __ _ 
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i' 

ET-1214-H-323: 

1. 1000 VAt. 

, 
{ .. FIGURE 5A 

DIELECTRIC STRENGTH TESTING 
I 

ET-1214-323 
I 

EJ .. !216-323 

-lead •Lead 

G A-F 

-· -Lead +l•ud 
. I : -lead +Lead 

2. 600 VAC 

A 
f 

B-E 
a.~.E.D .. 

G. A-F 
I : 
. 
A . B-E r ·. B,C,D,E,A 

6 A-f 

A B·E 
F B,C,D,E,A 

ET-1215~T2-323 

-Lead +Lead 
' 

G A-F, H·k 

! 

· A 8-E, 11-K 
F · A-E, H-K 

1. Record the tnput: voltages that cau1e relay to change st~te approximately. 
equal to l.OOOV and 2.980V (High trip-Kl) afproximate1y equal to l.500V 
and ~.520V (low .trip~K2 on 1215) 1pproxlm1t ey equal to 3.SOOV and l.480V 
(for ·htgh trtp on ET-1215) · · . ·. . 

I 

I . 
<ln across tenn. 5-7 (1214,15,15·T2) 6-7 (1214,15,16-T2) 8-10 (1215,16-T2) 9-10 (1215,15-T2) 

8-10 (1~14) · . 9-10 (1214) 16-18 (1215-12) 17-18 (1215-T2) 

<lo across tenn. 
(power supply 
effect) 

13-1~ (•215-T2) 14-15 (1215-T2) 

5-7 {1214,15,15-T2) 
8-10 · (1Z14) 
13-15 (1215-T2) 

! 
i 

'" 

I 
1 

8-10 (1215,15-T~) 
16-18 (1215-T2)' 
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6.3.7 ET-1214 (continued) 

·a~N 
ENV1AONMENT AL 

TESTING 

NOTE: ·In tM ca.se of multiple output relay 

options, all relays \lf&re tested. 

Device operab111ty was detemined for this unit 
. . 

(including options) by applying the appropriate 1nput 

signal ._necessary to trip the un1t resulting in the 

. output relay change of state. The output relay contacts 

were monitored. For acceptance criteria see-Table IV. 

Device deadband was preset, recorded and 

verified during the device operabfl ity tl!sting. 

6.3.8 ET-1215 

. Oielectrir. $trength. was .performed in accon:!ance 

with Section 6.Z and Figures S and SA. The general 

acceptance cn teri a speci f1 e<Clii"&;rare a-pp 11cab1 e for -

.the ET-1215 unit.,_ .... - .• - .. ' ~ . ' . ' 

Contact resistance for the two (2) SPOT output 

. relays was determined by utf11zing the volt-amp method, 

using a known current to measure the voltage drop across 

the contacts. Al 1 contacts were tes.ted. · , 

Report No. 16376 
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ACTON 
ENVIRONMENT AL. 

TESTING · 

TABLE IV 

INPUT ACCEPTANCE 
... DEVICE, .. , ........ SIGNAL .. ~. ----··ouTPUT""SlGNAL. - , ........•. 'OUTER.IA . 

. ET-1214 

ET-1215 

l .;. sv 
· (into 5 'm) 

Relay contact 
rated 5 amps 
at 30 voe 

The relay contacts 
raust transfer 

NOTES: (1) Power Supply Effect - less than tO.lSS of span for 
a +2oi.change 

(2) Oeadband - tr-1214/1215, fixed O.SS +O.lS of span 

16376 
Report No. 

Rev. 1 

- --- -- -- ---- -~------- --· --- -- ---- ------- -- -- ~~·- --- -- ----- - ---- -~ ---- --- -
6-18 Paoe. __ _ 

. ., . 



.6.398 ET-1215 (continued) 

ACT~N 
ENVIRONMENT AL 
· T!STING 

A resistance value of greater than one ohm would 

· ·· -- · .... --------have ·constf tuted~a -faHur-e. 

Oevfce operabflfty was determined for thfs unft 

(including options) by applying the appropriate input 

signal necessary to trf p the unft resulting in the 

output relay change of state. The output relay contacts 

were then manf tored. · .. 
For acceptance criteria see ·Table IV. 

DeYfce deadband -as periodically preset~ recorded 

and ver1 ff.ed durfng the device operab111ty testing. 

6.4 Analog Isolator System· 

--- ----
· 6.4.l Analog Isolator Module(Et-4420) 

_ . -·-- and l!nassis (£t:a481/~) ___ _ 

Dfelectrfc: str.ength .. tests.were .. performed .. in .. 

accordance with SeCtion 6.2. · 

Input/output isolation was tested by means of the 

dielectric withstand yoltage test as specified in 

.. 
Report No • 16376 
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6.4.1 Anall$alsolator Modulh!El-4420) · . 
. ana ssis (EI:;4481/ z) {continued) 

A ACTON 
ENV1ROHMENT AL 

TESTING 

Section 6.2. A 1.5 KV Al:. voltage was applied between the 

input to output·. · i nri;t 'to ground. output to gl"t°· ·.nd ~ power" 

to input/output. and power to ground. 

The test results .ere acceptable ff the current 

. leakage was less tha~ 2 m111f amps. 

A. Operability 

• 

the analog isolator module and chassis was tested 

to verify device operation and performance specffic:ations. 

An input test signal was applied to the test s~les as 

shown in Figure 6. 

Acceptance· Cr1 t_erf·a····· · · · 

Operation of the analog isolator was acceptable ff 

.the output voltage was l to 5 ·voe or 4 to 2QnA when the 

input voltage or··current'·~s··vari-ea· between ·ito s·voe·or 

4 ta 2QaA.• 

Input/output signal difference shall not exceed 

.!•251~ Power supply ef:ect shal 1 be less than _!<).ls: of 

span for a ,!10 change. 

•Since t.he output currents in the current input/output 
analog isolators were measured as volt~ge drops across 
a 2500 resistor~ the acceptab 1 e output range for these 
test ftems was also 1-5 voe. 

Report No. 16376 
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6.4.2 EI-4477 Powel" Supply 

The baseline functional testing included 

dielectf"ic strength and devfce operabflfty. 
• • ·• • ·••·I '• .• ·r. • .•r '• 

A •. Of electric Strength 

Oielectnc strength was measured for al 1 pins of 

Jl and J3 to' ground and. Jl ta Jl using 1~500 VAC tor. one· 

(ll lllfnute. 

Acceptance Critena 

There could ·be no arcing or br-eakdOWt. with a 

r-esulunt current flow in excess of two (2.0) 11111 tamps. 

a. Device Operability 

The EI-4477 power supply accepts 120 ,!lOS VAC. 

__ ------- 60 Hz and outputs 12 voe. 24 VO.~ and u:s voe. _.P_!lr~~g- -·:--- __ .. ·---·· 

this b:st. a O.luf capacitor was connected across 

-.·-· 

Termfnils 3 and 6. 

Acceptance Criteria 

OiJtput voltages wre verified by observing 

operation of LED l and 2. · The output voltages on the 

powr_ supply converter Jl (DC return on Pf n 8) were then 

measured. 

ReportNo. 16376 
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6.4.2 EI-4477 Power Supply (continued) . 

B. Device Operabf Hty (continued) 

. '· - ..... 

AACTOH 
ENVIRONMENT AL 

TESTING 

(See dfagram of connector for pf n locations on 

. Page .. ~2.J, .... P..fns .. 2,.-3, .. 4, .. .,and ... 10 .. are; .. de.scribec:f.·.·below: · · · · · 

Pfn 10: 125 voe +20S, -32i t 0 ta 0.2A 101d 

Pfns Z and 4: 24 voe !.20S t 0 ta 2A load 

Pf n 3: 12 VDC ...SS, -151 9 0 to O.ZA load 

6.4.3 EI-4479 PG.er Suppll 

The- bas~11ne functional testing included 

· dfelectric strength and device operability. 

A. .Qielectrfc Strength 

Of e 1 ectr1 c strength was measured as f c 11 ows : 

__ ·--·case_ to te~fnal_Ll.~: _150~ VAC __ -·- .. 

- case to terminals 4, 5, 6~ 7, 8; 500 VAC 

- Termfnals 1, 2 to 7, .8: lSOO VAC 

- Terminals 7, 8 ta 5, 6; 500 VAC ' 

Acceptance Criteria 

There could be no arcing or breakdown with a 

resultant current now in excess of two (2.0) mfllfamps. 

16376 
Report No. ·------
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EI-4477 CONNECTORS 

. d __ . '_2_3_ .. 4 __ b 

·-. -- - - --- ---- --

.9 

1 

·s 

3 

1 2 

FIGURE 7 

.. 

1 + Power Monitor 

2 + 24 Vdc 

. 3 + 12 Vdc 

4 + 24 Ydc 

5 ~~ Led _ 't_ 12 Vdc 

. 6 Cammon 

7 · - Power .Ho11 f to~, . 

8 ~n 

9 Ext Led + 125 Ydc 

10 +. 125 Vcic 

16376 
tepon No.-----

P 6-24 ov•---
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6.4.3 EI-4479 Power Supply (continued) 

a •. Device Operabfl ity 

__ ..... "-~· ... The ... EIA47..9. accepts .. a,.120.,vAC., •. 6Q .. Hz, .. 1nput.·-·a11d 

outputs 24 voe. 
Acceptance Crf terf a 

The output voltage at Terminals 7 and 8 was 

uasured. Output 24 voe +.lV 1t 4.0A. Line/load effect 
. - . 

at 120 VN:- +lOS input/oUtput 24 VDC +51 lllllXillWI. For 
~ •. -

pa.r man1tor output, the relay contactor should have 

been c 1 osd w1 th the . power on and open w1 th the power 

oft. 

--·------· ····- ·-----·- -- -

Report No. 16376 
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7.0 .AGING PROGRAM 

7.1 Thermal !ging 

·· 7.1.1 General "91n9 Program 

The purpose · of this program ws to reproduce the ·. 

physical stresses. thermal. mechanical and electrical 

whf ch a cmponent would aost likely see in a 20-year 

servfce period. Thf s program consfsted of one or more· 

applied rtresses including thermal, mechanical and 
. . 

electrical. Upon the successful Clllnpletfon of an agfng 

-progr2111, the cmpanent would have a qualf fied lffe of 20 

years or a maintenance cycle as listed tn Table VIII. 

In order to accampltsh thfs. ft was necessary to analyze 

the overall unft and dfvfde component parts into three 
, ..... 

-- --(3)-dfffererit··agfng- Citegones: mechantcar;-thi·rmar and 

electrical. At thf s tfme camponents di1ch wer . 

previously proven not to have a~e-related failure 

mechanisms were elfmfnated. 

ReportNo. ~-1-63_7_& ____ _ 
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7.1.2 Rationale for Normal Thermal A11n9 

', ~· . ' ','.;• .. '• 

ACTON 
ENV1AONMENT AL 

TESTING 

Pol,Ylllef"ic. materials undergo degradation reactions · 

which cause loss ot strength and 1nsulathe abilities. · 

· · - .. ·There ·0 1 s,.·a·~potent1a1 ''for ''failure ·with· age ·tor .·these· 

materials. These degradation reactions are accelerated 

thermally by placing the test units tn an environmental 

chamber at an elevated temperature. The tia and 

temperature for accelerated aging of a test unit wfth 

several 111terials is determined for the material in the 

test units with the lower: activation .ener-gy. If tt.e 

acttvati on ener-gy for that mater-1a1 1 s known, the 

Arrhenius equation is used to determine the tecperature 

, ______ · _. _ .. __ and_~i~~per:_!~..:_at: "8i~:·t~··tert ·uni~. 1s__!9ed. The ..... ·- -
specific methods by which each type of test un1t 

caaponent set 1s aged is discussed fn the followfr.g 

Hct1ons.·· 

Report No. .16376 
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·eCTON 
ENVIRONMENT AL 

TESTING 

7.1.2 Aatfonale for Normal Thermal Aging (continued)· 

If thttrmal degradation 1$ determined by a ~imple 

temperature-dependent reaction that follows the 

Arrhenius law, this law can be used as the basis for 
. . ' . . . . 

thermal ag1 ng. This 1 aw fs expressed by the following 

equation: 

~. ~ (1) 

where: · 

k • Reaction Rate 

8 • Boltzmann's Constant 

T • Absolute Temperature (0 1C) 

Ea • Activation energy of the reaction (eY) 

It ts assumed that Ea 1s _f ndependent of 

i--•--------temperiture. Rearrange equatfon- cir.--· 
dlnk . • Ea dT 

. rl% 
(2) 

Integrate between limits. of K2, T2 .. and K1,_. T1 

fbport No. __ 1_63_7_6 __ _ 

Dar 7~3 
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7.1.2 

lnk .. 

where: 

Rationale for Normal Thermal 

K1 

d 

K2 . 

K1 

"i 

T1 

(lnk) • Ea ~ r 

• 

T2 

T1 

Ea 1 r T 
T2 

Ea (1 - 1_'\ r .. T2 . ii'.J 
' ~ . .. .. 

Aging 

ACTON 
ENVIRONMENT AL 

TESTING 

(continued) 

(3) 

'4) \ 

. (5) 

-·----··· -·. -----
kl• T1 • . service conditions 

k2. T2 • ag1ng eond1t1ons 
. k . 

ln . l • Ea (1 _ 1 )·· 
i2 r Ti Ti 

Multiply equation (G) by -1 · 

ln k2 • -Ea (1 . - 1) Ki ,- 'Tl T2 

(6) 

(7) 

Aepon No. __ 16_3_76 __ _ 
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ACTON 
ENV1RONMENT AL . 

TESTING . 

7 .1.2 Rationale for Normal Thermal Aging (continued) 

Assuming the reaction rate fs constant at a given 

temperaturfl, then ti and tz may be substituted for- the 

reaction rates· at those temperatures. 

ln ., .. tz . • -Ea 1 - 1 .· (8) 
ti ,- li T2 
tz • e.'p -Ea 1 - 1 (9) .. 
ti ,- Yi Ti 
tz • exp -Ea 1 - l ti 

T Ti Ti 
-Ea 1 - 1 
,... Ti T2 • t1 exp 

The aging time requ1 red (tz) at Tz may be 

calculated based upon knowledge of tt.~ activation en~rgy 
·. •. 

Ea and the des.ired qua11f1cd life (t1) at T1. 

The ag1ng:::time· has,·been··calculated for each 
- - ··- ·-·----

component based upon the lowest act1vati on energy found 

for materials fn that device, and a table of ·these 
. . 

values ·fonows· the.'··sample'ca·tculatfon~ · 

7.1.3 Agfng Ana1Ys1s 

NOTE: Each module was evaluated •is1ng -
acthatf on energy to detomfne the lowest value or 

· wak 1 tnk •. The modul t was t~~n aged to end of 1 f fe 

condftton base upon the lowest, most conservative, 

Report No. ltiJ76 
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ACTON 
ENVIRONMENT AL 

TESTING 

7.1.l Aging Analysis (continued) 

aet1v.at1on energy. Components in the module .that were

not Judged-to_ be- th8 weak link were exposed to the same 

the~ 1_ ag' ~9. ~_d __ niec;han i cal cycl1.l'l.9 as _the ~ak . 1f nk . . ···:· .. . .. 

CClllponent. 

The qualtf1ed life for each module is limited.by 

the qualified life of the -.ak link. . 
The c;omponcnts contained in the test item may 

I 

consist of various materials. The ~ak link approach 

dictates that w select a canponent with the lowest 
- -

. . . . ' 

activation energy and apply the Arrhenius equaticn to 

determine an appropriate aging time basrct on a.desired 

qualt:ied life. Fram Appendix A the weak lfnk material 

--- ----- -----.f'""'s·· the-semiconductor'-ll!lteriat· contained-in the -- ·-

electronics canponents (Ea • 1.0). It should also be 

noted that using the Arrhenius equation one can obtain 

the aging time required to simulate ·twenty·· (20)'-'years 

service based on a 100°C aging temperature. 

Report No. -__ 1_6_37_6_-_-_--

Page __ 7-_6_ 

----- -- ~-- - . - -- - --- --- ------ --- - -- - - -------- -'--- --· -- . --- - -



-- --- --- ----

. • .. -. ....... ·.. ..... ... (-' ,~ ' . ~· . "-··· • - " -.f ;t •• 

7.1.3 Aging Analysis (continued) 

The following is a sample calculation: · 

tz • ti exp f.;Ea ·(1 . . rir Ti - h)J. 
Where: 

. - . . . . . 

eCTON 
ENVIRONMENTAL 

TESTING 

Ea • Acthatfon ener~ of the semiconductor 
devices (1.0 eV) •· 

B • Boltzmann's Constant (8.617 x l0-5) 

Tz • Aging temperature • 1oo•c • 373•1:,. 

T1 • Environmental telllperature being simulated · 

ti 1111 Duration at n (see tab 1 e below) 

t2 • Required aging time 

up (x] • . eX 

NORMAL . ACCIDENT . 
CONDlTIOMS CONDITIONS 

T1 (Env. Temp.) 51.S (324;S°K) ··60°C (333°K) 

t (Duration) 175,200 hours 8760 hours 

Report No. __ 1_63_7_6 __ _ 
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7.1.3 As1ng Anabsis (continued) 

To simp11!y the aging calculations and_ all 

. references to thct service enviro1111ental temperature, a 

weighted average for the normal and accident temperatures 

was derived as fo l1 ows: 

T1 • 51.~ 175,200 . + 60 8,760 • Sl.9°C 
1/5,200 + 8,/60 175,200 + 8,760 

In addition, the total service time be.fog simulated · 

(t1). is hereafter- daf1ned as: 

t1 • 175,200 + 8,760 • 183,960 hours 

Then: . 

tz • 183~960 exp r -1.0 s . ( 1 . . - .J...' 1 
· LS.61/ x IO- \~ · ~1J)j 

.•. . : •. . . : ., ~ 

----~2 _!'_l,837._?5-_!l~U~!_ ___ ... -··--- __ ·- ___ _ 
~.·----

Add l<Ji mrg1n: 

t2 • 2,02l.7 hours 

Reviewed by:, . 'fl ·~-J~L. ~ .. · . 
N. J• r in, Jr.,oJect Engfneer. 

Repcrt No. __ 1_63_7_6 __ _ 
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7.1.l Aging Analysis (continued) 

Frm thf s sa:nple calculatfon, the semiconductor 

PC board components wre aged for 2, 022 hours to 

simulate twenty (20) years of service under normal 

.. , ··- ... , .. -c··-~--condttf.ons~plus ~one •. (l}.~year,.of.-,.postu-1 atedMacc;f dent 

condition wf th lDi margin. 

In addition, several of the test items'contain 

po1~1c parts as wll as relays and transformers which 

exper1enca a temperature rise during operation. 

The- general strategy of the aging program, based 

on the activation energies found tn Appendix A, ~s to 

age all caraponents befng qualified at 100°C for 2,072 

hours. A samp 1 e of each item being qua 11 ff ed wh1 ch had 

either a relay or a transfonner (except th& iJQwer · . -------·-------· --· . -··-··"· . -- -· ··- ·-- •.. -
supplfes) ~s energized during aging. The cofl r1se.s 

seen ~uld increase the qualtfted lives. As a backup, . . . 
an fdentfcal. sample of each energ1zed .. 1.tem. was,, aged-at~·· 

ioo0 c tn a de-energized state.··""1'he qu~l;fffed lf~e·s of 

the transformers and relays fn these ttems were extended 

by aging spare trans:'onners at 131J"C and spare relays 

Report No. 16376 
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7.1~3 Agfng Analysts (continued) 

ACTON 
ENVIRONMENT AL 

TESTING 

at 120°C. The spare parts were installed into the 

backup units Wlenever a fa fl ure occurred f n the 

energized untts. Al 1 items were aged for 2.072 hours 
. - . : ' . . ,_ .. ; ·- • . ·~··1 :·~. • ' . ,,· • -

because this period of tfme was more than enough to 

· f'u 11 y qua 1 t fy the e 1 ectront·c c0111ponents · and the. t1m.e . 

available to camplete the agtng program was ltmtted 

· because of sc:hedul tng problems • 

. Table VI ltsts 111 the fully assembled units 

or1 g1na11 y supp 1t ed to Acton for qua 11 f 1 cat 1 on. Those 

t~s that \1118re energized during aging are noted. Table 

VII lists the spare parts that were aged. 

· Several itms were dropped from the program and . 
. . 

qualtffed by sfmfl ftude to other items. Other items ··- ... --------- - -·-- - ....,-- -- --
were changed fn terms of the options they contained so 

that a sample of each option would be tested. Table 

YIU contains a ff nalf zed- 1f st·· of· all:: the·· f·tems-·. ··· 

qua 11 ff ed by test f r.g and a 11 the qua 11 ff <!d 1 tves are 

based an thfs 11st •. Justf ffcatfons for those items not 

teited further are found fn Sectiun U.O. 

Report No. 16376 
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eCTON 
ENVIRONMENT AL 

TESTING 

7.1.3 Aging Analysis (continued) 

.These qual f fted ltves also take tnto account the 

aging analyses performed on all the capacitors. Qualf fi

~t,1.on. :of.t_be_ .. cap.ac.itors .. , pr.esents ... some .... uni.que."ccnsf.dera

t1ons. The most signf ftcant aging/stress mechanisms are 

those which result from a· ccmbfnatton of voltage · 

stressing. ripple current. and tn sme cases thermal 

degradation of polymeric materials. No thermal aging 

program can properly address all of these stress 

mechllntsms. This program addresses this problem by 

using manufacturers' data.to establish a qualtfted life 

by analysis. Appendix D contains the manufacturers' 

data used and Table IX gives the qua 11f1 ed ii ves. of the · 

capacitors_ ~ed tn t.he _program as derived !J:om tht_~ 

data. 

, .· 
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• 
AETC. 
ITEM MODEL SERIAL 

!2.:_ NO. HO. 

18. SC-1326-323-I..C 95448-7 

19. SC-1372-323 9448-i.l 

20. SC-1330-323 723614-3 

21. SC-1330-323 723614-4 

25. m214-H-323 · 95448-1 

26. ET1214-323 95448-2 

27. ET-1215-T2-323 95448-3 

28. ET-1215-323 95448-4 

29. SC1302-323-HO 95448-5 

30. SCllOZ-323 95448-6 

- - - 31-. -sc1l26-J23 -·-95{48-a· 

32. SC-1326W~323-Il . 95448-9 .. 
.. 

33. SC-1326W-323 95448-10 

34. ~-1372-323 . 95448-12 

. 35. SC-1373-323-HJ 723614-1 

* Energized during aging 

----------· -- ------ -· --.------- -------- ----

TAB:.£ VI 

DESCRIPTION 

· Isa 1 ated RTD TranS1111 tter * 

Isolated mY Transmitter * 
Square Root Extractor . * 
squa.re Root Extractor 

Voltage Alarm * 
Voltage Alam 

Voltage Alarm * 
Voltage Alarm 

Isolator Transmitter *· 
Isa 1 a tor Trausmi tter 

-Isolator Milltvolt""" ---
, 

Transmitter 

. Isolated ... T/C, . .Transmttter, • 

Isolated T/C Transmitter 

Isolated RTD Transmitter 

Dual Isolated RTD * 
Transm1 tter 

~ 
~~CfON 
ENVIRONMENT AL 

TESTING 

OPTION 
INCLUDED 

I, C 

Hl 

Hl 

Hl 

H 

·-
T2 

HO 

Hl 

Hl- - -- -· 

Il 

Hl 

Hl 

HJ 
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AETC 
ITEM MODEL 
!2:_ NO. 

36. SC-1373-323-U 

37. EI-4477 

38. EI-4477 

~9. EI4481/EI4482 

40.-59. EI4420 

60. EI4479 

61. EI4479 

TABLE YI 
(continued) 

SERIAL 
HO~ DESCRIPTION ......;,-.::,._ .......... _ .... _ , .•.. -. ----;:;.;:,;;;;~..-...,;-----

723614-2 Dual Isolated RTD 
Transmitter 

521104-W Power Supp 1 y 

521104-X Power Supply 

521104-U Analog Isolator Chassis-

521104-A Analc.q Isolators ** through 
521104-T 

S21104-Y . Power Supply 
r 

Power Supp 1 y 521104-Z 

ACTON 
ENVIRONMENT AL 

TESTlNG 

OPTION 
INCLUDED 

11 

-

·.··· .... 
..... , 

l . ,, . 
.. ··' 

i.:~.J 

·,· ..... ' 
• 

; •• i 

' 
. :-... 
.·:.~ 

. :_ft. . .... 
' . 
I ... -· 

- *'* &1ergized·as-noteerbe-1ow---- ---··-- --··--- -----··-·· 

Items· Energize<! 

40,41,51.52.53 42-50.54~59 

:6376 ---
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ACTOt• 
ENVIRONMENT AL 

TESTING 

. TAGLE VII 

SPARE COMPONENTS AGED 

AETC r«>. ~DEL NO. DESCRIPTION CONTAINED IN 
1.2.3,72, NC2ED Armat Relay ET12-14 & ET1215 72A-C 

13,4,5,62. 1041-045 HO.Option 62A,65 

6,7,8,66, 10·¢4-249 · Tabtron1cs SC1302, SC132fs°, 66A-66G Transformer SC1326W, SCl372, 
SC1373, SC1330 

65A,9,11 · 1040-059 Il Option 
12.14 1024-610 I Option 

(Same as 
' 1041-058) 

15,16,17 1016-336 Tabtronics · _ .. Hl, .H2 .Options. -- -- (S"ame as --,.ransfonneF 
1041-050) 

63,63A-63I 81041-050 Tabtron1cs 'Hl. H2 .. Opt 1 ans , 
(Same ·as·· Transformer 
1016-336) .. 

. 10,64,64A 81041-0SB Ta.btron1cs I Optfon 
(Same as Transformer 
102·~610) 

67A-O 1045-358 Tabtron1cs HJ Opti,on. 
Transf onner 

Report No. 16376 
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TABLE VII 
( c:ontf nued) 

. SPARE COMPONENTS AGED 

AETC M>. r«)OEL NO •. DESCRIPTION . ., .. " .. CONTAINED JN · • f . •• -~· • .: • ~ • 

6aA,688 1047-535 Tabtron1cs EI-4477 
Transfonner 

69,69A-G 1049-139 Tabtronf cs SC1372, ET1214. 
Transfonner ET1215, SC1330, 

SC1373 
70,70A-70H 1048-128 Tabtronf cs EI4420 

. Transformer 
71,71A SQ3277 Power One EI4479 

Transformer · 
73,73A MRRNlA Struthers-Dunn EI4479 Relay 

---- - .:~ 
-~··--·--- -·- -~-

16376 
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re I fEH OESCRIPllOH ·;.-;-Q\lAllf 1-lO--L-IM_IT_l_KG_·_COMP-OH-EH-T-·-;T~~~-- MAINtE~\IUMr ~l~-ED--
=-~· .... ----~.--... -·-- .. :~-- AtTIYATIOlt ENERGY INCLUDED ~~~--t-eiOR_...,Ll;:~G ll~~SL 

.; I ...... --·~-----
~ I , 

18 SC·l3~6-lU-l·C ll.:t yo1r1 P\'C (\ltre)• 0.88oV I, C 1) Cl Electrolyttc a) 18.10 

----;-----

19 

20 

21 

29 

32 

............ 

SC-llU-323-1-11 
lsolatod Tr1n$11ttter 

I 
SC-13~0-lU 

EllZlS· TZ-323 
' i 

i 
SC-1302-323-HO 

St- ll26W-3ll-1 l 

' ·-··-· -· ............ . 

11.79 yoari 

11.79 years 

11.~9 ytlrl 

11.19 )'Cttrl 

ll.79 yeus 

·-·~·------

PVC (Wtro)• .o.eaov 

PVC (Wl'r• )• o.eaov ,. 

PYC (Vtre)• 0.88oV 

11 

Hl 

12 
Hl 

HO 

b) C4, CS, Cl4, b) 18.10 
Cl6 

Cl 

•) Tr1Mformer 
(1049-139) 

b) Cl 
c) f.3, Cl, C9, 

C1 

a) Trans f onaer 
( 1049-139) 

bl Cl . c C4 · . 
d ClOl, Cl04 1 

ClOS (KO. 
Option) 

a) Tr~nsformer 
(lCM4-Z49) 

b) t1 
c) C4, CS, C14 

Cl6 

a) Cl . 
b) C4 , CS , C6 , 

Cl4,. Cl6 

Electrolytic 

PVC Wtre 
lnsuht ton 
Electrolyttc 
Electrolyttc 

. PVC Wt re' 
·1nsulat t0n 
Electrol)'ttc 
EltH;trolyttc 
Electrolytic 

~vc le~ds · 

Electrolyttc 
Electrol1tic 

.Electrolyttc 
Electrol.>ttc 

18.10 

I a) 11.79 

be) 18.10 
) l&.10 

a) 11.79 

d

bcl 18.10 
18.10 
9.06 

a) 11.79 

C
b) 18.10 

) 18.10 

ab) 18.10 
) 18.10 

..--.- ............. __ .__ _____ .... ~ ...... ----. 
RIS hu tndtcated that they will rophce these wires In the ck>stgn wtth trradtated X-linked polyethylene to Increase the 
qu1ltfted life of these units to 20 year1. 



TABLE VIII - LIST Of ITEMS ~ALIFJED ntaOUGH TESJ 
· · -Tcontinued) ----· 

Test Rep 
P1ge 7-17 

• 16376 -~::.' 

T----.: ;1 

Rev. ,-il 
·.-.··1 

RA1mt00tt£ nc~ --·---·~r 
AEJC IJEH OESCAIPTIW. UJUT ~ALIFIED LIMITING CG',~NT OPTIOft : 

NO. LIFE ACTIVATION DIERGY UCCLUDED ITEM 
At1rrm- ,~ 

0.0 LIMIT I HG l I FE ;:.~ 
··;. 

---~--1----1--~.-__J~!f!Wltl)T :~; -~-· ....... ..-.-... ~,..,._ ______ .... ..... - ·:-.-

tJ. JS SC-1373-323-Hl 

11. 38 El 4477 Power Supply 

39 E14481/El4482 
Chass ts Assembly 

42, 45, El4420 hlalog 
53, 55 Isolators 

60, 61 E14479 Power Supply 

. . 
--...,.., ................ ~---

11. 79 years PVC (Wtre)•· 0.88eV Hl 

2,0 years Electrontca (l.OeY) 

20 years f(ylon Terminal Block . 
, (l.~Y) .. 

20 y'a~s Electronic Ccmponents . 
( l .OeV) 

20 years Electrontcs (l.OeY) 
·' 
-~ 

' 1) Trani rorur 
(1049-139 A 
1044-358) 

bl Cl 
c C19 

a) fuse Holder 

b! Cl c C2 · 
d Tr1nstormer 

a) Transforl!M!r 
(Power ~e) 

b! ca c C2 . 
d C5 i · 

e Tenatbal 
Blocks 

f) r.4 

PVC Wire 
lnsulatton 

ElectroJyt tc 
Electrolyttc 

Lt11Ued by 
.96eY act h1-
tton energy 

n.og•c 
J .Jl•C 

PVC Leads 

Electrolyttc 
Electrolyttc 
Electro1yttc 
Phenoltc . 

. (0.96 eV) 
£1ectro1yttc 

. ____ _.,_....,... __ _ 
----------------~--------------·~-~------

,. ! 
a) 11.79 

" 

~~ 18.10 
18.10 

a) 17 .oo 

ii I. 71 · 
7.24 

11. 79 

.J 
' ·c;t_ 

.:~ 

~ 
• "-.< ~ 

a) 16. lo · .,} 

,z{l b! 3 .61 ... ;.' c 1.13- -1 

: . ·. I~:~~ · '-1 
<~~ t) 9.06 j 

l ·:- ,,;:i 
I •· ~~i 
1, • RIS bas Indicated that they wt 11 re!ihce theH wires In the design with Irradiated x-1 Inked polyethylene to tncreue the · .:zl 

qual tfted 1 hes of these units to 20 years. ' · · :~ 
, ;;1 

.~ 
.. J 



. - ~ACTON 
ENVmONMENT AL 

TUT1NG 

7.1.4 Capacttor Lffe Analysis 

The primary fatlure mechanf sm for electrolytfc ' 

capacf tors over a long period of tfa:ae f s 1 oss of 

electrolyte ts lost, the capacttance ·is reduced and the 

equtvalent ·series rut stance (ESR) fncreases. 

EYentully ane or both of these proper-ties rea:hes an 

tnto1erable level. 
. . 

One parameter that wt 11 acce 1 er ate thf s process f s . 

ah increase tn temperature. In thf s situation. the 10-C 

rule fs. applfc:able. Thts rule states that every lO°C 

tncrease tn the environmental temperature wt 11 cut the 

capacftor·.nre· fn· tla1i;· ·niere 'are two parameters that 

""'-"------JTJ,J.1 ... ct1.c1a$e-Shtt effectt.x.~mviconmental...tempei:ature- . --

One ts the temperature of the surroundfng envfrolWJef'lt and 

' ) • I ' ·~ ·• •• 

the other ts .the heat generated w .... r.:t.pp,le .. cur:rent .......... ' •. - . - . ' 

Thf s analyts was based on manufacturer's d4ta and 
an agreed upon acceptance crtterfoq. This yfelded a 

spec:f ftc lffe at a. spectftc temperature. · The acceptance . 

criterf~ was a 2Qi change 1n capacftance or a change tn 

Report No. 16376 
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7 .1.4 capac1 tor lf fe Analysis (continu~) 

eACTON 
ENVIRONMENT AL 

TESTING 

the ESR t."lat would result fn an fncrease fn .the power 

... ' • 'n -~ ., ..... ,df ssipatf on·-of-the··capac1tor···above·""f ts·~rated ~power 

dfss1pat1on capabf lfty. In no case, however, w111 a 

change fn ESR great1tr than SOI be acceptable. 

Tiie first step fn the analysts w1s to determine 

the tel!Ptfrature rise due to ripple current. TI11s was 

done usfng the following relatfonshfp. 

T • IZ(ESR)/ICA 

Where: 

T • The temperature r1 se at the coi-e (°C) 
J • Measured rf pp 1 e current 1 n amperes 

ESR · • Equfvalent .. Ser.1es.Res.1stance (ohms) · 
K • Core constant equal to 0.006W-1nzrc 

(ref. Z.8 1n Section 2.0) 
A • case area (fnZ) . 

An example calculatfon would be as follows: 

tapac1tor Manufacturer. P/N: .. COE,,· .. WBR .\100~150•:;,, 
Used In: El4477 Power Supply · 

. Measured Rf pp t e Current: O. 113 .amps 
. (. 760) z 

case Area • •DL+Z• 02/4 • tr(. 760){ 1.723)+211~• s.02 1n2 
ESR (from mfr's data): 3.la . · ·· . 

T • (.113)2(3 .• 1)/(.~02) • l,~1°C ·• .. ·_ . · 
ca1cu1at~ by:· ~ .... I/..~_·..,._ ___ _.. __ 

_ tm'f1~ . ~roJect ErigineP.r. 

. .· . #.J. ~(!'D.#/~ 
Rev 1 ewe4 by : "" · 

N~. J. 1redHii7Tr., ProJ'!ct 'ti;glneer . 

--· 
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r 

Rl!v. 1 

- --- - --- --- --

P~ge -~_!! 



. . ' .. 

7 .1. 4 £!.P.aci tor t..!!.e Ana 1 ys1 s (cont 1 nued) 

ENVIRONMENTAL 
TESTING 

The nex't step f n the analysis .fs to determine the 

acceptance criteria and.aging characteristics based on 

manufacturer• s data. From data found in Appendix D a 

similar capacitor (WBRS00-50) retains 87~Ji tts capacitance 
. . 

at· the end of 7000 hOUrs at ·as0 c. This time period wfl 1 i>e. 

, c:onstdered to be the q~aft f1ed 1 He at 85°C even though the 

capacitance ts st111 above the mandatory soi, because there 

is no test <:ata beyond this point.· 

The ffnal step in the analysts fs to determine 

the qualt ff ect 11 fe usf ng all of the 1J41rameter-s discussed 

abo~e. This fs done by ustng the 10°C rule as follows 

(This ts just1 fied in Reference 2.8 fn Section 2.0) •. 

Where: 
tz •· Qualftfed Ltfe .at Tz 

· t1 • Lf fe derived through test data at T1 • 7000 hrs. 
T1 • Test Temperature fn mfr's data • asrc 
T2 • Environmental Service Temperatur~ + 

Temperature Rf'se··• ·51~9-+·1;·31°c· .. • .. 53;21 
. . . . (85-53.21)/10'' . . . . 
ti • 7000.X 2 • 63397 .SO hrs • 7 .24 yrs. 

Reviewed by: AJ,J,~K~-
N. J. fredliin, Jr .-,~Pr_o...,]-ec-t~En•,..._.g.,..in_e_e_r 

Table IX ubulates the qualiffed lives ghen to tht! 
Report No. 16376 

capacitors used in the test samples. 
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' 

MAtll'ACfuata I aas 
. & ff A'S 'IN ,,. 

llS 
Dt:Sl'-1 UUO 
MAY 10. · IN 

........ ---- ... -...at.-..-.-

w-:,:~~~Fll r-- ---ror. · · ua 11~ 
CAK . A J fRC»t LU£0 YAW£ ACMis · cuuun M!A 120 HI . AIPfl£ I Llf[ Al 

C» . (NI'S) (In') (o) CUUE•T •c . . .-...-. 

" \·! 

·.3 
QUAl If IJ; 

Liff:~ 

(YWS): 
,-Id""' I .,. ---·--· I ""'"--~-- .. ......... I -- I I --:c 

Mallory f 1044-Utf · Cl IK-IJ02, 
TCllONMOlll · K-UU, 

sc-nuw. 
sc-ano. · 
SC-1>72. 

.·sc .. 1J1J. 
U-ln4. 
P-tns 

S,r•9..e · j 1044.z44, _ cz . :. ~-1126. 
67?04/6H02SCC~ ~- SC~ll26W 

cz .c 1a· . ~- uaz 

.1111 Ml I po44-2£2 C4 ,CS· r:- I l02' I 
IOllHA-fl02S- I . . IC-ll26. 

. . . SC-Jl2£W 
· . CJ · l~·lllO 

C4 ·1H-121C, 
, H·IZIS 

1000.,, 
~ 

O.,f 
lS1 

•oo .. f I 
~v 

Z6 v 

16 v 

0.111 I G.I I 0,018 
(Mote t~ 

I o.ao2 j 1.1461 2.u 
. 1(Not1 c) · 

·~ v I 0.001 
1 

•.• ,.
1 

z.zs 
·. (Mate 2) · .. 

111 fr.oh llC49-Jl51 Cl6 lsc. uoz. I l. M I n v I .. 911. I .81oel 1.J2 l)!,JHA-IOOAPX SC-ll26. · IOOV I 4'1 '11hen gfble 
~- l l261d · uud v1 th 

HO Option) .. 

0.61 

O.COI 

I o.oazs
1 

I steg i' - I 
9fblo 

llllRQll 
ICY.I fHA- lOOAl'X 

1049-1371 Cl4 :Z-1302. ·[ iW ·I 2l 'I 
I SC-1326 • lO(JY 

Mote l. .119 ll2.7 IHote l 

··~-- ...... , .. _ ~-.~. -·----- ·-·· .J~:.~~~~~ ..... _J _____ ... __ l __ _ 

4000 tr1 
i UK•c 

6ZSO Hr! • •~·c 
1000 ttn 
e 12s•c 

ICJGO ~' e ais•c . 

18. IO '.; 

" . •.. 

'} .. 
··• 
" ., 

.'-: 
:J; 

'•-$. 

21. 7i. ~~ 
" .. ~! 

···~ .;~ 

18."IO :·~ 
·! 

: .... • 
. ~-· 
.. 

...,,..·. 

~, 

Ut. H> ~ 
": 

'·' 

1000 tit'I I 16.iQ ,, 
• 12s•c I ~ 

l < -----· .._~ .... ----·~ 
.; 

i 
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MANUFACTURER. RIS 
& MfR'S P/I' P/" 

_....... .. --....-..... --
11 It nots · 1045-357 
225THA-PX100A 

llltnots 1049-138 
475THA063API 

Ultnots 1049-136 
476RMR050MPI 

Sprague 1045-514 
672Dl56H06COSC 

COE 1046-862 
WBR-3000-35 

COE 1046-861 
WBR-100-150 

Mallory 1050-284 
CGS133U050V4CJPH 

Hichtcon 1050-285 
ULBlElOOM 

II It nots ioso:.292 
227RMR016"PX . 

Untted Cheml-ConlOS0-287 

~~~8~·-·-·l-·-·-

RIS 
DESIG-
HATiON 

_..,... ... 
C9 
c19 

C7· 

c101. 
C104, 
Cl05 

ClOO 

Cl 

C2 

Cl 

C2 

C4 

cs 

--------· 

TABLE IX - CAPACIToR LIFE AHALYSIS 
---rcont lnued) -

USED CAPACITOR 
IH VALUE 

-- ---
SC-1330. 2.2pF 
SC-1372, lOOV · 
SC-1373 

SC-1330 -4.7pF 
63Y 

HO Optton 47pf 
50V 

11 OpttOn l5pf 
60V 

El-4477 . JOOOµf 
35Y 

El-4477 l0011F 
1.SOY 

El-4479 lJOOOµf 
SOY· 

El-4479 l011F 
25Y 

El-4479 22011F 
16Y 

El-4479 33011F 
35V 

............... 

DC 
VOLTS 
ACROSS 

CAP 

-----
23 v 

(49 when 
used wit 
HO Optton 

h 

5 v 

25 y 

33 y 

24 y 

125 y 

40 v 

a. Y 

8 y 

24 y 

) 

--· --

-----~ ' 

ESR 
RIPPLE CASE AT 
CURRENT AREA 120 Hz 
(AMPS) (ln2) (o) 

.... 
Note 3 .701 . 60.3 

Note 3 .779 28.3 

0.004. C.604 2.82 

' 

0.023 1.228 . 1.0 

.. 
2.920 9.649 . 0.15 

' 

0.113' 5.02 3.1 
--

5.08 34.53 0.033 

Note. :; t~.329 1.132 

Note 3 0.853 1.020 

Mota 3 2.61 5.360 

~..;. ~ ............ --

Test Report Ho. 16376 
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TEMP. 
RISE 
FROM 

RIPPLE 
CURRENT 

l°C\ -
Note 3 

Hote·3 

0.012 

0.502 

22.09 

1.31 

4.11 

Note 3 

Note 3 

Note l 

RATED 
LIFE AT oc --
1000 Hrs 
I 12s0 c 

looO Hrs 
9 125°C 

2000 Hrs 
I ·105°C 

5250 Hrs 
I 1os0 c 
7000 Hrs 
' 85°C 

7000 Hrs 
e es0 c 
5000 Hrs 
' 85°C 

1000 Hrs 
' 85°C 

. 2000. Hrs 
I l05°C 

2000 Hrs 
t s5°c 

QU Allf IED 
LIFE 
EARS) . (Y 

1 8.10 

1 e.io 

9.06 

·. 2 2.96 

l. 71 

7.24 . 

4.26 

• I 

J. l) . I 

9.06 

2.26 

-----~ ..... ---· 
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Notes to Table IX 

CAPACITOR LIFE ANALYSIS 

1. Thf$ ripple current ..as masurtd by RIS per-sonnel as part of 

the SC-1330-323. This value 1s ~sumed to apply to '111 loca• · 

ttons .tter-e tt ts used because the other ctr-cufts r-esult tn 

st•tlar ippltcatton. (See Appendix E). 

2. Thts ripple ·current was masured whtle tnstalled in the 
. . 

SC-1302-323-HO. (See Aps>endtx E). Thf s value ts also assumed 

to be appltcable tn all other- appltcat1ons 1n thf s report 

because they are all s1a11ar. 

. .. ---<-. 

- 3 •. ·The ·npple current ws not measur-ed bacause the capacitor ts · 
located fn ·, sip.al ~1rcuft ,rather- than .. tn. a :power .. cfrcutt. so ..... ,. . 

tt does not see an1 s1gntffcant amoUil·t: af··npple current·~ ·. The 

measursents taken of many of the capacitors f n the SC-1302-
. .. 

323-HO tend to support thfs assumption. Because of thf s, the 

. temperature rt se assocf ated w1 th M pp 1 e current fs, a 1 so ... , 

assumed to be neglfgfble. 

Report No. 16376 
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• 
7.2 Mechanical Aging 

Relays are electromechanical devices and as such.-have 

two (2) baste factors that contrtbute to thetr agtng •. The. · 

ftrst is detertorat1on of a resource factor (h) with time as 

I result of electri.cal and· thermal ."stresses. The second ·ts 'I 

fattgue-related factor of cyclic stresses on the .chantcal 
. ' ·. 

system. The agtng methods used for these types of devices 

conststed of cycling the devices a spectf1ed number of 

actuattons ~ simulate normal operations. 

The cmdlantcal aging program used was· based· on a 1111Xillil!I 

number of actuations with a maxt1111111 load. The fol lowing 

tabl• details the aging program used. 

ITEM ti>. 

73.73A. 
(Aged at 
120°C) 

Original 
Relays 
(Aged at 
100°C) 

NO. OF 
DESCRIPTION CONTAINED IN CYCLES LOAD 

Arcmat NCZED ET1214.ET1Zl5 Z300 . SA 9 
Rel~y- 20 voe - - . -· 

5730 2.SA 9 
zs voe 

Struthers-Dunn EI4479 · Power1·•· · · 2300'!'"· · ·· o. SA @ ,, ; . 
MRRNlA Relay Supply 24 voe 

520 150mA ' 
30 voe 

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

•These relays ~re also aged an 1ndeterm1nate number of cycles 
with a 0.2SA load before they failed. Failure occurred h'!fore 
1080 eycl es at .0.25A. · 

Report No. 16376 
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7.3 . Radfatfon A9fn9 

· Radfatfon' agfng was per-formed fn two stages. Durfng the 

ff r-st stage, the test 1 tems that wer-e st 111 cons f der-ed ta be . 
- . -· .. ~ ·. . ~~' '_, 

f n the progr-u as well as the spar-e tr-ansformer-s wer-e 

f r-r-adfated to a TIO (gaaa) of 3.0 x 105 r-ads. 

Same of the electr-onfcs caaponents failed fn a number- of 

the test ftems and replacement parts wr-e subsequently 

f rradfated to a TIO of 1.15 x 1Q4 rads. 

Table X lists the ftems that wre frr-1dfated to a TID of 

3.0 x 105 rads and Table XI lfsts the ftems fr-r-adfated to a 

TIO of 1.15 x lo4 nds. 

Radfatf on agfng was conducted at Isomedfx, Inc. The 

test ftems were exposed -to' the fevels shown tn Tables x and 
. . 

XI. Halfway through the exposure, the test ftems were ~ 

r-otated 180° to gfve a more unf form dose df strfbutfon and 

elfmfnate any shfetdfng pr-oblems r-esultfng, from .. test. ftem· , .. 

geometry. The test item temper-ature was also monitored and 

df d not exceed l00°F during the exposur-e • 

. Report No. 16376 
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7.3 Radiation Aging (continued) 

Dosimetry was performed using a Harwell .Red 4034 Perspex 

dosimeter. utilfzing a Bausch and Lomb Model 710 spectra-

···· ·· ·· .-photometer --as-·the...:readout·'"i nstruments. ...The dosimetry system 

f s calfbrated directly wfth NBS. 

The irradfatfon was conducted fn air at ambient tempera- · 

ture and pressure for the facf Hty.. Radiant heat from the 
. . 

source was determined to fmpose less than a 30°F temperature 

rise (af r). as indicated by previous measurements on an on 

solution in the same relative pos1t1on. · 

16376 
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ITEM fl>. 

20 

4,5,10-14,62, 
62A,64,64A 

70A,C,O,E,F,H 

33,33 from 1326W 

· 63A,B,C,G,H,I 

16,17 

7A,B,C,D 

27, 28 

18 

33 

29 

TABLE X 

ACTON 
ENVIRONMENT AL 

TESTING 

ITEMS IRRADIATED TO 3 x 105 RADS 

!!!ANTI TY 

1 

11 

6 

2 

6 

2. 

4 

21 

1 

l 

1 

TYPE NO. DESCRIPTION 

SC-1330 Square Root Extractor 

N/A Transformers 

N/A Transformers 

. N/A TransformeF-s 

N/A Transformers 

N/A Transformers 

N/A Transformers 

!f IP. ' ·. '' ,. . . Analog Isolator/ 
Plus All PC Boards 

ET 1215 Dual Duplex Current/ 
Voltage Alarms 

sc~1l2& .... . Isolated,,,Mu lhol~-· · 
Tran.sm1 tter., 

SC-1326w Isclated H1111volt 
Transmitter 

SC-1302-HO Isolator Transmitter. 

Rec>ort No. 16376 
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TABLE X 
.· (contf nued) 

lTEM r«J. ~AlfTITY. TYPE r«l. DESCRIPTION 
36 1 SC-1373 · Dua 1 Isa 1 ated RTD 

Transmitter 
-·· .· ·. . . •' ... ~·. 

19 1 sc~1312 Isolated RTD 
Transmitter 

42 1 EI 4420 Analog Isolator-
53 1 EI 4420 Analog Isolator 
55 1 EI·4420 Analog ISolator 
45 1 EI 4420 Analog Isolator 
37. 38 2 EI 4477 Power Supply 
60. 61 2 EI 4479 Power Supply 

RaPort No. 16376 
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TABLE XI 

· ITEMS IRRADIATED TO 1.15 x 104 ~~ 

ITEM NO. ,, .. fil~_NO. ----- DESCRIPTION-·. CONTAINS,_SP.ARLl~.!Q!:_ · 

30 

31 

32 

. 24 

35 

34A 

348 

N/A P.C. Board from 
. SC-1302 Signal 

Transmf tter · · 

N/A P.C. Board from 
SC-1326 Signal 
TranS111f tter 

N/A 

N/A 

N/A 

LM337T 

4N36 

SC-1326W Signal 
Transmitter 

HO Option Board 

SC-1373 Dual Isolated 
RTD Transm1 tter · 

Voltage Regulator 
· tram~ sc~1J12· · 

([tem No. 34) 

Optical Coupler from 
SC-1372 (Item No. 34) 

Item No. 29, SC-1302-HO 

Item No. 18, SC-1326 

Item No. 29, SC-1302-HO 

As a result of thfs program, Items 18, 19, 29, 32, and 35 are 
qualified to a TIO of 1.0 x 104 rads and all other ftems are 
qualified to a TIO of 2.7 x 105 rads. These figures take margin 
into account. Section 10.0 provides more details concerning 
thecomponents·that fa11ed·andwere replaced in each unft. 
Radiation certificates are found fn Appendix A •. 
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8.0 SElSHlC TESTiNG 

The purpose of this test was to subject the components 

described in Section 3.0 of.this.test report to seismic. 

vibration testing (as specified below) to determine their 

abil~tY to wjthstand such vibration_without_ evidence of 
~ ... · .. ~ . . ·· .. • <>" •• ~-. , ••• : 

mechanic.al damage, deterioration, or loss of its ability to 

perform Class lE functions during and after the simulated 

seismic event. Because of the nu•,:ber of test items involved, 

these items were t~sted 1n three {3) groups. 

8 .1 Test f1ount i ng · 

The itefTIS specifie<I in Section 3.0 were mount~d in three 

(3) groups to a test fixture fabricated from structural steel 

as shown in the sketches in Apµendix H. Each test item was 

mounted in its ver~i_cal p_osit.ion to simulate its most likely 

field mounting configuration. The mounting fixture was rigid 

an<I without resonances up to 33 Hz. This was verified by a 

resonance .~u~.yey .(see. Par.agr.:aph_ 8 • .4.) •.. Jhe :·test f(xture .was .. 

then securely attached to a dependent biaxial tabi'e which· 

resulted in equal horizontal and vertical components. 

Report No. 
16376. 
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8.2 Test Monf torf ng 

All test components were energf zed in a manner whf ct. 

simulated as .closely as possf ble normal operatf ng conditions. 

The system output signals/alarms were monftored along wtth 

output relay contacts for chatter on vf sic.order tape which 1s 

· · ·· ·suffi:> lfeii -~1th· ·thts···report·;-.. ·~flgures~ ·B··through ~·16. ar-e "sch~tf .cs .... 

which detail the monitor~ng setups used. 

8.3 Test Cond1t1ons 
. . 

The se1 smf c test was run at amb1 ent temperature and· 

pressure for the test fact 1 i ty. 

8.4 Resonance Survey 

A resonance survey was conducted for the test fixtures 

·with attached test samples. The purpose of the test was to 

demonstrate and ver:1fy_ the .. r1,g,1d1ty. of the fixture/test 1tem 

system •. The test consisted of a dependent biaxial sinuso1dal 

input with peak horf zontal and vertical accelera.tions of 0.2g 
' . . . . 

at fr~uencies. fr.om Lto ..... 40 .. Hz ... swept ,aLa ... rat~ .. of. one .octav~ .. 

per-minute. ·one biaxial group of accelerometers was.inounted 

on the test fixture to monitor input levels. Accelerometers 

were a 1 so mounted on the test . ff xture at appropr1 ate po1 nts .· 

to monitor the response to vibration. Data. from all accelercr.-
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ENVIRONMENT AL 
11:!ST1NG 

8.4 Resonance Surv!I (continued) 

111ters was procassed through a.pprcpi"iate s~gnal cond1tion1ng 

and record~ on an osc111ographtc recorder devtce. lhe 

recorder output 1s included with this test report. Ho 

resonances tiMre found •. 

8.5 Multiple Frequency Test 

A ..,.,.dent biaxial mult1rle frequency excttaiton was 

applied. The test 1nput was recorded on a 14-channel tape. 

recorder. each track having discrete frequency stne beats 

recorded at a different frequency and delay bet-~ beats. 

All fr-equenctes Nere recorded at maximu;n. levels. 
. . . 

· .The fnput Will~ played .. back thro-.,gh a 14-chnnel tap.e 

recorder.. The outputs of the 14 channels ~re then combined · 

in a 14-channel mixer wMch resulted fn a multtple frequency 

output •.. The fnd1vfdua1' ir.·xer-. channels"" had' ga·in·"controls so 

that the level of each output tape channel passtng through 

the mixer could be control'i2d. In thfs manner, the required 

test spectrum was shaped bJ contro111ng the level of 1ndh1dua1 

frequencies tn 1/3-octave intervals. Qualf ff cation tests, · 

consisting of dependent biaxfal perfodfc randan .exc1tat1on, 

16376. 
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ENVIRONMENT AL 

TESTING 

8.5 flll ttpl e Freguency 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 1n the curves tn Appendix c • 
. . 

The curves a 11 enve 1 oped the curves shown t n Ft gure 16A. The 

items received the tnput six (6) times tn 'each of four (4) 

btaxial directions of exc1tatton for a 30-second duratton: 

R1ght-to-.1eft & vertical 
Back-to-front & verttcal 
Left-to-right & vertical 
Front-to-back & vertical 

The level of the first ftve (5) tnputs tn each btaxtal 

direction were designated as ttie OBE inputs and the sixth 

fnput was designated as the SSE input. The OBE levels are 2/3 
- - ·- -·-

of the SSE levels. Output fr0m the control accelerometers was . . 

an41yzed on 1 tne by a Spectral . Dynamks 50321 shock spectrum 

analyzer in 1/3-octave tntervals. The X-Y plots of the Test 

Response Spectra.(~~). .~r~ th~ con.tr~~ accelerometers are · 

shown in Appendf x C of this·. t~st· report~ 

Ourfng testing of Group I the TRS plot for Run No. 40 {06E) 

in the vertical direction was lost due to a faulty monitoring 

cable. · Since the test was conducted on a dependent biaxial 

table and the other horfzonta1-vert1cal pairs of plots were 

roughly the same, ft can be assumed that the horizontal plot . 
generated for Run 40 is applicable to the vertical direction. 
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. . J. 

9.0 HUMIDITY TEST 

In order to demonst!'ate operabfl fty of the test ftems under 

postulated ~rmal envf ~t condf tfons (outside of contaft111ent) 

the test ftells ..ere operated whfle subjected toa hulllfd1ty test 

based on the environmental pr-off le given fn IE£E Std. 650-1979. 

The actual proffle us~ fs shown fn Figure 17. 

The humfdfty test wa:s conducted as follows: 

.. 
1. The chamber teaperature and hmfdfty -.ere maf ntaf ned at 

14091= and 95 to lOC>i relathe tulidtty for Zl hours. · 
Ourtng this time the te5': 1tems -.ere energfzed with ~':ef r · 
nminal supply voltages. Steps 2 through 7 were 
perlonaed Wlfle these ccncfttions wre mafntafned. 

. . 

2. The input sfgnal voltage to the ET-1215 was set at 2.5 VDC 
and the input signals to all the other units. except the 
power supplies. were set to • 20S of full scale. 

3. The output signals of all un1ts. fncludfng the power 
supp1tes. were measured and the status of the alarm 
relays wre llQftftored. _ . 

4. The input signal voltage to the ET-1215 was set to 4.5 VDC 
·and the tnput signals to the other units. except the 
power supp 1 f es. were set to soi of f u 11 sea 1 e. · 

5~ The outputs. of,al 1 unf.ts•'•·except·-the"' power··sup·pnes ~-- ., · ·· 
and the status of the alarm relays, in.-.the,·.ET•l215·:were': · 
monf tored. 

6. The supply voltages to the units wet"e reduced to 90i of 
thetr nominal value and Steps Z through 5 wel"':! repeated. 
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• ACTON 
ENVIRONMENT AL 

TESTING 

9.o· HUMIDITY TEST (cont1nuad). 

7. The supply voltages to the units were fncrl!ased to nos of 
the tr naaf n1 l · va 1 ue and Steps 2 through. 5 were repeated. . . 

8. The chamber ~pcrature and humidity wer~ maintained at 40°F 
ind 95 to lOOS relative humid1ty for 8 hours. During dlis 
time the units "'8re supplied with their nom1nal voltages. 

9. Steps 2 through 7 wero repeated wh11e theso cond1t1ons were 
ma1ntained. 

During a lengthy (30 days or more) LOCA test, the nnr:nal way 

to Justify a 1-year accident period would be to elevate the 

temperature during the test ·so that the balance of the accident 

period 1s justified using Arrhenius methodology. In order to use 

thtt saa:ae methodology for an outside of containment environment 

uring the extremely short.test t1me used in this program, huwever, 

it would.have been necessary to operate the test items at 

teaiperatures far in excess of their desf gn cperat1 ng teaiperatures. 

This is especially true 1n the case of P.C. board components and 

other electrical canponents. 

To operate this ectu1pment .under these conditions .would have 

constituted a severe over-test, and for this reason thf s method

ology was not used. Instead·. th1s justif1cat1on consisted of a. 
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ENVIRONMENT AL. 

TESTING 

9.0 HUMIDlTY TEST (continued) 

two-phue alternative. The first phas.e consisted of s1mul.sting 

the degradatton (chemical, mechanical, and radiation). that occurs 
. - . . . 

during the entire accident period during the aging·program. The 

~econd phase involved subsequent operation of theequ1pment under

postulated DBE conditions. Th.e cumulat1ve effect of these two 

phases was. to prove .that the equipment could operate during the 

entire length of the accident period. This was acconipl_ished 

beCause operability of the test ttem was demonstrated under DBE · -: 

conditions after the equ1pe!lent had seen the cumulative effects of 

the entire acc-ident period. Thh approach 1s specifically 

recClllllendcd in IEEE Std. 650-1979 • 
.. , ····1··,,.-, ..... 

!',_ 
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ENVIRONMENT AL 

TESTING 

10.0 TEST RESULTS 

• 

• 

1. SC-1302;.,H0-323 (Item 29) 

This unit, whfcn was energized durfng aging, has a 

qui l'f'f fed' 'lffe ··c;t--u:79 yeari w1 th the except 1 on· of the 

· maintenance items fn Table VIIi. The unit fs also qualified 

for radiation dosage up to 1 x 104 rads (TIO). 

After the test 1 tem was 1 rradf ated to a TIO of 3 x 105 

raq, .ft was found to be fnoperathe~ RIS personnel . . . . . . 
discovered· that the two (2) LM337T voltage regulators. and 

the four · (4) VNlOkM FET' s were damaged due to th-a high 

radiation dose. To correct this problem· 1t was decided to · 

irradiate spare, identical aged voltage regulators ~nd FET's 

· to a TIO of 1.15 x. lo4 .(thfs ... fnc·l,udes.,margfn) and derate the 

entire unft to a dose of 1 x 1o4 rads. To this end, the 

aged P.C. board fran Item 30 and the unaged HO board ~re 

irradiated to a .no of- :1.;15··x ... 104"rads····' ·The· voltage··._ .. ,.···· ·· 

regulators and F£T's were removed after irradiation and 

installed in Item 29. (The unaged HO c:anponents are 

Justified because they are fde11tfcal to the components in 

Item 30 that wer& aged.) The unit was tested after being 
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10.0 ~~S.!JJ:!! (continued) 

1. ~302-H0-323 (ltet11 29} (contfnued) 

recalfbrated and an 1nORU1ly occurred durfr.g the 2 voe fnput-to-
. . 

output 1 f11earf ty measurement. The measured output .wH 7.964 mA. 

The t0.016 mA tolerance was not enough to brf ng this up to the 

nominal e.ooo rnA requf rement. Test Ing was continued per .the 

customer's fnstructfons and measurements showed that thf s 

part1cular data fJOf nt drifted back fnto the range of ciccept

able liiui.ts during subsequent test1ng. Othentise, the test 

f tem J>erfonned satf sfacto~fly aftentards. 

2. SC-1302-323 (wit~ Hl Option) 

Thfs unft fs qualified by similarity to the SC-1302-H0-

323 and by the- qual tf·f cat1on·· t·est·s performed on Item 21 

which also contained the Hl Option. 

3. SC-1326-I-C (It'!_l8) 
. . . 

Thi·s. unit· has ·a· .. qualf fied~'lffe· o·f lt.79 years with the. 

exception of the maintenance items fn Table VIII. The unit 

· fs also qualfffed to a TIO of 1.0 x 104 rads •. 

After the unit was irradiated to a TIO of 3.0 · x 105 rads 

ft was found to be f noperattve. RIS personnel later 

discovered that the Ut337T voltage regulators and the two 

vrnoKH FET's were damaged due to frrad1ation. In order to 
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10.0 TEST RESULTS (continued) 

3. SC-132CS~l-C (Item 18) (continued) 

ACTON 
ENVl~ONMEHT AL· 

TESTING 

produce 1 qual 1 ffed unf t, ft was decided to frrad1ate the 

4 .. . . . P.c •. ,boar.d .... fr.om-.Item-31..to .a .. TIO .. of ... 1 .. 15 ... x .. -10 .. ~rads .. and 

subsequently replace the damaged components in Item 18 wf th 

thef r counterparts from Item 31. After the unft WIS · 

. · recalibrated ft worked satf sf'actorf ly throughout the rest of 

the test pro9ram •. It should be noted that prfor -io 5ef sm1c 

testing. the RIS personnel relllOVed Option C from ttem 18 and 

tnstallad tt on Itmn32 (SC·ll26W-323-Il). This. was done fn 

order. to facf11tate testing of Item 32. S1nce Option C 

performed sat1sfactor11y during the remainder of the test, 

and ts mounted fn an tdentfcal manner, Item 18 1s also 

qua11f1ed with Optfon c. 
It should also be noted that this unit needed to be 

reca11brated before and after hum1d1ty .. tcst1ng •. ,. ,. ... 

4. SC·1326-323·Hl. 

Thts un1t 1s qualfffed by s1mf11tude to Item 18. The 

same qua11f1ed ltfe and radiation doses al.so apply. Option 

Hl ts qua11ffed by s1m111tude to Opt1on Hl test as ,p~rt of. 

Itea 21. 
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10. 0 TEST RE SUL TS (continued) 

5. SC-1326W-323-Il (Item 32) 

Thf s unf t has 1 qua l 1ff ed 1 f fe of 11. 79 years wf th the 

exceptfon of the mafntenance ftems lfsted fn Table VIII and 
. . . 

tS rated to 1 TIO of l.O x 104 rads. 

This unft, which was powered during thermal aging, 

. fa11e-d during post-thermal agf ng tests (no output response 
i 

to fnput sf9nals) because a screw was loose on the tennf nal 

block at Tenafnal 14 fns1de the housing. Thf s caused an· 

open circuit at the termfnai point which fnterfered with the 

output signal. later, the loose screw was tightened by RIS 

personnel and the unit was f11111ed1ately 1rrad1ated to a TIO 

of 1.5 x 104 rads. Functional testing was not done prior to 

irradiation d_ue to t1me const-ratnts. Since the unft 

performed satfsfac:torily after 1rrad1at1on and subseq~ent 

recalt brat fan,_ by 1mp11 c:atf on the unf t operated 

satisfactorily before trradiatfon. 

The unf t. performed wel 1 durfng set smic and humidity 

testing although ft had to be recalibrated following seismic• 

and humidity testing. 

*The unit was recalibrated by RlS and was not tested agaf n. 
by Acton prior to humidity testing. 
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10.0 TEST RESULTS (continued) 

6. SC-1326W-323-Hl (Item 33) 

. ACTON 
ENVIRONMENT AL 

T£ST1NG 

After thermal aging this item passed all of its 

functional tests, 1nclu~ing dielectric strength testing. 

Stnce thh unit .as not energized during thermal ag1ng, the 

two 1044-249 tr an sf armers were rep laced w1 th Items 6 and 66. 

Both of these items failed dielectric strength testing after 
. . . 

being installed in the unit. Items 8, 66A, and 66C-G were 

tested for dielectric strength outside the unit and al 1 

passed. lT~s 69 and 69A~F were also tested since they were 

of similar construction. An RlS representative replaced 

Items 6 and 66 with Items 6ciC and 698 (Item 698 was used· fn 

error). Item 698 failed· subsequent dielectric testing and 

wa~ replaced wtth. Item 69 (also 1n error).: . The unit_ worked· 

satisfactorily after these changes were made.·. 

After radiation aging, Items 69A, 69C-F, and Items 8, 

66A and 660-G were tested for di electric: strength and a 11 

passed •. · 

It ts bel teved that the installation process itself 

caused the failures seen by the transformers. This process 

. was espec1al ly stressful canst dering that the transformer 

tnsulat1on Wis at tts end-of-ltfe condition. Th1s theory is· 
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10.J TESLR£SULTS (continued} 

6. ~_1326W-323-Hl (Item 3~). (continued} 

.. further supported by the fact that the trai;~ for.ners that fa f1 ed 

did so after being installed fn the unit and one of them per-

formed satisfactorily just ~rior to installation. In view of 

these circumstances, these failures are not considered to b@ 

. cOftlllOn mode fn nature, although special care should be taken 

during insta11at1on of the transformers during manufacturing. 

Aft~r irradiation to a TIO of 3.0 x 105 rads, the unit 

wa$ ·inoperative because the LM337T voltage regulator and the 

two VNlOKM FET's were damaged by radiation. At this point, 

Item 33 was dropped from the prograra and qualified instead 

to a lower TIO (1.0 x 104 rads} by sfmt11arity to Item 32. 

This unit 1s also assigned the same qualified life. It is 

qua11fied wfth Option Hl because Item 21, which al so· 

~ont.i 1 ned Opt f on Hl, was fu 11 y tested and qua 1 i f1 ed • 

. .1. SC-1330-323-Hl (Item 20) ,, 

Th1s te!t unft has a qualified life of U.79 years. with 

the exception of the ~intenance items listed in Table VIII, 

and fs qual1 ffed to a dose of 3.0 x ios rads no. 
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10.0 TEST RESULTS (continued) 

8. SC-1372-323-11 (Item 19) 

·The test unit has a qualified 1 i fe of .11. 79 years. with 

the exception of the maintenance items listed in Table VIII, 

&nd ... is-- rated-to a.-TlO .. of.,l.O -x.lo4 .. rads. 

This .unit failed during post-rad1at1on ~unctional tests 

(no response to input s1gna1 s). RIS personnel discovered .. 

that one Ut337T voltage regulator and 4N36 opt1c"1 coupler· 

wre damaged frm being irradiated to a TIO of 3.0 x 105 

rads. To correct this failure, an identical voltage 

regulator and optical coupler were removed from Item 34, 

irradiated to a TIO of 1.15 x 104 rads and installed in 

Item 19 in place of the failed components. 

In addition, Option I1 was removed from Item 36, 

irradiated to a TIO of 1.15 x 104 rads and then installed 

into Item .19. 

Pr1or to radiation, one of the replacement transformers 

(aged at 130°C), Item 9 was insta1 led fotc the Ir board and· 

was subsequently found to have an open primary. Item 65A 

was subsequently 1nstal led 1ni:o the 11 board tn place of 

.. 
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10.0 . TEST RESULTS (continued) 

8. SC-1372-323-Il (Item 19) (continued) 

Item 9 and the unit performe<f satisfactorily~ It was also· 

noted that an identical transfo~r (Item 11) and a similar 
. . . 

transformer (Item 10) were tested far continuity it the 

pfns. Both Items 10 and 11 had open primaries. This 

problem was caused by handling rather than aging._ The 

connections between the transformer cof ls and the pins are 

all .metal and extremely delicate. Since they dtd not 

receive any special handling. the spare transformers ~re 

espe'=ially vulnerable to damage. Since the or19inal 

. transformer in Option I1 worked well after thermal aging and 

the other Option 11 tested· (from Item 32) worked well 

throughout the program, the problem can be attrihuted. 

exclusively to being handled outside the uni~. It ts 

c:ecaarnend~ that all units containing th~s type of 

. --- -

transformer be tested prior.. to .1eav1ng.,the,,factor.y., ,., . 

•. 
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10.0 fill RESULTS (continued} 

9. li-1372-323-Hl (It'!D_fil 

Testing of thfs unit was terminated prf or to irradia

tion bec11use ft was r.eeded .tor: spare_parts. · It. ts_, however, 

quaHf1ed by sfmfl ftude to Item 19. Option Hl is further 

qua 1 ffi ed by s 11111 li tude to the Hl opt, 1 on 1 n Item. 21 which · 

was fully tested. 

10. SC-1373-323-Hl (!tem JS) 

This unit has a qualified life of 11.79 years. The 

unit is also qua11ffed t~ ~TIO of 1.0 x 104 rads. 

Th~ unit "hich was energized during thermal aging 

failed during post-thermal aging d1electrfc withstand 

voltage tests. This failure was detenni ned to be a result 

. of improper alignment between the P.C. board and the spacers 

in the housfng. As a result, one of the P.C. board mounting 

screws was extremely close to one of the PCB etchings. 

After the P.C. board was properl;""al.f'gned';" t'he'runft ·. · · 

performed satisfactorily. It should be noted that the· 
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10~ ~1373-323-HJ (Item 3_5J. (continued) 
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Humiseal removed during the process of' repairing thfs unft 

. was replaced. This was the case fn all the un1 ts where a 

· ., .. _ .. ,component .. was-.change<Lout ,.(for .example when a transformer 

was replaced with another which was aged at a higher 

temperature). Stnce the Hum1seal was replaced in small 

local tzed areas and the majority of the aged Humiseal was 

undisturbed the new Hum1sea1 ts just 1fi ed 1 n tel"'lls o.f the 
. . 

other HU1111seal used tn the test items.· The aged Humtseal is 

polyurethane based and, therefore, has an activation energy 

of l.14eV (AETC Ftle No. H32-3) and a qualified life of' 20 

years. It should be noted, al so, that these unt ts requ1 red · 

ca11bratfon after humidity testing. 

11. SC-1_373~323-Il (Item 36) 

This untt was tested until 1t failed as a result of 

being irradiated to a TIO of 3.0 x ioS rads. This un1t ts 

qua11fi ed to a TIO of 1.0 ·x 104 rads'' by'' s1mH:f tude ·i.to('Item - , 
. . . . . . . . 

35. Option 11 was qual Hied as part of Item 19. 

Report No. 16376 

Rev. l 

Page __ 1 O_-_l_O 



:::...• .• 

10.0 TEST RESULTS (continued) . 

12. !!:l,2Ji-3Z3-T2 (Item fil 

A
··"._:··· 

CTON 
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TESTING 

This unit ts qualified for 11.79 years although ft 

contains some maintenance ftems. The alarm relay has a 

qua l1 ff ed .1 t f e determf ned through ana 1ys1 s of 20 years due 

to a temperature rise of 22.5°C and the transformer 1s 

1 f mi ted by its wi r1 ng to a qua 1 tf fed 1 tf e of 11. 8 yea rs. 

All of the components are qualfffed to a TIO of 3.0 x ios 
rads. 

·Prior to· mechan.ical cycling an· RIS representative . 

accidentally broke· one of the 1N2070 diodes fn the unit. 

The unit was replaced and ts jusff ffed by the. other 

f dentf cal di ode sti 11 tn the program. Addf tfonal problems 

were also encounterad durfng and after mechanical cyclfng· 

wf th the relays. 

Seven Aromat NC2ED-JP~24V relays were aged at 120°C fn 

addi t f on to the two re 1 ays that were aged at 100°C. The two 

relays aged at 100°C for 2072 hours. perfornied.,,satis.factorf:ly ... 

· after agf ng. · The seven re 1 ays aged at 120°C encountered 

problems. During mechanf cal cycl fng, one of these relays 

fatled early during the test. Thfs fs considered a .random 
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10.0 TESLRESULTS {continued) 

12. ET-1215-323-TZ (Item 27) (continued) 

~ 
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1110de failure. Two .of the remaining six relays failed 

dielectric strength testing prior to radiation. This · 

·failure rate {33i) 1s considered too high to be considered a 

random mode failure. Since the insulation system for these 
. . . 

relays fs rated at 105°C. 1t can be postulated that these 

failures were a result of thermal overstressing. The 

qual i ficat1on of these relays was perfo~d by a combination 

of testing and analysis. This is pennissible according to 

IEEE Std. 323-1974 1n cases where it 1s not feasible to 

conduct one or more of the tests. Because of the 

temperature rise seen at the co fl s during operat f on. the 

required aging tiine'at an aging temperat,ure at or below 

105°C was far too great to' pennf t completion of the test 

program within a .reasonable pert od of tfme. · 

In order to address the thermal aging P.ortfon of.the 

program. the following analysis was performed usfng 

Arrhenius methodology. 

Weak Link Material: Polyurethane (Cofl Wf re Insulation) 

Environmental Temperature (Tz): 5.l.9°C + 22.5°C (Cofl 
Temperature Rise) 
• 74.4°C • 347.4°K 

Activation Energy' (Ea): l.14 {AETC Ffle. No. MJZ-3} 
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10.0 TEST RESULTS (continued) 
-----~ . 

. . . .. 

12. ET-1215-323-T2 ([tem 27) (continued) 

Boltzmann's Constant (B): 8.617 x 10-S 

UL Temperature In·.iex (T1) 130°C • 403°K 

Tfme Temperature Index (t1) • 60,000 ho1Jrs 

exp [x] • ex 

.Qual Hied Life (t2) • t1 exp 
Ea/B (1 - l ) . 

l'i' Ti 

eCTON· 
ENVIRONMENT AL 

TESTING 

tz • 60,000 exp [ -1.14 (. l - l )] • 11,479 ,612 hours 
· . 8.617 x Io-5 W 3ifl.4 . 

This ff gure ts far f n excess of the 359, 160 hours f n 41 · 

years. Therefore, based on this analysis, these relays are 

qua 11f1 ed for 41 years • 

. ·The worst case·situati·on·;was .. simulated during the. 

remainder of the test program b~cause two of the surviving 

're 1 ays aged at 120°C were used during the rema i 11der of the 

test program• · , '· . 

The operatf on of the relays was fntermf ttent 

frmiediately after sefsmic testing, although these same 

relays performed satfsfactorily during subsequent testing, 

as well as during the previous sef smfc testing. Because the 

failure could not be duplfcated later, they were probably' 

caused by an error in testing. 
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10.0 J]!T RESULTS (conttnued) 

13. ET-1214-323-H 

.TESTING 

This unit ts qua11f1ed by stmttitude to Item 27, to the 

same parameters. The only differences are the following: 

... a) There .. are two .a lar,m .. c1 rcuf ts._and ... ~ 1,ays ... tn. Jtem .. 27, 
whtle only one 1s used in the ET:..1214'.'"323-H. · 

b) Itea 27 contained power· 1solat1on component (Hl 
Option) not found in the ET-1214-323-H. 

Every cf rcuft contafr.ed 1n ET"'!l214-323-H was contaf ned 

fn Item 27. 

14. ET-1214-323-Hl 

Thf s. unt t 1s a 1 so qua 1 iff ed by sf 11111 f tude to Item 27. 

•Both have the same power f nput ct rcui ts and Item 27 df ffers 

only tn the number of alarm cf rcufts ft contains. 

15. EI 4420-323 
' .. '• - ' ' . ... . . ".. ... . .. ~ ,. .. . 

This unit is manufactured in several conffgurattons 

depending on the type of signal fnput being monitored and 

the output desired. The following. four conffguratfons were ... 
" . 

tested, although 16 others were· used during seismic testing 

to balance the chassis. 

· a) Item 42, 10-50 mA input, 10-50 mA output 
b) Item 45, 1-5 mA · ~ nput, 1-5 mA output 
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10.0 TEST RESULTS (con~inued) 

15. !L 4420 (continued) 

~ 
~CTO~CTON 
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TESTING . 

analog isolator that was energized during aging •. Apparently 

this caused enough stress to shorten the life of these 

capac·itors. · ··n shouH1 a·1so'·be noteCi ·that there·are rHne···(9) 

such capacitors on each board which means that 36 were 

tested. This low failure rate along with the circ.umstances 

of the failures that did occur are factors 1n AETC'.s 
. . . 

conclusion that these failures are not conman mcde failures.· 

It should also be noted that the test uni ts had to be 

recalibrated after radiation a-:1ing .and humidity testing. 

16. EI 4481/EI 4482 Chassis Assembly (Item 39) 

This chassis assembly is qualified for 20 years and 

3.0 x .. 10.S .. ,rads"'T-10 .• ,. ..... 1.ts.,,abi.l it:Y· to perfonn its safoty

rel ated funct1 on was demonstrated by the fact that the EI 
. \ . .· 

4420 modules performed satisfactorily while mounted in and 

·electrically· connectedi-through/ .. thencha·s·s f s·' assembly~ .. "· · 

17. EI 4477 Power Supply (Items 37 and 38) 

This power supply has a qual iff ed 1 ife of 20 years with 

the exception of the maintenance items listed fn Table VIII. 
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10.0 TEST RESULTS. (continued) 

17. ~77 Powe,. Supply (continued) 
. . . 

This un1t fs also qualified to a TIO of J.o· x ios ,.ads. 

During fn1tial functional testfng, it was necessa,.y to 

pla.c:e a O.l"f/50 VOC capacitor across tenninals 3 and 6 f,i 

o,.der to obtain ac:c:eptable test ,.esu~ts. This capac:ito,. was 

used for the duration of the test. 

It was noted that the output vo 1 tage from one output 

from·each un1t tested was slfghtly high befo,.e and afte,. 

humidity testing. The values obtafned we,.e, however, 

c:ons1de,.ed satisfac:to,.y by the c:ustoiner fn view of their 

unloaded c:ondf tions. The PVC leads were overstressed during 

thermal ag1ng and the insulation ~n the transfonne,.s had to 

be sprayed· with·Hum1seal···to·~·prevent ·shorting of the wires. 

This 1s justified since most of the test units contained 

PVC-insulated wiring that performed well after being. 

thenna Hr· aged ·'at "100~C 'for'· 2072 "·hours-;·· 

18. EI 4479 (Items 60 and 61) 

This power supply has a qualified life of 20 years with 

the except 10n of the ma fntenanc:e 1 tems 1 f s ted in Tab 1 e VII I. 

In additiori. the unit is qualf1fed to a TIO of 3.0 x 1~5 rads • 
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10.0 TEST RESULTS (continued) 
. - . 

•• 

1&. El 4-479 ( ltens 60 and 61) 

In order to attatn a qualtf1ed ltfe of 16.1 years for 

the transformet"s, Item 71A ~s 1nstal 1ed into Item 60 and 

Item 71 Was tnstal led tnto It• 61 ·after thermal agtng. 

It should be noted that tteaas 60 and 61 needed to be 

recalibrated after thermal aging. 
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