
JfOTICI 

PORTIONS OF THilS PfPORT ARE 1ttEGtnU: f-" 

has been renro--'�;�.1-� fr,.rr the best ava:1�·���. 

copy to permit t11:> k�·,·'C :'':\·:.,!�!..: :.-.:�:· 

ability. 
DISCLAIMER 

This report wa red . s prepa as an account of work s 
Government. Neither the United St t G 

ponsored by an agency of the United States 

empl 
a es overnment nor a 

oyees, makes any warranty express . . ny agency thereof, nor any of their 

bility for the accuracy, complet�ness or �
r ��Jed, �r ass�mes any legal liability or rcsponsi

process disclosed, or represents that 'its u:; ess o a_ny �nformation, apparatus, product, or 

ence herein to any specific commercial roduc�
uld not mfnnge �rivately owned rights. Refer

manufacturer, or otherwise does n t 
p . ' 

pr�, or serv1ce by trade name trademark 

mendation, or favoring by the Un�edne;s:an� constitute or imply its endorsc�ent recom: 

and opinions of authors expressed h . a es
d 

overnment or any agency thereof. The views 

u "ted s 
erem o not necess ·1 

OJ tates Government or any agency thereof. 
an y state or reflect those of the 

GEND 040 

Distribution Category: UC-78 

TMI Supplement 

GEND--040 

DE84 014163 

FINAL REPORT ON THE IN SITU TESTING OF 

ELECTRICAL COMPONENTS AND DEVICES AT TMI-2 

Flcrante T. Soberano 

Published June 1984 

United Engineers & Constructors, Inc. 
Philadelphia, Pennsylvania 

Prepared for the 

U.S. Department of Energy 

Three Mile Island Operations Office 

Under DOE Contract No. DE-AC07-761D01570 



'• 

.. 

. , 

SUMMARY 

A total of 88 electrical components and devices were in situ tested. 

Of these, ll totally failed and 2 1  suffered degradation that varied from 

mild to severe. The equipment that failed or incurred severe degradation 

was located in areas of known environmental extremes. Several motor 

operated valves in the Reactor Building basement failed because of 

submersion in water. Others severely degraded from contamination tracking, 

resulting in the alteration of their circuit electrical characteristics--a 

circumstance that could compromise their designed function. One backup oil 

lift pump motor for a reactor coolant pump motor, although located well 

above the Reactor Building basement high water mark, failed because of a 

break in its armature and field circuits; this failure was surmised to be a 

result of corrosion. The limit switch of a Class lE solenoid valve 

likewise failed due to moisture intrusion. 

(omponents that noticeably degraded exhibited anomalies, likely due to 

t he incur�ion of moisture, that varied from high capacitance to increased 

circuit resistance. The effect of the other degenerating conditions that 

existed during the accident, such as high temperature, high radiation 

levels, and the hydrogen burn, could not be evaluated individually or 

synergistically . 
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FOREWORD 

The tes t i ng  of e l ectr i ca l  components as presented i n  th i s  report i s  

one of three tasks  of a maj or program managed an d d i rected by EG&G Idaho , 

I n c .  to  ass es s  the surv i vab i l i ty of i n strumen tati on and e l ectr i ca l  

components l ocated i n  the Reactor Bu i l d i n g  of  Three Mi l e  I s l an d  Un i t  2 .  

Th e other two tas k s  are I nstruments, d i rected by R .  D .  Me i n i n ger , EG&G 

Idaho , and Cab l es/Connect i ons ,  d i rected by C .  P .  C annon , Han ford 

Eng i neer i n g  Deve l opment Laboratory . Overa l l man agement and tech n i ca l  

Ji rect i ons  are prov i ded  by R .  0. Me i n i n ger as a tech n i ca l  coord i n ator to  

t h e  Data Acq u i s i t i on Program of the  Tech n i ca l  Informat i on and  Exami n at i on 

Program , wh i ch i s  managed by EG&G Idaho at Three M i l e  Is l and . 
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F I NAL RE PORT ON THE I N  S I TU TE STI NG O F  

E LE CTRICAL COMPONE NTS AND DE VICE S A T  TM I - 2  

I NTRODUCT ION  

I n  s i tu test i ng of  e l ectr i cal  components and  dev i ces i n  Three M i l e  

I s l and Un i t  2 ( TM I - 2 )  started i n  m i d- 1 980 . The program was conce i ved  w i th 

two object i ves : a )  to  determine  the e l ectr i ca l  status of se l ected u n i ts ,  

and b )  to retes t these un i ts per i od i cal l y  and after changes occur i n  the i r  

operating env i ronment, s uch as by Reactor Bu i l d i ng decontami nat i on .  

ketest i ng i s  i mportant to determi n i ng the degradat i on patterns  of thes e 

u n i ts as funct i ons  of t i me and determi n i ng the effects of the operat i on s  

that changed t h e  bu i l d i ng env i ronment . The i n  s i tu tes t i ng res u l ts  served 

a s  the pr i nc i pa l  bas i s  for se l ect i ng the components to be removed for 

exami nati on . 

The test i n g ,  wh i ch i nvol ved the measurement of e l ectr ical  parameters 

from po i nts outs i de the Reactor Bu i l d i ng ,  got underway i n  fu l l scal e i n  

l ate 1 98 1 . I n i t i a l l y ,  48 e l ectr i cal  components and dev i ces were con s i dered 

for test i ng .  Because data and i nfor�ati on on the cond i t i on of the reactor 

were scanty at that t i me and there were many unknown e l ements affect i ng 

reactor safety , Genera l P ub l i c  Ut i l i t i es Nucl ear Corporat i on ( GPU  Nuc l ear ) 

d i s approved the tes t i ng of any component con s i dered to h ave any bear i ng o n  

reactor s afety . On l y  36 components were approved and tested before Reactor 

B u i l d i ng gross decontami nat i on . As more data on the reactor cond i t i on 

became k nown , the constra i nts p l aced on components to be tested were 

re l axed , and addit i ona l  components were added i nto the l i s t .  A total  of 88 

components  underwent test i ng .  

O f  the 88 components  tested , 2 9  are C l as s  l E  u n i ts , a l though mos t  of  

them are not  qua l i f i ed for a l os s -of-coo l an t  acc i dent ( LOCA) . The C l as s  l E  

c omponents compr i se motor operated va l ves , s o l eno i d  v a l ves , and  the f i ve 

Reactor Bu i l d i n g  a i r  cool i ng fan motors . Al l of these u n i t s  operated 

d ur i ng and after the acc i dent . Wh i l e some of them stopped func t i on i ng 

after the acc i dent , others h ave been operat i ng cont i nuous l y  s i nce then . 

Several of the components , a l though c l as s i f i ed as  non-C l ass l E , performed 

1 
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v i ta l  operat i on s  d ur i ng  the acc i dent recovery. Examp l es of these u n i ts are 

the reactor coo l ant pump motors . The motors operated dur i ng  the acc i dent 

recovery to prov i de the mot i v e  force of the reactor coo l ant , an operat i on 

t h at was necessary to ach i eve the cond i t i ons req u i red to effect natural  

convect i on coo l i n g  of the reactor. Other components a lso  operated to 

s upport the operati on of the reactor coo l ant pump motors . 

Dur i n9  and after the acc i dent ,  the components  were exposed to 

e nv i ronmenta l  extremes , s uch  as h i gh temperature , h i gh  rad i at i on ex�osure 

and dose , h i gh humi d i ty ,  and i n  some cases submers i on and hydrogen burn. 

Fo l lowi ng the acc i dent ,  on l y  a few of these u n i ts were operated. Other 

components that wou l d  h ave  been needed for the l ong -term recovery were not 

operated because of the s u s pected env i ronmental extremes they were exposed 

to and thei r  u nknown cond i t i on .  

2 
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TE ST ING 

Tes t i n g  of the i ncontai nment e l ectr i cal  components and dev i ces  was 

p er formed outs i de the  Reactor Bu i l d i ng .  Depend i ng upon acces s i b i l i ty of 

the test po i nt and ease of test i n g ,  the test was carr i ed out either i n  the 

e l ectr i cal  penetrat i on outer termi na l  box or i n  a term i nat i on cab i net 

c l osest to the penetrat i on .  

The test i ng  was performed by GPU Nuc l ear ma i ntenance e l ectr i c i an s  and 

i nstrument techn i cians , us i ng GPU Nuc l ear-approved procedures . The work 

was i mp l emented fol l ow i ng a GPU Nuc l ear format , i n i t i a l ly  estab l i sh ed by a 

job t i cket wh i ch was l ater superseded by a un i t  work i nstruct i on ( UW I ) .  I n  

either format , the test procedure forms part of the document .  Before the 

test i ng  can be  i mp l emented , the job t i cket or UW I i s  cyc l ed through a GPU  

Nuc l ear approval process .  The approved document i s  good for one- t i me u s e . 

Fo l l ow i ng comp l et i on of the test , the job t i cket or UWI i� c l osed out; a 

retest wou l d  req u i re a new job t i ck et or UW I ,  wh i ch a l so wou l d  be  recyc l ed 

for approval . 

Tne i n  s i tu test consisted uf two types of tests: stat i c  and 

dynami c .  The stat i c  test i s  an exam i nat i on of the component  w i thout 

app lyi ng power . Th i s  test i nc l udes l oop i nductance , l oop capac i tance , l oop 

equ i va l en t  ser i es res i stance , l oop real  res i stance , i n su l at i on res i stance , 

and t i me doma�n ref l ectometry ( TOR) measurements . The dynam i c  test 

i nvo l ves operat i n g  the components wh i l e  measur i ng the i r  operat i ng 

p arameters ,  i nc l ud i ng s tart i ng or i nrush and ho l d i ng or runn i ng c urrents . 

The stat i c  test measurements were tak en on the dev i ce i n  i ts "as 

f ou nd11 s tate and,  i f  a l terat i on was poss i b l e , i n  i ts a l tered s tate . 

E ffect i v e  i nductance , effect i ve capac i tance , and equ i va l en t  ser i es 

res i stance measurements were t aken at frequenc i es of 1 20 Hz and 1 kHz. 

When more versat i l e  test i n struments  became ava i l ab l e ,  the two-frequency 

measurement was changed by a frequency sweep method from 1 20 Hz to 10 kHz. 

Data from th i s  l atter measurement are recorded i n  a magnet i c  tape . A 

Hewl ett-Packard 85 computer was u sed for reduc i n g  and p l ott i ng the  dat a .  
The TOR measurement was i n i t i ally made us i ng a Tektron i x  1 502 , a s tandard  

3 



l ow-vo l tage t i me doma i n  refl ectometer . Wh i le the techni qu e  was appropr i ate  

i n  some cases , i t  was  l ater ch anged to make use  of a dev i ce that put  out a 

h i gh vo l tage pu l se i nc i aent s i gna l . The h i gher vo l tage s i gna l was 

necess ary to overr i de the i nduced e l ectr i ca l  no i se that ex i sted on the 

c i rcu i t  under test . 

In a l I  of the tes ts , e l ectr i ca l  no i se was a l ways the f i rst  parameter 

to be measured . E l ectr i ca l  no i se ,  whether i nduced or d i rect cou p l ed 

v o l tage res u l t i ng from l eak age c urrent from adj acent c i rcu i ts ,  affects the 

measured data i n  many ways . If  the no i se l eve l  i s  h i gh ,  i t  renders the 

convent i onal measurement tech n i q ues uns u i tab l e .  Varying and mean i ng l ess 

test data are the res u l t .  As a more subt l e  effect , e l ectr i ca l  no i se w i l l  

c ause data to be incons i s tent . 

Because of the  many uni q ue s i tuat i ons i n  TM I-2 , tes t i ng methods 

d i ffered from component to component . For examp l e ,  i n  the reactor coo l an t  

motor feeder c i rcu i t ,  i n  wh i ch the rated vo l tage i s  6 900 vo l ts ,  every 

connect i on i s  t i gh t l y  i ns u l ated and the conductors are i naccess i b l e  un l es s  

t he i nsu l at i on i s  damaged . To  access the c i rcu i t ,  a ground i ng b uggy was 

u sed. 

4 



DATA ANALYS I S  �PPROACH 

Th e approach tak en to eval uate the cond i t i on of the  components tested 

was to cons i der each component as a network compr i s i ng res i stance ( R ), 

i nductance ( L ) , and capac i tance ( C) el ements and h av i ng an i m�edance 

Z = R + jX ( 1 ) 

w here 

R = network equ i val ent ser i es res i stance 

X = network equiva l ent ser i es reactance . 

Th e pattern of how the R and X quant i t i es vary w i th frequency i s  then 

compared w i th base l i ne data . The base l i ne data are obta ined dur i ng s tartu p 

or measured from i dent i cal dev i ces determi ned to be normal . 

Depend i ng upon the comp l Ex i ty of the network, both the equ i val ent 

s er i es res i stance and the equ i va l ent ser i es reactance of the network are 

funct i ons of the v�r i ous e l ements • capac i tance, i nductance, l eakage 

r es i stance , and ohmi c res i s tance and frL1ucncy. Whether the c i rcu i t  i s  

capac i t i ve or i nduct i ve, the c i rcu i t • s  b u i l t - i n  i nduc�ance 8r capac i tance 

and r ea l  res i s tance are fixed . Inductance i s  pr imar i l y  the funct i on of the  

number of coi l turns and per�eabi l i ty of the  magnet i c  c i rcu i t .  In  the case  

of the  i nterconnect i ng cab l e, i nductance i s  a funct ion of the  s i ze, 

geometrys and l ength of the cab l e  w i res . Rea l res i stance i s  a func t i on o f  

t h e  conductor mater i a l res i st i v i ty and the conductor size and l ength ; the  

rea l  res i stance can be  measured i ndependent l y .  Leakage 1·es i st ance, unl e s s  

the  i ns u l at i on i s  b�oken down, h as a h i gh v a l ue and does not affect the 

network • s  i mpedance . C apac i tance, therefore, i s  the on1y e l ement that  

cou l d  a l ter the network • s  i mpedance . 

C apac i tance i s  dependent upon geometry and the  d i e l ectr i c  mater i al • s  

d i e l ectr i c  constant . Water, by v i rtue of i ts h i gh d i e l ectr i c  constant, i s  

genera l l y  regarded as the pr i nc i pa l  contr i butor when a h i gh capac i tance i s  

detected. 
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The LCR bri dge used in the test measures both the equ i va l ent ser i es 

resistance R and the equ i va l ent series reactance X. Depending on whether 

the reactance is inductive or capacit i ve ,  the i nstrument w i l l  then 

determine the corresponding c i rcuit effective inductance or capacitance . 

Typ i cal ly ,  an RLC network w i th a smal l va l ue of capac i tance wil l h ave 
an effective inductance that starts up at a certain v al ue at very l ow 
frequency . As the frequency is i ncreased , the i nductance decreases unti l 
it reaches and f l attens out at a l ow point after wh i ch i t  gradual l y  ana 
then rapid l y  i ncreases to a peak point . The inductance then decreases 
r apid ly  until the circuit becomes capac i tive .  The c i rcuit rema i ns  
capacit i ve as the frequency i s  increased further . A typ i ca l  pattern of  

inductance is  shown in  Figure 1 .  The �?ttern of  t he  network effect i ve 

i nductance i s  dictated by the capac i tance i n  the c i rcu i t .  As some of the 

network distr i buted capac i tance i s  i ncreased ,  the c i rcu i t  resonant 

frequency decreases , hence the l ower the frequency at wh i ch max i mum c i rcui t 

inductance occur s . The equ i va l ent series res i s tance a l so fol l ows a patte�n 

in which the v a l u e  starts l ow at l ow frequency , i ncreases as the frequency 

is increased unt i l i t  reaches a peak �oint , and then gradua l l y  decreases as 

the frequency i s  further increased . 

In ana lyz i ng the data , the equ i va l ent  circ.u i t  of the component tested 

i s  f i rst  approx imated , and then the equ i va l ent  ser i es resistance and 

equ i v a l ent series reactance express i ons are der i ved . Parameters measured 

from de measurements and parameters ty�ical of the s i ze and type  of the 

dev i ce are u sed as base l i ne data and are p l ugged i nto the der i ved 

expres s i ons . W i th  the use of a Hew l ett-Packard 25 computer system, the 

network equ i va l ent series res,,�ance and effect i ve  i nductance or 

capac i tance are ca l cu l ated and p l otted for d i fferent va l ues of the assumed 

s tray capacitance at frequenc i es of 1 20 Hz to  1 0  kHz.  The ca l cu l ated 

equ i va l ent  ser i es resistance and reactance are then compared to the  

obtained data .  The process  i s  repeated for  different v a l ues of the s tr ay 

capac i tances unt i l the c a l c u l ated and measured data at both measurement 

f requen c i es are i n  c l ose  agreement . Whenever the assumed v al ues of the  

stray capac i tances become unreal i st i ca l l y  h i gh ,  the approximated 
c on f i gurat i on of the networ' i s  changed and the process  i s  repeated . T�t 
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F i gure 1 .  A typ i ca l  pattern of c i rcuit i nductance as a funct i on of 
frequency . The negati ve i nductance means the c i rcu i t  i s  
c apac i tive . 
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ca l c u l ated circuit equiva l ent series resistance and effective inductance or  

c apacitance are then assimi l ated with the other data  to  determi ne the 

v a l id i ty of the i nitia l as sumptions . The mechani sm by wh i ch the stray 

c apacitance got into the network is then ana l yzed , and i ts overall i mpact 

on the circuit function is eva l uated . 

Appendix A summarizes the resu l ts of the in situ test performed after 

the Reactor Buil d i ng gross decontam i nati on . A descr i pt i on of each 

c omponent and device and the ana l yses of the test  d ata  are presented in 

this  report . Anal ysi s of test data obtained before gross decontamination 

was pub l i shed i n  GE ND-INF-034,  Test i ng and E xaminat i on of TM I - 2  E lectr i cal 

Components and D i screte Dev i ces .
1 
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DETA I L ED DATA ANALYS IS 

Fo l l owi ng i s  an ana lys i s  of the f i nd i ngs from i n  s i tu tests of the  

var i ous  components and  dev i ces in  TMI - 2 .  Appen d i x  A i s  a deta i l ed t ab l e  of  

postdecontami nat i on i n  s i tu test data for the e l ectr i ca l  components and 

dev i ces . 

L eve l  Swi tches AH-LS-5006 , AH-LS-5007 ,  and AH-LS-5008 

L eve l  swi tches AH-LS-5006 , AH-LS-5007 , and AH-LS-5008 are used to 

detect l eak s i n  the coo l i ng co i l of Reactor Bu i l d i ng a i r  coo l ers AH-C- 1 38 ,  

AH-C- l 3C ,  and AH-C - 1 30 ,  respect i ve l y .  They furn i sh an a l arm to the control  

room when they detect a h i gh water l eve l  in  the i r  respect i ve a i r  coo l er 

s umps . 

The swi tches are Oe l ava l  GEMS Mode l LS 1 950 .  E ach swi tch cons i sts  of 

a magnet-equ i pped , sta i n l ess  steel bal l f l oat s urround i ng a vert i cal l y  

mounted reed swi tch i ns i de a metal  tube ( see F i gure 2 ) . The meta l  tube 

serves as the trave l  gu i de of the f l oat . The swi tches are non-C l ass  l E  and 

are i ndustr i a l grade u n i ts .  

The dev i ces were tested before and after gross decontam i n at i on .  I n  

predecontam i n at i on test i ng ,  AH-LS-5007 and AH-LS-5008 were normal  in a l l 
a spects wh i l e AH-LS-5006 exh i b i ted an e l evated real  res i stance of 5 54 ohms 

and a capac i t i ve d i p  at the dev i ce end of i ts c i rcu i t  TOR s i gnature , as 

s een i n  F i gure 3 .  Th i s  anoma ly  o f  AH-LS-5006 was attr i b uted at the t i me to 

water i n  the c i rcu i t ,  speci f i cal ly  i n  the dev i ce proper or very c l ose to 

t he  dev i ce. Postdecontam i n at i on test i ng  revea l ed bas i ca l ly the s ame 

abnorma l i ty b u t  w i th some changes . 

AH-LS-5007 remai ned norma l , as i t  performed i n  
contrast , AH-LS-5008 exh i b i ted a s l i ght  i ncrease i n  

from i ts i niti al v a l ue of 1 . 8 1  ohms to 1 2 . 2  ohms . 

the  i n i ti a l tes t .  

i ts l oop  res i stance  

The  change was  a l so 

I n  

apparent i n  the TOR trace, character i zed by a l es s  rap i d  decay a t  t h e  end 

o f  the cab l e .  The r i se i n  res i stance was s uspected to be  due to ox i de 

b u i l du p  on the swi tch contact or on the f i el d w i re - i nstrument l ead w i re 

c onnect i on .  The anomaly d i d  not affect the dev i ce funct i on .  
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F i gure 2 .  Level  swi tch De l ava l  GEMS Model  LS 1950. 
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F i gure 3 .  Predecontami nat i on TOR si gnature of the c i rcu i t of AH-LS-5006. 
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As  i n  the predecontam i nat i on test ,  AH-LS-5006 was s t i l l  character i zed 

by the h i gh c i rcu i t  res i stance , wh i ch further i ncrease� i n  

postdecontam i n at i on test i ng to 560 ohms . I n  the l att�r test ,  h owever , the 

swi tch exh i b i ted  a pattern devo i d  of the capac i t i ve d i p at the end of the 

c ab l e  termi nat i on , an i nd i cat i on that the wet termi nati on dr i ed b efore 

decontami nati on  ( see F i gure 4 ) . The anoma ly ,  l i k ewi s e ,  d i d  not affect the 

d ev i ce funct i on . 

Although the abnorma l i t i es of AH-LS -5006 and AH-LS-5008 d i d  not affect 

the i r  funct i on s , the i r  occurrence s i gn i f i es fai l iJre of the devices i f  the 

po i nt  of h i gh  res i stance i s  i n  the dev ice . The sw i tches are s upposed to be 
hermet i ca l l y  seal ed . 

The cause of the fa i l ure of the two l eve l  sw i tches can onl y  be  

s pec u l ated , but  i t  may be rel ated to the acc i dent . The  dev i ces are 

des i gned to operate i n  a wet , 400°F env i ronment .  Dur i ng and after the 

acc i dent , the rad i at i on l eve l  was  h i gh and temperatures i ncreased . The 

h i gh rad i at i on l evel  per s i s ted b ut the temperature decreased to lower than 

normal . The h i gh rad i at i on l evel  may have  deter i orated the dev i ce stem 

pott i ng mater i a l and reeL �wi tch sea l i ng mater i a l , cau s i ng them to crack 

and s hr i nk and a l l ow i ng mo i sture i nto the reed swi tch i nternal . I f  the 

p o i n t  of fau l t  i s  external  to the reed swi tch , the extreme ly  wet Reactor 

Bu i l d i n g  env i ronment that ex i s ted s i nce the acc i dent cou l d  have caused 

oxi dat i on to  the c i rc u i t  termi n a l s .  

Damper L im i t Swi tches 

L im i t sw i tches AH-KS-5000 through AH-KS-5004 are the l im i t swi tches  o f  

t h e  grav i ty inlet dampers o f  Reactor Bu i l d i ng a i r  coo l i ng fans AH-E - l l A  

through AH-E - l l E . E ach swi tch i s  mounted on  i ts assoc i ated damper and 

actuated by a control  rod , wh i ch i s  contacted by·one of the damper b l ade 

crank arms as the arm approaches the c l osed posfti on .  The swi tches are 

A l l en -Bradley Mode l 802T-ATEW-3,  h av i ng a s i n gle pol e , s i n g l e throw ,  

n orma l l y  c l osed ( NC )  contact conf i gurat i on .  
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The swi tches prov i de control room i nd i cat i on of each damper's fu l l y  
c l osed posi t i on .  E ach i s  powered by the control power of i ts assoc i ated 

a i r  coo l i n g  fan . Because the dev i ces are powered by nuc l ear safety rel ated 

c i rcu i ts, they are of the same qua l i f i cat i on.  

The sw i tches were tested in  conjunct i on w i th  the Reactor Bu i l d i ng a i r 

c oo l i ng fans.  The test i nvo l ved tak i ng stat i c  test measurements w i th the 

a i r  cool i ng fans off and on . Tests wi th the fans on , howeve1· , d i d  not 

p rov i de any more data because the norma l l y  free-sw i ng i ng  dampers were 

ev i dent ly  stuck . Norma l l y  the dampers wou l d  have swung open when thei r 

assoc�ated fans were on  and c l osed when the fans were off . But regard l ess 

of the status  of the assoc i ated fans ,  the da��s wou l d  not change state , 

as i nd i cated by the correspond i n g  l i m i t swi tches. Dur i ng subsequent 

Reactor Bu i l d i n g entr i es ,  techn i c i an s  ver i f i ed the posi t i on and cond i t i on 

of  the dampers ,  f i nd i ng some stuck and others operat i ng sl ugg i sh ly .  

Nonethe l ess , tht� e l ectr i cal  cond i t i on of the  l i m i t swi tches appeared to be 

n orma l . The ci rcu i t  resi stance and inductance of AH-KS-5000 , AH-KS-5002A, 

and AH-KS-5003 are consi stent wi th those expected based on the l ength of 

the interconnect i ng cab l es .  The same is  true w i th the  capac i tance of the 

c i rc u i ts of AH-KS-500 1 and AH-KS-5004 . The TDR traces showed no  evi dence 

of cab l e  anomal y .  The i r  i nsu l at i on resi stances are more than 1 08 ohms , 

an i nd i cat i on that the i r  i nsu l at i on i s  sound .  

Descr i b i n g  the  physi cal cond i t i on of the l im i t swi tches, t he  

d econtam i nat i on team sai d t hey l ooked as i f  they wou l d  break i f  they were 

moved . The team observed a si gn i f i cant amount  ( as much as l /8 i n . th i ck ) 
of  mater i a l depos its--perhaps sod i um--on a l l of the swi tches. L im i t 

sw i tches AH-KS-5000,  AH-KS-500 1 , and AH-KS-5002A were the most contam i n ated . 

N o  def i n i te concl usi on s  about the condi t i on of the l im i t  swi tches were 

drawn from the test . But  v i sua l  observati on s  i ndi cate the swi tches may be  

i noperat i ve and stuck i n  f i xed posi t i on s  by  mater i a l depos i ts.  
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Lube Oi l System In struments of the Reactor Cool ant P ump Motors 

E ach reactor coolant pump motor h as several d i g i tal i nstruments to 

mon i tor the cond i ti on of i ts l ube o i l system . These i nstruments , 

compr i s i n g  level sw i tches , press ure sw i tches , and f l ow swi tches , prov i de 

s tartup control  permi ss i ves for the motor and furn i sh i nput to the bal ance 

of plant computer for data l ogg i ng. 

O n ly  the i nstruments prov i d i ng computer i n put were tested , 

speci f i cal ly  two l eve·l swi tches, two f l ow switches , and one pressure switch 

for every reactor coo l ant pump motor . F i gure 5 i s  a typ i ca l  w i r i ng d i agram 

for a lube o i l  i nstrument group of a reactor coo l ant pump motor . 

The two l evel sw i tches mon i tor the o i l  l evel i n  the upper o i l 

reservo i r  of the reactor coo l ant pump motor. One swi tch tr i ps on low l eve l 

and the other tr i ps on h i gh l evel . The i nstruments are Stati c-0-R i r.g (SOR) 

press ure switches w i th very l ow ranges . E ach i nstrument has two sets of 

s i ngle pol e , doub l e  throw (SPOT)  m i n i ature mi crosw i tches . On ly one set of 

sw i tches was used i n  the pl ant .  E xcept for that of reactor coo l ant pump 

motor RC-P-28, the l ow o i l l evel ci rcu i t  used an NC contact whi l e  the h i gh 

o i l l evel c ircu i t  used a norma l ly  open ( NO )  contact . The RC-P-2B motor l ow 

o i l  l evel swi tch used an NO contact . 

The fl ow swi tches mon i tor the o i l f l ow through the o i l coo l er and from 

the backstop l ube o i l  pump . The i nstruments performi ng  the respecti ve 

f uncti ons are the McDonnell Model FS4-3 and M i l l er Model FS4- l . Both 

dev i ces i ncorporate one SPOT swi tch i ng  el ement that i s  actuated by a padd l e 

dev i ce .  O n  a l l four reactor coo l ant pump motors ,  the NC contact o f  the 

swi tchi ng el en1ents were used for the data l oggi n g  functi on .  However , the 

FS4-3  u n i ts are des i gned to have thei r swi tch i ng e l �nents i n  the actuated 

state i n  a no-f l ow con d i ti on ;  hence, thei r NC contacts are actua l l y  

n orma l ly  open . The FS4-l u n i ts are des i gned w i th thei r swi tch i ng e l ements 

i n  the i r  n orma l  state . 

The press ure swi tch mon i tors the o i l  l i ft pump d i scharge press ure . 

The dev i ce ,  Barksdal e Model 9048-4 , con s i sts of  an SPOT swi tchi n g  el ement 

actuated by a sea l ed p i ston . I ts NC contact i s  used for the funct i on .  
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tach set of i ns truments  i s  i nterconnected to the computer by s i x-pa i r ,  

tw i sted and sh i e l ded - i n-pa i r  cab l es .  The conductors are seven-strand , 
AWG 1 6 , s oft-drawn copper i ns u l ated by s i l i con  r ubber . The cab l e  i s  

j acketed by brai ded asbestos . The cab l es i n  and out  of the Reactor 

�u i l d i ng are i nterconnected through e l ectr i cal  penetrat i on R607 by means of 

connectors . 

I n  the ear ly s tage of the i n  s i tu test program ,  on ly  the i n struments  

correspond i n g  to RC-P- l A  were cons i dered for tes t i ng .  These i ns trument s  

were tested before gross decontam i n at i on . The res u l ts of the i n i t i a l test 

i nd i cated s everal anomal i es ,  both i nternal  and externa l  to the 

i n struments . The two l evel  swi tches were both c l osed , mean i ng they were i n  

an a l arm state, wh i ch s i gn i f i es a s imu l taneous  h i gh and l ow l eve l 

cond i t i on .  The i nconta i nment cab l e  H291 I a l so exh i bi ted an i mpedance 

m i smatch of a l l the w i re pa i rs . The m i smatch , l ocated at the cab l e  

m i dpo i nt ,  h ad a TOR pattern character i s t i c  of a wet cabl e ,  as seen i n  

F i gure 6 .  The i n s u l at i on res i stance of the circu i ts was con s i derab l y  l ow 

(�1 . 3  x 1 06 ohms ) ,  even w i th the app l i cati on of a l ow measurement  

exci tat i on vo l tage of  �1 . 6  vo l ts . 

The motor l ube o i l i n s truments of the other reactor coo l an t  pump 

motors were then tested to exam i ne the s im i l ar i t i es of the i r  e l ectr i ca l  

systems w i th those o f  RC-P-1A and t o  ver i fy the pattern of fai l ure o f  other 

e l ectr i ca l  components  i n  the reactor coo l ant pump area . ( Al l four were 

t es ted after gross decontam i n at i on . )  The tests revea l ed an anoma ly  that 

was not  observed prev i ou s l y :  a h i gh s tray de  vol tage was observed on  a l l 

f our sets of i n struments , w i th the RC-P- l B  i nstruments be i ng l east affected . 

The stray de  vol tage , referenced to ground , ranged from a l ow of about  

vo l t to  a h i gh of 11 4 . 5  vol ts . Th i s  stray v o l tage rendered i neffect i ve 

the i n su l at i on res i stance measurements . Transverse l y ,  the s tray vo l tage 

w as s i gn i f i can t l y  l ower , permi tt i ng  the acq u i s i t i on of some mean i ngfu l LCR 

and T:JR data . 

An  i nves t i gat i on i nto the cause  of the s tray vo l tage reveal ed the 

computer as ti, .... o::ource . A crosstal k ex i s ted between the c i rcuits i n  the  

i nner termi n at i on box  of R607 . The cros s ta l k  i mpedance was about 
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F i gure 6 .  Predecontami n atior TOR s i gnature of the c ircu i t  of o i l l evel 
swi tch RC60-LS2 . 
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100,000 ohms . The crosstalk can 1ike1.Y be attributed to contamination 

tracking or 1ow �o1tage surface breakdown influenced by the presence of 

water or conduct i ve contami nants i ns i de the i nner pe,,�trat ion box . 

The damage probab l y  occurred dur i ng the accident, when water i n  the 

basement rose u p  to  about the 291-ft el evation ;  the center of 

penetrat i on R607 i s  at the 292-ft e l evation.  The water remai ned at the 

29 1 -ft l evel unti l i t s removal  i n  1982 . Unt�i ci1en, the bottom of the 

termi nat i on box , whose cab l e� come out at the top ar.d bott0m, was probab l y  

submerged. The h i gh hum i d i ty a�d water i n  the ter�inat i on box cou l d  h ave  

s l ow ly  created a res i s t i ve path , s uch a s  contami nation track i ng ,  acros s 

every cab l e  connected on the bottom of the box. Th i s  phenomenon , wh i ch was 

not apparent dur i ng the predecontami nat ion test ,  may h ave been accentuated 

l ater by the intrus i on i nto the penetrat i on box of water used i n  the 

c l eanup operati on .  

I n  addi t i on to t he  c i rcu i t  cros sta l k  i n  the penetrat ion,  an  i mpedance 

mi smatch was observed just  past the m i dpo i nt of the i nconta i nment cab l e  of 

the RC-P-2A i nstrument H303 I ( see F i gure 7 ) . The pattern was i dent i ca l  to 

that of RC-P - l A  i nstrument cab l e  H29 1 I ,  wh i ch aga i n  was ev i dent i n  the 

r etest ( see F i gure 8 ) . The pattern i s  character i sti c of a wet cab l e .  

The i nterna l c i rcu i t s o f  a l l o f  the i nstruments appeared to be 

normal . The LCR data are cons i stent w i th the cab l e  l ength and w i th data 

for good , c l ean swi tch contacts . RC60-LS2 , the l ow o i l l evel sw i tch of 

RC-P- l A ,  wh i ch exh i b i ted a c l osed contact during the predecontami nat i on 

test ,  sw i tched to open . Th i s  adjustment c l eared the conf l i ct ing i nd i cat ion  

of  the o i l  l evel statu s . The system i s  now in  a h i gh l evel a l arm. 

Pressure Sw i tches NM-PS - 1454 , NM-PS-4 174 , and NM-PS-4175  

P ress ure swi tches NM-PS- 1 454 , NM-PS-4174 , and NM-PS-4 175 are  used i n  

the Reactor Bu i l d i ng N i trogen Manifol d System . They serve to annunc i ate i n  

the contro l room v i a  the Radwaste P anel when the i nerti ng ni trogen header 

p ress ure drops below or r i ses above predetermi ned v a l ues . NM-PS- 1454 
moni tors the supp1y header pres s ure ; NM- PS-4 174 and NM-PS-4175 moni tor the 
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F i gure 7 .  Pos tdecontam i nat i on TOR s i gnature of the ci rc� it  of flow 
swi tch RC58-FS 3 .  
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50 meters/division 

F i gure 8 .  Postdecontami nati on TOR s i gnature of the c i rcu i t  of flow 
swi tch RC58-FS 1 . 
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20- l b  header pressure . The pressure swi tches are forced ba l ance , 

p i ston -actuated assemb l i es made by SOR . E ach un i t  has dual  SPOT m i n i ature 

sw i tchi n g  el ements , and i ts housi ng  i s  waterti ght . 

NM-PS-4 1 74 and NM-PS-4 1 7 5  are el ectr i ca l l y  connected i n  ser i es; an NO 

contact of NM-PS-4 1 74 i s  ser i es-connected to an NC contact of NM-PS-4 1 7 5 .  

NM-PS-1 454 uses an N C  contact . Pressure swi tch NM-PS-41 74 was set to open 

at 1 . 5 psi g decreas i ng ; NM- PS-4 1 75 and NM- PS- 1 454 were set to open at 

1 50 psi g i ncreasi n g ;  the two a l arm c i rcu i ts are i n  the same cab l e , and the)' 

share the same common positive leg. 

P ressure swi tch NM-PS-1454 was tested on ly  once before gross 

decontami nati on . The test i nd i cated the dev i ce was e l ectr i ca l l y  normal  i n  

all aspects . Deta i l s  of the test are d i scussed i n  Reference l. The dev i ce 

was removed from the Reactor Bu i l d i ng i n  m i d - 1981 . 

P ressure sw i tches NM-PS-4 1 74 and NM-PS-4175 were stati ca l l y  tested 

before and after gross decontami nat ion . The resu l ts i nd i cate that both 

pressure swi tches are closed . S i nce the tests were performed w i th the 

system depressur i zed , NM-PS-4 1 74 obv i ously d i d  not reset-- i t  shou l d  have 

opened . E xcept for thi s abnorma l i ty,  the ci rcu i t  appeared to be norma l ; 

the i nductance of 1 34 . 5 �H and resi stance of 2 . 13 ohms were w i th i n the 

r an ges expected for the si ze,  l ength, and l ay of the cab l es used . The TDR 

pattern and i nsu l at i on resi stance a l so i nd i cated no apparent degradati on of 

the cab l e  d i el ectr i c .  

S i nce the dev i ces cou l d  not b e  operati onal ly  checked , and o n l y  one set 

of contacts for one swi tchi ng el ement per dev i ce cou l d  be tested , the i r  

overa l l cond i t i on cou l d  not be assessed . Nonethel ess, the fa i l ure of 

NM-PS-4 1 74 cou l d  be  rel ated to the acci dent . L i kely due to the hi gh 

hum i d i ty and water sprayi ng d ur i ng and after the acci dent,  matter cou l d  

have settl ed on the pressure swi tch stem . Because of the l ow pressure 

r an ge of the dev i ce,  a s l i ght i ncrease of fr i ct i on between the setpo i nt 

adj ust i n g  n ut and the actuati on stem cou l d  s i gn i f i cantly affect the 

d eadb an d .  Thi s  i s  especi al l y  true in the l ower end o f  the range .  
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NM-PS-4 1 74 was removed from the Reactor Bu i l di ng and exam i ned. 

M i shand l i ng ,  however , res�l ted i n  the l os s  of i mportant data ,  but 

exami nat i ons  veri f i ed that the deadband i ncreased . Deta i l s  of the 

e xami n ati on are d i scussed i n  GE ND- I NF-04 1,  E val uat i on of TM I -2 P ressure 

Sw i tches NM-PS- 1454 and NM-PS-4 174 . 2 

V i brat i on Swi tches RC67-VS l , RC67-VS2 , RC67-VS3 , and RC67-VS4 

V i brat i on swi tches RC67-VSl  through RC67-VS4 , Robertshaw Model  366 , 

are mounted on the s i de of each reactor coo l ant pump motor . E ach v i brat i on 

sw i tch h as an NO contact , wh i ch l atches cl osed when subjected to v i bratory 

shock mot ion , and a 1 1 5 Vdc reset co i l ,  wh i ch u n l atches the contact when 

energi zed . The dev i ce reset co i l  i s  rated at 14 watts ; i ts actuati on i s  

i n i ti ated from the control  room . The v i brat i on swi tches prov i de s i gna l s 

for the control  room a l arm and i nput to the data l ogger . 

Before gross decontam i nati on , RC67-VS1 , RC67-VS3 , and RC67-VS4 were i n  

s i tu tested . RC67-VS3 and RC67-VS4 exh i b i ted norma l e l ectr ica l  and 

operat i ona l  character i sti cs . In contrast, RC67-VS1  was found i n  a tr i p  

state , and the reset c i rcu i t  apparent ly  was broken at the dev i ce .  The 

three swi tches had good i ns u l at i on res i stances . Al l three swi tches were 

aga i n  tested ,  a l ong w i th RC67-VS2 , after gross decontami nat i on .  

The postdecontam i n at i on test , compr i s i ng stat i c  and dynami c  tes t i ng ,  

v er i f i ed the or ig i na l  f i n d i ngs o n  RC67-VS 1 ,  RC67-VS3,  and RC67-VS4 . 

RC67- VS3 and RC67-VS4 were normal i n  a l l aspects ; they had sat i sfactory 

i ns u l at i on res i stances and the i r  reset coi l  res i stances of 1042 and 

10 16 ohms , respect ive ly ,  as wel l as the i r  ho l d i ng current of about 120 rna , 

r emai ned con s i stent with the des i gned r at i ng of 14 watts . R C67-VS 1  s t i l l  

exh i b i ted  a break i n  i ts reset coi l ci rcuit , and i ts swi tch contact 

r ema i ned l atch cl osed . But  i ts i nsu l ati on res i stance , l i k e  that of the 

other swi tches , rema i ned  s at i sfactory . 

A l though RC67-VS2 was found i n  i ts normal state , a v ery h i gh 

res i stance was measured i n  i ts reset coi l  c ircu i t .  Its i ns u l at i on 
r es i s tance , h owever , was s at i sfactory. L i ke RC67-VS l , the  po i n t  of  fa i l ure 
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of RC67-VS2  i s  i n  the dev i ce proper . Al though the fa i l ure i s  not a s  

catastrophic,  the �agn i tude of the res i stance i ncrease i s  s uff i c i ently h i gh 

to make the dev i ce reset c i rcu i t  i noperati ve .  

The fai l ed un i ts ,  RC67 -VS1 and RC67-VS2 , both l ocated i n  D-r i ng A ,  are 

suspected to have exper i enced more severe env i ronmenta l extremes--hi gher 

temperatures and more steam--than those i n  D-r i ng B .  These con d i t i on s  

cou l d have res u l ted i n  the accumu l ati on o f  water i n  the dev i ces and the 

eventua l  corros i on of i nstrument termi nal s and w i res .  The fa i l ure, 

a l though acci dent rel ated , i s  d i rect ly  due to l ong -term rather than 

i mmed i ate effects of the acci dent.  

Sol eno i d  Va l ves 

Four sol eno i d  va l ves , AH-E P-5037 ,  AH-E P-5040 ,  AH-V6 , and AH-V74 , were 

t ested . A l l  four v a l ves are C l as s  lE; however , because these dev i ces were 

manufactured before the l os s -of-cool ant acci dent ( LOCA ) qual i f i cati on 

req u i rement took effect , they are not LOCA qua l i f i ed .  

AH-V6 and AH-V74  

AH-V6 and AH-V74 are nucl ear so l enoi d  v a l ves , Model s V 52600-546 and 

V5 7300-52 , respecti vel y ,  manufactured by Val cor E ng i neer i ng C orporati on . 

AH-V6  i s  a conta i nment i so l ati on va l ve of the Reactor Bu i l d i ng pressure 

sens i n g  i n strument l i ne .  AH-V 74 i s  the pi l ot v a l ve of the LOCA dampers . 

These two va l ves are of d i fferent des i gn and s i ze ,  but the i � bonnet 

assemb l i es and s o l eno i d  assemb l i es are bas i ca l l y  i dent i ca l . The so l eno i d  

a ssemb l i es d i ffer s l i ghtly i n  the prof i l e  of thei r b ases . E ach has a 

1 25 Vdc co i l  w i th an i ntegra l  recti f i er and tran s i en t  s uppressor and two 

r eed l i mi t swi tches . F i gure 9 i s  the cutaway secti on of a typ i ca l  Val cor 

so l enoid v a l ve .  The l i mi t swi tches of AH-V6  were used for pos i ti on 

i nd i cati on . The l im i t  swi tches of AH-V74 were not used .  

AH-V74 was tested once before Reactor Bu i l d i n g  gross  decontam i nati on . 

I t  w as then removed from the bu i l d i ng for examinati on before the c l eanup 
o peration commenced . Dur i ng the test ,  on l y  dynam i c measurements were 
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Fi gure 9. Cross sect i on of a typ i cal  V al cor so l eno i d v a l ve.  
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taken . As reported i n  Reference 1 ,  the s o l eno i d operated normally . The 

observat i on wa$ l ater confi rmed duri ng  i ts exam i nat i on ,  the results and 

ana lys i s  of wh i ch were pub l i shed i n  GE ND-INF-045 ,  E valuat i on Results of  

TM I - 2  Soleno i d s AH-V6 and AH-V74 . 3 

AH-V6 was tested tw i ce ,  before and after gross decontami nat i on . I n  

both cases , stat i c  and dynami c tests  were performed . A s  seen i n  

Append i x  A ,  data obtai ned from the stat i c  tes t  was scanty-- a  conseq uence of 

c i rcui t branches i n  the Reactor Bu i ld i ng that were not i solated duri ng  the 

test  and the presence of semi conductors i n  the soleno i d  c i rcu i t .  These two 

factors made the obtai ned data mean i ngles s or too cumbersome to analyze . 

Neverthel es s ,  the data obtai ned from the dynam i c  test i nd i cated the 

s o l eno i d was operat i onally normal . The soleno i d  drew a current of abou t 

0 . 5  ampere, a v alue s i gn i f i cantly less than the des i gned max i mum of 

1 . 5 amperes . The soleno i d also operated the valve ,  as i nd i cated by the 

sw i tch i ng of an assoc i atea l im i t switch. 

One abnormali ty that was observed dur i ng the tes t i n g  of AH-V6 was the 

f a i lure of the assoc i ated OPE N l i m i t  swi tch .  Thi s sw itch was closed when 

the valve was closed and rema i ned closed when the v alve was open . The 

c i rcu i t  also exhi b i ted a sl i ghtly h i gher than normal res i stance of 

3 . 72 ohms . S i nce the reed swi tch was b u i lt w i th an NO contact and des i gned 

to close only when i nfluenced oy a magnet i c  f i eld , i ts fai lure was 

suspected to be due to welded contacts . The CLOSE l im i t swi tch, on the 

o ther hand ,  operated normally. I t  exh i b i ted i nd i cat i ons  of a normal 

contact ; the c i rcu i t  res i stance, for example , was w i thi n the v alue 

c orrespondi ng to the res i stance of the length of the cable pulled. 

AH-V6 was removed from the Reactor Bu i ld i ng and exami ned . The 

a s sembly s uffered exten s i ve phys i cal degradat i on ,  but  i ts operati onal 

character i s t i c s  rema i ned normal . The fa i led l im i t swi tch i ncurred m0i st ure 

i ntrus i on ,  a c i rcumstance whi ch ev i dently was the cause of the fa i lure ( see 

Reference 3 ) . 
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AH-EP-5037 and AH-EP-5040 

AH-EP-5037 and AH-EP-5040 are Automat i c  Swi tch Company ( ASCO ) s o l eno i d  

va l ves Mode l HT8331A45 . They are the p i l ot va l ves of Reactor Bu i l d i ng 

p urge val ves AH-V2B and AH-V3A , respecti vely.  The sol eno i ds h ave 120 Vac 

co i ls w i th C l ass H i ns u l at i on .  

Each val ve i s  assoc i ated w i th two l i mi t swi tches , wh i ch l i kew i se are 

C l ass l E . AH-KS-5037 i s  the des i gnation for the l i mi t sw i tches of AH-V2B , 

and AH-KS-5040 for the l i mi t swi tches of AH-V3A. The l i m i t  sw i tches are 

the snapl ock type , NAMCO Model E A-740-20000. They are used for pos i t i on 

i nd i cat i on: the CLOSE l i m it  swi tch actuates when the purge va lve i s  

c l osed , and the OPE N l i mi t sw i tch actuates when the purge va l ve  i s  open . 

The s o l eno i d  va l ves and l i mi t swi tches were stat i cally and dynam i ca l l y  

tested before and after Reactor Bu i l d i ng decontam i nat i on .  I n  both tests , 

t he e l ectr i cal  character i st i cs of the sol eno i d  va l ves were found to be 

normal i n  al l aspects: the i nsu l at i on res i stance was in the megohm range , 

the  c i rcu i t  showed no  paras i t i c  contam i nat i on ,  and the hol d i ng c urrent was 

0 . 20 ampere , l es s  than the rated val ue of 0.225 ampere. The 

l ower-than-rated hol d i ng current i nd i cated that the so l enoi d va l ve p l ungers 

were fu l l y actuated . The AH-KS-5037 l i m i t swi tches a l s o  exh i b i ted norma l 

e l ectr i ca l  and operat i ona l  character i st i cs:  the i ns u l at i on res i stance was 

i n  the megohm range and the capaci tance , i nductance , and res i stance data 

were con s i stent w i th a normal c i rcu i t  condi t i on .  

The AH-KS-5040 l i m i t  swi tches exh i b i ted norma l  e lectr i c a l  

c haracter i st i cs , b u t  o n e  un i t  operated errat i ca l ly; the OPE N un i t  actuated 

i ntermi ttent ly  when AH-V3A was operated . The CLOSE swi tch , meanwh i l e ,  

o perated proper ly .  The i nterm i ttent operat i on of  the OPE N l i mi t swi tch may 

be due to two poss i b l e  causes . One poss i b i l i ty i s  the l im i t swi tch sett i n g  

cou l d  h ave been at the thresho l d  o f  actuat i on when the v al ve was fu l l y  

open . The other poss i b i l i ty i s  the sol eno i d  va l ve (AH-E P-5040 )  or the a i r 

l i ne to the v a l ve actuator l eaked , and as a consequence there was not 

enough a i r  pressure to fu l ly s troke the va l ve .  ASCO so l enoi d v a l ve Model 

H T833 1A45 was reported ear l i er to  conta i n acetal  p l as t i c  and Buna- N ,  

mater i a l s  k nown to  h ave  a relat i vely l ow damage thresho l d to  rad i ati on and 
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hi gh temperatures . Degradat i on of these mater i a l s  cou l d  cause the s o l eno i d  

v a l ve to l eak i ntern al ly  and make i t  on ly part i a l l y  funct i ona l  or even 

total l y  i noperat i ve .  

Power-operated Rel ief Val ve RC-R2 

Power-operated rel i ef va l ve {PORV ) RC-R2 i s  a s o l eno i d operated 

pres s ure control dev i ce used as part of the reactor coo l ant pressure 

c ontrol  system ( see F i gure 1 0 ) . I t  opens when the reactor press ure exceeds 

2 255 ps i g  and c l oses when the press ure drops bel ow 2205 ps i g .  Before the 

acc i dent ,  the va l ve opened automat i cal ly  to rel ease the excess reactor 

pres s ure . When the reactor press ure dropped bel ow the sett i ng , the 

s o l enoid operator deenerg i zed but the va l ve rema i ned open . The v alve • s  

fai l ure to c l ose went unnoti ced for an extended per i od of t ime ,  dur i n g  

wh i ch reactor cool ant water escaped through the POR V ,  eventual ly  u ncover i ng 

the core and l ead i ng to core damage . 

The PORV  i s  a 2 - l /2- i n .  conso l i dated 3 1 533VX-30 E l ectromat i c  rel i ef 

va l ve made by Dresser I ndustr i es . I t  has three ma i n  components , name ly ,  

the ma i n  val ve,  t he  p i l ot v a l ve ,  and the sol eno i d  operator {see 

F i gure 1 1 ) . The ma i n  va l ve i s  actuated by the process s team pres s ure . The 

p i l ot v a l ve contro l s the steam pres sure act i ng on the mai n  va l ve .  The 

s o l eno i d  operates the p i l ot va l ve; i t  opens the p i l ot va l ve when i t  i s  

energ i zed . The p i l ot va l ve s pr i ng-returns c l osed when the so l en o i d  i s  

deener g i zed .  

The so l eno i d operator h as two co i l s ,  des i gnated as l ower and upper 
co i l s ,  des i gned for 1 25 Vdc operati on. The co i l s  are mounted one on top o f  

t he  other and connected i n  ser ies a s  shown i n  F i gure 1 2 .  The bottom co i l ,  

wh i ch i s  des i gnated as the upper co i l ,  i s  a l so connected i n  para l l el t o  a 

n orma l l y  c l osed p l unger- actuated cutout swi tch . The so l eno i d i n i t i a l l y  

operates w i th the l ower co i l  energ i zed . As soon a s  the s o l eno i d  p l u nger i s  

f u l ly  extended , the c utout swi tch i s  opened , thus  energ i z i ng both  co i l s .  

The PORV a l s o  h as two l i m i t swi tches for pos i t i on i nformat i on. These 

t wo sw i tches , one norma l l y  c l osed (LS3 ) and the other norma l l y  open (LS7 ) ,  

are  actuated by the sol en o i d  p l unger; hence,  they do not represent the true 

posit i on o f  the ma i n  v al ve.  

28 



F i gure 1 0 .  TM I - 2  pres s ur i zed power-operated re l i ef  v a l ve ( PORV )  i n  pl ace . 
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F i gure 11 .  Cross sect ion of the PORV assembly.  
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F i gure 12 . C i rcu i t  arrangement of the sol eno i d of RC-R 2 .  One co i l  
funct i ons  to open the va l ve, and both co i l s  funct i on to  
ho l d the v a l ve i n  open pos i t i on .  when the l ower coi l i s  
energi zed , cu�rent f l ows through the contact po i nts 
fol l ow i n g  the path of l east res i stance , bypas s i n g  the 
upper coi l .  I n  fu l l  open pos i t i on ,  contact po i nts are 
broken , and current  must  f l ow through both coi l s .  ( Th i s  
i s  a de  so l eno i d  for a 3 1 533VX-30 val ve. ) 
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The test of the PORV so l eno i d  and l im i t sw i tches i nd i cates the u n i t  i s 

i n tact . The e lectr i ca l  parameters are norma l , and the i ns u l at i on 

r es i s tances are h i gh .  However , the i nductance and res i stance meas ured on  

t he  s o l eno i d  correspond to  the two coi l s  i n  ser i es .  T he  s o l eno i d  h as a 

d es i gn i nrush current of 2 6 . 3  amperes and ho l d i n g  c urrent of 0 . 4  ampere .  

S i nce the  co i l s  are des i gned for 1 25-Vdc operat i on , the  res i stance of  the  

s o l eno i d i n  i ts deenerg i zed cond i t i on shou l d  be 5 . 29 ohms , and  i n  the 

so l eno i d ' s  steady state condi t i on ,  the res i st�nce shou l d  be  3 1 2 . 5  ohms . 

P �1 otograph s from ear ly Reactor B u i l d i ng entr i es s how the so l eno i d  p l unger 

to be fu l l y retracted; hence, the measured val ues for i nductance and 

res i s tance s uggest the c utout swi tch i s  open . 

The d i fference between the meas ured res i stance of 301 ohms and the 

expected val ue i s  attr i b u ted to temperature . The measured res i s tance was 

taken at an amb i ent  temperature of 70 to 80°F , wh i l e the des i gned va l ue i s  

b ased o n  a hot co i l .  

Th e i mpact of the open cutout swi tch on the operat i on of the so l eno i d  

i s  severe ;  the parameter affected by the def i c i ency i s  the force devel oped 

by the el ectromagnet . The open i ng oper a t i on of the p i l ot va l ve i s  

dependent upon the i mpact devel oped by the s o l eno i d  p l unger aga i ns t  th e 

p i l ot va l ve l ever . The i mpact force i s  dependent upon the i n i t i al force 

devel oped by the s o l eno i d. The force devel oped by the so l eno i d i s  

expressed by the rel at i on 

2 
F = 0.02  n (N I ) 

A K2 

where 

N I  = 

A = 

R = 

number of ampere turns 

p l unger cross-sec t i ona l  area 

rel uctance of the p l unger. 
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Th i s  express i on demonstrates that the number of ampere turns i s  the on l y  

f actor that wou l d  v ary the force s i nce the area and rel uctance arE f i xed . 

Hence , i n  order for the sol eno i d  to devel op the des i gned i n i t i a l force , th e 

t urn  rat i o ,  

where 

N l 
= 

N
2 

= 

I 2 
= 

1
2 

= 

number of turr. s  of the l ower co i l  

n umber of turns of the upper co i l  

des i gned i nrush  current of 2 3 . 6 amperes 

rated vo l tage 1 2 5 _ 

meas ured solenoid res i stance or 30T - 0 . 4 1 5  ampere , 

must  be  at l east 58 . 87 . Accord i ng to General  E l ectr i c  Company , 

m an ufacturer of the so l eno i d ,  the so leno i d  w i l l  not p i ck up  i f  both co i l s  

are energ i zed s imu l taneous l y .  Th i s  c i rcumstance was conf i rmed dur i n g  

s tartup test i ng  o f  the equ i pment .  

( 3 ) 

Th e two l i mi t swi tches appeared to be i ntact a l though there was what 

appeared to be a subt l e  abnormal i ty on LS- 7 . Swi tch  LS- 7 exh i b i ted an 

a pparent capac i t i ve d i p  on i ts TOR s i gnature at the dev i ce end of the 

cab l e .  Th i s  d i p character i zes the presence of water . The co�tam i nat i on i s  

s o  s l i gh t ,  h owever , that i ts effect on the c i rcu i t  functi on i s  neg l i g i b l e .  

Swi tch  LS-3 was e lectr i c a l ly  norma l i n  a l l aspects . The i ns u l at i on 

r es i stance of both l i m i t sw i tches was normal . 

The fa i l ure of the va lve so l eno i d  cutout swi tch prompted an eva l uat i on 

o f  the dev i ce contro l and i nd i cat i on scheme . Under the present scheme , as 

shown i n  F i gure 1 3 ,  the on ly  i nd i cat i n g  l i gh t  ava i l ab l e  to the contro l room 

o perator i s  the "OPE N COMMAND . "  Th i s  i nd i cat i n g l i gh t  s i gn i f i es that a 
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F i gure 1 3 . Control w i r i n g d i agr am of RC-R 2 .  
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command to open the va l ve  h as been i n i t i ated and the s o l eno i d  i s  

energi zed . W i th the k i nd of fau l t  noted dur i ng the i n  s i tu tes t ,  the 

l i gh t i n g  of the i ndi cat i ng l i ght  w i l l  have no s i gn i f i cance because the 

s o l eno i d  w i l l  not p i ck up,  even though i t  i s  energ i zed . W i th the absence 

of any pos i t i on i nd i cat i on , the contro l room operator w i l l  not k now i f  the 

p i l ot va l ve actuated . 

Reactor Coo l ant  Pump Motors 

Th e reactor coo l ant  pump motors are 9000 hp , 6900 Vac ,  3 phase 

i nduc t i on un i ts . They dr i ve the pumps that c i rc u l ate primary water through  

the reactor . Dur i n g  the TMI -2 acc i dent , these motors were operated under 

cond i t i ons  i n  wh i ch they were not des i gned to operate: they were operated 

to cool  the reactor by force convecti on and to force out th� �y�rogen 

bubb l e  that rose to the reactor vessel dome. Remova l  of the bubb l e  was 

i mperati ve to effect natural  convect i on coo l i ng of the reactor core . Each 

motor i s  powered by two paral l el -connected cab l es ,  each cab l e  h av i n g  three 

7 50 MCM conductors .  

Each reactor coo l ant  pump motor i s  prov i ded w i th a set of Y-connected 

current transformers ( CT ) 5 wh i ch form part of the motor d i fferent i a l 

c urrent protect i on c i rcu i t ,  and two sets each of CT� and potent i a l  

transformers ( PT ) , used for power mon i tor i ng .  The  transformers are 

c onnected w i th AWG 9 ,  s oft-drawn copper conductor cab l i ng .  F i gure 1 4  i s  an 

i n terconnecti on w i r i n g  d i agram for a typ i ca l  reactor cool ant pump motor . 

Reactor coo l ant  pump motors RC-P- l A  and RC-P-2B were tested before 

Reactor Bu i l d i n g  gros s decontam i nat i on .  I n  the tes t ,  abnorma l i t i es were 

o bserved and reported on both motors and thei r respect i ve i nstrument 

transformers . Both motors • s tator w i nd i ngs  and i nstrument transformer 

w i nd i ngs exh i b i ted an uncharacter i s t i ca l l y  h i gh de res i stance. I n  

add i t i on ,  the w i nd i ng c i rcu i t  o f  RC-P- l A  motor phase A d i fferent i a l  C T  

exh i b i ted a break i n  the i nner termi nat i on box o f  penetrati on R405 . The 

e l evated res i stance data on the motor and i nstrument transformer w i nd i ngs  

were fourd i n  a l ater test to  be  i n  error . The b reak on the  RC-P - l A  motor 

d i fferen t i a l  CT was conf i rmed , however . 
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F i gure 14 . I nterconnect i on w i r i n g  d i agram of the RC-P- l A  motor . 
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P ump motor RC-P-2A was tested wi th RC-P- l A  and RC-P-28 after gros s 

d econtami nat i on . The test was carr i ed out i n  the same manner as the 

i n i t i a l  test , i n  wh i ch c i rcu i t  res i s tance , effect i ve capac i tance or 

i nductance , TOR , and i ns u l at i on res i stance were measured . The test resu l ts 

i nd i cate the un i ts are e lectr i ca l l y  normal . The i r  i nductances , wh i ch were 

measured at 1 20 Hz and l k Hz ,  are con s i stent at about 6.5 and 5.0 mH , 

respect i vely. L i kewi se ,  the de  res i stance across  each motor • s  T- l eads i s  

cons i stent w i th the others a,,d commensurate to that expected for the s i ze 

of each un i t. One defi c i ency that was observed , however , was the marg i na l  

i ns u l at i on res i s tance. O n  a l l three motors ,  the i ns u l at i on res i stances are 

l ower th an the standard recommended mi n i mum  va l ue for operat i on of 

8 megohms . The i r  po l ar i z at i on i nd i ces of a l most un i ty i nd i cate th at the 

motor wi nd i ngs  mi ght al so  be damp . 

Th e d i ff2ren t i a l  C Ts of RC-P-28 appear to be i ntact ; thei r c i rcu i t  

res i s tance , i nductance , and TOR s i gnatures are con s i s tent wi th those of a 

n orma l c i rcu i t .  There i s ,  h owever , some observab l e  change i n  the 

ch aracter i s t i c  impedance of the CTs • cab l e ;  the cab l e  impedance decreased 

s l i gh t l y. Th i s  pattern i s  attr i butab l e  to the presence of mo i sture and i n  

th i s  case i s  l i kel y due to the h i gh humi d i ty that ex i sted i n  the Reactor 

B u i l d i ng for an extended per i od of t i me. S i nce the cab l e  i s  used i n  a 

power c i rcu i t ,  the decreased cab l e  character i s t i c  i mpedance does not affec t 

t he funct i on .  

I n  contrast w i th the cond i t i on of the RC-P-2B d i fferent i a l  CTs , those 

of RC-P- l A  and RC-P-2A exh i b i ted more severe abnorma l i t i es.  The RC-P- l A  

C Ts were broken on c i rcu i t  A3CM1 ( see F i gure 14 ) .  The break i s  s hown on 

the TOR traces ( F i gures 1 5  through 1 8 ) to  be i n  the i nner term i nat i on box 

of  penetrati on R405. In add i t i on ,  the test showed a s l i gh t l y  e l evated 

res i stance i n  c i rcu i t  A3CMO , the h i gh res i stance po i nt l i kewi se bei n g  i n  

t he  i nner penetrat i on b ox .  Another anoma l y  that was observed on the 

RC-P- l A  CT i s  the absence of the ground w i re from the neutral  of the 

t ransformers .  No s i gn i f i cant change i n  the character i st i c  i mpedance of the 

CTs • i n-conta i nment cab l e  was ob served. I n  the case  of the RC-P-2A 

d i fferent i a l  CTs , a c i rcu i t  break on phases T2 and T3 CTs a l so  ex i sts . The 

TDRs show w i res B4CM2 and B4CM3 broken i n  i nner penetrat i on box R405 ( see 

F i gures 1 9 ,  20 , and 2 1 ) .  
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F i gure 1 5 .  

50 meters/division INEL 4 4406 

Postdecontam i nat i on TOR s i gnature of w i res A3CMO ( + }  and 
A3CM 1 ( - ) of  reactor coo l ant  pump motor RC-P- l A. 
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F i gure 1 6 .  Postdecontami nat i on TDk s i gnature of w i res A3CMO ( + )  and 
A3CM2 ( - ) of reactor coo l ant pump motor RC-P- l A  
( d i fferen t i a l  CT) . 
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50 meters/diVISIOn 

F i gure 1 7 .  Postdecontami nat i on TOR s i gnature of w i res A3CMO ( +) and 
A3CM3( - )  of reactor coo l ant pump motor RC-P- l A  
( d i fferent i al CT ) . 
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50 meters/diV IS ion 

F i yu r e  1 8 .  P o s tdecon t am i n at i on TOR s i y n ature  o f  w i res  A3CM2 ( + )  a n d  
A3CMl l - )  o f  r e actor coo l ant  pump mo tor R C - P - l A  
l d i fferen t i a l  CT ) .  
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F i gure 1 9 .  Postdecontami nat i on TOR s i gnature of w i res B4CMO ( +) and 
B4CMl ( - )  of reactor cool ant  pump motor RC-P-2A. 
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50 meters/division 

F i gure 20. Postdecontami nat i on TOR s i gnature of w i res 84CMO( +) and 
84CM2 ( - ) of reactor cool ant pump motor RC-P-2A . 
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50 meters/divis•on 

F i gure 2 1 . Postdecontami nat i on TOR s i gnature of w i res B4CMO( +) and 
B4CM3{- ) of reactor coo l ant pump motor RC-P-2A . 

- .  
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The power-mon i tor i ng CTs and PTs of the three motors appeared to  b e  

i ntac t .  They h ad a cons i s tent c i rcu i t  res i s tance . 

Overal l ,  al l three motors are e l ectr i cal l y  i ntact , b ut  because  of 

t he i r  h i gh vo l tage rat i ng ,  the i r  degraded i ns u l at i on system may compromi se 

the i r  operab i l i ty .  

F a i l ure o f  the d i fferent i a l  C T  c i rcu i ts of RC- P - l A  and RC-P-2A motors 

are l i ke ly  the res u l t of extens i ve steam i n  the area d ur i n g  the acc i dent . 

I n ner penetrat i on box R405 i s  l ocated i n  the i mmed i ate area where the s team 

from the reactor coo l ant  dra i n  tank ( RCDT } was exhaust i n g .  The steam 

i ntruded the penetrat i on box and corroded the termi nal s w i th i n .  S i mi l ar 

ev i dence was observed i n  other c i rcu i ts i n  other penetrat i on boxes i n  the 

area of the exh austed steam .  

B ack stop L ube  O i l P ump Motors of the Reactor Cool ant P ump Motors 

A back stop l ube o i l pump of a reactor coo l ant  pump motor prov i des  

l ubr i cat i n g o i l to  the back stop and gu i de bear i ngs  of the assoc i ated 

r eactor coo l ant pump motor . Two pumps are prov i ded on each reactor cool ant 

pump motor . They are operated before the reactor cool ant pump motor i s  

s tarted , d ur i ng i ts acce l erat i on to s peed , and dur i ng i ts coastdown . They 

s top  when the reactor coo l ant pump motor i s  runn i n g .  

Each o i l pump i s  dr i ven 'by a 0 . 5 h p ,  480 Vac , 3 p hase  i nduct i on 

motor . The motors are non-C l as s  l E  components but  the i r  operat i on d ur i n g  

the  acc i dent recovery to s upport the reactor coo l ant pump operat i on may be  

con s i dered cruci a l . 

F i ve motors , two each on RC-P- lA  and RC-P-2A and one on RC-P-18 ,  were 

tested . Un i ts RCP-2 - l A- 1  and RCP-2-}!- 1  were tested before gross 

d econtam i n at i on . These  two motors  appeared normal i n  a l l aspects except 

for a re l at i ve l y  l ow po l ar i zat i on i n dex , wh i ch was l i k e l y  due to d i rt on 

t h e  w i nd i ngs rather than water s i nce the i ns u l at i on res i stance was found to  

be i n  the  h i gh megohms . 
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After gross  decontam i n at i on , the f i ve backstop l ube o i l pump motor s 

u nderwent a s tati c  tes t .  The res u l ts i nd i cate that a l l f i ve motors are 

e lectr i cal l y  i ntact . They have a con 5 i stent l oop i nductance and res i stanc e 

across a l l the phases . Thei r TDK traces a l so h ave a pattern that i s  

character i s t i c  o f  a normal c i rcu i t .  And the i r  i n su l at i on res i stances are 

i n  the very h i gh megohms range . 

O veral l ,  the f i ve motors exh i b i ted on ly  one e l ectr i ca l  abnorma l i ty: a 

rel at i vely l ow i n s u l at i on pol ar i zat i on i ndex , wh i ch i s  i nconsequent i a l  fo1 ·  

a l ow v oltage system .  The abnormal pol ari z at i on i ndex may j ust  h ave 

res u l ted from d i rt contam i nat i n g  the motor w i n d i ng  s urfaces . 

B ackup O i l  L i ft P ump Motors of the Reactor Coo l ant P ump Motors 

E ach reactor coo l ant  pump motor h as a set of two o i l l i ft pumps . 

These pumps prov i de l ubr i cat i on to the motor thrust  bear i ngs d ur i n g  startu p 

and coastdown . The two o i l l i ft pumps are i nd i v i dua l ly  dr i ven by ac and de 

motors . The ac motor dr i ven pump i s  ca l l ed the aux i l i ary o i l l i ft pump . 

Th e de motor dr i ven pump i s  ca l l ed the backup  o i l l i ft pump , and i s  a 

1 0-hp ,  250-Vdc , shunt f i el d  un i t .  Both pumps operate under the same 

control scheme . They s tart before the assoc i ated reactor cool ant pump 

motor i s  started and stop when the motor reaches 1 1 00 rpm. They start 

aga i n  d ur i ng coastdown and then s top when the reactor cool ant pump motor 
comes to a fu l l stop . Thei r operat i on i s  a perm i s s i ve for the s tartup  of 

t he reactor coo l ant pump motor . Dur i ng the acc i dent ,  a l l of the o i l l i ft 

pumps operated to  run the assoc i ated reactor coo l ant pump . The RC-P- l A  o i l 

1 i ft pumps may h ave operated seven t i mes dur i ng the per i od .  

Al l four backu p  o i l l i ft pump motors were i n  s i tu tested stati cal l y  

f o l l ow i n g  gross decontam i nat i on .  The tes t revea l ed severe abnorma l i t i es to 

the RC-P- l A  backu p  o i l  l i ft pump motor . The backcp  o i l l i ft pump motors of 

RC-P- l B ,  RC-P-2A ,  and RC-P-28  appeared to be i ntact , w i th m i n i ma l  

degradat i on .  

Th e back up  o i l l i ft pump motor of RC-P - l A  exh i b i ted the s ame 

phenomenon  that was observed i n  the predecontam i n at i on test . I ts armature 

c i rcu i t  res i stance rema i ned very h i gh and the associ ated TOR ( F i gure 22 ) 
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50 meters/division INEL 4 4�05 

F i gure 22 . Postdecontam i nat i on TOR s i gnature of w i res A l ( + )  and A2 ( - )  
of the  RC-P- l A  backup o i l l i ft pump motor . 
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s t i l l  showed the po i n t ot  h i gh res i s tance to be at the equ i pment .  The 

f i el d c i rcu i t  a l so  h ad a h i gh l oop res i stance , and  the l ocat i on of the 

fau l t i s  seen on  the TDR ( F i gure 23)  to be i n  i nner penetra t i on box R400 . 

Th e test a l s o  revea l ed the ab sence of the j umper on the A l  and A2 c i rcu i ts 

( F i gure 24 ) i n  the i nner box of penetrat i on R400 . 

Corros i on product b u i l dup on the motor commutator-brush i nterface i s  

l i ke ly  the cause of the h i gh armature c i rcu i t  res i stance. The corros i on i s  

p res u aab ly  the product of the b u i l d i ng s pray and the h i gh h um i d i ty that 

ex i sted i n  the Reactor Bu i l d i ng  for an  extended per i od of t ime . Corros i on 

o n  the w i re termi na l s was l i kew i se con s i dered the cause of the break i n  the 

f i el d  c i rcu i t .  Th i s  postu l ate i s  b ased on  the pres umpt i on that the 

p enetrat i on box ,  l ocated n ear the RCDT, was i n  the path of the s team as i t  

rose through the open s ta i rwel l .  

Based on  obta i ned data ,  the motor fa i l ure can be  c l as s i f i ed as 

catastroph i c ,  and theoret i cal ly  the equ i pment w i l l  not operate . Th i s 

i nference . however , does not take i nto account  the fact that the 

measurement was made w i th i n struments  putt i n g out l ow-vo l tage exc i tat i on 

s i gn a l s .  S i nce the h i gh res i s tance path cou l d  be merely a f i l m  of o x i des , 

the app l i cat i on of fu l l rated vol tage cou l d  pos s i b l y  break down the 

i n su l at i ng i nterface , enab l i ng the motor to operate . 

Tes ts of the backup  o i l l i ft pump motors of RC-P-2A ,  RC-P- 1 8 , and 

RC -P-28  i nd i cate that �hey are i ntact . Thei r meas ured f i e l d  c i rcu i t  

res i stances of approx i mately  235 ohms are cons i s tent wi th  expected va l ues . 

F or a de motor , the f i el d  c i rcu i t  power i s  about 3% of the motor tota l  

h orsepower . For a 250-vo l t ,  1 0-horsepower motor , the  expected f i e l d 

•1 i nd i ng res i s tance wou l d  be about 280 ohms . The measured armature 

res i stances , a l though not cons i s ten t w i th each other , agree c l osely to the 

2 -ohm v a l ue that was taken dur i ng the startup tes t .  V ar i ance of the three 

res i st ances cou l d be attr i buted to the degree of c l ean l i nes s of the 

c ommutator-brush i nterface . Ttle TDR s i gnatures of the c i t·cu i ts of the 

RC-P- 1 8  and RC-P-2A backup  o i l l i ft pump motors d i sc l osed that the s l i gh t l y 

e l ev ated armature c i rcu i t  res i stances appeared to  man i fest from the 

equ i pment . 
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50 meters/division 

F i gure 23 . Postdecontaru i n at i on TOR s i gnature of w i res F l ( + ) and F2 ( - ) of 
the RC-P- l A  backup  o i l l i ft pump motor . 
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F i gure 24 . I nterconnect i on w i r i ng  d i agram of the RC-P- l A  backup o i l l i ft 
pump motor . The armature and f i el d c i rcu i t  wi res are 
t�rmi nated on term ina l  b l ock s i n  both the i nner and outer 
penetrat i on boxes . 
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The  b ack up o i l l i ft pump motor of RC-P-2B appeared to be n ormal i n  a l l 
aspects and shou l d  operate norma l ly .  

The backup o i l l i ft pump motors of  RC-P- 1 8 and  RC-P-2A shou l d  a l so 

operate normal l y .  Analyses i nd i cate that suff i c i ent  torque w i l l  be 

devel oped u pon app l i cat i on of the vo l tage to s p i n  the motors . The 

corros i on product suspected of caus i ng  the el evated res i stance w i l l  mos t  

l i kely come off of the commutator-brush s urface wi th the i n i t i a l few 

revol u t i ons  of the motors . On the contrary , i f  the measured res i stance i s  

i mpenetrab l e, effect i ve ly ,  there wi l l  be a decreased appl i ed vol tage , 

hence, a decreased armature current as wel l as decreased speed . For a 

g i ven motor , the torque i s  proporti onal  to the armature current and to the 

strength of the magnet i c  f i el d .  S i nce the magnet i c  f i el d  s trength wi l l  be  

the  s ame by v i rtue of the  u naffected f ie ld  w i nd i ng c i rcu i t ,  the  decreased 

armature current wi l l  proporti onately reduce the torque . 

Reactor Bu i l d i ng A i r  Cool i ng Fan Motors 

Reactor Bu i l d i ng a i r  coo l i n g  fans  AH-E- l l A  through AH-E- l l E  c i rcu l ate 

Reactor Bu i l d i n g  a i r so  that heat or i g i nat i ng from hot p i pes , operat i n g  

equ i pment , and the reactor vesse l  can b e  removed . Dur i ng normal p l ant 

operat i on , on l y  two of the un i ts are requ i red to operate. Dur i ng a LOCA,  

a l l f i ve u n i ts operate, d i sch arg i ng some of the a i r  i nto the upper l evel s 

of the Reactor Bu i l d i n g  to condense the steam rel eased i n  the acc i dent . 

I n  the acc i dent at TM I - 2 ,  a l l f i ve of the u n i ts were operated , and 

un i ts AH-E - l l A ,  B, C ,  and E h ave been operat i ng cont i nuou s l y  s i nce then . 

AH-E - l l D  operati ons  were ha l ted i n  August 1 979  because of a thermal 

over l oad i n  the dr i ve motor h i gh s peed w i nd i ng . 

Th e motors that dr i ve the fans are 1 00 h p ,  460 Vac ,  3 phase,  des i gn 1 

C l ass 8 i nduct i on mach i nes. They h ave two sets of i ndependent w i n d i n gs . 

one for s l ow s peed and one for fast s peed operati on. The fast s peed 

w i n d i ngs  are i dent i f i ed as Tl l ,  Tl 2 ,  and T l 3 ;  the s l ow s peed w i n d i ngs  are 

i dent i f ied as T l , T2 ,  and T3 . The motor des i gn data are presented i n  
Tab l e  1 .  
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TABLE 1 .  DE S I GN DATA OF  THE REACTOR BU I LD I NG A I R  COOL ING FAN MOTORS 

Nomencl ature 

R evo l ut i ons  per mi nute 
F u l l  l oad amperes 
E ff i c i ency ( % }  
Power factor ( % )  
K VA/hp code l etter 

Fast 

1 1 93 
1 30 
94 
76  

K 

Speed 

S l ow 

892  
1 32 
92 . 5  
77 . 5  

G 

The motors are c l as s i f i ed as C l as s  l E  and are LOCA qua l i f i ed .  They 

are powered by three-conductor feeder cab l es .  The out-of-contai nment 

cab l es have 4/0 conductors and the i n -conta i nment c ab l es have 

2 /0 conductors . 

Th e Reactor Bu i l d i n g  a i r  coo l i ng fan motors norma l ly  operate at fast 

s peed . Under normal operat i ng  cond i t i ons , the runn i ng current i s  pred i cted 

to be 84 amperes . The s l ow s peed operat i on ,  wh i ch corresponds to a 

pres s ure test mode , h as a pt·ed i cted runn i ng current u nder normal  operat i n g  

c ond i t i on s  o f  69  amperes . 

Th e motors f i rst star ted r unn i ng i n  1 977 . Records from startup tests 

show that a l l of the motors  had a de res i stance of 0 . 2  ohm across the 

T - l eads of each w i nd i ng  ond an i ns u l at i on res i stance of more than 

108 ohms . Start i ng and r un n i ng current  data from the above tests are not 

ava i lab l e .  However , per i od i c  measurements taken before and after the 

acc i dent ,  as shown i n  Tab l e  2 ,  prov i ded va l ues of l es s  than the des i gned 

fu l l  l oad rat i n g  of 130 amperes . The l ocked rotor currents , b ased on the 

des i gned vo l tage of 460 Vac , are 1 077 amperes for the fast s peed c i rcu i t  

and 770 amperes for the s l ow s peed c i rcu i t .  

A l l of the motors  wer·e s ubjected to stat i c  and dynam i c tests . I n  the 

dynam i c  test , start i n g  and runn i n g  currents  were measured for the s peed at 

wh i ch the i nd i v i dua l  motor was a l l owed to start and operate . On l y  one 

s tart was perm i tted on each motor--fast s peed for AH-E - l l B , C ,  and E an d 

s l ow s peed for AH-E - l l A  o.nd D .  I n a l ater tes t ,  AH-E - 1 1 0  was started at 

fas t s peed . The currents were taken w i th a l i ne vo l tage of  495 vol ts and 
a re s ummar i zed i n  Tab l e  3 .  
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TAI:iLE 2 .  RUNN I NG CURRE NT H I STORY OF A IR  COO L I NG FAN MOTORS 

Runn i n g Current 
Fan 

I dent i f i cat i on 
( Amps ) 

N umber Speed 3/27/79 Tes t  1 2/ 1 5/8 1  Tes t  l /2 7/83 Test 

_M_ � _1f_ _M__ � _1f_ _!M_ � _K_ 
AH-E - 1 1 A SLOW 68 . 9  69 . 9  68 . 9  

FAST 82 . 3  82 . 9  7 9 . 9  90 . 9  93 . 0  90 . 1 9 1 . 8  93 . 6  90 . 3  

AH-E - 1 1 b SLOW 69 .0 69 . 6  67 . 3  
FAST 8 1 . 9  82 . 2  79 . 5  86 . 1 90 . 5  88 . 5  90 . 2  90 . 6  89 . 2  

AH-E - 1 1  C SLOW 64 . 3  65 . 8  65 . 3  01 { USS-2- 1 1E )  FAST 79 . 7  82 . 6  8 1 . 2  w 

AH-E - l l C  SLOW 64 . 3  67 .8  66 . 7  
( USS-2-2 1 E ) FAST 7 7 . 9  8 1 . 5  80 . 8  85 . 6  87 . 6  84 . 6  86 . 3  89 . 1 H 7 . 2  

AH-E - 1 1 0 SLOW 67 . 7  68 . 3  66 . l 
FAST 8 1 . 3  80 . 7  78 . 5  _ _  a _ _  a _ _  a _ _  a _ _  a _ _  a 

A H-E - l l E  SLOW 68 . 3  68 . 2  66 . 3  
FAST 8 1 . 3  78 . 7  78 . 6  85 . 9  88 . 2  86 . 5  89 . 3  90 . 4  87 . 2  

a .  Tr i pped on  8/7/79 . 
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TAbLE 3 .  �TARTI NG AND kUNN I NG CURRE NT DATA O F  THE RE ACTOR BU I LD I NG A I R  COO L I N G  FAN MOTORS 

Start i n g C urren t Runn i n g C urrent 

Ident i f i cat i on 
( Amps ) ( Amps ) 

Number lOA � � �A �B  !OC  Remarks  

AH-E. - 1 1  A FAST 88 . oa 94 . o a 9o . oa Motor was i n i t i a l l y  r un n i n g on 
SLOW 802 76 . 2  7 9 . 0  7 6 . 3  fast speed . I t  was restarted 

on s l ow speed . 

AH-t. - l  I 8 FAST 954 87 . oa 89 . oa ss . oa Motor was i � i t i a l l y  r un n i n g on 
S LOW 87 . 3  91 . 2  89 . 1  fast speed . I t  was restarted 

on fast s peed . 

AH-1: - l l C  FAST 902 85 . 5  87 . 9  85 . 8  Motor was i n i t i a l l y  runn i n g on 
S LOW f ast  speed . I t  was s h ut down 

before data cou l d be 
obtai nea . I t  was restarted 
on fast speed . 

AH-E -1 1  U FAST Motor has been off s i nce 8/79 . 
S LOW 7 78 75 . 5  76 . 6  7 5 . 5  Started on  s l ow s peed . 

AH-E - l l t FAST 830 88 . 5a 89 . 9a 88 . 3a Motor was i n i t i a l l y  r un n i n g on 
SLOW 88 . 5  90 . 3  88 . 6  fast s peed . It was restarted 

on fas>.: s peed . 

a .  Numoer corresponds to t he current drawn by the motors before they were shut down for the tes t . 



L -

An accurate stat i c  test measurement was s po i l ed by the presence of a 

l ow frequency ( 20 to 2 7 Hz ) e l ectr i ca l  no i s e .  The no i se ,  rang i n g  from a 

few mi l l i vo l ts  to  1 . 3 vo l ts , was so  domi nant  that on l y  the i n su l at i on 

r es i s tance measurement cou l d  be taken wi th accuracy . Real  res i s tance , 

equ i va l en t  ser i es res i stance , and i nductance data were errati c  and var i ed 

over a w i de range , thereby mak i ng them mean i ngl es s .  

Dur i n g  the test i ng , at l east two fans were a l ways i n  operat i on .  

Th erefore , the motor that was bei ng tested probab ly  was w i ndmi l l i ng because 

the as soc i ated i n l et damper fai l ed to c l ose . The i n l et damper i s  s upposed 

to c l ose to prevent a i r  from b l ow i ng out of an operat i ng fan to a 

nonoperat i n g  fan i n l et p l enum . The motors i n  effect behaved as generators , 

thus  exp l ai n i ng the measured e l ectr i ca l  noi se . 

Of the f i ve Reactor Bu i l d i n g  a i r  cool i n g  fan motors tested , AH-E - 1 1 8  

w as the on ly  un i t  that was not affected by e l ectr i ca l  no i se . The un i t  

exh i b i ted de res i s tances i n  i ts s l ow and fast s peed w i nd i ngs ( 0 . 1 7  and 

0. 14 ohm, respect i ve ly )  that are i n  c l ose agreement w i th the s tartup v a l ue 

of 0 . 2  ohm .  I t  a l s o  had a s l ow s peed i nductance of 5 . 04 mH and fas t  s peed 

i nductance of 3 . 3  mH , wh i ch c l ose ly  agree w i th the va l ues expected for the 

mach i n e .  The motor � i nd i ngs i ns u l ati on l i kewi se appears to  be good ; the 

measured v al ues of 2 . 4  x 1 08 ohms for the fast s peed w i nd i ngs and 

l . 7  x 1 09 ohms for the s l ow s peed w i nd i ngs exceed the standard m i n i mum 

requ i rement of 1 . 48 x 1 06 ohms . 

The res i stance i ns u l at i on for the s l ow s peed w i nd i ng appeared to be 

c l ean and dry , as i nd i cated by the pol ar i zat i on i ndex of 3 . 53 .  The fast 
s peed w i nd i ng ,  h owever , cou l d  be d i rty ;  tests  reveal ed a po l ar i zat i on i ndex 

of 1 .  I ndustry standard recommended a m i n i mum pol ar i zat i on i ndex of 2 .  

F an motor AH-E - 1 1 8 , wh i ch was restarted for fast s peed operat i on ,  h ad a 

star t i ng current of  954 amperes . The magn i tude of th i s  parameter i s  

s i gn i f i cant ly  l es s  than the max i mum des i gned v al ue .  The maximum expected 

l ocked rotor current wi th a l i n e  vol tage of 495 vol t s  i s  1 1 85 amperes . The 

r unn i ng currents of 89 . 2  and 9 1 . 2  amperes obta i ned before and after the 

stat i c  tes t  agreed w i th  each other as wel l as w i th the data obtai ned d ur i n g  
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per i od i c measurements made after the acc i dent .  The measured runn i n g  

c urrents are greater than the pred i cted val ue ( 84 amperes ) u nder normal 

p l ant operat i n g  cond i t i ons  and the preacci dent v a l ues  rang i n g  from about  

7 8  to  83 amperes , but  they are s i gn i f i cant ly  l es s  than the  motor ' s  des i gned 

fu l l  l oad capab i l i ty of 1 30 amperes . 

U n i t  AH-E - 1 1 0 was part i a l l y  affected by the e l ectr i ca l  noi se . Th i s  

motor , wh i ch had therma l  over l oad tri pp i n g  prob l ems i n  i ts fast s peed 

c i rcu i t ,  h ad i nformat i ve data avai l ab l e  on ly  for i ts s l ow speed c i rcu i t .  

I t  h ad a de res i stance of 0 . 1 65 ohm across the s l ow s peed T- l eads , wh i ch 

c ompares c l ose ly  to the s tartup v a l ue of 0 . 2  ohm . The i nductance data ,  

a l though s l i gh t l y  affected by no i se ,  are cons i stent and compared c l ose ly  to  

t h at of  AH-E - l l B ;  i n  the ab sence of  base l i ne data ,  these v al ues wou l d  

appear t o  be typ i ca l . The i nsu l at i on res i stance of >2 . 5  x 1 09 ohms for 

b oth feeder c i rcu i ts i nd i cates that the motor w i nd i ngs i n s u l at i on i s  i ntact 

and sound .  Neverthel ess , the pol ar i zat i on i nd i ces of 1 . 7 and 1 . 35 for the  

s l ow and  fast  s peed w i nd i ngs , respect i ve ly ,  s i gn i fy that the  i ns u l at i on 

m i gh t  be damp or d i rty . 

The motor a l so s tarted and operated norma l ly  at s l ow speed . The 

start i ng  curren t of 778 amperes was l es s  than the expected l ocked rotor 

current of about 847 amperes at 495 vo l ts .  The motor a l so h ad a r unn i ng 

c urrent af 76 . 6  amperes , a va l ue  s i gn i f i cant ly  l es s  than the fu l l l oad 

r at i ng of 1 32 amperes but more than the pred i cted v a l ue  of 69 amperes u nder 

n orma l operat i n g  cond i t i ons  and the preacc i dent v a l ue  of 68 . 3  amperes , 

Dur i ng a s ubsequent test to determi ne the i ntegr i ty of the  fast s peed 

c i rcu i t ,  the motor l i kewi se s tarted normal l y  and had a star t i n g  c urrent o f  

about 9 5 0  amperes . I t  a l so operated at h i gh  s peed w i th a constant runn i n g  

c urrent of abou t  9 2  amperes on al l three phases . The operat i on ,  however , 

w as s hort- l i ved ; a thermal  over l oad tr i p  occurred on phases T l l  and T l 3  

after about 7 seconds o f  operat i on ,  conf i rm ing  that the motor was not a t  

f au l t  as  was s us pected before the tes t .  

Stat i c  test i n g  o f  AH�E - l l A  and AH-E - l l C  was affected b y  a lmos t 

i de n t i ca l  n o i se patterns i n  the i r  feeder c i rcu i ts .  On ly  de res i stance of 
the i r  s l ow speed w i n d i n g  c i rcu i ts and i ns u l ati on res i stance cou l d  be 
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obta i ned . Moreover , the measurab l e w i nd i n g  de  res i s tance f l uctuated from 

0 . 07  to 0 . 26 ohm , but the average of th i s  ran ge agrees c l ose ly  w i th the 

startup data . The two motors • i ns u l at i on res i s tances were greater than 

1 . 8 x 1 09 ohms , wh i ch i s  greater than the startup va l u e  of 1 08 ohms an d 

the  s tandard mi n imum req u i rement for operat i on .  The i ns u l at i on of both 

motors i s  sound , but AH-E - l l C  may have s l i gh t l y  d i rty i nsu l at i on ,  as 

i nd i cated by i ts po l ar i z at i on i nd i ces of 1 . 7 3  and 1 . 92 . The pol ar i zat i on 

i nd i ces  of AH-E - l l A  are 2 . 6 1  and 2 . 40 ,  i mp l y i n g  that the i ns u l at i on i s  

c l ean and dry .  

Both AH-E - l l A  and AH-E - l l C  a l so exh i b i ted norma l s tart i n g  and runn i ng 

c urrents . They had fast s peed runn i ng currents  of about  90 amperes , 

measured before they were shut  down for the tes t ;  th i s  measurement i s  

s i gn i f i cant l y  l es s  than the fu l l  l oad rat i n g .  Motor AH-E - l l A ,  wh i ch was 

r estarted on s l ow s peed , h ad a starti ng current of 802 amperes and a 

runn i n g  current of 7 9  amperes . Motor AH-E - l l C ,  wh i ch was restarted on fas t 

s peed h ad starti ng and runn i ng currents of 902 and 8 7 . 9  amperes , 

respect i ve l y .  

Motor AH-E - l l E  was most affected by t h e  e l ectr i ca l  no i se . I n s u l at i on 

res i s tance , start i ng current , and runn i n g  current were the on l y  mean i ngfu l 

parameters . The i ns u l ati on res i stance of 2 . 2  to  3 . 0  x 1 09 ohms i nd i cate s 

t hat the motor i n su l at i on i s  sound . The fast s peed w i nd i ng i ns u l at i on a l s o  

appeared t o  b e  c l ean and dry because the po l ar i zati on i ndex was greater 

t han 2 .  The l ow s peed w i nd i ng  i ns u l at i on m i ght  be  s l i gh t l y  d i rty ,  as 

i nd i cated by the po l ar i zat i on i ndex of 1 . 83 . The motor was restarted on 

f ast  s peed and found to h ave a s tarti ng c urrent of 830 amperes and r unn i ng 

current of  89 . 9  amperes . These c urrents  are a l s o  l es s  than the fu l l  l oad 

r at i n g .  

A l l f i v e  Reactor Bu i l d i ng a i r  coo l i ng fan motors are mechan i ca l l y  and 

e l ectr i ca l l y  norma l . The s ubt l e degradat i on that was observed , 

s pec i f i ca l ly  the reduced pol ar i zati on i ndex , i s  merel y  due  to d i rt on  the  

i n su l at i on surface . Th i s  d i rt i s  not attr i butab l e  to  the  acc i dent but  to  

the l ack  of mai ntenance on  the  equ i pment . The s l i gh t l y  h i gher runn i ng 

c urrents are most  l i ke l y  due to : 
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1 .  Increased system pressure  resu l t i n g  from h i gh er a i r den s i ty ( see 

F i gures 25  and 26 ) 

2 .  Decreased f l ow resu l t i n g  from improper operat i on of the i n l et 

dampers 

3 .  Decreased eff i c i ency of the  fans and motors resu l t i ng from 

greater fr i ct i on l osses , due to l ubr i cat i on degradat i on ,  and from 

i ncreased l oad l os ses  and hydrau l i c l os ses . 

Motor Operated Va l ves 

Twenty-two motor operated va l ves , 18  of wh i ch are C l as s  l E , were 

t ested . Seventeen are l ocated i n  the Reactor Bu i l d i ng basement  and f i ve 

are l ocated at var i ous  e l evat i ons  above ground l eve l . The f i ve va l ves 

l ocated above ground l evel --CA-V l ,  CF-V lA ,  NS-V lOO ,  RC-V l , and  

WDL-V27 l --were tested once before gross decontam i nat i on . 

The v al ves are operated by L im itorque operators , wh i ch are dr i ven by 

Rel i ance E l ectr i c  motors . The dr i ve motors are squ i rre l cage i nducti on 

u n i ts w i th s i zes ran g i ng from a fracti on of h orsepower to 1 0 . 5 horsepower . 

The i r  known e l ectr i ca l  properti es are summar i zed  i n  Tab l e  4 .  

A L imi torque v a l ve operator i s  a ·gear dr i ve assemb ly  w i th i ntegral  

gear dr i ven rotary l imi t swi tches and torque  swi tches . Typ i ca l ly ,  there 

are two rotary l i m i t swi tches i n  each operator , each rotor h av i ng  four 

contacts . I n  spec i a l cases , four sets of l imi t swi tches wou l d be 

i nc l uded . The l im i t  swi tch contacts are numbered 1 through 1 6 .  Swi tch 

contacts through 4 are on rotor l ,  5 through 8 on rotor 2, and so  on . I n  

add i t i on t o  the 1 6  l imi t swi tch contacts are two torque swi tches , 

i dent i f i ed as 1 7  and 1 8 ,  wi th 1 7  des i gnated as the c l os i ng torque swi tc h  

and  1 8  a s  the open i ng torque swi tch . Genera l ly ,  rotor l i s  s e t  t o  actuate 

at the  fu l ly open pos i t i on of the va l ve ,  and rotor 2 i s  set to actuate at 

t h e  fu l ly c l osed pos i t i on of the v a l ve .  Rotors 3 and 4 are set at other 

s e l ected pos i t i on s . F i gure 27  i l l ustrates a typ i ca l  sett i n g  of the l imi t 

s w i tches . 
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F i gure 25 . 
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Fan model: 48-26- 1 1 70/8 70 
Joy series 2000 Axivane Fan 

Fan unit: 500722-66 
Motor: 100 hp; 1 190/890 rpm; 

46013160; 126173.2  amps 
Air density: 0.075 1blft 

Fan tested blowing into a 48-in.-diameter duel 

Volume flow - in thousands (113/min) INEl 4 44 1 1  

Character i st i c  curve of a TMI-2  Reactor Bu i l d i ng a i r  coo l i n g  
fan w i th an a i r  dens i ty of 0 . 075 l b/ft3 . 
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Fan mcdel: 46·26- 1 1 70/67J 
Joy series 2000 Axivane Fan 
Fan unit: 500722-66 
Motor: 100 hp; 1 1 90/890 rpm; 

46013160; 1 26172.2 amps 
Air dens1ty: 0 . 1 72 lb/ft3 

Fan tested blowing into 
a 46-in.-diamett:r duct 

Volume flow · in thousands (tt31min) INEL 4 4403 

F i gure 26 . Character i st i c curve of a TMI -2 Reactor Bu i l d i ng a i r  coo l i ng 
fan w i th an a i r  dens i ty of 0 . 1 72 l b/ft3 . 
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TABLE 4 .  

V a l ve No . 

C A- V 1 a 
CA-V4A 
CA-V4B 

C P.- V 1 Aa 
CF -V l l 5 
D C - V 1 1 4 

DH- V l 
D H- V2 
OH- V 1 7 1  

I C- V 1 A  
I C-V 1 B 
M U- V 1 A  

MU-V 1 B 
M U- V2A 
MU-V2B  

N� - V l 00a 
RC - V l a ,  b 
W OL -V7a 

WOL -V22  
�J OL- V l 26b 
W OL-V l 2 7b 
W DL - V2 7 l a 

PROPE R T I E S  OF  THE MOTOR OPERATE D VAL VE DRI VE MOTORS 

Rated C urrent/ Rated Torque I ns u l at i on Type 
Rated Hp Rated Vo l tage RPM ( ft - l b )  ( code l etter ) 

0 .  1 33 0 . 95A/460V 1 800 2 ft- 1 b  RH 
o.  1 3 3 0 . 95A/460V 1 800 2 ft- 1 b  R H  
o .  1 33 0 . 95A/460V 1 800 2 ft- l b  �H 

1 0 . 50 1 3 . 8A/460V 3600 80 ft- 1 b  RH  
o .  1 33 0 . 9 1 A/480V 1 800 2 ft - l b  R H  
0 . 70 2 . 30A/460V 

1 0 . 50 l 3 . 80A/460V 3600 80 ft- l b  R H  
1 0 . 50 1 3 . 80A/460V 3600 80 ft- l b  RH  
4 . 00 7 . 00A/460V 

0 . 33 0 . 95A/460V 1 800 5 ft- l b  RH  
0 . 33 0 . 95A/460V 1 800 5 ft- l b  R H  
1 . 30 2 . 75A/460V 1 800 1 0  ft- l b  RH  

1 . 30  2 . 7 5A/460V 1 800 1 0  ft - l b  R H  
1 . 30 2 . 75A/460V 1 800 1 0  ft- l b  RH  
1 . 30  2 . 7 5A/460V 1 800 1 0  ft - l b  R H  

0 . 70 2 . 20A/480V 1 800 1 0  ft- l b  RH 
1 . 60 4. 00A/460V 1 800 25 ft- l b  RH  
0 . 33  0 . 9 l A/460V 1 700 R H  

0 . 333 0 . 9 1 A/46C'J 1 800 5 ft- l b  R H  
0 . 67 0 . 9 1 A/460V 1 800 2 ft- 1 b  RH  
0 . 67 0 . 9 1 A/460V 1 800 2 ft- l b  RH  
0 . 1 33 0 . 55A/480V 

a .  V a l ves l ocated above the 305-ft e l ev at i on .  A l l others are l ocated i n  
the b asement . 

b .  V a l ves are non -C l ass l E  u n i ts . 
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Valve position 

Switch number 0% (c l osed) 1 00% 

1 

..... 2 C') � � 
"- "-
0 --=--r- o  
0 3 -

0 
a: a: 

4 

5 

(\J 6 ..q-� � "- "-o � - o  
0 7 -

0 a: a: 

8 

F i gure 2 7 .  

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

INEL 4 4404 

Typ i ca l  l i m i t swi tch sett i n g  of a L i mi torque geared l i m i t  
swi tch . The bo l d l i nes i nd i cate the l im i t swi tch contact 
i s  c l osed . 
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F or TM I - 2 ,  l i m i t swi tch contacts 1 ,  3 ,  4 ,  5 ,  and 7 and torque swi tches 

1 7  and 1 8  are as s i gned standard funct i ons . Contact 1 i s  used i n  the 

c l os i ng  contro l c i rcu i t  to bypass c l os i ng torque swi tch 1 7  when the v a l ve 

i s  start i ng  to c l ose . Contact 5 i s  used i n  the open i n g  contro l c i rcu i t  to 

bypass open i n g  torque swi tch 18 when the v a l ve i s  fu l ly c l osed . Contact 4 

i s  a l s o  used i n  the open i ng control c i rcu i t  to  l i m i t the va l ve from go i n g  

b eyond the fu l ly open pos i t i on ,  a necessary feature to prevent the va l ve  

from back seat i ng .  Contacts 3 and 7 are used for pos i t i on i nd i cat i on . 

F i gure 28 i s  a typ i ca l  contro l schemat i c  of a motor operated va l ve ,  

i l l us trat i n g  the funct i on of  t he  v ar i ous  l i mi t and torque  swi tches . 

E xcept for NS- V l OO ,  a l l of the va l ves were tested stat i cal l y .  Va l ve  

NS- V l OO was tested stat i cal ly and dynami cal ly .  I t  was stroked open and 

c l osed severa l  t imes , dur i ng wh i ch the start i ng and runn i ng c urrents were 

measured . 

Test i ng of the v a l ve motors was rel at i ve ly  probl em-free . I n  contrast ,  

tes t i n g  of the l imi t sw i tch c i rcu i t s  was tarn i shed by the presence o f  h i gh 

e l ectr i cal  noi se . The e l ectr i cal no i s e ,  60 Hz of i nduced or d i rect ly  

coup l ed  vol tage , h ad  va l ues that v ar i ed from a few m i l l i vo l ts to severa l  

v o l ts .  I ts effect was promi nent on the l im i t swi tch c i rcu i ts of DH-V l 7 1 , 

I C-V l A , I C-V l B ,  and WDL-V7  to the po i n t  that no  stab l e ,  mean i ngfu l data 

c ou l a  be  obta i ned . 

Th e data col l ected i nd i cate that the v a l ve operators i ncurred v aryi ng  

degrees of degradat i on . Th i s  degradat i on was observed to  be conf i ned to  

the  changes i n  t he  c i rcu i t ' s  capac i tance property .  The eval uat i on o f  each 

va l ve  motor operator and i ts assoc i ated l i mft swi tches i s  s ummar i zed bel ow .  

CA-V l  

Va l ve operator CA- V l  was  tested before Reactor B u i l d i ng gross 

decontam i nat i on i n  January 1 982 . Dur i ng the i n i t i a l  tes t ,  the dr i ve mutor 

and assoc i ated l im i t swi tches exh i b i ted no  abnormal i t i es ,  a l though the 

motor i nsu l at i on res i stance was  marg i na l . 
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F i gure 28 .  Typ i cal  contro l  schemat i c  of  a motor operated v a l ve .  L i m i t  
sw i tches are shown w i th the va l ve i n  the c l osed pos i t i on .  
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The  effect i ve i nductance of the motor w i nd i ngs obtai ned i n  ear ly  tes ts 

ranged from 205 to  2 1 7  mH,  measured at 1 20 Hz and from 2 1 3  to  237  m H ,  at  

1 kHz . These s ame parameters ,  obta i ned dur i ng the postdecontam i n at i on tes t 

and shown i n  Append i x A ,  i n d i cate an i ncrease as we l l  as an i ncon s i stency . 

Because the actua l  i nductance of the motor d i d  not change and the  de 

res i stance rema i ned the same at 38 ohms , the  observed change i n  the c i rcu i t 

effect i ve i nductance was caused by a change i n  the c i rcu i t  capac i tance . 

The magn i tude of the net i nductance change s uggests  that a s i gn i f i can t  

amount o f  capac i tance was added t o  the c i rcu i t .  Water , wh i ch h as a h i gh 

d i el ectr i c  constant , may h ave caused the ch ange i n  the c i rcu i t  e l ectr i ca l  

p roperty . The wett i ng i s  attr i buted t o  the gros s decontami nat i on .  The 

i ncon s i stency i n  effec t i ve i nductance va l ues was presumab ly  caused by 

u neven d i str i but i on of the capac i t i ve e l ements i n  the c i rcu i t .  

The h i gh i ns u l at i on res i s tance of the motor w i nd i ngs , wh i ch s uggest s  

t hat t h e  i ns u l at i on i s  i ntact , m i l d ly  contrad i cts the above ana lys i � �h at 

water i s  present i n  the network . Wh i l e  water i s  a poor i ns u l ator , the h i gh 

i ns u l at i on res i s tance read i ng of the motor w i nd i ng c i rcu i t  s uggests that 

water h as not d i ffused through the ent i re th i ckness  of the i ns u l at i on .  The 

i n s u l at i on i s  s t i l l  i ntact , b ut  i ts d i e l ectr i c  s trength h as degraded . 

The l i mi t sw i tch i ntern al  c i rcu i ts  exh i b i ted no  abnormal i t i es .  The 

motor and l i mi t swi tch cab l es are a l so normal . 

Overal l ,  the motor may s t i l l  be operat i on a l  but  i n i t i a l l y  may h ave  a 

s l i gh t  phase current i mba l ance that w i l l  l as t  unt i l the motor w i nd i ngs  dry. 

CA-V4A 

Test data i nd i cate t hat b oth the motor operator and the l im i t  sw i tch 

c i rcu i ts h ave  a very l ow i ns u l at i on res i stance . The i r  c i rcu i t  TOR 

s i gnatures a l so exh i b i ted a v ery d i s t i nct  c apac i t i ve d i p  at the dev i ce end  

of the cab l e .  Furthermore , the l im i t swi tches that were open had  an 

abnormal ly h i gh capac i tance and l ow res i s tance across t he i r  contacts . The 

abnormal i t i es s uggested that thr motor and l im i t sw i tches were soaked and 

p erhaps may h ave  been underwater . 
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The motor c i rcu i ts a l so exh i b i ted a un i form de res i stance and 

i nductance across each ase . However , these v a l ues are too 

unreal i st i cal l y  h i gh to be cons i dered va l i d .  

The va l ve ' s  operator s uffered severe e l ectr i ca l  degradati on and cannot 

operate under i ts observed cond i t i on .  W i th the degree of degradat i on the 

equ i pment exper i enced and the n ature of the env i ronmental condi t i ons  to 

wh i ch i t  was exposed , restorat i on i s  doubtfu l .  

CA-V4B 

Th i s  va l ve  i s  l ocated i n  the Reactor Bu i l d i ng basement at the 

293-ft , 6- i n .  e l evat i on .  L i k e  CA-V4A ,  the w i nd i n g  i nductance and de 

res i stance of the motor were u nreal i st i ca l ly  h i gh .  Th i s  v a l v l ,  however , 

exh i b i ted a good i n s u l at i on res i s tance on both the motor and the l im i t 

s w i tch c i rcu i ts .  The TOR s i gnatures are a l so normal and agree wel l w i th 

the pattern expected of the term i nat i on . 

Based ma i n l y on test data and i n  the absence of re l i ab l e  base l i ne 

data , the motor i s  bel i eved to be i noperab l e .  The h i gh s tator i mpedance 

r educes the motor break down torque , and the breakdown torque m i ght  not be  

adequate to overcome the  l oad . The  l i m i t swi tches are i n  good cond i t i on .  

Des i gn drawi ngs s how that CA-V4A and CA-V4B are j ust  several feet 

apart and on the same e l ev at i on .  If they were i nstal l ed as des i gned , the 

f act that CA-V4A was wet s uggests that the v a l ve ' s  or i entat i on s  are 

d i fferent and that CA-V4A may h ave been i nstal l ed w i th the operator bel ow 

t he va l ve .  

CF-V l A  

Th i s  v a l ve i s  l ocated under the core f l oodi ng tank  just  a few feet 

above the ground f l oor at the 308-ft e l evat i on .  Dur i n g  the acc i dent , 

C F - V l A  was cyc l ed once to effect the core f l ood i ng operat i on .  
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I n  s i tu test data obta i ned before gross decontami nati on i nd i cated t h at 

the motor and l i m i t swi tches suffered no i l l  effects from the acc i dent . 
Th i s  f i nd i ng was ver i f i ed by s im i l ar data obta i ned after gros s 

decontam i n at i on .  E xcept for the rel at i ve l y  l ow pol ar i z at i on i ndex of the 

motor i n s u l at i on ,  an i nd i cat i on that the motor mi ght be  damp or d i rty ,  a l l 

of the other measured el ectr i ca l  parameters are normal . Al so , the TOR tes t 

s howed no obv i ous ev i dence of degradati on of the assoc i ated motor feeder 

and contro l cab l es .  Furthermore , the motor , l i mi t swi tches , and as soc i ated 

c ab l es d i d  not exh i b i t  any degradati on dur i ng the t i me between the two i n  

s i tu tests . 

Overal l ,  the motor , l i m i t  swi tches , and assoc i ated cab l es are i n  good 

cond i t i on .  The motor and l i mi t swi tches shou l d  operate normal ly .  

CF-V l l 5  

The motor and l i m i t  sw i tches of CF-V l l 5  suffered cons i derab l e  

degradat i on .  The i r  TOR s i gnatures had a capac i tance d i p at the cab l e  end , 

and the i r  i ns u l at i on h ad a re l at i ve ly  l ow po l ar i z at i on i ndex , an i nd i cati on 

that both components  were wet . The re l at i ve ly  l ow equ i va l en t  ser i es 

r es i stance at 1 20 Hz and h i gh effect ive  i nductance at 1 kHz of the motor 
are typ i ca l  of an RLC  network wi th h i gh l y  capac i t i ve  e l ements , an effec t 

most l i ke ly  i nduced by water . F urthermore , the open c i rcu i ts of l i m i t  

swi tches 4 and 5 and torque  sw i tch 1 7  exh i b i ted a re l at i ve ly  l ow de  

r es i s tance , wh i ch i nd i cates a s h unt  i s  present i n  the c i rcu i t ,  presumab l y  

due t o  contam i nat i on track i ng o r  water . 

A l though the motor may h ave been wet ,  i ts h i gh i ns u l at i on res i s tance 

s uggest s  the i n su l at i on i s  s t i l l  i ntact . By s uff i c i ent  dryout ,  the motor 

may s t i l l  be restored to norma l cy .  In i ts 11 as tested . .  cond i t i on ,  the  motor 

may s t i l l operate wi th i n  i ts des i gned parameters i f  the rotor i s  i ntact . 

Th e l im i t  swi tches may l i kewi se be  ab l e  to perform the i r  des i gned funct i on ,  

a l though  w i th decreased rel i ab i l i ty .  
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DC-V l l 4  

The motor of DC-V l l 4  appeared t o  b e  one of those that may h ave been 

wet , though not submerged , b ut  s i nce may h ave part i a l l y  dr ied  out . The 

i ncons i stent effect i ve i nductance across the stator w i nd i ng i nd i cates the 

presence of h i gh capac i tance in  the c i rcu i t ,  i n  th i s  case across  T l  and 

T 2 . The h i gh capac i tance was most  l i k e ly  cau sed by water i n  the c i rcu i t .  

The motor TORs a l s o  exh i b i ted a capac i t i ve d i p at the equ i pment end of the 

c ab l e ,  another i n d i cat i on that the motor i s  wet . 

The pos i t i on s  of the v a l ve l i m i t sw i tches i nd i cate that the va l ve  

t orqued o ut  i n  t he  i ntermed i ate pos i t i on dur i ng i ts c l os i ng cyc l e .  The 

l i m i t swi tches a l so appeared to be wet , as i nd i cated by the h i gh 

c apac i tance and l ow de r es i s tance across the open swi tches and the  

capac i t i ve d i p on the TOR s i gnatures at the dev i ce end  of the cab l e .  

A l though the motor may be wet , i ts i ns u l at i on i s  s t i l l  i ntact . I n  i ts 

present condi t i on ,  the motor may s t i l l  be e l ectr i ca l l y  operat i ona l , 

a l though i r. it i a l ly  an observab l e  ph ase c urrent i mba l ance may exi s t  u nt i l 

the motor w i nd i ngs  fu l ly  dry . Ana lyses i nd i cate the observed e l ectr i ca l  

c ond i t i on o f  the l i m i t swi tches w i l l  compromi se t h e  dev i ce • s  des i gned 

funct i ons . 

A l though the v a l ve operator may s t i l l  be i ntact , i t  fa i l ed to perform 

i ts des i gned funct i on .  The v a l ve ,  wh i ch i s  a contai nment i so l at i on v a l ve  

o f  t he  coo l i ng water return l i ne of t he  reactor coo l ant  l eakage coo l er ,  

fa i l ed to f u l l y  c l ose dur i ng Reactor Bu i l d i n g  i so l at i on .  An i nvest i gat i o n  

o f  t h e  ma i ntenance h i s tor·y o f  t h e  v a l ve reveal ed t hat the  operator c l os i n g  

torqu e  swi tch was reset t o  l after t h e  motor burned out  at  i ts i n i t i a l 

s ett i ng of 1 - 1 / 2 .  The torque sett i ng o f  l may h av e  been too l ow t o  

overcome the hydrau l i c forces act i ng o n  t h e  v a l ve . 

D H- V l  

D H-V l  appeared t o  h ave been on ly s l i gh t l y  affected by the  acc i dent . 

The con s i stent motor w i nd i n g  i nductances and res i s tances i nd i cated the 

motor i ncurred no  b u i l dup  of c apac i tance . L i kew i s e ,  the  motor TOR 
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s i gnatures were typ i ca l  of a norma l motor . The on l y  affected motor  

p arameter was t he  i n su l at i on .  A l though the i n su l at i on res i s tance was h i gh ,  

the po l ar i zat i on i ndex was l o� ,  i nd i cat i n g  that the i ns u l ati on mi ght  j us t  
b e  d i rty o r  damp . 

Th e l i mi t swi tches a l so  appeared to be i n  good cond i t i on ,  w i th the 

excep t i on of swi tch 3 ,  across w i res  45B and 60 . The i r  TOR s i gnatures were 

n orma l and commensurate w i th the termi nat i on .  Converse ly ,  swi tch 3 h ad a 

s l i gh t l y  el evated capac i tance , wh i ch was a l so  noti ceab l e  on the TOR 

s i gn ature . But the abnorma l i ty was so  subt l e  that i ts effect on the 

c i rcu i t  i s  i n s i gn i f i cant . 

Overa l l the cond i t i on of the motor and the l i m i t swi tches i s  good , and 

the motor w i l l  operate normal ly  i f  the rotor i s  i ntact . 

DH-V2 

Th e motor and l i m i t swi tches of DH-V2 bore some e v i dence that they are 

wet . The motor , for i n stance , showed ev i dence of a s l i ght  capac i t i ve d i p 

at the cab l e  end on the TOR traces and a l ow po l ar i zati on i ndex of the 

i n s u l at i on .  The wett i ng ,  however , appeared to be  m i l d ,  as  suggested by th e 

u n i form i nductance and res i stance across each phas e .  The h i gh i ns u l at i on 

res i s tance of the motor al so i nd i cated that the i ns u l ati on i s  i ntact . 

Th e l ow equ i va l ent ser i es res i stance measured across the open l i m i t 

swi tches i nd i cated the presence of a h i gh capac i tance . Th i s  f i nd i n g  was 

d emonstrated by the TOR s i gnatures i n  wh i ch the trace dropped at  the 

term i nat ion  and then sett l ed down to the measured res i stance . The 

e x i s tence of h i gh l y  capac i t i ve e l ements s trong ly  s uggested that water i s  

present i n  the c i rcu i t .  

O vera l l ,  the motor i s  s l i gh t l y  degraded .  Dryi ng  o f  the w i nd i n g  m i ght 

br i ng the motor back to e l ectr i ca ·l normal cy .  E ven i n  i ts "as tested " 

c ond i t i on ,  the motor may s tart and operate w i th i n  i ts des i gned rat i ng i f  

the rotor i s  i n tact . The cond i t i on of the l im i t  swi tches , h owever , may not 
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be as good as that of the motor ; the equ i va l en t  ser i es res i stance of the  

open c i rcu i ts was  of  s uch a l ow v al ue that the i r  funct i on cou l d  be  

compromi sed . 

O H-V l 7 l  

DH-V l 7 1  i s  one of the  few va l ves l ocated i n  the Reactor Bu i l d i n g  

basement that was unaffected by the acc i dent .  Al l o f  the motor • s  measured 

parameters appeared to be  n ormal . E ven the i n su l at i on po l ar i zati on  i ndex 

meas ured surpr i s i ng l y  at 3 ,  an i nd i cat i on that the i nsu l at i on i s  c l ean and 

dry .  Th i s  cond i t i on was unexpected for a va l ve l ocated i n  that area . Due 

to the presence of h i gh e l ectr i ca l  no i se i n  the c i rcu i ts ,  i nsuff i c i ent  data 

were ob ta i ned for the l i m i t swi tches ; but the data that were avai l ab l e  

i nd i caten n n  dev i ce abnormal i t i es .  The TOR patterns  a l s o  were normal . 

I C- V l A  

The motor o f  I C - V lA  appeared t o  h ave degraded severe ly .  Tests 

reveal ed a s i gn i f i cant bu i l dup of capac i tance and shun t i n g  or short i ng  of 

turns w i th i n  the motor w i nd i ngs , w i th the net effect of a reduced i mpedance 

that i s  unacceptab l e  for operat i on .  The capac i tance bu i l dup  was i nd i cated 

by the n onun i form effect i ve i nductance , l ow paral l e l resonance , and 

capac i t i ve d i p on the TDR trace at the equ i pment end of the cab l e .  The 

s h unt i ng or short i ng  of the turns was i nd i cated by the decreased de 

res i stance ( to  33 ohms ) of the w i nd i ngs .  The res i stance measured dur i n g  

s tartup was 4 0  ohms . The i nsu l at i on res i s tance was h i gh ,  s uggest i n g  that 

the i ns u l at i on i s  s t i l l  i ntact but may just  be wet . The wetti n g  a l so  may 

h ave caused the capac i tance i ncrease . 

The presence of h i gh e l ectr i ca l  no i se constra i ned data acqu i s i t i o n ; 

o n ly the de res i s tance and TOR cou l d  be measured on  the l im i t  swi tches . An 

extreme l y  no i sy c i rcu i t  i s  usual ly  due to a fau l t  i n  the c i rcu i t .  Th i s  

i nsuff i c i ency of data prec l udes a better understand i ng of the cond i t i on of 

the components . Nonethe l ess , based on the data ava i l ab l e ,  i nd i cat i on s  are 

the  open l i m i t swi tches may a l so be  contami nated w i th capac i t i ve e l ements 
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that are ev i dent on the TOR traces . The TOR traces of the l i m i t swi tches  

d i d  n ot r i se to the po i nt correspond i ng to a term i nat i on of i nf i n i te 

res i stance . I n stead they sett l ed at ref l ec t i on coeff i c i ent l eve l s s l i ght l y 

d i fferent from zero , an i nd i cat i on that the cab l e  termi nates at c i rcu i ts 

w i th equ i v a l en t  ser i es res i stances al most the s ame as the cab l e  

c haracter i s t i c  i mpedance . 

Th e motor may s t i l l  be restored to e l ectr i ca l  norma l cy by dryi ng the  

w i nd i ngs . Under i ts present cond i t i on ,  the  motor appears to be i n  an 

i noperab l e  state . L i k ew i s e ,  the l i m i t swi tches ev i dent l y  h ave a l ow 

equ i va l ent ser i es res i stance , too l ow for sat i sfactory operat i on .  

I C-V l B 

Both the motor and l i m i t swi tches of I C- V l B  are soaked , as i nd i cated 

by the i r  l ow i nsu l at i on res i s tances , wh i ch are i n  the k i l ohm range . Much  

of the l ength of the assoc i ated i n-contai nment power and  control cab l es 

al so appeared to be soaked , w i th the TOR traces show i ng  a cont i nuous  drop 

i n  th� ref l ect i on coeff i c i en t .  A l ow real res i s tance s hunt detected across 

the open l i mi t swi tc�es , rang i ng from 38 to  73 ohms , i s  a l i k e ly  i n d i cat i on 

of  contam i nat i on track i n g .  

Overal l ,  the fai l ure o f  the motor and l i mi t swi tches can b e  c l ass i f i ed 

as catastroph i c  because under no c i rcumstances wou l d  the equ i pment h ave 

s tarted and operated s at i sfactor i ly .  From a l l i nd i cat i ons , the equ i pment  

was underwater . 

MU-V lA  

The  i nductance and  res i s tance of the  MU-V l A  motor are con s i stent at  

both test frequenc i es ,  i n d i cat i n g  that the  motor i s  i ntact and  free of  

contami �at i on .  The w i nd i ng  i ns u l at i on i s  a l so good , but  a l ow po l ar i z at i on 

i ndex and a s l i gh t  capac i t i ve  d i p  on the TOR traces s uggest that the mo�or 

w i nd i ngs may be damp . 
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The  l i mi t swi tches are a l so good . A l l of the  measured parameters are 

norma l and con s i stent . 

O vera l l ,  the motor and l i m i t swi tches  are e l ectr i ca l l y  norma l , an d  

they shou l d  operate norma l l y  under the i r  present cond i t i on .  

M U-Vl  B 

The motor of MU-V l B  ev i dent l y  i s  i n  good cond i t i on .  The i nductance 

and res i stance va l ues  are u n i form at the test frequen c i es at wh i ch they 

were measured . The effect i ve i nductance at l kHz  for MU-V l B  i s  

s i gn i f i cant l y  l ower th an that of MU-V l A . The d i fference between these two 

parameters i nd i cates that there i s  a h i gher s tray c apac i tance i n  MU-V l B  

than i n  MU-Vl A .  However , because the motor i s  operated at  60  Hz , the 

c apac i tance wou l d  h ave l i tt l e  effect on i ts ab i l i ty to funct i on .  A l so ,  the  

i n s u l ati on i s  i n tact , a l though it  mi gh t be s l i gh t l y  damp , as i nd i cated by 

t he  l ow po l ar i z at i on i ndex and the capac i t i ve d i p  on the TOR trace . 

The l i mi t swi tches ev i dent ly  suffered s i gn i f i cant wett i ng ;  swi tch 3 

( c i rc u i t  1 -60 ) exh i b i ted an abnorma l ly � i gh capac i tance of 52 . 5  � F .  

Water may a l so have c aused the equ i va l ent  ser i es res i stance to drop to a 

very l ow va l ue . Furthermore , the contam i n at i on created a l ow ohmi c 

r es i s tance path . C apac i t i ve contam i n at i on ap�eared around some of the 

c l osed swi tches . Th i s  phenomenon was ev i dent on the TOR s i gnature , i n  

w h i ch the trace at the cab l e  end decayed down s l i gh t l y  and then l eve l ed off 

at s l i ght ly  l es s  than the 50-ohm reference ( refl ect i on coeff i c i en t  of zero ) . 

A l though the motor stator w i n d i ng i s  wet , the  motor may s tart and 

operate normal l y ,  even wi thout dry i ng  the motor , i f  the rotor i s  s ound . 

Th e l i mi t swi tch , on the other h an d ,  may be too contami nated to prov i de 

re l i ab l e  contro l  and d i s p l ay i nformat i on .  

M U-V2A 

The i nductance , res i s tance , and i ns u l at i on res i s tance of the  mote

s tator w i n d i ngs  i nd i cated a s l i ght  abnormal i ty .  T he  w i nd i ngs  may be a 

l i t t l e d amp , as s uggested by the pol ar i zat i on i ndex of 1 and the s l i gh t  
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capac i t i ve d i p  on the TOR trace . Al so , the i nductance of T2-T3 s l i gh t l y  

d ev i ated .  However , the dev i at i on was s o  i ns i gn i f i cant that i t  cou l d  be  

i nherent to t he  equ i pment , and i ts effect on t he  operab i l i ty of t he  motor 

i s  neg l i g i b l e .  

Th e l i mi t swi tches are somewhat contami nated w i th capac i t i v e  and 

res i s t i v e  e l ements . C i rcu i t  l -45 ( sw i tches 4 ,  5, and 1 8 )  exh i b i te d  a 

s l i gh t l y  h i gher th an norma l capac i tance and a l ow equ i v a l ent  ser i es 

res i stanc� dnd de  res i stance . There i s  a l s o  a capac i t i ve d i p  on the TOR 

trace of c i rcu i ts l -45 and l -60 . 

O vera l l ,  the motor may operate norma l l y , even w i thout dryi ng the 

stator w i nd i ngs , as l ong as  the rotor is  st i l l  i ntact . On  the other h an d 

the  l i m i t swi tches are contam i n ated to such a degree that control and 

d i s p l ay i nformat i on from them may be unrel i ab l e .  

MU-V2B  

Th i s  motor appears to be normal i n  a lmost a l l as pects of  measurement .  

The re l at i ve ly  l ow pol ar i zat i on i ndex o f  1 . 2 and apparent  capac i t i ve d i p  at 

t he  motor term inat i on on the TOR are the two parameters that ch aracter i ze 

the motor as other than perfect ly  norma l . There i s  a l s o  a sub t l e 
i ncon s i s tency of the s tator w i nd i ng i nauctance , b ut  th i s  d i screpancy may be 

i nherent to the mach i n e  and  not attr i butab l e  to the acc i dent . 

The l i m i t  swi tches are norma l i n  a l l aspects . The i nductance , 

res i stance , capac i tance , i nsu l at i on res i stance , and TOR data agree wel l 

w i th the cab l e  l en gth and type of termi nat i on at the cab l e  end .  

The motor and the l i m i t swi tches exh i b i ted  n o  i l l  effect s  of the 

a cc i dent . The s l i ght  degradat i on of the motor i s  cons i dered n orma l for i ts 

app l i cat i on and for the ma i ntenance i t  rece i ved . The abnorma l i ty w i l l  not  

affect the operab i l i ty of the  equ i pment . 
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NS- V 1 00 

Va l ve NS-V l OO i s  the o n l y  one that was s troked . I n  the s tat i c  tes t ,  

the motor exh i b i ted a reasonab l e  b u t  s l i gh t ly  i ncon s i stent i nductance , 

c on s i stent equ i va l ent  ser i es and de res i stances , h i gh i ns u l at i on 

res i stance , norma l TOR trace , but  l ow i ns u l at i on po l ar i zat i on i ndex . Th e 

l i m i t swi tches exh i b i ted norma l character i s t i cs i n  the v a l ve • s  c l osed and 

open pos i t i ons . The test a l so  reveal ed a subt l e  i ncrease i n  the i nductance 

of  the motor s i nce the predecontami nat i on test .  Dur i n g  the i n i t i a l tes t ,  

the motor was found  to  h ave the fo l l ow i n g  i nductances :  1 33 . 4  mH for T l -T2 , 

l 1 8 . 1 mH for T2-T3 , an d 1 34 . 8 mH for T l -T3 . Th i s ch ange may h ave been 

caused by a ch ange i n  the motor capac i tance , ev i den t l y  as a res u l t  of water 

s pr ay i n g  from the decontam i n at i on operat i on .  

As i n  the f i rst  tes t ,  the second dynam i c test of the va l ve  was 

c haracter i zed by a s l i ght  phase current i mba l ance of the motor . The motor , 

wh i ch i s  rated for 2 . 2  amperes at 480 vo l ts , drew 1 . 9 ,  1 . 9 ,  and 2 . 2  ampEres 

for ph ases T l , T2, and T3,  respect i ve ly ,  w i th an i mpressed vo l tage of 

approx i mate l y  490 vo l ts . The ph ase current cannot be d i rect l y  rel ated to 

the  measured w i n d i n g  i nductance because the l atter accounts on ly  for the 

stator w i nd i n g  i nductance and the rotor reactance at �tandst i l l ,  wh i l e the 

former a l so takes i nto account the no- l oad conductan ce and s usceptance w i th 

the rotor rotat i ng ,  as wel l as the l oad . 

A l though ch anges occurred i n  the e l ectr i ca l  parameters of the motor , 

they were so  s ubt l e that i ts operat i on a l  character i st i c s rema i ned 

u naffected . The phase c urrent i mba l ance presumab l y  i s  i nherent to the 

mach i ne .  

R C - V l  ( Non-C l ass l E ) 

The �otor of v a l ve RC-V l  appeared to be n orma l i n  a l l as pects . The 

w i n d i n g  i nductance and res i stance are un i form , the i ns u l at i on res i stance i s  

h i g h , and  the TOR trace fol l owed a pattern norma l to the term i n at i on . 

F urthermore , the motor d i d  not appear affected by the gross  decontam i n at i o n  
t h at took p l ace between the two tests . 
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E xcept for swi tches 1 0  and � 5  ( c i rcu i t  1 -80) , al l of  the swi tches 

e xh i b i ted norma l parameters .  The i r  i ns u l at i on res i s tances , TOR s i gnatures , 

and i nductances agreed wel l w i th the pattern expected of th� i r  

term i n at i on .  Swi tches 1 0  and 1 5 , wh i ch are conr. ected i n  ser i es and are i n 

an open c i rcu i t  state , h ave an equ i va l en t  ser· i e s  res i stance cal cu l ated to  

b e  greater than 5000 ohms , a v a l ue that wou l d  h ave  l i tt l e effect on the 

swi tches ' funct i ons . 

Overal l ,  the motor and the l i m i t swi tches fared wel l w i th the 

acc i dent . The mater i n  part i cu l ar d i d not show any i l l  effects of the 

acc i dent ' s  h arsh env i ronmen t .  The l i mi t swi tches , a l though s l i gh t ly  

contam i nated w i th capac i t i ve  el ements , are st i l l  el ectr i cal ly func t i ona l . 

W DL-V7 ( Non-Cl as s l E ) 

The motor of WOL-V7 i s  one of the few that exh i b i ted no  i l l  effects of 

the harsh  Reactor Bu i l d i n g  basement  env i ronment . E xcept for the rel at i ve ly  

l ow pol ar i zat i or i ndex of  1 .  1 2 ,  wh i ch mi ght b e  d ue  to  d i rty w i nd i ngs , the 

motot ·  appeared to be  el ectr i cal ly normal . 

The l i mi t swi tches , except those acros s c i rcu i t  1 -55 ( swi tch 1 and 

c l os i n g  torque  swi tch 1 7 ) , l i k ewi se showed no ev i dence of degradat i on .  The 

e l ev ated capac i tance across c i rcu i t  1 -55 and the s l i ght  capac i t i ve d i p  at 

the cab l e end on the TOR trace i nd i cated that the swi tches are wet . 

O veral l ,  the  motor and l i m i t swi tches are e l ectr i cal ly  i ntact and 

operat i onal . The degradat i on i n  c i rcu i t  1 -5 5  i s  too subt l e  to affect th e  

f unct i on .  

WOL-V22  

W DL-V22 i s  one  v al ve that was perhaps underwater . Tne data obta i ned 

on the motor and the l i m i t swi tches i nd i cate the components are soaked . 

Th e anomal i es observed are so  gros s th at the components may h ave degraded 

beyond the po i nt of restorat i on .  The l ow i ns u l at i on res i stance of a mere 

1 1 00 ohms and pronounced capac i t i ve d i p  on the TOR s i gnature are s i gns  t hat 
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t he i ns u l at i on may h ave tota l ly  fa i l ed .  A l s o ,  a l ow res i stance shunt  

b u i l du p  was  measured across  the open l i m i t swi tches , further ev i dence of 

t t1e gros s l y  degrdded cond i t i on of the components . 

WOL-V l 26 ( Non-C l as s l E ) 

The motor of W lll - V l 26 appe.: . ·ed to be i n tact . I t  h ad a h i gh i ns u l at i on 

res i s tance , con s i stent equ i va l ent  ser i e s  res i stance  and de res i s tance , and 

n orma l TOR pattern . The s l i gh t l y  i ncon s i stent effec t i ve i nductance , as h as 

been observed on other motors , i s  a l so  attr i buted to capac i tance b u i l du p  

p res umab l y  perpetrated by moi sture . 

The l i m i t swi tches are , i n  a l l aspects , free uf abnormal i t i es . 

O vera l l ,  the motor and l i mi t swi tches are sound . The s l i gh t  

abnormal i t i e s that were observed are e i ther i nherent t o  the components or 

are from norma l degradat i on d ue to agi ng and l ack of ma i ntenance . The 

abnorma l i t i es do  not appear to have any effect on the ab i l i ty of the 

components to s at i sfactor i l y perform the i r  i n tended functi on . 

WDL-V l 2 7 ( Non-C l as s  l E ) 

Th e test data obta i ned on the motor and l i m i t sw i tches of WDL - V l 2 7  

h ave the same patterns a s  those o f  WDL-V l 26 .  Thei r  eva l uat i on i s  l i k ewi s e  

the  s ame . 

WDL-V27 1 

Both the motor and the l i m i t swi tches of WOL-V2 7 l  appeared to be 

normal . The motor w i nd i ng  i nductances were reason ab l e  and un i form and the 

TOR traces were norma l . The i n s u l at i on po l ar i zat i on i ndex , h owever , was 

re l at i ve l y  l ow � �  2 ; , i n d i cat i ng the w i nd i ngs  are j u s t  d i rty. The l i mi t 

s wi tches are norma l i n  a l l as pects . 

Th e motor and l i mi t s w i tches , l i k ew i se ,  d i d  not appear tu h ave been 
affected by the gross decontam i n at i on and subsequent c l eanup operat i ons . 
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Overa l l ,  the motor and the l i mi t swi tches d i d  not app �r to h ave  been 

affected by the acc i den t .  From a l l i nd i cat i on s , the motor and l i m i t 

swi tches w i l l  operate norma l l y .  

E v al uat i on Summary 

I n  s ummary , a l though most of the motors and l i m i t swi tches l ocated i n  

the Reactor Bu i l d i n g basement  i ncurred some damage due to h i gh humi d i ty an d 

s ubmers i on i n  water , o n l y  f i ve motors appeared to h ave tota l l y  fa i l ed .  

These un i t s l i k e l y  w i l l  not operate at a l l w i thout extens i v e  restorat i on .  

Th e other dev i ces , a l though degraded , were affected to a l esser degree and 

may st i l l  be ab l e  to perform the i r  des i gned func t i on s . The v a l ves l ocated 

above the ground l eve l  i ncurred no  apprec i ab l e  degradati on as a res u l t  of 

the acc i dent . 
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CONCLUS IONS 

The i n  s i tu tests  revea l ed three s i gn i f i cant f i nd i ngs : 

1 .  H i gh h umi d i ty and  wett i ng are the pr i nc i pa l  e l ements that caused 

many components to deter i orate and fai l 

2 .  E xcept for the components that fai l ed due to s ubmer s i on ,  the 

fai l ed components are l ocated in D-r i n g  A or are as soc i ated wi th  
r eactor coo l ant pumps RC-P - l A  and  RC-P-2A 

3 .  E xcept for the components that fai l ed due t o  submers i on ,  the 

fa i l ed components are non -C l ass l E . 

H i gh humi d i ty and wett i ng brought about fai l ure of Reactor Bu i l d i n g  

c omponents i n  two res pects . F i rs t ,  water was absorbed i n to the component 

i nsu l at i on system , subsequentl y l ower i ng the res i s tance and d i e l ectri c 

s trength , together br i ng i ng  about a cond i t i on unacceptab l e  for operat i on . 

Second ,  exposed ( un i n su l ated' jo i nts , s p l i ces , and i nterfaces corroded , 

c au s i n g  several c i rcu i ts to exh i b i t  an open c i rcu i t  and ,  i n  mi l der cases , 

an e l evated c i rcu i t  res i stance . The effects  of both fai l ure mechan i sms 

ranged from mi l d  to catas troph i c .  E l even p i eces of equ i pment s uffered 

catastroph i c  fa i l ure . Motor operated v a l ves CA-V4A, CA-V4B , I C-V l A , 

I C- V l B ,  and WDL-V22 i ncurred i ns u l at i on breakdowns ev i dent l y  resu l t i ng from 

submers i on . The backu p  o i l l i ft pump motor of RC-P- l A ,  the motor 

d i fferen t i a l  CT of RC-P - l A ,  v i brat i on swi tches RC67-VS l and RC67-VS2 , 

pres sur i zer POR V RC-R2 , and a l i m i t  swi tch of AH-V6 each i ncurred a break 

i n  i ts c i rcu i t ,  e i ther wi th i n  the equ i pment proper or i n  the i nner 

penetrati on box through wh i ch i ts respect i ve  cab l i n g passes . M i l der cases  

of  deter i orati on- -such as  d i e l ectr i c  s trength dec l i ne and  e l evated 

capac i tance and res i s tance--al though not categor i zed as caus i n g  tota l 

f a i l ure ,  cou l d  compromi se the proper funct i on i ng of the dev i ce or component .  

Mos t  o f  the components that fai l ed frcm causes other than submers i on 

a re l ocated  i n D-r i n g A or h av e  t he i r  c ab l i ng pas s i ng through 

b e l ow-ground - l ev e l  penetrat i on s  i n  the southwest quadrant of the Reactor 
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Bu i l d i ng .  The backup  o i l l i ft pump motor of RC-P- l A , v i brat i on swi tche s  

RC67-VS l  and RC67- VS2 , ana PORV RC-R2 are a l l l ocated i n  D-r i n g  A ,  w i th 

the i r  po i nt s  of anoma l i es l ocated wi th i n  or near the equ i pment . The motor 

d i fferent i a l  CT of RC-P- l A  and the f i e l d  c i rcu i t  of the RC- P - l A  backu p  o i l 

l i ft pump motor h ave the i r  c i rcu i t  break i n  i nner penetrat i on boxes R405 
and R400. A l though there i s  no  concrete ev i dence that the env i ronmental  

cond i t i on i n  D-r i ng A has  been more severe , the fa i l ure patterns  i nd i cate 

i t  to h ave been s o .  The penetrat i on boxes , for examp l e ,  were exposed to 

steam exhausted through the rupture d i aphragm i nto the i r  area dur i n g  the 

acci dent . 

E xcept for the AH- V6 l i m i t swi tch and the s ubmerged motor operated 

va l ves , the components that fai l ed are non-C l as s  l E .  The l i m i t sw i tch 

f a i l ure was the res u l t  of i ts i n i t i a l , perhaps defect i ve s tate , compounded 

by h i gh humi d i ty d ur i n g  the acc i dent . The non-C l ass  l E  un i ts are suspected 

to have fa i l ed not because of thei r des i gn but because of the cond i t i on of 

the i r  c i rcu i t  makeup . Exposed connec t i on s  i n  the penetrat i on box and i n  

the  dev i ce termi nat i on and j unct i on boxes made the i r  c i rcu i ts v u l nerab l e  to 

fa i l ure , spec i f i ca l ly  from corros i on .  

Overa l l ,  the e l ectr ica l  components and dev i ces fared we l l w i th the 

acc i dent . E ven  those components l ocated i n  the basement i nc urred m i n i ma l  

e l ectr i ca l  degradat i on un l es s  s ubmerged . Those that fa i l ed d i d  so  u nder 

cond i t i ons  th at are not u n i que . Because corros i on can take  p l ace whenever 

t h e  rel at i ve h um i d i ty i s  1 00% , unprotected components are v u l nerab l e .  

Term i n a l  b l ock connect i on s , for examp l e ,  are con s i dered the weakest po i nt s  

i n  any e l ectr i ca l  c i rcu i t  because o f  the i r  exposed termi na l s .  Because of 

the i r  v u l nerab i l i ty to corros i on ,  the i r  use  i n  an env i ronment whose 

r e l at i ve h umi d i ty cou l d  reach 1 00% must be m i n i m i zed or at best  tota l l y  

avo i ded . Sea l ed s p l i ces  shou l d  be  used for a l l connec t i on s  i n  env i ronment s  

s ubject t o  1 00% h um i d i ty .  
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APPE ND I X  A 

DATA FROM POSTDE CONTAM I NAT ION I N  S I TU TE STS 

OF E LE CTR I CAL COMPONE NTS AND DE V I CE S  

A- 1  



TABLE A- 1 .  POSTDE CONTAM I NAT I ON I N  S I TU TE ST UATA OF E LE CTR I CAL COMPONE NTS AND DE V ICE S  

I n du ctance/Capac i tanc e  

Dev i ce 1 20 Hz  kHz 
I dent i f i cat i on Te s t  

Number Po i n t Ser i es P ar a  1 1  e 1  Ser i es P ar a  1 1  e 1  1 20 Hz 

A H-LS - 5006 No i sy e i re 
A H - LS -500 7 No i sy c i rcu  
AH-LS-5008 No i sy c i rcu 

NM- PS-4 1 74 & 1 34 . 5  v H  
NM-P S -4 1 75 

A H-KS -5000 1 60 v H  1 53 . 5 v H  
AH-KS -500 1 48 nF  44 n F  
I\H -KS- 5002A 1 5 3 . 0  v H  1 52 . 3  v H  
A H-KS-5003 
J\H-KS-5004 2 7 . 0  n F  2 5 . 0  n F  

RC67 -VS 1  A3VSP-A3VS 1 22 v H  
A3TVR-A3VSN  

RC6 7- VS 2  B4VSP -134VS 46 . 1 n F 42 . 7  n F  0 . 055  
B 3T VR -B4VSN 3 7 . 5  n F  34 . 4  nF  0 . 1 30 

RCb 7 - VS 3  B 3VSP -B3VS 
B 3T VR -B3VSN  2 . 5  nF  

RC67- VS4 A4VSP-A4VS 2 7 . 0  n F  
A4TVR -A4VS N 

A H-1: P - t10 3 7  & 64-N  4 92 . 7  mHa 547  mH 3 1 0 . 6  mH 542 mH 0 . 332 
AH -KS- 503 7  65-H  90 11 H 89 . 5  v H  
( AH-V2B ) 66-H 2 1 . 3 nF  

A H -E P- 5040 & 74-N  4 73 . 6  11 Ha 523 . 0 mH 3 1 1 . 0 mH 530 mH 0 . 32 3  
AH-KS- 5040 7 5 - H  236 11 H 200 v H  7 .  gs a 

( AH- V3A ) 76-H  2 3 .8  n F  2 3 . 8  n F  

A H- V6a 1 4- N 
1 5 - H  
1 6- H  88 . 0 11 H  88 . 3  v H  

RC-k2  C o i l 3 . 74 Ha 3 . 90 H 2 9 . 9  v F a 2 9 . 7  v F  0 . 206 
LS3 1 50 llH 1 1 2 . 0  v H  1 24 a 

LS7  1 3 . 9 n F  1 4 . 1 5  n F  



E q u i val ent Ser i es Res i stance 
( Ohms ) 

D i s s i pat i on 
1 2 0 Hz kHz DC Factor I n s u l at i on 

Para 1 1  e 1 
Res i s tanc Res i s tanc e 1 20 Hz 1 kHz Ser i es P ara 1 1  e 1 Ser i es ( Ohms ) ( Jhms ) 

No i sy c i rcu i t  S60 8 . 1 X 1 o ? 
No i sy c i r cu i t  1 . 37 7 . 9 X 1 0 7 
No i sy c i rcu i t  1 2 . 2  5 . 4 X 1 1/ 

2 . 1 3 3 . 4 X 1 0 7 

2 . 29 1 . 8 X l QB 
7 . 5 X 1 08 

2 . 23 1 . 5 X ] 08 
No i sy c i rcu i t  l .  1 8 4 . 9 X 1 u8 

2 . 2 X 1 08 

2 . 2 { > 5 . 0 X 1 0 7 
No i sy c i rcu i t  I nf i n i ty 

0 . 055 0 . 07 1 53.2 k I n f i n i ty {> 2 . 8 X 1 06 0 . 1 30 0 . 085 53 .0 k 560 k 

No i sy c i r cu i t  I nf i n i ty 
1 042 

{>4 .0 X J 0 7 

0 . 0 1 5 I n f i n i ty {> 3 . 0 X w7 
Noi sy c i rcu i t  1 0 1 6 

0 . 332 0 . 863 1 23 . 1 a 1 240 1 .  68 ka 3 . 94 k 57 . 4 2 . 0 X 1 08 
1 . 3 7 7  l .  24 {> l os 

0 . 07 I nf i n i ty 

0 . 323 0 . 838a 1 1 3 .  4a 1 200 l 638a 3. 97 k 56 . 4 1 > 1 08 
7 . gs a 1 . 20 1 . 42 1 . 5 0  1 .  26 f3 . 4 X 1 08 

0 . 06 I nf i n i ty 

_ _ b 
1 .  2 7 _ _ c 
3 . 7 2 _ _ c 

0 . 206 0 . 088 5 8 1  301 . 22 5 X 1 08 
1 24a 1 8 . 9 1 4 . 0 1 1 3 . 93 1 3 . 48 4 . 0 X 1 09 

I nf i n i ty 5 . 8 X 1 09 



TABLE. A- 1 .  (con t i nued ) 

I n ductance/Capac i tance 
D i s s i pat ion  

Dev i ce 1 2 0  Hz k Hz Factor 
I den t i fi cati on Te s t  

Number P o i n t  Ser i es • P ar a  1 1  e 1 Ser i es P ara  1 1  e 1 1 2 0  Hz  1 kHz  

R C 56-PS 1 2 96 7A-B  1 3 7 11 H 1 3 5 . 5  11 H  >20  
t< C58- F S l  2 95 9A-B  1 8 . 4  nF  0 . 336 
RC59-F S 1  29 75A - B  1 40 11 H  1 38 . 0 11 H  >20 
�C60- L S 1  2 9 7 9A-B  1 40 11 H 1 38 . 4  11H >20 
RC60-LS2 2 982A- B  1 0 . 0  n F  0 . 45  

R C 56- PS6 2 968A-B 1 2 8 11 H 1 2 7 . 8 11 H  > 2 0  
R C58-FS3 .- 2 960A-B No i sy c i rcu i t  
RC58-FS3  2976A - B  1 30 11 H 1 28 . 6  11 H >20 
R C60-LS3 2 980A-B No i sy c i rcu i t  
RC60- LS4 2983A - B  1 28 . 0  11H  1 27 . 9  11H  >20  

R C56-PS 1 1 2 96 9A - B  l 0 7 . 0 ll H 1 06 . 2  11 H >20 
RC58-FS5  296 1 A- B  No i sy c i rcu i t  
R C59- F S 5  2 9 77A-B 1 1 0 . 0  11 H 1 08 . 5  11 H > 2 0  
RC60-LS5  298 1 A-B 1 08 . 0  11H 1 08 . 0  11 H >20 
RC60-LS6  2984A - B  1 0 7 . 0  11 H  1 06 . 7  1-1 1-l  >2 0 

RC56- PS 1 6  2 9 70A-B 1 08 . 0  11 H  1 06 . 2  11 H >20 
RC5 8-FS 7 2962A-B No i sy c i rcu i t  
R C 59-FS7  2 9 78A -B 1 09 . 0  pH  1 0 7 . 3  li H >20  
K C60-LS7  2 985A-B No i sy c i rcu i t  
RC60-LS8 2986A - B  1 08 . 0  J.1 H  1 07 . 8  11 H  

R C- P - 1 A  motor T I -T2  6 . 56 mH 5 .  C3 mH 0 . 249 0 . 1 80 
T l -T3  6 . 53  mH 5 . 02 mH 0 . 254 0 . 1 76 
T2-T3  6 . 54 mH 5 . 0 1 mH 0 . 246 0 . 1 7 7 

RC-P- 1 A  motor A3CMO- Cf'il l 45 . 6  n f  45 . 5  n f  
d i fferen t i a l  c rf A3CMO-CM2 2 . 78 mH 1 . 74 mH 0 . 282 

A3CMO- CM 3  
A 3CM 1 -CM2 
A3CMl - CM 3  
A 3CM2-CM3 

RC-P- l A  motor A 3RC l -R C 2  
p ower mon i tor i n g A3R P 1 -RP2  1 00 8  11 H  
C Ts & PTsh A 3G C 1 -GC2  1 96 5  mH 1 233 mH 0 . 63 1  

A 3GP 1 -GP 2 1 2 . 9 9  mH 1 .86 rnH 0 . 783 

A-4  



E q u i v  a 1 �n t Ser i es Res i s tan ce 
( Ohms ) 

1 2 0 Hz k Hz D C  I ns u l at i on 
Re s i s tance ft e s i s t an c e  

1 kHz  Ser i es P ar a  1 1  e 1 Ser i es P ar a 1 1 e 1  ( Ohms ) ( Ohms ) 

5 . 4 4 . 98 _ _  d 
0 . 336 I nf i n i ty d 

5 . 55 5 . 1 2  _ _ d 

5 . 5  5 . 1 0 d 

0 . 45 I n f i n i ty _ _ d 

4 . 96 4 . 96 4 . 7 1  9 X 1 07 
I nf i n i ty 2 . 7 X 1 0 7 

4 . 96 4 . 7 1  1 X 1 08 
I nf i n i ty 2 . 2  X 1 u7 

4 . 89 4 . 64 7 .6 X 1 08 

4 . 1 5  4 . 1 5  3 . 9 1 _ _  d 

I n f i n i ty _ _  d 

4 . 1 5  4 . 1 5  3 . 9 1 _ _  d 

4 . 06 4 . 06 3 . 8 1 d 

4 . 1 0  4 . 1 0  3 . 90 _ _ d 

4 . 2  4 . 2  3 . 88 2 . 2 X 1 0 7 
I n f i n i ty 8 X 1 u7 

4 . 25 4 . 25 3 . 90 1 . 4 X 1 07 
I nf i n i ty 9 . 0 X 1 07 

4 . 4 7 4 . 4 7 3 . 8 1 1 . 3 X 1 08 

0 . 1 80 0 .07 r 5 X 1 06 , an d 

0 . 1 7 6 0 . 07 P I = l . oe 

0 .  L 1 0 . 07 

0 . 094 I n f i n i ty 
. 282 0 . 1 36 2 .0 1  

1 . 92 NA--A3CMO i s  
4 . 74 grounded9 
4 . 65 
1 . 26 

2 . 1 7  
1 . 9 7 {NA--CTs and PTs 

1 • 6 1 9 1 . 26 are grounded 

0 . 02 3 1 . 20 



TABLE A- 1 .  ( cont i n ued ) 

I n ductance/Caeac i tance 
D i ss i pat i 

Dev i ce 1 20 H z  k Hz Factor 
I de n t i f i cat i cn Te s t  

Number P o i n t  Ser i es P ar a  1 1  e 1 Ser i es P ara 1 1  e 1 1 2 0  Hz 

R C - P - 2A T l -T2  6 . 46  mH 5 . 53 mH 0 . 243 
motor Tl -T3 6 . 45 mH  5 . 53 mH 0 . 246 

T2-T3 6 . 46 mH 5 . 42 mH 0 . 259 

K C - P - 2A motor 1:>4CMO- Ci"1 1  5 .  4 1  mH  2 . 66 mH 0 . 728 
d i ffer':!nt  i a 1 CT  B4CMO-CM2 41 .0 nF 

B4CMO-Ci"'3 4 1 . 3 n F 
1:>4CM 1 -CM2 4 1 . 4 nF 
B4CM1 - CM3 4 1 . 3  n F 
154CM2-CM3 3 3 . 9 nF 

K C - P - 2A motor 8 4RC 1 -RC2  
p ower mon i tor i n g  B4KP 1 -RP2 64 1 11 H 
c rs & PTs  84GC 1 -GC2 1 1 22 mH 900 mH 0 . 505 

B4GP 1 -GP 2 543 11 H 

K C - P - 28 motor T I -T2  6 . 5 1 mH 5 . 00 mH 0 . 23 1 
T l -T3 6 . 52 mH 5 . 0 1 mH 0 . 232 
T 2-T3 6 .  52 mH 5 . 00 mH 0 . 232 

RC-P-28  motor B3CMO-CM 1  
d i fferen t i a l CT  B3Ct�O-CM2 

B3CMO-C t�3 1 4 .0 mH 
8 3CM 1 -CM2 50 . 0  mH 1 6 . 0 mH 0 . 754 
IBCM 1 - CM3 20 . 1  mH 
83CM2-CM3 1 7 . 8 mH 

R C - P - 2 8  motor B 3RC 1 -RC2 1 0 1 6  mH 0 . 496 
p ower mon i tor i n g B3RP 1 -RP2  708 l" H  
C Ts & PTs  B3GC 1 -GC2 1 982 mH 1 7 1  mH 0 . 639 

B 3GP l -GP2  

RCP-2 - 1 A- 1  T l -T2 44 1 mH a 485 mH 329 mHa 342 mH 0 . 3 1 5 
T l -T3 4 1 7  mH a 455  mH 3 1 1 mHa 323 mHa 0 . 30 1 
T2-T3 387 mH a 424 mH 298 mHa 308 mH 0 . 309 

RCP- 2 - 1 A-2  T l -T2  4 1 6  mHa 454 mH 3 1 2 mHa 323  mH 0 . 30 1 
T l -T3  440 mHa 478 mH 326 mHa 339 mH 0 . 293 
T 2 -T 3  384 mH a 42 1 mH 292 mHa 302 mH 0 . 3 1 1 

RCP-2-2A- 1 T l -T2 428 mHa 465 mH 324 mHa 337 mH 0 . 293 
T l -T3  457 mHa 496 mH 337 mHa 35 1 mH 0 . 292 
T2-T3 398 mHa 435 mH 304 mHa 3 1 5 mH 0 . 307 



E qu i va l ent Ser i es Res i s tance 
( Ohms ) 

D i ss i pat io n 
120 Hz kHz Fac tor DC I ns u l a t i on 

Ser i es Par al l e 1 
Res i s tance R e s i s t ance 

120  Hz 1 kHz Ser i es Para 1 1  e 1 ( Oh ms ) ( Ohms ) 
0 . 243 0 . 207 1 . 1 9  7 . 1 5  0 . 06 { 7 x J o 6 , an d 
0 . 24 6  0 . 206 l .  1 9 7 . 0 7 0 . 08 PI  = 1 . 0 
0 . 25 9  0 . 2 60 1 . 22 8. 77 0 . 08 

0 . 72 8  o .  1 99 2 . 8 9 9 . 22 1 . 60 
I n f i n i ty 
I n f i n i ty N A - -84CIVIO i s  
I nf i n i ty g;- ounde d  
I nf i n i ty 
I nf i n i ty 

l .  94 
0 . 5 7 6  2 . 24 2 . 3  l .  75 {NA- - C T s  an d PTs 

0 . 505 1 .  9 6 3  1 . 6 6  k 2 . 89 k 1 . 1 4 are grounded 
0 . 43 3  1 .  1 1 4 1 . 4 7 0 . 9 1  

0 . 23 1  0 . 1 78 0 . 0 7 { 7  . 6  x J 06 , an d 
0 . 232 0 . 1 7 7 0 . 08 P I  = 1 . 0 
0 . 23 2  0 . 1 78 0 . 0 7 

0 . 83 
0 . 80 

1 . 1 78 0 . 80 JNA - - C Ts an d P T '  
0 . 754  0 . 868 0 . 88 , a r e  grounded 

0 . 96 0 . 87  i 
0 . 93 0 . 8 7  l 

2 . 02 
1 . 8 36 1 . 88 { NA- -B JCMO i s  

0 . 63 9  0 . 84 3 0 . 95 g rounded 
0 . 66 

0 . 3 1 5  0 . 20 1 1 06 . sa 1 1 82 4 1 5 a 1 0 . 69 k 40 . 58 {> J o l 4 0 . 30 1 0 . 1 93 gs a 1 1 4 3 372a 1 0 . 36 k 40 . 7 1 
0 . 30 9  0 . 185 90 . 4a 1 03 7 342 a 1 0 . 32 k 4 1 . 5 5  

0 . 30 1 0 . 189 94 . 6a 1 1 3 9 366 a 1 0 . 6 1  k 38 . 95 
t w l l  0 . 293 0 . 200 97 . sa 1 23 3 406a 1 0 . 56 k 38 . 96 

0 . 3 1 1  o .  1 82 9o . oa 1 020 332a 1 0 . 34 k 38 . 92 

0. 293 0 . 200 94 . 2a 1 1 92 4 l oa 1 0 . 66 k 38 . 0  

f l O  1 2 . 
0 . 292 0 . 20 7 1 00 . 8a 1 283 4 3 l a 1 0 . 49 k 38 . 0 
0 . 30 7 0 . 1 94 92 . 2a 1 0 7 1 369a 1 0 . 1 7  k 38 . 3  



TAB LE A- 1 . ( con t i n ued ) 

I n ductance/Capac i tance 
D i s s i pat i on 

lJev i ce 1 20 Hz  kHz  Factor 
I dent i f i cat i on Tes t  

Number P o i n t  Ser i es P ar a 1 1  e 1 Ser i es P ar a  1 1  e l  1 20 Hz 1 kHz 

RCP- 2-2A-2  T I -T2 427  mHa 464 mH 323 ml l a  336  m H  0 . 294 0 . 200 
Tl -T3 3 90 mHa  426  mH 30 1 m Ha 3 1 2  rr.H 0 . 306 0 . 1 92 
T2-T3 443 mH a 48 1 mH 332 mH a 346 mH 0 . 29 1  0 . 20 7  

RCP- 2 - 28 - 1  T l -T2 46 1 mH a 498 mH 346 mH a 362 mH 0 . 283 0 . 2 1 6  
T l -T3  425 mHa  �6 1  mH  322 mH a 336  mH 0 . 293 0 . 205 
T2-T3  462 mHa 500 mH 342 mHa 358 mH 0 . 288 0 . 2 1 7  

R C - P- 1 A  A 1 -A2 
t) UO L  pump motor F 1 -F2 

RC-P-2A  A 1 -A2 3 7  mH 60 mH  1 3 . 5  mH 0 . 7 1 4  0 . 206 
b UO L  pump motor F 1 -F2 

RC-P- 1 8  A 1 -A2 1 3 . 9  m H  0 . 300 
B UOL pump motor F 1 -F2  7 . 24 nF 0 . 438 

R C - P - 2B A 1 -A2 5 . 5 7  mH 8 . 04 mH 0 . 672 0 . 29 1  
8 UO L  pump motor F 1 -F2  

AH-E - 1 1 A T l -T2 
T 1 -T 3  
T2-T 3 
T l l -T 1 3  
T l 1 -T l 3  
T I 2 -T l 3  

AH-E - 1 1 B T l -T2 5 . 04 mH 5 . 4 mH 0 . 1 80 0 . 1 63 
T � -T3  5 . 02 mH 5 . 5  mH o .  1 78 0 . 1 65 
T2-T3 5 . 05 mH 5 . 5 mH 0 . 1 79 0 . 1 63 
T 1 1 -T l 2 3 .  09 mH 0 . 238 
Tl 1 - Tl 3 3 . 36 mH 3 . 7  mH 0 . 22 7  o .  1 7 7 
T i 2 -T l 3  3 . 50 mH 3 . 9  mH 0 . 2 1 5  

AH-E - 1 1  C Tl -T2 No i sy c i rcu i t  
T l -T3  No i sy c i rcu i t  
T2-T3  No i sy c i rcu i t  
T 1 1 -T l 2  No i sy c i rcu i t 
T l 1 - T l 3 No i sy c i rcu i t  
T 1 2 - T l 3  N o i sy c i rc u i t  

A - 6  



E q u i v a l en t  Ser i es Res i s tance 
( Ohms ) 

D i s s i pat i o n 
Fac tor 1 2 0 Hz kHz D C  I n s u l at i on 

Res i s tance R e s i s tance 
1 kHz Ser i es P a r a l l e l  Ser i es P ar a 1 1  e l ( Ohws ) ( Ohms ) ---

:0 . 2 94 0 . 200 94 . sa 1 1 9 2  40 l a 1 0 . 43 k 38 . 0  {> l O 1 0  '0 . 306 0 . 1 92 89 . oa 1 040 36 1 a 1 0 . 46 k 38 . 0  
.. o .  29 1 0 . 2 0 7  9 7 . 5 a 1 24 9  432 a 1 0 . S l  k 38 . 0  

0 . 283 0 . 2 1 6  96 . 4 °  l 31JO 469 a 1 0 . 53 k 38 . 88 t ] J l 4 0 . 293 0 . 205 90 . 9 a  1 1 5 0  4 1 2 a 1 0 . 2 1  k 38 . 8 7  

,
0 . 288 0 . 2 1 7  1 00 . 3  1 3 09 4 64 1 0 . 3 1 k 3 8 .82 
- - I n f i n i ty _ _  i 

I nf i n i ty 

p .  7 1 4  0 . 2 0 6  2 6  480 7 . 78 2 . 0  X l 07j 
:,- - 2 34 5 . 2  X 1 08 

i- - 0 . 300 3 1 . 0  2 90 1 1 . 2 5 5 . 0  X 1 0 7 
- - 0 . 438 5 0 . 6  k 2 3 4  6 . 5  X 1 07 

0 . 6 7 2  0 . 29 1  1 .  7 3  6 X l n 1 4 
·- - 2 3 9  5 X 1 o 1 3  

,_ _ 0 . 1 9  f . 8  X ] 09 , an d 
1.-- - 0 . 2 1  P I  = 2 . 6 1 
� 0 . 2 2 r0 X ] 09 , ,- - an d 

P I  = 2 . 4  
·- -

o .  1 80 0 . 1 63 0 . 980 4 . 00 0 .  1 7  r . 7  X J 09 , an d 
0 . 1 78 0 . 1 65 0 . 966 4 . 00 0 . 1 7  P I  = 3 . 53 
0 . 1 7 9 0 . 1 63 0 . 960 4 . 00 0 . 1 8  
.0 . 238 0 . 684 2 . 30 0 . 1 4 r - 4 X 1 08 , an d '0 . 22 7  0 . 1 77 · 0 . 758 2 . 7 1  0 . 1 4 P I  = 1 . 0 p . 2 1 5  0 . 798 2 . 93 0 . 1 4 

o i sy c i rcu i t  0 .  1 7  {3 . 0 x ] 09 , an d 
p i sy c i rcu i t  0 . 1 7  P I  = 1 . 73 
; i sy c i rcu i t  0 .  1 7 .. {2 . 5 x ] 09 , an d p i sy c i rc u i t  
�' i sy c i r·cu i t  P I = 1 . 92 b i sy c i rcu i t  " 
·' 

. � :1 
'� 

J 

J 



TABLE A- 1 . ( c on t i n ued ) 

Dev i ce 
I d en t i f i cat i on Te st 

Number P o i n t Ser i es 

AH-E - 1 1 0 Tl -T2 6 . 6  mH 
T1 -T3 6 . 7 mH 
T2-T3 6 . 5  mH 
T l l -T1 2 
T 1 1 -T 1 3 
T1 2-T 1 3 

AH-E - l l E T l -T2 
Tl -T3 
T2-T3 
Tl l -T l 2 
T l l -Tl 3 
Tl 2-T l 3 

C A- V 1 Tl -T 2 260 1-1Ha 
motor T l -T3 342 1-1Ha 

T2-T3 333 1-1Ha 

CA-V1 1 -45 94 1-1 H 
1 i m i t sw i tch 1 - 5 5 

1 -60 88 1-1 H 
1 - 70 

CA-V4A T 1 -T2 1 0 1 6 �:. Ha 
mot o r  T l -T3 1 0 1 7 11Ha 

T2-T3 1 034 1-1Hd 

CA-V4A 1 -45 3 . �  11H 
1 i mi t  s w i tch 1 -5 5 120 1-1H 

1 -60 
1 - 70 1 1 3 1-1H 

CA-V4B T l -T2 1 0 1 0 11 H a 
mo t o r  T l -T3 1 0 1 3 1-1Ha 

T2-T3 10 1 5 1-1Ha 

_·_'£.'... 

I nductance/Caeac i tance 

1 20 Hz kHz 

Paral l e l  Ser i es Paral l e l 

6 . 0 mH 
6 . 0 mH 
6 . 0  mH 

306 1-1 H 229 11 Ha 2 3 7  11 H 
387 11 H 274 1-1Ha 285 11 H 
378 1-1 H 257 1-1 H a 267 11 H  

7 7 . 9  11H 
24 nf 2 2 . 4  nf 

7 7 . 7 1-1H 
24 nf 22 . 2  nf 

1 685 11 H 1 1 34 11 Ha 1 460 11 H 
1 689 11H 1 1 32 11Ha 1 434 J.1H 
1 700 1-1H 1 1 28 J.1Ha 1 495 J.IH 

1 . 7 1-1H 1 7 7 nf 
1 04 . 4  J.IH 

600 nf 
1 04 . 7  11H 

1 672 11H 1 098 11Ha 1246 11H 
1 672 11H 1 1 00 11Ha 1 248 11H 
1 680 11H -, 1 00 11Ha 1 248 11 H  

' 
� - � - - --- ----- -

D i s s ·i pation 
Factor 

120 Hz l kHz 
l l 

o .  1 67 o .  1 10 1 
0 . 1 50 0 . 1 80 1 
0 . 1 45 0 . 1 80 I 

' ' 

I s 
i '" 

I 
0 . 4 1 9  0 . 1 79 �� 0 . 361  0 . 1 99 f· 
0 . 369 0 . 1 92 t 

i 
0 . 039 0 . 04 5  � 

� 
0 . 057 0 . 045 � 

0 . 8 1 1 0 . 536 
� 
�-

0 . 8 1 3  0 . 5 1 7  � 
0 . 803 0 . 5 70 

t 

0 . 8 1 0  0 . 367 

0 . 80 7  0 . 367 
0 . 809 0 . 367 



E q u i v a l en t  Ser i es Res i s tance 
( Ohms ) 

D i s s i p at i on 
Factor 1 20 Hz kHz oc I n s u l at i on 

Res i stance k � s i s tance 
1 2 0 Hz 1 kHz Ser i es P ar a  1 1 e 1 Ser i es P ara 1 1  e 1 ( Ohms ) ( Ohms ) 

- --

0 . 1 67 0 . 1 7J 0 . 1 7 f ·6 x 1 0 9 , an o 
o . 1 50 o . 1 80 0 . 1 7 P I = l .  70 
0 . 1 45 0 .  l t!O 0 . 1 8 

{2 . 5 x 1 09 , an d 
P I = 1 . 3 5 

f ·o x J 09 , an d 
P I  = 1 . 83 

1" 2 x J 09 , an d 
P I = 2 . 1 8 

0 . 4 1 9  0 . 1 79 1 2 1 . 0  583 8 . 3 1 k 3 7 . 9 
t2 X 1 08 0 . 36 1 0 . 1 99 1 1 3 . 7  8 1 6  8 . 9 1 k 38 . 0 

0 . 369 0 . 1 92 1 1 3 . 0  784 8 . 79 k 37 . 9 

1 . 476 1 . 468 1 . 493 
{> 1 09 0 . 039 0 . 045 I n f i n i ty 

1 . 441  1 . 4 3 7  1 . 46 
0 . 05 7  0 . 045 1 60 k I nf i n i ty 

0 . 8 1 1 0 . 536 62 l a 1 6 1 2 352 . 6 { 5 X 0 . 8 1 3 0 . 5 1 7  623 a 1 60 9  35 1 . 8 1 o4j 
0 . 803 0 . 5 70 626a 1 6 1 9  35 1 . 3  

1 09 86 . 5  91 640 k 

f

500j 1 . 9 1  1 . 85 l .  73 
328 288 977 . 9 k 

1 . 90 1 . 8 7  1 . 74 

0 . 8 1 0 0 . 36 7  6 1 7 a 1 5 7 1  352 . 0 
{>2 X l QB 0 .807 0 . 3 6 7  6 1 9 a 1 58 5  35 1 . 0 

0 . 809 0 . 36 7  6 1 9 a 1 586 35 1 . 3  

A- 7 



'/ / 

TABLE A- 1 . ( con t i n ued ) 

I n ductance/Capac i tance 
D i s s i pat i on 

Dev i ce 1 20 Hz kHz Factor 
I dent i f i cat i on Te s t  
Number P o i n t  Ser i es Paral l e l Ser i es Para 1 1  e l 1 2 0  Hz 1 kHz 

CA-V4B 1 - 45 74 J..l H 7 1 . 0 J..l H 
l im i t sw i tch l - 55  23 . 0  nF 22  nF 0 . 026 0 . 029 

l -60 7 7  11 H 70 . 5  11 H  
l - 70 20 . 4  nF 1 9 . 4  nF  0 . 035 0 . 036 

CF-V l A T l -T2 1 2 .  1 7 mH 1 0 . 83 mH 1 1 . 6 mH 0 . 5 7 1 0 . 1 90 
motor T l -T3 1 2 . 34 mH 1 0 . 93 mH 1 1 . 7 mH 0 . 579 0 . 1 87 

T2-T3 1 1 . 64 m H  1 0 . 33 mH 1 0 . 9 mH 0 . 565 0 . 1 93 

C F  - V l A  1 -45 1 78 J..l H 1 79 . 6 J..1 H 
l i m i t sw i tch l - 55 29 . 2 nF 0 .075 

6H-60 1 89 11H 1 77 . 1  J..l H 
6H - 70 28 . 9 nF 0 .073 

CF- V l l 5  Tl -T2 2 7 3 mH 388 mH 1 .  74  H 0 . 20 1 
motor T l -T3 2 74 mH 361 mH 1 '567 H o .  1 95 

T2-T3 28 1  mH 383 mH 2 . 2 0 H 0 . 209 

C F  - V l 1 5  l -45 1 6 . 2  nF 1 . 068 
l i m i t sw i tch 1 -5 5  70 J..l H 7 3 . 8  J..l H 

l -60 2 1 . 7  nF 0 . 036  
1 - 70 6 9 J..l H 74 J..1 H 

DC-V l l 4 T l -T2 255 mHa 284 mH 435 mH 0 . 334 
motor T l -T3 1 24 . 2  mH 1 64 mH 56 . 2 mH 86 . 6 mH 0 . 333 

T2-T3 1 1 9 . 4 mH 1 57 mH 59 . 2 mH 89 . 4 mH 0 . 34 1 

D C- V l 1 4  1 - 45 1 04 J..l H 1 0 1 . 4 J..l H 
l im i t  s w i tch 1 -5 5  54 . 1  n F 0 . 369 

1 -60 1 02 llH 1 00 . 2 llH 
1 -70 1 0 1 J..l H 99 . 8 llH 

OH-V l T l -T2  1 0 . 78 mH i 1 . 4 mH o .  1 80 
motor T l -T 3  1 2 . 56 mH 1 1 . 38 mH 1 2 . 2 mH 0 . 554 0 . 1 84 

T 2-T3 1 1 . 72 mH 1 0 . 72 mH 1 1 . 3 mH 0 . 585 o .  1 8 1  

D H- V l  45-45A 2 1 . 2  nF 0 . 028 
l i mi t swi tch 45B- 5 5E 1 68 . 7  ll H  

458 -60 30 . 3 nF 0 . 056 
45C- 70  1 75 . 8 \1H 



1 kHz 

0 . 029 

0 . 036 

0 . 1 90 
0 . 1 8 7 
0 . 1 93 

0 . 075 

0 . 073 

0 . 036 

0 . 369 

o. 1 80 
0 . 1 84 
o .  1 8 1 

0 . 028 

0 . 056 

E q u i va l ent Ser i es Res i stance ( Ohms ) 
1 20 Hz kHz 

Ser i es Para 1 1  e 1 Ser i es 

1 . 49 

1 . 46 1 • 56 1 

5 . 28 1 2 . 2  
5 . 27 1 2 . 4  
5 . 24 1 1 . 7  

2 . 1 9 

2 .83 

46 .8 1 .  70 k 
43 .8 1 .  63 k 
44 . 4 1 . 80 k 

9 . 1 8 k 
1 4 18 m 1 422 m 

1 4 1 4 m 1 4 18 m 

63a 629 
3 1 . 9 3 7 1 
3 1 . 8 349 

1 667 m 1 67 1  m 
1 692 m 1 692 m 

5 . 2 1  1 1 . 8 
5 . 26 1 2 . 4  
5 . 1 9  1 1 . 7 

1 6 . 75 

1 2 . 5 6 

D C  I n s u l at i on 
Res i s tance Res i stan c e 

Para1 1 e l ( Ohms ) { Ohms ) 
1 . 5 1 3 

{ >2 x 1 08 I nfi n i ty 
1 .  34 
If)J i n i ty 

380 2 .08 r -6 X ] 09 . an d 
377 2 . 08 P I  = 1 . 2 
364 2 .08 

2 . 1 5 
{1 . 2 X 1 07 I nfi n i ty 

2 . 09 
I nf i n i ty 

39 . 0 t . 3 X J OB , an d 
39 . 05 P I  = 1 .0 
39 .07 

1 2 . 7  k 
{> ] 08 1 . 33 

I nfi n i ty 
1 . 34 

20 . 40 f 8 x J 07 , an d 
20 .40 P I = 1 . 0 
20 . 4 1 

3 . 29 
{10 7 to ] 08 7 . 90 k 0 . 2 1 6 M 

1 . 5 4 
1 . 54 

397 2 . 1 8 t·8 x ] 09 , an d 
4 1 3 2 . 1 8 P I  = 1 . 2 
390 2 . 1 8 

I nf i n i ty 
{' 1 08 2 . 3  

I nfi n i ty 
2 . J 



TABLE A- 1 . (con t i nued ) 

I n ductance/Capac i tance 

Dev i ce 1 2 0 Hz kHz 
I den t i f i cat i on Te s t  

Numb er P o i nt Ser i es P ara 1 1  e 1 Ser i es P ar al l e 1 120 Hz 

O H- V2 Tl -T2 1 2 . 75 mH 1 1  • 2 1 mH 1 1 . 8 mH 0 . 6 1 0 
motor Tl -T3 1 2 . 57 mH 1 1  . 08 mH 1 1 . 6 mH 0 .6 1 7 

T2-T3 1 2 .84 mH 1 1 . 40 mH 1 2 . 0  mH 0 . 545 

DH-V2 i -45 865 nF  
1 i mi t sw i tch 1 - 55 93 ll H 80 . 2 0 . 1 4 1 

1 -60 
1 - 70 9 1 ll H 83 . 7  ll H 

UH- V l 7 1 Tl -T2 28 . 8 mH 5 2 mH 3 1 . 9 mH 0 . 38 1 
motor T l -T3 27 . 4 rnH 45 mH 29 . 3 mH 0 . 383 

T2-T3 29 . 5  mH 53 mH 32 . 6 mH 0 . 380 

DH-V 1 7 1 45-55A 
1 i m i t sw i tch 5 5 8 - 55F 3 1 . 5 n F  

551:5-60 
5 5C-70 1 8 . 1  n F  
8AP-8020A 

I C- V 1 A T l -T2 336 mH 1 2 . 4 n F  
motor Tl -T3 250 mH 1 8 . 5  nF 

T2-T3 268 mH 4 6 . 2  nF 

I C -V 1 A 1 - 1 4 5 
1 i mi t  sw i tch 1 - 1 �5 

1 - 1 60 
1 - 1 70 
45-46 

I C- V l B Tl -T2 323 mH 366 mH 0 . 298 
motor T l -T3 297 mH 339 mH 0 . 333 

T2-T3 336 mH 377 mH 0 . 282 

I C-V 1 8 1 - 1 4 5 1 4 7 . 6  ll H 
1 i mi t sw i tch 1 - 1 55 

1 - 1 60 1 4 5  ll H 
1 - 1 70 
45-46 

MU- V 1 A T l -T2 103 . 3 mH 1 44 mH 96 . 6 mH 1 0 1 . 5  mH 0 . 402 
motor T l -T3 1 1 1  • 1 mH 1 57 mH 1 02 . 1  mH 1 09 . 0 mH 0 . 37 9  

T2-T3 1 1 2 . 3 mH 1 58 mH 102 . 4  mH 1 08 . 8 mH 0 . 37 7  



D i s s i pa t i on 
Factor 

1 2 0  Hz 

0 . 6 1 0  
0 . 6 1 7  
0 . 545 

0 . 1 4 1  

0 . 38 1  
0 . 383 
0 . 380 

0 . 298 
0 . 333 
0 . 282 

0 . 402 
0 . 379 
0 . 377 

1 kHz 

0 . 1 44 
0 . 1 3 9  
0 . 1 3 5 

0 . 2 1 4  
0 . 1 95 
0 . 2 1 9  

0 . 080 
0 " 09 

0 . 0 6  
0 . 002 

1 . 90 

1 . 90 

*** 

E qu i v a l en t  Ser i es Res i s t an ce 
( Ohms ) 

1 2 0  Hz kHz 

Ser i es P ar a  1 1  e 1 Ser i es 

5 . 9 1  9 . 8  
9 . 3  5 . 8 7  

5 . 29 9 . 5  

1 4 . 98 1 5 . 05 
43 

1 5 .  1 8  1 5 . 2 3 

1 0 . 3  1 03 28 . 0  
9 . 5 1  88 25 . 4  

1 0 . 42 1 05 28 . 5  

1 3 . 8 2 . 3  

30 . 1  
2 4 . 5  

64 . 0  8 1 9  
63 . 5  700 
63 . 0  899 

1 . 7 3  

1 .  72 7 

3 1 . 6 2 8 1  
3 1 . 9 3 2 2  
3 1 . 8  3 34 

D C  
Res i stance Para  1 1  e 1 ( Ohms ) 

5 12 1 . 58 520 1 . 58 554 1 . 59 
43 I nf i n i ty 

1 . 31 32 I nfi n i ty 
1 . 3 1  

928 2 . 90 926 2 . 93 
931 2 . 90 

2 . 2 1  
I nfi n i ty 
2 . 20 

I nfi n i ty 
2 . 2 1  

33 . 68 
33 . 28 
33 . 26 
1 . 96 

I nfi n i ty 
1 . 94 

I nfi n i ty 
I n f i n i ty 
39 . 98 
39 . 03 
39 .02 
1 . 56 

3 7 . 7 5  
1 . 55 

55 53 . 85 
95 7 2 . 9 7 

20 . 5 1 
20 . :J4 
20 .53 

I ns u l at i on 
Res i s t an ..:e 

( Ohms 1 {' , 6  X ] ( ) , 
P I  = 1 . 2 

{> 1 0 )  

{ J x J O l O , 
P I  = 3 

\> ] OS 

{ 8 1 . 7 X 1 0  , 
P I = 1 . 1 

\> 1 07 

{3 .0 1  X ] 0 5j 

{1 500j 

f z . s x l 09 ,  
l p I = 1 . 0 

an a 

an d 

an d 

an d 
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TAB LE A- 1 . ( cont i n ue d )  

Dev i ce 
I den t i f i cat i on Tes t  

Number Po i nt 

M U -V l A  l - 45 
l i m i t  sw i tch  l -55 

l -60 
1 - 70 
1 55 - 1 56 

MU-V l o T l -T 2  
motor T I -T 3  

T 2 -T3 

M U - V l  B l - 45 
1 i m i t s w i tch l - 55 

1 -60 
l - 70 
1 55- 1 5 6 

M U -V2A T l -T 2  
motor T l -T3 

T 2 - T 3  

MU-V2A l -45 
1 i m i t sw i tch l - 55 

l - 60 
1 - 70 

1'-'1 U - V2 tl  T l - T2  
motor T l -T3 

T 2- T3 

MU- V ZB l -45 
motor l - 55 

l - 60 
l - 70 

NS -V l OO T l - T 2  
motor T l -T3 

T2-T3 

N S - V l OO 1 -45 
l i m i t swi tch l -55  
( v al ve c l osed ) 1 -60 

l - 70 

I nductan ce/Capac i tance 
D i s s i pat i on 

1 20 Hz kHz Factor 

Ser i e s P aral l e l Ser i es P an . 1 1 e 1 1 20 Hz l kHz 

2 2 . 3  nF 0 . 026  
1 1 3 �H 1 1 3 . 8 �H 

24 . 8 nF 0 . 005 
1 1 2 1-1 H  1 1 .3 . 9  1-1 H 

1 5 . 1 3  n F 

l l l  . 4 mH 1 45 mH 49 . 7  mH 65 . 4  mH 0 . 387 
1 1 9 . 2  mH 1 56 mH 50 . 2  mH 66 . 7  mH 0 . 36 1  
1 1 7 . 2  mH 1 54 mH 48 . 4  mH 76 . 2 mH 0 . 366  

1 05 �H 98 . 2 � H 
1 04 �H 98 . 2  �H 
5 2 . 5  �F 7 . 38 �F 39 . 5 �F 740 n F 1 .896 

1 05 �H 98 . 6 �H 
1 9 . 3  nF 

1 2 1 . 7  mH 1 6 7 mH 1 22 . 6  mH 0 . 342 
1 20 . 3 mH 1 63 mH 1 20 . 2  mH 0 . 350 
1 40 . 8 mH 1 99 mH 1 42 . 2  mH 0 . 30 1 

90 . 5 nF 
1 04 � H 1 03 . 6  �H 

2 7 . 9  n F 
1 03 �H 1 03 . 6  �H 

1 28 . 5  mH 1 8 1 mH 1 1 6 . 3  mH 1 2 7 . 9 mH 0 . 359 
1 1 2 . 0  mH 1 53 mH 1 02 . 9 mH 1 1 1 . 2 mH 0. 404 
1 1 0 . 6  mH 1 49 mH 1 0 1 . 1  mH 1 09 . 1  mH 0 . 407 

20 . 8 nf 
1 09 � H 1 09 . 1 � H 

3 . 4  nF 32 . 3 nF 0 . 035 
1 1 2 �H 1 09 . 0 �H 

1 32 . 6 mHa 1 52 mH 1 09 . 8 mH 1 1 6 . 0 mH 0 . 383 
1 3 1 . 8 mH a 1 7 1  mH 1 20 . 4 mH 1 28 . 9 mH 0 . 353 
1 54 . 0 mH a 1 73 mH 1 22 . 8 mH 1 3 1 . 5 mH 0 . 348 

6 1  � H 64 . 9 � H 
1 9 . 3  nF 0 . 097 

6 1  � H 6 5 llH 
1 5 . 3  nF 1 4 . 7 7 nF 0 . 38 



896 

. 342 
350 

. 30 1  

. 359 
. 404 
. 407  

. 035 

. 383 

. 353 

. 348 

. J97  

. 38 

1 kHz 

0 . 026 

0 . 005 

0 . 643 

0 . 05 1  

o .  1 73 
o .  1 65 
0 . 1 65 

0 . 1 3 5  

o .  1 5 7  
o .  1 7 1  
o .  1 73 

0 . 032 

E q u i v a l en t  Ser i es Res i s tance 
( Ohms ) 

1 20 Hz kHz 

Ser i es P ar a 1 1  e 1 Ser i es 

2 . 5 9  1 . 84 

32 . 6 294 
3 2 . 8  3 3 5  
32 . 5  32 7 

1 564 m 1 5 73  m 
1 560 m l 5cl0 m 

94 
1 565 m 1 5 75 m 

4 . 48 k 

3 1 . 6  389 
3 1 . 6  37 1 
3 1 . 8  5 � f)  

1 1 9  
2 . 0 1  1 . 85 

2 . 1 4  1 . 85 

3 4 . 8  3 84 1 2 . 8  
34 . 0  296 1 0 . 7  
3 3 . 8  284 1 0 . 5  

38 . 2 7a 300 1 1 0  
4 1 . 08a 368 1 30 
40 . 3 9a 3 78 1 30 

1 . 1 1 . 1 

1 .0 8  1 . 08 

DC I ns u l at i on 
Res i s tance R e s i s tance 

P ara l l e l ( Ohms ) ( Ohms ) 

8 1 . 34 k {> ] 08 
1 . 72 
1 .  28 M 
l .  72  
1 . 50 M 

20 . 3 7 { 4 . ;  x J oB , an d 
20 . 44 P I  = l .  32 
20 . 4 1  

1 . 4 1  {> 1 08 
1 . 42 

54 242 . 4  k 
1 .  420 

1 3  . o  k 2 . 3  M 

20 . 5  { 6 . 5 X 1 08 , an d 
20 . 49 P I  = 1 . 0 
2 0 . 48 

1 1 3 447 k 
{>7 . 1 X 1 07 1 . 7 0  

500 k 
1 . 6 9  

3 . 95 k 2 0 . 50 f . 4 x 1 09 , an d  
3 . 74 k 20 . 5 5  P I  = 1 . 2 
3 . 70 k 2 0 . 54 

0 . 52 M 
{� lUg 1 . 9 7  1 . 82 

58 M 
1 . 9 7  1 . 84 

4 . 3 1  k 2 1  • 1 4  t · ]  X ] 0 1 0 , an d  
4 . 33 k 2 1 . 1 4  P I  = 1 . 30 
4 . 42 k 20 . 1 6  

1 . 2 1  
{ 1 oB to  1 09 I nfi n i ty 

1 . 2 1  
I nfi n i ty 



TABLE A- 1 . ( c on t i nued ) 

Dev i ce 
I dent i f i cat i on Tes t  

Number P o i nt Ser i es 

N S  - V l OO 1 -45 
1 i m i t swi tch 1 -55  6 1  ll H 
( va l ve open ) 1 - 60 

1 - 70 6 1  ll H 

k C - V 1  T l -T2 
motor T l -T3 

T2-T3 

RC-V 1 1 - 60 1 42 11 H 
1 i fll i t sw i tch 1 - 70 

1 - 80 
4 6- 44 1 413  JJ H  
46- 45 1 84 1-1 H 
55-56  

W DL-V7  T l -T2 265 mH 
motor T l -T3  28 1  mH  

T2-T3 281  mH 

WDL - V 7  1 -45  
l i m i t s w i tch 1 - 55 

1 -60 
1 - 70 

WDL - V22 T l -T2 
motor T l -T3 

T2-T3 

W DL - V22 1 - 45 1 1 2 JJ H  
l im i t  sw i tch 1 -55  

1 - 60 1 1 0 JJ H  
l - 70 

W DL - V l 2 6  T l -T2 383 mHa 

motor T l -T3 400 mHa 
T2-T3 445 mHa 

WDL - V l 26 1 -45 1 4 7 JJ H  
1 i m i t s w i tch 1 - 55 

1 -60 1 4 5  JJ H  
1 - 70 

I n ductance/Caeac i tan ce 

1 2 0 Hz 

P ara  1 1  e 1 Ser i es 

1 7 . 3  nF 
64 . 8  �J H  

1 9 . 1  n f  
64 . 5  �J H  

7 6  mH 
7 7  mH 
7 3  mH 

1 4 1  �J H  

28 n F  
1 4 1  �J H  
1 83 �J H  

443 mH 
456 mH  
458 mH 

407 mH 
3 8 1  mH 
398 mH 

1 0 7  �J H  
3 9  pF 

1 06 . 4  �JH 
32 n F  

436 mH  3 2 5  mHa 

455 mH 42 7 mHa 

5 02 mH 360 mHa 

1 45 . 3  �J H  
52 . 9  n F  

1 4 6  �J H  
44 . 3  nF 

kHz 

P ar a  1 1  e1 

1 4 . 8 1  nF  

1 8 . 4  nF  

59 . 1  mH 
60 . 2  mH 
56 . 8  mH 

23. 2  n F  

0 . 2  pF 

289 mH 
2 93 mH 
2 96 mH 

49 . 1  

3 6 . 6  nF 

3 1 . 5  nF 

346 mH 
359 mH 
3 9 1  mH 

50 . 5  

42 . 2  nF 

Di ss i pat i o n  
Factor 

1 20  Hz 

0 . 01 2  

0 . 092 

0 . 309 
0 . 305 
0 . 32 1  

0 . 1 1 0 

0 . 347 
0 . 346 
0 . 344 

0 . 4 9 3  
0 . 484 
0 . 500 

0 . 45 1 

0 . 1 60 

0 . 37 1  
0 . 368 
0 . 356 

0 . 035 

0 . 035 



E qu i v a l en t Ser i es Res i s tance 
( Ohms ) 

D i s s i pati on 
1 2 0 Hz kHz DC Fac tor I ns u l at i on 

Ser i es P aral l e l Res i s tance P. e s i s ta n c e  
1 20 Hz 1 kHz Ser i es Par a1 1 e l ( Ohms ) ( Ohms l 
0 . 0 1 2 0 . 040 1 . 1 I nfi n i ty 

{ l oB to J 09 1 . 1 1 . 22 
0 . 092 O o 036 1 77 k I n f i n i ty 

1 .08 1 .08 1 . 2 1 

O o 309 O o l 58 1 1 . 4 1 86 8 . 70 { 
>2 X J OB 0 . 305 O o 1 62 1 1 o  3 1 9 1 8 . 70 

0 . 32 1 0 o l 58 1 1 . 6 192 8 o 65 

1 . 9 1 . 9 1 . 85 
I nf i n i ty 

2 X 1 08 F O o l l O 0 0 1 23 55 k I n f i n i ty 
1 . 9 

2 o 3 1 1 . 98 1 . 77 
I nf i n i ty 

O o 34 7 0 0 1 92 943 9 o 38 k 38 o96 { 9 . 5 x J OB ,  an d 
O o 346 Oo 194 998 9 o47 k 38 o 94 P I = 1 . 1 2  
0 . 344 O o 1 97 989 9 o 36 k 38 o 94 

1 . 63 2 o 48 2o43 
{ > ] 0 7 O o 046 I nfi n i ty 

1 . 7 2 2 o 85 2 o 59 
1 . 76 2 . 60 2 o 42 

O o 493 98 . 9 627 1 . 4 k l4 o0 k 40 o 945 { J . ] X J 03 j 0 . 484 94 .8 601 1 .  534 k l 5 o 22 k 40 0 955 
O o 500 97 . 7 606 1 . 445 k l 4 o 2 k 40 . 945 

2 . 04 k 2 . 60 k 2 . 033 
{14 to 700 kj 0 . 45 1 0 o l 03 80 k 89 o 23 k 

2 . 1 1  k 2 . 10 k 2 o l l 9 
O o l 60 O o 086 55 k 660 k 

O o 37 1 O o 257 86 . 5 905 520a 8 o 39 k 39 o 5 { 2 X ] 09 , and 
O o 368 0 . 272 88 . 5 958 569d 8 o 23 k 39 o663 P I = 1 . 2 
O o 356 O o 291 92 . 5 1 080 647a 8 o 29 k 39 o 669 

2 o 5 7 2 . 5 6 2 o42 
{> l G " O o 03 5 O o 042 13 ol k I n fi n i ty 

2 . 56 2 . 56 2 o42 
O o 035 O o 035 90 k Inf i n i ty 



TAB LE A- 1 .  ( cont i n ued ) 

I n ductan c e/Capac i tance  
D i s s i pati on  

Dev i ce 1 2 0  Hz  kHz  Factor 
I den t i f i cat i on Tes t  

Number P o i n t  Ser i es ? ara l l  e l  Ser i es P ar a l l e l 1 2 0  Hz 1 kHz -----
wDL-V l 2 7  T l -T2 380 mH a 435 mH 323 mH a 348 mH 0 . 38 1 0 . 280 
motor T l -T3 335 rnHa  389 mH 293 rnHa 3 1 2  rnH 0 . 402 0 . 253  

T2-T3  346 rnHa  399  mH 304 mHa 325 mH  0 . 392 0 . 260 

W OL - V 1 2 7  1 - 45 1 7 5 J.l H  1 7 1  ll H 
l im i t sw i tch l - 55 5 9 . 8  nF  5 7 . 0  nF  0 . 035 0 . 043 

1 -60  2 1 8  1-l H 2 1 4  J.l H  
1 - 70 52 . 2  nF  49 . 4  nF 0 . 036 0 . 034 

�1 DL- V27 1 T l -T2 476 mHa G02 mH 45 5  mHa 476 rnH 0 . 5 1 4  0 . 2 1 7  
motor T l -T3  482 mi-la 608 mH 460 rnHa 482 mH 0 . 5 1 0  0 . 2 1 7  

T 2-T3  495 mHa 620 mH 466 mHa 489 mH 0 . 503 0 . 22U 

vJDL-V27 l 1 -45  8 6  J.l H  75 . 3  ll H 
l i m i t sw i tch l - 55  20 nF  24 . 5  n F  0 . 1 00 0 . 035 

l - 60 8 7  J.l l-l  76  J.l l-l  
1 - 70 22 nF  20 . 7  nF 0 . 040 0 .035 

a .  Ca l cu l ated from v a l ues obt a i ned  i n  the para l l el mode . 

b .  V a l ues obt a i ned wer e n o t  mean i ngfu l  because o f  the presence  o f  sem i conductors i n  the c i rcu i t . 

� 

.J � 
i. 

I 

' 

I 
:; . ·� 

c .  Br anch c i rcu i ts of H were not  i so l ated dur i n g  t h e  tes t . Branch c i rcu i ts were i nd i rectl y  connec t� 
l ow and mean i n gl es s . 

d .  Very h i gh de e l ectr i c  n o i se on  the  c i rcu i ts .  

e .  P I  = po l ar i z at i on i n dex . 

f .  CT  = current tran s former . 

g .  NA = not  a pp l i cab l e .  

h .  P T  = poten t i a l  curren t . 

i .  Not measured b ecause  of  o pen c i rcu i t  condi t i on on armatu r e  and f i e l d  c i rcu i ts .  

j .  Meas ured u s i n g  a mu l t i meter . 

A- 1 2  

. . . . . . . 

'J 



E q u i  v a 1 en t Ser i es Res i s tance 
( Ohms ) 

1 2 0  Hz kHz  D C  I r. su l at i on 
Res i s tance Res i s tanc e  

1 kHz  Ser i es P ara  1 1  e 1 Ser i es P ar a  1 1  e 1 ( Ohms ) t Ohms ) 

0 . 280 9 1  85 9 558a 7 . 76  k 40 . 0G {2 . 2  x w 9 , an d 
0 . 253  86 . 5  7 1 8 458a 7 . 62 k 40 . 0 0  P I  = 1 . 2 
0 . 260 8 7 . 7  768 492 a 7 . 7 7 k 40 . 00 

2 . 99 2 . 98 2 . 85 
{> ] 0� 0 . 043 I nf i n i ty 

3 . 00 2 . 99 2 . 85 
0 . 034 74 . 5  I nf i n i ty 

0 . 2 1 7  1 85a 886 6 1 6a 1 3 . 7  k 1 02 . 2  { 4 . 8  X ] Q9 , an d 
0 . 2 1 7  1 86a 90 1 6 2 i a 1 3 .8 k 1 02 . 2  P I  = 1 . 2 
0 . 220 l 88a 9 3 1  64 l a 1 3 .88 k 1 02 . 2  

1 . 68 1 . 62 5  1 . 4 9  
{ > l oB 0 . 035 I nf i n i ty 

1 . 6 1 2  1 . 60 7 1 . 4 7  
0 . 035 I nf i n i ty 

rect l y  connected to  ground , h en ce , measured i ns u l at i on r es i s tance was 


