
Westinghouse 

• 
D B  41 -100A P age 1 

Type CO 
Overcurrent Relays 

Non-d i r ecti on al ,  Sin gl e  Ph as e, 
A d just abl e  Time D el ay 

Application 
W es tin gh ous e  CO r el ays , a compl et e  coor ­
d in at ed l in e, ass ur e accur ate an d r el i abl e 

p ri mary or b ack up p r ot ecti on against ph as e  
or gr oun d  f aults . Th ey p r ovi d e  th e b ack ­

b on e  of any p r ot ectiv e r el ayin g sys tem, 
fr om gen er at or to l oad . 

For s el ectiv e coor d in ati on b etw een r el ays , 
s ev en dif fer en t  ti me curv e ch ar acter isti cs 
ar e av ail abl e. All ar e d esi gn ed to op er ate 

f as ter at h i gh er f ault cur r ents . 

Each typ e h as a wi d e  r an ge of cur r ent t ap 
s et tin gs an d ti me d i al p ositi ons. 

P r op erly appl ied , CO r el ays will p r ov id e  
maxi mum s ervi ce contin uity by t rippin g th e 

f ew es t  p ossibl e ci r cuit b r eak ers r eq uir ed to 
dis con n ect a f ault ed s ecti on. 

For f as t  (% cy cl e) cl eari n g of h eavy f aults . 
CO r el ays can b e  eq uipp ed w ith ad just ab le 
inst ant an eous ov er cur r ent un its. 

Wh er e col d l oad p ick up p r es en ts a p r ob lem 
d ue to h eavy in r ush cur r ents t o  d evi ces 

s uch as r ef ri ger at ors , w at er h eat ers , et c. , 
typ e CO r el ays can b e  eq uipp ed with h igh 
d r op out inst ant an eous trip units (ITH) 

whi ch will p r ovi d e  inst ant an eous t rip  p r o­
t ecti on f or th e p r ot ect iv e l in e wh en in it i al 
l oad cur r en t  is d r opp ed t o  9 0% of th e ITH 
un it s ettin g. 

Wh en ac cur r en t  is n ecess ary in th e con tr ol ­
t rip  ci r cui t, th e in d i catin g con tact or swit ch 
(ICS ) d e  unit is r epl aced by th e typ e ACS 
in d i catin g con tact or sw it ch s eal ed -in unit . 
Th e ACS un it is s imil ar in cons tr uction t o  
th e l iT un it , an d h as an ad just abl e r an ge of 
.25 t o  .9 amp er es ac. 

Both n on- torq ue and torq ue con tr ol l ed d e­
s igns ar e av ailabl e. 

Advantages 
L ow b ur d en , h igh th er mal cap acity , n eg­

l igibl e temp er at ur e  er r or .  

A ccur at e  pi ck up ,  contin uous "b etw een tap " 
ad just ment . 

S implifi ed s ett in gs , eas e of accessib il ity , 
l ow er main ten an ce cos t. 

Sp ace s avin g Fl exit est ® univ ers al cas es . 
f or s emi -fl ush or p r oject ion moun tin g. 

Device Number: 51 

February. 1967 
Supersedes DB 41-100A dated September, 1961 
E, D, C/2013/DB www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



D B  41-100A P age 2 

Westinghouse 

• 
Selector Guide 

Relay 
Type 

C0-2 

Time 
Curve 

Sh ort 

Comparative 
Operating 
Time<D 

0.4 7 S ec. 

C0-4 L on g  (st ep ) 25 S ec. 

C0-5 

C0-6 

C0-7 

C0-8 

C0-9 

L on g  25 S ec. 

D efinit e 2 S ec. 

M od er ately 2.4 8 S ec. 
Inv ers e 

I nv ers e 

V ery 
Inv ers e 

2.5 2 S ec. 

1.53 S ec. 

C0-11 Ext r emely 0. 8 S ec. 
I nv ers e 

Basic Application 

Diff er enti al p r ot ect ion of b us or gen er at ors wh er e 
r est r aint win d in gs ar e n ot r eq ui r ed .  S tr aigh t ov er­
cur r ent p r otecti on wh er e  sh ort op er atin g  t ime is 

n ecess ary f or syst em st abi l ity . 

D esi gn ed p r imari ly t o  p r ovi d e  eff ect iv e r el ay coor­
d in ati on wi th th e s el ect iv e t ri p  ch ar act er ist ics of 

W estin gh ous e  D B  b r eak ers . St ep -time op er atin g  
ch ar acter isti c coor d in at es w ith s el ectiv e t r ip curv e 
of D B  b r eak er an d ass oci at ed f us es .  

M ot or p r ot ecti on .  Lon g ti me s ettin g (15 0% of f ull 
l oad ) p r ev ents t ripp in g  d ue t o  mot or st art in g  cur­
r ents , an d all ows motor t o  car ry mod er ate ov er ­

l oads f or s af e  p er iods . I nv ers e ch ar act eris tic p r o­
vi d es f ast er t ripp in g  at h igh er ov erl oads. 

F or us e wh er e gen er atin g cap acity an d f ault cur­
r ents v ary ov er a w i d e  r an ge. Relay h as fix ed op er ­
atin g ti me (p er t i me d i al s ett in g) f r om app r ox i­
mat ely 1 0  t o  2 0  ti mes t ap cur r ent , th us p r ov id in g 
d efini te s el ectiv e op er ati on f or s eq uenti al t r ippin g. 

Ov er cur r ent ph as e  an d /or gr oun d  f ault d etecti on 
on t r ans missi on or f eed er l in es wh er e mod er ate 
ch an ges in gen er atin g cap acity occur , or on p ar al ­

l el l in es wh er e on e l in e may b e  cal l ed on t o  car ry 
b oth l oads . 

Rel ay app r oach es d efinit e ti me ch ar act er is tics at 
h igh cur r ents , al l owin g w id e  ch an ges i n  f ault 
cur r ent magni tud e w ith li ttl e  ch an ge in op er atin g 

ti me. 

Ph as e  an d /or gr oun d  f ault d etecti on of s ub tr ans ­
missi on l in es or f eed ers . Als o s uppli ed as p ri mary 

p r ot ecti on or b ack -up f or oth er r el ays . Wi d e  r an ge 
in t ime l ev er s ettin gs an d sl op e  of curv es f acil it at e  
coor d in ati on an d ass ur e s electiv e op er ati on .  D e­
gr ee of inv ers en ess r eq uir ed is d eter min ed by 

f ault cur r ent magnit ud e, op er ati n g ti me d esi r ed ,  
an d th e ch ar act eris ti cs of n earby r el ays on th e 

syst em. 

Us ed on f eed er ci r cui t  b r eak ers whi ch must coor ­
d in ate with main an d b r an ch l in e s ection al izin g 

f us es . Als o us ed wh er e l on g  t ime d el ay is r eq ui r ed 
f or l i ght ov er load , s uch as wh er e f eed er is en er ­
gi zed aft er ext en d ed out age. 

(!) Values shown are with lfl1 0 time dial setting. and with 10 times tap value current applied. 

Factors to Consider in Selecting 
Proper Relay Type 
A pparatus or Circuit to be Protected: 
In gen er al ,  th e appl icati on wi ll in d i cat e th e 
us e of a sp ecif ic r el ay ,  Sh ort -ti me r el ays act 

f ast t o  av oid eq uip ment d amage. L on g­
ti me r el ays h ol d  off t rippin g on h eavy in iti al 
ov erl oads or mor e ext en d ed mod er at e  ov er ­

l oads . 

At hi gh er f aul t  cur r ents , d efin it e-t ime an d 
mod er ately inv ers e r el ays maint ai n  const ant 
op er atin g t ime, d espi te v ari ati on in con ­

n ected gen er ati on an d f ault cur r ents. In ­
v ers e an d ext r emely i nv ers e r elays op er at e  
r esp ectiv ely f as ter on hi gh er f ault cur r ents . 

Selective Operation, Sequential Tri p­
ping: To maint ain maxi mum contin uity of 
s ervi ce, as s mal l a s ecti on as p oss ibl e sh ould 
b e  r emov ed f r om a syst em d urin g a f ault . A 
common meth od is t o  s et each s uccessiv e 
r el ay ,  p r ogr essin g  f r om th e gen er at or ,  t o  
op er at e  0.3 s econ d s oon er ( ex cl usiv e  of 
cir cuit b r eak er op er atin g ti me) s o  th at th e 
r el ay n ear est th e f aul t  wil l  op er at e  fi rst t o  
r emov e th e f aul ted s ecti on .  S ee fi gur e 1 .  

Relay 

t · /Time 

��--- -:_-:::.��I� 
0.3 Sec. 

Power 
Distance (Ohms)__. Circuit Breaker 

Fig. 1 
Coordination With Adjacent Relays: 
To ass ur e s el ectiv e oper ati on ,  r elays in all 
s ecti ons of th e p r ot ect ed l in e  sh oul d  h av e  
s imi l ar op er at in g curv es . Oth erwis e, curv es 
may int er cept , r es ultin g  in in cor r ect r el ay 
op er ati on .  S ee f igur e 2. 

Coordinated Mis-Matched 

�� 

Fig. 2 

Relay Tap Range: M agni tud e of f ault 
cur r ent av ai l abl e at a giv en locati on is 
us ually d et er min ed by syst em st udi es .  Tap 
r an ge s el ecti on d ep en ds on th e f ault cur ­
r ent as s een by th e r elay , whi ch is d et er ­
min ed by th e cur r ent t r ansf or mer r ati o an d 

its op er atin g ch ar act eristi cs un d er f ault 
con diti ons . 

Ac or De Tri p  Circuit: Wh er e a d e  cont r ol 
s our ce (24 t o  25 0 v olts ) is av ai labl e, ci r cuit 
cl osi n g  r el ays ar e us ed . If d e  is n ot av ai l­
abl e, ci r cuit op enin g r elays ar e us ed w ith 
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ac tri ppi ng, us ing the ou tpu t of a cu rre nt 
transf orme r to e ne rgi ze the ci rcui t bre ak e r  
tri p coi l. Und e r  normal condi ti ons ,  the 
normally clos e d  contacts of the re lay s hu nt 
the bre ak e r  tri p  coil. 

High Speed Short Circuit Fault Pro­
tection: R e lays e qui ppe d wi th i ns tanta­
ne ous ove rcu rre nt liT or IT H u ni ts provi d e  

i ns tantane ous ove rcu rre nt tri ppi ng, i n  ad d i ­
ti on to tri ppi ng wi th ti me d e lay on mod e rate 
ove rloads . 

Construction and OperationCD 

Tw o basi c d esi gns are avai lab le :  

Non-torque Controlled 
T his, the mos t wi d e ly us e d  ty pe , is  d e ­
si gne d s o  that the re lay contacts clos e 
w he n  tap valu e is appli e d .  S e e  f igu res 
9 and 10. 

Torque Controlled 
T his ty pe has the lag coi l conne cti ons of 
the 'T' i ndu cti on u ni t  e le ctromagne t 

b rou ght ou t to s e parate te rmi nals .  T his pe r­
mi ts control of the ti me -ove rcu rre nt u ni t  

f rom an e xte rnal re lay contact, su ch as a 
d i re cti onal or dis tance re lay . S e e  fi gu res 
13 and 14 . 

0 Time Delay Overcurrent 
Unit (CO ) 

S e e  page 4 ,  

• Indicating Instantaneou s  
Trip ( liT ) 

S e e  page 5. 

A Indicating Contactor 
V Switch (I CS ) 
S e e  page 5 .  

• ICS Taps 

S e e  page 5. 
CD C0-4 relay for relay coordination with 600 volt air 

circuit breaker is described on pages 10 and 1 1 .  

Fig. 3 

Circuit Opening Types 
Circui t ope ni ng CO re lays i n  conju ncti on 
wi th an ac s e ri es tri p coi l are us e d  to tri p 
ci rcui t b re ak e rs w he n  a sui tab le s tati on 

batt e ry is not avai lab le. 

As s how n i n  fi gu res 12 and 13, closi ng of 
the CO u ni t  contacts e ne rgi zes a D e-i on® 
contactor swi tch (CS ) w hos e contacts 

s hu nt the ac tri p cu rre nt throu gh the bre ak e r  
tri p coi l. 

T he ci rcui t ope ni ng re lay is re comme nd e d  
only i n  the 4 to 12 ampe re range . A low e r  
range re lay is not d esi rab le du e to the e x­
cessi ve bu rd e n  of a low cu rre nt range 
tri p coi l. 

Bu rd e n  of the au xi li ary cu rre nt transf orme r 
(fi gu res 12 and 13) wi th 4 ampe res appli e d  
is 4 .6 volt-ampe res wi th the CO contacts 
clos e d ,  and 5.7 volt- ampe res wi th the con­
tacts ope n. 

S e e  page 5 f or d es cri pti on and i llus trati on 
of the D e -i on contactor swi tch. 

DB 41-100A Page 3 

Type CO 
Overcurrent Relays 

Non- di re cti onal, Si ngle Phas e, 
A d jus table Ti me D e lay 

"Cold Load" Pickup Protection Types 
S tand ard CO re lays , e qui ppe d wi th a hi gh 
d ropou t i ns tantane ous u ni t  (IT H) us e d  i n  
conju ncti on wi th re closi ng re lays , provi d e  
complet e ly coordi nate d d is tribu ti on f e e d e r  
prote cti on w he re "cold load " pi cku p  is 

i nvolve d .  

T he IT H u ni t  has a d ropou t rati o of 90% of 
pi cku p. Wi th this u ni t  s e t  at mi ni mu m f au lt 
cu rre nt on the prote cte d f e e d e r, w he n  a 

f au lt occu rs, the IT H pi cks u p  and , i n  con­
ju ncti on wi th the re closi ng re lay , the bre ak e r  

is tri ppe d and i mme d i ate ly re clos e d .  T he 
re closi ng re lay at the s ame ti me tak es ove r 
control and locks ou t the IT H contact 
ci rcu it. 

Af te r the f au lt has b e e n  cle are d ,  the f e e d e r  
is re -e ne rgi ze d  and , af te r a s li ght ti me d e lay 
i n  the re clos e r  ci rcui t, the IT H contact ci r­
cui t  is res tore d .  How e ve r, u nd e r  normal 
cold load picku p cond i ti ons ,  the li ne cu rre nt 
has d roppe d to less than 90% of mi ni mu m 

f au lt cu rre nt bef ore this contact ci rcui t is 
re -es tablis he d and the IT H u ni t  has d roppe d 
ou t, pe rmi tti ng the ti me d e lay ne cess ary to 
pi cku p  the cold load . 

S e e  page 5, f or d es cri pti on of the I TH u nit. 
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DB 41-100A P age 4 

Westinghouse 

• 
Construction and Operation, Continued 

Fig. 4 

Time Delay Overcurrent U nit ( CO) 
O n  C0-4, C0- 5 , C0-6, C0-7, C0-8 , and 
C0-9 r e lays a mai n tappe d coi l is place d i n  
the ce nte r le g of an "E " ty pe lami nate d 
magne ti c  s tru ctu r e .  Flu x pr odu ce d by this 
coi l r e tu r ns thr ough th e tw o ou te r le gs of 
the e le ctr omag ne t. A sh adi ng coi l on th e 
lef t leg of th e e le ctr omag ne t  cr e ates an ou t­
of- ph as e f lu x  whi ch r e acts wi th th e mai n 
coi l f lu x  i n  the e le ctr omag ne ts ai r gap to 
caus e dis c r otati on i n  the contact closi ng 
d i r e cti on. 

C0-2 and C0-11 e le ctr omag ne ts ar e si mi lar 
i n  cons tru cti on, e xce pt th at both ou te r legs 
have wi ndi ngs to pr odu ce th e ne cess ary 
ou t-of -phas e f lu xes r e qui r e d  f or contact 
closi ng r otati onal tor qu e .  

O Tap Block 

I nd i cates mi ni mu m  cu r r e nt r e qui r e d  to jus t  
clos e the r e lay contacts . 

O Tap Screws 

Tw o su ppli e d .  Wh e n  changi ng tap r ang e, 
the s par e is  i ns e rte d  i nto the new posi ti on 
prior to re moval of the e xis ti ng tap s e tti ng 

s cr ew. This p r e ve nts ope n ci r cui ti ng of th e 
ass oci ate d cu r r e nt tr ansf or me r .  

e Magnetic Plugs 

M ay be s crew e d  i n  or ou t of th e mag ne ti c  
ci r cu i t to contr ol s atu r ati on and ad jus t 
cali br ati on at hi gh cu r re nts . A d ampi ng 
mag ne t  and sp ri ng ad jus tme nt pe r mi ts 
cal i br ati on at low cu r r e nts . 

Q Time Dial  

Indi cates i ni ti al posi ti on of th e movi ng 
contact ove r a 270• r ange . Ind e xes f r om 

% (mi ni mu m  ti me ) to 11 (maxi mu m ti me ). 

0 Stationary Contact 

M ad e  of pu r e  si lve r .  Wil l clos e 30 ampe r es 
at 25 0 volts d e. Has suffi ci e nt wip e to 
assu r e  posi ti ve contact. I n  f as t  br e ak e r  r e ­
cl osi ng s che mes whi ch r e qui r e  qui ck­
ope ni ng r e lay contacts , th e me tal plate is 
r e ve rs e d ,  hold i ng the s tati onary contact 

fi xe d  ag ai ns t th e back -s top. O n  d ou ble -tri p 
r e l ays , ad jus tme nt of Y .. " contact f ol low 

(or wi pe ) is obtai ne d  by us e of a ve r ni e r  ad ­
jus ti ng s cr ew on the s tati onary contact plate . 

e M oving Contact 

Als o mad e of pu r e  si l ve r ,  th e movi ng con­
tact is clampe d to th e i nsu late d s e cti on of 
th e dis c s haf t. E le ctri cal conne cti on is mad e 

f r om th e movi ng contact thr ou gh a s pi r al 
sp ri ng to th e sp ri ng ad jus te r f r ame, th e n  to 
th e r e l ay te r mi nal . M ovi ng contacts wi ll 
cl os e  30 amp e r es at 25 0 volts d e. 

0 Induction Disc 

S pi r al sh ape d to compe ns ate f or the s pri ng 
wi ndu p whi ch occu rs thr ou gh ou t  the 
movi ng contact tr ave l. P r ovi d es accu r ate 
pi cku p  at any dis c posi ti on. A s pri ng ad ­
jus te r is pr ovi d e d to pe r mi t  i n-be tw e e n  tap 
pi cku p  ad jus tme nt w he n  d esi r e d . 

0 Damping Magnet 

M ad e  of hi gh s tr e ngth A lni co. Contr ols 
r e lay op e r ati ng ti me at low cu r r e nt valu es .  

A k e e pe r  s cr ew pe r mi ts mi cr ome te r ad jus t­
me nt of the d ampi ng magne t wi th ou t  shif t­

i ng the locati on of th e magne t, and allows 
th e r e l ay to be accu r ate ly cali br ate d at low 
cu r r e nts . 
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I ndicating Contactor Switch (ICS) 
(Partially Disassembled) 

Fig. 5 
Th e de op er at ed I n dic ating Cont act or 

Switch h as a cl app er typ e magn etic ar ma­
t ur e  t o  which l eaf -spring c ont acts ar e 
att ach ed. 

Wh en th e switch is en ergiz ed , th e moving 
c ont acts bri dg e th e st ati on ary c ont acts , 
c ompl eting th e tr ip circ uit . Th e I CS c on ­
t acts ar e c onn ect ed in p ar al l el with th e 
main r el ay c ont acts , r el i eving th em of 

c arrying h eavy trip c urr ents. 

D uring op er ati on , tw o fing ers on th e ar ma­
t ure d efl ect a spring , which al l ows th e 
op er ati on in dic at or t arg et t o  dr op .  Th e 

t arg et is or ang e c ol or an d r eadily visi bl e. 

Taps on th e fr ont of th e unit pr ovi d e  c on ­
n ecti on f or eith er 0. 2 {l eft )  or 2. 0 {right ) 
amp er es de pick up op er ati on .  

Wh en using a 1 25 or 25 0 v olt de auxil i ary 
WL auxili ary r el ay ,  th e 0 .2 amp er e  t ap is 
tec ommen d ed. Th e 2. 0 amp ere t ap is us ed 
on 24 or 48 v olt de ci rc uits. 

I ndicating I nstantaneous T rip(IIT) 

Fig. 6 

Us ed f or high sp eed pr ot ecti on ag ainst 
h eavy f ault c urr ents . Constr ucti on is si mi lar 
t o  th at of th e I n dic ating Cont act or Switch , 
exc ept th at it is ac op er at ed ,  an d adj ust abl e 
ov er a r ang e of 1 t o  4 ti mes mini mum 

pick up .  V ari abl e  pick up is obt ain ed by a 
c or e  scr ew ad just ment on th e t op of th e 
unit. 

Wh en th e liT is en ergiz ed abov e pick up 
s etting , th e t arg et d r ops. Op er ating ti me is 
appr oxi mat ely on e-h alf cycl e abov e 25 0% 

of s etting. 

Th e l i T unit h as a c al i br at ed sc al e  on which 
ar e mark ed th e f our divisi on al p oints of 

pick up r ang e. 

De-ion® Contactor Switch (CS) 

Moving-------. 
Contact 

Fig. 7 
Us ed in circ uit op ening typ e CO rel ays as 
sh own sch ematic al ly in fig ur es 1 2  an d 13 . 
This sch eme is appli ed wh er e  ac trip c oils 
ar e us ed on th e circ uit br eak ers , en ergiz ed 
by th e l in e c urr ent tr ansf or mers . Wh en th e 

CS c oi l  is en ergiz ed by a s mal l tr ansf or mer 
l oc at ed within th e r el ay c as e, its n or mally 
cl os ed c ont acts op en t o  r emov e th e by -p ass 
ar oun d th e br eak er trip c oi l , th us tripping 

th e br eak er . 

Th e CS switch will pick up at 4 amp er es ac 
an d wil l s af ely by -p ass 1 00 amp er es ac 

thr oug h  its c ont acts . 

High Dropout I nstantaneous U nit 
(ITH) 

Adjustable 
Core Screw 

Fig . 8 

Th e ITH unit is a s ol en oi d  op er at ed d evic e 
with an adj ust able c or e  scr ew which ad ­
j usts th e ac c urr ent pick up of th e d evic e 
ov er a 2 t o  1 r ang e. 

Wh en th e I TH c oi l  is en ergi zed abov e 
pick up s etting , th e moving pl ung er ass em­
bly mov es upw ard , c ar rying th e silv er d isc 

which bri dg es thr ee c onic al -sh ap ed st a­
ti on ary c ont acts. Th e d evic e op ens its c on ­
t acts wh en th e c oi l  c urr ent is r ed uc ed t o  
9 0% of its pick up v al ue. 

Op er ating r ang e of th e I TH unit c an be 
incr eas ed t o  a 4 t o  1 r ati o, or f our ti mes th e 
mini mum pick up s etting obt ain abl e, by 

l ow ering th e pl ung er aft er th e c or e  scr ew 
h as been s et at its maxi mum r at ed p ositi on .  

DB 41-100A Pag e 5 

Type CO 
Overcurrent Relays 

Non -d i r ecti on al ,  Singl e Ph as e, 
A d just abl e Ti me D el ay 

If th e pl ung er is l ow er ed t o  incr eas e  th e 
pick up c urr ent v al ue, th en at 3 00% of 
mini mum trip th e dr op out r ati o is  60% of 

th e pick up c urr ent. At 400% of mini mum 
t rip th e d rop out r ati o is 45 % of th e pick up 
c urr ent . 
Op erating sp eed of th e I TH unit ov er n omi ­

n al rang e (60 c ycl e bas e) is as f oll ows : 

at 200% of trip s etting : l ess th an 1 cycl e 
at 5 00% of trip s etting : 16 cycl e 
at 1 000% of trip s etting : % cycl e 

A CS U nit 

Fig. 9 

Operating Range . . . . . ... . . . . . 25 to .9 amps ac 

Burden . . . . .. . . . . ... .. . . . . . . 73 o hms ac 

Coil Rating: 
Continuous .  . . . . . . . . . . . . . . . .25 amp 
1 - Second ................. 7.0 amps 
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DB 41-100A Pag e6 

Westinghouse 

• 
Internal Wiring Diagrams {Front View) 
Without External Torque Control 

Spst-cc Contacts. FT -11 Cas e, 
With out In dic ating Inst ant an eous Trip (liT) 

�--------1------ lndicating 
Contactor Switch 

..L I 
T I 
I l... 
I T I 

�-�-_J 
r +-----1 900000 
I oooooo 

-t------��000 
�00 s 

Fig.10 

,�------ Current Test Jack 

--- Shorting Switch 

5704524 

Spst-co Contacts. FT -21 Cas e  
W it hout In d ic at ing I nst ant aneous Tr ip (liT) 

Fig.12 

--+---- Auxiliary Current 
Transformer Primary 

�-1-----1----- De-ion 
Contactor Switch 

---141-+---+---- Auxiliary Current 
Transformer Secondary 

--+---- Induction Unit 

1 83A055 

Spst-cc Contacts, FT - 11 Cas e 
With I ndic ating I nst ant an eous Trip (liT) 

r-+----- Indicating 
Instantaneous Trip 

Fig. 11 

Spst-co Contacts, FT -21 Cas e 
With I n dic ati ng Inst ant aneous Trip (liT) 

1 I 0 

5704525 

Operation Indicator 

Auxiliary Current 
Transformer Primary 

De-ion 
Contactor Switch 
Auxiliary Current 
Transformer Secondary 

Indicating 
Instantaneous Trip 

Current Test Jack 

Shorting Switch 

!o�--
0) 3 00 

2 0)0 �+---- Case Terminals 

Fig. 13 183A054 
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With External Torque Control 

Spst-cc Contacts, FT- 11 Cas e  
Wit hout In dic ating I nst ant an eous Trip  {l i T) 

_,_1 
...1..1 T

l 1-L. 
IT 

r�J 
I 
I 
I 

-c:;--+--t-;---:r--+----- Induction Unit 
Lag Coil 

900 �---- Current Test Jack 

Fig. 14 5704528 

With High Dropout I nstantaneous U nit {ITH) 
Spst-cc Contacts, FT-11 Cas e  

Fig. 16 

.k-"'1""+----- Flexitest Switch 
J:"o-1--+----- Shorting Switch 

183A786 

DB 41-100A Pag e 7 

Type CO 
Overcurrent Relays 

Non -d i r ecti on al ,  Singl e Phas e, 
A d just abl e  Ti me D el ay 

Spst-cc Contacts, FT-11 Cas e  
With I n dic ating I nst ant an eous Trip (liT) 

Fig. 15 

-+--+-+----- Indicating 
Instantaneous Trip 

<;""--+--1-11-t---+----- Induction Unit 
Lag Coil 

1 ...... ---- Current Test Jack 

Case Terminals 

5704529 

Contact Legend 

Spst-cc: singl e p ol e  singl e t hr ow - circuit 
cl osing 

Spst-co: singl e p ol e  singl e t hr ow - circuit 
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DB 41-100A Pag e  8 

Westinghouse 

• 
External Wiring Diagrams 

Circuit Closing: For Phase and G round Overcurrent Detection on a Three Phase System 

Stot1on Bus 
, __ .. __________________________________________ , 2 2 3 3 

c .Q u \" i5 C1' 
.'0 a. a. 
� 

l 

I 
Fig, 17 

Phase 1 

Phose2 

Phase 3 

Ground 

Circuit Opening: For Phase Overcurrent Detection on a Three Phase System 

c 
.Q 
� i5 
C1' c: 

·c. a. 
� 

l,.....,.....,...... 

Fig. 1 8  

Station Bus 

Phose 2 

1 83A213 

Device N umber Chart 
(For Figu res 17, 18, a nd 19). 

61 -Overcurrent Relay, Type CO 
51 N -Ground Overcurrent Relay, Type CO 
CS - De-ion Contactor Switch 
32 -Directional Relay, Type H-3 
32X -Auxiliary Relay, Type MG-6 g�� -Auxiliary Contactor Switches 

ICS - Indicating Contactor Switch 
liT -Indicating Instantaneous Trip 
52 - Power Circuit Breaker 
62a -Breaker Auxiliary Contact 
TC - Breaker Trip Coil 
TO - Operation Indicator 

182A 75 
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D B  41 -1 00A Pag e 9 

Type CO 
Overcurrent Relays 

N on - d ir ect ion al .  S ing le Ph ase, 
A d ju st ab le T ime D el ay 

Three Phase Overcurrent Detection: Usi ng Type H-3 Di rectional Relay and To rque Controlling 
Type CO Relays with MG-6 Auxil iary Relay, 90 Deg ree Connection 

I 2 3 

v,z 
rl 

( Iz V23 
Phasor 

Rotation 

Phasors At 

V31 100% P. F. Power 
In Tripping Direction 

Fig. 1 9  

Positive 

Phose 1 

Phase2 

Phase 3 

Note: Nominal voltage of 32X relay 
should be approximately '/..of control voltage 

For 12 5 volts d-e, use 62.5 volt d-e MG-6 operating coil and 500 ohm 3%" resistor. 
For 2 50 volts d-e, use 125 volt d-r. MG-6 operating coil and 2000 ohm 3%" resistor. 

2898077 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



DB 41-100A Page 1 0  

Westinghouse 

• 
C0-4 Relay For Relay Coordination with 600 Volt Air Circuit Breakers 

In 600 volt class equipment, protection is 
generally obtained through the use of over­
current tripping devices which are an in­
tegral part of the circuit breakers. 
Two types of air circuit breakers are gener­
ally used in low voltage applications for 
industrials and power plants. One type, 
such as the Westinghouse AB breaker, 
uses a thermal magnetic tripping device. 
The other is the Westinghouse D B  type 
which uses series overcurrent tripping units 
that employ a dashpot device to obtain 
time delay. 
The tripping characteristic of the D B  breaker 
has a pronounced bend as shown in figure 
20. The use of standard CO relays would 
necessitate a high current pickup setting in 
order to keep the relay time-current char­
acteristic beyond the bend of the breaker 
operating curve. This high current pickup 
setting in turn, makes coordination with 
other relays near the source difficult or 
impossible. 
Inasmuch as it is not practical to sacrifice 
coordination and proper protection of the 
primary system merely to obtain selec­
tivity on the low voltage system, the C0-4 
relay was developed. 
The C0-4 has a step-time characteristic 
which is obtained by the combination of 
the C0-5 long time induction disc over­
current unit, two instantaneous overcurrent 
units, and one timer. The resultant curve is 
illustrated by figure 22. 
The induction disc-overcurrent unit is set 
to coordinate with the overload portion of 
the breaker curve. 
The instantaneous unit (IT) energizes the 
timer (T) to provide .25-3 seconds delay, 
and the liT unit trips directly. 
Consequently, the C0-4 step-time charac­
teristic effects selective coordination with 
other relays nearer to the power source. 

DB Breaker 
Tripping Characteristics 

.. 
E 
i= 

Fig. 20 
Current 

liT Pickup 

Fig. 21 

0 Instantaneous Tr i p  Unit (IT) 
Ac operated. An adjustable core varies the 
current pickup of the unit. When the IT 
contacts close, the timer circuit is com­
pleted, providing an adjustable time delay 
before tripping. 

e Timer U n it(T) 

Consists of a small synchronous motor 
which is energized from the secondary cir­
cuit of a saturating transformer which has 
a current-energized primary (see figure 22). 
The motor has a floating rotor which meshes 
with the gear train only when the motor is 
energized. 
Upon de-energization, the rotor drops out 
of mesh with the gear train, allowing a 
spring to quickly reset the contact arm. 
The contact on the moving arm is a loosely 

fitted cylindrical sleeve. When the arm ro­
tates, the sleeve bridges two butt type 
stationary contacts, completing the circuit. 
The stationary contacts are mounted on a 
molded insulator block which is adjustable 
around the semi-circular calibrated scale. 
Maximum setting of the timer is 3 seconds, 
indexed at 1 0  cycle points. 
The timer motor will operate satisfactorily 
over a range of 1 0 to 1 00 amperes ac. 
Timing accuracy is ±5% of setting. 

A Indicat ing Instantaneous Tri p  
V(IIT) 

0 Time Delay Overcurrent U nit 
(CO) 

A Indicating Contactor Switch 
V (ICS) 

See page 5. 

... 
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Typical C0-4 Time-Current Curve Bands 

300 

200 :\ :. I 
\ 

100 

80 

60 
50 

40 

30 

20 

1 0  

8 

6 
5 

4 

3 

\ 
., 

\ .. I 
l I I 

co •. 5 .Onlt 

DB 41 -100A P ag e 11 

Type CO 
Overcurrent Relays 

N on-di r ecti on al ,  S ingl e P has e, 
Adj ust abl e Ti me D el ay 

2 ® ® Timer (T) unit . 

.8 

.6 

.5 

.4 

3 

2. 

08 

.06 
.05 J;\;':i:'.h:•::\C+::•:;: 

� . 04 ����[�2:j: :;1��!:�! !�;;: ... :. 
c: 
8 . 03 ��on•:•+•·. ·:·•:·•:\ Gl 

rJ) 
c;.02 

Gl 
E 
i= .01 

1 2 3 4 5 6 8 1 0  20 30 40 50 60 80 1 00 

Multiples Of Tap Value Current For CO Unit 

Fig. 22 

1!:25 to 3 seconds 

200 1 000 2000 1 0000 
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DB 41 -1 00A Pag e12 

Type CO 
Overcurrent Relays 

N on -dir ecti ona l, Sing le Phas e, 
A d justabl e Ti me D elay 

C0-4 I nternal Wiring, S pst-cc Contacts, FT-21 Cas e 

Indicating C ontacto r  Switch 

Auxiliary Trans f o rmer 

Indicating Instantaneous Trip 
Induction Overcurrent Unit 

-+--+--++-+-------- Instantaneous Trip 
.r--------current Test Jack 

Fig. 23 183A 115 

Shipping Weights and Dimensions 

R elay Type Fl exitest I Weight, Lbs. : Approx. D omestic S hipping Carton 
Cas e Type Dimensions: Inch es 

N et S hi pping 

C0-2, 6, 6, 7, 8. 9, 11 FT- 11 8 11 9 X 9 X 10 
Circuit Closing 

C0-6, C0-8, C0-9, C0-11 FT -2 1  10 13 9x 12 x 13 
Circuit Opening 

C0-4 FT -2 1  12 16 9x 12 x 13 

Further I nformation 

List Prices, Ordering Information. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PL 4 1- 02 0  

Instructions: 
Circuit Closing CO Relays . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IL 4 1-101 
Circuit Opening CO Relays .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IL 4 1-103 
C0-4 Relays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IL 4 1- 106 

Renewal Parts .. . . . . . . ... . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . .  RPD 4 1- 101A 1 

Flexitest Case Dimensions. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DB 4 1- 075 

Other Westinghouse Protective Relays . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SG 4 1  -000 

Westinghouse Electric Corporation 
R elay -Instru ment D ivisi on :  N ewar k Plant , N ewar k, N .  J 
Printed in USA 

Burden Data and Thermal 
Characteristics (All Types) 

Time Delay Overcurrent U nit, etc, 

S ee Per for manc e Data 4 1- 000 

CS D e-ion Switch (Ac Op erat ed ) 
(Us ed in contact opening CO relays) 
4 a mps ac pic kup. Wi ll bypass 1 00 a mps 
ac in trip circ uit. 

Timer 
(Used in C0-4 r elay ) . 
B ur d en of t he ti mer un it an d au xi l iary cur­
r ent trans for mer at 5 a mps , 60 cycl es ,  with 
an IT rang e of 1 0 t o  4 0  a mps is : 

IT c ontacts op en : 0.7 v olt-a mp er e  at so· lag 
IT  c ontacts cl os ed :  0.6 v olt-a mp er e  at 55 • 
lag 

C u rrent Tap R anges (Ac) 

R ange [ T a ps 

Contact Closing Relays 

0.5- 2. 5 
2 -6 
4 -12 

0.5, 0.6, 0.8, 1.0, 1. 5, 2. 0, 2 .5 
2 ,  2. 5, 3 ,  3 .5, 4 ,  5, 6 
4 ,  5, 6, 7, 8, 10, 12 

Contact Opening Relays 

4 -12 I 4 ,  5, 6, 1. 8. 1 o. 12 

Time Curves 

S ee Per for manc e Data 4 1  - 000. 
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Westinghouse 

• 
D841 -1 008 P ag e1 

Type COD 
Current Sensing Relay 

For R el ayi ng C ont rol Sch emes 

Application 
Th e COD cu rrent s ensi ng rel ay is us ed t o  
i nit iat e  sw itch ing or c ont rol fu ncti ons up on 
a ch ang e i n  l i ne cu rrent . It is equipp ed with 
i nd ep end ently ad just abl e h igh cu rrent and 
l ow cu rrent ci rcu it cl osi ng c ont acts, and 
op erat es si mi l ar t o  a c ont act cl osi ng ac 

a mmet er with i nv ers e  ti me d el ay .  

Th e mov ing c ont act assu mes a p os 1t 1on 
c orresp ondi ng t o  th e cu rrent appli ed, mov ing 
t o  oth er rel ativ e  p osit ions as l i ne cu rrent 
ch ang es occu r. As th e rel ay h as i nv ers e ti m­
ing,  th e g reat er th e ch ang e i n  appli ed cu rrent 

th e f ast er th e movi ng c ont act will t rav el t o  
its new p osit ion. 

Tw o COD d es ig ns are av ai l abl e: (1 ) A s ingl e  
ra ng e non-tapp ed u nit with c al ib rat ed sc al e  
marked f or sp ecific v alu es of cu rrent with in 

th e rang e of th e relay, and (2) a multi -rang e 
u nit equ ipp ed with t aps and a c al ib rat ed 
scal e marked with p erc ent ag e  of t ap v alu e 
cu rrent f rom 80% t o  11 0%. 

Th e COD rel ay u nit is c ommonly us ed f or 
c ap ac it or switch ing appl ic at ions. Wh en th e 
high cu rrent c ont act cl os es, c ap ac it ors are 
c onnect ed t o  th e p ow er l i ne i n  ord er t o  
rais e l i ne v olt ag e. 

C onv ers ely, wh en l i ne cu rrent d rops suffi ­
c iently t o  maint ain th e l ow-s et COD relay 
cu rrent c ont act f or a p res et t ime, switchi ng 
is i nit iat ed t o  disc onnect c apacit ors f rom 
th e p ow er l i ne. 

Th e COD is us ed i n  c onju ncti on with t ime­
d el ay rel ays t o  av oi d u nd es ired switchi ng 
du e t o  l oad curr ent swi ngs . 

Au xil i ary rel ays h avi ng rel at iv ely h eavy duty 
c ont acts are us ed with th e COD t o  av oi d  
d amag e t o  th e COD c ont acts du e t o  c ont rol 

cu rrent i nt errupt ions . 

Typ es are als o  av ail abl e w ith I ndic at ing 
C ont act or Switch u nits in th e ov ercu rrent 
and u nd ercu rrent ci rcu its . 

Devi ce Nu m ber: 9 0  

July, 1973 
Supersedes DB 41-1008 dated April, 1969 
E, D, C/2013/DB www . 
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D B  41 -100B P ag e2 

Westinghouse 

• 
Construction and Operation 

0 Moving Contact 

0 Adjustable Contacts 

0 Indexed Scale 

0 Tap Block 

Appli es t o  multi-r ang e  typ e only . 

0 Induction Disc 

0 Damping Magnet 

0 Spiral Spring Assembly 

B oth th e si ngl e-r ang e  and multi - r ang e  C OD 
r el ays c onsist of an i nducti on disc u nit 
which embodi es an "E" typ e l ami nat ed 
mag netic structur e. 

Th e mai n curr ent c oi l  (eith er t app ed or u n­
t app ed )  is l oc at ed on th e c ent er l eg of this 
mag netic structur e. Flu x  pr oduc ed by th e 
mai n curr ent c oi l  r etur ns thr ough th e tw o 
out er l egs of th e el ectr omag net . 

A sh adi ng c oi l  l oc at ed on one of th e out er 
l egs of th e mag netic structur e cr eat es an 
out -of-ph as e  flu x  which r eacts with th e 
mai n c oi l  flu x  t o  c aus e r ot ati on of th e disc 

i n  th e air g ap of th e el ectr omag net .  

R otati on of th e dis c is opp os ed by a spir al 
spri ng on th e i nducti on disc sh aft which 
als o  c arr ies th e movi ng c ont act .  Tor qu e 

c reat ed by th e el ectr omag net is bal anc ed by 
th e opp osi ng t or qu e  of th e spir al spri ng , and 
th e disc sh aft ass embly with th e movi ng 
c ont act assu mes a p ositi on c orr esp ondi ng 
t o  th e curr ent appli ed t o  th e el ectr omag net , 
u nl ess th e tr av el is l i mit ed by th e s etti ng of 
th e adjust abl e  c ont acts . 

Disc r ot ati on is d amp ed by th e h ors esh oe 
sh ap ed mag net . 

Wh en th e mag nitud e of appl i ed curr ent is 
l ess th an th e s etti ng of th e l ow curr ent ad ­
just abl e c ont act, th e movi ng c ont act r ests 
ag ai nst th e ad just abl e c ont act .  Appli ed cur ­

r ent v alu es betw een th e high and l ow s et ­
t ings wil l  c aus e th e movi ng c ont act t o  fl oat 
betw een th e high and l ow ad just abl e c on­

t acts . Curr ent v alu es abov e th e high curr ent 
s etti ng wil l  c aus e movi ng rnnt act t o  cl os e  
th e high curr ent c ircuit . 

Th e i nducti on disc u nit h as inher ent i nv ers e 
ti me ch ar act eristics. A s mal l ch ang e  i n  cur­
r ent will c aus e th e disc t o  mov e sl owly fr om 
its or ig i nal p ositi on and a l arg e ch ang e  in 
appli ed curr ent wil l  mov e th e disc at a 
fast er r at e. 

Th e ad just abl e c ont act s etti ngs als o  h av e  
an effect on th e sp eed of r esp ons e. C ons e­
qu ently , for th e s ame r at e  of ch ang e  i n  cur ­

r ent a c los e s etti ng of th e adjust abl e  c ont acts 
will pr oduc e fast er c ont act op er ati on th an a 
wid e s ep ar ati on, si nc e  th e movi ng c ont act 
h as farth er t o  tr av el t o  make c ont act with a 
wid e s ep ar ati on of th e st ati onary c ont acts . 

As an exampl e, wh en usi ng th e 0.5 -2 0 
amp er e u nt app ed si ngl e r ang e  r el ay with 

th e high curr ent c ont act s et at maxi mu m 
and th e l ow curr ent c ont act s et at mi ni mu m  

(app roxi mat ely 1 5 0• s ep ar ati on), and 2.0 
amp er es appli ed t o  th e r el ay , a s udd en r e­

ducti on i n  th e curr ent t o  z er o  wil l  r esult i n  
th e r el ay t ak i ng 1 4  s ec onds t o  cl os e  th e 
low curr ent c ont act circuit . C l os er sp aci ng 
of th e ad just abl e c ont acts wil l  pr oduc e a 

c orr esp ondi ngly sh ort er ti me for th e r el ay 
t o  cl os e  its c ont act u nd er th e s ame circu m­
st anc es .  

Indicating Contactor Switch (ICS ) 

B oth si ngl e-r ang e  and multi -r ang e  C OD 
r el ays ar e als o  av ai l abl e with an ICS u nit i n  
th e ov ercurr ent circu it ,  and th e si ngl e r ang e  
typ e is als o  av ai l abl e with an ICS u nit i n  both 
th e ov ercurr ent and u nd ercurr ent circuits 
(s ee figur es 2, 3, and 5 ). Th e ICS u nit is 
mou nt ed on a p ed est al l oc at ed on th e 

switch jaw bl ock . 

Th e d e  op er at ed I ndic ati ng C ont act or Switch 
h as a cl app er typ e mag netic ar matur e to 
which l eaf-spri ng c ont acts ar e att ach ed .  

Wh en th e switch is  energi zed ,  th e movi ng 
c ont acts bridg e th e st ati onary c ont acts , 
c ompl eti ng th e trip circuit . Th e I CS c ont acts 
ar e c onnect ed i n  p ar al l el with th e mai n r el ay 

c ont acts , and r el i ev e  th em of c arryi ng h eavy 
trip curr ents . 

Duri ng op er ati on, tw o fi ng ers on th e ar m­
atur e d efl ec t a spri ng which al l ows an op er ­
ati on i ndic at or t arg et t o  dr op .  Th e t arg et is 
or ang e i n  c ol or and r eadily visi bl e. 

Taps on th e fr ont of th e u nit pr ovid e c onnec ­
ti on for eith er 0. 2 (l eft ) or 2. 0 (right ) amp er es 
d e  pickup op er ati on. 

Wh en usi ng a 1 25 or 25 0 v olt d e  au xil i ary 
W L  r el ay, th e 0.2 amp er e  t ap is r ec om­
mend ed . Th e 2. 0 amp er e t ap is us ed on 24 
or 4 8  v olt d e  c ircuits . 
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DB 41 - 1 006 Page 3 

Type COD 
Current Sensing Relay 

For Re layin g  Contro l Sche me s 
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D B 41 -100B Pag e4 

Westinghouse 

• 
Internal Wiring (Front View) FT-11 Case 
Single Range 

/ 
coo / 

coo 

Fig. 1 

.---------�--1------ Overcurrent 
Contact 

�-------+--+------Undercurrent 
Contact 

r+--t----- Induction Unit 

· ·  ��·-- Flexitest Switch 

-�--·-� Shorting Switch 

�·- Case Terminals 

184A541 

Single Range 

W ith ICS in O verc urr ent Ci rcuit 

Fig. 2 

Single Range With ICS i n  Both 
O vercu rrent a nd U nd ercu rrent Ci rcui ts 

Overcurrent 
Contact 

Undercurrent 
Contact 

Indicating 
Contactor Switch 

Induction Unit 

Flexitest Switch 

Current Test Jack 

Shorting Switch 

Case Terminals 

185A430 

,--------;:::-::===-=======::,.,---·-·- Overcurrent 

Fig. 3 

Contact 

Undercurrent 
Contact 

Indicating 
Contactor Switch 

Induction Unit 

�·-�·- Flexitest Switch 

Current Test Jack 

Shorting Switch 

Case Terminals 

763A559 
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Multi-Range 

COD 

coo 

Fig. 4 

M ulti-Range 

�---------------·----·--t------- Overcurrent 
Contact 

---------+-+---- Undercurrent 
Contact 

--- ------ Induction Unit 

- Flexitest Switch 

- Current Test Jack 

184A371 Sub. 3 

With IC S in Ove rcurrent Circuit 

Fig. 5 

I 
I 

I I 

r 

COD 

Overcurrent 
Contact 

Undercurrent 
Contact 

Indicating 
Contactor Switch 

r--+-+------ Induction Unit 

Flexitest Switch 

Current Test Jack 

Shorting Switch 

Case Terminals 

184A871 Sub. 2 

DB 41-1 008 Page5 

Type COD 
Current Sensing Relay 

For Rel aying Contro l Schemes 
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DB 41 -1 008 P age 6 

Westinghouse 

• 
Typical Application 
The i l lustr ated contro l scheme u tilizes the 
C O D  current sens ing re lay and an S G  auxil ­
i ary relay. C losing of the high current C O D  
contact energizes the S G  auxiliary re lay. One 
contact of the S G  se als in around the C O D  
contac t, and the rem aining S G  contacts c an 
be used in the contro l or trip circuit. The S G  
wi l l  remain energized until the low current 
C O D  contact c loses and shorts out the coil 
of the S G. 

2 3 

De Trip Circuit 

'------ --� 

48 Volt Coil-125 Volts De 
125 Volt Coil-250 Volts De 

1200 D. -125 Volts De 

To Control or 

Trip Circuit 

Neg_ .......... � ................................ ... 

Device Number C h art 
90 -Control Relay, Type COD 
90X-Auxiliary Relay, Type SG 
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Burden Data and Thermal Capacities 
Single Range Type 
Amper e Continuous 
Range R ating: 

Amperes ----�--+----
0.5-2 
1.5-6 

5 
12 

Multi-Range Type 

·�-------
Ampere Range: 

--- ----
Tap S etting: 

Pf Angl e, Lag(]) 

@ Tap 
VA Burden 3 x Tap 

10 x Tap 
20 x Tap 

�Power Factor Volt-Amper e  Bur den 

� 
�n:_(� ag)�--

---
-�����=�:-- � -��

t
�;��mum 

--
1-����s 

76' 0 .48 7.6 42. 5 
74 ' 0 .48 7.6 4 .7 

0.5 to 2.5 -----
0.5 0.6 0.8 2.0 

4 .1 5.7 6.8 
88 88 88 

67" 62 " 57" 

2 .38 2 .38 2 .40 2 .42 2. 51 2. 65 
2 1  2 1  2 1.1 2 1.2 22 23 .5 
132 134 142 150 170 200 
3 50 3 65 400 440 530 675 

7.7 
88 

53 ' 

2 .74 
24 .8 
228 
800 

2 to 6 

2 

8 
230 

70 ' 

2 .38 
2 1  
13 6 
3 60 

2.5 

8 .8 
230 

66' 

2 .40 
2 1.1 
142 
395 

r 3 3.5 

9.7 10.4 
230 230 
--- -----
"!I " 2 .42 2 .48 

2 1. 5  22 
149 157 
430 1 470 

4 

11.2 
230 

60 ' 

2 .53 
22 .7 
164 
500 

(j) Degrees current lags voltage at tap va lue current. 

DB 41 -1008 P age 7 

Type COD 
Current Sensing Relay 

For Re layin g Cont ro l  Sche me s 

4 to 12 

5 6 6 ��r�� 10 12 

12 .5 18 .8 19.3 2 5  28 
230 4 60 4 60 4 60 4 60 

58 ' 63 ' 60 ' 57" 54' 48 ' 4 5' 

2 .64 2 .75 2 .38 2.4 6 2 .54 2 .62 2 .73 3 .00 3 .4 6  
24 2 5.2 2 1.3 2 1.8 22 .6 23 .6 1 24 .8 27.8 3 1.4 
180 198 14 6 158 172 190 207 248 292 
580 660 420 480 550 620 700 8 50 1020 

®Thermal capecitres for short times other than one second rnay be calculated on the basis of time being inversely proportional to the square of the current. 

S hipping Weights and Carton Dimensions 
R el ay *Jexitest ---� We ig ht : Lbs . {Domestic Shipping Carton �-- Cas���� Net -+·-S-hi_P_P_in_g___ Dimens ions : Inc h e s  

COD FT-11 8 j11 9x 9x 10 

Further I nformation 

P rices : P L  4 1  - 020 
Case Dimensions ( FT-11) : DB 4 1 -075 
Instructions : I L 4 1  - 112 
Renewal Parts : R P D  4 1- 1 01A 1 
Other Protective Relays : SG 4 1- 000 
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D B  41-1006 Page 8 

Type COD 
Current Sensing Relay 

For Relayin g Control Sche mes 

Westinghouse Electric Corporation 
Relay- Instru ment Division, Newark, N.J. 07101 
Printed in USA www . 
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Westinghouse 

• 
D B  41-100A P age 1 

Type CO 
Overcurrent Relays 

Non-directional, Sing le Phase, 
Adjustable Ti me De lay 

Application 
Westinghouse C O  re lays, a co mp lete coor ­
dinated line, assure accurate and reliable 
pri mary or backup protection against phase 
or ground f au lts. They provide the back­
bone of any protective re laying syste m, 
from generator to lo ad. 

For se lective coordination between re lays, 
seven different ti me curve ch aracteristics 
are available. A l l  are designed to oper ate 
faster at higher f au lt currents. 

E ach type has a wide range of current tap 
settings and ti me dial  positions. 

Properly app lied, C O  re lays wi l l  provide 
maxi mu m service continuity by tripping the 
fewest poss ible circuit breakers required to 
disconnect a f au lted section. 

For f ast  (% cyc le) c le aring of he avy f au lts, 
C O  re lays c an be equipped with adjustable 
instantaneous overcurrent units. 

Where cold load pickup presents a pro ble m 
due to he avy inrush curren ts to devices 
such as refrigerators, w ater heaters, etc., 
type C O  re lays c an be equipped with high 
dropout instantaneous trip un its (ITH) 
which wi ll provide instantaneous trip pro­
tection for the protective line when initia l  
load current is  dropped to 90% of  the IT H 
unit setting. 

When ac current is necessary in the contro l­
trip circuit, the indicating contactor switch 
( IC S) de unit is rep laced by the type AC S 
indicating contactor switch se aled-in unit. 
The ACS unit is similar in construction to 
the l iT unit, and h as an adjustable r ange of 
.25 to .9 amperes ac. 

Both non -torque and torque contro l led de ­
signs are av ai lable. 

Advantages 
Low burden, high therm al c ap acity, neg ­
ligi ble te mperature error. 

Accurate pickup, continuous " between tap" 
·
adjustment. 

Si mp lified settings, e ase of accessi bi lity, 
lower maintenance cost. 

Sp ace s aving F lexitest® univers al c ases. 
for se mi-f lush or projection mounting. 

Device Numbe r: 51 

February, 1967 
Supersedes DB 41-100A dated September, 1961 
E, D, C/2013/DB www . 
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D B  41-100A Page 2 

Westinghouse 

• 
Selector Guide 

Relay 
Type 

C0-2 

Time 
C urve 

Short 

Comparative 
Operating 
Time<D 

0.47 Sec. 

C0-4 Long (step) 25 Sec. 

C0-5 

C0-6 

C0-7 

C0-8 

C0-9 

Long 25 Sec . 

Definite 2 Sec. 

Moderately 2.48 Sec . 
Inverse 

Inverse 

Very 
Inverse 

2.52 Sec. 

1 .5 3 Sec . 

C0-11 Extremely 0.8 Sec. 
Inverse 

Basic Application 

Differential protection of bus or generators where 
restraint windings are not required. Straight over­
current protection where short operating time is 
necessary for system stability . 

Designed primarily to provide effective relay coor­
dination with the selective trip characteristics of 
Westinghouse DB breakers. Step-time operating 
characteristic coordinates with selective trip curve 
of DB breaker and associated fuses . 

Motor protection . Long time setting (15 0% of full 
load) prevents tripping due to motor starting cur­
rents, and allows motor to carry moderate over­
loads for safe periods . Inverse characteristic pro­
vides faster tripping at higher overloads . 

For use where generating capacity and fault cur­
rents vary over a wide range . Relay has fixed oper­
ating time (per time dial setting) from approxi­
mately 1 0 to 20 times tap current, thus providing 
definite selective operation for sequential tripping. 

Overcurrent phase and/or ground fault detection 
on transmission or feeder lines where moderate 
changes in generating capacity occur, or on paral­
lel lines where one line may be called on to carry 
both loads. 

Relay approaches definite time characteristics at 
high currents, allowing wide changes in fault 
current magnitude with little change in operating 
time . 

Phase and/or ground fault detection of subtrans­
mission lines or feeders . Also supplied as primary 
protection or back-up for other relays . Wide range 
in time lever settings and slope of curves facilitate 
coordination and assure selective operation. De­
gree of inverseness required is determined by 
fault current magnitude, operating time desired, 
and the characteristics of nearby relays on the 
system. 

Used on feeder circuit breakers which must coor­
dinate with main and branch line sectionalizing 
fuses . Also used where long time delay is required 
for light overload, such as where feeder is ener­
gized after extended outage . 

<D Values shown are with lfl1 0 time dial setting. and with 10 times tap value current applied. 

Factors to Consider in Selecting 
Proper Relay Type 
Apparatus o r  Circuit to be Protected: 
In general, the application will indicate the 
use of a specific relay, Short-time relays act 
fast to avoid equipment damage. Long­
time relays hold off tripping on heavy initial 
overloads or more extended moderate over­
loads . 

At higher fault currents, definite-time and 
moderately inverse relays maintain constant 
operating time, despite variation in con­
nected generation and fault currents. In­
verse and extremely inverse relays operate 
respectively faster on higher fault currents. 

Selective Operation, Sequential Trip­
ping:  To maintain maximum continuity of 
service, as small a section as possible should 
be removed from a system during a fault. A 
common method is to set each successive 
relay, progressing from the generator, to 
operate 0 . 3  second sooner (exclusive of 
circuit breaker operating time) so that the 
relay nearest the fault will operate first to 
remove the faulted section. See figure 1 .  

Relay 

t · /Time 

��--- -:_-:_-:_!�I� 
0.3 Sec. 

Power 

" 
Fault 

Distance (Ohms)__. Circuit Breaker 

Fig. 1 
Coordination With Adjacent Relays: 
To assure selective operation, relays in all 
sections of the protected line should have 
similar operating curves . Otherwise, curves 
may intercept, resulting in incorrect relay 
operation . See figure 2 .  

Coordinated Mis-Matched 

//'� 

Fig. 2 

Relay Tap Range: Magnitude of fault 
current available at a given location is 
usually determined by system studies . Tap 
range selection depends on the fault cur­
rent as seen by the relay, which is deter­
mined by the current transformer ratio and 
its operating characteristics under fault 
conditions. 

Ac or De Tri p  Circuit: Where a de control 
source (24 to 250 volts) is available, circuit 
closing relays are used . If de is not avail­
able, circuit opening relays are used with www . 
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ac tripping, using the output of a current 
transformer to energize the circuit breaker 
trip coil . Under normal conditions, the 
normally closed contacts of the relay shunt 
the breaker trip coil. 

H igh Speed Short Circuit Fault Pro­
tection: Relays equipped with instanta­
neous overcurrent liT or I TH units provide 
instantaneous overcurrent tripping, in addi­
tion to tripping with time delay on moderate 
overloads. 

Construction and Operation0 

Two basic designs are available: 

Non -torque Controlled 
This, the most widely used type, is de­
signed so that the relay contacts close 
when tap value is applied. See figures 
9and 10 . 

Torque Controlled 
This type has the lag coil connections of 
the "E" induction unit electromagnet 
brought out to separate terminals. This per­
mits control of the time-overcurrent unit 
from an external relay contact, such as a 
directional or distance relay. See figures 

13 and 14 . 

0 Time Delay Overcurrent 
Unit (CO) 

See page 4, 

• Indicating Instantaneous 
Trip (liT) 

See page 5. 

A Indicating Contactor 
V Switch ( IC S) 
See page 5. 

0 I CS Taps 

See page 5. 

(i) C0-4 relay for relay coordination with 600 volt air circuit breaker is described on pages 10 and 1 1. 

Fig. 3 

Circuit Opening Types 
Circuit opening CO relays in conjunction 
with an ac series trip coil are used to trip 
circuit breakers when a suitable station 
battery is not available. 

As shown in figures 1 2  and 13, closing of 
the C O  unit contacts energizes a De-ion® 
contactor switch (CS) whose contacts 
shunt the ac trip current through the breaker 
trip coil. 

The circuit opening relay is recommended 
only in the 4 to 1 2  ampere range. A lower 
range relay is not desirable due to the ex­
cessive burden of a low current range 
trip coil. 

Burden of the auxiliary current transformer 
(figures 12 and 13) with 4 amperes applied 
is 4.6 volt-amperes with the C O  contacts 
closed, and 5 .7 volt-amperes with the con­
tacts open . 

See page 5 for description and illustration 
of the De-ion contactor switch. 

DB 41-100A Page 3 

Type CO 
Overcurrent Relays 

Non-directional, Single Phase, 
Adjustable Time Delay 

"Cold Load" Pickup Protection Types 
Standard C O  relays, equipped with a high 
dropout instantaneous unit (ITH) used in 
conjunction with reclosing relays, provide 
completely coordinated distribution feeder 
protection where "cold load" pickup is 
involved. 

The I TH unit has a dropout ratio of 90% of 
pickup . With this unit set at minimum fault 
current on the protected feeder, when a 
fault occurs, the I TH picks up and, in con­
junction with the reclosing relay, the breaker 
is tripped and immediately reclosed. The 
reclosing relay at the same time takes over 
control and locks out the I TH contact 
circuit . 

After the fault has been cleared, the feeder 
is re-energized and, after a slight time delay 
in the recloser circuit, the I TH contact cir­
cuit is restored . However, under normal 
cold load pickup conditions, the line current 
has dropped to less than 90% of minimum 
fault current before this contact circuit is 
re-established and the I TH unit has dropped 
out, permitting the time delay necessary to 
pickup the cold load. 

See page 5, for description of the ITH unit. 
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DB 41-100A Page 4 

Westinghouse 

• 
Construction and Operation, Continued 

Fig. 4 

Time Delay Ove rcu r rent Unit ( CO )  
On C 0-4, C 0-5, C 0- 6, C 0- 7, C 0- 8, and 
C 0- 9  relays a main tapped coil is place d in 
the center leg of an "E" type laminated 
magnetic structure . F lux pro duce d by this 
coil returns through the two outer legs of 
the electromagnet. A shading coil on the 
left leg of the electromagnet creates an out­
of-phase flux which reacts with the main 
coil flux in the electromagnets air gap to 
cause disc rotation in the contact closing 
direction. 

C 0 -2 and C 0-11 electromagnets are similar 
in construction, except that  both outer legs 
have windings to produce the necessary 
out-of -phase fluxes required for contact 
c losing rotational torque. 

O rap Block 

Indicates minimum current required to just 
close the relay contacts . 

O rap Screws 

Two supplied. When changing tap range, 
the spare is inserte d  into the new position 
prior to removal of the existing tap setting 

screw . This prevents open circuiting of the 
associated current transformer. 

e Magnetic Plugs 

May be screwed in or out of the magnetic 
circuit to contro l saturation and adjust 
ca libration at high currents. A damping 
magnet and spring adjustment permits 
calibration at low currents. 

G rime Dial 

Indicates initial position of the moving 
contact over a 270'  range . Indexes from 
% (minimum time) to 11 (maximum time). 

e Stationary Contact 

Made of pure silver . W ill close 30 amperes 
at 25 0 volts de. Has sufficient wipe to 
assure positive contact. In fast breaker re ­
closing schemes which require quick­
opening re lay contacts, the metal p late is 
reverse d, holding the stationary contact 
fixed against the back-stop . On double-trip 
relays, adjustment of '! .. " contact follow 
(or wipe) is obtained by use of a vernier ad­
justing screw on the stationary contact plate .  

0 Moving Contact 

A lso made of pure silver, the moving con ­
tact is clamped to the insulated section of 
the disc shaft. Electrica l connection is made 
from the moving contact through a spiral 
spring to the spring adjuster frame, then to 
the re lay terminal . Moving contacts will 
c lose 30 amperes at 25 0 volts de. 

8 Induction Disc 

Spiral shaped to compensate for the spring 
windup which occurs throughout the 
moving contact travel . Provides accurate 
pickup at any disc position. A spring ad­
juster is provided to permit in-between tap 
pickup adjustment when desired. 

0 Damping Magnet 

Made of high strength A lnico. Controls 
re lay operating time at low current values. 
A keeper screw permits micrometer adjust­
ment of the damping magnet without shift­
ing the location of the magnet, and allows 
the relay to be accurately calibrated at low 
currents. 
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Indicating Contactor Switch ( I CS) 
(Partially Disassembled) 

Fig. 5 

The de oper ated I ndic ati ng Co ntactor 
Switch has a cl apper type m ag netic arm a­
ture to which leaf-spri ng co ntacts are 
attached. 

Whe n the switch is e nergized , the movi ng 
co ntacts bridge the statio nary co ntacts, 
comp leti ng the trip circuit. The IC S con­
tacts are connected i n  par alle l with the 
m ai n  re lay co ntacts, re lievi ng them of 
c arryi ng he avy trip curre nts. 

Duri ng operation, two fi ngers o n  the arma­
ture deflect a spri ng, which allows the 
oper atio n i ndic ator target to drop . The 
target is or ange co lor and re adi ly visible. 

Taps o n  the front of the u nit provide co n­
nectio n for either 0.2 ( left) or 2. 0 (right) 
amperes de pickup oper atio n. 

Whe n using a 1 25 or 250 volt de auxi liary 
W L  auxili ary re lay, the 0.2 ampere tap is 
1ecomme nded. The 2.0 ampere tap is used 
o n  24 or 48 vo lt de circuits. 

Indicating Instantaneous T rip( I IT) 

Fig. 6 

Used for high speed protectio n ag ai nst 
heavy f au lt curre nts. Constructio n is simi lar 
to th at of the I ndic ati ng Contactor Switch, 
except th at i t  is ac oper ated , and adjustable 
over a range of 1 to 4 times mi nimum 
pickup. Vari able pickup is obtai ned by a 
core screw adjustme nt o n  the top of the 
u nit. 

Whe n the liT is e nergized above pickup 
setti ng, the target drops. Oper ati ng time is 
approximate ly o ne-half cyc le above 25 0% 
of setti ng. 

The li T u ni t  h as a calibr ated sc ale o n  which 
are m arked the four divisio nal poi nts of 
pickup range. 

De-ion ® Contactor Switch ( CS )  

Moving -· 
Contact 

Fig. 7 
Used i n  circuit ope ni ng type C O  re lays as 
show n schem atic ally i n  figures 1 2  and 1 3. 
This scheme is app lied where ac trip coi ls 
are used o n  the circuit bre ake rs, e nergized 
by the li ne curre nt tr ansformers. Whe n the 
C S  coil is e nergized by a sm all transformer 
loc ated withi n the re lay case, its norm ally 
c losed co ntacts ope n to remove the by-p ass 
arou nd the bre aker trip coi l, thus trippi ng 
the bre aker. 

The C S  switch will pick up at 4 amperes ac 
and wi l l  s afe ly by-p ass 1 0 0 amperes ac 
through its contacts. 

High Dropout I nstantaneous U nit 
( IT H )  

Adjustable 
Core Screw 

Fig. 8 

The I TH u nit  is a sole noid oper ated device 
with an adjustab le core screw which ad ­
justs the ac curre nt pickup of the device 
over a 2 to 1 r ange . 

Whe n the ITH coil is e nergized above 
pickup setti ng ,  the movi ng p lu nger assem­
b ly moves upward, c arryi ng the si lver disc 
which bridges three co nic al-shaped sta­
tio nary co ntacts. The device opens i ts co n­
tacts whe n the coi l curre nt is reduced to 
90% of i ts pickup va lue. 

Oper ati ng range of the ITH u nit  can be 
i ncre ased to a 4 to 1 ratio, or four times the 
minimum pickup setti ng obtai nable, by 
loweri ng the p lu nger after the core screw 
h as bee n set at its m aximum r ated positio n. 

DB 41-100A P age 5 

Type CO 
Overcurrent Relays 

No n-directio nal, S ing le Phase, 
Adjustab le Time De lay 

If the p lu nger is lowered to i ncrease the 
pickup curre nt v alue, the n at 30 0% of 
mi nimum trip the dropout ratio is 60% of 
the pickup curre nt. At 4 0 0% of mi nimum 
trip the dropout ratio is 45% of the pickup 
curre nt. 
Ope rati ng speed of the ITH u nit over nomi­
nal range (60 cyc le base) is as fo l lows : 

at 200% of trip setti ng : less th an 1 cyc le 
at 5 0 0% of trip se tti ng : % cycle 
at 1 000% of trip setti ng :  Y.. cyc le 

ACS Unit 

Fig. 9 

Operating Range . . . . . . . . . . . .  :.25 to .9 amps ac 

Burden . . . . . . . . . . . . . . . . . . . . . 73 ohms ac 

Coil Rating: 
Continuous. . . . . . . . . . . . . . . . .25 amp 
1 -Second . . . . . . . . . . . . . . . . .  7.0 amps 
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DB 41-100A P age 6 

Westinghouse 

• 
Internal Wiring Diagrams (Front View) 

Without External Torque Control 

S pst-cc Contacts, FT -11 C ase , 
Without In dic at ing Instant aneous Tr ip ( liT) 

�-------+---,--- Indicating 
Contactor Switch 

Fig. 1 0  

- -,- - ., 
..i.. T 
I 

J -+------ Case Terminals 

5704524 

Spst-co Contacts, FT -21 C ase 
W ithout In dic at ing Instant aneous Tr ip ( liT) 

Fig. 12 

--+---- Auxiliary Current 
Transformer Primary 

+-+---+---- De-ion 
Contactor Switch 

--+�---1f---4---- Auxiliary current 
Transformer Secondary 

-+--- Induction Unit 

-1---- Case Terminals 

1 83A055 

S pst-cc Contacts, FT -11 C ase 
W ith Indic at ing Instantaneous Tr ip ( l iT) 

,-+----- Indicating 
Instantaneous Trip 

Fig. 11 

Spst-co Contacts, F T  -21 C ase 
W ith Indic at ing Instantaneous Trip ( l iT) 

0 

5704525 

Operation Indicator 

Auxiliary Current 
Transformer Primary 

f'-+---�--- De-ion 

Fig. 13 

Contactor Switch 
Auxiliary Current 
Transformer Secondary 

Indicating 
Instantaneous Trip 

Flexitest Switch 

J-+---- Case Terminals 

1 83A054 
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With External Torque Control 

Spst-cc Contacts. FT-1 1 Case 
Without Indicating Instantaneous Trip (l iT) 

..,.... l 
...�... , T l I ...L.. 
I T 

r _._ J 
I 
I 
I 

-c:;-·+---t--i--,�-+----- Induction Unit 
Lag Coil 

r 
I 
I .... 

Fig. 1 4  

900 .,.----- Current Test Jack 

6704628 

With High Dropout I nstantaneous U nit ( ITH) 
Spst-cc Contacts. FT-1 1 Case 

Fig. 1 6  

�..,...ot----- Flexitest Switch 
�+-+---- Shorting Switch 

1 83A786 

D B  41-100A Page 7 

Type CO 
Overcurrent Relays 

Non-directional, Single Phase. 
Adjustable Time Delay 

Spst-cc Contacts. FT-1 1 Case 
With Indicating Instantaneous Trip (l iT) 

Fig. 1 5  

...::;---+_,1-+----- Indicating 
Instantaneous Trip 

<-�-_,_,�+---1------ Induction Unit 
Lag Coil 

�---- C u r rent Test Jack 

Case Terminals 

5704529 

Contact Legend 

Spst-cc: single pole single throw - circuit 
closing 

Spst-co : single pole single throw - circuit 
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D B  41-100A P age 8 

Westinghouse 

• 
External Wiring Diagrams 

Circuit Closing: For Phase and Ground Overcurrent Detection on a Three Phase System 

Statton Bus � --.-------------�---------------------------- 1 
2 2 3 3 

Phose 1 
c .Q u � 6 "' Phase 2 c 
6. Q. 

� 

1 Phase 3 

Ground 

2 3 
Fig. 1 7  
Circuit Opening: For Phase Overcurrent Detection o n  a Three Phase System 

c 
.Q 
� 6 "' c 
·a. Q_ 
� 

Fig. 18 

Stat i on Bus 

3 

Phose 2 

1 83A21 3 

Device N umber Chart 
(For Figures 17, 18, and 19) . 

61 -Overcurrent Relay, Type CO 
51 N -Ground Overcurrent Relay, Type CO 
CS - De-ion Contactor Switch 
32 -Directional Relay, Type H-3 
32X - Auxiliary Relay, Type MG-6 g�� -Auxiliary Contactor Switches 

ICS -Indicating Contactor Switch liT - Indicating Instantaneous Trip 
52 - Power Circuit Breaker 
62a - Breaker Auxiliary Contact 
TC - Breaker Trip Coil To - Operation Indicator 

182A 7 5 
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D B  41-1 00A Page 9 

Type CO 
Overcurrent Relays 

Non-di rection al, Sin gle Ph ase, 
Adjust able Time Delay 

Three Phase Overcurrent Detection: Using Type H - 3  Directional  Relay and Torq u e  Control l ing  
Type CO Relays with MG-6 Auxil iary Rel ay, 90 Deg ree Connection 

.. --------------�------------------------------��--.. ----�------���-- Vl 
--------.. ------�-------------------------------+--�------.. ----�--��- v2 
-----------------4-------------------------------+�+-------------����- v3 

Positive 

Phase 1 

Phase 2 

Phase 3 

Note : Nominal voltage of 32 X relay 
should be approximately Ya of control voltage 

For 125 volts d-e, use 62 .5 volt d-e MG-6 operating coil and 500 ohm 3 %" resistor. 
For 2 50 volts d-e, use 125 volt d-r. MG-6 operating coil and 2 000 ohm 3 %" resistor. 
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DB 41-100A Page 1 0  

Westinghouse 

• 
C0-4 Relay For Relay Coordination with 600 Volt Air Circuit Breakers 

In 600 volt class equip ment, protection i s  
g en era lly o btai ned through the use of ov er­
current trippi ng d evices which are an i n ­
tegral part of the circuit br eak er s. 

Two types of air circuit br eakers are g en er ­
ally used i n  low voltage app lication s for 
industrials and power p lants. On e typ e, 
such as th e Westinghouse AB br eak er .  
uses a ther mal magn etic tripping d evice. 
The oth er is  th e W estinghouse DB typ e  
which u ses seri es ov ercurrent tripping units 
that emp loy a d ashpot devic e to obtai n 
ti me d elay . 

Th e tripping characteristic of th e DB br ea ker 
has a pronounced bend as  shown in figure 
2 0 .  Th e use of standard CO relay s  wou ld 
n ecessitate a high current pic kup setting in 
order to keep th e relay ti me-current char­
acteristic beyond th e bend of th e br eak er 
op erating curv e. Thi s high current pic kup 
setting in turn, mak es coordination with 
other r elays n ear th e source difficult or 
i mpossi ble. 

Inasmuch as it i s  not pr actic al to sacrifice 
coordination and prop er protection of th e 
pri mary sy stem merely to o btain selec ­
tivity on the low voltag e system, the C 0 -4 
r elay was developed.  

Th e C 0- 4  has a step -ti me characteristic 
w hich i s  o btained by th e co mbination of 
the C 0-5 long ti me induction di sc ov er ­
current unit, two in stantaneous overcurrent 
units, and on e ti mer .  The r esulta nt curv e i s  
illustrated by figure 22. 

The induction disc-ov ercurrent unit is set 
to coordinate with the overload portion of 
the br eak er curve. 

The i nstantaneou s  unit ( I T) energiz es the 
ti mer (T) to provide .25- 3 seconds d elay, 
and the liT u ni t  trips directly . 

Consequ ently, the C 0- 4  step-ti me charac ­
teri stic effects selectiv e coordination with 
oth er relays nearer to th e power sourc e. 

DB Breaker 
Tri pping Characteristics 

.. E j:: 

Fig. 20 
Current 

IT Pickup 

IT Pickup 

0 Instantaneous Trip U n i t  ( I T) 

Ac operated. An adjustabl e  core varies th e 
current pickup of the unit. Wh en th e IT  
contacts clo se, the timer circuit is  co m­
pleted, providing an adjusta bl e ti me delay 
befor e trippi ng .  

e Timer Unit(T) 

Consists of a small synchronous motor 
which i s  en ergized fro m  th e secondary cir ­
cuit of a saturating transfor mer which has 
a current- energized pri mary (see figur e 22). 
The motor has a floating rotor which mesh es 
with the g ear train only when th e motor i s  
energized. 

Upo n de-energization, the rotor drops out 
of mesh with the g ear train, allowing a 
spri ng to quickly r eset the contact ar m. 

The contact on the movi ng ar m is a loosely 

fitted cylindrical sleev e. When the ar m ro ­
tate

.
s, th e sl eev e  bridges two butt type 

stat1onary contacts, co mpleting the circuit. 
The stationary contacts ar e mounted on a 
mold ed in sulator block which i s  adju sta ble 
around th e semi-circular cali brated scale. 

Maxi mu m setting of th e ti mer i s  3 seconds, 
index ed at 1 0  cycl e poi nts. 

The timer motor w ill operate satisfactor ily 
ov er a range of 1 0 to 1 0 0  a mp er es ac. 
Ti ming accuracy is  ±5% of  setting . 

e I ndicating Instantaneous Tri p  
(l iT) 

A Time Delay Overcurrent U nit 
V ( C O) 

A Indicating Contactor Switch 
V ( IC S) 

S ee pag e 5 .  
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Typical C0-4 Time- Current Curve Bands 
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D B  41-100A P age 11 

Type CO 
Overcurrent Relays 

Non-directi onal, Single Phase, 
Adjustab le T i me De lay 

@;; .R�Iative po�itioni.,f lir .an'il 1lT:;�1��1i'P :  
·t�to�es lli(irf �•v .C.epe.,ldina.q�;���� 
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po§i.ble sei:tihg qf 1T .·· · · �:: .• : ' , , ' '1 �o:, :i0��;�<;, 

,' ,',', > ,� ;:� ;1;fi;: ;:;::� ��? ;l�£ l��: �0' 

2 ® ® Ti.mer (T) unit . .  
0 .. 26 to 3 seconds 

:--'"""'"---__,�..,.10 to 1 current range 
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Fig. 22 
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D B 41 -1 00A Page 1 2  

Type CO 
Overcurrent Relays 

Non -d i rection al, Sin gle Ph ase, 
Adjustable Time De lay 

C0-4 I nternal Wiring, S pst-cc Contacts, F T-2 1 Case 

Indicating C ontact or Switch 

Auxil iary Transformer 

Indicating Instantaneous Tri p 
Inducti on Overcurrent Unit 

+--1--++---1-------- Instantane ous Trip 
_,-------- current Test Jack 

C hassis O perated Shorting Switch 

Case Terminals 

Fig. 23 1 83A1 1 5  

Shipping Weights and Dimensions 

Rel ay Type Flexitest I Weight, Lbs.: Approx. D omestic S h ipping Carton 
Case Type Dimensions: Inches 

Net Shipping 

C0-2 . 6, 6, 7. 8, 9, 1 1  FT-1 1 8 1 1  9 x 9 x 1 0 
Circuit Closing 

C0-6, C0-8, C0-9, C0-11 FT-21 1 0  1 3  9 x 1 2 x 1 3 
Circuit Opening 

C0-4 FT-21 1 2  1 6  9 x 1 2 x 1 3 

Further I nformation 

List Prices, Ordering Information. . . . . . . . . . . . . . . . . ...... . . ........... . . . . . . .  PL 41 -020 

Instructions: 
Circuit Closing CO Relays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I L 41 - 1 01 
Circuit Opening CO Relays . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IL 41 - 1 03 
C0-4 Relays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IL 41 - 1 06 

Renewal Parts ... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  RPD 41 -1 01 A1 

Flexitest Case Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DB 41 -075 

Other Westinghouse Protective Relays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SG 41 -000 

Westinghouse E lectric Corporation 
Rel ay- In strument Division : Newark P lan t, Newark, N. J 
Printed in USA 

Burden Data and Thermal 
Characteristics (All Types) 

Time D elay Overcurrent U nit. etc. 

See Pe rform ance D ata 4 1 - 0 0 0  

CS De-ion Switch ( Ac O per ated) 
(Used in contact o pening CO relays) 
4 am ps ac picku p. W ill b ypass 1 00 am ps 
ac in tri p c ircu it. 

Timer 
(Used in C0-4 relay). 
Burden of the time r unit and aux iliary cur­
rent transformer at 5 am ps, 60 cycles, with 
an IT r an ge of 1 0 to 40 am ps is: 

IT contacts o pen : 0 .7 volt- am pere at so· lag 
IT contacts c losed : 0.6 vo lt- am pere at 55• 
lag 

C u rrent Tap Ranges (Ac) 

Range [ Taps 

Contact Closing Relays 

0.5 - 2.5 
2 - 6  
4 - 1 2 

0.5, 0.6. 0.8, 1 .0, 1 .5, 2.0, 2.5 
2, 2.5, 3, 3.5, 4, 5, 6 
4, 5, 6, 7, 8, 1 0, 1 2  

Contact Opening Relays 

4 - 1 2  I 4, 5, 6, 1. 8, 1 o. 1 2  

Time C u rves 

See Per form ance D ata 4 1 - 0 0 0 .  
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February, 1 985 
Supersedes Descriptive Bul letin 4 1 - 1 00 
DWEA dated October, 1 982 
Mailed to : E, D, C/41 -200A 

Westinghouse Electric Corporation 
Relay and Telecommunications Division 
Cora l Springs, FL 33065 

Non-Directional ,  Single Phase 
Device No. 50 or 50/51 

Descriptive Bu l let in 
41 -100 

Page 1 

Type H i-Lo CO 
Overcu rrent Relays 
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Descriptive Bu l leti n 
4 1 - 1 00 

Page 2 

The Hi-Lo CO is the latest development of 
the Westing house l ine of induction disc 
overcurrent protection protective relays. 

These induction-disc type overcurrent relays 
a re activated when the current in  them 
exceeds given val ues. The circuit closing 
type relays are normal ly  used to trip a cir­
cuit breaker. They may have either single or 
double contacts for tripping one or two ci r­
cuit breakers. 

The complete, coordinated l i ne assures 
accu rate, re l iab le primary and backup pro­
tection for phase or g round faults. Seven 
different time curves a re avai lab le for sys­
tem coordination. 

Features 
The traditional CO design advantages: 
Low burden, high thermal capacity, negl ig i ­
ble temperature error. 

Accurate pickup, conti nuous "between tap 
adjustment". 

S i mple, easy to get at, settings. 

Space saving Flexitest® case for semi-flush 
or projection mounting. 

Two Wide Ranges 
The H i-Lo CO relay offers two wide ranges; 
a high and a low. 

Hi Range 
The "Hi" range has an induction-disc t ime 
un it, rated 1 to 12 amperes with 1 4  taps.  To 
complement the time u nit, the relay is avai l­
able with an instantaneous unit  rated 6 to 
1 44 amps with three tap positions. The core 
screw of the instantaneous unit  is used to 
set the actua l  cu rrent pickup with in  any one 
of the three ranges. 

The 1 - 1 2  amp. t ime unit a long with the 
6-1 44 amp. instantaneous unit in  one relay 
style offers considerable savings in stocking 
and flexi bi l ity of appl ication.  This one rating 
wi l l  satisfy the phase and g round requ i re­
ments in most cases. 

Lo Range 
The "Lo" ra nge CO contains the same 0.5 to 
2.5 amp induction-disc time unit  with 7 taps 
as standard CO re lay designs.  However, the 
instantaneous unit has a wide range of 2 to 
48 am peres using 3 taps. The core screw of 
the instantaneous unit  is  used to set the 
actual cu rrent pickup with in  the range used. 

The 0.5-2.5 amp. time unit and 2-48 amp.  
instantaneous un it combination resu lt in 
substantial stock advantage of relays for 
g round fault protection and other low cur­
rent appl ications. 

Induction Disc Unit Ranges & Taps 

Ground (0.5-2.5AI 
Lo Range 0.5, 0.6, 0.8, 1 .0, 1 .5, 2.0, 2.5 

Ground & Phase Unit ( 1 -12AI 
Hi Range 1 .0, 1 .2, 1 .5, 2.0, 2.5, 3.0, 3.5, 4, 5, 
6, 7' 8, 1 0, 1 2  

Instantaneous Unit Ranges & Taps 

Ground (2-48AI 
Lo Range 2-7, 7 - 14, 1 4-48 

Ground or Phase Unit (6-1 44A) 
H i  Range 6-20, 20-40, 40-1 44 

Setting Adjustments 
All  adjustments a re made from the front of 
the rel ay.  The taps e l imi nate the need to 
switch leads. All setti ngs a re readi ly  vis ible 
from the front of the relay through the g l ass 
window of the cover. 

Interchangeability 
Electrically and mechanical ly i nterchange­
able with a l l  existing CO relay insta l l ations. 

February, 1985 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



8 
Factors to Consider in Selecting Proper 
Relay Type 
Apparatus or Circuit to be Protected : I n  
general, the  appl ication wi l l  i ndicate the use 
of a specific relay. Short-t ime relays act fast 
to avoid equi pment damage. Long-time 
relays hold off tripping on heavy i n itial 
overloads or more extended moderate 
overloads. 

At h igher fau lt cu rrents, definite-time and 
moderately i nverse relays ma intain constant 
operating time, despite variation in  con­
nected generation and fault  cu rrents. 
I nverse and extremely i nverse relays oper­
ate respectively faster on h igher fault 
currents. 

Selective Operation, Sequential Tripping : 
To maintain maximum conti nu ity of service, 
as sma l l  a section as possible should be 
removed from a system dur ing a fault. A 
common method is to set each successive 
relay, progressing from the generator, to 
operate 0.3 second sooner ( plus c ircuit 
breaker operati ng time) so that the re lay 
nearest the fault wi l l  operate first to remove 
the faulted section. See f igure 1 .  

Fig. 1 Power 
__. Circuit Breaker 

Coordination With Adjacent Relays: To 
assure selective operation, relays in all sec­
tions of the protected l i ne should have s imi­
lar  operating cu rves. Otherwise, cu rves may 
intercept, resu lt ing in  incorrect re lay opera­
tion. See f igure 2. 

Coordinated Mis-Matched 

/7__::;:f' 
Fig. 2 

Relay Tap Range: Mag n itude of fault cu rrent 
avai lable at a g iven location is  usual ly deter­
mi ned by system studies. Tap range selec­
tion depends on the fault cu rrent as seen by 
the relay, which is determi ned by the cur­
rent transformer ratio and its operat ing 
cha racteristics u nder fault conditions. 

February, 1 985 

Selector Guide 
Relay 
Type 

C0-2 

C0-5 

C0-6 

C0-7 

C0-8 

C0-9 

C0-1 1 

Time 
Curve 

Short 

Long 

Defin ite 

Moderately 
I nverse 

Inverse 

Very 
Inverse 

Extremely 
Inverse 

Comparative 
Operating 
Time CD 
0.47 Sec. 

25 Sec. 

2 Sec. 

2.48 Sec. 

2.52 Sec. 

1 .53 Sec. 

0.8 Sec. 

Basic Application 

Descriptive Bu l letin 
41-100 

Page 3 

Differential protection of bus or generators where 
restra int windings are not requ i red. Straight over­
current protection where short operating time is 
necessary. 

Motor locked rotor protection. Long time setting 
prevents tr ipping due to motor starting currents. 
Inverse characteristic provides faster tri pping at 
h igher currents. 

For use where generating capacity and fault cur­
rents vary over a wide range. Relay has fixed oper­
ating time (per time d ia l  sett ing)  from approximately 
10 to 20 times tap cu rrent, most useful where no 
coordi nation is  requ i red with downstream devices. 

Overcurrent phase and/or g round fault detection on 
transm ission or feeder l i nes where moderate 
changes in generati ng capacity occur, or on para l le l  
l ines where one l ine may be cal led on to carry both 
loads. 

Relay approaches definite time characteristics at 
high currents, a l lowing wide changes in  fau lt cur­
rent magnitude with l ittle change in operat ing time. 

Phase and/or g round fau lt detection of subtransmis­
sion l i nes or feeders. Also suppl ied as primary pro­
tection or back-up for other relays. Wide range i n  
time lever settings and slope o f  cu rves facil itate 
coordi nation and assure selective operation.  Degree 
of i nverseness requ i red is determined by fault cur­
rent magnitude, operati ng time desired, and the 
characteristics of nearby relays on the system. 

Used on feeder ci rcuit breakers which m ust coordi­
nate with main and branch l i ne sectionalizing fuses. 
Also used where long time delay is  requ i red for 
overload, such as where feeder i s  energized after 
extended outage. 

CD Values shown are with #10 time dial setting, and with 1 0  times tap value current applied. 

Ac or De Trip Circuit: Where a de control 
sou rce (24 to 250 volts) is ava i lable, ci rcuit 
closi ng relays a re used. If de is  not ava i l­
a ble, c ircuit opening relays a re used with ac 
trippi ng, using the output of a current trans­
former to energize the ci rcuit breaker trip 
coi l .  Under normal conditions, the normal ly 
closed contacts of the relay shunt the 
breaker trip coi l .  

High Speed Short Circuit Fault Protection : 
Relays equi pped with instantaneous over­
cu rrent liT or ITH units provide instanta­
neous overcurrent tripping, in addition to 
tri pping with time delay on moderate 
overloads. 
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Descriptive Bu l letin 
41 - 1 00 

Page 4 

Construction 
A main tapped coil is p laced on the center 
leg of an "E" type laminated structure. This 
produces a flux which divides and returns 
through the two outer legs. A shading coi l 
on the left leg creates an out-of-phase flux 
which reacts with current induced in the 
disc by the main coi l  f lux in the air gap to 
cause disc rotation in the contact-c losing 
direction.  

Types C0-2 and C0-1 1 relays a re s imi lar  in 
electromag net construction except that both 
outer legs have windings to produce the 
necessa ry out-of-phase fluxes requi red for 
contact-closing rotat ional  torq ue. 

G) Time Unit Tap Block 

@ Instantaneous Unit Tap Block 

@ Tap Screws 

@ Magnetic Plugs 

May be screwed in or out of the mag netic 
ci rcuit to control saturation and adjust cal i­
bration at h igh currents. A damping magnet 
and spring adjustment permit cal i bration at 
low currents. 

@ Time Dial 

Indicates starting position of the moving 
contact over a 270° range. Indexes from '12 
(min imum time) to 1 1  (maximum time). 

@ Stationary Contact 

Made of pure si lver. Wi l l  close 30 amperes 
at 250 volts de. Has sufficient wipe to assure 
positive contact. In  fast breaker reclosing 
schemes which require quick-opening relay 
contacts, the metal plate is  reversed, hold­
ing the stationary contact fixed agai nst the 
back-stop. On dou ble-trip relays, adjustment 
of %4' contact follow (or wipe) is obtained 
by use of a vernier adjusting screw on the 
stationary contact plate. 

Cl 

(J) Moving Contact 

Also made of pure silver, the moving con­
tact is clamped to the insulated section of 
the disc shaft. E lectrical connection is made 
from the movi ng contact through a spira l  
spring to the spring adjuster frame, then to 
the relay termina l .  Moving contacts wi l l  
close 30 am peres a t  250 volts de. 

@ Induction Disc 

Spira l  shaped to compensa�e for the spring 
windup which occurs throug hout the mov­
ing contact travel. Provides accu rate pickup 
at any disc posit ion. A spring adjuster is  
provided to permit in-between tap pickup 
adjustment when desired. 

@ Damping Magnet 

Made of high strength Alnico. Contro ls  re lay 
operati ng time at low cu rrent values. A 
keeper screw permits micrometer adjust­
ment of the damping mag net without shift­
ing the location of the mag net, and a l lows 
the re lay to be accurately ca l ibrated at low 
cu rrents. 
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8 

@ Indicating Contactor Switch (ICS) 

(Partia l ly Disassembled) 

@ Indicating Instantaneous Trip (liT) 

The de operated Indicati ng Contactor Switch 
has a clapper type magnetic a rmature to 
which leaf-spr ing contacts a re attached. 

When the switch is  energized, the movi ng 
contacts bridge the stationary contacts, 
completing the tr ip circuit. The ICS contacts 
a re connected in paral lel with the ma in  
relay contacts, relievi ng them of  carryi ng 
heavy tr ip currents. 

February, 1985 

@ ICS Tap Selection 

The i ndicati ng contactor switch has two 
taps that provide a picku p sett ing of 0.2 or 2 

am peres. To change taps requi res connect­
ing the lead located in front of the tap block 
to the desired setting by means of a screw 
connection.  

During operation, two fingers on the a rma­
ture deflect a spring, which a l lows the oper­
ation ind icator target to drop. The target is 
orange color and readi ly visible. 

Taps on the front of the unit provide con­
nection for either 0.2 ( left) or 2.0 ( right) 
amperes de pickup operation. 

When using a 1 25 or 250 volt de auxi l iary 
WL auxi l iary relay, the 0.2 ampere tap is 
recom mended. The 2.0 ampere tap is  used 
with WL relays on 24 or 48 volt de circuits. 

Descriptive Bul letin 
4 1 - 1 00 

Page 5 

Used for h igh speed detection of la rge fault 
currents. Construction is s imi lar  to that of 
the Indicating Contactor Switch, except that 
it is  ac operated, and adjustable over the 
range. Variable picku p is  obtai ned by a core 
screw adjustment on the top of the u n it .  

When the liT is  energ ized a bove picku p set­
t ing, the target drops. 
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41 - 1 00 

Page 6 

Relay - Type CO - Single Trip - In Type FT-1 1 Case 

Relay - Type CO - Double Trip - In Type FT -1 1 Case 

co 
co 

- -q- -9- -9 - 9- -<?- - ­
_ _9 _ _  9 _ _  Q_ - _9 _ _  2- -0 0 0 0 0  

Indicating Contact or Switch 

Induct i on Unit 

S h orting Switch 

Fl e xitest Switc h  

Curr ent T es t  J ack 

Cas e T e rmin a ls 

5704523 
(Sub.3) 

Indic ating Cont act o r  Switch 

Inducti on Unit 

Sh o rting Switch 

Fl exit e st Switch 

Curr ent T est J ack 

Cas e T e rmin a l s 

5704524 
(Sub. 3) 
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Relay - Type CO - Single Trip With Instantaneous 
Trip Unit - In Type FT-1 1 Case 

J. (cs\� 

co n co l I CS � 
� ,___ l i T 

l i T  

r - -,� - -!--,, --�'- -" - �>- -�>- - '  -c, - - : L -6-J-®-��-�-& - li�' _ _  j 
2 4 6 0 e 

Relay - Type CO - Double Trip With Instantaneous 
Trip Unit - In FT-1 1 Case 

/ 

ICS �----��--------------------, - .....___ I co co r 
1 / T  r- l iT A� 

ICS ,..., .- r l  1 / IT 

February, 1985 

Indicating C ontact o r  Switc h 

Inducti on Unit 

Indicating Instantaneous Unit 

Sho rting Switch 

Flexitest Switch 

Current Test Jack 

Case Terminals 

3498A02 
(Sub. 1) 

Indicating C ontact or Switch 

Induct i on Unit 

Indicating Instantane ous Unit 

S h o rting Switch 

Flexitest Switch 

Current Test Jack 

3498A03 
(Sub. 1) 

Descriptive Bu l letin 
4 1 - 1 00 
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Descriptive Bu lletin 
41 - 1 00 

Page 8 

Energy Requirements 
See I nstruction Leaflet 41 - 1 00. 

Current Tap Ranges 
Range 

0.5 - 2.5 
1 - 1 2  

Trip Circuit 

Taps 

0.5, 0.6, 0.8, 1 .0, 1 .5, 2.0, 2.5 
1 .0, 1 .2, 1 .5, 2.0, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, 1 0.0, 1 2.0 

The main contacts wi l l  safely close 30 

amperes at 250 volts de and the sea l-i n con­
tacts of the indicating contactor switch wi l l  
safely carry this current long enough to tr ip  
a circuit breaker. 

The indicating instantaneous trip contacts 
wil l  safely close 30 am peres at 250 volts de, 
and wil l  carry this current long enough to 
trip a breaker. 

The indicating contactor switch has two 
taps that provide a pickup sett ing of 0.2 or  
2 amperes. To change taps requ i res con­
necting the lead located in front of the tap 
block to the des i red setting by means of a 
screw connection.  

Trip Circuit Constants 
Contactor Switch -
0.2 ampere tap . . . . 6.5 ohms De resistance 

2.0 ampere tap . . . . 0. 1 5  ohms De resistance 

Time Curves 
See Performance Data 41 -000 

Westing house E lectric Corporation 
Relay and Telecommun ications Division 
Coral Springs, F L  33065 

Cl 

Printed in U.S.A. 
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