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BefoI.e  putting   protective    relays  into  ser-
vice,     remove  all  blocking  which  may ha.ve  been
.1nBel.ted  for  t;he  puxpo8e  of  secur.ing  the  parts
during    shipment.     Make  sul`e    that    all  moving
parts' operate  fz'eely.     Inspect;  the  contacts  to
see  that    they  are  cl'ean  and  can  clcise  proper-
1y.     Oper.a.te    the    relay  to  check  the  set;tings
arid  electl.ical. connections.

APPI.ICATION

These    induction-overeurrent  relays  az.e  used
Ah  tQ. dlBconnect     Clrcults     or.  apparatus  when  the

+tcurrent  in  then    exceeds  a given  value.    Where
a gtatlon  battery  (48  volts  or  over)  1s  avail-
able,.  the  circuit  closing  type  relays  are  nor.-.
mall.y used  to  t;rlp~  the  circuit  breaker.    1irhere
no  suitable  station    batter.y  ls  available,  i;he
cll'cuit  opening  type  I.ela.y  ln  conjunction  with
a-a  8erle8    trip  colla  carl  be  used t;o  trip  the
bl'eaker.

c:ONsmucTlpN' AND opErmoN

Circuit-Closing. Relay`   .

Thae  c|reuit-cloBlngL  . type    CO  relays  consist
o[  .-an`  overcurI.enb, element.  an  operation indi.-
cator-,     a  conta.ctor  switch,  and an  lnst;antane-

?¥B±` trip`  attachment  when  required.                   .¢
*``cLfia;die-QpenlngRelay -  .  gr     .+`.
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OVERCURRENT I:IEMENT  .
ect;romagnet

The    electromagnet  is  shown  ln  the  schematic
dlagrari    of  Fig.  I.     The  main  tapped  coil  pro-
duces    a flurc  which  splits, and  returns  through
t;he     ctuter    legs.     A    shading  coil  causes    the
flux  through  the  left  hand  leg  to  lag  the  main
pole     flux.     The  out  of  phase  fluxes  i;hus  pl.o-
duced. cause  a  contact  closing  torque.     The  tap
value    adjuster    is  a  slhgle  tul.n  shading. coil
mounted    on    the    right  hand  leg.     It  is  short
c±rculted  through  an  adjustable  length  of  wire
and tends  to  pa.rtlally   neutralize  the    effect
of  the  shading    coil.     The  function  of. the-t;ap
value    adJUBter    is    fully  described  under.  Ad'-
justments.     Adjustable    magnetic    plugs  in  the
•magnetlc  cll.cult  al.e  held  in  posltlon  by' means

of  elastic  clinch    nuts  located  on  thei  reaz`  of
the  electronragnet.
Disc,   Shaft and  Bearings

The..spiral  shaped  also    ls    fastened    toe   a
vertical  shaft  supported on  the  lower  end, by a
pin  and  end  st;one  type    bear.lng  and  on  the up-
per  end  by  a  pin  an-a,.olive.bea]:ling.     The  upper
and lower    disc    shaft. bearings  are femorab,le,
and. the  corresponding    upper  and  lowerr.bea€ing
pins.  are  I.emovable  and adjustable.    The: bottom
bearfug   pin  is  securelg± locked ln poB1-tlon by
means.   of  a  set    screw and.nylon  pfug,. and. the
top  tieaplng  pin   by   ^ai shoulder` nut  t;hat holds
the  time  dial,.1n.posl.tiorL-i                   i     ...=   S}..
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..:.gl,9i: circuit-operlingr   type  CO  Relay  consisbs'
Magnet
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FjJ.   Iichepchic  Diagrcm  o!  the  Overcurrent  Eement
• Eectromctgnel

lap  Block Assembly

The    tap    block    a88embly    conslstB  of  eight
BErlng  loaded  tap  teminals  housed  in  a.  mould-
ed tap  block,   a  tap  plate  secured  to  the  front
o^f the    rioulded    block,   and  a  tap  sol.ew.       The
tap  screw.    engages  the    tap  terminal  and pulls
the' terminal    f.orward  to    cause  a  dlpect  metal

..` to  metal  contact: with  the\ tap  plate.    When  the
tap     BCI'ew    is,  removed,   the-  t;emlnal  ls  pushed
back    by ei spring  Bo  that  lt  will no  longer  be
ill    cant;act  tirlth  the  tap  plate.    The  tap  Screw
iB  equipped. with  an  inEiulatlng  nylon  sleeve.

Gontacts:

•.  The``   mov.ing-contact  ls  a  Small  sliver  hemls-

phereT   fastened. ori    the  end  of    an  am.         The
other` endrof    this. arm  18'  claxped to  an  lnBul-
ated, secrdion  ofJ. the  dl8c  shaft.    The  electric-
al  comEcct;i`on     1g! triade  from  t;he moving  cant;act
t;hEough the! am  and. spiral  spring,.     One  end  of
the spfingfls  fastened.   to    t;he''  arm,     and the
q^ff-.er± #o: a£    Bilobted  spping` adjuster  disc  which•  i:¥>±tum i:a`Etens: to, thet ,element. frame..

:,;T]he     Btat;lonary  contact  assembly  consist;a  of
a; 811ver` contact,  a.ttached. to    the  fl.ee  end    of.
a; leaf   spririg..      This  spring    is'  fast§ned   to

;#r'¥#;;c:::al:::a::::gum:;+dpwheg:::;::;;:;:::

Fig.   2-htemch Schemchic of the I)ouble Trip Circuit Clog-
izig  Zlelc[ir  in  the  Type  FT  Ccrse.   The  Single  Trip
Relay   hcE   Tormincd   3   cnd   Associched   Circuits
Oritted.

the  Micar'ta  block.    Then    the     stationary  con-
tact  set  screws  permit  adjustment  so  that;  both
clrcult;a  will  be  made  sirmltaneously.
Time  Dial

The    time    dial  is  a  moulded.  adjustable  co.n'-
t;act  stop  with  11  equal  scale  dlvislons  marked
through  a    270    degree  arc.     The    time  dia:1  Is
held  ln  position    at  the  t;op  of  the  disc  shaft
I)y  means  of  a  Star    cupped  spring  washer  and  a
shoulder  nut; .

An    adjustable    index    pointer  i8  located  on
the  movement  frame  top  bearing  mount;.

Coutactop Swltoh  (Clrcult  Closing)

The  a-a  contact;or-    Bwlt;ch  ln    the  relay  ls  a
small  Bolenold    t;ype    switch.     A      cylindrical
plunger    with  a    sliver    disc    moimted. orL   its
lower  end  moves  in  the  core  of  the  E!orenold.

A8 -the  I)longer    i;ravels    upward,     ther      disc
bridges  three  silvezw stationary  contaats`..    The
coil  1s    in    series    with  t;he  main  contact8  of
t;he  relay and  with  the  trip  coil  of.  the bl.eak-
er`.    When,   the  relay    contacts  close`,`  the coil
becomes,    energized and  closes.  the-    swd:t.ch  con-
tacLtEp~    This   shunts:  the.    main, re.Ia,y`    c`ontaQts,
thereby I.ellevlng` them of the  duty of canyding
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rig.   3-Ititomd Schematic  ol  the  Singlo` Trip  Circ`iit. Clog-
ing  Relcry  with lrstcmtcmeous  Trip  j{ttachaent' in
the  Type  FT  Ccu3e.

closed imtll  the  trip  circuit  ls  opened by  the
auxllialy  switch  on  the  br'eaker.

I)e-ion  Contactor  Swit;ch   (Circuit  Opening)

This  switch    is    a  small  a-c  solenoid  switch
whose. coil  ls  energized    from  a  small      tr.arisr-
former  connect;ed    in  the  inain  cur'rent  clrcult.
Its    construction  ls    similar  to    the  d-c. type
switch,   except  that;    the  plunger    operates      a
spring-leaf    arm wit;h  a.sliver contact  8urface
on  one  end  and  rigidly    fixed   to  the  frame  at
the  other  end.

The  overcurrent    elemehe  contactEr, are  ln  the
contactor    switch    coil    circuit  and when  they
close,     the     solenold  plunger    moves  upward  to
open    the  de-ion  cc)ntactB  which  normally short

-cll.cui.t    the    trlp`    coll`.    These    contacts  afe'
able    to    transfer   the  heavy  current  duel  t.cra.
•8hort  circuit  and per.nit  this  cur.rent  to  ener-
gize  the  breakeri trip  coil..                             r.I

Operatlori. Indicator

The  operation    indlc;tor iB` a  smal'r 'Ls6±eri'oirdi,
-coil    connected  ln  the  trip  circuit.    Wherfthe

/   6o'I.I  is.. energized  ar  spring-I.estl.alned, armattm'e
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Fig.   4-Ititemch  Schematic  o!' the  Circuit  O|]ening  Relcry
in the  Type FT  Cage.

Ini3tantaneous  Trip   (When  Supplied)

The  instantaneous  trip  at;t;achment  1`s  a  sma.11
solenoid    type  element.     A  eyllndrlcal  plunger
r'1des    lap     and  down 'on  a  vertical  guide  rod  ln
the    center  of    the  solenold  coil..    The    guide
rod  is  fastened. to    the  stationar.y  core,  which
in  t;ur'n  screws  into  the  element  frame.     A  sil-
ver    disc     is     fa.stened    t;6  the  moving  plunger;
through  a,    hellcal    spring.    When    the  coil:  is'
energized,   the    plunger    moves  upward  carrying_
the  silver.    disc    which bridges  three  conlc[al~
shaped  stationary  contacts.    In  this  position.,,
the    hellcal    spririg    ls    coxpressed    and    thei
plunger  ls  free  t;o    move  while  the  contact;  re.-
mains  stationary.  Thus,     a-a  vibra.t;ions  off the
plunger  al'e    prevented    from    causing    eon.tap,t
bouncing.     A  Micarta. disc  screws.  on;the  bobtonr
or   the  8tilTde' rod  and  is  locked. 1n  posltlori by
a   small   .nut;.    Its   position   .detemineg ,the
pick-up  current, of  the  element.

i   -.   CHHRECTERISTICS       .      .   I
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The  type  00  -ad'justable: inverse  time  clrcultrr.
closing.  -relay   ls'    available  in  t;he  following.
current  ranges::<                                                  ,--- '.---.
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Fig.  5-Intomd Schemcric oL the;Double Trip Cirouitclos-
ing Relay  in  the  Stcmdcrd Cage.   The  Single  Trip
Relc[y  has   remind  3   cnd   A8sociatod  Ci.cuit8
Omitted.

The  type  C0  adjustable  inverse  time  clrcult~
opening  relay    ls  I.ecommended  only  ln  the  4  to
12  ampere  range`.     A    lower  range  is  not  deslr-
able  because    the    burden    of  a  low-range  t;I.ip
coil  ls    too  heavy  oh  the  current  transformer.
One  trip  coil.  is` required  for  each  relay.

The  t;ap  value .1g  thei minimum current  requlr-
ed  to  Just  close  the  relay  contacts.    The mov-
1ng` contacts   `wlll    leave    the  time-dial  stop,
regardless  of` the>  time  dial  setting,     and:move
to  i;ouch    the  ata.tlonary  contacts  at  tap value
current` .

These- relays. may   have. either  single- or dou-
ble  clrouit  ` closing   contactB    fop     tl.ipping
either  orie    or-two  brealcel's:,    or  may have  cir-
cult-opening    contacts. £or` t;ripping the break-
erg  by- current  from  t;he current. transfomers`.

The    time  vs  curl.ent  char.act;el.isticB`.fop  the
style    c`allbration    of`.inverse or  vepx:±inverse
al'e  shown in  Fig.   10  and. Fig.  11  respectlv_§1y.
The  term  ''Btyle calibration"    is  used~aB} there
18  no  difference    between. the  lnver'se' and.~very
inverse  . relays    exce£€,   in  t;heir  callbratlon.
Relays, carrying.  a  Etryle. number-which  lnd±cates
the lnversei    ca.1lbratlon may be; .changed. tc[ t;he
very  inverse-  calibration  ori vloe- vers&-t;hrough
two.    slmplep    ad]ustments.,    This.  is. outlined  ill
detal-I  under' A'd.j`tiBtrent87.                        €r ¥        €.:
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Fig.   6-htomch Schematic  ol the. Single  Trip  Circuit  Clog-
ing  Relay  with  hstcDtcmeous  Trip  Attachment  in
tho` StcmdcBd  Ccnge.

spread. of    adjustment8  to    pl'ovide      different
curve    shapes    is  shown    byFlg.  8  wherein  all
cur.veg     are    passed    through    27  seconds  at;     2
times  minimuri  trip  curl.ent;.     The  cur'ves  in.ay  be
passed  thl.ough  a    common  point     ot;hel.  than    27
seconds  by    adjustment  of  the     damping    magnet
keeper  screw.     The    range  of  adjuE!tabilit;y  in-
dicated,  at     20  t;imes    minimum    trip  curl.ent;  1s
obt;aimed    by  means  of  the  magnetic  plugs.     The
upper  limit    cur.ve    is  obt;aimed  wit;h  i;he  right
hand  plug  "all  ln"  and the  left  hand plug  'tall
o.ut;"     (appr.oxlmately    20    bums  of  the  screw).
The  lower  limit;  1s  obtained with  the  left.hand.
plug  ''all  in"  arid    i;he    right    hand plug-.  ''all-
out''.    Va.rlous  adjustments  of  i;he  plugs. pal.tl-
ally   wlthdra,wn    from  the  magnetic  clroult  may
be  used    as    desired  to  obtain  a  curve    within
the    band   shctwn,     1ncludlng    the    st.andard  or
''patterm"  curve  to  which  the  relay  ls  callbra-
ted`ab  the  factory.     Thus,     one    or    the  other
c)f    the   plugs    will  be partially withdrawn  in
the  factory  calibration to,  one  or  the  ot;her  of
the   Inverse    or  ver.y  inverse  standard ourves.
Similarly,  t;he    factory    set;    poBltlon of    the
dan@1ng magnet    keeper  screw  will    depend upon
the  mstgile  calil]ration''.

The.: burdens  arid    therma.1.    rat;1ngs  abe,listed`.i
under EheTgy  Requirements...      The  in8.tantaneous
t;rip    attachment  ha.a  a  1  to  ly  ratio.    .Ttrical
I'ang,eEr are    10-40    op    20-80,  t)ut<  other  z'anges

==.=£¥:5:=:::Labc::;act;;-switchontheclrcuit
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..  The  rna.In-r,ontactB  will  safely  close     30`am-
per-.e8  a.t  250`V.   d-a,   and    the  switch    contacts
w,1l-I Safely    carr'y.this  cur.rent  long  enough  t;a
trltri'a  breaker.c     +--.``

The  relay    without    t;he    instantaneous    trip
at;ta.chment  ls    shipped  with  the  operation    ln-
drc.atop    and  the contactor.  switch  corinected  in
parallel.  -This    clroult    i8  suitable  for    all
trip    currents  above  2.25  amperes  a.c.     If  the

`trip  current;  1s     less  i;han  2.25  amperes,   there

lB.no  need.   for    the    cont;actor    switch  and  lt
should  be    disconnected.     To    disconnect       the
coil    remove  t;he  short  lead  to  the  coil  on  the
front    stationary    contact    of    the    contact;or
switch.     This    lead    should be  fastened  (dead-
ended)    under    t;he    Small    flllster  head  screw
locat;ed    ln  the    Micarta  base  of  the  contactor
switch .

The    relay    with    the  instantaneous  trip  at-
tachment  has  a    two  axpere  contactor  swlt;ch  in
gel.ies    tirlth  a  one  or  0.2  aixpere  operation  ln-
dlcator  in  each  trip  path.

Relay  with  Quick  Opening  Contacts

REmys IN' TypE FT  CASE
J*+`

The  type  FT  cases  are     dust-proof.  enclosuI.es
comblnlng  relay    elements  and  knife-blade  t;eat
suit;ches     ln    the  same  case.     This  comblnat.lc)n
provides     a  compact     flexible  assembly  easy  to
malntaln,   1nBpect,   test  and  adjust.     Ther.e  are
three  main  unltB    of'    t;he     type  FT    case:     the
case,     cover,   and  chassis.     The  case  is  an  all
welded  steel  housing  containing  the  hinge  half
of  the  knife-blade    test  switches  and  the  ter-
minals  for  exter.nal  connections.     The  covier.1s
a  drawn  Steel  frame    with  a  clear  window  which
fits    over    t;he    front  of    the  case    with    t;he
switches     closed.     The  chassis  ls  a  frame  that
supports  the    I.eJ.ay    elements  and  the    contact
Jaw  half  of  the  test;  switches.     This  slides  ln
and  out  of  the  case.     The    electrical    connec-
tions     between  the  base   and     chassis  a.I'e     com-

pleted  through  t;he  closed-knife  blades.

Removing   Chassl8

D

1then  the  relays  are  used` with  clrcult  br'eak-
erg  that;    al'e  instantaneously    reclosed,  1t  is
necessary  to    arrange  the  relay  contacts  t;o  be
quick    opening.     This     is  done  by  Screwing    ln
the-  small  set  Screw. on  the  stationary    contact
asBemtily  umtll  the  conta.ct  rivet  rests  solidly

•  ori  the     contact  back  stop.     When  thl8  ls   done,

theJ poBit|on    of  the    index    polntep  should be
srhifted  so  that  the  moving  and  stationary  con-
facts  barchy touch    when    the  t;1me  dial  iB  set
on  zero..

CONTACT  clRcutr' cONSTjENTs
Universal  Trip  CII.cult

Resistance  of  0.2  ampere  Tar.get.. ; .,.... 2.8  ohms
R`esiBtance  of  2.0  aJmere  Con-
tactol..  Switch   ....,.... ` .....,- ~ .,... t .r .,.,. ` ....... O .25ohmB

•`  R'eBlstanceit of  Target, and. Switch
I:n  Parall.el    .....-................... ~.`.   O.23ohmB

TI.1p.  Circuit; with  Insrbant;aneous'`: Trip
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To  remove  the  chassis,   fil`st  I'emove  the   cov-
er  by  unscrewing  the  captive  nuts  at    t;he  cop-
ners.     This  exposes  the  relay    element  and  all
the  test  swltcheB  for  lnspectlon  and    testing.
The  next   step  ls     to    open  the    test  Switches.
Always  open  the  elongated  red  handle    switches
£±=g±    before  opening  any  of  the  l]lack    handle
or  the  cam    action  latches.     This  opensL         the
t;rip  cireult    to  prevent    accidental  trip  out.
Then    open    all  the    remaining  switches.       The
order  of  opening  the  remalnlng  swlt;ches  is  not
lii`portant.     In  opening  the  test  swlt;ches    they
should  be    moved  all  the  way  back  against     the
stops.     Wit;h  all    the  swlt;ches  fully      opened,
grasp     the    twc)  cam  action  lat;ch  arms  and  pull
outward.    This    releases    the  chassis  from  the
case.     Usl'ng  t;he    latch  arms  as  handles,     pull
t;he  chassis  out    of  the  case.     The  chassis  can
be  set;  on  a  test  bench  ln  a  normial  upright  po-
sltion  fol`    test   .aa  well  as  on  lt;a    back      or-
91deg  for  easy  Inspection  and maintenance.

After    I.emovlng    the     chassis     a      duplicate
chassis    may    be    inserted    in  the  case  or  the
blade    pol.tion    of'   the  switches  can  be  closed.
and. t;he  cover    put,r..1n-Place  wl.thout  the  chaB~
sla'.     The    ahasBls.    operated    shortlng    switch

„1ocated   behind.    the  current    teBtrtrgwltch` pre-

=,{.`rrqsi¥tp.9 op enT=lrotllt±j+g  the  Curre.nEz;`GZ.¥SforT.eeB'
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when' the.    curr`ent  type`    test`    sw.itches=           are
closed.                  b.

Whenuthe    chas_sis     ls  to    beput  back  in  the

`.    'case,L..the  above  procedure    'lsf    to  be  followed.
in  the; reversed. order.~    The.  elongated  red  ham-
dle  swi:tch  should    nob    I)e    closeduntll  after
the  aha.ssis     hasL been  latched ln.p/1a.ce  and.  all
of.  the black.handle  switches.  cl£Bed.

Electrical  Cir.cults

Each    terminal    1n  the    b`ase..connects  thru  a
test  Bwltch  to  the  relay  element;a  in  theL  chas-
Big  as  shown    on    the    lntemal  schematic  dia-
grams.    The    relay    terminal    lB.1dentlfied by
number.a  marked   .on  bot;h  the  inside  and  outside
of  the    base.     The  test  switch  po8itlons      are
identified by    letters    marked. on  the  top    and
bottom  surface  of  the  moulded  blocks.         These
letters  can  be  seen  when  the  6Eassis  ls  r'emov-
ed  from  the  case.

The  pot;entlal    and  control  circuits  thr'u  the
relay`are  disconnected  from  i;he     external  cir-
cult  by    opening  the  associated  test  switches.
Opening  the  current  test  switch  short-circult8
the  current;    transformer      secondary    and  dis-
connects  one.  side  of  i;he  relay  coil  but  leaves
the  other  Bidet    of    the  coil  cc)nnected    to  the
exterr;al    clrcults  tom the  curr.ent  test;  Jack-
Jaws.     This,  circuit  carl be  lsolat;ed  by  insert;-
ing  the    current    test    plug  (without  external

.       connectlonsr),    by    inserting    t;he  ten    clrouit
test plug„  or  by  in8el.ting  a  piece  of  insula.t-
lng  material   approximately    i/32"    thick  into
the  current  ` test  Jack  Jaws.    Both  switches  of
the  current  test  8wltch  pall'  mist be  open  wheri
using    the.   Qulfent    test   plug-or    lnsulatlng
material   /in.   this  manrier  to  short-cil'cuit  the
current  transformer  Secondary.

A  cover  operated  swl.tch  can  be- supplied. with
ltB  contacts_^wired.   In    sel.1es`  w.|t;h  the    trip.
clrcult.    Thi8i..swlt'ch`    opener  the'trlp    crlrcult;

:+   .     when  the  cover.18  I.emo`ved.€~   This. .switch  can  be
'-.       added  to  the'    exlsting`  type  FT    cases  a?      any'

time-F
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or  out`  of  the  case  as  follows:

Testlngr  in  SeiJlce

The  ammeter.  test;  plug  can. be  inserted  in  the
curr.end    test+  Jaws     aft;er  openlng`  the      knlfe-
bla.de    switch   to    check    t;he  current  thru  the
relay.     ThisL`    plug  consists  of  two     conducting
8trips`  separa.i;ed    by  an  lnsulat;lng  strip.     The
ammeter  ls     connected  to  these   strips  tiy  t;erm-
inal  Screws  and  the  leads  are  Carried  out  thr.u
holes  in  the  back  of  the    insulated  handle.

Voltages    between  t;he  potential  clrcults  can
be  measul.ed    conveniently  by    claxplng  #2  clip
leads    on    the  projecting  clip  lead  lug  on  the
contact  Jaw.

Testln In  Case

With    all  blades  in    the  full  open  position,
the    ten    circuit  t;eat  plug  can  be  insert;ed  in
the  contact     Jaws.     This     connects  the      ]ielay
elements  to    a  set  of    binding  posts  and    com-
pletely  isolates  the    relay  Oil.cults  from    the
external  connections  by  means  of  an  insulating
barrier  on  i;he    plug.    The  ext;ernal    test  cir-
cuits  are    coinecte`d  to    these  binding    posts.
Th;  plug    is    inserted  in  the  bottom  test  Jaws
with  t;he  blndlng    posts  u.p  and.  in  the  i;op  test;
switch   Jaws  with  the  blndlng  posts   doi`rrL.

The  exter'rial    test    clrcults    maybe  made  to
i;he    relay    elements  by #2  test  clip  leads  in-
stead    of    i;he    test  plug.     When  connecting  an
ext;enial  test    cipcult  to  the  cur.rent  elements
using    clip  leads,.  Care  should  be  t;aken  i;o  see
that  the     curl.ent  test  Jack  Jaws  are    open    so
that  the  relay  is  completely  lsolat;ed  fl'om  t;he
ext;emal  clrcultB,.    Suggested means    for  lsol-
atlng  this    alrcult,    al.e    outlined  above  under
"Electrl.ca,1  Clrcult;a '' .

T'estln Out  of Case

With    the  chasBls.  removed  fr.om the  tiase,   re-
1a]r    el:mentsT.    may`-l]e  test,ed-by us`ing  the  ten
circuit   test  ;lug  or  by #2  test  clip  leads  as
de8cpibed  above.   The    factory    calibration  ls
made  with  the  chassis  in  the  case  and.  I'emoving
the`  chasEri'B.I  fl'oni`t;heir case  wlri  ch'-&~ge  the  Gal-
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Fig.  7-htend  Schemchic  Of  the  Circuit opeing  Relay
in the  Slondct[d  Cc[s!o.

INSTAI,I.ATION

The  r+elays   should    I)e  mounted  on  switchboard
panels    op  their  equivalent  in  a  location  free
iron  dirt,  molstupe,     excesalve    vlbratlon  and
heat.     Mount     the  relay  ver't;ically  by  means  of
the  two    mount;1ng  studs  for  the  Standard  cases
and  the  type  FT    projection    case    or  by means
of    the  four    mounting  holes}  on  the  flange  for
the.semi-flush    type    FI  . case.    Either  of  the
stu`ds  op     Jhe  mounting  screws  may  be    utilized
for` grounding  t;he    relay.    The  electrical  con-
nectlons  may    be  made  direct    to  the  terrfuals
by  means  of  screws  for  steel  panel  motmtlng  or
t;o    terminal       st;uds  fumlshed  with    the  relay
for  ebony-asbestos    or    slate    panel  mounting..
Ihe    terminal  studs    may    be  easllyremoved.or
inserted. by    locking  two  nuts  on  the  studs  and
t;hen  turning  the  proper  ntit-  with  a  wl'ench.

SETTINGS
Tlhepe  areT two  Set;tings  -  namely    the  current;

value  af  which    the    relay  closes  its  c6rfeacts
and-the  time  required  to  close  them.     When  theL
relay    18`   .  to  beused    to    protect    equipment

rag.a.1nst  overloa.d,     the  settings  must  tie  deter~
mlrled by  the  nature  of  the  load,   t;he  magrlfude

z of?hthe  peaks  and  the  frequency  of  their  occu=:.I

3.ence-                                                                                                `-,t

F.or  sectlonallzing    t;ran8mls81on  8yst;emg the,

Current Setting,

``

!=+-.4F33!9iz¥

The    comector    Screw    on  the  terqunal  plate`'
above  the  time  dial  makes  co.nriectlons. to,  varl-
ou-a    turns  on    the  operating  coir..   By placing:   .-
this    8orew    ln    the    va].ious  holes,  the`relay-
will  Just  close  contact;a  a.t    the  cofre8pondiner
cul.I'ent      4.0  -5.0  -6.0  -7.a  r8  -lot-12
axperes,   or  as  marked  on  the  t;ermlnal  plate.

CAUTION              -

Be    .sure    that  the  connector  screw  is  t;ulmed,
up  tight  so  e,a  to  matte  a  good  contact,   for  the
operat;ing  current  passes    trirough    it.       Since
the  ov.erloa.a    element  ls  connect;ea  alpe'ct;ly  ln
the  current  transformer    clroultB,    the  latter
should  be    short-clrculted before  changing  the
connector  Bcpew.     This  can  be  done  convenient-
ly  by  inserting  the  extra    oonnector    screw  in
the     new    t;ap     and  r'emovlng  the  old  8cr.ew  from
its  original  sett;ing.

Time Dial  Settln

The    time  dial  limits  the  motion  of  the  disc
anal    t;hug     var.lea  the    time  of  operation.     The
lat;ten  decreases  with  lower  time  dial  settlngs'
as  shorn  ill  the  typical  time  curves.

ADJUSTMENTS. AND  MAINIENILNCE.

All  relays    shguld be  lnapect;ed  perlodieally.
and the    time  of    op.eratlon  should  be    chegked;
at  least    once    every    six    months  or    a.t  Such
other  time  lntel'vals  as  may be  dlotated  by' ex-
perlence    to  be  Suit;able  to~  the  particular  ap-
pllcatlon.     Phantom    loads     Should..not  be  uBea.
1n  test;ing    lnductlon-trype  relays    because.    of.
the.    re8ultlng    aistortea  cumenf    wave      fonIL-
whlch  produces   an  erpop  in  tlmlng.

All  contacts    Should. be  perlodlcally  cleaned+
with  EL    fine    file.     S#1002110  file    18  recomJ,+
mended  for.this.    purpose..     The  use` of  abra8
matez'1al.for    cleaning contacts  lsr not    rec

___    _.._.   -I---    ``L

`':=:::=t::,.t:::a::n:::era::a:eb:=`:¥i:±^::^.I:na~thuglmpalringthe,eontact.

;:!8!:.:.
mended,   because     of    the     danger:    of  enbedding,i
small part;lcl.es  ln  the face  of t;he  Soft  slr¥ei{
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Fig: 13-Diagrram  0£  Test  Connectiori8  For  The  Circuit
Closing Type CO Relay

after  receipt  by  the  customer'.    If  the  adjust-
ment;a  have  been  changed,   the  relay  taken  apart
for I.epail.a,   or  lf  it  18  desired  to  change  the
operating  char'acteplstlc,   such  as  from  inverse
to. ver.y  inverse,   the  instr.uctions  below  should
be  followed.

For  relays  that  are  used  with  circuit  break-
era  that  are  not  instantaneously  reclosed,  ad-
just  tbe  stationary    Contact    by  means  of    ltB
adjusting  screw    such    that;  the  cont;act  spring
ls5just    free    of    the  front    spring  stop.    By
meap8    of    the  time  dial,  move the moving  coni
taQts    until  they    deflect  the  stationary  con-
t.a`cts  approximately  1/64  inch.    Set    the  index
pointer` such  that  lt  points  to  the   Ilo"  mark  on
th.e  time  dial.    Adjust  the    sta.tlonary  contact
bF  means   of  lt;a  adjusting  screw  until  the  `mov~
1ng-and    st;a.tlonar.y  contact;a   Just  touch.     This
adjust;meut    ls  to  set;   ''0"  on  the  time  dial  and
I)rovlde  follow  I.or` t;he  contact;a-.

For  z'elays  that  are  used  with  clrcu±t  brealc-
ers` that`    are  instantaneously reclosed,  adjust

Eh`e     a?a.t;1onary    contact    fop    quick    openingr.
Tri:a  is    done    bgT    screw|pg  iri  t;iie. cont;?ct  ad~
ju.sting.   sc.rew   until    the  8tit±onal.y`   contact
re"its  solidly  aga.inst    the.   contact  back  stop.
By  means     of    the  time    dial,  move  the    moving
Qoutact;a.    until t.hey  Just  touch  i;hei stationary.

; `fi'i:::fa;a ::: :::I nin=:Xo:°:::e:i::`C:i:.at   i£
•t-+?ii

?:f:¥:
I,.-

rig. 14-Diagram  0£  Test  Conl`ections  For  The  Circuit
Opening Type CO Relay

t:ap     value  adju8ter.  are  most  conveniently  rna.de
wit;h     the  damping  magnet     removed.     The   reason
for  t;his  1s  both    adjustments  require  the  bal-
ance   of  two  torque's  which  can  best     be     recc>g-
nlzed  with    no  damping    magnet  to  r§tar.a      the
motion  of  the  disc.

With  the  time  dial  still  set  on  Ilo",  wind  up
the  aplz'al  spring    by  means. of  the  spring    ad-
Just;er  until    approximately  6-3/4  convolutions
show.     This  ls  an    lnltlal    I.ough    ad.Justment.
Fr.om  t;his  prellmlnary  set;ting,   and  using  mini-
mum  tap  setting,  adjust  the  sprln:  tension    so
tha.t  the  electrical  torque  tialances.  t;he  spring
tor.que  at  a.  flJced  value  of  current -  at;  #10-1/2
and #1/2  time    dial  settings.    The  best  way  to
do  this  18  to  first  measure  t;he  acitual  current
required  to    balance    the  sp.rln.g torque  at  the
#1/2  and #10-1/2  time  dial  a-ettingEL.    If    less
cument  is  require.a    t;a    balancet  .the      spring
torque  at  the  #10-1/2    posltlon    t;has    at;  '  the
#1/2 posltlon,    1t  ls    an    lndicatlon  that  the.
8pr'lng    needs   to    be  wound  up  mol:e;<  and.    vice-
versa.    All  sprlne= cgnvolutions>   in-st  be  free.
ThlB  setting-of  i;he  spring  will  nob_ neces8arl-

.-ngF be  at  tap  value  of    current. [  By, winding  ui]
roE' unwlndlng.    thel`sprlng.aB  requi¥eg,  the  cur-.
rent    required  to  move  the  dlsQ`  at  ire  extrem.e-
llmlts  of  its  travel  (and  con'seq'uently thl!ough
the  9ntlre  range.    of    travel)  play,be  made  corn-
Btant  within  verpr  cilose  tolerances}.

i-`                                         ,^`  A
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Fig.15-Extemch Comeclions  a(  the  Circuit  Clogizig Type
CO  Relcry  for Overcurren`  Protection  oD  a: Single
Phase  Sy.stem.

substanbla.1ly constarlt  value  of    current;r  then
adjust  this  constant    curl`ent  va.1ue  up  or  down
as  I.equired  to  match    t;he  tap  value  current  by
means  of  the  i;ap  value  adjuster  located  on  the
right  hand  leg,   front  view,   of  the  electromag-
net.     Moving  the     glidertoward    the    top    de-
cl.eases  minimum  t;pip     current     and    moving  the
glider  t;oward    the-      bottom     increases  mlnlmum
trip     oul`rent.     The     glider    nriist;  t)e       clamped
tight  when  checking  this  adjustment.

Time  Curve  Ca.Ilbr.atlon

After  checking` the  adjustments`  as      outlined•above    replace  the  permahent  magnet  and  adjust

lt    to    calibrate.   the    relay`a.t    2   times  tap
value    cbprent.     This    adjust;ment    ls  made    by

Feans`    of    the     damping  magnet    keeper     screw.
'AdJiist    t;he    keeper screw    position  Btich    that

i;hei    relay wl`1|  operate  ln  the\ time  a8  defined,
•by    the  cur:ve     of    F1-g'..  9    for  iinverBe  or  very

Inverse    depending   upon    the  calibration    de-
-Sired.    For    example,1f    the  l'nverse  callbra£-.
•bfori..1s  deslred`,     the     daxping.magnet  may      be-

a.djusted  for. 2r geconda.    fren    t;hal   #11      tl*ne

-
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Fig. 16-External  Comections  Of the  Circull  Closing  Type
CO  Helcry  lor  Overcurrent  Protection  on  a  Two.
Phase  System.

sit;ion    such    that  the  relay  will  operate      ln
the    tine    as     defined  by    t;he  cur.rent  vs  time
curves    of  figurelo  or  llfor    inverse  or  very
lnvel.se    calibration    depending upon  the  char-
acteristic  desll.ed    for.  which  the  2  times    tap
value  adjustment     of    time  was  made.       For  ex-
ariple,    if  the  lnvel.se  calibration  is  desired,
the    relay  may    be  calibrated  fop  2.18  seconds
from  the    #11  tine    dial    positlcin  a.t  20  i;imes
minimum    t;rip     current;   by    Screwing    the  I.ight
hand  plug  all  the  way ln    and    adjusting      the
left    hand  plug  fop  2.18  seconds.     If  the  very
inverse    calibl.at;ion    is    desired,     screw    the
left  hand  plug    all  the    way  ln  and  adjust  i;he
right    hand plug  for.1.28  seconds  from  t.he  #11
tine    dial  posltlon    at    20  times.mlnlmm trip
current .

Curve  shapes  that  are  different  from  the  in~
verse     or  vel`y  lnverseJ may  tie  obtained    by  ad-
Justable    magneticr plugs`.    An    example  of  this
adjustment    has    been  rei`erred  t,a  under  "Cha].-
acterlat;ics",   and.   wherein  one  I.ange  of  pos81~
bllitles  is  showri by  Fig.  8.

*L  Minimum  Trip  current
dial    set;ting -.,- rf    the` very inverse    calibra-
t;ion  ls  desired?,;t;heL adjustment  map be  made  for
18.3    seconds.   ffom the #1L  tine.  dial  setting..
Tine    valued schewhat  greatert than  those BhowrL

--`±or` the  lnve:se -=callbra:¥i'on  ang somew#,1±j;..1es¥.
`-~t;nat    t;hose     shown    for"'the..  very. Ihverse-call-

bration  may be  obta,1ned.    if`   par.ticulaJ..'-  frob-

.€¥eus  require-then`.        .             :'.`   '
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The    mlnlmun-  trip    current  fol.` a  calibrated
relay  may    be  checked  to  an  acodraey  of' ±5¢  by

-                       i                       ,            '1

the  use  of  th,a  fgllLowlng.`,forum::?=::..;    .

I- -r2

1 + tr/t2
•`-A      ,     -3-                      --''
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Fig. 17-..hiemch Connections  ol  the  Circuit  Closing  Type
CO Relcry for Pbase cnd Ground Overcunent Pro.
toction' on  c[ Three-Phclse  System.

12  =  Current    at    a    multiple  of  2  times  the
minimum tap   setting.

t2  =  Operating    time    at    the    #11  time  dial
setting  with  12  applied.

tr  =  Reset  time  of  the  relay  to  the #11  time
dial  position.

To    aid  in  determining  the  mlnimun  tl.ip  cur-
rent  Fig.  12  has  been  provided  in  which  a  plot
has    been   lnade  of  the  mlnimun  t;rip  current  in
percent    of  tap  value  cur.rent  ver'sus  values  of
tr/tq .

Example:   12  =  8  amperes

t2  =   27   8econd8

tr  =  81  seconds
tr/tq =  3

I  =  ioo¢    TAp  VALun   CURENT,   Fig.
12.

TRIP  CIRCUIT.

For  Relays  wi,th  Universal Trip

•hls  combination    uses    a 2.0  axe.   contactor
swltchf and a, 0.2  alnp.   operatlpn  lndlcator  con-
nected   ,in   parallel.     AajuBt    the      crontactor..
switch  and  lndlca.tor  as  outlined below:

£gLnt;actor. Switch  -    Iurn    t;h.a    relay  up  81de.
down.    Scz.ew   up  t;he  core.  screw. unbll  the  con-
tact    ping. Starts  rot;atlngu    Now    back off-the,

unt|lL    the+   contact  I:?.g€  stgps+`:.F,ot.atlnF:   ..
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Fig. 18-External  Counec!ions  ol  the  Circuit  Closing  Type
CO  Relcry for Phase  Overcurrent Protectiori  on  cm
Ungrounded  Three-Phase  System.

Ea.ck  off  the   Core  screw  one  more   t;urn  and  lock
in  place..    AdduBt     the     t;wo  nuts   at  the  I)ottom
of    t;he    switch    so  tha.t  there  ls    3/32      inch
cleal'ance    between  the  moving  contact  ring  and
the   Btatlonapy  conta.cts     ln  the  open  po81tlon.
T!he  guide  rod.  may  be  used  a§   a.  scale  a.a  it  has
52  threadls  per  inch,   therefore,   5  turns  of  the
nut;a  will  equal   approxlmat;Sly  3/32  inch.

Combination Test   -  Close  t;he main  relay  con-
tact6  and  pass  2.25  amps  a.c.   through  the  trip
cll.ouit.     The     contaetop     switch  must;  pick-up.
Adjust    the    operation  indicator  by  moving  the
flag  holder    such    Chat  the  lndlcator  opel.ates

FigT.,19-Extemch Carmections  of tbe Circuit Operfug' TypeS
CO Hblcqr for Phase,. Overcurrent Protectior[ cnd.. of
theicircuitc!asing?TypeJCOHeleyfor`Grounlpfo-
tocti,omo::Thr:¥Phae:+Syste"`   >T-,   ,`.         ..*L``
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with  the    apprlcatlon  of    the  2.25  amps.     Pass
30' amps' drc,.     t;hrouill`t;he  trip     circuit.      .The
i'ndicator  and  coats-at`Loi ' swlt;ch  mu.§t-not  stick
in  the    opefpat\e.q_ ^poBltion. when  the  current  ls`
1ntez'"pted=" -' ---'

Rela.yEr, with  Series  Trip

This  combination    uses  a  2.0  ariip.     contactor
switoh  and  either.  a  1.0  a.mp   or  a  0.2  amp   oper-
ation  indicator    comeQted  in    series.     Adjust
t;he.  contactor     swltch`    arid  operation  indicator
as  outlined below:

Contactor  Switch    Adjust  the  same  as  above  for
Contactor  Switcin.

eration  Indicat;or Close  the  main  relay  con-
tacts    and  pass  95%  of  rated  lndica.tor  cut.rent
d.a.     thr.ough    the    trip  circuit.     Adjust    the
operation    indicator  by  moving  the  flag  holder
such     that   t;he   lndicatc>r.  operiates  with  the  ap-
plication  of  the  95¢  cur.r'ent.

Combination  Test Pass  30  times  indicator  rat-
ing ,  t;hrough    the  trip  cil'cuit.     The  conta.ctor
switch    andn    indica.tor    must     oper`a.te  with  the
application  of  the    cur.rent    and  the  contactop
Bwltch    and    indicator    must  not   s.tick  in    t;he
opepatt!d   posltlon    when  the  current  is  inter-
-pted-.

De-ion  Cont;actor  Swlt-ch     ,

(C±r.cult   -Opening  Relays)

Adjust;     the  col'e  stop     on  the  top  as  high  as
possible  without  allowing  t;he  insulating bush-
1ng  at  the    bottom  of  the  plunger  tc)  touch  the
Mlcar'ta    angle.     The 'contact  will. be  separat;ed
from  the  Micarta  angle  by  1/32"  to  1/16".     Ad-
Just  the    cont;act  gap  spacing  to  slightly  less
than  I/16  of an  inch.    Bend    down    the  contact;
springs  so  tha.t  a  fil'm  contact  is  made but  not
so.  8.tr.ong.    that  the  minimum pick-up  value  can-
no? t£[;i obt:iped ....Tffe.  spr|pg  tensLlon. should be
about=LT5  gfafis'. ^-I:

:  3:=;i,-,, =--i;*     .,-.-.-"i*=a
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Hal.a  the  relay-   contacbs  closed  and  with    an
. aurillary   ~relay  coil  connected  acl.oBs  termln-
als  to  simulate  the. circuit  bre:ker  t;rip  coil,
not;e    that     the  contactor    swltchpicks  up     on
less  than  4  amperes.

Opel'ation Indlcat;or   (Circuit  Opening  Relays)

Adjust  the    indicator.    similar    to  that    de-
scribed.  for    the     clrcult  clctsing  relay  except;
bo  operate  at   2  amper.es   a.a.

Instantaneous  Trip  Attachment;

Theposltlon    of    the    Micarta    disc  at    the
bott;om    of     the   element  wit;h     refer'ence   to  the
caLibr.aged     guide     lndlcates   the  mlnlmum  over-
cul.rent;   required  to  oper`ate  the   element.     This

disc   should  be   lowe-red  or.  raised  to  the  pr'oper
position    by  loosening  the  lctcknut;  which  locks
the  Mlcart;a  disc  and  rotating       the         Mlcarta
disc.     The  nominal   ratio  of  adjustment;a  is       i
t;o  4,   for.  example   10  to   40  amperes,   and  it  ha.a
an  accuracy  within  the  limits  of  appr'oximately
log.

The  drop-out  value     is    varied  by  I`aisln=  o1.
lower.ing    the     col'e     screw    at  the  top     of  the
switch,     and.    after  the     fina.1  adjustment       is
made,   t;he   cor`e   scr.ew  should  be   securely  locked
ln  place  with  the  lock  nut.     It     should  be  ad-
justed  for  about  2/3  of  the  minimum  pickup.

RENEWAI.  PARTS
Repair  work    can  be  dctne  most  satlsfactor.ily

at    the    factory.       However.,       interchangeable
parts   aan  be  furnished  to       th.     customers  who
are    equipped    for     doing     rtepalr.  vJork.       When
c)rdering  parts,   always  give  t;he  complete  name-
plaLte  dat;a.

ENE:Roy  RE:QumE:MINTS

The    60.cycle  burdens  and  therrTial  capacities
of'the    various    circuits    of  the  relay  are  as
f allows r
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Volt  AmperesA   `
At   3  TlmeB.        At  lo  tlmeB          At  20  Tlmea
Tap    Value             Tap   Value.            Tap  fyalue

Current                Cur'r'ent                    C`lrrenc

*Themal  c8pacltleB  ror  Short  tlme3 .othez.  t:ham  one  second  rmv  be  calculated  on
lnvergely proportional  to  the  square  of  the  current.
¢  I)egree8  cur'r.ent  lags  voltage  at.  tap  value  cuziren€.
A Voltages  taJcen  with  Rector  Type  Volcmeter.
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Fig. 20-Outline And Drilling Plan For The Type CO Relay In The SIO  Projection Or Serri-Flush Type FT Flexitest
Case: See The Internal Schematics For The Terminals Supplied. For Reference Only.
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