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GEH-2057 

T R A N S FORMER DIFFERENTIAL RELAY 
WIT H P ER CENTAGE AND H A RMONIC RESTRAINT 

TYPES: 

BDD15 B, FORMS 11 AND UP 
B DD16 B, FORMS 11 AND UP 

DES CRIP TION 

Type BOD re 1 ays are d i fferent i a 1 relays des igned s peci f i cally for transformer 
protect i on. The relays are provi ded wi th  the features of percent age and h armoni c  
restrai nt , and use a sens i t i ve polari zed uni t as the oper ati ng element. Percentage 
restrai nt permi ts accur ate di scr i m i n at i on between i nternal and external faults at h i gh 
f ault currents , wh ile harmon i c restr ai nt en ables the relay , by the di fference i n  
wavef orm , t o  di sti ngui sh between the di fferenti al current caused by an i nternal fault , 
and t h at of transformer magneti z i ng i nr ush. 

E ach  Type BOD rel ay i s  a s i ngle- phase un i t. The 800158 relay i s  des igned to be 
used for the protecti on of two-wi n di ng transformers ,  and h as two through-current 
restrai nt ci rcu i ts  and one di fferenti al current c i rcu i t. 

The 800168 relay i s  des i gned for use wi th  three-wi n di ng tran sformers ,  and h as 
t hree through- current restr ai nt  c i rcu i ts and one di fferen t i al current ci rcui t. I t  may 
also be used for four ci rcui t transformer protecti on ( F igure 9) when only t hree 
c i rcui ts requ i re t hrough- current restrai nt ,  whi le the fourth c i rcu i t ,  bei ng the 
weakest ,  needs no through-current restr ai nt. 

E ach  BOD rel ay i ncludes an i nstantaneous un i t i n  addi t i on to the mai n di fferenti al 
uni t ,  and i s  mounted i n  an M1 s i ze c ase. The i nter n al connecti on d i agrams for the 
800158 and 800168 relays are s hown i n  F igures 10 and  11. Typi cal extern al connecti ons  
are shown i n  F i gures 7, 8 and  9. 

A P P LICA TION 

The current transformer rat i os and relay t aps s hould be s elected to obt ai n  the 
m ax i mum sens i t i v i ty wi thout r i sk i ng thermal overload , or the pos s i b i li ty of 
m i  soper at i  on of the relay or c urrent transformers . Therefore , current transformer 
r at i os i n  the v ar i ous wi ndi ngs of the power transformer should be selected w i th  the 
followi ng poi n ts i n  m i n d: 

The lower the relay tap and the lower the CT r at i o  selected,  the h igher the 
sens i ti v i ty. H owever , the lowest CT r at i o  and the lowest  relay t ap may not be 
compat i b 1 e wi th  some of the followi ng restr i ct i ons. Where a cho i ce of i ncreas i ng 
e i t her the CT rat i o or the relay tap  i s  av a i lable , i ncrease the  CT r at i o  i n  preference 
to  the relay t ap. 

These instructions d o  not purport to cover a l l  detai ls or varia tions in equipment nor t o  provide for 
every possible contingency to be met in connection with installation, operation or maintenance . Should 
f urther information be desired or should parti cular problems arise whi ch are not covered s uffi ciently for 
the p urchaser's p urposes, the matter should be referred to the General Electric Company. 

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards; 
but no such assurance is given with respect to local codes and ordinances because they vary greatly. 
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GEH-2057 

S i nee the re 1 ay burden i s  1 i k e  ly to be sma 1 1  compared to the 1 ead burden , i n­
creas i ng t he CT rat i o  tends to i mprove the relat i ve performance of the CTs as a res ult 
of redu c i ng the max i mum secondary fault current and i ncreas i ng the accuracy of the CTs . 

The CT secondary current s hould not exceed the cont i nuous thermal rat i ng of the CT 
secondary wi nd i ng .  

The relay current correspond i ng to max i mum KVA (on a forced-cooled 'bas i s )  s hould 
not exceed twi ce tap value , the t hermal rat i ng of the relay. 

The CT rat i os should be h i gh enough that the secondary currents wi ll not damage � 
the relay under max imum i nternal fault condi t i ons (refer to RATINGS). · 

The relay current correspondi ng to rated KVA of the power transformer (on a self­
cooled bas i s )  should not exceed the relay tap value s elected (magnet i z i ng i nrush  m i ght  
operate the  i nstantaneous overcurrent un i t ) . I f  the  transformer under cons i derat i on 
does not have a self-cooled rat i ng ,  the transformer man ufacturer s hould be consulted 
for the ••equ i valent self-cooled rat i ng; " that i s ,  the rat i ng of a self-cooled trans­
former that would have the s ame magnet i z i ng i nrush  character i s t i cs as the tran sformer 
bei ng con s i dered . 

The current transformer tap chosen must be able to supply the relay wi t h  e ight 
t i mes r ated relay tap current wi th an error of less than 20  percent of tot al current . 
I f  the current transformers produce an error of greater than 20  percent at les s  than 
e ight t i mes t ap value ,  the h armon i c  content of the secondary current may be s uff i c i ent  
to cause  false res tra i nt on i nter nal faults .  -�' 

The CT rat i os should be selected to provi de balanced secondary current on external 
fault s .  S i nce i t  i s  rarely pos s i ble to match the secondary currents ex actly by 
select i on of current transformer rat i os ,  rat i o-match i ng taps are provi ded  on the relay. 
Currents may usu ally be matched wi th i n  f i ve percent us i ng t hese taps . When the 
protected transformer i s  equ i pped w i th load rat i o  control ,  i t  is obv i ous that a close 
match cannot be obt ai ned at all poi nts  of the rati o-chang i ng range . I n  th i s case the 
secondary currents are matched at the middle of the range , and the percentage-di fferen­
t i al character i st i c  of the relay i s  rel i ed upon to prevent relay operat i on on the 
unbalanced current wh i ch flows when the load-rat i o  control i s  at the end of the range . 

I n  some appli cat i on s ,  the power transformer w i ll be connected to the h i gh voltage 
or low voltage sys tem through two breakers , as shown i n  F igure 9; for example , a r i ng 
bus  arrangement . I n  thi s case ,  the  CT rat i os must be s elected so that the secondary 
wi ndi ngs wi ll not be thermally overloaded on load current flowi ng around the r i ng i n  
addi t i on to the transformer load current . I t  i s  recommended that CTs on each of the two 
low voltage ( or h i gh voltage) breakers be connected to a separate restra i n i ng wi nd i ng 
to assure restr ai nt on heavy through-f ault current flowi ng around the r i ng bus .  

Two parallel transformer banks should not be  protected wi th  one set of di fferen­
t i al protect i on ,  s i nce the sens i t i v i ty of the protec t i on w i ll be reduced.  In  addi t i on ,  
i f  the banks can be swi tched separately,  there i s  a pos s i b i l i ty of flas h operat i on on 
magnet i z i ng i nrush to one transformer bank caus i ng a " sympathet i c  i nrush"  i nto the bank 
already energi zed . In th i s  case,  the harmon i cs tend to flow between the bank s ,  wi th 
the poss i b i li ty that there w i ll be i n suff i c i ent harmon i cs i n  the relay c urrent to 
restra i n  the relay. 
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GEH-2057 

Typi ca l  el ementary d i agr ams for the Type BDD15 B and BDD16B rel ays are i l l ustrated 
i n  F i gures 7, 8 and 9. 

RATINGS 

MODELS BDD15B AN D BDD16B 

C ont i nuous rat i ng: 

The through- current transformer and di fferent i al current transformer wi l l  stand 
twi ce tap v a l u e  for any comb i n at i on of taps; or they wi l l  st and twi ce tap val ue i f  a l l 
but  one of the restrai nt wi ndi ngs carry zero current , and the fu l l restrai nt current ,  
eq u al to twi ce tap val u e ,  f l ows through the di fferent i a l  current transformer . 

Short t i me rat i ng (thermal ): 

The short t ime ( thermal ) r at i ng i s  220 amperes for one second measured i n  the 
pr imary of any transformer of the Type B DD rel ay.  H i gher currents may be  app l i ed for 
s horter l engths of t ime i n  accordance wi th the fol l owi ng equati on: 

where: I = current i n  amperes 
t = t ime i n  seconds 

Short t ime (el ectr i cal ): 

I 2t = 48 , 400 

For both the Type BDD15B and BDD16B rel ays , the sum of the mul t i p l es of tap 
current fed to the rel ay from the several sets of current transformers shou l d not 
exceed 150 . These mu l t i p l es shoul d be cal cu l ated on the bas i s of RMS symmetri cal fau l t 
current .  N ote that i n  F i gure 9, extern al f au l t  current f l ows through c i rcu i t  breaker s 
51-1 and 51-2 wi thout bei ng l i m i ted by the transformer impedance . 

AU XIL IARY RELAY CONTROL C IRCUIT  

The Type BDD15B and BDD16B relays are avai l abl e for use wi th  ei ther 24-48 vol t s ,  
48-125  vol ts , 110-125  vol ts ,  125 -250 vol ts or 220-250 vol ts . A t ap b l ock  i s  prov i ded 
so  that the rel ays may be used on ei ther vol tage of the dual  rat i n g .  

CONTACTS 

The BDD15B rel ay i s  provi ded wi th two sets of open contacts and the BDD16B i s  
provi ded wi th one set of open cont acts . The current-c l os i ng rat i ng of the contacts i s  
30 amperes for vol tages not exceedi ng 250 vol ts .  I f  more than one ci rcu i t breaker per 
set of contacts i s  to be tr i pped , or if the tr i pp i ng current exceeds 30 amperes , an 
auxi l i ary rel ay must be used wi th  the BOD rel ay. After tr i ppi ng occur s ,  the tri ppi ng 
c i rcui t of these rel ays shou l d be opened by an aux i l i ary swi tch on the c i rcu i t  breaker , 
or by other automat i c  means . A hand- reset rel ay i s  recommended, and normal ly used . 
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GEH-2057 

CHARACTERISTICS 

P I CKUP AND OPERATI NG T IME 

The operat i ng characteri st i c  i s  shown i n  F i gures 4 and 4A. The curve for vari ous 
percentage s l opes shows the percent s l ope versus the through-current f l ow i ng i n  the 
transformer. The percentage s l ope i s  a f i gure g i ven to a part i cul ar percent s l ope 
tap sett i ng ,  and i nd i cates approximate s l ope characteri st i c. P i ckup at zero 
restra i nt i s  approx i mate ly 30 percent of tap value (see Tab l e  I ) .  F i gure 4A i s  the 
same curve , except i t  i s  expanded from f i ve to zero amperes. 

Curves of the operat i ng t ime of the mai n  uni t  and of the i nstantaneous uni t  are 
shown p l otted aga i nst d i fferent i a l  current i n  F i gure 5. The mai n  uni t  t i me g i ven i s  
the total t i me ,  and i nc ludes mai n  uni t  operat i ng t ime and aux i l i ary uni t operat i ng 
t i me. 

OVERCURRENT UN I T  P I CKUP 

The overcurrent uni t  i s  adjusted to p i ck up when the d i fferent i a l  current 
transformer ampere-turns are e i ght t imes the ampere-turns produced by rated tap 
current f l ow i ng i n  that tap. For examp l e ,  when only one CT supp l i es current , and 
the tap p lug for the CT i s  i n  the f i ve ampere tap , 40 amperes are requi red for 
p i ckup. Th i s  p i ckup val ue i s  based on the AC component of current transformer 
output only , s i nce the d i fferent i a l  current transformer i n  the re l ay produces only a 
ha l f cycl e  of any DC (offset ) component present. 

I f  rat i o  matc h i ng taps are chosen so that rated CT current i s  not greater than 
the tap rat i ng on a sel f-cool ed bas i s ,  the overcurrent uni t  wi l l  not p i ck up on 
magnet i z i ng i nrush. If CT currents are greater than tap rat i ng ,  there i s  danger 
that the uni t  may p i ck up , espec i al ly on smal l transformer banks. I f  th i s  happens , 
then the CT rat i o  or re l ay tap sett i ng shoul d be i ncreased , rather than i ncreas i ng 
the p i ckup of the overcurrent uni t. I f  the overcurrent uni t  sett i ng must be rai sed , 
the requi rements on CT error will be more stringent, i n  accordance w i th  the 
fo l l owi ng equat i on: 

E = 20 - (2.5)(P-8) 

where: E = CT error current i n  percent at p i ckup of the overcurrent uni t  
P = p i ckup of overcurrent uni t  i n  mul t i p l es of tap sett i ng. 

PERCENTAGE D I FFERENTIAL CHARACTERISTICS 

The percentage d i fferent i a l  characteri st i cs are prov i ded by through-current 
restra i nt c i rcu i ts. I n  add i t i on to the operat i ng coi l  of the po l ar i zed uni t ,  wh i ch 
i s  energ i zed by the d i fferent i al current of the l i ne current transformers , the re l ay 
i s  equi pped wi th a restra i n i ng coi l ,  that i s  i nd i rect ly energ i zed by the transformer 
secondary currents themse 1 ves. For the re 1 ay to operate , the current transformer 
secondary currents must be unbal anced by a certai n  m i n imum percentage determ i ned by 
the re l ay s l ope sett i ng (as shown i n  F i gures 4 and 4A).  Th i s character i st i c  i s  
necessary to prevent fal se operat i on on through-fau l t  currents. H i gh currents 
saturate the cores of the current transformers and cause the i r  rat i os to change , P'' 
wi th the resu l t  
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GEH-2057 

that the secondary cu rren ts  b ecome u nba l anced . P e rcentage re stra i nt i s  a l so n eeded to 
p revent  o pera t i o n  by the u nba l a nc ed c u rre n ts caused  by i mperfect  ma tch i n g  o f  the 
secon da ry cu rrents . 

HARMON I C  RESTRAI NT C HARACTER I ST I C S  

At the t i me a powe r tra n s fo rme r i s  en e rg ized , cu rre n t  i s  s upp l i ed t o  the p r i ma ry 
whi ch e s tab l i she s the requ i red fl ux i n  the core . Thi s  cu rrent  i s  c a l l ed magne t i z i ng 
i n ru sh ,  and fl ows o n l y  throu gh the cu rrent  tra n s fo rme rs  in  the p r i ma ry w i nd i ng .  Th i s  
causes  a n  u nb a l anced cu rrent to fl ow i n  the d i ffe rent i a l  re l ay,  wh i ch wou l d  cau se fa l se 
o p e ra t i o n  i f  means  we re not  p rov i ded to p rev ent  i t .  

Power sys tem fau l t  cu rrents are  o f  a n ea r l y  pu re s i n e  wav e  form , p l u s  a DC 
tra n s i en t  componen t .  The s i n e wav e  fo rm resu l ts from s i nu so i d a l  v o l ta g e  gen e ra t i o n , 
and  near ly  constant  c i rcu i t  i mpedanc e .  The DC component  d epend s on  the t i me i n  the 
v o l ta g e  cyc l e a t  wh i ch the fau l t  occ u rs , and upon  the c i rc u i t  i mpedance  ma g n i tu d e  and  
ang l e .  

Tra n s fo rme r ma gnet i z i n g  i n ru s h  cu rre n ts v a ry accord i n g to the ex treme l y  v a r i a b l e  
exc i t i ng i mpedance resu l t i ng from core  satu ra t i o n . They are  o ften o f  h i gh magn i tu d e , 
occ a s i o na l l y  hav i n g  an  RMS va l u e  w i th 100  perc en t  o ffs e t  a p p roachi n g  1 6  t i me s fu l l  l oad  
cu rrent fo r wo rst cond i t i on s  of  powe r trans fo rme r re s i d u a l  fl u x ,  and  po i n t  of  c i rcu i t  
c l o su re o n  the vo l ta g e  wav e .  They hav e  a v e ry d i s to rted wav e  fo rm , made u p  o f  sha r p l y  
peaked ha l f-cyc l e  l oops  o f  c u rrent  o n  one  s i de  o f  the zero ax i s ,  a nd  prac t i ca l l y  n o  
cu rren t  d u r i n g  the oppo s i te ha l f  cyc l e s .  The two c u rrent  wav es a re i l l u s tra te d i n  
Fi gu re  3 .  

Any cu rrents  o f  d i s to r te d , no n - s i nu so i d a l  wav e  fo rm may be  con s i d e re d  a s  b e i ng 
compo sed o f  a d i rect cu rrent componen t ,  p l u s  a numb e r  o f  s i ne wave  components  o f  
d i ffe re n t  freq uenc i e s ;  o n e  o f  the fu ndame n ta l  system fre quency , and the o thers , 
11ha rmon i c s ,  11 hav i ng frequenc i e s  whi ch a re two , three ,  fou r ,  f i v e  ( etc . ) , t i me s  the 
fu ndame n ta l fre quency . The re l a t i v e  ma g n i tu d e s  and pha se po s i t i o n s  o f  the ha rmon i c s ,  
w i th re ference to the fu ndame n ta l , determ i ne the wave form . When ana l yzed i n  thi s  
mann e r ,  the typ i c a l  fau l t  cu rre n t  wav e  i s  fou nd to conta i n  o n l y  a very sma l l  p erc enta g e  
o f  harmon i c s ,  whi l e  the typ i ca l  magnet i z i ng i n ru sh cu r rent  wav e c o n ta i n s  a con s i de rab l e  
amo u n t. 

The h i g h  perc en ta g e s  o f  ha rmo n i c  c u rre n ts i n  the mag ne t i z i n g  i n ru sh cu rre n t  wav e  
a ffo rd an  exce l l e nt mea n s  o f  d i st i n gu i sh i ng i t  e l ec tr i ca l l y  from the fau l t cu rrent 
wa v e .  I n  Type B O D  r e l ays , the ha rmo n i c  compo nents  a re passed  throu gh the re stra i n i ng 
co i l  o f  the re l ay ,  whi l e  the fu ndame nta l component  i s  pa s sed throu gh the opera t i ng 
co i l . The d i rect  cu rrent  componen t ,  present  i n  both the ma g n e t i z i n g  i n ru sh a n d  o ffse t 
fau l t  cu rrent wave s ,  i s  l a rg e l y  b l ocked  by the aux i l i a ry d i ffe re nt i a l  c urrent  
tra n s fo rme r i n s i de  the re l ay ,  and  produ c e s  on ly  s l i g ht momen ta ry re stra i n i n g  e ffec t .  
Re l ay opera t i o n  occurs  o n  d i fferent i a l  cu rren t wav e s  i n  wh i ch the rat i o  o f  harmo n i c s  
to fu ndame n ta l  i s  l owe r than the g i v en p redete rmi ned  v a l u e  fo r wh i c h  the re l ay i s  
s e t  ( e . g . , a n  i n ternal  fau l t  cu rren t wav e ) , and  i s  re s tra i ned o n  d i fferent i a l  
c u rre n t  wa v e s  i n  whi ch the ra t i o  exceeds th i s  v a l u e  ( e.g. , a ma g ne t i z i n g  i n ru sh 
cu rrent wav e ) . 
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GEH-2057 

B URD E N S 

No te tha t bu rdens  and  m 1 n1mum p i c k u p  v a l ues  are  s ubstant i a l l y  i nd ependent  o f  the 
p e rc en t  s l o pe se tt i n g s , and a re a l l  a p p rox i ma te l y  100 perc en t  powe r fac to r .  T h e  
f i gu re s g i ven  are  t h e  bu rdens i mposed o n  each  cu rrent t ran s fo rme r a t  5 . 0 ampere s .  

TAB L E  I 

ZERO O P ERATI NG C I RCU I T** 
TAP R ESTRAI NT 60 H ERTZ R ELAYS*** 

S ETTI NG P I CKU P**** BU RD EN I �1 P EDANC E 
R ELAY AMPS AMPS VA OHMS 

2 . 9 0 . 87 3 . 2 0 . 1 28 
3 . 2 0 . 96 2 . 7  0 . 1 08 

1 2B D D 1 5 B  3 . 5  1 . 0 5  2 . 4 0 . 096  
3 .8 1 . 14 2 . 0 0 . 08 0  

1 2B D D 16B  4 . 2  1 . 2 6  1 . 9  0 . 07 6  
4 . 6 1 . 38 1 . 6 0 . 064  
5 . 0 1 . 50  1 . 5  0 . 060  
8 . 7  2 . 6 1  0 . 7  0 . 0 28 

**Bu rden o f  o pe rat i n g  co i l  i s  z e ro u n d e r  norma l cond i t i on s  
*** B u rden  o f  5 0  he rtz re l ay i s  t h e  same o r  s l i g h t l y  l owe r 

RESTRA I N T  C I RCU I T  
6 0  H ERTZ R ELAYS*** 
BU RDEN  I M P EDANC E 

VA OHMS 

1 . 3  0 . 05 2  
1 . 2 0 . 048 
1 . 1  0 . 044  
1 . 0  0 . 04 0  
0 . 9  0 . 036  
0 . 8 0 . 032  
0 . 7 0 . 028 
0 . 5  0 . 020  

*** * I t  shou l d  b e  recogn i z ed tha t p i c k u p  cu rrent fl ows not  on l y  th rou g h  the  
d i ffe re n t i a l  c u rren t t ra n s forme r ,  but  a l so th rou g h  one  of  the  p r i ma ry w i nd i n g s  
o f  t h e  th rou gh -c u rrent  tran s fo rme r ,  p roduc i ng some res t ra i n t .  Howeve r ,  
comp a re d  to t h e  o p e ra t i n g  e n e rgy , th i s  qua n t i ty o f  re stra i n t i s  s o  sma l l that  
i t  may b e  a s sumed  to  b e  z ero . 

CONSTRUCTION 

F i g u re s 1 and 1A s how the i n terna l a rra ngeme nt  of the  compo nents of the  B DD 1 6B 
re l ay .  Re fe rence  the  i n te rn a l  connec t i o n  d i a g rams , F i gu re 1 0  and  1 1 ,  to i d en t i fy 
the  parts mo re  compl e te l y . 

C U RR ENT TRANS FORM ERS 

In  the  Type B D D 1 5 B  re l ay ,  the  th rou g h- c u rre n t  t ra n s fo rme r has two p r i ma ry 
w i nd i n gs , o ne  fo r each  l i ne  cu rre n t  t rans fo rmer c i rcu i t . W i nd i ng numb e r  1 
te rmi n a te s  a t  s tu d  6 ,  and w i nd i n g numbe r  2 te rm i nates  a t  stud  4 .  

I n  the Typ e  BDD 1 6B re l ay ,  there  are  th ree sepa ra te th rough - cu rrent 
t ra n s fo rme rs , each  w i th o n l y  one  pr ima ry w i nd i n g  and each  te rm i n a t i n g  at  a s epara te 
s tu d ,  w i n d i ngs  numb e r  1 ,  numb e r  2 and  numb e r  3 ,  co r re spond i n g to s tu d s  6 ,  4 a n d  3 ,  
re spec t i v e l y .  

I n  e i t h e r  re l ay ,  t here i s  a d i ffe re n t i a l  c u rren t t ra n s fo rme r w i th o n e  p r i ma ry 
l ead  b rou g h t  ou t to stud  5 .  
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The primary c i rcu i t  of each of these transformers i s  comp l eted through a spec i a l  
tap b l ock arrangement . Two or  three hori zontal rows of  tap pos i t i ons are prov i ded 
(depend i ng on whether the rel ay i s  a Type BDD 15B or BDD 16B ) , one row for each t hrough­
current transformer w i nd i ng .  A tap on the d i fferent i al current transformer i s  
connected to a correspond i ng tap of the through-current restra i nt wi nd i ngs  by 
i nserti ng tap p l ugs i n  the tap b l ocks . 

When the BDD16B re l ay i s  used on four-ci rcu i t  app l i cat i ons , as shown i n  F i gure 
9 ,  the fourth c i rcu i t  CT i s  connected to stud 7, and the jumper norma l ly  connected 
between termi nal s 6 and 7, at the rear of the re l ay crad l e ,  s hou l d  be d i sconnected at 
the termi nal 6 end . I t  shou l d  be reconnected to the upper row i n  the tap b l ock  ( above 
the row marked w i nd i ng number 1 ) , wh i ch connects i t  d i rectly  to the d i fferent i al 
current transformer i n  the BOD re 1 ay . The termi na 1 on the movab 1 e 1 ead shou 1 d be 
p l aced u nder the tap screw that g i ves the best match for the current i n  the movabl e  
end . 

The taps perm i t  match i ng of unequal l i ne current transformer secondary currents .  
The tap connecti ons are so arranged that when match i ng secondary currents ,  and a tap 
p l ug i s  moved from one pos i t i on to another i n  a hori zontal row , the correspond i ng taps 
on both the d i fferent i a l  current transformer wi nd i ng ,  and one of the through-current 
transformer wi nd i ngs are s imu l taneously sel ected , so that the percent through-current 
restrai nt remai ns constant . 

THROUGH-CURRENT RESTRAI NT C I RCU IT 

A fu l l  wave bri dge rect i f i er recei ves the output of the secondary of each 
through-current restrai nt transformer . I n  the BDD16B re l ay ,  the DC outputs of a l l 
three u n i ts are connected i n  paral l e l . The total output i s  fed to a tapped res i stor 
( R3 )  t hrough  the percent s l ope tap p l ate at the front of the re l ay .  A 1 5 ,  2 5  or 40 
percent s 1 ope adjustment may be se 1 ected by means of three taps . Res i star taps are 
adjustab l e  and preset for g i ven s l opes .  The r i ght tap corresponds to the 40 percent 
s l ope sett i ng .  The output i s  rect i f i ed and app l i ed to the restrai nt coi l of the 
pol ari zed un i t .  

D I FFERENT IAL CURRENT C I RCU IT 

The d i fferent i al current transformer secondary output d i rect ly suppl i es the 
i nstantaneous u ni t ,  the operati ng coi l s  of the pol ar i zed un i t through a seri es tuned 
circuit. and the harmoni c  restrai nt c i rcu i t  through a para l l e l resonant trap . The 
operat i ng and restrai nt currents are each passed through a fu l l  wave bri dge rectifier 
before pas s ing through the pol ari zed un i t coi l s .  

The ser i es resonant c i rcu i t  i s  made up of a f i ve mi crofarad capac i tor ( Cl) and a 
reactor ( L1 )  wh i ch are tuned to pass currents of the fundamental system frequency ,  and 
to offer h i gh impedance to currents of other frequenc i es .  Res i stor R1 i s  connected i n  
para 11 e 1 o n  the D C  s i de of the operate rect i f i er ,  and can b e  adjusted t o  g i ve the 
desi red amount of operate current . The output of the rect i f i er i s  app 1 i ed to the 
operat i ng coi l  of the pol ari zed un i t .  

The para 11 e 1 resonant trap i s  made u p  of a 1 5  mi crofarad capac i tor ( C2 )  and a 
reactor ( L2 )  wh i ch are tuned to b l ock fundamental frequency currents wh i l e  a l l ow i ng 
currents of harmoni c  frequenci es to pass w ith  re l at i vely l i tt l e  impedance . Res i stor 
R2 i s  connected i n  paral l e l  on the AC s i de of the harmoni c  restrai nt rect i f i er ,  and 
can be 
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adj u sted to g i ve t he desi red amount of harmon i c  restrai nt .  The  output of the  rect i f i er 
i s  paral l eled wi th  the through- current restrai nt currents and appl i ed to  the restrai nt 
coil  of the pol ari zed un i t .  

I t  i s  evi dent that i f  the di fferent i al current app l i ed to the Type BOD rel ay has 
s i nuso i dal wave form and system frequency ,  i t  w ill  flow mos tly i n  t he operat i n g co i l 
c i rcui t ,  and wi l l  cause the relay to operate . I f  on the other hand,  t he d i fferent i al 
current cont ai ns  more than a cert ai n percentage of harmoni cs , the relay w i ll be re­
strai ned from operat i ng by the harmon i c  currents flowi ng  i n  the res trai nt coi l .  

A Thyr i te
QD 

res i s tor connected acros s the secondary of the d i fferent i al c urrent 
transformer l im its  any momentary h i gh vol tage peaks wh i ch may occur,  thus protect i ng 
the rect i f i ers and capaci tors from damage , wi thout mater i al ly affect i n g  the character­
i s ti cs of the rel ay. 

OVER CURRENT UN IT  

The  i nstant aneous un i t  i s  a h i nged armature rel ay wi th a self- contai ned target 
i n di cator . On extremely heavy i nternal fau l t  currents , t h i s u n i t wi ll p i ck up and 
compl ete the tr i p  c i rcu i t .  The i nstantaneous target wi l l  be exposed to i n d i c ate that 
tr i pp i n g  was through t he i nst antaneous un i t .  

Because of s aturat i on of the CTs and relay transformers at h i gh fau l t  current s ,  
i t  i s  pos s i ble that less operat i ng current wi ll  be prov i ded from the d i fferent i a l  
current transformer than the  percentage slope tap would i mply, and more h armoni c 
restr a i n t  wi l l  be pro v i ded than the actua l  h armo n i c  content of the fau l t  current wou l d �, 
s upp ly .  As a res ult , the mai n un i t  may be  fal sely res trai ned under condi t i ons of a h i gh 
i nternal faul t current . However , tr i pp i n g  i s  assured by the overcurrent u n i t oper a-
t i on .  P i ckup  i s  set above the level  of d i fferent i al current produced by max i mum 
magneti z i n g i nrush  current . F i gure 5 shows the relat i ve levels of p i ckup  and s peed of 
operat i on of the mai n un i t  and overcurrent un i t . 

MA I N  OP ERAT ING  UN IT  

The  mai n operat i ng un i t  of Type BOD  rel ays i s  a sens i t i ve pol ar i zed  un i t  wi th  
components as  shown wi thin the l arge c i rcu i t  of the  i nternal  connecti on d i agrams , 
F i gures 10 and 1 1 .  The un i t  has one operat i ng and one restrai n i ng co i l, and i ts 
contacts are i dent i f i ed as DHR ( d i fferent i al h armoni c  restrai nt )  on the d i a grams of the  
external  connect i ons d i agr ams ,  F i gures 7, 8 and 9.  The  relay i s  a h i gh- speed, low 
energy de vi ce , and i ts contacts are provi ded wi th  an aux i li ary u n i t whose contacts are 
brought out to studs for connect i on i n  an external c i rcu i t .  

The pol ar i zed un i t i s  mounted on an ei ght- prong base,  wh ich  f i ts  a standard oct al 
radi o socket , and i s  protected by a removable dust cover . I t  i s  mounted beh i n d  the 
n ameplate of the BOD relay , and shou l d  req u i re no further adj ustment after the rel ay i s  
s h i pped from the factory. 

The auxi li ary un i t carr i es an i nd i cat i ng target , and i s  loc ated on the left- h and  
s i de ( front vi ew) of the  relay. The  coi l of  t h i s  u n i t is  not  connected in  the  mai n 
c i rcui t as a seal- i n  co i l, but i s  con nected to the DC control bus through an open 
contact of the pol ari zed rel ay ,  and through a ser i es res i s tor . A tap b l oc k  i s  prov i ded  
on the  namepl ate for selecti ng e i ther of two DC  control voltages . 

QD 
Regi stered Trademark of the General E l ectr i c  C o .  
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The co i l  o f  the au x i l i a ry u n i t  i s  contro l l ed by both th e open a nd c l o sed  conta c ts 
o f  the po l a r i zed  u n i t .  The po l a r i z ed un i t  ha s approx i ma te l y  0 . 005 i nc h  conta c t  gap,  
wh i c h  u nd e r  tra n s i en t  o v e rv o l ta g e  cond i t i o n s  on  the  DC con trol  bus  of  the  o rd e r  of  1 200 
vo l t s ,  cou l d  b re a k  down momentar i l y .  Th i s  w i l l  not  c a u se fa l se ope ra t i o n  i n  the event  
that  such  a cond i t i o n  occ u rs , bec au se the au x i l i a ry rel ay is  no rma l l y  short-c i rc u i ted 
by the c l o sed co ntact of the po l a r i z ed u n i t ,  and  the  ser i e s  re s i s tance  i s  h i g h enough  
to  cau se the  a rc to go ou t a t  norma l v o l ta g e . 

CAS E  

Th e re l ay case i s  su i ta b l e  fo r e i th e r  s u rfa c e  o r  semi - fl u s h pan e l  mo u n t i n g .  
Ha rdwa re i s  prov i ded w i th the re l ay fo r e i ther mou n t i ng me thod . The cov e r  a ttac he s  to 
the  c a se and c a rr i e s  the  ta rget re se t mec han i sm fo r the t r i p  i n d i c a to r  and 
i n sta n taneou s u n i t .  Each  cover  sc rew ha s prov i s i on  fo r a sea l i ng w i r e .  

The  case  h a s  stu d s  o r  sc rew connec t i o n s  a t  the  bo ttom fo r exte rn a l  connec t i o n s . 
The e l ectr i ca l  connect i o n s  between the re l ay u n i ts and  t he ca se s tuds  a r e  made  through  
spr i n g b ac k ed contac t fi n g e rs mou nted i n  sta t i o n a ry mo l d ed i n ner  and ou te r  b l o c k s ,  
between wh i c h  nests a remov ab l e  co nnect i o n  pl u g ,  wh i c h  compl e tes  the c i rcu i t .  The 
ou te r  b l o c k s  attac h ed to the c a se have  s tu d s  fo r the exte rna l  connec t i o n s , and the  
i nn e r  b l ocks  have  term i na l s fo r the  i n te rna l co nnect i on s .  

The  re l ay mec han i sm i s  mou n ted  i n  a s tee l  framewo r k  c a l l ed a c rad l e  and i s  a 
compl e te u n i t  w i th a l l l ead s be i n g term i n a ted  a t  the  i nn e r  b l oc k . The c rad l e  i s  he l d  
sec u re l y  i n  the  case w i t h  a l a tc h  at  the  top and the  bo ttom a nd by a gu i de p i n  a t  the  
back  o f  the ca s e .  The  case  and  c rad l e  des i g n prevents i n se rt i ng the re l ay i nto the  ca se 
ups i d e  down . The  connec t i o n  pl u g ,  bes i des  ma k i ng e l ec t r i c a l  connec t i o n s , a l so l oc k s  
t h e  l a tch  i n  pl ace . The cov e r ,  wh i c h  i s  fa s tened to t h e  c a s e  by thumb sc rews , ho l d s the 
connec t i o n  pl u g  i n  pl a c e . 

To d raw o u t  the  re l ay u n i t  from the  c a se , fi rst  care fu l l y  remo v e  the  cov e r , then 
the co nnect i o n  pl u g s . Sho rt i n g bars  a re b u i l t  i n to the re l ay ca se to short the  cu rrent 
tra n s fo rme r c i rc u i t s ( see Fi gu re 6 ) .  Re l ease  the  l a tc h e s . T h e  rel ay u n i t  may now be  
removed from the  case  by  pu l l i n g  o n  the  c rad l e .  To repl ace  the  re l ay u n i t , fo l l ow the 
rev e rse o rd e r .  Use  c a re wh en pl ac i n g  the cov e r  bac k on to the  re l ay case to av o i d  
damag i n g the re set mechan i sm .  

A sepa ra te te s t i n g  plu g can  b e  i n se rted i n  pl ace  o f  the  conn ec t i n g  pl u g  to te st  
the  re l ay i n  pl ace  on  the  pa ne l , e i ther  from i ts own sou rce of  cu rren t ,  o r  from o ther  
sou rc e s .  Or , the  u n i t  can be d rawn o u t  and  repl aced by another  re l ay wh i c h  has  been 
tes ted i n  a l aboratory .  

R E C E IVING, H ANDLING AND STO R AG E 

These  re l ays , when not  i nc l uded a s  part o f  a contro l  pane l , a re s h i pped i n  ca rto n s  
d es i g ned t o  pro tect  t h em aga i n s t dama g e .  Immed i a te l y  upon rec e ipt o f  a re l ay ,  exam i n e  
i t  fo r a ny damage susta i ned i n  trans i t .  I f  damage d u e  t o  rou g h  hand l i ng i s  ev i den t ,  
fi l e  a dama g e  c l a i m a t  once  w i th the  tra n sporta t i o n  company and  promptly no t i fy the  
nearest  Gen era l E l ec tr i c  Sa l e s Off i c e . 

Exerc i s e c a re when hand l i n g o r  u npac k i n g the  re l ay to avo i d  d i s tu rb i ng 
adju s tmen ts or damag i n g  the  re l ay .  
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I f  the  re l ays are not to be i n stal l ed i mmed i ate l y ,  they shou l d  be s to red i n  the i r  
o r i g i nal carto n s  i n  a pl ac e  that i s  free from mo i s tu re , d u st  and me tal l i c part i c l es. 
Fo re i gn matter c o l l ec ted on the  outs i de o f  the  cas e may f i nd i ts way to the  i n s i de o f  
t h e  case wh en t h e  cov e r  i s  remo v ed , c reat i n g t h e  po ss i b l i ty o f  re l ay m i s o p e rat i o n. 

AC C E P TAN C E  TES TS 

Immed iate l y  u pon  rece i pt o f  the re l ay ,  an i n spec t i o n  an d acc eptance te st  shou l d  be  
mad e to i n su re that no damage has been  sustai ned i n  s h i pme nt , and that t h e  re l ay 
cal i b rat i o n s  hav e not  been d i s tu rbed. 

V ISUAL I NS P ECTI ON  

C hec k the  name p l ate stamp i n g  to i n su re that the  mode l  numb e r ,  rat i n g and 
cal i b rat i on range  o f  the re l ay ag ree w i th the  requ i s i t i o n. Remove  the  re l ay from i ts 
case and check  that there are no b ro ken o r  c rac ked mo l d ed parts o r  o t h e r  s i gn s  o f  
p hys i cal damage , and that al l sc rews are t i ght. 

MEC HAN I CAL I NSPECTI ON  

C h ec k  the  o p e rat i on of  the  au x i l i ary and i n stan taneo u s  o v e rc u rre nt  u n i t s manual l y  
to see  that they o p e rate smoo t h l y  w i thou t no t i ceab l e  fr i c t i on o r  b i nd i n g i n  the  
ro tat i n g  structu re of  the  u n i t s. 

EL ECTR I CAL TESTS : 

The  fo l l ow i n g  e l ec tr i cal tests  are rec ommended upon  rec e i pt o f  t h e  re l ay :  

o C h ec k  mi n i mum p i c k up o f  mai n  o p e rat i n g  u n i t  
o C h ec k  mi n i mum p i c k up  o f  the  i n stantaneou s o v e rc u rrent  u n i t  
o A s i n g l e c h ec k  po i n t  te st o n  the  harmo n i c  restrai n t  c harac te r i s t i c  
o A s i n g l e c hec k po i n t  te st  on  t h e  s l o pe c harac te ri s t i c  c u rv e  fo r the  approx i mate 

slope to be u sed. 

TEST FAC I L I TI ES 

The  fo l l ow i n g  te st  equ i pment  wi l l  fac i l i tate te sts : 

o Two l oad boxes  fo r re gu l at i n g  test c u rre nts  
o Th ree ammete rs ( two AC and one  DC ) fo r measu r i n g  te st  cu rre n ts 
o A test rec t i fi e r  fo r c h ec k i n g the re l ay' s response  to the second harmo n i c  
o One  i nd i cat i n g  l amp 
o Two s i ng l e - po l e dou b l e - th row sw i tch  se l ecto r  sw i tc hes , w i t h  cente r-o ff pos i t i o n  
o A dou b l e - po l e s i n g l e-th row l i n e sw i tc h. 

C h ec k the  p i c k up  o f  the  mai n  u n i t  us i n g the  con nec t i o n s  s hown i n  F i g u re 1 2 .  
Du r i n g th i s  tes t ,  the  s e l ector sw i tche s (S2 and S4 ) are open , and c u r re n t  pas ses  
throu g h  the  d i ffe re n t i al c i rc u i t  o n l y. Fo r exampl e ,  o n  a re l ay set  w i t h  2 5  p e rc ent  
s l ope  and a 2. 9 amp e re rat i o  matc h i n g  tap , the  ma i n  u n i t  shou l d p i c k  u p  at  30  
pe rc e n t  of  tap rat i n g , pl u s  o r  mi n u s  ten  perc ent ; or  the  p i c ku p  s hou l d  be betwee n  
0 . 78 and 0 . 96 ampere.  To c h e c k  that t h e  mai n  un i t  has p i cked u p ,  a sou rce o f  DC 
po\ve r at rated 
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v o l tage shou l d  be  c o n n ec ted a s  shown i n  F i gu re 1 2 . The i nd i ca t i ng l amp w i l l  p rov i d e a 
s igna l show i ng that  t h e  ma i n  u n i t  has  o pe ra ted . 

Fo r an  add i t i o n a l  p i c k u p  te s t ,  se t the  p i c k u p  a t  1 . 5 amp e re s  w i th cu rre n t  fl ow i ng 
i n  termi na l s  5 and  6 ,  and  p l ace the ta p p l ugs i n  the f i v e  ampere a n d  25 p e rcent  s l ope  
ta p pos i t i o n . S i nc e  the  BOD  re l ay u ses  a po l a r i z ed u n i t  w i t h  a v e ry l ow e n e rgy l ev e l , 
the  m i n i mum p i c kup  sett i ng may v a ry a s  muc h  a s  p l u s  o r  m i nu s  ten p e rcen t .  I f  the  
p i c k up is  between 1 . 3 5  and 1 . 65 amp e re s ,  no  adju stmen t  s hou l d  be mad e .  Repeated  p i c kup  
opera t i o n s  i n  succe s s i o n  e ra se the  magnet i c  memo ry o f  prev i o u s  te sts , wh i c h may have  
a ffec te d  the  f irst  tests . A s e v e re th rough-fau l t  w i l l  p rodu c e  a n  e ffec t  wh i c h  w i l l  
i nc rea se the  cu rrent requ i red  to p i c k  up the  r e l ay . The p i c kup  o f  the  BOD  re l ay h a s  
w i d e r  permi s s i b l e  v a r i a t i o n s  t h a n  mo st  pro tec t i v e  re l ays , but  due  to the  re l ay des i gn 
and  a pp l i ca t i on , re l ay accu racy i s  ent i re l y  a dequa te u n d e r  a l l cond i t i on s ,  eve n  du r i ng 
tra n s fo rme r magnet i z i ng i n ru sh o r  sev e re fau l t  cond i t i o n s .  

W i th the s e l ector sw i tc h ,  S2 , i n  t he A po s i t i o n , c heck  the ha rmon i c  cu rrent 
re stra i n t  as  desc r i b ed in  INSTALLATION PROCEDURE . 

The i n stantaneou s overcu rrent u n i t  shou l d  be  c h ec ked by pa ss i ng a h i gh cu rren t 
t h rough the  5 - 6  te rmi n a l s .  P i c kup shou l d  be  a bou t e ight  t i mes ta p ra t i ng .  C h ec k  
th rough-cu rrent res tra i nt a s  desc r i bed i n  INSTALLATION PROCEDURE. 

Afte r the other  tests  a re comp l e te ,  chec k re l ay d ro pou t w i t h  the se l ecto r  
sw i tc he s (e s )  ope n . The pu rpo se o f  th i s  te st  i s  to i n su re that the po l ar i zed operat i ng 
e l emen t  w i l l  re se t p roper ly  a fte r a h eavy i n te rna l  fau l t  c u rre n t , wh i c h  c a n  l eav e 
exce s s i v e  re s i dua l  fl ux  i n  i ts magnet i c  s t ruc tu r e . App l y  a cu rrent o f  30 amperes to 
te rmi n a l s  5 and 6 w i t h  ta p p l ugs fo r a l l w i nd i ngs i n  the 2 . 9  amp e re ta p pos i t i o n , and 
the percent  s l ope tap p l ug i n  the  25 percent  s l o pe po s i t i o n . Th i s  w i l l  c a use the  
aux i l i a ry re l ay to  p i c k  up  s h a rp l y .  The  cu rre n t  s h ou l d  then  be reduced , ra p i d l y  at  
f i rs t ,  a nd then s l ow l y  u nt i l the aux i l i a ry re l ay d rops  ou t .  Dropout cu rren t shou l d  be 
0 . 1  ampe re o r  mo re . I f  d ro pou t cu rrent  i s  o th e r  than  as  s p ec i f i ed ,  the  po l a r i z ed u n i t  
i s  d e fect i v e ,  and  s hou l d  b e  rep l aced . 

I N S TAL LATIO N  PROC E D U R E  

TESTS 

B e fo re p l a c i ng the re l ay i n  s e rv i c e, chec k  the re l ay c a l i b ra t i o n  that  w i l l  be used  
to i n su r e  it  i s  co rrec t .  The  fo l l ow i ng te s t  proced u re i s  o u t l i ned  fo r th i s  pu rpo s e .  

C AUT I ON : The  re l ay c a l i b ra t i o n  i s  accomp l i s h ed by adju s t i ng res i s to r s  R 1 , R2 and R3 . 

P I CKU P 

Change s made i n  a ny o n e  o f  the se re s i stors  w i l l  a ffec t the o ther  two 
re s i s to rs' s e tt i ngs . I n  the  event  o n e  se tt i ng i s  c hanged , the  p i c kup , 
harmon i c  re stra i nt a nd through-cu rrent re s tra i n t  ad justment  p rocedu re s shou l d  
b e  repeate d  u nt i l  no fu rth e r  d ev i a t i o n  from p roper  ca l i b ra t i on i s  no te d . T h e  
best  re su l ts a re obta i n ed w h e n  the  th rough-cu rrent res tra i nt adjustment i s  
made  a fte r t h e  o th e r  two se tt i ngs a re correc t .  

The  te st  c i rc u i t  fo r p i c k u p  i s  a s  s hown i n  F i gu re 1 4 , w i t h  S 2  o pen . P i c k u p  s hou l d  
b e  1 . 5 amperes w i th c u rrent  fl ow i ng i n  termi na l s 5 a n d  6 ,  a nd  the tap  p l ugs i n  the  f i v e  
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ampere and  25  percent  s l ope tap  pos i t i on s .  The p i cku p  opera t i on s hou l d  b e  r epea ted 
sev e ra l  t i mes u n t i l  two success i v e  read i n g s  a g ree w i t h i n  0 . 01 ampe re , w i t h  to ta l p i c kup  
c u r rent be i ng i n terru pted between succe s s i v e  c h ecks . 

The p i c kup  o f  the po l a r i z ed u n i t  v a r i e s  s l i g h t l y  depend i n g upon  the  h i s to ry o f  i ts 
magnet i c  c i rcu i t .  The repea ted p i cku p  opera t i o n  re s to re s  the  co nd i t i o n o f  the magnet i c  
c i rc u i t  to some re fe rence  l eve l , t hus  e l i m i n a t i n g  a ny i n i t i a l  v a r i a t i o n  i n  ma gnet i c  
h i s to ry .  

Th e cond i t i o n  o f  t h e  ma g net i c  c i rc u i t  i s  i n fl u enced b y  the  ma n n e r  i n  wh i c h  p i ckup  
cu rrent i s  removed a fter a te s t .  Fo r th i s  rea so n ,  p i cku p read i ngs  w i l l  be  s l i gh t l y  
l owe r i f  th e c u rren t i n  t h e  d i ffe ren t i a l  c i rc u i t  i s  reduced g ra du a l l y ,  than  i f  the  
cu rrent is  a b ru pt l y  reduced o r  i n te rru pted . Energy i s  s to red i n  t he se r i e s tu ned 
c i rc u i t  wh en the  c u rren t is  a p p l i ed .  Th i s  ene rgy is  d i s s i p ated in  the  h a rmo n i c  
restra i n t  c i rcu i t ,  the pa th o f  l ea s t  i mpeda nc e ,  when the cu rrent  i s  ab ru pt l y red uced o r  
remo v ed . The  re stra i n t  co i l  o f  the  po l a r i z ed u n i t ,  hav i n g  a p p rox i ma te l y  th ree t ime s as  
ma ny tu rns a s  the  opera t i ng co i l ,  rece i ve s  a g rea ter sa tu rat i ng e ffec t than  the  opera­
t i ng  co i l . The  net  e ffec t i s  a s  thou g h  a restra i n t  s a tu ra t i n g  c u rren t we re a p p l i ed to 
the re l ay.  

S i nc e  the  BOD  re l ays u se a po l a r i z ed u n i t  w i t h  v e ry l ow ene rgy l ev e l , the  m 1 n 1 mum  
p i cku p  may  v a ry a s  much  a s  p l u s  o r  m i nu s  ten percen t .  I f  the  p i cku p  i s  fou n d  to  be  
a nywh e re w i th i n  th i s  ra nge , 1 . 3 5- 1 . 65 ampe re s ,  the sett i n g  shou l d  n o t  b e  d i s tu rbed . 

W i th DC c o n t ro l vo l tage a p p l i ed to the p roper  s tuds  o f  the re l ay ,  the p i cku p o f  
the  au x i l i a ry u n i t  can  be u sed a s  a n  i nd i c a t i o n  o f  opera t i o n  o f  the  po l a r i zed  re l ay .�· 
un i t .  Th i s  v o l tage may be  a pp l i ed a s  s hown i n  F i gu re  14 , and  the i nd i ca t i ng l amp  w i l l  
i nd i c a te that  the  ma i n  u n i t  has  o pe ra ted . 

I f  the  p i ckup i s  fou nd to b e  ou t o f  a d j u stme n t ,  adju s t  the  po s i t i o n  o f  the  band o n  
re s i s to r  R1 , wh i c h  i s  c o nnec ted i n  p a ra l l e l w i th the operat i n g c o i l o f  t he po l ar i zed 
u n i t .  Re s i s to r  R 1  i s  l oc ated a t  the  to p o f  the re l ay ,  and i s  the  l e ft-hand  a d j u s ta b l e  
re s i s to r  (see F i gu r e  2 ) .  

HARMONIC CU RRENT RESTRAI NT  

Th e ha rmo n i c  re stra i n t  i s  adju s ted by mea n s  of  a te st  rec t i fi e r ,  used  i n  con j u nc­
t i on w i th su i ta b l e  a mmeters a nd l oad boxe s . The  te st  i s  shown i n  F i gu r e  14 , w i th 52  
c l o sed  to  pos i t i o n  A .  Te sts  shou l d  b e  made  on  the  5 . 0 ampe re and  25  perc e n t  s l o p e  ta p s .  

The ana l ys i s  o f  a s i ng l e- p ha se ,  ha l f wav e rec t i f i e d  cu rren t shows the presence  
o f  fi x ed percenta ges  o f  DC , fu ndamenta l  and  second h a rmo n i c  componen ts , as  we l l  a s  
neg l i g i b l e  percentages  o f  a l l h i gher  even ha rmon i c s .  Th i s  c l o se l y  a pp rox i ma te s  a 
typ i c a l  tra n s fo rme r i n ru s h  c u rren t ,  a s  seen a t  t h e  re l ay te rmi n a l s ,  i n a smu c h  a s  i t s 
pr i nc i pa l  
componen ts a re DC , fu ndame n ta l  a n d  second h a rmo n i c . A l thou g h  t h e  perc e n t  sec ond 
harmon i c  i s  f i xed , the overa l l percentage  may be  v a r i ed by prov i d i ng a pa th fo r a 
contro l l ed amo u n t  o f  by- pa ssed c u rre n t  o f  fu ndame n ta l  frequency . The  by- passed 
cu rrent i s  added in  phase w i th the fu nd amenta l compo nent  o f  ha l f wav e  rec t i f i e d  
c u rren t ,  t h u s  p rov i d i n g  a mea ns  o f  v a ry i n g  t h e  ra t i o  o f  t h e  second h a rmo n i c  to 
fu ndame nta l  cu rren t .  

The fo l l ow i n g  ex press i o n  s hows the  rel a t i o n s h i p  between t h e  perc e n t  second  har­
mo n i c , the  DC c omponen t ,  and the  by- pass  cu rrent : 
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% Second harmon i c = -----.::..0.:..:· 2::..::1=-=2:......:...:.x_I--=D:....: C ___ x 100 
0.45 X I 1 + 0.5 X I DC 

F i gure 15 i s  deri ved from the above expres s i on and shows the percent second 
harmonc correspon d i ng to vari ous values of bypass current ( I 1 ) for a constant DC set at 
4.0 amperes. 

U nles s ot herwi se spec i f i ed by the requ i s i t i on ,  t he relay i s  cali brated at the 
f actory us i ng the lower DC control voltage tap. Si nce the percent second harmoni c 
requ i red to restrai n the relay wi ll be approx i mately one percent hi gher i f  the cali bra­
t i on i s  checked us i ng the hi gher tap , harmon i c  restr ai nt must be tested on the lower 
t ap i n  order for the f i eld test to agree wi th the factory cal i brat i on. 

The relay i s  c ali brated wi th a compos i te RMS current of two t imes tap value. When 
properly set ,  the relay wi ll restrai n wi th greater than 20 percent second harmon i c , but 
will operate wi th the second h armoni c eq u al to 20  percent or lower. W i th the DC ammeter 
( I 2 ) set at 4.0 amperes , the aux i l i ary relay s hould just  beg i n to close i t s  contacts 
wi th gradu ally i ncreas i ng bypass current ( I 1) at a v alue of 4.5 to 5.5 amperes. Th i s 
corresponds to 19 to 21 percent second harmon i c  ( s ee F i gure 15 ) ,  provi di ng a two 
percent tolerance at the set poi nt to compensate for normal fluctuati ons i n  p i ckup. I t1 
s hould be noted that the current magn i tude i n  the rect i f i er branch ( I 2 ) i s  sli ghtly 
i nfluenced by the appli cat i on of byp ass current ( I 1) ,  and should be checked to i nsure 
that i t  i s  mai ntai ned at i ts proper value. 

I n  the event a s u i table DC ammeter i s  not avai lable , the proper half wave rect i ­
f i ed current may be set us i ng a n  AC ammeter i n  pos i t i on  I 2 by s hort i ng out the recti f i er 
and setti ng  the unrect i f i e d  current at 9.0 amperes. I f  the rect i f i er i s  then un­
shorted ,  the half wave rect i f i ed current w ill automat i c ally est abli sh i tself at the 
proper value. 

I f  harmon i c  restrai nt i s  found to be out of adj ustment , i t  may be corrected by 
adj u s t i n g  res i stor R2 , wh i ch i s  connected i n  par allel on the  AC s i de of the rect i f i er ,  
wi th the restrai nt coi l of the polar i zed relay. Thi s res i stor i s  located at the top of 
the relay , and i s  the r i ght- h and  adj ustable res i s tor ( s ee F i gure 2 ) .  

THROUGH-CURRENT RESTRA I NT. 

The through- current restrai nt ,  whi ch  g i ves the relay t he percentage di fferenti al 
or percent slope character i sti cs shown i n  F i gure 5 ,  may be checked and adj usted us i n g  
t he ci rcu i t i llustrated i n  F i gure 14 , w i th  S2 closed to  pos i t i on B .  Ammeter I 1 reads 
the d i fferenti al current , and I3 reads the smaller of the  two t hrough-currents. When 
tes t i ng  BDD16B relays , t he sett i ng s hould be checked wi th  swi tch S4 f i rst i n  one 
pos i t i on ,  and then the other , thus  check i ng all the restr ai n t  coils. The relay should 
j ust  p i ck up for the values of I 1 and I3 currents i ndi cated i n  T able I I ,  wi th the 
current t ap plugs i n  t he 5.0 ampere pos i t i on ,  and the percent slope tap plug i n  the 40 
percent pas i t  i on. Repeat wi th the percent s 1 ope tap p 1 ug i n  the 25 and 15 percent 
pos i ti ons. If any one of t hese set poi nts i s  not as prescri bed ,  adj ust  the parti cular 
band on res i stor R3 ( located near the top of the case beh i n d  t he nameplete ) assoc i ated 
wi th i t , as i n di cated i n  Table I I. N ote that the current magni tude i n  the through­
current branch ( I3 ) i s  sli ghtly i nfluenced by the appl i cat i on of the d i fferent i al 
current ( I 1) and should be checked to i nsure that i t  i s  mai ntai ned at i ts proper value. 
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Any change i n  R3 to obta i n  the des i red s l ope wi l l  have a sma l l effect upon m1mmum , p i ckup and harmoni c  restra int .  However once the s l ope sett i ng has been set , any 
adjustment of m i n imum p i ckup w i l l  change the s l ope characteri st i cs .  The s l ope set 
poi nts must then be rechecked to i nsure that they are i n  accordance w i th  Tab l e I I .  

NOTE: These currents shou l d  only be permi tted to f l ow for a few seconds at a t i me 
w i th coo l i ng peri ods between tests; otherwi se ,  the coi l s  w i l l  be overheated . 

TABLE I I  

PERCENT BAND  ON AMPERES TRUE SLOPE 
SLOP E  TAP RES ISTOR R3 I 3 I I ( I I/ I3 X 100 )  

40 R i ght 30 1 2 . 0  - 1 3 . 2  40 . 0  - 44 . 0  
25 M i ddl e 30 7 . 5 - 8 . 3  25 . 0 - 27 . 5  
15  Left 30 4 . 8  - 5 . 0  15 . 0  - 16 . 5  

NOTE: The percent s 1 ope to 1 erance i s  ten percent of nomi na 1 , a 1 1  i n  the p l u s  
d i rect i on .  Th i s  i s  to i nsure that the s l ope characteri st i c  never fa l l s  
bel ow tap val u e .  

I NSTANTANEOUS OVERCURRENT UN IT  

Th i s  un it  i s  l ocated at  the upper r i ght-hand s i de of the  re l ay .  I t s  sett i ng may 
be checked by pass i ng a h i g h  current of rated frequency through  termi nal s 5 and 6 .  The �, 
un i t shou l d  p i ck up  at e i ght t imes the tap rat i ng as descri bed i n  CHARACTERISTICS. I f  
the sett i ng i s  i ncorrect , adjust by l oosen i ng the l ocknut at the top o f  the u ni t ,  and 
turn the cap screw u nt i l the proper p i ckup i s  obta i ned . When mak i ng th i s  adjustment , 
the current shou l d  not be al l owed to f l ow for more than approx imatel y  one second at a 
t i me .  

DROPOUT OF MAI N  UNIT 

After the other tests are comp l ete , check the dropout of the mai n u ni t  as 
descri bed in  the ACCEPTANCE TESTS sect i on .  

LOCAT ION 

The l ocati on shou l d  be c l ean and dry,  free from dust and v i brat i on ,  and we l l 
l i ghted to fac i l i tate i nspecti on and test i ng .  

MOUNT I NG 

The re l ay shou l d  be mounted on a vert i cal  surface . The out l i ne and pane l dri l l i ng 
drawi ngs are shown i n  F i gure 18 .  

CONNECT IONS 

The i nterna l connect i on d i agrams are shown in F i gures 10 and 1 1 .  Typ i ca l  w1nng 
d i agrams for d i fferent app l i cat i ons are shown i n  F i gures 7 ,  8 and 9 .  Any through-
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c u r rent tran s former w i n d i ng may be u sed fo r a ny powe r t ra n s former w i n d i ng , prov i ded 
the ta ps a re p ro per ly  chose n .  

�J h en the rel ay i s  mou nted o n  a n  i n s u l a t i n g panel , one  o f  the  s teel  su pport i n g  
studs  shou l d  b e  perman ent l y  gro u n ded by a conducto r  o f  no t l e ss  than  # 1 2  B &S gage 
copper w i re ,  o r  i t s  equ i v a l e n t .  

CAUTI ON 
EVERY  C I RCU I T  I N  THE DRAWOUT CAS E HAS AN AUX IL I ARY  BRUSH , THE SHO RTEST 

B RUSH IN THE CAS E WHICH  THE CONNECTI NG PLUG F I RST ENGAGES . I T  I S  
E SPEC I ALLY IMPO RTANT O N  CURRENT C I RCU ITS , AND OTHER C I RCU I TS W I TH SHO RTI NG 
BARS , THAT THE AUX I L I ARY  B RUSH BE B ENT  H I GH ENOUGH TO ENGAG E THE CONNECT I NG 
PLUG OR  TEST PLUG B E FORE  THE �1AI N BRUSHES DO . TH I S  W ILL PREVENT THE 
CURRENT TRANS FORMER S ECONDARY C I RCU I TS FROM B E I NG OPENED WHEN ONE B RUSH 
TOUCHES THE SHORTI NG BAR BEFORE  THE C I RCU I T  IS COMPLET ED FROM THE 
CONNECTI NG PLUG TO THE OTHER MAI N  BRUSH .  

ADJUSTMENTS 

TAP PLUG POS I T IO N I NG - Rat i o  Ma tc h i ng Adjustment 

To obta i n  a m i n i mum u nba l a nce  c u rren t i n  th e d i ffe ren t i a l  c i rc u i t ,  Type BOD 
re l ays a re prov i ded w i th mea n s  to compen sate fo r u n avo i d ab l e  d i fferences i n  c u rren t 
tra n s fo rme r ra t i o s .  Ta ps  o n  the re l ay tra n s fo rme r p r i ma ry \IJ i nd i n g s  a re ra ted 8 . 7 , 
5 . 0 ,  4 . 6 ,  3 .8 ,  3 . 5 ,  3 . 2  and  2 . 9  ampe res  fo r each l i ne  cu rrent t rans forme r .  The ta p 
p l u g s  s hou l d  be pl aced i n  the  l oc a t i o n  wh i c h  mo st  nearl y ma tc hes the  ex pec ted CT 
cu rrents fo r the same KVA a s s umed i n  each of the power t ran s forme r w i nd i ngs . The 
se l ec t i o n  of ta ps  s hou l d  be  gu i d ed by the method out l i ned u nd e r  CALCULATION OF 
SETTINGS. The connect i on p l u g  mu st  be  removed from the  re l ay b e fo re c ha n g i ng  tap 
pos i t i o n s  i n  order to prevent  o pen-c i rc u i tin g a CT  secondary .  A C HECK  SHOULD B E  
MADE AFTER CHANG I NG TAPS TO I NSURE THAT ONLY ONE  PLUG I S  LEFT I N  ANY HOR I ZONTAL ROW 
O F  TAP HOLES . I NAC CURAT E CALI BRAT I ON AND OVE RHEATI NG MAY RESULT I F  MORE THAN ONE  
PLUG I S  CONN ECTED TO  ANY ONE  W I ND I NG .  

UNBALANCE  CURRENT MEASUREMENT 

Unba l a nce  cu rrent mea su rement is usefu l  i n  c h ec k i n g the best ta p sett i n g  when 
ma tch i ng c u r rent trans former ra t i o s  i n  the f i e l d .  It  i s  a l so u se fu l  i n  de tect i ng 
e rrors  o f  fau l t s i n  the  c u rrent  t ra n s fo rme r w i nd i n g ,  o r  sma l l fau l t s w i t h i n  the  
power t ran s forme r i tse l f ,  when  t he fa u l t  c u r rent  i s  too  l ow to  opera te the  re l ay.  

Type BOD  rel ays have a spec i a l a rra ngement fo r measu r i n g  the u nba l a nc e  c u rrent  
fl ow i ng in  the d i fferent i a l  c i rc u i t  w i tho u t  d i stu rb i n g the rel ay con nect i on s .  
Prov i s i o n s  a re made fo r tempo ra r i l y  connec t i ng a fi ve  vo l t ,  h i g h  re s i s ta nce  AC 
v o l tme ter (1 ,000 or more ohms per vo l t )  ac ro s s  the s econda ry o f  the d i ffe rent i a l  
c u rre n t  tra n s fo rme r .  Th i s  i s  accompl i s h ed by connec t i n g the mete r ac ro s s  term i n a l s 
8 a nd 9 (see F i gu re 10 o r  F i gure  1 1 ) .  The vo l tme ter w i l l  read z ero when a perfect 
matc h is  o bta i ned by the  ra t i o  ma tc h i n g  ta ps , i nd i c a t i n g  no unba l a nc e .  I f  the  
v o l tme ter  read s 1 . 5 vo l ts o r  l e s s , the u nb a l a nce cu r rent enter i n g o r  l e av i n g a g i ven  
ta p equa l s  a pp rox imate l y  0 . 03 t imes  the  vo l tmete r read i n g t i mes the  ta p ra t i n g .  Fo r 
h i gher  vo l tme ter read i n gs , the a pprox i ma te u nba l a nce  cu rrent may be  c a l c u l a ted by 
s ubst i tu t i n g  the vo l ta ge read i n g a nd ta p ra t i n g i n to the  fo l l ow i n g  equat i o n : 
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I ( Unbal ance ) = (0 . 16 [ vo l tmeter read i ng - 0 . 2 ] ) x Tap 

The unbal ance percentage equa l s 100 t imes the unbal ance current , d i v i ded by the 
measured tap current . For a three wi nd i ng bank , th i s  unbal ance must be checked 

w i th l oad on at l east two pai rs of w i nd i ngs i n  order to i nsure that the connect i ons are 
correct . 

The curves i n  Fi gure 16 show the approx imate vol tages across termi na l s 8 and 9 
requ i red to operate the rel ay for vari ous percent s l ope tap setti ngs  and through­
currents , expressed as percentages of tap . To i nsure a marg i n  of safety aga i nst fa l se 
operat i on ,  the u nbal ance vol tage shou l d  not exceed 75 percent of that vo l tage requ i red 
to operate the re l ay for any g i ven through-current and percent s l ope tap sett i ng .  Th i s  
extent of unbal ance may resu l t  from the re l at i ve ly  h i gh error currents of l ow rat i o  
bus h i ng CTs at l ow mu l t i p l es of tap current . These curves represent the BOD re l ay 
character i sti c .  A vol tage measurement across studs 8 and 9 of 75 percent or 1 ess  of 
the va l ue  g i ven on the curve does not necessari ly i nd i cate that the re l ay w i l l  operate 
at h i gher through-current val ues . Th i s  i s  especi a l ly true when very h i g h  through­
fau l ts may cause CT saturat i on .  

Sma l l rect i f i er-type AC vol tmeters are su i tab l e for measurement o f  u nba l ance . The 
vol tmeter shou l d  not be permanent ly connected , s i nce the shunt current i t  draws reduces 
the re l ay sens i t i v i ty .  

PERCENT SLOPE SETT I NG 

Taps for 1 5 ,  25 and 40 percent s l ope sett i ngs are prov i ded i n  both BDD15B and 
BDD16B re l ays . It i s  common pract i ce to use the 25 percent setti ng un l ess  spec i a l  
connect i ons make i t  adv i sab l e  to u s e  one o f  the others . See the PERCENT SLOPE SETT I NG 
head i ng i n  the CALCULATION OF SETTINGS sect i on of th i s i nstruct i on book for further 
detai l s .  

CALCULATION OF SETTINGS 

METHOD 

The ca l cu l at i ons requ i red for determ i n i ng the proper rel ay and current transformer 
taps are out l i ned be l ow .  Connecti ons for a sampl e  cal cu l at i on for t h e  transformer are 
s hown i n  F i gure 1 7 .  

CURRENT TRANSFORMER CONNECTIONS 

Power Transformer Connect i ons 

o De l ta-wye 
o Wye-de l ta 
o De l ta-de l ta 
o Wye-wye 
o De l ta-zi gzag 

o w i th  zero degrees phase s h i ft 
between primary and secondary 

18 

Current Transformer Connect i ons 

o Wye-de l ta 
o De l ta-wye 
o Wye-wye 
o Del ta-de l ta  
o De  1 ta-de l ta 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEH -2057 

DETERM I NATION O F  CT TU RNS AND TYPE BOD  R ELAY TAP S ETTI NGS 

1 .  Dete rmi ne  the ma x i mum l i n e c u rrents  (MAX Ip ) on  the  bas i s  that  each  po�Je r 
tran s former w i nd i ng may c a r ry the max i mum fo rced -coo l ed ra ted KVA o f  the 
tra n s  fo rme r :  

MAX Ip = 
Max i mum Tra n s fo rme r KVA 

/3 ( 1 i ne KV ) 

2 .  Dete rmi ne  the  fu l l  l o ad ra ted l i n e  cu rren ts (1 00% Ip )  on  the  bas i s  that  eac h powe r 
t ran s former \'l i nd i ng may carry the fu l l  se l f-coo l ed ra ted KVA o f  the t ran s forme r ,  
o r  the  11 e qu i v a l e n t 11 s e l f- ra t i n g s : 

100% I p  = 100% Trans former KVA 

J3 (l i n e KV ) 

Ac tua l l y th i s  ca l cu l a t i o n  does  not mean  that a l l w i n d i ngs  w i l l  nece s sa r i l y  c a r ry 
these max i mum l oad  cu rren ts con t i nu ou s l y .  Th i s  i s  o n l y  a conven i en t  way o f  
ca l cu l a t i ng the cu rrents  i n  the other  w i nd i ngs  i n  p ro po rt i o n  to the i r  v o l tage 
ra t i n g s . Th i s  i s  t he  req u i reme n t  fo r se l ec t i n g  the  rel ay ta p sett i n g  so that  the  
re l ay w i l l  not  opera te fo r a ny ex tern a l  fau l t .  

3 .  Se l ec t  CT ra t i o s  so that  the  sec ond a ry cu rren t corre s pond i n g  to MAX Ip does  no t 
exceed the C T  seconda ry therma l rat i n g (f i v e  ampere s ) . I n  the case  o f  a 
t ra n s fo rme r connec ted to a r i n g  b u s , fo r examp l e ,  the  CT ra t i o  s hou l d  be se l ec ted 
so tha t  the CT therma l rat i n g  w i l l  not be  exceeded by the max i mum l oad  cu rrent i n  
e i th e r  b re a k e r .  Al so  se l ec t  CT ra t i o s  s o  that  the  rel ay c u rren ts can  be proper ly  
ma tc hed by mean s of  t he re l ay taps  (h i g hest  cu r rent  not  more than  three  t i me s  the  
l owe s t  cu rren t ) . 

Fo r wye-c onnec ted CTs : 

Ta p Cu rren t 

Fo r de l ta -connec ted C Ts : 

Ta p Cu rrent  

= 

= 

1 _00% Ip  

N 

100� I
_
p JT 

N 

where : N = number o f  CT  secondary tu rn s .  

4 .  C hec k  the matc h i n g o f  re l ay cu rren ts to re l ay ta p s  to keep the mi sma tc h  e rror a s  
l ow a s  pos s i b l e .  

Ca l c u l a te the percent  m i sma tc h  a s  fo l l ows : On two -w i nd i n g  t ra n s fo rmers , 
de term i ne the rat i o  o f  the two re l ay c u r rents and  the ta p v a l u e s  se l ec ted . The 
d i ffe rence  between  these ra t i o s ,  d i v i d ed by the sma l l e r ra t i o , is the perc en t 
m i s ma tc h .  The  m i sma tc h s hou l d  no t norma l l y  exceed fi v e  perc en t .  
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GEH -2057 

Fo r three-w i nd i n g  t ran s forme r s , the  pe rcent o f  m i sma tc h e rro r shou l d  b e  c h ec ked 
fo r a l l comb i n a t i o n s  o f  c u rren ts or ta p s .  

I f  ta p s  c a nno t b e  se l ec te d  to keep  th i s  e rror perc en ta g e  w i th i n  a l l owa b l e  l i m i t s , 
choo se a d i ffe rent  CT  ra t i o  o n  o n e  o r  more l i nes  to obta i n  a better  ma tc h between 
re l ay and  cu rren ts and re l ay ta p s . 

5 .  C h ec k  tha t  t h e  sum o f  re l ay cu rre n ts that  w i l l  be  a p p l i ed to t h e  re l ay fo r a fau l t  
a t  the term i n a l s o f  the power tran s former i s  l e s s  than  220  amperes RMS fo r o n e  
second . I f  the  p e r i od d u r i n g  wh i c h  a fau l t  cu rre n t  fl ows i n  t h e  re l ay c a n  
def i n i te l y  be  l i m i ted to a s ho rter t i me ,  a h i gher  cu r rent  can  b e  accommoda te d  i n  
accordance  w i th the  equa t i o n : 

(Ampere s ) 2 x seconds  = 48 ,4 00 

Al so check  tha t the sum o f  the mu l t i p l e s  o f  tap  cu r rent  on an i n te r n a l  or externa l  
fau l t  does  not  exceed  1 5 0 . 

CU RRENT TRANS FORMER  RAT IO ERROR 

The c u rren t tra n s fo rme r ra t i o  e rror  mu s t  be  l e ss  than  20  p e rc en t  at e i g ht t i me s 
r e l ay ra ted tap  cu r ren t .  Th i s  i s  ba sed on  the  i n s ta n taneous  u n i t  be i n g set  a t  i ts 
no rma l s e tt i n g ,  wh i c h  i s  e i g h t  t i me s  ta p ra t i n g .  I f  the  i n sta n ta neou s  u n i t  p i c k up  i s  
ra i sed  above  th i s  v a l u e ,  t he  20 p e rcent  fi gu re mu s t  b e  reduced  a s  d e sc r i be d  i n  
CHARACTERISTICS. 

As fa r a s  CT p e r fo rmanc e i s  conc e rned , the  c a l c u l a t i o n s  l i s ted  be l ow a re fo r t h e  
wo rst  fau l t  cond i t i o n ,  wh i c h  i s  a n  i ntern a l  g rou n d  fau l t  between  t h e  C T  and  t h e  
t ra n s fo rme r w i nd i n g ,  w i t h  no n e  o f  the  fa u l t  cu rre n t  s u p p l i ed th rou g h  the  neu tra l o f  t h e  
protected tran s fo rme r .  

1 .  Dete rmi n e  the  b u rden  o n  each  CT , u s i n g the  fo l l ow i n g  e x pre s s i o n s : 

Fo r wye -connec ted CTs 

z = B + Ne + 2 •
5 0 f  + 2 . 27 R  o hms 

1 000 
Fo r d e l ta -connec ted  C Ts 

Z = 2B + Ne  + 2•5 0 f  + 2 . 2 7 R  ohms 
1 000 

wh e re : B = BOD  re l ay to ta l b u rd en (Se e  Ta b l e  I I I ) 
N = numb e r  o f  tu rn s i n  bu s h i ng CT 

NOT E : 

e = b ush i n g CT re s i s ta nc e  per  t u rn , m i l l i o hms 
f = b u s h i n g CT re s i s ta nce  per l ea d , m i l l i ohms 
R = o ne-way l ead  re s i s ta nc e  (at max i mum  ex pec ted tempera tu re )  

T h e  mu l t i p l i e rs u se d  o n  the  f a nd R te rms i nc l u de fac to r s  to cov e r  two 
l ea d s  i n s tead o f  o n e , i nc rea s e  o f  res i s ta n c e  d u e  to tempe ra tu r e  r i se ,  
and  res i s ta nc e  o f  l o ng es t  CT  l ead s .  
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TABLE I I I  

TOTAL BU RD EN FOR 60 H ERTZ RELAYS 

BOD  TAP 8 T I M ES BU RD EN (B) M I N  I I�U�I 
( AMPS) TAP {AMPS) ( OHMS) P I CKUP {AMPS) 

2 . 9 2 3 . 2  0 . 180  0 . 87 
3 . 2 25 . 6  0 . 1 5 6  0 . 96  
3 . 5 28 . 0  0 . 140  1 . 04 
3 . 8 30 . 4  0 . 1 20 1 . 14 
4 . 2 3 3 . 6  0 . 1 1 2  1 . 2 6  
4 . 6 36 .8  0 . 096  1 . 38 
5 . 0 40 . 0  0 . 088 1 . 50 
8 . 7 69 . 6  0 . 048 2 . 6 1  

2 .  Dete rm i n e  CT sec onda ry cu rren t fo r e i g ht t i me s  ta p sett i n g  

NOTE : 

I s = 8 x BOD  re l ay ta p se tt i n g  

Fo r the  type o f  fau l t  a s sumed , a l l t h e  fa u l t  cu rre n t  i s  s upp l i ed by 
one  CT , so that CT cu rrent and  re l ay cu rrent are  the same , reg a rd l e s s  
o f  wh eth e r  the  CTs a re connec ted  i n  wye o r  d e l ta .  

3 .  Dete rm i n e  second a ry CT v o l ta g e  req u i red a t  e i g h t  t i me s ta p se tt i n g  

E sec = I sZ 

4 .  From the  ex c i ta t i o n  c u rv e  o f  the  part i c u l a r  ta p o f  c u rren t  t ra n s fo rme r b e i n g  
u se d ,  de term i ne exc i ta t i o n  cu rrent , I E , co rre s pond i n g to the seconda ry vo l tage , 
E sec . 

5 .  Dete rmi n e  the  percent  e rro r i n  each  CT 
I E Pe rc ent e rror = -- x 100  
I s 

Th i s  s hou l d  no t exceed 20 pe rc en t  o f  a ny set  o f  CTs . I f  i t  doe s , choose a 
h i gher  ta p on  tha t set  o f  C Ts , and repea t the  ca l c u l a t i on s  on  se l ec t i o n  o f  
re l ay ta p s ,  m i sma tc h  e rror  and percent  ra t i o  e rro r .  

PERC ENT S LOPE SETT I NG 

A p roper  perc en t  s l o p e  i s  dete rmi n ed by the  sum o f :  

o Th e ma x i mum ra nge  o f  ma nua l  taps and the  l oa d - ra t i o  contro l , o r  a u toma t i c  ta p 
c ha n g i ng means  i n  p e rcen t .  

o Th e max i mum p e rc ent  o f  m i sma tc h o f  the  re l ay ta p s .  
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The percentage s l o pe tap se l ected shou l d  be grea ter than  the  ra t i o  o f  max i mum 
to ta l e rror c u rrent  to the sma l l e st  of the th rou g h - c u rren ts . I n  genera l , i f  t he  
tota l error  cu rrent does  not  exceed 20 percen t ,  the  25  p e rcent  tap  i s  u s e d . I f  i t  
exceeds 20 p e rc en t , b ut  not  3 5  percent , t he  4 0  pe rc en t  ta p i s  u sed . 

I f  the  mo vab l e l ead  i s  u sed ( a s  i n  F i gu re 9 ,  fo r exampl e ) , t he percent  s l o pe 
ta p chosen  s hou l d  be tw i c e  a s  h i g h ,  s i nc e  the  mo vab l e  l ead prov i d es no restra i n t .  

D ET ERM I NAT I ON O F  C T  TURNS AND BOD RELAY TAP S ETTI NGS - Re fe r  to the  examp l e 

Tra n s fo rme r a nd L i ne  A B c 
MAX Ip  = 3750/ J3 ( l i ne kV ) 1 9 . 7  49 . 5  1 5 7  
1 0 0 %  I p = 3000/ J3: ( l i ne kV ) 1 5 . 7  39 . 6  1 25 
Ass ume CT turns  20 20 60 
MAX I sec ( l e ss  than 5 amp s )  0 . 98 2 . 47  2 . 62  
100%  I sec 0 . 79  1 .  98 2 . 08 
C T  connec t i o n s  De l ta Wye De l ta 
Re l ay Cu rre n t  fo r 1 00% I sec 1 . 37  1 .  98 3 . 60  

S e l ect  a re l ay ta p fo r one  o f  the  l i n e cu rrents  and c a l c u l a te 
wh at  the  c u rrents  i n  o t h e r  l i nes  wou l d  be i f  they we re i nc reased  
by th e same ra t i o . I f  a ny c u rre nt  i s  g reater  than  t h e  s q u a re 
roo t o f  three  t i mes  any other  l i ne ,  t he  8 . 7 ta p shou l d be  c hosen  
fo r i t ,  a nd ne\'J , " i d ea l , "  re l ay ta p s  c a l c u l a ted fo r the  o th e r  
1 i n e s . 

I d ea l  re 1 ay ta ps  ( se t  C = 8 . 7 )  

Try Re l ay Ta ps : 

Check  m i sma tc h erro r : 

Ra t i o  o f  ta ps  o n  l i ne s  B- A :  

Ra t i o  o f  second a ry 
l i ne ' s  cu rrents : 

M i s ma tc h : 

Ra t i o  o f  ta p s  on l i n es  C-B : 

Ra t i o  o f  secondary 
l i ne ' s  cu rren ts : 

M i s ma tc h : 

22  

A 

3 . 3 1  

3 . 2 

4 . 6  
3 . 2  

1 . 98 
-- = 

1 . 37  

1 . 44 -

1 . 43  

1 . 44 

1 . 4 3  
1 . 43  

8 . 7  
= 1 . 89  

4 . 6 

3 . 60  
= 1 . 82 

1 .  98 

1 . 89  - 1 . 82 
1 . 82 

B c 

4 . 78 8 . 7  

4 . 6 8 . 7  

= 0 . 7%  

= 3 . 8% 

i n  Fi g u re 1 7 . 
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Ra tio o f  ta ps  on  l ines  C-A : 

Ra tio o f  seco ndary 
l ine • s cu rrents : 

Mis ma tc h : 

8 . 7  = D 2 . 7 2 

3 . 60  
= 2 63  

1 .  3 7  
. 

2 . 72- 2 . 63  
= 3 . 4%  

2 . 6 3  

Al l a re l e s s  than  five percent ; therefore , misma tch e rro r i s  n o t  exces s iv e .  

C h ec k  that  t h e  sum o f  the  ma ximum re l ay cu rre n ts is l e ss  than  220  amp e re s  fo r 
o n e  s econd  and  that  the  short-time ratin g o f  the r e l ay is  not  exceeded . 

PERCENT RAT I O  ERROR 

B u rd ens  on  CTs ( assume o ne-way re sista nc e is 0 . 25  o hms ) 

Line A :  Z = 2 ( 0 . 15 6 )  + ( 2 0  X 4) + ( 2 · 50  x 5 0) + 2 . 27 ( 0 . 25 )  
1000 

Line B :  z = 

= 0 . 3 1 2  + 0 . 2 0 5  + 0 . 5 68 = 1 . 085  

0 . 096  + ( 2 0  X 2 . 5) + ( 2 . 5 0  X 35)  

1000 

= 0 . 09 6  + 0 . 1 38 + 0 . 5 68 = 0 . 80 

+ 0 . 5 68 

Line C :  z = 2 ( 0 . 048 )  + ( 60 X 2 . 3)  + ( 2 . 5 X 1 2 . 4) + 0 . 5 68 
1000 

= 0 . 096 + 0 . 1 6 9  + 0 . 568  = 0 . 8 3 3  

Impeda nc e ,  o hms 
Eight  times  ta p ,  ampe re s  
Es CT vo l ta g e  re quired ( I z ) 
I E re quire d , from excita tio n c u rve  
Pe rcent  Ra tio Erro r  

A --
0 . 08 5 

25 . 6  
27 . 8  

1 . 00 
3 . 4%  

B 

0 . 8 
3 6 . 8  
29 . 4  
50  

1 36% 

c 

0 . 833  
69 . 6  
50 . 8  

0 . 5 
0 . 8% 

Exciting c u rv e  on l ine  B is too hig h ,  try hig h e r  ta p on CT to imp ro v e  
CT  pe rfo rmanc e .  
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RE P EAT : CT TU RNS AND RELAY TAP S ETT I NG 

100% I 
Try CT tu rns : ( nec essa ry to 

c hange  C a l so fo r p ro pe r  ma tc h ) 
100% l sec 
Re l ay cu rre n t  
I dea l re l ay ta ps  ( se t  C = 8 . 7 )  
U se ta ps : 

M i sma tc h e rror  i s  l e s s  than  f i v e  perce n t .  

REPEAT : PERC ENT RAT I O  ERROR 

Bu rdens  on CTs : 

A 

1 5 . 7  

20 
0 . 7 9  
1 . 3 7  
4 . 40 
4 . 6  

L i n e  A :  Z = 0 . 1 92 + 0 . 205  + 0 . 5 68 = 0 . 965  

L i n e  B :  Z = 0 . 1 5 6  + 0 . 1 88 + 0 . 5 68 = 0 . 9 1 2  

L i n e  C :  Z = 0 . 096  + 0 . 2 1 5  + 0 . 5 68 = 0 . 879  

Impedanc e , o hms 
E i g h t  t i mes  ta p ,  ampe res  
E sec • CT  v o l ta g e  re qu i red ( l z ) 
I E re qu i re d ,  from exc i ta t i o n  c u rv e  
P e rc en t  o f  ra t i o  e rror 

A 

0 . 965 
36 . 8  
3 5 . 6  

1 . 1 
3 . 1 %  

B 

3 9 . 6  

40  
0 . 99 
0 . 99  
3 . 1 9 
3 . 2 

B 

0 . 9 1 2  
25 . 6  
2 3 . 4  

0 . 2 5  
1 . 0% 

c 

1 2 5  

80  
1 . 5 6  
2 . 7 0  
8 . 7  
8 . 7  

c 

0 . 879  
69 . 6  
6 1  

0 . 1 7 
0 . 3 %  

P ercen t erro r i s  l e s s  than  2 0  perc en t ,  s o  C T  a n d  re l ay taps  a re sa t i s fa c to ry .  

P ERC ENT S L O P E  S ETT I NG 

Assume l oad  ra t i o  contro l , max i mum ra nge 
Re l ay ta p m i sma tc h ,  from above ( l i n e s  A- B )  

U s e  25% tap  

24 

10 . 0  
4 . 6%  

14 . 6% 
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OP E RATIN G P R IN C IP L E S  

TARGETS 

Targets are provi ded for both the aux i l i ary rel ay and the i nstantaneous 
overcurrent un i t .  I n  the event of an i nternal  fau l t ,  one or both of these u n i ts wi l l  
operate , dependi ng upon the fau l t magn i tude.  Thi s wi l l  produce a target i nd i c at i on on 
the un i t that operates . The aux i l i ary rel ay does not funct i on as a seal - i n  s i nce i t  
does not carry breaker tri ppi ng current .  After a f au l t i s  c l eared, t he target shou l d 
be reset by the reset s l i de ,  l ocated at the l ower l eft hand corner of the rel ay.  

D I SAB L I N G  TYPE  BOD  RELAYS 

When bypas s i ng a breaker dur i ng mai nten ance , the BOD rel ay must be d i s ab l ed to 
prevent fal se tr i pp i n g .  I f  d i s ab l i n g i s  done by a remote swi tch rather than by removal  
of the rel ay connect i on p l u g ,  t he fol l owi ng  precaut i ons  must be taken :  

Short c i rcu i t  studs  8 and  9 of the  rel ay, or  open the tri p  c i rc u i t at  stud 1 .  The 
tri p c i rcui t shou l d  be opened at stud 1 becaus e  the ser i es res i stors i n  the auxi l i ary 
rel ay c i rcui t cannot wi thstand cont i nuou s ly rated control vol tage , i n  the event that 
the po l ar i zed rel ay operate s .  

I f  the CT secondar ies  are short- c i rcui ted a s  part of the d i s ab l i ng procedure,  the 
tri p  c i rcu i t  shoul d be opened at stud 1 ,  and studs 8 and 9 shou l d  be short- c i rcui ted 
before the CT secondar i es are short- c i rcui ted. Do not rel y on short- c i rcu i t i ng the CT 
secondar i es only, because any d i fference i n  short i ng t i me may cause fa l se  tri pp i ng .  

MA INTENAN C E  

CONTACT CLEAN ING  

A f l ex i b l e  bur n i s h i ng  tool  shou l d  be  used for  c l ean i ng f i ne s i l ver contact s .  Thi s 
i s  a f l ex i b l e  str i p  of metal  wi th an etched-roughened surf ace , whi ch i n  effect 
resemb l es a superf i ne f i l e. The pol i sh i ng  act i on of th i s f i l e  i s  so del i cate that no 
scratches are l eft on the contacts , yet i t  c leans off any corros i on thorough ly  and 
rapi d ly .  The  f l ex i b i l i ty of  the  tool i nsures the  c l ean i ng of the  actual  poi nts of 
contact . 

F i ne s i l ver cont act s shou l d not be cl eaned wi th  k n i ves , f i l es ,  or abras i ve paper 
or c l ot h .  Kn i ves or f i l es may l eave scratches wh i ch i ncrease arc i ng and deteri orat i on 
of the contact s .  Abras i ve paper o r  c l oth may l eave m i nute part i c l es of i nsu l at i ng 
abras i ve materi al i n  the cont acts and thus  prevent c l os i ng .  

The burni shi ng tool descr i be d  above can be obta i ned from the factory .  
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P E R I O D I C  C H EC KS AN D R O U TIN E  M A I N TENAN C E  

An opera t i o n te st  and i n spec t i o n  o f  the  re l ay and  i ts c o n n ec t i on s  s hou l d  be 
ma de  at l ea s t once  every s i x  mo nth s .  Te sts  may be  perfo rmed as d e sc r i b ed i n  
INSTALLATION TESTS , o r  they ma de be  made  on  the s e rv i ce taps a s  desc r i bed i n  th i s  
sec t i o n .  

When i n se rt i n g o r  w i thd raw i n g  a U - s h a ped te st  p l u g  th rou g h-j umper to comp l e te 
the tr i p  c i rcu i t  thro u g h  the tes t  p l u g ,  s i m i l a r th rou gh- jumpe rs shou l d  a l so be  u sed  
o n  studs  8 and 9 to  ma i n ta i n  the  connec t i o n s  from the  re l ay to the  c a se . I f  no t ,  
fa l se tr i pp i n g  u po n  i n sert i on  o r  remova l  o f  the te s t  p l ug  may occu r .  

P I C KU P  

C h ec k  p i c kup  a s  desc r i bed i n  INSTALLATION TESTS , except p i c kup  cu rre n t  w i l l  b e  
d i ffere n t ,  d epend i n g  u pon  the w i nd i n g I s e rv i ce ta p .  P i c k u p  va l u e may b e  determ i ned 
a s  fo l l  O \rJ S : 

I I = 0 . 3 0  x wi nd i n g I ta p 

When  chec k i ng  p i c ku p  on  a part i c u l a r  s e rv i ce ta p ,  the expec ted p l u s  or  m i nu s  
ten perc en t  v a r i a t i o n  s t i l l  a p p l i e s ,  w i t h  the fo l l ow i n g  accepta b l e  a s_ fo u nd v a l u es 

EXAMPL E :  

I I = 0 . 90 x 0 . 3 0  x wi nd i n g  I ta p to 

I . I O x 0 . 3 0  x w i nd i n g  I ta p 

w i nd i n g I ta p = 3 . 5 amp eres 
I I = 0 . 90 X 0 . 3 0  X 3 . 5 to  I . I O X 0 . 3 0  X 3 . 5 
I I = 0 . 94 to I . I 6 amperes 

H ARMO N I C  CU RRENT RESTRA INT  

The  p roc edu re fo r c h ec k i n g h a rmo n i c  re stra i n t  i s  a s  desc r i b ed i n  INSTALLATION 
TESTS , exc ept the  tes t  cu rrent  va l ues  mu s t  be  mod i f i ed a s  fo l l ows : 

I 2 ( DC )  = 0 . 80  x w i nd i n g  I ta p 
I I = 0 . 90 x w i nd i n g I tap to I . I O x w i nd i n g I tap 

In  th e even t a su i ta b l e  DC mete r i s  
( theoret i ca l l y , th i s  convers i o n fac to r  
re s i s ta nc e  we re i n fi n i te ) . 

EXAMPLE  
w i nd i ng  I ta p = 3 . 5 ampere s  

not  av a i l a b l e ,  
\'10 u l d b e  2 . 2 2 

I 2 ( DC )  = 0 . 80 x 3 . 5 = 2 . 8 amperes 
I I = 0 . 90 x 3 . 5 to 1 . 1 0 x 3 . 5 
I I = 3 . I 5 to 3 . 85 ampere s 

I f  a DC me te r i s  not ava i l ab l e : 

I 2 ( AC )  = 2 . 2 5  x 2 . 8 = 6 . 3 0  amp e re s  

2 6  

I 2 ( AC )  = 2 . 2 5  X I 2 ( DC )  
i f  the rec t i f i er  back  
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GEH-2057 

THROUGH-CURRENT RESTRA I NT 

I n  order to check the serv i ce tap s l ope sett i ng ,  the test current va l ues i nd i cated 
i n  Tab l e  I I  must be mod i f i ed to take d i fferences i n  tap setti ng i nto account . 
Furthermore , the test c i rcu i t  shown i n  Fi gure 14 must be set u p  so that the l ead from 
ammeter 13 to the test p l ug i s  connected to the stud correspond i ng to the  wi nd i ng with  
the l owest tap sett i ng .  The common l ead i s  connected t o  the stud correspond i ng t o  the 
wi nd i ng with  the h i ghest tap sett i ng .  

For any combi nat i on of tap s ,  the percent s l ope i s  g i ven by the fol l owi ng equati on :  

Percent s l ope = (� (_!! + 1 ) - 1 1  x 100 
T2 I 3 

where : T1 = smal l est tap setti ng 
T2 = h i ghest tap sett i ng 
1 1 = d i fferenti al current 
I 3 = sma l l er of two through-currents 

Tab l e IV i s  derived from the above express ion and i s  based on a mu l ti pl e  of tap 
current s i x  t imes the l owest tap setti ng for al l comb i nat i ons of tap s ,  except those 
whi ch i nvol ved the 8 . 7  ampere tap .  For the l atter case , a four t imes tap setti ng i s  
u sed , s i nce the tota l  test current for a s i x  t imes tap setti ng may be a s  h i gh as 75. 2 
amperes ,  whi ch i s  not only proh i b i t i ve ly  h i gh  for many i nstal l at i ons , but a l so may 
subject the rel ay to excess i ve heat i ng .  

I n  some cases , i t  may not be poss i bl e  t o  cal i brate the  s l ope setti ng t o  w ith i n  
tol erance for a l l tap combi nati ons bei ng u sed . I n  th i s case , only the tap combi nat i on 
that produces the l owest percent s l ope shou l d  be cal i brated u s i ng Tab l e I V .  Th i s  wi l l  
ensure that none of the tap comb i nat i ons w i l l  have a percent s l ope characteri st i c  that 
i s  bel ow the set poi nt .  

For a g i ven tabu l ar va l ue  of I 3 , correspond i ng to a g i ven comb i nat i on of wi nd i ng 
and percent s l ope tap s ,  the va l ues of I 1 (mi n imum) and 1 1 (maximum) correspond to the 
m in imum and maximum percent s l ope tol erance l imi ts g i ven i n  Tab l e  I I .  However , for a 
four t imes tap sett i ng ,  both the upper and 1 ower percent s 1 ope to 1 erance 1 imi ts  have 
been rai sed by a va l ue  equ i va l ent to the d i fference between the true s l ope and the 
nomi nal s l ope at four t imes tap val ue  i nd i cated by the percent s l ope characterist ic  
curves ,  shown in  Fi gure 4 and 4A. 

EXAMPLE : 

W i nd i ng 1 tap = 3 . 5  amperes 
W i nd i ng 2 tap = 5 . 0  amperes 
S l ope tap = 40 percent 

S i nee wi nd i ng 1 has the 1 ower tap sett i ng ,  the 1 ead from ammeter I 3 to the test 
p l ug shou l d  be connected to stud 6 ,  and the common l ead shou l d  be connected to stud 4 .  

From Tab l e I V :  I 3 = 2 1 . 0  amperes 
1 1 (mi n )  = 2 1 . 0  amperes 
l l (max )  = 22 . 2  amperes 
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GEH-2057 

TABLE IV  

TAPS T2 2.9 3.2 3.5 3.8 4.2 4.6 5.0 8.7 

T1 r� 15 25 40 15 25 40 15 25 40 15 25 40 15 25 40 15 25 40 15 25 40 15 25 40 

Is 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 11.6 11.6 11.6 

2.9 I1(min) 2.6 4.3 7.0 4.6 6.6 9.5 6.7 8.8 12.0 8.8 11.1 14.5 11.6 14.1 17.9 14.3 17.1 21.2 17.1 20.1 24.6 28.7 32.2 37.4 

I1(max) 2.9 4.8 7.7 5.0 7.1 10.3 7.1 9.4 12.8 9.2 11.7 15.4 12.0 14.8 18.9 14.8 17.8 22.4 17.6 20.9 25.8 29.3 33.1 38.9 

Is 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 12.8 12.8 12.8 

3.2 I1(min) 2.9 4.8 7.7 4.9 7.0 10.2 7.0 9.3 12.7 9.8 12.3 16.1 12.5 15.3 19.4 15.3 18.3 22.8 27.5 31.0 36.2 

I1(max) 3.2 5.3 8.5 5.3 7.6 11.0 7.4 9.9 13.6 10.2 13.0 17.1 13.0 16.0 20.6 15.8 19.1 24.0 28.1 31.1t 37.7 

Is 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 14.0 14.0 14.0 

3.5 I1
(min) 3.1 5.2 8.4 5.2 7.5 10.9 8.0 10.5 14.3 10.7 13.5 17.6 13.5 16.5 21.0 26.3 21t.8 35.0 

I1
(max) 3.5 5.8 9.3 5.6 8.1 11.8 8.4 11.2 15.3 11.2 14.2 18.8 14.0 17.3 22.2 26.9 30.7 36.5 

Is 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 15.2 15.2 15.2 

3.8 I1(min) 3.4 5.7 9. 1 6.2 8.7 12.5 8.9 11.7 15.8 11.7 14.7 19.2 25.1 28.6 33.8 

I
1

(max) 3.8 6.3 10.0 6.6 9.4 13.5 9.4 12.4 17.0 12.2 15.5 20.4 25.7 29.5 35.3 

Is 25.2 25.2 25.2 25.2 25.2 25.2 25.2 25.2 25.2 16.8 16.8 16.8 

4.2 I1(min) 3.8 6.3 10.1 6.5 9.3 13.4 9.3 12.3 16.8 23.5 27.0 32.2 

I1(max) 4.2 7.0 11.1 7.0 10.0 14.6 9.8 13.1 18.0 24.1 27.9 33.7 

Is 27.6 27.6 27.6 27.6 27.6 27.6 18.4 18.4 18.4 

4.6 I1(min) 4.1 6.9 11.0 6.9 9.9 14.4 21.9 25.4 30.6 

I1(max) 4.6 7.6 12.2 7.4 10.7 15.6 22.5 26.3 32. 1 

1
3 30.0 30.0 30.0 20.0 20.0 20.0 

5.0 I1(min) 4.5 7.5 12.0 20.3 23.8 29.0 

I1(max) 5.0 8.3 13.2 20.9 24.7 30.5 

Is 34.8 34.8 34.8 

8.7 I1(min) 5.5 9.0 14.2 

I1(max) 6. 1 9.9 15.7 
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GEH-2057 

RENEWAL PARTS 

Suff ic i ent quant i t i es of renewal parts shou l d  be kept i n  stock for the prompt 
repl acement of any that are worn , broken or damaged . 

When orderi ng renewal parts ,  address the nearest Sal es Off i ce of the General 
E l ectri c  Company . Speci fy the name of the part wanted , quant i ty requ i red , and compl ete 
namepl ate data ,  i nc l ud i ng the ser i a l  number , of the rel ay .  

Si nce the l ast ed i t i on ,  the equati on has been changed i n  the THROUGH-CURRENT RESTRAINT 
sect i on on p . 27 .  
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GEH-2057 

INSTANTANEOUS 
r------ OVEIICURRENT 

AUXILIARY 
UNIT 

PERCENT 
SLOPE TAP 
PLATE 

RATIO 
MATCHING 
TAPS 

UNIT ( DOC) 

SERIES TUNING 
CAPACITOR 
( C - I l 

DIFFERENTIAL 
CURRENT 
TRANSFORMERiOCT' 

RECTIFIER 
TERMINAL 
BOARD 

THROUGH 
CURRENT 
RESTRAINT 
TRANSFORMER 
iTCTl 

F i gure 1 (8031389 ) Type BOD Rel ay ,  Out of Case ,  Front R i ght V i ew 

HARMONIC RESTRAINT 

���Ps�G 
------, 

( R2) 

SERIES 
TUNING 
INDUCTOR 
( L i l  

THYRITE 
RESISTOR 

PARALLE 
TUNING 
CAPACITOR 
(C2 l 

PICKUP ADJUSTING 
RESI STOR ! R i l  

PARALLEL 
TUNING 
INDUCTOR I L2l 

PRINTED CIRCUIT 
RECTIFIER BOARD 

SENSITIVE 
POLAR I ZED UNIT 
(DHRl 

F i gure 2 ( 803139 1 )  Type BOD Rel ay, Out of Case ,  Rear L eft  V i ew 
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GEH-2057 

T Y P : C A L O F F S E T  F A U L T C U R R E N T  W A V E 

I � A 

____ uuu 
T Y P I C A L  T R A N S F O R M E R 

MA G N E T ; Z l N G  i N R U S H C U R R E N T  W A V E 

F i gure 3 ( 6 209 195 -0 )  F au l t  C urrent  and M agneti z i ng 

I nrush  C urrent Waveforms 
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NOTE : FOR TWO W I N D I NG TRANSFORMER RE LAYS 
" THROUGH CU RRENT" I S  TA KEN AS THE SMAL LER 
OF TH E TWO CURRENTS . FOR THREE W I N D I NG 
TRANSFORMERS, I T  I S  TAK EN AS THE SUM OF 
TH E I N COM I NG OR OUTGO I NG CURRENTS , WH I CH-
EVER I S  SMA LLER . ( EACH CURRENT TO BE 
EX PRESSED AS A MU LT I P LE OF TA P . ) 

\ 

\ 

� � � 40% 

\ 

\ \ \. -

\ 
" '-..... """"" 25% 

\ f\ "' "'-� 1 5% 

2 4 6 8 10 1 2  

THROUGH CURRENT I N  MU LT I PLES O F  TA P 

F i gure 4 ( 0378A0588-3)  Operat i ng Character i st i cs of the Type BDD Rel ay 
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AVERAGE O PR .  
\ ! NST . UN I T . 
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0 4 8 12  
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R!LAY DI FFEREN T I AL CURRENT I N  MULT I PLES Of lAP 

-
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16 

Fi g u re 5 ( 0378A0587- 2 )  Typ i c a l  Ti me-Cu rrent  Cu rv es  fo r 
Type BOD  Re l ays 
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C O N N ECTI NG PLUG 

A U X I L I ARY B R U S H ---' T E R M I N A L  B LO C K  

S HORT I N G B A R ---

NOT E : A F T E R  E N G A G I NG AU X I L I ARY B R U S H  CO N N ECTING PLUG 

T R AV E LS 1/4 I N C H B E FO R E  E N G A G I NG T H E  M A I N B R U SH O N 

T H E  T E R M I N A L  B LO C K  

F i gure 6 ( 8025039 ) Cross S ect i on of Drawout C ase  S howi ng 
the Pos i t i on of the Auxi l i ary Brush  
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GEH-2057 

TRANSFORMER DIFFERENTIAL  R E L A Y  
W I TH P ER C E NTAGE  A N D  HA RMON IC RE STRA INT 

T Y P E S : 

B DD 1 5 B ,  F ORMS 1 1  A N D  UP 
B DD 1 6 B , FORMS 1 1  A N D  UP 

DE SCR IP TION 

Type BDD rel ays are d ifferent i a l  rel ays desi gned spec if i cal ly  for transformer 
protect i on .  The rel ays are provi ded wi th  the features of percent age and h armoni c  
restrai nt , and use a sens i t i ve pol ari zed un i t as the oper at i ng  e l ement.  Percentage 
restrai nt permi ts accurate di scr im i n at i on between i nternal and external fau l ts at h i gh 
f au l t  currents , whi l e  harmon i c  restr ai nt enab l es t he rel ay ,  by the di fference i n  
wavef orm , t o  di st i ngui sh  between the di fferent i al current caused by an i ntern al faul t ,  
and that of transformer magnet i z i n g  i nrush . 

E ach  Type BDD rel ay i s  a s i ngl e- phase un i t . The BDD15B rel ay i s  des i gned to be 
used for the protecti on of two-wi n di ng transformers ,  and h as two through-current 
restrai nt ci rcu i t s  and one di fferent i al current ci rcui t .  

The BDD16B rel ay i s  desi gned for use wi th  three-w i n di ng tran sformers , and h as 
t hree through-current restrai nt  c i rcu i ts and one di fferent i al current ci rcu i t .  I t  may 
al so  be used for four c i rcu i t tran sformer protecti on ( F i gure 9 )  when only three 
c i rcu i ts requ i re through-current restrai nt ,  whi 1 e the fourth c i rcui t ,  bei ng  the 
weakest , needs no through- current restrai nt . 

E ach BDD rel ay i nc l udes an i nstantaneous un i t  i n  addi t i on to the mai n di fferenti al 
u n i t ,  and i s  mounted i n  an M1 s i ze c ase .  The i nternal  connect i on di agr ams for the 
BDD1 5B and BDD16B rel ays are s hown i n  F i gures 10 and 1 1 .  Typi c al external connecti ons  
are s hown i n  F i gures 7 ,  8 and  9.  

A P P L ICATION 

The current transformer r at i os and rel ay t aps shou l d  be se l ected to obt ai n the 
m ax i mum sens i t i v i ty wi thout r i sk i ng thermal over l oad , or the pos s i bi l i ty of 
m i soperat i on of the rel ay or current transformers . Therefore , current transformer 
r at i os i n  the v ar i ous wi n di ngs of the power transformer shou l d be sel ected wi th the 
fol l owi ng  poi nts  i n  m i nd :  

The l ower the rel ay tap and  t he l ower the CT  rat i o sel ected,  the h i gher the 
sensi t i vi ty.  H owever , the  l owest CT  rat i o and the  l owes t  rel ay tap may not  be 
compat i b 1 e wi th some of the f o 1 1  owi ng restri cti ons .  Where a cho i ce of i ncreas i ng 
ei t her the CT rat i o  or the rel ay t ap i s  av ai l ab l e ,  i ncrease the  CT r at i o  i n  preference 
to  t he rel ay t ap .  

These ins tructions do not purport to cover all details or variations in equipment nor to provide for 
every possible con tingency to be met in connection with installation, operation or maintenance . Should 
further informa tion be desired or should particular problems arise which are not covered s uffi ciently for 
the purchaser ' s  purposes, the ma t ter should be referred to the General Electric Company .  

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards/ 
bu t no such ass urance is given with respect to local codes and ordinances because they vary greatly . 
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GEH-2057 

S i nce the rel ay burden i s  l i ke l y  to be smal l compared to the l ead burden , i n­
creas i ng the CT rat i o  tends to improve the rel at i ve performance of the CTs as a res u l t 
of reduc i ng the max imum secondary fau l t  current and i n creas i ng the accuracy of the CTs . 

The CT secondary current shou l d not exceed the cont i nuous thermal rat i ng of the CT 
secondary wi n d i n g .  

The rel ay current correspondi ng  t o  max imum KVA ( on a forced-cool ed  ·bas i s ) s hou l d 
not exceed twi ce t ap val ue ,  the thermal rat i ng of the rel ay. 

The CT rat i os shou l d be h i gh enough that the secondary currents wi l l  not damage 
the rel ay under max i mum i nternal fau l t  condi t i ons  ( refer to RATINGS). 

The rel ay current correspondi ng  to rated KVA of the power transformer ( on a sel f­
cool ed bas i s ) shou l d not exceed the rel ay tap val ue se l ected (magnet i z i n g i nrush  m i ght 
operate the i nst ant aneous overcurrent un i t ) . If  the transformer under cons i derat i on 
does not h ave a sel f-cool ed rati n g ,  the transformer manufacturer s hou l d  be consu l ted  
for  the  " equ i val ent sel f-coo l ed rat i ng; " that  i s ,  the rat i ng of a sel f-cool ed  trans­
former that wou l d have the s ame magnet i z i ng i nrush  character i st i cs as the transformer 
be i ng cons i dered.  

The current transformer tap chosen must  be abl e  to supply the rel ay wi t h  e i ght 
t i mes r ated rel ay tap current wi th  an error of l es s  than 20 percent of tot a l  current . 
I f  the current transformers produce an error of greater than 20 percent at l es s  than 
ei ght t i mes tap val ue , the h armon i c  content of the secondary current may be s uff i c i ent  
to  cause  fal se restrai nt on i nternal  fau l t s .  .-. 

The CT rat i os shou l d be sel ected to provi de bal anced secondary current on external 
fau l t s .  S i nce i t  i s  rarely pos s i b l e  to match the secondary currents exactly  by 
sel ect i on of current transformer rat i os ,  rat i o-match i ng t aps are provi ded on the rel ay. 
Currents may usua l ly  be matched wi t h i n f i ve percent u s i ng these taps . When the 
protected transformer i s  equ i pped wi th l oad rat i o  control , i t  i s  obv i ous  that a c l ose 
match cannot be obt ai ned at a l l poi nts  of the rat i o-chan g i n g  range. I n  t h i s c ase the 
s econdary current s are matched at the mi ddl e of the range , and the percentage- di fferen­
t i a l character i st i c  of the rel ay i s  rel i ed upon to prevent rel ay operat i on on the 
unbal anced current whi ch f l ows when the l oad-rat i o  control i s  at the end of the range . 

I n  some app l i cat i ons , the power transformer wi l l  be connected to the h i gh vo ltage 
or l ow vol tage sys tem through two breakers , as shown i n  F i gure 9 ;  for examp l e , a r i ng 
bus  arrangement . I n  th i s cas e ,  the  CT rat i os must be se l ected so that the secondary 
wi ndi ngs wi l l  not be thermal ly overl oaded on l oad current f l owi ng  aroun d the r i ng i n  ,..,.,�,, 
addi t i on to the transformer l oad current . I t  i s  recommended that CTs on each of the two 
l ow vol tage ( or h i gh vol tage ) breakers be connected to a separate restra i n i ng wi ndi ng 
to assure restrai nt  on heavy through-fau l t  current f l owi ng  around the r i ng bus .  

Two paral l e l transformer banks shou l d not be protected wi th one set of di fferen­
t i al protecti on , s i nce the sens i t i v i ty of t he protecti on wi l l  be reduced. I n  addi t i on ,  
i f  the banks can be swi tched separately ,  there i s  a pos s i b i l i ty of f l ash  operat i on on 
magnet i z i n g i nrush to one transformer bank caus i ng a " sympathet i c i nrush"  i nto the bank 
a l ready energi zed.  In  th i s case ,  t he harmon i cs tend to f l ow between the bank s ,  wi th 
the pos s i b i l i ty that there wi l l  be i nsuff i c i ent h armon ics  i n  the rel ay current to 
restrai n the rel ay. 
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GEH-2057 

Typi cal  e l ementary di agrams for the Type BDD15B  and B DD16B rel ays are i l l ustrated 
i n  F i gures 7 ,  8 and 9 .  

RAT INGS 

MODELS BDD15B  AND  BDD16B 

Cont i n uous rat i ng :  

The  through- current transformer and di fferent i al current tran sformer wi l l  stand 
twi ce tap val ue  for any comb i n at i on of taps; or they wi l l  st and twi ce tap val ue if a l l 
b ut one of the restrai nt wi ndi ngs carry zero current ,  and the fu l l res trai nt current , 
equ al to twi ce tap val ue ,  f l ows through the di fferent i al current tran sformer . 

S hort t ime rat i ng ( thermal ) : 

The short t ime ( thermal ) rat i ng i s  220 amperes for one second measured i n  the 
primary of any transformer of the Type BOD rel ay . H i gher currents may be appl i e d  for 
s horter l engths of t ime i n  accordance wi th the fol l owi ng eq uat i on :  

where: I = current i n  amperes 
t = t ime i n  seconds 

Short t ime ( el ectr i cal ) : 

I 2t = 48 , 400 

F or both the Type BDD1 5B and BDD16B rel ays , t he sum of the mul t i p l es of tap 
current fed to the rel ay from the several sets of current transformers shou l d not 
exceed 1 50 .  These mu l t i p l es shou l d  be cal cu l ated on the bas i s  of RMS symmetr i cal  fau l t  
curren t .  Note that i n  F i gure 9 , external fau l t  current f l ows through c i rc u i t  breaker s 
5 1 - 1  and 51-2  wi thout be i ng l i m i ted by the transformer impedance . 

AUXI L IARY RELAY CONTROL C IRCUIT  

T h e  Type BDD15B a n d  BDD16B r e l ays a r e  av ai l ab l e for u s e  wi t h  ei ther 24-48 v o l t s ,  
48- 125  vol ts , 110-125  vol ts ,  125-250 vol ts or 220-250 vol t s .  A t ap b l ock i s  prov i ded  
so  that the rel ays may be  used on ei ther vol tage of the  dual  rat i ng .  

CONTACTS 

The BDD15B rel ay i s  provi ded wi th two sets of open contacts and the BDD16B i s  
prov i ded wi th one set of open cont acts . The current- c l os i ng rat i ng of the contacts i s  
30 amperes for vol tages not exceedi ng 250 vol t s .  I f  more than one ci rcu i t  breaker per 
set of cont acts i s  to be tri pped ,  or if the tri pp ing  current exceeds 30 amperes , an 
auxi l i ary rel ay must be used wi th the BOD rel ay. After tr i ppi ng occur s ,  the tri ppi ng  
c i rcu i t  of these rel ays shou l d be  opened by an  aux i l i ary swi tch on  the c i rcu i t breaker , 
or by other automati c mean s .  A hand- reset rel ay i s  recommended , and normal ly used . 
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CHARACTERISTICS 

P I CKUP AND OPERAT I NG TIME 

The operat i ng character i st i c  i s  shown i n  F i gures 4 and 4A . The curve for var i ou s  
percentage s l opes shows the percent s l ope versus the through-current f l ow i ng i n  the 
transformer .  The  percentage s l ope i s  a f i gure g i ven to  a part i cu l ar percent s l ope 
tap sett i ng ,  and i nd i cates approx imate s l ope characteri st i c .  P i ckup at zero 
restrai nt i s  approx i mately 30 percent of tap val ue ( see Tab l e  I ) . F i gure 4A i s  the 
same curve , except it i s  expanded from f i ve to zero amperes .  

Curves of the operat i ng t ime of the mai n  un i t and of the i nstantaneous u n i t are 
shown p l otted agai nst d i fferent i al current i n  F i gure 5 .  The mai n  u n i t  t i me g i ven i s  
the total t ime ,  and i nc l udes mai n  un i t operat i ng t ime and auxi l i ary u n i t operat i ng 
t i me .  

OVERCURRENT U N IT P I CKUP 

The overcurrent u n i t  i s  adjusted to p i ck up when the d i fferent i al current 
transformer ampere-turns are e i ght t imes the ampere-turns produced by rated tap 
current f l owi ng i n  that tap . For examp l e ,  when only one CT supp l i es current , and 
the tap p l ug for the CT i s  i n  the f i ve ampere tap , 40 amperes are requ i red for 
p i ckup . Th i s  p i ckup val ue i s  based on the AC component of current transformer 
output only , s i nce the d i fferent i a l  current transformer i n  the re l ay produces only a 
hal f cycl e  of any DC (offset ) component present . �-

If  rat i o  matchi ng taps are chosen so that rated CT current i s  not greater than 
the tap rat i ng on a sel f-cool ed bas i s ,  the overcurrent un i t wi l l  not p i ck up  on 
magneti z i ng i nrush . I f  CT currents are greater than tap rat i ng ,  there i s  danger 
that the u n i t  may p i ck up , espec i al ly on smal l transformer banks . If th i s  happens , 
then the CT rat i o  or re l ay tap sett i ng shou l d  be i ncreased , rather than i ncreas i ng 
the p i ckup of the overcurrent un i t .  If  the overcurrent u n i t  sett i ng must be rai sed , 
the requirements on CT error will be more stri ngent , i n  accordance wi th  the 
fol l owi ng equat i on :  

where : 

E = 20 - { 2 . 5 ) ( P-8) 

E = CT error current i n  percent at pi ckup of the overcurrent un i t 
P = p i ckup of overcurrent un i t i n  mu l t i p les  of tap sett i ng .  

PERCENTAGE D I FFERENTIAL CHARACTERIST ICS 

The percentage d i fferent i al characteri st i cs are prov i ded by through-current 
restrai nt c i rcu i ts .  I n  add i t i on to the operat i ng coi l  of the po l ar i zed u n i t ,  wh i ch 
i s  energ i zed by the d i fferent i al current of the l i ne current transformers , the re l ay 
i s  equ i pped wi th a restra i n i ng coi l ,  that i s  i nd i rect ly energ i zed by the transformer 
secondary currents themse 1 ves . For the re 1 ay to operate , the current transformer 
secondary currents must be unbal anced by a certai n  mi nimum percentage determi ned by 
the re l ay s l ope sett i ng ( as shown i n  F i gures 4 and 4A) . Th i s character i st i c  i s  
necessary to prevent fa 1 se operat i on on through-fau l t  currents . H i gh currents 
saturate the cores of the current transformers and cau se the i r  rat i os to change , 
w i th the resu l t  
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GEH-2057 

that the seconda ry currents  b ecome u nba l a nced . Percentage restra i n t i s  a l so n eeded to 
p revent  opera t i o n  by the  u n b a l a nc ed cu rren ts cau sed by i mp e r fect  ma tch i n g o f  the  
seco n da ry cu rrent s .  

HARMON I C  RESTRAI NT C HARACTER I ST I C S  

At t h e  t i me a powe r tra n s fo rme r i s  en e rg i z ed , cu rre n t  i s  s upp l i ed to t h e  p r i ma ry 
wh i c h  e s tab l i shes  the requ i red fl ux i n  the c o re . Th i s  cu rrent i s  c a l l ed magnet i z i ng 
i n ru sh ,  and fl ows o n l y  th rou g h  the  c u rren t  tra n s fo rme rs i n  the  p r i ma ry w i nd i ng .  Th i s  
cau ses a n  u nb a l a nced cu rrent to fl ow i n  the d i f fe rent i a l  re l ay,  wh i c h  wou l d  cau se fa l se 
opera t i o n  i f  mea n s  we re no t p rov i d ed to p rev ent  i t .  

Power sys tem fau l t  cu rrents a re o f  a nea r l y  pu re  s i n e  wav e  form , p l u s  a DC 
tra n s i e n t  componen t .  The  s i n e  wav e  fo rm re su l ts from s i n u so i d a l  v o l ta g e  gen e ra t i o n , 
a nd  near ly  constant  c i rcu i t  i mpedanc e .  The DC compo nent  d epend s o n  the  t i me i n  the 
vo l ta g e  cyc l e  a t  wh i c h  the  fau l t  occ u rs ,  and upon the  c i rc u i t  i mpedance  ma g n i tu de and 
ang l e .  

Tra n s fo rme r magnet i z i n g  i n ru s h cu rrents v a ry accord i n g to the  ex treme l y  v a ri a b l e  
exc i t i ng i mpeda nce re su l t i ng from core  satu ra t i o n . They are  o ften o f  h i gh magn i tu d e , 
occ a s i o n a l l y  hav i n g  an  RMS v a l u e  w i th 100  perc en t  o ffs e t  a p p roac h i ng  1 6  t imes fu l l  l oad  
cu rrent fo r wo rst cond i t i on s  o f  power trans fo rme r re s i d u a l  fl u x ,  and  po i n t of  c i rcu i t  
c l o su re o n  the  vo l ta ge  wav e .  They have  a very d i s to rted wav e fo rm , made  up o f  s harp ly  
peaked  ha l f-cyc l e  l oops  o f  c u rrent  o n  one  s i de of  the  z ero ax i s ,  a nd  pract i ca l l y  no 
c u rrent  d u r i ng the  oppo s i te h a l f cyc l e s . The  two cu rrent  wav e s  a re i l l u stra ted i n  
F i gu r e  3 .  

Any cu rrents  o f  d i s to r ted , non - s i nu so i d a l  wav e  fo rm may be  con s i d e re d  a s  b e i n g  
compo sed o f  a d i rect cu rrent componen t ,  p l u s  a numb e r  o f  s i ne wave  components o f  
d i ffe ren t  frequenc i e s ; o n e  o f  the  fu ndame n ta l  system frequ ency , and the  others , 
11 ha rmon i c s ,  11 hav i ng frequenc i e s  wh i c h  a re two , th ree ,  fou r ,  f i v e  ( e t c . ) , t i me s  the 
fu ndamen ta l frequency . The re l a t i v e  magn i tudes  and pha se pos i t i o n s  of the  ha rmon i c s , 
w i th re ference  to the  fu ndamenta l , de term i ne the wav e  fo rm . When  ana l yzed  i n  th i s  
mann e r ,  the  typ i c a l  fa u l t  cu rrent  wav e i s  fou nd to conta i n  on l y  a v e ry sma l l  perc enta g e  
o f  harmon i c s , wh i l e  t h e  typ i ca l  magnet i z i ng i n ru s h  c u r rent  wav e  conta i n s  a con s i d e rab l e  
amo u n t .  

T h e  h i g h  perc en ta g e s  o f  h a rmo n i c  cu rrents  i n  t h e  ma g net i z i n g  i n ru sh cu rre n t  wav e  
a ffo rd an  ex ce l l ent mea n s  o f  d i st i n gu i sh i ng i t  e l ectr i ca l l y  from the  fau l t  cu rrent 
\-Ja v e .  I n  Type B OD re l ays , t h e  ha rmo n i c  components  a re pa ssed  th rough  t h e  re stra i n i n g 
co i l  o f  the re l ay, wh i l e  the  fu ndame nta l  compo nent  i s  pas sed th rou gh the  opera t i ng 
co i l . The  d i rect  cu rre n t  componen t ,  pre sen t  i n  both the  ma g ne t i z i n g  i n ru sh and  o ffset  
fau l t  cu rrent wave s ,  i s  l a rg e l y  b l ocked  by the  aux i l i a ry d i fferent i a l  cu rrent  
tra n s fo rme r i n s i de  the  re l ay ,  and  prod u c e s  o n l y  s l i g ht mome n ta ry restra i n i n g  e ffec t .  
Re l ay opera t i o n  occu rs on  d i fferent i a l  cu rren t wav e s  i n  wh i c h  the  ra t i o  o f  harmon i c s  
to fu ndamenta l  i s  l owe r than  t h e  g i v en p redete rm i ned  v a l u e  fo r wh i c h  t h e  re l ay i s  
s e t  ( e . g . , a n  i n ternal  fau l t  cu rren t wav e ) , and  i s  re s tra i ned o n  d i f ferent i a l  
c u rre n t  wav es i n  wh i c h  the  ra t i o  exceeds th i s  va l u e  ( e . g . , a ma g net i z i n g i n ru s h  
cu rrent  wav e ) . 
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B U R D E N S 

No te tha t bu rden s and  m 1 n 1 mum p i c kup  v a l ues  are  s ubstant i a l l y  i nd ependent  o f  the 
p e rc e n t  s l o p e  sett i n g s , and a re a l l  a p p rox i ma te l y  100 perc en t  powe r fa cto r .  T h e  
f i gu re s  g i ven  are  t h e  bu rdens i mpo sed  on  each  cu rrent t ra ns fo rmer a t  5 . 0 ampere s .  

R ELAY 

1 2B D D 1 5 B  
1 2B D D 1 6 B  

TAP 
SETT I NG 

AM PS 

2 . 9  
3 . 2 
3 . 5  
3 . 8 
4 . 2 
4 . 6  
5 . 0 
8 . 7  

ZERO 
R ESTRAI NT 
P I C KU P**** 

AMPS 

0 . 87 
0 . 96 
1 . 0 5  
1 . 1 4  
1 . 2 6  
1 . 38 
1 . 50  
2 . 6 1 

TABL E I 

O P ERATI NG C I RCU I T** 
60 H ERTZ RELAY S*** 
BU RDEN I�1 P EDANC E 

VA OHMS 

3 . 2 0 . 1 28 
2 . 7  0 . 1 08 
2 . 4 0 . 096  
2 . 0 0 . 080  
1 . 9  0 . 07 6  
1 . 6  0 . 064 
1 . 5 0 . 060 
0 . 7 0 . 028 

**Bu rden  o f  opera t i ng co i l  i s  z ero u n d e r  norma l cond i t i o n s  
*** B u rden  o f  50  he rtz re l ay i s  the  same o r  s l i g h t l y  l owe r 

RESTRAI NT  C I RCU I T  
6 0  H ERTZ RELAYS*** 
BU RDEN  IMP EDANC E 

VA  OHMS 

1 . 3  0 . 05 2  
1 . 2 0 . 048 
1 . 1  0 . 044  
1 . 0 0 . 040 
0 . 9  0 . 036  
0 . 8 0 . 032  
0 . 7  0 . 028 
0 . 5  0 . 020 

*** * I t  shou l d  be  recogn i zed  tha t p i c kup  cu rrent  fl ows not o n l y  th rou g h  the  
d i ffe re n t i a l  c u rren t tra n s fo rme r ,  but  a l so th rou g h  one  of  the  p r i ma ry w i n d i n g s  
o f  t h e  th rou gh-current  tran s fo rme r ,  p roduc i ng some res t ra i n t .  Howev e r ,  
compa red  to the  o pe ra t i n g  ene rgy , th i s  q u an t i ty o f  re stra i n t  i s  s o  sma l l  that  
it  may b e  a s sumed to  b e  z ero . 

C O NS TRU C T I O N  

F i gures  1 a nd  1 A  show the i n tern a l  a rrangement  o f  the  compo nents  o f  the  BDD 1 6B 
re l ay .  Re fe rence  the  i n te rn a l  connec t i o n  d i a g rams , F i g u re 1 0  and  1 1 ,  to i d en t i fy 
the parts  mo re  comp l e te l y . 

C U RR ENT  TRAN S FO RM ERS 

In  the  Type B D D 1 5 B  re l ay ,  the  th rou gh-cu rrent  t ra n s fo rme r ha s two p r i ma ry 
w i nd i ng s ,  o ne  fo r each  l i ne  cu rrent  t rans fo rmer c i rcu i t . W i nd i ng numb e r  1 
te rmi n a te s  a t  stud  6 ,  and  w i n d i n g  number 2 te rmi n a te s  at  stud  4 .  

I n  the Type  BDD 1 6B re l ay ,  there  are  th ree sepa ra te through-cu rrent  
tra n s fo rme rs , eac h with  o n l y  one  pr ima ry w i n d i n g  and  each  te rmi n a t i n g  a t  a s epara te 
s tu d ,  w i nd i ng s  numb e r  1 ,  numb e r  2 and  numb e r  3 ,  co r re spond i n g to s tu d s  6 ,  4 a nd  3 ,  
re spec t i v e l y .  

I n  e i ther  re l ay ,  th e re i s  a d i ffe ren t i a l  c u rren t  t ra n s fo rme r w i t h  o n e  p r i ma ry 
l ead b rou ght  ou t to s tud  5 .  
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The primary c i rcu i t  of each of these transformers i s  compl eted through a speci al 
tap b l ock arrangement . Two or three hori zontal rows of tap pos i t i ons are prov i ded 
( depend i ng on whether the rel ay i s  a Type BDD 15B or BDD 16B ) , one row for each t hrough­
current transformer wi nd i ng .  A tap on the d i fferent i al current transformer i s  
connected to a correspond i ng tap of the through-current restrai nt wi nd i ngs  by 
i nserti ng tap p l ugs i n  the tap b l ocks . 

When the BDD 16B rel ay i s  u sed on four-ci rcu i t  app l i cati ons , as shown i n  F i gure 
9 ,  the fourth c i rcu i t  CT i s  connected to stud 7 ,  and the jumper norma l ly  connected 
between termi nal s 6 and 7 ,  at the rear of the rel ay crad l e ,  shou l d  be d i sconnected at 
the termi nal 6 end . It  shou l d  be reconnected to the upper row i n  the tap b l ock  ( above 
the row marked wi nd i ng number 1 ) , wh i ch connects i t  d i rectly  to the d i fferent i al 
current transformer i n  the BOD re l ay .  The termi nal on the movabl e  l ead shou l d  be 
p l aced under the tap screw that g i ves the best match for the current i n  the movab l e  
end . 

The taps permi t match i ng of unequal l i ne current transformer secondary currents .  
The tap connect i ons are so arranged that when matchi ng secondary currents , and a tap 
p l ug i s  moved from one pos i t i on to another i n  a hori zontal row , the correspond i ng taps 
on both the d i fferent i al current transformer wi nd i ng ,  and one of the through-current 
transformer wi nd i ngs are s imu l taneously sel ected , so that the percent through-current 
restrai nt remai ns constant . 

THROUGH-CURRENT RESTRA INT C I RCU IT 

A fu l l wave bri dge rect i f i er rece i ves the output of the secondary of each 
through-current restrai nt transformer . I n  the 800 168 rel ay ,  the DC outputs  of a l l 
three u n i ts are connected i n  paral l el . The total output i s  fed to a tapped res i stor 
( R3 )  through  the percent s l ope tap p l ate at the front of the re l ay .  A 1 5 ,  2 5  or 40 
percent s l ope adjustment may be sel ected by means of three taps . Res i stor taps are 
adjustab l e  and preset for g i ven s l opes . The r i g ht tap corresponds to the 40 percent 
s l ope sett i ng .  The output i s  rect i f i ed and app l i ed to the restrai nt coi l of the 
pol ari zed un i t .  

D I FFERENTIAL CURRENT C I RCU IT  

The  d i fferenti al current transformer secondary output d i rectly  supp l i es the 
i nstantaneous  un i t ,  the operat i ng coi l s  of the pol ari zed un i t through  a ser i es tuned 
c i rcu i t ,  and the harmoni c restrai nt c i rcu i t  through  a paral l e l resonant trap . The 
operat i ng and restrai nt currents are each passed through a ful l wave bri dge rect i f i er 
before passi ng through the pol ari zed un i t coi l s .  

The ser ies  resonant c i rcu i t  i s  made up of a f i ve mi crofarad capac i tor ( C 1 )  and a 
reactor ( L 1 )  wh i ch are tuned to pass currents of the fundamental system frequency , and 
to offer h i gh impedance to currents of other frequenc i es .  Res i stor R1  i s  connected i n  
para l l e l  on the DC s i de of the operate rect i f i er ,  and can be adjusted to g i ve the 
des i red amount of operate current . The output of the rect i f i er i s  app 1 i ed to the 
operati ng coi l of the po l ar i zed un i t .  

The paral l e l  resonant trap i s  made u p  of a 1 5  mi crofarad capac i tor (C2 )  and a 
reactor ( L2 )  wh i ch are tuned to b l ock fundamental frequency currents whi l e  a l l owi ng 
currents of harmoni c  frequenci e s  to pass with  rel at i vely l i tt l e  impedance . Res i stor 
R2 i s  connected i n  paral l e l  on the AC s i de of the harmoni c restrai nt rect i f i er ,  and 
can be 
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adj usted to g i ve the des i red amount of harmon i c  restrai n t .  T h e  output of t h e  rect i f i er 
i s  par al l e l ed wi th the through- current restrai nt currents and appl i ed to  the restrai nt 
coi l of the pol ar i zed un i t .  

I t  i s  evi dent that i f  the di fferenti al current appl i ed to the Type BOD rel ay h as 
s i nusoi dal wave form an d system frequency,  i t  wi l l  f l ow most ly  i n  the operat i ng coi l 
c i rcui t ,  and wi l l  c ause  the rel ay to  operate . I f  on the other hand,  t he di fferent i al 
current cont ai ns  more than a cert ai n percentage of h armoni cs ,  the rel ay wi l l  be re­
strai ned from operat i ng by the harmon i c  currents f l owi ng i n  the res trai nt coi l .  

A Thyr i t e
QD 

res i stor connected across the secondary of the d i fferent i a l current 
transformer l imi ts  any moment ary h i gh vol tage peaks whi ch may occur ,  thus  protect i ng 
the rect i f i ers and capaci tors from damage , wi thout mater i al ly affecti n g the character­
i st i cs of the rel ay. 

OVERCURRENT UN IT  

The i nstant aneous un i t  is  a h i nged armat ure rel ay wi th  a sel f-contai ned target 
i n di cator . On extremely heavy i nternal  fau l t  currents , t h i s u n i t wi l l  p i ck up and 
compl ete the tr i p  c i rcui t .  The i nstant aneous target wi l l  be exposed to i n di cate that 
tri ppi ng  was t hrough the i nst ant aneous un i t .  

Because of s atur at i on of the CT s and rel ay transformers at h i gh f au l t  currents ,  
i t  i s  pos s i b l e  that l ess  operat i n g  current wi l l  be provi ded from the d i fferenti a l  
current transformer than the  percent age s l ope tap  wou l d imp ly ,  and more h armon i c  
restr ai nt wi l l  be prov i ded than the actua l  harmoni c content of the f au l t  current wou l d  
supp l y .  As a res u l t ,  the mai n un i t  may be fal sel y restrai ned under condi t i ons of a hi gh 
i nternal f au l t  current . However , tri pp i n g  i s  assured by the overcurrent un i t oper a­
t i on .  P i ckup  i s  set above the l evel of d i fferent i al current produced by m ax i mum 
magnet i z i n g i nrush current . F i gure 5 shows the rel ati ve l evel s of p i ckup  and s peed of 
operat i on of the mai n un i t  and overcurrent un i t .  

MA I N  OP ERAT ING  UN IT  

The mai n operat i ng un i t of Type BOD rel ays is  a sens i t i ve pol ar i zed  un i t  wi th 
components as shown wi th i n the l arge ci rcu i t of the i nternal  connecti on di agrams , 
F i gures 10 and 1 1 .  The un i t  has one operat i ng and one restrai n i ng co i l ,  and i ts 
contacts are i dent i f i ed as DHR ( d i fferent i al h armon i c  restrai nt )  on the d i agr ams of the 
external connect i ons di agr ams ,  F i gures 7 ,  8 and 9 .  The rel ay i s  a h i gh- speed ,  l ow 
energy de vi ce ,  and i ts contacts are provi ded wi th  an aux i l i ary u n i t  whose contacts are 
brought out to studs for connect i on i n  an external ci rcui t .  

The pol ar i zed u n i t  i s  mounted on an ei ght- prong base ,  whi c h  f i ts a st andard  oct al  
radi o socket , and i s  pr otected by a removab l e  dust cover . It  is  mounted beh i nd the 
n amepl ate of the BOD rel ay ,  and shou l d  req ui re no further adj ustment after the rel ay i s  
sh i pped from the fact ory. 

The auxi l i ary u n i t  carr i es an i ndi cat i ng target , and i s  l ocated on the l eft- h and  
s i de { front v i ew)  of the rel ay .  The  coi l of t h i s u n i t is  not  connected i n  the  mai n 
c i rcu i t as a seal - i n  coi l ,  but i s  connected to the DC control bus  through an open 
contact of the pol ari zed rel ay ,  and through a ser i es res i s tor . A t ap b l ock i s  provi ded  
on the namepl ate for sel ect i ng ei ther of two DC  control vol tage s .  

aD Regi stered Trademark of the General E l ectri c C o .  
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The co i l  o f  the  au x i l i a ry u n i t  i s  con trol l ed by both the  open  a n d  c l o se d  conta c ts 
o f  the po l ar i z ed u n i t .  The po l a r i z ed u n i t  has  a pp rox i ma te l y  0 . 005 i nc h  conta c t  g a p ,  
wh i c h  u nd e r  trans i en t  overv o l ta g e  cond i t i o n s  on  t h e  DC contro l b u s  o f  t h e  o rd e r  o f  1 200 
vo l t s ,  cou l d  b re a k  down momenta r i l y .  Th i s  wi l l  not  cause  fa l se opera t i o n  i n  the event  
that  such  a cond i t i o n  occ u rs , becau se the au x i l i a ry re l ay is  no rma l l y  sh ort-c i rc u i ted 
by the c l o sed  co ntact  of the po l ar i zed  u n i t ,  and  the ser i e s  re s i s tance  i s  h i gh enough  
to  cau se the  a rc to go ou t a t  no rma l v o l ta g e .  

CAS E 

The  re l ay c a se i s  su i tab l e  fo r e i th e r  su rface  o r  semi - fl u s h  pane l  mou n t i n g .  
Ha rd ware i s  prov i d ed w i th the  re l ay fo r e i ther mou n t i ng me thod . The cover  a ttac hes  to 
the  c a se a nd c a rr i e s  the  ta rget rese t mec ha n i sm fo r the  tr i p  i n d i cator  and 
i n s ta n taneous  u n i t .  Eac h  cover  sc rew ha s p rov i s i o n fo r a sea l i n g w i r e .  

The  case  ha s stu d s  o r  sc rew connec t i o ns  a t  the  bottom fo r exte rn a l  connec t i o n s . 
The e l ectr i ca l  co nnect i o n s  between the re l ay u n i ts and  the  ca se stud s are  made  through  
s p r i n g  bac ked contac t f i ngers  mou n ted i n  sta t i o n a ry mo l d ed i n n e r  and  ou te r  b l oc k s ,  
between wh i c h  nests a remov ab l e  co nnect i o n p l u g ,  wh i c h  compl e tes  the c i rcu i t .  The 
ou te r  b l oc k s a ttac h ed to the c a se have  studs  fo r the exte rna l  connec t i o n s , and the 
i nner  b l ocks  have term i na l s fo r the  i n terna l connect i on s .  

The  re l ay mechan i sm i s  mou n ted i n  a s tee l  framewo r k  c a l l ed a c rad l e  and i s  a 
comp l e te u n i t  w i th a l l l ead s be i n g term i n a ted  a t  the  i nn e r  b l o c k .  The c rad l e  i s  he l d  
sec u re l y  i n  the  case  w i t h  a l a tc h  a t  the  to p and  the  bo ttom a nd by a gu i d e p i n  a t  the  
back  of  the  case . The  case  and  c rad l e  des i g n prevents  i n s e rt i ng the  re l ay i nto the ca se  
u p s i d e  down . The  connec t i o n  p l u g ,  bes i d e s  ma k i n g  e l ec t r i c a l connec t i o n s , a l so l oc k s  
t h e  l a tch i n  p l ace . The cov e r ,  'IJh i c h  i s  fa stened to t h e  ca se by thumbsc rews , ho l d s the 
connec t i o n  p l u g  i n  p l ace . 

To d raw o u t  the  re l ay u n i t  from the  c a se , fi r st  c a re fu l l y  remo v e  the  cov e r ,  then  
the  connec t i o n  p l u g s . S hort i n g b a rs are  bu i l t  i n to the  re l ay ca se to short  the  cu rrent 
tra n s fo rme r c i rc u i t s  ( se e  Fi g u re 6 ) . Re l ease  the  l a tc h e s .  Th e rel ay u n i t  may now be  
removed from the  case  by  pu l l i n g o n  the  c rad l e .  To r e p l ace  the  re l ay u n i t , fo l l ow the  
rev erse o rd e r .  Use  c a re wh en p l a c i n g the  cov e r  back  on to the  re l ay case  to  av o i d  
damag i ng the re set mechan i sm .  

A separa te te st i n g  p l u g  can  b e  i n se rted i n  p l a c e  o f  the  connec t i n g  p l u g  to te st  
the  re l ay i n  p l ace  on  the  pane l , e i th e r  from i ts own  sou rce of  cu rren t ,  or  from o ther  
sou rc e s .  Or , the u n i t  can  be  d rawn ou t and  re p l a c ed by another  re l ay wh i c h  has  been 
te s ted in  a l aboratory .  

R E C E IVING, H ANDL I NG A N D  STO RAG E 

The se re l ays , when not  i nc l uded a s  part o f  a contro l  pane l , a re s h i pped i n  carto n s  
d e s i gned to protect  them a g a i n st dama g e .  Imme d i a te l y  u p o n  rec e i p t o f  a re l ay ,  exami n e  
i t  fo r a ny damage susta i ned i n  trans i t .  I f  damage due  t o  rou g h  hand l i ng i s  ev i de n t , 
f i l e  a dama g e  c l a i m  a t  once  w i th the  transporta t i o n  company and  promp tly  no t i fy the  
nearest Gen e ra l  E l ec tr i c  Sa l e s O ff i c e . 

Exerc i se c a re when hand l i n g o r  u npac k i n g the  re l ay to avo i d  d i s tu rb i n g  
a d j u s tments  o r  damag i n g  the  re l ay .  
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I f  the  re l ays a re not to be i n s ta l l ed i mmed i a te l y ,  they shou l d  be  s to red i n  the i r  
o r i g i na l  c a rto ns  i n  a p l ace  that  i s  free from mo i s tu re , d ust  and me ta l l i c part i c l es . 
Fo re i gn ma tter c o l l ec ted on the  outs i de o f  the  ca se  may f i nd i ts way to the  i n s i d e o f  
th e c a se wh en the  cov e r  i s  remo v ed , c rea t i n g the  po ss i b l i ty o f  re l ay m i s o p e ra t i o n . 

AC C E P TAN C E  T E S TS 

Immed i a te l y  upon  rece i pt o f  the re l ay,  an  i n s pec t i o n  and  acce ptance te st  shou l d  be 
made  to i n s u re that no dama ge has  been  su sta i n ed in  s h i pme n t ,  and that the re l ay 
ca l i b rat i o n s  have  not been d i s tu rbed . 

V I SUAL I N SPECTI ON 

C h ec k th e name pl a te stamp i n g to i n su re tha t  the mode l  numbe r ,  ra t i n g a nd 
ca l i b rat i on range  o f  the re l ay a g ree  w i th the  requ i s i t i o n . Remove the  re l ay from i ts 
c a se and  check  that  t here a re no b ro ken o r  c rac ked mo l d ed pa rts  o r  o th e r  s i gn s  o f  
p hys i ca l  dama g e , and  tha t a l l  sc rews are  t i gh t .  

MEC HAN I CAL I NSPECTI ON 

C h ec k the  o p e ra t i o n of the  au x i l i a ry and i n sta n ta neous  o v e rc u rre n t  u n i t s  ma nu a l l y  
to see  that  t h ey opera te smoot h l y  w i thout  no t i ceab l e  fr i c t i on o r  b i nd i n g i n  the  
rota t i n g  stru c tu re of  the  u n i t s . 

EL ECTR I CAL TESTS : 

The  fo l l ow i n g  e l ec t r i c a l  tests  a re recommen d ed upon rec e i pt  o f  th e re l ay :  

o C h ec k  m i n i mum p i c k up  o f  ma i n  o pe ra t i n g u n i t 
o C h ec k  m i n i mum p i c ku p  o f  the i n sta nta neou s o v e rc u rre nt  u n i t  
o A s i n g l e c h ec k po i n t te st  o n  the  h a rmo n i c re stra i n t  c ha ra c te r i s t i c  
o A s i n g l e c hec k po i n t te st o n  th e s l o pe c h a ra c te r i s t i c  c u rv e  fo r t h e  a p p rox imate 

s l o pe to be  u sed . 

TEST FAC I L I TI ES 

The  fo l l ow i n g  test equ i pme n t  w i l l  fac i l i ta te te sts : 

o Two l oad  boxes  fo r reg u l a t i n g te st  cu rre n ts 
o Th ree ammeters ( two AC a nd one DC ) fo r mea su r i n g  te s t  cu rre n t s  
o A test  rec t i fi e r  fo r c h ec k i n g the  re l ay ' s  respo n se to the  second  h a rmo n i c  
o One i nd i c at i n g l amp 
o Two s i n g l e - po l e doub l e - t h row sw i tc h  se l ec to r  sw i tc hes , w i t h  cente r- o ff po s i t i o n  
o A dou b l e - po l e s i n g l e - t h row l i n e sw i tc h .  

C h ec k the  p i c k u p  o f  the  ma i n  u n i t  us i n g the  co nnec t i o n s  s hown i n  F i g u re 1 2 . 
Du r i n g  th i s  tes t ,  t he s e l ecto r sw i tc h e s  ( S2 and  S4 ) a re o pe n ,  a nd  cu r re n t  passes  
t h rou gh  the  d i ffe re n t i a l  c i rc u i t  on l y .  Fo r exampl e ,  o n  a re l ay s e t  w i t h  2 5  p e rc en t  
s l ope  and a 2 . 9 ampere ra t i o  ma tc h i n g  ta p ,  t h e  ma i n  un i t  shou l d  p i c k  u p  a t  3 0  
p e rc e n t  o f  ta p ra t i n g ,  pl u s  o r  m i nu s  t e n  percent ; o r  the  p i c k up  shou l d  be betwee n  
0 . 78 a nd 0 . 96 ampere . To c heck tha t  the  ma i n  u n i t  ha s p i c ked  u p ,  a sou rce o f  DC 
powe r a t  ra ted 
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vo l tage shou l d  be  c o n n ec ted a s  shown i n  Fi gu re 1 2 . The i nd i cat i ng l amp  w i l l  prov i d e  a 
s i gna l  show i n g  th a t  the  ma i n  u n i t  has  o pera ted . 

Fo r an  add i t i o na l  p i c k up te s t ,  set  the  p i c k u p  a t  1 . 5 amperes  w i t h  c u rren t fl owi n g  
i n  termi na l s  5 a n d  6 ,  a n d  p l ace  t h e  t a p  p l u gs i n  the f i v e  ampere a n d  25  p e rcent  s l ope 
ta p pos i t io n .  S i nc e  the  BOD  re l ay u s e s  a po l a r i z ed u n i t  w i th a v e ry l ovJ ene rgy l ev e l , 
the  m i n i mum p i c kup  sett i ng may v a ry a s  muc h  a s  p l u s  o r  m i nus  ten p e rcen t .  I f  the 
p i c k u p  is  between 1 . 35  and 1 . 65 ampere s ,  no adju stme n t  shou l d  be ma de . Repeated  p i c kup  
operat i o n s  i n  succe s s i on e ra s e  the  magnet i c  memo ry o f  p rev i ou s  te sts , wh i c h  may have  
a ffec ted the  fi rst  tests . A s e v e re th rou gh- fau l t  w i l l  p rodu c e  a n  e ffec t  wh i c h  w i l l  
i nc rea se  the cu rrent requ i red to p i c k  up the  r e l ay . The p i ck u p  o f  the  BOD  re l ay has  
w ider  pe rm i s s i b l e  v a r i a t i o n s  than  mo st  pro tec t i v e  re l ays , but  due  to  the  re l ay des i gn 
and  a pp l i ca t i o n , re l ay accu racy i s  ent i re l y  adequate u nder  a l l cond i t i on s ,  even dur i ng 
t ra n s fo rme r ma gnet i z i n g i n ru sh o r  sev e re fau l t  cond i t i o n s .  

W i th the  s e l ector sw i tc h ,  S2 , i n  the A po s i t i o n ,  c heck  the harmon i c  cu rrent 
re stra i n t  as  desc r i b ed in  INSTALLATION PROCEDURE . 

The i n sta n taneou s overcu rrent u n i t  shou l d  b e  c hecked by pa ss i ng a h i g h cu rrent 
t h rou g h  the  5 - 6 te rmi n a l s .  P i c kup  shou l d  be  about e i g h t  t i mes  ta p ra t i n g .  C h ec k  
th rou gh-cu rrent res tra i nt a s  desc r i bed i n  INSTALLATION PROCEDURE . 

Afte r the  other  tests  a re comp l e te ,  c hec k  re l ay d ro pou t w i th th e s e l ecto r  
sw i tches ( e s ) open . The pu rpo se o f  th i s  te st  i s  to i n su re that the po l a r i zed opera t i ng 
e l eme n t  w i l l  re se t p roperl y a fte r a heavy i n te rn a l  fau l t  c u rre n t ,  wh i c h  c a n  l ea v e  
exce s s i v e  res i d u a l  fl ux i n  i ts magnet i c  s t ruc tu r e . App l y  a cu rre n t  o f  30  amperes to 
te rmi na l s  5 and 6 w i th  ta p p l u gs fo r a l l w i n d i n g s  i n  the 2 . 9 ampe re ta p pos i t i o n , and 
the  p e rcent  s l ope ta p p l u g  i n  the  25 percent  s l ope  po s i t i o n . Th i s  w i l l  c a u se the 
aux i l i a ry rel ay to p i c k  up s h a r p l y .  The  c u rren t  s h ou l d  then  be  reduced , ra p i d l y  at 
f i rs t ,  a nd then s l ow l y  u nt i l the aux i l i a ry re l ay d rops  ou t .  Dro pou t cu rren t shou l d  be 
0 . 1  ampere or mo re . I f  d ro pou t cu rrent  i s  o th e r  than  as s p ec i f i ed ,  the  pol a r i z ed u n i t  
i s  de fect i v e ,  and  s hou l d  b e  rep l aced . 

I N STALL ATIO N  PROC EDU R E 

TESTS 

B e fo re p l a c i n g  the re l ay i n  s e rv i c e ,  c hec k  the  re l ay c a l i b ra t i o n  tha t  w i l l  be used  
to  i n su r e  it  i s  co rrec t .  The  fo l l ow i ng te s t  proced u re i s  out l i n ed fo r th i s  pu rpo s e .  

CAUTI ON : The re l ay c a l i b ra t i o n  i s  accomp l i s h ed by adju s t i n g  res i s to r s  R 1 , R 2  and  R3 . 

P I C KU P  

Changes  ma de i n  a ny o n e  o f  these  re s i s to r s  w i l l  a ffec t the  other  two 
res i s to rs ' s e tt i n g s . I n  the  event  o ne s e tt i n g  i s  chan ged , the  p i c kup , 
harmon i c  re s t ra i nt a nd th rou gh-cu r rent  re s tra i n t  adjustment p rocedu res  s hou l d  
b e  repea ted  u n t i l  no fu rth e r  dev i a t i o n  from p roper  ca l i b ra t i o n  i s  no ted . The  
best  re su l ts a re obta i  ned when  the  through-cu rrent re s tra i nt adjustment i s  
made a fte r the  o th e r  two sett i n g s  a re correc t .  

The  te st  c i rc u i t  fo r p i c kup  i s  a s  s hown i n  Fi g u re 1 4 , w i t h  S2  open . P i c k u p  s hou l d  
b e  1 . 5 ampere s w i th cu rrent fl ow i ng i n  term i na l s 5 a n d  6 ,  and  the tap p l u g s  i n  the  f i v e  
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ampere and  25 percent  s 1 o pe tap  pos i t i on s .  The p i ck u p  opera t i on shou  1 d b e  r epea ted 
sev era l t i me s u n t i l  two success i v e  read i n g s  a g re e  w i th i n  0 . 0 1  ampe re , w i t h  to ta l p i c kup  
cu r rent  be i ng i n terru pted between succe s s i v e  chec k s . 

The  p i c k u p  o f  the  pol a r i z ed u n i t  v a r i e s  s l i g h t l y  depend i n g  upon  t h e  h i s to ry o f  i ts 
magnet i c  c i rcu i t .  The repea ted p i c ku p  opera t i o n  resto re s  the  c o nd i t i o n o f  the  magne t i c  
c i rc u i t  to some re fe rence  l ev e l , thu s e l i m i na t i n g  any i n i t i a l  v a r i a t i o n  i n  ma g n e t i c  
h i story .  

T h e  cond i t i o n  o f  t h e  ma g net i c  c i rc u i t  i s  i n fl u enced  by t h e  ma n n e r  i n  wh i c h  p i c k u p  
cu rrent i s  removed  a fter  a te s t .  For th i s  rea so n ,  p i ck u p  read i ng s  w i l l  be  s l i gh t l y  
l owe r i f  t h e  c u rrent  i n  t h e  d i ffe ren t i a l  c i rc u i t  i s  reduc ed g ra du a l l y ,  than  i f  the  
cu rrent  i s  a b ru pt l y  reduced o r  i n terru pte d . Energy i s  s to red i n  t he s e r i e s  tu ned  
c i rc u i t  when  the  c u rren t i s  a p p l i ed .  Th i s  e n e rgy i s  d i s s i pa te d  i n  the  h a rmo n i c  
res t ra i n t c i rcu i t ,  the pa th  o f  l ea s t  i mpedanc e ,  when the  cu rrent  i s  a b ru p t l y  reduced  o r  
remo v ed . T h e  restra i n t  co i l  o f  the  po l a r i z ed u n i t , hav i n g  a p p rox i ma te l y  th re e  t i me s  a s  
many tu rn s a s  t h e  opera t i n g  co i l ,  rece i v e s  a g reater  sa tu rat i ng e ffec t t h a n  the  opera ­
t i ng co i l .  The  n e t  e ffec t  i s  a s  thou g h  a re stra i n t  s a tu ra t i n g  c u rren t we re a p p l i ed to 
the re l ay .  

S i nc e  t h e  B O D  re l ays use  a po l a r i z ed u n i t  w i th v e ry l ow ene rgy l ev e l , t h e  m i n i mum  
p i c k u p  may v a ry a s  muc h  a s  p l u s  o r  m i nu s  ten  p e rc e n t . I f  the  p i c ku p  i s  fou n d  to  be  
a nywh e re w i th i n  th i s  ra ng e ,  1 . 3 5- 1 . 65 ampe re s , the  s e tt i n g  shou l d  no t b e  d i s tu rb ed . 

W i th DC contro l  v o l tage a p p l i ed to the proper s tuds  o f  the  re l ay ,  the  p i c k u p  o f  
the  aux i l i a ry u n i t  c a n  b e  used  a s  an  i nd i c a t i o n  o f  opera t i o n  o f  t h e  po l a r i z ed re l ay 
u n i t . Th i s  v o l tage may b e  a pp l i ed a s  shown i n  F i gu r e  14 , a nd  the  i nd i ca t i ng  l amp  wi l l  
i nd i c a te that  t h e  ma i n  u n i t  has  o pe ra te d .  

I f  t h e  p i c k u p  i s  fou nd to b e  ou t o f  adju s tmen t ,  adju s t  t h e  pos i t i o n  o f  t h e  b a nd o n  
re s i stor  R 1 , wh i c h  i s  co n n ec ted i n  p a ra l l e l w i th t h e  operat i ng c o i l o f  the po l ar i zed  
u n i t .  Re s i s to r  R 1  i s  l oc a ted  a t  the  to p o f  the  re l ay ,  and i s  t h e  l e ft - h a n d  a d j u s ta b l e  
re s i s to r  ( see  F i gu r e  2 ) .  

HARMON I C  CU RRENT RESTRAI NT 

The  h a rmo n i c  restra i n t is  adju s te d  by mea n s  of a te s t  rec t i fi e r ,  used  in  con j u nc ­
t i o n  w i t h  su i ta b l e a mme ters a nd l oad boxe s . The test  i s  s hown i n  F i gu r e  14 , w i th S2  
c l o sed  to  pos i t i o n  A .  Te sts  shou l d  be  mad e  on  the  5 . 0 ampe re and  2 5  p e rc e n t  s l o pe ta p s .  

The  ana l ys i s  o f  a s i ng l e - p ha s e ,  ha l f wav e  rec t i f i e d  cu rren t shows the  pre sence  
of  fi x ed perc en ta g e s  of  DC , fu ndame n ta l  and  second h a rmo n i c  componen ts , a s  we l l  a s  
n eg l i g i b l e  p erc entages  o f  a l l h i g her  even  ha rmon i c s .  Th i s  c l o se l y  approx i ma te s  a 
typ i c a l  tra ns fo rme r i n ru sh c u rren t ,  a s  seen  a t  t h e  re l ay te rmi n a l s ,  i n a smuc h  a s  i t s  
pr i nc i pa l  
c omponents  a re DC , fu ndame n ta l  a n d  second  h a rmo n i c . Al thou g h  t h e  p e rc en t  second 
harmon i c  i s  f i xed , the  overa l l p e rc en tage  may be  v ar i ed by prov i d i ng a pa th for a 
control l ed amo u n t  o f  by- passed  cu rre n t  o f  fu ndame n ta l  freq uency . T h e  by- pa s sed  
cu rrent is  a dded  in  p ha s e  w i th the  fu ndamenta l component  o f  ha l f wav e  rec t i f i ed 
c u rren t ,  t hus  p rov i d i n g a mea n s  o f  v a ry i n g  the  ra t i o  o f  the  second  h a rmo n i c to 
fun dame n ta l cu rrent . 

Th e fo l l ow i n g  expre s s i o n  s hows the  re l a t i o n s h i p  betwee n  t h e  perc e n t  second  har­
mo n i c , the  DC  c omponen t ,  a nd the  by- pass  cu rren t :  
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% Second harmon i c = __ ___::..o..:...;. 2=-=1::.;;2:......;.;;x_I-=o:....:c;.__ __ x 100 
0 . 45 X I 1 + 0 . 5  X I oc 

F i gure 15 i s  der i ved from the above expres s i on and shows the percent second 
h armonc corres pon di ng to vari ous val ues of bypass current ( I 1 ) for a constant DC set at 
4 . 0  amperes . 

U n l ess  otherwi se spec i f i ed by the requ i s i t i on ,  t he rel ay i s  cal i brated at the 
factory us i ng the 1 ower DC contra 1 vo 1 tage t ap .  S i nee the percent second harmoni c  
requ i red to restrai n the rel ay wi l l  be approx i mate ly  one percent hi gher i f  the ca l i bra­
t i on i s  checked us i ng the h i gher tap , h armon i c  restr ai nt must be tested on the l ower 
t ap i n  order for the f i el d test to agree wi th the factory cal i brat i on .  

The rel ay i s  ca l i brated wi th  a composi te  RMS current of two t i mes tap val ue . When 
proper ly  set ,  t he rel ay wi l l  restrai n wi th greater than 20 percent second harmon i c ,  but 
wi l l  operate wi th the second harmon i c  equa l  to 20 percent or l ower . W i th the DC ammeter 
( I 2 ) s et at 4 . 0  amperes , the aux i l i ary rel ay shou l d just  begi n to c l ose i ts cont acts 
wi th gradu al l y  i ncreas i ng bypass current ( I 1 ) at a val ue of 4 . 5 to 5 . 5  amperes . Th i s 
corresponds to 19  to 2 1  percent second h armon i c  ( see F i gure 1 5 ) , prov i di ng a two 
percent tol erance at the set poi nt to compensate for normal f l uctu ati ons i n  p i ckup . I t1 
shou l d be noted that the current magn i tude i n  the rect i f i er branch ( 12 ) i s  s l i ght l y  
i nf l uenced by the app l i cat i on of bypass current ( I 1 ) ,  and shou l d be checked to i nsure 
that i t  i s  mai ntai ned at i ts proper val ue .  

I n  the  event a su i tabl e DC ammeter i s  not  avai l ab l e ,  the  proper hal f wave rect i ­
f i ed current may be set u s i ng an AC ammeter i n  pos i t i on I 2 by s horti ng out the rectif i er 
and sett i ng the unrect i f i ed current at 9 . 0  amperes . I f  the rect i f i er i s  then un­
s horted , the ha lf  wave rect i f i ed current wi l l  automat i c al ly  estab l i sh i tse lf  at the 
proper val ue . 

I f  harmon i c  restrai nt i s  found to be out of adj ustment , i t  may be corrected by 
adj ust i ng res i stor R2 , whi ch i s  connected i n  p aral l el on the AC s i de of the rect i f i er ,  
wi th the restrai nt coi l of the pol ar i zed  rel ay. Th i s  res i s tor i s  l ocated at the top of 
the rel ay ,  and i s  the r i ght-hand adj ustab l e  res i s tor ( s ee F i gure 2 ) . 

THROUGH-CURRENT RESTRA INT.  

The through-current restrai nt ,  whi ch  g i ves the rel ay t he percentage di fferenti al 
or percent s l ope character i st i cs shown i n  F i gure 5 ,  may be checked and adj usted u s i n g  
t he ci rcu i t i l l ustrated i n  F i gure 14 , w i th  S 2  c l osed to  pos i t i on B .  Ammeter I 1 reads 
the di fferent i al current , and I3 reads the smal l er of the two through-currents .  When 
test i ng  BDD16B rel ays , the s ett i ng shou l d be checked wi th  swi tch S4 f i rst i n  one 
pos i ti on ,  and then the other , thus  check i ng al l the restrai n t  coi l s . The rel ay shou l d 
j u s t  p i ck up for the val ues of I 1 and I 3  currents i ndi cated i n  Tabl e I I ,  wi th the 
current t ap p l ugs i n  t he 5 . 0  ampere posi t i on ,  and the percent s l ope t ap p l u g  i n  the 40 
percent pos i t i on .  Repeat wi th  the percent s 1 ope t ap p 1 ug  i n  the 2 5  and 15  percent 
pos i t i on s .  If any one of these set poi nts i s  not as prescri bed , adj ust the part i cu l ar 
band on res i stor R3 { l ocated near the top of the case beh i nd  the namepl ete ) assoc i ated 
wi th  i t , as i n di cated i n  Tabl e I I .  Note that the current magn i tude i n  the through­
c urrent br anch ( I3 )  i s  s l i ght ly  i nf l uenced by the appl i cat i on of the di fferent i al 
current ( 1 1 ) and s hou l d be checked to i nsure that i t  i s  mai ntai ned at i ts proper v a l ue .  
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Any change i n  R3 to obta i n the desi red s l ope wi l l  have a sma l l effect upon m1 m mum ,..,,, 
p i ckup and harmon i c  restra i nt .  However once the s l ope sett i ng has been set , any 
adjustment of m i n i mum p i ckup wi l l  change the s l ope character i st i cs .  The s l ope  set 
po i nts mu st then be rechecked to i nsure that they are in accordance w i th  Tab l e I I .  

NOTE : These current s  shou l d  only be permi tted to f l ow for a few seconds at a t i me 
wi th  coo l i ng peri ods between test s ;  otherwi se , the co i l s  w i l l  be overheated . 

TABLE I I  

P ERCENT BAND ON AMPERES TRUE SLOP E 
SLOP E  TAP RES ISTOR R3 I3 I 1 ( I 1/ I 3 X 100 ) 

40 R i ght 30 1 2 . 0  - 13 . 2  40 . 0  - 44 . 0  
25 M i ddl e 30 7 . 5  - 8 . 3 25 . 0 - 27 . 5  
1 5  L eft  30 4 . 8  - 5 . 0  1 5 . 0  - 1 6 . 5  

NOTE : The percent s 1 ope to 1 erance i s  ten percent of nom i na 1 , a l l i n  the p 1 u s  
d i rect i on .  Th i s  i s  t o  i nsure that the s l ope character i st i c never fal l s  
be l ow tap va lue . 

I NSTANTANEOUS OVERCURRENT UN IT 

Th i s uni t i s  l ocated at the upper r i g ht-hand s i de of the re l ay .  Its sett i ng may 
be checked by pass i ng a h i gh current of rated frequency through term i nal s 5 and 6 .  The 
un i t shou l d  p i ck up  at e i ght t i mes the tap rat i ng as descri bed i n  CHARACTERISTICS . I f  
t he sett i ng i s  i ncorrect , adjust by l ooseni ng the l ocknut a t  t h e  top o f  t h e  un i t ,  and 
turn the  cap screw unt i l the proper p i ckup i s  obtai ned . When mak i ng t h i s  adjustment , 
the current shou l d  not be al l owed to f l ow for more t han approx i mate l y  one second at a 
t i me .  

DROPOUT O F  MA I N  UN IT  

After t he other tests are comp l ete , check the  dropout of  the  mai n  un i t  as 
descri bed i n  the ACCEPTANCE TESTS sect ion .  

LOCAT ION 

The l ocat i on shou l d  be c l ean and dry ,  free from dust and v i brat i on ,  and we l l 
l i ghted to fac i l i tate i nspect i on and test i ng .  

MOUNT I NG 

The re l ay shou l d  be mounted on a vert i ca l  surface . The out l i ne and pane l d r i l l i ng 
drawi ngs are shown i n  F i gure 18 .  

CONNECT I ONS 

The i nternal connect i on d i agrams are shown in F i gures 10 and 1 1 .  Typ i ca l  w1 r 1 ng 
d i agrams for d i fferent app l i cat i ons are shown i n  F i gures 7 ,  8 and 9 .  Any t hrough-
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c u r rent t rans former w i nd i n g may be u sed fo r any powe r t rans fo rmer w i nd i n g ,  prov i ded 
the ta ps a re pro per l y chose n .  

vJ hen  the  re l ay i s  mou n ted o n  a n  i n su l a t i n g pane l , o ne  o f  the  stee l  s u p po rti n g  
studs  shou l d  be perman e n t l y  grounded by a co nduc to r  o f  not l e ss  than  # 1 2  B&S gage 
copper  w i re ,  or i t s  equ i v a l e n t .  

C AUT ION  
EVERY  C I RCU IT  I N  TH E DRAWOUT CASE HAS AN  AU X I L I ARY  B RUSH , TH E SHO RTEST 

BRUSH IN TH E CAS E WH ICH  TH E CONNECTI NG PLUG  F I RST ENGAGES . I T  I S  
ESPEC IALLY  IMPO RTANT O N  CURRENT C IR C U I TS ,  AND OTH ER C I RCU I TS W I TH SHO RTI NG 
BARS , THAT TH E AUX I L I ARY B RUSH BE BENT  H I GH ENOUGH TO ENGAGE TH E CONNECTI NG 
P LUG OR  TEST P LUG B E FORE  TH E �lAI N  BRU SHES  DO . TH I S  W I LL PREVENT TH E 
CU RRENT TRANS FORMER S ECONDARY C I RCU I TS FROM B E I NG OPENED  WHEN ONE  B RUSH 
TOU C H E S  TH E SHORTI NG BAR BEFO RE TH E C I RC U I T  IS  COMPLET ED FROM TH E 
CONNEC T I NG PLUG  TO TH E OTH ER MAI N  B RUSH . 

ADJUSTMENTS 

TAP P LUG POS I T IO N I NG - Rat i o  Ma tc h i ng Adju stment 

To o b ta i n  a m i n i mum u nb a l a nc e  c u rren t i n  the  d i ffe re n t i a l  c i rc u i t ,  Type BOD 
re l ays a re pro v i ded w i th mean s to compen sa te fo r u n a vo i dab l e  d i fferences  i n  cu rrent 
tra n s fo rme r ra t i o s .  Ta ps  on  the  re l ay tra n s fo rme r p r i ma ry \'J i nd i ngs  a re ra ted 8 . 7 ,  
5 . 0 ,  4 . 6 ,  3 . 8 ,  3 . 5 ,  3 . 2  a nd  2 . 9  amperes fo r each  l i n e  cu rrent t ran s fo rme r .  The ta p 
p l u g s  s hou l d  be pl aced i n  the  l oc a t i o n  wh i c h  mo st  nearl y ma tches  the  ex pected CT 
cu rrents fo r the  same KVA a s sumed i n  each  of the power t rans forme r w i nd i ngs . The 
s e l ec t i o n of ta ps  s hou l d  be g u i d ed by the method out l i ned u nd e r  CALCULATION OF 
SETTINGS . The connect i on p l u g  mu st  be  remov ed from the  re l ay be fo re c h a ng i n g tap 
pos i t i o n s  i n  o rd e r  to prevent  o pen-c i rc u i t i n g a CT second a ry .  A CHECK  SHOU LD  BE  
MADE AFTER CHANG I NG TAPS TO I NSURE  THAT ON L Y  ONE  P LUG I S  LEFT I N  ANY HOR I ZONTAL ROW 
O F  TAP HOLES . I NAC CURATE  CAL I BRAT I ON AND OVE RHEATI NG MAY RESU LT I F  MORE THAN ONE  
P LUG IS  CONNECTED TO ANY ON E W I ND I NG .  

U NBALAN C E  C URRENT MEASUREMENT 

Unba l a nc e  c u rre nt  mea s u rement i s  u s e fu l  i n  c h ec k i n g the  best  ta p sett i n g when 
ma tc h i ng c u r rent trans former ra t i o s  i n  the  f i e l d .  It is a l so u s e fu l  i n  de tect i ng 
e rrors  o f  fau l t s i n  th e c u rre n t  t ra n s fo rme r w i nd i n g ,  o r  sma l l fau l t s w i th i n  th e 
power t rans forme r i ts e l f ,  when t he fau l t  c u r rent  i s  too l ow to o pe ra te the rel ay.  

Type BOD  re l ays have  a s p ec i a l  a rra ngement  fo r measu r i n g  the  u nba l a nc e  c u rrent 
fl ow i ng  in  the d i fferent i a l  c i rc u i t  w i thout d i stu rb i ng the  re l ay c o n n ect i on s .  
P rov i s i o n s  a re made fo r tempora r i l y  connec t i n g a fi ve  vo l t ,  h i g h  re s i s ta nc e  AC 
v o l tme te r ( 1 , 000 or more ohms per  vo l t ) acro s s  t he s econda ry o f  the  d i ffe rent i a l  
c u rre n t  tra ns fo rme r .  Th i s  i s  accomp l i s h ed by connec t i n g the mete r a c ross  te rmi n a l s 
8 and  9 ( see F i gu re 10  o r  F i gu re  1 1 ) .  The vo 1 tme ter w i  1 1  read z ero when a p e r fect  
ma tc h  i s  o bta i ned by the  ra t i o  ma tc h i n g  ta ps , i nd i c a t i n g  no unba l a nc e .  I f  the  
v o l tme ter read s 1 . 5  vo l ts o r  l e s s , the u nba l a nce  cu rrent e n ter i n g o r  l e av i n g a g i ven  
ta p equa l s a pp ro x i ma te l y  0 . 03  t i me s t h e  vo l tmete r read i n g  t i mes  the  ta p ra t i n g .  Fo r 
h i g her  vo l tme ter read i n gs , the  a pprox i ma te u nb a l a nc e  c u rrent  may be  ca l c u l a ted by 
s u b s t i tu t i n g the  vol ta ge  read i n g a nd ta p ra t i n g  i n to the  fo l l ow i n g  equa t i o n : 
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I ( Unbal ance ) = ( 0 . 16 [ vo l tmeter read i ng - 0 . 2 ] ) x Tap 

The u nbal ance percentage equal s 100 t imes the u nbal ance current , d i v i ded by the 
measured tap current . For a three wi nd i ng bank , th i s  u nba 1 ance must  be checked 

w i th l oad on at l east two pai rs of wi nd i ngs i n  order to i nsure that the connect i ons  are 
correct . 

The curves i n  F i gure 16 show the approximate vol tages across  termi na l s 8 and 9 
requ i red to operate the re l ay for var i ou s  percent s l ope tap sett i ngs  and through­
currents ,  expressed as percentages of tap . To i nsure a marg i n  of safety aga i nst fal se 
operati on ,  the unbal ance vol tage shou l d  not exceed 75 percent of that vol tage requ i red 
to operate the re l ay for any g i ven through-current and percent s l ope tap sett i ng .  Th i s  
extent of u nbal ance may resu l t  from the rel at i vely h i g h  error currents of l ow rat i o  
bus h i ng CTs at l ow mu l t i pl es of tap current . These curves represent the BOD re l ay 
character i st i c .  A vol tage measurement across studs 8 and 9 of 75 percent or  l es s  of 
the val ue g i ven on the curve does not necessari ly  i nd i cate that the re l ay wi l l  operate 
at h i g her through-current val ues . Th i s  i s  espec i al ly true when very h i gh t hrough­
fau l ts may cause CT saturat i on .  

Sma l l rect i f i er-type AC vol tmeters are su i tabl e  for measurement of u nbal ance . The 
vol tmeter s hou l d  not be permanently connected , s i nce the shunt current i t  draws reduces 
the rel ay sens i t i v i ty .  

PERCENT SLOPE SETT I NG 

Taps for 1 5 ,  25 and 40 percent s l ope sett i ng s  are provi ded i n  both 800 158 and 
800168 re l ays . It i s  common pract i ce to u se the 25 percent sett i ng un l ess  spec i al 
connect i ons make i t  adv i sabl e  to use one of the others . See the PERCENT SLOPE SETT I NG 
head i ng i n  the CALCULATION OF SETIINGS sect i on of th i s  i nstruct i on book for further 
deta i l s .  

CALCULATION OF SETIINGS 

METHOD 

The cal cu l at i ons requ i red for determi ni ng the proper rel ay and current transformer 
taps are outl i ned bel ow .  Connecti ons for a samp l e  cal cu l at i on for the  transformer are 
s hown i n  F i gure 1 7 .  

CURRENT TRANSFORMER CONNECTIONS 

Power Transformer Connect i ons 

o De l ta-wye 
o Wye-de l ta 
o Del ta-de l ta 
o Wye-wye 
o De l ta-z i gzag 

o w i th zero degrees phase s h i ft 
between primary and secondary 

18 

Current Transformer Connect i ons 

o Wye-de l ta 
o Del ta-wye 
o Wye-wye 
o Del ta-de l ta 
o Del ta-de l ta 
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DETERM I NAT ION O F  CT TU RNS AND TY P E  B O D  RELAY TAP S ETT I NGS 

1 .  Dete rmi n e  the ma x i mum l i n e c u rre n ts ( MAX I p )  on  the bas i s  that  each  pO\'Je r 
t ran s fo rmer w i nd i n g may c a r ry the  max i mum fo rced -coo l ed ra ted KVA o f  the 
t ra n s fo rme r :  

MAX I p = 
Max i mum Tra n s fo rme r KVA 

/3 ( 1  i ne KV ) 

2 .  Dete rmi n e  the  fu l l  l o ad ra ted l i n e c u rre n ts ( 1 00% I p )  o n  the  bas i s  that  eac h powe r 
tran s former \'l i nd i ng may carry the fu l l  se l f-coo l ed ra ted KVA o f  the t ran s forme r ,  
o r  the  11 e qu i v a l en t 11 se l f- ra t i n g s : 

1 00%  I p  = 100% Trans former KVA 

J3 ( l i n e KV ) 

Ac tua l l y  th i s  ca l cu l a t i o n  does  not  mean  tha t a l l w i n d i ngs  w i l l  necessa r i l y  c a r ry 
these ma x i mum l oad  cu rrents  cont i nuou s l y .  Th i s  i s  o n l y  a conven i en t  way o f  
ca l cu l a t i ng the  cu rrents  i n  the  o ther  w i nd i ngs  i n  p ro po rt i o n  t o  the i r  vo l tage 
ra t i n g s .  Th i s  i s  t h e  req u i remen t  fo r se l ec t i n g  t h e  re l ay ta p se tt i n g  s o  that  the  
re l ay w i l l  not  opera te fo r a ny extern a l  fau l t .  

3 .  Se l ec t  CT ra t i o s  so that  the  second a ry cu rre n t  correspond i n g  to MAX I p does  no t 
exceed the C T  secondary therma l ra t i ng ( f i v e  ampere s ) .  I n  the ca se o f  a 
t ra n s fo rme r connec ted  to a r i n g  b u s , fo r examp l e ,  the  CT  r a t i o  s hou l d  be se l ected  
so tha t the C T  therma l rat i ng w i l l  not  b e  exceeded  by the  max i mum l o ad  cu rrent i n  
e i th e r  b re a k e r . Al so  se l ec t  CT ra t i o s  so that  the  re l ay c u rren ts can  be  p ro pe r l y  
ma tc hed by means  o f  t h e  re l ay t a p s  ( h i g he st  cu rren t n o t  mo re t h a n  three  t i me s  the  
l owe s t  cu rren t ) . 

Fo r wye-connec ted  CTs : 

Ta p Cu rrent  

Fo r de l ta -connec ted C Ts : 

Ta p Cu rren t 

= 

= 

100% I p  

N 

100� I p JT 
N 

where : N = numb e r  o f  CT  s econda ry tu rn s .  

4 .  C h ec k  the  matc h i n g o f  rel ay cu rre n ts to re l ay ta p s  to keep  the  mi s ma tc h  e rror  a s  
l ow a s  poss i b l e .  

Ca l c u l a te the  perc e n t  m i smatc h a s  fo l l ows : On two -w i nd i n g tra n s fo rme rs , 
determ i ne the  rat i o  o f  the  two re l ay c u r rents and  the ta p v a l ues  s e l ected . The  
d i ffe ren c e  between  these ra t i o s ,  d i v i d ed by the  sma l l e r ra t i o , is  t h e  perc en t  
m i smatc h . T h e  mi sma tc h s hou l d  no t norma l l y  exceed f i v e  perc en t .  
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Fo r th ree-wi nd i ng t ran s forme r s , the pe rcent  o f  m i sma tc h e rror  s hou l d  be c h ec ked 
fo r a l l comb i n a t i o n s o f  c u rrents  or ta p s .  

I f  ta p s  c a nno t b e  se l ecte d  to keep  th i s  erro r perc en ta g e  w i t h i n  a l l owa b l e  l i m i ts , 
choose  a d i ffe rent  CT  rat i o  on  o n e  o r  more l i nes  to obta i n  a b e tter  ma tc h b e tween 
re l ay a nd cu rre n ts and re l ay ta p s .  

5 .  Check  that  t h e  sum o f  re l ay cu rre n ts that  w i l l  b e  a p p l i ed to t h e  re l ay fo r a fau l t  
a t  the  term i n a l s o f  the power t ran s former i s  l e s s  than  220  amperes  RMS fo r one  
second . I f  t h e  p e r i od d u r i n g  wh i c h  a fau l t  cu rre n t  fl ows i n  t h e  re l ay can  
d e f i n i te l y  be  l i m i ted  to a s ho rter t i me ,  a h i gher  cu r rent  can  be  a ccommoda ted i n  
accord a nc e  w i th the  equa t i o n : 

( Amp e re s ) 2 x seconds  = 48 ,400 

Al so c heck  tha t the  sum o f  the  mu l t i p l e s  o f  tap  cu r rent  o n  an  i n ter n a l  o r  exter n a l  
fa u l t  d o e s  n o t  exceed 1 50 . 

CU RRENT TRANS FORM ER RAT IO  ERROR 

The cu rren t tra n s fo rme r r a t i o  e rror  mu s t  be l e ss than  20 p e rc e n t  at e i g h t  t i me s 
r e l ay ra ted tap  c u r ren t . Th i s  i s  ba sed on  the  i n s ta n taneous  u n i t  b e i ng  set  a t  i ts 
no rma l s e tt i n g , wh i c h  i s  e i g h t  t i me s ta p ra t i n g . I f  the  i n sta n ta neou s  u n i t  p i c ku p  i s  
ra i se d  a bove th i s  va l u e ,  the  20 p e rcen t  fi gu re mu s t  b e  reduc e d  a s  de sc r i be d  i n  
CHARACTERISTICS. 

As fa r a s  CT p e r fo rmanc e i s  concerned , the  c a l c u l a t i o n s  l i s te d  b e l ow a re fo r the  
wo rst  fau l t  cond i t i o n ,  wh i c h  i s  a n  i ntern a l  g rou n d  fau l t  between  the  C T  and  the  
t ra n s fo rme r w i nd i n g ,  w ith  no n e  of  the  fau l t  cu rre n t  s u p p l i ed th rou g h  t h e  n eu t ra l  of  the  
pro tec ted tran s fo rme r .  

1 .  Dete rm i n e  t h e  b u rd e n  o n  each  CT , u s i n g  the  fo l l ow i n g  ex p re s s i o n s : 

Fo r 

Fo r 

wh e re : 

NOTE : 

wye-connec ted C Ts 

z = B + Ne  + 2 . 5 0 f  + 2 . 27 R  o hms 
1000 

de 1 ta -connec ted  C Ts 

z = 2B + Ne  + 2 . 5 0 f  + 2 . 27R  o hms 
1 000 

B = BOD  re l ay to ta l b u rd en ( See Ta b l e  I I I ) 
N = numbe r  o f  tu rn s i n  bu sh i ng CT 
e = bu s h i n g CT re s i s ta nc e  per tu rn , m i l l i o hms 
f = bu s h i ng C T  res i s ta nce  per l ea d , m i l l i ohms 
R = o ne -way l ead  re s i s ta n c e  ( a t  ma x i mum ex pec ted tempe ra tu re ) 
T h e  mu l t i p l i e r s  u sed  o n  t h e  f and  R te rms i nc l u de fac to r s  to cov e r  two 
l eads  i n s tead  o f  o n e , i nc rease  o f  re s i s ta nc e  d u e  to tempera tu r e  r i se ,  
a nd re s i s ta nc e  o f  l o ngest  CT  l ead s .  
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TABLE  I I I  

TOTAL BU RD EN FOR 60 H ERTZ RELAYS 

BOD  TAP 8 T I M ES BU RD EN ( B ) M I N i f�U�I ( AM PS ) TAP (AMPS ) ( OHMS ) P I C KU P  ( AM PS ) 
2 . 9 2 3 . 2  0 . 180  0 . 87 
3 . 2 25 . 6  0 . 1 5 6  0 . 96  
3 . 5 28 . 0  0 . 14 0  1 . 04 
3 . 8 30 . 4  0 . 1 20  1 . 14 
4 . 2 33 . 6  0 . 1 1 2  1 . 2 6  
4 . 6 36 . 8  0 . 096  1 . 38 
5 . 0 40 . 0  0 . 088 1 . 50 
8 . 7 69 . 6  0 . 048 2 . 6 1  

2 .  De te rm i n e  CT second a ry cu rrent  fo r e i g h t  t i me s  ta p sett i n g  

NOTE : 

I s = 8 x BOD  r e l ay ta p sett i n g  

Fo r t h e  type o f  fau l t  a s sumed , a l l the  fa u l t  c u rren t  i s  s upp l i ed by 
one  CT , so that CT cu rrent and  re l ay cu r rent  are  the �arne , reg a rd l e s s  
o f  wh eth e r  the  CTs a re connec te d  i n  wye or  d e l ta .  

3 .  Dete rm i n e  second a ry CT v o l ta g e  re q u i red a t  e i g h t  t i me s  ta p sett i n g  

E sec = I sZ 

4 .  From the  exc i ta t i o n  c u rv e  o f  the  part i c u l a r  tap  o f  c u rre n t  tra n s fo rme r be i n g  
u sed , de term i ne  exc i ta t i o n  cu rrent , I E , c o rre spond i ng to the secondary vo l tag e ,  
E sec . 

5 .  Dete rm i n e  the  perc e n t  e rro r i n  eac h CT 
I E Pe rc en t  e rro r = -- x 1 00 
I s 

Th i s  s hou l d  n o t  exceed 20  perc ent  o f  a ny set  o f  CTs . I f  i t  does , choose a 
h i gher  ta p on  tha t set  o f  CTs , and repea t the  ca l cu l a t i ons  on se l ec t i o n  o f  
re l ay ta p s ,  mi sma tc h  e rror and pe rc ent  ra t i o  e rro r .  

P ERC ENT S LOPE  S ETT I NG 

A p roper  perc e n t  s l o p e  i s  dete rmi n ed by the sum o f : 

o Th e max imum ra nge  o f  ma nu a l  ta ps  and the  l o a d - ra t i o  contro l , or  au toma t i c  ta p 
c ha n g i ng mea n s  i n  percen t .  

o Th e max imum p e rc en t  o f  m i sma tc h  o f  the  re l ay ta p s . 
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GEH -2057 

The perc entage s l o pe tap s e l ec ted sho u l d  be  g reater  than  the  ra t i o  o f  max i mum 
to ta l e rro r cu rre nt to the sma l l e st o f  the th rou g h - c u rrents . I n  genera l , i f  the  
tota l error cu rrent does  not  exceed  20  percent , the  25 percent  tap  i s  u sed . I f  i t  
exceeds 20 p e rc ent , bu t n o t  3 5  p e rc e n t , the  40 perc ent  ta p i s  u sed . 

I f  the  mov ab l e l ead i s  u sed ( a s  i n  F i gu re 9 ,  fo r exampl e ) , the percent  s l o pe 
ta p c hosen  s hou l d  be  tw i c e  a s  h i g h ,  s i nc e  the  mov ab l e l ead prov i d es  no re stra i n t .  

DET E RM I NAT I ON O F  C T  TU RNS AND B O D  RELAY TAP SETT I NGS - Re fe r  to th e examp l e 

Tra n s fo rme r a nd L i n e  A B c 
MAX I p  = 3750/ J3 ( l i ne kV ) 1 9 . 7 49 . 5  1 5 7  
100% I p  = 3000/ J2i ( l i ne kV ) 1 5 . 7  39 . 6  1 2 5  
Ass ume CT  tu rns 20 20 60  
MAX I s ec ( l e ss  than  5 amps ) 0 . 98 2 . 47 2 . 6 2  
1 0 0 %  I sec 0 . 7 9  1 .  98 2 . 08 
CT  connec t i o n s  De l ta Wye Del ta 
Re 1 ay Cu rre n t  fo r 100% I sec 1 . 3 7  1 .  98 3 . 6 0  

Se l ect  a rel ay t a p  fo r one  o f  t h e  l i n e cu rrents  a n d  c a l c u l a te 
what  the  cu rrents  i n  o t h e r  l i n es  wou l d  be i f  they we re i n c reased 
by the  same ra t i o . I f  a ny c u rre nt  i s  g reate r than  the  s q u a re 
roo t o f  three  t imes  a ny o th e r  l i n e ,  the  8 . 7 ta p shou l d  be c ho sen  
fo r i t ,  a nd new , " i d ea l , "  re l ay ta p s  c a l c u l a ted fo r t h e  o th e r  
l i nes . 

I d ea l re 1 ay ta ps  ( set  C = 8 .  7 )  

Try Re l ay Ta ps : 

C hec k m i sma tc h e r ro r : 

Ra t i o  o f  ta ps  on l i ne s  B- A :  

Ra t i o  o f  second a ry 
l i n e ' s  cu rrents : 

M i s ma tc h : 

Ra t i o  o f  ta ps  on  l i n es  C- B :  

Ra t i o  o f  secondary 
l i ne ' s  cu rrents : 

M i s ma tc h : 

22  

A 

3 . 3 1  

3 . 2 

4 . 6  1 . 4 3  3 . 2  

1 .  98 = 1 44 
1 . 3 7  

. 

1 . 44 - 1 . 4 3  
1 . 4 3  

8 . 7  = 1 . 89  
4 . 6  

3 . 60  = 1 82 
1 . 98 

. 

1 . 89  - 1 . 82 
1 .82  

B c 
--

4 . 78 8 . 7 

4 . 6 8 . 7 

= 0 . 7%  

= 3 . 8% 

in Fi g u re 1 7 . 
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GEH-2057 

Ra t i o  o f  taps  on  l i n es  C- A :  

Ra t i o  o f  second a ry 
l i ne ' s  cu rre n ts : 

M i smatc h : 

8 . 7  
= D 2 . 7 2  

3 . 60  = 2 63  
1 .  3 7  

. 

2 . 7 2 - 2 . 63  
= 3 . 4%  2 . 63 

Al l a re l e s s  than  f i v e  percent ; therefore , m i sma tch erro r i s  not  exces s i v e .  

C h ec k  that  t h e  sum o f  the  ma x i mum re l ay cu rre n ts i s  l e ss  than  220  amp e re s  fo r 
o n e  s econd  and  that  the  sho rt-t i me rat i n g  o f  the re l ay i s  not  exceeded . 

PERC ENT RAT I O  ERROR 

B u rd ens  on  CTs ( assume one-way re s i s ta nc e  i s  0 . 25  o hms ) 
L i ne A :  Z = 2 ( 0 . 1 5 6 )  + ( 20 x 4 )  + ( 2 · 50  X 5 0 )  + 2 . 27 ( 0 . 25 )  

1000 

= 0 . 3 1 2  + 0 . 205  + 0 . 5 68 = 1 . 085  

L i n e B :  z = 0 . 096  + ( 2 0  X 2 . 5 )  + ( 2 . 5 0  X 35 ) + 0 . 5 68 

L i ne C :  

1000 

= 0 . 09 6  + 0 . 1 38 + 0 . 568  = 0 . 80 

z = 2 ( 0 . 048 ) + ( 6 0  X 2 . 3 )  + ( 2 . 5  X 1 2 . 4 )  

1 000 

= 0 . 096 + 0 . 1 6 9  + 0 . 5 68 = 0 .833  

A 

+ 0 . 5 68 

B -- --
Imped a nc e , o hms 0 . 08 5 0 .8 
E i g ht  t imes  ta p ,  amperes 25 . 6  3 6 . 8  
Es C T  vo l ta g e  req u i red ( I z ) 27 . 8  29 . 4  
I E requ i re d ,  from exc i ta t i o n  c u rve  1 . 00 50 
P e rcent  Ra t i o  Erro r 3 . 4%  1 36%  

c --
0 . 833  

69 . 6  
50 . 8  

0 . 5 
0 . 8% 

Exc i t i ng c u rv e  on  l i ne B i s  too h i g h ,  try h i g h e r  ta p on  CT to i mp ro v e  
CT  perfo rma nc e .  
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GEH-2057 

RE P EAT : CT TU RNS AND RELAY TAP S ETT I NG 

100%  I 
Try CT t u rn s : ( nec essa ry to 

c hange  C a l so fo r p ro p e r  ma tc h )  
1 00% I sec 
Re l ay cu rre n t  
I d ea l  re l ay ta p s  ( set  C = 8 . 7 )  
U s e  ta ps : 

M i sma tc h error  i s  l e s s  than  f i v e  perce n t .  

REPEAT : PERC ENT RAT I O  ERROR 

Bu rden s on CTs : 

A 

1 5 . 7  

20 
0 . 7 9  
1 . 3 7  
4 . 40  
4 . 6  

L i n e  A :  Z 0 . 1 92 + 0 . 205  + 0 . 5 68 = 0 . 9 65  

L i n e  B :  Z = 0 . 1 5 6  + 0 . 1 88 + 0 . 5 68 = 0 . 9 1 2  

L i n e  C :  Z = 0 . 096  + 0 . 2 1 5  + 0 . 5 68 = 0 . 879  

Imped a nc e , o hms 
E i g h t  t i mes  ta p ,  ampe re s  
E sec • CT  v o l ta g e  re q u i red ( I z ) 
I E requ i re d , from ex c i ta t i o n  c u rv e  
Pe rc en t  o f  ra t i o  e rro r 

A 

0 . 965 
36 . 8  
3 5 . 6  

1 . 1 
3 . 1 %  

B 

39 . 6  

40  
0 . 99  
0 . 99 
3 . 1 9 
3 . 2 

B 

0 . 9 1 2  
25 . 6  
2 3 . 4  

0 . 25  
1 . 0% 

c 

1 25 

80  
1 . 5 6  
2 . 7 0  
8 . 7  
8 . 7  

c 

0 . 8 7 9  
69 . 6  
6 1  

0 . 17 
0 . 3 %  

P ercen t e rro r i s  l e s s  than  2 0  p e rcen t ,  s o  CT  a n d  re l ay taps  a re sa t i s fa c to ry .  

P ERC ENT SLOPE  S ETTI NG 

Assume l oad  ra t i o  contro l , max i mum ra nge  
Re l ay ta p m i s ma tc h , from above  ( l i n e s  A- B )  

U s e  25% tap  

24 

1 0 . 0  
4 . 6% 

1 4 . 6% 
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OP E RAT I N G  P R I N C I P L E S  

TARGETS 

Targets are provi ded for both the auxi l i ary rel ay and the i n stant aneous 
overcurrent un i t .  I n  the event of a n  i nternal  fau l t ,  one o r  both of these u n i t s  wi l l  
oper ate ,  dependi ng upon the fau l t  magn i tude .  Thi s wi l l  produce a target i ndi cati on on 
the un i t that operates . The aux i l i ary rel ay does not funct i on as a sea l - i n  s i nce i t  
does not carry breaker tri ppi ng current .  After a fau l t  i s  c l eared , the target shou l d 
be reset by the reset s l i de ,  l ocated at the l ower l eft hand corner of the rel ay.  

D I SABL I NG TYP E BOD RELAYS 

When bypas s i ng a breaker dur i ng mai ntenance ,  the BOD rel ay must be d i s ab l ed to 
prevent fal se tr i pp i ng .  If d i s ab l i n g i s  done by a remote swi tch rather than by removal  
of  the  rel ay connect i on pl u g ,  the fol l owi ng precauti ons must be  taken :  

S hort c ircu i t  studs 8 and  9 of the  rel ay ,  or  open the  tr i p  ci rcu i t at stud 1 .  The  
tri p ci rcu i t shou l d be  opened at  stud 1 because the  ser i es res i stors in  the  auxi l i ary 
rel ay c i rcui t cannot wi thstand conti nuous ly  rated control vol tage , i n  the event that 
the pol ar i zed rel ay operate s .  

I f  the CT secon dar i es are short- c i rcui ted a s  part of the di s ab l i ng procedure,  the 
tri p c i rcui t shoul d be opened at stud 1 ,  and studs 8 and 9 shou l d  be short- c i rcu i ted  
before the CT  secondar i es are short-c i rcu i ted.  Do not  rel y on  short-c i rcu i t i ng the  CT 
secondar i es only,  because any di fference i n  short i ng t i me may cause fal se tri ppi ng .  

MA I NTENAN C E  

CONTACT CLEAN ING 

A f l ex i b l e burn i shi ng  tool  shou l d be used for c l ean i ng  f i ne s i l ver contact s .  Th i s 
i s  a f l ex i b l e str i p  of met al wi th an etched-roughened surface , wh i ch i n  effect 
resemb l es a superf i ne f i l e . The po l i sh i ng  act i on of thi s f i l e  i s  so del i cate that no 
scratches are 1 eft on the cont acts , yet i t  c 1 eans off any corros i on thorough ly  and 
rap i d ly .  The  f l ex i b i l i ty of the  tool i nsures the  c l ean i ng of the  actual  po i nts of 
cont act . 

F i ne s i l ver contact s shou l d not be c l eaned wi th  kn i ves , f i l es ,  or abr as i ve paper 
or c l ot h .  Kn i ves or f i l es may l eave scratches wh i ch i ncrease arc i ng and deter i orat i on 
of the cont act s .  Abras i ve paper or c l oth may l eave m i nute part i c l es of i ns u l at i ng 
abras i ve mater i al i n  the cont acts and thus prevent c l os i ng .  

The burn i shi ng tool descr i be d  above can be obta i ned from the factory. 
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P E RIO D I C  C H E C K S AN D R O U T IN E  M A I N T E N AN C E  

An opera t i o n  te s t  and  i n spec t i o n  o f  the re l ay and  i ts c o n n ec t i o n s  shou l d  be 
mad e  at l e ast  once  e v e ry s i x  mo nth s .  Te sts  may be perfo rmed as desc r i b ed i n  
INSTAllATION TESTS , o r  they made b e  mad e  o n  the s e rv i ce taps a s  desc r i bed  i n  th i s  
sec t i o n .  

W h en i n se rt i n g  o r  w i thd raw i n g  a U - s ha ped te st  p l u g  th rou gh-j umpe r  to comp l e te 
the tr i p  c i rcu i t  thro u g h  the tes t  p l u g ,  s i m i l a r thro u g h - j umpe rs shou l d  a l so be  u sed 
on studs  8 and  9 to ma i n ta i n  the connec t i o n s  from the re l ay to the c a se . I f  no t ,  
fa l se tr i pp i n g  u po n  i n sert i on o r  remova l o f  the  te s t  p l ug  may occu r .  

P I C KU P  

Check  p i c kup  a s  desc r i b ed i n  INSTAllATION TESTS , except p i c kup  cu rre n t  w i l l  b e  
d i fferen t ,  d epend i n g u pon  t h e  w i nd i n g I s e rv i ce ta p .  P i c k u p  va l u e may b e  d e term i ned  
as  fo  1 1  O \'J S  : 

I I = 0 . 3 0  x w i nd i n g  I ta p 

When  c h eck i ng p i c kup  on  a part i c u l a r  s e rv i ce ta p ,  the  expec ted p l u s  o r  m i nu s  
ten perc e n t  v a r i a t i o n  s t i l l  a p p l i e s ,  w i th the  fo l l ow i n g  accepta b l e  a s  fou nd v a l u e s  

EXAM PL E :  

I I = 0 . 90 x 0 . 3 0  x w i nd i n g  I ta p to 

I . I O  x 0 . 3 0  x w i nd i n g  I ta p 

w i nd i ng I ta p = 3 . 5  amperes  
II = 0 . 90 X 0 . 3 0  X 3 . 5 to  I . IO X 0 . 3 0  X 3 . 5 
I I = 0 . 94 to I . I 6 amperes 

H ARMON I C  C U RR ENT RESTRA I NT 

The  p rocedu re fo r c h ec k i n g h a rmo n i c  re stra i n t  i s  a s  desc r i bed  i n  I NSTALLATION 
TESTS , exc ept the  tes t  cu rren t v a l u e s  mu s t  be mod i f i ed a s  fo l l ows : 

I 2 ( DC )  = 0 . 80 x w i nd i n g I ta p 
I I = 0 . 90 x w i nd i n g I tap to I . I O x w i nd i n g I tap  

I n  the  event  a su i ta b l e DC  mete r is  
( theoret i ca l l y , th i s  convers i o n  fac to r  
re s i s ta nc e  we re i n fi n i te ) . 

EXAMPLE  
w i nd i n g I ta p = 3 . 5 amperes  

not  av a i l a b l e ,  
wou l d  b e  2 . 22 

I 2 ( DC )  = 0 . 80 x 3 . 5  = 2 . 8 amperes 
I I = 0 . 90 x 3 . 5 to I . I O x 3 . 5 
I I = 3 . I 5 to 3 . 85  amperes 

I f  a DC me te r i s  not ava i l ab l e :  

I 2 ( AC )  = 2 . 2 5  x 2 . 8 = 6 . 3 0  amperes  

26  

I 2 ( AC )  = 2 . 2 5  x I 2 ( DC )  
i f  the  rec t i f i e r  back  
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THROUGH-CURRENT RESTRAINT 

I n  order to check the serv i ce tap s l ope sett i ng ,  the test current va lues  i nd i cated 
i n  Tab l e  I I  must  be mod i f i ed to take d i fferences i n  tap sett i ng i nto account . 
Furthermore , the test c i rcu i t  s hown i n  F i gure 14  mu st be set up so t hat the  l ead from 
ammeter I 3  to the test p l ug i s  connected to the stud correspond i ng to the w i nd i ng w i th  
the  l owest  tap  sett i ng .  The  common l ead i s  connected to the stud  correspond i ng to the  
w i nd i ng wi t h  the h i g hest tap sett i ng .  

For any combi nat i on of taps , the percent s l ope i s  g i ven by the fol l owi ng equat i on :  

Percent s l ope = T 1  I 1 + 1 - 1 X 100 
T2 I 3  

where : T1  = smal l est tap setti ng 
T2 = h i ghest tap setti ng 
I 1 = d i fferent i al current 
I 3  = smal l er of two through-currents 

Tab l e  IV i s  deri ved from the above express i on and i s  based on a mu l t i p l e  of tap 
current s i x  t i mes  the l owest  tap setti ng for al l comb i nati ons of tap s ,  except those 
wh i ch i nvol ved the 8 . 7  ampere tap . For the l atter case , a four t i mes tap setti ng i s  
u sed , s i nce the total test current for a s i x  t imes tap setti ng may be as h i gh as 7 5 . 2  
amperes , whi ch i s  not only proh i b i t i ve ly  h i gh for many i nstal l at i ons , but a l so may 
subject the re l ay to excess i ve heat i ng .  

I n  some cases , i t  may not be pos s i b l e  to cal i brate the s l ope sett i ng to w i t h i n 
to l e rance for a l l tap combi nat i ons bei ng u sed . I n  th i s case , only the tap comb i nat i on 
that p roduces the l owest percent s l ope shou l d  be cal i brated u s i ng Tab l e  I V .  Th i s  w i l l  
ensure that none of the tap comb i nati ons wi l l  have a percent s l ope c haracteri st i c t hat 
i s  be l ow the  set poi nt .  

For a g i ven tabu l ar val ue of I 3 ,  correspond i ng to a g i ven combi nati on of w i nd i ng 
and percent s l ope taps , the values  of I 1 (mi nimum) and I 1 (max i mum) correspond to the  
m i n i mum and max i mum percent s l ope tol erance l i m its  g i ven in  Tab l e  I I .  However , for  a 
four t i mes  tap sett i ng ,  both the upper and l ower percent s l ope tol erance l i m i t s  have 
been rai sed by a val ue  equ i val ent to the d i fference between the true s l ope and the  
nomi nal s l ope at  four t i mes tap  val ue  i nd i cated by the percent s l ope c haracteri st i c  
curve s , s hown i n  F i gure 4 and 4A . 

EXAMPLE : 

W i nd i ng 1 tap = 3 . 5  amperes 
W i nd i ng 2 tap = 5 . 0  amperes 
S l ope tap = 40 percent 

S i nce w i nd i ng 1 has the l ower tap sett i ng ,  the l ead from ammeter I 3  to the  test  
p l ug s hou l d  be connected to stud  6 ,  and the  common l ead s hou l d  be connected to stud 4 .  

From Tab l e  I V :  I 3  
I 1 (mi n ) 
I 1 (max ) 

= 2 1 . 0  amperes 
= 2 1 . 0  amperes 
= 22 . 2  amperes 

27 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



AUXILIARY 
UNI T  

PERCENTAGE 
Sl.OPE 
CALIBRATING 
RESISTORIR 3! 

PERCENT 
Sl.OPE TAP 
PLATE 

RATIO 
MATCHING 
TAPS 

GEH-2057 

F i gure 1 ( 8031389 ) Type BOD Rel ay ,  Out of Case ,  Front R i ght V i ew 

SERIES 
TUNING 
INDUCTOR 
( L i l  

THYRITE 
RESISTOR 

PARALLEL 
TUNING 
CAPACITOR 
(C2 l 

( L2 )  

F i gure 2 ( 8031391 ) Type BOD Rel ay ,  Out of C ase ,  Rear L eft V i ew 
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GEH-2057 

T Y P : C A L  O F F S E T F A U L T  C U R R E N T  W AV E 

T Y P I C A L  T R A N S F O R M E R 

M A G N E T ! Z i N G  i N R U S H C U R R E N T  W A V E 

F i gure 3 ( 6209195-0 ) F aul t C urrent and M agnet i zi ng  

I nrush C urrent W avef arms 
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GEH-2057 

NOTE : FOR TWO W I N D I NG TRANSFORMER RE LAYS 
" THROUGH CU RRENT' '  I S  TA KEN AS TH E SMAL LER 
OF TH E TWO CURRENTS . FOR THREE W I N D I NG 
TRANSFORMERS , I T  I S  TAK EN AS THE SUM OF 
TH E I N COM I NG OR OUTGO I NG CURRENTS , WH I CH-
EVER I S  SMA LLER. ( EACH CURRENT TO BE 
EX PRESSED AS A MU LT I PLE OF TA P. ) 

� 4 0% 

-
� � 25%. 

� t--. 1 5% 

4 6 8 10 12 
THROUGH CURRENT I N  MULT I PLES OF TA P 

F i gure 4 ( 0378A0588-3 ) Operat i ng  C h aracter i sti cs of the Type BOD Rel ay 
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F i g u re 5 ( 0378A0587- 2 )  Typ i c a l  T i me-Cu rre n t  Cu rv es  fo r 
Type BOD  Re l ays 
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GEH-2057 

CON N ECT I NG PLUG 

A U X I L I ARY BRUS H -..... TE R M I N A L  B LO CK 

S HORT I N G BAR --.... 

N OT E : A F T E R  E N G AG I NG AU X I L I ARY B R U S H  CO N N ECTIN G  PLUG 
T R AV E LS Y4 I N C H  BEFO R E  E N G A G I NG T H E  M A I N BRUSH O N  

T H E  T E R M I N A L  B LO C K  

F i gure 6 ( 8025039 ) Cross Sect i on of Drawout C ase  S howi ng 
t he Pos i t i on of the Auxi l i ary Brush  
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F i gure 9 ( 026480499 -1 ) E l ementary D i agr am for BDD1 6BllA and Up  Re l ays 
for F our-Wi ndi ng  Transformer P rotect i on ,  U s i ng Three Restrai nts 
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F i gure 10 (0 165A7513  [ 5 ] )  I nternal Connect i ons D i agram for 
Type BD0 15B l 1A and Up Re l ays 
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GEH-2057 

I \�--��------r_L-----------j_�--� 
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: l l OPER . 
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OPERA TE-n 

AUX 

\l/i=l (2}:: RECT I Fl  ER 
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BOARD 
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'SHORT BRUSH ES 

F i gure 1 1  (0165A7514-2) Internal Connecti ons D i agram for 
Type BDD 16B 1 1A and Up Re l ays 
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SUPPLY 
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RATED 
FREQUENCY 

GEH-2057 
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TEST CONN.  FOR BDD15B RELAY 

AT 

RATED 
FREQUENCY 

LEGEND 

LOAD 
BOX 

LOAD 
BOX 
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SEL�SW :;;: 

TEST CON N .  FOR BDD16B RELAY 

I = I NSTANTANEOUS OVERCURRENT UN I T  

AUX. 
UN I T  

I ND ,  
LAMP 

F i gure 12  ( 01 1686801 - 1 )  Test C onnect i ons 
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GEH-2057 

� 4-48 SCREWS 

D I R OF ARROW TO CO , NC I DE r W TH ARROW ON RECT F I ER BODY 

® 

..____ _______________ � ---- 5 11  16 

F i gure 13 ( 0148A2994 -l ) Outl i ne of Test Rect i f i er 
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115 VOLTS 
RATED 
FREQUENCY 

LOAD BOX 
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GEH-2057 

AC 

TEST RECT I F I ER 
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0148A2988 DC 

AC 

..__ ___ � 3 �-----I 

. _.._ ______________________________ � 
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115 VOLTS 
RATED 
FREQUENCY 

A. TEST C I RCU I T  FOR BDD158 RELAYS 

LOAD BOX 
A 

8 

··--��&---------------------------------� 
s1 

B.  TEST C I RCU I T  FOR BDD16B RELAYS 

TEST PLUG 
( XLA12A) 

TEST PLUG 
( XLA12A) 

Fi gure 14 (0418A0771 S h . 2 [ 1 ) )  Test C i rcu i t  for Type BOD Re l ays 
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F i gure 15  ( 0418A0786-0 ) Rel at i ons hi p Between Second H armon i c  and Bypass 
Current wi th I DC set at  F our Amperes 
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F i gure 16 (0178A8111-0) D i fferent i al Vol tage Operat i ng 
Characteri st i cs of Type BOD Re l ays 
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S i nce the l ast ed i t i on ,  changes have been made i n  the equat i on on p . 6 ,  and i n  the 
THROUGH-CURRENT RESTRA I NT C I RCU IT sect i on on p . 9 ,  and the paragraph beg i nn i ng " I n 
some cases 11 has been added i n  the THROUGH-CURRENT RESTRA I NT sect i on on page 27 . 
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GEH-2057 

TRA NS FORMER D I F F E R ENTIAL R E L A Y  
W I TH P ER CENTAGE  A N D  HA RMON I C  R E STRA INT 

TYP ES : 

8 00 15 8 , F ORMS 1 1  A N D  UP 
8 00 16 8 ,  F ORMS 1 1  A N D  UP 

D E S C R IP TI ON 

Type BOD rel ays are d i fferenti al rel ays desi gned specif i cal ly  for transformer 
protect i on .  The re 1 ays are provi ded wi th the features of percentage and harmoni c  
restr ai nt , and use a sens i t i ve pol ari zed uni t as the operat ing el ement . Percentage 
restrai nt permits  accurate di scr im i nat i on between i nternal and external fau l ts at h i gh 
fau l t  currents , whi l e  harmoni c  restrai nt enab l es the rel ay, by the di fference i n  
waveform , t o  di sti ngu i sh  between the di fferent i al current caused by an i nternal fau l t ,  
and that of transformer magneti z i ng i nrush . 

E ach Type BOD rel ay i s  a s i ngl e- phase uni t .  The BDD15B rel ay i s  des i gned to be 
used for the protecti on of two-wi ndi ng transformers ,  and has two through-current 
restrai nt ci rcu i ts and one di fferent i al current ci rcu i t .  

The BDD16B rel ay i s  des i gned for use wi th three-wi nd i ng transformers , and has 
three through-current restrai nt ci rcu i ts and one di fferent i al current ci rcui t .  It may 
al so be used for four ci rcui t transformer protect i on (F i gure 9 )  when only three 
ci rcui ts requ i re through- current restrai nt , whi l e  the fourth ci rcu i t ,  be i ng the 
weakest , needs no through-current restrai nt .  

Each BOD rel ay i ncl udes an i nstantaneous un i t  i n  add i t i on to the mai n di fferenti al 
uni t ,  and i s  mounted in an M1 s i ze case .  The i nternal connecti on di agrams for the 
BDD15B and BDD16B rel ays are shown in F i gures 1 0  and 1 1 .  Typ i cal external connect i ons 
are shown i n  F i gures 7 ,  8 and 9 .  

A P PL ICATION 

The current transformer rat i os and rel ay taps s houl d be sel ected to obtai n  the 
maxi mum sens i ti vi ty wi thout r i sk i ng thermal overl oad , or the poss i bi l i ty of 
m i soperat i on of the rel ay or current transformers . Therefore , current transformer 
rati os i n  the vari ous wi ndi ngs of the power transformer shou l d be sel ected wi th the 
fol l owing poi nts i n  mi nd :  

The  l ower the rel ay tap and  the l ower the  CT rat i o sel ected,  the  h i gher the 
sensi t i v i ty. However , the l owest CT r at i o and the l owest rel ay tap may not be 
compat i b l e wi th some of the f o l l ow i ng res t r i c t i ons . Where a cho i ce of i ncreas i ng 
ei ther the CT rat i o  or the r e l ay t a p  i s  a v a i l a b l e ,  i ncrease the CT rat i o  i n  preference 
to the rel ay tap .  

These i ns t r u c t i ons do n :._- �  ; � .· ; � · ·  • • · ·  M t • .1 �• , r v• r . • t .: ons i n  equi pment nor t o  provide for 

e very pos s i bl e  con ti ngency t - r ... -.. · . .. .,. ..... • ,. • ' ' "' � na t a. � • · . "lr: ,  opera t i on or main tenance . Should 

further 1 nforma ti on be des 1 r e !  .- , .  · ; ;� • •  . ,  ; rob ;•• ., . . .. tlf.'1 1 ch are not covered suffi cien t l y  for 

the purchaser ' s  purposes , th�· � ·  • •  � - ·  � : .- · •  fe t t -.d  f (' t iW  ·• � r • 1  Electric Company . 

To the extent required t '":f ; � • •  • • ,.. • • � • ·1 ..,.,. " "  -. t  • ;  & ; J .:-d.ble ANS I ,  IEEE and NEHA standards, 

but no such ass urance is g1 ve · • .  • · . .. .  , ... • • • • ·  .. "'de• Al'td r -1 ; n.tnces because they va ry greatly . 
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GEH-2057 

S i nce the rel ay burden i s  l i ke ly  to be smal l compared to the l ead burden , i n­
creas i ng the CT rat i o  tends to improve the rel at i ve performance of the CTs as a resu l t  
of reduc i ng the max imum secondary fau l t  current and i ncreas i ng the accuracy of the CTs . 

The CT secondary current s hou l d not exceed the cont i nuous thermal rat i ng of the CT 
secondary wi nd ing .  

The rel ay current correspondi ng to  max imum KVA ( on a forced-cool ed ·bas i s )  s hou l d 
not exceed twi ce tap val ue ,  the thermal rat i ng of the rel ay. 

The CT rat i os shou l d be h i gh enough that the secondary currents wi l l  not damage 
the rel ay under max imum i nternal fau l t  condi t i ons ( refer to RATINGS). 

The rel ay current correspondi ng to rated KVA of the power transformer ( on a sel f­
coo l ed bas i s )  s hou l d  not exceed the rel ay tap val ue s el ected (magnet i z i ng i nrush mi ght 
operate the i nstantaneous overcurrent un i t ) . If the transformer under cons i derat i on 
does not have a se l f-cool ed rat i ng ,  the transformer manufacturer s hou l d be consu l ted 
for the 11 equ i val ent sel f-cool ed rat i ng ;  . .  that i s ,  the rat i ng of a sel f-cool ed trans­
former that wou l d  have the s ame magneti z i ng i nrush character i s t i cs as the transformer 
be i ng cons i dered. 

The current transformer tap chosen mus t  be ab l e  to supp ly  the rel ay wi th  e i ght 
t imes r ated rel ay tap current wi th an error of l ess  than 20 percent of tota l  current . 
I f  the current transformers produce an error of greater than 20 percent at l es s  than 
ei ght t imes tap val ue ,  the harmon i c  content of the secondary current may be s uff i c i ent 
to cause  fal se restrai nt on i nternal fau l ts .  

The CT rat i os shou l d be sel ected to provi de bal anced secondary current on external 
fau l ts . S i nce i t  i s  rarely pos s i b l e  to match the secondary currents exact ly by 
se l ect i on of current transformer rat i os ,  rati o-match i ng taps are provi ded on the rel ay. 
Currents may usua l l y  be matched wi th i n  f i ve percent u s i ng these taps . When the 
protected transformer i s  equ i pped wi th l oad rat i o  control , i t  i s  obv i ous that a cl ose 
match cannot be obtai ned at a l l poi nts of the rati o-changi ng range . In t h i s case the 
s econdary currents are matched at the mi ddl e of t he range , and the percentage- d i fferen­
t i a l  character i s t i c  of the rel ay i s  rel i ed upon to prevent rel ay operati on on the 
unbal anced current wh i ch f l ows when the l oad-rat i o  control i s  at the end of the range. 

In some appl i cat i ons , the power tran sformer wi l l  be connected to the h i gh vol tage 
or l ow vol tage system through two breaker s ,  as s hown i n  F i gure 9 ;  for exampl e, a r i ng 
bus  arrangement . I n  thi s cas e ,  the CT rati os mus t  be se l ected so that the secondary 
wi ndi ngs wi l l  not be therma l ly over l oaded on l oad current f l ow i ng around the r i ng i n  
addi t i on to the transformer l oad current .  I t  i s  recommended that CTs on each of the two 
l ow vol tage ( or h i gh vol t age ) breakers  be connec ted  to a separate restrai n i ng wi ndi ng 
to as sure restrai nt on heavy t hroug h- f au l t c urrent  f l owing around the r i ng bus . 

Two paral l e l transformer bank s s hou l d  no t  be protected wi th one set of d i fferen­
t i a l  protect i on ,  s i nce the sen s i t i v i t w  of t he protec t i on wi l l  be reduced. In addi t i on ,  
i f  the banks can be swi t c hec  �epa r a t � 1 y , t he r p  1 s  a pos s i b i l i ty of f l ash  operat i on on 
magnet i z i n g  i nrush to one t r a r. s t o riT' e '"  �; a n k  c a u '. 1 n g a 11 Sympatheti c i nrus h 11 i nto the bank 
a l ready energi zed .  I n  t h l <,  ( d S e ,  t r->•· n a rmon 1 c <, tend to f l ow between the bank s ,  w i th 
the poss i b i l i ty that therr  .. · 1 1  bt· · r .-, u f f 1 C" 1 P n t  harmon i cs i n  the rel ay current to 
res tra i n the rel ay . 
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GEH-2057 

Typi cal  e l ementary d i agrams for the Type BDD15B  and BDD16B rel ays are i l l ustrated 
i n  F i gures 7 ,  8 and 9 .  

RAT I N GS 

MODELS BDD15B AND BDD16B 

Cont i n uous rat i ng: 

The through-current transformer and di fferent i al current transformer wi l l  stand 
twi ce tap val ue  for any comb i nat i on of taps;  or they wi l l  stand twi ce tap val ue if a l l 
but one of the restrai nt wi ndi ngs carry zero current, and the f u l l restrai nt current, 
equa l  to twi ce tap val ue ,  f l ows through the di fferenti a l  current transformer . 

S hort t ime rat i ng ( thermal ) :  

The short t ime ( thermal ) r ati ng i s  220 amperes for one second measured i n  the 
pr imary of any transformer of the Type BDD rel ay. H i gher currents may be app l i ed for 
s horter l engths of t ime i n  accordance wi th the fol l owi ng equ at i on :  

where : I = current i n  amperes 
t = time i n  seconds 

Short t ime ( e l ectri cal ) :  

I 2t = 48 , 400 

For both the Type BDD15B and BDD16B rel ays , the sum of the mul ti p l es of tap 
current fed to the rel ay from the several sets of current transformers shou l d not 
exceed 150 . These mu l t i p l es shou l d be cal cu l ated on the bas i s  of RMS symmetri cal fau l t 
current .  Note that i n  F i gure 9 ,  external  fau l t  current f l ows through c i rcu i t  breakers 
51-1  and 51-2 wi thout be i ng l imi ted by the transformer impedance . 

AUXI L IARY RELAY CONTROL C IRCU IT 

The Type BDD15B and BDD16B  rel ays are ava i l ab l e  for use wi th e i ther 24-48 vol ts , 
48- 125 vol ts , 110-125 vol ts ,  125-250 vol ts or 220-250 vol ts . A tap b l ock i s  provi ded 
so  that the rel ays may be used on ei ther vol tage of the dual rat i ng .  

CONTACTS 

The BDD1 5B rel ay i s  provi ded wi th two sets of open contacts and the BDD16B i s  
provi ded wi th one set of open cont acts .  The current-c los i ng rat i ng of the contacts i s  
30 amperes for vol tages not exceedi ng 250 vol ts . I f  more than one ci rcu i t  breaker per 
set of cont acts i s  to be tr i pped , or i f  the tr i ppi ng current exceeds 30 amperes , an 
auxi l i ary rel ay must be used wi th the BDD rel ay . After tr i ppi ng occurs , the tri ppi ng 
c i rcu i t  of these rel ays shou l d be opened by an auxi l i ary swi tch on the ci rcui t breaker , 
or by other automat i c  means . A hand-reset rel ay i s  recommended, and normal ly used.  
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GEH-2057 

C HARACTE R I S T I CS 

P I CKUP AND OPERATING  T IME 

The operat i ng character i st i c  i s  shown i n  F i gures 4 and 4A. The curve for vari ous 
percentage s l opes shows the percent s l ope versus the through-current f l owi ng i n  the 
transformer . The percentage s l ope i s  a f i gure gi ven to a part i cul ar percent s l ope tap 
sett i ng , and i ndi cates approx imate s l ope characteri sti c .  P i ckup at zero restrai nt i s  
approx imate ly  30 percent of tap va 1 u e  ( see Tab 1 e I ) .  F i gure 4A i s  the same curve , 
except i t  i s  expanded from f i ve to zero amperes .  

C urves of the operat i ng t ime of the  mai n uni t and of the  i nstantaneous un i t  are 
shown p l otted agai nst d ifferenti al  current i n  F i gure 5 .  The mai n uni t t ime g i ven i s  
the total t ime ,  and i nc l udes mai n un i t  operat i ng t ime and auxi l i ary un i t  operat i ng 
t ime .  

OVERCURRENT UN IT P I CKUP 

The overcurrent un i t  i s  adj usted to p i ck up when the d i fferenti al current 
transformer ampere-turns are ei ght t imes the ampere-turns produced by rated tap c urrent 
f l owi ng i n  that tap. For exampl e , when onl y  one CT suppl i es current ,  and the tap p l ug  
for the CT i s  in  the  f i ve ampere tap , 40 amperes are requ i red  for p i ckup .  Thi s  p i ckup 
val ue i s  based on the AC component of current transformer output only ,  s i nce the 
d ifferent i al current transformer i n  the rel ay produces only a ha lf  cyc l e  of any DC 
{ offset ) component present . 

I f  rat i o match i ng taps are chosen so that rated CT current i s  not greater than the 
tap rat i ng on a s e l f-cool ed bas i s ,  the overcurrent uni t wi l l  not p i ck up on magnet i z i ng 
i nrush .  I f  CT currents are greater than tap rat i ng, t here i s  danger that the  uni t may 
p i ck up , espec i al ly  on smal l transformer banks .  I f  t h i s  happens , then the CT rati o or 
rel ay tap sett i ng shoul d be i ncreased,  rather than i ncreas i ng the p i ckup of the 
overcurrent uni t .  If the overcurrent un it  sett i ng must be rai sed , the requi rements on 
CT error wi l l  be more stri ngent , i n  accordance wi th the fol l owi ng equat i on :  

where : 

E = 20 - ( 2 . 5 } { P8 )  

E = CT error current i n  percent at p i ckup of the overcurrent uni t 
P = pi ckup of overcurrent uni t i n  mul t i pl es of tap setti ng . 

P ERCENTAGE DI FFERENTIAL CHARACTER IST I CS 

The percentage di fferent i al character i sti cs are provi ded by through-current 
restr ai nt ci rcu i ts .  I n  addi ti on to the operat i ng coi l of the pol ari zed uni t , whi ch i s  
energi zed by the di fferent i al current of the l i ne current transformers , the rel ay i s  
eq u i pped wi th a restrai n i ng coi l ,  that i s  i ndi rect ly energi zed by the transformer 
secondary currents themsel ves . For the rel ay to operate,  the current transformer 
secondary currents must be unbal anced by a cert ai n mi nimum percentage determi ned by the 
rel ay s l ope sett i ng ( as shown in F i gures 4 and 4A ) . Thi s character i st i c i s  necessary 
to prevent f a  1 se operat i on on through-fau l t  currents . H i gh currents saturate the 
cores of the current transformers and cause  the i r rat i os to change , wi th the resul t 
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GEH-2057 

that t he secondary cu rrents  b ecome u nba l a nced . Perc e n tage  res t ra i nt i s  a l so n eeded to 
p revent  opera t i o n  by the  u n ba l a nc ed c u rren ts cau sed by i mpe rfe c t  ma tc h i n g o f  the  
secon da ry cu rrents . 

H ARMON I C  RESTRAI NT  C HARAC T ER I ST I C S  

At t h e  t i me a powe r t ra n s fo rme r i s  en e rg i z ed ,  cu rre n t  i s  s u p p l i ed t o  t h e  p r i ma ry 
wh i c h  e s tab l i shes  the requ i red fl ux  i n  t he co re . Th i s  cu rrent i s  c a l l ed magnet i z i ng 
i n ru sh ,  and fl ows o n l y  th rou g h  the  c u rren t  tra n s fo rme rs  i n  the  p r i ma ry w i nd i ng .  Th i s  
cau ses  a n  u nba l anced cu rrent  to fl ow i n  the  d i ffe rent i a l  re l ay ,  wh i ch wou l d  cause  fa l se 
o p e ra t i o n  i f  mea n s  we re no t p rov i d ed to p rev ent  i t .  

Power sys tem fau l t  cu rrents a re o f  a n ea r l y  pu re s i n e  wave  form , p l u s  a DC 
t ra n s i en t  componen t .  The s i ne wav e  fo rm resu l ts from s i n u so i d a l  v o l ta g e  gen e ra t i o n , 
a nd  near l y  con s tant c i rcu i t  i mpedanc e .  The DC component  d epends  o n  the  t i me i n  the  
vo l ta g e  cyc l e  a t  wh i c h  the  fau l t  occ u rs ,  and upon  the  c i rc u i t  i mp edanc e ma g n i tude  and  
a ng l e .  

Tra n s fo rme r ma g net i z i n g  i n ru sh c u rren ts v a ry acco rd i n g to the  ex treme l y  v a ri a b l e  
exc i t i ng i mpedance r e su l t i ng from core  sa tu ra t i o n . They a re o ften o f  h i gh magn i tu d e , 
occ a s i o na l l y  hav i n g an  RMS v a l u e  w i th 1 00 perc en t  o ffse t  a p p roac h i n g  1 6  t i me s  fu l l  l oad  
cu rrent fo r wo rst cond i t i on s  of  power trans fo rme r re s i d u a l  fl u x ,  a nd po i n t of  c i rcu i t  
c l o s u re on  the  vo l ta g e  wav e .  T h ey have  a v e ry d i s to rted wav e  fo rm , made u p  o f  s harp ly  
pea ked ha l f-cyc l e  l oops  of  cu rren t o n  one  s i de o f  the  z ero ax i s ,  and  pract i ca l l y  no  
c u rre nt  d u r i n g  the  oppo s i te h a l f cyc l e s .  The  two c u rre n t  wav es a re i l l u stra ted i n  
Fi gu re 3 .  

Any cu rren ts o f  d i s to rted , non - s i n u so i d a l  wav e  fo rm may be  cons i d e re d  a s  b e i n g  
compo sed o f  a d i rect cu rrent compon en t , p l u s  a numb e r  o f  s i ne wav e  components o f  
d i ffe ren t  frequenc i e s ;  o n e  o f  t h e  fu ndame n ta 1 system freq uency , a n d  t h e  o thers , 
11 ha rmon i c s , 11 hav i ng frequ e nc i e s  wh i c h  a re two , th ree , fou r ,  fi v e  ( e tc . ) , t i mes  the  
fu ndamenta l  frequency . The  re l a t i v e  mag n i tu d e s  a nd p ha se pos i t i o n s  of  the  ha rmon i c s ,  
w i th re fe rence to the fu ndamenta l , de term i ne the  wav e  form . When a na l yzed  i n  th i s  
mann e r ,  the typ i c a l  fa u l t  cu rre n t  wav e i s  fou nd to conta i n  o n l y  a v e ry sma l l  perc en ta g e  
o f  harmon i c s ,  wh i l e the typ i ca l  magnet i z i ng i n ru sh c u r rent  wav e  conta i n s a con s i d e rab l e  
amo u n t .  

T h e  h i g h perc en ta g e s  o f  h a rmo n i c  c u rrents i n  t h e  mag ne t i z i n g  i n ru s h  cu rrent  wav e  
a ffo rd an  ex cel l ent mea n s  o f  d i s t i n gu i sh i ng i t  e l ectr i ca l l y  from the  fau l t  cu rrent 
\'la v e .  I n  Type B O D  r e l ays , t h e  ha rmo n i c components  a re passed  th rou g h  t h e  re s tra i n i n g  
co i l  o f  the re l ay ,  wh i l e  the  fu ndame nta l component  i s  pas sed th rou gh  the  opera t i ng 
co i l . T he  d i rect  cu rren t componen t ,  present  i n  both  the  mag net i z i n g  i n ru s h  and  o ffse t  
fau l t  cu rrent wave s ,  i s  l a rg e l y  b l ocked  by the  au x i l i a ry d i ffere nt i a l  cu rrent 
tra n s fo rme r i n s i de  the  re l ay ,  a nd prod u c e s  o n l y  s l i g ht mome n ta ry re stra i n i ng e ffec t .  
Re l ay opera t i o n  occu rs on d i fferent i a l  cu rrent wav es  i n  wh i c h  the ra t i o  o f  ha rmon i c s  
to fu ndame n ta l i s  l owe r than t h e  g i v en p redete rm i ned  v a l u e fo r wh i c h  t h e  re l ay i s  
s e t  ( e . g . , a n  i n terna l fau l t  cu rren t wav e ) , a n d  i s  re s tra i ned o n  d i fferent i a l  
c u rren t wa v e s  i n  wh i c h  the  ra t i o  exceeds  th i s  va l u e  ( e . g . , a ma g ne t i z i ng i n ru sh 
cu rrent wav e ) . 
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B UR D E N S 

No te tha t b u rdens  and  m 1 n 1 mum p i ckup  v a l ues  are  substant i a l l y  i nd ependent  o f  the 
perc e n t  s l o pe se tt i n gs ,  and a re a l l  a p p ro x i ma te l y  100 perc en t  powe r fac to r .  The  
f i gures  g i ven  are  the bu rdens  i mposed o n  eac h cu rrent t ran s fo rme r at  5 . 0 ampere s .  

R ELAY 

1 2B DD 1 5B  
1 2B D D 16B  

TAP 
S ETTI NG 

AMPS 

2 . 9  
3 . 2 
3 . 5  
3 . 8 
4 . 2 
4 . 6 
5 . 0 
8 . 7 

Z ERO 
R ESTRAI NT  
P I C KU P**** 

AMPS 

0 . 87 
0 . 96 
1 . 0 5  
1 . 14 
1 . 2 6  
1 . 38 
1 . 50 
2 . 6 1  

TABLE  I 

O P ERATI NG C I RCU I T** 
60 H ER TZ RELAYS*** 
BU RDEN  IMP EDANC E 

VA OHMS 

3 . 2 0 . 1 28 
2 . 7  0 . 108 
2 . 4 0 . 096  
2 . 0 0 . 080 
1 . 9  0 . 07 6  
1 . 6 0 . 064  
1 . 5 0 . 060  
0 . 7 0 . 028 

**Bu rden o f  ope ra t i ng co i l  i s  zero u n der  norma l cond i t i o n s  
***Burden  o f  5 0  he rtz re l ay i s  t h e  same or  s l i g h t l y  l owe r 

RESTRAI NT  C I RCU I T  
60  H ERTZ R ELAYS*** 
B U R D EN IMP EDANC E 

VA  OHMS  

1 . 3  0 . 0 5 2  
1 . 2 0 . 048 
1 . 1  0 . 044  
1 . 0  0 . 040 
0 . 9 

" 
0 . 036  

0 . 8 0 . 032  
0 . 7 0 . 028 
0 . 5 0 . 020 

**** I t  shou l d  be  recogn i zed t hat  p i ckup  cu rrent fl ows not o n l y  throu g h  the  
d i ffe ren t i a l  c u rren t  tra n s fo rme r ,  but  a l so th rou g h  one  of  the  p r i ma ry w i nd i ng s  
o f  t h e  th rou gh-cu rrent t rans forme r ,  produc i ng some restra i n t . Howeve r ,  
comp a red  to the  opera t i n g  energy , th i s  quan t i ty o f  restra i n t  i s  s o  sma l l  t hat  
i t  may b e  a s sumed to  b e  z ero . 

CONSTRUC T ION 

F i gures  1 and 1 A  show the i ntern a l  a rra ngeme n t  of the  components  of the  B D D 1 6B 
re l ay .  Re fe rence  the  i n te rn a l  connec t i o n  d i a g rams , F i gu re 1 0  a n d  1 1 ,  to i den t i fy 
the pa rts mo re  comp l e te l y .  

C U RRENT  TRAN S FO RM ERS 

In  the  Type B D D 1 5 B  re l ay ,  the th rou g h-cu rre n t  tran s fo rme r ha s two p r i ma ry 
w i nd i ng s ,  o ne  fo r each  l i ne  cu rre n t  t rans former c i rcu i t . W i nd i ng numb e r  1 
te rmi n a te s  a t  s tu d  6 ,  and  w i nd i n g  numb e r  2 te rmi n a te s  a t  stud 4 .  

I n  t he Type  BDD1 6B re l ay ,  there are  th ree sepa ra te thro u g h -cu rrent 
tra n s fo rme rs , each  w i th o n l y  one p r i ma ry w i nd i n g  and  eac h termi n a t i n g  a t  a s epara te 
s tu d ,  w i nd i ngs  numb e r  1 ,  numb e r  2 and  numb e r  3 ,  corre spon d i n g to s tuds  6 ,  4 a n d  3 ,  
re spec t i v e l y .  

I n  e i t h e r  re l ay ,  there i s  a d i ffe re n t i a l  cu rren t t ra n s fo rme r w i t h  o ne p r i ma ry 
l ead brou ght  o u t  to stud 5 .  
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The p r i ma ry c i rc u i t  o f  each  o f  these tra n s fo rme r s  i s  compl e te d  t h ro u g h  a s p ec i a l  
tap  b l oc k  a rrangement . Two o r  three  ho r i zon ta l  rows o f  tap  po s i t i on s  a re prov i ded 
( depend i ng on  wh eth e r  the re l ay i s  a Type  E D D 1 5 B  or BDD 16B ) ,  one row fo r each th rough­
cu r rent  tran s former w i nd i n g .  A tap  on  the  d i fferent i a l  cu rren t t ran s fo rmer i s  
connec te d  to a corre s pond i n g  ta p o f  the  th rou gh-cu rren t re stra i n t  w i n d i n g s  by i n se rt i n g  
tap  p l u g s  i n  the ta p b l oc k s .  

When the  B D D 16B  re l ay i s  u se d  on  fou r-c i rc u i t  a pp l i c at i o n s ,  a s  s hown i n  Fi g u re 9 ,  
the  fou rth  c i rcu i t  C T  i s  co n n ec ted to s tu d  7 ,  a nd  the j umper norma l l y  c o nnec ted 
between te rm i na l s  6 and 7 ,  a t  the rea r  of the re l ay c ra d l e ,  shou l d  be d i s connecte d  
a t  the  term i na l  6 en d .  I t  s hou l d  be  reco n nec ted to the  u pp e r  row i n  t h e  tap  b l o c k  
( above  the  row ma rked w i nd i n g numb e r  1 ) ,  wh i c h  conn ec ts i t  d i re c t l y  t o  t h e  
d i f ferent i a l  cu rrent trans fo rmer i n  t h e  B O D  re l ay .  T h e  term i na l  on  t h e  mov ab l e l ead  
s h ou l d  be  p l a c ed u nd e r  t h e  ta p sc rew tha t g i v es the  best  ma tc h fo r t h e  c u rre n t  i n  
the  movab l e  end . 

The  ta p s  perm i t  ma tc h i n g o f  unequa l  l i ne c u r re n t  t ra n s fo rme r seconda ry 
cu rrents . The ta p co nnec t i on s  a re so a rranged tha t when ma tc h i ng s econd a ry 
c u rrents , and a tap p l u g  i s  mov ed from o n e  pos i t i o n  to ano ther  i n  a h o r i z on ta l  row , 
the  c o rre spond i ng taps  o n  both  the  d i fferen t i a l  cu rren t t ran s former w i nd i ng ,  and  o n e  
o f  t h e  throu g h-c u rrent  t ra n s fo rme r w i nd i ng s  a re s i mu l ta n eou s l y  se l e c te d , s o  that  t h e  
percent  th rou gh-cu rrent restra i nt rema i n s  c o n s ta n t . 

THROUGH- CU RRENT RESTRAI NT C I RCU I T  

A fu l l  wav e  b r i d g e  rec t i fi e r  rec e i v es t h e  ou tput  o f  t h e  seconda ry o f  each  
th ro u gh - cu r rent  restra i n t  tran s forme r .  I n  t h e  B DD 1 6B re l ay ,  the  DC outpu ts of  a l l  
th re e  u n i ts a re connec ted  i n  pa ra l l e l . The  to ta l o utput  i s  fed to a ta p ped res i s to r  
( R3 )  through  the p e rcent  s l ope  tap  p l a te a t  the  front  o f  the  re l ay .  A 15 , 2 5  o r  20  
perc en t  s l o p e  adju s tmen t  may be  se l ec te d  by  me a n s  of  t h re e  ta p s .  Re s i s to r  ta p s  a re 
a d j u s tab l e  a nd pre set  for g i ven  s l ope s .  The r i gh t  tap  co rre s ponds  to t h e  40  p e rcent  
s l o pe se tt i n g .  The  ou tpu t i s  rec t i fi ed  and  a p p l i ed to  the  restra i n t  co i l  of  the  
po l a r i zed  u n i t . 

D I FFERENTI AL C U RR ENT  C IRCU I T  

The  d i ffe re n t i a l  c u rre n t  t ra n s fo rme r seconda ry ou tput  d i rec t l y  su p p l i e s the  
i n s ta n taneous  u n i t , the  o p e ra t i ng co i l s  of  the  po l a r i zed u n i t  th rou g h  a ser i e s  tuned  
c i rc u i t ,  and the  h a rmo n i c  re st ra i n t  c i rc u i t  t h rou g h  a p a ra l l e l reso n a n t  tra p .  T h e  
operat i ng a n d  re stra i nt currents a re each  pa s sed  th rou g h  a fu l l  wav e  br i dge  
rec t i fi e r  b e fo re pass i n g th rou g h  the  po l a r i z ed u n i t  co i l s .  

The  s e r i e s  resonant  c i rc u i t  i s  ma de  up  o f  a fi v e  m i c ro fa ra d  c a pac i to r  ( C1 )  and 
a reac to r ( L l )  wh i c h  a re tuned to pass cu rrents  of t he fu ndame n ta l  sys tem freque ncy , 
a nd to o ffe r h i g h  impedance  to cu rre n ts o f  o th e r  fre q u enc i e s .  Re s i s to r  Rl  i s  
connec ted i n  para l l e l  o n  the D C  s i de o f  the  opera te rec t i f i e r ,  a n d  c an b e  ad j u s ted 
to g i v e  the  d e s i red amo u n t  o f  opera te c u rren t .  The ou tput  of the  rec t i f i e r  i s  
a p p l i ed to the operat i n g co i l  o f  the po l a r i zed  un i t .  

The  para l l e l re so n a n t  tra p i s  ma de  u p  o f  a 1 5  m i c ro fa rad  capac i to r  ( C2 )  and a 
reac to r  ( L2 )  wh i c h  a re tu ned  to b l ock  fu ndamenta l  frequency cu rrents  wh i l e  a l l ow i ng 
c u rre n ts o f  harmo n i c  freq uenc i e s  to pass w i t h  re l a t i v e l y  l i tt l e  i mpedanc e .  Res i s to r  
R 2  i s  connec ted i n  para l l e l o n  the AC s i de o f  the harmon i c  res tra i nt rect i f i e r ,  and  
can  be  
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adj usted to gi ve t he des i red amount of harmoni c  restrai nt . The output of the rect i f i er 
i s  paral l el ed wi th the through- current restrai nt currents and appl i ed to  the restrai nt 
coi l of the pol ari zed uni t .  

I t  i s  evi dent that i f  the di fferenti al current appl i ed to the Type BOD rel ay has 
s i nusoi dal wave form and system frequency,  i t  wi l l  f l ow most ly  i n  the operat i ng coi l 
c i rcui t ,  and wi l l  cause  the rel ay to operate . I f  on the other hand,  t he d i fferent i al 
current contai ns more than a certai n percentage of harmoni cs ,  t he rel ay wi l l  be re­
strai ned f rom operat i ng by the harmoni c currents f l owi ng i n  the restrai nt coi l .  

A Thyr i te � res i stor connected across t he secondary of the d i fferenti a l  current 
transformer l im i t s  any momentary h i gh vol tage peaks whi ch may occur , thus  protect i ng 
the rect i f i ers and capaci tors from damage , wi t hout mater i al ly affecti ng the  character­
i st i cs of the rel ay. 

OVERCURRENT UN IT 

The i nstantaneous un i t  is  a h i nged armature rel ay wi th a sel f-contai ned target 
i ndi cator . On extremely heavy i nternal fau l t  currents , t h i s un i t wi l l  p i ck up and 
compl ete the tri p ci rcu i t .  The i nstantaneous target wi l l  be exposed to i nd i cate that 
tri ppi ng was t hrough t he i nstantaneous uni t .  

Because of saturat i on of the CTs and rel ay transformers at h i gh f au l t currents ,  
i t  i s  poss i bl e that l ess operat i ng current wi l l  be prov i ded from the d ifferenti al 
current transformer than the percentage s l ope tap woul d i mp ly ,  and more harmon i c  
restr ai nt wi l l  be prov i ded than the actua l  harmon i c  content of the fau l t  current woul d  
supp ly .  As a resu l t ,  t he mai n un i t  may be fal sely restrai ned under cond i t i ons of a h i gh 
i nternal f au l t  current .  However , tri ppi ng i s  assured by the overcurrent un i t opera­
t i on .  P i ckup i s  set above the l evel of d i fferent i al current produced by max imum 
magnet i z i n g  i nrush current . F i gure 5 shows the rel ati ve l evel s of pi ckup and speed of 
operat i on of the mai n un i t  and overcurrent un i t .  

MAIN  OPERAT I NG UN IT  

The mai n operat i ng un i t of Type BOD  rel ays i s  a sens i t i ve pol ar i zed  un i t  wi th  
components as shown wi th i n t he l arge ci rcui t of t he i ntern al connecti on d i agrams , 
F i gures 10 and 1 1 .  The un i t  has one operat i ng and one restrai ni ng coi l ,  and i ts 
contacts are i dent i f i ed as DHR ( d i fferent i al harmoni c restrai nt )  on the d i agrams of the 
external connect i ons d i agr ams , F i gures 7 ,  8 and 9 .  The rel ay i s  a h i gh- speed,  l ow 
energy dev i ce ,  and i ts contacts are prov i ded wi th an aux i l i ary un i t whose contacts are 
brought out to studs for connect i on i n  an external c i rcui t .  

The pol ar i zed un i t i s  mounted on an e i ght- prong base,  whi ch  f i ts a standard oct al 
radi o socket , and i s  protected by a removab l e  dust cover . I t  i s  mounted beh i nd the 
n amepl ate of the BOD rel ay ,  and shou l d  req u i re no further adj ustment after the rel ay i s  
s h i pped from the factory. 

The auxi l i ary un i t  carr i es an i ndi cat i ng target , and i s  l ocated on the l eft- hand 
s i de ( front vi ew ) of the rel ay. The coi l of th i s un i t i s  not connected i n  the mai n 
c i rcu i t  as a seal - i n  coi l ,  but i s  connected to the DC control bus  through an open 
contact of the pol ari zed rel ay ,  and through a ser i es res i stor . A tap b l ock i s  provi ded 
on the namepl ate for sel ect i ng ei ther of two DC control vol tages . 

QD Regi stered Trademark of the General E l ectr i c Co .  
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The co i l  o f  the  au x i l i a ry u n i t  i s  contro l l ed by both the  open  and  c l o se d  conta c ts 
o f  the po l ar i zed  u n i t .  The po l ar i z ed u n i t  has  a pprox i ma te l y  0 . 005 i nc h  conta c t  g a p ,  
wh i c h  u nd e r  t ra ns i en t  o v e rv o l ta g e  cond i t i o n s  on  t h e  D C  con tro l b u s  o f  the  o rd e r  o f  1 200 
vo l ts ,  c ou l d  b re a k  down momenta r i l y .  Th i s  w i l l  not  cau se fa l se o p e ra t i o n  i n  the  event 
that  such  a cond i t io n  occ u rs ,  bec au s e  the  au x i l i a ry re l ay i s  no rma l l y  s hort-c i rc u i ted 
by the  c l o sed  co ntact of the po l ar i zed  u n i t ,  and  the  ser i e s  re s i s tance  i s  h i gh enough  
to  cau se the  a rc to go ou t a t  no rma l v o l ta g e . 

CAS E 

The  re l ay case  i s  s u i ta b l e  fo r e i th e r  su rfa c e  o r  semi - fl u sh  pane l  mou nt i n g .  
Ha rdwa re i s  prov i ded w i th the  re l ay fo r e i ther  mou nt i ng me thod . The cov e r  a t tac h e s  to 
the  c a se and c a rr i e s  the  ta rget re se t mec ha n i sm fo r the  t r i p i n d i c a to r  and 
i n s ta n taneou s u n i t .  Each  cover  sc rew ha s p rov i s i on  fo r a sea l i n g  w i re .  

The  case  ha s s tu d s  o r  sc rew connec t i o n s  a t  the  bottom fo r exte rna l  connec t i o n s .  
The e l ectr i ca l  connec t i o n s  between the  re l ay u n i ts a n d  the  ca se  s tuds  a r e  made  throu g h  
s p r i n g  bac ked conta c t  fi ng ers  mou n ted  i n  sta t i o n a ry mo l d ed i nn e r  and ou te r  b l o c k s ,  
between wh i c h  nests  a removab l e  c on n ect i o n  p l u g ,  wh i c h  comp l e te s  the c i rcu i t .  The 
ou te r  b l oc k s  a ttac h ed to the c a se have  s tuds  fo r the exte rna l  connec t i o n s , and the  
i nn e r  b l ocks  have  term i na l s  fo r the  i n terna l connec t i on s .  

The  re l ay mec ha n i sm  i s  mou nted i n  a s te e l  framewo r k  c a l l ed a c rad l e  and i s  a 
comp l ete un i t  w i th a l l l ea d s  be i n g term i na ted  a t  the  i nn e r  b l o c k .  The c rad l e  i s  he l d  
sec u re l y  i n  the  case  w i t h  a l a tc h  a t  the  to p and the  bottom a nd by a gu i d e  p i n  a t  the  
back  of  the case . The  case  and  c rad l e  des i g n p revents  i n s ert i ng the r e l ay i n to the  ca se 
u p s i d e  down . The  connec t i o n  p l u g ,  bes i d e s  ma k i n g  e l ec tr i c a l  connec t i o n s , a l so l oc k s  
the l a tch  i n  p l ace . The cov e r ,  \'Jh i ch i s  fa s tened to t h e  ca se  by thumbsc rews , ho l ds the 
connec t i o n  pl u g  i n  p l a c e . 

To d raw ou t the  rel ay u n i t  from the  c a se , fi r st  c a re fu l l y remo v e  the  cov e r ,  then  
the  connect i o n  p l u g s . S hort i ng b a rs a re b u i l t  i n to the  re l ay ca se  to short the  cu rre n t  
tra n s fo rme r c i rc u i t s  ( see  Fi gu re 6 ) .  Re l ease  t h e  l a tc h es . T h e  rel ay u n i t  may now b e  
removed from t h e  ca se  by pu l l i n g  o n  t h e  c r ad l e .  To r ep l ac e  t h e  re l ay u n i t , fo l l ow the 
rev erse o rd e r .  Use c a re when p l a c i n g the cov e r  bac k on  to the  re l ay case to avo i d  
dama g i ng  the  re set mechan i sm .  

A separa te te s t i n g  p l u g  can  b e  i n se rted i n  p l a c e  o f  the  connec t i n g p l u g  to te st  
the  re l ay i n  p l ace  on  the  p a ne l , e i th e r  from i ts own  sou rce of  c u rr e n t ,  or  from o ther  
sou rc es . Or , the  u n i t  can be d rawn ou t and  re p l ac ed by  another  re l ay wh i c h  h a s  been 
te s ted in  a l aboratory .  

R E C EIVING, H AN DLING AND STO R AG E 

These re l ays , when not i nc l uded a s  part o f  a contro l  pane l , a re s h i pped i n  ca rto n s  
d e s i gned to p rotec t them a g a i n s t  dama g e .  Immed i a te l y  u p o n  rec e i pt o f  a re l ay ,  exam i n e 
i t  fo r a ny damage su s ta i ned i n  trans i t .  I f  damage due  to rou g h  hand l i ng i s  ev i de n t , 
fi l e  a dama g e  c l a i m a t  once  w i th the  tra n s porta t i o n  company and  promptly  no t i fy the  
nearest  General  E l ec tr i c  Sa l e s Off i c e .  

Exerc i s e  c a re wh en hand l i n g or  u n pac k i n g  t h e  re l ay to avo id  d i s tu rb i n g  
ad j u s tmen ts o r  dama g i n g  the re l ay .  
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I f  the  re l ays a re not to be i n sta l l ed i mmed i a te l y ,  they s hou l d  be s to red i n  the i r 
o r i g i n a l  c a rto n s  i n  a p l a c e  that  i s  free from mo i s tu re ,  d u st  and me ta l l i c part i c l es .  
Fo re i gn ma tter c o l l ec ted  on  the  outs i de o f  the  ca s e  may f i nd i ts way to the  i n s i de o f  
the case  wh en t h e  cov e r  i s  remo v ed , c reat i ng the po ss i b l i ty o f  re l ay m i s o pe ra t i o n . 

AC C E P TAN C E  T E S T S  

Immed i a te l y  u pon  rece i pt o f  t he re l ay ,  a n  i n spec t i o n  and  acceptance  te s t  shou l d  b e  
m a d e  to i n su re t h a t  n o  dama ge  h a s  b e e n  s u s ta i ned i n  s h i pme n t ,  a n d  t h a t  the  rel ay 
ca l i b rat i o n s  have not  been d i s tu rbed . 

V I SUAL I N SPECTION  

C h ec k  the namep l a te stamp i n g to i n su re tha t  the  mod e l  numb e r ,  ra t i n g  and  
ca l i b ra t i on range  o f  the re l ay ag ree w i th the requ i s i t i o n .  Remov e the  r e l ay from i ts 
c a se and  c h ec k  that  there a re no b ro ken o r  c rac ked mo l d ed parts  o r  o th e r  s i g n s  o f  
p hys i ca l  dama g e ,  and  that  a l l  sc rews are  t i gh t .  

M EC HAN I CAL I NSPECTI ON 

C h ec k the  o pe ra t i on of the  au x i l i a ry and i n s ta n ta neou s overc u rrent  u n i t s  ma nu a l l y  
to see  that  t hey opera te smoot h l y  w i thou t not i ce a b l e fr i ct i on o r  b i nd i ng i n  the  
ro ta t i n g  stru c tu re of  the  u n i t s .  

ELECTR I CAL TESTS : 

The  fo l l ow i n g  e l ec t r i c a l  te sts  a re recommend ed upon  rec e i pt  o f  t h e  re l ay :  

o C hec k  m i n i mum p i c k up  o f  ma i n  o p e ra t i n g  u n i t  
o C h ec k  m i n i mum p i c ku p  o f  the  i n s ta n ta neou s overc u rre n t  u n i t  
o A s i n g l e  c h ec k  po i n t  te st  on  the  h a rmo n i c  res tra i n t  c ha ra c te r i s t i c  
o A s i n g l e c hec k po i n t  te st  o n  the  s l o pe ch a ra c te r i s t i c  c u rv e  fo r t h e  a pprox i ma te 

s l o pe to be  u sed . 

T EST FAC I L I TI ES  

The  fo l l ow i n g  te st  equ i pment  w i l l  fac i l i ta te te sts : 

o Two l oad boxes  fo r reg u l a t i ng  test c u rre nts  
o Th ree amme te rs ( two AC  a nd one  DC ) fo r mea su r i n g  te s t  cu rre n t s  
o A t e s t  rec t i fi e r fo r c h ec k i n g t h e  re l ay ' s  re s po n se to the  second h a rmo n i c  
o One i nd i c a t i n g  l amp 
o Two s i n g l e - po l e  dou b l e- th row sw i tc h  se l ec to r  sw i tc hes , w i t h  center-o ff pos i t i o n  
o A doub l e - po l e s i n g l e - t h row l i ne sw i tc h .  

C h ec k the  p i c k up  o f  the ma i n  u n i t  us i n g the  connec t i o n s  s hown i n  F i g u re 1 2 . 
Du r i n g  th i s  tes t ,  the s e l ector sw i tche s ( 52 and 54 ) a re o pen , and  c u rrent  passes  
throu g h  the  d i ffe re n t i a l  c i rc u i t  o n l y .  Fo r examp l e ,  on  a re l ay s e t  w i t h  2 5  percent  
s l ope  and a 2 . 9 ampere ra t i o  ma tc h i n g  ta p ,  the  ma i n  u n i t  s hou l d  p i c k  u p  a t  30  
p e rcent  of  ta p ra t i n g , pl u s  o r  m i nu s  ten  pe rc ent ; o r  the  p i c k up  shou l d  be between 
0 . 78 and  0 . 96 ampe re . To check that the ma i n  u n i t  ha s p i c ked u p ,  a sou rce o f  DC 
po�<Je r at  ra ted 
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vo l tage shou l d  be connec ted a s  shown i n  Fi gu re 1 2 .  The i nd i ca t i ng l amp  w i l l  prov i de a 
s i gna l  show i ng that  the  ma i n  u n i t  has  opera ted . 

Fo r a n  add i t i o n a l  p i c ku p  te st , set  the  p i c k up  a t  1 . 5 amperes w i th cu rrent  fl o w i n g  
i n  termi na l s  5 a n d  6 ,  a n d  p l ace t h e  t a p  p l u g s  i n  the  f i v e  ampere and  25 percent  s l ope 
tap  pos i t ion . S i nce the  BOD  re l ay u se s  a pol a r i z ed u n i t  w i th a v ery l o w  ene rgy l ev e l , 
the m i n i mum p i ckup  sett i ng may v a ry a s  muc h a s  p l u s  o r  m i nu s  ten percent . I f  the 
p i c k u p  i s  between 1 . 35  and 1 . 65 ampere s ,  no adju stment  s hou l d  be  ma de . Re pea ted p i c kup  
opera t i on s  i n  succe s s i o n  e ra se the magnet i c  memo ry of  p rev i ou s  tes ts , wh i c h may have  
a ffec ted the  fi rst  tests . A sev e re th rou gh- fa u l t  w i l l  p roduce  a n  e ffec t  wh i c h  w i l l  
i nc rea se  the cu rrent  requ i red to p i c k  up  the  re l ay .  The p i ckup  o f  the  B O D  re l ay h a s  
w i d e r  perm i s s i b l e  v a r i a t i o n s  than  mo s t  pro tec t i v e  rel ays , b u t  du e to the  re l ay des i gn 
and  a pp l i ca t i on , rel ay accu racy i s  ent i re l y  a dequ a te under  a l l cond i t i on s ,  even du r i ng 
tra n s fo rme r mag net i z i ng i n ru s h  or  sev e re fau l t  cond i t i o n s .  

W i th the se l ector  sw i tc h ,  S2 , i n  t he A po s i t i o n , check  the ha rmon i c  cu rrent  
re s t ra i n t  a s  desc ri b ed in  INSTALLATION PROCEDURE . 

The i n stantaneous overcu rrent un i t  s hou l d  b e  c hecked by pa ss i ng a h i gh cu rrent  
t h rou g h  the  5- 6 termi n a l s .  P i c kup  shou l d  b e  a bou t e i g h t  t i mes tap  ra t i n g .  C hec k  
throu gh-cu rrent restra i nt a s  desc r i bed i n  INSTALLATION PROCEDURE . 

After  the other  te sts  a re comp l e te ,  chec k  re l ay d ro pou t w i th the  se l ecto r  
sw i tc he s ( e s )  open . The pu rpo s e  o f  th i s  test  i s  to i n su re tha t  the po l a r i zed opera t i ng 
e l ement  w i l l  re se t pro perl y a ft e r  a h eavy i n te rn a l  fau l t  cu rre n t ,  wh i c h  can  l eave  
exce s s i ve res idua l  fl ux  i n  i ts magne t i c  s truc tu r e . App l y  a cu rrent  of  30 amperes to 
te rm i n a l s 5 and 6 w i t h  ta p p l u gs fo r a l l  w i nd i n gs  i n  t he  2 . 9 ampere ta p pos i t i on , and 
the percent s l ope ta p p l u g  in the  25 percent s l ope po s i t i o n . Th i s  w i l l  cau se the 
au x i l i a ry re l ay to p i c k  u p  s h a rp l y .  The  cu rre n t  s hou l d  then be  reduced , ra p i d l y  at 
fi rs t ,  a nd then s l ow l y  u nt i l the a u x i l i a ry re l ay d rops  ou t .  Dropout cu rrent shou l d  be  
0 . 1  ampere or  mo re . If  d ro pou t cu rrent  is  other  than  a s  s p ec i f i ed , the  po l a r i z ed u n i t  
i s  de fect i v e ,  and s hou l d  b e  repl aced . 

I NS T A L L A T I O N  PROC E D U R E  

TESTS 

Before p l a c i n g  the re l ay i n  serv i c e ,  chec k  the re l ay ca l i b ra t i o n  that  w i l l  be u sed  
to  i n su re it  i s  co rrec t .  The fo l l ow i n g te s t  procedu re i s  outl i ned fo r th i s  pu rpo s e .  

CAUTI O N : Th e re l ay cal i b ra t i o n  i s  accomp l i s h ed by adj u s t i ng res i s tors  R1 , R2 and R3 . 

P I C KU P  

Changes  ma de i n  a ny o n e  o f  these  re s i s tors  w i l l  a ffec t t h e  other two 
re s i s to rs ' s ett i n g s . I n  the event  o n e  sett i n g i s  chan ged , the p i c kup , 
harmon i c  re stra i n t  a nd throu gh-cu rrent re s tra i n t adjustme nt procedu res shou l d  
b e  repeated un t i l  n o  fu rth er  dev i a t i o n  from p roper  cal i b ra t i o n  i s  no ted . The  
best  re su l ts a re obta i ned when  the through-cu rrent re st ra i nt adjustment i s  
ma de a fter the  oth e r  two sett i n gs  are cor rec t .  

The te st c i rc u i t  fo r p i c k u p  i s  as  shown i n  F i g u re 14 , w i t h  S 2  open . P i c k u p  s hou l d  
b e  1 . 5 amperes w i th cu rren t fl ow i n g i n  term i na l s 5 a n d  6 ,  and the tap pl ugs  i n  the f i v e  

1 3  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



* 

GEH-2057 

ampere and  25 percent s l ope tap  pos i t i o n s . The p i c k u p  opera t i on shou l d  be r epea ted 
sev e ra l  t i me s  u nt i l  two success i v e  read i ng s  a g ree  w i th i n  0 . 0 1  ampe re , w i t h  to ta l p i c kup  
cu r rent  be i ng i n terrupted between succe s s i v e  c hecks . 

The  p i c kup  o f  the  pol a r i z ed u n i t  v a r i e s  s l i g h t l y  d epend i n g  u pon t h e  h i s to ry o f  i ts 
magnet i c  c i rcu i t .  The repea ted p i c k u p  opera t i o n  resto re s  the  co nd i t i on o f  the  magne t i c  
c i rc u i t  to some re fe rence  l eve l , thu s  e l i mi na t i n g  a ny i n i t i a l  v a r i a t i o n  i n  ma gnet i c  
h i story .  

The  cond i t i o n  of  the magne t i c  c i rc u i t  i s  i n fl u enced  by  the  ma n n e r  i n  wh i c h  p i c ku p  
cu rrent i s  removed  a fter a tes t .  For th i s  rea so n , p i ck u p  read i ngs  w i l l  be  s l i gh t l y  
l owe r i f  t h e  cu rrent  i n  t he  d i ffe ren t i a l  c i rc u i t  i s  redu c ed g ra du a l l y ,  than  i f  the  
cu rrent is  a b ru pt l y  reduced  or  i n terru p ted . Energy i s  s to red in  t he ser i e s  tu n ed 
c i rc u i t  when the  c u rren t i s  a p p l i ed .  Th i s  ene rgy i s  d i s s i pated i n  t he  h a rmo n i c  
restra i n t  c i rcu i t ,  the  pa th  o f  l ea s t  i mped a nc e ,  when the  cu rrent  i s  a b ru pt l y  reduced o r  
remo v ed . The  re stra i n t co i l  o f  the  pol a r i z ed u n i t ,  hav i ng a p p rox i ma te l y  th ree t i me s  a s  
many tu rns a s  t he operat i ng co i l ,  rece i v e s  a g rea ter  sa tu ra t i ng e ffect than  the  opera­
t i n g co i l .  The  n e t  e ffec t i s  a s  thou g h  a restra i n t  s a tu ra t i n g  c u rre n t  we re a ppl i ed to 
the re l ay .  

S i nce  the  BOD  r e l ays  u se a pol a r i z ed u n i t  w i th v e ry l ow ene rgy l ev e l , t he  m i n i mum  
p i ckup  may v a ry a s  muc h  as  pl u s  or  m i nu s  ten p e rc en t .  I f  the  p i c k u p  i s  found  to b e  
a nywh e re w i th i n  th i s  ra n g e ,  1 . 3 5- 1 . 65 ampe re s ,  the  sett i n g shou l d  no t b e  d i s tu rbed . 

W i th DC contro l  v o l tage a p p l i ed to the proper s tu d s  o f  the re l ay ,  t he  p i ck u p  o f  
the  aux i l i a ry u n i t  can  b e  u sed a s  a n  i nd i c at i o n  o f  opera t i o n  o f  t h e  pol a r i z ed re l ay 
un i t .  Th i s  vo l tage may b e  a ppl i ed a s  s hown i n  F i gu re 14 , a nd  the  i nd i ca t i ng l amp  w i l l  
i nd i c ate t h a t  the  ma i n  u n i t  ha s o pe ra ted . 

I f  the  p i c kup  i s  fou nd to b e  ou t o f  adju s tme n t ,  adju s t  the  pos i t i o n  o f  t h e  band  o n  
re s i stor  R1 , wh i c h  i s  connec ted i n  pa ra l l e l w i th t he opera t i ng co i l o f  t he po l ar i zed  
u n i t .  Re s i s to r  R 1  i s  l oc a ted  a t  the  to p o f  the  rel ay , and i s  t h e  l e ft - h a n d  a dj u s ta b l e  
re s i s t o r  ( s ee F i gu re 2 ) .  

HARMON I C  CU RRENT RESTRAI NT 

The  h a rmo n i c  res tra i n t  is  adj u sted  by mea n s  of a te s t  rec t i fi e r ,  used  in  conju nc­
t i o n  w i th su i tab l e  a mme ters a nd l o ad boxe s .  The te st  i s  shown in  F i gu r e  14 , w i th S2  
c l o sed  to  pos i t i o n  A .  Te sts  s h ou l d  be  made  on the  5 . 0 ampe re a nd 25  p e rc en t  s l o p e  ta ps . 

The ana l ys i s  o f  a s i ng l e - p ha s e ,  h a l f wav e  rect i f i ed cu rren t s hows the pre sence 
of fi x ed perc en ta g es of DC , fu ndamenta l and  second h a rmo n i c  componen ts , as we l l  a s  
neg l i g i b l e  percentages  o f  a l l h i gher  even harmon i c s . Th i s  c l o se l y  approx i ma te s  a 
typ i c a l  tra n s fo rme r i n ru s h  c u rren t ,  a s  seen a t  the  rel ay te rmi n a l s ,  i n a smu c h  a s  i t s  
pr i nc i pa l  
components a re DC , fu ndamenta 1 a n d  second h a rmon i c .  Al thou g h  the  perc en t  second 
harmon i c  i s  f i xed , the overa l l percentage may be  var i ed by prov i d i ng a pa th fo r a 
contro l l e d amo u n t  o f  by- passed cu rrent o f  fu ndamenta l  frequ ency . T h e  by- passed  
cu rrent  is  added in  p ha s e  w i th the  fu ndamenta l compo nent  of  ha l f wav e rect i f i ed 
cu rren t ,  thus  p rov i d i n g  a means  o f  v a ry i n g  the ra t i o  o f  the  second h a rmo n i c to 
fu ndamenta l cu rren t .  

T h e  fo l l ow i n g  e x p ress i o n  sh ows t h e  re l a t i o n s h i p  betwe en t h e  perc ent  second har­
mo n i c ,  the  DC  componen t ,  a nd the  by- pass  cu rren t :  
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% Second harmon i c  = ------""0...;...· 2=I=2:..._;_;x____;I Do....;C ___ x IOO 
o . 45 x I I + o . 5  x I Dc 

F i gure I5 i s  deri ved from the above express i on and shows the percent second 
harmonc correspondi ng to var i ous val ues of bypass current ( I I ) for a constant DC set at 
4 . 0  amperes . 

Un l ess otherwi se spec i f i ed by the requ i s i t i on ,  the rel ay i s  cal i brated at the 
factory us i ng the l ower DC control vol tage tap .  S i nce the percent second harmoni c 
requ i red to restrai n the rel ay wi l l  be approx imatel y  one percent hi gher i f  the cal i bra­
t i on i s  checked us i ng t he h i gher tap , harmon i c  restrai nt must be tested on the l ower 
tap i n  order for the f i el d test to agree wi th the factory cal i brat i on. 

The rel ay is cal i brated wi th a compos i te RMS current of two t imes tap val ue .  When 
properly set ,  the rel ay wi l l  restrai n wi th greater than 20 percent second harmon i c , but 
wi l l  operate wi th the second harmon i c  equal to 20 percent or l ower . W i th  the DC ammeter 
( I 2 ) set at 4 . 0  amperes , the aux i l i ary rel ay shou l d j ust begi n to cl ose i ts contacts 
wi th gradual l y  i ncreas i ng bypass current ( I I ) at a val ue of 4 . 5  to 5 . 5  amperes . Th i s 
corresponds to I9 to 2 I  percent second harmoni c ( see F i gure I5 ) , provi d i ng a two 
percent tol erance at the set poi nt to compensate for normal f l uctuati ons i n  p i ckup .  I t  
shoul d be noted that the current magni tude i n  the rect i f i er branch ( I2 ) i s  s l i ght ly  
i nf l uenced by the  appl i cat i on of bypass current ( I I ) ,  and shou l d be  checked to  i nsure 
that i t  i s  mai ntai ned at i ts proper val ue .  

In  the  event a su i tabl e DC ammeter is  not avai l ab l e ,  the proper hal f wave rect i ­
f i ed current may be set us i ng an AC ammeter i n  pos i t i on I 2 by s horti ng out the rect if ier 
and sett i ng the unrect i f i ed current at 9 . 0  amperes . I f  the rect i f i er i s  then un­
shorted , the ha lf  wave rect i f i ed current wi l l  automat i cal ly  estab l i sh i tself at the 
proper val ue.  

I f  harmon i c  restrai nt is  found to be out of adj ustment ,  i t  may be corrected by 
adj ust i ng res i stor R2 , wh i ch i s  connected i n  paral l el on the AC s i de of the rect if i er ,  
w i t h  the restrai nt coi l of the po l ar i zed rel ay. Thi s res i stor i s  l ocated at the top of 
the rel ay ,  and i s  the r i ght-hand adj ustab l e res i stor ( s ee F i gure 2 ) . 

THROUGH-CURRENT RESTRA INT . 

The through-current res trai nt , wh i ch gi ves the rel ay the percentage di fferent i al 
or percent s l ope character i sti cs shown i n  F i gure 5 ,  may be checked and adj usted us i ng 
the c i rcu i t i l l ustrated i n  F i gure I4 ,  wi th S2 c l osed to pos i t i on B .  Ammeter I I reads 
the di fferent i al current , and I 3 reads the smal l er of the two through-currents . When 
test i ng BDDI6B rel ays , t he setti ng s houl d be checked wi th swi tch S4 f i rst in one 
pos i t i on ,  and then the other , thus chec k i ng al l the restraint coi l s .  The rel ay shoul d 
j ust  pi ck up for the va l ues of I 1  and ! 3 currents i ndi cated i n  Tabl e I I ,  wi th the 
current tap p l u gs in the 5 . 0  ampere pos i t i on ,  and the percent s l ope tap p l u g  in the 40 
percent pos i t i on .  Repeat w i t h  the percent s l ope tap pl ug i n  the 25 and IS percent 
pos i t i ons . If any one of t hese set  po 1 n t s  i s  not as prescri bed ,  adj ust the part i cu l ar 
band on res i stor R3 ( l ocated near th� top of the case beh i nd the namep l ete ) associ ated 
wi th i t ,  as i n di cated i n  T ab l e  I I .  �ote  t h a t  t he current magni tude in the through­
current branch ( !3 ) i s  s l 1 o h t l y  l Pf l uenced by t he appl i cat i on of the di fferent i al 
current ( I I ) and shoul d be chec k e d  t r  1 n s ure t h a t  i t  i s  mai nt ai ned at i ts proper va lue .  
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Any change i n  R3 to obtai n the desi red s l ope wi l l  have a smal l effect upon m i n imum 
pi ckup and harmoni c restrai nt. H owever once the s l ope sett i ng has been set,  any 
adj ustment of m i nimum p i c kup w i l l  change the s l ope character i st i cs .  The s l ope set 
poi nts must then be rechecked to i nsure that they are i n  accordance wi th  T ab l e I I .  

NOTE : These currents shou l d onl y  be perm i tted to f l ow for a few seconds at a t ime 
wi th cool i ng peri ods between tests;  otherw i se ,  the coi l s  wi l l  be overheated .  

TABLE I I  

PERCENT BAND ON AMPERES TRUE SLOP E  
SLOPE TAP RES ISTOR R3 I3 I 1 ( I 1 / I 3 X 100 )  

40 R i ght 30 12 . 0  - 1 3 . 2 40 . 0  - 44 . 0  
25 M i ddl e 30 7 . 5  - 8 . 3  25 . 0 - 27 . 5  
1 5  Left 30 4 . 5  - 5 . 0 15 . 0  - 16 . 5  

NOTE : The percent s l ope tol erance i s  ten percent of nomi nal , a l l i n  the p l us 
d i rect i on .  T h i s  is to i nsure that the s l ope character i st i c  never fal l s  bel ow 
tap val ue .  

I NSTANTANEOUS OVERCURRENT UN I T  

Th i s uni t  i s  l ocated at the upper r i ght- hand s i de of the re l ay .  I ts sett i ng may be 
checked by passi ng a h i gh current of rated frequency through termi nal s 5 and 6 .  The 
uni t shoul d pi ck up  at ei ght t imes the tap rat i ng as descr i bed i n  CHARACTERISTICS . I f  
the sett ing  i s  i ncorrect , adj ust by l oosen i ng the l ocknut at the top of the uni t ,  and 
turn the c ap screw unt i l the proper pi ckup i s  obtai ned. When mak i ng th i s adj ustment ,  
the  current shou l d  not be  al l owed to  f l ow for more than approx imately one second at  a 
t i me .  

DROPOUT OF MAIN  UN IT 

After the other tests are camp 1 ete , check the dropout of the mai n un i t as 
descr i bed in the ACCEPTANCE TESTS sect i on . 

LOCAT ION 

The l ocati on shou l d  be c l ean and dry , free from dust and v i brat i on ,  and wel l 
l i ghted to  faci l i t ate i n spect i on and testi n g .  

MOUNT ING 

The rel ay s hou l d be moun t ed on a v e r t i c a l  surface . The out l i ne and panel dr i l l i ng 
drawi ngs  are s hown i n  F i gure  1 8 .  

CONNECT IONS 

The i nternal connect 1 on C l d q r dr '  a r p  s h owr i n  F i gures 10 and 11 . 
di agrams for d i fferent a p p 1 , :: a t 1 0n '  .� .. •· s h o• r  1 n  F i gures 7 ,  8 and 9 .  

* Indi cates R ev i s i on 1 6  

Typ i  c a  1 w1 n ng 
Any throug h-
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GEH-2057 

c u r rent tran s former w i nd i ng may be u sed fo r any powe r t ran s former w i nd i n g ,  prov i ded 
the ta ps a re properl y c ho se n . 

�Jhen  the  re l ay i s  mou n ted on a n  i n su l a t i n g panel , one  o f  the  s tee l  s u p po rt i n g  
s tuds  shou l d  b e  perma n en t l y  g rounded by a conductor  o f  no t l e s s  than  # 1 2  B&S gage  
copper  w i re ,  o r  its  equ i v a l e n t .  

CAUTI ON 
EVERY C I RCU IT IN TH E DRAWOUT CAS E HAS AN AU X I L I ARY BRUSH , TH E SHO RTEST 

BRUSH IN TH E CAS E WH I CH TH E CONNECTI NG PLUG F I RST ENGAG ES . I T  I S  
ESPEC I ALLY  IMPO RTANT O N  CURRENT C I RC U I TS ,  AND OTH ER C I R C U I TS W I TH SHORTI NG 
BARS , THAT TH E AUX I L I ARY  B RUSH BE BENT  H IGH ENOUGH TO ENGAGE TH E CONNECTI NG 
PLUG OR TEST P LUG BEFORE TH E �lAI N  BRUSHES  DO . TH I S  W I LL PREVENT TH E 
CU RRENT TRANS FORMER S ECONDARY C I RCU I TS FROM B E I NG OPENED  WH EN ONE  B RUSH 
TOU CHES TH E SHO RTI NG BAR BEFORE TH E C IRC U I T  IS COMPLETED FROM TH E 
CONNEC T I NG PLUG TO TH E OTHER MAI N  B RUSH . 

ADJUSTMENTS 

TAP PLUG POS I T I O N I NG - Ra t i o Ma tc h i ng Adjustment 

To obta i n  a m i n i mum unb a l a nc e  c u rrent i n  the d i ffe re n t i a l  c i rc u i t ,  Type BOD 
re l ays a re prov i ded w i th  means  to compe n sa te fo r u n a vo i d ab l e  d i fferences i n  c u rrent 
t ra n s fo rme r ra t i o s .  Ta ps o n  th e re l ay tra n s fo rme r p r i ma ry \'J i nd i n g s  a re ra ted 8 . 7 , 
5 . 0 ,  4 . 6 ,  3 . 8 ,  3 . 5 ,  3 . 2  and 2 . 9  amperes fo r each  l i ne  c u rrent t ra n s forme r .  The tap 
pl u gs s hou l d  be pl a c ed i n  the  l oc a t i o n  wh i c h  mo st  nearl y ma tc hes  the  ex pec ted CT  
cu rrents fo r t he same  KVA  a s sumed in  each  o f  the  power t rans forme r w i nd i ngs . The 
se l ec t i o n  of ta ps s hou l d  be g u i d ed by the  method out l i n ed u nd e r  CALCULATION OF 
SETTINGS . Th e connect i on p l u g  mu st  be  removed from the  r e l ay b e fore  c ha n g i n g tap 
pos i t i ons  i n  o rd e r  to prevent  o pen-c i rc u i t i n g  a CT  second a ry .  A CHECK SHOULD BE 
MADE AFTER CHANG I NG TAPS TO I NSURE  THAT ONLY  ONE  PLUG IS LEFT IN ANY HOR I ZONTAL ROW 
O F  TAP HOLES . I NACC URATE  CALI BRATI ON AND OVERHEATI NG tt:AY RESULT I F  MORE THAN ONE  
PLUG  IS  CONN ECTED TO ANY  ONE W I ND I NG .  

U NBALANCE  C U RRENT MEASUREMENT 

Unba l a nc e  cu rre n t  mea su remen t  i s  use fu l  i n  c h ec k i n g the  best tap sett i n g when 
ma tc h i ng  c u r rent tran s former ra t i o s  i n  t he f i e l d .  It i s  a l so u se fu l  i n  de tect i ng 
e rro rs o f  fau l t s i n  the  c u rrent  tra n s fo rme r w i nd i n g ,  o r  sma l l fau l t s w i th i n  the  
power t rans forme r i ts e l f ,  when  the  fa u l t c u r rent  i s  too l ow to  opera te the re l ay .  

Type BOD re l ays have  a spec i a l  a rra ngement  fo r measu r i n g  t h e  u nba l a nc e  c u rrent  
fl ow i n g in  the d i fferent i a l  c i rcu i t  w i thou t d i stu rb i n g the  re l ay connect i on s . 
P rov i s ions  a re made fo r tempo ra r i l y  connec t i n g a fi v e  vo l t ,  h i g h  re s i s ta nce  AC 
vo l tme ter ( 1 , 000 or  mo re ohms per vo l t ) ac ro s s  the  s econda ry o f  the d i ffe rent i a l  
c u rre nt tra n s forme r .  Th i s  i s  ac compl i s hed by connec t i n g the mete r a c ross  term i n a l s 
8 and 9 ( s ee F i gu re 10  or F i gu re 1 1 ) .  The vo l tme ter w i l l  read zero when a perfect  
matc h i s  obta i n ed by  the  ra t i o  ma tc h i n g  ta ps , i nd i c a t i n g no unba l a nc e .  If  the  
vo l tme ter reads  1 . 5  vo l ts or  l e ss , the  u nba l a nce  cu rrent enter i n g  or l e av i n g a g i v en 
ta p equ a l s a pprox i ma te l y  0 . 03  t i mes  t h e  vol tmete r read i n g  t i mes  t h e  ta p ra t i n g . Fo r 
h i gher  vo l tme ter rea d i ngs , the  approx i ma te u n ba l a nce  cu rre nt may be  c a l c u l a ted by 
s u b s t i t u t i n g  the vo l ta ge read i n g  a nd ta p ra t i n g i n to the  fo l l ow i n g  equa t i o n : 
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I ( Unba l a nc e ) = ( 0 . 1 6  vo l t - 0 . 2 ) x Ta p 

The u nb a l a nce perc en tage equa l s 100  t i me s  the  u nb a l ance  cu rren t ,  d i v i ded by the 
mea su red ta p cu rren t .  Fo r a th ree  w i n d i n g  bank , th i s  u nb a l a nc e  mu s t  be c h ec k ed w i th 
l oad  on a t  l ea st two pa i rs o f  w i nd i ngs  i n  o rder  to i n su re t ha t  the  connect i on s  are 
correc t .  

The  c u rv e s  i n  Fi g u re 1 6  s how the  a p p rox i ma te vo l tages  a c ro s s  te rmi n a l s 8 and 9 
requ i red to opera te the  rel ay for v a r i o u s  percent  s l ope tap  sett i ngs  and  through­
c u rre n ts , ex pressed  as  perc en ta g e s  of  ta p .  To  i n su re a ma rg i n  o f  sa fety a g a i n s t  fa l se 
opera t i o n ,  t he u nb a l a nce vo l tage s hou l d  not  exceed 75 p e rcent o f  that  v o l tage requ i red 
to opera te the rel ay fo r a ny g i v en th rough-cu rre n t  and perc en t  s l o pe tap  sett i n g .  T h i s  
extent o f  u nba l ance may resu l t from the re l at i v e l y  h i gh e rror cu rrents  o f  l ow rat i o  
b u s h i ng CTs a t  l ow mu l t i p l e s  o f  ta p cu rren t .  T h e se c u rv e s  rep resent  t h e  B O D  rel ay 
character i st i c .  A v o l tage mea su rement a c ro s s  s tud s 8 and 9 o f  75  percent  or l e s s  o f  
t h e  v a l u e  g i v en on  t h e  c u rv e  does  n o t  nec essa r i l y  i nd i c a te t h a t  t h e  rel ay w i l l  
opera te a t  h i gher  th rou gh-cu rrent v a l u e s . Th i s  i s  e spec i a l l y  true  when v e ry h i gh 
th ro u g h - fau l ts may cau se CT  s a tu ra t i o n .  

Sma l l  rec t i fi er- type AC v o l tme ters  a re su i tab l e  fo r measu reme n t  o f  u nb a l a nc e .  
The vo l tme ter shou l d  n o t  be  permanent ly  connec te d ,  s i nce the s hu nt  cu rrent  i t  draws 
reduces  the  re l ay sen s i t i v i ty .  

P ERC ENT S LOPE  SETT I NG 

Ta ps  fo r 1 5 , 2 5  and  40  percent  s l o pe s e tt i n gs  a re prov i d ed i n  both  B D D 1 5 B  and 
B D D 1 6B rel ays . I t  i s  common p ract i ce to u se the  25 percent sett i n g u n l e s s  s p ec i a l  
connec t i o n s  ma ke  i t  adv i sa b l e to u se one  o f  the  others . See  t h e  P E RC ENT SLOPE  
SETT I NG head i ng in  the CALCULATION OF SETTINGS sec t i o n  of  th i s  i ns t ruc t i on  book  fo r 
fu rth e r  deta i 1 s .  

C AL C U LAT I O N  O F  S ETT I N G S  

METHOD 

The ca l c u l a t i o n s  re q u i red fo r 
tra n s former taps are  ou t l i ned be l ow .  
tra n s fo rmer a re s h own i n  F i g u re 1 7 . 

CURRENT TRANSFORM ER CONNECTIONS  

dete rmi n i n g the  
Co nnec t i on s  fo r a 

proper re l ay and  cu rre n t  
samp l e ca l cu l a t i o n fo r the 

Powe r Tra n s fo rme r Co nnec t i o n s  Cu rre n t  Tra n s fo rmer Co nnec t i o n s  

o D e  1 ta -wye 
o Wye-d e l ta 
o De l ta - d e l ta 
o Wye-wye 
o Del ta - z i gzag  

o w i t h z e ro deg rees  phase s h i ft 
between  p r i ma ry and  secondary 

* I nd i c a tes Rev i s i o n  18 

o Wye-del ta 
o De l ta -wye 
o Wye-wye 
o De l ta - d e l ta 
o De l ta -de l ta 
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DETERM I NAT ION OF CT TU RNS AND TYPE  BOD  RELAY TAP S ETTI NGS 

1 .  Dete rmi ne  the max i mum l i ne cu rrents  ( MAX I p )  on  the b a s i s  that each pO\'Je r 
t rans former w i nd i ng may c a r ry the  max i mum fo rced -coo l ed ra ted KVA o f  the 
tra n s fo rme r :  

MAX I p  = 
Ma x imum Tra n s fo rme r KVA 

/3 ( 1 i ne KV ) 

2 .  Dete rmi n e  the  fu l l  l o ad ra ted l i ne c u rre n ts ( 1 00% I p )  on  the  b as i s  that  eac h powe r 
t rans former w i nd i ng may c a r ry the fu l l  sel f-coo l ed ra ted KVA o f  the t ran s fo rme r ,  
o r  the  "equ i v a l en t "  s e l f-ra t i n g s : 

1 00%  I p  = 1 00%  Trans former KVA 

..['3 ( l i ne KV ) 

Ac tua l l y  th i s  ca l cu l a t i on  does not mean tha t  a l l w i nd i ngs  w i l l  n ece s sa r i l y  carry 
th ese max i mum l oad  cu rrents  con t i nuou s l y .  Th i s  i s  o n l y  a conv en i en t  way o f  
ca l cu l a t i ng  the cu rrents i n  t h e  other  w i nd i ngs i n  p roport i o n  t o  the i r  vo l tage 
ra t i ngs . Th i s  i s  t he  requ i reme n t  fo r s e l e c t i n g  the  re l ay ta p sett i n g  so that  the  
re l ay w i l l  not  opera te fo r a ny external  fau l t .  

3 .  Se l ec t  CT ra t i o s  so t h a t  the  second a ry cu rrent  corre s pond i n g  to MAX I p does no t 
exceed t he CT seconda ry therma l rat i ng ( f i v e  ampere s ) . I n  the ca se  o f  a 
tra n s fo rme r connec ted to a r i n g  b u s , fo r examp l e ,  t he  CT ra t i o  s hou l d  be  se l ec ted 
so tha t  the CT therma l rat i ng w i l l  not be  exceeded by the max i mum l oad  cu rrent i n  
e i th e r  b reaker .  Al so se l ec t  CT ra t i o s  so  that  the  rel ay c u rren ts can  be  proper ly  
ma tc hed by  means  o f  t he rel ay taps  ( h i g hest  cu rrent  not  more than  three  t i me s  the  
l owe st  cu rren t ) . 

Fo r wye-c onnec ted CTs : 

Ta p Cu rrent  

Fo r de 1 ta -connec ted CTs : 

Ta p Cu rrent  

= 

= 

100% I p  

N 

100� I p J_T 
N 

where : N = numb e r  o f  CT s econdary tu rn s .  

4 .  Chec k  the matc h i n g o f  re l ay cu rrents  to rel ay ta ps to keep the mi sma tc h  error a s  
l ow a s  po ss i b l e .  

Ca l c u l a te the percent  m i sma tc h  a s  fo l l ows : On two -w i nd i n g  tra n s fo rme rs , 
de term i ne the  rat i o  o f  the two rel ay cu rren ts and  the tap  v a l ues  se l ec te d . The 
d i ffe rence between these ra t i o s , d i v i d ed by th e sma l l e r ra t i o , is the percent  
mi sma tch . The  mi smatch shou l d  no t norma l l y  exceed fi v e  perc e n t .  
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For th ree-w i nd i ng t ran s forme r s , the percent  o f  m i sma tc h erro r  shou l d  be c hecked 
fo r a l l comb i na t i o n s  o f  c u rrents  or ta p s . 

I f  ta ps  c anno t b e  se l ec ted  to keep th i s  error perc en ta g e  w i t h i n  a l l owab l e  l i m i ts , 
c hoo se  a d i ffe rent  CT  rat i o  on  one  o r  more l i nes  to o b ta i n  a be tter ma tc h be tween 
re l ay and  cu rre n ts and rel ay ta p s .  

5 .  C hec k  that  t h e  sum o f  rel ay cu rren ts t h a t  w i l l  b e  a pp l i ed to t h e  re l ay fo r a fau l t  
a t  the term i na l s  o f  the power trans former i s  l e s s  t h a n  220  amperes RMS fo r one  
second . If  the  per i od d u r i n g  wh i c h  a fau l t  cu rre n t  fl ows i n  t he  re l ay c an 
defi n i te l y  b e  l i m i ted  to a sho rter t i me ,  a h i gher  cu r rent  can  b e  a ccommoda ted i n  
accord a nc e  w i th the  equat i o n : 

( Ampere s ) 2 x second s = 48 ,400 

Al so check  tha t the  sum of t he mu l t i p l e s  of tap  cu rrent on a n  i n terna l  o r  e x terna l  
fau l t  does not  exceed 1 5 0 . 

CU RRENT TRANS FORMER RAT IO  ERROR 

The cu rren t tra n s fo rme r ra t i o  e rror mu s t  be  l e s s  than  20  perc e n t  at e i g ht t ime s 
rel ay ra ted tap  c u r re n t .  Th i s  i s  ba sed on the  i n s ta n taneou s u n i t  be i ng set a t  i ts 
no rma l sett i ng ,  wh i c h  i s  e i g h t  t i me s  ta p ra t i n g .  I f  the  i n sta n ta neou s u n i t  p i c ku p  i s  
ra i sed  above th i s  v a l u e ,  t he  20 percent fi gu re mus t  b e  reduced a s  de scr i bed  i n  
CHARACTERISTI CS . 

As fa r a s  CT performance  i s  concern ed , t he  c a l c u l a t i o ns l i s ted  bel ow  a re fo r the  
wo rst  fau l t  cond i t i o n , wh i c h  i s  an  i n terna l g round  fau l t b e tween the C T  a nd the  
t ra n s fo rme r w i nd i n g ,  w ith  none of  the  fau l t  cu rrent  s u pp l i ed th ro u g h  th e neu tra l of  the  
pro tec ted tran s forme r .  

1 .  Dete rm i n e  the  b u rden o n  each  CT , u s i n g  the  fo l l ow i n g  e x pre s s i o n s : 

Fo r wye-connec ted CTs 

z 
= B + Ne + 2 • 5 0 f  + 2 . 27 R o hms 

1 000 
Fo r del ta-connec ted C Ts 

Z = 2B + Ne + 2 · 5 0 f  + 2 . 27R  o hms 
1 000 

wh e re : B = BOD  rel ay to ta l b u rden ( See Ta b l e  I I I ) 
N = numb er o f  tu rns  i n  bu s h i ng CT 

NOTE : 

e = bu s h i n g CT res i s ta nc e  per tu rn , m i l l i o hms 
f = bu s h i n g CT res i s ta nce per l ea d ,  m i l l i ohms 
R = one-way l ead res i s ta nce  ( at  ma x i mum ex pec te d temp e ra tu re ) 
The  mu l t i p l i e rs u sed on  the  f and R te rms i nc l u de fa c to r s  to cov er two 
l eads  i n s tead o f  one , i nc rea se o f  res i s tance  due  to tempera tu re r i s e ,  
a nd re s i s ta nc e  o f  l o ngest  CT l eads . 
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TABLE  I I I  

TOTAL BU RDEN FOR 60 H ERTZ RELAYS 

BOD TAP 8 T I MES BU RDEN ( B )  M I N  IMU�� 
( AMPS ) TAP (AM PS )  ( OHMS ) P I C KU P  (AM PS ) 

2 . 9  23 . 2  0 . 180  0 . 87  
3 . 2 25 . 6  0 . 15 6  0 . 96  
3 . 5 28 . 0  0 . 140  1 . 04 
3 . 8 30 . 4  0 . 1 20 1 . 14 
4 . 2 33 . 6  0 . 1 1 2  1 . 26  
4 . 6  36 . 8  0 . 096  1 . 38 
5 . 0 40 . 0  0 . 088 1 . 50  
8 . 7 69 . 6  0 . 048 2 . 6 1  

2 .  Dete rm i n e  CT second a ry cu rren t fo r e i g h t  t i me s  ta p sett i n g  

NOTE : 

I s = 8 x BOD  rel ay ta p sett i n g 

Fo r the  type o f  fau l t  a s sumed , a l l the  fau l t  cu rrent i s  supp l i ed by 
one C T ,  so t ha t  CT cu rrent and rel ay cu r rent  a re the same , rega rd l e s s  
o f  wh eth e r  the  CTs a re connec ted i n  wye or  de l ta . 

3 .  Dete rm i ne  second a ry CT v o l tag e  requ i red a t  e i g h t  t i me s tap sett i n g  

Esec = I sZ  

4 .  From the e x c i t a t i o n  cu rv e  o f  the pa rt i c u l a r  tap  o f  cu rren t  t ran s fo rme r b e i n g  
u se d ,  de term i ne exc i ta t i o n  cu r ren t ,  I E , co rre s pond i ng to t he seconda ry vo l tag e ,  
E sec . 

5 .  Dete rmi ne  the percent  e rro r i n  eac h CT 
I E 

Pe rc en t  e rror = -- x 1 0 0  
I s 

Th i s  shou l d  not  exceed 20 percent  o f  a ny se t o f  CTs . I f  i t  doe s ,  choose a 
h i gher  ta p on that set  o f  CTs , and repea t the ca l cu l at i ons  on se l ec t i o n  o f  
re l ay ta ps , m i s ma tc h  error  and perc ent  ra t i o  e rro r .  

P ERC ENT S LOPE  SETT I NG 

A proper perc en t  s l o pe i s  dete rmi ned by the sum o f :  

o The ma x i mum ra nge o f  ma nu a l  ta ps  and the  l oa d - r a t i o  contro l , o r  au toma t i c  tap 
c hang i ng means  in percen t .  

o The ma x i mum percent  o f  mi s matc h  o f  the re l ay ta ps . 
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GEH-2057 

The perc en tage s l o pe ta p se l ec ted shou l d be greater  than  the  ra t i o  o f  max i mum 
to ta l e rror cu rrent  to the sma l l e s t  o f  the throu gh-c u rrents . I n  genera l , i f  t he  
tota l error cu rrent  does  not  exceed 2 0  percen t ,  the  25 percent  tap  i s  u sed . I f  i t  
exceeds 2 0  perc en t , bu t not  3 5  perc e n t ,  the  40  percent  tap  i s  u sed . 

I f  the  mov ab l e l ead  i s  u sed ( a s  i n  F i gu re 9 ,  fo r exampl e ) , t he percent  s l o pe 
tap c hosen  s hou l d  be  twi c e  a s  h i g h , s i nce  the  mov ab l e l ead  prov i d es  no re s t ra i n t .  

DET ERM I NAT I ON O F  CT  TURNS AND B O D  RELAY TAP S ETTI NGS 

Tra n s fo rme r a nd L i ne  
MAX  lp  = 37 50/ J3 { l i ne kV ) 
100% I p = 3000/ J3i { l i ne kV ) 
As sume CT tu rns  
MAX l s ec ( l e ss  than  5 amps ) 
100%  l sec 
CT  connec t i o n s  
Rel ay Cu rre nt  fo r 100% l sec 

A 
1 9 . 7  
1 5 . 7  
20 

0 . 98 
0 . 7 9  

Del ta 
1 . 37  

Refe r to 

B 
49 . 5  
39 . 6  
20  

2 . 47  
1 . 98 
Wye 
1 . 98 

the  examp l e 

c 
1 5 7  
1 2 5  

6 0  
2 . 62  
2 . 08 

Del ta 
3 . 6 0  

Se l ec t  a re l ay ta p fo r o n e  o f  t h e  l i ne cu rre n t s  a nd c a l cu l a te 
wh a t  the  cu rrents  i n  other  l i ne s  wou l d  be i f  they we re i nc reased  
by the same ra t i o . I f  a ny c u rre nt  i s  g reate r than  the  s q u a re 
roo t o f  th ree t i me s  a ny other  l i n e ,  t he  8 . 7 ta p s hou l d  be c hosen  
fo r i t ,  a nd ne\'J ,  11 i d ea l , 11 re l ay ta ps c a l cu l a ted fo r the  other  
l i ne s .  

I d ea l re l ay ta ps ( set  C = 8 . 7 )  

Try Re l ay Ta ps : 

C heck  m i sma tc h erro r : 

Ra t i o  o f  ta ps  on l i ne s  B- A :  

Ra t i o  o f  second a ry 
l i ne • s cu rrents : 

M i s ma tc h : 

Ra t i o  o f  ta ps on l i n es  C- B :  

Ra t i o  o f  secondary 
l i ne • s cu rren ts : 

M i s ma tc h : 

22 

A 

3 . 3 1  

3 . 2 

4 . 6  
3 . 2  

= 

1 . 98 = 
1 . 37  

1 . 44 -

1 . 43  

1 . 44 

1 . 4 3  
1 . 4 3  

8 . 7  = 
4 . 6 

3 . 60 
-- = 

1 . 98 

1 . 89  -

1 . 89  

1 . 82 

1 . 82 
1 . 82 

B 

4 . 78  

4 . 6  

= 

= 

0 . 7%  

3 . 8% 

c 

8 . 7  

8 . 7  

i n  Fi g u re 1 7 . 
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GEH-2057 

Ra t i o  o f  ta ps  on l i n es  C- A :  

Ra t i o  o f  seconda ry 
1 i ne  • s cu rre n ts : 

Mi s ma tc h : 

8 . 7  = D 2 . 7 2  

3 . 6 0  = 2 63 1 . 3 7  • 

2 . 72 - 2 . 63  
2 . 63  = 3 . 4% 

Al l a re l e ss  than  f i v e  percent ; there fore , m i sma tch e rro r is  not exces s i v e .  

C h ec k  that  the  sum o f  the  ma x i mum re l ay cu rrents  i s  l e ss  than  220  ampe re s fo r 
one  s econd and  that  the  short- t i me rat i n g  o f  the rel ay i s  not  exceede d . 

PERC ENT RAT I O  ERROR 

B u rdens  on CTs ( a s sume o ne-way re s i s ta nc e  i s  0 . 25 o hms ) 
L i ne A :  Z = 2 ( 0 . 1 5 6 ) + ( 20  X 4 )  + ( 2 • 50  X 5 0 )  + 2 . 27 ( 0 . 25 )  

1000 

= 0 . 3 1 2  + 0 . 20 5  + 0 . 568 = 1 . 085 

L i n e  B :  z = 0 . 096  + ( 2 0  X 2 . 5 )  + ( 2 . 5 0  X 35 ) 

1000 
+ 0 . 5 68 

= 0 . 09 6  + 0 . 1 38 + 0 . 568 = 0 . 80 

L i ne C :  z = 2 ( 0 . 048 ) + ( 60 X 2 . 3 )  + ( 2 . 5  X 1 2 . 4 )  

1 000 

= 0 . 096  + 0 . 1 6 9  + 0 . 568 = 0 .833  

A B 

Imped a nce , o hms 0 . 085  0 . 8 
E i g h t  t i mes  ta p ,  ampere s  25 . 6  36 . 8  
Es C T  vol ta ge  req u i red ( I z ) 27 . 8  29 . 4  
I E requ i red , from exc i ta t i o n  c u rve  1 . 00 50  
Percent  Ra t i o  Erro r 3 . 4% 1 36%  

Exc i t i n g cu rv e  on l i ne B i s  too h i g h ,  try h i g h e r  ta p on  CT 
CT pe rfo rma nc e .  

23  

+ 0 . 5 68 

c 

0 . 833  
69 . 6  
50 . 8  

0 . 5  
0 . 8% 

to improve  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEH-2057 

REP EAT : CT TU RNS AND RELAY TAP S ETT I NG 

100%  I 
Try CT tu rns : ( nec es s a ry to 

c hange  C a l so for p ro pe r  ma tch ) 
100% I sec 
Rel ay cu rre n t  
I dea l rel ay ta ps ( set  C = 8 . 7 )  
U s e  ta ps : 

M i sma tc h error i s  l e s s  than  f i v e  perc en t .  

REPEAT : PERC E NT RAT I O  ERROR 

Bu rdens  on  CTs : 

A 

1 5 . 7  

20 
0 . 7 9  
1 . 37  
4 . 40  
4 . 6  

L i n e  A :  Z = 0 . 1 92  + 0 . 205  + 0 . 5 68 = 0 . 965 

L i n e  B :  Z = 0 . 1 5 6  + 0 . 1 88 + 0 . 5 68 = 0 . 9 1 2  

L i ne  C :  Z = 0 . 096  + 0 . 2 1 5  + 0 . 5 68 = 0 . 879  

Impeda nce , o hms 
E i g h t  t i mes  ta p ,  ampere s  
E sec • CT  vo l ta ge  re qu i red ( I z ) 
I E re qu i red , from exc i ta t i o n  c u rv e  
P e rcent  o f  ra t i o  e rror 

A 

0 . 9 65 
36 . 8  
35 . 6  

1 . 1  
3 . 1 %  

B c 

39 . 6  1 25 

40 80  
0 . 99 1 .  5 6  
0 . 99  2 . 7 0  
3 . 1 9  8 . 7  
3 . 2 8 . 7  

B c 

0 . 9 1 2  0 . 879  
25 . 6  69 . 6  
23 . 4  6 1  

0 . 2 5  0 . 1 7  
1 . 0% 0 . 3 %  

Percen t error i s  l e s s  than  2 0  perc en t ,  so C T  a nd rel ay taps  are  sa t i s fa c to ry .  

P ERC ENT SLOPE  S ETT I NG 

As s ume l oad  ra t i o  control , ma x i mum ra nge 
Re l ay ta p m i s ma tc h ,  from a bove  ( l i n es  A- B ) 

Use  25% tap  

24 

1 0 . 0  
4 . 6% 

14 . 6% 
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O P ERAT I N G  P R I N C I P L E S  

TARGETS 

Targets are provi ded for both the auxi l i ary rel ay and the i nstantaneous 
overcurrent un i t .  In  the event of an i nternal fau l t ,  one or both of these un i ts wi l l  
operate,  dependi ng upon the fau l t magn i tude . Thi s wi l l  produce a target i nd i cat i on on 
the un i t that operates . The aux i l i ary rel ay does not funct i on as a seal - i n  s i nce i t  
does not carry breaker tri ppi ng current .  After a fau l t i s  c l eared, t he target s hou l d 
be reset by the reset s l i de ,  l ocated at the l ower l eft hand corner of the rel ay .  

D I SABL ING TYPE BOD RELAYS 

When bypass i ng a breaker duri ng mai ntenance , the BOD rel ay must be d i s ab l ed to 
prevent fal se tri pp i n g .  I f  d i s ab l i n g i s  done by a remote swi tch rather than by removal 
of the rel ay connect i on pl ug ,  t he fol l owi ng precaut i ons must be taken :  

Short c ircu i t  studs 8 and 9 of the rel ay ,  or open the tri p c i rc u i t  at stud 1 .  The 
tri p ci rcu i t shou l d be opened at stud  1 because the seri es res i stors in the aux i l i ary 
rel ay c ircu i t  cannot wi thstand cont i nuous ly  rated control vol t age , i n  the event that 
the pol ar i zed rel ay operates .  

I f  the CT secondari es are short-ci rcui ted as part of the di s ab l i ng procedure, t he 
tri p c i rcui t shou l d  be opened at stud 1 ,  and studs 8 and 9 s hou l d  be s hort-ci rc u i ted  
before the CT secondari es are short-c i rcu i ted .  Do  not rel y on  s hort-ci rcu i t i ng the CT 
secondar i es only, because any di fference i n  s hort i ng t ime may cause fa l se tri ppi ng .  

MA I N T E N A N C E  

CONTACT CLEAN ING 

A f l ex i b l e  burn i sh i ng tool shoul d be used for c l eani ng f i ne s i l ver contacts .  Thi s 
i s  a f l ex i b l e  str i p  of metal wi th an etched-roughened s urface , wh i ch i n  effect 
resemb l es a superf i ne f i l e . The pol i sh i ng act i on of thi s f i l e  i s  so del i cate that no 
scratches are l eft on the contacts ,  yet i t  c l eans off any corros i on thoroughly and 
rapi d ly .  The f l ex i b i l i ty of  the tool i nsures the  cl ean i ng of the  actual  po i nts of 
contact . 

F i ne s i l ver contact s shou l d not be cl eaned wi th kn i ves , f i l es ,  or abras i ve paper 
or cl oth .  K n i ves or f i l es may l eave scratches whi ch i ncrease arc i ng and deter i orat i on 
of the contacts .  Abras i ve paper or c l oth may l eave mi nute part i c l es of i nsu l at i ng 
abras i ve mater i al i n  the contacts and thus prevent c l os i ng .  

The burni shi ng tool descri bed above can b e  obtai ned from the factory. 
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P E R I O D I C  C H EC KS AN D R O U T I N E M A I N T E N AN C E  

An opera t i on te s t  and i n spec t i o n  o f  the  re l ay and  i ts connec t i on s  s hou l d  be 
made  at l ea s t  once  ev e ry s i x  mo n th s .  Te sts  may be perfo rmed a s  desc r i b ed i n  
INSTAllATION TESTS , o r  they ma de b e  made  o n  the s e rv i ce taps a s  desc r i bed  i n  th i s  
sec t i o n . 

When i n se rt i n g or  w i t h d ra w i n g  a U - s h a ped te s t  pl u g  th rou gh-j umper  to comp l e te 
the tr i p  c i rc u i t  throu g h  the te s t  p l u g ,  s i mi l a r through- j umpe r s  shou l d  a l so b e  u sed  
o n  studs  8 and 9 to  ma i n ta i n  the connec t i o n s  from the  rel ay to  the  c a se . If  no t ,  
fa l se tr i pp i n g  u po n  i n s ert i o n  o r  remo v a l  o f  the te s t  p l ug  may occu r .  

P I C KU P  

C h ec k  p i c ku p  a s  desc r i b ed i n  INSTAllATION TESTS , except p i c k u p  c u rrent  w i l l  be  
d i ffe r e n t ,  d epend i ng u pon  the  w i nd i ng 1 serv i ce ta p .  P i ck u p  v a l u e  may b e  determ i ned 
as  fo l l ows : 

I 1 = 0 . 3 0  x w i n d i n g  1 ta p 

When  c hec k i ng p i ckup  o n  a p a rt i cu l ar s e rv i ce ta p ,  the e xpec ted p l u s  or  m i nu s  
ten perc en t  v a r i a t i o n  s t i l l  a p p l i e s ,  w i t h  the fo l l ow i ng accepta b l e  a s_ fou nd v a l u e s  

I 1 = 0 . 90 x 0 . 30  x w i nd i n g  1 ta p to 

1 . 10 x 0 . 3 0  x w i nd i n g 1 ta p 

EXAMPL E : 
w i nd i ng 1 ta p = 3 . 5  ampere s 
I 1 = 0 . 90 X 0 . 3 0  X 3 . 5 to 1 . 1 0 X 0 . 3 0  X 3 . 5 
I 1 = 0 . 94 to 1 . 1 6 amperes 

HARMO N I C  CU RRENT RESTRAINT  

The  proc edu re fo r c h ec k i n g  h a rmo n i c  res tra i n t  is  a s  desc r i b ed in  I NSTALLATION 
TESTS , exc ept the tes t  cu rrent v a l ues  mu s t  b e  mod i f i ed a s  fo l l ows : 

1 2 ( DC )  = 0 . 80 x w i nd i n g 1 ta p 
1 1 = 0 . 90 x w i nd i n g  1 ta p to 1 . 1 0 x w i nd i n g 1 tap  

I n  th e event  a s u i ta b l e  DC  me te r i s  
( theoret i ca l l y , th i s  conv ers i on fac tor  
re s i s ta nce  we re i n fi n i te ) . 

EXAMPLE 
w i nd i n g 1 ta p = 3 . 5  ampere s 

not  a v a i 1 a b 1 e , 
wou l d  b e  2 . 22 

1 2 ( DC )  = 0 . 80 x 3 . 5  � 2 . 8 amperes 
1 1 = 0 . 90 X 3 . 5  to 1 . 10 X 3 . 5 
1 1 = 3 . 1 5 to 3 . 85  ampere s 

I f  a DC me te r i s  not ava i l ab l e : 

1 2 ( AC )  = 2 . 2 5 x 2 . 8 = 6 . 30  ampere s  

2 6  

1 2 ( AC )  = 2 . 25  X 1 2 ( DC )  
i f  · the rec t i f i e r  b a c k  
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THROUGH- CU RRENT RESTRAINT  

I n  order  to  c h ec k  the  s e rv i c e  tap  s l o p e  sett i ng ,  t he  te st  cu rrent  va l u es  i nd i  
i n  Tab l e  I I  mu st  be mod i f i ed to take  d i fferences i n  tap  sett i ng i n to accou n t .  
Fu rth e rmo re ,  t h e  test c i rc u i t  s hown i n  Fi g u re 1 4  mu st  be  s e t  up s o  that  t h e  l ead  from 
amme te r I 3 to the tes t  p l u g  i s  connec ted to the s tud  co rre spond i n g to the w i nd i ng 
w i th th e l owe st  ta p sett i n g .  The  commo n l ead i s  connec ted  to the s tu d  correspond i n g 
to the w i nd i n g w i th the  h i ghe st  tap sett i n g .  

Fo r a ny comb i na t i o n  o f  ta p s ,  the  perc en t  s l o pe i s  g i v en b y  the fo l l o w i n g  
equa t i on : 

Pe rc en t  s l o p e  = [ ;� (:: + y- � x 100  

wh e re : Tl  = sma l l e st  tap  sett i n g 
T2 = h i ghest  tap  sett i ng 
I 1 = d i ffe ren t i a l  c u rrent 
I 3 = sma l l er of two through-cu rrents 

Ta b l e  IV  i s  d e r i v ed from the  above ex press i o n  a nd is  b a sed on a mu l t i p l e  of ta p 
cu rren t s i x  t i mes  the l owes t  tap sett i ng for a l l comb i na t i o n s  o f  taps , exc ept those 
wh i c h  i nv o l v ed the  8 . 7  ampe re ta p .  Fo r the  l a tte r case , a fou r  t ime s ta p sett i n g  i s  
used , s i nce  the tota l tes t  c u r rent fo r a s i x t i mes  tap sett i ng may b e  a s  h i gh a s  
75 . 2  ampere s ,  wh i c h  i s  no t o n l y  p roh i b i t i v e l y  h i g h  fo r ma ny i n s ta l l a t i o n s , b u t  a l so 
may s ubject the re l ay to exce s s i ve heat i n g .  

Fo r a g i v en tab u l a r  va l u e  o f  I 3 , corre spond i n g to a g i v en comb i na t i o n  o f  
w i nd i ng and  percent  s l ope taps , the va l ue s  o f  I 1 ( m i n i mum ) and  I 1 ( max i mum ) 
co rrespond to the  m i n i mum and ma x i mum perc en t  s l o pe to l e ra nc e  l i m i t s g i v en i n  Tab l e  
I I .  Howev e r ,  fo r a fou r  t i mes  tap sett i n g ,  both  the upper  a nd l owe r percent s l ope 
to l e ra nce  l i m i t s  have  been ra i sed  by a va l u e  equ i v a l en t  to the d i ffe ren c e  between 
the true s l ope a nd the nom i na l  s l ope a t  fou r  t i me s  tap  va l ue i nd i ca ted by the 
percent  s l ope  cha ra c te r i s t i c  c u rves , shown in Fi g u re 4 and 4A . 

EXAMPL E :  

W i nd i ng 1 ta p = 3 . 5  ampere s 
W i nd i n g 2 tap = 5 . 0 amperes 
S l ope  ta p = 40 percen t  

S i nc e  w i n d i n g  1 has  t h e  l owe r ta p se t t i n g , t h e  l e ad from amme te r I 3 to the te st  
p l ug  shou l d  be connec ted to s tu d  6 ,  a nd the common l ead shou l d  be co nnec ted to  s tud 
4 .  

From Ta b l e  I V :  1 3  :: � : . r ampe re s  
l l ( r n n ;  : ? 1 " L � • \ a mpe r£> s 
I I ( aa ) : '- .. ..  �. ampe n: s 
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TABLE IV  

TAPS rz 2.9 3.2 3.5 3.8 4.2 4.8 5.0 8.7 

T1 r� 15 25 40 15 25 __jO 15 25 40 15 25 40 15 25 40 15 25 40 15 25 40 15 25 40 

Is 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 17.4 11.8 11.8 11.8 

2.9 I1
(min) 2.6 4.3 7.0 4.6 6.8 9.5 6.7 8.8 12.0 8.8 11.1 14.5 11.6 14.1 17.9 14.3 17.1 21.2 17.1 20.1 24.6 28.7 32.2 37.4 

I1(max) 2.9 4.8 7.7 5.0 7.1 10.3 7. 1 9.4 12.8 9.2 11.7 15.4 12.0 14.8 18.9 14.8 17.8 22.4 17.6 20.9 25.8 29.3 33.1 38.1 

Is 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 12.8 12.8 12.8 

3.2 I
1

(min) 2.9 4.8 7.7 4.9 7.0 10.2 7.0 9.3 12.7 9.8 12.3 16.1 12.5 15.3 19.4 15.3 18.3 22.8 27.5 31.0 38.2 

I1
(max) 3.2 5.3 8.5 5.3 7.6 11.0 7.4 9.9 13.6 10.2 13.0 17.1 13.0 16.0 20.6 15.8 19.1 24.0 28.1 31.1 3'1.7 

Is 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 14.0 14.0 14.0 

3.5 I1
(min) 3.1 5.2 8.4 5.2 7.5 10.9 8.0 10.5 14.3 10.7 13.5 17.6 13.5 16.5 21.0 26.3 21.8 35.0 

I1
(max) 3.5 5.8 9.3 5.6 8.1 11.8 8.4 11.2 15.3 11.2 14.2 18.8 14.0 17.3 22.2 26.9 30.7 36.5 

Is 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 15.2 15.2 15.2 

3.8 I
1(mtn) 3.4 5.7 9.1 6.2 8.7 12.5 8.9 11.7 15.8 11.7 14.7 19.2 25.1 28.6 33.8 

I1(max) 3.8 6.3 10.0 6.6 9.4 13.5 9.4 12.4 17.0 12.2 15.5 20.4 25.7 29.5 35.3 

Is 25.2 25.2 25.2 25.2 25.2 25.2 25.2 25.2 25.2 16.8 16.8 16.8 

4.2 I1(min) 3.8 6.3 10.1 6.5 9.3 13.4 9.3 12.3 16.8 23.5 27.0 32.2 

I1(max) 4.2 7.0 11.1 7.0 10.0 14.6 9.8 13.1 18.0 24.1 27.9 33.7 

Is 27.6 27.6 27.6 27.6 27.6 27.6 18.4 18.4 18.4 

4.6 I1(min) 4.1 6.9 11.0 6.9 9.9 14.4 21.9 25.4 30.6 

I1(max) 4.6 7.6 12.2 7.4 10.7 15.6 22.5 26.3 32.1 

1
3 

30.0 30.0 30.0 20.0 20.0 20.0 

5.0 I1(min) 4.5 7.5 12.0 20.3 23.8 29.0 

I1(max) 5.0 8.3 13.2 20.9 24.7 30.5 

Is 34.8 34.8 34.8 

8.7 I1(min) 5.5 9.0 14.2 

I1(max) 6.1 9.9 15.7 
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R E N E WAL PARTS 

S uff i ci ent quanti t i es of renewal parts s hou l d be kept in stock for the prompt 
repl acement of any that are worn , broken or damaged.  

When orderi ng renewal parts , address the nearest  S al es Off i ce of the General 
E l ectr i c  Company. Spec i fy the name of the part wanted, quant i ty requ i red, and comp l ete 
namepl ate data ,  i ncl ud ing the seri al number , of the rel ay. 
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INSTANTANEOU9 
,------- OVEIICURRENT 

UNIT i OOC) 

AUXILIARY 
UNIT 

PERCENTAGE 
SLOPE CALISRATING 
RESISTORIR 3) 

PERCENT 
SLOPE TAP 
PLAT£ 

RATIO 
MATCHING 
TAPS 

SERIES TUNINr, 
CAPACI'I'OR 
iC -I l  

.... "!"il!i:i!'-f- g�Rl�fTNTIAL 
TRANSFCRI.£RiOCT' 

�·�\.- RECTIFIER 
TERMINAL 
SOARD 

_ ... Mil ..... - ����� 
RESTRAINT 
TRANSFeR MER 
iTC T )  

F i gure 1 (8031389 ) Type BOD Rel ay, Out of Case ,  Front R i ght V i ew 
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PARALLEL 
TUNING 
INDUCTOR i L2) 

---- :�i�I�R
c::��6 

SENSITIVE 
POLAR IZED UNIT 
i DHR) 

F i gure  2 ( 803139 1 )  Type BOD Re l ay , Out  of C as e , R e ar L ef t  V i ew 
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GEH-2057 

T Y P : C A L  O F F S E T F A U L T C U R R E N T  W A V E 

I � � 

__ uuu 
T Y P I C A L  T R A N S F O R M E R  

M A G N E T � Z : N G i N R U S H C U R R E N T  W A V E 

F i gure 3 ( 6209 1 95 -0 )  F au l t  C urrent and M agnet i z i ng 

I nrush  C urrent Wavef orms 
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NOTE : FOR TWO W I N D I NG TRANSFORMER RELAYS 
" THROUGH CU RRENT" I S  TAKEN AS THE SMALLER 
OF THE TWO CU RRENTS . FOR THREE W I N D I NG 
TRANSFORMERS, I T  I S  TAK EN AS THE SUM O F  
TH E I N COM I NG O R  OUTGO I NG CURRENTS , WH I CH-
EVER I S  SMALLER. { EACH CURRENT TO BE 
EX PRESSED AS A MU LT I PLE OF TAP. ) 
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'-.... - 25% 

� � 1 5% 

I 
4 6 8 10 12 
THROUGH CURRENT I N  MULT I PLES OF TA P 

F i gure 4 ( 0378A0588 -3 ) Operat i ng Character i s t i cs of the Type BOD Rel ay 
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Fi g u re 5 ( 0378A0587- 2 )  Typ i c a l  Ti me-Cu rre n t  Cu rv es  fo r 
Type B OD Re l ays 
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GEH-2057 

C O N N ECTI NG PLUG 

A UX I L I ARY B R U S H -..... TE R M I N A L  B LO C K  

S HORT I N G B A R ---

NOT E : A F T E R E N G AG I N G AU X I L I A R Y  B R U S H  CO N N ECTIN G  PLU G 

T R AV E LS 1/4 I N C H  B E FO R E  E N G A G I NG T H E  M A I N B R U S H  O N  

T H E  T E R M I N A L B LO C K  

F i gure 6 ( 8025039 ) C ro s s  S e c t i on of D r awout C a s e  S h owi n g  
t he P os i t i on o f  the A ux i l i ary B r u s h  
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F i gure  9 ( 026480499 - 1 )  E l ement ary D i agr am f or B DD16 B l 1A an d Up  R e l ays 
for  F our-W i nd i n g  T r ansf ormer P rotect i on ,  U s i ng T hree R es tr ai nts  
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.,. ype BD0 1 5 B !  l A  a n d  U p  R e l ays 
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GEH-2057 

I \�--�l------��-----------_1_-----, 
( I N STAN . ) C I '�" FU N D .  CZ --. 
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F i g u r e  1 1  ( 0 1 6 5 :. :' 5 1 4 - 2.  : � t e r n a l  C on n ec t i on s  D i a g r am for 
� yr�· BJ:  : t : :  1 ;,  a n c  " P  R e l ays 
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AT 
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BOX 
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S2 SEL. 

GEH-2057 

TEST CONN . FOR BDD15B RELAY 

LOAD 
BOX 

AT 
RATED A 
FREQUENCY 

SEL�SW S2 

TEST CONN .  FOR BDD16B RELAY 

LEGEND 
I = I NSTANTANEOUS OVERCURRENT UN I T  

AUX. 
UN I T  

I ND, 
LAMP 

F i gure 1 2  ( 01 1686801 - 1 ) Test C onnect i ons 
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GEH-2057 

II 4-48 SCREWS 

� 
------------------.i ·---- 5 ll 16 

F i gure 13 (0148A2994-l ) O ut l i ne of Test Rect i f i er 

42 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 

115 VOLTS 
RATED 
FREQUENCY 

GEH-2057 

���----------� 1 1�------� 
LOAD BOX 

A 

AC 

TEST RECT I F I ER 

�____. 2 '---� 
0148A2988 DC 

AC 

'---------4 3 \------A 

. ----------------------------------� 
s1 

• 

115 VOLTS 
RATED 
FREQUENCY 

A. TEST C I RCU I T  FOR BDD158 RELAYS 

0148A2988 

··--���--------------------------------� 
s1 

B. TEST C I RCU I T  FOR 800168 RELAYS 

TEST PLUG 
( XLA12AJ 

TEST PLUG 
( XLA12A) 

F i gure 14 ( 0418A0771 - l ,  Sh .  2 )  Tes t C i rcu i t for Type BOD Rel ays 
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F i gure 1 5  ( 0418A0786-0 ) Re l at i on s hi p Between S econd H armon i c and Byp ass 
C urrent wi th  I DC set at F our Amperes 
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F i gure 1 6  ( 01 78A081 1-0 )  D i fferent i a l Vol tage Operat i ng 
Character i s t i cs of Type B DD Rel ays 
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600 / 5  

.3000 KVA 
.3750 KVA 

GEH-2057 

! 44 KV 600/5 

�--6------���---+LU+v �­
FKA 1500-46 

y 

SELF COOLED 
FORCED A I R  COOLED 

1.3 . 8  KV 

FK-14 . 4  

F i gure 1 7  ( 0165A7601 - 1 )  Transf ormer Con nect i ons  Used  i n  S amp l e  C al cu l at i ons  
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G L A SS 
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SC REWS { fl )  

GEH-2057 

- -� - -
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9 7 S 3 I 
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MTC, ON ST E E L  PANEL� PA N E L D R I LL I N G  F O R  

SU R FA C E M OU N T I N G  ( F RONT  V I E W} 

F i gure l8 ( 6209273-4 ) Out l i ne and Panel  Dr i l l i n g D i mens i ons 
for Type BOD Rel ays 
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