
(Designing and experimzntal kit simulation with 

Differential relay to protect a transformer) . .* 





Abstract 

This research is a study of designing and experlnenlal-kit simulation with differential 

relay to protect a transformer. The simulation is consisted of breaker nipping unit module, 

lighting module, ground fault module and coittroi stop clock set. 

The results of the smdy are the ability to set Id, and IdZ at ?0%, 22.5% and 25% and the 

suitability lo select the limited resistance of short circuit at 800 n 10 W. Tripping could be 

accurred within 130 ms to ?80 ms. Furthermore, the sening high value percentage of Id is 

poss~ble when the short circuit has been increased which resulted in shortage of hansformer life 

span if the experiment is repeated. 
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8 Setling-list XDI-T 

Power tronsformers ore classified os ooe of the mosl 
voluoble equipments in o power system, hence their 
protection is of very high impdowe. The tronsformer 
different101 protection ~rovides lost tripping in cose of 
o foul1 - before severe domoge spreads out. 

The XDl-Treloy is o sirid selective object prolection 
for twowinding tronsformers. Within o very short t~rne 
 his reloy delecis foults mcuring within ihe zone IG be 
protected and which require immediole tripping and 
isolation of the tronsformer. Such foults ore: 

short circuits between turns, windings ond cobles in- 
side the lronsformer housing 
earth muits ins~dt. the housing 
shod circuits ond earth foul~s ou~side the housing but 
within the protec~ed zone 1e.g. ot bushings or supply 
lines). 

The XDI-T ii also oble lo de1er.t o k r  operotionol 
cond;!ions (e.g. foul:; outside the protected zone, cir- 
cuit closing etc.1 i.e. i t  does not issue 1r:pping com- 
mands for foulis or ony other tronsienl phedwmeno out- 
side the protect& zone 

Additional to the tronshormer differen~iol proteclion on 
overcurrenl reloy os backup protection 1s recom 
mended. For this opplicotion we offer the reloys 
MRI l/IRI I/XI I. 

The reioy XD I -T of ihp P:OFESIONAL [INt hos :he fol- 
lowing speciol feotures: 

Foult indicot~on via LEDs . Exlrernely wide operoting ronges of the supply volt- 
age by universal wide-ronge power supply 
Very fine groom *ids selling ronges 
Extremely short response lime 
C o m p d  design by SMDtechnolcgy 
Very low C.T. burden 
Adjustment to tronsformolion rotio ond connection 
groups wi~hout external interposing C.T.s 
Two stoge hipping chorocteristic 
Galvonic insulotion between oll independent inputs . Additionol printed circuits "Soturotion Delection" con 
be retrofitted ot o loter time . Self5upervision of stobilizotion circuits 
Wide setting ronges 
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2 Design 

Analog inputs Contact positions 

TIE ono!cg secondory currents of the HV side ore f d  
lo the protKtion reiay viu :erminois I Sl  - 3S2 ard Oprclion wi~hout fo~l'! 

h e  secondary currents of ihe LV side via te;r.inals or deod condit'ms 

4s 1 - 652. 
. . . . . . . . . . . - - - . . . . - . . . . . . - - . . . 

14 12 il 24 22 21 

Auxiliary voltage supply 
: Conlcil pnsitions ofter 

Unil XD 1-Jneeds a seprote ouxiliary vdtoge supph/. i : yipping 

Tnerefore a DC or AC vol!age rnusl be used. AL, AI> , 
. . . - . . . . . - - - - . . . - . . . - - - . - - 

llnit XDi-Jhos on iniegroied wide ronge powa 
supply. Voltages in the rcngz Lorn 19 - 390 V DC or Figure 2.2 Ccn!acr pa.i!~orn or rhe o~:mt ie-a!: 

36 - 27.5 V AC con be opplied at connection terrni- 
ncls A l  ond A2. 



3 Working Principle 

3.1 Opwating principle of h e  dierentiol 
pmtection 

The fundamental operating principle o i  transformer dif- 
ferential proledion is b o s d  on conpcrir-.: ~f th& 
tronsformer primary ond secondary wincing currents. 
For on ideol ironsformer, hoving a 1 : 1 rctio and n e  
glecting magnetizing currenl, the :urw,ts entering ona 
leoving the transformer must be equal. 

During normol operolion or when o shon c~rcuit hos 
occured outside the protected zone. the C.T. secorr 
dory currents i ~ t  the differentiol circuit neutrclize each 
other. In cose that o differentiol curren, I= ocr.lrs, a 
fault in the lransformer is  detected. 

DRerential relay 

. 

Biasing circuit 1 q-Lb 

Because of different problems, however, in practice 
meosures for cocptian and stabilization hove to be 
token to ensure tro-bldree function of the transformer 
differential prolection: 

Due to possible mismatch of rolios omong different 
current tronslormers. 
Phose differences between primory ond secondory 
side, coused by irqnsformer vector groups, hove to 
be duly considered. 
Switching operoli~r~; in the y id  hove to be recog- 
nizffi os suck. 
Inrush currents of the tronsformer muoi not result in 
mcloperolion. 

3.2 Balancing of phases and current 
amplitudes 

iint of oll the piiose ditference between primory o d  
secondory side, which is caused by transformer vector 
groups, hos lo be compensotd ond the current ompli- 
tudes to be balanced. Unlike most oiher dikren~ial  
proiection relays available, this scheme includes inler- 
pssing C 7.5 integrated in the differentiol retoy, extro 
interposing C.T.s ore not required. 

Connection o? interpsing C.T.s is dependent on the 
vector group of the power trunoformrr. For instance. 
lor lronsformers w i ~ h  stor (Y) windings ihe interpsing 
C.T.s ore connected in delta [A\ to reject residuol cur- 
rents l ie .  cvrrents flowing to the ironsformer cue to on 
eorth fault outside the protected zone and wh~ch 
woulc prcfi~ce o difierentiol current I,] Ond to prevent 
moioperotion of tile diberer~tiol protection. 

Figure 3 I - Genml orroogemen! of d,liereorioi ~ra*ecool 
Id - diffeieorsot (trippng) cumn. 
is =stabilizing currerg 



3.3 Tmnsf-r regulation steps 

The XDIJccn  universclly be used i e .  olso for regulol- 
ing ircnsformers with on odlustoble tronsbrmo~ton rotio 
to stobilire vcltoge fluctuqtions of the supplyirg sys 
lens. Since, however, os o result of vector group h l -  
once and tronslotootion rotio h lonce the oifferenhol 
proteclion is odjus~ed tc !he nominal tranrformotion rc- 
tio cl  the transformer, on oppcrent cifferen~ial current I, 
arises proporfionally to the flowing l a d  current. Mal- 
operolion of h e  prciection is prevented by the lmd- 
propodional stobilizing current I,. 

The figure 3.2 exploins the soturation of ihe C.T. core 
due t oo  shod circuit current. In the inslonl of o shod 
circuit often o DCiompnent is present in !he current. 
The high primory current ~nduces o flux in the C.T. 
core, recching the mturclion kvel. The iromore r e  
loins the high flux level even oher the p-inory current 
fclls lo zero. In the line perids of soturation the C.T. 
does no1 transform the prinory currenl lo the secondary 
side but the secondory current equals zero. 

3.4 Working principle of tkr C.T. 
suiumlion dekcfor SAT 

With many lronsformer differential proledion systems. 
retoy ins~obilit~ may couse to trip if the moin current 
trans for me:^ salurale. In the transient condition of ratu- 
rolion the C.T.s on baih ends o i  the proreclod zones 
do nst produce ihe correct secondary ctlrrenl occord- 
ing to !Lie ;(imorycurr+nt. Thz differenliol relo? meas- 
C ? ~ S  i) differen~ial curen+ an the secondary C.T. side 
which is not present on the prima9 side. Hence o nui- 
sonce tripping might cccure. 

Such transient phonomeno causing C T. soturation 
,xoy occur due to: 

H e a v  ihrough foul~s [exte~nol shod circuill 
S~orting sf big motors 
Magnetizing inrush currenls of lronsf~rmers 
Inlerno; ioults 

ol Prinoiy current will DC okel 
O) Core !lux d e r s i  
cl Secaowy ci.ne.? 



Dissiniior soturotion in ony diEerent101 scheme will 
produce operating current. 

Figure 3.3 shows the differentiol mmsuremenl on ihe 
example of extremely dissimilar soturotion of C.1.s in o 
differentiol scheme. Fig 3.3 shows the secondory cur- 
rent due to C.T. soturotion during on transformer foult 
linternol foultl. The differenlioi current id represenlh the 
foult current. The differentiol relay nus! trip instonlone 
ously 
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Fig. 3.3 shows the two seconocry currents in the in- 
stant of on hmy edernol foull, with current i l  sup 
posed to C.T. saturation, current i: without C.T. saturo- 
tion 

The differentiol current id represents the measured dif- 
ferential current, which is on operating current. As this 
differentiol current is c o u d  by on external foult and 
dissimilar soturotion of the two C.T.s, the differentiol r e  
loy should no1 trip. 

Leh Single end fed: i, = secondary oulput current from soturoted C.T. [theoreticall 
I = 0; Internal foult fed khom side I only 

ld = rnmsured differential currer,: 

Right Externol foult: i, as in fig. 3.3 for on internoi foul1 

i, normol currenl from C.T. secondary on side 2 
The wave forms for the di;fer-.ntiol current I, for in~ernol ond externol 
foults ore seen to be differen1 For the two coses considered. 

Figure 3.3. Current cwnparisoo wirh C 1 s sauiared by DC ohel in hu l t  curre", wave fmm i o lwml  hu i i  



The satural~on detector SAT anclyses the d~fferent~al 
current of each phase seprately. The SAT module o ~ f  
ferentioles the dlfferentiil current and aeteds 

Role of change of differential current d[i,l/dt 
Sign 01 d(i]/dt 
Internol/exlernal foul1 
Duration of soturction, within one cycle 
DC or AC soturotion 

The instant of on extreme rate of ihange of differentioi 
currenl d[i,)/dt clearly marks the beginning of o C.T. 
saturation. 
The sign of this dlid)/dl vulue distinguishes the inlerncl 
faull from an external fault. 
One detected exlrerne d[i,l/d~ value per cy ;e  indi 
cares o saturation due to Kcurrenl  conlents. 
Whereas hvc exirerne d[iJ/d~ volues per qc le  indi- 
cate o C.T. soturotion caused by a high ol~ernotin~ 
current. 

The lcgic control evoluating above information d r  
rive.. 

Only external faults leod to blocking oi the trip circuit: 

In caze of detected DCzurreni saturation the differ- 
entiol current measurement is blocked completely 
until: the transient condition ends, or on inle:nal fault 
is detecled (instontoneously), or ACfurrent solurolion 
is detected. 
In cose of de~ected ACzurrent sobration only ihe 
lime periods of soturotion ore Mock& during one 
cycle. This meons tho1 even under severe soturatisn 
the differen!ial relay evaluates the differential current 
in "sound" time periods. This is o maior advantage 
io relays solely applying harmonic hlters lor salura- 
tion delecling. 
All detected transient phenomeno chonge the trip 
ping cha~octeristic to the "coorse iripping charac~er- 
istic" (PI. ref. to Technical Doto]. 
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This logic control circuit provioes o continuous sell di- 
agnostic, limiting ony blocking function to maximum of 
1.7 seconos. 

This approoch has several odvontages. For example, 
i f  o C 1 mturcted os o result of an external bull, the 
relay remains slable becouse the measuring system 
recognizes the cifferenlia current is due to C.T. sat'lro- 
lion oiising from o  foul^ outside ,he prot~cted zone. 
However, if on in~erncl fault occurs, this is immediately 
recognized, blocking is overridden ard  Ihe relay trips 
immediateiy. 

Sinilorly. ii o fculi accurs during magnetizing Inrush of 
c transiormr his is inmedialely detecled and the di' 
fercntial retoy operctes correctly tripying the tram- 
lwmer. 



3.5 Transformer inrush 

When o tronsfarner is  first energized, a transient in- 
rush current flows. This inrush current occurs only in ihe 
energized winding ond has na equivalent on the other 
side of the trcnaforr,er. The full amount of inrush current 
c p r s  cs cifferel'io! cur-ent cnd woulo cause the 
differential relay to [rip if there is no stobilisation 
agoinst the inrush phenomenon. 

Typically the inrush current contains three components 
that distinguish il from other fault currents: 

The DCtomponent: 
The DCsomponent is presenl ct Ieosl in one 
phose cftbe intush curent, dspndi,iy on the 
instant of energizing. 

The second harmonic: 
The second hcrmonic is present in oil inrush 
currents cue to unidireci;oncl flux in ihe 
transforner Lore. 

The F h  harmon~c: 
The fihh harmonic is present when the 
transformer is subjected to a temporary 
overvoltoge 

The Filter module "SAT detectc not only C.T. sstu~ctior~ 
due to exterr,ol ;oult; but olso the inrush current of the 
tro nsforner to b protected. 

The differenticl current i, of each phose is o n ~ ! ~ e d  
sepora~ely. The signol of id posses a filter arrangement 
detecting transient conditions due to the DC- 
component, the second hormonic and the fihh har- 
monic. 

Thus 011 three components ore useo for aeteding on ;? 

rush current. The limits for blocking of the dilferentiol 
protection cre: 

The restraining influence, resp. the blocking oepencs 
on [he combinatian of the three componenls. If only a 
single component is present, the highes~ volue applies. 
If o mixture of all three components is present.  he l o w  
est values cpply. 

With !his combined meos~remei~t of the three restrcin- 
ing components XD1-Tachieves: 

Relioble inrush stobilixllion 
Fost tripping it the inconing trorsformer isdefective 
Reslraining feature against C.T.saturofton. 

Whereas o complete b i d i n g  of the protection ;s only 
performed d u r i .  ihe first energizing c4 the trons- 
f m e r ,  the hormonic contenl supervision restrains dur- 
ing normal operolion ogoinst phenomena like C.T. 
saturation. This meons tho1 internal foulls will be de 
teded instantaneously [msl, whereas external bulls do 
not cause tripping. 

The inrush b!ocking is stopped when: 

The dikreniial current I, falls below the tripping cho- 
racteris:ic, or 
the differen~ial current I, shows on internal fault, a c  
cording to lhe harmonic conlsnt, or 
the differential current I, exceeds 15 x noninoi cur- 
rent, or 
s tixed period of time has elopsed. 

The Sosic relay version without module "SAT" does 
not provide the harmonic restrain feature. 

For cpplicotions on bigger transformers or for genero- 
ior-transforner prcrlection we recornnena the use of 
module "AT" 

DCromponent: 20% .60% 01 i, 
2nd h~ rno r~ i c :  20% ... 50% of io 

5th harnonic: 107; ... 25% oi  i; 



3.6 Block diagmm 



4 Operation and settings 

All operaling elenents needed for sening parameters 
ore lmoted on ihe franl plated the XDT-Tos well as 
all disploy elements. 
Because of  his all odiustmenls of h e  unit ccn be 
node or chonged wihout disconnecting ihe unit off 
llle DIN-;oil. 

LED; 

For adjuslment of ihe unit the tronsporent cover i~as !.I, LED ,,ON" is us& io: displuy of the reuciness fo; ser- 
be opened as illustro~ed. Do not use force! The !,ans- vlce [at applied cuxiliory vdbge Uvj. LED5 11. 12 13 
parent cwer hor bm insetts for labels. ond TRIP cre provided for Foult inaication. LED ~> /a  

indicates inrush stabilization. For ;cloys with on oddi- 

\ \  tional SAT mcdule, chonaeover lo rre coorse neosur- 
lmg element is indicatd 

Reset push-button 

The Reset push-bunon is usec icr acr:cr~~,ecgenenl 
cnc rese!!ing tlie LEDs oher !ripi:~yz 

Potentiometer 

The 3 patenliomeler on the lov:~: .i3>. zlce cf t h ~  (ion1 
plate ore provided for adjurtnznt G: ihs ,nt?rpsing 
C.Ts [tefer to chapter 53.11. 



4.1 Pornmeter setting by using 
DIP-switches 

The XD I-Tprovides two DIP-switches for the oojust- 
ment of the tripping choroc~eristic: 

I,: represents the sening far the lripping orm M o w  
nominol current. The I-, sdling relales to the noninol 
current of the reloy ond is independent of the through 
currenl. 

I,, represents the sening for the tripping o rw  obove 
nominol current. The I,, sening relates to the "stabilizing 
current Is'. Wherms Is is the cvrrent flowing through 
the protect& zone. This Siosing a r m  is imparlanl for 
externol foults. The higher the currer,, d11e to an exter- 
nal fault, the higher is the biosing inf!uence. 
O n  through fovik, large differential currents may be 
produced by the transformer lop chonczr or cue to 
mismotching of the current tronsiormers. The biosed 
slope characteristic preveMs iincorrect operolion of the 
reloy under these codi;iom. 

Wh the odditionol rncduie 'AT the tr:*i,ig chc.acter- 
istic chonges to 'cwrse" in ccse of oetectw transient 
phenomena, os explained obove. T k  fixed tripping 
values !or the cwrse rneosu,ament are. 

I,, = 100 % 1, 
I,, I- SO % Is 

4.2 kning recommendations 

The tripping chorocteristic should be seleclec accord. 
ing to ihe known mismolch OF the secondary currents 
fed to the relov plus o sofety rnorgin of 10 to 15 %. 
This setiing ovoids moloperation cousec by normo! 
lood condi~ions. 

Mismolch of the currents moy be prcmucm by: 
Rotio error ond phase shihing of the C T r  Eg.: For 
prolection C.Ts of 1 OP20 rating the rotio error ot 
nominoi current is mox. 3 %.At 2 0  tines noninol 
current the rotio error reoches 10 % 

Lwd lop changer (LTC). The outonotic LTC nay 
vory the ralio of the protected transformer os much 
as *lo%. This causes a currenl rnisnatch of the 
sone omount. 
Die Abweichung, die sich durch die Transfornotor- 
Scholtgrupp ergibt, sollte durch die internen 
Stromwondler und deren Burden konpensieri wer- 
den. 

Considering the example obove, both senings I,: ond 
I,, shouid be set to: 

3% + 3% fo: C.T. errors 
1 C% for transf~rv?r step ;hanger 
15% safety rnorgin 

Arrives to a setting of 31%. The nwrest possible sel- 
ting is 30%. Hence both DIP-switches should be set lo 
30%. The pic:ures below show the DlFswilch sening 
os well as the octual tr~pping chorocteristic. 



For this DlPswitches for I, ond I,, hove to be in the 5 Relay ksting and 
following positions: commissioning 

Correzt conneciion of primtory on0 secondary side of 
ine C.T.s as well os the correct connection ond od- 
iustment of the internol mctching C.T.s ors !he condt 
tion for o perfect service of !he differential relay. 
Therefore pleose obsem: 

The order Fom shoulo be filled with great core. 
The transformer differentiol reloy will be 
prendiusled ot SEG according to the order form. 

W k n  tcking the reloy into service the commissioning 
checks expbined below should be followed. 
The tesl instructions following '*!ow help tc verify the 
proteclion relay performorce before or during iommis- 
sioning of the prcLezl;"n sybtem. To ovoid a rc!oy 
domoge and to ensure o correct relay operalion, be 
sure that: 

the ouxiliory power supply roling corresponds to the 
ouxiiiory volloge on sile. 
he roted current correspond to the plan: data on 
site. 
the curren; tromformer circuits ore connecled lo the 
reloy co~rect l~. Fleose poy speciol attention olso to 

 he primary co~~neztions of the C.T.8. 
the input circ~its and outpdl relay circults are con- 
nect& correctly, 

5.1 Power on 

NOTE1 
Prior lo switch on the auxiliary p w e r  supply, be sure 
thct the auxiliary supply voltoge correspnds with the 
rot& doto on the type plate. 
When ihe ouxilicry supply is switchec on pleose 
observe that the LED "Ok" is oligh~. 

5.2 Second- injection test 

Test equipment: 
One odiustable current source up to IWO times nomi- 
nal current of ihe reloy 
Ammeter with closs 1 
u x i l i o r ~  supply source corresponding with the nomi- 
nnl ouxiliory supply of the relcy. 
Power diode ( 1  0 A) 
Switching device 
Test leods and tools 

NOTE! 
Before this test is initiated by meons of secondoy cur- 
rent, it must be ensured tho1 the relay cannot cause 
ony switching octions in the sys'em (shutdown risk). 



5.2.1 Trip level I,, 

lniect o current into each current input according to h e  
lest circuil.beIow and check the current value 01 which 
o trip occures. The tripping values should correspond 
10: 

For ihe relay side connected lo the storside of the 
lronsformer: 1.73 times the setting of I,: 
For the reloy side connected to ihe delta side of lhe 
lronsformer: 1 .0 times lhe setting of I,,. 

The difference of lripping levds is explained by the irr 
ternol matching C.T.s. The storside matching C.T.s 
are in~ernolb connect4 in dell0 ond transform the cur- 
rert to o value 0.58 times the inpu; curreat. 
The delto side molching C.T.s ore internolk connec;d 
in slar. Hence ke han:for8.,otion rolio is 1 .  

Figure 5. i - Tesr circuir 

5.2.21nrush blocking 

Adjus~ the input current to opp. 1 5 times nominal cur- 
rent. Switch off the current. 
Switch the current on with the same adjustment. Ob 
serve lhol the inrush blccking LED lights up and no trip 
occurs. Observe that after o biocking time o i  3.5 s ihe 
LED extinguishes and a trip occurs. This is  caused by 
the maximum blozking time supervision. Swi~ch \he 
curreni OH. If solurolion detector SAT is used the moxi- 
mum blcxking time is reduced to 1.7 s. 
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5.3 Primary k s t  

The lest of the cotrect connection of the main C.T.s 
and the correcl matching of the internol measuring voC 
ues con onh be done with the ~ronsformer in service. 
A minimum lmd of app. 50 % o f  lhe tronsfotmer lmd 
is recommended lo ovoid nalinterpretotion of measur- 
ing values. At low currents the magnetizing current of  
the transfotmer has a high influence on the test results. 
M o b  sure that ihe tipcircuit of the differenliol relay is 
blocked and connol cou- unwonted tripping. On the 
o~her hand a bockup proleclion, like on overcurrent 
reloy, must proted ihe tronsforrner in case of faults ! 

The correct connection and occurote adiustment of ihe 
C.T.s con be checked wi~h a voltmeter. For  his 7 ter- 
minols ore provided at ihe lower ~erminol strip. The os- 
socirted adiustment potentiometers ore orrangeu a b  
ve lhese terminals. Differences of the main C.T.s up in 

15 % I,, cun be odicsfed by the potenliometers. 

Informotion about measuring resulls con be found on 
the following table. 



The interncl r ~ s u r i n g  voltages prapdionol to the in- 
put currents may be measured as folbws. The measur- 
ing instrument should be o digi~ol multimetel- ;st to AC- 
voltage measurement. ronge 2.0 V. The readings 
stated below reier tc nominal current of the tlnnsfwmer 
[rekrring lo the order fwm]. Any current volue belw 
may bs colrulo~ed proportionally. 

01 

bl 

4 

dl 

Pleose also note that d;e to h e  C.T. errors ond the 
transbrmer mognottzing current the mmsuied volues 
might deviok up to 10% from the ihmreticol volues. 

Nominal lwd current of thc tronsforrner is generally 
~ronsformed to the internal meosurirjg volioge of 
550 niV AC. Bofh amplitudes of the measuring volt- 
oges of one phose, e.y. 111 ond ; 12, sho~id be 
equol. The phose angle of the >,oltogei of ore phase, 
e.g. 111 and 112, must be 180 degrees. A slight d e  
viotion might be cousd by the magnetizing current of 
the ~ronsformer. 

Measuring 1 [ I l l  - GND) 
Measuring 2 (211 - GNDI 
Measuring 3 (1 11 - 211 1 
Meosuring 1 11 ll - GNDI 
Measuring 2 1211 - GNDI 
Measuring 3 [ I l l  -2111 

Measuring 1 [ I l l  - GNDI 
Measuring 2 (211 - GNDI 
Measuring 3 [ I  11 - 21 1 1 
Measuring 1 1 Ill - GE31 
Measuring 2 (211 - GND] 
Measuring 3 (1 ll - 211 1 

tience the dilfereiltioi measurement in one e.g. 
lead 1 connected to I L l  and lead 2 connected to 
211, must reod b.vice the volue of the measurement 
111 toGND. 
In cose ihere ore devioiions from the expected volue 
please check 011 wiring lo the relay. This check must 
include the connection of the primary C.T. side cnd 
the secondary side. In mosl cases o wrong conneclion 
of the C.T.s is ihe reoson for maloperotion of the dif- 
ferentiol prolection. If oll connections ore correct ond 
the intern01 measuring volue s~ill shows deviotions horn 
 he expected volues, pleose check if the tronsforrner 
group given on the type plote corresponds to the trons- 
former vector group. 

If the single end& r,ieasurements 1e.g. 111 - GN31 
differ williin m e  phase, e.g:  
I l l - G K D :  400mV 
211 - GkD:  600 n V  
111 -211: l 0 0 0 n V  
but thC oikre~';-,l mecsurene-I equol  the sum of both 
;he deviotion ncy  !x bol~ncea using the ccncerned 
pclentlmeter on the fron~ plote. 

550 mV 
550 n V  
l l 0 0 n V  

550 mV 
550  mV 
0 mV 

550 mV 
550 mV 
550  mV 
550 mV 
550 n V  
950 mV 

Altention! 
Disconnect oll leads for oaiusring the interposing C.T.3 
ond perlorn the fdlowi~ig function test- 

Correct conneclion 

Current fit*, of a C.T. IS 1 ond 521 is mixedwp 

-- 
Phose position nixeovp 1e.g. one current from 

phcse 11, the other one from phose 121 

current flow o d  phase position of o C.T. is - 
mixed-up 

l w d  the trcn;forner with minimum 50% iwd. Assure 
tho; !he tripping of ihe trcnsformer C.B. does no1 cause 
unwonted dcnoges jbicckoutl. 
To opercte the differentiol reloy use o shorting link be 
tween one of the phose terminals and GND, r .g .  
connecl 1 ii lo GhE .  The relcy shoulc trip imnedi- 
otely. ti no lrip occurs ncke sure tho1 ihe ioce clrrent 
exceeds the se: vclue of I; 



6 Technical data 

6.1 Relay case 

Relay XD1-Tis desi3nPd to be fastened onlo o DIN-roil oc:. to DIN EN 50022, he  scrne os oll units of the 
P R C F E ~ ~ I O N A L  LiNt. 

The front plcte of the relay is prolecim' with o smloble trcnsporent cover (IPdOl 

Connection terminals 

The conneciion of up io o rcximun 2 x 2.5 ~ n '  crosssection conouclors is possible. For this the tronspcrent 
cover of the unit hcs to ke re7ovd !see porc. 4). 



6.2 Technical Data 

Measuring input 

R o d  doto: 
Rolm' curr2nl I,: 1 A / 5 A  
Roled frequency f,: 5 0  - 6 0  Hz 

Power consumption in current circuit: ol I., = I A c0.1 VA 
ot li, = 5 A c0 .5  VA 

Thermol withstand ccpab i l i ~~  
in current circuil: dynamic currenl withs~ond [holfwove] 250 x I, 

for 1 s 100x1, 
for 10 s 30 x I, 
conliauously 4 x 1, 

Auxiliary voltoge 

Roled ouxiliory voltages U,: 

General dqta 

Dropoul lo pickup rotio: >9PA 
Relurning lirn?: dons 
Returning lime ofier trippinq: 1 OOms + l  Oms 
,&\ininurn opercling lime: 4 0 n i  

Oulput relays 

The output relays hove the foliowing chorocleris~ics: 

Mcximun breoking copcciiy: 250  V AC/ 1500 VA / conlinucus curreni 6 A 

L/R = 70 ms I 

0.18 A/54 W 
0 , 1 5 A / 4 0 W  
0,2 
0.30 A/17 W 
2,50 A/60 W 

Mcx. rctes ncking current: 6 4  A [VDE 0435/0972 cnd IEC 65fiDE 0860/8.86) 
Making curreni: min. 20 A 11 6 msl 
Mschonicol life spon: 30  x l Okperoting cycles 
Eisdricol life span. 2 x 1 0' operoling cycles ot 220  V AC / 6 A 
Conlocl ncteric: silver codnium oxide (AgCoOl 

L/R = 4 0  n s  

0.2 A,/63 W 
0 , 3 A / 7 0 W  
0,4 A/40 W 
0.5 A/30 W 

4,)  A/100 W 

For DCvoltoge: 

300  V DC 

P D C  
1 1 0  V DC 

6 0  V DC 
2 4 V  DC 

ohmic , 
0 ,3  A/90 W 

0 , 4 A / l O O W  
0,s A/55 W 
0.7 A/42 Vv 

6 , 3  



Sysbrn duta 

Design standard: V M  0435, T303; IEC 255-4; BS142 

Specified ambient service 
Storage lernperoture range: - 40°C la + 85°C 
Operating lemperalure ronge: - 20°C lo + 70°C 

Enviranmentol prateclion closs F 
as per DllU 40940 and per 
DIN IEC 68 part 2-3 relat~ve humidity 95 Y of 40°C for 5 6  days 

lnsulolian lesl volluge, inpuls 
ond outputs between themselves 
and to ik relay frgrie as per 
VDE 0435, port 303 and 
IEC 2 3 - 5 .  

Impulse test vallage, inpuls 
and outputs between themselves 
and to !he reloy frave as per 
VDE 0435, port 303 and 
IEC 755-5: 

2.5 kV (eff.1, 5 0  Hz; 1 rnin 

5 kV; i .2/50 pi; 0.5 J 

High frequency interference 
test valloge, inputs om oulputs 
between lhamselves and lo the 
relay frame os per IEC 2556: 2.5 kV/ 1 iviHz 

Electrostatic discharge (ESD] 
lest os per VDE 0843, part 2 
IEC 801-2: 8 kV 

Radiated eleclrgncagnetic f~elo 
tesl as per VDE 0843, part 3 
IEC 801-3: electric field strength 10 V/m 

Eleclrical fast tromient (BurslJ 
lest as per V 3 E  0843, part 4 
IEC 801-4: A kV/2.5 H z ,  15 ms 

Radio inlerference suppression 
test os per DIN/VDE 5787 1 : limil value class A 

lvlechanicol rests. 
Shock: 
Vibra~ion: 

class 1 as per DIN IEC 255 port 2 1-2 
closs 1 as per DIN IEC 255 pod 21-1 

Degree of proleclion: lP40 at closed front cover 

Weight: ca. 1.5 kg 

Mounting position: 
Overvoltage class: 
Relay case materiol: self-extinguishing 



Tripping characteristics 

Figure 6 2: Tripping :cop 



Accuracy debils 

lor 1: < I,,: 

lo1 is L I:.. 

where 

Nore: 

e = relative error 
I, = stabilizing current 
I, = rated current 
I,,: = measuring differential current which results in tripping 
I,,, = differential current selling 
The accuracy details quoted are hased an interposing current transbr- 
,ner with exocl rorrec,ion ro:;o. 

Accuracy 01 reference conditions: 
Ternprroture ronge 
-5°C. ..40°C e 5 2 . 5 X  
rrecuency ranqe 
5Q Hz . .60  Hz: e s 2 . 5 %  

II h e  operotins 'Prnprature or frequenry ore au~side ihe ranges quolt, additional errors ore: 
Tenprrature range 
-20°C. 70°C: e, < 2.5 % 
Frecuency range 
45 H z  ... 66 Hz: e,! = 1 % 
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7 Order form 

Please leave hox empv if optio~ i: not desired 

Differential protection relay XDI-  

lranslorrrer proledion (hyo windings) T 
P,imoy :old cir.ent 1 A 1 

5 A 5 
Seconcary rated cu-renl I A 1 

5 A 5 

- 

. 
rime 

Latching relay 0r.d manual reset SP . none 
Earo eqdio.re?t for celioble iunaioning &ring CT soldrotion ' SAT 

(Transformer rated capacity 

Important instruction ! 
In order to ensure the balcncing o f  thc transformer differential circuit, ihe variation oi the current referrec to the 
current tronsformer secondory shall be in he ronge hom 50 % 10.5 A for 1 ACT ond 2.5 A for 5 A CTI up to 0 
muximum of 1 1 C % ( I .  i A for 1 A CT and 5.5 A fo~ 5 A CTI. LVe reqreql you to kindly considel this bctor 
while choosing the layout of the tronsfo;;ler. 

MVA / 
'Vector group 1 bollage High voltage side 

Low voltoge side 

Current transformer rotio High voltage side 

Low vol:oge side 

Roted current Iiigh voltoge side 
Low voltage side 

Pleose check by mecns d h e  following forrnulc the corrrtcmess of your doto: S= U - I &  

kV*  % 

1 
! 
/ 
/ 

Tschnicol doto subiect to chonge without notice I 
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Differential Relay 
I 

COOPER Power Systems 

MD32T Transformer Differential Relay 

Electrical Apparatus 

The MD32T Transformer Differential 
Relay is a member of Cwper 
Power Systems' EdisorP line of 
microprocessor based protective 
relays.The MD32T relay offers the 
follmhng functions: 

Hiqh and low set diiareitial 
elemerds for each phase with 
multiislope bias charaderistics. 
The MD32T is suitable for 
protecting anv two winding 
t r a n ~ f o r ~ e r  or a three wiGdiding 
transformer with unitdirectional 
current flow. 

R Low set differential clement 
response iime of less tnan 2 
cydes, higt, set response time 
under 1 cycle. 

Programmable 2nd and 5111 
harmonic res:iaint elements 
which may be reduced autc- 
rns:iwl:y during transformer 
energizalion or at any time by 
an external trigger. 

3 Restricted gmund fault element. 

Automatic CT ratio compen- 
sation for all transformer 
winding and CT mnnection 
configurations through 
programmable vector groups. 

16 cyde oscillographic remrds 
of trip events. An oscillographic 
remrd may also be triggered 
externally. 

The MD32T also shares the 
following features common to all 
Edison' relays: 

Simple five button man machine 
interface (MMI) allows access to 
all functions, settings, and 
stored data without the need for 
a mmpuiar. . Bright electroluminescent 
display easily visible evsn in 
brightly lit environments. . Draw-out design permlts relay 
testing without dislurbing 
connections to case. 

Figure 1. 
Fmnt View of the :AD32TTransfonner D i i ren t ia l  Relay 

Modbus mmmunication 
protocol and RSA35 terminal on 
rear. 

Modular design allows the 
daw-out module to be fitted to 
a variety of space saving 
cabinet styles. 

Three programmable Form C 
(SPDT) output mnfacts and one 
Form AIB mnlact. . Pick-up (stert-time) elements. . Programmable reset 
characteristics. . Dedicated power supplyirelay 
fail output mntads. 

Applications 
The MD32T is ideally suited for the 
protection of any two winding 
transformer against two or three 
phase internal faults, inter-turn 
ffiiills, and ground faults in 
transformers with low-impedance 
or solidly grounded neutrals. 

The MI32T may a l a  be used to 
protect multiiwinding transformers 
where one 'uicding always acts as 
the souroe winding, and the CTs of 
the other load windings are 
connected in an appropriate 
manner to represent the sum of the 
load currents. 

For autotransformer-started motors, 
some diffarential protection 
schemes indude the 
autotransformer in the zone of 
protection. In this case a rotating 
machine differential relay, such as 
the MD32G. is not suitable as the 
2nd and 5th harmonic restraint 
functions common to transformer 
differential relays is required. For 
this application, the MD32T should 
be used. 
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Flgure 2. 
Dual Slope Bias Characteristic of the MD32T Diffe;ential Relay 

Multi-slope Biased 
Diierential Ekment 
Eacn phase is provided with its 
own differential element with a 
characteristic as shown in Figure 2. 
The relay internally calculates the 
RMS value of the differential 
current compensated for any CT 
ratio and phase angle mismatch. 

The minimum differential current 
required for operation is adjustable 
between 0.1 and 0.5 pu of the rated 
current. This setting is fixed up to 
0.5 pu of the transformers rated 
current. Above 3.5 pu compen- 
sation of the sel point is required 
for CT saturalion, which may occur 
at hiaher current levels. and for 
volta'$e ratio fluctuation's caused by 
on-load tap changers. From 0.5 to 
2.5 pu of rated current, the slope of 
the differential element is 
adjustable between 10 and 50%. 
Between 2.5 pu and 18 pu of rated 
current. the bias slope is fixed at 
100%. 

Low Set Differr~tiat 
Element 
In addition to the multi-slope bias 
chara~3eristic. the low set 
dserential element is further 
equipped witn programmable 2nd 
and 5th harmonic restraint logic. 

During transformer energization. 
significant 2nd harmonic current is 
present, which may result in false 
trips. This requires the relay to 
suppress its response to the 2nd 
harmonic component of current. 
The MD32T zllows for adjustment 
of the 2nd harmonic restraint 
element over the range of 0.1 to 0.3 
pu of the transformer's rated 
current. 

Similarly, over-excitation of the 
transformer may result in significant 
levels of 5th harmonic current, 
requiring similar restraint 
characteristics. The MD32T allows 
for an adjustment range of 0.2 - 0.4 
pu of rated current. Either or both 
the 2nd and 5th harmonic restraint 
elements mav be disaMed if 

faults and Mockinq the reby, the 
MD32T allaws the harmonic 
restraint settings to be lowerea to 
as little as one-half the normal 
sattings during a programmable 
time period f~llowing tra~lsformer 
energization. Transformer ener- 
gization is sensed via a digital input 
connecled to an auxiliary contact 
on the transformer's breaker. 

High Set Differential 
An instantaneous (high set) 
differential element is provided to 
quickly remove the lransformer 
from service in the event of severe 
internal faults. To effectively 
eliminate the effects of dc offsets 
and harmonics. the relav trips on 
the sensing of sequential positive 
and negative peak currents whose 
magnitude exceeds the high set trip 
level. 

The high set trip level may be either 
set to be a fixed value, or may be 
biased in the same fashion as the 
low set element. Due to the oper- 
ational nature ot the element, no 

desired. harmonic programmable harmonic 
restraint elements are provided. To avoid problems associated with This element will operate in less the harmonic restraint elements 

from being too sensitive on actual than 1 cycle (15 msec). 



Ground Fault Protection 
To provide greater average for 
ground faults, the MD32T monitors 
the fundamental frequency 
component of current fed into the 
ground element inputs. Depending 
upon the mnnedion, this element 
can perform: 

W Restricted ground fault 
protection for oneY mnnecterf 
winding (87N). 

E Residual current (310) protedion 
of one winding (51G:. 

Neutral current protection of 
cne winding (51N). 

This ground fault element mnsists 
of a definite time high set element 
and a fixed 30 ms response time 
ifistaqtaneous element. This 
element may be Mocked during 
transfcrmer energization. 

Targets 
Eight br~ght LED targets are 
provided as follows: 

W One red LED for each of 
the three phase difierenlial 
elements. 

W One red LED for the restricted 
ground fault element. 

W Two red LEDs to signal when 
the 2nd or 5ih harmonic 
currents respectively exceed the 
restraint level. 

For all of the above, the LEDs flash 
when the element is pickec! up, and 
constantly illuminale upon trip. In 
addition, one yellow LED is 
provided which illuminates when 
the blocking input is active. A 
second yellow LED flashes when 
the relay is in programming mode, 
and illuminates constantly upon 
relay or power supply failure. 

Blocking Input 
An opto-isdaled programmable 
blocking input is provided. This 
input may be programmed so that 
when activated, any combination of 
the b w  set differential, high set 
differential, or ground fault elements 
may be blc&d. 

While the blocking input is active. 
the pickup of any element 
associated with the Mocking input is 
prevented. Sensing of the input 

quantities and the munldown of 
any timers begins only when the 
Mocking is removed. 

Reset Characteristic 
The programmaMe output relays 
may be programmed to reset in one 
of two manners. 

W Instantaneously upon the input 
or calculated ql~antities 
dropping below the pickup 
value. 

W Manual reset (by front panel or 
computer command) only. 

Measurements and 
l n ~ s h  Values 
The following quantities are 
continuously monitored and are 
available for display at the relay and 
are e m s i b l e  by software: 

W RMS values ol each phase's 
ditrerentiil current 

W Fundamental frequency 
component of ihe neu!ral 
current in per unit o! Ihe rated 
phase current. 

W RMS values of the three high 
side currents. 

W RMS values of the three low 
side currer~ts. 

LI 2nd and 5th harmonic current 
components of each of the 
phase's differential currents. 

In addition, the maximum values of 
each of these quantities during the 
first 100 msec afler transformer 
energization is also remrded. This 
makes it convenient to quickly 
review the inrush currents 
associated with the most recent 
energization. 

Last Trip Record 
The following parameters are 
stored in non-vdatile memory, 
providing details of the last five trip 
events: 

Which element was the cause 
of the last trip. 

W The values of all measured 
currcats al lhe time of trip. 

In addition the relays keep a 
cumulative total of the cause of all 
breaker trips. 

Oscillography 
The MD32T stores two 
oscillographic remrds which are 
made available for downloading to 
a PC for graphing. All six input 
phase rurrenrs are recorded. Each 
oszillographic remrd consists of 8 
pre-trigger and 8-post trigger 
cycles, for a total of 16 cycles. The 
waveform is sampled at 12 samples 
per cyde. Storage of an 
asciUographic remrd may be 
programmed to occur automatically 
every time a protective elemenl 
trips, or to ccrur only upon ail 
external trigger. 

Output Elements 
The following functions may be 
programmed to one or more of the 
outpul relays. The only limitation is 
!hat pick-up and time delay 
functiorls may no! be assigned to 
operate the same outpul relayjs). 

W Low set diffsrential element. 

W High set differential element. 

W Instanl3neous ground fault 
element. 

Time delayed ground fault 
element. 

Diagnostics 
Gmplete memopj and circuit 
diagnostics are run upon powering 
the relay. The revision level of the 
firmware is displayed at this time. 

The relay runs a comprehensive set 
of diagnostics every 15 minutes 
th2t includes memory checksum, 
test of the A D  mnverters by 
injection of an internally generated 
reference voltage, and a check of 
the ALU. 

The relay provides two manual test 
routines which may be run at any 
time. The first routine performs the 
same 15 minute test and in addition 
checks the target LEDs and the 
control circuitry to the output relays 
withour operating the output relays. 
The semnd test is identical but also 
operates the outpul relays. 



Figure 3. 
Wiring Diagram h r  the MD32TTransformar Differential Relay used for the 87T Pmtectior. Only 
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Figure 4. 
Wiring Diagram for the MD3ZTTransfonner Differential Relay used for 87T and 51G Protection 
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Figure 5. 
Wiring Diagram for the MD32T transformer Dirferential Relay used for 87T and 51N (Restricted Ground 
(Earth) Fault) Protection 

Figure 6. 
Wiring Diagram for the MD32TTransformer Differential Relay used for 87T and 87N (Restricted Ground 
(Earth) Fault) Protection 
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TABLE 1 
Functional Specifiqtlons 

1 Nominal system frequens). d n g  range ............................................... 50 or W M I 
I 

1 Prognmmabk rated prl- Input current of phase CTs ...................... 1 - 9999A in 1A steps(High ano lov side CT programmable separately) 1 

l ' r a n s f m r  connecUon and vator gmup .............................................. Y to YzO 

Diffwentlal Element 
Minimum pidrvp level of low set diirential &mmt ............................... 0.10 to 0.50 pu of r,:ed CT current in 0.01 pu step 
Minimum pkkvp hvd d high set diiRerenUal element .............................. 2.0 to 18.0 pu of rated CT current in 0.1 pu steps 
Bias ilereentage s k w  han 0.5 pu m 2.5 w rated CT current ................. 10 - 50% in 1% steps . . 
2nd Harmonic rsstraint level ...................................................................... 0 0  to 0.30 pu of the diirential current in 0.01 pu steps 
5th Harmonic restraint Lwel ...................................................................... 0.20 to 0.40 pu of the diirential current in 0.01 pu steps 
Hamnic  restraint mukipher (redudan) ............................................ 0 5  1D 1.00 pu of original setting in 0.01 pu steps during enemization 
................................................................................................................... (2nd and 5m h a r m i c  restraint multipliw programmak separately) 
Hermanic Ktraint reducban timer (starting at transhrmer energizatior.) 0.05 to 99.M semnds in 0.01 sec. steps 

Gmund Fauii Element 
Vinirmm pi&-"? Icve' for g m r d  f a l ~ k e l e m l  .......................... .. ......... 0 .0  to 1.00 pa of rated CT cuiteni in 0.01 pu steps 
Time delay of gmund faun dement ....................................................... 0.02 m 9.99 s m d s  in 0.01 semnd steps as dsscribed in IEC 76 

Dimensional and 
Electrical Specifications 
See Catabg Sadion 150-05 for 
electrical spedficatins and 
dimensional information on all 
Edisona R e l ~ s ,  

Crdering Information 
Construct catalcg number from 
Table 2. 

Example: MD32TL5JS is an MD32T 
witb low range power supply, 5A CT 
inputs, in a single relay case. 

If ordering two cr more rslays to be 
fit in a mmrnon case, the firs1 relay 
ordered should indicate the case 
style desired. This relay will be 
located in the leflmost bay of the 
case. Subsequent relays should use 
the C2, C3, or C4 suffixes t~ denote 
their position in the case using the 
leftmost bay as a C1 reference. 

TABLE 2 
Catalog Numbers 

Cablog U u m h r  

To Va abwe mld orn %ch of t h m  1 follcwing eppltcable dRxes !- 
Power Supply' 1 24-11OVACIDC 

Single relay cas, 
Double relay case 

Denotes modnrnng psmon n ellher a Oodble 
Case or 19' fiack aloilg rnth mher resays 
orOemd a1 me same llme 

' The pobsr suppliss are user replaQable and interchangeable. See Catalog sedion 150-99. 

=The relay itself may be drawn out of any of me listed cases and plugged into any of the other 
case styles.The catakg number speded during wdering demtes the type of cabinet in which 
the relay will be shipped. 

I 
COOPER Power Systems 

81997 Cooper Power Systems, Inc. 
Edlsrme is a registered tademah of CoJPer Indusbies. Inc 

PO.  Box 1MO. Waukesha. Wi 53187 
h l t p : l I ~ ~ ~ . ~ ~ ~ ~ l e r p ~ ~ e r . c o m i  

@ P.infed on Recycled Paper 
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