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APPLICATIONS

The DSE is an instantaneous, /2.2 cycle, three phase
differential relay with three separate percentage re-
straint input circuits per phase. Additional restraint
input circuits, when required, are provided for by the
use of RXTUC 4 three phase Input-restraint units
These units have input circuits identical to the basic
DSE relay. They mount in the COMBIFLEX (9"
frame with ihe other DSE modular components
Typical applications are:

|. Two-winding transformer; auto-transformer

The basic three-winding relay, Figure |, is used. The
unused, third input is left open circuited. See wiring
diagram Figure 7 (a). All of the described relay
charactenstics are applicable for this usage.

2. Three-winding transformer
The complete three irput relay is used as shown in
Figure 7 (b).

3. Auto-transformer

No special treatment is required. Wiring diagram,
Figure 7 (b), for a wye-wye-delta connecteu trans
former is applicable. This includes provisions for load
On a tertiary winding. When there is no load, or when
there is no tertiary winding, this input to the DSE s
left unconnected, as vith a two-winding transformer,
Figure 7 (2).

4. Two-winding transformer with dual breakers on
one

This would occur with & ring bus, double bus, or
breaker and a half bus configuration. The complete
three input relay is used without concern for match-
Ing any specific relay input circuit with any breaker
le=ation. See Figure 7 (). Also note section on CT
calculations, page 14,

5. Any transformer with four or more breakers

This configuration could result from & two-winding
transformer with dual breakers on each winding, or
from multiple-winding transformers, with or without
additional breakers associated with any winding

The basic three phase input relay is used, plus as many
additional TUC 4 three phase input restraint units as
wre required. There is no practical limit to the num ber
of additional TUC 4 units, nor need they be assigned
1o any specific relay input source. Thus inputs from
strong or weak sources need no special treatment.
Figure 7 (d) is typical of this application. To provide
the necessary test facilities a second RTXP |8 test
switch is provided. The general arrangements for
these basic relays are shown in Figure 3 (a).

6. Long transformer leads

The differential zone of the DSE can include appreci-
able lengths of transformer leads. Up to one-half mile
of high voltage cable, or comparable capacitance, can
be included within the differential zone, While the
steady-state phasors would suggest no problem, system
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disturbances have been known to shock excite these
configurations into high current oscillations at frequen-
vies unrelated todhe power system frequency Age-
quate filtering is within the DSE 1o make it secure
during these abnormalities without jeopardizing its
1732 eycle operating time

7. Long CT secondary leads

Current transformers may b located at an appreci-
able distance from the DSE relay location. When this
requirement is overly severe, supplemental a axiliary
current transf  mers may be installed at each end of
the long CT leads to greatly reduce the effective CT
burden. A 5/1 oreven & 5/0.5 A auxiliary CT at the
two ends can reduce the burden of a mile of secondary
leads at standard S A input to § VA, including the re-
quired auxiliary CT's. The DSE will function correctly
with such an arrangement of the secondary CT circuits.

8. Wye, delta and zig-zag configurations

The DSE is provided with separate auxiliary CT's for
ratio and phase angle matching and containment of
Z€T0 sequence current as required with certain power
transformer configurations. Thus there are no restric,
tions on the type of connections used on the main
CT's. Various CT and suxiliary CT arrangerments are
shown in Figure 9 When main CT's are connected in
delta at the main CT location the equivalent burden
the leads to the relay location is increased by a factor
of two. Thus the comments in item 7 above may be
applicable for even moderate distances

9. Use of instantaneous unit

The DSE has an un-restrained instantaneous unit
which is responsive 1o the total differential current,
less any d¢ component. Its setting is selected with re-
gard to the transformer inrush considerations only.

It need not be coordinated with the setting of the
restraint unit of the DSE because the restrained relay
s not restrained by 3td harmonics, Thirds are the pre-
dominant harmonic in the secondary current from a
saturated CT. Hence, CT saturation has no effect on
the DSE restraint unit during internal faults. The main
purpose of the un-restrained instantaneous unit 15 to
provide slightly faster a1.d redundant operation for
severe internal faults.

10. Use of sensitivity setting for minor faults

The relay sensitivity to internal faults can be set by
means of a selector switch at 20, 25, 32, 40 or 50 per-
cent of the relay rated current. The 20 percent setting,
in particular, rrovides improved sensitivities for small
windings on large, multiple-winding transformers
These small windings may be on separate bushings or
they may be one of several parallel coils which consti-
tute one main winding of the transformer. In either
case the difficulty of making definite fault current
calculations for turn to turn faults makes a differen-
tial relay setting as sensitive as feasible very desirable
The 20 percent sensitivity may also be desired where
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Other Irstallation Requirements

The type MS 1 output tripping relay has five output
CONLACts tn addition 1o the one used for the operation
indicator Each s capable of LRPPINg & circuit-breaker
Four contacts are factory wired through the RTXP 1%
test switch. There are no polarity or other resthctions
on how there MS | contacts are utiized within their
tating. The RTXP 18 test switch has & continuous
rating of 20 A per contact. It can accomodate a total
of four output tnp circuits in the basic relay. When
one or more TUC 4's input restraint units are nsed,
an additional RTXP 15 test switch is provided with a
total of 18 additional test circuits as shown in Figure
THd) (o) and (D). Electrical and mechanical details of
the RTXP 18 test switch ate shown in Figure &

Current Transformers

Type SLCE 12 multi-ratio current transformers are
furnished for ratio and phase angle matching, one set
for each of the specified inputs These ure mounted

n sets of three on 48 (7" & 10" apparatus plates as
shown in Figure &, for installing in any convenient
location. Appendix | provides complete mechanical
details as well as information for selecting the desired
fums ratios within £ 3 percent, and the ampere rating,
Current transformer accuracy requirements are hased
on their performance during external faults, not in-
ternal. At high currents the DSE has a 0.6% slope

This allows over a 40 percent error in CT ratio before
an undersired overtripping would oceur. Sclection of
CT's with 10 percent Accuracy at maximum external
fault current or at 20 times rating which ever is greater
15 suggested. This will allow adequate margins for pos.
sible CT saturation due to any dc component When
X/R ratios dunng external faults are over 75 severe
CT saturation may not be preventable. In such cases
symmetry in the affected CT seécondary circuits and

e ual burdens will enchance the security of the sys-
tem. These situations only occur with breaker and

a half or other configurations where the power
transformer size has little relation to the extemal fault
current magnitudes.

For rated accuracy at 20 times rated current the | A
model of the SLCE 12 can accept 2 (2 secondary lead
burden or about 1000 feet of secondary wiring, the

§ A model can accept 0.1 2 or about 50 feet of winng
between the CT's and the relay. Appendix | provides
complete details on SLCE 12 capabilities.

When the DSE relay is to be located a significant dis-
tance from the main CTs, total CT burden can be re-
duced by locating the suxiliary CT's near to the main
CT's. By using a DSE relay rated | A and converting

to this current level with the auxiliary CT's. the burden
of long CT leads can be greatly reduced with no (il
affect on the overall relay performance. For excep-
tonally long CT leads, (over 1000 feet), an inter-

12

require a secong set of SLCE |2 auxiliary CT° .
relay location (o convert back 1o the ruted | A A\
vilue of the DSE if the full sensitivity of the relay is
desired.

mediate current level of 0.5 A is suggested. Th‘y

——————— et o

The determination of the turns ratio of the auxiliary
CT's and the phasing connections I8 conventional. In
general, prudence in transformer differential relay cir
CUIts suggests no additional devices connected into the
differential CT circuits. However, from & burden view-
point, the DSE burden is negligible and with suitable
capability in the main CT's additional devices can be
included in the DSE circuitry

When additional burdens on the DSE CT's are a re-
quirerr unt, the Nexibility of the separate ratio match-
ing CT's can be further utilized. The main CT ratios
and phase connections twye or delta) can be selected
to meet the requirements of the additional devices.
The ultimate ratio and phase relations for the DSE
can then be provided by the SLCE |2 auxiliary CT'.

The phase relations of the current circuits should be
determined before the auxiliary CT ratios are calcu-
lated. There are three requirements for the auxiliary
T 6
I. Bning the currents from every source of a give
phase into phase.

2. Bring the current magnitudes from every source
into harmony.

3 Suppress the zero sequence (ground current) com-
ponent 1o avoid improper operation on extemnal
faults.

Figure 9 shows the several methods of connecting the
main and auxiliary CT's for reaching these objectives.

With the power transformer connected wye-delta,
these objectives are most easily satisfied by connect-
ing the main CT's inversely, that is in delta/wye re-
spectively. A zig-zag winding of a power transformer
will have a phase relation similar to 4 delta which
usually requires wye connected CT". But singe the
Zig-zag neutral is usually grounded, the CT's on 4 g
Zag winding should be in delta or otherwise 1o suppress
the zero sequence Now. Two such Zero-sequence supp-
ression arrangemern . are shown in Figure 9 (d) ind (e).

The CT connections will have no effect on the har
MOMIE restraint action of the DSE. This is because the
rectified 2nd and $th harmonics from each of the
three phases are combined for a common harmon
restraint. Thus, the relative effect of these harmon

10 the fundamental at the relay will be independent
of the connections of the power transformer and the
CT's. The 3rd harmonic is the one most affectad by
CT connections and this is not utilized for restraint
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in the DSE. Special CT connections are not required R 8
for the $th harmonic overexcitution restraint, :

. Some power transformers, due to their construction. : Q » T
have "hidden" tertiary winding effects. This results | . r 3 Fopes 1, 5 ) %o nabsE
.
b,
P

in some of the currents, normally assumed to be flow-
ing in the delta, to flow in fact in the transformer case 4
and other mechanical parts of the transformers during d
severe external ground faults. Therefore, connection ' B - bl
of main CT's inside the delta of main CT's inside the
delta of a power transformer may not measure the
total effective delta current. This connection is usually

Fig 9 (0) Auxiliary CT connections for wye<delts phasing wih or with

not recommended with the DSE. The St harmonic out ratio matching requitements
"““mt charactenistic of the DSE does not require Note: Auniliary CT delts should he made up with the <sme polanities
this connection with its attendant complex calcuia- and interphase wining us the power transiormer
tions.
] -] ) $ 1
A\ 1 ] 2 3
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Fig. 9 (a) Auxiliary CT connections with wye connected main CT's for Fig. 9 (d). Auxtiary CT connections [of zero sequence suppression
1910 matching only when wye-delta phase shift is not sceoptable
; R -] b § R S 1

IKE N % .
ﬁ"_—"% ?‘_"‘ § )% Mose .—-—-«—n-w«—l---—“ i 3, 5 ) T RADSE
L g ot
e

r
i
L 39 4 —— |
i - -ﬂ;w"'* b iy
& [
“1g. 9 (b). Auxiliary CT connections with delta connected main CT's for

|
i Note: Main CT delta should be made up with the same polarities and Fig. 9 te). An aiternative of Figure 9 (d) for zero sequence suppression
|

ratio matching only
interphase wiring as the power transformer winding. when ratio matching is not needed.
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CT Calculations

The following illustrated procedure will result in the
proper sizes and ratios for the main and the auxiliary
CT's.

1. State the problem by listing all voltages”', kVA

ratings, overload requirements, line currents’ ', wye
and delta windings, dual breakers, etc. For example
A 138/ 34.5/13 8 kV, delta-wye-wye power trans
former with a rating of 100/6(:/60 MVA on the re-
spective windings, see Figure 10 has a 135 percent
overioad requirement. The 34.5 kV winding will tie
into the system with two breakers in a nng bus
scheme. The exact voltage taps will be determined

in

the field, but it is judged they will be within §

percent of the nominal values.

") Note: These voltages and currents should be the selected tap values

of the power transformet, not the system nomanal voltages
In the case of tap changing under load trans: < mers, it s custom-
ary to select the mid value of the operating range

L $oMya ~ wm'“‘ R 1
MUQ 5 Fut
"0 §4 - |
_M_.{:.__LL:!_.} “
y ’:a_.ouu L
- 4 KR S __m\l
. %A Y e b b
aey CYNY 61 s [
'S 4 Y
T Y e
™ v v

R T T -

Fig 10. Example used in sample CT caleulations

o N

ote Auxiiary CT not generally needed, see ttem 2 below

Determine the maximum line currents for each
winding:

hine

138 * —=—

kVA of winding

v 3 x (line-line kV)

x overload factor

oo x135=418x1.35=565A

V3IxI13R

60,
g = 9.?00-——’(l.35'|0'01x1.35=13bOA

V3x3ds

99—_-—00—2--— x1.35=2510x1.35=3390 A

vV3Ix138

3
..

Select an overall CY ratio for the largest kVA wm.
iNg to yield about 5 A to the DSE.

S8
~ = 113/1 on 138 kV winding

§

(But note, as in step S, that the load flow through
the two 34.5 KV breakers may be the maximum
kVA value to which the system must be designed).
Other requirements would probably suggest a main
CT ratio ¢f 120/1 or 400/5 A. No auxiliary CT
would be needed with a ratio thus near to desired
value. However, assume exactly § A is desired at
the relay.

auxiliary ratio =

113 (desi
113 (denired) | 0.942/1.0 01 4.71 5§ A

120 (main CT)

From table 3 of appendix 1 the turns ratio of
SLCE 12 for this input current should be 44/42

Determine the overall CT ratios for the other two
windings, these will be inversely proportional 1o
the voltages (ignore the kKVA):

138 kV .
43 kVratio= 113 x ~—e =452/
4 5kV

11 400/1 main CT ratio (2000/5) has been selected
for other purposes, the auxiliary ratio becomes

452 (desired)
400 (main CT)

= L.13/1or5.65/5Aon3d5kV
winding

The tums ratio for the SLCE 12 would be 31/36,
except for the delta considerations — see step 4

Note: The dual 34 5 kV breakers do not normally affect this calou-
lation, but see step §
|38 kY

i38kVratio= 113 x ——we = 1130/
13.8kV

If the main CT's have already been chosen to be

1200/1, (6000/5), the auxiliary ratio should be .

”30. =0942/1 or4.71/5 A on 138KV winding

1200

The tums atio for the SLCE 12 would be 4442,
except for step 4.

-
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4. For those windings requiriag delta connected CT's,

increase the overall ratio by | 73, It does not matter
where the delta is made up, in the main CT's or in
the auxiliaries, the overall ratio will be brought into
harmony in the auxiliary CT's. In this example,
both the 34.5 kV and the 13 8 kV will need delta
CT's, so the auxiliary ratios become

1.73 x 5.65/5=976/% A, or 22/42 turns on
SLCE 12 for the 34 kV
.73 x4.71/5 = 8.15/5 A, or 22/36 tumns on
SLCE 12 for the 13 kV

- Review other operating requirements for other CT

needs. The two breakers on the 34.5 kV winding
may have an additional requiremen: of being able
to transfer power through the bus in addition to
the transformer load. If this results in possible cur-
Tents in excess of the 2000 A rating of the selected
CT, then a higher rated main C'T would be required.
Assume a 3000 A capability may be needed and a
3000/5 or 600/1 main CT is selected. The suxiliary
CT then becomes

l_lS?. (desired)

—— = 783/10r3.77/5A
600 (main CT)

And since this winding requires a delta CT connec-
tion, the selected auxiliary CT ratio would be

1.73 x 3.77/5 = 6.5/5 A with SLCE 12 turns ratio
of 31/40 for both sets of 34.5 kV CT's.

Since the overall ratio has not been changud, the
current to the DSE from these CT's during the
3000 A emergency through loading becomes:

3000/452 = 6.64 A

This is well within the rating of the DSE, However,
the capability of the auxiliary CT's at this higher
current level should also be checked. Also, if this
requirement should have resulted in a relay current
larger than desired, then this larger pnmary current
should be used as the determining maximi'm kVA
and the other ratios brought into agreement with it.

». Determine if any of the auxiliary CT's can be elimi-

nated. In this example the 138 kV guxiliaries are
within 6 percent of a 1/1 ratio. Thus they could be
eliminated with only & 6 percent reduction in relay
current. The overall ratio becomes 120/1 on this
largest winding and the other CT ratios would then
be recomputed to maintain this overall ratio. How-
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ever since it was noted that operating expenence
May require a change in taps on the main CT, the
auxiliary CT's would probably still be used 1o pro-
vide for future conditions.

Tabulate the burden on each set of CT's based on
the final ratios as determined in step 6. For the
ilustration, assume (for the 34 kV CT's)

CT scondary winding: 2.5 milliohm per tuen x 600 turns * | 50

Secondary leads. S00° (x 2 way) No. 9 wite 759% 100
Auxiliary CT (2 VA burden rating at 5 A) x 2 01602
DSE restrmint burden (008 VA a1 8§ A x (8/6 417 ) 0018
Other burdens i
Total burden, as imposed on main 34 kV CT' 26742

Calculate maximum secondary voltage on the man
CT's, which could occur for a severe external fault;
ignore possible asymmetry

Egec * lyec X Zgg,

Assume: 40,000 A (2,400 MVA) can fNlow through
one of the 34 kV breakers for an external bus fault
CT secondary current = 40,000/600 = 66.7 A

CT secondary voltage = 66.7 x 267 = |78 V
Determine this for each set of CT's. If the auxiliary
CT’s are to be located a significant distance from
the DSE relay, the capability of the SLCE 12 CT's
should also be checked as shown in Append. |

In this example, and allowing 0.1 (2 for the switch-
board winng from the SLCE’s to the DSE. the
SLCE's maintain their accuracy upto 125 A,

- Specify CT secondary voltage accuracy class no less

than this maximum voltage calculated in step 8, or
4 C 200 in this illustration. Additional margin is
not necessary. For inrush considerations. the volt-
age accuracy class should be at least equal to the
voltage developed at 20 times rated current or to
the actual inrush current if known.

Note: There is no need to make any CT calculations
for internal faults. The relay will properly respond
to internal faults up to 100 times rated current
(500 A at the relay).

10. Where available CT's cannot provide the voltage

needed in step 9, there are several options avail-
able,

a) Install auxiliary CT's at the main CT's (o re-
duce the current to a | A level and use a | A
DSE relay. This solution greatly reduces lead
burden.

b i e el
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b) Use larger wire for the secondary leads to 1e-
duce the lead burden. This expense s usually
not warranted in view of the other options
noted

¢) Install auxiliary € T's at the main CT's to re-
duce the current level in the secondary winng
to 1/2 ~ | A range, with a compensating cur
rent step up adjustment in the auxiliary CT
ratio at the relay. The one ohm lead burden in
the illustration can be substantially eliminated
by this method, but requires an additional set
of CT'.

4) When auxiliary CT's are not needed fur ratio
correction or wye-delta phase shift, the burden
can be reduced by selecting main CT ratios to
yieid only 2 ~ 3 A during maximum load con-
ditions. This of course reduces the sensitivity
of the relay, but the DSE has a minimum pick-
up setting as low as 20 percent of the S A (ot
| A) rating which may still yield a satisfactory
sensitivity.

¢) Connect main CT's to a higher ratio and com-
pensate with a current step up ratio in the
auxiliary CT's at the relay location The lead
burden will be reduced by the square of the
increased CT ratio. In the illustration, doub-
ling the main CT ratio will reduce the required
secondary voltage to 72 percent. Note that the
internal resistance of the CT increases with an
increase in the number of sccondary tums,
thus reducing the net benefit gained from this
solution.

BURDENS

The DSE is available asa | Aor 5 A relay. The respect-

ive burdens at nominal rated current are:

| A relay, 0.02 VA

5 A relay, 0.18 VA

In the differential circuit, at 20 percent rated cur-
rent, the burden are:

| A relay, 0.01 VA

5 A relay, 0.02 VA

The relay burden is not affected by the minimum

sensitivity adjustment.
Auxiliary current transformers are type SLCE 12 with
an insertion loss of 1.0 to 2.8 VA depending on turns
ratio at nominal rating. See Appendix | for specific
data.

POWER C9§§UMPTIQ§ o

The DSE relay has the necessary components internal:
ly for operation at any d¢ control voltage, 48 V and
above. The higher voltages require more power in
view of the nearly constant current requirements of
the internal voltage stabilizing circutls.

Approximate continuous dc power requirements at
rated tap voltages

sV J0OW
60V isw
110V SOwW
128V 65w
220V G90W
0V 100W

The MS | output tripping relay requires an additional
7 W when it operates,

RATINGS

Input current Circuits:
Frequency — 50 or 60 Hz
Nominal rating  Overload capability

“nstant-
Continuous | § aneous
DSE Relay = S e
1 A 10 A 100 A 180 A
SA 0 A 250 A S00 A
SLCE 12 ratio
matching CT's 2.5 times 75 times
nominal nominal
rating  raung
reconnectible rated current ratios
0.65 - 2.60/1 A

255 - 9.60/1 A
285 -9.70/SA

——— o ——————

Qutput contacts of type MS | relay

Continuous 4 A
18 20 A
10 ms 100 A
Make and carry for 200 ms I0A
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Restraints

Percentage Vartuhle from 35 percent to 70 per-
cent, du nvending on magnitude of
through cu:*ent and on mintmum
sensitivity sett., ¢, nonsettable. Figure
13 (a) and (b) she v the relation bet-
ween differential cu rrent and restraint
current for relay operation. Figure

13 (¢) shows this data presented as
percent operating differential current
vs through restraint current i.¢. the
percent slope characteristic. (See next
section, THERY OF OPERATION,
page |9 for method of describing
restraint current)

and harmonic: 20 percent 2nd harmonic content in
the differential current will prevent
operation,

$th harmonic: 35 percent $th harmonic conteii in
the differential current will prevent
operation.

The 3rd harmonic contributes no har
monic restraint action. The 31d har-
monic current will contribute a small
restraint due to the harmonic filter
characteristic. However, this is offset
by an operating voltage developed in
the differential operate circuit by the
3rd harmonic.

(2)  Frequencies above the $th harmonic
are filtered out of the operating circuit

Notes: (1)

and have little effect on relay perform-
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THEORY OF DSE OPERATION

There are ten interrelated functions within the DSE
as shown in Figure 14,

L. Input circuitry

Air-gapped isolating transtormers are used 1o convert
each restraint current to a voltage. The de component
15 thus also largely cuppressed in the case of asymmet-
ncal fault curren,. These are untapped, fixed ratio trans
formers in order to get the desired accuracy over the
entire range of input currents.

These individual phase voltages are then each rectified
with two power diodes. D) through Dg. Figure 14
shows the arrangement for one phase only. This input
circuitry is identical in the TUC 4 three-phase supple-
mental input-restraint unit and in the main DSE relay,
except for the manner of packaging the three phases
as shown in Figure 14

2. Percentage restraint circuitry

The rectified restraint voltages of each phase are
applied in parallel to a center tapped resistor, R|. R
as shown in Figure 14. When such dc voltages which
have been derived from air-gapped isolating trans-
formers are connected in parallel, the resulting volr-
age 15 equal to the largest applied voltage, and the les-
ser voltages have little effect on the resultant.

In addition, the use of Ry and R2 as two arms of the
rectifier bridge provides a further valuable characteris-
tic. In the conventional four diode bridge, the output
has no sense of input polarity. But with a bridge com-
posed of two diodes and two resistors, the dc output
voltage becomes sensitive 1o the relative polarity of
the applied ac voltages. If two applied ac voltages are
of the same polanty (as during an internal fault), only
the larger one will cause a current flow through R|on
one half cycle and through R2 on the other haif cycle
But if two applied ac voltages are of opposite polarity
(as during an external fault), one voltage will cause
current to flow through Ry and R3 on alternate half
cycles, as described, and at the same time the other
voltage will cause currents to flow through R3 and R)
on the same half cycles. Thus the sum of the two
applied voltages results when they are of opposite
polanity, but only the maximum of the two results
when they are of the same polarnity.

Thus. this two-diode-two-resistor-ty pe bridge, plus
air-gapped current transformers results in a desirable
type of restraint action. During an internal fault all
of the lesser of the various input currents cause no
restraint action. But on an external “sult the restraint
is increased to the sum of the largest of the input cur-
rents and the largest of the outgoing currents.

Another desirable feature of this circuit is that all cur-
rents sources other than these respective maximum
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ones, are isolated from the common restrunt output
resistons by virtue of¢heir own: rectirler diodes. Thus,
additional input restraints via TUC 4 input unit can
be added without practical limst, with miaimum
etfect on ihe relay characteristic

Mathematically, if I s the maximum (CT secondary)
current into, and ly the maximum current out of the
protected transformer; in Figure 14, the restraint
voltage, as developed by this circuit is

\] =k (I + Iyl

where k 1s the proportionality between voltage and
current ol the entire circuit. For internal faults ly will
usually be zero fi.e. no current flowing out of the
faulty power transformer). The sctual restraint volt-
age is V5 Thus is made non linear with respect 15 V)
by meens of zener diodes D7 and Dg and resistors R 1,
R4 and R§. Thus more restraint voltage is developed
proportionately at large input currents

3 Differential circuitry

The differential current is derived in the conventional
manner by summing all of the currents associated with
each phase. This current is then used to develop the
harmomc sestraint as well as the operating voltages
Again air-gapped transformers are used to suppress

the dc component in the operating voltage.

They are also used in the harmonic restraint CIrCuitry
and low pass filter to additionally provide the induc-
tive branch of these L-C filters.

The tota! differential current is used to develop the
differential voltage V4. However, the hugh frequency
components are suppressed in the low pass filter Ty,
R7 and €, before rectification in a conventional four
diode bridge This filter prevents reley operation from
frequencies above 500 Hz,

4. Harmonic restraints

The 2nd and Sth harmonics are segregated by means
of T3 < € and Tg ~ Cs respectively. These two har-
monic voltages are totalled (V2) before rectifying in a
four diode bridge. The rectified harmonics from all
three phases are brought together via terminals 222
and the resultant, V3, used for restraint on each of
the three phases. The net effect of this method of har-
monic summation for restraint is to provide an im-
proved restraint with minimum reduction in speed or
sensitivity to internal faults.

§. Phase thresnold circuitry . (Pulse width converter)
The rectified operating and restraint voltages are sum-
med up in a resistor type summation circuit Re, Ro,
Ry) and R} 2 as shown in Figure 14 as V. There is a
substantial ac component in this summation because

|9
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32, 40 or 50 percent minimum pickup current Letiing
Thess resistors plus R |3 and R4 set the Bias on the
operational umplifiers in the DSE 43 units. This sets
the calibration of the individual phase threshold-
integratomn to the value marked on the selector switch

9. Output circuitry

The output amplifier drives a 1 ms dry-reed relay
The reed relas energizes a 3 ms six contact, MS |
autput relay. _uch contact is capable of tnpping a
breaker. Wining functions are shown in Figure 14
The MS | relay contacts are all N.O. On special order
double throw contacts can be provided. The MS | re-
lay can be energized continuously . Thus the circuitry
can seal in this relay so as to provide a self<ontained
lock-out function

10, Ancillary functions

i Target
One contact on the MS | output tn, ning relay
energizes the coil O of an operation indi.ator, T
This is & mechanical and electrical reset device It
has no restrictions on the source of voltage for the
reset function, R. As shown in Figure 14, a drop-
ping resistor is included to allow resetting with any
voltage from 48 (o0 250 V dc.

b. Phase indication
When specified, type SG | individual phase indj-
cator unit is provided. This is a one seat device and
locates in the available seat 355 in the basic
COMBIFLEX DSE assembly. Electrically the
targets are electronically controlled LED's located
in the output of each phase threshold circuit as
shown in Figure 14. The targets are reset by a front
mounted push-button on SG 1.

¢. The method of zener diode regulation of auxiliary
voltages to correct value regardless of value of
supply voltage between 48 and 250 V is also shown
in Figure |4

PERFORMANCE CHARACTERISTICS

The vaniable percentage restraint characteristics of the
DSE is shown in Figures 13 (a) and (b), The abscissa
1§ the average of the maximum current entering the
protected zone and the maximum current leaving the
zone. These are the two currents which develop the
restraint within the relay. The average value of the
current rather than the sum is used to provide a quan-
tity whose value is comparable to the flow-through
current during an external fault,

The ordinate of Figure 13 (a) and (b) is the usual
operating current flowing in the differential circuit.
The percentage slope plotted in Figure 13 (¢), is the
ratio of the ordinate 10 abscissa of Figure 13 (a),
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This same set of charactenstics is applicable for in-
ternal faults. Normlly all currents would flow into
such a fault. The correct value of restraint to use with
these curves then becomes one-half of whichever cur-
rent s the maximum mfeed.

Note: It is apparent that the plotted slope of a diffe-
rential relay is a function of the method of present-
Ing the restraint data as well as the actual operating
charactenstic of the relay

As shown in Figure 13 (¢) the mimimum piekup sensis
livity, settable at 20, 25, 32, 40 and 50 percent of fe-
lay rating, has small effect on the percentage restraint
at hugh current levels. The percentuge restraint or slope
shown in Figure 13 (¢) will always exceed 3§ percent
of uveraged restraint, regardless of sensitivity setting

It will exceed S0 percent above 2 172 to 6 times relay
rated currert

The DSE fundamental frequency characteristic is
further illustrated in Figure 13 (a; by points £ and |
Point E is the plot of a heavy external fault as might
OCCUr in a ning bus or breaker and a half scheme with'
a through-fault current of 30 times C'T ratings and &
ratio error in one set of CT's of 35 percent. With such
severe distortion, of course, the harmonic content

of the secondary currents must also be considered
Point 1 is & small internal fault of jour 1imes trans
former rating supplied from only one sourge

Heavy load currents will have very little effect on the
sensitivity of the DSE even to minor fault currents
These two currents, load and fault. will normally by
nearly 20° out of phase to each other in at least one
phase. The phase threshold measurement is made sub-
stantially on an instantaneous basis, since there is
little filtering in the several rectified signal circuits
Thus the fault current measurement is made during
the periods of the cycle when the load currents are at
a4 minimum,

The 2nd and 5th harmonic restraint voltages for each
phase are paralleled and the resultant usc d for har
monic restraint for each phase. This resultant will be
proportional to the sum of the harmonic currents
These restraints are linear with respect to the opera-
ung current magnitude. A 204 harmonic current in
the differential operating circuit of any phase will
block the operation of the relay if it exceeds 20
percent of the value of the fundamental differential
current in any phase. Tests and analysis show that
magnetizing inrush currents which are greater than
the minimum pickup current of the DSE will contain
more than 20 percent 20d harmonic 1n at least one
phase
A 5th harmonic current in the differential operating
circuit of any phase greater than 38 percent of the
“damental differential current in anv phase will
also block relay operation. Tests and analysis show
that transformer exciting currents due to high volts
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age which are greater than the minimum gnck up cur

rent of the DSE will contan sufficient St harmonic
current to block relay operation. Howevar, very lasge
overexcitation currents can quickiy cause transfonmer
damage. Overvoltages of about 1.8 per unit will result
N exciting currents approaching to the full load rating
of the transformer. At these very high exciting curr-
ents. the percentage of $th harmonic drops below the
35 percent restraint value of the DSE. Thus if the
overvoltage s suflicient to seriously jeopardize the t
transformer in & very short time, the DSE will operate
1o protect the transformer. Every transformer design
will result in some differences in overvoltage excitation
charactenstics. But the basic mathematics of over
Cacitation currents shows that the $th harmonic is
larger than the amount required to block the DSE up
to exciting currents about 70 % of transtormer full
load rating. And above this current. the percentage
§th harmonic becomes less and the relay will operate
to prevent transformer damage. However. it is im-
portant that the DSE charactenistic has been designed
to prevent tripout on overexcitation and it should not
be the sole protection if extremely large, damaging
excitation currents are possible

The operating time of the vanable percentage. har-
monic restraint relay 1s instantaneous as shown in
Figure 12. The operating time of the un-restrained in-
stantaneous unit is also shown in Figure 12. All cha-
ractenistics are based on the ac component of the
applied currents, since the DSE has air-gapped trans-
formers which suppress the dc component.

The basic relay is 4 three-phase. three input restraint
relay. The described performance is also applicable
when the relay is used only with two three-phase in-
puts. Similarly, additional inputs in conjunction with
TUC 4 three phase input modules will result in the
same described relay performance.

All calibrations of the relay are accurate to 10 percent.
The operating current of any relay wiii be within 10
percent of the values shown on the variable restraint
characteristic of Figure 13. The performance is as
stated up to 100 times relay rating of 3 A, or option-
ally 180 times the | A relay rating.

SETTING DETERMINATIONS

The 5§ A nominal rated relay should normally be se-
lected for use with 5 A rated CT secondaries. The
overall CT ratios are then selected to provide about
3 A to the relay at normal loads as described under
CT calculations. The relay (and SLCE 12% auxiliary
CT's when used) is then capable of carrying any
emergency loading up to the 12.5 A coniinuous
secondary rating of the SLCE 12's (or the 20 A of

Harmonic restraints

- ———

There are no setting adjustments required for neither
the 20d nor the $th \armonic restraint cutrent

Seasitivity Setting

The setting for munimum current sensitivity (20, 2§,
A2, 40 or 50 percent of relay rating) should be selected
based on estimated CT performance during small cur-
rent conditions. As shown in Figure 13 (¢) this setting
IS not a slope setting. It has minimal effect on the re-
lay performance at high currents. It also has minimal
effect on the percentage restraint action of the 3nd
and ST harmonics. Thus a sensitive setting will not
Yarard trip-outs due to magnetizing inrush

The 20 percent sensitivity is suitable for CT turns
ratio mismatch errors up to about § percent. When
tap changing under load transformers are being pro-
tected, a mimimum current sensiuvity of about 15
percentage points greater than the worst turns ratio
mismatch at the tap changer extreme should nor-
mally be selected

These sensitivity guide lines are based on normal trans
former load of § A in the 5 A relay. With breaker and
a half, nng bus, or other similar schemes. high ratio
CT's must generally be used because of possible
through current flow which does not enter the trans-
former. This will result in a reduction in transformer
differential relay sensitivity in terms of the trans-
former rating. However, auxiliary CT ratios can he
used which will utilize the continuous overcurrent
rating of the DSE up 1o 200 % 50 as 10 minimize this
effect. The CT ratio> selection procedure is given above
in the section on CT Calculations,

Where accurate knowledge is available on the limita-
tions of the CT charactenstics. an increase in the sen-
sitivity of the DS¥ may be possible. Application of
the DSE with currents 1.7 to twice the relay rating is
acceptable and results in a sensitivity, in terms of the
actual circuit rating, of twice the markings on the relay

Instantaneous Sﬂm

The un-restrained, instantaneous relay setting 1s not
functionally related to any other setting of the relay
Nor need its setting determination be based on the
setting of the restrained unit or on CT charactenstics
The relay 1s shipped with this unit set at 20 times
relay rating. It can be reset to 8 or 13 times rating by
means of shifting leads on the relay terminals as
shown in Figure 11 and 14. This unit is not responsive
to the d¢ component in an asymmetrical current. It is
responsive to approximately the peak value of the ac
comp nent of the applied differential current and is
calibrated in rms current for an equivalent sine wave
At high currents it will respond to a current pulse of

i the DSE). only 3 ms, (as from a saturating CT). But it is un-
L“—_——_—————_——_—‘J
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the tost switch. This will check the complete relay
system including the output tnpping relay. The de-
tails of these testing facilities are shown in Figure 8

TABLE ?
To be used with Figure 16 and Figure 7 (a)
Test of basic DSE with three input-restraints

C onnect Connect Connect
lead A to lead B to lead C 1o Set switch §
Tost of Phase 1erminal terminal  terminal  h position
Opetating R s, ) 12 0
value s 47 10, 13 0
T S8 1 . i4 0
and W 16,9 2 i
harmonic 5 407,10 13 |
rostraant I SR 11 . 4 |
Through- b 3 3 12 2
fauit 1 9 2 b
restraint s 4 7 13 F
4 10 13 4
T 5 ] 14 2
s I 14 3

Note: Contections shown to terminals within ( ) are optional i5r 3 more
conipleie test of the relay INPUL Curcuits,

TABLE 3
To be used with Figure 16 and Figures 7 (d) and (e)

Test of DSE with four input restraints (one TUC 4
and two test switches)

Connect Connect Connegt
lead A 10 lead B 1o lead C 1o Set switch §
Test of Phase terminal ferminal terminal 0 position
Operating R 36,9 3L) - i2 0
value s 407,10 4L - 13 0
1] SeK 1151 - 14 0
and " 346, 9, 30) 12 1
harmonk  § 4(7,10 a1y - 13 1
restraint 1 SR 11,50 - 4 |
Thougs R 3 & 12 P
fault 9 i 12 3
restraint S 4 7 i3 bl
10 4L 13 2
T s & 14 2
i SL 14 2

Note 1: Connections shown 1o terminals within ( ) are sptional for & more
complete test of the relay input circuits

Note 2: L stands for terminals on the second test switch (501) in the lower
left of the 8BS equipment frame

TABLE 4 -
To be used with Figure 16 and Figures 7 (d) and (N

Test of DSE with five input restraints (two TUC 4's
and two or three test switches)

Connect Connect Conneci
lead A to ad B 1o lead C 1o Set switeh §
Test of Phase terminal iermunal  terminal i position
Operating R ik, 9 5L 8L 12 0
value ) 407,10, 4L, 1 13 u
1 S8 11, 5L 8Ly 4 0
nd K 116,930, 61 12 1
harmon g 4071040, 7 13 |
restraint ! S8 01 5L, 8L 4 |
Through- R 3 6 12 :
fault K] L 12 2
Tt raing 6l A 12 3
s 4 ? 13 |
i0 4] 13 3
L 4 13 3
1 5 ~ 4 3
1 SL 14 3
SL s 14 ]

N S —————————————— f—

Note 1: Connections shown 1o rerminals within ( ) ure options: for a miate
complete test of the telay Input cucuits

Note 21 L stands for terminals on the second test switeh (501 ) in the
lower left of the 88 equipment frame

TABLE §
To be used with Figure 16 and Figures 7 (d) and (N

Test of DSE with six input restraints (three TUC 4's
and two or three rest switches)

Connect Cannect  Connect
lead A o ead B 1o lead C 1o Set switch §
Test of Phase 1erminal tertinal terminal in position
Operating R 306,9,3L.6L.91) 13 0
value 5 407,10, 4L, 7L, 13 0
100)
T SR, 11 5L, 8L, i 0
1L
and R 346,93, 6L, 90 12 !
harmonic s 47,10 4L, 7L, i3 i
restraint 1oLy
1 SR 11, 5L, 8L, 14 i
1L
Through- R L 3 13 3
fauit 9 KT 12 2
restraint 6L 8L 12 :
S 4 7 13 ?
10 4L 13 2
7L 101 13 2
1 $ ¥ 14 p
11 SL 14 :
KL L 14 2

Note 11 Connections shown 1o terminals within { ) are optional for a more
complete test of the relay input circuns

Note 2: L stands for terminals on the second test switch (5013 in the
lowet left of the 88 equipment frame.

)
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Wave shape analysis shows that if the ac currenmt ||

Is read on an ac ammeter and the dc current 12 is read

on a dec ammeter of moving coil type (neither of

rectifier type ) the following expression will be valid
047 |»

percent 2nd harmonic = YTy _.T_‘ x 100
2t

The 20¢ harmonic restraint has a 20 percent nominal
value. A convenient check point is o adjust the de
curreni to 4 A and with the minimum pick up setting
at 32 percent, gradually incroase the ac current until
the relay operates. For the 18- 25§ percent factory
calibration this should be at 3.1-6 A ac. The mini-
muin pickup sensitivity setting has littie effect on this
2nd harmonic restrain, characteristic

The dc component of the 2nd harmonic test current
will not only flow in the relay (and cause no mifi-
cant effect because of the air-gapped transformers),
but it will also flow in the supply circuit. This may
cause dc saturation j» the supply transformer and re-
sult in fuse blowing More importantly it may result
in test voltage distortion which may affect the relay
charactenistics without the tester being aware of it
other than by observing a relay with apparent lack of
sensitivity. Should such be the case, one solution is to
supply the rectifier circuit from a separate ac source.
Another solution is to add a 2nd rectifier and dummy
load to cancel the testing 4c in the power source. This
is also shown in the test circuit of Figure 16

The 5th harmonic restraint action cannot be conven-
tently checked in the field In the test lab, the use of
a power oscillator adjustvu to the Sth harmonic fre-
quency is the most precise method of checking this

characteristic. The relay will at three-phase be restrain-

ed with 5th harmonic of 35 percent or more of the
fundamental.

Indicator Tests

Check that the indicator flag in the TEE 4 unit drons
when the relay operates and that the indicator flag
resets when 110--220 V dc is connected to terminals
416 (+)and 411 (~) i the TEE 4 unit,

Three-phase Tests

The complexity of three-phase testing is not usually
warranted. If a three-phase, fundamental frequency
test is made with a pure sine wave, the minimum pick-
up current will be increased from the calibration value
by a factor of 1.4 10 2.0. This is inherent in the relay
design and is not adjustable.

Inter-phase Tests

To check for the inter-phase action of the harmonic
restraint it will be necessary to inject the 2nd harmo-
nic into one phase unit and the operating fundamental
frequency into another.

To check the inter-action between § and R phase umte-.
proceed as follows

I. Re: . ove the test lead from ammeter 12 to C, at C % |
2. Connect this ammeter lead from 12 to terminal 13,
SO

3. Connect a jum»er from lerminal 4 to 3, (§ O (o
R O)
Connect test lead A to terminal 3 (R O)

- Connect test lead C 10 terminal 12 (R

. Place switch § in position |
Adjust the d.c. current 12102 A (for a SA relay)
and with the minimum Pick-up setting gt 32 percent,
gradually increase the a.¢ current L until the relay
operates. The fundamental current needed for
operation will at this interphase test be proportion-
ally higher than at the normal 209 harmonic re.
straint test, as in this case, it does not flow any
2nd harmonic component in the operating circuit
The percentage 20d harmonic is in this case equal to

~ O

and will at this test normally be 26 percentage
points lower than at the 2nd harmonic restraint
test, Thus the 5 A-relay will operate for approx
5-6 A .
8. Move test lead from 13 15 14 and jumper from 4 to
5 to check inter-action between TOand RO. To '
check the inter-action between TO and SO move
the test lead A from terminal 3 (RO) to 4 (8O and
lead C from 12 (RO) to 13 (SO
Note: This inter-phase harmonic relation does not in-
volve the fundamental frequency restraints hence a
total of three tests will completely check this feature
regardless of the number of restraints.

Calibration

If any of the restrgint characteristics appear to be off
calibration, internal relay adjustments are not recom-
mended.

However, before Judging that a relay 1s off calibration
confirm that the test current is a good sine wave. A
small amount of 2nd or 5th harmonic in the test cur-
rent can have a significant effect on the relay operat-
ing characteristics.

Functional in Service Check Out

Ratio checking of the current transformers and auxili-
ary transformers is conventional, as are the other func-
tional tests such as circuit-breaker tripping and lock-
outs. In service load checks are most conveniently
made with an ammeter and current test plug inserted
in the respective current circuits at the RTXP 18 test
switch. The location of the various currents on the
test switch is shown in Figure 7. Good testing practice
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would include inserting the red *np blocking plug be-
fore taking any current readings. Note that with multi-
restraint models which require two test switches, the
residual phase currents have two contacts in parallel,
see Figure 7 (d). Thus to measure the residual carrents
itis recommended 1o use two test plugs, one for each
test switch. Connect the current test plugs in parallel
to an ammeter. Insert the test plugs to the same pPoOsi-
tion (12, 13 or 14) on the test switches, The ammeter
then shows the total residuai current. If, on the other
hand, only onte test plug is available the residual cur-
rent can be measured by insering the current test plug
in one test switch and temporanly open the inter-
connection between the terminals 14, on the A side
of the switches

Routine Tntigl

't der normal conditions type DSE needs no special
‘28th.g or maintenance, The covers of the plug-in
modules should be fitted properly. Contacts in the
Oidtput tripping relay or in the test switch which are
burnt due to abuse should be carefully dressed with a
diamond file or a very fine file. Emery cloth or similar
abrasive matenals are unsuitable for dressing relay con-
tacts, as insulating grains from the abrasive matenal
may be deposited on the contact surfaces, thereby
causing mal-function and failures.

Routine electrical tests can conform in frequency to
the users’ established practice. Checking the pickup

setting of the relay and timing it at a moderate mul-
tple of pickup is usua''y adequate for the restrained
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unit. The ua-restrained unit operation cai be con-
formed by timing.this unit about 150 percent of its
pickup value, This titne should be about 10-12 ms
less than the restraint unit time when checked at a
value just under the un-restrained pickup vurrent.

It is not recom:nended to routinely disconnect the
wires on the TEE 4 unit to establis, the complete in-
dividual pertormance of these {wo units.

Caution: The relay calibrations can only be checked
accurately with pure sine wave currents because of the
harmonic restraint nature of the relay characteristic

Spare Parts _
There is normally no need for stocking spare parts but
this procedure also assures that a replaced relay is up to
the onginal factory quality and calibration standards

RECEIVING, HANDLING AND STORAGE

These relays are shipped in cartons designed to pro~
tect them from damage when not included as part of
a cubicle or control panel. Upon receipt the relay
should be inspected for physical damage.

It is recommended that the relay be replaced in its
shipping carton after inspection for deliveiy to jobsite.
Also the relay should preferably be left in its shipping
carton until time for actual installation.

The relay is not critical as to humidity. But general
prudence suggests that it be stored in a dry. moderate
temperature env 1 >nment.
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MULTI-TAPPED SINGLE PHA. *. AUXILIARY
CURRENT TRANSFORMERS TYPE SLCE 12

These are reconnectible auxiliary current transformers
intended for use with | A or § A transformer differen-
tial protection type RADSE Three different trans-
formers are available to provide current ratios from
0.65~2.60/1 A, 245-960/1 A and 2.85-97/5 A
Sufficient taps are provided for setting the secondary
current with an accuracy of + 3 percent of any de-
sired value

-ﬂ. n

The transfc:rers are equipped with three secondary
windings connected to a terminal block with six ter-
minals marked | to 6, and with two primary windings
with intermediate tap connected to another terminal
block with six terminals marked 7 to 12. The trans-
formers have also a third terminal block with their
terminals marked P1 — P2, 81 - 82, 1o which the ex-
ternal connections should always be made.

Tables 1, 2 and 3 on pages 30, 31 and 32 show the
most suitable internal connections (and turns ratio)
to obtain a standard secondary currentof | Aor S A
for the listed primary current. If the transformer is
ordered with a certain ratio it will be delivered con-
nected for this ratio.

Tt .« shles can also be used to determine turns
onnections when secondary currents less

v' -« 5 Aare desired by directiy proportioning
; - aflp=3.6 A and it is desired that Is =
‘ t"-‘.v ¢ 5 A transformer witl, the same current
ratio, i.e
;-( = '}—6 gives X = 4 0

Hence from table 3 choose SLCE 12 current trans-
former 4785 040-VS with a current ratio 4.0/5 A,
and turns ratio 53/42.

2 1N 0 8 7 FErY

£ L e
[1] !

& S4¢ 1312 1

Fig 1. Terminal markings for SLCE 12 auxiliary current transformer

28

These tables are also suitable for wye delta connected
transformers,

For example if the tncoming line current lp=131A
and it is desired 1o have delta secondaries yield I =
| A line current:
\ = ”l— gives X = 2 26
UL
"

Hence from tabie | choose SLCE 12 current trans.
former 4785 040-VP with acurrent ratio 2 26/ A
and turns ratio 70/162

Load Burden

The maximum permissible resistance in the wires be-
tween the auxiliary current transformers and the dif-
ferential relay depends on the relay burden and the
maximum primary cunent for which good perform-
ance 1s desired. For a given total secondary burden the
maximum prmary current Ip . fora 10 percent ratio
error can be calculated according to the following
formula:

Ipmay =0 Iy
where n = —-j-——
b+2

In= rated current of the auxiliary CT7%

4 = constant (ohms), given in table |. 2 ynd 3
This depends on the design of the CT and
the frequency of the current

b = resistance of the secondary winding ac-
cording to table |, 2 and 3

Z = impedance of the burden (wires and the
differential relay).

This formulz is valid for symmetnical primary current.
Asymmetrical currents will saturate the core at a lower
current Good CT application practice suggests that n,
the saturation factor, should correspond to the maxi-
mum through-fault current.

I
-
I

i

Fig. 2. Wiring diagram for three auxibary current transformers
connected wye-wye
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. Ratings

Rated secondary current | AorSA Bui den According to tables | -3
Rated current ratios Recannectible in 4-6 per- (selt consumption)

?'re':"|:("lps ;n'cordmg 0 Insulation test voltage 2500 V, S0 Hz

ables | -
Maximum wire size to
3 f/ " ,

9:: ‘:) “3: : : terminal block No 7 AWG (10.54 mm?)

SRR 4 (P1-P2-8,-82

< 85-970A/5 A D ¢

) mensions According 1o Figure 3
Rated frequency 60 Hz Weiat }M‘ B L“ b o
eight 3.0 Kg (K8 lbs)

Overload capacity 2.5 x rated current conting- ’ .

ously

IS x rated current for 10 s
75 X rated current for | s

LZ)&L.,.&'LM., -

i “n ' Eﬂ
2‘7 T 5 lb 1 Aonnn .
”%! . b PJ = /
: :
it |
4] |
gl
il {
| 0 :
187
N2 & 02)

a 136 (5 35) r
(SRN—T S} |
F 3 771 S8a7
| IQI \{'3 22027
| - e |
02 82 || " tL‘m” '
4021 (32 | 4
i e

Fig. 3. Dimensions in mm (inch) for Auxtbary Current Transformer
type SLCE 12
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TABLE 1: Connections for | A ratr” econdary

Transformer SLCE 12 for lp=065 - 260A,1,=1A
Ordering No. 4785 040-VP

Terminals No. of turns Resisance ()
-2 154 0.38
3-4 16 0.08
§-6 8 0.03
7-8 70 0.21
§-9 30 0.10
1011 70 0.24
11=12 30 0.11

Power consump.
Primary current Connections on primary side Connections on secondary side Doy Honatl =1 A
A Tums ratio between terminals between terminals @ 0 VA '
C.650-0.670 200/130 S1-1, 2-6, 4-5 3.-82 56 047 1.0
0671-0.710 200/138 S1-1,2-4,3-82 60 044 0
G.711-0.750 200/146 S1-1,2-6,5-82 63 042 1.0
0.751-0.790 200/154 P1-7,9-10, 12-P2 S1-1,2-82 67 039 10
0.791-0.830 200/162 S1-1,2-5 6-82 70 042 1.
0.831--0.870 200/170 §1-1,2-3,4-82 74 044 12 ‘
0.871-0.900 200/178 S1-1,2-3,4-5,6-82 77 047 1.2
0.901-0.930 170/154 S1-1,2-82 67 039 1.2
0931-0980 1701162 , .o o o S1-1,2-8,6-82 0 042 12
0.981-1.02 170/170 : ' o S1-1,2-3,4-82 4 044 1.4
1.03-1.07 170/178 S1-1,2-3,4-5 6-82 77 047 14
1.08-1.12 140/154 51-1, 2-82 67 039 14
1.13-1.18 140/162 A Si1-1,2-5,6-82 70 042 14
1.19-1.24  140/170 P1-7.8-10, 11-P2 §1-1,2-3, 4-§2 4 044 16
1.25-1.28 140/178 S1-1,2-3,4-5, 6~ b4 77 047 6
1.29-1.34 100/130 S1-1, 286, 4-5, 3-82 6 047 1.0
1.35-1.42 100/138 S1-1,2-4, 3-82 60 044 10
1.43-1.50 100/i46 S1-1,2-6, 5-82 63 042 1.0
1.51--1.58 100/154 Pl-7,P1-10,9-P2, 12-P2 S§1-1,2-82 67 039 1.0
1.59-1.66 100/162 S1~1,2-5,6-82 M 042 )2
1.67-1.74 100/170 S1-1,2-3,4-82 74 044 |22
1.75-1.81 100/178 S1-1,2-3 4-5 6-52 7 047 14
1.82-1.91] 70/130 Si-1, 2-6, 4-5 3-82 56 047 1.2
1.92--2.01 70/138 S1-1,2-4,3-82 60 044 1.2
2.02-2.14 70/146 Sl1-1,2-6,5-82 63 042 12
2.15-2.28 70/154 P1-7,P1-10, 8~P2,11-P2 §]- 1, 282 67 039 14
3.26-2.37 70/162 S$1-1,2-5,6--82 0 042 14
2.38--2.48 70/170 S1-1,2-3,4-82 74 044 |6 .
2.49-260 T0/178 Sl-1, 2-3 4-5 6-82 77 047 16

L) The value is vaiid for Sn Hz. {tis 20 % higher at 60 Hz

30
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TABLE 2 Connections for | A rared secondary

Transformer SLCE 12 for Ip

Ordering No. 4755 040-VR

255 -960A 1= A

S GRIN N

62-10AG
APPENDIX |

Terminals No. of turs Resistance (I
1~2 154 0.38
i 4 16 0.05
5-6 8 0.03
7-8 I8 0.017
8-9 7 0.007
1011 I8 0018
11-12 7 0.008

| Power consump-
Primary current Connections on primary sde Connectians on secondary side i’ b honat |« | A
A Turns ratio between terminals between terminals {2 9 ] VA
552,67 50/130 S$1-1,2-6,4-8, 3-82 6 047 1.2
2.68-2.84 50/138 S1-1,2-4,3-82 60 044 12
285-3.00 50/146 §1-1, 2-6, §-82 63 042 1.2
301-3.16 50/154 P1-7,9-10,12-P2 S$l=1, 2-82 67 039 1.2
3.17-3.32 50/162 S$1-1,2-5,6-82 0 042 14
333-348 50/170 §1-1, 2-3,4-82 M4 044 1 4
349366 50/178 S1-1,2~3,4-5,6-82 77 047 |6
367-3.86 43/162 §1-1,2-%,6-82 0 042 14
387-4.04 43/170 P1-7,9-10,11-P2 8§1-1,2--3,4-382 74 044 6
4.05-4.21 43'178 Sl1-1,2-3,4-5 6-82 77 047 16
4.22-438 36/154 S1-1,2-82 67 039 1.6
AIDREL ROIEY . oo i0 1103 S1-1,2-5,6-82 0 042 16
462-483 36/170 : ‘ - Sl-1,2-3,4-82 T4 044 1%
484-507 36/178 S1«1,2-3,4-5,6-32 77 047 18
5.08-5.138 25/130 S1-1,2-6,4-5,3-82 56 047 12
$36-5.07 25/138 Si-1,2-4,3-82 60 044 12
S68-599 25/146 §1-1,2-6, 5-82 63 042 14
6.00-6.31 25/154 P17, P1-10,9-P2, 12-P2 S§1-),2-8§2 67 039 |4
632-6.64 25/162 §$1-1,2-5,6-82 70 042 14
6.65-6.95 25/170 S1=1,2-3,4-582 74 044 |6
696717 25/178 S1-1,2-3,4-5,6-82 77 047 18
7.18-7.44 18/130 S1=1,2-6,4-5,3-82 56 047 14
745-7.88 I8/138 S1-1,2-4,3-82 60 044 |6
7.89-8.33 18/146 - 5 Sl=1,2-6, 5-82 63 042 16
834-877 18/1s4  PI-7.PI-10,8-P2, 11-P2 o 7 0O 67 039 |8
8.78-9.21 18/162 S1-1,2-5,6-82 70 042 IR
9.22-9.60 18/170 S1-1,2-3,4-82 74 044 20

1) The vaiue is valid for 30 Hz. 1t is 20 % higher at 60 Hz2

I = L ORI ¥ T -
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TABLE 3: Connections for § A rated secondary

Transformer SLCE 12 for Ip=285 ~9.70A, I
Ordering No. 4785 040-VS

=5 A

Terminals No. of tutns Resstance {1
1-2 42 0.031
-4 H 0.004
5-8 3 0003
7-8 - 0.020
B-Q 9 0.009
10-11 22 0.023
11=12 9 0.010

Power consump-
Primary current Connections on primary side Connections on wecondary ude Il b b tonatl, =35 &
A Turns ratio between terminals between terminals {2 i VA
2.85-2.98 62/36 S1-1,2-6,4-5,3-82 31 0046 |8
2.99-3.14 62/38 $1-1,2-4,3-82 33 0041 1 8
3.15-3.30 62/40 S1-1, 2-6, §-82 35 0040 1 8
331-346 62/42 P1-7,9-10, 12-P2 §$1-1,2-82 36 0035 1.8
347362 62/44 S$1-1,2-5,6-82 38 0040 20
363-378 62/46 S1=],2-3,4-582 40 0041 22
3.79-3.9] 62/48 $1-1,2-3,4-5,6-82 42 0046 24
3.92-4.08 53/42 Sl-1,2-82 36 0035 22
406 -424 53/44 S1-1,2-5,6-82 38 0040 22
425.443 s34  P1-7.9-10,11-P2 Si-1,2-3. 4-83 4.0 0041 24
4.44--4.65 53/48 §1-1,2-3,4-5,6-82 42 0046 26
4.66-4 87 44/42 S1-1, 2-82 36 0035 2.2
488511  44/44 P Rl 11 0 Si-1, 2-5, 6-82 38 0040 24
5.12-5.34 44/46 . r - Si-1,2-3,4-82 40 0041 26
5.35-5.62 44 /458 S1-1,2-3,4-5,6-82 4.2 0046 28
5.63-596 31/36 S1-1,2-6.4--5,3-82 11 0046 20
5.97-6.28 31/38 S1-1,2-4,3-82 33 0041 20
6.29-6.61 31/40 S1-1, 2-6, §-82 35 0040 20
6.62-693 31/42 P1-7,P1-10,9-P2, 12-P2 S1-1 2-82 36 0035 20
6.94--7.25 3l/44 S1-1,2-5,6-82 38 0040 2.2
7.26-17.57 31/46 S1-1, 2-3,4-82 40 0.041 22
7.58-7.95 31/48 S1-1,2-3,4-5,6-82 42 0046 24
7.96-8.40 22/36 $1-1,2-6,4-5,3-82 3.1 0046 2.2
841 -88S5 22/38 s Sl=1, 34, 3-82 3.3 0041 22
886-931 2240 PI=7.PI-10.8-P2.11-P2 g 7 ST CmCS 35 0040 24
9.32-9.70 22/42 $1-1,2-82 24

36 0.035

1) The value is valid for 5O Hz. 1t 1s 20 % higher at 60 Hz
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Maintenance tests - why!?

Maintenance

There are great demands on protective relays with regard
to performance, operating time, etc, Therefore, it is
necessary to, at regular intervals, perform maintenance
testing. Maintenance testing is a seécondary test where
the following thecks are done:

> if the protective reélay operates at set operating
vaiue

o if releasing and blocking functions are in order

o if alarm and indication are obtained

tests = how often?

How often the tests should be performed depend on several
factors, for example the importance of installation,
environment conditions, simple or complex equipment,
static or electromechanical relays. Normally, pretective
relays are maintenance tested each or every other year.

t Maintenance tests = how?

Test reports

1f the protective relays are mevipped with test switches
of type RIXP 18, they can be ;7= ad without any hazavd
to the equipment in service. Ruwever, please do observe
that the protective relay cannot operate in its normal
manner during the time the test is performed. Should a
fault ocour, a backup protective relay will operate
instead., If the protected object can be taken out of
service during the testing, this disadvantage can be
avoided and it is then possible to test the complete
circuit with all associated apparatus.

It is important to keep accurate equipment reports, test
reports, and relay setting reports to be able to:

o compare with preceding tests if there has been any
change of the operation of the protective relay

0 observe how long time has passed since last testing
and plan when the next testing should take place

(4] see if the protective relay has changed, for example
if some relay units have been exchanged

o to see when and how the setting of the protective
relay has changed

After larger service disturbances, those reports are
valuable when analysis of the disturbances should be
done.
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REGULATING RELAYS should often operais for very small

current changes. Therefore, it is usuully necessary to

use a constant voltage source to be. able to check those
. current changes. It is also necessary to check that the

constant voltage source supplies an alternating voltage
which has a good curve form, These relays MUST be tested
in service-~warm condition with the cover fitted.

Operating times Operating times can be checked in different ways depend-
ing on how long operating times are required to be
measured. A stop watch is generally used for checking
long times, longer than 1 minute. An electrically operated
watch with a synchronous motor or of spring type is used
for shorter times.

When operating time checks are made with the relay
testing set type TURE, AEGs "Sekundenmesser" is usually
used, It is started and stopped by r-lays included in
. the testing set TURE. When there are times shorter than
approximately 100 ms, special time recordere should be
used., It is then necessary to take into consideration
the operating times of possibly used automatic euqipment
for starting and stopping.

Reléys with inverse time lag are checked at 2+~3 points,
suitably 2, 4 and 10 times set current. Relays with
independent time lag are checked with a current which is
twice the set value,

If the relay has an instantaneous function, this func=
tion should be checked at the set value. The test must

i be done rapidly to prevent that the relay and the test-
ing equipment will be overheated.

Time-lag and auxiliary relays toc be checked with regard
to operating times, should be supplied with rated voltage,
Overcurrent relays are suitably supplied with three
times the set operating value, but overvoltage relays
are supplied with 1.3 times set operating value. The

. time for undercurrent and undervoltage relays are meas~
ured at instantaneous decrease of the actuating quantity
to zero,

Thermzl relays with a large time constant, should be

i 0 checked at a constant ambient temperature and the current
should be very carefully maintained coastant, As a rule,
this is often very difficult to obtain when checks are
made at site in 2o installation, therefore small devia-
tions in the operating times ususally are obtained.
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TESTING EQUIPMENT

Instruments

B e e D e e A e R p———— AT ——

The instruments used should be of go.d acruracy class
and they should have been tested at regular intervals.
The se-called universal instruments are normally used,
Such instruments usually have a built=in rectifier.
Please note: Should harmenics be present, a moving coil
insitrument should be used,

The highest possitie current scale, which gives a read-
able value, should as a rvie be used, especially when
measuring low currents, since the internal resistance of
the instrument increases very much at low scale ranges.
If an unnecessarily low scale is used, the current
conditions in the circuit can be changed so much (hat
the measured values are useless. To judge if the measured
value can be relied upon during a test of sensitive
protective relays, it is necessary to judge if the
internal resistance of the instrument influences the
measured value, Data about the internal resistance of
the instrument at different scales can be obtained by
the manufacturer of the instrument., Other resistances
of the circuit ave calculated or estimated with the aid
of the power consumption of the relay and the current
scale. The additional resistance
VA H k. i
Zr - where VA is the volt-ampere consumption of the relay
‘e
and 1 is the lowest settable value on the current
scale. If the impedance of the ingtrument is just 10-15 I
of Zr. noe serious measurement faults are caused.

AEGs "Sekundenmesser' type 5! is recommended to be used
as a time-measurement device. It is graduated with scale
marks of 1/100 s. However, there are other makes avail-
able with the corresponding graduation and atcuracy as
well as electronic time-measurement devices,

Apparatus for connection checks

When checking the connection of a protective relay with
static relay units, such apparatus that can cause harm=
ful overvoltages are not allowed to be used as these
voltages can destroy the electronic components in the
relay., There are harmless apparatus for connection
checks available on the market.

Static relays are not allowed to be impulse tested or
insulation tested with for example a megger. The relays
should be disconnected if cables and other connecticons
should be insulation tested.
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Relay testing sets ASEA produces several types of relay testing sets, The
choice of suitable test sets depends first on which type
of tests should be performed, secondly which type of

. relay or protection scheme should be tested.

All available testing sets are described in separate
Informations according to the list below:

Information Typ Application area

RK 90-101 E TURE Secondary testing of relay
units and protective relays

RK 90-102 E TURB Secondary testing of distance
relavs

RK 20-103 E TURG 1000 Primary testing of current

transformeis and relavs con=
nected to the CT's

RK 90-104 E TURF Testing of frequency relavs
RK 915~300 E TURH Secondary testing of distance
relays and other types of
relays
MAINTENANCE
General Since almost all ASEA protective relays contain just

static relay units, except auxiliary relays, no special
maintenance is required for the relays. It should be
checked that all relays are equipped with their covers

. and the holes for the setting knobs are fitted with
plastic plugs,

Polishing of <ontacts

Should Lurnt contacts be observed when iunspecting the
relays, a diamond file or an extremely fine file can be
used to polish the contacts. Emery cloth or similar
products must not be used as insulating grains of abra-
sive may be deposited on the contact surfaces and cause
failure,

Tools A toolbox is available for connection work and testing,
see Fig. 30. The box contains for example screwdrivers,
stripping tool, contact crimping tools, and certain
parts of the testing system COMBITEST. The box is de-
scribed in Catalogue RK 92-10 E,

For overhaul and adjustment of relays, a toolroll is
avallable. The toolroll is described in Catalogue RK 91-1 E,
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TEST INSTRUMENTS AND THEIR USE

The relay has been tested and calibrated using sine
wave currents plus specific valves of harmonics. The
meters used for calibration are rms (not rectifier)
type for ac measurements and true do, moving coil,
faveraging) ty pe for de measurements. 1t is essential
that stmilar ty pe meters be used in the field if reliable.
vonsistent, results are 1o be attained

When the rectified do method is used as the source of
2nd harmonic, the formula given in the AG for cal-
culating the amount of 20d harmonic is based on
reading the d¢ with a true de¢ ammeter (of moving

coil type) as well as reading the ac with & true rms
type ac meter. When a separate 2nd harmonic (or §th
harmonic) generator 15 used to supply the hannonic
restraint current, its magnitude should also be meas-
ured with a true rms meter, accurate at that frequency,

DC voltages should be read with 4 10,000 ohms per
volt d¢ voltmeter with a true de charactenstic

When insulation measurements are to be made it is
prudent 1o use as fow a voltage as feasible for the de-
sired results, The relay has been production tested
with voltages up to 2.5 KV, but such test voltages are
not recommended for field testing. Any measurements
made on the inter-module wiring should be at a volt-
age not to exceed that normally expected on that

wire and from a hugh impedance source of at least
10.000 ohm 'volt. In general, measurements on inter-
module wiring beyond those given in the trouble
shooting section are not recommended. Many of

these circuits terminare in diodes and transistors. The
results of measurements made on these circuits are

the consequences of the test equipment characteristics
as much as on the status of the circuit itself, and hence
are meaningless and are not recommended.

STARTUP TESTING

There are no unusual requirements for commissioning
a set of DSE transformer differential relays. However,
in view of the several interrelated components, the
following is offered as a guide.

I General inspection: Inspect all name plates for
proper ratings of equipment. Confirm the proper
taps on main CT's and auxiliary CT's and correct
volitage taps.

[ )

Current circuits connections:

a) Primary current injection: where CT ratios are
low enougii, using a low voltage source, apply
a reasonable current in the primary circuit of
each main CT. By means of an ammeter in-
serted into the various secondary circuits con-
firm the current wiring and ratios of each main
and auxiliary CT.

T S = AN 1
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b)  Secondary current injection. As an alternste
to the pnmary current test, insert current at
each main CT secondary terminal in parallel
with CT secondary

¢)  These current tests do not check phasinn or
polarity of the CT's. Phasing checks a0 wsuals
ty deferred unuil load checking. Polarity checks
can be made with the de "kick-test”. Connect
a de voltmeter of 3 moving coil ( not rectifier)
type to the secondary of the CT, with the
meter + on the polanty mark. Momentaniy
connect across the pnmary winding ¢ de volt-
age of 1 1/2 to 6 volts from a dry battery
With the battery positive 10 the CT primary
polanty mark, the meter should kick up scale
when battery s connected. It should go
negative when battery is disconnected

3 Inspect other wiring and compare with drawings
provided with the transformers and relay for obe
vious errors of omissions. Depending on individual
practices, Circult continuity can be checked with
ohmmeter or by other methods. Any of these
methods are suitable to check the proper function-
mng of the test switch and associated plugs for
proper opening or shorting as indicated on the
drawings

4 Insulation tests: The DSE is production tested to

2-2.5 kV. In the field the current circuits are ssual

Iy meggered to earth with 500 V max. This test can
also be used to confirm that there ts only 4 single
protective ground on each current cirouit, Contirm
that each ground connection is restered correcth
before proceeding to test another circwt, DC G-
cuits are usually checked for grounds with 4 lower
test voltage to avoid inadvertent damage to other
gquipment.

a)  The DSE has been type tested with o 5 KV im-
pulse, a 2.5 KV SWC test and g 48 KV showening
arc test in addition to the nated dielectng tests
These type tests are usually not repeated in the
field.

§ Trip circuit continuity tests. Manually operate the
MS | output tripping relay by inserting a pin or
small screw dnver through the available opening in
the cover. Confirm that the RTXP [N rest switeh
trip cireuits are wired according to the appropriste
diggram. Use the red trip<block plug RTNB t AG
Fig. 8) to open the respective trip circuits in the
RTXP 15 switch

a)  The MS | outpul relay may be electrically
operated by applying the rated de + voltuge
to terminal 143:222 on the rear of the TEE 4
module. (See Fig. 17a for physical location)

]
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b} Using the RTXH 18 test plug handle inject
current into the vanous DSE inputs (see AG
Fig, 7. TI Fig. 27 or appropriate drawing for
test switch detail) and observe that the MS |
output relay picks up and that the operation
indicator in the TEE 4 functions. 1t the SG |

phase indicator is provided the respective phase

imndication should also oceur

¢} These two tests provide 4 complete check of
the tripping capability of the relay system
However, if it is 4 testing requirement that an
overall tripping test e made in one test. i.e..
current into relay to treaker tnpping. a mods
fication of the above piacedure will be re-

quired. Remove the RTAH 18 test plug handle

To block the tripping of on® or more breakers
insert the red RTXB trip-bloc\ plug in the
respective test switch positions. Prepare two
leads each with 4 20 A, COMBIFLEX female
terminal crimped to one end. Connect these
leads from a source of test current (prefer-
ably an ungrounded source) to the respective
positions on the B (left) side of the rear of the
RTXP 18 test switch. (See Fig. 7 in AG for
the proper test switch positions). If there is
also load current in the relay, the injected test
current required to cause relay operation may
not relate to any calibration value, However,
since the overall tripping operation is still con-
tormed 4s occuring just at a relay pickup, the
purpose of the test is satistied fully,

6 Set the relay: Refer to AG. Testing Section. for pro-
cedures for confirming the characteristics of the
relay. There are only two settings to be made:

(@) the minimum pickup current is set by means of
the selector switch on the face of the TEE 4 meas-
uring unit: (b) the unrestrained instantaneous unit
18 set by means of the jumpers on the rear of the
TEE 4 umit as showr ~ Fig. 11 of the AG.

7 lnitial energizing of transformers: This should not
be done until after the relay is set and after the trip
cireuits are known to be functioning. With the test
switch normal so the relay can trip, energize the
associated transformer from the feast critical source
If the relay operates, locate the fault or the in-
adequacy in the relay system before proceeding, If
no fault is found, 1 wiring error should be suspected
if the relay had been previously set correctly. The
most likely cause would be a significant error in a
CT ratio such as to cause the unrestrained unit to
trip on excessive CT secondary current. Minor ratio
errors or incorrect phasing of auxiliary CT's should
not cause this type of incorrect tripping upon
energizing without load.

a)  To minimize the frustrations from such & situa
tion it +s usual 1o take osaitlographic records
of the iitial energizations of large transform-
ers. When this is not practical, the energizing
source may be selected so as to micimize the
possibility of a severe inrush causing a ImMpro-
perly installed relay 1o aperate. Inrush is
mitinnized by

ia)  Energizing the higher voltage winding
(b1 Enermizing trom the weakest source
(¢} Energizing a delta contiected winding

Seldom can all of these conditions be satistied
Their relative mernits for reducing inrush are
about i the urder histed. A maladjusted cireuit
breaker should be suspected if no other cause
18 located. If feasible, inrush can be minimized
an the nitial energizing by temporarily recon-
necting the main transformer taps to include
more turns on the winding 1o be energized

b} Occasionally it may be desirable to tnitially
engrgize a transformer from a separate. lower
voltage test source, This can elintinate most
inrush considerations, But it ¢reates 4 hazard
if a fault should exist in the transformer. there
may be insufficient current to operate the pro-
tective relays and extensive internal dumage
might result,

8 Load checks: Load checks are most conveniently
made with at least a 30 7 load on the respective
CT's. When this s not feasible, care should be used
to make allowance for CT performance at low cur-
rents when evaluating results. Also the effect of the
high burdens of low current ammeters must be
allowed for. The various currents are measured by
using an ammeter connected to the RTXM test plug
inserted in the RTXP |8 test switch. Refer to de-
tail drawings for the proper location of the various
currents on the test switch. [t is customary 10 in-
sert red, trip-block plug imto the RTXP 18 test
switch to avoid inadvertent tripping while load
checking. But this practice must be weighed against
the hazard of a new piece of equipment faulting
without primary protection in service,

a)  Note that with multirestramt models which
require two test switches, the neutral differen-
tial phase currents have two contacts in paral-
lel, see Fig. 7(d). Thus to measure the difteren-
tial currents it s recommended to use two test
plugs, one for each test switch. Connect the
test plugs in parailel to an ammeter. Insert the
test piugs to the same position (12, 12 or 14)
on the test switches. The ammeter then shows
the total differential current. If, on the other
hand, only one test plug is available the difte-
rential current can be measured by inserting




the test plug in the test switch 101 and. on
the A side of the switch. temporarily open the
connection to terminal 14 on the test switch
501,

B} Load Tap Changer transtormers re usually
checked out on 3 mid-tap position. But fre-
quently the taps are deliberately run off norm-
al to develop o "circulating current®’ with
another transformer for improved metering
aceuracy. The results are then converted to a
neutral position by inversely proportioning
the currents to the respective tap voltages.

¢y When there are three or more windings, or
sources. they are usually checked out in pairs,
but this is not a requirement,

Wining errors: When the differential current of any
ph ¢ is more than a few percent of the input cur
rents there is either a wining error, such as a £ e
shift error in the auxiliary CT's or a ratio error
somewhere in the system. Note that the magnetizing
current in the power transformer can cause a higher
percentage of differential current if the load current
is lower than the rated value, The following are sume
of the more likely errors

4} Same, small differential current in each phase
= @ wrong set of CT ratios or primary and
secondary of auxiliary CT's interchanged, or
LTC off calculated tap,

b} Differential currents higher than any of the
restraint currents ~ reversed suxiliary CT ratio
(or combination of ¢ and d below).

<) Differential currents about equal to restraint
currents — the delta of auxiliary CT's probab-
ly made up in reverse sequence from the main
power transformer,

d)  Differential currents \ 3 times restraint { on a
two winding load test) — & "roll” in the phas-
ing uf one set of currents. On multiple wind-
ing transformers there could be more than one
such error.

¢)  Unequal differential currents in the three
phases -- some type of asymmetrical wiring
error. If there is current in two phases only
and zero differential in one phase, probably
an mterchange of two phases from one source.

f)  No current in a differential circuit - this
should not be assumed to mean correct wiring,
there may be a short circuit or an open cireuit
in the differential circuit. To test for one of
these conditions observe the differential cur-
rent when one of the restraints is removed
from the relay. This can be accomplished as
follows:

62-10 Tl

With the trips blocked and ammeter plug with
meter connected inserted into the differential
circuit, conaect the A side (black iead) of g
second ammeter plug to the same A side of
the differential ammeter plug. Insert this
second plug into one of the input circuits

The differential ammeter should now read the
current which was thus bypassed from the
relay. Be sure to make the connection be-
t.veen the two plugs before inserting the
second plug to avoid an open CT condition

10 Repetive energizing of the transformer to prove
no maloperation 18 not recommended. When
proot of performance is a requirement it is re-
commended that an oscillograph be used to re-
cord actual current wave shapes. thus minumizing
the number of inrush tests which must be magde

11 Staged fault tests: This techruque of proving no
wiring errors or malfunctioning relays is the pero-
gative of the user. It is not necessary from g relay
~OIMMISSIONINng viewpoint.

12 Placing in service: After all temporan startup
facilities have been removed 1t is goad practice.
when feasible, to initiate a tnpping from the
DSE relay to confirm that the protection has
been returned to working order. including 1ar-
gets, which should of course then be reset

13 When one or more TUC 4 input-restraint modules
are used, two RTXP |8 test switches are utilized
as shown in Fig. 7 AG. However. to fully inter
lock the decommissioning of the tripping with
the insertion of a test plug handle into either
test switch certain de circuit complexities have
been introduced. Also as noted in item X above,
the differential currents are parallelled in the two
test switches at positions 12, 13 and 14 Thus.
refer to proper drawing for the specific installa-
tion detail before load checking.

AUXILIARY CURRENT TRANSFORMERS

The vanous methods of connecting auxiliary CT'S 1o
provide the desired phase shift and zero sequence pers
formance are given in AG Fig. 9. Appendix of the
DSE AG provides complete information on the

SLCE 12 auxiliary CT turns ra:ios and winding de-
velopment, The kneepoint voltage of these au <iliary
CT's is 0.41 volt per turn. This can be used to con-
firm the general adequacy of the CT application,
escpecially if there are any appreciable lead lengths
between the auxiliary CT%s and a 3 A rated relay

L
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Fig. 27 B( Erronne tions betwenn units of DS
iiniernal relay details are only shown tunctionally )
. DESCRIPTIVE PHYSICAL DETAIL
The AG provides it the first 6 illustrations and related Cuit 1s only to accellerate the operating speed
text a physical description of each unit which makes relay. The restraint unit will always funcnion 4 iew
up a DSE relay and the way the relay 1s assembled in milliseconds after the instantaneous unir

the COMBIFLEX equipment frame. The AG also de-
scnbes the relay on a functional basis with AG Fig. 14
showing in which unit each major function is located.
Figures 2632 herein show additional detail of each
unit. Note: It is rot the intent that this detail be used

Versions without the indicator RXSG 1 fus 4«
ponent block type RTXE with three built-in resistors
mounted on the rear of the me. tring unit

When more than three inputs are used, 4 TUC 4 TRITY

to facihitate internal repairs to any unit. The purpose module 15 added for each additional input. 7he con-
s 10 make the functional relations shown in AG nections between the RTXP 18 test switch and the
Fig. 14 more meaningful and to make trouble shoot- DSE 43's and TUC 4's are shown in Figure 7 More
ing between units more readily accomplished. detail is shown of these interconnections in Fig. 29

he TUC 4's are three phase units. The DSE 4375 e
single phase units with three inputs per phase. Thus

WIRING INTERCONNECTIONS BETWEEN

. o B . e 2 4b N o
MODULES ¢ach TUC 4 connects to ali three DSE 423
Fig. 27 shows the functional purpose of each of the
interconnections between the DSE 43's and the TEF 4 4 [ . 1
measunng module. This enlarges on the information pg o eeslidned . R il il
| given in Fig. 7 and relates the overall operating details A = ‘
| of Fig. 14 to the actual wiring. pila et TE TR LRV Y
; Fig. 28 shows the connections to the SG 1. individaal ¥ om _’5“ Y I [y e
phase target module when this optional component is ! H
| used. Note that these targets are operated only by the o
| . restraired signal. However, they will fuaction when B . e S

thie instantaneous, unrestrained unit causes the trip-
ping, because the function of this second tnpping cir Fig 28 DC interconnections 1o phase indicator 50
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TABLE o

Variable Restraint Test Data at 32 Min. Op. Current
EEY T TEE Y

Relay toted curem Rostvam Ditferential

I A ) 290 38
I “- £ s | U
1 L 2 2
10 . 4

SA 0 | 451,73
1.5 A X4
l ‘ A L) ! :
£0 3942

Caution: This i & larmonic sestreint selay snid it o evhential thet gond
MAE WS Lot current be used for all fundumental trequency testing e
quirements

20d Harmonic Restraint Tests

The 26 harmonic testraint characteristic can he
checked with the aireuit of Figure 16 by plaving the
selector switch to position |, The single diode recti-
fler provides a current wave shape tich in 2nd har.
MORICs In addition to the de component. By adjust-
Ing the twa load boxes, vatious proportions of 2nd
harmonic to tundamental can be established Wave
shape analysis shows that if the ac current 1] s read
On an ac ammeter and the de current 13 is read on a
d¢ ammeter of moving coil type (neither of rectifier
typel

percent 2nd harmonic =

The 2nd harmonic restraint has a 20 percent nominal
value. A convenient check Foint s to adjust the dy
current to 4 A and with the minimum pick up setting
at 32 percent, gradually increase the ac current until
the relay operates, For the |8 25 percent factory
calibration this should be at 3.1-6 A ac. The mini-
mum pickup sensitivity setting has little effect cn this
2nd harmoni¢ restraint characteristic,

The de component of the I0d harmonic test current
will low not anly in the relay tand cause no signifi-
cant effect because of the air-gapped transformers),
but it will also Nlow in the supply circuit. This may
cause do saturation in the supply transformer and re-
sult in tuse blowing. More importantly it may result
in test voltage distortion which may affect the relay
characteristios withoaut the tester being aware of it
other than by observing a relay with apparent lack of
sensitivity. Should such be the case, one solution is to
supply the rectifier circuit from a separate ac source.
Another solution is to add a 2nd rectifier and dummy
load to cancel the testing de in the power source. This
15 also shown in the test circuit of Figure |6,

14
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§th Harmonic Restraint Tests

A ditterent test setup 1 needed 1o chedk the Sth
Harmoniy restrant A SPGrIte sine wivg generatot

tusually an oscillator and Power i pitier are

10 pravide the harmomg curtent Tie 1est sel UL
sliown in Fig 12 Nate al e fundamental sl
WEMOMY current sourees are in parallel. Thus the s

Fent adiusting resistors

W solating thy

sWIve 1 Whilitional PUTPpOse

WO sourves fro av i Olser

It important that 1 ¢ Stn
I SNat ll i s muade e WL i owill bl WD The sess
Wl harmonivs o the Tundevental ind Chuse goraty
erahion of the “U-\\‘\L‘f Wwith a4 4 b1/ gt et
enee, thie beat does not influence the ¢

HIMony iraguengy noy

relay
¢l aerat
nor shouwld any fundamental ICAK ALY It the
cause trequency instability . Also if there i« any hup
mome i the fundamental i will by fully masked
the tocal oscillutor. ( An interfering signal of sayv 10
pereent will cadse only a percent effect o ¢ TS \
value of the resulting wave)

i
LT 1 U REES

The ammeter for measuring thie harmon; Srrent
MUt of course be suitable (or the trequency invalved
e dual beam ascilloscope is an excellent metliod
for contirmuing that the two sgnals are not itertering
with cach other; and of equal iImportance th |
ammeters are i tact properly indicating thie r

Ve CUurrents

Ihe relay should not iperate when g gt single pi
tests Is more than 3543 percent of 11 The relat
showd be set on the 32 percent minimuim operating
current tap to duphcate the factory calibration A
vonvenignt method 1o check this is 10 apply 1.3 A ot
Sth harmonic (for & § A rated relay ) and 1o then i
crease 1) until the relay operates. which should e 4t
33A +1A~0A The formula is

g lg

i
Lopenste " 535 0 033

Indicator Tests

Check that the indicator flag in the TEE 4 unit dr: Ps
when the relay operates and that the indicator Nap
resets when 110220 V d¢ 1s connected to terminals
416 (+)and 411 (~) in the TEE 4 unit

Three-phase Tests

The complexity of three-phase testing is not usually
warranied. If g threesphase, fundamental frecuency
test I8 made with a pure sine wave, the minimum nick-
up current will be increased from the calibration value
by a facto. of 1.4 10 2.0, This is inherent in the reliy
Jdesign and s not adjustable

B e P hilian e e i
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