INSTALLATION

Westinghouse I.L. 41-347.1)
OPERATION e MAINTENANCE

INSTRUCTIORNS

TYPES HU AND HU-1
TRANSFORMER DIFFERENTIAL RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The types HU and HU-1 relays are high-speed
single phase relays used in the differential protec-
tion of transformers. These relays can be applied
where the magnetizing inrush current to the trans-
formers is severe.

Current transformer ratio error shouldjnot ex-
ceed 10% with maximum external fault current“flow-
ing, or with eight times relay tap current flowing.

The HU-1 relay has three restraint transformers
and associated rows of taps; wheréas, the HU relay
has one less restraint transformertand two rows of
taps. Otherwise the two relaysgarejidentical. Three-
winding banks normally requirey,the HU-1 relay, al-
though the autotransformerdapplication uses the HU
if the tertiary is not loadéd.

Both the HU orgthe HU=1 are available with a
sensitivity of either 0.30 Or 0.35 times tap. The 30%-
sensitivity relayWysatisfactorily handles up to 15%
mismatch (g.g. t10%ytransformer tap changing plus
5% CT mismateh). The 35%-sensitivity relay handles
as much as 20% miSmatch. See Fig. 7 for a compari-
son of the characteristics of the two sensitivities.
Any of the relays may be recalibrated in the field to
obtain eithegycharacteristic.

Ordinarily the 30%-sensitivity relay will suffice;
however, where CT mismatch is abnormally high or
where the transformer tap-changing range exceeds
$10%, this calibration may be too sensitive,

SUPERSEDES |.L. 41-347.1H

*Denotes change from superseded issue.

CONSTRUCTION

The types . HU%nd HU-1 relays consist of a dif-
ferential unit (DU), a harmonic-restraint unit (HRU),
and an indicating eontactor switch (ICS). The prin-
cipal parts/of,the relay and their locations are shown
in®igs.” 1'toA4.

Differential Unit (DU)

The differential unit of the HU relay consists of
twoy air-gap restraint transformers, three full-wave
rectifiers, saturating operating-transformer, and a
d-c polar unit.

The HU-1 relay, in addition to the above com-
ponents, has a third air-gap restraint transformer, and
a fourth full-wave rectifier.

Each of the restraint transformers and the opera-
ting transformer are provided with taps to compen-
sate for mismatch of line current transformers. These
taps are incorporated in the relay in such a manner
that changing a tap on a restraint transformer auto-
matically changes the same tap on the operating
transformer.

Harmonic-Restraint Unit (HRU)

The harmonic-restraint unit of the HU and HU-1
relays consists of an air-gap operating transformer,
a second harmonic block filter, a fundamental block-
second harmonic pass filter, two full-wave rectifiers,
indicating instantaneous trip unit, varistor, and a d-c
polar unit.

Taps are also incorporated in this unit to com-
pensate for mismatch of the line current transformers.
Changing a tap on the restraint transformer of the
differential unit also changes the tap of this unit.

Polar Unit

The polar unit consists of a rectangular shaped
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inrush currents associated with energizationgs0f the
transformer, even though these currents may appear
as an internal fault. To avoid these false.eperations,
each unit of the relay performs a separate function.
The differential unit (DU) prevents operation on
external faults, while the harmonic-restraint unit
(HRU) prevent operation$ ongp magnetizing inrush
currents. Hence, the operation of the relay can best

be described under the headings of external fault
current, internal fault currents, and magnetizing in-
rush currents.

External Fault Currents

Fig. 5 Polar Unit Permanent Magnet Flux Paths.

magnetic frame, an electromagnet, a permanent
magnet, and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
The magnetic frame consists of three pieces joined
in the rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core._ The
armature is fastened to this core and is freefto move
in the front air gap. The moving contaet, is{con-
nected to the free end of a leaf springy, which, in
turn, is fastened to the armature.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor Switch“is a small
clapper-type device. A magnétic armature, to which
leaf-spring mounted contactsgare, attached, is at-
tracted to the magnetic core (ipon energization of the
switch. When the switch/eloses) the moving con-
tacts bridge two stationdary contacts, completing the
trip circuit. Also, during this operation, two fingers
on the armature defleet,a“spring located on the front
of the switch,, which 4allows the operation indicator
target to drop,

The front Spring, in addition to holding the tar-
get, provides'restraint for the armature and thus con-
trols the pick-upfvalue of the switch.

OPERATION

The types HU and HU-1 relays are connected to
the “‘protected transformer as shown in Fig. 6. In
such a connection, the relays operate to protect the
transformer for faults internal to the differential zone
of the transformer, but not for faults external to the
zone. Neither do the relays operate on magnetizing

The types HU, and HU-1 relays have a variable

percentage “¢haracteristic. This means that the
operating /current required to close the contact of the
differential /unit expressed in percent of restraint
current, varies with the magnitude of the larger re-
straint current. Fig. 7 and Fig. 8 illustrate this
characteristic. To use these curves, divide each
restraint current by the appropriate tap and enter
the horizontal axis using the larger or largest re-
straint multiple. Then enter the vertical axis, using
the difference of the restraint multiples.

With the relay connected as shown in the schema-
tic diagram of Fig. 9a, an external fault causes cur-
rents to flow in the air-gap restraint transformess of
the differential unit. If the line current transformers
do not saturate and the correct ratio matching taps
applied, no effective current flows in the operating
transformer of the relay. Hence, only a contact-
opening torque is produced on the differential unit.

On heavy external faults where a main current
transformer saturates, current flows in the operating
circuit of the relay. With such a condition, the
harmonic-restraint unit may or may not close its con-
tacts, depending upon the harmonics present in the
false operating current. However, operation of the
relay is prevented by the variable percentage char-
acteristic of the differential unit, since a large dif-
ferential current is required to close its contacts
during heavy external faults.

Internal Faults

In the case of an internal fault as shown in Fig.
9b, the restraint of the differential unit is proportional
to the largest restraint current flowing. The sum of
the two restraint currents flows into the operating
transformer and produces an excess of operating
torque, and the differential unit operates.

In the case of an internal fault fed from one
source only, the fault current flows in one restraint
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transformer and the operating transformer. Angexcess
of operating torque is produced on the differential
unit and it operates.

Faults normally appear as an offset Sime wave
with a decaying d-c component, and confaimyvery few
harmonics. As a result, the harmonictrestraint unit
will operate during internal faults 6 permit tripping
of the relay.

For heavy internal faults,/@he“indicating instant-
aneous trip unit (IIT) will joperate before the main
unit. Since this unit is “‘cemnnected to an air gap
transformer, essentiallyfonly, the sine wave compo-
nent of an internal fault,is applied to the IIT unit.
The d.c. componentfofithe fault is bypassed by the
transformer primary. &'or) example, an internal fault
with a first@peakyof 28 times tap value (includes
fifty percent d«.) is®reduced to a first peak of ap-
proximatelyy 414 times tap value (d.c. component
absent) on theSecondary of the transformer. The
IIT unit will just operate on this wave since it is set
to pick up at a peak current of 14.1 times tap (r.m.s.
pick-up value = 10 times tap).

The varistor connected across the d.c. side of
theyrestraint rectifier of the harmonic restraint unit
prevents excessive voltage peaks from appearing
across the rectifiers. These peaks arise through
transformer action of the harmonic-restraint polar-unit

Figi8. \Differential Characteristic of the Differential Unit
(DU) of the HU and HU-1 Relays at Larger Values

. of Current.

coils during heavy internal faults. The varistor has
a large value of resistance for low voltages, while
presenting a low value of resistance for high volt-
ages. This characteristic effectively reduces the
voltage spikes on heavy internal faults while not
hampering performance during inrush, where the volt-
age is considerably lower.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various
wave shapes. A typical wave appears as a rectified
half wave with decaying peaks. In any case, the
various wave shapes are rich in harmonics ‘with the
second harmonic predominant. Since the second
harmonic is always present in inrush waves and not
in internal fault waves, this harmonic is used to re-
strain the harmonic-restraint unit during inrushes.
The differential unit may or may not close its con-
tact, depending on the magnitude of the inrush.

When a magnetizing inrush wave is applied to
the relay, the d-c component of the wave is by-passed
by the air-gap operating transformer. The other com-
ponents are fed intothe filter circuits. The impedance
characteristics of these filters are such that the
second harmonic component flows into the restraint
coil of the polar unit, while the other harmonics flow
into the operating coil. The polar unit will not close
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its contacts unless the second harmonic content is
less than 15 percent of the fundamental component.

The indicating instantaneous trip unit (II'T) will
not operate on inrush. The air-gap transformer awvill
bypass the d.c. component of the inrush thereby're-
ducing the magnitude of the wave applied tofthe LT
unit. If the inrush has an initial peak®of 16 times
tap-value current, the air-gap transformergwill reduce
this peak to approximately 8 times,tap®wvalue on the
secondary of the transformer. Sinceithe IIE unit is
set for a peak value of 14.1 times 4@p (r.més. pick-up
value = 10 times tap), it will not operate on this
inrush.

_Breaker Maintenance

Before some of the CTls aréybypassed for breaker
maintenance the tripycircuit{’'should be opened, as
shown in Fig. 6. Otherwise the false-unbalanced
current will cause the relay to trip. It is not neces-
sary to short-circuit the relay operating circuit since
it has an adequate continuous-current rating. (See
‘‘Energy Reguirements’’).

CHARACTERISTICS

Taps are incorporated in the HU and HU-1 relays
to‘compensate for main current transformer mismatch.

These taps are as follows: 2.9, 3.2, 3.5, 3.8, 4.2,
4.6, 5.0, 8.1.

To measure the effective unbalance, a sensitive
low-reading voltmeter (5000 ohms per volts) can
temporarily be connected across the operating coil
resistor (at top of case). With a perfect balance the
voltmeter reading will be zero. The reading should
not exceed the values indicated by the 15% mismatch
curve in Fig. 10 when the relay pickup is 0.30 times
tap. If the amount of mismatch is measured or cal-
culated, the measured voltage can be checked against
the interpolated value from the curve. For example,
assume that the larger restraint current is measured
as 1.5 tap multiple and the calculated mismatch is
7%. Then, from Fig. 10 the measured voltage should
be approximately 1.0 volts. Use Fig. 11 if the pickup
is 0.35 times tap.

Pickup of the harmonic-restraint unit and the
differential unit is either 30 or 35% of tap value cur-
rent. Pickup of the indicating instantaneous trip unit
is ten times tap value current.

Components of the harmonic-restraint unit are
selected such that 15% second harmonic will prevent
operation of the unit. This factor is adequate to
prevent false operation on inrushes.

P
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Fig. 10. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.30

Times Tap.

The frequency response of the HU4£and HU-1
relays is shown in Fig. 13.

Trip Circuit

The main contacts will safely close/30 amperes
at 250 volts d-c, and the seal-in ¢gontacts¥of the in-
dicating contactor switch will ‘safely carry this
current long enough to trip a circuit breaker.

The indicating contacton switch hastwo taps that
provide a pick-up setting“of,0.2%r 2 amperes. To
change taps requires connecting the lead located in
front of the tap block tothe desired setting by means
of a screw connection.

SETTING

To setythe relag, calculations must be performed
as shown under/‘‘Setting Calculations’’. After the
correct tap is determined, connections can be made
to the relay transformers by placing the connector
screws in the various terminal-plate holes in front
of the relay. Only one tap screw should be inserted
in‘any)horizontal row of taps.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This

Fig. V1. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.35
Times Tap.

selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48 volt DC applica-
tions set relay in 2 tap and use Type WL Relay coil
S#304C209GO01 or equivalent.

Indicating Instantaneous Trip (11T)

No setting is required on the indicating instan-
taneous trip unit. This unit is set at the factory to
pickup at 10 times tap value current.

SETTING CALCULATIONS

Select the ratio matching taps. There are no other
settings. In order to calculate the required tap set-
tings and check current transformer performance the
following information is required.

Required Information

1. Maximum transformer power rating (KVA)M

2. Maximum external fault currents

3. Voltage ratings of power transformer (VH, VI'
v

4. Current transformer ratios, full tap (NT)

5. Current transformer ‘‘10L’’ accuracy class
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voltage, (or excitation or ratio-overcurrent
curve)

6. One way current transformer lead resistance
at 25°C (RL) (when using excitation curve,
include CT winding resistance)

7. Current transformerconnections(wye or delta™)

Definitions of Terms

Ip = Primary current at (KVA)M
Igp= Relay input current at (KVA)M

IRH’ IRL' IRI are same as IR except forthigh,
low and intermediate voltage sides respectively.

Ig = CT secondary current at (KV.A)M

TH' TL, TI = Relay tap settings for high, low
and intermediate voltage awindings, respectively.

N = Number of currentytranSformer turns that are
in use.

Np =N/ N (Propertion offtotal turns in use)
N = Current transformeér ratio, full tap

VCL = 10L, accuracy class voltage

Zp= Burden impedance of any devices other
than the HU or HU-1 relays, with maximum phase-
to-phaseyord-phase current flowing.

ZI‘ = Total secondary burden in ohms (excluding
current, transformer winding resistance, except
when using excitation curve)

Fig.

13. ,Typical “Frequency Response of the HU and

HU-T"Relays.

Calculation Procedure

1.

Select current transformer taps, where multi-
ratio types are used.

IR should be more than 2.9 amperes for high
sensitivity and should not exceed the relay
continuous rating (see ‘‘Energy Require-
ments’’). For determining the required con-
tinuous rating of the relay, use the expected
two-hour maximum load, since the relay
reaches final temperature in this time.

Select relay taps in proportion to the relay
currents, IR'

IR should not exceed relay continuous rating.
Also the maximum external fault current
should not exceed 20 times relay tap.

Determine Mismatch (Not to exceed 15%)

For 2 winding banks:
(IpL/Tgy = (TL/ Ty
S (D

% mismatch = 100

where S is the smaller of the two terms,

(IRL/IRH) or (TL/TH)

For 3 winding banks:

(Ipy/Tpp —(T/ T
S

% mismatch = 100 (2)
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Fig. 14. “Example for Setting Calculations.

where ‘‘S’’ is the smaller©f thedtwo terms,
(Rru/Igy) or (Ty/Ty

Equations similar to,eq. (2), apply for mis-
match from the highto low and from the inter-
mediate to low voltage,windings.

Where tap changing under load is performed
the relays should“be”set on the basis of the
middle ,or neutsaltap position. The total mis-
match, Ineluding the automatic tap change
shotild not exeeed 15% with a 30% sensitivity
relay, @and 20% with a 35% sensitivity relay.
Note'fromdFig. 7 that an ample safety margin
exists at'these levels of mismatch.

. Check current transformer performance. Ratio
error should not exceed 10% with maximum
symmetrical external fault current flowing or
with 8 times relay tap current flowing. An
accurate method of determining ratio error is
to use ratio-correction-factor curves (RCF).

A less accurate, but satisfactory method is
to utilize the ASA relaying accuracy classi-
fication. If the 10L accuracy is used, perform-
ance will be adequate if:

NPVCL. is greater than ZT
100 3

For wye-connected CT:

Zp = lead resistance + relay burden + ZA

=1.13RL+9'—T1—E—’+Zthms (49

(RL multiplier, 1.13, is used to gclcsount for
temperature rise during faults. _I‘ is an

appro ximation, where T = relay tap.

ZA is any additional burden, when maximum
external 3-phase fault current is flowing).

11
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For delta-connected CT:

0.15
Zp=3(lL13R, + T + Z p)ohms

0.45
=3.4R, +2:45 37 5)
Ry, +=5 A (

(The factor of 43 “aecounts for conditions
existing during a phasesto-phase fault. ZA
is any additional burden, when maximum
external phase“to /phase fault current is
flowing)

5. Examples

Refer, toypages 13 and 14 and figure 14 for
setting examples. Note in both examples that
the 8 tap was selected as the first step in
selecting relay taps. If a lower tap such as
tap 5 had been the first selection, a proper

12

balance would have been impossible. On page
12 for the two winding bank,

IpL 8.05 . )
—— =——=1.92. With tap 5 for the low side
IRH 4.18

the maximum current ratio that can be matehed

.5
by the taps is 55 = 173 With.tdp 87 select-

ed for the low side, a 3 togl current ratio can
be matched. On page 13/for the, three winding
bank,

I
_RL _ 3%
IRu

This current_ratie can be accommodated by
the 8.7 & 2.9%taps without excessive mis-
matcht

INSTALLATION

Thesrelays should be mounted on switchboard
panels ofptheir equivalent in a location free from
dirt,“moisture, excessive vibration, and heat. Mount
thé“relayy vertically by means of the four mounting
holes ‘on the flange for semi-flush mounting, or by
means’ of the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for steel-
panel mounting or to the terminal studs furnished
with the relay for thick-panel mounting. The ter-
minal studs may be easily removed or inserted by
locking two nuts on the stud and then turning the
proper nut with a wrench.

For detailed FT case information, refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. All checks
can best be performed by connecting the relay per the
test circuit of Fig. 15. Relay to be tested in case.

1. Minimum Trip Current. With switch open and
relay set on 5-ampere tap, apply 1.35 to 1.65 amp-
eres for the 30%-sensitivity relay and 1.6 to 1.9

P
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L.

TWO-WINDING TRANSFORMER CALCULATIONS
(See Figure 14)

1. Select CT Ratio:

_ (KVAN _
P7yvs
1000

I

Select Ratio

2. Select Relay Taps:

—

P _
IS_F_

IR:

Select Tap

Desired Tap

3. Determine Mismatch:

% Mismatch =

100 RL/RE ~ (TL/Tw) _
T,/ Ty

4. Check CT Performab\K

Zep

@@

L 4
Np VoL
100

(Np V,/100) > Zp

N

OO

0.45
3.4X04+—=1.36+0.05=
8.7
1.41 ohms

200

m‘z 0.833

0.833 X 200
100

Yes

LOW HIGH
4
20,00
20,000 - 930 Amp. = Amp.
12.4 V3 \
1000/5 (N = 200) @200/5 (N = 40)
930 _ 167 _
W—‘I.GS Amp. —4—(.)-_ 4.18 Amp.
Igy = ¢.18 Amp.
S 8 ~
\ H —mx 8.7=4.64
Ty = 4.6
\ 8.05/4.18) - (8.7/4.6)
100 ( ¢ =
8.7/4.6
1.92 - 1.89
100 =
1.89
1.6%
3.4 R +——0'45 1.13 R 0.15
. = . +—0=
L 7 L p

0.15
1.13X 0.4 + ?: 0.45 +0.03 =

0.48 ohms
40 _
120~ 0.333
0.333 X 200
——— = 0.67
100 -
Yes

13



TYPE HU AND HU-1 RELAYS

1. Select CT Ratio:

o= (KVA)M _
V3
1000
Select Ratio
2. Select Relay Taps:
Ip

=%~

IR (At 40 MVA) =

Select Tap

Desired Tap

Select Tap

3. Determine Mismatch

% Mismatch

4. Check CT Performance

ZT:

100

(NpWp,/100)> Zp,

14

THREE-WINDING TRANSFORMER CALCULATIONS

40,000
1613

400/5

143

Ty = 2.9.

100

(See Figure 14)

= 143 Amp.

(N = 80)

——=1.78 Amp.
80

lgg=1.18V3

= 3.08 Amp.

3.08

9.30

=2.88

Arp/ TR/ Tp) _

Ty/Ty

(3.08/4.82)-(2.9/4.6)
100 =

100

3.4X 0.5

240

100

0.640-0.630
0.630

800 X 0.333

2.9/4.6

1.6%

0.45
3-4 RL +—'I‘_ =

0.45
+—=
2.9

1.70 + 0.16 =
1.86 ohms

80
—=0.333

Yes

INTERMEDIATE

40,000
693

=334 Amp.

600/5 (N =120)

334
——= 2.78 Amp.
120

_ Iy
Ip;=2.718 V3.

= 4.82 Amp.

100 YR/ TRLY(TY/Ty,) _

Low
10,000 465 A
12.4/3
1000/5 (N=_ 200)
465

— = 2.32 Amp. (At 10
200 MVA)

I = q X 2.32
RL 10 :
=9.3 Amp.

TL = 8.7

= | 100
(IR1/IgL) TL/Ty
(4.82/9.30)(4.6/8.7) 9.3/3.08)-(8.7/2.9
B r 3100( / )-(8.7/ ):
4.82/9.30 8.7/2.9
0.518-0.528 0 3.02-3.00
0518 3.00
-1.9% 0.67%
3.4 R, +0'45— 1.13R +0'15—
ARy t——= 3R, +——=
0.45 .
3.4X05+—= 1.13 X 0.5 +
4.6
1.70 + 0.10 = 0.565 + 0.02 =
1.80 ohms 0.58 ohms
120 200
—= ——=10.833
120 240
200 X 1.0_2 o 200 X 0.833 L6
100 _' 100 _'_
Yes Yes

Ury/TRy) (TL/Ty) _
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1.L. 41-347.0
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Tog- 4 AP

PERCENT SECOND HARNONIC
3
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Fig. 16 Variation of Second Harmonic Content of Test

Current.

amperes for the 35% sensitivity relay. Relay ‘should
operate. The upper polar unit may operdte for lower
currents, but not below 1,0 ampere. This 10W, pickup
will not impair its operation on magnetizing inrush
currents and should not be disturbed Af ithis found to
be less than the lower polar unit. Iféashigher pickup
is desired, it is suggested that 20" times tap value
current be applied to relay términals 3 & 7. This will
cause the upper polar unit togpiek up at a current of
approximately 1.65 amperest

2. Indicating instambaneous Trip Pickup. With
switch open and relay setion 5 ampere tap, apply
50 amperes to relay. Indi€ating instantaneous trip
should pick up and it§ target should drop freely.

The contactygapmshould be approximately 0.094
inch betwWeensthe“bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should téuch both stationary ontacts simul-
taneously.

3. Indicating Contactor Switch. Block Polar unit
eontacts closed. Pass sufficient direct current through
the trip circuit to close the contacts of the ICS. This
value of current should not be greater than the partic-
ular ICS tap setting being used. The operation indi-
cator target should drop freely.

The contact gap of the ICS should®be approxi-
mately 0.047 inch between the bridging meving con-
tact and the adjustable stationary@contacts. The
bridging moving contact should touch both stationary
contacts simultaneously.

4. Differential Charact€ristic.

30% Sensitivity relay.

a. Close switchgt@yposition 1. Set I to zero
and adjust I g to 10/ampéres. Increase Izc to 2.8
amperes. If the Yowerypblar unit does not operate
with Iy, = 2.8 amperes and I}, = 12.8 amperes,
lower It R cusrentiyBhe lower polar unit should oper-
ate between theWfollowing limits:

I':= 2.8 to 2.95 amperes

ac
ILR 11.8 to 12.8 amperes

b. “Reverse leads to restraint transformers and
répeat, differential test outlined in paragraph 4a.
Results should be approximately the same as ob-
tained under paragraph 4 a.

35% Sensitivity relay

c. Close switch to position 1. Set Iz, to zero
and adjust I g to 9 amperes. Increase Igc to 2.8
amperes. If the lower polar unit does not operate
with Iz, = 2.8 amperes and If,g = 11.8 amperes,
lower Iy g current. The lower polar unit should
operate between the following limits:

Iqc = 2.8 amperes
I,r = 10.8 to 11.8 amperes

d. Reverse leads to restraint transformers and
repeat differential test outlined in paragraph 4c.
Results should be approximately the same as ob-
tained under paragraph 4d.

5. Harmonic Restraint Characteristic. Close
switch to position 2. Short out I; o ammeter. Set
Idc to 4 amperes and adjust I, . until upper polar unit
operates. S should read between 6.5 and 9 amperes.

As shown in Fig. 16, these values of altermnating
current correspond to 17 percent and 14 percent
second hamonic.

In Service Test

Table 1 is to be used as an in-service check of
the HU or HU-1 relay using any tap combination.
The relay should be connected as shown in fig. 15
with the S.P.O.T. switch in position 1. The ammeter
IgR measures the smaller restraint current and should
be connected to the terminal associated with the tap
block of the smaller setting. The ammeter It g
measures the larger restraint current, and should be

15



TYPE HU AND HU-1 RELAYS

connected to the teminal associated with the larger
tap block setting. Tenninal 5 supplies the upper tap
block; tenninal 7 supplies the second tap block; and
tenninal 9 (HU-1 only) supplies the lower tap block
(refer to figs. 1 and 4).

Table 1 gives the values of Ipc necessary to
operate the relay when using a value ofISR equal to
3 times tap value for all taps except the 8.7 tap. A
value of ISR equal to 2 times tap value was chosen
for the 8.7 tap setting in order to keep the current at
a convenient value for testing.

Example (HU Relay)

Upper Tap Block Tap 3.5
Lower Tap Block Tap 5.0

Since the upper tap block has the smaller tap
setting Igr should be connected to the upper tap
block (Term. 5), and Ij,g should be connectedto
Terminal 7. From Table 1 under ‘‘Restraint Trans-
former tap: Larger’’ =5.0 ‘“Smaller’’ =@3.5,g5€et ISR =
10.5 amps. The value of IAC to operate the relay
should be between 8.3 and 9.2 amps.

To check the third restraint winding on the HU-1
repeat the above procedure “Wsingwterminal 9 and
either terminal 5 or 7.

TABLE 1

Restraint

Transformer |Larger 2.9 3.2 3.5 3.8 4.2 4.6 5.0 8.7
Tap
Smaller CURRENT IN AMPERES

ISR 8.7 8.7 8.7 8.7 81 8.7 8.7 5.8
2.9 IAC (Min.) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2
IAC (Max.) 2.8 4.0 5.5 6.4 8.6 10.0 11.6 17.9
ISR 9.6 9.6 9.6 9.6 9.6 9.6 6.4
3.2 IAC (Min) 2.7 4.0 4.9 6.9 8.1 9.6 15.7
IAC (Max) 3.1 4.4 5.4 7.6 9.0 10.6 17.3
ISR 106 10.5 10.5 10.5 10.5 7.0
3.5 IAC (Min) 3.0 3.8 5.7 6.9 8.3 14.5
IAC (Max) 3.3 4.2 6.3 7.7 9.2 16.1
ISR 11.4 11.4 11.4 11.4 7.6
3.8 IAC (Min) 3.2 5.2 6.5 7.9 14.1
IAC (Max) 3.6 5.7 7.2 8.7 16.0
ISR 12.6 12.6 12.6 8.4
4.2 IAC (Min) 3.5 4.7 6.2 12.9
IAC (Max) 3.9 5.2 6.9 14.2
ISR 13.8 13.8 9.2
4.6 IAC (Min) 3.9 5.3 12.4
IAC (Max) 4.3 5.9 13.7
ISR 15.0 10.0
5.0 IAC (Min) 4.3 11.6
IACG)(Max) 4.8 12.9
ISR 17.4
8.7 ITACGY(Min) 5.0
LAC (Max) 5.5

16
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l.L. 41-347.1)

Routine Maintenance

All relays should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher style #182A836HO01is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Calibration (All Relays)

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. All adjustments to be done
withrelayinside its case. (See ‘“‘Acceptance Check’’)

Polar Units

1. Contacts. Place a .060 to .070 inch feeler
gage between the right hand pole face and the armad-
ture. This gap should be measured near the front{ of:
the right hand poleface. Bring up the backstOp serew
until it just makes with the moving cofitact.Place
gage between moving contact and the stationary con-
tact on the left-hand side of the polar unity On"the
upper unit, the gap should be .046 inch ;and on the
lower unit the gap should be .065 to .070 inch. Bring
up the stationary contact until it just makes with the
gage and lock in place.

2. Minimum Trip Current

a. Harmonic Restrdint Unit (HRU)

Connect the relay \per test circuit of Fig. 15.
With the switch opengoass Lc = 20 times tap value
current into the relag. (This current should be ap-
plied for a veryyshort,period of time and it should be
suddenly interrupted. Adjust right hand shunt on up-
per polar uni® until it trips with Iac = 33% of tap
value amperes. Jower Iac gradually to 15% of tap
value current “@nd adjust left-hand shunt until unit
resets. Repeat these steps, if necessary, until the
unit operates at 33% or slightly lower of tap value
current immediately following the application of 20
time's, tap value current and until the unit resets at a
value of current 15% of tap value or zreater. After
the“dropout, has been measured, the unit should pick
up at 25% or higher of tap value current.

On the application of the high current;ijthe apper
polar unit will be biased in the restraininggdirection
and pickup will be greater than the nominall value of
30% of tap value current on the first application of
pickup current. If the circuitis deenergized and pick-
up is measured again, the pickup currént will be less
than before. However, pick@ip will be stable after
the second applicatiomyof piekup)current. If 20 times
tap value current is appliedadgain, the pickup im-
mediately after applying, this current will be high.
However, measuring(the pickup the second time will
show that the pickup isjyagain reduced. The variation
between these gpickups, should be between 25% and
33% of tap value curpént.

Thefilter-€ircuits are charged by the application
of this‘heavy eurrent and upon the removal of the cur-
rentpthese circuits will discharge their energy. The
elementQwill be biased in the restraining direction
bécause the restraint coil has approximately 7 times
the, number of turns as the operating coil. Upon the
application of pickup current, the operating ampere
turns will be greater than the restraint ampere turns
and the bias will be removed.

If a lower biasing current is used instead of 20
times tap value current, the pickup of the upper unit
will be less than before for the first application of
pickup current. Pickup will be further reduced with
the second application of pickup current, but the
current will be stable after this energization. How-
ever, this value of pickup will be lower than the
limits of 25% and 33% of tap value current. This is
in the direction of making the sensitivity of the polar
unit lower than 30%, but does not impair the per-
formance of the unit on inrush currents.

b. Differential Unit (DU)

Set the adjustable resistor at top of the relay in
the approximate center of its range. Open the switch
and pass Iac = 20 times tap value current. This cur-
rent should be applied for a very short period of time
and it should be suddenly interrupted. Adjust right-
hand shunt of lower polar unit until it trips with I,
= 30% of tap value amperes. Lower Iac gradually to
15% of tap value current and adjust left-hand shunt
until unit resets. If polar unit resets before 15% of
tap value current, no adjustments are necessary to
the left-hand shunt. Repeat these steps until the
lower polar unit will pickup at 30% of tap value cur-
rent and reset for values of tap value current greater
than 15%

17
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Indicating Instantaneous Trip Unit (IIT)

With switch open, pass L= 10 times tap value
current. ‘Adjust core of the instantaneous trip unit
until it picks up. Its target should drop freely.

The contact gap should be approximately 0.094
inch between the bridging moving contact and the
adjustable stationary contacts. The bridging con-
tact should touch both stationary contacts simul-
taneously.

Harmonic-Restraint Unit (HRU)

Close switch to position 2. Short out Iy gam

meter. Adjust direct current until Ij. reads 0.8
times tap setting. Gradually increase alternating

current until upper polar unit operates with I,
reading between 1.3 and 1.8 times tap setting.

The percent second harmonic in the wave may be
derived by the use of the formula:
47 Idc

% second harmonic =7 7 77 1+
° Iac +1.11 Idc

This formula is plotted in curve form in Fig. 16 for
Iyc = 4 amperes,

Percentage Slope Characteristic (DU)

Close switch to position 1. Set Iacto zero and
ILR to 5.5 times tap value current. Then adjust Lic
to 4 times tap value current.

Adjust resistor at top of relay until dowerspolar
unit operates. Interchange lead positions to temminals
5 and 7 and repeat the above test:yThe“lewer polar
unit should operate between the limits“Qf:

Iac = 4 times tap value current

ILR =9 to 10 timesitap value current

Trip condition ¢&n best beydetermined by holding
I at 4 times tapivalue curfent and varying I r- If
I r is too low the contacts will be closed when the
currents are first applied. Hence, ILR should be in-
creased until the contacts open and then decreased
until contacts closeé

The “adjustment of the resistor will have some
effect6nythe pickup of the unit. Hence, recheck the
pickupIf necessary readjust shunts to obtain apick-
up of 30% of tap value current and dropout of 15% or
greater, of tap value current. If shunts are changed,

18

check to see that above readings are obtained_on
the higher restraint currents. If necessary readjust
resistor and repeat procedure until the unit operates
within the specified limits.

Apply Iac = .56 times tap valuemand vary ILR
until lower polar unit operates. JThellower polar unit
should operate between follawing Timitss

I1,g = 2.36 to 2.56 times tapivalueycurrent.

Indicating Contactor Switch (ICS)

Block polar unit gontacts closed. Pass suffi-
cient direct current“through” the trip circuit to close
the contacts of the®MCS.“Fhis value of current should
be not greater than{'therparticular tap setting being
used. The\operatiensindicator target should drop
freely.

The“eontaet)gap should be approximately 0.047
inch “between, the bridging moving contact and the
adjustableystationary contacts. The bridging moving
contaet, should touch both stationary contacts si-
multaneously.

Calibration (35%-Sensitivity Relays)

The differential unit (DU) should first be cali-
brated as outlined under ‘‘Calibration (All Relays)’’,
Next the right hand shunt of the lpwer polar unit
should be turned out until the relay operates at

I,c~ .45 times tap value current

ILR = 1.64 times tap value current

This changes the percentage slope curve of the
relay to that shown by the 35 percent sensitivity
curve of figure 7. Pickup of the relay is increased
from 30% to approximately 35% of tap value current
and the curve is changed at low values of restraint
current to that shown in figure 7. At large values of
restraint current the percentage slope characteristic
is essentially the same as shown in figure 8,

As shown in figure 7, the margin of safety be-
tween the relay calibrated for a 35% sensitivity and
the 20% mismatch curve is the same as that of the
relay calibrated for a 30% sensitivity and the 15%
mismatch curve. This margin of safety is also shown
in the voltage differential characteristic of figure 11
for the 35 percent sensitivity relay.

Electrical Checkpoints

Differential Unit

a. Restraint Circuit
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I.L. 41-347.1

Apply two times tap-value current successive-
ly to each restraint transformer. This is done by con-
necting leads to a tap screw and to terminals 5, 7
and 9 in turn (Terminal 9 on HU-1 only). Now measure
the a-c voltage across the restraint rectifier bridges
(See Fig. 2) using a high-resistance voltmeter (5000
ohms per volt). The voltage should be measured from
the left-to the right-hand corners of the bottom set of
bridges. A voltage of 2.17 to 2.27 volts should appear
only across the appropriate bridge as specified in the
following table:

Current Associated Rectifier Bridge
in Term. (Rear View)
HU HU-1
5 Center Center
7 Right Hand Left Hand
9 - Right Hand

b. Operating Circuit

Apply 30 per cent tap-value current to terminal
3 and a tap screw. Using a high-resistance a-c volt-
meter measure the voltage on the operating coi
bridge across the left-to right-hand corners (See FRig
2). The voltage should be approximately
Now, measure the voltage output of th
transfosmer (top two coil terminals).

o
O
N

O
Q>®

L 4

N

the factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.

should be about 5.3 volts.

O

Apply 30 per cent tap-value current to terminal
3 and a tap screw. The following are the approximate
voltages that should be obtained Qsing a high-

resistance a-c voltmeter ( - Fig. 2 for location):
1. Output of operati% er

Harmonic Restraint Unit (HRU)

(top coil termin 4.0 volts

2. 4 mfd. capacitor 2.5 volts

3. 0.45 mfd. aci 3.9 volts
4. Operating- ifier bridge

(left-to“right-hand corners) 2.5 volts
ectifier bridge

fi ight-hand corners) 0.6 volts

ries Filter-Reactor 0.2 volts

RENEWAL PARTS

Repair work can be done most satisfactorily at

19
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* APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HU RELAY

UNIT

CIRCUIT

D ESCRIPTI ON

Harmonic Restraint

Operating

Transformer (Primary taps 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) Secondary
d.c. Resistance 50 to 70 ohms.

Reactor d.c. Resistance 8 to 10 ohms,

4 MFD Capacitor.

Rectifier 600 Volts, 1.5 ampere Silicon Diodes

Indicating Instantaneous Trip Unit 14 to 16 ohms.

Polar Unit Coil d.c. Resistance 80 to 100 ohms.

Restraint

Series Reactor d.c. Resistance 110 to 130 ohms.

Parallel Reactor d.c. Resistance 300 to 360 ohm'sy

.45 MFD Capacitor.

Rectifier 600 Volts, 1.5 ampere Silicon Diodes

Polar Unit Coil d.c. Resistance 650 to 800y0hm's.

Varistor 100,000 +10% at 10 V.D.€. 4000/*256% at 30 V.D.C.

Differential

Operating

Transformer (Primary taps 8.7, .5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) Secondary
d.c. Resistance 20 to 30 ohms.

Adjustable 3% inch 280 ohmWResister

Rectifier 600 Volts, 1.5 ampereiSilicon Diodes

Zener Diode, 200 volts

Resistor, 20 ohms, 5% 3Ws

Polar Unit Coil d.c. Resistan€e 75 to 100 ohms.

Restraint

Transformer (RPrimary taps 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9)
Rectifier 6003pVolts; 1.5 ampere Silicon Diodes

Zener Diode, 200,Volts

Resistor, 200 ohms, 5% 3W.

Polar Unit'Cpil d.c. Resistance 60 to 110 ohms.

Indicating Contacto
Contactor Switch

Trip

042 Amp. tap 6,5 ohms d.c.
2.0, Amp. tap 0.15 ohms. d.c.

20

o

i,



I.L. 41-347.

ENERGY REQUIREMENTS 0

Burden of Each Restraint Circuit r's
volt amperes |
Power ! at at 8 ;\ at 20 times '
Continuous Factor tap value tap v tap value

Tap Rating Angle & current &@ current

2.9 10 71 .88 0 191

3.2 12 0 .89 é 211

3.5 13 66 .90 203

3.8 14 65 .91 3 220

4.2 15 58 .91 53 235

TYPE HU AND HU-1 RELAYS

4.6 16 57.5 .91 55 248
5.0 18 52.5 .92 59. 280
8.7 22 30 1.28 94. 340
Burden of Operating Circuit \
volt apperes 1
Power a at 8 times at 20 times
Continuous Factor @ value tap value tap value

Tap Rating urrent current current

2.9 10 2.26 76 487
3.2 12 32\ 2.30 78 499
3.5 13 2.30 81 504
3.8 14 2.30 83 547
4.2 15 3 2.30 84. 554
4.6 16 * 2.40 88. 598
5.0 18 K\zg 2.50 92, 640

8.7 22 \ 23 3.18 132. 850
® Degrees current lags@e at tap value current
t Voltages taken ctox type voltmeter

* Therm Rug\
One Sec - 300 amperes

Thermal ,capacities for short times other than one second may be calculated on the basis of time being inversely
roportional to the square of the current.

21
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Fig. 17.

Outline and Drilling Plan of the Type HU and HU-1 Relays in the FT31 Case.
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INSTALLATION

Westinghouse 1.L. 41-347:1D
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPES HU AND HU-1
TRANSFORMER DIFFERENTIAL RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The types HU and HU-1 relays are high-speed
relays used in the differential protection of trans-
formers. These relays can be applied where the
magnetizing inrush current to the transformers is
severe.

Current transformer ratio error should “net ex-
ceed 10% with maximum external fault current flow-
ing, or with eight times relay tap current,flowing.

The HU-1 relay has three restraint transformers
and associated rows of taps; whereas, the HU relay
has one less restraint transformer and_two rows of
taps. Otherwise the two relays are identical. Three-
winding banks normally require“the HU-1 relay, al-
though the autotransformer application uses the HU
if the tertiary is not loaded.

Both the HU or gi€pHU-1 are available with a
sensitivity of either 0.30 or 0.35 times tap. The 30%-
sensitivity relay “satisfactorily handles up to 15%
mismatch (ef£. +10% transformer tap changing plus
5% CT mismatch). The 35%-sensitivity relay handles
as much as 20%ymismatch. See F'ig. 7 for a compari-
son of the characteristics of the two sensitivities.
Any of the relays may be recalibrated in the field to
obtain either «haracteristic.

@rdinarily the 309%-sensitivity relay will suffice;
however, where CT mismatch is abnormally high or
where the transformer tap-changing range exceeds
%10%, this calibration may be too sensitive.

SUPERSEDES I.L. 41-347.1C

*Denotes change from superseded issue

CONSTRUCTION

The typesgHU and HU-1 relays consist of a dif-
ferential unit!(DU),p»a harmonic-restraint unit (HRU),
and an indicating eontactor switch (ICS). The prin-
cipal parts ofthe relay and their locations are shown
in Figs. 1 to 4

Differential Unit (DU)

The differential unit of the HU relay consists of
twoydair-gap restraint transformers, three full-wave
rectifiers, saturating operating-transformer, and a
d-c polar unit.

The HU-1 relay, in addition to the above com-
ponents, has a third air-gap restraint transformer, and
a fourth full-wave rectifier.

Each of the restraint transformers and the opera-
ting transformer are provided with taps to compen-
sate for mismatch of line current transformers. These
taps are incorporated in the relay in such a manner
that changing a tap on a restraint transformer auto-
matically change§_ K,tf.ll‘?‘,ms_v?{“?, tap on the operating

transformer.

—r

Harmonic-Restraint Unit (HRU)

The harmonic-restraint unit of the HU and HU-1
relays consists of an air-gap operating transformer,
a second harmonic block filter, a fundamental block-
second harmonic pass filter, two full-wave rectifiers,
indicating instantaneous trip unit, varistor, and a d-c
polar unit.

Taps are also incorporated in this unit to com-
pensate for mismatch of the line current transformers.
Changing a tap on the restraint transformer of the
differential unit also changes the tap of this unit.

Polar Unit

The polar unit consists of a rectangular shaped

EFFECTIVE DECEMBER 1965
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OPERATING CKT. RESISTOR (DU)

<«—————— HARMONIC RESTRAINT UNIT
(HRU)

JAP BLOCK

RESTRAINT TRANSF. 1
RESTRAINT TRANSF. 2
RESTRAINT TRANSF. 3 (HU-1 ONLY)

RESTRAINT TRANSFORMERS (DU)

INDICATING CONTACTOR SWITCH
(ICS)

INDICATING INSTANTANEOUS TRIP
(nT)
~TO RESTRAINT TRANSF. 3 (HU-1 ONLY)

\TO RESTRAINT TRANSF. 2
TO RESTRAINT TRANSF. 1

Fig. 1. Type HU-1 Relay ~ Front View.
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PARALLEL FILTER-REACTOR/(HRU)

—— SERIES FILTER-REACTOR (HRU)

_—~ OPERATING TRANSF. (DU)

_—~ OPERATING TRANSE. (HRU)

RECTIEIER/ASSEMBLY

TO OPERATING'COIL (- POINT)

TO RESTRAINT COIL (- POINT) © HRU
VARISTOR

TO 'OPERATING COIL (- POINT) DU

A-C TERMINALS

RESTRAINT BRIDGE (+PT.) DU

OPERATING-CIRCUIT FILTER CAPACITOR (HRU)
(4 MFD)

Fig. 2. Type HU-1 Relay — Rear View.
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185A036
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AT RELAY CASE

7
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185A037

Fig. 3 Internal Schematic of the Type HU Relay in FT31 Case. For Single
Trip Relays the Circuit Associatéd with Terminal 2 is Omitted.

Fig 4. Internal Schematic of the Type HU~1 Relay in FT31 Case. For Single
Trip Relays the Circuit Associated with Terminal 2 is Omitted.
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inrush currents associated with energization of the
transformer, even though these currents may appear
as an internal fault. To avoid these false operations,

each unit of the relay performs a sepa.ra.te functlon

The differential unit (DU) prevents operation on
extenal faults, while the harmonié-restraint unit
(HRU) prevent operatlons on_magnetizing 1nrush
currents(ﬁce the operatlbn of)the relay can bestz

. be described under the headings of external fault‘

current, internal fault currents, and magnetizing in- /
rush currents.

External Fault Currents

Fig. 5 Polar Unit Permanent Magnet Flux Paths.

magnetic frame, an electromagnet, a permanent
magnet, and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
The magnetic frame consists of three pieces joined
in the rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core. The
armature is fastened to this core and is free to"move
in the front air gap. The moving contact is con-
nected to the free end of a leaf spring, whieh, in
turn, is fastened to the armature.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch isfa small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts afre, attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch “eloses;, the moving con-
tacts bridge two stationary,contacts, completing the
trip circuit. Also, during this<{eperation, two fingers
on the armature deflect a“spring located on the front
of the switch, which aldlows the operation indicator
target to drop,

The front spring, ‘in addition to holding the tar-
get, provides réstraint for the armature and thus con-
trols the pick-up, value of the switch.

OPERATION

The types HU and HU-1 relays are connected to
thewprotected transformer as shown in Fig. 6. In
suchya connection, the relays operate to protect the
transformer for faults internal to the differential zone
of the transformer, but not for faults extemal to the
zone. Neither do themon magnet1z1r1g

The type§ HU and HU-1 relays have a variable
percentage ‘characteristic. This means that the

operating current required to close the contact of the
differential unit expressed in percent of restraint
current varles w1th the magmtude of the la.rger re-
—_— -

stralnt current Fig. 7 and F‘lg 8 illustrate this
“characteri stic. To. use these curves, divide each
restraint current by the appropriate tap and enter
thephorizontal axis using the larger or largest re-
straint multiple. Then enter the vertical axis, using
the difference of the restraint multiples.

- With the relay connected as shown in the schema-
tic diagram of Fig. 9a, an external fault causes cur-
rents to flow in the air-gap restraint transformess of
the differential unit. If the line current transformers
do not saturate and the correct ratio matching taps
applied, no effective current flows in the operating
transformer of the relay. Hencem

opening torque is produced on the differential unit.

On heavy external faults where a main current
transformer saturates, current flows in the operating
circuit of the relay. With such a condition, the
harmonic-restraint unit may or may not close its con-
tacts, depending upon the harmonics present in the
false operating current. Mowever, operation of
relgy is w by the variable percentage' char-
acteristic of the differential unit, since a large dif
ferential current is required to close its contacts
during heavy external faults.

Internal Faults

In the case of an internal fault as shown in Fig.
9b, the restraint of the differential unitis proportional
to the largest restraint current flowing. The sum of
the two restraint currents flows into the operating
transformer and produces an excess of operating
torque, and the differential unit operates.

In the case of an internal fault fed from one
source only, the fault current flows in one restraint
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Fig. 7. Differential Characteristic of the DU Unit of the
HU and HU-1 Relays at Smaller Values of Current.
Actual Operating Current Shown for 15 and 20%

Mismatch.

transformer and the operating transformer. An excess
of operating torque is produced on the différential
unit and it operates.

Faults normally appear as an offset “Sine Wwave
with a decaying d-c component, and contain very, few
harmonics. As a result, the harmonic-restraint unit
will operate during internal faults to_permit tripping
of the relay.

For heavy internal faults, théjindieating instant-
aneous trip unit (IIT) will operate “hefore the main
unit. Since this unit is ‘¢éonnected to an air gap
transformer, essentially only thessine wave compo-
nent of an internal fault is applied to the IIT unit.
The d.c. component of_thepfatilt is bypassed by the
transformer primary./ For €xample, an internal fault
with a first peak, ofl 284times tap value (includes
fifty percentfd.c.) isjreduced to a first peak of ap-
proximately 144 times tap value (d.c. component
absent) on the secondary of the transformer. The
IIT unit will justioperate on this wave since it is set
to pick up at a peak current of 14.1 times tap (r.m.s.
pick-up valué= 10 times tap).

The varistor connected across the d.c. side of
theyrestraint rectifier of the harmonic restraint unit
prevents excessive voltage peaks from appearing
across the rectifiers. These peaks arise through
transformer action of the harmonic-restraint polar-unit

Fig. 8. \Differential Characteristic of the Differential Unit
(DU) of the HU and HU-1 Relays at Larger Values

of Current.

coils during heavy internal faults. The varistor has
a large value of resistance for low voltages, while
presenting a low value of resistance for high volt-
ages. This characteristic effectively reduces the
voltage spikes on heavy internal faults while not
hampering performance during inrush, where the volt-
age is considerably lower.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various
wave shapes. A typical wave appears as a rectified
half wave with decaying peaks. In any case, the
various wave shapes are rich in harmonics with the
second harmonic predominant. Since the second
harmonic is always present in inrush waves and not
in internal fault waves, this harmonic is used to re-
strain the harmonic-restraint unit during inrushes.
The differential unit may or may not close its con-
tact, depending on the magnitude of the inrush.

When a magnetizing inrush wave is applied to
the relay, the d-c component of the wave is by-passed
by the air-gap operating transformer. The other com-
ponents are fed intothe filter circuits. The impedance
characteristics of these filters are such that the
second harmonic component flows into the restraint
coil of the polar unit, while the other harmonics flow
into the operating coil. The polar unit will not close
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Fig. 9. Simplified Schematic of the Type HU Relay with Current Distribution for (a) External Fault (b) Internal Fault.

its contacts unless the second harmonic content is
less than 15 percent of the fundamental component,

The indicating instantaneous trip unit (IIT) will
not operate on inrush. The air-gap transformer will
bypass the d.c. component of the inrush thereby re-
ducing the magnitude of the wave applied togthe IIT
unit. If the inrush has an initial peak of (16 times
tap-value current, the air-gap transformer<will“reduce
this peak to approximately 8 times tap!valuepon the
secondary of the transformer. Since/theWlIT unit is
set for a peak value of 14.1 times tap (r.m.s. pick-up
value = 10 times tap), it will not operate on this
inrush.

Breaker Maintenance

Before some of the CT’s"are bypassed for breaker
maintenance the trip circuit, should be opened, as
shown in Fig. 6. Otherwise the false-unbalanced
current will cause the relay to trip. It is not neces-
sary to short-circuit the relay operating circuit since
it has an adequate €continuous-current rating. (See
‘‘Energy Requirements’’).

CHARACTERISTICS

TFaps)are incorporated in the HU and HU-1 relays
togcompensate for main current transformer mismatch.

These taps are as follows: 2.9, 3.2, 3.5, 3.8, 4.2,
4.6, 5.0, 8.7.

To measure the effective unbalance, a sensitive
low-reading voltmeter (5000 ohms per volts) can
temporarily be connected across the operating coil
resistor (at top of case). With a perfect balance the
voltmeter reading will be zero. The reading should
not exceed the values indicated by the 15% mismatch
curve in Fig. 10 when the relay pickup is 0.30 times
tap. If the amount of mismatch is measured or cal-
culated, the measured voltage can be checkedagainst
the interpolated value from the curve. For example,
assume that the larger restraint current is measured
as 1.5 tap multiple and the calculated mismatch is
7%. Then, from Fig. 10 the measured voltage should
be approximately 1.0 volts. Use Fig. 11 if the pickup
is 0.35 times tap.

Pickup of the harmonic-restraint unit and the
differential unit is either 30 or 35% of tap value cur-
rent. Pickup of the indicating instantaneous trip unit
is ten times tap value current.

Components of the harmonic-restraint unit are
selected such that 15% second harmonic will prevent
operation of the unit. This factor is adequate to
prevent false operation on inrushes.

A@mf,m
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Fig. 10. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.30

Times Tae.

The frequency response of the HU afnd HU-1
relays is shown in Fig. 13.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c, and the seal-in contacts ef the in-
dicating contactor switch will safely |carry this
current long enough to trip a circuit, breaker.

The indicating contactor switch hastwo taps that
provide a pick-up setting ofy0.2"er 2 amperes. To
change taps requires connéétingithe lead located in
front of the tap block to the desired setting by means
of a screw connectiong

SETTING

To setdthe relay,scalculations must be performed
as shown under ‘/Setting Calculations’’. After the
correct tap is determined, connections can be made
to the relay transformers by placing the connector
screws in the various terminal-plate holes in front
of the relay. Only one tap screw should be inserted
in(any horizontal row of taps.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This

Eig. 1 Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.35

Times Tap.

selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48 volt DC applica-
tions set relay in 2 tap and use Type WL Relay coil
S#304C209G01 or equivalent.

Indicating Instantaneous Trip (11T)

No setting is required on the indicating instan-
taneous trip unit. This unit is set at the factory to
pickup at 10 times tap value current.

SETTING CALCULATIONS

Select the ratio matching taps. There are no other
settings. In order to calculate the required tap set-
tings and check current transformer performance the
following information is required.

Required Information

1. Maximum transformer power rating ( KVA)M
2, Maximum external fault currents

3. Voltage ratings of power transformer (VH, VI,
v
4. Current transformer ratios, full tap (NT)

5. Current transformer ‘‘10L’' accuracy class
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voltage, (or excitation or ratio-overcurrent
curve)

6. One way current transformer lead resistance
at 25°C (RL) (when using excitation curye,
include CT winding resistance)

7. Current transformerconnections(wye or delfay)

Definitions of Terms

10

IP = Primary current at (KVA)M
IR = Relay input current at (KVA)M

IRH’ IRI_.' IRI are same as IR exegept forphigh,
low and intermediate voltage sides respectively.

IS = CT secondary current at (KV.A)M

TH' TL' TI = Relay tap settings /for high, low
and intermediate voltagewindings, respectively.

N = Number of currént, transformer turns that are
in use.

Np = N/ N (Pfeportion of total turns in use)
NT = Current transformier ratio, full tap
VCL = 10L accuracy class voltage

ZA = Burden impedance of any devices other
than the HU or HU-1 relays, with maximum phase-
to-phase or. 3-phase current flowing.

ZI‘ = Total secondary burden in ohms (excluding
céurrent transformer winding resistance, except
when using excitation curve)

Fig. J13.

Typical® Frequency Response of the HU and
HU-T)Relays.

Caleul ation Procedure

1,

Select current transformer taps, where multi-
ratio types are used.

IR should be more than 2.9 amperes for high
sensitivity and should not exceed the relay
continuous rating (see ‘‘Energy Require-
ments’’). For determining the required con-
tinuous rating of the relay, use the expected
two-hour maximum load, since the relay
reaches final temperature in this time.

Select relay taps in proportion to the relay
currents, IR'

IR should not exceed relay continuous rating.
Also the maximum external fault current
should not exceed 20 times relay tap.

Determine Mismatch (Not to exceed 15%)

For 2 winding banks:

In, /1 —(Ty /T
% mismatch = 100 IRL RH)s (Tp/ Ty o
1

where S is the smaller of the two terms,
For 3 winding banks:
S

% mismatch = 100 (2)
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TWO WINDING BANK THREE WINDING BANK
i2aky ¥ a 69KV 6lkv.  Yaa Yo g9kv
PN Y ~ N
1200/5 60075 1200/5 [600/5
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R_= 0.4 OHMS RL = 0.4 R AN,05 RL = 05 RL = 05
DELTA CT WYE CT RELTA CT DELTA CT WYE CT
289BL12

Fig. 14. Example for Setting Calculations.

where ‘S’ is the smaller of the, tWo terms,
(IRg/Igy) or (Ty/Tp.

Equations similar to €aq. (2)yapply for mis-
match from the high%t@ lowpand from the inter-
mediate to low voltage windings.

Where tap changing under load is performed
the relays should, be®set on the basis of the
middle or neutral tap position. The total mis-
match,y includings’the automatic tap change
should not, exceed 15% with a 30% sensitivity
relay, and 20% with a 35% sensitivity relay.
Note from Fig. 7 that an ample safety margin
exists at these levels of mismatch.

. Check current transformer performance. Ratio
error should not exceed 10% with maximum
symmetrical external fault current flowing or
with 8 times relay tap current flowing. An
accurate method of determining ratio error is
to use ratio-correction-factor curves (RCF).

A less accurate, but satisfactory method is
to utilize the ASA relaying accuracy classi-
fication. If the 10L accuracy is used, perform-
ance will be adequate if:

NpVcy, is greater than ZT
100 3

For wye-connected CT:

ZT = lead resistance + relay burden + ZA

= LL1I3 R, + 0';5 + Zp ohms (49

(RL multiplier, 1.13, is used to gclcount for
.15
temperature rise during faults. T_ is an

approximation, where T = relay tap.

ZA is any additional burden, when maximum
external 3-phase fault current is flowing).

1
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% Fig. 15. Test Circuit of the HU and HU-1 Relays,

For delta-connected CT:

0.15
Zp=3(L13 R, + | + Zp)ohms

= 3.4 R + 0';5 »3Z4 (5)

(The factor of 3™%accounts for conditions
existing during & phase-to-phase fault. ZA
is any additional gburden, when maximum
external phaselto phase fault current is
flowing)

5. Examples

Reéfer ‘to pages 13 and 14 and figure 14 for
setting examples. Note in both examples that
the 8,7 tap was selected as the first step in
selecting relay taps. If a lower tap such as
tap 5 had been the first selection, a proper

12

balance would have been impossible. On page
12 for the two winding bank,

Igr, _8-05

IRH 4.18
the maximum current ratio that can be matched

= 1.92. With tap 5 for the low side

.5
by the taps is 55 = L33, With'tap 8.7 select-

ed for the low side, a 340, 1 ceurrent ratio can

be matched. On page 13 for the three winding
bank,

I
RL _ 3002

Ign

This current ratio can be accommodated by
the 8.7 & 2.9, taps without excessive mis-
matchs

INSTALLATION

The relays should be mounted on switchboard
pangls “or_their equivalent in a location free from
dirt,ymoisture, excessive vibration, and heat. Mount
theyrelay vertically by means of the four mounting
holes7on the flange for semi-flush mounting, or by
means of the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for steel-
panel mounting or to the terminal studs furnished
with the relay for thick-panel mounting. The ter-
minal studs may be easily removed or inserted by
locking two nuts on the stud and then turning the
proper nut with a wrench.

For detailed FT case information, refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. All checks
can best be performed by connecting the relay per the
test circuit of Fig. 15. Relay to be tested in case.

1. Minimum Trip Current. With switch open and
relay set on 5-ampere tap, apply 1.35 to 1.65 amp-
eres for the 30%-sensitivity relay and 1.6 to 1.9
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1. Select CT Ratio:
_(RVA _

I, =—— O
P vy V3
1000

Select Ratio

2. Select Relay Taps:

Select Tap

Desired Tap

3. Determine Mismatch:
% Mismatch =
Upy/Tryy - TL/TH _
TL/TH

100

(Np Vgp,/100) > Zp

TWO-WINDING TRANSFORMER CALCULATIONS

(See Figure 14)

LOW

20,000

20,000 - 930 Amp.
12.4 V3

1000/5

(N = 200)

%oo/s (N = 40)

ﬂ—4 18 A
20 % mp.
Ipg =418 Amp.

Ty =2o: X 8.7=4.64

0.45
34X04+—=1.36+0.05=
8.7
1.41 ohms

200

24—0= 0.833

0.833 X 200
—————=1.67
100

Yes

8.05
2 TH =4.6
\ 8.05/4.18) - (8.7/4.6
100( )-( ):
8.7/4.6
1.92- 1.89
100 =
1.89
\ 1.6%
3.4 R +0'45— 1.13 R +0'15
AR+ = A3Ry, 4=

0.15
1.13X 0.4 + —4_(;—: 0.45 +0.03 =

0.48 ohms
40 _
120 = 0.333
0.333 X 200
— = 0.67
100 —
Yes

13
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14

1. Select CT Ratio:

_ (KVA)M _
P~ w3
1000
Select Ratio

2. Select Relay Taps:

Ip

I. =——=
SN

Ig (At 40 MVA) =

Select Tap

Desired Tap

Select Tap

. Determine Mismatch

% Mismatch

4. Check CT Performance

ZT:

(Np Vp,/1000> 2

THREE-WINDING TRANSFORMER CALCULATIONS

(See Figure 14)

40,000 143 A
—== 14 mp.
1613

400/5 (N =180)

143
——= 1.178 Amp.
80

lgg = 1.78 V3

= 3.08 Amp.

Ty=875

=2.88

Ty =2.9.

(IRH/IRI)'(TH/TI) -

100
Ty/Ty

(3.08/4.82)-(2.9/4.6)

2.9/4.6
0.640-0.630
0.630 £

100

1.6%

0.45
3.4 RL + T =

0.45
3.4 X10.5+— =
2.9

1270 + 0.16 =
1.86 ohms

80
—=0.333
240

800 X 0.333
100 —_—

Yes

INTERMEDIATE

40,000

—— =334 Amp.
693

600/5 (N = 120)

334
——= 2.78 Amp.
120

Igp = 2.78 V3.

= 4.82 Amp.

4.82
T;=8.7——+4
9.30

=4.52

T[= 4.6

(r1/Iry)

10
4.82/9.30
0.518-0.528
00 ————=

0.518

-1.9%

sam 1295

4 Rp
0.45

3.4X05+—=
4.6

1.70 + 0.10 =
1.80 ohms
120

120

200 X 1.0_ 0
100 i

Yes

5 (4.82/9.300-(4.6/8.7) _

200 X 0.833 _

LOW
10,000 a5 A
= mp.
12.4/3
1000/5 (N = 200)
465

— = 2.320Amp." (At 10

200 MVA)
I i X 2.32
RL "1 :

9.3 Amp.

Ty =8.7

100 (gL IR (TL/Ty) _
T/Ty

9.3/3.08)(8.7/2.9
100 {8:3/3:08)(8.7/2.9) _

8.7/2.9
3.02-3.00
00— =

3.00

0.67%

1.13R; + 015
. L =
T

0.15
1.13X05+— =
8.7

0.565 + 0.02 =

0.58 ohms

200
——=10.833

240

1.67
100 B

Yes
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l.L. 41:347.1D

\ \
\
" A
§ N Tgg- 4w
z, 9
g <
- .
£, ~~ -
A A
. ° REST. IE‘
.0 H 4 4 [ i i
Toc IN ANPERES
Curve 471047

Fig. 16 Variation of Second Harmonic Content of Test
Current.

amperes. for the 35% sensitivity relay. Relday should
operate. The upper polar unit may operate, fordower
currents, but not below 1.0 ampere. This, low pickup
will not impair its operation on magnetizing inrush
currents and should not be disturbed if'it)is found to
be less than the lower polar unit. If '@ higher pickup
is desired, it is suggested that 20 timesftap value
current be applied to relay tezminals 3 & 7. This will
cause the upper polar unit to pieék up®at a current of
approximately 1.685 amperes.

2. Indicating instantaneousy Trip Pickup. With
switch open and relay set on 5 ampere tap, apply
50 amperes to relay., Indieating instantaneous trip
should pick up andfitsftarget should drop freely.

The contactigapashould be approximately 0.094
inch betweéen the ‘bridging moving contact and the
adjustable, stationary contacts. The bridging moving
contact should tofich both stationary contacts simul-
taneously.

3. Indicating Contactor Switch. Block Polar unit
contacts closed. Pass sufficient direct current through
the trip circuit to close the contacts of the ICS. This
value of current should not be greater than the partic-
ular ICS tap setting being used. The operation indi-
cator target should drop freely.

The contact gap of the ICS should be approxi-
mately 0.047 inch between the bridging moying con-
tact and the adjustable stationary “eontacts. The
bridging moving contact should touch both stationary
contacts simultaneously.

4. Differential Characteristic.

a. 30% Sensitivity relay

Close switch to p@sitionyl. Set Iae to zero and
adjust ILR to 10 amperes.' Increase Ioc to 2.8 amp-
eres. If the lowerdpolar,unit does not operate with
Ic= 2.8 amperes and, I = 12.8 amperes, lower
I1,p current. _TheQlower polar unit should operate
between thefollowing limits:

Iac = 2.8 to 2.95 amperes
ILR =11.8 to 12.8 amperes

b 35% Sensitivity relay

Close switch to position1. Set Iz, to zero and
adjustILR to 9 amperes. Increase Iac to 2.8 amperes.
Ifathe lower polar unit does not operate with Lic= 2.8
amperes and ILR = 11.8 amperes, lower ILR current.
The lower polar unit should operate between the fol-
lowing limits:

I,c = 2.8 amperes
ILR 10.8 to 11.8 amperes

5. Harmonic Restraint Characteristic. Close
switch to position 2. Short out ILR ammeter. Set
Idc to 4 amperes and adjust Iac until upper polar unit
operates. Iac should read between 6.5 and 9 amperes.

As shown in Fig. 16, these values of altemating
current correspond to 17 percent and 14 percent
second hamonic.

In Service Test

Table 1 is to be used as an in-service check of
the HU or HU-1 relay using any tap combination.
The relay should be connected as shown in fig. 15
with the S.P.O.T. switch in position 1. The ammeter
ISR measures the smaller restraint current and should
be connected to the terminal associated with the tap
block of the smaller setting. The ammeter I} g
measures the larger restraint current, and should be
connected to the teminal associated with the larger
tap block setting. Termminal 5 supplies the upper tap
block; terminal 7 supplies the second tap block; and
terminal 9 (HU-1 only) supplies the lower tap block
(refer to figs. 1 and 4).

Table 1 gives the values of I5c necessary to

15



TYPE HU AND HU-1 RELAYS

operate the relay when using a value of ISR equal to
3 times tap value for all taps except the 8.7 tap. A
value of ISR equal to 2 times tap value was chosen
for the 8.7 tap setting in order to keep the current at
a convenient value for testing.

Example (HU Relay)

Upper Tap Block Tap 3.5
Lower Tap Block Tap 5.0

Since the upper tap block has the smaller tap

setting Igr should be connected to the upper tap
block (Term. 5), and Ij,g should be connectedito
Terminal 7. From Table 1 under ‘‘Restraint Trans-
former tap: Larger’’ =5.0 ‘‘Smaller’’ = 3.5, set ISR =
10.5 amps. The value of IoC to operate the relay

should be between 8.3 and 9.2 amps.

To check the third restraint winding onfthe HU-1
repeat the above procedure using terminal 9 and
either terminal 5 or 7.

TABLE 1

Restraint

Transformer |Larger 2.9 3.2 3.5 3.8 442 4.6 5.0 8.7
Tap
Smaller CURRENT IN AMPERES

ISR 8.7 8.7 8.7 8.7 8.7 8.7 8.7 5.8
2.9 IAC (Min.) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2
IAC (Max.) 2.8 4.0 5.5 644 8.6 10.0 11.6 17.9
ISR 9.6 9.6 9.6 9.6 9.6 9.6 6.4
3.2 IAC (Min) 2.7 4.0 4.9 6.9 8.1 9.6 15.7
IAC (Max) 3.1 4.4 5.4 7.6 9.0 10.6 17.3
ISR 1065 10.5 10.5 10.5 10.5 7.0
3.5 IAC (Min) 3.0 3.8 5.7 6.9 8.3 14.5
IAC (Max) 3.3 4.2 6.3 7.7 9.2 16.1
ISR 11.4 11.4 11.4 11.4 7.6
3.8 IAC (Min) 3.2 5.2 6.5 7.9 14.1
IAC (Max) 3.6 5.7 7.2 8.7 16.0
ISR 12.6 12.6 12.6 8.4
4.2 IAC (Min) 3.5 4.7 6.2 12.9
IAC (Max) 3.9 5.2 6.9 14.2
ISR 13.8 13.8 9.2
4.6 IAC (Minj 3.9 5.3 12.4
IAC (Max) 4.3 5.9 13.7
ISR 15.0 10.0
5.0 IAC (Min) 4.3 11.6
IA€ (Max) 4.8 12.9
ISR 17.4
8.7 TAC (Min) 5.0
IAC (Max) 5.5

16
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Il.L. 41-347.1D

Routine Maintenance

All relays should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher style #182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Calibration (All Relays)

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. All adjustments to be done
withrelay inside its case. (See ‘‘Acceptance Check'")

Polar Units

1. Contacts. Place a .060 to .070 inch feeler
gage between the right hand pole face and the arma<
ture. This gap should be measured near the front of
the right hand pole face. Bring up the backstop screw
until it just makes with the moving contact.Place
gage between moving contact and the stationary con-
tact on the left-hand side of the polar unit.jOn“the
upper unit, the gap should be .046 inch and on the
lower unit the gap should be .065 to .070/inch. Bring
up the stationary contact until it juSt makes with the
gage and lock in place.

2. Minimum Trip Current

a. Harmonic Restraift Unit (HRU)

Connect the relay |per test circuit of Fig. 15.
With the switch open,gpass Igc = 20 times tap value
current into the relayd This current should be ap-
plied for a very“short period of time and it should be
suddenly interrupted®,Adjust right hand shunt on up-
per polardunitfuntily it trips with Iac = 33% of tap
value amperes. Lower Lic gradually to 15% of tap
value current and adjust left-hand shunt until unit
resets. Repeat these steps, if necessary, until the
unit operates at 33% or slightly lower of tap value
curtent immediately following the application of 20
timestap value current and until the unit resets at a
value of current 15% of tap value or zreater. After
the“dropout has been measured, the unit should pick
up at 25% or higher of tap value current.

On the application of the high current, ‘the upper
polar unit will be biased in the restraifiing direction
and pickup will be greater than the nominal /value of
30% of tap value current on the first application of
pickup current.If the circuitis deenergized and pick-
up is measured again, the pickup currefit will be less
than before. However, pickupr will be stable after
the second application @f pickdp current. If 20 times
tap value current is applied again, the pickup im-
mediately after applyimgpthisycurrent will be high.
However, measuring the/pickup the second time will
show that the pickup,is‘again reduced. The variation
between these pickupsyshould be between 25% and
33% of tap value curreft.

The filter circuits are charged by the application
of this heavy céurrent and uponthe removal of the cur-
rent,ythese circuits will discharge their energy. The
element “will be biased in the restraining direction
beecause the restraint coil has approximately 7 times
thepnumber of turns as the operating coil. Upon the
application of pickup current, the operating ampere
turns will be greater than the restraint aimpere turns
and the bias will be removed.

If a lower biasing current is used instead of 20
times tap value current, the pickup of the upper unit
will be less than before for the first application of
pickup current. Pickup will be further reduced with
the second application of pickup current, but the
current will be stable after this energization. How-
ever, this value of pickup will be lower than the
limits of 25% and 33% of tap value current. This is
in the direction of making the sensitivity of the polar
unit lower than 30%, but does not impair the per-
formance of the unit on inrush currents.

b. Differential Unit (DU)

Set the adjustable resistor at top of the relay in
the approximate center of its range. Open the switch
and pass Iac = 20 times tap value current. This cur-
rent should be applied for a very short period of time
and it should be suddenly interrupted. Adjust right-
hand shunt of lower polar unit until it trips with I,
= 30% of tap value amperes. Lower Iac gradually to
15% of tap value current and adjust left-hand shunt
until unit resets. If polar unit resets before 15% of
tap value current, no adjustments are necessary to
the left-hand shunt. Repeat these steps until the
lower polar unit will pickup at 30% of tap value cur-
rent and reset for values of tap value current greater
than 15%

17
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Indicating Instantaneous Trip Unit (IIT)

With switch open, pass Iac = 10 times tap value
current. Adjust core of the instantaneous trip unit
until it picks up. Its target should drop freely.

The contact gap should be approximately 0.094
inch between the bridging moving contact and the
adjustable stationary contacts. The bridging con-
tact should touch both stationary contacts simul-
taneously.

Harmonic-Restraint Unit (HRU)

Close switch to position 2. Short out ILR am-

meter. Adjust direct current until L3, reads 0.8
times tap setting. Gradually increase alternating

current until upper polar unit operates with I,
reading between 1.3 and 1.8 times tap setting.
The percent second harmonic in the wave may be
derived by the use of the formula:

47 Igc
% second harmonic =Iac T LI111

de
This formula is plotted in curve form in Fig. 16 for
Ije = 4 amperes.

Percentage Slope Characteristic (DU)

Close switch to position 1. Set I,.to zero and
LR to 5.5 times tap value current. Then adjust e
to 4 times tap value current.

Adjust resistor at top of relay untilglower polar
unit operates. Interchange lead positions toterminals
5 and 7 and repeat the above testy Theplower polar
unit should operate between the limitsyof:

Lo =4 times tap value Gurrent

ILR =9 to 10 times,tap*value current

Trip conditiongan best“be determined by holding
Iyc at 4 times tap valye curent and varying Iy g. If
IR is too low the ‘econtacts will be closed when the
currents are first applied. Hence, ILR should be in-
creased until the contacts open and then decreased
until contacts closes

The(adjustment of the resistor will have some
effectaen the pickup of the unit. Hence, recheck the
pickum If necessary readjust shunts to obtain a pick-
up“ofad0% of tap value current and dropout of 15% or
greater of tap value current. If shunts are changed,

18

check to see that above readings are obtained on
the higher restraint currents. If necessary readjusf
resistor and repeat procedure until the unit operates
within the specified limits.

Apply I[gc = .56 times tap value,and vary IIr
until lower polar unit operates. The lower polar unit
should operate between follawingylimits.

I1,p= 2.36 to 2.56 times tap, value current.

Indicating ContactoriSwitch (ICS)

Block polar unitg€@ntacts closed. Pass suffi-
cient direct currenty'through the trip circuit to close
the contacts of the, JCS§This value of current should
be not greater tham ‘the particular tap setting being
used. Thé ‘eperation-indicator target should drop
freely.

The) contact gap should be approximately 0.047
inchybetween the bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should touch both stationary contacts si-
multanegusly.

Calibration (35%-Sensitivity Relays)

The differential unit (DU) should first be cali-
brated as outlined under ‘‘Calibration (All Relays)’’.
Next the right hand shunt of the lower polar unit
should be turned out until the relay operates at

I, = .45 times tap value current

ILR = 1.64 times tap value current

This changes the percentage slope curve of the
relay to that shown by the 35 percent sensitivity
curve of figure 7. Pickup of the relay is increased
from 30% to approximately 35% of tap value current
and the curve is changed at low values of restraint
current tothat shown in figure 7. At large values of
restraint current the percentage slope characteristic
is essentially the same as shown in figure 8.

As shown in figure 7, the margin of safety be-
tween the relay calibrated for a 35% sensitivity and
the 20% mismatch curve is the same as that of the
relay calibrated for a 30% sensitivity and the 15%
mismatch curve. This margin of safety is also shown
in the voltage differential characteristic of figure 11
for the 35 percent sensitivity relay.

Electrical Checkpoints
Differential Unit

a. Restraint Circuit
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I.L. 41:347.1D

Apply two times tap-value current successive-
ly to each restraint transformer. This is done by con-
necting leads to a tap screw and to terminals 5, 7
and 9 in turn (Terminal 9 on HU-1 only). Now measure
the a-c voltage across the restraint rectifier bridges
(See Fig. 2) using a high-resistance voltmeter (5000
ohms per volt). The voltage should be measured from
the left-to the right-hand corners of the bottom set of
bridges. A voltage of 2.17 to 2.27 volts should appear
only across the appropriate bridge as specified in the
following table:

Current Associated Rectifier Bridge
in Term. (Rear View)
HU HU-1
5 Center Center
7 Right Hand Left Hand
9 —_ Right Hand

b. Operating Circuit

Apply 30 per cent tap-value current to terminal
3 and a tap screw. Using a high-resistance a-c volt-
meter measure the voltage on the operating coild
bridge across the left-to right-hand corners (See Hig.
2). The voltage should be approximately 2§4 volts.
Now, measure the voltage output of the operating
transformer (top two coil terminals). “Ehe “veltage

should be about 5.3 volts.

Harmonic Restraint Unit (HRU)

Apply 30 per cent tap-value current to terminal
3 and a tap screw. The following are the approximate
voltages that should be obtained “using a high-
resistance a-c voltmeter (Sée Fig. 2 for location):

1. Output of operatingitransformer

(top coil terminals) 4.0 volts
2. 4 mfd. capacitor 2.5 volts
3. 0.45 mfd. éapacitor 3.9 volts
4. Operating-rectifier bridge

(left-to“right-hand corners) 2.5 volts
5. Restraintsrectifier bridge

(left-tofright-hand corners) 0.6 volts
6. Series Filter-Reactor 0.2 volts

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HU RELAY

<

Unit Circuit Description

Harmonic Restraint Operating Transformer (Primary taps 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) Seccgdary
d.c. Resistance 50 to 70 ohms.

Reactor d.c. Resistance 8 to 10 ohms.

4 MFD Capacitor.

Rectifier 700 Volts, 600 Milliampere Silicon Diod

Indicating Instantaneous Trip Unit 14 to 16 oh
Polar Unit Coil d.c. Resistance 80 to 100 o
Restraint Series Reactor d.c. Resistance 110 to 13
Parallel Reactor d.c. Resistance 300 to, 360 S.
.45 MFD Capacitor.

Rectifier 200 Volts, 600 Milliamper
Polar Unit Coil d.c. Resistan 00 ohms.

Varistor 100,000 +10% at 10 V. .4000 *+25% at 30 V.D.C.
Differential Operating Transformer (Primary tap 6, 4.2, 3.8, 3.5, 3.2, 2.9) Secondary
d.c. Resistance 20 to 3
Adjustable 3! inch 280

Restraint 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) o

illiampere Silicon Diodes

Indicating Contactor Trip
Switch
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ENERGY REQUIREMENTS 0

4
volt amperes
Power at at 8 ti % at 20 times
F actor tap value

Burden of Each Restraint Circuit

Continuous tap value tap value
Tap Rating Angle 6 current curr current
2.9 10 71 .88 5 191
3.2 12 70 .89 211
3.5 13 66 .90 Q 203
3.8 14 65 .91 220
4.2 15 58 91 3 235
4.6 16 57.5 .91 55 248
5.0 18 52.5 .92 59. 280
8.7 22 30 1.28 94. 340
Burden of Operating Circuit

\ volt amperes T
Power at 8 times at 20 times
Continuous F actor lue tap value tap value

Tap Rating Angle & rent current current
2.9 10 W 2.26 76 487
3.2 12 34 2.30 78 499
3.5 13 3 \ 2.30 81 504
3.8 14 ?b 2.30 83 547
4.2 15 1 2.30 84. 554
4.6 16 /'S 30 2.40 88. 598
5.0 18 \O 2.50 92. 640

23 3.18 132. 850

8.7 22 K
6 Degrees current lags@& tap value current
t Voltages taken v@ type voltmeter

* Thermal Rating
One S 300 amperes

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportiofal to the square of the current.
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Fig. 17. Outline and Drilling Plan of the Type HU and HU-1 Relays in the FT31 Case.
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INSTALLATION

Westinghouse I.L. 41-347.1D
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPES HU AND HU-1
TRANSFORMER DIFFERENTIAL RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The types HU and HU-1 relays are high-speed
relays used in the differential protection of trans-
formers. These relays can be applied where the
magnetizing inrush current to the transformers is
severe.

Current transformer ratio error should“not ex-
ceed 10% with maximum external fault curtent flow-
ing, or with eight times relay tap current flowing.

The HU-1 relay has three restraint ‘transformers
and associated rows of taps; whereas, the HU relay
has one less restraint transformer and two rows of
taps. Otherwise the two relays @re“identical. Three-
winding banks normally requirejthe HU-1 relay, al-
though the autotransformer @pplication uses the HU
if the tertiary is not loaded.

Both the HU orhe)HU=1 are available with a
sensitivity of either0.30 or 0.35 times tap. The 30%-
sensitivity relay“satisfa¢torily handles up to 15%
mismatch (efg. t10%atransformer tap changing plus
5% CT mismatch). The 35%-sensitivity relay handles
as much as 20%,miSmatch. See Fig. 7 for a compari-
son of the charaecteristics of the two sensitivities.
Any of the relays may be recalibrated in the field to
obtain eitherfcharacteristic.

@rdinarily the 30%-sensitivity relay will suffice;
hewever, where CT mismatch is abnormally high or
where the transformer tap-changing range exceeds
£10%, this calibration may be too sensitive.

SUPERSEDES I.L. 41-347.1C

*Denotes change from superseded issue

CONSTRUCTION

The types,HU"and HU-1 relays consist of a dif-
ferential unit (DUY); a harmonic-restraint unit (HRU),
and an indicating eontactor switch (ICS). The prin-
cipal parts/ofathe relay and their locations are shown
in Figs. 1(to 4.

Differential Unit (DU)

The differential unit of the HU relay consists of
twegair-gap restraint transformers, three full-wave
rectifiers, saturating operating-transformer, and a
d-c polar unit.

The HU-1 relay, in addition to the above com-
ponents, has a third air-gap restraint transformer, and
a fourth full-wave rectifier.

Each of the restraint transformers and the opera-
ting transformer are provided with taps to compen-
sate for mismatch of line current transformers. These
taps are incorporated in the relay in such a manner
that changing a tap on a restraint transformer auto-
matically changes the same tap on the operating
transformer.

Harmonic-Restraint Unit (HRU)

The harmonic-restraint unit of the HU and HU-1
relays consists of an air-gap operating transformer,
a second harmonic block filter, a fundamental block-
second harmonic pass filter, two full-wave rectifiers,
indicating instantaneous trip unit, varistor, and a d-c
polar unit.

Taps are also incorporated in this unit to com-
pensate for mismatch of the line current transformers.
Changing a tap on the restraint transformer of the
differential unit also changes the tap of this unit.

Polar Unit

The polar unit consists of a rectangular shaped

EFFECTIVE DECEMBER 1965
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OPERATING CKT. RESISTOR (DU)

«———— HARMONIC RESTRAINT UNIT,
(HRU)

TAP BLOCK

RESTRAINT TRANSF. 1
RESTRAINT TRANSF. 2
RESTRAINT TRANSF. 3 (HU-1 ONLY)

RESTRAINT TRANSFORMERS (DU)

INDICATING CONTACTOR SWITCH
(1CS)

&% - INDICATING INSTANTANEOUS TRIP
» T
™~ T0 RESTRAINT TRANSF. 3 (HU-1 ONLY)

‘Qm RESTRAINT TRANSF. 2
TO RESTRAINT TRANSF. 1

~
Fig. 1. Type HU-1 Relay — Front View.
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PARALLEL FILTER-REACTOR (HRU)
SERIES FILTER-REACTOR (HRU)

OPERATING TRANSF. (DU)

OPERATING TRANSF.%(HRU)

RECTIFIER/ASSEMBLY

TO ORERATING COIL (- POINT)
TO RESTRAINT COIL (- POINT) HRU

VARISTOR
TO"QPERATING COIL (- POINT) DU

A-C TERMINALS

RESTRAINT BRIDGE (+PT.) DU

OPERATING-CIRCUIT FILTER CAPACITOR (HRU)
(4 MFD)

Fig. 2. Type HU-1 Relay = Rear View.
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SECOND HARNONIC

INTERNAL SCHEMATIC
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BLOCK CIRCUIT
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TRANSFORMER
HARMONIC
RESTRAINT UNIT

[~ OPERATING
TRANSFORMER
DIFFERENTIAL UNIT
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—CURRENT TEST JACK
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5 TOP
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FRONT VIEW

185A037

Fig. 3 Intermal Schematic of the Type HU Relay in FT31 Case. For Single
Trip Relays the Circuit Associatéd with Terminal 2 is Omitted.

N

Fig 4. Internal Schematic of the Type HU~1 Relay in FT31 Case. For Single
Trip Relays the Circuit Associated with Terminal 2 is Omitted.
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I.L. 41-347.9D

o

po—— ADDITIONAL
FLUX PATN

. PERMANENT
NAGKEY

——— ARMATURE

et ——— MOYING CONTACT

SALANCED AlX uAPS VNBALANCED AR gAPS

POLAR UNIT PERMANENT WAGNET FLUX PATHS

183A062

Fig. 5 Polar Unit Permanent Magnet Flux Paths.

magnetic frame, an electromagnet, a permanent
magnet, and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
The magnetic frame consists of three pieces joined
in the rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core. The
armature is fastened to this core and is free t6 move
in the front air gap. The moving contact is con-
nected to the free end of a leaf springg which, in
turn, is fastened to the armature.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch ‘isa small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are, attached, is at-
tracted to the magnetic core upon enetgization of the
switch. When the switch “eloses), the moving con-
tacts bridge two stationarymcontaets, completing the
trip circuit. Also, during this‘operation, two fingers
on the armature deflect_a“sprifig located on the front
of the switch, which allows the operation indicator
target to drop.

The front spfing, ‘In addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pick-up,value of the switch.

OPERATION

The types HU and HU-1 relays are connected to
the “protected transformer as shown in Fig. 6. In
suchya connection, the relays operate to protect the
transformer for faults internal to the differential zone
of\the transformer, but not for faults external to the
aone. Neither do the relays operate on magnetizing

inrush currents associated with energization of the
transformer, even though these currents may appear
as an internal fault. To avoid these fal'se operations,
each unit of the relay performs a separate function.
The differential unit (DU) prevents operation on
external faults, while the harmoniG-restraint unit
(HRU) prevent operationsg’on_ magnetizing inrush
currents. Hence, the operation of the relay can best

be described under the headings of external fault
current, internal fault currents, and magnetizing in-
rush currents.

_External Fault Currents?

The type's HU. and HU-1 relays have a variable

percentage “characteristic. This means that the
operating current required to close the contact of the
differential unit expressed in percent of restraint
current, varies with the magnitude of the larger re-
straint current. Fig. 7 and Fig. 8 illustrate this
characteristic. To use these curves, divide each
restpaint current by the appropriate tap and enter
they horizontal axis using the larger or largest re-
straint multiple. Then enter the vertical axis, using
the difference of the restraint multiples.

With the relay connected as shown in the schema-
tic diagram of Fig. 9a, an external fault causes cur-
rents to flow in the air-gap restraint transformeys of
the differential unit. If the line current transformers
do not saturate and the correct ratio matching taps
applied, no effective current flows in the operating
transformer of the relay. Hence, only a contact-
opening torque is produced on the differential unit.

On heavy external faults where a main current
transformer saturates, current flows in the operating
circuit of the relay. With such a condition, the
harmonic-restraint unit may or may not close its con-
tacts, depending upon the harmonics present in the
false operating current. However, operation of the
relay is prevented by the variable percentage char-
acteristic of the differential unit, since a large dif-
ferential current is required to close its contacts
during heavy external faults.

Internal Faults

In the case of an internal fault as shown in Fig.
9b, the restraint of the differential unit is proportional
to the largest restraint current flowing. The sum of
the two restraint currents flows into the operating
transformer and produces an excess of operating
torque, and the differential unit operates.

In the case of an internal fault fed from one
source only, the fault current flows in one restraint
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Fig. 7. Differential Characteristic of the DU Unit of the
HU and HU-1 Relays at Smaller Values of Current.
Actual Operating Current Shown for 15 and 20%

Mismatch.

transformer and the operating transformer. An excess
of operating torque is produced on the differential
unit and it operates.

Faults normally appear as an offset“sine‘wave
with a decaying d-c component, and contain very few
harmonics. As a result, the harmonic-restraint unit
will operate during intermal faults to_permit tripping
of the relay.

For heavy internal faults, the,indieating instant-
aneous trip unit (IIT) will operate “before the main
unit. Since this unit is “eénneeted to an air gap
transformer, essentially only “the, sine wave compo-
nent of an internal faulf is applied to the IIT unit.
The d.c. component of the,fault is bypassed by the
transformer primary{ For ¢example, an internal fault
with a first peak of' 28/times tap value (includes
fifty percent d.c.) 18, reduced to a first peak of ap-
proximately 14 times tap value (d.c. component
absent) on “the secondary of the transformer. The
IIT unit will justioperate on this wave since it is set
to pick up at a peak current of 14.1 times tap (r.m.s.
pick-up valug = 10 times tap).

The varistor connected across the d.c. side of
the, réstraint rectifier of the harmonic restraint unit
prevents excessive voltage peaks from appearing
across the rectifiers. These peaks arise through
transformer action of the harmonic-restraint polar-unit

Fig. 8.\ Differential Characteristic of the Differential Unit
(DU) of the HU and HU-1 Relays at Larger Values
of Current.

coils during heavy internal faults. The varistor has
a large value of resistance for low voltages, while
presenting a low value of resistance for high volt-
ages. This characteristic effectively reduces the
voltage spikes on heavy internal faults while not
hampering performance during inrush, where the volt-
age is considerably lower.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various
wave shapes. A typical wave appears as a rectified
half wave with decaying peaks. In any case, the
various wave shapes are rich in harmonics with the
second harmonic predominant. Since the second
harmonic is always present in inrush waves and not
in internal fault waves, this harmonic is used to re-
strain the harmonic-restraint unit during inrushes.
The differential unit may or may not close its con-
tact, depending on the magnitude of the inrush.

When a magnetizing inrush wave is applied to
the relay, the d-c component of the wave is by-passed
by the air-gap operating transformer. The other com-
ponents are fed into the filter circuits. The impedance
characteristics of these filters are such that the
second harmonic component flows into the restraint
coil of the polar unit, while the other harmonics flow
into the operating coil. The polar unit will not close
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Fig. 9. Simplified Schematic of the Type HU Relay with Current Distribution for (a) External Fault (b) Internal F ault.

its contacts unless the second harmonic content is
less than 15 percent of the fundamental component{

The indicating instantaneous trip unit (IIT) will
not operate on inrush. The air-gap transformer will
bypass the d.c. component of the inrush thereby re-
ducing the magnitude of the wave applied to the IIT
unit. If the inrush has an initial peak of 16 times
tap-value current, the air-gap transformer will“reduce
this peak to approximately 8 times tap, Wvalueyon the
secondary of the transformer. Since,the“IHT unit is
set for a peak value of 14.1 times tap (t.m.S. pick-up
value = 10 times tap), it will not operate on this
inrush.

Breaker Maintenance

Before someoftheg CT’s are bypassed for breaker
maintenance the trip circuit ,should be opened, as
shown in Fig. 6. Otherwise the false-unbalanced
current will cause the relay to trip. It is not neces-
sary to short-circuit the relay operating circuit since
it has an adequate eontinuous-current rating. (See
‘‘Energy Requirements’’).

CHARACTERISTICS

Tapsjyare incorporated in the HU and HU-1 relays
to compensate for main current transformer mismatch.

Theseftaps are as follows: 2.9, 3.2, 3.5, 3.8, 4.2,
4.6, 5.0, 8.7.

To measure the effective unbalance, a sensitive
low-reading voltmeter (5000 ohms per volts) can
temporarily be connected across the operating coil
resistor (at top of case). With a perfect balance the
voltmeter reading will be zero. The reading should
not exceed the values indicated by the 159% mismatch
curve in Fig. 10 when the relay pickup is 0.30 times
tap. If the amount of mismatch is measured or cal-
culated, the measured voltage can be checked against
the interpolated value from the curve. For example,
assume that the larger restraint current is measured
as 1.5 tap multiple and the calculated mismatch is
7%. Then, from Fig. 10 the measured voltage should
be approximately 1.0 volts. Use Fig. 11 if the pickup
is 0.35 times tap.

Pickup of the harmonic-restraint unit and the
differential unit is either 30 or 35% of tap value cur-
rent. Pickup of the indicating instantaneous trip unit
is ten times tap value current.

Components of the harmonic-restraint unit are
selected such that 15% second harmonic will prevent
operation of the unit. This factor is adequate to
prevent false operation on inrushes.
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Fig. 10. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.30

Times Tap.

The frequency response of the HU and HU-1
relays is shown in Fig. 13.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c, and the seal-in comtacts,of the in-
dicating contactor switch will safely{\carry this
current long enough to trip a circtiit breaker.

The indicating contactor switch hastwo taps that
provide a pick-up setting ©f,0.2%r 2 amperes. To
change taps requires conméctinggthe lead located in
front of the tap block to the desired setting by means
of a screw connectiong

SETTING

To set the selay, calculations must b e performed
as shown under Setting Calculations’’. After the
correct tap is determined, connections can be made
to the relay transformers by placing the connector
screws in the various terminal-plate holes in front
of the relay. Only one tap screw should be inserted
invanyhorizontal row of taps.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This

Fig. N}. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.35
Times Tap.

selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48 volt DC applica-
tions set relay in 2 tap and use Type WL Relay coil
S#304C209G01 or equivalent.

Indicating Instantaneous Trip (IIT)

No setting is required on the indicating instan-
taneous trip unit. This unit is set at the factory to
pickup at 10 times tap value current.

SETTING CALCULATIONS

Select the ratio matching taps. There are no other
settings. In order to calculate the required tap set-
tings and check current transformer performance the
following information is required.

Required Information

1. Maximum transformer power rating (KVA)M

2, Maximum external fault currents

3. Voltage ratings of power transformer (VH, VI'
Vi)

4. Current transformer ratios, full tap (NT)

5. Current transformer ‘‘10L’’ accuracy class
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Fig. 12. Typical Tripping Time Characteristic (60 Cycle
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voltage, (or excitation or ratio-overcurrent
curve)

6. One way current transformer lead resistance
at 25°C (RL) (when using excitation curve,
include CT winding resistance)

7. Current transformerconnections(wye or deltan)

Definitions of Terms

10

Ip = Primary current at (KVA)M
IR = Relay input current at (KVA)M

IRH' IRL' IRI are same as IR except forphigh,
low and intermediate voltage sides respectively.

Ig= CT secondary current at (KVA)M

TH' TL' TI = Relay tap settings for high, low
and intermediate voltage windings, respectively.

N = Number of current tranSformer turns that are
in use.

Np = N/NT (Proportion ofstotal turns in use)
N = Current transformeér ratio, full tap
Veor, = 10L. accuracy class voltage

ZA = Burden impeédance of any devices other
than the HU or HU-1 relays, with maximum phase-
to-phase‘or,3-phase current flowing.

= Total secondary burden in ohms (excluding
current transformer winding resistance, except
when using excitation curve)

Fig. 13. “Typical)Frequency Response of the HU and

HU-TyRelays.

Calleul ation Procedure

L) Select current transformer taps, where multi-
ratio types are used.

IR should be more than 2.9 amperes for high
sensitivity and should not exceed the relay
continuous rating (see ‘‘Energy Require-
ments’’). For determining the required con-
tinuous rating of the relay, use the expected
two-hour maximum load, since the relay
reaches final temperature in this time.

2 Select relay taps in proportion to the relay
currents, IR'

IR should not exceed relay continuous rating.
Also the maximum external fault current
should not exceed 20 times relay tap.

3. Determine Mismatch (Not to exceed 15%)

For 2 winding banks:
(Igp/Igy) —(Tp./Tg)
S (1)

where S is the smaller of the two terms,

% mismatch = 100

For 3 winding banks:
(Igy/Igp —(Ty/Tp
5

% mismatch = 100 (2)

P
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Fig. 14.9E xample for Setting Calculations.

where ‘‘S’’ is the smaller ofmthe two terms,

Equations similar to e@. ‘(2 apply for mis-
match from the high tolew and from the inter-
mediate to low voltage, windings.

Where tap changing ufider load is performed
the relays shouldibe_set on the basis of the
middle or netitral tap position. The total mis-
match, “including/the automatic tap change
should not exceed 15% with a 30% sensitivity
relay, and 20% with a 35% sensitivity relay.
Notejffom Hig. 7 that an ample safety margin
exists afythese levels of mismatch.

4. Check current transformer performance. Ratio
error should not exceed 10% with maximum
symmetrical external fault current flowing or
with 8 times relay tap current flowing. An
accurate method of determining ratio error is
to use ratio-correction-factor curves (RCF).

A less accurate, but satisfactory method is
to utilize the ASA relaying accuracy classi-
fication. If the 10L accuracy is used, perform-
ance will be adequate if:

NPVCI_. is greater than ZT
00 (3)

For wye-connected CT:

ZT = lead resistance + relay burden + ZA

= L13 R, +L%§ + Z, ohms (4)

(RL multiplier, 1.13, is used to (:)a.clcgunt for
temperature rise during faults. "I‘ is an

approximation, where T = relay tap.

ZA is any additional burden, when maximum
external 3-phase fault current is flowing).

n




TYPE HU AND HU-1 RELAYS

TYPE WU AND HU-1 RELAYS

(FRONT VIEW)
[ &l
1t {14

] e
es] _lresT

:;‘:WT Lo

P oprionaL Lean

CONMECTION FOR
TYPE HU-1 RELAY

he-1
07¢275 003

$.P.D.T. SWITCH —1

}WD v.oAC,
0.cC
nee. | voLTAGE

290B506
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For delta-connected CT:
0.15
Zp=3(LI3Ry, + T + ZQ)fohms

:3.4RL+0—';§+ 3Z,4 (5)

(The factor of 3yh.accounts for conditions
existing during a phase-to-phase fault. ZA
is any additional burden, when maximum
external phaseé  to /phase fault current is
flowing)

5. Examples

Referto pages 13 and 14 and figure 14 for
settingpexamples. Note in both examples that
then8.7 tap was selected as the first step in
selecting relay taps. If a lower tap such as
tap) 5 had been the first selection, a proper
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balance would have been impossible. On page
12 for the two winding bank,

L ———_1.92. With tap 5 for the low Side

the maximum current ratio that can be matched

.5
by the taps is 55 = 173. With tap)8.7 select-

ed for the low side, a 3 to TMeurfént ratio can
be matched. On page 13fforpthe‘three winding
bank,

I
_RL _"g)02
IRH

This current“ratio can be accommodated by
the 8.7 & 229 taps without excessive mis-
match.

INSTALLATION

The “relays ’'should be mounted on switchboard
panelsor their equivalent in a location free from
dirt,\ moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holesyon the flange for semi-flush mounting, or by
means of the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for steel-
panel mounting or to the terminal studs furnished
with the relay for thick-panel mounting. The ter-
minal studs may be easily removed or inserted by
locking two nuts on the stud and then turning the
proper nut with a wrench.

For detailed FT case information, refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. All checks
can best be performed by connecting the relay per the
test circuit of Fig. 15. Relay to be tested in case.

1. Minimum Trip Current. With switch open and
relay set on 5-ampere tap, apply 1.35 to 1.65 amp-
eres for the 30%-sensitivity relay and 1.6 to 1.9

A,
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TYPE HU AND HU-1 RELAYS

TWO-WINDING TRANSFORMER CALCULATIONS

1. Select CT Ratio:

(KVA)y,
IP = =

vvV3

1000

Select Ratio

2. Select Relay Taps:

Select Tap

Desired Tap

3. Determine Mismatch:

% Mismatch =

TrL/Trey - (TL/TH)
T/ Ty

100

4

4. Check CT Performanm%

(Np Vp,/100) > Zp

(See Figure 14)

LOwW

20,000 _
L5 =930 Amp.
12.4 V3

1000/5 (N = 200)

930

200 =4.65 Amp.

Igp, =4.65 V3=

L 4

20,000
S=—=z=u167 Amp.
6@ p

00/5 (N =40)

1—fﬂ—4 18 A
a0 - ¢ mp.

IRH =4.18 Amp.

8
- X 8.7=4.64

Tu=3.05

TH =4.6

. .18) - (8.7/4.
100(805/4 8)-(8.7/4 6):

8.7/4

.6

1.92-1.89

100

1.89

1.6%

3.4R +()"15
. L T

0.45
34X04+—=1.36+0.05 =
8.7
1.41 ohms

200

0.833 X 200 _
100 -

1.67

Yes

1.13R +0'15-
- L T_‘

0.15
1.13X 0.4 + R-Z 0.45 +0.03 =

0.48 ohms
40 _
120 = 0.333
0.333 X 200
—— = 0.67
100 —
Yes
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TYPE HU AND HU-1 RELAYS

1. Select CT Ratio:
- (KVA)y _
V3
1000
Select Ratio

2. Select Relay Taps:
I e =
S - N -

I (At 40 MVA) =

Select Tap

Desired Tap

Select Tap

3. Determine Mismatch

% Mismatch

4. Check CT Performance

ZT:

o N
pT— =
Np

Np Vir) _

100

Ap Vor,/100)> 2,

THREE-WINDING TRANSFORMER CALCULATIONS
(See Figure 14)

HIGH

40,000

=143 Amp.
1613

400/5 (N = 80)

143
——=1.78 Amp.
80

lgg = 1.78 V3

= 3.08 Amp.

Ty = 8.7T——
H 9.30

=2.88

Ty =2.9.

Ty/Ty

(3.08/4.82)(2.9/4.6)
100 =
2.9/4.6
0.640-0.630
00 ——————
0.630

1.6%

Y
4Rt

0.45
3.4X0.5+—— =
2.9

1,70 +0.16 =
1.86 ohms

80
—=0.333
240

800 X 0.333 _
100

2.67

Yes

200X 1.0

INTERMEDIATE

40,000

—— = 334 Amp.
69v'3

600/5 (N = 120)

334
——= 2.78 Amp.
120

Igp = 2.78 V3.
= 4.82 Amp.
4.82

8.1T—+

T, =
I 9.30

=4.52

T;=4.6

(pr/agy,)-(TY/Ty)

100

(IRr/IRy,)
4.82/9.30)-(4.6/8.7
%00 ( ( ) ]
4.82/9.30
5 0:5180528 _

0.518
-1.9%

34 R; + 045

4Ry F—

0.45
34X05+——=
4.6

1.70 + 0.10 =
1.80 ohms
120

120

=2.0

100

Yes

200 X 0.833 _

LOW

r— 465 Aﬂlp.
12.4 3

1000/5 (N = 200)

465
— = 2.32)Amp. (At 10

200 MVA)

I N X 2.32
RL 1o '
59.3 Amp.

Ty, = 8.7

100 "RL/ TR (TL/TH) _
Ty, /Ty

9.3/3.08)(8.7/2.9
100( /3.08)(8.7/ ):

8.7/2.9
3.02-3.00
Q ————=

3.00

0.67%

1.13R; + 0.15
. L _—
T

0.15
1.13X05+— =
8.7

0.565 +0.02 =

0.58 ohms

200
—=0.833

240

1.67

100

o~

Yes




TYPE HU AND HU-1 RELAYS

l.L. 41:347.9D
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Fig. 16 Variation of Second Harmonic Content of Test
Current,

amperes for the 35% sensitivity relay. Reldy should
operate. The upper polar unit may operate for/lower
currents, but not below 1.0 ampere. This low pickup
will not impair its operation on magnetizing inrush
currents and should not be disturbed iffithis found to
be less than the lower polar unit. If{a higher pickup
is desired, it is suggested that 20™timesftap value
current be applied to relay terminals 3 & 7. This will
cause the upper polar unit to_piek uprat a current of
approximately 1.65 amperes.

2. Indicating instantaneous Trip Pickup. With
switch open and relay set {on 5 ampere tap, apply
50 amperes to relay. Indicating instantaneous trip
should pick up and'itsitarget should drop freely.

The contaety, gap,should be approximately 0.094
inch betweéen theWbridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should totich both stationary contacts simul-
taneously.

3. Indicating Contactor Switch. Block Polar unit
contacts closed. Pass sufficient direct current through
the“trip circuit to close the contacts of the ICS. This
value of current should not be greater than the partic-
ular ICS tap setting being used. The operation indi-
cator target should drop freely.

The contact gap of the ICS should ‘be approxi-
mately 0.047 inch between the bridging moving con-
tact and the adjustable stationary‘\contacts. The
bridging moving contact should touch both stationary
contacts simultaneously.

4. Differential Characteristic.

a. 30% Sensitivity relay

Close switch to pesition, 1. Set Iac to zero and
adjust ILR to 10 amperes.alncrease I to 2.8 amp-
eres. If the lowergpolar unit does not operate with
Iac: 2.8 amperes and ILR: 12.8 amperes, lower
I g current. Theylower polar unit should operate
between theffollowing limits:

Iac = 2.8 to 2.95 amperes
ILR = 11.8 to 12.8 amperes

by, 35% Sensitivity relay

Close switch to position 1. Set I, to zero and
a.djustILR to 9 amperes. Increase Iac to 2.8 amperes.
If.the lower polar unit does not operate with Lo = 2.8
amperes and ILR = 11.8 amperes, lower ILRcurrent.
The lower polar unit should operate between the fol-
lowing limits:

2.8 amperes
10.8 to 11.8 amperes

Iac
ILr

5. Harmonic Restraint Characteristic. Close
switch to position 2. Short out ILR ammeter. Set
Idc to 4 amperes and adjust L. until upper polar unit
operates. Iac should read between 6.5 and 9 amperes.

As shown in Fig. 16, these values of alternating
current correspond to 17 percent and 14 percent
second hamonic.

In Service Test

Table 1 is to be used as an in-service check of
the HU or HU-1 relay using any tap combination.
The relay should be connected as shown in fig. 15
with the S.P.O.T. switch in position 1. The ammeter
Igr measures the smaller restraint current andshould
be connected to the terminal associated with the tap
block of the smaller setting. The ammeter I} g
measures the larger restraint current, and should be
connected to the terminal associated with the larger
tap block setting. Terminal 5 supplies the upper tap
block; terminal 7 supplies the second tap block; and
terminal 9 (HU-1 only) supplies the lower tap block
(refer to figs. 1 and 4).

Table 1 gives the values of IAC necessary to

15



TYPE HU AND HU-1 RELAYS

operate the relay when using a value of ISR equal to
3 times tap value for all taps except the 8.7 tap. A
value of Igg equal to 2 times tap value was chosen
for the 8.7 tap setting in order to keep the current at
a convenient value for testing.

Example (HU Relay)

Upper Tap Block Tap 3.5
Lower Tap Block Tap 5.0

Since the upper tap block has the smaller tap

setting Igr should be connected to the upper tap
block (Term. 5), and Ij,g should be connectedsto
Terminal 7. From Table 1 under ‘‘Restraint Trans-
former tap: Larger’’ =5.0 ‘“‘Smaller’’ = 3.5, set ISR =
10.5 amps. The value of IAC to operate the relay
should be between 8.3 and 9.2 amps.

To check the third restraint winding ondthe HU-1
repeat the above procedure using terminal 9 and
either terminal 5 or 7.

TABLE 1

Restraint

Transformer |Larger 2.9 3.2 3.5 3.8 4.2 4.6 5.0 8.7
Tap
Smaller CURRENT IN AMPERES

ISR 8.7 8.7 8.7 8.7 8l 8.7 8.7 5.8
2.9 IAC (Min.) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2
IAC (Max.) 2.8 4.0 5.5 6.4 8.6 10.0 11.6 17.9
ISR 9.6 9.6 9.6 9.6 9.6 9.6 6.4
3.2 IAC (Min) 2.7 4.0 4.9 6.9 8.1 9.6 15.7
IAC (Max) 3.1 4.4 5.4 7.6 9.0 10.6 17.3
ISR 1045 10.5 10.5 10.5 10.5 7.0
3.5 IAC (Min) 3.0 3.8 5.7 6.9 8.3 14.5
IAC (Max) 3.3 4.2 6.3 7.7 9.2 16.1
ISR 11.4 11.4 11.4 11.4 7.6
3.8 IAC (Min) 3.2 5.2 6.5 7.9 14.1
IAC (Max) 3.6 5.7 7.2 8.7 16.0
ISR 12.6 12.6 12.6 8.4
4.2 IAC (Min) 3.5 4.7 6.2 12.9
IAC (Max) 3.9 5.2 6.9 14.2
ISR 13.8 13.8 9.2
4.6 IAC (Min) 3.9 5.3 12.4
IAC (Max) 4.3 5.9 13.7
ISR 15.0 10.0
5.0 IAC (Min) 4.3 11.6
IAC (Max) 4.8 12.9
ISR 17.4
8.7 TAC)(Min) 5.0
IAC (Max) 5.5

16
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TYPE HU AND HU-1 RELAYS

1.L. 41-3470p

Routine Maintenance

All relays should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher style #182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Calibration (All Relays)

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. All adjustments to be done
with relay inside its case. (See ‘‘Acceptance Check’’)

Polar Units

1. Contacts. Place a .060 to .070 inch feeler
gage between the right hand pole face and the arma-
ture. This gap should be measured near the front Of
the right hand pole face. Bring up the backstopfserew
until it just makes with the moving contact.Place
gage between moving contact and the stationary con-
tact on the left-hand side of the polar unit; Onithe
upper unit, the gap should be .046 inch®™and on the
lower unit the gap should be .065 to .0704nch¥ Bring
up the stationary contact until it just®makesfwith the
gage and lock in place.

2. Minimum Trip Current

a. Harmonic Restraint Unit (HRU)

Connect the relay [per test circuit of Fig. 15.
With the switch open, pass Lic = 20 times tap value
current into the relay,/ This current should be ap-
plied for a veryyshortéperiod of time and it should be
suddenly intérrupted. Adjust right hand shunt on up-
per polarunit dintil it trips with I,, = 33% of tap
value ampereS. Lower Ihc gradually to 15% of tap
value current“and adjust left-hand shunt until unit
resets. Repeat these steps, if necessary, until the
unit operates at 33% or slightly lower of tap value
curgent immediately following the application of 20
timeshtap value current and until the unit resets at a
vabhue®of current 15% of tap value or zreater. After
thesdropout has been measured, the unit should pick
up at 25% or higher of tap value current.

On the application of the high current, the upper
polar unit will be biased in the restraining diféction
and pickup will be greater than the nominal value of
30% of tap value current on the first application of
pickup current. If the circuitis deenergized and pick-
up is measured again, the pickup current will be less
than before. However, pickup, will be stable after
the second application of pickup“eurrent. If 20 times
tap value current is applied again, the pickup im-
mediately after applying, this, current will be high.
However, measuring the pickup the second time will
show that the pickup is(again reduced. The variation
between these pickups, should be between 25% and
33% of tap value current.

The filter‘eircuits are charged by the application
of this heayyleurrent and upon the removal of the cur-
rent) these circuits will discharge their energy. The
elementywill be biased in the restraining direction
because the restraint coil has approximately 7 times
the, number of turns as the operating coil. Upon the
applieation of pickup current, the operating ampere
turns will be greater than the restraint ampere turns
and the bias will be removed.

If a lower biasing current is used instead of 20
times tap value current, the pickup of the upper unit
will be less than before for the first application of
pickup current. Pickup will be further reduced with
the second application of pickup current, but the
current will be stable after this energization. How-
ever, this value of pickup will be lower than the
limits of 25% and 33% of tap value current. This is
inthe direction of making the sensitivity of the polar
unit lower than 30%, but does not impair the per-
formance of the unit on inrush currents.

b. Differential Unit (DU)

Set the adjustable resistor at top of the relay in
the approximate center of its range. Open the switch
and pass Iac = 20 times tap value current. This cur-
rent should be applied for a very short period of time
and it should be suddenly interrupted. Adjust right-
hand shunt of lower polar unit until it trips with I,
= 30% of tap value amperes. Lower Iic gradually to
15% of tap value current and adjust left-hand shunt
until unit resets. If polar unit resets before 15% of
tap value current, no adjustments are necessary to
the left-hand shunt. Repeat these steps until the
lower polar unit will pickup at 30% of tap value cur-
rent and reset for values of tap value current greater
than 15%

17



TYPE HU AND HU-1 RELAYS

Indicating Instantaneous Trip Unit (IIT)

With switch open, pass Iac = 10 times tap value
current. Adjust core of the instantaneous trip unit
until it picks up. Its target should drop freely.

The contact gap should be approximately 0.094
inch between the bridging moving contact and the
adjustable stationary contacts. The bridging con-
tact should touch both stationary contacts simul-
taneously.

Harmonic-Restraint Unit (HRU)

Close switch to position 2. Short out ILR am-~

meter. Adjust direct current until Ijc reads 0.8
times tap setting. Gradually increase alternating

current until upper polar unit operates with I,
reading between 1.3 and 1.8 times tap setting.
The percent second harmonic in the wave may be
derived by the use of the formula:

47 Ic
% second harmonic =W

dc
This formula is plotted in curve form in Fig. 16 for
Ijc = 4 amperes.

Percentage Slope Characteristic (DU)

Close switch to position 1. Set Iacto zero and
ILR to 5.5 times tap value current. Then adjust Lic
to 4 times tap value current.

Adjust resistor at top of relay until,lower polar
unit operates. Interchange lead position® todterminals
5 and 7 and repeat the above test. The,lower polar
unit should operate between the limits, of:

I c = 4 times tap value current

ILR =9 to 10 times tapsvalue current

Trip condition gan bestibe determined by holding
I, at 4 times tap value current and varying IR If
IIr is too low the“¢ontacts will be closed when the
currents are first applied. Hence, ILR should be in-
creased until the contacts open and then decreased
until contacts close,

Thegadjustment of the resistor will have some
effect,on the pickup of the unit. Hence, recheck the
pickup. If necessary readjust shunts to obtain a pick-
up(of,30% of tap value current and dropout of 15% or
greater of tap value current. If shunts are changed,

18

check to see that above readings are obtained on
the higher restraint currents. If necessary readjust
resistor and repeat procedure until the unit operates
within the specified limits.

Apply I,. = .56 times tap value and vary IIr
until lower polar unit operates. Theflower polar unit
should operate between folloawing,limits,

I1,g = 2.36 to 2.56 times tap value current.

Indicating ContactorpSwitch (ICS)

Block polar unit eentaéts closed. Pass suffi-
cient direct current through the trip circuit to close
the contacts of the ICS: This value of current should
be not greater than ‘the ‘particular tap setting being
used. Theoperation-indicator target should drop
freely.

The ‘éontact gap should be approximately 0.047
inchp between the bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should touch both stationary contacts si-
multanegusly.

Calibration (35%-Sensitivity Relays)

The differential unit (DU) should first be cali-
brated as outlined under ‘‘Calibration (All Relays)’’.
Next the right hand shunt of the lower polar unit
should be turned out until the relay operates at

I 4= .45 times tap value current

ILR = 1.64 times tap value current

This changes the percentage slope curve of the
relay to that shown by the 35 percent sensitivity
curve of figure 7. Pickup of the relay is increased
from 30% to approximately 35% of tap value current
and the curve is changed at low values of restraint
current to that shown in figure 7. At large values of
restraint current the percentage slope characteristic
is essentially the same as shown in figure 8.

As shown in figure 7, the margin of safety be-
tween the relay calibrated for a 35% sensitivity and
the 20% mismatch curve is the same as that of the
relay calibrated for a 30% sensitivity and the 15%
mismatch curve. This margin of safety is also shown
in the voltage differential characteristic of figure 11
for the 35 percent sensitivity relay.

Electrical Checkpoints

Differential Unit

a. Restraint Circuit

v

B N
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1.L. 41:347.9D

Apply two times tap-value current successive-
ly to each restraint transformer. This is done by con-
necting leads to a tap screw and to terminals 5, 7
and 9 in turn (Terminal 9 on HU-1 only). Now measure
the a-c voltage across the restraint rectifier bridges
(See Fig. 2) using a high-resistance voltmeter (5000
ohms per volt). The voltage should be measured from
the left-to the right-hand corners of the bottom set of
bridges. A voltage of 2.17 to 2.27 volts should appear
only across the appropriate bridge as specified in the
following table:

Current Associated Rectifier Bridge
in Term. (Rear View)
HU HU-1
5 Center Center
7 Right Hand Left Hand
9 — Right Hand

b. Operating Circuit

Apply 30 per cent tap-value current to terminal
3 and a tap screw. Using a high-resistance a-c volt-
meter measure the voltage on the operating coil
bridge across the left-to right-hand corners (See Fig.
2). The voltage should be approximately 2.4 %elts!
Now, measure the voltage output of thefoperating
transformer (top two coil terminals). {The“Woltage

shouid be about 5.3 volts.

Harmonic Restraint Unit (HRU)

Apply 30 per cent tap-value current®o terminal
3 and a tap screw. The following are the approximate
voltages that should be obtained asing a high-
resistance a-c voltmeter (Seer Fig. 2 for location):

1. Output of operatingytransfocmer

(top coil terminals) 4.0 volts
2. 4 mfd. capacitor 2.5 volts
3. 0.45 mfd. capacitor 3.9 volts
4. Operating-rectifier bridge

(left-to'right-hand corners) 2.5 volts
5. Reéstraintsrectifier bridge

(leftstoright-hand corners) 0.6 volts
6. Series Filter-Reactor 0.2 volts

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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TYPE HU AND HU-1 RELAYS

Unit

Harmonic Restraint

Differential

Indicating Contactor
Switch

Q)

APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HU RELAY < ’

Circuit

Operating

Restraint

Operating

Restraint

Trip

Description

Transformer (Primary taps 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) Secc%dary
d.c. Resistance 50 to 70 ohms.

Reactor d.c. Resistance 8 to 10 ohms. \%

4 MF'D Capacitor.

Polar Unit Coil d.c. Resistance 80 to 100 ohms

Rectifier 700 Volts, 600 Milliampere Silicon Diod
Indicating Instantaneous Trip Unit 14 to 16 Q

Series Reactor d.c. Resistance 110 to 130 0
Parallel Reactor d.c. Resistance 300 to (36 S.
.45 MF'D Capacitor.

Rectifier 200 Volts, 600 Milliamperg Silieon 'Diodes

Transformer (Primary tap 6, 4.2, 3.8, 3.5, 3.2, 2.9) Secondary
d.c. Resistance 20 to 3
Adjustable 3% inch 280
Rectifier 700 Volts, 6
Polar Unit Coil d.c

pere Silicon Diodes

ce 75 to 100 ohms.

.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) N
illiampere Silicon Diodes

L N



TYPE HU AND HU-1 RELAYS L. 4 D

ENERGY REQUIREMENTS 0

Burden of Each Restraint Circuit

L 4
volt amperes
Power at at 8 times at 20 times
Continuous Factor tap value tap va;\ tap value
Tap Rating Angle 6 current curre current
2.9 10 71 .88 5 191
3.2 12 70 .89 211
3.5 13 66 .90 51 203
3.8 14 65 .91 220
4.2 15 58 91 3 235
4.6 16 57.5 91 55 248
5.0 18 52.5 .92 59. 280
8.7 22 30 1.28 94. 340
Burden of Operating Circuit
x volt amperes 1
Power at 8 times at 20 times
Continuous Factor t alue tap value tap value
ent current current

Tap Rating Angle 0

2.9 10 2.26 76 487
3.2 12 2.30 78 499
3.5 13 2.30 81 504

35

34

N
3.8 14 3 2.30 83 547
4.2 15 2.30 84. 554
4.6 16 30 2.40 88. 598
5.0 18 * 2.50 92. 640

8.7 22 K\s 3.18 132. 850

6 Degrees current lags g tap value current

t Voltages taken wit ype voltmeter

* Thermal hn\
One Se¢ond 300 amperes

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportiogxl to the square of the current.
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Fig. 17. Outline and Drilling Plan of the Type HU and HU-1 Relays in the FT31 Case.
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INSTALLATION

Westinghouse I.L. 41-347.1H
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES HU AND HU-1
TRANSFORMER DIFFERENTIAL RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

* The types HU and HU-1 relays are high-speed
single phase relays used in the differential protec-
tion of transformers. These relays can be applied
where the magnetizing inrush current to the trans-
formers is severe.

Current transformer ratio error should ,not/ex-
ceed 10% with maximum external fault cirrent flow-
ing, or with eight times relay tap current flewing.

The HU-1 relay has three restraint transformers
and associated rows of taps; whereas,"thedHU relay
has one less restraint transfoumer @and two rows of
taps. Otherwise the two relays arepidentical. Three-
winding banks normally require the HU-1 relay, al-
though the autotransformer “@pplication uses the HU
if the tertiary is not loadeds

Both the HU or the HU-lfare available with a
sensitivity of either 0.30/0r 0.35 times tap. The 30%-
sensitivity reia¥esatistactorily Randles Upto T5%
mismatch (e.g. + 10%.transformer tap changing plus
5% CT mismatch).’ The 35%-sensitivity relay handles
as much as 20% mismatch. See Fig. 7 for a compari-}
son of the charaeferistics of the two sensitivities. !
Any of the relays may be recalibrated in the field to
' obtain either characteristic. “

Ordinarily the 30%-sensitivity relay will suffice;
however, where CT mismatch is abnormally high or
where) the transformer tap-changing range exceeds
¥10%, this calibration may be too sensitive.

SUPERSEDES I.L. 41-347.1G

*Denotes change from superseded issue.

CONSTRUCTION

The types HUpand HU-1 relays consist of a dif-
ferential unit/ADU), a harmonic-restraint unit (HRU),
and an indicating eontactor switch (ICS). The prin-
cipal part§ of thedrelay and their locations are shown
in Bligs. 1 to 4.

Differential Unit (DU)

The differential unit of the HU relay consists of
two air-gap restraint transformers, three full-wave
rectifiers, saturating operating-transformer, and a
d-c polar unit.

The HU-1 relay, in addition to the above com-
ponents, has a third air-gap restraint transformer, and
a fourth full-wave rectifier.

Each of the restraint transformers and the opera-
ting transformer are provided with taps to compen-
sate for mismatch of line current transformers. These
taps are incorporated in the relay in such a manner
that changing a tap on a restraint transformer auto-
matically changes the same tap on the operating
transformer.

Harmonic-Restraint Unit (HRU)

The harmonic-restraint unit of the HU and HU-1
relays consists of an air-gap operating transformer,
a second harmonic block filter, a fundamental block-
second harmonic pass filter, two full-wave rectifiers,
indicating instantaneous trip unit, varistor, and a d-c
polar unit.

Taps are also incorporated in this unit to com-
pensate for mismatch of the line current transformers.
Changing a tap on the restraint transformer of the
differential unit also changes the tap of this unit.

Polar Unit

The polar unit consists of a rectangular shaped

EFFECTIVE NOVEMBER 1968
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«————— OPERATING CKT. RESISTOR (DU)

" e——— HARMONIC RESTRAINT UNiT
(HRU)

<«—— DIFFERENTIAL UNIT (DU)

TAP BLOCK

RESTRAINT TRANSF. 1
RESTRAINT TRANSF. 2
RESTRAINT TRANSF. 3 (HU-1 ONLY)

RESTRAINT TRANSFORMERS (DU)
INDICATING CONTACTOR SWITCH
(1CS)

INDICATING INSTANTANEOUS TRIP
L e (nT)
s = TO RESTRAINT TRANSF. 3 (HU-1 ONLY)

‘Qm RESTRAINT TRANSF. 2
TO RESTRAINT TRANSF. 1

Fig. 1. Type HU-1 Relay — Front View.
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PARALLEL FILTER-REACTOR (HRU)
SERIES FILTER-REACTOR {HRU)

_—~ OPERATING TRANSF. (DU)

L OPERATING TRANSF&(HRU)

RECTIFIER ASSEMBLY

____TO OPERATING.COIL (- POINT) ,

| TO RESTRAINT COIL (- POINT) © HRU
‘ VARISTOR S
TO.OPERATING COIL (-~ POINT) DU

A-C TERMINALS

RESTRAINT BRIDGE (+PT.) DU

OPERATING-CIRCUIT FILTER CAPACITOR (HRU)
(4 MFD)

Fig. 2. Type HU-1 Relay -~ Rear View.
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SECOND HARNONIC

INTERNAL SCHEMATIC

INDICATING INSTANTANEOUS

TRIP

__y——— FUNDAMENTAL BLOCK

(1)

BLOCK CIRCUIT

INDICATING
CONTACTOR SWITCH

NOTE

TERMINALS 3-4-€-8
ARE TO BE JUMPERED
AT RELAY CASE

SECOND HARMON |C
PASS CIRCUIT

HARMONIC RESTRAINT
UNIT (HRU) TOP

[—YARISTOR

£

-]

OPERATING
TRANSFORMER
HARMONIC
RESTRAINT UNIT

[~ OPERATING
TRANSFORMER
DIFFERENTIAL UNIT

|-DIFFERENTIAL UNIT
(bu) BOTTOM

[~ THROUGH RESTRAINT
TRANSFORMER
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[~ TEST SWITCH
[—~CURRENT TEST JACK

|- TERMI AL

TAP
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5 ToP
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FRONT VIEW

185A037

Fig. 3. Internal Schematic of the TypeHU{Relay in FT31 Case. For Single
Trip Relays the Circuit Associated with Terminal 2 is Omitted,

184A762.

Fig. 4. Internal Schematic of the Type HU-1 Relay in FT3] Case. For Single
Trip Relays the Circuit Associated with Terminal 2 is Omitted,

184A736.
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MOVING CONTACT

BALANCED AR APS UNBALANCED AIR GAPS

POLAR UNIT PERMANENT MAGNET FLUX PATHS
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inrush currents associated with energization of the
transformer, even though these currents may“appear
as an internal fault. To avoid these false operations,
each unit of the relay performs a separaté function.
The differential unit (DU) prevents operation on
external faults, while the harmonigsrestraint unit
(HRU) prevent operations .en magnetizing inrush
currents. Hence, the operationfofithe relay can best

be described under the “headimgs of external fault
current, internal fault¢@urrents, and magnetizing in-
rush currents.

External Fault Currents

Fig. 5 Polar Unit Permanent Magnet Flux Paths.

magnetic frame, an electromagnet, a permanent
magnet, and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
The magnetic frame consists of three pieces joined
in the rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core. Thé
armature is fastened to this core and is free tosmove
in the front air gap. The moving contact{is con-
nected to the free end of a leaf spring, which, in
turn, is fastened to the armature.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switeh (is/{a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switchicloses, the moving con-
tacts bridge two stationary contacts, completing the
trip circuit. Also, during'thisooperation, two fingers
on the armature deflect ajspring located on the front
of the switch, whiciallows the operation indicator
target to drop,

The front spring,%in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pick-up value of the switch.

OPERATION

The types HU and HU-1 relays are connected to
theyprotected transformer as shown in Fig. 6. In
such a connection, the relays operate to protect the
transformer for faults internal to the differential zone
of the transformer, but not for faults external to the
zone. Neither do the relays operate on magnetizing

The types™MU and HU-1 relays have a variable

percentage® characteristic. This means that the
operatingfeurrent required to close the contact of the
differential unit expressed in percent of restraint
current variés with the magnitude of the larger re-
sﬂ‘g}t}t current. Fig. 7 and Fig. 8 illustrate this
characteristic. To use these curves, divide each
restraint current by the appropriate tap and enter
the, horizontal axis using the larger or largest re-
straint multiple. Then enter the vertical axis, using
the difference of the restraint multiples.

With the relay connected as shown in the schema-
tic diagram of Fig. 9a, an external fault causes cur-
rents to flow in the air-gap restraint transformess of
the differential unit. If the line current transformers
do not saturate and the correct ratio matching taps
applied, no effective current flows in the operating
transformer of the relay. Hence, only a contact-
opening torque is produced on the differential unit.

On heavy external faults where a main current
transformer saturates, current flows in the operating
circuit of the relay. With such a condition, the
harmonic-restraint unit may or may not close its con-
tacts, depending upon the harmonics present in the
false operating current. However, operation of the
relay is prevented by the variable percentage' char-
acteristic of the differential unit, since a large dif-
ferential current is required to close its contacts
during heavy external faults.

Internal Faults

In the case of an internal fault as shown in Fig.
9b, the restraint of the differential unitis proportional
to the largest restraint current flowing. The sum of
the two restraint currents flows into the operating
transformer and produces an excess of operating
torque, and the differential unit operates.

In the case of an internal fault fed from one
source only, the fault current flows in one restraint
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Fig. 7. Differential Characteristic of the DU Unit of the
HU and HU-1 Relays at Smaller Values of Current.
Actual Operating Current Shown for 15 and 20%

Mismatch.

transformer and the operating transformer. An excess
of operating torque is produced on the differential
unit and it operates.

Faults normally appear as an offsetgsine wave;‘i

with a decaying d-c component, and contain very few:
harmonics. As a result, the harmonic-restraint“unit
will operate during internal faults to permit tripping
of the relay.

For heavy internal faults, the indicating instant-
aneous trip unit (IIT) will operatejbefore the main
unit. Since this unit is connected to an air gap
transformer, essentially onlyathe “Sine wave compo-
nent of an internal fault4s applied to the IIT unit.
The d.c. component of the fault is bypassed by the
transformer primary. #fotpexample, an internal fault
with a first peak of 28 fimes tap value (includes
fifty percent d.c.)%s reéduced to a first peak of ap-
proximately/ 14 4timesy tap value (d.c. component
absent) onGthé secondary of the transformer. The
IIT unit will just,eperate on this wave since it is set
to pick up at a peak current of 14.1 times tap (r.m.s.
pick-up value = 10 times tap).

The varistor connected across the d.c. side of
thenrestraint rectifier of the harmonic restraint unit
prevents excessive voltage peaks from appearing
across the rectifiers. These peaks arise through
transformer action of the harmonic-restraint polar-unit

Fig. 8.\\Differential Characteristic of the Differential Unit
(DU) of the HU and HU-1 Relays at Larger Values

of Current.

coils during heavy internal faults. The varistor has
a large value of resistance for low voltages, while
presenting a low value of resistance for high volt-
ages. This characteristic effectively reduces the
voltage spikes on heavy internal faults while not
hampering performance during inrush, where the volt-
age is considerably lower.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various
wave shapes. A typical wave appears as a rectified
half wave with decaying peaks. In any case, the
various wave shapes are rich in harmonics with the
second harmonic predominant. Since the second
harmonic is always present in inrush waves and not
in internal fault waves, this harmonic is used to re-
strain the harmonic-restraint unit during inrushes.
The differential unit may or may not close its con-
tact, depending on the magnitude of the inrush.

When a magnetizing inrush wave is épplied to
the relay, the d-c component of the wave is by-passed
by the air-gap operating transformer. The other com-
ponents are fed into the filter circuits. The impedance
characteristics of these filters are such that the
second harmonic component flows into the restraint
coil of the polar unit, while the other harmonics flow
into the operating coil. The polar unit will not close
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Fig. 9. Simplified Schematic of the Type HU Relay with Current DiStribution for (a) External Fault (b) Internal Fault.

its contacts unless the second harmonic content is
less than 15 percent of the fundamental component{

The indicating instantaneous trip unit (IIT) aill
not operate on inrush. The air-gap transformer will
bypass the d.c. component of the inrush thereby re=
ducing the magnitude of the wave applied to the AIT
unit. If the inrush has an initial peak of 416" times
tap-value current, the air-gap transformer will reduce
this peak to approximately 8 times tap value“én the
secondary of the transformer. Since the IIT“unit is
set for a peak value of 14.1 times tap, (r.mys. pick-up
value = 10 times tap), it will not operate on this
inrush.

Breaker Maintenance

Before some of the, CT!s aresbypassed for breaker
maintenance the trip circuit@should be opened, as
shown in Fig. 6.30OtherwiSe the false-unbalanced
current will cause thelreldy to trip. It is not neces-
sary to short-circuit the relay operating circuit since
it has an adequate continuous-current rating. (See
‘“Energy Requirements”’).

CHARACTERISTICS

Taps are'incorporated in the HU and HU-1 relays
to compensate for main current transformer mismatch.

These taps are as follows: 2.9, 3.2, 3.5, 3.8, 4.2,
4.6,75.0, 8.7.

To measure the effective unbalance, a sensitive
low-reading voltmeter (5000 ohms per volts) can
temporarily be connected across the operating coil
resistor (at top of case). With a perfect balance the
voltmeter reading will be zero. The reading should
not exceed the values indicated by the 15% mismatch
curve in Fig. 10 when the relay pickup is 0.30 times
tap. If the amount of mismatch is measured or cal-
culated, the measured voltage can be checked against
the interpolated value from the curve. For- example,
assume that the larger restraint current is measured
as 1.5 tap multiple and the calculated mismatch is
7%. Then, from Fig. 10 the measured voltage should
be approximately 1.0 volts. Use Fig. 11 if the pickup
is 0.35 times tap.

Pickup of the harmonic-restraint unit and the
differential unit is either 30 or 35% of tap value cur-
rent. Pickup of the indicating instantaneous trip unit
is ten times tap value current.

Components of the harmonic-restraint unit are
selected such that 15% second harmonic will prevent
operation of the unit. This factor is adequate to
prevent false operation on inrushes.
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Fig. 10. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.30

Times TaE.

The frequency response of the HU and"HU-1
relays is shown in Fig. 13.

Trip Circuit
The main contacts will safely closef30pamperes
at 250 volts d-c, and the seal-in contaetsfof the in-

dicating contactor switch will safely “earry this
current long enough to trip a circuit\breaker.

The indicating contactor switchthastwo taps that
provide a pick-up settingpof 042 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

SETTING

To set the relay,“ealculations must be performed
as shown{under ‘‘Setting Calculations’’. After the
correct tap 1sideteérmined, connections can be made
to the relay transformers by placing the connector
screws in the various terminal-plate holes in front
of the relay{Only one tap screw should be inserted
in any horizontal row of taps.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This

Figs 11."Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.35
Times Tap.

selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48 volt DC applica-
tions set relay in 2 tap and use Type WL Relay coil
S#304C209GO01 or equivalent.

Indicating Instantaneous Trip (11T)

No setting is required on the indicating instan-
taneous trip unit. This unit is set at the factory to
pickup at 10 times tap value current.

SETTING CALCULATIONS

Select the ratio matching taps. There are no other
settings. In order to calculate the required tap set-
tings and check current transformer performance the
following information is required.

Required Information

1. Maximum transformer power rating (KVA)M

2. Maximum external fault currents

3. Voltage ratings of power transformer (Vy, Vi,
Vi)

4. Current transformer ratios, full tap (Nr)

5. Current transformer ‘‘10L’’ accuracy class
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voltage, (or excitation or ratio-overcurrent
curve)

6. One way current transformer lead resistance
at 25°C (Rp,) (when using excitation curve,
include CT winding resistance)

7. Current transformerconnections(wye or delta®)

Definitions of Terms

Ip = Primary current at (KVA)M
IR = Relay input current at (KVA)M

IRH' IRL' IRI are same as IR except, forphigh,
low and intermediate voltage sides,respecetively.

Ig = CT secondary current at (KVA)M

TH' TL' TI = Relay tap settings for high, low
and intermediate voltage windings, respectively.

N = Number of current transformer turns that are
in use.

Np =N/ NT (Proportion ofytotal turns in use)
NT = Current transformepfratio, full tap

VCL = 10L accuracyd€lass voltage

ZA = Burden impedance of any devices other
than the HU or HU-1 relays, with maximum phase-
to-phase‘or 3-phase current flowing.

= Toetall secondary burden in ohms (excluding
currentytransformer winding resistance, except
when,using excitation curve)

Fig.

13guTypical Frequency Response of the HU and
HU-T"Relay's.

Cal€ul ation Procedure

L. Select current transformer taps, where multi-
ratio types are used.

Ir should be more than 2.9 amperes for high
sensitivity and should not exceed the relay
continuous rating (see ‘‘Energy Require-
ments’’). For determining the required con-
tinuous rating of the relay, use the expected
two-hour maximum load, since the relay
reaches final temperature in this time.

2 Select relay taps in proportion to the relay
currents, IR'

IR should not exceed relay continuous rating.
Also the maximum external fault current
should not exceed 20 times relay tap.

3. Determine Mismatch (Not to exceed 15%)

For 2 winding banks:
S (1)

% mismatch = 100

where S is the smaller of the two terms,
(IgL/Iry) OF (TL,/Ty)

For 3 winding banks:

(Igy/Igp —(Ty/Tp
% mismatch = 100 _ BRI RIS H I

(2)
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TWO WINDING BANK THREE WINDING BANK

12.4 KV Y a 69KV Blkv  Ya s Ya gokV
PN Y A PN
120075 600/5 1200/5 (60075
MR MR 30/40 30/40 MR
I0L200 16/20 MVA I0L200 IOL80O MVA 1 MVA 0L 200
75
MVA
1200/5
) M2}300‘ Y
1eL
2.4 KV
LOW HIGH HIGH INTERMEDIATE LOW
(KVA)yy = 20,000 (KvA),, = 20,000 (KVA), = 40,000 (KVA)y =40,000  (KVA), = 10,000
(KVA)g = 16,000 (KVA)g = 16,000 (KVA)g =¢86,000 (KVAlg = 30,000 (KVA)g = 7,500
V| =12,400 VOLTS Vy = 69000 Vy  =p 4160000 Vi = 69000 Vv = 12400
N1 =240 TURNS Ny = 120 Nr = Nt = 120 Ny = 240
Vc =200 VOLTS VoL = 200 Vo & Vel = 200 VoL = 200
R_= 0.4 OHMS R = 04 RM= RL = 05 RL = 05
DELTA CT WYE CT DELTA CT DELTA CT WYE CT
289BL12

Fig. 14.Example for Setting Calculations.

where ‘‘S’’ is the smaller of the(two terms,
(IRH/IRI) or (TH/TI )

Equations similar to e “(2) apply for mis-
match from the high tol%ow and from the inter-
mediate to low voltage windings.

Where tap changing umder load is performed
the relays shouldibe set on the basis of the
middle or neudtral tap position. The total mis-
match, 4ncluding Athe automatic tap change
should not exceed 15% with a 30% sensitivity
relay, and 20%"with a 35% sensitivity relay.
Notedfrom Fig. 7 that an ample safety margin
exists atpthese levels of mismatch.

. Checly current transformer performance. Ratio
error should not exceed 10% with maximum
symmetrical external fault current flowing or
with 8 times relay tap current flowing. An
accurate method of determining ratio error is
to use ratio-correction-factor curves (RCF).

A less accurate, but satisfactory method is
to utilize the ASA relaying accuracy classi-
fication. If the 10L accuracy is used, perform-
ance will be adequate if:

NPVCL is greater than Zp
oo (3)

For wye-connected CT:

ZT = lead resistance + relay burden + ZA

= 1.13RL+—Q'T15+Zthms (4

(RL multiplier, 1.13, is used to gc%)unt for
temperature rise during faults. _I‘ is an

appro ximation, where T = relay tap.

ZA is any additional burden, when maximum
external 3-phase fault current is flowing).

n
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Fig. 15. Test Circuit of the HU and HU-1 Relays.

For delta-connected CT:
0.15
ZI‘ =3(1.13 Ry, +—T+ ZA) ohms

“34RL+045+3ZA (5)

(The factor of 43 accounts for conditions
existing during a ‘phase-to-phase fault. ZA
is any additional burden, when maximum
external phase to dphase fault current is
flowing)

5. Examples

Referato pages 13 and 14 and figure 14 for
séttingiexamples. Note in both examples that
the 8.7 tap was selected as the first step in
selecting relay taps. If a lower tap such as
tap 5 had been the first selection, a proper
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balance would have been impossible. On page
12 for the two winding bank,

B —— _1.92. With tap 5 for the lowyside
Irn
the maximum current ratio that can be matched

.5
by the taps is 55 = 173. With tap 8.7 select-

ed for the low side, a 3 to“d,current ratio can

be matched. On page 13#for the,three winding
bank,

I
RL33.02
Ry

This currentyratio “ean be accommodated by
the 8.7 &m2.9"taps without excessive mis-
match.

INSTALLATION

TheWyrelays) should be mounted on switchboard
panels_ or “their equivalent in a location free from
dirt{ 'moisture, excessive vibration, and heat. Mount
the “relay vertically by means of the four mounting
holes on the flange for semi-flush mounting, or by
means of the rear mounting stud or studs for pro-
jeetion mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for steel-
panel mounting or to the terminal studs furnished
with the relay for thick-panel mounting. The ter-
minal studs may be easily removed or inserted by
locking two nuts on the stud and then turning the
proper nut with a wrench.

For detailed FT case information, refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. All checks
can best be performed by connecting the relay per the
test circuit of Fig. 15. Relay to be tested in case.

1. Minimum Trip Current. With switch open and
relay set on 5-ampere tap, apply 1.35 to 1.65 amp-
eres for the 30%-sensitivity relay and 1.6 to 1.9
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LL. 41

TWO-WINDING TRANSFORMER CALCULATIONS

. Select CT Ratio:

(KVA)y
IP = =

vV3

1000

Select Ratio

Select Relay Taps:

Select Tap

Desired Tap

. Determine Mismatch:

% Mismatch =

100

4

. Check CT Performanc*&
Z~ ()

¥

Np Ve,
100

(Np Vp,/100) > Zp

N
O"D

(See Figure 14)

O

Low mc-r()
20,000 _ <&
20,000 _ 29,99 - 167 Amp.
L =930 Amp.
12.4 V3 69 f%
1000/5 (N = 200) ®0/5 (N = 40)
930 _ 167 _
200—4.65 Amp. 4—0-4.18 Amp.
Igp, = 4.65 V3= os@ Igy = 4.18 Amp,
T, = 8.7
\ Ty =505 X 87 = 4.64
\ Ty = 4.6
(8.05/4.18) - (8.7/4.6)
100 -
8.7/4.6
1.92-1.89
100 =
1.89
1.6%
3.4R +0'45— 1.13R +0'15
ARy = ABRy, -

0.45
3.4X04 + F: 1.36 + 0.05 =

1.41 ohms

—200 =0.833
240~

0.833 X 200
100

10.48 ohms

0 _
120 = 0.333

100

0.333 X 200 _

.1H

0.75
1.13X 0.4 + :6—: 0.45 +0.03 =

13
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1. Select CT Ratio:
Ip = (KVA)M -
w3
1000
Select Ratio
2. Select Relay Taps:
Ip

L. =——=

ST N

Ip (At 40 MVA) =

Select Tap

Desired Tap

Select Tap

3. Determine Mismatch

% Mismatch

4. Check CT Performance

.
P———:
Np

(Np Vigp) _
100

(Np Vr,/100)> 2,

14

800 X 0.333

THREE-WINDING TRANSFORMER CALCULATIONS

(See Figure 14)

HIGH INTERMEDIATE
40,000 143 A 40,000 A
—_— mp. = 334 Amp.
161/3 69v3
400/5 (N = 80) 600/5 (N = 120)
143 334
—=1.78 Amp. —= 2.78 Amp.
80 120
gy =118 V3 Igp = 2.78 V3,
= 3.08 Amp. = 4.82 Amp.
3.08 4.82
Ty =8.7—— Tp=8.7———
9.30 9.30
=2.88 = 4.52
Ty = 2.9. Ty =4.6
100 RE/IRO-TH/TD _ | W(Ipillgs Y(TY/Ty) _
Ty/Ty (IRy/Igy)
(3.08/4.82)(2.9/4.6 .82/9. .6/8.
100 ( e . (4.82/9.30)-(4.6/8.7) .
2.9/4.6 4.82/9.30
0.640-0.630 .518-0.
100 - 00 0.518-0.528 _
0.630 0.518
1.6% -1.9%
4R +0.45 s , 045
) — 4R; +— =
L& L 7

0.45
34X 05 +— =
2.9

1.70 + 0.16 =

1.86 ohms

80

—=10.333

240

100

Yes

0.45
3.4X05+——=
4.6

1,70+ 0.10 =
1.80 ohms
120

—=1.0
120

200X 1.0
100 -

.0

Yes

LOwW

10,000
12.4/3

=465 Amp.

1000/5 (N'="200)

465
— = 2.32, AmpPag(At 10

200 MVA)
I = X X2.32
= 9.3 Amp.

Ty, = 8.7

(UpL /TRy H(TL/Tyy) _
Ty,/Ty

100

100 (9.3/3.08)(8.7/2.9) _

8.7/2.9
3.02-3.00
o —mm=

3.00

0.67%

1.13R; + 0.15
. L —
T

0.15
1.13X 0.5+ =
8.7

0.565 + 0.02 =
0.58 ohms

200
——=0.833
240

200 X 0.833
100

= 1.67

Yes
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I.L. 41-347.1H
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Fig. 16 Variation of Second Harmonic Content of Test
Current,

amperes for the 35% sensitivity relay. Relay should
operate. The upper polar unit may operateforlower
currents, but not below 1.0 ampere. Thisdlow pickup
will not impair its operation on magnetizing inrush
currents and should not be disturbed if it i§found to
be less than the lower polar unit. If afhigheripickup
is desired, it is suggested that 20 times tap value
current be applied to relay terminal§™ 3 & @#'This will
cause the upper polar unit togpick\up at a current of
approximately 1.65 amperes.

2. Indicating instantaneoushTrip Pickup. With
switch open and relay .set on,.® ampere tap, apply
50 amperes to relay. (Indicating instantaneous trip
should pick up and its targetfshould drop freely.

The contact gap &hould be approximately 0.094
inch between the bridging moving contact and the
adjustabledstationary, contacts. The bridging moving
contact should'touch both stationary Tontacts simul-
taneously.

3. Indicating Contactor Switch. Block Polar unit
contacts closed. Pass sufficient direct current through
the trip circuit to close the contacts of the ICS. This
value“of current should not be greater than the partic-
ulap ICS tap setting being used. The operation indi-
cator target should drop freely.

The contact gap of the ICS should pe approxi-
mately 0.047 inch between the bridging meving con-
tact and the adjustable stationary/contacts. The
bridging moving contact should touch“both stationary
contacts simultaneously.

4. Differential Characteristic.

30% Sensitivity pelay.

* a. Close switch to“pesitien” 1. Set Iz, to zero
and adjust I,g to 10gamperes. Increase Iy to 2.8
amperes. If the lower gpolar unit does not operate
with Iz. = 2.8 afperesgand I[,g = 12.8 amperes,
lower IR current. Theylower polar unit should oper-
ate between the foblowing limits:

IaC 2.8 to 2.95 amperes

ILR = 11.8 to 12.8 amperes

b Reverse leads to restraint transformers and
repeat “@ifferential test outlined in paragraph 4a.
Results should be approximately the same as ob-
tained under paragraph 4 a.

35% Sensitivity relay
* ¢. Close switch to position 1. Set Izc to zero
and adjust IR to 9 amperes. Increase Ia¢c to 2.8
amperes. If the lower polar unit does not operate
with Ia. = 2.8 amperes and I,g = 11.8 amperes,
lower Ip,g current. The lower polar unit should
operate between the following limits:

Iac = 2.8 amperes

I,r = 10.8 to 11.8 amperes
d. Reverse leads to restraint transformers and
repeat differential test outlined in paragraph 4c.
Results should be approximately the same as ob-
tained under paragraph 4d.

*

5. Harmonic Restraint Characteristic. Close
switch to position 2. Short out ILR ammeter. Set
Idc to 4 amperes and adjust Iy until upper polar unit
operates. Iac shouldread between 6.5 and 9 amperes.

As shown in Fig. 16, these va ues of altemating
current correspond to 17 percent and 14 percent
second hannonic.

In Service Test

Table 1 is to be used as an in-service check of
the HU or HU-1 relay using any tap combination.
The relay should be connected as shown in fig. 15
with the S.P.O.T. switch in position 1. The ammeter
Igr measures the smaller restraint current andshould
be connected to the terminal associated with the tap
block of the smaller setting. The ammeter II,r
measures the larger restraint current, and should be

15
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connected to the terminal associated with the larger
tap block setting. Terminal 5 supplies the upper tap
block; terminal 7 supplies the second tap block; and
termminal 9 (HU-1 only) supplies the lower tap block
(refer to figs. 1 and 4).

Table 1 gives the values of I pc necessary to
operate the relay when using a value of ISR equal to
3 times tap value for all taps except the 8.7 tap. A
value of ISR equal to 2 times tap value was chosen
for the 8.7 tap setting in order to keep the current at
a convenient value for testing.

Example (HU Relay)

Upper Tap Block Tap 3.5
Lower Tap Block Tap 5.0

Since the upper tap block has the smallertap
setting Igr should be connected to the upper tap
block (Term. 5), and Ij,g should be connected to
Terminal 7. From Table 1 under ‘‘Restraint Trans-
former tap: Larger’’ =5.0 ‘‘Smaller’’ = 3.5, set ISR =
10.5 amps. The value of Ioc to opérateé®the relay
should be between 8.3 and 9.2 amps:

To check the third restraint avinding ‘on the HU-1
repeat the above procedure using terminal 9 and
either terminal 5 or 7.

TABLE 1

Restraint

Transformer |Larger 2.9 3.2 3.5 3.8 4.2 426 5.0 8.7
Tap
Smaller CURRENT IN AMPERES

ISR 8.7 8.7 8.7 8.7 8.7 8.7 8.7 5.8
2.9 IAC (Min.) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2
IAC (Max.) 2.8 4.0 5.5 6.4 8.6 10.0 11.6 17.9
ISR 9.6 9.6 9.6 9.6 9.6 9.6 6.4
3.2 IAC (Min) 2.7 4.0 4.9 6.9 8.1 9.6 15.7
IAC (Max) 3.1 4.4 5.4 7.6 9.0 10.6 17.3
ISR 10.5 10.5 10.5 10.5 10.5 7.0
3.5 IAC (Min) 3.0 3.8 5.7 6.9 8.3 14.5
IAC (Max) 3.3 4.2 6.3 7.7 9.2 16.1
ISR 11.4 11.4 11.4 11.4 7.6
3.8 IAC (Min) 3.2 5.2 6.5 7.9 14.1
IAC (Max) 3.6 5.7 7.2 8.7 16.0
ISR 12.6 12.6 12.6 8.4
4.2 IAC (Min) 3.5 4.7 6.2 12.9
IAC (Max) 3.9 5.2 6.9 14.2
ISR 13.8 13.8 9.2
4.6 IAC (Min) 3.9 5.3 12.4
IAC (Max) 4.3 5.9 13.7
ISR 15.0 10.0
5.0 IAC (Min) 4.3 11.6
IAC (Max) 4.8 12.9
ISR 17.4
8.7 IAC (Min) 5.0
IAC (Max) 5.5

16
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Il.L. 41-347.1H

Routine Maintenance

All relays should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher style #182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Calibration (All Relays)

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. All adjustments to be done
with relay inside its case. (See ‘*Acceptance Check’’)

Polar Units

1. Contacts. Place a .060 to .070 inch feeler
gage between the right hand pole face and the arma-
ture. This gap should be measured near the front of
the right hand pole face. Bring up the backstop_screw
until it just makes with the moving contdct.Place
gage between moving contact and the statiomaryfcon-
tact on the left-hand side of the polar“Gmit.“On the
upper unit, the gap should be .046 inch and,on“the
lower unit the gap should be .065 to .070 ineh. Bring
up the stationary contact until it just makes with the
gage and lock in place.

2. Minimum Trip Current

a. Harmonic Restraint Unit (HRU)

Connect the relay goer test circuit of Fig. 15.
With the switch open, pass Lie = 20 times tap value
current into the relays, THiS current should be ap-
plied for a very shertgefiod of time and it should be
suddenly interrupted-®Adjust right hand shunt on up-
per polar d&init juntilyit trips with Lic = 33% of tap
value amperes. Lower L gradually to 15% of tap
value current, and adjust left-hand shunt until unit
resets. Repeat“these steps, if necessary, until the
unit operates at 33% or slightly lower of tap value
current immediatély following the application of 20
times tap value current and until the unit resets at a
vahuehof current 15% of tap value or zreater. After
the, dropout, has been measured, the unit should pick
up at 25%or higher of tap value current.

On the application of the high currentf the upper
polar unit will be biased in the restrainingidirection
and pickup will be greater than the ngminalgvalue of
30% of tap value current on the first “@application of
pickup current. If the circuitis deenergized and pick-
up is measured again, the pickup current will be less
than before. However, pickup will beé stable after
the second application of pi€kup current. If 20 times
tap value current is appliedfagain, the pickup im-
mediately after applying@this®@urrent will be high.
However, measuring thepickup the second time will
show that the pickuplisfagaih reduced. The variation
between these piCkupsashould be between 25% and
33% of tap value,current.

The filter circuits are charged by the application
of this heavy current and upon the removal of the cur-
rent, these cireuits will discharge their energy. The
element willf'be biased in the restraining direction
because‘the restraint coil has approximately 7 times
theémnumber of turns as the operating coil. Upon the
application of pickup current, the operating anipere
turns will be greater than the restraint ampere turns
and the bias will be removed.

If a lower biasing current is used instead of 20
times tap value current, the pickup of the upper unit
will be less than before for the first application of
pickup current. Pickup will be further reduced with
the second application of pickup current, but the
current will be stable after this energization. How-
ever, this value of pickup will be lower than the
limits of 25% and 33% of tap value current. This is
inthe direction of making the sensitivity of the polar
unit lower than 30%, but does not impair the per-
formance of the unit on inrush currents.

b. Differential Unit (DU)

Set the adjustable resistor at top of the relay in
the approximate center of its range. Open the switch
and pass Lic = 20 times tap value current. This cur-
rent should be applied for a very short period of time
and it should be suddenly interrupted. Adjust right-
hand shunt of lower polar unit until it trips with I,
= 30% of tap value amperes. Lower Ioc gradually to
15% of tap value current and adjust left-hand shunt
until unit resets. If polar unit resets before 15% of
tap value current, no adjustments are necessary to
the left-hand shunt. Repeat these steps until the
lower polar unit will pickup at 30% of tap value cur-
rent and reset for values of tap value current greater
than 15%

17
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Indicating Instantaneous Trip Unit (IIT)

With switch open, pass Iac = 10 times tap value
current. Adjust core of the instantaneous trip unit
until it picks up. Its target should drop freely.

The contact gap should be approximately 0.094
inch between the bridging moving contact and the
adjustable stationary contacts. The bridging con-
tact should touch both stationary contacts simul-
taneously.

Harmonic-Restraint Unit (HRU)

Close switch to position 2. Short out ILR am-

meter. Adjust direct current until Ijc reads 0.8
times tap setting. Gradually increase alternating

current until upper polar unit operates with I;.
reading between 1.3 and 1.8 times tap setting.
The percent second harmonic in the wave may be
derived by the use of the formula:

47 Igc
% second harmonic =r— 7777
‘ L + 111 Iy,
This formula is plotted in curve form in Fig. 16 for
Iqc =4 amperes.

Percentage Slope Characteristic (DU)

Close switch to position 1. Set Iacto zero ‘and
ILR to 5.5 times tap value current. Then adjust Lo
to 4 times tap value current.

Adjust resistor at top of relay until lower polar
unit operates. Interchange lead positions ‘4o, terminals
5 and 7 and repeat the above test. The lower polar
unit should operate between the limits of}

I;c = 4 times tap value current

ILR =9 to 10 times'tap value current

Trip condition cam besg be'determined by holding
I;c at 4 times tapvaluepcurrent and varying IR If
IIr is too low thejconfactséwill be closed when the
currents are first applied.{Hence, II_.R should be in-
creased until the contacts open and then decreased
until contacts close.

The adjustment of the resistor will have some
effect on“thespickup of the unit. Hence, recheck the
pickup.Mynecessary readjust shunts to obtain a pick-
up of 30% of tap value current and dropout of 15% or
greaferwof tap value current. If shunts are changed,
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check to see that above readings are obtained on
the higher restraint currents. If necessary readgjust
resistor and repeat procedure until the unit opérates
within the specified limits.

Apply Ije= .56 times tap value and vary ILR
until lower polar unit operates. The dower polar unit
should operate between folloawing limits.

I1,r= 2.36 to 2.56 times tap valuesetrrent.

Indicating Contactor, Switch (ICS)

Block polar unit contacts/closed. Pass suffi-
cient direct current ghrouwgh the trip circuit to close
the contacts of the ICS. This value of current should
be not greater thamptheWparticular tap setting being
used. The,operationrindicator target should drop
freely.

The, contaet gap should be approximately 0.047
inch betweenwthe bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact sheuld touch both stationary contacts si-
multaneously.

Calibration (35%-Sensitivity Relays)

The differential unit (DU) should first be cali-
brated as outlined under ‘‘Calibration (All Relays)’’.
Next the right hand shunt of the lower polar unit
should be turned out until the relay operates at

I,0= .45 times tap value current

ILR = 1.64 times tap value current

This changes the percentage slope curve of the
relay to that shown by the 35 percent sensitivity
curve of figure 7. Pickup of the relay is increased
from 30% to approximately 35% of tap value current
and the curve is changed at low values of restraint
current to that shown in figure 7. At large values of
restraint current the percentage slope characteristic
is essentially the same as shown in figure 8.

As shown in figure 7, the margin of safety be-
tween the relay calibrated for a 35% sensitivity and
the 20% mismatch curve is the same as that of the
relay calibrated for a 30% sensitivity and the 15%
mismatch curve. This margin of safety is also shown
in the voltage differential characteristic of figure 11
for the 35 percent sensitivity relay.

Electrical Checkpoints

Differential Unit

a. Restraint Circuit
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Apply two times tap-value current successive-
ly to each restraint transformer. This is done by con-
necting leads to a tap screw and to terminals 5, 7
and 9 in turn (Terminal 9 on HU-1 only). Now measure
the a-c voltage across the restraint rectifier bridges
(See Fig. 2) using a high-resistance voltmeter (5000
ohms per volt). The voltage should be measured from
the left-to the right-hand corners of the bottom set of
bridges. A voltage of 2.17 to 2.27 volts should appear
only across the appropriate bridge as specified in the
following table:

Current Associated Rectifier Bridge
in Term. (Rear View)
HU HU-1
5 Center Center
7 Right Hand Left Hand
9 - Right Hand

b. Operating Circuit

Apply 30 per cent tap-value current to terminal
3 and a tap screw. Using a high-resistance a-c volt-
meter measure the voltage on the operating coil
bridge across the left-to right-hand corners (See Fig.
2). The voltage should be approximately 2.4.volts,
Now, measure the voltage output of the Operating
transformer (top two coil terminals). Theyvoltage

shouid be about 5.3 volts.

Harmonic Restraint Unit (HRU)

Apply 30 per cent tap-value current,toterminal
3 and a tap screw. The following are the approximate
voltages that should be obtained using a high-
resistance a-c voltmeter (See Fig. 2 for location):

1. Output of operating transformer

(top coil terminals) 4.0 volts
2. 4 mfd. capacitor 2.5 volts
3. 0.45 mfd. capacitor 3.9 volts
4. Operating=rectifier bridge

(left-te right-hand corners) 2.5 volts
5. Restraint-rectifier bridge

(leftto right-hand corners) 0.6 volts
6.Series Filter-Reactor 0.2 volts

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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O o

APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HU RELAY 0
Unit Circuit Description
Harmonic Restraint Operating Transformer (Primary taps 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) Secﬁldary

d.c. Resistance 50 to 70 ohms.

Reactor d.c. Resistance 8 to 10 ohms. @

4 MFD Capacitor. \

Rectifier 700 Volts, 600 Milliampere Silicon Dio

Indicating Instantaneous Trip Unit 14 to 16 o .
Polar Unit Coil d.c. Resistance 80 to 100 ohms.

Restraint Series Reactor d.c. Resistance 110 to 130 o .

Parallel Reactor d.c. Resistance 300 to ms.

.45 MF'D Capacitor.

* Rectifier 700 Volts, 600 Milliampe icon’Diodes

Polar Unit Coil d.c. Resistan

Varistor 100,000 +10% at 10 V.D.C: 4000 *25% at 30 V.D.C.

Differential Operating Transformer (Primary tap

d.c. Resistance 20 to 3

Adjustable 3% inch 280 Resistor

Rectifier 700 Volts, 600 Mil pere Silicon Diodes

Polar Unit Coil d.c S nce 75 to 100 ohms.

Restraint Transformer (Primary 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9)
Milliampere Silicon Diodes

*
=s)
@
Q
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-
=
19
-
3
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<
e
iz

Polar Unit .c. Resistance 60 to 110 ohms.
Indicating Contactor Trip 0.2 Amp{itap 6.5 ohms d.c.
Switch 2.0 Amp. _taj 15 ohms.d.c.
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ENERGY REQUIREMENTS 0

volt amperes t

f
Power at at 8 times at 20 times |
Continuous Factor tap value tap val tap value

Tap Rating Angle 6 current curre current
2.9 10 71 .88 191
3.2 12 70 .89 211

5
1
3.5 13 66 .90 é 203
3.8 14 65 .91 220
4.2 15 58 .91 3 235
4.6 16 57.5 .91 55 248
5
9

Burden of Each Restraint Circuit

5.0 18 52.5 .92 9. 280

8.7 22 30 1.28 4. 340
Burden of Operating Circuit
\ volt amperes 1
Power t at 8 times at 20 times
Continuous Factor value tap value tap value

Tap Rating Angle 6 rent current current
2.9 10 35 2.26 76 4817
3.2 12 34 2.30 78 499
3.5 13 33 2.30 81 504
3.8 14 2.30 83 5417
4.2 15 2.30 84. 554
4.6 16 0. 2.40 88. 598
5.0 18 ¢ 29 2.50 92. 640

8.7 22 K\% 3.18 132. 850
6 Degrees current lags a tap value current
t Voltages taken with tox type voltmeter

— 300 amperes

* Thermal

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportiogal to the square of the current.
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INSTALLATION

Westinghouse  I.L. 41-347.2
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HRU INSTANTANEOUS OVERCURRENT
RELAY WITH HARMONIC RESTRAINT

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close prop-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type HRU relay is a high speed relay used in
the differential protection of transformers. These
relays can be applied where the magnetizing inrush
current to the transformer is severe.

This relay is not intended to be used in applications
where saturation of current transformers occurs on
asymmetrical and symmetrical faults external to the
protected transformer. For such applicationsithe
type HU relay should be applied.

CONSTRUCTION

The type HRU relay consists of an instantameous
trip unit, a harmonic restraint unit, and@ anindicating
contactor switch. The principal cOmponent parts of
the relay are shown in Fig. 1.

Harmonic Restraint Unit (HRU)"

The harmonic restraint gnit consists of an air-gap
transformer, a second harmonic block filter, a fun-
damental block-seceondypharmonic pass filter, two
fuil-wave rectifiers) agvafistor, and a d-c polar unit.

_Polar Unit,

The polar “unit consists of a rectangular shaped
magnetic framey an electromagnet, a permanent
magnet, and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
Theéymagnetic frame consists of three pieces joined
imythe, rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are'bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core. The
armature is fastened to this core, and is free to move

NEW INFORMATION

in the front air gap. The meving‘contact is connect-
ed to the free end of 4 leaf “Spring, which, in turn,
is fastened to the armature.

Instantaneous Trip Unity(I1T)

The instantageous, trip unit is a small a-c operated
clapper type“device. A magnetic armature, to which
leaf-spring“mounted contacts are attached is attract-
ed to the /fmagnetic core upon energization of the
switehy, When the switch closes, the moving con-
tacts Wbridge two stationary contacts completing the
trip®eircuit. A core screw accessible from the top
of the switch provides the adjustable pickup range.
The minimum and maximum pickup points are indicat-
ed on the scale, which is located to the rear of the
core screw.

Indicating Contactor Switch Unit (ICS)

The d-cindicating contactor switchis asmall clapper-
type device. A magnetic armature to which leaf-
spring mounted contacts are attached, is attracted
to the magnetic core upon energization of tlie switch.
When the switch closes, the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also, during this operation, two fingers on the arma-
ture deflect a spring located on the front of the
switch, which allows the operation indicator target
to drop.

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

OPERATION

The type HRU relay is connected to operate for
faults internal to the differential zone of the trans-
former but not on magnetizing inrush currents associ-
ated with energization of the transformer. This is
accomplished by supervising the contacts of an in-
stantaneous trip unit with the contacts of a harmonic
restraint unit.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various wave
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TYPE HRU RELAY

RELAY-TYPE HRU=INSTANTANEOUS OVERCURRENT WITH HARMONIC

RESTRAINT SUPERVISION
IN TYPE FT-21 CASE

INTERNAL SCHEMATIC
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Fig. 1 Internal Schematic
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shapes. A typical wave appears as a rectified half
wave with decaying peaks. In any case, the various
wave shapes are rich in harmonics with the second
harmonic predominant. Since the second harmonic
is always present in inrush waves and notin internal
fault waves, this harmonic is used to restrain the
harmonic-restraint unit during inrushes. The instan-
taneous trip unit may or may not close its contact,
depending on the magnitude of the inrush.

When a magnetizing inrush wave is applied to the
relay, the d-c component of the wave is by-passed
by the air-gap operating transformer. The other
components are fed into the filter circuits. The
impedance characteristics of these filters are such
that the second harmonic component flows into the
restraint coil of the polar unit, while the other har-
monics flow into the operating coil. The polar unit
will not close its contacts unless the second har-
monic content is less than 15 percent of the funda-
mental component.

Internal Faults

Faults normally appear as an offset sine wave with
a decaying d-c component, and contain very few har-
monics. As a result, the harmonic-restraint ufiitdand
instantaneous trip will operate during internal faalts
to permit tripping of the relay.

The varistor connected across the d-cgSide of, the
restraint rectifier of the harmonic restraint unit pre-
vents excessive voltage peaks from appeating across
the rectifiers. These peaks arise through'itransformer
action of the harmonic-restraifit, pelar-unit coils
during heavy internal faults..,\  TheWjvaristor has a
large value of resistanceljfor lew voltages, while
presenting a low value of resistance for high volt-
ages. This characteristic effectively reduces the
voltage spikes on heavyjinternal faults while not
hampering performafice; 'during inrush, where the
voltage is considerably lower.

SETTINGS

Harmonic Restraint Unit (HRU)

No settings are required on the harmonic restraint
unit, If desfired, pickup may be varied by adjusting
the right hand shunt (front view).

Indicating Contactor Switch (1CS)

No setting required on the ICS unit except the selec-
tion of the 0.2 or 2.0 amperes tap setting. This se-

lection is made by connecting the lead located in
front ofthe tap block to the desired setting by ‘means
of the connecting screw. When the relay energizes a
125 or 250 volt d-c type WL relay switch®r equiva-
lent, use the 0.2 ampere tap; for 48 volt d-c applica-
tions set relay in the 2.0 amp. tap andsuse WL relay
coil S#304C209G01 or equivalent.

Instantaneous Trip (IT)

The core screw must be “adjusted to the value of
pickup current desired.

The nameplate data will furnish the actual current
range that may beyobtained from the IT unit.

INSTALLATION

The Yrelays /Jshould be mounted on a switchboard
paneljoritheir equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means
of “the rear mounting stud or studs for projection
mounting. Either a mounting stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
or to the terminal studs furnished with the relay for
thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

For detailed FT case information, refer to (I.L.
41-076).

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments other
than those covered under ‘‘SETTINGS’’ should be
required.

Acceptance Tests

The following check is recommended to insure that
the relay is in proper working order. Use test cir-
cuit of Fig. 2.

1. Minimum Trip Circuit — With the switch open,
apply current to terminals 8 and 9 of the relay.
The polar unit should operate at rated current.
The polar unit may operate for lower currents,
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TEST CIRCLIT OF MRY RELAY
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Fig. 2 Test Circuit

but not below value of Table I. This low pickup
will not impair its operation on magnetizingin-
rush, and should not be disturbed if it is found
to be less than rated current. However, if a
higher pickup is desired, it is suggested that 100
amperes be applied to relay terminals 8 and 9.
This will cause the polar unit to pickup at ap-
proximately rated current.

2. Harmonic Restraint Characteristic — Close switch
of test circuit and set I4c per Table 2 and adjust
Iac until the polar unit operates. Iac should be
as indicated in Table 2. These values of,altérna-
ting current corresponds to 17 pef cent and 14

per cent second harmonic.

3. Instantaneous Unit (IT)

The core screw which is adjustable from the top
of the trip unit determin€s the pickup value. The
trip unit has a nominalratio/of adjustment of 1
to 4 and an acéuracypwithin the limits of 10%.

Position the stationaryfcontact for a minimum of
1/32 inch wipe. “WThe bridging moving contact
should touch both stationary contacts simultane-
ously. Apply sufficient current to operate the IT.

4. Indicating) Contactor Switch (ICS)

Close “the main relay contacts and pass suf-
ficient "d-c current through the trip circuit to
clese, the contacts of the ICS. This value of
current should not be greater than the particular

ICS tap setting being used. The operation indi-
cator target should drop freely.

The contact gap should be approximately <047
inches between the bridging moving contact and
and the adjustable stationary contacts., The
bridging moving contact should touch both sta-
tionary contacts simultaneously/

Routine Maintenance

All relays should be checked 4t I€ast once every
year or at such other time@intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should beyperiodically cleaned. A con-
tact burnisher Stylen#182A836H01 is recommended
for this pufpose. fThe use of abrasive material for
cleaning contaets 1S not recommended, because of
the damger of ‘embeédding small particles in the face
of the “seft “Silver and thus impairing the contact.

Calibration

Usepthefollowing procedure for calibrating the relay
if #he Telay has been taken apart for repairs or the
adjustments disturbed. This procedure should not
be used until it is apparent that the relay is not in
proper working order. (See ‘‘Acceptance Check.’’)

1. Contacts — Place a .060 to .070 inch feeler gage
between the righthand pole face andthe armature.
This gap should be measured near the front of
the right hand pole face. Bring up the backstop
screw until it just makes withthe moving contact.
Place gage between moving contact and station-
ary contact on the left hand side of the polar-
unit. Bring up the stationary contact until it
just makes with the gage and lock in place.

2. Minimum Trip Current — Harmonic Restraint
Unit (HRU)

Connect the relay to the test circuit of Fig. 2.

With the switch open, pass Iac= 100 amperes
into the relay. This current should be applied
for a very short period of time and it should be
suddenly interrupted. Adjust the right hand shunt
on the polar unit until it trips with I5c = Rated
Current. Lower Iac gradually to 50% rated cur-
rent, unit should reset, if not, adjust left hand
shunt until the unit resets.
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If additional adjustments are necessary, apply
100 amperes and adjust the right hand shunt
until the unit operates at rated current. Lower
Iac gradually to 50% rated current and adjust the
left hand shunt until the contacts reset. Repeat
these steps until the unit will operate at rated
current, lower immediately following the applica-
tion of 100 amperes, and until the unit will drop
out at 50% rated current or greater. After the
dropout has been measured, the unit should pick
up at .94 times rated current.

On the application of the high current, the polar
unit will be biased in the restraining direction
and pickup will be rated current on the first ap-
plication of pickup current. If the current is de-
energized and pickup is measured again, the
pickup current will be less than before. However,
pickup will be stable after the second applica-
tion of pickup current. If 100 amperes is applied
again, the pickup immediately after applying this
current will be rated current. However, measur-
ing the pickup the second time will show that
the pickup is again reduced. The variation be-
tween .94 and 1 times rated current.

The filter circuits are charged by the application
of this heavy current and upon the removal of the
current, these circuits will discharge their ‘energy.
The element will be biased in the_restraining
direction because the restraint coil hashapproxi-
mately 7 times the number of turns as' the operat-
ing coil. Upon the application/of piekup current,
the operating ampere turns’ willjybe greater than
the restraint ampere turnsgandythe bias will be
removed.

If a lower biasing curfént iSsiised instead of 100
amperes, the pickuplef the unit will be less than
before for the applieationfof pickup current. Pick-
up will be further rédiced with the second appli-
cation of pickup “cursént, but the current will be
stable After, thisy energization. However, this
valuefof pi€kupewill be lower than the limit of
.94 timesirated'current. This is in the direction
of making the sensitivity of the polar unit lower
than rated current but does not impair the per-
formanceyof the unit on inrush current.

If a pickup other than rated current is)desired,
the right hand shunt can be screwed inward to
give the desired pickup. This adjustment should
be done after the application of 100 amperes.

3. Harmonic-Restraint Characteristics

Close switch of test circuit in Fig. 2. Adjust
direct current Iqc perTable 2. Gradually in-
crease alternating™eurréent until the polar unit
operates with I5. as indicafed in Table 2. The
per cent second farmenic in the wave may be
derived by the use of the formula:

47 Idc
Ipe + L.11 Ige

% second harmoOnic =

Indicating“@€ontactor Switch (ICS)

Close g#he main relay contacts and pass sufficient
d-e, current through the trip circuit to close
the eontacts of the ICS. This value of current
should not be greater than the particular ICS tap
setting being used. The indicator target should
drop freely.

Instantaneous Trip (IT)

The core screw which is adjustable from the top
of the trip unit determines the pickup value. The
trip unit has a nominal ratio of adjustment of 1
to 4 and an accuracy within the limits of 10%.

Apply sufficient current to operate the IT.

Electrical Checkpoints

Apply rated current to terminals 8 and 9. The follow-
ing are the approximate voltages that should be ob-
tained using a high-resistance a-c voltmeter:

1. Output of operating transformer 4.0 volts
(Top Coil Terminals)

2. 4 mfd. capacitor 2.5 volts
3. 0.45 mfd. capacitor 3.9 volts
4. Operating-rectifier bridge 2.5 volts
5. Restraint-rectifier bridge 0.6 volts
6. Series filter-reactor 0.2 volts
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APPROXIMATE RESISTANCE VALUES OF
COMPONENTS IN HRU RELAY

Unit

Circuit

Description

Harmonic
Restraint

Operating Transformer Secondary

Restrain

Indicating Contactor

Switch

Trip

d-c resistance 50 to 70
ohms.

Reactor d-c resistance
8 to 10 ohms.

4 mfd. capacitor
Rectifier 700 volts, 600
milliamperes silicon di-

odes.

Polar unit coil d-c re-
sistance 80to 100 ohms.

t Series reactor d-c re-
sistance 100 to 130 ohms.

Parallel reactor d-c re-
sistance 300to360 ohms

.45 mfd. capacitor
Rectifier 200 volt \

milliamperes sili

odes.
&\
Polar umt\ re-

i
sistance{ ohms
Vari 00 + 10%
at 10 vDE€ 4000 * 25% at
30 C

\ amp. tap 6.5 ohms d-c
.0 amp. tap 0.15 ohms d-c

RENEWAL PARTS O

Repair work can be done most satisfactorily th
factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always gﬁe the

complete nameplate data. %
TABLE(D
Polar Unit Min. i alues

Rated Current Lower Current
Limit

.6
1.35
‘ .0 2.7
TABLE 2
Harmonic Restraint Values
Rated Current Ide Iac
.87 2.3 3.8—- 5.3
2.0 6.0 10.0 — 13.5
4.0 12.0 19.9 — 27.0
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INSTALLATION

Westinghouse I.L. 41-347=L
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES HU AND HU-1
TRANSFORMER DIFFERENTIAL RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The types HU and HU-1 relays are high-speed
relays used in the differential protection of trans-
formers. These relays can be applied where the
magnetizing inrush current to the transformers is
severe.

Current transformer ratio error should not exceed
10% with maximum symmetrical external fault ¢urrent
flowing and the maximum symmetrical“error<eurrent
which is flowing in the differential circuit, on ex-
ternal faults should not exceed 10 timesyrelay tap
setting.

The HU-1 relay has three restraint transformers
and associated rows of taps;, whereas, the HU relay
has one less restraint tramsformetrand two rows of
taps. Otherwise the two relayshare identical. Three-
winding banks normallymrequire the HU-1 relay, al-
though the autotransfermer€application uses the HU
if the tertiary is not loadeds

Both4he HWY, or the HU-1 are available with a
sensitivity of’either 30% or 35% times tap. The 3N%-
sensitivity’ relay satisfactorily handles up to 15%
mismatch (el +10% transformer tap changing plus
5% CT mismatch). The 35%-sensitivity relay handles
as much as 20% mismatch. See Fig. 7 for a compari-
son of the characteristics of the two sensitivities.
Any of the relays may be recalibrated in the field to
obtain either characteristic.

Ordinarily the 30%-sensitivity relay will suffice;

SUPERSEDES I.L. 41-347 1K

*Denotes change from superseded issue.

however, where CT{mismatch is abnormally high or
where the transformer tap-changing range exceeds
+10%, this calibratien'may be too sensitive.

CONSTRUCTION

The types HU and HU-1 relays consist of a dif-
ferential mnit (DU), a harmonic-restraint unit (HRU),
any indicating instantaneous trip unit (ITT) and
an) indicating contactor switch (ICS). The prin-
cipal parts of the relay and their locations are shown
in Figs. 1 to 4.

Differential Unit (DU)

The differential unit of the HU relay consists of
two air-gap restraint transformers, three full-wave
rectifiers, saturating operating-transformer, and a
d-c polar unit.

The HU-1 relay, in addition to the above com-
ponents, has a third air-gap restraint transformer, and
a fourth full-wave rectifier.

Each of the restraint transformers and the opera-
ting transformer are provided with taps to compen-
sate for mismatch of line current transformers. These
taps are incorporated in the relay in such a manner
that changing a tap on a restraint transformer auto-
matically changes the same tap on the operating
transformer.

Harmonic-Restraint Unit (HRU)

The harmonic-restraint unit of the HU and HU-1
relays consists of an air-gap operating transformer,
a second harmonic block filter, a fundamental block-
second harmonic pass filter, two full-wave rectifiers,
indicating instantaneous trip unit, varistor, and a d-c
polar unit.

Taps are also incorporated in this unit to com-
pensate for mismatch of the line current transformers.
Changing a tap on the restraint transformer of the
differential unit also changes the tap of this unit.

Polar Unit

The polar unit consists of a rectangular shaped

EFFECTIVE SEPTEMBER 1974
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~«—————— OPERATING CKT. RESISTOR (DU)

~«———— HARMONIC RESTRAINT UNIT:

_ ~——— DIFFERENJTTAL)NIT (DU)

TAP BLOCK

RESTRAINT TRANSF. 1
RESTRAINT TRANSF. 2
RESTRAINT TRANSF. 3 (HU-1 ONLY)

RESTRAINT TRANSFORMERS (DU)

INDICATING CONTACTOR SWITCH
(1CS)

INDICATING INSTANTANEOUS TRIP
. pare () |
Y. "~ TO RESTRAINT TRANSF. 3 (HU-1 ONLY)

‘Qro RESTRAINT TRANSF. 2
TO RESTRAINT TRANSF. |

Fig. 1. Type HU-1 Relay — Front View.
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(NEW DESIGN)

PARALLEL FILTER-REACTOR (HRU)

SERIES FILTER-REACTOR (HRU)

OPERATING TRANSF. (DU)

OPERATING TRANSF. (HRU)

REFER TO
FIGURE 17 FOR
COMPONENT LOCATION

RESTRAINT BRIDGE 1 ¢+ PT.)9,DU

OPERATING CIRCUIT,FILTER CAPACITOR (HRU)
(4 MFD)

% Fig. 2. Type HU-1 Relay — Rear View.

RECTIFIER ASSEMBLY

TO OPERATING COIL (- PoiNT)

TO RESTRAINT COIL (- POINT)  HRU
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TO OPERATING COIL (- PoNT) DU
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Fig. 3. Internal Schematic of the Type'HU Relay in FT31 Case. For Single
Trip Relays the Circuit Associatéd with Terminal 2 is Omitted,

184A762.

ez

184A736.

Fig. 4. Internal Schematic of the Type HU-1 Relay in FT31 Case.For Single
Trip Relays the Circuit Associated with Terminal 2 is Omitted,
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POLAR UniT PEMMARENT MAGNET FLUX PATHS

183A062

Fig. 5 Polar Unit Permanent Magnet Flux Paths.

magnetic frame, an electromagnet, a permanent
magnet, and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
The magnetic frame consists of three pieces joined
in the rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core. The
armature is fastened to this core and is free to moyve
in the front air gap. The moving contact ds“eon-
nected to the free end of a leaf spring, #vhich, in
turn, is fastened to the armature.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switeh As|a small
clapper-type device. A magnetic armature,gsto which
leaf-spring mounted contacts, are| attached, is at-
tracted to the magnetic core upofiyenergization of the
switch. When the switch cloSes, “‘the moving con-
tacts bridge two stationaryp@€ontacts, completing the
trip circuit. Also, during this%eperation, two fingers
on the armature deflect @ spring located on the front
of the switch, which allowsthe operation indicator
target to drop.

The front) spring, “in"addition to holding the tar-
get, provideés restraint, for the armature and thus con-
trols the pick-tip valne of the switch.

Indicating Instantaneous Trip Unit (IIT)

The instantaneous trip unit is a small a-c oper-
ated clapper type device. A magnetic armature, to
which, leaf-spring mounted contacts are attached, is
attraéted to the magnetic core upon energization of
the »switch. When the switch closes, the moving
bridge two stationary contacts completing the trip
circuit. Also, during the operation, two fingers on

the armature deflect a spring located on the front of
the switch which allows the operation“indigator
target to drop.

A core screw accessible from the top of the
switch provides the adjustable pickup range.

OPERATION

The types HU and 4IU-1yrelays are connected to
the protected transformerfas®shown in Fig. 6. In
such a connection, thé relaysPoperate to protect the
transformer for faults'internal to the differential zone
of the transformer,“but noet for faults external to the
zone. Neither do,the relays operate on magnetizing
inrush currents, assoc¢iated with energization of the
transformer, evenithough these currents may appear
as an internalifault. To avoid these false operations,
each unit ofythe relay performs a separate function.
They, differential unit (DU) prevents operation on
extemaly, faults, while the harmonic-restraint unit
(HRU)\ prevent operations on magnetizing inrush
currents. Hence, the operation of the relay can best

be described under the headings of external fault
current, internal fault currents, and magnetizing in-
rush currents.

External Fault Currents

The types HU and HU-1 relays have a variable

percentage characteristic. This means that the
operating current required to close the contact of the
differential unit expressed in percent of restraint
current varies with the magnitude of the larger re-
straint current. Fig. 7 and Fig. 8 illustrate this
characteristic. To use these curves, divide each
restraint current by the appropriate tap and enter
the horizontal axis using the larger or largest re-
straint multiple. Then enter the vertical axis, using
the difference of the restraint multiples.

With the relay connected as shown in the schema-
tic diagram of Fig. 9a, an external fault causes cur-
rents to flow in the air-gap restraint transformess of
the differential unit. If the line current transformers
do not saturate and the correct ratio matching taps
applied, no effective current flows in the operating
transformer of the relay. Hence, only a contact-
opening torque is produced on the differential unit.

On heavy external faults where a main current
transformer saturates, current flows in the operating
circuit of the relay. With such a condition, the
harmonic-restraint unit may or may not close its con-
tacts, depending upon the harmonics present in the
false operating current. However, operation of the



sADjay [-NH pup NH 2dA L ayi jo d1ipwaydg |ousdixy "9 'Brg 4

A B’ ¢
4 9
___________________________ 4
8» g- E— CONNECTIONS  [+————————f—————— ——— — — — ——— :
WITH HU-1 ONLY
] - | !
1
; I 87 ly 87 87 lﬂ 87
/ il A | s 0% é’9 Oy 0% ‘59
'.'\A)\JJ -D—\Nuj +Wj . | USED WITH
_._/V\(\] .._/vvxl - B | HU=I ONLY
i
A
fie €
P e &
POWER LL"‘—
PHASE B PHASE C
TRANSFORMER g (SAME AS PH.A (SAME AS PH. A
X
LT e ]

1% 3% 9% °% 1% 1% 3% %

A
\ )\
¢ 8
& & &
_T | ] [ ]
b 1
A 8 ¢ PHASES B AND C
PHASE A COIL GIRCUITS PHASE B PHASE_C CONNEGTED SAME
R A2 3 COIL_CIRCUITS COIL_CIRCUITS AS PHASE A
ov D.C. TRIP_BUS
DEVICE NUMBER CHART POS. —
43— ———— TRIP CUTOFF SWITCH USED WiTH 0
86 —— —— —TYPE WL AUXILIARY TRIPPING RELAY
87— — — TYPE HU OR HU-I DIFFERENTIAL RELAY
DU —- — — DIFFERENTIAL UN!T
O —OPERATING COIL PHASE B PHASE C
R — RESTRAINT COIL 60 Cv. BLOCK  (SAME AS PH.A (SAME AS PH, A HRU
R, 120 CY. PASS I IDU 1cS
R2 THROUGH RESTRAINT TRANSFORMERS ’w\/\ FILTER
R
3 V1 o7
HRU — —HARMONIC RESTRAINT UNIT X ]
0 — OPERATING COIL FLTER T
R — RESTRAINT COIL TIT %
ICS — — INDICATING CONTACTOR SWITCH a3
86
IIT — — INDICATING INSTANTANEOUS TRIP
= HrRu( R @
o Y
g A NEG.
Q VARISTOR
N
o
M

SAV13d L-NH GNV NH 3dAL




TYPE HU AND HU-1 RELAYS

LL. 41340 L

!
T ) RELAY
. ; PICKUP

M\

0
w
-
& =
Sz !
2y 1 l
2 .6}—" - ~ ok
25 DIFFERENTIAL | i
s _CHARACTERISTIC |
g5 .
=3 af-— = O
T> O T A T L 2
o % . \ el \
© | -
z"- J I L ,J”
55 2 e
" ps
ry e
a == 1
g . 1 \
Ie) - L :
3 K] 8 2 16 2.0 24 28 32

LARGER RESTRAINT CURRENT IN MULTIPLES OF TAP VALUE CURRENT

Curve 471136

=

£

3

-

]

M

=

- Y,
o

4] v
T ¢ pd

g 7

H /

- /

-

£ /‘

—1

=

) -—ﬂL/F/

S 1 s 12 10 20

LARGER, RESTRAINT CURRENT IN MULTIPLES OF TAP VALUE CURRERY

Curve 471050

Fig. 7. Differential Characteristic of the DU Unit of the
HU and HU-1 Relays at Smaller Values of Current.
Actual Operating Current Shown for 15 and 20%

Mismatch.

relay is prevented by the variable percentage' char-
acteristic of the differential unit, since a large dif#
ferential current is required to close its contacts
during heavy external faults.

Internal Faults

In the case of an internal fault as showndin Fig.
9b, the restraint of the differential unit isfproportional
to the largest restraint current flowing.. ' The sum of
the two restraint currents flows int6“theeperating
transformer and produces an gexcess of operating
torque, and the differential unit operatess

In the case of an intermal“fault fed from one
source only, the fault currenti®flows’ in one restraint
transformer and the operating transformer. An excess

of operating torque is produced on the differential
unit and it operates.

Faults norméally appear.as an offset sine wave
with a decaying d-c*éemponent, and contain very few
harmonics. As afresult, the harmonic-restraint unit
will operate“during ifternal faults to permit tripping
of the relay.

For heavy internal faults, the indicating instant-
aneoas trip unit (IIT) will operate. Since this unit is
connected to an air gap transformer, essentially
only thé’sine wave component of an internal fault is
applied to the IIT unit. The d-c component of the
fault is bypassed by the transformer primary. For
example, an internal fault with a first peak of 28

Fig. 8.\\Differential Characteristic of the Differential Unit
(DU) of the HU and HU-1 Relays at Larger Values
of Current.

times tap value (includes fifty percent d.c.) is
reduced to a first peak of approximately 14 times
tap value (d.c. component absent) on the secondary
transformer. The IIT unit will just operate on this
wave since it is set to pick up at a peak current
of 14.1 times tap (r.m.s. pick-up value = 10 times
tap).

The varistor connected across the d.c. side of
the restraint rectifier of the harmonic restraint unit
prevents excessive voltage peaks from appearing
across the rectifiers. These peaks arise through
transformer action of the harmonic-restraint polar-unit
coils during heavy internal faults. The varistor has
a large value of resistance for low voltages, while
presenting a low value of resistance for high volt-
ages. This characteristic effectively reduces the
voltage spikes on heavy internal faults while not
hampering performance during inrush, where the volt-
age is considerably lower.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various
wave shapes. A typical wave appears as a rectified
half wave with decaying peaks. In any case, the
various wave shapes are rich in harmonics with the
second harmonic predominant. Since the second
harmonic is always present in inrush waves and not
in internal fault waves, this harmonic is used to re-
strain the harmonic-restraint unit during inrushes.
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Fig. 9. Simplified Schematic of the Type HU Relay with Current Distribution for (a) External Fault (b) Internal Fault.

The differential unit may or may not close its con-
tact, depending on the magnitude of the inrush.

When a magnetizing inrush wave is applied,to
the relay, the d-c component of the wave is by-passed
by the air-gap operating transformer. The other om-
ponents arefed into the filter circuits. The impedance
characteristics of these filters are suchgthat the
second harmonic component flows inte)the restraint
coil of the polar unit, while the other harmenics flow

into the operating coil. The polar unit@will not close
its contacts unless the second harmonicieontent is
less than 15 percent of the fundamental,;component.

The indicating instantaneous)trip /unit (IIT) will
not operate on inrush. The gir-gap transformer will
bypass the d.c. component of sAhe/inrush thereby re-
ducing the magnitude/of the wave applied to the IIT
unit. If the inrush/has @&n initial peak of 16 times
tap-value current, the air-gap transformer will reduce
this peak to approximately 8 times tap value on the
secondary of the transformer. Since the IIT unit is
set for a peak value of 14.1 times tap (r.m.s. pick-up
value = 10 ¢times tap), it will not operate on this
inrush.

Breaoker Maintenance

Before someofthe CT’s are bypassed for breaker
maintenance the trip circuit should be opened, as

shown, in" Fig. 6. Otherwise the false-unbalanced
current will cause the relay to trip. It is not neces-
sary to short-circuit the relay operating circuit since
it has an adequate continuous-current rating. (See
‘‘Energy Requirements’’).

CHARACTERISTICS

Taps are incorporated in the HU and HU-1 relays
to compensate for main current transformer mismatch.
These taps are as follows: 2.9, 3.2, 3.5, 3.8, 4.2,
4.6, 5.0, 8.17.

To measure the effective unbalance, a sensitive
low-reading voltmeter (5000 ohms per volts) can
temporarily be connected across the operating coil
resistor (at top of case). With a perfect balance the
voltmeter reading will be zero. The reading should
not exceed the values indicated by the 15% mismatch
curve in Fig. 10 when the relay pickup is 0.30 times
tap. If the amount of mismatch is measured or cal-
culated, the measured voltage can be checked against
the interpolated value from the curve. For- example,
assume that the larger restraint current is measured
as 1.5 tap multiple and the calculated mismatch is
7%. Then, from Fig. 10 the measured voltage should
be approximately 1.0 volts. Use Fig. 11 if the pickup
is 0.35 times tap.

Pickup of the harmonic-restraint unit and the

g,
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Fig. 10. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.30

Times Tae.

differential unit is either 30 or 35% of tap value cur~
rent. Pickup of the indicating instantaneous tripfunit
is ten times tap value current.

Components of the harmonic-restraintQunitdare
selected such that 15% second harmonic g¥ill prevent
operation of the unit. This factor is{ adequate to
prevent false operation on inrushes.

The frequency response of the, HU and HU-1
relays is shown in Fig. 13.

Trip Circuit

The main contacts will "safel'y close 30 amperes
at 250 volts d-c, and the\,sealrin contacts of the in-
dicating contactor switch“™will safely carry this
current long enough totrip a circuit breaker,

The indig@ting“€entactor switch hastwo taps that
provide a pick-up setting of 0.2 or 2 amperes. To
change tapshréquires connecting the lead located in
front of the tap“block to the desired setting by means
of a screw connection.

SETTING

Touset the relay, calculations must be performed
aSmshown under ‘‘Setting Calculations’’. After the
correct tap is determined, connections can be made
to’ the relay transformers by placing the connector

Figyll. Differential Voltage Characteristic of the DU Unit
of the HU and HU-1 Relays with a Pickup of 0.35
Times Tap.

screws in the various terminal-plate holes in front
of the relay. Only one tap screw should be inserted
in any horizontal row of taps.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48 volt DC applica-
tions set relay in 2 tap and use Type WL Relay coil
S#304C209GO01 or equivalent.

Indicating Instantaneous Trip (1IT)

No setting is required on the indicating instan-
taneous trip unit. This unit is set at the factory to
pickup at 10 times tap value current.

SETTING CALCULATIONS

Select the ratio matching taps. There are no other
settings. In order to calculate the required tap set-
tings and check current transformer performance the
following information is required.

Required Information

1. Maximum transformer power rating (KVA)M
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Fig. 12. Typical Tripping Time Characteristic (60 Cycle

Currents).

Maximum external fault currents

3. Voltage ratings of power transformer (VH, VI'
VL)

4. Current transformer ratios, full tap (NT)

% 9. Current transformer ‘‘C’’ accuracy class

voltage, (or excitation or ratio correction
factor curve)

* 6. One way current transformer lead resistiance

X*

at 25°C (RL) (when using excitationgeurve,
include ct winding resistance)
7. Current transformerconnections (wye ofydelta )

8. ct secondary winding resistancg} Rs.

Definitions of Terms

*

*

*

10

IP = Primary current at (KVA)M
IR = Relay input current at (KVA)M

IRH' IRL' IRJ are same (as IR except for high,
low and intermediate voltage sides respectively.

Is = ct secondarydeurrent at (KVA)M
T =relay tap setting.

Ty, T, T, = are same as T except for high,
low and intermediate voltage windings, respect-

ively.

N = Numben of current transformer turns that are
in use.

Np = N/NT (Proportion of total turns in use)

NT ="Current transformer ratio, full tap

Fig. 13.““Typical \Frequency Response of the HU and

HU<1, Relays.

* V€L =WC” accuracy class voltage

Z A % Burden impedance of any devices other
thany the HU or HU-1 relays, with maximum
external fault current flowing.

Iext. = max. symmetrical external fault current
in secondary RMS amperes.

ZT = Total secondary burden in ohms (excluding

* current transformer winding resistance.)

Calculation Procedure

* 1. Select current transformer taps, where multi-
ratio types are used.

Select a tap to give approximately 5 amperes
at maximum load. This will provide good
sensitivity and will produce no thermal
problem to the ct., the leads or the relay.
Better sensitivity can be achieved by select-
ing a tap to give more than 5 amperes if a
careful check is made of the ct, the leads
and the relay capability. For determing the
required continuous rating of the relay, use
the expected two-hour maximum load, since
the relay reaches final temperature in this
time.

* 2. Select relay taps in proportion to the relay

currents, Ip.

IR should not exceed relay continuous rating.
Also, to avoid IIT operation due to dis-
similar ct saturation the maximum symmet-
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TWO WINDING BANK THREE WINDING BANK
24KV Yz & 69KV lslky  Yaa  Ya gokv
N Y PN P
1200/5 _6—5%/5 1200/5/ E [606/5
MR M MR 30/40 30740 MR
€200 16/20 MVA C200 c800 MVA 1 IaVA C200
75/10
MVA
1200/5/ ]
< M2R Y
10200
12. 4KV
LOW HIGH HIGH INTERMEDIATE LO
(KVA)py = 20,000 (KVA)y, = 20,000 (KVA)y, = 40,000 (KvA)yy = 40,000 (KVA), = 10,000
(KVA)g = 16,000 (KVA)g = 16,000 (kvA)g = 30,000 (&VAlg = 30000 (KVvA)g = 7,500
V| =12,400 VOLTS Vy = 69000 Vg = 1800 Vi = 69000 V. = 12400
N1 =240 TURNS NT = 120 Ny = ,240 NT = 120 Ny = 240
V¢ =200 VOLTS Vel = 200 Vo = 800 VoL = 200 Vel 200
R_ = 0.4 OHMS RL = 04 R =,105 RL = 05 RL = 05
DELTA CT WYE CT DELTA.CT DELTA CT WYE CT
Iext 100A Texy& 100A
289B412

* Fig. 149 Example for Setting Calculations.

rical error current which is flowingpin the
differential circuit on external fault/current
should not exceed 10 times felay 4ap.

Determine Mismatch

For 2 winding banks:
TR/ TR — T/ Ty

% mismatch = 100 S o

where S is thegsmalleériof the two terms,

For 8 windingybanks:

(Igy/1Rp —(Te/ TP
RH RIS i P

where ‘‘S” is the smaller of the two terms,
(IRH/IRI) or (TH/TI)'

% mismatchf= 100

Equations similar to eq. (2) apply for mis-
match from the high to low and from the inter-
mediate to low voltage windings.

Where tap changing under load is performed
the relays should be set on the basis of the

middle or neutral tap position. The total mis-
match, including the automatic tap change
should not exceed 15% with a 30% sensitivity
relay, and 20% with a 35% sensitivity relay.
Note from Fig. 7 that an ample safety margin
exists at these levels of mismatch.

. Check current transformer performance. Ratio

error should not exceed 10% with maximum
symmetrical external fault current flowing. An
accurate method of determing ratio error is
to use ratio-correction-factor curves (RCF).
A less accurate, but satisfactory method is
utilize the ASA relaying accuracy classi-
fication. If the ‘‘C’’ accuracy
performance will be adequate if:

is used,

[Np Vel - (TIext - 100) RS] / Text

is greater than ZT (3)

Note: let Iext = 100

when maximum external fault current is less
than 100A.

n
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TYPE W AND WU-1 RELAYS
(FRONT ¥IEW)
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Fig. 15. Test Circuit of the HU and HU-1 Relays.

For wye-connected ct:

ZT =lead resistance + relay burde n' ZA

=143RL+°;5+ZAMms (4)

(RL multiplier, 1.13, is gsed to“account for

temperature rise during, faults. is an

approximation. Use 2 way lead resistance for
single phase to ground*fault.)

For delta-connectegd ct;

015
ZT-_-3(1.13RL+ T +ZA) ohms

:&4RL+9€§+32A (5)

12

% (The factor of 3 accounts for conditions
existing during a phase fault.)

5. Examples

Refer to pages 13 and 14 and figure 14 for
setting examples.

INSTALLATION

The relays should be“mounted on switchboard
panels or their equivalent in\a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically,by means of the four mounting
holes on the flange for, semi-flush mounting, or by
means of the rear mounting stud or studs for pro-
jection mounting./ Either a mounting stud or the
mounting screws, may be utilized for grounding the
relay. 4Fhe electrical connections may be made di-
rectly to‘the terminals by means of screws for steel-
panel ; mounting or to the terminal studs furnished
with( the“relay for thick-panel mounting. The ter-
minalWstuds may be easily removed or inserted by
locking two nuts on the stud and then turning the
proper nut with a wrench.

For detailed FT case information, refer to I.L.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.

Acceptance Tests

The following check is recommended to insure
that the relay is in proper working order. All checks
can best be performed by connecting the relay per the
test circuit of Fig. 15. Relay to be tested in case.

1. Minimum Trip Current. With switch open and
relay set on 5-ampere tap, apply 1.35 to 1.65 amp-
eres for the 30%-sensitivity relay and 1.6 to 1.9
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I.L. 41-347.%

* TWO-WINDING TRANSFORMER CALCULATIONS

1. Select ct Ratio:

(KVA)M
IP = =

vV3

1000

Select Ratio

2. Select Relay Taps:

Select Tap

Desired Tap

3. Determine Mismatch:

% Mismatch =

100

4. Check ct Performance: \K

ZT:

zé\@

Np =

2

T

Np VoL
100

(Np Vy,/100) > Zp

9

(See Figure 14)

0.45
3.4X04+ —=1.36+0.05=
8.7
1.41 ohms

200

0.833 X 200
100 -

1.67

Yes

LOW HIGH
L 4
20,000
20,000 -— L= Amp.
20,000 - 930 Amp.
12.4 V3 69[3\%
1000/5 (N = 200) 0/5 (N =40)
93 167
200 4.65 Amp 30°- 4.18 Amp.
Igp, = 4.65 V3= Igy = 4.18 Amp.
T, = 8.7
L o _ 418 )
H=go5 X 87=4.64
\ 100 (8.05/4.18) - (8.7/4.6) _
8.7/4.6 -
1.92 - 1.89
100 =
1.89
1.6%
B4R, +o0 L3 Ry 4 =
ARLT LT SR TI

0.15
1.13X04 + 4—6—= 0.45 +0.03 =

0.48 ohms
40 _
120 = 0.333
0.333 X 200
— = 0.67
100 -
Yes

13
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1. Select ct Ratio:
. (KVA)y
w3
1000
Select Ratio

2. Select Relay Taps:

I R
S_N_

Iz (At 40 MVA) =

Select Tap

Desired Tap

Select Tap

3. Determine Mismatch

% Mismatch

4. Check ct Performance

* THREE-VWINDING TRANSFORMER CALCULATIONS
(See Figure 14)

HIGH

40,000 143 A
———= 143 Amp.
161/3

400/5 (N =80)

100
TH/Ty
(3.08/4.82)(2.9,
100
2.9/4.6
, 0-640-0.630

0.6300
3

10

ZT =
N = N
P _— =
Np
(NAL Vep)

Np Vp,/100)> Zy,

1.70 + 0.16 =
1.86 ohms

80
—=0.333
240

800 X 0.333
100 —_—

Yes

(gy/1jp(Ty/Tp

INTERMEDIATE

40,000

—— =334 Amp.
69V3

600/5 (N = 120)

334
—= 2.78 Amp.
120

— /o
Igr = 2.78 V3.

=4.82 Amp.

= 4.5\
0'(2:ZRL)'(TI/TL) )

(Ir1/IrL)

LOwW

100 (IRL/IRH)'(TL/TH) -

(4.82/9.300-(4.6/8.1) |~ (9.3/3.081(8.1/2.9) _

4.82/9.30
0 0.518-0.528

0.518

-1.9%

34R+0'—
4Ry +—=

0.45
34X05+—=
4.6

1.70 + 0.10 =
1.80 ohms

—=1.0
120

200 X 1.0
— = 2.0
100 —

Yes

8.7/2.9
3.02-3.00
00 ———=

3.00

0.67%

1.13R; + 0.15
. L _—=
T

0.15
1.13X 0.5 + =
8.7

0.565 +0.02 =
0.58 ohms

200
——=0.833
240

200 X 0.833
= 1.67
100 I

Yes
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Fig. 16 Variation of Second Harmonic Content of Test

Current.

amperes for the 35% sensitivity relay. RelaygSheuld
operate. The upper polar unit may operateor lower
currents, but not below 1,0 ampere. This, lowgpickup
will not impair its operation on magnetizing 1ntush
currents and should not be disturbed if itmis found to
be less than the lower polar unit. If afhigherpickup
is desired, it is suggested that 20imes, tap value
current be applied to relay terminals 3 & . This will
cause the upper polar unit to piek uppatfa current of
approximately 1.85 amperes.

2. Indicating instantaneous ,Trip Pickup. With
switch open and relay Set om 5 ampere tap, apply
50 amperes to relay. Indicating instantaneous trip
should pick up and its target sliould drop freely.

The contactigapshould be approximately 0.094
inch betweeft the “bridging moving contact and the
adjustabl edstationary contacts. The bridging moving
contact should touch both stationary contacts simul-
taneously.

3. Indicating Contactor Switch. Block Polar unit
contaets closed. Pass sufficient direct current through
the trip)circuit to close the contacts of the ICS. This
vahue of current should not be greater than the partic-
ular ICS tap setting being used. The operation indi-
cator target should drop freely.

The contact gap of the ICS should be approxi-
mately 0.047 inch between the bridging@moving® con-
tact and the adjustable stationary ‘€ontacts. The
bridging moving contact should touch both®stationary
contacts simultaneously.

4. Differential Characteristic.

30% Sensitivity relay

a. Close switch toposition 1. Set I, to zero
and adjust I g to 10famperes. Increase Iz to 2.8
amperes. If the lower polar unit does not operate
with Iz, = 2.8 amperes and I[,gp = 12.8 amperes,
lower I1, R current@lhe/lower polar unit should oper-
ate between the following limits:

2.8to 2.95 amperes
11.8 to 12.8 amperes

Iac ~
R

by ‘Reverse leads te restraint transformers and
repeatWdifferential test outlined in paragraph 4a.
Results®”should be approximately the same as ob-
tained under paragraph 4 a.
35% Sensitivity relay
c. Close switch to position 1. Set Iac to zero

and adjust IR to 9 amperes. Increase Igc to 2.8
ampercs. If the lower polar unit does not operate
with Iz, = 2.8 amperes and I[,g = 11.8 amperes,
lower Iy, current. The lower polar unit should
operate between the following limits:

Iqc = 2.8 amperes
I;,r = 10.8 to 11.8 amperes
d. Reverse leads to restraint transformers and

repeat differential test outlined in paragraph 4c.
Results should be approximately the same as ob-

tained under paragraph 4c.

5. Harmonic Restraint Characteristic.

Close switcih to position 2. Short out Ip,R
ammeter. Set Iqc to 4 amperes and adjust Iac until
upper polar unit operates. Iac should read between
6.5 and 9 amperes.

As shown in Fig. 16, these values of alter-
nating current correspond to 17 percent and 14
percent second harmonic.

6. Diodes
Check for open or shorted diodes using
electrical checkpoints under relay calibration sec-
tion.

In Service Test

Table 1 is to be used as an in-service check of

15
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the HU or HU-1 relay using any tap combination.
This test also checks against reversed tap con -
nections. The relay should be connected as shown
in fig. 15 with the S.P.D.T. switch in position 1.
The ammeter Iggp measures the smaller restraint
current and should be connected to the terminal
associated with the tap block of the smaller setting.
The ammeter I[,R measures the larger restraint
current, and should be connected to the terminal
associated with the larger tap block setting. Ter-
minal 5 supplies the upper tap block,; terminal 7
supplies the second tap block; and terminal 9 (HU-1
only) supplies the lower tap block (refer to figs. 1
and 4).

* Table 1 gives the values of IAC necessary to
operate the relay when using a value of IgR equal to
3 times tap value for all taps except the 8.7 tapi™A
value of ISR equal to 2 times tap value was ch@sen
for the 8.7 tap setting in order to keep the current
at a convenient value for testing. Table I refers to
a 30% relay. For a 35% relay, values of Ia¢c widl be
.1 to .2 amperes higher.

Example (HU Relay)
Upper Tap Block Tap 3.5
LowerTap Block Tap 5.0

Since the upper tap blockThds the smaller tap

setting ISR should be conregtedwto the upper tap
block (Term. 5), and Iy g should be connected to

TABLE 1

Restraint

Transformer |Larger 2.9 3.2 3.5 3.8 442 4,6 5.0 8.7
Tap
Smaller CURRENT IN AMPERES

ISR 8.7 8.7 8.7 8.7 8.7 8.7 8.7 5.8
2.9 IAC (Min.) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2
IAC (Max.) 2.8 4.0 5.5 644 8.6 10.0 11.6 17.9
ISR 9.6 9.6 9.6 9.6 9.6 9.6 6.4
3.2 IAC (Min) 2.7 4.0 4.9 6.9 8.1 9.6 15.7
IAC (Max) 3.1 4.9 5.4 7.6 9.0 10.6 17.3
ISR 1055 10.5 10.5 10.5 10.5 7.0
3.5 IAC (Min) 3.0 3.8 5.7 6.9 8.3 14.5
IAC (Max) 3.3 4.2 6.3 7.7 9.2 16.1
ISR 11.4 11.4 11.4 11.4 7.6
3.8 IAC (Min) 3.2 5.2 6.5 7.9 14.1
IAC (Max) 3.6 5.7 7.2 8.7 16.0
ISR 12.6 12.6 12.6 8.4
4.2 IAC (Min) 3.5 4.7 6.2 12.9
IAC (Max) 3.9 5.2 6.9 14.2
ISR 13.8 13.8 9.2
4.6 IAC (Min) 3.9 5.3 12.4
IAC (Max) 4.3 5.9 13.7
ISR 15.0 10.0
5.0 IAC (Min) 4.3 11.6
IAC (Max) 4.8 12.9
ISR 17.4
8.7 PAC (Min) 5.0
IAC (Max) 5.5
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1.L. 41-347 9L

Terminal 7. From Table 1 under ‘‘Restraint Trans-
former tap: Larger’” =5.0 ‘“‘Smaller’’ = 3.5, set ISR =
10.5 amps. The value of IAC to operate the relay
should be between 8.3 and 9.2 amps.

To check the third restraint winding on the HU-1
repeat the above procedure using terminal 9 and
either terminal 5 or 7.

Routine Maintenance

All relays should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher style #182A836H01 is recommended
for this purpose. The use «{ abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Calibration (All Relays)

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs op
the adjustments disturbed. This procedure should
not be used until it is apparent that the relay isinot
in proper working order. All adjustments t0 .be done
withrelay inside its case. (See ‘“Acceptange Check'’)

Polar Units

1. Contacts. Place a .060 to .070" inch feeler
gage between the right hand pole face and“the arma-
ture. This gap should be measured‘near the front of
the right hand pole face. Bring up the backstop screw
until it just makes with ,the®moving” contact.Place
gage between moving contagtjand the stationary con-
tact on the left-hand side™of the’polar unit. On the
upper unit, the gap should be).046 inch and on the
lower unit the gap sheuldbes 065 to .070 inch. Bring
up the stationary contact funtil it just makes with the
gage and lock iniplaces

2. MinimumgTrip“€urrent
a. Harmoni¢ Restraint Unit (HRU)

Connect the relay per test circuit of Fig. 15.
With the switch open, pass Iac = 20 times tap value
current into the relay. This current should be as-
plied for a very short period of time and it should be
suddenly interrupted. Adjust right hand shunt on up-
per polar unit until it trips with Le = 33% of tap
value amperes. Lower Iac gradually to 15% of tap
value current and adjust left-hand shunt until unit

resets. Repeat these steps, if necessary, untilithe
unit operates at 339; or slightly lower ofy tapgv@alue
current immediately following the applicatign of 20
times tap value current and until the unitiresets at a
value of current 15% of tap value or sreater. After
the dropout has been measured, the unit should pick
up at 259 or higher of tap value current.

On the application of theghigh! current the upper
polar unit will be biased imythé®restraining direction
and pickup will be greaten,than the nominal value of
30% of tap value current on“the first application of
pickup current. If theéycircuit is deenergized and pick-
up is measured again, the pickup current will be less
than before. Hewevery pickup will be stable after
the second application of pickup current. If 20 times
tap value_current is applied again, the pickup im-
mediately after applying this current will be high.
However, measuring the pickup the second time will
show)that the pickup is again reduced. The variation
between these pickups should be between 252 and
33% of'tap value current.

The filter circuits are charged by the application
of this heavy current and upon the removal of the cur-
rent, these circuits will discharge their energy. The
element will be biased in the restraining direction
because the restraint coil has approximately 7 times
the number of turns as the operating coil. Upon the
application of pickup current, the operating ampere
turns will be greater than the restraint ampere turns
and the bias will be removed.

If a lower biasing current is used instead of 20
times tap value current, the pickup of the upper unit
will be less than before for the first application of
pickup current. Pickup will be further reduced with
the second application of pickup current, but the
current will be stable after this energization. How-
ever, this value of pickup will be lower than the
limits of 25% and 33% of tap value current. This is
inthe direction of making the sensitivity of the polar
unit lower than 30%, but does not impair the per-
formance of the unit uon inrush currents.

b. Differential Unit (DU)

Set the adjustable resistor at top of the relay in
the approximate center of its range. Open the switch
and pass Iac = 20 times tap value current. This cur-
rent should be applied for a very short period of time
and it should be suddenly interrupted. Adjust right-
hand shunt of lower polar unit until it trips with Iac
= 309 of tap value amperes. Lower Iic gradually to
15% of tap value current and adjust left-hand shunt
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until unit resets. If polar unit resets before 15% of
tap value current, no adjustments are necessary to
the left-hand shunt. Repeat these steps until the
lower polar unit will pickup at 309 of tap value cur-
rent and reset for values of tap value current greater
than 15%

Indicating Instantaneous Trip Unit (IIT)

With switch open, pass Iac = 10 times tap value
current. Adjust core of the instantaneous trip unit
until it picks up. Its target should drop freely.

The contact gap should be approximately 0.094
inch between the bridging moving contact and the
adjustable stationary contacts. The bridging con-
tact should touch both stationary contacts simul-
taneously.

Harmonic-Restraint Unit (HRU)

Close switch to position 2. Short out I} g am

meter. Adjust direct current until Ij. reads 0.8
times tap setting. Gradually increase alternating

current until upper polar unit operates with I,
reading between 1.3 and 1.8 times tap setting.

The percent second harmonic in the wave may be
derived by the use of the formula:

% second harmonic =y 7 77 7
‘ e + 111 Iy,

This formula is plotted in curve form in Fig. 16 fer
Iqc = 4 amperes.

Percentage Slope Charactegistic (DU}

Close switch to position 1. Set 13. to%zero and
IgRr to 5.5 times tap value currentyrien, adjust I,
to 4 times tap value current.

Adjust resistor at top ofgelaymuntil lower polar
unit operates. Interchange lead gpositions to terminals
5 and 7 and repeat the ‘above.test. The lower polar
unit should operate between‘ghe limits of:

Iyc = 4 times tap value current

ILR = 9 to10 times tap value current

Trip comdition can best be determined by holding

I,c at 4 times, tap value current and varying IR If
IR is togylow the contacts will be closed when the
currents“ane first applied. Hence, ILR should be in-
creasedjuntil the contacts open and then decreased
untiljcontacts close.

18

The adjustment of the resistor will have some
effect on the pickup of the unit. Hence, recheck the
pickup. If necessary readjust shunts to obtain afpick-
up of 30% of tap value current and dropout of 19% or
greater of tap value current. If shunts are changed,
check to see that above readings are obtained on
the higher restraint currents. If necessary readjust
resistor and repeat procedure until the,unit operates
within the specified limits.

Apply I,c = .56 times tap yalue and vary Ir
until lower polar unit operates. fThe lower polar unit
should operate between following limits.

I1,r~ 2.36 to 2.56 times tap value current.

IndicatinghConbactor Switch (ICS)

Block polarunit contacts closed. Pass suffi-
cient directWcutrent through the trip circuit to close
the contacts ofythe’ICS. This value of current should
be not greater®than the particular tap setting being
used.; The “@peration-indicator target should drop
freely.

They.contact gap should be approximately 0.047
inch\between the bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should touch both stationary contacts si-
multaneously.

Calibration (35%-Sensitivity Relays)

The differential unit (DU) should first be cali-
brated as outlined under ‘‘Calibration (All Relays)’’.
Next the right hand shunt of the lower polar unit
should be turned out until the relay operates at

[,c= .45 times tap value current

Ir= 1.64 times tap value current

This changes the percentage slope curve of the
relay to that shown by the 35 percent sensitivity
curve of figure 7. Pickup of the relay is increased
from 30% to approximately 35% of tap value current
and the curve is changed at low values of restraint
current to that shown in figure 7. At large values of
restraint current the percentage slope characteristic
is essentially the same as shown in figure 8.

As shown in figure 7, the margin of safety be-
tween the relay calibrated for a 35% sensitivity and
the 20% mismatch curve is the same as that of the
relay calibrated for a 30% sensitivity and the 15%
mismatch curve. This margin of safety is also shown
in the voltage differential characteristic of figure 11
for the 35 percent sensitivity relay.

s,
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I.L. 41-

* Electrical Checkpoints

Differential Unit (DU)
a. Restraint Circuit

Apply two times tap - value current suc-
cessively to each restraint -transformer. This is
done by connecting leads to a tap screw and to
terminals 5, 7 and 9 (HU-1 only) in turn. The
a-c voltage across the appropriate restraint
rectifier bridge using a high resistance volt-
meter (5000 ohms per volt) should be 2.25 *5%
volts.

Location at the appropriate bridge is shown
in the following table for Relays having a diode
board as shown in Figure 2 and in Figure 17
for Relays using a printed circuit module.

Current Associated Rectifier Bridge
in Term (Rear View - Bottom)
l‘IE HU-1
5
(Restraint 1) Center Center
7
(Restraint 2) Right hand Left hand

9
(Restraint 3) - Rig
b. Operating Circuit \
Apply 30 per-cent tap-valu e to
terminal 3 and a tap screw. i high-

resistance voltmeter, the a-c v ge oss the
operating coil bridge shquld 2.8 +5% volts

(Refer to Fig. 2 or 17 forb \ ion depend-

\
O
Q¥

L 4

ping on diode board used). The a- @ 3
output of the operating transfor t two
coil terminals) should be 5.2 + 15% Wolts.

* Harmonic Restraint Unit (HRU)

Apply 30 percent tap-value currentPto terminal 3
and a tap screw. The fol ng are the voltages
that should be obtainedyus gh resistance a-c

voltmeter. (Refer to Fig.

for location de-

4.35+10% volts
2.5 *15% volts
3.8 £15% volts
2.6 £10% volts
1 volt

less than

less than 0.5volt

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
coinplete nameplate data.
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* APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HU RELAY

UNIT CIRCUIT DESCRIPTI ON

Harmonic Restraint Operating Transformer (Primary taps 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9) Secondal
d.c. Resistance 50 to 70 ohms.

Reactor d.c. Resistance 8 to 10 ohms. s
4 MF'D Capacitor.

Rectifier 500 Volts, 1.5 ampere Silicon Diodes

Indicating Instantaneous Trip Unit 14 to 16 ohms. \%

Polar Unit Coil d.c. Resistance 80 to 100 ohms.

.45 MFD Capacitor.

Rectifier 500 Volts, 1.5 ampere Silicon Di

Polar Unit Coil d.c. Resistance 650 to 800, ohms:
Varistor 150K+50% at 10 V.D.C. 4000 » aty30 V.D.C.

Restraint Series Reactor d.c. Resistance 110to 130 ohms
Parallel Reactor d.c. Resistance 300 to 360 %

Differential Operating Transformer (Primary taps 8.7,
d.c. Resistance 20 to 30 ohms.
Adjustable 3% inch 280 oh

Rectifier 500 Volts, 1.5 redSilicon Diodes
Zener Diode, 200 volts
Resistor, 20 ohms, 5% 3&

is

Polar Unit Coil d.c. e 75 to 100 ohms.

3.8, 3.5, 3.2, 2.9) Secondary

Restraint 8.7, 5, 4.6, 4.2, 3.8, 3.5, 3.2, 2.9)

Indicating Trip
Contactor Switch
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ENERGY REQUIREMENTS < ’

L 4

Burden of Each Restraint Circui’

volt amperes T

Power at at 8 times at 20 times '
Continvous Factor tap value tap value tap value
Tap Rating Angle 60 current curren'\ current
2.9 10 71 .88 50‘ z r 191
3.2 12 70 .89 211
3.5 13 66 .90 @ 203
3.8 14 65 91 220
55
59
94

248
5.0 18 52.5 .92 280

8.7 22 30 1.28 . 340
Burden of Operating Circuit

volt amperes t

la )
Power \ at 8 times at 20 times
Continuous Factor tapivalue tap value tap value

4.2 15 58 .91 235
4.6 16 57.5 .91

.12. Rating Angle 0 nt current current
2.9 10 35 2.26 76 487
3.2 12 34 2.30 78 499
3.5 13 33 \ 2.30 81 504
3.8 14 3 2.30 83 547
4.2 15 m 2.30 84. 554
4.6 16 30 2.40 88. 598
5.0 18 * Q) 2.50 92. 640

8.7 22 K\s 3.18 132. 850

6 Degrees current lags v ge ap value current

t Voltages taken with R pe voltmeter

s

300 amperes

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportionﬁ to the square of the current.
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Westinghouse [.L. 41-347.3A
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HRU INSTANTANEOUS OVERCURRENT
RELAY WITH HARMONIC RESTRAINT

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close prop-
ly, and operate the relay to check the settings and
electrical connections.

* APPLICATION

The type HRU harmonic restraint relay is a high
speed relay used for supervising overcurrent, dif-
ferential or pilot relays to avoid magnetizing inrush
tripping. There are single phase and 3-phase units
available as shown in Fig. 1 to Fig. 4.

The 3-phase HRU relay may be added to an existing
induction-disc differential relay installation gper
Fig. 5 should inrush tripping become a problem«

Fig. 6 shows the scheme using a 3-phase HRW, relay
to supervise the HCB or HCB-1 relay for prevenbing
magnetizing inrush tripping.

Fig. 7 shows the use of single phase/HRU gelays to
provide sensitive instantaneous ‘@vercurrent protec-
tion for rectifier transformers, whereypthere are no
selectivity requirements wigh ,l'ew-side protective
devices. This scheme is notétecommended where
transformer loads are not gupervised by individual
local breakers, since this always involves load
pick up with transformerg@nergization.

This relay is notgintended™®® be used in applications
where saturation ofp current transformers occurs on
asymmetrical“anddsymmetrical faults external to the
protected transfommes. For such applications the
type HU relay should be applied.

CONSTRUCTION

The “Single phase HRU relays consist of an instan-
taneous trip unit, a harmonic restraint unit, and an
indieating contactor switch. The principal compon-
ént parts of the relay are shown in Fig. 1 and Fig. 2.

SUPERSEDES I.L. 41-347.3

*Denotes change from superseded issue.

The 3-phase HRU relay consists of the same parts
in the single phase HRU relays, except with a mix-
ing transformer, as shown in Big. 3 and 4.

Harmonic RestraintgUnit (HRU)

The harmonic réstraint unit consists of an air-gap
transformer, a ‘Second harmonic block filter, a fun-
damental blockssecond harmonic pass filter, two
full-wawe rectdfiers, a varistor, and a d-c polar unit.

_Polar Uni#y

They polar yunit consists of a rectangular shaped
magrnetie, frame, an electromagnet, a permanent
magnety and an armature. The poles of the crescent
shaped permanent magnet bridge the magnet frame.
Thermagnetic frame consists of three pieces joined
in” the rear with two brass rods and silver solder.
These non-magnetic joints represent air gaps, which
are bridged by two adjustable magnetic shunts. The
windings are wound around a magnetic core. The
armature is fastened to this core, and is free to move
in the front air gap. The moving contact is connect-
ed to the free end of a leaf spring, which, in turn,
is fastened to the armature.

Instantaneous Trip Unit (IT)

The instantaneous trip unit is a small a-c operated
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached is attract-
ed to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts bridge two stationary contacts completing the
trip circuit. A core screw accessible from the top
of the switch provides the adjustable pickup range.
The minimum and maximum pickup points are indicat-
ed on the scale, which is located to the rear of the
core Sscrew.

Indicating Contactor Switch Unit (ICS)

The d-cindicating contactor switchis a small clapper
type device. A magnetic armature to which leaf-
spring mounted contacts are attached, is attracted
to the magnetic core upon energization ofthe switch.
When the switch closes, the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also, during this operation, two fingers on the arma-

EFFECTIVE SEPTEMBER 1972
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Fig. 2" Internal Schematic of Single Phase HRU Relay
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l.L. 41-347.3A

ture deflect a spring located on the front of the
switch, which allows the operation indicator target
to drop.

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

OPERATION

The type HRU relay is connected to operate for
faults internal to the differential zone of the trans-
former but not on magnetizing inrush currents associ-
ated with energization of the transformer.

Magnetizing Inrush Currents

Magnetizing inrush current waves have various wave
shapes. A typical wave appears as a rectified half
wave with decaying peaks. In any case, the various
wave shapes are rich in harmonics with the second
harmonic predominant. Since the second harmonic
is always present in inrush waves and notin internal
fault waves, this harmonic is used to restrain the
harmonic-restraint unit during inrushes. The instan-
taneous trip unit may or may not close its contacts
depending on the magnitude of the inrush.

When a magnetizing inrush wave is applied tothe
relay, the d-c component of the wave is by*p@ssed
by the air-gap operating transformer. "The“ather
components are fed into the filter cisewits‘ 9, The
impedance characteristics of these filter§ ane such
that the second harmonic componentwflowsdinto the
restraint coil of the polar unit, while the other har-
monics flow into the operating 4eo1laEhe polar unit
will not close its contactsfunless,the second har-
monic content is less thamgl5“percent of the funda-
mental component.

Internal Faults

Faults normally appedr @s an offset sine wave with
a decaying dsc cemponent, and contain very few har-
monics. As a resultythe harmonic-restraint unit and
instantan€ousArip will operate during internal faults
to permit tripping ©f the relay.

The varistor connected across the d-c side of the
restraint reetifier of the harmonic restraint unit pre-
vents excessive voltage peaks from appearing across
theyreetifiers. These peaks arise through transformer
action  of the harmonic-restraint polar-unit coils
during heavy internal faults. The varistor has a
barge value of resistance for low voltages, while
presenting a low value of resistance for high volt-

ages. This characteristic effectively reduces/the
voltage spikes on heavy internal fauldts while not
hampering performance during inrush) where the
voltage is considerably lower.

SETTINGS

Harmonic Restraint Unit (HRU)

No settings are required omy,the harmonic restraint
unit. If desired, pickup/may be varied by adjusting
the right hand shunt (front yiew).

Indicating Contactor Switch (I1CS)

No setting requiredyon the ICS unit except the selec-
tion of the 0. 2por 2.0 amperes tap setting. This se-
lection is made by connecting the lead located in
frontpof the tap block to the desired setting by means
of the eennecting screw. When the relay energizes a
125 ory250” volt d-c type WL relay switch or equiva-
l'ent, Use the 0.2 ampere tap; for 48 volt d-c applica-
tionspset relay in the 2.0 amp. tap and use WL relay
Ccoll@S#x304C209G01 or equivalent.

Ihstantaneous Trip (IT)

The core screw must be adjusted to the value of
pickup current desired.

The IT unit should be set above the maximum inrush
expected, if its contact is in parallel with the
normally open HRU contact.

The nameplate data will furnish the actual current
range that may be obtained from the IT unit.

INSTALLATION

The relays should be mounted on a switchboard
panel or their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means
of the rear mounting stud or studs for projection
mounting. Either a mounting stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screws for steel panel mount-
or to the terminal studs furnished with the relay for
thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nuts on
the stud and then turning the proper nut with a
wrench.

For detailed FT case information, refer to (I.L.
41-076).
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* Fig. 6

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct /Operation
of this relay have been made at the factory. 4Upon
receipt of the relay, no customer adjustments,other
than those covered under ““SETTINGS’’ should be
required.

Acceptance Tests

#* The following check is recommendedsto insure that
the relay is in proper working order. Use test cir-
cuit of Fig. 8 (single phasé¢’ HRW) or Fig. 9 (3-phase
HRU).

1. Minimum Trip Cirguliy
A. Single,PhaseRU Relays

WithgtheWswit@éh open, apply current to ter-
minals 8 andp9 of the relay. The polar unit
should” opefate at rated current. The polar
unit “‘may/foperate for lower currents, but not
below value of Table I. This low pickup will
not impair its operation on magnetizing in-
rush, and should not be disturbed if it is
found to be less than rated current. However,
if a higher pickup is desired, it is suggested
that 100 amperes be momentarily applied to
relay terminals 8 and 9. This will cause the
polar unit to pickup at approximately rated
current.

* Fig. 7

% B. 3Phase HRU Relays (Normally Open Contact)

Use single phase test for all 3 phases.

Harmonic Restraint Characteristic

A. Single Phase HRU Relays or 3 Phase Relay
with normally open contact.

Close switch of test circuit and set I4c per
Table 2 and adjust Iy, until the polar unit
operates. Igc should be as indicated in
Table 2, These values of alternating current
corresponds to 17 per cent and 14 per cent
second harmonic. For 3 phase relay, check
all three phases.

% B. 3-Phase HRU Relays (Normally closed
contact).

In de-energized position, HRV contact should
be closed to left.

Energize relay with an Iac of approximately
5 amps. Close switch of test circuit and set
I dcper Table 2. Check to see that the polar
unit contacts move to the right when I,
is decreased to approximately 3.5 amps.
Momentarily apply 100 amps Ic to polarize
unit, then set Idc again per Table 2. The
polar unit contacts move to the left when
Iy is increased to approximately 3.8 amps.
All 3 phases should be acceptance tested
as per Figure 9 and the above procedure.
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Fig. 8 Test Circuit (Single Phase HRU Relay).

3. Instantaneous Unit (IT)

The core screw which is adjustable from the top
of the trip unit determines the pickup value. The
trip unit has a nominal ratio of adjustment ofd
to 4 and an accuracy within the limits of 10%.

Position the stationary contact for a minimwf#“of
1/32 inch wipe. The bridging moving contact
should touch both stationary contacts sjgmultanes
ously. Apply sufficient current to operate thellT.

4. Indicating Contactor Switch (ICS)

Close the main relay contactse and, pass suf-
ficient d-c current through the “Eip, circuit to
close the contacts of the I€S. Ahis value of
current should not be greaterjthan/the particular
ICS tap setting being uséd.;»The operation indi-
cator target should drop freely.

The contact gap should “be approximately .047
inches betweendthe bridging moving contact and
and the adjustableystationary contacts. The
bridging moving contact should touch both sta-
tionary contacts simultaneously.

Routine Maintenance

All relays ‘should be checked at least once every
year orgat such other time intervals as may be dic-
tated By, experience to be suitable to the particular
application.

Fign9 Test Circuit (3-Phase HRU Relay)

Allgcontacts should be periodically cleaned. A con-
tact burnisher style #182A836H01 is recommended
for.this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the relay
if the relay has been taken apart for repairs or the
adjustments disturbed. This procedure should not
be used untilitis apparent that the relay is not in
proper working order. (See ‘‘Acceptance Check.’’)

_Polar Unit

1. Contacts — Place a .060 to .070 inch feeler gage
between the right hand pole face and the armature.
This gap should be measured near the front of
the right hand pole face. Bring up the backstop
screw until it just makes with the moving contact.
Place gage between moving contact and station-
ary contact on the left hand side of the polar-
unit. Bring up the stationary contact until it
just makes with the gage and lock in place.

2. Minimum Trip Current — Harmonic Restraint
Unit (HRU)
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* Connect the relay to the test circuit of Fig. 8 or

Fig. 9. Test all three phases on 3-phase units.

With the switch open, pass Igc= 100 amperes
into the relay. This current should be applied
for a very short period of time and it should be
suddenly interrupted. Adjust the right hand shunt
on the polar unit until it trips with I, = Rated
Current. Lower Iagc gradually to 50% rated cur-
rent, unit should reset, if not, adjust left hand
shunt until the unit resets.

If additional adjustments are necessary, apply
100 amperes and adjust the right hand shunt
until the unit operates at rated current. Lower
Igc gradually to 50% rated current and adjust the
left hand shunt until the contacts reset. Repeat
these steps until the unit will operate at rated
current, lower immediately following the applica-
tion of 100 amperes, and until the unit will drop
out at 50% rated current or greater. After the
dropout has been measured, the unit should pick
up at .94 times rated current.

On the application of the high current, the polar
unit will be biased in the restraining direction
and pickup will be rated current on thegfirst ap-
plication of pickup current. If the cufrentjis de=
energized and pickup is measuredWagain, the
pickup current will be less than before. However,
pickup will be stable after the secon@applica-
tion of pickup current. If 100 amperesyis applied
again, the pickup immediately afterfapplying this
current will be rated current./” However, measur-
ing the pickup the second time will show that
the pickup is again redueedy, The variation be-
tween .94 and 1 times rated current.

The filter circuitsfare charged by the application
of this heavy current and upon the removal of the
current, these @£ircwits will discharge their energy.
The element "will be biased in the restraining
direction because the restraint coil has approxi-
mately 7 gimes the number of turns as the operat-
ing cebll” Upon the application of pickup current,
the operatifig ampere turns will be greater than
the restraint ampere turns and the bias will be
removed.

If a lower biasing current is used instead of 100
amperes, the pickup of the unit will be less than
before for the application of pickup current. Pick-
up will be further reduced with the second appli-
cation of pickup current, but the current will be

* 3.

stable after this energization. However, this
value of pickup will be lower than the#limit of
.94 times rated current. This is\in the direction
of making the sensitivity of the polar unit lower
than rated current but does not impair the per-
formance of the unit on inrush current.

If a pickup other than rated current is desired,
the right hand shunt can e screwed inward to
give the desired pickup,, This adjustment should
be done after the apphication of 100 amperes.

Harmonic-Restraint“Characteristics

#* A. Single “Bhase and 3 Phase HRU Relays

(Normallky Open contact)

Close, switch of test circuit in Fig. 8 or 9.
Adjust“direct current I3, per Table 2. Grad-
ually increase alternating current until the
polar unit operates with I, as indicated in
Table 2. The per cent second harmonic in
the wave may be derived by the use of the
formula. Check all three phases for the 3-
phase HRU.

47 I4c
% second harmonic =

Iac + 1.11 Ig¢

3-Phase Relays (Normally closed HRU con-
tact)

De-energize relay and move the right-hand
shunt (approximately 3 slots in) to make the
contacts normally closed to the left. Re-
energize the relay, close test switch and
set Idc per Table 2. Check that the polar
unit contacts move to the right when Iac
is decreased to approximately 3.5 amps.

Momentarily apply 100 amps Igc to polarize
unit, then set Iqc again per Table 2. The
polar unit contacts should move to the left
when Iac is increased to approximately 3.8
amps.

Check all 3 phases for pickup and dropout
as per above test.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close
the contacts of the ICS. This value of current
should not be greater than the particular ICS tap
setting being used. The indicator target should
drop freely.
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Instantaneous Trip (IT)

The core screw which is adjustable from the top
of the trip unit determines the pickup value. The
trip unit has a nominal ratio of adjustment of 1
to 4 and an accuracy within the limits of 10%.

Apply sufficient current to operate the IT.

Electrical Checkpoints

Apply rated current to terminals 8 and 9. The follow-
ing are the approximate voltages that should be ob-
tained using a high-resistance a-c voltmeter:

1. Output of operating transformer 4.0 volts
(Top Coil Terminals)

2. 4 mfd. capacitor 2.5 volts

3. 0.45 mfd. capacitor 3.9 volts

4. Operating-rectifier bridge 2.5 volts

5. Restraint-rectifier bridge 0.6 volts

6. Series filter-reactor 0.2 volts

TABLE 1
Polar Unit Min. Trip Values

Rated Current Lower Current

Limit

.87 .6
L 4
2.0 : 1.
4.0 ‘ 2.
TABLE i
Harmonic Restrai alues
Rated Current Iac
|
; 817 38— 53
i o - i
¢ |
\ 2.0 6.0 10.0 — 13.5
_ ‘T —-—J‘
l 4 o120 19.9 — 27.0 |
\ e

APPROXIMATE RESISTANCE VALUES OF
COMPONENTS IN HRU RELAY

Unit Circuit Description
Harmonic Operating Transformer Second‘ry
Restraint d-c resist e 50 to 70

-C istance

8t 0 .
f pacitor

ifier 700 volts, 600

illiamperes silicon di-
odes.

Polar unit coil d-c re-
sistance 80to 100 ohms.

raint Series reactor d-c re-
sistance 100 to 130 ohms.

Parallel reactor d-c re-
sistance 300to360 ohms.

.45 mfd. capacitor

Rectifier 700 volts, 600

milliamperes silicon di-
odes.

Polar unit coil d.c re-
sistance 650to 800 ohms

Varistor 100,000 ohms

+10% at 10 VDC 4000

ohms *25% at 30 VDC.

Indicating Contactor
Switch Trip 0.2 amp. tap 6.5 ohms d-c

2.0 amp. tap 0.15 ohms d-c

* ENERGY REQUIREMENTS

Burden At |
Rated Continuous Top
Current Relay 1 sec. | Value 8X
.81 10 amps 300 amps | 2.26 76
2.0 18 amps 300 amps | 2.50 92
4.0 22 amps 300 amps | 3.18 132
greater
than _]

Continuous rating of 3 phase HRU-5.75 amps.



TYPE HRU RELAY

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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Fig. 10 Outline & Drilling For FT21.
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