
Westinghouse I . L. 41 -347 .lJ 

INSTALLATION • OPERATION • MAI'NTENANCE 

INSTRUCTIONS 
TYPES H U AND HU-1 

T RAN S FORMER DIFFERENTIAL RELAYS 

c AuT I 0 N 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. 

A P P LI C ATI O N  

The typ es H U  and HU-1 relays  are hi gh-speed 

single phase relays  used in  the differenti al prot ec­

tion of transformers.  These rel ays  c an b e  applied 

where the magn etizing inrush current  to the trans­

formers i s  severe .  

Current transformer ratio error should not 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 transform er 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 the HU-1 are available with a 
sensitivity of either 0.30 or 0 . 35 times tap. The 30%­

s ensi ti vity relay satisfactorily handles up to 15% 

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 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 suffic�; 

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. 41-347.1H 
*Denotes change from superseded issue. 

CONSTR U CTI O N  

The types HU and 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 Figs. 1 to 4. 

Differe ntial U nit (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-e polar unit. 

The HU- 1 relay, in addition to the above com­
ponents, has a third air-gap restraint transfonner, 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 transfonner auto­
matically changes the same tap on the operating 
transformer. 

Harmonic-R estraint U nit (HR U} 

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-e 
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. 
P olar U n it 

The polar unit consists of a rectangular shaped 
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TY P E HU AND H U-l R E LAYS __________________________________________ _ 

2 

---- OPERATING CKT. RESISTOR (DU} 

--- HARMONIC RESTRAINT UNIT 

(HRU) 

--- DI FFERENTIAL UNIT (DU) 

TAP BLOCK 
". 

RESTRAINT TRANSF. 1 

RESTRAINT TRANSF. 2 
� RESTRAINT TRANSF. 3 (HU- 1  ONLY} 

RESTRAINT TRANSFORMERS (DU} 

I NDICATING CONT ACTOR SWITCH 

(ICS) 

I NDICATING INSTANTAN EOUS TRIP 

(liT} 
.• . .......__

......_ TO RESTRAINT TRANSF. 3 (HU- 1 ONLY) 

� .........__ TO RESTRAI NT TRANSF. 2 
�TO RESTRAI NT TRANSF. 1 

Fig. 7. Type HU-1 Relay - Front View. 
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TYPE HU AND HU- 1 R E LAYS ___________________________________________ 
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47 
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PARALLEL FILTER-REACTOR (HRU) 

OPERATING TRANSF. (DU) 

OPERATING TRANSF. (HRU) 

RECTIFIER ASSEMBLY 

!Lr-1---- TO OPERATING COIL (-POINT) I 
TO RESTRAINT COIL <- POINT) HRU 

a------ VARISTOR ) 
OPERATING COIL(- POINT) -DU 

A-C TERMINALS 

.......,. __ RESTRAINT BRIDGE 1 <+ PT,) DU 

OPERATING-CIRCUIT FILTER CAPACITOR (HR 

(4 MFD) 

* Fig. 2. Type HU-1 Relay- Rear View. 
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CO�TACTOR SWITCh II�l I � HARilOHIC RESTRAINT 

aN IT (HRU) TOP 
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� --!loPERATlNG 
TRANSFORMER 
·HARMONIC 
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TRANSFORMER 
DIFFERENTIAL UNIT 

DIFFERENTIAL UNIT 
(DU) BOTTON 
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CHASSIS OPERATED ---, r SHORTIM8 ·SWITCH 
RED HAND�E 
TEST SWITCH 
CIJRRENT TEST JACK 
TERNIMAL 

l85A036 
* Fig. 3. Internal Schematic of the Type HU Relay in FT31 Case. For Single 

Trip Relays the Circuit Associated with Terminal 2 is Omitted, 
184A762. 
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IMDieATING INSTANTANEOUS 
INTEIIIAL SCHEMATIC TRIP (liT) .... -IC \ � 9 fUIDANENTAL ILOCK ii.OC« CIRCUIT I IT \ 2 SECOND NARNOIIIC 

·IHDICATIIIG I A 1\::::t:: 77 _/ PASSCIRCUI.T 
�OITACTOR SWITCH 

/ T J I I WA.MOH IC RESTU INT 
U�IT (HRU) TOP 

ARISTOR 

DIFFERENTIAL UNIT 

"fFEREHTIAL UIIT 
(DU) BOTTON 

IIIII''' Uijfl •Iq rrnrurr T��:�F���
:AIHT 

--, CKSSIS OPERAl£0 
SHORTING SWITCH 
k£0 HAIOLE 
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l85A037 

*Fig. 4 .  Internal Schematic o f  the Type HU-1 Relay i n  FT31 Case. F o r  Single 
Trip Relays the Circuit Associated with Terminal 2 is Omitted, 
184A736. 
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TYPE HU AHD HU- 1 R E LAYS������������������������'-·L_._�_-_�_7_.1 J� 

IIUALNICED AIR liAI'S 

POUlt Ullll I'EiiNAIIEliT MAillET fllll PATIIS 

l83A062 

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, which, in 
turn, is fastened to the armature. 

I nd i cat i ng  Contactor Sw i tch U n i t  ( I C S) 

The d-e indicating contactor switch is a small 
cl apper-typ e 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 switch closes, the moving con­
tacts bridge two stationary contacts, compl eting the 
trip circuit. Also, during this operation, two fingers 
on the armature deflect a spring located on the front 
of the switch, which allows the op eration 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. 

O PE R AT I O N  

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

inrush currents associated with energization of the 
transformer, even though these currents may app ear 
as an internal fault. To avoid these fal se operations, 
each unit of the rel ay performs a sep arate function. 
The differential unit ( DU) prevents op eration on 
external faults, while the harmonic-restraint unit 
(HRU) prevent operations on magnetizing inrush 
currents. Hence, the op eration of the relay can best 
be described under the headings of external fault 
current, internal fault currents, and magnetizing in­
rush currents. 

E xte rn al F au l t  Current s  

The types HU and HU- 1 rel ays have a variabl e 
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 l arger re­
straint current. Fig. 7 and Fig. 8 illustrate this 
characteri stic. To use these curves, divide each 
restraint current by the appropriate tap and enter 
the horiZDntal axis using the l arger or largest re­
straint multiple. Then enter the vertical axis, using 
the difference of the restraint multipl es. 

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

On heavy external faults where a main current 
tran sformer 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 
fal se operating current. However, op eration of the 
relay is prevented by the vari abl e percentage· char­
acteristic of the differential unit, since a 1 arge dif­
ferential current is required to close its contacts 
during heavy external faults. 
I nt ern al F au l t s  

In the case of an internal fault as shown i n  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 op erating 
transformer and p roduces an excess of op erating 
tor11Ue, and the differential unit op erates. 

In the case of an internal fault fed from one 
source only, the fault current flows in one restraint 
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TYPE HU AND H U- l RE LAYS�����������������������'
-·L_. _�_�_c_J_J_ 

LARGER RESTRAINT CURRENT IN MULTIPLES OF TAP VALUE CURRENT 

Curve 471136 

Fig. 7. D ifferential Characteristic of the DU Unit of the 

HU and HU-l Relays at Smaller Val ues of Current. 

A c tual Operating Current Shown for 15 and 20% 

M ismatch. 

transformer and the operating transformer. An excess 

of op erating torque is produced on the differential 

unit and it op erates. 

Faults norm ally app ear as an o ffset sine wav e  

with a decaying d-e compon ent, an d  contain very few 

harmonics. As a result, the harmonic-restraint unit 

will operate during internal faul t s  to p ermit tripping 

of the relay. 

For heavy internal faults, the indicating instant­

aneous trip unit (liT) will operate before the main 

unit. Since this unit is connected to an air gap 

transformer, essentially only the sine wave compo­

nent of an internal fault is applied to the liT unit. 

The d.c. component of the fault is bypassed by the 

transformer primary. For example, an internal fault 

with a first peak of ·2s times tap value (includes 

fifty percent d. c.) is reduced to a first peak of ap­

proximately 14 times tap value ( d.c. component 

absent) on the secondary of the transformer. The 

liT unit will just operate on this wave since it is set 

to pick up at a p eak 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 

acros s  the rectifiers. These peaks arise through 

transformer action of the harmonic-restraint polar-unit 
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LARGER RESTRAINT CURREn IR MULTIPlES OF TAP VALUE CUIIUT 

Curve 471050 

Fig. 8. Differential Characteristic of the Differential Unit 

(DU) of the HU and HU-1 R elays 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 p erformance during inrush, where the volt­

age is considerably lower. 

Magn etizi n g  In ru sh Current s  

Magnetizing inrush current waves have various 

wave shap es. A typical wave app ears 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-e 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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TYPE HU AND HU-l RE LAYS ________________________________________________ __ 

PROTECTED 
TRANSFORMER 

87 

(Q) E X TE RNAL FAULT 

-
Is 

PROT El:TED 
�'lA NSC'C"!�/t:R 

87 

(b) I NTE RN.4L F.4U LT 

Fig. 9. Simplified Schematic ol the Type HU R elay with Current Distribution lor (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 (liT) 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 liT 
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 value on the 
secondary of the transformer. Since the liT unit is 
set for a peak value of 14.1 times tap (r. m.s .  pick-up 
value = 10 times tap) , it will not op erate on this 
inrush . 

B reaker Mainten ance 

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 c ause th e relay to trip. It is not neces­
sary to short-circuit the relay operating circuit since 
it has an adequate continuous-current ratin g. (See 
"Energy Requirements ").  

C H A R A C T E R !  S T I C S  

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

8 

These taps are as follo ws: 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 p er 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. 1 1  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. 

Component s of the harmonic-restraint unit are 
selected such that 15% second harmonic will prevent 
operation of the in1it. Thi s factor is ade quate to 
prevent fal se operation on inrushes. 
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0 0.5 1.0 

- - - --

1.5 2.0 2.5 

LARGER RESTRAINT CURRENT IN MULTIPLES 

OF TAP VALUE CURRENT 

3.0 

Curve 471132 

Fig. 1 0. D ifferential Voltage Characteristic of the DU Unit 

of the HU and HU- 1 Re lays with a P i c k u p  of � 
T imes Tap . 

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

Tr ip  C i rcu i t  

The m ain contacts will safel y clo se 30 amp eres 
at 250 volts d-e, and the seal-in contacts of the in­
dicating contactor switch will safely carry this 
current long enough to trip a circuit breaker. 

The indicating contactor switch h as two t ap s  th at 
provide a pick-up setting of 0. 2 or 2 amperes. To 
change taps requires connecting the lead located in 
front of the tap blo ck to the desired setting by mean s 
of a screw connection. 

S ETTI N G  
To set the relay, c al culations must be p erformed 

as sho wn under "Setting Cal culations". After the 
correct tap is determined, connections can be m ade 
to the relay transformers by p l acing the connector 
screws in the various terminal-plate hol es in front 
of the rel ay. Only one tap screw should be in serted 
in any horizontal row of taps. 

I nd icat ing  C ontactor Swi tch ( I CS) 

No setting is required on the ICS unit except the 
selection of the 0. 2 or 2.0 ampere tap setting . This 
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"' z ;:: <( 5.0 a: 
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1.0 0 
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-
a: -n. 
n. 
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0 0.5 1.0 1.5 2.0 2.5 3.0 

LARGER RESTRAINT CURRENT IN MULTIPLES 

OF TAP VALUE CURRENT 

Curve 471135 

Fig. 1 1 . D ifferential Voltage Characterist ic of the D U  Unit 

of the HU and HU- 1 Re lays wi th a Pi c k up of 0.35 

Times Tap. 

sel ection is made by connecting the l ead 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-e type WL relay switch, or e quiva­
lent, use the 0. 2-ampere tap; for 48 volt DC applica­
tions set relay in 2 tap and use Type WL Relay coil 
S1t304C209G0 1 or equivalent. 
lnd i .cati ng  I n stantaneo u s  T ri p  (li T ) 

No setting i s  required on the indicating instan­
taneous trip unit. This unit is set at the factory to 
pickup at 10 times t ap  v al ue current. 

S ETTI N G  C A L CULATI O N S  
Select the ratio m atching tap s. There are no other 

settings. In order to calculate the re quired tap set­
tings and check current tran sformer p erformance th e 
following information i s  required. 

Requ i red  In formation 

1 M aximum transformer po wer r ating (KVA)M 
2. M aximum e xternal fault currents 

3. Voltage r atings o f  po wer transformer ( VH , v1. 
VL) 

4. Current transformer ratios, full tap (NT) 
5. CUrrent transformer " 10L " accuracy cl ass 
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TY P E HU AND HU- 1 R E LAYS __________________________________________________ ___ 

f.--- NAIN UNIT - INSTANTANEOUS TRIP 

UNIT 

\ 
' '-... \ 

-r-- !'.... 

12 16 20 
OPERATINQ CURRENT IN MULTIPLES OF TAP VALUE CURRENT 

Curve 538029 

Fi g. 1 2. Typical Tripping Time Characteristic (60 Cycle 

Currents). 

voltage, (or excitation or r atio-overcurrent 
curve) 

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

7. Current transfonnerconnection s ( wye or delta ) 
Defin i tion s o f  T erms 

1 0  

Ip == Primary current at (KV A)M 
IR ==Relay input current at (KVA)M 
IRH· IRL , Iru are same as IR except for high, 
low and intennedi ate voltage sides resp ectivel y. 
Is== CT secondary current at (KVA)M 
Tn, TL' T1 ==Rel ay tap settings for high, low 
and intennedi ate voltage windings, resp ectively. 

N == Number of current transformer turns th at are 
in use. 

Np == N/NT (Proportion of total turns in use) 
NT == Current transfonner ratio , full tap 

V CL == 10L accuracy class voltage 

ZA == Burden impedance of any devices other 
than the HU or HU- 1 rel ay s, with m aximum ph ase­
to-ph ase or 3-p h ase current flo.wing. 
� == Total secondary burden in ohm s ( excluding 
current transformer winding resi stance, except 
when using excitation curve) 

PIC�UP ON VARIABLE FREOUENCY llPE KU AIIO KU·I RHAYS 

40 0 I 
0 \ 
0 \ \ -f--

" 

10 

-- ' / ....... 
0 10 

--

0 
40 " 120 160 200 240 210 

FREOUENCY IN CYCLES PERSECOIID 

Curve 471052 

Fig. 1 3. Typ ical Frequency Response of the HU ana 

HU- 1 Relays. 

Cal cul ation P ro c edure 

1. Select current trans former taps, where mul ti­
ratio typ es are used. 

IR should be more than 2.9 amp eres 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 temp erature in this time. 

2. Select relay taps in proportion to the relay 
currents, IR. 
IR should not exceed rel ay continuous rating. 
Also the m aximum external faul t current 
shoul d not exceed 20 times rel ay tap. 

3. Determine Mismatch (Not to exceed 15%) 
For 2 winding b ank s: 

% mism atch == 100 
(IRL/IRII) - ( TL/ TH) 

s ( 1) 

\\here S is th e sm aller of the two tenns, 
(IRL/IRH) or ( TdTu) 

For 3 winding b ank s: 
Omrf1RI) - (TH/Tr) 

% mism atch== 100 ------:::-----
8 

( 2) 
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T WO WIND ING B A N K  

6 9 K V  

y 

T HR E E  WINDING B A N K  

16 1KV 'q. 6 9 KV 

1 2 00/ 5 
MR 

I O L 2 0 0 16/ 2 0  MVA 

600/ 5  
M R  

I O L 2 0 0  

1200/5 
MR 

I O L 8 0 0  
30/4 0 

M VA 

600/5 
M R  

I O L 2 0 0  

1 2 .4 K V  

LOW HIG H  H I G H  I N TERMEDIAT E L O W  

(KVA) M = 20,000 (KVA)M = 20,000 (KVA)M = 40,000 (KVA)M ::: 4 0,000 IKVA)M = 1 0,00 0  

(KVA)s = 1 6,00.0 ( K VA )s 
= 16,000 (KVA)S = 30,000 (KVA)S = 30,000 (KVA) s = 7,500 

VL = 12,400 VOLTS VH 69,000 VH 1 61,000 vr 69,000 VL 1 2,400 

N T = 240 TURN S NT 1 2 0  NT 2 40 N T = 1 2 0  NT 2 4 0  

VeL= 200 VOLT S  VC L 
= 2 0 0  VeL 800 Ve L = 2 0 0  Ve L 200 

RL • 0.4 OHMS RL 0. 4 RL 
= 0 . 5  RL = 0.5 RL = 0.5 

D E LTA CT W Y E  CT D E LTA CT DELTA eT W Y E  C T  

289B412 

Fig . 14. Example for Setting Calculations. 

where "S" is the sm al l er of the two term s, 
(IRH /I RI) or (TH/Tr ). 

Equations simil ar to e q. ( 2) apply for mis­
m atch from the high to low and from the inter­
mediate to lo w voltage windings, 

Where tap changing under load is performed 
the relays shoul d be set on the basis of the 
middle or neutral tap position. The total mis­
matc h, including the autom atic tap change 
s hould not exceed 15% with a 30% sensitivity 
relay, and 20% with a 35% sensitivity relay. 
Nate from Fig. 7 that an ample safety margin 
exists at these 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 
acc urate method of determining ratio error is 
to use ratio-correction-factor curves (RCF). 

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

Np V CL i s  greater th an ZT 
1 00 

For wye-connected CT: 
ZT =l ead resi stance + rel ay burde n + ZA 

= 1.13 Rr_. + 0· 15 + ZA ohms 
T 

( 3) 

( 4) 

(Rr_. multiplier, 1. 13, i s  used to account for 
0.15 

temperature rise during faults. � is an 
approximation, where T = rel ay tap. 

ZA is any additional burden, when m aximum 
external 3-phase fault current is fl o wing). 
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TYPE HU AND HU-1  RE LAYS ________________________________________________ ___ 

Til-l 
lt07C275 903 

TYPE NU AID HU-1 RRAYS 
(FROIT VIEW) 

GrT!otiAl LEAD 
COIIIECTIOII FOR 
TYPE NU-l RELAY 

}" '· ,_,_ 

D.C. '"} __ _._ ___________ IEC. 'f'OlTACf 

290B506 

* F ig. 15. Test Circuit of the HU one/ HU-1 Relays. 

12 

For del ta-connected CT� 
0 . 15 Zr = 3 ( 1 . 13 RL +� + ZA) ohm s 

( 5) 

( The factor of 3 accounts for conditions 
existing during a ph ase-to-phase faul t. ZA 
is any additional burden, when maximum 
extern al phase to phase faul t current i s  
flo wing) 

5. Examples 

Refer to p ages 13 and 14 and figure 1 4 for 
setting examples. Note in both exampl es that 
the 8. 7 tap was selected as the first step in 
sel ecting rel ay taps. If a lower tap such as 
tap 5 h ad been the first sel ection, a prop er 

bal ance would have b een impo ssibl e. On p age 
12 for the two winding b ank , 
I RL 8. 0 5  

-- =--- = 1 .  92. With t ap  5 for the low side 
IRH 4. 18 
the maximum current ratio that can be m atched 

by the tap s  is 
2� 9 = 1. 73 . With tap 8. 7 select­

ed for the low side, a 3 to 1 current ratio can 
be matched. On page 13 for the three winding 
bank, 

IRL 
= 3.0 2  

1RH 

Thi s current ratio can be accommodated by 
the 8.  7 & 2.9 taps without excessive T'1is­
m atch. 

INSTALLATION 

The rel ays should be mounted on switchboard 
panel s or their equivalent in a location free from 
dirt, moi sture, excessive vibration, and heat. Mount 
the rel ay vertically by means of the four mounting 
hol es on the fl ange 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 
rel ay. The el ectrical connections may be made di­
rectly to the terminal s by means of screws for steel­
p anel mounting or to the terminal studs furni she d  
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 detail ed FT case information, refer to I. L . 
4 1-076. 

ADJUSTMENTS AND MAINTENANCE 

The proper adj ustments to insure correct opera­
tion of thi s rel ay have been made at the factory and 
should not be di sturbed after receipt by the customer. 

Acceptan ce Tests 

The following ch eck i s  recommended to insure 
that the rel ay  is in proper working order. All checks 
can best be performed by connecting the rel ay 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: 

(KVA)M _ 

v 13 -

1000 

Select Ratio 

2. Select Relay Taps: 

I 
I - _E ­
s - N -

Select Tap 

Desired Tap 

3. Determine Mismatch: 
%Mismatch= 

100 (
IRL/IRH)- (TL/TH) 

= 
TdTH 

4. Check CT Performance: 

Np VCL 
100 

(Np VCL/100) > ZT 

TWO-W IN D ING T RANSFORM E R  CALCULAT IONS 

(See Figure 14) 

LOW HIGH 

20,000 = 930 Amp. 
12.4 13 

20,000= 167 Amp. 
69 13 

1000/5 (N = 200) 200/5 (N = 40) 

930 
200 = 4.65 Amp. 167 

40 = 4.18 Amp. 

IRL = 4.65 /3 = 8.05 Amp. IRH = 4.18 Amp. 

0.45 
3.4 RL + -� = 

T 
0.45 

4.18 
TH = 8.05 X 8.7 = 4.64 

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% 

0.15 
1.13 RL + -� = 

T 
0.15 

3.4 X 0.4 + -�= 1.36 + 0.05 = 
8.7 

1.13 X 0.4 + -�= 0.45 + 0.03 = 
4.6 

1.41 ohms 

200 
240 = 0.833 

0.833 X 200 
100 

Yes 

1.67 

0.48 o hms 

40 
120 = 0.333 

0.333 X 200 
---- =0.67 

100 

Yes 
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TY P E HU AND H U - 1  R ELAYS __________________________________________________ _ 

14 

1. Select CT Ratio: 

I _ 
(KVA)M 

P- vl3 
1000 

Select Ratio 

2 .  Select R!"!lay Taps: 
Ip 

Is =-= N 

IR (At 40 MVA) = 

Select Tap 

Desired TaP 

Select Tap 

3. Determine Mismatch 

% Mismatch 

4. Check CT Performance 

(Np VCL) = 
100 

THREE-WINDING TRANSFORMER CALCULATIONS 
(See F igure 1 4) 

H I G H  

40,000 
� = 143 Amp. 
161v 3 

400/5 (N = 80) 

143 
--= 1 .78 Amp. 
80 

IRH = 1 .78/3 

= 3.08 Amp. 

3.08 
TH = 8.7 ---

9.30 

= 2 .88 

TH = 2. 9. 

100 (
IRH/IRI)·(TH/TI) = 

TH/TI 
(3 .08/ 4 .82)-(2 .9/ 4. 6) 

100 2.9/4.6 
0 .640-0.630 

100 
0.630 

1.6% 

0.45 3 .4 RL +--= 
T 
0.45 

3.4 X 0.5 +-- = 
2.9 

1 .  70 + 0. 16 = 

1.86 ohms 
80 

- = 0.333 
240 

800 X 0.333 = 2.67 
100 

Yes 

I NT E R M E D I AT E 

40 ,000 
� = 334 Arnv. 
69v 3 

600/5 (N = 120) 

334 
-= 2.78 AmP. 
120 

IRI = 2. 78 13. 

= 4 .82 AmP . 

4 .82 
TI = 8.7 --

9.30 

= 4.52 

TI = 4.6 

100 
(IRI/IRL )-(T I/TL) 

(IRI/IRL) 

100 
(4.82/9.30)-(4.6/8. 7) 

4.82/9.30 
0.518-0.528 

100 
0.518 

-1.9% 

0.45 3.4 RL +-- = 
T 
0.45 

3.4 X 0.5 +-- = 4 .6  

1. 70+0.10 = 

1.80 ohms 
120 
--= 1.0 
120 

200 X 1.0 
= 2 .0  

100 

Yes 

LOW 

10 ,000 
� = 465 Amp. 
12.4V 3 

1000/5 (N = 200) 

465 
- =  2.32 AmP . (At 10 
200 MVA) 

40 
IRL = -X 2.32 

10 
= 9 .3 Amp. 

TL = 8.7 

100 (IRL/IRH )-(TL/T H) 
TL/TH 

100 (9.3/3.08)-(8. 7/2. 9) 
8. 7/2.9 

3 .02-3 .00 
100 

3 .00 

0 . 67% 

0.15 1.13RL + --= 
T 

0.15 
1 .13 X 0.5 +---

8.7 

0.565 + 0.02 = 

0.58 ohms 
200 --= 0.833 
240 

200 X 0.833 
= 1.67 

100 

Yes 
� 
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•t--+-+-----+-+�--*--+--i-+---+-�-l ""' 

•-r-­
-r--

x, c. 11 urnu 

lj)c·lll! 

Curve 471047 

Fig. 16 Variation of Second Harmonic Content of Test 

Current. 

amperes for the 35% sensitivity relay. Relay 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 if it is found to 
be less than the lower polar unit. If a higher pickup 

is desired, it is suggested that 20 times tap value 

current be applied to relay ter'minals 3 & 7. This will 
cause the upper polar unit to pick up at 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 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 moving 

contact should touch both stationary !':ontacts 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. 

30% Sensitivity relay 

a. Close switch to position 1 .  Set lac to zero 

and adjust ILR to 10 amperes. Increase lac to 2 . 8  
amperes. If the lower polar unit does not operate 

with lac = 2.8 amperes and lLR = 1 2 . 8  amperes, 

lower lLR current. The lower polar unit should oper­
ate between the following limits: 

lac = 2. 8 to 2 .  95 amperes 
lLR = 1 1 . 8  to 1 2 . 8  amperes 

b. Reverse leads to restraint transformers and 

repeat differential test outlined in paragraph 4 a. 
Results should be approximately the same as ob­

tained under paragraph 4 a. 

35% Sensitivity relay 

c. Close switch to position 1 .  Set lac to zero 

and adjust lLR to 9 amperes. Increase lac to 2 . 8  
amperes. If the lower polar unit does not operate 

with lac = 2 . 8  amperes and lLR = 1 1 . 8  amperes, 

lower ILR current. The lower polar unit should 
operate between the following limits: 

lac = 2. 8 amperes 

ILR = 10 . 8 to 11. 8 amperes 

d. Reverse leads to restraint transformers and 

repeat differential test outlined in paragraph 4 c. 
Results should be approximately the same as ob­

tained under paragraph 4 d. 

5. Harmonic Restraint Characteristic. Close 

switch to position 2. Slort out ILR ammeter. Set 

Ide to 4 amperes and adjust lac until upper polar unit 

operates. lac should read between 6.5 and 9 amperes. 

As shown in Fig. 1 6, these values of alternating 

current correspond to 17 percent and 14 percent 

second harmonic. 

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 IL R 

measures the larger restraint current, and should be 
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TY P E HU AND HU- 1  R E LAYS ____________________________________________________ _ 

connected to the tenninal associated with the l arger 

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). 

Tabl e 1 gives the values of lAC necessary to 
operate the relay when using a value of I

SR 
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 
LowerTap Block Tap 5.0 

Since the upper tap block has the smaller tap 

setting lsR should be connected to the upper tap 

block (Tenn. 5), and ILR should be connected to 
Tenninal 7. From Table 1 under "Restraint Trans­

fonner tap: Larger" = 5.0 "Smaller" = 3. 5, set IsR = 
10.5 amps. The value of lAc 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 tenninal 9 and 

either tenninal 5 or 7. 

TABLE 1 

Restraint 
Transfonner 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 8.7 8.7 8.7 5.8 
2.9 lAC (Min.) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2 

lAC (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 lAC (Min) 2 .. 7 4.0 4.9 6.9 8.1 9.6 15.7 

lAC (Max) 3.1 4.4 5.4 7.6 9.0 10.6 17.3 

lSR 10.5 10.5 10.5 10.5 10.5 7.0 
3.5 lAC (Min) 3.0 3.8 5.7 6.9 8 .. 3 14.5 

lAC (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 lAC (Min) 3.2 5.2 6.5 7.9 14.1 

lAC (Max) 3.6 5.7 7.2 8.7 16.0 

lSR 12.6 12.6 12.6 8.4 
4.2 lAC (Min) 3.5 4.7 6.2 12.9 

lAC (Max) 3.9 5.2 6.9 14.2 

ISR 13.8 13.8 9.2 
4.6 lAC (Min) 3.9 5 .. 3 12.4 

lAC (Max) 4 .. 3 5.9 13.7 

lSR 15.0 10.0 
5.0 lAC (Min) 4.3 11.6 

lAC (Max) 4.8 12.9 

lSR 17.4 
8.7 lAC (Min) 5.0 

lAC (Max) 5.5 
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Ro u ti n e  Mai nten an c e  

All relays should be checked a t  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 ltl82A836H01 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. 

C a l i b ration  (A l l  R elay s) 

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 contact.Place 
gage between moving contact and 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 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 Restraint Unit (HRU) 

Con nect the relay per test  circuit of Fig. 15 .  
With the switch ope n, ;Jass lac = 20 times tap value 
current into the relay.  This current shout d be ap­

plied for a very short p eriod of time an d it should be 
suddenly interrupted. Adjust right hand shu n t  on up­
per polar unit until it trip s with lac = 33% of tap 
value amperes. Lo wer lac gradually to 15% of  t ap 

value current and adjust left-hand shunt until unit 
resets. Repeat these steps, if necessary, until the 

unit operates at 33% or  sli ghtly lo wer of t ap v al u e  
current imme diately follo wing t h e  app l i c ation of  20 

tiine s tap value current and until the u11it resets at a 

val ue of curre nt 15% of t ap value or �reater, After 

the dro pout h as been  m e asured, the unit should pick 
up at 25% or hi gher of tap v alue current.  

On the application of the high current, the upper 
polar unit will be biased in the restraining direction 
and pickup will be greater than the nominal value of 
30% of tap value current on the first application of 
pick up current. If the circuit is 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 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 25'Jc and 
33% of tap value current. 

The filter circuits are charged by the application 
of this heavy current and upcm 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 pick up 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 o n  inrush currents. 

b. Differential Unit (DU) 

Set the adj ustab l e  resistor at top of the relay in 
the approxim ate c e nter of its r ange.  Op en  the s w it c h  

a n d  pas s  lac = 2 0  t imes tap v alue curre nt. This cur­
r e nt should be applied for a v ery short period of time 
and it should be suddenly i nterrupted . Adjust right­

hand shunt of lower  polar unit u ntil  it trips w ith l ac 
= 30% of tap v alue amperes.  Lower I ac £;radually to 
15% of tap v alue current and adjust left-hand shunt 

until u nit resets.  If polar unit resets before 1 5% of 

tap v alu e current , no adj ustments 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 v alues of tap v alue current greater  

than 15% 
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Indi cating Instantaneous Trip Unit (liT) 

With s witch open , pass lac = 10 times tap value 

current . ·Adjust core of the instantaneous trip unit 

until it picks up. Its target shoul d 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 (H RU) 

Close s witch to position 2. Short out ILR am­

meter. Adjust direct current until Ictc reads 0. 8 
times tap setting. Gradually increase alternating 

current until upper polar unit operates with lac 
reading between 

1 . 3 and L 8 times tap set ting. 

The percent second harmonic in the wave may be 

derived by the use of the formula: 

47 Ide 
% second harmonic = I 1 11 

I ac + · de 
This formula is plotted in curve form in Fig. 16 for 

lctc = 4 amperes. 

Percentage Slope Characteristic (DU) 

Close switch to position 1. Set I ac to zero and 

I LR to 5.5 times tap value current. Then adjust Iac 
to 4 times tap value current. 

Adjust resistor at top of relay until lOwer polar 

unit operates. Interchange lead positions to terminals 

5 and 7 and repeat the above test. The lower polar 

unit should operate between the limits of: 

Iac = 4 times tap value current 

ILR = 9 to 10 times tap value current 

Trip condition can best be determined by holding 

Iac at 4 times tap value current and varying I LR· If 

ILR is too low the contacts will be closed when the 

currents are first applied. Hence, I LR should be in­

creased until the contacts open and then decreased 

until contacts close. 

The adjustment of the resistor will have some 

effect on the pickup of the unil Hence, recheck the 

pickup. If necessary readjust s hunts 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,  

1 8  

check to see that above readings are ob tained on 

the higher restraint currents. If necessary readjust 

resistor and rep eat procedure until the unit operates 

within the specified limits . 

Apply I ac = .56 times tap value and vary ILR 
until lower polar unit operates. The lower polar unit 

should operate between following limits. 

I LR = 2. 36 to 2 .56 times tap value current. 

Indicating Contactor Switch (ICS) 

Block polar unit contacts closed. Pass suffi­

cient direct current through the trip circuit to close 

the contacts of the lCS. This value of current shoul d 

be not greater than the particular tap setting being 

used. The operation-indicator target should drop 

freely. 

The contact gap shoul d be approximately 0.047 

inch between the bridging moving contact and the 

adj ustable stationary contacts. The bridging moving 

contact shoul d touch both stationary contacts si­
multaneou sly. 

Calibration (35%-Sensiti vity Relays) 

The differential unit (DU) should first be cali­

brated as outlined under " Calibration (All Relays)". 

Next the right hand shunt of the 4-Jwer polar unit 

should be turned out until the relay operates at 

I ac "" . 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 

ahd 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 1 1  

for the 35 percent sensitivity relay . 

E l e ctri c al Ch eck po i n t s  

Differential Unit 

a. Restraint Circuit 
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TY P E  HU AN D HU-1  R E LAYS 

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 res traint rectifier bridges 
( Se e  Fig. 2) using a high-resistance voltmeter (5000 
ohms per volt). The voltage Ehould be measured from 
the left-to the right-hand corners of t he 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 
in Term. 

5 
7 
9 

b. Operating Circuit 

As sociated Rectifier Bridge 
(Rear View) 

HU HU- 1 

Center 
Right Hand 

Center 
Left Hand 
Right Hand 

Apply 30 per cent tap-value current to terminal 
3 and a tap screw. Using a high-resis tance 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 approximatel y 2.4 volts. 
Now, measure the voltage output of the opera ting 
transfopmer ( top two coil terminals). The vol tage 

I . L. 41 -347.1 J 

should be about 5.3 volts. 

Harmo n i c  R e stra i nt U n i t  (HR U )  
Apply 3 0  per cent tap-value curren� to terminal 

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 trans former 
( top coil terminals) 

2. 4 mfd. capacitor 

3. 0 . 45 mfd. capacitor 

4. Operating-rectifier bridge 
(left-to right-hand corners) 

5. Res traint-rectifier bridge 
(left-to right- hand corners) 

6. Series Filter-Reactor 

R E N E W A L  PARTS 

4.0 volts 

2.5 vol ts 

3 . 9  volts 

2.5 volts 

0.6 vol ts 

0.2 volts 

Repair work can be done most satis factorily at 
the factory. However, interchangeable parts can be 
furni shed to cus tomers 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 R ELAYS---------------------------------------------------

* APPROXIMATE RESISTANCE VA LU ES OF COMPON ENTS I N  HU R ELAY 

U N IT C I R C U I T  

Harmonic Restraint Operating 

Restraint 

D ifferential Operating 

Restraint 

Indicating Contact o Trip 

Contact or Switch 

20 

D E S C R I P T I O N 

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 D iodes 

Indicating Instantaneous Trip Unit 1 4  to 1 6  ohms . 

P olar U nit Coil d . c .  Resistance 80 to 100 ohms. 

Series React or d . c .  Resistance 1 1 0 to 130 ohms. 

Parallel Reactor d . c .  Resistance 300 to 360 ohms . 

.45  MFD Capacitor .  

Rectifier 600 V olts, 1 . 5  ampere Silicon D iodes 

P olar U nit Coil d . c .  Resistance 650 to 800 ohms. 

Varist or 1 00, 000 ± 1 0% at 1 0  V . D .C. 4000 ± 2 5% at 30 V.D .C. 

Transformer (Primary taps 8 .7 ,  5 ,  4.6 , 4.2 , 3.8, 3.5 , 3 .2 ,  2 .9) Sec ondary 

d . c .  Resistance 2 0  to 30 ohms. 

A djustable 3Yz inch 280 ohm Resistor 

Rectifier 600 Volts , 1 .5 ampere Silicon D iodes 

Zener D iode, 2 00 v olts 

Resistor, 2 0  ohms , 5% 3W . 
P olar U nit Coil d .c . Resistance 75 to 1 00 ohms. 

Transformer (Primary taps 8.7 , 5, 4 . 6 ,  4.2 , 3.8,  3.5,  3.2 ,  2 . 9) 
Rectifier 600 V olts, 1.5 ampere Silicon D iodes 

Zener Diode ,  2 00 Volts 

Resistor, 20 ohms , 5% 3W. 
P olar Unit Coil d . c .  Resistance 60 to 1 1 0 ohms. 

0.2 Amp . tap 6 , 5  ohms d . c .  
2 . 0 A mp . tap 0.1 5  ohm s. d . c . 
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TY PE HU AND HU- 1  R E LAYS ��������������������·����-I_. L_. _�_�
_4_7.�

1 J  

ENERGY REQUIREMENTS 

B urden o f  E a c h  R e str a i nt C i r c u i t  

Power  at 

C o nt i n uo u s  F actor t op v a l u e  
T a p  R at i ng Ang l e  8 c urrent 

2.9 10 7 1  . 8 8  
3. 2 1 2  70 . 89 
3 . 5  1 3  6 6  .90 
3 .8  14 65 . 9 1  
4 . 2  1 5  58 . 9 1  
4 .6  16  57. 5  . 9 1  
5.0 18 52. 5 . 9 2  
8.7 22 30 1 .  28 

B urden o f  Operat ing  C i rc u i t  

, 
P o w er at  

C o nt i n u o u s  F ac tor tap v a l u e  
T ap R at i ng A n g l e  8 c urrent  

2.9 10 35 2. 26 
3 . 2  1 2  34 2 . 30 
3 . 5  13 3 3  2 . 30 
3 . 8  1 4  33 2 . 30 
4 . 2  1 5  3 1  2. 30 
4. 6 16 30 2. 40 
5 .0  18 29 2 . 50 
8 . 7  2 2  23 3. 18 

e Degrees current lags volta�e at tap value current 

t Voltages taken with Recto x  type voltmeter 

* T h er m a l  R at i n g  

One Second 300 amp eres  

v o l t  a m p e r e s  t 
at 8 t i m e s  

t a p  va l ue  
c u rrent 

50 
5 1  
5 1  
5 3  
5 3  
55 
59. 
94. 

vo l t  al!'peres  t 
at 8 t i m e s  
t a p  v a l u e  

c u rrent  

76 
78 
8 1  
83 
84. 
88. 
9 2. 

132. 

at 20 t i m e s  
tap v a l ue 
c u rrent 

19 1 
2 1 1  
203 
220 
235 
248 
280 
340 

at 20 t i m e s  
t a p  v a l ue  

c u rrent  

487 
499 
504 
547 
554 
598 
640 
850 

' 

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely 
proportional to the square of the current. 
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TY P E HU AND HU- 1 RE LAYS __________________________________________________ __ 

22 
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Fig. 7 7. Outline and Drilling Plan of the T ype HU and HU- l  Relays in the FT3 l  Case. 
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INSTALLATION 
Westinghouse 1 .  L. 4 1 -347 . 1  D 

• OPERATION • MAINTENANCE 

INSTRUC T IONS 
TYPES H U  AND HU-1 

T RA N S FORMER DIFFERENTIAL RELAYS 

C A U T  I 0 N 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 op erate the relay to check the 
settings and electrical connections. 

A P P L I C A T I O N  

The typ es 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 current flow­
ing, or with eight times relay tap current fl owing. 

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 u s es the HU 

if the t ertiary is not loaded. 

Both the HU or the HU-1 are available with a 
sensitivity of either 0.30 or 0 . 3 5  times tap. The 30%­
sensitivity relay satisfactorily handles up to 15% 
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 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; 
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. 4 1 -347. 1C  
*Denotes change from superseded i ssue 

C O N S T R U C T I O N  

The typ es HU and HU-1 relays consist o f  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 Figs. 1 to 4. 

D ifferent i a l  U n it ( D U) 

The differential unit of the HU relay consists of 
two air-gap restraint transformers, three full-wave 
rectifiers, saturating operating-transformer, and a 
d-e 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 transf�er_�_'!t!>­
matically changes the same tap on the operating 
transformer.--· 

.. ·- � · · ·- · - - -· · 

H armon ic- Re stra in t  U n i t  ( H R U) 

The harmonic-restraint unit of the HU and HU - 1  
rel ays consists o f  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-e 
polar unit. 

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

Polar  Un i t  

The polar unit consists o f  a rectangular shaped 

EFFECTIVE DECEMBER 1965 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  HU AND HU- 1 R ELAYS----------------------

2 

�--- OPERATING CKT. RESISTOR (DU) 

....,_ __ 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 
(ICS) 

INDICATING INSTANTANEOUS TRIP 
( l iT) 

, .........__....._ TO RESTRAINT TRANSF. 3 (HU- 1 ONLY) 
� --._ TO RESTRAINT TRANSF. 2 

�TO RESTRAINT TRANSF. 1 

Fig. 1. Type H U- 1  Relay - Front View. 
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TYPE HU AND HU-1 R E LAYS _______________________________________ 
1 ·

_
L .

_
4 1

_
-3

_
47

�
- 1 D  

PARALLEL FILTER-REACTOR (HRU) 

SERIES FILTER-REACTOR (HRU) 

OPERATING TRANSF. (DU) 

OPERATING TRANSF. (HRU) 

RECTIFIER ASSEMBLY 

HRU 

TO OPERATI NG COI L (- POINT) DU 

A-C TERMINALS 

-- RESTRAI NT BRIDGE (+ P T. ) DU 

OPERATING-CI RCUIT FILTER CAPACITOR (HRU) 

(4 MFD) 

Fig. 2. Type HU- 1 Relay - Rear View. 
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IND ICATI �G INSTANTANEOUS TR I P  li lT) "<OO ·AA�"< 1 �·�·�"" '"" BLOCk C I RCU IT I / SECOND HARMON I C  
I N D I CA T I NG � z PASS C I RCU I T  
CO�TACTOR SWI TCh II�l I � HARMON I C  RESTR A INT 

UN I T  (HRU ) TOP 

VARISTOR 
I .::z:;: ... �J 

OPE RAT IIIG lftal :::::::::. , 
TRANSFORMER 
D I FFERENTIAL UN I T  

D I FFERENTIAL UNIT  ( �U) BOTTOM 

\Il l ���' 'liJ1Q , I I I I� J I 
TH��mF�m�AINT 

CHASS I S  OPE�ATE:l ---, ' � SHOR T I N G  SWITCH 
RED HANDLE 
TEST SW I TCH 
CURRENT TEST JACK 
TERM I NAL 

185A036 
Fig. 3 Internal Schematic of the Type H U  Relay in FT3 1 Case. For Single 

Trip Relays the Circuit Associated with Terminal 2 is Omitted. 

) 

I N D I CAT ING INSTANTANEOUS 
TR I P  ( l iT ) 

SECOND HARNOliiC \ � fUNDAMENTAL BLOCk 
BLOCK C I RC U I T  I i i I 

2 +=qT SECOND HARMON I C  
IND ICAT I NG I --'-- ,\ t 77 I PASS C I RCU I T  

CONTACTOR SWITCH 

NOTE 
T[RMitiALS 3-�-€-8 
ARE TO BE JUMPEREO 
AT RELAY CASE 

TAP 
TERM INAL I CONNECTION 

TOP 
MIDDLE 
BOTTOM 

/ T 7 I I  �A��ON I C  RESTRA I NT 
UN I T  (HRU ) TOP 

AR I STOR 

OPERAT ING 
TRANSFORMER 
D I FFERENTIAL U N I T  

O I FFEREHT IAL UN I T  (DU) BOTTOM 

\111 ' 1 1 1 'IifJOO"Ilffg '�fiiUill TH�����F
�:��:A I NT 

---., CHASS I S  OPERATED 
SHOR T I NG SWI TCH 

FROHT V I EW 

TEST SWITCH 
CURRENT TEST JACK 
TERN I HAL 

185A037 

Fig 4. Internal Schematic of the Type HU- l Relay in FT3 l Case. For Single 
Trip Relays the Circuit Associated with Terminal 2 is Omitted. 
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TYP E  H U  AND HU- 1 R E LAYS������������������������-
•·_

L
_.

4
_

1_�_
47_._

1 0
_ 

rJUALJ.IICED All liol" 

I'OL.AI UII IT rEaMAAEIIT ltAiilfT fUIX rATIIS 

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 move 
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. 

I nd i cat ing  Contactor Switch U n i t  ( ICS)  

The d-e indicating contactor switch i s  a sm all 
cl apper-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 switch closes, the moving con­
tacts bridge two stationary contacts, completing the 
trip circuit. Also, during this operation, two fingers 
on the armature defl ect 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 tar­
get, provides restraint for the armature and thus con­
trol s the pick-up value of the switch. 

O P E R AT I O N  

The types HU and HU- 1 rel ays are connected to 
the protected transformer as shown in Fig. 6. In 
such a connection, the rel ays 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 m agnetizing 

inrush currents associated with energization of the 
transformer, even though these currents may app ear 
as an internal fault. To avoid these fal se operations, 
each unit of the rel ay perfOrms-aseparatefunction. 

Tilealfferentiai urift - (nu) pre�e�t-� operation �on 
external faults, while the harmonic-restraint unit 
(HRU) prevent operations on m agnetizing inrush 
currents(Heilce,the -c>P eratfon of the rel ay  can best) 

I - � 
' be described under the headings of external fault \ 

current, internal fault currents, and magnetizing in) 
rush currents. 

E xtern al F au l t  Current s  

The types HU and HU- 1 rel ay s  have a variabl e 
p ercentage characteristic. This means that the 
o�ating current required to close the contact of the 
differential unit e��cent � r�_�t!_ai_!!_t 
current varies with the magnitude of the l arger re-

-------- -·------ �- ---------------- - - · - -
straint current. Fig. 7 and Fig. 8 illustrate this 
characteri stic. Tfl�· divide each 
restraint current by the appropriate tap and enter 
the horizontal axis using the l arger or largest re­
straint multipl e. Then enter the vertical axis, using 
the difference of the restraint multipl es. 

- With the relay connected as shown in the schema­
tic diagram of Fig. 9 a, an external fault causes cur­
rents to flow in the air-gap restraint transforme:>s 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 o erating 
transformer of the rel ay. Hence, only a con t­·� on the differential unit. 

- ·-- ----- -· ------ . 

On heavy e xternal faults where a main current 
transformer saturates, current flows in the operating 
circuit of the rel ay. With such a condition, the 
harmonic-restraint unit may or may not close its con­
tacts, depending upon the harmonics present in the 
false op erating current. � 
rel ay i s� by the variabl e percentage· char­
'a:Cfe-rl;;tic of the differential unit, since a 1 arge dif-;. 
ferential current is required to close its contacts 
during heavy external faults. 
I n ternal F au l t s  

I n  the case o f  an internal fault a s  shown i n  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 op erating 
transformer and produces an excess of operating 
tortiUe, 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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TYP E HU AN D H � 1 R E LAYS·������������������������
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LARGER RESTRAINT CURR!:NT IN MULTIPLES OF TAP VALUE CURRENT 

Curve 4 71136 

Fig. 7. D ifferential Characteristic of the DU Unit of the 

HU and HU- 1 Relays at Smaller Values of Current. 

A c tual Operating Current Shown for 15 and 20% 

M ismatch. 

transformer and the operating transformer. An excess 
of op erating torque is produced on the differential 
unit and it opera-tes. 

Faults norm ally appear as an o ffset sine wave 
with a decaying d-e component, and contain very few 
harmonics. As a result, the harmonic-restraint unit 
will operate during internal faults to permit tripping 
of the rel ay. 

For heavy internal faults, the indicating instant­
aneous trip unit (liT) will operate before the main 
unit. Since this unit is connected to an air gap 
transformer, essentially only the sine wave compo­
nent of an internal fault is applied to the liT 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.) is reduced to a first peak of ap­
proximately 14 times tap value (d.c.  component 
absent) on the secondary of the transformer. The 
liT 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 
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LARGER RESTRAINT CURRENT IN MULTIPLES OF TAP VALUE UIIEIT 

Curve 471050 

Fig. 8. Differential Characteristic of the D ifferential Unit 

(DU) of the HU and HU- 1 Relays at Larger Values 

of Current. 

coils during heavy internal faults. The varistor has 
a l arge 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. 

M a g n eti z ing  I n ru sh Curren t s  

Magnetizing inrush current waves have various 

wave shapes. A typical wave app ears 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-e 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 p olar unit, while the other harmonics flow 
into the operating coil. The polar unit will not close 
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TYPE H U AND HU-l RE LAYS--------------------------------------------------

P ROTECTED 
TRANSFORMER 

87 

(Q) E X T E RNAL FAU L T  

-I5 

PROT E'C T E D  
T � A  N S r= c � �l E R  

87 

(b) I NTERN�L F� U L  T 

Fig. 9. Simplified Schematic ol the Type HU Relay with Current D istribution lor (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 (liT) 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 liT 
unit. If the inrush has an initial p eak 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. 

B reaker M a i ntenance 

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 .. ). 

C H A R A CT E R ! S T I  C S  

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

8 

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 p er 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. 1 1  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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Curve 471132 

Fig. 1 0. D ifferential Voltage Characteristic of the DU Unit 
of the HU and HU-1 Re lays with a Pic k up of 0.30 
Times Top. 

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

Tr ip  C i rcu i t  

The main contacts will safely clo se 30 amperes 
at 250 volts d-e, and the seal-in contacts of the in­
dicating contactor switch will safely carry this 
current long enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 
provide a pick-up setting of 0. 2 or 2 amperes. To 
change taps requires connecting the l ead located in 
front of the tap block to the desired setting by means 
of a screw connection. 

S E T T I N G  

To set the relay, calcul ations must be p erformed 
as shown under "Setting Cal cul ations". After the 
correct tap is determined, connections can be made 
to the rel ay transformers by p lacing the connector 
screws in the various terminal-pl ate hol es in front 
of the rel ay. Only one tap screw should be inserted 
in any horizontal row of taps. 

I nd icat ing Contactor Sw itch ( I C S) 

No setting is required on the ICS unit except the 
selection of the 0. 2 or 2.0 ampere tap setting. This 
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0.5 0 1 . 5  2 . 0  2 . 5  3.0 
LARGER RESTRAINT CURRENT IN MULTIPLES 

OF TAP VALUE CURRENT 

Curve 471135 

Fig. 1 1 . D ifferential Voltage Characteristic of the D U  Unit 

of the HU and HU- 1 Re lays w ith a Pic k up of 0.35 

Times Top. 

sel ection is made by connecting the l ead 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-e 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 
Stt304C209G0 1 or equivalent. 
lnd i.cat ing  I n stantaneo u s  Tr ip  (li T ) 

No setting i s  required on the indicating instan­
taneo us trip unit. This unit is set at the factory to 

pickup at 10 times tap v al ue current . 

S E T T I N G  C A L C U L AT I O N S  

Select the ratio m atching taps. There are no other 
settings. In order to calcul ate the required tap set­
tings and check current transformer p erformance the 
following inform ation i s  required. 

R equi red I n form ati on 

1 M aximum transformer power r ating (KVA)M 
2. M aximum e xternal fault currents 
3. Voltage ratings of power transformer ( VH, v1. 

VL) 
4. Current transformer ratios, full tap (NT) 
5. CUrrent transformer " lOL " accuracy cl ass 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E H U AND HU-1 R E LAYS ___________________________________________________ ___ 

8 

- NAil UIIT - INSTANTANEOUS TRIP 

UNIT 

4 

\ \ 
"' ['..., \ 

-- � 

12  16  20 

OPERATII' CURRENT IN MULTIPLE S OF TAP VALUE CURREIT 

Curve 538029 

Fig. 1 2. Typical Tripping Time Characteristic (60 Cycle 

C urrents). 

voltage, (or excitation or ratio-overcurrent 
curve) 

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

7. Current transformerconnections ( wye or delta ) 
Defi n i ti o n s  o f  T erm s 

1 0  

lp = Primary current at (KV A)M 
IR = Reley input current at (KVA)M 
IRH• IRL, IRI are same as IR except for high, 
low and intermediate voltage sides respectively. 
Is = CT secondary current at (KVA)M 
TH, TL, T1 = Reley tap settings for high, lo w 
and intermediate voltage windings, respectively. 

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

Np = N/NT (Proportion of total turns in use) 
NT = Current transformer ratio , full tap 
VCL = lOL accuracy cl ass voltage 

ZA = Bur den impedance of any devices other 
than the HU or HU- lrel ay s, with m aximum phase­
to-phase or �phase current tlo.wing. 

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

PICKUP OM VARIABLE FR£0UUCY TYPE HU AMO HU·I RELAYS 

10 0 

lO 0 

\ 
10 0 \ 

' ./ ........ 
0 10 

0 
10 10 110 160 100 

FREQLIEIICY II CYCLES PER SECOIID 

Curve 471052 

Fig. 13. Typical Frequency Response of the HU one/ 

HU- 1 Relays. 

Cal cul at i o n  P ro c edure 

1. Select current transformer taps, where mul ti­
ratio typ es 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 rel ey continuous rating. 
Also the m aximum external faul t current 
should not exceed 20 times rel ey tap. 

3. Determine Mismatch (Not to exceed 15%) 
For 2 winding bank s: 

· (IRL/1RH) - ( TL/Tn) 
% m1smatch = 100 ----::::-----8 ( 1) 

�ere S is the sm aller of the two terms, 
(IRL/IRH) or (TdTH) 

For 3 winding b ank s: 
(IRH/IRI) -( TH/TI) 

% mi sm atch = 100 ------::::-----
8 

( 2) 
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TY P E  HU AND HU- 1  R E LAYS -----------------------
1

-.
L

_. 4_1_-3_4 7_. 1_o_ 

T WO WIND ING B A N K  

1 2 .4 K V  6 9 K V  

y 

T H R E E  WINDING B A N K  

1 6 1 KV 

1 2 00 / 5  
MR 

I O L 2 0 0 16/ 2 0  MVA 

600/ 5 
M R  

I O L 2 0 0  

1 2 00/5 
M R  

I O L 800 
30/4 0 

M VA 

600/5 
M R  

I O L 2 0 0  

1 2 .4 K V  

L O W  H I GH H I G H  I N TERME D I AT E  L O W  

( K VA)M = 2 0,000 (KVA) M = 20,0 00 (KVA)M = 40,000 (KVA )M = 4 0,000 (KVA)M : 10,000 

(KVA)s = 16,00.0 (KVA )s = 16,000 (KVA)S = 30,000 (KVA) S = 30,000 (KVA) s = 7,500 

VL = 12 ,400 VOLTS VH 6 9 ,000 VH 1 61,000 vr 69,000 VL 1 2,400 

NT = 240 TURNS NT = 1 2 0  NT 2 40 NT = 1 2 0  NT 2 4 0  

VeL= 200 VOLT S VC L 
= 2 00 Ve L  BOO VeL = 2 0 0  Ve L 200 

RL • 0.4 O H MS R L = 0. 4 R L = 0.5 R L = 0 . 5  R L 0.5 

D E LTA eT W Y E  eT D E LTA e T  DELTA e T W Y E  e T  

289B412 

Fig. 14. Example for Setting Calculations. 

where "S" i s  the sm al l er of the two terms, 
(IRH /IRI ) or ( TH/TI ). 

Equations simi! ar to eq. ( 2) apply for mis­
m atch from the high to l ow and from the i nter­
mediate to l o w  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
mat ch, including the automatic tap change 

should not exceed 15% w ith 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. 

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

A less accurate, but s atisfactory method i s  
to utiliz e the ASA rel aying accuracy cl assi­
fication. If the 10L accuracy is used, perform­
ance will  be adequate if: 

Np V CL is greater than ZT 

100 

For wye- connected CT: 
ZT = l ead resi stance + rel ay burd e n + ZA 

= 1. 13 RL + 0 · 15 + ZA ohm s 
T 

( 3) 

( 4) 

(RL multiplier, 1. 13, i s  u sed to account for 
0 . 15 

temperature ri se during faul ts. � i s  an 

appro ximation, where T = rel ay tap. 

ZA i s  any additional burden, when m aximum 
external 3-phase faul t curren t  i s  fl o  wing). 
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TY PE H U AND HU-1  R ELAYS __________________________________________________ _ 

TRI•l ..07C27S G03 

T'f'PE HU oUID MU·l iELAYS 

( FROIT 'I I EWI 

OPTIOM.&L LEAO 
tOIIIIECTIOII FOR 
TYPE HU-1 RELAY 

"'} o . c .  --�----------n;. �OLT�;E 

* Fig. 1 5 .  Test Circuit ol the HU oncl HU- 1 Relays. 

For del ta- co nnected CT : 

= 3.4  Rr_. + 0 .45 + 3ZA T 
( 5) 

(Th e  factor of 3 accounts for conditions 
exi sting during a phase-to-phase fault. Z A 
is any addition al  burden, when m aximum 
external phase to phase fault current i s  
flo wing) 

12 

5. Examples 

Refer to p ages 13 and 14 and figure 7 4  for 
setting examples. Note in both examples that 
the 8. 7 tap was selected as the first step in 
sel ecting rel ay taps. If a lo wer tap such as 
tap 5 had been the first sel ection, a proper 

bal ance would h ave b een impo ssibl e. On p age 
12 for the two winding b ank , 
I RL 8 . 0 5  

-- = --- = 1 . 9 2. With t ap  5 for the lo w side 
IRH 4. 18 

the m aximum current ratio that can be m atched 

by the taps is 
2�9 = 1. 73 . With tap 8. 7 select­

ed for the low side, a 3 to 1 current ratio can 
be matched. On page 13 for the three winding 
bank, 

I RL 
= 3.0 2 

1RH 

Thi s current ratio can be accommodated by 
the 8 . 7  & 2.9  t ap s  without excessive Mis­
m atch. 

I N S T A L L A T I O N  
The rel ays should be mounted on switchbo ard 

p anel s or their equivalent in a location free from 
dirt, moisture, excessive vibration, and heat. Mount 
the rel ay vertically by means of the four mounting 
hol es on the fl ange for semi-flush mounting, or by 
means of the rear mounting stud or studs for pro­
j ection mounting. Either a mounting stud or the 
mounting screws may be utilized for grounding th e 
rel ay. The el ectrical connections may be made di­
rectly to the terminal s by means of screws for steel­
panel mounting or to the terminal studs furni shed 
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 detail ed FT case information, refer to I. L . 
4 1-076. 

A DJ U S T M E N T S  AN D M A I N T E N AN C E  
The proper adjustments to insure correct opera­

tion of this rel ay have been made at the factory and 
should not be di sturbed after receipt by the customer. 

Acceptance  Tests 
The following check i s  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. Rel ay 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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7
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1 0  

1 .  Select CT Ratio: 

(KVA)M _ 

v 13 -

1000 

Select Ratio 

2. Select Relay Taps: 

I 
I - -.-E ­
s - N -

Select Tap 

Desired Tap 

3. Determine Mismatch: 

% Mismatch = 

100 (IRL/IRH) - (TL/TH) 
= 

TL/TH 

4. Check CT Performance: 

Np VeL 

100 

(Np VcL/ 100) > ZT 

TWO-WINDING TRANSFORM E R  CALCULATIONS 

(See f igure 14) 

L O W  H I G H  

20 ,000 = 930 Amp . 
12 .4  13 

20,000 = 167 Amp . 
69 13 

1000/5 (N = 200) 200/5 (N = 40) 

930 
200 = 4 . 65 Amp . 167 

40 = 4 . 18 Amp . 

IRL = 4 . 65 /3= 8.05 Amp . IRH = 4 . 18 Amp. 

0 .45 
3 . 4  RL + -� = 

T 
0 .45 

4 . 18 
TH = 8_ 05 X 8.7  = 4 . 64 

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% 

0 . 15 
1 . 13 RL + -� = 

T 
0. 15 

3.4 X 0.4 + -� = 1 . 36 + 0. 05 = 
8 . 7  

1 . 13 X 0.4 + -�= 0 . 45 + 0 . 03 = 
4 . 6  

1 .4 1  ohms 

200 
240 = 0 .833 

0 . 833 X 200 
100 

Yes 

1 . 67 

0 .48 ohms 

40 
120 = 0. 333 

0. 333 X 200 
-�-- = 0.67 

100 

Yes 
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TYPE HU AND HU-1  R ELAYS _________________________________________________ _ 

14 

1. Select CT Ratio: 

I 
_ (KVA)M 

P - vfi 
1000 

Select Ratio 

2. Select Relay Taps: 
lp 

Is =N= 

IR (At 40 MVA) = 

Select Tap 

Desired Tap 

Select Tap 

3. Determine Mismatch 

% Mismatch 

4. Check CT Performance 

(Np V CL/100)> Zr 

THREE-WINDING TRANSFORMER CALCULATIONS 
(See F igure 14) 

H I G H  

40,000 
--------;=;:= 143 Amp. 
161v 3 

400/5 (N = 80) 

143 
-= 1.78 Amp . 
80 

IRH = 1 .78/3 

= 3.08 Amp . 

3.08 
TH = 8.7 ---

9.30 

= 2 .88 

TH = 2 .9. 

100 (IRH/IRI)-(TH/Tr) = 
TH/TI 

(3.08/ 4.82}-(2.9/ 4. 6) 
100 2.9/4.6 

0.64G-0.630 
100 

0.630 

1.6% 

0.45 
3.4 RL + -- = 

T 
0.45 

3.4 X 0.5 +-- = 
2.9 

1.  70 + 0.16 = 

1.86 ohms 
80 

- = 0.333 
240 

800 X 0.333 
100 

Yes 

2 . 67 

I NT E R M E D I A T E  

40 ,000 
-;r;: = 334 Amp . 
69v 3 

600/5 (N = 120) 

334 
-= 2.78 AmP. 
120 

IRI = 2. 78 /3. 

= 4.82 Amp. 

4 .82 
T1 = 8.7 --

9.30 

= 4.52 

T1 = 4.6 

100 
(IRI/IRL)-(Tr/TL) 

(IRr/IRL) 

100 
(4 .82/9.30}-(4.6/8. 7) 

4.82/9. 30 
0.518-0.528 

100 
0.518 

-1.9% 

0.45 
3.4 RL +--= 

T 
0 .45 

3.4 X 0.5 + -- = 
4.6 

1.70 + 0.10 =: 

1.80 ohms 
120 
- = 1.0 
120 

200 X 1.0 
100 

Yes 

2.0 

10,000 
� = 465 Amp. 
12.4V 3 

1000/5 (N = 200) 

465 
- = 2.32 Amp. (At 10 
200 MVA) 

40 
IRL = -X 2.32 

10 
= 9.3 AmP. 

TL = 8 .7 

100 (IRL/1RH}-(TdTH) 
TL/TH 

100 (9.3/3.08)-(8. 7/2.9) 
8. 7/2.9 

3.02-3.00 
100 

3.00 

0.67% 

0.15 1.13RL + --= 
T 

0.15 
1 .13 X 0.5 +---

8.7 

0.565 + 0.02 = 

0.58 ohms 
200 

--= 0.833 
240 

200 X 0. 833 
100 

Yes 

1.67 

� 
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la.c. II IIPEIES 
Curve 471047 

Fig. 16 Variation of Second Harmonic Content of Test 

Current. 

amperes. for the 35% sensitivity relay. Relay should 
operate. The upper polar unit may operate for lower 
currents, but no,t 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 pol ar unit. If a higher pickup 

is desired, it is suggested that 20 times tap value 
current be applied to relay terminals 3 & 7. This will 
cause the upper polar unit to pick up at 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 rel ay. Indi cating instantaneous trip 
should pick up and its target should drop freely. 

The contact gap should be approximately 0.094 
inch between the bridging moving contact and the 
adj ustabl e stationary contacts. The bridging moving 
contact should touch both stationary contacts simul­
taneously. 

3.  Indicating Contactor Switch. Block Polar unit 
contacts clo sed. P ass suffici ent direct current through 
the trip circuit to clo se the contacts of the ICS. This 
value of current should not be greater than the partic­
ular ICS tap setting being used. The op eration indt­
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 

C lose switch to position 1. Set lac to zero and 
adjust I LR to 10 amperes. Increase l ac to 2 . 8  amp­
eres . If the lower polar unit does not operate with 
lac = 2.8  amperes and I LR = 1 2 . 8  amperes, lower 
I LR current. The lower polar unit should operate 

between the following limits: 

lac = 2. 8 to 2 .95 amperes 
ILR = 1 1 . 8  to 1 2 . 8  amperes 

b. 35% Sensitivity relay 

C lose switch to position 1 .  Set lac to zero and 
adjust lLR to 9 amperes. Increase I ac to 2 . 8  amperes. 
If the lower polar unit does not operate with lac = 2.8 
amperes and ILR = 1 1 . 8  amperes, lower I LR current. 
The lower polar unit should operate between the fol­
lowing limits: 

lac = 2 . 8  amperes 
1LR = 10 .8  to 1 1 . 8  amperes 

5. Harmoni c Restraint Characteristic. Clo se 
switch to position 2. Slort out ILR ammeter. Set 
Ide to 4 amperes and adj ust lac until upper polar unit 
operates. lac should read between 6.5 and 9 amperes. 

As shown in F ig. 1 6 ,  these values of alternating 
current correspond to 17 percent and 14 percent 
second hannonic. 

* In  Servi ce  Test  

Table 1 i s  to be u s e d  a s  an in-servi ce check o f  
the HU or HU- 1 relay using an y  tap combination. 
The relay should be connected as shown in fi g. 1 5  
with the S . P  .0.  T. switch i n  po sition 1.  The ammeter 

lsR m easures the smaller restraint current and should 
be connected to the terminal associated with the tap 
block o f  the smaller setting. The ammeter IL R  
m easures the l arger restraint current, and should be 
connected to the terminal asso ciated with the l arger 
tap block s etting. Terminal 5 supplies the upper tap 
block; terminal 7 suppli es the s econd tap block; and 
terminal 9 ( HU- 1 only) supplies the lo wer tap block 
( refer to figs. 1 and 4). 

Tabl e 1 gives the values of I AC n ec essary to 
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TY P E  HU AND H U - 1  R E LAYS----------------------------

operate the relay wh en using a value of I sR equal to 

3 times tap value for all taps except the 8.7 tap. A 

value of I sR 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 
LowerTap Block Tap 5.0 

Since the upper tap block has th e smaller tap 

TABLE 1 

Restraint 
Transform er Larger 2.9 3.2 3.5 

TaP 

setting I sR sho uld be connected to the upper tav 

block (Term. 5) , and I LR should be co nnected to 
Terminal 7. Fro m Table 1 under "Restraint Trans­

former tap: Larger" = 5.0 "Smaller" = 3.5, set IsR = 
10.5 amps. The value of lA c 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 proc edure using termi nal 9 and 

either terminal 5 or 7. 

3.8 4.2 4.6 5.0 8.7 

Smaller CURRENT IN AMPERES 

ISR 8 . 7  8.7 8.7 8.7 8.7 8.7 8.7 5.8 
2.9 lAC (Min. ) 2.6 3.7 5.0 5.8 7.8 9.0 10.4 16.2 

lAC (Max.) 2.8 4.0 5.5 6.4 8.6 10.0 1 1.6 17.9 

ISR 9.6 9.6 9.6 9.6 9.6 9.6 6.4 
3.2 lAC (Min) 2 .. 7 4.0 4.9 6.9 8. 1 9.6 15.7 

lAC (Max) 3. 1 4.4 5.4 7.6 9.0 10.6 17.3 

lSR 10.5 10.5 10.5 10.5 10.5 7.0 
3.5 lAC (Mi n) 3.0 3.8 5.7 6.9 8.3 14.5 

lAC (Max) 3.3 4.2 6.3 7.7 9.2 16. 1 

ISR 1 1.4 1 1.4 1 1..4 1 1.4 7.6 
3.8 lAC (Min) 3.2 5.2 6.5 7.9 14. 1 

lAC (Max) 3.6 5.7 7.2 8.7 16.0 

lSR 12.6 12.6 12.6 8.4 
4.2 lAC (Mi n) 3.5 4.7 6.2 12.9 

lAC (Max) 3.9 5.2 6.9 14.2 

ISR 13.8 13.8 9.2 
4.6 lAC (Mi n) 3.9 5 .. 3 12.4 

lAC (Max) 4.3 5.9 13.7 

lSR 15.0 10.0 
5.0 lAC (Min) 4 .. 3 1 1.6 

lAC (Max) 4.8 12.9 

lSR 17.4 
8.7 lAC (Min) 5.0 

lAC (Max) 5.5 
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TYPE HU AND HU-1  RE LAYS __________________________ ;,.:..;I . L=.:·...:4c.:..1 ·.=.34::.o7..:..:· 1:.=.o 

Ro u ti n e  M ai nten an ce 

All relays should be checked at least o n c e  every 

year or at such other time interval s as may be dic­

tated by experience to be suitable to the particular 

application. 

All contacts should be periodically cl eaned. A 

contact burnisher styl e 1l'182A836H0 1  i s  recommended 

for this purpose. The use of abrasive material for 

cleaning contacts is not recommended, because of 

the danger of embedding sm all particl e s  in the face 

of the soft silver and thus impairing the contact. 

C a l i b ra t ion  (A l l  R e l ay s }  

U s e  the fol lowing procedure for calibrating the 

rel ay if the relay has been taken apart for repairs or 

the adjustments disturbed. This procedure sho ul d  

not b e  used until i t  i s  apparent that the rel ay i s  not 

in proper working order. All adj ustments to be don e  

with relay inside i t s  case. ( S e e  "Acceptance Check " )  

Polar Units 

1.  Contacts. Place a . 060 to .070 inch feel er 

gage between the right hand pole face and the arma­

ture. Thi s gap should be measured near the front o f  

t h e  right hand pol e face. Bring up the back stop screw 

until it just makes with the moving co ntact. Place 

gage between moving co nt act and the stationary con­

tact on the l eft-hand side of the pol ar unit. On the 

upper unit, the gap shoul d be . 046 inch and on the 

lower unit the gap should be . 065 to . 070 inch. Bring 

up the stationary contact until it j ust mak e s  with the 

gage and lock in place. 

2.  Minimum Trip Current 

a. Harmonic Restraint Unit (HRU) 

Connect the rel ay per test circuit of Fig. 15. 

With the s witch open, ;Jass lac = 20 times tap value 

current into the relay . Thi s  current should be ap ­

p lied for a very short period of time and i t  should be 

suddenl y interrupted. Adjust righ t  hand shunt on up­

per pol ar unit until it trips with lac = 33% of tap 

value amperes. Lower lac gradually to 1 5% of tap 

val ue current and adj ust left-hand shunt until uni t 

resets. Repeat these steps, if necessary, until the 

unit o perates at 33% or sl ightly l o wer of tap value 

cur rent immediately following the app lication of 20 

tiines tap val ue current and until the u11it resets at a 

val ue of current 1 5% of tap value or �reater, After 

the dropout has been measured, the unit should pick 

up at 25% or hi gher of tap val ue current. 

On the appl ication of the hi gh  current, the upper 

polar unit will be biased in the restraining direction 

and pickup will be greater th an the nominal value of 

30% of tap value current on the first application o f  

pickup current . I f  the circuit i s  deenergi zed and pick­

up is measured again, the pickup current will be less 

than before .  However, pickup will be stabl e after 

the second application of pickup current. If 20 tim es 

tap val ue current is applied again, the pickup im­

mediately after applyj_ng this current will be high. 

However, me asuring the pickup the second time wil l  

show that the pickup i s  again reduced. The vari ation 

between these pickups should be between 25% and 

33% of tap value current. 

The filter circuits are charged by the application 

of thi s  heavy current and upan the remo val of the cur­

rent, these circuits will di scharge their energy . The 

el ement will be biased in the restraini ng direction 

because the restraint coil has approximately 7 times 

the number of turns as the op erating coi l .  Upon the 

application of pickup current, the operating ampere 

turns will be greater than the restraint ampere turns 

and the bias will b8 removed. 

If a lower biasing current is used instead of 20 

time s 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 stabl e after thi s energi zation. How­

ever, thi s val ue of pickup will be lower than the 

limits of 25% and 33% of tap val ue current. Thi s  i s  

in the direction of making the sensitivity o f  the pol ar 

unit lower than 30%, but doe s  not impair the per­

formance of the unit on inrush currents. 

b. Differential Unit ( DU) 

Set the adj ustab le resistor at top of the relay in 

the approximate center of i ts range. Open the switch 

and pass lac = 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 lac 
= 30% of tap value amperes. Lower I ac gradual ly 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 wi l l  pickup at 30% of tap value cur­

rent and reset for values of tap value current greater 

than 15% 
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TYPE HU AND HU-l RE LAYS ________________________________________________ __ 

Indicating Instantaneous Trip Unit (liT) 

With switch open, pass lac = 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 approxi mately 0.094 
inch between the bridging moving contact and the 
adjustabl e 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 Ictc reads 0 . 8  

times tap setting. Gradually increase alternating 
current until upper pol ar unit operates with lac 
reading between 1. 3 and L 8 times tap s etting. 

The p ercent second harmonic in the wave may be 
derived by the use of the formula: 

4 7 lctc 
% second harmonic =1 + 1 1 1  1 ac . de 

This formula is plotted in curve form in Fig. 1 6  for 
Ide = 4 amperes. 

Percentage Slope Characteristic (DU) 

Close switch to position 1 .  Set I ac to zero and 
ILR to 5 .5  times tap value current. Then adjust lac 
to 4 times tap value current. 

Adjust resistor at top of relay until lower polar 
unit operate:;; . Interchange lead positions to terminals 
5 and 7 and repeat the above test. The lower polar 
unit should operate between the limits of: 

lac = 4 times tap value current 

ILR = 9 to 10 times tap value current 

Trip condition can best be determined by holding 
lac at 4 times tap value current and varying I LR· If 
ILR is too low the contacts will be closed when the 
currents are first applied. Hence, I LR should be in­
creased until the contacts open and then decreased 
until contacts close. 

The adjustment of the resistor will have some 
effect on the pickup of the unit. Hence , recheck the 
pickup. If neces sary readjust s hunts to obtain a pick­
up of 30% of tap value current and dropout of 1 5% or 
greater of tap value current. If shunts are changed, 

1 8  

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

Apply I ac = . 5 6  times tap value and vary ILR 
until lower polar unit operates. The lower polar unit 
should operate between following limits.  

I LR = 2.36 to 2 .56 times tap value current. 

Indicating Contactor Switch (ICS) 

Blo ck polar unit contacts clo sed. P ass suffi­
cient direct current through the trip circuit to clo se 
the contacts o f  the ICS. This value o f  current shoul d 
be not greater than the particul ar tap setting being 
used. The operation-indicator target should drop 
freely. 

The contact gap shoul d be approximat ely 0 . 047 
inch between the bridging moving contact and the 
adj ustabl e stationary contacts. The bridging moving 
contact shoul d touch both stationary contacts si­
multaneou sly. 

Calibration (35%-Sensiti vity 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 ac -= . 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 3 5% of tap value current 
ahd 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 1 5% 
mismatch curve. Thi s margin of safety is also shown 
in the voltage differential characteristic of figure 1 1  
for the 35 percent sensitivity relay. 

E l e ctri col  Check poi n t s  

Differential Unit 

a. Restraint Circuit 
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TY P E  HU AN D HU-1  R E LAYS 

Apply two times tap- value current succ e ssive­

ly to each restraint transformer. This is done by con­

necting l eads 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 

( Se e  Fig. 2) using a high-resistance voltmeter ( 5000 

ohms per volt). The voltage Rhould 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 

in Term. 

5 

7 
9 

b. Operating Circuit 

Associated Rectifier Bridge 

(Rear View) 

HU HU- 1 

Center 

Right Hand 

Center 

Left Hand 

Right Hand 

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 l eft-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 terminal s). The voltage 

I . L . 4 1 -34 7 . 1  D 

should be about 5. 3 volts. 

H ar m o n i c  R e st ra i nt U n i t  ( H R U ) 

Apply 30 per c ent tap-value current to terminal 

3 and a tap screw. The following are the approximate 

voltages that should be obtained using a high· 

resi stance a-c voltmeter ( See Fig. 2 for location): 

1. Output of operating transformer 

(top coil terminals) 

2. 4 mfd. capacitor 

3. 0 . 45 mfd. capacitor 

4. Operating-rectifier bridge 

(l eft-to right-hand corners) 

5. Restraint-recti fier bridge 

(l eft-to right-hand corners) 

6. Series Filter-Reactor 

R E N E W A L  P A RT S  

4 . 0  volts 

2. 5 volts 

3 . 9  volts 

2. 5 volts 

0 . 6  volts 

0 . 2  volts 

Repair work can be done most satisfactorily at 

the factory. However, int erch angeabl e parts can be 

furni shed to customers who are equipped for doing 

repair work. When ordering parts, al wa,y s  give the 

complete namepl ate data. 

1 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PE HU AND HU-l R E LAYS __________________________________________________ _ 

Unit 

Harmonic Restraint 

Differential 

Indicating Contactor 
Switch 

20 

APPROXIMATE R ESISTANCE VALUES O F  COMPONENTS IN H U  R E LAY 

Circuit 

Operating 

Restraint 

Operating 

Restraint 

Trip 

D e scr ipt ion  

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 700 Volts, 600 Milliampere Silicon Diodes 
Indicating Instantaneous Trip Unit 14 to 16 ohms. 
Polar Unit Coil d.c.  Resistance 80 to 100 ohms. 
Series Reactor d .c. Resistance 1 10 to 130 ohms. 
Parallel Reactor d .c. Resistance 300 to 360 ohms . 
. 45 MFD Capacitor. 
Rectifier 200 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c.  Resistance 650 to 800 ohms. 
Varistor 100 , 000 ± 10% at 10 V.D.C. 4000 ± 25% at 30 V.D.C. 
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¥2 inch 280 ohm Resistor 
Rectifier 700 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c. Resistance 75 to 10(} ohms. 
Transformer ( Primary taps 8 . 7, 5 ,  4. 6 ,  4. 2, 3 . 8 ,  3. 5 ,  3 . 2, 2.9) 

Rectifier 200 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c. Resistance 60 to 1 10 ohms . 
0 . 2  Amp._ tap 6 . 5  ohms d.c. 
2. 0 Amp . tap 0. 15 ohms.d.c. 
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TYPE HU AND HU-1  R E LAYS �������������������������I._L._4_1 -_J_D_. l_D 

ENERGY REQUIREMENTS 

B urden of  Each  R e stra i nt C i rcu i t  

P ower at 

Cont i n uous F actor tap va lue 

Tap  R at i ng Ang l e  f) c urrent 

2. 9 10 7 1  .88 
3. 2 12 70 . 89 
3 . 5  1 3  66 .90 
3.8 14 65 . 9 1  
4. 2 1 5  5 8  .9 1 
4.6 16 57 . 5  . 9 1  
5.0 18 5 2. 5  . 9 2  
8 . 7  2 2  30 1. 28 

B urden of Operat ing  C i rcu i t  

P ower at  

Conti nuous  F actor tap va lue 

Tap  R at i ng Ang le  f) current 

2. 9 10 35 2. 26 
3 . 2  1 2  34 2 . 30 
3. 5 13 3 3  2 . 30 
3 . 8  14 33 2.30 
4 . 2  15 31  2. 30 
4.6 16 30 2. 40 
5.0 18 29 2. 50 
8 .7  22  23 3. 18 

f) Degrees current lags volta�e at tap value current 

t Voltages taken with Rectox type voltmeter 

* T h ermal  Rat ing  

One Second 300 amp eres 

volt amperes t 
at 8 t i m es 

tap va lue 

current 

50 
5 1  
5 1  
5 3  
53 
5 5  
59. 
94. 

volt a mperes t 
at 8 t i m e s  

tap va l u e  

c urrent 

76 
78 
8 1  
83 
84. 
88. 
9 2. 

132. 

at 20 t i m e s  

tap va l ue 

cu rrent 

19 1 
2 1 1  
203 
2 20 
235 
248 
280 
340 

at 20 t i m e s  

tap val ue 

current  

487 
499 
504 
547 
554 
598 
640 
850 

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely 

proportional to the square of the current. 
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TYP E H U AND HU-l R E LAYS ________________________________________________ ___ 
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Westinghouse I . L. 4 1 -347. 1 D  
INSTALLATION • OPERATION • MAINTENANCE 

I N STRUCT IO N S  
TYPES H U  AND HU-1 

T RANSFORMER DIFFERENTIAL RELAYS 

C A U T I O N 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 prop erly, and op erate the relay to check the 

settings and electrical connections. 

A P P L I C A T I O N  

The typ es HU and HU- 1 rel ays are high-speed 

relays used in the differential protection of trans­

formers. Th ese 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 current flow­

ing, or with eight times relay tap current fl owing. 

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 appli cation us es t he HU 

if the tertiary is not loaded. 

Both the HU or the HU-1 are available with a 

sensitivity of either 0 .30 or 0 . 3 5  times tap. The 30%­

sensitivity relay satisfactorily handles up to 15% 

mismatch (e.g.  ± 1 0% transformer tap c hanging 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 o f  the relay s  may be recalibrated i n  t h e  field t o  

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. 

SUPERSEDE S I . L. 4 1 -347. 1C 
*Denotes change from superseded i ssue 

C O N S T R U C T I O N  

The types HU and 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 Figs. 1 to 4. 

D i fferent ia l  U n it ( D U) 

The differential unit of the HU relay consists of 

two air-gap restraint transformers, three full-wave 

rectifiers, saturating op erating-transformer, and a 

d-e 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. 

Eac h 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. 

H armon ic- Re stra i nt U n i t  ( H R U) 

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 p ass filter , two full-wave r ectifiers, 

indicating instantaneous trip unit, varistor, and a d-e 

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  Un i t  

The polar unit consists o f  a rectangular shaped 
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2 

..,.__ __ HARMONIC RESTRAINT UNIT 

(HRU) 

..,___ DIFFERENTIAL UNIT (DU) 

TAP BLOCK 

.�,._ RESTRAINT TRANSF. 1 

RESTRAINT TRANSF. 2 

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

RESTRAI NT TRANSFORMERS (DU) 

INDICATING CONTACTOR SWITCH 

(ICS) 

INDICATING I NSTANTANEOUS TRI P 

( liT) 
, 

............... 
..........,. TO RESTRAINT TRANSF. 3 (HU- 1 ONLY) 

� ._,__ TO RESTRAINT TRANSF. 2 

�TO RESTRAI NT TRANSF. 1 

Fig. J. Type HU- J Relay - Front View. 
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PARALLEL FILTER-REACTOR (HRU) 

SERI ES FILTER-REACTOR (HRU) 

OPERATING TRANSF. (DU) 

OPERATING TRANSF. (HRU) 

RECTI FI ER ASSEMBLY 

< ---
4--

TO OPERATING COIL (- POI NT) 1 
,.... TO RESTRAI NT COI L  <- POINT) HRU 

"��+--- VARISTOR 

TO OPERATING COI L <- POINT) DU 

A-C TERMINALS 

-- RESTRAINT BRIDGE <+ PT. ) DU 

OPERATI NG-CI RCUIT FI LTER CAPACITOR (HRU) 

(4 MFD) 

Fig. 2. Type HU- 1  Relay - Rear View. 
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BLOCK C I RCU IT I SECOND HARMON I C  
I N D I CATING � z PASS C I RCUIT 
CO�TACTOR SWI TCH II�l I � HARMON I C RESTRA I NT 

UN IT (HRU) TOP 

VAR I STOR 

� --U,OPERAT I IlG 
TRANSFORMER 
HARMON I C  
RESTRA INT UN I T  

w �----+! OPERAT ING 
TRANSFORMER 
D I FFERENTIAL UN IT 

D I FFERENTIAL UN I T  
( DU) BOTTOM 

1111 �'�' IJIIlllll '!f l!lllj ll

TH
�m�F�m�A I NT 

CHASSIS  OPE�ATE� --, " SHOR T I NG SWITCH 
RED HANDLE 
TEST SWI TCH 
CURRENT TEST JACK 
TERMINAL 

185A036 
Fig. 3 Internal Schematic of the Type H U  Relay in FT3 1 Case. For Single 

Trip Relays the Circuit Associated with Terminal 2 is Omitted. 

) 

I N D I CAT ING INSTANTANEOUS 
TR I P  ( l i T )  

SECOND HARMON I C  1 � FUNDA�ENTAL BLOCK 
BLOCK C I RCU I T  I s 2 � SECOND HARMON I C  
I N D I CAT ING f -'- l l  r\ r ,z � PASS C I RCU I T  

CONTACTOR SWI TCH 

NOTE 
TfRM i tiALS 3-�-€-8 
ARE TO BE JUMPERED 
AT RELAY CASE 

TAP 
TERM I NAL I CONNECT ION 

TOP 
M I DDLE 
BOTTOM 

FRONT V I EW 

/ T 7 I I HAR�ON IC RESTRA INT 
U N I T  (HRU ) TOP 

AR I STOR 

OPERAT ING 
TRANSFORMER 
HARMON I C  
RESTR A I NT UN I T  

OPERATING 
TRANSFOR�ER 
D I FFERENTIAL UN I T  

D I FFEREHT I I.L U N  I T  
( OU) BOTTOM 

THROUGH RESTR A I NT 
TRANSFORMER 

CHASS I S  OPERATED 
SHORT ING SWI TCH 
RED HANDLE 
TEST SW I TCH 
CURRENT TEST JACK 
TERM I HAL 

185A037 

Fig 4. Internal Schematic of the Type HU- 1 Relay in FT3 1 Case. For Single 
Trip Relays the Circuit Associated with Terminal 2 is Omitted. 
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TYPE HU AND HU-1  R E LAYS ������������������������-1·_L_· 4_1_�_47_· 1_0_ 

iAUICD Alii .,APS IJlllALMCEO All �PI 

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 move 

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. 

I nd i cat i ng  Contactor  Switch Un i t  ( ICS)  

The d-e indicating cont actor switch is a small 

cl app er-typ e device . . A magnetic armature, to which 

l eaf-spring mounted contacts are attached, is at­

tracted to the m agnetic core upon energization of the 

switch. When the switch cl o ses, the moving con­

tacts bridge two stationary contacts, completing the 

trip circuit. Al so,  during this operation, two fingers 

on the armature deflect a spring located on the front 

of the switch, which allows the op eration indicator 

target to drop. 

The front spring, in addition to holding the tar­

get, provides restraint for the armature and thus con­

trol s the pick-up value of the switch. 

O P E R AT I O N  

The types HU and HU- 1 relays are connected to 
the protected transformer as shown in Fig. 6. In 

such a connection, the rel ays op erate to protect the 

transformer for faults internal to the differential zone 

of the transformer, but not for faults external to the 

znne. Neither do the relays op erate on m agnetizing 

inrush currents asso ciated with energization of the 

tran sformer, even though these currents may appear 

as an internal fault. To avoid these fal se operations, 

each unit of the rel ay p erforms a sep arate function. 

The differential unit ( DU) prevents op eration on 

external faults, while the harmonic-restraint unit 

(HRU) prevent operations on m agnetizing inrush 

currents. Hence, the op eration of the rel ay can best 

be described under the headings of external fault 

current, internal fault currents , and magnetizing in­

rush currents. 

E xtern a l  F au l t  Current s  

The typ es H U  and HU- 1 rel ay s  have a variabl e 

percentage characteristic. This means that the 

operating current required to cl ose the contact of the 

differential unit expressed in p ercent of restraint 

current varies with the m agnitude of the l arger re­

straint current. Fig. 7 and Fig. 8 illustrate this 

characteristic. To use these curves, divide each 

re straint current by the appropriate tap and enter 

the horizontal axis using the 1 arger or 1 argest re­

straint multiple. Then enter the vertical axis, u sing 

the difference of the restraint multipl es. 

With the rel ay connected as shown in the schema­

tic diagram of Fig. 9 a, an external fault causes cur­

rents to fl o w  in the air- gap restraint transforme!'S of 

the differenti al unit. If the line current transformers 

do not saturate and the correct ratio m atching taps 

applied, no effective current flows in the op erating 

transformer of the rel ay. Hence, only a contact­

op ening torque is produced on the differential unit. 

On heavy external faults where a main current 

tran sformer saturates, current flows in the operating 

circuit of the relay. With such a condition, the 

harmonic-restraint unit may or may not clo se its con­

tacts, dep ending upon the harmonics present in the 

fal se op erating current. However, op eration of the 

rel ay is prevented by the variabl e p ercentage· char­

acteri stic of the differential unit, since a l arge dif­

ferential current is required to close its contacts 

during heavy external fault s. 

I n tern al F au l t s  

I n  the case of an internal fault a s  shown i n  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 op erating 

tran sformer and produces an excess of op erating 

tortiUe, and the differential unit op erates. 

In the case of an internal fault fed from one 
source only, the fault current fl ows in one restraint 
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LARGER RESTRAINT CURRENT IN MULTIPLES OF TAP VALUE CURRENT 

Curve 471136 

Fig. 7. Differential Characteristic of the DU Unit of the 

HU and HU-1 Relays at Smaller Values of Current. 

A c tual Operating Current Shown for 15 and 20% 

Mismatch. 

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

Faults normally app ear as an o ffset sine wave 
with a decaying d- e component, and contain very few 
harmonics. As a result, the harmonic-restraint unit 
will op erate during internal faults to permit tripping 
of the rel ay. 

For heavy internal faults, the indicating instant­
aneous trip unit (liT) will operate before the main 
unit. Since this unit is connected to an air gap 
transformer, essentially only the sine wave compo­
nent of an internal fault is applied to the liT 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 . )  is reduced to a first peak of ap­
proximately 14 times tap value (d.c.  component 
absent) on the secondary of the transformer. The 
liT 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 

-.. ... .. .. "" ... ... "" ... c ... 
L ;! 
� .. "' ... ... ... 
;:: ... "" -
!!!: 
,__ -... .. � .. -

18 

It 

4 

� ... 0 
C> 0 

f...-/ -

v 
/ v 

/" 
/ 

/ v 

12  II  20 
LARGER RESTRAINT CURRm IR MULTIPLES OF TAP VALUE CIIIEIT 

Curve 471050 

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 l arge 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. 

Magnet i z i n g  I n ru sh 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 wave s  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-e 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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P ROTECTED 
TRANSFORMER 

87 

(G ) E X T E R NAL FAULT 

-
Is 

PROTECTED 
T 'l A NS F C "! �/ E R  

87 

(b) INTERN�L F� U LT 

Fig. 9. Slmpllllecl Schematic ol the Type HU Relay with Current Distribution lor (a) External Fault (b) Internal Fault. 

its contacts unless the second harmonic content is 
less than 1 5  p ercent of the fundamental component. 

The indicating instantaneous trip unit (liT) 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 liT 
unit. If the inrush has an initial p eak of 16 times 
tap-value current, the air-gap transformer will reduce 
this p eak to approximately 8 times tap value on the 
secondary of the transformer. Since the liT unit is 
set for a p eak value of 14. 1 times tap (r.m.s .  pick-up 
value = 10 times tap), it will not op erate on this 
inrush. 

B reaker M a i ntenance 

Before some of the CT's are bypassed for breaker 
maintenance the trip circuit should be op ened, as 
shown in Fig. 6 .  Otherwise the false-unbalanced 
current will c ause 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"). 

C H A R A C T E R !  S T I  C S  

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

8 

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 p erfect 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 s hould 
be approximately 1 . 0  volts . use Fig. 1 1  if the pickup 
is 0 . 35 times tap. 

Pickup of the harmonic-re straint 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 h armonic-restraint unit are 
selected such that 15% second harmonic will prevent 
operation of the unit. Thi s factor i s  ade quate to 
prevent fal se operation on inrushes. 
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LARGER RES1RAINT CURRENT IN MULTIPLES 

OF TAP VALUE CURRENT 

Curve 471132 

Fig. 1 0. D ifferential Voltage Characteristic of the DU Unit 

of the HU and HU-1 Re lays with a Pic k up of � 
Times Tap. 

The frequency response of the HU and HU· l 
relays is shown in Fig. 13 .  

Tri p C i rcu i t  

The main contacts will safely clo se 30 amp eres 
at 250 volts d- e, and the se al-in contacts of the in­
dicating contactor switch will safely carry this 
current long enough to trip a circuit breaker. 

The indicating contactor switch h as two taps th at 
provide a pick-up setting of 0 .  2 or 2 amp eres. To 
ch ange taps requires connecting the l ead located in 
front of the tap blo ck to the desired setting by means 
of a screw connection. 

S E T T I N G  

To set the relay, c al cul ations must b e  p erformed 
as sho wn under "Setting Calcul ations". After the 
correct tap is determined, connections c an be m ade 
to the rel ay transform ers by pl acing the connector 
screws in the various terminal-pl ate hol es in front 
of the rel ay. Only one tap screw should be in serted 
in any horizontal row o f  taps. 

I n d i c at ing Contac tor Swi tch  ( I CS)  

No setting is required on the ICS unit except the 
sel ection of the 0. 2 or 2. 0 ampere tap setting. This 

6.0 
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LARGER RESTRAINT CURRENT IN MULTIPLES 

OF TAP V ALUE CURRENT 

Curve 47ll35 

Fig. 1 1 . D ifferential Voltage Characteristic o f  t h e  D U  Unit 

of the HU and HU-1 Re lays w ith a Pic k up of 0.35 

Times Tap. 

sel ection is made by connecting the l ead 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-e type WL relay switch, or equiva­
lent, use the 0. 2-ampere tap; for 48 volt DC appl ica· 
tions set relay in 2 tap and use Type WL Relay coil 
S1t304C209G0 1 or equivalent. 
l n d i.cati ng I n stantaneo u s  T r i p  ( l i T ) 

No setting i s  required on the indicating instan­
taneous trip unit. Thi s unit is set at the factory to 
pickup at 10 times tap v al ue current. 

S E T T I N G  C A L C U L AT I O N S  

Select the ratio m atching t ap s. There are no other 
settings. In order to calcul ate the required tap set­
tings an d  check current transformer p erformance th e 
following information i s  re quired. 

R equired I n form ati on 

1 M aximum transformer po wer r ating (K VA)M 
2. M aximum external fault currents 
3. Voltage ratings o f  power transformer ( VH , VI , 

VL) 
4. Current transformer r atios, full tap (NT) 
5. Current transformer " lOL " accuracy cl ass 
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,---- NAil UIIT ,...- IISTANTUEOUS TRIP 
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!!! 
4 \ 

'\ ........... \ 2 -r--..... ........ 

12  18  20  

OPERATII' CURRENT II  MULTIPLES OF TAP  VALUE CURREIT 

Curve 538029 

Fig. 1 2 .  Typical Tripping Time Characteristic (60 Cycle 

C urrents). 

voltage, (or excitation o r  r atio-overcurrent 
curve) 

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

7. Current transformerconnection s ( wye or delta ) 
Defi n i tion s o f  T erm s 

1 0  

Ip = Primary current at (KV A)M 
IR = Rel ey input current at (KVA)M 
IRH' IRL , IRI are same as IR except for high, 
lo w and intermediate voltage sides resp ectivel y. 
Is = CT secondary current at (KVA)M 
TH , TL, T1 = Reley tap settings for high, lo w 
and intermedi ate voltage windings, resp ectively. 

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

Np = N/NT (Proportion of total turns in use) 

NT = Current tran sformer ratio , full tap 

V CL = 10L accuracy class voltage 

Z A = Burden impedance of any devices other 
than the HU or HU- 1 rel ey s, with m aximum ph ase­
to-ph ase or 3-phase current tlo.wing. 
� = Total secondary burden in ohm s ( excluding 
current transformer winding resi stance, except 
when using excitation curve) 

PIUUP Otl VARIABLE FREOUEIICY TYPE tiU UO HU-1 RELAYS 

.. 0 I 
'"' 

" 0 \ \ 
' ./ ....... 

0 10 

0 .. 10 120 160 200 240 210 
FREOUEIICY II CYCLES P£R SfCOIID 

Curve 4 71052 

Fig. 1 3. Typical Frequency Response o f  the HU and 

HU- 1 Relays. 

Cal cul ation P ro cedure 

1. Select current trans former taps, where mul ti­
ratio typ es 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 rel ay continuous rating. 
Also the m aximum external faul t current 
shoul d not exceed 20 times rel ey tap. 

3. Determine Mismatch (Not to exceed 15%) 
For 2 winding b ank s: 

% mi sm atch = 100 
(IRL/IRH) - (TL/TH) 

s ( 1) 

\\h ere S is the sm al l er of the two terms, 
(IRL/IRH) or (TL/TH) 

For 3 winding b ank s: 
(IRH/IRI) - ( TH/TI) 

% mi sm atch = 100 -----::::-----
8 

( 2) 
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TY PE H U  AND HU-1  R E LAYS I . L. 4 1 ·347. 1 0  
------------------------------------------------------

T WO WINDING B A N K  

6 9 K V  

y 

T H R E E  WINDING BANK 

1 6 1 KV 'q, L:.  q_ 6 9 KV 
6 

1 2 00/5 
MR 

I O L 2 0 0 

600/5 
M R  

IOL200 

1 2 0 0/5 600/5 
M R  30/4 0 1 M R  

16/ 2 0  MVA I O L 8 0 0  M VA I OL 20 0  

L O W  H I G H  

(KVA) M = 2 0,000 (KVA) M = 20,000 

(KVA)s = 16,00.0 (KVAls = 1 6,000 

VL = 1 2 ,400 VOLTS VH 6 9 ,000 

NT = 240 TURNS N T  1 2 0  

VeL= 200 VOLT S VC L 
= 2 00 

R L • 0.4 OHMS RL 0. 4 

DE LTA eT W Y E  eT 

H I G H  

(KVA)M = 4 0,000 

(KVA)S = 30,000 

VH 161,000 

NT 2 40 

Ve L 800 
RL = 0.5 
D E LTA e T 

7.5/10 
M VA 

1 2 .4 K V  

I N TERME D I ATE 

(KVA) M 
= 4 0,000 

(K VA)S = 30,000 

vr 69,ooo 
N T = 120 

VeL = 200 

R L = 0.5 

DELTA e T 

L O W  

(KVA)M = 1 0,000 

(KVA) s = 7,500 
VL 12,400 

N T  240 

Ve L 200 

R L 0.5 
W Y E  eT 

289B412 

Fig. 1 4 .  Example for Setting Calculations. 

where "S" is the sm aller of the two term s, 
(IRH /IRI ) or (TH/T1 ) . 

Equatio n s  simi! ar to eq. ( 2) ap ply for mis­
m atch from the high to l ow and from the inter­
medi ate to lo w voltage windings. 

W here tap changing under load is performed 
t he relays s ho uld be set on the basis of the 
middle or neutral tap posi tion. The total mis­
mat ch, including t he automatic tap change 
s hould not ex ceed 15% w it h  a 30% se nsitivity 
relay, and 20% w it h  a 35% sensitivity relay. 
N ote from Fig. 7 t hat an ample safety margin 
exists at t hese levels of mismatch. 

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

A less accurate, but s atisfactory method is 
to utiliz e the ASA relaying accuracy cl assi­
ficatio n. If the 10L accuracy is used, perform­
ance will be adequate if: 

Np V CL is greater than ZT 
100 

For wye- connected CT: 
ZT = l ead resistance + rel ay burde n + ZA 

= 1. 13 RL + 0 · 15 + ZA ohm s 
T 

( 3) 

( 4) 

(RL multiplier, 1. 13, is used to account for 
0 . 15 

temperature ri se during faults. � i s  an 
appro ximation, where T = rel ay tap. 

ZA is any additional burden, when maximum 
external 3-p hase faul t curren t  is flowing). 
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TY P E H U AND HU-l R E LAYS ________________________________________________ ___ 

TYPE HU AIID HU-l iiEUYS 

(FROIT VIEW) 

OPTHlMAl lEAD 
COIIIIECTION FOR 
TYPE HU-1 RELAY 

}" '· '·'· 

290B50El 

* F ig. 15. Test Circuit of the HU and HU- l R elays. 

12 

For delta- connected CT : 
0 . 15 Zy = 3 ( 1. 13 � +T + ZA) ohm s 

( 5) 

(The factor of 3 accounts for conditions 
exi sting during a phase-to-phase fault. Z A 
is any addition al burden, when m aximum 
extern al phase to phase fault current i s  
flo wing) 

5. Examples 

Refer to p ages 13 and 14 and figure 7 4  for 
setting examples. Note in both exampl e s  that 
the 8. 7 tap was selected as the first step in 
sel ecting rei ay taps. If a lo wer tap such as 
tap 5 h ad been the first sel ection, a proper 

b al ance woul d h ave been impo ssibl e. On p age 
12 for the two winding b ank , 
I RL 8 . 0 5  

-- = -- = 1 . 9 2. With tap 5 for the lo w side 
IRH 4. 18 
the m aximum current ratio that can be m atched 

by the taps is 
2� 9 = 1. 73 . With tap 8. 7 select­

ed for the low side, a 3 to 1 current ratio can 
be matched. On page 13 for the three winding 
bank, 

IRL 
= 3.0 2  

1RH 

Thi s current r atio can b e  accommodated by 
the 8. 7 & 2. 9 t ap s  without excessive !'lis­
match. 

I N S T A L L A T I O N  
The relays should be mounted on switchboard 

panel s or their equivalent in a location free from 
dirt, moisture, excessive vibration, and heat. Mount 
the relay vertically by means of the four mounting 
hol es on the fl ange for semi-flush mounting, or  by 
means of the rear mounting stud or stud s for pro­
j ection mounting. Either a mounting stud or the 
mounting screws may be utilized for grounding th e 
rel ay. The el ectrical connections may be made di­
rectly to the terminal s by means of screws for steel­
panel mounting or to the terminal studs furnishe d  
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 . 
4 1-076. 

A DJ U STM E N T S  AN D M A I N T E N A N C E  
The proper adj ustments to insure correct opera­

tion of thi s relay have been made at the factory and 
should not be di sturbed after receipt by the customer. 

Acceptan c e  Tests 

The following ch eck i s  recommended to insure 
that the relay is in proper working order. All checks 
can best be performed by connecting the relay per th e 
test circuit of Fi g. 15.  Rel ay 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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TY P E H U AND HU-1 R E LAYS ������������������������-'-· L_._4_1 ·_U_7_. l o  

1 .  Select CT Ratio: 

(KVA)M _ 

v /3 -

1000 

Select Ratio 

2. Select Relay Taps: 

I 
I - -.E ­
S - N -

Select Tap 

Desired Tap 

3. Determine Mismatch: 
% Mismatch = 

100 
(IRL/IRH) - (TL/TH) 

= 
TL/TH 

4 .  Check CT Performance: 

Np VCL 

100 

TWO-WINDING T RANSFORM E R  CALCULATIONS 

(See Figure 14) 

L O W  

20,000 = 930 Amp . 
1 2 . 4  13 

1000/5 (N = 200) 

930 
200 = 4 . 65 Amp . 

IRL = 4 . 65 fi= 8 . 05 Amp . 

H I G H 

20,000 = 1 6 7  Amp , 
69 13 

200/5 (N = 40) 

1 67 
40 = 4 . 18 Amp . 

IRH = 4 . 18 Amp , 

( 8. 05 /4 . 18) - (8.  7/4 .6)  
100 ����.,.----��� 

8. 7/4 . 6  

0 . 45 
3 . 4  RL + �- = 

T 
0.45 

1 .92 - 1 . 89 
100 -��-���- = 

1 .89 
1 . 6% 

0. 15 
1 . 13 RL + -- = 

T 
0. 15 

3 . 4  X 0 . 4  + �- = 1 . 36 + 0. 05 = 
8 . 7  

1 . 13 X 0.4  + �-= 0 . 45 + 0 . 03 = 
4 . 6  

1 . 4 1  ohms 

200 
240 = 0.833 

0 . 833 X 200 
100 

Yes 

1 . 67 

0 . 4 8  ohms 

40 
120 = 0 . 333 

0 . 333 X 200 
�--- = 0. 67 

100 

Yes 
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TYPE H U AND HU-1  R E LAYS ________________________________________________ __ 

14 

1 .  Select CT Ratio: 

I 
_ (KVA)M p - vra 

1000 
Select Ratio 

2 .  Select Relay Taps: 
lp 

Is =N= 

IR (At 40 MVA) == 

Select Tap 

Desired Tap 

Select Tap 

3 .  Determine Mismatch 

% Mismatch 

4. Check CT Performance 

THREE-WINDING TRANSFORMER CALCULATIONS 
(See F igure 1 4) 

H I G H  

40,000 
-------;=;;== 143 Amp. 
161v 3 

400/5 (N == 80) 

143 
--== 1 .78 Amp. 
80 

IRH == 1 . 78 /3 

== 3 .08 Amp . 

3 .08 
TH == 8 .7 --

9.30 

== 2 .88 

TH == 2.9. 

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

(3.08/ 4 .82)-(2 .9/ 4 .6) 
100 2.9/4 .6  

0. 64Q-O. 630 
100 

0.630 

1 .6% 

0.45 3.4 RL + -- == 
T 
0.45 

3 .4 X 0.5 + -- == 
2.9 

1 . 70 + 0. 16 = 

1 .86 ohms 
80 

--== 0.333 
240 

800 X 0.333 
2 . 67 

100 

Yes 

I NT E R M E D IAT E 

40 ,000 
---r;;: == 334 Amp . 
69v 3 

600/5 (N == 120) 

334 
-== 2.78 Amp. 
120 

IRI == 2. 78 /3. 

== 4.82 Amp. 

4 .82 
T1 == 8 .7 --

9.30 

== 4.52 

T1 == 4.6 

100 
(IRI/IRL)-(TI/TL) 

(IRI/IRL) 

100 (4 .82/9.30)-(4 .6/8. 7) 
4.82/9.30 

0.518-0.528 
100 

0 .518 

-1 .9% 

0.45 
3.4 RL + --

== 
T 
0.45 

3.4 X 0.5 + -- == 
4.6 

1.70 + 0. 10 = 

1 .80 ohms 
120 

- ==  1 .0  
120 

200 X 1 .0 
== 2.0 

100 

Yes 

L OW 

10,000 
---------,;::- == 465 Amp. 
12.4V 3 

1000/5 (N == 200) 

465 
- == 2.32 Amp. (At 10 
200 MVA) 

40 
IRL = - X  2.32 

10 
== 9.3 Amp . 

TL == 8 .7 

100 (IRL/1RH)-(TdTH) 
TL/TH 

100 (9.3/3.08)-(8. 7/2.9) 
8. 7/2. 9  

3.02-3.00 
100 

3.00 

0. 67% 

0 . 15 1. 13RL + --== 
T 

0. 15 
1 . 13 X 0.5 + ---

8.7 

0.565 + 0 .02 = 

0.58 ohms 
200 

--= 0.833 
240 

200 X 0. 833 
1 .67 

100 

Yes 

�' 

�, 
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TYPE HU AND HU-1 R ELAYS ������������������������1-· L_. _41_�_4_7._1 o_ 

...... ......... •r-+-;--r-+�--+-+-�-+��� 

1 =: '�o-c-· -------A,-1>-\"r<> 1--t--+-+� 

lu. II AIPEIU 
Curve 47lo47 

Fig, 16 Variation ol Second Harmonic Content ol Test 

Current. 

amper es for the 35% s ensitivity relay.  Relay should 
operate. The upper polar unit may operate for lower 
currents, but no.t 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 pol ar unit. If a higher p ickup 

is desir ed ,  it is suggested that 20 times tap value 
current be applied to relay terminals 3 & 7. This will 
cause the upper polar unit to pick up at a current of 
approximately 1 . 65 amperes . 

2. Indicating instantaneous Trip Pickup. With 
switch open and rel ay set on 5 anJpere tap, apply 
50 an�peres to rel ay. Indicating instantaneous trip 
should pick up and its target should drop freely. 

The cont act gap should be approximately 0.094 
inch between the bridging moving contact and the 
adj ustabl e stationary contacts. The bridging moving 
cont act should touch bo th stationary contacts simul­
taneously . 

3. Indi cating Contactor Switch. Blo ck Polar unit 

contacts clo sed. Pass sufficient direct current thro ugh 

th e trip circuit to clo se the contacts o f  the ICS. Thi s 

value o f  current shoul d not be greater than the p artic­
ular ICS tap s etting b eing used. The op eration ind�­
c ator target sho uld 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 

C lose switch to position 1. Set lac to zero and 
adjust ILR to 10 amperes. Increase l ac to 2.8 amp­
eres . If the lower polar unit does not operate with 
lac = 2.8 amperes and I LR = 12.8 amperes. lower 
I LR current. The lower polar unit should operate 
b etween the following limits :  

lac = 2.8 to 2.95 amperes 
ILR = 1 1 . 8  to 12 .8  amperes 

b. 35% Sensitivity relay 

Close switch to po sition 1. set lac to zero and 
adjust I LR to 9 amper es. Increase I ac to 2 . 8  amperes. 

If the lower polar unit does not operate with lac = 2.8 
amperes and IL R  = 1 1 . 8  amperes,  lower I LR current. 
The lower polar unit should operate between the fol­
lowing limits: 

lac = 2.8 amperes 
ILR = 10.8 to 1 1 . 8  amperes 

5. H armonic Restraint Characteristic. Clo se 
switch to position 2. Slort out IL R  an�meter. Set 
Ide to 4 amperes and adjust lac until upper polar unit 
operates. lac should read between 6.5 and 9 amperes. 
As shown in Fig. 1 6 ,  these values of alternating 
current correspond to 17 percent and 14 percent 
second hannonic. 

* In Serv ice  Test 

Tabl e 1 is to b e  used as an in- servi c e  check of 
the HU or HU- 1 rel ay u sing any tap combination. 
The relay should be connected as shown in fi g. 1 5  

with the S . P  .0.  T .  switch in p o sition 1 .  The ammeter 

lsR measures the smaller restraint current and should 
be connected to th e terminal associated with the tap 
block of the small er setting. The ammeter IL R 
m easures the l arger restraint current, and shoul d b e  
connected to the terminal asso ci ated with the l arger 

tap block setting. Terminal 5 supplies the upp er tap 
block;  terminal 7 supplies  the s econd tap block;  and 

terminal 9 ( HU- 1 only) supplies the lower tap block 

(refer to fig s. 1 and 4). 

Tabl e 1 gives the values o f  I AC necessary to 
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TY PE H U AND HU- 1 R E LAYS ____________________________________________________ _ 

operate the relay when using a value o f  IsR equal to 

3 ti mes 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 val ue 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 

TABLE 1 

Restraint 
Transformer Larger 2.9 3. 2 3 . 5  

Tap 

setting l sR should be co nnected to the upper tap 

block ( Term. 5) ,  and ILR should be co nnected to 
Terminal 7. Fro m Table 1 under "Restraint Trans­

former tap: Larger" = 5.0 "Smaller" = 3 . 5, set IsR = 

10 . 5  amps. The value of lAC to operate the relay 

should be between 8 . 3  and 9 . 2 amps. 

To check the third restraint winding o n  the HU-1 

repeat the above procedure using termi nal 9 and 

either terminal 5 or 7. 

3.8 4. 2 4. 6 5 . 0  8 . 7  

Smaller CURREN T IN AMPERES 

ISR 8 o 7  8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  5 . 8  
2.9 lAC (Min.)  2. 6 3 .7  5.0 5.8 7.8 9 . 0  10. 4 16. 2 

lAC (Max. ) 2.8 4 . 0  5. 5 6 . 4  8 . 6  10.0 1 1 . 6  17.9 

ISR 9 . 6  9 . 6  9 . 6  9 . 6  9 . 6  9 . 6  6 . 4  
3. 2 lAC (Min) 2 .. 7 4 . 0  4 . 9  6 . 9  8 . 1 9 . 6  15.7 

lAC (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 lAC (Min) 3.0 3 .8  5 .7  6 .9  8 . 3  14. 5 

lAC (Max) 3. 3 4 . 2 6 . 3  7 . 7  9 . 2 16. 1 

ISR 1 1..4 1 1. 4  1 1..4 1 1. 4  7 . 6  
3 . 8  lAC (Min) 3 . 2  5 . 2  6 . 5  7. 9 14. 1 

lAC (Max) 3 . 6  5 . 7  7. 2 8 . 7  16.0 

ISR 1 2. 6  1 2 . 6  1 2 . 6  8 . 4  

4. 2 lAC (Min) 3. 5 4. 7 6 . 2 1 2. 9  
lAC (Max) 3.9 5. 2 6 . 9  14. 2 

ISR 13.8 13 .8  9 . 2 
4 .6  lAC (Min) 3 . 9  5 .. 3 12 . 4 

lAC (Max) 4 .. 3 5 . 9  13.7 

ISR 15.0 10. 0  
5.0 lAC (Min) 4. 3 1 1. 6  

lAC (Max) 4.8 1 2. 9  

ISR 17. 4 

8 . 7  lAC (Min) 5.0  
lAC (Max) 5 . 5 
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Ro u ti n e  M ai nten an ce 

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

All contacts should be periodically cl eaned. A 
contact burnisher styl e 1tl8 2A836H0 1  is recommended 
for this purpose. The use of abrasive material for 
cleaning contacts is not recommended, because of 
the danger of embedding sm all particl es in the face 
of the soft silver and thus imp airing the contact. 

C a l i b rati o n  ( A l l  R e l a y s )  

Use the following procedure for calibrating the 
rel ay if the relay has been taken apart for repairs or 
the adj ustments di sturbed. This procedure should 
not be used until it is apparent that the rel ay is not 
in proper working order. All adj ustments to be done 
with rel ay inside its case. (See "Acceptance Check ") 

Polar Unit s 
1. Contacts. Place a . 060 to . 070 inch feeler 

gage between the right hand pol e face and the arma­
ture. Thi s 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.Pl ace 
gage between moving co ntact and the stationary con­
tact on the l eft-hand side of the pol ar  unit. On th e 
upper unit, the gap shoul d be . 046 inch and on the 
lo wer unit the gap shoul d  be . 065 to . 070 inch. Bring 
up the stationary contact until it just makes with th e 
gage and lock in place. 

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

Connect the rel ay per test circuit of Fi g. 15. 
With the switch open, ;Jass lac = 20 times tap value 
current into the relay. Thi s  current should be ap ­
p lied for a very short period of time and it sho uld be 
suddenly interrupted. Adj ust right hand shunt on up­
per pol ar unit until it trips with lac = 33% of tap 
val ue amperes.  Lower lac gradually to 15% of tap 
val ue current and adj ust l eft-hand shunt until uni t  
resets. Rep eat these steps, if  necess ary, unti l the 
unit operates at 33% or sl i ghtly l o wer of tap value 
current immedi ately fol lowing the app li cation of  20 
time s tap value current and until the unit resets at a 
val ue of current 15% of tap value or �reater. After 
the dropout h as been measured, the unit should p ick 
up at 25% or higher of tap val ue current. 

On the appl ication of the high current, the upper 
pol ar unit will be biased in the restraining direction 
and pickup will be greater than the nominal val ue of 
30% of tap value current on the first application of 
pickup current. If the circuit is deenergized and pick­
up is measured again, the pickup current will be less 
than before. However, pickup will be stabl e after 
the second application of pickup current. If 20 times 
tap v!il ue current is applied again, the pickup im­
mediately after apply.ing thi s current will be high. 
However, measuring the pickup the second time will 
show that the pickup is again reduced. The vari ation 
between these pickups shoul d  be between 259(; and 
33% of tap value current. 

The filter circuits are charged by the application 
of thi s heavy current and upon the remo val of the cur­
rent, these circuits will discharge their energy. The 
el ement will be biased in the restraining direction 
because th e 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 b� 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 re<iuc ed with 
the second application of pick up current, but the 
current will be stabl e after thi s energization. Ho w­
ever, thi s val ue of pickup will be lower than th e 
limits of 25% and 33% of tap value current. Thi s  is 
in the direction of making the sensitivity of the pol ar 
unit lower than 30%, but doe s  not impair the per­
formance of the unit on inrush currents. 

b. Differential Unit (DU) 

set the adj ustabl e  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 lac 
= 30% of tap value amperes.  Lower I ac gradual ly to 
15% of tap value current and adjust l eft-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 1 5% 
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TYPE H U AHD HU-l R E LAYS--------------------------------------------------

Indicating Instantaneous Trip Unit (liT) 
With switch open, pass lac = 10 times tap value 

current . Adjust core of the instantaneous trip unit 
until it picks up. Its target should drop freely, 

The contact gap sho uld be approximately 0. 094 

inch between the bridging moving contact and the 
adjustabl e 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. Adj ust direct current until Ictc reads 0 . 8  
times t ap  setting. Gradually increase alternating 
current until upper polar unit operates with lac 
reading between 1 . 3  and L 8  times tap s etting. 
The p ercent second harmonic in the wave may be 
derived by the use of the formula: 

4 7  Ictc 
% second harmonic =1 + 1 1 1  1 ac · de 

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

Percentage Slope Characteristic (DU ) 

C lose switch to position 1 .  Set I ac to zero and 
I LR to 5 . 5  times tap value current. Then adj ust lac 
t o  4 times tap value current. 

Adjust resi stor at top of relay until lower polar 
unit operate(> .  Interchange lead positions to terminals 
5 and 7 and repeat the above test. The lower polar 
unit should operate between the limits of: 

lac = 4 times tap value current 

ILR = 9 to 10 times tap value current 

Trip condition can best be determined by holding 

lac at 4 times tap value current and varying I LR· If 
ILR is too low the contacts will be closed when the 
currents are first applied. Hence,  I LR should be in­

creased until t he contacts open and then decreased 
until contacts close.  

The adj ustment of the resistor will  have some 
effect on the pickup of the unit .  Hence, recheck the 
pickup. If neces sary readjust s hunts to obtain a pick­

up of 30% of tap value current and dropout of 1 5% or 
greater of tap value current. If shunts are changed, 

1 8  

chec k  t o  see that above readings are obtained on 
the higher re straint currents. If necessary readjust 
re sistor and repeat procedure until the unit operates 
within the specified limits. 

Apply I ac = . 56 times tap value and vary ILR 
until lower polar unit operates. The lower polar unit 

should operate between following limits.  
I LR = 2.36 to 2 . 5 6 tim es tap value current. 

Indicating Contactor Switch (ICS) 

Blo ck polar unit contacts clo s ed. Pass suffi­
ci ent direct current through the trip circuit to clo se 
the contacts of the ICS. This value of current shoul d 
be not greater than the particul ar tap setting being 
used. The operation-indicator target shoul d  drop 
fre ely . 

The contact gap should be approximately 0.047 
inch between the bridging moving cont act and th e  
adj ustabl e stationary contacts. The bridging moving 
contact shoul d touch both stationary contacts si­
multaneously. 

Calibration (3 5%-Sensiti vity Relays) 

The differential unit (DU) should first be c ali­

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 ac -= . 45 times tap value current 
ILR = 1. 64 times tap value current 

This chang es the percentage slope curve of the 

relay to that shown by the 35 p ercent sensitivity 
curve of figure 7. Pickup of the relay is increased 
from 30% to approximately 3 5% of tap value current 
ahd 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 i n  figure 7 ,  t he margin of safety be­
tween the relay c alibrated for a 35% sensitivity and 
the 20% mismatch curve is  the same as that of  the 

relay calibrated for a 30% s ensitivity and the 1 5% 
mismatch curve. This margin of s afety is also shown 
in the voltage differential characteristic of figure 1 1  
for the 35 percent sensitivity relay. 

E l e ctri c al Check po i n t s  

Differential Unit 
a. Restraint Circuit 
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TYPE HU AND HU- 1 R ELAYS 

Apply two times tap-value current succe ssive­
ly to each restraint transformer. This is done by con­
necting l eads 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 Rhould be measured from 
the l eft-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 tabl e: 

Current 
in Term. 

5 
7 
9 

b. Operating Circuit 

Associated Rectifier Bridge 
(Rear View) 

HU HU- 1 

Center 
Right Hand 

Center 
Left Hand 
Right Hand 

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 terminal s). The voltage 

I . L. 4 1 -347 . 1 0 

should be about 5. 3 volts. 

H ar m o n i c  R e stra i nt U n i t  ( H R U ) 

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 ( See Fig. 2 for location) :  

1 .  Output of operating transformer 
(top coil terminals) 

2. 4 mfd. cap acitor 

3. 0 . 45 mfd. cap acitor 

4.  Operating-rectifier bridge 
(l eft-to right-hand corners) 

5. Restraint-rectifier bridge 
(l eft-to right-hand corners) 

6. Series Filter- Reactor 

R E N E W A L  P A R T S  

4 . 0  volts 

2. 5 volts 

3. 9 volts 

2. 5 volts 

0. 6 volts 

0 . 2  volts 

Repair work can be done most satisfactorily at 
the factory. However, int erch angeabl e parts can be 
furnished to customers who are equipped for doing 
repair wo rk. When ordering parts, al way s  give the 
complete namepl ate d at a. 
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TY P E H U AND HU-1  R ELAYS __________________________________________________ ___ 

Unit 

Harmonic Restraint 

Differential 

Indicating Contactor 
Switch 

20 

APPROXIMATE R E SISTANCE VALUES OF COMPON ENTS IN H U  R E LAY 

Circuit 

Operating 

Restraint 

Operating 

Restraint 

Trip 

D e s c rip t ion  

Transformer ( Primary tap s 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 700 Volts, 600 Milliampere Silicon Diodes 
Indicating Instantaneous Trip Unit 14 to 16 ohms. 
Pol ar Unit Coil d.c. Resistance 80 to 100 ohms.  
Series Reactor d.c. Resistance 1 10 to 130 ohms. 
P arallel Reactor d.c.  Resistance 300 to 360 ohms . 
. 45 MFD Capacitor. 
Rectifier 200 Volts , 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c.  Resistance 650 to 800 ohms. 
Varistor 100 , 000 ± 10% at 10 V.D.C. 4000 ± 25% at 30 V.D.C. 
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 3Y:z inch 280 ohm Resistor 
Rectifier 700 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c. Resistance 75 to 10(} ohms. 
Transformer (Primary taps 8 . 7 ,  5, 4. 6 ,  4. 2,  3 . 8 ,  3 . 5 ,  3 . 2,  2 .9)  
Rectifier 2(}0 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c. Resistance 60 to 1 10 ohms. 
0. 2 Amp ._ tap 6 .5  ohms d. c. 
2.0 Amp . tap 0. 15 ohms.d.c.  
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ENERGY REQUIREMENTS 

B urden of E a c h  R e stra int  C i rcu i t  

P ower at 

Cont inuous F a ctor tap v a l u e  

T a p  R at i ng Ang l e  () c urrent 

2. 9 10 7 1  . 88 
3. 2 12 70 . 89 
3 . 5  1 3  66 .90 
3. 8 14 65 . 9 1  
4. 2 1 5  58 .9 1 
4.6 16 5 7 . 5  . 9 1  
5.0 18 5 2. 5  . 9 2  
8 .7  22 30 1 . 28 

B urden of Operating C i rcu i t  

P ow er at 

Conti nuous  F actor tap v a l ue 

T a p  R at ing  Ang l e  () c urrent 

2.9 10 35 2. 26 
3 . 2  1 2  34 2 . 30 
3 . 5  1 3  3 3  2 . 30 
3 . 8  14 33 2 . 30 
4 . 2  1 5  3 1  2. 30 
4 . 6  16 30 2 .40 
5.0 18 29 2. 50 
8 .7  22  23 3. 18 

() Degrees current lags volta�e at tap value current 

t Voltages taken with Rectox type voltmeter 

* Therma l  R at ing  

One Second 300 amp eres 

volt  amperes  t 
at 8 t imes  

tap  va lue  

c urrent 

50 
5 1  
5 1  
5 3  
53 
5 5  
59. 
94. 

volt ampere s t 
at 8 t imes  

tap v a l u e  

c urrent 

76 
78 
8 1  
83 
84. 
88. 
9 2. 

13 2. 

at 20 t i m e s  

tap va lue  

c u rrent 

19 1 
2 1 1  
203 
2 20 
235 
248 
280 
340 

at 20 t imes  

tap  val ue 

cu rrent  

487 
499 
504 
547 
554 
598 
640 
850 

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely 
proportional to the square of the current. 
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Fig. 1 7. Outline and Drilling P lan of the Type HU an� HU-1 Relays in the FTJ J  Case. 
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Westinghouse I . L .  4 1 -347. 1 H  

INSTALLATION • OPERATION • MAI'NTENANCE 

I N S T R UCTIONS 
TYPES H U AND HU-1 

T RANSFORMER DIFFERENTIAL RELAYS 

C A U T  I 0 N 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 op erate the relay to check the 
settings and electrical connections. 

A P P LI C A T I O N  

The typ es H U  an d HU- 1 relay s  are high- speed 
single phase relays used in the di fferential prot ec­
tion of t ran sformers.  These r elays can b e  appli ed 

where the magn etizing inrush current to the t rans­
fo rmers is severe.  

Current transformer ratio error should not 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 associ ated rows of taps; wherea s ,  the HU relay 
h as 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 te(tiary is  not loaded. 

Both the HU or the HU-1 are available with a 
s ensitivity of eit her 0 .30  or 0 . 3 5  times tap. The 30%­

senslHvity -relay--;atisfactorily handles up to I5% 
mismatch ( e . g .  ± 10% transformer tap changing plus 
5% CT mi smatch). 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 r elays may b e  recalibrated in the field to 
obtain either charact eristic .  

Ordinarily the  30%-sensitivity relay will  suffice ;  
however, where C T  mi smatch is abnormally high or 
where the transformer tap-changing range exceeds 
± 1 0%, this calibration may be too sensitive. 

SUPERSEDES  I . L .  4 1 -347. 1 G  
*Denotes change from superseded i s s u e .  

C O N ST R U C T I O N  

The typ es HU and HU- 1 relays consist o f  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 Figs. 1 to 4. 

D i fferent i a l  U n i t ( D U )  

The differential unit o f  the HU relay consists of 
two air-gap restraint transformers, three full-wave 
rectifiers, saturating op erating-transformer, and a 
d-e 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. 

Harmon ic - R e stra int  U n i t ( H R U) 

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 i n st antaneous trip unit, varistor, and a d-e 
polar unit. 

Taps are also incorporated in this unit to com­
p ensate for mismatch of the line current transformers. 
Changing a tap on the restraint transformer of the 
differential unit al so changes the tap of this unit. 
Pola r  U n it 

The polar unit consists of a rectangular shaped 
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TY P E H U AND HU-l R E LAYS __________________________________________ _ 

2 

........ --- OPERATING CKT. RESI STOR (DU) 

..,.._ __ HARMONIC RESTRAINT UNIT 
(HRU) 

...-- DI FFERENTIAL UNIT (DU) 

TAP BLOCK 

RESTRAINT TRANSF. 1 
RESTRAINT TRANSF. 2 

- RESTRAINT TRANSF. 3 (HU- 1 ONLY) 

RESTRAINT TRANSFORMERS (DU) 

INDICATING CONTACTOR SWITCH 
(ICS) 

INDICATING INSTANTANEOUS TRIP 
( l iT) . 

.........__� TO RESTRAINT TRANSF. 3 (HU- 1 ONLY) 
� --.._ TO RESTRAINT TRANSF. 2 

�TO RESTRAINT TRANSF. 1 

Fig. l. Type HU- 1  Relay - Front View. 
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TYPE HU AND HU-1 R E LAYS ______________ �------------------------
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PARALLEL FILTER-REACTOR (HRU} 

SERIES FILTER-REACTOR (HRU} 

OPERATING TRANSF. (DU} 

OPERATING TRANSF. (HRU) 

RECTIFIER ASSEMBLY 

TO OPERATING COIL (- POINT) I TO RESTRAINT COIL  (- POI NT) ( HRU 
-- VARI STOR ) 

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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I N D I CA T I � G  INSTANTANEOUS TR I P  I I  IT) .. � .. ��"' l � '"""�"" ..... BLOCK C I R CU I T  I SECOND HARMON I C  
I ND I CAT I N G  � z PASS C I RCU IT 
CO�TACTOR SWITCh II�l I a.::.:;( HARMON I C  RESTRA I NT 

UN IT (HRU) TOP 

HCTE 

VAR I STOR 

� --it OPERAT I IIG lf;r.:::=::HJ.j� Jj ::::::::·:., TRANSFORMER 
D I FFERENTIAL UN I T  

D I F FERENTIAL UN I T  ( JU )  BOTTOM 

JfTHROUGH RESTRAI NT Ill\ jll' 11111� lf!J!� �· TRAHSFORr�Ei! 

CHAS S I S  OPE<ATE) ---., r SHORT I NG SWITCH 

FRONT W I EW 

RED HANDLE 
TEST SWI TCH 
CURRENT TEST JACK 
TERMINAL 

185A036 
Fig, 3. Internal Schemati c of  the Type HU Relay in FT31 Case. For Single 

Trip R elays the Circuit A ssociated with Terminal 2 is Omitted. 
184A762. 

I N D I CAT ING INSTANTANEOUS 
INTERNAL SCHEMAT I C  TR I P  ( l i T )  

SECOIID HARNOl iC \ �� FUNDAMENTAL BLOCK 
BLOCK C I RC U I T  I I 2 SECOND HARMON I C  
IND ICAT I NG I A 1 1  I\ ! 77 I PASS C I RCU I T  

CONTACTDR SWITCH 

NOTE 
Tf�MniALS 3-�-€-8 
ARE TO BE JUMPERED 
AT RELAY CASE 

TAP 
lUM I NAL I CO�NECTION 

TOP 
MIDDLE 
BOTTOM 

/ T 7 I I HAR�ON I C  RESTRA INT 
UN I T  (HRU) TOP 

AR I STDR 

OPERAT I N G  
TRANSFORMER 
D I FFERENT I AL UN I T  

D I FFEREhT I I.L UN I T  
( DU )  BOTTOM 

jill II'' qijlllj' '11�111 'lfllllj l I I  a;::�.��:"" 
� I �� CHASS I S  OPERATED 

FRONT V I EW 

SHORT I NG SWITCH 

TEST SW I TCH 
CURRENT TEST JACK 
TERM I hAl 

185A037 

Fig. 4. Internal Schematic of the Type HU- 1  Relay in FT31  Case. For Single 
Trip R elays the Circui t  A ssociated with Terminal 2 is  Omitted, 
184A736. 
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TYP E  H U  AND HU- 1 R E LAYS ________________________ _:.:L:.::L.:...- 4=-.:1..:-34=.7:..:.- .:..:..:.l H  

SIIUII T 

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 move 
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. 

I nd i cat i n g  Contactor Sw i tch U n i t  ( I C S) 

The d-e indicating contactor switch is a small 
clapper-typ e 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 switch closes, the moving con­
tacts bridge two stationary contacts, compl eting the 

trip circuit. Also, during thi s op eration, two fingers 
on the armature defl ect a spring located on the front 
of the switch, which allows the op eration indicator 
target to drop. 

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

O P E R AT I O N  

The typ es HU and HU- 1 relays are connected to 
the protected transformer as shown in Fig. 6. In 
such a connection, the rei ays 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 rel ays op erate 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 rel ay performs a sep arate function. 
The differential unit ( DU) prevents operation on 
external faults, while the harmonic-restraint unit 
(HRU) prevent operations on magnetizing inrush 
currents. Hence, the op eration of the rel ay  can best 
be described under the headings of external fault 
current, internal fault currents , and magnetizing in­
rush currents. 

E xtern al F au l t  Curren t s  

The types H U  and HU- 1 rel ays have a variabl e 
perc�e--characteristic. This means that the 
operatirii ctirrent required to close the contact of the 
differenHai unit expressed in percent of restraint 
current varies with the magnitude of the l arger re­
straint current. Fig. 7 and Fig. 8 illustrate this 
characteri stic. To u se these curves, divide each 
restraint current by the appropriate tap and enter 
the horizontal axis using the l arger or l argest re­
straint multiple. Then enter the vertical axis, using 
the difference of the restraint multipl es. 

With the relay connected as shown in the schema­
tic diagram of Fig. 9 a, an external fault causes cur­
rents to flow in the air-gap restraint transformei's of 
the differenti al unit. If the line current transformers 
do not saturate and the correct ratio matching tap s 
applied, no effective current flows in the op erating 
tran sformer of the rel ay. Hence, only a contact­
opening torque is produced on the differential unit. 

On heavy external faults where a main current 
tran sformer saturates, current flows in the operating 
circuit of the rel ay. With such a condition, the 
harmonic-restraint unit may or may not close its con­
tacts, depending upon the harmonics present in the 
fal se op erating current. However, op eration of the 
rel ay is prevented by the vari abl e percentage· char­
acteristic of the differential unit, since a I arge dif­
ferential current is required to close its contacts 
during heavy external fault s. 
I n tern al F au l t s  

In the case o f  an internal fault as shown in Fig. 
9b, the restraint of the differential unit is proportional 

to the l argest restraint current flowing. The sum of 
the two restraint currents flows into the op erating 
transformer and produces an excess of op erating 
tortltle, 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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TYP E  HU AND HU-1  R E LAYS _________________________ 
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LARGER RESTRAINT CURRENT I N  MULTIPLES OF TAP VALUE CURRENT 

Curve 471136 

Fig. 7. Differential Characteristic of the DU Unit of the 

HU and HU-1 Relays at Smaller Values of Current. 

A ctual Operating Current Shown for 7 5 and 20% 

M ismatch. 

transformer and the operating transformer. An excess 
of op erating torque is produced on the differential 
unit and it op erates. 

Faults norm aJly app ear as an offset sine wave 
with a decaying d- e component, and contain very few 
harmonics. As a result, the ha'!'monic-restraint unit 
will op erate during intemaJ faul ts to p ermit tripping 
of the rel ay. 

For heavy internal faults, the indicating instant­
aneous trip unit (liT) will operate before the main 
unit. Since this unit is connected to an air gap 
transformer, essentially only the sine wave compo­
nent of an internal fault is applied to the liT 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 . )  is reduced to a first peak of ap­
proximately 14 times tap value (d.c.  component 
absent) on the secondary of the transformer. The 
liT unit will just operate on this wave since it is set 
to pick up at a p eak 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 

� 18 
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;::: -' = 
,. 

:!' 
.... 
-
... 
.. .. 
= .., 
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LARGER RESTRAINT CURRENT IN MULTIPLES Of TAP VALUE CUIIEIT 

Curve 471050 

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. Th e 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 p erformance during inrush , where the volt­
age is considerably lower. 
M agnet i z i ng  I n ru sh Current s  

Magnetizing inrush current waves have various 
wave shapes. A typical wave app ears 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-e 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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TYPE H U AHD HU-l RE LAYS--------------------------------------------------

P ROTECTED 
TRANSFORMER 

8 7  

(Q) E XT ERNAL FA U LT 

-
Is 

P R O T ECT E D  
T � A N S >' G , �/ER 

87 

(b) I NT E R N .\ L  F.\ U L  T 

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 (liT) will 
not operate on inrush . Th e air-gap transformer will 
bypass the d.c.  component of the inrush thereby re­
ducing the magnitude of the wave applied to the liT 
unit. If the inrush has an initial p eak of 16 times 
tap-value current , the air-gap transformer will reduce 
this p eak to approximately 8 times tap value on the 
secondary of the transformer. Since the liT unit is 
set for a p eak value of 14. 1 times tap (r.m.s .  pick-up 
value = 10 times tap),  it will not operate on this 
inrush. 

B reaker M a i ntenance 

Before some of the CT's are bypassed for break er 
maintenance the trip circuit should be opened, as 
shown in Fig. 6 .  Otherwise the false-unbalanced 
current will c ause the relay to trip. It is not neces­
sary to short-circuit the relay o perating circuit since 
it has an adequate continuous-current rating. (See 
"Energy Requirements "). 

C H A R A C T E R !  S T I C S  

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

8 

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 p erfect 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. 1 1  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. 

Component s of the harmonic-restraint unit are 
selected such th at 15% second harmonic will prevent 
operation of the i.tiJ.it. Thi s factor is ade quate to 
prevent false op eration on inrushes. 
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LARGER RES1RAINT CURRENT IN MULT IPLES 

OF TAP VALUE CURRENT 

Curve 471132 

Fig. 1 0. D ifferential Voltage Character istic of the D U  Unit 

of the HU and HU-1 Relays with a Pic k up of 0.30 

Times Tap. 

The frequency response of the HU and HU- 1 

relays is shown in Fig. 1 3 .  

Tr ip  C i r c u i t  

The main contacts will safely clo se 30 amp eres 
at 250 volts d- e, and the seal-in contacts of the in­
dicating contactor switch will safely c arry this 
current long enough to trip a circuit breaker. 

The indic ating contactor switch h as two taps th at 
provide a pick-up setting of 0. 2 or 2 amperes. To 
change taps requires connecting the l ead located in 
front of the tap block to the desired setting by means 
of a screw connection. 

S ET T I N G  
To set the relay, cal cul ations must b e  p erformed 

as sho wn under "Setting Cal cul ations". After the 
correct tap is determined, connections c an be m ade 
to the rel ay transformers by p l acing the connector 
screws in the various termin al-pl ate hol es in front 
of the rel ay. Only one tap screw should b e  in serted 
in any horizontal row of tap s. 

I nd i cat ing  C o ntactor  Sw itch ( I CS) 

No setting is required on the ICS unit except the 
selection of the 0. 2 or 2. 0 ampere tap setting. This 
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LARGER RESTRAINT CURRENT IN MULTIPLES 

OF TAP VALUE CURRENT 

' ' 

3.0 

Curve 471135 

Fig. 1 1 . D ifferential Voltage Characteristic of the D U  Unit 

of the HU and HU- 1 Re lays with a Pickup of 0.35 

Times Tap. 

sel ection is made by connecting the l ead 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-e 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#304C209G0 1 or equival ent. 
l n d i.cati n g  In stantaneo u s  T ri p  ( l i T ) 

No setting i s  required on the indicating instan­
taneo us trip unit. Thi s unit is set at the factory to 
pickup at 10 times t ap  v al ue current. 

S E T T I N G C A L C U L AT I O N S  
Select the ratio m atching tap s. There are no other 

settings. In order to c al cul ate the re quired tap set­
tings an d check current transformer p erformance th e 
following information i s  re quired. 

Requ i red  I n fo rm at ion 

1 M aximum transformer po wer r ating (KVA)M 
2. M aximum e xternal fault currents 
3. Voltage ratings o f  power transformer ( VH , VI, 

VL) 
4. Current tran sformer ratios, full tap (NT) 
5. Current transformer " 10L " accuracy cl ass 
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� NAil U NIT - INSTANTA NEOUS TRIP 

UNIT 

.. 

4 \  
\ r---.... \ 2 -t--I- r-.... 

12 16  20  

OPERATIN; CURRENT IN MULTIPLES OF TAP VALUE CURRENT 

Curve 538029 

Fig. 1 2 .  Typical Tripping Time Characteristic: (60 Cyc:le 

Currents). 

voltage, (or excitation or ratio-overcurrent 
curve) 

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

7. Current transformerconnection s ( wye or delta ) 
Defi n i t i o n s  o f  T erm s 

1 0  

Ip = Primary current at (KV A)M 
IR = Rel ay input current at (KVA)M 
IRH· IRL , Iru are same as IR except for high, 
low and intermedi ate voltage sides respectively. 
18 = CT secondary current at (KVA)M 
TH, TL , T1 = Rel ay tap settings for high, low 
and intermediate voltage windings, resp ectively. 

N = Number of current transformer turns th at are 
in use. 

Np = N/NT (Proportion of total turns in use) 
NT = Current tran sformer ratio , full tap 
V CL = 10L accuracy class voltage 

Z A = Burden impedance of any devices other 
than the HU or HU- 1 rel ays, with m aximum ph ase­
to-ph ase or �ph ase current flo.wing. 
� = Total secondary burden in ohms ( excluding 
current transformer winding resistance, except 
when using excitation curve) 

PIC�UP 011 VARIABLE FR£0UEIICY TYPE HU AIID HU-1 RELAYS 

40 0 I 
30 0 

20 0 \ \ 
' _/ ...... r -t--

0 10 

0 
40 10 120 160 200 240 210 

FREQUENCY IN CYCLES PER SECOMD 

Curve 471052 

Fig. 7 3.  Typical Frequency Response of the HU anrl 

HU- l Rela�·s. 

Cal c:u l  at ion  P ro cedure 

1.  Select current transformer taps, where mul ti­
ratio typ es are used. 

IR should be more than 2. 9 amp eres 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 rel ay continuous rating. 
Also the m aximum external faul t current 
shoul d not exceed 20 times rel ay tap. 

3. Determine Mismatch (Not to exceed 15%) 

For 2 winding b ank s: 

o/c mismatch = 100 
(IRL/IRII) - ( TL/TH) 

s ( 1) 

v.h ere S is the sm aller of the two terms, 
(IRL/IRH) or (TL/TH) 

For 3 wi nding b ank s: 
(IRH/IRI) - ( TH/TI) 

o/c mi sm atch = 100 _ __::_...;::_ _ __::.._� 
s 

( 2) 
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12 00/5 
MR 

I O L 2 0 0  

L O W  

T WO WINDING B A N K  

1 2 .4 K V  

16/ 2 0  MVA 

H IGH 

69KV 

y 

600/5 
M R  

I O L 2 0 0  

H I G H  

1 2 0 0/5 
M R  

I O L 8 0 0  

T H R E E  WIND ING B A N K  

1 6 1 KV 

30/4 0 
M VA 

1 2 .4 K V  

I N T E R M E D I ATE 

600/5 
M R  

IOL 200 

LOW 

( K VA)M = 2 0,000 (KVA)M = 20,0 00 (KVA)M = 4 0,000 (KVA )M = 4 0,000 (KVA)M = 1 0,000 

(KVAls = 16,00.0 ( K VAls = 16,000 (KVA)S = 30,000 (KVA)S = 30,000 (KVA l s = 7,500 
VL = 1 2 ,4 0 0  VOLTS VH 6 9 ,0 0 0  VH 161,000 vr 69,000 VL 1 2,400 

NT = 240 TURNS N T 1 2 0  NT 2 40 N T = 1 2 0  N T 2 4 0  

VeL = 200 VOLT S VC L 
:: 2 00 Ve L BOO VeL = 2 0 0  Ve L 200 

RL • 0.4 OHMS RL = 0. 4 R L 
= 0. 5 RL = 0 . 5  R L 0.5 

DE LTA eT WYE eT DELTA e T DELTA e T W YE eT 

289B412 

Fig. 14. Example for Setting Calculations. 

where "S" is the sm al l er of the two term s, 
(IRH /IRI ) or (TH/Tr ) . 

Equations simil ar to eq. ( 2) ap pl y for mis­
m atch from the high to l ow and from the inter­
mediate to l o w  volt ag e  windings. 

Where tap changing under load is performed 
the relays shoul d be set on the basis of the 
middle or neutral tap position. The total mis­
match, including the automatic tap change 
should not exceed 1 5% w ith a 30% se nsitivity 
relay, and 20% w ith a 35% sensitivity relay. 
N ote from Fig. 7 that an ample safety margin 
exists at these 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 l es s  accurate, but s atisfactory method is 
to utilize the ASA rel aying accuracy cl assi­
fication. If the 10L accuracy is used, perform­
ance will be adequate if: 

Np V CL is greater than ZT 
100 

For wye- connected CT: 
ZT = l ead resistance + rel ay burde n + ZA 

= 1. 13 Rr_, + 0 · 15 + ZA ohms 
T 

( 3) 

( 4) 

( RL mul tiplier, 1. 13, is used to account for 
0 . 15 

temperature rise during faul ts. � is an 
ap pro ximation, where T = rel ay tap. 

ZA is any additional burden, when maximum 
external 3- phase fault current i s  fl o wing). 
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TYPE IIU MD HU-l iiEUYS 

( FROIIT VIEW) 

OPTIONAL LEAD COIIMECTIOM FOR TYPE HU-1 RELAY 

"'} D.C. --...... ---------- u; . �OLTA;E 

290B506 

F ig. 7 5. Test Circuit of the HU ancl HU- J Relays. 

For delta-connected CT : 
0 . 15 Zr = 3 ( 1. 13 RL +� + ZA) ohms 

( 5) 

( The factor of 3 accounts for conditions 
exi sting during a p hase-to-ph ase faul t. ZA 
is any additional burden, when m aximum 
external phase to ph ase fault current i s  
flo wing) 

5. Examples 

Refer to p ages 13 and 14 and figure 7 4  for 
setting examples. Note in both exampl es that 
the 8.  7 tap was selected as the first step in 
sel ecting rel ay taps. If a l o wer tap such as 
tap 5 had been the first sel ection, a proper 

b al ance woul d h ave been impo ssibl e. On p age 
12 for the two winding b ank ,  
I RL 8 . 0 5  _ 

-- = - 1.92. With tap 5 for the l o w  side 
IRH 4 . 18 
the m aximum current ratio that can be m atched 

by the taps is 
2� 9 = 1. 73 . With tap 8. 7 select­

ed for th e l ow side, a 3 to 1 current ratio can 
be matched. On page 13 for the three winding 
bank, 

IRL 
= 3.0 2  

1RH 

Thi s current ratio can be accommodated by 
the 8. 7 & 2. 9 t ap s  without excessive Mis­
m atch. 

I N S T A L L A T I O N  
The rel ays should be mounted on switchboard 

panel s 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 fl ange 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 el ectrical 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 detail ed FT case information , refer to I. L . 
4 1-076. 

A DJ U S TM E N TS AN D M A I N T E N A N C E  
The proper adj ustments to insure correct opera­

tion of this relay have been made at the factory and 
should not be di sturbed after receipt by the customer. 

Acceptan c e  Tests  

The following check i s  recommended to insure 
that the rel ay is in proper working order. All checks 
can best be performed by connecting the relay per the 
test circuit of Fig. 15. Rel ay 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: 

(KVA)M _ 

v v'3 -

1000 

Select Ratio 

2. Select Relay Taps: 

I 
I - -E ­

S - N -

Select Tap 

Desired Tap 

3 .  Determine Mismatch: 
% Mismatch = 

1 00 
(IRL/IRH) - (TL/TH) 

= 
TL/TH 

4 .  Check CT Performance: 

Np VeL 

100 

TWO-WINDING TRANSFORMER CALCULATIONS 

(See F igure 1 4) 

L O W  H I G H 

20 ,000 = 930 Amp . 
1 2 . 4  13 

20,000 = 167 Amp . 
69 13 

1000/5 (N = 200) 200/5 (N = 40) 

930 
200 = 4 . 65 Amp . 167 4o = 4 . 18 Amp . 

IRL = 4 . 65 /3 = 8 . 05 Amp . IRH = 4 . 1 8 Amp . 

0 . 45 
3 . 4  RL + -- = 

T 
0 .45 

4 . 18 
TH = 8_ 05 X 8 . 7  = 4 . 64 

TH = 4 . 6 

(8 .05 /4 . 18) - (8 .7/4 .6)  
100 --------

8 . 7/4.6  
1 . 9 2  - 1 . 89 

100 -------- = 
1 .89 

1 . 6% 

0. 15 
1 . 13 RL + -- = 

T 
0. ' 5  

3 . 4  X 0 . 4  + -- = 1 . 36 + 0 . 05 = 
8 . 7  

1 . 13 X 0 . 4  + - -= 0 . 45 1- 0 . 03 = 
4 . 6  

1 .4 1  ohms 

200 
240 = 0. 833 

0 . 833 X 200 
100 

Yes 

1 . 67 

0 . 4 8  ohms 

40 
120 = 0. 333 

0 . 333 X 200 
---- = 0.67 

100 

Yes 
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14 

1 .  Select CT Ratio : 

I 
_ (KVA)M p - v/3 

1000 
Select Ratio 

2 .  Select Relay Taps: 
lp 

Is =N= 

IR (At 40 MVA) = 

Select Tap 

Desired Tap 

Select Tap 

3 .  Determine Mismatch 

% Mismatch 

4. Check CT Performance 

THREE-WINDING TRANSFORMER CALCULATIONS 
(See F igure 1 4) 

H I G H  

40,000 
-----;;;-= 143 Amp. 
161v 3 

400/5 (N = 80) 

143 -= 1 .78 Amp. 
80 

IRH = 1 . 78 /3 

= 3.08 Amp. 

3 .08 
TH = 8 .7 ---

9.30 

= 2.88 

TH = 2.9. 

100 (IRH/Iru)-(TH/TI) 
TH/TI 

(3.08/ 4.82)-(2.9/ 4. 6) 100 
2.9/4.6 

0 .64G-0.630 100 
0.630 

1.6% 

0.45 
3.4 RL + -- = 

T 
0.45 

3.4 X 0.5 + -- = 
2.9 

1 .70 + 0. 16 = 

1 .86 ohms 
80 -= 0.333 
240 

800 X 0.333 
100 

Yes 

2 . 67 

INT E R M E D I AT E  

40 ,000 
� = 334 Amp . 
69v 3 

600/5 (N = 120) 

334 -= 2.78 Amp. 
120 

IRI = 2. 78 /3. 

= 4.82 Amp. 

4 . 82 
T1 = 8. 7 --

9 .30 

= 4.52 

T1 = 4.6 

100 
(IRI/IRL)-(TI/TL) -

(IRI/IRL) 

100 (4.82/9.30)-(4 .6/8. 7) 
4.82/9.30 

0.518-0.528 
100 

0.518 

-1 .9% 

0.45 
3.4 RL +--= T 

0.45 
3.4 X 0.5 + -- = 

4.6 

1 .  70  + 0. 10 = 

1 .80 ohms 
120 -= 1 .0  
120 

200 X 1 .0  
100 

Yes 

2.0 

10,000 
------;::- = 465 Amp. 12.4V 3 

1000/5 (N = 200) 

465 
- =  2 .32 AmP. (At 10 
200 MVA) 

40 
IRL = - X 2.32 

10 
= 9.3 AmP . 

TL = 8.7 

100 (IRd1RH)-(TdTH) 
TL/TH 

100 (9.3/3.08)-(8. 7/2. 9) 
8. 7/2. 9  

3.02-3 .00 
100 

3.00 

0 . 67% 

0 . 15 1 . 13RL + --= 
T 

0 . 15 
1 . 13 X 0.5 + ---

8.7 

0.565 + 0.02 = 

0.58 ohms 
200 

--= 0.833 
240 

200 X 0. 833 
100 

Yes 

1 .67 
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Curve 471047 
Fig.  16 Variation of Second Harmonic Content of Test 

Current. 

amper es for the 35% s en sitivity relay . Relay should 
operate. The upper polar unit may operate for lower 
currents, but not below 1 . 0  ampere .  This low pickup 
will not i mpair its operation on magnetizing i nrush 
currents and should not be disturbed i f  it is found to 
be less than the lower pol ar unit. If a higher pickup 

is desir ed ,  it is suggested that 20 times tap value 

current be applied to relay terminals 3 & 7. T hi s  will 

cause the upper polar unit to pick up at 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 rel ay. Indicating instantaneous trip 
should pick up and its target should drop freely. 

The contact gap shoul d be approxim ately 0.094 
inch between the bridging  moving contact and the 
adjustabl e stationary contacts. The bridging moving 
contact should touch both stationary �ontacts simul­
taneously. 

3 .  Indi cating Contactor Switch. Blo ck Polar unit 

contacts clos ed. P a s s  sufficient  direct current through 

the trip circuit to clo s e  the contacts of  the ICS. Thi s 

val u e  o f  current should not be greater than the p artic­
ular res tap s ettin g  bei n g  u sed. The operation i ndi­
c ator target sho ul d  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.  

30% Sensitivity relay 

* a. Clos e  switch to po sition 1. Set lac to zero 

and adj ust IL R to 1 0  amperes . Increase lac to 2 . 8  
amp ere s .  I f  the lower polar unit does not operat e 

with lac = 2 . 8  amperes and lL R = 1 2 . 8  ampere s ,  

lower  lLR current .  The lower polar unit should op er­
ate between the following limits :  

l ac = 2 .8  to  2 .95  amperes 
ILR = 1 1 . 8  to 1 2 . 8  amperes 

b .  Reverse l eads to restraint transformers and 

rep eat d ifferential test outlined in paragraph 4 a. 
Results should be approximately the same as ob­

tained under paragraph 4 a. 

35% Sensitivity relay 
* c .  Close switch to position 1 .  Set lac to zero 

and adj ust lLR to 9 amp eres .  Increase lac to 2 . 8  
amperes .  If  the lower  polar unit doe s  not operate 

with lac = 2 . 8  amp eres and lL R = 1 1 . 8  amperes ,  

lower  IL R current. The  lower polar unit should 
operate between the following l imits :  

lac = 2. 8 amperes 

* lLR = 1 0 . 8  to 1 1 . 8  amperes  

d .  Reverse lead s  to r estraint transformers  and 

repeat differential test outlined in paragrap h  4 c. 
Results should be approximat ely the same as ob­

tained under p aragrap h  4 d .  

5. Harmonic Restraint Characteristic. Clo se 

switch to position 2. Slort out IL R ammeter. Set 

Ide to 4 amperes and adjust lac until upper polar unit 

operates. lac should read between f1.5 and 9 amperes. 

As shown in Fig. 1 6 ,  these va. ue s of al ternating 

current correspond to 17 percent and 14 percent 

second hannonic. 

In Serv ice  Test 

Tabl e 1 i s to be u s ed as an in-s ervi ce check of 
the HU or HU- 1 rel ay using any tap combination. 

The rel ay should be connected as shown in fig. 1 5  

with the S . P  . 0 .  T .  s witch i n  position 1 .  The ammeter 

lsR m easures the small er restraint current and should 
be connected to the terminal associated with the tap 
block of the small er settin g. The amm eter IL R 
m easures the l arger restraint current, and should be  
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TY P E H U AND HU- 1  R E LAYS ____________________________________________________ _ 

connected to the tenninal associated with the l arger 

tap block setting. Terminal 5 supplies the upper tap 

block; tenninal 7 supplies the s econd tap block; and 

tenninal 9 (HU- 1  only) suppli es the lo wer tap block 

( refer to fig s. 1 and 4). 

Tabl e 1 gives the values of l Ac n ecessary to 
operate the relay when using a value of I SR equal to 

3 times tap value for all tap s except the 8. 7 tap .  A 

value of lsR equal to 2 tim e s  tap value was chosen 

fo r the 8. 7 tap setting in order to k e ep the current at 

a convenient val ue for testing. 

Example (HU Relay) 

Upp er Tap Block Tap 3. 5 

Lower Tap Block Tap 5 .0  

Since the upper tap block h as the smaller tap 

setting lsR should be connected to the upp er tap 

block ( Tenn. 5) , and IL R  should b e  connected to 
Tenninal 7. From Tabl e 1 under "Restraint Trans­

former tap: L arger" = 5 . 0  "Smaller" = 3. 5, set lsR = 
10. 5  amps. The value of lAc to operate the relay 

shoul d be between 8 . 3  and 9 . 2  amp s. 

To check the third re straint winding o n  the HU- 1 

repeat the abov e  proc edure using tenninal 9 and 

either tenninal 5 or 7.  

TABL E 1 

R estraint 
Transform er L arger 2.9 3. 2 3 . 5 3 .8  4. 2 4 . 6  5 . 0  8 . 7  

Tap 

Sm all er CURRENT IN AMPERES 

ISR 8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  5. 8 
2.9 lAC ( Min. ) 2. 6 3 . 7  5 . 0  5 .8  7 .8  9 . 0  10.4 16. 2 

lAC (M ax. ) 2. 8 4 .0  5. 5 6 . 4  8 . 6  10. 0 1 1. 6  17.9 

ISR 9 . 6  9 . 6  9 . 6  9 . 6  9 . 6  9 . 6  6 . 4  
3. 2 lAC ( Min) 2 .. 7 4 . 0  4.9 6.9 8 . 1 9 . 6  15 .7  

lAC (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  l A C  ( Min) 3 .0  3 .8  5.7 6 .9  8. 3 14. 5 
lAC ( Max) 3. 3 4. 2 6 . 3  7 . 7  9 . 2 16. 1 

I SR 1 1 . 4  1 1 . 4  1 1. 4  1 1. 4  7 . 6  
3 . 8  l AC ( Min) 3 . 2 5 . 2  6 . 5 7 . 9  14. 1 

lAC ( M ax) 3 .6  5 . 7  7. 2 8 . 7  16. 0 

lSR 12 .6  12 .6  1 2 . 6  8 . 4  

4. 2 lAC ( Min) 3 . 5  4. 7 6 . 2 1 2. 9  
l AC (Max) 3 .9  5. 2 6 . 9  14. 2 

ISR 13 . 8  13 .8  9 . 2 

4 .6  l AC ( Min) 3 . 9  5 .. 3 1 2 . 4  

lAC ( Max) 4. 3 5. 9 13.7 

lSR 15 .0  10. 0 

5 .0  l AC ( Min) 4 . .  3 1 1. 6  
lAC ( Max) 4.8 1 2.9  

ISR 17 . 4  

8 . 7  lAC ( Min) 5.0  

l AC ( M ax) 5. 5 
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TYPE HU AND HU- 1 R E LAYS �����������������������--'-· L_._4_1 -_J4_7_. 1_H 

Ro u ti n e  M ai nten an ce 

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

All contacts shoul d be periodically cle aned. A 

contact burni sher styl e #l82A836H01 i s  recommended 
for this purpose. The use of abrasive m aterial for 
cl eaning contacts i s  not recommended, because of  
the danger of embedding sm al l  particl es in the face 
of the soft silver and thus imp airing the contact. 

C a l i brat ion  (A l l  R e l oy s )  

Use the following procedure for calibrating the 
rel ay if the relay has been taken apart for repairs or 

the adj ustments di sturbed. Thi s procedure should 
not be used until it is apparent that the rel ay is not 
in proper working order. All adj ustments to be done 

with rel ay inside its case. (See "Acceptance Check " ) 

Polar Units 

1. Contacts. Pl ac e a . 060 to . 070 inch feel er 
gage between the right hand pole face and the arma­
ture. Thi s gap shoul d be measured near the front o f  
the right hand pol e  face.  Bring up the backstop screw 

until it just mak e s  with the moving contact . Pl ace 
gage between moving co nt act and the stationary con­
tact on the l eft-hand side of the pol ar unit. On th e 
upper unit, the gap sho ul d  be . 046 inch and on the 

lower unit the gap sho ul d be . 065 to . 070 inch. Bring 
up the stationary contact until it j ust mak e s  with th e 
gage and lock in place. 

2.  Minimum Trip Current 

a. H armonic Re straint Unit (HRU) 

Con nect the rel ay p er test  circuit of Fi g. 15 .  
With the s witch open,  ;)ass lac = 20 times tap value 

current into the relay.  This current should  be  ao ­

plied for a v ery short p eriod of time and it sho uld be 

suddenl y interrupted. Adj ust right hand shunt on up­
per pol ar unit until it tri p s  with lac = 33% of t ap 
v alue  amperes. Lo wer lac gradually to 15% of t ap 
v al ue current and adj ust 1 eft- hand shunt until uni t  

resets .  Rep eat these steps, i f  neces s ary, until the 

uni t o perates at 33% or sl i ghtly l o wer of  t ap v al u e  
current immediatel y  fol l o wing the app l i c ation o f  20 

tiine s t ap v al ue current and until the unit  resets at a 

val ue of current 15% of t ap v al ue or ;reater. After 
the dropout h as been m e asured, the u nit should p ick 

up at 25% or higher of t ap v al ue current. 

On the appl ication o f  the hi gh current, the upper 
pol ar unit will be biased in the restraining direction 
and pickup will be greater th an the nominal val ue of 
30% of tap val ue current on the first appli c ation o f  
pickup current. I f  the circuit is deenergized and pick­
up is measured again, the pickup current will be l e s s  

than before. How ever, pickup will b e  stable after 
the second application of pickup current. If 20 tim es 

tap val ue current is applied ag ain, the pick up im­
mediately after applying thi s current will be hi gh. 
How ever, me asuring the pickup the second time will 
show that the pickup is again reduc ed. The vari ation 
between these pickups sho ul d  be between 259( and 

33% of tap value current. 

The filter circuits are charged by the application 

of thi s heavy current and upon the remo val of the cur­
rent, these circuits will di scharge their energy. The 

el ement will be bi ased in the restraini ng direction 
because th e restraint coi l  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 pi ckup of the upper unit 
will be l e ss than before for the first application of 
pickup current. Pickup will be further reduc ed with 
the second application of pick up current, but the 
current will be stabl e after thi s energi zation. Ho w­
ever, thi s value of pick up will be lower than th e 
limits o f  25% and 33% of tap val ue current . Thi s  i s  
i n  the direction o f  making the sensitivity of the pol ar 
unit lower than 30%, but doe s  not impair the per­
formance of the unit on inrush currents. 

b. Differenti al Unit (DU )  

Set  the adj ustab l e  resistor at top  of the  reluy in 
the approximate center of its r ange.  Ope n  the switch 

and p ass  lac = 20  t imes  tap  v alue current.  This cur­
rent should be appl ied for a v ery short period of time 
and i t  should be  suddenly i nterrupted . Adjust r ight­

hand shunt of lower polar unit  until it  trips with lac 
= 30% of tap v alue amperes.  Lower I ac gradually to 

15% of tap v alue current and adjust left-hand shunt 

u ntil unit  resets. If polar unit resets before 1 5% of 

t ap v alu e current ,  no adjustments are necessary to 

the left-hand shunt . Repeat these steps unti l  the 

lower polar unit will  pickup at 30% of tap value cur­

rent and reset for v alues of t ap v alue current greater 

than 15% 
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TYPE H U AND HU-l R E LAYS ________________________________________________ __ 

Indi c ating Instantaneous Trip Unit (liT) 

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

The cont act gap should be approxi mately 0. 094 

inch between the bridging moving contact and the 
adjustabl e stationary contacts. The bridging con­
tact should touch both station ary contacts simul­
taneo usly. 

Harmonic- Restraint Unit (HRU) 

Cl ose s witch to position 2. Short o ut ILR am­
meter. Adj u st direct current until Ictc read s  0 . 8  
times tap setting. Gradually increase alternating 

current until upper polar unit operates with lac 
reading between 1. 3 and L 8 times tap s etting .  

The p ercent second harmonic in t h e  wave may b e  

derived b y  the use o f  the formula: 

47 Ictc 
% second harmonic =r + 1 11  1 ac . de 

This formula is plotted in curve form in Fig. 16 for 
Ictc = 4 amp eres .  

P ercentage Slope Characteristic (DU) 

C lose switch t o  position 1.  Set I ac to zero and 
I LR to 5 .5  times tap value current. Then adjust lac 
to 4 times tap v alue current. 

Adjust resistor at top of rel ay until lower polar 
unit operate:;; . Interchange lead positions to terminals 
5 and 7 and repeat the above test.  The lower polar 
unit should operate between the limits of: 

lac = 4 times t ap value current 

ILR = 9 to 10 times tap value current 

Trip condition can best b e  determined by holding 

lac at 4 times tap value current and varying I L R· If 
ILR is too low the cont acts will be closed when the 
currents are first applied. Hence, I LR should be in­

creased until t he contacts open and then decreased 
until c ontacts clos e .  

The adjustment o f  the resistor will have s ome 

effect on the pickup of the unit.  Hence , recheck the 
pickup. If nec essary readjust s hunts to obtain a pick­

up of 30% of tap value curr ent and dropout of 1 5% or 
greater of tap value current. If shunts are changed, 

1 8  

chec k  to see that above readings are obtained on 
the higher re straint currents. If necessary readjust 
resistor and repeat procedure until the unit operates 
within the specified limit s .  

Apply I a c  = . 5 6  times tap value and vary ILR 
until lower polar unit operates. The lower polar unit 

should operate between following limits .  
I L R = 2 . 3 6  t o  2 . 5 6 tim es tap valu e curre nt. 

Indicating Cont actor Switch (ICS) 

Blo ck polar unit contacts clo s ed. P a s s  suffi­
cient direct current through the trip circuit to clo se 
the contacts o f  the ICS. Thi s value o f  current shoul d 
be not greater than the particul ar tap setting being 

used. The operation-indicator target should drop 
freely. 

The contact gap shoul d be approximately 0. 047 

inch between the bridging mo ving contact and the 

adj ustabl e stationary contacts. The bridging mo ving 

contact shoul d touch roth stationary contacts si­
multaneously. 

Calibration (3 5%-Sensiti vity Relays) 

The differential unit (DU) should first b e  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 ac -= . 45 times tap value current 
ILR = 1. 64 times tap value current 

This chang es the percent age slope curve of the 

relay to that shown by the 35 p erc ent sensitivity 
curve of figure 7 .  Pickup of the relay is increased 
from 30% to approximately 35% of tap value current 
ahd 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 s hown in figure 8. 

As shown in figure 7 , the margin of s afety be­

tween the relay c alibrated for a 35% sensitivity and 
the 20% mismatch curve is the same as that of the 

relay calibrated for a 30% s ensitivity and the 15% 
mismatch curve. Thi s margin of s afety is also shown 
in the voltage differential c haracteristic of figure 1 1  
for the 35 percent sensitivity relay.  

El ectri cal Check po i n t s  

Differenti al Unit 

a. Restraint Circuit 
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TY P E  HU AN D HU-1  R E LAYS 

Apply two times tap-value current succe ssive­
ly to each restraint transformer. This is done by con­
necting l eads 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 :;:.hould be measured from 
the l eft-to the right-hand corners of the bottom set of 
bridges. A voltage of 2. 17 to 2. 27 volts should app ear 
only across the appropriate bridge as specified in the 
following table: 

Current 
in Term. 

5 
7 
9 

b. Operating Circuit 

Associated Rectifier Bridge 
(Rear View) 

HU HU- 1 

Center 
Right Hand 

Center 
Left Hand 
Right Hand 

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 approximatel y 2.4 volts. 
Now, measure the voltage output of the operating 
transformer (top two coil terminal s). The voltage 

I . L .  41 -347. 1 H 

should be about 5. 3 volts. 

H ar m o n i c  R e st ra in t  U n i t  ( H R U ) 

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 (See Fig. 2 for location): 

1 .  Output of operating transformer 
(top coil terminals) 

2. 4 mfd. cap acitor 

3. 0 . 45 mfd. cap acitor 

4. Operating-rectifier bridge 
(l eft-to right-hand corners) 

5. Restraint-rectifier bridge 
(l eft-to right-hand corners) 

6. Series Filter- Reactor 

R E N E W A L  P A RTS 

4 . 0  volts 

2.  5 volts 

3. 9 volts 

2. 5 volts 

0 . 6  volts 

0 . 2  volts 

Repair work can be done most satisfactorily at 
the factory. However, int erch angeabl e parts can be 
furnished to customers who are equipped for doing 
repair work. When ordering parts, al way s  give the 
complete namepl ate data. 
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TY PE HU AND HU-1 R E LAYS __________________________________________________ ___ 

Unit 

Harmonic Restraint 

Differential 

Indicating Contactor 
Switch 

20 

APPROXIMATE R E SISTANCE VALU E S  O F  COMPON ENTS IN HU R E LAY 

Circuit 

Operating 

Restraint 

D e s cr ipt ion  

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 ohm s. 
4 MFD Capacitor. 
Rectifier 700 Volts, 600 Milliampere Silicon Diodes 
Indicating Instantaneous Trip Unit 14 to 16 ohms. 
Pol ar Unit Coil d.c.  Resistance 80 to 100 ohms. 
Series Reactor d . c. Resistance 1 10 to 130 ohms. 
Parallel Reactor d .c .  Resistance 300 to 360 ohms . 
. 45 MFD Capacitor. 

* Rectifier 700 Volts, 600 Milliampere Silicon Diode s 
Polar Unit Coil d.c.  Res istance 650 to 800 ohms. 

Operating 

Restraint 
* 

Trip 

Varistor 100, 000 ± 10% at 10 V.D.C. 4000 ± 25% at 30 V.D.C. 
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 3Yz inch 280 ohm Resistor 
Rectifier 700 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c.  Resistance 75 to 10(} ohms. 
Transformer ( Primary taps 8.  7,  5 ,  4. 6 ,  4.  2, 3 . 8 ,  3 . 5 ,  3. 2,  2.9)  
Rectifier 700 Volts, 600 Milliampere Silicon Diodes 
Polar Unit Coil d.c. Resistance 60 to 1 10 ohms. 
0 .  2 Amp . tap 6.5 ohms d.c.  
2 .0 Amp . tap 0. 15 ohms.d.c.  
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ENERGY REQUIREMENTS 

B urden of E a c h  R e str a i nt C i r c u i t  

P ower  at  

C o nt i n uo u s  F actor t ap v a l u e  
T a p  R at i ng A n g l e  8 c urrent 

2. 9 10 7 1  . 8 8  

3. 2 12 70 . 89 

3. 5 1 3  66 .90 

3 . 8  14 65 . 9 1  

4. 2 1 5  5 8  . 9 1  

4 .6  16 5 7 . 5  . 9 1  

5 .0  18 52. 5 . 9 2  

8 . 7  22 30 1 .  28 

B urden o f  Operat i n g  C i r c u i t  

, 
P o w e r  at 

C o n t i n u o u s  F actor tap  v a l u e  

T ap R at i ng A ng l e  8 c urrent 

2.9 10 35 2. 26 

3 . 2  1 2  34 2 . 30 

3 . 5  1 3  3 3  2. 30 

3 . 8  14 33 2 . 30 

4 . 2  1 5  3 1  2. 30 

4. 6 16 30 2. 40 

5.0 18 29 2. 50 

8 . 7  2 2  23 3. 18 

e Degrees current l ags volta�;e at tap v alue current 

t Voltages taken with Recto x type voltmeter 

* T h er m a l  R at i ng 

One Second 300 amperes 

vo l t  a m p er e s  t 
at 8 t i m e s  

tap v a l u e  
c u rre nt  

50 

5 1  

5 1  

5 3  

5 3  

55 

59. 

94. 

v o l t  all'p e r e s  t 
at 8 t i m e s  
t a p  va l u e  

c urrent  

76 

78 

8 1  

83 

84. 

88. 

9 2. 

132. 

at 20 t i m e s  

tap v a l ue 
c u rre nt  

19 1 

2 1 1 

203 

2 20 

235 

248 

280 

340 

at 20 t i m e s  
t a p  v a l u e  

c u rr e n t  

4 8 7  

499 

504 

547 

554 

598 

640 

850 

' 

Thermal capacities for short tim es other than one second may be c alcul ated o n  the basis of tim e bein g inversely 

proportional to the square of the current. 
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Westinghouse I .L  41 -347. 2 

INSTAL L A Tl 0 N • OPERATION • MAINTENANCE 

IN S TRUCTION S 
TYPE H RU INSTANTANEOUS OVERCURRENT 

RELAY WITH HARMONIC RESTRAINT 

C A U T I O N  B efore putting relays into service ,  remo ve 

all blocking which may have b een inserted for the 
purpose of securing the p arts during shipment,  m ak e  
sure that all moving p arts op erate freely, insp e ct the 

contacts to see that they are clean and close prop­
ly, and operate the relay to check the settings and 
electrical connections.  

A P P L I CAT I O N  
The typ e HRU relay i s  a high speed relay u s ed in 
the differential p rotection o f  transformers. These 
relays can be applied where the m agnetizing inrush 
current to the transformer is severe. 

Thi s  relay i s  not intended to b e  used in applications 
where saturation of current transformers occurs on 
asymmetrical and symmetri cal faults external to the 
protected transformer. For such applications the 
typ e HU relay s hould b e  appli ed . 

C O N S T R U C T I ON  
The typ e HRU relay consists o f  an instantaneous 
trip unit ,  a harmonic restraint unit, and an indicating 
contactor switch. The p rincipal component p arts o f  
the relay are shown i n  Fig. 1 .  

Harmoni c  Restra int  U n i t  (H RU) 

The harmonic re straint unit consists o f  an air-gap 
transform er, a s econd harmonic blo ck filter, a fun­
dam ental block··second harmonic p as s  filter, two 
fuil-wave rectifiers , a vari stor, and a d-e polar unit. 

Polar Un i t  

The polar unit consists o f  a rectangular s hap ed 

magnetic fram e, an electrom agn et, a p ermanent 
m agnet, and an armature. The poles of the cresc ent 

s haped p ermanent magnet bridge the magnet fram e .  
T h e  m agnetic fram e consists o f  three pieces joined 

in the rear with two brass rods and silver solder. 
These non-magnetic j oints represent air gap s ,  which 

are bridged by two adjustabl e m agnetic shunts.  The 

windings are wound around a m agnetic core . The 
armature i s  fastened to this core , and is free to move 

NEW INFORMATION 

in the front air gap .  The moving contact i s  connect­
ed to the free end of a leaf spring, which,  in turn, 
i s  fastened to the armature. 

I n stantaneous Trip Un i t  { I T) 

The instantaneous trip unit is a small a- c op erated 
clapper typ e device. A magnetic armature,  to which 

leaf-spring mounted contacts are attached i s  attract­
ed to t he m agneti c core upon energization of the 
switch. When the switch clo ses ,  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 scal e ,  which is located to the rear of the 
core screw. 

Indi cati ng  Contactor Swi tch  Unit ( ICS) 

The d-e indic ati ng contactor switch is a small clapper­
type device.  A magnetic armature to which le af­
spring mounted co ntacts are att ac hed, is attracted 
to the magneti c core upon energization o f tlie switch. 
When the switch clo s e s ,  the moving contacts bridge 
two stationary contacts ,  compl eting the trip circuit.  
Al so,  during this op eratio n ,  two fingers on the arma­
ture deflect a spring located on the front of the 

switch, which allows the op eration indicator target 
to drop .  

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

O P ERA T I ON  
The typ e HRU relay i s  connected to op erate for 
fault s  internal to the differenti al zone of the trans­

former but not on magnetizing inrush currents asso ci­

ated with energization of the transformer. This i s  
accomplished b y  sup ervising t h e  contacts of an in­
stantaneous trip unit with the contacts of a harmonic 
re straint unit .  

Magnet i z i ng  I n rush Currents 

Magnetizing inrush current waves have various wave 
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I ND I CAT I NG 

RELAY-TYPE HRU• I .STANTANEOUS OYERCURRENT W I TH HARMON I C  
RE STRA I NT SUPERV I S I ON 

I N  TYPE FT•21 CASE 

I NTERNAL SC H EMATIC 

CONTACTOR -----l� 
FUNDAMENTAL 8LOC K 

SECOND HARMON I C  
PASS C I RC U I T  SW I TCH 

I CS 

-VAR I STOR 

TRA NSFORMER 

I NSTANTANEOUS 
TR I P  { I T ) 

I T  
r-+---+----t- -CHASS I S  OPERA TED 
I S HORT I NG SW I TCH 

--- - - - - - - -- - - - - - -- -- - -� - -9 9 9 9 9 9 � - � EO HA NDLE 

_ _  Q _ _  Q _ _ Q __ Q _ _  Q_ __ Q______  ' TEST SW I TC h  

0 0 0 ' CURRENT TE ST .JAC K 0 0 0 - TERMI NA L 

FRONT VIEW 
187A512. 

Fig. 1 In ternal Schematic 
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TYP E HRU RELAY----------------------------------------------------------��·�L�·�41�-3�4�7.�2 

shap e s .  A typical wave appears as a rectified half 
wave with decaying p e ak s .  In any case,  the various 
w ave shap es are rich in harmonics with the second 
harmonic p redominant. Since the s econd harmonic 
is  always presPnt in inrush waves and not in internal 
fault w aves,  t hi s  harmonic is  used to restrain the 
harmonic-restraint unit during inrushes.  The instan­
t aneous trip unit m ay or may not close its contact, 
dep ending on the m agnitude of t he inrush. 

When a m agnetizing i nrush wave is  applied to the 
relay, the d- e component o f  the wave is  by-p assed 
by the air- gap op erating transformer. The other 
components are fed into the filter circuits . The 
imp edance characteristics of these filters are such 

that the s econd harmonic component flows into the 
restraint coil of the polar unit, while the other har­
monics flow into the op erating coil. '!'he pol ar unit 

will not close its contacts unl ess the second har­
monic content is  less than 1 5  p ercent of the funda­

mental component. 

Internal Faults 

F aults normally app e ar as an o ffset sine wave with 

a decaying d-e component, and contain very few har­
monics.  As a result, the harmonic-restraint unit and 
instantaneous trip will op erate during internal faults 
to permit tripping of the relay. 

The varistor connected across the d- e side of the 
restraint rectifier of the harmonic restraint unit pre­
vents exc essive voltage p eak s fro m appearing acro ss 
the rectifi ers.  These p eak s ari se through transformer 

action of the harmonic-restraint polar-unit coils 
during heavy internal faults .  T h e  varistor h a s  a 
l arge value of resistance for low volt ages,  whil e 
presenting a low value o f  resistance for high volt­
ages. Thi s characteristic effectively reduces the 
voltage spik es on heavy internal faults whil e not 
hampering p erformance during inrush,  where the 
voltage is considerably lo w er.  

S E TT I N G S  

Harmonic  Restra int Unit  (H RU) 

No s ettings are required on the harmonic restraint 

u nit.  If desired, pickup m ay b e  varied by adj usting 
the right hand shunt (front view). 

Ind i cati ng  Contactor Switch ( I CS) 

No s etting required on the res unit exc ept the selec­
tion of the 0 .  2 or 2.0 amp eres tap setting. This s e-

l ection is made by connecting the lead l ocated in 
front of the tap block to the desired s etting by m e ans 
o f  the connectin g screw. When the rel ay energizes a 
1 25 or 250 volt d- e typ e WL relay switch or equiva­
l ent, use the 0 . 2  ampere tap ;  for 48 volt d-e applica­
tions set rel ay in the 2 . 0  amp . t ap and use WL relay 

coil S�t304C 209GO 1 or equivalent. 

Instantaneous Trip (I T) 

The core screw must be adjusted to the value of 
pick up current desired. 

The nameplate data wili furnish the actual current 

range that may be obtained from the IT unit . 

I N S T A L L A T I O N  
The relays should b e  mounted o n  a switchboard 
p anel or their equivalent in a lo cation free from dirt , 

moi stur e ,  exc essive vibrati on, and heat. Mount the 
relay verti cally by means o f  the four mounti ng holes 

on the flange fo r semi-flush mounting o r  by m eans 
of the rear mounting stud or studs for p roj ection 
mounting.  Either a mounting stud or the mounting 
screws may b e  utilized for grounding the rel ay .  The 
electrical conne ctions m ay b e  m ade directly to the 
terminals by means o f  screws for ste el p anel mount­
or to the terminal studs furnished with the relay for 
thick p anel mounting. The t erminal studs m ay b e  
e asily removed or inserted by locking t w o  nuts on 

the stud and then turning the p roper nut with a 
wrench. 

For detailed FT case inform ation, refer to (I. L . 
4 1-076) .  

ADJ U ST M E N T S  AN D M A I N T E N AN C E  
The p roper adjustments to insure correct op eration 

of this relay have b een m ade at the factory. Upon 
receipt of the relay, no custom er adjustments o ther 
t han tho s e  covered under ' 'SETTINGS' '  should b e  
required. 

Acceptance Tests 

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

1 .  Minimum Trip Circuit - With the switch op en, 

apply current to terminals 8 and 9 of the relay. 
The polar unit should operate at rated current. 
Th e polar unit m ay op erate for lower currents,  
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TYP E HRU R ELAY-----------------------------------------------------------

TEST CJRCI.JT OF MRU UL.I.Y 

Fig. 2 Test Circuit 

but not b elow value o f  Table I .  Thi s low pi ckup 
will not imp air its operation on m agnetizing in­
rush, and should not b e  disturbed if it is found 
to be less than rated current. How ever, if a 
hi gher pick up i s  desired, it is s uggest ed that 100 
amp eres be appli ed to relay terminal s  8 and 9 .  

Thi s  will cause t h e  p olar unit t o  pickup a t  ap­
proximately rated current. 

2. H armoni c Restraint Characteristi c - Clo se switch 

of test circuit and set I de p er Tabl e 2 and adj ust 

lac until the p olar unit operates.  lac should be 

as indicated in Tabl e 2 .  These values of alterna­
ting current corresponds to 1 7  p er cent and 14 
p er cent second harmonic .  

3 .  Instantaneo us Unit (IT) 

The core s crew which i s  adj u stabl e from the top 
of the trip unit det ermines the pickup value. The 
trip unit h as a nominal ratio of adjustm ent o f  1 

to 4 and an accuracy within the limits of 10%. 

Po sition the stationary contact for a minimum of 
1/ 3 2  inch wipe.  The bridging moving contact 
should touch both stationary contacts simultane­

ously. Apply sufficient current to op erate the IT. 

4. Indi c ating Contactor Switch ( ICS) 

4 

Clo se the main rel ay contacts and p as s  suf­
fi cient d- e current through the trip circuit to 
close the contacts of the res. Thi s val u e  o f  
current should n o t  be greater than t h e  p arti cul ar 

res t ap s etting being u sed. The o p eration indi­
cator t arget should drop freely. 

The contact gap should b e  appro ximately . 0 47 
inches b etween the bridging moving contact and 
and the adj ustable stationary contacts.  The 
bridging moving contact should touch both sta­

tionary contacts simultaneously. 

Routine Mai ntenance 

All relays should be c heck ed at l east once every 
year or at such other time intervals as m ay be dic­
t ated by experience to be suitabl e to the p articular 

appli c ation. 

All contacts should be p eriodically cleaned. A con­
t act burni sher style 1t 1 8 2A836HO 1 is recommended 
for this p urpose.  The u s e  of  abrasive m aterial for 

cleaning contacts is not reco mmend ed , because of 

the danger of embedding small p arti cles in the face 
of the soft silver and thus impairing the contact. 

Cal i bration 

Use the following proc edure for calibrating the relay 
i f  the relay has been t ak en apart for rep airs or the 
adjustments disturb ed. Thi s procedure should not 
be used until it  is apparent that the relay is not in 

prop er working order. (See "Acceptance Check . " )  

Polc;n Un it  

1 .  Cont acts - Place a .060 to .070 inch feeler gage 
betw een the right hand pole face and the armature. 
This gap should be m easured near the front of 
the right hand pole face.  Bring up the b ack stop 
screw until it j us t  m ak es with the moving contact. 
Place gage between moving contact and station­
ary contact on the left hand side of the pol ar­
unit. Bring up the stationary contact until it  
just mak es with the gage and lock in p l ace .  

2 .  Minimum Trip Current - Harmonic Restraint 

Unit ( HRU) 

Connect the relay to the t e st circuit o f  Fig. 2. 

With the switch open, pass lac = 100 amp eres 

into the relay .  This current should b e  applied 
for a very short p eriod o f  time and i t  s hould be 
suddenly int errupted. Adj u st the right hand shunt 
on the polar unit until it  trip s with lac = Rated 

Current. Lower lac gradually to 50% r ated cur­
rent , unit should reset ,  if not,  adj u st l eft hand 
shunt until the unit reset s .  
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TYPE HRU R ELAY __________________________________________________________ �I. L�--4�1 �-3�47�. 2� 

If additional adj ustments are necessary, apply 
100 amperes and adj ust the right hand shunt 
until the unit op erates at rated current. Lower 
lac gradually to 50% rated current and adjust the 

left hand shunt until the contacts reset .  Rep e at 
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 o f  pickup curr ent . If the current is de­
energized and pick up i s  measured agai n ,  the 
pickup current will b e  less than before. However, 
pickup will be stabl e after the s econd applica­
tion of pickup current. If 100 amp eres is applied 

again , the pickup immediately after applying t hi s  
current will b e  rated current. However, measur­
ing the pickup the s econd time will sho w that 
the pickup is again reduced. The variation be­

tween . 9 4  and 1 times rated current. 

The filter circuits are charged by the application 
of this h eavy current and upon the removal of the 
current , these circuits will discharge their energy. 

The element will be biased in the re straining 

dire ction b ecause the restraint coil has approxi­
mately 7 times the number of turns as the operat­

ing coil . Upon the application of pi ckup current, 
the op erating ampere turns will be greater than 
the restraint ampere turns and t he bias will b e  
removed. 

If a lower biasing current i s  used instead o f  100 
amp eres, the pickup o f  the unit will b e  l ess 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 b e  
stabl e after this en ergization. However, this 
value of pickup will be lower than the limit o f  

. 9 4  times rated current . Thi s is in the direction 

of making the sensitivity o f  the polar unit lower 

than rated current but does not impair the p er­
formance of the unit on i nrush current. 

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

3 .  H armonic-Restraint Characteristics 

Close switch of test circuit in Fig. 2. Adjust 
direct current ld c  p er Table 2. Gradually in­

crease alternating current until the polar unit 
op erates with l ac as indicated in Table 2. The 

p er cent second harmonic in the wave m ay b e  

derived b y  t h e  use of t h e  formula: 

47 Ide % s econd harmonic = --------

lac + 1 .  1 1  I ac 

Indi cating Contacto r Switch (ICS) 

Close the main relay contacts and p ass sufficient 
d-e current through the trip circuit to close 
the contacts o f  the res. This value o f  current 
sho uld not be greater than the p articular res tap 
setting b eing used.  The i ndicator target should 
drop freely. 

Instantaneous Trip ( IT) 

The core screw which is  adj ustable from the top 

o f  the trip unit determines the pickup value.  The 
trip unit has a n ominal ratio o f  adju stment of 1 
to 4 and an accuracy within the limits o f  1 0%. 

Apply suffi cient current to operate the IT.  

E lectr ical  Checkpoints 

Apply rated current to terminal s 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 op erati ng transformer 4 . 0  volts 

(Top Coil Terminal s) 

2 .  4 mfd . capacitor 2 . 5  volts 

3 .  0 . 45 mfd. capacitor 3 . 9  volts 

4 . Operating-rectifi er bridge 2.5 volts 

5 .  Restraint-rectifier bridge 0 .  6 volts 

6. Seri es filter-reacto r  0 . 2  volts 
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TYP E H RU R ELAY---------------------------------------------------------

APP ROXIMAT E R ESISTANCE VALU ES O F  
COMPON ENTS I N  HRU R EL AY 

Unit  

H armonic 

Restraint 

C i rcuit  

Op erating 

Restraint 

Indicating Contactor 

6 

Switch Trip 

Description 

Transfo rm er .secondary 

d" c resi stance 50 to 70 
ohms. 

Reactor d-e resistance 
8 to 10 ohms. 

4 mfd. capacitor 

Rectifier 700 volts ,  600 
milliamp eres silicon di­
odes.  

Polar unit coil  d- e re­

sist ance 80 to 100 ohms. 

Series reactor d- e re­
sistance 1 00 to 130 ohms. 

P arallel reactor d-e re­

sistance 300to360 ohms. 

.45 mfd. capacitor 

Rectifier 200 volts ,  600 
milliamp eres silicon di­
odes.  

P olar unit coil d. c r e­
sistance 650to 800 o hm s  

Vari stor 100, 000 ± 10% 

at 10 VDC 4000 ± 25% at 
30 VDC. 

0.2 amp. tap 6.5 ohms d-e 

2.0 amp. tap 0. 15  ohms d-e 

R EN EWAL  PARTS  
Repair work can b e  done mo st s atisfactorily at the 

factory. However, interchangeable p arts can b e  
furni shed to customers who are e quipped for doing 

rep air work . When ordering p arts ,  always giv e  the 
compl ete n am eplate data. 

TA B L E  1 
P olar Unit Min. Trip Values 

Rated Current Lower Current 
Limit 

. 8 7  . 6  

2 .0  1 . 35 

4 . 0  2 . 7  

T A B L E  2 
H armonic Restraint Values 

Rated Current I de l ac 

. 87 2 . 3  3 . 8  - 5 . 3  

2 .0  6.0 10.0 - 1 3 . 5  

4 . 0  12 .0  1 9 . 9  - 27.0  
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* 

INSTALLATION 
Westinghouse 1 .  L.  4 1 -347. 1 L 

• OPERATION • MAINTENANCE 

IN S TRUCT ION S 
TYPES H U  AND HU-1 

T RANSFORMER DIFFERENTIAL RELAYS 

C A U T I ON 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 op erate the relay to check the 

settings and electrical connections. 

A P P L I CAT I ON  

The typ es H U  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 ext ernal fault current 

flowing and the m aximum symmetrical error current 

which is flowing in the differential circuit on ex­

ternal faults should not exceed 10 times relay t ap 

setting.  

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 r elays are identical. Three­

winding banks normally require the HU-1 relay, al­

though the autotransformer application uses the HU 

if the t ertiary is not loaded. 

Both the HU or the HU- 1 are available with a 

sensitivity of either 30% or 35% times t ap .  The 3()%­

sensi ti vity relay satisfactorily handl�s up to 15% 

mismatch ( e. g .  ± 1 0% transformer tap c hanging 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 b e  recalibrated in the fi eld to 

obtain either characteristic.  

Ordinarily the 3 0%- sensitivity relay will  suffice;  

SUPERSEDES I . L. 4 1 -347 . 1  K 
*Denotes change from su perseded i ssue .  

* 

howev er, where CT mi smatch is abnormally high or 

where the transformer tap-changing range exceed s  

± 1 0 % ,  thi s  c alibration m a y  b e  t o o  sensitive. 

CONSTRUCT ION  

The type s  HU and HU- 1 relay s  cons i st o f  a dif-

ferential unit ( DU) , a harmonic-restraint unit (HRU) , 

an indic ating instantaneous trip unit ( ITT) and 

an indic ating cont actor switch ( ICS) . The Prin­

cip al p arts of the relay and their locations are shown 

in Figs.  1 t o  4 .  

D ifferent i a l  U n i t ( D U) 

The differential unit of the HU relay consists of 

two air-gap restraint transformers, three full-wave 

rectifiers, saturating op erating-transformer, and a 

d-e 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. 

H armon ic -Re stra int  U n i t ( H R U )  

The harmonic-restraint unit o f  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-e 

polar unit. 

Taps are also incorporated in this unit to com­

p ensate for mismatch of the l ine current transformers. 

Changing a tap on the restraint transformer of the 

differential unit al so changes the tap of this unit. 

Polar  Un i t  

T h e  polar �it consists of a rectangular shaped 
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...,_ ___ OPERATING CKT. RESI STOR (DU) 

,,,, � � ,: � c 

.L'21'.,..;< -- HARMONIC RESTRAINT UNIT 
(HRU) 

......... - DIFFERENTIAL UNIT (DU) 

RESTRAINT TRANSFORMERS (DU) 

INDICATING CONT ACTOR SWITCH 
(ICS) 

INDICATING INSTANTANEOUS TRIP 
( l iT) 

' .............,_.....__ TO RESTRAI-NT TRANSF. 3 (HU- 1 ONLY) 
� ---., TO RESTRAINT TRANSF. 2 

�TO RESTRAINT TRANSF. 1 

Fig. J. Type HU- J  Relay - Front View. 
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( N E W  D E S I G N ) 

w 

PARALLEL FILTER-REACTOR (HRU) 

SERIES FILTER-REACTOR (HRU) ------------l 

OPERATING TRANSF. (DU) 

OPERATING TRANSF. (HRU) 

R E F E R  TO 
FIGURE 17 FOR 
COMPON EI'IT LOCA Tl ON 

RESTRAINT BRIDGE 1 (+ PT.) 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 

f----- VARISTOR 

OPERATING COIL (- POINT) -DU 

A-C TERMINALS 

· l  

.... -< ""0 m 
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,c. 

SECOIIO HARMONIC 

INOICATI�G • INSTUTAM&:OUS TR I P  

BLOCK CIRCUIT 

li lT) 

I NDICATING 

FUNDAMENTAL BliiCK 

CONTACTDR SWITCh 

SECOND HARMON IC 
PASS ·CIRCUIT 
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Fig. 3. Internal Schematic of the Type HU Relay in FT3 1 Case. For Single 

Trip R elays the Circuit A ssociated with Terminal 2 is Omitted, 
184A762. 
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Fig. 4. Internal Schem atic of the Type HU- 1  Relay in FT3 1  Case. For Single 
Trip Relays the Circuit Associated with Terminal 2 is Omitted, 
184A736. 
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TYP E H U AND HU-1  R E LAYS ________________________________________ __ 
i . L .  4 1 ·347. 1 L 

II .. AUIU:D All Ml1 

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 a nd silver solder. 
These non-magnetic joints represent air gaps,  which 
&.re 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, which, in 
turn, is fastened to the armature. 

I nd i cat ing  Contactor Swi tch Un i t  ( ICS)  

The d-e indicating contactor switch i s  a smal l  
cl apper-type device. A m agnetic armature, to which 
l eaf- spring mounted contacts are attached, is at­
tracted to the magnetic core upon energization of the 
switch. When the switch cl o ses, the moving con­
tacts bridge two stationary contacts, compl eting the 
trip circuit. Al so, during this op eration, two fingers 
on the armature defl ect a spring located on the front 
of the switch, which allows the op eration indicator 
target to drop, 

The front spring, in addition to holding the t ar­
get, provides restraint for the armature and thus con­
trol s the pick-up value of the switch. 

l nd i cati nq  In stantaneou s Tr ip  Un i t  ( l i T) 

The instantaneous trip unit is a small a-c oper­

ated clapper type de vic e .  A magn etic armature , to 

which leaf-spring mount e d  contacts are att ache d ,  i s  

attracted to the magn etic c ore upon energizat ion of 

the s witch .  When the switch clos es , the moving 

bridge two stationary contacts completing the trip 

circuit . Also,  during the ope ration , two fin gers on 

the armature deflect a spring locat e d  on the front o f  

the switch which all ows t h e  operation indicator 

target to drop. 

A c ore screw ac c e s sible from the top of the 

switch provide s  the adjustab l e  pickup range . 

O P E R AT I O N  

The typ es HU and IIU- 1 rel ays are connected to 
the protected transformer as shown in Fig. 6. In 
such a connection, the ral ays op erate to protect the 
transformer for faults internal to the differenti al  zone 
of the transformer, but not for faults external to the 
zone. Neither do the rel ays operate on m agnetizing 
inrush currents asso ciated with energi zation of the 
transformer, even though these currents may app ear 
as an internal fault. To avoid these fal se operations, 
each unit of the rel ay p erforms a sep arate function. 
The differential unit ( DU) prevents op eration on 
external faul ts, whil e the h armonic-restraint unit 
(HRU) prevent operations on m agneti zing inrush 
currents. Hence, the operation of the rel ay can best 
be de scribed under the headings of external fault 
current, internal fault currents , and magnetizing in­
rush currents. 

E xtern al F au l t  Current s  

The types HU and HU- 1 rei ay s  have a variabl e 
p ercentage ch aracteristic. This means th at the 
operating current required to cl ose the contact of the 
differenti al  unit expressed in percent of restraint 
current varies with the magnitude of the l arger re­
straint current. Fig. 7 and Fig. 8 illustrate this 
characteri stic. To use these curves, divide each 
re straint current by the appropriate tap and enter 
the horizontal axis using the l arger or l argest re­
straint multiple. Then enter the verti cal axi s, using 
the difference of the restraint multipl es. 

With the rel ay  connected as shown in the schema­
tic diagram of Fig. 9 a, an external faul t c auses cur­
rents to flow in the air- gap restraint transforme:�s of 
the differenti al unit. If the line current transformers 
do not saturate and the correct ratio m atching taps 
applied, no effective current flows in the operating 
tran sformer of the rel ay. Henc e, onl y a contact­
op ening torque i s  produced on the differential unit. 

On heavy external faul t s  where a m ain current 
tran sformer saturates, current flows in th e op erating 
circuit of the rel ay. With such a condition, the 
harmonic-restraint unit m ay or may not close its con­
tacts, depending upon the harmonics present in th e 
false op erating current. However, op eration of the 
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LARGER RESTRAINT CURRENT IN MULTIPLES O F  TAP VALUE CURRENT 

Curve 471136 1 
Fig. 7. D i fferential Characteristic of the DU Unit of the 

HU and HU- 1 Relays at Smaller Values of Current. 

A ctual Operating Current Shown for 15 and 20% 

M ismatch. 

rel ay is prevented by the vari abl e p ercentage· char­
acteri stic of th e differential unit, since a I arge dif­
ferenti al current is required to close its contacts 
during heavy external fault s. 
I n tern al F au l t s  

I n  the case of an internal faul t a s  shown i n  Fig. 
9b, the restraint of the differenti al unit is proportional 

to the l argest restraint current fl o wing. The sum of 
the two restraint currents flows into the op erating 
transformer and produces an excess of op erating 
torQUe,  and the differenti al unit operates. 

In th e case of an internal fault fed from one 
source only,  the fault current fl ows in one restraint 
transformer and the operating transformer. An excess 
of op erating torque is produced on the differential 
unit and it op erates. 

Faults normally app ear . as an offset sine wave 
with a decaying d-e component, and contain very few 
harmonics. As a result, the harmonic-restraint unit 
will op erate during internal faul ts to p ermit tripping 
o f  the rel ay. 

For he avy internal fault s ,  the indicat ing instant­

aneous trip unit (liT )  will operat e .  Since this unit is 

conne cted to an air gap transformer,  essentially 

only the sine wave com ponent of an internal fault is 

applied to the IIT unit . The d-e component of the 

fault is bypas s ed by the transformer primary.  For 

e xample ,  an internal fault with a first peak o f  28 
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LAR�ER RE STRAin CURREIT II •uLTIPLES OF TAP VALU( tiiiUT 

Curve 4 71050 

Fig. 8. Differential Characteristic of the D ifferential Unit 

(DU) of the HU and HU- 1 Relays at Larger Values 

of Current. 

t imes t ap value ( includes fifty percent d . c . ) i s  

reduce d  to a first peak of approximately 14 times 

t ap value ( d . c .  component absent ) on t he sec ondary 

t r an s former . The liT unit will just operate on this 

wave since it i s  set to pick up at a peak c urrent 

of 1 4 . 1  times t ap ( r . m . s .  pick-up v alue = 1 0  times 

t ap).  

The varistor connected across th e d.c.  side of 
the restraint rectifier of the harmonic restraint unit 
prevents excessive voltage peak s  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 p erformance during inrush, where the volt­
age is considerably lower. 

M agn eti zi n g  I n ru sh Currents  

Magnetizing inrush current waves have various 
wave shapes. A typical wave app ears 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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TYPE H U AMD HU-l RE LAYS ________________________________________________ __ 

-
I s  

P ROTECTED 
TRANSFORMER 

87 

(a)  E XTERNAL FAU LT 

-
Is 

PROT ECTE D 
T � A N S lO S 'l �I E: 'l  

87 

(b) INTERN�L F � U LT 

Fig. 9. Simplified Schematic of the Type HU Relay with Current D istribution for (a} External Fault (&} 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-e 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 pol ar unit will not close 
its contacts unless the second harmonic content is 

less than 15 percent of the fundamental component. 

The indicating instantaneous trip unit (liT) 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 liT 

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 value on the 

secondary of the transformer. Since the liT unit is 

set for a peak val ue of 14. 1 times tap (r. m.s.  pick-up 

value = 10 times tap) , it will not op erate on this 

inrush. 

B re aker M a i ntenance 

Before some of the CT's are bypassed for breaker 

maintenance the trip circuit should be opened, as 

8 

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"). 

C H A R A C T E R !  S T I  C S  

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.  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 F ig. 10 when the r elay pickup is 0 . 30 times 

tap. If the amount of mismatch is  measured or cal­

culated , the measured voltag e can be c hecked against 
the interpolated value from the curve. For· example , 
assume that the larger restraint current is m easured 

as 1 . 5  tap multiple and the calculated mismatch is 
7%. Then, from Fig. 10 the measured voltage s hould 
be approximately 1 . 0  volts . Use Fig. 1 1  if the pickup 

is 0.35 times tap. 

Pickup of the harmonic-re straint unit and the 
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LARGER RESTRA INT CURRENT IN MULT IPLES  
OF TAP VALUE  CURRENT 

Curve 471132 

F ig. 1 0. D ifferential Voltage Characteristic of the DU Unit 
of the HU and HU-1 Re lays with a Pickup of � 
Times Tap. 

differential unit is either 30 or 35% of tap value cur­
rent. Pickup of the indicating instantaneous trip unit 
is ten times tap value curre nt. 

Compon ent s of the h armonic-restraint unit are 

selected such th at 15% second h armonic will prevent 
operation of the unit. Thi s factor is ade quate to 
prevent false op eration on inrushes. 

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

Tri p C i r c u i t  

The m ain contacts will s afel y cl o se 30 amp ere s 
at 250 volts d- e ,  and the seal-in contacts o f  the i n­
dic ating contactor switch will safely c arry thi s  
current long enough t o  trip a circuit breaker. 

The indic ating contactor switch h as two t ap s  th at 
pro vide a pick-up setting o f  0 .  2 or 2 amperes. To 
change taps requires connecting the l ead loc at ed in 

front o f  the tap block to the desired setting by m ean s 

o f  a screw connection. 

S E TT I N G  
To set the relay, c al cul ations must b e  p erform ed 

as sho wn under "Setting Cal c ul ations".  After the 

correct tap is detemined, connections c an b e  m ade 

to the rel ay transfo rm ers by p l acing the connector 
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LARGER RESTRAINT CURRENT IN  MULTIPLES 

OF TAP VALUE CURRENT 

v 

' ' 

3.0 

Curve 47ll35 

F i g .  1 1 .  D ifferential Voltage Characteristic o f  t h e  DU Unit 

of the HU and HU- 1 Re lays w ith a P ic k up of 0.35 

Times Tap. 

screws in the various termin al-pl at e  hol es in front 
of the rel ay. Only o n e  tap screw shoul d be in serted 
in any hori zo nt al  ro w o f  t ap s. 

I n d i c at i ng C o ntactar Switc h ( I CS)  

No setting is  required on the ICS unit except the 

selection of the 0. 2 or 2. 0 ampere tap setting . This 
sel ection is made by connecting the l ead located in 

front o f  the tap block to the desired s etting by means 

of the connecting screw. When the relay energizes a 

125-or 250-volt d-e type WL rel ay s witch, or e quiva­

l ent, use the 0. 2-ampere tap; for 48 volt DC applica­
tions s et relay in 2 tap and u se Type WL Relay coil 

Stt304C209G0 1 or equival ent. 

l n d i. cati ng  In stantaneo u s  T ri p  ( l i T ) 

No s etting i s  required o n  the indicating instan­
taneous trip unit. Thi s unit i s  s et at the factory to 
pickup at 10 time s  t ap  v al ue current. 

S E T  T I N G CALC  U LA T I 0 N'S 

Sel ect the ratio m atching t ap s. There are no o th er 

settings. In order to c al cul ate the re quired t ap  s et­
tin g s  and check current transformer p erform an c e  th e 
following information i s  re quired. 

Requ i red  I n fo rm at ion 

1 M aximum transformer p o wer r ati ng (K VA)M 
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TY P E H U AND HU-1  R E LAYS __________________________________________________ _ 

I 

6 
NAil UIIT INSTANTAN!OUS TRIP � � 

UNIT -
t--

.. ;::: 4 

1 

\ 
'\ r--..... \ 

-t--� 1'. 

1 1  1 6  10 
OPERATII' CURRUT II MULTIPLES OF TAP VALUE CURREIT 

Curve 538029 

Fig. 12. Typical Tripping Time Characteristic (60 Cycle 

Currents}. 

2. M aximum external fault current s 
3. Voltage r atings of power transformer ( VH, v1 . 

VL) 
4. Current tran sformer r atio s, full tap (NT) 

* 5 .  Current tran sformer ' 'C ' '  accuracy class 
voltage , ( or excit at ion or r atio correction 

factor curve) 

* 6 . One w ay current transformer lead r e s i st ance 
at 25°C ( RL)  ( when using excitation curve , 
include ct w inding resistance) 

7. Current transformerconnection s ( wye or delta ) 
,. S .  ct secondary winding re sist anc e ,  Rs.  

Defi n i t i o n s  of  T erm s 

lp = Primary current at (KV A)M 
IR = Relay input current at (KVA)M 
IRH• IRL , Iru are same as IR except for high, 
low and intermediate voltage sides respectively. 

* Is = ct s econdary current at (KV A)M 

* T = relay t ap setting .  

* TH . T L· TI . = are same as  T except for high , 
low and intermediate volt age windings ,  res pect-

ively . 

.. 0 

" 0 

" 0 
, -

· -

' 
10 0 

0 .. 

PICkUP 01 VAIIUL£ fl[OUUCY TYPE NU AIID NIH IHAYS 

I 
\ 

_/ ' 

10 '" 160 100 

FIEOUUCT II CYCLES PER SECOIID 

. - f-

140 

- -- --

.. -

r--

·-

---

110 

Curve 471052 

Fig. 1 3. Typical Frequency Response of the HU ancl 

HU- 1 Relays. 

* V CL = " C "  accuracy class voltage 

Z A = Burden impedance of  any d e vices other 
t han the HU or HU- 1 relay s ,  with max imum 
external fault current flowing .  

* I ext .  = max.  symmetrical e xt ernal fault current 

in secondary RMS amperes .  

Z T = Total secondary burden i n  ohms ( e xc luding 
* current tran sformer winding r e s istan ce . )  

Cal cui  at ion P ro cedure 

* 1 Select current trans[onner taps, where mul ti­
ratio typ e s  are u sed. 
Select a t ap to giv e  approximately 5 ampere s 

at maximum load .  This will  provide good 
sensitivity and will  produce no thermal 
problem to the ct . .  the le ad s  or the relay .  

Better sensitivity can b e  achieved by select­

ing a t ap to give mor e  than 5 amperes  if a 

c areful che c k  i s  made of the  ct , the lead s  

and t h e  relay capab ility . For d eterming the 

r e quired cont inuous rating of the relay ,  u s e  

the e xpected two-hour maximum load , since 

t he relay reac he s final temperature i n  this 

t im e .  

·* 2 .  S e lee t re lay taps in proportion t o  the re lay 
N = Number of current transformer turns th at are currents , JR . 

1 0  

in use. 

Np = N/NT (Proportion of total turns in u se) 
NT = Current tran sformer ratio , full tap 

IR should not e xceed r elay continuous rating.  

Also , to  avoid liT operation due to dis­
similar ct sat ur at ion the maximum symmet-
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TY PE HU AND HU-1  R E LA YS _________________________ ,_. L_._4_J ._J4_7_. l_L 

1 2 00/5 
MR 
C 2 0 0  

T WO WIND ING B A N K  

1 2 .4 K V  

16/ 2 0  MVA 

6 9 K V  

y 
600/5 

M R  
C 2 0 0  

1 2 0 0/5 
M R 

c s o o  

T H R E E  WINDING B A N K  

600/5 
M R  
C 20 0  

L O W  

( K VA) M = 2 0,00 0 

( K VA) s 
= 1 6,000 

H I G H  

(KVA) M = 20,000 

( K VA ) s = 1 6,000 

H I G H  

(KVA) M = 4 0,000 

(KVA)
S 

= 30,000 

I N T E R M E D I AT E  

(KVA) M = 4 0,000 

(K VA)
S = 30,0 00 

L O W  

IKVA)
M 

= 1 0,000 

(KVA) s = 7,500 

VL = 1 2 ,4 0 0  VOLTS VH 6 9 ,0 0 0 VH 
N T = 2 4 0  T U R N S  N T 1 2 0  NT 

Ve L= 2 0 0  VOLTS V
e L  

= 2 0 0 Ve L  

R
L 

= 0 . 4  O H M S  RL 0.4 R L 

DE LTA e T  W Y E  e T  DE LTA C T  

I ext� IOOA I ext� IOOA 

1 61,000 

2 40 

800 

0 . 5  

vr 69,ooo 

NT 1 2 0  

Ve L  = 2 0 0  

RL = 0 . 5  

D E LTA e T  

VL 1 2,400 

N T 2 4 0  

Ve L  2 0 0  

R L 0.5 

WYE e T  

289B412 

* Fig. 14 .  Example for Setting Calculations. 

rical error current which is flowing in the 
different ial circuit on external fault current 

should not exceed 1 0  times relay t ap .  

3. Detennine Mismatch 

For 2 Winding b ank s: 

(IRL/1RII) - ( TL/TH) o/c mism atch = 100 -----=------
8 ( 1) 

\\h ere S is the sm al l er of the two term s, 
(Iru/IRH) or (TL/TH) 

For 3 winding b ank s: 
. (IRII/IRI) - (TH/Ty) ( 2) o/c m1sm atch = 100 -----::,-----

8 
where "S" is the sm al l er of the two term s, 
(IRH /I RI ) or ( TH/Tr ) . 

Equatio ns simi! ar to e q. ( 2) apply for mis­
m atch from the high to lo w and from the inter­
mediate to l o w  voltage windings. 

Where tap changing under load is performed 
the relays should be set on the basi s of the 

middle or  neutral tap position . The total mis­
match, including the automatic tap change 

should not exc eed 1 5% with a 30% se nsitivity 
relay , and 20% with a 35% sensitivity relay. 
Note from Fig . 7 that an amp l e  safety margin 
exists at these levels of mismatch. 

* 4.  Check current transformer performance. Ratio 
error should not exceed 1 0% with m aximum 
symmetrical external fault c urrent flowing .  An 

accurat e  method of determing ratio error is  
to  use r at i o-correction-factor c urves (RCF) . 
A less  accurate , but s atisfactory method is 

utilize the  ASA relaying accuracy classi­

fication . If the  "C" accuracy is used,  
performance will  be ade qu ate if :  

[Np Vc] - C iext - 100)  Rs ]  I I ext 

is greater than ZT 

Not e :  let Iext = 100 

( 3 )  

when maximum external fault current is  le ss 

than 100A.  

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PE HU AND HU- 1 R ELAYS ____________________________________________________ _ 

TYPE MU AIIO IMH REI..AYS 
( fROIT 'i'IEW) 

OPTICMIAL LEAD 
COIIIIECTICMI FOR 
TYPE KU-1 RELAY 

J .. '· '-'· 

D. t. '"} ------------- IEC. 'i'Ollo\I:E 

290B506 

Fig. 15.  Test Circuit of the HU and HU. J Relays. 

For wye-connected c t :  

ZT = l ead resistance + rel ay burde n + ZA 

= 1. 13 RL + 0 · 15 + ZA ohm s 
T 

( 4) 

( R L  multiplier .  1 . 13 ,  i s  used to acc ount for 

0 . 15  
temperature rise dur ing faults . � i s  an 

approximation .  Use 2 way lead resist ance  for 

single phase to gro und fault . ) 
For delt a-connected c t :  

0. 15 � = 3 ( 1. 13 � � + ZA) ohm s  

( 5) 

1 2  

* (The f actor of 3 accounts for conditions 
e x i st ing during a phase fault . )  

5 .  Examples 

Refer to p ages 13 and 14 and figure 1 4 for 
setting exampl e s. 

I N S TAL L A T I O N  
The rel ays should be mounted on switchboard 

panel s or their equivalent in a location free from 
dirt, moisture, excessive vibration, and heat. Mount 
the relay vertically by means of the four mounting 
hol es on the fl ange for semi-flush mounting, or by 
means of the rear mounting stud or stud s for pro­
jection mounting. Either a mounting stud or the 
mounting screws may be utilized for grounding the 
rel ay. The electrical connections may be made di­
rectly to the terminal s by mean s  of screws for steel­
panel mounting or to the terminal studs furnished 
wi th 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. 
4 1-076. 

A DJ U ST M E N T S  A N D  M A I N T E N A N C E  
The proper adj ustments to insure correct opera­

tion of this relay have been made at the factory and 
should not be di sturbed after receipt by the customer. 

A c c ep t an c e  T e s t s  

The following check i s  recommended to insure 
that the rel ay is in proper working order. All checks 
can best be performed by connecting the relay per the 
test circuit of Fig. 15. Rel ay 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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* TWO-WI NDING T RANSFORM E R  CALCULATIONS 

(See Figure 14) 

1 .  Select ct Ratio : 

(KVA)M _ 

v 13 -

1000 

Select Ratio 

2. Select Relay Taps: 

I 
I - .E ­s - N -

Select Tap 

D esired Tap 

3. Determine Mismatch: 

% Mismatch = 

100 
(IRL

/IRH) - (TL
/TH) 

= 
TL/TH 

4. Check ct Performanc e :  

Np VeL 

100 

L O W  H I G H  

20,000 = 930 Amp . 
1 2 .4 13 

20 ,000 = 1 67 Amp . 
69 13 

1000/5 (N = 200) 200/5 (N = 40) 

930 

200 
= 4 . 65 Amp . 

167 
40 = 4 . 18 Amp . 

IRL = 4 . 65 /3= 8 . 05 Amp . IRH 
= 4 . 18 Amp . 

0 . 45 
3 . 4  RL + -- = 

T 

0 . 45 

4 . 18 
T

H = 
8 _ 05 

X 8 . 7  = 4 . 64 

TH = 4 . 6  

( 8 . 05 /4 . 18) - (8 .  7/4 . 6) 
100 -----,-------

8 . 7/4 . 6  
1 . 92 - 1 . 89 

1 00 --
------
= 

1 .89 

1 . 6% 

0 . 15 
1 . 13 RL + -- = 

T 

0. 15 
3 . 4  X 0 . 4  + -- = 1 . 36 + 0. 05 = 

8 . 7  
1 . 13 X 0 . 4  + --= 0 . 45 + 0 . 03 = 

4 . 6  

1 . 4 1  o hms 

200 

240 = 0. 833 

0 . 833 X 200 

100 

Yes 

1 . 67 

0 . 48 ohms 

40 
120 = 0 . 333 

0 . 333 X 200 
---- = 0 . 67 

100 

Yes 
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TY PE HU AND HU- 1 R E LAYS __________________________________________________ _ 

14 

1 .  Select ct Ratio :  

I _ (KVA)M p - v/3 
1000 

Select Ratio 

2 .  Select Relay Taps: 
lp 

Is =N= 

IR (At 40 MVA) = 

Select Tap 

Desired Tap 

Select Tap 

3. Determine Mismatch 

% Mismatch 

* THREE-WINDING TRANSFORMER CALCULATIONS 
(See F igure 14) 

H I G H  

40,000 
�= 143 Amp. 
161v 3 

400/5 (N = 80) 

143 
--= 1. 78 Amp . 
80 

IRH = 1 .78 13 

= 3.08 Amp . 

3 .08 
TH = 8 .7 ---

9.30 

= 2 .88 

TH = 2.9 

100 (IRH/IRI)-(TH/Tr) 
TH/Tr 

(3 .08/ 4 .82)-(2 .9/ 4 .  6) 100 2.9/4.6 
0 .640-0 .630 100 

0.630 

1 .6% 

I N T E R M E D I AT E 

40 ,000 
� =  334 Amp . 
69V 3 

600/5 (N = 120) 

334 
-= 2.78 Amp. 
120 

IRI = 2. 78 13. 

= 4.82 AmP . 

4 .82 
T1 = 8 .7 --

9.30 

= 4.52 

T1 = 4 .6 

100 (IRI/IRL)·(TI/TL) -
(IRI/1RL) 

100 
(4.82/9.30)-(4 .6/8. 7) 

4. 82/9.30 
0.518-0.528 

100 
0.518 

-1.9% 

4.  Check ct Performance 

(Np V CL/ 100)> Zy. 

0.45 
3 .4 RL +

--
= 

T 
0.45 

3.4 X 0.5 + - = 
2.9 

1 . 70 + 0. 16 = 

1 .86 ohms 
80 

--= 0.333 
240 

800 X 0.333 
100 

Yes 

2 . 67 

0.45 
3.4 RL +---= 

T 
0.45 

3.4 X 0.5 + -- = 
4.6 

1 .70 + 0. 10 = 

1 .80 ohms 
120 
-= 1.0 
120 

200 X 1 . 0  
---- = 2.0  100 

Yes 

L O W  

10,000 
� = 465 AmP. 
12.4v 3 

1000/5 (N = 200) 

465 
-- = 2.32 AmP . (At 10 
200 MVA) 

40 
IRL = - X  2.32 

10 
= 9.3 Amp . 

TL = 8 .7 

100 (IRL/IRH)-(TL/TH) 
TdTH 

100 (9.3/3. 08}-(8. 7/2.  9) 
8. 7/2.9 

3 .02-3.00 
100 

3.00 

0. 67% 

0 .15 1 . 13RL + --= 
T 

0. 15 
1 . 13 X 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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Curve 471047 
Fig.  1 6  Variation of Second Harmonic Content of Test 

Current. 

amper e s  for the 35% s ensitivity relay . Relay should 

operate. The upper polar unit may operate for lower 

currents ,  but not below 1 . 0  amper e .  This low pickup 
will not impair i ts operat ion on magnetizing i nrush  
currents and  should not be  disturbed if  it  is  found to  
be less  than the  lower pol ar uni t .  I f  a higher p ickup 

is d e s ir ed ,  it is suggested that 20 times tap value 

current be  appli ed to relay terminals 3 & 7 .  This will  
cause the upper polar unit to pick up at a current of 
approximately 1 . 65 amp er e s .  

2 .  Indicating instantaneous Trip Pickup. With 

switch open and rel ay set on 5 ampere tap, apply 
50 amperes to rei ay. Indicating instant aneous trip 
should pick up and its target should drop freely. 

The contact gap shoul d be approxi m ately 0 . 094 
inch between the bridgi ng moving contact and the 
adj ustabl e stationary contacts. The bridging moving 
cont act shoul d touch both stationary contacts simul­
taneously. 

3. Indi cati n g  Con tactor Switch. Block Polar unit 

contacts closed. P as s  suffi c i en t  direct current thro ugh 
the trip circuit to clo s e  the contacts of  the ICS. Thi s 

val u e  o f  current should not be greater than the partic­
ular ICS tap s etting b eing  u sed. The op eration i ndi­

cator target sho ul d drop fre ely.  

The contact  gap of the ICS should be  approxi­

mately 0 .047 inch between the bridging moving con­

tact and the adj u stable stationary contacts. The 
bridging moving contact should touch both stationary 

contacts simultaneously.  

4 .  Differ ential Characteristic.  

30% Sensitivity relay 

a. ClasP switch to posi tion 1 . Set lac to zero 

and adj ust lL R to 1 0  amp e r e s .  Increase lac to 2 . 8  
amperes .  I f  the lower polar unit do es  not op erat e 

with lac = 2 . 8  amperes and lL R = 1 2 . 8  ampere s ,  
lower lL R curren t .  T h e  lower polar unit should oper­
ate between the following limi t s :  

l ac = 2 . 8  t o  2 . 9 5 amperes 
ILR = 1 1 . 8  to 1 2 . 8  amperes 

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

tained under paragraph 4 a. 

3 5% Sensitivity relay 

c .  Close switch to po sition 1 .  Set lac to zero 

and adj u st lL R to 9 amperes . Increase lac to 2 . 8  
amp eres .  I f  the lower  polar unit does  not operate 

with lac = 2 . 8  amp eres and lL R = 1 1 . 8  amp e r e s .  

lower  IL R curren t .  T h e  l o w e r  polar unit should 
operate between the following limits . 

lac = 2. 8 amperes 

lL R = 1 0 . 8  to 1 1 . 8  amperes  

d .  Reverse  lead s  to r estraint transformers  and 

repeat d i fferential test outlined in paragrap h  4 c. 
Results should be  approxi mat ely the same as ob­

tained under  paragraph 4 c .  

5 .  H armonic Re straint C haracteristic . 

Close s w itci1 to posit ion 2 .  Short out IL R  
ammeter . Set I d e  t o  4 amperes  and adju st I ac until 

upper polar unit operat e s .  l ac should read b etween  

6 .5  and  9 amperes .  

A s  shown i n  F i g .  1 6 ,  these  value s  of  alte r­

nat ing curre nt corre spond to 1 7  percent and 1 4  
percent second harmoni c .  

6 .  Diodes 

Check for open or shorted diodes using 

e le ct rical checkpoints under re lay calibration sec­

tion . 

I n  Serv i ce Test 

Table  1 i s  to b e  use d as an in-service che c k  of  
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TY PE H U AND HU- 1  R E LAYS
----------------------------------------------------

the H U  or HU-1  relay using any tap combinat ion . 

This test also checks against reversed tap con -

nection s .  The relay should be connected as shown 

in  fig . 1 5  with the S . P . D .T .  switch in position 1 .  

The ammeter I SR measures the smaller re straint 

current and should be c onnected to the terminal 
assoc i at e d  with the tap block of the smaller setting.  

The ammeter I LR meas ure s the l arger restraint 

current ,  and s hould be connected to the terminal 

as soci ated w ith the larger tap block setting .  Ter­

min al 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  fig s .  1 
and 4 ) .  

* Table  1 gives the values of lA C  necessary to 
operate the relay when using a value of I SR e qual to 

3 times t ap value for all taps except the 8 . 7  t ap . A 
value of IsR equal to 2 times tap value w as cho sen 

for the 8.  7 tap setting i n  order  to k eep the current 
at a convenient value for testing.  Table I refers to 

a 30% relay .  For a 35% relay ,  values of I ac will b e  

. 1 to . 2 ampere s higher.  

Example  (HU Relay )  
Upper Tap Block Tap 3. 5 
Lower Tap Block Tap 5.0 

Sin c e  the upper tap block has the smaller tap 
s et ting  IsR should be connected to the upp er tap 
block ( Te rm.  5) , and IL R should be connected to 

TABL E 1 

R estraint 
Transformer L arger 2. 9  3. 2 3 . 5 3 .8  4. 2 4 . 6  5 . 0  8 . 7  

Tap 

Small er CURRENT IN AMPERES 

ISR 8 , 7  8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  8 . 7  5. 8 
2.9 lAC (Min . )  2.6 3 . 7  5 . 0  5 . 8  7 . 8  9 . 0  10. 4 16. 2 

lAC (Max. ) 2.8 4.0 5. 5 6 . 4  8 . 6  10.0 1 1 . 6  17.9 

I SR 9 . 6  9 . 6  9 . 6  9 . 6  9 . 6  9 . 6  6 . 4  
3. 2 lAC (Min) 2 .. 7 4 . 0  4 . 9  6 .9  8 . 1 9 . 6  15 .7  

lAC (Max) 3. 1 4 . 4  5 . 4  7 . 6  9 . 0  10 .6  17. 3 

I SR 10 . 5  10 . 5  10. 5 10 . 5  10. 5  7.0 

3. 5 l AC (Min) 3.0 3. 8 5. 7 6 . 9  8. 3 14. 5 
lAC (Max) 3. 3 4. 2 6 . 3  7 . 7  9 . 2 16. 1 

ISR 1 1 . 4  1 1 . 4  1 1. 4  1 1. 4  7 . 6  
3 . 8  lAC (Min) 3 . 2  5. 2 6 . 5  7. 9 14. 1 

l AC (Max) 3 . 6  5 . 7  7. 2 8. 7 16.0 

ISR 1 2 . 6  1 2 . 6  12 .6  8 . 4  

4 . 2 lAC (Min) 3 . 5  4. 7 6 . 2  1 2. 9  
lAC (Max) 3.9 5. 2 6 . 9  14. 2 

ISR 13.8  13.8 9 . 2 

4 . 6  lAC (Min) 3.9 5. 3 1 2. 4  

lAC (Max) 4. 3 5 . 9  13 .7  

lSR 15.0 10. 0  

5 .0  lAC (Min) 4. 3 1 1. 6  
lAC ( Max) 4.8  1 2. 9  

ISR 17 . 4  

8 . 7  lAC (Min) 5.0 

lAC (Max) 5. 5 
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Tenninal 7. From Table 1 under "Restraint Trans­

fanner tap: Larger" = 5.0 "Smaller" = 3. 5, set I sR = 

10. 5 amps. The value of lAc 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 tenninal 9 and 

either tenninal 5 or 7. 

Rou ti n e  M ai nten an ce 

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. 

A ll contacts should be periodically cleaned. A 

c ontact burnisher style 1tl 8 2A 836H01 is recommended 

for this purpose. The use LI abrasive material for 

cleaning contacts is not recommended, because of 

the danger of embeddi ng smal l  particles in the face 

of the soft silver and thus i mp airing the contact. 

C a l i b rat ion  (A l l  R e l a y s )  

Use the fol lowing procedure for calibrating the 

rel ay if the rel ay has been taken apart for repairs or 

the adj ustments disturbed. This procedure should 

not be used until it is apparent that the rel ay is not 

in proper working order. A l l  adj ust ments to be done 

with rel ay inside its case. ( See " A ccept ance Check " )  

Polar Units 

1. Contacts. Place a . 060 to . 070 inch feeler 

gage between the right hand pole face and the arma­

ture. Thi s gap shoul d be measured near the front of 

the right h and pole face. Bring up the back stop screw 

until it just makes with the moving co ntact. Place 

gage between moving contact and the stationary con­

tact on the left-hand side of the pol ar unit. On the 

upper unit, the gap should be . 046 inch and on the 

lower unit the gap shoul d be . 065 to . 070 inch. Bring 

up the stationary contact until it j ust makes with the 

gage and lock in place. 

2. Minimum Trip Curren t 

a. Harmonic Restraint Unit (HRU) 

Con nect the rel ay per test circui t  of Fi g. 15 .  

With the s witch open,  ;:J ass lac = 20 times tao value 

current into the relay. Th i s  current should be aCJ · 

p lied for a very short period o f  time and it should be 

suddenly interrupted. Adj ust right hand shunt  on up­

per po lar unit until it trips wi th lac = 33'7c of tap 

val ue amperes.  Lower lac graduall y  to 15'/c of ta[l 

value cu rrent and adj ust I eft-hand shunt until uni t  

resets .  Rep eat these steps, if  necessary, unti l the 
u ni t  operates at 33% or slightl y lo wer of t ap v alue  

current imme di ately fol l o wing the app l i c ation of  20 

time s tap val ue current and until the u11it  resets at a 
value of current 1 5o/c of t ap v alue or ; reater. After 
the dropout h as been measured, the unit  shou ld  pick 
up at 25% or h igher of t ap v al ue current .  

On the appl ication of the high current the upper 

pol ar unit will be biased in the restraini ng direction 

and pickup will be greater than the nominal value of 

30% of tap val ue current on the first application of 

pick up current. If the circuit is deenergi zed and pick­

up is measured again, the pi ckup current will be less 

than before. However, pickup will  be stable after 

the second application of pi ckup current. If 20 times 

tap val ue 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 agai n reduc ed. The vari ation 

between these pickups shoul d be between 25S·, and 
33% of tap value current. 

The filter circuits are charged by the appl ication 

of this heavy current and upan the removal of the cur­

rent, these circuits wi ll discharge their energy . The 

element will be biased in the restraini ng direction 

because the restraint coil has approxilllatel y  7 times 

the number of turns as the operating coil . Upon the 

applic ation of pickup current, the oper ating ampere 

turns will be greater than the restraint am pere turns 

and the bias wi ll be removed. 

If a l ower biasing current is used instead of 20 

times tap value current , the pi ckup of the upper unit 

will be less than before for the first appl ication of 

pickup current. Pick up will be further reduced with 

the second appl ication of pick up current, but the 

current will  be stable after this energi zation. How­

ever, this val ue of pick up wil l  be lower than the 

limits of 25% and 33% of tap val ue current.  This is 

in the direction of making the sensi tivity of the polar 

unit l ower than 30'/(;, but does not impair the per­

form ance of th e unit u n  inrush currents. 

b. Differential Unit (DU) 

Set the adj ustab l e  resistor at top of the relay in 

the approx imate center of its range.  Ope n  the switch 

and pass lac = 20 time s tap value current. Thb cur­
rent should be applied for a very short perilld of t ime 

and it s hould be suddenly i nterrupted . Adjust right­

hand shunt of lower polar unit  until  it trips w ith lac 
= 30'7c of tap value amperes.  Lower I ac p,radu ally to 
1 5% of tap value current and adj ust left-hand shunt 
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until unit resets.  If polar unit resets  before 1 5% of 
tap value current , no adj ustments are necessary to  
the left-hand shunt.  Repeat thPse steps unti l  the 
lower polar unit will  pickup at 30<;( of tap value cur­

rent and reset fur values of tap n il u P  c u rrent greater 
than 15% 

Indi cating Instantaneous Trip Unit (liT) 

With switch open , pass lac = 1 0  times tap val u e  

current. Adj ust core o f  t h e  instantaneo us trip  uni t  

until i t  picks u p .  Its t arget shoul d  drop freely .  

The contact gap sho ul d b e  approxi mat ely 0. 094 

inch between the bridging  movwg contact and th e 

adjustabl e stationary co ntacts. The bridging con­

tact should touch both stationary contacts si mul­
t aneo u sly . 

Harmonic-Restraint Unit (HRU) 

Close switch to position 2. Short out ILR am­

meter. Adj ust direct current unti l  Ictc reads 0 . 8  
times t ap setting. Gradually increase alternating 

current unti l  upper pol ar unit o perates with lac 
reading between 1 . 3  and 1 . 8  times tap s ettin g .  

The p ercent second harmonic i n  the wave may b e  

derived by the u s e  o f  the formula: 

47  Id e  
% second harmonic = r  + 1 11  1 

ac · 
de 

This formula is plotted in curve form in Fig. 1 6  for 
Ictc = 4 amperes. 

P ercentage Slope Characteristic (DU)  

C lose switch to position 1 .  Set  l ac to z e ro and 
IsR to 5 . 5  times tap value curren t .  Then adjust lac 
to 4 times t ap value c urren t .  

Adjust resistor a t  top o f  relay until lower polar 

unit operates .  Interchange lead positions to terminals 
5 and 7 and repeat the abov e test .  The lower polar 

unit should operate between the limits of: 

lac = 4 times tap value current 

ILR = 9 to 1 0  times tap value current 

Trip condition can best b e  determined by holding 

lac at 4 times tap value curr ent and varying I L R· If  
ILR is  too low the contacts wil l  be closed when the 

currents are first applied.  Henc e ,  I LR should b e  in­

creased until t he contacts open and then  decreased 
until  c ontacts clo s e .  

1 8  

The adj ustment of  the resistor will  have some 
effect on the  pickup of the u ni t .  H ence , recheck the 
pickup.  If neces sary readjust s hunts t o  obtain a pick­

up of 30% of tap value current  and dropout of 1 5% or 
greater of tap value current.  If shunts are c hanged, 
c h ec k  t o  see that above readings are obtained on 
the higher  re strai nt currents . If  necessarY readjust 
resistor and repeat procedure until  the unit  operates 
within the spec i fied limits . 

Apply I ac = . 5 6 t imes tap value and vary ILR 
unti l lower polar unit operates. The lower polar unit 

s hould operate between following limi t s .  

I LR = 2 . 3 6  to 2 . 5 6  tim es tap v a l u e  current.  

Indicating Contactor Switch (ICS) 

Block polar unit contacts  clo sed,  P ass  suffi­
ci ent direct current thro u gh the trip ci rcui t to clo se 
t h e  contacts o f  t h e  ICS. Thi s  value o f  current shoul d 

be not greater than the particul ar tap setting being 

used.  The operation- indicator target shoul d drop 

freely. 

The co ntact gap sho ul d be approximately 0.047 

inch bet ween the bri dgi n g  mo ving contact and the 

adj ustabl e stationary contacts. The bridgin g  n1o ving  

cont act shoul d touch ro t h  stationary contacts si­

mul taneou sly. 

Calibration (35%-Sensiti  vity Relays ) 

The differential unit ( D U )  should fi rst be cali­

brated as outlined under "Calibration ( All Relays)". 
Next the right hand s hunt of the  lower polar unit  
should b e  turned out until the relay operates at 

I ac = . 45 times tap v alue current 
ILR = 1 . 64 times tap value current 

This  changes the percent age s lope curve of the 

relay to t hat shown by the  3 5  percent sensit ivity 
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  rest raint 

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 i n  figure 7 ,  t h e  margin o f  safety be­

tween the relay c alibrated for a 35% sensitivity and 
the 20% mismatch  curve is t he same as that of  the 

relay calibrat ed for a 30% s ensitivity and the 1 5% 
mismatch curve.  This margin of s afety is a lso  shown 

in the voltage differ ent ial c haracteristic of figure 1 1  
for the 35 perce nt sensitivity relay .  
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TY P E  H U  AN D HU- 1 R E LAYS ------------------------�1-_=:L-:.....:4�1:_=-3�47_;_;.l�L 

* E l ectr i c a l  C h e c k p o i n ts 

Differential Unit ( DU) 

a.  R estraint C ircuit 

b.  

Apply two times  tap - value current suc­
cessive ly to each  restraint -transforme r .  This is 

done by connecting lead s to a t ap screw and to 
termin als  5, 7 and 9 ( HU- 1 only )  in turn. The 
a-c voltage across the appropriat e  restr aint 
rectifier bridge using a high resistance volt­

meter  (5000 ohms per volt) should be 2. 25 ± 5% 

volt s .  

Location at t h e  appropriate bridge i s  shown 
in the following t able for Relays having a diode 

board as shown in Figure 2 and in Figure 1 7  

for Relay s  using a printed  circuit module . 

Current  
in Term 

5 

(Restraint 

7 

1 )  

(Restraint 2) 

9 
(Restraint 3 )  

Operating Circuit 

Associated Rectifier Bridge 
( Re ar View - Bottom) 

HU H U - 1  

Center Center 

Right hand Left hand 

Right hand 

Apply 30 per-cent t ap -value current to 

terminal 3 and a t ap screw. U sing a high­
re sistance voltmeter,  the a-c voltage across the 

operating coil bridge s hould be  2 .8 ± 5% volts 
(Refer to Fig. 2 or 17 for bridge location depend-

ping on diode board used). The a-c voltage 
output of the operating tran sform er (top two 
coil terminals) should be 5 . 2  ± 1 5% volt s .  

* H a r m o n i c R e stra i n t  U n i t  ( H R U )  

Appl y 3 0  percent tap-value current t o  terminal 3 

and a tap screw. The follo wing are the vo ltage s 
that s hould be obtained using a high resist ance a-c 

voltmeter .  ( Refer to Fig .  2 or 1 7  for location de­

pending on diode board used.)  

1 .  Output of operating transformer 
(top coil t erminals) 4 . 3 5 ± 1 0% vo lts 

2 . 4 MFD capacitor 2 . 5  ± 15% volts 

3 .  0 .45  MFD capacitor 3 0 8 ± 1 5% volts 

4 .  Operating - rectifier bridge 2 . 6  ± 1 0% volts 

5 0  Restraint - rectifier bridge less than 1 volt 

6 .  Series-Filter Reactor less than 0 . 5  volt 

R EN E W AL P A RTS  
Repair work can be don e  most satisfactorily at 

the factory. However, interch angeabl e parts can be 
furni shed  to customer s who ar e  equipped for doing 

repair work. When ordering parts, always give the 

compl ete nameplate data. 
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TYPE HU AND HU-1 R E LAYS---------------------------------------------------

* A P P ROXIMA T E  R ESISTANCE VA LU ES OF COMP ON E N TS I N  HU R E LAY 

U N IT C I R C U I T  

Harmonic Restraint Operating 

Restraint 

Different ial Operating 

Restraint 

D E S C R I P T I O N 

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 ohm s .  
Reactor d . c .  Resistance 8 to 1 0  ohm s .  
4 MFD Cap acitor .  
R ectifier 500 Volt s ,  1 . 5 ampere Silicon Diod e s  
Indicating Instantaneous Trip Unit 1 4  to 16  ohms . 
Polar Unit  Coil  d . c .  Resistance 80 to 1 00 ohm s .  

Series Reactor d . c .  Resistance 1 1 0  t o  1 30 ohms.  

P arallel Reactor d . c .  Resistance 300 to 360 ohms . 

. 45 MFD Cap acitor. 
Recti fier  500 Volts , 1 . 5  ampere Silicon Diodes 
Polar Unit Coi l  d . c .  Resistance 650 to 800 ohms. 

Varistor 150K±50% at 10  V . D . C .  4000 ±25% at 30 V . D . C .  

Transformer (Primary taps 8 . 7 , 5 ,  4 . 6 ,  4 . 2 ,  3 . 8 ,  3 .5 ,  3 . 2 ,  2 . 9 )  Sec ondary 

d . c .  Resistance 20 to 30 ohms.  

Adjustable 3% inch  280 ohm Resistor 

Rectifier 500 Volt s ,  1 .5 ampere Silicon Diodes 
Zener D iode , 200 volts 
Resistor , 20 ohms, 5% 3W. 
Polar Unit  Coil  d . c .  Resistance 75 to 1 00 ohm s .  

Transformer (Primary taps  8 . 7 , 5 ,  4 . 6 ,  4 . 2 ,  3 . 8 ,  3 . 5 ,  3 . 2 ,  2 . 9 )  
Rectifier 5 0 0  Volt s ,  1 . 5  ampere Silicon Diodes 

Zener D iod e ,  200 Volts 
Resi stor , 20 ohm s ,  5% 3W. 
Polar Unit Coil d . c .  Resistanc e 60 to 1 1 0  ohms.  

r---------r------T----� ---· ------� -----------------------1 
Indicating 
Contactor Switch 

20 

Trip 0 . 2  Amp . tap 6 , 5  ohms d . c .  
2 . 0 A mp .  tap 0 . 1 5  ohm s .  d . c .  
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T Y P E  H U  AND H U - 1  R E LAYS ___________________________ I ._L_4_1_-3_47_. 1_L 

ENERGY REQUI REMENTS 

B urden of E a c h  R e stra int  C i rcu i t  

Power  at 

Cont i n uous F actor tap v a l ue 

T a p  R at i ng An g l e  e c urrent 

2.9 10 7 1  . 88 

3. 2 1 2  70 . 89 

3 . 5  1 3  6 6  .90 

3.8 14 65 . 9 1  

4 . 2  15  58 . 9 1  

4 . 6  16 57 . 5  . 9 1  

5 .0  18 5 2. 5  . 9 2  

8 . 7  2 2  30 1. 28 

B urden of Operat i ng C i rcu i t  

, 
P o w er at 

Cont i nuous  F actor tap v a l u e  

T a p  R at i ng A n g l e  e current 

2.9 10 35 2. 26 

3 . 2  1 2  34 2 . 30 

3 . 5  13 3 3  2 . 30 

3 . 8  14 33 2 .30 

4 . 2  1 5  3 1  2. 30 

4 . 6  16 30 2 . 40 

5 .0  18 29 2. 50 

8. 7 2 2  23 3. 18 

e Degrees current lags volta�e at tap value current 

t Voltages taken with Recto x type voltmeter 

* Therma l  R at i ng 

One Second 300 amperes 

vo l t  ampere s t 
at 8 t i m e s  

t a p  v a l u e  

c u rrent 

50 

5 1  

5 1  

5 3  

5 3  

5 5  

59. 

94. 

vo l t  a�rperes  t 
at 8 t i me s  

tap  v a l u e  

c urrent 

7 6  

78 

8 1  

83 

84. 

8 8. 

9 2. 

13 2. 

at 20 t i m e s  

tap va l ue 

cu rrent 

19 1 

2 1 1  

203 

220 

235 

248 

280 

340 

at 20 t i m e s  

t a p  va l ue 

current  

487 

499 

504 

547 

554 

598 

640 

850 

' 

Thermal capacities for short times other than one second may be calcul ated on the basis of tim e bein g inversely 

proportional to the square o f  the current. 
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TY P E H U AND HU- 1 R E LAYS------------------------------------------------------

SCHEMATIC 

C l 3  

OP��AT� o1svo17 
Cl4 

22 

ou 
RESTRAINT-I  

FOR HU-1 
ONLY 

0 

0 

D 
Cl3 

D 
C l 2  

D 
A 2  

D 
810 

D 
A5 

D 
Cl4 

D 

COMPONENT LOCATION 

Cit 
D 

Cl5 

D 
89 
D 

88 

D D r - - - - - - - -,  
87 

: o  L]J r  
' 

' 
8 6  

' 

L_g _ _ gj 
018 

D 016 D D 

Fig. 1 7. HU, HU- 1, Diode Board Module - Component  Location. 

0 

0 

FOR HU-1 
ONLY 

Dwg. 7 18 8 654 
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TY PE HU AND HU-1  R E LAYS ________________________ -!.:.I ..!::.;L -�4!.!.1 ;;:!,-34�7..:..!. 1..:.L 

I �i� �f&l 
1 � 

� - I • 

1 
-I N 
� 

-- � 
3 3 - --

I I  

-

'---
, I  
I ' 

I I t  

p 

� rr I I  
' I  

I I  I 
I I  
I 

SEMI ·fUSM MTG. ______ ____, 
I'IIOII ECT I OM  MTG • 

• 190-32 SCREW 

5 9 
25 � 161 I 2 - --- n-� 0  ' 

-I«> 

.. 
- , .. ii 1-:; !! 

PAIIEL CUTOUT & DR I LL I NG 
FOR SEMI • FLUSM MTQ. 

I'AIIEL DII I LL I MI OR CUTOUT FOR 
I'IIOI!fCTI OM  MTG. 

( FIIOIIT V I EW) 

.., I ,.. 

Dl A.� HOLES Fv� 
• 190-32 MTQ. SCI£WS 

.l 
I I D I A. 2  MilES 

TE114111Al 
IIUMIEII 

57-D-7902 

Fig. 18. Outline and Drilling P lan of the Type HU and HU-1 Relays in the FT3 1 Case. 
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I N S TA L L A TI O N  • 

Westinghouse t . L. 4 1 - 347. 3A 

O P E R A T I O N  • M A I N TE N A N C E  

I N S T R U C T ll @ N S  
TYPE H RU I NSTANTANEOUS OVERCURRENT 

RELAY WITH HARMONIC RESTRAI NT 

C A U T I O N  B efo re putt i n g  r e l ay s  i n to s ervi c e ,  r e m o v e  T h e  3-ph a s e  H R U  r e l ay con s i s t s  of t he s a m e  p art s 

all b l o c k i n g  which may have b e e n  i n s erted for t h e  i n  t h e  s i n g l e  p h a s e  H R U  r e l ay s ,  except w i t h  a m i x-

p u rpo s e  o f  s e curi n g  t h e  p arts duri ng s hi p m e n t ,  m ak e  * i n g  tran s fo r m e r ,  as s h o w n  i n  F i g .  3 and 4. 
sure th at all movi n g  p arts op e r ate fre el y ,  i n s p e ct t h e  

c o ntacts to s e e  that t h e y  are c l e an a n d  c l o s e  prop­

ly ,  and ope rat e the r e l ay t o  check t h e  settings and 

e l e ctri c al c o nnection s .  

* A P P L I C A T I O N  

T h e  type H R U  harmonic r e straint r e l ay i s  a h i g h  

s p e e d  relay u s ed f o r  supe r v i s i n g  overcurrent ,  d i f­

fer ential  or pi lot r e lays to avoid rna g n etizing i n r u s h  

trippin g .  T h e r e  a r e  s i n gle phase and 3-p h a s e  u n i t s  

avai l ab l e  as s h o w n  i n  F i g .  1 to F i g .  4 .  

T h e  3 - p h as e  H R U  r e l ay m a y  b e  a d d e d  to an e x i s t i n g 

induction-el is e  d i fferential  r e l ay i n stallation p e r  

F i g .  5 s ho ul d  i n r u s h  trippi n g  b e c o m e  a p r o b l e m .  

F i g .  6 s ho ws the s c h em e  u s i n g  a 3-ph ase H R U  r e l ay 

to s u p e r v i s e  the HCB or H C B- 1 relay for p r e v e n t i n g  

magn e t i z i n g  i n r u s h  tripping.  

F i g .  7 s ho w s  t he u s e  o f  single p h a s e  H R U  r e l ay s  t o  

provide s e n si t i v e  in stan tan e o us o v ercurren t p rotec­

tion for rectifi e r  tran s fo r m e r s ,  w he r e  there are no 

s el e c t i vity r e q u i r e m e n t s  with l ow- s i d e  protective 

rl evic c s .  This scheme i s  not recommended wh e r e  

t r an s fo r m e r  loads a r c  not s u p e r v i s e d  by individual  

local  break e r s ,  since t h i s  always i nv o l v e s  load 

pick up with tran s fo r m e r  ene rgizat i on . 

T hi s  r e l ay i s  not i n ten d ed to b e  u s ed i n  app l i c atio n s  

w h e r e  s aturat i o n  o f  current t r an s formers oc curs o n  

asymmetri c al a n d  symm etri c al faul t s  e x t ern al t o  t h e  

p r o t e c t e d  transfo r m e r .  For s u c h  app l i c at i o n s  t h e  

typ e HU r e l ay s ho uld b e  app l i e d .  

C O N S T R U C T I O N  

The s in g le phase HRU r e l ay s  c o n s i st of an inst an­

t a n e o u s  trip u ni t .  a harmo n i c  r e st r aint unit , and an 

i nd ic at i n g  c o nt actor s w it c h .  The p r i n c i p a l  comp on­

t>nt  p arts of the r e lay are s ho w n  i n  F i g .  1 and F i g . 2 .  

SUPERSEDES I . L . 41 -347.3 
*Den otes cha n ge f rom su perseded i s s u e .  

Harmonic Restra int  Unit (HRU) 

The h arm o n i c  re strai n t  unit c o n si s t s  of an air- g ap 

tran sform e r ,  a s ec o n d  h armo n i c  block fi l t e r ,  a fun­

d am en t al b l o c k - s e c o n d  h armo n i c  p as s  fil t e r ,  two 

full- wave rectifi e r s ,  a v ar i s t o r ,  an d a d-e po l ar u n i t .  

Po l ar U nit 

The p o l ar unit c o n s i s t s  of a r e ctan gul ar s hap ed 

m agnetic fr am e ,  an e l e ctro m ag n e t ,  a p erm a n e n t  

m ag n e t ,  and an armatur e .  T h e  p o l e s  o f  t h e  c r e s c e n t  

s h ap ed p ermanent magnet bridge t h e  m a g n et fram e .  

T h e  m ag n e t i c  fram e c o n s i s t s  o f  t h r e e  p i e c e s  j o i n e d  

i n  t h e  r e ar w i t h  t w o  b r a s s  r o d s  and s i l v e r  solder.  

These n o n - m agn eti c j oi n t s  represent  ai r gap s ,  which 

a r e  bri d g e d  by two adj u s t abl e m ag n etic s h u n t s .  T h e  

w i ndi n g s  are w o u n d  arou n d  a m ag n et i c  c o r e .  T h e  

armature i s  fast e n ed to t h i s  c o r e ,  a n d  i s  fr e e  to mo v e  

i n  t h e  fro n t  air g ap .  T h e  mo v i n g  c o ntact i s  c o n n e ct­

ed to the fr e e  e n d  of a l eaf s p ri n g ,  w hi c h ,  i n  turn , 

i s  fas t e n ed to t h e  arm at u r e .  

I n stantaneous Trip U nit ( I T) 

The i n st antan e o u s  trip u n i t  i s  a s m al l  a- c op e r at e d  

c l ap p e r  typ e d e v i c e .  A m ag n eti c armat u r e ,  t o  w h i c h  

l e af- spring m o u n t e d  contacts a r e  attac h e d  i s  attract­

ed to t h e  m ag n eti c c o r e  u p o n  e n ergization of t h e  

s w i t c h .  W h e n  the s w i t c h  cl o s e s ,  the m o vi n g  c o n­

t acts b r i d g e  two s t ati o n ary co n tacts compl eti n g  t h e  

t ri p  c i r c u i t .  A core s c r e w  a c c e s s i b l e  f r o m  the top 

of the s w i t c h  provides the adju stab l e  p i c k u p  r a n g e .  

The m i n i m um and m aximum p i ck up p o i n ts are i n d i c at­

ed on t h e  s c al e ,  whi c h  i s  l o c at e d  to the rear of t h e  

core s c r e w .  

I ndicati n g  Contactor Switch Un i t  ( ICS) 

The d- e i n di c at i n g  contactor switch is a s m al l  c l ap p e r­

type d e vi c e .  A m agn eti c arm ature to w h i c h  l e af­

sp ring m o un t e d  co ntacts are att a c h e d ,  i s  attract e d  

t o  the m agnetic c o r e  upon e n ergi z ation o f th e  s w i t c h .  

W h e n  the s w i t c h  c l o s e s ,  the m ov i n g  cont act s b r i d g e  

two st ati o n ary c o n t acts , completing t h e  t r i p  c i r c ui t .  

A l s o ,  duri n g  thi s op eratio n ,  two fi ngers o n  t h e  arma-
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T Y P E  H RU R ELAY-------------------------------------------------------------

INDICATING 
CONTACTOR ---- _ 
SWITCH 

SECOND KARMONIC 
BLOCK C I RC U I T  

INTfRI'iAL SCHE�AT!C 

FRONT VIEW 

fUNDAMENTAl EILOCK 
SECOND HARMOII I C 
PASS C I RC U I T  

VAR I STOR 

TRAIISFORMER 

I NSTANTANEOUS 
TR I P  ( I T )  

.CHASS I S  OPERATED 
ShORT lNG SWITCH 

- �EO HAIIIOLE 

TEST SWITCh 

CURREfriT TEST JACK 

TERMINAL 

1 8 7A 5 1 2  
F ig .  7 Intern al Schematic of Single Phose HR U R elay 

2 

SECOID HARMON IC -
ILOCI CIRCUIT 

I UTAITll£tiiS -- ­
TIIP 

HTt• 
TtlllllL.S 1-'-t·l 
lttMI U: .-.£1£1 
AT l(l.Al USE 

IIHERHAl SCHEMA T I C  

FROtH V I EW 

!MDI C U I N G  
COIITACTOR 
SWITCH 

FUIDAMEIITAL !LOCI 
SECOID HARMON I C  
PASS CIRCUIT 

TRANSFORMER 

cawts orwno __,,. Mlll 

IEO MWLE 

nsr SliTeR 

CIIIIEIT TEST .IAtl 

_ TUMIIU.l 

8 3 7A 1 0 4  
Fig.  3 Internal  Schematic of 3 - Phose HR U Re lay 

8 6 1A 7 8 3  
F i g .  2 Intern a l  Schematic of  Sing le Phase H R U  R e lay 

S�O M.l ... I C  
IUCl IIICIIT 

INTERNAL SCHEMA T I C  

8 7 7A 1 9 4  
* Fig. 4 Internal Schematic 3-P hase HR U Rel ay 
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T YP E H RU R E L AY -----------------------------___:I.:..:.L:.:.·..:4.:..:1-..::.34::.:7.:..:.3�A 

ture defl ect a spring  located on the front o f  the  
switch ,  w hi c h  allows the  operation i ndicator target 
to dro p .  

The front spring ,  in addition t o  holding the target ,  
provides restraint  for the armature and thus contro l s  
the  pickup valu e of  t h e  switch.  

O P E R A T I O N  

The typ e HRU relay is  connected to op erate  for 
faults internal to the di fferenti al zone of the tran s­

former but not on magnetizing  inrush currents associ­

ated with energization of the transformer .  

Magneti z i n g  I n rush Current s 

Magneti zing inrush current waves hav e  various wave 

shap e s .  A typical wave  app ears as a recti fi ed hal f  

wave with decayi ng p eak s .  In  any case,  t h e  various 
wave shapes are  ri ch in  harmonics with the s econd 

harmonic predominant.  Since  the s econd harmonic 

i s  always present in  inrush waves  and not in  internal 
fault w aves .  thi s  harmonic is used  to restrain the 
harmonic-restraint unit  during inru s h e s .  The  instan­
taneous trip unit may or  may not c lose  its contact,  

dependi n g  on the m agnitude of  the inrush .  

When a magnetizing i nrush wave is  applied to  the  

relay ,  the d- e component of  the  wave  i s  by-p assed 

by the air- gap op eratin g  transform er.  The  other 
components are fed into the fil te r  circuits. The  

imp edance characteristics o f  these  fil ters  are  such 

that the s econd harmonic component flows i nto the  

restraint  coi l  o f  the polar unit .  w hi l e  the  other har­
monics flow into the op erating  coi l .  The polar unit 

will not c lose  its  co ntact s unless the s econd har­
monic content i s  l e s s  than 1 5  perc ent of the funda­
mental component .  

Internal F a u l t s  

Faults no rmal ly appear as an  o ffset sine  w av e  with 

a decaying d-e compon ent ,  and contain v ery few har­
monic s .  As a result ,  the harmonic-restraint unit  and 
instantan eous trip will  operate duri ng internal faults 
to permit tripping of  the relay .  

The varistor connected acro s s  the d- e s i d e  o f  the  

restraint rectifier of the harmonic restraint uni t  pre­

vents excessive voltage p eak s fro m app earing  acro ss  

the  rectifi ers .  These  p e ak s ari s e  through tran sformer 

action o f  the harmonic-restraint polar-u nit coils 

during h eavy i nternal faults .  The vari stor h as a 

l arge value  o f  resi stance for low voltag e s ,  w hi le  

presenti n g  a low value  o f  resistance fo r high volt-

ages.  This  characteristic effecti vely reduce s  the  
voltage spik es  on  heavy i nternal faults whi le  not  
hamperi n g  p erformance during  inru sh ,  where  the  
voltage is  consi derably low er.  

S E T T I N G S 

H armon i c  R estrai nt U n i t  ( H R U) 

No s ettings are required o n  the  harmonic re straint 

unit .  I f  d esired,  pickup may be varied by adj u sting 
the right hand shunt ( front v iew) .  

I n d i cati ng Contactor Switch ( I CS) 

No setting req11ired on the res unit exc ept t h e  selec­
tion of the  0 . 2  or 2 . 0  amperes tap s etting .  This s e­

l ection i s  mad e  by connecting the l ead l o cated i n  

front of  t h e  tap block t o  the  d e sired s etti ng by m e ans  

o f  the  connecting screw . When the  relay energizes a 
1 25 or 250 volt d- e typ e WL relay switc h or equiva­
l ent , u s e  the 0 .  2 amp e r e  tap ;  for 4 8  volt d-e appl ica­
tions  s et relay i n  the  2 . 0  amp . tap and u s e  WL relay 

coil SII304C209GO 1 or equivalent .  

I n s tantaneous Trip ( IT)  

The core screw must b e  adjusted to the  val u e  of  
p ick up current d e si red .  

* The IT unit  should  be set above the maximum inrush  

expected , i f  i ts  contact i s  in  paral l e l  with  the  

normally open HRU contact.  

The nam ep l at e  data will  furnis h  the actual current 

range that may b e  obtained from the IT unit.  

I N S T A L L A T I O N  

The relay s  should be mounted o n  a switchboard 
p anel or thei r  equival ent in a l o cation free  from dirt , 
moisture ,  excess1 ve vibration ,  and heat.  Mount the  
relay vertically by mean s  o f  the four mounti ng hol es  

on  the  flange for semi-flush  mounting o r  by m eans 
of the rear mounting stud or  studs for proj ection 
mounti n g .  Either a mounting stud or the mounting 
screws may b e  uti l ized for grounding the rel ay .  The  

e l e ctri c al connections may be m ad e  directly to the  

terminals by mean s  of  screws for ste el panel mount­

or to the  terminal studs furni shed with the relay fo r 

thi ck p anel  mounting .  The  terminal studs may b e  

easily removed or inserted b y  l o cking t w o  nuts o n  

t h e  stud and then turning t h e  proper n u t  with a 

wrench .  

For detai led  FT case informati o n ,  refer to ( I . L . 

4 1- 0 7 6 ) .  
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T Y P E  H RU R E LAY 

H R U  

�II[] 151-X 51- X 51-X 5I-X - - 6 B 3 t4 f . 

y 

81 TRANSFORIIE R 0 I F F. RELAYS 
I L  AUX R ELAY 

:�. X HRU HA.RNONIC RESTRAI NT RELAY 
( 3 - PHASE UN IT .  DIG. 837AI 0 4 ) 

7 1 5 B 9 8 2  

-lf Fig. 5 

4 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  HRU R E LAY -------------------------------'I.;..;;. L;;.;_. -'4-'-1 -..:;..34.;.;.7..;..;. 3'--A 

TRmlll$$10� 

57 HCB OR HCB 1 PILOT RELAY 

HRU HARMONIC RESTRAINT RELAY 

(USF NORMALLY OPEN CONTACT 3 -PHASE HAUl 

8 7 7A 7 2 6  
* F ig. 6 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adju stments to insure correct operation 

of  this  relay have b een made  at the  factory. Upon 
receipt  of  the relay,  no customer adjustments other 

t han tho s e  covered under "SETTINGS" s hould b e  
requi red . 

Acceptance T e st s  

* The fol lowing check  is recom mended to insure that 

the relay is in proper working order .  U s e  test cir­

cuit of Fig. 8 ( single phase HRU) or Fig.  9 ( 3-phas e  
HRU). 

1 . Minimum Trip Circuit 

A. Single Phase HRU Re lay s  

W i t h  the  switch o p e n ,  apply current t o  t er­
minals 8 and 9 of the relay .  The po lar unit 
s hould operate at rated current . The polar 

unit may operat e  for lower current s ,  but not 

below value of T able I. This low pickup w i l l  

n o t  impair i t s  operation on magnet i z i ng in­
rus h ,  and should not b e  disturbed if it is  

found to b e  less  than rated current . However , 

if a higher pickup is desired , it i s  suggested 

that 1 00 amp erPs b e  momentar i ly applied to 

relay terminal s 8 and 9 .  This w i ll cause the  

po lar unit  to  pickup at approximat ely rat ed 

current . 

51 • GO O¥ERCUIUH AflATS 

5H•HAU H.UIIOMIC RESTAAIIT RfUYS 

(SIMGLE PH.lSEUm DRII1A512) 

�gr.; \,{..1-\E.Mt.. SI-\OULD T� 
U�.I_)�.t.�o�g \� m .. ,.J_"_• __________ _ PI C kE.D UP SJMULTAN_- �­EOUS W I TH TRANSFORMER.. 
'E.N'E.RGI I Z ATION 8 7 7A 7 2 5 

* Fig. 7 

* B . 3 P has e HRU Relays (Normally Open Con tact)  

U s e  single  phase test  for  all 3 phas e s .  

* 2.  Harmonic Re straint Characteristic  

A .  Sin gl e  P hase HRU Relays or 3 Phase Relay 

with  normal ly open cont act . 

Close s w it c h  of test circuit and set l dc  per  
Table 2 and adjust lac until the  polar unit  

operat e s .  I ac should b e  as indicated  in  

Table 2 ,  These value s  of alternating current 

corresponds to 17 per c ent  and 1 4  per  cent 

second harmo ni c .  For 3 phase relay ,  c heck 
all three phas e s .  

* B. 3-Phas e 
contact) . 

HRU Re lays ( Normally closed 

In  de-energized position ,  HRV contact should 

b e  clos e d  to l eft. 

Energize relay with an lac of approximately 

5 amp s .  Close switch of test circuit and set  

I dc Per Tab l e  2. Check to  see that the polar 

unit  contacts m o ve to the right w hen lac 
is decreased to approximately 3 . 5  amps .  
Momentari ly apply 1 00 amp s  lac t o  polarize  

uni t ,  then  set  l dc again per Table 2 .  The 

polar un i t  contacts move  to  t he left when  

lac is  increased to  approximately 3 .8  amp s .  

Al l 3 phas es should b e  acceptance  tested 

as per Figure 9 and the above proc rdure.  
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T Y P E H RU R E LAY--
---------------------------------------------------------

6 

TEST C IRCI.IT OF IIRU RElAl 

1 8 7A 6 3 5  
Fig. 8 Test Circuit (Single P hase HR U Relay). 

3 .  Instantaneous  Unit (IT) 

The  core s crew w hi c h  is adj u stab l e  from the  top 
o f  the trip unit determi n e s  the pickup val u e .  The 

trip unit h as a nominal rati o o f  adj ustment o f  1 

to 4 and an accuracy within the limits o f  1 0%. 

Position the stationary contact for a minimum of  

1 / 3  2 inch wipe .  The  b ridging moving contact 

s ho uld  touch both stationary contacts simultan e­
ously . Apply sufficient current to op erate t h e  IT. 

4. Indicating Contactor Switch ( ICS) 

Clo se the m ain relay contacts and p ass suf­
fici ent d-e current thro ugh the  t rip circuit to 
close the contacts o f  the ICS. Thi s val u e  o f  
current should not b e  greater  than t h e  p articular 

ICS tap s etting b eing u sed .  The  op eration i ndi­
cator  target should drop freely. 

The contact gap should be  appro ximately . 047 

inches b et w e en the bridging moving contact and 

and the  adj u stabl e statio nary contacts . The  

bridging moving  contact should to uch both sta­

tionary contacts simultaneously .  

Rout ine Mai ntenance 

All relays should be check ed at l east once every 
y ear or at such other tim e interval s  as m ay be  dic­

tated by experience  to b e  suitabl e to the  p arti cular 

appli cation .  

!Oi�:7�Go3 --+---� 
SPST --+-----

!iQll, All TESTS 
ON TERM 7 89 
MUST BE CHECI<EO ON 
TERM !5 1!17, 8 38!5 TO 
TEST All 3 PHASES 
OF THE TRANSFORMER 

===t:=======�==:�: )��LTAGE 

8 7 7A 1 0 8  
Fig. 9 Test Circuit  (3-P hase HRU R elay) 

All contacts s ho uld  be p eriodi cally cleaned. A con­
tact b urnisher  style 1t 1 8 2A836H0 1 i s  recommended 

for this purp o s e .  The use of abrasiv e  mat erial for 

cleaning contacts is not recommended,  b e caus e  o f  

the  danger o f  embedding s mall p articles  i n  the fac e 
o f  the  soft sil ver  and t hu s  impairi n g  the  contact. 

Cal i brat ion 

U s e  the following proc edure for calibratin g  t he relay 
i f  the relay has been tak en apart for repairs or the  
adj u stm ents disturb ed. This  procedure should  not  
be  used unti l  i t  i s  app arent that t h e  relay i s  not in  

p ro p er working order .  (See  " Acceptance Check . " )  

Polar  U n i t  

1 .  Contacts - Place a . 0 60 to . 070 inch fe eler  gage 

b et w e en the right hand pole face and the arm ature .  

This  gap should be  measured near the front o f  

the  right hand pole  face .  Bring up the b ack stop 

screw until it  j ust  mak e s  with the moving contact. 

Place gage between moving contact and station­

ary contact on the l e ft hand side o f  the polar­

unit . Bring up t h e  stationary contact until  i t  

just mak es w i t h  the gage and lock i n  plac e .  

2 .  Minimum Trip Current - H armonic Restraint -��- --

Unit (HRU) 
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T Y P E  H RU R ELAY 

* Connect the relay to t he test circuit  of  Fig.  8 or 
Fig. 9 .  Test all three phas e s  on 3-phas e  units .  

With t h e  switch open ,  pass lac = 100 amperes 
i nto the relay .  This current should b e  applied 
for  a very short p eriod of time and it should b e  
suddenly interrupted .  Adju st t h e  right hand shunt 
on the polar unit until it  trips with lac = Rated 

Current. Lower lac gradually to 50% rated cur­
rent ,  unit should reset ,  if not,  adjust l eft hand 
shunt until the u ni t  resets.  

If additional adjustments are n ec e ssary, apply 
100 amperes and adjust the right hand shunt 

until the unit op erates at rated current .  Lo w er 

lac gradually to 50% rated current and adjust the  

left hand shunt u ntil the contacts r eset.  Rep eat 
these steps until the unit will operate at rated 
current, l o w er immediately following the applica­

tion of 100 amperes ,  and u ntil the unit will drop 

out at pO% rated current or greater .  After the 

dropout has b e en m e asured,  the unit should pick 
up at  . 94 times  rated current.  

On the application of the hig h  current , the polar 

unit will b e  biased i n  the restraining direction 
and pickup will  b e  rated current  on the first ap­
plication of p ickup current.  If the current i s  d e­
energized and pickup i s  measured agai n ,  the 
pickup current will b e  less  than before .  However ,  

pick up will  b e  stable after the second applica­
tion of pickup current. If 1 00 amperes i s  applied 

agai n ,  the pickup immedi ately after applyi n g  this 
current will be rated current.  However.  measur­

ing  the pickup the s econd time will show that 
the pickup is again reduced .  The variation b e­

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 di scharge their energy. 

The element will be biased i n  the restraining 

di rection b ecause  the r estraint coil  has approxi­
mately 7 times the number of turns as the operat­

ing  coi l .  Upon the application of  p ickup current , 
the op erating amp ere turns will be great er than 

the restraint amp ere turns and the bias will b e  
removed .  

If  a lower biasing  current i s  used inst ead of  100 

amp eres,  the pickup of  th e unit  will  be l ess than 
before for the application of pickup current .  Pick­

up will be further reduced with the second appli­

cation of p ickup current. but the current will be 

I .L. 41 -347.3A 

stabl e after this energizatio n .  However ,  this 
value of pickup will b e  lower  than the limit o f  
. 9 4  times rated  current.  Thi s  is in  the direction 
of  making the sensitivity of the polar unit lower 

than rated current but does not imp ai r  the p er­

formance  o f  the u nit on i nrush current. 

If  a p ickup other than rated current is d e sired ,  

the right hand s hunt can be screwed inward to 

give  the desired pickup . Thi s  adjustment should 
b e  done after the application of 100 amperes .  

* 3 .  Harmonic-Restraint Char acteristics 

* A.  Single  Phase and 3 Phas e  HRU Relays 

(Normally Open contact) 

Close switch of test circuit in Fig. 8 or 9. 
Adjust direct current ldc per Table  2.  Grad­

ually increase altern ating current u ntil the 
polar unit operates  with lac as indi cated in  
Table 2 .  The p e r  cent s econd harmonic in 

the wave may b e  derived by the use of the 
formula. Ch eck all three phase s  for the 3-

phase HRU. 

47 ld c  
% secon d  harmonic = -------

lac + 1 .  1 1  lac 

* B. 3-Phas e Re l ays (Normally closed HRU con­

tact) 

De-energize relay and move the right-hand 
shunt (approximately 3 slots in)  to m ak e  the 

contacts n o rmally closed to the left .  Re­
energize the relay, close  test switch and 

s et ldc p er Table 2.  Check that the polar 

unit contacts move to the right  when lac 
is decrease d  to approximate ly 3 . 5  amp s .  

Momentarily apply 1 0 0  amps l ac to polarize 

unit ,  then s et l dc again per  Table 2.  The 

polar unit  contacts should move to the l eft 
when lac is increased to approximately 3. 8 
amp s .  

Check all 3 phas e s  for pickup and dropout 
as p er above test .  

Indi cating Contactor Switch (ICS) 

Close the main relay contacts and pass suffici ent 

d-e current through the trip circuit to close 

the contacts o f  the ICS. This value  of current 

should not be greater than the particular res tap 

setting b eing used .  The i n dicator target should 
drop freely.  
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T Y P E  H R U R ELAY--
-----------------------------------------------------------

I 

Instantan eous Trip (IT) 

The core screw which is adjustable from the top 

of  the trip unit  determines the  pickup v alue .  The 

trip unit has a n ominal ratio of adj u s tment  o f  1 
to 4 and an accuracy within the l imits o f  1 0%. 

Apply sufficient  current to op erate the IT. 

El ectri cal  Checkp o i n t s  

Apply rated current to terminal s 8 and  9 .  The fol low­
ing  are the approximate voltages that should be ob­
tai n ed using  a high-re sistance a-c voltmeter:  

1 .  Output o f  op erati ng  transformer 4 . 0  volts 

(Top Coil Terminal s )  

2 .  4 mfd .  cap acitor 2 . 5  volts 

3.  0 . 45 mfd .  capacitor 3 . 9  volts 

4 .  Operating-rectifi e r  bridge 2 .5  volts 

5 .  Restrai nt- recti fi e r  bridge 0 .6  volts 

6 .  Seri es fil ter-reactor 0 . 2  volts  

T A B L E  
Polar Unit Min .  Trip Values  

R ated Current Lower  Current 
Limit 

. 8 7  
i . 6  

I 
2 . 0  1 . 35 

4 . 0  2 . 7  
'----- -------- -- ___ ____ _j__ 

T A B L E  2 
Harmonic  Restrai nt Values 

I Rated Current I de I ac 

I ----

I . 8 7  2 . 3  3 . 8  - 5 . 3  

I I 
2 . 0  6 . 0  1 0 . 0  - 1 3 . 5  

__ _ _ _  J 
I I ! 4 . 0  ! 1 2 . 0  1 9 . 9  - 2 7 . 0  I 

-- ----- -- - �---

8 

APP ROXIMA T E  R ESISTANCE VAL U ES O F  
COMP ON ENTS I N  H R U  R EL AY 

U n i t  

H armonic 

Restraint 

C i rc u i t  

Op erating 

R estraint 

Indicating Contactor 

Switch Trip 

Desc ript ion 

Tran s form er Secondary 

d-e resi stance  50 to 70 
ohms .  

Reactor d-e resistan ce  

8 to 1 0  ohm s .  

4 mfd. cap acitor 

Rectifi e r  700 volts ,  600 

mill iamperes silicon di­

o d e s .  

Polar u n i t  c o i l  d-e re­

sistan c e  80 to 100 ohms.  

Series reactor d- e re­
sistance 100  to 130 ohms. 

P arallel reactor d- e re­

s istance  300 to360 ohms . 

. 45 mfd. cap acitor 

Rectifier 7 00 v o lt s . 6 00 
mill i amp eres silicon di­

ode s .  

Polar unit coil  d . c  r e­

sistance 650 to 800 o hm s  

V aristor 1 00 , 000 ohms 
± 1 0% at 10 VDC 4000 

ohms ± 25% at 30 V D C .  

0 .2 amp. tap 6 . 5  ohms d-e 

2.0 amp. tap 0. 15  ohms d-e 

* E N E R G Y R E Q U I R E M E N T S  

B u rden At 
Rated Conti n uou s  Top 

Current Relay 1 sec. Va l u e ax 

. 87  1 0  amps 300 amps 2 . 2 6  76  

2 . 0  1 8  amp s 300 amps 2 . 50 9 2 

4 . 0  2 2  amps 300 amps 3 . 1 8 1 3 2  

greater 

than 

Continuous rating of  3 phas e  HRU- 5 .  75 amps .  
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T y p E H RU R E L  A y------------------------------.;.;;' ·�L.;...4.;.,;1..;·3;...;4.;..;7 . ..;.;.;3A 

R E N E W A L  P A R T S 

Repai r  work can be done most satisfactorily at the 
facto ry.  However .  interchangeable  p arts can be  
furni shed to  customers w ho are equipped for  doing  

repair  work . When ordering p arts , always gi v e  the  
compl ete n ameplate data. 
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T YP E H R U R EL AY ________________________________________________________ __ 
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Fig. 10 O utl ine & Dril ling For FT21 .  
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TYP E H R U  RELAY----------------------------------------------------------'�·L�·�4�1-�34�7�.3�A 
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Fig. l 1  O utline & Dril ling For FT3 1. 
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W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
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