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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE HZ-4 DISTANCE RELAY 

CAUTION Before putting protective re lays into 
service,  remove all  blocking inserted for th e 
purpose of securing the parts during sh ipment. 
Make sure that al l moving parts operate free­
ly. Inspect t he contacts to see that they are 
cl ean and clos e  properly,  and operate the re­
l ay to ch eck the settings an d el ectri c al con­
nections. 

APPLICATION 

The type HZ-4 relay i s  a three-zone distance 
rel ay for transmi ssion l ine protecti on. Th i s  
re l ay h as provi s i ons for o ff-s etting o n ly the 
third impedance unit to avo id tripping on l oad 
ohms. The particul ar appl icati on fo r th·is re ­
l ay i s  on h e avi ly l oaded t ransmi ss ion l in e s  
where there i s  l ittl e, i f  any ,  d i fference i n  
magn i tude  between minimum l oad ohms a n d  the 
ohmic setting fo r the third impedance unit and 
yet the fi rst and second zones do n ot need th e 
offset. 

CONSTRUCTION 

The type HZ-4 relay contains three beam-type 
impedance unit s ,  an o ffset transformer w ith 
its angul ar displacement res istor, a direction­
al unit, a synchronous time r, four contacto r 
swi tch es, and three operat ion indicators. 

Impedance Units 

Construc tion detai l s of the se units are shown 
in Fig.  1. A balanced beam i s  pul l ed downward 
on th e contact end by a current coil and on the 
other end by two voltage co ils . The fl uxes of 
the se two potenti al co il s are sh ifted out of 
phase with respect to e ach other to produce a 
ste ady pul l  s o  that prac t i c al ly a con stan t  
balance can be obtained regardl ess of the phase 
an g l e  between th e cu rrent and vol tage co i l  
fl uxes. A tap screw on the front of the unit 
pe rm i ts c hang i ng the n umber o f  turns on th e 
curren t co i l ,  and a core screw o n  th e bottom 
of the uni t changes an ai r gap in the magne tic 
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*Denotes change from superseded issue. 

path. These two adjustments make it possibl e  
to set the unit. 

On the ins tantaneous fi rst unit (Zl) a rec­
tangul ar si lver contact is fl exibly fastened on 
the forward end of the beam. As the beam trips, 
the c o n t a c t  bri dg e s  two s i l v e r  s tation ary 
hemi spherical contacts mounted on the free end 
of two short l e af springs. A smal l set screw 
determ in es the pos i ti on of e ach l e af spring 
and provi d e s  me an s  fo r adjusting the contac t  
gap. 

On the second and third units (Z2 and Z3) the 
moving contact i s  a thin -wal l ed s i l ver sh e l l  
practical ly fi ll ed with tungsten powder. When 
thi s  contact strikes the rigi d stat ionary con­
tac t ,  th e movement of th e tun g s te n  po wd e r  
creates suffi c i ent fricti on to absorb practi­
cally al l of the energy of impact and thus the 
tendency of the cont act to bounce i s  re duced 
to a m i n i mum. The moving cont act is l oosely 
mounted on th e uni t beam and h e l d  i n  place by 
a l eaf spring. The const ructi on i s  such that 
the beam continues to move sl ightly after the 
contacts cl o s e  d e fl e c tin g  th e spring wh i ch 
provi des the requ i red cont act fo l l ow .  Th i s  
spring should h ave zero tension on the contact 
when the beam is in the reset position.  Cur­
rent i s  conducted i nto the moving contact by 
means o f  a fl ex ibl e metal ri bbon. 

On both th e s econd and third uni t beams a 
thi n-wal led cyl i nder fi l led with tungsten pow­
der is mounted near the rear end o f  the beam. 
Th is acts as a count erweight and tends to damp 
out vi brations in the beam i n  the manne r d e­
scribed above for the unit contacts. 

Synchronous Timer 

The timer i s  a smal l synchronous moto r wh ich 
operates from the current circui t  thru a satu­
rati ng transformer, and dri ves a moving con­
tact arm th ru a g ear train. The contact on 
the moving arm is a cy lindrical si lver sleeve, 
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Fig. 1 Sectional View of the Impedance Units. 

loosely fi tted o n  th e moving arm. In making 
contact, th i s  sl eeve rol l s  a cro ss two verti ­
cal ly projecting s tation ary butt contacts to 
bri d g e  th e g ap be tween them.  Two s e ts o f  
stationary con tacts are m ounted i n  M i carta 
insulating bl ocks wh i ch are adjustabl e around 
a semi-ci rcular cal ibrated guide. The maximum 
time settings are 3. 0 s econds for the 60 cycl e 
timer and 3 .  6 s econds for the 50 cycl e timer. 

The synchronou s moto r h as a fl oatin g  roto r 
which i s  i n  mesh with the gear train only when 
energi zed. The rotor fall s  out instantly when 
the motor i s  deenergized, al l o wi ng a spring to 
reset the moving arm. 

The time delay on th e syn chronous ti mer fo r 
the s econ d  and thi rd impe dance u n i ts i s  ad­
justabl e from 0 to 180 cycl es (50 or 60 cycle­
basi s .) T-3 mus t be set beyond T-2 by a min i ­
mum of 25 cycl e s. 

Directional Unit 

The di rectional uni t i s  made up of five basic 
parts: the die-cast aluminum frame, the elec­
tro magn et,  the mo l ded cov e r  assem bl y ,  t h e  
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* Fig. 2 Internal Schematic of the Type HZ-4 Relpy in the 
Type FT42 Case, 

mov i n g  e l emen t assembly,  and th e bri dge an d 
upper bearing pin assembly. The l ower bearin g  
pin and the magneti c core with i ts adjustment 
l ever are mounted on the frame. The el e ctro­
magnet has two seri es-conne cted vo l tage co i l s  
mounted d i ametri cal ly o ppo site one anoth e r, 
two s e ri e s-co n n e cted cu rren t  co i l s  mounted 
di ametrical l y  o pposite one ano th e r  and two 
magnetic pl ugs a ccessi bl e  th rough the cover. 
The moving e l e ment con s i sts of a spri n g  and 
con tact arm assembly and a doub l e  al uminum 
l o o p  mounted on a sh aft wh i ch h as end jew e l s  
fo r the top and bottom bearings, Th i s  sh aft 
r i d e s  between the bottom steel beari ng pin 
mo unted i n  the frame and a simi l ar pin in the 
bridge that mounts on the two l onger studs of 
the e l e ctromagnet. The stops for the moving 
elem en t  a re m o u n ted o n  the co v e r  and are 
ea s i ly a ccess i b l e  fo r the adjustment of the 
contact travel . The spring adjuster se ats on 
the molded cover and is attached to the contact 
through a spriral spring. The moving contact 
i s  m ad e  of two th i n -wa l l ed s i l v e r  sh e l l s  
practi cal ly fi l l ed w i th tungsten powder and 
mounted back to back on a th in l e af spring.  
The stationary s i lver contacts are mounted on 
the mol ded cover. The e l ectrical connection 
is m ad e  fro m  the s tation ary contact to the 
moving contact, through the spira l  spring and 
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TYPE HZ-4 RELAY 

23-D-9306 

Fig. 3 Typical Settings of the Type HZ-4 Relay in Terms 
ol Line Length, 

spring adjuster to the spring adjuster clamp, 
The magnetic bias of the unit i s  control l ed by 
a smal l l ever arm e xtend ing to the front on 
the bottom of the unit and two magnetic plugs 
ac c e s s i bl e  th rough the cove r. Th e s e  pl u g s  
afford c o n tro l o f  th e s en s i ti v i ty a t  th e 
h i gher currents. 

Au xi llary Contactor Switches 

These are smal l solenoid-type d-e switches. 
A cy l i n d ri c al p l u n ger w i th a s i l v e r  d is c  
mounted on its lower end moves i n  the core of 
the solenoid. As the plunger travel s  upwards 
the disc bridge s  three s i lver stationary con­
tacts. 

Operation lndi cat or 

The operation indicator is a sma l l  solenoid 
coil connected in the trip c ircu it. When the 
coil  is energized, a spring-restrained armature 
re l e ase s th e wh i te tar g e t  wh i c h  fal l s  by 
grav i ty to i nd i c ate compl etion of th e tri p 
c ircuit. The i ndicator c an be reset from out­
side of the case. 

Offset Transformer 

An offset transformer, with its angular dis­
placement resi stor, i s  loc ated on the back of 
the subbase. The addition of the offset trans­
former mak es it  possible to d i spl ace the im­
pedance c i rc l e  ch aracteri stics of the th ird 
impedance un it as pl otted on " R" and "X" c o ­
ord inates, from a circle  with the center a t  the 
origin to a c irc le with the center displaced. 

OPERATION 

The rel ay measures the impedanc e of the line 
to wh ich it  is connected by measuring the ratio 
of th e c u rren t  and v o l tage suppl i e d  to it.  

I.L. 41-469. lA 

IO ...... CIRCLE 

13-D-5600 

Fig. 4 Operating Characteristics ancl Ranges ol Zone 
Thr- ol the Type HZ-4 Relay, 

Th e rel ay i s  connected to rece ive a current 
and voltage proportional to those exi stin g on 
the high-tens ion l ine. With a fault  in zone 1, 
F i g, 3, a g i ven amount of curren t, I, w i l l  
flow from the re l ay l o c ation to th� fau lt. 
With zero voltage existing at the fault, phase 
-to-neutral vol tage at the rel ay location must 
be e qual to the drop in the l ine due to th e 
current, I, or equ al to IZ where Z is tpe im­
pedance to neutral of the l ine from the rel ay 
l ocation to the point of fault  in primary ohms, 
When considering a three -phase fault, the l ine 
voltage wou ld equal J3 IZ, the de lta current 
w ou l d  e qu al J3 I and th e ratio wo u l d  b e  
�IZ = Z .  When considering a two -phase fault 
� I 
w i th zero vo ltage existing at the fau l t, the 
delta voltage of the faulted phases at the re­
l ay location equals the voltage drop of the loop 
or I x 2Z, the d e l ta c urrent of thd faul ted 
ph a s e s  e qu a l s 2 I ,  an d th e rat i o  wou l d  b e  
2 IZ = Z .  Thus, for phase faults,  the ratio of 
2I  
delta voltage to delta current i s  used to in­
d icate the location of the faul t. Thi s  ratio 
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TYPE HZ-4RELAY----------------------------------------------------------

i s  co nstan t for any value of current as the 
delta voltage is proportional to the current 
times the line impedance. By using the turns 
ratio of the potential transformers and current 
transformers th is Z can be converted from pri ­
mary ohms to secondary ohms. 

R 
Z second ary Z pri mary� 

Rv 

The r elay u ses delta voltage and de lta cur­
rent; therefore, Z re lay equ als Z secondary . 
Therefore,  if the fi rst impedance unit of the 
tyle HZ-4 relay i s  adjusted by the core screw 
and taps on the c urren t c o i l  fo r a value of 
current such that the pull of the c urrent coi l  
is just equal to the potential restraint for a 
fault at the end of zone 1 i n  Fig. 3 ,  the beam 
wi ll be balanced for a fault at that point for 
any value of current. Now, if the fault occurs 
to the r i ght of thi s  balance point, the beam 
will not trip as the voltage pull is the greater 
due to a larger amount of imped ance and corre­
spondingly larger potential re straint than the 
beam i s  balanced fo r.  The sec ond impedance 
unit is adjusted to balance for a fault at the 
end of zon e 2 ,  and ,  the refo r e  ope r ates fo r 
faults anywhere up to thi s  point .  Likewi se, 
the third i mpedance unit is adjusted to balance 
for a fault at the end of zone 3 and operates 
for faults in all three zones. 

The type HZ-4 relay i s  a mod ified imped ance 
relay that i s  i d enti c al to the c onventional 
balanced beam impedance re lay except that the 
third uni t-restraint i s  produced by the poten ­
tial and current instead of by potential alone. 
The mixing of the current and the potenti al to 
p roduce restraint torque i s  done i n  the offset 
transfo rme r and the re sultant ener gy i s  fed 
i n to p o tenti al c o i ls of the beam impe d anc e 
unit. Thi s add i ti on al energy will sh ift the 
c enter of the i mpedance c i rc le away from the 
o ri gin of the R-X diagram as shown i n  Fig. 4 .  
Th i s  allows longer setti n gs for zone th ree 
without including the swing vector o r  load i m­
pedance vector. 

In the d irectional unit, torque i s  p roduc ed 
by interaction of cur rent an d voltage fluxes 
which develop forces on the two aluminum loops. 
The resulting torque i s  substanti ally free of 
vibrations, because of double-frequency torques 
that are produced on the two loops are equal 

4 

and opposite in sign. The magnetic desi gn of 
the un it is such that the maximum torque occurs 
when the c urrent lead s  the vo ltage 35 to 4 0  
d egrees. Th i s  i s  the condi tion at wh ich the 
voltage and current fluxes are 90° apart. The 
flux in each pole face is lagged on the outside 
ed ges. Th is prod uced a torque, caused by the 
small power fac tor angle of the moving element. 
Th e adju stable magnetic bias wh i ch i s  bui lt 
into the core controls the distribution of the 
fluxe s  so that the e lectr i cal center of the 
uni t may be sh i fted to give optimum ope rating 
conditions. 

The trip c ircuit for each of the three zones, 
consists o f  the fo llowi ng contacts: F i r st 
Zone, d ir ectional and fi rst i mpedance unit; 
Second Zone, directional, second impedance and 
timer (first set of contacts) unit: Third Zone, 
di rectional and timer (second set of contacts) 
unit. The coil of o n e  of the contactor swi tches 
CS is in serie s with all of the contacts above 
and with the trip coi l of th e breake r. When 
the trip coil is energized the contactor switch 
contacts seal around the relay contacts, there­
by reli eving them of the duty of carrying the 
t r i pp i n g  c u r r e n t .  Th e se c o n t ac ts remai n 
closed until the trip c i rcuit is opened by the 
auxili ary swi tch on the breake r. An auxili ary 
switch on the circuit breaker must be provided 
so that when the circuit-breaker is trippe d ,  
th e tripp ing c i rcu i t  wi ll be opened by th i s  
switch. 

When the relay i s  used wi thout carrier the 
sy nc h r o n o u s  t i m e r  i s  d i r ec t i o n ally c o n ­
trolled; that i s, i t  operates only for a fault 
in the tripping direction and wi thin  the reach 
of the th i rd impe d ance un i t. Upon the oc ­
currence of such a fault, the d irec tional (D) 
and th i rd i mp e d an c e  (Z3 )  un i ts c lose the i r  
contacts. Th e ope ration o f  Z3 energize s  an 
auxiliary contactor switch CSA. The contacts 
of CSA i n  conjunc tion w ith th e d ir ectional 
u n i t  contac t  comp le te a d -e c ircu i t  through  
another auxi li ary contactor swi tch CS1. Th e 
contacts of CS1 i n  turn connect the synchro­
nous timer motor to the saturating transformer. 

CHARACTERISTICS 

The type HZ-4 relay i s  avai lable in two im­
pedance ranges. 

1. 0.6-6.0 ohms (nominal range of first im­
pedance unit). 
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2. 0.2-2 .0 ohms (nominal range of first im­
p edance unit). 

The third impedance unit has a range of  1 to 
1 0  ohms impedance c ircle radius, with 0 .3 7  to 
9.0 ohms impedance circle ce nte r displace ment 
over a phase angle from 60° to 9 0° c urrent lag. 

The tap and core sc rew markings of the two 
ranges are as follows: 

0.6 • 6.0 Ohm Relay 

Un it Taps 

Z l, Z2, Z3 6.2 9.4 13.5 20.8 29.8 

Core Screw Marking 

Z1 0 .8 1 .0 1 .2 1 .4 
Z2, Z3 1 .4 1 .6 1 .8 2 .0 

0.2 • 2.0 Ohm Relay 

Unit 

Z1 
Z2 
Z3 

Z1 
Z2, Z3 

2 
3 .1 
6.2 

0.8  
1.4 

3 
4 .2 
9.4 

Core 

1 .0 
1 .6 

Taps 

4 6 9 
6.2 9.1 1 3  

13 .5 20 .8 29.8 

Screw 

1 . 2  
1 .8 

Marking 

1 .4 
2 .0 

Offset Transformer 

Coarse Ohms Taps (�) 
0 .0 1 .9 3.7 5 .6 7.5 

Fine Ohms Taps (A) 

0.0 0.3 7  0.75 1 .1 1 .5 

Phase Angle Adjustment 

60° to 9 0° current lag. 

45 

2.2 

13 
2 0  
45 

1.6 
2.2 

The ph ase angle for c ircle d isplace me nt is 
normally set at 75 ° unless otherwise specif ied. 

The time delay on the synchronous timer for 
the second and third impedance unit is adjust­
able in calibrated steps o f  20 cyc le s  f ro m  
zero t o  180 cycles. 

Both 50 cycle and 60 cyc le relays are avail­
able. The relays are not interch an geable as 
d ifferent coils and timers are used. 

Minim11m Voltage Requirement 

The minimum length of line to which the type 

HZ-4 re lay can be applie d  must be long enough 
to produce at least 5 volts on the relay when 
a short circuit exists at the balance point o f  
th e f ir st unit and minimu m sho rt c ircu it in 
f lowing, If the voltage on the relay becomes 
less than 5 volts, the forces become too small 
to assure f ast and positive action. The min ­
imu m voltage limit for the second zone is 1 0  
volts. 

SETIINGS 

The typ e  HZ-4 relay requires a settin� for 
e ach of the th ree impedance units and on the 
synch ronous time r fo r Second and Third Zone 
time r .  The followin g  nomenc latu re will be 
used: 

Z = the line-to-neutral oh mic impedance of the 
protec ted line from the relay to the de sired 
balance point. 

For the First Unit 80 to 9 0%  o f  the protect­
ed section 

For the Second Unit Approx. 5 0%  into the ad ­
jacent section. 

For the Third Unit = Approx. 2 1Yfo  into the third 
line sec tio n (w ith o u t  
carrier). 

\\hen c ar r ie r  is used, see the section en­
titled, " HZ -4 Carrier Setting o f  �". 

Since the impedance of the vo ltage c ircuit 
o f  the r elay is the same at all times, the 
balan c e  p o in t  o f  th e u n it is adjuste d by 
changing the pull on the current co il. Th is 
is done by taps (T) on the current coil wind­
ing,  and by the core screw (S) which varie s  
the nagnetic air gap for the current flux. 

The most satisfactory method of arriving at 
the tap setting is by the use of the following 
formula: 

(1 ) TS • 
10Z0 Rc 
Rv 

where 

T = The impedance u nit current tap valu e .  

S = The imp edance unit c ur re nt core screw 
value. The values appear as a series of 
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TYPE HZ-4 RELAy ____________________________ I.L_._4_1 _-4 _69_._1 A  

dots on the drum of  the lower core screw 
ad justing knob . 

Radius o f  circle, in ohms primary . 

The current transformer ratio. 

Rv = The potential tr·ansformer ratio . 

The tap , T, is obtained by d ividing the TS 
product by S to give an availab le tap number. 
��en changing taps , the extra tap screw should 
by screwed in th e desired tap be fore removing 
existing tap screw to prevent ope n circuiting 
the current transformers. 

For fir st impedance unit th e above formula 
is based on the relay being used on a 6 0° line 
and is correct for line s of that angl e .  For 
l ines other th an 6 0° a slight error is intro­
duced which may be as much as 8 %  and 6% on 40° 

and 8 0° l ines , re spe ctiv e l y .  Ho wever,  th e 
formu l a  rel ay setting can be cor rected fo r 
l ines othe r th an 6 0° by us ing th e cur ve o f  
Fig .  6 .  The scale reading should be decreased 
so tha t the current to trip th e b e am at the 
l ine angl e is e qual to the cur rent to tr ip on 
a 6 0° l ine. Th is doe s not af fect the second 
and th ird imp ed ance units, since th ey are 
practical ly independent of phase angle h aving 
a flat phase ang l e  curve as shown in Fig. 6 .  

First Impedance Unit 

As an example of the formula setting set the 
fir st imp ed ance unit to protect a 6 0° 11 0 KV 
l ine 53.5 miles long . The line to neutral im­
pedance is . 75 oh m per mile. The current 

transformer ratio is 600/5, and the pote ntial 
transformer ratio is 1000/1. The first unit 
is to protect 8 0% of the l ine section or for a 
balance point .8 0 x 53.5 x .75 = 32 ohms away. 
Then 

TS 10 X 32 X 120 38 .4 

1000 

Set tap = 29 .9 and cor e scr ew 
0.6 to 6 .0 ohm relay. 

1.29 on a 

The setting for the second impedance unit is 
obtained in the same manner, using the proper 
va l ue of  Z ,  and th e p roper constant in the 
formula. 

Third Impedance Unit 

Wh en the bal ance impedance ha s been de ter­
mined , the ph ase angl e and magnitud e o f  the 
minimum load ohms and the phase angle and mag­
nitude of the minimum synchronizing surge ohms 
from wh ich the system can recover sh ould b e  
determined or estimated to compl ete th e analy­
sis. 

It will expedite the applicatio n by pl otting 
the transmissio n  l ine characteristics on "R" 
and "X" coo rd ina tes . An o pe rating circl e 
should then be drawn o f  a diameter and location 
to ful fill the following conditions: 

1. The circle must pass through the point o f  
the vecto r  Z and must comp l e tely e ncl ose the 
vector Z. 

2. The circle must not enclose the point of 
the vector of minimum load ohms o r  of minimum 
synchronizing surge ohms from which the system 
can recover. 

3. The angular displacement of the center of 
the circle must be within 6 0° to 9 0° current 
l agging phase angle. 

After the ope rating circle fo r relay action 
has been o btained, it is necessary to adjust 
the relay characteristics to match this circle .  

The radius o f  the circl e in ohms shoul d  be 
measured and the impedance el ement set in ac­
cordance with the previous formula (1). 

From the ope rating circle ,  previously con­
s t ructe d, measure the displacement of the 

center of the circle from the intersectio n of 
the "R" and "X" axis in magnitude and angl e. 

The o ffset trans former should be set in ac­
cordance with the formula: 

( 2 )  

where 

ZR = 

A= 

Zo = 

Offset 

O ffset 

Zn Rc 
ZR t A= --­

RyK 

Transformer tap value. 

Trans fo rmer tap value. 

Displacement of the center o f  
ating circl e in ohms primary. 

the oper-
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I"" 

GURC INC . IN IHI-1$ 

Curve 282265 

Fig. 9 Adjustment Curve for the Angular Displacement of 

the Operating Circle Center of Zone Three by Vary-­
ing the Angular Displacement Resistor, 

K Constant determined from Curve Fig. 9 b 

The current transformer ratio. 

The potential transformer ratio. 

¢ Angular Displacement 

When changin g  the ZR or A tap with the relay 
energized, the current te rminals of the offset 
transformer should be shorted before unscrew­
ing the tap screw to prevent open circuiting 
the transformers. 

Normally the Zo setting is from 0 to 75% of 
the Z0 setting. The angular displacement (¢) 
may be varied by adjusting the resistor above 
the offset transformer in accordance with the 
curve of Fig. 9 a  for a fault at the desired 
balance point. A slight change in the scale 
value or in th e transformer setting from that 
calculated may be re quired so that the relay 
w ill just trip for the simulated fault at the 
balance point. 

As an e xample of the formula setting ,  set 
the third impedance unit to protect 25% of the 
third line section. Assume that the three 

8 

DIRECTIONAL UNIT 
ZERO TORQUE 

MINIMUM FAULT (MINIMUM OHMS " 90.1l: J..l.B...O) 

FOR WHICH WlLT MUST OPERATE 
Z3 THIRD IMPEDANCE ZONE 

OPERATING CIR
.
CL

_
E CHARACTERISTIC 

DIRECTIONAL 

CONTACTS 

CLOSED 

DIRECTIONAL 

CONTACTS 
OPENED 

31-D-4922 

* Fig. JO Transmission Line and Relay Characteristics of 
Zone Three Plotted on R and X Coordinates in 
Primary Ohms, 

sections are of equal leng th and similar to 
the line used in zone one setting calculations. 
Since 100% of a line section is 40 ohms, the 
balance point of the third unit e quals 2 . 25 
x 40 = 90 ohms away. The phase angle and the 
magnitude of the minimum synchron izing surge 
ohms from which the system can recover should 
be determined. 

Plot the transmission line characteristics 
on "R"  and "X" coordinates as shown in Fig. 10 . 
An operating circle should then be drawn of a 
d iameter and location to fulfill the conditions 
previously stated. 

The radius of the circle in ohms should be 
measured and the impedance unit set in accord­
ance using formula (1): 

( 1) T S  

10 X 58. 0 X 600 /5 
TS = = 69.6 

1000/1 

T will be set on 45  (Relay Tap Setting) 
S will be set on 1. 55 (Relay Core Settin g) 
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TYPE HZ-4 RELA Y ____________________________ I._L _. _41_ -4_ 6_9._1_A 

The disp lacement angle use d  in drawin g the 
operating circle should be set on the relay by 
adjusting the resistor mounted above its off­
set transformer in accordance with the curve 
of Fig. 9a. In Fig. 10 the angle used was 78 
degrees; therefore, the resistor should be ad­
jus ted to 600 ohms. 

The distance expressed in ohms impedance be­
twe en the cente r of the modified imp edance 
circle and the intersection of the "R" and "X" 
axis should be measured from Fig. 10 , and the 
offset transformer set using formula (2) : 

3 2  X 600 /5 
ZR + A = = 3.  69 ohms 

1000/1 X 1. 04 

ZR should be set on 3 . 7 ohms. 

A should be set on 0 ohm. 

The time delay on the synchronous timer is 
set to coordinate with the relays backed up by 
the second and third impedance units. The set­
ting is made by moving each stationary contact 
assembly to the desired position as indicated 
by the scale. 

On lin es where taps or p aralleled fe e ders 
supply fault power to the adjacent sections, 
the apparent impedance to the relay backing up 
the adjacent section is greater than the actu­
al imped ance.  The reason for this is that the 
re lay d oes not measure th e addition al fau lt 
current supplied by the other feeders, but at 
the same time , this curren t does increase the 
voltage d rop from the fau lt to th e re l ay .  
This inc reases the apparent impe danc e t o  the 
adjacent sec tion by the ratio of the total 
cu rrent to the re lay current. The effect on 
the re lay impedance units is to back up th e 
balance p oint of the second and third imped­
anc e  u nits. In order to extend the range of 
back-up protection under these c onditions, the 
sec ond unit c an be set for a balance p oint 
furth e r  th an th e 150 %  n orm ally re c ommen ded , 
provid ed it is made to time sele c t  with the 
adjacent section re lay second unit. Similarly, 
the third unit can be set further than normal 
if it is made to sele c t  with the sec on d  and 
th ird u nits of th e adjacen t relay wh ich it 

overlaps. 

The formula settings are sufficiently accu­
rate for most installations. Where it is de­
sired to set the balance poi�t m ore accurately 
the tap and scale value s may be check e d  by 
app ly ing to the re lay the voltage, current, 
and p hase angle conditions wh ich will be im­
pre ssed on it for a fault at the desired bal­
an c e  p oin t. A sligh t ch an g e  in the scale 
value from th at calculated may be required so 
that the re lay will just trip for the simu­
lated fault at the balance point. 

The particular setting of one unit may have 
som e influ ence on th e adjac en t u n it.  Th e 
factory calibration of th e core screw is made 
�Yi th taps cascaded as indicated in the section, 
" Electrical Check Points. " 

The numbers on the core screw appe ar in as­
cending order as the core screw is screwed in­
to the core . In some case s, a qu e stion of 
doubt may arise whether the scale setting is 
correct,  or is out by one full turn of th e 
core screw. In suc h  a case, the point may be 
verified by turnin g  the core screw all th e way 
in. Then back out the c o.re screw until the 
highest scale marking just c ome s under the end 
of the p ointer. This will occur in approxi­
mately one turn. To prevent such doubt it is 
re commended that the c ore screw settin g  be 
made by thus locating the highe st scale mark­
in g and then continuing to back it off until 
th e de sired value appefrs exactly under the 
en d of th e p ointer. Suffic ien tly accurate 
setting c an be made by interp olating betw een 
the marked points wh en n ecessary. 

HZ-4 Carrier Setting of Z3 

When the re lay is used w ith c arrie r,  the 
third zone unit must operate in a reverse di­
rection from Z1 and Z2 whenever th e modified 
distance characteristic is used. This is done 
to assure proper carrier block ing for external 
fau lts in the adjacent line sec tion with a 
setting of Z3 which will not p ick up on load 
or su rge ohms. This can be accomplished by 
merely reversing the polarity of the Z3 p oten­
tial circuit. 

The method of arriving at the proper setting 
is shown in Fig. 3 which also shows the normal 
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TYPE HZ-4 RELAY ________________________________________________________ __ 

settings o f  Zl ,  Z 2, and Z3 when u s ed without 
car ri e r. When the HZ-4 relay i s  u s ed with 
carrie r ,  the ohmic reach of Z3 at station A in 
th e d ir e c ti o n  away from li ne AB s h o u ld be 
greater than th e reach of Z2 (from station B) 
p ast the local stati on bu s (at A) . Thu s  any 
fau lt in th e zone Ab wh i ch p ick s u p  Z 2  at B 
wi ll also p i ck up Z3 at s tation A to block 
tripp ing at B.  The zone ab is for a safety 
factor to i nsur e  th at c arrie r  will always be 
started at A be fo r e  carrie r  tripp i ng can be 
set up at B. For th is servic e ,  Z3 sh ould be 
set to reach out of the line 50% farth e r  than 
the reach o f  Z 2  (at B) p ast the station A Bus.  
In Fig. 5 th i s  means Aa should be 150 %  of A b. 
The reach o f  Z3 into the line section AB as shown 

* is not critical, but should be at least 20% of the 
offset ohms. 

Whe n  the Z3 setting is reversed, the second 
contact of the CSA must be connected i n  p aral­
lel with the CS1 co ntact to control the timer. 
This provi des thi rd zone back -up p ro tection 
for lines away from the li ne p rotected by zone 
o ne and two. Thus th e time r is co ntrolled by 
Z 2  and D or Z3 only. 

INSTALLATION 

The relays should be mounted on switchbo ard 
p anels o r  their equ ivalent in a location free 
from di rt, moistu re, excessive vibration, and 
heat. Mount the relay vertically by means of 
th e fou r  mounting h o le s  o n  the flan g e  fo r 
sem i-flu sh mounting o r  by m e ans o f  th e rear 
mounting stud o r  stud s for projection mounti ng. 
Eith e r  a mounting stud or the mounting screws 
may be uti lized for grounding the relay. The 
electrical connections may be made directly to 
the te rm inals by m e ans o f  sc rews for s te el 
panel mounti'ng o r  to th e term inal studs fur­
nished with the relay for thick panel mounting. 
The te rminal s tud s may be easi ly removed o r  
inserted by locking two nuts o n  the stud and 
then turning the proper nut wi th a wrench. 

For d e tailed FT case i nfo rmati o n  re fe r  to 
I. L. 4 1-07 6. 

CONNECTIONS 

Impedance Units 

The i mpedance to the balance p o i nt i s  meas­
ured from th e poi nt where the potential trans­
forme rs are connected to the p rotected line. 

10 

For p rotecting transmission li nes,  th e  relays 
should receive p otenti al from potential trans­
formers connected direc tly to the l i ne at th e 
point from wh ich th e impedanc e i s  to be meas­
ured. 

In some app lic ati ons a power tran s fo rmer 
bank forms p art of the transm is sion line , and 
potential transfo rmers are available o nly o n  
th e bu s side o f  th e bank . In this case tne 
relays may be set thru the bank to protect the 
li ne o nly i f  the bank impe danc e i s  no t to o 
large as compared with the line i mpedance. If 
the bank imp edance is too large in co mparison 
wi th the li ne i mpedance, th e 80 or 90% setting 
of the fi rst unit may cover o nly a very small 
percentage of the transmission line or in some 
cases not cover any o f  the line sectio n. For 
the same re ason th e s eco nd and th ird u nits 
will o ffer considerably less back -up p rotection 
over th e adjacent lines. In order to us e the 
potential transfo rmers o n  the bus side o f  the 
bank u nder this condition, Type KX compensators 
are used and the impedance me as ure d from the 
line sid e  of the bank to the balance p oints. 
The type KX compensators operate from the cur­
r ent transformers and provide vo ltage c ompen­
satio n e quivalent to th e d rop in th e p owe r 
bank . The s etti ng of the KX comp ens ato r is 
covered by I. L. 4 1-861. 

The above discussion assumes th at power is 
fed th ru the bank to faults on th e line . Where 
a power transformer connects to a high tension 
transmission li ne and does not supply power to 
a line fault, low-tensio n  p otential trans ­
fo rm e r s  may be u s e d  wi thou t co mp ensati on.  
Th en, th e impedance to th e balance point is 
measured from th e p oint where th e powe r bank 
connects to the protected line. 

The conventional star connec tion o f  current 
trans forme r is not satisfacto ry where accurate 
dis tanc e re lay p rotec tion is d e s ired.  With 
this connecti o n  the balance points o f  th e im­
p edance u ni ts sh i ft about 15 % dep e nd i ng upo n 
wheth e r  a phas e-to-phase, a thr ee phase o r  a 
double ground fault i s  i nvo lved. That is, i f  
the balance p o i nt were adjuste d at 80% for a 
thr ee p hase fault, th en for a dou ble gro u nd 
fault the shift may be more o r  les s  than plus 
or mi nus 15 % o f  the 8 0 %  s e tting , d ep e nding 
upon the ratio of the zero s equence imp edance 
to th e n eg ati ve s e qu e n c e  imp e d an c e  o f the 
system from the source of power to the fault. 
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(VECTOR \ROTATION 

V
J1 

SAME AS PHASE 1 

SAME AS PIIASE 1 

VECTORS AT 100� P,F, POWER 
Ill TRIPPING DIRECTIO. 

PHASE 

PHASE 2 I J 
COHNECTI OilS 

SANE AS 
PHASE 1-

21 6 

OFFSET 
TRANS F • ( SEC·) 

DEVICE NUMBER CHART 

21 -DISTANCE RELAY, TYPE HH 

��1}AUXILIARY CONUCTOR 
CS2 SWI TCIES 
CSA 

I> - DIRECTIONAL UNIT 

T - TIMER UNIT 

TR-.TINER TRANS FORMER 

g}- IMPEDANCE UNITS 
ZJ 

52 -POWER CIRCUIT BREAKER 

a - BREAKER AUXILIARY 
CONTACT 

TC- BREAKER TRIP COIL 

MaTES 

A- REVERSING CONNECTIONS TO 
TERMINALS 2 AND J CHANGES 
DPEIATING DIRECTION OF zJ, 

¢ - CONNECT AS SHOIIIII BY DOTTED 
LIME WHEN ZJ CHARACTERISTIC 
IS OPPOSITE TO Z2 AND Z3· 

288B901 

Fig. Jl External Schematic of the Type HZ·4 Relay for Phase Protection of a Three Phase Transmission Line, 
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AMMETER 

NOTE: 

�AX I �UM TOR QUE FOR 

DIRECTIONAl UNIT IS 
30° lEADIHu POWER 

FACTOR· 

288B904 

Fig. 12 Diagram of Test Connections for the Type HZ-4 Relay. 

This e rror can be enti rely eliminated by m aking 
use of th e vector di f ference between the line 
cu rrent, (i. e .  delta cu rrents ) for actuatin g 
the re lay . 

The most comm on m eth od is to conn ect the 
main cu rren t tran s formers in s tar and use  a 
s e t  of au xiliary 5 /5 ratio tran s form e r s  to 
su pply de lta cu r re n ts to th e elem en ts,  as  
sh own in Fig. 11. The delta voltages u sed on 
the impedance units of th e relays sh ould be in 
ph ase w ith the delta cu rrents at uni ty power 
factor. 

Directional Unit 

The magnetic de si gn of th e uni t and poten­
ti al circu it i s  such that maximum torque occurs 
when the current le ads the voltage by approxi­
mately 30 degrees. Thus, the dire cti onal unit 
coils shou ld be conne cted to r eceiv e  cur rent 
that le ads the voltage by 90 degrees when the 

12 

line powe r f actor i s  100 pe rcent. Th i s  wi ll 
re sult i n  operation at approximately the maxi­
mum torque ang le for transmis sion lin e  fau lts. 

Trip Circuit 

Th e  con ta ctor switch ope r ates on a mlnl­
mum of 1.0 ampere , bu t the trip ci rcu i t  should 
dr aw at least 4 or 5 am pe r e s  in o r d e r  to 
re du c e th e t im e  o f  th e ope r at i on o f  th e 
swi tch to a m in imum an d pr ovide m or e  posi­
ti ve ope ration. I f  th e ty pe HZ-4 re lay is 
us e d  to t r i p  an au x i liary mu lti - con t act 
relay , provi si on sh ould be made for loading 
down th e tri p circu i t  w i th a r e s i s tor in 
pa rallel with th e ope r at i ng coi ls of th e 
au xi liary r e lay . A l s o, s i n ce t h e  total 
tr i p  c i r cu it r e s i s tan ce in the r e lay is 
approx im ate ly 1.  0 ohm , care m u s t  be taken 
to s e e  th a t  th e b r e ake r t r ip c o i l  w i ll 
re ce iv e e n ou gh cu r re n t  wh e n  l ow v o ltage  
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con trol is used. 

The main contacts on the impedance u nits and 
directional unit will safely close 30 amperes 
at 250 volts d-e, and the s witch contacts will 
safely carry this current long enou gh to trip 
a breaker. 

ELECTRICAL CHECK POINTS 

To check the electrical operation of the re­
lay, the fo llowing instruction shou ld be fo l­
lowed . Connect the relay per Fig. 12 and make 
the fo llowing settings. (At re gular mainte­
nance periods the settings of e ach particular 
relay with the voltage and current expected at 
the balanc e  point sh ould be used, if avail­
able . During factory testing, the settings 
are cascaded as indicated belo w.) 

IMPEDANCE U NITS 

. 2 to 2 Ohm Re lay 

ZONE T s � A � 

zl 13 1. 2 

� 20 1. 8 

z3 45 1. 8 5. 6 0 . 0 75 ° 

IMPEDANCE U NITS 

. 6 to 6 Ohm Re lay 

ZONE T s A 

29.8 1. 2 

45 1. 6 

45 1. 8 5.6 0.0 

CAUTION: The relay voltage should be o f  goo d 
wave form. The combination o f  a phase sh ifter 
and auto transformer may give an output voltage 
of poor wave form if the magn e tizing current 
of the autotransformer is h igh in pro portion 
to the impedance of the phase shifter used. In 
case of dou bt, check the output voltage wave­
form with an oscilloscope. 

Directional Unit 

With 120 vo lts and 5 ampe res in phase, the 
directional unit s hou ld be closed . The con-

tacts should open when the current lags th e 
voltage by approximately 60 degrees. 

Impedance Units 

With 60 volts on the re lay, inc rease th e 
current u ntil the contacts jus t  close .  This 
current ( wh ich will vary s lightly from th is 
value if suddenly applied) shou ld be approxi­
mately: 

.2 to 2 Ohm Relay 

Z-3 I 
Z-3 I 
Z-2 I 

4 .  4 amp .. at 75 ° lag I (non-carrier) 
4.4 amps. at 255° lag I (carrier) 
16.7 amps . at 60° lag I 

.6 to 6 Ohm Relay 

Z-3 I 4.4 amps. at 75 ° lag I (non-carrier) 
Z-3 I 4.4 amps. at 255 ° lag I (carrier) 
Z-2 I 8. 4 amps. at 60 ° lag I 

With 3 5  volts on the relay, Z-1 should trip 
when the following currents are applied . 

.2 to 2 Ohm Relay 

Z-1 I 22.4 amps. at 60 ° lag I 

. 6 to 6 Ohm Relay 

Z-1 I = 9.8 amps. at 60° lag I 

With the D contact clo s ed, the tripping o f  
Z-3 should c au s e  CSA switch t o  pick up, and 
CS-1 s witch in turn. The o peration o f  CS 1 
shou ld s t art the timer. When Z-1, Z-2 and 
tim e r  T-2 , o r  T-3 con tac ts c lo s e, the C S  
s witch should operate an d  seal around all the 
contacts. The CS and C8-·l are not continuous ly 
rated; there fore , care should be taken not to 
overheat thes e  auxiliary s witches. The check­
ing of the time r unit will d epend on standard 
time devic e used. Generally this check is made 
indepe n d ently o f  the trip c ircu i t  to a vo id 
c ircui try complic ation s .  The tim e r  should 
operate with 3 .5 ampere s  in the timer trans­
former and with the contacts of cs-1 closed or 
shorted. An auxiliary relay, as u se d  in the 
trip c ircuit, should be used to s e al in the 
timer c ircuit. 

ADJUSTMENTS AND MAINTENANCE 

The pro pe r adjustments to insu re co rrect 
operation o f  this relay h ave been made at the 
factory and should not be disturbed after re-
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ceipt by th e customer. If th e adjustments 
have been changed o r  the relay taken apart for 
repai rs, pr i f  i t  is desired to ch eck the ad­
justments at regular maintenance periods, the 
instructions below should be followed. 

All contacts should be cleaned periodically. 
A contact burn isher S#182A836H0 1 i s  recommended 
for th i s  purpose. The use of abrasive materi al 
fo r cle an ing contacts i s  not recommended be ­
c ause of the danger of embedding small parti ­
cle s i n  the face of the soft si lver an d thu s  
impairing the contacts. 

Impedance Units 

The voltage ci rcu it on th e fi rst impedance 
unit is  designed to h ave a peaked phase an gle 
curve. Thi s  d e s i gn in con junc ti o n  with th e 
con tact arrangement enables the fi rst zone to 
operate wi th a 5 vo lt balance poi nt voltage . 

The voltage c i rcuit on the s econd and th i rd 
impedance units is desi gned to h ave a compara­
tively flat phase angle curve . This i s  accom­
plishe d  by energi zing th e two coi ls with cur­
ren ts that are e ssen tially equal and 90 ° out 
of phase. The  gaps as  sho wn i n  F i g .  1 are 
nom inal d i mensi ons . The actu al gaps o n  any 
parti c u lar relay may vary a fe w thou sandth s  
from these values. 

If the voltage circuits h ave been disassem­
bled, the gaps referred to i n  Fig. 1 provide a 
nom inal starting poi nt for c ali bration .  Thi s 
i s  accomplished as follows: 

First Impedance Unit 

* Re fe r to Fig. 1. Adjust the stop scre w on the 
rear of the beam to give a clearance o f  . 025 inch be­
tween the beam and the voltage iron circuit. With 
the beam in the reset position; i.e., with the stop 
screw against the stop, adjust the vertical gap for 
. 009 inch between the adjustable iron and the beam. 
Also, with the beam in the same pos ition adjust the 
gap between the front end of the beam and th e stop 
in the upper core scre w  to .020 inch. 

Th e be am s h o u ld be balan ced as fo llo ws. 
Connect the relay wi th polari ti es as  shown in 
the test di agram, Fig. 12 . With any tap and 
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scale s etting, check the impedance measured by 
the relay with 3 5  vo lts potenti al restrain t. 
Apply 5 volts restraint and adjust the balance 
wei gh t  o n  th e beam unti l the beam just tri ps 
wi th 1 /7 of the current requi red to tri p wi th 
35 volts restraint. 

Th e stati onary contacts shou ld be adjusted 
to gi ve .0 15  inch clearance between them and 
the s i lver bridge on the beam when the beam i s  
i n  the rese t posi ti o n .  The bridge should be 
made to touch both contacts s i multan e ou s ly, 
and deflect the contact springs at least . 0 10 
inch before the beam strides the bronze sto p  
o n  the core screw. 

A goo d me thod of adjusting the contacts con­
si sts in first adjusting one of th e con tacts 
to the correct gap and then apply ing jus t suf­
fi cient current to tri p th e beam against a re­
strai nt o f  about 5 vo lts. Whi le the beam i s  
i n  th i s  position, that i s, li ghtly pressi ng on 
the one contact, the o th e r  con tact sh ould be 
slowly adjusted u pward by mean s  o f  th e s e t  
scre w  unti l i t  just touche s  the s ilver bri dge 
without lifting it  off the other contact. The 
tri p ci rcuit should be energi zed so that the 
ligh ting of a lamp or th e tri pping o f  an aux­
i li ary relay will sho w  when both contacts are 
made. 

Second lmped once Unit 

Refer again to Fig. 1 .  Adjust th e stop scre w  
on th e mo ving beam for .0 20 inch e s  clearance 
betwe en the rear of the beam and th e vo ltage 
i ron. With the beam in th is position, adjust 
the vertic al gap for . 0 10 inches cle arance be­
tween the adjus table i ron and the beam, also 
adjust for .0 20 i nch es clearance between the 
front o f  the beam and the stop on the u ppe r 
core scre w. 

The s tati on ary contact should be adjusted 
fo r an . 0 20 i nch gap when the beam is in the 
reset position. When the beam is in the oper­
ated position there should be a .0 15  inch d e ­
flection o f  th e moving contact. The spri ng 
th at c arri es the  m o vi n g  con tac t sh ould l i e  
flat o n  the M i carta arm wi th n o  i n i ti al ten­
s i o n  on th e contact. The fle xi ble pi gtai l 
should be at least 3 /32 inches from the end of 
the stationary contact. 

W i th th e connections as sho wn in th e test 
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d i ag r am ,  F i g .  1 2, an d u s in g  any t ap a n d  
scale setting, check the impedance me asured by 
the re l ay with 6 0  vo l ts potential restraint. 
Apply 1 0  vo l ts restraint and adjust the balance 
weight or vibration damper on the second unit 
until the beam just trip s with 1 /6 of the cur­
rent required to trip with the 60 vo l ts re ­
straint. 

Third Impedance Unit 

Mechanical adjustments o f  th e beam an d con­
tact are the sam e  as fo r th e s econd unit e x­
cept for th e vi brat ion damper. 

The third imp e d an c e  u n it be am sho u l d  be 
balanced  by adju sting the balance weigh t so 
that in the de-energize d condition, the beam 
wil l re se t, thus l e aving its contac t open.  
Do not in troduce e xces sive re se ttin g to rque, 
but only enough to reset the unit. 

Calibration of Impedance Units 

The current required to operate th e imp e d­
ance un its a gain s t  any given vo l tage is o b ­
tained from the equation: 

lOE 
(3) I = --

TS 

It is e s sential th at th e po l arity be a s  
given, otherwise an e rror wil l b e  introduced 
p articul arly for th e first unit. Fig. 6 shows 
the variation o f  tripp ing current fo r a given 
vol tage as the phase angle  between cu rrent and 
voltage is varied.  To mak e  sure that the relay 
is operating at 6 0° l ag and not 24 0° the cur­
rent le ads c an be reversed wh ich will c au s e  
the first imp edance unit beam to operate at a 
sma l l e r  cu rrent if the o rigin al conn e c tion s 
were correct. 

The current r e quired to op erate th e third 
imp edance unit, w ith o ffset, is obtained f rom 
the equation: 

( 4) I 
E 

TS + (� + A) K 
1 0  

Fig. 5 sho ws the gener al shap e  o f  the im­
p e dance curves for different ohm settin g s .  
These curves are obtained by tripping the beam 
against different vol tages for a constan t T 

and S setting and then plotting the ratio E/I 
in p e r c e n t  c al ib ratin g vo l tage  imp e d an c e  
against the voltage. The lower vol tage points 
(5 to 15 vol ts) are considerably affected by 
the mechanical bal ance of the beam, while the 
higher points are but l ittle influenced. 

Ac curate time te sts on the in stantaneous 
un it and directional unit can only be taken 
with the aid o f  an oscil lograph or high speed 
timer. The cyc le counter is o f  use only in 
timing the synchronous timer and in timing the 
h igb- sp e e d  un its ne ar the "bal anc e  p o in t" 
where the time may be several cycles. 

Fig. 8 shows the time o f  operation in cycles 
(data tak en on 6 0  cyc l e  re l ay) o f  the first 
impedance unit for various balance points. By 
using these curves the operating speed o f  the 
HZ- 4  el ement can be dete rmined fo r any val ue 
of  current and vol tage appl ied to the el ement. 

Directional Unit 

The upper bearing screw should be screwed 
down until there is only three to four thou­
sandths of an inch clearance between it and 
the shaft, and then securely l ocked in po si­
tion with the l ock nut. This adjustment c an 
be made best by care fu l l y  screwing down the 
top bearing screw until the double loop fail s 
to turn fre e ly and then backing up 1 /8 o f  a 
turn. Great care must be taken in making this 
adjustment to prevent damage to the bearings. 

The front contact spring shoul d be positioned 
in the c ente r of the . 0 20 inc h  s l ot of the 
aluminum guard by means of  the small adjusting 
screw located on the nut pl ate that ho lds the 
sp ring on the moving element. The trave l o f  
the moving contact is l imited by the station ­
ary contacts mounted on the molded cover. The 
contact gap sho u l d  be ad juste d  as fo l l ows: 
With the moving contact centered between the 
stu d s ,  c lose the g aps by advancing the two 
front stationary contacts. Then back o ff the 
right-hand stationary contact . 035 inch and 
l ock bo th c ontacts in pl ace .  The compl ete 
movin g  e l ement is l imite d in travel  by two 
s to p  s cr e w s ,  l o c ated on the mo l d e d  cove r. 
These sho u l d  be adjusted so that the moving 
contact just barely misses the stationary con­
tact sto ps front and rear respective ly when 
energized in the opening and closing directions 
with 1 20 vo l ts and 5 . 0  ampe re s  at m a ximum 
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torque. The right-hand stationary con tac t 
sho uld just touch the movin g  contact wh en 
energized as above and then should be turned 
1 /6th of a turn to obtain .00 5  inch contac t 
follo w. Too much follow should be avo ided to 
insure proper coordination. The spring should 
be adjusted so that the con tact closes with 
approximately 1 . 0 volts and 5 amperes at maxi­
mum torque. 

A small lever arm extending 'to the front on 
the bottom of the unit and the plugs accessible 
through the molded cover control the magnetic 
bias of the electromagnet. The lever sho uld 
be adjusted so that the unit will operate with 
30 amperes and 0 . 1 to 0 . 4 volt at the maximum 
torque angle. Befo re or after this adjust­
ment, short the voltage co ils and check to 
insure that the contacts do not close on 60 
ampe re s momentarily applied .  Raising th e 
right-hand plug under these cond itions will 
produce torque to the right when considering 
the front moving contact. The unit can be ad­
justed to just remain open under these condi­
tion s or adjusted to operate with 60 ampe re s 
an d 0 .1 to 0 . 4 vo lt at the m ax imum to rque 
angle. 

Contactor Switch (Seal-In Switch) CS 

Adjust the stationary core of the switch for 
clearance betwe en the stationary core and the 
moving core of . 025 inc h w hen t he sw itc h is 

pic�ed up. This can be done by disconnecting 
the switch, turning it up-side-down and screw­
ing up the core screw until the contact just 
separate s. Then back off the core screws ap­
proximately one turn and lock in place. This 
prevents th e mo ving core from strik ing an d 
sticking to the stationary core because of the 
residual magnetism. Adjust the contact clear­
ance for 3/32 inch by means of the two small 
nuts on either side of the Micarta disc. The 
s witch should pick up at 1 .0 ampere dire c t  
current. Test for sticking after passing 30 
amperes direct current through the coil. 

Contactor Switch CSA 

The adjustments are the same as for the seal­
in contactor switch "CS" except that the con­
tact clearance sho uld be 1 /32 inch. For 125  

16 

volt d-e relays, apply 80 volts d-e to Nos. 16 
and 17 terminals. Similarly for 250 volt d-e 
relays, apply 160 volts d-e to Nos. 16 and 17 
terminals. Se e that the switch picks up and 
closes its contact positively when the contact 
of the third im pe d an c e  un it is mad e .  The 
s witch coil is continuously rated. 

Contactor Switches CS-1 and CS-2 

The adjustments are the same as for the seal­
in contactor switch CS except that the contact 
separation should be 1 /32 inch. For 125 volt 
d-e relays apply 60 volts d-e positive to Nos. 
10 and 17 te rminals and negative to Nos .  14 
and 16 terminals . Similarly fo r 250 volt d-e 
re lays use a tes t  vo ltage of 1 20 vo lts d-e. 
See that s witch CS-1 picks up and c loses its 
con tac t po sitive ly when th e dire c tional and 
Z-2 impedance unit contacts are made. See that 
CS-2 picks up and closes its contac ts when the 
directional un it and Z-3 impedanc e un it con ­
tacts are made. These switch coils are inter­
mitten tly rated, and there fore care should be 
exercised so as not to o verheat the coils . 

Operation Indicator 

Adjus t the indicator to o perate at 1 . 0 am ­
pere d irect current gradually applied.  Tes t  
fo r sticking after passin g  30 amperes direc t 
c ur rent t hroug h the coil. 

Synchronous Timer 

When testing the synchronous timer, complete 
the transfo rmer circuit by a jumper around the 
contacts on the contactor s witch CS-1 or CS-2 
rathe r than o perating the s witch on d-e. Tes t  
the motor with 3 . 5 amperes through the current 
c ircuit of the relay . Th is is th e m in imum 
c urren t at which it will run in synch ronism. 

Timing Tests 

The d -e trip circuit should be loaded with a 
res isto r  to draw appro ximate ly 5 ampe res and 
an auxiliary relay should be used to operate 
th e timer c irc uit if tim e te s ts are to be 
taken . There is a slight vibration o f  the beam 
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and contacts because of the pulsating pull on 
the current s i de o f  the i nstantaneous uni t .  
This vibration may prevent pos it i ve stoppi n g  
o f  the timing device un less a n  aux i l iary type 
MG re lay is used. The l oading resi sto r w i l l  
cause t h e  contac t o r  s w i tch to s e a l  i n  and 
s imulates the actual service condition when a 
c i rcuit breaker is to be tripped. Th is type 
o f  ci rcui t is also n ecessary when timing T- 2 
or T- 3. 

C A U T I O N Mak e c ertain  that the stops on t he 
rear  and fron t o f  e ach beam a re abso l utel y 
c l ean , otherw i s e  the i mp edance at w h i ch the 
b eam trips may be affected,  part icularly at 
l ow vol tages. The stop can be easily cleaned 
by draw i ng a p i e ce o f  c l ean white pap e r  be ­
tween the beam and the stop whi l e  the beam is 
firmly pressed down. 

REt� EWAL PARTS 

Repair  work can be done most satis factorily 
at the facto ry. However, interchangeab l e  parts 
can be furn i shed to the c u stomers w ho a re 
e quipped for doing repai r  work. When o rdering 
parts , always give the compl ete nameplate data. 

ENERGY REQUIREMENTS 

POTENTIAL CIRCUITS AT 120 VOLTS, 60 CYCLES 

C i rcuit v. A. P. F. Angl e 

Z- 1 and z- 2 together 4. 2 3 0 l ag 
Z-3 Displacement angl e 90 ° 2 . 4 4 8° l ag 

D isplacement angl e 60 ° 2 . 3 29 ° lag 
Di rectional Unit 6 . 6 19 ° l ead 

POTENTIAL C IRCUITS AT 120 VOLTS, 50 CYCLES 

C i rcuit V. A. P. F. Angle 

Z- 1 and Z- 2 together 3 . 9 15 ° lead 
Z- 3 Displacement angl e 90 ° 2 . 2 40 ° l ag 

Displacement angl e 60 ° 2. 0 26° lag 
D irectional Unit 6. 4 9 0 lead 

CURRENT CIRCUITS AT 60 CYCLES t 
C i rcuit Amp s. V. A. P. F. Angle 

Impedance 

T = 45 ,  s = 1. 8 

ZR = 7 .  5 , A =  0 . 0 8 . 66 30 5 1 ° lag 

Di rect ional Unit 5 2. 0 50 ° lag 

t The burdens of the current c i rc u i t s ,  at 50  
cy c l es ,  a re s l i gh t l y  l e s s  t h an t h e  abo ve 
values . 
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Fig. 13 Outline anti Drilling Plan of the Type HZ-4 Relay in the Type FT42 Case. 
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