
I. L. 41-176 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HD CURRENT BALANCE RELAY 

CAUTION Before putting relays into service, 

remove all blocking vhich may have been in­

serted for the purpose of securing the parts 

durin8 shipment, make sure that all moving 

parts operate freely, inspect the contacts to 

see that they are clean and close properly, 

and operate the relay to check the settings 

and electrical connections. 

APPLICATION 

The type HD diffr;rential relay is a high­

speed inductor-loop r1·lay for differential 

protection of parallel lines on both line and 

ground faults. 

makine; possible 

It has double throw contacts, 

the balanced current pro-

tection of one end of a pair of parallel lines 

vith the use of only four relays, three phase 

relays and one cround relay. 

This relay may be used at the transmission 

end of any number of parallel lines of equal 

impedance, and at the receiving end of any 

number of parallel lines in a system having a 

source of pover at both ends, or at the re-

ceiving end of three 

in a radial system. 

receiving end of a 

or more parallel feeders 

It cannot be used at the 

single pair of radial 

parallel feeders, since currents in the relay 

in this case vould alvays be equal, and the 

relay vould not operate. 

CONSTRUCTION AND OPERATION 

The n,lay is of the inductor-loop type in 

'··hich the loop is pivoted at each end, and 

forms th· SPCOndary of a small transformer. 

Thr• primary of th,� transformer consists of tva 

symmc•trically tapp·�d •.•indings, T1and T2, vhich 

arc., so conm·cted that vith currents in the 

limes flo>.•.inf in th,c same direction, the cur­

rent nhich flovs in the loop is proportional 

to th� differ�nc- of the tva line currents. 

( Fji:UrP 1). 

SUPERSEDES l.l. 41-407C 
*Denotes change from superseded Issue 
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Fiq. 1-Sinqle Line Schematic Diaqram of the Operatinq 
Element. 

The loop is located in a magnetic field pro­

duced by tvo current coils, C1 and C2. These 

are so connected that their fluxes are adding 

vhen the currents in the lines are flo,.ring in 

the same direction. The field thus produced 

is proportional to the s��m of the tva line 

currents. 

From the above, it is obvious that, Pith 

currents in the lines in opposite directions, 

the transformer primary vindings >rill be 

adding, and the nindings producing the field 

vill be bucking. Therefore, Pith equal cur­

rents in the lines, either in the same or in 

EFFECTIVE OCTOBER 1956 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HD RELAY __________________ ____________________________ __ 

REAR C$JNTACT OR 
SWITH (.FRONT VIEW) 

TAPPED OUTER 
LEG WINDINGS 

FR ONT CONTACTOR SWITCH (fRONT VIEW) 
OPERATION INDICAT O R  

HOLDING C OIL --+-+-�'---... 

REAR VIEW 

-RIGHTHA.ND(FRON1 VIEW� 
CONTACTS, HOLDING COIL 
&OPERATION INDICATOR 

CENTER POLE 
WINDINGS 

TERMINALS 

WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN, THE CENTER 
POLE FWXES ARE ADDING AND THE OUTER POLE FLUXES (THOSE 
FEEDING THE LOOP)ARE BUCKING.WHEN TERMINALS "7- '* 8 ARE 
ENERGIZED THE LEFT HAND CONTACTS (FRONT VIEW) CLOSE. 

13-D-5602 

Fig. 2-Internal Schematic of the Type HD Relay in the 
Standard Case. 

opposite directions, no torque is produced, 

since in one case there is no current in the 

loop, and in the other case there is no flux 

in the gap. Ir, however, the currents are un­

equal, either in the same or opposite di­

re.ctions, a torque is produced to trip the 

breaker on the line having the higher current. 

The moving contact assembly is fastened 

solidly to the loop by means or a small bar or 

Micarta. The stationary contacts are located 

so that a travel or approximately 1/16" either 

vay or the moving contact •rill close the trip 

circuit by bridging the two stationary con­

tacts, and trip the breaker on the line in 

rault. 

Also mounted on the loop is a small piece or 

sort iron, vhich forms the armature or tvo 

holding coils. These coils are energized vhen 

the main contacts close, thus holding the con-

tacts positively closed, and preventing 

vibration or the contacts under conditions or 

excessively high torque, such as is the case 

vhere there is a large difference in the cur­

rents in the lines during a fault. Reference 

to the schematics, Figs. 2 or 3, shov that the 

holding coils remain energized as long as the 

main contactor svitch is picked up, since 

2 

�\:1'\K CON"lf>..C.TOR �W\IC!H ( F RON\ VIE-W) 

63-D-898 

C HP-.SSIS OPE.R.,t>..\ED---5\-\0R-nNG. SWI\C.\-\ 

- C.tNl'C'f? PO .... L 
COILS 

WIT\-\ RELAIIVE \NSTP..N\P..NEOUS POL�'t--:oiT\ES P..S SHOV'JN. 1 HF 
CENTER POL£ FLUYES ARE. .A.OUlNG;- AND T\-\E. 0\JTE.R POLE" 
FLV)(ES < Tt-i.OSE FEE.DINfi. THE LOOP) A.R.E BUC.K.tNQ- wH.\'"", 
TERMtNP..LS !) 8: 10 ARE.. EN.E�:G:IZ..E.D. T\-\E L'E_F\ \-IANtJ {f"'?�'H 
\1\E_W) CONTP..,C:.\S Cl-OSE 

Fig. 3-Internal Schematic of the Type HD Reh ln the, 
Type FT Case. 

these coils are in series vrith the trip 

circuit. In some cases the inductance or the 

trip coil or the breaker is so high that it 

prevents the trip coil current from building 

up sufficiently fast to insure the proper 

operation of the holding coil and contactor 

switch or the relay during the excessively 

high torque conditions. In such cases, the 

use or b.ro resistors is recommended, as shovn 

by R in Figs. 10 or 11. The 2 amperes or non­

inductive current dravn by these resistors 

acts instantly to energize the holding coil 

and contactor switch coil, thus insuring a 

positive closure and seal in or the trip 

circuit. A vire vound porcelain tube type re­

sistor is satisfactory ror this purpose. The 
6" or 6-1/211 tube is suggested. Tvo operation 

indicators and tvo contact or svitche s are pro-

vided. The left-hand operation indicator is 

wired in the left-hand contact circuit and, 

similarly, the right-hand operation indicator 

is vired in the right-hand contact circuit. 

The resistance or the relay trip circuit is 

approximately 1.0 ohm. The main contacts of 

the relay vill safely close 30 amperes at 125 

volts d-e and the contactor svitch contacts 

vill safely carry this current until the aux-
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TYPE HD RELAY----------------------------------------------���-L�.4�1-�17�6 

iliary switch on the breaker opens the trip 

circuit. 

The relay balances the current in one paral­

lel line against that in the other, and will 

trip only vhen the current difference reaches 

a pre-determined value. This, tripping value 

is determined by the tap on the relay, and the 

value of secondary current in the lightly 

loaded line. Reference to Figs. 5 or 7 sho,.rs 

the tripping characteristics of the relay for 

conditions vhere the currents are flm.ring in 

the same direction in the lines. Figs. 6 or 8 

shov the tripping characteristics for the 

conditions 

the bus and 

from the 

rections). 

,.,here one current is floving into 

the other current is flowing away 

bus (Currents in opposite di-

CHARACTERISTICS AND SETTINGS 

The operating 

Figures 5, 6, 

characteristics are shm.rn in 

7 and 8 for the line relay and 

ground relay respectively. 

The tap values of the relays are as follows: 

Line Relay 

Ground Relay 

1. 5 2 

. 5  . 8  

3 4 

1. 3 2 

These tap values represent the differential 

current necessary to trip the relay with 60 

and 30 amperes secondary representing the 

relay in the good line in the case of the line 

relay and ground relay, respectively. For 

example, if a ground fault occurs near the 
remote end of two parallel lines, and 30 

amperes flows in the good line, and 30. 5 amp­

eres flows in the faulted line, the ground 

relay will just close its contacts if used on 

the .5 tap, these currents beinf in the same 

direction. 

It will be noted from the curves, Figures 5 

to 8, that the relay will trip on a smaller 

difference current than the tap value when the 

currents are in opposite directions. This is 

particularly true for the ground relay. This 

increased sensitivity of the relay is a de­

sirable characteristic, since currents cannot 

flov in opposite directions, unless there is a 

fault within the section being protected. 

The most important factors in choosing the 

proper settings for the relay are: 

1. Normal load current. 

2. Short Circuit Current (secondary 

amperes). 

3. Accuracy of current transformers. 

1). Normal load current is important since it 

determines the value of current in one line 

when the other is out of service. Thus, if the 

load current is anything up to 3 secondary 

amperes, the relay may safely be used on the 

1. 5 tap, since more than 6 amperes (double 

load current) is required to operate the relay 

vith only one line in service. Load currents 

higher than this will necessitate the use of a 

higher tap. 

2). The magnitude of the secondary short-

circuit current is important, 

termines the location on the 

since it de­

characteristic 

curve at -.rhich the relay will operate. Since 

the relay becomes more sensitive at higher 

secondary currents, a current transformer 

ratio should be chosen which will give as high 

a current in the relay during fault conditions 

as possible, keeping in mind the requirements 

outlined under (1). 

3). The satisfactory functioning of the relay 

during faults outside the section depends upon 

the accuracy of the current transformers. 

During heavy through faults a difference in 

current 

value 

at ion. 

transformer output equal to the trip 

of the relay would give a false oper­

The selection of the proper tap on the 

relay, therefore, is influenced by the accu­

racy of the current transformers, and a tap 

sufficiently high must be chosen, which vill 

prevent false tripping on heavy through faults. 

* ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed after re­

ceipt by the customer. If the adjustments 

have been changed, the relay taken apart for 

repairs, or if it is desired to check the 

adjustments at regular maintenance periods, 
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TYPE HD RELAY ______________________ _ 

the instructions below should be followed. 

* All contacts should be cleaned periodically. 

A contact burnisher S#l82A836HOl is recommended 

for this purpose. The use of abrasive material 

for cleaning contacts is not recommended, be­

cause of the danger of embedding small parti­

cles in the face of the soft silver and thus 

impairing the contact. 

Loosen the spring holders and adjust both 

sides for zero initial spring tension. Then 

pass 60 amperes for the line relay (30 amperes 

for the ground relay) through the two coils in 

series in the same direction. (Current in 

terminal 7, out 8, in 10, out 9. The loop 

should not get warm f'or this test). The loop 

has a centering torque for this condition, and 

vill center itself accordingly. Check the 

center adjusting lever to agree vith this 

position. It is easier to check this position 

by using a very slight amount of initial 

tension on both springs but it must be possi­

ble to remove all spring tension, or diffi­

culty vill be experienced later. When the 

center adjusting lever has been adjusted as 

above, see that both spring arms strike the 

pin on the loop and the center adjusting lever 

at the same time, when the relay is de­

energized. If they do not, this may be cor­

rected by bending the vertical part of the 

center adjuster, as required. Summarizing the 

above, the pin on the loop must be in contact 

• rith both spring arms, and both spring arms 

must be in contact vith the center adjuster, 

when the relay is de-energized. 

Preliminary mechanical adjustments of the 

contacts and holding coil core screws are made 

as follows: Adjust the stationary contacts so 

that there is a gap of 3/64" between the 
moving contact and the rear stationary contact 

on each side. Adjust the front contact so 

that the moving contact strikes both front and 

rear contacts at the same time. Adjust the 

holding coil core screws so that the stationa­

ry contacts are deflected .01011 before the 

armature on the loop strikes the holding coil 

core. With the loop in this position, the 

back stop screws should clear the stationary 

contacts by approximately .005 " . 

4 

SPRING 
HOLDER 

CENTER 
ADJUSTING LEVER 

SPRING 
HOLDER 

Fig. 4-Detail of the Spring Holders and Center Adjusting 
Lever. 

CALIBRATION 

NOTE: All current readings should be taken 

with suddenly applied currents. This dupli­

cates service conditions, hence the readings 

should be taken this way. Readings taken with 

gradually increased currents ;d 11 give 

different results. When checking the relay 

with heavy currents in the opposite direction, 

the loop heats very quickly, hence final 

readings should be taken only after the loop 

has been thoroughly cooled. An air hose ,.rill 

f'acilitate cooling both the loop and the coils 

vhen testing at high currents . 

Line R elay 

Connect as per Figure 9, and adjust the load 

to give A1 = 60 amperes, and A2 = 1.5 amperes. 

Adjust the spring tension so that the relay 

just trips to the left vrhen the currents are 

suddenly applied, both tap screvrs being in the 

1.5 taps. With A1 = zero amperes, the current, 

A2, to trip in one side only should be betvreen 

7 and 9 amperes. Then, reverse the con­

nections to terminals 7 and 9 and adjust the 

spring for correct closing of the right-hand 

contacts at A1 = 60 amperes, and A2 1.5 

amperes. 

To check for correct operation with currents 

in opposite direction, connect as per Figure 9, 
except reverse the connections to terminals 9 
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Fiq. 5-Typical Operatinq Characteristics of the Line Relay, 
Currents in Line in Same Direction. 
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Fiq. 7-Typical Operatinq Characteristics of the Ground 
Relay, Currents in Lines in Same Direction. 
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Fiq. 6-Typical Operatinq Characteristics of the Line Relay, 
Currents in Lines in Opposite Direction. 
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Fiq. 8-Typical Operatinq Characteristics of the Ground 
Relay, Currents in Lines in Opposite Direction. 
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TYPE HD RELAY ________________ ______ _ 

and 10. This checks tripping of the left-hand 

contacts. Beginning •rith this set -up, reverse 

the connections to terminals 7 and 10 to check 

the right-hand contacts. Check tripping 

values for both left-hand and right-hand con­

tacts before making any adjustments. The 

difference current to trip should be behreen 

1.0 and 1.5 amperes (tap 1. 5) and the differ­

ence betveen the values for the left -hand and 

right-hand contacts is kept to ,.dthin . 25 amp­

eres in the factory adjustment. If the 

tripping values are not vithin these limits, 

they may be corrected by turning out the 

holding magnet core screv slightly on the side 

requiring too much current to trip, or, if 

necessary, doing both. (This method is ef­

fective because the holding coil cores affect 

the distribution of the stray field from the 

loop, and not because of their 01.rn coils, 

since they are not energized vith d-e until 

after the contacts close.) After each such 

adjustment of the holding coil 0ores, they 

should be locked in place by means of the lock 

nuts provided. Any such readjustment of the 

cores, as described, makes it necessary, of 

course, to trim up the adjustment of the 

stational"y contacts, since the limit of travel 

of the loop is affected. Also, the tripping 

current should be checked again ,.,ith the cur­

rents in the same direction, after the above 

is complete, for possible minor readjustment 

of the spring tension. In this recheck the 

factory limits are 1.35 to 1. 65 amperes on the 

1. 5 taps ,.rith A1 = 60 amperes. If necessary 

to change the spring tension, the values to 

trip vith currents in opposite 

should be checked again. 

direction 

If the coils and iron are ever replaced, 

make sure that the laminations are uniformly 

stacked, and that there are the same number of 

short and long laminations. 

Ground R elay 

This is calibrated and checked the same 1.ray 

as the line relay, except that the values are 

(Tap . 5). 

Currents in same direction: 

6 

II 

'TO MVli\SI: T"IPPING DIRECTION. aCVSASI CONNCCTIONS TO TE"MINALS 7 '9. 

12!tV. O. 

� PU�Jol 8UTTON rQ' f\ESE:T 

1-D-2128 

Fig. 9-Diagram of Test Connections. Currents in Same 
Direction. 

30 amperes 

.45 to . 55 

Current in one side only: 

A2 = 2.5 to 3.5 amperes 

Currents in opposite direction: 

30 amperes 

.050 ampere or more. 

*Values for left -hand and right -hand side vithir: 

± 10% of their average value. 

It is to be noted that the ground relay is 

much more sensitive in percent of the tap 

value 1orhen the currents are in opposite di­

rection than the line relay is. Ho,.rever, as 

has been mentioned previously, this is an 

advantage instead of a disadvantage. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 

at the factory. Hovever, interchangeable 

parts can be furnished to the custQmers •rho 

are equipped for doing repair vork. When 

ordering parts, always give the complete name­

plate data. 
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TYPE HD RELAY ______________________________________________ �t�L�41�-1�� 

ENERGY REQUIREMENTS Burdens with both lines energized and cur­

The burdens of the 

5 amperes 60 cycles 

gized: 

Tap 

line 

>rith 

Burden 

and 

one 

rents 

ground relays at 

line only ener-
1.5 

2. 

3-

4. 
Power 

in the same directions in the lines: 

-5 2.4 8.35 49° 64.0° 

.8 2.3 8.20 50° 61L5° 

1.3 2.2 8.10 52° 64.0° 

2. 2.1 8.0 53° 64.5° 

Volt-Amps. Factor Angle Burdens ,,rfth both lines energized and cur-
Line Ground 

1.5 .5 

2. .8 

3- 1.3 

4. 2. 

Line Ground Line Ground rents in the opposite directions in the lines: 

2.05 5.6 32° 50° 1.5 .5 1.93 4.0 11.0° 11.0° 
1.8 5.15 33° 52° 2. .8 1.5 3-3 8.5° 8.5° 
1.6 4.9 34° 53° 3. 1.3 1.2 3.0 7 ·5° 7-5° 
1.5 4.8 36° 54° 4. 2. 1.1 2.9 6.0° 7-5° 
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6-D-7400 

Fig. 10-External Connections of the Type HD Relay in the Standard Case For Phase and Ground Protection During 
Parallel Line Operation, Utilizing SG Relays (With Current Windings) For Interlock Between Circuits. 
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TYPE HD RELAY ____________________________________________ __ 

THREE PHASE BUS WITH SOURCE OF POWER 
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B 
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98 GRAM 63-D-8 

-13-D-5603 

Fig. 11-External Connections of the Type HD Relcry in the Type FT Case For Phase And Ground Protection During 
Parallel Line Operation, Utilizing SG Relays (With Current Windings) For Interlock B9tween Circuits. 
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TYPE HD RELAY __________________________________________________ I._L_.4_1-_17_6 

63-D-301 

'- � DIA.DRILL 
(2·HOLES) 

--r----- ----- ------ ------

.l!ro-32 TERM SCR[WS It STUDS 
-41 -zo MOUNTIN<:O SCRE.WS 

&:. STUDS 

1 USE S C. R E: W S  
FOR THIN PANELG 

rr ___ _ I 

Fig. 12-0utline and Drilling Plan for the Standard Projection Type Case. See the Internal Schematics for Terminals Sup­
plied. For Reference Only. 

_190-3Z. TERM. SCREW 
USE .190- 3� STUD FOR CUT OUT FOR 

THICK PANEL MTG. 5EMI- FLUSH 

P"Nt.L LOC"TION � 01 ... . HOLE DR. ILL 
�OR. PRO..JE.CTlON PE.R. IN.TE.RN"'L 

TYPE MTG. ---� SC H E M  ... TIC FOR 

0 

P.A..NEL LOCATION �OR 
SE:Iv\1 FLUSH TYPf. MTG. 

PROJECTION MT�. 
ON THICK P"NEL5. 

STUDS FOR PROJ. 

TYPE NITG. i DIA. 

H OLE.. (Z: RE.Q.). 
i-18 MTG. STUD ( 2 REQ.) 

PROJECTION 

'� -;1: DIA. HOLE S FOR 

SEMI FLUSH TYPE 

MTG. (4 HOLES) . 

16-B-2470 

Fig. 13-0utline and Drilling Plan for the S lO Semi-flush or Projection Type FT Flexitesl Case. See The Internal Schematics 
for the Terminals Supplied. For Reference Only. 
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I. L. 41-176 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HD CURRENT BALANCE RELAY 

CAUTION Before putting relays into service, 

remove all blocking vhich may have been in-

serted for the purpose of securing the parts 

during shipment, make sure that all moving 

parts operate freely, inspect the contacts to 

see that they are clean and close properly, 

and operate the relay to check the settings 

and electrical connections. 

APPLICATION 

The type HD differential relay is a high­

speed inductor-loop relay for differential 

protection of parallel lines on both line and 

ground faults. 

making possible 

It has double throw contacts, 

the balanced current pro-

tection of one end of a pair of parallel lines 

vith the use of only four relays, three phase 

relays and one ground relay. 

This relay may be used at the transmission 

end of any number of parallel lines of equal 

impedance, and at the receiving end of any 

number of parallel lines in a system having a 

source of po,.rer at both ends, or at the re­

ceiving end of three or more parallel feeders 

in a radial system. It cannot be used at the 

receiving end of a single pair of radial 

parallel feeders, since currents in the relay 

in this case would alvays be equal, and the 

relay vould not operate. 

CONSTRUCTION AND OPERATION 

The relay is of the inductor-loop type in 

,.,hich the loop is pivoted at each end, and 

forms the secondary of a small transformer. 

The primary of the transformer consists of tvo 

symmetrically tapped uindings, T
1

and T2, vhich 

are so connected that vith currents in the 

lines floving in the same direction, the cur­

rent "hich flo'·'S in the loop is proportional 

to the difference of the hro line currents. 

( Fi,:;tirf' l ) . 

SUPERSEDES l.l. 41-407C 
*Denotes change from superseded Issue 

LINE I 

GENERATOR 

STATION BUS 

,--- -------- ---, 
I : 

H�: tJ!,- --c:��b� --- -, 

I 

Tl T2 
c2 I 

I I I _jl I I I I ._---J 1 I 

i 

LINE2 

I L_ - - --� ------_j � 
I - ------ 1� -- -- - --- j � 

IRON CUT AWAY �LOOP MAGNE TIC 

TO PRODUCE o CIRCUIT 

SATURATION � 0 ° CONTAC T S  

1-D-2146 

Fiq. 1-Sinqle Line Schematic Diaqram of the Operatinq 
Element. 

The loop is located in a magnetic field pro­

duced by tvo current coils, c1 and C2. These 

are so connected that their fluxes are adding 

vhen the currents in the lines are flo,.ring in 

the same direction. The field thus produced 

is proportional to the s•�m of the tvo line 

currents. 

From the above, it is obvious that, ;.rith 

currents in the lines in opposite directions, 

the transformer primary '·'indings vill be 

adding, and the Findings producing the field 

vill be bucking. Therefore, Pith equal cur­

rents in the lines, either in the same or in 
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TYPE HD RELAY ______________________________________________ __ 

REAR C.(lNTACTOR > 
SWJTH �RONT VIEW) 

TAPPED OUTER 
LEG WINDINGS 

REAR VIEW 

LEFT HAND (FRON·c VIEW) 

ij�����g:��L 

AIGHTHANO(FRONl VIEW) 
CONTACTS,HcilotNG COIL 
&OPERATION INDICATOR 

CENTER POLE 
WI NDINGS 

TERMINALS 

WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN, THE CENTER 
POLE FWXES ARE ADDING AND THE OUTER POLE FLUXES (THOSE 
FEEDING THE LODP)AAE BUCKING.WHEN TERMINALS "7-"8 ARE 
ENERGIZED THE LEFT HAND CONTACTS (FRONT VIEW) CLOSE. 

13-D-5602 

Fig. 2-Internal Schematic of the Type HD Relay in the 
Standard Case. 

opposite directions, no torque is produced, 

since in one case there is no current in the 

loop, and in the other case there is no flux 

in the gap. If, however, the currents are un­

equal, either in the same or opposite di­

rections, a torque is produced to trip the 

breaker on the line having the higher current. 

The moving contact assembly is fastened 

solidly to the loop by means of a small bar of 

Micarta. The stationary contacts are located 

so that a travel of approximately 1/16" either 

vay of the moving contact vill close the trip 

circuit by bridging the two stationary con­

tacts, and trip the breaker on the line in 

fault. 

Also mounted on the loop is a small piece of 

soft iron, •rhich forms the armature of t'·'O 

holding coils. These coils are energized vhen 

the main contacts close, thus holding the con-

tacts positively closed, and preventing 

vibration of the contacts under conditions of 

excessively high torque, such as is the case 

vhere there is a large difference in the cur­

rents in the lines during a fault. Reference 

to the schematics, Figs. 2 or 3, shov that the 

holding coils remain energized as long as the 

main contactor svitch is picked up, since 

2 

Klt::,..._K. C.ON,P..C:.TOR '5W\ICH. (_ F RON\ VIE-W)"' 

COVER 
5'1'-l\\C.t\ - tNHE.N 

U5EO 

63 -D-898 

C.14ASSI5 OPE.'RA\E.D__...-----­SHOR"f\MU 5WI\C.\-\ 

\-\OLD\N.Gt COIL 

-OPER...A\\ON 
INDICA.. TOR 

LEFT 1-\,..._N\,.)(FRONI 
V\EW) CONIP..CIS. 
HOLDING_ C..OIL & 
OPERP..IION \N_Ol· 

CA\OR. 

_C.E.NICR POLE 
COILS 

WIT" RELAIIIJE \NST�N.lANE.OUS p()LI'-.,RI"T\ES P..S SHOWN. I HE 
C.ENIER POL£ FLU)(ES A.RE A.ODING: AND T\-\E OUTER POLE 
FLUXES (TH-OSE !=EEDtN.c;;. THE LOOP) A.R.E BUCKtNQ. W�-\EN. 
lE.RMIN"-LS � &- 10 AR.E. E.N.ERQ12._E.O, \1-\E LEF\ I-lAND (f=RON-r 
V\E.'"'•i) CONT,O...C.\5 CLOSE 

Fig. 3-Internal Schematic of the Type HD Relay in the 
Type FT Case .. 

these coils are in series vith the trip 

circuit. In some cases the inductance of the 

trip coil of the breaker is so high that it 

prevents the trip coil current from building 

up sufficiently fast to insure the proper 

operation of the holding coil and contactor 

switch of the relay during the excessively 

high torque conditions. In such cases, the 

use of t'·'O resistors is recommended, as sho,.rn 

by R in Figs. 10 or 11. The 2 amperes of non­

inductive current drawn by these resistors 

acts instantly to energize the holding coil 

and contactor svitch coil, thus insuring a 

positive closure and seal in of the trip 

circuit. A vire vound porcelain tube type re­

sistor is satisfactory for this purpose. The 

6" or 6-1/211 tube is suggested. Two operation 

indicators and tvo contactor svitches are pro­

vided. The left-hand operation indicator is 

wired in the left-hand contact circuit and, 

similarly, the right-hand operation indicator 

is vired in the right-hand contact circuit. 

The resistance of the relay trip circuit is 

approximately 1.0 ohm. The main contacts of 

the relay vill safely close 30 amperes at 125 
volts d-e and the contactor s"ritch contacts 

will safely carry this current until the aux-
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TYPE HD RELAY----------------------------------------------���-L�.4�1-�1� 

iliary switch on the breaker opens the trip 

circuit. 

The relay balances the current in one paral­

lel line against that in the other, and will 

trip only •rhen the current difference reaches 

a pre-determined value. This, tripping value 

is determined by the tap on the relay, and the 

value of secondary current in the lightly 

loaded line. Reference to Figs. 5 or 7 shovs 

the tripping characteristics of the relay :for 

conditions vhere the currents are :flo,.ring in 

the same direction in the lines. Figs. 6 or 8 

sho'·' the tripping characteristics :for the 

conditions 

the bus and 

:from the 

rections). 

,.,here one current is :flo;ring into 

the other current is :flowing away 

bus (Currents in opposite di-

CHARACTERISTICS AND SETTINGS 

The operating 

Figures 5, 6, 

characteristics are sho•rn in 

7 and 8 :for the line relay and 

ground relay respectively. 

The tap values of the relays are as :follows: 

Line Relay 

Ground Relay 

1.5 2 
-5 .8 

3 4 

1. 3 2 

These tap values represent the differential 

current necessary to trip the relay with 60 

and 30 amperes secondary representing the 

relay in the good line in the case of the line 

relay and ground relay, respectively. For 

example, if a ground :fault occurs near the 

remote end of two parallel lines, and 30 

amperes :flows in the good line, and 30.5 amp­

eres :flows in the :faulted line, the ground 

relay will just close its contacts if used on 

the .5 tap, these currents beinp in the same 

direction. 

It will be noted :from the curves, Figures 5 
to 8, that the relay will trip on a smaller 

difference current than the tap value when the 

currents are in opposite directions. This is 

particularly true :for the ground relay. This 

increased sensitivity of the relay is a de­

sirable characteristic, since currents cannot 

:flov in opposite directions, unless there is a 

:fault within the section being protected. 

The most important :factors in choosing the 

proper settings :for the relay are: 

1. Normal load current. 
2. Short Circuit Current (secondary 

amperes). 

3. Accuracy of current transformers. 

1). Normal load current is important since it 

determines the value of current in one line 

•rhen the other is out of service. Thus, if the 

load current is anything up to 3 secondary 

amperes, the relay may safely be used on the 

1.5 tap, since more than 6 amperes (double 

load current) is required to operate the relay 

vith only one line in service. Load currents 

higher than this will necessitate the use of a 

higher tap. 

2). The magnitude of the secondary short­

circuit current is important, since it de­

termines the Location on the characteristic 

curve at which the relay will operate. Since 

the relay becomes more sensitive at higher 

secondary currents, a current transformer 

ratio should be chosen which will give as high 

a current in the relay during :fault conditions 

as possible, keeping in mind the requirements 

outlined under (1). 

3). The satisfactory :functioning of the relay 

during faults outside the section depends upon 

the accuracy of the current transformers. 

During heavy through faults a difference in 

current transformer output equal to the trip 

value of the relay ¥TOUld give a false oper­

ation. The selection of the proper tap on the 

relay, therefore, is influenced by the accu­

racy of the current transformers, and a tap 

sufficiently high must be chosen, which ;rill 

prevent false tripping on heavy through faults. 

* ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed after re­

ceipt by the customer. If the adjustments 

have been changed, the relay taken apart for 

repairs, or if it is desired to check the 

adjustments at regular maintenance periods, 
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TYPE HD RELAY ______________________ _ 

the instructions below should be followed. 

* All contacts should be cleaned periodically. 

A contact burnisher S#l82A836HOl is recommended 

for this purpose. The use of abrasive material 

for cleaning contacts is not recommended, be-

cause of the danger of embedding small 

cles in the face of the soft silver and 

impairing the contact. 

parti­

thus 

Loosen the spring holders and adjust both 

sides for zero initial spring tension. Then 

pass 60 amperes for the line relay (30 amperes 

for the ground relay) through the two coils in 

series in the same direction. (Current in 

terminal 7, out 8, in 10, out 9. The loop 

should not get varm for this test). The loop 

has a centering torque for this condition, and 

vill center itself accordingly. Check the 

center adjusting lever to agree with this 

position. It is easier to check this position 

by using a very slight amount of initial 

tension on both springs but it must be possi­

ble to remove all spring tension, or diffi-

culty will be experienced later. 

center adjusting lever has been 

above, see that both spring arms 

When the 

adjusted as 

strike the 

pin on the loop and the center adjusting lever 

at the same time, when the relay is de­

energized. If they do not, this may be cor­

rected by bending the vertical part of the 

center adjuster, as required. Summarizing the 

above, the pin on the loop must be in contact 

'l.rith both spring arms, and both spring arms 

must be in contact with the center adjuster, 

when the relay is de-energized. 

Preliminary mechanical adjustments of the 

contacts and holding coil core screvs are made 

as follows: Adjust the stationary contacts so 

that there is a gap of 3/64" bet,reen the 
moving contact and the rear stationary contact 

on each side. Adjust the front contact so 

that the moving contact strikes both front and 

rear contacts at the same time. Adjust the 

holding coil core scre,.rs so that the stationa­

ry contacts are deflected .01011 before the 

armature on the loop strikes the holding coil 

core. With the loop in this position, the 

back stop screws should clear the stationary 

contacts by .s.pproximately .005". 

4 

SPRING 
HOLDER 

CENTER 
ADJUSTING LEVER 

SPRING 
HOLDER 

Fig. 4-Detail of the Spring Holders and Center Adjusting 
Lever. 

CALIBRATION 

NOTE: All current readings should be taken 

with suddenly applied currents. This dupli­

cates service conditions, hence the readings 

should be taken this way. Readings taken with 

gradually increased 

different results. 

currents ,,rill give 

When checking the relay 

with heavy currents in the opposite direction, 

the loop heats very quickly, hence final 

readings should be taken only after the loop 

has been thoroughly cooled. An air hose ,.rill 

facilitate cooling both the loop and the coils 

-,rhen testing at high currents. 

Line R elay 

Connect as per Figure 9, and adjust the load 

to give A1 = 60 amperes, and A2 = 1.5 amperes. 

Adjust the spring tension so that the relay 

just trips to the left vhen the currents are 

suddenly applied, both tap screvs being in the 

1. 5 taps. With A1 = zero amperes, the current, 

A2, to trip in one side only should be betveen 

7 and 9 amperes. Then, reverse the con­

nections to terminals 7 and 9 and adjust the 

spring for correct closing of the right-hand 

contacts at A1 = 60 amperes, and A2 1.5 

amperes. 

To check for correct operation vith currents 

in opposite direction, connect as per Figure 9, 
except reverse the connections to terminals 9 
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Fig. 5-Typical Operating Characteristics of the Line Relay, 
Currents in Line in Same Direction. 

0 
0 10 20 30 40 

CvRRENT IN LIGHTLY LOADED I..!N£ 

I Curve 264693 

50 

Fig. 7-Typical Operating Characteristics of the Ground 
Relay, Currents in Lines in Same Direction. 

Curve 

14 

12 

10 

8 

6 

4 

2 

246006 

10 20 30 40 so MMr .. In lithtly Lo ... d Line 

I. L. 41-176 

60 

Fig. 6-Typical Operating Characteristics of the Line Relay, 
Currents in Lines in Opposite Direction. 

� � 8 
� 7 
fZ � 6 
Cl: 
� 5 

� 4 

� 3 � c 2 
� � I � � 00 � C:l 10 20 30 40 StJ 

CVRRENT IN LIGHrLY LOADED LIN£ 

Curve 264693 

Fig. 8-Typical Operating Characteristics of the Ground 
Relay, Currents in Lines in Opposite Direction. 
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TYPE HD RELAY __ __ __ __ __ __________________________________ ___ 

and 10. This checks tripping of the left-hand 

contacts. Beginning .. rith this set-up, reverse 

the connections to terminals 7 and 10 to check 

the right-hand contacts. Check tripping 

values for both left-hand and right-hand con­

tacts before making any adjustments. The 

difference current to trip should be betveen 

1 .0 and 1.5 amperes ( tap 1 .5) and the differ­

ence betveen the values for the left-hand and 

right-hand contacts is kept to vithin .25 amp­

eres in the factory adjustment. If the 

tripping values are not vrithin these limits, 

they may be corrected by turning out the 

holding magnet core scre,.r slightly on the side 

requiring too much current to trip, or, if 

necessary, doing both. (This method is ef­

fective because the holding coil cores affect 

the distribution of the stray field from the 

loop, and not because of their ovn coils, 

since they are not energized vith d-e until 

after the contacts close.) After each such 

adjustment of the holding cOil 0ores, they 

should be locked in place by means of the lock 

nuts provided. Any such readjustment of the 

cores, as described, makes it necessary, of 

course, to trim up the adjustment of the 

stationary contacts, since the limit of travel 

of the loop is affected. Also, the tripping 

current should be checked again vith the cur­

rents in the same direction, after the above 

is complete, for possible minor readjustment 

of the spring tension. In this recheck the 

factory limits are 1 .35 to 1 .65 amperes on the 

1. 5 taps vith A1 = 60 amperes. If necessary 

to change the spring tension, the values to 

trip vrith currents in opposite direction 

should be checked again. 

If the coils and iron are ever replaced, 

make sure that the laminations are uniformly 

stacked, and that there are the same number of 

short and long laminations. 

Ground Relay 

This is calibrated and checked the same '"ay 

as the line relay, except that the values are 

(Tap . 5). 

Currents in same direction: 

6 

17� Y. o. 

"TO N:YEf\IE "UUPPING.DI�CTION. AEV'IAK CONNaCT IONS TO T[lkMINALS 7 '9. 

L£.... PUSH aUT TON rp-, "ESET 

1-D-2128 

Fiq. 9-Diaqram of Test Connections. Currents in Same 
Direction. 

30 amperes 

.45 to .55 

Current in one side only: 

A2 = 2.5 to 3. 5  amperes 

Currents in opposite direction: 

30 amperes 

.050 ampere or more. 

*Values for left -hand and right -hand side vithir; 

± 10% of their average value. 

It is to be noted that the ground relay is 

much more sensitive in percent of the tap 

value vhen the currents are in opposite di-

rection than the line relay is. Hovever, as 

has been mentioned previously, this is an 

advantage instead of a disadvantage. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 

at the factory. Hovever, interchangeable 

parts can be furnished to the custQmers .. rho 

are equipped for doing repair vork. When 

ordering parts, alvays give the complete name­

plate data. 
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TYPE HD RELAY I. L. 41-176 

ENERGY REQUIREMENTS Burdens with both lines energized and cur-

rents in the same directions in the lines: 

The burdens of the line and ground relays at 
2.4 8.35 49° 64.0° 

60 cycles 
1.5 ·5 

5 amperes with one line only ener-
64.5° 2. .8 2.3 8.20 50° 

gized: 
3 · 1.3 2.2 8.10 52° 64.0° 

4. 2. 2.1 8.0 53° 64.5° 
Tap Burden Power 

Volt-Amps. Factor Angle Burdens with both lines energized and cur-

Line Ground Line Ground Line Ground rents in the opposite directions in the lines: 

1.5 .s 

2. .8 

3. 1.3 

4. 2. 

2.05 s.6 320 50° 1.5 .s 1.93 4.0 

1.8 

1.6 

1.5 

5 .15 33° 52° 2. .8 1.5 3.3 

4.9 34° 53° 3 · 1.3 1.2 3.0 

4.8 36° 54 ° 4. 2. 1.1 2.9 

=��;:::::JTi-:;;:H:R�c�c;::Z P�•'H:��s�c;:�/J:;,u�s:w.���r.��H�::;:s�,o;:vR�:;;;c;:.c::;o�F::;:P:;(o��i�et�r::::::�=;�= � 
-+��----------------------------------��.- c 

118C 

R� tlo!Y lf'lovcnvc 
RESISTOR, EncH 70 
DRfltJIIPRROJ<.. 
3 ,qHPS. flcRoss 
lJRTTERY VoLT RyE. 

-f--· 

!-<?�-' 4 
� 

� ,. 

Pos. 
l'f66. 
BeLL 

'9-6-
HD ,.7 PH.8 9 flERR J1cw o 

HD 
B fH.C +7 '<'! RERR Vf£1...1 Oq++t+---' 

�+----+H�m·+ 6 

��� 
8 HD +7 -?. GROU l'fD 09'++----' 

L....----+6+ flELIIY 6 L.�-------' 
ReRFl VIEw 

I*' c. T� 

� 
' 1\1 a< a I 

ffliPf.'otL 

RB.C 

SG te£LAYS 
3AMP COIL5 

11.0° 11.0° 

8.5° 8.5° 

7 ·5° 7
·

5° 

6.0° 7.5 ° 

6-D-7400 

Fig. 10-External Connections of the Type HD Relay in the Standard Case For Phase and Ground Protection During 
Parallel Line Operation, Utilizing SG Relays (With Current Windings) For Interlock Between Circuits. 
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TYPE HD RELAY ____________________________________________ __ 

THREE PHASE BUS WITH SOURCE OF POWER 

' 
. ;: ;� 

c. T.! -"* 

J 
a a. 

ocs(n 
TRIP COIL 

ABC 

NON INDUCTIVE R =  
RES 
ORA 
3 A  
BAT 

ISTOR, EACH TO 
W APPROX. 

MPS. ACROSS 

TERY VOLTAGE 

POS. 
NEG. 

SG SG 

H n I � � l,r � c- L \r-Q+f-
�_s 

L 
HD-A 

f--- �J �� "\..f'A s • r-H >-!. Cll l I H.<;;.�� 
HHD 5t 'lr'rtV" 

�� --i • -[.9 
¥.&.\-1\ � 

RE�� VIEW HO-B 
-02 I Q-

t 

.q .9 
�+ � 

HO -C f"o2 I Q"  H 6-
rQ .� 
12+ � 

H O -GROUND f"o2 1 0 
b 

10 +� IS+ g. � 

-

�� . :� > 

� c T.t 
a. a. 

1ft[ O.C.B 

\ ( c 
TRIP COIL 

ABC 

SG RELAYS 

3 AMP. COI LS 

I NTERNAL Dl 

A 
B 
c 

A-
98 GRAM 63-D-8 

-13 -D-5603 

Fig. 11-External Connections of  the Type HD Relay in the Type FT Case For Phase And Ground Protection During 
Parallel Line Operation, Utilizing SG Relays (With Current Windings) For Interlock Between Circuits. 
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63 -D-301 

� � DIA.DRILL 
(2·HOLES) 

--r---- - ----- - ----- ----- -

. 1 �0 -32 TERM SCRE.WS &:. STUDS 
-41 · 20 MOUNTING SCREWS 8::. STUDS 

1 USE S C. R E: W S  
FOR THIN PANELS 

�----· I 

Fig. 12-0utline and Drilling Plan for the Standard Projection Type Case. See the Internal Schematics for Terminals Sup­
plied. For Reference Only. 

.190- JZ. TERM. SCREW 
USE . 190 - 3Z. :;TUO FOR CUT OUT FOR 

T H I C K  PA NEL MTG. S E M I - F L USH 
PA.N C. L  LOCA.T\ON. -! Oil\. HOLE OR\\ .. L 
F""OR. PROJ E C T I ON PE.R. INTE.RN�L 
T Y P E  MTG. • SC H E M ATIC FOR 

0 

lJ 00• 

J ___ � l1J �Jf-'=-. �ii c 6 •• -------1 yifj . 5 ;o  �') 
-- -- 6 � -----1 

PA.NE.L L O CATION FOR 
SE."' FLU S H  TYP£. MTG. 2/i WITH SCREW __ 

2� WITH STU O 

PR.OJE.C T I ON NIT�. 

ON THICK PAHE.LS. 

STUDS F"OR PR.OJ. 

TYPE MT(i. ! DIA.  
HOLE..  (Z: RE.Q.). 
�-18 MTq. STUD (2 REq.) 

PROJECT I O N  

-� * 01"'-.  HOLES FOR 

SEMI F" L U S H  tYPE 

MTG. (4 HOLES) . 

1 6 -B -2470 

Fig. 13-0utline and Drilling Plan for the S10 Semi-flush or Projection Type FT Flexitest Case. See The Internal Schematics 
lor the Terminals Supplied. For Reference Only. 
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