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INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES CH-3 AND CHV-3 THREE PHASE
POWER DIRECTIONAL RELAY

CAUTION Before
all blocking
inserted for the purpose of securing the parts
that all moving

putting relays Into service,

remove which may have been

during shipment. Make sure

parts operate freely, lnspect the contacts to

see that they are <c¢lean and close properly.

Operate the relay to check the settings and

electrical connectlons.

APPLICATION
The type CH-3 relay 1s a three phase induc-
tlon type three element power directional
relay. The type CHV-3 relay Lg simiiar to the

type CH-3 except <hat 1t has a fourth element
for voltage restraint.

These
digerimination and are usually installed with
fault

overcurrent

relays are used to obtaln directional

such as Induction
Both

ground protection.

detector «=lements

relays. reiays may
be used for directional
the minimum current in
la at 1least twlce the
fiow (with nc voltage

so that 1f the fault

and load currents are 1in oppoai-

On systems where
tne faulted
loed

reatralnt on the relay)

conductor

maximim current

current

tlon, the former w«will always predominate and

gilve = net %Torque on the relay 1n the correct

direction. Stated znother way, the minimm

line-to-ground current must be at least thres

times the maxirum load current Ffor correct
ground fault protectlon. Low ground current
occurs most frequently on impedance grounded
systems. Where positive directional 1indica-

ticn cannot be obtained under all system cond-
itions, it 1= recommended thas a separate

ground directleonal relay be used.

The type CHV-3

bhoth dipcctional

relay 1s used for
chazae ~nd fFround fault pro-
tectlon with an auxiliary relay usced to remove
volttape

regtraint Zurlng  ground faults. The
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* Denotes change irom superseded issue.

" contacts of the relays

voltage vrestralnt element preventa operation

of the relay under load condltlions.
CH-3 relay

to provide

The type
connected as a watt relay 1s used
sensitive reverse power protection

for rotating equipment.

with a large number of solldly
neutrals 1t 1is for heavy
to flov in all three phases during a

On systems
grounded peasible
currents
line to ground fault. This sometlmea
of the slngle phase
relay not assoclated with the
faulted phase. Tn these cases the type CH-3

or CHV-3 relay can be used, because the torque

results
in incorrect operatlion
directlionel

produced by all three elements 1s added
mechanically, and the 1line to ground fault
produces & predominating torque from the

faulted phase to correctly 1ndicate the

direction of the fault.

A common application of the type CHV-3 relay
s the
protection

directlonal comparison d-e pilot wire
acheme for transmission circuits.

The operating requlrements 1in this case are

the same as outlined above except that the
are in the pilot wire

circult.

CONSTRUCTION AND OPERATION

The type CH-3 relay consists of three direc-
tional elements
The type CHV-3 relay conslsts of three dlrec-

and two contactor switches.

tional zlements, one voltage restraint element
and two contactor swiltches. One
the type

fault detector element.

variety of
CHV-3 relay includes also a ground

Directional Element

Each of
type element oprrating on current and veltage.
Twro  of the

these elements Is an induction disc

slements  are mounted on opposite

EFFECTIVE MAY 1957




TYPES CH-3 AND CHV-3 RELAYS

e il L v

NorrtacLy Syeriisn
LEFT HAND on OH-F Oney.
CONTACT—___

(FRonT Vicws) 77{"’"‘&_.._ exy z: /<® GROUND FAULT

. E: — Derecror Oprion
<L 1y &4

|_On OHF Oner:

ConTacTor SUIT(M‘.'S\

tiprER FRONT - ,//:'4
RESTRAINING O——— =T =G | ri? over

5 MrD. 60 CriiEs

LLECTROMAGHET -

STTITTY OUPEL o Ly
(FrowT View) | T R S £ | 6 Mo, 5o Creces
ONCWVJanmi'ﬁh—ﬂmwazfzg::=:j!~
+ . o [~Uprer ReAR
@ v : @ | Erscrromacner
{FRONT VIEW,
LowEr FrRONT —
LLECTROMAGNES | (D it G [~ TRawsrosres
{FRONT fou)-%;\'—ﬁé____ | ow oo 7 omer.
@ A @
Lowier REAR— )
sircrktmna;vfr Fé__{—:'ﬁ' &
FRONT VIELS} \ /

REAR VIiEW

LAiTH RELATIVE INSTANTANEOUS Potaroies A5 Swown,
ThE LEFT CONTACTS (FRonT View) CLosE.

Tor Tesr Sunres

FXL L0 s

FRONT VIELs

0 BAse [Erms.

—T2 Recar

LEFT Hanp
Conract
(Frowr View)

CONTACTOR SUNTCRES

GROUND FAULT
Drrecror Opron
On CHIAZ Oney:

LT CHV-F Owey
= SMra. 46 Creies
& MrD, 50 Crecrs

Urper FRONT <
RESTRAINING

ELECTROMAGNET treee KeAr
(FRoNT Vigw ] ELECTROMAGNET
On CHV-3 Ower (Freonr View)

—TRANSFORMER
O CHV-F Owver.

(—Llower FRONT
LLECTROMAGNET
(FronT Vices)

Lowr ReA f.—d—(g\——_‘*i':\l "
Ay

£iee GVET
( Freonr View)

CyRRENT JEST JAtx
o Base Terrs.

FRONT ViFLt
CHAISIS OPERATEL SHORTING

Senren,

LATH RELATIVE INSTANTANEOUS POLARITY AS SHOLIN,
THE LEFT CONTACTS ( FRONT VIEW ) CLOSE.

Fig. l—Internal Schematic of the Type CH-3 and CHV-3
Relays in the Standard Case.

sldes of the 1lower rotating dlsc. The third
element and a permanent magnet are mounted on
opposite sides of the upper disc. The two

discs are mounted on a common vertical shaft
which 18 gsupported on the lowere end by a steel
riding

Jjewel surfaces, and on the upper end

ball-bearing betwvecn the concave
sapphire
by a stalnless steel pin. The 1lower dlsec of
the ¢type CH-3 relay has projecting stops or
elther side which hits against
element frame to limit the disc travel. Three
are provided for the 3top

for the type CHV-3 relay

a screw in the

separate holes
screwsa, The stops

are on the moving ar

The two lower element are
energized by current
potential. The
necting two electrical quantities which cause

rotation of the disc In a directlon depending

poles of each
and the
fluxes are

upper poles by
produced by con-

upon the phase angle between the current angd
voltage. Asg power reverses the current 1in the
elements reverse while +the voltage remalns

Fig. 2—Internal Schematic of the Types CH-3 and CHV-3
Relays in the Type FT Case.

fixed. Thus a directional torgue 1s chtalned.

The moving contact consists of a rigid
counter-veighted arm fastened to an insulated
sectlon of the shaft between the tvo discs. A
leaf the shaft end of
the arm with a silver contact attached to the
end of the leaf spring.
strike the
apring deflects to provide
tact follow. The
made from the moving contact thru the arm and
aplral spring. One end of the apring 1s faat-

to the arm, and the other end to a slot-

apring is fastened to
free When the moving
contacts stationary contacts, the
the reguired con-

electrical connection 1=

ened
ted spring adjuster dlsc which In turn fastens
to the element frame.

The stetlonary contact consists of two right
angle brackets fastened to the element thm a
Micarta 1nsulated block. Contact screws pro-
Jeet thru the outer end of the brackst.
on either side of the lower dlscs provide a
limited travel of the contacts.

Stops
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In the type CHV-3
magnaet 13 replaced by a voltage restraint ele-

relay, the permanent

ment. The upper pole potentlial coll 1s ener-
glzed by the voltage thru a resistor and con-

shifter. The two
energlzed by voltage

lover ©pole

thru a small

denser phase
colla are
mounted below the

auxiliary transformer

elements.

Contactor Switch

The d-c gwitch in the relay 1is s
solenolid type swltch. A

with a silver dlsc
lower end moves In the core of the solenoid.
Az the the disc
bridges three sllver atatlonary contacts. The
coll 1s in series with the
the relay and with the ¢trip
breaker. When the
coll becomes energlized and closes the swlich
contacts, This shunts the main
tacts, thereby relleving them of the duty of
carrying tripping These contacts
remain closed until the trip circult 13 opened
by the auxillary awitch on the breaker. The
contector switch 1s with a third
point which 13 connected to a terminal on the
relay to operate a bell alarm.

contactor

small cylindrical

plunger mounted on its

plunger travels upward,

main contacts of
coll of the
relay contacts close, the

relay con-

current.

equlpped

Ground Fault Detector

This unit
in one of the

has 1lts
voltage circults of the voltage

back contactsg connected

restraint elements to remove voltage restraint

on the oecurrence of a ground fault of suf-
flcilent magnitude to operate the fault
detector. It 1s simllar to the contactor

switch except that the disc normally rests on
two conical-shaped contacts to provide the
back contacts.

CHARACTERISTICS

The types CH-3 and CHV-3 relays are rated at
5 amperes, 11% volts, 60 cycles. The
cells

current

have & contlnuous rating of 5 amperes
second rating of 140 amperes. The
rating of the voltape coll 1s 110%

of the rated voltage.

and & one

¢ontlnuous

The three phase minimum pilck-up of the type
CH-3 relay 13 15-25 milliamperes at 115 volts

or 1.5 amperes at one volt. With 115 volts
applled across the relay and the external
%50 ohm resistor as used in the 90° connec~
tion, the three phase plck-up is 15-25 milli-
gmperes. With one volt similarly applied, the
three phase plck-up is 1.5 amperes. These vel-
ues are at 0.707 of maximum torque with cur-
rent and total in phase and
with 7/32 1nch
plck-up

currents.

elrcult voltage
contact spaclng. The single
phase are three times the
three phase The relays should not
bounce with 50 volts and 50 amperes applled.

currents

The three phase minimum pick-up of the type
CHV-3 relay with no voltage restraint is 4 am-
peres at 1 volt. These values are at maxinum
torque with 1 volt impressed across the poten-
tial coil and & amperes in phase with this
voltage.

With the type CHV-3 connected per filgure 3
or 4 and the external phasing resistora omit-
ted or shorted, the three phase minimm pleck-
up is 4.5 to 5.5 amperes at 115 volts.

The relays have approximately wattmeter

characterlistles and have their maximm torque

when the current in the relsy current coll
leads the voltage across the relay potential
coll by 4 or 5 degrees. Three 350 ohm
resistors are supplied with the relay. When

one of the oresistors is connected in series
with each potential
the relay coll leads the applled voltage by
45° and the maximum torque line of the relays

i3 shifted 45° leading. By applying voltage

coll, the voltage acroas

90® 1lagging the current to the resistor and
voltage coll, the relay will have maxinmum
torque wvhen the current lags U45° from its

unity power factor position. This is the 90°
connection shown in the external dlagrams.

The relay may be used without the external
realstors and connected as a watt relay with
maximum torque at unity pover factor, or as a
var relay with maximum torque at current lag-
ging 90°.

INSTALLATION

should be mounted on switchbeard

*

The relays

panels or theilr equlvalent in =z location free

from dirt, molsture, excessive vibratlon and

heat. Mount the relay verticelly by means of




TYPES CH-3 AND CHV-3 RELAYS

3 Prast @0 CycLe 115 VoLt Source
Puase RovaTom A, B,C

}
(o3 T

LERT HANO AMMETER
CONTACT

E AR WIEWW

THESE RESISTORS
MAY BE OMITTED

94-D-361

3 PHASE 60 CYCLE UWSVOLT SOURCE
/LPHASE ROTATION AB,C.

y

Oap

LEFY HAND AMMETER
CONTACT
7

REAR VIEW
ITHESE RESISTORS

MEY RE OMITTED 9-D-8056

Fig. 3—Diagram of Test Connections for the Types CH-3
and CHV-3 Relays in the Standard Case.

the two mounting studs for the standard cases
and the type FT projection case or by means of

the four mounting holes on the flange for the
semi-flush type FT case. Either of the studs
cr the mounting serews may be utilized for
greunding the relay. The electrical connec-
tions may be made direct to the terminals by
means of screws for steel panel mounting or ©o
terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easily removed or
Inserted by locking two nuts on the ztuds and

then turning the proper nut witn a wrench.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct
operatlion of thls relay have been made at the
factory and shdéuld not be dlsturbed after
recelpt by the customer. If the adjustments
have been changed, the relay taken apart for
repalrs, or 1f 1t 18 deslred to check the
ad justments at reguiar maintenance pericds,
the instructlons below should be followed.

% All contacts should be cleaned periodically.
A contact burnisher S#132A836H0L is recommended
for this purpose. The use of abrasive material
for cleaning contacts 1s not recommended, be-
cause of the danger cof embedding small parti-
cles in the face of the soft silver and thus
impairing the contact.

Fig. 4-—Diagram of Test Connections for the Types CH-3
and CHV-3 Relays in the Type FT Case.

Adjust the top bearing screw so that very
1ittle play (.00l to .003 inch) can be de-
tected by pressing up and down on the disec.
This adjustment can best be made by . turning
down the top bearing screw untll the discs
fall to turn freely and then backling up a
fraction of a turn. GHEEAT CARE MUST BE TAKEN
IN MAKING THIS ADJUSTMENT 30 A3 NOT TO DAMAGE
THE BEARINGS. Make sure the lock nut on the
top bearing screw 1a tight.

Adjust the contrel spring so that the
contact floats 1In the middle position. Pass
80 amperes thru the serles coll of one of the
operating elements wlth =zero voltage on the
potential colls and note whether the disc
creeps in elther diresction. If the dizsc
creeps, the current torgque adjuster acrew
ahould be turned until the creepage ceases.
This gcrew is located on the bottom edge of
the electro-magnet I1ron and 1s available from
the right hand slde of the relay (front view).
Repeat thils check on all other elements except
the voltege restralnt element on the type
CHV-3 relay, top front electro-magnet.

Type CH-3 Relay

Adjust the control spring so that the left
hand relay contacts wlll just close with 1
volt and 1.5 amperes applied to all three
elements. This c¢an be done by connecting the

PR
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three potential colls and resistors in
parallel, and all three current c¢olls 1In
serles and epplylng unit power factor current
and voltage in the directlon Indlcated by the
polarity marks. Actually I1f desired, the
relay may be set for lower values of pick-up
by reducing the spriig bilas. By inserting a
screw driver 1n the slotted dlsc on the spring
ad juster and turning the disec, the amount of
Initial +tension of the spiral spring can be
varlied such that the contact will either open
or close as desired wvhen the relay 1s de-
energized.

With the relay connected as in the preceding
paragraph, energlze the potential colls at 50
volts and pass 50 amperes thru the current
¢o0lls to open the left hand contact. Suddenly
interrupt the current and see that the con-
tacts do not close. The travel of the disc
may be limited to reduce rebound of the con-
tacts by moving two stop serews, one on elther
slde of the lower dlse, to one of three
possible combinatlons of positions. These
stop screws engage in a slotted sectlon of the
lower disc and 1limits the travel of the disec
after the contacts are mede. The relay 1s
shipped with & contact separatlon of 7/32 of
an inch, however, a much larger separation may
be used. With wider separation, the time of
operatlon wi1ll be Increased and this increase
13 not directly proportional to the distance,
After the travel 13 flxed, the left hand
stationary contact should be adjusted to give
a contact spring follow of about 1/64 inch.
Then move +the right hand staticnary contact
screwv up untll a smsll contact deflectior
(about .005 Inches} occurs vhen the disc 1s
agalnst the stop on the right hand side of the
electro-magnet.

Type CHV-3 Relay

AdJust the right hand contact core 0.005
inch follow and a contact travel of 3/64% inch
exclusive of the follow. Adjust the left hand
contacts for a follow of 1/€4 inech in the
manner described.

Apply 115 volts to the voltage restraint
potentlal coll as shown and determine the
phase angle Tfor zerc torque with 115 volts
impressed across the restraint eolement trans-
former. At =zero torgque the voltage across

this transformer should lead the restraint
coll voltage by 5 + 5 degrees.

Pags 4 amperes unity power factor current
thru the current colls in seriles and apply 1
volt to all operating potential colls 1in
parallel wlthout the external resistors with
the polarity as shown. Adjust the spring
tension until the left hand contacts (front
view) Just close. With the velay totally
deenergized, the right hand contact should
¢lose on spring tension.

Connect - relay as shown in the test dlagrams
and measure the amount of current in the cur-
rent colls (in series) to balanece the voltage
restraint torgque. Thia ecurrent should be
between 4.3 to 5.8 amperes for 110 to 120
volts, 60 cycle restralnt voltage.

Contactor Switch

Adjust the stationary core of the switch for
8 clearance between the statlionary core and
the moving core when the swltch 1s plcked up.
Thls can be most convenilently done by turning
the reley up-side-down. Screw up the core
se¢rew untll the moving core atarts rotating.
Now, back off the core screw until the moving
core stops rotating. This indlicates the point
vhere the play in the moving contact assembly
1s taken up, and where the moving core just
separates from the statlonary core screw.
Back off the statlonary core sacrew one turn
beyond thils point and loek in place. Thisg
preventa the moving core from striking and
sticking to the statlionary core because of
residual magnetism. Adjust the contact clear-
ance for 3/32 inch by means of the two small
nuts on elther side of the Mlcarta dlsc. The
swlteh should pick up at 2 amperes d-c., Test
for sticking after 30 amperes d-c have been
passed thru the ¢oll. The coll resistsance 1s
approximately 0.25 ohm.

Ground Fault Detector

Adjust the stationary core screw until the
fault detector plcks up at 5 amperes, 60
cycles for the full wiading. The switch
should plek-up between 7.75 and 8.25 on the 8
empere tap.
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RENEWAL PARTS

Repalr work can be done meost aatlisfactorily
at the

parts

factory.
furnished to the customers who
When
complete

However, Interchangeable
can he
are equipped for dolng repalr work,

ordering parts, always glve the

nameplate data.

The burden per phase of the type CH-3 relay
is as follows:

ENERGY REQUIREMENTS

Potential cilrecuit at 115 volts
Without series resistor

Cryeles Voltamperes Watts P.F. Angle
25 15.3 k.o 75°
50 33.7 5.0 81.4°
60 28.0 3.4 83.1°
With seriss resiguor
Cycles Voltamperes Watts P.F. Angle
25 10.8 8.0 42,3°
50 25,9 20,5 37.6°
60 21.% 13.9 hg.4°
Current Circult at 5 Amperes
Cycles Voltamperes Watts P.F. Angle
25 1.3 1.1 32°
50 1.9 1.1 55 °
60 2.2 1.1 60°

The burden per phase of the type CHV-3 relay v
iz az followa:

Potentlal cilrcult at 115 veolts
Wlithout serles resistor
Cycles Watts

Voltamperes P.F. Angle

3 Phases each

Operating Elements

25 7.1 2.2 72°

50 15.6 2.7 80°

60 13.0 1.9 81.4°

With szeries resistor

Cycles Voltamperes Watts P.F. Angle v
25 5.2 3.5 47° ﬂ
50 12,1 7.8 4g®

60 10.2 6.5 yr°
Cycles Voltamperes Wetts P.F. Angle

Restraining Elements 2 phases each

25 7.1 2.2 7e°

50 15, 2.7 B8o*®

60 13.0 1.9 81.4°

Current Clrecuit at 5 Amperes

Cycles Voltamperes Watts P.FP, Angle
25 .5 oA 6 °

50 7 K 55°

60 .8 4 60°
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Fig. 5—External Connections for Directional Overcurrent
Phase and Ground Protection of ¢ Three Phase Line
Using One Type CH-3 Relay (90° Connection) and
Four Type CO Relays All in the Standard Case.

Fig. 6--External Connections for Directional Overcurrent
Phase Protection of a Three Phase Line Using Three
Torque Controlled Type CO Relays Directionally
Contrelled by One Type CH-3 Helay (90° Connec-
tion} All in the Standard Case.
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Fig. 7- External Connections for Directional Owercurrent
Phase Protection of a Three Phase Line Using Three
Type CO Relays Directionally Controlled by a Type
CH-3 Relay (30° Connection) All in the Standard
Case.

Fig. 8—External Connections for Reverse Power Protection
Using the Type CH-3 Relay (Wait Connection} in
the Standard Case.




‘ SRS NPT ST SURETAF TN TORP1

Lt b e A M i il a0 AV 0 8 il P kol VB ot s

TYPES CH-3 AND CHV-3 RELAYS

Prase ROTATION-A, 8, £

¢a- A oH-T

o
1
3

Tareping LiRECTION

GROUND FROTECTION

ApeiicAdes ONer Lwin

M 1 Puate GROUND

» 4 Faur Commenr (s Ay Leagr
DiyaARE AMUT 3 Fpars Mupireirs TP
Rerisrom Ladp Cumens

Ronf:mu\
=
™ Vacromy Ar /00 % AF

Powen iw Trireing ORrcrion.

11-D-9500

PuAse Rorarion A8 C Pl
b 8
! ) :
£ ; % a
] g
a
~
L
%J co.a
5 / a5 o o o4
H Tuim e i
I Core s
2
Q co-&
7 X - of
H . :
H |n n] e 3
3 o
&
co. ¢
s &
S o
3 o
d Jv g Rraw Veins
g 3
23 &
= e o 2
i ‘ 3
;' s .y
A —
L Rrae Viro
Vrerom Duw Eiems
Rorarisw,” £an Pase A More:
L Nomimar VaLraar Or MG
A otrass emrs e B o
Due £1xm Voirags draver Resirrax Diwaw-Our voLragr Or MG
Prase ¢ S Swowia Sc Armmor. Fx O
Miw. Fitn-Um VOLTAGR.
Dk Eigmt Poats 8
Tea Vrcroas Ar 100 % PE
Poasta tn Tairmine Drarciom.

Fig. 9—External Connections for Directional Overcurrent
Phase and Ground Protection of a Three Phase Line
Using One Type CH-3 Relay {90° Connection) and
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Fig. 10—LExternal Connections for Directional Overcurrent
Phase Protection of a Three Phase Line Using Three
Torque Controlled Type CO Relays Directionally
Controlled by One Type CH-3 Relay (30° Connec-
tion} All in the Type FT Case.
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Fig. l1—External Connections for Directional Overcurrent
Phase Protection of a Three Phase Line Using Three
Type CO Relays Directionally Controlled by a Type
CH-3 Relay (30° Connection) All in the Type FT Case.

Fig. 12—External Connections for Reverse Power Protection
Using the Type CH-3 Relay {(Watt Connection) in
the Type FT Case.
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Fig. 13—External Connections for Directional Overcurrent
Phase and Ground Protections of a Three Phase
Line Using One Type CHV-3 Relay {90° Connection}
and Four Type CO Relays all in the Standard Case.

Fig. 14—FExternal Connections for Directiona! Overcurrent

Phase and Ground Protection of a Three Phase Line
Using One Type CHV-3 Relay (30° Connection) and
Four Type CO Relays dll in th= Type FT Case.

BKR TRIP
coiL

/.‘-—-'A SWITCH

a— CONTROL BUS

0= S
A ——

—

—dee. TRIPPING .
— RELAY 3
T™MPE CHV-3  FAULT PILOT WIRES
— 30 DIR. CETECTOR
—  BATTERY INDUCED VOLTAGES
48 v, /
BEDSK 149774

Fig. 15—Typical Schematic External Connections for Phase and Ground Protection of a Threé Phase Line Using Type CHV-3,
Fault Detector Relays, and Two d-c Pilot Wires. Ground Protection Applicable Only Where Minimum Ground
Fault Current is at least Three Times Maximum Load Current.









