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L M Ericsson's Signalaktiebolag has developed a series of plug-in type safety signal
relays. The aim has been fo design relays having the same high sensitivity and reli-
ability as the safety signal relays now in general use, bul of smaller size and having
the added advantage of the plug-in feature, which eliminates the risk of making wrong

connections when the relay is inserfed.

Amonge the demands consdered e the design of the new velay series the

following may he mentioned :

11 The contacts shall be forcibly guided moorder to ensure that all cirewts

actuated by the relay shall receive indications having the same sigmification,

21 The relay shall he enclosed ina sealed case to prevent the adjustment from
being disturbed and the velay from being improperly acted npon. The contaets

<hall be visible throneh the case.

31 The relay shall he of the plug-in type, ©oes the relay ternnnals shall he anto-
matically comnected to the wiring terminals of the relay rack when the relay

s inserted moats proper place in the rack,

40 It shadl not he possible to connect a0 velay m oo velay position where at will

not function properly.

31 The electrical apparatus shall be built to allow o normal working voltage
of 220 V. The apparatus shall have the necessary air gaps and surface leakage
distances and shall also withstand the dicleetric and insulation tests required
for this working voltage,

61 The velays <hall hive a low power demand, as many safety signal cireuits
are normally closed ciremts,

—1 The relay shall he of small size and weight

The track relayvs, which are the measuring apparatus for the track ciremts,
Shall also fulfil the follow e demands

81 The relay shall have a low ratio of operating voltage to drop-iway voltage.
The power required for the track cireuit s Targely dependent upon this ratio
and may be many times greater than the power consumed by the relay.

o) When the relay voltage s gradually changing. the moving system shall
renniin in the startmg position until the voltage has reached the change-over
vialue. Thereaiter the relay <hall move to the apposite position without any
tendeney 1o stop i an intermediate position. This will ensure that all the
working contiacts are closed and recerving full contact pressure, thus preventing
the contacts from hecommg heated and at the same time ensurimg that all the

conmected erremts will receive co-stgnihcant mdications,

The new relay series consists of the followmg types:

; Power  Number
Relav | Supply . .

S| E - Width  Height b Weight
type system demand ol { cight ' Depth Weigh
W contacts | gy min nim kg

[local | 15.0

JR] 11 —'1—’]1"1";“|[1'm']t 0,300 12 135 250 170 6,2
J Riv 10 | 0,005 I(h B2 150 170 3.0
JRIX 11 D.C, 0.140 22 125 250 I 70 b
Tt {_' D.C, 0,350 54 T ._ 170 0.2




Fig. 1 EaRE
D.C. relay JRK 10

On the left: the relay with the case removed. At
the bottom the driving system s visible, the con-
fact system with the contac) spring is seen above;
the left end of each spring is fixed in the contact
spring block, the right end being guided by one
of the sirips on the right. The left strip 1s attached
to the magnet frame and the right strip to the
armature. The winding is connected to terminals
at the bottom of the contact spring block.

On the right: relays inserted in a relay rack.

Fig. 2 X 4711
D.C. relay JRK 11
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Design

The relays, sce Fig,o 1, consist of a0 cast alumimum frame plate carrying the
contact spring system with the comecting jacks, the driving systen. the ease
amdd the registerig code plate, The relays are inserted and connected to hakelit

panels momnted on relay racks. The wiving s located at the back of the panels.

The maim parts of the different relay types are very simnlar with the exception
of the driving systems, Thus, a deseription is first given of the part= common

torall tvpes, and 1s followed ]:_\' H il(--:_‘1'i]'tiu|1 of the different |'|1'i\11|;_- svstens.

The Contact Spring System

The contact springs are flat springs of german silver, see Fig. 3. The front
ends carry solid silver contacts. The vear ends are enclosed and rigidly held
by slotted bakelite blocks. Onto the vear end of cach contact spring eight forked
thin plates are spot-welded and form o moltiple prong having sixteen contact
points for connecting the contact spring to the corresponding rack panel ter-
minal. During manuiacture the quality of cach spot-weld is tested hy subjecting

the weld to a <hearing foree of 13 kilograms,

In the front end of the contact springs oblong holes are punched for the =pring-

supporting and actnating strips. These strips are made Trom phenalic Taminate.

The Tower end of the front strip. the actuating strip, is attached to the driving
svstem, The upper end i< guided by the movable spring of the upper contact
spring pair. Fige 1.0 In the front edge of this strip slots engage the movable
spring of each comtact spring pair, The lower end of the rear strip — the
supporting =trip 1= fastened to the relay frame and is thus stationary. Its
upper end s guided by the upper stationary spring. The rear edge of this strip
has slots for supporting the stationary contact springs.

The edges of the contact spring= are hent up i order to stiffen the springs.
so that the contacts are positively guided by the motion of the strip, see g, 3.

The rear enis

i the springs are left flat and are recessed in order to make
them flexible. The sfronts contact springs earry twin comtact studs. the sta-
ionary contact spring being slotted at the front end to give individual align-

ment to cach twin contact stud.



Fig. 3 X 6549
Contact spring

On the left: twin contacts with silver contact studs.
At the right end of the contact spring a multiple

forked prong for connection to the rack panel
terminal plale which may be seen on the right.

Fig. 4 X 4705
A.C. relay IRJ 11

On the front of the cover 1o the right and |efi
of the window are the heads of the tubular screws
sealed with a lead seal.

[he front ends of the stationary contact springs are supported by soff springs,

resting with then front end< e the slots of the supporting strip and having
themwr rear ends Tastened 1o the contact springs, Durimg the closimg of a contact,
the movable spring moves towards the stationary spring until the contact <tuds
engage cach other. The motion continues until the stationary spring has leit
its support. The contuct pressure will then have attamed the tull valoe for
which adjustment has been wade by the prebmmary bending of the stationars

sprimg.,

Independent front and hack contacts are built up from stationary and movable
-'|:i'1".1:_¢=. '.Hifll\\m;_: cach other proper sequence when the contact sprimg group
15 heing assembled. A special movable spring with contact studs on hoth faces
15 also made. This is used together with the ordinary stationary contact spring
tor buildimg up dependent contacts, Thus, any desired contact connbimation i

he bwilt up with a few elements,

The contact ‘-|H'i1‘|'.; svatem also contains the ternnnal ]~]:\1='~- for the :'l'l.l}
windings, These ternnnal plates carry multiple connecting prongs of the <ame

tvpe as the contact springs.

Relay Cases

aluminum-laquered sheet brass case, sce Fig, 4.
h

Each relay 15 enclosed m
N owimdow of transparent plastic minterial s fitted e the front through whie
the contacts and the data plate of the relay are visible. The case Dits mto o felt-
Fu.u‘k(-nl groove which runs along the cdge of the 1'n-[.'|_\ framme. It s retimed by

tubular screws, which alsn <erve as guides when the relay 15 mserted in the rack.

Relay Racks

The relays are plugged mto moulded bakelite pancls, mounted on racks. The

relay rack consists of a supporting framework, constructed of aluminum-laguered

sheet steel profiles, at the sume time forming a dustproof, fire-resistant cover

for the wiring, see Fig, 5. The wirmg 1s connected to the rack panel ternninal

plates by serews with hexagonal nuts, The termimal plates pas< through the

panels and project on the relay side of the latter,

Guide rods are mounted on the vack panels, which pass thro holes 1 the

relay frame and the tubular screws. see Fig. 6, and serve as supports for the
relays. When the relay s mserted. the rack panel terminals enter the forked
prongs of the contact spring= and terminals of the relay windings, thus ensuring

reliable electrical contact.
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Fig. 5
Relay rack

Left: the wiring side with three filled panel rows.
The cables connected to the terminal screws run
in horizontal and vertical channels formed by the
sheel steel profiles of the rack frame, Right: the
relay side with only five relays inserted.

Fig. 6
Panel row in relay rack with JRK 10 type
relays

On the bakelite panels to the |eft the terminals
and guiding pins may be seen. Above the |latter
are the registering code plates, each with four
code pins. The lefthand relay is not fully inserf-
ed. The relays and relay positions on the panels

are provided wilh a designahon strip which

dicates the function of the relay
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In order to prevent w relay from heing plugged into o panel intended for a
ditferent \'t']:l}'. cach 1'('L‘l_\ 1|=I--1I1Hn on the 1|.|I\I']- carries o registering cole
plate with four pins. The location of these pins 1= determined by the type number
of the relay, according to a certain code giving 3 230 possihle combimations,
A similar ende plate with four holes is provided in the relay frame. Each hole

m ul'rl"(']' to allonw the I"l‘[.'l_\' fer ]Il,' 1'r|;'1.'1|'|'[<'c} to

must 1t a0 corresponding pin

the rack panel.
IF the arvesting =crew has not been vemoved before the relay as inserted, the
conmection ol the velay s prevented by o projection on the panel which eomes

up awiinst the hed of the arresting serew.
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Fig. 7 X 4708
A.C. relay IRJ 11

with the case removed, seen from the motor side

Fig. 8 X 697
Load and driving forces shown as func-
tions of the contact spring movement

F  operating veltage/drop-away voltage

Kb load from the contact spring system

t driving force at operating voltage

K driving force ot drop-away voltage
S movement

0 resling position

5 operaling position

The bakebite panels are mide moone size only which can take one relay JRI 11
or SRK 1 Two velays SRK 1o can he mounted on each panel, whilst the relay

size JRK 12 vequives two panels located one above the other.

The rack panels as well as all othier hakelite parts of the relays are mjection-
mioulded from mneral-illed bakelite, and have an exceedimgly low witer ah

sorption suvl electrie surfnee leakage,

The A.C. Relay Driving System
The Motor

The AC relay is driven by o two-phase mduction motor, see Fig, 7. The stator
las a lommated aron core, This takes the Torm ol a square frame with four legs
projecting inwards through the coils. The ends of the legs form arc-<haped
pole-picces surrounding the eylindrical air gap in which the rotor revolves, The
rotor consists of a evlimdrcal hrass dram, surrounding anoron core with o shatt

runming i hall hearings,

Fach opposite pair of cotls are connected o series, thus fornimg one phase
windimg, The winding which surrounds the horizontal legs constitutes the loeal

phase winding and 1s fed with o constant alternating currvent.

The track phase winding surrounds the vertical legs and s connected to the
track circut protected by the velav, The power required i the track phase
winding fov operating the relay wmounts o 300—z300 W, depending on the

frequency of the current and on the contact combination.

The voltage in a phase winding drives o current through this winding. The
current  produces an alternating magnetic flux which  passes diametrically
through the rotor. Around the flux a voltage 15 nduced which drives an
alternating current through the rotor drum. This current circulates around the
generating poles, and passes under the other pole faces. When this current is
acted upon by the flux from these other pole faces, the resulting toree produces
a torgue on the rotor.

On account of the symmetry of the rotor and the magnetic svstem, no voltage
is induced by one phase winding in the other when the rotor is at rest. FFor the

same reason, the rotor torque is mdependent of the rotor position,

Transmission

The load from the contact springs viries during the relay movement, In order
to make the relay follow up the motion during the operating- as well as during
the return movement, it is necessary to transform the driving torque in a suit-
able manner. This transformation must also he such, that the ratio between the

operating and the drop-awayv voltages will have a mmmmum value,
I g I ] 8

Load Characteristic

The actuating strip carries the load from the movable springs at hoth the front
and back contacts. In the resting position (o i Fig, 89, the back contacts are
closed and the stationary springs, which are raised from their supports, take
up the contact pressure and thus partly relieve the load on the actuating strip.
When the operating movement starts, the tension i the moving springs increases
while he back-contact stationary springs relax. The load on the actuating strip
mereases accordingly, When the back-contact stationary springs touch their
supporting strip, position 7, the contact pressure rapidly decrenses and a cor-
responding part of the tension i the hack contacts” movable springs must there
fore be taken up by the actuating strip. In the position 2 the hack contacts apen

after which only the movable springs move until in position 3 the front contacts
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Fig. 9
A.C. relay JRJ 11

with the case removed, seen from the linkageside.
Above are the conlact spring groups acluated by

X 7y

a horizontal intermediale shaft carrying a crank
which 15 connected by a link to a crank on the
rofar shaft.

SRR o

N 4712

Fig. 10
D.C. relay JRK 12

with the case removed
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close. The fromt contact pressure then inerenses rapidly thus raismg the load
on the actuating steip. When in position g the front contact stationary springs
leive ther supports, the front contact pressure amcreases 1more slow I'\ anld

tnadly, the working position, 3, is attained, Thus, the load increases according

I—>—3——35, shown in Fig. 8 which is plotted in

with o logarithmie scale.

to the broken curve o

H [ & |T|.|il||L‘1

Lo enable the t'r].l_\ to follow up the motion, the 15|‘i\]11.'__1 force must exceed the
loadd durimg the whole operating movement. Under such conditions the relay
will not exhibit any tendeney to stop in an intermcdiate position, Smularly, the

Toad st exceed the driving force during the whole drop-away movement.

The torque at the rotor shaft as proportional to the track phase voltage af the
local phase voltage ts naintained constant. In the logarithmic diagram, g, 8,
the driving forces at different voltages are represented by congruent curves
sitnated at different heights, The difference i height represents the logarithm
of ratio hetween the voltages. The shape of the desived driving force curves

miy then he deternnned i the followimg way

Two parallel, congruent driving force curves should be drawn, the one throngh
pomt o and running entirely ahove the load curve, the other through pomt 3
and running entirely below the load curve. The difference in height hetween

the curves should be as small as possihle.

When the desired tunetion has been determined, the next step is to construct
a mechanical transnnssion which will transiorm the constant rotor torque into
a driving force proportional to the given function. The transmission chosen
takes the form of a simple link mechanmism: a erank on the rotor shaft 1s con-
nected by a link to a erank on an mtermediate shaft. This latter shaft moves
the actuating strip of the contact spring svstem, Fig. 9. This combination of
two eranks and a link offers i very wide range of transmission possibilities:
Sv o choosing surtable lengths for the two cranks and the link i relation to the
distance hetween the shafts and by determining the limiting angles of the rotor
crank movement o fairly close approximation to the desired driving foree
function can be obtamed. The mechamiam s simple. strong and stable, and there

is very little friction as the shafts vun in hadl bearings,

The D.C. Relay Driving Systems

The driving svstems of the DUCo relays are electromagnets, In the relay tvpe
IRK 1o, the magnet consists of a coil with a eylindrical iron core and two pole
pieces. hent at right angles so that they form two parallel pole faces above the
corl, Fig. 1.0 The armature moves above the pole pieces. The relay tyvpes JRK
t1—r2 have magnets with two coils. at the rear wnited by a yoke and are
provided at the front end with pole-pieces. The armature is located across the

two pole faces. Fig. 1o.

[y both types of magnets the armatures are balanced to eliminate the influence
of mechanichal vibrations, The armatures move downwards during the operating
moverment. The actuating strips of the contact spring systems are directly

attached to the armatures.

The driving force characteristic has been adapted to the load characteristic hy

suttable imensioning of the air-gap aread.



