Rotary Stepping Switches —They’re Everywhere

Part 1—How they work and what you should know about them

By TOM JASKI

EVERY TIME YOU DIAL A TELEPHONE, YOU
activate nearly a dozen electromechani-
cal devices whose functions you proba-
bly have never figured out clearly. The
voltage pulses produced by an inter-
rupter switch, in the telephone .base,
travel through the phone line to the
nearest central office. At this office, the
call is routed by the actions of a series
of rotary stepping switches.” These
switches perform jobs that would take
many relays, and they do these jobs
faster and occupy less space than re-
lays do.

Wired a certain way, steppers can
perform the same operations over and
over again. They provide complete
isolation between controlling and con-
trolled circuits. These desirable charac-
teristics are two of the reasons tele-
phone systems still use steppers. Other
uses: remote control of radio and TV
transmitters; counting items on a fac-
tory production line; selecting circuits
for monitoring gas pressure, liquid vol-
ume, heat and cold, and similar meas-
urements in factories and warehouses.

Abundantly available in surplus
for some years now, rotary stepping
switches were used as line finders in
early automatic telephone exchanges.
In association with Strowger switchest
(two-motion, 100-point switches) they
have, since 1918, carried literally bil-
lions of signals.

Cams

Apart from the Strowger switch,
there are four basic types of rotary
stepping switches (or rotary stepping
relays. as they are sometimes called).
First, there is the pawl-driven relay,
with cams which open and close con-
tacts. The top photo shows one example.
Each set of contacts is completely sepa-
rate from the others. Regular relay-type
‘contacts and springs are used in any as-
sortment that is normally used on re-

#*A few newer central offices use crossbar or solid-
state message routing. Most US telephone systems,
however, still use stepping switches.

1 Strowger switches are not discussed here.
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A cam-operated relay with 36 separate
steps per cam and 3 banks of switches.
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has a motor and a

switch
release magnet, and a maximum of 10 steps.

The minor

This 22-point rotary switch has 6 contact
levels and a set of inferrupter springs.

lays. Cams are available with up to 36
intervals. For each revolution of the
shaft, the contacts can be opened or
closed as much as 36 times.

In addition to working contacts,
some rotaries use off-normal and self-
interrupter contacts. Off-normal con-
tacts are actually a form of reset. They
are operated by a separate cam, only
once per revolution, and only when the
switch has been stepped away from a
rest or “home” position.

Self-interrupter contacts are made
for the heavy duty of interrupting the
motor-magnet current without exces-
sive arcing. They are operated by the
armature directly, in the off position.
Thus, if the current is supplied to the
magnet through the interrupter, the
coil wiil energize, open the contact, de-
energize, close the contact, and so on.
The rate of self-interrupted operation
is limited by the mechanical inertia of
the moving parts, and is often further
decreased by external circuitry.

The working contacts on this step-
per are limited to three stacks, and the
relay is not particularly suited to such
operations as selection. It is designed
for sequential operation where only a
few contacts are needed.

The driving mechanism for this re-
lay, as for other stepping switches, can
be either direct (the motor magnet op-
erates the pawl directly) or indirect
(the magnet charges a spring which op-
erates the pawl when the coil de-
energizes). The indirect drive is more
reliable, for each stroke is exactly the
same as the one before—even if the
coil current varies. and provided the re-
lay operates at all.

Single wipers

The second type of stepping
switch (center illustration) has been
used for some time in telephone work.
It’s called a minor switch, because it is
often used with a Strowger, or major,
switch. The one shown is directly driv-
en. Its shaft is driven by a pawl and
ratchet, which are driven in turn by the
motor-magnet armature. The shaft car-
ries fingers which wipe across 10 con-
tacts in each layer or bank. A minor
switch may carry as many as 6 banks of.
contacts.

In this type of switch, the dog that
holds the ratchet is not fixed, but is at-
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tached to another arm. This arm can be
operated by a second magnet, the re-
lease magnet. When energized, the re-
lease magnet causes the dog to be
lifted from the ratchet, and a return
spring pulls the contact wipers back to
“home” position. Note the off-normal
contacts operated by the roller cam on
the shaft. A self-interrupter, if used,
would be operated by the motor-mag-
net armature directly.

Double wipers

The third and older type of rotary
switch (bottom picture page 39) has a
double set of wipers. By continuous ro-
tation, one wiper from a set always
touches at least one contact, There’s no
return mechanism: to get to the starting
position, the switch must be stepped for-
ward to “home.” As in previous exam-
ples, off-normal contacts and a self-
interrupter can be used here. The
switch can accommodate up to 6 banks
of 22 contacts. Wipers can be so con-
nected and adjusted that 2 banks can
be scanned sequentially. Thus the
switch can have 44 contacts in 3 levels.

A modern version of this kind of
rotary switch is the Automatic Electric
type 45 (see photo). This is an indi-
rectly driven switch with 25 contacts
per bank; a maximum of 10 banks per
switch can be used. The contact banks
are removable so that as few as are
needed can be used. In addition, the
wipers can be arranged so that instead
of 10 levels of 25 contacts there are 5
levels of 50 contacts.

Photo at right shows two com-
pact rotary stepping switches, the Au-
tomatic Electric types 40 and 80. These
are also indirectly driven. The contacts
are mounted in a 120° arc, and each
set of wipers has three parts. Continu-
ous scanning of 10, 20, or 30 contacts is
thus possible. The type 40 has a maxi-
mum of 6 Jevels, and the type 80 has 10.
These switches are very compact, the
40 requiring hardly more space than an

The Automatic

ordinary telephone relay. Various types
of contacts are aveilable—shorting,
nonshorting, gold-plated, etc. So are dif-
ferent coil voltages. Note again the off-
normal contacts and also the arm on
the coil armature. This arm can be used
to operate interrupter contacts.

A different type of construction is
used in the Ledex rotary solenoid (see
photo): the contacts are mounted on
conventional rotary-switch wafers. The
switch operates as follows: The arma-
ture has a collar with three sloped ball
races; the housing has three correspond-
ing ball races. The armature collar
rides on these balls, and a spring rotates
the armature so each ball rests in the
shallowest part of its race; this is with
the coil not energized and with the
armature as far out of the coil as pos-
sible. When the coil is energized, the
armature is pulled into the coil. This
causes the armature to rotate against
the spring. Rotation is 30° for each
step. An index mechanism prevents the
shaft from returning with the armature.
On the original Ledex switches, stand-
ard switch wafers were used, and these
are the kind found in surplus stores.
Later models (see photo below) use re-
lay contacts for greater reliability and
heavy-duty switching.

Switch diagrams and circuits

When considering control dia-
grams for rotary switches, it does not
matter which type of switch is used (ex-
cepting the minor switch) so long as
there are sufficient contacts. Otherwise,
switches differ mainly in the amount of
current required for operation and in
the current their contacts will carry.

Fig. 1 contains both telephone and
industrial svmbols for the steppers, re-
lays and associated components in the
control diagrams that follow. Industrial
symbols are used for simplicity, but
telephone-type symbols are also shown
to permit comparing these diagrams
with those of manufacturers. For those

Conventional switch wafers are used in this rotary stepper.
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Fig. 1—Industrial schematic symbols are different from those used in electronics.

of you unfamiliar with industrial dia-
grams, many of these symbols will take
a little getting used to. The same is true
of the industrial-diagram practice of
separating the essential elements of de-

+ RELAY CONTACTS

vices, such as coils and relay contacts.
However, this technique results in sim-
plified schematics which show the se-
quence of events. Fig. 2 is a simple ex-
ample. Like most circuit diagrams, you

read it from left to right.

Pulses arrive at the left of the dia-
gram. Since the pulse line is usually
long, it must not carry the heavy cur-
rent necessary for operating the motor
magnet of the stepping switch. The
pulses trigger low-current relay coil
1CR. The coil, which is energized by
each pulse, closes contacts 1CR-1 which
are in series with the motor-magnet
coil. The motor magnet then causes the
armature to advance a step each pulse.

Contact arc suppression

Since the motor magnet may cause
arcing across contacts 1CR-1, an arc-
suppressing network consisting of a re-
sistor and capacitor in series are
shunted across this coil. Values are de-
termined by coil current and voltage,
and range from .005 to 0.5 uF for ca-
pacitors and from 10K to 0.5 meg for
resistors. Exact values are usually found
through trial and error.

In Fig. 3 the arc-suppressing net-
work is replaced by a varistor, a semi-
conductor element which increases its
resistance as the applied voltage in-
creases. The result, in either case, is a
slow damping of the magnetic energy
in the coil. This energy, produced by the
collapsing magnetic field, creates the
contact arcing.

The circuit of Fig. 3 is that of a
semiautomatic selector. Incoming
pulses energize relay 1CR. This relay
does two things: through contact 1CR-1
it energizes the motor magnet of the
stepping switch, and through contact
1CR-2 it triggers slow-release relay
2CR.§ A normally closed contact
(2CR-1) prevents the connection of the
wiper to the battery at each step. When
the proper controlled circuit has been
selected, the pulses cease. After a short
delay, relay 2CR closes its contacts.

Two things now happen: The se-

continued on page 64
m stowed down by placing copper slugs
at the armature end of the coil (for slow release),

the heel end (for slow acting) or both (for slow
operating).

+ v
—_— e
RULSES O/—— PULSES ICR-2 1CR=I 2CR-1 o — CONTROLLED
— :: —74 o CIRCUITS »LZCR-Z
ICR o( / g Vamm
o o
o SELECTED 3CR-1 o
I o CIRCUITS C GR ke o0 _L3cr-2
RELAY| MOTOR ICR 2CR _—
CoIL MAGNET c)0
RESJSTOR / 3CR
(o]
RM ) RELEASE
~ LIJ CAPACITOR S @ ()MAGNET
' ' ° I(OFF-NORMAL
Fig, 2—Simple remote-control circuit. 600 ONS SWITCH ),
[o]
sz‘g. S—Typzc'al mmor' switch control cir- % SHOWN IN HOME POSITION
cuit has semiautomatic selector feature,



{OFF NORMAL} A

\
A
onst 7/ 2ca-2
PULSES ICR 4 T sp3ce
— | — - — — 3 -
2CR- R CR-2
INT o,
4 o CONTROLLED
& — CIRCUITS
o
SR S0 MM o
o
ICR 2CR 3CR o°
[e]
NS —7 " T
{OFF NORMAL)

Fig. 4—This circuit makes switch step forward to “home” at end of its sequence.
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continued from page 41

lected contact is connected to a battery
(the B + line), starting a controlling
pulse, and slow-operate relay 3CR is
energized. After another delay this re-
lay stops the controlling pulse by open-
ing normally closed contact 3CR-1 in
the wiper circuit. Second, 3CR closes
contact 3CR-2 which energizes the re-
lease magnet on the stepping switch.
Note the use of off-normal con-
tacts (ONS). Relay 3CR cannot ener-
gize until the switch is away from
“home.” Notice too that neither relay
3CR nor the release magnet can ener-
gize until 2CR has released. Since 3CR
is slow operating (meaning also slow
release), and the wiper is connected
through normally closed contact 3CR-1,

the switch wiper remains disconnected
until after the switch has returned
home. What has happened? Incoming
pulses have selected a circuit, a control
pulse has been delivered, and the switch
has been returned home. Duration of
the control pulse depends on 3CR. The
pulse lasts as long as it takes this relay
to open contact 3CR-1 in the wiper cir-
cuit.

Fig. 4, a similar circuit, outlines
the circuit for a rotary switch without a
release magnet. In this case 3CR also
closes a circuit to the interrupter, al-
lowing the switch to step forward to
“home” by itself, which will happen in
about Y3 second. 3CR must remain
closed that long. The off-normal con-
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Fig. 5—When S3 closes, 3 pulses are transmitted and switch then steps “home.”
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Fig. 6—When activated, this circuit will
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scan dll the switch contacts, then stop.

Circle 31 on reader’s service card >



tacts will stop the switch. In using ro-
tary switches in the self-stepping mode,
it’s best never to rely on a relay to stop
a switch. The interrupter contacts are
much faster than any relay, unless they
are slowed down by a relay.

Such is the case in the circuit of
Fig. 5 (although even so, the off-normal
springs are relied upon to stop the
switch). This is a pulse-sending circuit.
Switches S3 and S5 are two of a set of
nine. (The others aren’t shown for
simplicity’s sake. Note also that usually
no more than one or two switchbanks
are shown, even though the switch may
have several more.)

With S1 open, and S5 closed, the fol-
lowing actions occur: Push the START
button. The rotary switch takes one
step and gets off normal. This condition
closes a path to interrupter I. which en-
ergizes slow-operating relay 1CR. After
a pause, 1CR energizes the motor mag-
net for yet another step, and so on.
Each time the rotary switch steps, a
pulse is sent out over the second bank
of contacts. When the switch gets to
step 5, five pulses have been sent out.
Now relay 2CR is energized through the
first switch level. This cuts off the pulse
line for outgoing pulses. It also con-
nects the motor magnet directly to the
interrupter, and the switch steps rapidly
forward to home. Since 2CR is a slow-
release relay, all these actions can hap-
pen while 2CR is closed. In home posi-
tion the off-normal springs cut off the
magnet and the switch stops.

If switch S1 is closed and S2
through S10 are left open, the sender
will continue to send out pulses so long
as S1 is left closed. The pulse rate de-
pends on ICR, and can be chosen as
slow as 2 -operations per second. Nor-
mally it will allow 10 pulses per second.

Automatic scanning

The same principle of slow step-
ping is used in the circuit of Fig. 6, a
device that will scan all switch contacts,
for example, to detect a voltage or a
ground. A relay can be included in the
output circuit to stop this switch when
such an event occurs. This option is
shown in dotted lines. Otherwise the
circuit will scan once and stop, or, with
switch S closed, will scan continuously.

In all rotary stepping-switch cir-
cuits it is imperative that careful atten-
tion be given to timing. In designing a
stepping-switch relay circuit, a table
showing the sequence of events can be
very helpful. This will be covered in the
next installment, along with information
on how to make such a table, and how
to select 1 out of 100 points using only
2 rotary switches and a few relays.

To be continued
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