











































































































which they occur in order to maximize the traffic
capacity of the office.

Between each base level task, the base level executive
determines if sufficient time has elapsed to require base
level executive interject tasks to be done. Such tasks are
performed at a nominal 0.1 or 0.2 second interval as
appropriate to the task. These tasks, with a moderately
controlled repetition interval,

a) supervise incoming trunks for origination, answer
and disconnect;

b) supervise originating junctors for answer and dis-
connect;

c) time for hits, flashes and disconnect;

d) supervise ringing circuits for call processing and
maintenance actions which may occur during the
ringing state of a call;

e) supervise operator trunks, and

f) time and set the flags for long period repetitive tasks
such as traffic recording and partial dial or per-
manent signal detection and processing.

E-Level Executive

The E-level executive sequences are as follows: tasks
which must be performed at closely controlled fixed inter-
vals to interface real time signal; and tasks which should
be performed at fixed intervals for optimum usage of real
time by the system.

These tasks are arranged to distribute the work load
evenly at each interrupt, to limit the maximum time
allocated to each interrupt so as to prevent overrun, to
control the ratio of time spent by base and E-level
programs, and to minimize the variations between initia-
tion of any one program.

The E-level controlled tasks include: digit reception
and transmission, by-link trunk scanning, critical timing
functions used during base level control sequences,
teletypewriter input-output control, signal distributor
control, and the marker control functions.

Maintenance Interrupt Control

The high interrupt level maintenance programs are entered
upon conditions such as: a mismatch between the CPU’s,
parity failure, and time out of emergency action timers.
Therefore, normal entry into, and basic control of these
programs are effected by the fault detecting hardware.
However, further control exists to co-ordinate the activity
between the programs on each interrupt level and to
permit maintenance of the interrupt system itself. There
are three normal maintenance interrupt levels. A failure
causes the execution, on the middle (C) level of a fault
recognition program which is designed to halt the opera-
tion of the faulty machine. The top (B) level program
assists in maintaining sanity of the system by activating
initialization procedures. The lower (D) level program
restarts the good machine with minimal disturbance to
call processing, initiates requests for diagnosis of the
faulty machine, and restores the synchronization of the
two machines after faults are cleared.
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SECTION 5 — TELEPHONE CALL PROCESSING

The following is a general description of the processing of
basic types of calls, indicating how the various units in the
SP-1 ESS interact to perform as a switching system.

Dial Tone Connection

When the subscriber lifts the handset to originate a call,
Fig. 21, Page 33, current flows through the ferrod sensor
associated with the calling line on the line link frame. The
scanner, via the scan return bus, passes the state of the
sensor on to the central control. On recognition of this
request for service, the line scan program marks the calling
line busy in call store, obtains the line equipment location
from the translation area of data store, and places control
of the call under the universal call sequence for dial tone
by marking a universal call register area in call store.

Translation areas of data store are again interrogated to
find the calling line class-of-service and an originating
junctor group serving the line link frame on which the line
terminates. An order is sent to the signal distributor to
operate an electrically latching relay in the selected
receiver, to prepare the receiver to hold the upcoming
connection. Then an order is sent to an idle marker with
all necessary information to connect the calling line and
the digit receiver. The marker selects one idle path among
all possible paths within the given junctor group between
the calling line and digit receiver and, through network
controls, operates the select and hold magnets of the
MINIBAR switches required to form a path. To complete
its function the marker indicates on scan points the
originating junctor it selected, so that this can be retained
in call store along with the other status information.

The signal distributor causes the digit receiver to
provide dial tone to the calling line to indicate that the
subscriber may now dial a desired number. All the events
leading up to a dial tone connection normally occur
within a fraction of a second. At this point, call control
passes from the universal call sequence for dial tone to the
digit receiver scan program, which runs under real time
interrupt control.

Dialling Connection

The subscriber, after hearing dial tone, dials the called
party number. Dialling must start within a specified time
after reception of dial tone, or the dial tone connection is
dropped and the line is given permanent signal treatment.
The time allowed varies between 7.5 to 30 seconds,
depending on traffic load conditions as specified by the
program. Similarly, a time limit also applies to the period
between dialling one digit and the next — the interdigital
time. A line exceeding this time period is given partial dial
treatment. Dial tone is removed after the first digit is
received, by release of the latching relay previously
operated to cut through dial tone.

The digit receiver accepts the dialled information and
makes it available to central control via the scanner. The
digit analysis routines in software decide as early as
possible during dialling, the number of digits to be
expected. After dialling is complete, a relay in the
originating junctor is operated via the signal distributor to
provide holding ground for the hold magnets in the line
link network. Also, via a signal distributor, the relay



previously operated to prepare the digit receiver, is
released. This releases the digit receiver and clears the
network connection from the receiver to the originating
junctor. A 3-digit translation routine examines the first 3
digits after all expected digits have been received, and
determines the type of call.

Intraoffice Call

A calling subscriber, upon receiving dial tone proceeds to
dial the number of a subscriber served by the same office
Fig. 22, Page 33. Upon recognizing the first digit by
means of the digit receiver scan points, the digit receiver
scan program system calls for a universal call sequence
which will remove dial tone by sending a signal distributor
order to release the latching relay in the digit receiver.
Meanwhile, as the subscriber dials, the program assembles
the digits in call store.

Upon examining the meaningful digits, the universal

call sequence determines that the request for service
should be treated as an intraoffice type call. Upon
examination of translation data and the called line
busy/idle status, the universal call sequence determines
the class-of-service. A latching relay is operated in the
originating junctor to hold the line connection to the
calling subscriber; the latching relay in the digit receiver is
released thereby opening the holding path, and the
receiver is made idle in call store.

Another universal call sequence selects an idle ringing
circuit on the service link frame previously used for the
dial tone connection. It also prepares the circuit by
operating a signal distributor point in the ringing circuit in
order to prepare the holding path for the upcoming
connection, as was done for the digit receiver. An order is
sent to an idle marker with all necessary information to
connect the originating junctor to the ringing circuit. The
marker selects one idle path through the service link frame
and closes all crosspoints required to form the path. An
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Intraoffice Call cont’d.

order is sent to another idle marker with all necessary
information to connect the originating junctor through
the route network and line network to the called line.
Once the connection is established, the ringing circuit is
activated, via a signal distributor action, to provide ringing
to the called line and audible ringback to the calling
subscriber.

Establishing the Talking Connection

When the called party answers, a relay in the ringing
circuit operates and as a result:

a) Ringing and audible ringback cease.

b) The state of the scan points in the ringing circuit
changes to inform the ringing circuit scan program
that the called party answered.

c) The splitting relay in the originating junctor is
released, thus establishing the talking path through
the originating junctor.

The ringing circuit scan program now passes control to
a universal call sequence which, again via the action of the
signal distributor, releases the relay previously operated in
the ringing circuit. This causes removal of the holding
path, which releases the ringing circuit and associated
crosspoints in the service link frame. After all these
complex events, the talking path is established.

Interoffice Call — (Originating — Outgoing)

A calling subscriber dials the number of a subscriber
served by a distant office or a distant operator, Fig. 23,
Page 35.

Once the dial tone connection is established and the
dialling stage complete, central control determines that
the request for service should be treated as an outgoing
call.

From the translation of the office code, it also obtains
the routing information. The program selects an idle
transmitter of the correct type on the service link frame
used for the dial tone connection. Via the signal distribu-
tor, central control operates one of two latching relays in
the transmitter, depending on whether loop, E&M, or
battery-ground signalling is required. A marker order is
assembled by central control and sent to an idle marker to
connect the transmitter to the originating junctor through
the service link frame. Holding ground for the hold
magnets associated with the service network crosspoints is
applied through the transmitter.

A second marker order is required for the outgoing
portion of the connection. Central control selects an
outgoing trunk of the correct type. The trunk circuit
defines the TRLF, while the originating junctor defines
the ORLF. Central control therefore issues a marker order
with this information, plus the associated group or partial
group of route junctors. If the marker cannot find an idle
path between the originating junctor and the specified
trunk, the normal sequence is stopped, and the situation
reported to central control via scan points in the marker.
The unsuccessful marker is released by means of a marker
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order and call processing reverts to a second marker order.

When assembling a new marker order, central control
attempts to select another outgoing trunk. If the marker
receiving the new marker order is unsuccessful in finding
an idle path through the route network, it is also released
by a marker order. Central control, via a signal distributor,
releases the latching relay in the transmitter which causes
release of the service network connection. This in turn
releases the splitting relay in the originating junctor.
Similar to connecting a busy tone source to the calling
line, central control, via the marker, connects an overflow
tone source to the line.

In the normal case, where the marker finds one or
more idle paths from the originating junctor to the
specified trunk, it selects one on a preference basis, and
causes closure of the crosspoints required to form that
path. Holding ground for the route network connection is
provided through the originating junctor. Depending on
whether MF or DP pulsing is used between the two
offices, central control will guide the transmitter in one of
two ways:

a) If DP, central control waits in the order of 800
milliseconds, and then instructs the transmitter, via
the bus system, to send the necessary digits.

b) If MF, central control, via the bus system, orders
the transmitter to send a seizure signal to the distant
office. After receiving the start to pulse signal from
the distant office, central control, via the bus
system, orders the transmitter to send the necessary
signalling information.

In either case, central control checks on the progress of
digit transmission via the scanner, and controls the
interdigital intervals via the bus system. Having sent all the
necessary information, central control orders the release
of a signal distributor point in the transmitter, which
causes release of the service network connection.

Interoffice Call — (Incoming — Terminating)

Central control, through the scanning of incoming trunks,
detects the seizure signal from the calling office, Fig. 24,
Page 35. After detection of the seizure signal, central
control sends an order to an idle marker to connect an
incoming digit receiver (not required for calls from
step-by-step offices) to the incoming trunk through the
service network. Via a signal distributor, central control
operates a latching relay in the digit receiver to send the
start to pulse signal to the calling office, which is later
removed by release of the signal distributor point. The
digit receiver accepts the transmitted information and
makes it available to central control via the scanner. After
reception of all digits, the digit receiver is released by
release of a signal distributor point, which also causes
release of the service network connection. From the
transmitted digits, central control determines that the call
is to be completed in this office. With the interoffice call
established, an incoming trunk provides the supervision in
the terminating office, while an originating junctor
provides supervision in the originating office.
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Tandem Call

On a tandem call, Fig. 25, Page 36, the call from a distant
office is switched through the SP-1 ESS Office to reach a
subscriber in another office. For a tandem call, central
control would determine from the transmitted digits that
the call is for a distant office. The procedure followed is
identical to an outgoing interoffice call, with the special
incoming trunk in the tandem office replacing the
originating junctor in the originating office.

Revertive Call

A revertive call is a call between two subscribers on the
same multiparty or two-party line. This type of call
progresses to the point where it is known the request for
service should be treated as a local call and central control
determines that the calling party wishes to talk to
someone with the same line appearance.

During the dial tone connection, when determining the
class-of-service, central control identified the call as
originating from either a multiparty or two-party line.
Central control selects and connects a ringing circuit to
the originating junctor through the service network in the
same manner as for the intraoffice call. Due to special
functions being required, a special ringing circuit is
selected, rather than a common ringing circuit which is
used for other intraoffice calls. No connection through
the route network is required. If ringing should be applied
to the tip side of the line rather than the ring side, a signal

distributor point is operated in the ringing circuit. Central
control orders the operation of a third signal distributor
point in the ringing circuit to cut through busy tone to
the calling subscriber. The calling subscriber is expected to
go on-hook within a time period of about 25 seconds, or
the call is not processed. Central control, from scan points
in the ringing circuit, recognizes the on-hook condition. A
fourth signal distributor point in the ringing circuit is
operated to reverse the leads from the ringing circuit, such
that the leads carrying the ringing current are connected
to the line rather than to the route network side of the
originating junctor. A fifth signal distributor point in the
ringing circuit is operated to apply coded ringing to the
line and cut off the busy tone source.

During the time that coded ringing is sent to the called
subscriber on either the tip or ring side, revertive ringing is
always sent out on the opposite side. The calling
subscriber will hear one or the other ringing signals,
depending on which side of the line he is on in relation to
the called subscriber. Either party going off-hook will
operate the ring-trip relay in the ringing circuit. This
causes the talking connection to be established. Since
ringing is tripped, the calling subscriber should delay
lifting the handset too soon in order not to give the called
subscriber the impression that the call has been
abandoned. If, of course, the called subscriber does not
answer, the calling subscriber will go off-hook to stop the
ringing. If neither party goes off-hook within a time-out
period of about 3 minutes, all connections are released.
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SECTION 6 — POWER

The SP-1"ESS uses conventional DC power plant equip-
ment which provides negative 48-volt supply and positive
24-volt supply. The negative 48-volt supply is used for
operation of the peripheral equipment, the program
stores, and the maintenance centre. The positive 24-volt
supply is used for the central control, memory, peripheral
interface, and some peripheral control circuits. Small
amounts of positive 24-volt supply is also required in the
scanners, signal distributors, and the maintenance centre.

The NE-111A, 800-ampere capacity and the PH-1,
400-ampere capacity power plants are suitable as negative
48-volt supplies, the latter for smaller offices only. The
PH-1 power plant is also suitable as a positive 24-volt
supply for the system. Both power plants provide battery
reserve. A converter plant using NSQ605 type static d-c
generators is available for the positive and negative
130-volt supply required for coin control and test trunks.

The normal ac requirements are:

208V or 120V single-phase for rectifiers used on the
PH-1 power plant.

208V or 480V three-phase for rectifiers used on the
NE-111A power plant.

120V single-phase for appliance outlets, frame lighting
and ac operated equipment.

Certain ac operated equipment such as recorded
announcement machine, teletypes and data sets require
uninterrupted protected 120-volt single-phase ac power.
This supply is obtained from a dc-to-ac static inverter
which operates from the -48 volt battery during a
commercial ac power failure. Other ac operated equip-
ment and the power plant rectifiers are fed from an
essential diesel-backed supply.

Fused +24V and -48V supplies are fed individually to
the equipment frames from power distribution frames
(PDF’s) located in the switching equipment area. A
minimum of two PDF’s are required to provide odd and
even supplies. Additional PDF’s are always added in pairs.

NE-111A Power Plant

The NE-111A power plant is an 800-ampere capacity unit
designed to operate on 208-volt or 480-volt, 50 or 60 Hz,
3-phase nominal ac power to provide a regulated negative
48V dc output. Taps on the input transformer of the
rectifiers permit operation with nominal a-c line voltages
of 208-volts to 240-volts or 420-volts to 480-volts. The
maximum discharge capacity of the NE-111A plant is 800
amperes; however, any number of plants may be operated
in parallel.

The NE-111A plant is housed in a cabinet type
framework which measures 7-0” (2.1 m) high, 2-3" (686
mm) wide and 2-6” (762 mm) deep. The initial control
bay accommodates, in addition to two 100-ampere silicon
controlled rectifiers, discharge equipment, and charge and
discharge control circuitry. If necessary, the rectifiers in
the control bay may be omitted and the space equipped
with additional discharge fuse panels. The control bay is
equipped with an alarm lamp to indicate any alarm
condition within the cabinet.
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Cabinet-type supplementary rectifier bays mount one
to four 100-ampere rectifiers on a back-to-back basis.
With the exception of the voltage sensing leads, the
control and alarm leads for these rectifiers are paralleled
on terminal strips and one set of leads per supplementary
bay is run to the control bay. Rectifier charge leads are
paralleled on busbar terminations at the top of the
rectifier bay and 4 leads (2 battery and 2 ground) are run
to the control bay thus reducing cable congestion. Each
supplementary bay is equipped with an alarm lamp to
indicate the failure of any rectifier within that bay.

The battery for this plant consists of one or more 24
cell strings floated at 52 volts. CEMF cell switching is not
employed.

The 100-ampere SCR rectifiers used with the NE-111A
plant automatically regulate the output within £0.5% with
ac voltage variations of + 10% for all outputs from no load
to full load. The rectifiers are equipped with a high
voltage shutdown feature.

Distribution to the switching equipment is through
600-ampere switch and fuse units to the power distribu-
tion frames located in the switching area from which the
equipment frames are fed through smaller sized fuses. The
plant is also equipped with smaller sized fuse panels to
provide distribution to the inverter and converters which
are normally located in the power area. The charge and
discharge ground bars are insulated from the power plant
framework.

PH-1 Power Plant

The PH-1 power plant, Fig. 26, Page 38, is a 400-ampere
capacity solid-state unit designed to operate on 208-volt
or 120-volt, 50 or 60 Hz, single-phase nominal ac power
to provide a regulated 24-volt or 48-volt positive or
negative dc output. Taps on the input transformer of the
rectifiers permit operation with nominal ac line voltages
of 100-volts to 130-volts or 200-volts to 260-volts. The
plant mounts on 23-inch (584 mm) channel-type relay
racks. The initial bay mounts the control panel, discharge
fuse panels and possibly one rectifier, depending on the
amount of discharge equipment required. Additional
rectifiers mount on supplementary relay rack frames. Two
or more PH-1 plants can be operated in parallel.

For SP-1 ESS application the plant is arranged for
400-ampere discharge capacity, positive 24-volt or
negative 48-volt output, and isolated ground. Although
the plant has provision for CEMF cell switching, this
feature is not employed. Alarms are provided for high and
low voltage and fuse or rectifier failure. High and low
voltage sensing is provided by means of solid state circuits.

Charging equipment for the PH-1 plant consists of 50-
or 100-ampere SCR rectifiers. The 100-ampere rectifiers
are the same as those used on the NE-111A plant. The
output of the 50-ampere rectifier is automatically regu-
lated within * 1% from no load to full load for ac line
voltage variations of £ 10%.

The output ripple does not exceed 0.2%. Ammeters,
current limiting, dc filtering, voltage test jacks, and a
low-voltage indicator, are provided as standard features on
the S50-ampere rectifiers; while voltmeters, forced load
share, sequential start and high voltage shutdown are



optional features. For SP-1 ESS application both the 50-
and 100-ampere rectifiers are equipped with the high
voltage shutdown feature. Up to ten 50-ampere rectifiers
or five 100-ampere rectifiers can be operated in parallel to
provide for a maximum charging capacity of 500-amperes.

Distribution to power distribution frames is through
400-ampere fuses. The 48-volt plant is equipped with
smaller sized fuse panels or circuit breaker panels for
other distribution.

Figure 26
PH-1 POWER PLANT

PB-6 Ringing and Tone Plant

The PB-6 Ringing and Tone Plant, Fig. 27, Page 39, is
designed to provide 20 Hz ringing current and precise
tones. Utilizing integrated logic circuits, the PB-6 has a
fully solid-state interrupter and typifies the new genera-
tion of apparatus required for use with the SP-1 ESS. The
plant is operated from the office battery making it
independent of the ac supply. One ringing and tone plant
is provided per SP-1 ESS Office.

The PB-6 consists of three basic subgroups: an
interrupter, tone generator and ringing generator, all of
which are mounted on a single-sided frame. Both electrical
and acoustical noises have been reduced to a degree where
the ringing plant can be mqunted adjacent to the
switching system, instead of in a separate power room as
before, thus reducing shielded cable requirements and
decreasing transmission loss and induced noise. The
ringing and tone plant will provide the following:

a) Duplicate solid-state inverters to supply 20 Hz * 1
Hz ringing current at nominal voltages of 86- and
105-volts rms.

b) Duplicate solid-state interrupters providing for
CODE 1 GEN. on 3 brushes for single- and 2-party
ringing and 5 codes for multiparty ringing. Revertive
ring, pick-up, 60 and 120 IPM ground signals, and
tone interruptions.

c) Duplicate precise tone generators providing the
necessary tones with frequency stability of £ 0.5
percent and maximum harmonic distortion of one
percent.

d) Transfer circuits, providing for the transfer of
duplicated equipment, are automatically or man-
ually controlled.

The interrupter, which provides ringing codes and
other required interruptions, employs oscillator-fed logic
circuits. These circuits are integrated flip-flops and NAND
gates giving high reliability and low power drain.

Four standard frequencies are produced by the tone
generator: 350 Hz, 440 Hz, 480 Hz and 620 Hz. Except
for the “high tone” and “camp on” which are single
tones, all the other tones are combinations of two
frequencies.

The ringing generator consists of a dc-to-ac thyrister
inverter, using a ferro-resonant transformer and a stable
frequency triggering signal generator. Besides providing
the source of ringing current for the central office, the
ringing generator provides a low voltage supply for the
integrated circuits in the various sub-units of the PB-6.

Detectors sense the output of the various units. The
detectors provide unit failure signals to the audible and
visual alarm circuits and via scan points to the switching
system central control,



Figure 27
PB-6 RINGING AND TONE PLANT
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