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THE AIR FORCE COMMUNICATIONS SERVICE

WEHTEHN Union salutes the Air Force Communicarions Service [AFCS) on the day of
its activation, July I, 1961.

Western Union also congratulates Major General Harold W. Grant, formerly Director
of Telecommunicarions, Headquarters, USAF, on being selecred to head the Air Force's
newest -its nineteenth—Major Air Command. General Grant's ourstanding leadership
and contributions o the progress of Air Force Communicarions during his 29 years of
association with the communications-clectronics field have earned for him the highest
respect of the relecommunications industry,

Congratulations to the Air Force itself also are in order for its foresight in establishing
the Air Force Communications Service, This new organizarion will bring a unified approach
tor the total Air Force operational communications requirement.

Initially, on July 1, the AFCS will assume communications responsibilities of the former
Airways and Air Cominunications Service {AACS), plus the communications responsi-
bilities of rhe Military Air Transport Service (MATS), the Air Charting and Informarion
Center, the Air Force Finance Cenrer, and the Carribbean Air Command, On a phased
basis over the next two years, the AFCS will assume responsibility for operating and main-
raining communications for other Commands. AFCS, ar that time, will then operate and
maintain bath inter- and intra-unit communications for the Air Force as a whole, plus the
Air Force's terminal and enroute navigational aids—which collectively comprise most of
what is known as the Aerospace Communications Complex (AIRCOM).

Maore specifically, the AFCS will operare USAF-government owned and commercially
leased long-haul point-to-poine wire, cable and radic means of providing voice and record
types of service. With regard to interbase communications, it will operate communications
for providing intelligence, weather and command, and control of the Air Force weapon
system world-wide. As for inrrabase communications, AFCS will operate relephone and
relegraph systems, closed circuit TV, fire-crash systems, maintenance expediter systems, etc,

In short, the Air Force Communications Service will provide capability through which
the Air Force can exercise command and control of globhal Aerospace forces.

As the operator of Air Force communications, the Air Force Communications Service
will serve as a single point of contact on day-to-day operational matters with the recently
established Defense Communications Agency. (According to the Department of Defense,
rhe agency was organized ro provide over-all DOD operational control and supervision of
the long-haul communications facilities operated by the separate military services. Grouped
rogerher for over-all DOD management, the separare facilities of each Service are known
collectively as the Defense Communications Sysrem. )

Cieneral Thomas B. White, who retited as Air Force Chief of Staff June 30 and was
succeeded by General Curtis E. LeMay, had listed “an improved system of communica-
tions” as one of his ten most important developmenrs required by the Air Force. In a recent
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statement, General White said: “In the Air Force our vast and modern communications
network acts as a nerve system which binds our far-flung combart units into a single powerful
integrated global fghting force.”

As General White also stated: “The security of our nation and perhaps the free world
could well depend upon the reliability and responsiveness of our present and future com-
municarions systems.’

The Air Force's over-all communicadons capability is described in large figures: 40
million printer messages yearly—500,000 miles of wideband channels—5 million miles of
leased lines—90 million punch cards annually for logistic support—the Plan 55 Global
Communications System—and more.

The Air Force, in addition to being the largest contributor of leased communications
networks and switching facilities to the Defense Communications System, is by far the
largest single military user of leased communications within the Department of Defense.

Wirh the establishment of the Air Force Communications Service, we in Western
Union envision continued grear progress in Aerospace Communications. It is our firm
desire to aid in every way possible,

A

Dawter T, BrosNan joined the Western Union
Commercial Department in 1937, and transferred to the
Engineering Department in 1940. After 38 months’ service
with the U. 5. Army Signal Corps in World War II, he
returned to Western Union and continued his engineering
education, receiving the B.E.E. degree from the Polytechnic
Institute of Brooklyn in 1953. After several years of work
in connection with d-c telegraph transmission projects, he
was assigned to the Plan 55 project where he was involved
with the packaging, manufacture, and production testing
of electronic equipment, and the design of general switching
center maintenance test facilities, Subsequently, he held
similar assignments for the Plan 57 and Plan 59 projects. He
has also been engaged extensively in field testing prototype
switching center installations of which the Honolulu instal-
lation described in the paper is representative. Mr. Brosnan
is a member of Tau Beta Pi and Eta Kappa Nu.
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DANIEL T. BROSNAN., Project Engineer, Comlognet

Plan 59 Automatic Message Switching System

THE first of a series of new automatic
message switching centers designed to pro-
vide a modern high-speed message switch-
ing system for the United States Federal
Aviation Agency (FAA) was cut over on
December 21, 1960, at Honolulu, Hawaii.

As finally evolved, the system, known as
Plan 59, utilizes system components of
both the Plan 33' and the later Plan 57°
switching systems, together with certain
additional features necessilated by the
nature of FAA message format and rout-
ing requirements. Switching centers are
of the "message storage” variety, wherein
messages received at a receiving position
are switched (automatically) to that send-
ing position handling onward sending to
the destination address. Intracenter
switching and message handling is accom-
plished over cross-office circuits distinet
from incoming and outgoing lines. The
arrangement is such that the receiving
position receives from an incoming line
and sends cross-office to the sending posi-
tion which in turn sends out to the sending
line, The general theory and background
of cross-oflice switching has been dealt
with in detail by previous writers® and
will not be covered here.

SYSTEM REQUIREMENTS

Plan 39 switching centers are required
to handle, on a fully automatic basis, na-
tional and international teleprinter mes-
sage traffic conforming to the message
format of the International Civil Aviation
Organization (ICAQ). Operationally, the
switching centers will be part of the Aero-
nautical Fixed Telecommunications Net-
work (AFTN).

Center Routing

An important system requirement speci-
fied that in the case of mulliple-address
messages, no segregation of routing indi-
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cators take place. This means that all
address routing indicators contained in
the address section of the message as origi-
nated must appear in the message copy
received by each addressee. At first glance
this might not seem to have bheen a diffi-
cult requirement to meet. However, when
considered in conjunetion with other fae-
tors it becomes evident that a system of
considerable Hexibility is required to cope
properly with it.

Perhaps the most important considera-
tion in this regard is the fact that the
ariginator of each message to be relayved
through the Plan 59 center mayv have
several circuits available, only one of
which terminates in the center. A mul-
tiple-address message received at the cen-
ter from such an originator may already
have been transmitted to one or more of
the addressees directly from the point of
origin. Unless means are provided at the
center io recognize the addresses which
have been so handled, multiple copies of
messages will be delivered to addressees.

Figure 1. lllustroting alternate channels available ts
“ather centers"

A hypothetical case will illustrate this,
In Figure 1 point A has circuits 1o B, C,
and H. A originates a message addressed
in multiple to0 B, C, and S, the latter a
circuit off automatic center H. The mes-
sage 1s sent to B, a manual switching cen-
ter, where the C and S routes are noted
by an attendant and disregarded since it
1s realized that A has other circuits for
these routes. The message is sent to C,
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where the B and S routes are noted and
disregarded for similar reasons. Lastly,
the message is sent to H, an automatic
center where, if similar discrimination
were not provided by the automatic equip-
ment, the message would be switched and
transmitted not only to S, but also again
to B and C. The confusion is compounded
if S also is an automatic center, since it
too would switch the same message back
through H, to B and C. Additional ramifi-
cations will undoubtedly occur to the
reader. At any rate it is obvious that the
multipled load of duplicate messages
would soon bog down facilities while the
receipt of two or three copies of the same
message over different circuits would he
intolerahle.

To prevent such oceurrences, the *cen-
ter routing” concept was evolved. Center
routing considers each point sending into
a line receiving position in a Plan 59
switching center (but not way receiving
positions as will be explained later), an
“other center.” These distant points are
assumed to have at least two outgoing cir-
cuits, only one of which terminates in a
line receiving position in the center. Based
upon traffic studies, a determination can
be made for each line receiving position
as to how each address routing indicator
appearing in the address section of the
received tape is to be handled. This infor-
mation is made available automatically
when the line receiving position is con-
nected to the automatie switching director
during the time the desired eross-office
connections are being set up,

Q5P Messages

As is usually the case where radio cir-
cuits are employed extensively, it is often
necessary for the originator or an inter-
mediate relay point to route messages over
alternate circuits when atmospheric condi-
tions render the established eireuit unus-
able. Such messages may contain routing
indicators in the address section which
would be treated normally as “no action™
when received in the switching center. The
center must be capable of detecting such
messages and routing them to their proper
destinations.

24

To distinguish such alternately routed
messages from normal messages, AFTN
format requires that a diversion section
"QSP-" be inserted in the message address
section by the originator or the previous
center which initiated the alternate rout-
ing action, QSP is one of several agreed
upon @ signals used in international radio
traffic handling and has the meaning “will
you relay to —" The diversion section
will result in an alarm when the message
is received at a line receiving position in
the center and will alert an attendant who
will take the necessary action to insure
proper routing,

For this purpose the line receiving posi-
tion is equipped with a manual routing
panel containing a push button for each of
the 80 maximum destinations to which the
position is capable of switching, This panel
allows the attendant to scan the tape and
select manually the proper destination for
each routing indicator in the message
address section, independently of the cen-
ter routing program,

In addition to its use in handling QSP
messages, the push-button panel serves
also as a fallback for the director in the
event some emergency disables the latter.
In such a case messages may be routed
manually until director operation is
restored.

Also, when an alarm is occasioned in
the line receiving position by a message
text garbled so as to render automatic
director switching impossible, the message
can still be routed to its proper destina-
tions via the push-button panel if after
inspection by an attendant such a step is
considered feasible.

Routing Indicator Format

The cross-office switching equipment in
a Plan 59 switching center must be capable
of processing address routing indicators
consisting of from four to eight characters,
in accordance with AFTN format. In addi-
tion, certain single-character and 3-char-
acter routing indicators must be read in
connection with switching to closed-out
way stations {rom the way intercept or
way spill-over position, as described under
Switching System Operation.
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The first four characters of the routing
indicator consist of the ICAQ 4-letter loca-
tion indicator assigned to the location of
the aeronautical fixed station serving the
destination. The next two characters com-
prise the 2-letter abbreviation identifying
the particular organization served by the
fixed station. The final two characters are
passed by the automatic equipment, but
nol read or stored, since they are intended
merely for internal routing within the
addressee organization. Should the routing
indicator ke longer than eight characters,
an alarm will be activated when the ninth
character is sensed,

Priority Messages

AFTN format calls {or the use of a
priority indicator directly preceding the
routing indicators in the address section
of the message. These priority indicators
consist of 2-letter groups which determine
message precedence. No sperial action is
required by the switching center on any
but the “SS" priority indicator, which is
concerned with distress messages and
messages involving the safety of human
life. Messages in the SS category will have
in addition, in the origin section of the
message following the originator, a prior-
ity alarm signal. This signal will consist
of the FIGURES shift, five J characters,
five 5 characters, and the LETTERS shift.
When this alarm signal is sensed al the
equipment in the switching center, visual
and audible alarms will be activated to
alert an attendant to the importance of
the message and to insure minimum delay
in switching,

Message Numbering

FAA requirements specified that a mes-
sage transmitted to the line from the trans-
mitler-distributor in a line sending posi-
tion contain but one number. Message
switching procedure used in previous
switching systems results in two numbers
appearing at the start of the message, the
first inserted by the automatic message
numbering machine in the line sending
position, and the second transmitted cross-
office from the sequence number indicator
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(SNI) in the receiving position. Although
the problem could have been solved by
blinding cross-office transmission from the
SNI, this would have hampered message
servieing by eliminating from the message
tape in the sending position any reference
to the receiving position at which the mes-
sage had been received at the center.
Consequently, it was decided to blind the
outgoing sending line during the time the
cection of the tape containing the SNI
number was passing over the pins of the
line transmitter.

Routing Indicator Categorias

Address routing indicators for which
the switching cenler equipment is pro-
grammed are considered  “wvalid”  All
others are “invalid.” When invalid routing
indicators appear in the address section of
the receiving position tape, a code failure
alarm condition will be initiated and the
switching operation will be halted pending
the action of an attendant. Invalid routing
indicators will not be switched to the su-
pervisor receiving position automatically,

Valid routing indicators will fall in
either “action” or “no-action” categories.
Action routing indicators represent desti-
nations to which the center is responsible
for routing the message. No-action routing
indicators represent destinations for which
the message originator or an carlier relay
point takes routing responsibality  and
which ihis switching center will ignore.
It should he emphasized that whether a
routing indicator will be action or no
action is a function of the particular re-
ceiving position on which it is received at
the center, the important determinant
being whether routing responsibility has
been normally assumed by the originator
or by an earlier relay point.

SWITCHING CENTER EQUIPMENT

The switching aisle of a typical Plan 59
switching eenter (Figure 2) is equipped
with five specialized (vpes of operating
position cabinets and one director-trans-
lator cabinet with associated center rout-
ing cabinet. Certain additional equipment
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FPhaoto R-11,00%

Figure . Maoin switching oisle, FAA Plon 59 Switching
Center, Honoluly

is required also to provide the auxiliary
functions necessary for proper message
servicing and equipment maintenance.
The electronic equipment used in pulse
generation and control features solid-state
circuitry, with thyratron readout used
where electromechanical devices such as
relays or reperforator selector magnets
must be actuated. The electronic equip-
ment is assembled on plug-in modules
(Figure 3) which may be swapped out
rapidly in the event of trouble to minimize

Phale B-11,324
Figure 3. Typical electronic equipment modula

Bb

circuit down time. The relay circuitry also
has been packaged on easily removable
chassis to provide similar ease in replace-
ment. Such arrangements become manda-
tory in a switching center such as Hono-
lulu which operates on a 24-hour-a-day
schedule.

Input, output, and control circuits of the
several cabinets housing the director and
operating positions are terminated in
multiterminal connectors to provide for
rapid installation and minimize set-up
time. Prefabricated “end panel modules,”
each consisting of a length of multicon-
ductor cable terminated at one end in a
multiterminal connector and at the other
in a small taper-pin patching panel, are
furnished to provide patching appearances
for each position at the primary and sec-
ondary patching racks located in the end
panels of each equipment row. This ar-
rangement obviates the tedious and time-

Chattancoga P hut
Figure 4. Line Send-Receive Cobinet 9938-A
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consuming task of wiring these patch
panels at the time of installation.

Live Sewp-Receive Casmner 9938-A,
Figure 4, houses one line receiving posi-
tion on its upper shell and one line sending
position on the lower. It is used to termi-
nate the receiving and sending legs of a
single trunk circuit. Each cabinet provides
for cross-office message switching on a
fully automatic (director) basis or push-
button (manual) switching to a maximum
of B0 destinations. Messages requiring
transmission to more than two destina-
tions will normally be switched auto-
matically to an MX (multiple address)
position described below, from whence
they will be retransmitted to the appropri-
ate cross-ofhice destinations.

Way Senp-Recerve Capiner 9978-A,
Figure 5, contains a way receiving posi-

Chattamaopa FPhota
Figure 5. Way S5end-Receive Cabinet 9978-A

tion in the upper section and a way send-
ing position in the lower and terminates
the receiving and sending legs of a multi-
point circuit. Each way send-receive cabi-
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net can send to and receive from any one
of 18 way stations on a full duplex basis,
and will provide for fully automatie cross-
office switching to a maximum of 80
destinations. For messages addressed to
more than two destinations, the MX eahi-
net will be employed. The push-button
panel for manual eross-office routing used
in the line receiving position is not re-
quired in the way receiving position, since
it is capable of switching to all destina-
tions, and QSP handling will not ke re-
quired. In addition, the way circuit line
facilities in general will not include long-
distance radio cireuits, so the problem of
garbled message reception will be infre-
guent. However, the way position is ar-
ranged to switch any messages that are
received with a garbled address section to
the supervisor position on an automatic
basis. Switches on the way send-receive
cabinet permit any combination of the 18
outstations to be closed out, with any
traffic intended for them being diverted to
a way intercept or a way spillover position
discussed below, depending upon whether
the way station is to be closed out for a
short time or for an extended period.
Sveervisor's Casiner 9942-A, Figure 6,
is provided to process messages requiring
special handling. The supervisor position
does not terminate an incoming or out-
going line, but functions entirely within
the intraoffice circuit. A sending position
located in the lower portion of the cabinet
receives messages directed to it from line
or way receiving positions at the 200-wpm
cross-office speed. Messages from line re-
ceiving positions are transmitted to the
supervisor position automatically by diree-
tor switching, or manually in response to
push-button switching by an attendant at
the line position. Messages from way re-
ceiving positions are transmitted to super-
visor automatically should the way posi-
tion deteet an error in the heading or
address section of the received tape.
Messages are transmitted from the super-
visor sending position at 100-wpm speed
either to the supervisor receiving position
in the upper portion of the same cabinet,
for further processing, or to a file printer
located in the data processing section of
the switching ecenter for ultimate action.
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Messages received at the supervisor re-
ceiving position from the supervisor send-
ing position are transmitted cross-office
to selected line and way sending positions
at 200 wpm. Up to 80 destinations served
by a maximum of 40 sending positions can

Chattanoogs Photo
Superviser's Cabinet 9942-4

Figure &.

be selected on an automatic (director)
or push-button (manual) basis,

MX (MurTIiPLE ADDRESS) CABINET
9944-A, Figure 7, provides facilities for
handling messages addressed to three or
more destinations, The MX position func-
tions entirely within the cross-office 200-
wpm cireuit. When such multiple-address
messages are detected at a line or way
receiving position they are switched cross.
office automatically to the upper position
in the MX cabinet for processing. A bank
of 80 neon lamps located on the right-hand
side of the cabinet contains one lamp for
each possible destination. These lamps
provide an indication as to the cross-office
destinations that have been requested, and
those to which connections have been ob-
tained. The lower position in the MX cahi-

L

net acts as a “spillover” to aceept the mes-
sage for those sending positions to which
connection cannot be achieved within a
predetermined time period, and to process
it subsequently until all destinations have
been reached,

Chattanepag Photo

Figure 7. MuMiple Address (MX) Cabinet 9944-A

Way INTERCEPT CABINET 9980-A, Fig-
ure 8, is used with Way Send-Receive
Cabinet 9978-A to provide a temporary
destination for messages addressed to
closed-out way stations. The way inter-
cept cabinet contains an upper and a lower
operating position, known as the way
intercept and way spillover positions,
respectively. Messages diverted from a
closed-out way station at a way send-
receive cabinet will be sent to the way
intercept position if the close-out period
1s expected to be of short duration, and
to the way spillover position if a long
shutdown is anticipated. Messages trans-
mitted to the way intercept and spillover
positions will be sent from the way send-
receive cabinet at the regular outgoing
line speed as though they were being
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transmitted to an outstation. From either
position, the messages will be sent cross-
office automatically to the way sending
position for transmission to the way sta-
tion when the close-out condition has been
removed.

Chaltanoogs Phote
Figure B. Way Intercept Cabinet 9980-A

DirecTOR-TRANSLATOR CABINET 9940-A,
Figure 9, houses the circuitry to furnish
routing information for any of 525 single-
address and 25 group-code routing indi-
cators, when requested by a connected
receiving position. The direetor can also
furnish switching codes for up to 30 special
way position and 18 way station routing
indicators employed by the way intercept
and way spillover positions in achieving
cross-office connections to way sending
positions, as discussed below. Located in
the director are four Code Reading Card
Assemblies 9743 with facilities for mount-
ing up to 600 address coding cards. The
director will contain an address coding
card for each valid routing indicator which
may appear in the address section of an
incoming message, a maximum of 398,
The remaining two address coding cards
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Chattancoga Fhots

Figura 9. Director-Translator Cabinet 9940-A

are coded to read the end-of-routing se-
gquences used by the line and way positions
(< =) and by the way intercept and way
spillover positions (— Z).

CenTer Rovrmng Capmwer 10146-A, Fig-
ure 10, is used in conjunction with the

Chattansoga FPholo
Figure 10. Center Routing Cobinet 10146-A (rear)
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director-translator to provide an assigned
pattern of address routing indicator action
and no-action treatment for each line re-
ceiving position in the switching center,
depending upon the positioning of the five
toggle switches in Line Send-Receive
Cabinet 9938-A. The pattern will deter-
mine which of the routing indicators
appearing in the address section of the
message at the receiving position will have
a switching code furnished, and which will
be no-coded.

Duar SenpinGg CoNTROL CABINET
10085-A, Figure 11, provides means for

Chationoned Plhoto

Figure 11. Dwal Sending Control Cabinet 10085-4

introducing messages into the Plan 59 sys-
tem, Mounting two transmitter-distribu.
tors which may be used singly or on an
alternate or flip-flop basis, and an auto-
matic message numbering machine, the
dual sending control cabinet transmits at
line speed into the receiving position of a
Line Send-Receive Cabinet 9938-A in the
switching aisle,

R0

PorraeLe Locar TERMINAL TABLE 9986-A
is provided to expedite servicing “reruns”
where tape previously transmitted to the
line from a line sending position must be
retransmitted. The table mounts a trans-
mitter-distributor and a typing reper-
forator with keyboard, plus a tape winder
for rapidly scanning reeled tape, and tape
editing facilities,

MeTEOROLOGICAL EqQUIPMENT CABINET
9990-A, Figure 12, contains facilities for
monitoring selected incoming trunk lines
to determine if incoming messages on
those trunks contain the specified start-of-

Chattanoops Phato

Figure 12, Meteorclagical Equipment Cobinet 9990.4

message (SOM) and end-of-message
(EOM) sequences. Messages not in this
format are assumed to be meteorological
messages, and are diverted to special
meteorological positions not associated
with the Plan 59 center, Messages in
proper format are diverted in normal
fashion to the line receiving position.
Trarric Routing Boarp 9984-A, Figure
13, permits the outgoing line transmitters
in line or way sending positions to be
stopped and started remotely, either singly
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or in groups. It also provides a jackboard
for sending position route lead appear-
ances to allow normal route lead assign-
ments to be changed for alternate routing
of eross-office traffic,

Test TanLe 9982-A provides means for
maintenance testing the mechanical appa-
ratus and electronic modules used in the
various switching center equipment cahi-

Chattanaogs Phots
Traffic Routing Boord 99B4-A

Figura 13.

nets. The test circuits on the test table
simulate the actual operating circuits at
the operating positions, and employ a com-
plete set of mechanical and electronic
equipment kept in working condition for
exclusive use on the test table. Defective
equipment removed from an operating
position can be substituted for the working
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equipment on the test table. Switches and
test lamps allow individual circuits to be
operated and their responses checked indi-
vidually, so that a fault may be localized
and corrected quickly.

Power Supplies

The several voltage levels required for
operation of a Plan 59 switching center
are provided by rectifiers located in the
d-¢ distribution bay. Regular and fallback
direet current at the +120-volt level is
furnished by a bank of SK45-120 silicon
rectifiers rated at 45 amperes each. Recti-
fier Patching Cabinet 9812 allows up to
six of these rectifiers to be connected to
load busses on a regular or spare basis.

Transistor voltages of 15 and —20 volts
are supplied from precisely regulated
and adjustable power supplies mounted
in D. C. Power Supply Cahinet 9814,
Switches are provided so that a fallback
rectifier may be substituted for any of the
regular units in the event of a rectifier
malfunction,

D. C. Power DisTRisuTioN CABINET 9816
contains the regular and fallback rectifiers
which furnish +150 volts to the vacuum
tube circuits of Director-Translator Cabi-
net 9940-A. as well as the regular and
fallback phasing transformer which fur-
nishes 30 volts, 60 cycles alternating cur-
rent used for the timing and control of
cross-office transmissions.

Figure 14 illustrates the layout of a
typical Plan 39 switching center. The oper-
ating cabinets shown arranged in two rows
are closed off at the ends with end panels
which house the primary and secondary
patching racks, together with certain mis-
cellaneous equipment. Each of the two
patching racks is composed of a series of
permanently mounted taper pin panels
(PPN) which terminate such conductor
groups as sending position route lead and
cross-office line conductors, and incoming
and outgoing lines. Adjacent to these per-
manently mounted panels are framed
openings in which the pin panels asso-
ciated with the individual operating posi-
tion cabinets may be inserted and mounted.
These removable pin panels are wired to
a length of ecable which is terminated in
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a multipin connector for insertion in the
mating connector at the operating position.
The complete assembly of taper pin panel,
cable, and connector is known as an “end
panel module.” Operating positions are
connected into the system with color-coded
patch cords between selected pins on end

The Model 28 RO printer at a particular
outstation will copy all messages directed
to that drop. Through its stunt box it will
be controlled by the selection and certain
other characters transmitted from the
way sending position in the switching
center,
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Figure 14. Typical Plan 59 Switching Center equipment layaut

panel module pin panels and permanently
mounted pin panels. This arrangement
provides an easy and effective method of
equipment interconnection which may be
quickly and efficiently checked.

OQUTSTATION EQUIPMENT

Each way circuit terminating in a Way
Send-Receive Cabinet 9978-A may have
up to 18 outstations or drops associated
with it. In general the equipment at each
outstation will consist of a Model 28 auto-
matic send-receive (ASR) set for sending,
and a Model 28 receiving-only (RO)
printer with “stunt box'! for receiving,
plus Duplex Way Selector 9782-A. The
outstation will send and receive at 75 wpm
on a full duplex basis.

The Model 28 ASE set utilizes a key-
board for the manual preparation of per-
forated message tape, a tape {ransmitter
for transmitting the tape information to
the way circuit, and a page printer which
may be employed on an optional basis to
copy transmissions to the way circuit, or
to provide home copy during tape per-
foration.
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Circumstances sometimes dictate varia-
tions in the outstation operating mode.
Way station selectors are available which
will permit receiving-only operation with
printer or typing reperforator, and send-
ing-only operation with an ASR set. The
latter may be installed either by itself or
as an auxiliary sending position at an out-
station equipped for full duplex operation.

SWITCHING SYSTEM OPERATION
Line Send-Receive Cabinet

Message traffic entering a Plan 59
switching center may be handled in a
variety of ways, depending upon such
factors as the number of routing indicators
in the address section or whether it was
received overa trunk or multipoint circuit,

Figure 15(1) illustrates a typical message
received over a trunk ecircuit and copied
on a Model 28 typing reperforator, Type
LPR-11, in the receiving position of a Line
Send-Receive Cabinet 9938-A. Electronic
circuits operated in conjunction with the
reperforator tape sensing contacts will
read the start-of-message (ZCZC) and
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end-of-message (LF.NNNN) sequences to
control operation of a message waiting
indicator. This device will indicate the
number of messages awaiting cross-office
switching action, as well as econtrol the
tape metering function. It also will pre-
vent a cross-office connection from being
established under certain conditions de-
scribed below.

The printed and perforated message tape
will be pulled by a tape erimper® down a
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message is following in proper sequence.
Should the channel number fail to check
properly, a “wrong comparison” alarm
will stop the tape transmitter and a visual
indicator will alert an attendant.

A switch is available for bypassing the
SNI comparison feature when it is recog-
nized that messages entering the position
will purposely not be in sequence. Such a
case would oecur if more than one remote
position, each using its own number series,
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Figure 15. (1) Typical messoge os received on typing reperforator
as received over cross-office circuit of line sending pesition;
sending position In line send-receive cabinet; (4) Typical massage

tien in way send-receive cobinel

tape chute and back up over the sensing
pins of a loop-gate transmitter.” This trans-
mitter will operate continuously at a
200-wpm stepping rate, but will stop auto-
matically (auto-stop) under certain alarm
conditions and during the switching
process, or when a tight-tape condition
activates a lever arm associated with the
tape crimper.

As the tape passes over the sensing pins
ol the tape transmitter, the characters of
the channel number will be checked by
electronic circuits in a sequence number
indicator (SNI), to make certain that the
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in line receiving pesition; (2) Typical messa ge
(3} Typicol message as transmitted to cutgeing line from
as received over cross-office circuit ot sending posi-

were sending into this receiving position
on a load distributed basis. In this case,
with the BNI comparison feature hy-
passed, the wrong comparison alarm eir-
cuit will be disabled. The SNI, however,
will continue to step through those points
where number comparison normally would
take place, coming to rest on the point
from which cross-office transmission will
commence, as discussed below.
Assuming that the channel number
group compares correctly, the tape will
continue to step through the tape irans-
mitter while the sequence number indi-
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cator reads for the first SPACE function
following the message number. Upon sens-
ing this space, electronic circuits activated
by the sensing pin contacts of Tape Trans-
mitter 7595-B will cause the transmitter
to auto-stop and will shift the sliding tape
gate from the normal right-hand position
to the left-hand position, at which point
the transmitter will resume stepping.
From this peint, the tape will no longer be
stepped completely through the trans-
mitter, but instead will form a storage
loop after being stepped over the sensing
pins. In this way, the information in the
looped portion of the tape can be used to
establish the cross-office circuit, and then
be stored in the loop to be transmitted
crogs-office with the message later when
the tape gate is returned to the right.

As the tape is stepped through the trans-
mitter and the loop is formed, electronic
circuits in the SNI will be activated to
read for the 2-letter priority indicator and
the SPACE function immediately follow-
ing. When this sequence is sensed, the tape
transmitter will again be auto-stopped and
this receiving position will request connec-
tion to the director for processing the
address routing indicator (s) which follow
in the address section of the message tape.

Should the message contain the diver-
sion section (QSP-) discussed earlier, it
will appear in the message tape directly
ahead of the priority indicator. Conse-
quently when the diversion section is
sensed instead of the expected priority
indicator sequence, the transmitter will
auto-stop and a QSP alarm will be acti-
vated to alert an attendant to the fact that
special handling for this message is re-
guired.

Subsequent inspection of the tape by the
attendant will disclose the routing indi-
cators in the address line. The receiving
position may then be placed in the “man-
ual” mode and connection made to the
sending position(s) involved by way of
the manual push-button panel, without
reference to the director.

Assuming no diversion section, how-
ever, the request for the director will be
followed by connection to the director;
the tape transmitter will resume stepping,
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and the first routing indicator will be
transmitted into the director.

The director is an automatic computer
device which contains electronic and relay
circuitry to store and read the characters
in a routing indicator, and to return the
requested switching information to the
receiving position. For each routing indi-
cator which might appear normally in the
address section of any message switched
through the switching center, the director
will contain an address coding card. Rout-
ing indicators for which the director does
not contain an address coding card are
considered “invalid” and will initiate a
“code failure” condition to disconnect the
director and activate a visual alarm, when
read at the receiving position.

Assuming that the director does contain
an address coding card for the routing
indicator transmitted to it, this routing
indicator may be treated further as either
action or no action, As the terms imply, a
switching code will be furnished to the
connected receiving position for an action
routing indicator, while a no-action rout-
ing indicator will be ignored. An exception
occurs when the message contains but one
routing indicator and it falls in the no-
action category. In this one instance, the
no-action indicator will result in a code
failure alarm. Decision as to action or
no-action treatment for a particular rout-
ing indicator is made on the basis of traffic
studies as was explained earlier, and is
programmed in the receiving position by
means of five switches which may be set
for any one of 32 mark-space combina-
tions. At the instant the position is con-
nected to the director, the “center routing”
information represented by the particular
mark-space combination of the five
switches will be sent into the director to
operate one of 32 multicontact relays in
the center routing cabinet. Operation of
this relay will activate a set of patch cords
representing a unique pattern of action
and no-action treatment for each of the
525 normal single-address and 25 group-
code routing indicators for which the
director may contain an address coding
card.

Assuming that the routing indicator sent
to the director is one requiring action, the
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director will furnish to the receiving posi-
tion two grounds, one appearing at the
position over one of 20 possible condue-
tors, and the other appearing over one of
four possible conductors. This arrange-
ment permits 80 possible combinations of
grounded conductors (switching codes),
representing the 80 possible destinations
to which traffic can be switched. The two
grounded conductors will position rotary
switches in the line receiving position to
a particular stud combination to allow
connection to be made to the “route lead,
a conductor running to that sending posi-
tion designated 1o receive message traffic
containing this particular routing indicator
in the address seclion.

The tape transmitter in the receiving
position will auto-stop on the followineg
SPACE function after the first routing
indicator has been transmitted to the
director, and will remain stopped while
the director examines it and returns the
switching code to position the rotary
switches. At the coneclusion of this fune-
tion, the receiving position will transmit a
code release to the director to release the
storage circuits in the director and the
tape transmitter will restart, to send
the next routing indicator into the direc-
tor. The director will then return a switch-
ing code for this second routing indicator.

Since the receiving position contains but
two sets of route lead rotary switches, it
can handle but two switching codes each
representing a single destination. As oflen
happens, two or more routing indicators
may represent the same eross-office desti-
nation, in which case the route lead
selected for the first of these will be the
same as for the second. In brief, the
message heing processed mav  contain
any number of routing indicators in the
address section, and providing they repre-
sent no more than two cross-office desti-
nations, processing will proceed as out-
lined above. Should the receiving position
transmit to the director a routing indicator
requiring a third destination, however,
previous route lead storage will he
“dumped"” and the receiving position will
be connected to the MX (multiple-ad-
dress) position route lead, to which posi-
tion the message will subsequently be
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transmitted for ultimate distribution eross-
office to the required sending positions.

When the director has returned a switch-
ing code to the line receiving position for
each routing indicator in the address sec-
tion of the message, the end-of-routing
sequence following the last routing indi-
cator ( <2 =) will be transmitted to the
director to initiate disconnection of the
recelving position. At the conclusion of
the disconnection process, the tape gate of
the transmitter will be returned to its
normal or right-hand position.

Onee disconnected from the director,
the line receiving position will check the
polarity of the voltage appearing on the
route lead (s) to the desired sending posi-
tion (s) which the route rotary switches
have selected, to determine whether these
sending positions are busy, idle, or closed.
It should be noted here that this route lead
check cannot be made, and the allotter will
not be seized, as described below, if the
message waiting indicator pointer is at
zero — an indication that there are no
messages awaiting cross-office switching.
Cam contacts associafed with the pointer
shaft will disable the check circuit. Such
a condition can occur, even with a legiti-
mate message awaiting switching action.
if the MWI is improperly set initially or
if the message in the transmitter is lacking
an SOM or EOM sequence. Failure on
the part of the electronic circuits asso-
ciated with the reperforator tape sensing
contacts to read an SOM or EOM sequence
will disable the “add” function of the
MWI. Subsequent switched messages will
continue to cause the MWI to subtract,
with the result that when the pointer
reaches zero the offending message will
be in the tape transmitter, unsuccessfully
requesting switching action. Tape discrep-
ancies may be corrected at this time by an
altendant.

Aszsuming the idle condition obtains, a
further check will be made through an
allotter to determine that none of the
other receiving position groups, and fur-
ther that no other position in this particu-
lar group, is attempting to achieve a cross-
office connection to a sending position at
this instant. Should such prove to he the
case, the allotter will be “seized” by the
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receiving position, preventing any other
receiving position from achieving a cross-
office connection to g sending position until
the allotter is released. After the allotter is
seized, the route lead to the sending posi-
tion will be seized. When the sending
position recognizes this seizure condition,
it will return information to the receiving
position over certain “code group” con-
ductors which will position the cross-office
line rotary switches in the receiving posi-
tion to the eross-office line connected to
this sending position.

At this point a check will be made to
determine that no other receiving position
is connected to this cross-office line, at
which point the line will be seized, the
allotter will be released, and cross-office
transmission from the receiving position
to the sending position will commence.

Because of the unique function of the
allotter in preventing the further estab-
lishment of cross-office connections until
the receiving position that has seized it
completes its connections and releases it,
it is important that it not be held by the
receiving position any longer than neces-
sary to seize the cross-office line to the
desired sending position. Should the re-
celving position fail to complete a line
connection and release the allotter within
approximately three seconds, a “route
alarm™ will be activated to release the
allotter pre-emptorily, and alert an
attendant at the receiving position to the
fact that trouble has been encountered.

At the sending position, a Model 28 re-
perforator, Type LARP-5, will copy the
cross-office traffic. Before {ransmission
from the receiving position can commence,
however, information will be transmitted
to the LARP locally, from the automatic
message numbering machine in the send-
ing position. The numbering machine will
cause to be punched into the LARP mes-
sage tape a start-of-message sequence fol-
lowed by a circuit identifier and message
number, as shown in Figure 15(2),

At the conclusion of the numbering
machine function, the receiving position
will be notified to commence sending. The
first information transmitted cross-office
from the receiving position will be from
the sequence number indicator and will
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consist of the message number it had
checked previously, just prior to opera-
tion of the transmitter tape gate to the
left, and which had remained stored in
the SNI, waiting to be transmitted after a
cross-office connection was obtained.

When the SNI coneludes its sending, the
tape transmitter will be restarted and will
transmit the information which had heen
stored in the tape loop, followed by the
message text and the EOM sequence.
When the EOM sequence is read at the
receiving position, a disconnection process
will be initiated and the sending position
will be released. The MWI also will sub-
tract one from its fotal. The automatic
message numbering machine in the send-
ing position will insert five blanks in the
LARP tape following the EOM sequence
in order to step the last N character past
the read-back pins of the LARP.

A continuous character-by-character
check is maintained on the accuracy of
both local and cross-office information
punched into the message tape at the
LARP reperforator in the sending posi-
tion. This is accomplished by a system of
even pulse parity whereby each character
represented by an odd number of mark-
ing pulses will have an additional, or
parity, pulse added to it. As a result, all
characters transmitted into the sending
position will be represented by an even
number of marking pulses. The parity
pulse information (presence or ahsence)
will be stored in electronic circuits in the
sending position. Read-back sensing pins
in the LARP, probing each character im-
mediately following the punching opera-
tion, will compare the character’s odd or
even marking pulse status with the stored
parity information. Should an “odd™ char-
acter have no parity pulse stored, or an
“even’ character have one stored, a
“parity alarm” condition will be initiated
which will blind the cross-office line to
that sending position to further transmis-
sions, as well as alert an attendant to the
trouble condition,

The perforated tape from the LARP will
proceed through a tape crimper,” tape
chute, and tape accumulator to the tape
transmitter sending to the outgoing line,
This tape transmitter is the same type as
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that employed in cross-office transmission
from the receiving position, except that it
operates at one of the conventional line
speeds (100, 75, 67.5, 60 wpm) rather than
the 200-wpm speed employed for cross-
office transmission. A distributor is used
in conjunction with this tape transmitter
to furnish the proper stepping rate and to
provide for sequential distribution to the
outgoing line of the character pulses.

Each line sending position contains a
rotary switch and associated circuitry
which serves to delete transmission of the
SNI number to the line. This switch acts
to blind the outgoing line during the time
the tape transmitter is sensing the se-
quence starting with the LETTERS shift
following the last digit of the numbering
machine number and ending with the last
digit of the SNI number, as shown in
Figures 15(2) and 15(3). Electronic ecir-
cuits in the line sending position serve
also to delete from transmission to the
line the five blanks following the EOM
sequence.

Provision iz made also for an optional
end-of-message switch which may be pro-
grammed to transmit any desired end-of-
message sequence to the outgoing line,
following the standard Plan 59 EOM
(LF.NNNN). Whether or not the optional
EOM feature is used, the switch can be
employed also to transmit up to 12 letters
shifts following the EOM as an aid in
separating messages at subsequent torn-
tape switching centers.

MX Cabinet

As was pointed out previously, a receiv-
ing position can switch a multiple address
message automatically to a maximum of 2
destinations. When a routing indicator re-
quiring a third destination is sent into the
director, any previous switching code in-
formation relating to routing indicators
processed previously in the address sec-
tion will be cleared out of the receiving
position, and the reeeiving position will be
connected to the MX position route lead.
Subsequent route lead checking and eross-
office line connection will be similar to that
previously described for connection to the
destination line sending positions,

JuLY 19861

Cross-office line connection is made to
the upper, or sending position, in the MX
console. The first information transmitted
from the connected receiving position will
be that programmed on the five center
routing switches in the receiving position.
This information will be punched into the
message tape by the MX position LARP
reperforator ahead of the MX position
local number from its numbering machine,
This information is required so that when
the MX pesition makes connection to the
director, it will provide the same pattern
of “action” and “no action” for the ad-
dress routing indicators as though the
director were connected to the original
receiving position. Subsequent LARP op-
eration will be similar to that previously
described for the line sending position.

The message tape from the LARP will
be stepped through the MX sending posi-
tion tape transmitter at a 200-wpm rate.
When connection is made to the director,
it will return a switching code for each
destination required up to the 80 maxi-
mum of the switching center. As the rout-
ing indicators are processed through the
director, a lamp in an 80-lamp bank on the
front of the console will light for each
destination requested. As cross-office line
connection is made to each of the line and
way sending positions representing these
destinations, its associated lamp in the
bank will be extinguished. When all lamps
have been extinguished, the MX position
will proceed to transmit the message to
the connected line and way sending posi-
tions,

If one or more of the desired sending
positions is busy and cross-office connec-
tion cannot be established within a pre-
determined adjustable time period, the
lamps representing these destinations will
remain lit and the routing information
will remain stored in the MX receiving
position. The upper position will proceed
to transmit the message to whichever
positions have been connected, and to the
lower MX position as well, From this point
the lower MX position will process the
message in a manner similar to what the
upper position has done, using the stored
routing information, until the message has
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been sent to all destinations and all lamps
have been extinguished.

Supervisor Cabinet

The lower or sending position in the
supervisor cabinet receives messages
directed to it in the manner previously
described for the line sending position, at
200 wpm over the cross-office cireuit, on
a LARP reperforator. Messages from line
receiving positions are switched to the
supervisor sending position in response to
manual switching by an attendant using
the manual push-button panel on the line
send-receive console. Messages can also
be switched cross-office to the supervisor
sending position from either line or way
positions on an automatic basis if they con-
tain the supervisor routing indicator
(SUPVA), and the director contains an
address coding card for this address.
Messages received at a way receiving
position and econtaining a garbled routing
line also will be switched automatically
to the supervisor sending position for
handling.

The supervisor sending position will
transmit at 100 wpm either to the super-
visor receiving position in the upper seec-
tion of the same console, or to a file printer
located in the data processing section at
the switching center, Messages trans-
mitted to the supervisor receiving position
will be received on a Model 28 typing
reperforator, Type LPR-11, the tape from
which will be stepped through a 200-wpm
tape transmitter in a manner similar to
that in the line receiving position previ-
ously described. The supervisor receiving
position can process through the director
in automatic fashion, but since the ma-
jority of messages are thosze which could
not process automatically at the original
receiving positions, a push-button panel
containing 80 buttons located on the front
of the eonsole allows messages to be in-
spected and then switched on a manual

basis by an attendant to the maximum of
80 destinations,

Way Send-Receive Cabinet

Operation of the way position can best
be understood if the cross-office switching
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operation is handled separately from
multipoint operation. The way send-
receive cabinet functions on the cross-
office side in much the same fashion as
the line send-receive cabinet and since
operation of that position was covered in
considerable detail, it will not be repeated
here. However, it would be well to point
out certain features in which the way
cabinet differs to some extent from the
line cabinet.

The way receiving position does not
employ the manual eross-office switching
option — all traffic which cannot he
switched cross-office to the destination (s)
represented by the address routing indi-
cator (s) will be switched automatically
to the supervisor position. The reason for
this difference is the absence of QSP
traffic on the multipoint circuit, for the
handling of which messages the manual
switching feature was provided in the line
cabinet. The diversion section (QSP-)
dealt with earlier indicates that the mes-
sage contains address routing indicators
not routed normally through this switch-
ing center. The way receiving position
does not employ the five switches which
determine the center routing pattern by
which address routing indicators appear-
ing in its received messages are deter-
mined to be action or no action. The way
position must treat all routing indicators
on an action basis since it can be assumed
that each of the drops on its multipoint
circuit have but this one outlet for mes-
sage traffic.

In contrast to the line sending position
which represents but one eross-office des-
tination and has one route lead, the way
sending position can represent up to 18
destinations and consequently must em-
ploy up to 18 route leads when fully
equipped. When a route lead to a way
sending position is seized by a receiving
position and the cross-office circuit be-
tween the two is established, the first in-
formation punched in the tape of the
LARP reperforator will be, not the local
number as in the case of the line sending
position, but a way station selection char-
acter representing the destination (drop)
called for by the routing indicator. The
selection character will be transmitted

WESTERN UNIOMN TECHNICAL REVIEW




from a way station selection chassis in the
way sending position. A selection charac-
ter will be punched in the LARP tape for
each of the 18 route leads seized by the
connected receiving position. The selection
character (s) will appear in the tape pre-
ceded by a LETTERS function and the
character W, and followed by a space
function as shown in Figure 15(4). When
the connected receiving position is a line
receiving position, it can seize no more
than two route leads. However, either the
supervisor or the MX position is capable
of seizing all 18 route leads of the way
sending position should the switched mes-
sage contain more than two routing indi-
cators,

After the selection characters have been
punched in the LARP tape, operation pro-
ceeds as in the line sending position, with
the numbering machine local number in-
serted next. Transmission will continue
from the connected receiving position SNI
and tape transmitter, through the discon-
nect process when the EOM sequence is
read.

Multipoint Operation

TraNsMITTING TO THE WAY StaTION. As
tape from the LARP in the way sending
position, Figure 15(4), advances through
the tape transmitter, electronic cireuits
will read for the first nonblank in the
tape, allowing preceding blank characters
to idle through at a 200-wpm stepping
rate. Upon sensing the first nonblank, in
this case the LETTERS function, elec-
tronie circuits will be activated to remove
the “blank idle” stepping arrangement and
restore normal transmitter slepping at
specified outgoing line speed through the
sending distributor.

The transmitter will now advance the
tape to the W character which will be
read to unblind the line sending relay in
the way position. The tape transmitter
stepping cireuit will be disabled so that
the W will remain over the sensing pins
to be transmitted a second time. On this
second occasion the W will be transmitted
over the sending leg to all way stations on
the multipoint circuit. Should any of the
way stations be in the process of sending
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a message to the center, the W will serve
to suspend such operation temporarily so
that the receiving leg may be used in the
selection process.

The tape transmitter will now step the
selection character, D in this instance,
over the reading pins and transmit it over
the sending leg to the way stations. In
conjunction with the stunt box in the
Model 28 RO printer and the selector at
the ovutstation, this character will serve to
shift the RO printer at the corresponding
outstation from nonprint to print case.
The transmission of the D will also ac-
tivate relay circuits in the way sending
position which will result in the genera-
tion and transmission of a LINE FEED
function to the outstation following the D
character., Since the RO printer at the
outstation i1s now in print case it should
respond to the LINE FEED function by
teeding paper, which action will activate
certain relay ecircuits in the selector.

The tape transmilter meanwhile has
been prevented from stepping so that the
D character will again be sent to the line
following the LINE FEED. The D charac-
ter will now be printed on the RO printer
of the selected outstation, and the out-
station will answer back by transmitting
to the center the complement of the selec-
tion character, in this case the charac-
ter P.

Should the outstation fail to respond to
the LINE FEED as described above, the
way station will return a BLANK rather
than the proper answer-back character to
the way sending position in the center.
The way position will interpret this as a
trouble eondition at the outstation and an
alarm will be activated.

After the correct answer-back has been
received, the SPACE function will be
stepped over the transmitter pins and sent
out on the sending leg. Reception of the
SPACE at the outstations will cause any
outstation from which transmission had
been interrupted for the selection process
to resume sending, The tape transmitter
will be prevented from stepping so that
the SPACE may be transmitted a second
time. The complete message will be trans-
mitted to the outstation following the sec-
ond SPACE.
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Electronic ecircuits have now been
alerted to read for the start-of-message
sequence ZCZC—, When the SOM is read,
a sequence number indicator similar to
that described previously for the line re-
ceiving position will be activated to check
the local message number, The SNI will

ZTART

intervening blanks at a 200-wpm rate until
the next nonblank is read to start the
selection process for the next message.
RECEIVING FROM THE WAY STATION. A
way station can transmit to its way receiv-
ing position in the switching center only
when invited to do so by the way position.
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Figure 16, (1) Message as prepared at @ way station for transmission to a way receiving position at the switching
center; (2) Message as received frem way station at way receiving position in the switching center; (3) Messoge os
recoived from woy sending position ot typing reperforator in way intercept pesition

check the three circuit identification char-
acters, the FIGURES shift, and the three
digits of the message number, at which
point it will assume deletion functions, de-
leting from transmission to the line the
following LETTERS shift, the SPACE
function, the three cross-office SNI identi-
fication characters, the FIGURES shift,
and the three digits of the number. Trans-
mission to the outstation will resume with
the SPACE following the cross-office SNI
number.

The way sending position will be dis-
connected from the way station when the
EOM sequence is read. When the first
BLANK following the EOM is sensed, the
sending line will be blinded to further
transmission from the way sending posi-
tion, The tape transmitter will return to
the control of the “blank idle” stepping
eircuit which will step the tape through
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Figure 16(1) shows a message as pre-
pared in tape form on the keyboard per-
forator of the Model 28 ASR set at an out-
station. The tape will be placed in the line
transmitter and the blanks idled through
until the first nonblank character, a
SPACE function, is read. The attendant at
the outstation will depress the request but-
ton to transmit a SPACE function and
notify the switching center that there is a
message awaiting transmission. When the
way position at the center receives the re-
guest signal, it will interrupt its own trans-
mission, if any, and will proceed to initiate
an invitation cycle. During the invitation
eyele each outstation is queried in turn as
to whether or not it has traffic to send.
The way position signals the start of the
invitation cycle by transmitting the char-
acter Y to all outstations. The Y will pre-
vent the outstations from initiating re-
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quests during the invitation cyecle. The
invitation consists of successive transmis-
sion of the selection characters represent-
ing the drops on the multipoint ecircuit.
Upon receiving its selection character, the
outstation will respond with a SPACE
function if it has no traffic waiting, and
with a Y character if it has a message
awaiting transmission. Should the re-
sponse be a Y, the way receiving position
line numbering machine will transmit a
message number to its LPR-11 Typing
Reperforator. Numbering machine trans-
mission will conelude with a CARRIAGE
RETURN function, which will be sent
over the sending leg to the outstation. The
sending position will resume any trans-
mission which had been interrupted for
the invitation cyele. Upon receiving the
CARRIAGE RETURN the way station
will proceed to transmit ils message as
shown on Figure 16 (2), while the comple-
tion of the selection process is postponed.
Upon reading the EOM, the way position
will again interrupt its own transmission,
if any, and a rotary switch in the way re-
ceiving position will transmit a LINE
FEED function to the outstation, causing
the outstation number register to advance
one count. The way receiving position will
disconnect [rom the outstation and will
resume the interrupted invitation eveling,
continuing until a SPACE (no message
response) is obtained from each outstation
during one complete invitation evele. At
the conclusion of this eyvele, inviting will
cease and the way position will transmit a
FIGURES shift to the outstations to per-
mit outstation requests to be transmitted
again.

The invitation cycle will be initiated
automatically by the way position in the
switching center should the receiving leg
remain idle for an extended period. The
invitation cyele can also be initiated
manually at the way position if desired.

Way Intercept and Way Spillover Cabinet

A bank of 18 switches located on the
right-hand side of the way send-receive
cabinet (Figure 3) allows traffic addressed
to closed-down way stations to be diverted
to a way intercept or a way spillover posi-
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tion pending resumption of operation at
the outstation, The way intercept position
is designed to accept traffic from way
sending positions during temporary out-
station shutdowns and immediately to re-
transmit it cross-office automatically, back
to the way sending position. The way spill-
over position, on the other hand, will ac-
cept messages for storage when the out-
station is closed down for an extended
period. The spillover position cross-office
transmitter is normally held stopped ex-
cept when an outstation resumes opera-
tion and it is desired to transmit stored
traffic to it.

Assuming that the switch representing
the D drop is thrown to the intercept posi-
tion, the tape from the LARP in the way
sending position will advance through the
tape transmitter and the LETTERS func-
tion, Figure 15(4), will be read as the
first nonblank. The loop-gate solenoid will
be energized and the gate will shift to the
left. The gate will shift when at least one
of these 18 switches is set off its normal
position to either intercept or spillover,
The purpose of this is to allow the section
of the tape containing the selection charac-
ters to be read twice; the first time in
order to set up connections to a way send-
ing line, or a way intercept or way spill-
over position. When the loop gate returns
to the right, the selection characters will
be read a second time for transmission to
the connected sending line or positions. It
should be pointed out that although the
message shown in Figure 15(4) shows
but one selection character following the
W, D in this case, il is possible for a way
circuit operating al full 18 drops' capacity
to have as many as 18 selection characters
between the W and the SPACE,

The W following the LETTERS shift
will be stepped through the transmitter
and stored in the tape. Next, the selection
character D will be read and a request
made for a way intercept position.

This request will be signified by the
operation of a relay in the way sending
position which will light an intercept re-
gquest lamp there and actuate additional
relay circuits in the way intercept posi-
tion. A transmitter finder rotary switch
located in the way intercept position, and
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having 30 active stud levels representing
the potential 30 way sending positions
which may achieve a connection to this
way intercept position, will rotate and stop
at the stud representing the particular
way sending position now requesting con-
nection.

This action will actuate additional relay
circuits in the way intercept position
which will cause a numbering machine to
commence stepping and to transmit a local
number into the LPR-11 Typing Reper-
forator in the intercept position. As in the
case of the line sending position deseribed
above, the local number will consist of
channel identification characters, a FIG-
URES shift, and the three digits of the
message number, as shown in Figure
16 (3).

At the conclusion of transmission of the
intercept number, the numbering machine
will proceed to transmit a 2-letter circuit
identification group representing the way
sending position that is requesting connec-
tion. This 2-letter group is a function of
the stud level to which the transmitter
finder switch had positioned itself, and is
generated through a diode matrix capable
of furnishing up to 30 such 2-letter circuit
identification groups. When the 2-letter
group has been sent, relay circuitry in
the intercept position will function to close
the line and answer-back circuits to the
way sending position. Also, the intercept
request lamp will be extinguished, the in-
tercept conneet lamp will be lit, and the
sending line from the way sending posi-
tion to the way intercept position will be
unblinded. When the SPACE is read at
the way sending position, the loop gate
will be released to return to the right-
hand position.

The character W, the first that had been
stored in the loop, will now be transmitted
to the way intercept position where it will
be read to signify the start of the selection
character group. The D will next be trans-
mitted, after which the transmitter will
ke stopped so that this character will re-
main over the reading pins to be trans-
mitted a second time on another operation
of the sending distributor, Upon receiving
the D a second time, the way intercept
position will transmit the complementary
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character P to the way sending position.
Comparison eircuits in the sending posi-
tion will compare the selection character
with the “answer-back.” A proper inverse
condition allows the transmitter to step
the D character out and bring the follow-
ing SPACE function over the pins. The
SPACE will release the selection circuit
and allow message transmission from the
way position to the intercept position to
commence subject to correct comparison
by the outgoing sequence number
indicator,

Figure 16 (3) shows the message as re-
ceived on the LPR-11 Typing Reperfora-
tor in the way intercept position just prior
to its entering the tape transmitier for
transmission cross-office to the way send-
ing position. As was pointed out previ-
ously, intercept handling is intended for
messages addressed to stations closed out
for short periods, and such messages will
continue to circulate through the intra-
office eircuit until operation is re-estab-
lished at the outstation. Messages directed
to the spillover position, on the other hand,
will not recirculate unless specific action
is taken at that position, since the ex-
tended shutdown of the drop would only
cause them to return again to spillover,
and so on ad infinitum. Except for this dif-
ference the operation of the intercept and
the spillover positions is in general similar.

As the tape from the reperforator ad-
vances through the loop-gate transmitter,
message number comparison will take
place in the sequence number indicator,
at the completion of which a request for
the director will be initiated by the follow-
ing SPACE funetion,

When the connection to the director has
been achieved, the first “short” intercept
routing indicator—the characters AS in
the example, Figure 16 (3) —will be trans-
mitted into it and stored. The W character
following the 2-letter group will be read
at the intercept position to auto-stop the
tape transmitter while the director in-
spects the routing indicator and returns a
switching code corresponding to the de-
sired way sending position, to the inter-
cept position. The switching code will be
stored in the intercept position in the form
of an operated relay representing the
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one-of-30 way sending positions repre-
sented by the 2-letter routing indicator
(AS). The intercept position will there-
upon transmit a “code-release” 1o the
director, and its tape transmitter will re-
start, to send the next routing indicator
(DD} to the director. The switching code
returned for this routing indicator will be
stored in the intercept position on a relay
representing the one-of-18 way stations
(DD) served by the way sending position
selected by the first 2-letter group (AS).
Additional 2-letter station codes, if any,
will be handled in similar fashion. It
should be noted that although the regular
routing indicators (PHIK and PHNLYF)
appear in the tape, they are not employed
in cross-office switching from the way in-
tercept position to the way sending posi-
tions, The way intercept or way spillover
positions may also switch message traffic
on a manual basis without reference tn
the director through the use of a push-
button panel located on the console to the
right of the intercept position.

After disconnecting from the director at
the completion of routing indicator pro-
cessing, an allotter request and connec-
tion will be made in the manner deseribed
previously for the line receiving position.
The cross-office line to the way sending
position will be seized and message trans-
mission will take place, The message will
be punched into tape at the LARP reper-
forator and will proceed through the tape
transmiiter to be transmitted, this time to
the proper outstation if operation there
has been resumed,

CONCLUSION

From the description above, it is evident
that the suecessful functioning of a Plan
29 switching system depends to a major
degree upon rigid adherence on the part
of operating personnel to prescribed
message format and operating routine.
Deviations from proper format will gen-
erally result in failure to achieve the ad-
vantages of fully automatic operation; the
importance of thorough operator training
is thus emphasized.,

From the maintenance standpoint, rapid
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diagnosis and localization of trouble con-
ditions is required to hold equipment-
down time to a minimum and prevent the
accumulation of message backlogs, The
provision for swapping oul defective
modules and chassis quickly is effective
only when the trouble condition has been
analyzed and the defective unit deter-
mined.

The description of equipment and sys-
tem operation given above has been neces-
sarily much abbreviated, although it is
felt that all elements essential to a general
understanding of the system have been
included. No attempt has been made, for
instance, to deal with the many safe-
guards and alarms which are necessary to
protect against the loss or delay of traffic,
although several of them have been
touched upon incidental to the deserip-
tion of message processing. A detailed
description of all system functions runs at
the present lime to several volumes.
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Although the development of a complex
system of this nature represents the efforts
of many persons, appreciation is especially
expressed for assistance in the prepara-
tion of this article to Messrs, E. J. Eherle,
B. V. Magee, R. S. Smith, and V. C,
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Manager, Plan 59. The Flan 59 Basic Op-
erating Procedures manual, prepared by
Miss Bernice Barrom of Western Union
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Technical Associates of Western Union — VI

The Gray Manufacturing Company

e —— Y —

Tue Gray Manufacturing Company of
Hartford, Connecticut, is undertaking an ex-
panded building and diversification program
in 1961. The company plans to increase the
sale of its commercial produet line and add
new proprietary products through an aggres-
sive research and development program.
Gray’s current commercial produets include
the Audiograph dictation line and profes-
sional audio
components,

Grav's new
1961 Key-
Noter line of
dictation in-
struments fea-
tures the
“Executive”
dictator with
dual tone re-
cording, the
“Secretarial”
transeri ber,
and the “Voy-
ager” battery
model, The
Keyv-Noter is
a versatile,
light and easy-
to-use dise
dictation in-
strument tak-
ing up no more desk space than the telephone.
It features dual tone recording and true voice
identity with the finest in quality sound re-
production now on the market.

Gray also undertakes specialized and selec-
tive contracts for electronic and communica-
tions systems and components that are com-
patible with the company's engineering and
manufacturing capabilities.

An outstanding example is the assembly
and production of the Western Union carrier
bay, a fully transistorized multichannel tele-
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type receiving and transmitting communica-
tions system. This contract included the
building, wiring, assembly and subassembly
of over 275 of these complex systems. Each
carrier bay is over 10 feet high and can
accommodate up to 20 channels that can, with
modulating and demodulating equipment,
transmit and receive telelype messages si-
multaneously within a 2000-cvele bandwidth.
The new ecar-
rier bay is an
esseniial part
of Western
Union's mod-
ernization
program and
is currently
being installed
in Western
Union offices
throughout
the country.
New Gray
commercial
products are in
various stages
of completion
and scheduled
for introduc-
tion in the next
few months.
These include
an optical gauge combining the principles of
television and advanced optics for automated
measurements with a wide potential in indus-
trial and military applications; a commercial
audio-playback machine with a potential of
13,000 units in the first initial sales: a new
audio-visual product combining Gray's excel-
lent dictation equipment with a visual presen-
tation system that has wide potential in con-
sumer, business and industrial markets: and a
confidential development contract for a new
and revolutionary communications produect.

WESTERN UNION TECHNICAL REVIEW




E. L. NEWELL, Senior Project Engineer, Cable Equipment (Haotired)

Surge Protection for Semiconductor Equipment

SEMICONDUCTOR components E(]millg
into wide use in telegraph equipment are
subject to damage by much lower surge
potentials than the older conventional
components. Standard protective meas-
ures used in the telegraph system were
designed to meet the requirements of the
older apparatus. They are not generally
adequate for semiconductor equipment
and are being revised or supplemented.

Two distinet problems are involved.
One concerns diodes and transistors in
signal eircuits; the other, diodes in power
supplies associated with signal equipment.

SIGNAL LINE SURGES

Abnormal potentials appear on signal
lines mainly as a result of nearby lightning
hits on the line. Only rarely will damaging
potentials occur on signal lines because of
earth currents or power line induction or
contact.

Line surges reaching terminal equip-
ment are of various values and frequen-
cies depending on the source of the surge
and the nature of the line. However, from
numerous tests the Bell Laboratories have
established that these surges have a mini-
mum f{undamental frequency of about
1500 eyeles per second with amplitudes
decaying from peak to half value in 1 mil-
lisecond or less, and that a 10 600 micro-
second impulse wave is a satisfactory
equivalent for test purposes.! The 103 600
microsecond wave is one that rises to peak
value in 10 microseconds and falls to half
peak walue in 600 microseconds. (See
Figure 1.)

Lightning potentials are primarily line-
to-ground but line-to-line potentials are
developed because of circuit unbalance or
when arresters on the lines do not break
over at exactly the same time. Except in a
very few cases, telegraph equipment is
coupled to signal lines through trans-
formers which eliminate any serious line-
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to-ground potentials as long as the trans-
former insulation to ground is adequate.

Lightning Arresters

Equipment in telegraph offices and on
customers’ premises normally is protected
by arresters and instrument fuses located
in the entrance cabinet or on the distrib-
uting frame in accordance with Western
Union Specifications 5344-E.7 Instrument
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Figure 1. Surge impulse for testing

fuses are intended primarily to protect
against fire and not tully to prevent dam-
age to apparatus. With the older type of
arresters there may also be a line fuse
installed between line and arrester to dis-
connect the line in case of excessive arcing
across the arrester.

Arresters in general use in telegraph
installations are of the carbon gap lype
with a gap spacing of (.028 inch (old
white block WE-27) or 0.003 inch (new
white tube WE-107-C). These gaps limit
surge potentials to a peak value of about
G600 volits and are the smallest gaps con-
sistent with a reasonable amount of main-
tenance. Though not used in the Western
Union system, there are available several
types of arresters using metal electrodes
enclosed in a glass tube with a small
amount of gas, Some of these have surge
breakdown wvalues as low as 250 volts
While the gas tube arresters are less
affected by moisture, dust, insects, and so
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forth, than the carbon gap type, they cost
about five times as much. They also have
the serious drawback that their break-
down voltage may be greatly increased
after excessive spark-over current flow
caused by a nearby lightning stroke, thus
leaving the cireuit unprotected without
giving any indication of arrester failure,
Carbon gaps short circuit on failure leav-
ing the eircuit completely protected—and
inoperative until the carbons are replaced.,

Low-Voltage Protection

It does not appear practical at this time
to revise the present over-all primary
protection system in order to meet the
low-level requirements of semiconductor
equipment. The more practicable method
is to consider each type of semiconductor
installation by itself and, where neces-
sary, to design the circuit to be inherently
safe or to add protective elements.

Safety from damage by the B00-volt
surge peaks let through by the standard
carbon gap arresters may be designed into
a circuit in several ways. For instance,
transformers may have cores that saturate
when normal signal levels are exceeded,
the upper frequency cutoff point of the
circuit may be made sufficiently low to re-
duce surges to a safe level, or semiconduc-
tors of safely high voltage and current
ratings may be used. When such measures
provide only partial protection, or are im-
practical or too costly, voltage limiting ele-
ments may be inserted in the circuit.

The fundamental circuit for using these
protector elements as surge limiters is
shown in Figure 2. The required voltage
rating of the limiter is determined mainly
by the requirements of the vulnerable
components. The current rating depends
on the safe current capacity of the limiter
and on the attenuation of the preceding
nonvulnerable components which in some
cases may need to be increased by the in-
sertion of a resistance or an attenuator
pad.

Silicon Zener diodes, special selenium
diodes, and gas glow tubes are the most
promising elements available for low-
voltage surge protection. The diodes are
used as surge limiters by taking advan-
tage of their very high resistance at in-
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verse voltages below the so-called “ava-
lanche breakdown" point, and their ability
to maintain a nearly constant voltage drop
beyond the breakdown point. Gas glow
tubes have a somewhat similar character-
istic. The gas tubes function on either
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Figure 2. Typical circuit with surge limiter

polarity while the diodes must be used
two in series, back-to-back, in order to
protect against surges of either polarity.
The Zener diodes have the best surge
limiting characteristics and the least
physical size, but are by far the most
expensive,

The voltage curves in Figure 3 show
how effectively the diodes and gas tubes
limit 600-volt, 10 600 microsecond surges,
applied to a simple version of the circuit
of Figure 2.

Because of their sharp breakover and
small change in voltage drop with increas-
ing current, the Zener diodes do not show
much rise of the surge peaks above their
rated voltages, 20 and 45 in this case, when
used with the lower values of preceding
resistance, Zener diodes are available with
any desired voltage rating between 6.8
and 200 volts.

The special selenium diode, SP105, has
a reverse breakdown wvoltage starting
below 50 volts but, because of the diode
resistance, the voltage drop rises consid-
erably as the current increases. The net
result is an effective limit voltage consid-
erably above the breakover point, and
much dependent on the value of the pre-
ceding resistance R. The special selenium
diodes are manufactured with reverse
breakdown points ranging from 50 to over
1000 volts,

The gas glow tubes also show an effee-
tive limit voltage much above the break-
down point but for a different reason.
Beecause the gas has an appreciable ioniza-
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tion time, sharp surges rise to =~ 29¢

two or three times the break-
down voltage hefore eurrent
flow through the tube affects
the surge. One-watt or 3-watt
glow tubes of the lowest
breakdown voltage, 60 to 75,
are the only tubes likely to
be of use as surge limiters,

The gas glow tubes and
special selenium diodes re-
quire a preceding effective
resistance of at least 200
ohms for satisfactory surge
limitation to a definite vali-
age level.

For the short surges that
get through the line arresters,
the maximum peak current
that the protector diodes can
withstand varies nearly in-
versely with the inverse volt-
age breakover rating and
directly with the junction
area. Catalog ratings usually
refer to continuous current
operation and hear no rela-
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tion to surge current capabil- o
ity. For instance, Motorola

1.0-, 1.5- and 10-watt silicon

Zener diodes all have the

same 000635 square inch of
junction area and, for a given wvoltage
rating, have the same surge current limita-
tion. The table helow gives the recom-
mended maximum surge current for some
Motorola Zener diodes,

Max. Peak
Catalog Junction Inverse Surge
Rating Aren Breokdown  Current
Watls 5q. In. Valtage Ampares
1to 10 0.00635 20 16
1o 10 (L0635 45 T
ol 0.0156 45 14
50 (k.01 56 120 a

These Zener diodes will, in fact, usually
pass more than twice the recommended
maximum current without damage. For
the same junction area the selenium
diodes have approximately one one-thou-
sandth the current capacity of the silicon
Zener diodes,
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Figure 3. Surge limiter choracteristics

The l-watt and 3-watt neon glow tubes
arc over when the current is above 3 or
4 amperes. Surprisingly, however, these
tubes will withstand hundreds of 103600
microsecond surges with a peak current
of 20 amperes without apparent damage
to the tubes.

The capacitance of the surge limiter
may have to be considered in some cir-
cuits. The 1.5M20 Zener diode has a
capacitance of about 0.002 microfarad,
somewhat less for the back-to-back series
combination. The special selenium diodes
are much higher, about (.04 microfarad
for the SP105 back-to-back combination.
The capacitance for the diodes wvaries
directly with the junction area and in-
versely with the inverse breakdown wvolt-
age., The neon glow tubes have a low
capacitance of the order of 10 micro-
microfarads.

In the simple circuit shown in Figure 3,
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a protector to limit surges to a given peak
voltage may be selected by simple cal-
culations. Actual signal cireuits, however,
are normally much more complicated, and
the surge peaks that may reach the vari-
ous semiconductor components, with or
without protectors, are very difficult to
calculate. Also, catalog ratings of tran-
sistors and diodes provide little useful data
on maximum safe wvoltage and current
surge levels. In general, diodes will with-
stand single instantaneous transients 150
to 200 percent of the continuous catalog
ratings. Transistors are subject to at least
five types of breakdown,® some of which
may occur considerably below catalog
rating depending on circuit configuration,
For instance, maximum safe Vee (collee-
tor emitter Voltage) decreases as resist-
ance is increased between base and
emitter terminals.

Surge Tests

Because of the many factors involved
and the lack of uniform semiconductor
rating standards, a test of the individual
circuit is the most practical way to de-
termine whether the semiconductor com-
ponents are of adequate rating, and what
protection may be required.

A circuit for generating the
103600 microsecond wave
for surge tests of telegraph
signal circuits is shown in 20y,

Figure 4. When the key JIH:I

switch is operated, capacitor e

C is charged on each rev-

olution of the synchron- - e
ous motor-driven commuta- POWER
tor and then discharged into SUPPLY
the circut under test in a =]

series of impulses, 30 per
second, that may be easily
locked in on an oscilloscope
sweep, The 500-ohm resistor
between the back contact of the key switch
and the commutator removes any charge
remaining on C after the operation of
the switch, A Variac control on the a-c
power input permits adjustment of the
test wave from zero to the 600-volt peak
assumed as the maximum let through by
the 0.003-inch carbon gap arresters nor-
mally protecting telegraph equipment.
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The capacitor C of 1.6 microfarads and
the 1.7-millihenry series inductance are
values selected by trial to give the desired
10600 microsecond waveshape when
discharged into the normal 600-ohm im-
pedance of telegraph apparatus.

In making tests the impulse is applied
directly to the signal equipment terminals
without any line, thus simulating reason-
ably well the worst condition in which the
equipment is close to the line arresters.
Usually, tests will need to be made with
impulses of both positive and negative
polarities. Damage to components can be
kept at a minimum by making tests with
reduced surge potentials until the effect
on each component can be measured and
any required protection inserted.

All types of telegraph signal equipment,
in use or under development by Western
Union and employing semiconductor com-
ponents that appear liable to damage by
line surges, have been tested to measure
their wvulnerability. Most types already
are safe. Some are being made safe by
imposing a lower limit on the size of
normally used input attenuator pads, and
some require the insertion of a protective
element for complete safety if they are
ever used in exposed locations. When

SYNCHRONOUS
MOTOR
30 RPS
SWITCH =500 ;
12 ¢ %_( ! W COMMUTATOR
b
L& 1.7
Mﬁﬂ. HH T';}
CIRCIT
REVERSING 11 R UNDER
SWITCH C L TEST
L
Figure 4. Surge impulse generator

safety is marginal, present practice is to
defer specifying the insertion of surge
limiters until a period of field service has
indicated a definite need for them.

POWER LINE SURGES

Abnormal potentials on secondary
power circuits to consumers may come
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from nearby lightning or from surges set
up by control equipment or distant light-
ning effeets in the primary distribution
lines.

General experience of power distribu-
tion companies has been that abnormal
potentials on lines to consumers are not,
except in special cases, of sufficient mag-
nitude to damage motors, heaters and
such power eguipment. This is because
these lines are normally short and are
lower than surrounding trees and build-
ings, and usually have one of the service
conductors grounded. Protective elements
usually installed on the primary side of
the distribution transformer greatly re-
duce surges before they are transferred to
the secondary. Also, surges are further
attenuated by the power meter and in the
local conduit wiring.

While there have been many investiga-
tions to determine the incidence of surges
oreat enough to damage power equipment
on lines to consumers, there appears to be
no record of the actual magnitude of these
surges, nor data on the frequenecy of
surges too small to affect power equip-
ment but large enough to endanger semi-
conductor rectifiers.

Over the past five years Western Union
has had several thousand silicon and
germanium diode rectifiers of wvarious
types in wide use with no reported failures
due to lightning or other line surges. Also,
there is no reported use of power line
lichtning arresters anywhere in the tele-
graph system. It seems safe to infer, there-
fore, that lightning or other power line
surges are not usually of sufficient mag-
nitude to damage rectlifiers made in
accordance with present specifications.

However, in the future, there may arise
situations in which abnormal line poten-
tials are unusually large, or maintenance
of service is especially important. In such
cases the installation of surge protectors
on the secondary power line might be
economically justified.

Secondary Power Line Protectors

For use on lines of up to 175 volts rms
there are available protectors that break
down at about 1600 volts on steep-front
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surges, and then return to the noncon-
ducting condition within a few micro-
seconds  after the surge is discharged.
These arresters will provide adequate pro-
tection if there is sufficient attenuation
hetween the arrester and the egquipment
to reduce the residual surge to a safe
value.

When further protection is required,
standard carbon gap arresters may be
added. The WE07-C 0.003-inch gap or
WE107-B  0.006-inch gap arresters will
limit surge peaks to about 600 volts and
900 wvolts, respectively. However, some
device, such as a varistor with a minimum
resistance of about 15 ohms at 120 volts,
must be connected in series with the
carbon gap to interrupt the 60-cycle short-
circuit current after the surge is dis-
charged.

To insure that the 1600-volt protectors
break down first and that only a limited
surge reaches the carbon gap arresters,
there should be some regulating imped-
ance between them. About 20 feet of
steel conduit is usually sufficient.' The
carbon gap arresters may be used without
preceding higher voltage protectors if the
line surges are not likely to exceed about
1600 wvolts.

There are also available gas tube
arresters such as the Westinghouse XK642
which breaks down at about 900 volts on
steep-front surges. In general, the gas tube
arresters, hecause of their ionization time,
have a surge breakdown woltage that is
considerably above the direct-current
breakdown. Like the neon glow tubes, the
gas arresters do not fail safe,

Rectifier Internal Transients

Semiconductor rectifiers in present use
in the telegraph system have not been
designed with any particular regard to
safety from damage by abnormal line po-
tentials. Their freedom from such damage
is, rather, a by-product of design to avoid
damage from rectifier internal transients.
These transients have little effect in
vacuum tube or selenium rectifiers, and
their importance in silicon and germanium
rectifiers was not generally recognized
until they caused numerous diode failures
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in Western Union installations in the field
in 1956.

Transients with peaks up to ten times
the normal rms secondary voltage may
cccur when normal line voltage is applied
to the rectifier. The tendeney to develop
these transients depends mainly on the
transformer characteristics, The reverse
voltage and forward current peaks that
such transients may impose on the diodes
depends on the type of rectifier and filter,
and it should be noted, particularly, that
in rectifiers with a center-tapped second-
ary the transient peak will be twice that
in half-wave rectifiers or full-wave bridge
types. In some cases there may also be a
transient when the load is switched, but
it is usually of lower peak walue.

With a resistance or choke input filter
the diodes are subjected to a reverse
voltage that may approach the peak value
of the maximum transient that the full
secondary can develop, that is, up to ten
times full secondary voltage. A capacity
input filter or a battery load, however,
offers a low impedance path to the sec-
ondary transient thus greatly limiting the
reverse voltage build-up on the diodes,
The resulting current surge through the
diodes normally is well below the allow-
able maximum,

Internal Transient Protection

For rectifiers with capacity input filter
or battery load, a continuous PRV (Peak
Reverse Voltage) diode rating equal to
the full secondary normal a-c peak voltage
is usually adequate. In some cases a small
resistance in series with the diodes may
be required to hold the current surge to
a safe value. For resistance or choke input
filters, general practice is to use diodes
with a PRV rating approximately three
times the normal a-c peak voltage of the
full secondary except where internal
transients are known to be low, or
adequate transient suppressors are used,

The development of internal transients
can be minimized by careful design: for
instance, using a transformer with low
magnetizing current. Transient voltage
peaks may be kept low by shunting a
capacity, usually 1 to 3 microfarads, across
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the secondary winding. The special sele-
nium diodes, previously mentioned as
transistor protectors, are also effective
surge suppressors in rectifiers when
shunted, back-to-back, across the sec-
ondary or, single-unit, across each of the
silicon or germanium diodes. The capacity
shunt on the secondary has served very
effectively on some types of rectifiers
widely used by Western Union, but there
has been no experience with the recently
available special selenium diodes.

Because of the many factors involved,
the required ratings for the various rec-
tifier components, including protectors,
can best be determined by oseilloscopic
examination of the transients developed
by switching on and off the normal line
voltage—and also the load. Since field
experience has shown that ratings selected
to withstand the internal transients are
normally safe from damage by lightning
or other power line surges, it is unneces-
sary to make the more difficult line surge
tests.

Some of the power supplies recently
designed for telegraph use have a very
narrow margin of safety from damage by
internal transients and probably also by
power line surges. Here again, as in the
case of signal equipment, experience in
the field gives the final measure of safety
that should be built into the rectifiers or
provided by surge protectors.

Design Based on Field Experience

Since field experience is a particularly
important factor in the design of semi-
conductor equipment for safety with
economy, the need of a good line of com-
munication from the field to the design
engineer is apparent. Any large number
of failures in one type of equipment will
undoubtedly get immediate attention, but
reports of smaller isolated failures are
likely to be slow or never to reach the
engineer, In order to improve this situa-
tion, a routine is being set up in which
failures of semiconductors in specified
types of equipment are to be immediately
reported by field personnel, through
Maintenance and Operations, to the
interested engineering section. These re-
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been engaged mainly in the field of submarine cable trans-
mission. His work has included supervision of the field
work in connection with the duplexing of the Bay Roberts-
Horta loaded cable: development of a 2-channel FM carrier
system for short submarine eables; and more recently much
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development of equipment for the elimination of radio
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iz a member of AIEE, ASA, Tau Beta Pi, and Sigma Xi.
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HARLEY M. WARD, General Supervisor Plant Engineering — Power (Retired)

Rectifiers As Dividend Sources

This article, while of chronological nature regarding rectiher power developments, is
not intended as reminiscence, but rather to emphasize the ultimate importance of small econ-
omies and 10 accent certain lessons that can be learned in the School of Experience, since
these may be as easily forgotten as those taught in other schools.

In this age of nuclear physics, space ex-
ploration, communieation wia man-made
satellites and other highly technical re-
search, it is perhaps a bit presumptuous
to attempt to demonstrate that dividends
may be available from sources not requir-
ing integrated data processing techniques
to uncover them.

The late Dr. Charles F. Kettering, the
personification of Research at and for
General Motors for nearly 40 years prior
to his retirement in 1947, was a forceful
speaker, prone to use a generous propor-
tion of very strong language on practically
any and all occasions. Mr. Kettering at
one lime discussed the purposes of re-
search and engineering, particularly as ap-
plied to industrial corporations, somewhat
as follows: Expressions such as new prod-
uct, increased reliability, automatic con-
trol, better service, lower fuel consump-
tion, easier maintenance and the like, he
said, were fine for advertising purposes
alter the engineer had devised some new
product, manufacturing technique or
assembly method, but that the basic pur-
pose behind his employment was higher
profits.

The vast majority of people, engineers
included, he continued, felt that the wulti-
mate in success was “to make a million,”
but to do this, either for themselves or
their employers, they thought they had to
make a major invention, or find and de-
velop some one big business opportunity
which would produce the desired jackpot.
This was not only difficult, but highly im-
probable in the majority of cases, where-
as if one went about it properly, it was so
blankety-blank easy to make a million
dollars that anybody present should be
able to do it repeatedly. Mr. Kettering's
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formula for this was to “concentrate on
making dimes, nickels or even pennies in
manufacturing costs or operating expenses,
but applicable to items produced and used
in large quantities, or over extended
periods of time. The cumulative total of
such economies would reach the million
dollar goal a blankety-blank lot sconer
and more often than the one shot efforts.”

The basic truth of Mr. Kettering's
thesis was demonstrated when caleula-
tions were made about 1925 to provide
data relative to the actual value of higher
operating efficiencies on motor generator
sets. A very limited improvement in efli-
ciency was found to be generally more
than adequate to offset any price differ-
ential which might exist between quota-
tions and make it much more profitable to
procure the higher efficiency sets. That
this was so could be primarily attributed
to the fact that the machines would nor-
mally be operating for many hours per
day, or per year. Motor generator sets had
of course superseded primary and storage
batteries as the major source of d-¢ tele-
graph potentials because of the economies
involved in installing, maintaining and
operating them as compared to batteries.
However, there were practical limits on
the peak efficiency which might reason-
ably be expected from motor generators,
particularly in the relatively small ratings
of 300 to 1500 watts, then used in the
majority of cases by Western Union. This
clearly indicated the desirability of find-
ing more efficient means than motor gen-
erators [or converting a-c power to d-c,
but the search for this had been going on
for a long time.

The development of radio broadeasting
can no doubt be given much of the eredit
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for the breakthrough that finally came.
Several new types of rectifier elements
appeared, designed to eliminate the need
for plate batteries on radio receivers. The
majority of these were limited in current
capacity to the requirements of such serv-
ice and had rather poor regulation char-
acteristics, but were capable of d-¢ output
voltages sufficiently high for telegraph
power purposes. Notable among these
were Types 82 and 83 full-wave mercury-
vapor rectifier tubes with coated filament
cathodes. These had peak inverse voltage
ratings of up to 1400 volts alternating cur-
rent and output current ratings of 0.125
and 0.250 ampere direct current, respec-
tively. The major advantage of these tubes
was that the voltage drop through them
was only about 7 to 10 volts and relatively
constant for all values of load current, so
that good voltage regulalion and efficiency
were possible and primarily a question of
liberal tramsformer and filter inductor
design.

Individuals in several engineering
groups at Western Union were experi-
menting with the Types 82 and 83 tubes as
replacement for chemical rectifiers in use
to a limited extent for single circuit op-
eration and introduced two or three tvpes
using them, with a straight capacitor fil-
ter. This type filter produced no undesir-
able inductive effect on telegraph signals,
bul gave such poor voltage regulation and
peak plate current values that the useful
load value was limited to 0,125 ampere or
less from the 0.2530-ampere Type 83 tube,
still restricting the use to a single circuit
in most instances.

At about this same time, General Elec-
trie was making a survey to determine the
potential market for two full-wave mer-
cury-vapor tubes with current ratings of
20 and 6.0 amperes respectively, which
they had developed for industrial use,
They brought in samples and offered to
assemble two small rectifier cabinets with
suitable transformers and tube sockets to
facilitate laboratory tests, and to provide
additional sample tubes for such field tests
as we might care to make.

Our development of rectifiers began
pssentially as a depression activity with
these new GE tubes and with the previ-
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ously mentioned Types 82 and 83. Soon
other manutacturers, such as Westing-
house, Haytheon and Electrons, Ine., ap-
peared with laboratory made samples of
mercury-vapor and argon gas tubes which
they were developing. The author wishes
to emphasize at this point that the ulti-
mate success of the early rectifier devel-
opment and other related work was due
in very large measure to the ingenuity and
inventive thinking of Western Union engi-
neer A, A. Steinmetz (retired), who not
only originally recognized the full poten-
lialities of rectifiers using these tubes, but
handled essentially all of the transformer
and filter design and conceived many
novel solutions to other problems that
ArOSE.

Progress was also materially aided by
the interest and active encouragement of
[ormer Vice Presidents (G. M. Yorke and
F. E. dHumy through depression condi-
tions, when restrictions on cash expendi-
tures were so severe that most of the
design and production of prototypes for
held test had to be tailored to fit specific
emergency conditions that arose, where
some minimum expenditure had to he
made in any eveni and if test rectifiers
could be provided within that limit, ap-
proval was possible. This tended to result
in a multiplicity of types and also led us
into  projects where the rectifiers
accounted for only a portion of the over-
all problem.

An example ol this was the substitution
of rectifiers for amplifier plate supply,
land-line and cable transmitting batteries
at Hamme] Cable Station (New York) in
1934, Changes in amplihers and other
cable eguipment were proposed to in-
crease the capacity of the 1923 Horta and
1926 Bay Roberts “loaded” cables, re-
quiring increased transmitting voltages
and numerous additional banks of storage
batteries. Space in the station, particularly
the battery room, was at a premium. Ree-
lifiers would solve the space problem, but
had to equal batteries as regards con-
staney of voltage and freedom from inter-
ruption, without introducing interference
which would be picked up by the ultra-
sensitive cable amplihers.

The desired results were accomplished,
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but required most of a year while an en-
tirely new interrelated “‘continuous”
power system was engineered, tested and
installed. This system consisted of 3-unit
motor alternator sets to supply alternat-
ing current to rectifiers, the alternator

Fhiofo N-2543

Figure 1. Cable amplifier plate supply rectifier, Ham-

mel, 1934

being direct-connected to two motors, one
alternating current for normal drive, the
other direct current for emergency drive
from the 120-volt station local battery dur-
ing the interval between failure of the
regular a-c power and starting of the sta-
tion's emergency engine generator set.
The alternators selected were small
3-phase units to permit use of 6-phase rec-
tifiers, incorporating a novel interphase
transformer arrangement' which doubled
the ripple frequency from 360 to 720
cycles and reduced its amplitude by 75
percent.

This essentially eliminated the possi-
bility of ripple voltage interference with
cable signals, which were of only about
60-cycle frequency. Figure 1 shows one
of the three types of rectifiers developed
for this project. Special voltage regulators
had to be devised for the alternators, as
there were no electronic or other type
regulators on the market with sufficient
sensitivity of control to meet the require-
ments. A regulator previously developed
for control of a direct-current generator
at Bay Roberts,” using electronic amplifi-
cation of voltage changes and a magnetic
amplifier to vary the a-c voltage applied to
a mercury-vapor rectifier tube in series
with the generator field, could not be used
on the Hammel alternators because the

single phase a-¢c load for the field
“booster” would have unbalanced the 3-
phase output.

The regulator finally devised, after
tests of at least 20 different combinations,
used the armature of a fractional horse-
power d-c motor in series with the alter-
nator field, with d-c input from the station
battery and electronic control of the motor
field. Changes in the motor field varied the
speed and the back emf of the armature,
with resultant changes in the alternator
field current. It was later discovered that
the basic principle of this regulator, ex-
cept for the electronic control, had been
disclosed in a patent issued to Thomas A.
Edison some 40 or more vears previously!

The experience and knowledge gained
on the Hammel project were invaluable
and facilitated the engineering of other
“continuous™ a-¢ power supply problems
over the next 25 years, up to and perhaps
beyond the Pittsburgh-Chicago miecro-
wave extension. However, prototypes of
several subsequent standard single and
polyphase rectifiers were completed and
put into service," despite the depression
limitations on expense and manpower.
Figure 2 shows an early version of the
Type 603, using three GE full-wave
b-ampere tubes, built in 1934 for battery
charging at Canso, Nova Scotia, after the
regular charging generator armature
burned out. The station had a spare arma-
ture on hand, so could continue operation
of the generator set, but without spare
facilities. Construction of the rectifier was
approved, as it could be provided at less
cost than repair of the defective armature
and afforded more complete protection, as
for example against failure of the motor
windings, generator field coil or bearings
on the generator set.

Similar rectifier units were later pro-
vided and installed at Newark, N. J., in
lieu of larger motor generators, when in-
creased load required additional capacity.
The Newark units utilized argon gas tubes
rather than mereury-vapor, for compara-
tive test data.

During the first few months of operation
of the Canso unit, there were numerous
tube failures in which serious damage
to the tubes was evident. Travel expense
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to this rather remote location prohibited
sending an engineer to investigate, Gen-
eral Electric was providing replacement
tubes without charge and their examina-
tions of the tubes returned indicated that
in all probability only a maintained d-¢

Fl':..':'..- 2140

Figure 2. Early version of &-phase mercury-vaper rec-
tifier constructed for battery charging ot Canio, M. 5.,
1934

arc inside the tube could account for the
full extent of the damage. Quite by acei-
dent, after prolonged correspondence and
“talk-wire”™ discussion with the station
electrician, it was finally determined that
the failures coincided with the starting
and stopping of a large a-c motor used to
operate an ice crusher on the Canso fish
pier. As the town generator plant and dis-
tribution system were of small capacity,
these heavy load variations caused volt-
age surges of sufficient magnitude to
initiate a “backfire” in one or more of the
tubes.

With a normal resistance or semi-indue-
tive load the backfire arc would have been
extinguished at the end of the half cycle
and would have resulted in nothing more
serious than the blowing of one or more
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fuses in the rectifier input. The batteries
on charge, however, fed back into this
short ecircuit inside the tube once it had
been established and although the d-¢ cur-
rent from that source was limited by
charging rheostats to less than normal
load values, it could perform very faney
burning and welding inside of the tubes,
A suitable quick-acting breaker between
the rectifier and battery corrected this.
Such experiences proved the necessity for
adequate field tests under a variety of
conditions and with initial engineering
supervision, if subsequent operating diffi-
culties were to be avoided, Field assist-

Fhodo 4714

Figure 3. Type 603 mercury-vaper rectifiors with cord
and plug switching facilities (right), assembled on rock
for laberatary tests prior to shipment to Le Havre

ance and cooperation in such tests is
essential and of inestimable value, but it
cannot fully replace “on the job" observa-
tions by the design engineer.

Figure 3 shows a group of Type 603 rec-
tifiers, assembled during World War II for
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the Signal Corps to use at Le Havre,
France, for cable equipment on a German
cable, picked up and cut in the English
Channel and diverted into that port. This
group does not include filters, later added
as standard equipment and mounted on
separate rack panels above each rectifier.
Filters were not initially included, be-
cause the 360-cycle ripple did not inter-
fere with prewar telegraph eircuit
equipment or operation, with the wvery
oceasional exception of certain carrier cir-
cuits, power to which could be most eco-
nomically filtered separately. Type 603 did
not come into extensive use in Western
Union service until after the war, when
rapidly expanding installations of Type 20
Carrier Systems required additional d-c
capacity in many large and medium sized
offices. This expansion also dictated the
eventual addition of filters to all Type 603
units.

Plhote R-4£204
Figure 4. Eorly version of Typs &3 mercury-vapor rac-

tifier, roted 0.25 ompere, 120 or 160 volts, using Type B3
tube

Prototypes of other single and poly-
phase rectifiers, later standardized, were
put into service prior to 1936, but pur-
chase and use in any appreciable quan-
tities was initially limited to the smaller
single-phase units using Type 83 and the
2-ampere GE tube, such as early versions
of Types 63 and 10 Rectifiers shown in

1é

Photos B-304%9

Figure 5. Early version of Type 10 mercury-vopor rec-
tifler, rated 2.0 amperes, 120 or 160 volts, using GE Type
16XEB97 tube

Figures 4 and 5. The assembly design of
these was soon changed to “dead {ront,”
as shown in Figure 6 for Type 10. This
design permitted tube and fuse changes
to be made without possible contact with
live parts. This feature was of prime im-
portance, since probably the majority of
offices where such units might be used
were staffed by nontechnically trained
employees. Lack of demand for the larger
polyphase rectifiers was, of course, due to
the prevailing economic conditions under
which major load increases and office
moves involving equipment changes of
higher capacity were few and far between,

Fhato R-5022

Figure 6. Type 10 rectifier, “dead-front” construction,
with deor open te show aquipment mounting. “Swinging
choke” type filter shown at upper right corner of door
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until at least 1940. Probably because of
this lack of normal demand and the pecul-
iar conditions under which prototypes for
field test were specially designed to fit a
particular need, rather than general serv-
ice requirements, too many different
“standard” types were originally designed
to permit economical quantity purchasing
and warehousing,

Early Dividends

A study as to the possible scope of sav-
ings being effected was made late in 1938,
about five years after the development
was started, but only three years after
delivery of standard units in any appre-
ciable quantities began. This study was
limited to only one of the new rectifiers,
Type 10, rated 2 amperes
d-¢ output at either 120 or
160 wvolts. This type was
selected for the study as be-
ing most directly compar-
able in usage and capacity
with 300-watt motor gen-
erator sets, which had pre-
viously been purchased and
used in considerable quan-
tities. Deliveries of the Type
10 rectifier began in 1936
and by the end of 1938
totaled 535 units, of which
435 had actually been in-
stalled. It was very con-
servatively calculated that
total savings of $118.120
had been made through
purchase and use of these
435 units alone, over this
J-year period. This included
$104,400 saved on capital
investment as compared to
motor generator equipment
and a cumulative total of $13,720 in power
savings, which had reached an annual rate
of 36090 at the end of 1938, with the 435
units in aectual service, Purchases of this
type had averaged 175 per year, even
under “depression” conditions, and it was
more than obvious that these “dividends"
could be expected to continue and expand,

A more complete but equally conserva-

son Sireet
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tive study was made in 1946 to cover the
10-year period from 1935 through 1944,
This covered a total of T168 rectifiers of
12 different types, 3 of which were of the
earlier design using the Type 83 tube with
capacitor filter and purchased through
only the first 3 or 4 years of this period,
before being consolidated with and super-
seded by improved designs with swinging
choke filters. The combined cumulative
savings for these T168 rectifiers over the
10-year period was $1,356,120, of which
3794,260 represented savings in capital in-
vestment and $561,860 the total cumula-
tive power savings, which had reached a
rate of over $30,000 per year at the end of
this period. For a more direct comparison
with the earlier 1938 study, a total of 1330
Type 10 rectifiers had been purchased and

i.
1
L

il

Pkoto R-83239

Figure 7. Morth Sydney, N.5., motor olternaters, contral panels, a-¢ and
d-c voltage regulators (rear), assembled for preshipment tests ot 60 Hud-

installed by the end of 1944. These
accounted for $427490, or about 30 per-
cent of the above total of $1,356,120, and
consisted of $319,200 in lower first cost
plus $108,290 eumulative power savings
over the 10 years, including of course the
savings covered by the 1938 study. Only
108 rectifiers with ratings of over 2
amperes, two-thirds of which were pur-

RECTIFIERS =+ 117



chased during the last 3 vears of this
period were included. These represented
total savings of $22.600 in first cost and
cumulative power savings, or 1.6 percent
of the total,

No credit was included for possible re-
duction in maintenance cost or smaller
space requirements for the rectifier in-
stallations. Although these undoubtedly
were substantial, it was felt that while it
could be demonstrated that the other esti-
mates were conservative and accurate, it
would be extremely difficult to establish a
reliable basiz of comparison for mainte-
nance and rental costs, even to our own
satisfaction. No attempt was ever made to
estimate and summarize the economies re-
sulting from design of many special recti-
fiers required for limited specific purposes
such as cathodic protection, cable service,
etc., for the same reasons.

During the ten years between 1942 and
1951, no major changes or additions to the
“money maker” standard rectifier types
were made. This was due to a variety of
reasons including engineering manpower
shortages during the war; pressure of
work on special wartime and other proj-
ects, such as a “continuous power” recti-
fier plant at North Sydney (N. S.) Cable
Station, Figures 7 and 8, similar to but
much larger in scope than the earlier
Hammel plant; special regulated' cable
amplifier plate supply and transmitting
rectifiers for Western Union use and for
the Army Signal Corps on the Alaska
Cables, certain Pacific and European cable
facilities: engineering of an automatic un-
attended “continuous a-c¢” power plant for
the New York-Washington-Pittsburgh
microwave system,” including regulated
selenium rectifiers for battery charging;
engineering of power plants for the reper-
forator program, plus numerous office
moves and renovations which had been
postponed during both the depression and
the war. Also there had been no really
significant change in type or characteris-
tics of tubes, or introduction of new basic
rectifier elements which would have jus-
tified any major redesign activities.

Late in 1951, primarily because of pro-
posed special lease installations, it be-
came apparent that a rectifier with larger

capacity than Type 603 would be of value.
This type had not come into substantial
use until after the war and in the very
oceasional instances where loads of one or
both polarities exceeded the 15-ampere
rating of the 603, the loads were divided
between two such units, with a common

Phote K-6534

Figure B. Rear view of cabinets housing multiveltage
cable transmitting rectifiers and patching panels far
Morth Sydney “continueus a-c powaer” aond ractifior proj-
ect, prior o completion of wiring

spare, as being more economical than pur-
chase and stocking of larger units on a
small lot basis. The Air Force Plan 51
Switching System lease involved potential
ultimate loads which might require up to
five or six Type 603 rectifiers. It was felt
that such plants would be unduly cumber-
some and complicated, particularly from
a switching standpoint. As the company’s
power engineering group had been fully
occupied with other important work for
several yvears, it was decided to try to have
an outside supplier design suitable units,

The company selected at that time had
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filled numerous orders for several of our
standard types, including the 603, and had
a good record for meeting the require-
ments of our specifications. They were
approached with the request to design a
rectifier with twice the capacity of the
603 and with essentially the same char-
acteristics as to voltage regulation, tem-
perature rise, filtering, ete., and to submit
a price on a lot of 12 such rectifiers. The
price was satisfactory and an order was
placed, on the understanding that we
would have the right to review their pro-
posed design and make tests on one assem-
bled unit, either at their plant or in our
laboratory, before final production of the
balance.

In reviewing their preliminary plans, it
was noted that the tubes proposed had a
normal rating of %) amperes. In the mean-
time, estimates of possible loads at the Air
Force bases had increased and were then
at a level where multiple installations of
even the new 30-ampere units were in
prospect. We therefore requested that the
transformer and filter inductor ratings be
increased to 45 amperes, as this would
still be a most conservative load on the
tubes. Very preliminary “breadboard”
tests were made on one unit at the sup-
plier's plant somewhat before the start
of the 1952 labor troubles. During this
period, the supplier completed the assem-
bly of all units, requested and was
granted permission to ship without
inspection.

One “unit” had been shipped to the
laboratory in accordance with the original
requirement that we test and approve a
prototype. It was found that the final
assembly design had all components of
one rectifier mounted on a single large
rack plate and that two such rack plates
were then mounted in a single, rather
high rack cabinet, as partially shown in
Figure 9. The weight of the individual
rack plates, with all components mounted,
made it impossible to assemble the plates
in the cabinet without use of an “A”
frame support and chain hoist. The com-
ponents had been crowded into the most
compact arrangement possible, with the
initial result that they overheated to the
extent that both rectifiers in one cabinet
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could not be operated at full load simul-
taneously. This was, of course, completely
unacceptable for our service. A secondary
fault was the fact that due to the con-
gested assembly, a faulty component or a
loose connection could not be located, cor-
rected or replaced without major dis-

Phote R-9241

Figure 9. Partial rear view of cobinet housing two 45-
ampere 120-volt tube type rectifiers. (Original commer-
cial assembly design)

assembly of the unit invelved, which
would in turn require shutdown of the
other rectifier unit in that cabinet and, in
all probability, the entire office.

The overheating problem was corrected
by forced ventilation, two small but high-
quality blowers being added by us on top
of each cabinet and connected, one to each
rectifier. Ten of the 12 rectifiers were
urgently required for pending installa-
tions and were put into service with this
addition. Correction of the basic over-
congested assembly faults was accom-
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plished only by complete redesign, with
components of only one rectifier mounted
in its own individual rack cabinet. When
the first such assembly was completed and
tested, it was found that the rectifier
would deliver up to 60 amperes at 120
volts, with temperature rise in the trans-

Photo B-10 453

Figure 10. Prototype of 7291 Roctifier, assembled in
laboratory from components mounted on top panel only,
Figure

lormers and filter inductor no higher than
had been reached with the original 2-unit
assembly at 45 amperes, after the forced
ventilation had been added! Thus the last
two of these “commercially designed” rec-
tifiers were converted in the laboratory
into units with one-third higher capacity
and safe to use in telegraph company
service, merely by application of conser-
vative design principles, learned through
experience. These two units were the
prototype of Rectifier 7291, Figure 10,
about 100 of which were purchased and
put into service during 1956 and 1957.

Silicon Rectifiers

The difficulties encountered in the
above experience with “commercial” de-

120

sign left us strongly convinced that such
procedure was extremely hazardous and
should not be attempted a second time. In-
troduction of germanium rectifier ele-
ments, followed shortly thereafter by
news of a major “breakthrough” in the
form of silicon diodes, gave warning, how-
ever, that our mid-"30 rectifiers were on
the wverge of obsolescence. All of the
orders for our redesigned Type 7281
rectifiers had been obtained by a con-
scientious, cooperative and very capable
supplier with progressive engineering
conceplts. As our own power engineering
load was then very heavy in comparison
to available manpower, it was evident that
we would have to resort to commercial
design again.

In 1956, during a visit to this supplier's
plant to witness tests on some of the first
of the Type 7291 units, the question of
development of silicon units was dis-
cussed. At that time, they were of the
opinion that although very rapid progress
was being made in improvement and
stabilization of characteristics, manufac-
turing techniques and production costs, it
might be several years before silicon rec-
tifier elements would be competitive with
tubes, from either a cost or a reliability
standpoint. They agreed, however, not
only to keep our problems in mind, but to
make some preliminary studies. We sug-
gested that they concentrate on design of
units in the following order and capacities
at 120 volts direct current, as offering the
maximum advantage to us in operating
economies and elimination of certain ob-
jectionable features in the equivalent tube

types:
1. 40 to 50 amperes to replace Type T291,
3-phase input.

2. 13 to 20 amperes to replace Type 603,
3-phase input,

J. 3 to 8 amperes to replace Type 66,
1-phase input.

The flexibility in output rating was in-
tended to permit the most economical con-
servative choice of standard silicon assem-
blies which might ultimately become
available, since these would probably not
correspond with existing tube ratings.
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Less than a yvear later, in May 1957, the
supplier advised that progress in silicon
had been much more rapid than they had
anticipated. Tentative design details, test
data and prices for four prototype models
of a 45-ampere, 3-phase silicon rectifier
and estimated prices for future units in
various gquantities were
submitted. The proportion
of development charges to
be borne by us, as reflected
in the price for the initial
four units, was extremely
moderate. An order was
placed for these, the first
unit was completed and
shipped to Miami, Fla., in
August and placed in serv-
ice in QOctober 1957. Two of
the remaining units were
placed in service early in
January 1958, one at
Columbus, Ohio, and the
other at Seattle, Wash. The
remaining prototype was
delivered to our laboratory
for more detailed examina-
tion and test. Reports from
the field were highly en-
couraging, but we did
encounter burnout of one
diode during tests on the
laboratory unit. This was
attributed, by the manu-
facturer from whom the
silicon stacks had been ob-
tained, to a defective diode
which had nevertheless
passed their rigid factory
tests and further exhaustive tests of the
completed rectifier at the manufacturer's
plant.

In late spring of 1958, our stock of the
b0-ampere tube Type 7291 rectifiers was
nearing exhaustion and a decision had to
be made as to whether more of them
should be procured or whether we should
initiate purchase of a sufficient quantity
of the new 45-ampere silicon type to meet
immediate needs, It was decided that al-
though the field tests had not been as long
or as exhaustive as might be desired, the
comparative advantages of silicon in first
cost and efficiency were more than ade-
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quate to warrant the risk. Delivery of 30
silicon rectifiers, Schauer Type SK-45120,
Figures 11 and 12, was made in Oectober
1955,

Qur experience with this type of unit
has been excellent except for serious dam-
age in shipment to several of the units

Schoner Photog 40450 aaid A-44604-7

Figures 11 and 12. Silicon Rectifier, Schouver Type SK-45120, front wiew
{left), rear view (right). Note J-phase silicon stack ot bottem, immediately
belaw moin tronsfermar

on this first contract, caused by exces-
sively rough handling, which disclosed
weakness in the transformer mounting.
Experience has indicated that it may not
be economically feasible to eliminate com-
pletely the possibility of shipment damage,
nevertheless close attention must always
be paid to this factor. Otherwise very
serious losses may result from delay in
starting service for lack of workahble essen-
tial power equipment. After production
started, it was also found advisable to add
special current-limiting fuses to awvoid
complete destruction of the silicon stack
in the event of failure of only one diode.
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The circuitry and physical loeation of
these fuses as selected by the manufae-
turer had inadvertently not been referred
to us. Both were subject to improvement
to best meet our service and maintenance
requirements. The manufacturer re-
quested return of all units to his plant for
correction of the transformer mountings
and this afforded an opportunity for relo-
cation of and rewiring to the fuses. These
few difficulties further emphasized the
necessity for the closest possible coordina-
tion between the manufacturer and our
engineers on all details of design,

Soon after delivery of the SK-45120
prototypes in the last half of 1957, prices
were submitted on proposed silicon de-
signs to replace tube Types 603 and 66, as
we had requested. Prototypes of each
were purchased and placed on field and
laboratory test in 1958. Various proposed
assembly designs were reviewed and
orders placed for initial quantities of 25
Schauer Type SK-15120 and 50 Type
SK-8120 silicon rectifiers as soon as ware-
house stocks of Types 603 and 668 were
low enough to warrant. Deliveries of these
started in July and October of 1959, re-
spectively, about one year
after initial delivery of reg-
ular production SK-45120
units. Delivery of a second
lot of 25 SK-15120 units
began in October 1959,

Schauer Type SK-15120,
Figure 13, was rated essen-
tially the same as Type 603
which it replaced, 15 am-
peres at 120 volts d-e, with
3-phase input. However, the
assembly design requires
only one side of the rack
for mounting and is also
suitable for wall mounting.
The filter is included inside
the cabinet as an integral
part of the reetifier, whereas Type 603
required both sides of the rack, plus
mounting and connection of the filters on
separate rack panels above each rectifier,

Schauer Type SK-8120, Figures 14 and
15, was rated at 7.5 amperes, 120 volts d-c
with single-phase input, or 50 percent
higher than Type 66, which it replaced.
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Mounting space and assembly design were
similar, except that an ammeter, volt-
meter and tap switch to monitor the out-
put and provide three voltage step adjust-
ments were added. These refinements had
been omitted from Type 66 to reduce
costs, but requirements of present tele-
graph ecircuits and equipment are more
exacting and modern power supplies must
keep pace with these. To do this, coopera-
tion on design of several other types of
silicon rectifiers, including two with mag-
netic amplifier control of output voltage,
has been maintained, but cannot properly
be included within the scope of this
article, as purchases and service have hoth
been too limited.,

Four rectifiers of nominal 250-ampere,
120-volt d-c rating, but capable of output
of over 400 amperes for limited periods,
are currently installed at Detroit and
under preliminary test and adjustment
before being placed permanently in serv-
ice to replace d-c service which the power
company is eliminating. Other regulated
output rectifiers of 25-ampere, 60-volt d-c
rating have been purchased and are being
installed to serve the new Telex loads.

KSehaner Pholo 42371-3

Figure 13. Silicon Rectifier, Schauer Typs SK-15120. Door open to show
equipment assembly. (Closed view similar to Figure 14.)

Efficiency of these regulated types is
lower than could be obtained with un-
regulated types, because of losses in the
magnetic amplifier components.

It had been hoped that progress on
development of the so-called “Thyratron”
type, or “silicon controlled” rectifier, in-
troduced about 1958, might be sufficiently
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Yehaeer Photo 423714

Figure 14. BSilicon Rectifier, Schauer Typs 5K-8120

rapid to permit its use before we reguired
ratings above that of the SK-45120. This
type element differs from the ordinary
two-terminal silicon rectifier or dieode, in
that it has a third “control” terminal
and characteristies of construection
which permit this terminal
to control passage or block-
ing of current How. The
voltage drop is in the order
of only one volt. Use of such
elements would permit
efficiencies comparable with
those achieved in the pres-
ent unregulated types and
point the way to at least one
possible path of future im-
provement in design which
should be explored.
Efficiencies of three types
of silicon reectifiers covered,
as compared to the tube types which they
replaced, as well as to typical average
efficiencies of motor generators of eom-
parable ratings, are shown in Figure 186,

Silicon Rectifier Dividends

Late in 1959, after delivery of a total
of 91 of the 45-ampere, and 50 each of the
15- and 7.5-ampere silicon rectifier units,
a third study was made to evaluate the
benefits during the first year of use. This
was based on the difference in first cost
and on operating power costs of the silicon
types as compared to the tube types which
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Figure 15,

they replaced, rather than with motor
generators. Savings in capital investment
on the 191 units, after deduction of devel-
opment costs, amounted to $34,298. Based
on prevailing power rates at numerous
offices where these types had been and
would be installed, the calculated annual
power savings on the “working” units
only, excluding spares, was $10,300. Sub-
sequently, an additional 100 units of each
of the above three types have been pur-
chased and delivered. These 300 units
represent additional savings which, when
calculated on the same basis and com-
bined with the previous amounts, add up
to new present totals of 585,702 saved in
capital investment and power savings at
the rate of $22,970 per year on the 491
units, during the 2-1/2-year period since
the first of these “standard production™
models were placed in service. As demon-
strated by the 1938 and 1944 studies,
these savings will continue to expand,
vear by vear, as additional silicon or other

T
L

Schawer Photo $2371-3

Silicon Rectifier, Schouer Type 5K-B120, door open

improved type rectifiers are purchased
and installed. Because average service life
of the silicon stacks was not available, no
account was taken of probable reduction
in tube replacement costs, although this
may prove to be of considerable magni-
tude. Present levels of silicon element
costs are only about twice those for tubes
of equal capacity. There have been no
reported failures to date of silicon stacks
in aetual service, since the installation of
the original units in late 1957.

Although this article has dealt pri-
marily with rectifier improvements and
savings, there are many other fields where
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other engineering groups have made econ-
omies which might not appear significant
on a unit basis, but add up to impressive
totals when over-all usage is considered.
As an illustration, the new transistorized
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Type 60 Carrier Channel® reduces power
requirements by 36 watts per channel as
compared to Type 30. This represents less
than 1-kw hour and an average saving of

possibly only 2 or 3 cents per day, per
channel. In comparison with the many
other major benefits effected by this
notable improvement in carrier equip-
ment design, the power saving may well
appear to be of minor consequence. It is
left up to the reader to estimate, for him-
self, what this would amount to in total if
it could be applied to all existing carrier
equipment at present in service, or more
realistically, when the saving is actually
being realized on only the total of new
type channels which will be installed
within the next few years. It is hoped par-
ticularly that the article effectively em-
phasizes Mr, Kettering’s basic lesson and
alerts the reader to other potential
opportunities.
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