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T. FRANK CASSIDY, JR.. Manager, Subscriber’s Station Apparatus.

Rutomatic Electric Company

Manufacture of Western Union
Type 202 Polar Relay

I tHE January 1952 issue of the West-
ern Union Tecuwicar REviEw, an article
E]:i.r W. D. Cannon and T. Rystedt titled
“An Improved Polar Telegraph Relay”
described & new relay designed and de-
veloped by Western Union engineers
which was then at the prototype model
stage. This article gave a full technical
description of the relay, its construction,
characteristics, and design objectives that
would provide for improved performance,
dependability and long maintenance-free
Operation, together with low cost manu-
facture.
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The many thousands of these relays that
have been placed in service during the
past four vears show that these objectives
were well met. Reports of relays with
over a billion operations between read-
justment are not unusual.

In October 1952, Automatic Electric
Company arranged with the Western
Union Telegraph Company to tool up and
produce this new design. Designated the
Type 202 Polar Relay, the device that
went into production was, generally
speaking, the one described in the Can-
non and Rystedt article. A major im-
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provement, however, was in the method of
securing the armature reed by silver
brazing, as illustrated. The primary sub-
ject in this paper, however, is the manu-
facturing processes employed, including
quality control procedures,

the relay will remain stable over a long
period of time. The cover is molded from
a powder with a rubber filler. This gives
resiliency and acts as a noise deadener to
prevent transmission of the buzzing sound
from the relay contacts. The plug portion

Telegraph apparams employed in Western Union operations usually is des:gned in the

company’s own research,

development and engineering laboratories but s manufactured,

as a rule, by established electrical equipment suppliers. Polar relay type 202, which is
replacing type 17-B and other older relays by the thousands, is just such an item.

Cuality control procedures are important from peocurement of materials through fabei-

cation processes o finel Inspection.

While sonndness of design is, of course, a primary

requirement, production of a superior telegraph component such as the 202 relay s the
result of coordinated effort by evervone concerned from machine operator and assembler
to the manufacturing and d&siﬁzs:ngiueem Technigues of production of this relay which

are more or less typical of t

involved in manofactore of the telegraph company's

modern communications equipment make an intéeresting and informative story,

In the design of the Type 202, every
precaution was taken to make the paris
simple and to eliminate adjustments
wherever possible, particularly those hav-
ing to do with routine maintenance. It
might seem at first that this would permit
relaxation of tolerances and simplification
of tooling and manufacturing procedures.
Just the contrary is true, hﬂwever Parts
that cannot be adjusted must be designed
and built to such tolerances that any part
falling within those tolerances will prop-
erly perform the desired function. The at-
tainment of this objective requires close
coordination between design engineering
and manufacturing engineering, together
with all phases of material specification,
manufacturing processes, tooling and
quality control. This close coordination
was readily achieved in the case of the
Type 202, and satisfactory relays were
being produced six months after the start
of the project.

Superior Materials Used

One of the basic steps in turning out a
quality product is careful specification of
the materials and commercial parts that
go into the product. For example, the
three molded parts of this polar relay are
produced from different molding powders.
The base, which is the structural backbone
of the relay, is made from a mineral-filled
powder, This imparts high dimensional
stability to assure that the adjustment of
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of the base, which carries the banana
pins, is molded from a compound having
both wood-flour and mineral filler which
gives strength as well as resiliency.

The laminations of the core assembly
are made from a low-core-loss silicon iron
to reduce loss of electrical energy in the
core, and to maintain the owver-all effi-
ciency of the relay, Likewise, the arma-
ture bar is made from a nickel-iron alloy
which has higher permeability than ordi-
nary magnetic iron, The armature reed is
blanked from an 18-8 stainless steel strip
of controlled hardness, since the stiffness
of this member has a direct effect on the
operating characteristics of the relay, The
tungsten carbide chosen for the contacts
is a formulation which assures the desired
characteristic hardness and wear re-
sistance available in tungsten carbide.
This also provides resistance to metal
transfer under arcing conditions, and suffi-
cient toughness or impact strength to
resist fracture under high operating
speads.

The copper wire used in the coils is a
“Formex" wire insulated with a coating of
polyvinyl acetal. This gives superior in-
sulation and heat resistance, touzhness
and resistance to abrasion, The insulating
tape used to separate the windings in the
coil furnishes excellent insulation resist-
ance not only for the high temperatures
encountered in continuous relay opera-
tion, but for high humidity conditions as
well.
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Quality Centrol

Proper specification of purchased mate-
rials and parts must then be followed by
eareful inspection of incoming materials,
supplemented by laboratory tests where
indicated. It is Automatic Electric Com-
pany practice to specify raw material re-
quirements by description and specifica-
tion number on the piece part print. These
are prepared by Automatie Electric en-
gineers and, in general, follow S.AE, or
A S.TM. specifications, but may be more
exacting or detailed in certain respects.
The scope of the tests to be run on any
given lot of material is eovered by stand-
ing inspection procedures issued by the
quality control department. These pro-

Functional components of Type 202-A relay

cedures apply the principles of statistical
quality control. Wherever a material or
part is of a critical nature, a special inspec-
tion procedure is written to insure that
the desired gualifications will ke met. The
quality control department has at its dis-
posal a well-equipped laboratory with
facilities for making all needed chemical
or physical tests.

The manufacture of this Type 202 Polar
Relay involves a wide variety of fabricat-
ing techniques and processes. Sheet metal
parts such as the coil laminations, contact
springs, armature reed and reed support
are perforated and blanked in high-speed
punch presses from strip stock. Secondary
forming operations are accomplished in
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presses where the operator places a blank
in the nest of a die from which it is auto-
matically air-ejected after forming.

Several of the parts, such as the pole
piece, the armature bar and the contact
supports are not suited to punch-press
operations because of the thickness of the
material or the finich desired. These parts
are therefore machined by milling. By
careful selection of cutter speeds and
feeds, correct finishes are obtained with
essential dimensions held to close toler-
ances. Holes required in these parts are
drilled rather than perforated and the
tapping is done in air-operated tapping
machines,

Grinding or sanding is used on several
parts either because of the hardness of
the material to be re-
moved or the type of sur-
face desired. For example,
the lamination assembly
is made by riveting to-
gether nine laminations
and subsequently furnace-
annealing the complete as-
sembly. Since the result-
ing surface adjacent to
the armature bar mav be
somewhat rough, grinding
is used to eliminate slight
irregularities and produce
a smooth surface without
burrs, After the contacts
are brazed to the arma-
ture bar, the tungsten
carbide contacts of the
armature assembly are
ground to the desired dimension and
finish,

The molded relay base and subbasze are
sanded to remove flash, and to produce a
perfectly flat surface that will eliminate
any distortion in assembly. The molded
parts of the relay are made from thermo-
setting phenolics either directly from
powders in compression molds or from
preformed “biscuits” in transfer molds.
In compression molding, the powder is
heated and compressed in the mold cavity
itself, whereas in transfer molding a pre-
heated biseuit is brought to a plastic con-
dition in a separate chamber and is then
forced into the mold cavity. In either case
curing is accomplished by a combination
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Wiring and ssldering leods to
banano pins

of temperature, time and pressure so that
these three wvariables are accurately
controlled.

The relay coils have four independent
windings each and, because of the limited
space available, the wall thickness of the
gpool frames must be kept to a minimum.
The spool heads of the spool frame are
perforated and blanked from sheet fibre
and the core is made from spiral wound
fibre tubing. The heads are locked to the
tube by a mechanical erimp and then are
cemented in place. The coil windings are
applied individually and are insulated
from each other with a temperature
resigtant tape. The lead-out wires are
brought out along the edge of the spool
head and are also insulated with tape.
After the last winding is applied, each of
the eight lead-out wires is spliced to a
plastic insulated connecting wire, and
each splice is individually tape-insulated
before application of the final hold-down
tape and coil cover. _

Inspection of the coils includes tests for
resistance, short-circuited turns, and a
1000-volt breakdown test between wind-
ings. When the coils are slipped onto the
laminated core they are also tested for
breakdown to the core,

Brazing Contacts and Armature Parts

Copper brazing in a hydrogen atmos-
phere furnace is used in the fabrication of
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Tension testing seraws to
destruction

Secondary operafion press
farming brockets

the contact assemblies. The armature bar
is placed in a fixture which properly posi-
tions the tombstone-shaped, sintered tung-
sten carbide contacts in the notches
milled in the ends of the bar. A thin sheet
of copper between the contact and the bar
melts at a temperature in excess of 2000
degrees. A slight reducing atmosphere is
maintained so that oxides do not form and
the molten copper adheres readily to the
parts to be brazed. Incidental to this proc-
ess the nickel iron bar is thoroughly
annealed to bring out its optimum mag-
netic properties. In a similar manner the
round mating contacts are copper brazed
to a stainless steel backing having welding
projections on the outside. After brazing,
this assembly is projection-welded to the
stainless steel support spring. In this op-
eration, heat must be kept to a minimum
to prevent annealing or the spring will
lose its temper.

ATl screws are case hardened to prevent
burring of the heads. This is done by im-
mersing them for a predetermined period
in a molten bath of ecyanide and then
guenching in water.

Parts which are not inherently corro-
sion resistant are either electroplated or
parkerized by conventional means, Limnit-
ing thicknesses of plating are specified in
milligrams per square inch, and quality
control checks involve accurate weighing
of parts after plating and then after strip-
ping off all plating. The difference in milli-
erams is divided by the total number of
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Gang milling contact support

square inches of computed surface area of
the part.

The banana-pin assemblies used to ex-
tend connections to the mating socket are
fitted together by placing two press-
formed stainless steel springs over a pro-
jection on the end of the turned stud and
riveting over this projection. The dimen-
gions of these springs are carefully con-
trolled to insure proper contact pressure
with the mating socket.

Silver brazing is used to fasten the
armature reed to the armature bar. The
parts are supported in a jig and the junc-
ture of the two parts i= heated with an
acetylene torch. Flux and silver solder in
wire form are hand fed by the operator.
In a like manner, the opposite end of the
reed is brazed to the armature support
bracket in a jig which locates the arma-
ture bar in relation to the supporting sur-
face of the bracket.

In the fabricating departments each
new setup requires the approval of quality
control inspection before the job can be
run. Floor inspectors spot-check jobs in
progress and shut down any operation
that is not up to standard. When a given
job lot is completed and ready for transfer
to stock or to another department, it must
be checked and approved by the inspector
before it can be moved.

The final assembly of the relay starts
with the several subassemblies. The
banana pins, washers and nuts are assem-
bled to the molded plug in a holding fix-
ture which supports the banana pins
while the nuts are run down with an elec-
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Ra dtin.ﬂ leminatian aoxemblies
black for annealing

Removing relay bass from
bokelite mold

trie driver set to a predetermined torque,
The coils are fixed in pairs to the legs of
the lamination assemblies and splices are
made between coil leads.

The Alnico III cast magnet, which is
stocked in an uncharged condition, is
fully magnetized and a flux reading is
taken. Since this reading is always con-
siderably higher than that desired for
optimum operation, the magnet is then
partially demagnetized on an alternating-
current electromagnet with variable volt-
age supply. By varying the time and the
input voltage a skilled operator readily
demagnetizes the magnet until it falls
within the desired flux range.

Final Assembly

The first step in the final assembly of
the relay is mounting the pole plece and
contact spring supports to the molded
relay base. A layver of cement is applied to
these parts before assembly to insure that
they will remain in place after assembly
of the relay and thereby prevent change
in adjustment. The assembly fixture in-
sures proper alignment of the parts in
relation to the molded base and to each
other. At this point the permanent magnet
is placed in position, after first insuring
that the ground surfaces make proper
contact with both the core assembly and
the pole pieces.

The next subassembly to be added is
the lamination assembly earrying the two
epils, The gap between the lamination
assemblies and the pole piece is critical
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Winding and iruulul"lng
toiks

and this gap is set to a gauge in a special
fixture before the core assembly screws
are tightened. The operator checks the
gap setting with a “go” and "no go” gauge
after tightening the screws. The contact
spring assemblies are now attached to the
contact block, and the adjusting and lock-
ing screws are inserted.

The next operation is the wiring and
soldering of the plug subassembly to the
enil leads and contact supports. When this
wiring has been completed and inspected
the two parts of the relay are screwed
together, Lockwashers are used to pre-
vent loosening of fastenings wherever
they can be applied, and elsewhere a
Glyptal cement is used.

The armature subassembly is attached
to the pole piece without completely
tightening the screws. The relay is
checked out by an inspector at this point
and passes on to an adjuster.

Adjustment and Testing

The adjuster first positions the arma-
ture bar in relation to the core assembly
using nonmagnetic feeler gauges. The
armature support bracket is then care-
fully screwed down without applying any
bias to the armature reed. The two adjust-
able contacts are brought up to proper
position in relation to the armature bar.
Special paper gauges are used between
the contacts s0 as not to leave any metal
residue on the tungsten carbide, and the
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Silver brazing ormoture
assembly

Testing and adjusting
completed relay

relay is now ready for electrical test and @

final adjustment.

LY

=
[

The next adjuster follows a test pro- ,
cedure set up by the quality control de-’

partment for use with the special equip-

ment designed and constructed for this’

purpose. The relay is tested and adjusted

where necessary to insure that it centers

properly and has the desired banking
force on each side. It must show at least
80-percent efficiency when operated with
a 60-cycle sine wave input, This is deter-
mined by measuring the ratio of the time
the contacts are in motion, to the time

that they are on contact. These tests are -

run for each of the four sets of windings
and in each case specified minimum limits

—limits which are more rigid than those

at the inspection position—must be met.

The adjuster now puts a cover on the
relay to prevent any change in adjust-f

ment due to handling, and to keep out

dirt.

After adjusting is complete all perma-
nent fastenings are locked in place with =
Glyptal cement and a manufacturer’s
decal is applied.

The final inspector, who performs the |
same tesis as the adjuster, applies a 1000-

LS

5

volt breakdown test between all eleetrical |
circuits, checks all gauging and gives the
relay a complete visual inspection. It is®
then stamped by the inspector to show
that it is complete and ready for customer |

inspection and shipping.
In this article emphasis has been pIar:Ed
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on the many inspections required to in-
sure that high quality standards have
heen maintained at all steps of manufac-
sure, It goes without saying, however, that
no amount of inspection builds quality
into a product. Quality is the result of a

coordinated effort by everyone concerned
from the machine operator and assembler
up to the design and manufacturing engi-
neers and production supervisors, and is
best summed up as “manufacturing know-
how.”

T. Frank Cassidy, Jr., manager, Subscriber's

Station Apparatus, Automatic Electric Company, was
born in Connecticut and received an M. E. degree from
Rensselasr Polytechnic Institute in 1928. He was emploved
by the Gray Telephone Paystation Company (later the
Gray Manufacturing Company) until 1948 when he trans-
ferred to Automatic Electric Company when that company
bought the telephone paystation business. While with the
Gray company, Mr, Cassidy held positions in the engineer-
ing, quality control, production and sales organizations,
and as plant manager put into production numerous
items ineluding switchboards and other communication
deviees for the Army Signal Corps and air-borne radar

equipment for the U. 8, Air Force and the U. 8. Navy. He
iz a member of the ASME and past chairman of the Hartford

seetion,

More Telegraph Automation for U.A.L.

A new telegraph switching center, one of
six on a 30,000-mile private wire network
which United Air Lines leases from Western
Union, is in operation at United's new 36
million terminal at Idlewild Airport, New
York. Similar installations at Chicago, Den-
ver, Seattle, San Franciseo and Los Angeles
serve the U A L. 80-city system to make pos-
sible minute-to-minute reports on the status
of all 270 daily Mainliner flights,

The New York center employs a master-
message transmission device, enabling an
operator to contact all stations or any com-
bination of stations merely by pressing but-
tons, United Air Lines’ private wire network
5 one of the largest and most modern in
commercial use, It carries more than 3,000,000
messages monthly, with daily traffic estimated
at 2,500,000 words, for 250 United offices coast
to coast,
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BERNARD L. ELINE, Assistant to Physical and Chemical Engineer

b

Corrosion, A Versatile Vandal

Corroston probably suggests green
encrusted copper line wire, rusted bolts,
blistered paint, and other obvious evi-
dence that all are accustomed to seeing,
mainly in outside plant installations. The
forces of corrosion are impartial, and
industrial organizations which are not
troubled by corrosion problems directly or
indirectly are truly exceptional. The out-
side plant naturally accounts for the major
portion, with its vast network of wire and
cable, both aerial and underground, and
the necessary accessory equipment and
hardware. Much of this is a familiar sight
to those who have used glass insulators as
targets, or who have travelled by train,
noting, with rhythmically undulating
optics, the spans of green wire supported
by the rows of poles.

This corrosion, however, is not news
any more than the brown or green stains
in the kitchen sink, or the rusty chrome
plate on automobiles, and the basic
theories, diagnoses, treatments, and pre-
ventative measures are fairly well known.
All these are deliberately omitted from
this discussion in favor of some of the
special cases and circumstances which so
often require that theories be revised to
fit the facts. When these special problems
are brought to the laboratory the investi-
gation is anything but routine, since the
request for chemical examination usually
includes not only what might be called
diagnostic analysis, but identification of
the person or persons responsible, and
hypothesis as to what aberration existed
in his mind to impell him to commit such
a blunder anyway. There is absolutely no
intention here to be recriminative, and
personalities and locations are omitted.
These things can happen anywhere and

Hlustrations by James J. Benson, Senior
Engineering Assistant, Physical and Chemical

Division.
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to anyone and the whole point of this is

to warn against reaching for an easy or
hasty conelusion,

Beware of Chlarides

There have been many cases of corroe-|
sion of complicated equipment shortly
after assembling or after routine cleaning |
and oiling, and analysis has shown many |
of these to be due to chlorides. Now it is .
unwise to assume that the corrosion of |
the equipment referred to took place on
a beach with a brisk on-shore breeze, |
although it is surprising how far air cur- .
rents will ecarry tiny salt erystals inland
from the ocean, ¢

Chlorinated hydrocarbons such as car-
bon tetrachloride are commonly used,
however, for cleaning equipment and |
parts. The proper solvents must be !
selected for specific cleaning problems
because under special circumstances and |
in presence of damp air some of these |
solvents are subject to very slight decom-
position with formation of traces of
hydrochloric acid, whose corrosiveness is
unquestioned. The cleaning operation will ¢
give all indications of having been success-
ful until a few days later when a bearing -
or pivot will freeze due to corrosion. This
is particularly common when egquipment
has been cleaned in muggy summer
weather and not thoroughly and promptly
dried. In this case the bearing holds the
solvent almost like a bottle with a loose-
fitting stopper and moist air has time to
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work on the solvent to form acid. Also
leaving such solvents in open pans or trays
in contact with moist air is likely to cause
the solvent to become corrosive.

Carbon tetrachloride is one of the more
susceptible solvents to this kind of action
and although it has rather generally been
replaced by other much more stable
relatives, it is still used occasionally and
without regard to the necessity for prompt
evaporation of any excess. Many small fire
extinguishers which are loaded with car-
bon tetrachloride have become obstructed
by corrosion in the delivery nozzle and the
tube due to failure to shake out the liguid
from this tube after testing and refilling
In a very dry location this is not so
important, but in damp spots trouble is to
be expected.

Here is a case that happened only once
in our experience. The eguipment in a
small telegraph office had been behaving
quite normally for some time and then
showed noticeable corrosion that devel-
oped within a few weeks. It was chlorides
all right, but no soldering {with corrosive
flux) or cleaning had been done. Fur-
thermore, other metals and hardware also
were affected. It was only after the search
was extended that it was learned that the
dry-cleaning and pressing ‘establishment
next door had recently discontinued eon-
ventional cleaners’ naptha in faver of
carbon tetrachloride! It should be re-
peated that for most eleaning operations

other more stable chlorinated hydrocar-
bons such as trichlorethane are in general
use and are substantially free from this
torrosive tendeney.,

Solder Flux Can Cause Trouble

There are also frequent cases of corro-
sion adjaeent to soldered joints and here,
although it is again due to chlorides, the
offender is the soldering flux. It is surpris-
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ing how often a No. 30 wire will corrode
through and break because, even though
the solderer had obeyed instructions
implicitly and used no flux other than
pure rosin, the iron had just previously
been used with another flux by someone
else, Even when there is no failure of the
wires, many elaborately wired devices
have lost electrical balance and become
useless when exposed to a day of high
humidity which caused the residual solder
flux (not rosin) to become eonductive,

Of eourse, it is not always chlorides that
are responsible for corrosion of telegraph
equipment and there are times when
materials must be replaced by other com-
positions when some corrosive condition
must be accepted. In a tobacco-curing
warehouse, for example, tarnish of elec-
trical signalling equipment was found to
be due to alkaline atmosphere and the
usual materials that withstand the more
normal slightly acid conditions did not
adeqguately resist alkaline attack.

In & meat-packing plant equipped with
telegraphic alarm circuits, certain special
watchmen's key die castings corroded
while other similar ones did not. A differ-
ence in the metal alloys was found which
caused some of them to be affected by the
fats which were of course distributed
throughout the plant, a situation which
required that a specification for die cast-
ings be revised to outlaw the susceptible
alloys.

When a report was made that someone
had spilled black paint that dripped on a
wall-mounted switch panel the cure was
to move the panel because the “paint”
turned out to be a highly acid socoty con-
densate from a furnace chimney which
had developed a crack near the base.
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Obvious Suspect Not Real Offender

There have been instances of corrosion
where the explanation borders on being
fantastic, but they were nevertheless very
real, indeed. A piece of corroded lead-
sheathed underground cable was sent in
for analysis from a West Coast point. The
encrusted corrosion products were chlor-
ides, but when the chemist's report sug-
gested that sea water may have been
responsible the reply was made that this
could not be possible because the cahble
ran through a cinder bed under a railway
siding, hundreds of feet above sea level,
and served a textile manufacturing com-
pany’s plant and offices. Obviously, then,
it seemed corrosion should have been due
to sulphates from the cinders rather than
chlorides and the salt-water analysis was
viewed with considerable scepticism, until
it was learned that the previous tenant of
the building was an ice cream manufac-
turer who had used great quantities of
salt and brine which impregnated the
ground area.

Now here is another situation that
could happen again, and perhaps even
frequently. A pneumatic tube installation
connecting a Western Union telegraph
office with an adjacent bank building had
given no trouble for some years, but sud-
denly failed in the middle of a spell of hot,
humid weather. When the tube line was
taken out it was found that a curved sec-
tion of the tube was made of steel and had
rusted so badly that the carriers were
jammed,

A chemical analysis was made and it
was a bhit startling to find absolutely
nothing of an unusual chemical nature
that could explain the ecorrosion—just
plain rust, Since this kind of answer is not
accepted in the telegraph company's
chemiecal laboratory, further investigation
was done. The answer was extremely
simple. The offender was distilled water.
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The bank had just installed a new ann:[’
highly efficient a:l.r—::un-:lttmnmg syst&mi
and as the hot, moist air in the tube!
reached the cool section in the bank, pre.
cipitation occurred which had very little
effect on the copper tubes but plenty on
the steel section. 4

"“The Case of the Falling Ceiling””

Another example of unexpected corro- |
sion occurred in a small building con-
structed for use as a Western Union office |
in a city near the ocean. This building was |
constructed of reinforced concrete and |
everyone was very happy about it for
some years. Hairline cracks then devel
oped in the ceilings and became progres- |
sively worse. Finally, pieces of concrete |
loosened and occasionally fell, constituting t
not only a nuisance but a hazard, since
the concrete pieces were obviously break- |
ing away from the steel reinforcing rods |
which were wvery badly rusted and
blistered. ;

This called for chemical examination
and it was established that the builder had |
taken a short cut and used sand from a!
nearby salt-water beach instead of proper | |
building sand and the combination of salt | :
and constant humidity caused disintegra- |
tion of the steel reds. The cure for this |
was strictly mechanical, not chemical.

An mtErestmg case of blistered paint |
occurred in the case of some isolated |
power stations where metal fireproof @
doors were installed at the entrance to the |:
small furnace rooms that housed oil- |
burners. When the paint on the doors
started to blister it certainly appeared that |
the difficulty arose from an acid condition
either from the oil fumes or from the !
cinder block of which the walls were i
constructed. :

Chemical tests showed sulfates and an
acid condition at the blisters but two |
peculiarities were noted. Other painted |
metal parts nearby were not blistered and ;
when the blistered paint from the doors &
was carefully scraped off the metal was |
clean, free from rust, and showed cne or |
more tiny pinholes near the center of the
blistered area. A panel was removed from |
the door and then it was apparent thafl
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the door was corroding from the inside
through to the ocutside. The answer was
that the airspace within the doors had
peen filled with a blast furnace slag which
was acidic, and with the help of atmos-
pheric moisture was simply eating its way
[;h]-cuugh the metal.

Almost always an explanation can be
found for corrosion no matter how fan-
tastic it may appear at first but one case
will forever remain a mystery. A metal
conduit was installed carrying a circuit
into a silk textile mill, and gave no
trouble for several years. Then a failure
which occurred in the circuit was traced
to a point in the conduit underground
several feet from where it entered the
mill. A badly corroded and eaten-through
section was uncovered, cut out, and sent
in for examination. On either side of the
corroded area the conduit was in good
condition, showing a very local deteriora-
tion. Chemical tests established a very
strong acid condition but no chlorides,
sulfates, acetates or other common corro-
sive materials were present. Instead, the
culprit proved to be nitric acid but how it
got there will never be known,

Trouble is Not Always Present

Now as a warning against premature
assumptions, here are a few examples of
a more special nature,

In a tunnel, some lead sheathed cables
acquired a heavy grey-white encrustation
which is the usual appearance of the most
common form of lead corrosion. Fortu-
nately the encrustation was thick and an
adequate sample of it could be taken
without disturbing the cable. A surprising
analytical finding was an absence of lead
compounds. The deposit had developed
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from ground water containing calcium
salts that had dripped onto the cable and
evaporated. Usually this causes corrosion
of the lead sheath but in this instance it
was fortunate that owing to favorahle
chemical conditions the cable was not
affected.

Several years ago a special and very
complicated wiring installation was made
and mounted on panels that were no
closer than 18 inches to the floor. After
only a few months of operation, which
included hot summer weather, circuit
trouble developed and greenish-white
deposits appeared on terminal lugs and
ends of insulation. Chemical tests were
made immediately and it was found that,
first, there was practically no corrosion of
lugs, solder, or conductors, and second,
the deposits were sodium carbonate, a
common ingredient of scouring powder.
In addition there were found =small
particles of specific abrasive materials
which are usual in scouring powders.

The question as to how scouring powder
got into the panels was not answered at
onee but, having positive identification,
on investigation it was learned that after
the cable forms had been assembled they
were placed temporarily on the floor in a
room that was serviced by an over-
enthusiastic porter who sprinkled secour-
ing powder about and then attacked it
with a wet mop. The water splashed the
powder on the forms and the sodium
carbonate, being readily soluble, scaked
into the ends of the insulation. On drying
there was no evidence of any deleterious
effect, but after repeated cycles of absorp-
tion of water from the humid air and dry-
ing out, the sodium carbonate concen-
trated on the bare wire at the soldered
terminals and finally accumulated to such
an extent as to cause electrical leakage
between terminals. This "corrosion prob-
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lem"” was remediable by brushing off the
deposits and spraying the cleaned areas
with a water-proof lacquer to prevent fur-
ther moisture from entering,

Now for the final example which for-
tunately happened only once,

A section of lead-sheathed cable in a
manhole was observed to have unusual
corrosion deposits developing, There were
the common greyish-white areas, and dark
grey, and brown, all of which aroused no
particular alarm, but in addition there
was a small area that was definitely red.
In order to investigate this strange condi-
tion a short section of cable was cut out, a
new section inserted, the corroded piece
was carefully packed in a wooden carton

protected with excelsior and cotton so as
not to disturb the deposits, and was sent
in to the Western Union laboratory for
analysis,

The red area was found to be a lead
oxide, as expected, but in addition to lead
oxide there was found dried linseed oil
and no corrosion of the sheath under-
neath the spot. Who spilled the red lead
paint on the cable still is a mystery!

The moral of this story is that the un-
expected or uncbvious not only can but
does occur, and a sound chemical exam-
ination often plays a reliable and reveal-
ing part in an investigation. It is said with
some merit that we should believe nothing
we hear and only half of what we see,

Bernard L. Kline received his degree of

Chemical Engineer from Brooklyn Polytechnic Institute in p
18925 and was associated with Charles Hellmuth and 3
Company, printing ink manufacturers, for a vear before |
joining the Western Union Engineering Department in 1926,
He is Assistant to the Physical and Chemical Engineer and |
is the company’s head chemist, Besides extensive work on -
inks, Mr, Kline has been very active in the development of §
electrochemically sensitive coatings for facsimile recording |
papers and has had over 25 patents jssued in this field l
HResearches on laequer, resins, wood preservation, rust |
proofing, corrosion, wax compositions and detergents are |
included in his Western Union activities, Mr. Kline is s ¥
member of the American Chemical Society, 2
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1873 - 1935

IT is with profound regret that the Western Union TECHNICAL REVIEW
records the passing of Fernand E. d'Humy whose foresight, inspired leadership
and able direction in telegraph research and engineering led to so much of Western
Union's technical progress, including establishment of this publication.

© ®

It is difficulc to tell briefly the story of a lifetime of accomplishment bur
these words from the published proceedings of The Newcomen Society of
England, American Branch, are most significant:

"Inrernationally known and internationally respected, a pioneer in every semse of the
word, and possessed of extraordinary vision based upon a lifetime of experience, Mr, d'Humy
combines scientific and technical skill of a highest order with a rare sense of spiritual
understanding.

“Born in London, he came to this country as a youth in 1888, He already had received
private tuition in England, under the noted scientist, Sir William Varley; and in this councry
he pursued his technical education which finally led to the Massachusetts Institute of
Technology.

"The wrirten-message communications are will forever be indebted to Mr. d'Humy for
his exhaustive research and development work in connection with three very imporrant
features that will figure conspicuously in the Telegraph of the future. These are: the short-
wave radio beam in lieu of poles and wires, the semi-sutomatic repeatering of telegrams in
lieu of manual operation, and perhaps greater than either, the telefax—a device for the
transmission of intellicence in pictore form,

"It hag not been our good fortune merely to have Fernand Jd'Humy the Exginesr,—it has
heen our greater formune to have Fernand d'Humy the Mam. We in the telegraph business
who have been closely associated with him over the years are gainers from that association,
In his generosity and warm understanding, in his symparcheric approach to the many problems
he has had wo face——we have found inspiracion.”

€ ¥

An award to be known as the F. E. dHumy Medal has been established by
The Western Union Telegraph Company in recognition and commemoration of
the outstanding achievements of the late Mr. d'Humy. The medal, with an
appropriate certificate and an honorarium of $500, will go o a Western Union
engineering, research, scientific or technical worker who has made a most
significant contribution to the telegraph arr.
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W. DALE CANNON. Assistant to Radio-Wire Transmission Engineer

Delay Distortion Correction

Imperfections in transmission circuit facilities cavge signal distortion in which the pulse
envelopes may be broadened, displaced from true positions or destroved.

The rransmission aceibute sought is a wniform amplitude and delay response which is
flat within prescribed limits over the essential bandwidth, Since delay cannot be subtracted
from & given circuit the problem is to increase delay in all sectors to approximare the highest
significant delay value. Compensation of distortion with active and passive nerworks is

described; with the former the

delay characteristic can be varied over a wide range and,

with some types, amplitude characteristics also may be varied.

The author discusses amplitude and envelope delay distortion variations with respect to

signalling frequency, and the development of a practical means of correction with

specific

reference to the envelope delay measuring instrument described in Western Union T echmical

Review, Vol. 10, No. 1, of January 1956,

In FacsIMILE and data transmission
systems the signals are largely transient
in nature and are usually in the form of
a modulated wave for transmission pur-
poses. The modulating signals may be in
the form of isolated pulses, periodic waves
or various other waveshapes depending
upon the nature of the communication
device or system. Modulated pulse enve-
lopes are thus present in the transmission
medium in various combinations of ampli-
tude, duration, and relative positions, It
is therefore neceszary to consider the
transient response characteristics of trans-
mission systermns and assoeiated networks
as well as their steady-state properties.

A fundamental problem in the transmis-
sion of modulated pulses is the resulting
distortion arising from imperfections in
the transmission medium and circuitry in
the form of amplitude and delay variations
with respect to frequency and bandwidth
limitations. In transmission the pulse
envelopes may be broadened, displaced
from their true positions or destroyved
beyond recognition. Amplitude distortion
usually can be corrected by simple means.
Delay distortion ecorrection, however,
involves relatively more complicated
measuring techniques and compensating
networks.

It is usual to provide correction for

A paper presenied before the Winter Genernl Mesting of
the American Tastitate of Electtical Engimesrs in New
York, N, ¥., January 1958,
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envelope delay distortion and ignore other
forms of delay distortion. An instrument
has been developed for the measurement
of envelope delay characteristics as well
as amplitude characteristics? By the use
of this instrument these characteristics
may ke displayed continuously by a
cathode ray oscilloscope. Thus each altera-
tion in the characteristic by the insertion
of corrective measures is immediately dis-
played so that the process of corrective
insertion and observation is continued
until the characteristic is within a pre-
scribed tolerance. The usual passive
recurrent-structure corrective network is
impractical for the rapid insertion of new
delay values in small steps for observation.
This paper includes consideration of dis-
tortion properties and the development of
a more practical means of correction
particularly for use in conjunction with
the envelope delay measuring instrument.

Pulsz Transmission Characteristics

Since facsimile and data signals contain
waveshapes in the form of pulses and
depend upon the relative phases of the
component frequencies as well as upon
relative amplitudes for preservation of
waveshape, it is necessary to consider both
amplitude and phase responses. It is usnal
to predict the transient response of a
circuit or network from the steady-state
amplitude and phase responses. These
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responses may be expressed in closed form
py relations such as a Fourier Integral

Equation

Aft) =5 So
"8
+-£ f LM‘JS::n let + dfw)] dw
2]

(1}
where,

A('t) = response due to unit step function

S0 —response after the transient has
disappeared
S{w) = amplitude response as a function

of m
#{um) = phase response as a function of w

The phase response &(w) can in gen-
eral be expressed as the sum of three
components. The first is the minimum
phase component which has a definite
relationship to the amplitude response and
is therefore of particular interest with
respect to limited bandwidths., In mini-
mum phase systems equation (1) can be
expreszed in terms of either the amplitude
response S(w) or the phase response ¢{w).
The second is a linear component which
represents a constant transmission time
for all frequencies. The third component
is independent of the amplitude response
and hence may be used for application in
networks for correcting the phase response
to be a linear characteristic with respect
to frequency. In this case S{w) is a con-
stant and transient response Af(t) is
dependent upon the phase response ¢(m).
These components give rise to different
forms of phase distortion. The properties
of some of these forms will be considered
briefly.

The amplitude response S{w) and the
phase response &(w) are usually con-
sidered in terms of the steady-state para-
meters «, attenuation constant; and g,
the phase shift constant so that the prop-
agation constant is o« -+ j8. The phase
related parameters that are associated
with facsimile signal distortion may be
expressed in terms §/w which is the phase
delay and dg/dm which is the envelope or
group delay, In addition, higher order
derivatives are sometimes of importance
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particularly when aperiodic waves are
involved.® ®

In the transmission of periodic waves or
pulse trains such as are generated when a
number of equally spaced lines are
scanned, it is convenient to express such
waves in the form of a Fourier series

2p
F3
+ ———=a_ Sin npt +b! Cos pt

Ey = + a, Sin pt +a, Sin 2pt

+ b, Cos2 pt + ===~ b Cos npt
(2)
where the parameters may be determined
by the usual Fourier methods. If used to
modulate a carrier, double sideband, the
resulting transmission is
¥V, =4, Cos @t [1 + MEq:))

3
where

W,/ 2= — carrier frequency
Ay = carrier amplitude
M = modulation factor

If this wave V, is transmitted through a
medium having a linear phase shift as
shown in Figure 1 curve 1, each sinusaidal
component of E(t) will be received in the
form

V, =4 Cos w_(t+k)

Ab_M
==

Ab M
+_-'j_ Cos fw_ = np) (¢t + k)

Cos (e, + np)ft+k)

(4)
Hence, the carrier and two sideband
frequencies will be delayed in transmis-
sion by the factor 8/w=dg/dw=15%k szo
that all components of E(t) will be delayed
equally and the waveshape will be pre-
served in transmisgion. If the medium has
a linear phase shift which does not inter-
cept the S-axis at 0 or Mx, where M is an
integer, as shown by curve 2 Figure 1, a
form of distortion occurs known as linear
phase intercept distortion. Here the phase
delay @/w =%k <+ 8,/w and the envelope
delay dg/dw =k are not equal. In this
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case each sinusoidal component of E(t)
will be received in the form

V, =4 Cos e, (t+ k)+ B,]

Ab M
t— Cos [(w, + np)t + k)+ B,
Ab M
+ 3 Cos [fa, — ap)it + k) + 8,]

{5
which in envelope form is

V,=ACoslo_ft+ k)

+ Bl 11+ Mk, Cos np (t+ k)]
(6]
Hence, the carrier iz delayed by the phase

delay and the envelope is delayed by the
envelope delay of the medium.

@ |

emr

PHASE SHIFT 8- RADIANS

L= 2T X FREQUENCY

Figure 1. Linear phese shift chorocteristics

The guestion often arises as to whether
linear phase intercept distortion is of
importance in facsimile and data trans-
mission systems where information may
be present in the form of modulated pulses,
whereas unmodulated signals such as the
E(t) waves of equation (1) when trans-
mitted directly over a cireuit could be
distorted beyond recognition unless the
intercept is 0 or M=. From the foregoing
it can be seen that in the case of modu-
lated signals the envelope is not distorted
in transmission but that the carrier is
shifted in phase under the envelope.
Hence this form of distortion may be
neglected, unless some use is to be made
of the individual cycles of the carrier, in
which case correction need be made only
for envelope delay. However the peaks of
the carrier eycles are often used for mark-

&0

ing or sampling rather than the recovered |
envelope. In this case the necesszity for
intercept correction is minimized if the
carrier frequency is high relative to the |
modulation frequency since the constant |
carrier phase shift angle 8; will then

represent a small time displacement
relative to the signal interval. This rela-
tionship may be effected, if it should not
naturally exist in the system, by frequency

multiplication at the receiver which will |

multiply the carrier frequency w, and
leave the meodulation frequeney un-
changed.

For a medium in which the phase shift

is not linear, a numhber of different types

of distortion arise depending upon the
phase characteristic. A few types of phase

characteristics are discussed in the follow- ¢
ing. Since a delay common to all signal
frequencies produces no waveform dis- *

tortion, that part of the phase shift which
is linear with frequency may be ipnored

for present purposes. The results of non-

linear distortion may for convenience be

expressed with respect to the average |
value of the phase shifts 8, and 8; of the |
side frequencies of a component of E(t), |

Figure 2, The received modulated com-
ponent then will be

V;=A Cosfwt+ j,)

W T

(7 8

Ab M
s Cos [(w, + np) t + ]
Ab M
+ 2 Cos [fa, — np)t - B,]
=A Cosa t [Cos B, + & M Cos fnpt + B, J]
—A Sin wt Sin f, :
~
where oL
.IE.! - E.d -B: + IB!
ﬂ: = 9 and JEJ e 2
(9}

which in envelope form becomes

V, = A\1+ 25 MCos B, Cos (npt+p,)

+bIM? Cos? (npt+B,) Cos (et + 6 )
(10}
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where
Sin B,
Cos B,+ b M Cosfnpt+ B,)
(11}

g = tan—*

PRHABE SHIFT D = AND DELAY

Lh= 2T X FREQUENCY

Figura 2. Monlinear Fl'bﬂll shift charssteristies

It will be observed that there is envelope
distortion due to the presence of the Cos
fi; term and some degree of phase modu-
lation due to the variation of ¢ with npt.
If the phase shift 8. = x/2 the envelope of
equation (10) becomes

A1 + b2M? Cos? (npt + B,)

b3 M2
=A|I+ "2 Cos? (npe + B,)

LA M4
= “H Em‘(rrp.r-b_ﬂlj:l ey

(12)
The first term of this series becomes

biH?  bIM?
n n
,-1[1'+ s Emzmpz+,ﬂ3}]

(13)

Hence the original modulation is de-
stroyed and a double-frequency term of
the modulation as well as decreasing
amounts of higher even order terms arise.
If the phase shift 8; is 0 or M~ the enve-
lope is,

A1+ 2b M Cos (npt + B,)

+ ﬁ:#’ﬁ'mi (mpt + f,)

=A[1X b M Cos(npt+ B,]]
(14}
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whence there is no envelope distortion but
merely & reversal of sign for even values
of M which is of no consequence. Hence
the result for double sideband transmis-
sion is analogous to intercept distertion
with respect to the intercept points on the
vertical axis which has been modulated
up to the carrier position and bears the
same relation in phase shift of 8;: =0 or
M.

If the carrier is located at a point of odd
symmetry on the phase characteristic as
shown in Figure 3, #8; will be zero and
from equation (8) the received component
will be

Vi;=ACoswitll+bMCos (npt+ f,) ]

(15)
and no intercept type of distortion occurs.
However the different components of E(t)
will not be delayed equally and some
envelope distortion will remain. It is thus
desirable in facsimile double sideband
transmission practice to locate the carrier
at a point of even symmetry on the delay
characteristic in order to minimize signal
distortion.

PHASE SHIFT & AND DELAY

=2 X FREQUENCY

Figure 3. Symmetrical phose ond envelope deloy
characteristics

In the foregoing it has been assumed
that the amplitude characteristic is con-

stant throughout the useful frequency
range. If both amplitude and delay char-
acteristics are not constant with frequency
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other forms of distortion take place. One
particular type takes place in the form of
echoes which in recorded form results in
ghosts. An echo oceurs if the amplitude
has a cosine variation and the phase char-
acteristic has a corresponding sine varia-
tion or conversely with respect to fre-
quency.® * In this case the spacing of the
echo from the original pulse depends upon
the spacing of these sinuscidal variations
with respect to frequency.

However, it is usually sufficient to make
correction only for envelope delay distor-
tion in addition to the usual amplitude
correction. It is not necessary to consider
phase shift directly as such. When satis-
factory correction has been made for
envelope delay distortion, it usually will
be found that phase delay distortion is
within tolerable limits particularly if a
sufficient number of carrier eyeles exist
under the modulation envelope. Accord-
ingly networks have been considered here
mainly for the correction of envelope
delay distortion.

Corrective Network Characteristics

For the compensation of delay distor-
tion in carrier “vehicle” bands and associ-
ated equipment, types of corrective
networks which may be readily designed
and individually adjusted to meet the
conditions of a particular application are

required. For use with the delay measur-
iIng instrument, they must be readily
adjustable either continuously or in small
steps to compensate for a deficiency at any
point in the useful frequency range. Such
networks, generally designated as all-pass,
are usually designed to have an amplitude
characteristic which is essentially inde-
pendent of frequency throughout the use-
ful frequency range. These networks may
be passive or active. Active networks have
a property not possessed by passive net-
works that the delay characteristic can he
readily varied over a wide range; whereas,
passive networks that permit the delay
characteristic to be varied over the neces-
sary range become impracticably com-
plicated. Also, it is the property of some
types of active networks that in addition
to the adjustable delay feature, the ampli-
tude characteristics may be varied over
a limited range to compensate circuit
amplitude distortion or amplitude distor-
tion introduced by other networks.

The passive networks usually econ-
sidered for distortion correction are the
constant-resistance reeurrent structures
designated to match the line impedance.®
Active networks may be designed for
various conditions of input and output
terminating impedances and methods of
injecting the input and extracting the out-
put. A number of these are given in the
following table.

SOURCE SOURCE LOAD LOAD
GROUP IMPEDANCE VOLTAGE IMPEDANCE VOLTAGE
A Low Transverse High Transverse
B High Transverse Low Transverse
C Low Transverse High Longitudinal
D High Transverse Low Longitudinal
E Low Longitudinal High Longitudinal
F High Longitudinal Low Longitudinal
G Low Longitudinal High Transverse
H High Longitudinal Low Transverse
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It can be readily shown that the transfer
function of a delay network having an
attenuation or gain which is constant with
frequency can be expressed in the form

A i j'ﬂ
=N/B
{16)

A¥ B
or other equivalent expressions, where
+ B

A
N = a constant

A and B are functions of
and the network parameters. For the

present purposes the constant N may be
neglected.

N

.H=3-'='=ﬂ

o L4 II
tKE, .
O oe—=9
f D_"l' Es
EI
Cr i b
GROUF C
B—HI" I 7
a
F |
* b F
| — |
Zq &
GROUP D
Zg =]
KRa I
|
o—@ Es
e 1 Ro l
Zp =]
GROUP H
Figure 4. Typical netwerk configurations far Groups
C Dand H
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In general the groups listed in the table
can be realized by a number of network
configurations. A typical network configu-
ration for Groups C, D, and H, is shown
in Figure 4 for which the cutput to input
transfer ratio is of the form

E, KZ, -2,
E, :-:'_+zﬁ

(17}
where

Z, and Z, are functions of w and the
network parameters

K is a proportionality factor
The proportionality factor K may be real
or complex. However only real numbers
will be considered here,

Under certain prescribed relations
among the parameters, the factor K may
take on integer values, If K = I equation
(17) is directly in the form of equation
(16). The result is the well-known delay
network in which the conditions are satis-
fied by a resistance for Z, and a reactance
for Z, so that

E, jX—R
E, ~ jX+R
(18)
and
IB = la.n"l - ;
(19)

If K = 3 the conditions can be satisfied
by the use of a resistance for Z, and a
resistance and reactance in parallel for Z,
s0 that

E, 2X-R
E, ~ 2jX+R
(20)
and
B8 = 2 tan™’ —%
(21)

For K = 5, the conditions can be satis-
fied by impedance functions for Z, and

Zy such as
JHE, X
E‘=R,+;'.?f and Zﬁ:R?Tj.:EX

{22)
where

M — a constant
DELAY DISTORTIOM CORRECTION <+ &3
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However, a very useful form occurs when
M=1 and R;=Ry;==R in which the
output-input transfer ratio is

E, 3jRX—(R*-X3)

E, ~ 3RX +(R? - X2)

nd (23)
a
JRX
fo=2Mn" = gy
(24)

The K=3 and K =35 series of net-
works are particularly useful in phase
shifting and delay networks. A wvery
simple phase shifting network applied to
Group C is shown in Figure 5 in which
from equation (23)

3Rl
B = 2tan~? - FRICI _ 1
{(25)
A range for fixed values of w and C from
approximately 0° to 360" is obtained with
constant amplitude throughout this range
merely by simultaneously varying the two
equal resistors R.

The K = 3 series has been selected for
delay distortion correction where variable
delay properties are essential. The sche-
matic arrangement of a section is shown
in Figure 6 where the resistor R, is used

for Z, and the parallel arrangement of

i

C

_I|'|
¢
tsE,

e

"‘"“"“‘%‘

E,

%

L R

Figure 5. Phase shifting K-5 netwerk opplied to
Group C

resistor Rg inductor L and capacitor C is
used for Z,. The K = J factor is obtained
by the divider Ry and R, such that
Ry;/Ry = 3. The delay characteristic is
varied by R; and R.. If these resistors are
maintained equal, the delay characteristic
will be dependent upon their common
value while the amplitude characteristic

64

will remain constant for all settings and
from equation (21) 3 will be

[1- (&) R

(28)
If in addition it is desirable to produce a
variable amplitude characteristic, this can
be accomplished by offsetting resistor R.
with respect to resistor R;. In this case
the output-input transfer ratio and delay
can readily be shown to be
E: j.l'f'.?ﬁ_z I R.IJ‘l = R:R'z

E,  jX(R, +R,)+RR,

8= 2tan~! -

£2T)
A X
= tan~! + tan~! —
- R R, RR,
3% e R.: Fi T RJ
(28)
where
L] L/C
X =
1- (gf
(29)

If Ry is larger than R; the amplitude
characteristie, from equation (27), will be
peaked upward in the vicinity of the
resonant frequency w, If R. iz smaller
than R, it will be peaked downward, Thus
with these netwarks it is possible to adjust
the delay characteristic over a wide range
and the amplitude characteristic over a
somewhat restricted range essentially

WPUT PR
FREVIOUS

SECTION "
CUTAT T
g "
R —0
¥ ima l_y.t‘,',_._
L
= ELEEE -
S 1

Figure &. Active carrective network section

independent of each other merely by
adjusting two resistors and maintaining a
proper relationship between them in
accordance with equations (27) and (28).
Practically, it is usually necessary to
change only R; from equality with R, to
change from a flat amplitude character-
istic to a peaked characteristic in the
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vicinity of wy. This is not possible with
passive networks which usually require
ceparate networks for amplitude and
delay distortion correction since each
alteration of the amplitude characteristic
of & purely amplitude corrective network
-ntroduces some delay distortion which in
turn must be offset in the delay corrective
network. For this reason, amplitude dis-
tortion correction is usually made first.
with the K =23 active network, this
process is inherently accomplished.

Application of Corrective Networks

A great variety of delay curve shapes
may be encountered among the transmis-
gion circuits to be equalized with correc-
tive networks. Not only are there large
variations among the different types of
gircuits, but even the same type requires
different amounts of correction through-
out the essential frequency range. For any
eircuit to be corrected, the desired result
to be achieved is a uniform amplitude and
delay respense flat within prescribed
limits over the essential bandwidth, Since
delay cannot be subtracted from the
circuit, the problem resolves itself into
one of raising the delay of all points to
the vicinity of the highest delay value on
the characteristic within the essential
bandwidth.

first inserted for a rough correction. After
this has been done, the remaining correc-
tion may be accomplished with active net-
work sections, filling in those areas where
delay deficiencies exist. The ability to
vary the delay of each individual section
allows much finer adjustments to be made
than is practical with passive sections. If
after obtaining a refined delay correction,
amplitude distortion exists as a result of
insufficient amplitude correction, or ampli-
tude distortion inserted by the passive
sections, the amplitude characteristic may
ke corrected with some limitations by off-
setting the adjustable resistors of the
active network sections as described in
the foregoing.

In some applications such as in military
circuits, it might be desirable to provide
packaged units containing a number of
passive sections and other units containing
a number of active sections. In this case
the units would be left in circuit as
adjusted and would be available for
making a quick change in case the circuit
make-up is altered. In other cases this
procedure would not be economical. The
preferred method then would be to insert
other passive and active sections in the
circuit corresponding to the sections in
use in the packaged units, or specially
select or design passive sections which
simulate the combined delay of the passive

Figure 7. Passive corrective netwerk

The application of both passive and
active networks iz particularly advanta-
geous in conjunction with the delay
measuring instrument by which the delay
characteristic is continuously displayed.
The passive sections, possessing relatively
large lumped delay values, preferakly are
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Figure B. Active corrective network

and active sections. The design parameters
can be obtained from the fixed passive
values and the active network settings.
In Figures T and 8 are shown passive
and active units suitable for applications
to facsimile circuits as discussed in the
foregoing. The passzive unit consists of 23
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bridged-T sections and an input and out-
put transformer. Each section has g fixed
delay distribution and an attenuation at
the frequency of peak delay ranging from
about 0.8 db in the low frequency sections
to about 1 db in the upper frequency sec-
tions. The peak delay occurs at selected
frequencies ranging from 600 cycles for
section 1 to 3000 eycles for section 25. A
representative curve of the delay distribu-
tion of one section is shown in Figure 9.
The sections are arranged in four groups
to simulate assigned delay distributions.
Switches are provided to permit any group
or any combination of sections to be in-
serted,
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Figure 9. Envelope deloy characieristic of o
passive merwark zection

The active network unit consists of
eight type K =3 =ections as shown in
Figure 8 with electron tube coupling be-
tween sections, an input gain control, and
a twin-triode output amplifier stage. The
peak delay values of the sections occur at
approximately 375-cyeles-per-second in-
tervals from approximately 600 cycles to
3200 cycles, with slightly closer spacing
around the center of the band. As with the
passive network, each section may be in-
dividually inserted or omitted for any
circuit correction. Toggle switches are
provided on the panel of the unit for this
purpose. In addition to providing individ-
ual section selection, this unit has the ad-
ditional advantage of individually wvari-
able delay for each section. The delay is
varied with two rotary switches and two
toggle switches appearing between the
two rotary switches for each section. With
these controls the peak delay of any sec-

tion may be varied in 22 steps from a
minimum of about 100 microseconds to 3
maximum of about 1500 microseconds,
When the sections are inserted in tandem,
the delay at any frequency will be the
sum of the individual section delays at
that frequeney. The amount of correction
inserted may range from about 100 micro-
seconds when only a few sections are in
circuit to approximately 3000 microseec-
onds when all sections are included and
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Figure 10. Typical snvelope deloy and
amplitude chaorocteristics of on octive
nalwark zection

set at their maximum peak delay values.
When it is desirable to change onlv the
delay distribution, the switches are =et in
pairz with the switehes of each section at
the same switch position. If in addition it
is desirable to make an amplitude cor-
rection in the vieinity of the section peak
delay frequency, the lower rotary switch
of a pair is set forward for an increasze in
amplitude and backward for a decrease in
amplitude. Representative curves of the
delay and amplitude distributions of one
section are shown in Figure 10, Here the
delay curves are displaced vertieally with
respect to each other to show clearly their
distribution. The three delay curves de-
pict seitings as provided in the active unit
near the minimum, intermediate and
maximum peak delay wvalues. The am-
plitude curves correspond to the inter-
mediate delay distribution for a flat
amplitude characteristic, and for inter-
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mediate amplitudes peaked upward and
downward.

In addition to their use in effecting a
particular delay distribution at eonstant
amplitude, these units also have the prop-
erty that various amplitude distributions
can be simulated at an essentially con-
stant delay. For example, by proper
switch settings a vestigial filter amplitude
characteristic can be simulated at con-
stant delay throughout the effective band-
width.

Results of Distortion Correction

Facsimile and data processing equip-
ment is required to operate satisfactorily
over various types of commercial and
military eircuits, and wvarious combina-
tions of these circuits, These transmission
facilities consist of various physical, car-
rier, and radio cireuits having a wide

mission near the carrier frequency are
usually of greater importance than fre-
quencies remote from the carrier
frequency.

For application to facsimile circuits, a
number of corrective sections are con-
nected in tandem, usually at the receiving
end of the eircuit, the number depending
upon the type of delay characteristic to be
corrected. These sections are spaced at
frequency intervals throughout the band
as required to fill-in a delay deficiency,
and each active section is adjusted so
that the combined delay of all sections is
the desired delay compensating character-
istic, In general, relatively broad individ-
ual curves spaced far apart are required
when the delay to be corrected is small
in value. Where a large value of delay
needs to be corrected, relatively steep
delay curves can be used with the sections
spaced at small frequency intervals.

Figura 11, Delay and omplitude choracteristics of o d4d4-millihanry per mile loaded cable — uncorrected

Figure 12. Dsloy and omplitude chorocteristics of @ 44-millihenry per mile looded coble — corracted

Figura 13. Delay characteristics of o redio bsam dreult —uncorrected and corrected

range of envelope delay distortion and
often an appreciable amount of amplitude
distortion. The over-all frequency range
necessary to provide satisfactory opera-
tion depends upon the type of equipment
employed, and such factors as double or
vestigial sideband operation, etc. In gen-
eral the transmission band most fre-
quently employed extends from about 600
or 800 cycles to about 3000 cyeles for the
most important frequencies contained in
the signals. Frequencies involved in trans-

APRIL 1958

In Figure 11 are shown the delay and
amplitude characteristics of a 44-milli-
henry per mile loaded cable circuit ap-
proximately 125 miles in length. This
cireuit was corrected using the active net-
work alone with the result as shown in
Figure 12 in which the delay character-
istic is flat within the wusual allowable
tolerance of + 250 microseconds from ap-
proximately 500 to 4000 cycles. A rough
amplitude correction was obtained by use
of the active network as shown by the
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lower traces of these oscillograms. It
should be noticed that since amplitude can
be either added or subtracted, in the cor-
rective process the amplitude was de-
creased for the lower frequencies and in-
creased for the upper frequencies by the
active metworks. Likewise, in Figure 13
are shown results as obtained on a radio
beam circuit approximately 200 miles in
length. The upper curve of this oscillo-
gram is the delay characteristic without
correction and the lower curve is the delay
characteristic after correction has been
applied. The corrective process is well il-
lustrated by the oscillograms of Figures
14, 15 and 16 using a long Type-K carrier
circuit. In the first mentioned figure are
shown the uncorrected delay and am-
plitude characteristics; in the second, the
delay characteristic has been corrected;
and in the third, a partial amplitude cor-
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number of such test conditions have been
investigated comprising various toleraneces
from a mean value. For the loaded physi-
cal circuit, Figures 11 and 12, facsimile
operation is considerakly improved by dis-
tortion correction. For Type-K circuits,
distortion correction may give sufficient
improvement to permit operation at dou-
ble speed with vestigial operation as com-
pared to double sideband operation with
the carrier near a point of even symmetry
on the delay characteristic. Also, delay
distortion correction may permit splitting
the normal voice band circuit into two
subbands so that normal operating speed
can be obtained in each of these bands
using vestigial operation. In general, the
appraisal of the various factors involved
indicates that the tolerance limit for satis-
factory facsimile operation is of the order
of =400 microseconds from the mean
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Figure 14. Delay ond omplitede chorocteristies af o type-K ecarrier circuit — uncorrected

Figure 15. Delay and amplitude characteristics of o type-K carrier circuit — deloy corrected, amplitude uncorrected

Figure 16. Deloy and emplitude characterstics of @ type-K corrier circuit — corrected

rection has been obtained. It should be
pointed out that in making the amplitude
correction the delay characteristic was
unaffected and that for all practical pur-
poses the delay and amplitude corrections
can be made independently of each other.

These networks provide a readily ad-
justable means for obtaining various delay
characteristic shapes in addition to those
normally present in facsimile circuits for
the appraisal of facsimile recorded copy
with respect to delay distortion. A large

&B

value per 1000 cycles of modulation (in-
verse relationship); whereas, the usual
quoted value is generally =£250 micro-
seconds.

The development of the instrument de-
scribed in this paper was one phase of a
comprehensive investigation of delay dis-
tortion and correction conducted by the
Western Union development and research
organization under U, 5. Army Signal
Corps sponsorship.
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Telegrom of 1856, the yeor thot "Western Union™ was nomed

86

The great city of Rochester in New York
State has attained distinction and repute in
many ways and for many reasons. The
Western Union Telegraph Company is proud
indeed to acclaim that city as ite own birth-
place and is gratified to be able to point out
that its own expansion and modernization has
paralleled that of this wvirile American city
for over 100 years.

The name Western Union, signifving a
combination of Western lines in one system,
originated in Rochester after Ezra Cornell,
for whom a renowned university is known,
agreed to consolidation of his telegraph in-
terests with those of the New York and
Mississippi Valley Printing Telegraph Com-
pany, a vigorous, well-managed enterprise
whose headquarters were at Rochester, The
Mississippi Valley Company had been organ-
ized there in 1851 to exploit an ingenious,
complicated, but nevertheless practical, elec-
tro-mechanical printing telegraph system
patented in 1846 by Roval E House of
Vermont.

In those days, of course, all of the area
westward of Rochester and the Atlantic Sea-
board generslly was “out west” There were
few if any telegraph lines beyond the Mis-
sissippi, except those in California, so actually
this “Western Union"” consolidation was
mainly effective in five states north of the
Chio river, Although perhaps not fully com-
prehended at the time, it developed that the
Morse patent rights for western territory and
the other-line connections contributed to the

To

“Dfestern Ynion”" Cenlennial
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consolidation by Cornell's Erie and Michigan
Telegraph Company were of great worth.

Telegraph historian James D, Reid wrote
in 1877 of early days in Rochester that the
eity “had in its citizenship a number of men
of exceptional energy, of quick discermment,
plucky, enterprising, with the dash, tact and
boldness peculiar to pioneer characters. There
was also snother element to be found there
in large degree, which, while it shared the
boldness of the former, added thereto the
polish and schelarliness and delicacy of so-
ciety in its best conditions, Rochester was the
center of a large, populous, fertile region.
The Genesee Valley was long famous for its
rich harvests, and for the vivacity and intel-
ligence of its population. George Dawson,
Henry R. Selden, Samuel L. Selden, Addison
Gardiner, Isaac R. Elwood, Henry O'Reilly.
Freeman Clarke, Harvey Ely, Hiram Sibley,
Alvah Strong, Levi A. Ward, George H.
Mumford and O, H. Palmer, were among ils
prominent citizens,"”

Thus Rochester appears to have numbered
among its residenis many energetic, enter-
prising and able men ameong whom were
Judge Samuel L. Selden and Hiram Sibley
whose joint efforts led first to successful
establishment of the Mississippi WValley
Company and then, five years later, on
April 4, 1856, to the consolidated Western
Union systemn that was to provide the nation
with its telegraph communications in peace
and war for the next 100 years.
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Small Terminal O#ice Reperforation

During 1954, a field trial - nstallation of small office repecforator 5wil:::hinﬁl equipment was

made ar Passaic, M. J. It is the purpose of this article 10 describe some of
odifications that occurred as a resalt of the
description of the pperation of the small terminal office

brought about such an installation ao
field trial. Included is a general
switching arrangement.

OpenaTion of the nationwide Western
1Inicn public message system is based
upon the division of the couniry into
ffteen switching areas made up of individ-
ual states or groups of states. Each of
these areas contains a reperforator switch-
ing center interconnected with other cen-
ters. These switching centers serve the
city in which they are situated and all
tributary offices in their area. Figure 1
chows this system of operation in dia-
grammatic form.

Much has been written in TECHNICAL
Review describing the operation of re-
perforator qwitching centers and enum-
srating the advantages gained from re-
perforator operation. Inasmuch as over 30
percent of the telegrams received at a
switching center are relayed to their ulti-
mate destination, all messages are re-
coived in the switching aisles or at auto-
matic relaying racks in perforated tape
form to expedite their movement through
a center.

As shown on Figure 1, five types of
destinations are possible for telegrams
leaving the reperforator center. At the
frst of these destinations, namely, other
reperforator centers, messages may again
be received and relayed in perforated
tape form. Likewise, at 348-A tables' mes-
sages are relayed in perforated tape form
to their ultimate destination, & printer in
the customer office.

At branch offices and locals a tele-
printer copy of a message is produced.
Generally at these two locations no fur-
ther relaying of traffic is needed except in
the case of a few branch offices where
facsimile tie lines have been terminated
and in any case the printed copy of a mes-
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sage is all that is required. However, at
the fifth destination, the tributary or ter-
minal office, telegrams must be relayed to
tie lines, branch offices, and agencies. This

TRUNKS FROM
QTHER AREAS

BRANGHES & LOCALS
A TRIGUTARIES FROM
owH AREA,

FWITCHING
CENTER

BRANCHES

1 LOGALS

TRUNES TIE LINES
g Lv] B AGENGIEE
ER ARESS] |2464 TARLES

TRIBUTARY
OFFICE

BRANGH | TIE
AGENGT LR

Figure 1. Reparfaraior switching center and tributary
affice connections

is regularly performed as a manual relay,
involving gumming down the printed tape
for each telegram, then transporting the
telegram to a sending position and manu-
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ally retransmitting it to the proper des-
tination. Here, then, appears to be a logi-
cal place to apply reperforator methods
for service improvement.

Unlike other points at which reperfora-
tor switching has been employed, at the

Figure 2. Teleprinter with outemotic messoge cutting
and ejecting devicas

tributary office the percentage of received
messages requiring relay usually iz rela-
tively small. The remainder of the re-
ceived load must be in final form ready
for delivery by telephone, messenger or
Desk-Fax tie line, While there is a definite
gain in being able to switch messages
which must be relayed, the switching of

e e el S —

messages into a secondary position ad-
jacent to a switching position in order to
produce delivery copies is wasteful of
equipment, time and effort. Instead, an
arrangement which produces both a
printed copy and a reperforated tape of
each message will make the most satisfac-
tory operating scheme for terminal offices
where the various operating positions are
closely associated physically,

Since the greatest improvement in mes-
sage handling will occur on relayed mes-
sages, the most likely place for successful]
terminal office reperforation is in an office
having a sizable percentage of switchable
messages. One such office, for example, is
located at Passaic, N. J., with approxi-
mately 50 percent of its received tele-
grams destined for teleprinter tie lines or
agencies,

To make the handling of the printed
copies as simple as possible, an automatic
cutoff page printer (Figure 2) was de-
veloped, The theory of operation contem-
plated at this point was that a page printer
copy and a perforated tape copy of each
message would be received simultane-
ously at the terminal office. The tape of
switchable messages would be used to
relay messages to tie lines and the corre-
sponding page copy retained as a file and
accounting copy. The page copies of other
messages would be utilized the same as
the gummed delivery copies previously
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were, and the corresponding perforated
tapes of these messages discarded.

To accomplish the desired cbjectives,
equipment to perform several functions is
required as indicated on Figure 3. First,
it is necessary to translate the received
trafic into page form since messages
transmitted in the nationwide system are
in form for tape printer reception. The
equipment to perform this function (tape
regeater rack No, 1) for the two receiving
channels at Passaic iz shown at the right

in Figure 4.

Figure 4. Tape repecler rocks — Rock No. 2 left,
Rock Me. 1 right

Another rack of equipment (tape re-
peater rack No. 2, Figure 4, left) is pro-
vided to accomplish several other fune-
tions, At this rack perforated tape
messages are received in page form. Here,
enough “line feeds"” are added automati-
cally at the end of each message to pro-
duce a 5%-inch long telegraph blank or a
multiple thereof. Also, an “upper case
blank” is added following the line feeds.
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The purcose of the blank will be described
later. Transmission into this tape repeater
rack is at 65 words per minute and trans-
mission from the rack is at 77 words per
minute. This speed differential is provided
to prevent a backlog of mescages from
oecurring because of the characters added
to each received meszsage by tape-to-page
translation, line-feeds to produce standard
length messages, and cutoff =signals. A
switch is provided so that either the trans-
mitters send individually over two cir-
cuits, or they may be made to “flip-flop”
into one circuit leaving the rack. Also
located on this rack is a time and date
chronitor used in connection with switch-
ing to tie lines.

The operating table shown in Figure 5
is basically a 346-A tie-line switching
table to which a page printer has been
added. Arrangements are provided so that
messages are received at this table simul-
taneously on the page printer and printer
perforator from the A and B channels
alternately, or from the A channel or B
channel continuously. Except in peak
load periods, both channels are caused to
terminate at this position. The page printer
on this table consists of a type 13 page
printer as in Figure 2 with a message
cutter knife and ejector. The upper case
blank at the end of each message, re-
ferred to earlier, causes the cutter to op-
erate and the ejector to deposit the
received message in the message accumu-
lator attached to the rear of the printer.

The operator at this switching table
scans the received page copies. If a tele-
gram is destined for a tie-line patron the
corresponding tape is secured for that
telegram and standard procedure for
switching to tie lines is followed. The page
copy is filed with an endorsement indie-
ating that the message has Leen trans-
mitted. If a message is not to be switched,
the corresponding tape iz discarded and
the page copy used as a delivery copy.

A special masking lacquer is provided
to aid in the correction of typing imper-
fections in messages which must he
delivered, This lacquer is the same color
as the message blank. It is fast-drying, and
corrections may be made immediately by
typing over the lacquer.
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During peak load
periods, notwith-
standing the differ-
ential between in-
coming and outgoing
speeds, a backlog of
Imessages may accu-
mulate at tape re-
peater rack No. 2
when the channel
alternating arrange-
ment is in use. In
thiz case, one chan-
nel is diverted to
another automatic
cutoff page printer
located beside the
switching table,
Since the installation
at Passaic is purely
& trial assembly no
corresponding  per-
forated tape is pro-
duced at this posi-
tion, and any tie-line
messages arriving at this printer are
manually transmitted to tie lines.

A study of the operation of this installa-
tion showed considerable improvement
over manual methods, However, as a
result of the test further changes are
proposed to provide greater benefits than
are now being attained. By performing
the translation and standard message
length functions at the reperforator office
sending position, a considerably decreased
investment charge and improved main-
tenance can result, The channels from the
reperforator office to the terminal office
may be operated at 63 or 77 wpm, depend-
ing upon the load requirements. Addi-
tional improvement is possible in the
terminal office by terminating both chan-
nels in printer perforators as well as in
printers. This will produce perforated
tapes for all tie-line messages, eliminating
all manual transmission to tie lines,

New equipment is now being designed
to incorporate these changes and it is
anticipated that the first of the new
installations will be effected during 1956.
The new installation will also have the
advantage of requiring less translation
since keyboard standardization between
tape and page equipment will be in effect

T4

Figure 5. Trunk receiving and fie-line switching position ot Pasgaie, M. J.

at that time. In addition, page printers
using message “bursters” rather than
knife cutters also will be provided, elimi-
nating the need to generate and transmit
a cutoff signal at the end of each telegram.

The new arrangement will utilize
sprocket feed fanfold paper, cross-per-
forated at intervals equal to a 5l&-inch
long telegram blank. As each of these
cross perforations pass through the
“burster” the messages are torn apart to
produce standard size telegrams.

The field trial at Passaic has shown that
appreciable improvements in operation at
small terminal offices can be effected by
the application of reperforator methods.
The tape relay of the messages has notice-
ably improved the origin-to-destination
speed of service. Fewer individual tele-
printers are needed to serve the =ame
number of tie lines. The operating section
of the office is more compact and manual
transportation of messages is reduced to
a minimum.

Reference

1. SwircEire ©o Pareors” TELETRINTER Tre-Lixes, B, 5.
WISHART and G, G. LIEHT, Hiesierm Uaden Tach-
secgd Nevwewn, Vol J, Mo, 2, April 1949,

WESTERM UMNION TECHNICAL REVIEW



Ronald 5. Wishart, Assistant Systems
Planning Engineer, acquired his education in Secotland,
France, England and the United States. Entering the service
of the Postal Telegraph Company in 1907, he served as
printer attendant and later as Automatic Chief Operator
in New York. With the introduction of Morkrum spparatus
in the Associated Press, he became Chief Operator in that
service. During World War I he served with the Signal
Corps in Europe and later worked with the Morkrum
Company (now Teletype) which he represented in Europe
from 1919 to 1922, In 1924, Mr. Wishart returned to Postal
as Printer and Automatics Engineer, and subsequently held
various positions including these of Central Office Engineer,
Inside Plant Engineer and Chief Engineer. Since the merger
of Postal with Western Union in 1943, Mr. Wishart has
contributed much to the development and expansion of
reperforator switching systems. He is a Member of AIEE,

George Strunz, Jr., Project Engineer with
the Systems Planning division, was graduated from
Worcester Polytechnie Institute in June 1948 with a degree
of Bachelor of Science in Electrical Engineering: he had
previously served in the U. 5. Navy as an Electronic Tech-
nician's Mate. Immediately after graduation he joined the
Systems Development and Statistical Engineering Division
of Western Union. Since coming with the Telegraph Com-
pany, Mr., Strunz has been primarily concerned with
statistical research and study in connection with switching
) and other systems developments.

APRIL 1954 SMALL OFFICE REPERFORATION - 75




e e e R S

= Il T R R S 2 T T T i i -yl

Figure 1. Model 28 typing unit with stunt box removed (top), stunt box, and (below) view of stunt box showing
function bars
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E. LOUIS PARKINGTON, Field Engineer, Kansas City, Mo.

Function Mechanisms of the Model 28 Teleprinter

Adaptability of the Model 28 teleprinter to a wide variety of special telegraph requirements

is owing in large measure to the versarility of its stunt box and the OUMeraus

thiat
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attributed not only to the man

fertures such as automatic ut or in

§ - All are important considerations in an era of expanding
nion's specially engineered private IDP (Integrated Data Processing) t

aulDmatic transmission of up-to-th
in addition 10 message services.

In wview of increagi
processing, knowledge o
important.

WITH increasing utilization of Mode] 28
teleprinters in Western Union private wire
services, more and more use is being made
of the versatile stunt box which is an
essential part of this teleprinter, New
uses are being found for this unit in way-
station selector operation, in automatic
control of associated apparatus, and in in-
tegrated data processing. This article re-
views the theory of operation of the stunt
box and describes the various special func-
tions which can be performed by this unit,
The general description and theory of
operation of the Model 28 teleprinter
was covered in the July 1955 issue of
TecanIcAL REview.!

Code Bars

The Model 28 teleprinter stunt box
(Figure 1) extends across the entire
width of the teleprinter and is mounted
directly behind the code bar assembly in
the rear of the teleprinter.

There are nine code bars in the tele-
printer (Figure 2). The first, second,
third, fourth and fifth pulse code bars are
positioned to marking or spacing, that is,
to the left or to the right as viewed from
the front of the teleprinter, by the selector
mechanism. The positioning of the com-
mon code bar is determined by the posi-
ton of the first and second pulse code
bars, and has no other function than the
vertical positioning of the type box as
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e-minute sales, production, payroll and ocher control data

industrial record communications requirements for fast data
the devices with which such requirements are being met is

described in the article covering the basie
operation of the teleprinter, The suppres-
sion, zero, and letters-figures shift code
bars are positioned to marking or spacing
by functions in the stunt box.

The code bars have two separate and
distinet functions. First, after having been
positioned for a particular character by
the selector mechanism, they cause the
type box positioning mechanism, by means
of suitable mechanical linkages, to posi-
ton the type box with respect to the
printing hammer, so that the character
whose code is set up on the first, second,
third, fourth and fifth pulse code bars will
be printed. Second, they cause functions
to be performed within the printer
mechanically, or at a remote location by
means of an electrical switch. This is ac-
complished by selecting coded function
bars (Figure 3) by means of the notches
that are cut uniformly on the rear edge of
the code bars.

Functien Bars

ﬁﬁmnﬁnnbar,asseeninFigu:aE,h
designed with tines or projections that are
bent either to the right, marking, or to the
left, spacing, as viewed from the top. A
marking tine will be opposite a notch in
the code bar if the code bar is in the mark-
ing position, but will be opposite a projec-
tion on the code bar if the code bar is
shifted to the spacing position. Similarly,
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In early telegraph printer davs, functions such
as line-feed, carrage-return and the like were
termed “stunts” and actuated :J:LmuE‘L; function (or
stunt) bars mounted in a “smnt box” assembly;
hence the designation,

a spacing tine will be opposite a notch in
a code bar when the code bar is in the
spacing position, but will be opposite a
projection when the code bar is shifted to
the marking position. By the use of these
tines, a function bar can be coded for a
particular character so that the function
bar will be selected, that is, allowed to
enter into the slots in the code bars, when
the selector mechanizm sets up the code
bars for the corresponding code combina-
tion of that character, For example the
Baudot code combination for the letter
“A” iz first and second pulses marking,
third, fourth and fifth pulses spacing. The
function bar coded for the letter “A" will
have marking tines opposite the first and
second pulse code bars, and spacing tines
opposite the third, fourth and fifth pulse
code bars. There would be no tines on the
function bar opposite the other code bars.
Under this arrangement, any time the code
bars are set up by the selector mechanism
for the letter “A", the "A" function bar

45 .

Fer DD, E SO
drh Lulse

S ar Pulise
SAh Pulse
g Pulire
T Fulse
Comrrmon
Z&ro

Lrrs.~ .rfu-

Figure 2. Code bars
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will be selected when the function bars are
allowed to move against the code bars.
The stunt box has 42 slots, each of
which can accommodate a function bar, as
pietured in Figure 1. Since the code bars
are notched uniformly a funetion bar
eoded for any character can be placed in

TR

any of the 42 slots. Actually, approxi-
mately 7 of the 42 slots are reserved for
such essential functions as letters-shift,
figures-shift, line-feed, and so forth.

Function Bar Mechanism

A function bar mechanism (Figure 4)
consists of a function bar, a funetion pawl,
a function lever, a spring plate, and their
associated springs. When the function bar
mechanism is in the unoperated position
the funection pawl rests on top of the rear
projection of the function bar as shown in
Figure 4.

After a character has been set up on the
code bars, the function bar reset bail,
which extends along the entire width of
the stunt box, moves forward, allowing all
the function bars in the stunt box to feel
for an entrance inte the code bars. Only
the function bar coded for that character
will enter the code bars, and the rest will
be blocked by a projection on at least one
code bar.
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Figure 3. Function bar

When the selected function bar enters
the code bars, the notch in its associated
function pawl engages the projection on
the top of the function bar as shown in
Figure 5. The nonselected function bars do
not move forward far enough to engage
their respective function pawls. As the
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function bar reset bail returns the selected
function bar to its original position, the
function bar carries the function pawl with
it. The function pawl has a projection
which engages the function lever, and

$TRIPPER BLADE
FUSETION BawL

rmil:TlH!l-t'l'I'l /

SPAINGE PLATE

ESET BAIL BLADE

FUNCTION BAR REIET BALL

Figure 4. Function bor machanism net aparated

rotates it clockwise about its pivot (Fig-
ure 3). It is this operation of the function
lever that activates the desired function,

A function lever can do work basically
in three manners:

1. The lower part of the function lever
can operate a slide (Figure 6) which,
by means of a suitable mechanical
linkage, can create a mechanical
action within the teleprinter. For
example, Figure 6 shows a function
bar coded for the line feed combina-
tion. When this function bar mechan-
ism is operated the function lever
operates a slide. The slide in tumm
rotates the line-feed clutch trip arm,
thereby allowing the line-feed clutch
to rotate in order to perform the line-
feed function. At this point the fune-
tion pawl has to be disengaged from
the function bar in order to allow the
function lever to return to the un-
operated position. This is accom-
plished by the stripper blade (Figure
5) which extends across the entire
width of the stunt box. The stripper
blade at the beginning of the opera-
tion of the function bar mechanism
moves down to allow the function
pawls to be moved back by the
selected function bars, As the func-
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tion levers which were operated by
the selected function pawls reach
their rearmost position, the stripper
blade moves up and strips the fune-
tion pawls from the function bars,

STRIPPER BLADE
FUNCTION PaWEL
FUNGTION LEVER

SPMING PLATE

Figurs 5. Function bar maechanism oporated

thereby allowing the function levers
to return to the unoperated position.
2. The top of a function lever can op-
erate a code bhar shift mechanism
(Figure T) which in turn will shift a
code bar within the teleprinter by
means of a post attached to the code
bar. Figures 8 and 9 show how the

A, SCTURTES FUMCTION LIVES
&

e

CLUTCH s TO ACTATE LIME FEED CLUTCH

Figure 6. Oparation of o line-feed function
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letters-figures code bar is shifted by
a code bar shift mechanism. The
function lever associated with the
letters-function slide is activated
when its associated function bar,
which is coded for the letters code
combination, is selected. Similarly,
the function lever associated with
the figures function slide is activated
when its associated function bar,
which is coded for the figures code
combination, is selected. The position
of the letters-figures code bar deter-
mines whether the type box will be
moved to the letters or figures posi-
tion. It is now apparent that a func-
tion bar can be readily coded for
an upper-case or
lower-case character
by the addition of a
marking or spacing
tine, respectively, op-
posite the letters-fig-
ures code bar.

3. The top of a function
lever can operate a
switch mechanism
(Figures 10 and 11).
The contactz in the
switch mechanism can
be “make"” contacts or
“break” contacts. The
combination of two
sets of contacts, one
make and one break,
can be activated simultaneously to
provide “transfer” contacts by means
of activating two function bar mech-
anisms on the same character.

Sequential Selection

A function can be performed upon the
reception of a sequence of two or more
characters, rather than a single character,
by the use of a special function lever
(Figure 12) which has a blocking and a
latching projection. The blocking projec-
tion, when the function lever is unop-
erated, extends over to the adjacent slot
in the stunt box, and blocks the function
bar in this slot. This blocked funetion bar
now ecannot go forward to feel for an en-
trance into the code bars when the func-

tion bar reset bail moves forward. The
latching projection is used in conjunction
with a function latch (Figure 12) which
replaces the spring plate. The function
latch has a latching projection which en-
gages the latching projection of the fune-
tion lever when the function lever is op-
erated. The function latch also has an
unlatching projection which is engaged by
the stripper blade during the downward
motion of the stripper blade,

Asgsume that a function is to be per-
formed if the sequence of the two char-
acters “A" and "B" is received in that
order. Two function bars coded for A"
and "B" are mounted in adjacent slots. The
function bar mechanism associated with

Figure 7. Code bar shift mechanizms

the “A" function bar is equipped with a
blocking and latching type function lever
and an unlatr.:hmg type function latch.
This layout is shown in Figure 13, which
shows the “A" funetion bar m&::hamsm
operated, with the blocking projection of
the “A" funection lever removed from the
rear slot of the “B" function bar. This oc-
curs every time the character “A" is set

up on the code bars. Assume now that the
next character received is a “B.” The “B"

function bar moves forward into the code
bars. At the same time the stripper blade
moves downward and unlatches the “A"
function bar mechanism. The operation
of the “B" function lever activates the
desired funetion. If an extraneous char-
acter is inserted between the letters “A"
and “B" the “A’ funetion bar mechanism,
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upon receiving the “A" character, would
latch up and unblock the “B” function bar.
During the reception of the extraneous
character the stripper blade would unlatch
the “A" function bar mechanism and the
“B" function bar would be blocked again
so that if the “B” character should be
received, the “B"” function bar mechanism
would not be activated. Therefore, the
characters have to be received in the
proper sequence in order to perform the
function.

LETTERS
i FIGURES
FUNCTION
LEVER
LETTERS — e F IGURES
FUNCTION FUNCTION
SLIDE SLIDE
LETTERS= LETTERS -
FIGURES FIGURES
CODE BAR SHIFT GCODE
FORK BAR
—

Figure B. Leftars-figures code bar shift mechonism in
letters position

In this manner the stunt box can be
equipped to react to a sequence consisting
of any number of characters, limited only
by the available slots in the stunt box.
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Remote Cantrol

An electrical switch mechanism acti-
vated by a mechanical function in the
stunt box can be used for remote control
of some associated apparatus. One appli-
cation of this function would be the re-
quirement of cutting-in a reperforator
upon receiving a particular character or a
sequence of characters. The switech mech-
anism to control the reperforator will be
activated by the function bar mechanism
whose function bar is coded for the “cut-
in" character. In case of a sequence of
characters, the last function bar mechan-
ism of the sequence will activate the
switch mechanism, In order to keep the

1

FIGURES

FUNCTION
LETTERS
FUNCTION LEVER
LEVER
- FIGURES
LETTERS FUNCTION
FUNCTION SLIDE
SLIDE )

LETTERS- LETTERS -
FIGURES FIGURES
CODE BAR SHIFT GODE

FORK

[

Figure 9. Letters-figures code bar shifi mechanism in
figuras position

reperforator cut in so it can follow line
signals, it will be necessary to keep the
contacts on the switch mechanism op-
erated. This is accomplished by latching
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up the function lever in the same manner
as described under sequential selection,
except in this case a release-type function

ELECTRICGAL

S'HITGH—--\‘

CONTACT
OPEN

S A LA

FUNCTION
FAWL

FUNGTION
LEVER

FUNGTION
BAR

Figura 10. Switch machorism uroperated

lateh is used (Figure 14) which engages
the latching type function lever when
the lever is operated and stays latched up
independent of the stripper blade. In order
to disconnect the reperforator, a discon-
nect signal is used to activate two func-
tion bar mechanisms which are equipped
with a release-type function lever (Fig-
ure 15). This function lever has a release
projection which supports a latch-lever
release shaft (Figure 16). Since the latch-
lever release shaft has to span the release-
type function lever latch, it is apparent
that two release-type function levers are
required to support each end of the latch-
lever release shaft. The function bars asso-
ciated with both release-type function
levers are coded identically for the same
disconnect character. As the disconnect
code is received the two release-type funec-
tion levers are activated, and the latch-
lever release shaft engages the release-
type function latch, releasing the function
lever that was keeping the contacts on the
switch mechanism activated as shown by
Figure 14.

Woey-5Station Selector Operation

As mentioned before, the position of the
code bars transmits to the type box posi-
tioning mechanism the information as to
what character is to be printed. The type

a2

box positioning mechanism, however, is
not allowed to operate until after the code
combination which was read by the selec-
tor mechanism has been set up on the code

ELECTRIGAL CONTAGT
EHITI:-H'—-\\‘ CLOSED
Q =i
.
/. A
FUNGTION
FAWL,
FUNGTION
LEVER : 2
FUMGTION
BAR

Figure 11. Switch mechonism operated

bars. After the code bars have been posi-
tioned, the type box clutch (Figure 17)
is released, the type box positioning
mechanism is allowed to function, and

UNLATC HiNG
PROJECTION

STRIPPER
BLADE

BLOCHING

PAQJECTION ;

LATCHING
PROJECTIONS

A:ﬂm

LATCH

R

Figura 12. Function lever letched for duration of one
chorocter

subsequently the printing hammer is al-
lowed to strike the proper type pallet in
order to print the character. Therefore, if
the type box clutich is prevented from re-
leasing, printing will be suppressed even
though the selector mechanism and the
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code bars continue their operation when
line signals are received. This iz accom-
pli_shed by the use of the suppression code
bar.

In Figure 17 it can be seen that the end
of the suppression code bar extends out
from the left-hand side of the teleprinter
and engages the blocking bail arm. When
the blocking bail extension is in the path
of the suppression arm, which is attached
to the type box clutch trip arm, the type
box clutch will not be tripped, When the
blocking bail extension is removed from
the path of the suppression arm, the type
box cluteh can be tripped so that printing
Can OCCUr.

The suppression code bar
is spring biased to the mark-
ing position, and in this po-
sition it holds the blocking
bail extension in the path
of the suppression arm. This
condition of the teleprinter
when printing cannot occur
is called the "stunt case".
When the teleprinter is in
the stunt case, the only typ-
ing unit function that can
operate is the carriage re-
turn. By moving the sup-
pression code bar to the
spacing position the block-
ing bail extension is re-
moved from the path of the suppression
arm. This condition of the teleprinter,
which permits normal operation of the
typing unit, is called the “print case.”

The suppression code bar can be shifted
to the spacing position with a code bar
shift mechanism in the same manner that
the letters-figures code bar is shifted.
Since the suppression code bar is spring
biased it is necessary to keep the function
lever, which is operating the code bar shift
mechanism, latched up with a release-type
function latch. The teleprinter, therefore,
can be shifted into “print case” by means
of a function bar mechanism coded for a
particular character or for a sequence of
characters. The function lever, which
loeks the code bar shift mechanism in its
operated position, can be released in the
manner described under remote control,
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and the spring bias on the suppression
code kar will then return the code bar to
the marking position. The teleprinter in
this manner can be returned to the “stunt
case” by means of function bar mechan-
isms coded for a disconnect character or
for a sequence of characters.

A three-station way cireuit, for exam-
ple, can be assigned the call letters of “A”,
“B", and “C", respectively. The function
bars of the function bar assembly that is

used for shifting the suppression code bar
will be coded for “A" at the first station,

“B" at the second station, and “C" at the
third station. The disconnect can be an
upper case F, and two function bar

Figure 13, Sequantial selection

mechanisms coded for this character will
be used at all three stations. When station
“A" palls station “B", the two call letter
characters are transmitted and the two
stations are shifted to the print case. It is
almost certain, however, that the letter
“C" will occur during the message being
transmitted from “A" to “B"; therefore,
some means is required to distinguish be-
tween the letter “C” when it is used as a
call letter, or when it is part of a message.
The zero code bar is used to accomplish
this function. The zero code bar is also
spring biased to the marking position, A
cutoff character such as a “space” can be
used to activate a function har mechanism
to shift the zero code bar to spacing by
means of a code bar shift mechanism. The
function lever associated with the zero
code bar shift mechanism is latched up to
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a release-type function latch to keep the
zero code bar in the spacing position until
the disconnect function is activated,

The condition of the teleprinter when

LATCH -LEVER
RELEASE
EHAFT

B I— FUNCTION \Lruncﬂ ON
] LATCH LEVER
\— RELEASE
PROJECTICH

Figure 14, Function lever latched with relecee-typs
functian lotch

the zero code bar is in the marking posi-
tion is known as the “select case." When
the zero code bar is shifted to spacing the
teleprintier is in the “nonselect case." The
call letter funetion bars can be coded with
an additional marking tine opposite the
zero code bar. These function bars, known
as select-type function bars, will be
selected when the teleprinter is in the
select case, but will ke blocked when the
teleprinter is in the nonselect case,

An additional funetion bar mechanism
is added to the stunt box of all teleprinters
in the way cireuit coded for “space.” Then,
after the first station transmits the call
letters “AB" followed by the cutoff char-
acter “space,’” the A and B stations are
in the print case and nonselect case, and
the C station is in the stunt case and non-
select case. Upon receiving the disconnect
code all teleprinters are returned io the
stunt case and also to the select case.

In case it is desired to control the send-
ing of the uncalled stations, by means of
switch mechanisms activated by the eall
and cutoff characters, the keyboard con.

FUNGTION
LEVER

LATCH-LEVER
RELEASE SHAFT

Figure 15. Releoss-typas functian lever

tacts of the uncalled stations can be
shorted out. The diseonnect signal would
restore the keyboards by unlaiching the
function bar mechanisms that were op-
erating the switches. In the same manner
call lamps and busy lamps can be incor-
porated if desired.

integrated Data Processing

The Model 28 teleprinter lends itself
readily to the processing of data that are
normally eumbersome to handle by or-
dinary means. This can be attributed not
only to the many functions that can be
accomplished in the stunt box of the tele-
printer, but also to additional features
such as automatic page feed-out (form
indexing), horizontal tabulation, sprocket
feed, and higher operating speeds that are
available with the Model 28 teleprinter.
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Figura 14. Baoil mechanism

Automatic page feed-out iz activated by another transmitter, The stunt box will
a function bar mechanism in the stunt also edit the information being trans-
hox that responds to a particular charac- mitted by means of cutting in and out
ter. When the mechanism iz activated the several reperforators with switching char-
paper is fed out to a predetermined posi- acters in order to select only the desired

tion. This is very helpful in
cases where preprinted
forms are used in the tele-
printer and automatic form
indexing iz desired.

The stunt box can be
equipped with previously
described mechanisms to
control transmitters, reper-
forators or other tele-
printers. The data to be
transmitted to the wvarious
departments of a concern in
cértain operations usually
contain a great deal of con-
stant material. This mate-
rial can be stored in a mas-
ter tape. When the master
tape is placed in a trans-
mitter, the Model 28 tele-
printer stunt box can be
used to stop and start the
transmitter for manual in-
sertion of wariable data
and ‘or insertion of data by
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Figure 17, Model 28 teleprinter stunt case shift mechonism
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information that is to be retransmitted to ner any combination of printing or non.
the various destinations. printing and spacing or nonspacing can be
One of the outstanding features of the obtained for a large number of switching &
Model 28 teleprinter stunt box in this type characters, :
of operation is the ability to suppress
printing and spacing on a large number of
characters which are used for switching.
Referring back to Figure 6, it can be seen The individual types of funetion
that an extemsion can be added to the mechanisms that are availakle in the stunt
lower part of the function lever to engage box are relatively few and simple. How-
the space suppression bail which extends ever, the use of these mechanisms in eom-
across the entire width of the teleprinter. bination with each other, and the capacity

When this function lever is activated by of the stunt box for a large number of
the character for which the function bar funetion mechanisms makes the Model 28

mechanism is coded, spacing will be sup- teleprinter a highly versatile unit.
pressed for that character. In addition in-

dividual upper-case or lower-case type

pallets in the type box can be easily re- Feference

Conclusion

placed with blank pallets for characters ! Mossex Hiow-Seeen Pack Teizemiwress, FRED W,
] z ] SMITH, Wermera [Umion Techmical Reem, Yol 0,
which are not to be printed. In this man- Na. 3, Jaly 1935
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in the Field of Communication

Telegraphy and Telephony

AMERICAN TELEGRAPHY—WM. MAVER, JR.-—1903.

AyroMATIC TELEPHONY—A. B. SMITH AND W. L
canPEELL—MeGraw Hill, 1921,

AUTOMATIC TELEPHONE PRACTICE—M. E. HERSHEY—
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Patents Recently Issued to Western Union

Electrosensitive Recording and
Duplicating Blank

D. P. Rooome, B. L. ELimve
2,726, 168—Decemser 6, 1955

A facsimile recording blank adapted for
duplicating received messages by the hecto-
graphic process which comprises a base layer
of conductive paper, a first coating compris-
ing a water-soluble dye such as methyl vialet
in a nonwater-soluble binder, and a top con-
duetive coating utilizing a binder in a volatile
nonacqueous solvent. The carbon content of
the latter coating is such as to permit removal
of the coating by recording stvlus current of
proper value so as to expose but not other-
wise disturb the dye layer.

Polar Relay

W. D. Buckmvonam
2,732 45 —Janvary 24 1956

In a polar relay of the type described in
Patent No. 2,732,458 below, the relay casing
is composed of laminations which serve as the
return path for the operating flux,—hence
improving both operating efficiency and
winding space factor. To limit wear, rolling
of the ball armature is promoted by choosing
material of relatively small magnetic reten-
tivity and then increasing surface hardness
as by case hardening or plating with tungsten
carbide or molybdenum. Bias iz adjusted
by orientation of an suxiliary permanent
magnet,

Cross-Talk Suppression

J. E. BovcHTWOOD
2,732 431—Jawuany 24, 1956

The interchannel cross-talk caused by the
overlapping of received pulses in a pulse
modulation receiver is corrected by a 3-step
procedure. Overlapping by the leading edge
of the wave is corrected by a phase shifting

network, by the trailing edge by a differen.
tiating network, both corrections being made
in the common receiving amplifier, while
“long term” cross-talk which spreads out
over several pulses is corrected by a coupling

circuit common to all channel detector-am.
plifiers.

Facsimile Transmission System
and Apparatus

G. H. Rmmves, J. H. Hackexeere, R. J. Wize,
. B. WorthEN, D. M. ZABRISKIE

2,732, 276—Jaxvary 24, 1856

A conductive pickup facsimile transceiver
in which a balanced stylus mount is enclosed
in a protective housing which automatically
tilts upward when returned manually to
starting position, at the same time causing the
stylus to retract into the housing. Upon start-
ing, the stylus and housing both drop auto-
matically into scanning position, The carriage
is drawn along the length of the drum by a
cord which wraps around a reel driven by a
synchronous motor until an end-of-message
contact is reached and the machine auto-
matically stope. Various other safety features
as well as circuitry and operating procedures
are described.

Polar Relay

W. D. BUCKINCHAM
2,732 458—-Jaxuany 24, 1956

A polar relay embodying a contact assem-
bly of one movable and three fixed elements
all enclosed in an evacuated glass tube about
1/4 inch in diameter insertable into a cylin-
drical space between the relay pole pieces
The magnetic armature is composed of a sin-
tered combination of iron, tungsten earbide
and other materials designed to impart hard-
ness and good conductivity and is preferably
in ball form arranged to roll on one contact
element while oscillating between the other
two. Bias is controlled by zhifting the loeation
of the permanent magnet. Various alternative
assemblies are shown,
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