Electric ‘locomo-
tive emerging from
the Snoqualmie
tynnel during train
communication
tests on the road

Milwaukee Tests Train Communication

Inductive system gives
good results on electri-
fied territory through
deep canyons and long
tunnel in the Cascades

Tue Chicago, Milwaukee, St. Paul &
Pacific has recently conducted exten-
sive tests of inductive train communi-
cation equipment on electrified terri-
tory, 440 miles between Harlowton,
Mont., and Avery, Idaho, and 216
miles between Othello, Wash., and
Seattle-Tacoma. The first item was
to determine whether the train com-
munication would operate satisfac-
torily under the overhead catenary
energized at 3,000 volts d-c. and with
‘a wayside power circuit at 100,000
volts a-c. Also it was quite possible
that the traction motors on the loco-

niotive, when pulling or when being
used in regenerative braking, might
cause interference with the train com-
munication. In brief, it may be said
here that no such interference was
encountered on these tests.

A second item was to be assured
that the train communication would
operate properly when the locomotive
and/or the caboose were running
through the numerous tunnels includ-
ing the Snoqualmie tunnel through
the Cascade mountains which is
11,890 ft. long and 1,500 ft. below
the surface of the ground at the deep-
est point. Numerous tests proved that
the communication operated satisfac-
torily when the train was in tunnels,
in deep gorges or alongside rivers.

Location of Apparatus
The equipment in the locomotive

used by the engineman is the same as
that in the caboose used by the con-

ductor. Also a similar set was 111 serv-
ice at Hyak, Wash., a wayside sta-
tion just east of the Snoqualmie tun-
nel,

Normally the handset, including the
transmitter and receiver, is hung on a
hanger at the left side of the case, as
shown in one of the accompanying
views. On the face of this case there
is a dial for adjusting the volume of
the loud-speaker which is mounted on
the wall of the cab. During the vari-
ous test runs two-way telephone com-
munication was maintained between
the locomotive and caboose at all times
as well as between the train and the
wayside stations at Hyak and Cedar
Falls.

How It Is Used

Normally the equipment in the lo-
comotive and in the caboose is in serv-
ice to receive incoming calls which
are reproduced by the loud-speaker.
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For example, if the conductor wishes
to talk to the locomotive, he removes
the hand set from the hook, holds it
to his head and, when speaking, he
presses a button on the handle of the
hand set. The conductor would say—
“Caboose number 11 calling engine
E28, over.” The word “over” in-
dicates the end of the call or state-
ment so the engineman will know
when to come in with his answer. The
engineman, when hearing the call,
takes his hand set and answers—
“Engine E28 answering cahoose 11.
What do you want? Over.” When
the conversation is finished, both hand
sets are returned to the hangers.

To the left of the dial there is a
small lamp which is lighted to indicate
that the equipment is energized ready
to receive messages. A lamp to the
right of the dial is lighted when a
message is being sent, and a lamp,
marked “speech control,” above the
dial, flashes intermittently when the
person talking is using the correct
volume of voice. This is an aid to a
man learning to use the communica-
tion system.

Details of Inductive
Communications

The equipment used in these tests
1s the Union Switch & Signal Com-
pany’s inductive system of train com-
munication, in which the transmission
hetween the head end and rear of the
train as well as between the train and
the wayside station in this particular
set is accomplished by means of 8%
ke. frequency modulated carrier im-
pressed inductively on the rails and
the wires on the pole line, so that the
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Conductor in
caboose using
the train com-
munication ap-
paratus to talk
to engineman

energy is not broadcast over an ex-
tended area as in conventional radio,
but rather is confined to the railroad
right-of-way and immediate vicinity
thereof.

Low Power Limit

This installation of inductive train
communication is adjusted to operate
within the low power limits of the
Federal Communications Commission

and, therefore, is not in the same class
as radio broadcasting, and, for this
reason, no assignment of frequencies
is necessary. When transmitting from
the caboose, for example, the message
could be picked up by an efficient
radio .receiving set tuned to 88 kc.
located any distance up to about 2,000
ft. from the track, provided the at-
mospheric conditions are good for
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radio reception. No commercial F.
radio receiving sets are tunable i,
this range.

Transmitting from a caboose, fq,
example, is accomplished by a sing],
wire loop, one end of which is ¢gp.
nected to a bearing on a truck at ope
end of the car, then the wire exteng
through the electronic sending ap.
paratus, then up to the roof for
full length of the car and down ¢,
connect with a bearing on the tryck
at the other end of the car, so that the
sections of rail which are at varioy
times between the two trucks are iy
cluded in the one-turn loop. The wire
in this loop is No. 4 copper. The in.
stallation does not require that eithey
truck be insulated from the car.

The voice currents delivered frop
the microphone circuit modulate the
carrier frequency delivered by ap
oscillator. The modulation is a fre-
quency modulation and is accom-
plished by means of a reactance tube
which varies the frequency of the
oscillator over a predetermined range
at a rate which depends on the fre-
quencies of the voice currents. The
output of the modulator is amplified
in the driver and again in the power
amplifier consisting of four 6L6
tubes. The modulated carrier current
goes to the output transformer which
supplies the energy to the transmitting
loop.

The supply to the electronic trans-
mitting equipment requires about 0.5

L. F. Donald, gen-
eral manager, Mil-
waukee Road,
Lines West, using
the wayside equip-
ment at Hyak to
talk with the men
on the train

amp. at 400 volts d-c. The trans-
mitting loop, when sending, carries
about 10 amp. and about 60 watts.

Receiving Apparatus

The receiving coil, which consists
of 100 turns of wire about 10 in. in
diameter, is mounted on the roof of
the caboose, this. being preferable to



June, 1945

a location under the car over a rail
pecatise, when so mounted, noise was
introduced when passing over in-
sulated rail joints. o
The energy plckeq up by_ receiving
coils is amplified in its received form
in two stages of a carrier current am-
plifier. It is then heterodyned with the
output of an oscillator to p.rod_uce an
intermediate frequency .Whl.Ch is cho-
sen higher than the carrier frequency.
The intermediate frequency which
carries the initial modulation is then
amplified through three stages. the
jast of which serves as a limiter. Af-
ter this amplification, it goes through
2 diseriminator which is the frequency
modulation term for a de-modulator.
Here the voice frequency is separated
out from the intermediate frequency.
The voice frequency is then further
amplified and delivered to the loud-
speaker or telephone receiver. The
pand of frequencies used in this sys-
tem is about 6,000 cycles wide, that is
3,000 cycles on either side of the
nominal carrier frequency. This
makes available a voice hand from
approximately 200 to 2,750 cycles
which is capable of giving a satisfac-
tory reproduction of voice.

Part Played by Rails and
Line Wires

In this system when adjusted to
operate at 88 kc., transmission by
rails only between vehicles is limited
to about 2,000 ft., and for greater dis-
tances the use of line wires and/or
overhead trolley is essential.

Power Supply for Communication

The electronic equipment of this
train communication system operates
on a supply of 400 volts d-c. which is
produced by a small dynamotor rated
at 500 m.a. output at 400 volts. On
the caboose, the dynamotor is fed
from a set of 16 cells of 450-a.h. stor-
age battery. For these tests, an ex-
press car 1s being used ahead of the
caboose, and this set of battery is in-
cluded in the regular car-lighting sys-
tem on this car. When in condition
to receive messages, the discharge
from the battery to the dynamotor is
about 6 amp. at 32 volts, and, when
sending, the discharge is about 12
amp.  On the locomotive the train
communication equipment is fed from
the 32-volt sources of d-c.

The electronic equipment for either
the caboose or locomotive is all con-
tained in a sheet metal case 16 in.
high, 16 in. deep, and 48 in. long. The
equipment is in three separate units,
a sending set, a receiving set and a
power unit, each of which is plug
connected and can be removed or re-
placed independently.
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