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Serial No. 348,896

ALIEN PROPERTY CUSTODIAN

ELECTROMAGNETIC TRANSPORT DEVICE

André Lucien Dauphin, Parls, France; vested In
the Alien Property Custodian

Application flled July 31, 1940

This invention relates to an electromagnetic
transport device, more particularly intended for
the rapid transport over any distance of light
frelght and especially mail, by electromagnetic
propulsion.

The problem of the rapid transport of the mall
is as yet only imperfectly solved. The most rapld
means (aeroplanes) cannot ensure g constant flow
and always necessitate g transfer from the point
of arrival to the distribution centre.

The pneumatic tube system employed in large
towns where the network is dense, easily super-
intended and of small capacity, is not applicable
to long distances or to large diameters.

The electromagnetic propelling device patented
by the apblicant 1s perfectly adaptable to the so-
lution of this problem by means of & certain num-
ber of improvements.

However, it follows that the construction must
be different according to whether it 1s a question
of transporting light mail at a very high speed
(50 to 100 meters/sec.) and over very great dis-
tances, or of transporting heavy and bulky loads
(standard mall bags) for a short distance such
as from an aerodrome fto a distribution centre
and at low speeds (20 to 25 meters/sec.).

The first application necessitates a tight tube
which can be placed in g trenech or in a duct or
even in the open alr. It necessitates magnetically
controlled automatic switch points, good contacts
without material contact with {he movable bodies,
an automatic block system etc., all these ar-
rangements being obtained by the present Inven-
tion.

The principle of the system which 1s known in
itself is as follows:

If a magnetic core is assumed to be about to
pess Into a solenoid, and If the sald core itself
by its movement causes a current to be passed
through the solenoid, it will be attracted with an
increasing force up to the point where the mag-
netic circuit with the outer framework is closed
and the attraction will disappear,

However, If In arriving at thls point (teking
into account the self-Inductance of the winding)
the core itself by its movement cuts off the cur-
rent through the solenold, it will continue in its
churse owing to Inertia, assuming it to be sultably
gulded.

If & second solenoid is met under the same con-
ditiong g fresh impulse may be imparted to the
core. '

According to the energy and the frequency of
these fmpulses, taking Into sccount the passive
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resistances, 1t will acquire an accelerated move-
ment or a continuous movement,

‘The case can now be considered where instead
of a single magnetic core there is a train com-
posed of any number of cores which are mag-
netically separate but mechanically coupled.

If this train passes through a series of suitably

-Spaced solenolds the Impulses will succeed one

another so as to constitute & practically continu~
ous drive and the train can move at any speed
determined by the power expended on the one
hand, by the passive resistance, on the other hand,
and In a subordinate way by the switching con-
ditions, time constant of the solenoids, ete,

It follows that according to the particular con-
ditions of application and for the purpose of re-
ducing the initial cost, solenolds which are more
widely spaced and of greater power can be used,
thus utilizing the momentum of the train, to en-
sure the drive by a succession of spaced impulses.
The algebraic sum of the driving Impulses and
the reslstances to motion must, of course, be posi-
tive at any moment.

The device according to the inventlon com-
prises in combination suitable solenoids of suit-
able dimensions provided with switching appara-
tus and locomotor elements which themselves
constitute, and through the auxiliary transport
members with which they can be combined, a core
for the solenolds the latter being suitably ar-
ranged on a sultable supporting and guiding track
which afso comprises sultable magnetic braking
and safety devices, preferably operating auto-
matleally, with the object of obtalning a high-
speed transport assembly permitting a consider-
able traffic.

The accompanying drawings show the con-
struction according to the invention of a device
intended. to be used for the transport of mall
bags between given stations.

In the drawings:

Fig. 1 is a view of an assembly of a traln used
according to the invention;

Fig. 2 13 a half gectlon with half external view
of & solenoid mounted on the track;

Flg. 3 is a vertical sectiont of Flg. 2 along the
line IIT—IIT, )

Fig. 4 13 an end view of Flg. Z along the line
IV—IVof Fig.2;

Fg. 5 isaplan of Fig. 2;

Fig. 6 1s an elevation with paftial section of
& locomotor element,

Fig. 7 is an end view parily broken away;
nge. 8 is a section along the Une VIIT-—VIIT of

g£. 6;
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Fig. % is a plan view of Fig. 6;

Fig. 10 is a diagram of the elzctrical connec-
tlons of each solenoid;

Figs. 11, 12, 13 show modifications of Fig. 10,

Fig. 14 is a diagrammatic view of a cut-out
located in the connections of the coil,

Plgs. 15, 16 are dlagrammatic views showing
& plan view and a longitudinal section respec-
tively of a station,

Figs, 17, 18 are a longitudinal elevation and a
cross-section respectively of a locomotor in zan
opehed position;

Fg. 19 is &n elevation of a transport vehicle
intended to be inserted between locomotors ac-
cording to Fig. 6.

The complete device comprises three principal
elements which are the solenoids, the switching
apparatus and the locomotors, and accessory ele-
ments such as the track, the transport trolleys
and the safety devices.

Each solenoid (Figs. 2 to 5) consists of an an-~
nular winding of a diameter suitable for the
callbre of the device. This winding can consist
of a single coil or, as in the preferred embodiment
shown in Pig. 2, several coil sections (two in num-
ber in sald embodiment) such as { and & con-
nected in series and suitably insulated conforming

to the dimensions of the assembly. The simple’

or mulitiple coil is enclosed in a laminated mag-

netic framework forming a casing and assembled -

by bronze members such as 4 and 5; sald frame-
work recelves the track elements 26.

The area of the section of iron of the said mag-
netic framework is such that the iron is not sat-
urated In any case.
surfaces of the armatures are surfaces of mag-
netic level in which the Unes of force must nor-
mally terminate.

As the driving reactlion acts on the magnetic
framework the assembly is calculated mechan-
ically in proportion to these reactions:

Ag clearly shown in the Plgures 2 to 5 of the
drawings, the whole is coricentrated and con-
structed to reduce to & minimum the dispersion
of the lines of force In accordance with the
known processes.

The internal diameter of the magnetic ring is
determined so as to reduce the air gap to a mini-
mum when the magnetic circuit 15 closed by .the
core of the locomotor, which is described here-
after this necessitating a very accurate guiding
obtained as indicated hereinafter in the descrip-
tion relating to the track.

The iron plates are suitably notched as by 23,
21, 28 to allow free passage for the switch ralls
1. 8, guide rails 20 and bearing rails 26 respec-
tively. In order that the sald rails de not form
a magnetic short-eircult, said rails will comprise
sections of rail constructed of non-magnetic
metal. Tt would also be possible to use steel rails
by providing by notching air gaps which are ap-
preciably greater than the normal alr gap, ac-
cording to the conditions of econstruction.

Tn view of thelr mass, the surface of dispersion -

and the extremely short time during which a cur-
rent passes (of the order of 100th of & =mecohd)
the question of overheatlng in normal service
does not atise. In case of accidents caising the
cirecult to be closed for a considergble time the
circuit is automatically broken by a fuse 29 (Fig.
11) or by & cut-out 30 (Fig. 12) having a retarded
action.

Ag relatively high currents are used the ques-
tion of switching 1s of considerable importatice

Under these conditions the :
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and conditions the operation of the device Insofar
as practical operation continues.

Thus in a system comprising a train of 3,000
kgs. driven at a speed of 25 meters/sec. the peak
current may reach 300 amperes ai 600 volts.
As this current {s instantaneous (of the order of
100th of a second) the questions of self-induct-
ance, time constant of the windings and the
breaking of the current, give rise tg problems the
solution of which constitutes one of the charac-
teristics of the invention.

This solution is theoretical and practical and
is obtained as follows:

One of the ends of the winding of each of the
solenoids |, 2 is directly connected to one of the
supply lines, for example 6 (Fig. 10). At any
suitable point of the inner circumference of each
solenoid, preferably at the upper part, are placed
two rail elements for switching shown at T and 8
in Figs. 2-4. These rails are constructed of a
metal which is non-magnetic and which {3 a good
conductor of electricity, such as for example ¢op-
per, bronze or other material, and are separated
by a distance which is suficient to avold the for-
mation of arcs between the said rails in view of
the supply voltage adopted.

One of the rails, for example 1, I5 directly con-
nected to the other supply line 8, the other rail
8 being connected to the second end of the wind-
ing 1, 2, as shown in Fig. 10.

It can therefore be seen that In order to ener-
glze the solenold (—2 it is necessary and sufi-
clent for the circult between the two rails 748 to
be closed by means of a special part carried by
the movable body. Among other advantages this
arrangement has the advantage that no part of
the train (with the exception of the insulated
slider which ig described below) serves as a con-
ductor for the current and neither the rails nor
the earth form part of the circuit, thus excluding
all risk of fire breaking out in the transported
frelght,

Each of the solenoids is connected up only
through the medium of the protecting and cut-
out devices such as 29 (Fig. 11) and 80 (Fig. 12)
by means of which a solenold can be discennect-
ed for repalrs without interrupting the trafic.

In order to make the most use of the solenold
1t 1s important that the useful current intensity,
that is to say the intensity at the moment when
the magnetic core passes into the magnetic field,
is the maximum intensity provided for while tak-
ing info account solely the ohinic resistance of
the winding.

As 1t is here a question of instantaneous cur-
rents the winding has a congiderable seif-in-
ductance which slows up the passage of the cur-
rent and this “time constant’ has an appreciable
value which may reach several hundredths of a
second. It Is therefore important for the switch
rails to be suitably extended in order that the
slider of the movable body shall close the circuit
before the core passes into the solenoid,

The length of this extension i determined by
the time constant of the windings and the speed
at which the movable body s propelled. An In-
sufficient length will reduce the magnetd-motive
action and an exaggerated length will reduce the
output of energy and will be capable of causihg
an unnecessary overheating,

The breaking in an inductive circuit of an In-
stantaneous current of such strength presents
considerable difficulties In an apparatus where
the current is very frequently Interrupted vinless
relays are employed the complication and serist-
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tiveness of which will appreciably reduce the ad-
vantages of the device.

In order to avoid these disadvantages the mag-
nitic circutts are dimensioned so that at any mo-
ment of the total closing of the magnetic eircuit
(core centred in the solenoid) the back electro-
motive force due to the movement considerably
reduces the current strength. In this way in the
example cited above, when the peak current
strength iz of the order of 300 amperes the cur-
rent on breaking the circult Iz only 15 amperes.

However, by way of supplementary precaution
the ends of the switch rails are provided with
points 40—48, 4i—41 (Figs. 2, 5) graphite or
equivalent material forming a spark arrestor for
the double purpose of avolding the over-voltages
which are harmful to the windings and of allow-
Ing an easy maintenance without changing the
assembly of the rall.

The abovementioned arrangement is applied
to double track conveyors operating in some sort
of closed circuit, but the device is equally appli-
cable to “shuttle” services run with single track
CONVeyors.

In this case there are three switch ralls (Fig.
13) the central rail 3| connected to the solenold
I—2 and to the supply line 36 being of double
length, In order to ensure the advance contact
in hoth directions of running, The side ralls
32—33 carrled In front and at the rear are each
connected to a different supply line 34-—35 re-
spectively which can be connected up from the
central plant,

In order to reverse the direction of a traln it
is therefore sufficlent to change the slider and
to connect one or the other of the supply llnes
34--135 to the generator not shown in the drawing.

The device comprises propelling solenoids and
a8lso braking solenolds intended to slow up the
speed of the train on arrlval at a station.

The switching conditlons are here quite differ-
ent since the magneto-motive actlon must have
effect only when the magnetic circult is closed
and the current must be broken during the open-
ing of the magnetic circult.

The efficlency of the solenold Is then extremely
reduced since the maximum self-inductance dur-
Ing the passing of the current considerably re-
duces the current strength used, and since the
circuit is broken at & peak current without any
counter actlon due to the back electro-motive
force. As this counter actlon is moreover In-
versely proportlonal to the speed of the train it
will entirely disappear when the traln is sta-
tionary.

This disadvantage is overcome by the following
device (Fig. 14). The switch rails T, 8 gre ar-
ranged and dimensioned so that the circuit Is
closed through the winding {—2 when the core
is centred therein but at the same tlme a cur-
rent Is passed through the coil 37 of a cut-out
30 and the latter closes, the resistance and the
self-inductance of the operating coil 31 of the
cut-out 38 being negligible relatively to those of
the solenold 1—2., TUnder these conditions the
passing of a current through the solenold i—2
{s not influenced by the delay In the closing of
the cut-out this being indispensable.

On the contrary, at the end of the outward
course of the core the cut-out 38 will open only
after the slider 39 has left the switch ralls 1—9
ancd under these conditions the slider 39 will not
have to break any current since it will be short-
clrculted by the cut-out 38 when it leaves the
ralls T—8.
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The peak current during the outward course
at low speeds (less than 10 meters/sec.) cculd ap-
preciably exceed the allowable instantaneous
overload for the generators. Non-inductive re-
sistances 42 (Figs, 15, 18) are therefore provided
in series with the braking solenoids 43, these re-
sistances being determined In accordance with
the characteristics of the solenolds,

Normally the braking will be assisted by pass-
ing up a slope 48 (Fig. 16) In the direction of
arrow F, It belng assumed that every station such
as 45 (Flgs. 15, 16) is at a higher level than the
track, and In the same way starting up will take
place on descending the slope 44 in the direc-
tlon of arrow F1 in order that the train will ar-
rive at the first solencids with a speed of at least
5 meters/sec, However, this arrangement is not
essential to the operation of the device but ap~
preclably facilitates its operation.

The locomaotor is one of the two essential parts
of the device since it Is this part which ensures
the driving of the train assembly when it re-
celves the magheto-motive actlon of the solenoid
and at the same time it has to make the drlving
contacts.

Every locomotor comprises a magnetic ring 10
(Plgs, 6 and 8) consisting of two radially ar-
ranged iron plates (parallel to the lines of force).
This ring which Is preferably of a general cylin-
drical shape, can have flat portlons, such as i1
(Plg. 8), for the passage of the points, and re-
cesses, such as {2 (Figs, 7, 8), for housing the
switch ralls,

The external diameter of this ring 1s directly
proportional to the Internal diameter of the sole-
nold (Figs, 2 to 4) in order to malntain the air
gap provided for. The length of the ring iIs the
least equal to that of the solenoid measured be-
tween the outer plates of the cheeks 3.

The ring 10 is mounted on a sultable frame of
a light non-magnetic metal extended by stream-
iined portions 13, 13, likewlise of ligcht non-mag-
netic metel and of sultable shape, Spring hooks
15 and bearinegs rings 16 allow the varlous ele-
ments to be connected up to form a traln.

The locomotor comprises two bogies 1T and 18
mounted resillently but with a small amount of
play and guiding is completed by four rollers 19
(Flgs. 6 and 9) which bear on guide rails 28
(Fig. 3).

The rollers are placed above the horlzontal
diameter at an angle which Is determined by the
profile of the line in order to balance the mean
resultant of the reactlons due to curves In both
perpendicular planes,

The locomotor can be opened for loading for
fnstance by raising the entire upper casing 4%
which ralsing may be operated by means of a
pulley block 41 of any desired construction, ahd
which may be for Instance a pneumatic pulley
block, secured on a convenhlent frame 48. It
would alsc be possible to open sald locomotor in
any other way, for instance, by opening trap
doors (not shown In the drawings) in the stream-
lined portion, according to the nature and di-
mensions of the freight to be transported,

The locomotor carrles at its upper part contact
sliders each comprising a resillent parallelogram
28* (Pigs, 6 and 7) which has at its end two
Joined stralght bars 21 which are sultably lnsu-
lated from the body. These bars of & metal
which 15 a good conductor close the circult be-
tween the switch ralls, Thus a current cannot in
any case pass through the locomotor.

‘When the train has to travel in both directlons
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{(gingle track or point terminus) there are two
sliders 21 one at each end of the locomotor, as
ahown in Fig. 6§, 4 mechanjgal leeking gear not
shown in the drawing preventing them from he-
ing ralsed at the same time,

In the case of a double irack and pop ter-
minus as in Pigs, 16, 17, the train always {ravels
in the same direction and a single slider is suffi-
clent.

It follows that as the sliders are located on the
streamlined portion the latter s suitably ar-
ranged to allow a very small clearance,

A suitable curvature of the ends of the switch
ralls 1, 8 and of the condact bar 21 of the slider
allows a contact to be made without shock at the
speed under consideration,

Trolleys 25 are interposed between the locomo-
tors at the rate of 7—i trolleys for n locomotors.
The length is determined by the frelght to be
transported and at the same time by the spacing
between the solenolds and can be varfable ac-
cordlng to whether the train runs with contlnu-
ous drive or with discontintous drive,

They are constructed of a light metal, for ex-
ample of the shape shown In Fig. 19, supported
if necessary by one or two hogies 22, and shaped
&t their ends at 24 so as to fit exactly the ends
of the locomotors.

The train thus forms a cylinder scarcely un-
dulated and witheut any break of comtinuity,
ensuring the mininmum of resistamce to its mo-
tion end carried by the track 28.

The trolleys can have a diameter less than
that of the locomotors in order to escape the
switch rails,

The track assembly consisting of rails, points,
etc. . . . doeg not differ at all from the present
rallway material. Its spacing jis mainly equal
to the radius of the magnetic cylinder but it can
differ therefrom without disadvantage accord-
Ing to the conditions of stability. The rails are
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Aupported by tire elemenks of the trussed girder

which itself constitutes the “subg.”
At the terminus the track ean pither dascribe

.a loop (Figs. 15 abnd 18) of radius preportionsl

to the length of the trains (loop terminus) or

the two trecks can be Joined to ferm & single
‘track (point terminus) according to the extent

of the traffic provided for.

It follews that the {rains cannot be manoeu-
vred at a statlon under the action of the sole-
nolds. This manoeuvring ean be effected by
means of suitable suxiliary motors which will
be of any convenient type and conveniently ar-
ranged at the end stations.

In the cage of multiple lines comprising malin
tracks and additional or secondary tracks, a se-

.euxity device will be preferably arranged, sald

device comprising a convenient block system pro-
tecting every junction, for instance by means of
additional contacts controlling by the ald of re-
lays solenolds which act upon rolling trains by
blocking same or otherwise.

The several manoeuvres will be controlled for
instance from a central station, for instance by
means of emisslons of modulated current or hav-
ing & special frequency, or by means of inter-
rupted current according to a determined rythm,
said rythm being for instance determined by in-
dications given for instence by a perforated film
which unrolls at a speed corresponding to the
speed of {rains.

Any other device may, of course, be used for
the same purpose.

The invention 1s applicable to the rapid trans-
port of any sultable matter or substance and
more particularly mails, and the transport can
be effected elther on the surface or underground.
The track can ke constructed in any suitable
manner,

ANDRE LUCIEN DAUPHIN.
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