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UNITED STATES

PATENT OFFICE.

THORSTEN VON ZWEIGBERGK, OF PRESION, ENGLAND.

CONTROLLING SYSTEM.

SPECIFICATION forming part of Letters Patent No, 691,692, dated January 21, 1902,
- Application filed July 8,1901. Serial No. 67,418, (No model.)

10 all whony it nuny concern,

Be it known that I, THORSTEN VON ZWERIG-
BERGK, a citizen of the United States, resid-
fug at Preston, in the county of Lanecaster,
England, have invented a certain new and
useful Improvement in Controlling Systems,
of which the following is a full, clear, and ex-
act description, reference being had to the
accompanying drawings.

1o,  The object of this invention is to provide
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simple and efficient mechanism for operating
a controller by means of compressed air gov-
erned electrically by one or more master-con-
trollers, the result being that the main con-
troller, located where most convenient—on a
train, for example—may be operated with
very little manual power from the most de-
sirable point or points.

To operate the necessary air-val ves, I have
provided a system of magnets so arranged
and connected that their sluggishness is over-
come, whereby they respond with the desired
rapidity. ’

The invention consists of the means I em-
ploy to attain the above ends, broadly, and
also more particularly as hercinalter de-
seribed. It ineludes the arrangement of in-
dividual mechanisms, each adapted to move
the controller one noteh, and the movements
aggregating Lo move the controtler from noich
tonoleh continuously, as desired. Isincludes
the arvangement of the magnets, the valves
and passages, and various features of con-
struction, all of which will be definitely set
out in the claims.

The drawings clearly illustrate my inven-
tion as applied to a main controller of suit-
able form.  The controller box or casing is
shown and the controller-barrel indicated dia-
grammatically.

“Figure Tis aside elevation of such control-
ler-box having my opeating mechanism.
Iig. 2 isa plan of the sane.  Fig. 3is an en-
Lurged side elevation, partly in seetion, of a
portion af mv operating mechanism, the sec-
tion plane being somewhat distorted and
passing through the main air-passages. Fig.
+is an end elevation, partly sectional, of the
operating mechanism. Fig. 5 is a diagram
iltustrating the positions of the controller-
barrel, and Fig. 6 a diagram illustrating the

B -

wiring and connections of the magnets and
the master-controllers.
In the reference-letters on the drawings it

is to be noted that the capital letters with- s

numeral exponeuts refer to the correspond-
ing individuals of a series designated gener-
ically by the same letter without the expo-
nent.

As shown iu the drawings, A represents a
usual controller box or easing, in which the
main controller eylinder or barrel I3 is con-
tained, mounted upon the rotatable shaft C.
These parts may bo of any proper construc-
tion. ’

Fig. 5 showsa usual indicator-wheel D rigid
with this shaft and a spring-pressed roller
engaging the same, this conventional repre-

-sentation illustrating the different wmove-

ments of the controller which the mechan-
ism shown is adapted to cause. It may be
employed or not, as desired.

A spring F, connected by a strap G to a
drum I on the lower end of the shaft C, brings
the controller cylinder or barrel to the off po-
sition whenever so -allowed by the air-con-
trolled mechanisin. At the upper end of the
shaft C is a pinion J, engaged by a rack K.

The air-eylinders operate to shove this rack -

to the left, rotating the controller-barrel as
desired agaiust the action of the spring F,
which returns the barrel when the aiv-pres-
sure is released.

There are a series of pneumatic méchan-
isms (generically designated M,) there being
as many individuals in the sevies as there are
active positions of the controller. Thus the
drawings show seven mechanisms M’ to M7,
corresponding tofourseriesand three parallel
positions of the controller. The first of these
wechanisms M, at the extreme right, is rigid.
Allthe othersare adapted to be moved bodily.
The piston of each eylinder is rigid with the
body of the eylinder next to the loft, so that
when the cylinder at the extreme right is ac-
tuated it moves the other six cylinders a dis-
tance of one unit. When the next eylinder
M2 is actuated, it moves the remaining fivo
cylinders one noteh farther, and so on, The
pisten of the final cylinder is connected with
the rack K, so that the controller-barre] is

H

driven from notch to notel as the pistons are
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-successively actuated.
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The stroke of the pis-
tons is proportional to the distance between
the notches or stopping positions of the main

- eontroller.

I0
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Describing the air-ecylinders and pistons
more specifically, the first eylinder M’ is rigid
with the frame of the mechanism, which, as
shown, is also the top plate L of the con-
troller-hox. This eylinder is composed of the
vertical plate m, rising from the plate L, and
the cylindrical hood m', seeured thereto.
Slidable within the eylindrical interior of the
hood is the piston m?, which has the hollow
rigid piston-rod . Rigid with the outer end
of this piston-rod is the plate i, which forms
the back of the eylinder M2and with the hood
m’ eonstitutes that cylinder. The piston mf
of this cylinder is rigidly connected with the

plate 17, coustituting the back of the eylin-

der M5, and so on. All of the cylinders ex-
cept the first one, M, are guided to slide on
suitable rails /, rigid with the frame of the
inechanism. The pistons are properly packed
by suitable means, that shown being a flexi-

.25 <ble packing ', backed by a wire ring n? and
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an annular clamping-plate 1%, held to the
pistons by screws n*. A central boss mb, ex-
tending rearward from each piston, normally
engages the face of the cylinder-back, pre-
venting lost motion. Assoeciated with each
cylinder is a valve Lox or casing P, 7', to 17,
within which is a valve, about to be deseribed,
adapted to govern communication between

the passages to or from the corresponding cyl-,

inder. 1In the first eylinder one of these pas-

sages R'leads from the main air-supply to’

the valve-box P’ and the other, S', leads to the
cylinder M’. The chamber on the rear sido
of the piston m? is connected by a passage-
way m” with the interior of the piston-rod
7’ and from this interior leads the passago
R? within the plate 1! to tho second ralve-
box 2. From this valve-box a passage S leads
to the interior of the second cylinder M? the
passage R*leads from this eylinderto the next
valve-box, and so on.
R and §' are coupled together by the valve
air is admitted from the main supply to the
rear side of piston 2® and all the cylinders
M?to M7are moved to the left a distanco
equal to the stroke of the piston wm? and this
through the rack K rotates the controller-
barrel from the off position to position No. 1.
Thereafter if the valve in the box 1 is also
opened the air passes from the passage-way
R* to the passage-way S® and drives the pis-
ton #1°to the left. Thissliovesall the eylin-
ders M*to M7, inclusive, to the left one noteh,
further rotating the controllér-barrel to posi-
tion No. 2, and so on. Tt will thus be seen
that if an air-pressure is maintained in the
passage-way R'it is simply necessary to open
the valves in the boxes 1 1%, &e., succes-
sively and maintain them open to rotate the
controller-barrel through itssuceessive steps.
Suitable vents m"® in the various eylinders
prevent any back pressurc on the front side

Now if the passages-

691,60%

of the pistons. Byhaving eachmovable eyl-
inder receive its air from the preceding cyl-
inder the necessity of a flexible air-hose to
each cylinder is obviated, and the main air
conneciion at R’ may be rigid.

The valves and passagesin the boxes Pare
arranged so that when they close the pipes
R’ R?, &e., they open the exit-pipes s, &e.,
to the atmosphere, whereby, with the control-
lerin any operative position, if the valves are
moved to theirnormal position the admission
of compressed air is shut off and the en-
trained airisallowed to escapeand the spring
F brings the controller-barrel toward the off
position, returning the corresponding cylin-
ders accordingly.

The valves which control the above - de-

seribed operation are best shiown in Irig. 4,
where the valve-boxes P will he seen to be
castings, having the passages R and S con-
nected through a cross passage-way, which is
occupied, though not filled, by the valve-stem
P On opposite ends of this'stem are the
headsp’andp®. Theformer of these isadapt-
ed to engage and close a seat connecting the
cross passage-way with the passage R. The
latter may close an oppositely-facing seat be-
tween the passage S and the outer air. The
two heads are thus really a pair of alter-
nately-seating valves, though it is convenient.
to speak of them with thestemas a ““ valve.”
Theair-pressure in the pipe Ruormally main-
tains the valve p® against the former seat,
preventing communication between the pipes
R and 8, while the valve p*is free from its
seat, connecting the passage S with the outer
air.  A'screw-cap pallows convenient access
to the valves.
. An armature-lever Q is suitably pivoted
and earries an adjustable screw ¢, which is
adapted to bear against tho valve-head .
The normal position of these parts isasshown
in IFig. 4, the pressure on the valve-head 7
maintaining that head in its'seat, as shown.
When the governing-magnet T, however, is
energized, its magnetized core / draws the ar-
mature Q toward it, moving the valve so that
the head ptseats in its seat, shutting off com-
munieation from the passage S to the outer
air, but coupling that passage with the pas-
sage R by means of the free space around
the stem p'. Tt will thus be scen that when
the magnet 1" is energized the piston in the
eylinder M' is moved, which moves the main
controller to position 1. Thereafter when
the magnet 1% is also cnergized the piston in
the cylinder M?is actuated and the control-
ler-barrel is rotated to position 2, and so on.
Thus the controller may be governed as de-
sired from any point by a master-controller
which electrically governs the energization
of the maguets. i :

The magnet T, it will be obscrved, has an
outer winding /' and an inner winding £,
these windings having the same number of
ampere-turns, but heing counected in rela-

tively opposite direetions, whereby if the cur-
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rent flows through both windings the magneti-
zation is nil.
. ‘The magnets T gre governed hy a master-
‘eontraller of the simple type illustrated in
'§ the diagram Fig. €. There the governing-
eurrent comes frow the line VO, which is a
shunt from the main line governed by the
main controller, and in the diffevent positions
of-the master-controller this line V° is con-
1o mected successively with the lines V' v y3,
- and’soon.  Of these lines the first, V', leads
inseries through. the inside coil of all the
magnets except the first (there being 6o in-
side coil for that magnet) and then leads in
15 series through the outside coils of all the mag-
nets. .: The line V2 leads through the inside
. eoilg of all the magnels except the first and
-“second and through the outside coils of all
.. the magnets, and so on, the line V7 leading
2o simply through the outside coils of all the
magnets. -
In oparation when the master-controller is
" turned to position No. 1 the governing-cur-
rent passes along line V' and through both

~ 2§ coils of all the magnets exeept the first, and

hence neutralizes all the magnets T? to 17,
* ~ but actuates the magnetT”, and this through
the valve, as explained, causes the rotation
of the controller-barrel to posilion No. 1,
po-
sition 2, all the magnets are nentralized ex-
cept the first and second. This nmaintains
the valve in the box 1 open and also opens
the valve in the box P%, moving the control-
35 ler-barrel to Dosition 2, and so on. In{(ile

final position, 7, all of the inside coils arf cut
out, and hence all of the outside coils are
active and all the valves are held open and
the controller-barrel is maintained in posi-
40 tion No. 7. The objeet of this peculiar ap-
rangement -of double - coiled magnets is 1o
lower the self-induction to aminimum. Iput
as fow turns as possible in each magnet,which
relieves the strain on the insulation and on-
45 ables the magnets 1o operate more rapidly,
This heuatralizing effect prevents in the first
movement the self-induction of any coil ex-
cept the first, due (o the bucking efloct of
magnets T2 to L7, inclusive, the self-induction
5o of thesc wagnets heing practically nothing,

In going from noteh No. 1 to notch No, @ the
ouly self-induetion wiil bo that of the outer
coil of I? and from notch No. 2 to noteh No.
3 that of outer coil 3, and so on. By this
55 arraugement it will be seon that the self-in-
duction for each notch is dependent ouly on
the turns in one coil, and this self-induction
may be .kept very low.  The magnets will

- therefore operato more rapidly than if they

6o wore counected in parallel, which would yo-
quire considerably moro tures and {iner wirve,
There will also bo less strain on the insula-
tion of the coils when opening and closing
the magnetic cireuits, which is of great fn-
65 portanco in the constraction of shuut-coils
for the comparatively high potential whieh
the main line supplies,

3

Iclaim—

1. The combination of a main controller, 4
series of pneumatic mechanisms one for each
active position, and electric meauns for eon-
trolling said series of mechanisms, substan-
tially as described. )

2. A plurality of boeumatic mechanisms
connected in series whereby the effect of each

7¢

mechanism is'added onto that of the preced- -

ing mechanism, and a controller connected

with said mechanisms and adapted to be ac- .

tuated thereby, substantially as deseribed,

3. The combination of a plurality of pneu-
matic mechanisms connected in series where-
by the effect of each mechanism is added onto
that of the preceding, means for controlling
the admission and exit of air from said mech-
anisms,a controllerconnected with said mech-
anisms and adapted to he moved consecu-
tively from position to position thereby, and
a spring operating to return said controller
when air-pressure is released, substantially
as deseribed.

4. The combination of a main controller, a
seriesof pneumatic mechanisms each eonnect-
ed to move said controller from one stopping
position to the next, said mechanisms aggre-
gating their movement to move the controller
bast several stopping positions, and a mas-
ter-controller for governing said pneumatic
mechanisms, substantiall ¥ as deseribed.

5. Thecombination of a series of pneumatic
mechanisms each adapted to move bodily the
remaiunder of the series on one side thereof
angda controller connected with the last mech-
anism of the series whereby the sum of all
thestrokes of the different mechanisms move
the controller to the last position while any
Intermediate position thereof is caused by
the sum of all thestrokes of tho ineehanisms
between such intermediate position and the
olf position, substantially as deseriled,

6. "The combination of 2 controller, a series
of independently-movable mechanisms con-
nected in series with eacli other, mechanism
conuecting the last of tho series with the con-
troller, each of said series moving bodily tho
ronainder of the series which are on that
side toward whiclh said connection with the
controller is made, whereby the movements
of the individuals of said series aggregate to

8o
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move the controller through consecutive po-

sitious, and a master-controller for governing
said movable mechanisms, substantially as
described.

7. Thecombination of a seriesof pneumatic
mechanisns each adapted to move bodily the
remainder of the series and a controller eon-
nected wivh the last mechanism of the series
whoreby the sum of all the strokes of the dif-
fereut mechanisms move the controller to the
last position while any intermediato position
thereof is caused by the sum of all the strokes
of the mechanismg between such interine-
diato position and the off bosition, a master-
controller having a Pposition for each of said
mechanisms, and magnoto-clectric mechan-
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ism controlled thereby for governing said
bPneumatic echanisms, substantially as de-
seribed. T

8. The combination of a controller, a series
of pneumatic mechanisms for operating the
same, each mechanisin having a eylinder and
plungar of one cylinder being
connected to the ddjacent cylinder and-the
final plunger being connected with the con-
troller, and means for governing the air ad-
mitted to said cylinders, substantially as de-
seribed. : ) i

9. The combination of aseries of independ-
ently-movable pneumatic mechaniss, each
mechanism includinga cylinder and a piston,
the piston of one cylinder being connected to
the cylinder adjacent, there being passages
adapted to admit operaiing fluid onto the
rear sides of said pistons, substantially as de-
seribed. »

10. Thecombination of a series ofindepend-
ently-movable pneumatic mechanisms, each
mechanism including a cylinder and a piston,
the pistonof one cylinder being connected to
the cylinder adjacent, there being passage-
ways adapted to admit operating fluid onto
the rear sides of said pistons, and an electrie
controller connected to the piston of the final
cylinder, and means for admitting air to the
different eylinders suecessively,substantiully
as described.

11."The ecombination of a main eontroller,
aseriesof pueumatic mechanisms adapted in-
dividually to move the same each one posi-
tion, said mechanisms being connected to con-
Vey aggregate movements, magnets for gov-
erning the individual mechanisms, and a
master-controller connected with said mag-
hets and in the first position actuating the
lirst magnet, in the second position the first
and second wagnets, the third ‘position the
first, second and third magnets, and so on,
substantially as deseribeq. N

12. The combination of aseries of cylinders,
Distons therein, the Dpiston of one cylinder be.
ing conneeted with -the body of the next eyl-
inder, there being alr - passages leading to
and from each cylinder, a valve orvalves for
controlling said bassages, a series of magnets
for controlling saild valves, and a master-con-
troller ¢onnected to operate in the fiist posi-
tion the first maguet, in the seeond position
the first and second agnets, in the third po-
sition the first, second and third magnets,
and so on, substantially as described, :

‘13, Thecombinationofaserieso_fi.ndepend-
ently-movable pneumatic mechanising, each
mechanism including a cylinderand a piston,
the piston of one cylinder being connected to
the cylinder adjacent, there being passage-
ways adapted to admis operating fluid onto
the rear sides of said Dbistons, and a rotatable
controllor-barrel, 4 gear -wheel connected
thorewith, and a rack meshing with said gear
and connected to the last piston-in the séries,
and means for controlling the admission of

691,692

air to -said cylinders Successively; substan-
tially as described. .

14. Thecombination of aseriesof independ-
eutly-movable pneumatic mechanisms each
mechanism including a eylinder and a piston,
the piston of one cylinder being connected to
the cylinder adjacent, there being passage-

vays adapted to admit operating fluid onto
the rear side of said pistons, a movable con-
troller, a conneetion between the final piston
in the series and such controller for moving
It conseeutively from one active position to
the next, a spring tending to return said con-
troller, and means for controlling the admis-
sion of air to said eylinders successively; sub-
stantially as deseribed, X

“15. The eombinationofaseriesofcylinders,
pistons therein, each piston being connected
by a hollow piston-rod with the adjacent eyl-
inder, a bassage-way carried by the adjacent
cylinder leading from said hollow piston-rod,
4 passage-way leading also to the interior of
said adjacent cylinder, a valve adapted to
couple said two Dassage-ways or maintain
them digconnected, and electric means for
operating said valve, substantially as de-
scribed. ) ’

16. Thecombination of aserjes ofcylinders,
pistons therein, each piston being connected
by a hollow piston-rod with the adjacent eyl-

centeylinder leading from said hollow piston-
rod, a passage-way in said wall leading also 4o
Fthe interior of said adjacent cylinder,.there
being an admission-passage between two pas-
Sage-ways, and there being an
from that bassage-way which leads to the in-
terior of the cylinder, and valve mechanism
for alternately opening or closing said ad-
mission and-exit bassages, substantially as
deseribed. . '

17. The combination of a series of eylinders
having pistons therein, the piston in one éyl-
inder being conneeted to the body of the du-
jacent eylinder whereby each piston when.
noves will bodily shift all of the ¢ylinders at
the forward side thereof, means for admit-
ting air onto the rear side of the pistons and
for releasing said air, magnets for operating
such means, a controller, and a connection
between the same and the forward piston,
substantially as deseribed.

18. The combinationof a series of ¢ylinders
having pistons therein, tho piston in one eyl
inder being connected to the body of the ad-
Jacent eylinder whereby each piston whey it
moves will bodily shift all of-the cyliuder,g at
the forward side thereof, means for admit-
ting air onto the rear side of the pistons and
for releasing said air,a countroller, and a con-
nection botween the same and the forward
piston, the first or rearward cylinder being
stationary and the others all movable along
a suitable. guideway, substantially as de-
‘seribed. : -

19. The combination of’a main controller, a
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scries of pneumatie mechauiging, each adapt-
wd to move individually and shift bodily the
mechanism atthe forward side thereof, a con-
nection between the extreme forward mech-
anism and the controller, whereby tlhe con-
troller is moved through conseciitive posi-
tions, each movable pueumatic mechanism
receiving its operating-air through a counec-
tion with the preceding mechanism, substan-
tially as deseribed. ' :

20. Thecombination of 4 series of cylinders
haviog pistons therein, the piston inone eyl-
inder being connected to the body of the ad-
Jjacent eylinder whereby each piston when it
moves will bodily shift all of the crlinders at

-the forward side thereof, the rearmost eylin-

der being stationary and the others movable,
weans for admitting air onto the rear side of
the pistons ang for releasing said air, each of
said movable cylinders- receiving its air
through the preceding eylinder, a codtroller,

and a connection between the same and for-

wward piston substantially as deseribad,

21. The combination of a series of cylinders,
pistons therein, the piston of one cylinder be-
ing connected with the body of the next eyl-
inder by a hollow piston-rod, an air-passage
through the body of each cylinder from the
piston-rod connected therewith, and another
air-passage leading to the interior of the eyl-
inder and discharging on the rear side of the
piston therein, and an air passage-way from
such rear side to the interior of the piston-
rod which is in that cylinder, and a valved
passage-way adapted to couple together said
two passages, substantially as deseribed.

22. Thecombination of aseriesof cylinders,
pistons therein, the piston of one eylinder be-
ing connected with the body of the next cyl-
inder by a hollow piston-rod, an air-passage
through tho body of each cylinder from the
piston-rod connected therewith, and another
air-passage leading to the interior of the eyl-

~ hider and discharging on the rear side of the
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piston therein, an air pbassage-way from such
rear side to the interior of the piston-rod
which is in that cylinder, valves governing a
passage-way adapted to couple together said
LWo passage-ways, a series of magnets for con-
trolling said valves, and a master-coatreller
connected to operate in the first position the
first magnet, in the second position the first
and second magnets, and sn on, substantially
as described. ’

23. The combination of amain electric con-
troller, a plurality of operating mecchanisms
connected in series whereby the movement of
cach mechanism is added onto the movement
of an adjacent one, said mechanisms being
connected with the main controller to oper-
ate it, « series of individual magnets for gov-
erning the movoments of said mechanisips,
said magnets being adapted to be connectod
in'series on a shunt from the main circuit of

the main controller, means for neutralizing

anyof said magnets, a master-controller, and
suitable eleetrie conneetions whereby in the

5

first active positionall of said magnets are in
cireunit butall except the first are neutralized,
in the second position all exeapt the first two
neutralized, and so on, substantially as de-
seribed. .

24, The combinationof a plurality of mech-
anisms connected inseries whereby the move-
ment of each mechanism is added onto the
movement of an adjacent one, a series of in-

dividual magnets for governing the move-

ment of said mechanisms, means for neatral--

izing any of said maguets, a master-controller
which in the first active position connects in
all of said magnets but neutralizes the effect
of all except the first thereof, in the second
position neutralizes the effect of all except
the first two, and so on, substantially as de-
seribed. '

23. A plarality of mechanisms connected
in series whereby tho movement, of each mech-
anism is added onto the movement of an ad-
Jacent one, a series of individual magnets for
governing the movements of the mechanisms,
means for neutralizing any of said magnets,
a master-controller which in the first active
position conneets in all of said magnets but
neutializes the effect of all except the first
thereof,in the second position neutralizes the
effect of all except the first two, and so on,
comuined with a wmnain controller connected
with said mechanisms and having stopping
positions the distance between which is pro-
portional to the individual throw of the mech-
anisms, substantially as desecribed.

26." A series -‘of magnets wound with two
coils, a master-controller, and such connece-
tions between the controller and said coils
that said controller throughout all active po-
sitions directs the current in series through
all of one set of coils, and in series through
various of the other set of coils in the oppo-
site direction around the magnet, said con-
troller in its different positions. cutting out
successively these last-mentioned coils, com-
bined with a series of mechanisms whoso
movementsaggregateand whichare governed
by said magnets, substantially as deseribed.

27. The combination of a series of magnets
wound with two coils,a master-controller,such
conneections between the controller and said
coils that said controller throughout all active
positions directs the currentin series through
all of one set of coils, and in series through
various other sets of c¢oils in the opposite di-
rection around the magnet, said controller in
its different positions cutting outsuccessively
these last-mentioned coils and thus actively
vaergizing an increasing number of coils of
the other sat, the difference between the num-

Der of the two sets of coils which are inserted

at any position being equal to the number of
that position, and a main controller connectod
to move from position to position for each
magnet actively encrgized, substantially as

| deseribed.

28. The combination of a series of pneu-
matic mechanisms each adapted to move tho
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adjacent meehanism and thereby eontinu-
ously separate themselves and communicate
an aggregate movement, a valve for govern-
ing each mechanism of the series, a magnet
for controlling each valve, all of said magnets
except the first having a donble winding, and
a master-controller for governing said mag-
nets adapted in the first position to direct the
current through all of one set of windings and
through the additional windings in opposite

direction thus neutralizing all magnets ex-

cept the first,and then in suceessive positions
stceessively cutting out said neutralizing-
winding thereby energizing a continuously-
inereasing number of said magnets, substan-
tially as described. :

29. The combination of acontroller, a series
of mechanisms each adapted to move the con-
troller from one notch to the next, and the
aggregale movement of said mechanisms act-
ing to move the controller corresponding dis-
tances, electromagnets, ea¢h adapted to gov-
ern one of said mechanisms, said magnets
having a coil connected in series and all ex-
cept the first having an additional coil in the
opposite dircetion also connected in series,
and a master-controller adapted to direct cur-
rent through all of said coils in series and
then consecutively cut out said additional
coils, substantially as deseribed. :

30. The combination with a controller, a
plurality of mechanisms connected therewith
and successively conneected in series, each

mechanism being adapted to move the con-

troller one noich and the movements of the
mechanisms aggregating to move it through
several notches, a series of electromaguets
for controlling said mechanisms, each of said
magnets being wound by a direct coil, and all
but the first by a relatively roversed coil in
addition, and a master-controller adapted in

[ each active position to direct current through

all of said direct coils in series, and the first
position through all of said reversed coils
also and then in successive positiomto‘con-
tinuously cut out the reversed coils, substan-
tially as deseribed. -
3L. In a controller, in combipation, a series
of pneumatic eylinders, pistons of one eylin-
der connected with the cylinder adjacent
whereby each piston may move all the eylin-
ders, valves for controlling the inlet and out-
let of air of each cylinder, magnets for con-
trolling said valves, each of said magnets ex-
cept the first being wound in two directions,
and a master-coiitroller connected to direct
current in each position through all of the
coils which every magnet has, and alse to di-
rect current in series through those coils
which the first magnet has not and in sue-
cessive pogitions to successively cut ont these
latter coils, substantially as described.
In testimony whereof I hereunto affix my
signature in the presence of two witnesses.
THORSTEN VON ZWEIGBERGK.
Witnesses:
R. MiLrs ROBERTS,-
JOHN BLACK.
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