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1o all whom it may CONLCETTL:

Be it known that I, NIKOLA TESLA, a citi-
zen of the United States residing at New York,
in the county and Staﬁre of New York, have
invented certain new and useful Improve-
ments in Steam-Engines, of which the follow-
ing is a specification, reference being had to
the drawings accompanying and formmﬂ' a
part of the same.

Heretofore, engines, operated by the apph-
cation of a force such as the elastic tension
of steam or a gas under pressure, have been
provided with a 1fly-wheel, or some rotary SYS-
tem equivalent in its effect and possessing

relatively great mechanical inertia, which was |

relied upon for maintaining a uniform speed.

I have produced however, an engine which |

without such appurtenanees produces, under
very wide variations of pressure, load, and
other disturbing causes, an oscillating move-

ment of consta,nt period, and haveshown and |
described the same in an application filed on

August 19, 1893, Serial No. 483,563. A de-
seription of the prmmple of the constl uction

and mode of operation of this device is nec-

essary to an understanding of my present in-
vention. When a spring which possesses a
sensible inertia is brought under tension as
by being stretched and then freed, it will
perform vibrations which are 1soehron0 usand,
as 1o period, mainly dependent upon the ri-
gidity of the spring and its own inertia or that
of the moving system of which it forms an

- Immediate part This isknown to be truein

35

40

all cases where the force which tends to bring
the Spring or movable system into a given
position is proportionate to the dlsplacement

In utilizing this principle for the purpose of
producing reciprocating movement of a con-
stant period, I employ the energy of steam or-
gas under pressure, acting through proper
mechanism,to maintainin oscillation a piston,

and connect with or cause to act upon such pis-

~ ton a spring, preferably, an air spring, under

45

such conditions as to automatically regulate

the period of the vibration, so that the alter-
nate impulses of the power impelled piston
and the natural vibrationsof the springshall
always correspond in direction and coincide
in time. In such an apparatus it being es-
sential that the inertia of the moving system
and the rigidity of the spring should bear

certain definite relations, it is obviousthat the
practlcable amount of work performed by the
engine, when this involves the overcomingof 53
inertia is a limitation to the apphcabﬂlty of
the engine. I therefore propose, in order to
| secure all the advantages of such perform-
ances as this form of engine is capable of, to
l utilize 1t as the means of controlling the ad- 6o

1 mission and exhaust of steam or gas under

pressure in other engines generally, but more
especially those forms of engine in which the
piston is {ree toreciprocate, or in other words,
| is not connected with a fly wheel or other like 65 -

device for regulating or controlling its speed.
The drawings hereto annexed illustrate
devices by means of which the invention may

be carried out, Figure 1 being a central ver-
tical section of an engine embodying my in- 7o
i Ventwn ‘and Fig. 2 a SImlla,r view of a modi-
fication of the same.

Referring to Fig.1, A designatesa cylinder
containing a reciprocating piston B secured
to a rod C extending through one or both eyl- 75
inder heads.

D D’ are steam ducts eommumcatmg with
the cylinder at or near its ends and E 18 the
exhaust chamber or passage located between
the steam ports. The piston B is provided 8o
with the usual passages F F’ which by the
movements of the piston are brought alter-
n&tely into communication mth the exhaust
port.

G deswna,tes a slide va,lve which when re- 85
_c1proeated admits the steam or the gas by
‘which the engine is driven, from the pipe G’
through the ducts D D" to the ends of the cyl-
inder. ~
The parts thus deseribed may be considered go
as exemplifyingany cylinder, piston and slide
valve with the proper ports controlled there-
by, but the slide valve instead of being de-
| pendent for its movemeunt upon the piston B
is connected in any manner so as to be recip- 95
' rocated by the piston rod of asmall engine of

constant period, constructed substa,ntlally as
follows:—aq isthe cylmder, in which works the
piston b. An inlet pipe ¢ passes through the =

side of the eylinder at the middle portmn of 100
the same. The cylinder exhausts through
ports d d into a chamber d’ prowded withan
opening d"’. The piston b is provided with
two circu mferentla,l rrrooves ¢, f which com-
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municate through openings g in thesame with | varying the dimensions of the air chamber
the cylinder chambels on opposite sides of the | which may be equivalent to varying the rigid-
piston. The special construction of this'de- | ity of the spring, or by adjusting the weight 7o
vice may be varied considerably, but it is de- | of the moving parts This latter 18 1ea,d11y

5 sirable that all the ports, and more particu- | accomplished by making provision for the at-

- larly, the exhaust ports be made larger than | tachment to the piston Yod of one or more
is usually done, so that no force due tothe ac- | weights 2’. Since the only work which the
tion of the steam or compressed air in the Small engine has to perform is the reciproca- 75
chambers will tend toretard or accelerate the | tion of the valve attached to the piston rod,

10 movement of the piston in either direction. | its load is substantially uniform and its pe-
The piston b is secured to a rod h which ex- | riod by reason of its construction will be con-
tends through the cylinder heads, the lower | stant. - Whatever may be the load on the
end carrying the slide valve above described | main engine therefore the steam is admitted 8o
and the upper end having secured to it a | to the cylmdw at defined intervals, and thus

I5 plungerj in a cylinder 2 ﬁ:»zed to the cylinder any tendency to a change of the period of
a and in line with it. The eylinder 4 is with- | vibration in the main engine 1S overcome.
out ports of any kind and is air-tight except | The control of the main engine by the en-
that leakage may oceur around the plston rod | gine of constant period may be effected in 85
which does not require to be very close fitting, other ways—of which Fig. 2 will serve as an

20 and constitutesan ordinary form of airspring. illustration. In this case the piston of the

If steam or a gas under pressure be admit- | controlling engine constitutes the slide valve
ted through the port ¢ to either side of the | of the main engine, so that the latter may be
piston b, the latter,as will be understood, may | considered as operated by the exhaust of the go
bemaintained in reciprocation,anditis free to former. In the figure I have shown two cyl-

25 move, in the sense that its movementin either | inders A A’ placed end to end with a piston
direction ceases only when the force tending | B and B’ in each. The cylinder of the con-

to impel it and the momentum which it has | trolling engine is formed by or in the casing
acquired are counterbalanced by the increas- | lntermedldte to the two main eylinders butin 95
ing pressure of the steam in that end of the t allotheressentialrespectstheconstructionand

30 cylinder toward which it is moving, and as in | mode of operation of the controlling engine re-
itsmovement the piston has shut offat a given | mains as described 1n connection with Fig. 1.
point, the pressure that impelled it and estab- | The exhaust ports d d however, constitute  the
lished the pressure thattends toreturnit,itis | inlet ports of the c-ylmdels A A’ and the ex- 1oc
then impelled in the opposite direction, and | haust of the latter is effected through the

35 this action is continued as long as the requi-.L ports m, m which are controlled by the pis-
site pressure is applied. The movements of | tons B and B’ respectively. The inlet port
the piston compress and rarefy the air in the | for the admission of the steam to the control-
cvlinder ¢ at opposite ends of the same alter- | ling engine is similar to that in Fig.1 and 18 103
nately, and this results in the heating of the mdlcated by the dotted circle at the center

40 cylinder. DBut since a variation of the tem- | of the piston 0. |
perature of the air in the chamber wonld af- Anengine of the kind desenbed possesses
fect the rigidity of the air spring,I maintain | many and important advantages. A much
the temperature uniform as by surrounding | more perfect regulation and uniformity of ac- 110
the eylinder 2 with a jacket o’ which is open | tion is secured, while the engine is simple

45 to the air and filled with water. and its weight for a given capacity 1s very

In. such an engine as that just above de- | greatly 1educed The reciprocating move-
seribed the nor mal pressure will produce a | ment of the piston may be converted, by the
stroke of determined length, which may be | ordinary mechanisms into rotary motlon or 115
increased or diminished aecordmﬂ' to the in- | it may be utilized and applied in any other

5o crease of pressure above or the reductmn of | manner desired, either directly or indirectly.
pressure below thenormal and due allowance In another apphcatmn of even date here-
is made in constructing the engine for a va- | with I have shown and described two recip-
riation in the length of stroke. The rate or | rocating engines combined in such manner 1zo
period of recipr ocatmn of the piston,however, | that the movement or operation of one is de-

55 1s no more dependent upon the pressure ap- | pendent upon and controlled by the other.
plied to drive it, than would be the period of | In the present case, however, the controlling

- oscillation of a pendulum permanently main- { engine is not designed nor adapted to per-
tained in vibration, upon the force which. pe- | form other work than the regulation of the rz5
riodically impels it,the effect of variationsin | period of the other, and it is moreover an en-

6o such force being merely to produce corre- | gine of defined character which has the capa-
sponding variations in the length of stroke or | bility of an oscillating movement of constant
amplitude of vibration respectively. The pe- | period. __
riod is mainly determined by the rigidity of | VJhat I claim is— 130
the air spring and the inertia of the moving . The combination with the cylinder and

65 system and I may therefore secure any pe- 1601]_:)10(3&13111 piston and controlling valve of
riod of oscillation within very wide limits by | an engine adapted to be operated by steam
properly proportioning these factors, as by ! or a gas under pressure of an independently
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controlled engine of constant perlod operat—
ing the said valve, as deseribed.

2. The combination of an engine cvlmder
a piston adapted to reclprocate therein, a
slide valve for controlling the admission of
steam tosaid cyhnder a,nd an independently
controlled engine of constant period opera-
tively conneeted with said valve.

d. T'he combination with the cylinder, pis-
ton and valve mechanism of a main or work-
ing engine, of an independent controlling
engine comprising a cylinder, a piston con-

- nected with-the valve mechanism of the main

engine, and a spring acting upon the said

piston and controlling the pormd of 1t recip-
rocation, as set; forth

4. The combination with a cylinder and a
piston adapted to be reciprocated by steam
or a gas under pressure of a cylinder and a

20 plunger therein reciprocated by the piston

and constltutmg Wlth its cylmder an alr

spring, and an open jacket or receptacle
around the said cylinder and containing wa-
ter to preserve the temperature of the air
spring uniform, as set forth.,

5. The combination with a cylmdor, a re-

25

ciprocating piston and valve mechanism for

controlling the admission and exhaust.of the
steam or gas under pressure,of a cylinder, &

piston ‘connected with and operating said
valve mechanism, and an air spring vibrated

by the piston, the spring and piston being
related in substantially the manner described

30

to produce a roclprooamnﬂ' movement of con-

stant period.
NIKOLA TESLA._.

Witnesses: |
ARTHUR H. SMITH
ERNEST HOPKINSON
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