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UNITED STATES

PatTENT OFFICE,

GEORGE I. WASHBURN, OF ‘VCRCESTER, MASSACHUSETTS.

THERMAL MOTOR.

Specification forming

part of Letters Patent No. 48,607, dated July 4, 1805. )

Lo all whom it may: concern:

Beitknown that I, GEORGE 1. WASIOBURN,
of the city and countyof Worcester, and State
of Massachusetts, have invented a new and
improved thermal motor, or method of utilizing
the ‘expansive. or contmctlle force developed
in ‘'metals, fluids, &e., by the application of
heat, natural or wrtlﬁual also of accumulating
the effect of said expausion in such a manner
that it may be used at will;-and I do hereby
declare the following to be a full and exact de-
scription of the same, reference being had to
thie accompanying drawings, making part of
this specification, in which—

‘Tigure 1represents a side elevation of what
may be 'considered the type of my invention.
Elg 2 is'an-end elevation, and Flg 3 is'a top
view.

Similar “letters of refereuce indicate corre-
sponding parts:in the several figures:

The fundamental feature of my inveution
consists in utilizing the two forms of heat:
first, the costless form—for instance, nataral

variations of temperature occurring from day |'s

to ‘day, or otherwise accidental variations of
heat, such- as the varying temperature of a

room in winter; secondly, the artificial heat,.

by which I mean heat artificially generated or
artificially applied. . For this purpose I make
use of the contraction: and expansion of mate-
rials occasioned by the variation of their tem-
perature, and ‘as 1n many cases this range of
coutraction dnd expansion is very minute, but
of immense power, animportant feature of my
invention is the way in which I multiply the
motion, with- a -corresponding division of its
force, and I either store the resulting force of
this irregular variation by a’'suitable device—
such as causing it to wind a mainspring—or
use it directly.

Inorder that others skilled in the art to
which my invention appertains may be ena-
bled-to fully understand and use the same, I
will proceed to describe it.

K represents a vertical and rigid standard,
through slots in which two levers, L L/, vi-
brate vertically. These levers are counected
near their-ends by rods M M’. Were these
rods Journaled to the levers at points equidis-
t‘mt from th ‘points of vxblatlon of the levers

of the connecting-rod L2

they would not produce the specific effect de-
sired in this connection; but by pivoting the
rod M’ to the lever L at a point more distant
from the center of vibration of the lever than
its corresponding rod on the other end of the
lever a valuable effect is produced by the ex-
pansion or contraction of the rods by heat, as
it-elevates the extended limb of the lever L.

I will endeavor to explain the ratlonale of
operation. )

Supposing that, the four points of attaeh-
ment of the rods to the levers were equidis-
tant from the respective points of vibration of
the levers, and supposing the upper leverto be
vibrated by an arrangement on the point(xz®)
of attachmeut to the connecting-rods, (see Fig.

1,) the motion of each point would be equal in
a given time and the centers of vibration re--
main equidistant. Now change one of these
points of attachment (say to 2’) to a position
farther from or nearer to the center of vibra-
tion' of its lever, and the difference between

[its 'motion and that of its fellow rod ou the

same lever (the motion of the other points be-
ing equal and not affecting the result) will
cause the centers of vibration of the levers to
approach to or. recede from each other, ac-
cording to the direction in which the vibra-
tion is made, and, conversely, it is plain that
to advance or recede these said points of vi-
bration would be to move the said lever at z «
ina corresponding degree and direction. Now,
the contraction or expansion of the rods M,
the central standard remaining 1mmovable
must, viewed in the light of the fact that, hav.

ing an equal retractive or expansive rzmge,
the points of attachment of the rods to the le-
vers have an unequal arc to describe, of ne-

-cessity either advance or recede the centersof

vibration of the leversor vibrate the arm. In
the diagram Fig. 1 the central standard, X,
is supposed to be of a non-expansive mate-
rial, and the motion shown in red lines is what
would result from the contraction of the Tods

‘M. The upper lever is elevated in the air

and made to produce any desired effect—as,
for instance, turning the ratchet Wheel O and

~~~~~

A modification of my invention is exhlblterl




in Figs. 4, 5, 6, said modification consisting in
a peculiar construction of the standard and of
the rods M M/, by which the effect of the pre-

" viously-deseribed motor is augmented, and it

is accomplished by combining wood and met-
als or other materials of different expansive
power. Tig. 5 represents a substitute for the
homogeneous arm M or M/ shown in the Figs.
1, 2, 3, its central portion, when it is desired to
angment the expansive power, being made of
wood, and the double fork-shaped pieces M
M’ of metal. Between these forks is a bar of
wood, N/, whose tendency to expand length-
wise with heatis comparatively trifling. Near
the extremity of the legs of the forks they are

. bolted through the wood so firmly as to form

a base for the contractile force. The fellow

fork, embracing the other two faces of the rect-

angular bar of wood, is bolted by its extremi-
ties to the other end of the same bar. Thus
within the given limit of length nearly double
the expansive range is attained minus the
slight-amount of expansion of the wood. Con-
trariwise, by making the central bar of metal
and the embracing forks of wood and attach-
ing them in the same way to the central por-
tion, the forks are pulled together by their
ends and the general length diminished by the
expansive power of heat. I use this method

of'adding to the expansive or contractile power
- of my rods or standards in such a way as to pro-
duce a greatly-augmented effect, as at Fig, 4.

It will be seen that underneath all the jour-
nals of the points of vibration of the levers
and of attachment of the rods I place springs
to keep the points from chattering. These

springs are powerful beyond all the force that

T require to exert, and will uot give nnless in
case of such extraordinary éxpansion or con-
traction of the parts as might threaten to rupt-
ure the material.

In Fig. 7 I show a plan for producing a like
effect by a bag or reservoir of liquid or air,
which may be made to act in the same way as
the combination of the wood and metal last
spoken of, and this by being confined in a sac,

- eylinder, or other suitable way, the return mo-

tion, or that which is permitted by the econtrac-
tion of the contained- air, being made by a
spring or weight which yields before the addi-
tional expansive force of heat, and that being
removed restores the chamber to its original
capacity, '

I wish it distinetly understood that the in-

troduction of the spring in any case is merely’

to balance the expansive force obtained by
condensation,-so that the apparatus, with its

chamber of compressed air, may be in equilib- |
rium when not subjected to variation by the |

application of heat,and the object of charging

the chamber and then negativing its effects is”
to obtain within a limited space the practical |

advantage of a Targer body of air than is due
to the-capacity of the vessel at ordinary press-
ure, - Although this return force may be ob-
tained by a weight or’a meétallic spring, yet it
. ~
4
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might, in the case of artificial application of
heat, be desirable to make use of a pneumatic
spring,asshown in Fig. 7/. Thedifferent parts .
may, however, be brought into more intimate
relation in a single cylinder, as in Fig. 7/, with
its piston, in which, the air on each side being
equally condensed, one body of air may besub-
Jjected to the additional expansion due to the
increase of heat, and the other act as a pneu-
matie spring, the expaunsive powerbeingonone
side of the piston and the pneumatic spring on
the other, one valuable feature in this arrange-
ment being that when in a state of equilibrium,
rest, or disnse the two volumes of air have no
tendency to leak past tbe piston, which can
only occur when their expansion is relatively
different. Also, by altering the heat of the
pnenmatic spring we may modify its relative
power, forming au adjustable spring.

It will also be perceived that the functions
of the air on each side of the piston may be
relatively changed at will, and by an alternate
application of means -be made to produce a re-
ciprocating motion.

I wish to remark that it will frequently be
found desirable to use the expansion of a body
of air or other analogous material, from the
fact that in this case we get the effect of the
whole cubical expansion minus the slight
amount of additional cubical capacity of the
containing-chamber due to its expansion, while
in the use of bars of metal, &ec., we only get
the effect of the linear expansion; but, further,
under some eircumstances -the bar might be
the better mode, from its being more conven-
iently susceptible of high degrees of heat.

Iwill now proceed to describe other methods
of multiplying and dividing the expansive mo-
tion of the materials used. T exhibit several
plans for doing this. -

Figs. 8, 9, and 10 represent, respectively, a
side elevation, a plan,and an end elevation of
a combination of devices illusirating my de-
vice for multiplying the motion. Tigs. 11,12,
13, and 14 illustrate a modification of the de-
vices shown in Figs. 8, 9, and 10.

In Figs. 8, 9, and 10, B B’ represent two le-
vers adapted to turn upon a pivot, B2 Upon
the long arms of these levers may be mounted
eight wheels or pulleys, A A’ A% A3 At AS AS
A, each lever being provided with a set or se-

-ries of four, Tormed in one piece with these

pulleys are small concentric pulleys, ¢ «’, and

50 on, the circumferences of the larger wheels -
being designed to serve as the long arms of
levers and the smaller wheels as the short
arms thereof, These multiplying-pulleys A a

A’d/, &e., ave journaled or pivoted upon shafts

B® BY, which have their bearings in suitable

‘frames, B* B* upon the npper ends of the levers

B B
The wheels are connected together as fol-

‘lows: From the frame B* on the lever B ex-
‘tends a cord, wire, or chain; O, which is at-

tached to the wheel «* in such a manner that
its point of action will be at the under side of
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the wheel at. TFrom the top of the wheel A4a

emd O/, extends to the under side of the wheel
3 anothel C?, from the bottom of wheel A to
the bottom of wheel «’; another, C?, from the
top of wheel A® to the top of wheel «'; one,
C*, from the bottom of wheel A’ tothe bottom
of ‘wheel af; one, C%, from top of wheel AS to
the top. of wheel a2; i one, Cf, from the bottom
of ' wheel A% to the bottom of wheel a’, and one,
C7, from top of wheel A" to top of wheel a?.
These several cords or wires are wound around
their respective wheels a sufficient number. of
times to prevent them from running out when
the wheels are rotated. . From the wheel A% a
cord, C?, may connect with the mechanism or
dev1ce to which motion is.to be imparted.

D represents a metallic rod, having its ends
securely keyed in lugs or hoxes D’ D/, which
are pivoted in the short arms of the Ie\ ers B
B/, so.that the latter may turn freely thereon
\vhen the rod is lengthened or shortened.

The connecting-cords of the wultiplying
wheels may be attached in a contrary manner
from that illustrated in the drawings, so that
when the centers B® B? are made to approach
each other motion will be communicated to the
wheels. ‘When the rod D is diminished in
length the motion thereby given thelevers BB/
iscommunicated through the cord C to the small
pulley a*,and thence totheentire series through
the connecting-cords G’ C?, &c., the varions
parts moving in the dnechou mdlcated by the
red arrows in TFigs. 1 and 2. Each double
wheel or pulley, in receiving and transmitting
the motion from the levers B- B’; multiplies lt
in a ratio commensurate with the difference
between the radiusof thelarge and small wheel
(as A and a) composing said double wheel.
Now,in addition to this, the first motion (which
is'the moving from or towar d eash other of the
two centers 133 B?) is not only multiplied once
by all the wheels, as before, but while the in-
crease of the distance between At gt and A a,
or the centers of motion, is multiplied by all
the wheels, the increase ot distance between
the centers of wheels A’ and AS.is multiplied
by the wheels AS af A? a* A7 a7 A% o’ and the
increase of distance between the‘centers of AS
af and A? ¢? is multiplied Dy the wheels A7 7
and A2 ¢® the increase of distance between
whose centers is added to the motion already
produced in obtaining the motion given atthe
circumference of A% In order to obtain an
equal result from an equal first motion in a
system of multiplying- wheels whose centers
should not change the relative -positions, it
would be 1equls1te to employ, first, a set of
eight” double wheels of the same propormons
as. those above described; secondly, a set of
six wheels turning with m velocity equal to
" that of the wheels A/ a’"A? * A® a® ASa® AS af
A7qa7; thirdly, asetof four wheels, and, fourth-
ly,a set of two wheels. The resultmg motion

from these. four different sets would, if added
to each other, eqnal that. produced by me:in
the manner explained.

It is apparent that the connection between
thie wheels may be made by means of cogs and
in many other different w ays from that repre-
sented.

By modifying the arrangement of the cords
C (', &c., the wheels may be rotated when
moving either from or toward each.other or in
alternate opposite directions, and.in either
case the motion may be multiplied the same as
in the arrangement described.

In the wodification of my invention illus-
trated in Figs. 11, 12, 13, and 14, and which I
will now 1)roeeed to describe, the levers B B’
are shaped somewhat like a boot, from which
likeness I will denominate the pomts at which
are attached metallicrods B E/ the “toe” and
the ¢ heel” of eachlever, respectively. Therods
E E’ serve-to connect. the levers B B/ at one
end, and impart wotion thereto by expansion

.or contraction in like manner with the rod D

above described. Oneend of the rod E is firmly
secured in alug, I, which is pivoted in the toe
of the lever B/,and the other end is secured in
a lag, Y, which is pivoted in the toe of the le-
ver B. The rod I¥ is in the same manner eon-
nected to the respective heels of the levers B B/
by pivoted lugs I? T2,

At the extremities of the long arms of the

levers B B’ are attached levers G G- by means

of pivots P P, the short ends of which levers
are conueeted by wires H H to either the long
ends.of the levers B B/, as illustrated, or To
each other. The long ar ms of the levers G G
carry pivots G/. G, to whlch are secured levers
11, theshortends of which latter are connected
by wires or eords J J attached to wheels I’ I,
which may be fastened to the levers in concen-
tric position with the pivots G G/, and which
may serve as additional means for multiplying
the motion from the levers. The long arms of
the levers I I may carry other similar levers,
and thuos the number can be increased to dny
desired extent.

It will be seen that by increasing the dis-
tance between the heels of the two levers B B/

‘the long arms thereof, with the pivots P P, will .-

move toward each Other, the levers rotatlno
around a point located in the axis of the rod D
and in the toe of each lever, respectively. Also,
that by increasing the distance between the
toes of the levers the long arms will move to-
ward each in the same manner, and that each
of the levers rotates around a point in its heel
and in the axis of therod B. Now, if the two
rods A B become simultaneously lengthened
to the same degree, the long arms of the levers
will be made to move toward each other, the
levers B B’ both rotating around the same
point, which is located (vertically) half-way be-
tween the axis of the rods B E/ and (horizon-
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tally measuring) half-way between the toes and
heels of the levers, as designated by the con-
verging red lines in Fig. 4.

Fig. 11 clearly illustrates the operation of
the above:described combination of multiply-

ing-levers, the red arrows indicating the diree--

tion in which the varions parts move.

The rods D E E/ may be either solid or tubu-
lar.

The sabstance whose expansive motion is
made use of may be heated by numerous means,
among which may be mentioned the following:
Girst, by concentrating the rays of-the sun;
second, by combustion of fuel; third, by the

injectionof steawm, hot air, gases,or hot liquids;’
fourth, by electric or'galvanie action; fifth, by

chemical action. If the connecting-wires -of
rods be stiff enough, a constant reciprocating
movement of the levers could be obtained by
alternately heating and cooling the rods..
The connecting wires-or rods C ¢/ and H J
may, if desired, -be made-of the same expand-
ing material as the rods, so as to adapt them
to not only transmit the power from lever to

lever, but also act as motors themselves, with-

an effect governed by their location in the ap-

paratus,

The above invention may be employed gen-
erally as & motor, either when the expansive
and confracting motion of the material bepre-
viously stored or not, to run sewing-machines,
time-keepers, music-boxes, generate a current
of air through the mediom of a blower. As
employed in connection with the mainspring

of a wateh, it is adapted to wind up the same’

by the heatof the body, sothat the wateh may
thus be made to run continually without. any
manipulation whatever.,

Having thus deseribed my invention,I wish
it distinetly understood that I do not elaim sim-
ply using the effective force derived from the
expansion of a bar or other matter by heat, as
thatis'tobe foundin antomatie dampers, regis-
tering-thermometers, &ec.; but

‘What I do claim asnew,and desire to secare
by Letters Patent, is—

1. Utilizing the expansive and contractile

force derived from variations of temperature
in tubes or bars of metal, so as to produce a
regularly recurrent or continuous motion, the -
said force being applied through theinterven-
tion of a mainspring or resulting from the regu-
larly recurrent artificial application of heat to
said bar or tube. : '

2. Utilizing the expansive force resulting
from the increase of temperature of a confined
body:of-air to compress a spring from which a
regularly recurring or continuous motion: is
obtained.

3. Utilizing the expausive force resulting
from the artificially-produced increase of tem-
perature of a confined body of air which is sub-
Jjected to the variations of temperature with-
out the accession of fresh air, excepting suf-
ficient to supply the waste.

4, The double fork-shaped bars M M’ K, or
their equivalent, embracing a central ‘bar, N,
of a different expansive power, to'which they
are mutually attached at or neartheir extremi-
ties, by which the expansive power of a-single
rod may be almost doubled within a given
length,and by which,aceording to the relative
expansibility of the tongs and the embraced
portion, it may be made to-contract or to ex-
pandlongitudinally by increaseof temperature.

5. The levers ‘B B/, multiplying wheels or
pulleys-A ¢ A o/, &ec., and expansible rod D,
the whole being arranged to operate in the
manuoer and for the purpose herein set forth.

6. A seriesof multiplying-levers, G I, operat-
ing,in connection with the levers B B’ and ex-
pansible rods E B, in any manner substantially

-as deseribed.

7. The eonnecting wires -or cords C C, &e.,
H J, formed of metal or other material, and
employed in-combination with themultiplying
wheels and levers,substantially as and for the
purposes explained.

Theabove specification of myimproved ther-
inal motor signed this 29th day of April, 1864.

GEO. I. WASHBURN.

Witnesses:

CHARLES D. SMITH,
-QOTAVIUS KNIGHT,



