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’UNETED StaTEs PATENT OFFICE.

VVILLIAM I\IELSOW SMITH OF CHICAGO ILLINOIS

DYNAMOMETRIC GOVERNOR

S EGIFICATEON fermmg pa,rt of Letters P&tent No. 544, 65 6 deted Auﬂ'ust 20, 1895
Appllcetlen filed Angust 16, 1894. Sarial No. 520, 466. (Ne medel )

To all whom it TNALY COTLCErTL:
Be it known that I, WIiLLIAM NELSON

SMITH, a citizen of the Umted States of Amer-

ica, remdmg at Chicago, in the county of Cook
and State of Illmme, have invented certain
new and useful Improvements in Dynemo-
metric Governors, of which the fellowmfr s a
specification.

My invention is a dj, nemometrle governor

for the regulation of electrically - operated'

machinery, subject to frequent fluctuations
of load, and may be combined with any source
of power-supply, though it is more especially
adapted for use with ma,chmerv drlven by
water-power.

In general terms the objeet of the mventmn |
is to prowde and combine with a source of

power-supply a mechanism adapted either to

store or give off energy and to act as an ac-
cumulator of power or as a motor, its change

of function being automatically governed by

a dynamometer actuated by the varying load

to which the prime motor is subjected. The

madein variousformsand with various means

for storing and using energy; but in the type
shown and described in this application it

consistsessentially of an engine provided with
reversing valve-gear, whose crank-shaft is
directly ceupled to the shaft of either prime
mover, counter or jack shaft, or electrical gen-
erator, whichever appears meet desirable, and
it rotates. contmuously in the same dl[‘@CthH

The working fluid is air, and one or more

tanks connected with the engine are provided
The governor is not intended
to dleplaee water-wheel governors, such as
they are, but to supplement their acmon and

for storing 1t

effect elose1 regulation in speed, under sud-

denly-varying loadb, than 1s possible with any_
of the present common forms, and thereby i in-|
crease the use of water-nower for electrical

purposes.  The aforesaid engine and . tanks
are mtended to constitute a combmatlon that

shall be reservoir, and alee a source of energy :
It is obvious |

in the form of complessed air.
that when a turbine is euddenly relieved of

its load its tendency is 1o “race” or run away
until its normal load is restored, when it will |

retarn to 1ts normal speed; and if an extra
heavy load is suddenly a,pphed the turbine

= — Yipp— =

i

ratesufficient to handle the excess.

1e11eved of the excess. ThIS variation of

speed is prejudicial to the Opela,tlon of ma-

chinery -whose success depends upon con- 55

stancy of speed.

moved an artificial temporary load in the
form of an air- compressor at work storing
compressed air as often as the external lead
18 lessened or removed; and, on the other
hand, when the load is temporauly too heevy
it 18 pmposed to turn this air-compressorinto
an air-engine without reversing its rotation,

and thereby make use of the etored alr to es-_

sist the water-wheel to the extent of handlmn‘

It is proposed by means of
| this governor to substitute for the load re-

6o

its excess of load. ‘If thiscan be done success- '

fully,. it will enable water-power to be more

widely used in driving machinery that has
always required an automatic steam-engine.

It 18 evident that this changing of an air-en-

gine into an air-compressor and vice versa

gear, which can be automatically *“ thrown
over,” and, moreover, that the amplitude of
vibration of this reversible gear must be so
controlled that,whetheract'ngasacompressor
or as an engine, it will cause the machine to act

A,

~can beeffected by the use of a reversing valve-

75

only to the extent demanded by the condition

of the external load at that particular instant.

Ifasa compressor, it should beobliged to com-
press air at a rate of working applommately |

equal to the diminution of the external load.

80

If as an engine, it should perform work at a

It should
be entirely antomatic, and should therefore

be controlled by ady namometme device, pow-

valve- motmn ‘and as nearly instantaneous in
its action as 'pessible,; which shall automati-

{ cally throw the valve-gear over and back and |
‘hold it at any intermediate point on either

side of the zero or neutral point in proportion

“to the external load at the instant; and this

zero or neutral point muast also be Vauable in
its position to coxreqpend with variations in
the amount of average external load—varia-
tions that oceur at different hoursin the day,
or from hour to hour but nelther sudden nm'
violent.. -

With this enunciation of the principles and
' conditions of the problem, as nearly as can be
determined at present, the details of the nec-

~ will slow down below its normal SPeed until | essa,ry meehamsm w111 now be explamed

-erful enoun'h to overcome the friction of the

Qo0
95"

100



IO

5

20

30

- 35

40

L

JL

pressed air

The type of engine chosen is the sinfrle--

acting multmylmder with the three cyhu-
ders hgwmw their axes i the same vertical
plane, and “with their open ends inclined to-

ward a common center. Their axes make
angles of one hundred and twenty degrees

with each other,and the three connecting-rods
take hold of asingle ecrank-pin, after the man-
ner of the Brotherhood engine. The cylinders
are bolted against the Slda of a heavy vertical

frame of east- iron, which resembles a wheel

with a heavy h{)llownm of rectangular section
and having three heavy solid c:pokes and a
large hub, whlch isbushed forthe crank-shaft.
The erank-disk i 1s close against this hub on
one side and the eccentric is adjacent on the
other side. The bottom of the frame may be

extended into the base or bed plate by webs

or solid metal. Frame and base can be cast
In one plece.
tributed to and from it by a single valve of the

Corliss type situated in the cylinder-head.

"T'he valve 1s practically a three-way cock, the

central port opening directly into the cylin-
der and the side ports forming passages to
the atmospnere and to the storage-tanks, re-
spectively. For convenience sake and to
avoid piping the live-air passages all commu-
nicate with the interior of the hollow frame,
which thus forms a part of the tank system
and 1s connected with it.
valveis paralleliothe crank-shaft. The valve-
spindle projects through a stuffing-box, and
1ts outer end, after passing through a pedes-

tal bracketed against the opposite side of the

engine-frame, carries on its end the rocker-
arm by which it receives its motion from the
eccentric. Asthe valveisseparated from the
interior of the eylinder only by the thickness
of the evlinder-head, the Llearﬂmge 18 as smail
as poqmble

When running as a compressor, it becomes
necessary to employ check- leves-——-one be-
tween the atmosphere and the cylinder and
one between the cylinder and the tank, both
opening inward. It is evidentthat the com-
cannot flow outward and operate
the engineunless it can flow back through the
valve, which would have to be opened for the
purpose, or else flow around them. The lat-
ter method 1s adopted, and in each of the
chambers in which the check-valves are set
is placed a cock. The two eocks are turned
simultaneously, having their spindles joined

ates them. One of them, the smaller, opens
a passage through which the compressed air
can flow around the inner check-valve and
into the main valve-chamber. The larger

6o cock, simultaneously Opened permits the ex-

haust-air to flow directly into the atmosphere
from the maln valve-chamber around the
outer check-valve. DBoth the check-valves
are

65 being, allowing the stored air to flow back-

ward and drive the engine. Thelever work-

ing each pair of short- circuiting or by -pass | point, on account of an external load greater

The axis of the

|

Kach cylinder has the air dis- |

at theinnerends by the rocker-arm that oper-

thus short-circuited together for the time |

shaft.

“the Solenmd toward the center,

" . UL
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cocks is actuated by an electrmal devlce to be

exp a'ned later.

The reversible valve-gearing mmpted 8

known as “ Hackworth’s,” (see Seaton on Ma-
rine Engineering,) being very similar to the
Marshall gear. Onlyoneeccentricisused, and
thatissetopposite the crank-pin. DIy length-
ening the eccentrie axially it can carry the
three straps and rods, one for each cylinder.

]¢

75

The inner and outer eccentric-rods are bent

or 0
plane with the central one. The outer end
of each rodis pivoted to a block that slidesin

ffset, s0 as to bring them into the same

8¢

a slot in a dislt whose axis is lhorizontal and |

fixed.

This disk can rotate about its axis,

varying the inclination of the slot to a line

joining the centers of the disk and the erank-
The valve-rod 1s pivoted to a point
about two-thirds of the length of therod from

the eccentrie, and its farther end takes hold

of the valve rocker-arm before mentioned.
The variation of the angular position of the

slotted disk varies the valve travel and the
consequent functions of the valve and the

90

distribution of the air to and from the eylin-

der,
gear reversible.
Slmplet' than the Stephenson link-gear, whleh

and is thus the means of rendering the
It has the merit of hmnw ;

95

would necessitate six eeeentrms fmd W{)lllﬂ :

be very clumsy. -
In order to vary the angular DOE:I'[IOH of the

three disks and do it sumllmneously each

one of them has gear-teeth cut on that zone
of its periphery lying back of the slot, and

100

these mesh with three geared ares.on the ends
of the arms of a three-armed spider, whose
central boss is bored tofit on4a shonlderof the

hub of the engine-frame and turn upon it.
Any movement of this spider thus moves the

103

three disksand changes the three valve fune-

tions simultaneously.

solenoid, through whose coils flows the current

One arm of the spider -
18 attached by linkwork to the plunger of a .
iQ

Wenerlted by_the dynamo or set of dynamos -

Whosa speed 1s to be regulated.

The pull of
the solenoid is balanced against a spring to

make its movementis proportional to the car-

rent flowing in 1t

tion is proportional to the external load.

This, therefore, consti-
tutes the necessary dynamometer, forits mo--

11§

When no carrent flows, the spring has the
spider pulled up, sothat the valve- cear makes

the engine compress air, giving “the prime

mover a load. As the cunentmueasw tothe

average output, the spider is pulled back by

reached when the average current actually
flows.

valves attached to each eylinder, previously

Up to this point the pair of by-pass

{3C

which is

128

described, has been held shut by means of a =

small solenoid and plunger attached to its op-
erating-lever, 'These three solenoids are in

series w1th each other and with a reversing-
switch operated by the linkwork attached to
Theinstant that the main -

the main solenoid.
solenoid pulls the linkwork past the neutral

r3e
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tons, and,after performing
the pume mover, to be exhausted intothe at—-
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than the average, the reversing-switch acts
the three auxﬂlary solenoids are reversed and

the three pairs of by-pass valves are 0pened' '

all together, permitting the previously-stored
alr to flow freely backward against the pis-

1ts WOIk in alding

mosphere. The aumhary solenoids are actu-
ated by current that can be tapped from the

cgenerator’s mains or obtained from any suit-
&ble external source.

For aload decreasing instead of i 1nereasmn* |
the above series of operatmns Would be re-

versed in order.

IFrom time to time the average load may
vary. Hence the neutral point of the machine

ought to be adjustable, in order to secure the

evenest working on both sides of the then
average load. To effect this the plunger,
mstead of being rigidly attached to the verti-

~cal rod or Spmdle that imparts its motion to

the valve-gear, is really along eylindrical nut
that serews npand down on the spindle, which
1s threaded for the purpose. (The spindle
may be made of bronze)
plunger can be run into or out of the solenoid
at will and the solenoid’s pull on it be in-

creased or diminished accordlnﬂly 1f, for

example,the average external load increases
and it is desired to adjust the neutral point
so that the machine’s action will be more
nearly equal in both its alternate funections,

the plunger must be screwed outward on the:.
‘spindle, for the greater average current then

fect upon it as |
the sma,ller average current did when it was

flowing will hawe the same e

set farther into the solenoid, for, within cer-
tain limits, the farther in the plunwer 18 the
greater the pull of the solenoid with a given
emlent To facilitate this adgustment a

small hand-wheel is attached to the top of
the plunger, so that it can ‘be ea,sﬂy screwed |

up or down by the dynamo-tender. -
T'he invention as embodied in the form -of
machine above described isillustrated in the

~ drawings accompanying this speelﬁeatmn 1n
| ‘ﬂthh—-—-—

~ dicated hy the arrow o/, Fig. 1

55
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qure 1 is a side elevatlon of the encrme
and compressor. FKig. 2 is a front elevatlon

thereof, the view being in the direction indi-
Kig. 3 1s a rear.

cated. by the arrow g, Fig. 1.
elevation, the view bemn* in the duecuon 1n-

Iig. 4 1s a
central transverse Ver-tleal sectmn, the plane
of section being through the line 4 4, Fig. 3,

and the view bemﬂ' in the direction mdlcated

by the arrow o® in said figure. Fig. 5 is a

transverse vertical section tnrouwh the line 5
b, Figs. 2 and 7. Fig. 6 is a sm:ulm section
-throun*h the line 6 b Figs. 2 and 7; and Fig.
718 a honzout&l secuon throun'h the line 7 7 |

Fig. 4, the view being downward

Iu the Views, A 18 the base of the -flame of:,

the engine.

A’ is the hollow annular fm,mﬁ supported

by the base.
A% A2 are mdla,l arms 111teﬂ'ra,1 w1th the

In this way the

.bolted to the front face of the frame and

'to the cylinder.

frame, and A® is the hub connecting the inner
ends of the arms and provided Wlth a bushing
b, in which is journaled the main shaft B of
the engine. The shaftisprovided at one end

79

with a disk or pulley B/, adapted to conneect it

with the motor, line- shaft or other source of
energy, and haq at 1ts 0pp031te end a crank-
plate B% provided with a erank-pin b/,

O ¢’ C*are the radially - plaeed cylmdels

vided with pistons P P’ P all of which are

connected w1th the crank-pin 3’ by means of

pitmen p p” p? as explained above. Air is
admitted to or discharged from the eylinders

75

pro-

3G

through ports at their outer ends controlled

by roekmﬂ' valves, one of which is shown at

V,Fig. 4. The valvesareprovided with stems

VU fv2 havmn*levers [’ [?, which are connected
by rods 7 7 1 with the eccentuc rods R R’ R?,

| respectively, the inner ends of the ecce'ntrlc-
‘rods being mounted on an eccentric B3 on the

shaft B and their outer ends being free to

slide in grooves ¢ in three pivoted disks B B/

E2 ’l‘he disks E E’ E*are formed with teeth

onsuitable ares of their peripheries, and these |
teeth engage geared segments d’ d? d? at the

the ends of the eorrespondlnﬂ* arms D’ D? D3

~of thespider, whose central boss D is fitted to
and tarns upon the hub A®of the frame, as
shown in Fig. 4. Thearm D? of the spider is

QC

95

pwotally conneeted with the two-part plunner |

s s” of the solenoid S, which is secured to the
frame of the mdchme the coil of the solenoid

100

being in the circuit which transmits electrical

eneray from thesource of supply to the work.
A spring &', fastened at one end to the frame
and at the othel end to a swinging lever L,

connected with the plunger of the solenoid,

tends to draw the plunger in one d1rectwn

10§

and the forece exerted upon it by the cur rent '

passing through the coil tends to draw it in
The relation of the

the opposite dlrectmn
two forces thus exerted on the plunger deter-

mines the position of the disks E E’ E?, and

thereby controls the valve-operating mechan-

ism in the manner already described.
The passageof air from either of the cylin-

ders to the chamber within the frame A’,

when the device acts as a compressor, is
through the valve-chamber ¢ at the outer end
_of the eyhnder and thence through a passage

¢’, formed in the wall of the hame, a check-
valve ¢ being so arranged as to prevent the
passage of air from the ¢ chamber in the frame

At the same time the exte--

11O

115

120

rior alr enters the c¢ylinders throtugh cham-

bers c* at their outer ends, check- valves ¢ be-

{ ing so placed as to plevent the exhaust of air
In order to permit the

f10m the ceylinders.

125'

flow of air from the chamber in the frame to . -
the eylinders and the exhaust of air from the -

cylinders when the device. is working as an

engine, valves V' V2 having a common stem

v°, are suitably seated at the onter end of each -
of the cylinders and afford by-passages around .
‘the check-valves ¢? ¢5,

is provided with an arm or crank I3, which is

Each of the stems 8

[3¢
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operated by a link

with a solenocid S* as shown in Fig. 4. YWhen
the device acts as & compressor, the valves V/
V= are closed; but when it acts ag an engine
these valves are open, as shown in Figs. 5 and
0. The change of position of the valves is
effected by means of the solenoids S?, which
act upon the closing of a suitable cirenit by
means of a switeh I I, one of whose parts
18 supported by the lever 1., Fig. 3, governed
by the main solenoid S in themanneralready
deseribed.

The operation of the parts thus specilically
indicated has been fully explained in the gen-

eral deseription preceding the desmlptlon of

the figures of the drawings and need not be
repeated. Irom that explanation it is evi-
dent that the mechanism shown and deseribed
is adapted to operate equally well either as
an air-compressor or as an engine, and may
thus be utilized either in storing superfluous
energy or in giving off the %tmefl energy as &
means of assisting the motor in performing
excessive work. The government and rever-
sal of the valve 1]1L@l.1.:1111%111 by the main so-
lenoid 1s instantaneous and automatic and
may be so sensitive as to accommodate itself
to every varying condition of the work, and

the conversion of the mechanism from a com-

pressor to an engine, or vice versa, by means
of the auxiliary valves and solenoids is also
instantaneous and automati¢ and may evi-
dently be so timed as to co-operate perfectly
with the other elements of the mechanism in
adapting it for the performance of its func-
tions.

W hile the solenoid forms a 51mplg and prac-

tical dynamometer adapted, perhaps, better -
“than any other to the purpose indicated,
not intend to limit my invention to the use-

1do

of this particular form of dynamometer, as
other forms may evidently be substituted for
it and made to operate successfully.

‘While the mechanism deseribed and ex-
plained above 18 adapted to change its fune-
tion . from storing energy to giving it off in
work,itis evident that where the force devel-

oped by the prime motorisatall times greater

than is required for its work the governor may
perform only the function of storing nup the
surplus energy of the motor—as, for instance,
by compressing alr, the energy thus stored
being used for any desired purposeother than
that of assisting the motor. It is therefore
not essential to the operation of my invention
that the governor shall have the double fune-
tion hereinbefore set forth,sincein many cases
1t may be made operative though it performs
but one of those functions. |

Having now described and explained my
invention, what I elaimm as new, and desire to
secure by Letters Patent, is—

1. The combination with a prime motorand
a dynamo operated thereby and supplying an
electric cireuit, of air- compressing mechanism
connected with and operated by the prime mo-

tor and an electrical dynamometer lying in | 1t into an acemnulatm*

544,606

¥ and a lever /!, connected | said circuit and connected with and control-
ling the operation of said air-compressing
IHE‘Gh‘LHIbm whereby the rate of compression
of air thereby may vary with the current pass-

mn through the dynamometer.
. The combination with an electrical sup-
ply and a cireuit connected therewith and

adapted to supply current to electrically op--

erated machinery, of convertible mechanism
adapted to compress air or to operate as a
compressed air engine, and an electrical dy-
namometer lying in the eircuit and connected

with and controlling the operation of said

mechanism wherebythe function of said mech-

anism and the work performed thereby may
change with the variation of the current pass-
‘ing thlouﬂrh the dynamometer.
The LGIHblH:llIOH with a source of eleetri-
cal bllpply and a ecircuit connected therewith
and adapted to supply current to electrically

-1

operated machinery, of an air-compressorand
a suitable reservoir for storing the air com-

pressed thereby, valves mterpo&ed between

8¢

O«

the compressor and reservolr and adapted by

their reversal to convert the compressor into:

a motor operated by the compressed airinthe -

reservoilr, suitable valve gear connected with

the valves and adapted to reverse them and

to vary their vibration in either position and

9.

an electrical dynamometer lying in the circuit
and connected with and controlling said valve-

oear whereby the operation of the valvesand

the function and work of the mechanism may

1«

change with the variation of the current pass-- |

ing tllmufﬂl the dynamometer. | .
4. The combin ation with a suitably operated
dynamoanda c¢irenit connected therewith and

adapted tosupply current to electrically oper-

ated machinery, ol an air compressor coupled
to thedynamoshaftand running continuously
in the same direction, a suitable reservoir con-
nected with the compressor

ed by their reversal to convert the compressor

into a motor operated by the compressed air

in the reservoir, suitable valve-gear connected

with the valves and adapted to reverse them
and to vary their vibration in either position
and an electrical dynamometer lying in the
circuit and connected with and controlling

1¢

and receiving the -
alr compressed thereby, valves interposed be-
tween the compressorand reservoirand adapt-

said valve-gear, whereby the function and

work of the compressor may change with the
variation of the current p:-lSSlIl“’ tluouwh the
dynamometer.

5. The combination with a source of electri-
cal supply and a circuit connected therewith
and adapted to supply eurrent to electrically 1

operated machinery, of suitable mechanism

adapted to either store or give off energy and
an electrical dynamometer lylllﬂ’ in the cireuit =
and connected with and governing the opera-

tion of said meehmﬁlism! the_ ﬂ}"'ﬂ::"ll]]()l].]ﬁtel‘* |
g adapted when actuated by a predeter-

beln

mined current of electricity to hold the meeh- -
anism in its neutral posmon and to convert .
& motor as the cur-




| eal supply and a circuit connected therewith
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rent falls below or rlqes above said predeter
mlned limit.

. The combination with a sour ce of electm-

and adapted to supply current to electrically
operated machinery, of suitable mechanism

~ adapted to either store or give off energy, an
electrical dynamometer lying in said cirenit

and an adjustable connection between the dy-

_namometer and said: mechanism, the dyna-;
mometer when actuated by a pledetermmed
current being adapted to hold said mechan-

ism in its neutral position and when actuated
by a greater or less current to convert it into
a mﬂtor or accumulator, and the adjustment

- of the connection between the dynamometer

20

and the mechanism being adapted to vary

the current required by the dynamometer for
haldmo' the mechanism in its neutral position.

The combination with a suitably oper-

. ated dynamo and a circuit connected with it
and adapted to supply a current to electri-

cally operated machinery, of an air-com-
pressor coupled to the shaft of the dynamo

and ranning continuously in one direction, a
‘suitable reservoir connected with the com-
‘pressor and recelving the air compressed

thereby, valves mterposed between the com-
pressor and the reservoir and adapted by
their reversal to convert the compressor into
a motor operated by the air in the reservoir,

suitable valve-gear adapted to reverse the

- valves and to vary their vibration in either

35

40

position, a solenoid lying in the circuit, means
connecting the plunger of the solenoid with

the valve-gear and means connected with the
Valve-ﬂ*eal and tending to counterbalance the

force exerted by the qolenold thereon, the so-
lenoid when acted onbyagiven pr edetermined

carrent being adapted to hold the valves in

~their neutral position and when actuated by

55
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‘a greater or less current to throw the valves
in one direction, or the other, and thereby to

convert the mecha.msm mto a motor or an

aecumulator

8. The combination with a bultablv oper-
ated dynamo and a circuit connected there-
with and adapted to supply current to elec-

trically operated machinery, of an air-com-
pressor coupled to the shaft of the dynamo

and running gontmuous]y in one direction,
an air reservoir connected with the eom-
pressor, valves interposed between the com-

pressorand thereservoir and adapted by their

reversal to convert the compressor into & mo-

tor operated by the air in the reservoir, suit--

able valve-gear dddpf@d toreverse the valve,q
and to vary their vibration in either position,
a solenoid lying in the circuit, an adjustable

connection between the plunn‘er of the solen-

oid and the Valve-ﬂ*ear and means connected

with the valve-gear and tending to counter-

balance the force of the solenoid, the solenoid
when actunated by a pledetermmed carrent

‘being adapted to hold the valves in their neu-

tral position and when actuated by a greater

or less current to throw them in one dlrection

or the othef' thefeby cdnvelting the mechan-

ism mto a motor or an accumulator and the
adjustment of the connection between the

plunger and the valve-gear being adapted to
vary the current required by the solenoid for

holding the valves in their neutral position.

- 9. The combination with a suitably oper-
ated dynamo a circuit connected therewith

and adapted to supply current to electrically
operated machinery, and a shaft coupled with

the dynamo shaft and rotating constantly in

one direction, of an engine ¢ylinder, a piston
sliding in the eylinder and operated by said

rotating shaft, an air reservoir connected with

the eylinder, a valve interposed between the

cylinderand the reservoir and adapted by its

7_5 |
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reversal to convert the cylinder and piston

inio an air compressor or motm an eccentric

rod mounted at its inner end on a suitable

eccentrie, an adjustable guide regalating the
travel of the outer end of the eccentric rod,
suitable connections between the eccentric
rods and the valve, an electrical dynamome-
ter lying in said cncmt and a connection be-
tween the dynamometer and the means for

9‘3‘.

regulating the travel of the outer end of the
eccentric rod, whereby the variation of the

current passing through the dynamometer

95

may vary the travel of the eccentric rod and

thereby reverse the valve, or change 1ts vibra-
tion. |

10. The combmatmn with a Sultﬂ.bI} oper-.

ated d_} namo and a circuit connected there-
with and adapted to supply ceurrent to elec-

trically operated machinery, of a shaft cou-
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pled to the dynamo shaft and rotating con-

stantly in one direction, a series of suitably

arranged engine cylinders, pistons sliding in

said eylinders and operated by said rotating

shaft, an air reservoir connected with said
cylinders, valves interposed between said res-
ervoir and said cylinders and adapted by

their reversal to convert the mechanism into
a compressor or a motor, eccentric rods

mounted at their inner ends on a suitable
eccentric and provided at their outer ends
with adjustable means for regulating their

travel, means connecting said eccentric rods
with said valves, respectwelv, a dynamome-
ter lying insaid circuitand means connecting
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the dynamometer with the devices for regu-

lating the travel of the outer ends of the ec-

centric rods, whereby the variation of the
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current passing through the dy namometer

‘may vary the movement of the eccentric rods
‘and thereby reverse the valves or vary their
| vibration.

11. The combination with a sulmbly oper-

ated dynamo and a ecircuit connected there-

with and adapted to supply current to elec-
trically operated mechanism, of the shaft, B,

‘rotating constantly in one dlreetlon the cyl
inders, O C’, C?, the pistons Slldlﬂﬂ‘lﬂ the cyl-

inders and opelated by piston rods connected
‘with the shaft, the reservoir A’, connected

with the cylmders, the valves, V, interposed
between the eylmders and the reservmr the
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eccentrie rods, R, R’, R* mounted at their

inner ends on an eccentric on the shaft, the
toothed and slotted disks, E, E/, E? regulating
the travel of the outer ends of the eccentric
rods, suitable connections between the eccen-

triec rods and the valves, V, the spider, D, hav- |

ingarms, D/, D> D3 provided with toothed seg-
ments engaging the disks, the solenoid lying
in the circuit and a suitable connection be-
tween the plunger of the solenoid and one of

the arms of the spider, D, whereby the varia-

tion of the current passing through the solen-
old varies the position of the spider, thereby
adjusting the disks, E, E’, E* and reversing,
or varying the vibration of the valves; sub-
stantially as shown and deseribed.

12. The combination with the shaft, B, the

|

)
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eylinders, C, ¢, C?, the pistons and piston rods

operated by the shaft, the reservoir, A’, the

valves, V, the eccentric rods, R, R/, R*, and
means substantially as shown and described
for varying the travel of the outer ends of the

eccentric rods and thus reversing or chang-
ing the vibration of said valves, of the by-

pass valves, V/, V2 and means substantially
as shown and described for reversing said

20

by-pass valves at the instant of reversal of

the valves, V; substantially as shown and de-

seribed. | -

WILLIAM NELSON SMITH.
Witnesses: |
- K. T, MACKENYIE,
H. C. TOWNSEND.
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