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- UNITED STATES

Patented June 9, 1903,

PATENT OFFICE.

FREDERICK JACOB, OF NEWARK, NEW JERSEY.

ROTARY ENGINE.

SPECIFICATION forming part of Letters Patent No. 730,661, dated June 9, 1903.
Application filed June 10, 1902. Serial No. 111,056, (No model.)

To all whom it may concern: |
Beitknown that], FREDERICK JACOB,a citi-

zen of the United States of America, residing |

at Newark, in the county of Essex and State
of New Jersey, have invented certaln new
and useful Improvementsin Rotary Engines,
of which the following is a specification.

My invention has reference to ‘improve-
ments in rotary engines of that class having

‘rotary pistons, stationary abutments, and

vanes reciprocated for the purpose of clear-
ing the abutments during the revolution of
the piston, and has for its objects, first, to
reduce the frietion incident to sach construe-
tions to a minimum ; secondly, to obtain sub-
stantially tight connections without the use
of packing; thirdly, to obtain an increased

efficiency by compounding; fourthly, to pro-

vide perfect means for reciprocating the
vanes; fifthly, toinsure a perfect balancingof
the piston, and, sixthly, to render the engine
reversible in asimple and effective manner.
The nature of myinvention will best be un-
derstood when described in connection with
the accompanying drawings, in which—
Figure 1 represents a side elevation of a

compound reversible rotary en oine embody-

ing my invention, the steam-chest covers be-
ing removed. Tig. 2 isasectional plan view.
Fig. 3 is a vertical section on the line 3 3,
Fig. 1. Tig. 4 is a similar section on the line
4 4, Fig. 1. Tig. 5 isasimilar section on the
line 5 5, Fig. 2. Fig. 6 shows detail views of
the abutments. Fig. 7 is a face view of the

cut-off admission-disk. Fig. 8 is a side view

thereof. TFig. 9 is a detail plan illustrating
the construction of the sliding vanes and the
operating-cam therefor. TFig. 10 is an end
view thereof. Fig. 11 is a face view of the
cam. Fig.12isasideviewofthesame. FKig.
13 is a face view illustrating a modified form
for the means foroperating the sliding vanes.
Fig. 14 is a plan view thereof. Fig. 151llus-
trates details of the vanes. - ‘-
Similar letters and numerals of reference
designate corresponding parts throughout the

several views of the drawings. ‘

In the example illustrated in the present
drawings a reversible compound engine 1is

shown; but of course it is to be understood

that I do not wish to restrict myself to such

construction and will therefore deseribe the |

.of the abutments K.

| simple engine or cylinder first without regard

to the compounding or reversibility.
Referring at present particularly to Figs.
1 to 5 of the drawings, the letter A designates
the high- pressure cylinder of the engine,
which is placed in communication with the
low-pressure or expansion cylinder B in a
manner subsequently to be deseribed. The
shaft C passes through the eylinder and car-
ries rigidly secured thereto a piston D, pro-

vided with a series of circumferential grooves

d, equally spaced and having intermediate

hubs d’ of greater width than the width of ©

the grooves, as best seen in Fig. 2. The cyl-
inder A is provided with diametrically oppo-
site series of bores adapted for the reception
In the present example
two parallel series are shown, although more
or less can be used, as desired. The abut-

ments E are arranged in line with the eir-

cumferential grooves d in the piston and are
provided with movable slightly - projecting
bladese, fitted to thesaid groovesand adapted
to be held against the periphery of the piston
D at the grooves d by suitable springs ¢, in-

closed in sleeves e?, terminating in bifureated

portions €%, adapted to guide and hold the
blades. The tension of the springse may be
regulated by suitable adjusting-screws e,
serewed into the tops of the abutments. The
construction of the abutments K is best seen
in Figs. 2,4, and 6, and it will be readily un-
derstood that said abutments divide each of
the circumferential grooves d into two steam-

chambers of equal dimensionsseparated from

each other substantially steam-tight without
the use of packing. '

On opposite sides of the cylinder A are
formed longitudinal steam-channels F and G
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and exhaust-channels H and I, closed by-suit- .

able covers ¢ and communicating with the
chambers formed by the circumierential
arooves d and the abutments E through ports
1 2 and 3 4, the ports 1 2 forming the admis-
sion-ports and 3 4 the exhaust-ports. Steam
or other actuating fluid can be supplied to
the steam-channels from a steam-chest J, lo-
cated at one head of the cylinder and commu-
nicating with common passages 5 and 6, con-
necting the several channels I and G and H
and I through ports7and 8. The ports7and
S are controlled by a suitable disk valve V,
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hereinafter to be described.
and 6 are controlled by suitable valves, as K :
and L, preferably planger-valves, su1tably
guided and havingtheirrods passing through
stuffing-boxes. It 1is evident that by throw-
ing the valves from one extreme position to
the other the admission of steam will Dbe
switched and the engine caused to be re-
versed-—that is to say, the admission-ports
will be changed to exhaust, and vice versa.
The valves are connected by suitable means
so as to be operated simultaneously. 'T'he

piston D is also provided with longitudinal

or radial seats s, one to each abutment and
extending throughoutits entirelength. Into

‘these seats are neatly fitted vanes S, adapted

to slide in the Same and provided with alter-
nating recesses s and blades s°. (See Figs.
2,4, and 9.) Therecesses s'in the vanes are
of the same width as that of the circumferen-
tial grooves d, while the blades s*are slightly
wider, so that when the vane isin position to
c¢ross the grooves the blades overlap the same,
thus effecting a substantially tight eclosure

‘between vane and piston.

To impart a reciprocating motion to the
vanes S in the direction of the length of the
cylinder, I make use of a cam N, secmed in"
the cylinder agaipnst rotation and provided

~with a closed cam-groove n, in which pins n/,
The cam-.

attached to the vanes S, Pplay.
groove is of the configuration shown in FKig.
9 and serves to throw the vanes S back and
When but two
sets of abutments K are used, the vanes are
shifted twice during each revolution, so as to
bring the recesses s’ in the vanes in line with
the circumferential grooves d, so that they
may pass the abutments, after which the
vaues are reversed, so as to bring the blades s
dcross thesaid circumferential grooves. This
movement of the vane in both direections is

- effected during a short portion of the revolu-

45
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tion of the piston, as indicated by the reén-
trant portion of the cam-groove, Fig. 9. The
end of the piston within the cam N is turned
down or a smaller hub N’ preferably affixed
thereto, and this hub contains therein lon-
U‘ltlldlﬂ&l T-slots 7, through which the vanes

pass, the latter bemﬂ' pwﬂded with project--

ing lateral lugs ¢, entering the transverse por-
tions of said slots This coustruction is for
the purpose of truly guiding the vanes.

The valve V in the steam-chest J (see Figs.
2, 5, and 7) is provided with two 5ewmental

port,sj and 7', adapted to permit entrance of

steam to the ports 7 and 8 during a prede-
termined portion of the stroke of the engine,
the length of the ports determining the period
of ddmhmon and consequently the cut-oft,
although the cut-off may be dispensed with
under certain conditions of compounding.

Between sald segmental ports are arranged

two short segmental ports 7° and 72, leaving
between the several portsintermediate spaces

7%, adapted to cover-the ports 7 and 8 in the

101:&1;1011 of the valve.

]
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The passages 5 [ ecam N 18 such that the portions 21 come into

action after the supply of steam is closed off
and expansion is taking place, thus relieving
to a great extent the pressure on the vanes
S and consequent frietion due to the move-
ment of the vanes. When this movement is
completed, steam is admitted for a very short,

interval through the ports 9° and 7%, this tak-

ing place when the blades of the vanes enter
the respective seats in the hubs d'.
Livesteamissupplied to thechestJ through
asuitablepipeorpipes10inthe usual manner,
from whieh it is distributed by the valve V,

as hereinbefore deseribed. By employing two

or more series of abutments E arranged dia-
metrically opposite each other and placmn'
the admission-ports close beside the same in
separated channels and on opposite sides of
the abutments the piston is at all times per-
fectly balanced and the engine runs evenly
without shock or noise.

- In the present example I have shown a
compound engine in which A is the high-

pressure cylinder and B the low-pressure or

expansion cylinder, the latter being of larger
diameter than the former, but guite similar in
construction, . with the exeeption that the
number of vanes 8’ is increased and the cut-
off valve V is omitted. The admission of
steam to the expansion-¢cylinder in one direc-
tion or the other is controlled by the exhaust
and admission plunger-valves K'and L' of the
high-pressure cylinder controlling the ports
5”“‘ The exhaust is controlled by the posi-
tion of plunger-valves K* and L* in the ex-
pansion-cylinder,asin Lhe high- -pressure cyl-
inder.

In the modification shown in Figs, 13 and
14 a construction is illustrated for effecting

the movement of the vanes S with the least

possible friction. In this example the vanes
instead of being provided with.pins directly
engaging the cam-groove in the cam N are
each provided with a tubular head v, into
which is journaled the end of a bent arm v,
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preferably passing through a movable box v?

and entering the cam-groove. The otherend
of the arm 7’ is passed through a stud 4?3, se-
cured to the piston or other rotating part.

It is evident that in the movement of the
piston a substantially frictionless action be-
tween the camn and the pins is obtained.

Instead of keying the piston to the shaft
in a usual manner I prefer to groove the hub
N diametrically, as shown in FFig. 11, and to

drive a pin p through the shaft within said

115
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groove, thus obtaining a firin connection with -

no danﬂ'et of workmw loose.

Whlle in the ehample 1llustmted in the a.c-'

companying drawings 1 have shown but one
low-pressure cylinder from which the exhaust
is econducted either to the atmosphere or to a
condenser, it 18 evident that any practical
nuamber of low-pressure cylinders could be

placed in connection with each other, thus.

forming ftriple, quadruple, or other expan-

The position of the | sion engines.
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What I claim as new is—

1. A rotary engine comprising a ¢ylinder, a

piston within said c¢ylinder provided with a
series of circumferential grooves and with a
series of longitudinal seats, a series of vanes
in said seats erossing said grooves, said vanes
being provided with alternating blades and
recesses corresponding to the circumferential
grooves, means for reciprocating the vanes,
abutments entering the circumferential
orooves, and means for supplying and ex-
hausting an actuating fluid, substantmlly as
descmbed

2. Arotary engine GOI]J]_JI‘ISII]‘U‘ a cylinder, a
piston within smd cylinder provided with a
series of circumferential grooves and with a
series of longitudinal seats, a series of vanes
in said seats crossing said grooves, said vanes
being provided with alternating blades and
recesses corresponding to the mrcumferentlal
orooves, means for reciprocating the vanes,
abutments provided with blades entering the

circumferential grooves, and having springs

acting on said blades, and means for supply-
ing and exhausting an actuating fluid, sub-
‘stantla,lly as deserlbed

3. A rotaryengine comprising a cylinder, a
piston within sa,id cylinder provided with a
series of circumferential grooves and with a
series of longitudinal seats, a series of vanes
in said seats crossing said grooves; sald vanes
being provided with alternating blades and
recesses corresponding to the circumferential

“grooves, abutments entering the circumfer-

ential grooves and fitted to the same, a sta-
tionary cam, connections between the vanes
and the cam for reciprocating the former,
and means for supplying and exhausting an
actuating finid, substantially as described.

4, Arotary engine comprising a eylinder, a

piston within said cylinder provided with a

sories of circumferential grooves and with a

series of longitudinal seats; a seriesof vanes
in said seats crossing said grooves, said vanes

being provided with alternatmﬂ‘ blades and |

recesses corresponding to the cwcumferentlal
orooves, means for reciprocating the vanes,
abutments provided with blades entering the
circumferential grooves, and having springs
acting on said blades, a stationary cam, con-
nections between the vanes and the cam re-
elproeatmﬂ' the former, and means forsupply-
ing and exhausting an actuoating fluid, sub
stantlally as described. |

5. A rotary engine comprising a eylinder, a

piston within said cylinder provided with a

series of circumf{erential grooves and with a
geries of longitudinal seats, a series of vanes
in said seats crossing said grooves; said vanes
being provided with a,lternabmﬂ' blades and
recesses corresponding to the e1rcumferenma1
agrooves, means for reciprocating the vanes,
abutments’ entering the circumferential
grooves, and a cut-oﬁ:‘ valve controlling the
admission of actuating fluid,
supplyingand exha,ustmfr fsmd ﬂmd substan-
tially as deseribed. |

| abutments

and means for-

3

- 6. A rotary engine comprising a ¢ylinder, a
piston within said cylinder provided with a
series of eircumferential grooves and with a
series of longitudinal Seats a, series of vanes
in said seats crossing said grooves; said vanes

being provided w1th alternating blades and

recesses corresponding to the eireumferential
orooves, means for reciprocating the vanes
abutments -entering the circumferential
orooves, and a cut-off valve provided with
ports for the entrance of actuating fluid and
intermediate spaces for closing off the sup-
ply of actuating fluid during part of the re-

ciprocating movements of the vanes, and

means for supplying and exhausting the ac-
tuating fluid, substantially as described.
7. A rotary engine comprising a ¢ylinder, a

| piston within said cylinder provided with a

series of eircumferential grooves and with a
series of longitudinal seats, a series of vanes
in said seats crossing said grooves, said vanes
being provided with alternating blades and
recesses corresponding to the circumferential
ogrooves, means for reciprocating the vanes,
abutments entering the circumferential

orooves, an admission-channel and an ex-

70
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haust-channel extending in the direction of

the length of the cylinder on opposite sides
of the piston, and ports communicating with
the circumferential grooves and channels
substantially as descr 1bed

8. A rotaryengine compr lsmg a cylinder, a

| piston within said' cylinder provided with a

series of circumferential grooves and with a
series of longitudinal seats, a series of vanes
in said seats crossing said grooves, said vanes
being provided with alternating blades and
recesses corresponding to the circumferential
orooves, means for reciprocating the vanes,
enfering the circuamferential
grooves from opposite sides of the eylinder,
two sets of admission and exhaust channels
extending in the direction of the length of
the eylinder on opposite sides of the same,
and connected respectively by transverse
passages, valves controlling said passages for
the purpose of reversing the engine, and
means for supplying and exhansting an ac-

tuating fluid, substantially as deseribed.
9. A rotary engine comprising a cylinder, a

piston within said cylinder provided with a
series of circumferential grooves and with a
series of longitudinal seats, a series of vanes

in said seats and crossing said grooves, said

vanes being provided with alternating blades
arid recesses eorresponding to the circumfer-
ential grcoves, means for reciprocating the
vanes, abutments entering the circumfteren-
tial grooves, a hub at one end of the piston
provided with slots, projections on the vanes
entering said slots for the guidance of the
vanes, and a cam engaging with said vanes
for reclproedtmﬂ' the latter, substa,ntmlly as

described.
10. A rotary engine comprising a cylinder,

a piston within said cylinder provided with a

. 1 series of circumferential grooves and with a

95
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series of longitudinal seats, a series of vanes
in said seats crossing said grooves, sald vanes
being provided with alternating blades and
recesses corresponding to the circumferential
grooves, means for reciprocating the vanes,
abutments entering the circumferential
ogrouves, a hub at one-end of the piston pro-
vided with slots, projections on the vanes en-

tering said slots for the guidance of the vanes,

an annular cam surrounding said hub and
held stationary, and provided with a cam-

~groove, and projections on the vanes engag-
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ing with said cam-groove, substantially as de-
seribed. | |

11. A rotary engine comprising a cylinder,
a piston within said cylinder provided with a

series of circumferential grooves and with a

series of longitudinal seats, a series of vanes
in said seats crossing said grooves, sald vanes
being provided with alternating blades and
recesses corresponding to the circamferential
orooves, abutments entering the circumfer-

“ential grooves, heads formed on the vanes,
arms journaled to the piston and extending

through the heads on the vanes, and a sta-
tionary cam engaging with the projecting

‘ends of the arms for reciprocating the vanes,

saubstantially as described. |
12. A rotary engine comprising a cylinder,

a piston within said cylinder provided with a

series of circumferential grooves and with &

series of longitudinal seats, a series of vanes

in said seats crossing said grooves, sald vanes
being provided with alternating blades and
recesses corresponding to the circumferential
grooves, means for reciprocating the vanes,
abutments entering the ecircumferential
agrooves, means for supplying and exhanst-
ing an actuating fluid, and a cut-off valve
for closing off the supply of actuating fiuid

‘during a portion of or during the entire lon-
gitudinal stroke of the vanes and for supply-

ing the actuating fluid for a short interval at
the end of each stroke of said vanes, substan-
tially as described.

13. In a rotary engine, an abutment com-
prising a sleeve terminating in a bifurcated
portion at its inner end and containing in said
bifurcated portion a blade fitted thereto, and
adapted to project slightly beyond the inner
end, a spring within said sleeve, and an ad-
justing-serew acting on said spring, substan-
tially as described.

14. In a rotary engine, an abutment com-
prising a sleeve terminating in a bifurcated

portion atits inner end and containing in said

bifurcated portion a blade fitted thereto, and
adapted to project slightly beyond the inner
end and a spring within sald sleeve, substan-
tially as described. -

15. In a rotary engine, the combination of

a cylinder, a piston within sald cylinder pro-

vided with a series of circumferential grooves
and with a series of longitudinal seats, a series
of vanes in said seats crossing sald grooves,
said vanes being provided with alternating

blades and recesses corresponding to the cir-

| |

|
|
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cumferential grooves, means for reciproeat-
ing the vanes, abutments entering the eir-
camferential grooves, a stationary cam en-
gaging with said vanes and moving with the
piston, and a cut-off valve timed with said
cam to cut off the supply of steam during a
portion of the stroke of the vanes, substan-
tially as and for the purpose set forth.

16. In a compound rotary engine, a plural-
ity of cylinders of different area arranged in
line, and receiving the actuating fluid one
from the other, pistons located in the respec-

tive cylinders and attached to a common

shaft and each provided with a series of cir-
cumferential grooves and with a series of
longitudinal seats, a series of vanes in said
seats crossing said grooves; said vanes being
provided with alternating blades and recesses
corresponding to the circumferential grooves,

means in each cylinder for reciprocating the

vanes, abutments entering the several cir-
cumferential grooves, means for supplying
the actuating fluid to the first eylinder, and

| connections between the several cylinders for

]

|

supplying the exhaust from one to the other
in progression, substantially as described.
17. In a compound rotary engine, a plaral-

ity of cylinders of different area arranged in

line, and receiving the actuating fluid one
from the other, pistons located in the respec-

tive cylinders and attached to a common

shaft and each provided with a series of cir-
cumferential grooves and with a series of
longitudinal seats, a series of vanes in said

| seats crossing said grooves; said vanes being

provided with alternating blades and recesses
corresponding to the circumferential grooves,
means in each cylinder for reciprocating the
vanes, abutments entering the several cir-
cumferential grooves, means for supplying
the actuating fluid to the first cylinder, con-
nections between the several cylinders for
supplying the exhaust from one to the other
in progression, and means for reversing the
several pistons, substantially as described.

18. The vane herein described for rotary
engines consisting of a slidable bar or body
provided with alternating recesses and blades,
and said blades being of greater width than
the recesses, substantially as and for the pur-
pose specitied. | o

19. A rotary engine comprising a cylinder,
a piston within said eylinder provided with a
series of circumferential grooves and with a
series of longitudinal seats, a series of vanes

70
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in said seats erossing said grooves, said vanes

being provided with alternating blades and
recesses corresponding to the circumferential
grooves, means for reciprocating the vanes,
abutments entering the circumferential

orooves from opposite sides of the cylinder,
admission and exhaust channels located on
opposite sides of the abutments and extend-
ing in the direction of the length of the eyl-
inder, and a series of ports communicating
with the circumferential grooves and chan-
| nels, the admission-ports and exhaust-ports

125
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being located diagonally opposite for the pur- | on said pistons adapted to clear said abut-

pose of balancing the piston, substantially as

deseribed. |
20. In a compound rotary engine, a plural-

ity of cylinders of different volume arranged

in line and receiving the actuating fluid one

from the other, pistons located in the respec-.

tive eylinders and attached toa common shaft
and each provided with a series of circumfer-
ential grooves of increasing cross-section of
area, abutments for each cylinder entering
the respective circumferential grooves,blades

ments, and means for supplying an actuating
fluid to the first cylinder, substantially as de-

scribed.

In testimony whereof I have hereunto set

my hand in the presence of two subseribing

witnesses.

FREDERICK JACOB.

Witnesses: -
A. FABER DU FAUR, Jr.,
JOHN F. W. SEIDEL.
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