July 30, 1929.

W. HARPER, JR
COMBUSTION ENGINE

Filed July 18, 1921

1,722,258

6 Sheets-Sheet 1

SO °
s | Q\ N
SR >
N X R A L b
D X EN o
: RS \|
zﬁ ] ‘ \\‘ %
- Wyl g T} ' |
\ - 7 | ‘ Va
I T “ i / s
- . > O \ : -
bQ §\ I % E-v-sq }QQ @ X ~N
9 — \' \\ ‘ - % < ; s
N o 2N S :
SER =
T hQ . ™~
N \ “ g
\ » Pl P N RN
= . 2 Z |
V NINR Sz X N N
) N “Q)%g% x
Y NS O N ‘
\§3 NA S o
\\ M N
1 N \\Q
T ¥ 71| ,
AL T <
TN
Q N\ NN
1 )}~ Ay
i R #3
QN | D) i xR
Q. X X N
_ . ' .
S \ =R
~ )
. ANy NP .
SN ! m,\\ 9 - Inventor
SYEIT pan . o
% %%%Aﬂu‘om _‘



W. HARPER, JR
COMBUSTION ENGINE

July 30, 1929.

19722y258

6 Sheets-Sheet 2

1921

Filed July 18,

A
\
\
A
\
‘\
Ii
/
//
Inventor
Asp

N

. W g -
/ \\ ; / . S
; \“ i ‘ \ ,.
. % ! . ,
%) o v' ..\,\“§ ;
7 V\\\\\\\M\\\\\\. ANV \

| ] T e X Y /\\.ﬂ
N s 2 A
2, A “.\\s- > \w\///\ N
| (a2 Sic 7 ol
N : .
,,, @ W
W /
/ \ l” P SIS
, 52\
\ N
AN
\ .\\\\\\VV/\!\/VVV&\/V\\ I 7 \\u
\ \/ \
\ '/// 7
// : /’/ \\\5&
// \

~. \\



W. HARPER, JR

COMBUSTION ENGINE

1,722,258

~ July 30, 1929.

6 Sheets-Sheet 3

© Filed July 18, 1921 .

Inventor
S e

AN

LI
' X
g%yt‘iiJaélbt




722,258

1

wW. HARPER, JR

COMBUSTION ENGINE

July 30, 1929.

6 Sheets~Sheet 4

Filed July 18, 1921

o5

—

iy

<] Nm\ N m o ?fﬂﬁﬁvpv,.u DA N
A= J~# Y A\ i\ i
2 \ Y] & 9 N Z /4
271 | 7
J]OrE o




W. HARPER, JR 1,722,258

~July 30, 1929,

COMBUSTION ENGINE -

6 Sheets-Sheet 5

Filed July 18, 1921

ANINALOTINAT LAVHS -

(e A

S /A , Z z N\ &
IS T e 7 | S WL/
92 : A o 3
ILI E— N — A % N
SN2 AN\ 7S Ny . ﬂ%
fm Y / J / i Yy - i
/ 5y O ¥ g 9 0% .%\%.Wﬁm . WJ
‘ 9 : y o€ Y 53
Jg I g 2 O 5 69— @l;nm_fw
TS 4 . S
‘ , YA g—€ — Vi . .
U % - D) ) %
2 e S18 99— .
9—C ) h%\. o< D)
16 _ | |
g ==Y - Eanse g9
5 > 00| g€ D
- r\v\\;“% Q%’/@\\ @/
2e M\S\Nw.\ oz ’ - ) P ) 18
2100 . ,

LMTWALO7INIT LHOL HIANTTAD

LA



July 30, 1929. W. HARPER, JR 1,722,258
COMBUSTION ENGINE
Filed July 18, 1921 6 Sheets—Sheet ©

R
|
~ . W <+ [y
I X BN
Q.\3 X R
Inventor

e



Patented July 30, 1929.

UNITED STATES

1,722,258
PATENT OFFICE.

WILLIAM HARPER, JR., OF NEW BLOOMFIELD, PENNSYLVANIA, ASSIGNOR, BY MESNE
ASSIGNMENTS, TO AMERICAN GAS TURBINE CORPORATION, OF NEW YOREK, N, Y.,

A CORPORATION OF DELAWARE.

COMBUSTION ENGINE.

Application filed July 18, 1921. Serial No. 485499,

This invention relates to improvements in
combustion engines of the rotary reciprocat-
ing type, and has for its objects to provide im-
provements in the cylinder arrangement

5 whereby instead of using radially disposed
cylinders the cylinders will be inclined to the
radius of rotation thereby permitting a great-
er displacement-without increase of diameter;
also to provide improved valve mechanism,

10 particularly the exhaust valve mechanism
which has to take care of the greater amount
of heat developed by the increased displace-
ment; and an improved means for circu-
lating the cooling water required by the in-
15 crease of displacement. - A further object of
_the invention relates to an improved contact
.and cross firing ignition means whereby elec-
trical ignition may be eliminated even for
starting. o )
As herein shown, the invention is applied
to an engine of the type wherein the shaft is
hollow and carries a tubular differentially
driven inlet and exhaust valve provided with
cross firing ports whereby the flame from one
25 cylinder is employed to ignite a succeeding
cylinder, operating in conjunction with the
contact ignition device which functions not
only in starting the engine, but in case ignition
by cross fire should fail for any reason.
Further improvements relate to the details
of the various parts including a jacket ex-
haust valve especially designed for an engine
of this type wherein a large amount of heat is
generated in a small space and has to be dis-
posed of without objectionably affecting the
valve mechanism or surrounding parts, and
also in the various details of ignition means,
gas control, etc., all as will be more fully un-
- derstood in connection with the description of
the accompanying drawings, wherein
Figure 1 is a long’tudinal section,
Figure 2 is a transverse section,
Figure 3 is a section through the shaft, and
the valve firing ports,. ’
Figure 4 is a section of the jacketed exhaust

valve, ,

Figure 5 is a detail showing the water and

gas outlets, : ,

Figure 6 is a detail of the water circulation,
Figures 7 and 8 are details through the

water and gas outlets shown in Figure 5,
Figures 9 and 10 are details of the yoke

pieces,
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Figure11isa section of the shaft and valve
on an enlarged scale,

Figure 12 is a detail of a tapered valve,

Figures 13 and 14 are valve and ignition’

details, ‘ -
Figure 154s a cylinder port development,
Figure 16 is a shaft port development,
Figure 17 is a valve port development,
Figures 18 and 19 are valve details,
Figures 20, 21, 22, are details of the valve
driving means, and
Figure 23 is'an inlet end view of the valve.
1is a hollowed frame casing carrying the
main shaft 2, mounted in bearings 8 and keyed
to the shaft to rotate therewith are open
ended cylinders 4, having the several heads
adjacent the shaft and provided with cylin-
der ports 5 opening to ports 6 in the shaft.
As shown in Figure 2, the cylinders are off-
set so that the side of one comes partly un-
der the end of the adjoining one, so that the
axes of the cylinders are on chords of the
circle of rotation instead of on radii as here-
tofore proposed. The angle of off-set is pref-
erably about that shown, in an engine of 21/
inch bore and 114 inch stroke, this angle be-
ing calculated so that at the main running
speed of the engine, the off-sét is such that
the centrifugal forces due to the rotation will

always keep the pistons rubbing slightly -

against the forward side of the cylinder, in
order to prevent piston slap. In the con-
struction herein disclosed the pistons are con-
nected by means of studs or wristpins, which

~move in slots cut in the cylinders, to ypokes

which travel on a ring eccentric to the shaft
and this angle of cylinder off-set is such as

to bring the yoke or link in a radius about-

parallel with the cylinder axis at the maxi-
mum combustion pressure. With such rela-
tion, the cylinder axis is approximately tan-
gent to a circle having a radius of one half
the stroke, under which conditions I have
found that the piston has a minimum tend-
ency to slap. Also the resultant explosive
force is directly through the cylinder head
in a line about tangent to this circle, giving
a torque effect approximating that of a gas
“turbine. i :
On the compression side, that is with a pis-
ton working to compress the charge, or to ex-
el the burned gas, there is no piston slap
ecause the centrifugal forces tending to holg
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the piston against the forward side will be
much greater than the pull of the yoke tend-
ing to pull the piston oppositely against the
inner or following cylinder side, but owing to
the angulation of these two forces there will
be a slight resultant thrust on the rear or fol-
lowing cylinder wall.

1f compared with radial cylinders of equal
displacement disposed as closely as possible
to each other, this invention requires a con-
siderably less diameter, or enables about a
fifty (50) percent gain in displacement to be

‘obtained with the same diameter of cylinder

rotor element. S
Around the cylinders and between the cyl-
inders and shaft are water spaces 7 closed

_ by closure plugs 8, 9 are the pistons, 10 the

wrist pin, 11 are yokes having ends off-set to
over-lap as shown in Figures 9 and 10 so as
to give ample bearing space and traveling on
eccentric rings 12 fixed to the frame 1. 13
are slots in the cylinders through which the
wrist pins 10 operate. 14 are power trans-
mission gears fixed at opposite ends of the
shaft 2 and meshing with gears 15 on shafts
16 carrying pulleys or other driving means
17, so that power can be taken oft of either
ot both ends of the engine. Either of these
shafts can be used as a cranking shaft to start
the engine.

19 is a tubular valve element having oil
holes 20 carrying a gear 21 driven by gears
22, 28, from gear 14 on one end, the gears 22,

23, being mounted on an arm 24 carrying a.

segmental gear 25 meshing with the. seg-
mental gear 26 on stud shaft 27 having lock
nut 28 (see Figures 20, 21, 22) so as to shift
the arm 24 angularly of the shaft to vary the
valve timing. By loosening nut 28, the valve
is angularly shifted and then held by nut 28.
The proportions of the gear drive are such
that the valve is driven one sixth slower than
the speed of rotation of the shaft and cylin-
ders in a five cylinder engine. This ratio
varies with the number of cylinders, being
one eighth slower for a seven cylinder en-
gine and can be figured out for the number of
cylinders. The advantage of this is that in
a five cylinder engine, for example, the ro-
tary valve will function with three ports for
both inlet and exhaust, and will likewise only
require three firing ports which simplifies the

_construction of valve and. also enables the

necessary lap to be obtained.

The valve details are shown in Figures 1,
3, 4, 11-19, wherein 30 are the inlet ports,
shown developed in Figure 17, and 31 are-the
exhaust ports also shown developed in-Fig-
ure 17, while 82 are the cross firing ports
leading from chamber 33, shown in cross
section in Figure 3. To prevent quenching
of the cross firing flame, the cross firing ports
32 are longitudinally enlarged as shown in
dotted lines in Figures 8, 4, 17, with the nar-
rowest part of the passage on the outside be-

1,722,258

low the surface, the cross fire port 82 con-
sisting of longitudinal slot as seen in Figure
1, made in the periphery »f the valve with the
bottom enlarged as shown, made. by a flat
spade drill inserted in the slot, which con-
struction is found not to have a quenching
effect on the flame.” 35 is a charge inlet lead-
ing to the inlet space 36 within the valve,
and 37 is the exhaust space in the valve lead-
ing to the exhaust spaces 38 past T-piece 39
to the exhaust outlets 40, and to exhaust man-
ifold 41. T-piece. 39 (see Figs. 1, 5 and T)
is, as the name indicates, a T-shaped member
fixed to pipe 81 and journalled awithin the
rotary shaft. .

The valve is either a cylindrical valve as
shown in Figures 18, 19, or a special form of
taper valve as shown in Figure 11, wherein
a spring 42 adjusted by nut 43 exercises pres-
sure through an interposed tubular rod 44
ending in a ball thrust bearing 45 against a
tube 46 carried by the ring 47 on the.valve
body 19, tending to push the valve to the right
in Figure 11, it being tapered as shown at 48.
The gear 49 on the valve body corresponding
to the gear 21 in Figure 20 is of the skew

‘type meshing with similar skew gear 22, so

that the axial thrust of the gear opposes the
thrust of the spring 42. 'When the engine is
cold these fwo forces will about be balanced,
so that the tapered valve will be thrust very
lightly, if at all, into the tapered seat in shaft
2. When the valve heats up and expands
with tendency to bind in the'taper, the power
required to drive it increases it to such extent
as to cause the skew gears to push the valve

-backwards against spring 42 until the fric-

tion due to expansion is relieved, thereby per-
mitting the valve to always dtive easily and
at the same time permitting the spring 42 to
hold it on its seat, irrespective of tempéra-
ture. To permit this the gear 14 is some-
what wider than gear 23 and gears 22, 23 can
slide slightly on the shaft carried by arm 24.
A further feature of the invention consists
in the provision of an exhaust valve as shown
in Figure 14, with a lining 50 with the metal

cut away between the parts to form dead air
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spaces 51, having the effect of heat insula- .

tion so that a less amount of heat is absorbed
by the valve body at this portion of the valve

115

than would be absorbed by solid metal, thus .

tending to reduice expansion.
The ignition mechanism consists generally
of a contact or catalytic device located in the

120

firing chamber and connected with a small

auxiliary source of combustible gas so that
combustible gas in small quantities is always
drawn through the contact device toward the
engine cylinder during the suction stroke
tending to cause the contact device to incan-
desce and thereby causing the ignition from
the firing chamber 33 at the proper time, the
device being so constructed that there is al-
ways a stream of fresh gas being drawn
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through the igniter. The igniter consists of
a quartz tube carrying finely divided plati-
num which will automatically heat up in a
current of hydrocarbon gas, the platinum be-
ing enclosed in a capsule which projects into
the firing chamber. 55 is the gas supply for
the igniter controlled by valve 56 thence go-
ing to tube 57 and through tube 44 into tube
46 which is connected by couplings, as shown,
ta the igniter casing 58 threaded into the
body of the inlet valve as shown at 59. 60
is the capsule which becomes incandescent
and is positioned in chamber 33 and carried
by igniter body 58. Within the body 58 and
spaced from the tubular lining 61 thereof is
a quartz tube 62 through which the gas
passes and containing at its forward end
spongy platinum. The igniter body has a
hole 63 opening into the inlet space 36 where-
by the suction stroke produces sufficient gas
flow through the quartz tube into the cap-
sule and thence out through hole 63 so that
the capsule becomes incandescent and will
fire the gas in chamber 33 whenever the
proper compression is reached, which is at the
time when a cross fire should occur if the
engine is already running or when a cylinder
should be fired in starting. Ordinarily the
heat of compression due to cranking the en-
gine a few times will dry out the igniter so
that it will start automatically, but in case it

should not, a small electric heating wire as

64 can be run through to be heated by a cur-
rent to dry the capsule until it will incandesce

5 and then be cut off.

The hole in the quartz tube is sufficiently
small so that the velocity of the suction gas is
greater than the back fire flame speed thus
preventing the gas from béing burned in the
tube and it only burns at the tip. A gauze
wire screen in the quartz tube would also pre-
vent back fire. The fresh gas is superheated
from the exhaust of gas previously burned in
the tube, causing the capsule to become very
hot. The quartz tube projects into the cap-
sule as shown, bringing the end of the tube
to the tip of the capsu]% so that the primary
combustion of the gas is directly in contact
with the interior of the capsule. The con-
tact platinum within the capsule may be in
the form of a fine coil of wire or in spongy
platinum sufficiently divided so as to permit
the gas to pass through as may be desired.
One convenient way is to apply finely divided
platinum to quartz fibre which will hold the
former suspended. If the gas velocity is
gieater than the flame travel, the travel of
gas decreases owing to the increase of space
within the end of the capsule as compared
with the diameter of the quartz tube. The
capsule being exposed to the compression con-
ditions of the engine, retains compression
heat. The timing can be varied by throttling
the gas at valve 56, which valve will also con-
trol the temperature of the platinum.

3

Another form of ignition is shown in Fig-
ure 14, wherein rod 70 constitutes a terminal
of a high tension electric ignition system with
the gap 71, 72 being a chamber in which gas
is compressed at each compression stroke and
then expelled, the spark jumping across and
igniting the blast of gas from the compression
chamber 72. The rod is tubular as shown so
that the blast of gas from chamber 72 im-
pinges thereon.

In Figure 13 a modified contact igniter is
shown in which platinum capsule 75 is car-
ried by plug 76 in the exhaust chamber, the
plug 76 also carrying a tube 77 so that gas is
always moving through port 78 in the capsule
and out through tube 77, thus causing the
active material 79 to heat up and thus heat the
capsule. In the Fig. 11 form of contact igni-
tion device sponge, or finely  divided plati-
num, or platinum mixed with oxides of
thorium, cerium, etc., may be used, as such
oxides tend to attract oxygen from the air.

The water cooling is centrifugal, the cool-
ing water entering a pipe 80 passing through
pipe 81 and T piece 89 to passage 82 thence to
water inlet ports 83 in the shaft 2 and along
slots 84 cooperating with slots 85 in cylinder
casting and thence passing through holes 86,
87 to water spaces 7, the holes 86 being slight-
ly smaller than 87 so that the water will even-
ly divide (see Figures 1,15). The hot water
returns from the cylinders through holes 88,
89, into cylinder passages 90, (see Figure 5)
meeting outlet passages 91 in the shaft, (see
Figures 3,16) thence through shaft ports 92,
(see Figure 5), to exhaust water space 93 sur-
rounding the gas exhaust passage 88 and
thence to water outlet 94. The cooled water
coming in at the center and being heavier
naturally moves outwardly while the hot
water being lighter naturally moves inward-
1y and thus a continuous circulation is main-
tained and the engine kept cool.

The cross firing occurs through ports 32
and chamber 33 when one cylinder is at about
120° of its explosion stroke and the second fol-
lowing cylinder is about at the top of its com-

" pression stroke, as it will be found by calcula-

tion that with the valve running one sixth
slower than the cylinders the three firing
ports 82, 120° apart, properly function to
fire a rotary five cylinder four cycle engine
such as herein described.

The provisions for oiling are largely by
centrifugal force as this type of engine lends
itself especially thereto, the casing being pro-
vided with an oil reservoir at the bottom from
which the revolving cylinders pick up oil
and oil the pistons, yokes, wrist pins, etc.,

“while the valve is oiléd through holes 20, and

the gears, bearings, etc:, by splash from the oil
reservoir through port 96.

“While the general combination of radial
cylinders with differentially driven valve has
heretofore been proposed, so far as I am
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aware, I am the first to off-set the cylinders
in this type of engine so that one partly over-
lies the other in order to gain volume and
power, and more specifically to off-set such

cylinders at such angle that centrifugal force

opposes the piston slap due to the yoke and
eccentric connection. By this means, the im-
proved engine herein. described more closely
approaches in operation, an ideal form of gas
turbine, because the explosive forces in this
engine directly tend to produce rotation with-
out ‘producing excessive bearing strains on
wrist pins, yokes, eccentries, etc. Five cyl-
inders is sufficient to give good equality of
torque, although a greater or less number of
cylinders can be used. Another feature
which I regard as important and novel resides
in the valve structure whereby expansion dif-
ficulties due to the large volume of heat be-
ing handled in relatively small spaces are
taken care of automatically, and the combina-
tion of cross firing and contact ignition oper-
ating to produce a powerful yet relatively
simple engine, independent of ordinary elec-
trical ignition. A still further feature of
novelty and advantage resides in the jack-
eting of the exhaust valve, either cylindrical
or tapered, for the purpose of preventing ex-
cessive absorption of heat adjacent the shaft
ports. A

It is further necessary in a rotary internal
combustion motor whose mechanism rotates
in a bath of oil to take the exhaust gases away
at its center of rotation as the lubricant is
thereby centrifugally separated and retained
in the case.

A further improvement is that with cylin-
ders off-set as disclosed; the ‘cylinder head
moves away from the expanding gas simi-
larly to an impulse turbine and the pistons
are stationary relatively to the gas.

Various modifications and improvements
may be made in the specific details and ar-
rangements herein described without depart-
ing from the scope of the appended claims.

This application is a continuation in part
of my application S. N. 427,475 filed Decem-
ber 1, 1920, for Rotary reciprocating-combus-
tion engine. :

What I claim’is:

1. A combustion engine having a cylinder,
a piston therein, driving connections for the
piston, a tapered valve for said cylinder hav-
ing a passage for hot gas, a tapered valve
seat having a cylinder port for co-operation
with said valve passage, means holding the
valve on its seat, means producing relative
rotation between said valve and its seat, said
last mentioned means including automatic
means responsive to increase of driving torque
to longitudinally shift the valve against said
holding means without substantially chang-
ing its timing.

2. A combustion engine comprising a cyl-
inder and piston therein, driving connections

1,722,258

for the piston, a tapered valve-having a pas-
sage for hot gas, a tapered valve seat having
a cylinder port, means holding the valve on

its seat, means for rotating the valve, auto-.

matic means to longitudin'ally shift the valve

“against said holding means on increase in its

driving torque, and means to adjust the tim-
ing of said valve during rotation.

3. In acombustion engine comprising a cyl-
inder, a piston therein, driving connections
for said piston, a tapered valve controlling
the removal of hot gases from said cylinder,
means for rotating said valve in timed rela-

“tion to said piston, means for adjusting the

timing of said valve during rotation, a ta-
pered seat for said valve, yieldable means for
holding the valve on its seat, said rotating
means including automatic means responsive
to increase in driving torque of said valve for
longitudinally shifting the same against the
action of said yieldable means.

4. In a combuston engine, a rotor includ-
ing diverging cylinders each having:a gas
port and combustion space at the inner end, a
piston in each cylinder, means for reciprocat-
ing the pistons during cylinder rotation, a
tapered rotary valve concentric with the cyl-
inder movement, a tapered valve seat having
cylinder ports, means holding the valve on
its seat, means for driving said valve in timed
relation to the cylinders, said last mentioned
means including means for longitudinally
shifting the valve against said holding means
on increase in its driving torque. '

5. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation, a
tapered rotary valve concentric with the
cylinder movement for controlling the cylin-
ders. a tapered valve seat having cylinder
ports, means holding the valve on its seat,
means for driving said valve in timed rela-
tion to the cylinders, said driving means in-
cluding means responsive to increase of driv-
ing torque to longitudinally shift the valve
against said holding means, and means for
adjusting the timing of said valve during:
rotation. | ‘ '

6. In a combustion engine. a rotor includ-
ing diverging cylinders each having "a. gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons, a tapered valve concentrie
with cylinder movement for controlling the
cylinders, a tapered valve seat having cylin-
der ports, means holding the valve on its seat,
means for driving said valve in timed rela-
tion to the cylinders, and means for adjusting
the timing of said valve while the engine is

running.

7. A multiple cylinder combustion engine
having diverging cylinders, a tapered valve
between the cylinders having transversely
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arranged cross firing passages, a seat for said
valve, means for holding the valve on its seat,
and ‘means for longitudinally shifting the
valve on incréase of its driving torque.

8. A multiple cylinder combustion engine

of the four.cycle type having an edd number
of cylinders, cross-firing passages extending
between alternate cylinders and connecting
said cylinders in a substantially endless series;
a driven tapered valve containing said pas-
sages, a valve seat, means yieldably holding
sa1ld valve on its seat,-and means longitudi-
nally shifting said valve on increase in its
driving torque. ‘
* 9. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation,
& driven tapered valve concentric with the
cylinder movement, having transverse pas-
sages for firing a succeeding from a working
cylinder, a tapered valve seat having cylin-
der ports, means holding the valve on its
seat, and means responsive to increase of driv-
ing torque to longitudinally shift the valve
against said holding means.

10. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation,
a tapered valve concentric with the cylinder
movement having transverse internally con-
nected cross firing passages through its
tapered portion, a tapered valve seat having
cylinder ports, yieldable means for holding
the valve on its seat, and means for driving
said valve in timed relation to said cylinders.

11. In a combustion engine, a rotor includ-
ing diverging rotatable cylinders each pro-
vided with a gag port and combustion space
at the inner end and tangent to a circle con-
centric with cylinder movement and of a
radius approximately one-half the length of
stroke to substantially overcome piston slap,
a valve between said cylinders concentric with

‘their movement and having internal trans-

verse passages for firing a non-adjacent suc-
ceeding cylinder from a working cylinder,
pistons in said cylinders, driving connec-
tions for the pistons, means for driving the
valve in timed relation to the pistons, and
means ror adjusting the timing of said valve

, during rotation.

12. Tn a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port-and combustion space at the inner end,
pistons in said- cylinders, means for recipro-
cating the pistons during cylinder rotation,
a tapered valve concentric with the cylinder
movement having internally connected trans-
verse cross firing passages through its tapered

portion, and a tapered valve seat having:

cylinder ports.

C e

5

18. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation,
a tapered valve concentric with the cylinder
movement having transverse internally con-
nected cross firing passages through its
tapered portion, a tapered valve seat having
cylinder ports, yieldable means for holding
the valve on its seat, means for driving said
valve in timed relation to said cylinders, and
means for adjusting the timing of said valve
during rotation. '

14. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end, a
piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation,
a tapered valve concentric with the cylinder
movement having transverse internal cross
firing passages through its tapered portion,
and a tapered valve seat having cylinder
ports. : ,

15. In a combustion engine, a rotor includ-
ing cylinders having a gas port and combus-
tion space adjacent the same end of each cyl-
inder. a piston in each cylinder, means for re-
ciprocating the pistons during cylinder rota-
tion, a tapered valve concentric with the cyl-
inder movement having transverse internal
cross firing passages through its tapered por-
tion, a tapered wvalve seat having cylinder
ports, and means for driving said valve in
timed relation to the cylinders.

16. In a combustion engine, a rotor includ-
ing cylinders each having a gas port and com-
bustion space at the same end, a piston in each
cvlinder, means for reciprocating the pistons
during cylinder rotation, a tapered valve hav-
ing transverse cross firing passages internally
connected and enlarged at their connection
through the tapered portion of the valve, a
tapered valve seat having cylinder ports, and
yieldable means for holding the valve on its
seat.

17. In a combustion engine, a rotor includ-
ing cylinders each having a gas port and com-
bustion space at the same end, a piston in
each cylinder, means for reciprocating the
pistons during cylinder rotation, a tapered
valve having transverse cross firing passages
internally connected and enlarged at their
connection through the tapered portion of
the valve, a tapered valve seat having cylin-
der ports, a yieldable means for holding the
valve on its seat, and an ignition device within
the enlarged and connected ports of said pas-
sages.

%8. In a combustion éngine, a rotor includ-
ing cylinders each having a gas port and
combustion space adjacent the same end, a
piston in each cylinder, means for recipro-
‘cating the pistons during cylinder: rotation,
a tapered valve concentri¢ with the cylinder
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movement having transverse internal cross
firing passages through its tapered portion
enlarged to bend the flame passing from a

‘working to a succeeding cylinder without any

sharp bends and-a tapered valve seat having
cylinder ports.

19. In a-combustion engine, rotatable cyl-

inders provided with a gas port and combus-
tion .space at their adjacent ends, pistons in
said cylinders, driving connections for the
pistons, a driven tapered valve between said
cylinders and concentric with their move-
ment having cross firing passages transverse-
ly through the tapered portion for firing a
succeeding from a working cylinder, a ta-
pered valve seat having cylinder ports, means

for holding said valve on its seat, and auto-

matic means to longitudinally shift said
valve against said holding means on increase
of its driving torque.

20. In a combustion engine, rotatable cyl-
inders each provided with a gas port and
combustion space at the inner end and tangent
to a circle concentric with the cylinders and
of a radius approximately one-half the stroke
length to substantially overcome piston slap,
pistons in said cylinders, driving connections
for the pistons, a valve between said cylin-
ders concentric with their movement and
having transverse passages for firing a non-
adjacent succeeding cylinder from a working
cylinder, and means for rotating said valve
in timed relation to the cylinders.

21. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation,
a driven tapered valve concentric with the
cylinder movement having cross firing pas-
sages transversely of its tapered portion, a
tapered seat for said valve having cylinder
ports, means holding the valve on its seat, and
means responsive to increase in the driving
torque for longitudinally shifting the valve
against said holding means.

22. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end,
a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation,
a valve concentric with-the cylinder move-
ment having exhaust and cross firing passages
transversely arranged through its tapered
portion, means around at least a portion of

said passages to lessen heat absorption by the-

valve, a valve seat having cylinder ports, and
means for supplying fuel to said cylinders.
23. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end, a

.piston in each cylinder, means for reciprocat-

ing the pistons during cylinder rotation, a
driven tapered valve concentric with the cyl-
inder movement having a plurality of sets of
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supply, exhaust and transverse cross firing
passages, a tapered seat for said valve having

cylinder ports, means holding the valve on its

seat, and means responsive to inérease of driv-

"ing torque to longitudinally shift the valve

against said holding means. :
24, In a combustion engine having a rotor
including diverging cylinders each having a
gas port.and combustion space at the inner
end, a piston in each cylindet, means for re-
ciprocating the pistons during cylinder rota-
tion, a tapered valve concentric with the cyl-
inder movement, having internally connected
cross firing ports arranged around its tapered
portion, a tapered seat for the valve having
cylinder ports, means for driving said valve
in timed relation to the pistons at a slower
rate, and means for yieldably holding the
valve in its seat. v
~ 25. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas

port and combustion space at the inner end,

a piston in each cylinder, means for recipro-
cating the pistons during cylinder rotation, a

driven tapered valve concentric with the cyl-

inder movement having a plurality of sets of
supply and cross firing ports arranged around
its tapered- portion, and provided with pas-
sages through the valve connecting said ports,
a seat for the valve, means holding the valve
on its seat and means responsive to increase of
driving torque to longitudinally shift the
valve against said holding means. :
26. In a combustion engine, a rotor includ-
ing diverging cylinders each having a gas
port and combustion space at the inner end, a
piston in each cylinder, means for reciprocat-
ing the pistons during cylinder rotation, a
tapered valve concentric with the cylinder
movement having exhaust and internally con-
nected cross-firing passages opening through
its periphery, a valve seat having cylinder

ports, and ignition means located within and

common to said cross-firing passages.

27. In a combustion engine, a rotor includ-
ing diverging cylinders, each having a gas
port and combustion space at the inner end, a

piston in each cylinder, means for reciprocat- -
ing the pistons during cylinder rotation, a

tapered valve concentric with the cylinder
movement having a plurality of sets of sup-
ply, exhaust and internally connected cross-
firing passages opening through its tapered
portion, a tapered seat for the valve having
cylinder ports therein, yieldable means
holding the valve on its seat, means for
supplying oil between the valve and its
seat during rotation, means responsive to
increase of driving torque to longitudinally
shift the valve against said holding means,
and means for adjusting the timing of the
valve during rotation.

28. In a combustion engine, a rotor includ-
ing cylinders each having a gas port and com-
bustion space at the same end, a piston in each
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cylinder, means for reciprocating the pistons
during cylinder rotation, a tapered valve con-

centric with the cylinder movement having.

transverse internally connected cross firing
passages through its tapered portion, a ta-
pered valve seat having cylinder ports, and
yieldable means holding the valve on its seat.

29. In a combustion engine, a rotor includ-
ing cylinders having a gas port and combus-
tion space at their adjacent ends, a piston
in each cylinder, means for reciprocating the

- pistons, a tapered valve between said cylin-

15

20
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ders and concentric with their movement for
controlling said cylinders, a tapered valve
seat having cylinder ports, means for holding
said valve on its seat, means for rotating
said valve in timed relation to said cylinders,

‘a skew gear secured to the valve, a skew driv-

ing gear engaging said first gear and ar-
ranged to longitudinally 'shift the valve
against said holding means on increase of
driving torque, and means for driving the
second gear to rotate the valve relatively to

‘said cylinders.

" 80. In a combustion engine, a rotor includ-

_ing diverging cylinders each having a gas

port and combustion space at the inner end,
& piston in each cylinder, a tapered valve
concentric with the cylinder movement for
controlling the admission of gas to the cyl-
inders, a tapered valve seat having cylinder
ports, means for holding said valve on its
seat, means for rotating said valve in timed
relation to the cylinders comprising a skew
gear on said valve, a gear carried by said cyl-
inders, intermediate gears connecting said
valve and cylinder gears and including a
skew gear engaging said valve gear, said
skew gears cooperating to longitudinally
shift said valve against said holding means

" on.increase of driving torque, movable means

45
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carrying said intermediate gears, and means
for moving said intermediate gears .about
said cylinder and valve gears while in mesh
and during rotation to change the angular
gelationship between said valve and cylin-
ers, ‘
8l. A combustion engine comprising ro-

. tatable cylinders, a tapered valve concentric
with the cylinder movement and controlling
said cylinders, a fluid passage through the
valve, a skew gear fixed on the valve, a skew

gear driving said valve gear, said last men-
tioned skew gear being so mounted and said
gears both being so disposed as to antomati-
cally shift said valve and its gear longitudi-
nally on increase of driving torque, and
means for supplying driving fluid for the en-
gine and exhausting the same.

32. In a combustion engine, a rotor includ-

' the same, and means for controlling the ex-

4

ing divergini

port and com

cylinders each having a gas
ustion space at the inner end,

-a piston in each eylinder, means for recipro-

cating the pistons during cylinder rotation,
a rotary tapered valve concentric with the
cylinder movement for controlling the admis-
sion of gas to the cylinders, means for driv-
ing said valve in timed relation to the cyl-
inders, means for adjusting the timing of
said valve, a tube between said valve and its
driving means provided with an interior re-
cess, a hole leading from said recess to the
periphery of said tube, and a helical groove
thereon leading from said hole to the outer
tapered surface of the valve for lubricating
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haust from said cylinders.

33. A diverging multiple cylinder combus-
tion engine, having a centrally disposed ta-
pered valye seat having gas ports leading
to the several cylinders, and a tapered ro-
tatable valve carried in said seat and having .
internal cross firing passages arranged to con-.
nect non-adjacent cylinders for cross firing -
one from the other, and yielding means for 85
holding the valve seated. :

34. In a combustion engine, a rotor includ-
ing cylinders each having a gas port and
combustion space adjacent the center, a pis-
ton in each cylinder, means for reciprocating
the pistons during cylinder rotation, a ta-.
pered valve concentric with the cylinder
movement containing means in its tapered
portion to permit of successively firing a stic-
ceeding cylinder from a working cylinder, a' 95
tapered valve seat in the rotor, means for
driving the valve in timed relation to the pis-
tons, means for yieldably holding the valve
seated, said driving means including auto-
matic means responsive to increase in driving 100
torque of said valve for longitudinally shift-
ing the same against said seating means,

35. In a combustion engine, a rotor includ-
ing cylinders having a gas port and combus-
tion space adjacent the center, a piston in 105
each cylinder, means for reciprocating the
pistons duringcylinder rotation, a tapered
valve concentric with the cylinder movement
containing means in its tapered portion to
permit of successively firing a succeeding cyl- 110
inder from a working cylinder, a tapered
valve seat in the rotor, means for driving
the valve in timed relation to the pistons;
means for holding the valve seated, and
means for adjusting the timing of the valve 115
during rotation. = -

Signed at New Bloomfield, in the count
of Perry and State of Pennsylvania, this 12t
day of July, A. D. 1921. . '

R - WILLIAM HARPER, Jr.
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