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| _ n 107 - t high piston speed may result in & much slower

“Be it known that we, WiLriam C. Mayo | shaft speed. Moreover, for the purposes of

and Jouxn HoULEHRAN; citizens of the United | our general system, it 18 desirable that the
 States, residing at El Paso, in the county of | shaft shouid be straight and unbroken by

- & El Paso, State.of Texas, have invented a new | cranks or such devices, thius, among other go
- and usetul Mearns for Converting Reciproca- things, reducing the Lisbility of breakage of

. tory Motion 1mto Rotary Motion,of which the | the shatt. T

- dollowing is a specification. . I The invention ‘comprises mMeans whereby

“This Invention has reference to improve- | each stroke of the piston,-whetherft)rward

1o Dents ‘1 mesns for converting reciprocatory | or return, will move the shait say, one-sixtn gs

. motion o -r;:»_iam'-y--it:ru:ﬂ;iaz}r_lJ or the reverse, | of a revolution, so that six single reciproca-
and istherefore in its broadest aspect adapted tionswf the piston are necessary to cause one

o To all whom 1t may concern:

. ™

LT

£6r use in any machine where it 1s suitable. | single rotation of the shaft. . With the four-
‘However, the invention 1s more particularly | eyele type of engine the shait therefore re-
15 adapted for use with explosive engines of any ceives three power impulses during two ro- 7¢
7 suitable type, whereby the reciprocatory mo- |‘tations, while with the two-cycle type of
. .tion of the piston of the engine is converted | engine the shaft recerves two power impulses
o jpto.rotary motion to drive o rotating shaft. | during each rotation. Now, i ouT System
1t 1s the custom. to drive the shafts of ex- | we propose to use a multi-cylinder engime
o0 plosive engines by means of a crank and pit- | wherein at least four cylinders are active. 75

man connection from the reciprocating pis- Therefore, the shaft, bemg acted upon by all
. tom, so that with each complete reciproca- | four cylinders 1 proper sequence, will re-
. tion of the piston, that is, one movenent for- | ceive & POWer impulse for every sixth of &
ward and one movement backward, the shaft | revolution. Furthermore, the structure 1s
' 55 makes one complete rotation. However,in | such that the power stroke of the pitman acis g¢
7 explosive engine practice, it is found that a | upon the shalt during the most etlicient por-
high piston speed.is,productive of economy, | tion of the rotation, and, therelore, the shatt,
Hoth because of high efficiency and the light- | when & aumber of cvlinders are used, 1s con-
pess of the parts for a given power, but high | stantly acted upon at the most efficient part
39 shaft speed is often undesirable or prohibi- of the rotative movement, and the power g5
Cotive. o0 I | losses due to the approach of the pitman
. Moreover, the.present'invention_ is designed | toward the dead-center plane are alimost en-~
for use in and as an integral part of a com- | tirely eliminated. It will be understood,
~ plete traction system which we have devised | however, that while in the foregoing state-
g5 for urban, suburban and interstate railroad | ments and in the detailed description to fol- 90
77 iraffic wherein each car is a compiete unit in | low hereinafter the invention 15 described
stsalf and is self-contained as to 1ts power with reference to a structure whereby six
generator, which latter, for reasons which | single strokes of the mginepiston'result 1n
~ Jeed not be here set forth, is preferably 1 | one revolution of the shaft, other relations
49 the form of a multi-cylinder explosive en- | may he established between the piston speed 95
~ gine of the four-cycle type. Such a power and the shaft speed. and it is therefore evi-.
~ generator may develop up to one hundred | dent that the invention i« not confined to the
or more horsepower, and the drive shaft, be- | particular speed relation which, for conven-
- sides being quite heavy in itself, will carry. jence of deseription, 13 taken as an exar ple.
45 and propel certain structures renderin§ high i The invention m 1its more limited aspects 10¢
| speeg prohibitive. 1 herefore, in order to comprises Means whereby the full length ot
drive the shaft-at a comparatively moderate | travel of the piston 1n either direction will
~ speed within the limits of the structures ¢ar- | result a rotative movement of the shaft
~ ried and driven by -said shaft, and at the | through an arc of about sixty degrees, but
5 same time to take advantage of tHe economy | each cotative movement will be alwaysin the 10z
of the high piston speed of explosive engines, | same direction, so that the shait has impart-
and to reduce the weight of the engine very | ed to it a progressive rotation.- This move-
largely in pruportion to its power output, we | ment of the shaft is imparted by a structure
have devised the means forming the subject- or pitinan acting upon what may }Je -termed
matter of the present invention, so that the | & crank disk, first on one side of said shalt as 110
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the piston movés in one direction and then

upon the other side of said shaft as the piston
- moves in the return direction, the active-
“movement of the pitman upon -the crank

disk being through arcs in the same relation

~ to the ehaft although on opposite sides there-
~ of, but without mterterenee with the shaft,

_ which extends straight through the crank

~~disk and to each side of the same beyond the

10

pitman connection. *
The 1nvention furthermore eon31ste in a

- form of crank disk whereby two pistons hav-

ing cylinders in opposed tandem arrange-.

.. ment may act.upon the same crank shaft. in

15

~ two -pairs of engine cylinders -and pistons,:

proper power sequence under suitable’ phase

displaceient. -
By the use of tiwo double erenk disks and

~ éach pair in the tandem arrangement re-

20

ferred to, it will be seen that if the engines

~are of the four-cycle type the shaft Wﬁl be
under power 1mpulses applied so close to the

- point of maximum efficiency as to closely

25

30

approach the constancy. otf -application of

power to the shaft of a multi-polar electric
motor er a steam turbine.

It the explosive
enoines are of the two-cycle tyvpe the same

consta,ncy of application of power will resalt
when the pistons of but two cylinders are

connected on opposite sides of the same

crank disk and are eu1tably dleple,eed in-
|-terior to the opposite end of the stud a nut

- phase.

35

40

_The invention Wlll be best understood by
reference to a practical embodiment thereof,

and, therefore referenee 1s made to thei

accompanying drewmgs in which,—
Figure 1 shows a long;ttudmel seetmn of a

rsmgle cylinder exploswe engine 1n pertlaﬂv

diagrammatic form, together with its pitman
and a crank disk conStmcted in accordance

‘with the present invention; Fig, 2 is a section
through the crank disk m the longitudinal

plane of the shaft, the latter and eerte,m

other parts being shown in elevation; Fig. 3

45

50

Oh

~ show any particular type of engine, since the |

80

65

is 4 similar section of &, double crank disk;
Figs. 4 to 8, inclusive, aré partially diagra.m-
matic representetlons of progressive phases

of operation during one rotation of the en-
‘gine shaft; Fig. 9 is a partially diagrammatic
representatmn of a crank disk constructed

‘after the manner of the one shown in Fig.
- Kig.

dlsk and Fig. 11 is a dlecrrem showing a.

10 is a view of 2 modified form of ere,nk

mult1—evlmder engine.

Referring to the dr&wmgs there are shown
the cvlinder 1 and piston 2 of an explosive
engine but no attempt has been made to

cylmder and piston may be taken as mdica-
tive of any stvle of engine, whether of the
four-cyele or two-—cwle tvpe and whether
designed to use gas, gaeelene oil, alcohol,

crude oil, dlbtﬂl&te or, in fact, any of the sub-
‘stances emploved in engines of the explosive |

or mtemel cembustmn tvne.

3.

4

stems 16,

879,289

The shaft 3-is a straight shaft unbroken
by cranks, and keved to thls S aft is a disk

4 eomposed of an outer ring 5, an inner hub
6, connecting web 7

disk, and, therefore, mayv be termed a crank

.' dISk The walls of the hub and the “cor-

7, and: mterposed flanges -
| 8 which ﬂenﬂ'es at their upper edges facing 7o

“the hub, as well as.-the eorrespondmg upper
| edges of the hub, are formed with tongues 9.
The disk 4 perfermb in a manner, asiwill
hereinafter appear, the functions of s crank

78

responding walls of the flanges 8 are par-

‘allel, and the spaces between these walls con-
stitute grooves. 10. The
‘each arc—sheped and joined at their ends to
‘form one continuous triarcal groove, while -

I'OO ves

10. are

80

at the points of union the groove is con- .

tinued radially to form three equi-distant

radial pockets or extensions 11 into which

the tongues 9 of the flanges 8.are continued.

The piston'2 is provided with a pitman 12,

the free end of which is formed into a fork ef .

two branches 13—14; each terminating in an
eye 15 receiving one end of a stud 16, the
outer end of which may be peened over or
upset, as shown at 17. The other end. of the
stud 16 is' formed into a journal extension
18 upon which is mounted a roller 19 hav
its inner end couniersunk to receive the h mﬁ
20 upon one end of a rod 21 extending cen-
trally through the stud 16 and receiving ex-

22.

comcel enlar

ﬁemen,t m the stud 16.
The end o

hub 6 and flanges 8. - The tongues 9 are pref-
erably made ehghtly tapered, somewhat in

the shape of the U, S. etendard thread, but - ‘

may-be otherwise shaped if so desired.
In order to assemble the structure the roll-
ers 19 are inserted in the groove 10 -at the
angle of junction; since at this point theiree
diameter of the groove is slightly larger than
anywhere else in the 1ength of the gTOOVE,

and ‘the size of a cylinder structure Whl(‘}]e
may be inserted at this point is indicated in

Fig. 1 by the dotted line at 26, which dotted
line represents the greatest diameter of one

of the rollers 19. After these rollers have
been inserted with the rods 21 in place the

pitman head may be applied so that the
]emneﬂ bearings 18 will enter the rollers and

the rods 21 will pass through the studs or

thereby connected to the pitman. -

. Tt will be seen that the rollers may
along the grooves 10 and into the pocketd
11 w 1thout danger of leaving said grooves
becau e of the tongues 9.

The rod 21 where it is joined -to the
head 20- may be of conical she pe, as shown
at 23, and be seated in a correspondmg 100
the roller adjacent to the eye
15 is formed with & eircumferential groove
24, shaped to receive the tongues 9 on the

after which the nuts 22 mav be
screwed on to the Tods 21 and the Ieller% be

-
|
= ' a
L a
F1

ile the rollers -
will from time to-time pass the spaces in- 13

90

95
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- dicated by the dotted line 26 at each junction
- ofthe arc-shaped grooves, they cannot
~‘leave the grooves at this tithe because when
" “one roller passes the pointindicatea by the
5 circle 26 the other roller is still locked by the
tongues 9. There is therefore no danger of
“displacement of the parts after having been

- once assembled. Furthermore, the two arms
713—14 are of sufficient length to permit the
10 piston to move through the entire length of
‘1ts travel without the base of the fork reach-
ing the shaft 3.7 _ ' -
- The operation of the structure thus far de-

~ geribed will ‘hecome apparent irom a con-
15 sideration of the 'several phases of the oper-
~ ation ‘shown in -diagrammatic manner in

" 'Figs: 4-t0. 8, both inclusive. Let 1t be as-
“sumed that the particular engine under con-
“sideration is of the single cylinder, four-cycle
ot tvpe, and let it be further assumed that in
+Fig. 4 an explosion has just taken place be-
~-hind the piston and that the disk 4,
.in 'said figure, is rotating -clockwise. The

- momentum of the disk will carry it by the
5 dead-center in which the pitman is shown 1n
- . said figure and immediately the lower rolier
19 will ride:up the inclined wall on the fur-
ther side of the pocket 11, forcing the upper
-roller. 19 up into the extremity of the cor-

e e e B g s -

ment of the.disk 4 will continue through an
‘arc of sixty degrees, the lower roller 19 riding

- along that portion of the triarcal groove 10
...-then-below the center of the shaft. The pit-
_ man is now acting upon the disk 4 near its
T peripherv. and at approximately the most
| advantageous point for the application of

- power. When one-sixth of a revolution of
: the .disk 4 has been completed the lower
roller 19 has been brought coincident with
.the :approaching pocket 11 moving clock-
" wise along the lower half of the disk. By
_-this time.the forward -power stroke of the
.- piston has beenr completed and the pitinan
45  again. rests at the dead-center. Now the
~momentum of the disk' carries it past the
-dead-center, - when the relatively inclined
walls of the pockets 11 coincident with the
rollers 19 will cause the lower roller to drop
‘into the corresponding pocket and the upper
. roller to move-out of t-llne pocket in which it
~.was. seated during the power stroke. The
continued rotation of the disk now forces the
. piston toward the rear of the cvlinder on 1ts
'35 return stroke, while the upper roller 19 passes
. along the ‘corresponding arc-shaped portion
~ of the groove 10. In a four-cyele emgine this
retuni 'sttoke constitutes - the scavenger
~strokeé and'frees thé exvlinder from the burned
oases.  Takdié the point 28 of Fig. 4 as the
starting point, 1t will
~ power stroke it has advanced one-sixth of a

A T el —— - m

40

revolution, or sixty degrees, as indicated by

65 enger stroke tlils point has advanced to one

I A

as viewed "

1

30-responding pocket 11. ' The rotative move-

be méticed that on the

“Fie. 5. while at the completion of the seav-

|

R o e — b e — o ——

- 4 e oem —

i

|

-
b |

first revolution of the shaft.
ing out the cvcele of operations through an-

J1.

<

hundred and twenty degrees. Now, when

the piston again moves forward under the
momentum of the disk 4 practically no work
is performed but the fresh charge is drawn
into the eylinder, the pitman passing through
the same path as described with relation to
Figs. 4 and 5, while the point 28 has ad-
vanced sixtv degrees more, or one hundred
and eighty degrees from the stariing pomt,

as shown In Fig. 7. On tie return stroke

of the piston, still under tlie momentum of -

the disk 4, whereby the charge is compressed,
the point 28 1s advanced still another sixty
degrees, or two hundred and forty degrees
from the starting point, as indicated in Fig.
8. The conditions are now the samne as frst;
described with relation to Fig. 4, and another
power stroke advances the point 28 to a posi-
tion three hundred degrees from that con-
sidered with reference to Fig. 4, while the
succeeding scavenger stroke completes the

other revolution of the shaft, it will be found
that three power strokes are necessary to
cause two rotations of the engine shaft 3.
It will also be observed that the powerstroke
always acts upon the disk 4 through the
upper roller 19 from the position shown
Fig. 4 to the position shown 1n Fig. 5 but at
a greater radial distance from the shaft, 1. e.,
in the outer end of the corresponding pocket
It will be further observed that the
power stroke acts upon the disk 4 through
an arc extending but thirty degrees to either
side of the plane cutting the axis of the disk
perpendicu{ar to the plane of the dead-center
of the pitman, and that because of the short
length of the arc thus deseribed the average
leverage exerted upon the shaft 3 during the
power stroke very closely approaches the
maximun leverage. .

Now, considering the structure shown n
Fig. 3,1t will be observed that on each side of

the web 7 are like corooves 10 but these

erooves are displaced with reference to each
other by thirty degrees, as indieated-m 49g. 9,
where the groove on the wvisible face of the
disk is mdicated 1 full lines while the groove
on the other side of the disk 13 mdicated n
dotted lines and displaced by thirty degrees
from the visible groove. Let it be assumed
that- both grooves on the two faces of the
disk are engaged by a corresponding pitman
connected to oppositely disposed pistons 2
contained in evhinders 1: that 1s, that the en-
gine i1s of the tandem type with opposed
cvlinders, and let it he further supposed
that the two cnigine evhinders operate on the
two - ¢vele svatem.  Under these assump-
tions, Fieo 4 mav be again referred to and the
point 28 considerdd.  The  fivst - forward
<troke of the piston m Fig. 4, considered as
the power stroke, carries the pomt 28 through

sixty deerees to the position shown in Fig. 3,

Now, by trac-;

76
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while the return stroke, which, for the piston | run with the same general freedom: from

under’ ‘consideration constitutes the com-
pression stroke of a two-cycle engine, carries

the point:28 to the one hundred and twenty
5 degree position shown in Fig.- 6, while the.

~ next power-stroke carries the point 28 to the
one hundred and. eighty degree position
shown in Fig. 7, and the next compression

stroke carries the point 28 to the two hun-

10 dred andforty degree position shown in Jig.
8. The third power stroke will carry the
point 28 to the three hundréd degree position
and ‘the return or compression stroke will
bring it back to.the original position shown

15 in Fig. 4. ‘Theré are thus three power

strokes . for each rotation of the shaft 3.

Now, consider-. the engine engaging the

toove on the opposite side of the disk 4.
n Fig. 9 the point 28 may bé assumed to be

20 in the position it  occupies when the power
stroke of the first considered engine has been

~ half completed.. Under these conditions the

- point 29-corresponding to the groove on the

. .Invisible side. of the disk as viewed mn Fig. 9
95 1s at the beginning of a power stroke']%ut

because of the other piston working jon the |

: other side -of the shaft 3 the power stroke 1s
- applied to the lower side of the disk 4. - Now,

. ‘while the first engine is completing its power
30 stroke the second engine 1s bgginning 1its. |

power stroke, and. thus these two power
strokes will overlap. S
Referring once more to the consideration
- of an engine of the four-cycle type, let it be
35 assumed that there are two such disksas
~ shown im Fig. 3 mounted upon the shaft 3,
and that there are two pairs of tandem cyhn-
ders, each pair operating upon one disk upon

opposite sides thereof and suitably displaced

- +*

' 40 in phase for operation, it being understood,
~ of course, that the phase reTat-ipn of the
grooves on opposite sides of each disk may be

other than thirty degrees, and that the two.

disks may also be in dephased . relation.

45 Assume that engine number one begins its

- power stroke in the position shown in Fig. 4,
and that engine number two begins its power
stroke at the completion of the power stroke

of engine number one. Also; thai engine |

50 number three begins its power stroke at the
~ completion of the power stroke of engine
- ‘number two, and that engine number fcur

‘begins its power stroke at the completion of

the power stroke of engine number three. |

55 When this series of operations has been com-
pleted éngine number one 1is In position to

a,%ain begm its power stroke, and so the cycle |
0

operations continues indefinitely. With

such & four-cylinder engine the power 1s-

60 applied alternately above and below the
shaft as viewed in the figures, but always
through’ the same. relative arc and in Im-
mediate succession. ‘The shaft is therefore

variation of power impulses and shock and:
t jar 'strains that is found in the turbime-type .
of steam engine, where the power is con-
| tihuously applied peripherally, orin the multi-
polar type of electric motor, where the power

impulses are applied in rapid succession but

the same peripheral distance from the shaft,

and always through short arcs.

It is not absolutely essential for the oper-
ation of the device that the two arms 13—14
be of equal length, and if these arms are of
unequal-length the shape and extent of the

70 -

75

orooves .may be correspondingly modified. -

Nor is it essential that the grooves be shaped

as heretofore described, since thie pockets 11

may be omitted and a simple triarcal groove,
such as shown in Fig. 10, may be employed.

80

With a drive-connection such as has been -

described, it will be seen that the piston of

85

each engine of the four-cycle type makes six

l'"movements, three in each direction, for -one

complete rotation of the shaft, as against
two movements, one in éach direction, for a
simple crank connection between the piston
and the shaft. By this means, for.a given

‘speed of the shaft, the engine piston willhave
‘a speed of reciprocation three times as great
as the ordinary crank type of engine. There-

fore, for a given power output at the shaft

90

95

the cylinder may be made approximately-

one-third the size of one having the slower

piston speed. Furthermore,- 1t has been
‘demonstrated that explosive engines having
 high piston speed areadvantageousover those

having slow piston speed; both because of the

economical fuel consumption and because of

the corresponding lightness of eonstru ction,

but in the larger power units a high shaft
speed is prohibited. - But by our invention we

provide means whereby the piston speed
may be three times that of the shaft. There-
fore, we are enabled to provide a high power

ble to our complete gasolene motor traction
system, where economy of weight is of equal
importance with econonry of operation, and
where, because. of the large power and slow
shaft speed necessary an engine even of the
multi-cylinder type, where the pistons are
directly connected to the shaft by pitmen
and cranks, would be of such large bulk and
weight as to be practically prohibited under

the conditions of service.
We claim:—,

i. A means for converting reciprocatory

motion into rotary motion, or the reverse,
comprising a shaft, a rotative member fast
thereon and having a triarcal groove formed

subjected to the continued application of | therein and entirely surrounding the shaft,

§5 -power without ‘intermission, so-that it may | a reciprocating member, and connections

100

105

engine having a sufficiently low shaft speed;
with all the advantages of economy of opera-
tion and lichtness of structure found 1n en-
‘gines having-high piston speéed.

110 .

"* Qur improvement 1s particularly ap'plica-_'

115

125

130

AR, el i b iy’ o —wa W R T = -_ -

[l i e i e

Rl N TE N ST R P e g guri

AT N P R tm s
]



10

370,289

o

therefrom to the groove, engaging the latter | to the shaft by the successive partial rota-

on both sides of the shaftt.

2. A means for converting reciprocatory !
motion into rotary motion, or the reverse, |

comprising a shaft, a rotative member fast
thereon and having a triarcal groove en-

tirely surrounding the shaft and formed at |
1is meeting points with radial extensions,
& reciprocating member, and connections

therefrom to the groove, engaging the latter
on both sides of the shaft. .

3. A means for converting reciprocatory
motion into retary motion, or the reverse,
comprising a shaft, a rotative member fast
thereon and having a triarcal groove entirely
surrounding the shaft and formed withfacing

‘tongues at its upper edge, rollers in the
groove and provided with peripheral grooves |

. .engaged by the tongues, a reciprocating

.26

member, and connections therefrom to the

" rollers in the groove. +

4. A means for converting reciprocatory

motion into rotary raction, or the reverse,

 ecomprising a shaft, a rotative member fast
‘thereon and provided with a triarcal groove

surrounding the shaft,.a reciprocating mem-

30

40

45

50

per, and a forked connection having arms of
sufficient length tostraddle theshatt at the ex-
treme limit of movement of the reciprocating
member toward the shaft, such arms having
connections engaging the groove on opposite
sides of the shatt. o | |

5. A means for converting reciprocatory
motion mmto rotary motion, or the reverse,
comprising a shaft, and a rotative member
tast thereon and provided with a triarcal

groove surrounding the shaft and having ra-

dial extensions at its meeting angles.

6. An explosive engine comprising a
straight or unbroken drive shaft, a crank disk
thereon, a cylinder, a piston therein, and- a
pitman connected to the crank disk on both

sides of the shaft and reciprocating through

an arc of less than one hundred and eighty
degrees. |
7. An explosive engine comprising a rota-

table shaft, a plurality of cylinders and pis-

tons, connections between the pistons and

the shaft, each reciprocating through an arc
of less than one hundred and eighty degrees,
and means for imparting rotative movemendt |

ey — = - =

tions of the connections between the pistons
and the shaft. |

3. An explosive engine comprising a rota-
table shaft, a crank disk thereon having a tri-
arcal groove surrounding said shatt, a cylin-
der and piston, and a pitman between the
piston and crank disk, sald pitman engaging

the triarcal groove simultaneously on oppo-
- site sides of the shaft.

0. An explosive engine comprising a rota-
table shaft, a crank disk thereon provided
with a triarcal groove surrounding said shatt
and having radial extensions at the angles, a
cylinder and piston, and a pitman between
the piston and crank disk, said pitman engag-
ing the triarcal groove simultaneously on op-
posite sides of the shait. -

10. An explosive engine comprising a cyl-
inder, a piston therein, a rotatable shaft, a
crank disk having a triarcal groove, and a
pitman provided with a forked end having
arms of equal length straddling said shartt
and engaging the triarcal groove on opposite
sides of said shaftt. -
~11. An explosive engine comprising a plu-
rafity of cylmders and pistons, a rotatable
shaft, a pitman for each piston having a
forked end extending to each side of the
shaft, and guideways about the shaft engaged
by the forked ends of the pitmen simultane-
ously on both sides of the shaft, each of said
guideways being dephased In position with
relation to the next adjacent guideway.

12. An explosive engine comprising a suit-
able shaft, a crank disk having guide grooves
on opposite sides thereof dephased with rela-
tion one to the other, a pitman for each
groove engaging the same simultaneously on
opposite sides of the shaft, a piston connect-
ed to each pitman, and a corresponding cyl-
inder receiving the piston. |

In testimony that we claim the foregoing as

our own, we have hereto affixed our signa-

tures in the presence of two witnesses.

WILLIAM C. MAYO.
JOHN HOUILEHAN.

Witnesses:
MaBeEL O. FAHXESTOCK,
Wirvray H. GeExx.
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