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Reissued May 4, 1926. ‘

~ UNITED STATES

" Re. 16,343

PATENT OFFICE.

ALVAH L. POWELL, OF MILES CITY, MONTANA, ASSIGNOR TO.THE A. L. POWELL

POWER CO.. OF MILES CITY,

MONTANA, A CORPORATION.

TRANSMISSION FOR ENGINES.

Original No. 1,384,335, dated July 12, 1921, Serial No. 429,168, filed December 8, 1920. Applieation for
reissue filed March 16, 1923. Serial No.‘.825,671. : :

Divisiox A.

To all whom it mayj concern:
- .:Be.it known that I, Avvanm L. PoweLy, a
citizen of the United States, residing at

Miles City, in the county of Custer and State

" 8 of Montana. have invented certain new and
‘useful Improvements in Transmission for
' Engines, of which the following is a speci-
fication. . o '
v I am filing on this day application No.
10 625,672 which is a division of this case.
It has been known for many years that a
" long piston stroke is highly desirable in an
- internal combustion engine. However it was
not- practicable to materially “increase the
16 size of an sutomobile engine. In automo-
biles of ordinary conmstruction the diameter
‘of the crank eircle is exactly equal to the
distance through which the piston moves. It
would therefore be necessary to increase the
20 height of the engine two inches for each
additional inch of the radius of the crank
t circle. - -
My invention relates to improvements in
the transmitting members of engines where-
28 by it is possible to increase the piston travel
without a proportional increase in the di-
" mensions of the engine or motor. . .
It has furthermore been a fact of common
knowledge that it would be desirable to de-
30 crease the enormous number of explosions
. in the .explosive chiamber of an automobile
-/ engine.” My invention makes it possible to
“materially decrease the number of these ex-
“plostons ‘without diminishing the power out-
put. - : . :
P Incidentally my invention by diminishing
*ithe number of ‘explosions diminishes the
"“overheating of the engine and thereby saves
. mnuch oil and either diminishes or eliminates
~- 40 many injurious results among which might
"~ be mentioned back-firing and the lozs of
- tenergy through radiation of the heat of the
overheated engine. : :
. Engineers are agreed that a long piston
45 stroke would allow a more complete burning
of ‘the explosive ;
gime and as a result a large part of the power
which now escapes in the exhaust is utilized
s when ‘my improvement is mcorporated 'in
50 the engine structure. Likewise it is advan-
-tageous to. have a long stroke in a steam

3

* "'engine B0 thutthnzmsxmmm expansion of .-

ies in’ an. automobile en--

the steam-may be possible. - In either an ex-
plosive engine or a steam engine my im-
provement saves much power which is:now
wasted. : - ,

My invention relates to improvements in
the transmitting members. of -engines by
which I establish any desired relation be-
tween tlie piston travel and the diameter of
the crank circle which enables me to obtain
advantages in the operation of such engines
that are impossible with the construction at
present-used. My improvement incorporates
a lever between the piston and the crank rod:
which ' establishes any desired relation be-
tween the piston travel and the diameter of
the crank circle so that, while this piston
may move, say, six inches, the diameter of
the crank circle will be only four.

The lever to which I refer is, therefore.
a means for reducing the engine speed, the
additional - force developed ‘in the longer

- stroke of the piston enabling the mechanism

to transmit greater power to the crank than
is obtained in engines of ordinary construc-
tion. In general, it is desirable, that heat
engines reach their theoretical power at a
minimum speed. - Certain very useful types "
of these engines are handicapped by the great
nuinber of revolutions per minute necessary
to develop the power for which thev were
designed. -In the explosion engine in particu-
lar, that is, those in which air and gaseous
vapor are mixed-and ignited, high speed is
the rule. In my invention I am able to re-
duce this; the additional eylinder space and
consequent increase of piston stroke length-
ening the interval of movement with refer-

“ence to time, thus effecting a slowing down

of the engine without reducing power. ,
In all engines inténded for high duty this
is desirable. Marine engines of the explosion
class transmit power to the driving shaft
through systems of costly gearing which in-
volve greater friction than occurs in the di-
rect connecting gear of reciprocating steam
engines. This greater friction is an essen-
tial defect in all such power machines.”
By using the additional working area in
the cylinder I am able to produce a further

-expansion of the charge, with a conseguent

increase of thermal efficiency; or I may in-
crease the volume of the charge and power
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of the _:ngm,e At ithe same trme, securing
he working advantages of an engine
of, say, six inch stroke, restricted to a crank

-circle of four inches dmmeter thus raising

the torque of the engine shaft. To go fur-
ther, I' may utilize this extra part of the
stroke as a cooling means, as hereinafter to
be described. In engine design this relation
of piston stroke to crank stroke effects a re-
duction of cylinder surface, with reference
to crank power, of great importance to the
designer, as a minimum of radiation surface
for a given horse-power is made possible.
Many modifications of the lever principle I
employ are possible, but I have confined my

. description to a specific form, embraced in

the drawings annexed, but I include in the

- views covered by the drawmvs some modi-

20
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fications of the main design, and some appli-
cations of my invention to standard types
of engines.

Of these drawings:

Figure 1 is an elevation, partly in section,
of the variable movement lever, showing it
iA connection with a cylinder and crank
ghaft. ' .

- Figure 2 is the same at quarter stroke.

Figure 3 is the same at half stroke.

Figure 32 is a diagram showing the vari-

_ous movements involved.

Figure 4 is a transverse sectional view of
the lever mechanism.

Figure 5 shows, in section, the variation
in pesition of the connecting rod rack.

Figure 6 is a diagram of the intake, at
full 'stroke.

Figure 7 is an elevation of a modification
of the lever mechanism, showing piston at
end of downstroke.

Figure 8 is a diagram to show that the
leverage may be varied to secure any de-
sired stroke of the piston or throw of the
crank shaft.

Figure 9 is a diagram of the power cycle,
where the additional area of the stroke is
used for a cooling and retarding means. -

Figure 10 is another diagram, to accom-
pany Figure 9.

_Figure 11 is a diagram of a two cycle en-
gme, embracing my variable stroke.

Figure 12 is an elevation, showing a modi-
fication in the arrangement of fthe crank
shaft with reference to the engine cylinder.

Figure 18 is'a diagram of the relation of.

55 the pistan movement to that of the crank,

60

Yand shows the full stroke when it is used

for maximum power on the crank shaft.
Figures 14 and 15 show a method of con-
necting the engine for high and low pewer.
Figure 16 is a view in elevation showing
a modification in the eonstruction of the
lever mechanism.
Figuse 17 shows the parts shawn in Flg-
urg ‘16 dn :.nother part of .the stroke.
rF’G“Eﬂ & thesame,.atmd of stroka

16,343

Figure 19 is a longitudinal section of the
same,.the parts being shown in. elevation.

1*1gure 20 is a transverse section on the
line a—a, Figure 18.

Figure 21 shows a modification of the
construction given in Figures 16 to 20, in-
clusive.

Figure 22 is a longitudinal section of the
piston rod shown in Figure 21.

Figure 23 is a transverse section of the
same.

Figure 24 shows an application of my in-
vention to a walking beam steam engine.

Figure 25 represents my lever mechanism
attached to the driving gear of a .steam
locomotive.

Figure 26 represents the cylinder and pis-
tons of a two cycle engine of the double ac-
tion class, to indicate that my improvement
may be applied to such engines, deriving the

- advantage of power on both sides of the pis-

tomn.

Figure 27 is a further modification of
the yoke-supported rack form of my im-
provement.

Figure 28 is a sectional view, on the
dotted line (Fig. 27) shown with arrows.

Figures 29 and 30 are diagrammatic,
showing the relative proportions of steam
cylinders as affected by the long stroke of
my transmission member. Figure 29 shows
the conventional type and Figure 80 shows
my type.

In Figure 1 the piston A of a gas engine
transmits motion through the piston rods,
or links, A, A!, mounted on a pin, A2, that
passes through the piston walls. These
links are held on the pin by means of the

_bolt shown, and a bushing, A3 is employed

to allow for wear. The links Al Al con-
nect with crank levers, B, B, by means of
pins shown at B:. The crank levers, B, B,
are attached to a pin, B?, suitably supported
in the engine frame. On the same _pin there
is a.segmental pinion B?; this pinion and

~the crank levers B, B, bemg keyed to the
The segmental pinion B?® engages

pin B2
a rack, B* that forms part of a connecting
rod B® The connecting rod is attached to
the shaft crank B°, by a wrist pin B, the
construction being conventional. On the. pin
B? there are also swung two arms, B2 which
form a suppart for a slide bearing in which
the connecting rod BS° moves. The arms
B® are journaled on: the pin B2 in order to
allow free movement with reference to the
motion of the connecting rod, B%. To give
proper support to the rod B® the arms Be,
B® are provided. with a tongue sliding sur-
face, B, held .in position by a cap, B?, and
the tap bolts, B, B,

Proper wearing surfaces on the rod B°
are provided at B”, a free sliding groove
for said rod being thus furnished. S8C-

-tional view. of this uonstrmtwn is given m
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- Fi ‘:.;e 4. Under the co‘ﬁditions" described

10

..segmental

it 18. evident that on the outstroke of the

piston the lever B swings in an arc down-
ward, rotating the pin B?, and causing the
inion to transmit movement fo
the toothed connecting rod, B®. This rod
rotates the shaft crank, B®, thus transmitting
the power developed in the engine cylinder
to the engine shaft. The. connecting rod
moves in the guiding and retaining means

" provided by the capped arms, B?, B® and, the
 reciprocating motion of the said piston is

15 the lever B is attached to the

. dius of the pinion B2

20

converted into a movement of rotation at the
crank circle. It will be noted, however, that
iston links
Al —A' at a point such that the effective
lIength of the lever B is
: ‘ s shown in Figure
1, the ratio of lengths of the lever B to the
radius of the segmental pinion B3 is approx-
imately two; and the movement of the outer

end B! of the said lever B will be greater -

than that of the engine piston A, from which
it derives its motion. Power will be trans-

25, mitted to the crank B* by the racked con-

‘necting rod B®, from the segmental pinion

2/EF ‘
ﬁ* equals (angle?) Sme
‘And
EF .
LN equals (angle) JLBI (circular measure)

That is, twice the leverage ratio multiplied
by the crank throw (in inches) and divided

by the piston stroke (in inches) equals the

circylar measure of half the angle of oscil-

. lation divided by its sine; and the short arm

*

" of the lever (in inches) equals the crank

throw (in inches) divided by the circular

measure of said half angle. The expression

JLB! (circular measure)

angle “sine (JLB!

may be solved by the “cut and try”

~method, three trials usually sufficing for

the solution.

B‘H equals 2 3.1 cosine

eater than the ra- -

ing—

[90° (1-

8

Referring to Fig. 34 the length of arc
QJN is equal to EQ, the vertical distance.
through which any point on the racked rod
moves. Denote by % the ratio of the short

arm LN to the long arm LB! of the lever
LB!. Then the distance PN equals

B'H
2r

?
and
BH
2rLLN

equals sine (JLBY); and half the arc QJN,

or JN equals EF, and

EX

LN -
equals (angle) JLB! (circulur measure)
This is : ' .

EF_2:LN

LN X_B_I—I’T equals (angle) JLB! .

sine (JLBY)’

cancelling,

—J%I%T(circular measure)

Thus of the four essential elements, crank
throw, piston travel, length of lever and ra-
tio of short to long arm, any one may be de-
termined when the remaining three are giv-
én, These formulas may be expressed in the

EG ]
7r(LN)) :
In my preferred construction I contem-
late using a crank having a throw of two
inches, a pinion having a radius of 1.55
inches and a lever having a length of 3.1

inches. The piston travel may then be com-
puted the last mentioned formula. Evaluat-

following form:

B'H equals 2(B'L) cosine [90 °‘<1 -

. -
3.1416)(1.55)] '

equals 2 X3.1 cosine 16° 4 minutes 12 seconds
equals 5.95773 inches, a value so nearly equal to six inches tha
‘the difference is immaterial. ,

“With ‘my ‘improved‘ construction it is pos-
sible to have a piston stroke of six inches and
a crank diameter of four inchés, the lower

“w end of the pitman A? traveling eight inches

2 ) _ground the arc B'H, a point on the pitch
© 95

circle of the pinion B? traveling four inches

- on_the arc, MNJ and the angle movement
- B'LH 6f the crank lever B being the same

as the angular movement MLJ of the pinion
B2, edch angle being 147° 517:36”". '

The force developed in a long stroke is in
this way compounded into the shorter stroke
of a suitably connected crank, the effect be-
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six inch working piston stroke while using a
four inch stroke of the working c¢rank. I
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20

%

thus gear the piston movement to increase
the force .at the crank, the leverage means
employed being composed of members of the
transmitting means. These means are of a
practical and effective form, adapted to long
wear, and are simple with reference to struc-
ture.

Considering the crank as the short end of
this compound lever and the primary mov-
ing element as the long end the circular
motion of the short end will be approximate-
ly equal to the longer motion of the long
end.

It is evident that in an engine cylinder the
.duration of piston stroke is a variable quan-
tity, for as the length increaces the time of
travel increases, other factors being equal.
The speed of shaft rotation will therefore be
less in an engine of long stroke than in one
of short stroke, compression and back pres-
sure remaining the same, but the transmitted
gower will correspond to the force developed

uring the piston stroke. Under these con-

" ditions this engine will deliver a given h. p.

30

35

40
" poses than that of the direct development of

650

6

.equivalent, thereto.

" piston stroke is twelve inches.

with a cylinder of given diameter while

working at a lower engine speed than would

be required by an engine of conventional de-

sign. This is accomplished by the extra

length of stroke obtained by the lever sys-

tem interposed between power cylinder and

crank shaft. It is universally conceded that

reduction of engine speed is of great impor- -
tance in engine design. , '

It is obvious that the proportion of excess
stroke over the engine crank diameter may
he varied by altering the distance of the pin
B! or the pitch circle of the pinion B? from
the center L of their oscillation. ,

In an engine of this type the additional
piston travel may be utilized for other. pur-

power, but securing - thereby advantages
Let it be assumed that
in an engine of relatively small diameter the
The ex-
pansive force of the charge will exert pres-
sure against the piston for a distance and
time corresponding to the fall of tempera-
ture of the expanding charge, and this will
insure power development to a point approx-
imately beyond the middle of the stroke;
that is, for a distance greater than six
inches. The piston will, thereafter, travel
by the momentum of the crank mechanism,
absorbing power from it-and acting as a
braking, or retarding means, lowering en-
gine speed. At a point in the long stroke a
‘condition of partial vacuum will develop in
the cylinder, which will tend to lower the
temperature of the spent gases and, further,
lead to an absorption’of heat from the cylin-

" der and piston walls. At the end of stroke,

“when the exhaust valve opens, atmospherie

pressure will be restored in the cylinder and -

16,343

on the down stroke the incoming air will
absorb the heat from the engine walls. Inan
engine of this kind part of the stroke of the
piston would develop power, while the re-
mainder would act as a. means for removing
heat. While the action was taking place this
would involve a loss of power, but the cool-
ing effect on walls and piston would raise the
efficiency of the engine as a whole. The
point of exhaust would also be near, at or
below the atmospheric line, permitting the
expansion of the power charge to any de-
sired point or degree.

‘In Figure 11 T show a diagram of the
operation of my differential principle in a
two cycle engine. In Ifigure 5 the positions
of the rack and the lateral positions of the
piston rods A*—A?' are shown at extreme
points of stroke. Figures 1, 2 and 3 show
the positions of the variable stroke members
through one revolution. Figure 7 shows the
same structure as Figures 1, 2 and 3 except
that the length of lever arm B is consider-
ably greater than the diameter of the pitch
cirele of the pinion B®.

In Figure 12 I show a novel arrangement
of my transmitting members, by meahs of
which I am able to place the center of the
crank shaft outside the axis extended of the
piston without altering movement or lower-
g efficiency.

A modification of my transmitting mem-
bers is shown in Figures 16, 17 and 18. In
this structure I dispense with slide arm B®
using instead, a guide in the nature of a
voke, C, arranged to press against a loose
collar on the pin B2 As the segmental pin-
jon B? tends to force the rack away, the
surface 'of C, pressing against the collar on
B2, holds it in proper alignment with refer-
ence to the moveient of the connecting rod
B5. In this construction I employ, prefera-
bly, two racks and two segmental pinions,
the guide C moving between, as shown in
the vertical elevation, Figures 19 and 20, the
latter being a sectional view. The guide C

is attached to the connecting rod B’ by

means of tap bolts, as shown at C, C. .

In Figures 21, 22, 23, I show a further
modification of my transmitting members.
In this, T follow the construction given in
Figures 16,17, and 18, but in addition there-
to I use grooves, D, forming part of the
piston rod D*, and make this rod rigid, in
the position shown. The reciprocating ac-
tion of the piston causes this rod to press on
the rollers D? and gives motion to the lever
cranks B—B. _ .

In Figure 25 T show an application of my
invention to the steam engine of a locomo-
tive. Tigures 29 and 30 are diagrams indi-
cating the variation of cylinder proportions

required to adapt my invention to such an

engine. As the-travel of the piston exceeds
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that of the crank, I lengthen the cylinder in
order to be able to effect a proper cut-off of
the steam. By reducing the diameter of the
steam cylinder and increasing its length I
maintain the same area by changing the vol-
ume. - :

It is evident that many forms of my in-

‘vention may be made, and that the propor-

- tions of leverage to stroke can be changed to

15

.meet ‘various conditions. I do not limit my-
self to the exact forms of the invention
shown in this application. ' _
What I claim to be novel, and ask to have
protected by Letters Patent is:
~1. In a transmission member, the combi-
nation of a cylinder, a piston in said cylin-
der,.a lever pivoted in relation to said cyl-
inder and a rod directly connected with said

- piston and lever, a pinion operatively con-
-pected with said lever so as to  move in

unison therewith, and having a pitch radius
different from the length of said lever, »
rack engaging said pinion, a pivoted mov-

~ able guide for holding said rack in engage-

ment with said pinion and a power shaft ro-
tatable by the movement of said rack.
2. In a transmission member, the combi-

. nation of a cylinder, a piston in said cylin-

- 30
35

-40

der, a lever pivoted in relation to said cylin-
der, means for connecting said piston to said
lever, a pinion having a pitch radius dif-
ferent from the length of said lever, means
for moving the lever and pinion synchro-
nously, a rack engaging said pinion, a piv-

oted slidable guide for holding the rack in
~ -engagement with said-pinion and a

ower
shaft rotatable by the movement of said
rack, substantially as described. .

3. In a transmission member, the combi-
nation-of a cylinder, a piston in said cylin-
der, a lever pivoted in relation to.said cylin-
der, a rod connecting said piston and levér,

e means for connecting said rod to said piston,
a pinion of a different radius from the length.
- of said lever, means for moving the pinion

and lever synchronously, a rack engaging
said- pinion, a pivoted slidable guide for
holding the rack in engagement with said

“piniom, a crank connecting rod forming part
of said rack, and a power shaft rotatable by -
-action of said crank, substantially as de-

scribed. e v .
~ 4, In a power transmission member, the
combmation of a cylinder, a piston in said

:‘gylinder, a rod grooved at.-its lower end and
rigidly attached to said piston, 2 lever piv-’

- oted in relation fo said piston and rod, a

60

roller on said lever fitting in the groove of

" said rod, a pin supported in the frame of

said power transmission: member, a pinjon

-pivoted on said pin, a rack engaging the

teeth of said pinion, means for holding said
rack in engagement with said pinion, a crank
connecting rod forming part of said rack,

_and a erank that imparts the motion of said

S

rack to a power shaft, substantially as de-
scribed.

5.-In a transmission for engines, a cylin-
der, a piston slidable within said cylinder,
a pin, a lever and a pinion mountéd on said
pin and operatively connected together so
as to move in unisen, a connecting rod oper-
atively connecting said piston and lever, a

70

crank, a racked connecting bar adapted to -

mesh with said pinion and having its op-
posite end connected with said crank, oscil-
lating means pivoted on said pin and

‘adapted to hold said racked connecting bar’
‘in mesh with said pinion.

6. In a power transmission, a piston, a re-
ciprocating power rmeans directly connected
with said piston, a driven crank, a pin, a
lever mounted on said pin and operatively

~conneécted with said reciprocating means, a
- connecting  rod, means operatively connect-
‘ing said lever and connecting rod whereby
‘the movement of the reciprocating member 1s
‘equal to twice the length of the lever mul-

tiplied by the cosine of an angle equal to
(90° minus a fraction whose numerator is
the diameter of the crank circle multiplied
by 90°, and whose denominator is » times
the radius of the last mentioned means).

7. In a transmission member, the combina-
tion of a cylinder, a piston in said cylinder,
a lever pivoted in relation to said cylinder,
a rod extending from said piston to-said

“lever, means for connecting said rod to said

piston, a pinion of a different radius from
the length of said lever, means operatively
connecting the lever and pinion, a rack, an
oscillating guide for retaining the rack in
engagement with said pinion, a crank con-
necting rod integral with said rack, and a
power shaft rotatable by the action of said
crank, substantially as described.

8. In combination, a piston, and an oscil-

-lating - lever and pinion, moving in unison

and driven by the piston, a crank, a racked

-connecting rod meshing with the pinion and

80
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connected with the erank whereby the piston -

stroke is equal to twice the length of the
lever multiplied by the cosine of an angle
equal to (ninety degrees minus a fraction
whose numerator is the diameter of the
crank circle multiplied by ninety degrees
and whose denominator is » times the radius
of the pinion). v

9. In combination, a piston, an oscillat-

ing lever and pinion, moving in unison and

driven by the piston,a crank, a racked con-
necting rod meshing with the pinion and
connected with the crank whereby twice the
product of the ratio of the short to the long
arm of the lever by the crank throw, all
divided by the piston stroke equals half
the angle of oscillation divided by half the
sine of said angle of oscillation.

In testimony whereof I affix my signature.

ALVAH L. POWELL.
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