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To all whom it may concern: | |
Be it known that I, ERNST OTTO SCHLICK, a
subject of the German Emperor, and a resi-
dent of Hamburg, in the German Empire,
5 have invented certain new and useful Im-

provements in Steam or Like Motive-Power

Engines, (for which I have obtained a patent
in Germany, No. 80,974, dated November 10,
18393, and assigned to Stettiner Maschinenbau

1o Actien-Gesellschaft Vulcan at Bredow, near
| Stettin,Germany; in Great Britain, No. 2,813,
dated February3,1894; in France,No0.236,163,

dated February 9, 1894, and additional pat-

ent No. 236,163, dated December 20, 1894; in
15 Belgium, No. 108,979, dated March 12, 1894,
and additional patent No. 113,319, dated De-
cember 22, 1394; in Italy, No. 85,953, dated
Mareh 15, 1894, and additional patent No.
37,909, dated December 24, 1894 ; in Hungary,
20 No. 1,732, dated December 12, 1894, and in
Austria, No. 45 /2,364, dated June 30, 1395;)
and I.do hereby declare that the following is
a full, clear, and exact desceription of the in-
Ventlon such as will enable others skilled in

25 the art to which 1t appertains to make and |

use the same, reference being had to the ac-

companying drawings and to letters or figures

of reference marked thereon, which form &
part of this specification.

30 My invention has relation to multiple- eyl—
inder steam or like motive-power engines
with more than three eylinders, the plStOI]S of
‘which act singly orin groups upon the several
respective cranks of the crank-shaft. In

35 power-engines of this class the moving ele-
ments or masses engender considerable forces
that acting urlously upon the engine itself as
well as upon its support or founaatlon For
instance, in vertical engines having their cyl-

40 Inder-axes in one and the same plane there
“are forces (thrust and pull) at hand that tend
to move or dlsplace the engine up and down
alternately in the direction "of the piston-rods
and such that have the tendency to alter-

45 nately tilt the whole enginein one or the other
direction ifrom the ends of the crank-shaft.
These forces act the more injuriously where
1t 1s 1impossible to provide a foundation ca-

| pable of resisting the same, .as in the case of

marine engines, or in case a fixed foundation 3o
or support cannot be provided, as in the case

of locomotives, and the only remedy hereto-

fore known is the use of dead-weights. The

latter have, however, not only the disadvan-

tage of greatly increasing the bulk and weight 55
of the engine, being more or less obstructive
and rendering attendance more difficult as
well as daJnﬂ'erous ‘but although the reaction
forces aetmo* in the direction of the piston-
rods are praetically compensated or counter-
balanced other similarly injurious reaction
forces that act at right angles to the plane of
the piston-rods are engendered, so that, prac-
tically speaking, the said reaction forces pro-

60

duced by the weights of the moving masses 635

or elements of the engine are not annulled
or counterbalanced, but undergo a cha,nge of
direction of about mnetv degrees; nor 1s it
possible to compensate or annul the effect of
these reaction forces by a mere relative angu- 4o
lar adjustment of the several eranks on the
crank-shaft.
The object of my invention is not only to
practically compensate or counterbalance the
Injurious results due to the action of the said %5
reactive forces referred to in engines of the
kind under consideration, but also to utilize
the moving parts or elements of the engines
themselves as a means for accomplishing the
desired result, avoiding thereby the use of 8o
the undesirable dead- welo'hts |
To these ends the mventlon consists, essen-
tially, in the proper relative angular arrange-
ment of the cranks on the crank-shaft, in the

‘proper relative length of the crank-arms, in 85

the proper relative distance between the
cranks orthe cylinder-axes, respectively, and
in the proper relative distribution of the
weights of the moving elements or masses,
all in sueh proper relatlon that the latter will
act upon the crank-shaft and the foundation,
respectively, in such a manner that the two
kinds of reaction forces above referred to—
that is to say, the reaction forces tending to
move or displace the crank-shaft alternately 95

J1e

in the direction of the piston-rodsand the cou-
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ple of forces acting in a plane passing through
the cylinder-axes and having the tendency
to tilt the engine and its support—are prac-
tically avoided orcompensated, the arrange-
ment being then that there cannot arise in
the engine eitherany free thrust or pull forces
in the direction of the piston-rods nor any
free couple of tilting forces in the plane of
the cylinder-axes. 'These balancing effects

may be obtained, if required, not only in the |

plane of the piston-rods, butalsoin any other
plane passing centrally through the crank-
shaft. The slight and immaterial imperfec-
tions due to the finite length of the connect-
ing -rods, ecceniric-rods, and the like need
not be particularly considered in this case.

That my invention may be fully understood
I will describe the same in detail, reference
being had to the accompanying drawings, in
which—

Figures 1 and 2 are diagrammatic views of
steam-engines 1llustrative of the mode of car-
rying out my invention, and Ifigs. 3 to 6 are
like views illustrative of the relative position
of the cranks. Figs. 7 and 8 are side and end
elevations, respectively, of an engine con-

structed according tothisinvention; and Figs.

9 and 10 show a balance diagram of a four-
crank engine such as shown in Figs. 7 and 8.

In the quadruple and triple expansion
engines with four ecranks each (shown by
Figs. 1 and 2,respectively)it may be assumed,
for the sake of simplicity, that the moving
elements (piston, piston-rod, connecting-rod,
&e.) of each cylinder operate upon a sepa-
rate crank. In some cases, however, the
moving elements or masses of two or more
cylinders may be caused to act npon a single
crank. In view of the fact that the moving
elements of the two intermediate cylinders
must be heavier than those of the outer cyl-
inders (and this is a characteristic feature of
this construction) it is preferable to arrange
the larger cylinders between the smaller ones,
though this i1s not absolutely necessary so
long as the heavier masses are caused to act
upon the intermediate cranks.

In the quadruple-expansion engine, Fig. 1,
the steam flows successively to the cylinders
I IT III IV and from the latter to the con-
denser. In order to shorten the steam-pas-
sages, 1t 1s In many cases advisable to reverse
the relative position of the cylinders III and
IV. The triple-expansion engine, Fig. 2, is
supposed to have two low-pressure cylinders
I1I, and in order to shorten the steam-pas-
sages 1t will also be advisable to arrange cyl-
inder 1l alongside of cylinder I. The kind
of power-engine, provided it has not less nor
more than four cranks, is absolutely imma-
terial in so far as the nature of my invention
18 concerned so long as provision is made for
counteracting the reaction forces through the
medium of the moving elements themselves.
The distances between them in the direction
of the crank-shaft, the length of the crank-
arms, and particularly the relative angles

formed by the cranks must be definitely re-
lated.

Although for practical reasons it may some-
times not be desirable to exactly or entirely
counterbalance the reaction forces irrespec-
tive of theimmaterial errors due to the finite
length of the connecting-rods, yet the con-
struction should be such as to render possi-
ble the said counterbalancing of the moving
masses without the use of dead-weights at all.

In order that my invention may be fally
understood, I will describe the same in re-
spect of a quadruple-expansion engine, re-
ferring to Fig. 1 of the drawings, 1t being as-
sumed that the weights of the moving ele-
ments of the cylinders 111 and IV are repre-
sented by P III and P IV, respectively, Kig.
4, and that the angle between the two cranks
is known, and for the sake of simplicity it
may be assumed to be an angle of ninety de-
orees, and for the sake of further simplicity
it will further be assumed that the distance
a, Fig. 1, between the axes of proximate cyl-
inders is equal and that all the crank-arms
are of the same length. It will now only be
necessary to find the weights of the moving
elements of cylinders I and Il and the rela-
tive angle of the cranks to which the pistons
of said cylinders are connected, which isdone
as follows:

In order to compensate the reaction forces
exerted by the weights of the moving ele-
ments of eylinder1V by means of the weights
of the moving elements of eylinders I and 11,
it will be necessary to provide for the last
two cylinders cranks of equal length that lie
diametrically opposite the crank of e¢ylinder
1V. The force exerted upon the crank-shaft
by the moving elements of cylinder 11 will,
however, be greater than the force exerted
upon said shaft by the moving elements of
cylinder I in proportion as the distance be-
tween the centers of cylinders IV and 11 1s
smaller than that between the centers of cyl-
inders IV and I. Thesum of the weights act-
ing upon the cranks of cylinders I and 1I
should, therefore, be equal to the weight act-
ing upon the crank of eylinder IV. Accord-
ingly a force engendered by a weight equal
to + PIV and % P 1V, respectively, should
be exerted bythe moving elementsof the cyl-
indersI and II upon eranks arranged diamet-
rically opposite the crank of cylinder IV in
order to counteract the force exerted by the
like elements of eylinder 1V. In a precisely
similar manner the force exerted upon the
crank-shaft by the moving elements of ¢ylin-
ders I and II that will counterbalance the
force exerted by the moving elements of
cylinder III may be determined, namely:
Weights equal to § P I1I and & P 111, respec-
tively, will have to act upon the cranks of
cylinders I and 1I in order to compensate the
force exerted upon the crank-shaft by the
weight of the moving elements of cylinder
111, Kig. 3, in which case the cranks of cylin-
ders I and II would have to be arranged dia-
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metrically opposite the crank of cylinderIII,
Fig. 3.

If the relations that occur in the eirele of
the crank for the cylinder I, Fig. 4, are con-
sidered, it will be found that ‘there should be
exactly opposite the crank of c¢ylinder 111 an-
other, upon which a force of 4 P III is exert-
ed; but at the same time there should be op-
posite the crank of e¢ylinder IV acrank upon
which a force equal to % P 1V is exerted.

- In view of the fact that it is not possible to
arrange two cranks at the same time in one
plane a single crank must be substituted
therefor, the position of which, as well as the
force acting thereon, will be determined by
the resultant of the weights that would have
acted upon the said two cranks. IHence if

‘the value % P III is carried, according to a

certain scale, to a prolongation of the crank-
arm of cylinder III, Fig. 4, and similarly the
value # P IV to a prolongation of the crank-
arm of eylinder 1V, the position of the crank-
arm of cylinder 11 and the weight that should

| act thereon can be directly deduced from the

parallelogram of forces. The position of and 25
the weight that should act upon the crank
for the cyhnder I are obtained in the same
manner, as clearly shown by Fig. 5. Thusif
1t be assumea that the angle y, Iigs. 4 and 5,
formed by the cranks of cylinders 111 and TV 30
is one of ninety degrees we will have the fol-

lowing formulee:

(2) P,=v(E P HI+GF P IV):

(3) P,=v(E PIV)*+(3 P D)% 35
 _3PUI_ PII '
W) Tang a= 151 =sp1v:
. PIV
) Tangf=germ 40

a and g being the angles formed between the
cranks II and I and IV and III, respectively.

If, on the contrary, the angle v, formed by the

cranks of cylinders 111 and IV, 1s not a right 45
ancrle then we ha,ve the followmﬂ' formulze

(6) P 1= yE P IO @G P IV 4 P IIL PI cos. 7

(7) PI=v(Z PIV)°L (& P LII)*F4 PIII P IV cos. y.

| L 3 P IIL
(8) Sin. ¢ = Sl Y S5
' . . +PIV
(9), Sin., f = sin. ¢ 51

If the weights acting upon the outer cranks
and the angle formed by said crank are also

known, the angular relation, as well as the |

welghts that should act upon the intermediate
cranks, can be obtained, and if the angle 0,
Fig. 6,1sa right angle we have the following
formulse:

(10) PIV= (2 P 11"+ (P 1)

(11) P IlI= /(@ P (P I~ ‘s
. oo s E 1 PII
(12) Tang. ¢ ZPIIt& S SPT
If the angle ¢ is not a rlght angle, the for-
mule will be: -

60

(13) PIV=+(2 P L)*+ (P 1)*+4 P IL P I cos. 0.

(14) PII=+v(2 P I)*+ (P I1)*4+-4 P I P II cos.

(15) Sin. e =sin. d

The weights acting upon the outer cranks
and the angle formed by said cranks may also
be considered as known, (see Fig. 6,) and from
thisIcan obtain in a quite similar manner the
angular position of, aswell asthe weights, that
should act upon the two inter medlate emnks
Kig. 6.

The above formulae applv only, as already

' stated,in cases where the lengths of the crank-

arms and the distances between the cylinder
centers are equal to each other. If, however,
the lengths of the crank-arms differ, as well
asthe distances between the cylinder centers,
the relations will naturally be of a much more
complicated form. Indetermining theweights
that act upon the various cr anks the 1evolv-
ing elements—as the crank-pins, crank-arms,
eccentl ics, &e.—must also be considered, be-
sides the reciprocating elements.

I P I
: — 9
ERIL sin. ¢ = sin.

PIII

In a quadruple-cylinder engine in which 8o

the cylinder centers are equidistant and the

crank - rods of  correspondingly the same

| length, if the weights acting upon the sepa-

rate cranks and the relative angles formed
by the several cranks are determined by the 8g
foregoing statements, it will be found that
the various forces exerted upon the crank-
shaft will compensate or counterbalance one
another, excepting, however, the immaterial
differences due to the finite length of the con- go -
necting-rods, or, in other words, the resultant
of the forces acting in one direction must be
equal to the resultant of the forces acting in
the opposite direction, and the resultants of
both these groups of forces must be in a g5
straight line. Ilence if the distance between
the cylinder centers, the length of the erank-

| arms, the weight of the movable elements,




10

20

30

35

75

80

Qo

| |

and particularly also the angle formed by the
various cranks are determined in accordance
with the statements and relations hereinbe-
fore given neither a displacement of the en-
gine 1n the direction of motion of the piston-
rods nor a tilting of the same in the plane of
said rods can take place; but when the pis-
ton-rods of a plurality of cylinders are con-
nected with the same crank and said piston-
rods perhaps connected by cross-head it 1s
necessary in determining the weights of the
moving elements and the relative position of
the cranks to take into consideration the dis-
tance of the centers of gravity measured at
a right angle to the direction of the stroke of
the pistons of different groups of cylinders
instead of the distance between the cylinder
centers.

It has hereinbefore been assumed that the
weights and the angle formed by the cranks
of two of the cylinders (outer or intermediate)
are given, and that from these the required
weights and the angle formed by the cranks
of the other two cylinders can be determined;
but the problem may also be solved when the
weights, the angle formed by the eranks, the
length of the crank-arms, and the distance
between the centers of an outer and inter-
mediate cylinder are given.

In an engine constructed as hereinbefore
set forth it is possible not only to counterbal-
ance the forces exerted upon the crank-shaft
in the direciion and plane of the piston-
stroke, but also in a plane at right angles
thereto passing through the center of the
crank-shaft, Figs. 8 and 9, which 1s also a
peculiar property in an engine constructed

‘according to my invention.

4 594,288

In order that
this may be understood, it 1s necessary to
point out that the position of the cranksis de-
pendent solely upon the relations of the re-
ciprocating masses when the angle formed by
two of the cranks is known or given. When,
therefore, the weights reduced to the circle
described by the crank-pin and which act
upon the several cranks at right angles to
the direction of the stroke, particularly the
weights of the crank-bearings, connecting-
rods, and crank-arms, bear exactly the same
relation to one another as the moving ele-
ments of the cylinders which act upon said
cranks in the direction of the stroke,the forces
exerted at right angles to the direction of
said moving elements in a plane passing cen-
trally through the crank-shaft will also -bal-
ance one another.

All of the weights moving horizontally (in
a vertical engine) may, in accordance with
previous designation, beé indicated by w P’ I,
w P II, w P III, and w P IV, and according
to the formule 8 and 9 the relative angles
formed by and between the crank-arms will
be found from the following equations:

e . 1wPOI_ .. APIO
(16) Sin. & = sin. ¥ 51T sin. ¥ “5+7-
e . FwPIV_ . _1PIV

(17) Sin. f = sin. y 5T = sin. bT

the same angles being obtained as before.
According to formule 6 and 7 I moreover ob-
tain the weights acting horizontally upon the
cranks, and which may be designated by P'I
and P’ I1, as follows:

1Y PI=vE wPIIY+EwPIV)At+Ew P UL wP IV cos. y,
J

(19)

P I=wv (% P I (3 PIV)* 4 P LI P IV cos. p,

(20)

Consequently we obtain
(21) P'I =w P I,
(22) P’ II=w P 1I,

thus proving the assertion above made.
Hence if the forces that act in a horizontal
direction upon the eranks bear the same re-
lation to one another as those which act upon
said cranks in a vertical direction and when
these relations correspond with the lawsabove
set down then the reactive torces will be per-
fectly balanced, not only in planes passing
horizontally and vertically through the crank-
shaft, but in any other plane passing through
the center of the crank-shaft.

] have deemed it unnecessary to describe
in detail.

In Figs. 7 and 8, which illustrate a four-
crank steam-engine constructed in accord-

5 ance with this invention and in accordance

with the balance diagram Figs. 8 and 9, F in-
dicates the main frame; I, 11, 111, and 1V, the

cylinders; R, the piston-rods; 7, the connect- |

P' T=w /(% P IV)eL (3 P LL)*+4 P IIL P IV cos. 7.

ing-rods; S, the ecrank-shaft; 1,2, 3, and 4, the
four cranks, respectively, and P the steam-
supply pipe.

The herein-described method may also be
used in the balancing of other forces than
those referred to—namely, those forces ex-
erted by the valve-gear or other moving ele-
ments. This can be effected in two ways, no
account being taken of the slight errors due
to the finite length of the eccentric-rods. If,
for example, the centers of the slide-valves
lie in the same plane as the piston-rods, the
weight of the moving elements of the valve-
oearing can be taken into consideration when

the angles of the cranks and the weights act-

ing upon the same are determined, whereby

‘the forces exerted by the valve-gear can be

balanced simultaneously with the forces ex-
erted uponthe cranks. If, however, theslide-
valves or rodsliein adifferent plane from that

of the piston-rods, it will only be necessary

to so arrange that the distances between the

valve-rods, the weights of the moving parts

of the valve-gear, the radii, and angles of the
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eccentrics shall have the same relation to one
another as in balancing the moving elements
of the cylinders and the cranks. If, for in-

stance, the distances between the valve-rods

are equal to the distances between the cylin-

der centers, and if all the eccentrics have an

equal throw and an equal angle of lead, it is
only necessary to determine the weights of

" the moving elements of the valve-gear in the
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same manner as that resorted to for the de-

termination of the weights of the moving ele- |

ments of the cylinders. Should some of the
valves differ, it will in most cases still be pos-
sible to balance the forces of their moving
elements by choosing the other or remaining
factors accordingly. In order, however, 10
perfectly balance the said forces, it 1s neces-
sary that the centers of gravity be situated

in the centers of the slide-rods and that the

latter lie in one and the same plane.

In Fig. 9 I have shown a balance diagram
of an engine in which I have given, first, the
distances a o a between the cylinder centers;
second, the total weight. of the moving parts
for eylinder III—viz., P, equals twelve thou-
sand three hundred and seventy pounds;
third, the total weight of the moving parts of
cylinder IV—viz., twelve thousand six hun-
dred and seventy pounds; fourth, the angu-
lar relation of cranks for cylinders III and
IV, the latter leading the former by one hun-
dred and twenty degrees, Fig. 10; fifth, as-
sumed that all the cranks have the same
stroke forty-eight seconds.

In accordance with the mode of determina-
tion hereinabove explained I find the total
weights of the moving parts for cylinders I
and IT and the angularrelation of their cranks
as follows: The weights required to balance
the forces exerted by the moving weights of

20 of P, at crank No. 2 dia-

—T—

cylinder IIL are r
-0

5 of Pq

at crank No. 1 diametrically opposite crank
No. 3. Similarly the weights required to bal-
ance the forces exerted by the moving ele-

metrically opposite crank No. 3, and

ments of the cylinder IV are -

No. 1 diametrically opposite crank No. 4, and
L of P, at crank No. 2 diametrically opposite

- 3a |

crank No. 4. Combining the above and sepa-
rating crank-cricle No. 1 from circle No. 2 I
obtain two weights 3 P, and 3 P, on No. 1
crank-cirele and two weights 2 P, and 3 P, on
crank-cirele No. 2. Weight of moving parts
for crank No. 1, R, equals one thousand two
hundred and ninety pounds. (Valve-gear
neglected.) Weight of moving parts forcrank
No. 2, R, equals seven thousand one hundred
and thirty-eight pounds. (Valve-gear neg-
lected.) By the parallelogram of forces the
resultant R, will be found to be % Pj and
2 P, which determine the position of crank

No. 1 and the weight of the moving parts of

gg’ of P, at crank |

[ cylinder I 'Similarly R,

| nary way when the lap

|

‘that the valves for cylinders 111
| at the back of the engine and are respec-

determines the po-
sition of erank No. 2 and the weight of the
moving parts of eylinder II.  "The an oular re-
lation of the four cranks and the weights act-
ing on said cranks are shown in Fig. 10, the
weights of the principal moving parts having
been considered only. If the forces exerted
by the valve-gears be considered, then we
must find the weights Q, and Q,, acting on
No. 1 and No. 2 eranks, which balance the
whole system of valve-gears, then find the

resultant P, of Q, and R, and the resultant
tile

P, of Q, and R,. These resultants oive the
final positions of cranks Nos.1 and 2 and the
final weights of the moving parts of cylinders

I and II, Fig. 10.
Referring to Fig. 9, A is the ahead valve-

gear for eylinder I, its weight being one thou-
sand six hundred and eighty pounds at seven

and one-balf seconds travel. B is the astern

valve-gear for said cylinder I, its weight being
one thousand one hundred and twenty pounds
ot seven and one-half seconds travel, and so
on. OA, Fig. 10, is the angle of the ahead

eccentric and OB the angle of the astern ec-

centric for cylinder I relatively to crank No.
1, whose approximate position has beenfound,
as hereinabove indicated. OC is the angle
of the ahead eccentric and OD the angle of the
astern eccentric for eylinder IV relatively to

crank No. 4, and similarly for the others.

The positions of these eccentrics relatively to
their respective cranks are found in the ordi-
. lead, and travel of
the valves are known. The actual position
of the centers of the eccentrics will of course
be on the circumference of a circle whose di-
ameter is equal to the stroke of said eccen-
trics, theline OA OB OC, &e., passing through
these centers. It is, however, sufficient for

| the purposes of this description that the an-

oles of the lines OA OB OC, &c., relatively
fo the angles of cranks Nos. 1 Z, &ec., are
known, at the same time bearing in mind that
the actual weights of the valve-gears or their
equivalents at their respective strokes will
have to be altered to their equivalent weights
ot the stroke of the eranks before they can

be combined with the main weights ot theen-

oine to find the final weights of the moving
parts for eylinders Tand II. 18 will be noted
and IV are

tively actuated by levers from the eccentric-
rods FG and CD, Fig. 9, so that, referring
again to Fig. 10, O is the vertical angle of

eocentric that actuates the valve for cylinder

I1I and OFE the vertical angle of eccentric that
actuates the valve for cylinder IV. OIL 18

exactly opposite OF, the actual ahead eccen-
tric for eylinder III, and is exactly opposite

OC, the actual eccentrie for cylinder IV.
Referring now to Fig. 9, find by the prin-
ciples of the lever the weights at Nos. 1 and

2 engine centers which together will equal bB.
Thus 1,319.5 pounds at No. 1 center and 199.9
pounds (which may

be called ‘“negative,”

70

75

90

95

I00

105

ITO

115

120

125

130



[0

L5

20

30

35

40

45

55

60

: | 504,288

since it is diametrically opposite B) at No. 2
center are equivalent to a single weight I
equals eleven hundred and twenty pounds,
and similarly for all the other valve-gears.
I'he column of figures on the right of Fig. 9
indicate the weights at No. 1 center, and the
column of figures on the left indicate the
weights at No. 2 center, thus found. All
these weights R and S are now referred to
the same stroke as the engine-cranks. Thus
1,319.5 at seven-and-one-half-inch strokeisat
forty-eight-inch stroke equivalent to 206=0’,
and 199.5 at seven-and-one-half-inch stroke
1s at forty-eight-inch stroke equivalent to
51.2=0, &c. 306 at six-inch stroke is at forty-
eight-inch stroke equivalent to 38.2=+', and
1,664 at six-inch stroke is at forty-eight-
inch stroke equivalent to 208=<. I thus ob-
tain a series of weights around No. 1 erank-
circle and a series of weights around No. 2
crank-circle, which are together equivalent
to the weight of all the valve-gears, their
positions around said crank-cirele being in-
dicated by the symbols AEFBIGJCID.
Now find by the polygon of forces the single
weight Q; which balances one of said series
of weights and the single weight Q, which
balances the other. Then find the resultant
by the parallelogram of forces of Q, and R, as
hereinbefore set forth, which gives P, equals
seven thousand and thirty-five pounds, which
1s the final weight for the moving parts of cyl-
Inderl. Findtheresultantof Q.and R,,which
gives P, equals seven thousand four hundred
and twenty pounds, the final weight for the
moving parts of cylinder II. The final posi-
tionsof eranks Nos.1and 2are also determined
by the positionsof P, and P,, whereby an an g-
lar relation of cranks such as shown in Fig. 10
Isobtained—:. e.,the angle between Nos. 1 and
2 cranks,sixty-one degrees; that between Nos.
1 and 3, eighty-eight and one-half degrees;
that between Nos. 3 and 4, one hundred and
twenty degrees, and that between Nos. 4 and
1, two hundred and ninety and one-half de-
grees, the total weights acting on said cranks
12 35 4 being seven thousand and thirty-five
pounds, seven thousand four hundred and
twenty pounds, twelve thousand three hun-

dred and seventy pounds, and twelve thou-

sand six hundred and seventy pounds, re-
spectively. -

By the described invention the supports for
the engine are not injuriously affected, so that
the loosening of the same need not be feared,
and consequently vibrations are not commu-
nicated to the vessel itself. The location of
the engines in a vessel may be chosen at will,
which is impossible with engines as now con-
structed. The number of revolutions of the
crank-shaft within a given time may also be
chosen at will without danger of undue vibra-
tions of the vessel when a given number of
revolutions within such time is exerted, as is
the case with the engines now in use. Fi-

nally, it is possible to use engines constructed
according to myinvention in the upperstories |

of buildings where heavy foundations cannot
be provided.

Having thus desceribed my invention,what
I claim as new therein, and desire to secure
by Letters Patent, js—

1. In steam or like motive-power engines,
the combination with the cylinders arranged
side by side with their longitudinal axes at
predetermined distances apart and the mov-
ing elements of said cylinders, namely, their
pistons and parts reciprocating therewith: of
a shaft having four ecranks acted upon by the
sald moving elements and set at different an-
gles, the angular relation of said four eranks
varylng in accordance with and being deter-
mined by their length, the distances between
them, and the weights of the aforesaid mov-
ing elements, to balance the reaction forces
engendered by the weight of said parts and
acting upon the crank-shaft in planes perpen-
dicular to each other, for the purpose set forth.

2. In a steam or like motive-power engine,
the combination with cylinders of varying
diameter arranged side by side with their lon-
gitudinal axes at predetermined distances
apart, and the moving elements of said cyl-
inders, namely, their pistons and parts recip-
rocating therewith; of a shaft having four
cranks acted upon by the said moving ele-
ments and set at different angles, the angular
relation of said four ecranks varying in accord-
ance with and being determined by their
length, the distances between them, and the
weights of the aforesaid moving elements to
balance the reaction forces engendered by the
weightofsaid partsandactingupon the erank-
shaft in planes perpendicular to each other,
for the purpose set forth. |

3. In a steam or like motive-power engine,
the combination with cylinders of varying
diameter arranged side by side with their lon-
gitudinal axes at predetermined distances
apart, the cylinders of greater diameter be-
tween those of smaller diameter, and the mov-
ing elements of said cylinders, namely, their
pistons and parts reciprocating therewith; of
a shaft having four eranks acted upon by the
sald moving elements and set at different an-
gles, the angular relation of said four cranks
varying in accordance with and being deter-
mined by their length, the distances between
them, and the weights of the aforesaid mov-

ing elements, to balance the reaction forces

engendered by the weight of said parts and
acting upon the crank-shaft in planes perpen-
dicular to each other, for the purpose set forth.

4. In a steam or like motive-power engine,
the combination with the ecylinders arranged
side by side with their longitudinal axes at
predetermined distances apart, the moving
elements of said eylinders, namely, their pis-
tons and parts reciprocating therewith, and
the valve-gears; of a shaft having four cranks
acted upon by the said moving elements and
valve-gears and set at different angles, the
angular relation of the four cranks varying
in accordance with and being determined by
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theirlength, the distances between them, and | my invention I have signed my name, in pres-
the weights of the aforesaid moving elements, | ence of two witnesses, this 22d day of August,
to counterbalance the reaction forces engen- | 1395.
dered by said moving elements and acting [ = ERNST OTTO SCHLICK.
5 upon the crank-shaftin planes perpendicular | Witnesses: -
to each other, for the purpose set forth. MAX LEMCKE,
In testimony that I claim the foregoing as | E. PH. MUMMENHOFT.
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