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4. Claims, 

My invention relates to piston machines, such 
as combustion motors, provided with a crank 
shaft, and more particularly to piston machines 
which impart to the surroundings vibrations 

5 which appear especially with motors having only 
one or a few cylinders. . . . . . '... . 
Such vibrations, for instance in combustion 

motors, depend to a great extent on the working. 
conditions in the motor cylinders setting up 

0 heavy continuously repeated changes of the turn 
ing moment in opposite directions due to alter 
nating gas explosions and compressions. Hence, 
the crankshaft has a fly wheel which receives 
the heavy impulses and delivers an even turning 

5 

motor body is, however, nevertheless exposed to 
the oscillating reactive turning moments, which 
are as great or even greater than those which 
the fly wheel has to take up. The impulses in 

0 this reaction moment which are stillmore uneven 
than those which are EEE O 

- machine around its axis of rotation. The weight 
are transferred directly through the 
to the surroundings, which therefor 
jected to the said vibrations. 
With combustion motors having a large num 

motor plants with a long row of cylinders form 
however, a yieldingly deformable member an 
the impulses due to the working conditions 
the individual cylinders are therefore still in 

ae 

influence of the reaction turning moment. on 
operation of the motor, it has been suggested 

whereby a damping is effected upon the transfer 
of the reaction turning moments to the support. 
Even if the vibration phenomenon set up in the 
surroundings is in this way reduced to some 
extent, it has not been possible with such simple 
means to eliminate the same, and the vibrations 
are still highly disturbing. . . . . 

It is one object of my invention effectively to 
avoid disadvantages originating from the above 
mentioned vibrations, and to provide a device 
which practically entirely relieves the bed sup 

& porting the motor, and hence the surroundings ... 
from the impulses of the reaction turning mo 
ments, so that the latter are converted to an 
even turning moment acting on the bed in the 

moment to the driven shaft. The stationary 

parted to the surroundings through the motor 
In order to eliminate the unfavorable. 

to provide rubber cushions or steel springs be-, 
bS: a combustion motor and its support, 

(C. 123-192) 
Same manner that the fly wheel equalizes the 
turning moment on the power. output shaft of 
the machine. This is essentially accomplished 
by the fact that the turning pressure reaction 
impulses emanating from the piston mechanism 
in operation of the machine, are transferred through the machine body to the surroundings, 
for instance a base, by interposition of spring 
members, the machine body enclosing the piston 
mechanism being movably journalled about a 10 
Center common to the axis of rotation of the 
crankshaft of the machine while the machine body is dynamically or substantially dynamically 
balanced around this axis, so that the machine 
body with respect to the said pressure reaction 5 
impulses oscillates as a pendulum with at least 
Substantially unchanged center of gravity. The 
invention relates in the first place to machines. 
being asymmetrical with respect to the axis of 
rotation of the crankshaft and for instance hav- 20 fing vertical cylinder, whereby balance weights 
are provided which dynamically balance the 

of the machine becomes by this decidedly greater, 
elow that shaft. 
In order to illustrate the inventive idea, the following example will be assumed. A. one 

cylinder two-stroke motor develops 100 H. P. 
The number of revolutions of the motor is 30 
89.0/min.--5/sec. The equalized turning moment 
of the motor is assumed to be delivered on a 
radial lever, the length of which is 0.5 m., reck 
oned from the crankshaft center of the motor. 
The power acting on this lever is then 5 kg./H.P., 35 
or in all 500 kg. at about 15 m/sec. peripheral 
velocity. The motor has a fly wheel which is 
assumed to have a moment of inertia correspond 
ing to a weight of two tons on the same radius 
of 0.5 m. As the motor works according to the 40 
two-stroke, cycle, its effect, is delivered by the 
piston during a quarter of a revolution. The 
turning moment during this quarter accordingly 
becomes 2 tons on 0.5 m, radius. If further assuming that no power momentarily is delivered 45 
from the motor shaft, the fly wheel takes up all 
the energy supplied and is thereby accelerated. 
The fly wheel which is equivalient to a weight of 
2 tons is accelerated by a power of likewise 2 tons, 
and therefore its acceleration on the assumed 50 
inertia radius will be=the gravity, i.e. 9.8 m/sec., 
which is here approximated to 10 m. The accel. 
eration takes place during a quarter of a revolu 
tion, in the assumed case corresponding to a time . 
of 0.05 sec. The increase in velocity thus becomes 55 

and the linear extension of the machine less 25 
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2 
10-0.05=0.5 m/sec. Thereafter the fly wheel 
delivers the energy under a slower retardation 
to the shaft. The cylinder and the other parts 
of the motor body receive through the piston 
and the connecting rod, a reacting turning mo 
ment from the crankshaft which is as great as 
the turning moment which was transferred to 
the fly wheel. Assume now that the motor body 
has the same mass of 2 tons on 0.5 m. lever as 
the fly wheel. The mechanical condition will be 
the same as above described if, on the contrary, 
the fly wheel is imagined to be stationary while 
the motor body...is allowed to rotate, with the 
mere difference that the fly wheel and the motor 
body have changed places. 
A construction with rotating cylinder plant is 

often used on aero motors. The motor body 
will of course in this case be accelerated to the 
same degree as the fly wheel according to the 
aforesaid but in opposite direction, and the 
acceleration, on a radius of inertia of 0.5 m., 
during a quarter of a revolution is 0.5 m/sec. 
The power of acceleration is of course independ 
ent of whether the fly wheel or the motor body 
or both rotate, as both are subject to the same 
turning moment although in opposite directions. 
If, therefore, the fly wheel rotates with 5 revo 
lutions/sec. and the motor body is made free so 
that it can rotate about the motor shaft, it will 
also now be subject to an acceleration of 0.5 
m./sec. during a quarter of a revolution; As 
the time for a rotation of about a quarter of a 
revolution is 0.5 sec., the mean velocity and the 
distance performed=0.050.25=0.0125 m., or 12.5 
mm. According to the invention a spring device 
is disposed between the motor body and its sup 
port, which device brings the motor body back 
towards the original position after each reaction 
impulse while delivering an even turning moment 
to the surroundings, whereby the motor body 
makes a pendulum movement with the crank 
shaft of the motor as the axis of rotation. Be 
cause of the fact that the motor additionally is 
balanced about this axis, vibrations originating 
from the turning reaction moments are effec 
tively avoided. 

55 

80 

70 

The said Spring device is preferably combined 
with means which automatically set the same, 
and thereby increase the spring power on in 
creasing reaction turning moment and vice versa, 
So that the device can take up turning moments 
varying within broad limits without altering the 
position of the motor. 
A further feature of the invention is to provide 

means for eliminating vibrations in the neigh 
bourhood of the motor, originating from the un 
balance of the reciprocating members (piston, 
Connecting rod), of the motor. It is known to 
Counterbalance said members by means which 
are heavier than the same, and which are 
adapted to move in paths equivalent to those of 
the members. In accordance with my invention 
the means comprise movable eccentric disc ele 
ments journalled on eccentrics on the crank 
shaft, and balance weights journalled on said 
elements, whereby means are provided for guid 
ing said weights. 

Further and more detailed objects of the in 
vention, together with the manner in which they 
and the above stated objects are attained, may 
best be understood from a consideration of the 
following description of the invention as em 
bodied in suitable forms of machines, taken in 
conjunction. With the accompanying drawings, 
forming a part of this specification, of which: 

2,235,160 
Fig. I shows a longitudinal section through a 

one-cylinder internal combustion motor. Con 
structed according to the invention. 

Fig. II shows the motor viewed in the direction 
of the shaft, partly in section on the line II-II 
of Fig. I. . . . . . . " . . . . . . . 
Figri shows a diagram illustrating the work 

ing manner of the motor. ... . . . . . . . . 
Fig. IV illustrates diagrammatically the mov 

able piston elements with their balance weights. 
Fig. W shows a modified embodiment for bal 

ancing the inner movable piston members of the 
motor. 

Fig. VI shows the same element partly in an 
axial section. . 

Figs. WII and VIII show side elevations of de 
tails pertaining to the same embodiment. 

Fig. IX shows another embodiment of means 
for balancing the movable members of a machine, 
viewed in a vertical section in the plane of the 
crankshaft on the line X-X of Fig. X. 

Fig. X shows a section on the line 
Fig. OK. - 
Figs. XI and XII illustrate diagrammatically 

the machine according to this embodiment and a 
detail thereof, respectively. 

10 

20 

25 
Fig. XIII shows a portion of a piston machine 

according to a further embodiment of the in 
vention. 
In the drawings, to designates the crank case. 30 

of the motor and f its cylinder in which works . 
in known manner a piston 2. 

bearings 16, which are rigidly fixed to the motor 
body O. Motor body to is rotatably journalled 

Piston 2 is cons 
nected by a connecting rod f to the crankpin 
f4 of a crankshaft 5, which latter carries a fly 
wheel 65. The crankshaft f 5 is journalled in 

in the base or frame 8 by the fact that the bear 
ings is are provided with sliding surfaces against 
bearings f l rigidly secured to the base. The 
centers of these sliding surfaces are concentric 
with the axis of rotation 2 of the crankshaft. 
Below the shaft the crank case is formed as a 
balance weight 20 (Fig. II), which statically and 
dynamically balances the motor body which is 
pivotable in the frame bearings about the axis 
of the crankshaft. The weight of the motor ag 
gregate becomes in this way greater below than 
above the crankshaft. The linear extension of 
the motor is nevertheless smaller in the lower 
part. The motor is preferably symmetrical on 
each side of the symmetry plane II-II (Fig. I), 
in which all the forces on the piston, the connect 
ing rod and the crankshaft are active. 
The reaction turning moment on the motor on 

its operation is transferred to the stationary base 
8 through a spring device, which in the en 
bodiment according to Figs. I-IV consists in one 

40 

or several springs 22, connected to a lever 23, . 
rigidly Secured on the crank case O. Below the 
Spring 22 a piston 24 is arranged which moves in 
a cylinder 25 which, through a conduit 26, is in 
communication with another cylinder 27. The 
last-mentioned cylinder contains a servomotor 
slide valve 28 which, through a link 29, is mov 
ably attached to the lever 23. The valve 28 is 
provided with a side opening 3 f and a cross 
channel 32 which in certain positions of the 
valve places the conduit 26 in communication 
either with a supply channel 33 for pressure oil, 
or with an oil outlet 34. To the bottom of the 
Servo-motor-cylinder 27 is connected an oil con 
duit 36 which is provided with a check valve 37. 
An oil discharge channel 38 extends from the 
cylinder 2 at a distance above its botton. 

85 
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2,235,160 
Laterally of the elements 40 connecting the 

crank pin 4 with the crankshaft 5, and which 
in known manner may be round and concentric 
with the axis of the shaft, the crankshaft is pro 
vided, with preferably forged eccentrics 4, the 
eccentricity of which is indicated by the center 
lines 42 and 2 in Fig. I. The stroke length of 
the eccentrics - is, in the embodiment accord 

0. 

30 

s 5 

ing to Fig. I, about one third of the stroke length 
of the crank pin 8. Journalled on the eccen 
trics 4 are eccentric arms 43 which carry a 
member 43 provided with cylindrical outer slid 
ing surfaces and which is guided by two vertical 
rods 45. On rotation of the crankshaft 5, the 
member 4, is given an up-and-down movement. 
The weight of the member 34 and the arm 43, is 
three times greater than the respective weight of 
the piston 2 and the connecting, rod 3. 
The cylinder which may be water jacketed, 

preferably is connected through a conduit 50 to 
a silencer 5, as appears from Fig. I. The pipe 
50 may be provided with spherical surfaces en 
gaging flange 52 and a flange of the silencer 5. 
Facking rings 53 may be disposed in said Sur 
faces. 
cillate relatively to the stationary silencer 5, 
without jeopardizing the proper sealing at the 
gas exhaust. 
The mode of operation is as follows: , 
The pulsating reactions acting on the motor 

body f, f, with its balance weight 20 are, dur 
ing normal operation of the motor, transferred 
through the lever 23 and the spring member 22 
to the stationary frame 8. The motor body 
thereby acts as an oscillating fly wheel, while the 
spring 22 transfers an equalized reaction turn 
ing moment to the surroundings. The spring is 
automatically set against the lever 23 by the 
servo-motor cooperating with the spring, de 
pendent on the size of the reaction impulses on 
the motor housing 0, . . . If the lever 23 is 
turned downwardly in Fig. II under the action 
of a heavy reaction impulse, the slide valve 28. 
will in a certain position open connection with 

5 

5 

the conduit 33 for pressure oil, rhirh flows into 
the cylinder chamber 25 below tie piston 24, 
resulting in a compression and setting of the 
spring 22. In a certain upper position of the 
slide valve 28 its channel 32 on the contrary, 
communicates with the discharge conduit 34, 
and oil can now flow out from the cylinder cham 
ber below the piston 24. By this device the 
movability of the motor around the crankshaft 
is kept within a very limited range, at the same 
time as the turning moment is transferred to 
the motor bed by a sensitive spring with great 
setting length. This setting length or the piston 
stroke of the cylinder 25 is in accordance with 
the invention so determined that it is several 
times, for instance ten times, greater than the 
oscillation amplitude of the motor body 0, . 
As stated above this Oscillation amplitude may 
be kept within utmost reasonable limits and may 
thus on 0.5 m. radius be restricted to somewhat 
OVer One C. 
If the compression length of the spring is for 

instance ten times the Swinging amplitude of the 
motor, the turning moment transferred to the 
surroundings varies with One tenth of the mean 
turning moment. If this mean turning moment 
is as in the above example one fourth of the maxi 
mum turning moment during the explosion pe 
riod (in reality the difference is much greater), 
the reactive impulses transferred to the Surround 
ings in a motor of conventional type will be de 

By this device the cylinder may os 

3 
creased to One tenth o the mean turning moment, 
that is to 2.5% of the maximum value otherwise 
common. This means also that the shakings of 
the surroundings originating from the turning in 
pulses of the motor, are decreased to a value 
which merely is some per cent of the common one. 
From the diagram shown in Fig. I for the os 

cillation movements occurring during normal op 
eration of the motor, it appears that rapid and 
heavy retardations and accelerations 55 and 56 
respectively, are set up at the explosion during 
the crank stroke alternating with the relatively 
weaker returning forces 6 from the spring 22, 
The amplitude 58 gets the above mentioned size 
whereby, however, the continuous working condi 
tion differs from that described above, inasmuch 
as the motor body (, , with its balance weight 
30 during the explosion in the cylinder is first 
retarded to stationary position, and is thereafter 
accelerated in opposite direction. The time of 
0.05 sec. above assumed is thus subdivided into 
halves, the One characterized by retardation and 
the other one by acceleration. These two pe 
riods of movement take place during a fourth of 
8, whole stroke, while the remaining three fourths 
are characterized by a retardation and an ac 
celeration, with a return force dependent on the 
setting of the spring 22. Assuming that this force 
is one fourth of the force set up in the cylinder 
during the explosion, this part of the Swinging 
amplitude Will be four times as long as the other 
one, and corresponds to the portion of the dia 

: gram positioned below the line 59 in Fig. III. 
The final result is thus in all events an ampli 
tude which has a value of between one and two cm. in the above example. 
Upon starting of the motor there is anather con 

dition acting than during normal operation, 
since the piston, when started from rest, is under 
the influence of the first explosion during a period 
several times longer than is the case when the 
motor works at full speed. This means that the 
fly wheel and the motor body are accelerated in 
opposite directions during the influence of an 
impulse of much longer duration than normal. 
The oscillation path or the amplitude would 
therefore, if allowed to be freely developed, in 
crease to values which would be practically in 
conceivable. The slide valve 28 connected to the 
lever 23 is for this reason preferably formed as a 
dash pot or buffer piston which on large oscillat 
ing movement of the motor passes the outlet 
opening 38 of the cylinder 27, whereby oil con 
fined in this cylinder below the opening 38 takes 
up the excess of turning moment of the motor. 

In case the motor is to be constructed for re 
verse as well as for forward operation, driving 
a further spring device of similar kind may be 
provided on the opposite side of the motor shaft. 

Fig. IV serves merely to illustrate the working 
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60 
manner of a device balancing the inner movable 
motor members. The piston is, as in the fore 
going, designated by 2, and the connecting rod 
by 3. The counterweight 44 working between 
vertical guide members, is arranged diametrically 
opposite the piston 2, and cooperates with the 
same crankshaft as the piston by means of a con 
necting rod or lever 43, which in Fig. IV is half 
as long as the connecting rod 3. The stroke of 
the eccentric lever 43, is also half as long as that of the connecting rod 3. The counterweight 
48 is in this case twice the weight of the piston 
a 2 and, moreover, the weight of the arm 43 is 
twice that of the connecting rod 3. 
The piston mechanism is obviously from dy 

70 

  



4 

0. 

15 

20 

namic point of view characterized by two recip 
rocating uniform movements, one of which has 
half the dimension of the other but works with 
double the weight. The balance is proper, as the 
center of gravity of the system always coincides 
with the axis of rotation. 
In Figs. WWII an embodiment of a balance 

device for the piston mechanism according to the 
invention is shown, which permits a several times 
greater decrease of eccentricity or stroke length 
of the balancing masses. 12 again designates 
the piston, and 13 the connecting rod which, at 
one end, is journalled on the crank pin of the 
crankshaft 5. For better understanding of this 
embodiment an imaginary eccentric arm 60 is ill 
lustrated in Fig. V, which at one end is journalled 
in the eccentric 6 diametrically opposite to the 
crankpin 4, and in its other end carries a balance 
weight-62. It is evident that the balancing ele 
ments 60, 6, 62, would operate in the manner 
aimed at according to the invention, even with 
such a small eccentricity in relation to the crank 
journal 4 as for instance 1:7, if they had a 

25 

30 

35 

40 

weight which were in inverse proportion as many 
times greater than that of the piston members 2, 
3. This is accomplished according to the inven 

tion by the fact that the imagined eccentric 
in reality corresponds to a larger eccentric 6a, 
but with the same center as the imagined one 
and moreover that the real eccentric a carries 
an "eccentric lever" or disc like member toa, the 
outer circular circumference of which has the 
same center as the journal 6 of the eccentric 
lever 60, for the imagined counter-weight 2. The 
real eccentric disc 60a carries in the same manner 
as the imagined one the balance weight 62a, 
which surrounds the cylindrical outer surface of 
the eccentric disc 60a, and which is movable ver 
tically between guides 8. The whole unit con 
sidered as a single mass or as a square disc, has 
obviously a common center of gravity which by 
movement from the eccentric Oa is made to move 

A5 

50 

55 

30 

65 

70 

75 

up and down under the geometrically determined 
acceleration conditions which are illustrated by 
the action of the imaginary eccentric rod 0 on 
the counter-weight 62. Also in this case the pis 
ton 2 gets an ideally proper counter-balance by 
the movement of the eccentric sa, the eccentric. 
disc 60a, and of the balance weight 2a. As ap 
pears from Fig. VI, the counter-weights on each 
side of the crank journal 4 may be provided with 
additional weights 64, for instance placed below 
the balance weights 62a. 
The members balancing the piston mechanism 

produce vertical acceleration and retardation 
forces symmetric with the forces which act on 
the piston f2, and on the connecting rod 3, 
which latter however, may be said to correspond 
to a weightless imaginary eccentric lever 60. The 
movable counter-balancing members are there 
fore to be adapted also to balance those parts of 
the connecting rod, which more or less have an 
acceleration course characterized by the nove 
ments of the piston, 
In the embodiment according to Figs, IX-XII, 

the same reference characters designate equiva 
lent parts as in the foregoing embodiments. The 
crankshaft 5 is provided with two cylindrical 
eccentrics 23, the center lines 24 of which are 
eccentrically displaced relatively to the axis of 
rotation 2 of the crankshaft on the diametrically 
opposed side of the shaft 4. Around the cyline 
drical eccentrics 123 are provided two eccentric 
sleeves 2S, which with their outer surface pref 
erably being cylindrical are journalled in the is not influenced by outer forces, its center of 75. 

2,285,160 
crank case 10, and the center lines 126 of which 
are positioned in a plane through the axis of rC 
tation 2 of the crankshaft, and through the cen 
terline 27 of the piston pin fit of the connecting 
rod 3. The eccentricity of the sleeves 25 is so 
chosen that the distance 2 (Fig. XII) between 
their axis 26 and the axis 2 of the eccentrics 
23, is as many or substantially as many times 
smaller than the distance between the axis if 
and 27, as the distance between the axis 2 and 
2 is smaller than the distance between the axis 
4 and 21. In this way the motor case and the 

eccentric sleeves 25 move in the same manner 
as the element 2, 3, although on a decreased 
scale. The movement. of the motor case and the 
sleeves 2S, is diametrically opposed to the move 

0. 

ment of the piston 2 and the connecting rod 13, 
respectively. The inventive idea may be illus 
trated in such way that a connecting rod 30 of 
the length 28 between its bearing centers, is 
imagined to be arranged between the axis of ro 
tation 26 of the eccentric sleeves 2S, and the 
axis of rotation 24 of the eccentrics 2 as in 
dicated in Fig. XII. The bearing center 28 of 
this imagined diminutive connecting rod will on 
operation of the motor move vertically up and 
down in the same manner as the piston 2, al 

20 

25 

though with a stroke length only corresponding to 
double the distance between the respective axes 
of rotation 2, 24, of the crankshaft and the 30 
eccentrics 23. The other bearing center 24 of . . 
the imagined connecting rod, is moved in a... 
circular path around the axis of rotation 2 of 
the crankshaft, corresponding to the rotational ... 
movement, which is carried out by the crank 4 
and its axis 4, respectively, around the same 
axis 2i. From the aforesaid it is evident that 
the geometrical paths of the eccentric sleeves 2, . 
which have the same function as the connecting 
rod 3, and of the motor case, are equivalent to 40 
the paths of the connecting rod 3 and the pist 
ton 2, merely with the difference that the first 
mentioned paths are diametrically opposed to the 
last mentioned, and moreover to a great extent 
decreased, in the embodiment according to Figs. Ix-XII, to 
the crank f is provided with counter-weights 
32, which balance the crank about the axis of 
rotation 2. The balance obtained by movably 
journaling the motor case , f f, is therefore 
equivalent to a straight-line up-and-down move 
ment of the motorcase. The motor case is in 
this embodiment guided by two bars 33 (Figs. 
IX and XI), the one end f4 of which is con 
centrically journalled about the rigid bearings IT, 
and the other end 3 of which is pivotally con. ... 
vertical up-and-down movement of the motor 
nected to the crank case 10. By these bars the 
case is arcuate. Thus the movement does not take place exactly along a straight line. How 60 
ever, as its amplitude is very small, the actual 
path of movement will differ merely by a few de 
grees from a straight line, which is without prac 
tical importance. The bars may of course be re 
placed by guides or the like, provided for in 
stance on the rigid bearing housings 17, which 
give an exact straight-line movement. 

If a piston machine, for instance of the one 
cylinder type, is imagined to float freely in the 
air with its various members, such as piston, con 
necting rod, etc., working in normal manner, any 
reaction forces can obviously not be transferred. 
to the foundation or surroundings due to the ab 
sence of contact with the same. As the machine 
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2,235,160 
gravity can therefore not be moved. If the piston 
for instance is moved up and down, the other 
parts of the machine will obviously move in a 
similar manner although in opposite direction. 
ASSunning that the weight of the piston for in 
stance is 4% of the total weight of the other 
motor members, the amplitude of the movements 
of the machine and the piston will be in inverse 
proportion to the weight or mass of the bodies. 
With an amplitude of the piston of 10 cm, for 
instance, the other parts of the machine ag 
gregate will in the above example make an up 
and-down movement with 4 mm. amplitude. 

In accordance with my invention means are 
provided ensuring an ideal balancing in accord 
ance with the aforesaid, i. e. so that outwardly 
acting forces are not set up. The unbalances oc 
Curring in the motor, for instance by the move 
ment of the piston, are balanced by the motor 
case proper, by the fact that it positively is 
brought to make a diminutive movement of the 
same kind and in a path fully determined. The 
relations between the movements of the inner ele 
ments and of the motor are so chosen, that they 
are in inverse proportion to the masses of the re 
Spective parts. The center of gravity of the ma 
chine as a unit always has a constant or sub 
stantially constant position which coincides with 
the axis of rotation of the power output shaft of 
the machine. In accordance with the invention, 
the motor does not shake the notor bed, but vi 
brates only itself at the same time as the ad 
vantage of a rigidly journalled crankshaft is en 
sured according to the invention. 
The movable motor case may in the embodi 

ment according to Figs. IX-XII be prevented from 
rotating relatively to the surroundings by means 
of a spring member 36 diagrammatically indi 
cated in Fig. XI. The motor may of course be 
provided with means for taking up and equalizing 
the uneven turning moments, such as described in connection with Figs. -I. 

Fig. XIII shows an embodiment in which the 
balance weights 32 for the crank are omitted, 
so that the center of gravity of the crank is 
spaced from the axis of rotation 2 of the crank 
shaft. Also in this case a balancing by means 
of the motor casing may be accomplished in ac 
cordance with the invention. In Fig. XIII, 23 
designates the eccentrics of the crankshaft. 5, 
the axis of rotation 24 of which lies at a dis 
tance from the axis of rotation 2 in the same 
manner as above described, i. e. this distance is 
in relation to the distance between the axes f4 
and 2, as is the distance between the axis, 26 
of the eccentric sleeves 25 and the axis 24 to 
the distance between the axis 4 and 27 ac 
cording to Fig. IX. The axis 2f was in other 
words the axis of the crankshaft in the forego 
ing embodiment. The bars 33 are in Fig. XIII 
concentrically journalled relatively to the axis 
2. The axis 2 is, however, in turn displaced 
relative to the axis 37 of the crankshaft 5, so 
that the distance between the axis 2 and 37 
is in relation to the distance between the axis 
i 4 of the crank and the axis 37, as the rela 
tion between the hasses of the notor case and 
of the crank. The axis of rotation 2 of the bars 
33 in the embodiment according to Fig. XIII, 

being eccentric to the axis of rotation 37 of the 
Crankshaft 5, is positioned in a plane through 
the axis 3 and fis. The axis 2 is positioned 
on the side opposite the axis 37, relative to the 
axis 4 of the crank. As the bars 33 are ec 
centrically journalled, the center of gravity of 

the motor rotates around the axis of rotation 
37 of the Crankshaft, and copies on a decreased 

Scale the movement of the crank 4. A full bal 
ance is achieved, or in other words the center 
of gravity of the motor as a unit will maintain a 
constant position coinciding with the axis 37 of 
the crankshaft, in spite of the unbalance of the 
crank. The rotational movement of the center 
of gravity of the motor case is combined with its 
up-and-down reciprocating movement to an 
Oval path. The amplitude of the combined 
movement in up-and-down direction is somewhat 
greater than at the embodiment according to Fig. IX-XII. 
The invention is applicable to all kinds of sin 

gle or multi-cylinder machines with vertical cyl 
inders. Moreover, the invention may be applied 
to compressors and other kinds of piston ma 
chines having vibrations. Multi-cylinder ma 
chines are Suitably provided with separate spring 
means for each cylinder, which are built inde 
pendent of each other. The advantages gained 
by the invention are especially noticeable at slow 
rotating, for instance one-cylinder machines, for 
driving vessels such as fishing boats, or the like. 
According to my invention a strong and simple 
machine may be utilized without being forced to 
take into account irritating shaking of the hull 
of the vessel. The pressure oil required for the 
Operation of the servo-motor in the embodiment 
according to Fig. I, may be taken from the oil 
circulation System of the motor. The eccentric 
disc 60a according to Figs. V-VIII, may be pro 
vided with an external bearing surface against 
the weight 62a, only extending through part of 
the circumference, that is to say a portion (a 
segment) of the disc at the lower end thereof in 
Fig. W. may be cut away. The inner bore of the 
frame 62a is in such case provided with a slid 
ing or bearing Surface in the form of an arc 
which does not enclose the whole disc 60a. 
The excenter sleeves 25 in the embodiment 

according to Figs. IX-XII, may on the outer face 
be journalled in needle bearings. The invention 
does not exclude supporting the whole motor ag 
gregate on a soft resilient base, for instance in 
order to avoid noise vibrations. In this case the 
bearing housings or the base supporting the 
same, may be mounted on a resilient support. 
In Figs. DK-XIII two different positive move 
ments are shown, which eliminate the shaking 
action of the movable motor members on the 
surroundings. These positive movements are 
caused directly by the crankshaft. A greater 
number of other movements is, however, conceiv 
able, and moreover the movements may be caused 
in other manner, for instance by means of cam 
members which positively act on the motor case, 
From the foregoing description it will be ap 

parent that numerous changes and modifica 
tions may bc made within the scope of the inven 
tion, which is to be considered as embracing all 
forms of apparatus falling within the scope of 
the appended claims. f 

I claim: 
1. In a device bf the class described, a body 

structure, a piston reciprocable within said body, 
a crankshaft, said body being turnable with re 
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spect to said crankshaft in a plane normal to the . 
axis of rotation of said shaft, supporting struc 
ture for turnably supporting said body about said 
crankshaft, said body being substantially dy 
namically balanced about its turning axis, and 
means for resiliently resisting turning of said 
body with respect to said supporting structure, 
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6 
said means providing increasing resistance up 
on increasing turning of said body from a nor 
mal position. 

2. In a device of the class described, a body 
structure, a crankshaft rotatably mounted in 
said body, a piston connected to said crankshaft 
and reciprocable within said body, Supporting 
structure, said body being turnably mounted 
with respect to said supporting structure about 
an axis concentric with the axis of rotation of 
said crankshaft, said body being substantially 
dynamically balanced about said axis, and means 
for resiliently resisting turning of said body with 
respect to said supporting structure, said means 
providing increasing resistance upon increasing 
turning of said body from a normal position. 

3. In a device of the class described, a body 
structure including a cylinder, a piston recipro 
cable within Said cylinder, a crankshaft rotatan 
he with respect to said body, supporting struc 

ture for turnably Supporting said body in a plane 
normal to the axis of rotation of said crankshaft, 
said body being Substantially dynamically bal 
anced, about its turning axis, the weight of that 
portion of said body on the side of said crank 
shaft occupied by said cylinder being substan 
tially less than the weight of the portion on the 
opposite side, and means for resiliently resisting 
turning of said body with respect to said sup 
porting structure, said means providing increas 
ing resistance upon increasing turning of said 
body from a normal position. 

4. In a device of the class described, a body 
structure including a cylinder, a piston recipro 
cable within said cylinder, a crankshaft rotata 
ble with respect to said body, Supporting struc 
ture for turnably supporting said body in a plane 
normal to the axis of rotation of said crankshaft, 
said body being substantially dynamically bal 
anced about its turning axis, resilient means for 
resisting turning of said body with respect to said 
supporting structure, and means for varying the 
resistance to turning offered by said resilient 
means, so as to increase the resistance the fur 
ther said body turns from a normal position. 

5. In a device of the class described, a body 
structure including a cylinder, a piston recipro 
cable within said cylinder, a crankshaft rotata 
ble with respect to said body, supporting struc 
ture for turnably supporting said body in a plane 
normal to the axis of rotation of said crankshaft, 
said body being substantially dynamically bal 
anced about its turning axis, resilient means for 
resisting turning of said body with respect to 
said supporting structure, and means responsive 
to increasing tendency of said body to turn for 
increasing the resistance to turning offered by 
said resilient means. 

6. In a device of the class described, a body 
structure including a cylinder, a piston recip 
rocable within said cylinder, a crankshaft ro 
tatable with respect to said body, supporting 
structure for turnably supporting said body in a 
plane normal to the axis of rotation of said crank 
shaft, said body being substantially dynamically 
balanced about its turning axis, a movable abut 
ment, spring means disposed between Said body. 
and said abutment for limiting turning of the 
body with respect to said supporting structure, 
and means responsive to an increase in the turn 
ing amplitude of Said body for moving said abut 
ment in a direction to increase the resistance to 
turning offered by said spring means. 

7. In a device of the class described, a body 
structure including a cylinder, a piston recip 

2,285,160 
rocable within said cylinder, a crankshaft ro 
tatable with respect to said body, supporting 
structure for turnably Supporting said body in a 
plane normal to the axis of rotation of said crank 
shaft, said body being substantially dynamically 
balanced about its turning axis, a movable abut 
ment, spring means disposed between said body 
and said abutment for limiting turning of the 
body with respect to said supporting structure, 
and means responsive to an increase in the turn 
fing amplitude of said body for moving said abut 
ment a distance substantially greater than said 
increase in amplitude and in a direction to in 
crease the resistance to turning offered by Said 
spring means. 

8. In a device of the class described, a body 
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structure including a cylinder, a piston recip- . 
rocable within said cylinder, a crankshaft ro 
tatable with respect to said body, supporting 
structure for turnably supporting said body in a 
plane normal to the axis of rotation of said crank 

20 

shaft, said body being substantially dynamically 
balanced about its turning axis, a piston abut 
ment, spring means between Said body and abut 
ment for limiting turning of the body with re 
Spect to said supporting structure, means for 
applying fluid pressure to said piston abutment, 
a valve for controlling said fluid pressure, and 
means for adjusting. said valve in response to 
variations in the turning amplitude of said body 
so that an increase in said amplitude results in 
an increase in the fillid pressure. 

9. In a device of the class described, a body 
structure including a cylinder, a piston recip 
rocable within said cylinder, a crankshaft row 
tatable with respect to said body, supporting 
structure for turnably supporting said body in a 
plane normal to the axis of rotation of said crank 
shaft, said body being substantially dynamically 
balanced about its turning axis, a piston abut 
ment, spring means between Said body and abut 
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ment for limiting turning of the body with re 
spect to said Supporting structure, means for . 
applying fluid pressure to said piston abutment, a 
valve for controlling said fluid pressure, means for 
adjusting said valve in response to variations in 
the turning amplitude of said body so that an in 
crease in said amplitude results in an increase 
in the fluid pressure, and liquid buffer means for 
positively limiting said amplitude. 

10. In a device of the class described, a body 
structure including a cylinder, a piston recip 
rocable within said cylinder, a crankshaft ro 
tatable with respect to said body, supporting 
structure for turnably supporting said body in 
a plane normal to the axis of rotation of said 
crankshaft, said body being substantially dynam 
ically balanced about its turning axis, a piston 
abutment, spring means between said body and 
abutment for limiting turning of the body with 
respect to said supporting structure, means for 
applying fluid pressure to said piston abutment, 
a slide valve for controlling said fluid pressure, 
means connecting said valve to said body so that 
the valve is moved by turning of the body, the 
valve being arranged to increase the pressure upon 
an increase in the turning amplitude of the body, 
and means associated with said valve providing 
a liquid buffer for positively limiting movement 
of said valve and the turning amplitude of said 
body connected thereto. 

11. In a device of the class described, a body 
structure including a cylinder, a piston recip 
rocable within said cylinder, a crankshaft ro 
tatable with respect to Said body, Supporting 
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structure for turnably supporting said body in a 
plane normal to the axis of rotation of said crank 
shaft, an eccentric rotatable with said crankshaft, 
a member eccentrically journalled on said eccen 
tric, and a balancing weight rotatably mounted 
on said member and reciprocably guided with re Spect to said body. 

2. In a device of the class described, a sup 
porting structure, a dynamically balanced crank 
shaft rotatably mounted therein, a body structure 
including a cylinder, an eccentric or said crank 
shaft, said body structure being rotatably 
mounted on said eccentric and substantially 
dynamically balanced about its turning axis on 
said eccentric, a pisto connected to said cranka 
shaft and reciprocable within said cylinder, and 
means for limiting turning of said body structure 
with respect to said supporting structure, 

13. In a device of the class described, a roo 
tatable crankshaft having an eccentrically located 
crank pin, a reciprocable piston, a connecting rod 
for connecting said piston to said pin, an eccene 

tric on said shaft 8 out of phase with respect 
to said crank pia, a member eccentrically ours 
halled on said eccentric, a balance weight ouro 
nailed on said member, and means for guiding 
the movement of said weight in a path parallel to 
the path of travel of said reciprocable piston. 

7. 

14. In a device of the class described, a ro 
tatable crankshaft having an eccentrically lo 
cated crankpin a reciprocable piston, a connect 
ing rod for connecting said piston to said pin, ar. 
eccentric on said shaft 80 out of phase with re 
spect to said crank pin, as member eccentrically 
journalled on said eccentric, a balance weight 
journalled on said member, the radius of curva 
ture of the journal between said member and said 
balance weight being greater than the radius of 
curvature between said member and said eccen 

5 

tric, and means for guiding the movement of said 
weight in a path parallel to the path of travel of 
said reciprocale pistor. 

FREDRIK JUNGSTRSM, 
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