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United States Patent Office 3,277,743 
Patented Oct. 11, 1966 

3,277,743 
CRANKSHAFT WITH FLOATENG CRANK THROWS 
Nathaniel B. Kell, Indianapolis, Ind., assignor to General 

Motors Corporation, Detroit, Mich., a corporation of 
Delaware 

Filed Apr. 20, 1964, Ser. No. 361,183 
2 Claims. (C. 74-596) 

This invention relates to a crankshaft with floating crank 
throws that reduces the distance between the crank journal 
and the piston in a double acting pump or motor to that 
distance required for a single acting device. 
The present conventional method of converting the 

reciprocating motion of pistons in a double acting pump 
or motor into rotary motion requires that the crank jour 
nal be a considerable distance from the piston. In addi 
tion to the piston rod, a crosshead and a connecting rod 
from the crosshead to the crank journal must be pro 
vided. Further, these components must be arranged 
linearly and space for their movement must be provided. 
The following described invention will reduce the space 

required, in a double acting engine, to no more than that 
required for the crank motion of a single acting engine. 
The principle employed to facilitate the invention is: that 
a circle which rolls without slipping within another cir 
cle of twice the diameter of the first circle will cause any 
point on the first circle to describe a straight path which 
passes through the center of the larger circle. 
The objects, features, and advantages of this invention 

will become obvious upon reference to the succeeding de 
tailed description and the drawings illustrating the pre 
ferred embodiment thereof, wherein: 
FIGURE 1 is a view, partially cut away, of an engine or 

pump mechanism having four cylinders and four pistons 
and the crank motion disclosed by the present invention; 
FIGURE 2 is a view of the crankshaft mechanism as 

taken in the direction of arrows 2-2 in FIGURE 1; 
FIGURE 3 is a view taken in the direction of arrows 

3-3 in FIGURE 2; 
FIGURE 4 is a schematic view of the conventional 

method of converting the reciprocating motion of double 
acting pistons into rotary motion; 
FIGURE 5 is another embodiment of the crankshaft 

mechanism as shown in FIGURE 2 which uses a ring 
gear and toothed crank section instead of a crosshead to 
provide reaction means; 
FIGURE 6 is a view taken in the direction of arrows 

6 -6 in FIGURE 5; 
FIGURE 7 is a schematic view of the method of con 

verting the reciprocating motion of pistons into rotary mo 
tion as disclosed by the present invention; and 
FIGURE 8 is an enlarged schematic view of the crank 

elements of the subject invention. 
The specific embodiments shown, when fitted with valve 

gear, ports, or fuel induction and exhaust means, could 
be used as a fluid pump or motor, an internal combustion 
engine, or a steam engine. Either embodiment of the 
crankshaft illustrated could be applied to the piston and 
cylinder arrangement shown in FIGURE 1 or to other 
arrangements. The embodiment shown in FIGURES 1, 
2 and 3, would be limited to arrangements having no less 
than two cylinders set at (or near) a 90 degree angle to 
each other. Therefore, limitation exists because the cross 
head guides of each cylinder (or pair of cylinders) react 
against the angular thrust arising in the motion of the 
opposite pistor, rod (or rods). The embodiment shown 
in FIGURES 5 and 6 could be applied to cylinder ar 
rangements of one or a number of cylinders, arranged at 
any desired angle to each other. For angles other than 
90 degrees or 180 degrees the crank journals require a 
like angular positioning (on a line passing through the 
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center or both the cylinder and overall crank throw cir 
cle). The crank journals 90 and 94 must always be angu 
larly spaced apart (about the centers of journals 86 and 
98) double the angular spacing of cylinders (about the 
centers of shafts 50 and 52). This wider latitude in angu 
lar relation of cylinders is possible when the ring gear 
arrangement is used because the gears provide continuous 
ly efficient thrust reaction characteristics, and no cross 
head guides are used. In either version of the crank 
(motion, side thrust cannot reach the piston and piston 
rods, except the crosshead portion of the piston rods in 
the first embodiment. In both embodiments of the crank 
motion, the gears and connecting shaft shown in FIGURE 
2 are necessary to stabilize the two end sections of the 
crankshaft, keeping them in identical rotational relation. 
More specifically, the crank motion of the embodiment 

shown in FIGURES 1, 2 and 3 is as follows: 
As seen in FIGURE 1, piston rods 10, 12, 14 and 16 

reciprocate in and out of the cylinders 18, 20, 22 and 24, 
respectively. These cylinders are bounded and defined by 
an engine housing 26. Fixed to the ends of the four piston 
rods and maintaining a sliding relationship within the four 
cylinders, are four pistons 28, 30, 32 and 34. The four 
piston members are attached to their respective piston rods 
and fixed to them by means of nuts, such as those shown 
as 36 and 38 fixing piston 28 to piston rod 10. The four 
pistons maintain a sealed, sliding relationship with the 
four cylinders by means of piston rings 40 which may be 
of any type suitable for this application. The remaining 
details of the cylinders will be dependent upon their use, 
Such as in a motor or in a pump. 
The main subject of the invention, the crankshaft mech 

anism is housed within a crankcase 42, which effectively 
seals the crankshaft mechanism from the effects of the 
ambient conditions. Each of the piston rods 10, 12, 14 and 
16 enter the crankcase 42 thru cylindrical bores 44. The 
piston rods 10, 12, 14 and 16 maintain a sealed sliding 
relationship with the bores 44 of the crankcase 42 by 
means of seals 46. Such seals may be of any suitable type 
to maintain a tight sliding relationship between the piston 
rods and the crankcase. The cylinder housing 26 will be 
attached to the crankcase 42 by any suitable means such 
as the studs and nuts 48. 

For a detailed study of the crankshaft mechanism we 
should turn our attention to FIGURE. 2. The crank 
shaft is comprised at both ends by two axially aligned 
shafts 50 and 52. The shaft 52 is held within a bore 54 
within the crankcase 42 and is supported by a web. 56, 
which is a structural portion of the crankcase 42. The 
other axially aligned shaft 50 extends through a bore 58 
in the crankcase 42 and is seated therein by crankshaft 
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seal 60. It is to be noted that the portion of said axially 
aligned shaft 50 which extends outside of the crankcase 
42 will be either the input or output shaft of the mecha 
nism depending on whether the device is acting as a 
pump or as an engine. The shafts 50 and 52 must be 
connected through a suitable drive train so that they will 
have the same rotational speed. The specific embodi 
ment of such a drive train as is used here includes gears 
62 and 64 which transmit the motion of shaft 50 to a 
transmission shaft 66 which in turn transmits the motion 
through gears 68 and 70 to the other axially aligned shaft 
52. As mentioned previously, the direction of the trans 
mission of motion will depend upon the use to which 
the subject device is employed. The two axially aligned 

- shafts 50 and 52 and the transmission shaft 66 rotate 

70 

within suitable bearings such as those shown at 71. The 
axially aligned shaft 50 also is supported by a web por 
tion 72 of the crankcase 42. The inside ends of both 
shafts 50 and 52 have portions extending radially out 
Ward from the axes thereof. Formed within the portion 
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74 which extends outwardly from the axis of shaft 50 is 
a crank journal bore 76. The portion 78 extending 
radially outward from the axis of shaft 50 in the opposite 
direction takes the shape of a counterweight as is best 
seen in FIGURE 3. Similarly, shaft 52 has a crank 
journal bore 80 in its upper radially extending portion 
82 and its lower radially extending portion forms a 
counterweight 84. Thus, the radially extending portions 
of the axially aligned shafts 50 and 52 are identical. 
The main portion of the crankshaft includes a crank 

journal 86 which is disposed within the bore 76 of shaft 
50 and moves therewith while rotating therein. A crank 
throw member 88 connects the crank journal 86 to the 
crank throw journal 90, which is the crank pin for pis 
ton rods 10 and 12. The crank throw journal 90 is con 
nected by a crank throw member 92 to a second crank 
throw journal 94, which is the pin member for piston 
rods 14 and 16 and which imparts the motion thereto (or 
receives motion therefrom in the case of an engine). 
The second crank throw journal 94 is connected by means 
of a crank throw 96 to the second crank throw journal 98 
which is disposed within the bore 80 of the axially aligned 
shaft 52 and which moves therewith and rotates therein. 

Thus, the crank member is rotatably attached by means 
of the crank journals 86 and 98 to the pair of axially 
aligned shafts 50 and 52 and rotates therewith, and is 
further rotatably attached to the piston rods 10 and 12 
by means of crank throw journal 90 and to piston rods 
14 and 16 by means of crank throw journal 94 and these 
four crank journals are connected by means of the crank 
throws 88, 92 and 96. 

It is seen in FIGURE 1 that the connected ends 100 
and 102 of piston rods 10 and 12 form a bore 104 for 
the crank pin journal 90. These ends 100 and 102 of 
piston rods 10 and 12 may be fixed by any suitable means 
such as the stud and nut combination 106 shown in FIG 
URE 1. Likewise, the connected ends 108 and 110 of 
piston rods 14 and 16 are fixed together by a stud and 
nut combination 112 to form a bore 114 for the crank 
pin journal 94. It is also seen that the connected ends 
100 and 102 of piston rods 10 and 12 form a crosshead 
116 which slides between guides 118 and 120, which are 
part of the crankcase 42. Likewise, the connected end 
portions 108 and 110 of piston rods 14 and 16 form a 
crosshead 122 which slides between guides 124 and 126, 
which also are part of the crankcase 42. 

Since the operation of the subject crankshaft is deemed 
to be novel, a complete description thereof is felt to be 
necessary. For purposes of description, we will assume 
that the shaft 50 rotates in the clockwise direction when 
viewed from the left end of FIGURE 2, When the sub 
ject crankshaft is used in a pump or compressor, the 
driving power is applied to the shaft 50 thereby rotating 
it in a clockwise direction. This rotational motion is 
transmitted through gears 62 and 64 to the transmission 
shaft 66 and then by means of gears 68 and 70 it is im 
parted to shaft 52. Thus shafts 50 and 52 are both 
rotating in a clockwise direction and at the same speed. 
It might be added that although we have assumed the 
direction of rotation to be clockwise, this direction of 
rotation is immaterial as the subject device will function 
equally well in either direction. 
When crankshaft members 50 and 52 are rotating clock 

wise, crank journals 86 and 98 must move with the bores 
76 and 80 into which they are fitted, and since these 
bores will move clockwise with their respective shafts 
50 and 52, the crank journals 86 and 98 will rotate in 
the clockwise direction. However, since crankpin journals 
90 and 94 can move only in the directions in which their 
bores in their respective crossheads 116 and 122 can 
move, it is apparent that they will be constrained to 
linear motion identical to the motion of the crossheads. 
In other words, the crank pin journal 90 will be con 
strained to move in the up and down direction as viewed 
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4. 
in FIGURE 2, and the crank pin journal 94 in the direc 
tion perpendicular to the plane of the drawings as viewed 
in FIGURE 2, It is to be noted here that the relation 
ship between the piston rods 10 and 12 and that of piston 
rods 14 and 16 in the embodiment as shown by FIG 
URES 1, 2 and 3, is 90 degrees. 

Thus, when crankshaft members 50 and 52 rotate clock 
wise, crank pin journal 90 can move only downward as 
viewed in FIGURE. 2. Hence, since crank journal 86 
will rotate clockwise and crank pin journal 90 will move 
downward, a counterclockwise motion will be imparted 
to the crank throw member 88. When the motion is 
started from the position illustrated, guide 120 is the 
reaction member which guides crosshead 116 (FIGURE 
1) and crank pin journal 90 in a straight line, and forces 
crank pin journal 94 to also move in straight line, but in 
a plane which is 90 degrees from the plane in which 
crank pin journal 90 moves. During the initial 90 degrees 
of rotation (90 degrees clockwise rotation of crank mem 
bers 50 and 52 concurrently with 90 degrees counter 
clockwise rotation of crank throw member 88), the re 
action point is transferred from crosshead guide 120 to 
crosshead guide 124 against which crosshead 122 formed 
by the connected ends 108 and 110 of piston rods 14 and 
16 bears. During the next quarter of revolution, the re 
action point is transferred from guide 124 to guide 118. 
In the third quarter revolution, the reaction point will 
transfer to guide 126, and in the final quarter of revolu 
tion, the reaction point again transfers to guide 120. It 
is the initial reaction point. From guide 118 the re 
not instantaneous but continues over each 90 degrees of 
crankshaft rotation and is completely on either guide only 
at the dead center positions (90 degrees, 180 degrees, 270 
degrees, and 360 degrees). In reverse rotation, guide 118 
is the initial reaction point. From guide 118 the re 
action point is transferred, in succession, to guides 124, 
120, 126 and back to 118 in one revolution. 
To simplify the preceding explanation, crankshaft mem 

bers 50 and 52 rotate clockwise thereby causing crank 
journals 86 and 98 to rotate clockwise while crank throw 
member 88 rotates counterclockwise and causes crank pin 
journals 90 and 94 to move linearly thereby imparting 
axial reciprocation to each joined pair of piston rods. To 
secure such relative motion, it is mandatory that the radial 
spacing of crank pin journals 90 and 94 from crank jour 
nals 86 and 98 be equal to the radial spacing of crank 
journals 86 and 98 from the centers of the crank shaft 
members 50 and 52. A complete description of the 
aforementioned members will appear later in the specifi 
cation. It should also be noted that when the cylinders 
are spaced at 90 degrees as illustrated, crank pin journals 
90 and 94 must be 180 degrees apart. However, within 
reasonable limits, different cylinder spacings can be em 
ployed if a suitable angular spacing of crank throws is 
made. For example, a 45 spacing of cylinders would 
require 90° spacing of journals 90 and 94. 
An alternate embodiment of the invention employing 

the same inventive principle as the embodiment shown in 
FIGURES 1, 2 and 3 is shown in FIGURES 5 and 6. 
The component parts of the alternate embodiment are 
the same as the first embodiment except that there are 
no crosshead guides. Instead, a stationary ring gear 128 
is the reaction member and a gear 130, integral with 
crank throw member 88, meshes with the stationary ring 
gear 128. Thus, when the crank shaft members 50 and 52 
rotate clockwise, the gear 130 is forced to rotate counter 
clockwise, as it is fixed to crank throw member 88 which 
rotates counterclockwise within the stationary ring gear 
128. This imparts the desired linear reciprocation to the 
crank pin journals 90 and 94, which in turn reciprocates 
the piston rods in the desired motion. 
Thus when the gearing of the alternate embodiment is 

used instead of the crosshead and guides of the first em 
bodiment, there are no restrictions on the cylinder spacing 
or on the number of cylinders. The angular Spacing of 
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the crank throws, of course, must correspond properly to 
the cylinder spacing as in the first embodiment. In this 
alternate embodiment, as in the first embodiment, the 
geometrical arrangement must be precise. The pitch di 
ameter of gear 128 must be equal to the piston rod stroke 
and the pitch diameter of gear 130 must be equal to one 
half the pitch diameter of gear 128. It is to be further 
noted that the stationary gear 128 is fixed to a web por 
tion 132 of the crankcase 42 by means of a plurality of 
studs 134. The radial spacing of the crank pin journals 
with respect to the crank journals and the shafts 50 and 
52 must be the same as their relationship in the first em 
bodiment. 

It will now be shown that the subject device fulfills the 
objects previously mentioned and that it employs the 
principle set forth earlier in the specification, namely, that 
a circle which rolls without slipping within another circle 
of twice the diameter of the first circle will cause any 
point on the first circle to describe a straight path which 
passes through the center of the large circle. With re 
spect to the first embodiment, as shown in FIGURES 1, 2 
and 3, the radial spacing of the crank pin journals 90 and 
94 fromt he crank journals 86 and 98 is equal to the 
radial spacing of the crank journals 86 and 98 from the 
axes of the shafts 50 and 52. This relationship is shown 
schematically in FIGURE 8, where the motion of one 
crank pin journal is depicted. The crank pin journal, the 
crank throw, and the crank journals are represented sche 
matically and are given the same numbers as in FIGURE 
2. It is seen in FIGURE 8 that as the crankshaft journal 
86 rotates one-quarter of a revolution to the point desig 
nated at 86' the crank pin journal 90 will travel in a linear 
path to the position designated at 90'. Thus, as the jour 
nal 86 travels one-quarter of a revolution (90 degrees), 
the crank pin journal 90 travels a linear distance desig- 3 
nated as "L.” Further, as the crank journal travels from 
86 to 86' the crank pin journal will travel from 90 to 
90' thereby traveling a further linear distance “L” equal 
to that distance designated as “L’.” 

Referring to FIGURE 4, a schematic diagram of the 
crank motion of a normal crankshaft and piston combina 
tion is depicted. It is seen that when the crank pin 
journal 150 travels one quarter of a revolution from point 
160 to 160', the piston 164 travels a distance designated 
by “A,” from point 166 to 166. And further when the 
crank pin journal 150 travels the second one-quarter of a 
revolution the piston 164 travels the distance 'A' from 
point 166' to 166'. This motion is transferred by means 
of a connecting rod 162, a crosshead 168, and a piston rod 
170. Thus, it is seen that the distances “A” and “A' 
travelled by piston 164 during succeeding quarter revolu 
tions are not equal due to the fact that the connecting 
rod 162 Swings away from the axis of the piston rod or 
the first one quarter revolution and swings back during 
the second quarter revolution. It also should be noted 
that considerable linear space for the component parts is 
needed to accomplish this linear piston travel. 
Now, in comparison, FIGURE 7 shows the crank mo 

tion and elements of the subject invention in the same 
Scale as FIGURE 4. It is seen that the distance travelled 
by the piston 171 from 172 to 172 during the first quarter 
revolution is designated “B,” and that the distance “B” 
from 172' to 172' during the second quarter revolution is 
equal to the distance "B." Hence it is apparent that the 
crank motion of the subject invention provides equal 
linear motion during each quarter revolution. It also 
can be seen that the same total linear travel as the FIG 
URE 4 normal crankshaft can be obtained by the subject 
invention with a much smaller space needed for the com 
ponent parts. The subject device also eliminates the 
need for a conventional crosshead and connecting rod. 
Thus, the subject invention makes it possible to reduce 

the overall size of a double acting pump, motor or engine 
to a size which will not be greater than that of a single 
acting such device, and it provides a linear displacement 
which is the same in each quarter revolution. 
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6 
Although the embodiments of this invention have been 

described for use in a device having only four cylinders, 
it is to be understood that it could be applied to Such a 
device with any desirable number of cylinders, and that 
when using the second embodiment, the angular rela 
tionship between the cylinders can be varied to any desir 
able combinations. 
Although but two embodiments of this invention have 

been described in detail, it should be obvious to those 
skilled in the art to which it pertains that they would have 
applications in many other embodiments and that many 
changes and modifications may be made thereto without 
departing from the scope of the invention. 

I claim: 
1. A reciprocating machine comprising: 
a pair of axially aligned shafts, each of said shafts hav 

ing radially extending portions forming a crank jour 
nal bore on one side of each of said shafts; 

means to synchronize the rotation of said aligned shafts; 
a crank throw member parallel with and connecting 

said pair of axially aligned shafts and having crank 
journals disposed within said crank journal bores 
of said axially aligned shafts, said crank member 
including two crank pin journals spaced from each 
other and from said crank journals by crank throws, 
said crank throws being sized so that the radial spac 
ing of said two crank pin journals from said crank 
journals is equal to the radial spacing of said crank 
journals from the axis of said pair of axially aligned 
shafts; 

a pair of connecting rods guided for linear reciprocating 
movement in quadrature to each other with respect 
to the said shafts, one connecting rod being journaled 
to each said crank pin journal; 

and said crank throws being spaced at 180 around 
the axis of the crank journals. 

2. A reciprocating machine comprising: 
two axially aligned shafts, each of said shafts having 

radially extending portions forming a crank journal 
bore on one side of each of said shafts and a counter 
weight on the diametrically opposite side of each of 
said shafts; 

means to synchronize the rotation of said aligned shafts 
including a connecting shaft and four gears; 

a crank throw member parallel with and connecting 
said two axially aligned shafts and having crank 
journals disposed within said crank journal bores of 
said axially aligned shafts, said crank member in 
cluding two crank pin journals spaced from each 
other and from said crank journals by crank throws, 
said crank throws being sized so that the radial spac 
ing of Said two crank pin journals from said crank 
journals is equal to the radial spacing of said crank 
journals from the axis of said two axially aligned 
shafts; 

a pair of connecting rods guided for linear reciprocating 
movement in quadrature to each other with respect 
to the said shafts, one connecting rod being journaled 
to each said crank pin journal; 

and Said crank throws being spaced at 180° around 
the axis of the crank journals. 
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