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5 Claims. (CI. 121-62) 
1. 

This invention relates to a transmission, and 
more particularly to a hydraulic transmission of 
the type employing a fluid pressure generator 
and a fluid pressure motor. 

Hydraulic transmissions, and particularly hy 
drostatic transmissions are well known to the 
transmission art, such transmissions being de 
signed to enable a continuous variation of torque 
ratio over a wide range, Such a transmission 
may comprise a variable displacement hydraulic 
motor of the type having a cylinder block with a 
plurality of axially reciprocable pistons disposed 
therein and arranged to cooperate with a swash 
Or Wobble plate, the inclination of which may be 
varied to control the displacement of the motor, 
and wherein the cylinder ports formed at one end 
of the cylinder block bear against a manifold 
plate associated with a pressure control assembly, 
the ports alternately registering with pressure 
and suction ports in the manifold plate. It has 
been found that such transmissions in some 
cases are excessively noisy in operation. Fur. 
thermore, it has been found that when one cylin 
der is at the dead center position, that is located 
between manifold plate openings, it is sometimes 
very difficult to shift the swash plate of the hy 
draulic motor. 
An object of the present invention is to provide 

a new and improved hydraulic transmission in 
corporating a porting arrangement of novel 
design. 
A further object of the present invention is to 

provide a porting arrangement for a hydraulic 
transmission so designed as to insure quiet and 
efficient operation. 
Another object of the present invention is to 

provide a porting arrangement for a hydraulic 
transmission which will facilitate shifting the 
swash plate under all operating conditions. 

In accordance with one embodiment of this 
invention, a variable displacement hydraulic 
motor of the type including a plurality of radially 
disposed pistons and cylinders and an associated 
swash plate serving as the reaction member 
whereby torque is transferred to a driven shaft 
has associated therewith an accumulator or 
manifold arrangement for controlling the appli 
cation of fluid pressure to the motor. The pres 
sure and suction ports of the manifold plate 
adapted to register with the ports of the hy 
draulic motor cylinders are elongated and tapered 
at either end in such manner that actuating 
fiuid pressure is applied to the piston cylinders 
sequentially at a rate in direct proportion to the 
piston velocity at any instant from top dead cent 
ter position to bottom dead center of travel. 
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Further, registering holes are provided in the 
manifold plate and in the cylinder block whereby 
When one cylinder is at the dead center position 
or where a port of the hydraulic motor is posi 
tioned between two of the manifold plate ports, 
fluid may be admitted to the cylinder chamber 
to permit shifting the inclination of the swash 
or wobble plate of the hydraulic motor. 
Other objects and advantages of the present 

invention will be apparent from the following 
detailed description taken in conjunction with 
the drawings wherein: 

Fig. 1 is a fragmentary, axial, sectional view 
taken. Substantially along the line. - of Fig. 2 
of a transmission constructed in accordance with 
one embodiment of this invention and showing 
primarily the variable displacement hydraulic 
motor and associated pressure control or mani 
folding arrangement; 

Fig. 2 is a view of the manifold porting plate 
taken along the line 2-2 of Fig.1; 

Fig. 3 is a graph showing the travel of a piston 
during 180° of a cycle; and 

Fig. 4 is a graph showing the pressure within. 
a cylinder plotted against piston travel with a 
conventional porting arrangement and the pres 
sure within a cylinder plotted against travel with 
the novel porting arrangement of the present 
invention. 

Referring now to Fig. 1, it will be seen that a 
part of a transmission housing comprising sec 
tions 0, and E2 is there illustrated, these sec 
tions constituting the right end of the transmis 
sion housing and enclosing therewithin a hy 
draulic motor of the variable displacement type 
designated generally at 3. An output shaft (4 
extends axially through the housing sections 16, 
lf and 2 and is rotatably supported therein at 
its right end by annular bearing assembly 5 
mounted in the right end wall of housing sec 
tion f2 and at its left end by roller bearings f6 
positioned about the periphery of the left portion 
of shaft 4. 

Hydraulic: motor 3 comprises, a plurality of 
equally radially spaced cylinders. 20 formed in a 
cylinder block 2, the cylinders: 20 being dis 
posed in annular array, and extending axially 
therethrough, and the left ends of the cylinders 
20 terminating in ports, 22 of substantially re 
duced cross-section. The inner end wallportions 
22d of ports: 22 form pressure responsive motive 
areas for urging cylinder block 2 into sealing 
engagement with a manifold porting plate 43, 
described in detail hereinafter. These motive 
areas are carefully proportioned with respect to 
the outer areas 22b at the left end of the block 
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2 so that the total area of areas 22d. exceeds 
that of 22b by a slight margin in accordance with 
established pressure loading practice. A pair of 
radially spaced, annular grooves 22c formed in 
the left end surface of block 2? and disposed co 
axially of shaft 4 define the inner and Outer 
periphery of areas 22b and communicate with 
the sump of the transmission through radially 
outwardly extending grooves 22d, as shown in 
Fig. 1. 
Cylinder block 21 is supported on and Splined 

to shaft 4, and a piston 23 is slidably journalled 
in each of the cylinders 20. Each piston 23 has 
associated therewith a piston rod 24 whereby 
connection is made between the piston and a 
swash or wobble plate assembly designated gen 
erally at 25. To provide a suitable connection, at 
each end of each connecting rod 24 a ball 26 is 
mounted, the ball at the left end being received 
in a suitable spherical recess 27 formed in the 
associated piston, while the ball at the right end 
of the connecting rod is received in a socket cup 
30 mounted in the swash plate 25. These Spheri 
cal terminations permit angular displacement of 
the connecting rods 24 with respect to the axis 
of reciprocation of the pistons 23 as the position 
or inclination of the swash plate 25 is changed. 
More specifically, the swash plate assembly 25 

comprises an inner, annular, dish-shaped Socket 
housing 32 which is pivotably supported on a con 
stant velocity universal joint 3 and an Outer, 
generally annular, supporting carrier or bed 33, 
the angular position of which may be varied 
with respect to shaft 4 about an axis lying trans 
verse to the axis of shaft 4. A constant velocity 
universal joint is essential in order that uni 
formity of transmission of motion be provided. 
In a constant velocity universal joint of the type 
illustrated, the point of contact, or of motion 
transfer, is always at equal radial distances from 
the axes of the two elements, that is the point of 
contact always lies in the plane bisecting the 
angle between the connected elements. Constant 
velocity universal joint 3 is of generally con 
ventional design and is splined on shaft 4 ad 
jacent the right end of a motor block 2. An 
annular bearing assembly 34 is interposed be 
tween the outer member 33 of the SWash plate 
and the socket housing 32 so that the Socket 
housing 32 may rotate with respect to the outer 
member 33 in a plane determined by the angular 
position of the outer member. The Socket cups 
30 are disposed in annular array about the left 
face of housing 32, being received in Suitable 
apertures 35 formed in the housing and Secured 
to the housing as by Welding or SWaging. 
Outer member or carrier 33 is Supported on a 

pair of oppositely disposed, radially extending 
stub shafts 36 and 37, as shown in Fig. 1, jour 
nalled in suitable, axially aligned trunnion bear 
ings indicated generally at 38, which bearings are 
mounted between the housing Sections and 2. 
Stub shaft 37 is keyed to the angularly adjustable 
carrier 33 of the swash plate 25 by a pin 39 
which extends transversely through the shaft 
and into the carrier. Thus, by rotating shaft 37, 
the angular adjustment or inclination of the 
swash plate assembly 25 may be controlled. 

It will be evident that with this arrangement, 
torque is applied to the shaft 4 from the Socket 
ring which is, in effect, splined to the shaft, 
through supporting universal joint 3. The 
Swash plate assembly is thus pivotable about the 
axis of stub shafts 36 and 37, and the Socket 
housing 32, while rotatable relatively to the sup 
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4. 
porting carrier 33 as the hydraulic motor block 
and Shaft 4 are rotated, is not rotatable with 
respect to shaft 4. By rotating stub shaft 37 
and thereby pivoting carrier 33, the relative in 
clination of swash plate assembly 25 may be 
changed, and the effective displacement of the 
hydraulic motor may thus be varied from a mini 
mum when the plate is at right angles to shaft 
f4 to a maximum as the inclination toward the 
shaft 4 is reduced in either direction. 

In order to control the application of pressure 
to the hydraulic motor, the pressure control as 
sembly housing 0 mounted at the left end of 
motor housing section , has formed therein a 
pressure chamber 40 and a suction chamber 4. 
Both chambers are Suitably connected through 
ducts, not shown, to a pressure generator, such 
as a gear pump, the chamber 40 being connect 
ed to the outlet side of the pump and the cham 
ber 4 being connected to the inlet side there 
of. A Suitable arrangement is shown and de 
scribed in the co-pending application of Minshall 
et al., Serial No. 104,924 filed July 15, 1949. 
The right end wall of housing section 0 has 

a Wide recess 42 of generally cylindrical config 
uration formed therein to receive the manifold 
porting plate 43, and plate 43 is rigidly secured 
to housing 0 by bolts 44. It will be noted that 
a slot 45 is formed in the upper edge of the port 
ing plate, as viewed in Fig. 1, and a locating pin 
46 mounted in the right end wall of the housing 
Section to extends into the slot 45. This pin 
and the Cooperating slot facilitate proper loca 
tion of the manifold porting plate during assem 
bly of the transmission. Manifold porting plate 
43 has formed therein on the left side thereof, 
as viewed in Fig. 1, two sets of cylindrical port 
ing recesses 47 and 48, respectively, which com 
municate at their right ends with two general 
ly arcuate kidney ports 50 and 5, respectively, 
formed by recessing the right surface of plate 
43. Kidney port 50 constitutes the pressure port 
of this transmission in normal operation and 
registers at the left side thereof, as viewed in 
Fig. 1, through porting recesses 47 with the right 
end of a passage 52, the left end of passage 52 
connecting with pressure chamber 40. Similarly, 
the left side of kidney port 5 registers through 
porting recesses 48 with the right end of a pas 
Sage 53 formed in housing section fo, and the left 

d of paSSage 53 connects with suction chamber 

Ports 22 formed at the left ends of cylinders 
20 of the hydraulic motor are arranged so that 
as the motor block 2 rotates on the shaft 4, 
the ports 22 will sequentially register with the 
kidney ports 50 and 5? in the manifold porting 
plate, thus alternately applying pressure and 
then Suction to the cylinders. When the motor 
is operating the pressure in the cylinders, by 
Virtue of the selection of pressure areas 22a. 
and 22b, is sufficient to provide a tight seal be 
tween the left end surfaces of the motor block 
and the right end surfaces of the manifold plate 
A3, both of which surfaces are ground flat and 
Smooth. In order to maintain these surfaces in 
suitable contact when no load is transmitted, 
however, a helically coiled spring 54 is disposed 
on a sleeve portion 55 of the universal joint 3, 
the sleeve 55 being mounted on and keyed to 
shaft 4 and extending into a deep cylindrical re 
cess 56 formed at the center of the motor cyl 
inder block. The left end of spring 54 bears 
against the inner end wall of recess 56, while the 
right portion of Spring 52 bears against a re 
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taining ring 57, which is held in position on sleeve 
55 by a shoulder 58 formed about the periphery 
of the sleeve 55 adjacent its right end. 

Heretofore, it has been the general practice 
to form the arcuate kidney ports 50 and 5 in 
a coring operation whereby the ends of the ports 
were slightly tapered but on the whole of gen 
erally semicylindrical configuration. In accord 
ance with the present invention, however, it has 
been discovered that the configuration of the 
kidney ports, and particularly the terminations 
thereof, must be critically designed in Order to 
obtain Smooth and efficient operation of the trans 
mission and to avoid the objectionably noisy Op 
eration, heretofore often considered an inherent 
characteristic of this type of transmission. 

In Fig. 3, a curve 60 is presented illustrating 
the travel of a hydraulic motor piston from top 
dead center to bottom dead center position, Fig. 
3 thus illustrating half of a pistora cycle, both 
halves of the cycle being identical. From this 
graph it will be noted that the initial movement 
of the piston, starting from the rest position, 
which coincides with vertical line 9, is one of 
increasing acceleration. By the time the piston 
has reached a position designated at 6' and ap 
proximately coinciding with vertical line 4, a 
substantially constant Velocity is reached. The 
velocity remains constant then during the major 
portion of piston travel and until a position desig 
nated at 62 is reached, coinciding approximately 
with vertical line 9, after which the piston be 
gins to slow down preparatory to stopping and 
reversing direction of movement. At position 
63, representing bottom dead center, the piston 
is again at rest. This curve is typical of normal 
operation and may be regarded as characteris 
tic of piston travel in this type of motor. 

Referring now to Fig. 4, wherein a curve 64 is 
presented representing the pressure within a 3. 
cylinder plotted against piston travel during the 
power stroke using a conventional cord porting 
arrangement, as described, it will be evident that 
as the cylinder port 22 begins to register With 
the end of a conventional kidney port there is an 
initial momentary, gradual application of preS 
sure, but when the port 22 has moved only a very 
short distance, full registry is obtained and maxi 
inum pressure is abruptly applied. This maxi 
mum pressure is thus applied prior to the time 
that piston travel has reached or can reach 
maximum velocity, that is, the Zone of constant 
velocity, and consequently the piston is undesir 
ably loaded. After the piston has delivered its 
'useful work during the power stroke portion of 
its cycle of operation and has begun to slow down, 
that is to say is operating on the portion of curve 
60 lying between points 62 and 63 in Fig. 3, maxi 
mum pressure is still applied since it is desirable 
that the piston deliver full power to the end of 
its power stroke. Actually, there may be an ac 
tual sharp chamber pressure increase immediate 
ly preceding the pressure exhaust phase due to 
the failure of prior porting arrangements to pro 
vide a graduated reduction in inlet flow pro 
portioned to the deceleration of the piston as it 
reaches the end of its power stroke. Thereafter, 
upon registration of the motor port with the 
exhaust passage in the porting plate there is an 
equally abrupt release of pressure from the piston 
chamber. From the foregoing it will be evident 
that considerable pressure is Wasted since dur 
ing a substantial portion of piston travel in each 
cycle, the piston actually reacts against applica 
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addition to this loss of power with resulting re 
duction in the possible efficiency of the trans 
mission, the abrupt admission and release of pres 
sure causes the transmission to be undesirably 
hOISy. 

In accordance with the present invention, the 
terminations of each of the kidney ports 50 and 
5 are tapered in Such a manner that the rate 
of flow of the fluid entering the cylinders is made 
to be in direct proportion to the piston velocity 
at any instant from top dead center, position to 
bottom dead center position. Stated otherwise, 
the kidneyports are so constructed and their ends 
are tapered so that the volume of fluid flow into 
the piston chamber at any instant is proportioned 
or selected to provide a piston energizing pres 
Sure connenSurate With the capacity of the 
piston to react or move at that instant. Thus, 
instead of abruptly applying maximuna fluid pres 
sure to the piston during the initial phase of 
movement when the piston is moving relatively 
Slowly and ean only move relatively slowly, the 
pressure in accordance with this invention is also 
applied relatively slowly and at a late selected 
to take maximum advantage of the travel charac 
teristic of this type of piston without wasting 
fiuid pressure. This not only results in ma 
terially increased operating efficiency but in a 

30 

35 

Substantial reduction in the noise level. 
Thus, referring to Fig. 2, what may be terried 

fish tails 6d and 5id are associated with eaeh of 
the kickney ports 58 and respectively, and the 
kidney ports themselves have been substantially 
shortered over the length conventionally em 
ployed, Such as that shown, for example, in the 
previously referred to co-pending application of 
Minshall et al. The terminations Sea and 5 a. 
are thus So arranged that a graduated applica 
tion and iaiter withdrawal of gressure is provided 

45 

55 

60 

70 

paralleling insofar as possible the power stroke 
and exhaust stroke phases of piston travel, as 
shown in Fig. 3. 
To Sonae extent, the degree of taper of the fish 

tails 58a and 5 a may be calculated in advance, 
Since the degree of taper is directly related to 
the portion of the curve 6 lying between top 
*dead Center position and p3sition 6 and also the 
portion of the curve lying between point 62 and 
bottom dead center position designated 63 in 
Fig. 3. For any particular transmission, how 
ever, it has been found that the final design 
rinust be Worked out experimentally. Curve 65 
'of Fig. 4 represents a desirable pressure value 
characteristic applied to the piston, that is, the 
displacement chamber within the motor cylinder 
plotted against piston travel from the start posi 
tion, or botton dead center, of the power stroke 
through the end of the power stroke and to ap 
proxiitiately the beginning of the constant 
Velocity portion of the exhaust stroke. From 
this curve it will be evident that pressure is ap 
plied at a gradually increasing rate starting from 
bottom dead center position and over substan 
tially the entire accelerating portion of travel of 
the piston. Thus, for example, considering the 
direction as being clockwise as to Fig. 2, a motor 
port registers at its right edge with the upper 
tapered termination 3 -a of pressure port 50 and 
as the cylinder block rotates gradually fluid pres 
Sure is admitted at an increasing rate of flow, 
as the motor port progressively registers more 
fully With the Wider sections of the tapered ter 
mination. The motor port thereafter registers 
with the Widest but substantially constant width 
portion of the kidney port during the period of 

tion of pressure rather than responds thereto. In 75 maximum but Substantially constant velocity of 
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the piston, thus tending to provide a constant 
value maximum chamber pressure during this 
period of maximum piston velocity. Thereafter, 
as the motor port begins to register with the 
start of the tapered termination at the lower end 
of kidney port 50, the rate of flow of fluid into 
the piston chamber is gradually reduced parallel 
ing the reduction in piston velocity but maintain 
ing a constant chamber pressure value. If the 
rate of flow of fluid were not reduced Concur 
rently with the reduction in velocity of the piston, 
and at a rate paralleling the reduction in piston 
velocity, there would be an undesirable rise in 
chamber pressure during the last part of the 
pressure stroke. 

After the end of the piston power stroke, the 
associated motor port for an instant is in regis 
try neither with the inlet kidney port nor the 
outlet kidney port and Inaximum preSSure is 
maintained in the piston chamber. However, 
continued rotation of the motor block in a clock 
wise direction then brings the leading edge of 
the motor port in registry With the lower, tapered 
termination 5(-a of the exhaust port 5f. The 
operation here is the reverse of that during the 
power stroke, pressure in the piston chamber be 
ing released at a gradually increasing rate dur 
ing the accelerating phase of piston travel on 
the exhaust stroke up to a maximum rate coin 
ciding with the maximum velocity phase of the 
exhaust stroke. The rate of exhaust is there 
after reduced to parallel the piston Velocity char 
acteristic during the decelerating phase of the 
piston exhaust Stroke as the motor port registers 
with the upper tapered termination 5 -d of the 
exhaust port. It Will be apparent that the present 
arrangement lends itself equally well to rotation 
of the motor block in either direction. 
When the transmission is in a neutral posi 

tion, that is to say, the vehicle with which it may 
be associated is not moving, if a cylinder port 22 
is located at the dead center position, that is 
located exactly between manifold plate porting 
openings, considerable difficulty may be encoun 
tered in attempting to shift the inclination of 
the Swash plate assembly. This is due to the 
seal provided between the manifold porting plate 
and left end of the cylinder block whereby fluid 
is substantially prevented from either entering 
or leaving a cylinder when a cylinder port does 
not register at least in part With either an inlet 
or outlet manifold port. In accordance With 
this invention, in order to permit Shifting of 
the SWash plate So that the torque nultiplication 
ratio of the transmission may be changed, means 
are provided for admitting fluid to or exhausting 
fluid from a cylinder even though the cylinder 
port is not in registry with a manifold port. 

Referring to Fig. 1, it will be noted that a 
Small aperture 66 is formed through the left end 
wall of cylinder block 2 radially outside of port 
22, the aperture 66 extending at a slight down 
Ward angle, as viewed in this figure, from area, 
22d to below groove 22c. A short, radial slot 67 
is formed in the adjacent Surface of manifold 
plate 43 and is adapted to register at its radially 
inner end with the left end of aperture 66 when 
the associated port 22 is located between the 
two manifold plate ports 59 and 5. The other 
end of slot 67 communicates with the sump 
portion of the transmission. Thus, when an 
aperture 66 and slot 67 are in registry, oil may 
be readily exhausted from or taken into the 
associated cylinder, thereby facilitating shifting 
of the SWash plate. 
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8 
Where herein the various parts of this inven 

tion have been referred to as being located in a 
right or a left or an upper or lower position, it 
will be understood that this is done solely for 
the purpose of facilitating description and that 
such references relate only to the relative posi 
tions of the parts as shown in the accompany 
ing drawings. 
While but one embodiment of this invention 

has been shown and described, it Will be under 
stood that many changes and modifications may 
be made therein without departing from the 
Spirit or Scope of the invention. 
What is claimed is: 
1. In a hydraulic displacement device adapted 

to operate as either a hydraulic pump or motor, a 
piston associated with said device, and a manifold 
porting plate for controlling application of pres 
sure to and release of pressure from said piston, 
said manifold porting plate having an exhaust 
port and a pressure port formed therein and Said 
ports having uniformly tapered terminations, the 
cross sectional area of Said tapered terminations 
at the point of junction with Said port being 
equal to the cross sectional area of the port 
end portion, the remaining cross Sectional area. 
of said tapered terminations varying according 
to the characteristic rate of change of volumetric 
size of said power piston chamber accomplished 
by movement of said piston whereby the pres 
sure of the fluid on said piston at any instant 
is in substantially direct proportion to the piston 
velocity at that instant. 

2. In a hydraulic transmission including a hy 
draulic motor of the type having reciprocable 
pistons journalled in cylinders formed in a cyl 
inder block, a shaft supporting said motor cyl 
inder block and rotatable thereWith, each of Said 
cylinders having a port formed therein, a mani 
fold plate for controlling application of preSSure 
to said cylinders and having ports formed there 
in, said cylinder ports being adapted to register 
With said manifold plate ports, means for hold 
ing said manifold plate stationary With respect 
to said rotatable cylinder block, and each of Said 
manifold plate ports having uniformly tapered 
terminations at either end thereof, the CrOSS Sec 
tional area of each of said tapered terminations 
at the point of junction with Said port being 
equal to the Cross Sectional area of the port end 
portion, the cross sectional area of the remain 
ing portion of each of Said tapered terminations 
varying according to the characteristic rate of 
change of volumetric size of Said power piston 
chamber accomplished by movement of said 
piston. So that the rate of flow of the fiuid enter 
ing and leaving the cylinders through the ports 
at any instant is in Substantially direct propor 
tion to the piston Velocity at that instant. 

3. A hydraulic displacement device comprising 
means defining a piston chamber, a reciprocable 
piston in Said chamber, Said chamber having a 
port formed therein for admitting fluid to and 
releasing fluid from said chamber, a manifold 
plate aSSociated with said piston chamber de 
fining means, and having a pressure port and 
an exhaust port formed therein, said manifold 
plate ports and Said chamber port being adapted 
to move into registry, and each of Said manifold 
plate portS having uniformly tapered termina 
tions at either end thereof, the cross sectional 
area of each of Said tapered terminations at the 
point of junction with said port being equal to 
the cross sectional area of the port end portion, 
the remaining cross sectional area of each of 
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said tapered terminations varying according to 
the characteristic rate of change of volumetric 
size of said power piston chamber accomplished 
by movement of said piston whereby the rate 
of flow of the fluid passing through said chamber 
port at any instant is proportioned to the velocity 
of the piston at that instant. 

4. A hydraulic motor including a cylinder 
block having a piston chamber formed therein, 
a piston reciprocable in said chamber, means 
defining a port aSSociated With said chamber for 
controlling the admission of fluid pressure to and 
the release of fluid pressure from said chamber, 
Said port having an elongated configuration. With 
tapered terminations at either end and an inter 
mediate portion joining said termination of uni 
form width and being arranged SO that the effec 
tive size of said port at any instant is varied in 
accordance with the velocity at that instant of 
said piston, said effective size of Said tapered 
terminations being accomplished by providing 
said tapered terminations with a CrOSS Sectional 
area equal to the CrOSS Sectional area of the 
port end portion and varying the cross sectional 
area of the remainder of Said tapered termina 
tions according to the characteristic rate of 
change of volumetric size of Said power piston 
chamber accomplished by movement of said 
piston, One of Said tapered terminations being 
arranged to provide a uniformly increasing ap 
plication of hydraulic pressure to said piston 
chamber during the accelerating phase of the 
power stroke of Said piston, the intermediate 
portion of said port providing a substantially 
constant pressure in Said piston chamber during 
the substantially constant velocity phase of the 
power stroke, and the other of said terminations 
providing a substantially constant chamber pres 
sure during the decelerating phase of the power 
stroke. 

5. A hydraulic motor including a cylinder block 
having a plurality of piston chambers formed 
therein and disposed in annular array, a shaft 
Supporting said cylinder block, a piston recipro 
cable in each of Said chambers, each of said 
chambers having a port formed therein, a mani 
fold plate having an exhaust port formed there 
in and a pressure port formed therein, said 
piston chamber ports being adapted to register 
successively with Said pressure and said exhaust 
ports, each of said manifold plate ports having 
uniformly tapered terminations at either end 
thereof joined by an intermediate portion of 
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10 
uniform width, each of said tapered terminations 
having a cross Sectional area equal to the cross 
Sectional area of the port end portion, the cross 
sectional area of the remainder of each of said 
tapered terminations varying according to the 
characteristic rate of change of volumetric size 
of Said power piston chamber accomplished by 
movement of said piston, whereby each of said 
piston chamber ports in progressively registering 
with Said pressure port first permits application 
of a uniformly increasing hydraulic pressure to 
the associated piston during the accelerating 
phase of the power stroke of the piston, then 
registering with the uniform diameter portion 
Of the pressure port in the manifold plate permits 
application of a uniform rate of pressure flow to 
Said piston, and finally registering with the ta 
pered termination of the pressure port maintains 
a Substantially uniform pressure in Said piston 
chamber during the decelerating phase of the 
power stroke, and whereby said piston chamber 
port thereafter is progressively placed in com 
munication with One tapered termination of the 
exhaust port so that during the acclerating phase 
Of the exhaust stroke a uniformly increasing 
release of pressure from the piston chamber is 
permitted, then is progressively placed in com 
munication with the uniform diameter portion of 
the exhaust port So that during the constant 
velocity phase of the exhaust stroke a constant 
rate of pressure release flow is permitted and 
finally is progressively placed in communication 
With the other tapered termination of the ex 
haust port so that during the decelerating phase 
of the exhaust stroke a uniformly decreasing 
release of pressure is permitted. 

JOHN A. LAUCK, 
FRED CHABERTAND. 
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