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MULTIPLE GEAR MOTOR DRIVE 

RELATED APPLICATION DATA 

This application claims the benefit of U.S. Provisional 
Application No. 60/812,280 filed Jun. 9, 2006, which is 
hereby incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The herein described invention relates generally to hydrau 
lic drives and, more particularly, to a versatile and efficient 
hydraulic drive employing multiple gear motors in a unique 
configuration. 

BACKGROUND OF THE INVENTION 

Utility vehicles for agriculture, forestry or construction, as 
well as winches and cranes, are often driven by one or more 
hydraulic motors via a speed reduction gear or a step-down 
gear unit. Such vehicles typically include one or more pumps 
for Supplying pressurized hydraulic fluid to one or more 
hydraulic gear motors. Many gear motors, because of the 
geometry of the gear teeth, inherently produce a small torque 
pulse for each gear tooth as the gears rotate, and this in turn 
produces torque pulses in the drive output of the motor. Such 
torque pulses are commonly referred to as torque ripple. The 
torque ripple can produce undesirable noise and vibration. 

SUMMARY OF THE INVENTION 

The present invention provides a hydraulic drive employ 
ing multiple hydraulic motors, especially gear motors, in a 
manner that provides one or more of several advantages here 
tofore not attainable by conventional hydraulic drives. 
Among these advantages is the ability to reduce or essentially 
eliminate torque ripple, even while using conventional and 
proven hydraulic motor design technology as opposed to 
more costly ripple reducing technologies. Another advantage 
is that features of the invention may be packaged in a compact 
housing that may also allow for stacking of multiple hydraulic 
drives to increase torque loads and increase Volumetric out 
put. 
More particularly, the invention provides a hydraulic drive 

comprising multiple gear motors each having a gear motor 
output shaft, and a common gear engaged by the output shafts 
of the multiple gear motors. The common gear may be a ring 
gear that drives an output shaft of the hydraulic drive. The 
multiple gear motors preferably are housed within a housing, 
and the output shaft of the hydraulic drive may extend from 
either end or both ends of the housing. 

In a preferred embodiment, the multiple gear motors 
include respective meshed pairs of gears disposed in a com 
mon housing. One of the gears of each pair may have an 
output shaft provided with a pinion gear for engaging the 
common gear. The phase relationship between the pinion gear 
and corresponding gear of each gear set may be varied from 
gear set to gear set to provide for cancellation of torque ripple. 
A controller may be provided for controlling operation of 

the gear motors to control output speed and torque of the 
hydraulic drive. 

According to another aspect of the invention, a hydraulic 
drive comprises multiple hydraulic motors each having an 
output shaft, and a common gear engaged by the output shafts 
of the multiple hydraulic motors. Each hydraulic motor has a 
characteristic periodic torque ripple out of phase with the 
characteristic periodic torque ripple of at least one other 
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2 
hydraulic motor for cancelling torque ripple and thereby 
reducing the torque ripple at the common gear. 
The hydraulic motors may be gear motors, although other 

types of hydraulic motors exhibit periodic torque ripple Such 
as hydraulic piston motors. The common gear may drive an 
output shaft of the hydraulic drive, and the multiple hydraulic 
motors may be housed within a housing with an output shaft 
of the hydraulic drive extending from at least one end of the 
housing. 
The multiple hydraulic motors may each have an output 

shaft provided with a pinion gear for engaging the common 
gear, and the phase relationship between the pinion gear and 
hydraulic motor varies from hydraulic motor to hydraulic 
motor. 
The hydraulic motor has particular application in a vehicle, 

such as a skid-steer utility vehicle, for driving the wheels 
(including track wheels if a track is employed) of the vehicle 
for propelling the vehicle. 

Further features of the invention will become apparent 
from the following detailed description when considered in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

In the annexed drawings: 
FIG. 1 is a front perspective view of an exemplary hydrau 

lic drive according to the present invention; 
FIG. 2 is a rear perspective view of the hydraulic drive of 

FIG. 1: 
FIG. 3 is a perspective view of the hydraulic drive of FIG. 

1, with parts removed to show internal components of the 
hydraulic drive including four meshed gear sets; 

FIG. 4 is a graph illustrating torque ripple arising from each 
of the gear sets; 

FIG. 5 is a graph illustrating torque ripple when two of the 
gear sets are used to power the hydraulic drive; 

FIG. 6 is a graph illustrating torque ripple when all four 
gear sets are used to power the hydraulic drive; and 

FIG. 7 shows an exemplary skid-steer vehicle in which the 
hydraulic drive of FIG. 1 can be employed. 

DETAILED DESCRIPTION 

Referring now in detail to the drawings and initially to 
FIGS. 1 and 2, an exemplary hydraulic drive according to the 
invention is designated generally by reference numeral 15. 
The hydraulic drive 15 has a housing 16 which comprises 
three axially stacked blocks 17-19 secured together by any 
suitable means, such as by bolts 20. A drive shaft 22 protrudes 
from the forwardmost block 17 that may be lobed as shown to 
reduce weight. The rearwardmost block 19 has a cover plate 
23 covering a rear end of a through passage in which the drive 
shaft 22 is located. As will be appreciated, the drive shaft 22 
may extend from either end of the housing 16 or from both 
ends of the housing as desired. 

In FIG. 3 the housing blocks 17-19 have been removed to 
show internal components of the hydraulic drive 15. As 
shown, the hydraulic drive includes a plurality of gear sets 25 
of respective gear motors 26. The balance of the gear motors 
26 is formed by gear chambers and porting in the housing 15 
which all may be of conventional design known to those 
skilled in the art and thus need not be further hereindescribed. 
Each gear set 25 includes a pair of meshed gears 28 and 29 on 
respective gear shafts 30 and 31 protruding from opposite 
sides of the gear. Although not shown, the housing blocks 17 
and 18 (FIGS. 1 and 2) have bores in which the shaft ends are 
rotatably supported by suitable bearings. One 30 of the shafts 
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extends rearwardly and has a pinion gear 33 that engages the 
teeth of a ring or bull gear 35. In the illustrated embodiment, 
the ring gear is provided on the drive shaft 22 that is rotatably 
supported in the housing 15 by suitable bearings 38 and 39. 
Accordingly, rotation of the ring gear effects rotation of the 
drive shaft. In the illustrated embodiment, the ring gear is 
housed in a chamber in the rearwardmost housing block 19. 

The pinions 33 of the gear sets 25 engage the ring gear 35 
at circumferentially spaced apart locations that may be 
equally spaced apart as shown. The pinions and gear sets may 
be identical, although preferably the angular position of the 
pinion teeth relative to the teeth on the corresponding gear is 
varied among the gear sets. This is done so that each gear set 
is out of phase with at least one other gear set. The phasing 
may be selected Such that the torque pulses (ripple) diametri 
cally opposed gear sets are 180 degrees out of phase Such that 
the pulses tend to cancel one another. In addition, the phasing 
of diametrically opposed pairs of gear sets may have the 
torque pulses out of phase with the torque pulses of other pairs 
of gear sets. As will be appreciated by those skilled in the art, 
the phasing of the gear sets, as well as the number of gear sets, 
may be varied as desired. 
By offsetting the gear teeth of the gear motor pinion 33 of 

opposing gear sets and/or all of the gear motors, torque ripple 
may be significantly decreased or even cancelled. FIG. 4 
illustrates predicted torque ripple (estimated at about 12.5% 
with fourteen ripples) that may arise from one of the gear sets 
25 where each gear has fourteen gear teeth. FIG. 5 illustrates 
predicted torque ripple (estimated at about 2.6% with 28 
ripples) that may arise when two gear sets are used. Note the 
performance improvement from FIG. 4 to FIG. 5. Even 
greater improvement can be achieved when all four gear sets 
are used, the predicted reduced torque ripple (estimated at 
about 0.7% with 56 ripples) being illustrated in FIG. 6. As 
illustrated, Substantial torque ripple cancellation can be 
obtained. 
The hydraulic drive 15 provides multiple speed capabili 

ties. For high speed operation, one, two or more gear motors 
26, but usually less than all gear motors, can be operated to 
drive the ring gear 35 (or other common output device). When 
more torque is needed at medium and/or low speeds, more 
gear motors can be operated. That is, low speed high torque 
output is provided by engaging all gear motors (four gear 
motors in the illustrated embodiment). As speed of the output 
shaft increases, the number of motors driving the ring gear 
can be decreased to allow for increased speed with decreased 
torque requirements. 

Preferably, opposing sets of gear motors are operated at 
any given time, and preferably the gear motors of the opposed 
sets are out of phase as above discussed so as to eliminate or 
cancel torque ripple. A controller 40 including automatic 
pressure compensation control may be provided to allow for 
automatic upshifting and downshifting of the gear motors. 
The hydraulic drive may include valving between motors or a 
clutching mechanism, as depicted at 42 in FIG.1, particularly 
Valving and electronic controls to provide automatic speed/ 
torque control. The Valving and/or clutching typically will be 
provided internal to the housing. The Valving and/or clutching 
can be of conventional design, as may other aspects of the 
controller 40. That is, given the herein description of the 
hydraulic drive, those skilled in the art can devise appropriate 
control circuitry and components for selectively engaging 
one or more of the hydraulic motors as herein described. 
The torque ripple cancelling feature may be applied to 

other types of hydraulic motors, such as radial piston motors 
that exhibit a characteristic periodic torque ripple. The output 
efficiency of a hydraulic drive using gear motors, however, 
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4 
will be higher at the low end of the speed range and higher 
efficiency is gained at the low and high speed ranges, and thus 
gear motors are preferred. 

While a ring gear is shown in the illustrated embodiment, 
other arrangements may also be utilized. For instance, the 
ring gear may be replaced by an internal gear or a planetary 
drive configuration may be used in which the gear motors 
interact with the output shaft 22 via a Sun gear. 

If desired, each gear set may additionally include an idler 
gear to prevent the deflection or bending moment of the gear 
motor drive shafts. 
As can now be appreciated by those skilled in the art, the 

hydraulic drive can use conventional and proven gear design 
technology in a unique manner that affords additional func 
tionality. The hydraulic drive can be configured, such as 
shown, to allow for stacking of multiple hydraulic drives to 
increase torque loads and increase Volumetric output. 

Provision also may be made, via Suitable porting in the 
housing, for lubricating the gear motors even when not 
engaged to maintain lubrication of the “off gear motors and 
further to prevent overheating, particularly during high speed 
operation when less than all of the gear motors are “on”. 
The multi-gear motor drive may be arranged in a compact 

package to reduce radial dimensions. 
Referring now to FIG. 7, an exemplary use of the hydraulic 

drive 15 is shown in relation to a vehicle, particularly a skid 
steer utility vehicle 50. The vehicle 50 may be of a conven 
tional design including an engine 51 that is mounted on a 
chassis 52. The chassis 52 is supported on wheels, there being 
one front wheel 53 and one rear wheel 54 on each side of the 
chassis. A hydraulic drive 15 is provided on each side of the 
vehicle to drive the wheels on the same side of the vehicle. 
Hydraulic fluid for each hydraulic drive is provided by one or 
more hydraulic pumps 57. The pumps are coupled to and 
driven by the engine 51, which may be an internal combustion 
engine. Each hydraulic drive may have associated therewith a 
conventional drive arrangement including a gearbox, drive 
shaft, front and rear axle housings, and the drive wheels, as 
desired. 

Although the invention has been shown and described with 
respect to a certain preferred embodiment or embodiments, it 
is obvious that equivalent alterations and modifications will 
occur to others skilled in the art upon the reading and under 
standing of this specification and the annexed drawings. In 
particular regard to the various functions performed by the 
above described elements (components, assemblies, devices, 
compositions, etc.), the terms (including a reference to a 
“means') used to describe such elements are intended to 
correspond, unless otherwise indicated, to any element which 
performs the specified function of the described element (i.e., 
that is functionally equivalent), even though not structurally 
equivalent to the disclosed structure which performs the func 
tion in the herein illustrated exemplary embodiment or 
embodiments of the invention. In addition, while a particular 
feature of the invention may have been described above with 
respect to only one or more of several illustrated embodi 
ments, such feature may be combined with one or more other 
features of the other embodiments, as may be desired and 
advantageous for any given or particular application. 

What is claimed is: 
1. A hydraulic drive comprising multiple gear motors each 

having a gear motor output shaft, and a common gear engaged 
by the output shafts of the multiple gear motors, wherein the 
multiple gear motors include respective meshed pairs of gears 
disposed in a common housing, one of the gears of each pair 
has an output shaft provided with a pinion gear for engaging 
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the common gear, and the phase relationship between the 
pinion gear and corresponding gear of each gear set varies 
from gear set to gear set. 

2. A hydraulic drive as set forth in claim 1, wherein the 
common gear is a ring gear. 

3. A hydraulic drive as set forth in claim 1, wherein the 
common gear drives an output shaft of the hydraulic drive. 

4. A hydraulic drive as set forth in claim 3, wherein the 
multiple gear motors are housed within a housing, and the 
output shaft of the hydraulic drive extends from at least one 
end of the housing. 

5. A hydraulic drive as set forth in claim 1, wherein the gear 
motors are circumferentially equally spaced apart. 

6. A hydraulic drive as set forth in claim 1, comprising a 
controller for controlling operation of the gear motors to 
control output speed and torque of the hydraulic drive. 

7. A vehicle comprising at least one drive wheel, and the 
hydraulic drive of claim 1 drivingly coupled to the drive 
wheel. 

8. A hydraulic drive comprising multiple hydraulic motors 
each having an output shaft, and a common gear engaged by 
the output shafts of the multiple hydraulic motors, and 
wherein each hydraulic motor has a characteristic periodic 
torque ripple out of phase with the characteristic periodic 
torque ripple of at least one other hydraulic motor for cancel 
ling torque ripple and thereby reducing the torque ripple at the 
common gear, wherein the hydraulic motors are gear motors. 

9. A hydraulic drive as set forth in claim 8, wherein the 
common gear drives an output shaft of the hydraulic drive. 

10. A hydraulic drive as set forth in claim 9, wherein the 
multiple hydraulic motors are housed within a housing, and 
the output shaft of the hydraulic drive extends from at least 
one end of the housing. 
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11. A hydraulic drive comprising multiple hydraulic 

motors each having an output shaft, and a common gear 
engaged by the output shafts of the multiple hydraulic motors, 
and wherein each hydraulic motor has a characteristic peri 
odic torque ripple out of phase with the characteristic periodic 
torque ripple of at least one other hydraulic motor for cancel 
ling torque ripple and thereby reducing the torque ripple at the 
common gear, wherein the multiple hydraulic motors are gear 
motors respectively including meshed pairs of gears disposed 
in a common housing. 

12. A hydraulic drive as set forth in claim 11, wherein one 
of the gears of each pair has an output shaft provided with a 
pinion gear for engaging the common gear. 

13. A hydraulic drive comprising multiple hydraulic 
motors each having an output shaft, and a common gear 
engaged by the output shafts of the multiple hydraulic motors, 
and wherein each hydraulic motor has a characteristic peri 
odic torque ripple out of phase with the characteristic periodic 
torque ripple of at least one other hydraulic motor for cancel 
ling torque ripple and thereby reducing the torque le at the 
common gear, wherein each hydraulic motor has an output 
shaft provided with a pinion gear for engaging the common 
gear, and the phase relationship between the pinion gear and 
corresponding gear of each gear set varies from gear set to 
gear Set. 

14. A hydraulic drive as set forth in claim 13, wherein the 
hydraulic motors are circumferentially equally spaced apart. 

15. A hydraulic drive as set forth in claim 13, comprising a 
controller for controlling operation of the hydraulic motors to 
control output speed and torque of the hydraulic drive. 

16. A vehicle comprising at least one drive wheel, and the 
hydraulic drive of claim 13 drivingly coupled to the drive 
wheel. 
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