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[571 ABSTRACT

An apparatus and method for operating an auxiliary
hydraulic load at low noise levels. A pump having a
capacity which is sufficiently large to supply the load
with the necessary volume of hydraulic fluid at rela-
tively low pump speeds is driven by an engine operat-
ing at a speed near its idling speed. Throttle control
means control the fuel supply to the engine at a level
sufficient to drive the pump while maintaining the en-
gine speed near its idling speed. When the engine
speed is increased to a predetermined level in excess
of its idling speed, means are provided to maintain the
output from the pump at or below a predetermined
flow rate to not overload the pump means or the auxil-
iary load. The pump may include a variable displace-
ment pump or a plurality of fixed displacement pumps
with means to vary the pump output in response to the
pressure demand from the auxiliary load to maintain
the torque input requirements for the pump below a
predetermined level. The throttle control means may
be actuated in response to the pressure demands of
the auxiliary load to vary the torque from the engine
in response to the torque input required for operation
of the pump while the engine is operating at a speed
near its idling speed.

11 Claims,i6 Drawing Figures
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1
" NOISE REDUCTION APPARATUS AND METHOD

This is a division of U.S. Pat. application Ser. No.
274,798, filed July 24, 1972. :

BACKGROUND OF THE INVENTION

With the increasing concern of society in protecting
and improving the environnient, the problem of noise
pollution is receiving much study. People who live in
cities are surrounded by all manner and variety of
noises ranging from the roar of jet planes to the rumble
of freeway traffic. This vast accumulation of noise can
be quite harmful in causing diminished hearing. Also,
although not precisely measurable, noise can and does
have an adverse effect upon the emotional stability and
mental health of the recipients.

People are now asking seriously whether machines
created to be servants of man are not, in fact, becoming
his master. Surely, this is a fair question in regard to

noise pollution where the constant cacophony of ma-.

chine noises disrupts man’s thinking processes, inter-
feres with his sleep, and oftentimes threatens to destroy
his sanity. ' '

A common source of noise in a city is the strident
noise of a truck engine as it turns over at high speeds
in operating the auxiliary equipment carried on the
truck. As one example, consider the noise of a truck
engine in operating the packing machanism for refuse
collection equipment during the pick up of refuse in a
residential neighborhood. The collection of refuse be-

gins early in the morning and, thus, the noise of the la-

boring truck engine operating at high speed may well
be the first sound which greets the ear of a city resident
on awakening. Even worse, the noise of the truck en-
gine may be the causation for an unwanted early awak-
ening by the sleeper.

Many types of auxiliary truck equipment, such as the
packing mechanism for a refuse loader, go through a
cycling operation in which the load requirements on
the engine will vary. Thus, for example, in the opera-
tion of a refuse packing machanism, the refuse will first
be placed in a hoper positioned within a tailgate struc-
ture on a truck. The refuse is then swept from the hop-
per and moved through an opening connecting the hop-
per with a refuse storage body positioned on the truck
frame. As the refuse is moved into the opening and
packed under great pressures, the pressure demands of
the packing mechanism are very high. The pressure de-
mands at this stage of packing are generally considera-
bly higher, for example, than the pressure demands
when the refuse is being swept from the hopper. For a
more detailed description of a refuse packing mecha-
nism, reference is made to U.S. Pat. No. 2,879,906, is-
sued Mar. 31, 1959.

During operation of an auxiliary load on a truck, it
has previously been necessary to maintain the truck en-
gine at a relatively high speed when the auxiliary load
is variable, as in the case of a refuse packing mecha-
nism. This was done to prevent the truck engine from
stalling when the power demands imposed by the vari-
able load were increased. To prevent stalling, it was
customary to maintain the truck engine at a relatively
high speed to provide the output from the engine at a
level sufficient to operate the variable load under the
maximum power conditions imposed by the load. This
method of operation, while perhaps satisfactory to pre-
vent stalling, was inefficient and produced a high noise
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level from the truck engine in driving the auxiliary load.

By maintaining the engine speed at a level to supply
the maximum power demand from the auxiliary load,
the engine produced more power than was needed by
the load at power demands less than its maximum. To
dissipate this unused power during the minimum power
demand portions of the variable load cycle, it was nec-
essary to shunt a portion of the output from a pump
driven by the engine to a sump during the minimum
power demand portions of the variable load cycle. This,
the full output of the pump was used only during the
maximum power demand portions of the variable load
cycle. .

In the operation of auxiliary equipment, some manu-
facturers have mounted an auxiliary engine on the
truck to operate the auxiliary equipment. The auxiliary
engines are relatively small and operate at a high rate
of speed to develop their maximum horsepower in driv-
ing the auxiliary equipment. This type of operation has
not been satisfactory in terms of abating noise pollation
since a small engine operating at a high speed is a very
efficient generator of noise. Also, this type of operation
is inefficient since it requires dissipation of unusable
engine output except when the load is in'the maximum
power demand portion of its cycle. ‘ -

SUMMARY OF THE INVENTION

‘In providing a solution to the above problems, the
present invention provides an apparatus for operating
an auxiliary mechanism at greatly reduced noise levels.
In addition, the present invention provides an appara-
tus and a method for driving a variable auxiliary. load
in which the driving power is more efficiently utilized
by the load. Also, it provides an apparatus and a
method in which an engine that drives an auxiliary load
is operated at a relatively low speed near the engine
idling speed. This results in reduced engine wear, in-
creased engine life and reduced maintenance costs as
compared with previous devices in which an engine
providing power for a variable auxiliary load was oper-
ated at a relatively high rate of speed to prevent engine
stalling.

In accord with the invention, a variable volume or

- variable pressure auxiliary hydraulic load is driven by

a pump means having a capacity sufficiently large to
supply the demands of the load when the pump means
is operating at relatively low speeds, which may be
1,000 rpm. or less. Engine means are operably con-
nected to the pump means for supplying power to the
pump means. The operation of the engine in supplying

" power to the variable auxiliary hydraulic load is at a rel-

55

65

atively low speed near the idling speed of the engine.
With a truck engine, which operates at a relatively high
speed, such as about 4,000 rpm., in" powering a truck
over the highways, the engine operates at a relatively
low speed near its idling speed in powering the auxiliary
load which may be about 700 to about 1,000 rpm. or
less. When operating in this manner, the engine means
is operating at about one-quarter or one-third or less of
its maximum speed and horsepower and, thus, operates
at a low noise level in providing power for operating of
the auxiliary load. — .
During operation of the auxiliary load by the engine
means, throttle means may control the fuel supply to
the engine at a level sufficient to maintain its horse-
power output at a level to operate the pump means
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while also maintaining the speed of the engine means
at about its idling speed or slightly higher. When the en-
gine speed is increased to a predetermined level, for ex-

ample, in performing its primary work function, means’

are provided to maintain the flow rate of fluid through
the pump means at or below a predetermined level
based on its capacity. Thus, if the engine means were
providing power to the auxiliary load at an engine
speed of 700 rpm. and the engine speed was then in-
creased to concurrently power a truck while driving the
auxiliary load, the flow rate through the pump would be
maintained at a level that does not exceed the capacity
of the pump. In one form of the invention, this is ac-
complished by providing a centrifugal clutch in the
drive train between the engine means and the pump
means. Thus, when the engine speed exceeds a prede-
termined level, the clutch automatically disengages the
drive between the engine means and the pump means.

In the use of the apparatus of the present invention
for operation of a variable volume and variable pres-
sure auxiliary hydraulic load, a fluid reservoir may be
provided in flow communication with the pump means
to provide an open loop hydraulic circuit which in-
cludes the pump means and the variable load. This pro-
vides greater flexibility in the functioning of the appa-
ratus. by providing a variable volume of hydraulic fluid
for operation of the auxiliary load. For example, if the
variable load includes a hydraulic cylinder having a rel-
atively large volume, a large volume of hydraulic fluid
will be stored within the cylinder during a portion of its
operation. The reservoir provides a source of hydraulic
fluid to supply the cylinder and the stored hydraulic
fluid can then be quickly discharged to the fluid reser-
voir during another phase of the load cycle when the
load does not require a large volume of fluid.

The pump means employed to operate the auxiliary
load may be a fixed displacement pump whose capacity
is sufficiently large to satisfy the maximum volume of
hydraulic fluid demanded by the variable load. The
pump means is driven by an engine means whose
torque output, when operating at a speed near its idling
speed, is adequate to supply the torque input required
to operate the pump means in powering the auxiliary
hydraulic load.

In another embodiment of the invention, the pump
means may include a variable displacement pump and
means for reducing the displacement of the pump in re-
sponse to increased pressure demands from the vari-
able load. The input torque required to drive the pump
means is proportional to the volume of fluid being
pumped by the pump means and also to the pressure
demands of the variable hydraulic load. Thus, when the
pressure demands of the variable hydraulic load rise to
a predetermined level, the displacement of the variable
displacement pump may be reduced proportionately to
maintain the input torque required to drive the pump
means at or below a predetermined level. In this man-
ner, the engine means is able to supply the necessary
power required to drive the pump means while operat-
ing at a relatively low speed near its idling speed. .

In another embodiment of the invention, the pump
means may include a plurality of fixed displacement
pumps with means for varying the number of pumps in
operation in response to the pressure demands of the
variable hydraulic load. By reducing the number of
fixed displacement pumps in operation when the pres-
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sure demands of the variable hydraulic load reach a
predetermined level, the torque required to drive the
pump means may be maintained at or below a predeter-
mined level. Then, when the pressure demands of the
variable hydraulic load are reduced, the number of
fixed displacement pumps in operation may be in-
creased to increase the volume of hydraulic fluid and
to increase the speed of operation of the variable load
while maintaining the torque input requirements of the
pump means below a predetermined level.

In a further embodiment of the invention, a throttle
control means may vary the fuel supplied to the engine
means in response to the pressure demands of the vari-
able load. The torque output produced by the engine
means may then be varied in response to the pressure
demands of the variable load while the volume. of fluid
discharged to the system by the pump means is likewise
varied in response to the pressure demands of the vari-
able load. The torque output of the engine means may,
thus, be controlled so that it matches the input torque
required for operation of the pump means. This pro-
vides a more efficient operation in which the torque
output of the engine is more effectively utilized by the
pump means in driving the auxiliary load.

In a further embodiment of the invention, a throttle
control device may be employed which varies the fuel
supplied to the engine in response to both the pressure
demands of the auxiliary load and the volume of hy-
draulic fluid supplied to the load by the pump means.
When used with a pump means which includes a plural-
ity of fixed displacement pumps, the throttle control
device may receive a pressure input which is propor-
tional to the system pressure and the load-demands of
the variable auxiliary load and a pressure input which
is proportional to the volume of hydraulic fluid sup-
plied to the system by a pump which discharges fluid to
the system when the system pressure is at or below a
predetermined pressure. The combined pressure inputs
to the throttle control device, based on both the system
pressure and the voluime of fluid discharged to the sys-
tem by the pump means control the movement im-
parted to a throttle control lever by the throttle control
device. The quantity of fuel supplied to the engine and
the output torque of the engine are, thereby, controlled
by both the volume of fluid discharged to the system by
the pump means and the system pressure against which
the pump means works in supplying the variable hy-
draulic load with fluid. -

Through use of the present apparatus and method, a
relatively large engine is used to provide the power for
a relatively small auxiliary load. In providing the power
for the auxiliary load, the engine is operated at a rela-
twely low speed near its idling speed. When operated
in this manner, the engine means may be operating at
about 25 percent or less to about 34 percent of its max-
imum speed and horsepower. The engine means
thereby provides the power for the auxiliary load at a
very low noise level. The output torque generated by
the engine means and the input torque required by the
pump means in supplying the auxiliary load, are prefer-
ably interrelated so that overall efficiency is maximized
with the output torque from the engine means being ef-
fectively used in driving the pump means.

BRIEF DESCRIPTION OF THE DRAWIIL\IGS

In the drawings, which are to be regarded as merely
illustrative of the invention:
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FIG. 1 is a schematic view of a system in which an en-
gine operating near its idling speed provides the power
at a low noise level to perform a secondary work func-
tion in operating an auxiliary load;

FIG. 2 is a schematic view of a variable displacement
pump which may be used in the system illustrated in
FIG. 1;

FIG.3is a schematlc view of a pump and valve ar-
rangement which may be used in the system of FIG. 1
to provide a plurality of fixed displacement pumps to
drive the auxiliary load with the number of pumps in
operation being varied in response to the pressure de-
mands of the auxiliary load;

FIG. 4 is a schematic view of the pumps and valving
arrangement illustrated in FIG. 3 in which the valve has
been shifted to decrease the volume of fluid discharged
to the system in providing power for operation of the
auxiliary load;

FIG. § is a side sectional view of a throttle control de-
vice which may be used to vary the fuel supply to the
engine in response to the pressure demands of the aux-
iliary load and the volume of fluid discharged to the
system by the pump, and

FIG. 6 is a side elevational view of a refuse’ collection
vehicle showing in phantom line drawing a packing
mechanism operated by a pump driven by the vehicle
engine at a speed near its idling speed.

DETAILED DESCRIPTION

With reference to FIG. 1, a relatively large engine 2
whose primary work function may be in driving a truck
through a main output shaft 7, is utilized to perform a
secondary work function in providing power to operate
an auxiliary load 4 through an auxiliary output shaft 8.
The auxiliary shaft 8 is connected through a centrifugal
clutch 26 to an input shaft 9 to a pump 6. The pump
6 receives hydraulic fluid through an input line 16 from
a reservoir 14 and delivers hydraulic fluid through an
output line 10 to the variable volume and variable pres-
sure auxiliary load 4. Hydraulic fluid from the auxiliary
load 4 is returned to the reservoir 14 through a return
line 12.

A control line 28 may be provided which leads from
the output line 10 to the pump 6 with the control line
being used to vary the volume of hydraulic fluid deliv-
ered by pump 6 through the output line 10. However,
it is not essential that the volume of hydraulic fluid de-
livered by the pump be varied. Thus, the control line 28
may be regarded as structure which is optional. The

_pump 6, for example, may be a fixed displacement
pump whose capacity is sufficxently large to satisfy any
demand placed on it by the variable auxiliary load 4.
The engine 2 is then sized so that it provides the neces-

sary power to operate the pump 6 with the engine 2 op- ,

erating near its idling speed.

A control line 18 leading from the output line 10 may
be utilized to operate a throttle controt device 20 which
is depicted as a hydraulic cylinder. A rod 22 which is
movable in response to pressure changes within the
throttle control device 20 is connected to a throttle 27
through a throttle lever 24. As the pressure demands of
the auxiliary load 4 are increased, additional power is
required to drive the pump 6 to provide hydraulic fluid
for the load 4. The increased power demands of the
load 4 are met by i mcreasmg the fuel supplied to the en-
gine 2 with the quantity of fuel being dependent upon
the system pressure in line 10, as transmitted through

3,841,093
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control line 18 to the throttle control device 20. Thus,
the torque output from the engine 2 may be automati-
cally regulated by the throttie control device 20 to pro-
vide the necessary power for operation of the auxiliary
load 4 while maintaining the speed of the engme 2 near
its idling speed.

In providing the power for operation of the auxiliary
load 4, the engine 2 operates at a speed near its idling
speed. Thus, where the primary work function of theé
engine is to provide power for operation of a truck, the

“engine may operate at a speed which is about one-
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quarter or less to about one-third of its maximum speed
in providing a horsepower output to the auxiliary load
of about one-quarter or less to about one-third of its
maximum horsepower output. For example, the speed
of the engine 2 may vary from about 700 or less to
about 1,000 rpm. in providing the power for operation
of the auxiliary load 4.

Due to its operation near its idling speed in supplying
power to the auxiliary load 4, the engine 2 provides the
necessary power at very low noise levels. Moreover, by
operating the engine 2 at a relatively low speed in pro-
viding power for the auxiliary load 4, the life of the en-
gine is extended and maintenance costs are reduced. In
operating the auxiliary load 4, stalling of the engine 2
may be prevented by varying the fuel supplied to the
engine 2 in response to the pressure demands: of the
variable load 4. The output from the engine is, thus,
varied to meet the demands of the load so that'the en-
gine output is efficiently used by the load:

The maximum speed and horsepower of the engine
2 are far in excess of that required for operation of the
auxiliary load 4. If the speed of the engine 2 was in-
creased to its maximum speed, this would drive the
pump 6 at speeds in excess of its capacity and also
would result in supplying a quantity of fluid to the load
4 which exceeded its capacity. The centrifugal clutch
26 is used to protect the pump 6 and load 4 from being
overdriven by the engine 2. When the engine speed is
increased to a predetermined speed in excess of its
idling speed, as, for example, when the engine is per-
forming its primary work function, the clutch 26 auto-
matically disengages the auxiliary output shaft 8 from
the input shaft 9. For example, the clutch 26 may be set
to disengage to shaft 9 when the speed of the engine 2
is increased to about 1,500 rpm.

As illustrated, the auxiliary output shaft 8 is directly
driven by the engine 2 so that the shaft rotates continu-
ously when the engine is operating. The apparatus is
controlled through actuation of the clutch 26. Various
means may be used to control the clutch and one
means, for example, may consist of a simple electrical
circuit in which a plurality of switches 1§, 17, 19 and
21 are connected in series by an input conductor 11 be-
tween a source of -electrical power 23 and the clutch
26. The switch 21 may be actuated by the ignition sys-
tem of"a vehicle which is powered by the engine 2 such
that switch 21 is closed by turning the ignition key in
starting the engine.

The switch 19 may be positioned on the dash within
a vehicle cab while the switch 17 may be positioned
anywhere on the vehicle which is convenient to the
load 4. In a refuse packer where the packing mecha-
nism is positioned on the rear of the truck body, the
switch 17 would generally be positioned at the rear of
the truck body for ease'in operating the packing mech-
anism. The switch 19 serves as a safety measure to pre-
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vent injury of children or trespassers through actuation
of the switch 17. With switch 19 in an open position,
the apparatus cannot be operated out of the view of the
driver by the closing of switch 17.

The switch 15 is a speed control switch which may be
connected to the engine through a conductor 25. The
conductor 25 transmits a signal to switch 15 when the
engine 2 reaches a predetermined speed. When the en-
gine 2 exceeds the predetermined speed, the switch 15
is automatically opened to open the clutch 26 and dis-
engage the connection between shafts 8 and 9. This
prevents overdriving of the pump 6 or load 4 by the en-
gine 2. As illustrated, the electrically operated clutch
26 may be grounded in a conventional manner through
a conductor 13.

The switch 1§ may be actuated mechanically as well
as electrically. For example, the switch 15 may be
opened and closed in response to the speed of rotation
of a drive cable connecting the switch 15 to the engine
2. The drive cable, which would serve the same func-
tion as the conductor 25, may be driven from the shaft
8 in the manner of speedometer cable. Also, the switch
15 may be made integral with the clutch 26 and be ac-
tuated by centrifugal force.

The signal transmitted to the switch 15 through con-
ductor 25 may be generated by sensing the speed at
which the distributor contacts are opened and closed or
by directly sensing the speed of rotation of shaft 8. For
example, a small generator may be driven from a power
takeoff to generate an electrical output whose magni-
tude is directly proportional to the speed of the engine
2. To provide system flexibility, the switch 15 may be
adjustable. Then, the switch 15 may be set to open at
any desired engine speed as required to protect the par-
ticular pump and load present in the system.

A reservoir 14 interconnects the variable load 4 and
the pump 6 to provide flexibility in the system so that
a variable volume of hydraulic fluid may be used in op-
erating the load 4. If, for example, the load includes hy-
draulic cylinders having a relatively large volume as
used in powering the packing mechanism for a refuse
loader, the cylinders may store relatively large quanti-
ties of fluid during certain phases of the load cycle. As
this occurs, relatively large quantities of hydraulic fluid
are withdrawn from the reservoir 14 and transferred to
the load 4 through the pump 6. At another point in its
operation, the variable load 4 may require a relatively
small quantity of fluid for operation. A relatively large
quantity of hydraulic fluid would then be stored in the
reservoir 14 with a small quantity of hydraulic fluid
being used to operate the load 4.

FIG. 2 illustrates a conventional variable dlsplace-
ment pump 29 which may be used in the overall system
illustrated in FIG. 1. The variable displaccment pump
29 includes a swash plate 30 on a pivotal mounting 36
which engages a pair of pistons 40. The pistons are con-
tained in bores within a pump body 38 and are biased
outwardly by springs 42 into contact with the swash
plate 30. Retainer rings 44 fixedly positioned on the
pistons 40 adjacent their outward ends contact the
outer portions of the springs 42 while the inner portions
of the springs bear against the pump body 38. The
pump body 38 may be rotated by an input shaft 9 with
the stroke of the pistons 40 being determined by the
angle of the swash plate 30.

A control rod 32 is connected to swash plate 30
through a pivotal connection 33 and is movably posi-
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tioned by a hydraulic cylinder 34 which receives fluid
through control line 28. A piston 37 slidably positioned
within the cylinder 34 is connected to the control rod
32 while a spring 35 positioned between the end of the
piston 37 and the inner wall of cylinder 34 exerts an
outward force on the piston 37 and control rod 32. The
outward force exerted by the spring 35 serves to posi-
tion the swash plate 30 at an angle to provide the maxi-
mum displacement of the pistons 40.

When the pressure in control line 28 is increased,
which reflects an increased system pressure and an in-
creased pressure demand by the load 4, the piston 37
and control rod 32 are moved to the left from their po-
sitions as shown in FIG. 2. This causes a counterclock-
wise rotation of the swash plate 30 toward a vertical po-
sition and thereby reduces the displacement of the pis-
tons 40. This, in turn, reduces the discharge from the
variable displacement pump 29. The torque required to
drive the variable displacement pump 29 is dependent
upon the system pressure in line 10 and also on the vol-
ume of fluid being discharged to the system by puump
29. By reducing the volume of fluid discharged from
the pump 29 in response to an increase in the pressure
demand of the load 4, the torque input required to
drive the pump 29 is maintained below a predeter-
mined level. This provides greater system flexibility be-
cause it permits the pump 29 to be driven with a rela-
tively low output torque and output speed of the engine
2 without stalling the engine even through the pressure
demands of the auxiliary load 4 may have increased
sharply.

Turning to FIG. 3, there is illustrated a schematic dia-
gram of a plurality of fixed displacement pumps which
are operated by a valving system to vary the discharge
from the pump 6 to the system in response to the pres-
sure demands of the auxiliary load 4. As illustrated, a
pair of fixed displacement pumps 46 and 48 are driven
from a common input shaft 92 which corresponds to
the shaft 9 illustrated in FIG. 1. The discharge from the
pump 46 and 48 is controlled by a valve 50 whose posi-
tion is varied in response to the pressure demands of
the auxiliary load 4. An inlet line 52, which is indicated
as split into two lines 56 and 58, feeds fluid to a com-
mon suction for each of the pumps 46 and 48.

The discharge from pump 46 and the discharge from
pump 48 are fed through outlet lines 60 and 62, respec-
tively, to the valve 50. With the valve 50 positioned as
shown in FIG. 3, the outlet 60 from pump 46 leads to
a valve cavity 64 and to a valve passage 66. The dis-
charge from pump 46 then flows through the valve pas-
sage 66 to a valve cavity 68 and to a discharge line 70,

The outlet line 62 from pump 48 leads to a valve cav-
ity 72, then to a valve passage 74, and to a valve cavity
76. The discharge from the pump 48 is, thus, fed to the
valve cavity 76 and then to a discharge line 78 which
joins the common discharge line 70. With the valve 50
in the position illustrated in FIG. 3, the discharge from
both pumps 46 and 48 is, thereby, fed through the valve
50 to the common discharge line 70.

A pressure control line 90 may be connected to the
common discharge line 70 to indicate the system pres-
sure which is determined by the pressure demands of
the variable load 4. A second pressure control line 88
may be connected to the valve cavity 65 to sense the
pressure of the discharge from the pump 46 when this
discharge is fed to the system. The pressure control
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lines 88 and 90 may then be used to operate a throttle
control device as shown in FIG. § which varies the rate
of supplying fuel to the engine to vary its torque output
in response to the pressure demands of the system and
the volume of fluid discharge to the system by the
pumps 46 and 48. It is not necessary, however, that two
pressure control lines be used to operate the throttle
control device and, if desired, the throttle could be
controlled entirely by system pressure as transmitted
through control line 90.

A control line 80 is connected to the discharge line
78 and senses the discharge pressure generated by the
pump 48. The line 80 leads to a pressure opening valve
82 which is adjustable to open at a predetermined pres-
sure. Leading from the valve 82 is a control line 84 con-
nected to an actuating device, illustrated as a hydraulic
cylinder 96, which is operably connected to the valve
50. The hydraulic cylinder 96 works against a spring 94
which is illustrated in FIG. 3 as pushing the valve 50 to
the right with the spring in an expanded condition.

A valve cavity 86 overlies a return line 54 leading
from the valve 50 to the input line §2. When the valve
50 is in the position shown in FIG. 3, the return line 54
is covered by the valve cavity 86 and does not transmit
hydraulic fluid.

As the speed of the engine and the rotational speed
of the input shaft 92 are increased during operation of
pumps 46 and 48 in working against a variable hydrau-
lic load, the pressure in line 80 gradually builds up to
the predetermined opening pressure for valve 82,
When the pressure in line 80 is sufficient to open valve
82, the pressure is then transmitted through line 84 to
the hydraulic cylinder 96. This causes the valve 50 to
shift to the left from its position as shown in -FIG. 3,
with excess fluid in addition to that required to operate
cylinder 96 being fed from cylinder 96 through a
bleeder or return line 100 to a sump 98.

The valve 50 is shown in its shifted position in FIG.
4, after having shifted in the direction of the arrow A.

With the valve shifted, the outlet line 60 from pump
46 leads to the valve cavity 86 and then to the return
line 54. The discharge from the pump 46 is, thus, recy-
cled through line 54 to the inlet line 52 and is returned
through lines 56 and 58 to the common suction for
pumps 46 and 48. After shifting of the valve 50, the dis-
charge line 62 from pump 48 is still connected through
the elongated valve cavities 72 and 76 to the discharge
line 78. Thus, after shifting of valve 50 in the direction
of arrow A, only the discharge from pump 48 is con-
veyed through the valve to the discharge line 70.

When the valve 50 has shifted to its FIG. 4 position,
there is a reduction in the flow rate of hydraulic fluid
into the system since the discharge from pump 46 is re-
cycled. The input torque required to drive pumps 46
and 48 through input shaft 92 is proportional to the vol-
ume of fluid discharged by the pumps 46 and 48 to the
system and also to the system pressure in line 70. Thus,
the reduction in flow rate caused by the shift of valve
50 causes a sharp reduction in the input torque re-
quired to drive pumps 46 and 48.

When the valve 50 is in its shifted position, the pres-
sure in valve cavity 64 drops to zero. This causes a cor-
responding reduction in the pressure in control line 88.
Due to the drop in pressure in control line 88, the only
pressure received by a throttle control device is
through control line 90. The overall pressure received
by a throttle control device is thus sharply reduced
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which may be used to cause a corresponding reduction
in the quantity of fuel being fed to the engine and the
output torque generated by the engine to match the de-
creased input torque then required for operation of
pumps 46 and 48.

When the pressure in control line 80 drops below the
predetermined opemng pressure for valve 82, the valve
closes and the spring 94 expands to return valve 50 to
its position as shown in FIG. 3. As this occurs, hydrau-
lic fluid in the hydraulic cylinder 96 is exhausted
through a line 100 to a sump 98, With the valve 50 re-
turned to its FIG. 3 position, the discharge from both
pumps 46 and 48 is again fed to the common discharge
line 70 to supply an increased volume of hydraulic fluid
to the variable load 4. Also, with the valve 50 in its re-
turn position, the pressure sensed by control line 88 is
the discharge pressure from the pump 46. This pressure
may be transmitted through control line 88 to a throttle
control device together with the system pressure
through control line 90. This increased pressure may be
used to cause an increase in the quantity of fuel being
fed to the engine to provide a greater output torque to
match the increased input torque then required when
both pumps 46 and 48 are discharging hydrauhc fluid
to the load system.

The combination of pumps and valving illustrated in
FIGS. 3 and 4 is commercially available equipment. It
may, for example, be purchased from Tyrone Hydrau-
lics, Inc, of Corinth, Mississippi as part numbers
SH20250-200A-DJ or SH20-300-250A-DJ. If a vol-
ume responsive or a volume and pressure responsive
valve is used in the system of FIGS. 3 and 4 in lieu of
the pressure responsive valve 82, the system may be
made responsive to the volume of fluid discharged by
pumps 46 and 48 or to both the volume of discharged
fluid and also the system pressure.in regulating the vol-
ume of fluid discharged to the load system by pumps 46
and 48.

FIG. 5 illustrates a throttle control device 102 which
is particularly ‘suitable for use in the system described
in FIGS. 3 and 4. The throttle device 102 includes a
body 104 having an enlarged central body cavity 106
and a reduced central body cavity 108. A piston 110 is
positioned within the enlarged and reduced body cavi-
ties 106 and 108 and has an enlarged diameter portion
112 received by cavity 106 and a reduced diameter
portion 114 received by cavity 108. A sloped transition
wall 117 interconnects the diameters of the enlarged
cavity 106 and the reduced cavity 108. With the piston
110 in retracted position as shown in FIG. §, the en-
larged diameter portion 112 bears against the juncture
between the transition wall 117 and the diameter of the
enlarged body cavity 106. An annular piston face 115,
thereby, forms a transmon cavity 119 with the transi-
tion wall 117,

The outer face of piston 110 bears against a rod 116
which passes through an aperture in an end closure 118
that is threadedly received within the body 104. A U-
bracket 120 is fixedly held against the end of body 104
by the end closure 118, which passes through a hole in
the U-bracket. A gasket 122 is positioned between the
end face of the body 104 and the U-bracket 120 and a
seal 124 slidably surrounds the rod 116.to prevent leak-
age of hydraulic fluid between the rod 116 and the end
closure 118.

The control line 90, shown in FIGS. 3 and 4 which
senses the system pressure imposed by the vanable load
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4, transmits hydraulic fluid to the reduced body cavity
108 through a standard threaded connector which is
threadedly received by body 104. Hydraulic fluid con-
veyed through control line 90 exerts pressure against a
reduced piston surface area 113 to move the piston 110
to the right from its position shown in FIG. 5. The con-
trol line 88 described in FIGS. 3 and 4 enters the body
104 through a side port 125. When the discharge from
pump 46 is directed to the system, as illustrated in FIG.
3, the discharge pressure from pump 46 is conveyed
through control line 88 to the throttle control device
102 and exerts pressure against the annular piston face
115, This also exerts a force which pushes the piston
110 to the right from its position shown in FIG. 5.
The pressure exerted on the annular piston face 115
is proportional to the volume of fluid discharged to the
system by pumps 46 and 48 (FIGS. 3 and 4) since pres-
sure is exerted against piston area 115 only when pump
46 is discharging hydraulic fluid to the system. The
pressure exerted on piston surface 113 through control
line 90 is, on the other hand, proportional to the system
pressure and the pressure demands of the variable load.
Thus, the movement of piston 110 reflects both the vol-
ume of hydraulic fluid discharged to the load system by
pumps 46 and 48 and, also, the pressure demands im-
posed by the variable load. The input torque required
for operation of pumps 46 and 48 is determined by
both the pressure demands of the variable load 4, and
also the volume of fluid discharged to the system by the
pumps. Thus, the movement of the piston 110 is con-
trolled by the same variables which determine the input
torque required for operation of pumps 46 and 48.
The outer end of the rod 116 is connected through
a pivot support 126 to a clevis 128. The clevis 128 con-
tains an aperture 130 which receives a control lever
132. The control lever 132 is held within aperture 130
by means of a set screw 134 that is threadedly received
by the clevis 128 and bears against control lever 132,

The lower end of the control lever 132 engages a
pivot opening 142, Thus, as the control rod 116 is
moved outwardly through movement of piston 110, the
control lever 132 is pivoted with respect to the pivot
opening 142 which acts as a fulcrum. During the pivot-
ing of control lever 132, the clevis 128 undergoes piv-
otal movement with respect to rod 116 about the pivot
support 126, After rotation of the control lever 132
through movement of the rod 116, the control lever
may, for example, occupy the position illustrated as
132a.

A throttle cable 144 is connected to an opening 145
in the control lever 132 adjacent its upper end. The
other end of the throttle cable 144 is attached to a
throttle lever as depicted at 24 in FIG. 1. As the rod
116 is extended and the control lever 132 is pivoted,
the throttle lever, is thereby moved by the throttle
cable 144 to vary the amount of fuel being fed to the
engine.

A spring 121 is positioned within the enlarged body
cavity 106 and surrounds the rod 116. With the piston
110 in its retracted position, there is a gap 127 between
the end of the spring 121 and the outer surface of the
piston 110. Thus, as hydraulic fluid is initially received
by the throttle control device 102 through control lines
88 and 90, there is a rapid movement of piston 110 and
rod 116 to the right from their positions shown in FIG.
5. When the movement of piston 110 brings it into en-
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gagement with spring 121, the continued movement of
piston 110 and rod 116 is slowed down by the resistive
force of the spring. The function of the throttle control
device 102 is to control the fuel supplied to the engine
in such a manner that the output torque from the en-
gine approximates the input torque required for opera-
tion of pumps 46 and 48. Thus, the spring 121 is de-
signed to have a spring rate which provides a move-
ment of rod 116 in response to the pressures exerted on
the piston 110 to produce an engine output which ap-
proximates the required input torque to pumps 46 and
48,

The movement of the engine throttle lever in re-
sponse to movement of rod 116 may also be controlled
by the position of the control lever 132. As the control
lever 132 is pivoted, the movement experienced by the
throttle cable 144 is a function of the moment arm be-
tween the opening 145 and the pivot opening 142. This
distance can be lengthened or shortened by loosening
the set screw 134 and moving the control rod 132 up-
wardly or downwardly within aperture 130. In addition,
the movement of the engine throttle may be varied by
providing a plurality of openings 148, 150, 152, 154,
etc. in the control lever 132, By moving the attachment
of the throttle cable 144 from opening 145 to opening
148, the degree of movement of cable 144 will be re-
duced when the lever 132 is rotated. Also, if the control

lever 132 is moved downwardly by loosening the set

screw 130, the throttle cable 144 may be attached to
an opening such as 152 or 154 which is positioned very
close to pivot opening 142. This provides a very short
movement of cable 144 in response to pivoting of con-
trol lever 132,

In the operation of the throttle control device 102,
the output torque of the engine is varied in response to
the power demands of the variable load. However, at
the same time, the speed of the engine is maintained
near its idling speed. An adjustable stop 136 limits the
maximum movement of the rod 116 and the maximum
rotation of the control lever 132, The adjustable stop
136 is composed of a screw 138 retained within an ap-
erture in U-bracket 120 by nuts 140 which threadedly
engage the screw 138 and bear against opposite sides
of the U-bracket. By adjusting the position of screw
138, the maximum movement of rod 116 and the maxi-
mum rotation of control lever 132 may be varied to
control the maximum engine speed in providing power
for the auxiliary load.

To ensure a low hysteresis loss and a quick move-
ment of piston 110 and rod 116, the piston 110 has a
relatively loose fitting engagement with the diameters
of reduced body cavity 108 and enlarged body cavity
106. This permits hydraulic fluid to pass between the

 exterior surfaces of piston 110 and the diameters of

cavities 106 and 108. A return line 146 conveys hy-
draulic fluid from the enlarged body cavity 106 to a res-
ervoir, as shown at 14 in FIG. 1. Thus, there is a slow
but constant flow of hydraulic fluid through the throttle
control device 102 during its operation. -

The use of the present apparatus and method in oper-
ating a packing mechanism for a refuse truck is illus-
trated in FIG. 6. A refuse collection vehicle 159 includ-
ing a cab 158 and a refuse containing body 160
mounted on a frame 162, has a tailgate 164 positioned
rearwardly of the body 160. The tailgate 164 may be
pivotally mounted at its top to the body 160 such that



3,841,093

13

it can be rotated upwardly from ejectlon of refuse from
the body.

As shown in phantom line drawing, the tailgate 164
contains a hopper 166 and a packing mechanism 168
mounted within the tailgate 164. The packing mecha-
nism may include one or more packing panels which
are actuated hydraulically, e.g. through use of hydrau-
lic cylinders, to move refuse from the hopper 166
through an opening positioned in the region identified
by numeral 170 between the hopper 164 and storage
body 160. The particular form of the packing mecha-
nism is not critical to the present invention and any hy-
draulically operated mechanism may be used.

The packing mechanism 168 is operated by a pump
6 driven by the vehicle engine 2 at a speed near the en-
gine idling speed. The pump 6 receives hydraulic fluid
from a reservoir 14 through line 16 and supplies fluid
to the packing mechanism 168 through line 10. Hy-
draulic fluid is returned to there reservoir 14 from the
packing mechanism 168 through line 12. In identifying
the engine, pump, reservoir, etc., the same reference
numerals are used as in FIG. 1. A throttle control and
a means for varying the output volume and pressure of
the pump 6 may be included in the system shown in
FIG. 6 for the reasons described previously with regard
to FIG. 1. Also, a clutch 26 and means to operate the
clutch (shown in FIG. 1) may be utilized in the system
of FIG. 6 to disengage the drive between engine 2 and
pump 6 when the engine speed reaches a predeter-
mined level. This prevents the pump 6 and packing
mechanism 168 from being overdriven by the engine 2.
Additionally, a variable displacement pump (FIG. 2) or
a plurality of fixed displacement pumps (FIGS. 3 and
4) may be used as the pump 6 in FIG. 6. This permits

varying the volume and pressure of hydraulic fluid sup- 33

plied to the packing mechanism 168 in response to the
load demands of the mechanism to maintain the input
torque to the pump 6 below a predetermined level.
Preferably, the fuel supplied to the engine 2 is also var-
ied in response to the volume and pressure of fluid sup-
plied to the packing mechanism 168 through the use of
a throttle control device such as that shown in FIG. 8.
This permits varying the output torque of the engine 2
in a manner which is correlated with variations in the
input torque required by the pump 6. The engine out-
put is, thus, more efficiently used by the pump in driv-
ing the packing mechanism 168.

As illustrated by the foregoing description, the inven-
tion provides an apparatus which is quite versatile in
providing power for operation of a variable volume and
a variable pressure auxiliary load. By driving the auxili-
ary load with a relatively large engine operating near its
idling speed, the operation is carried out at low noise
levels and with reduced engine wear. Moreover, the
torque output of the engine 1s more effectively utilized
by the load to provide a more efficient use of the engine
output.

Throughout the foregoing description, the engine has
been described as performing a secondary work func-
tion in providing power for an auxiliary load. If desired,
however, the overall system of the present invention
could be used in providing power to a primary load
using a sufficiently oversized engine to power the load
at a relatively low engine speed near its idling speed.

Although this would increase the initial investment in

requiring a larger engine, this investment cost would be
offset by a reduction in the resulting noise levels which

14
might justify the increased cost depending on the par-
ticular use application.
Also, as described previously, the auxiliary load has
been illustrated as a variable volume and variable pres-

5 sure load since this is the area where the invention has

the greatest application. If desired, the apparatus and
method of the present invention may be used in operat-
ing a variable volume-constant pressure load, a variable
pressure-constant volume load or a constant volume-

10 constant pressure load. By using the principles of the

present invention, any of these various types of loads
may be operated at low noise levels which would be
highly desirable in reducing the effect of noise pollu-
tion on the ecology.

15 The throttle control device, 102, as described previ-

ously, functions as a governor in limiting engines speed
as well as functioning to vary the fuel supplied to the
engine in response to the power demands of the load
and the input torque requirements of the pump or

;20 pumps. If desired, depending on the size of the engine

and the demands of the auxiliary load, the engine may
be controlled simply by a governor to limit its speed in .
operation of the load. If, for example, the engine em-
ployed is a diesel, the engine speed may be also con-
trolled by an underspeed throttle control to maintain a
given minimum engine speed and to not permit the en-
gine to operate at a slower speed while providing power
to the auxiliary load.

As described previously, the engine may provide
power directly to a pump or pumps in driving an auxili-
ary load. Also, however, the pump may be driven by
the engine through an intermediate power means such
as an electric motor. Thus, for example, the engine may
drive an auxiliary alternator to supply power to an elec-
tric motor used to drive the pump or pumps.

A speed control means, such as an electric clutch,
may be used to prevent the engine from overdriving the
pump or the load, as described previously. Also, how-
ever, a speed override may be used to prevent increase
in engine speed above a predetermined level by the ve-
hicle operator when the engine is dnvmgly engaged
with the pump and the load.

I claim:

1. A'method of reducmg noise, including the follow-
ing steps: i

provndmg for the operation of an auxiliary mecha-

nism on a vehicle where the mechanism provides
an operation different from propulsion of the vehi-
cle,

regulating the speed of an engine in the vehicle at

speeds near its idling speed during the operation of
the auxiliary mechanism,

using the power from the engine at speeds near its

idling speed to supply a fluid under pressure for op-
erating the auxiliary mechanism, and

introducing the fluid under pressure to the auxiliary

mechanism to operate the auxiliary mechanism.

2. The method set forth in claim 1, including the fol-
lowing step:

inhibiting the introduction of fiuid under Ppressure to

the auxiliary mechanism when the engine is oper-
ated at a particular speed in excess of its idling
speed.

3. The method set forth in claim 1, mcludmg the fol-
lowing step of:

controlling the introduction of fluid under pressure

to the auxiliary mechanism when the engine is op-
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erated at speeds having an intermediate value be-
tween its idling speed and the particular speed.

4. A method for operating an auxiliary hydraulic load
having variable volume and pressure requirements at a
low noise level, said method comprising:

providing a pump whose capacity is sufficient to sat-

isfy the auxiliary hydraulic load having the variable
volume and pressure requirements;

driving the pump with an engine operating at a speed

near its idling speed;

conducting hydraulic fluid from the pump to the aux-

iliary. hydraulic load having the variable volume
and pressure requirements, and

varying the volume of fluid discharged from the

pump in response to the pressure demands of the
auxiliary hydraulic load to maintain the maximum
torque input requirements of the pump at a level
which is compatible with the torque output of the
engine.

5. The method of claim 4 including the step of:

varying the fuel supply to the engine in response to

the volume of fluid discharged from the pump and
the pressure demands of the auxiliary hydraulic
load to provide an engine output torque which is
compatible with the input torque required to drive
the pump.

6. The method of claim 4 wherein the pump is a vari-
able displacement pump and the displacement of the
pump is varied in response to the pressure demands of
the auxiliary hydraulic load.

7. The method of claim 4 including the use of a plu-
rality of fixed displacement pumps and varying the
number of pumps discharging hydraulic fluid to the
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auxiliary hydraulic load in response to the pressure de-
mands of the auxiliary hydraulic load.

. 8. The method of claim 4 including the step of con-

trolling the flow rate of hydraulic fluid discharged to
the auxiliary hydraulic load at a level which does not
exceed the capacity of the auxiliary hydraulic load.
9. A method of reducing noise, including the follow-
ing steps:
providing for the operation of an auxiliary mecha-
nism on a vehicle from the engine of the vehicle
where the auxiliary mechanism performs a function
different from the propulsion of the vehicle;
maintaining the vehicle engine at a speed near its
idling speed during the operation of the auxiliary
mechanism;
using the power from the engine at a speed near its
idling speed to provide a hydraulic output boosted
relative to the output available from the engine at
idling speeds, and
using the hydraulic output to drive the auxiliary
mechanism.
10. A method as set
step of: ‘ .
inhibiting the use of hydraulic output to drive the
auxiliary mechanism when the speed of the engine
increases above a particular value.
11. A method as set forth in claim 10, including the
step of:
controlling the amount of the hydraulic output at en-
gine speeds between the idling speed and the par-
ticular value.

forth in claim 9, including the
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