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[57] ABSTRACT

The present invention provides a speed control system
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shaft of a power takeoff unit within a predetermined
range. A central control unit receives signals indicative
of the speed of the input gear and, in response to the
received signals engages and disengages the output
shaft of the power takeoff unit. The central control unit
also disengages the output shaft if the system’s voltage
levels drop below a preset minimum.
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1
POWER TAKEOFF SPEED CONTROL ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This present invention relates to an improved power
takeoff speed control assembly for use in most industrial
and agricultural applications, where power takeoff units
are employed, to operate various pieces of accessory
mechanical tools using the power output of the engine
of the primary vehicle. Such power takeoff units are
commonly engaged with the engine of the vehicle
through transfer cases or transmissions. As a result of
such direct engagement, the speed of operation of the
power takeoff unit is directly relative to the speed at
which the engine is operating.

10

15

Field use of power takeoff assemblies commonly 20

encounters undesirable results when the engine speed of
the primary vehicle exceeds that speed at which a me-
chanical tool accessory can be safely employed. For
instance, an overspeed condition at the power takeoff
unit may imperil not only the mechanical integrity of
the accessory tool but also the safety of the operator and
in some cases, serious physical harm to the operator
could result. Often the operator, when using the power
takeoff unit and mechanical accessory, is in a location
where the engine cutoff or power takeoff cutoff is inac-
cessible should an emergency arise. Therefore, a de-
mand exists for a reliable sensing device which responds
to engine overspeed conditions and acts to disengage
the output shaft of a power takeoff unit, until the engine
speed slows to a level where safe operation of the
power takeoff unit and accessory tool is possible.
Other problems are encountered when cold starting
an engine having a power takeoff assembly. If the driv-
ing voltage for the power takeoff unit and engine is
inadequate, severe strain and possible damage to me-
chanical components can result if the power takeoff unit
is engaged. Similarly, the operator is commonly in a
physical location proximate the tool accessory during
operation of the power takeoff unit making it difficult to

25
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The speed control system of the present invention
also includes means to reset and re-engage the output
shaft of the power takeoff unit once the system voltage
has returned to normal or the engine speed has returned
to a desirable range. The present invention further pro-
vides various other controls which are used to adjust
the disengagement speed and the reset speed for the
power takeoff unit. Indicator lights are provided on the
central control unit to inform the operator if the power
takeofT unit is in operation or if an overspeed condition
exists at the power takeoff unit.

These features and various other features of objects
of the present invention will be apparent from a consid-
eration of the following detailed description, drawings,
and claims.

FIG. 1 is a schematic block diagram of the power
takeoff speed control assembly of the present invention;

FIG. 2 is a partial cutaway view of a power takeoff
unit showing the position of the speed sensor of the
control unit of the present invention;

FIG. 3 is a cutaway view showing the structure of a
power takeoff unit;

FIG. 4 is a circuit diagram of the control unit of the
present invention; and,

FIG. 4A is a circuit diagram of a circuit to be inserted
at “A” of the FIG. 4.

The power takeoff assembly of the present invention
includes a power takeoff unit 10 which is engaged with
the engine of a primary vehicle, usually through the
transmission 12 or transfer case (not shown) of the vehi-
cle. The power takeoff unit includes an input gear 14
which is engaged with the transmission 12 for rotation.

Referring now to FIG. 3, the power takeoff unit
includes a housing 16 which engages an output shaft 18
and clutch pack 20. The output shaft 18 is journaled for
rotation within the housing 16 by bearings 22 mounted

- in bearing covers 24, 26 which are fixed to the opposed

determine if an undervoltage situation is occurring. 45

Therefore, there is also need for a reliable sensor device
which determines the voltage conditions of the engine
drive system and power takeoff assembly and acts to
disengage the power takeoff unit if an undesirable volt-
age condition arises.

The present invention provides a speed control sys-
tem for use in maintaining the rotational speed, of an
output shaft of a power takeoff unit, within a desired
range. The power takeoff assembly of the present inven-
tion includes a central control unit which can be
mounted within the cab of the primary vehicle. The
central control unit is operatively connected to the
power takeoff unit and receives electronic signals repre-
sentative of the engine speed and, in response to the

received signals, operates a valve which directs fluid 60

under pressure to and from the power takeoff unit to
engage or disengage the output shaft of the power take-
off unit. The control unit also includes a sensing circuit
designed to maintain surveillance over the voltage lev-

35

els of the drive vehicle circuits and the power takeoff 65

unit. Should the voltage level drop below a required
minimum, the control unit will command the valve
means to disengage the power takeoff assembly.

ends of the housing 16. An output gear 28 is mounted
around the ouput shaft 18 and rotates relative to the
output shaft 18 by means of roller bearings 30. The
output gear 28 engages the input gear 14 and is driven
by the rotation of the input gear 14.

The output gear 28 engages the clutch pack 20 of the
power takeoff unit 10. The clutch pack 20 includes a
inner clutch gear 32 which is mounted on the output
shaft 18 adjacent the output gear 28. The inner clutch
gear 32 is engaged with the output shaft 18 and rotates
with the output shaft 18. The inner clutch gear 32 is not
directly engaged with the output gear 28. The clutch
pack 20 further includes a plurality of friction discs 34
and clutch plates 36 which are positioned between the
inner clutch gear 32 and a flange 38 of the output gear
28. The friction discs 34 and clutch plates 36 are alterna-
tively positioned with respect to each other so that the
friction discs 34 engage the flange 38 of the output gear
28 and the clutch plates 36 engage the inner clutch gear
32. Thus, the output gear 28 will become indirectly
engaged with and drive the inner clutch gear 32 when
the friction discs 34 and the clutch plates 36 are pressur-
ized into engagement to rotate as one unit.

To facilitate pressurization of the friction discs 34 and
clutch plates 36, the clutch pack 20 also includes a pis-
ton 40 and counterspring 42 mounted about the output
shaft 18. In operation, the piston 40 is pressurized to
engage and press against the friction discs 34 and clutch
plates 36 combination to cause the friction discs 34 and
clutch plates 36 to engage one another and rotate as an
integral unit. This engagement between the friction
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discs 34 and the clutch plates 36 will likewise cause the
inner clutch gear 32 to rotate with the output gear 28
and drive the output shaft 18 of the power takeoff unit
10.

The clutch pack 20 of the power takeoff unit 10 is
designed to remain in a disengaged position during all
penods of non use. This is accomplished through coun-
terspring 42, which exerts a force against the piston 40
and removes the piston 40 from engagement with the
friction discs 34 and clutch plates 36 combination.
When the piston 40 is not engaged with the friction
discs 34 and clutch plates 36, the discs 34 will be driven
by the output gear 28 and will rotate with respect to the
clutch plates 36 which are engaged with the inner
clutch gear 32. No driving forces will be transmitted
from the output gear 28 to the inner clutch gear 32.
- Under such conditions, the output shaft 18 remains
stationary.

To operate the power takeoff unit 10, fluid is received
under pressure through a fitting (not shown) mounted
in the orifice 44 located in bearing cover 24, as shown in
FIG. 3. The fluid under pressure flows through the
orifice 44 and connecting passageway 46 into a second
passageway 48 located within the output shaft 18. The
fluid under pressure then flows into a pressure chamber
S50 which exists between the piston 40 and a clutch pack
casing unit 52. As the fluid under pressure flows into the
pressure chamber 50, it exerts pressure against the face
of the piston 40; the force of such pressure being suffi-
cient to overcome the counterforces exerted by coun-
terspring 42, thereby pressing the piston 40 into engage-
ment with the friction discs 34 and clutch plates 36. As
the fnction discs 34 and clutch plates 36 engage, the
output shaft 18 receives a driving force from the output
gear 28 and begins to rotate. To disengage the output
shaft 18 from the force of the output gear 28 and discon-
tinue its rotation, the fluid under pressure is drained
from the pressure chamber 50 through passageways 48
angd 46, thereby releasing the pressure against the piston

10

15
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35

40 and allowing the forces exerted by the counterspring 40

42 to disengage the piston 40 from the friction discs 34
and clutch plates 36.

The present invention provides a central control unit
84 for controlling the operation of the power takeoff
unit 10. Referring now to FIG. 1, the speed control
system for the power takeoff unit 10 includes the central
control unit 54 which can be mounted anywhere on the
primary vehicle, preferrably in the cab of the vehicle.
The central control unit 34 includes a switch 36 for
supplying power to the power takeoff unit 10. On the
face of the central control unit 54 are an indicator light
88 which can tell the operator at a glance if the power
takeoff unit 10 is operating and a second indicator light
60 which becomes lighted if the input gear 14 has
reached an overspeed condition. The control circuitry
contained within the central control unit 54 will be
described shortly.

As shown in FIG. 2, a speed sensor assembly 62 1s
mounted on the power takeoff unit 10 proximate to the
input gear 14. The speed sensor assembly 62 maintains
surveillance of the speed of the input gear 14. The speed
sensor assembly 62 is in communication with the central
control unit 54 and sends continuous signals, indicative
of the speed of the input gear 14, to the control unit 54.

Also in communication with the power takeoff unit
10 is a solenoid valve 64. The solenoid valve 64 is opera-
tively engaged with the power takeoff unit 10 through
fluid line 66. The fluid line 66 engages the power takeoff

45
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unit 10 at the orifice 44 as described earlier. The sole-
noid valve 64 directs fluid under pressure through line
66 to the power takeoff unit 10 to pressurize the clutch
pack 20. The solenoid valve 64 also includes an intake
port 68 for receipt of fluid under pressure from a reser-
voir (not shown) and an exhaust port 70 for returning
fluid to the reservoir (not shown). As shown in the
embodiment of FIG. 1, the preferred operating fluid is
hydrauhc fluid received from the transmission of the
primary vehicle. Of course, an alternative to the use of
hydraulic fluid would be pressurized air.

The solenoid valve 64 is in communication with the
central control unit 54 and receives commands from the
control unit 54; the commands being responsive to the
signals being received from the speed sensor assembly
62, which constantly monitors the speed of the input
gear 14 and signals such speeds to the central control
unit 54. Should the input gear reach a speed which has
been predetermined to be an undesirable overspeed
condition, the central control unit 54 will, in response to
the signals received from the sensor 62 command the
solenoid valve 64 to release the pressure in fluid line 66
by dumping the fluid under pressure through its exhaust
port 70. The output shaft 18 is thus disengaged as de-
scribed earlier.

Also in communication with the power takeoff unit
10 is a pressure switch 72 which senses the pressure in
line 66 and signals to the control unit 54 that the power
takeofT unit is pressurized and in operation. The indica-
tor light 58 will then become illuminated upon receipt
of a signal from the pressure switch 72 that the power
takeoff unit is in operation.

Referring now to FIG. 4 the circuitry contained
within the central control unit 54 will be described. The
circuitry of the central control unit 54 is comprised of a
tach chip 100 which receives the signal from the speed
sensor assembly 62; an adjustable overspeed compara-
tor circuit 102 is in communication with tach chip 100;
an adjustable reset comparator circuit 104 is also 1n
communication with the tach chip 100; a voltage selec-
tion circuit 106 is in communication with the power
switch 56 and, therefore, with the main power supply of
the primary vehicle; a lJow voltage shut-down circuit
108 in communication with the voltage selection circuit
106; a start-up time delay low voltage shut-down circuit
110; and a start-up time overspeed check circuit 112. All
of the various circuit components of the central control
unit 54 are in communication with a relay switch 114
which delivers power to the solenoid valve 64.

The voltage selection circuit 106 is designed to re-
ceive power from the electrical system of the primary
vehicle and supply that power to the speed control
system of the present invention. The voltage selection
circuit includes a voltage selection means 116 for select-
ing between power received from a 12-volt circuit and
2 24-volt circuit.

The tach chip 100 receives input signals from the
speed sensor 62 and translates the received signals into
corresponding voltage levels. In operation, the tach
chip 100 feeds the voltage level corresponding to the
speed of the input gear 14 to the overspeed comparator
circuit 102 which comprises the voltage level received
from the speed sensor 62 with the overspeed cutout
voltage level which has been pre-programmed into the
circuit 102. The reset comparator circuit 104 concur-
rently receives voltage input from the tach chip 100,
however, the reset comparator 104 is not operative
unless the overspeed comparator circuit 102 has re-
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sponded to the voltage input from the tach chip 100 by
cutting the power supply to the solenoid valve 64. If the
voltage received from the tach chip 100 is less than the
pre-programmed overspeed cutout lvel, the overspeed
comparator circuit 102 feeds the voltage of the driver
118 which in turn provides power through the relay
switch 114 to the solenoid valve 64. If, however, the
voltage received by the overspeed comparator circuit
102 is greater than the predetermined voltage level, the
comparator circuit signals, through driver 118, the relay
switch 114 to transmit power to the indicator light 60
which becomes lighted indicating an overspeed condi-
tion and eliminates power to the solenoid valve 64. The
predetermined overspeed level is manually adjustable at
the overspeed comparative circuit through overspeed
adjusting means 122.

Once the power to the solenoid valve 64 has been
discontinued because of an overspeed condition as de-
termined by the overspeed comparator circuit 102, the

10

15

reset comparator circuit 104 becomes activated and 20

continues to analyze the voltage levels produced by the
tach chip 100. The reset comparator circuit 104 is pre-

programmed with a specific threshold voltage level
which, if met, signals the relay switch 114 through a

second driver 120 to again supply power to the solenoid 25

valve 64. The voltage reset level is generally predeter-
mined to be approximately representative of normal
engine idle. Therefore, when the signal received from
the speed sensor 62 by the tach chip 100 indicates an
input gear 14 speed approximating engine idle, the reset
comparator circuit 104 signals through driver 120 to the
relay switch 114 to reinstate power to the solenoid 64.
The preferred embodiment of this present invention
also provides for a reset adjustment means 124 on the
reset comparator circuit 104, thereby allowing the oper-
ator to manually establish the predetermined reset volt-
age level.

The low voltage shut-down circuit 108 maintains
continuous surveillance over the voltage output of the

35
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power takeoff unit 10 by the switch 56 of the central
control unit 54. The voltage input of either 12-volts or
24-volts has been preselected by the voltage selection
circuit 106 to correspond with the voltage system of the
primary vehicle. Activating the switch 56 on the central
control unit 54 causes a first pulse of voltage to move
through the circuitry of the central control unit 54.
During this first pulse of voltage, the start-up time delay
low voltage shut-down circuit 110 and the start-up time
delay overspeed check circuit 112 operate to ensure
that the voltage level within the central control unit
circuitry is appropriate and that the input gear 14 is not
already operating in an overspeed condition. Once the
start-up circuits 110, 112 are satisfied that the voitage
level is appropriate and the input gear 14 speed 1s ac-
ceptable voltage is supplied through relay switch 114 to
the solenoid valve 64 to engage the power takeoff unit.
The solenoid valve 64 directs fluid under pressure
through the fluid line 66 into the power takeoff unit 10
to pressurize the pressure chamber 50, thereby forcing
the piston 40 to engage the friction discs 34 and clutch
plates 36, thereby engaging the inner clutch gear 32
with the output gear 28 and transmitting force to the
output shaft 18 for rotation.

As the fluid under pressure flows into the power
takeoff unit 10, the pressure switch 72 signals to the
central control unit 54 that the power takeoff unit 10 1s
in operation and the indicator light 38 hights up.

The speed sensor assembly 62 maintains continuous
surveillance over the speed of the input gear 14. As long
as the speed of the input gear 14 is below the maximum
aliowable speed set by the adjustable overspeed com-
parator circuit 102, voltage continues to be supplied
through the relay switch 114 to the solenoid valve 64.

- If, however, the speed of the input gear 14 becomes

voltage selection circuit 106. Should the voltage output 40

of the voltage selection circuit 106 becomes less than a
predetermined amount, the low voltage shut-down cir-
cuit 108 will act to cause the relay switch 114 to discon-
tine the power supply to the solenoid valve 64, thereby
disengaging the output shaft 18 from rotation.

Also included in the preferred embodiment of the
present invention are a pair of start-up circuits which
are utilized for approximately one second during the
cold start of the present invention. The start-up time
delay low voltage shut-down circuit 110 checks the
voltage level supplied by the voltage selection circuit
106 upon immediate start-up of the system before allow-
ing the relay switch 114 to supply power to the solenoid
valve 64. The start-up time delay overspeed check cir-

45

cuit 112 likewise ensures, upon immediate start-up of 53

the power takeoff unit that the input gear 14 is not
starting in an overspeed condition. The start-up time
delay overspeed check circuit 112 briefly interrupts the
power supply to the solenoid valve 64 through the relay
switch 114 until it has been determined that an over-
speed condition does not exist. Both the start-up time
delay low voltage shut-down circuit 110 and the start-
up time delay overspeed check circuit 112 are operative
only during the first few seconds of operation on cold
start-up.

The power takeoff speed control system of the pres-
ent invention operates as follows. With the engine of the
primary vehicle operating, power is supplied to the

63

greater than the maximum speed setting at the adjust-
able overspeed comparator circuit 102, the relay switch
114 breaks the voltage supply to the solenoid valve 64
and lights up indicator light 60 to indicate an overspeed
condition. Of course, disengagement of power to the
solenoid valve 64 will act to disengage the output shaft
18 of the power takeoff unit 10 as described earlier.
Once the power to the solenoid valve 64 has been elimi-
nated because of an overspeed condition, the voltage
levels are monitored by the reset comparator circuit
104. When the speed of the input gear 14 has reduced
down to a level acceptable to the reset comparator
circuit 104 the relay switch 114 will supply power once
again to the solenoid valve 64. Thus, the speed control
system of the present invention not only disengages the
power takeoff unit but also automatically re-engages the
power takeoff unit.

The foregoing description of the preferred embod-
ment is solely for purposes of illustration and is not
intended to be limiting upon the scope and content of
the following claims.

We claim:

1. A power takeoff assembly compnising, in combina-
tion, a power takeoff unit having an input gear and an
output shaft, said power takeoff unit being shiftable
between an engaged position wherein said output shaft
is rotationally driven by said input gear and a disen-
gaged position wherein said output shaft does not ro-
tate;

a speed sensor means adjacent said power takeoff unit

for sensing the rotational speed of said input gear;
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a valve means in communication with said power
takeoff unit for shifting said unit between such
engaged and disengaged positions;

a control means in communication with said sensor
means and said valve means, said control means
including at least one electronic comparator circuit
having preset operating parameters for said input
gear, said circuit receiving signals from said sensor
means and, directing said valve means to disengage
said power takeoff unit when the operating condi-
tion of said input gear falls outside said preset oper-
ating parameters, said operating paramelers include
a first speed setting and a second speed setting and
said valve means operates to disengage said output
shaft when the speed of said input gear exceeds such
first speed setting, said valve means operates to engage
said output shaft when the speed of said input gear is
less than such second speed setting.

[2. The power takeoff assembly of claim 1 wherein
such operating parameters include a first speed setting
and a second speed setting and said valve means oper-
ates to disengage said output shaft when the speed of
said input gear exceeds such first speed setting.}

L3. The power takeoff assembly of claim 2 wherein
said valve means operates to engage said output shaft
when the speed of said input gear is less than such sec-
ond speed setting. } |

4. The power takeoff assembly of claim [3] 7,
wherein said second speed setting is lower than said first
speed setting.

8. The power takeoff assembly of claim 4 wherein
said first and second speed settings are manually adjust-
able at said control means.

6. The power takeoff assembly of claim 1 wherein
said power takeoff unit includes a clutch means having
at least one clutch plate in communication with said
output shaft or said input gear and at least one fnction
plate in communication with said input gear or said
output shaft, said friction plate engaging said clutch
plate to transfer force from said input gear to said out-
put shaft when said power takeoff unit is engaged.

7. The power takeoff assembly of claim 6 wherein
said valve means operates to transfer fluid under pres-
sure to said clutch means to actuate such engagement
between said clutch plate and said friction plate.

8. The power takeoff assembly of claim 7 wherein
saad fluid is air.

9. The power takeoff assembly of claim 7 wherein
said fluid comprises hydraulic flmd.

10
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10. The power takeoff assembly of claim 4 wherein
said control means includes a time delay means, said
time delay means operating during initial start-up of said
power takeoff unit to disengage said output shaft for a
predetermined period of time.

11. The power takeoff assembly of claim 10 wherein
said time delay means includes an overspeed check
circuit, said overspeed check circuit disengaging said
output shaft during initial start-up until said speed sen-
sor signals that the speed of said input gear is not in
excess of such first speed setting.

12. The power takeoff assembly of claim 10 wherein
said time delay means includes a low voltage shut-down
circuit, disengaging said output shaft during initial start-
up if the voltage level received by said control means is
less than a predetermined minimum.

13. The power takeoff assembly of claim 4 wherein
said control means includes a second low voltage shut-
down circuit, said second low voltage shut-down cir-
cuit disengaging said output shaft anytime during opera-
tion of said power takeoff unit if the voltage Jevel re-
ceived by said control means is less than a predeter-
mined minimum.

14. The power takeoff assembly of claim 4 further
including switch means adjacent said power takeoff unit
for determining whether said output shaft is engaged.

15. The power takeoff assembly of claim 14, wherein
said control means includes an indicator light means in
communication with said switch means, said indicator
light means being lighted when said output shaft is
engaged.

16. The power takeoff assembly of claim 4 further
including a second indicator light located on said con-
trol means for indicating an overspeed condition of said
input gear.

17. The power takeoff assembly of claim 4 wherein
said control means further includes a central control
unit positioned proximate the location the operator of
said power takeoff unit is positioned during operation of
said power takeoff unit, said central control unit con-
taining said electronic comparator circuits.

18. The power takeoff assembly of claim 17 wherein
said central control unit includes a switch means for
determining whether said output shaft is engaged, a first
indicator light engaged with said switch means for indi-
cating the engagement of said output shaft, and a second
indicator light for indicating an overspeed condition of

said input gear.
* 5 3 B 3
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