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A self-calibrating method and system 10 for controlling a hydraulically operated device, such as a clutch actuator 24 in an
automatic power transmission, provides a pressure switch 30 In the hydraulic circuit that provides feed-back to the controller 32
when the hydraulic fluid pressure has reached a set point level. Pressure switch 30 provides a signal to controller 32 that allows

the controller to compare the control signal at the pressure set point level with that of the calibrated curve for adjusting the
calibration curve.
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ABSTRACT OF THE DISCLOSURE

A self-calibrating method and system 10 for controlling a hydraulically
operated device, such as a clutch actuator 24 in an automatic power
transmission, provides a pressure switch 30 in the hydraulic circuit that provides
feed-back to the controller 32 when the hydraulic fluid pressure has reached a
set point level. Pressure switch 30 provides a signal to controller 32 that allows
the controller to compare the control signal at the pressure set point level with

that of the calibrated curve for adjusting the calibration curve.
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TITLE OF INVENTION

A Self-Calibrating System And Method For Controlling A Hydraulically

Operated Device

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to a self-calibrating system and
method for controlling a hydraulically operated device, and more particularly to a

self-calibrating system and method for controlling an actuator employed in an

automatic power transmission.

2. Description of the Related Art

Hydraulically operated devices or actuators are employed in a wide variety
of applications including, but not limited to, vehicle applications. For example,
hydraulic actuators are used in automatic power transmission systems and
variable assist power steering systems. Recently manufactured vehicles use an
electronic control module (ECM) which often operates with additional electronic
control modules like a transmission control module (TCM) for effecting shift
control of the transmission. The TCM may be integrated into the ECM, or as a
separate unit located on the vehicle outside the transmission. Some
manufacturers intend to position the TCM inside the transmission.

An ECM and TCM contain microprocessors with programmable control

logic and may be implemented in a variety of combinations of hardware and/or

software circuitry components known in the art to control the various vehicle
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systems or subsystems, operating in conjunction with hydraulically operated
devices. When a TCM receives a command signal to adjust the hydraulic fluid
pressure for an actuator, the TCM sends a current signal to an electrically
operated hydraulic valve. The hydraulic valve in response thereto adjusts the
pressure for hydraulically controlling a device like a clutch piston.

Currently, TCMs are manufactured independently of the hydraulic
components they are designed to control. The TCMs are designed with tight
tolerances on the current output and the hydraulic components are calibrated to
achieve a desired hydraulic pressure output band (tolerance) for a given current
input. Even with the tight tolerances, the hydraulic output pressure varies
considerably from transmission device to transmission device. When the current
signal tolerance is added to the hydraulic pressure tolerance of the device, a
significant difference between the commanded pressure and the actual pressure
output can result. The same desired pressure electrical command given to two
different TCMs can yield different hydraulic pressure outputs.

Consequently, there is a need for a system and method for controlling a
hydraulic device that automatically self-calibrates. The self-calibrating system
and method preferably provides constant feed-back to adjust to the hydraulic
circuit to reduce and even eliminate tolerance and wear effects. In this way, the

system and method will verify that the actual pressure is fairly close to the

desired pressure.
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BRIEF SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide a method for
automatically calibrating a hydraulic control system.

Another object of the present invention is to provide a self-calibrating
system for controlling a hydraulically operated device.

A further object of the present invention is to provide a self-calibrating
system for controlling a hydraulically operated device for use in an automatic
power transmission.

The above and other objects of the present invention are accomplished
with a method that automatically calibrates a hydraulic control system. The
method of the present invention comprises the steps of providing a source of
hydraulic fluid pressure and supplying the fluid pressure to the inlet of an
electrically operated pressure control valve, connecting the outlet of the
pressure control valve to a hydraulically operated actuator, providing a controller
with control logic and memory, connecting the controller to the pressure control
valve, electrically energizing the pressure control valve with a control signal
from the controller and providing a controlled hydraulic fluid pressure through
the valve outlet to the actuator, sensing the pressure of the hydraulic fluid
pressure and at a set point level providing a signal indicative thereof to the
memory of the controller and storing the same in memory, measuring an amount
of current to the pressure control valve necessary for the fluid pressure to reach
the set point level, comparing the measured current with a preset value of the

current as a function of the pressure signal, and adjusting the control signal
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based upon the current comparison for automatically calibrating the hydraulic
control system.

The self-calibrating system for controlling a hydraulically operated device
in accordance with the present invention comprises a hydraulically operated
actuator, a pump connected to said actuator for providing a source of
pressurized hydraulic fluid, an electrically actuated pressure control valve
disposed between the pump and the actuator, and fluidly connected
therebetween, the control valve being operative to receive a hydraulic fluid at a
supply pressure and provide the hydraulic fluid at a control pressure at the valve
outlet, a controller having control logic and a memory in communication with the
pressure control valve, the controller being operative for providing a control
signal for actuating the pressure control valve, a pressure sensor for sensing the
hydraulic fluid pressure disposed between the pressure control valve outlet and
the hydraulically operated actuator, the pressure sensor being in communication
with the controller and operative to provide a signal to the controller when the
sensed pressure reaches a predetermined level, the controller being operative to
store the signal in the memory and to measure an amount of current to the
pressure control valve resulting from the control signal, and the controller being
operative to compare the measured current with a calibrated value of current as

a function of the pressure, wherein the controller is operative to adjust the

control signal based upon the comparison.

The various features of novelty which characterize the invention are
pointed out with particularity in the claims annexed to and forming a part of this
disclosure. For a better understanding of the invention, its operating advantages

and specific objects attained by its uses, reference is made to the accompanying
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drawings and descriptive matter in which a preferred embodiment of the

invention is described and illustrated.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the hydraulic control system iIn
accordance with the present invention;

FIG. 2 is a block diagram of several of the primary components of the
system of the present invention;

FIG. 3 is a graph of a typical family of pressure curves for an inversely
proportional variable force solenoid valve in kiloPascals (kPa) versus the
transmission control module output current in milliamperes (mA); and

FIG. 4 is a graph of a typical family of pressure curves for a directly
proportional variable force solenoid valve in kiloPascals (kPa) versus transmission

control module output current in milliamperes (mA).
DETAILED DESCRIPTION OF THE INVENTION

Referring to the figures, which are not intended to limit the present
invention, and where like numerals designate like or similar features throughout
the several views, and first in particular to Fig. 1, there is shown a schematic of
a self-calibrating system (generally designated 10) for controlling a hydraulically
operated device in accordance with the present invention. A pump 12 which
may be driven directly by a vehicle's engine receives hydraulic fluid from a
reservoir 14 and supplies the hydraulic fluid under pressure through conduit 16

to the inlet 18 of an electrically operated pressure control valve 20 such as a
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variable force solenoid operated valve. An outlet 22 from control valve 20 is
connected through conduit 26 to a hydraulically operated device for example, a
hydraulically operated actuator 24. A pressure regulating valve 28 is preferably
connected to conduit 16 to regulate the hydraulic fluid pressure from pump 12
and to supply a constant hydraulic fluid pressure to the inlet 18 of control valve
20. A pressure switch 30 is disposed in conduit 26 between control valve 20
and hydraulic actuator 24. Pressure switch 30 is connected to a controller 32
via line 34, and communicates with the controller 32 when the fluid pressure
reaches a set point or predetermined level. Controller 32 communicates with
control valve 20 through line 36 to instruct control valve 20 when a controlled
fluid pressure from outlet 22 i1s required.

In the preferred embodiment of the present invention, system 10 is
constructed for use in a vehicle automatic power transmission. Pump 12 is
typically situated in the automatic transmission and driven by the engine
operating at different engine speeds (RPMs). Reservoir 14 supplies automatic
transmission fluid to pump 12. Pressure regulator 28 regulates the fluid
pressure so that the fluid is supplied to the inlet 18 of hydraulic control valve 20
at a fairly constant pressure. Regulator 28 is typically situated within the
transmission. Control valve 20 is an electrically operated pressure control valve
such as a variable force solenoid valve which may be either an inversely
proportional variable force solenoid valve or a directly proportional variable force
solenoid valve. Suitable variable force solenoid valves for use in the instant
invention are disclosed in U.S. Patent Nos. 5,853,028; 5,513,832; and
4,947,893 which are all assigned to the Assignee of the present invention and

hereby incorporated by reference. U.S. Patent No. 5,513,673, also assigned to
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the Assignee of the present invention and hereby incorporated by reference,
discloses an electrically modulated pressure regulator valve with variable force
solenoid valve suitable for use in the present invention.

As mentioned earlier, a vehicle control system includes an electronic
control module such as an engine control module (ECM), and usually includes an
additional electronic control module for effecting control of a transmission
control module (TCM). The engine (ECM) and transmission control modules
may be combined in a single electronic control module, but more commonly are
separate units. In the present invention, controller 32 is preferably a TCM and is
typically located outside of the automatic transmission housing. However, the
TCM 32 may be positioned in the transmission housing if desired.

Referring next to Fig. 2, when the TCM 32 receives a shift command, or
a pressure command either manually from the operator or automatically from the
ECM (not shown), a control signal is sent by way of line 38 to a current driver
40 contained therein. Driver 40 sends a driver current signal by way of line 42
to the electrically operated pressure control valve 20. As mentioned previously,
control valve 20 is preferably a three-way variable force solenoid valve. Control
valve 20, in response to the driver current signal, produces a desired or
controlled fluid pressure. In the current state-of-art electrically operated
hydraulic control valves, the control valve 20 receives the current signal from
the controller 32 and adjusts the hydraulic fluid pressure to an expected amount
either proportionally or inversely proportionally to the current.

When the hydraulic fluid pressure in conduit 26 reaches a predetermined
or set point level, pressure switch 30 senses the pressure, changes state, and

relays this information to TCM 32. Fig. 2 illustrates the signal being transmitted

. 7.
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by dashed line 34 to TCM 32. Pressure switch 30 is preferably constructed as
described in U.S. Patent No. 5,728,986. This patent is assigned to the
Assignee of the present invention and hereby incorporated by reference. TCM
32 stores the signal from pressure switch 30 in memory 44. TCM 32 then
measures or calculates the driver current necessary to cause pressure switch 30
to trip, and compares the measured current with the previously calibrated value
of the current as a function of pressure. TCM 32 then adjusts its control signal
based upon this comparison using the programmable logic of microprocessor 46.
The adjusted control signal is then stored in memory 44.

Fig. 3 is a graph of a number of pressure curves for several inversely
proportional control valves. The output pressure is given in kiloPascals (kPa),
versus the transmission control module output current in milliamperes (mA).

The dashed line indicates where the pressure switch 30 changes state or will
trip. As is clearly shown, the pressure switch set point is situated on a linear
portion of the curve. Fig. 4 is a similar graph, but of several directly proportional
hydraulic control valves. In a similar manner, the dashed line reveals the region
where the pressure switch changes state. Figs. 3 and 4 show that the system

of the present invention will operate with a wide variety of either type of control

valve.

When the pressure switch trips, the TCM 32 records the current delivered
to the control valve 20 at that point. This current value is stored in memory and
Is used to adjust the previously calibrated current required for a pressure
command. The calibration curve assumes a constant slope based on the family

of curves shown in Figs. 3 and 4.
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The mathematical adjustment in the calibration is made with the following

equation:

Pressure Slope =

Where:

| max = maximum current

| switch = current at which the pressure switch changes
state

P max = maximum pressure

P switch = pressure at which the pressure switch

changes state

In addition to the self-calibrating hydraulic control system, the present
Invention is also directed to a method for automatically calibrating a hydraulic
control system.

The present invention advantageously employs an accurate and precise
pressure switch 30 that trips at a desired or set point pressure, for example, in
an automatic transmission application, at 18 psi (pounds per square inch). In
contrast to the other known vehicle on-board diagnostic applications that use a
pressure switch, the present invention employs a pressure switch that is precise
and provides feed-back to the transmission control module 32. This differs from
prior on-board diagnostic applications. The transmission control module of the
present invention records the current delivered at the trip or set point. Memory
44 stores the current at that point and compares that point to the pre-calibrated

current associated with that pressure and temperature. The programmable logic
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of the TCM adjusts or calibrates the current required to obtain a specific
pressure. The present invention senses the fluid pressure fairly accurately with
the pressure switch disclosed in U.S. Patent No. 5,728,986 and provides feed-
back to the controller for updating the calibration curve.

The present invention self-calibrates the controller to function fairly
accurately with the hydraulic control valve. This eliminates the necessity of
"tuning” these components prior to assembly in the final product, like a
transmission. Further, as the subcomponents wear over time, the controller
continues to adjust and compensate for wear. An additional advantage is that
the present invention allows for looser tolerances for the components since the

self-calibrating feature of the instant invention will compensate for the

tolerances.

While a specific embodiment of the invention has been shown and
described In detail to illustrate the application of the principles of the invention,

it will be understood that the invention may be embodied otherwise without

departing from such principles.
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1. A method for automatically calibrating a hydraulic control system

comprising the steps of:

(a)
(b)

(c)

(d)

(f)

(h)

(1)

providing a source of hydraulic fluid pressure:

supplying said hydraulic fluid pressure to an inlet of an electrically
operated pressure control valve;

connecting an outlet of said pressure control valve to a
hydraulically operated actuator:

providing a controller with a control logic and a memory;
connecting said controller to said pressure control valve:
energizing said pressure control valve with a control signal from
said controller and providing a controlled hydraulic fluid pressure
through said valve outlet to said hydraulically operated actuator:
and

sensing the pressure of said controlled hydraulic fluid pressure and
at a set point level providing a signal indicative thereof to said
memory of said controller and storing the same in memory;
measuring an amount of current to said pressure control valve
required for said hydraulic fluid pressure to reach said set point
level;

comparing said measured current with a preset value of said

current as a function of pressure; and,

- 1] -
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(J) adjusting said control signal based upon a comparison of the

measured current with the preset value of current for automatically

calibrating the hydraulic control system.

The method defined in claim 1, wherein said step of sensing the pressure

Includes disposing a pressure switch in a conduit between said outlet of

said pressure control valve and said hydraulically operated actuator.

The method defined in claim 1, wherein said step of energizing said

pressure control valve includes electromagnetically operating said pressure

control valve.

The method defined in claim 1, wherein said step of connecting said
hydraulic fluid source to an electrically operated pressure control valve

Includes connecting said source to the inlet of a pressure balanced spool

valve.

The method defined in claim 1, wherein said step of connecting said
hydraulic fluid source to the inlet of an electrically operated pressure

control valve includes connecting said inlet to a pressure regulating valve.

The method defined in claim 1, wherein said step of connecting the outlet
of said pressure control valve includes connecting the outlet to a hydraulic

actuator in an automatic power transmission.
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A self-calibrating system for controlling a hydraulically operated device,

comprising:

(a)
(b)

(c)

(d)

(e)

()

(g)

a hydraulically operated actuator;

a pump connected to said actuator for providing a source of
pressurized hydraulic fluid;

an electrically actuated pressure control valve disposed between
sald pump and said actuator and fluidly connected therebetween,
said control valve being operative to receive a hydraulic fluid at a
supply pressure and provide the hydraulic fluid at a control pressure
at the control valve outlet;

a controller having a control logic and a memory in communication
with said pressure control valve, said controller being operative for
providing a control signal for actuating said pressure control valve
for achieving a desired fluid pressure;

a pressure sensor for sensing the hydraulic fluid pressure, said
pressure sensor being disposed between said pressure control valve
outlet and said hydraulically operated actuator, said pressure sensor
being in communication with said controller and being operative to
provide a signal to said controller when the sensed pressure
reaches a predetermined level:

said controller having means for storing said signal in said memory
and for measuring an amount of current required by said pressure
control valve to supply hydraulic fluid at the desired fluid pressure:
sald controller further having means for comparing said measured

current with a calibrated value of current as a function of pressure,
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wherein said controller is operative to adjust said control signal

based upon a comparison of said measured current with said

calibrated current.

The system defined in claim 7 wherein said pressure sensor comprises a

pressure switch.

The system defined in claim 7 wherein said pressure control valve

Includes a pressure balanced spool.

The system defined in claim 7, wherein said actuator comprises a clutch

actuator.

The system defined in claim 7, wherein the hydraulically operated device

comprises an automatic power transmission.

The system defined in claim 11, wherein said controller comprises a

transmission control module.

The system defined in claim 12, wherein said pressure control valve

comprises a variable force solenoid valve.

The system defined in claim 13, wherein said variable force solenoid valve

comprises a three-way valve.

- 14 -
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15.  The system defined in claim 14, further comprising a pressure regulating

valve connected to said pump for regulating hydraulic fluid pressure

therefrom.
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