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REDUNDANT CONTROLS FOR A MULTI-MODE TRANSMISSION

CROSS-REFERENCE TO RELATED U.S. PATENT APPLICATIONS

[0001] This present application claims priority under 35 U.S.C. § 119(e) to U.S.
Provisional Application Serial No. 61/660,666, entitled “REDUNDANT VARIATOR
CONTROL FOR AN IVT,” which was filed on June 15, 2012, U.S. Patent Application Serial
No. 13/828,072, entitted “REDUNDANT CONTROLS FOR A MULTI-MODE
TRANSMISSION,” which was filed on March 14, 2013, U.S. Patent Application Serial No.
13/828,093, entitled “MULTI-PLEXING CLUTCH LOGIC CONTROL OF A MULTI-MODE
TRANSMISSION,” which was filed on March 14, 2013, U.S. Patent Application Serial No.
13/828,107, entitled “VARIATOR CONTROL WITH TORQUE PROTECTION,” which was
filed on March 14, 2013, U.S. Patent Application Serial No. 13/828,135, entitled “COLD
OPERATION MODE CONTROL FOR AN IVT,” which was filed on March 14, 2013.

TECHNICAL FIELD

[0002] The present invention relates generally to fault responses in a multi-mode
automatic transmission that includes a toroidal traction drive including a variator. More
specifically, the present invention relates to control system for bypassing faults in the multi-
mode automatic transmission to permit continued operation of the multi-mode automatic

transmission in single fault conditions.

BACKGROUND

[0003] In some vehicle transmissions, a ratio varying unit ("variator") is used to provide
a continuous variation of transmission ratio rather than a series of predetermined ratios. These
transmissions may be referred to as continuously variable transmissions, infinitely variable
transmissions, toroidal transmissions, continuously variable transmissions of the full toroidal
race-rolling traction type, or similar terminology. In such transmissions, the variator is coupled
between the transmission input and the transmission output via gearing and one or more
clutches. In the variator, torque is transmitted by the frictional engagement of variator disks and
rollers separated by a traction fluid.

[0004] The variator torque is controlled by a hydraulic circuit, which includes hydraulic
actuators (i.e., pistons) that apply an adjustable force to the rollers. The force applied by the

hydraulic actuator is balanced by a reaction force resulting from the torques transmitted
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between the surfaces of the variator disks and the rollers. The end result is that in use, each
roller moves and precesses to the location and tilt angle required to transmit a torque
determined by the force applied by the hydraulic actuators. A difference in the forces applied
to the rollers changes the rollers' tilt angle and thus, the variator ratio. A change in the rollers'
tilt angle thus results not only in a net torque at the transmission output but could also result in
a change in torque direction. The direction of the torque output determines whether the torque

application is positive or negative.
SUMMARY

[0005] The present application discloses one or more of the features recited in the
appended claims and/or the following features which, alone or in any combination, may

comprise patentable subject matter:

[0006] According to an aspect of the present disclosure, an electro-hydraulic controller
for a multi-mode transmission including a continuously variable transmitter operating in
tandem with a countershaft assembly includes redundancy that makes the electro-hydraulic
controller responsive to single fault failures of flow control valves to maintain normal

operation of the transmission.

[0007] According to another aspect of the present disclosure, a transmission comprises
an input shaft, a variator operably coupled to the input shaft, the variator including an output,
a rotation transfer assembly operably coupled to the output of the variator, the rotation transfer
assembly including a plurality of mode control clutches, the mode control clutches selectively
and independently engageable to vary a ratio of rotational motion transferred from the
variator to an output of the rotation transfer assembly, and an electro-hydraulic control system
operable to vary the ratio transferred through the variator and the rotation transfer assembly,
the electro-hydraulic control system including a variator control section and a mode control
section, the variator control section and the mode control section arranged such that one of the
variator control section or the mode control section provides a redundant control of the other

of the variator control section or the mode control
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section when a single point failure is experienced by a component of the variator control

section or the mode control section.

[0007a] According to another aspect of the present disclosure, an electro-hydraulic
control system for a transmission comprises a mode control section including a plurality of
valve assemblies and a plurality of pressure sensors for detecting and controlling a fluid path
through the mode control section, a variator control section including a plurality of valve
assemblies and a plurality of pressure sensors for detecting and controlling a fluid path
through the variator control section, and a controller including a processor and a memory
device coupled to the processor, the memory device including instructions that, when
executed by the processor, cause the processor to identify an expected operating state of the
mode control section and the variator control section, process signals from the plurality of
pressure sensors in each of the mode control section and the variator control section, compare
the signals from the plurality of pressure sensors to the signals expected when the expected
operating state is active to determine if the actual operating state is the same as the expected
operating state, if the actual operating state deviates from the expected operating state to
identify a fault in the plurality of valve assemblies and the plurality of pressure sensors of
each of the mode control section and variator control section, and modify the operation of one
of the mode control section and variator control section to bypass the fault to thereby operate
the electro-hydraulic controller such that the fault is by-passed and the transmission is fully

functional.

[0008] In some embodiments, the variator control section includes a variator logic
section, a variator trim section, and a plurality of pressure sensors operable to detect the active

flow path through the variator control section.

CA 2876666 2019-11-13
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[0009] In some embodiments, the electro-hydraulic control system receives an input
signal from each of the plurality of pressure sensors, compares the signals from each of the
plurality of pressure sensors to expected values, and determines if a fault condition exists based
on the signals from the plurality of pressure sensors.

[0010] In some embodiments, a fault condition detected by the electro-hydraulic control
system includes one of a failed pressure sensor or a failed valve.

[0011] In some embodiments, the electro-hydraulic control responds to a fault condition
identified by varying the flow path through the variator control section.

[0012] In some embodiments, the mode control section includes a plurality of mode
logic valve assemblies, a plurality of mode trim valve assemblies, and a plurality of pressure
sensors operable to detect the flow path through the mode control section.

[0013] In some embodiments, the electro-hydraulic control system is operable to receive
a signal from each of the plurality of pressure sensors to determine a flow path through the
mode control section.

[0014] In some embodiments, the electro-hydraulic control system is operable to
consider the signals from the plurality of pressure sensors to determine if a fault condition is
present in the mode control section.

[0015] In some embodiments, the electro-hydraulic control system is operable to vary
the flow path of fluid through the mode control section in response to a fault detected in the
mode control section.

[0016] In some embodiments, the electro-hydraulic control system is operable to vary
the flow path of hydraulic fluid through the variator control section in response to a fault
detected in the mode control section.

[0017] In some embodiments, the electro-hydraulic control system is operable to change
the fluid flow path through the mode control section in response to a fault detected in the
variator control section.

[0018] In some embodiments, the variator control section includes at least two variator
logic valve assemblies, each of the variator logic valve assemblies movable to a plurality of
positions to provide at least three distinct flow paths through the variator logic valve
assemblies.

[0019] According to still another aspect of the present disclosure, an electro-hydraulic
control system for a transmission comprises a mode control section, a variator control section,

and a controller. The mode control section includes a plurality of valve assemblies and a
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plurality of pressure sensors for detecting and controlling a fluid path through the mode control
section. The variator control section includes a plurality of valve assemblies and a plurality of
pressure sensors for detecting and controlling a fluid path through the variator control section.
The controller includes a processor and a memory device coupled to the processor. The
memory device includes instructions that, when executed by the processor, cause the processor
to identify an expected operating state of the mode control section and the variator control
section, process signals from the plurality of pressure sensors in each of the mode control
section and the variator control section, and compare the signals from the plurality of pressure
sensors to the signals expected when the expected operating state is active to determine if the
actual operating state is the same as the expected operating state. The memory device includes
further instructions that, when executed by the processor, identify a fault in the plurality of
valve assemblies and the plurality of pressure sensors of each of the mode control section and
variator control section if the actual operating state deviates from the expected operating state
and modify the operation of one of the mode control section and variator control section to
bypass the fault to thereby operate the electro-hydraulic controller such that the fault is by-
passed and the transmission is fully functional.

[0020] In some embodiments, the mode control section includes a mode logic section
having at least two mode logic valve assemblies that are movable between a plurality of
positions to change a flow path for hydraulic fluid to operate a plurality of mode control
clutches.

[0021] In some embodiments, the mode logic valve assemblies are solenoid actuated
and the processor is operably coupled to the solenoids of the mode logic valve assemblies to
vary the position of each of the mode logic valve assemblies to vary the flow path for hydraulic
fluid.

[0022] In some embodiments, the variator control section includes a variator logic
section having at least two variator logic valve assemblies that are movable between a plurality
of positions to change a flow path for hydraulic fluid to modify the operation of a plurality of
variator control cylinders.

[0023] In some embodiments, the variator logic valve assemblies are solenoid actuated
and the processor is operably coupled to the solenoids of the variator logic valve assemblies to
vary the position of each of the variator logic valve assemblies to vary the flow path for

hydraulic fluid.
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[0024] In some embodiments, the memory device further includes instructions that,
when executed by the processor, modify the operation of both the mode logic section and the
variator logic section to bypass the fault.

[0025] In some embodiments, the pressure sensors are positioned to identify any fault of
any valve in either the mode control section or variator control section.

[0026] In some embodiments, the pressure sensors are pressure switches which activate
upon detecting a pressure in the hydraulic flow path that exceeds a predetermined minimum
pressure.

[0027] In yet another aspect of the present disclosure, an electro-hydraulic controller for
a transmission comprises a plurality of hydraulically actuated clutches, a mode logic section for
controlling the flow path of hydraulic fluid to the hydraulically actuated clutches to control a
ratio of the transmission, and a mode trim section for controlling the pressure applied to
clutches, the mode trim section cooperating with the mode logic section to vary the pressure
applied to each of the plurality of hydraulically actuated clutches to vary the operating mode of
the transmission.

[0028] In some embodiments, the plurality of clutches comprises an input clutch, a first
mode clutch, and a second mode clutch.

[0029] In some embodiments, the mode logic section comprises a first logic valve
assembly and a second logic valve assembly, the first and second logic valve assemblies
operable to vary the flow path of hydraulic fluid to selectively apply a first trim pressure to the
input clutch.

[0030] In some embodiments, the first and second logic valve assemblies are operable
to vary the flow path of hydraulic fluid to selectively apply a second trim pressure to the first
mode clutch.

[0031] In some embodiments, the mode logic section comprises a first logic valve and a
second logic valve, the first and second logic valve assemblies operable to vary the flow path of
hydraulic fluid to selectively apply a main pressure to the input clutch, a first trim pressure to
the first mode clutch, and a second mode pressure to the second mode clutch.

[0032] In some embodiments, the first and second logic valve assemblies are operable
to vary the flow path of hydraulic fluid to selectively vent the first mode clutch such that no
pressure is applied to the first mode clutch while continuing to apply the second trim pressure to

the second mode clutch.
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[0033] In some embodiments, the mode logic section and mode trim section cooperate
to operate in each of a first mode wherein the electro-hydraulic controller applies a first trim
pressure to a first clutch while venting a second and third clutch such that the second and third
clutches are not activated, a second mode wherein the electro-hydraulic controller applies the
first trim pressure to the first clutch, a second trim pressure to the second clutch while venting
the third clutch such that the third clutch is not activated, a third mode wherein the electro-
hydraulic controller applies a main pressure to the first clutch, the first trim pressure to the
second clutch, and a second trim pressure to the third clutch, and a fourth mode wherein the
electro-hydraulic controller applies a main pressure to the first clutch and the second trim
pressure to the third clutch while venting the second clutch such that the second clutch is not
activated.

[0034] In some embodiments, the mode trim section includes no more than two trim
valve assemblies.

[0035] In some embodiments, the mode logic section includes no more than two logic
valve assemblies.

[0036] In some embodiments, the mode logic section includes a plurality of pressure
switches operable to determine that pressure is being applied to one or more of the clutches.
[0037] In some embodiments, the first trim pressure is always controlled by a first trim
valve assembly and the second trim pressure is always controlled by a second trim valve
assembly.

[0038] In some embodiments, the plurality of clutches comprises an input clutch, a first
mode clutch, a second mode clutch, and a third mode clutch.

[0039] In some embodiments, the mode logic section comprises a first logic valve
assembly, a second logic valve assembly, and a third logic valve assembly, the mode logic
section operable in a first mode to vary the flow path of hydraulic fluid to selectively vent all of
the clutches such that none of the clutches is active.

[0040] In some embodiments, the mode logic section is operable in a second mode to
vary the flow path of hydraulic fluid to selectively apply a first trim pressure to the input clutch
while continuing to vent all of the mode clutches such that none of the mode clutches is active.
[0041] In some embodiments, the mode logic section is operable in a third mode to vary
the flow path of hydraulic fluid to selectively apply a main pressure to the input clutch while

continuing to vent all of the mode clutches such that none of the mode clutches is active.
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[0042] In some embodiments, the mode logic section is operable in a fourth mode to
vary the flow path of hydraulic fluid to selectively apply a main pressure to the input clutch and
a first trim pressure to the first mode clutch while continuing to vent the second and third mode
clutches such that neither of the second and third mode clutches is active.

[0043] In some embodiments, the mode logic section is operable in a fifth mode to vary
the flow path of hydraulic fluid to selectively apply a main pressure to the input clutch, the first
trim pressure to the first mode clutch, a second trim pressure to the second mode clutch while
venting the third mode clutch such that the third mode clutch is not active.

[0044] In some embodiments, the mode logic section is operable in a sixth mode to vary
the flow path of hydraulic fluid to selectively apply a main pressure to the input clutch, the
second trim pressure to the second mode clutch, the first trim pressure to the third mode clutch
while venting the first mode clutch such that the first mode clutch is not active.

[0045] In some embodiments, the mode logic section is operable in a seventh mode to
vary the tlow path of hydraulic fluid to selectively apply a main pressure to the input clutch, the
first trim pressure to the third mode clutch, the first trim pressure to the third mode clutch while
venting the first and second mode clutches such that neither the first or second mode clutches
are active.

[0046] In some embodiments, the mode trim section includes no more than two trim
valve assemblies.

[0047] In some embodiments, the mode logic section includes a plurality of pressure
switches operable to determine that pressure is being applied to one or more of the clutches.
[0048] In some embodiments, the first trim pressure is always controlled by a first trim
valve assembly and the second trim pressure is always controlled by a second trim valve
assembly.

[0049] In some embodiments, the mode trim section includes a first trim valve assembly
operable to selectively supply a first trim pressure to the mode logic section and a second trim
valve assembly operable to selectively supply a second trim pressure to the mode logic section.
[0050] In some embodiments, the mode trim section is operable to supply neither the
first and second trim pressures, either of the first and second trim pressures, or both of first and
second trim pressures.

[0051] In some embodiments, the mode logic section is operable to supply the first trim

pressure, to at least three different clutches.
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[0052] In some embodiments, the mode logic section is operable to supply the first trim
pressure to either of a first or second clutch, while the second trim pressure is applied to a third
clutch.

[0053] In still yet another aspect of the present disclosure a transmission comprises a
variator including an input and an output, a countershaft assembly operatively coupled to the
output of the variator, and an electro-hydraulic controller including a variator trim section, a
variator logic section, and a plurality of double-acting cylinders for varying the ratio through
the variator, and a pressure transducer for measuring the pressure applied by the variator trim
section. The variator logic section is operable to vary the flow path of pressurized fluid from
the variator trim section to apply the pressurized fluid to either a first side or a second side of
the plurality of double-acting cylinders. The variator trim section is operable to vary the
pressure of the pressurized fluid to control the position of the double acting cylinders, and a
pressure transducer for measuring the pressure applied by the variator trim section.

[0054] In some embodiments, the electro-hydraulic controller is operable to respond to
a change in the direction of torque applied to the output of the variator by the countershaft
assembly to change the flow path of pressurized fluid between the first and second sides of the
plurality of double acting cylinders.

[0055] In some embodiments, the variator logic section includes at least one variator
logic valve assembly moveable between first and second positions to change the flow path from
the variator trim section between a first side of the double acting cylinders and a second side of
the double acting cylinders.

[0056] In some embodiments, the at least one valve assembly controls the flow of
hydraulic fluid so as to prevent the application of a negative torque to the variator.

[0057] In some embodiments, the variator trim section includes at least one electrically
actuated pressure control valve for controlling the magnitude of pressure of the hydraulic fluid
in the flow path to the double-acting cylinders.

[0058] In some embodiments, the variator logic section includes at least one pressure
switch positioned to sense the pressurization of the flow path to the double-acting hydraulic
cylinders.

[0059] In some embodiments, the variator logic section includes a primary variator
logic valve assembly and a secondary variator logic valve assembly. The secondary variator

logic valve assembly may be operable to vary the flow path of pressurized hydraulic fluid
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through the variator logic section if the at least one pressure switch does not detect the proper
pressurization of the planned flow path of pressurized hydraulic fluid.

[0060] In some embodiments, the variator trim section has a first operating mode and a
second operating mode. The variator trim section may provide pressurization of hydraulic fluid
at a first pressure in the first operating mode and a second pressure in the second mode.

[0061] In some embodiments, the first mode is active when the transmission is
operating in a cold mode.

[0062] In still yet another aspect of the present disclosure, an electro-hydraulic
controller for a multi-mode transmission including a variator having an output, the electro-
hydraulic controller comprises a control circuit including a plurality of speed sensor for
determining the speed of components of the transmission, a processor operatively coupled to
the control circuit, and a memory device operatively coupled to the processor, the memory
device including instructions that, when executed by the processor, monitor the signals from the
speed sensors, determine a torque applied to the output of the variator based on the signals from
the speed sensors, and control the pressure of hydraulic fluid supplied to the variator to respond
to the torque applied to the output of the variator.

[0063] In some embodiments, the electro-hydraulic controller includes a variator logic
section. The variator logic section may be operable to vary the flow path of hydraulic fluid to
the variator.

[0064] In some embodiments, the electro-hydraulic controller may further comprise a
variator trim section to control the magnitude of pressure in the fluid supplied to the variator
through the variator logic section.

[0065] In some embodiments, the variator logic section may comprise at least one
variator logic valve assembly movable between a plurality of positions to vary the flow path of
fluid to the variator.

[0066] In some embodiments, the processor is operatively coupled to the at least one
variator logic valve assembly and the memory device includes further instructions that, when
executed by the processor, cause the processor to change the position of the at least one variator
logic valve assembly in response to a change in torque at the variator output.

[0067] In some embodiments, the electro-hydraulic controller includes a first pressure
sensor positioned to determine if the at least one variator logic valve assembly is in a first
position and a second pressure sensor positioned to determine if the at least one variator logic

valve assembly is in a second position.
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[0068] In some embodiments, the variator logic section comprises at least one variator
logic valve assembly movable between a plurality of positions to vary the flow path of fluid to
the variator.

[0069] In some embodiments, the processor is operatively coupled to the at least one
variator logic valve assembly and the memory device includes further instructions that, when
executed by the processor, cause the processor to change the position of the at least one variator
logic valve assembly in response to a change in torque at the variator output.

[0070] In some embodiments, the electro-hydraulic controller includes at least two
pressure sensors, a first pressure sensor positioned to determine if the at least one variator logic
valve assembly is in a first position and a second pressure sensor positioned to determine if the
at least one variator logic valve assembly is in a second position.

[0071] In some embodiments, the electro-hydraulic controller may further comprise (i) a
variator trim section operatively coupled to the processor and including at least two variator
trim valves operable to control the pressure of hydraulic fluid supplied to the variator and (ii) a
variator logic section operatively coupled to the processor and including at least two variator
logic valves operable to control the flow path of hydraulic fluid supplied to the variator.

[0072] In some embodiments, the memory device includes instructions that, when
executed by the processor, cause the processor to change the operation of the variator trim
section and the variator logic section to control the pressure of hydraulic fluid supplied to the
variator to respond to the torque applied to the output of the variator.

[0073] In yet another aspect of the present disclosure, a transmission comprises a
variator including an input and an output, a countershaft assembly operatively coupled to the
output of the variator, and an electro-hydraulic controller including a variator trim section, a
variator logic section, a plurality of double-acting cylinders for varying the ratio through the
variator, and a transducer for measuring a pressure in a hydraulic fluid path from the variator
trim section to the variator logic section. The variator trim section includes a first variator trim
valve assembly operable to control the pressure of the hydraulic fluid path under a first
operating condition and a second variator trim valve assembly operable to control the pressure
of the hydraulic fluid path under a second operating condition.

[0074] In some embodiments, the variator logic section may include a first variator
logic valve assembly and a second variator logic valve assembly, the first and second logic
valve assemblies cooperating to define a first hydraulic fluid path under the first operating

condition and a second hydraulic path under the second operating condition.
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[0075] In some embodiments, the first variator logic valve assembly maintains a
constant position during the first operating condition of the transmission.

[0076] In some embodiments, the second variator logic valve assembly maintains a
constant position during the second operating condition of the transmission.

[0077] In some embodiments, the first variator logic valve assembly moves between a
first position and a second position during the second operating condition of the transmission to
vary the fluid flow path between a first side and a second side of the double-acting hydraulic
cylinders.

[0078] In some embodiments, the second variator logic valve assembly moves between
a first position and a second position during the first operating condition of the transmission to
vary the fluid flow path between a first side and a second side of the double-acting hydraulic
cylinders.

[0079] In some embodiments, the first operating condition is a normal temperature
condition and the second operating condition is a cold temperature condition.

[0080] In some embodiments, the second variator trim valve assembly provides
hydraulic fluid at a higher pressure than the first variator trim valve to provide a higher pressure
to the variator during the second operating condition.

[0081] In some embodiments, the variator logic section includes a third variator logic
valve assembly that is moveable between a first position and a second position wherein the third
variator logic valve assembly defines a hydraulic fluid path that boosts the pressure applied by
the first variator trim valve in the second operating condition in the event the second variator
trim valve fails.

[0082] In some embodiments, the torque applied by the variator is limited in the second
operating condition.

[0083] In still yet another aspect of the present disclosure an electro-hydraulic
controller for a transmission including a variator having an output, comprises a variator trim
section including a plurality of variator trim valve assemblies each operable to control the
pressure in a hydraulic fluid supplied to the variator, a variator logic section including a
plurality of variator logic valve assemblies each movable between a plurality of positions to
define a flow path for the hydraulic fluid to the variator, a plurality of pressure switches, a
transducer, a plurality of speed sensors operable to measure the speed of various components of
the transmission, a processor operatively coupled to the variator trim valve assemblies, the

variator logic valve assemblies, the plurality of pressure switches, the transducer and the speed
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sensors, and a memory device including instructions that, when executed by the processor,
cause the processor to control the variator trim valve assemblies and variator logic valve
assemblies in response to signals received from the pressure sensors, the transducer, and speed
sensors to control the ratio of the variator,

[0084] In some embodiments, the variator trim section includes a normal mode variator
trim valve assembly and a cold mode variator trim valve assembly.

[0085] In some embodiments, the cold mode variator trim valve assembly develops a
pressure in the hydraulic fluid that is substantially higher than the normal mode variator trim
valve assembly.

[0086] In some embodiments, the memory device includes further instructions that,
when executed by the processor, define a first fluid path when the normal mode variator trim
valve assembly is active and a second fluid path when the cold mode variator trim valve
assembly is active.

[0087] In some embodiments, the memory device includes further instructions that,
when executed by the processor, define a third fluid path when the cold mode variator trim
valve assembly is active and the processor determines, based on signals from the pressure
switches, that the cold mode variator trim valve assembly is in a fault condition.

[0088] In some embodiments, the third fluid path supplies hydraulic fluid with a
boosted base pressure to the normal mode variator trim valve.

[0089] In some embodiments, the variator logic valve section defines a first fluid flow
path under normal operating conditions, a second fluid flow path under cold operating
conditions, and a third fluid flow path if a variator trim valve assembly fails during cold
operating conditions.

[0090] In some embodiments, the memory device includes further instructions that,
when executed by the processor, process the signals from the speed sensors to determine a
torque applied to the output of the variator, and depending on the direction of the torque applied
to the output of the variator, modify the operation of the variator logic valve assemblies to
modify the first, second, or third fluid paths to operate the variator.

[0091] In some embodiments, the variator logic section includes at least one variator
logic valve assembly movable between two positions to apply a positive pressure to first and
second sides of the variator, depending on the torque applied to the output of the variator.
[0092] In some embodiments, the variator logic section includes a boost valve that is

operable to move between first and second positions to provide a boosted pressure to the
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variator trim section if one of the variator trim valve assemblies fails during cold operating
conditions.

[0093] Additional features, which alone or in combination with any other feature(s),
including those listed above and those listed in the claims, may comprise patentable subject
matter and will become apparent to those skilled in the art upon consideration of the following
detailed description of illustrative embodiments exemplifying the best mode of carrying out the

invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0094] The detailed description particularly refers to the accompanying figures in
which:
[0095] FIG. 1 is a block diagram of a vehicle that includes a drive unit, a transmission

receiving rotational input from the drive unit, the transmission converting the rotational input
from the drive unit and applying an output to a vehicle load to control the speed and direction of
travel of the vehicle under varying conditions;

[0096] FIG. 2 is a diagrammatic representation of a variator of the transmission of FIG.
1, the variator operable as a continuously variable rotational transmitter and operable to vary a

ratio of rotational input to rotational output when the transmission is operated;

[0097] FIG. 3 is a functional block diagram of an electro-hydraulic controller of the
transmission;
[0098] FIG. 4 is a block diagram of components of a variator control of the electro-

hydraulic controller of the transmission;

[0099] FIG. 5 is a block diagram of components of a mode control of the electro-
hydraulic controller of the transmission;

[00100] FIG. 6 is a state diagram showing possible states of the electro-hydraulic
controller when a single fault is experienced in the electro-hydraulic controller;

[00101] FIG. 7 is a schematic of a portion of the hydraulic circuit of the transmission
including a main pump; lubrication sub-circuits; cooling, filtering, relief and regulation of the
hydraulic circuit;

[00102] FIG. § is a schematic of the variator control portion of the hydraulic circuit of
the transmission;

[00103] FIG. 9 is a schematic of the mode control portion of the hydraulic circuit of the

transmission showing a first mode trim valve in an active state;
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[00104] FIG. 10 is a schematic of a portion of the hydraulic circuit of the transmission
associated with the control of the variator;
[00105] FIG. 11 is a schematic of the remainder of the hydraulic circuit associated with

the control of the variator not shown in FIG. 10;

[00106] FIG. 12 is a schematic of the mode trim control section of the mode control
portion of the hydraulic circuit of the transmission showing both mode trim valves in an active
state;

[00107] FIG. 13 is a schematic of the mode trim control section of the mode control
portion of the hydraulic circuit of the transmission showing a second mode trim valve in an
active state;

[00108] FIG. 14 is a schematic of the mode logic control section of the mode control
portion of the hydraulic circuit of the transmission showing a second mode logic valve in a
stroked state;

[00109] FIG. 15 is a schematic of the mode logic control section of the mode control
portion of the hydraulic circuit of the transmission showing both mode logic valves in a stroked
state;

[00110] FIG. 16 is a schematic of the mode logic control section of the mode control
portion of the hydraulic circuit of the transmission showing a first mode logic valve in an active
state;

[00111] FIG. 17 is a schematic of the variator logic control section of the variator control
portion of the hydraulic circuit of the transmission showing a first variator logic valve in a
stroked state;

[00112] FIG. 18 is a schematic of the variator logic control section of the variator control
portion of the hydraulic circuit of the transmission showing a second variator logic valve in a
stroked state;

[00113] FIG. 19 is a schematic of the variator logic control section of the variator control
portion of the hydraulic circuit of the transmission showing both the first variator logic valve
and the second variator logic valve in a de-stroked state;

[00114] FIG. 20 is a schematic of another embodiment of a mode logic control section of
the mode control portion of the hydraulic circuit of the transmission showing both three mode

logic valves with none of the three valves in a stroked state;
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[00115] FIG. 21 is a schematic of another embodiment of a mode logic control section of
the mode control portion of the hydraulic circuit of the transmission showing both three mode
logic valves with the second and third of the three valves in a stroked state;

[00116] FIG. 22 is a schematic of another embodiment of a mode logic control section of
the mode control portion of the hydraulic circuit of the transmission showing both three mode
logic valves with the second of the three valves in a stroked state;

[00117] FIG. 23 is a table showing a system response to a single point failure when a
first embodiment of transmission is operating under normal conditions, hydraulic fault
conditions shown in the left column, desired transmission states shown across the top of the
remaining columns, and the respective response state shown in the table;

[00118] FIG. 24 is a table showing a system response to a single point failure when a
first embodiment of transmission is operating under cold operating conditions, hydraulic fault
conditions shown in the left column, desired transmission states shown across the top of the
remaining columns, and the respective response state shown in the table;

[00119] FIG. 25 is a table showing a system response to a single point failure when a
second embodiment of transmission is operating under normal conditions, hydraulic fault
conditions shown in the left column, desired transmission states shown across the top of the
remaining columns, and the respective response state shown in the table;

[00120] FIG. 26 is a table showing a system response to a single point failure when a
second embodiment of transmission is operating under cold operating conditions, hydraulic
fault conditions shown in the left column, desired transmission states shown across the top of
the remaining columns, and the respective response state shown in the table;

[00121] FIG. 27 is a diagrammatic representation of a portion of the control circuit of the
first embodiment of transmission; and

[00122] FIG. 28 is a diagrammatic representation of a portion of the control circuit of the

second embodiment of transmission.

DETAILED DESCRIPTION OF THE DRAWINGS

[00123] For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to a number of illustrative embodiments shown in the
attached drawings and specific language will be used to describe the same.

[00124] While the concepts of the present disclosure are susceptible to wvarious
modifications and alternative forms, specific exemplary embodiments thereof have been shown

by way of example in the drawings and will herein be described in detail. It should be
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understood, however, that there is no intent to limit the concepts of the present disclosure to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by
the appended claims.

[00125] References in the specification to "one embodiment", "an embodiment”, "an
example embodiment”, etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described.

[00126] In one embodiment, a drive train 10 of a vehicle 8 includes a drive unit 12 and a
transmission 14 configured to drive a vehicle load 18 as shown in FIG. 1. The transmission 14
includes an electro-hydraulic controller 16 coupled to an engine control module (ECM) 80 of
the drive unit 12 to coordinate the operation of the drive unit 12 and the transmission 14. In
some embodiments, the drive train 10 may include other components commonly found in drive
trains but not illustrated in FIG. 1 in order to increase clarity of the present description.

[00127] The drive unit 12 is illustratively a diesel internal combustion engine. However,
in other embodiments, the drive unit 12 may be embodied as a spark-ignition type internal
combustion engine (i.e. gasoline engine), a hybrid engine-electric motor combination, or
another source of rotational power. The drive unit 12 has drive unit output shaft 20 that
provides rotational power to the transmission 14.

[00128] The transmission 14 is operable to transmit the rotational power from the drive
unit 12 to the vehicle load 18 at various transmission ratios. The transmission ratio provided by
the transmission 14 is modified by the electro-hydraulic controller 16. The electro-hydraulic
controller 16 is configured to modify the transmission ratio so that the drive unit 12 operates at
an optimized set of parameters corresponding to the vehicle load 18 and speed of the vehicle §.
[00129] The transmission 14 illustratively includes an input clutch 46, a variator 22, and
a countershaft assembly 70 with two clutches 156, 158 operable to change the ratio of the
transmission 14 under the control of the electro-hydraulic controller 16. The input clutch 46 is
configured to be stroked to transfer rotation to the variator 22 from the drive unit output shaft

20. The transmission 14 is embodied as a continuously variable countershaft transmission unit
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as is known in the art. In other embodiments, the transmission 14 may be an infinitely variable
transmission. The ratio through the transmission 14 is adjustable by selectively energizing the
clutches 156, 158 in the countershaft assembly 70 and by varying the ratio of an input 32 to the
variator 22 to an output 38 of the variator 22 as described below. The variator 22 is an
infinitely variable rotational transmitter that is operable to vary the ratio through the variator 22
under the control of the electro-hydraulic controller 16. The countershaft assembly 70 receives
rotational output from an output 38 of the variator 22 and acts as a rotational transmitter to
transmit the rotation from the output 38 of the variator 22 to the vehicle load 18. In the
illustrative embodiment, the countershaft assembly 70 includes at least one epicyclic gear set
that may, under certain conditions, reverse the direction of output from the variator 22. Thus,
the transmission 14 is operable to receive rotational input from the drive unit 12 and convert
that rotational input to positive or negative rotational output to the vehicle load 18, including
operating at a geared neutral condition.

[00130] As illustratively shown in FIG. 2, the variator 22 includes an input shaft 32 that
is selectively coupleable to the drive unit output shaft 20 through the input clutch 46 of the
transmission 14. The variator 22 includes a first input race 34 and a second input race 36, each
of which is coupled to the input shaft 32 to rotate with the input shaft 32 about a rotation axis
250. Each of the races 34 and 36 is a disk centered on the axis 250. The input race 34 is
formed to include a race surface 54 that is engaged by three rollers 62a, 62b, and 62c (not
shown in FIG. 2). Similar to input race 34, input race 36 is formed to include a race surface 60
which cooperates with three rollers 64a, 64b, 64c¢ (not shown in FIG. 2). As will be discussed
in further detail below, the engagement between the race surfaces 54 and 60 and the respective
rollers 62a, 62b, 62c, 64a, 64b, 64c does not require contact between the rollers 62a, 62b, 62c,
64a, 64b, 64c and the respective race surfaces 54 and 56.

[00131] As the input shaft 32 rotates about the axis 250, the input races 34 and 36 rotate
with the input shaft 32 and the engagement with the rollers 62a, 62b, 62c, 64a, 64b, 64c
transfers rotation of the races 34 and 36 to the respective rollers 62a, 62b, 62¢c, 64a, 64b, 64c.
Each of the rollers 62a, 62b, 62c, 64a, 64b, 64c rotates about a respective axis 52a, 52b, 52¢
(not shown) and 50a, 50b, and 50c (not shown). As will be described in further detail below,
each of the axes 52a, 52b, 52c, 50a, 50b, 50c are pivotable to thereby change the position of the
respective rollers 62a, 62b, 62c, 64a, 64b, 64c relative to the input races 34 and 36. It should be
understood that the rotation of the rollers 62a, 62b, 62¢, 64a, 64b, 64c is controlled such that
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each of the rollers 62a, 62b, 62c, 64a, 64b, 64c rotates at substantially the same speed as the
orientation of the axes 52a, 52b, 52¢, 50a, 50b, 50c is coordinated as described herein.

[00132] The variator 22 further includes an output 38 which includes an output race 44
supported on the input shaft 32 on roller bearings 40 so that the output 38 is supported on the
input shaft 32 but is rotatable relative to the input shaft 32. Illustratively, the output 38 is
formed to include a number of gear teeth 26 positioned about the periphery of the output race
44, with the gear teeth 26 configured transfer output rotations to a complementary gear coupled
to the countershaft assembly 70 of the transmission 14. It should be understood that the output
38 may take other forms and may be fixed to the input shaft 32 in other embodiments.

[00133] The variator 22 includes an endload assembly 134 that includes a housing 42.
The endload assembly 134 includes a endload chamber 66 that is pressurized to apply a force to
the input race 36 that acts on the rollers 62a, 62b, 62c, 64a, 64b, 64c and output race 44 to
clamp the rollers 62a, 62b, 62c, 64a, 64b, 64c and output race 44 between the input race 36 and
the input race 34. The clamp force between the input race 36 and the input race 34 is variable
as will be described. In the illustrative embodiment, the input race 34 is fixed to the input shaft
32 and the input race 36 is movable to increase the clamp load.

[00134] The input race 36 forms part of the endload assembly 134 and is movable
relative to the input shaft 32 along axis 250 in a direction indicated by an arrow 68. An endload
chamber 66 is pressurized with hydraulic fluid to apply a force to the input race 36 urging it in
the direction of arrow 68. The input race 36 is engaged with the input shaft 32 through a
splined connection 78. The splined connection 78 includes the engagement of a number of
splines 180 formed in the input race 36 which engage a number of splines 182 on the input shaft
32. Rotation is transferred to the input race 36 from the input shaft 32 through the splined
connection 78, but the input race 36 is permitted to move along the input shaft 32 when the
endload chamber 66 is pressurized. It should be understood that FIG. 2 is a diagrammatic
representation of the variator 22. In actual operation, the movement of the race 36 will be very
slight and only of sufficient magnitude to transfer the pressure of the hydraulic fluid in the
endload chamber 66 to the rollers 62a, 62b, 62¢, 64a, 64b, 64c, the output 38, and the first input
race 34. The magnitude of pressure in the endload chamber 66 varies the clamp force applied
to the variator 22 to reduce or eliminate relative movement between the rollers 62a, 62b, 62c,
64a, 64b, 64c, and the race surfaces 54, 56, 58, 60. Those of ordinary skill in the art will
recognize that a greater clamping force will tend to increase the rolling resistance between the

rollers 62a, 62b, 62¢, 64a, 64b, 64c, and the race surfaces 54, 56, 58, and 60. As such, it is
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necessary to limit the clamping force to only that which is necessary to limit relative movement
between the rollers 62a, 62b, 62¢c, 64a, 64b, 64c, and the race surfaces 54, 56, 58, and 60. The
clamping force will vary depending on the load variation between the output 38 and the input
shaft 32.

[00135] Referring now to FIG. 3, the electro-hydraulic controller 16 includes two
functions: a variator control 120 and a mode control 122. The variator control 120 is operable
to control operation of the variator 22 under changing operating conditions. Control of the
variator 22 by the variator control 120 is accomplished by a variator logic section 124 and a
variator trim section 126. The variator control 120 controls the position of the axes 50a, 50b,
50c, 52a, 52b, 52c to control the ratio transmitted through the variator 22 from input shaft 32 to
the output 38. Under certain conditions, the variator control 120 applies pressure in a first
direction, depending on the direction of torque being applied to the output 38 of the variator 22.
As is known in the art, a variator, such as variator 22 operates in a single operational direction
and a negative torque condition must be addressed in the variator 22 to prevent rotation of the
variator 22 in a negative direction, which might cause damage to the variator 22.

[00136] The variator trim section 126 controls the magnitude of pressure applied to six
cylinders 184a, 184b, 184c, 186a, 186b, and 186c (shown in FIG. 10) each of which is
associated with a corresponding axis 50a, 50b, 50c, 52a, 52b, 52c¢ to vary the position of the
axes 50a, 50b, 50c, 52a, 52b, 52c to thereby change the ratio of the variator 22. By varying the
pressure applied to the cylinders 184a, 184b, 184c, 186a, 186b, and 186c¢ (shown in FIG. 10),
the variator trim section 126 overcomes resistance to movement of the axes 50a, 50b, 50c, 52a,
52b, 52c to thereby change the position of the rollers 62a, 62b, 62c, 64a, 64b, 64c. As
described above, the position of the rollers 62a, 62b, 62¢c, 64a, 64b, 64c defines the ratio
transmitted through the variator 22. Application of additional pressure causes the rollers 62a,
62b, 62c, 64a, 64b, 64c to move toward a new position until the resistance of movement of the
rollers 62a, 62b, 62c, 64a, 64b, 64c is in equilibrium with the pressure applied to the cylinders
184a, 184b, 184c, 186a, 186b, and 186¢ as determined by the electro-hydraulic controller 16,
When equilibrium is reached, the ratio through the variator 22 is maintained until a change in
torque is applied to the output 38 of the variator 22, at which time the equilibrium will be lost
and the electro-hydraulic controller 16 will respond to the loss of equilibrium by moving the
cylinders. 184a, 184b, 184c, 186a, 186b, and 186¢ to a new position to reach a new equilibrium.
[00137] The variator 22 of the illustrative embodiment is operates as a continuously

variable transmitter (CVT). In other embodiments, other configurations of CVT may be
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substituted and still be within the scope of the present disclosure. Other CVT’s with
hydraulically actuated variation are susceptible to the application of the controls of the present
disclosure; to the extent such systems are subject to single fault conditions.

[00138] The electro-hydraulic controller 16 includes a processor 72 that is in
communication with the ECM 80 of the drive unit 12 and a control circuit 76 that controls the
electrical components of the electro-hydraulic controller 16. The processor 72 is operable to
receive information from the ECM 80 indicative of the desired operation of the vehicle 8, such
as a speed input from a foot pedal, engine speed, desired transmission operating mode, or other
information. The information may be provided as discreet inputs or may be provided as serial
data or network messages. For example, the electro-hydraulic controller 16 may communicate
to with the ECM 80 through a serial interface such as an IZC, SPi, LIN bus, or other similar
serial interface. In other embodiments, the electro-hydraulic controller 16 may communicate
with the ECM 80 over a controller area network (CAN) or other higher level network.

[00139] The processor 72 accesses instructions in a memory device 74 and processes the
instructions to control operation of the control circuit 76 and associated components as will be
described. The control circuit 76 includes devices necessary to convert digital instructions from
the processor 72 to outputs usable by the components of the electro-hydraulic controller 16.
For example, the control circuit 76 may include relays or other logical devices which respond to
a digital signal from the processor to operate any analog components of the electro-hydraulic
controller 16. Similarly, the control circuit 76 may include filters, amplifiers, and other devices
necessary to convert analog signals from pressure sensors to a digital signal for the processor
72. In addition, the control circuit 76 includes speed sensors (not shown) that determine the
input speed to the transmission 14 which is determined by measuring the speed of the drive unit
output shaft 20; at the output 38 of the variator 22, and at an output shaft 21 of the transmission
14. The processor 72 utilizes the speed information as part of the logical operation of the
electro-hydraulic controller 16 to determine the torque applied to the output 38 of the variator
22 to make decisions regarding appropriate operating conditions for the transmission 14.
[00140] As shown in FIG. 4, the variator logic section 124 comprises three valves, a first
variator logic valve 130, a second variator logic valve 132, and a variator boost valve 148.
Each of the variator logic valves 130, 132, and 148 are operatively coupled to the processor 72
through the control circuit 76 and are operated under the control of the processor 72. As will be
discussed in further detail below, the first variator logic valve 130, and the second variator logic

valve 132, cooperate to control the direction of flow of pressurized hydraulic pressure to the
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cylinders 184a, 184b, 184c, 186a, 186b, and 186¢. The variator boost valve 148 is operable to
provide a pressure boost to the variator trim control 126 when the transmission 14 is operating
cold and valve 142 is in a fault condition to apply a boosted pressure to the hydraulic cylinders
184a, 184b, 184c, 186a, 186b, and 186¢ and the endload chamber 66. Each of the first variator
logic valve 130, the second variator logic valve 132, and the variator boost valve 148 have two
different logical states to thereby change the flow path of hydraulic fluid. The logic states of
each of the valves 130, 132, and 148 change in response to changing operating conditions of the
transmission 14. In addition, each valve 130, 132, and 148 has a respective pressure sensor
136, 138, and 140 associated with a respective variator logic valve 130, 132, and 148. Each
sensor 136, 138, and 140 is positioned to sense the presence of pressure in the circuit to confirm
that the each valve 130, 132, and 148 is operating as expected. The pressure sensors 136, 138,
140 are operatively coupled to the processor 72 through the control circuit 76 and are operable
to provide a signal indicative of the pressure sensed by each sensor to processor 72. The
pressure sensors 136, 138, and 140 operate as fault detectors to determine if hydraulic fluid is
flowing as expected. Because the valves 130, 132, and 148 are operated open-loop, i.e. without
direct feedback from the valve 130 132, 148 to confirm that the valve has responded to a signal
to energize, the actual position of the valve is not known by the processor 72 of the electro-
hydraulic controller 16. The pressure sensors 136, 138, and 140 provide feedback to the
electro-hydraulic controller 16 to confirm the variator control 120 is operating as expected by
confirming that the variator logic valves 130, 132 and 148 are stroked or de-stroked as expected
by the processor 72. In the illustrative embodiment, the pressure sensors 136, 138, and 140 are
pressure switches that activate once a minimum pressure has been applied to the switch. In
other embodiments, the pressure sensors 136, 138, and 140 may be embodied as transducers
providing a variable signal indicative of the pressure in the system.

[00141] The variator trim section 126 includes a first variator trim valve 142 and a
second variator trim valve 144. Each of the variator trim valves 142 and 144 has an associated
pressure sensor 146 and 148. The pressure sensors 146 and 148 operate to provide feedback to
the processor 72 electro-hydraulic controller 16 as to the operation of the respective variator
trim valves 142 and 144 and the pressure applied to the cylinders 184a, 184b, 184c, 186a, 186b,
and 186c. The variator trim valves 142 and 144 respond to changes in an input signal to vary
the pressure output by the variator trim valves 142 and 144 and applied to the cylinders 184a,
184b, 184c, 186a, 186b, and 186¢. In the illustrative embodiment, the pressure sensors 146 and

148 are pressure switches that activate once a minimum pressure has been applied to the switch.
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In other embodiments, the pressure sensors 146 and 148 may be embodied as transducers
providing a variable signal indicative of the pressure in the system.

[00142] The mode control 122 has two functions including a mode logic section 150 and
a mode trim control 152 which cooperate to control the operation of the input clutch 46, a first
mode clutch 156, and a second mode clutch 158. The input clutch 46 is used to control the
transfer of rotational input from the drive unit output shaft 20 to the transmission 14. The first
mode clutch 156 and second mode clutch 158 are used to control the path that rotation is
transferred from the variator 22 through the countershaft assembly 70 to control the ratio and
direction of rotation transferred from the transmission 14 to the vehicle load 18. The mode
logic section 150, under the control of the processor 72 of the electro-hydraulic controller 16,
varies the flow path of pressurized hydraulic fluid to the first mode clutch 156 and the second
mode clutch 158 to energize or de-energize the first mode clutch 156 and the second mode
clutch 158 depending on operating conditions, faults, and user inputs.

[00143] The mode logic section 150 includes a first clutch logic valve 160 and a second
clutch logic valve 162 which cooperates to control the fluid path for hydraulic fluid to the first
mode clutch 156, second mode clutch 158, and input clutch 46 as will be described in further
detail below. Each clutch logic valve 160 and 162 has an associated pressure sensor 164 and
166, respectively. The pressure sensors 164 and 166 function similarly to the pressure sensors
136, 138, and 140 described herein in that they provide a feedback signal to the processor 72 to
confirm that the valves 160 and 162 are operating as expected.

[00144] The mode trim control 152 includes a first mode trim valve 168 and a second
mode trim valve 170 that control the pressure fed to the first mode clutch 156, second mode
clutch 158, and the input clutch 46 through the mode logic section 150. A pressure sensor 172
is associated with first mode trim valve 168 and a pressure sensor 174 is associated with second
mode trim valve 170 with each of the pressure sensors 172 and 174 operable to determine if the
flow path through valves 168 and 170 is as expected by the processor 72.

[00145] Referring now to FIG. 27, the control circuit 76 includes a first driver 600 that is
operable to provide sufficient power to the first variator trim valve 142 and the first mode trim
valve 168. The driver 600 includes circuitry to control the operation of the solenoids of the
valves 142 and 168 under the control of the processor 72. The driver 600 may experience a
fault that prevents proper operation of valves 142 and 168, but the electro-hydraulic controller

16 is responsive to a fault in the driver 600.
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[00146] A second driver 602 is operable to power the second variator trim valve 144 and
the second mode trim valve 170 as well as the boost valve 148. A third driver 604 is operable
to power the first variator logic valve 130 and the first mode logic valve 160. A fourth driver
606 is operable to power the second variator logic valve 132 and the second mode logic valve
162.

[00147] The detailed operation of the hydraulic circuit of the electro-hydraulic controller
16 is best understood with reference to the operational states of the electro-hydraulic controller
16. Each operational state of the electro-hydraulic controller 16 is referenced by a four part
state name that identifies the operational state of each of a number of aspects of the
transmission 14.

[00148] In a first embodiment of transmission 14, the first aspect is defined by an
operational state of the variator 22. “C” indicates that the variator 22 is operating in a cold
condition. When the transmission 14 operates cold the viscosity of the hydraulic fluid between
the rollers 62a, 62b, 62c, 64a, 64b, 64c and the race surfaces 54, 56, 58, and 60 is higher than
under normal, hot operating conditions. The electro-hydraulic controller 16 compensates for
this difference while the transmission 14 warms up. “H” indicates that the variator 22 is

44177

operating in a normal, hot condition. indicates that the first variator trim valve 142 is in a
fault condition. Thus, there are three different variator operational states identified by the first
aspect.

[00149] The second aspect of the state name is defined by the clutch operational state.
There are four clutch operational states with “NL” indicating that the clutch state is Normal
Low; “NH” indicating that the clutch state is Normal High; “FL” indicating that the clutch state
is Fault Low; and “FH” indicating that the clutch state is Fault High.

[00150] The third aspect of the state name is defined by the mode state with five different
mode operational states. The absence of a character in the state name indicates that the mode
operational state is Neutral. A “0” indicates that the transmission 14 mode is Mode 0. A “1”
indicates Mode 1; a “2” indicates Mode 2; and a “T” indicates that the transmission is in
Transition between Mode 1 and Mode 2, meaning that both Mode 1 and Mode 2 are active.
[00151] The final part in the state name indicates torque direction applied to the variator
22 by the vehicle load 18 through the countershaft assembly 70. The torque direction may
change depending on whether the vehicle 8 is accelerating or operating on an upward incline as
compared to deceleration or operating on a downward incline. “0” indicates that there is no

(T3N3

torque applied, while “-“indicates a negative torque direction. “+” indicates a positive torque
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direction, while “FR” indicates that the transmission is operating in a fixed ratio, bypassing the
variator 22 and using the countershaft assembly 70 only to transfer rotation through the
transmission 14. The FR state of the torque occurs during the Transition mode.

[00152] Table 1 below lists the states for the transmission 14 using the state name

convention described above.

TABLE 1 — Normal States

Mode —Torque Direction Cold Hot

Neutral Start CNLOO HNLOO

Mode 1 — Negative Torque CNL1 - HNL1-

Mode 1 — Positive Torque CNL 1+ HNL 1+

Mode Transition CNHTFR HNHTFR

Mode 2 — Negative Torque CNH?2 - HNH2 -

Mode 2 — Positive Torque CNH2+ HNH2+

[00153] Table 2 shows the state names that are associated with a failure of the first

variator trim valve 142

TABLE 2 — 142 Fault States

Mode —Torque Direction Cold Hot

Neutral Start INLOO INLOO

Mode 1 — Negative Torque INL1- INL1-

Mode 1 — Positive Torque INL1+ INL1+

Mode Transition 1NHTFR INHTFR

Mode 2 — Negative Torque 1INH?2- INH?2 -

Mode 2 — Positive Torque 1NH2+ INH2+

[00154] Each state of the transmission can be defined by a state logic key which is a

binary definition of the logic state of each of the valves 142, 144, 168, 170, 130, 132, 160, 162,
and 148, in order. The variator trim valves 142 and 144 each have two states, “T” for the trim
state and “0” for an open state. In the trim state, the 142 or 144 is operated by the processor 72
based on the torque sensed by the electro-hydraulic controller 16 so that the proper pressure is
applied to the cylinders 184a, 184b, 184c, 186a, 186b, and 186c¢.

[00155] The proper operating state of the electro-hydraulic controller 16 is confirmed by
comparing the status of the various pressure sensors 136, 138, 164, 166, 140, 278, 286, 146,
148, and 176 to expected values. The states of the pressure sensors 136, 138, 164, 166, 140,
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278, 286, 146, 148, and 176 are defined with a binary status of “1” for the pressure sensor being
“on” or active receiving an acceptable pressure signal, and “0” for being “off” or receiving no
pressure signal, or a pressure signal that is too low. As described above, the pressure sensors
136, 138, 164, 166, 140, 278, 286, 146, 148, and 176 in the illustrative embodiment are
pressure switches that activate when a predetermined pressure is applied to the sensor. In other
embodiments, the pressure sensors 136, 138, 164, 166, 140, 278, 286, 146, 148, and 176 may
detect variations in pressure and transmit a signal to the processor 72 that is indicative of the
actual pressure being applied to the respective sensor. When the pressure sensors 136, 138,
164, 166, 140, 278, 286, 146, 148, and 176 detect variations in pressure, sufficient pressure
applied to the pressure sensor is considered a “1” or “on” condition by logic of the electro-
hydraulic controller 16. The normal operating states of the pressure sensors of the electro-

hydraulic controller 16 are shown in Table 3 below.

TABLE 3 — Normal Pressure Sensor States

STATE

NAME
CNLOO
CNL1-
CNL1+
CNHTFR
CNH2+
CNH?2-
HNLOO
HNL1 -
HNL 1+
HNHTFR
HNH2+
HNH?2 -
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[00156] When the pressure sensors 136, 138, 164, 166, 140, 278, 286, 146, 148, and 176
meet the normal operating conditions defined above, the valves 142, 144, 168, 170, 130, 132,
160, 162, and 148 operate under the conditions defined in Table 4 below.
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TABLE 4 — Normal Valve States
STATE
NAME STATE LOGIC 142 144 168 170 130 132 160 162 148
CNLOO T01000000 TRIM - 1 0 0 0 0 0 0
CNL1- T01100000 TRIM 1 1 0 0 0 0 0
CNL1+ T01101000 TRIM 1 1 0 1 0 0 0
CNHTFR T01100010 TRIM 1 1 0 0 0 1 0
CNH2+ 100100010 TRIM 0 1 0 0 0 1 0
CNH2 - T00101010 TRIM - 0 1 0 1 0 1 0
HNLOO 0T1011000 - TRIM 1 0 1 1 0 0 0
HNLT- 0T1111000 - TRIM 1 1 1 1 0 0 0
HNL 1+ 0T1110000 - TRIM 1 1 1 0 0 0 0
HNHTFR 0T1111010 - TRIM 1 1 1 1 0 1 0
HNH?2 + 0T0111010 - TRIM 0 1 1 1 0 1 0
HNH?2 - 0T0110010 - TRIM 0 1 1 0 0 1 0
[00157] Referring now to FIGS. 7-11, the hydraulic circuit 200 of transmission 14

including components of the electro-hydraulic controller 16 is disclosed. FIGS. 7-11 depict the
status of the hydraulic circuit 200 in the “H NL 0 0 state. FIG. 7 shows a pressure regulation
and relief portion 202 of the hydraulic circuit 200. The hydraulic circuit 200 is fed from a sump
204 that holds unpressurized hydraulic fluid which is drawn from the sump 204 by a pump 206
which pressurizes the hydraulic fluid and feeds a main pressure line 208. As will be discussed
in further detail, main pressure line 208 feeds both 168 and 170 each of which act on the main
pressure line 208 to provide pressurized fluid to the variator logic section 124 and the mode
logic section 150.

[00158] A main relief valve 210 is coupled to the main pressure line 208 and provides
primary relief for the main pressure line 208 in over pressure conditions. The main pressure
line 208 also feeds a main regulator 212 which regulates the pressure of the hydraulic fluid and
feeds a pilot pressure to the variator trim valves 142 and 144 on a regulated line 246. The main
regulator 212 also provides flow to a lubrication line 216 that includes a cooler 218 and a filter
220. The lubrication line 216 provides lubrication to the gears of the countershaft assembly 70
at gear lubrication 222 and to the variator 22 at variator lubrication 224. A lube regulator 226
receives hydraulic fluid from the lubrication line 216 and controls the flow of fluid to the gear
lubrication 222 and variator lubrication 224. The cooler 218 cooperates with a cooler relief
valve 232 so that the cooler relief valve 232 will prevent an over-pressure condition at the
cooler 218.

[00159] Additional regulation and relief is provided by a main control relief valve 234
that cooperates with a control regulator 236 to provide a regulated pilot pressure in a pilot line

214 which provides a pilot pressure to assist in the actuation of the valves 142, 144, 168, 170,
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130, 132, 160, 162, and 148. In addition, a clutch backfill regulator 238 maintains a proper
back pressure on a mode backpressure line 240 with the mode backpressure line further
including a relief valve 242. As a matter of convention, components in the electro-hydraulic
controller 16 including valves and regulators have one or more exhaust ports 244. Those
exhaust ports are designated with reference to an exhaust 244 which indicates that the ports 244
return to the sump 204, without pressurization.

[00160] A network shuttle 228 receives three inputs, a first mode logic input line 282, a
second mode logic input line 284, and a variator pressure line 230. The network shuttle 228
compares the pressures on each of the three inputs and transfers the highest pressure input to the
main regulator 212. In state H NL O 0, the second mode logic input line 284 and the variator
pressure line 230 have lower pressures than the first mode logic input line 282 so that the first
mode logic input line 282 is fed to the main regulator 212 to regulate the pressure on the main
pressure line 208. In other states, second mode logic input line 284 or the variator pressure line
230 have the highest pressure and control the main regulator 212 and thereby control regulation
of the main pressure line 208.

[00161] Referring now to FIG. 9, the mode trim control 152 is coupled to the main
pressure line 208 with a port 270 of the first mode trim valve 168 and a port 272 of the second
mode trim valve 170 each coupled to main pressure line 208. The first mode trim valve 168 is
on when the state is H NL 0 0. In this state, the pilot line 214 is in communication with a
pressure sensor 278 associated with the first mode trim valve 168. The pressure applied to
pressure sensor 278 is sufficient to activate pressure sensor 278 to a value of 1, confirming the
condition of the first mode trim valve 168 as stroked. When first mode trim valve 168 is
stroked, the first mode logic input line 282 is pressurized. The first mode logic input line 282
also communicates with the network shuttle 228 as described above. The pilot line 214
communicates to both the first mode trim valve 168 and the second mode trim valve 170.
There is no flow of pressurized hydraulic fluid through 170 in H NL 0 0 and a second mode
logic input line 284 since the second mode trim valve 170 is de-stroked.

[00162] In the mode logic section 150 the first mode logic input line 282 under the H NL
0 0 state is in communication with first mode logic valve 160. When deactivated, the first mode
logic valve 160 communicates the first mode logic input line 282 to a portion of the second
mode logic valve 162 which is in communication with input clutch 46 so that the input clutch
46 is stroked and active. However, neither the first mode clutch 156 nor the second mode

clutch 158 are stroked, so there is no motion transferred through countershaft assembly 70.
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[00163] Referring now to FIGS. 10 and 11, the hydraulic circuit associated with the
operation of the variator 22 is shown to include the endload chamber 66 that operates with an
endload relief valve 350 which is fed from the variator control 120 by a variator control line
352 that is connected to a port 354. The endload relief valve 350 pressurizes the endload
chamber 66 but since the transmission 14 is in the H NL O O state, there is no flow or
pressurization of hydraulic fluid to the cylinders 184a, 184b, 184c, 186a, 186b, and 186¢c. In
the H NL 0 O state, the countershaft assembly 70 does not receive rotation from the output 38 of
the variator 22, so the variator 22 experiences no torque.

[00164] The hydraulic schematic associated with the variator control 120 is shown in
FIG. 8 where the pilot line 214 is in communication with each of the valves 130, 132, 148, 142,
and 144. In the H NL 0 O state, the pilot line 214 is in communication with the pressure sensors
136 and 138 so that the pressure on pilot line 214 is applied to the pressure sensors 136 and 138
to cause the state of the pressure sensors 136 and 138 to be read as stroked or “1” by the
processor 72. This allows the electro-hydraulic controller 16 to confirm that the variator logic
valves 130 and 132 are in their proper state, which prevents pressure from being applied to the
variator cylinders 184a, 184b, 184c, 186a, 186b, and 186¢.

[00165] Referring now to FIGS. 12 and 13, the other states of the mode trim valves 168
and 170 are shown. When the second mode trim valve 170 is stroked, the pressure from pilot
line 214 is sensed by the pressure sensor 286 and pressurized hydraulic fluid is communicated
through the second mode logic input line 284. The pressure is varied to control the pressure to
the second mode logic input line 284. Thus, under normal operating conditions activation of
the second mode trim valve 170 will result in an active signal from pressure sensor 286.

[00166] As shown in FIG. 13, when the first mode trim valve 168 is deactivated, the
pressure of pilot line 214 is not sensed by the pressure sensor 278. Similarly, the flow to first
mode logic input line 282 is turned off so that there is no pressurized hydraulic fluid transferred
to first mode logic input line 282.

[00167] Referring now to FIGS. 14-16, the additional flow paths that are experienced by
the mode logic section 150 are depicted. Each of the first and second mode logic valves 160
and 162 are de-stroked in FIG. 9. In FIG. 14, the second mode logic valve 162 is stroked so
that the first mode logic input line 282 energizes the first mode clutch 156 through the port 302
on the second mode logic valve 162, while the input clutch 46 is stroked by the main pressure
line 208 through a port 386 on second mode logic valve 162. The second mode clutch 158 is

stroked from the second mode logic input line 284 through port 390 on the first mode logic
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valve 160 which feeds a port 392 which subsequently feeds a port 388 on the second mode
logic valve 162. The movement of the second mode logic valve 162 permits the pilot line 214
to communicate with the pressure sensor 166 so that the processor 72 can confirm that the
second mode logic valve 162 is operating correctly.

[00168] As shown in FIG. 15, when both mode logic valves 160 and 162 are stroked, the
first mode clutch 156 is in communication with the first mode logic input line 282 and the input
clutch 46 is in communication with the main pressure in line 408 and the input clutch 46 is
active as there is no flow to the second mode clutch 158. The input clutch 46 is activated from
the main pressure line 208. Because the movement of the first mode logic valve 160 permits
the pilot line 214 to communicate to pressure sensor 164, the processor 72 can confirm that the
first mode logic valve 162 is operating correctly.

[00169] As shown in FIG. 16, when the first mode logic valve 160 is stroked and the
second mode logic valve 162 is de-stroked, the first mode clutch 156 is in communication with
second mode logic input line 284 and second mode clutch 158 is in fluid communication with
first mode logic input line 282. As will be discussed in more detail below, the use of the mode
trim valves 168 and 170 with the mode logic valves 160 and 162 allows the electro-hydraulic
controller 16 to compensate for single fault failures of components in the mode control 122
without any loss of functionality of the transmission 14.

[00170] Referring again now to FIG. 8, the operation of the variator control 120 may best
be understood by the inputs to the variator control 120 and the outputs therefrom. It should be
understood that the pilot line 214 is in communication with every component of the variator
control 120. Beyond that, the basic input to the variator control is the regulated line 246 which
is fed from the main regulator 212. Under normal operation, the second variator trim valve 144
utilizes the regulated line 246 as a source of pressurized fluid and, responsive to a voltage signal
from the control circuit 76 and under the operation of the processor 72, controls the pressure
applied to the cylinders 184a, 184b, 184c, 186a, 186b, and 186¢ of the variator 22. The
pressure controlled hydraulic fluid is transmitted to the variator logic section 124 through a
control line 400 which feeds a damper 402 that provides the damped fluid flow through a first
variator logic input line 404. When both of the variator logic valves 130 and 132 are stroked,
the first variator logic input line 404 is in communication with a variator control line 408 which
feeds the negative torque side 412 of the variator cylinders 184a, 184b, 184c, 186a, 186b, and
186c.
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[00171] In some cases, when the transmission 14 is in cold mode, the first variator trim
valve 142 is active and the second variator trim valve 144 is inactive. When the first variator
trim valve 142 is active, the first variator trim valve 142 utilizes the regulated line 246 as a
source of pressurized fluid and, responsive to a voltage signal from the control circuit 76 and
under the operation of the processor 72, controls the pressure applied to the cylinders 184a,
184b, 184c, 186a, 186b, and 186¢ of the variator 22. The controlled pressure hydraulic fluid is
transmitted to the variator logic section 124 through a control line 418 which feeds a damper
416 that provides the damped fluid flow through a second variator logic input line 418. When
both of the variator logic valves 130 and 132 are stroked, as shown in FIG. §, the second
variator logic input line 418 has no flow path. Thus, it is necessary that the state of the variator
logic valves 130 and 132 be changed in cold operation. The first variator trim valve 142
operates at a pressure that is higher than the second variator trim valve 144 to compensate for
the higher viscosity of the fluid used in the variator 22.

[00172] A wvariator shuttle 420 is operable to change the flow path from the variator
pressure line 230 between the control line 418 and the control line 400. The variator pressure
line 230 is in communication with the network shuttle 228 and a transducer 422. The
transducer 422 is in communication with the processor 72 and is operable to provide a signal
indicative of the pressure in the respective control line 418 or 400 to provide feedback to the
processor 72 for control of the first and second variator trim valves 142 and 144. The first and
second variator trim valves 142 and 144 apply the appropriate pressure to the cylinders 184a,
184b, 184c, 186a, 186b, and 186¢ based on the pressure in the respective control line 418 or
400. For example, a sudden change in pressure as sensed by the transducer 422 is indicative of
a change in load on the output 38 of the variator 22, which signals the processor 72 of the
electro-hydraulic controller 16 to modify the pressure applied or switch between pressurization
of the first and second sides of the cylinders 184a, 184b, 184c, 186a, 186b, and 186¢.

[00173] Effectively, the variator logic section 124 switches the direction of pressure
applied to the cylinders 184a, 184b, 184c, 186a, 186b, and 186¢ by switching between applying
pressure to the variator control 408 and another variator control line 410. The reversal of the
direction of the pressure applied between the positive torque side 356 and the negative torque
side 412 permits the cylinders 184a, 184b, 184c, 186a, 186b, and 186¢ to precesses to an
equilibrium position. A pair of check valves 430 and 432 cooperate to prevent improper flow
of hydraulic fluid to the endload chamber 66. The check valves 430 and 432 act to allow the

pressurized control line, either control line 408 or 410, to apply pressure to the endload chamber
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66 while the load is applied to the cylinders 184a, 184b, 184c, 186a, 186b, and 186¢ by
overcoming the pressure limit of the respective check valve 430 or 432. Simultaneously, the
opposite check valve 432 or 430 prevents flow through the valve 430 or 432 in the wrong
direction. An endload shuttle 434 prevents improper flow on the return side of the cylinders
184a, 184b, 184c, 186a, 186b, and 186¢c. For example, if the pressure in the control line 408 is
higher than the pressure in the control line 410, the check valve 430 will crack permitting the
pressure to be applied to the endload chamber 66 and the endload relief 350. The endload
shuttle 434 shifts to the positive torque side 356 to prevent flow from the positive torque side
356 to the endload chamber 66.

[00174] Referring now to FIGS. 17-19, the various logical results of the different states
of the variator logic valves 130 and 132 are disclosed. When the first variator logic valve 130 is
stroked and the second variator logic valve 132 is de-stroked, the first variator logic input line
404 is in communication with the variator control line 410. This arrangement of the first and
second variator logic valves 130, 132 pressurizes the positive torque side 356 of the cylinders
184a, 184b, 184c, 186a, 186b, and 186¢ and the second variator logic input line 418 has no
flow. The variator control line 352 is in communication with the variator control line 408 that
pressurizes the negative torque side 412 as shown in FIG. 17. When the first variator logic
valve 130 is de-stroked and the second variator logic valve 132 is stroked, line 418
communicates with line 410 and line 352 communicates with line 408 as shown in FIG. 18.
When both valves 130 and 132 are de-stroked line 418 communicates with line 408 and line
404 does not have a flow path. The variator control line 352 communicates with line 410 as
shown in FIG. 19. Thus, a failure of either of the variator logic valves 130 or 132 can be
resolved with the redundant use of the second of the variator logic valves 130 or 132.

[00175] In operation, the transmission 14 has three distinct operating modes: mode 1 is a
low speed IVT mode when the transmission 14 operates between 10 miles per hour in reverse
and 10 miles per hour in forward with a geared neutral; mode 2 is a high speed forward CVT
mode for speeds in excess of 10 miles per hour, mode 3 is a transition mode providing for a
transition between the IVT (mode 1) and CVT (mode 2). Referring to Fig. 6, the present
implementation provides for six potential responses to a single fault failure of a component of
the electro-hydraulic controller 16. Depending on the direction of torque, the responses must
maintain full functionality of the transmission 14 in spite of the fault. By comparing the
expected states of the pressure sensors 136, 138, 164, 166, 140, 278, 286, 146, 148, and 176 to

the actual states, faults are detected in the electro-hydraulic controller 16. Redundancy in the
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hardware permits the functionality of the transmission 14 by altering the fluid flow path using
other components in the electro-hydraulic controller 16 to compensate for the fault.

[00176] Referring to Fig. 23, a table shows the potential fault states of various
components of the electro-hydraulic controller 16 in the first column. Across the top of the
table are the normal states that the transmission 14 may experience under normal, hot, operating
conditions. Each response of the electro-hydraulic controller 16 that resolves the single faults
listed in the first column are shown in the table, where a response is necessary. When the
transmission 14 is operating in a cold mode and experiences faults, the fault response is as
shown in the table of Fig. 24.

[00177] The ability of the electro-hydraulic controller 16 to respond to single point
failure modes without loss of functionality is a significant improvement over the prior art
systems that fail to neutral or fail to a particular mode allowing the vehicle 8 to “limp” home.
The redundancy of the electro-hydraulic controller 16 that results from the interaction of the
variator control 120 and the mode control 122, permits components, such as valves, that are
dedicated to a specific purpose to be used to resolve failures in other areas of the transmission
14, without loss of functionality.

[00178] In a second embodiment, shown in Figs. 20-21, an electro-hydraulic controller
516 of a transmission 514 is similar to electro-hydraulic controller 16, with mode logic section
150 omitted and replaced with a mode logic section 550 having three mode logic valves 552,
554, and 556. The mode logic section 550 controls the input clutch 46, a first mode clutch 156,
a second mode clutch 158, and a third mode clutch 558. The countershaft assembly 570 of the
transmission 514 includes a third mode to increase the range of the transmission 514. This
requires that the mode logic section 550 provide sufficient logic to vary the operation of the
clutches 46, 156, 158, and 558 to achieve all three modes of transmission 514 as well as the
transition between modes. In all other respects, the transmission 514 is similar to transmission
14 and like reference designators will be used where appropriate.

[00179] The first mode logic input line 282 and the second mode logic input line 284
each feed the second mode logic valve 554 of the mode logic section 550. Each of those lines
282 and 284 may be pressurized independently, providing four ditferent states for the mode
logic section 550. As noted in Table 5 below, there are eight distinct modes used to operate the
clutches 46, 156, 158, and 558 to achieve the desired clutch states to operate the transmission
514. The remaining normal states are controlled by changing the states of the valves 552, 554,

and 556 as described in the Table 5 below.
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TABLE 5 — Three Mode Clutch Control Normal States

Input States Clutch States
Input Input Valve Valve Valve Input Mode1 | Mode?2 | Mode 3

Line 282 | Line 284 552 554 556 Clutch

0 0 0 0 0 0 0 0 0

1 0 0 0 0 1 0 0 0

0 0 0 1 1 1 0 0 0

1 0 0 1 1 1 1 0 0

1 1 0 1 1 1 1 1 0

0 1 0 1 1 1 0 1 1

1 1 0 1 0 11 0 1 1

1 0 0 1 0 1 0 0 1
[00180] Fig. 20 shows the first state of the logic valves 552, 554, and 556 where each is

de-stroked. When the first logic mode input line 282 is pressurized, the input clutch 46 is
stroked. Under some operating conditions, the input clutch 46 may also be stroked when the
second logic valve 554 is stroked, with the input clutch 46 being placed in fluid communication
with main pressure line 208 as shown in Fig. 21.

[00181] Also, as shown in Fig. 20, when all of the logic valves 552, 554, and 556 are de-
stroked, the first mode clutch 156 is in communication with the second mode logic input line
284 such that when the second mode logic input line 284 is pressurized, the pressure is
transferred to the first mode clutch 156 to activate the first mode clutch 156.

[00182] In Fig. 21, both logic valves 554 and 556 are stroked so that the second mode
clutch 158 is in communication with second mode logic input line 284 and is stroked when
second mode logic input line 284 is pressurized. The first mode clutch 552 is in communication
with first mode logic input line 282 so that pressurization of the first mode logic input line 282
energizes the first mode clutch 552. In this condition, the input clutch 46 is put in
communication with the main line 208 which activates the input clutch 46.

[00183] Finally, as shown in Fig. 22, only the second logic valve 554 is stroked so that
the second mode clutch 158 maintains communication with the second mode logic input line
284 and is stroked when the second mode logic input line 284 is pressurized. The input clutch
46 maintains communication with the main line 208 and the third mode clutch 558 is placed in
communication with the first mode logic input line 282 and is stroked when the line 282 is

pressurized.
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[00184] Each of the mode logic valves 552, 554, and 556 have a respective pressure
sensor 562, 564, 566 that is operable to detect when an associated valve is stroked by sensing
the pressure of the pilot line 214. As described above with regard to the pressure sensors 136,
138, 164, 166, 140, 278, 286, 146, 148, and 176, the pressure sensors 562, 564, 566 are
illustratively pressure switches, but could be pressure transducers in other embodiments.
[00185] A control circuit 576 includes a first driver 610 powering the first variator trim
valve 142 and the first mode trim valve 168; a second driver 612 powering the second variator
trim valve 144 and the second mode trim valve 170, as well as the boost valve 178; a third
driver 614 powering the first mode logic valve 552, the first variator logic valve 130, and the
third mode logic valve 556; and a fourth driver 616 powering the second variator logic valve
132 and the second mode logic valve 554. The drivers 610, 612, 614 and 616 are each potential
failure points that are addressed in the tables shown in Figs. 25 and 26.

[00186] In mode 1, the transmission 514 operates as an infinitely variable transmission
from reverse, through neutral, up to forward speeds of about 20 miles per hour. In mode 2, the
transmission 514 operates as a continuously variable transmission from speeds of about 20
miles per hour to about 45 miles per hour. In mode 3, the transmission 514 operates as a
continuously variable transmission with speed of 45 miles per hour and above.

[00187] Because of the redundancy of the mode logic valves 552, 554, and 556, the
transmission 514 is single fault tolerant with alternate modes of operation similar to those
described above with regard to transmission 14. The state name convention for the second
embodiment has three aspects including a variator state, a clutch state, and a servo state. Table

6 shows the key for the first aspect, the variator state.

TABLE 6 — Variator State Codes

CODE DESCRIPTION

C Normal Cold

H Normal Hot

AC Alternate Cold

F Variator Logic Valve 132 Fault

[00188] Table 7 shows the key for the second aspect, the clutch state.
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TABLE 7 — Clutch State Codes
Code Description Active Clutches
NN Normal Neutral None
NTS Normal Start 46
NO Normal Mode 0 46
N1 Normal Mode 1 46, 156
N12 Normal 1-2 Transition 46, 156, 158
N2 Normal Mode 2 46, 158
N23 Normal 2-3 Transition 46, 158, 558
N3 Normal Mode 3 46, 558
AN Alternate Neutral None
ATS Alternate Start 46
A0 Alternate Mode 0 46
Al Alternate Mode 1 46, 156
Al2 Alternate 1-2 Transition 46, 156, 158
A2 Alternate Mode 2 46, 158
A23 Alternate 2-3 Transition 46, 158, 558
A3 Alternate Mode 3 46, 558
F3L Fault Valve 168 Low 46, 156
F4L. Fault Valve 170 Low 46, 156
[00189] Table 8 shows the key for the third aspect, the side of the cylinders 184a, 184b,

184c, 186a, 186b, and 186¢ which are pressurized.

TABLE 8 — Servo State Codes

Code Direction

0 None

S1 Negative Torque Side 412

S2 Positive Torque Side 356

[00190] Referring now to FIGS. 25 and 26, the response for specific single fault failures

of components of the electro-hydraulic controller 16 in the second embodiment are shown. The
failure mode is shown in the first column. Expected states are shown across the top of the
remaining columns with the response state shown in the table. Where blanks are shown in the
table, there is no response required as the single fault failure does not have an impact on the

operation of the electro-hydraulic controller 16.
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[00191] Although certain illustrative embodiments have been described in detail above,

variations and modifications exist within the scope and spirit of this disclosure as described and

as defined in the following claims.
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CLAIMS:
1. A transmission comprising
an input shaft,
a variator operably coupled to the input shaft, the variator including an output,

a rotation transfer assembly operably coupled to the output of the variator, the
rotation transfer assembly including a plurality of mode control clutches, the mode control
clutches selectively and independently engageable to vary a ratio of rotational motion

transferred from the variator to an output of the rotation transfer assembly, and

an electro-hydraulic control system operable to vary the ratio transferred
through the variator and the rotation transfer assembly, the electro-hydraulic control system
including a variator control section and a mode control section, the variator control section
and the mode control section arranged such that one of the variator control section or the
mode control section provides a redundant control of the other of the variator control section
or the mode control section when a single point failure is experienced by a component of the

variator control section or the mode control section.

2. The transmission of claim 1, wherein the variator control section
includes a variator logic section, a variator trim section, and a plurality of pressure sensors

operable to detect an active flow path through the variator control section.

3. The transmission of claim 2, wherein the electro-hydraulic control
system receives an input signal from each of the plurality of pressure sensors, compares the
input signals from each of the plurality of pressure sensors to expected values, and
determines if a fault condition exists based on the input signals from each of the plurality of

pressurc sensors.

CA 2876666 2019-11-13
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4. The transmission of claim 3, wherein the fault condition detected by
the electro-hydraulic control system includes one of a failed pressure sensor or a failed

valve.

5. The transmission of claim 4, wherein the electro-hydraulic control
system responds to the fault condition identified by varying the active flow path through the

variator control section.

6. The transmission of claim 3, wherein the mode control section includes
a plurality of mode logic valve assemblies, a plurality of mode trim valve assemblies, and a

plurality of pressure sensors operable to detect a flow path through the mode control section.

7. The transmission of claim 6, wherein the electro-hydraulic control
system is operable to receive a signal from each of the plurality of pressure sensors to

determine the flow path through the mode control section.

8. The transmission of claim 7, wherein the electro-hydraulic control
system is operable to consider the signals from the plurality of pressure sensors to determine if

the fault condition is present in the mode control section.

9. The transmission of claim 8, wherein the electro-hydraulic control
system is operable to vary the active flow path of fluid through the mode control section in

response to the fault condition detected in the mode control section.

10.  The transmission of claim 9, wherein the electro-hydraulic control
system is operable to vary the flow path of hydraulic fluid through the variator control section

in response to the fault condition detected in the mode control section.

11.  The transmission of claim 10, wherein the electro-hydraulic control
system is operable to change the fluid flow path through the mode control section in

response to a fault detected in the variator control section.

CA 2876666 2019-11-13
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12. The transmission of claim 11, wherein the variator control section
includes at least two variator logic valve assemblies, each of the variator logic valve
assemblies movable to a plurality of positions to provide at least three distinct flow paths

through the variator logic valve assemblies.

13.  An electro-hydraulic control system for a transmission

comprising

a mode control section including a plurality of valve assemblies and a plurality
of pressure sensors for detecting and controlling a fluid path through the mode control

section,

a variator control section including a plurality of valve assemblies and a
plurality of pressure sensors for detecting and controlling a fluid path through the variator

control section, and

a controller including a processor and a memory device coupled to the
processor, the memory device including instructions that, when executed by the processor,
cause the processor to identify an expected operating state of the mode control section and the
variator control section, process signals from the plurality of pressure sensors in each of the
mode control section and the variator control section, compare the signals from the plurality
of pressure sensors to the signals expected when the expected operating state is active to
determine if the actual operating state is the same as the expected operating state, if the actual
operating state deviates from the expected operating state to identify a fault in the plurality of
valve assemblies and the plurality of pressure sensors of each of the mode control section and
variator control section, and modify the operation of one of the mode control section and
variator control section to bypass the fault to thereby operate the electro-hydraulic controller

such that the fault is by-passed and the transmission is fully functional.

14.  The electro-hydraulic controller of claim 13, wherein the mode control

section includes a mode logic section having at least two mode logic valve assemblies that

CA 2876666 2019-11-13
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are movable between a plurality of positions to change a flow path for hydraulic fluid to

operate a plurality of mode control clutches.

15.  The electro-hydraulic controller of claim 14, wherein the mode logic
valve assemblies are solenoid actuated and the processor is operably coupled to the solenoids
of the mode logic valve assemblies to vary the position of each of the mode logic valve

assemblies to vary the flow path for hydraulic fluid.

16.  The electro-hydraulic controller of claim 15, wherein the variator
control section includes a variator logic section having at least two variator logic valve
assemblies that are movable between a plurality of positions to change a flow path for

hydraulic fluid to modify the operation of a plurality of variator control cylinders.

17.  The electro-hydraulic controller of claim 16, wherein the variator logic
valve assemblies are solenoid actuated and the processor is operably coupled to the solenoids
of the variator logic valve assemblies to vary the position of each of the variator logic valve

assemblies to vary the flow path for hydraulic fluid.

18. The electro-hydraulic controller of claim 17, wherein the memory
device further includes instructions that, when executed by the processor, modify the

operation of both the mode logic section and the variator logic section to bypass the fauit.

19. The electro-hydraulic controller of claim 13, wherein the
pressure sensors are positioned to identify any fault of any valve in either the mode

control section or variator control section.

20.  The electro-hydraulic controller of claim 19, wherein the pressure
sensors are pressure switches which activate upon detecting a pressure in the hydraulic flow

path that exceeds a predetermined minimum pressure.

CA 2876666 2019-11-13
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