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APPARATUS AND METHOD FOR 
CONTROLLING THE END OF FILL OF A 

FLUID ACTUATED CLUTCH 

TECHNICAL FIELD 

This invention relates generally to a method of clutch 
control and, more particularly, to a method of controlling the 
end-of-?ll point for a ?uid actuated clutch. 

BACKGROUND ART 

In general, the output shaft of an engine is typically 
connected to an input shaft of a torque converter and an 
output shaft of a torque converter is typically connected to 
an input shaft of a transmission. The lock-up clutch is 
located betWeen the input shaft and output shaft of a torque 
converter so as to provide a rotatable connection. An elec 
tronic control system is typically utiliZed to smoothly 
engage and disengage a ?uid actuated clutch. The clutch is 
interfaced to an associated solenoid valve through the elec 
tronic control system. The solenoid valve is modulated to 
control the clutch pressure in response to command signals 
from the electronic control system. 

To precisely time the engagement of the clutch, the ?ll 
time is an important parameter. Fill time is de?ned as the 
time required to ?ll an oncoming clutch cavity With ?uid. 
During this ?ll period, a clutch piston Will stroke and clutch 
plates Will move to the point of “touch-up”. HoWever, until 
the clutch plates are compressed together, the clutch cannot 
transmit any signi?cant torque. Therefore, the end-of-?ll 
time is important to ascertain When this critical moment is 
reached. Aharsh engagement can result in a torque spike that 
is transmitted through the drivetrain of the machine and 
creates a “jerk”. This jerk is uncomfortable to the operator 
and diminishes the life eXpectancy of the associated driv 
etrain components of the machine. 

One knoWn arrangement utiliZes a separate ?oW sensing 
valve having an electrical sWitch disposed thereon. The How 
into the How sensing valve is directed through a ?Xed ori?ce 
to the associated hydraulic clutch. Once the How through the 
valve ceases, the absence of a pressure drop across the ?Xed 
ori?ce permits the How sensing valve to return to a spring 
biased, ?oW blocking position. Once the How sensing valve 
is in the spring biased position, this triggers an electrical 
sWitch that indicates that the clutch is ?lled. A major 
draWback With this arrangement is that it requires all ?uid to 
How through a ?Xed ori?ce and also through a separate ?oW 
sensing sWitch for each clutch in the system. 

Still another knoWn mechanism for determining end-of 
?ll is to control the amount of time that ?uid is alloWed to 
How toWard the clutch. These arrangements do not account 
for variances in control valves or clutch activating chambers. 
To overcome these variances, a number of control schemes 
have been devised to adaptively change the ?ll time based on 
previous clutch ?lls. HoWever, these control schemes 
depend on costly and time consuming calibration tech 
niques. 

Yet another technique for determining the end-of-?ll point 
involves monitoring the electronic activation of the control 
valve that directs ?uid to the clutch. When the actuating 
chamber of the clutch is full, the increase in pressure 
operates upon the control valve to move it back to a How 
blocking position. The force that is acting to move the 
control valve back to the How blocking position is acting 
against the electrical force that moved the control valve to 
the How passing position. This creates an electrical voltage 
spike that is detected by an electronic controller. This 
voltage spike represents the end-of-?ll point. 
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2 
The present invention is directed to overcoming one or 

more of the problems set forth above. 

DISCLOSURE OF THE INVENTION 

In one aspect of this invention, a system for controlling 
the timing of the ?lling of a ?uid actuated clutch is disclosed. 
The system comprises a ?uid actuated clutch, an electronic 
controller adapted to detect an end-of-?ll point for the ?uid 
actuated clutch, and compare the end-of-?ll point With a 
desired end-of-?ll point and a control valve that is activated 
by the electronic controller. The control valve is operatively 
connected to the ?uid actuated clutch. 

In another aspect of the present invention, a method for 
controlling the timing of the ?lling of a ?uid actuated clutch 
is disclosed. The clutch is operatively connected to a control 
valve that is activated by an electronic controller. The 
method includes the steps of determining an end-of-?ll 
point, comparing said end-of-?ll point With a desired end 
of-?ll point, and responsively controlling the timing of the 
?lling of the ?uid actuated clutch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, ref 
erence may be made to the accompanying draWings in 
Which: 

FIG. 1 is a block diagram of an electronic control system 
of a machine including an engine, drivetrain, transmission, 
torque converter and a ?uid actuated clutch; 

FIG. 2 is a block diagram illustrating an embodiment of 
a hydraulic system for a ?uid actuated clutch; 

FIG. 3 is a timing chart illustrating the current level 
during the pulse time, ramp time, hold time, modulation 
time, and end-of-?ll point in correlation With instantaneous 
clutch slip; 

FIG. 4 is a ?oWchart illustrating softWare for determining 
the end-of-?ll point for a ?uid actuated clutch; 

FIG. 5 is a timing chart illustrating the current level 
during the pulse time, ramp time, hold time, modulation 
time, and end-of-?ll point in correlation With a desired 
end-of-?ll region; 

FIG. 6 illustrates one eXample of a modi?ed command 
pulse sequence; 

FIG. 7 illustrates a second eXample of a modi?ed com 
mand pulse sequence; and 

FIG. 8 is a How chart illustrating softWare for controlling 
the timing of the ?lling of the clutch. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring noW to the draWings, and initially to FIG. 1, an 
electronic control system 8 of a poWer train 10 is depicted 
that includes an internal combustion engine 12, a ?uidic 
torque converter 14, a multi-speed ?uid operated poWer 
transmission 16, and a machine drivetrain 18. The engine 12 
is connected to the torque converter 14 by a ?rst shaft 20, the 
torque converter 14 is connected to the transmission 16 by 
a second shaft 22, and the transmission 16 is connected to 
the machine drivetrain 18 by a third shaft 24. The shafts 20, 
22, and 24 can be eliminated With the combustion engine 12, 
the ?uidic torque converter 14, and the multi-speed ?uid 
operated poWer transmission 16 being directly connected 
together. This type of interconnection Would depend on the 
type of machine. The torque converter 14 includes an 
impeller 45 coupled to the ?rst shaft 20, a turbine member 
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46 coupled to the second shaft 22, and a stator member 48 
that may be grounded to a housing 49 for the torque 
converter 14. 

The control portion of the drivetrain Will noW be dis 
cussed. An operator produces a desired engagement of a 
?uid actuated clutch 83 through the activation of a clutch 
enable sWitch 81. The clutch enable sWitch 81 is optional 
and not alWays necessary for activation of the ?uid actuated 
clutch 83. An electronic control module 40 receives the 
clutch enable signal and then controls the operation of a 
solenoid control valve 77. The electronic control system also 
receives various other inputs representing machine system 
parameters. These other inputs include an engine speed 
signal from an engine speed sensor 42 and a torque converter 
output signal from a torque converter output sensor 44. The 
clutch slip is de?ned as the difference betWeen the input 
speed and the output speed of the clutch. For a lock-up 
clutch it is de?ned as the difference betWeen the engine 
speed and the torque converter output speed. 

The engine speed sensor 42 and the torque converter 
output sensor 44 are preferably conventional electrical trans 
ducers. A typical, but nonlimiting eXample of a conventional 
electrical transducer Would be a magnetic speed pickup. 
HoWever, numerous other types and methods of speed 
sensing may be utiliZed. 

The electronic control module 40 delivers a clutch com 
mand signal that is proportional to the desired current 
needed to operate the solenoid control valve 77. In the 
preferred embodiment, the current driver utiliZes a pulse 
Width modulated voltage to produce the desired current. The 
solenoid control valve 77 is con?gured to maintain commu 
nication of oil to a proportional control valve 28, that is 
sufficient to maintain a clutch pressure that is proportional to 
the solenoid current once the clutch 83 is ?lled. Therefore, 
the electronic control module 40 controls the clutch pressure 
by means of a proportional command signal provided to the 
solenoid control valve 77 that operates the clutch 83. In the 
preferred embodiment, the command signal is in the form of 
a current based signal. An increased current energiZes the 
solenoid control valve 77, thereby operating the clutch 83. 

Referring noW to FIG. 2, a block diagram of a hydraulic 
system for the clutch 83 is shoWn. As merely an illustrative 
eXample, FIG. 2 represents a lock-up clutch that is some 
times referred to as a slipping clutch. The purpose of the 
lock-up clutch is to provide better machine performance 
during a load or carry operation. The lock-up-clutch Will 
engage When the torque converter output speed is over a 
predetermined speed and Will disengage When the torque 
converter output speed is beloW this predetermined torque 
converter output speed. When the lock-up clutch is engaged, 
the torque converter Will be bypassed. This Will provide a 
direct connection betWeen the engine and the transmission. 
The clutch 83 is actuated by hydraulic pressure and upon 
engagement, requires a requisite amount of ?ll time before 
torque is initiated betWeen a friction element that provides a 
driving force and a friction element that is driven by the 
friction element having the driving force. In other Words, the 
?ll time is the elapsed time betWeen the time that the clutch 
piston moves from the released to the initial engagement 
position. The clutch 83 is selectively engaged and disen 
gaged by means of the proportional pressure control valve 
28. 

The hydraulic circuit of the transmission includes a posi 
tive displacement pump 30 that supplies pressuriZed hydrau 
lic ?uid from the sump or reservoir 32, through a ?ltering 
unit 34, to the clutch 83 through the control valve 28. 
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Optionally, a pressure relief valve 36 may be added to 
regulate the valve supply pressure. When the clutch 83 
disengages, eXcess hydraulic ?uid returns to the sump or 
reservoir 32. Although a lock-up clutch has been mentioned, 
the present invention could be directed to torque transmit 
ting types of clutches that are not de?ned as a type of lock-up 
clutch. 
The command pulses utiliZed to perform a ?uid actuated 

clutch shift are depicted in FIG. 3. Immediately at the start 
of the clutch shift, there is a small pulse delay time period. 
The command pulse is pulsed at a relatively high level for 
a predetermined period of time. This command pulse to the 
solenoid valve 77 quickly opens the control valve 28 to 
begin ?lling the ?uid actuated clutch 83 and thereby stroking 
the respective ?uid actuated clutch piston. The ?uid actuated 
clutch command is then decreased from a ramp level during 
the ramp time to a hold level having a duration suf?cient to 
completely ?ll the ?uid actuated clutch 83. The value of the 
hold level is high enough to ensure completion of clutch ?ll 
and yet loW enough to prevent torque spike When the clutch 
plates “touch up”. After the ?uid actuated clutch 83 is ?lled, 
the clutch pressure enters a modulation time period. This 
modulation phase can utiliZe either an open or closed loop 
control to gradually increase the clutch pressure to cause a 
desired decrease in clutch slip. The pressure Within the 
clutch 83 is increased to and held at a level suf?cient to 
maintain the clutch 83 in its fully engaged position. 

Once the end-of-?ll point is detected, a smooth transition 
into the modulation time period may result so that the clutch 
pressure is sloWly and gradually increased With a corre 
sponding decrease in clutch slip. This Will prevent the torque 
spike that causes jerk and creates discomfort to the operator 
as Well as decreasing the life eXpectancy of the drivetrain 
components. Either early or late engagement Will cause a 
torque spike. The end-of-?ll point should occur during the 
hold time When pressure on the clutch 83 is the loWest. 

Also, as shoWn in FIG. 3, the instantaneous clutch slip is 
depicted in correlation With the current level of the ?ll 
parameters. In the preferred embodiment, the end-of-?ll may 
be identi?ed as the point in time When the instantaneous 
value of the clutch slip is less than a reference value of the 
clutch slip. The reference value of the clutch slip is dynami 
cally determined during the operation of the clutch. In the 
preferred embodiment, the reference value of the clutch slip 
is dynamically determined based on an average of a prede 
termined number of loops or cycles of instantaneous clutch 
slip that is divided by a predetermined factor. Even a single 
cycle might suf?ce. The preferred predetermined factor 
represents a ?Xed percentage of the average clutch slip. This 
percentage typically ranges betWeen thirty percent (30%) 
and ?fty percent (50%) With the optimal value being thirty 
percent (30%). In an alternative embodiment, the reference 
value is dynamically determined by using a loW pass digital 
?lter softWare algorithm to ?lter the instantaneous clutch 
slip value, the output of the ?lter being divided by the 
predetermined factor. As illustrated, a ?rst instantaneous 
clutch slip level 50 presents a marked contrast to a second 
clutch slip level 52. The instantaneous clutch slip level at 52 
Will be less than the reference clutch slip value so that at this 
point, the clutch slip indicates the end-of-?ll for that clutch. 
The reference clutch slip value is preferably computed prior 
to the initiation of the command pulse. HoWever, computa 
tion of the reference clutch slip value can occur at any time 
While the clutch slip is at the ?rst instantaneous clutch slip 
level 50. 
As shoWn, once the clutch 83 reaches the point of 

“touch-up”, the instantaneous clutch slip Will remain at this 
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lower level, however, these later clutch slip values are not 
relevant because the end-of-?ll point has already been 
determined. This predetermined factor varies depending on 
the design and structure of the respective clutch 83, the type 
and nature of the machine, the machine manufacturer, the 
number of cycles, and any softWare scaling factors. An 
illustrative, but nonlimiting, eXample Would include a pre 
determined factor representing thirty (30%) of the average 
clutch slip or in the alternative, a predetermined factor of 
three (3) and a predetermined number of cycles or loops as 
ten (10) could be used for some motor graders, Wheel 
loaders and off-highWay trucks. 

The preferred embodiment of the end-of-?ll detecting 
softWare Will noW be discussed With reference to FIG. 4, 
Which depicts a ?oWchart representative of the computer 
program instructions executed by the electronic control 
module 40 shoWn in FIG. 1. Aprogrammer skilled in the art 
could utiliZe this ?oWchart to program any of a Wide variety 
of electronic controllers/computers in a Wide variety of 
programming languages. In the description of the 
?oWcharts, the functional explanation marked With numerals 
in angle brackets, <nnn>, Will refer to the ?oWchart blocks 
bearing that number. As shoWn in FIG. 4, the program ?rst 
determines Whether a clutch command is present <60>. If 
the ansWer is no, the counter Will be set to Zero <74> and the 
process Will stop. If the ansWer is yes, then a counter Will be 
incremented by one (1) <62>. Preferably, the value of the 
counter is correlated to a value in real time by a timing 
function associated With the electronic control module 40. 

There are four steps, although not critical to the process 
in principle, Which attempt to minimiZe the possibility of 
detecting a false end-of-?ll point and operate as a safeguard. 
These four steps are preferably monitored throughout the 
process or may be monitored once prior to the start of a 
primary program step. 

The ?rst of these steps involves the determination of 
Whether the selected gear is present <64>. This selected gear 
is totally dependent on the type of engine utiliZed in a 
particular machine. An illustrative, but nonlimiting eXample, 
is equal or greater than second gear and less than or equal to 
third gear for motor graders, Wheel loaders, and off-highWay 
trucks. If the ansWer to this query is no, the counter is set to 
Zero <74> and the program stops. OtherWise, the program 
Will progress to the neXt step. 

The second safeguard step is a determination of Whether 
the engine speed eXceeds a minimum threshold value <66>. 
Once again, these limits are dependent on the parameters of 
the clutch and a failure to be above this minimum threshold 
Will result in the counter being set to Zero <74>. An 
illustrative, but nonlimiting eXample, is an engine speed of 
1,500 revolutions per minute for motor graders, Wheel 
loaders, and off-highWay trucks. 

The third safeguard step is a determination of Whether the 
torque converter slip is monotonically decreasing by a 
predetermined value over a predetermined number of cycles 
<67>. Once again, these limits are dependent on the param 
eters of the clutch and a failure to decrease over a prede 
termined number of cycles Will result in the counter being 
set to Zero <74>. An illustrative, but nonlimiting eXample, is 
a decrease over tWo or more cycles or loops for motor 

graders, Wheel loaders, and off-highWay trucks. 
The fourth safeguard step merely compares the value of 

the counter With a predetermined time interval. A nonlim 
iting eXample of this time interval Would include a summa 
tion of the pulse, ramp, hold, and modulation times <68>. If 
the value of the counter eXceeds the summation of these time 
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periods, the counter Will be set to Zero <74> and the program 
Will stop. This is because the point in time representing the 
end of the ?ll period Will have past. 
The primary program step makes the determination as to 

Whether or not the instantaneous clutch slip is less than a 
reference clutch slip value <68>. As previously described 
above, this predetermined factor and the number of loops or 
cycles vary depending on the design and structure of the 
clutch. The design and structure of the clutch depends upon 
the type and nature of the machine as Well as the machine 
manufacturer. In addition, the parameters may be altered due 
to different scaling factors in the softWare. An illustrative, 
but nonlimiting, eXample Would include a predetermined 
factor of three (3) and the number of loops or cycles being 
ten (10) for motor graders, Wheel loaders, and off-highWay 
trucks. 

The softWare Will keep looping through this primary 
program step <70>, the step of incrementing the counter by 
one (1) <62>, the ?rst safeguard step <64>, the second 
safeguard step <66>, the third safeguard step <67> and the 
fourth safeguard step <68>, until this condition is reached 
and Will then save the counter value at this point as the 
end-of-?ll point <72>. 

Once the end-of-?ll point has been detected, the present 
invention provides a method for controlling the timing of the 
?lling of the ?uid actuated clutch 83. The method includes 
the steps of comparing the end-of-?ll point With a desired 
end-of-?ll point, and then dynamically adjusting at least one 
of a plurality of clutch ?ll parameters in response to the 
comparison. In the preferred embodiment, the desired end 
of-?ll point is a region, and the clutch ?ll parameter(s) are 
adjusted When the comparison indicates the end-of-?ll point 
occurred outside the desired region. 
The dynamic adjustment of the timing of the end-of-?ll 

point Will noW be discussed. FIG. 5 illustrates one embodi 
ment of the clutch command pulses delivered to the solenoid 
control valve 83 by the electronic control module 40. As 
illustrated, the parameters of the clutch ?ll commands 
include a current level, or value, and a time duration. In 
addition, the duration over Which a clutch 83 is ?lled may be 
characteriZed as including a pulse delay time, pulse time, ?ll 
ramp time, hold time, and modulation ramp time. Each time 
duration may be associated With a clutch ?ll command, e.g., 
a hold command or a ?ll ramp command. In the preferred 
embodiment, as stated above, the end-of-?ll point occurs 
during the hold time enabling a smooth transition into the 
modulation time period, illustrated in 3. The smooth tran 
sition Will prevent the torque spike that causes jerk and 
creates discomfort to the operator as Well as decreasing the 
life eXpectancy of the drivetrain components. 

In one embodiment, the hold time may be further char 
acteriZed as a pre-desired end-of-?ll hold time, desired 
end-of-?ll region, and post-desired-end-of-?ll hold time, as 
illustrated in FIG. 5. The end-of-?ll point may be adjusted, 
by controlling the amount and rate the ?uid ?lls the clutch 
83, Which may be controlled by the level and duration of the 
clutch commands. Therefore, for eXample, if the end-of-?ll 
point occurs late, or after the desired end-of-?ll region, the 
solenoid control valve can be commanded in a manner 
enabling ?uid to ?ll the clutch 83 sooner thereby controlling 
the end-of-?ll point to occur sooner. 

In the preferred embodiment, the end-of-?ll point is 
compared With the desired end-of-?ll region. In one 
embodiment, the end-of-?ll point may be determined to 
have occurred before, during, or after the desired end-of-?ll 
region. In the preferred embodiment, the end-of ?ll point 
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may be determined to have occurred in the ?ll ramp time, 
pre-desired-end-of-?ll hold time, desired end-of-?ll region, 
post-end-of-?ll hold time, and modulation ramp region, as 
illustrated in FIG. 5. 

Once the comparison is made betWeen the end-of-?ll 
point and the desired end-of-?ll region, a determination is 
made regarding Whether one or more of the clutch command 
parameters need adjusting to enable the end-of-?ll point to 
occur Within the desired end-of-?ll region. The appropriate 
parameters are then adjusted if need be. 

In the preferred embodiment, no adjustments are made to 
the clutch ?ll command parameters if the end-of-?ll point 
falls Within the desired end-of-?ll region. In addition, no 
adjustments are made if the end-of-?ll point occurs outside 
the ?ve command pulse regions (?ll ramp region through 
modulation ramp region). If the end-of-?ll point occurs 
outside these regions then the assumption is that the mea 
sured end-of-?ll point Was not valid. In addition, no adjust 
ment is made if the end-of-?ll point occurs on the opposite 
side of the desired end-of-?ll region from a ?ltered end-of 
?ll point. The ?ltered end-of-?ll point may be the averaged 
value of prior end-of-?ll points, e.g., the last ?ve end-of-?ll 
points. In an alternative embodiment, the ?ltered end-of-?ll 
point may be the last valid end-of-?ll point measured. 

In the preferred embodiment, if an adjustment is 
necessary, e.g., the end-of-?ll point occurred outside the 
desired region, the current level of the clutch ?ll command 
is adjusted. HoWever, the current level and, or the time 
duration of the clutch ?ll command may be adjusted. 

If the end-of-?ll point occurs late, i.e., after the desired 
region, then the clutch command parameters associated With 
the ?ll ramp time, hold time, or both may be increased. In 
one embodiment, if the end-of-?ll point occurs in the 
post-desired-end-of-?ll hold time, and the ?ltered end-of-?ll 
point is in either the desired region or the post-desired-end 
of-?ll hold time, then the hold level, i.e., value of the current 
applied to the solenoid control valve during the hold time 
may be increased. FIG. 6 illustrates one eXample of a prior 
and subsequent command sequence 602 604 respectively. If 
the end-of-?ll point occurs in the modulation ramp time, and 
the ?ltered end-of-?ll point occurs in either the post desired 
end-of-?ll hold time or the modulation ramp time, then both 
the hold level, and ?ll ramp level may be increased. FIG. 7 
illustrates one eXample of a prior and subsequent command 
sequence 702 704 respectively. 

The decision to modify the hold level, ?ll ramp level, or 
both is implementation dependent. In addition, at What point 
the ?ll ramp level is modi?ed in addition to the hold level, 
if they are both modi?ed, is also implementation dependent. 
FIG. 6 and FIG. 7 illustrate one embodiment of the adjust 
ments that may be made in response to the end-of-?ll point 
occurring after the desired end-of-?ll region. In addition, 
FIG. 6 and FIG. 7 illustrated using the break betWeen the 
post-desired-end-of-?ll region and the modulation time 706, 
to determine Whether to adjust the hold level, ?ll ramp level, 
or both. A more aggressive approach to adjusting the loca 
tion of the end-of-?ll point may involve modifying the ?ll 
ramp level, along With the hold level, if the end-of-?ll point 
occurs during the post-desired-end-of-?ll region and time 
line 708. 

In the preferred embodiment, the initial values of the ?ll 
ramp level and hold level are relatively loW. The ?ll ramp 
and hold levels are then adjusted according to the occurrence 
of the end-of-?ll point relative to the desired region. The 
hold level may be adjusted primarily to ?ne tune the timing 
of the end-of-?ll point, and the ?ll ramp level may be 
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8 
adjusted primarily to account for the end-of-?ll point occur 
ring in the eXtreme regions, such as the ?ll or modulation 
ramp time. 

If the end-of-?ll point occurs early, i.e., before the desired 
region, then either the ?ll ramp level, hold level, or both may 
be decreased. In one embodiment, if the end-of-?ll point 
occurs in the pre desired end-of-?ll time and the ?ltered 
end-of-?ll point occurred Within either the desired region, or 
pre desired end-of-?ll time, then the hold level may be 
decreased. If the end-of-?ll point occurs in the ?ll ramp time, 
and the ?ltered end-of-?ll occurs in the ?ll ramp time or the 
pre desired end-of-?ll time, then both the hold level, and the 
?rst ramp level may be decreased. 

In one embodiment, once the appropriate clutch command 
parameter is identi?ed for adjusting, the amount of adjust 
ment is determined. Predetermined adjustment values may 
be used. For eXample, a lookup table may be used that 
includes the ?ll ramp level adjustment value, hold level 
adjustment value, and the ?ll ramp and hold levels: upper 
limit, loWer limit, and initial values. Therefore, each time an 
adjustment to the hold level is needed, the hold level may be 
adjusted by the predetermined hold level adjustment value, 
and then compared to an upper and loWer limit to determine 
if the value has exceeded the limits. If the value has 
exceeded the limits, then the hold level is set to the limit. If 
the hold level eXceeds the upper or loWer limit, then, in one 
embodiment, the ramp level may be adjusted also to account 
for the hold level limit being reached. 

In an alternative embodiment, the adjustment to the hold 
or ?ll ramp level may be dynamically determined based on 
hoW far outside the desired region the end-of-?ll point 
occurred. Again, for small errors Where the end-of-?ll point 
occurred Within the hold time, but outside the desired region, 
the hold level alone may be modi?ed by a dynamically 
determined value. In addition, if the end-of-?ll time 
occurred in either the ?ll or modulation ramp regions, then 
both the hold and ?ll ramp level may be dynamically 
modi?ed to account for the error. 

One embodiment of a method for controlling the end-of 
?ll point Will noW be discussed With reference to FIG. 8, 
Which depicts a ?oWchart representative of the computer 
program instructions eXecuted by the electronic control 
module 40, shoWn in FIG. 1. As shoWn in FIG. 8, the 
program ?rst initialiZes the ?ll ramp, hold, and modulation 
ramp levels <802>. The levels may be contained Within a 
lookup table and accessed during start up to initialiZe the 
levels. The program then determines Whether a valid end 
of-?ll point has been detected <804>. If the present end-of 
?ll point occurs outside of the region de?ned by the ?ll ramp 
time through the modulation ramp time, then the end-of-?ll 
point is determined to be invalid. In addition, if the end-of 
?ll point occurred on the opposite side of the desired 
end-of-?ll region, then the point is determined to be invalid. 
If the point is determined to be invalid, then the method 
loops back to the beginning to Wait for the neXt end-of-?ll 
point. 

In a third control block <806> the end-of-?ll point is 
compared to a desired end-of-?ll region. If the end-of-?ll 
point falls Within the desired end-of-?ll region, then no 
adjustment is needed to the clutch command parameters. 
The program then updates the ?ltered end-of-?ll point based 
on the present end-of-?ll point <808>. Control then returns 
to the second control block <802> to determine if the neXt 
end-of-?ll point is valid. 

If the end-of-?ll point falls outside the desired end-of-?ll 
region, then a determination is made as to Which clutch 
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command parameters need adjusting <812>. For example, as 
described above, if the end-of-?ll point falls Within the 
modulation ramp time, then the ?ll ramp level and the hold 
level may be increased for the next command sequence. The 
appropriate clutch ?ll parameter(s) may be adjusted by 
either accessing a table of predetermined adjustment values, 
or by dynamically determining the adjustment value based 
on the occurrence of the end-of-?ll point relative to the 
desired end-of-?ll region <814>. 

Once the adjustment to the appropriate clutch ?ll 
parameter(s) is made, the adjusted value is checked to 
determine if it has exceeded an upper or loWer limit <816>. 
Again, the upper and loWer level limits may be predeter 
mined and stored in a table, or dynamically determined. If a 
limit has been exceeded then the level is set to the limit. In 
one embodiment, if the level has exceeded the limit, then the 
level may be set to the limit, and the other level may be 
adjusted to compensate for the overrun. For example, if the 
end-of-?ll point occurs in the second ramp time, then the ?ll 
ramp level and hold level may be modi?ed to adjust the 
end-of-?ll point. If the ?ll ramp level, after modi?cation, 
exceeds the upper limit, then the ?ll ramp level Will be 
limited to the upper limit, and the hold level may be 
increased an additional amount to compensate for not modi 
fying the ?ll ramp level as much as desired. 

Once the appropriate parameter(s) are adjusted, the end 
of-?ll point is used to update the ?ltered end-of-?ll point 
<810>, and control returns to control block <802>. 

Industrial Applicability 

The present invention discloses a system and a method for 
controlling the timing of the ?lling of a ?uid actuate. The 
system includes, a ?uid actuated clutch 83, an electronic 
controller adapted to detect an end-of-?ll point for the ?uid 
actuated clutch 83, compare the end-of-?ll point With a 
desired end-of-?ll point and adjust at least one of a plurality 
of clutch ?ll parameters in response to the comparison in 
order to control the timing of the ?lling of the clutch 83, and 
a control valve that is activated by the electronic controller. 

The present invention is advantageously applicable in 
controlling the shifting of a clutch 83 utiliZed in conjunction 
With a torque converter, typically, but not limited to, con 
struction machines such as motor graders, off-highWay 
trucks, Wheel loaders, bulldoZers, and the like. The folloW 
ing description is only for the purposes of illustration and is 
not intended to limit the present invention as such. It Will be 
recogniZable, by those skilled in the art, that the present 
invention is suitable for a plurality of other applications. 

In one embodiment, the end-of-?ll point may be detected 
by detecting a marked decrease in the instantaneous value of 
the clutch slip as the end-of-?ll point or end-of-?ll time. This 
determination occurs When the instantaneous clutch slip is 
less than an reference value of the clutch slip. In one 
embodiment the reference clutch slip value is the average of 
a predetermined number of loops or cycles of clutch slip that 
is divided by a predetermined factor. In an alternative 
embodiment, the reference clutch slip value is the output of 
a loW pass digital ?lter softWare algorithm, divided by a 
predetermined factor. The ?ll time is de?ned as the time 
required to ?ll an on-coming clutch cavity With ?uid. During 
this ?ll period, the clutch piston Will stroke and the clutch 
plates touch-up. HoWever, until the clutch plates are initially 
compressed, the clutch 83 cannot transmit any torque. 
Therefore, the end-of-?ll time is important in order to 
ascertain When this critical moment is reached. The present 
invention can eliminate both early engagement and late 
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10 
engagement by adjusting the appropriate clutch command 
?ll parameters in response to an early or late end-of-?ll 
point. Early or late engagement can result in a torque spike 
that is transmitted through the drivetrain 10 of the machine 
and creates a “jerk”. The elimination of jerk Will make the 
operator more comfortable and increase the life expectancy 
of the associated components located Within the drivetrain of 
the machine. Elimination of late engagement pressure Will 
prevent even greater amounts of jerk than early engagement. 

In vieW of the foregoing, it is readily apparent that the 
subject end-of-?ll detection method, and dynamic adjust 
ment of the end-of-?ll point, provides a determination of 
end-of-?ll in a very simple and effective manner that results 
in a high quality engagement of a ?uid actuated clutch. 

Other aspects, objects and advantages of the present 
invention can be obtained from a study of the draWings, the 
disclosure and the appended claims. 
What is claimed is: 
1. A system for controlling the timing of the ?lling of a 

?uid actuated clutch comprising: 
a ?uid actuated clutch; 
an electronic controller adapted to detect an end-of-?ll 

point for said ?uid actuated clutch, compare said end 
of-?ll point With a desired end-of-?ll point and dynami 
cally adjust at least one of a plurality of clutch ?ll 
parameters in response to said comparison in order to 
control the timing of the ?lling of the clutch; and 

a control valve that is activated by said electronic con 
troller and said control valve is operatively connected 
to said ?uid actuated clutch. 

2. A system, as set forth in claim 1, further comprising: 
an input mechanism that generates a signal, including a 

value for an input speed of said ?uid actuated clutch 
and a value of output speed for said ?uid actuated 
clutch; and 

Wherein said controller is further adapted to detect an 
instantaneous clutch slip, Which is a difference betWeen 
said input speed of said ?uid actuated clutch and said 
output speed of said ?uid actuated clutch and detect 
When said instantaneous clutch slip is less than a 
dynamically determined reference clutch slip value, 
Where this condition represents said end-of-?ll point for 
said ?uid actuated clutch. 

3. Asystem, as set forth in claim 2, Wherein said electronic 
controller is further adapted to responsively compare said 
end-of-?ll point With a desired end-of-?ll region, and adjust 
said at least one of a plurality of clutch ?ll parameters in 
response to said end-of-?ll point being outside said desired 
end-of-?ll region, said parameters including a ?ll ramp 
command and a hold command, said ?ll ramp and hold 
commands having a current level and a time duration. 

4. The system of claim 3, Wherein said electronic con 
troller is further adapted to determine Which of said plurality 
of clutch ?ll parameters to adjust in response to said com 
parison. 

5. The system of claim 4, Wherein said electronic con 
troller selects a predetermined adjustment value for said 
parameter and responsively adjust said parameter. 

6. The system of claim 4, Wherein said electronic con 
troller is adapted to dynamically determine an adjustment 
value for said parameter. 

7. The system, as set forth in claim 1, Wherein said 
controller is further adapted to compare said end-of-?ll point 
With a previous end-of-?ll point and adjust said at least one 
of a plurality of clutch ?ll parameters in response to said 
end-of-?ll point being outside said desired end-of-?ll region, 
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and said end-of-?ll point being Within a predetermined 
threshold of said previous end-of-?ll point. 

8. The system, as set forth in claim 7, Wherein said 
previous end-of-?ll point is a ?ltered end-of-?ll point. 

9. The system, as set forth in claim 8, Wherein said 
controller is adapted to adjust said hold command When said 
end-of-?ll point occurs later than said desired end-of-?ll 
region, and adjust said ramp command and said hold com 
mand When said end-of-?ll point occurs a threshold value 
later than said desired end-of-?ll region. 

10. The system, as set forth in claim 9, Wherein said 
controller is adapted to adjust said hold command When said 
end-of-?ll point occurred earlier than said desired end-of-?ll 
region, and adjust said hold command and said ramp com 
mand When said end-of-?ll point occurred a threshold value 
earlier than said desired end-of-?ll region. 

11. A method for controlling the timing of the ?lling of a 
?uid actuated clutch, Which is operatively connected to a 
control valve that is activated by an electronic controller the 
method comprising the steps of: 

determining an end-of-?ll point; 
comparing said end-of-?ll point With a desired end-of-?ll 

point; and 
dynamically adjusting at least one of a plurality of clutch 

?ll parameters in response to said comparison in order 
to control the timing of the ?lling of said ?uid actuated 
clutch. 

12. Amethod, as set forth in claim 11, Wherein the step of 
determining an end-of-?ll point further comprises the steps 
of: 

receiving a signal from an input mechanism, including a 
value for an input speed of said ?uid actuated clutch 
and a value of output speed for said ?uid actuated 
clutch; 

detecting an instantaneous clutch slip, Which is a differ 
ence betWeen said input speed of said ?uid actuated 
clutch and said output speed of said ?uid actuated 
clutch; and 

detecting When said instantaneous clutch slip is less than 
a dynamically determined reference clutch slip value, 
Where this condition represents the end-of-?ll point for 
said ?uid actuated clutch. 

13. Amethod, as set forth in claim 12, further comprising 
the steps of: 
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comparing the end-of-?ll point With a desired end-of-?ll 

region; and 
adjusting said at least one of a plurality of clutch ?ll 

parameters in response to said comparison, said param 
eters including a ?ll ramp command and a hold 
command, said ?ll ramp and hold commands having a 
current level and a time duration. 

14. The method of claim 13, Wherein the step of adjusting 
said at least one parameter further comprises the step of said 
adjusting at least one parameter When said end-of-?ll point 
occurs outside said desired end-of-?ll region. 

15. Amethod as set forth in claim 14, Wherein the step of 
adjusting said clutch parameters includes the step of adjust 
ing said parameters by a predetermined amount. 

16. Amethod, as set forth in claim 14, Wherein the step of 
adjusting said clutch parameters includes the step of adjust 
ing said parameters by a dynamically determined amount. 

17. Amethod, as set forth in claim 16, further comprising 
the steps of: 

comparing said end-of-?ll point With a previous end-of 
?ll point and adjusting said at least one of a plurality of 
clutch ?ll parameters in response to said end-of-?ll 
point being outside said desired end-of-?ll region and 
said end-of-?ll point being Within a predetermined 
threshold of said previous end-of-?ll point. 

18. The system, as set forth in claim 17, Wherein said 
previous end-of-?ll point is a ?ltered end-of-?ll point. 

19. The system, as set forth in claim 18, Wherein the step 
of adjusting said at least one of said parameters further 
comprises the steps of: 

adjusting said hold command When said end-of-?ll point 
is occurs later than said desired end-of-?ll region; and 

adjusting said ramp command and said hold command 
When said end-of-?ll point occurs a threshold value 
later than said desired end-of-?ll region. 

20. The system, as set forth in claim 19, Wherein the step 
of adjusting at least one of said parameters further comprises 
the steps of: 

adjusting said hold command When said end-of-?ll point 
occurs earlier than said desired end-of-?ll region; and 

adjusting said hold command and said ramp command 
When said end-of-?ll point occurs a threshold value 
earlier than said desired end-of-?ll region. 

* * * * * 


