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(57) ABSTRACT 

A method of determining at least one drag torque acting on 
the input side of an automatic transmission, such that prior 
to the determination a separator clutch located between the 
transmission and an engine is disengaged. To be able to carry 
out the determination regardless of the type of transmission 
concerned, also prior to the determination, the transmission 
is shifted to neutral and Subsequently the drag torque is 
calculated when the engine is deactivated. For this, a first 
gradient of a transmission input rotational speed is deter 
mined, before an engine rotational speed of the engine falls 
below the transmission input rotational speed, and a second 
gradient of the transmission input rotational speed is deter 
mined, after the engine rotational speed falls below the 
transmission input rotational speed. The method is stored as 
a computer program stored on data carrier of a drive-train 
control unit of a motor vehicle. 

6 Claims, 2 Drawing Sheets 
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METHOD FOR DETERMINATION OF AT 
LEAST A DRAG TOROUE EFFECTIVE ON 
THE INPUT SIDE OF AN AUTOMATIC 
MOTOR VEHICLE TRANSMISSION 

This application claims priority from German patent 
application serial no. 10 2013 215 497.6 filed Aug. 7, 2013. 

FIELD OF THE INVENTION 

The invention concerns a method for determination of at 
least a drag torque acting on the input side of an automatic 
motor vehicle transmission, wherein, in advance of the 
determination a separator clutch located between the motor 
vehicle transmission and a drive engine is opened. Further 
more, the invention concerns a drive-train of a motor 
vehicle, a computer program product and a data carrier 
comprising the computer program product. 

BACKGROUND OF THE INVENTION 

The determination of losses on the transmission input 
side, particularly in the case of automatic motor vehicle 
transmissions having unsynchronized interlocking shifting 
elements, is of interest since in these, to carry out shifting 
operations rotational speeds in the area of the unsynchro 
nized shifting element concerned must be synchronized at 
least as much as possible, so that when the shifting element 
is actuated an interlocked coupling of corresponding trans 
mission components can be formed in as problem-free a 
manner as possible. The more accurately drag torques in the 
area of the transmission input are known in such cases, the 
more precisely a transmission control unit can adjust the 
respective rotational speed relationships. Consequently, by 
determining drag torques in the area on the drive input side 
the comfort when carrying out shifting operations that 
involve unsynchronized shifting elements can be improved 
Substantially. 
DE 10 2011 016 576 A1 describes a method for deter 

mining drag torques of two friction clutches which, being 
combined in a dual clutch, are each part of a dual-clutch 
transmission. In this case each friction clutch is associated 
with one of the downstream partial transmissions. In the 
method the drag torque of the clutch of whichever partial 
transmission is operating passively can be determined dur 
ing operation, while the friction clutch of the respective 
partial transmission that is operating actively is operated 
with a controlled amount of slip. 

SUMMARY OF THE INVENTION 

Starting from the prior art described above, the purpose of 
the present invention is now to provide a method for 
determining at least one drag torque acting on the input side 
of an automatic motor vehicle transmission, this determina 
tion being possible regardless of the type of transmission 
concerned. 

This objective is achieved from the process technology 
standpoint in combination with the characterizing features 
described below. In the context of a drive-train comprising 
an automatic motor vehicle transmission the objective is 
achieved by the technical principles described below. A 
computer program product and a storage medium that con 
tains it are also described below. 

According to the invention, in a method for determining 
at least a drag torque acting on the input side of an automatic 
motor vehicle transmission, prior to the determination, a 
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2 
separator clutch located between the motor vehicle trans 
mission and a drive engine is opened. The automatic motor 
vehicle transmission is preferably an automated manual 
transmission comprising unsynchronized interlocking shift 
ing elements such as claw clutches. By virtue of a knowl 
edge of the drag torque or torques acting on the drive input 
side, a transmission control unit can carry out a more precise 
adjustment of synchronous rotational speeds in the area of 
the shifting element concerned, so that shifting operations in 
the transmission can be carried out more comfortably. In 
principle, however, the automatic motor vehicle transmis 
sion could be a transmission designed in some other way, 
Such as a dual-clutch transmission, etc. Furthermore the 
motor vehicle transmission can be designed with a group 
configuration in which a splitter group is connected 
upstream or downstream from a main group and/or a range 
group is connected downstream from the main group. 
Now, the invention brings into play the technical principle 

that in advance of the determination, the motor vehicle 
transmission is in addition shifted to neutral and thereafter 
the at least one drag torque is calculated during a deactiva 
tion of the drive engine. For the calculation, to begin with a 
first gradient of a transmission input rotational speed is 
determined before the rotational speed of a drive engine falls 
below the transmission input rotational speed, and thereaf 
ter, when the engine rotational speed has fallen below the 
transmission input rotational speed, a second gradient of the 
transmission input rotational speed is determined. 

In other words, therefore, to determine the at least one 
drag torque the motor vehicle transmission is shifted to 
neutral and the at least one drag torque is determined while 
the drive engine is being stopped. In this case two input 
rotational speed gradients of the motor vehicle transmission 
are determined, the first gradient being measured while the 
engine rotational speed of the drive engine is higher com 
pared with the transmission input rotational speed whereas 
the second gradient is determined after the engine rotational 
speed has fallen below the transmission input rotational 
speed. 

Such a method has the advantage that on the basis of the 
two gradients determined the at least one drag torque acting 
on the input side can be calculated, and this can be done 
regardless of the type of transmission concerned in each 
case. This is because when the separator clutch is open and 
the motor vehicle transmission is shifted to neutral, a sum of 
the effective drag torques and a respective angular accelera 
tion can be calculated with reference to the mass moment of 
inertia of the part of the transmission on the drive input side. 
In this case the drag torques acting on the input side are, on 
the one hand, a drag torque of the separator clutch and, on 
the other hand, a drag torque of that part of the motor vehicle 
transmission shifted to neutral, which is on the inputside. To 
begin with the individual drag torques cannot in this case be 
determined from that equation, since although it is true that 
the mass moment of inertia, being a design magnitude, is 
known and the angular acceleration can be determined with 
reference to the rotational speed measured by sensors, the 
one equation contains two unknowns. 
Now, however, this problem can be solved by determining 

rotational speed gradients of the transmission input rota 
tional speed of the transmission before and after the engine 
rotational speed falls below the transmission input rotational 
speed, since the effect of the drag torque of the separator 
clutch is reversed between those two conditions. This is 
because whereas a drag torque of the motor vehicle trans 
mission always causes a reduction of the transmission input 
rotational speed of the transmission, when the engine rota 
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tional speed is above the transmission input rotational speed, 
the drag torque of the separator clutch acts to accelerate the 
transmission input, while from the time when the engine 
rotational speed falls below the transmission input rotational 
speed a decelerating influence is exerted upon the transmis 
sion input. Consequently the following two equations can 
now be written: 

MGettMKel Jaeroger 

MGettMKe2 JaeroGeo II 
According to the invention, it is also assumed that a drag 

torque of the separator clutch before the falling-below 
corresponds to a drag torque after it, which is numerically 
the same but of opposite sign. In other words, it is assumed 
that a separator clutch drag torque before the engine rota 
tional speed falls below the transmission input rotational 
speed corresponds to the negative of a drag torque of the 
separator clutch after that has happened: 

MKel --Me2 
Consequently, the individual drag torques can be deter 

mined from the two equations available. To be specific, the 
drag torque of the separator clutch and/or the drag torque of 
the drive input section of the motor vehicle transmission 
shifted to neutral can be determined. 
The assumption made about the drag torques of the 

separator clutch is quite realistic, particularly in the case of 
a separator clutch in the form of a dry-running friction clutch 
in which the drag torques before and after the rotational 
speed value reversal are numerically Substantially the same. 
These drag torques, which can also be called residual 
transmission torques, occur because even when the separator 
clutch is fully open a certain amount of torque is transmitted, 
which is caused by aerodynamic effects and also by wob 
bling movements which, despite the open condition of the 
clutch, result in some frictional contact between the halves 
of the clutch. 

To determine the relevant drag torques in the area of the 
unsynchronized shifting element or shifting elements, the 
motor vehicle transmission must be in neutral So that when 
determining a drag torque of the part of the motor vehicle 
transmission on the drive inputside, the relevant drag torque 
acting up to that point can be calculated. Thus, in automatic 
motor vehicle transmissions of group configuration a neutral 
position should be set in the transmission group that contains 
the unsynchronized shifting elements. 

In contrast to the method according to the present inven 
tion, the determination method described in DE 10 2011 016 
576A1 can only be carried out with a dual-clutch transmis 
Sion, since for the determination it requires a passively 
operating partial transmission and an actively operating 
partial transmission. Accordingly, that method cannot be 
used generally with automatic motor vehicle transmissions 
of any type. 
As a further development of the invention, the drag torque 

determined for the drive input side part of the motor vehicle 
transmission in neutral is recorded as a function of a current 
transmission temperature. In other words, when a drag 
torque is calculated for the input-side part of the motor 
vehicle transmission by means of the method according to 
the invention, the calculation result is associated with the 
transmission temperature at the time since there is a rela 
tionship between the transmission drag torque and the 
transmission temperature. Thereafter, thanks to this relation, 
with regard to the transmission temperature existing at the 
time, the transmission control unit can call up the corre 
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sponding current transmission drag torque. It may also be 
possible to interpolate between drag torques determined for 
different temperatures. 

According to a further embodiment of the invention, the 
drag torque determined for the drive input side part of the 
motor vehicle transmission in neutral is recorded as a 
function of a current road inclination. A separator clutch 
drag torque depends on road inclination because some 
components in the drive-train, for example the crankshaft of 
the drive engine, are fitted with a certain amount of axial 
play, so that if the road is inclined the axial distance apart 
from one another of the clutch halves of the separator clutch 
can be different from their distance apart on a level road. 
Consequently, wobbling movements and aerodynamic 
effects act in a more pronounced or less pronounced manner 
than on a level stretch or when the road inclination is 
different. If this is taken into account when calculating the 
drag torque, then the value corresponding to the road incli 
nation concerned can thereafter be called up. It may also be 
possible to interpolate between drag torques determined for 
different road inclinations 
A further feature of the invention is that in advance of the 

determination, the motor vehicle transmission is first shifted 
to neutral, and the separator clutch is opened as soon as the 
deactivation of the drive engine is initiated. This ensures that 
at the beginning of the measurement the transmission input 
rotational speed has not already decreased to Such an extent 
that the engine rotational speed can no longer fall below it. 
Since the transmission is first shifted to neutral, until the 
separator clutch is opened the transmission input still rotates 
at the engine rotational speed. Thereafter, the clutch is only 
opened when the drive engine is switched off, this in 
particular being indicated with reference to a drive engine 
ignition signal. 

In a further development of the invention, the determina 
tion is carried out during the course of parking the motor 
vehicle concerned. In this way, the driving comfort is not 
impaired by the operating sequence of the method according 
to the invention, since the drive engine does not have to be 
deactivated while driving is in progress, but rather, the 
method according to the invention, is carried out during the 
stopping of the motor vehicle in a manner that is not, or only 
hardly noticeable by the driver of the vehicle, at a time when 
the drive engine has to be deactivated in any case. However, 
in order then to have the torque values determined available 
for future operation, the at least one drag torque determined 
is stored in a non-volatile memory. Consequently, an already 
determined drag torque of the separator clutch and/or a drag 
torque of the input-side part of the motor vehicle transmis 
sion can be used for Subsequent operation in the context of 
shifting processes. 
The system according to the invention can also be embod 

ied as a computer program product which, when it is run in 
a processor of a transmission control unit, commands the 
processor by Software means to carry out the associated 
steps of the method that is the object of this invention. In this 
connection a computer-readable medium, on which a com 
puter program product is stored in a retrievable manner, is 
also part of the object of the invention. 
The invention is not limited to the combination of char 

acteristics indicated in the associated claims or the claims 
that depend on them. It is also possible to combine indi 
vidual characteristics with one another, insofar as they 
emerge from the claims, the description of an embodiment 
given below, or directly from the figures. The reference of 
the claims to the figures by the use of indexes is not intended 
to restrict the protective scope of the claims. 



US 9,644,733 B2 
5 

BRIEF DESCRIPTION OF THE DRAWINGS 

An advantageous embodiment of the invention, which 
will be explained below, is represented in the figures, which 
show: 

FIG. 1: A schematic representation of a drive-train of a 
motor vehicle: 

FIG. 2: An operating sequence diagram of a method 
according to the invention that corresponds to a preferred 
embodiment of the invention; and 

FIG. 3: A diagram in which rotational speed variations as 
a function of time during the course of the method are 
plotted. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a schematic representation of a drive-train 
of a motor vehicle, the motor vehicle being a commercial 
vehicle such as a truck. Within the drive-train a drive engine 
1 in the form of an internal combustion engine can be 
connected on its drive output side, by way of an interposed 
separator clutch 2, to a downstream motor vehicle transmis 
sion 3. In this case the motor vehicle transmission 3 is 
designed in the form of an automated group transmission in 
which—not represented in any greater detail here—a splitter 
group is connected upstream or downstream from a main 
group and/or a range group is connected downstream from 
the main group. Gear steps in the main group of the motor 
vehicle transmission 3 can be engaged individually by 
means of unsynchronized interlocking shifting elements in 
the form of claw clutches, and for that purpose a rotational 
speed equalization has to be carried out in the area of the 
shifting element concerned in each case, between the clutch 
halves to be coupled with one another with interlock. 

During the corresponding shifting operations in the main 
group the rotational speed equalization is regulated by a 
transmission control unit 4, which before a shift to a 
respective next gear carries out the necessary equalization 
by braking or accelerating the drive input side part of the 
motor vehicle transmission 3 shifted to neutral. For such 
braking, the transmission control unit 4 can use a transmis 
sion brake—also not shown in this case—whereas an accel 
eration is carried out by means of the drive engine 1 in 
combination with the separator clutch 2. For that purpose, 
during the shifting processes the transmission control unit 4 
can issue control commands to an engine control unit 5 of 
the drive engine 1 and can also regulate the opening and 
closing of the separator clutch 2. 

However, to be able to adjust the corresponding synchro 
nous rotational speeds with precision, in the transmission 
control unit 4 drag torques Mo, and Mk that act on the 
transmission input side are stored, which have to be taken 
into account appropriately when regulating the rotational 
speed concerned by means of a transmission brake or by the 
drive engine 1. These drag torques Moi and Me, of 
which the drag torque M is that of the input side of the 
motor vehicle transmission 3 in neutral whereas the drag 
torque M is a residual transmission torque of the sepa 
rator clutch 2, will have been determined in advance while 
the motor vehicle having this drive-train was being stopped 
in the context of a procedure according to the invention, 
which will now be described in more detail in the flowchart 
of FIG. 3 with reference to the chart in FIG. 2. 
The method according to the invention is initiated in a 

step S1 when it is recognized that the commercial vehicle 
has stopped, for example because the vehicle is at rest and 
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6 
the driver has performed corresponding actions from which 
that process can be inferred. In a step S2 which, however, 
can also be part of the recognition that the vehicle has 
stopped, the motor vehicle transmission is shifted to neutral 
in that in the unsynchronized main group, the claw clutch 
which until then was still engaging an associated gear step, 
is opened. At this point in time, since the separator clutch 2 
is still closed an engine rotational speed n and a trans 
mission input rotational speed n are equal, as can be seen 
in the initial portion of FIG. 3. 

In a subsequent step S3 it is then checked whether the 
drive engine 1 is being deactivated, and for the recognition 
of that process the transmission control unit 4 checks an 
ignition signal from the engine control unit 5. If this is not 
the case the system springs back to before step S3 and a new 
check is started, whereas if it is indeed the case, in step S4 
the separator clutch 2 is opened. Since the transmission input 
has now been separated from the drive engine 1, the drag 
torques Mo, and Mk acting on the drive input side part 
of the motor vehicle transmission 3 bring about a fall of the 
transmission input rotational speed n. 
As can be seen in FIG. 3 by following the time variations 

of the transmission input rotational speed n and of the 
engine rotational speed within a Zone I the transmission 
input rotational speed n is lower than the engine rota 
tional speed n. The result of this is that the drag torques 
Mo, and Mk act in opposition to one another, since the 
drag torque M of the transmission input side part of the 
motor vehicle transmission 3 acts to reduce the rotational 
speed, whereas in contrast the drag torque M of the 
clutch 2, originating in aerodynamic effects and wobbling 
movements and which is therefore the result of a latent 
connection of the transmission input to the drive engine 1, 
is trying to increase the rotational speed of the transmission 
input. This interplay of the two drag torques M and 
M. brings about a certain reduction of the transmission 
input rotational speed n, which is determined in step S5 
with reference to a measurement of the gradient hit . 

In a Subsequent step S6 the transmission control unit 4 
checks whether the engine rotational speed n is still 
higher than the transmission input rotational speed n, i.e. 
whether the condition corresponding to Zone I in FIG. 3 still 
prevails. If so, the system springs back to before step S6 and 
a new check is started. On the other hand, if it is recognized 
that the engine rotational speed n has already fallen below 
the transmission input rotational speed n, a situation 
represented in FIG. 3 by the Zone II, then the system 
advances to step S7. 

In Zone II, compared with Zone I the conditions have 
changed to the effect that owing to the now lower rotational 
speed of the drive engine 1, a drag torque Mk2 of the 
separator clutch 2 also acts to slow down the transmission 
input. In step S7 a gradient hor of the transmission input 
rotational speed n is now also determined for Zone II. 
which is different from the first gradient h, , on account of 
the changed interplay of the drag torque M of the motor 
vehicle transmission 3 and the drag torque M2 of the 
separator clutch 2. 

After step S7, in the following steps S8 and S9 the 
relevant drag torques Mk and Mo are determined by 
writing the equations: 

Me--M.Kip2 Jae-2triger II 

in which the measured gradients hot, and hor are used. 
In addition a mass moment of inertia J of the drive input 
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side part of the motor vehicle transmission 3 shifted to 
neutral, which is stored in the transmission control unit 4, is 
also included. To be able to solve the equations, in step S8 
the assumption is also made that: 

MKel --Me2 s 

so that in step S9, finally, for the determination of the drag 
torques Mk and the equations: 

MGen. Joe'JC (n Get-f Gerrii) 

MGen. Joe'J' (i Get-- Gerrii) 
can be formulated. 

In a subsequent step S10 the two drag torques M. and 
M. are then stored in a non-volatile memory of the 
transmission control unit 4, wherein the drag torque Me 
of the separator clutch 2 is stored as a function of a current 
road inclination C, whereas the drag torque of the drive input 
side part of the motor vehicle transmission 3 shifted to 
neutral is stored as a function of a current transmission 
temperature T, i.e. the transmission oil temperature. For 
the Subsequent operation of the motor vehicle, the param 
eters stored in that manner can be retrieved to enable 
appropriate regulation of the motor vehicle transmission 3. 

Accordingly, by virtue of the method according to the 
invention drag torques acting on the input side can be 
determined regardless of the type of transmission concerned. 

INDEXES 

1 Drive engine 
2 Separator clutch 
3 Motor vehicle transmission 
4 Transmission control unit 
5 Engine control unit 
M. Drag torque of the drive input side part of the 

transmission in neutral 
M. Drag torque of the clutch 
M. Drag torque of the clutch 
na, Engine rotational speed 
in Transmission input rotational speed 
hi, , Gradient of the transmission input rotational speed 
he Gradient of the transmission input rotational speed 
C. Road inclination 
T. Transmission temperature 
The invention claimed is: 
1. A method of determining at least one drag torque 

(Mo Me, ) acting on an input side of an automatic 
motor vehicle transmission (3) of a motor vehicle such that, 
prior the determination, a separator clutch (2) located 
between the motor vehicle transmission (3) and a drive 
engine (1) is disengaged (S4), the method comprising the 
steps of 

shifting the motor vehicle transmission (3) into neutral 
(S2) once the motor vehicle is stopped, 

initiating deactivation of the drive engine and disengaging 
the separator clutch after the drive engine (1) is deac 
tivated, 

calculating, via a processor of a transmission control unit, 
the at least one drag torque (Mo... Mr. ) 

determining (S5), via the processor of the transmission 
control unit, a first gradient (ho) of a transmission 
input rotational speed (n), before an engine rota 
tional speed (n) of the drive engine (1) falls below 
the transmission input rotational speed, 

determining (S7), via the processor of the transmission 
control unit, a second gradient (ho, ) of the trans 
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8 
mission input rotational speed (n), after the engine 
rotational speed (n) falls below the transmission 
input rotational speed (n), 

determining (S9), as the drag torque, at least one of a drag 
torque (Me, ) of the separator clutch (2) and a drag 
torque (M) of a drive input side part of the motor 
vehicle transmission (3) shifted to neutral, and 

recording the drag torque (M., ), determined for the 
separator clutch (2), as a function of a current road 
inclination (C). 

2. The method according to claim 1, further comprising 
the step of recording the drag torque (M), determined for 
the drive input side part of the motor vehicle transmission 
(3) shifted to neutral, as a function of a current transmission 
temperature (T). 

3. The method according to claim 1, further comprising 
the step of carrying out the determination while the motor 
vehicle is parked. 

4. The method according to claim 3, further comprising 
the step of storing the determined at least one drag torque 
(Moe Mc., ) in a memory. 

5. A method of determining at least one drag torque 
(Mo Me, ) acting on an input side of an automatic 
motor vehicle transmission (3) of a motor vehicle such that, 
prior the determination, a separator clutch (2) located 
between the motor vehicle transmission (3) and a drive 
engine (1) is disengaged (S4), the method comprising the 
steps of 

shifting the motor vehicle transmission (3) into neutral 
(S2) once the motor vehicle is stopped; 

initiating deactivation of the drive engine and disengaging 
the separator clutch after the drive engine (1) is deac 
tivated; 

calculating, via a processor of a transmission control unit, 
the at least one drag torque (Mo... Mk 1); 

determining (S5), via the processor of the transmission 
control unit, a first gradient (ho) of a transmission 
input rotational speed (n), before an engine rota 
tional speed (n) of the drive engine (1) falls below 
the transmission input rotational speed; 

determining (S7), via the processor of the transmission 
control unit, a second gradient (ho, ) of the trans 
mission input rotational speed (n), after the engine 
rotational speed (n) falls below the transmission 
input rotational speed (n): 

initiating the method with a routine of a computer pro 
gram stored in a memory of a control unit of the motor 
vehicle only once the motor vehicle completely stops; 

ensuring that deactivation of the drive engine is initialed; 
monitoring the engine rotational speed and the transmis 

sion input rotational speed after disengagement of the 
separator clutch: 

calculating at least one of a drag torque of the separator 
clutch and a drag torque of a drive input side part of the 
motor vehicle transmission shifted to neutral during 
deactivation of the drive engine; 

calculating, with the control unit, at least one of the drag 
torque of the separator clutch and the drag torque of the 
drive input side part of the motor vehicle transmission 
shifted to neutral, during deactivation of the drive 
engine, based on a mass moment of inertia of the drive 
inputside part of the motor vehicle transmission shifted 
to neutral, which is stored in the control unit; and 

recording, in a memory of the control unit, the drag torque 
of the separator clutch as a function of a current road 
inclination. 
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6. The method according to claim 5, further comprising 
the step of recording, in a memory of the control unit, the 
drag torque of the drive input side part of the motor vehicle 
transmission shifted to neutral as a function of a current 
transmission temperature. 5 

k k k k k 
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