1 CONTROL METHOD FOR A COUPLING IN THE POAERTRAIN OF A MOTOR VEHI CLE
5 The invention relates to a nethod of controlling at |east one
coupling in a powertrain of a notor vehicle. The nethod can in
particul ar serve for controlling at | east one coupling operative in
formfitting manner of a differential |ock of an off-road vehicle. 10
In a notor vehicle, a coupling in the powertrain serves for changing
the transfer distribution of the driving torque to the different

axl es of the notor vehicle and/or to the different wheels of a
respective axle. Sufficient traction should hereby be ensured in al

i magi nabl e driving situations, in 15 pakticular when -driving

of f-road. The respective coupling is associated wth a transfer case
for this purpose, for exanple. The transfer case can be operative in
the | ongi t CONTROL METHOD FORA \GOUFRLING IN. THE POWERTRAINOF A
axles. The powertrain can, for exaqple, have an inter-axle
differential gear which distrib \'/ torque permanently
onto the 20 two associ ated axles and which is selectively | ocked by
means of the coupling (so-called |ongitudinal differential |ock).
Altergatively to this, it can be a case of a transfer case of the
"torque-on-demand” type in which a primary axle is constantly driven

and a secomiiryentionr relateate & meghpdpfiqanirelding akleagi @ing enapling in a
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wheel s of the respective axle and which is selectively | ocked by
neans of dlff@r%%ﬁ% elsan off-read wehirdoerse differential |ock or axle
diffepential lock). Finally, the coupling can al so be associated with
a whéel drive of the

In a motor vehicle, a coupling in the powertrain serves for changing the

transfer distribution of the driving torque to the different axles of the
motor vehicle and/or to the different wheels of a respective axle. Sufficient
traction should hereby be ensured in all imaginable driving situations, in
15 particular when driving off-road. The respective coupling is associated
with a transfer case for this purpose, for example. The transfer case can
be operative in the longitudinal direction of the vehicle, i.e. between
different axles. The powertrain can, for example, have an inter-axle
differential gear which distributes the driving torque permanently onto the
20 two associated axles and which is selectively locked by means of the
coupling (so-called longitudinal differential lock). Alternatively to this, it
can be a case of a transfer case of the "torque-on-demand" type in which a
primary axle is constantly driven and a secondary axle is selectively
activated, i.e. additionally driven, by means of the coupling. The coupling
25 can also be associated with an axle differential gear which is operative in
the transverse direction, which distributes the driving torque to the wheels
of the respective axle and which is selectively locked by means of the
coupling (so-called transverse differential lock or axle differential lock).

Finally, the coupling can also be associated with a wheel drive of the



2 powertrain which can be activated, i.e. the driving torque can
selectively be transferred to a single wheel by neans of the
coupling. The notor vehicle can have two or nore axles and
accordingly a plurality 5 of couplings of the named kind can be

provi ded, for exanple one or nore Iongi%udinal differential |ocks and
two or nore transverse differential locks. If the actuation of a
plurality of couplings in the powertrain should take place in an

aut omat ed manner as much as possible, the control of the couplings
beconmes very conpl ex. 10 Speci al denands have to be made in this
respect iBOWertraimyhieh cagabe aekivated, e ther drigingtorameosan selagtively
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el ectromagnetically. To produce a correspondi ng control signal for
the F@spective coupling, slip values can be deternined and eval uat ed
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speed differences, for exanple, the speed 3 o
particularly important in an off-road vehicle that a loss of traction is
avoided at an early time and effectively since it can otherwise be very

15  difficult in unfavorable driving situations to return to a stable driving

situation (for example with a small or greatly varying coefficient of friction
of the ground, of a slope and/or of a side position). Whereas the respective
coupling can generally be made as a multi-disk coupling operative with
friction engagement, with all-terrain vehicles form-fitting couplings, i.e.

20  dog couplings, are typically used to be able to transfer high torques with

low wear.

The actuation of the respective coupling takes place as a consequence of a
corresponding control by means of a suitable actuator, for example

25 pneumatically, hydraulically, electromechanically or electromagnetically.
To produce a corresponding control signal for the respective coupling, slip
values can be determined and evaluated which represent an
instantaneous slip between different axles of the motor vehicle or between
different wheels of an axle. It is therefore in the widest sense a case of

30 speed of rotation differences or speed differences, for example, the speed



of rotation difference between the two output shafts of a
differential gear or the difference between the wheel speed signals
of an axle. For exanple, the respective slip value or a value derived
herefrom can be conpared with a suitable threshold value to generate
a control signal for actuating the 5 coypling in the case of an
exceedi ng of the threshold value. Provided the determ ned slip val ues
are conpared directly with a threshold value, there is, however, the
risk of too early a shift of the coupling, for exanple when a
conparatively large slip should only be 10 detected for a short
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i ndependent of the sign should take place by the formation of slip
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the conpl ex manner_ of cal cul ation since the ca ations have to be
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piace by the formation of slip sums here in the event of changing slip
(leading slip and trailing slip) to avoid unnecessary shifts. This document

20  also teaches providing a hierarchical structure for a plurality of couplings
of a powertrain, with couplings lower in the hierarchy also outputting
conftrol signals for couplings higher in the hierarchy. A disadvantage of the
process described in the document EP 0 644 077 B1 is that slip
oscillations, i.e. repeated variations in the sign of the slip occurring within

25 a limited time window are not sufficiently taken into account. In addition,

the required calculation steps are undesirably complex.

In the document EP 1 468 860 B1 an addition of slip values also takes
place up to the reaching of a predefined threshold value, with the taking

30 into account of leading slip and trailing slip being carried out separately,



val ues which is as fast as possible and a correspondi ng generation of
control signals is, however, of great inportance particularly with
couplings operative in formfitting manner in the powertrain of an

of f-road vehicle since otherwi se speed of rotation differences arise
whi ch make it 10 inpossible to close thg respective coupling in tine.
It is an object of the invention to provide a control nethod of the
above- expl ai ned kind in which the required cal cul ati ons and

eval uations can be carried out fast and with sinple neans to be able
to generate the control 15 signals for the respective coupling as
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slip sumvalue with a slip sum 5threshold val ue: and

It is an object of the invention to provide a control method of the above-
explained kind in which the required calculations and evaluations can be
carried out fast and with simple means to be able to generate the control

15 signals for the respective coupling as quickly as possible on use of an
inexpensive control device, in particular before the closing of a coupling
operative in a form-fitting manner is no longer possible at all due to the
speed of rotation differences which arise. In particular the taking into
account of slip oscillations should also be possible. Furthermore a

20 powertrain of a motor vehicle should be provided which has at least one

coupling and one control device for controlling the coupling.

This object is satisfied by a method of controlling at least one coupling in a
powertrain of a motor vehicle in which at least the following steps are
25 carried out in a respective calculation loop:
determining at least one slip value which represents an
instantaneous slip betweenl different axles of the motor vehicle or
between different wheels of an axle;
- forming an absolute value of the slip value which corresponds to the

30 amount of the slip value;



generating a control signal for actuating the coupling if the

i nst ant aneous slip sumval ue reaches or exceeds the slip sum
threshol d value. 10 A detection and preparation of slip values, an
eval uation of the slip values and, optionally, a generation of
control signals and a corresponding actgation of the respective
coupling take place in repeating calculation |oops in the nethod.
These steps can be carried out for a single coupling or for a
plurality of couplings of a powertrain in a respective cal cul ation
15l oop. In a respective calculation |oop of the nethod, at |east one
slip val ue i s YEREHREIOE ApseMte ¥phee ontassabstibsicaralngedarived hgrefrom
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the réspective sIip value is a difference between two signals 25

whi ch are gengealeegtial £cbheicd RigmasicriABaoingt the EOUBliAsaf thand

whi ch represent a respective rotational position. They can, for

exanpl e, be tHastAnfaaeoustsiimsuphyalus peachescns sreceds iy shpesant in
an ABS system.or S m 6 In accordance with the invention, an
absol ute valuégﬁﬁggldJ§?#§Sponds to the anbunt of the determned slip
val ue and which preferably has a positive sign is forned using the
respective slip value. In other words, negative slip values are
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si npl 6f i @depFor reasons of sinplicity, it is, however, assuned in the
foll owi ng explanati on of the invention that the naned absol ute val ue
shoul d have a positive sign. This neans that on the equival ent use of
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S0- Cﬁbl e%vith an inter-axle differential gear) or an instantaneous slip between
different wheels of an axle (for example a transverse differential lock). The
respective slip value can, for example, have the dimension of an angle, of a
radian measure, of a speed of rotation, of a path distance or of a speed. In
this respect, the respective slip value is a difference between two signals

25 which are generated at different positions of the powertrain and which
represent a respective rotational position. They can, for example, be the
signals of the wheel speed sensors anyway present in an ABS system or

ESP system.



20 instantaneous slip sumvalue. In other words, the respective

absol ute value or substitute value is added to that slip sum val ue
whi ch was fornmed as the instantaneous slip sumvalue in a preceding
cal culation | oop. This nmathematical operation is generally a sum
with the naned absol ute val ues general ly al ways being positive

val ues, and the 25 instantaneous slip sumval ue accordingly generally
increases. In the case of a negative substitute value, this sum
formation ultimately corresponds, however, to a difference, i.e. in
this case the instantaneous slip sumvalue is reduced with respect to
t he | ast -Inor¢rardamcgaviththronvgation an abratutealyavdzichueerragpente o
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15 named signs and threshold value comparisons would have to be inverted.

The absolute value formed in the respective calculation loop, or a
substitute value derived herefrom (as will be explained in the following), is
summed to a last-formed slip sum value to form a new so-called

20 instantaneous slip sum value. In other words, the respective absolute
value or substitute value is added to that slip sum value which was
formed as the instantaneous slip sum value in a preceding calculation
loop. This mathematical operation is generally a sum, with the named
absolute values generally always being positive values, and the

25 instantaneous slip sum value accordingly generally increases. In the case
of a negative substitute value, this sum formation ultimately corresponds,
however, to a difference, i.e. in this case the instantaneous slip sum value

is reduced with respect to the last-formed value.



25 actuator of the coupling (e.g. pressure) or the like. An inportant
feature of the invention is thus that generally the absolute val ues,
that is only the (positive) anpunt of the respective slip value, are
used for the summ ng of the determ ned slip values. An advant ageous
30 reduction in the calculation times, +n the required cal cul ation
capacity 8 and in the nenory requirenent is hereby achi eved. Since
work is generally carried out with positive values, apart fromthe
negative substitute values still to be explained in the foll ow ng,
after the form ng of the_ absolute values the required mathemati cal
oper at i onk Hie e§gﬁ‘rﬁﬂ itatdype namedasammingtakermplass isf a gowisiiopatiangpous
negative i ] i ] | at|.
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stifinesgy yhd BMLd %Hh%ax'ig'or(f %rlﬂc))'dﬂ%te's e Yebllit that the instantaneous slip

sum value reaches or exceeds the slip sum threshold value, a control
signal is generated to actuate the coupling, in particular to close the

20 coupling. The control signal does not, however, have to result directly in
the actuation of the coupling, but still further conditions can rather also
be taken into account for this purpose, for example a speed of rotation
difference at the coupling, the travel speed, a detected transverse
acceleration value, a detected gradient value, a state parameter of the

25 actuator of the coupling (e.g. pressure) or the like.

An important feature of the invention is thus that generally the absolute
values, that is only the (positive) amount of the respective slip value, are
used for the summing of the determined slip values. An advantageous

30 reduction in the calculation times, in the required calculation capacity



30 long torque connections fromthe drive unit to the wheels and with
high 9 gear ratios and a plurality of gear stages, as is typically
the case in the powertrain of an off-road vehicle. An automatic
taking into account of slip oscillations is achieved in the 5 control
met hod in accordance with the inventiongin that both the positive
slip values and the negative slip values contribute to an increase in
the i nstantaneous slip sumvalue by the taking into account of their
anounts (in the formof the named absolute values). The occurrence of
aslip OSCI||atI0n thus inherently results in a continuous increase
in the slafd sadheonemary, reguiremaat itsnbﬁé%lsséaﬁbmgdt fenee stk ist he
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slipping wheel and a not yet slipping wheel, is not increased or is only
slightly increased. It is also prevented that the respective coupling can no
15 longer be closed at all due to a speed of rotation difference which has
become too high in the meantime. Furthermore, a calculation time which
is as short as possible contributes to a saving of the components of the
powertrain, in particular when a coupling operative in form-fitting manner
is closed on an already arising speed of rotation difference.
20
Furthermore, slip oscillations which take place around the zero point can
be taken into account without any special additional measures. A slip
oscillation is present when the sign of the determined slip values changes
several times within a limited time window, i.e. when a repeated change
25 occurs between leading slip and trailing slip. Such slip oscillations can, for
example, result from so-called "stick-slip effects" at the tires or occur on
driving over so-called washboard roads. Such slip oscillations are
promoted by a light construction manner in which the powertrain has a

comparatively small torsion stiffness, in particular in combination with

30 long torque connections from the drive unit to the wheels and with high



10 of couplings which should be controlled with priority. The
absolute value is here therefore not sumed to forma slip sumval ue,
but this is rather done in the docunent EP 1 468 860 Bl by sunm ng
the slip speeds having signs. 5 It nust be noted in another respect
that the steps shown above of the contrgl nethod in accordance with
the invention naturally only represent the basic procedure. In

addi tion, further evaluations can be carried out and further
dependenci es can be taken into account such as is already 10 partly
known fromthe prior art. Additional signals, for exanple a steering
angl e, cd@fariabmst aed aplwalitcd geantsiages amis Bmicalle theceasaiindhicon

of the ﬁg%cﬁ"é%ﬁl"&%%flﬁ?ﬁ‘%gan’o d.values and/or filter variables used

in the I'naccordance Wt ?Iﬁ'e i nvention can be cal cul ated or
nodi fied using the available input signals. 15 The control process in
accordance with the invention can be used in different configurations
of a poweki EaitAMEFLie talsing: inferiasioaintiafrslux aagillations is a:QiLith%gn shea

transter 0, e 10t | .ongi i_nal directign iGgh "

ai ot Pou Gt PO 4 etEnes Bich R Alatiio g positive
vehi cl e 20if paliisanend ltheaiegalrCciliy ehMlePbohBibate YA itGr&dsein the
differential gear operative in the transverse direction which

di st ri butigstam@ngons slip somy velue byHhavrdng into aceeupeof itheiranoumits
for a coyplin f | e bl el _drive. e notor _vehicle .can
nave two (ot HOAS bR AR A af e i ThR, S B Saal arff can

be provi dedilidtiéhehp@VielHerah flyWektit stinea €ontirRld 8l indred8e 36 APLAANS Sum
with the nethod in accordance with the invention, in particular in a

conf 1Qur aelee, withathe inenease heaingwhedhsthr, vhe greateraheetmplistle of the

o1 el e, Fo? SRTAGHARPHR N BPR shatPlusptr el aap! o
signal after reaching the slip sum threshold value. It is irrelevant which
side of the coupling rotates faster than the other in the method in
accordance with the invention due to the forming and evaluation of the

15 absolute values. On a summing of the slip value using signs, in contrast,
the amplitude of the slip oscillation would not be taken into account, but
the formed slip sum value could rather only reach the average value of the
slip oscillation. This would result in no control of the coupling or only a
delayed control of the coupling.

20
In addition to the explained inherent taking into account of slip
oscillations, a filtering in accordance with different manners of slip
oscillations and a corresponding taking into account by application of
weighting factors may also be provided, as will be explained in the

25 following.

As relates to the forming and taking account of absolute values of the slip
values, the initially named document EP 1 468 860 B1 admittedly
mentions the forming of the absolute value of an existing slip speed. This

30 absolute value, however, only serves for the selection of one of a plurality



11 The invention further relates to a powertrain of a notor vehicle
having at | east one coupling, in particular at |east one coupling
operative in a fornfitting manner of a differential |ock of an

of f-road vehicle, and having a control device which is designed to
carry out the nethod expl ai ned above. dvant ageous enbodi ments of
the invention are described in the followng and in the dependent
clains. The respective absolute value of the determned slip val ue
(or a substitute 10 val ue derived herefrom is sunmed to the slip sum

value fornmed in a preceding calculation |oop in the nutually
f ol | owi nePiceaunlings vmith gy udrhngontiellednvith prieritpdTheabsolute value

first-ti r.yi t_ qf Qf _sunmin the. absol ute val ue or
substi tu'ﬁg @%Futéﬁqgfog‘r%er%og&%%‘?% é%(r%rﬁeﬁc)mj oagﬁl r%’b@f‘fﬁgg ’ @f%%f%bs 5%1'&1?5 )
15 Provi diéshé hathsldgewesient B 1 o168 860UB 1 ity hithmavethé alip, spdirds are
i nherently taken into account - as expl ai ned above - due to the

form ng Miﬁgrﬁirgﬂg- of absolute values of the slip values. However, a
check=can be made by additional evaluation of the slip values whether
a slip oscillation 20 is actually present, with the last-formed slip

sum val ugt @hubhdeimstedineagotiferStdsPpest thyat e skaiNshoRai 4beek bf thdi s
is the case. This check can in particular take place in or after the

naned st &@rgrolg@eshatlinrreaardpneg wish . thehavessionynaginsily drelystapresemt
val ue can,in 2 rtigul aryt .pl ac fore or .in the naned st f
surmi ng. e s B g ceeaHe I BAGi Bely fdfh Ok alldshs e Oty But
further Bhdafopdicrddiemierdies baatbd i istd Recdiinvahdig AhisCAirésdy
then used as a basis for the nanmed step of summing in the

i nst 4At areailly kapwm Foreshe goper g Adgitioand signalsyfsinex@nplde steering

achi eved ai\r{]glg,h géntilqepaslltic%lay @ettrsllrk%%hﬁ‘lltg a\L/c%lollj.l%tl f3r the determination of the

slip values. The threshold values and/or filter variables used in the
method in accordance with the invention can be calculated or modified
using the available input signals.

15
The control process in accordance with the invention can be used in
different configurations of a powertrain of a motor vehicle, for example for
a coupling of a transfer case operative in the longitudinal direction which
distributes the driving torque to different axles of the motor vehicle

20 (permanently or selectively) or for a coupling of a differential gear operative
in the transverse direction which distributes the driving torque to the
wheels of a respective axle or for a coupling of a selectable wheel drive.
The motor vehicle can have two or more axles and accordingly a plurality
of couplings can be provided in the powertrain which are controlled in

25 accordance with the method in accordance with the invention, in
particular in a configuration as a permanent all-wheel drive or as a
selectable all-wheel drive or in a configuration having at least one

selectable axle or having at least one selectable wheel drive.



12 nodified before the nanmed step of conparing the instantaneous slip
sum value. Afiltering can in particular take place based on whet her
the slip 5 oscillation results fromfloor unevenness or other

external disturbing influences or whether, in contrast, the slip
oscillation is caused by elasticities the powertrain. Furthernore,
too soon or too frequent a control of the coupling can be prevented
on the basis of an additional test for presence of a slip
oscillation, nanmely when the slip oscillation only 10 occurs for a
short tine period, but with a large anplitude. To nodify the

respect i idisinyemsion fartherirglaths Sogepowertradn iof st metanebicle Hayisgmt

val ue or e |last-forned.slip. sumvalue can, for exanple, . .be.

il £ b1 P, 088 UG, 45 et T AL a3 he (8 pBHE TR RS dp e S
one. 15 Thtimpdidanridicofsh dpfferemtidinesR ity affli@ad Aehigld, Rufd Maving a

t hreshol d value can be nulti gl i y a positive weighting factor

ed b
| ar ger t v@mtyelrdevice wuch isatesigned do cespeouit tbeweetimd agplanedratuue.
be a predefined constant or the weighting factor is dependent on
further paraneters, for exanple on the oscillation anplitude, on the

amount ofAdvzil thRe818ErEPbdirBENtNEf Fhdlhwintdord @réldeRcaibadiifthe RNNdHigg
travel speed or on an instantaneous torque demand. A nonitoring is

pr ef er ablapd i thedlepgndieat d@iensaned check of whether a slip
oscillation is present whether the determ ned slip val ues change sign
at | east once (preferably a plurality of tines) within a

predet er mHegedpdiRive R BRI vATuGE thé detdieRId g6 vRUPEr fsubstitute
calculation loops, i.e. in accordance with a predefined m ni num

nunb&? ofvadiigslecivadgerefporphés kuimied tot ther sk stien vadiee Wienbdrinaa

single or_nultiple . change between,| eading,slip and traili | i

Cakces. pl RBCGHR FEUERGR A5G tredRiytau. oPa®hs safuupbipioghs

posi tive :18$RENES doMteselethydl 0r ATt st tia8aldrVAndthhesPes Step of

threshold value are preferably taken into account, i.e. a valid
summing, the absolute value or substitute value is preferably summed to
a predefined starting value.

15

Provided that slip oscillations occur in the powertrain, they are inherently
taken into account - as explained above - due to the forming and
summing of absolute values of the slip values. However, a check can be
made by additional evaluation of the slip values whether a slip oscillation

20  is actually present, with the last-formed slip sum value or the

instantaneous slip sum value being modified if this is the case.

This check can in particular take place in or after the named step of
determining slip values. The modifying of the slip sum value can in

25 particular take place before or in the named step of summing. The
response to a slip oscillation can be improved even further by a modifying
of the last-formed slip sum value which is then used as a basis for the
named step of summing in the instantaneous calculation loop. This can

alternatively also be achieved in that the slip sum threshold value is



13 sign change is only present when the determned slip value falls
bel ow a negative response threshold value starting froma | eading
slip or exceeds a positive response threshold value starting froma
trailing slip. It nmust be noted that such a check for the presence of
a slip oscillation is carried out 5 usiRg the positive and negative
slip values, i.e. not using the naned absol ute val ues. In accordance
wi th an enbodi nent, for the check whether a slip oscillation is
present, a slip oscillation nonitored value can, for exanple, 10

al ways be increased by a predefined value if a sign change of the

det er ni ngaodifigsl pafaresthesnameddsten ehcampaginigtlos sisteataneowns sliposw
val ue, hqwever, being reduced by a predefined value if a predefined
time intervat or a predefi ned nunber of cal cul ation | oops has el apsed
so that the slip oscillation nonitored value is hereby al so reduced
again. In this 15 enbodi nent, the presence of a slip oscillation is
det er m nefl filferingecaniip padiqular itake miace bredd vl wlhetberbee sbip exceeds

i i Ll ati th | d | ue. Th | i illati ' d
vai ueScans st iiof 2eplSSEEnCaYs: §RendntaruR saher srlimel RMHES Lo
a moni t orilhAgentBS o¥ WhelSd, lih &l $O Rht ¥R ¥AlIHB0H3R, chiederpnpl €,
al so be set back to the value zero when no sign 20 change is

det er ni nedasticigiestofethsl ppwerighira Puriderimmee, toéensopntay toml frogquont a
predefi ned nunber..of calgul ation | oops.. The d slip aoscillatiagn
Phr eshol & Pl Geo ol setalibeerane BFvearel oahe tasn e avenpidina test
further [ar pres&ice of ArslxasEliation, MemaRPWRenOfhesish oRclAHEBhly ON
the sign of a slip gradiént, on the travéel speed or on an

i nst &At armseugs tior erime. pasod bt wath aglarge amepkardse of the
taking into account of a response threshold can generally be carried
out for the determned slip values. This is possible with a

parti cul ard yncdiB} thetébdctive $108 stinh WalLOGN tRKE Se RS AR SRt feous
absol ute val ues “si nce t'hen al ways onl?/_ values with a positive sign 30
have to it skehvahioonticelast-fornaed slipcummdealuve agirt,Hon egasipler bd

Subst i { uryapied 3500 el Brida RSP vAL hePereh #ob Apsene:

W th1g sITPmMREBPTSE sliprfsmolife¥BbiEvaid RhkhgipBafl Wb eshold value can
be multiplied by a positive weighting factor larger than zero. In both cases,
the respective weighting factor can be a predefined constant or the
weighting factor is dependent on further parameters, for example on the
oscillation amplitude, on the amount of a slip gradient, on the sign of a

20  slip gradient, on the travel speed or on an instantaneous torque demand.

A monitoring is preferably carried out for the named check of whether a
slip oscillation is present whether the determined slip values change sign
at least once (preferably a plurality of times) within a predetermined time

25 period or within a predefined number of calculation loops, i.e. in
accordance with a predefined minimum number of sign changes. A check
is in other words made whether a single or multiple change between
leading slip and trailing slip takes place within a predefined time window.
In this respect, a positive response threshold value and a negative

30 response threshold value are preferably taken into account, i.e. a valid



5 value (or the substitute value already previously derived) being
substituted by a substitute value which has the value zero or a
negative val ue before or in the step of sunmng if the absol ute val ue
(or the already previously derived substitute value is smaller than
the slip response threshold value. In 3gher words, slip values lowin
magni tude are set to the value zero and 10 are thus ignored for the
formng of the instantaneous slip sumvalue or slip values low in
magni tude are set to a negative substitute value. The reduction of
the slip sumvalue explained in the following can be realized in a

parti cul aHgY cianscsisnembyaprasgnt yehemdhe seteamingd shp. valge falls helow a

absol ute ( 0, A Lve t1 L val ue
s ar gerr e PR TS EL AR A O EL 1R b Br Bl =
(or the ghositidy rpspuhesishycstold wedus wosttidgfiordal uelilihg shifefehabstybe
substituted by a substitute_value which corresponds to a difference
bet ween tHEedpd@tguch, alcheckotorithe preseagy gfraetlip wscillatien Jegarried out

educt! orur e RN NS befiaie sPPRIRRs, ThrBOP e naliéd <o

her eby bexsdlhtezedliss.a particularly sinple manner. The naned slip
response threshold value can be a constant or this threshold value is
dependent on further paraneters, for exanple on the 25 anobunt of a

o111 9" kel BhUIL Qo B b OHBINSH Lol LhepLAY el pspecd or

Le
on an insban aneous tor n accordance 6 eferred

enbodi menisciliatieyus airederigdustip @zcifatidie nsbhitofetvihldieah akasSeRIABR:,
in the calculation loops. This can _take place in 30 generally every

cal cliPat iBWaysdie Brereapgd kven Rradelingd vadae vhp ségn chamgesfithe 15

al ue for ' : Is cul:-at i 00p_f.al].s _bel ow a
b edef i napierelurd RUBGEAGES ¥ Toffbn il 188 JRShoilidiRndfollicPer vetutm
val ue i s Hoadewesad bbj/n%me@ﬁtéd 81 @lprédébnydivaue B 2fpeeablided theadtdval
the sunm ng of the absolute value to the last-fornmed slip sum val ue.

Thi s can @z &refefieed numbep of cpéanlation loops| kasalanscd sp thatt thhalip

artifici I | t-fo SLi. umval ue as a
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slip sumval ue that 10 the slip sumval ue increases constantlcéj, even
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e B AT A SRR RO e B et BB s,
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gear hunting, i.e. nmultiple
value can, for example, also be set back to the value zero when no sign
20 change is determined after the elapse of a predefined time interval or of a
predefined number of calculation loops. The named slip oscillation
threshold value can be a constant or this value is dependent on further
parameters, for example on the amount of a slip gradient, on the sign of a
slip gradient, on the travel speed or on an instantaneous torque demand.
25
A filtering in the sense of the taking into account of a response threshold
can generally be carried out for the determined slip values. This is
possible with a particularly small effort if the filtering takes place using

the absolute values since then always only values with a positive sign

30 have to be taken into account.



15 opening and closing of the coupling in a short time period, can in
particul ar be prevented with an only slowy reducing slip. A faster
reduction of the instantaneous slip sumvalue can nanely al so be

achi eved by the use of predefined negative substitute val ues when the
actual slip values are relatively smalli4n magni tude. 20 The

i npression of a predictable, reliable coupling shift also results
better for the driver of the notor vehicle due to a regul ated
reduction of the slip sumvalue. It can in particular be prevented by
the use of predefined negative substitute values that the control of
t he coupling excessively 25 depends on the history (which may al ready

be far in th f.ih i i p..val i
11 poul 1m Gostaie Wb S el G emnn ikt thB bsalufi belkaths
contrast, relsPectivé Wiip ueaBr o SibSHANR PaluRGSIENidaYy FerfRPhERTrdS) is

controll ed unexpectedly early or frequently 'since a high slip sum
val ue i s tiesefoaeiomparethenth heslip ygespingehthiestiold sahhe,swith thed alesoliase

A R P B S R RO
in contrasfa dilieststitt vali: Yah @ has tBEWesde ZBro B AcSAti@VARE HERRe

early or too frequent a control of the coupling can be prevented and
t he dri veordoethestethal suntmingpf dvsabrolefte value dontloo apteady stevidusl

[t i i bl ith.. to ch a . reductian of the sl.i al ue
hat "t he Gt SEbIRFIER S S SPalel shEB Bl i Shubdied tripsPolh VANE
al ready deybitRd Wer@d rOP VB RARIA Yné??i‘ﬂﬁ@g ¥ t3bi el RHULI 20 and
val ue before or in the steﬁbof sutmming to forma positive or negative

subsi Pt utarevidiuseignoraddas éhpyotming ©of thadnstantansolerslipsds; vahee or

d sligp. reduci lue is. selected such that. f th
Cubst | £t PO Fal ed PR G e A BERRLF e o dtpSalye, The

posi tive radictn of Hes sEBhihlwife\BipISha £ NRIM I Pin bAS HRALdNBEY
to this, it is also possible with respect to the explainhed
in a particularly simple manner by the last-named variant.

15 If the absolute value (or the already previously derived substitute value) is
larger than the slip response threshold value, the absolute value (or the
already previously derived substitute value) is preferably substituted by a
substitute value which corresponds to a difference between the absolute
value (or the already previously derived substitute value) and the slip

20 response threshold value. The reduction of the slip sum value explained in

the following can also hereby be realized in a particularly simple manner.

The named slip response threshold value can be a constant or this
threshold value is dependent on further parameters, for example on the
25 amount of a slip gradient, on the sign of a slip gradient, on the travel

speed or on an instantaneous torque demand.

In accordance with a preferred embodiment, a regulated reduction of the
slip sum value takes place in the calculation loops. This can take place in

30  generally every calculation loop or only when the absolute value of the slip



15 reduction of the slip sumvalue that the absolute value of the
slip value or a substitute value derived herefromis conpared with a
slip reducing threshold value in the respective cal cul ation | oop,
with the absol ute value or the substitute value already derived
heref rom bei ng substituted by a substityi e val ue having a negative
sign before or in the step of sunmng if 20 the absolute value or the
substitute value already derived herefromfalls belowthe slip
reduci ng threshold value. If the absolute value or the substitute

val ue al ready derived herefrom exceeds the slip reducing threshold
val ue, tHelupdermed imatherespadtivesestiation lecn (Rdlabekbanyn pradefied

herefrom.j i i futed .a substitute .val ue haying a
positive %egﬁéiﬁp g%@%gﬁﬁoﬁ%o% |ensg t% lgsgqqt@&egwesl%ﬁmﬂ a¥1'1]€é9s
absol ut e fedhiced(loy abhgrtaficiabdbphizauE OYsiralsl ivete£BS thé WienMAhE®f
and the slip reducing threshold value. The naned slip reducin

t hr eshol dhgaabgoluge velue tpthedashéarmen slipnsummiadust This edoctake place
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torque demand. The s|ip reducing threshol'd value can in particular

al so be sdtisratady ianddepende derning talseppbaasce of slip oscillations.
The sane applies accordingly to the negative substitute value, i.e.
it can also be a constant or can be selected in dependence on

di f f er entlt 3s paeadeteer by sueh 23e8ilitBe retavelonsereasd Ship ¥hrdNalue that
i nst ant aneous torque demand Provided that both a filtering by neans

of thE ndhedli spm yepen secrenses sohngtaatiyectard ifane stipcer onlyoé slight slip

slip sum.yal s.pl ace ing 10 the named sli,p,reducing,threshold
val ue, i tlgfpsrgg?}éﬁgﬁségaﬁil’faﬁgagfg{jﬂeoéﬁl”let @‘Pﬁ&f%dc‘ﬂm FER Hg{ued}fd t hen
the redugidseiblel WhadtheanWehthe dhe IRREDI B BexMIyadefttffothep val ue
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subst i t utiastantaacomsdépeiteaduation aiedy endhe aherhiand,orgrabeson. This
substitute value s _then,conpare ith slip reducing threshald 15
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result of this conparison. The sli'p response threshold value and the
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achieved by the use of predefined negative substitute values when the
actual slip values are relatively small in magnitude.

20
The impression of a predictable, reliable coupling shift also results better
for the driver of the motor vehicle due to a regulated reduction of the slip
sum value. It can in particular be prevented by the use of predefined
negative substitute values that the control of the coupling excessively

25 depends on the history (which may already be far in the past) of the earlier
slip values and is hereby difficult to predict for the driver. In known
control processes, in contrast, the situation can, for example, occur that a
coupling is controlled unexpectedly early or frequently since a high slip
sum value is also achieved when the sign of the individual slip values is

30  positive over a longer time even though the individual slip values are very



value if the instantaneous slip sumvalue is set to the value of the
slip sumthreshold value in a respective calculation loop if the

i nst ant aneous slip sum val ue exceeds the slip sumthreshol d val ue,
i.e. an upper limt is 25 set. Alternatively or additionally, a check
can al so be nade in a respective cal cuhgtion | oop whether the

i nst ant aneous slip sumvalue has a negative sign (i.e.is snmaller than
zero), wth the instantaneous slip sum value being set to the val ue
zero if this is the case, i.e. alower |imt is set. It is thus

achi eved even better that the slip sumvalue adopts starting val ues
for the Jowim maguhmdﬁgn@lf axehthap ecrually negligibler Ifs ibsonfrass, Via¢ sbip

whi ch ca S 8. h rroduced. aft. er tine so
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far in the past. 5 Alternatively or in addition to the already

expl ai nedfﬁpﬂelséquhgf afrapisoramosinling shifties using a slip response
threshold tinme, a filtering can take place in line with requirenents
i n dependence on different paranmeters which characterize the
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val ue for the absolute value (or for a substitute 10 val ue already
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are carried out, plurality of weighting factors resulting herefrom
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subst i t utgrevsddifivé @i tﬁé@tﬂ@éﬂ@ﬁbéuﬂ@ﬂ&&ﬁlh@g draciPatffe. t he wei ghting
factor representing a slip oscillation). 20 A sli p i ncrease can in

particul ar be taken into account in thls nanner is preferred for
this pur e if.a,sl | i ncrease val ue rmed whi.c e sent a
time b nAREGARLY 1 Rpie Ok FE Ak Bertinle nit, 5%%?9&%0% Rt
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in the step of summng with a substitute val ue which corresponds to a
25 product substlﬁeteamlmeld@m@d berefronhis smrcdmtha skip akduaityg
derived refr n_t.he,one han se wei.ghtin
factor. OR-EHROER el ot tnten tve enaS astht tndh oF R T g eqifes ddtee
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particularly fast on the presence of h slip increase in order to

reach t h@hﬁiﬁitﬁlﬂi@u Wﬂilm bavohgl aamegeethwesm ‘aﬂfoealdrynmherﬁte@rmf summgning if

tri 996" FngURS, ?ute va IPeeorC 2L su%%tltute value already derived herefrom falls
below the slip reducing threshold value. If the absolute value or the
substitute value already derived herefrom exceeds the slip reducing
threshold value, the absolute value or the substitute value already derived
herefrom is optionally substituted by a substitute value having a positive

25 sign and corresponding to a difference between the absolute value (or the

already previously derived substitute value) and the slip reducing
threshold value. The named slip reducing threshold value can be a
predefined constant. The slip reducing threshold value is, however,
preferably dependent on further parameters such as on the amount of a

30 slip gradient, on the sign of a slip gradient, on the travel speed or on an



19 To formthe named slip increase value, a difference can, for
exanpl e, be fornmed between the absolute value fornmed in the

I nst ant aneous cal cul ation | oop and the absolute value forned in a
preceding calculation 5 | oop. This difference is preferably divided
by a value which represents the tinme dyrati on between the preceding
cal culation | oop and the instantaneous calculation |loop. It can
furthernore optionally be taken into account whether the underlying
slip values have the sane sign, with then a slip increase only being

adopted when identity of signs is present. 10 The naned slip increase
wei ght i ngnptaignegoispiosfiveatimand: The slipseduiring ﬂweﬁbdchﬁggle caann

one if the fo I QI e value represenis a positiye.tine

gr adi ent o%rft%(l: S xldsﬂlong‘reesgg%&%éénl el:feguie qeh%lg%péorgggpg? Pgﬁhphat t he
slip i ncrersientiehghThe Gahd€ bphlics «xebeg thehkaidRitivet fighdnpervdlie,
formed slip increase value is. It can hereby be achieved that the

coupl i ng 1i& itcasadse 415 dlopnghaat pa@anib@:sel@géecbﬁr;td@@egﬁ:epcbmdéfqent
il i ahl f ion diff t ot i i
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vari abl e,ddraanéxanpl e i n dependence on the travel speed or on an

I nst ant aneous torque demand. If, in contrast, the fornmed slip
i ncrease val ue represents a slip decrease 25 value, i.e. if the slip

| nor ease MenEd ARATREM 3D ERE I oo tRY b8l Bl RoPeBRe 1 o ¢ e
val ue onehrdshéldRane dhdt #Rudibd bPkhéaliptfuRyvile @Il plhee (RliHE
or substitute value remains w thout effect. 20
the named slip reducing threshold value, it is preferred if first the filtering
is carried out and then the reduction. In other words, the absolute value
of the slip value is first compared with a slip response threshold value to
form a substitute value in dependence on the result of this comparison.
This substitute value is then compared with a slip reducing threshold
15 value in order optionally to substitute the substitute value by another
substitute value having a negative sign in dependence on the result of this
comparison. The slip response threshold value and the slip reducing
threshold value can be different in this respect and can in particular also
depend on different parameters.
20
It is preferred in connection with the explained reduction of the slip sum
value if the instantaneous slip sum value is set to the value of the slip
sum threshold value in a respective calculation loop if the instantaneous
slip sum value exceeds the slip sum threshold value, i.e. an upper limit is
25  set. Alternatively or additionally, a check can also be made in a respective
calculation loop whether the instantaneous slip sum value has a negative
sign (i.e.is smaller than zero), with the instantaneous slip sum value being
set to the value zero if this is the case, i.e. a lower limit is set. It is thus
achieved even better that the slip sum value adopts starting values for the

30 later summing of the absolute values or substitute values which can also



Alternatively or additionally to such a taking into account of a slip
i ncrease, a check can be made whether a slip oscillation is present.
In a simlar manner as al ready explained for the nodifying of the
slip sumval ue i n dependence on the presence of a slip oscillation,
the respective 5 absolute value or subggitute value can therefore

al so be nodified to take the special circunstances of a slip
oscillation into account. This in particular allows a distinction

bet ween real oscillations caused by slip (e.g. "stick-slip effects”
or traveling over washboard roads, such_as already explai ned) and

seeni ngl YPOERAAGUREalier pdengas timmiserthed thegnmizaekbehayior @i dhanpl e,
f h . Of . L R f d_i i t
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absol ut e inatarecgrora ashisséiyt whicl aé erceddieelgfadenithedodst, ef rom bei ng
substituted if this is the case before or in the step of summ ng with
a substitute value which corresponds to a product of the absolute
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slip oscillation is present, whether the determ ned slip val ues change
sign at Wareandingwith pe@risemsnts dngnansiencss or ididerenti panameters
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response threshold value can in particular be taken into account in
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is present, the slip oscillation weighting factor is 30 prefer.abliy
set to tHduyaliteobddiereng filteringpresesiurest asncanriecheusba allurality2al

val ue or it | iLthout effect. The sli

oaci 11 at 1 BBk bR I MG RETHAR ot By ia A handfe eoRigs or

exanpbe qnstdel, a prioritization takes place, i.e. the most relevant of the
determined weighting factors is selected and multiplied by the absolute
value or substitute value (e.g. the highest weighting factor or the weighting

factor representing a slip oscillation}.

20 A slip increase can in particular be taken into account in this manner. It
is preferred for this purpose if a slip increase value is formed which
represents a time gradient of a slip increase, with the absolute value or a
substitute value already derived herefrom being substituted before or in
the step of summing with a substitute value which corresponds to a

25 product of the absolute value or the substitute value already derived
herefrom, on the one hand, and of a slip increase weighting factor, on the
other hand, which depends on the formed slip increase value. It is thus
possible to allow the slip sum value to increase particularly fast on the
presence of a high slip increase in order to reach the slip sum threshold

30 value at an early point and thus to trigger a control of the coupling.



travel speed or on the instantaneous torque demand. Provision can in
particul ar be nade that, when a slip oscillation is detected, a
distinction is 5 al so nade based on the kind of slip oscillation
(real oscillation or seemngly occurring slip oscillation, as
expl ai ned above), with a slip oscillati wei ghting factor | arger
than one or smaller than one being selécted in dependence on this. 10
As relates to the actuation of the coupling, it is thus preferred in
the case of a coupling operative in formfitting manner of a
differential lock that the coupling is actuated in dependence on the
generated control signal for a predefined m nimum holding duration in

t he cl osi direction. The.coupling can be sed inth o enin
direction ’PC?B ﬁﬁg Ibsﬁﬁnﬁgs ip W%) Ee BB fF]ﬁede?p(éE?ﬁlh Xamptt, be
aut omat i cakinédABe SRh e LRORDYAING foSria irpﬂs;@inﬁ@hbaaﬁeéus n the
closing direction and no torque or only a small torque is transferred
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generated in accordance with the nethod of the invention, however,

does not lastmtaqemm/@alpulafe@nIIOOPnItararaﬁwbmrmmrofoptMQiQube|ta§¢nt1mto
still further co ion can r her ken ,i nt o,account .for

ot pose. AaPusieg BBRE Sty ER i eortts SRUM wigh with Then
di fferenceshp ihBeecdWOoRRY b§1r£%f adl e%ﬁw%‘é%Pﬂd'eE‘ﬂxtytd’feslgﬁé\I@ bréggad, an

i nst ant aneous transversé accel eration val ue, an I Nnst ant aneous

gradil@nt value of the vehicle, a state parameter of the actuator
(e.g. pressure 22 that .the i.nstantaneous
Vai be | DR bR slBiner R RRtNRE TORe S e EhY Srk L AGPEFDHP ue,

with a CQfEIﬁ@'laﬁgegﬂﬁlarbghegfﬁﬁ@%ﬁhéé diy lrgﬁ@as@galﬁ@r@ﬁta%hw alf the
i nstantaneous slip sumvalue falls below the further slip sum

t hr eshol doosative tirge Bradiat ofok shiypt inegease.accor dance with the
i nventi on has been expl ai ned above for a single coupling. The control
nmet hod i s, however, used particularly advantageously in the
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particular having a plurality of couplings 10 operative in

formfit tsahrgctndri%@rlamgela thesleeger tiee dhifrhed shipi laIcremVaIMet 1s.thean
hereby be achieved that the coupling is closed rapidly on a fast increase of
the slip before a still reliable speed of rotation difference at the coupling is
exceeded.

20

The slip increase weighting factor can be selected as variable, for example

in dependence on the travel speed or on an instantaneous torque demand.

If, in contrast, the formed slip increase value represents a slip decrease
25 value, i.e. if the slip increase value represents a negative time gradient of

the slip increase, the slip increase weighting factor is preferably set to the

value one. This means that the multiplication by the absolute value or

substitute value remains without effect.



above- expl ai ned net hod steps being carried out for some or all of the
plurality of couplings. In this respect, at |east sonme of the
plurality of couplings can be controlled substantially independently
of one another, with a high flexibility being present with respect to
the fixing of that 15 coupling which shguld be shifted first due to
the instantaneous traction requirenments. A fixedly preset, purely

hi erarchical shifting order is thus avoided such as is known fromthe
initially named docunent EP O 644 077 Bl. 20 It is preferred for this
purpose if different threshold values, different weighting factors

and/ or diffemaiively prmddidenaillydodsiieh fotaddingdntas adcdant phe simt r ol
f the pl, ' ' i abl d h tuat | f
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of f - r oad sighi=e! @anthe fnardaglw@lainedoforadiépnotstsimns ef ehalkly sum
i ncl udes at |east one coupli ng of an inter-axle differential |ock and
at | east vakae dBisinesglense on thepuesenee akpeslin paeillation, dbk respentive

axle diff ' c : e differential.lock). Ln.
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control nBehgskdisl ciftyntranted oput slipbseliatite hredd@mtoTHifenax! e
differential |ocks, whereas the control nmethod for 23 the coupling
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maxi mum vg|. Won.. Lt can hereb e aghieved that th
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driving dynamcs. 5 For this fpurpose_l n particular the follow ng _
st eps0casxBanplgs frasy thgtlugs elalltespdn ttirgs). dlie prefeirosd indhis vespeet if

coupling o .10t er-axl LT ferenti | ock: det erm nj.ng, at .| east
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the slip value which corresponds to the anount of the slip val ue;
this is the case before or in the step of summing with a substitute value
which corresponds to a product of the absolute value or the substitute
15 value already derived herefrom, on the one hand, and of a slip oscillation

weighting factor, on the other hand.

A monitoring can in particular be made for the check of whether a slip
oscillation is present whether the determined slip values change sign at
20 least once (preferably a multiple of times) within a predefined time period
or within a predefined number of calculation loops, as was already
explained in connection with a modifying of the slip sum value. A positive
response threshold value and a negative response threshold value can in
particular be taken into account in this respect.
25
The named slip oscillation weighting factor is preferably set to a positive
value unequal to zero (i.e. larger than zero or smaller than zero) if it is
found that a slip oscillation is present. If, in contrast, it is determined that
no slip oscillation is present, the slip oscillation weighting factor is

30 preferably set to the value one, i.e. the multiplication by the absolute



sel ecting a maxi num val ue fromthe absolute values forned for a group
of couplings in the respective calculation |oop or fromthe
15substitute val ues derived herefrom summ ng the maxi num val ue or a
substitute value derived herefromto a last-fornmed nmaxi mumslip sum
val ue to form an instantaneous naxinunFqlip sum val ue for the
coupling of the inter-axle differential |ock: 20conparing the

i nst antaneous maxi mum slip sumvalue with a maxi rumslip sum

t hreshol d val ue: and generating a control signal for actuating the
coupling of the inter-axle differential lock if the instantaneous
maxi num Sialpe Qanswhstifeite adue dhep sxraiagswithewrpliaetnT Be ishipsesgillation
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maxi mum sl i p. sum val ue, with the instantaneous maxi mumslip sum val ue
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formed for a group of couplings as respecti val ue or

as the sueehiinglyeovahtengdeaslip/eskillation!; @ dxsplafiedl abotd)e witkkianglip val ue
for this purpose. This group of couplings can include only sonme or

al | of tmschlatieniwsightinedastontarger thas gasner smaller tharsoparhsiagl ar
all couplj f. t i tial locks as well as also the

rel ated é%@%ﬁFﬁdnﬁgﬁ%ﬁ%L%B%%ééggﬁgnter-axle differential lock. In

ot her words, the respective absolute value or substitute value is

fornmed for these couplings and the |largest value is selected from
t hesé0abdb} telatapte Hhe esteatisnmitthecaiplingeds is sbusHreierrediingdie case

e g TR AR St Do 3 SRR, J AT e
val ues sejeegilath fvactibgeduhldpendence on the generated control signal for a
predefined minimum holding duration in the closing direction. The
coupling can be biased in the opening direction for this purpose, with the
15  coupling opening automatically as soon as the coupling is no longer
actuated in the closing direction and no torque or only a small torque is
transferred via the coupling. The named minimum holding duration can
be realized in that the control signal itself is generated for the named
minimum holding duration or in that the actuator of the coupling is
20 operative for the named minimum holding duration. The control signal
generated in accordance with the method of the invention, however, does
not directly have to result in an actuation of the coupling, but still further
conditions can rather be taken into account for this purpose, for example
a sufficiently small speed of rotation difference at the two parts of the
25 coupling, the travel speed, an instantaneous transverse acceleration
value, an instantaneous gradient value of the vehicle, a state parameter of

the actuator (e.g. pressure) or the like.

An active opening of the coupling can also be provided alternatively to

30 such an automatic opening of the coupling. It is preferred for this purpose



followi ng calculation |oops. This ultimately results in a control of
the coupling of the inter-axle differential lock if a sufficiently

|l arge slip is 15 detected at any coupling, that is, for exanple, also
at the couplings of the front axle differential |ock and rear axle
differential lock, even if no slip or pg particularly large slip is
determ ned between the axles. The expl ained selection and taking into
account of a respective maxi nrum 20 val ue for the coupling of the
observed inter-axle differential |ock preferably takes place
alternatively tq the form ng and conparing of a slip sum val ue using

t he absolGgéthgipnstanfsmeosss sihe sHEs yakis (eaksuermipgred Wikl sobugherd

i nter-axl [Tk i t ] t I
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differentjal |ocks, the explained alternative control nethod (taking
i nto accdurthedrsiisimihyeshrld)valds: be carried out for the couplings
of alk inter-axle differential 30 |ocks. The explained alternative
control nethod is, however, preferably 25 only carried out for one

of the plMheatohirodindtbioer iraxteodidricey with te {roeRion hapasddrcekplaihed
a or the rear inter-axle differential |ock. The naned sel ection of
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) requirements. A fixedly preset, purely hierarchical shifting order is thus
avoided such as is known from the initially named document EP 0 644

077 B1.

20 It is preferred for this purpose if different threshold values, different
weighting factors and/or different minimum holding durations are used
for the control of the plurality of couplings. A variable order of the

actuation of the couplings in line with requirements can thus be set.

25 In an off-road vehicle, the named plurality of couplings preferably includes
at least one coupling of an inter-axle differential lock and at least two
couplings of a respective axle different lock (front axle differential lock and
rear axle differential lock). In accordance with an advantageous
embodiment, the above-explained control method is only carried out for

30 the couplings of the axle differential locks, whereas the control method for



The maxi num val ue selected for the coupling of the observed
inter-axle differential |ock can be further processed in a
correspondi ng manner, as 20 has al ready been expl ai ned above for the
absol ute val ues of the general control nethod, in particular by
substituting the sel ected maxi mum val ugawith a suitable substitute
val ue. For exanple, the selected maxi num val ue can al so be conpared
wth a slip response threshold value in order optionally to
substitute the sel ected maxi mum value with a substitute 25 val ue
which is smaller than the selected substitute value or has the val ue

zero. Furttgesarpleng ohéhe dntarraylendidicrentiohlask isamasiified ip aceardanee a
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maxi mum shirgr-aute dafarencial 16dis & beuatdidlosst bl theCatieaspeReh 4] locks,
manner, as_expl ai ned above for the slip sumval ue of the general

control rEhifdyis Fasicallimsmsiblenen ithe thasisréshe drisingidyindmicssum val ue

can bs] limted to the value of the maximumslip sum5 threshol d val ue
(as the upper limt) or to the value zero (as the lower limt). The

control redhadsipugeserigapainmlal thedollbwens isefpakbhavise EAR&PBLEGh Bk

a plurality of couplings in a powertrain, as explained, in a flexibly
fi xabl e dregpective pplirdpatien lgepdariths esupling abthe inter-axleidiffererdiale
di fferentli gﬂ(, | ock 10 can be preset by the selection and taking into
account of ‘maxi mum values. If a specific shifting sequence for sone

or all of- the q¥termlihinyg f leRURInagsy AR dathakpréasassaii |y be
observed (for exanple for safety aspects), alternatively or
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amount of the slip value;

- selecting a maximum value from the absolute values formed for a
group of couplings in the respective calculation loop or from the

15 substitute values derived herefrom;

- summing the maximum value or a substitute value derived herefrom
to a last-formed maximum slip sum value to form an instantaneous
maximum slip sum value for the coupling of the inter-axle
differential lock:

20 - comparing the instantaneous maximum slip sum value with a
maximum slip sum threshold value: and

- generating a control signal for actuating the coupling of the inter-
axle differential lock if the instantaneous maximum slip sum value
reaches or exceeds the maximum slip sum threshold value.

25

A substantial difference from the control method for the couplings of the

axle differential locks is in this respect that a so-called maximum value is

summed to a last-formed so-called maximum slip sum value, with the
instantaneous mazximum slip sum value hereby formed being compared

30 with a so-called maximum slip sum threshold value. The value largest in



The invention will be explained in the follow ng only by way of
exanple with reference to the drawi ngs. 20 Fig. 1shows a schematic
representation of a powertrain of a notor vehicle; Fig. 2shows a tinme
di agram whi ch represents the devel opnent of the control of an

i ndi vi dual coupling by way of exanple;o25 Fig. 3shows a time di agram
whi ch represents the devel opnent of a control of a plurality of
couplings by way of exanpl e; Fig. 1 schematically shows a
powertrain of a two-axle all-terrain notor 30 vehicl e having
permanent all-wheel drive (4 x 4). The driving torque_ 27 generated
by an i nttBpgaitugentyhich basebefiméormed dow agyppdol caplings as the

to a tuolexPectrs ABRE RSt o SR AR R s PN Brufed AR RRREI 1
i ncl udes 1seRPEPlthBgnaLirhtn®kellic $& BEbIMetpose0 Thes kréh dWi@s can

differential gear 15. A5 first output of the inter-axle differential
gear 15 ilBC paly somg eeal abthe pivralibeaf cahpljegs of 9hei powertsnigann

shaft<17. T S t he o ear.axle 23 a riven via it,.

coupl g 2 AR Setiuftieg PR B tirfertioRiTadtis BRtrell Bgeliso fhes
order selretdtedaddupling of khé bdsepaid axdee-0i€ iefferdritadl I9eRr 19. A
second output of the inter-axle differential gear 15 is coupled to 10

a rear axle differential gear 27 via a Cardan shaft 25. Some of the
viaite AR iRydss e TeeBhehils ahSal R Nt trorb arued e e TR
gear 27 ifpr eheed c6@pHARE\WIJ the largest value is selected from these absolute
10 values or substitute values (as the so-called maximum value). A maximum
slip sum value which is compared with the maximum slip sum threshold
value is then formed using the maximum values selected for the mutually
following calculation loops. This ultimately results in a control of the
coupling of the inter-axle differential lock if a sufficiently large slip is
15 detected at any coupling, that is, for example, also at the couplings of the
front axle differential lock and rear axle differential lock, even if no slip or

no particularly large slip is determined between the axles.

The explained selection and taking into account of a respective maximum
20  wvalue for the coupling of the observed inter-axle differential lock preferably
takes place alternatively to the forming and comparing of a slip sum value
using the absolute values only of the respective coupling of the observed
inter-axle differential lock. In other words, only the explained alternative
control method (taking account of maximum values) is used for this

25 coupling.

If the powertrain has a plurality of inter-axle differential locks, the
explained alternative control method (taking into account of maximum
values) can be carried out for the couplings of all inter-axle differential

30 locks. The explained alternative control method is, however, preferably



to lock the rear axle differential gear 27. The couplings 16, 24, 32
are clutches operative in formfitting manner or friction-engaging
manner. 15 Furthernore, a control unit 33 is shown in Fig. 1. It is
connected to wheel speed sensors 35, 37 which are associated with the
wheel s 21 of the rear axle 23 or with phe wheels 29 of the front axle
31. The control device 33 is furthernore connected to shaft speed
sensors 38 for generating signals 20 which represent the respective
speed of the two outputs of the inter-axle differential gear 15, i.e.
of the Cardan shaft 17 and of the Cardan shaft 25. The control device
33 is corfidrteadricd 9wt fareone ehibe Plupalityoe! istamexte diflerestisd doelss, in
angl e se . I | r.,: a.ya : and the |ike.
The contB%ﬁ&géggﬁgm%écégﬁgﬁgggén%%%?%% &gﬁﬁﬁgFéfgﬁﬂéependence on the
25 signals of the sensors 25, 37, 38, 39 to actuate the couplings 16,
24, 32 in_order hereby to |l ock one or nore of the differential gears
15, 19, Jhe npmedselecsivaeel Hensurgmasmarausdrrefenedds only yakey plaegiin
to foem f [ Ls: h t 72 f ot

it er Dax bt espBEaRe HafBlatiohtloo b8 ARLEs Heepihelle HEer e

can al so dissdiatd vaids fohidieirs tige akspadtiiOcilealntieelospEes tise s ent
35, 37 of the respective axle 23, 31. 28 The control device 33 can

al so i nclaplingssshadldbe b siHowad dohe raspestivhgehstitute velse and, if
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Fig. 1, the notor vehicle can al so have nore than two axles, for

exanpPe taHEsclsated aftgr tha GHering psacesses apdathrgshpid salusFempagisons

6) are drj Ln t d e, 1 | ockable inter-axle .
a1 er ent PR gualy ooy KOPRE atforE T Bou e b AT pleb e birded
be presergut. Aile redpeaoMe abdolite dhRE e iffpdrticugiF fitdiBe 2B nex@rel With
control nethod for one of the couplings 16, 24, 32 of the powertrain
i n accor dapip rgppanse threshold value for each of the couplings. Furthermore, a
check can be made and it can be taken into account before the selection of
15 the maximum value for each coupling whether a slip oscillation or a slip

increase is present (multiplication by a corresponding weighting factor).

The maximum value selected for the coupling of the observed inter-axle
differential lock can be further processed in a corresponding manner, as

20 has already been explained above for the absolute values of the general
control method, in particular by substituting the selected maximum value
with a suitable substitute value. For example, the selected maximum
value can also be compared with a slip response threshold value in order
optionally to substitute the selected maximum value with a substitute

25 value which is smaller than the selected substitute value or has the value
zero. Furthermore, the selected maximum value can be compared with a
slip reducing threshold value and can optionally be substituted by a

substitute value having a negative sign.



15 Fig. 1. The diagrans (a) to (f) in accordance with Fig. 2 show the
sanme time t on the abscissa. D agram (a) shows the tinme devel opnent

of a slip value SLP of the coupling. If it is the coupling 16 of the
inter-axle differential gear 15 in 20 accordance with Fig. 1, the
slip value SLP can be determ ned fromagdi fference of the signals of
the two shaft speed sensors 38 at the outputs of the inter-axle
differential gear 15 or fromthe signals of the wheel speed sensors
35, 37, with additional paraneters being able to be taken into
account and corrections being able to be carried out (e.g. taking
into 25 ddwoimmest instepdaneays angkisnyigshib)sumfvalueican alsoche phodigicgld

of the rear_axl diff,erential ear 19 i.n_accordance, wi t.h Fig. th
olip val ob o B8rEsPhapieMadned S explaifle 8 BRVEIOF Tt Sydbralsel
sensors 3Jheqlericdhal £6atroxhethdd. Mt ékadeid, i t0Raln spah IfRiR IS8/ 8l Ng

able to be taken into account and corrections being able to be nade
here. Th&lig symyailye Sup beolinhwshtd thelivabtaad {ly maxisveor slipcemi t h

Fi g. represent.,s _an 29 .instantaneous | eadin | i ssj.ve, val ues
and e | (OFERRale, 8 e PR i A et B B Y
slip response threshold value SLP-LIMis shown in diagram (a) which
is entered here both on the positive side and on the negative side,

wi th t he Thss¢entrel mwthorboingacegndarmedwithetls: apaxtioreallnwesting! convtablief
bei ng of _egual ;.nagni tude. in .anpunt. r.ing the,operat.ion.of..th

cont rol dobal R4 ollinidb AR tivsr g, s KnIgRl dprA AGELY Tipable

val ues SlgPdaf.ea Gresdrasd lacthufibRest @&@ﬁ?ﬁﬁgﬁom ikl ddkadfefential lock
repeating calculation | oops. Wth a sufficiently high scanning 10

f r eqliéncyraanie preskt by shaeasdsctiarhanvatakésgfintoradcoentbf omzippenr as a

val e SLEA T & sRNE Al pedusr it (3t At o oF FRE PIHERLS oF

slip val uesiplirRsPsiovhdealwiyid n8cdirili R §b8&tved (for example for safety
aspects), alternatively or additionally to the explained technical control
measures, a mechanical, hydraulic, pneumatic or electric coupling can be

15 provided between the respective couplings or their actuation system.

The invention will be explained in the following only by way of example

with reference to the drawings.

20 Fig. 1 shows a schematic representation of a powertrain of a motor
vehicle;
Fig. 2 shows a time diagram which represents the development of

the control of an individual coupling by way of example;
25
Fig. 3 shows a time diagram which represents the development of a

control of a plurality of couplings by way of example;

Fig. 1 schematically shows a powertrain of a two-axle ali-terrain motor

30  vehicle having permanent all-wheel drive (4 x 4). The driving torque



15 The respective absolute value of the slip value SLP is then
conpared with the upper slip response threshold value SLP-LIMin
accordance with diagram (a) to forma first substitute value ABS. I|f
the respective absolute value is snmaller than the upper slip response
threshol d value SLP-LIM the first subgtitute value ABS is set to the
val ue zero. O herwise the first 20 substitute value ABS receives the
val ue of the absolute value (alternatively, the absolute value could
in this case al so be reduced by a slip reducing value). It is
understood that a reverse procedure could also be followed for the
named corg§eaeratad by an intersal eamipypyion enging 1Adgaunpljedvigavmpine
SLP is ¢ it h r I . i se. 25 threshol

val ue SL%g%ﬁ%ﬁ’?%%éc%é ar?ggf a\%l }ﬁﬂgtlrggl\régl{ﬁ%%ﬁrp‘l){lgg& era%%)cp TEoNaT IIS§1 to
set the & twovalleelifferritiall fearvih UEhe etve-anld diffeyehfigengésr t Baéncludes a
absol ute val ue forned. The thus fornmed first substitute val ue

QBS is s roMPLing dPdgrenderpyelestivay 3o losk the rtﬁo—ﬁﬁ&diffea@@tiahgﬁ@r ABSA
&1 Ng5S NG 0N BLISE tﬁlegH@eﬁ-ﬁleoﬁﬂg@g}glﬁg@?%%tsl s SRRSEL % ?5%% gxle

representation tn accordance wt ca

that the diffeséntsalbgddrt U &rixal CardiB® skdopl 7. e whkdl 2B thefreae akie
first point in tine 11. At the point in tinmet 1, the slip value SLP

falls beldharadrivepeyiasiti § qaxorg @tigrassosiatedavith erraanasla

val v oxceaarh i QoRtl S e selieck ¥y BRI HEc MPek e dliBe Rl

junp of tdearfig.sA ssubalidutiptt\t the ABS-beladFesichiiee géaf U igcoupled to
accordance with the slip response threshold value SLP-LIMand a =
substduer rearcaelgsiffgrential sean2dyiafa Crsdan siralt Qs Some of vt eiviag

b ' ' ' AL R int . in.ti.me,t2, th
Co P SEPLF P PR T s o8 ot AR PR bl Bl
magni t udesthed ausddiatel with Es@orse dXleetiffolchtial gearShPik!dMdeMvetdttiasy

t he meani n% for the first substitute value ABS irn_accordance wth

di agr am (tB)logkdheincan gale difersrdialigeay 4 TieTke couplngs k.R4VeBdmrent

of the fig bst i yval ue is repeated.in.the tine interval t3
Lo 14 and et SRt P ot N iaPt i Gl o Rplpting eiér
subsiftute value ABS in accordance with diagram (b) is then reduced
by a slip reducing value to forma second substitute val ue RED which

i s shown Hyrtheagoam 2 Epntmplaininkd is shewneduFiggl Vdliseongestdd to athezd

inrelatig o.the slj sponse. t hreshol d wvalue . SLP;LI M ]

accor danc® }%Ei_t TRAG rée??h %g)“ﬂ’élﬁ haliehaa§8C%Cﬁaetegle‘gbtﬁ)dﬂ'éeyw&efel\éu?i fdhgdear
RED are pogé Diaver afitH egetivee19 2 BoL Bie ot tGage Hasie cbitroN€evice 33 is
enbodi nent shown here, the naned slip reducing value is selected as

exact |y tfHsthegmeoienconmestedds shkaftispestigensesp Gfston gareghsing sighats

SLP- ﬁbM fwricileraesporgger? tlrslie T lc.;i)ecétgye' speed of the two outputs of the inter-axle
differential gear 15, i.e. of the Cardan shaft 17 and of the Cardan shaft 25.
The control device 33 is connected to further sensors 39, for example to a
steering angle sensor, to a tilt sensor, to a yaw rate sensor and the like.
The control device 33 generates control signals in dependence on the

25  signals of the sensors 25, 37, 38, 39 to actuate the couplings 16, 24, 32 in

order hereby to lock one or more of the differential gears 15, 19, 27. The
shaft speed sensors 38 are not necessarily required to form shaft speed
signals for the two outputs 17, 25 of the inter-axle differential gear 15.
Instead, these shaft speed signals can also be derived from the signals of

30 the wheel speed sensors 35, 37 of the respective axle 23, 31.



25 In order to arrive at the second substitute value RED in
accordance wth diagram (c) in a particularly sinple manner, the
conpari son of the respective absolute value with the slip response
threshol d value SLP-LIMin accordance with diagram (a) could
alternatively also be carried out such,gd0 that the absolute value is
substituted by a negative substitute value RED 31 if the absolute
value is smaller than the upper slip response threshold value SLP-LIM
and such that the absolute value is substituted by a substitute val ue
RED whi ch corresponds to a difference between the absol ute val ue and
the slip response threshold value SLP-LIMif the 5 absolute value is

arger |, LORHRORLiG 49 ORAPR AL AE TR B Vs R

i nt er med or m ng e firs

accor danegriheménagtiarse( $9paale thriihehefioh @urb elzebyadss FhsReRsRHoME UF.
It must be noted at this point that the foll ow ng procedure could 10

al t er nat ithelspunlingH &6t @, dreand Bre ihi signal gbstthtupieatiem yataBSE n
accorgdanc pth.dia coul d be conpared with a slip reducing
t hr esﬁol (fﬁ%/oa 32 lliﬁ’s-gﬁﬁ%!oi%)%ﬂ%rﬁ%éﬁ'i rst substitute value ABS is snaller
than the slip reducing threshold value ABS-LIM the first substitute

val ue ABS is substituted by a negative second substitute val ue RED.
Q her wi s @iflesingrose she repbesantation sl aecqdpragopith Fige 1} pbsimpta)

val ue of e first_su i e value ABS gr the secon ubstitute
val ue REffteglg%IStCs?%f ﬁ%"gﬁ%ifée Pice E@%\F\%’gna}fqﬁ% I?)Ir regialgﬁ%s IEG a3 e
ABS and twigichl iwo b&ibc{eng 4)uregiekdiiad (& xA8iSatd MiveA. IhitBe last-named

alternative procedure, an additional threshold val ue conparison is
adm 1@ edlopseetipleegkablsvimier-axie diffarentizd sgaspead drresflockableeglei ve
second su Ltute val to the respective driving situation is
possi bl e,&%ﬁ%repr:iaﬂl% %etﬂr;éfxﬁ?ﬁzc?ﬁg psrlelssnﬁ'esponse threshol d value SLP-LIM
and the slip reducing threshold value ABS-LIM are sel ected as
different. 25 Starting fromthe (positive and negative) slip value
SLIP in digo2ddimyes witimeddiagram {an) illusteating avaekeaplanyoren trgl methade
for the ROFRRRSST t%fe CaOliljlliIQgS 16, 24, 32 of the powertrain in accordance with
15 Fig. 1. The diagrams (a) to (f) in accordance with Fig. 2 show the same

time t on the abscissa.

Diagram (a) shows the time development of a slip value SLP of the
coupling. If it is the coupling 16 of the inter-axle differential gear 15 in

20 accordance with Fig. 1, the slip value SLP can be determined from a
difference of the signals of the two shaft speed sensors 38 at the outputs
of the inter-axle differential gear 15 or from the signals of the wheel speed
sensors 35, 37, with additional parameters being able to be taken into
account and corrections being able to be carried out (e.g. taking into

25 account of a steering angle signal). If it is the coupling 24 of the rear axle
differential gear 19 in accordance with Fig. 1, the slip value can be
determined from the signals of the two wheel speed sensors 35 of the rear
axle 23, with additional parameters also being able to be taken into
account and corrections being able to be made here. The slip value SLP

30 shown in diagram (a) in accordance with Fig. 2 represents an



oscillation. For this purpose, in accordance with a particularly

si mpl e enbodi nent, a nonitoring is carried out whether the determ ned
slip values SLP change sign, with, however, only such slip values SLP
bei ng 30 taken into account which exceed a response threshold val ue
in 32 magnitude, in particular the slij response threshold val ue
SLP-LI M anyway taken into account in accordance with diagram (a).

This is illustrated in diagram(d). A switch can first, for exanple,
be set to 5 the value 0 to indicate that no defined slip direction is
present. As soon as negative slip values SLP are detected in the time
i nterval instastareons leading sbip [Prssiic ‘rﬂluegbandem imetsindhdeoub deailing
SLP-LIM i nitude the set..to the v
accordancglp\rfrvﬁ?efgaém{er%ﬁlllqeﬁb %&1%1,3%8Hp6{§388§ﬁe FE‘EG%WB ARG LM
are det egiathowh h ralagﬁixed(eﬁ weidhndrdifered htPe %ltﬁtaﬂh@ @stﬁ%s mdehe
switch is set to the value +1, in accordance with a |eading slip.
mar ker CI-GICISMI1 onsite ﬂ@ga'eia@Islcbﬁ,wltbk@ﬁ:gBO%ltWatthn‘sslmldrwallletmd]:hcr from
+1 to ﬁ teflrs tlma%aapm \%rntlnetS
in di Qg %33 fu‘? SH&PﬂFqPﬂ Pagade i amgia

defi ned sllp (exceedlng in nmagni tude of the slip response threshold
value SLP-LIM is 15 determned within the predefined nunber of

cal cul at iBuringoiis operation ©f the sondsdtdevice B nahcenrolaangei mthoF:ghdt, a

subseque term ni def d sli al uat ed as a gn
change (Pctng 81“6%’3%%‘(’5‘ ue’?h%ﬂgt%sec%?ﬁ?ﬁﬂxgﬁr KRFECepest

slip oscidvadthhfitl B Eepsing @hlculdbiofPohy! MitRfa euﬁidlenﬁymlgﬁl é@aﬂrﬁng
t he enbodi nent explained in the followi ng. Alternatively o

addi ﬂOonafmc;vuemy fihe qioeké’mmcsa télei yaloss lfbtmtddmre{mnfappm as a
substitute v Sg RE can F‘ %l S%ln accordance wth diagram(c),
for exarrpqoe1 P‘ﬂ’%’l?%g OSWB}/ ¥ ighting factor. |Independently of
the presence of a slip oscillation, the respective 25 substitute

val ue RED can also be nultiplied by a wei ghting factor which depends
on di f f erldm detarmimgdsrespecpiae ahgt eakie $bP iexdasplenvertadsinitp amcr ease
val ue.

absolute value, i.e. negative slip values are provided with a positive sign.

15 The respective absolute value of the slip value SLP is then compared with
the upper slip response threshold value SLP-LIM in accordance with
diagram (a) to form a first substitute value ABS. If the respective absolute
value is smaller than the upper slip response threshold value SLP-LIM,
the first substitute value ABS is set to the value zero. Otherwise the first

20  substitute value ABS receives the value of the absolute value
(alternatively, the absolute value could in this case also be reduced by a
slip reducing value). It is understood that a reverse procedure could also
be followed for the named comparison, i.e. first the (positive or negative)
slip value SLP is compared with the upper and lower slip response

25 threshold value SLP-LIM in accordance with diagram (a) in order

optionally to set the slip value SLP to the value zero and only then is the

absolute value formed.

The thus formed first substitute value ABS is shown in diagram (b), with

30 the first substitute value ABS being shown enlarged along the ordinate



33 diagram (e) in accordance with Fig. 2. This neans that the
respective second substitute value RED is summed to a | ast-forned
slip sumvalue to formthe instantaneous slip sumvalue SUM It is
understood that this instantaneous slip sumvalue SUMin turn fornmns
the nanmed last-formed 5 slip sumvalueggn the next calculation |oop.
Starting froma starling value zero at the point in tinme ti, this
results in an increase in the slip sumvalue SUMin the tinme interval
ti tot2. Inthe tine interval t2 to t3 in which the slip values SLP
in accordance with 10 diagram (a) |ie beneath the sl Iag? response

t hr eshol dViER G8SPSEPLY e irAPRepmtation, in aecandamosumithaliagraoMadr Bpsan

again, n I d bsi Likut ¢ val yes D. At
the poi niog heditfizdd chalf AE R A KERSRAIL SMCABE R SOl v 240
di agr am (ishfoanche gipsepeitsimtiaign 1change gdint e tehie 1vahealP - ParRISLP
thus a slip oscillation. The marker CHG trlﬂgers a 15 reduction in

t he i nst datlaedow the lovarmwslinrespam tirgshold yapie §éFelIMHa accordance

i nst apt a Sy:sklp.S val i Ltipl.ed By a wei ghti act or

whi chonas ARS8 e Shbnte Tt B sRE b Pl S eeiiarighPher
the tine sliy e¢stiindethreshéld kahes. @ drakesyp bqelen_?toarthle Tist ABPsRitueh
reduced slip sumvalue SUM In the tinme interval t4 to t5, a constant

reduct i orvadne B e g Resicarritigsnsacqprdamegaviib thonslimegspones second

substi t ut I in. At .the paint.ikn ti t5,,.a
mar ker G—tlér%%ﬂrl&t%ﬁ‘éﬁgr@e%%%?‘gi%% “?C%Si%g? 89&6# é??%er?psfe_sarécb ?tr?rs%t%pa(ﬁfdthe
the inst dirisaredissitalé PalABE uen BM-dcogrhsis agl tﬁg%liﬂ%rdrﬁ (bleAt the
following tinme interval t5 to t6, the instantaneous slip sum val ue

SUM &Hai iRt iriEBs tdeibe ShP YaluesShP inteecesiance with deagmmHajegain

aslips val UM LIM. i s reach i cor,da i .

G agr am (a)S T RRBRH HAOR W Wb <& sbRASS tH-4eh G BIER R I rion
CTL for fthes tesiphddignigsSfogeherfisedubistitnge saRieAsfd nedcBbRI4RER R ng
duration to close the coupling, as is shown 30 in diagram(l). On the

ot her harfHagraa (bhihahitbagrinsadepis imyalaarersuliuciya idevepyemany of the

cubst 1 ut b APRE R VMO RERE, FonBitd o e tbe b3, ' GuRiG 1 o

t7. Thi s dpasntineheonsrdireelttBaio the i nstantaneous slip sum val ue
SUM i n accordance with diagram (e) drops continuously starting from
t he

The first substitute value ABS in accordance with diagram (b) is then
reduced by a slip reducing value to form a second substitute value RED
which is shown in diagram (c). The named slip reducing value is selected

20  in relation to the slip response threshold value SLP-LIM in accordance
with diagram (a) such that the second substitute values RED are positive
or negative on a case to case basis. In the embodiment shown here, the
named slip reducing value is selected as exactly the same in magnitude as
the slip response threshold value SLP-LIM for reasons of simplicity.

25
In order to arrive at the second substitute value RED in accordance with
diagram (c) in a particularly simple manner, the comparison of the
respective absolute value with the slip response threshold value SLP-LIM
in accordance with diagram (a} could alternatively also be carried out such

30 that the absolute value is substituted by a negative substitute value RED



5 slip sumthreshold value SUMLIM (and not, for instance, froma

hi gher value) fromthe point in tinme t7 when the second substitute
val ues are negative again. However, as soon as the instantaneous slip
sum val ue SUM reaches the value zero, the instantaneous slip sum
value SUMis downwardly limted to theB‘F[aI ue zero even if negative
second substitute 10 values RED are still being fornmed. In other

wor ds, the instantaneous slip sumvalue SUM can only adopt val ues

bet ween zero and the slip sumthreshold val ue SUMLAM The control

met hod explained with reference to Fig. 2 is characterized in 15 that

t he requilf ac elselittsrvalne igrimeleetvan dhoaprercelip acspomee thresheold

carried t i nd. thus_al so,..nake, smal |
Gomnds SRR ALY APHARRE LBSON ARG S, SLERATRHG B | 4
(smal | cahuhstitite valap RED whiphBtdrreB8pohils 1o G HIfRFeRALY bebReh theom
the formation of the markers CHG the evaluation and further

processi mpseiutvale andgheglinsemamseathnesheld vebke SpPakM dhtlye usi ng

absol gt e L1 £, ' for_megative sl al ues,an

absOl 41 ol i 11068 AEASLEN S SRR S LR S SR A0
anot her . 1AM aFle genrendidiate ofcp bRiFeMiNEOhesTigtadusTHitite value AR S GH! ar
i nportant when the coupling is a lock tor a differential gear 15, 19,

.Oupl, ; .
27 si nce agseréanse gtiHe dipg@mmub) mosdditherefore hesebr hisedispeasedupithng
16, 24, 28 can no |longer be shifted due to the arising speed of
rotation difference (in the case of a coupling operative in

fornfittilpgnnBnbemoted dthdis heinethst fas folRee@Esrdced @t @dfuldi n_the
case of a coupling operative in friction-engaging manner). 35 The

backl®or matareatigeli asoshbe folderredalhe fooMsedstiiute saliedBSuin ancoidamnce

wi th requj.: Y, of predefined negative substitute values
(negati vglb 1@%@%?%’% (tbigggz%(;%ﬁ Osrgtgg{d?% dte” Far it Bfl%ﬁlrgﬁﬁos%va ue
parti C_U| @rsgq,m.rmﬂelﬂrs@@mgn@@ygmé ABS pstaRRPEBUS EHeaM@]b )
situation. An 5 unwanted gear hunting on an only slowy reducing slip

can i n paedreinsathmshaldivadde ABILIM, fthet irstrathatitude velue KBS is

i nstant a .sllp.sumval ue SUM can _be achieved h redefipned
negative gﬁ%@ttﬁt%@g yv‘%1 Sggﬁtvﬁasﬁc%ﬁl %lb%%t%tlﬂg vgigg%]ﬁ)h%{tﬁgrwésee ﬂ?e t he
act ubb slsepomal sigsstiiie Vol REDI43ROR @ostiRy) valiik bf tRefmstand an
upper limt (E_SUM is set for the 10 instantaneous slip sumval ue

SUM def istdstiitige vRHe Sues the secpadusubstiuterialtie RER@diptstées] i p
cum vl ue A PR TBRORRE 8 bRl WIRTRBN Rha e ThigRes,
in the pabteshold value ABS-LIM. In this alternative procedure, an additional
threshold value comparison is admittedly required. However, a better
20 adaptation of the negative second substitute values RED to the respective
driving situation is possible, in particular if the slip response threshold
value SLP-LIM and the slip reducing threshold value ABS-LIM are selected

as different.

25 Starting from the (positive and negative) slip value SLP in accordance with
diagram (a), a check can additionally be made for the presence of a slip
oscillation. For this purpose, in accordance with a particularly simple
embodiment, a monitoring is carried out whether the determined slip
values SLP change sign, with, however, only such slip values SLP being

30 taken into account which exceed a response threshold value in



15 Fig. 3 shows a tinme diagramwhich illustrates the use of the
control nethod in accordance with Fig. 2 on the three couplings 16,
24, 34 of the 4x4 all-wheel driven off-road vehicle in accordance
with Fig. 1. In this respect, a procedure is followed in an anal ogous
manner to the control nethod in accord? ce with Fig. 2 for each of
the two couplings 24, 32 of 20 both axl'é differential gears 19, 27,
with the setting of markers CHG on the detection of a slip
oscillation in accordance with diagram (d) of Fig. 2 being omtted in
the enbodi ment shown. The control nethod is, however, nodified for

t he couplmagniwdss in rmantméar alxct olipi ﬁdsppaﬁsithreye@ld vAlueZBLAHEM
respective S|I§ vglue ELPl and SILP3 of g cou%[1 Wg 32 of the
front axIEGVHY & i'3r° 888?11]2 l%raCSf)r %cecgr& (Qﬁl t he rear
axle differential gear 19 or of the coupling 16 of the inter-axle
differential gear 15 is shown in the diagrans (al), (a2) and (a3) in
accor danélél‘llw ig hllursgrated imtdiageamelcl)i Aeveitcly casstitsis for examipdt,dbe a6 UED

SLP1-LIM LI h t

di g B DRe e iy 188l oo e defiSed SHB A ofHon tn PRPIEID A poon as
res pect i weg@ltm Mgh YBIUSs snpvfﬁret @@tebfgcplﬁr@hél@&ﬁlsqheeﬁoal *HP t8ng walch
conpared with the respective slip response threshold value, wth 't

absol ut e exgeed thei sip sespansaittegshpld welwa BLE-EBY dni Imlaghetulm ghef a
bst i tu e vaI

falling bel The first

aBs? and UL ISP (hEMPIREsT, in RECe Bttt MY edfelliy gk sonas
and 16 f[PU§1§1W: SlipM 1609 \WLI ageldResctel Withgk ﬁ%ﬁé@eﬂﬂ@:daﬁﬁﬁi@é“&le wi th
Fig. 3. The first substitute value ABS3 of the coupling 16 of the

i nt etOax I@l@nlrafcmmqm, theawiteh haset he thalvadue érlo intacabrdanoe it a

this enb d| |n S|I val ues. SLP3 n exce

the asso ?%1 ‘& hggrpg:rdi(é g l%zﬂg}'écgﬁlﬁg-el_(&ﬂﬁ‘%’cs sl tﬂt
in tine, ﬂSom@m wwwpmafms(la?che c‘é&%'f%g%i%'ﬂrstt(%ﬁleeat%??bh?ﬂ B0 s
in accordance with Fig. 2, the respective first substitute value

ABS1, ABSa,diaps3mi ) rerlitatdr lay thegbaipt 18 tiradudi by hawererwmiocdefined slip

val ue apeterctiPB AR b dERit fic o b B Bt ndneE chiatiad Yeith Sidiuimm is
val ugsor detkRnist itkint e phhshiad %%rﬁ\ﬁélokb&lcﬁéign%?/gs%s%%h

is again selected just as large as the respective sli onse
t hr eshol ds vaseletcstirg valug Braﬁ_ﬁzstltlmm sgbe8qlieit ldm:t@@nauugrafamdeﬁned

with the diagra a3) .here for reaso f sigplicity. A
respect i @ilps%c%ﬂﬁeé%t?‘gﬁt(s a\?ﬁrﬁj&ﬁﬁﬁﬁ (bF- ﬂEB;H % ks hereby
formed, as is shown in diagram (c) in accordance with Fig. 3. Under
dynam c driving aspects, the locking of an inter-axle differential 25
gear fredlenabgverchplaisedi merkerye3iGdof ectlimbstilla¢speate usetifacti on
Wit h26he modifying of a slip sum value in the embodiment explained in the
following. Alternatively or additionally, on the presence of a slip
oscillation, the formed substitute value RED can be modified in
accordance with diagram (c), for example by multiplication by a weighting
factor. Independently of the presence of a slip oscillation, the respective
25 substitute value RED can also be multiplied by a weighting factor which
depends on different driving state parameters, for example on a slip

increase value.

The second substitute values RED formed in accordance with diagram (c)

30 are summed to an instantaneous slip sum value SUM which is shown in



smal | est negative influencing of the driving behavior. It is
therefore preferred that the coupling 16 of the inter-axle
differential gear 15 in accordance with Fig. 1 is closed before the
couplings 24, 32 of the two axle differential gears 19, 27 even if no
significant speed of rotation differengﬁ 30 is yet detected at the
inter-axle differential gear 15 (throughgoing value of 37 zero of
ABS3 in diagram (b)). In order nevertheless to control the coupling
16 of the inter-axle differential gear 15 in good tinme, the control
device 33_in accordance with Fig. 1 determ nes a maxi num val ue RED 3'
from t he dipgeamslet inacsopdaneq vatly Higied. Red meapsShadridicRespertive he

var e reneponfen P ERARERED § iR SR E S IO R bl VBl

Thi s maxiteueriatiei¥tistahsoGH el siind Relud SUMML (S nddrdtédd Shat this
respect, the maxi mumvalue RED3' is set to the negative slip reducing

val ue of ipptaRig@msOLSEIE sem vadue HLEYL inturndfarmes &g inaimed dastirimedy

posi t;sve S\{%Jo%ﬁn{ EX[6ef i B é%%t(rg%iﬁﬁéhio\éﬁlol%o slip response threshold

value) is pr esen or coup Pﬁgs 16, 24, 32 in the
respective calculation |oop. Diagram (e) in accordance with Fig. 3
shows, analog to Fig. 2, the slip sumvalue SUML of the coupling 32
of the fryartagfeom asdpeing aplyeaerert thagoist & time diy Vaisuwss 18%)

f
t he coupl jn f . rear _axl if ntial gear.19 and.the i qum
slip suma\Pag?f‘gréggR/éyc}?l etsglgo ggl%ﬁrla g %?@fm’tﬁ'éa ﬁﬂ}ee%‘?]tm i %@Zﬁ[{%
gear 15. thhe ihesReltdue 3G aMichedessly VAl SVRiH&dcorahtiee hatmed
for the couplings 24, 32 here by summ ng the respective second

subsl Pt utbageamdaRip Benqatbptheskipacspense darasdhodd ivelgeMLFRLIM, in20
However, th X val ue RED3' | cordance.w th_di,agra 3) is
used for rbﬁgn@rd r?fwng]eo as %‘ém} ‘%%ngmgﬁgpﬁéﬁ%n%mﬁyg{ﬁﬁ%ﬁ%

SUMB'  of ridpativeustdon@ dbsfithifeevaltice'RBR. A tdief goigntihatimeedy, the mBrker
accordance with Fig. 1, that is not the second substitute val ue RED3

i n accor daAEeisvpathindaeenraiance)withudiagsamo(d antk repraseots resighi ghanga of

t hr eshol | Mlaq 25, L SUMR- LI . SUMB! - L] ML '

i agr am (BF SRR ST E Srch b B cxcpioye Yo i GRF Hgtfen 2
eachisumrthesibel ich Mad uestBdvhdeoMEip SibBvalReSUM. FHetiRsSOG R the
slip sumthreshold val ue SUML-LIM or SUM2-LIM or SUMB'-LIMis

exceeded ingiamtanceust o svo spuaSUMLs multiglied by Twaghtiagfectdvel y

bei ng 9eng rl%tneldlag %rp(t)shi%ive value smaller than zero. The further summing in the
time interval t3 to t4 therefore takes place starting from a much reduced
slip sum value SUM. In the time interval t4 to t5, a constant reduction of

20 the instantaneous slip sum value SUM (negative second substitute values
RED) takes place again. At the point in time t5, a marker CHG for the
presence of a slip oscillation is again set and the instantaneous slip sum
value SUM is reduced again. In the following time interval t5 to t6, the
instantaneous slip sum value SUM again increases constantly.

25
At the point in time t6, however, a slip sum threshold value SUM-LIM is
reached in accordance with diagram (e). This has two effects. On the one
hand, a control signal CTL for the coupling is generated during a
predefined minimum holding duration to close the coupling, as is shown

30 in diagram (f). On the other hand, the instantaneous slip sum value SUM



38 respective coupling 32, 24, 16 if this is the case, as is shown in
di agram (0. The respective slip sumvalue SUM 1, SUM2, SUMB' is in
this respect always downwardly limted to the value zero and upwardly
limted to the value of the respective slip sumthreshold val ue
SUML- LI M or SUM2-LIM 5 or SUMB'-LIM Itynust be noted that the
different slip sumthreshold val ues SUML-LIM SUM2-LIM SUMB'-LIM are
of different anobunts. The shift signals CTL1, CTL2, CTL3' also have a
different duration. Each of the three couplings 32 10 or 24 or 16

respectively can hereby be indiyvidual Ié/m_cont rolled, in accordance
wi th t he igivpwpedly lapited © the ﬁllpgﬁuafflf esheld vakue SUMAdMpfaltheugh
the Ie di ff.erenti.al

f t I f

19 and of Bt bR Ve Bes Een A 7 2e a8 Ak EuRR e Piene
coupl i ng tEbtf7 g mgltha&bﬁséqﬁfeﬁ&@mhaalthgeﬁéta}ﬁah@oagmfpﬂgﬁﬁ?vmdéﬂ
Fig. 1 on the basis of a maxi num value RED3' which is selected from

t he nodi fPEY! ibssrordaneg weth diagmen i¢)udreins gontinvougly spstivg from the

of the powertrain for ch,cal o] the parti.cul ar
advantage iharty par iR R SE S TMEL I epeCRe b Tir 1 SRBRE: St lpine o
20 contraldlgd) flonafheddidt ih MEneMervhenahsl %Oﬁ'ﬂcpé‘tﬁbsﬁﬁ%dvélﬁes are
rotation difference and accordingly a significant slip sum val ue

cannot yetegriiveeagain. Hré@waverr, ha@ ?ecw;l aattb@tm@h@mtamepns @laa st value
i nt er - axl g%ffer ent rence n ner al

i ot o nSUM FOR LR o SRR e, S B RP RO M b pafle Sy is

di ff er entd@bn@@@dly limited to the value zero even if negative second substitute
10 values RED are still being formed. In other words, the instantaneous slip
sum value SUM can only adopt values between zero and the slip sum
threshold value SUM-LIM.

The control method explained with reference to Fig. 2 is characterized in

15 that the required calculations and threshold value comparisons can be
carried out particularly simply and fast and thus also make small
demands on the associated control device 33 in accordance with Fig. 1
(small calculation capacity, small memory requirement). Apart from the
formation of the markers CHG, the evaluation and further processing of

20  the slip values SLP can namely take place only using absolute values, i.e.
no calculations for negative slip values and positive slip values have to be
carried out separately from one another. A fast generation of the control
signal CTL is in particular important when the coupling is a lock for a
differential gear 15, 19, 27 since there is otherwise the risk that the

25 respective coupling 16, 24, 28 can no longer be shifted due to the arising
speed of rotation difference (in the case of a coupling operative in form-
fitting manner) or the thermal stress becomes too great (in the case of a

coupling operative in friction-engaging manner).



16coupling 17Cardan shaft 19rear axle differential gear 2lwheel 10
23rear axle 24coupling 25Cardan shaft 27front axle differential gear
29wheel 15 31front axle 32coupling 33control device 35wheel speed
sensor 37wheel speed sensor 20 38shaft speed sensor

39

The back-formation of the slip sum value SUM can be carried out in line
with requirements by the use of predefined negative substitute values
(negative values of the second substitute value RED) and can in particular
be formed in dependence on the instantaneous travel situation. An

o unwanted gear hunting on an only slowly reducing slip can in particular
be avoided since a faster reduction of the instantaneous slip sum value
SUM can be achieved by the predefined negative substitute values than
would be the case with the use of the actual slip values SLP. Since
furthermore a lower limit (zero) and an upper limit (SUM-LIM) is set for the

10 instantaneous slip sum value SUM, defined starting values also result for

the forming of the slip sum value SUM so that the generation of the
control signal CTL does not depend on a history of the slip values SLP

lying excessively far in the past.

15 Fig. 3 shows a time diagram which illustrates the use of the control
method in accordance with Fig. 2 on the three couplings 16, 24, 34 of the
4x4 all-wheel driven off-road vehicle in accordance with Fig. 1. In this
respect, a procedure is followed in an analogous manner to the control
method in accordance with Fig. 2 for each of the two couplings 24, 32 of

20  both axle differential gears 19, 27, with the setting of markers CHG on the
detection of a slip oscillation in accordance with diagram (d) of Fig. 2 being
omitted in the embodiment shown. The control method is, however,

modified for the coupling 16 of the inter-axle differential gear 15.

25 The respective slip value SLP1, SLP2 and SLP3 of the coupling 32 of the
front axle differential gear 27 or of the coupling 24 of the rear axle
differential gear 19 or of the coupling 16 of the inter-axle differential gear
15 is shown in the diagrams (al), (a2) and (a3) in accordance with Fig. 3.
The respective slip response threshold value SLP1-LIM or SLP2-LIM or

30 SLP3-LIM is equally shown in these diagrams. As already explained in



39further sensor SLPslip value SLP-LIM slip response threshold
val ue 25 ABSfirst substitute value ABS-LIMslip reducing threshold
val ue REDsecond substitute val ue CHGrarker for slip oscillation
SUM nst ant aneous slip sumvalue 30 SUMLIMSsIlip sumthreshold val ue
CTLcontrol signal ttime 41 Cainms 5 14 nmethod of controlling at

| east one coupling (16, 24, 32) in a

10

15

20

25

30

connection with Fig. 2, the respective slip value is converted into an
absolute value and is compared with the respective slip response
threshold value, with the absolute value being substituted by the value
zero in the case of a falling below in magnitude. The first substitute values
ABS1 and ABS2 and ABS3 respectively resulting for the three couplings
32, 24 and 16 from this are shown together in diagram (b) in accordance
with Fig. 3. The first substitute value ABS3 of the coupling 16 of the inter-
axle differential gear 15 has the value zero at all times in this embodiment
since the underlying slip values SLP3 do not exceed the associated slip
response threshold value SLP3-LIM at any point in time, as shown in

diagram (a3).

Analogously to the control method in accordance with Fig. 2, the
respective first substitute value ABS1, ABS2, ABS3 is reduced by a slip
reducing value which corresponds in magnitude to a respective slip
reducing threshold value ABS1-LI or ABS2-LI; or ABS3-LIM. The
respective slip reducing value or slip reducing threshold value ABS1-LIM,
ABS2-LIM, ABS3-LIM is again selected just as large as the respective slip
response threshold value SLP1-LIM or SLP2-LIM or SLP3-LIM in
accordance with the diagrams (al) to (a3) here for reasons of simplicity. A
respective second substitute value RED1 or RED2 or REDS3 is hereby

formed, as is shown in diagram (c) in accordance with Fig. 3.

Under dynamic driving aspects, the locking of an inter-axle differential
gear frequently achieves the largest effect with respect to traction with the
smallest negative influencing of the driving behavior. It is therefore
preferred that the coupling 16 of the inter-axle differential gear 15 in
accordance with Fig. 1 is closed before the couplings 24, 32 of the two axle
differential gears 19, 27 even if no significant speed of rotation difference

is yet detected at the inter-axle differential gear 15 (throughgoing value of



powertrain of a notor vehicle, in particular of controlling at |east
one coupling operative in formfitting manner of a differential |ock
of an off-road vehicle, wherein at | east the foll ow ng
steps are carried out in a respective 10cal cul ation | oop: determ ning
at |east one slip value (SLP) which regtesents an instantaneous slip
between different axles (23, 31) of the notor vehicle or between
different wheels (21, 29) of an axle; form ng an absol ute val ue of
the slip value (SLP) which 15corresponds to the amount of the slip
val ue; summ ng the absolute value or a substitute value (RED) derived
her ef r om#°50 #T1A4893 fiprHagram; (b)k dm arsenaavstinslesaie castel thRcowpling

slip sum . I.n

slip sumlﬁ})ggh(% g%ﬁ%r aXlF hdlgfeg?n%ajz%esalfmlgﬁgpe‘g% ré/é;ﬁ&g f@%ﬁaﬁ}%gand
gener at i rig sccoedhnot withrig. ( @diprindnesiatmakinoirh Ralce REDR) frd@, thed,
32) if the instantanequs,slip sumval ue reaches or exceeds the slip

sum t hr edh6£@ SeePRe. S%tguAe ralwe RED heREDf and REDR & Aherespective
wher egn %@m&foﬁ Iot 5 £3h evlap %@B)dt @&béa raabpgegétw Ozgé}e

absol ute val ue or su IS prefe sume

pr edef i nEREBBafolriritg] Mﬁl:h@ resﬁé’ct&le daleelldion ilfopCThRIARGEMMhhvallal m
1, wherein a check is made whether a slip_oscillation is present,
wi th t he RRBBait shewisinsthe diagram|(ed). (suikys r@meqtaﬂtle PaaFERUE] Valusum

val ue or st |
5this is %lﬁgscaésgééwag%%%%gisnﬁ)a}(':%gi&écigy ce W tolfi:%? ’{’ﬁg e ?% Ogthe
inter-axle differential gear 15 if a positive value (exceeding the respective
10  slip response threshold value) is not present for any of the couplings 16,

24, 32 1n the respective calculation loop.

Diagram {e) in accordance with Fig. 3 shows, analog to Fig. 2, the slip sum
value SUMI1 of the coupling 32 of the front axle differential gear 27, the

15  slip sum value SUM2 of the coupling 24 of the rear axle differential gear
19 and the maximum slip sum value SUM3' of the coupling 16 of the
inter-axle differential gear 15. The respective instantaneous slip sum value
is also formed for the couplings 24, 32 here by summing the respective
second substitute value RED1, RED2 to the last-formed slip sum value.

20 However, the maximum value RED3' in accordance with diagram (c3) is
used for the forming of the instantaneous maximum slip sum value SUM3'
of the coupling 16 of the inter-axle differential gear 15 in accordance with
Fig. 1, that is not the second substitute value RED3 in accordance with
diagram (c). Furthermore the respective slip sum threshold value SUM1-

25 LIM or SUM2-LIM or SUM3'-LIM is shown in diagram {e).

A check is made in the respective calculation loop for each sum threshold

value SUM1, SUM2, SUM3' whether the associated slip sum threshold

value SUM1-LIM or SUM2-LIM or SUM3'-LIM is exceeded, with a control
30 signal CTL1 or CTL2 or CTL3' respectively being generated for the



wherein the slip sumvalue is nmultiplied by a weighting factor which
has a val ue between zero and one for the nodifying of the

10i nst ant aneous or last-forned slip sumvalue (SUM; or wherein the
slip sumthreshold value is multiplied by a weighting factor |arger
than one for the nodifying of the slipagumthreshold value (SUMLIM.
15 5. A nmethod in accordance with claim3, wherein nonitoring is
carried out for the check of whether a slip oscillation is present
whet her the determ ned slip values (SLP) change sign at |east once
wWithin a predefined tine period or. within a 20predefined nunber of
cal cul at i'"6¥PFEHKS coBPlingd2ndd, ilf bbby o cart Rt isashewn inndiegramy

ositive @n Iréegﬁ b d e J e t
!Dnt o] acco@h? 1-l%or tgh\r(rrlg)r# ﬁ?@ﬁggﬁ% ﬁgrmk hgvﬁ%é?éﬁ%gﬁlgg& s |1§ r\?gigggts
change sigwadts dewatvardbelimited\ toehbodlue zaes ahdanperantiishligdieddned the
wherein a slip oscillation npnitored value_ is_increased by a
pr edef i ne@lug|afdherrespsctive shingerovthresbolibvabug SEME M vz SIEM3-4IM
30f ougd, W &tvpkhe iyl p oscillation nonitored val ue being reduced by a
43 )

It must be noted that the different slip sum threshold values SUM1-LIM,
SUM2-LIM, SUM3'-LIM are of different amounts. The shift signals CTL1,
CTL2, CTL3' also have a different duration. Each of the three couplings 32
10  or 24 or 16 respectively can hereby be individually controlled, in
accordance with the different dynamic driving effects of the locking of the
front axle differential gear 27, of the rear axle differential gear 19 and of

the inter-axle differential gear 15.

15 The control of the coupling 16 of the inter-axle differential gear 15 in
accordance with Fig. 1 on the basis of a maximum value RED3' which is
selected from the modified absolute values of the plurality of couplings 16,
24, 32 of the powertrain for each calculation loop has the particular
advantage that the coupling of the inter-axle differential gear 15 is

20 controlled at an early time even if a significant speed of rotation difference
and accordingly a significant slip sum value cannot yet be determined at

the two output shafts 17, 25 of the inter-axle differential gear 15.



predefined val ue when a predefined linme interval or a predefined
nunber of cal culation | oops has el apsed and with the presence of a
slip oscillation being detected if the slip oscillation nonitored
val ue reaches or exceeds a slip oscillation threshold value. 5 8. A
met hod in accordance with claim 1, wherg n the absolute value of the
slip value (SLP) is conpared with a slip response threshold val ue
(SLP-LIM, with the absolute val ue being substituted by a substitute
val ue (ABS) before or in the step of 10 the summ ng which has the
val ue zero or a negative value if the absolute _value is smaller than
the slip response threshold v T = erad list et hod in
accordance with claim@8, 15wherein the substitute val ue corresponds
to a difference between the absolute value and the slip response
t hreshol dl val ue i f iritleenabsednlhestical sagirse | arger than the slip
response threshold value. 10., A nethod in accordance with claiml1,
20wher ei '3 he absoMAB {FaN§EUEHIOhe sl ip val ue or a substitute val ue
(ABS) sal rgady deriygad h ﬁg&ﬂﬁ%gﬁigfgggpd by a slip reducing val ue
before or 1n the step of sunm ng Fo Oofm a positive or negative
substitutks val ue (&mpliag a case by case basis. 25 11. A nethod in
accordance with claim1, wherein the absolute value of the slip value
or a substftute vapéédﬁﬂBgfdﬁlready derived herefromis conpared with
aslipr cing th . . -11M, with the absol ute val ue or
t he subs?ﬁ%ute vaIﬁ%ﬁ?%$g5&@%¥§%gépég%%ved her ef rom bei ng substituted
by a 30suhistitute wideek (RED) having a negative sign before or in the
st ep_ of
10

23 rear axle
24 coupling
25 Cardan shaft
27 front axle differential gear
29 wheel
15 31 front axle
32 coupling
33 control device
35 wheel speed sensor
37 wheel speed sensor
20 38 shaft speed sensor
39 further sensor
SLP slip value

SLP-LIM  slip response threshold value
25 ABS first substitute value
ABS-LIM  slip reducing threshold value

RED second substitute value
CHG marker for slip oscillation
SUM instantaneous slip sum value

30 SUM-LIM slip sum threshold value



44 sunmming if the absolute value or the substitute val ue (ABS)

al ready derived herefromfalls belowthe slip reducing threshold
value (ABSLIM. A nethod in accordance with claim1l, wherein the

i nstantaneous slip sumvalue (SUM is set to the value of the slip
sum threshold value (SUMLIM if the ingfantaneous slimsumval ue
exceeds the slip sumthreshold value. A nmethod in accordance with
claim1, wherein a check is nade whet her the instantaneous slip sum
value (SUM has a negative sign, with the instantaneous slip sum
val ue beiq% set to the value zero if this is the case. A nethod in
accor danceThi t h cl §PREPl sigdlein a slip increase value is forned
which represents ag e gradient of a slip increase, with the

absol ute value or a Substitute val ue already derived herefrom bei ng
substituted before or in the step of summ ng by a substitute val ue
whi ch corresponds to a product of the absolute value or the
substitute value already derived herefrom and of a slip increase
wei ghting factor which depends on the slip increase value. A nethod
in accordance with claim 14, wherein a difference between the

absol ute value forned in the instantaneous cal culation | oop and the
absolute loop forned in a preceding calculation loop is forned for
the formng of the slip increase value. 45



16.

10

15

20

25

17.

10

18. 15 19. 20. 20

41

Claims

A method of controlling at least one coupling (16, 24, 32} in a

powertrain of a motor vehicle, in particular of controlling at least

one coupling operative in form-fitting manner of a differential lock of

an off-road vehicle,

wherein at least the following steps are carried out in a respective

calculation loop:

determining at least one slip value (SLP) which represents an
instantaneous slip between different axles (23, 31) of the
motor vehicle or between different wheels (21, 29} of an axle;
forming an absolute value of the slip value (SLP} which
corresponds to the amount of the slip value;

summing the absolute value or a substitute value (RED)
derived herefrom to a last-formed slip sum value to form an
instantaneous slip sum value (SUM);

comparing the instantaneous slip sum value (SUM) with a slip
sum threshold value (SUM-LIM); and

generating a control signal (CTL) for actuating the coupling
(16, 24, 32) if the instantaneous slip sum value reaches or

exceeds the slip sum threshold value.

A method in accordance with claim 1,

wherein on a first-time carrying out of the step of the summing, the

absolute value or substitute value (RED) is preferably summed to a

predefined starting value.



25 A method in accordance with claim 15, wherein the naned
difference is divided by a value which represents the tine duration
bet ween the preceding cal culation | oop and the instantaneous
calculation | oop. A nmethod in accordance with claim 14, wherein the
slip increase weighting factor is set g a positive value larger than
one if the fornmed slip increase value represents a positive tine
gradient of a slip increase. A nethod in accordance with claim 14,
wherein the slip increase weighting factor is selected to be the

| arger, the larger the slip ipcrease value is. A nethod in accordance
with clain 1, ‘%\A%%‘?@W thacePidRrNGecVERselal® Yhting factor is set to

th I | { Bl rent ' e
A et hod | - acKas HaRce ar TR e P P HEr RS SR et Bl e MG
a slip oscill ahicamsitsntresant slipistiin tvaéualfSUMIL, ehedhspfatmed slip sum

substitute value already derived herefrom being substituted if this
is the case befdve Brihesimesumethrsshelghihye @M-&Iwmlpg medifigriié

whi chscorrequpl%i% P cpkeduct of the absolute value or the
substitute value a rea&y derived herefrom and of a slip oscillation
wei ghting factor. 21. A nmethod in accordance with claim 20,

4, A method in accordance with claim 3,
wherein the slip sum value is multiplied by a weighting factor which
has a value between zero and one for the modifying of the
10 instantaneous or last-formed slip sum value (SUM);
or
wherein the slip sum threshold value is multiplied by a weighting
factor larger than one for the modifying of the slip sum threshold
value (SUM-LIM).
15
S. A method in accordance with claim 3,
wherein monitoring is carried out for the check of whether a slip
oscillation is present whether the determined slip values (SLP)
change sign at least once within a predefined time period or within a

20 predefined number of calculation loops.

6. A method in accordance with claim 5,
wherein a positive and a negative response threshold value (SLP-
LIM) are taken into account for the monitoring whether the

25 determined slip values change sign at least once.

7. A method in accordance with claim 5,
wherein a slip oscillation monitored value is increased by a
predefined value if a sign change of the determined slip values is

30 found, with the slip oscillation monitored value being reduced by a



wherein a nonitoring is carried out for the check of whether a slip
oscillation is present whether the determ ned slip values change 46
sign at |east once within a predefined tine period or within a
predefi ned nunber of calculation |oops. 22. A nmethod in accordance
with claim2l, 5wherein a positive andga negative response threshold
val ue are taken into account for the nonitoring whether the

determ ned slip values change sign at |east once. 23. A nethod in
accordance with claim 20, 10wherein the slip oscillation weighting
factor is set to agggsitive val ue unequal to one if it is detected

that a slip ofErAFHRFEValveorasR M Predrfinghisin niseval ppagaredefiaeron
wei ghting fac ' t v hf.dd: LS 4f t I
osci 11 at on | & PsErtoduififor BAIR RIS dldpddd hid WHA i BlodihcRdrts
wher ei n the calip osgllation Bding3@gteicsedaift tibat sidp b@bilﬁxtﬁgrﬁd@dréﬂﬂ@ﬁbd value
m ni nrum hol ding duration in _the ¢losing direction_in dependence on

t he generated rggﬁﬁﬁ%prsqxgﬁgﬁs@g}y,osml atiqmy gheesihnld vgdwei ng bi ased in
the ogening direction and opening automatically as soon as the
20coupling is no longer actuated in the closing direction and no

t or que or8.onl A metimld irt acemreldrscet witisélaimet, vi a t he coupl i ng.

wherein the absolute value of the slip value (SLP) is compared with a

slip response threshold value (SLP-LIM), with the absoclute value

being substituted by a substitute value (ABS) before or in the step of
10 the summing which has the value zero or a negative value if the

absolute value is smaller than the slip response threshold value
(SLP-LIM).

9. A method in accordance with claim 8, ‘
15 wherein the substitute value corresponds to a difference between
the absolute value and the slip response threshold value if the

absolute value is larger than the slip response threshold value.

10. A method in accordance with claim 1,
20 wherein the absolute value of the slip value or a substitute value
(ABS) already derived herefrom is reduced by a slip reducing value
before or in the step of summing to form a positive or negative

substitute value (RED) on a case by case basis.

25 11. A method in accordance with claim 1,
wherein the absolute value of the slip value or a substitute value
(ABS) already derived herefrom is compared with a slip reducing
threshold value (ABS-LIM), with the absolute value or the substitute
value (ABS) already derived herefrom being substituted by a

30 substitute value (RED) having a negative sign before or in the step of



25. A nmethod in accordance with claim1l, wherein a plurality of
couplings (16, 24, 32) are provided in the 25powertrain of the notor
vehicle, in particular a plurality of couplings operative in
formfitting manner of a respective differential |ock; wherein, for
some (24, 32) or all of the plurality @f4 couplings, the steps are
carried out in the respective calculation | oop of determning at

| east one slip value (SLP1, SLP2) of the respective 30coupling;
form ng an absolute value of the slip value (SLP1, SLP2) of 47 the
respective coupling; sunmmng the absolute value or a substitute val ue

(RED 1, RED2) Pmiag Héherhsolats wlueser tloe salstitue cakme/HIBR) alseady
forming an | NGNS BRI Ue (B, BN Ol S e (rEs,

respective coupling; conparing theé ins NeEOUs™ s
1, SUM) withIaMlip sumthreshold value (SUML-LIM SUM-LIM of the
respective coupling; and generating a control signal (CTL1, CTL2) for

actuating the respective coupling on reaching or exceeding the

respegtivge, sli R\,\%léﬁ%griﬁs&@ogﬁéﬁk‘g%it%%lé%‘ 1A met hod in accordance

wi th ¢l ai'm25, erern sone of the plurality of

coupl i ngs ar e whetdinl thednistaerandans sip @uranelas esan). is2%6t B 1R e
in accordance with claim?25, )
of the slip sum threshold value (SUM-LIM) if the instantaneous slim

sum value exceeds the slip sum threshold value.

10 13. A method in accordance with claim 1,
wherein a check is made whether the instantaneous slip sum value
(SUM) has a negative sign, with the instantaneous slip sum value

being set to the value zero if this is the case.

15 14. A method in accordance with claim 1,
wherein a slip increase value is formed which represents a time
gradient of a slip increase, with the absolute value or a substitute
value already derived herefrom being substituted before or in the
step of summing by a substitute value which corresponds to a

20 product of the absolute value or the substitute value already derived
herefrom, and of a slip increase weighting factor which depends on

the slip increase value.

15. A method in accordance with claim 14,
25 wherein a difference between the absolute value formed in the
instantaneous calculation loop and the absolute loop formed in a
preceding calculation loop is formed for the forming of the slip

increase value,



15wherein different threshold val ues, different weighting factors
and/ or different m ni mum hol di ng durations are used for controlling
the plurality of couplings (16, 24, 32). 28. A nethod in accordance
with claim?25, 20wherein the plurality of couplings include at |east
one coupling (16) of an inter-axle difkerential |ock (15) and at

| east two couplings (24, 32) of a respective axle differential |ock
(19, 27), with at least the follow ng steps being carried out for the
coupling (16) of the inter- axle differential lock (15) in the
respective cal culation |oop: 25determ ning at | east one slip val ue

(SLP3) whi®h rfepradest in arcomdanas WHE0HSISY { D bet ween different axles

(23, 31) of t ols j ;14 I f .t '
Vai e (5LP3) WS oTEGRs e R Pho0 S0 i £ SHEY rDigh s ehes
sel ecting a nekientimevalireti¢iEdweeh i pleecdbsg ctlenlxabidsopa@ dhé or
a group (16, 24, 32) of couplinq§ in the respective calculation |oop
or from subst iigtanianeess ¢REBlAtORYYD. RED3) derived her ef rom
5sunmikng the maxi mum val ue (RED3') or a substitute val ue derived
herefromto a last-fornmed nmaxi mum slip sumvalue to form an
i nst ant arkkaus Arexétiion 81 apcorlauree(WiMBelhitor4f he coupling (16) of the
inter-axle differential | ock (15); L . o

wherein the slip increase weighting factor is set to a positive value

larger than one if the formed slip increase value represents a

positive time gradient of a slip increase.

10
18. A method in accordance with claim 14,
wherein the slip increase weighting factor is selected to be the

larger, the larger the slip increase value is.

15 19. A method in accordance with claim 1,
wherein the slip increase weighting factor is set to the value one if

the slip increase value represents a slip decrease.

20. A method in accordance with claim 1,

20 wherein a check is made whether a slip oscillation is present, with
the absolute value or a substitute value already derived herefrom
being substituted if this is the case before or in the step of summing
with a substitute value which corresponds to a product of the
absolute value or the substitute value already derived herefrom, and

25 of a slip oscillation weighting factor.

21. A method in accordance with claim 20,
wherein a monitoring is carried out for the check of whether a slip

oscillation is present whether the determined slip values change



conparing the instantaneous maxi numslip sumvalue 10(SUMB') with a
maxi mum slip sumthreshold value (SUMB'- LIM; and generating a
control signal (CTL3') for actuating the coupling (16) of the
inter-axle differential lock (15) if the instantaneous nmaxi mumslip
sum val ue reaches or exceeds the maxi my@ 15slip sumthreshold val ue.
29. A nethod in accordance with claim 28, wherein the selection of

t he maxi num val ue (RED3') only takes place after a check has been
made whet her the absol ute val ues 20forned in the respective

cal culation | oQ uld be substituted b respectlv subs ltute
val ue and, if Stlgpfql 8n89§’\é1%h’é'¥ Bdireds nFQs P"?Féo oV fal ue

has been substﬁ%ﬁ%e@nﬁ%mdlgwﬁldﬁh@g_RED 1, RED2, RED3). 25
g9

30. A powertrain of a motor vehicle havin | east one coupling (16,
24, 32), in particular at |east one coupling operative in
formfitt ggnner adff rentla Iock an off-road vehicl e,

f
and havi ﬁ‘??%?o By PEEO rl'ﬂ?Wét él to carry out at |east
the fgllow ng xﬁh@fb‘in'é‘ﬁ%d‘tﬁ%’&ﬁ&' Vﬁe%&ﬂﬁ%" h’%ﬂb&ﬂsé M shol? value are

determ ning at |east one slip value represents an
i nst ant aneous tskiep indo wesouditffbe tketmanitesing2@he8igr tie theermmined slip

vehicl e or betvgxﬁen db ferent V\/n els éf‘l 29) of an axle; formng an
absol ut e val ud Pt FENEEPIET ef‘ﬁ Cwhi ch

23. A method in accordance with claim 20,
10 wherein the slip oscillation weighting factor is set to a positive value
unequal to one if it is detected that a slip oscillation is present, and
wherein the slip oscillation weighting factor is set to the value one if

it is found that no slip oscillation is present.

15 24. A method in accordance with claim 1,
wherein the coupling (16, 24, 32) is actuated for a predefined
minimum holding duration in the closing direction in dependence
on the generated control signal (CTL), with the coupling being biased
in the opening direction and opening automatically as soon as the
20 coupling is no longer actuated in the closing direction and no torque

or only a small torque is transferred via the coupling.

25. A method in accordance with claim 1,

wherein a plurality of couplings (16, 24, 32) are provided in the

25 powertrain of the motor vehicle, in particular a plurality of couplings
operative in form-fitting manner of a respective differential lock;
wherein, for some (24, 32) or all of the plurality of couplings, the
steps are carried out in the respective calculation loop of
determining at least one slip value (SLP1, SLP2) of the respective

30 coupling; forming an absolute value of the slip value (SLP1, SLP2) of



5corresponds to the anount of the slip value; sunmm ng the absol ute
val ue or a substitute value (RED) derived herefromto a | ast-forned
slip sumvalue to form an instantaneous slip sumvalue (SUM;
conparing the instantaneous slip sumvalue (SUM with a slip 10sum
threshold (SUMLIM; and generating agqgontrol signal (CTL) for
actuating the coupling (16, 24, 32) if the instantaneous slip sum
val ue reaches or exceeds the slip sumthreshold val ue.

the respective coupling; summing the absolute value or a substitute
value (RED1, RED2) derived herefrom to a last-formed slip sum
value for forming an instantaneous slip sum value (SUM1, SUM2) of
the respective coupling; comparing the instantaneous slip sum

5 value (SUM1, SUM2) with a slip sum threshold value (SUM1-LIM,
SUMZ2-LIM]) of the respective coupling; and generating a control
signal (CTL1, CTL2) for actuating the respective coupling on

reaching or exceeding the respective slip sum threshold value.

10 26. A method in accordance with claim 25,
wherein some (24, 32) or all of the plurality of couplings are

controlled independently of one another.

27. A method in accordance with claim 25,
15 wherein different threshold values, different weighting factors
and/or different minimum holding durations are used for controlling

the plurality of couplings (16, 24, 32).

28. A method in accordance with claim 25,
20 wherein the plurality of couplings include at least one coupling (16)
of an inter-axle differential lock (15) and at least two couplings (24,
32) of a respective axle differential lock (19, 27), with at least the
following steps being carried out for the coupling (16) of the inter-
axle differential lock (15) in the respective calculation loop:

25 - determining at least one slip value (SLP3) which represents an
instantaneous slip between different axles (23, 31) of the
motor vehicle;

- forming an absolute value of the slip value (SLP3) which

corresponds to the amount of the slip value;
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- selecting a maximum value (RED3') from the absolute values
formed for a group (16, 24, 32) of couplings in the respective
calculation loop or from substitute values (RED1, RED2,
RED3) derived herefrom;

- summing the maximum value (RED3') or a substitute value
derived herefrom to a last-formed maximum slip sum value to
form an instantaneous maximum slip value (SUM3') for the
coupling (16) of the inter-axle differential lock (15);

- comparing the instantaneous maximum slip sum value
(SUMS3') with a maximum slip sum threshold value (SUM3'-
LIM); and
generating a control signal (CTL3') for actuating the coupling
(16) of the inter-axle differential lock (15) if the instantaneous
maximum slip sum value reaches or exceeds the maximum

slip sum threshold value.

A method in accordance with claim 28,

wherein the selection of the maximum value (RED3') only takes
place after a check has been made whether the absolute values
formed in the respective calculation loop should be substituted by a
respective substitute value and, if this is the case, after the
respective absolute value has been substituted by the substitute
value (RED1, RED2, RED3).

A powertrain of a motor vehicle having at least one coupling (16, 24,
32), in particular at least one coupling operative in form-fitting
manner of a differential lock of an off-road vehicle, and having a
control device which is designed to carry out at least the following

steps in a respective calculation loop:
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determining at least one slip value (SLP) which represents an
instantaneous slip between different axles (23, 31) of the
motor vehicle or between different wheels (21, 29) of an axle;
forming an absolute value of the slip value (SLP) which
corresponds to the amount of the slip value;

summing the absolute value or a substitute value (RED)
derived herefrom to a last-formed slip sum value to form an
instantaneous slip sum value (SUM);

comparing the instantaneous slip sum value (SUM) with a slip
sum threshold (SUM-LIM); and

generating a control signal (CTL) for actuating the coupling
(16, 24, 32) if the instantaneous slip sum value reaches or

exceeds the slip sum threshold value.



