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(7) ABSTRACT

A method for creating a maintenance algorithm for a fleet of
vehicles, with which maintenance information can be col-
lected and displayed in each vehicle of the fleet. In the fleet
vehicles, sensor data that are indicative of a stress on
components in the vehicles are used to derive stress vari-
ables. The ascertained stress variables are stored in the
vehicles for a predetermined period and, if a wear-related
event occurs, wear variables that characterize a wear-related
event are additionally ascertained. The stress variables and
the wear variables are transmitted to a central location or
station, in which the previous maintenance algorithm is
checked with the use of the stress and wear variables, and,
if applicable, an improved maintenance algorithm can be
derived. The maintenance algorithm serves in establishing
and indicating a time when the vehicle should be serviced.
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METHOD FOR CREATING A MAINTENANCE
ALGORITHM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims the priority
date of German Application No. 101 48 214.0, filed on Sep.
28, 2001, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates to a method for creating a
maintenance or service algorithm for a fleet of vehicles,
which can be used to ascertain and display maintenance
information in each vehicle of the fleet.

[0003] DE 3110774 Al discloses a maintenance algorithm
for determining maintenance and servicing intervals; this
algorithm allows maintenance and service work to be per-
formed as a function of wear levels. For this purpose,
operating variables or values are ascertained and compared
to predetermined threshold values. If an operating variable
or value has exceeded a predetermined threshold value, the
driver is notified that maintenance work is necessary.

[0004] DE 4446512 Al discloses an apparatus for per-
forming a vehicle test and evaluating vehicle malfunctions.
The apparatus transmits breakdown and malfunction mes-
sages via a mobile radio telephone to a central station or
location, which in turn transmits control information and
warning messages to the vehicle for remedying the malfunc-
tion or prompting the driver to find a repair shop.

[0005] Furthermore, DE 19853000 A1 discloses a method
for supplying motor vehicles with data that serve in moni-
toring the function of vehicles. The data, e.g., operating and
diagnosis data, are transmitted wireless to a central station or
location, which then transmits parameters, programs or
program excerpts to the vehicle. The data transmitted to the
vehicle are used in the vehicle for diagnostic purposes, such
as for the brake system, or for information about brake liner
thicknesses. This document, however, does not give any
indication of how to optimize a maintenance or diagnostic
algorithm.

SUMMARY OF THE INVENTION

[0006] Tt is the object of the invention to provide a method
for creating a maintenance algorithm for a vehicle fleet, the
method allowing the maintenance algorithm to be opti-
mized.

[0007] The above object generally is achieved according
to the present invention by a method for creating a mainte-
nance or service algorithm for a fleet of vehicles, with the
algorithm being used to ascertain maintenance or service
information in each vehicle of the fleet, and with the method
comprising: collecting sensor data that are indicative of a
stress on components in the vehicles; using the collected
sensor data to derive stress variables in the vehicles of the
fleet; storing the stress variables in the vehicles for a
predetermined time frame and, if a wear-related event
occurs, additionally ascertaining wear variables; transmit-
ting the stress variables and the wear variables to a central
station; and in the central station or location, checking a
previous maintenance algorithm with the use of the stress
and wear variables, and, if applicable, deriving an improved
maintenance algorithm.
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[0008] In the method according to the invention for cre-
ating a maintenance or service algorithm for a fleet of
vehicles, each vehicle of the fleet detects sensor data that are
indicative of stress or abrasion of vehicle components, such
as electrical, electronic or mechanical aggregates in the
vehicle. The vehicle fleet typically comprises numerous
vehicles that have already been delivered to customers.

[0009] Stress values or variables are derived from the
collected sensor data. To this end, several quantities of
sensor data can be linked to form collectives or stress
variables. For example, the vehicle speed can be determined
as a stress value or variable from the wheel rpms complied
for all four wheels. Other examples of stress variables
include the number of ABS braking processes, the number
of startups or the cooling operation of the climate-control
system, the fuel consumption, the external temperature, the
quality of the exhaust gas, or the quantity or temperature of
the exhaust gas. In particular, a plurality of individual data
(sensor data or stress variables) can be combined to form a
data set (e.g., in the form of a quantity of data or a
multidimensional data field), which can in turn represent a
stress variable.

[0010] A stress variable can relate to a specific vehicle
component, in which case the stress variable offers definitive
information about how much stress the vehicle component
has experienced. An example of a stress variable that is
specific to the stress on the starter is the number of startups.
Another starter-related stress variable can include the exter-
nal temperature and the engine temperature during startup,
or the duration of the startup. A further stress variable, which
can be used for determining the service life of the battery,
can additionally include, for example, the battery-charge
status during a startup. Simple stress variables include the
length of operation of a vehicle component and the mileage
of the vehicle.

[0011] In accordance with the invention, a memory device
in the vehicle stores the stress variables for a predeter-
minable period, particularly since the initial startup of a
vehicle, since the first startup of a vehicle component, since
the last maintenance on the vehicle or since the last data
transmission. These data can be employed in estimating the
total stress of a vehicle component. At preset times, particu-
larly at the time of a wear-related event, the stored stress
variables are transmitted to a central station; in addition to
the stress variables, wear variables are also preferably trans-
mitted to the central station. The comparison values char-
acterize the wear-related event. Examples of wear-related
events include the breakdown of a component, such as a
generator or a headlight element, or the electronic detection
of abrasion of a brake lining up to a threshold determined by
the detection device. Examples of the corresponding wear
variables include the vehicle components affected by the
wear-related event, such as a generator, brake lining, etc., the
time and date of the wear-related event and the nature of the
event.

[0012] As an alternative to transmitting the stress and wear
variables to the central station or location when a wear-
related event occurs, the stress variables are transmitted to
the central location at preset intervals, such as each time
maintenance work is performed on the vehicle.
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[0013] The data can be transmitted to the central location
directly, e.g., telematically, or indirectly via a diagnostic
device in a repair shop or via a different data-acquisition and
transmission system.

[0014] In the central location, the transmitted data, espe-
cially the stress and wear variables and the vehicle-type data,
are collected, stored and used to check the maintenance
algorithm that was previously used, and possibly to create a
new, improved maintenance algorithm. In the central loca-
tion, manufacturer data or data stemming from the research,
development or production department may be utilized in
addition to the wear and stress variables for creating the new
maintenance algorithm.

[0015] The advantage of the method according to the
invention is that the ascertaining of maintenance informa-
tion, and especially the issue of a preventive warning to the
driver about the foreseeable time remaining before a com-
ponent breaks down or wears, take into account empirical
knowledge that can be made available from data collected
for numerous other vehicles. The disclosed method permits
a comprehensive, fast incorporation of the data from other
vehicles. The maintenance algorithm can be routinely
improved and updated on the basis of the experience of the
fleet. Further advantages include a reduction of the data that
are stored in the vehicle (onboard), transmitted to the central
station (location) and evaluated there. This data reduction is
effected by the inclusion of stress variables that replace the
comprehensive sensor data, on the one hand, and by the
transmission of the data precisely when a wear-related event
occurs, on the other hand. This eliminates the need to collect
and evaluate all of the data from the fleet vehicles on an
ongoing basis in the central location.

[0016] Ina modification of the method, the data relating to
an improved algorithm, an improved portion of the mainte-
nance algorithm or altered parameters of the maintenance
algorithm are transmitted to the vehicles of a fleet, and the
improved maintenance algorithm is implemented in the
affected vehicles with the use of the transmitted data. The
advantage of this modification is that the improved mainte-
nance algorithm is not only implemented in new, as-yet
undelivered vehicles, but also in all vehicles already in use.

[0017] The data exchange between the vehicle and the
central location can be incorporated into a shop appoint-
ment, or be effected at an established location of the vehicle,
but is preferably effected wireless and during normal driving
operation of a vehicle.

[0018] In an advantageous embodiment of the invention,
the wear and stress variables of vehicles of the same type,
especially vehicles of a comparable configuration, are evalu-
ated for improving the maintenance algorithm. This is
advantageous because knowledge gained from data relating
to vehicles of a single type can easily be transmitted to a
vehicle of the same type and/or to vehicles of the same or
similar configuration. In vehicles of the same vehicle type,
identical stress variables result in comparable wear, and the
service life and causes for breakdowns of components can
be transferred to vehicles of similar configuration.

[0019] In an embodiment of the method, a wear profile is
assigned to the stress and wear variables in the central
location. The data of a wear profile are evaluated precisely
when a predeterminable, significant number of wear-related

Apr. 3, 2003

events of a wear profile (incidences of wear with comparable
or similar marginal conditions) is present, which can be
checked with a threshold-value function, for example. If an
evaluation of the wear-related events of a wear profile yields
the assessment that the maintenance algorithm can be
improved, the data for implementing the improved mainte-
nance algorithm are transmitted to the vehicles of the
relevant vehicle type having the relevant configuration. A
plurality of configurations of a vehicle type, or a plurality of
vehicle types of a particular vehicle configuration, may be
affected by the new maintenance algorithm.

[0020] The frequency of wear-related events and a corre-
lation of ascertained parameters, particularly from correlat-
ing stress variables, can be used in the central location to
determine systematic connections between stress variables
and the service life of components, which are then used to
improve the maintenance algorithm, for example, through
the incorporation of stress variables that have not yet been
taken into account. Moreover, a manufacturer can be
informed of the weak points of a component or structural
part. Forwarding information about causes of wear to
vehicle manufacturers or suppliers gives them the opportu-
nity to improve the product quality in view of the actual
stresses to which a vehicle component is subjected in
practical use.

[0021] In a modification of the method, when a wear-
related event occurs, a repair shop, a replacement-part
supplier or distributor of replacement parts is telematically
informed of the wear profile, in addition to the central
location. The information may be transmitted directly from
the vehicle or via the central location. This allows prepara-
tions to be made for a repair, such as the ordering of a needed
replacement part or the shipping of a replacement part to the
relevant location. In a repair shop, the required capacity for
performing the repair work can be planned. This can further
decrease the waiting time for the vehicles.

[0022] A vehicle that has been prepared for the execution
of the method has an onboard electronic system with an
implemented maintenance algorithm, which uses the stress
variables to ascertain maintenance information, such as a
servicing time for a vehicle component. The maintenance
information, which can be displayed optically or acousti-
cally, can be transmitted to the vehicle driver, a registered
keeper or a fleet administrator. The onboard electronic
system also permits the transmission of data to a device
remote from the vehicle, such as to a diagnostic device in a
repair shop, or a telematic transmission to a central location.

[0023] The onboard electronics system can determine an
optimum maintenance time for a vehicle component, or for
the entire vehicle, by checking whether an operating variable
or a stress variable in the vehicle has exceeded a predeter-
minable threshold, or a predeterminable amount of abrasion
has occurred. The system checks whether the established
maintenance time falls within a predeterminable time frame
or within a predeterminable mileage range, and if so, the
maintenance information is displayed for the driver.

[0024] Once an optimum maintenance time has been
determined for a component, an acoustic or visual message
indicates that the generator must be serviced within three
months, for example, or that the brake linings will function
properly for another 5000 Km. It is then the driver’s or
keeper’s decision to put off the service appointment, and risk
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a breakdown of the respective component, or go to the repair
shop at the recommended time, or immediately.

[0025] 1If the optimum maintenance time is not determined
for a component, but for the entire vehicle, the maintenance
algorithm may incorporate the ascertained wear levels and/
or the remaining service life of several or all of the com-
ponents. The driver is informed, for example, by a display
that indicates that he should have the vehicle serviced at a
shop within the next 3000 Km.

[0026] Inamodification of the method, the stress variables
are also transmitted to the central location within the frame-
work of the (preventive) maintenance of the vehicle.
Because the (preventive) maintenance has been performed
before the occurrence of a wear-related event, no wear
variables are detected in the vehicle. Again, the vehicle or
the repair shop can transmit the data. In addition to the stress
variables, the repair shop can also transmit data relating to
the state of the relevant component to the central location,
which employs them in creating an improved maintenance
algorithm.

[0027] An advantageous embodiment of the method
according to the invention is described below in conjunction
with the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The single drawing FIGURE shows a flow diagram
of an advantageous method for creating a service or main-
tenance or service algorithm according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] In vehicles that have been prepared for the execu-
tion of the method (fleet vehicles), in Step 1 sensor data are
continuously detected in the vehicle. Stress variables are
derived from the sensor data and stored in a memory. In Step
2, if a wear-related event occurs in a vehicle, that is, a
component breaks down or it is detected electronically that
a predetermined wear limit has been reached in a compo-
nent, the procedure branches to Step 3. If this is not the case,
the stress variables continue to be stored in Step 1.

[0030] Following a wear-related event, the stored stress
variables are transmitted to a diagnostic device in a repair
shop in Step 3. This is effected, for example, within the
framework of a repair or servicing necessitated by the
wear-related event. In Step 4, the wear variables are addi-
tionally ascertained in the repair shop and transmitted, with
the stress variables, to a central location. In addition to the
wear and stress variables, configuration and/or type data for
the vehicle can be transmitted to the central location.

[0031] Alternatively or additionally to Steps 3 and 4, a
data-processing device acquires the wear variables and
stores them in a memory, like the stress variables. In the
repair shop, the wear and stress variables are transmitted to
a diagnostic device, and/or telematically from the vehicle to
a central location. If the variables are transmitted telemati-
cally to the central location, it is not necessary for the vehicle
to be in a repair shop in order to execute the method.

[0032] Inthe central location, in Step 5 the stress and wear
variables, with the configuration and type data for the
vehicle, are assigned a wear profile j and stored.
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[0033] As anoption, in Step 5 the central location can send
information to a further location, such as to a supplier, a
development or production department, a customer service
department or a replacement-parts storage location.

[0034] In Step 6, the device checks whether the number of
wear-related events I; of a wear profile j exceeds a prede-
terminable number n;. Here, the threshold value n; is a
function that is dependent on the relevant vehicle type, the
produced vehicles of the relevant vehicle type, the time since
the start of production and possible further parameters. If the
number of ascertained wear-related events [; lies below the
threshold value n;, the number of wear-related events is
considered insignificant, and the procedure returns to Step 1.
A wear profile called “other breakdowns” can also be
provided for the purpose of ascertaining and assessing
wear-related events that occur with an unpredicted fre-
quency.

[0035] If the result of the inquiry in Step 6 is that the
number of wear-related events I; of a wear profile j exceeds
a predeterminable number n;, the procedure continues to
Step 7. In Step 7, the data for a wear profile j that are stored
in the central location are used to check the maintenance
algorithm that was previously implemented in the vehicles,
and possibly to create a new maintenance algorithm and
transmit it to the relevant vehicles (to the vehicle fleet). In
the new, improved maintenance algorithm, a threshold value
for the service life of a component, such as a generator, an
air filter or a brake lining, is altered, or the weighting of the
ascertained stress variables is altered. The new maintenance
algorithm is created, for example, through the reduction of
a threshold value for the service life or performance of a
vehicle component in comparison to the old maintenance
algorithm. The new maintenance algorithm is preferably
created and implemented fully automatically by a data-
processing unit in the central location.

[0036] In Step 8 the central location determines all of the
vehicles in which a new, improved maintenance algorithm
should be implemented. This can be effected by way of a
database of an online inquiry of vehicle data. The relevant
vehicles are, for example, all vehicles of the same type or all
vehicles of the same configuration, because these vehicles
have similar wear variables, and/or identical components are
built into these vehicles. In the selection of the relevant
vehicles, the model year of the vehicles or the manufacturing
company of a component, for example, can be used as
distinguishing factors for ascertaining which vehicles have
the relevant components that exhibit a significant deviation
of the component service life or the maintenance require-
ments in comparison to the values forming the basis of the
previous maintenance algorithm.

[0037] In Step 9, the data required for implementing the
new maintenance algorithm in the vehicle are transmitted
into the relevant vehicles via a telematic interface. For
example, new limit values can be transmitted. The transmit-
ted data are used to implement the new maintenance algo-
rithm in the relevant vehicles.

[0038] As an alternative, the transmission of the data
required for implementing the new, improved maintenance
algorithm can also be effected in a repair shop, for example
the next time that a vehicle is in the shop. It is also possible
for the registered keeper or the driver to perform the data
transfer using, for example, a mobile telephone or a data
carrier.
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[0039] Knowledge gained from the wear-related occur-
rences can be utilized very quickly to extend the length of
maintenance intervals and prevent accidents. All of the
vehicles employing the method have an up-to-date version
of the maintenance algorithm.

[0040] The method is then continued in Step 1. Afterward,
the data stored in the central location, particularly the stress
and wear variables, are evaluated. The counter i; is set at zero
or a new threshold value n; is preset.

[0041] The method can be fully automated if it is deter-
mined in advance how the maintenance algorithm must be
adapted. In the simplest case, limit values are adapted.
Beginning with start limit values that are not set too low,
with each complete execution of the method, the limit value
is optimized until the threshold value n; is no longer
exceeded. This prevents accidents.

[0042] If, as an expansion of the previous observation, a
visit to a repair shop that was prompted by maintenance
information sent to the driver is also considered a wear-
related event, the method can also be used to correct a limit
value for the service life of a vehicle component that was set
too low. Thus, it is possible to lengthen the maintenance
interval to be observed.

[0043] The method is also suitable for creating mainte-
nance algorithms or limit values for vehicle components for
which no maintenance algorithms or limit values for the
maintenance algorithms are present when the vehicle is
introduced onto the market, is and suitable for providing the
algorithm or values to the vehicle fleet. Such vehicle com-
ponents can be a generator, starter or catalytic converter.

[0044] The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many changes
and modifications can be made thereto without departing
from the spirit or scope of the invention as set forth herein.

What is claimed is:

1. A method for creating a maintenance algorithm for a
fleet of vehicles, the algorithm being used to ascertain
maintenance information in each vehicle of the fleet, said
method comprising:

collecting sensor data that are indicative of a stress on
components in the vehicles and using the collected
sensor data to derive stress variables in the vehicles of
the fleet;

storing the stress variables in the vehicles for a predeter-
mined time frame and, if a wear-related event occurs,
additionally ascertaining wear variables;

transmitting the stress variables and the wear variables to
a central location; and
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in the central location, checking a previous maintenance
algorithm with the use of the stress and wear variables,
and, if applicable, deriving an improved maintenance
algorithm.

2. The method according to claim 1, further comprising
transmitting data for implementing the improved mainte-
nance algorithm from the control location to vehicles of the
fleet, and thereafter implementation the improved mainte-
nance algorithm is in the vehicles on the basis of the
transmitted data.

3. The method according to claim 2, including transmit-
ting the data for implementing the improved maintenance
algorithm in a wireless manner from the control location to
the vehicles of the fleet.

4. The method according to claim 1, including, upon the
occurrence of a wear-related event in a vehicle, transmitting
the stress variables and the wear variables in a wireless
manner from the vehicle to the central location.

5. The method according to claim 1, including upon the
occurrence of a wear-related event in a vehicle, reading out
the stored stress variables and the wear variables during a
service appointment in a repair shop, and transmitting the
read out variables to the central location.

6. The method according to one of claims 1, wherein the
method is automated.

7. The method according to claim 6, including automati-
cally ascertaining limit values of a maintenance algorithm in
the central location using a data-processing device, and
transmitting these limit values to the relevant vehicles of the
fleet.

8. The method according to claim 1, including evaluating
the wear variables and stress variables of vehicles of a
comparable configuration for improving the maintenance
algorithm.

9. The method according to claim 1, including in the
central location, assigning a wear profile to a predeter-
minable combination of at least one stress variable and at
least one wear variable;

predetermining a threshold value for the number of inci-
dences of a wear profile; and

improving the maintenance algorithm if the number of
wear-related events that have actually occurred and
been ascertained exceeds the threshold value for the
respective wear profile.

10. The method according to claim 9, wherein the thresh-
old value for the number of incidences of a wear profile is
a function that depends on the number of vehicles of a
relevant vehicle type utilizing the method.
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