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Aims & Objectives of the Presentation

* To present a methodology for customer correlated life prediction
modelling of automotive systems.

* To illustrate the practical application of this methodology with

the camshaft timing-belt life model development -
model construction - calibration - validation

 To discuss the results obtained and to indicate direction for
future devel opment.

Philosophy of the approach (1)
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Philosophy of the approach (2)
Customer Correlated Life Prediction Modelling
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* Interaction with the customer (usage and style)
- Stresses: frequency and amplitude
- Product duty: use, misuse, abuse

* Interaction with the environment
- temperature, humidity, etc.

* System to system interaction
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Timing-belt Failure Mechanism

TRC (Tooth Root Cracking) -
shear fatigue failure mechanism.

Factorsinfluencing the fatigue life of the timing belt:

* Mechanical properties of belt material - tooth stiffness.

* Design layout - belt/pulley number of teeth, tensioners, angle of wrap,
belt width.

* Tooth load - radial & tangential

* Tooth deflection

* Operating temperature, ageing at temperature




Timing Belt Fatigue Life Model

Dynamometer studies and modelling of the load sharing between teeth
in fully meshed conditions showed alinear relationship between tooth

deflection and log life.
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Arrhenius model was used for the influence of
the belt operating temperature
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Timing-belt Life Modelling
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Calibration of the Model
Objective: To assess the distribution of the cumulated damage at failure

Engine Dynamometer Test Load Cycle;

'y
Max Speed T 120 §7rmmmmmemmeeemmeeeees i
4800 rpm
Belt operating
temperature:
120°C
%) 12
Idle M %L
880 rpm 60 s £ 60's E
Time
Belt No. 1 2 3 4 5 6 7 8 9 10
Hours to failure 795 800 825 856/ 910 946/ 950 970 1000 1035

Tooth cycles to failure [x10°] | 1355 136.3 140.6 145.9 155.1 161.2 161.9 165.3| 170.4 176.4




Weibull analysis of the

test data
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Use of the Timing-belt Life Model -
Life predictionsunder customer usage conditions

Aggressive Motorway Driving
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* 1st percentile Lfy, = 74,570 miles
« 5th percentile Lfs, = 80,078 miles
* Median life Lfs0, = 95,207 miles




Sengitivity Analysison the Life Predictions
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Discussion & Conclusions (1)

* Timing-belt life model can be used for life prediction or asarisk
assessment tool, to validate the service intervals.

* Any engine dynamometer test can be used to calibrate the life

model, i.e. there is no need to design a specific validation test for the
timing belt!
The only requirement is that tests should be carried out to failure.

* To achieve reliability improvement, actions can be taken on:

- cam-belt system design, to reduce the tooth deflection.
- belt operating temperature.

¢ Life model can be used to validate the reliability improvement.




Discussion & Conclusions (2)

* Development of the timing-belt life model illustrates the practical
application of the “ Customer Correlated Life Prediction
Methodology”.

* Life modelling enables a better understanding of the stochastic

nature of parameters and noises that define customer usage and their
impact on the life of the automotive system.

* Customer correlated life prediction modelling gives a definite

prospective for condition-based automotive servicing.

The optimum moment for service can be determined by using
stochastic damage accumulation and customer usage information
from datalogging.




