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Objectives and Outline

Objective: Introduce a new application for prognostics and
generate interest in this application in the reliability engineering
community. Why? Because it presents interesting and challenging
problems and the automotive industry will greatly benefit from it.

Outline

B Prognostics Basics
® Automotive Electronics Reliability Testing

®m Application of prognostics in order to achieve significant
cost/time savings

B Case study: Automotive Electronics Module
m Conclusions and future work "APTIV-



What is Prognostics?

Prognostics Iis an engineering discipline focused on

predicting the time at which a system or a component will

no longer perform its intended function (fail).

The predicted time then becomes the remaining useful life
(RUL), which is an important concept in decision making.

Prognostics predicts the future performance of a
component by assessing the extent of deviation or
degradation of a system from its expected normal
operating conditions.

The science of prognostics Is based on the analysis of
fallure modes, detection of early signs of wear and aging,
and fault conditions.
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Prognostics Simplified
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Prognostics Basics and Applications

Main types of prognostics:

Data-driven (pattern recognition, machine learning techniques,
neural nets, stochastic models, etc.)

Model-based prognostics utilizes physical models of the system

for the estimation of RUL (fatigue, crack growth, electro-

migration, etc.) SAE-J3168 - Reliability Physics Analysis of =N
Electronic Equipment (in the works) TTE = AekT

Hybrid approaches (fusion) attempt to leverage the strength from
both data-driven as well as model-based approaches

Industries: Multiple applications in the aerospace, defense,
automotive, railway, and other industries.
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5-Point Functional/Parametric Check

Leg 5

Leg 1l Leg 2 Leg 3 Leg 4
Mechanical Thermal Enclosure Corrosion
Fatigue: Fatigue: Tests Tests

High Thermal Dust Salt Mist
Temperature Shock
Durability Water Salt Spray
Powered
Mechanical Temperature Seal
Shock Cycling
Potholes Humidity
Testing
Door slam
Post-thermal
Vibration + fatigue
Thermal vibration
Cycling

5-Point Functional/Parametric Check

Electrical
Tests:
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EMC
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Example of an Automotive Electronics Validation Test Flow

*APTIV-



Realities of Accelerated Reliability Testing in the

Automotive Electronics
Reliability demonstration test should represent 15 years vehicle life in the field.

Coffin-Manson acceleration model for the low cycle metal fatigue (thermal
cycling) linking shear strain range Ay and the expected life

Time to Failure = A(4)™  This model has its limitations and we are still at 2-4
month of temperature cycling testing. Longer for power electronics.

Newer products are operating near their limits and it is often difficult to
accelerate testing due to technology limitations (e.g. displays). Electronics with
cooling also limits the ability to accelerate reliability testing

Some of these tests, e.g. Power Temperature Cycling testing (PTC) are

monitored tests, hence we don’t need to add much cost to utilize prognostics.
“APTIV-



Power Temperature Cycling (PTC) Test
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Typical test duration: 2-4 months, longer for PWE during the cycling. *APTIV:



Test Time Reduction Concept

Device Health

Device 3

b
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Test time iNith €
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Test time without
prognostic capability

Once a failure prediction method is
established using the data obtained
through accelerated stress tests, the
duration of subsequent tests can then be
shortened to a time at which reliable failure
time estimates can be obtained.

Instead of running tests to failure or to a
bogey (equivalent of one mission life), one
could run a test until t, and use the
prognostic algorithm to estimate the time to
failure or to assess whether the product
would have survived until the actual pass
target time T. In these cases there will be a

time saving of T-t, APTIV



Case Study:

Automotive Electronics Module: Test Setup and Monitoring
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Monitoring Data Sample

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5 Parameter 6

17:46:53 0.02 16.02 4.99 0.12 24.78 24.78 58.77
17:47:28 0.03 18.06 5 0.11 24.73 24.75 58.85
17:48:05 13.85 19.72 5 0.12 24.75 24.84 58.77
17:48:46 0.02 21.61 4.99 0.11 24.73 24.84 58.77
17:49:19 0.02 23.63 5 0.12 24.81 24.75 58.7
17:49:56 13.87 25.35 4.99 0.12 24.78 24.73 58.85
17:50:34 0.02 26.97 4.99 0.11 24.81 24.84 58.85
17:51:11 0.02 29.08 4.99 0.11 24.84 24.87 58.85
17:51:46 13.86 30.62 4.99 0.11 24.78 24.75 58.77

* The number of the monitored parameters is defined by the product team and specified in the
product documentation.

* Number of parameters to monitor depends on the complexity of the product and is usually in
hundreds and in some cases can reach 1000.

« Monitoring frequency depends on the capacity of the monitoring rack, technical

11 requirements, and other factors. "APTIV-



Steps involved Iin prognostics approach:

h,.=f(h,6,u,v,)
Failure Threshold — ol = | Fadure Threshold £
y, =g(h,,n,) -

i — health indicator at ¢

Health Indicator
Health Indicator

6. —unknown parameters
u, — input parameters

Tiné f 0,1, = NOISE Processes Titna f

Health Estimation Degradation Modeling Failure Prediction

1. Health Estimation: product’s degradation in health is quantified and expressed as a health
indicator (HI). The HI could be an estimate of the accumulated damage or a drift in in-situ monitored
parameter reflecting degradation in the product.

2. Degradation Modeling: a PoF or data driven model is developed to estimate the progression of
degradation in system/component health based on the current health and operating conditions.

3. Failure Prediction: the time of failure is estimated by integrating the degradation model with
knowledge'about future operating conditions using an appropriate regression technique. *APTIV -




Parameters Correlated With the Cycled Temperature

80

A number of
monitored
parameters were
correlated with the
chamber
temperature and
hence were
showing cyclical
trends. This
required
mathematical
transformation.

At the same time
other parameters
were not correlated
with the
temperature and
could be analyzed
as is.
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The difference between
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parameter is used as
the normalized
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as shown here:
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Degradation Model — Data Driven
Double Exponent X (t) = the preprocessed and

trend estimated system
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Prognostics and RUL Estimation

? = Health estimation method

= Degradation model and

‘\4 - i = Failure prediction method.
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The conditional probability p(RUL(tp)|y(to: tp))|is estimated in two steps. First
step is the damage estimation step, where both state and parameter vectors are
estimated i.e. p(x(t), 8(t)|y(to: t)).

Particle filter is used to calculate vector 8, = [a; b, ¢ d¢]"

And the second step Is to estimate the RUL itself APTIV-



UNIT 1 RUL Prediction
P(RUL(tP)U’(to: tp))
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after 750 hours of testing, the
model and algorithm predict
the RUL >100 hours i.e., the
Unit 1 will survive for another
= 100 hours before reaching the
failure threshold.
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UNIT 2 RUL Prediction
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Results and Further Applications

Two of the ‘good’ units were tested to failure and
falled within 10% of the predicted time to failure.

Realistic expectations of the prognostics: not all of
our tests will soon be shorted in half, since we
understand that prognostics is based on the
product specific knowledge and that knowledge will
need to be accumulated for the new products.
However it can be very helpful in repeat iterations
of DV and PV (Validation Testing)
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Challenges of the Application of Prognostics to
Validation Testing

Design and monitoring parameters vary from product line to product line and
sometimes significantly (e.g. navigation vs. occupant sensing vs. active safety)

Some failure mechanisms may be of a binary nature

Selecting the right parameters as health indicators (or combinations thereof)
can be challenging, plus there is typically a lot of noise in the system

Future efforts will need to be directed at studying how particular failure modes
and failure mechanisms affect the parameters of the automotive electronics
during monitoring. New technology, autonomous vehicles, etc.

We haven't fully solved this problem, only portion of it (a special case). More
iInvolvement of the PHM and the automotive community will be needed
“APTIV-



®" The proposed application of prognostics has a potential to
shorten the design life cycle by significantly reducing the
duration of the ‘long tests’, such as temperature cycling and
high temperature endurance and therefore saving thousands
of dollars in development cost plus intangible benefits

®" The methodology outlined offers a comprehensive approach to
understanding the overall product reliability and presents a
viable alternative to a ‘traditional’ validation testing purely
based on acceleration models. It is also applicable to the cases
where acceleration is difficult or impossible due to the

oroducts already operating close to their operating limits.

" Future efforts will need to be directed at studying how
particular failure modes and failure mechanisms affect the
parameters of the automotive electronics during monitoring.
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