Article citation info:

99

Poprocky R, Gallikova J, Stuchly V, Volna P. FMEA analysis of combustion engine and assignment occurrence index for risk valuation.

Diagnostyka. 2017;18(3):99-105

DIAGNOSTYKA, 2017, Vol. 18, No. 3

ISSN 1641-6414
e-ISSN 2449-5220

FMEA ANALYSIS OF COMBUSTION ENGINE AND ASSIGNMENT
OCCURRENCE INDEX FOR RISK VALUATION

Roman POPROCKY, Jana GALLIKOVA, Vladimir STUCHLY, Peter VOLNA
University of Zilina, Faculty of mechanical engineering, Department of Transport and Handling Machines
Univerzitna 1, 010 26 Zilina, Slovakia,
e-mail: roman.poprocky@fstroj.uniza.sk, jana.gallikova@fstroj.uniza.sk, vladimir.stuchly@fstroj.uniza.sk,

peter.volna@fstroj.uniza.sk

The need for continuous improvement of product quality, reliability and safety arises and above all a
company’s desire to improve its market position and customer satisfaction. These issues require product
manufacturers to perform risk analyses that identify and minimize part/system failures throughout the
product‘s life cycle. In the paper we will apply the Failure Modes and Effects Analysis (FMEA) for analysis
of combustion engine failures. We analyzed 15 different types of cars in which the 2.0 TDI was equipped.

On the basis of the obtained data, we evaluated the most disturbing parts of the combustion engine and on
these elements we determined the probability of occurrence of a fault which is one of the factors determining

the Risk Priority Number (RPN).
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1. INTRODUCTION

To minimize a project failure probability a
project manager must have a process to manage
project risks. This process is normally developed in
the manager’s head depending on his or her
experience in the project.  This proposal is to
present a formalized risk management process that
offers a tool to improve risk management.

Every process, system, or human activity is
affected by risks that can have both a positive and a
negative impact. Risk management is the
systematic application of management policies and
established practices. This process is dependent on
the experience, knowledge, imagination, creativity,
and capability of the team performing this analysis.
Applying these procedures without being included
teamwork cannot be provided to competent
employees correct and thorough results of risk
analysis. An important step is to choose the
appropriate risk assessment method. The risk
assessment based on a risk analysis assesses the
severity of the estimated size of the risk and
assesses the need to reduce it. Risk management is
a structured sequence of logical steps where the
first step is a risk analysis that examines the
potential negative consequences that may result
from failures in the operation of technical systems
or deviations in technological processes [15, 16].

There are various methods for risk assessment.
These methods are used in various steps of risk

management processes, or they can also be
combined. Risk assessment methods can be divided
[12]:
1. According to the valuation method:

qualitative,

quantitative,

semi quantitative.
. According to sources of information:

deductive,

inductive.

[\

N

. PUBLISHED STANDARDS AND
GUIDELINES

There are a number of published guidelines and
standards for the requirements and recommended
reporting format of failure mode and effects
analyses. Some of the main published standards for
this type of analysis include SAE J1739, AIAG
FMEA-4 and MIL-STD-1629A. In addition, many
industries and companies have developed their own
procedures to meet the specific requirements of
their products/processes. As an example, Figure 1
shows a sample Process FMEA (PFMEA) in the
Automotive Industry Action Group (AIAG)
FMEA-4 format [11, 12, 13, 14].

3. RISK EVALUATION METHOD

A typical failure modes and effects analysis
incorporates some methods to evaluate the risk
associated with the potential problems identified
through the analysis. The two most common
methods are Risk Priority Numbers and Criticality
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Analysis. In our paper, we will apply the method
Risk Priority Numbers.

Risk Priority Numbers
To use the Risk Priority Number (RPN) method
to assess risk, the analysis team must:

— rate the severity of each effect of failure.

— rate the likelihood of occurrence for each cause
of failure,

— rate the likelihood of prior detection for each
cause of failure (i.e. the likelihood of detecting
the problem before it reaches the end user or
customer).

Calculate the RPN by obtaining the product of

the three ratings [9,14]:

RPN =S§8-0-D @)
Where:
S - severity,
O - occurrence,
D - detection.

The RPN can then be used to compare issues
within the analysis and to prioritize problems for
corrective action. This risk assessment method is
commonly associated with Failure Mode and
Effects Analysis (FMEA).

In an FMEA, occurrence is a ranking number
associated with the likelihood that the failure mode
and its associated cause will be present in the item
being analysed. For System and Design FMEAs,
the occurrence ranking considers the likelihood of
occurrence during the design life of the product.
For Process FMEAs, the occurrence ranking
considers the likelihood of occurrence during
production (Table 1). It is based on the criteria from
the corresponding occurrence scale. The occurrence
ranking has a relative meaning rather than an
absolute value and is determined without regard to
the severity or likelihood of detection.

Table 1. Simple assessment of the probability of
occurrence of a failure in practice - subjective point of

view
Likelihood of
Fail Note Criteria Rank

’ : weekly 10
Very High Certain occurrence of failures. monthly 9
: 6 month 8
High Common failures. ;::i\ & S
2 : i 2 years [
Moderate Accidental ]ialll..lTeS\\lTlla Y 5

smaller incidence. T
5 years 4
Lavw Rare occurrence of 10 years 3
failures. 15 years 2
Vi L Unlikely occurrence of More tham 15 years 1

5 failures.

4. ANALYZED OBJECT

The 2.0 TDI PD combustion engine consists of
several parts that we can divide into fixed and
mobile. Fixed parts include: crankcase, cylinder
block, cylinder head, covers and oil bath. Moving

parts can be divided into crank mechanism and
timing mechanism. The basic parts of the crank
mechanism include: piston, piston rings, piston pin,
connecting rod, crankshaft, double-mass flywheel
and bearings. The basic parts of the timing
mechanism include: camshaft, bearings, camshaft
drive, hoists, lifting rods, rocker arms, valves, valve
springs. For its operation, the engine needs
auxiliary equipment such as a starter system,
cooling system, exhaust system (with DPF and
without DPF), overfill system, lubrication system,
fuel system. Figure. 1 and Figure. 2 shows the basic
parts of the combustion engine [10].

Nozzle
Function of nozzle
Failure of nozzle

Systerm purnp nozzle
Function of systern pump nozzle
Failure of systam purnp nozzle

Turbocharger
Function of turbocharger
Failure of turbocharger

Mechanical parts
Function of mechanical parts
Failure of mechanical parts i

Tandem purnp
Function of tandem purnp
Failure of tandern purnp

EGR valve
Function EGR walve
Failure of EGR valve

Automohile
Funetion of automohbile
Failure of automohile

EGR cooler
Function of EGR canoler
Failure of EGR coaler

Electrical parts
Function of electrical parts
Failure of electrical parts

Fig. 1. View of automobile structure with the
structure of functions and failures network

Fig. 2. Diesel engine 2.0 TDI

The engine is based on a 1.9 TDI PD / 96 kW
engine, with an increase in volume being achieved
by increasing the cylinder bore. The engine is
equipped with an aluminium head with two suction
and exhaust valves per cylinder, opposite suction
and exhaust pipes. Other technical features include
the exhaust gas recirculation cooler and the new
heater system. The individual technical parameters
of the engine are shown in Table 2.
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Table 2. Technical parameters of engine 2.0 TDI

Identification code of engine BKD

Basic design Row four-cylinder
Stroke volume 1968 cm’
Bore 81 mm
Stroke 95,5 mm

Valves per cylinder 4

Compression ratio 18:1

Max. power 103 kW at 4000 rpm

Max. torque 320 Nm at 1750 rpm to 2500 rpm

Engine control system EDC 16 with injection pump-nozzle

Fuel Diesel oil, min, 49

Modification of exhaust gases | Exhaust gas recirculation and oxidation catalyzer

Emission standard EU4

5. ANALYSE OF FAILURES BY FMEA

APIS PRO 6.5 programme was used to develop
FMEA of automobile engines with criticality of
nodes, including functional and failure networks.

During the operation there were failures that
often lead to immobilize the vehicle. Failures were
monitored for 15 engines in different vehicles under
real operation (Table 3).

The reliability of a component or system can be
represented in a statistical sense by the probability
of a component or system performing satisfactorily
at a particular time under a specified set of
operating conditions. The definition of what
constitutes ’satisfactory’ may depend upon the
nature of the system.

During operation occurred failures, which often
led to the stop of the vehicle to service. These
failures can be divided into:

Furthermore, these failures on the engine can be
divided into less severe and severe in terms of
severity.

In the case of minor failures, the engine may
continue to operate when the fault does not have a
serious effect on its function.

An example may be the failure of one of the
four glow plugs. As a serious failure, we can
indicate, for example, a system failure in the nozzle
pump system, which causes the nozzle to drop,
resulting in the engine stopping and preventing it
from being restarted. By analysing the resulting
faults, such as the number of kilometres since the
last repair, the time between failures, the number of
failures for a certain number of kilometres, we can
adapt the maintenance plan for the failures in order
to avoid their consequences.

After plotting dependence, the line equation,
whose general shape is y = mx + b, is displayed.

Weibull's  probability  distribution can  be
transformed to the form of the linear equation:
P
F(x)=1- e_[;] ()
2
1-F (x) =e \* 3)
B
1n(1—F(x))=—(xj 0
a

h{ln(l_lF(x)H - ﬂln(;j (5)

ln{ln(l—lF(x)H =fBInx-Blna (%)

Where:
F(x) - distribution function,
o - shape parameter,
B - scale parameter.

— mechanical,
— electrical.
Table 3. Data collection to evaluate the probability of occurrence of failures
Electrical failure Mechanical failure
Engine | Sensor ) Cables Cooling liquid Boost Tamdem's . EGR ) Cooler EGR
) _|Preheating ] Turbocharger Preheating Injector
ntake air preheating | temperature | pressure pumpe valve system's

Carl 2 1 2 1 2 1 1 1 1 1
Car 2 1 1 1 1

Car 3 2 1 1 1 1 1 1
Card 1 1 2 1 3

Car 5 1 3 1 1 1 2

Car 6 1 3 1 1

Car7 1 3 2 1 1 1 1
Car 8 2 1 1 1 1 1

Car9 1 2 1 1 1
Car 10 1 1 2 1 1 1

Car 11 2 2 1 1 1 1

Car 12 1 1 1 1 1 2 1

Car13 1 2 1 1 1 1 1 1
Car 14 2 1 1 1 1 1

Car 15 1 1 2 1 1 1 1
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By comparing this equation with the straight
line equation, we see that the left side of the
equation corresponds to y, Inx corresponds to x,
corresponds to m and plno corresponds to b.
Therefore, if we want to perform a linear
regression, we need to use a parameter estimation.
Estimation of parameter f comes directly from the
slope of the line. The estimate for parameter o must
be calculated:

[ﬂ] (6)

The Figure 3 shows the regression curves of the
4 most conspicuous components of the explored
engine to determine Weibull's probability
distribution parameters.

a=e

Table 4. Determination of Weibull's probability
distribution parameters

Injector
Beta (or Shape Parameter) = 3,7915
Alpha (or Characteristic Life) = 181532,796
Turbocharger
Beta (or Shape Parameter) = 6,4706
Alpha (or Characteristic Life) = 184795,525
Cables

Beta (or Shape Parameter) = 2,4128
Alpha (or Characteristic Life) = 92757,9484

Sensor intake air
Beta (or Shape Parameter) = 2,2061
Alpha (or Characteristic Life) = 94163,6958

Then  Weibull's  probability  distribution
parameters for the Injector, turbocharger, cables
and sensor intake air were calculated as shown in
Table 4.

Perhaps the best way to display the reliability of
4 top fault units is by using a survival graph. This

3

—Cables

——Injector
Turbocharger

——Sensor intake air

Linear [Cables)

=

In{In{1/-(estimated rate)))

InfCycla)

line graph depicts the survival probabilities of each
unit at various numbers of kilometres.

The Figure 4 allows you to read the fail-safe
probability values for individual components when
setting preventive maintenance every 80,000 km or
every 120,000 km.

When defining the limit for preventive
maintenance of these four critical components from
the point 1 - Injector, the probability of occurrence
of failure is 0.95.

These readings of failure probability can then
serve as the basic parameters for determining the
occurrence of the failure as shown in Figure 5. As
an example, we can see that, in case of subtraction
of point 1, the occurrence for injector 2 is achieved,
which means that, according to the evaluation in the
table, it falls into the category very small, which
means that “This design is slightly different from
earlier proven designs.” This is how we can
determine the occurrence for all our points of
interest: turbocharger sensor intake air and cables.
FMEA uses a tabular method of presenting data,
meaning the content of the analysis is visually
displayed in a series of worksheet rows and
columns. Figure 6 is a generic worksheet with
typical FMEA columns.

Then there is an initial state and as the first state
is always the initial state of risk assessment and
other states represent already optimized risk values
using "controls." They are the methods or actions
currently planned or are already in place, to reduce
or eliminate the risk associated with each potential
cause. Controls can be the methods to prevent or
detect the cause during product development, or can
be actions to detect a problem during service before
it becomes catastrophic. There can be many
controls for each cause.

Fig. 3. Line Fit Plot for 4 top fault units
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Fig. 4. Determination of service life - preventive maintenance after 80000 km and 120000 km

High This design is almost certain to 0:04) 10
cause problems f_ﬁ.ﬂ.—
This design is only s <0.5,06) 8
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carlier proven designs <06; 0.65) 7
which caused problems.
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designs which failed in some
cases. <0.8:09) 4
This design is only <0.9,095) 3
Very small slightly }ilffcr@
from earlier proven
designs.
It is improbable for
L this failure to occur.

Example

no maintenance|

long lifetime

lifetime

ensor intake air|

Fig. 5. Rank occurrence based on probability of occurrence of failure

6. CONCLUSION

The purpose of this paper is to locate one of
three factors of the risk priority number -
Occurrence of failures of combustion engine.

The Failure Modes, Effects and Criticality
Analysis (FMEA / FMECA) procedure is a tool that
has been adapted in many different ways for many
different purposes. It can contribute to improved
designs for products and processes, resulting in
higher reliability, better quality, increased safety,
enhanced customer satisfaction and reduced costs.
The tool can also be used to establish and optimize
maintenance plans for repairable systems and/or
contribute to control plans and other quality
assurance procedures. It provides a knowledge base
of failure mode and corrective action information
that can be wused as a resource in future

troubleshooting efforts and as a training tool for
new engineers. In addition, an FMEA or FMECA is
often required to comply with safety and quality
requirements, such as ISO 9001, QS 9000, ISO/TS
16949, Six Sigma, FDA Good Manufacturing
Practices (GMPs), Process Safety Management Act
(PSM), etc.

Some benefits of performing FMEA/FMECA
analysis include [7, 8]:
contributes to improved designs for products
and processes:
higher reliability,
better quality.
increased safety.
contributes to the development of control plans,
testing requirements, optimum maintenance
plans, reliability growth analysis and related
activities.
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Enhanced customer satisfaction [4, 5]:
— contributes to cost savings,
— decreases development time and re-design costs,
— decreases warranty costs,
— decreases waste, non-value added operations.
Cost benefits associated with FMEA are usually
expected to come from the ability to identify failure

modes earlier in the process, when they are less
expensive to address. Financial benefits are also
derived from the design improvements that FMEA
is expected to facilitate, including reduced warranty
costs, increased sales through enhanced customer
satisfaction, etc.

Effects | S | [ Failure mode Cause Preveniwe action S| 0| RPN | Rl
u] R
System element: Mechanicsl pans
Functisn: Function of mechanical pans
[Automobils| 0 Failure of mechani- |Mozzle| initiad state: 8.3 2017
== Failure of automobile cal parts Failure of nozale A0 pravantie action _ 10 | 1000
Revision stafe: B.3.20117
Injectar uriocharger Cables Sensarintake air fﬁ:?&?ﬁ':ﬁ o | » | Ll
Example Revision state: 13.4.3017
na maintenanxel ﬁ;‘:gﬁ';ﬁiﬁ: ki =
[ inifial state: 13.4.2017
long lifetime 120000 no preventive action 0| 1000
Rewision slafe: 13,4 2017
lifetime 0000 Prevenine v | d | 300}
ferwad 120 000 kem
Hewsion slale 1342017
Premenbive action | in- 2| (200
teswal 50 000 km
[Turbochangar| Initiad state: 13.4.2017
Failure of usbacharger no pravente action |'- 10 | 1000

Fig. 6. Assessment of the probability of occurrence of a failure in FMEA and its impact on overall risk
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