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Abstract: Failure Mode and Effects Analysis, FMEA, is a methodology frequently used in the commercial
sector to investigate the numerous causes and repercussions that could result from a failure (defects that
cause the object to lose its ability to perform functions). In this research paper, we will investigate why it
is useful, as well as how this strategy could be used in the context of integrated services of local and regional
importance. Organizations that provide services of local and regional importance will benefit if they can
predict potential problems and failures of the management infrastructure. A process FMEA study shows

discrepancies that impact product safety and quality.
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1. INTRODUCTION

The public sector is currently facing
numerous problems that persist to this day. One
of the problems that are repeated with an annual
recurrence is represented by the snow removal
process. Every year, the companies that deal
with road snow removal are fined by various
state authorities because the snow is not
removed following legal and contractual
obligations. This aspect can lead over time to the
loss of contracts with the public sector, the
realization of a reduced profit, and in the event
of accidents even to the loss of human lives. Due
to these mentioned aspects, the authors
considered the problem of de-snowing the roads
a serious problem that should be addressed
through a scientific methodology. The authors
considered that by applying the PFMEA
methodology the impact will be significantly
reduce of deficiencies following their
identification, potential effects and the timely
implementation of a plan of measures. This
methodology is predominantly applied in the
automotive industry.

The PFMEA methodology can be defined in
several ways [1]:

 analytical methodology that allows ensuring
that potential problems have been taken into
account and have been fully verified both in
the manufacturing process and in the
products
* methodology known as a systematic method
used by the team to recognize the evaluation
and prevention of errors during the design
and planning phases of products and
processes
* methodology for analyzing the potential
failures of a product or process, with the aim
of developing a plan of measures that aims to
prevent them as well as increase the quality
level of products, work processes and
production environments. It starts from the
elements, to determine the Cause — Mode —
Effect
FMEA is the process of bringing value
because the actions that are defined by the team
increase the knowledge of a company and are
then used as "Lessons learned" for the following
similar projects. It is important that when
winning a new public sector snow removal
project, the manager in charge of the respective
project must carry out an FMEA to detect any
deficiency or problem that may arise during the
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snow removal process. Thus, it will be necessary
to create a process FMEA, an PFMEA, in which
the snow removal process will be analyzed,
together with all the sub-processes related to this
process. [2]

FMEA was first introduced in 1940 for military
use. [3] FMEA is an acronym for FMEA: Failure
Mode and Effect Analysis.

2. FMEA OBJECTIVES AND STAGES OF
THE METHODOLOGY

To wunderstand the methodology, it is
important to know the specific objectives of the
FMEA.
Both FMEA and LEAN have the same main
objectives. These consist of identifying,
preventing and correcting defects. [4]
FMEA represents and acronym and stands for
Failure Mode and Effect Analysis.
LEAN stands for creating more value for
your customers with fewer resources. [5]
PFMEA can also be defined as a way to
identify probable and possible adverse effects.
PFMEA is a methodology that analyzes
criticality, having the following clear objectives:
* Early identification of non-conformities
* Discovering weak points in a technical
system
* Discovery of some causes of initiation of
some malfunctions

* Prevention of potential non-conformities and
their causes

* Carrying out corrective actions with the role
of removing the causes of defects and the
defects themselves

» Establishing an improvement plan in terms of
product quality and maintenance

* Risk reduction

* Cost reduction

* Increasing the level of communication
between departments and people

* Eliminating potential sources of system,

process or design defects before they occur. [6]

Completing the FMEA is done through
meetings attended by all the people involved.
The person who leads the meeting addresses the
questions and completes the answers by
correctly evaluating each answer received is a
specialist in the application of this methodology,

also known as the FMEA moderator. Also, the
FMEA moderator will be the one who will be in
charge of planning the cyclical meetings and
tracking the deadline for the completion of the
analysis.

FMEA is a method divided
sequentially chained steps:

* Data initialization and collection
* Analyze

* Evaluation and decision

* Identification and implementation
* Verification and capitalization

In the first stage, initialization and data
collection are carried out. Before creating an
FMEA, its product or process that is to be
subject to risk analysis must be defined. The next
stage consists of establishing a core team that
will contribute to the creation of the FMEA.
Along with the nomination of the team, the goals
to be achieved at the end of the risk analysis will
also be established. In order for the deadline to
be respected, the moderator is responsible for the
periodic planning of the meetings and the
creation of the structure and the analysis of
potential errors. It is very important, however, to
use as data input, the documentation, and
statistics of similar projects, for example, the
control plan, the maintenance plan, the flow
chart, etc.

The second stage is represented by the
analysis. In this secondary stage, the
requirements that are relevant for a process
established based on the data collected in the
first stage will be determined. The functions of a
considered product, process or component will
be identified. In this relationship with the
functions, the potential failure modes are
highlighted and the critical stages will be
highlighted.

The next stage is presented by evaluation and
decision. In this stage, the potential defects
determined in the previous stage will be
highlighted. These are to be evaluated from the
point of view of their seriousness. The risk
realized by each potential defect will be assessed
separately. Depending on each assessed risk, the
team will decide whether it is useful or not to
introduce actions to reduce or completely
eliminate the observed risks.

into five



The next stage is represented as the
identification of an action plan and their
implementation. In this stage, the team will
identify the appropriate actions and how to plan
them. The actions that will be established by the
team will have to show process parameters, for
example:  technical  sheets, verification
instructions, work instructions, adjustment
sheet; the sequence of the process, for example:
the sequence of operations and work steps;
process control: test and supervision plans.

Fig. 1. PFMEA Flow Chart

The next stage is presented as the verification
and capitalization of the implemented actions. In
this final stage, the objectives that were
established in the first stage will be verified.
More precisely, the implemented actions will be
verified. At this stage, the results of the actions
that have been implemented will be
continuously checked and a reassessment of
risks will take place.

Due to these mentioned aspects, the authors
consider that the PFMEA can bring a plus in
terms of carrying out the snow removal process
efficiently and effectively.

3. TYPES OF EXISTING FMEA

In table 1 it can be seen that there are three
types of FMEA, namely:

SFMEA stands for System FMEA Failure
Mode and Effect Analysis. This type of FMEA
aims to treat the entire system (for example an
automobile) and will be created after the concept
of a product is established. It can be applied to a
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system based on the concept of a product. This
can be done when the product concept has been
finalized.

Table 1
Types of FMEA.
Types of | Applied FMEA is | The moment of
FMEA to based on preparation
Product or
System System After
FMEA (for Product | blishing the
SFMEA | example a concepts product concept
car)
FMEA The
P for designed Design After the design
roduct | componen d d "
Design ¢ (for ex. ocument ocuments are
DFME | car shock s prepared
A absorber)
Process or
steps of
FMEA the Developm | After drawing
for production | ent plans up the process
Process process of the development
PFMEA (for process plan
example
milling)

The responsible department in charge of
carrying out the SFMEA is the development
department.

DFMEA stands for Design Failure Mode and
Effect Analysis. The design/product FMEA
which will deal with the components of a
product will analyze the interferences and
connections between the components and will be
created after drawing up the design
documentation. DFMEA will allow the analysis
and tracking of products right from the design
stage, thus concluding possible or probable
defects and what implications they will have on
the finished product.

PFMEA represents the process FMEA that
will deal with the steps of a production process
and that will be created after drawing up a
process development plan. PEMEA represents
the FMEA methodology, applied to the process.
PFMEA is an acronym for Process Failure Mode
and Effect Analysis. The PFMEA will allow the
validation of certain technologies for making a
product, ensuring at the same time it is efficient
manufacturing. This can be done when the
process flow has been drawn. The department
responsible for performing the PFMEA is the
production planning department. [7]
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Finally, all these three types are individual,
but there is the possibility of interaction between
them. The root cause could be SFMEA and is
found as a defect in DFMEA and as effect in
PFMEA.

4. APPLICATION OF THE PFMEA TO THE
SNOW REMOVAL PROCESS

The FMEA is theoretically structured in three
main fields: the field of effects, the field of
defects and the field of causes; the other
additional fields that may appear are the so-
called auxiliary or helping fields. Each field
consists of system elements, functions and
erroneous functions. [8]

The method is thus differentiated according
to product requirements, production stages and
quality measures. [9]

RPN=Sx0xD

Severity Occurrence Detection
s . B D
Unimportant Very low It is easily
probability detected

of occurrence

Critical, life-
threatening

Very high
probability of
occurrence

It may not be
detected

Fig. 2. PEMEA Grading method by estimating indices
(1]

It was necessary to apply a qualification
depending on the severity of the failure (S), the
occurrence of failure (O) and the probability of
detecting the failure (D), after which the RPN
(Risk Priority Number) will be calculated
according to figure number 2. RPN represents
the sum of all indices S, O and D. [10]

Thus, the construction of the PFMEA was
initiated, which can be seen in table 2. First of
all, the authors identified the process on which
the authors want to improve, which is the snow
removal of the roads. The authors then
determined what is the desired function that the

process must fulfill, this being the process of

removing snow from the road.

After these aspects were determined, it was
important to identify failure modes or
deficiencies that may appear during this type of
process.

FMEA may be considered and individual
project tool which can be used. [11]

The authors determined the following failure
methods and deficiencies:

* The process of snow removal of the road is
not effective

* The process of snow removal of the road is
not efficient

* Too many fines are received from various
public authorities of the state because the
road is not properly cleared of snow

* Faulty communication between the involved
team
Next, the authors identified multiple potential

effects that could appear following the

appearance of the defect or deficiency. The data
was gathered by the authors. Thus, for:

* For the deficiency: the process of snow
removal of the road is not effective; the
authors have identified the following
potential effects: roads are covered with
snow, accidents may occur between cars,
traffic can be blocked

* For the deficiency: the process of snow
removal of the road is not efficient; the
authors managed to determine the following
potential effects: accidents may occur
between cars, traffic may be blocked

* For the deficiency: too many fines are
received from various public authorities of
the state because the road is not properly
cleared of snow; the authors have identified
the following potential effects: The snow
removal companies may not produce profit,
low profitability, the loss of future contracts
with the authorities in the following years

* For the deficiency: faulty communication of
the team involved; the authors determined
the following potential effects: delayed
reaction of the operations team, roads
covered with snow.

For each potential effect, the authors have
assigned a qualification in terms of the severity



of the potential effect. Thus, for each potential

effect, a qualifier was assigned as follows:

* The roads are covered with snow. This
potential effect was assigned grade 8, the
severity being quite high. Due to this aspect,
multiple cars could remain stuck in the snow,
generating, further, multiple situations in
which it is necessary to save them

* Accidents may occur between cars. The
authors assigned the highest severity rating,
namely grade 10. The authors assigned this
rating because this aspect could lead to
damage to the personal belongings of the
participants in the practice or even to the loss
of human lives

* Traffic may be blocked. The authors
assigned this potential effect a grade of 7, the
severity being quite high. Blocking the
traffic could lead to many other problems as
well as to the dissatisfaction of the
participants in the traffic.

* The snow removal companies may not
produce profit. The authors assigned this
potential effect a score of 6 because the effect
is indeed severe, but the company can
survive

* Low profitability of snow removal
companies. The authors assigned a score of 5
to this potential effect. This is a little less
severe than if the snow removal companies
do not make a profit at all

* Loss of future contracts with the authorities
in the following years. I assigned a grade 7
to this cause because the return of the client
facilitates in the future the amortization of
the investment and the realization of the
profit

* Delayed reaction of the operations team. To
this potential effect was assigned a score of
8. In case of a delayed reaction of the snow
removal team, entire roads could remain
blocked and the snow removal process could
be even more difficult.

Next, to each potential effect was assigned a
potential cause. Thus, for each potential effect of
the deficiency:

* The road snow removal process is not
effective, the authors have determined one
potential cause: The intervention method of
the machines and the reduced frequency to

- 1173 -

which they pass is reduced as efficiency, the

communication method is faulty, the method

of preparing the machines for snow removal
is not efficient

* The road snow removal process is not
efficient, the authors transposed one
potential cause: The communication method
is faulty, the traffic is not predictable and the
snow removal cars have to wait in the line

* Multiple fines are received every year from
different state authorities because the road is
not cleared properly, the authors have
determined one potential cause: No
dedicated machines and human resource
only for snow removal, the communication
method is faulty, the method of preparing the
machines for snow removal is not efficient

* Faulty communication of the team involved
in the process, the authors transposed one
potential cause: The communication method
is faulty, no dedicated machines and human
resources only for snow removal

For each cause, the authors awarded one
qualification depending on the occurrence of
these potential causes. The authors also noted
the possibility of detecting these problems that
can appear promptly.

Next, the authors calculated the RPN index
by realizing the product of the three qualifiers.
Following the results obtained, the authors
considered the fact that the RPN index is very
high for each problem detected during the
development of the PFMEA. Due to this aspect,
the authors considered the punctual application
of a set of measures so that the reduction of the
RPN index would be facilitated [12]. The
highest RPN score must be fixed. [13]

Due to this aspect, the authors considered it
appropriate to take specific measures to reduce
the occurrence and improve the detectability of
potential causes. Thus, the authors determined
the following actions that I applied:

* GPS installation on snow removal machines

* Streamlining the transfer of information so
that communication is carried out in the
shortest possible time between the driver and
the operator of the weather station. This
measure was taken to reduce the occurrence
of faulty communication between the teams
involved in this process
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Monitoring and recording calls between the
weather station operator and the snow
removal machine driver. This measure was
determined to detect communication
problems more easily between the driver and
the weather station operator. If the problems
persist, specific measures can be taken based
on the evaluation of the calls by the
management

Update the organization plan of the activities
to facilitate the standardization of the method
of preparing the machines so that the
occurrence of the inefficient method of

preparing the machines is reduced. It is
important that each person involved knows
exactly what actions to follow so that the cars
are ready in the shortest possible time

* The use of traffic monitoring applications so

that the dispatcher informs the driver via
GPS were to arrive on the shortest route to
avoid traffic congestion. This action will
allow the driver to detect blocked and
congested routes to avoid them to reach the
route that needs to be cleared in the shortest
possible time

Table 2
.
Applied PFMEA to the Snow removal of the road process
The intervention me thod of
Roads are the machires and the
covered with 8 redu ed fie quency to which 10 400 GPS mstallation on s row removal machines s § 1 40
snow they pass is redwred a5
effciency
Str ing the tram fer of . tint
comnnmication s carried out in the shortest s 1 10 0
The process of s now pap possible time betweenthe driver and the
removal of the road is adapad The commmmication me thod opemator ofthe weather station.
ot e tive occur between | 10 & Sty 10 800
cars. E
A onitors ding cals b .
weather station operator and the s ow removal 8 1 2 16
machine driver
Traffic may be The me thod of pre paring the Update the organization plan ofthe activities to
Hocked. 7 |machines for snow removalis 4 12 facilitate the standardization of the method of 7 2 - 56
notefficient. preparirg the machmes
Stre ing the traxs for of . tint
(mlfnﬂn(mdoﬁydﬂ shortest 0 1 10 100
e o possible time betweenthe Mr.udrh
scomietueas | ‘18 Thuo—‘lulnmlllbd s 640 operator ofthe weather station.
cars. & flty
The process of s now R R ‘ N
removal of the road & cals
not e ficiernt weather station operator and the srow removal | 10 1 2 20
machine driver
3 The use oftraffc monitoring appli atios so tint,
st | | 10 | 4o [edispeclerinfrus the driver via GPSwlere| -, |5 ), | gy
Hocked. - to arrive onthe shortest route so as to avoid
Inve to wait in the ne a
traffic congestion
Snow removal of (The process of smow
theroad | removal of the road The snow
removal No dedicated machines amd The alloc ation of additional resources in ternxs
companies may 6 uman res curce only for 9 486 ofhuman resources and the addition ofthe car 6 1 9 £
not produce snow removal. fleet
profit.
Stre iing the trams fer of . tint
Too many fines are comnnmicationis carried out inthe shortest 5 1 10 50
received fiom variow possible time befweenthe driver and the
public authorities of the Low s | The commmmication method s 20 operator ofthe weather station.
state because the road | proftability. & Sty
& not properdy cleared
ofsmow. Monitoring and recording calls between the
weather station operator and the smow removal H 1 2 10
machine driver
Loss of future
contracts with ‘The method of pre paring the Update the organization planofthe activities to
the authorities 7 |machines for snowremoval is 4 12 facilitate the standrdization of the method of 7 2 4 56
inthe folowing notefficient. preparizg the machines
years.
Stre ing the tram #r of i : tint
comnamicationis ¢ arried out in the shortest 3 1 10 50
Delaved possible time betweenthe driver and the
g The conmmmication me thod operator ofthe weather station.
reactionof the 8 & Sty 8 DV
Faulty conmamication |  opertions ;
between the imolved Monitori ding calls b hy
team weather station operator and the smow removal s 1 2 16
machine driver
Roads are No dedicated machines axd The alloc ation of additional resources in terns
covered with 8 uman res ource only for 9 648 ofhuman resources and the addition ofthe car 8 1 9 n
snow snow removal. fleet




* The allocation of additional resources in
terms of human resources and the addition of
snow removal machines to the fleet. This
action will punctually reduce the occurrence
of companies having too few resources to
manage crises
Following the application of these measures

promptly for each potential cause mentioned,

new qualifications were offered in terms of
occurrence and detectability. The severity rating
given initially to the potential effects remained
unchanged because the severity of the effects
cannot be modified. Based on the new
qualifications, the RPN index was recalculated.
It can be observed that following the punctual

application of the measures, the Risk Priority
Number was reduced to a considerable extent.
By means of the PFMEA, the potential causes
that facilitate the emergence of the potential
effects were treated. By punctually treating the
causes that generate the occurrence of negative
effects from a process, the authors will
significantly reduce their occurrence in the long
term, and thus the authors will increase the
efficiency and effectiveness of the snow removal
process.

5. CONCLUSIONS

The snow removal process in the public
sector is particularly complex. It can have
negative effects that can even lead to the loss of
human lives. Through this scientific work, I
demonstrated the fact that a methodology
applied predominantly in the automotive field
can also be applied in the public sector to
determine possibilities for improving the
processes carried out.

The paper offers a theoretical perspective
regarding FMEA from the point of view of
objectives, stages and existing types used. Also,
the paper offers a practical example by which
FMEA can be applied in any existing sector,
bringing multiple benefits.

Applying the PFMEA methodology to the
public road snow removal process, the authors
identified the deficiencies of this process. By
determining the deficiencies, the authors were
able to identify the potential effects caused by
the deficiency. Next, for each potential effect the
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authors determined a potential cause. To
potential effects were given a qualification in
terms of severity, and to potential causes were
given qualifications in terms of occurrence and
the possibility of detection in case of occurrence.
Based on them, an initial Risk Priority Number
was calculated. The initial RPN result
determined us to take specific measures. Thus,
one or more measures were taken on each
potential cause so that the occurrence was
reduced and the detectability was significantly
improved.

Following the application of these measures,
both the occurrence and the detectability were
reevaluated through the qualifiers, following
which the RPN index was recalculated. It was
found that the Risk Priority Number was
significantly reduced thus offering a significant
improvement of the final process from multiple
points of view.

Finally, it was demonstrated that FMEA is a
methodology for all areas of activity and can be
applied in any area bringing numerous
improvements.

6. REFERENCES

[1] Stamatis, D.H. Failure mode and effect
analysis: FMEA from theory to execution.
Quality Press, 2003

[2] Oprean, C., Titu, M. Quality management in
the knowledge-based economy and
organization (in Romanian) Ed. AGIR,
ISBN 978-973-720-167-6, Bucuresti, 2008.

[3] Giannetti, C., Ransing, M. R., Ransing, R. S.,
Bould, D. C., Gethin, D. T., Sienz, J.
Product  specific process knowledge
discovery using co-linearity index and
penalty functions to support process FMEA
in the steel industry. In Proceedings of the
44th International Conference Computer
Industrial Engineering, Istanbul, Turkey,
pp- 14-16, 2014.

[4] Banduka, N., Veza, L., Bili¢, B. An integrated
lean approach to process failure mode and
effect analysis (PFMEA): A case study from
automotive  industry.  Advances in
Production Engineering And Management,
ISSN 18546250, Kragujevac, Serbia, 2016.



- 1176 -

[5]

[6]

(71

[8]

Kovalenko, D., Semeryagina, M. Lean
production in logistics - Problems of
training professional personnel in logistics
in the conditions of a global competitive
environment, p. 70, Kiev, 2020.

Oprean, C., Titu, M., Bucur, V. Global
management of the knowledge-based
organization (In Romanian), Ed. AGIR,
ISBN 978-973-720-363-2, Bucuresti, 2011.
Krejci, L., Schindlerova, V., Bucko, M.,
Hlavaty, 1., Mician, M. The Application of
PFMEA for Roller Bearings Production.

[10] Ekmekcioglu, M., Can Kutlu, A. A fuzzy

hybrid approach for fuzzy process FMEA:
An application to a spindle manufacturing
process. Int J Comput Intell Syst, 5(4), 611-
26, 2012,
https://doi.org/10.1080/18756891.2012.718
104

[11] Parsana, T.S., Patel, M.T. A case study: A

process FMEA tool to enhance quality and
efficiency of manufacturing industry.
Bonfring Int J Ind Eng Manag Sci, 4(3),
145-52, 2014,

Manuf Technol, 19(3), 439-45, 2019, https://doi.org/10.9756/BIJIEMS.10350
https:/doi.org/10. 21062/jep/3102019/4/1213-  [12] Li, Y., Kang, R., Ma, L., Li, L. Application
2489/MT7/19/3/439 and improvement study on FMEA in the

Komatina, N., Tadi¢, D., Aleksi¢, A.,
Banduka, N. The integrated PFMEA
approach with interval type-2 fuzzy sets and
FBWM: A case study in the automotive
industry. Proc Inst Mech Eng D J Automob

process of military equipment maintenance.
In The Proceedings of 2011 O9th
International Conference on Reliability,
Maintainability and Safety, pp. 803-810,
IEEE, 2011.

Eng, 236(6), 1201-1212 2022,
https:/doi.org/10.1177/009544070211034799

[9] Hofig, K., Klein, C., Rothbauer, S., Zeller,
M., Vorderer, M., Koo, C.H. A meta-model
for process failure mode and effects

[13] Bluvband, Z., Grabov, P. Failure analysis
of FMEA. In 2009 Annual Reliability and
Maintainability Symposium, pp. 344-7,
IEEE, 2009.

[14] Van Leeuwen, J.F., Nauta, M.J., De Kaste,

analysis (PFMEA). In 24th IEEE D., Odekerken-Rombouts, Y.M.C.F.,
International Conf on Emerging Oldenhof, M.T., Vredenbregt, M.J.,
Technologies and Factory Automation Barends, D.M. Risk analysis by FMEA as an
(ETFA), pp. 1199-202, IEEE, 2019, element of analytical validation. J Pharm

hitps://doi.org/10.1109/ETFA.2019.8869087 Biomed Anal, 50(5), 1085-7, 2009,

https://doi.org/10.1016/j.jpba.2009.06.049

APLICAREA ANALIZEI DE RISC DE TIP FMEA IN CONTEXUL
ORGANIZATIILOR CARE ASIGURA SERVICII INTEGRATE DE INTERES
LOCAL SI REGIONAL IN ROMANIA

Analiza modului de defectare si a efectelor, FMEA, este o metodologie utilizata frecvent in sectorul comercial in scopul
de a investiga nenumaratele cauze §i repercusiuni care ar putea rezulta dintr-o defectiune (defecte, din cauza carora
obiectul isi pierde capacitatea de a-si indeplini functiile). In aceastd lucrare stiintifica, vom investiga de ce este utild,
precum si modul in care aceastd strategie ar putea fi utilizata in contextul serviciilor integrate de importanta locala §i
regionald. Organizatiile care furnizeaza servicii de importantd locala si regionald vor avea de castigat daca reusesc sd
prezica potentialele probleme si defectiuni ale infrastructurii de gestionare. Un studiu FMEA al procesului arata
discrepante care au un impact asupra sigurantei si calitatii produsului.
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