
 

 

  
Abstract— Failure Modes and Effects Analysis (FMEA) is a 

systematic, proactive method for evaluating a process to identify 
where and how it might fail and to assess the relative impact of 
different failures, in order to identify the parts that need to be 
changed. This paper aims to understand the impact of the Design 
Failure Modes and Effects Analysis (DFMEA), which is application 
of the FMEA method specifically to product design. FMEAs should 
be completed prior to release of the product to manufacturing, 
between the Concept and Development design reviews, and should 
include customer specific requirements as applicable. This paper 
focuses on DFMEA of automotive plastic components that replace 
existing metal components, but can also withstand the same existing 
conditions as done by the metal components. By doing this, reduction 
in the weight and cost of automobile and increase in the efficiency of 
the vehicle can be achieved. 
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I. INTRODUCTION 
MEA is an analysis tool that identifies potential failure 
modes of a design or a manufacturing process, and the 

resultant effects on product quality and functionality.  
Learning from each failure after it occurs in the lab or out in 

the field is both costly and time consuming. If the failure is 
reported by a customer, customer dissatisfaction leading to 
loss of current customers and future business is a very 
plausible scenario. The root cause of the problem must be 
identified before any fix can be attempted. Some problems, as 
engineers will attest, can be notoriously hard to debug. Once 
the problem has been identified, the first solution may be too 
risky, and a less optimal fix proposed initially, with a more 
complete solution provided in a later based on tests or 
experience. Failures need to be prioritized according to how 
serious their consequences are, how frequently they occur and 
how easily they can be detected.  

 Failure Modes and Effects Analysis (FMEA) is defined as 
a systematic process for identifying potential design and 
process failures before they occur, with the intent to eliminate 
them or minimize the risk associated with them. FMEA 
procedures are based on standards in the reliability 
engineering industry [1]. FMEA provides an organized critical 
analysis of potential failure modes of the system being defined 

 
Vivek R.  Gaval  is with the Department of General Engineering, Institute 

of Chemical Technology, Mumbai, MH 400019, India (corresponding 
author’s phone: +91-9769376607 ;fax: +91-22-33611020; e-mail: 
vg6618@gmail.com).  

Prasad Balan. Iyer is with the Department of Printing & Packaging 
Technology, SIES Graduate School of Technology, Mumbai, MH 400706, 
India (e-mail: prasad.iyer@siesgst.ac.in). 

and identifies the associated causes. It uses occurrence and 
detection probabilities in conjunction with severity criteria to 
develop a risk priority number (RPN) for ranking corrective 
action considerations [2]. FMEA can also be defined as a 
group of activities intended to “recognize and evaluate the 
potential failure of a product or process and its effects and 
identify actions that could eliminate or reduce the chance of 
potential failures” [3]. 

Design Failure Modes and Effects Analysis (DFMEA) is 
the application of the Failure Modes and Effects Analysis 
method specifically to product design. It allows the design 
team to document what they know and suspect about a 
product's failure modes prior to completing the design, and 
then use this information to design out or mitigate the causes 
of failure. The DFMEA is ideally begun at the earliest stages 
of concept development, and can then be used to help winnow 
down competing designs and to help generate new, more 
robust concepts [4]. DFMEA provides a systematic method of 
identifying a large number of potential failures using 
experiments. DFMEAs provides risk mitigation, in both 
product and process development phases. Each potential 
failure is considered for its effect on the product or process or 
customer and, based on the risk level, actions are determined 
to reduce, mitigate, or eliminate the risk prior to software 
implementation and deployment. The DFMEA drives a set of 
actions to prevent or reduce the severity or likelihood of 
failures, starting with the highest priority ones. Each failure 
scenario removed during the product design phase provides 
large dividends and cost-benefits for the company when a 
more robust and reliable product is deployed.  

II.  METAL TO PLASTIC REPLACEMENTS 
 Today we can see metal to plastic replacements in industries 
like automotive, aviation, medical, lighting / electrical, 
electronics, furniture and so on. Automotive industry has now 
shifted majorly from metals to plastics for many of their 
components, presently made in iron or aluminium alloys, 
which provide them with weight reduction opportunities, 
thereby leading to cost savings, energy savings and improving 
their carbon footprint. Metal to Plastic Conversion is now seen 
in automotive body parts, power-train, motor management, 
brake parts, fuel pump parts, etc. In the aviation industry, 
Plastic composites make up 25% of the total airframe on the 
Airbus A380, where composites replace aluminum [5]. In food 
processing industry, stainless steel food hoppers, used for the 
accurate dispensing of ‘sticky’ foodstuffs, have been 
substituted with metal filled acetal polymer thereby 
significantly improving the feeding of high-adhesion 
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foodstuffs [6]. Examples of successful metal to plastic 
replacements are not limited to the ones above. 

A. Benefits of Metal to Plastic Replacements 
Typically some of the main merits of plastics over metals 

are [7]: 
a) Weight reduction since all plastic materials including 

composites are lighter than metals like steel and 
aluminium. 

b) Fewer assembly operations may be achieved. 
c) Reduced secondary finishing. 
d) Reduction in total system costs. 
e) Electrically non-conductive, predominantly. 
f) Ability to withstand temperatures to more than 500oF and 

most chemicals and corrosive environments. 
g) Greater design freedom, e.g. part complexity may be 

worked upon depending upon requirement. 
h) Opportunity for parts consolidation. 
i) Broad range of properties tailored to meet specific 

applications. 
j) Energy efficient since plastic part production is less 

energy consuming compared to metal part production or 
metal forming like die casting, sand casting, etc. 

B. Benefits in Automotive Industry 
Plastics reduce weight, resist corrosion by alternative fuels 

when metals cannot, and cut costs through parts consolidation 
and replacement of stamped metal body components. These 
benefits are being extended from automobiles to heavy trucks, 
tractors, diesel and marine engines, and recreational vehicles, 
as well as to small engines that power a wide range of 
equipment such as lawn mowers and electrical generators. 

III. FAILURE MODES AND EFFECTS ANALYSIS 
The main objectives of FMEA is to identify the equipment 

or subsystem and mode of operation, recognize potential 
failure modes and their causes, evaluate the effects of each 
failure mode on the system and identify measures for 
eliminating or reducing the risks associated with each failure 
mode. 

A. Major Types of FMEA  
The following major types of FMEA are commonly used, 

based on the application: 
a) Design FMEA (DFMEA) – focuses on potential failure 

modes of products caused by design deficiencies.  
b)  Process FMEA (PFMEA) - focuses on potential failure 

modes of products caused by manufacturing or assembly 
process deficiencies.  

c) Machinery or Equipment FMEA (MFMEA) – focuses on 
designs that improve the reliability and maintainability of 
the machinery for long-term plant usage. 

B. Key parameters of FMEA  
Any type of FMEA involves the following key parameters 

for prioritizing the corrective action: 
a) Severity (S): It is an assessment of seriousness of the 

effect of a failure mode on the customers, abbreviated as 

SEV. 
b) Occurrence (O): It is an assessment of the likelihood that 

a particular cause will happen and result in a failure 
mode, abbreviated as OCC. 

c) Detection (D): It is an assessment of the likelihood that 
the current controls will detect the cause of the failure 
mode thus preventing it from reaching the customer, 
abbreviated as DET. 

d) Risk Priority Number (RPN): It is a mathematical 
product of Severity, Occurrence and Detection. It serves 
in fixing the priority for the process / item to focus for 
corrective action. It is computed as: 

                             RPN = S x O x D              (1) 
The three indices (Severity, Occurrence and Detection) are 

individually assessed on a 1 to 10 scale basis for each failure 
mode, using the standard guidelines specifically tailored for 
Design, Process and Machinery FMEA’s, to address the 
objectives and requirements of the selected type of FMEA. 
Then RPN is calculated using (1) for each process / system / 
sub-system to rank and prioritize the corrective action plan. 

C. General benefits of FMEA  
The general benefits of FMEA include:  

a) prevention planning  
b) identifying change requirements  
c) cost reduction  
d) increased through-put  
e) decreased waste  
f) decreased warranty costs  
g) reduced non-value added operations  

IV. LITERATURE REVIEW 
In the present context, the literature that exists are related to 

gauging the effectiveness of Failure Modes and Effects 
Analysis. With respect to the DFMEA, some of the available 
literatures were studied. Hawkins and Woollons (1998) 
proposed a graphical modelling method for qualitative 
reasoning known as the ‘role model’ [8]. A role model can be 
used to represent the structural information as well as the 
conceptual representation of energy domains. The modelling 
task is carried out based on a deep knowledge approach in 
which both normal working behaviours and failure causes are 
considered. Goals are assigned to each component represented 
by the role model. Hence, a failure mode is defined by the 
failure to reach the intended goal (or function). Price (1997) 
and Hughes et al. (1999) have used Computer-Aided Design 
(CAD) data to represent their structural models [9],[10]. In 
these approaches, functions are normally defined from first 
principles. For example, the function ‘to generate torque’ is 
used to describe a shaft with a rotational degree of freedom 
about its axis, instead of a more abstract definition such as ‘to 
turn a gear train’. As the structural model is created using 
CAD data part details are needed in order to have direct 
mapping to the defined functions. Very detailed results can be 
produced if the design contains sufficient information for a 
detailed simulation. However, unless all the required part 
models are created, the application of FMEA automation using 
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CAD simulation will not be effective. A part model not only 
refers to the structural model but also includes the functional 
model and the failure behaviours that are mapped to the part. 
For mechanical parts the model can be difficult to define 
because mechanical systems involve a far wider range of 
domains, including kinematics, fluid dynamics, statics and 
dynamics (Hughes et al. 1999). The mechanical model created 
by Hughes et al. (1999) only managed to cover the area of 
kinematics in the mechanical domain [10]. The involvement of 
CAD data in FMEA generation also prevents involvement in 
the conceptual design stage, as detailed design is needed to 
create CAD data for such applications. Instead of a CAD 
model, most research has used some form of graphical 
diagrams or object representations for both functional and 
structural models. The advantage of using the graphical or 
object-based approach is that less detail is required to create 
the structural model.  

Prompted by the lack of generic tools to support FMEA 
report generation in the conceptual design stage, Teoh & Case 
(2005) used a ‘knowledge fragment’ approach known as 
FMAG to provide causal reasoning with minimal information 
input [11]. However, there are still issues derived from the 
prototype that needs further improvement before FMAG can 
be used in actual working environment. Lam et al (2001) 
carried out word to enable more efficient remanufacture of 
products through design [12]. The waste stream of an original-
equipment automotive remanufacturer was analyzed to gain 
insight into reasons why parts are not reused. The data 
gathered were used to derive values for the indices of 
occurrence (OCC), detectability (DET) and repairability 
(REP) for an FMEA modified for remanufacture. Product or 
process design that aims to reduce the Risk Priority Number 
(RPN) of the failure modes identified would facilitate 
remanufacture. 

V.  SEVERITY, OCCURRENCE AND DETECTABILITY 
In the RPN methodology the parameters used to determine 

the “criticality’ of an item failure mode are, the severity of its 
failure effects, its frequency of occurrence, and the likelihood 
that subsequent testing of the design will detect that the 
potential failure mode actually occurs.  

TABLE I 
SEVERITY GUIDELINES FOR DESIGN FMEA 

(1-10 QUALITATIVE SCALE) 
Effect Rank Criteria 

No 1 No effect. 
Very slight 2 Customer not annoyed. 
Slight 3 Customer slightly annoyed. 
Minor 4 Customer experiences minor nuisance. 
Moderate 5 Customer experiences some dissatisfaction. 
Significant 6 Customer experiences discomfort. 
Major  7 Customer dissatisfied. 
Extreme  8 Customer very dissatisfied. 
Serious  9 Potential hazardous effect. 
Hazardous 10 Hazardous effects. 
 
Tables I, II and III show the qualitative scales commonly 

used for the severity, the occurrence and the detectability 

indexes [13]. 
TABLE II 

OCCURENCE GUIDELINES FOR DESIGN FMEA 
(1-10 QUALITATIVE SCALE) 

Effect Rank Criteria 
Almost never 1 Failure unlikely. History shows no failure. 
Remote  2 Rare number of failures likely. 
Very slight 3 Very few failures likely. 
Slight 4 Few failures likely. 
Low 5 Occasional number of failures likely. 
Medium  6 Medium number of failures likely. 
Moderately 
high  

7 Moderately high number of failures likely. 

High  8 High number of failures likely. 
Very high  9 Very high number of failures likely. 
Almost certain 10 Failure almost certain. 

 

TABLE III 
DETECTABILITY GUIDELINES FOR DESIGN FMEA 

(1-10 QUALITATIVE SCALE) 
Effect Rank Criteria 

Almost never 1 Proven detection methods available in 
concept stage. 

Very high 2 Proven computer analysis available in 
early design stage. 

High 3 Simulation and/or modeling in early stage. 
Moderately 
high 

4 Tests on early prototype system elements. 

Medium 5 Tests on preproduction system 
components. 

Low  6 Tests on similar system components 
Slight  7 Tests on product with prototypes and 

system components installed. 
Very Slight 8 Proving durability tests on products with 

system components installed. 
Remote 9 Only unproven or unreliable technique(s) 

available 
Almost 
impossible 

10 No known techniques available. 

From Table I, II and III, the DFMEA worksheet can be 
filled on the basis of the type of product that is to be designed. 

VI. DFMEA WORKSHEET & METAL TO PLASTIC DESIGN 
Table IV shows the DFMEA worksheet which has a number 

of important columns giving a systematic analysis and control 
over the designed product. People with technical knowledge, 
skill, experience & expertise in the fields of plastic 
engineering, viz. plastic product design, mould design and 
plastic processing form a crucial part of the project team. 
Computer Aided Design / Engineering / Manufacturing 
(CAD/CAE/CAM) softwares like SolidWorks, ProE / Creo, 
Unigraphics NX etc. have to be available for various design, 
simulation and manufacturing requirement. 

The first column in Table IV consists of the component 
details. When listing components, details such as component 
part number, material, etc. have to be included, which will be 
helpful to others reading or revising the DFMEA in the future. 
These components may be automotive body parts, power-
train, motor brake parts, fuel pump parts, etc. Today most of 
the radiator tanks of automotive vehicles have also been 
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replaced by plastic. Most of these plastic components are 
made of plastic materials, such as, Polyamide (PA), 
Polyoxymethylene (POM), polyphenylene sulphide (PPS) or 
reinforced plastics like Polyamide with 50% or 30% Glass 
Fibre and others,  

Component Function(s) is the task(s) which a component is 
expected to perform, either for the end customer or next  
operation as customer. It should be well defined using active 
verbs such as provide, contain, isolate, etc. that will allow  

better modes. The most important thing to understand here 
is that the plastic product will have to withstand the same 
conditions as that of the metal part with respect to 
temperature, humidity, vibrations, shocks & impacts. For 
example, the thermostat housing usually made of composite 
plastic, serves as the coolant outlet and is located on either the 
cylinder block or intake manifold. Coolant typically flows out 
of the housing, through a large hose, and into the radiator. 
These housings hold the thermostat that regulates the flow of 
coolant through the engine and radiator. Thus, it has to hold 
the thermostat in place and also be in contact with the coolant 
without any degradation in its properties. A design function is 
to be described in descriptive terms (i.e. the electrical insert 
moulded plastic carries an electric cuurent of 20A).  

Failure modes should be listed in physical terms, not as 
symptoms as described by the customer. Symptoms described 
by the customer are typically failure effects. Failure modes 
can be thought of in terms of the reason that the component 
failed to perform its function. i.e. bulk resistance too high, 
wall thickness too high/low, etc. One should assume the 
component is manufactured as designed. In certain metal 
parts, self tapped threads are provided for mounting of bolts, 
which cannot be given in a plastic part since plastic threads 
would give way due to excessive torque and stress relaxations. 
Instead metal (brass or steel) inserts may be provided in the 
plastic design to take the load and torque of bolts [14]. 
Knurling are provided to metal inserts to ensure that the 
roughness created by it will help in fixing the insert to the 
plastic surface and prevent movement. If no knurling is used, 
the plain outside surface of the metal insert will tend to rotate 
after plastic moulding during tightening of bolt and also  

 
exhibits s a very low pull-out load. Some of the threaded metal 
to plastic replacement components having metal insert 
moldings in the plastic component may fail, if the pull out 
force of the insert is less than what is required for the desired 
application.  Another possible design problem is the warping 
of the plastic part either due to uneven wall thickness or due to 
changes in the processing parameters. The uneven wall 

thickness may be mitigated in the design stages by reducing 
very thick walls and providing adequate support ribs or 
gussets. Effects are the symptoms observed by the customer 
such as shrinkage, warpage, overheating, burning, etc. Effects 
should also be described in descriptive terms. 

The fifth column in Table IV gives the severity of the effect 
and is concerned only with the effect and not the failure mode. 
For example, an effect will have the same severity rating 
regardless of the associated failure modes. A cause of failure 
is something the design engineer has direct control over. It is 
important to assume the component to be manufactured as 
designed. The design team can use brainstorming, cause and 
effect, etc. to identify causes. The metal part may usually have 
high wall thickness, which is not advisable for plastic 
component moulding. Hence the plastic wall thickness has to 
be the function of the conditions it has to withstand.  

Preventive Controls are activities support design choices 
which prevent or reduce the occurrence of failure causes that 
lead to active failure modes. Items in this column are 
controlled by the Design Engineer and are completed or 
already planned and will happen as a result of procedure or 
process.  Preventive controls reduce the occurrence rating. (i.e 
dimensional analysis to determine fits, clearances and 
interferences between components, simulations, DOEs, 
ANSYS, etc.) 

The occurrence is the likelihood the failure mode will 
become active as a result of the failure cause. Do not rate the 
probability of the failure mode existing, but rather the 
probability the cause exists and will lead to the mode 
becoming active.  

Detection Controls are those verification or validation 
activities (controlled by the design, design procedure or design 
process) which will detect the failure cause or mode before the 
product is released for production. Items in this column are 
those that are completed or are already planned and will 
happen as a result of procedure or process. Detection rating is 
assessed as the ability of the current design control to 
determine if the potential failure cause (design weakness) will 
lead to the listed failure mode, or detect the occurrence of the 
listed failure mode before the design is released for 
production. However, it is to be noted that detection controls 
reduce the detection rating. Preventative controls reduce the 
occurrence rating. If none of the current controls are detection 
controls (i.e. they are all preventative), then detection must be 
given a rating of 10).  

Hence to assist the DFMEA, computer analysis has to be 
actively used. Structural Finite Element Analysis is especially 
useful in evaluating stress and deflection in complex parts. It 
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is an analytical prototyping process that starts with simple 
linear models and may proceed to more complex ones. As a 
staged process, it repeatedly refines and re-analyzes the part 
until confidence in its performance is attained. Thus FEA 
helps in re-tweaking the design and arriving at the best 
possible design. Sometimes it may even lead to changing the 
plastic raw material. 

Mould Flow analysis (MFA) evaluates gate position and 
size to optimize plastic flow. It also defines the location of 
weld lines, areas of excessive stress on the melt, effects of 
wall and rib thickness on flow, cooling analysis for mould 
temperature distribution and cycle time; shrink analysis for 
dimensional control; moulded-in stresses, and warpage 
predictions. Thus MFA reduces the time and cost to develop 
mould tools. Other finite-element design tools for molds 
include: cooling analysis for mold temperature distribution 
and cycle time; shrink analysis for dimensional control. 

Prototypes highlight design and assembly problems, and 
allow testing of essential properties. The more accurate the 
prototype, the more expensive it will be. In general, accurate 
prototypes are needed for complex parts having tight 
tolerances and great detail. Prototype testing leads to design 
refinements, final material selection, and the specification of 
production details. Dimensional stability, strength, and 
rigidity, combine the effects of several factors and are difficult 
to measure in the lab. For example, dimensional stability 
might combine coefficient of thermal expansion, moisture 
absorption, post-mold shrinkage, and relaxation of molded-in 
stresses. Assessment of how a plastic performs in such areas 
often depends on prototype testing. 

VII. CONCLUSION 
Though the DFMEA technique is still widely used and 

adhered to in the automotive industry, it is not without 
disadvantages. The most critical disadvantage of the 
traditional FMEA is that various sets of S, O and D may 
produce an identical value of RPN; however, the risk 
implication may be totally different. For example, consider 
two different events having values of 3, 2, 3 and 6, 1, 3 for S, 
O and D respectively. Both these events will have a total RPN 
of 12 (RPN1 = 3x2x3 = 18 and RPN2 = 6x1x3 = 12), 
however, the risk implications of these two events may not 
necessarily be the same [15]. This could entail a waste of 
resources and time or in some cases a high risk event going 
unnoticed. Hence, in such cases the experience of the industry 
personnel and the available test or experiment results for the 
plastic component design plays an important role. Today most 
of the companies manufacturing automotive components still 
use the DFMEA method and have acquired a good amount of 
understanding of the method by years of experience. 

REFERENCES   
[1] Guidance of Failures Modes and Effects Analysis, International Marine 

Contractors Association, April 2002. 
[2] Failure Mode and Effects Analysis (FMEA): A Guide for Continuous 

Improvement for the Semi-conductor Equipment Industry, Sematech, 
September 30, 1992. 

[3] V. D. Kenchakkanavar, and Anand K. Joshi, “Failure Mode and Effects 
Analysis: A Tool to Enhance Quality in Engineering Education,” 
International Journal of Engineering (IJE), vol. 4, issue 1, pp. 52–59, 
March 2010. 

[4] P. B. Iyer, V. R. Gaval, “A Generalized Systems Approach to Metal to 
Plastic Replacements,” International Journal of Applied Research in 
Mechanical Engineering (IJARME), vol. 3, issue 1, pp. 63-70, 2013. 

[5] D. Rosato, “Advances in the Art and Science of Metal to Plastic 
Replacement,” SpecialChem–Omnexus [Online]. September 2009. 
Available:http://www.omnexus.com/resources/editorials.aspx?id=23811 

[6] G. Barber, “New applications in food processing,” DuPont Engineering 
Design Electronic Magazine, USA, 2010. [Online]. Available: 
http://www2.dupont.com/Plastics/en_US/Knowledge_Center/engg_desig
n_mag/ed101/ed10107.html 

[7] Z. . Smith, C. McChesney and K. Fletcher, “Switching from Metals to 
Plastics,” Ticona LLC Summit, N.J., 2012. 

[8] P. G. Hawkins and D. J. Woollons, “Failure modes and effects analysis 
of complex engineering systems using functional models,” Artificial 
Intelligence in Engineering, vol. 12, issue 4, pp. 375–397, October 1998. 

[9] C. J. Price, “AutoSteve: automated electrical design analysis,” 
Proceedings of the IEE Colloquium on Applications of Model-Based 
Reasoning, pp. 338, 1998. 

[10] N. Hughes, E. Chou, C. J. Price, and M. Lee, “Automating mechanical 
FMEA using functional models,”  Proceedings of the Twelfth 
International Florida AI Research Society Conference, AAAI Press, 
Menlo, CA, pp. 394–398, 1999. 

[11] P. C. Teoh and K. Case, “An evaluation of failure modes and effects 
analysis generation method for conceptual design,” Int. J. Computer 
Integrated Manufacturing, vol. 18, No. 4, pp. 279 – 293, June 2005.  

[12]  A. Lam, M. Sherwood and L. H. Shu, “FMEA-based Design for 
Remanufacture using Automotive-Remanufacturer Data”, SAE 2001 
World Congress, Society of Automotive Engineers, March 2001. 

[13] D. H. Stamatis, Failure Mode and Effects Analysis: FMEA from 
Theory 

to Execution, Productivity Press India Pvt. Ltd., Madras, 1997. 
[14] P. B. Iyer, V. R. Gaval, “Metal to Plastic Conversion in Automotive 

Industry: Design & Development,” unpublished. 
[15] S. Narayanagounder, and K. Gurusami, “A New Approach for 

Prioritization of Failure Modes in Design FMEA using ANOVA,” 
World Academy of Science, Engineering and Technology, vol. 3, pp. 
486-493, January 2009.. 

 

International Journal of Mining, Metallurgy & Mechanical Engineering (IJMMME) Volume 2, Issue 3 (2014) ISSN 2320–4060 (Online)

101




