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ABSTRACT

Purpose: Automotive component reuse as one of the product recovery strategy is now gaining importance in view
of its impact on the environment. Research and development on components design and manufacturing as well
as tools and methods to facilitate reuse are under way in many countries. To enable reuse, components have to be
assessed and its reliability and life time predicted. This paper presents the development work on an optimisation
model for assessing potential automotive components for reuse using artificial intelligence approaches.
Design/methodology/approach: As a part of the study, the paper currently focuses on initial study on ease of
disassembly design. The model for predicting reliability and durability of reuse components is then developed
using Artificial Neural Networks (ANNSs) and further optimised for reliability and life cycle cost using Genetic
Algorithm (GA).

Findings: The proposed model will enable the local automotive industry to effectively assess potential
components for reuse in support of further design and manufacturing improvements.

Research limitations/implications: This study hopes to contribute to design for reuse by assessing high
potential and reliable reuse components at the lowest costs.

Originality/value: Artificial intelligence methods, such as artificial neural networks (ANNs) and genetic
algorithm (GA), can be applied to solve problem as they can provide satisfactory and acceptable solutions for
many complex problems.
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Directive has passed laws to the member countries to reuse and

recover 85% by weight of the average vehicle by the year 2006
and this percentage increases to 95% by the year 2015 [2].

Environmental concern as well as government legislations
have forced manufacturers in many countries to consider product
life cycle issues and deal with product recovery at the end of
product life cycle. The automotive industry is one of the leading
industry in this environmentally conscious manufacturing and
product recovery. In the USA, 95% of cars and trucks that are
retired each year go the recycler and for each of those cars, 75%
by weight is recovered for reuse [1]. In the European Union
countries, the European Union End of Life Vehicle (ELV)
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In Malaysia, the establishment of Proton in 1985 and
consequently Perodua in 1993 acted as a catalyst to the
development of the automotive sector in Malaysia including the
development of local automotive components manufacturers.
Currently, there are 4 passenger and commercial vehicle
manufacturers, 9 motor vehicle assemblers and 343
components/parts manufacturers in Malaysia with a total
production of 441 678 vehicles in 2007 [3]. The government
policy provides support and incentives to promote a competitive
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and viable automotive sector and to enhance local capabilities in
the automotive sector. However, the establishment of local
automotive industries that have environmentally consciousness is
still one step ahead and need support from government and
automotive manufacturers.

Although component reuse is still a new phenomenon in the
local automotive industry, efforts toward reuse must be conducted
to develop a sustainable local automotive industry. The advantages
of reuse in terms of economic benefits as well as environmental
safety will direct the local automotive manufacturers to deal with
the end of life recovery of their products.

In relation to product reuse, previous research on the
optimisation of design for product or component reuse is very
minimal. Mazhar et al. [4] developed a study that estimated
remaining life of used components of washing machine using
artificial intelligence. Kara et al. [5] conducted a study to
determine the reuse potential of washing machine component
based on estimated operating life time by comparing multi
regression analysis and artificial intelligence. A study related to
product design for reuse of automotive component was also
conducted by Kimura et al. [6]. In this study, the development of
product modularisation strategies for car air conditioner based on
product functionality, product commonality and life cycle
similarity were proposed.

Several studies on product/component reuse are in the area of
manufacturing system, economic and supply chain. For example,
Takata and Kimura [7] developed life cycle simulation system for
life cycle process planning by taking into account the reuse of
parts over product generations period. While, Uemeda et al. [8]
analysed reusability using marginal reuse rate for single camera,
photocopier and automatic teller machine (ATM).

Ko et al. [9] assessed manufacturing system reusability using
a case example of a right hand side frame of a car body. Koh et al.
[10] developed an optimum inventory system for reusable items
such as soft drink bottles. While, Simon et al. [11] developed
a model of washing machine life cycle based on life cycle data
acquisition (LCDA). This model evaluated the economic benefits
of using reuse component obtained from the end of life cycle and
reusable components arise from servicing.

The essential goal of reuse strategy is to determine the
potential reuse components that optimise economic benefits (by
reducing manufacturing and other production costs), reliability
and durability of the reuse components at the end of life cycle.
Therefore, reliability and life time prediction of potential reuse
components assessment will be the basis methodology. Based on
this, the study will develop an optimisation model for automotive
component reuse in order to deliver highly reliable reuse
components at minimum costs.

Artificial intelligence methods, such as artificial neural
networks (ANNSs) and genetic algorithm (GA) have solved many
problems in decision making. A neural network can be defined as
a model of reasoning based on human brain [12]. The ability of
ANNSs to learn and understand the problem and to improve its
performance through learning process can be applied to predict
life time and reliability of automotive components based on
failure data analysis. Therefore, the combination of artificial
neural network and genetic algorithm can make evolutionary
computation to solve optimisation model for automotive
components reuse.
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2.Product life cycle and design
for reuse

Resources that are recovered will reenter the product life
cycle and replace the input of virgin materials through directly
reusing the product at the end of useful life, reusing some parts,
reusing  other  parts after  appropriate  reprocessing
(remanufacturing) or by recycling materials (Fig. 1). As
a consequences, this leads to a decrease in the consumption of
virgin materials, decrease the volumes disposed of as waste and
saving consumption of energy for processing [13].
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Fig. 1. Physical life cycle of product and flow material resources [13]

According to Fig. 1, strategies for recovery of resources at
the end of life cycle can be grouped according to their different
recovery levels. They are 3 main recovery levels as follows:

1. Direct reuse — At the end of use, the product can be directly
reused, with consequent savings in energy consumption,
possible emissions, costs related to the production and
assembly and in the volumes of virgin materials.

2. Reuse of parts — Components that have not undergone
excessive deterioration can be recovered, possibly after being
regenerated through immediate processes, as components for
reassembly with savings in energy, possible emissions, costs
related to the process of producing the parts and in volumes
of virgin materials.

3. Recycling materials — The materials of parts that cannot be
reused can be recycled by recovery process or used in
external production cycles.

When parts/components are to be reused, in either
remanufacture or maintenance, the reliability of the
parts/components becomes very important [14]. Reliability is
defined as the probability that an item to perform a required
function without failure under given environmental and
operational conditions and for a stated period of time [15]. If
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probability density function (f(t)) indicates the failure distribution
over the entire range of time, the cumulative distribution function,
denoted F(t) is the probability that a product will fail by
a specified time. Mathematically, it is defined as :

F(t)=Pr(T <t) = j' f(t)dt (1

Therefore, the reliability function or survival function (R(t) is
the complement of F(t) and can be written as:

R = Pr(T =) =1 F () = | 1 ()at @

The probability density function (f(t)), cumulative distribution
function F(t) and reliability function R(t) as a function of time
t can be seen in Fig. 2.

Fig. 2. Probability density, distribution and reliability functions [15]

According to Ogushi and Kandlikar [16], reuse of automotive
components/parts can be in form of reintegrating used parts into
newly manufactured vehicles or parts reuse for replacement or
spares. In practice, no reuse parts/components from end of life
vehicles (ELVs) are reintegrated into newly manufactured
vehicles exists in  Malaysia. As in other countries,
parts/components are commonly reused only for parts
replacement of used cars either by remanufacture or not.

These are caused by some factors that influence the original
equipment manufacturers (OEMSs) preference of using reuse parts
such as the economic benefit and the quality of reuse components.
The economic benefit from reuse in form of reduction of
production cost is one of the main concerns. If the cost of
producing new vehicles that consist of some reuse
parts/components is higher than manufacturing vehicles with all
new components, therefore there is no advantage of reuse for the
OEMs. Therefore we have to examine whether the OEMs will
gain some economic benefit from reuse of automotive
components. The other concern is the quality of vehicles as it is
driven by customers perception about reuse products that are not
as good as new. In this case, prediction of component life time
and reliability become very important to ensure the quality of
reuse parts/components.

The application of artificialintelligence in optimisation of automotive components for reuse
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The cost and quality constraints can also be overcome hy
improvement of automotive design in the very early stage of
product development. For example, design for ease disassembly
leads to reduction in disassembly time so that can improve cost of
recovery. The choice of material and design form can also
increase reliability and durability of automotive components.

3.lmproving design of car door
for reuse

In design for reuse, ease of disassembly is an important
criteria and will be one of the focus area of the study. Eventually,
an optimisation model of an automotive component for reuse that
minimise life cycle cost as well as maximise reliability will be
proposed.

As a case example, a Proton Perdana right hand side (RHS)
car door is examined (see Fig. 3). The Proton Perdana is
manufactured by Proton, one of the local automotive
manufacturers in Malaysia.
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Fig. 3. Right hand side car door of Proton Perdana

The Proton Perdana car door consists of several parts as
shown in Fig. 4. In the original design, the Proton Perdana door
skin is crimped to the door frame around its sides except the upper
side. There are two spot welds on the front side. These crimping
and spot welding cause difficulty in removing door skin from the
door frame. The disassembly process of this original design may
damage the door skin and frame and very time consuming.
Besides, the door frame also consists of two parts that are
connected by spot welding. Outer window panel uses both snap fit
and screw connections and inner window panel uses clip.

Improvements to the car door design is proposed in order to
improve car door disassembly. Instead of crimping, the
attachment design of door skin to the door frame uses the ,,tongue
and groove” principle. This concept was proposed by Amezquita
et al. [17] with some modifications. There are 2 grooves and
2 tongues to guide the door skin direction into the door frame (see
Fig. 5). Four bolts (two at each side) will be used to fix the
position of door skin to the door frame.
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1 Door skin 8 Clip

2 Door frame 9 Inner window panel
3 Door sash 10 Inner nut plate

4 Door sash connection 13 Bolt

5  Outer window panel 14 Sesendal pisah

6  Groove 15  Sesendal rata

7  Groove 16 Nut

Fig. 4. Car door parts

This new design will lead to an easier disassembly of door
skin and door frame and prevent damages during disassembly
process. This will also lead to reduction in disassembly time and
recovery cost. Therefore it will give more opportunity of car door
parts such as door frame and door skin to be reused.

—— Dworsash
Gmorees

Bolt

Fig. 5. Tongue and groove principle in new design

It is also suggested that the door frame be constructed in one
entity instead of two separate entities connected by spot welds
(Fig. 6). This will increase the possibility for reuse because spot
welding connection is easy to damage. The outer window panel is
designed using snap fit to replace the use of both snap fit and
screw. The snap fit was designed for easy removed from the
inside, therefore vehicle security is still maintained. It is also
proposed that the inner window panel uses snap fit instead of clip.
Snap fit is easier to disassembly compared to the clip.
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Fig. 6. One entity of door frame

The proposed design changes enable the car door to be
disassembled easily and therefore will reduce disassembly time as
well as recovery cost. Hence, enhancement to the reusability of
the car door.

The proposed design of car door is validated by comparing
the maximum stress and displacement of the original and the new
design. By assuming that the opening and closing load of the car
door is equal to 20 kN, the maximum displacement and stress of
the proposed design resulted from finite element analysis are
1.17 mm and 217 mPa (Fig. 7 and Fig. 8). These values are higher
than the original design which are 0.789 mm and 162 mPa.
However, this new design is acceptable since the stress is still
lower the tensile strength of the car door which is 340 mPa.

Fig. 8. The maximum stress of the new car door design
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In the next section, the model for predicting life time and
reliability of automotive component will be proposed. As a case
example, the durability and reliability of the proposed design of
car door for reuse will be predicted. Next, the optimisation
model will determine the potential car door components that
maximise durability and reliability as well as minimise life
cycle costs.

4.Neural networks model
for life time and reliability
prediction

Artificial neural networks (ANNSs) has been widely used in
recent years due to its ability in providing satisfactory and
acceptable solution for complex problems in which the
conventional mathematical methods are not able to solve. ANNs
are inspired by the human brain that consists of a number of
interconnected processors, called neurons. The neurons are
connected by links and each links has a numerical weight
associated with it. A neural network ‘learns’ through repeated
adjustments of these weights.

A multilayer neural networks is a feed forward neural network
that consists of one or more hidden layers. Typically, the network
consists of an input layer of source neurons, at least one middle or
hidden layer of computational neurons and an output layer of
computational neurons (Fig. 9).

Output layer

Input layer Hidden layer

Fig. 9. Three layers neural network [12]

By training the neural network, implicit knowledge can be
built into it. A lot of training algorithm are available, however the
most popular method is back propagation [12]. In a back
propagation neural network, the learning algorithm has two
phases. First, a training input pattern is presented to the network
input layer. The network then propagates the input pattern from
layer to layer until the output pattern is generated by the output
layer. If this pattern is different from the desired output, an error
is calculated and then propagated backwards through the network
from the output layer to the input layer. The weights are modified
as error is propagated.

The application of artificialintelligence in optimisation of automotive components for reuse
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The proposed neural network model is a multilayer feed
forward back propagation neural network. The output of neurons
in the hidden layer are calculated by:

Yj(p)=f{znlxi(p)xwij(p)—ej} (3)

where:

f — the transfer function,

n — the number of input neuron j in hidden layer,

Xi(p) — the input neuron value at iteration p and wi(p) is the
weight and ©; is a threshold applied to the neuron. The actual
output of neurons in output layer are calculated by :

Y, ()= f{ix,-k(p)ijk(p)—ek} 4

where:
m — the number of input of neuron K in the output layer.

Tansig and purelin transfer functions will be used in the
proposed model. Both are very common choices for multilayer
neural network [18]. Some back propagation learning algorithms
such as Levenberg-Marquardt, Resilient Back — p opagation and
Scaled Conjugate Gradient will be compared to obtain the best
results.

The data requirements for the proposed neural network model
will be derived from finite element (FE) analysis using
a computer aided engineering software. By simulating loads, the
proposed design of car door for reuse will be analysed using FE
method so that various stress and cycle to failure could be
determined. Based on this, ANNs will predict the durability and
the reliability of the car door.

The study on durability and reliability of the proposed design
of the car door is currently being carried out. Hence, design
improvement of the car door for reuse is not only to increase ease
of disassembly but also to increase durability and reliability of the
car door components.

Meanwhile, Proton has conducted durability analysis on some
of its car door components. Results from the study indicated that
the life estimation of a Proton door handle is predicted around
40 000 miles [19]. By improving the design of car door for reuse,
it is expected that the durability and reliability of car door
components will be improved.

5.The proposed optimisation
model of automotive reuse
components

Based on the automotive components reliability and durability
that resulted from the proposed ANNs model, the proposed
optimisation model is developed in order to find the optimum
automotive reuse components. The proposed optimisation model
describes trade off between life cycle costs and reliability of reuse
components.
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Life cycle cost of a new product comprises production cost,
ie. material (C,) and manufacturing costs (C.z), and assembly
cost (Cass). Compared with the production of new product, reuse
components enable a reduction in material and manufacturing
costs [13]. However, there is also an additional recovery cost
(Crec) that may vary depending on the components to be reused.

On the other side, reuse components may affect reliability of
a product or system as a whole. Therefore, in order to determine
the optimum components for reuse, the proposed optimisation
model optimises the following objectives:

1. To minimise life cycle costs of reuse product.
2. To maximise reliability of reuse product.

The optimisation problem is subject to constraints that
indicate the determinant factors limitation such as reliabity,
durability and ease of disassembly. The formulation of the
optimisation model is as follow:

Objectives:

1. To minimise life cycle cost of reuse product (Z,):

min: material cost + manufacturing cost + assembly cost + recovery
cost

Z,= (X0-5) (Co+ Cr) +Coss + 3 Creci (5)
i=1 i=1

2. To maximise reliability of reuse product (Zy):

max : Z, = Ry(t) = E(6(X(1))) (6)
Subject to:

1. Recovery cost of component -i (Ciec):

®  Creci=Cuissi + Coi + Conti )

e disassemby cost of component -i (Cgiss i) IS dependent on
disassembly time (tgiss i) and labour cost (Cp):

Cissi = Liissi * Conn ®)

dissi

2. Durability (D;):
e Durability

D, = int[?] ©

e Predicted duration of component -i (PD;) must be longer than
the product working life (T), therefore :

Di>1 (10)

e PD; or mean life time is calculated based on ANNs model.
Reliability:

e Reliability of each component (X;(t)) at the end of product life
time is predicted from ANNs model.

1 , if =0
Hilt) ={
Xl(t) r if = 1 (11)

r; is effective reusability of component i.
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4. Separability (S;):
e The reuse component has to be easily separated, therefore :

1, if component -1 can be separated

8=
0, otherwise where 5;is obtained from junction analysis.
(12)

5. Effective reusability (r;):
* V=D

1, ifvizl

= {

o, i vi=l (13)
6. Lower bound constraint:
PD;, Dj, Si, Xi(t), Rs(t), Vi, 1i =0 (14)

This proposed optimisation model will be solved using
Genetic Algorithm (GA). Genetic Algorithm is a stochastic search
technique based on the mechanism of natural selection and natural
genetics. GA deals with a set of solutions, called population, and
each individual in the population is called chromosome. During
each generation, the chromosomes are generated using 2 main
operators, i.e. cross over and mutation, and are evaluated using
some measures of fitness [20]. Genetic Algorithm is chosen to
solve this optimisation model due to its capability in solving many
large and complex optimisation problems compared with other
heuristic methods.

6.Conclusions

Reuse of product or component is the highest hierarchy of
product recovery at the end of life cycle. Besides the positive
impacts of reuse to the environment, it also leads to savings in
energy consumption, materials and other production costs.
Although there are lots of advantages of reuse for manufacturers,
very few research in product or component design for reuse have
been conducted especially in automotive industry. This study
hopes to contribute to design for reuse by assessing high potential
and reliable reuse components at the lowest costs. Artificial
intelligence methods, such as artificial neural networks (ANNSs)
and genetic algorithm (GA), can be applied to solve this problem
as they can provide satisfactory and acceptable solutions for many
complex problems.
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