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1. Abstract
Due to rise of environmental awareness and enactment of legislation in recent years, products that reach their
end-of-life need to be collected, disassembled and reused / recycled. However, since every component that
comprises a product is not reused / recycled from a cost effective standpoint, a product needs not be completely
disassembled and only components to be reused / recycled need to be removed from a product with less
disassembly cost and work. The number of tasks required to remove each component from the product is seriously
affected by layout of components comprising a product. Since component layout is roughly decided during
conceptual design phase, it is desirable to decide components layout with consideration of disassembability during
conceptual design phase. In this research, layout design during conceptual design phase is focused on and a new
method of optimizing component layout considering its disassemblability is developed. In the proposed method,
sequence triple is used to represent a three-dimensional component layout. To evaluate disassemblability of a
layout, fitness function is defined based on the number of tasks required to remove components from a product and
the value of those components. Optimal layout is explored by using genetic algorithm. In the case study, the
proposed method is applied to an example calculation and layout design of internal devices of a laptop computer.
2. Keywords: Layout optimization, Design for Environment, Design for Disassembly, Sequence triple, Genetic
algorithm
3. Introduction
Due to rise of environmental awareness and enactment of legislation in recent years, products that reach their
end-of-life need to be collected, disassembled and reused / recycled. However, since every component that
comprises a product is not reused / recycled from a cost effective standpoint, a product needs not be completely
disassembled and it is desirable that only components to be reused / recycled are removed from a product with less
disassembly cost and work. Therefore, there is a need to develop a design method that can obtain the layout which
high-value components can be easily and quickly removed from a product.
For years, many researches have been done to make products to be disassembled more efficiently. Design for
Disassembly (DfD) [1][2] is the guideline to design products to be easily disassembled for maintenance, repair,
recovery and reuse of components/materials. Disassembly sequence planning [3][4][5] is the method to obtain the
optimal disassembly sequence which a product is disassembled with minimum cost and work. Layout optimization
considering disassemblability [6][7] is the method to explore the layout which components comprising a product
can be disassembled with less cost and work. However, compared to the researches of DfD and disassembly
sequence planning, layout optimization considering disassemblability has not been researched sufficiently.
Layout of components comprising a product is roughly decided during conceptual design phase and as a result,
disassemblability of the product is also roughly decided. Therefore, in order to obtain the layout which high-value
components can be removed with less disassemble cost and work, component layout needs to be decided by
evaluating disassemblability of each component during conceptual design phase.
In this research, layout design during conceptual design phase is focused on and a new method of optimizing
component layout considering disassemblability for the facilitation of reuse and recycle is developed. In the
proposed method, component shape is represented by rectangular box since component shape is not detailed
during conceptual design phase. Sequence triple [8] is used to represent three-dimensional layout of components
comprising a product. To evaluate disassemblability of the generated layout, fitness function is defined based on
the value of each component and the number of tasks required to remove each component from a product. Genetic
algorithm is used to explore the optimal layout. Since some components need to be placed on outer periphery of a
product or placed next to particular components to perform their function, position of components inside a product
and adjacency relationship between components are evaluated and handled as constraint conditions. In the case
study, the proposed method is applied to an example calculation and a layout design of internal devices of a laptop
computer.
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4. Layout optimization considering disassemblability
The purpose of the proposed method is to obtain the layout which high-value components can be easily and
quickly removed from a product. “Value” means how much the component is worth recycling or reusing. Since
evaluation of component value is not the subject of this research, it is assumed that the value of every component is
set appropriately in advance.
In the proposed method, component shape is represented by rectangular box and three-dimensional layout of
components is represented by sequence triple. To explore optimal layout, genetic algorithm is used. Fitness
function of GA is defined based on the value of components and disassemblability of a layout. It is assumed that
components can be removed in only one direction and one component can be removed at a time. The following
sections explain the details of the proposed method.
4.1. Evaluation of disassemblability
To evaluate disassemblability of a layout, “disassembly sequence” and “disassembly sequence depth” are
introduced. Disassembly sequence is first obtained and then disassembly sequence depth is obtained based on
disassembly sequence.
4.1.1. Disassembly sequence
Disassembly sequence is the sequence of components to be removed from a product. The basic rule for
disassembly processes in the proposed method is that if more than one component can be removed at the same time,
the component with higher value is removed preferentially. Based on this rule, disassembly sequence is obtained
by repeating the below two steps.
Step1: Every component that can be removed at this time is listed.
Step2: The most valuable component among the list is removed. Go back to Step1.
Figure 1 and Table 1 show an example of obtaining disassembly sequence. In this example, it is assumed that
components can be removed in only upper direction. Figure 1 (a) shows initial layout. In the case of this figure, 3
components named A, B and D can be removed. Since it is assumed that component D has the highest value among
them, it is removed at the beginning. Figure 1 (b) shows the layout after removing Component D. In the case of this
figure, components A, B, E, F and G can be removed, so the most valuable component among them is removed
after removal of component D.

(a) Initial layout
(b) 2nd layout
Figure 1: Flow of obtaining disassembly sequence
Table 1: Flow of obtaining disassembly sequence
No.
1
2
3
・
・

Disassemblable components
A, B, D
A, B, E, F, G
A, B, E, G
・
・

Disassembly sequence
D
F
A
・
・

4.1.2. Disassembly sequence depth
Disassembly sequence depth shows the number of steps required for each component to become removable from a
product. Depth of the components that can be removed from the beginning is called “Level 1”. Depth of the
components that become removable after removing 1 component is called “Level 2”. So, depth of the components
that become removable after removing n components is called “Level n+1”. If no new component becomes
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removable after removing n components, “Level n+1” becomes empty set. Disassembly sequence depth is
obtained by repeating the below four steps.
Step1: Every component that can be removed at this time is listed.
Step2: The components already listed in the lower level are removed from the list.
Step3: The components comprised in the list obtained in Step2 are set to the current level.
Step4: According to the disassembly sequence, next component is removed. Go back to Step1.
Figure 2 and Table 2 show as an example of obtaining disassembly sequence depth. It is assumed that disassembly
sequence of this example is same as Table1. In this example, components A, B and D can be removed at the
beginning, as show in Figure 2(a), so their depth is set to Level 1. Then, according to disassembly sequence,
component D is removed. Next, components A, B, E, F and G can be removed, as shown in Figure 2(b). But,
components A and B are already set to Level 1, so only components E, F and G is set to Level 2. Then, component
F is removed. Next, components A, B, E and G can be removed, as shown in Figure 2(c). But, these components
are already set to Level 1 or 2, so no component is set to Level 3.

(1) Initial layout
(2) 2nd layout
(3) 3rd layout
Figure 2: Flow of obtaining disassembly sequence depth
Table 2: Flow of obtaining disassembly sequence depth
Disassembly depth
Level 1
Level 2
Level 3
Level 4
・
・

Component
A, B, D
E, F, G
0
C
・
・

Disassembly sequence
D
F
A
G
・
・

4.2. Three-dimensional layout optimization
In the proposed method, component shape is represented by rectangular box and three-dimensional component
layout is represented by sequence triple. Genetic algorithm is used to explore the optimal layout.
4.2.1. Sequence triple
Sequence triple [8] is the extended version of sequence pair [9]. Sequence-pair was originally developed for VLSI
layout design. Sequence pair is one of the rectangle packing problems.
Sequence triple represents relative positions of rectangular boxes by using three rectangle name sequences, called
1, 2 and 3. 1, 2 and 3 indicate the order of rectangular boxes in three orthogonal axes arranged on diagonal of
x, y and z axes. Figure 3 shows a layout example, its relative position and its sequence triple.
When relative positions of rectangular boxes are defined by 1 and 2 and 3, the absolute positions of the
rectangular boxes without overlap within minimum volume can be uniquely obtained by making right-left,
front-rear and above-below constraint graphs based on 1, 2 and 3 and by calculating longest paths in these
graphs. Figure 4 shows their examples. See the references [8][9] for the details.
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(1) Layout

(b) Relative position
(c) Name sequence
Figure 3: Example of layout and sequence triple

(1) Right-Left constraint graph

(b) Front-Rear constraint graph
Figure 4: Constraint graphs

(c) Above-Below constraint graph

4.2.2. Fitness function
In this research, the layout with high disassemblability is equal to the one in which high-value components can be
removed with less work. Therefore, Fitness function of GA is based on the value of components and disassembly
sequence depth that shows the number of steps required for each component to become removable, as shown in
Eq.(1).
n

f   Dmax  Di   Vi

(1)

i 1

Where Dmax is the maximum level of disassembly sequence depth, Di is the level of disassembly sequence depth of
component i, Vi is the value of component i and n is the number of components.
4.2.3. Constraint conditions
In practical layout design, some components need to be arranged on periphery of the products or contacted each
other in order to perform their function appropriately. So layout and adjacent constraints described the below are
considered in the proposed method.
(1) Layout constraint
Components specified by a designer need to be placed on periphery of the product.
(2) Adjacent constraint
Components specified by a designer need to be contacted each other. Adjacent components are handled as single
component and removed at a same time during disassembly processes.
In addition, since size and volume of a product is also important, their maximum acceptable values are handled as
constraint conditions.
5. Case study
To test effectiveness of the proposed method, two case studies are carried out. The first is an example calculation
and the second is layout optimization of internal devices of a laptop computer.
5.1 Example calculation
In the first case study, layout of 30 components is optimized by using the proposed method. Value of each
component is set to from 1 to20. No layout and adjacent constraint is considered. Size constraints are set to 30 cm
length, 20cm width and 15cm height. Volume constraint is set to 5000 cm3.
Figure 5(a) shows the result of layout optimization only considering volume minimization while 5(b) shows the
result of the proposed method in which disassemblability is maximized. Green components in these figures are the
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top 5 high-value components. Size of 5(a) is 21cm length, 15cm width and 13cm height while size of 5(b) is 24cm
width, 13cm width and 15cm height. Volume of 5(a) and 5(b) is 4095 cm3 and 4680 cm3 respectively.
Disassemblability calculated by using equation 1 is 2673 and 3621. The number of steps required to remove the
top 5 components is 18 and 5. The results show that the proposed method can obtain the layout in which high-value
components can be easily removed.

(a) Optimal layout considering volume minimization (b) Optimal layout considering disassemblability
Figure 5: Results of layout optimization
5.2 Layout optimization of internal devices of a laptop computer
In the second case study, layout of internal devices of a laptop computer is optimized. “Internal devices” means
that input devices, a display and an enclosure are not included.
Table 3 is the list of components. Since the value of components written in red in Table 3 are high, they are
considered as high-value components and focused on. Size constraints are set to 15cm length, 20cm width and 3cm
height. Volume constraint is set to 600 cm3. As for layout constraints, Optical drive, PC card device, USB port,
Connector socket, Motherboard 1&2&3 and Base 1&2 need to be placed on periphery. As for adjacent constraints,
Motherboard 1, 2 and 3 need to be contacted each other.
Table 3: List of components
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Component
HDD
HDD cover
PC card drive
Optical drive
Battery
Motherboard 1
Motherboard 2
Mtoherboard 3
Base 1
Base 2
Cooler
Heat pipe
Speaker
USB port
Connector sockets

Value
7
4
3
8
7
9
9
9
6
6
3
4
3
2
2

Color
Gray
Gray
Black
Pink
Blue
Green
Green
Green
Green
Green
Orange
Orange
Purple
Black
Black

Figure 6(a) shows the result of layout optimization only considering volume minimization. Size is 12cm length,
20cm width and 3cm height. Figure 6(b) shows the result of the proposed method. Size is 14cm length, 17cm width
and 2cm height. Table 4(a) and 4(b) shows disassembly depth sequences of optimal layouts resulting from layout
optimization only considering volume minimization (Figure 6(a)) and the proposed method (Figure 6(b)).
Disassemblability is 221 and 354 respectively. The number of steps required to remove high-value components is
9 and 7. As with the first case study, the results shows that the proposed method can obtain the layout in which
high-value components can be easily removed.
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(a) Optimal layout considering volume minimization (b) Optimal layout considering disassemblability
Figure 6: Optimal layout considering disassemblability
Table 4 Disassembly sequence depth
(a) Optimal layout considering volume minimization
Disassembly depth
Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7
Level 8
Level 9

Component
Battery, PC card drive, Motherboard
0
HDD cover, USB port, Optical drive,
Connector sockets, Heat pipe
0
HDD
Base2
0
Cooler
Speaker, Base1

Disassembly sequence
Battery
Motherboard
Optical drive
HDD cover
HDD
Base 2
Heat pipe
Cooler
Base 1

(b) Optimal layout considering disassemblability
Disassembly depth
Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7
Level 8
Level 9

Component
Disassembly sequence
Battery, PC card drive,
Motherboard, USB port
Battery
0
Motherboard
HDD cover, Optical drive,
Connector sockets, Heat pipe
Optical drive
Base 1, Speaker
Base 1
0
HDD cover
HDD
HDD
Base 2
Base 2
0
Heat pipe
Cooler
Cooler

6. Conclusion
To make product disassembly more efficient for the facilitation of reuse and recycle, a new layout optimization
method is proposed. When products are reused / recycled, only high-value components are reused / recycled and
the other components are discarded from a cost effective standpoint. So, the layout which high-value components
can be removed from a product with less work is desirable for the facilitation of reuse and recycle. In order to
obtain such layout, the proposed method optimizes component layout by using the fitness function based on the
value of each component and the number of tasks required to remove each component from a product. In the case
study, an example calculation and layout optimization of internal devices of a laptop computer are carried out.
Their results show the effectiveness of the proposed method.
As for future works, consideration of fastening means between components, modularization of components and
multiple removal directions are planned.
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