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Abstract - Disassembly is a fundamental process needed for component reuse and material recycling in all assembled 
products. Integral attachments, also known as “snap” fits, are favored fastening means in design for assembly (DFA) 
methodologies, but not necessarily a favored choice for design fbr disassembly. In this paper, design methods of a new 
class of integral attachments are proposed, where the snapped joints can be disengaged by the application of 
localized heat sources. The design problem of reversible integral attachments is posed as the design of compliant 
mechanisms actuated with localized thermal expansion of materials. Topology optimization technique is utilized to 
obtain conceptual layout of snap-fit mechanisms that realizes a desired deformation of snapped features fbr joint 
release. Two design approaches are attempted and design results of each approach are presented, where the 
geometrical configuration extracted from optimal topologies are simplified to enhance the manufacturability fbr the 
conventional injection molding technologies. To maximize the magnitude of deformation, a design scheme has been 
proposed to include boundary conditions as design variables. Final designs are verified using commercial software 
fbr finite element analysis.
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1. Introduction

Driven by increasing social pressure to heighten 
environmental consciousness, design for disassembly 
has become one of the most significant challenges in 
the modern product design process. This is especially 
true in the consumer electronics industry due to high 
production volumes and characteristically short time 
scales of technological obsolescence. A novel and 
effective way to enhance the disassemblability of products 
is to embed a desired disassembly process in the 
products when they are manufactured [21,5, 33].

Integral snap-fit attachments [30, 31, 16, 8] have been 
widely used as substitutes for separate fasteners for the 
purpose of design for asseml^ly (DFA) [3, 22]. However, 
snap fits are not necessarily a favored choice for design 
for disassembly since they are often difficult to disengage 
wilho니t inherent destruction of the components [ 17], 
While some snap-fits are designed to be reversible (eg., 
battery covers for cellular phones), auxiliary forces in a 
direction different from the insertion direction are 
usually required in order to unlatch the snapping 
features. The application of this disengaging force can
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be a problematic process. For instance, the location 
where the force is applied needs to be physically 
accessible. If an integral snap-fit is inside a mechanical 
system s니「rounded by other components, it can be 
disassembled o이y after the disassembly exposes the 
location to apply force. Furthermore, the auxiliaiy force 
can interfere with removal force, which is usually at a 
different location and in a different direction.

The motivation of this work is to develop an enabling 
technology for product-embedded disassembly by 
designin으 a new class of reversible integral attachments 
(RIA) that can be detached by the application of 
localized heat. According to [8], a snap-fit mechanism 
is composed of two functional units: a deflection 
mechanism and a retention mechanism. The proposed 
design methods utilize thermal expansion of materials 
to induce the deformation of deflection mechanisms 
(latch), thereby releasing the enga응ing joints (catch), 
and require no special materials or manufacturing 
technologies. An advantage of heat activation is that it 
can be applied through heat conduction in materials, 
such that the physical accessibility of the application 
location is not necessarily required. The interference to 
the removal force is also desirably avoided.

Two approaches are attempted in this work. One 
approach involves both engaging components of the 
snap-fit mechanisms, making use of thermal expansion 
of one component to indirectly apply force to the 
deflection mechanisms in the other component and 
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cause favorable deformation to disengagin흥 the locking. 
The second approach proposes to directly heat the 
deflection mechanisms at a certain location to cause 
disengagement by thermally induced deformation. It 
will be shown that these two approaches are proposed 
according to each individual design considerations and 
have their unique advantages. This work demonstrates 
the results from topology optimization techniq니es can 
be used to inspire the design layout and optimal 
geometrical configuration are extracted and simplified 
to enhance manufacturability. The simplified designs 
are then verified through finite element thermal
mechanical analysis using c이nmerci이 software ABAQUS. 
Finally, in order to improve the problem of relative 
small deformation, a design scheme with variable 
boundary conditions has been proposed. In this improved 
approach, heat sink is considered along with heat 
source to increase the temperature differences as needed. 
The location of heat sink and heat source are optimized 
as discrete variables using genetic algorithm. The obtained 
result shows a dramatic improvement of perfoimance.

2. Background

2丄 Design for product embedded disassembly
Academic investigations into the concept of “design 

for disassembly" began in the late 1980s, largely driven 
by successes with “design for assembly” earlier in the 
decade. Unfortunately, many guidelines suggested by 
the "design for assembly" methodology do not apply to 
“design for disassembly,” for instance [17, 14, 13, 9|:

, Rapid attachment fasteners employed in assembly 
may not be suitable for disassembly. For example, 
glue can be used to easily join two plastic parts, but 
the resulting joints cannot be detached without 
damaging both parts.

• Products designed for assembly may not allow easy 
access to the specific components to be recovered. 
For example, a product may require the removal of 
100 components to reach one component with high 
recycling value. In such cases, disassembly may not 
be economically feasible.

• The condition of products at disassembly may be 
different from the conditions 니nder which the 
products were initially assembled. For example, 
wear or corrosion may make bolted joints extremely 
hard to detach.

• Due to the significant spatial and temporal distance 
between the assembly and disassem니y processes, it 
may not be immediately obvious how to disassemble 
a part.

• Parts that appear similar may require completely 
different approaches to disassembly.

Efforts to overcome these disassembly obstacles through 
the concept of product-embedded disassembly^ or 
"self-disassembly' have recently started appearing in 
the literature. Product-embedded disassembly gives a 
prod니ct the ability to take itself apart. Chiodo et al. [5] 
demonstrated the feasibility of a self-disassembly strategy 
for consumer electronic products using fastener screws 
made of shape memory polymers. Masui et al. |21] 
demonstrated the self-disassembly of a CRT using 
nichrome wire embedded in the component glass along 
the desired boundary for separation. Although these 
examples were effective in the particulai' cases presented, 
both methods lack generality since they require the use 
of specialized and costly materials such as shape 
memory p이ymers.

2.2. Design of compliant mechanisms
Since the deflection mechanism part of a snap-fit is 

basically structural component, which functions by 
elastic defonnation d니ring engagement or disengagement 
of the locking, it can be recognized as a special case of 
compliant mechanisms. A compliant mechanism is the 
type of mechanism that relies on the deflection of 
flexible members to transfer motion, force or energy. 
Design methods of compliant mechanisms have been 
studied by many researchers [11]. While most of 
simple-geometry compliant mechanisms are derived 
from their conventional counterpart, in this work we 
have attempted to accredit a specific design approach, 
topology optimization, as inspirational tool to enlighten 
the possibility of a more systematic design scheme in 
the future. Even though the purpose of this paper is to 
intioduce new designs of snap-fits, for completeness of 
the presentation topology optimization for compliant 
mechanisms is reviewed in this section1. Topology 
optimization based on homogenization design method 
[2| is a continuum synthesis approach of designing 
compliant mechanisms [1,26,23, 기. Thermal actuation 
has attracted quite much attentions in compliant 
mechanism designs for many advantages [27, 32, 1 이.

1 For detailed techniccil description of topology optimization techniques used in this work, interested reader should refer to other publications 
by the authors.

There are two basic design requirements for compliant 
mechanisms: flexibility and stiffness. Ib transfer motion 
with elastic deformation, complaint mechanisms are 
required to favorably deform in order to provide output 
displacement in desired directions. This requirement is 
measured by the concept of mutual mean compliance 
(MMC) [24, 12] in linear elasticity theory. In order to 
transfer force and resist reactive force, a compliance 
mechanism needs to have strength under forces in 
certain directions. This requirement is measured by mean 
compliance (MC). These measures are mathematically 
formulated as energies based on the principle of virtual 
work [23]. Fig. I shows the three loading cases that are
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Fig. 1. Loading cases considered for design criteria.

considered for these energy foiTnulations. Among these, 
the first loading case represents the loading methods. 
For conventional mechanisms, an input force is applied 
and generates displacement fields u(1). In the design of 
thennally actuated compliant mechanisms, displacement 
field is caused by a temperature change V以 which can 
be achieved by either a uniform heating or a time
transient heating effect. The dummy load in second 
loading case is combined with first loading case to 
formulate MMC, and the dummy load in third loading 
case ensures the stiffness of the mechanism. 
Mathematically, MMC and MC can be expressed as:

AfMC=a(u(1), u⑵)=f /(『)). s°成
= f e'(ii시)): C”:e(u⑵)么。 (1)

•y

MC=a(u°\ u(3))= f e，(u⑶):C”:e(u⑶以。

J a

where u(,\ 7=1,2, 3 are the displacement fi이ds in the 
three loading cases illustrated in Fig. 1, e and s are the 
corresponding strain and stress tensors, and CH is 
fourth order tensor of homogenized material constants. 
Q denotes the extended design domain and。(,) 

represents the bilinear operator.
The topology optimization problem is form니lated as 

a problem of finding the optimal distribution of 
material properties in an extended fixed domain Q 
where some structural cost function is minimized. The 
design variables are the values of some density 
characteristic function 8 over Q. Both requirements of 
flexibility and stiffness are fomiulated into the topology 
optimization problem as a multi-objective function. 
The multi-objective function is formulated as:

max f=
8

C7(U‘", U⑵) 

Q(U⑶,u(?))

Subject to:

(a) o(u"), u(/))= f f(/) • u(/W i= 1,2,3 
%

(2)

(b) (l-5 )6/Q<V 
Jq

2

(c) 0<5<5<l 

where (a) represents the equilibrium equations for the 
three loading cases, (b) is the volume constraint and (c) 
is the bounds for design variables. In solving the 
problem, the extended design domain is discretized 
with finite elements and evaluation procedure is 
composed of linear static mechanical analysis, which 
does not require particular input values of loadin응 

conditions in such an optimization problem. This 
homogenization method based topology optimization 
technique has been proved successful to design 
continuum type of compliant mechanisms. In this work 
this method is further utilized to conceptually design 
components of snap-fits mechanisms.

3・ Approach I: Two-component Design

3.1. Motivation
In a previous effort of producing environmental 

conscious (ECO) designs, a heat-activated snap-fit 
mechanism made of recyclable materials [18] had been 
designed, in which specially designed composite material 
(material with negative thermal expansion coefficient) 
was used to induce a desired deformation from a global 
temperature change of the structure. However, if only 
traditional materials, i.e., materials with positive thermal 
expansion coefficient, are to be used for this type of 
application, a uniform temperature increase does not 
guarantee an appropriate mechanism function. 
Furthermore, unnecessary heating may cause problems 
during operation. For example, a uniform temperature 
change is not trivial to obtain considering the various 
environmental and operational conditions. Another 
challenge could be that the increase of temperature may 
cause unwanted heating to neighboring components, 
which may even cause damages. A solution can be the 
utilization of local heating to generate partial thermal 
expansion of the mechanism.

Due to heat conduction in materials, localized heating is 
limited to a certain time period. The topological design 
techniques for compliant mechanisms can be expected 
to take temperature change or force as actuation. The 
first approach is to separably design the component to 
be heated and the component that needs to deform 
(deflection mechanism). To conceptualize design
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Fig. 2. Illusti'ation of Two-component design.

specification, a localized heating can be approximated 
by a uniform temperature change in a local portion of 
the mechanism. Since thermal stress can generate 
significantly large output force, when two component 
physically contact with each other, the outp니t generative 
force of the heated part becomes the input force to the 
deflection unit. This design idea is illustrated in Fig. 2. 
A and B are the two components which are locked 
through snap-fit locking. The so-called thermal force 
applicator (TFA) is the heated part of B, which provides 
an input force to the deflection unit (in A) and cause 
the disengagement of locking (deformation shown as 
by dash lines). Since high temperature distribution is 
expected to be concentrated in TFA, the heating is 
approximated to be uniform temperature change in TFA.

32 Design of TFA and deflection mechanisms
TFA needs to be designed to maximize the output 

force and part A needs to be designed to deformed in 
the desirable manner as shown in Fig. 1. Therefore two 
separate topology optimization problem need to be 
solved. Each problem is formulated according to these 
requirements.

Design of TFA is to find optimal layout in the design 
domain (Fig. 3(a)), to achieve maximum output force at 
the top in the vertical direction when the whole 
material is heated uniformly. Due to symmetry of the 
mechanism, half of the design domain is considered. In 
designing actuator type of compliant mechanisms or 
actuators, the required stiffness is in the opposite 
direction of required displacement. The optimization 
problem is formulated as in Eqn. (2) with the uniform 
temperature change in solving Eqn. (2a) when i=\ 
[18], the optimal configuration is obtained as shown in 
Fig. 3(b). In order to enhance manufacturability, 
simplification scheme is applied to the optimal con
figurations. Since the major manufacturing processes 
considered here is the economic injection molding, the 
simplifications have been conducted by removing 
materials which may cause internal cavities and re
shaping of structural members to avoid negative angles 
in molding. Accordingly, the geometry result has been 
extracted as in Fig. 3(c).

In designing deflection mechanism, besides the 
disengagement deformation 니nder input force, there is 
also a stiffness requirement such that the mechanisms 
provide maximum retention force. The design domain 
with these design criteria is shown in Fig. 4(a). Optim시 

layout is found using problem formulation for compliant 
mechanism [23] in Fig 4(b) and the extracted geometry 
result is shown in Fig. 4(c).

Directiwi of 
output force

(b) Topology optimization result (c) Geometry result(a) Design domain

Fig. 3. Topology optimization for TFA.

Fig. 4. Topology optimization of deflection unit.
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(a) Integrated design

Fig. 5. Result of Two-component design.

(b)Verification with time transient analysis

3.3. Design verification
In Fig. 5(a), TFA and snapping mechanisms are 

integrated together to illustrate the final design. Even 
though uniform temperature change was ass니med while 
TFA is designed, it can approximate the effect of local 
heating during a limited heating time. Boundaiy heating 
and heat conduction in the m시erials is more realistic in 
real applications. Therefore, the verification of the design 
is conducted using time transient analysis. It is done by a 
time transient heat transfer simulation followed by a 
thermal-stress an시ysis with commerci시 software 
ABAQUS. This procedure is called a sequential thermal
mechanical analysis in finite element simulation [10]. 
The deformed plot along with temperature distribution 
conto니r plot is shown as Fig. 5(b). (Note: the geometry 
of the engagement has been modified in FEM simulation 
to avoid the usage of contact elements.)

In this verification, material properties are chosen as 
be close to those of a common thermal plastic material 
Polypropylene: density p=930 kg/m\ thennal conductivity 
2=0.22 J •(smK)T, specific heat c = 1.9 E3J -(kg 
Young's mod니lus E- 1.1 GPa at room temperature 
20°C and E=0.2 GPa at 120°C, Poison's ratio 卩=0.45, 
thermal expansion coefficient a=8.0E-5(K)—'. Values 
of E between the 20°C and 120°C are simulated using 
an exponential function and the temperature dependency 
of the rest of material properties are ignored.

Initial temperature is set to be 20°C and the heating 
condition is fixed temperature of 100°C at the heated 
location (shown in Fig. 5(a)), which is below the heat 
distortion temperature. The size of the snap fit is about 
1() cm in height, the heating time is about 300 seconds. 
The inward deflection at the tip of hangover is 
approximately I mm. However, in order to generate a 
clear demonstration of the defonnation, the deflection 
is magnified by a factor of 10 in Fig. 5(b). In other 
words, in re시 design the size of the locking feature 
needs to be scaled down. This small deflection is 
because of the limits of thermal expansion coefficient a 
regular material has. Since the deflection is quite small, 
it requires i•이ativ이)/ large snap-fit size. Further 

investigation is needed to reduce the overall size of 
snap-fit while achieving similar amount of deflection. 
Future work is proposed in the last section of this 
paper.

4. Approach II: Single-Component Approach

4.1. Motivation
As discussed in the previous section, including time 

transient effect of heat transfer is more realistic in 
practical design problems. It is desirable to include this 
consideration into the conceptual design stage. In other 
words, temperature gradient can be tiiken into account 
in the topology optimization process and design material 
layout that can conduct heat in a favorable way, as well 
as cause deflection in the preferred manner. Accordingly, 
topology optimization technique taking benefit of non- 
uniform temperature distribution has been developed. 
One example is desi응n of the so-called "electro-thermal- 
compliant?, (ETC) micro-actuators [32], in which the 
non-uniform joule heating was generated through non- 
uniform electric current. For the application of macro
scale and simple heat source, topology optimization 
technique considering time transient effect of heat transfer 
has been proposed and developed2. In this case, non- 
uniform t이】]perat니re distrib니tion is caused by time 
transient effect of heat conduction. For a snap-ft 
mechanism, designing the deflection unit to be heated 
during a certain period of time and defonns to disengage 
from the counter part can realize the idea of product- 
embedded disassembly. Since the only part that needs 
to be designed is the deflection unit using this technique, 
we refer to it as the single-component approach.

2For details on proven】 fonnulation considering time transient effect, refer to 119|.

4.2. Design of heated deflection mechanisms
In designing the transient effect in deflection 

mechanisms, the topolo응y optimization problem is 
formulated to find the optimal material distrib니tion in 
the extended design domain (Fig. 6(a)) to conduct heat 
and ca니se deformation in favor of disengagement of 
locking. The multi-objective optimization problem is
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(b) Topology optimization result (c) Extracted optimun layoyt(a) Design Domain

Fig. 6. Design domain and result.

formulated similar as in Eqn. (2). However, in this 
optimization problem, the displacement field of first 
loadin응 case (Fig. 1) is caused by a transient temperature 
distribution at a actuation time. Design domain along 
with boundary condition and design requirements are 
shown in Fig. 6(a). The optimization procedure comprises 
of 1) an eval니ation process, which is a finite element 
simulation of time transient heat transfer and thermal- 
mechanical analysis, 2) a sensitivity analysis of both 
thermal and mechanical responses and 3) a sequential 
linear programming (SLP) optimization algorithms.

Topology optimization result of the design domain is 
shown in Fig. 6(b). Although there are some intemiedi시:e 
density values visible in the result, the basic layout can 
be extracted (shown in Fig. 6(c)) and easily understood 
by engineering j니dgment. When external heating is 
applied, the outer region expands vertically more than 
the inner region, which causes the hangover part to be 
lifted in the upper and inner direction. At the s이Tie 
time, the expansion of lower horizontal oriented member 
further p니 11 the inner region members to move downward, 
which helps the mechanism to deform in a more 
favorable manner. The triangular shape structure in the 
center provides large stiffness wliile the material volume

is limited.

4.3. Simplification and verification
The extracted two-dimensional design is verified using 

ABAQUS simulation. DefoiTned shape and temperature 
distribution are shown in Fig. 7. After the deformation 
pattern is verified, more adjustment can be applied to 
the design in order to enhance man니fact니「ability. Since 
the final 2D geometry contains internal holes, it would 
be difficult to be injection molded. To overcome this 
difficulty, further simplification is conducted and the

Internal
H 이 es

Fig. 7. ABAQUS verification of 2D result.

(a) 3D CAD model

Fig. 8. Realized 3D model and verification result.

(b) ABAQUS Verification of deformation
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(b) Mirror patch cover(a) Saw Handle

Fig. 9. Cylindrical cantilever type snap-fit mechanisms.

2D geometry can be swept axially into 3D to avoid 
interna] holes. Fig. 8(a) shows a three-dimensional CAD 
model after the modification. Although the geometry is 
further simplified, the basic functioning members still 
remain and ABAQUS simulation verifies that the 
desirable deformation pattern can be achieved (Fig. 
8(b)). In this verification, same material as described in 
section 3.3 is used. Similar dimensions are used for 
compaiison of results from the two approaches. Actuation 
time is chosen as 500 seconds. The inward deflection at 
the tip of hangover is approximately 0.5 mm, which 
means in application, the hangover size should be 
about 0.5 mm in order to achieve disengagement. And 
the displayed deformation (Fig. 8(b)) is magnified with 
a factor of 20 for clear demonstration. Again, the 
achieved deflection is quite small compared with the 
overall size of the snap-fit. This is a big challenge to 
the proposed design method. In section 5, we propose 
several solutions to this problem.

In fact snap-fit mechanisms with similar geometry as 
the 3D moldable design have been widely used in 
practice. For instance, the cylindrical cantilever type of 
snap fits used to integrate saw handles and mirror patch 
covers (Fig. 9). These existing snap fits are usually 
difficult to disengage. If the mechanism presented in 
this paper is introduced, it could make a significant 
difference in prod니ct disassembly. Furthermore, since 
heat can applied through heat cond니ction in materials, 
this type mechanism can solve the disengagement 
problem of far-from-reachable integral attachments.

5. Design Scheme With Variable 
Boundary Conditions

As mentioned earlier, the thermal expansion induced 
deflection is very limited, due to the limitation on 
thermal expansion coefficient of regular materials (less 
than 1.0E-5 K-1). According to the design verifications 
in this paper, the ratio of hangover size to snap-fit size 
is in the range of 0.005-0.01. Therefore this design 
concept is only applicable to those snap-fits of r이ative 
large size, fairly small locking features or tight mating 
tolerance. To further investigate this problem, we have 

attempted to relax the design specifications.
First, heat sink can be used, which means, while 

some portion is heated and expands, some other portion 
of the mechanism can be cooled and shrink. This effect 
is similar to increasing thermal expansion coefficient or 
applying higher temperature, therefore can help increase 
the deflection. Secondly the deformation can be sensitive 
to the location and intensity of heating and cooling, so 
that the boundary location where to put heat source and 
heat sink can be design variables rather than fixed 
boundary conditions.

To further refine the presented design approach, 
especially the single component approach, we propose 
a design scheme, which optimize not only the layout 
and topological features but also the specification of 
boundaiy and loading conditions. This has been realized 
by the decomposition of optimization procedure according 
to separate types of design variables: density variables 
and boundary variables. In other words, it is true that:

min f(a, b) = min[min b)] (3)
(hb h a

where a and b stand for the set of design variable 
associated with topology optimization and those of 
boundary and loading condition respectively. A similar 
design approach had been used to design optimal shape 
and location of piezoelectric materials in flextensional 
actuators [2이.

As illustrated in Fig. 10, the optimization procedure 
consists of two layers of optimization, an inner loop of 
topology optimization (shown with line arrows) and an 
outer loop of optimization on boundary conditions (shown 
with block arrows). Since topology optimization techniques 
deal with finite element model, the design variables in 
the outer loop are discrete variables. Therefore, genetic 
algorithms has been used as the optimization algorithm 
the in the outer loop, while sequential linear programming 
is used in the inner loop. In this work, commercial 
software iSIGHT is used to integrate the two layers of 
optimization as well as implement genetic algorithm 
optimization.

Consider the design domain in Fig. 11 (a), only half
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of the symmetric domain is shown for snap-fit design. 
Since the primary goal is to maximize the deformation, 
the only objective used in topology optimization and 
boundary optimization is the maximum displacement 
in the disengagement direction, i.e. maximum mutual 
compliance. The reason for this modification to previous 
objective function can avoid possible dominance of 
contrib니tion by over-stiffness, lb ensure the snap fit have 
necessary structural components, a non-design domain 
(shown in gray color) is pre-defined. During the new 
optimization process, topology design (the big question 
mark) is solved in the inner loop, which is similar to 
approach 2, and boundary or loading conditions (two 
small q니estion marks) are solved in the outer loop. In 
this work, we used three design variables associated 
with the specification of boundary condition as shown 

in Fig. 11(a). Assuming the heat location start at the 
lower right comer of the design domain, the design 
variables are:

• The length of heated portion lh
, The starting location of cooled portion nc
• The length of the cooled portion l(.

Since they are incorporated in the finite element 
model, they all have discrete values. The following 
constraints have to be imposed on these variables to 
avoid boundary conflictions:

> lh

«c+€ < Ld

where 1시)is the length of the design domain.
The heating tempeniture is 100°C as in previous 

examples and the cooling temperature is chosen to be 
-20°C. After the integrated topology-bo니ndary optimization 
process, the optimal configuration has been found as in 
Fig. 11(b). The values of optimal boundary conditions 
are:

3 9 4
4预顷°预如;丄预如

Similar to previous sections, simplification is conducted 
to eliminate internal holes and excessive 응eometries as 
well as smoothen the shape of the structure. The final 
optimal design and optimal boundary condition is 
illustrated as in Fig. 12.

Verification result with ABAQUS is shown in Fig. 13 
with a magnification factor of 2.5. With the same 
material properties as in previous examples, this design 
provides a deflection-to-height ratio of 0.025, which is 
a 150% increase to the designs in previous sections. 
(The expansion of the horizontal bar at the bottom 
contributes a 70% increase out of the 150%.) Even tho시흥h 
this ratio is still less than ideal, it demonstrates a big

Fig. 11. Design of topology and boundary conditions.
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Fi흥. 13. Verification result of design with variable boundary 
conditions.

design improvement by giving more design freedoms.

6・ Conclusions and Future work

In this paper, we proposed a method for design of a 
new class of reversible integral attachments mechanism, 
which is activated by localized heat. Two design 
approaches based on topology optimization technique 
for compliant mechanisms are proposed and individual 
design results are presented. Combining both approaches, 
design flexibilities can be provided while practical 
problem is encountered.

, Two-component approach separates the heated part 
and deflected unit, while the deflection unit is 
heated directly with single-component approach. 
This allows the designer to consider different material 
selections to each component and make good use of 
special material properties according to different 
needs.

• Heat source is applied externally to the snap-fit 
when disengagement is needed. Two-component 
design is heated from the top, while single
component design was heated from the bottom. 
Designers can choose to apply heat at the location 
that is easily accessible.

The designs in this paper represent our preliminary 
attempt towards the effective utilization of localized 
heat in the application of design for disassembly and 
serve as a promising start for further investigations.

First of all, the idea of 아irhik-fit [25] can be 
incorporated to overcome the problem of small deflection. 
If we considered the temperature change of surrounding 
areas of a snap-fit, the thermal expansion of the outer 
region can help adding up the gap between two locking 
components. This principle is very similar to that of 
shriiik-fits assembly process, where one component (with 
a hole) is heated and expands to fit into another 
component (shaft). However, for typical shrink fit, the 
tolerance is extremely small, and disassembly is barely 
possible. Combining both snap-fit and shrink-fit features, 
a hybrid type of assembly mechanisms can be designed 
and inherit benefits from both features, such as the easy 
arrangement of snap-fit, high joint stiffness of shrink 
fit, and disengaged using localized heat.

Secondly, in this paper, only conduction is considered 
in the heat transfer analysis. Other heat transfer types 
such as convection and radiation are omitted because 
the less significant contributions to temperature change. 
For a more sophisticated design, their influences can be 
included into the design evaluation.

Thirdly, the obtained optimal designs in this paper ai'e 
based on the criteria of self-disassembly and retention 
support. However, there are many other evaluation 
metrics [28] that should be considered into design criteria. 
These metrics can be mathematically formulated into 
the topology optimization problem. Engineering designs 
have always had multiple criteria. The optimization 
problem can reflect these design considerations by 
more carefully elaborated multi-objective f니nction. For 
example the locking ration can be included into the 
optimization by using another mutual mean compliance 
term formulated between the loading cases of insertion 
force and dummy load in the direction of desired 
engagement deflection. In addition, the actuation time 
in this presented work has been chosen as to induce 
significant temperature gradient. It is generally determined 
by material thermal properties, intensity of heat source 
and environmental condition. A further study can also 
take actuation time as a design parameter for more 
preferable practice.

Thirdly, in the aspect of optimization methods, genetic 
algorithm (GA) based topology optimization techniques 
have been developed and improved to address variable 
boundary problem [4, 15, 29]. In a further work, GA 
can be implemented to substitute the two-layer 
optimization procedure.

Finally, engineering designs need refinements and 
justifications in shape and dimension according to 
individual applications. Optimization of control points [6] 
and conti*ol parameters, combined with FEA evaluation 
process, can be applied to fiirther improve perfonnance, 
reduce stress concentration, and achieve final optimal 
designs.

In summary, this paper proposes to apply the time
transient effect of heat transfer in attachment integral 
design. In other words, non-uniform temperature change 
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and thermal expansion can be achieved within a certain 
time period while the mechanism is heated locally. It is 
expected that, with further study for improvement, the 
proposed design method can create a new class of snap- 
fits, which can be adopted in a wide range of products in 
order to realize the products with an embedded 
disassembly means for component reuse and material 
recycling.
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