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COMPUTATIONAL SIMULATION APPLIED IN CHOOSING 
THE BEST SOLUTION IN A PRODUCT DEVELOPMENT USING 
DESIGN FOR MANUFACTURING AND ASSEMBLY APPROACH

ABSTRACT
Highlights: The product development methodology aims to assist the planning and design 
of the product throughout its life cycle. Using selection criteria it is possible to choose 
a solution will be followed until the end of the development process and this process 
is known as optimization of product solutions. Design for Manufacturing and Assembly 
(DFMA) is an approach that allows selecting a product solution with better manufactur-
ing and assembly performance. Computational modeling allows representing systems in 
virtual environment in order to reproduce its characteristics and to compare scenarios 
through simulation. 
Goal: The objective of this work was to apply the computer simulation to compare the 
productive performance, according to production times, productivity and resource uti-
lization rate, of three solutions proposed for a raincoat for pets with thermal protection.
Methodology: Initially, conceptual models representing the production systems for the 
three product solutions were generated. The systems were modeled in discrete event 
simulation software, enabling different scenarios testing, resulting in production perfor-
mance indicators for each product solution.
Results: The analysis of the performance indicators allow identifying that the third solu-
tion proposed for the product obtained the best productive performance in all proposed 
scenarios; therefore, it was chosen as the best solution for the product according to the 
DFMA approach.
Limitations of the investigation: The application of the methodology indicated in this 
work was limited to the study of a single productive system of a specific product.
Practical implications: This work presents a practical application of computer simulation 
tools applied to product development.
Originality / Value: The original contribution of this work is the application of compu-
tational simulation of production systems in product development following the DFMA 
approach.
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1. INTRODUCTION

The product development methodology aims to assist the 
planning and design of the product throughout its life cycle. 
Once a market need is identified, several possible solutions 
are proposed to solve it. The Design for Manufacturing and 
Assembly (DFMA) makes it possible to adapt product design 
to manufacturing and assembly, optimizing the performance 
of the manufacturing system (Back et al., 2008). 

Modeling and computational simulations, according to 
Chwif and Medina (2015), allow analyzing scenarios and un-
derstanding relations without interfering in the real system, 
and are used to evaluate the performance of productive sys-
tems through indicators.

In this context, and aiming to find an alternative to de-
velop an innovative product, a research was conducted on 
consumer markets, more specifically, in the pet market, 
which is a fast growing market, as presented by Exame mag-
azine (2016). The research was restricted to the Brazillian 
city of Curitiba. According to the Brazilian National Institute 
of Meteorology (Instituto Nacional de Meteorologia – INMT) 
(2018) the city has low temperatures and high volume of 
rainfall throughout the year. In order to develop a product 
that meets the requirements of sustainable design, a market 
research was conducted. This research considered the reuti-
lization of materials, recycling, and usage of materials that 
may represent an environmental threat to postpone the end 
of its useful life.

Based on the given factors, a product was designed to be 
made out of a recyclable material and the goal of the de-
signed product was to provide greater comfort for pets in 
their walks on cold and rainy days. The conceptual product 
was a low cost raincoat with thermal protection. Research 
was conducted to determine the target market and the 
money expenditure regarding the willingness of possible 
consumers in this targeted market. The conclusion was that 
prices could not be high and, therefore, the cost of produc-
tion should be reduced.

To compose the raincoat three alternatives were pro-
posed, each with a different productive process. The three 
proposed solutions meet all the needs of reduction of envi-
ronmental impacts. 

The objective of this work is to compare the productive 
performance of the three proposed alternatives through 
computational modeling and simulation, generating infor-
mation to enable the choice of the best solution according 
to the DFMA approach.

2. THEORETICAL FRAMEWORK

Rozenfeld et al. (2006) defined the development of prod-
ucts as the activities that begin with the identification of 
market needs, which are transformed into project specifica-
tions, and from these activities are determined the develop-
ment of a product, its production process, and methods of 
follow-up in the market.

Back et al. (2008) defined development process optimi-
zation as the choice of a solution that can better meet the 
requirements of the product. Design for X (DFX) is an optimi-
zation tool that accompanies all stages of product develop-
ment, adapting it to factors that lead to the optimal solution 
according to an attribute represented by variable X. This tool 
can be used to filter solutions that meet the requirements of 
the product (Rozenfeld et al., 2006).

Design for Manufacturing and Assembly (DFMA) is one 
of the DFX approaches that proposes the reduction and/
or modularization of product components, facilitating their 
manufacture and assembly, resulting in lower raw materi-
al cost and reduction of production times (Rozenfeld et al., 
2006; Back et al., 2008).

According Boothroyd et al. (2000) DFMA emerged from 
the joint application of Design for Assembly (DFA), and pro-
poses methods to simplify products and Design for Manu-
facturing (DFM), thus aiming to minimize production costs.

The DFA approach provides guidelines for reducing the 
processing time in assembling the parts of a product through 
its structural simplification (Boothroyd et al., 2000).

Back et al. (2008) described DFA as an approach that al-
lows reducing assembly costs through the design of modular 
parts. According to the authors, some of the objectives of 
DFA are: product simplification and reduction of the number 
of components; standardization of materials, components 
and activities; use of common parts; design of parts to fa-
cilitate assembly; project of efficient union; and fixation be-
tween parts.

Dowtatshahi (1994) defines DFM as the guidelines for 
standardizing product design, aiming the reduction of the 
total cost of production while maintaining the quality re-
quired by customers. The objectives of DFM, according to 
Back et al. (2008), are: making product manufacturing easi-
er; quality of the final product; better utilization of manufac-
turing resources; reduction of costs, times and quantities of 
work in process.

Some examples of DFMA applications can be found in the 
papers presented by Emmatty and Sarmah (2011). These 
authors have applied DFMA in the development of mech-
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anisms for clocks, concluding that the tool allows reducing 
the manufacturing cost of the product and the times of pro-
duction. Barbosa and Carvalho (2013) proposed the appli-
cation of DFMA to design an aircraft, concluding that it was 
efficient. The application of the methodology must be con-
sidered since the initial phases of the project. Prakash et al. 
(2014) proposed the application of DFMA and rapid proto-
typing for the development of new products. Tasalloti et al. 
(2015) proposed the application of DFMA with Product Data 
Management (PDM) to develop products for welding oper-
ations. Favi et al. (2016) suggested that DFMA can be used 
for decision-making along with product development as a 
selection criterion. Harlalka et al. (2016) applied DFMA to 
design a food processor reengineering, obtaining improve-
ments in product architecture, cost reduction, and manufac-
turing times.

As for modeling and simulation, according to Montevechi 
et al. (2010), these have been widely used for decision mak-
ing in organizations since they allow systems analysis that do 
not yet exist, generating useful information for future appli-
cation decisions.

Freitas Filho (2008), asserted that simulation comprises 
the representation of a system in a computational model, 
allowing the evaluation of its performance in different sce-
narios with the objectives of describing the behavior of the 
system, constructing theories and hypotheses, considering 
observations that have been made, and using a model to 
predict the effects produced by the methods employed in 
its operation.

According to Chwif and Medina (2015), modeling and sim-
ulation allow representing the cause and effect relationships 
of a system permitting information generation about these 
relationships. In this way, modeling and simulation must be 
used to represent real systems without inner interferences 
or to represent systems that do not yet exist, aiming at a fu-
ture application. The modeling and simulation methodology, 
proposed by the authors in this document, is composed of 
three stages: conception, implementation, and experimen-
tation of the proposed scenarios.

The performance evaluation of a system has as objec-
tive of measuring its current and/or future state, generating 
information to verify whether the strategies adopted have 
met the objectives established through system performance 
indicators (Müller et al., 2003). 

Hopp and Spearman (2013) and Tubino (2015) defined 
some production system performance indicators:

i. Lead time is the time spent by the system in trans-
forming raw materials into finished products. 

ii. Tack time represents the production rate, that is, the 
time between outputs of finished products on the 
production line. 

iii. Productivity is the average of units of finished prod-
ucts per unit time. 

iv. Utilization rate (U) of a resource is the fraction of 
time that the resource is not idle because of the lack 
of items to process. 

v. Bottleneck resource is one whose process has the 
longest processing time in the line.

Kim (2000) presented the following items as system per-
formance measures: inventory values of materials, work in 
process and finished products units, level of service to the 
demand, productive times, and total production capacity.

3. MODELING AND SIMULATION APPLICATION 

In order to develop this work, the modeling and simu-
lation methodology proposed by Chwif and Medina (2015) 
was adopted. The methodology is composed of three stages 
as follows:

i. In the conception stage, the problem is determined 
and information about the system is collected, to 
create a conceptual model. 

ii. In the implementation stage the conceptual model is 
used to generate a computational model that will be 
used in simulations and experiments.

iii. In the last stage, through the experimentation of 
different scenarios, the results are analyzed and in-
ferences are made about the system, identifying the 
best solutions according to the proposed objective.

In the study developed by the authors of this paper, a re-
search was conducted to determine the target market and 
the willingness for spending money of possible consumers 
in the targeted market. The conclusion was that prices could 
not be too high and therefore the cost of production should 
be reduced.

Through market research desirable characteristics for the 
product have been raised, pointing out that quality and price 
are fundamental. A benchmarking with similar products 
from other companies and interviews with potential clients 
was executed to determine the functional requirements. A 
value analysis was performed through the Mudge Diagram 
and the Cost-Importance relation of the functionalities of 
the final product. These methodologies have determined 
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the desired functionalities for the product: impermeabil-
ity, thermal insulation, head protection, comfort when in 
contact with the animal’s body, safe and convenient to use 
clasp, collar fastener, and good appearance.

Three solutions were determined for a product whose 
scope was already defined, considering different manufac-
turing processes for each one. 

Once the desired functionalities were determined, the 
concept of the product, shown in Figure 1, was created 
through a functional tree diagram.

To develop the conceptual model, some considerations 
have been made. These considerations imply in an abstrac-
tion of the system:

• Production scheduling in all three models is pushed 
through demand forecasting that defines the 
amount of raw material input to the system.

• Times of internal movement were disregarded.

• The times of each process were measured from 
three samples. Their probability distributions were 
theoretically inferred according to the type of pro-
cess.

• All processes could only be started if their transfor-
mation and transformed resources were available at 
the beginning of the process.

• Assembly, seam and trim operations are carried out 
on the same workstation by the same operators.

• Setup times were not considered due to process 
characteristics.

• Each workstation had dedicated operators.

• The shifts are 4 hours a day, 5 days a week.

The necessary activities for the three possible product al-
ternatives are described in Table 1. These activities have to 
be carried out in a predefined sequence and, to start each 
one, it is necessary that the pertinent resources are avail-
able.

Thermal
Raincoat

Protect body 
(Body)

Confer 
impermeability 

(Top cover)

Thermal Isolate 
(Fill)

Make contact with 
the skin (Bo�om 

Cover)

A�ach the parts 
(Body seam)

Protect hat   
(Hat)

Hold on the head 
(Frame)

Confer 
waterproofness 

(Hat cover)

Join the parts  
(Seam hat)

Closing the 
Raincoat 

(Handles)

Fasten the colar 
(Fastener)

Conferring 
Beauty 

(Ornaments)

Figure 1. Raincoat concept with thermal insulation – 
functional tree and prototype. 

Source: The authors.

Chwif and Medina (2015) describe the Activity Cycle Dia-
gram (ACD) as a modeling tool that allows representing the 
interaction between objects in a system and the creation of 
a conceptual model. In an ACD, each entity in the system has 
a life cycle, in which it rows through queues and activities 
alternately. The activities are different for each product solu-
tion, according to the ACDs presented in Figure 2.

Modeling through ACDs made possible to conceptualize 
the production system of each solution, showing the pro-
cesses, resources and sequence followed by each entity in 
the model. Using the logic presented in the ACDs, the com-
putational models were generated for the three solutions 
and they are shown in Figure 3.
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Table 1. Productive processes for each component/function of the three raincoat alternatives

Solution 1 Solution 2 Solution 3

Bory

Top cover Plastic cut according to the mold. Plastic cut according to the mold. Plastic cut according to the mold.

Fill
Cutting styrofoam squares; for-

mation of styrofoam mosaic with 
staples conforming to the mold.

Cutting styrofoam squares; for-
mation of styrofoam mosaic with 

seam conforming to the mold.
Styrofoam bead in granules.

Bottom cover Fabric cut according to the mold. Fabric cut according to the mold. Fabric cut according to the mold.

Body seam
Overlapping the three surfaces;

External seam using the ma-
chine.

Overlapping the three surfaces;
External seam using the ma-

chine.

Top and bottom cover external 
seam using the machine;

Fill with styrofoam granules; 
External seam closing; Add to 

basket; Lockstitch seam.

Hat
Fittings It is not processed. It is not processed. It is not processed.

Hat cover Plastic cut according to the mold. Plastic cut according to the mold. Plastic cut according to the mold.
Hat seam Placing staples on the hat cover. Seam on the hat cover. Seam on the hat cover.

Body and hat seam Body and hat seam using the 
machine.

Body and hat seam using the 
machine.

Body and hat seam using the 
machine.

Handles Ribbons’ cut and seam. Ribbons’ cut and seam. Ribbons’ cut and seam.
Catch Catch seam. Catch seam. Catch seam.

Adornment
Preparation of ties and embel-
lishments; Seam adornment on 

the cover.

Preparation of ties and embel-
lishments; Seam adornment on 

the cover.

Preparation of ties and embel-
lishments; Seam adornment on 

the cover.
Source: The authors. 

Three models representing the production systems were 
developed, each of these representing one of the proposed 
solutions. Under the same initial conditions and in differ-
ent scenarios these models were simulated and confronted 
against each other allowing a performance evaluation.

For the three solutions, five agents were created for the 
transformed resources, as presented in Table 2.

Agents that start with the ‘RM’ prefix represent the inputs 
of raw material in the system. Each of them with its own 
schedule of entry with times defined to meet the demand. 
The raw material agents follow through the system, going 
through the pertinent activities. The assembling activity cov-
ers are assembled to form the fifth agent that represents the 
finished raincoat. This agent is created when the assembly 
activity of the cover begins, which only occurs after the ar-

Table 2. Resources transformed of the computational model for solutions 1, 2, and 3.

Agent Entry on the 
system Exit of the system Input frequency in the 

current scenario Description Priority and 
condiction

‘FabricRM’ ‘FabricSource’ ‘AssemblySewing
Ornaments’

10 unit/day
Schedule

‘FabricArrival’
Fabric raw material Arrival order

‘Plastic1RM’ ‘PlasticUm
Source’

‘AssemblySewing
Ornaments’

10 unit/day
Schedule

‘Plastic1Arrival’
Plastic 1 raw ma-

terial
Arrival order

‘Plastic2RM’ ‘PlasticTwo
Source’

‘AssemblySewing
Ornaments’

10 unit/day
Schedule

‘Plastic2Arrival’
Plastic 2 raw ma-

terial
Arrival order

‘StyrofoamRM’ ‘Styrofoam
Source’

‘AssemblySewing
Ornaments’

10 unit/day
Schedule

‘StyrofoamArrival’
Styrofoam raw 

material
Arrival order

‘Raincoat’ ‘AssemblySewing
Ornaments’ ‘FPStock’

10 unit/day
When join 4 agents ‘RM’

(Raw material)

Assembly of rain-
coat composed of 
raw materials after 

all processes

Existence of the 4 
‘RM’ agents

Source: The authors.
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Fabric cut

Plas�c 1 cut

Plas�c 1 cut

Styrofoam cut 

Assembly and 
sewing body

Body and 
hat sewing

Hat stapling

Styrofoam 
mosaic stapling

Ornament

Fabric

Plas�c 1

Styrofoam

Scissors

Stapler

Sewing machines and 
manual operators

Guillo�ne

(Raincoat)
X

Plas�c 2

Solu�on 1

Fabric cut

Plas�c 1 cut

Plas�c 2 cut

Styrofoam cut

Assembly and 
sewing body

Body and 
hat sewing

Hat sewing

Styrofoam 
mosaic sewing

Ornaments

Fabric

Plas�c 1

Styrofoam

Scissors

Sewing machines and 
manual operators

Guillo�ne

(Raincoat)

X

Plas�c 2

Solu�on 2

Fabric 
cut

Plas�c 1 cut

Plas�c 2 cut

Styrofoam cut

Body 
filling and 

sewing

Body and 
hat sewing

Hat sewing

Ornaments

Fabric

Plas�c  1

Styrofoam

Scissors

Sewing machines and 
manual operators

Guillo�ne

(Raincoat)

X
Pre 

sewing

Plas�c  2

Solu�on 3

Figure 2. ACDs representing the manufacturing processes of the three solutions proposed for the product. 
Source: The authors.
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Figure 3. Computational models representing the manufacturing processes of the three solutions proposed for the product. 
Source: The authors
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rival of at least one agent of each type of raw material. At 
the end of the process, this final agent is stored in a stock of 
finished products.

In the computational models, four agents were created 
to represent transformation resources, as presented in Ta-
ble 3. The transformation resources are associated with the 
activities that use them. The work shifts of operators and 
machines are defined by a schedule. Preventive mainte-
nance times in the sewing were estimated machine with the 
parameters and probability distributions recommended by 
the software.

In the computational models of solutions 1, 2 and 3 ac-
tivities were created to represent the productive process, as 
shown in Table 4. These activities are represented separate-
ly for each solution because they have different processing 
times.

A normal probability distribution was adopted for all activ-
ities since each time estimate of the processes is the sum of 
the times of its activities and, according to Chwif and Medina 
(2015), the normal distribution is the one that best represents 
these cases. The time means and standard deviations were 
calculated through three measurements performed during 
the prototype fabrication tests of the solutions.

The activities of the computational model begin when the 
resources demanded are all available and closed, which rep-
resents reaching time of the process. 

Two techniques proposed by Chwif and Medina (2015) 
were used to verify the computational models:

i. Modular implementation and verification: the mod-
el was developed in modules that were individually 
simulated and aggregated to the final model only af-
ter its verification.

ii. Constant or simplified values versus manual calcu-
lations: a simulation with reduced time was gener-

ated. The values related to the quantity of finished 
products, demand and lead time were calculated 
manually and checked with the values obtained in 
the simulation, verifying the correct functioning of 
the model.

In the operational model, simulation scenarios were de-
termined, as well as performance indicators and analyzed 
variables. The simulation clock configuration mode and the 
number of responses were also determined.

Two scenarios were determined:

i. Current scenario: In the current scenario it is consid-
ered that the demand forecast in market research 
for the sale of 200 raincoats per month at local 
handicraft fairs on weekends. This demand foresees 
a partial occupation of resources allowing quantity 
expansions without investment in new resources.

ii. Future scenario: In the future scenario, the sale of 
raincoats extends to stores that are located near to 
the production, in addition to handicraft fairs. In this 
new scenario a demand of 260 raincoats per month 
is intended to be met.

Average occupancy and productivity are automatically 
displayed by the software at the end of each replication. 
Lead time and takt time were measured through variables 
implemented exclusively for measurement.

The simulation started in steady state, with daily shifts of 
four hours, which is the current time dedicated to produc-
tion, the shifts start at 08:00 in the morning and close at 
12:00 o’clock, five days a week. The total simulation time has 
been set for one month.

The replications number was defined using the method 
proposed by Chwif and Medina (2015), indicating that for a 
level of 95% confidence and accuracy of 0.5, 19 replications 
were required.

Table 3. Transformation resources in the computational model of solutions 1, 2, and 3

Agent Availability and maintenance [weeks] Quantities Description
‘Scissors

Operator’ 100% available 1 scissors
1 operator

Resources used for fabric and plastic 1 and 
2 cuts according to the molds.

‘Sewing
Machine

Operators’

Begin: uniform (0, 4)
Repeat: triangularAV (4,0.1)
Time: triangular (10,20,30)

1 sewing machine
2 operators (Solution 1)

3 operators (Solution 2 e 3)

Resources used for body assembly, body 
and hat seam and ornaments placement. 

‘Guillotine
Operator’

Begin: uniform (0, 2)
Repeat: triangularAV (2,0.1)

Time: triangular(5,6,7)

1 guillotine
1 operator Resources used for cut of Styrofoam.

‘Stapler
Operator’ 100% available 1 stapler

1 operator
Resources used for stapling Styrofoam 

squares, forming a mosaic.
Source: The authors.
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4. RESULTS

The results obtained for the performance indicators in 
the current and future scenarios, of the simulation with 19 
replications, are presented in Table 5.

The experiments carried out in the two proposed scenar-
ios converged to similar results, allowing some inferences 
about the productive systems of the three solutions:

a) Solution 3 presents the lowest average lead time and 
higher productivity in both scenarios.

b) Solution 1 presents the highest lead time and lowest 
productivity in both scenarios.

c) Solution 2 presents an intermediate lead time be-
tween the three solutions.

d) Takt time follows the demand in the three solutions 
of the two proposed scenarios, confirming that in all 
cases the demand was met.

e) Solutions 1 and 2 present the sewing machine as a 
bottleneck resource in the two proposed scenarios, 
while in solution 3 the bottleneck resource was the 
scissors.

f) No solution has a resource utilization rate above 80% 
for the current demand scenario; however, in the fu-
ture demand scenario, the solutions 1 and 2 have all 
the resources with an occupancy rate of more than 
80%. Solution 3 has occupancy rate of more than 
80% only for the bottleneck resource, even in the 
future scenario.

In the three solutions, the results obtained considered 
the usage of five workers, which means, in terms of human 
resources, investment where the three solutions are equiv-
alent. As for the machinery resources, solution 1 presents 
greater initial investment since it needs a stapler besides the 
same resources of the other two solutions.

Table 4. Activities of the computational model for solutions 1, 2 and 3

Activity
Process time  

and probability  
distribution [h]

Demanded resources Activity type description

So
lu

tio
n 

1

‘PlasticCut’ Normal(0.5, 5) ‘ScissorsOperator’ and ‘FabricRM’ or 
‘Plastic1RM’ or ‘Plastic2RM’

Service activity type that represents the 
cutting process of materials as these arrive. 

‘AssemblySewing
Ornaments’ Normal(2,20)

‘SewingMachineOperators’ and
‘FabricRM’ + ‘Plastic1RM’ + ‘Plastic2RM’ 

+ ‘StyrofoamRM’

Assembly activity type that represents 
the processes of assembling, seaming and 

adorn putting.  
‘Styrofoam
Processing’ Normal(0.8,16) ‘GuillotineOperator’ and ‘StyrofoamRM’ Service activity type that represents clean-

ing and Styrofoam cut.

‘Stapling’ Normal(0.4,8) ‘StaplerOperator’ and ‘StyrofoamRM’ Service activity type that represents the 
stapling of Styrofoam squares into mosaic. 

So
lu

tio
n 

2

‘PlasticCut’ Normal(0.5, 5) ‘ScissorsOperator’ and ‘FabricRM’ or 
‘Plastic1RM’ or ‘Plastic2RM’

Service activity that represents material 
cuts.

‘AssemblySewing
Ornaments’ Normal(2,18)

‘‘SewingMachineOperators’ and ‘Fab-
ricRM’ + ‘Plastic1RM’ + ‘Plastic2RM’ + 

‘StyrofoamRM’

Assembly activity type that represents 
the processes of assembling, seaming and 

adorn putting.  
‘Styrofoam Pro-

cessing’ Normal(0.8,16) ‘GuillotineOperator’ and ‘StyrofoamRM’ Service activity type that represents clean-
ing and Styrofoam cut.

So
lu

tio
n 

3

‘PlasticCut’ Normal(0.5, 5)
‘ScissorsOperator’ and

‘FabricRM’ or ‘Plastic1RM’ or ‘Plasti-
co2RM’

Service activity type that represents the 
cutting process of materials as these arrive. 

‘AssemblySewing
Ornaments’ Normal(2,13)

‘SewingMachineOperators’ and
‘FabricRM’ + ‘Plastic1RM’ + ‘Plastic2RM’ 

+ ‘StyrofoamRM’

Assembly activity type that represents 
the processes of assembling, seaming and 

adorn putting.
‘Styrofoam
Processing’ Normal(0.8,13) ‘‘GuillotineOperator’ and

‘StyrofoamRM’
Service activity type that represents clean-

ing and Styrofoam cut.
Source: The authors.
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5. CONCLUSIONS

This work aimed to apply the computational simulation to 
compare the productive performance of three solutions pro-
posed for a product raincoat with thermal protection. From 
the inferences presented in the results, it can be concluded 
that the best solution for the product, according to DFMA, is 
solution 3 because it has the following characteristics: short-
er lead time and takt time synchronized with demand; high-
er productivity, that is, greater quantity produced per unit of 
time; lower resource utilization rates; lower cost bottleneck 
resource, and it may be considered to acquire a second unit 
in case of increased demand with less investment.

The solution that presented the best productive perfor-
mance in the proposed experiments has some character-
istics, when compared with the other solutions that meet 
some of the objectives of the DFMA defined in the literature:

• Smaller number of product components – does not have 
Styrofoam mosaic, only granules to fill the raincoat;

• Standardization of materials and activities – does not 
use staplers or metal staples, just seam and thread;

• Design of parts that facilitate assembly – the making 
of the Styrofoam mosaic proved to be more costly 
than the filling with granules;

• Bonding and fixation between parts design efficient 
– the junction of the body parts of the raincoat is 
more efficient;

• Better utilization of manufacturing resources – low-
er resource utilization rates and bottleneck resource 
less expensive;

• Reduction of produc tion times - lower lead time.

This work evidenced that it is possible to identify the best 
solution for a product, among some alternatives, according 
to the production performance, using computational mod-
eling and simulation.

In a previous work, in which a market research was 
carried out to determine the concept of the product, the 
three solutions confronted in this work were determined. 
Although all of them were designed to meet the reduction 
of environmental and social impacts, working with recycled 
and reused materials, and proposing income generation for 
artisan cooperatives in the city of Curitiba, the best alterna-
tive, considering Design for Sustainability (DFS), was solution 
1. The result obtained in the two studies allows concluding 
that the DFX can compete with each other, making it neces-
sary to establish priority criteria to determine the best solu-
tion, although the results of the individual analysis, accord-
ing to a specific DFX, point to an optimal solution in relation 
to its requirements.

As a proposal for future work it is suggested to extend the 
research to other productive systems to verify the applica-
bility of modeling and simulation of systems in the optimiza-
tion of product development projects and also to other DFX 
associated to productive systems, such as Design for Lean 
(DFL) and Design for Six Sigma (DFSS).

Table 5. Simulation results for the current (S1) and future (S2) scenarios of solutions 1, 2 and 3. R1 is the scissors,  
R2 is the sewing machine, R3 is the guillotine, and R4 is the stapler used only on solution 1.

Solution 1 2 3

TTm [minutes]
S1 17,1 18,0 15,0
S2 17,8 18,2 15,2

LTm [minutes]
S1 53,3 42,5 36,5
S2 61,2 49,0 40,6

Units/month
S1 200 210 210
S2 260 273 273

R1 Occupancy rate [%]
S1 62 62 62
S2 81 81 81

R2 Occupancy rate [%]
S1 70 74 53
S2 89 95 70

R3 Occupancy rate [%]
S1 66 67 54
S2 87 87 70

R4 Occupancy rate [%]
S1 67 - -
S2 86 - -

Bottleneck resource S1/S2 Sewing machine Sewing machine Scissors
Source: The authors.
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