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Abstract: The paper is a central theme of research in thiel fig industrial engineering, which has as
main objective the optimization of the flows inexible manufacturing system by configuring worksta
tions required and the dynamic control of the rimytand the manufacturing stocks based on modeling
discrete event systems. The work presented irp#per is based on a real problem, with the purpaise
optimizing and balancing a manufacturing line. histarticle aspects of the whole production process
are presented, which can be improved by using atisreavailable equipment and software. Thus, a
simulation using Delmia Quest software was intragticTherefore, the topic of this paper is centrad o
material flow simulation and optimization. The difjee of the simulation model was to determinel®ott
neck locations and to offer an alternative for imyging the manufacturing line.
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1. INTRODUCTION 2. OPTIMIZATION PROCEDURE BASED ON

- . . SIMULATION
The productivity of manufacturing systems is one of

the most important elements for an enterprise’speim  2.1. Problem definition
tiveness. When a manufacturing system has beereimpl  Modelling and simulation process is used to develop
mented, the enterprise must carry out a permanemt p a manufacturing system with new, efficient and per-
formance improvement to enhance the production effi formed production strategies [2].
ciency of the systems in operation. This activityman- While experimenting, thévest solution is searched
datory for enterprises to maintain their competitigss, for. Bestcan have many different meanings — highest
because there are always productivity decline facto  throughput levels, lowest costs, highest servies®ls,
the systems, such as worker/product changes, ndw te etc. Usually, it means a specific combination ofskn
nology development and process planning revisipn [1  types of factors. The key to define what the bekit®n

A lot of ideas can be tested on a single modek It looks like is within the optimization. This is epsalated
preferable to make some errors on the computerlaimu in an objective function which can be as simpleasr
tion, where the costs are almost nonexistent. Therét complex as required.

A simulation model presents a detailed represamati [3].
of the characteristics of the system, being analyze
System
evaluation
proved to be a powerful tool in assessing the charigat
should be made for a manufacturing line beforeriricg
facturing process was simulated and analyzed, oktéeb g
neck in the production line being found, which dae
Optimization
Blocking
" Corresponding author: University "Politehnica" otidarest, paints
Splaiul Independegi 313, 060042, Bucharest, Romania. analysis

is said that modeling and simulation avoids thentef A successful simulation process must include al th
through the control of machine operation, flow cdteri-
manufacturing improvements. Compilation -
In this article an implementation of the simulation
=
used to optimize the manufacturing line.
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reboot. simulation objects in production field as showrFig. 1
als and sequence of work operations. The Questait
technologies using Quest software is presentedinAn
dustrial case study is examined to validate thieieffcy
of the proposed bottleneck detection method. Theuna
dilems@yahoo.com Fig. 1. Simulation objects.
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2.2. Simulation using Delmia Quest software

Today it is inconceivable to design only by claskic
method. For designing flexible manufacturing system
one of the software used is Quest, from Delmia Gap
tion.

In this research work, DELMIA QUEST (Queuing
Event Simulation Tool) software tool has been erypib
to carry out Discrete Event Simulation activities man-
ufacturing systems.

QUEST provides a complete solution for all aspects
of manufacturing planning from the evaluation oht-
gies and plant floor layout to the programming ofca |
mation equipment. This simulation technology can be
applied to flexible manufacturing systems (FMS)stdu
In-Time (JIT), business re-engineering, team lalost,
and a host of other issues facing [4, 5].

Delmia Quest software provides simulation environ-
ment based on the delivery of materials, procesaimnt
storage. It contains material element for rapid eliod
such as machine tool, buffer, treatment proceskirda
rate, maintenance, operator, path and material rexpo
which can help users simulate and analyze the psoce
flow in 3D factory environment.

With powerful visualization and import / export fun
tions, Quest becomes the best solution of the ptoxtu
process simulation and analysis.
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Fig. 2. Layout of a manufacturing line case study.

3. CASE STUDY

3.1. Problem description

While making a feasibility analysis of a manufaetur
ing line, we need a simulation for justifying andagti-
fying the required investment. In this case, timeusation
is a tool to highlight the costs and expected perénce.
The simulation also aids to specify and define Teeh-

Table 1
Description of operations
Name of opera- Description
tion
1 2
Cutting - Sourcing raw materials: steel bar
calibrated ¢ =11,67h9; L =
3825mm

- Cutto L = 762 + 1mm by acting th
press by the limiter flaps

D

nical Specifications in pre-contracting and cortirag
phases. On this occasion, the size of the manufagtu
line will be taken into account to meet, in thisywhe
foreseen package order. In other words, in this@hidis

Edge Milling | +
Il

- Sourcing raw materials: half cut, L
762 + 1mm

- Adjust the length limit to get 761.5
0.2mm

I+

determined:
» the number and type of necessary machines;

Bending |

- The distance between the two arn
110 £ 0.5 mm

nS:

e nature and size of deposits (storage units, shops

power systems, storage);
e nature and size of the parts handling system, ,tools
blanks.
e amount of labor required.
The statistical characteristics create, for instarnhe
possibility to diagnose the bottlenecks areas & gio-

'Milling ROD B /

ROD A

- Sourcing raw materials: half bent.
Cleaning the burr out of the surface
compressed air for each piece

- Adjustment quota for milling devic
121.2 + 1 is checked twice per shift al
each shift of the milling module

duction line and to define the solution in orderaimid
them. In later stages of manufacturing line desigaore
complex simulations allow the adoption of detaitexdiu-

Deburring

- Sourcing raw materials: half milling
- Deburring by sandpaper and wi
brush on both arms

re

tions and their validation. Among others, some $mu
tion results allow, at this phase, the definitioh the
technological flow piloting: the choice of the flow

Bending Il

- Sourcing raw materials: half milling
-Angle =7.6 °

pulled or pushed. By simulation, it is possiblestady
the influence of the flow stops upon the manufaotur

Name of opera-
tion

Description

line performance.
The case study is related to a manufacturing line o
car headrest support work piece (Fig. 2).

The operations of the line manufacturing (headrest

support) are shown in Table 1.

Retouch

- Cleaning - 100%
the workstation

- Visually: part does not present m|
chanical shocks, burrs, cracks

- Retouch is done by sandpaper, th
by cloth

by linen cloth
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Table 1(continuatior)

1 2

TQC-final

- Check the quota of 162.7 + 1 apd
angle =7.6
- Check the quota of 122.5 + 1 at the
edges of the arms A and B.
- Check the parallelism imposed + 0.5
between arms A and B.

- Check the quota of 110 + 2.
- Check the quota of 21.6 + 1 for the
two arms A and B

Packaging - Check the conformity of parts (visu-
ally).
3.2. Simulation of the manufacturing line .

As a first step we use structural elements to mtigel

manufacturing architectufs]:

Parts are the entities that flow through the modsl,
they move from element to element and they are
processed. In the manufacturing context, these dvoul
be the physical parts processed within the system,
from the raw parts to the finished products;

Source: A source will be created for this model to
serve as a mechanism by which the parts can dmgert «
model. Sources are the elements designed to create
the parts that will be processed by the other model
elements. They represent tpeint-of-entry of parts

into a model. They are flexible elements that offer
wide range of options;

Machines: Parts are created at the source and are
processed on machines. Machines represent the sys-
tem elements responsible for parts processing; The
time a machine is operational and thus not in testa
of failure is called the "uptime". The remaininghé
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role being to feed the parts into a machine. Bsffer
are created to prevent parts from blocking elements
due to differences in the cycle and inter-arrivalets

or as a result of machine downtime;

Conveyors: A conveyor system is a common piece of
mechanical handling equipment that moves materials
from one location to another. Conveyors are espe-
cially useful in applications involving the transfsmo

tion of heavy or bulky materials;

Labors: Labor is required by the processes defioed
the machines in the model. Each machine needs a la-
borer for its entire cycle time. Labors are theredats

that move around the system, meeting process re-
quirements, transporting parts, and loading and
unloading parts at various locations;

The labor controller is the main decision taking
element. There may be many laborers in a model,
decision points, and elements requiring labor.The
controller coordinates the functioning of these
different elements to accomplish a task set. The
controller's behavior is defined by its processidog
and due to the coordination and decision-taking
nature of the controller, this process logic is enor
complex by comparison to other elements;

Sink: A sink needs to be created for this model to
serve as a mechanism by which part can come out of
the model. Sinks are designed to destroy partkeat t
end of the production process. For this reasorny the
can have inputs but no outputs. Although the panes
destroyed in the sink, all the statistics relatdhese
parts are preserved by the software and may be ac-
cessed at any time - during or after the simulation

[6, 7].

Having all structural elements represented, weilcan

troduce the manufacturing parameters into the syste

is ‘downtime’, this being when the machine is under considering the required manufacturing processes. |

repair. Each machine is defined by

three order to analyze the system’s behavior in termgrof

characteristics: Cycle time, mean time to failure duction flow, the simulation model of the systemsveat

(MTTF), and mean time to recovery (MTTR).
Failures are described by their MTTF and MTTR.
MTTF is the average time until a failure occurghe

up with the layout in Fig. 3.

Then, connections between elements were created in

the virtual mode. They have strong influence inedet

system. MTTR is the average time it takes a machinemining the behavior of the system as they repiteben

to recover from a failure. Adding the MTTF and the
MTTR equals to the MTBF (mean time between
failures). This is the average time between two
consecutive failures: MTBF = MTTF + MTTR.
Availability = MTTF / (MTTF + MTTR) - the
percentage of time that a machine is not failing.
Processes define what happens to a part as it move
through an element. There is a number of different
processes that can be assigned to different QUES
elements. Once defined, the process is associate
with an element class, thus giving that elemenssla
the possibility to carry out that process. It dejeon
the element classes logic whether the specified
process will be carried out or not.

Buffers: The buffers will be created for this madel
one for each gap, between the source and maching
and another — between the machines and the sink
Buffers represent the locations where parts anedto
or where they queue before accessing to other re
sources, such as machines. Thus, a buffer might rep
resent a storage location in a warehouse, the taiffe
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m

Fig. 3. Discrete Event Simulation Model.



230

Fig. 4. Part flow.
Table 2
Sequence of operations
Operation name CycleTime

[min]
Cutting 0.077
Edge Milling 0.565
Bending | 0.200
Milling B 0.343
Milling A 0.343
Deburring 0.600
Bending Il 0.220
Retouch 0.19

logical links between elements, providing the madsa
for parts to move from one element to another (#jg.

Finally, processes (including cycle processes,psetu
processes and load / unload processes) were created
indicating time and resources needed for all therap
tions in the cell. They were associated to theespond-
ing elements in order to define what happens th égme
of part while moving through that element (Table 2)

Before starting the material flow simulation angt o
timization we must set the simulation period ofdinin
our case, the manufacturing process will run fpedod
of 8 hour (28 800 seconds).

A shift schedule describing the length of the opera
ing shift and corresponding breaks during the shift
need to be defined. The shift schedule can theaphe
plied to all the possible model elements to define
time patterns of the operations of those elements.

Labor works during 7.5 hours per shift (2 breakseon
in 5 minutes per day and a break once in 20 mirhdes
been introduced).

By removing the break time, we can calculate the®

work time interval (1):

WT=WST- B, (1)

whereWT is Work Time;WST- Work Shift Time; B —
Breaks.

WT = 28 800 — 1 800 = 27 000[sec]. )
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Fig. 5. Number of obtained parts using the system.

FF=0.9. ©)

The real work time interval (4) is now calculated
using the equation [8]:

RWT= WTCFF,
RWT= 27 000(D.9 = 24 300 sec. (4)

A schedule downtime can be used to describe the ef-
fective working time of a machine and the time eair
or maintenance. This schedule can then be applied t
the possible model elements to define the downtime
patterns of these elements [9].

The distributions to describe the time between fail
ures and the time to correct these failures areneldf
Exponential from the Distributions, a Mean value lof
hour. The time for repairing is defined using Unifo
Distributions: a Minimum Value of 180 sec and a Max
mum Value of 300 sec.

After a run simulation of 8 hours working time,ist
noted that the number of finish parts are 1 27§.(5).

3.3. Bottleneck detection

Discrete-event simulation models are commonly used
in the industry for the following purposes:
Capacity calculations.
Analyzing throughput and lead times.
Layout-planning.
Balancing production.
Supporting investment
management tool.
Identifying bottlenecks and testing out controlhtec
nigues.
A bottleneck may be defined as a machine whose per-
formance impedes the most the overall system parfor
ance. Technically, a bottleneck is defined as thestm
sensitive machine for the overall system perforreanc

The bottleneck is the resource that affects thet mos

decisions and as risk-

Also, we noticed a difference between the operatorghe performance of a system. For a given diffeagnti

efficiency in the work time. To correct it, we iattuced
a fatigue factor (3):

increment of change that has the largest influemcéhe
system performance [10].
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To see how the machine times affect the line produc 3.4. Optimization of the manufacturing line
tivity, the bottleneck needs to be evaluated. It is not known from the beginning if the simulatio
The controller makes decisions on how to mitigateof a situation is profitable. But if we make 10 siar
the bottleneck to reduce variation of productiord an tions, one of them would generate gains superiother
improve the system performance. Generally, therobnt nine.

lable parameters in a real production line includa- By analyzing the simulation results, several pdssib

chine repair time and cycle time. As cycle timalifi- issues were identified in order to improve the picit/-

cult to adjust for a paced manufacturing line, fidheus of ity and efficiency of the manufacturing line thrdugs

our research is the reduction of downtimes. reconfiguration. The bottleneck of the system isilga
The bottlenecks in our study are (Fig. 6): identified as the element having the highest waiian.

* Machines idle in the manufacturing process; To see how the machine times affect the line the bo

« Machines overloaded and sequential inputs; tleneck needed to be determined. As this is a lisgs-

+ Parts passing to their operation from one cellrto a tem where every part has to go through a number of
other (this is the biggest inter-cell movement re-Operations in a specific order the bottleneckispdy the
source). place where the parts get piled up. The pile apieai-

As can be seen from the above simulation resties, t rectly in front of the deburring machine. So it wesy
utilization of some station is too low and prodantiine ~ €asy to determine that deburring machine was tktéeebo

is in an unbalanced state. The purpose of modedlimgy ~ neck in the line.

simulation is to find the bottlenecks in the proiirm In order to improve the manufacturing line, we pro-

line. If there is a bottleneck station, several sugas can  Pose the following alternative — adding a new work-

be taken to solve it, such as to increase the numbe Station to the bottleneck area (Fig. 7).

equipment, to divide one operation into severaispar The recommendation is to add a new workstation to
If there is a station where its components arekstac the bottleneck station in order to reduce the buftean-

severely, some stacking space can be added to wepro tity [12, 13]. The company has to decide whethetiragl

it. Speeding up the transport frequency to nexcese another deburring machine to the production lineildo
can also be improved, if necessgry. increase the productivity. In this way, one more de

burring machine was added to the simulation model i

order to simulate the new production system. Assailt,
15000 the output was stimulated from 1 276 units to 1 66its
with an approximate increase of 30.17 % (Fig. 8).
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b — bending; ¢ — deburring. Fig. 8. Output of elements during production.
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4. CONCLUSIONS (3]

Simulation has become today one of the most useful
methodologies in industrial engineering field ahdauld [4]
be used also for dynamic analysis, before impleatemt
of the production system, in order to reduce atimmnim
the costs and the stocks.

In this paper the simulation of the manufacturiimg |
(headrest support) is presented using DELMIA Quest
software in order to simulate, to optimize and #&dabce
the line of production system.

The aim of this paper is to improve the layout d-p
duction system and consequently reducing idle time
machines, organizing tasks to operators and addireyw
workstation in the bottleneck area. The soluticumfd for
better organizing the production line is to adcehutring
machine that can increase the productivity with 30%

By using Quest to simulate the production flow we
obtain a good understanding of how the manufadgjurin
line behaves and how it responds to changes. Tte so
ware gave the possibility to compare one resulare
other thanks to the charts and graphs obtainedreaito
cally with the program. To get proper results usimgu-
lation software DELMIA Quest the authors recommend g
to have a very good understanding of the study case
production line and good knowledge of the flow siau
tion theory using discrete events.
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