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Modelling and Simulating a Technological Flow Using the FlexSim Application

Nicolae Medan®”

Abstract: Today, one of the great challenges for any factory is to be flexible enough to produce a wide range of products.
Also, to keep production costs under control. In general, the implementation of a technology for the realization of a new
product brings with it high costs for refurbishment, production planning, supply logistics, etc. It is necessary to make the
right decisions for refurbishment, in the sense that with minimal investment the new product can be made in the quantity,
quality and delivery terms established. The FlexSim software models simulates and predicts systems from a wide range,
such as manufacturing, warehousing, health, material handling, logistics, etc. FlexSim visualizes and predicts the results
that will take place after the change in the production flow. That is why FlexSim is a powerful tool that allows the
optimization of a system, before its implementation in the factory. This leads to a reduction in production costs and
implementation time of the new type of product. This paper aims to model and simulate a technological flow using FlexSim
software, to present the working methodology, benefits and results that can be obtained.
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1 INTRODUCTION In general, the implementation of a technology to
produce a new product, brings with it high costs for

Today, one of the great challenges for any factory investment in production line, production planning,
is to be flexible enough to produce a wide range of supply logistics etc.
products. Also, to keep production costs under control. It is necessary to make the right decisions for

It is known that the implementation of refurbishment, in the sense that with minimal investment
technologies for the realization of new products comes the new product can be made in the quantity, quality and
with additional costs necessary for refurbishment, delivery terms established.
production planning, supply of materials, devices. It is FlexSim visualizes and predicts the results that
necessary to make the right decisions for refurbishment, will take place after the change in the technological flow.
in the sense that with minimal investment the new That is why FlexSim is a powerful tool that allows
product can be made in the quantity, quality and delivery the optimization of a system, before its implementation
terms established. in the factory.

The FlexSim software models simulates and This leads to a reduction in production costs and
predicts systems from a wide range, such as implementation time of the new type of product.
manufacturing, warehousing, health, material handling,
logistics, etc. 2 FLEXSIM SOFTWARE

A series of scientific articles present different
aspects, capabilities of FlexSim software. In generally when we want to make a simulation

Thus, Lu$cinski and Ivanov [1] present a study on for a system (technological flow), we can have 2
the simulation of industry 4.0 factories based on the situations:
ontology on flexibility using FlexSim software. 1) the technological flow exists, and we make the

In paper [2] ,,Simulation and Optimization of simulation to improve the system or
Automated Warehouse Based on Flexsim”, to reduce 2) we want to implement a new system and we
the logistics costs and commodity storage costs in the make the simulation to be able to decide what is the best
operation of e-commerce enterprises, was used FlexSim solution for that technological flow.
software to model the system, discrete event simulation, In this paper we consider the second situation.
system optimization. we want to implement a new system

In paper [3] an introduction is made in the
presentation and use of FlexSim software.

In figure 1 is presented a diagram showing the technological flow of processes to be modeled.

Queue | | Queue | |
CNC 1 CNC1 — Conveyor1 a6 1 QC 1
m Qc2 | Queue — Conveyor2 [ CNC2 [ Queue
QC 1 CNC 2

Fig. 1. Diagram showing the technological flow of processes to be modeled

62



BULETIN STIINTIFIC, Seria C, Fascicola: Mecanica, Tribologie, Tehnologia Constructiilor de Masini
SCIENTIFIC BULLETIN, Serie C, Fascicle: Mechanics, Tribology, Machine Manufacturing Technology, ISSN 1224-3264, VVol. 2021 No. XXXV

Within the technological flow we have a
workpiece that is to be processed. It goes through 2
machining operations using CNC and 2 quality control
operations related to each machining operation.
Conveyors are used to move the workpiece from one
working point to another.

We want to know how many parts can be
processed within 8 hours, what is the degree of use of the
equipment, also what is the occupancy rate of the
operators who serve the equipment.

To do this we will use FlexSim software.

In FlexSim to modelling and simulate a
tehnological flow (a system) are some basic steps [5]:

1) Create a layout using library objects;
2) Make port connection;

-
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3) Edit the look and behavior of objects;
4) Run the simulation;
5) View the results.

1.1 Create a layout using library objects

In a model we need a source to create the items
(the workpieces). Before any operation (process) the
items are waiting to be processed. That's why a queue is
inserted before each operation. Conveyors are used to
move the items (the workpieces) from one working.

In figure 2 is presented the layout create in
FlexSim, corresponding with the technological flow of
processes to be modeled.

Fig. 2. Layout create in FlexSim.

1.2 Make port connection

Because we want the workpieces (flow items)
to move according to the technological flow, must be
established the connections between the ports.

- |
e e

CNC1

In figure. 3 it presented the connections

between resources.
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Fig. 3. Connections made in model.
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1.3 Edit the look and behavior of objects (properties)

For each process we know the time. According
with the time off every process it is setup the
corresponding process (resource) in the model.

The time to enter in the flow between 2 items is
known and is 5 minutes. In figure 4 is presented the
properties set-up for source.

#% Source1 Properties - O X
’ [ sourcel ' @ d:
Source Flow Triggers Labels General

Arrival Style Inter-Arrival Time N

Flowltem Class | Box v

[J Arrival at time 0

Inter-Arrivalime | exponential(0.2, 300, getstream(current)) v & 3/
Oh & Apply Cancel

Fig. 4. Setup the properties for sourcel

The setup time and process time for each
operation are known.
In figure 5 is presented the setup of properties
for process CNCL1. It is knowing the setup time is 1
minute and the process time is 4 minutes.
#5 CNC 1 Properties - O X

* E

Processor Breakdowns Flow  Triggers Labels General

Maximum Content Convey Items Across Processor Length

|® &

Setup Time  exponential(D.2, 60, getstream(current)) &5 E /f
Use Operator(s) for Setup Number of Operators
Use Setup Operator(s) for both Setup and Process
Process Time | exponential(0.2, 240, getstream(current)) A= 4 /0
Use Operator(s) for Process 1

Pick Operator current.centerObjects[1] v iy f
Priority Preemption |no preempt v

O/t 4 <> APpY cancel

Fig. 5. Setup the properties for process CNC1
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At the same time, within the technological flow,
the operators that serve the different processes are
introduced.

CNC operators take workpieces from the
appropriate queues, service the CNC according to the
process properties setting, and then move the workpiece
to the conveyor.

This is set to use the operators in the processes.
Thus, in figure 5 at setup process and process time the
option of using the operators and their number, if
applicable, is checked.

In figure 6 is presented the options setup for

operators.
#% Operator1 Properties - O X
|
n [Operatorl | @ &
Operator Breaks Colision Triggers Labels General
[] Do Operator Animations ~ Shape | Male 2
Capacdity 1 Acceleration | 1.00 Fip Threshold | 180
Max Speed | 2.00 | Deceleration | 1.00
[] Rotate whie traveling Travel offsets for load/unload tasks o
Load Time 3 - ,f
Unload Time 3 -3
Break To New Tasksequences Only - 5
Dispatcher
PassTo First Available -
Queue Strategy  Sort by TaskSequence Friority -
Navigator Defaulthavigator - %
[] Fire OnResourceAvalable at Simulation Start
O T & [« apy [ oc ][ conce

Fig. 6. Setup the properties for operator

It can be seen that a number of properties can be
set for operators, including maximum speed,
acceleration, deceleration, load time, unload time and
many others.

1.4 Run the simulation

After making the model in accordance with the
real situation, the simulation can be run.

To run the model, it is necessary to establish the
simulation period. In this case 8 hours.

In this model | assume that all parts pass quality
control.

In figure 7 is presented the layout of model at
the star off the simulation.

The operators and
connections can be observed.

There are a number of 4 operators, one for each
operation in the technological flow.

their  corresponding
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Fig. 7. The layout of model at the star off the simulation

1.5.2  What is the degree of use for operators?
1.5 View the results

In figure 9 we can see the degree of use for operators.
After running the model, we can obtain

different type of information from our model. You can State Pie for operators
use a dashboard to generate reports with the data we are idie WTravel empty @ Travelloaded
interested in. m Offset travel empty mLoading m Unloading
Utilize
1.5.1  What is the degree of use of equipment?
Operator1 Operator2
I 1

We want to know the occupancy rate of the
equipment used in the 4 processes. v

In figure 8 we can see the state pie with this 96.25% 33.08%
informations.

State Pie for process

Idle mProcessing m Setup Operlator3 Oper'ator4
CNC 1 QC 1
78.47% | 33.20%
93.62% 32.09%

Fig. 9. The degree of use for operators
CNC 2 QC2

153 How many parts have been processed in 8
77.15% 32.31% hours? :
: : To find out the number of parts processed in 8
hours it is necessary to know the number of items that
arrived in sink1.

In figure 10 is presented the numbers of parts
processed in 8 hours.

Number of processed parts

R : Object Input
Fig. 8. The degree of use of equipment Sinkd 66,00

Fig. 10. the numbers of parts processed in 8 hours
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1.5.4  What is the maximum number of workpieces

waiting in queues?

In figure 11 we can see the maximum number
and the average of workpieces waiting in queues.

Content
Maximum Average
Queue CNC1 240 11.3
Content
Maximum Average
Queue QC1 3.0 0.1
Content
Maximum Average
Queue CNC2 100 25
Content
Maximum Average
Queue QC2 4.0 0.1

Fig. 11. The maximum number of workpieces
waiting in queues

155 What is the average time for workpieces

waiting in queues?

After simulation we can find what is the average,
minim and maxim staytime of workpieces in the queues
corresponding to the 4 processes (figure 12).
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Staytime for workpieces

Object AvgStaytime MinStaytime MaxStaytime
Queue CNC 1 3393.89 501 6223.43
Queue QC 1 46.02 195 555.21
Queue CNC 2 988.07 269 2612.25
Queue QC 2 49.87 185 571.09

Fig. 12. The staytime for workpieces waiting in
queues

Observation. Unit of measure for time was
second (in all simulation).

As presented above, different information about
the modeled and simulated technological flow can be
obtained, depending on what you want to know about
the respective system.

All the desired information can be saved as csv
files and used later.

3 CONCLUSIONS

1) FlexSim software model, simulate and predict
systems from a wide range of domains.

2) FlexSim can be utilised to simulate an existing
process to see how can be improved or a new process
to see what resources are necessary to implements
the process in reality.

3) FlexSim visualizes and predicts the results that will
take place after the change in the technological flow.
This leads to a reduction in production costs and
implementation time of the new type of product.
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