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Abstract

:

To remain competitive, companies must continuously improve the processes at hand, be they administrative, production, or logistics. The objective of the study described in this paper was to develop a decision-making tool based on a simulation model to support the production of knits and damask fabrics. The tool was used to test different control strategies for material flow, from the raw material warehouse to the finished product warehouse, and thus can also be used to evaluate the impacts of these strategies on the productivity. The data upon which the decision support tool was built were collected from five sectors of the plant: the raw material warehouse, knit production, damask production, finishing work, and the finished product warehouse. The decision support tool met the objectives of the project, with all five strategies developed showing positive results. Knit and damask production rates increased by up to 8% and 44%, respectively, and a reduction of 75% was observed in the waiting time on the point of entry to the finishing work area, compared to the company’s existing system.






Keywords:


decision support system; simulation; control strategies; materials flow












1. Introduction


Continuous improvement has emerged as an essential strategy in enhancing competitiveness in a world where excellence prevails. Today’s manufacturing companies continuously strive to become operationally excellent by improving the efficiency of their manufacturing shop floors [1]. Shop floor efficiency can be improved by addressing operational issues to achieve fast or smooth flow of raw materials, work-in-progress, and information within a production network. The study described in this paper was part of an industrial project carried out at a textile company to analyze and improve the flow of inbound raw materials.



The company has dedicated its capabilities to produce the highest quality of materials for the mattress industry. The company specializes in jacquards, providing a wide range of apricots and weaving, in addition to having a strong knitting, velvet and fabric spacer production capacity, using top-of-the-range equipment and raw materials. The company is fully aware that the full production capacity can only be achieved through the use of qualified professionals, as well as with the implementation of the latest technology in machinery and processes. Due to market competition, the company is constantly under pressure to provide products and solutions that are increasingly demanding in terms of new design, high quality, and quick delivery. For this reason, the company has dedicated lines of fibers and innovative finishes in the manufacture of apricots and knits intended for mattress covers, but nonetheless, it does require robust control strategies for the material flows.



Working within the production planning department, the study described in this paper aimed to evaluate different control strategies for material flows from the raw material warehouse through to the production lines and finished product warehouse. A simulation-based tool was developed to support the decision making, from parameterization and definition of the control strategies to testing of the strategies using the purpose-built simulation model. The way in which we developed the simulation model as a decision support tool for the control strategy of inbound material flow demonstrates the academic contributions of this paper.



The paper is divided into five sections. Section 2 presents a review of the literature pertaining to computer simulation in manufacturing. Section 3 describes the method used to undertake this study. Section 4 illustrates the development of the decision-making support system and the analysis, before the conclusions in Section 5.




2. Literature Review


Kotler in (Coimbra, 2009) [2] defined the term logistics as “the planning, implementation and control of the physical flow of materials and finished products, from the point of origin to the point of use to meet customer needs, with profit.” In the context of internal logistics, the flow of materials incorporates five distinct concepts, including supermarkets, mizusumashi (logistics train), synchronization, production leveling, and a pull system [3]. Control strategies are needed to regulate the movement and timing of material release from one part of the manufacturing line to the other until the products are completely manufactured [4].



To reduce bottlenecks and increase the responsiveness of the production line, control strategies are often planned and validated using material flow simulation [5]. To this end, simulation has proven to be useful as a form of validating or refuting possible measures for the improvement of processes in a company [6,7]. The use of simulations for material flow analysis in this instance ultimately helps in the evaluation and planning of the material flow [8]. Simulation is also useful to control the production scheduling at a telecommunications factory for the pro-vision of resources, considering the constraints of the incoming warehouse, which otherwise may jeopardize the material flow process [9]. In a job-shop production system, simulation of material flow is useful to monitor the execution of production by providing support to job scheduling [10]. In terms of productivity improvement, material flow simulation can be used to pinpoint the additional space freed up in nearby workstations of a furniture assembly plant, resulting in an increase in the throughput rate [11].



Within the inbound logistics area, a discrete-event simulation model was developed to understand and compare the effects of changes in delivery windows, inventory management policies, transport types, etc., on sustainable inbound logistics [12]. One possible way of improving inbound logistics operations is to evaluate the various scheduling patterns under different terms and conditions [13]. In the context of warehousing, loading and unloading systems were modeled and simulated to minimize the length of stay of any truck on the dock [14]. Similarly, in transport logistics, simulation was employed to optimize transport distances in the context of picking orders [15] and to allocate charging stations for electric vehicles, which was based on a model of urban traffic and vehicle energy consumption [16].



Opacic et al. (2018) [17] carried out a study that incorporates a decision support system to analyze, evaluate, and possibly alter the production process at a factory that manufactures wooden products. A decision support system often features graphical simulation allowing users to visually interrogate the system, identify new configurations for the process, reduce worker operation time, as well as increase the number of units produced [18]. A simulation-based decision support system may also be combined with process re-engineering with a view to improving the capacity of ceramic production facilities and reducing their production times [19] and to reducing the negative impact of machine breakdowns on the performance of packaging and filling lines producing fast-moving consumer goods [20].



Being the early adopter of manufacturing simulation, the automotive sector is at the forefront of simulation-based decision making. Ferreira et al. (2011) [21] used it to assess the impact generated on the number of vehicles produced by the number of pallets circulating on the closed-loop network configuration. Ladbrook et al. (2011) [22] subsequently went one step ahead to use it as a basis of investment decisions. The latter was demonstrated by their study at the Ford production lines in Valencia, Spain.



Despite the widespread use of simulation-based decision-making applications, especially in the manufacturing domain, the extant work focusing on control strategies for material flow appears to be lacking, and consequently, this paper will extensively employ simulation modeling to purposely fill the gap.




3. Material and Method


A simulation-based decision-making process allows for the modeling and analysis of the performance of complex systems and processes [6,23,24,25,26]. Simulation constitutes an instrument, providing the user with possibilities that include developing a model based on a real system, predicting actions ensuing from previously collected data, predicting areas with the potential for improvement, and evaluating the impact of different types of strategies on these and other areas [27,28,29,30,31,32,33]. For these reasons, simulation was employed extensively within the five distinct phases in our research method.



Phase I: Literature review in the area of industrial simulation. Desk-based research was undertaken on the existing literature pertaining to the stages required to develop a simulation project and how to maximize its implementation.



Phase II: Collection of indicators from the Departments of Production, Finishing and Warehouse at the company, with the purpose of gaining insight into its supply policies for material flow. Based on the knowledge acquired in the previous phase, a survey was carried out at this point to collect data inherent to the working method at the company (e.g., mapping of production processes through flowcharts, the manner of machine use, and its times and speeds, amongst others).



Phase III: Data analysis and proposals of solutions for the problems being addressed. During this phase, the data were analyzed in order to evaluate the main points or places where problems were found. Subsequently, solutions for the improvement of current processes were proposed.



Phase IV: Development of a decision support tool and implementation of the delineated strategies. This phase dealt with the development of the model that measured the company’s current performance [34]. It also included the implementation of strategies that aim to improve flows and materials.



Phase V: Model validation and analysis of the results achieved. The final stage consisted of model validation that essentially compared the model against the real system. An analysis of the results obtained was also undertaken in order to evaluate the feasibility of the implementation of the strategies developed.




4. Analysis and Development of the Decision Support System


The development of knit fabric and damasks includes five sections in the production department: raw material warehouse, production of knits/damasks, finishing, palletizing, and shipping of the finished product. Figure 1 shows the flowchart of the company’s operation, which will allow for a better appreciation of the production environment in each of these areas (see Figure 1).



4.1. Problem Formulation


At present, there are bottlenecks in two specific zones: one at the exit of knit pro-duction and the other on entry to the knit and damask inspection area. This is caused by two factors: the first is due to the inadequate flow of materials between the production and finishing zones. The operator of the mesh-opening machine sometimes has to transfer the finished pieces from production in order to process them in his department. Consequently, that operator is often confronted with an inordinate accumulation of pieces, with the rolls of mesh frequently being distributed incorrectly on the trolleys. In the case of the inspection of knits and damasks, the cause lies in the distribution of knits and damasks on each machine. There are three machines used for inspection: one is dedicated to damasks and the other two to knit fabrics. However, when the production of damasks is higher than knits, one of these machines can inspect the damask fabrics. The problem resides in the poor application of this capacity. Besides these two situations, there is a proposal to solve other issues that concern the setup times for the production area of knit fabrics, as well as the time required to transport materials from one workstation to another. The objective is to develop a model based on simulation that will act as a decision support tool and allow for the optimization of the resources allocated. The above-mentioned problems will then be addressed by means of the control of a certain number of entry variables, thus enabling the analysis of different control and assessment options.




4.2. Definition of the Strategies to Be Implemented


To implement the improvement, six strategies were proposed to address the problem at hand. These strategies, along with a description of the objective of each during the course of the simulation model developed, are described below:




	
Strategy 0: the current model



This strategy is used to confirm that the collected data and the simulation model created are in accordance with the real operations at the company.



	
Strategy 1: Priority per article type



This strategy seeks to provide one or more responses to the bottleneck problem at the entry of the mesh-opening procedure. It creates the possibility of simulation, whereby the order of entry is determined by the type of knit fabric. By using a numerical scale, the user selects which type of product has priority over another, and this one is then moved forward. The product being worked in the following sectors and what stage they are currently at must be taken into consideration. For example, if the special finishing machine is currently finishing its process on a fabric, the logical choice for the mesh-opening procedure is to select a knit fabric that usually takes less time to open and thus to enter in the special finishing machine. If we have more time until the entering of fabrics in the special finishing machine, then the choice should drop on the fabrics that are more time consuming on the mesh-opening procedure. This strategy was also adapted for the entry of damask fabrics in the finishing area.



	
Strategy 2: priority dependent on the length of the waiting line



Similar to the strategy above, this approach aims to deal with the problem of the accumulation of knit fabrics near the mesh-opening machine. In this case, priority is defined by the type of knit, which has the greatest number of rolls in this area so that the article can be cleared. This means that instead of randomly selecting a roll of knit fabric, the user will collect several rolls of the same type of knit fabric and then work them all at once, maximizing the use of the mesh-opening machine and the following processes. This strategy can also be adapted to damask fabrics.



	
Strategy 3: improvement of material flow at critical points



Strategy 3 was developed to evaluate a solution for the problem in question. In this case, the strategy is to carry out the integration of a logistics train in the production process of knits and damasks or the implementation of a platform system of mobile cones for the production of knit fabrics, thus enhancing transport times between sections. The aim is to reduce the number of workers. Instead of having one to two people making several journeys between warehouse and production areas (depending on the number of cones needed), only one person makes one journey with a logistics train.



	
Strategy 4: crossover between strategies 1 and 3



As the name suggests, this strategy seeks to assess the possibilities of combining the strategy of priority per article type with the improvement of material flow at critical points.



	
Strategy 5: crossover between strategies 2 and 3



By applying the same methodology above, this strategy makes it possible to evaluate a combination of strategies 2 and 3.









4.3. Data Collection and Analysis


Data collection is crucial in any simulation study. After gaining an understanding of general operations at the textile company where the study took place, pertinent data consisting of more than 50 samples each were collected. This process was executed in phases, according to the areas of interest. This information was then analyzed and applied to the simulation model presented. After this stage, the ARENA simulation tool known as the Input Analyzer was employed. From a file containing the collected data, the type of distribution that is most suitable for a specific process can be determined.




4.4. Decision-Making Tool to Enhance Material Flow


The system that supports decision making is presented via a graphical user interface (Figure 2), which is developed through ARENA Visual Basic for Applications (VBA). This enables the user to interact with the model without possessing any knowledge of system modeling as such. Its operation, from the initial parameterization to the selection of strategies, can be interpreted from the flowchart presented in Figure 3. Therefore, this tool allows for the definition of entry variables inherent to each of the company’s sectors, thus representing the way in which it operates. It also enables the selection of the strategy that should be used to present new trial scenarios of the real system.



Figure 4 allows the user to access the area of strategy definition, where a selection is made of the type of strategy. In accordance with the chosen strategy, the user might have to enter specific values, which will then vary the procedure (strategies 1 and 4). For these strategies to be activated, a new window will appear (see Figure 5). This window is used to define the priorities for the knit fabrics (between 1 and 4) and the damask fabrics (between 1 and 3), which must be provided by the user. It should be pointed out that there is a joining of the double-jacquard and high-relief knit fabric types. This ensues from the fact that the production times registered during collection and treatment are rather similar. In addition, the same machine is used for these two types of knits. The same occurs in the case of high-grammage and spacer knit fabrics.



The interface constitutes the apex of the work in question and of the product presented to the end customers. However, the background work consists of a complex development of the simulation model that is based on ARENA software. Thus, by means of the information collected, whether or not it pertains to the flow of materials in the company or the processing times at each workstation, there is subsequent development of a simulation model that seeks to represent the company’s real system. Furthermore, the model also includes strategies that allow for the analysis of potential improvements that might be implemented within the company. Figure 6 demonstrates an animation of the model developed to simplify the factory layout, where the different sections in the company and its connections can be visualized.




4.5. Model Validation


The validation of the simulation model has proven to be vitally important to the project, since it defines whether or not the model is indeed a true representative of the real system. The starting point of the model validation uses values derived from the real system (in this case, the number of rolls of knit and damask fabrics produced in one week). These were then compared to the values generated by the simulation model, considering the same entry variables. Due to the variability of the real system, the productivity was estimated so that the validation of the program would not be altered. Table 1 indicates the quantity of rolls produced during the company’s current process, as well as the average results obtained through the simulation model after five replications. Table 1 also shows a small variability between the values of the current process and those produced by the simulation model. In the case of knit fabrics, the percentage error is under 1%, while damask fabrics present an error of 6.1%. The simulation models are therefore valid and correspond to a correct representation of the company’s process. As such, they can be used as a decision support tool.




4.6. Analysis of the Results


Figure 7 shows a brief assessment of the five strategies developed. It compares the average production figures relating to each strategy after five replications and subsequently reaches the conclusions derived therefrom.



The first of these conclusions deals with the most striking approach (strategy 4) and alludes to the possibilities of enhancing the impact of each strategy. From the graph, it can be concluded that for the same entry values, any of the strategies used will produce a positive impact on the system. When observed individually (strategies 1, 2, and 3), strategy 3 stands out most, with a production increase of 5% and 28% for the rolls of knit and damask fabrics, respectively. A greater focus is also placed on the improvement or optimization of routing times between processes, as well as other procedures that can be enhanced further, i.e., within the area of knit production. In relation to the crossover strategies (strategies 4 and 5), the first of these produces better results, with an increase of 8% in knit rolls and 44% in damask rolls. The ultimate objective is to establish priorities based on the type of article in order to minimize bottlenecks at the entrance of the finishing area, as well as enhance the reduction of routing and process times to ensure greater speed in the production system as a whole. Experimentation to the model was conducted following the approach to select the most feasible outcome that considered minimization of effort/investment to implement the improvement [35].



Table 2 presents a brief summary of information pertaining to the average performance assessment undertaken after five replications.





5. Conclusions


During the course of this study, a simulation-based decision support tool was developed with the goal to analyze the existing supply processes and propose potential improvements in the different departments of a textile company. The decision support tool included two distinct complementary stages: the development of a simulation model and the construction of a graphical user interface. The latter was undertaken with the participation of staff members of the company so that, by inserting specific entry variables, they will be able to determine the strategy that should be implemented. By means of the analysis of results undertaken in the previous sections, it can be concluded that the use of simulation and the development of control strategies have enabled various possibilities of improvement in the company’s current system and that the strategies can be implemented in the real system. This was demonstrated by the existence of considerable improvements in the system during a specific period of time (seven days), with the indication that strategy 4 would be the most effective for the context at hand. In this strategy, knit and damask production increased by up to 8% and 44%, respectively, and reduced waiting times of 75% were observed on entry into the finishing works area when compared to the company’s existing system. Future work will be focused on further integrating the decision support tool with other production planning systems so as to achieve a better control of the manufacturing lines.
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Figure 1. Flowchart of the internal logistics at the company. 
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Figure 2. Graphical user interface—main screen. 
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Figure 3. Information flow for the operation of the graphical user interface. 
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Figure 4. Graphical user interface—strategy definition. 
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Figure 5. Graphical user interface (strategy 1—parameterization). 
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Figure 6. Animated example of the developed model. 
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Figure 7. Comparison between the control strategies. 
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Table 1. Model validation.
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Type of Product

	
Production Time (Days)

	
Quantity Produced




	
Real System

	
Simulation Model






	
Knits

	
7

	
850

	
856




	
Damasks

	
7

	
180

	
192
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Table 2. Results of the performance assessment undertaken.
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	Strategy
	Description
	Results





	Strategy 1
	Definition of priorities, depending on the article type on exit from knit and damask production
	Increase of 4% in knit production

Increase of 23% in damask production

Reduction of 74% in waiting time at mesh opening



	Strategy 2
	Definition of priority, depending on the length of the waiting line on exit from knit and damask production
	Increase of 2% in knit production

Increase of 16% in damask production

Reduction of 63% in waiting time at mesh opening



	Strategy 3
	Improvement of material flow at critical points (routes and processes)
	Increase of 5% in knit production

Increase of 28% in damask production

Reduction of 99% in the preparation time of knit production machinery

Reduction of 59% in waiting time at mesh opening



	Strategy 4
	Crossover of strategies 1 and 3
	Increase of 8% in knit production

Increase of 44% in damask production

Reduction of 99% in the preparation time of knit production machinery

Reduction of 75% in waiting time at mesh opening



	Strategy 5
	Crossover of strategies 2 and 3
	Increase of 6% in knit production

Increase of 40% in damask production

Reduction of 99% in the preparation time of knit production machinery

Reduction of 63% in waiting time at mesh opening
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
Produced Quantity (UNITS)

1000
900
800
700
600
500
40
30
200

w | |

Knits

WStrategy 0 uStrategy 1

w6 1 sn 87 18

 Strategy 2

%09
. i . lI.
Damasks
Strtegy3  u Strategy ¢

us V6 269

mStrategy 5






media/file4.png
Decision Support System to Improve Matenal Flows in an Industrial Company






nav.xhtml


  sustainability-13-02947


  
    		
      sustainability-13-02947
    


  




  





media/file2.png
Suppliers s Orders Production planning Orders
* Information flow #

—ﬁ
* * Production plan Production plan

Transport of . § g
Raw materials g s ‘é Transport of
) S § = finished products
Production g% =
a .2 =
T3 =
N g =
S .g = o %
5 & g <3
£ » & 2 , ‘
< ="
= O
. . 5
Reception of raw mateiials 9 == . o
S w . & s Shipping of finished products
= g 2 = y
- O -
© © )
. s
= Production g 5 o g
= K=K = o
w
Eg g o 2 =
z & 2 o = g
T2 o S
R~ z

-—
o4
=

=
(=}
Yol
="

B

=

o
(=

o=

=5






media/file5.jpg
3
Pmngyuy' Priority Improvement Combined Combined
s, Dependenton | | ofFiowat | | Segis1 | | wiegionz
i Stock Quantity | | Critical Points and3 and3
! I
&>
-

END






media/file3.jpg
Decision Support System to Improve Material Flows in an Industrial Company.

R






media/file1.jpg





media/file7.jpg
Susegy Defimtion

- Strategy 0

The stategy 0 ams to valdae the developed model. It alows to
confim #the model . eal representato of the productn
system of the campany.

- strategy 1

The stategy 1 alows the user to gve: prty level on which
4pe of kne o b shoud advance st o the Fshing Area

 Actwate Strategy

- Strategy 2.

The stategy 2, when acthated, causes that, the type of knt or
b1 Ko advance st & he ong whh the Brgest stock on ol

- Strategy 3

The stategy 3 alows the use to siuate 3 stuaton where there.
‘o be 31 rorovement i the flow of materas wihi the
Company's factory, such 25 the mplementatn of 3 Mk Run

- Strategy 4.

Strategy 4 can be defned 25 crossovr between strateges |
and 3, whichshows the user o evaatethe Mact between the
e ofpriries when optmzng the fow of materat.

- Strategy 5

Strategy s s defed as crossover. T time, betwieen stategies
2304 3, whih lows the user 0 evakate the use of ateay 2
3 stuaton of optation of the rateralfow ofthe foctoy






media/file10.png
— Setting Priorities - Knit

Seft Priorities From 1 To 4

Normal Knit |u— Double Jacquard / High Relief |u—
Mesh Knits |u— High Grammage / Spacer |—
— Setting Priorities - Fabric
Set Priorities From 1 To 3
Normal Fabric |u— Fabric L |ﬂ— FabricXL [

Go Back To Strategy Definition






media/file12.png
gt

i_.l‘_'l

PPA

Preparation of Damasks Preparation of Knits H Pop P T | Finished Product Warehouse
L= o L=
LE2 = LE1
& s = 4
T I PE
Damask Production Knit Production MN1
== ]

l- ON
1 DL
}: DXL

MV

MDJ : E

-t

Subtitle:

AM - Mesh Opening

DL - Damask Large

DN - Damask Normal
DXL - Damask Extra Large
E - Packaging

HM - Hot-melt

MAG MR MN92
-t = ||t
= 2 S
PRM
E |
AM H
RT | RM
HM RAMU
3 ——
_“__ RAME H
Finishings
—
Planning Department 7 ——

LE1 - Knits Waiting Zone

LE2 - Damask Waiting Zone

MAG - High Grammage Knits and Spacer
MDJ - Double Jacquard Knits and High Relief
MNED - Normal Knits, 60 cones

MN92 - Normal Knits, 92 cones

MMN108 - Normal Knits, 108 cones

MR - Mesh Knits

MV - Velvet Knits

PE - Product to be Shipped

PPA - Palleting of Finished Product
PRM - Pre-inspection of Knits

RAME - Special Finishing Machine
RAMU - Tenter Frame

RM - Knit Inspection

RT - Damask Inspection






media/file9.jpg
- Setting Priorities - Knit
Set Priorities From 1 To 4

Nomalkntt [ Double Jacquard / High Reief [Tg

MeshKnts  [To  High Grammage / Spacer [o

- Setting Priorities - Fabric
Set priorties From 1 To 3
Normal Fabric [ FabricL [Tg FabricXL [

Go Back To Strategy Definition






media/file0.png





media/file14.png
Produced Quantity (UNITS)

1000
900
800
700
600
500
400
300
200
100

0

Knits

M Strategy O W Strategy 1

897

909

225

Damasks

W Strategy 2 [ Strategy 3 W Strategy4 M Strategy 5






media/file8.png
Strategy Definition

— Strategy 0

The strategy 0 aims to validate the developed model. It allows to
confirm if the model is a real representation of the production
systemn of the company.

Activate strategy
— Strategy 1
SYpe of kntof abrc should advance fet to the Fishing Area Activate Strategy
— Strategy 2

The strategy 2, when activated, causes that, the type of knit or
fabric to advance first is the one with the largest stock on hold

— Strategy 3

The strategy 3 allows the user to simulate a situation where there
would be an improvement in the flow of materials within the
company's factory, such as the implementation of a Milk Run

— Strategy 4

Strategy 4 can be defined as a crossover between strategies 1

and 3, which allows the user to evaluate the impact between the
use of priorities when optimizing the flow of materials

— Strategy 5

Activate Strategy

Strategy 5 is defined as a crossover. This time, between strategies
2 and 3, which allows the user to evaluate the use of strategy 2
in 3 situation of optimization of the material flow of the factory






media/file11.jpg
= &

[Wj nm« D"“T

Preparaion of Damasks Iwnunmmalhu P
i oo
F

=






media/file6.png
( START )

v

Parameterization of
Entry Values

i:

Definition of

Strategies
Y Y ! Y Y
Strategy 1: Strategy 2: Strategy 3: Strategy 4: Strategy 5:
Priority by Priority Improvement Combined Combined
Article Type Dependent on of Flow at Strategies 1 Strategies 2
Stock Quantity Critical Points and 3 and 3

Y

Definition of
Priority Level

v

Definition of
Priority Level

|

Selected?

Simulation of
Model

v

(o)

Strateg\ No






