Copyright © 2020 REKON. All rights reserved. You may not, except with our express written permission, distribute or commercially exploit the content.	































CONTENTS	
1.	Introduction	3
2.	Case Study	4
2.1.	Analysis of the current production system	4
2.2.	Alternative – 1 (two additional packaging stations)	6
2.3.	Alternative – 2 (run only one shift at S1 and T1)	7
2.4.	Summary	7
3.	Manufacturing system’s simulation software’s	8
4.	References	10


	

	

	





[bookmark: _Toc113004564]INTRODUCTION
The current era of high market volatility and huge product demand variations requires the manufacturer to design a manufacturing system that does not only produce quality products but is  also capable of responding to the market changes efficiently[1,2].   To deal with high market changes efficiently manufacturing systems need to be reconfigurable so that they can efficiently respond to the increases in product demand and variations.
Shifting from a dedicated or flexible manufacturing system to a reconfigurable manufacturing system (RMS) requires a significant amount of time, money, and effort. Therefore, it is important to get an assurance beforehand that the potential reconfigurable solution will be able to achieve the organizational objectives. Simulation and modeling present an opportunity to test whether a potential solution can meet the set organization´s objectives. Some of the benefits that simulation offers that can help in the design of a reconfigurable manufacturing system are:
· Analysis of the current manufacturing system, bottlenecks identification, and finding out the need for reconfigurability
· Incorporate both hard and soft reconfigurable factors in the design consideration of a reconfigurable manufacturing system
· Developing and testing several design alternatives against the set objectives simultaneously
· Increase the confidence in the new reconfigurable solution and help to take a Go/ No Go decision regarding the implementation of the suggested changes in the system.  
The Discrete event simulation offers the opportunity of assessing several reconfigurable alternatives against the set organizational objectives. This whitepaper highlights the importance of using discrete-event simulation as a tool to verify several reconfiguration options. An industrial case is used to elaborate on the role of discrete event simulation in designing a reconfigurable manufacturing system. Furthermore, this paper also presents some of the available simulation and modeling software’s for manufacturing systems.








[bookmark: _Toc113004565]CASE STUDY
The case is about a Scandinavian salad manufacturing company. The company is currently struggling to fulfill the increased demand. That is why the company has decided about scaling up its production capacity to fulfill this increased demand. From where should the company start scaling up first? And how much should be scaled up? These questions are answered by a detailed simulation study of the current production system. Through simulation, several possible alternatives for scalability are developed.
[bookmark: _Toc113004566]Analysis of the current production system
The process flow of the current production system is shown in figure 1. Due to confidentiality reasons, the exact name of the production processes cannot be used. Production of salad starts with process S1 and ends with packaging process P. some processes are connected through a conveyor system as well.
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Figure 1: Process flow of the current production system







There are two S1, four G1, sixteen N1, one T1, fifteen C, one H, and two P stations working in the current production system. furthermore, G1, N1, and C are working for 24 hours. The rest of them are working for two 8 hours shifts with about a one and half hour break in each shift. To build the simulation model of the current production system the required data for each process is collected according to the process data matrix shown in table 1.
Table 1:Process data matrix
	Process Data Matrix

	Setup time
	

	Processing time
	

	Availability
	

	MTTR
	

	No. of workers
	

	Any other special observation
	



The simulation model of the current production system prepared in Tecnomatix Plant Simulation is shown in figure 2.  The current production throughput for a year is determined as 2,76 million bags. The resource statistics graph in figure 3 shows that the packaging process, in the end, is the current bottleneck and the G1 process is waiting for material almost 70% of its total available time. based on the analysis of the current production system some alternatives are developed to check the possibility of throughput increase. These alternatives are discussed in the following section.
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Description automatically generated with low confidence]Figure 2: Simulation model of the current production system










Figure 3: Resource statistics of the current production system
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[bookmark: _Toc113004567]Alternative – 1 (two additional packaging stations)
Since the packaging station is the obvious bottleneck in the current production system, by scaling up the packaging station a direct increase in throughput may be observed. Hence, two additional packaging stations are introduced in the end as shown in the simulation model in figure 4. Adding two packaging workstations gives a yearly throughput of 3,83 million packages which shows an increase of around 38 % in the annual throughput. The resource statistics graph in figure 5 shows that enhancing the capacity of processes H and C may give a further increase in the throughput. Also, process S1 may run for only one shift as it is underutilized.
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Figure 4: Simulation model (Alternative – 1)
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Figure 5: Resource statistics (Alternative – 1)


[bookmark: _Toc113004570]Alternative – 2 (run only one shift at S1 and T1)
Process S1 and T1 are waiting most of the time either for material or machine or both as can be seen from resource statistics in figure 3 and figure 5. So, it was decided to run these two processes only for one shift and the rest of the settings remain the same as in alternative 1. This alternative showed annual throughput of 3,8 million slightly lower than alternative-1 but much better than the current production system. The yearly throughput in alternative 2 is 37% more than that of the current production system and only 1% less than the throughput of alternative 1. The resource statistics graph of alternative 2 is given in figure 6.
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Figure 6: Resource statistics (Alternative – 2)


[bookmark: _Toc113004571]Summary
A simulation study helps an organization to thoroughly analyze its current production system, identify bottlenecks, and find out improvement opportunities. When it comes to the reconfigurable manufacturing system design, simulation becomes even more important as it offers great flexibility to try and evaluate numerous alternatives without any risk. A simulation study can simultaneously evaluate soft and hard reconfiguration options both for the short run and long run.
In the above case example, simulation helped the case company to develop several possible scaling-up options. The impact of scaling up can be seen immediately from the simulation results. Also, the individual performance of all the processes in a production system can be seen and analyzed for improvement.
[bookmark: _Toc113004572]MANUFACTURING SYSTEM’S SIMULATION SOFTWARE 
Several simulation software’s are available in the market to simulate and model manufacturing system processes. Some of them are listed below:
· Tecnomatix Plant Simulation
· AnyLogic
· Arena
· Simio
· Simul8
· FlexSim
[bookmark: _Hlk112935559]Table 2: Important information about different manufacturing system’s simulation software’s
	Software
	Accessibility and Pricing
	Learning Resources

	Tecnomatix Plant Simulation
	· A free 30-day trial version can be easily accessed from the following link: https://trials.sw.siemens.com/tecnomatix-plant-simulation-foundation 
· Further pricing information can be found from: https://www.plm.automation.siemens.com/global/en/buy/ 
	The free tutorial material can be downloaded from the following link: https://resources.sw.siemens.com/en-US/download-discrete-event-simulation-with-tecnomatix-plant-simulation-tutorials 

	AnyLogic
	A free Personal Learning Edition for beginners and students can be accessed from the following link: https://trials.sw.siemens.com/tecnomatix-plant-simulation-foundation/ . This free edition has limitations regarding industry specific libraries, professional experiment framework and professional optimization with OptQuest engine. For the professional license price following website is referred: https://www.anylogic.com/purchase/ 
	With the free AnyLogic edition for learning, one can also download a free copy of the book named “AnyLogic7 in Three Days”. The book contain learning examples regarding agent-based, discrete event, and system dynamics simulation methodologies. Also, in the resource section on the main web page, a lot of case studies, white papers, video tutorials and books can be accessed free of cost.

	Arena
	A free trial and student edition is available for download. However, for the pricing of standard and professional editions of the software following source ids referred: https://www.rockwellautomation.com/en-us/products/software/arena-simulation/buying-options.html 
	Informative case studies and Arena Newsletter and Blog can be accessed through following two links respectively:
1. https://www.rockwellautomation.com/en-dk/products/software/arena-simulation/case-studies.html 
2. http://info.arenasimulation.com/blog 




Table 2: (Continued)

	Simio
	Simio simulation software is free for educational purposes. The information about the software purchase for commercial purposes and about any other relevant expert advice can be accessed at: https://www.simio.com/about-simio/contact-us/ 
	Several learning options can be explored at: https://www.simio.com/resources/ 

	Simul8
	Detailed pricing information is available at: https://www.simul8.com/software/pricing 
	Explore learning options at: https://www.simul8.com/learn-to-simul8/ 

	FlexSim
	An evaluation version named FlexSim Express (only for testing purpose) is freely available at: https://account.flexsim.com/flexsim-express/ 
For the purchase and pricing information find your local FlexSim distributor at: https://www.flexsim.com/contact/ 
	The detailed user manual including tutorial can be accessed at: https://docs.flexsim.com/en/22.2/Introduction/Welcome/Welcome.html  
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