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Abstract

This paper explores a good and a bad example of a model. After a detailed analysis of how the models were intended to work and what purpose they meant to serve, the models are analysed for faults and what they got right. Model 1 will pass, achieving its purpose of simulating a welding operation, while Model 2 will fail its purpose of simulating a motorbike assembly line. 
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1. [bookmark: _Toc71637281]Introduction 

Modelling can be used to solve various problems within logistics, with a tremendous future forecast to the practice back in 1989 (Bowersox and Closs, 1989). Modelling has since been used to simulate aircraft production lines (Baggio, 2015) to water tanks (Borshchev et al., 2002). Modelling has become a risk-free environment to experiment with new solutions. 
In this paper, two such models are analysed for their purpose and where they fail and succeed. The first model is based on the seminar by Mahdavi (2020), a simple conveyor belt system with a welding operation. This model is titled Model 1 and is the first model that will be discussed in this paper. This model will be used as a successful model.
Model 2 is a model created by the author, which will look at one conveyor line of a motorbike production line. The model simulates the assembly of a motorbike, or at least attempts to. This model will be used as an example of a model failing at its task. 
It should be noted that the models presented in this paper are both simple and do not display the actual limitations of the software, only the limitations of the author of the paper to use the Anylogic software.

2. [bookmark: _Toc71637282]Model 1 – Welding Operation

This model is created using the tutorial by Mahdavi (2020), using the first lesion of three that he presents in his seminar. This model aims to represent the stages and processes of a welding operation, with workers and the chance of operational failure on one of the conveyor belts. 
[image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (52).png][image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (53).png]On figure 1. the whole model can be seen. The layout and functions are replicated to match that of Mahdavi (2020), with concession made to the names of certain sections. On this model, the command blocks for the model's functioning are placed within the Blue square, which shows what elements of the model will show up when its run. In Figure 2. the model can be seen as operational. Figure 2. Welding Operations in action

Figure 1. Welding Operations in editing mode

2.1. [bookmark: _Toc71637283]Purpose

The purpose of this model is to show the workings of the welding operations through the line. There are two conveyor entrances, with an arrival rate set to divide the arriving goods 70% to the conveyorNorthEnter, and the remaining 30% to the conveyorSouthEnter. These two conveyors converge before entering the weldStation, where two welders weld any 3 of the items into a welded item called the finishedItem. 
From here, there is a 50% probability that the goods will need to be inspected, and so an engineer is tasked to inspect them. If found faulty, the item is degraded down the conveyorSouthEnd, while good items are sent to the conveyorNorthEnd. Good items also go through a turnStation, meant to represent an automated wrapping station. There is a 50% chance that a finishedItem is faulty. 
Items arrive at the conveyor entrances at a rate of three each minute. Depending on the entrance point, the item is either filled in with green on the conveyorNorthEntrance, or blue otherwise. The colour of the finishedItem also changes if it has found needs to be checked, and then further if it is found suitable or faulty. 
A fail mechanic is also implemented on the conveyorSouthEntrance, with the aim to represent that the conveyor is old and unreliable. The time to break down is randomised but will happen. When it breaks, the engineer is temporarily called down to the conveyor to spend four minutes prepare it. 

2.2. [bookmark: _Toc71637284]Faults
2.2.1. [bookmark: _Toc71637285]No Real time scale

The first fault of the system is that there is no real conveyor and workers whose performance can be measured, and as such, there are no real timeframes to put into the model. All of the numbers are determined by educated guesswork and cannot be compared to real results. This creates a model that cannot be expected to show real results regarding the operational capability of the factory line. Fixing this issue would require the observation of engineers and welders at work and a better definition of what the item being welded is. 

2.2.2. [bookmark: _Toc71637286]Welding process

At the weldStation two workers are stationed to make the weld between the three items. These two people start welding only when all three items arrive, which is unrealistic. When two items are in position, the first welder should make the first weld, making the following welding actions less straining. However, programming such a complicated action into a program is beyond the skills of the author. 



2.2.3. [bookmark: _Toc71637287]Undefined "Item"

The item being welded in operation is represented as a 2D box, filled in with different colours based on its current state. This is a high level of simplification to make the actual modelling process more accessible. However, thanks to this, an accurate estimation of what welding times might be cannot be made. Working with the presumption that the objects being welded are squares, the current time is set to be 20 seconds per weld, meaning that depending on the object, this can take longer or shorter. Rectifying this issue would require identifying what is being welded.

2.3. [bookmark: _Toc71637288]Upsides
2.3.1. [bookmark: _Toc71637289]Human workforce

The model includes simulated humans that are required for the completion of the tasks. This includes a path that the engineer must take from his resting place to the inspection area and the conveyor belt. This creates a layer of realism to the model, which could have been programmed without human involvement. While no human faults are modelled, as such actions are beyond the author's skill, the inclusion of human resource pools makes sure that adding human faults can be programmed. 

2.3.2. [bookmark: _Toc71637290]Inspections

Inspections are included in this model, which is essential on a proper factory line. This stage helps account for the potentially faulty welds and other substantial issues that might make an abject not sellable. Moreover, while this is not conducted on all items, and there is a significant amount of items that are regularly found as faulty, the inspections show another layer of reality. 

2.3.3. [bookmark: _Toc71637291]Strain measurement at stations

The command block is visible while the model is running, and those blocks measure how many items have passed through them. The resource pool items labelled "welder", "engineers", and "conveyorMotor" show how much strain the pool is. Should too much work pass through their station, the pool indicator shows that the workers are overworked. Although this strain calculation is not visible, and what it considers is unknown, it is a good indicator to find how intensive the line is. 

2.3.4. [bookmark: _Toc71637292]Clear labelling

While the operation is running, the items have different colours to indicate the state that they are in at the moment. This applies to both the completed and the fresh items. Items entering the conveyor are coloured so that it can be identified where the item entered, and finished items change colour based on whether they need to be inspected or nought. Items inspected further change colour to show if the item failed or passed their inspection. This feature makes it easy for those who understand what the colours mean to understand what the situation is showing them. 

3. [bookmark: _Toc71637293]Model 2 – Bike Assembly

Model two is based on the seminar by Mahdavi (2020) but reconstructed to make an original model. Using skills learned seminar by Mahdavi (2020), a model was created. The goal of the model was to simulate a motorbike assembly plant. The model can be seen as building on Figure 3, while Figure 4 shows the model in working condition. 

3.1. [bookmark: _Toc71637294]Purpose

The goal was to have three entrances to the line, each containing a different part of the bike. The topmost line would have the electronics assembling into completed electrics before being taken to final assembly. The centre conveyor would have the bike body and chassis being assembled before being transported to final assembly, while the last conveyor entrance would have involved the engine. 
One of these parts – electronics, bike body and engine – then assembled into a complete bike. The completed bike then would roll off the conveyor. Assembly would have taken place at stations staffed by simulated humans. 
Unfortunately, due to limitation in the author's skills with the practical applications of the Anylogic software, the model is flawed and is missing the engine conveyor. These flaws are to be detailed in section 3.2. 
The purpose of the model was to determine how many bikes can be produced on the line with the current amount of stations and assembly processes. Using the results, alternative solutions would have also been created in the Anylogic software system and run to see if any other layout could become more efficient. Due to time constraints and the skill limitations of the author, this was never realised. 
[image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (49).png][image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (50).png]Figure 4. Bike Assembly in action, while showing one of its faults
Figure 3. Bike Assembly in editing mode

3.2. [bookmark: _Toc71637295]Faults
3.2.1. [bookmark: _Toc71637296]Lack of People

[bookmark: _GoBack]The model "Bike assembly" does not incorporate resource pools due to the nature of the assembly line. While it was initially planned to be included, this was later revised, replacing human force with automation that does not appear on the model visibly. This was to rectify an issue where the implementation of resource pools was found to be too complicated to the author's skill level, and as such, a workaround was created. 

3.2.2. [bookmark: _Toc71637297]Missing functions

The original plan of the model called for a third assembly station where engine parts would have been assembled into an engine. This "engineAssembled" would have then become part of the three materials that were required for the final assembly of the bike. However, due to time constraints, this was not implemented. 
An alternative solution of a finished engine being sent down the line was considered, but due to lack of skill from the author in creating practical models, the solution could not be made to work in the time that was available, so it was scrapped. This issue could have been rectified with more training in the use of the software prior to the creation of the model, but without it, the model could not be made to work. 
Another failed function was the inability to have one of each time of completed item be assembled at the final station, instead sometimes two of the same types of goods being assembled. This is an issue further detailed in section 3.2.3. 

3.2.3. [bookmark: _Toc71637298]Bad construction

Due to limited practical experience by the author, the model does not always use the right items when combining the final assembly. The item "eletricAssembled" passes to the final assembly station faster than "bodyAssembled", which sometimes causes two "eletricAssembled" to be combined into the item "Bike". This is an issue, as, without the other item in the model, this should not be possible. However, due to the lack of real-life timescale and software knowledge by the author, no workaround has been found to this software issue. The problem is visualised in Figure 4. 
The problem could be rectified with more training with the software. With the current skill level employed when creating the system, the author does not know of the existence of the right tools or workaround to solve this issue. Another way to solve the issue would be to set the arrival rate of the electric items to match perfectly with body arrival. 

3.2.4. [bookmark: _Toc71637299]No real time frame

Due to no real-life data, all time frames in the model are based on educated estimations. Arrival time to the conveyor entrances and how long assembly processes take are estimated. This could be rectified if data is gathered from a functioning motorbike assembly. With actual assembly plant data gathered on process time durations, the model can be fine-tuned to show a more accurate representation of reality. 

3.3. [bookmark: _Toc71637300]Upsides
3.3.1. [bookmark: _Toc71637301]Show of inefficiency

While the previous section talks about how the time of items appearing on the conveyor and the welding processes all have estimated durations, at its current stage, the model can be used to identify a balance of item arrival. At its current state, the model shows that there are too many body parts arriving compared to the electrics of the bike. While this is all based on estimated numbers, it shows that with the current times' production on electrical parts will need to increase to keep up with body part production. 

3.3.2. [bookmark: _Toc71637302]Colour coded 

The model makes use of the colour fill features that allow an observer of the system to see in what state the items are. In pale blue are the body parts, of which two are welded together to form a "bodyAssembled", shown in the dark blue, as can be seen in Figure 4. Furthermore, all electric-based items are in various shade of green. This is a minor feature but makes the use of the system easier on the eyes. 

4. [bookmark: _Toc71637303]Conclusion

In conclusion, the two models are both created for a similar purpose, though in the end, they both have failures and successes; Model 1 is clearly better at its task. Model 1 is created by a professional and is reproduced for the purposes of this paper, creating a model that functions with some minor faults. The model can be trusted to act according to the vision of its creator, and it can achieve the purpose it was created for. Overall, it can be stated that the model can be applied to solve the problem it was created to solve. 
Model 2 is a failed model. Its purpose is clear, but it cannot achieve that goal due to the failures of the model.  It is basic, and its capacity is limited. It fails to account for a human element, and most outrageously, it is missing functions that are stated in its goals. The model, while useful in some applications, is not valuable for its intended application. 
Both models are reliant on data input that is made based on estimation, which is a downside to both. This is an issue that cannot easily be rectified on either of the models, as this would require resources not present for the purposes of this paper. Both models also have good colour codes, which makes it easy for modellers to tell what items are going through the system. 
Overall, Model 1 is a successful model that can be trusted to carry out what it was intended to do, while Model 2 is a failure that cannot be trusted. 
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