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[bookmark: _Hlk512251935]Identify a solution for modelling and simulation of a Kanban Inventory System for lean production.
1.0 Introduction
The purpose of this report is to Identify a solution for modelling and simulation of a Kanban Inventory System for lean production. In such a competitive market companies at looking at reducing waste in their operations, (tutor2u, 2018) discusses what it means to be lean, and how waste can be reduced. With there being many process to help reduce waste in production this report will look at an Kanban system, also what is a Kanban and where did it get its inspiration from, and how it can reduce inventory using simple signal cards. The report will also discuss the two types of Kanban cards being withdrawal, and production what is there purpose (Hernández del Campo, 1989). The first case study that is looked at will look at how a Kanban system is used with in production, and how it can reduce waste (Drickhamer, 2018). Finally, a Kanban simulation for a company producing wiring harnesses. The case study will look at both simulations of the same process and analyses the results to see if the Kanban system really makes a difference or not.       

2.0 Lean manufacturing 
[bookmark: _Hlk512258520]As discovered in (tutor2u, 2018) lean manufacturing is a process of reducing waste, but at the same time keeping the quality of the product high. A company being lean does not only affect the production of good, but all parts of the business from procurement to distribution. So how can a company reduce waste, and maintain quality at the same time? It’s simple really. The approach aims to remove any activities that does not add value to production, also by removing the movement of employees and good around the business. The approach is about managing operations, and doing the simple things well, and therefore waste will be avoided (tutor2u, 2018). There are many process within lean manufacturing that can be done to further reduce waste such as; Just in time, Kaizen and Kanban systems  
3.0 What is a Kanban
According to (WhatIs.com, 2018) the word Kanban was first used by the Japanese, and when translated to English is simply means “card you can see”.
As described in (KANBAN—what is it?, 1984) the Kanban system is simply a means of communication which offers the opportunity of conveying ideas, and information.
 The Kanban system was introduced by car manufacturing company Toyota during the 1940’s, with the intention to eliminate labor, and inventory waste by only moving materials which were needed for production. The system was established to fulfill the tasks of just in time production, and it should be known that a Kanban system is not possible without using lean manufacturing. It also to reduce work in progress inventories (Hernández del Campo, 1989). It helped the company greatly reduce their total inventory. Before the system the inventory where measured by weeks, with the help of the system that reduced to days, which reduced costs and increased quality. The early success of the system was not fully recognized until the 70’s when it was credited for keeping inventory levels down in production. Toyota were the company to develop both the just in time and Kanban system, but credit must be given to the American supermarket, and how they replenished the shelves, because each item had a certain space allocation and when used it was replaced, that’s where Toyota got their inspiration.  
As discovered Kanban first utilizes cards which the employee can clearly understand, which eliminates any guessing, therefore the process is more efficient (Transportation Management Company | Cerasis, 2018). Unlike material resource planning where the decision maker would push the materials into the warehouse based on a forecast, but then again Kanban solely works off customer orders, and production is pulled along by the consumer. As discussed by (GKN Driveline expands Chinese production, 2011);
 “The biggest difference between both systems is that a pull system will produce products to order, and the push method will adhere to a schedule”


[bookmark: _Hlk511759231]4.0 Withdrawal and production Kanban’s
As discussed in (Hernández del Campo, 1989) there are two types of Kanban system they are as follows;
[bookmark: _Hlk511908861]4.1 Withdrawal Kanban- As shown below in figure 1 which shows how both systems work. This system travels between the work centers, and its main aim is to authorize the movement of materials from one location to the next. During withdrawal the material requested should always be accompanied with the Kanban. 
(figure 1)
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(rushin202003, 2018)	
   4.2 production Kanban
As discussed by (A non-sequential just-in-time simulation model, 1996) a production Kanban communicates between the work centers and giving authorizations to move materials in the production flow. As shown in figure one the process begins when the assembly line, and as they withdraw materials they will be replenished, and the machine center will produce any units that have been used.
5.0 The rules of Kanban
There are many important rules to be followed for a Kanban system to be as effective as possible such as;
5.1-No withdrawal without Kanban card- this is vital for the system to work because the only way the part can move from the preceding work station, and to the next is with a Kanban card. No part can move without authorization. One such task that can reduce any such problems during this stage is to ensure that all employees in that area have adequate training in the correct process.
5.2-The number of parts released must match up to the Kanban card- This rule is very simple to follow if the Kanban specifies the amount of parts needed it must be completed in full. If there is a shortage in parts in this process a line shortage is created, and the Kanban must wait for the correct amount before being released.
5.3-A Kanban should always be attached to an item- when the Kanban has been attached to a load it should remain with that batch until a level has been met. It will then go back and be attached to another batch.
5.4-The Kanban’s should be completed in the order they arrived- this is very important if the management don’t want any gaps in production, and like many other rules it can be avoided by training of the employee.
6.0 Case study
[bookmark: _Hlk512023535]As discovered in a few of the rules many of the tasks that the Kanban cards are asked to deliver can sometimes be subject to human error, could the use of an E-Kanban system be the answer? As discovered it (Drickhamer, 2018) in the United States the competition from overseas companies forced organizations to change their strategies and adopt a lean way of thinking to help reduce waste and better control inventories to remain competitive in the market place. The article went onto say that any techniques that can be used to make the process should be embraced. As discussed earlier Kanban cards are passed back in production to signal more parts are needed, nonetheless they have their problems. As discovered by (Drickhamer, 2018) certain auto parts supplier are facing stock outs due to lost Kanban cards. In fact, 1% of all cards are lost, they went onto say that it is usually human error. It could be that they are being put in pockets and forgotten about. Butch Elliott is a lean manufacturing manager in Commercial Vehicle Group (CVG). Based in New Albany, Ohio. He went on to say;
[bookmark: _Hlk512024438]“Many managers don't realize how much time buyers actually spend going to the plant floor and calling people to remedy problems caused by missing cards (or extra cards)” (Drickhamer, 2018) 
As discussed by (Cutting Edge, 2018) and (Drickhamer, 2018) one such method to eliminate is to eliminate the use of cards from the process with the use of E-Kanban. They explained that the employee will use a handheld device to scan barcodes. Once the employee has scanned the code like the card system is used for a signal for more stock just like the electronic Kanban system. Bill Keyes, manager master scheduling for ASCO explained that the system has made it easier to do business internationally, and as soon as the materials is scanned out of a location an email will be sent to the supplier, and a purchase order will be will be created. 
Another company which is benefiting from the system is A division of Emerson (St. Louis) which claim the system has given them greater visibility, and has improved their lean manufacturing techniques, they went onto say that it smooths their demand out, as explained they previously used an material requirements planning system (MRP), and would communicate on a weekly basis, which has many problem if the stock is consumed faster than normal. Electronic Kanban gives the suppliers the capability of knowing when they need to send more parts and at what quantity. The article also demonstrates that the number of minutes that can be saved by non-added value procurement work, which dropped from 6,300 to 3,500 minutes. With such a big saving of time this gave the company the possibility of better utilization of the work force in area which benefits the company such as low-cost region sourcing and material cost reduction.  


7.0 Simulating Kanban model 
(Golchev et al., 2015) believes that there are many tools that can be used but believes that simulation gives the capability of testing many variables within a shorter time frame. (Veprints.unica.it, 2018) believes that there are two steps that must be adhered to.
 Firstly, it must be possible for work to be split into smaller increments which can also be independently scheduled. The name for those incensements go by many names such as work items, user stories, or features. Only when all features are complete can the project be complete.
Secondly it is vital that all the activities of the Kanban are executed in the correct order from its specification to its deployment. As discussed earlier the features are place in a backlog ready to be pulled into the first location.
[bookmark: _Hlk512260104]8.0 Simulation case study  
(Ieomsociety.org, 2018) discusses that ProModle is their choice when it comes to simulating a Kanban system, and it can be used on any size or type of production. The article discusses how a Kanban simulation can be used regarding a wiring harness. As shown in figure 2 this is the simulation without the Kanban system, and it is obvious that all the work stations are working independently, and after their task is completed all parts go to the storage of semi-finished goods (PO). After the parts enter the PO they will stay until requested. 







(figure 2)
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[bookmark: _Hlk512192377](Ieomsociety.org, 2018) 
After the Kanban simulation is complete there are some big differences. As discovered in figure 3 the production line is now fully reliant on continuous supply from the warehouse, which makes setting a level for replenishment important. As (Deng and Wang, 2012) explained in an ideal situation production would remain steady, without any movement, but this is rarely the case. They explained that the production of parts should remain steady, and separate from customer demand, so that the production line has a steady movement of goods. With the simulation having no need for the storage of semi-finished goods this would be the first saving that is visible without the results of the simulation, not only from the space which is no longer needed, but also the labor and mechanical equipment which is no longer needed.


As shown in figure 2 production flows from left to right, and the Kanban information goes from right to left. As shown below once packaging has reached the Kanban level a request will be signaled to the next work station which handles the quality control. This process will continue throughout the simulation.

(figure 3)
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(Ieomsociety.org, 2018)  
Looking at the results from the original simulation, one problem which is apparent after the simulation is complete is the currant contents in each process. As shown below there is still an item being processed in packaging. There could also be a problem when it comes to the cutting process, by looking at the data it looks to be over producing, which could lead to unnecessary down time of that process.    


(figure 4)
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  (Ieomsociety.org, 2018) 
As shown in figure 5 When implementing the Kanban system, the capacity remains the same, but the entries in the preassembly process where reduced, which includes; cutting, crimping, welding and twisting. Even though the entries have been greatly reduced the percentage of utilization has increased, which was expected for the system  
 (Figure 5) 
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  (Ieomsociety.org, 2018) 
The company that ran the simulation realized that the original system had many problems relating to overproducing, which leads to wasted storage space, that why they decided to change their system to a more efficient and effective which control the work in process inventory. 


9.0 Conclusion 
The report first discovered why companies are choosing to employ a lean way of thinking within the business as (tutor2u, 2018) discovered that lean manufacturing is focused on reducing waste by eliminating process that do not add value to the product, without compromising quality. As discussed Kanban system are used within lean production to lower inventory. The cards used made it simple for employees to understand what is need and at what quantity this information would be found on the Kanban cards, nonetheless the card system is not without problems as (Drickhamer, 2018) discovered that the accidental loss of card can reverse the positive impact of the Kanban system and causes stock outs within the production line. (Drickhamer, 2018) discovered that the named company had a problem where 1% of all Kanban cards were misplaced.
The solution of misplaced Kanban cards can be solved by using an electronic Kanban system, which as (Drickhamer, 2018) believes the system will eliminate the errors made involving the employees. and as discovered time saved using an electronic system rather than original card.
The final part of the report focused on a production line of a wiring harness, and how both simulations differ. As discovered by (Ieomsociety.org, 2018) by implementing the Kanban system could greatly benefit the company by helping them keep inventory down, and remove any unnecessary movement of employees, also helping the company better utilize their space for storage.
After discovering how a Kanban system can benefit a company regarding reducing any unnecessary waste, it would greatly aid them in remaining competitive or gaining an advantage over rivals.
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