ABSTRACT

The following report is a detailed study of designing a new and effective production planning system for the mechanic shop at Arcelik Cooking and Heating Appliances Incorporated Company. Because of wide variety of inventory items having different usage rates, informal systems tend to create problems that can result in higher costs  (excessive setup, overtime and  inventory cost)  and interruptions in production. These problems can be handled in a scientific manner by utilizing the industrial engineering tools such as statistical analyses, inventory planning and control policies and operations scheduling.

Through the analysis of the current system the important key factors are determined and the relations between these factors are  defined.  In the light of these relations different alternatives are proposed and the solution is achieved among the appropriate alternatives.  
 

INTRODUCTION

Arçelik Cooking and Heating Appliances Incorporated Company

Arçelik Cooking and Heating Appliances Incorporated Company founded in 21 April 1977 to produce kitchen ovens and kitchen cookers. The founders were Acrylic Incorporated Company, Turkish Demirdöküm Factory Incorporated Company, and Koç Holding Incorporated Company. 

Arçelik went into production in 1982. Additional investments were carried out in 1987, 1989 and 1995. The company occupies land totaling 196.000 m² of which 44000 m² is covered.

Arçelik manufactures kitchen ovens measuring 50*50*85 cm, 50*60*85 cm and 60*60*85 cm dimensions (W*D*H) freestanding ovens to become one of Europe’s major companies in term of products lines in this field. 

Additional investments of 25 million USD renovated and increased capacity on the powder paint and enameling line, press molds and conveyor lines. With this additional investments, Arçelik did not only bring extensive improvement in quality, but also increased its capacity, which can be seen in table 1. 


Table 1: Capacity of Arcelik Factory 

as of January 1995
 


    650.000     ovens

 


      50.000     cookers and table top cookers

 


    200.000     built in hobs

    250.000     cooker hoods 

 


    200.000     compact cookers and mini ovens 

Oven produced in Arçelik meet CE, German VDE, French NF, Belgium ARGB, Dutch GIVEG and Russian GOST, Swedish SEMKO, Finnish FIMKO standards. Arçelik succeeded in getting international quality standards, ISO 9001 from BVQI which proves that the quality standards established by international community from the production stage to the end, after sales services stage are met by Arçelik with maximum customer satisfaction. In addition to that international Packaging Standard which is called LNE is also obtained. Lately, in 1997 ISO 14001, Environmental Management Systems Standard has been obtained by Arçelik.

Arçelik which is steadily expanding its export markets, has exported to North Africa (Algeria, Tunisia), Egypt UAE, Israel, France, Belgium, Germany, Spain, the U.K., Switzerland, Sweden, Norway, Denmark, Greece, Romania, Australia, Malta, Commonwealth of Independent States, Republic of South Africa.

With the new developed project, Arçelik introduced new series of built in ovens and hobs both in enameled and stainless steel, new 60*60 cm rounded edge freestanding cookers which will be available in April 1999 to enrich the present product line. 

The company’s most important target is to manufacture products in European standards, so raising customer pre-sale and after sales and after sales satisfaction to the highest level.
Production Processes Carried Out In The Factory

The initial process at the production of the cooking and heating appliances products is cutting of the metal sheets that come from the vendors! at the cutting line. This event occurs at the mechanic shop. The cut metal sheets are formed at the transfer and progressive presses. Cook chases are formed at the Chase! Production line, which is 27 meters long. Frames are formed at the transfer and hydraulic presses, which have 400,150 tones respectively. 

These formed metal sheets or the formed sheets that come directly from the vendors! are processed through the accessory shop for the arc welding operations. After that they are grouped at the arc welding, roll forming and CNC machines.

These formed metal sheets should be coated with zinc or emaye! Or painted before they are assembled. The parts that need to be coated with zinc are produced by forming the metal sheets that are already coated by producers!. Some of the parts in the cook faces high levels of heat so these  parts should be coated by enamel. And the other remaining parts are  painted. 

For the parts which will be painted, there are 4 lines which are 1500 meters long. So there are 4 distinct loading points for these parts at the painting shop. These parts are cleaned, dried, painted and lastly heated to high degrees respectively. Also in these lines there are 4 climatized painting cabins. 

The parts to be enameled! Are loaded at 5 distinct points Power free type of conveyors are used at this shop and the loaded parts are sent to 7 application points. Computers control the lines so due to the production plan loaded to the computer the speed of the chains is adjusted automatically. 

After these processes, these parts and the parts that come from the sub-industries are sent to the assembly shop to be assembled. At the assembly shop there are 5 assembly lines. The new-fashioned cooks are assembled at the 3 automated assembly lines. The old fashioned cooks are assembled at the 2 normal assembly lines. At these lines only cookers are produced.  There are also six small assembly lines in the assembly shop for the production of table top cookers, built in hobs, cooker hoods and mini ovens. After the assembly lines the products are sent to packaging. You can see operations flow chart of the firm at Appendix 1.

Definition of the Problem

All of the production activities held in the firm are directly related to the demand for the final products. The demand comes from three different customer types. These are the demand of individuals, which is forecasted by the head office in Istanbul, services and subcontractors. Due to these data a master schedule is prepared. The time horizon that the master schedule covers is one month and it is reviewed every week. By entering the end item demands from the master schedule to the currently used MRP program (SAP R/3). After it is run, the program forms the bill of materials (BOM). The MRP program works in an incapacitated manner. Because of this reason, sometimes the program loads excessive workloads to the machines. At these conditions workloads are balanced by taking the excess production to be done in an early time. Another feature of the MRP program is that it uses a safety lead time that is same for every item. 

As we have mentioned before, the mechanic shop (you can see the detailed layout of the mechanic shop at Appendix 2) is the supplier of all of the other shops. Currently there are some problems faced in the mechanic shop so we have defined our scope with the mechanic shop. The firm wants the mechanic shop to satisfy all of the demand until the due dates. So the mechanic shop should have a %100-service level.  In order to supply this demand the mechanic shop sometimes works overtime and in fact some of the machines like Mek! Work overtimes most of the time. Working overtime is taken as a problem for the firm and it is not wanted and also due to demand variations, production of the mechanic shop also varies. Sometimes overtime is made and sometimes they work less. If we look at the inventory levels of the products, we do not see an explicit inventory policy for the products. There is only a defined maximum available total inventory cost value, which is 80 billion TL. We could not learn how this level is achieved and even the managers do not know whether the level of inventory is normal for the firm. There are defined lot sizes for every item. The procedure for defining lot sizes is not known explicitly, and it is not known whether these amounts are the most effective and suitable values for the current production system. Besides these, there is no formal procedure for scheduling the activities of the mechanic shop. Because of this reason there may be excess total set up time. These issues are all interrelated issues. The amount of lot sizes affect the total set up time as well as the scheduling. There is also a trade off between keeping high amount of inventories and working overtime but there is not a procedure in order to balance this trade off. 

THE STATEMENT OF THE PROBLEM

In the current production system of the mechanic shop there are problems faced in order to satisfy the specified service level. It is not known, whether current inventory level for each item and currently used lot sizes are effective for the current production system. Defining formal procedures for scheduling the activities will solve the issue of excessive set up times. Also determining a lot sizing policy will help the firm to balance the trade off between the inventory levels and the cost of making overtime.

APPROACHES TO THE PROBLEM

The type of the production in the machine shop is batch production which falls between job shop production and continuous production. The output is inventorial and it is produced in substantial volume. In these situations, managers should determine the lot size for a batch to be produced at one time, in addition to scheduling, the batch on the facilities. 

A key tradeoff in the determination of lot size for an item is between setup costs and inventory holding cost. Another equally important consideration is the requirement to produce a feasible schedule that meets the demand for all items. For instance, if the setup costs are low relative to holding costs, indicating small lot sizes, it may not be possible to produce the required quantities of all items within the specified time period, If these small lot sizes are employed. In order to meet the requirements for different items, larger lot sizes may have to be employed. 

We have proposed four different approaches in order to handle the current problems.

1) Q/R Policy:

According to this policy some assumptions should be made like the system should be continuous review and the demand is random and stationery. These statements fit to the current system of the mechanic shop. There is not a prediction for the value of demand but the demand distribution patterns of each item can be determined by observing the past data. 

Working procedure of this policy is like this: Reorder point (R) is determined due to random demand and random lead time. Since we don’t know the future demands exactly, we can not know the time when the inventory levels fall below the reorder point and the time when the production time of this item starts. For this reason we will combine distributions of demand and lead time to prepare a new demand distribution and finally, we can calculate the reorder point according to the required service level by using this distribution. meanwhile production quantity (Q) can be calculated by using the simple EOQ formula. If the production quantity (Q) is not enough to increase the inventory level above the reorder level ( R ), production amounts are adjusted as the multiples of EOQ. 

However, this policy has two disadvantages. One of them is the difficulty of the continious review. Because, reliability of the information of the inventory levels is so important in application of this policy. Second obstacle is that sequence of the items produced is demand dependent. For this reason, we can not prepare the sequence of the production that may increase the setup times in some machines whose setup times are sequence dependent. 

2) Independent EOQ Scheduling: 

Assumption for this policy is that the system has enough capacity to produce the required demand amounts. Production quantities and the number of setups in a period of time (such as one year) can be found by EOQ formula. Required number of setups are placed on the time horizon by considering two criteria. First one is arranging the time gaps between the consecutive setups equally. This is important to decrease the average inventory level. Because, if we don’t arrange the setups in this manner, the peak value of the inventory will increase. Second one is sequencing the items to be produced, which has a great importance on total setup times since the setup times are sequence dependent for some machines. 

In addition to this, we must hold safety stocks to ensure some specified service levels. Since we know the time between consecutive productions, we can calculate this safety stock levels by observing the demand patterns. If  safety stock levels are not enough for some high demands, machines will fill the gaps by using their excessive capacities like working overtime. 

The main difficulty of this policy is that it may result with infeasible solutions for some machines whose capacity usage rates are high.  

3) Common Cycle Scheduling: 

Sometimes independent EOQ scheduling may be a good alternative but quite often the EOQ equations are oversimplifications of the true situations. Because of this reason, common cycle scheduling policy may ensure effective solutions when the independent EOQ scheduling policy gives infeasible solutions. 

 In this policy, a common cycle for all products is adopted and lot quantities are arranged so that for each product these quantities cover usage rates for the cycle. Because a common cycle can provide a feasible solution as long as the total load is in between the system capacity. At this point another question arises, which is “How many cycles should be used in a specified time period?”. We know that as we increase the number of cycles per a specific period and decrease the lot sizes, the inventory cost for this period will decrease but setup costs of this period will increase in proportion to the number of cycles per year. If we were to select any of the larger number of runs in the period as a plan, which would involve more rapid cycling, it would be important to consider the extent to which effective capacity would be reduced. If setup times were relatively large the system capacity limit would be reached at these high loads. Determination of the number of cycles in a specific time period is called Economic Common Cycle Scheduling.

WORKS DONE UP TO DATE

Our first job at the firm was to get brief knowledge about the current processes. We’ve observed all of the activities of each shop. As our scope of interest is for the mechanic shop. We concentrated our works on this shop. As you can see in the layout of the mechanic shop (Appendix 2), there’re ten press machines in the mechanic shop. There’re nearly 360 items processed here. The input is the metal sheet and the output is formed metal sheet which are WIP. Every item is processed on a single press machine. In fact, there’re no standard setup times defined for a specific order of work, so we get a general data for the setup times for each machine. There’re also standard times for every item in which setup times are also included. 

After learning every aspect of the mechanic shop, we worked on the production planning of the shop. For this reason, we observed the operator using the MRP program. We focused on the working methodology of this program. The data related with the production and the demand of the mechanic shop is obtained for the last six months of 1999. 

Our next job was to analyze these data by the help of the graphical tools. We developed a methodology to analyze these data in a shorter time period as there were a lot of records for all of the machines of the shop.

As all of the press machines do same job, which is giving form to the metal sheets. It is proposed that in order to work on all of the machines, choosing a single machine and concentrating on the data related with this machine would be much time saving activity for us. If a solution procedure could be found to the processes of the chosen machine, it could be easily used for the other press machines. At that point a question rose, which was that “which machine will be chosen and concentrated on?”  

For this reason, after transferring all of the data to the Microsoft Access, with the help of queries, the total working time of each press and the total setup times done at each of these machines are found. 

As you can see in the Appendix 3  the total working time of MEK 05 , which is 83329 minutes for six months, is the biggest one. So this means that the busiest machine is the one which is the strongest candidate for bottleneck. It has also high number of setups, which is 342. The total working time is easily found by multiplying the production of each item by its standard time. Also the capacity usage of MEK05 can be fount by using the information in table 2.

Table 2. Capacity Usage Calculations

        A normal working day has 2 shifts,

       1 shift = 450 minutes,

       Each week has 6 working days,
       24 weeks at the last 6 months of 1999,

       14 days not worked because of the natural disaster and holidays,

       Total available working minutes (6 months) = [(24*6)-14] = 117000,

       Total worked time = 83329, 

       Total maintenance time (1 months) = 1063 minutes ( Appendix 4 ),

       Capacity usage = 83329 / (117000 – 6*1063) = 0.753
From this result, it could easily said that without working overtime this shop could easily satisfy the demand. But as you can see at the Appendix 5, this machine has worked overtime at sometimes.

At MEK 05, ten different items are processed. The demand and production data for the press machines at the Access environment are filtered such that the data, which is only related with the MEK 05 is taken. We analyzed these data with the help of the graphical tools and the statistical tools in different manners.

Our first analysis is the analysis about the demand of the mechanic shop. As you can see in the Appendix 6, there are graphs of demands of every item on a weekly basis. we sum the demands of the same week for each item and we numbered each week. In addition to this, we also calculated the mean and the standard deviations of the weekly total demands of each item. According to the ratio of the standard deviation of demand to the average of the demand, it could be said that variations of the demands of some items are observed to be high.
Every item has a different value and different values of inventory items suggest that we should concentrate our attention on higher valued items more. We have made the ABC classification of inventory items. You can see this at the Appendix 7. It is logical that number of setups for class A items should be more than the number of setups for the class B and C items. In order to analyze and test this logical assertion, number of setups made for each item is investigated. Setups made for each item and production quantities of each setup can be seen at the graphs in Appendix 8. If we test this assertion, class A items have more setups than class B and C items. Results are positive, but here again there’s something that we don’t know still that difference between the number of setups for class A, B, and C items  are at normal level? This will be mentioned in this text later.

Another analysis held is the investigation of the inventory levels of each item processed at MEK 05. Since we don’t have the continuous inventory data, we calculate daily inventory levels of each item by using the data belonging to the last six months of 1999. Then we graph the inventory levels  by increasing the level at each production and decreasing the level at each consumption. Since we don’t know the initial inventory level, we assume that the factory is worked for six months with minimum amount of required starting inventory. To do this we increase the starting inventory levels of the items ,whose minimum inventory levels are negative. You can see final inventory levels at the Appendix 9. At these graphs, inventory levels are taken as the number of units of each item. in order to see clearly, it is also graphed in another way. We calculated how many weeks will the inventory level in number of units will last. The average weekly demand is known for every item. For this reason by dividing the inventory levels to the average weekly demands, number of weeks that the inventory last is calculated. You can see these kind of inventory graphs at Appendix 10. If we look at the inventory levels in number of units graphs, it is noticed that at most of the graphs, the inventory level approaches to zero. We know that there’s no safety stock policy in the current production system. If we look at the inventory levels of the first four important parts that are known from the ABC classification they are produced due to the high levels of inventory and the last six items have small number of setups. Now, it is time to handle the question that is mentioned before. The question is: “Are the number of the setups for class A, B and C items  at normal levels?” To answer this question we should know the setup costs. 

The thing that we know is the prices of every items. We also know the total demand of each item for six month and the average lot sizes. Then it is clear that in the previous year, nearly 638 setups are done. You can see the calculations at Appendix 11. From this point , we tried to find the answer to the question :`` If the machine shop makes 638 setups in one year, how should it be shared with each item or in other words  how many setups  will be made for each item so that totally there are 638  setups.`` having fixed the number of setups, we could easily find the best lot sizes by taking the inventory costs proportional with the prices of each item and setup costs equal for all items. From these lot sizes, the most effective  number of  setups for each item could easily be determined by dividing the yearly demand to the calculated lot sizes. As a result, these calculations provide us whether the distribution of the 638 setups through each item is appropriate or not. 

Another issue that we concentrated on is the scheduling of the processes of MEK 05. As scheduling is directly relational with the setup times, establishing an appropriate scheduling policy is essential. As notified before the setup time in fact are not standard. It differs from item to item. In order to get exact setup values, we have prepared a matrix(10*10) and wanted the operator to fill this chart. This chart will be beneficial for us in defining the scheduling policy.

In the view of these as a result we think that the currently used lot sizes and the number of  setups made for every item could be improved by formal procedures. We also suggest that with the current demand amounts the mechanic shop is not a threat for a bottleneck.

WORKS TO BE COMPLETED
Our next step in the project study is to evaluate these alternatives. In order to achieve this aim inventory costs, setup costs, overtime costs should be known properly. They are the key factors for the required calculations since most of them were not available for us, we suppose to assign these cost values by means of some criteria such as opportunity costs. After this step, all of the alternatives could be evaluated. To see the results of these alternatives, they should be experienced in a simulation environment. After simulating the alternatives, the advantages and the disadvantages of every alternative with regard to each press machine will be seen clearly. After that step, the best alternative for each machine will be determined and as  an ultimate aim a software package is intended to be prepared for the purpose of rearranging the activities. For instance, the demand variation and distribution could change due to time. As a result an update in the values are needed and the lot sizes, scheduling of the processes should be rearranged.  

As a last work we intend to collect information about the relations between the setups of the items. With this information we plan to schedule the activities of each machine if we choose the alternatives other than the first one.   

Another issue that will continue for us is the literature survey. After this point we will concentrate more on the survey and for the software application, studies is going to start in the near time.

Appendix 2. The Layout of The Mechanic Shop
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	Production Line
	Units Produced in     6 months
	Number of  Machines
	Total Number of Setups in  6 Months
	Total Production Time(min) in 6 Months
	Total Production Time(min)/Machine in  6 Months

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	MEK01
	89139
	1
	178
	22261
	22261

	MEK02
	552750
	2
	94
	19191
	9595

	MEK03
	1134191
	1
	516
	40539
	40539

	MEK04
	1184417
	2
	858
	148470
	74235

	MEK05
	765916
	1
	342
	83329
	83329

	MEK06
	552595
	1
	289
	66679
	66679

	MEK07
	218826
	1
	235
	40111
	40111

	MEK10
	27945
	1
	6
	1048
	1048
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