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Abstract

Batch scheduling, if done randomly, could be harmful to productivity. Less
time would be available for actual production because more time would be spent due to setups. In this paper, we present a heuristic methodology to minimize the batch production setup times. It was then applied to a real life company in the Lead-Acid battery industry. We present the experiences gained from it. Preliminary results show that the methodology is robust and very beneficial. Further, we have investigated the effect of setup time period and the batch size in terms of units that can be produced during operation time. 


Introduction

In multi-type production-environment, some industrial plants are required to do machine setups. The setup time is considered as bottleneck, where it causes delay by stopping production to get the machine ready to produce different products. This leads to increase in the lead time for the batch of batteries to be delivered to customers and distributors. To alleviate this problem, the industry can invest on new machinery and the use of group technology. However, this may not be possible for all industries. In some cases the industry can not afford to invest on purchasing new machines. Some have limited demand for their products and it is not wise to invest on new machines, while others can not do due to lack of production floor space for new machinery.

In Just-In-Time (JIT‎) system, the set-up reduction is highly emphasized (see for example, Monden [13] and Suzaki [19] as a means of reducing lead time and in producing one part at a time instead of batch production. Labor training and practicing set-up and use of group technology can reduce set-up time. Reduction in set-up time will result in a decrease of work-in-process, and lead-time. However when it is not possible to reduce the set-up time further a Signal Kanban is used. Production using the signal Kanban system is by lots instead of one or few parts. The production of a lot takes place when inventory in hand reaches an order point. For more details on the signal Kanban System see Monden [13 ], Philipoom et al [14 ] and Suzaki [19].

In conclusion, despite training and retraining to do setups, improvement in this aspect can reach a certain extent and beyond that can not be achieved. Thus the Assembly line is faced with the requirement to do setups and the available production time is reduced by that amount and may be more.  Some times, the delay in production, is even extended to make minor adjustment to that machine or other machines on the assembly line.

Prior Research

The issue of setup and batch production has been widely discussed in the literature. While setup reduction is highly emphasized Just-In-Time (JIT) and more specific in Quick Response Manufacturing (QRM) (see Aquilano and Chase [2 ], Harrison [5] Monden [13] and Suri [20]. Aquilano and Chase [2] and Monden [13] discussed how the Japanese were able to reduce setup time. First they divided the setup time into two parts, internal and external. Since internal setup requires stopping the machine, they have reduced this requirement and instead increased external machine set up which can be performed while the machine is operating. Secondly, they performed time and motion studies to establish the time requirements and evaluate possibilities of reducing the setup times. In addition, operators were able to reduce the setup time by practicing setups in their slack time. Philipoom et al [14] developed two integer mathematical programming models. The first model is an inventory minimization model and the second is a cost minimization model. These two models determine the optimal lot size for a signal Kanban system. Other studies related to setup time in JIT system is presented by Lee [11], Lee and Seah [12], and Ramnarayanan and Gillenwater [15].

In their studies of quick response manufacturing, Suri et al.[20], and Suri [18,19], stressed on the importance of reducing the lead time. Suri [17] pointed out that in manufacturing time taken for setup is considered as a waste and thus tend to produce large lot sizes to increase the efficiency. In addition, it also results in increase of work-in-process. Meanwhile other batches of products queueing time increases. This is because each part has to wait behind several other large batches with long machining time. On the other hand, if batch production is too small production becomes infeasible. The author concluded that somewhere in between the two extremes lays the proper lot size. Further, each factory must determine the appropriate lot size for its products.    

Several studies presented the batch scheduling involving set-up time as queueing models. More specifically as M/G/1 and MG/C models. Kekre [9] studied the impact of change in product mix size (i. e. an increase or decrease in number of products in the group on average job queueing time. The study concluded that average job queueing time in the cell would increase at a decreasing rate as the product mix increases. The study was concerned on the “savings” in job setups when consecutive batches of job arriving at the cell are the same product type. He et al. [6] examined the relation ship between batch size and flow time in a single server queue in which individual customers are grouped before processing. The study shows that the variability of setup time and processing time increases the mean and the variance of flow time as well as the corresponding optimal batch size. Karmarkar et. al.[8], studied multi-item batching to minimize queueing delay. They presented heuristics batching rules as well as an optimization model.

Ghosh and Gaimon [4] proposed a network model representing multiproduct, multiperiod, multistage flexible manufacturing system. The model produces plans of order releases and production schedule. However, this model assumes that set-up time is negligible. The model provides the interface and linkage between an MRP component planning system and the shop scheduling system. The model is solved using a price directive decomposition technique. In experimentation, a number of production factors were examined. These factors are impact of shop flexibility on total cost, inventory levels, existence of bottlenecks, shop utilization, and the number of setups and split lot production. The results show important cost benefit trade-off implication for system design and acquisition. The study concluded that increase of routing flexibility of a system without parallel decrease in setup cost is unlikely to reap significant benefits.

The finite production scheduling of MRP was studied by Shayan and Fallah [16]. The authors conclude that MRP is incapable of efficiently accommodating the needs of scheduling. They outlined some key concepts such as priority rule assigned to each customer order and precedence networks for effective scheduling. 

Lee, et al. [10] studied optimal batch size in multistage manufacturing facilities with scrap and determining the optimal amount of investment. Their study was concerned to reduce set-up cost, holding cost, and profit loss.

Anderson and Cheah [1] studied a multi-item capacitied lot sizing problem (CLSP). To solve this problem, the authors used two methods, a heuristic algorithm based on lagrangean relaxation and dynamic programming algorithm. The authors acknowledge that feasible solution may not be obtained.

The search of studies related to lead-acid battery manufacturing revealed only one paper. This was conducted by Elimam, and Udayabhanu [3]. The study presented detailed production process of a lead-acid battery manufacturing plant. In addition, it presented two solution procedures for the production planning. The first, is a heuristic uses an MRP frame work combined with a version of economic production quantity model. The other is a mixed integer programming model.

Our exhaustive and thorough literature search showed that no study took the issue of set-up time into consideration to schedule batch production. This issue must be considered to minimize the set-up time and increase the time available for manufacturing.  

Industry under Study

A manufacturing Plant produces 24 types of lead acid automobile batteries. These types are classified as three groups namely American, European and Japanese. Each group type has several automobiles battery, which differ in capacity [Ah (ampere-hours)] and cranking capability [A (ampere)]. Figure (1) shows the raw material and the manufacturing process to produce a battery. The manufacturing of lead acid batteries is characterized by batch, continuous, as well as discrete single item processing. The production on the assembly line is based on discrete single item processing. The manufacturing process of lead acid batteries is also characterized by the long lead-time before it reaches the assembly line. This lead time is some time due to necessary process such as requirement of grid cell hardening, formation, and washing and drying (For more detail on the manufacturing process before reaching the assembly line see Elimam, and Udayabhanu [3]. For this study we choose to concentrate on the assembly line. Although the assembly line is timely  balanced and the lead-time is short (2 minutes per battery per battery/machine), but it requires a considerable long setup time. The setup time varies widely depending on the type of battery to be produced. It may take 30, 60, and 240 minutes.  The assembly line is composed of 6 machines i.e. Enveloping, Cast on Strap (COS), Inter-cell Welding (ICW), Heat Sealing, Post burning, and packing process. In addition to the testing facilities with each machine there are also several stations for testing of the assembly processes. In enveloping the positive (or negative) electrode are imbedded in a highly porous polyethylene separator material and stacked automatically with its counter electrode to the right size of group. These stacked groups are then transported to COS where all positive plates in the group are welded together on one side and on the other side all the negatives. This finished cell now having electrical terminals automatically put into plastic containers/boxes and transported along with assembly line to the Inter Cell welder. The ICW squeezes the bad terminals in neighboring cells together through a prepared hole in the container where a resistance welding take place. The battery now being internally ready follows the conveyer to the heat sealing station where the cover is fixed to the container using a hot mirror melting the surfaces to be joined. Finally the terminals from the end cells are joined to the external terminal by “Post burning”. The packing process starts with placing warranty stickers as well as company name, and serial number of the battery.

Objectives of the study

When the assembly line switches to produce a different battery, it is required to do machine set-up. Set-up time is needed to do mold change of the COS machine or increase or decrease the welding heat and other adjustments. The setup time period varies and depends on type of battery. It can take as little as 30 minutes or as much as more than 240 minutes. The purpose of this study is to present an algorithm to schedule production of different battery batches that minimizes the set-up time.  In addition the frequency of set-up and batch size is investigated on the performance of production of the industry.

Algorithm

1. Find the demand of the last battery type produced in this period.

2. Find the demand for the up coming period for all types of batteries.

3. Construct FROM-TO setup table. This table shows the time requirement to perform setup so that the machine is prepared to produce different battery type. Also it designated the machine that requires the setup.

4. From 1, 2, and 3 find the battery type that requires minimum set-up time. Rank this battery type as first to be produced in the up coming period.

5. If setup time tie occurs, schedule the neighboring battery type next.

6. Repeat step 1 through 5 to schedule all battery types to be produced in the upcoming production period.
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Figure (1) Production process of batteries
Case Example

Table (1) shows the customers demand list of different battery types for three months period. It is presented at random order. The objective is to schedule these orders with minimum lost setup time. 

Table 1. Demand for three months of different types of batteries

Battery Type
N40Z
N70R
N70L
N150
NS200
N120L
DIN100
DIN88
65-650
N50R

Qty. 
6000
7000
1000
1527
1056
3160
3600
5000
5000
20400

Battery Type
N40R
N50L
N70ZL
N100R
N100L
55D23R
55D23L
DIN66
N120R

Qty. 
1300
3500
4320
1540
1540
1000
4000
4400
5160

Following the algorithm Procedures: 

Assuming the last battery to be produced in this period is = NS40ZL. 

Table 2, represent the From-To setup time table. The first row and column represent the types of batteries that produced by this industry. In between this raw and column lays the time it takes to perform the machine setup. As an example, if we want to produce another batch of the same battery type NS40ZL then the setup time is zero (represented by the dashed line). Another example if we want to produce battery NS40Z and N50R and the machine is set for NS40ZL, then it would take 30 minutes to set it up to start producing NS40Z. After producing that batch a machine setup is needed again to produce battery N50R and would take 240 minutes to do so. The table also designate the machine that requires the setup (they are presented as Env, COS, H. S., and dashed line. These mean Enveloping machine, Cast on Strap machine, Heat Sealing machine and all machines require setup receptively).
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Figure 2. Number of units produced at different setup times and batch sizes

Batch Size=1000

Batch Size=800

Batch Size=600

Batch Size=400

Batch Size=100

Table 2. Set up time from-to chart

As a result of this algorithm the production schedule is presented as follows:

N40Z, N50R, N50L, 55D23R, N70R, N70L, N70ZL, N100R, N100R, N120, N150, NS200, 65-650, DIN66, DIN88, DIN100.

This schedule leads to a saving of 1550 minutes or about 26 hours of production time as compared to that if done at random order.  Flexibility and alternative scheduling solutions also are  possible. As an example, if the raw material is not available for battery N40Z at the beginning of the production period, then the production can start producing battery N50R.  

Simulation Model

To investigate the effect of setup time period and the batch size in terms of units that can be produced during operation time simulation modeling was selected. The use of simulation as tool in manufacturing is increasing and used in analysis and evaluation method in design and operation of these systems. Simulation is capable of representing dynamic and complex behavior. It is a powerful tool because it allows testing ideas and observing results. With simulation, we would be able to determine the impact of changes without altering real conditions and answer what if analysis. Hlupic and Paul [7] stated that simulation appears to be appropriate technique for modeling and analyzing advanced manufacturing system.

To concentrate on the problem of setup time period and batch size effect and on the production capability of the industry few assumptions were made. The model assumed as the real assembly line six stations and the processing time is 2 minutes per battery. Transfer time between stations is considered negligible. Batch sizes were set to 200, 400, 600 and 1000 units to be produced. The setup time periods were 30, 60, 120 and 240 minutes.

In every experiment conducted in this study, long and exhaustive questioning of results and debugging were made.  The Welch procedure was used to determine steady state. This procedure showed that in every case, the steady state was reached after 50 days of warm-up. At that time the arrays were cleared and statistics were collected for 50 days.

Discussion of Results

Figure 2 shows the experimental results of the simulation. It shows that as the setup time period increases the units that can be produced decreases. This is a result of increase of interruption caused in this case by the setup time. As the batch size increases the frequency of setup decreases which results in producing more units (in this case batteries).

Conclusion

Industrial sector should strive to improve its performance and reduce waste. This study considered the issue of setup time. An algorithm was presented to schedule batch production that minimizes the setup time. The results of simulation model indicate the larger the batch sizes the less interruption to production and more units can be produced. As the setup time decreases the difference between different batch sizes in terms of units that can be produced decreases. This leads to more flexibility to produce small batches. The industry that was under study produced battery types according to the presented production schedule. Batch size varied according to demand at once, i.e. batches are not divided to smaller batches to avoid setup time interruptions.
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