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Inventory Reduction in Machining Operations 
by the application of Lean Production Methods  

 

1 Introduction 

Facing today’s challenges of global competition, the elimination of waste is becoming increasingly 

important to a large number of organizations. In the ongoing strife towards cost reduction to retain 

competitiveness in the market, production systems based on the Toyota Production System - with 

the purpose of increasing value adding activities and the elimination of waste in the production 

process - are being implemented to achieve a higher level of efficiency. To retain a competitive pro-

duction system, waste must be eliminated or reduced. 

This thesis is mainly focusing on the reduction of waste in terms of quick changeovers and inven-

tory reduction in automated production lines, thus providing guidelines for improvements in specific 

areas of the production process. The objective of this thesis is to develop a method to reduce the 

inventory of parts with focus on quick changeovers as a key parameter to achieve a continuous flow 

in production.  This approach focuses mainly on inventories, for the reason that storage not only 

causes enormous costs, it also serves as a comfortable buffer through carrying large amounts of 

safety stock. A key to small amounts of inventory - or even the complete elimination - is the reduc-

tion of changeover time.  

Furthermore, lean production principles to support the elimination of waste in machining produc-

tion will be described and examples for the implementation will be provided. The universal principle 

then can be applied to any production line in the machining area. This approach reduces the imple-

mentation time and also ensures that inventory problems can be solved in the fastest and most effi-

cient way. To depict the interdependence of the various parameters, a cost calculation tool (appen-

dix) has been created by the author in order to monitor different scenarios in the production envi-

ronment. 

2 Lean Production 

A production system is a complex structure and a part of a company that influences all people, 

methods and equipment1.  The implementation of production systems is prevalent especially within 

companies which are operating production facilities internationally on a group level. The aim of a 

production system is to efficiently administer a complex production network consisting of a high 

level in vertical and horizontal production integration. In most cases, the network is distributed on 

different continents with a widespread diversification of product types. The introduction of produc-

                                                 
1 Eversheim/Schuh (1996): Produktion und Management (Betriebshütte). p.10-44. 
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tion systems - and thus taking advantage of the enormous cost reduction potential - is an idea based 

on the Toyota Production System (TPS). 

The ideal in a production system is to achieve 100 percent value added work2 by eliminating waste 

and its implementation describes a holistic approach to conduct production facilities according to 

principles of lean production in order to improve performance regarding quality, costs and delivery. 

The target is to make production processes more efficient with the aim of maximum added value, 

optimized flow and elimination of waste, taking into consideration the complete product develop-

ment process and integrating all parties involved from the supplier to the merchant. To achieve 

these goals, methods are used to set company wide standards and to improve these standards con-

tinuously. Aims of lean production are to provide costumers with the required product in the de-

sired quality at exactly the point of time that was asked for, using processes effectively to contribute 

to the revenue of the company. This philosophy is intended to be applied to the production area as 

well as to the administration, research and development departments to make processes more effi-

cient. 

 

Figure 1: Implementation stages of a production system3 

The elimination of waste 

In a production environment, a process adds value by producing goods or providing a service. A 

process also consumes resources. Waste occurs when more resources are consumed than are 

necessary to produce the goods or provide the service to the customer. To eliminate waste, it is im-

                                                 
2 Ohno, Taiichi (1988): Toyota Production System – Beyond large scale Production p. 58. 
3 Reinhart (2003): Einführung schlanker Produktionssysteme. WT Online, Heft 9 
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portant to understand what waste is and where it exists. While products significantly differ between 

factories, the typical wastes found in manufacturing environments are quite similar. For each waste, 

there is a strategy to reduce or eliminate its effect, generally making waste elimination one of the 

most effective ways to increase the profitability of a business4.  

Commonly, lean manufacturing principles are firstly applied to assembly operations, often disregard-

ing the large opportunities within the mostly automated production lines of machining operations, 

even though these processes carry different sorts of wastes and therefore opportunities for im-

provement. The most common wastes of machining lines are overproduction in regards of Work in 

Progress on the shop floor to cover breakdowns and changeovers.  

Analysis of Machining Departments 

Typical large scale production lines today consist mostly of transfer machines and machining cen-

tres. Commonly, these production lines possess the capability of processing from two to ten deriva-

tives of a product type, running at an automation level of 100% for standard operation and being 

evaluated with certain measurement figures. Performance Measurement Figures are important driv-

ers of a continuous improvement processes. With hard data showing the situation before and after, 

the development of a situation or a problem becomes transparent. Measures also help when evaluat-

ing ideas that have been successful elsewhere. Production managers in the machining departments 

focus on the reduction of the Overall Equipment Effectiveness (OEE) losses as much as possible. 

For it is difficult to eliminate equipment breakdowns, the ‘solution’ has been considered to produce 

large lots in order to have a very small number of changeovers and thus reducing the time lost for 

changeovers. Interviews with production managers revealed the following reason for large lot sizes: 

Table 1: Root causes for Inventory and large lot sizes. 

Typical reasons for excess inventory Suggested Countermeasures: 

Inefficient Changeover times Quick Changeover Method 

Breakdowns Preventive Maintenance, Total Productive Main-

tenance, Andon boards for quick reaction 

Quality problems Poka Yoke, SPC-Measurement 

Varying shift patterns  Continuous shift layout 

Decoupled processes Synchronization and Production Leveling 

 

 

                                                 
4Liker (2004): The Toyota Way – 14 Management principles from the world’s greatest manufacturer. 
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Composition of the total changeover time: 

Composition of Changeover time

Preparation of materials

Clamping and removing dies and tools

Adjusting and calibrating tools

Trial processing and measurment

49 %
17 %

8 %

26 %

 

Figure 2:  Composition of Changeover time. 

Furthermore it has been discovered that machine breakdowns are one of the main reasons for OEE 

losses. Conclusively, as a result of the analysis of the machining department, the decision was taken 

to focus on the following topics to improve the performance and reduce waste: 

• Reduction of changeover times by introducing a Quick Changeover method to be applied 

where required in the machining area. This will also facilitate small lot production and rapid 

response to demand fluctuations. 

• Elimination of machine breakdowns and defects by detecting and responding to the causes 

Setup Operations and Quick Changeover 

One of the challenges faced by businesses today is the combined pressure to reduce prices and to 

provide an increased variety of options at lower volumes. Customers expect more choices and rarely 

will pay more for variety. To satisfy this sort of costumer demand, most companies either build up 

finished goods inventory in order to be able to deliver on time, or lot sizes are reduced while con-

ducting a larger number of changeovers. Companies pay for this either in inventory carrying costs or 

by losing capacity to changeovers. It has been argued in the past that diversified, low volume pro-

duction is very difficult to manage and that high-volume production of fewer derivatives is more 

desirable. The consequential increase in inventories is being regarded as a necessary evil5.  

                                                 
5 Shingo, S. (1995): A Revolution in Manufacturing: Single-minute Exchange of Die System. 
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Figure 3: Effects of Changeover time on production parameters. 

It has been recognized by the author that production planning often confuses high volumes with 

large lots. In contrast to this approach, which assumes that excess inventory will inevitably be cre-

ated, stands the concept of confirmed production, in which excess inventory is eliminated and small 

lots are produced on the basis of actually received orders. Quick Changeovers will provide the nec-

essary support to enable the achievement of this strategy.  

By using a Quick Changeover strategy (QCO), the velocity of production is increased as well as the 

inventory turnover, both having positive results on the cash flow in a company.  Through a faster 

response to customer demand, value adding activities can be carried out more efficiently within an 

organization and also greater number of customers can be served as a result of more flexibility. In-

stead of losing orders due to a lack of capacity or long queues of batched production, market shares 

can be gained by a high velocity and faster response to costumer demand. 

Increased flexibility will enable companies to meet changing customer demands without the expense 

of excess inventory. QCO positively affects many aspects of a business and makes it more competi-

tive. When smaller batches can be run cost effectively, inventory is reduced and thus costs for inven-

tory are saved and tied up cash can be freed. Costumers tend to be asking for a lot size of one and a 

lead time of one day. At the same time as the reduction of lot sizes, the lead time is also reduced 

because in a production line a large partition of the lead time consists of waiting in queue for proc-

essing6. Generally, inventory buffers can be considered the water in a river. If the water is high 

enough, it will cover a lot of rocks - representing costs and wastes in production, such as excessive 

changeover times. If the water level (inventory) is not high enough, the boat (production process) 

will hit the rock. This fact is widely known and thus many companies run large batch sizes to mini-

mize the effect of lost time to changeovers and non-productive costs. Many companies keep excess 

inventory in the form of a “just in case” logic. 

The lean production approach is applicable to reduce inventories so that the problems in production 

processes become visible. The Quick Changeover strategy can be used to solve the problem of ex-

                                                 
6 Rother, M. / Shook, J. (1999): Learning to see. p. 27 
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cessive setup times and makes the production process more efficient. The introduction of a Quick 

Changeover strategy is often triggered by the benefit of reduced costs for carrying inventory, re-

duced part shortages, and the smoother overall flow of production. Quick Changeover allows small 

lot production to be done without losing time to an increased changeover frequency. 

Cost of inefficient Changeovers 

Changeovers cost money because it means waiting time for production resources (people and 

equipment) and thus can be considered to involve waste, for that fact that products are not pro-

duced and value is not being added to parts. To compensate the time lost through inefficient 

changeovers, companies buffer the changeover time by running large lot sizes. While time is saved, 

waste occurs in terms of the cost of tying up money in additional inventory, storage space and han-

dling. 

In some cases creating more inventories may help avoid extra time lost to changeovers, but it will 

not help reduce delivery time of a large variety of products. An example illustrates lot size reduction 

without Quick Changeover on a production line that is operated 8 hours per day. The line produces 

two derivatives of a part, the time required for a changeover is 120 minutes, and the daily demand 

for Part A and part B is 60 pieces with a processing time of 3 minutes per part. To be able to meet 

the costumer demand, only one changeover is performed per day, leaving 50% of the produced 

parts to be put in storage because of excess anticipated production.   

 
Figure 4: Traditional changeover operation. 

The traditional thinking is that set up times are fixed and can not be reduced without spending a lot 

of money. In order to minimize downtime, fewer changeovers and large batch sizes are preferred. 

As can be seen in Figure 4, performing the traditional changeover operation twice per day in order to 

meet costumer demand without generating inventory will result in less run time and parts shortage. 

To meet costumer demand, production may have to run smaller batches to respond flexibly to cus-

tomer demand. In this case more changeovers mean more non-productive time and added cost. It 

can also mean reduced production capacity and the need to operate the line for more hours to meet 

the production targets.  
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Figure 5: QCO impact on inventories 

Figure 5 shows that focusing on the improvement of changeover operations will enable small lot 

production to be carried out without losing time to an increased changeover frequency. It has been 

proven in the pilot area of the crankshaft line that the effort put into the QCO strategy pays back by 

the reduced cost of carrying inventory, reduced part shortages, less lead time and the smoother 

overall flow of production. For these reasons, QCO is a key principle in a lean production system to 

enable small lot production and to achieve a leveled production. 

 

Figure 6: Production of small batches  

One of the main advantages of smaller batch sizes achieved by the application of the QCO strategy 

is that the costumer can be provided with the requested variety of products significantly earlier than 

in the traditional way of managing production.  

The Quick Changeover Method 

The QCO method can be used for optimisation of production lines as well as a guideline for pro-

jects in the planning phase. Due to the fact that the employment of the QCO method affects pro-

ductivity, floor space and line layout, the author strongly suggests applying the method for the plan-

ning if production lines as well. During the process of production and logistics planning, key figures 

of a project such as the investment, lead time, layout and productivity of a line are determined. The 
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implementation of QCO can result in an increase of flexibility and productivity as well as in the re-

duction of investment, lead time and required floor space. 

 

Figure 7: Problem resolution according to the Systems Engineering approach7  

Implementation of QCO 
Conceptual stages of Quick Changeover 

 

Stage One 

In the preliminary stage, there is no distinction between internal and external setup. Activities 

such as searching for tools, transporting WIP or looking for parts are executed while the ma-

chine is shut down. This results in unnecessary length of changeover operations. 

Stage Two 

Stage two involves the separation of internal and external setup operations. This can be achieved 

by making a checklist of all parts, operating conditions and steps that need to be taken while the 

machine is running. 
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Stage Three 

Stage three consists of the analysis of the current setup operations and the determination 

whether any of the activities conducted as internal setup can be converted to external setup.  

Stage Four 

Stage four consists of the examination of both internal and external setup operations for addi-

tional opportunities for improvement This includes streamlining clamping methods and elimi-

nating adjustments. 

 

Figure 8: Conceptual Stages of QCO 

Inventory Reduction Monitor Tool 

The ‘Machine Run Model’ was created in order to provide a practical tool for measuring, evaluating 

and monitoring the changeover performance and its effect on the inventories. This calculation tool 

created by the author provides an easy to use simulation model to evaluate the effect of changeover 

time on inventory within the machining lines. Furthermore the correlation between costs, manpower 

and production output can be analysed with the machine run model tool as well. The model has 

been created with changeover time as the key parameter, but also other parameters of the produc-

tion line are to be filled in. 

                                                                                                                                                             
7 Haberfellner, Reinhard / Nagel, Peter / Becker, Mario / Büchel, Alfred / von Massow, Heinrich (2002): Systems En-

gineering, S. 96 
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Conclusion and Prospects 

Customers will pay for value added work, but never for waste. The first step in establishing a lean 

production system is to identify and attack the wastes in a production environment. In manufactur-

ing, inventories are generally regarded as a “necessary evil” whereas the word necessary refers to 

holding stock for safety. This perception causes production managers to hold large quantities of 

stock even though any kind of stock is unprofitable and generally a waste.  

A variety of benefits in adheres to Quick Changeovers. Processes will increase the competitiveness 

of a business because when smaller batches can be run cost effectively, the cost of carrying inven-

tory is reduced. QCO also frees up liquid assets, allowing re-investing the saved cash, which poses 

an enormous benefit especially for growing companies. QCO helps to improve the service of a 

company in terms of quick delivery of all variants, which leads to increases in sales volume and reve-

nue. 

Once QCO is achieved, production can be run according to customer demand and respond to the 

pull while at the same time not losing capacity to the additional changeovers. The velocity of pro-

duction will increase as well as the inventory turns. Also a larger number of costumers can be served 

in a specific amount of time due to reduced batch sizes and increases in flexibility and speed. Instead 

of losing orders due to lack of capacity or long queues of batched production, market share can be 

gained by delivering sooner.  

The practical evaluation of the QCO method proved that it is supportive to a lean production envi-

ronment - in this case the BMW Value Added Production System - with the prevention and elimina-

tion of waste in order to maximize value adding activities in the production area. QCO is not only 

an inventory and cost reduction tool, but also significantly increases costumer satisfaction and can 

be used for strategic development of any organization. 

 

 


