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ABSTRACT

An inventory of service spare parts needs to exist when it is needed to ensure proper coverage
of both scheduled and unscheduled requirement of maintenance for a set of operating
machinery. Replenishment of these parts is a complex task as they have different functions
and sources. Optimization of Spare parts’ inventories is a strategic analysis to support
management decision making process to avoid extended downtime as a consequence of
fulfilling intermittent consumption of service parts and minimize inventory holding cost.

This research is conducted in VALEO Rakovnik located at Czech Republic. The company
manufactures heating & air conditioning units and control panels for automotive industry.
Consumption demand of spare parts for upcoming year 2013 is predicted by selecting a
special forecasting method, with least forecast error, based on spares’ consumption demand
from 2010 to 2012 of 900 parts associated with 21 plastic injection moulding machines.

A solution is provided in form of MS Excel® spreadsheet calculations, which determines the
right safety stock quantity of each spare part. The calculations are based on three influencing
parameters, which are service level, standard deviation of consumption, and lead time factor,
to support ordering system, throughout calculation of optimum level of inventory on-hand.

As a result, value of spares average inventory for 2013 is reduced by 833,080 CZK at 98%
service level, at minimum possibility of stock-outs, which is used as an input data source for
existing SAP®’s enterprise resource planning (ERP) system. Spares inventory is classified

into three categories based on Pareto analysis to identify high, medium, and low value items.

KEYWORDS: Spare Parts, forecasting intermittent demand, inventory management
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ABSTRAKT (CESKY)

Spravné zasoba nahradnich dili je nezbytnd pro zajidténi planované preventivni i korektivni
(poruchové) drzby vyrobniho zatizeni. Rizeni zasoby néhradnich dilt je zpravidla naro¢ny
proces, ktery musi zohlediovat rozdilné funkce, pouZiti a zplisoby dodani jednotlivych
poloZek nahradnich dild. Podstatou optimalizace zasob nahradnich dild je strategick4 analyza
s cilem minimalizovat prostoje zplsobené nedostatkem nahradnich dild, a zarovet
minimalizovat naklady na drZeni z4sob. Vyznamnou komplikaci této analyzy je sporadicky
charakter spotieby, ktery je typicky pro ndhradni dily.

V ramce této prace byla zpracovana analyza a optimalizace zasob nahradnich dilG ve firmé&
VALEO Autoklimatizace Rakovnik v Ceské Republice. Tato firma dodava klimatizaéni
jednotky a ovladaci panely pro automobilovy primysl. V zisob& nahradnich dilé je vedeno
900 poloZzek pro 21 vstiikovacich listi. Spotfeba nahradnich dild pro rok 2013 byla
predikovana metodou vybranou podle minimalni chyby pfedpovédi na zdkladé udajii o
spotiebach nahradnich dila z let 2010 az 2012.

NavrZené feSeni (nastroj pro fizeni zasob nahradnich dil%) vyuziva tabulkovy kalkulator MS
Excel®. Kalkulace navrhuje spravnou hladinu pojistné zasoby pro jednotlivé poloZky
nahradnich dild. Pro stanoveni sprdvné hladiny jsou uvaZovany 3 faktory: poZadovana
dostupnost nahradniho dilu na skladé, smérodatna odchylka spotfeby a dodaci lhita
dodavatele.

Vysledkem aplikace navrZeného néstroje bylo dosaZeno sniZeni urovn& zasoby o 833 080 K¢&
pii zachovani 98% urovné dostupnosti. Navrzené hladiny zdsob jsou vstupem pro firemni
ERP systém SAP®. Zasoby nahradnich dili byly zaroveii rozdéleny do tii kategorii podle
hodnoty (Pareto analyza).

KLICOVA SLOVA: nahradni dily, pfedpovidani sporadické spotieby, ¥izeni zasob
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1 INTRODUCTION

Every organization, involved with equipment and plant facilities applies a maintenance
system, such as corrective, preventive or predictive system. Protracted manufacturing cycle
time is responsible for high work in progress and spare parts should be readily available to
reduce the frequency of machinery breakdown. Obsolete spares might exist, in form of
potential major components of machinery, which are not likely to be consumed, due to non-
existence of a series failure during an asset’s life time and is accumulated due to either
overbuying at initial stages, or project surplus to avoid non availability. These items are
categorized as insurance emergency spare parts. Excess inventory leads to high holding costs
and stock-out might occur, which is avoided to improve reliability, where an equipment is
capable not to breakdown during operation. Managing an inventory of spare parts is one of
operations management activities, which ensures efficient physical transformation, as in
converting inputs into outputs within manufacturing operations. Stocking of spare parts is
controlled and managed depending on lead time available for obtaining a spare part. The time
period that elapses between the recognition of the need of a spare part and its fulfillment is
defined as lead time, which varies considerably where parts are available from diverse
sources such as factory main stores, shop floor sub stores, suppliers’ factory, local dealers,
and foreign sources, like OEM “Original Equipment Manufacturer”, while some special
parts, such as jigs, that are not available with suppliers are manufactured in-house at

company’s own workshop.

An inventory management of service spare parts for plastic injection moulding machines is
essential within a manufacturing company to determine the level of replenishment and when
parts need to be ordered. The production process is stabilized within final product’s assembly
line at least for a while, due to existence of a buffer stock following plastic injection
moulding process, where a breakdown might occur in one of the machines. The more
inventories management is carried out to control inventory in a manner that best achieves the
business objectives; the less coordination is needed to achieve an optimum balance between
inventory level and coordination in the operating system. Identification of slow moving, non-
moving, high value spare parts is required by maintenance department, which rarely declare
the non- moving items as obsolete item, as a precautionary measure against repercussions of
stock outs. Few organizations appoint technical committee to shortlist the recommended list
of spares based on past experience or getting machine history from other users and segregate

proprictary spares separately.
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Condition monitoring provides information in advance, whether any particular part is likely
to fracture and cause a breakdown. Therefore, identifying the requirements of spare parts and
consumables, this is planned and obtained well in time, thus reducing downtime. Forecasting
is used to predict exact requirement of spares utilizing consumption records of spares, as an
approach for materials requirement planning (MRP). Time series forecasting methods are
commonly used to determine long-term (2 to 5 years) capacity needed, in order to design
facilities, and to determine midterm (3 to 18 months) fluctuations in demand.

The area of planning and provisioning has been considered to be critical by many companies
due to unpredictable failures and uncertain lead times. A maintenance plan commences with
criticality determination. The factors affecting the planning process include operating
conditions, maintenance policy, lead time, availability of spare parts, failure data, price of
spare parts, carrying cost, obsolescence rate, type of industry, and organization structure. It is
difficult to correlate the effects of these factors, many firms set apart at least one standby set
per machine for insurance items. The characteristic of demand for spare parts inventories is
difficult to predict because of not only random demand but also a large proportion of zero
values. Croston’s forecasting method is widely used to predict this kind of demand.

The inventory system and the operations system within an organization are strongly
interrelated. The plans concerning the acquisition and storage of materials or “inventories”
are vital to the production system. The use of ABC analysis develops criteria for requirement

planning of high number of spares, in which it has proved to be applied with advantage.

This thesis includes a challenging case study, which describes a solution for optimizing and
controlling an inventory of service parts for the repair of plastic injection moulding machines
in a manufacturing plant of air conditioning units feeding other companies, such as Skoda,
Audi, Volkswagen, Mercedes-Benz, SAAB, Nissan, Opel, Renault, Toyota, Peugeot, and
Citroén. The company 1s called VALEO, located at Rakovnik in Czech Republic, while it has
other branches, located at Zebrak, Humpolec, and Prague with different scope of work in
automotive industry.

The following sections include analysis of current state, calculation of safety stock and re-
order quantities, implementing various forecasting methods, selection of best forecasting
method by comparison of forecast accuracy, generation of an ordering system with a feature
of changing influencing variables capable of calculating value of spares average inventory,
categorization of spare parts inventory based on ABC classification system, economic

evaluation, interpretation & discussion of results.

T
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2 SCOPE OF RESEARCH OBJECTIVES

A company needs to decide the quantity of spare parts to be kept in stock, which is an

important decision because it can result in high holding costs or high penalty cost when the

wrong decision is made, either the quantity is more or less than that actually required.

2.1 ANALYSIS OF AN INVENTORY OF SPARE PARTS

Analysis of a spare parts inventory include all incurred costs that vary as the level of

inventory changes, these costs are:

O Acquisition costs: calculated as the unit price multiplied by the number of spares bought.

[ Ordering costs: associated with the processing of a purchase, from creation to receipt, are
related to costs of managing the inventory. They include capital costs of the investment
tied up in inventory, operational costs of warehousing, and deterioration or monetary
depreciation of the items.

O Stock-out or shortage costs: are incurred whenever demand cannot be satisfied from
inventory, due to lack of spares.

2.2 MINIMIZE INVENTORY TO OPTIMUM LEVEL

An important feature in inventory control is the determination of the minimum number of

items that should be on stock, which can be tolerated, before replenishment order is placed.

Reduction in quantities of spare parts kept as a safety stock is quite essential, and considered

as a basic goal.

A procurement order of a spare part component is placed when inventory level drops below

certain level of stock, which is called “Re-order level” that is determined by summing re-

order quantities for all spares.

2.3 DEVELOPING AN INVENTORY MANAGEMENT POLICY

Determining an inventory policy involves determining inventory control parameters, such as

re-order points and safety stocks, which supports decision-making process of the company by

computing the minimum level of inventory considering the consumption during the lead time,
in which it is necessary to place a new order when the stock falls below this level.

The minimum stock of an item depends on the estimated consumption during the lead time,

and on the probability of a higher or lower consumption.

2.4 REDUCE CONSUMPTION OF KEY SPARE PARTS

Establish an expedited spare parts ordering process and understand the costs involved. This is

carried out by measuring, evaluating and further stream line spare parts inventory control

processes throughout understanding existing consumption of Spare parts based on actual

historic consumption.
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3 REVIEW OF LITERATURE

3.1 INTRODUCTION TO INVENTORY MANAGEMENT

A database of information is kept by a manufacturing company, known as an inventory
master file, which contains an extensive amount of information on every item that is ordered
in the system. It includes such data as detailed description of an item, on-hand quantities, on-
order quantities, lot sizes, safety stock, lead time, and past usage figures. It updates the
physical inventory count, summarizes the item year to date usage. Accuracy of inventory
transactions is essential to keep inventory levels at minimum (Russel & Taylor et al., 2000).
A conservative policy is adopted to avoid stock-outs of spare parts at any cost, considering
difficulty in predicting rate of failure, long lead time for imported items, and lack of
professional scientific conscious approach to spare parts management, which could lead to
increased stock level. Inventories are held for many reasons. They smooth out the time gap
between supply and demand, and are categorized into consumable, insurance, overhauling,
and project surplus (Eppen et al., 1998).

Spare parts components with varying lead time and availability characteristics have to be
planned to balance the inventory levels of different categories, where the distribution chains
at different channels such as warehouses, depots, stocklists, and dealer network are controlled
by different organizations. The average lead time of spare part fluctuates from time to time,
whereas the total lead time could be broken into four components, internal administration
lead time of converting intent to a purchase order, manufacturing time, transportation period,

inspection lead time (Gopalakrishnan & Banerji et al., 2008).
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Figure 3-1: A flow diagram distinguishing areas of consumption, transfer, distribution network, &
ordering [Source: MultiView LOGIC Manual, SCADA Software, Operations Support V7.0]
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An enterprise resource planning (ERP) systems manages the resources of an entire enterprise.
SAP®’s premier product R/3 is an example, which is a software consisting of a series of
application modules that connects processes that belong together, giving every employee
convenient access to the information required for their jobs. These modules form an
integrated information technology strategy for effectively managing the entire enterprise, use
a common database, and support processes that extend across functional areas. Transactions
in one module are immediately available to all other modules at all relevant sites, whether
they are corporate headquarters, manufacturing plants, suppliers, or subsidiaries. In most
cases sites are connected via the Internet or intranets. Materials management module
manages all tasks related to supply chain, including purchasing, inventory functions, supplier

evaluation, just in time deliveries, and invoice verification (Russel & Taylor et al., 2000).

Producticn and
materials
management

Sales and
distribution

Quality
management

Accounting and
Controlling

Project
management

Figure 3-2: SAP's enterprise Resource Planning Modules [Source: Russel & Taylor, “Operations
Management” (2000)]

Inventory management not only involves physical management of inventory, but also
management of systems used to process the data used to describe an inventory. It consists of
a series of decisions. At the top levels, these decisions relate to choosing inventory strategies,
designing distribution networks, and setting inventory policies. In the middle, are decisions
related to system setup, forecasting methods, replenishment methods, and safety stock, also
known as buffer stock is carried to compensate for variable demand of spare parts. At the
most detailed level, these decisions are related to whether or not on a given day an order for a

given item needs to be given, if so, how much should be ordered (Piasecki et al., 2009).

The entire spare parts management revolves round the quantity of spares available in the
warehouse. Parts cannot be ordered beyond the warehousing capacity, nor can afford to have

nil stocks in the store, particularly for critical parts (Gopalakrishnan & Banerji et al., 2008).
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3.2 FEATURES OF SPARE PART INVENTORIES

Inventories are defined as “idle goods in storage, waiting to be used”. Maintenance, repair,
and operating (MRO) supplies are “items used to support and maintain the operation,
including repair parts, maintenance supplies, and repair other consumables” (Meredith &
Shafer et al., 1999). When evaluating MRO inventory, total investment in the inventory, the
time 1t takes to manage it and the tool available to manage it need to be considered {Piasecki
et al., 2009). There are many types of inventories, for example, inventories of raw materials,

inventories of in-process materials, or inventories of finished goods (Eppen et al., 1998).

Spare parts might look small and appear cheaper than the machine or raw material, but they
play a vital role in maintaining, ensuring, and reinforcing the reliability of any equipment.
They include material such as, pipes, tubes, springs, electrical cables, knobs, wires, hoses,
belting, and sub-assemblies for essential parts of the machine, like engines, compressors,
alternators, in addition to complete units, which are fitted with a machine. Spare parts are
kept in categorized inventories, whose target is to develop procedures to optimize the
working capital and satisfy the user, in which best inventory control, allows for maximum

availability of service with minimum cost. (Gopalakrishnan & Banerji et al., 2008).

There are generally there types of costs associated with the inventory activity. First are
ordering costs, which incurred each time an order is placed to replenish an inventory. These
costs are independent. Second are carrying costs, referred to sometimes as opportunity cost,
the magnitude of this cost is closely tied to the interest rate. The larger the inventories, the
larger the holding costs. Third are stock-out costs, which represents loss in production due to

non- existence of a spare part causing machinery breakdown (Eppen et al., 1998).

Inventory Closts l
[ i ]
Ordering Costs l Canrving Costs | Stock-Out Costs l
I | |
Costs of placing and Costs of holding inventory before Costs of not having a part
receiving an order to acquire its consumption (e.g. storage cost, when a maintenance
inventory (e.g. cost of obsolescence, opportunity cost of an demand exists
processing a purchase order) investment tied up in inventory)
I l
Minimized by having large Minimized by having small orders
and infrequent orders

Figure 3-3: Costs associated with inventory activity [Source: Eric Y.W.Leung, “Inventory Management”]
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Spare parts have excessive stock, in all positions of the distribution channels, they are
uneconomical to manufacture as their demand is uncertain and low, having large variety, and
difficulty in standardization, with small number of suppliers. They have long lead time; their
cost of stock out is greater than their own price, with difficulty in forecasting future
requirement. Usage 1s increased with the age of the machine. An inventory of spare parts is
held as a precaution or contingency for increase in the lead time or consumption rate, also for
transaction purposes, as in any organization there is invariably a time lag between recognition
of the need of spare part to the satisfaction of the need and during this lead time, the spare
part in the warehouse becomes handy. Stock out or under stocking cost arises due to non-
stocking of the spare part. This is usually measured in terms of opportunity lost due to loss of
production by idling cost of a production line. This cost is particularly useful in grading the
spares into vital, essential and desirable categories depending on the degree of damage

(Gopalakrishnan & Banerji et al., 2008).

Data analysis 1s a critical part of managing inventory. A spreadsheet program is a tool used to
build an optimization model out of a series of smaller simple calculations, that would be
made up of a value targeted to be optimized, in other words maximized or minimized, having
a mathematical relationship with one or more changeable values (Piasecki et al., 2009).

3.3 TYPES OF SPARE PARTS

Spare Parts are defined as “items held in inventories that are used to replace a failed parts or
components. This could be anything from a drive belt or bearing through to entire
components such as a pump set” (Slater et al., 2012).

A spare part is defined as “a part of a machine ready to replace an identical part of it, if it
becomes faulty due to wear and tear or breakage during operating life of the equipment”.

In many organizations spare parts are defined as “parts of machinery, which are kept standby
to be substituted when a part of machinery breaks down or is worn out” (Gopalakrishnan &
Banerji et al., 2008).

In automotive plants, the production line operates in a flow shop transformation system
consisting of a fixed set of inputs, constant throughput times, and a fixed set of discrete
products, equipped with special purpose machines, and continuous types of materials-
handling equipment built into the system itself. The equipment needs to be serviced to
overcome possibility of a production line going to an immediate halt if the line should stop,

due to a breakdown of a machine or a conveyor (Meredith & Shafer et al., 1999).

-
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Figure 3-4: A generalized flow shop operation [Source: Meredith & Shafer, “Operations Management for
MBAs” (1999)]

Maintenance spares are those which are fast moving like bearings, belts, and hardware items;
these are available in plenty and can be stocked after building a database on the consumption
pattern. Overhauling spares are those which are specially needed during regular overhauls in
order to give a new lease of life to the equipment. Hence, these need not to be ordered and

stocked just in time before overhauling.

Commissioning spares are needed to start a project or commission a newly installed machine,
and these parts are declared as project surplus after the machine starts its operation. Insurance
spares are those vital parts of a machine, which have life nearly equal to that of a machine
itself and are held as a standby against any breakdowns. These standby units have a high
reliability of performance and can be capitalized. Cycle inventories result from ordering in

batches or lots rather than as needed (Gopalakrishnan & Banerji et al., 2008).

Too much or too early inventory results in added expenses related to handling costs, and risk
of obsolescence, while too little or too late inventory can result in added costs related to
expediting and order processing. Service level is a term used to describe a key input to
statistical-based safety stock calculations (Piasecki et al., 2009).

It is usually set on the basis of two opposing costs, namely over-stocking cost and under-
stocking cost, depending on a number of factors including, maintenance policy, cost of spare
parts, criticality of the item, reliability, lead time, warranty, and availability of working

capital (Gopalakrishnan & Banerji et al., 2008).

st
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3.4 ABC CONCEPT

ABC stratification is an activity of applying a ranking system to a characteristic, based on
Pareto principle, which states that a small number of causes are responsible for a greater
number of effects (Piasecki et al., 2009).

ABC classification system is a management’s guide to the priorities of inventory items. It is
based on a universal principle “vital flow, trivial many”. The spare parts are rated as three
classes known as A, B, and C, respectively based on the annual usage value or sales or
consumption value. For this purpose, the quantity issued from a warehouse in a year is
multiplied by the average or standard price. The items are arranged in a descending order of
the consumption value (Meredith & Shafer et al., 1999).

The items accounting for the bulk of annual spares sales value, which are usually very few,
should be closely controlled and watched strictly with regard to management information,
planning, control, follow-up, monitoring deliveries, records, auditing, stock levels,
replenishment, forecasts, and application of cost —reduction techniques.

Experience indicates that the top 10% of items accounts for a vital portion of about 70% of
annual consumption value and are therefore classified as “A” category items. The middle
20% account for about 20% of annual consumption value, and are categorized as “B”
category items. The remaining 70% of items account for a trivial annual consumption value

of about 20% and classified as “C” category items.
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Figure 3-5: ABC classification system [Source: (a) Abey Francis, “ABC system of inventory control”,
http://www.mbaknol.comv, (2012). (b) Meredith & Shafer, “Operations management for MBAs”, (1999)]

The records for the management information system should be accurate, and updated for the
“A” category items, since they are fast moving, with high annual average inventory value,
fast rotation stocks, the percentage of profit margin could be lower as compared to other

categories of spares. They must be reviewed and ordered frequently to reduce the working
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capital commitment for inventories. The “C” category items, on the other hand are slow
moving in nature and account for only a small percentage of annual average inventory value,
usage. For these items, there can be high safety stocks. Care should be taken to avoid
obsolescence in such cases (Gopalakrishnan & Banerji et al., 2008).

3.5 FACILITY LAYOUT

Process layouts group similar activities together in work centers according to their performed
function, and are characterized by intermittent operations, or batch production. Material
storage and movement are directly affected by the type of layout. Storage space in a process
layout is large to accommodate the large amount of in-process inventory in form of batches
waiting to be processed, because material moves from work center to another by means of a

forklift with wide aisles to accommodate heavy loads and two-way movement.

Product layout, known as assembly lines, arranges activities in a line according to the
sequence of operations that need to be performed to assemble a particular product. Each
product has its own “line” specifically designed to meet its requirements. A product layout
needs material moved in one direction along the assembly line and always in the same
pattern. Conveyors are the most common material handling equipment. Aisles are narrow
because material is moved only one way, and the conveyor is an integral part of the assembly
process. Storage space along an assembly line is quite small because in-process inventory is

consumed in the assembly of the product (Russel & Taylor et al., 2000).
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Figure 3-6: Process flow for manufactured unit [Meredith & Shafer, “Operations management for
MBAs”, (1999)]

Either two types of assembly lines can be used. A paced line, commonly used in automobile
assembly line, where some sort of conveyor is used to move the output along at a continuous
rate, and operators do their work as the output passes to them, whereas unpaced lines,

workers build up queues between workstations and can then vary their pace to meet the needs

B



Optimization of industrial spare parts inventories’ management system improving machine availability within
production processes in a selected organization
Master’s Thesis Tamer Abdelhadi 2014

of the job or their personal desires, while maintaining same average daily output (Meredith &
Shafer et al., 1999). As long as a spare paﬁ is lying idle in the warehouse, the working capital
is locked up till the part is consumed by the workshop, and maintenance department. On the
other hand, if an item is not kept in store, there will be a stock-out if demand arises.

The warehouse activities include, receipt, storage, liaising with quality control inspectors,
handling, issues and disposal of spares, which is influenced by type of spare parts, number of
spares, quantity stored, reorder quantity levels, service level or meeting customer demand.
The efficiency of a warehouse is measured on a negative scale, i.e. in terms of stock-outs.
Depending on the cost and criticality, a service level can be fixed. For a vital spare part, the
service level can be fixed at 99.5%, which implies that if there are 100 demand requisitions,
they will be met at least on 99 occasions. As the criticality of the spare part decreases, the

service level can be decreased (Gopalakrishnan & Banerji et al., 2008).

Figure 3-7: Receipt and retrieval of spare parts within a warehouse [Source: Rastislav Beiio & Petra
Markovd, “Carpathian Logistics Congress CLC, Jesenik, Czech Republic”, (2012)]

3.6 INVENTORY CONTROL SYSTEMS

The ultimate goal of an inventory system is to make decision regarding the level of inventory
that will result in a good balance between the purposes for holding inventories and the costs
associated with them. In reorder point systems, an inventory level is specified at which a
replenishment order for a fixed quantity of the inventory items is to be placed (Meredith &
Shafer et al., 1999).

There are two basic types of inventory systems, a continuous and a periodic system. In a
continuous inventory system, also referred to as a perpetual system, and a fixed order
quantity system, a continual record of the inventory level for every item is maintained,

whenever the inventory on hand decreases to a predetermined level, referred to as the reorder
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point, a new order is placed to replenish the stock of inventory. In a periodic inventory
system, also referred to as a fixed time pefiod system, the inventory on hand is counted at a
specific time intervals, for example, at the end of the month. After the inventory in stock is
determined, an order is placed for an amount that will bring inventory back up to a desired
level (Russel & Taylor et al., 2000).

A perpetual inventory system is a computer system designed to track inventory balances,
maintain basic ordering information, including reorder point & lot size by item, and process
individual inventory transactions whenever inventory is received or consumed at any given

point of time (Piasecki et al., 2009).
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Figure 3-8: The inventory order cycle [Source: Russel & Taylor, “Operations Management” (2000)]

The amount of safety stock carried depends upon the accuracy of forecasts, consistency of
supply and processes and desired service level. Lead time is defined as the amount of time it
takes for a purchased item to be delivered after it is ordered, or the amount of time it takes for
a manufactured item to be completed after it is ordered (Piasecki et al., 2009).

An accurate estimate of demand for the output by means of forecasting is crucial to the
efficient operation of a production system and hence, to managing the organization’s
resources. To ascertain short term (1 week to 3 month) fluctuations in demand for the purpose
of production planning, materials planning. These forecasts support a number of operational
activities and can have significant effect on organizational productivity.

Quantitative forecasting methods are generally divided between methods that simply project
the past history or behavior of the variable into the future, known as time series analysis,
which ranges from just using an average of the past data to using regression analysis

connected to seasonality in the data (Meredith & Shafer et al., 1999).
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4 METHODOLOGY AND THEORETICAL APPROACH

4.1 INTERPRETATION OF PROVIDED DATA AND RESEARCH FRAMEWORK
The historical raw data provided by VALEO Rakovnik, could be classified into two major
groups, first is an MS Excel® spreadsheet named “Categories of spare parts” for plastic
moulding machines located at the workshop manufacturing automotive air conditioning units,
where spare parts are divided into different categories according to their function, each item
has a unique category number, and with the aid of SAP® software, safety stock, present value
of item, and value of items necessary to be ordered is calculated, considering that the
ordering quantity does not fall below pre-set maximum quantity of each item.

Second are “material movement records” MS Excel® spreadsheets, which include daily
records of “Goods issued” and “Good received” on monthly basis, from 2010 until 2012,
forming 36 files in total, each provides detailed information about date and quantity, that each

item was released or received in stock, in connection with the value of inventory.

Data Gathering

Categories of spare parts for plastic moulding machines Material Movement records from 2010 to 2012

v

Forecasting Lead Time demand

Simple n-period ' ' Bootstrapping
moving average

method

Modified
Croston’s
method

Weighted n-period | | Single exponential Croston’s
moving average smoothing Method
method method

method

1
A 4

Calculation of Re-Order quantitics based on different Lead times of 1,2,3,5 &7 months

Selection of best Forecasting method based on lowest forecast error results from:
Mean absolute deviation (MAD)

Mean absolute percentage error (MAPE)

Systematic mean absolute percentage error (S-MAPE)

Adjusted mean absolute percentage error (A-MAPE)

Root mean square deviation (RMSD)

v

Final calculation of Re-order quantities, Maximum quantity on-stock and Value of average inventory

v

Utilization of calculated re-order quantities by VALEO Rakovnik’s ordering system,
during a trial time series starting from 14/6/2013

Figure 4-1: Research Framework [Source: Author]

AT e

The data is transferred into a newly created MS Excel® spreadsheet gathering all information
from the previously mentioned provided data sources, to form a full list of in total 920 spare
part items, including item category number, description, current quantity, safety stock, unit

price, quantity received and quantity issued, which enables carrying out complete analysis by
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generating a detailed historical movement of each item. The Research Framework is
presented in Figure 4-1 in the previous page.

4.2 PROBABILITY DISTRIBUTION OF HISTORICAL CONSUMPTION DEMAND
Probability distribution is used to describe the probability that a certain value, or set of values
will occur within a set of data. It is sometimes called frequency distribution, because the
frequency of a value or set of values occurring is directly related to these values occurring.
Historical data is analyzed by aggregating the data into time periods, months typically.

An uncertainty exists in the consumption demand of spare parts, which represents a bias that
indicates a systematic error assumed to be normally distributed throughout the years 2010
and 2011.

A normal distribution is defined by two parameters: its mean “u” and variance “c>”.
The variance within the historical data is used as a good heuristic to estimate the forecast

error variance.
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Figure 4-2: Normal distribution of consumption demand of spare parts [Source: Gopalakrishnan
& Banerji, “Maintenance & Spare Parts Management”, (2008)]

Normally distributed data describes a set of data where fewer values exist at extreme
distances from the mean value, and the total number of values occurring above the mean
value is close to the total number of values occurring below the mean value.

The consumption demand is examined during the year 2012, by taking into consideration that
lead time demand forecasts are unbiased. Therefore an error is very often correlated to the
amount of expected variation, the greater the upcoming variations, the greater the error in the
forecasts. The next step is to calculate the acceptable error level within the normal
distribution by introducing a “service level” in form of a percentage assuming static lead

time. A “cumulative distribution function” is a range of values is the functionality of the
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probability distribution to assign cumulative probability of the demand variability, and
accordingly view the frequency of certain levels of demand occurring based on history.

“Service factor” is a term defied as the multiplier that represents number of standard
deviations that will be used to calculate Safety stock. The safety stock is calculated by

multiplying standard deviation of error by the service factor.

Equation 4-1: Theoretical calculation of safety stock

S.S = o * icdf(P) 1)
Where: S.S : Safety stock
c : Standard deviation (the square root of o? is the variance)
icdf : Inverse cumulative normal distribution (zero mean & variance equal to 1).
P : Service level.

The service level of the basic safety stock calculation represents the percentage of periods in
which all demand is expected to be met, if at the beginning of each period a quantity on hand
exists equal to exactly the mean demand plus the result of the service factor multiplied by the
standard deviation (Piasecki et al., 2009).
43 LEAD TIME CONNECTION WITH PERIOD OF FORECAST
Lead time demand is the expected demand during the lead time period. It can be computed as
the sum of the forecasted values for the future periods that intersect the lead time segment.
Let T be the period and L the lead time. Then L=k * T+ a * T
Where: kis integer and 0 <a < 1. Let D be the lead time demand. Then, the final expression
for the lead time demand is:

Equation 4-2: Theoretical calculation of lead time demand

D= (Z¢1.. kY1) + oy kel (2)

Where: y’n  : Forecasted demand for n® period in the future.
The forecast error variance is computed as:

Equation 4-3: Average forecast per period
o’ =E[(yry’ )] and y’ =D/ (k+o) &)

Where: y’ : Average forecast per period.

Yet, o? is computed as per-period variance. Let o12 be the adjusted per lead time variance

needed to match the lead time as described by (Piasecki et al. 2009). Therefore:
Equation 4-4: Adjusted per lead time variance

o’ = (k+a) 6® @)
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4.4 METHODS OF FORECASTING CONSUMPTION DEMAND
Technological forecasting has become ihcreasingly crucial to compete in the modern
international business environment. Forecasting is not simply identifying and using a method
to compute a numerical estimate of what demand will be in the future. It is a continuing
process that requires constant monitoring and adjustment.
4.4.1 CONVENTIONAL STATISTICAL FORECASTING METHODS
Time series methods are statistical techniques popular for short-range forecasting among
service and manufacturing companies; include moving average and exponential smoothing
methods that make use of historical data accumulated over a period of time, assuming that
identifiable historical patterns for demand over time will repeat themselves.
4.4.1.1 SIMPLE N-PERIOD MOVING AVERAGE METHOD
The simple moving average method uses several demand values during the recent past to
develop a forecast. This tends to smooth out, the random increases and decreases of a forecast
that uses only one period. Moving average is computed for specific periods, taken as five
months in this research’s analysis, depending on how much it is required to smooth the
demand data. The longer the moving average period, the smoother it will be. The formula for
computing the moving average according to (Eppen et al.,1998) is:
Equation 4-5: Forecasting demand using simple moving average method
Yis 1:% B b Y ) (5)
Where: y’i+1 : Forecast of the next period.
n : number of periods in the moving average
Vi . Actual consumption demand in the present period.
4.4.1.2 WEIGHTED N-PERIOD MOVING AVERAGE METHOD
The moving average method can be adjusted to more closely reflect fluctuations in the data,
with the notation that recent data are more important than old data, which is implemented
with a weighted five months period moving average in this research’s analysis, where smaller

weights are assigned to old data, and all weights sum to one, according to (Eppen et al.,1998):

Equation 4-6: Forecasting demand using weighted moving average method

Yermo* yr ity ey, (6)
Where: y’+ 1 . Forecast of the next period.
n : number of periods in the moving average
Vi : Actual consumption demand in the present period.

n/t, (n-1)/t, & (n-2)/t :Initial weights

= H 6
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4.4.1.3 SINGLE EXPONENTIAL SMOOTHING METHOD

The single Exponential Smoothing is a sfmple method that can approximate the results of
weighted moving averages with minimal data requirements, (Brown et al., 1959), where most
recent data are weighted more strongly. As such, the forecast will react more to recent
changes in demand. This is useful if the recent changes in the data result from a change such
as seasonal pattern instead of just random fluctuations. Data required includes forecast &
actual demand for the current period, and a weighting factor called smoothing constant, with

weights summing to one, according to (Eppen et al.,1998), calculated as follows:

Equation 4-7: Forecasting demand using single exponential smoothing method

ywr=a*yi+(1—a) *xy' )
Where: y’.1  : Forecast of the next period.
Vi : Actual demand in the present period.
V't : Previously determined forecast for the present period.
o . A weighting factor referred to as smoothing constant, with value ranges

between 0.1 and 0.4, on the basis of demand features.
44.2 SPECIAL DEMAND FORECASTING METHODS
Classical forecasting approach gives unsatisfactory results, when an inventory with irregular
demands exists, which is found in an inventory of spare parts. Data for such items is
composed of time series of non-negative integer values where some values are zero.
Different approaches that estimate the lead time demand are applied to the demand data,
including Croston and Bootstrapping forecasting methods that were developed to provide a
more accurate estimate for items with irregular demand.
44.2.1 CROSTON’S METHOD
The Croston method was developed by the statistician (J.D. Croston et al., 1972), which
consists of a routine stock control system in which updating occurs at fixed unit time
intervals, which are typically much shorter than the times between successive demands for
the product. Thus there will be frequent occasions for which the demand will be zero,
although the average demand can be greater than one since it is calculated over multiple
periods from demands of varying size.
This method consists of two main steps. First, calculating mean demand per period by
separately applying exponential smoothing. Second, the mean interval or variant of
exponential smoothing between demands is calculated. It is assumed that lead time demand
follows normal distribution. A certain form of a model is used as follows to predict future

demand (Kalchschmidt et. al., 2003):
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If X(t) = 0, then: Y(t) = Y(t-1),
P(t) = P(t-1), and
Q=Qtl

Else Yty = o X(0) +{1-6) * ¥(t-1),
P(t) =aQ + (1-o) * P(t-1), and
Q=1

Equation 4-8: Forecasting demand using Croston’s method

Y(t
m©y = "Dy ®)
Where: M(t) : Estimate of mean demand per time
X(t) : Consumption demand during time period t.

Y(t) :Estimate of mean size of non-zero demand.

P(t) : Estimate of mean interval between non-zero demands.
Q : Time interval since the last non-zero demand.
o : Smoothing factor

44.2.2 MODIFIED CROSTON’S METHOD

A few modifications to Croston’s method were introduced by (Johnston & Boylan et al.,
1996). One of such modifications is to use logarithmic transformation of the demands and
Geometric distribution of inter-arrival times. The modification of Croston’s Method estimates
the mean demand per period, taking into account the intervals between non-zero demands and
their sizes. Under this circumstance, exponentially weighted average method is applied of

two last past values, due to two reasons.

Firstly, this kind of method will bring out the results that are better than the original one due
to considering the effects of two last periods on next period’s the forecasting value. Secondly,
two last periods are only considered because irregular demand is not influenced much by past
trends. The modification of Croston’s method is implemented in the following way,
(Kalchschmidt et al., 2003):
If X(t) = 0, then: Y(t) = Y(t-1),

P(t) = P(t-1), and

Q=0Q+1
Else Y =a* X)) +o* (1-a) * Y(t- 1)+ (1-0)** Y(t-2)

P =a* Q+a* (1-a)* P(t-1) + (1-a)** P(t - 2) , and

Q=1, with ot + o * (1-ar) + (1-0)>=1

S
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Equation 4-9: Forecasting demand using Modified Croston’s method

Where: M(t) : Estimate of mean demand per period
X(t) :Consumption demand during time period t.

Y(t) : Estimate of mean size of non-zero demand.

P(t) : Estimate of mean interval between non-zero demands.
Q : Time interval since the last non-zero demand.
o : Smoothing factor

4423 BOOTSTRAPPING METHOD

(B. Efron et al., 1979) introduced the Bootstrap method. It is a statistical method that
accurately forecasts both average demand per period and service level inventory
requirements. It does this by using samples of historical demand data to create thousands of
realistic scenarios that show the evolution of cumulative demand over a fixed lead time,
which includes the real-world possibility that non-zero demand values for a part item that is
expected to occur in the future might differ from those that occurred in the past, reflecting all

aspects of the new Smart-Willemain methodology (Thomas R. Willemain et al., 2003).

The forecast horizon is the length of time into the future over which the forecast is based. It

must be at least as long as the cumulative lead time of the spare part component being

forecast. Forecat horizon can also be defined as the period of time into the past over which

historical demand was used to produce the forecast (Piasecki et al., 2009).

Implementation of bootstrapping method in estimating consumption demand includes the

following steps:

(1) Generating a bootstrap scenario of demand, in which a number of samples are randomly
selected from zero/non zero values of actual consumption demand, with replacement,
equal to number of months over forecast horizon where lead time demand is considered.

(2) Summation of forecast values over the horizon to get one predicted value of Lead time
demand (D).

(3) Steps 12 are repeated many times.

Conventional statistical forecasting methods cannot produce accurate estimates of the
complete spare parts distribution for all possible lead time demand values in case of

intermittent demand, which commonly exists in service parts of industrial machinery.

- 19~
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45 SELECTION OF APPROPRIATE FORECASTING METHOD

Forecasts value deviates from actual demand. This difference between the forecast and the
actual demand is the forecast error. The forecasting methods are compared with each other, as
an approach for method evaluation, utilizing several measures of forecast error, which are
mean absolute deviation, mean absolute percentage error, symmetric mean absolute
percentage err, adjusted mean absolute percentage error, and root mean square deviation.

The formulas used in each of the said measures are presented in the next section, considering

the following parameters:

A : Actual consumption demand
F; : Lead time demand forecast
N : Total number of items

1. MAD: Mean absolute deviation, which is an average of the difference between the

forecast and actual demand, as computed by the following formula:

Equation 4-10: Formula of mean absolute deviation
MAD = |A; — Fil
N
(10)
2. MAPE: Mean Absolute Percentage Error, measures the absolute error as a percentage of
demand rather than per item. As a result, it eliminates the problem of interpreting the
measure accuracy relative to magnitude of demand and forecast value, which MAD does.

The Mean absolute percentage error is calculated according to the following formula:

Equation 4-11: Formula of mean absolute percentage error
N
MAPE = — 2y bl B
N & A
| P

(11)

There are two drawbacks in practical application.

Firstly, in case zero values exist, which sometimes happens in spare parts demand series;
there will be a division by zero. Secondly, there might be few number of items series that
have a very high MAPE and might distort a comparison between the average MAPE fitted
with one method compared to the average MAPE when using another method. In order to
avoid this problem other measures have been defined, for example symmetrical MAPE.

3. S-MAPE: Symmetric Mean Absolute Percentage Error is an accuracy measure based on

percentage (or relative) errors. It is usually defined as follows:

0.
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Equation 4-12: Formula of symmetric-mean absolute percentage error

1 X |A; — Fil
S —MAPE = — =

N LTz L
I

(12)
The absolute difference between A;and F; is divided by half the sum of the actual value A;
and the forecast value F;. The value of this calculation is summed for every fitted point i and
divided again by the number of fitted points N.
S-MAPE has a lower bound and an upper bound. A percentage error between 0% and 100%
is much easier to interpret. However, one problem with S-MAPE is that it is not as symmetric

as it sounds since over- and under-forecasts are not treated equally.

4. A-MAPE: Adjusted Mean Absolute Percentage Error
An important work has been done by (Hover et al., 2006), among which adjusted mean
absolute percentage error (A-MAPE) is one of the most used in comparing spare parts
demand forecasting methods. The formula is used as follows:
Equation 4-13: Formula of adjusted-mean absolute percentage error
N JA-F|
A — MAPE = ‘
N A&
=17y
(13)

5. RMSD: Root Mean Square Deviation
The root mean square deviation (RMSD) is a frequently used measure of the differences
between values predicted and values actually observed, defined as per the following formula:

Equatien 4-14: Formula of root mean square deviation

RMSD = (L3N, (A~ F? (14)

A study conducted by (Armstrong and Collopy et al., 1992), evaluated measures for making
comparisons of errors across 90 annual and 101 quarterly time-series data, and it concluded
that MAPE should not be the choice if large errors are expected because MAPE is biased in
favour of low forecasts, also the root mean square error (RMSE) is not reliable, even though
most practitioners prefer RMSE since it describes magnitude of errors in terms useful to
decision makers, (Carbone and Armstrong et al., 1982), The study recommended the adjusted
mean absolute percentage error (A-MAPE) for selecting the most accurate methods when

many time-series data are available.

=
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4.6  ABC CLASSIFICATION SYSTEM

Typically hundreds of independent demand items are held in inventory by a company,
especially in manufacturing, but small percentage is of such high value to warrant close
inventory control. In ABC analysis each class of inventory requires different levels of
inventory control, the higher the value of inventory, the tighter the control. Class “A” items
should experience tight inventory control, “B” and “C “require minimal attention. About 10
% of all inventory items account for 70% of total value of inventory. These are classified as
class “A” items. “B” items represent approximately 20% of total inventory units, but only
about 20% of total inventory value. “C” items account for 70% of all inventory units, but
represent only 10% of total inventory value.

The first step in ABC analysis is to classify all inventory items as either A, B, or C. Each item
is assigned a value, which 1s computed by multiplying the cost of one unit by the annual
demand for that item. All items are then ranked according to their said computed value, with
for example the top 70% of total inventory value classified as class “A” items, the next 20%,
as class “B” items, and the last 10%, as class “C” items. These classifications have been

found to be close to actual occurrence in firms with remarkable frequency.

Classification Step Refining Step Optimization step

Pants are ranked according to Parts are sub-classified in Critical spare parts whose

average annual usage and terms of their stage in the life impact on unavailability is high

listed from highest to lowest cvele. and usage is less will be

order. . classified in the “A” category.

g The products in carly >

Pareto rule for classifving lifecvele can have understated Infrequent ordered spares will

sparc parts into three historical data and parts at be classified in “C” category.

categories; A, B, and C. end of the lifecvele can ) . ;

produce a spur in demand. Dead "".mr."m 's. rm."mtf.j

from this list. periodic reviews
are done

Figure 4-3: Steps of carrying out ABC classification of spare parts [Source: Natarajan & Tarannumm,
“Spare Parts Pricing Optimization, Cognizant 20-20 insights”, (www.cognizant.com)]

Class “A” items requires appropriate inventory management system to determine order
quantity accurately, implementing a system of continuous monitoring of inventory level. In
addition, close attention should be given to purchasing policies and procedures. Class "B,
and “C” items require less stringent inventory control, since carrying costs are usually lower
for “C” items, higher inventory levels can sometimes be maintained with larger safety stocks.
It may not be necessary to control class “C” items beyond simple observation. That’s to say a

periodic review system with less monitoring will suffice for class “C” items.
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4.7 CALCULATION OF REORDER QUANTITIES, AND AVERAGE INVENTORY
LEVEL

The reorder point is the amount of stock set to trigger an order of a specific item. In practice,
because of the uncertainties, it is generally calculated as the expected usage during the lead
time plus safety stock. If there was no uncertainty (i.e. future demand being perfectly known
and supply being perfectly reliable), the reorder point would simply be equal to the total
forecasted demand during the lead time. Assuming that for a given lead time, future demand
forecast is produced, the lead time demand can be calculated as the sum of the forecasted

values for the future periods that intersects the lead time segment (Piasecki et al., 2009).
Equation 4-15: Initial formula of re-order point calculation
R=y +io*icdf (P) 15)
Where: R : Re-order point.
y’ :Average forecast per period.
icdf : Inverse cumulative normal distribution (zero mean &variance equal to one).
G : Standard deviation.
P : Service level
Finally, reorder point is re-expressed, (Piasecki et al., 2009) as:

Equation 4-16: Final formula of re-order point calculation

R =D + oy, * cdf (P) (16)
Where: D : Lead time demand
oL : Adjusted per lead time standard deviation.
cdf  :cumulative normal distribution function

The reorder point is calculated with Microsoft Excel®, which intends to implement a

replenishment feature for automated inventory management, using the following functions:

» STDEYV function estimates standard deviation “c” in equation 4-15 for actual consumption
demand during the years 2010 & 2011. Standard deviation is used to measure spread of

event frequencies for a sample as a unit of measure in the normal distribution model.

* An “inverse cumulative normal distribution” is applied as NORMSINV function, which
transforms the percentage into an area under the curve, the X-axis threshold corresponds to
the service factor value, and estimates cumulative normal distribution, “cdf” as in equation

4-16. Accordingly, computing Service factor, associated with a desired service level.

2%
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= SQRT function, computes the lead time factor, which is a multiplier used to adjust a
standard deviation based on forecast periods, to an estimated standard deviation based on
lead time periods.

1. Safety stock quantity is computed by multiplying the result of the above mentioned three
functions, whereas value of safety stock is computed by multiplying the calculated safety
stock quantity by the cost of one unit of a specific item.

2. Reorder quantity is calculated by summing the forecasted demand during the lead time,
which is the lead time demand (D) and the calculated of safety stock quantity.

Fixed lot size is defined as per the company’s usual practice of ordering of items.

3. On stock inventory value as on 2012 is considered as an average inventory value in 2012,

4. Maximum inventory value is computed by subtracting one from each of re-order quantity
and adding the quantity of fixed lot size to it, multiplied by item unit price.

5. The average aggregate inventory value in 2013 is calculated by computing the average of
difference between the maximum inventory value and safety stock and adding the value of
safety stock to it, then multiply it by the unit cost of each item, which is compared to the
said average inventory value in 2012.

4.8 COMPARISON BETWEEN CALCULATED AND ACTUAL INVENTORY

Individual Microsoft Excel ® spreadsheets are created for each of the six forecasting methods

described in section 4.4, each includes five separate sheets of different lead times initially

considered for all of inventory items, which are one, two, three, five, and seven months,
where lead time demand is computed according to assigned forecasting method, considering

a high service level of 99.9% unchanged in all spreadsheets calculation.

The value of safety stock and average inventory varies between each forecasting method

implemented and the other. Several measures of forecast error are applied, which leads to

selection of the best method to be implemented based on the minimum error in forecast. One
model is generated, targets to identify amount of saving in average inventory value for the
year 2012 for known spare parts consumption demand, so as to verify the calculations.

A second model is generated targeting to identify amount saving in average inventory value

during upcoming year 2013, validating the calculations to allow examining predicted

consumption demand of spare parts. ABC classification system is implemented consequently
according to value of items, and class “A””B”, “C items are determined, where “A” items

have service level of 99%, “B” items have a service level of 95%, and “C” items have a

service level of 90%. Amount saving in inventory value in each category items in observed.

D
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5 ANALYSIS OF CURRENT STATE

5.1 COMPANY DESCRIPTION

In this research a study is implemented in an industrial plant of VALEO Rakovnik, located at
Rakovnik in the Czech Republic, consisting of manufacturing, conveyor system and
administrative areas. Manufacturing area forms 27,000 m’ for production and storage
facilities, aims to streamline the flow of materials and finished products, throughout 24 pre-
assembly and final assembly lines with buffer stocks, before it is finally inspected by
operators and loaded into trucks for shipment either internally or externally. The plant is
equipped with 21 plastic injection moulding machines with 80 replaceable moulds, including
one machine newly installed in December 2012, and put into operation in 5™ of January 2013.
The study is focused on spare parts management of plastic injection moulding machines,
concerned with production of air conditioning units compiled from more than 120
components, while there is a second production line for control panels made up of 60
components, used in automotive industry.

VALEO group of companies includes two more plants feeding automotive industry in Czech
Republic, first is located at Zebrak, which produces heat exchangers, evaporators, and air
heaters, and second is located at Humpolec, which manufactures compressors used in
automobile air conditioning systems. In addition to a company located in Prague, providing
development and technical support for manufacturing plants of VALEO all over the world.
5.2 REVIEW OF OVERALL INVENTORY LEVELS

The spare parts inventory is segregated into twenty categories of items, where each category

is identified by a certain code, including items with various functions.

S.N. ltems Category Description items Identification Code|Quantity
1 |Connectors LIS101 to LIS106 43
2 |Repair Sensors for moulds and machines LIS301 to LIS3012 87
3 |Hydraulic Components (STAUBLI) LIS401 to LIS405 32
4 |Spare parts for injection mould (DME) LIS501 and LIS502 40
5> |Spare paris for ejectors LIS601 to LIS606 121
6 |Bearings LIS701 and LIS702 24
7 |Lubricants LIS801 and LIS802 11
8 [Valve accessories & filters for presses LIS901 to LIS910 103
9 |Automation Plastic components (MORETTO)| LIS1101 to LIS1103 24
10 |Machine Coupling LIS1201 d
11 |Electronic Components & Cards LIS1301 to LIS1307 42
12 |Greenbox cocling & Pump accessories L1S1401 to LIS1405 26
13 |Fuses, relays, contactors, terminals LIS1501 to LIS1504 65
14 |Cables LIS1601 12
15 |Heating mould & Machines LIS1701 to LIS1709 121
16 |Process automation, robot (FESTQO) LIS1801 to LIS1808 64
17 |Water hoses & hydraulic fittings LIS1901 to LIS1903 33
18 |Parts for gas filling system (MUCELL) LIS2001 to LIS2002 24
19 |Conveyor system (ATYKO) LIS2101 to LIS2103 33

20 |[Pressed part labeling (Special printing staff) LIS2111 14
Number of spare part components 920

Table 5-1: Spare Parts Components
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The net on-stock quantities in each category is compared with each other, where categories
for hydraulic components (11%) and spare parts for ejectors (35%) have the highest on-stock
quantities, while lubricants, machine coupling, parts for gas filling system, conveyor system,

and special printing staff holds for the lowest on-stock quantities, as shown in Figure 5-1.

Met Quanity for each category of ibems from 2010 upto 2012

| 1, Connectors 0 mm
B 2., Repair sensoes for moulds and machines

1% 1
| 3, Hydraulic components (STAUBLI)
B 4, Spare parts for injection mould [DME) ||
| 5. Spare parts for Ejectors |
B b&. Bearings |
| 7. Lubricants |
W 3. Valve accessories and filters for presses \
® 9. Automation Plastic componenets (MORETTO)

B 10. Machine coulping

B 11, Electronic components and cards
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B 13. Fuses, relays, contactors, terminals 1% =
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m 17. Water hoses and hydraulic fittings

o 18, Parts for gas filling system (MUCELL) 0%
19, Conveyar system (ATYKD) %

= 20, Pressed part labeling [Special printing staff}

Figure 5-1: Net quantity of each spare parts items category [Source: Author]
The highest on-stock values of items were found at categories for spare parts for ejectors
(10%), valve accessories & filters for presses (25%), and heating moulds & machines (20%),
while lubricants, machine coupling, cables, conveyor system, and special printing staff

accounts for the lowest on-stock value, which can be seen in Figure 5-2.

Net Value for each category of items from 2010 upto 2012
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Figure 5-2: Net value of each spare parts items category [Source: Author]
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Data was gathered to form a full view of material movement throughout a time series starting
from the year 2010 until 2012. Consumed quantity from each item for its use in a
maintenance purpose could be defined as the goods issued from the warehouse.

The relation between accumulated consumed quantity and items category, shows that
categories number 3,5,14, &17 include hydraulic components, spare parts for ejectors, cables,
water hoses and hydraulic fittings forms the highest consumed items. Categories number
1,2,13, &15 include Connectors, repair sensors for mould and machines, fuses, relays,
contactors, terminals, heating moulds and machines stands in the second place for high
consumed items, from January 2010 to December 2012, In addition to December 2012.

An increase in consumption of items lie in category number 5,14, &17 include spare parts for
ejectors, cables, water hoses and hydraulic fittings is observed, due to installation of a new

plastic injection moulding machine, which can be viewed in Figure 5-3.

Accumulated Monthly consumption for each category of items from 2010 until 2012
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Figure 5-3: Accumulated monthly spare parts consumption [Source: Author]

The value of existing monthly stock of spare parts is calculated by SAP® software, which
varies, as per maintenance requirement. The relation between the inventory value and time
interval from January 2010 to December 2012 shows fluctuations in inventory value, where
sudden drops existed in October, & December 2010, March, September, & December 2011,
February, May, & June 2012. Peak values of inventory at lowest spare parts consumption

were found at November 2011, & January 2012, as shown in Figure 5-4 in the next page.
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Figure 5-4: Monthly value of SAP® calculated inventory [Source: Author]
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The difference between “Goods issued” and “Goods received” is calculated for each item

category by creating a Microsoft Excel® spreadsheet, includes a categorized list of items,

with material movement in form of consumed and received quantities. A bar chart is plotted

as a percentage from 0 to 100, representing the relation between consumed minus received

quantities, and time interval, where negative values indicates that the quantity of “Goods

received” is higher than that of “Goods issued”, interpreted as overstocking of spare parts,

that appears in January, February, March, April, September, October & December 2010,

February, March, November, & December 2011, and January, May, September, November,

and December 2012, which can be viewed in Figure 5-5.

Relationship between consumed minus received quantities for each items category from 2010 to 2012
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5.3 PROBLEM DESCRIPTION

The plastic injection moulding machines existing at VALEO Rakovnik’s production and
assembly lines have clamping force ranges from 150 to 1300 tons (Make: Engel, Austria),
(Demag, Germany) and (Sandretto, UK). A downtime for each type of machine might occurs
in case a spare part required for repair could not be provided due to its stock-out leading to

prohibitive losses in mass production, which goes for capital intensive.

Figure 5-6: An example of a Plastic injection moulding machine. Make: DEMAG, Germany
[Source: http://www.plastika.cz/en/photo/002-demag.htm |

An initial over buying decision, could take years to remedy the situation due to rarely
occurring demands. Also, the cost of spare parts is more than 50% of the total maintenance
cost in the industry, at the same time the company financial department might face a problem
of increasing locked up capital in spare parts inventory.

5.3.1 SPARE PARTS DEMAND PATTERN

The historical data gathered was monthly consumption of spare parts from January 2010 to
December 2012 having an extremely stochastic and random demand pattern, with a large
proportion of zero values that is defined as an intermittent or irregular demand. Those spare
part items are referred to as slow moving items, having low lead time demand, for example
once in six months, which is quite common for spare parts.

Intermittent demand is characterized by frequent zero values intermixed with non-zero
values, in other words lumpy demand, having great variability among the non-zero values,
which can be seen in Figure 5-7 in the next page. Reducing the occurrence of spare parts’
shortages necessitates predicting the probability that various demands will occur. These
probabilities can then be used in calculations designed to facilitate important logistics

decisions such as procurement and stockage.
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Figure 5-7: Intermittent consumption demand pattern for randomly selected items [Source: Author]

5.3.2 FACTORS INFLUENCING SPARE PARTS MANAGEMENT

Spare parts management targets to ensure availability of spares with the right quantity for

maintenance and repairs of machinery and plant as and when required at an optimum cost.

There are several systematic actions required to ensure effectiveness of spare parts

management, which are: identification of spare parts and maintain stocking policies for

capital & insurance spares or sub-assemblies, forecasting of spare parts requirement,

formulation of selective control policies for various categories, development of inventory

control systems introducing computer applications.

The main concerns faced by VALEO Rakovnik in managing of spare parts consist of the

following areas:

1.

An element of uncertainty exists, as to when a part is required and also the quantity of its
requirement. This is due to the fact that failure of a component, either due to wearing out
or due to other reasons, cannot be predicted accurately.

Both number and variety of spare parts are too large making close control more tedious.
Different rate of consumption among spare parts, which is very high for some of the
items, and very low for other items.

Spare parts are not that easily available in the market as they are not fast moving items
and new models of machinery are introduced to incorporate design improvements. The
original equipment manufacturer (OEM) has to supply the spares in most of the cases.
There is a tendency from the stage of purchasing an equipment to the stage of the use
of the spare parts, to requisition spare parts more number than that are actually

required and accumulation of spares takes place.
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5.4 INVENTORY PRIORITIZATION USING ABC CLASSIFICATION SYSTEM

All of the spare part items were classified using ABC classification system during two
different time series from 2010 until 2012 and 2012 separately, based on different
characteristics of spare parts, which are net quantity, net value, consumed quantity, consumed
value, frequency of consumption, received quantity, received value, and frequency of receipt

for total 920 items in stock.

Items have been prioritized using a Pareto analysis, (Vilfredo Pareto et al., (1848-1923)),
commonly referred to as 80/20 rule, by stratifying the parts into three categories namely “A”,
“B”, and “C”, hence the name ABC analysis, in which high value items account for 70% of
value of all items, defined as category “A” items, medium value items account for 20% of
value of all items, defined as category “B” items, and low value items account for 20% of
value of all items, defined as category “C” items.

5.5 BENEFITS OF IMPLEMENTING ABC CLASSIFICATION SYSTEM

A wide range of benefits are obtained by implementing ABC approach, in which other
systems are associated with it, such as quality management “six sigma”, maintenance
management “Vital, essential, desirable analysis”, time management “activities
prioritization” and inventory management with advantages, including cycle counting, critical
spare parts & inactive parts identification, and investment goals related to turnover ratio.
5.5.1 ASSIGNING AN INTERVAL OF CYCLE COUNTING

A cycle counting is an inventory auditing technique, where a subset of inventory, in a specific
location is counted on a specified day and reconciling differences as they occur. By
segmenting inventory, based on an ABC analysis and setting up a time schedule for when
items should be counted throughout the year so that all SKU’s (Stock keeping units) items are
counted at least once, with the faster moving SKU's being counted multiple times per year.
“A” items are counted once every quarter, “B” items once every 6 months, and “C” items

once every 12 months.

Unlike physical inventory counting, the operation does not have to be shut down during a
cycle count, in which an ongoing measure of inventory accuracy is provided, little number of
people with more experience need to perform a cycle count. Systematic improvement of
processes dictating inaccurate records takes place. Significant cost saving is achieved when
correct cycle count procedures are applied that specify not only the part number to be counted

but also the location where it should be located.

= .
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5.5.2 IDENTIFICATION OF CRITICAL SPARE PARTS
Items for potential consignment or vendor stocking are identified as “A” category items,
which tend to have greater impact on investment, these are often very expensive with long
lead times, because of potential implications of an equipment failure requiring these part. It is
the best to investigate the potential for alternative stocking arrangements that would reduce
investment liability and associated carrying costs, while it is imperative to keep them in stock
or readily available to minimize the impact on production, ensuring that crucial inventory
does not fall below minimum levels.
5.5.3 SUPPORT ESTABLISHMENT OF AN INVESTMENT
ABC analysis identifies the items that represent the greatest investment for a company in
terms of monetary value and turnover rate. “A” category items will have greater usage than
“B” or “C” category items, accordingly, should have higher turnover ratios. When
establishing investment and turnover metrics, inventory data can be segregated by ABC
classification, with different targets for each category.
5.5.4 IDENTIFICATION OF INACTIVE ITEMS
Inactive items will fall to the bottom of the prioritized list. Therefore, “C” category items are
the best place to start when performing a periodic obsolescence review. An original
equipment manufacturer of newly installed equipment provides recommendations for spare
parts, which is evaluated by maintenance department of the manufacturing plant, by
comparing it to the current bill of spare parts. Replenishment takes place using continuous
stocktaking to ensure holding all necessary spare parts in a warechouse.
5.6 CLASSIFICATION ACCORDING TO NET CURRENT QUANTITY AND
VALUE OF INVENTORY
The first classification is based on sorting of spare parts items in descending order with
respect to their net quantity on stock, and calculating the cumulative quantity of items, so as
to enable plotting a Pareto diagram. As a result Category “A” items were found to be
consisting of 164 items, with a current quantity of 4,931 units, Category “B” items were
found to be consisting of 189 items, with a current quantity of 1,418 units, and Category “C”
items were found to be consisting of 565 items, with a current quantity of 705 units. The
second classification is based on sorting of spare parts items in descending order with respect
to their net value on stock, and calculating the cumulative value of items, so as to enable
plotting Pareto diagram. As a result Category “A” items were found to be consisting of 149

items, with a current value of 10,373,956 CZK, Category “B” items were found to be

g3
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consisting of 174 items, with a current value of 2,984,729 CZK, and Category “C” items
were found to be consisting of 597 items, with a current value of 1,493,382 CZK.

Figure 5-8 (a) & (b) show Pareto diagram obtained from both classifications.
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Figure 5-8: (a) & (b) Pareto diagram based on net current quantity and value of items [Source: Author]

5.7 CLASSIFICATION ACCORDING TO CONSUMED QUANTITY, VALUE &
FREQUENCY FROM 2010 TO 2012

The first classification is based on segregation of spare parts items in descending order with
respect to their net consumed quantities from 2010 to 2012, and calculating the cumulative
consumed quantity of items, so as to enable plotting Pareto diagram. As a result Category
“A” items were found to be consisting of 102 items, with a consumed quantity of 6,610 units,
Category “B” items were found to be consisting of 160 items, with a consumed quantity of
1,904 units, and Category “C” items were found to be consisting of 658 items, with a
consumed quantity of 952 units.

The second classification is based on sorting of spare parts items in descending order with
respect to their net consumed values, and calculating the cumulative consumed value of

items, so as to enable plotting Pareto diagram. As a result Category “A” items were found to
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be consisting of 77 items, with a consumed value of 14,721,533 CZK, Category “B” items
were found to be consisting of 136 items, with a consumed value of 4,273,249 CZK, and
Category “C” items were found to be consisting of 707 items, with a consumed value of
2,112,234 CZK.

The third classification is based on sorting of spare parts items in descending order with
respect to their frequency of consumption, and calculating the cumulative value of items, so
as to enable plotting a Pareto curve. As a result Category “A” items were found to be
consisting of 226 items, with a consumption frequency of 1,464, Category “B” items were
found to be consisting of 180 items, with a consumption frequency of 397, and Category “C”
items were found to be consisting of 514 items, with a consumption frequency of 230.

Figure 5-9 (a), (b) & (c¢) show Pareto diagrams obtained from all three classifications.
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Figure 5-9: (a), (b), & (c) Pareto diagram based on consumed quantity, value, and frequency 2010 to 2012
[Source: Author]

5.8 CLASSIFICATION ACCORDING TO RECEIPT QUANTITY, VALUE &
FREQUENCY FROM 2010 TO 2012

The first classification is based on sorting of spare parts items in descending order with
respect to their net received quantities from 2010 to 2012, and calculating cumulative
received quantity of items, so as to enable plotting Pareto diagram. As a result Category “A”
items were found to be consisting of 80 items, with a received quantity of 7,170 units,
Category “B” items were found to be consisting of 139 items, with a received quantity of
2,065 units, and Category “C” items were found to be consisting of 701 items, with a
consumed quantity of 1,031 units. The second classification is based on sorting of spare parts
items in descending order with respect to their net received values, and calculating
cumulative receipt value of items, so as to enable plotting Pareto diagram. As a result
Category “A” items were found to be consisting of 90 items, with a received value of
16,171,301 CZK, Category “B” items were found to be consisting of 136 items, with a
received value of 4,638,894 CZK, and Category “C” items were found to be consisting of 694
units, with a received value of 2,322,093 CZK. The third classification is based on sorting of
spare parts items in descending order with respect to their frequency of receipt, and
calculating cumulative value of items, so as to enable plotting Pareto diagram.

As a result Category “A” items were found to be consisting of 262 items, with a receipt
frequency of 829, Category “B” items were found to be consisting of 204 items, with a
receipt frequency of 238, and Category “C” items were found to be consisting of 454 units,

with a receipt frequency of 119, which can be seen in Figure 5-10 (a), (b) & (c) in the next
page.
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5.9 CLASSIFICATION ACCORDING TO CONSUMED QUANTITY, VALUE
AND FREQUENCY DURING 2012

The first classification is based on sorting of spare parts items in descending order with

respect to their net consumed quantities, and calculating the cumulative consumed quantity of

items, so as to enable plotting Pareto diagram. As a result Category “A” items were found to

be consisting of 77 items, with a consumed quantity of 2,590 units, Category “B” items were

found to be consisting of 114 items, with a consumed quantity of 753 units, and Category “C”

items were found to be consisting of 729 items, with a consumed quantity of 371 units.

The second classification is based on sorting of spare parts items in descending order with
- respect to their net consumed values, and calculating the cumulative consumed value of
items, so as to enable plotting Pareto diagram. As a result Category “A” items were found to
be consisting of 55 items, with a consumed value of 5,266,953 CZK, Category “B” items
were found to be consisting of 89 items, with a consumed value of 1,543,227 CZK, and
Category “C” items were found to be consisting of 776 units, with a consumed value of
757,326 CZK.

The third classification is based on sorting of spare parts items in descending order with
respect to their frequency of consumption, and calculating the cumulative value of items, so
as to enable plotting Pareto diagram. As a result Category “A” items were found to be
consisting of 176 items, with a consumption frequency of 554, Category “B” items were
found to be consisting of 155 items, with a consumption frequency of 159, and Category “C”
items were found to be consisting of 589 items, with a consumption frequency of 79.

Figure 5-11 (a), (b) & (c) show Pareto diagrams obtained from all three classifications.
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Figure 5-11: (a), (b), & (c) Pareto diagram based on consumed quantity, value, and frequency during

2012 [Source: Author]

510 CLASSIFICATION ACCORDING TO RECEIPT QUANTITY, VALUE AND
FREQUENCY DURING 2012

The first classification is based on sorting of spare parts items in descending order with

respect to their net received quantities in 2012, and calculating the cumulative received

quantity of items, so as to enable plotting Pareto diagram. As a result Category “A” items

were found to be consisting of 68 items, with a received quantity of 2,870 units, Category

“B” items were found to be consisting of 111 items, with a received quantity of 825 units,

and Category “C” items were found to be consisting of 741 items, with a consumed quantity

of 410 units. The second classification is based on sorting of spare parts items in descending

order with respect to their net received values in 2012, and calculating the cumulative receipt

value of items, so as to enable plotting Pareto diagram.
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As a result Category “A” items were found to be consisting of 64 items, with a received value
of 6,490,972 CZK, Category “B” items were found to be consisting of 93 items, with a
received value of 1,860,154 CZK, and Category “C” items were found to be consisting of 763
items, with a received value of 938,434 CZK.

The third classification is based on sorting of spare parts items in descending order with
respect to their frequency of receipt in 2012, and calculating the cumulative value of items, so
as to enable plotting Pareto diagram. As a result Category “A” items were found to be
consisting of 252 items, with a receipt frequency of 389, Category “B” items were found to
be consisting of 111 items, with a receipt frequency of 111, and Category “C” items were
found to be consisting of 557 units, with a receipt frequency of 55.

Figure 5-12 (a), (b) & (c) show Pareto diagrams obtained from all three classifications.
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Figure 5-12 (a), (b), & (¢): Pareto diagram based on received quantity, value, and frequency during 2012
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5.11 COMPARISON BETWEEN DIFFERENT ABC CLASSIFICATION SYSTEMS

The current quantity of inventory could be divided three categories, according to items

category “A”, “B”, and “C”, throughout the years 2010 to 2012, with number of units equal

to 4,931, 1,418 and 705 respectively, and inventory value of 10,373,956, 2,984,729, and

1,493,382 CZK respectively as presented in Figure 5-13.

The consumed quantity of inventory could be divided three categories, according to items

category “A”, “B”, and “C”, throughout the years 2010 to 2012, with number of units equal

to 6,610, 1,904 and 952 respectively, and during the year 2012, number of units was found to

be 2,590, 753, and 371 respectively.
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Figure 5-13: ABC classification comparison according to net current quantity and value [Source: Author]
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The receipt quantity of inventory could be divided three categories, according to items
category “A”,“B”, and “C”, throughout the years 2010 to 2012, with number of units equal to
7,170, 2,065 and 1,031 respectively, and during the year 2012, number of units was found to
be 2,870, 825, and 410 respectively as shown in Figure 5-14 (a) in the next page.

The consumed value of inventory could be divided into three categories, according to items
category “A”,“B”, and “C”, throughout the years 2010 to 2012, with total consumed value
equal to 14,721,533, 4,273,249, and 2,112,234 CZK respectively, and during the year 2012,
total consumed value was found to be 5,266,953, 1,543,227, and 757,326 CZK respectively.
The receipt value of inventory could be divided three categories, according to items category
“A”“B”, and “C”, throughout the years 2010 to 2012, with total received value equal to
16,171,301, 4,638,894, and 2,322,093 CZK respectively, and during the year 2012, total
received value was found to be 6,490, 972, 1,860,154, and 938,434 CZK respectively, as
shown in Figure 5-14 (b) in the next page.

The frequency of inventory consumption could be divided into three categories, according to
items category “A”, “B”, and “C”, throughout the years 2010 to 2012, with consumption
frequency equal to 1,464, 397 and 230 respectively, and during the year 2012, consumption
frequency was found to be 554, 159, and 79 respectively.

The frequency of inventory receipt could be divided into three categories, according to items
category “A”,“B”, and “C”, throughout the years 2010 to 2012, with receipt frequency equal
to 829, 238 and 119 respectively, and during the year 2012, receipt frequency was found to
be 389, 111, and 55 respectively, as shown in Figure 5-14 (c ) in the next page.

-4] -



Optimization of industrial spare parts inventorics’ management system improving machine availability within

production processes in a selected organization

Master’s Thesis

Tamer Abdelhadi

[Consumed and received quantity of inventory from 2010 to 2012 and in 2012

AT

Caligery & Calipery B Catipary ©

W Corsumed guantity 2010-2012 = Conswemed quantity 2002 8 Received quantity 2000 -3012  ® Received quandity 2012

5-14 (a)

18.000.000

16000000

14,050,000

12,050,000

00000000

8,000,000

&, 000,000

A, D00 000

200 0

[Consumed and received value of inventory from 2010 to 2012 and in 2012|

16,171,301

14711533

4.173.149

ZAILORE

1112.134

B Consumed value 2010 - 2012

Catepery €

Calegony A

B Consumed value 2012 B Received value 2010-2012 B Received value 2012

5-14 (b)

|Consumption amd receipt frequency 2000-2012 and 2012 |

Le00

1454

Catogory & Catogory B Category €

B Receipt irequenty 2012 B Corsumption freqguency 2012 B Receipt frequency 2010 - 2012 B Consumplion frequency 2010 - 20132

514 (c)

2014

Figure 5-14: (a), (b) & (¢) ABC classification comparison between consumed and received quantities,

values, and frequencies from 2010 to 2012 and during the year 2012 [Source: Author]
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5.12 CALCULATION OF SAFETY STOCK

The data provided by VALEO Rakovnik contains calculated quantities for each item
considered as a safety stock, which is generated by their used Software “SAP®”, which
assigns automatically a quantity of safety stock, when the inventory falls below a
predetermined maximum stock level.

New calculations are introduced in this study, aiming to recalculate the safety stock quantities

for each item implementing Microsoft Excel® functions, according to the following formula

(Piasecki et al., 2009).
Equation 5-1: Computation of safety stock using MS Excel

S.Scalcutaed™ STDEV(C1:C24) * NORMSINV(P) * SQRT(LT) a7
Where: S.Scalculated : Calculated safety stock.
STDEV(C1:C24) : Standard deviation of consumption demand of spare parts during
24 months from 2010 to 2011.
NORMSINV(P) : Inverse of standard normal cumulative distribution with
probability of service level “P”,
SQRT(LT) : Square root of lead time “LT”,
Lead time demand is calculated by summation of forecasted consumption demand in 2012,
which is calculated according to both weekly and monthly consumption demand history from

2010 to 2012, which was done in steps as shown in Figure 5-15.

Result in obtaining an automatically generated report

StepLilnitate ool lable = showing daily consumption and sorting of 733 items

¢ as per their serial stock numbers.

Step 2: Sum Consumption demand of Spare
—» Convert daily consumption to weekly consumption

Parts
Step 3: Copy data of weekly consumption = Obtain new Excel sheet where rows and columns could
demand be arranged

v

Generate a list of spare parts based on weekly

Step 4: Exclude consumable items (i.e. O-rings) [ "
consumption.

Y

Step 5 Match generated final spare parts list o Additional items are added to the generated list to form
with original list of spare parts, which includes S00iters i total.

all items on stock

Step 6: Add weekly consumption of spare parts Generate a list of spare parts based on monthly
for each month [—> consumption.

Figure 5-15: Steps of data conversion into weekly and monthly consumption demand [Source: Author]
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The value of calculated safety stock could then be calculated by multiplying safety stock
quantities by the unit price of each item, and then comparing it with the safety stock value
obtained from existing safety stock quantities. An amount of reduction in safety stock values
was produced, which indicates a good initial step forward.

5.13 CALCULATION OF REORDER QUANTITY

Lead time demand for examining a time series during the year 2012, is calculated by
summing consumption demand forecast obtained from previous year 2011, based on selected
lead time, when spare part requirement is determined, and being available in stock. Total
numbers of 900 spare parts items were considered excluding 20 items, having neither

consumption demand movement nor quantities in stock, as listed in Table 5-2.

List of excluded items from calculation of ROP & Safety Stock of items
! Those items do not have neither movement nor guantity in stock
Original item Category /Serial e Beseripiion
Category Number number
... TtemCategory: 6. Bearings _
342 | 1IS702015  |THK SHS20 FN7L141
. Ttems Category: 11. Electronic components & Cards
521 LIS1304010 Li baterie 14250CNA, GME 542-016
532 LIS1401006 EBARA CNEB0027 (Serpadlo 3ME 40-160/4)
533 LIS1401007 Vodama ISH CNIS0065 (ISH 50NHD16C' 14LC2001)
e Item Category: 12. Greenbox cooling, & pump accessories
551 [ LIS1404008 |Zpétnd Klapka 3/4" DN20 PN25
. Ttem Category: 15. Heating moulds and machines
701 LISITODOBO HTFR36251430 YUDO
702 LIS1705031 HTFR36250530 YUDO
704 LIS1705033 25x100mm 240V 820W YUDO HTFR36250830
. Item Category: 16. Process autemation, robot (FESTO)
788 | LIS1804023  [Kyvny pohon DSR-25
. Hems Category 17: Water Hoses and Hydraulic fittings =~
827 LIS1901010 T-kus M18x1,5 bm
828 LIS1901011 T-kus M18x1,5 sm
829 LIS1901012 Koleno 3/8" zm
830 LIS1901013 Koleno 3/8" zz
831 LIS1901014 Koleno M18x1,5 zz
832 LIS1901015 Zaslepka 12/M18x1,5
833 LIS1901016 Matice M18x1,5
834 LIS1901017 Zaslepka kuzel 12/M18x1,5
835 LIS1901018 Zaslepka 3/8"
836 LIS1901019 S‘pojka 3/8" - 1/2"
e e _ Items Category: 19. Conveyor system (ATYKO) =
875 | LISZIOIOOO | Frekv.méni¢ Optidrive ODE-2-12075-1KB12. Invertek LZ

Table 5-2: List of excluded spare part items

Forecasting methods in section 4.4 were implemented to calculate intermittent consumption
demand forecast, in which a period of five months was used in computing simple and
weighted moving average, while a smoothing factor of 0.1 was used in computing
exponential smoothing, Croston and modified Croston’s methods, in addition to
Bootstrapping method, in which 20 samples were used with replacement equal to the number
of months corresponding to lead time, creating a bootstrap scenario of demand over the lead

time, that build a statistically robust picture of the lead time demand distribution, where most
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of values are zero, from the 36 values from 2010 to 2012. The Reorder quantity is calculated
based on the following formula:
Equation 5-2: Computation of re-order quantity using MS Excel®
R~ 8. Sz L- E. B (18)
Where: R : Reorder quantity.
S.Scaiculatea  : Calculated safety stock.
LTD - Lead time demand obtained from forecasting spare part consumption

during lead time.

As per VALEO Rakovnik practice, spare parts are ordered in lots from their suppliers.
Accordingly, it was necessary to insert a new column, determining the quantity of so called
“Fixed lot size”, defined with regard to calculated re-order quantities, in the sense that if the
re-order quantities fall below five pieces, the fixed lot size would be equal to one, and if not,

fixed lot size would be equal to 5.
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Figure 5-16: Sample of demand consumption applying Croston’s forecasting method [Source: Author]
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The maximum quantities on stock were calculated from the following formula:
Equation 5-3: Computation of maximum quantity in stock using MS Excel®
Qmax = (R — 1) + QFixed (19)
Where: Qumax - Maximum quantity on stock
R : Re-order quantity
Qrixea : Fixed lot size
The average aggregate quantity on stock is calculated from the following formula:

Equation 5-4: Calculation of average aggregate quantity using MS Excel®

Qavg = (Qmax— S.Scalculated)’2 + S.Scalculated (20)
Where: Qave : Average quantity on stock
The values of calculated safety stock quantities, and average inventory quantities could be
calculated within the Excel® sheet calculations, by multiplying calculated quantities by the
unit price for each item, and summing all values together. By subtracting the calculated safety
stock value from the current value of safety stock, an amount reduction in safety stock could
be examined. Similarly, by subtracting the sum of calculated average inventory value on
2012 from the sum of on-stock inventory value as on 2012, the amount reduction in average
inventory value could be examined.
5.13.1 MINIMUM CONSUMPTION LEAD TIME DEMAND CONSIDERATION
Initial calculations considering the least possible lead time of one month for all of the items,
with fixed service level of 99.9% to avoid stock-outs of items has been carried out.
Figure 5-17 shows calculation of consumption demand using one of applied forecasting
methods, which is Croston’s method, considering one month lead time.

le-ordes quantity calculation - MicrosoftExcel

] mmn 0 = o — E autolum
General - = - |
Enery Fjﬂ .@ _;:‘"d ;|n o rah\‘]'t ﬂ;,"-
' - = L Conditionsl  Format & B Elile Foimy
e - % » 2N Eormatting * &1 ThbbE= Shybs * 2 2 = # Clesr =
Plumber = Styles Celli 1
ar A aF
Forecasted consumplion wsing CROSTON METHOD during Lead time (1
Initial manth)
reqiremant of Lead Time
Forecasi Daemand
calculation
0.30
0.10
1.00
2.00 3.00
0.00
0.00
1.00
0.00

Figure 5-17: Croston’s forecasting method of consumption demand [Source: Author]

< 2B




Optimization of industrial spare parts inventories’ management system improving machine availability within
production processes in a selected organization
Master’s Thesis Tamer Abdelhadi 2014

The rest of formulas were used in calculating safety stock, re-order quantities, maximum

quantity and average inventory value, which is presented in Figure 5-18.

~ Min. LT - Re-order quantity calculation - Microsoft Excel i t
Wiew
; = Farl E Autosum r A ¥
We- |00 ~|| S Wrap Text General > gh::! = | | {ﬁ
R g : =—’§ - a1 3 & Fill - Z“?
£ | s Merge & Center ~ | § ~ 9, ({52 ;08 Conditional Format Cell Insert Delete Format 3 Sort & Find &
i Merg ‘ £ ey Formatting » as Table ~ Styles= = = - (2 Cear™  Fiter~ Select~
Alignment = Numier il Styles Cells Editing
agQ AR AS AT AU AY AY AZ BA BB BC )
¥alue of ¥alue of | Saving in ok rok
o Lead | Calculated | calculated Unit |Current | current Safety |0
g“['d:."i ?"’:ee Time Safety safety R:a':l'i’f' B:ar;:!:t Price | Safety safety Stock m”":mz!
eaation | - aston| e aotor Stock stock q 3 q int [CZK] | Stock stock Yalue E’gf:]
(CZK) (C2K) (CZK) i
2.061 [3.030 | 1000 6 185327 3 5 13 B8 |29 | 1w 2,910.00] 1056.73| 5238.00] 26777
1517 [3.090 | 1000 5 13530 5 1 5 n |29 | 1w 2,300.00f 1,540.83| 3,190.00 1,353.11

Figure 5-18: Calculation of inventory value based on minimum lead time of one month [Source: Author]

As a result, relatively low sum of safety stock values, computed as 2,917,941 CZK, while
sum of average inventory values has considerably decreased. It is noted that forecasting of
consumption demand utilizing Bootstrapping method has resulted in achieving minimum
value of average inventory of 3,390,804 CZK.

5.13.2 MAXIMUM CONSUMPTION LEAD TIME DEMAND CONSIDERATION
Maximum lead time of 12 months is considered as a second trial involving change of one of
influencing parameter which is the lead time in Excel® sheet calculations for all of the items,
where a fixed service level of 99.9% to avoid stock-outs of quantities in stock remained the
same. Figure 5-19 shows calculation of consumption demand using one of applied

forecasting methods, which is Bootstrapping method, considering twelve months lead time.

© Max. LT - Re-arder quantity calculation - Microsoft Excel
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Figure 5-19: Bootstrapping forecasting method of consumption demand [Source: Author]
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The rest of formulas were used in calculating safety stock, re-order quantities, maximum

quantity and average inventory value, which is presented in Figure 5-20.

e e i : E 11 - Max, LT - Re-order quantity calculation - Microsoft Excel L?M
gelayout  Fomulas  Data  Rewlew  View  Nilro POF Professional Pl B AR h kel ; e
12 A N [ E‘!'&ﬂ.iw - i General ﬁ _% Eﬁ; 3‘ _,?\ _Z«j %:::fsum - %]‘y ;?3
S B R ey S [SGGHEIE Coo [ o8 |k B L e e
Font = ; Alignmeit 'f Nm:ﬂhi“r_ = .r.‘ & styles Celis o Editing
| AR LI IO TIONIS12 ' &
i B 8l BK BL BM BN 50 BO B8R BS BT 5U BV _é
Standard | Service |LeadTime| Calculated “"‘"-‘;’am Re order Currant | Unit Price C:;':: ‘;-“r:::: sls[:"u"‘gt:’:*
Deviation | Factor | Factor | Safety Stock m"‘mﬁ"’k czxy | SRty quantity | (czK) | eV mﬁw e .
2.081 | 3.090 | 3.484 22 541001 49 5 53 18 291 10 201000] 850901 5238.00]  10,908.58
1.517 3.090 | 3.484 18 470808 21 5 25 " 290 10 2.900.00] -1.808.08| 3,190.00 6.005.83
2.838 3.080 | 3484 30 10.937.17| 54 5 58 17 380 10 3,600.00| -7.337.17| 6.12000]  15.023.17
4.950 3.090 | 3.484 53 2077068 57 5 81 14 382 10 392000 -16,850.69) 5488.00| 2232889
1414 3.090 | 3.484 15 440544, 28 5 30 21 291 8 232600, 207744 6,111.00 6.631.50|
1.165 3.090 | 3.4e4 12 300371 18 5 22 o 243 5 121500, -1.78871] 1.701.00 4,157.96

Figure 5-20: Calculation of inventory value based on maximum lead time of 12 months [Source: Author]

It was observed that high safety stock value of 9,546,520 CZK was obtained, while a
remarkable increase in re-order quantities occurred, leading to reaching higher values of
inventories. It is noted that forecasting of consumption demand utilizing weighted n-period
moving average method has resulted in achieving minimum value of average inventory of
14,883,854 CZK.

5.14 SELECTION OF BEST FORECASTING METHOD

Different lead times are considered, while repeat calculations of safety stock and re-order
quantities, at a service level of 99.9%. This is done by creating an individual Microsoft
Excel® spreadsheet for each of the six forecasting methods implemented, each includes five
spreadsheets for one, two, three, five, and seven months lead time. A sample calculation
considering three months lead time is presented in Figure 5-21.

 Bxponential Smoothing - Microsoft Excel

= gE

Flspit | 1iv

i) J...{:K

= Hid 5
Zoom 100% Zoomto Mew Arange Freeze ﬁ j‘ &
Selection | Window Al  Panes~ _ i Uni Hdf
Zsmr_rl Wi
AN 20 AP AQ
_ Forecasted consumption using EPONENTIAL
= o - Lead Time
§ e Demand
& E
010 029 [ o029
100 | 680 | 290
_ : 1.10 Sy 3.19
060 | odo 0.09 0.19
_ a6e 000 0.00 0.00
000 000 0.10 0.10

Figure 5-21: Exponential Smoothing forecasting method of consumption demand [Source: Author]
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Figure 5-22 shows a sample MS Excel® spreadsheet, which calculates safety stock
quantities; te-order quantities, maximum quantity on stock, based on implementing

exponential smoothing demand forecasting method, considering three months lead time.

Cwts Bt igw L3
4 Faimuls Bar 5 [ 1 B Cltem 11 iew Side by Tade =
" o Hesdiegs "‘-E ‘:SJ _'i' E ﬁ = e A} Sreschranoun Srolling E‘ ;E —a
Toam 100 Zoombe | Mew  Ameede Freese o Sawe fein  Maoies
# Par Leigction  Window 2 Pangd = JUnkide | o] Rt Winsdow Pacan Warkipste Windire - -
Sharen e Loom Winghaw Relgiras
AR I AS I AT I Al I A I ] I Ba I B B
Valua of Value of Saving im
standord | Sorvico | 100 | Calculated | calculated | G| currom | Sabory
Daviaticn | Factor 3 Sadety Saock| salety stock C2K) | Stoc salety stock | Stock Valee
ICIK) (LK) [i=s]
2.081 3.080 1732 " 3.200.05 i L] 15 18 Fell 10 261000 00 05
1.817 3080 1732 ] ammr 11 ] 18 " 80 10 2.900.00 545 06
2838 | 2080 | 1732 15 546858 18 5 22 17 | 0 | 0 agoooo| -1.86858
4,950 3.080 1732 26 w27 L] £l 14 392 10 3.020.00 -E.ﬂ.&ll
1414 3080 1732 8 220272 -] -] 12 21 01 & 2,328 00 12528
1,188 3060 | 1732 & 150185 B ] 10 7 242 5 1,21500]  -28685

5-22: Calculations based on exponential smoothing forecasting method [Source: Author]

The summation of average inventory values is compared from obtained values using six
different demand forecasting methods, which are simple moving average, weighted moving
average, exponential smoothing, Croston’s, modified Croston’s, and Bootstrapping
forecasting methods, as a result of using different lead times.

The error in forecast in each of the Microsoft Excel® spreadsheets is calculated using five
measures, presented in section 4.5, which is done by inserting three columns in all

spreadsheets, as shown in Figure 5-23. which represents:

(A -Fy) : Difference between actual and forecasted consumption demand.
(AtF)/2 : Half the sum of actual and forecasted consumption demand.
(A - F)y2 : Difference between actual, and forecasted consumption demand squared.
AL W -t
- %
B @

[} Maciot

Hall ithe sum of
Difference

betwoun Actual ::u::::
it | S w2

desmnard (& - Fi) ::n:;ﬂ

361 2 165 30321 5 258 .00 3.548. 10

09 245 0.1 318000 3,554 5||
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Figure 5-23: Forecast error calculation and calculation of average inventory value based on 3 months lead
time [Source: Author]
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Measures of forecast error are calculated in each of 30 Microsoft Excel® spreadsheets,
include Mean absolute deviation (MAD), Mean absolute Percentage error (MAPE),
Symmetric mean absolute percentage error (S-MAPE), Adjusted Mean Percentage Error (A-
MAPE), and Root Mean square deviation (RMSD), which can be viewed in Figure 5-24.

gy A k™ R
t 1} View Side by Side 5 ﬁ =
il Serolling —

N e ) Save Switch Macros
s« Reset Window Position Workspace Windows =
Wiindow Macras
BD BE BF BG BH
|MAD Mean Absolute Deviation 2.470
[MaPE Mean Absolute Percentage Error 0.391
S-MAPE Symmetric Mean Absolule Percentage Error 0.180
A-MAPE Adjusted Mean Absolute Percentage Error 3.523
RMSD Root Mean Square Deviation 19.416

Figure 5-24: Calculation of forecast error [Source: Author]

The least values of forecast error could be identified using Croston’s and modified Croston’s,
consumption demand forecasting methods, where they resulted in same amount of calculated
safety stock value, and for the average inventory value, it was the same considering lead time
of one and two months, and started to change considering three, five, and seven months,
which was observed to be less in Croston’s Method, at a value of 6,271,692 CZK and
10,589,327 CZK, for three and seven months lead time respectively.

However, selection of most appropriate demand forecasting method was based on comparing
forecast error measures obtained using one, two, three, five, and seven months lead time of
MAD, which were respectively 0.319, 0.501, 0.840, 1.399, and 1.827 for Croston’s method,
while 0.319, 0.501, 0.854, 1.400, and 1.859 for modified Croston’s method, measures for
MAPE were respectively 0.001, 0.124, 0.133, 0.139, and 0.130 for Croston’s method, while
0.169, 0.124, 0.135, 0.139, and 0.132 for modified Croston’s method, measures for S-MAPE
were respectively 0.183, 0.144, 0.158, 0.135, and 0.124 for Croston’s method, while 0.183,
0.144, 0.158, 0.134, and 0.125 for modified Croston’s method, measures for A-MAPE were
respectively 0.007, 1.120, 1.198, 1.247, and 1.171 for Croston’s method, while 1.519, 1.120,
1.219, 1.247, and 1919 for modified Croston’s method, measures for RMSD were
respectively 1.628, 2.593, 3.386, 5.162, and 5.667 for Croston’s method, while 1.628, 2.593,
3.428, 5.184, and 5.763 for modified Croston’s method.

Accordingly, Croston’s demand forecasting method is considered as the best method with

least error in forecast, which can be observed in Table 5-3, 5-4, and 5-5.
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Table 5-3: Forecast accuracy comparison for simple and weighted moving average methods

Table 5-5: Forecast accuracy comparison for Modified Croston’s and Beotstrapping methods
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6 REPORT OF FINDINGS AND PROPOSED SOLUTION
The outcome of categorizing the spare parts inventory using ABC classification system,
based on prioritizing of items according to different criteria, as described previously in

section 5.6, 5.7, 5.8, 5.9, and 5.10 is presented in Table 6-1.

Net current quantity and value
Current Stock| Current Stock
Quantity Value (CZK)
Category A 4,931 10,373,956
Category B 1,418 2,984,729
Category C 705 1,493,382

(a)

Consumed and received quantity, value, & frequency from 2010 to 2012
Consumed Received Consumed | Received Value |Consumption Receipt
Quantity Quantity Value (CZK) (CZK) Freqguency Frequency
Category A 6,610 7,170 14,721,533 16,171,301 1,464 829
Category B 1,904 2,065 4,273,249 4,638,894 397 238
Category C 952 1,031 2,112,234 2,322,093 230 119
(b)
Consumed and received quantity, value, & frequency during 2012
Consumed Received Consumed | Received Value |Consumption Receipt
Quantity Quantity Value (CZK) (CZK) Frequency Frequency
Category A 2,580 2,870 5,266,953 6,490,972 554 389
Category B 753 825 1,543,227 1,860,154 159 111
Category C 371 410 757,326 938,434 79 55
(c)

Table 6-1: ABC Classification system according to (a) Net current guantity and value , (b) Consumed and
received quantities, values, and frequencies from 2010 to 2012 (¢) Consumed and received quantities,
values, and frequencies during 2012

Calculation of lead time demand of spare parts, utilizing different forecasting methods has
resulted in obtaining different sums of average inventory values. At minimum lead times of
one month described in section 5.13.1, sums of inventory values were below 5,000,000 CZK,
whereas at maximum lead time of 12 months described in section 5.13.2, sums of average
inventory values were higher than 14,000,000 CZK, while current value of inventory is

14,891,227 CZK, which can be observed in Figure 6-1, and Table 6-2 in the next page.

Bootstrapping

Modified Croston's

Croston's

Exponential Smoothing

Weighted Moving Average

Simple Moving Average

0 5,000,000 10,000,000 15,000,000 20,000,000
i Calculated average inventory value (Maximum Lead time)

& Calculated average inventory value {(Minimum Lead time)

Figure 6-1: Calculated sum of average inventory value [Source: Author]
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Lead time demand Sum of Average value of inventory (CZK)

Forecasting method Minimum Lead time (one month) | Maimum Lead time (12 months)
Simple Moving Average 3,715,387 15,425,878
Weighted Moving Average 3,599 461 14,883,854
Exponential Smoothing 3,740,454 17,251,315
Croston's 3,474,079 15,809,825
Maodified Croston's 3,474,079 15.777.565
Bootstrapping 3,390,804 16,155,638

Table 6-2: Obtained sums of average inventory value

The same calculations were repeated considering different lead times starting from one, two,
three, five, and seven months, so as to select the most appropriate spare parts consumption

demand forecasting method, based on lowest forecasting error obtained.

i
Calculated Average Inventory value|
i
20,000,000 i
—+—-Simple Moving 5
18,000,000 — s 2 Ui SR o (ST = Average ’
g 16,000,000 ~@=Weighted Moving
= Average
g 14,000,000 ~z~Exponential L
a N 1
Smooth
E 12,000,000 moothing |
& | ~=Croston's ;
E 10,000,000 |
>
= 8,000,000 ~~Modified Croston's
L
i = 6,000,000
i = ~i-Bootstrapping
4,000,000 -
2,000,000
0
0 2 4 3] 8
Lead Time (Months}

Figure 6-2: Calculated Average inventory value using different forecasting methods [Source: Author]

6.1 IMPLEMENTATION OF CROSTON’S FORECASTING METHOD

The most appropriate method for forecasting consumption demand of spare parts was found
to be Croston’s method, as presented in section 5.14. A Microsoft Excel® spreadsheet was
created aiming to implement the calculations of inventory levels at VALEQO Rakovnik. This
was done by considering the actual lead times for each of the items, that was inserted in
SAP® software, which are 5, 7, 10, 14, 15, 20, 25,30, 40, 60, 120, and 180 days.

The first calculation is done aiming to forecast weekly demand of spare parts in the year 2012
based on weekly consumption demand from 2010 to 2012, considering lead times in weeks,
whichare 1, 2, 3,4, 6,9, 17, 26 weeks as shown in Figure 6-3 in the next page.

The second calculation is done based on approximated values of lead times aiming to forecast

monthly demand of spare parts.
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Figure 6-3: Forecasting consumption demand of 2012 based on weekly consumption demand from 2010 to
2012 [Source: Author]

Lead times ranging from 5 to 30 days, holds for the majority of items kept on stock, were
approximated to one month in the calculations. Similarly lead times ranging from 40 to 60
days, were approximated to two months in the calculations, 120 days lead time was
considered as 4 months lead time , and finally 180 days lead time was considered as 6 months

lead time as shown in Figure 6-4.
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Figure 6-4: Forecasting consumption demand of 2012 based on monthly consumption demand from 2010
to 2012 [Source: Author]

The majority of items have one month lead time; safety stock was calculated for these items
as zero quantities, due to intermittent demand of spare parts. Subsequent to discussions made
with VALEO Rakovnik, it was recommended to keep at least one item in each type of spare
part on stock. Hence a column was inserted into the Microsoft Excel® sheet calculations,
named “Calculated safety stock correction”; using IF function, when the calculated safety
stock quantity is less than or equal to zero, then safety stock quantity is corrected to one, if

not, the calculated quantity remains the same, accordingly re-order quantities were calculated,
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and values of average inventory, safety stock, and maximum inventory were calculated,

which can be observed in Figure 6-5.

R T e s T T oo
Page Laysut Formulay Duts | Revies bl ¥ -2x
L1 ] A Canaactsana T & Clamt - - Iy [0 - t #3 fhom Dyta
I ] o | ﬁ 5 Progerier u Ej r 1 Brsppiy E- j -L ‘E} 5-; %J j—J 3 tde Detad
Hhi Easting Rafrgih §l Bt Ftr Iﬂﬂtll Rpmard Cues  Lomcpldste éhat ¥ G"H m Fasbtatal
#u-  Confachioni = Am- = Dok Hpadanced | ¢oumai Drpbita Vabdaon - Aryii -
W L0 Tt B Pl
p—1
B ay ] Ax Az [ (] [ [ C
i | a2 | (-SRI e,
L | ol || Pa—senden Pries
Tims ¥ apios Fnian ﬂ E i i
T zmn leam | wew | as 5 [ w 5 @
T [ELENEE N as [ [} 0 =]

Figure 6-5: Calculating average inventory, safety stock, & maximum inventory values [Source: Author]

6.1.1 CONSUMPTION DEMAND FORECAST VERIFICATION
The Microsoft Excel® spreadsheet is developed to enable changing parameters of
calculations and provide an automatically generated inventory management tool, by entering

any value for service level, lead time, and fixed lot size.
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Figure 6-6: Automatically generated inventory management tool during 2012 based on forecasting weekly
spare parts consumption [Source: Author]

This is done by assigning individual cells for service level, lead times, and fixed lot size,
where values are entered, and are kept as reference cells connected with use of IF Function in
a column named “Lead time demand”, to enable changing lead times, and calculating lead
time demands accordingly, SQRT Function in a column named “Lead time factor”,
NORMSINV Function in a column named “Service Factor”, and IF Function in a column
named “Fixed Lot Size”, when calculated re-order quantity is less than five, then fixed lot

size is equal to one, if not, then fixed lot size is equal to five, as shown in Figure 6-6.
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Forecasting the demand for both weekly and monthly consumption of spare parts has been
carried out during the year 2012, to verify the accuracy of calculations, in which re-order
quantities are calculated based on corrected values of safety stock, with an ability to change
parameters of service level, lead time, and fixed lot size.

At 95% Service level an amount saving of 1,085,525 CZK in average inventory value and
4,196,883 CZK in safety stock value during 2012 were obtained based on forecasting weekly
consumption demand in 2012. At 99% Service level an amount saving of 1,226,695 CZK in
average inventory value and 4,267,205 CZK in safety stock value during 2012 were obtained
based on forecasting monthly consumption demand in 2012,

6.1.2 CONSUMPTION DEMAND FORECAST VALIDATION

Forecasting the demand for both weekly and monthly consumption of spare parts has been
carried out during the year 2013, which is unknown in reality, as an approach to allow
implementation of calculations at existing ordering system in VALEO Rakovnik, in order to
validate the calculations, and use the calculated re-order quantities based on corrected values
of safety stock, with the ability to change parameters of service level, lead time, and fixed lot

size as described in previous section 6.1.1, which is presented in Figure 6-7.
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Figure 6-7: Automatically generated inventory management tool during 2013 based on forecasting
monthly spare parts consumption [Source: Author]

At 91% Service level an amount saving of 871,694 CZK in average inventory value and
3,746,232 CZK in safety stock value during 2013 were obtained based on forecasting weekly
consumption demand in 2013. At 98% Service level an amount saving of 833,080 CZK in
average inventory value and 3,794,907 CZK in safety stock value during 2013 were obtained

based on forecasting monthly consumption demand in 2013.
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6.2 PROPOSED SOLUTION

An optimum level of inventory is achieved by utilization of a reliable inventory management
system, which consists of changing different parameters which affect the inventory levels,
consist of service level and lead times, consequently changes the value of safety stock and re-
order quantities. Critical items which have high cost of replacement with new parts and down
time, in case of their non-availability are identified resulting in placing optimum inventory
policies. Hence, all spare parts components are categorized according to ABC classification
system, where items are sorted in descending order based on the current on-stock value of

each item, as shown in Figure 6-8.
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Figure 6-8: Sorting of items as part of ABC Analysis [Source: Author]

Groups of items are identified based on setting boundaries of 70%, 20%, and 10% of total
inventory value for category “A”, “B”, and “C” items respectively, which can be viewed in
Figure 6-9 in the next page, which shows Pareto diagram on primary axis, representing
relation between cumulative On-stock inventory value and number of items. Besides, a

relation between on-stock inventory value and number of items, on secondary axis.
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ABC Analysis - Relationship between cumulative value of stock and number of items
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Figure 6-9: Pareto diagram according to value of each item on stock [Source: Author]

There are two calculations made after categorizing spare part items using ABC classification
system, which are described as follows:
Firstly, the value of re-order quantity for each item is calculated, based on forecasting of

spare parts monthly consumption demand in 2013, as presented in Figure 6-10.
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Figure 6-10: Calculated inventory values of 2013, obtained from ABC analysis, based on forecasting
monthly consumption demand [Source: Author]

Accordingly, the values of average inventory, maximum inventory, re-order quantities, and
safety stock for each of category “A”,”B”, and “C” spare parts items is calculated, where at
99%, 95%, & 90% Service level accounts for items category “A”,”B”, and “C” respectively.
An amount saving is reached when comparing with same values during previous year 2012,
which are 1,448,051 CZK in average inventory value, and 4,235,479 CZK in safety stock

value based on forecasting monthly consumption demand in 2013.

- 58-



Optimization of industrial spare parts inventories’ management system improving machine availability within
production processes in a selected organization
Master’s Thesis Tamer Abdelhadi 2014

Secondly, The value of re-order quantity for each item is then calculated, based on
forecasting of spare parts weekly consumption demand in 2013, which is presented in
Figure 6-11.
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Figure 6-11: Calculated inventory values of 2013, obtained from ABC analysis, based on forecasting
weekly consumption demand [Source: Author]

The values of average inventory, maximum inventory, re-order quantities, and safety stock
for each of category “A”, “B”, and “C” spare parts items is calculated, where at 92%, 91%, &
90% Service level accounts for items category “A”, “B”, and “C” respectively, an amount
saving is reached when comparing with same values during previous year 2012, which are
of 489,769 CZK in average inventory value, and 3,565,427 CZK in safety stock based on
forecasting weekly consumption demand in 2013.

6.3 ECONOMIC EVALUATION

As an outcome of implementing Microsoft Excel® spreadsheet calculations, the amount of
saving in safety stock value and average inventory value could be identified, in which an
ability to change the parameters of service level, and lead time exists, so as to find the
optimum value of savings. Figure 6-12 in the next page shows a relationship between
different levels of inventories and time.

The re-order level represents sum of forecasted lead time demand and calculated safety stock,
both are calculated accurately using Microsoft Excel® spreadsheet calculations, in which at
this level, a procurement order is placed, which requires a lead time until its fulfillment and
therefore no stock outs occur for any of a spare part components, based on calculated re-order
quantities.

The amount of saving in safety stock value is calculated by subtracting the sum of current
safety stock value as on 2012, and the sum of calculated safety stock value as on 2013.

The amount of saving in average inventory value is calculated by subtracting the sum of
current on stock inventory value as on 2012, and the calculated sum of average inventory

value as on 2013.
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Figure 6-12: Relationship between inventory on hand and time [Source: Author]

6.3.1 RESULTS OBTAINED WHEN CHANGING SERVICE LEVEL AT SAME
LEAD TIME

Different percentages of service levels are entered in the Microsoft Excel® calculations

considering same lead time for each item, according to consideration of weekly and monthly

spare parts consumption demand, resulting in obtaining different values of safety stock,

average inventory, and maximum inventory, which can be observed in Table 6-3 and 6-4.

Case 1: Changing service level at the same lead times (Monthly Spare Parts Consumption)
Current Calculated Inventory values in 2013 [CZK] at
Type of Inventory on hand value of different service levels [%
2012 [CZK]| 96% 97% 98% 99%
Average Inventory 14,891,227 |113,230,187| 13,599,312 | 14,058,147 | 14,602,548
Maximum Inventory 13,734,374 | 14,221,391 | 14,805,088 | 15,367,507
Safety Stock 17,106,113 |12,725,999| 12,977,233 | 13,311,206 | 13,837,589
Amount Saving achieved in Case 1 (Monthly Spare parts Consumption)
Service Level [%] 96% 97% 98% 99%
Amount Saving in Safety Stock [CZK] 4,380,115| 4,128,880| 3,794,907| 3,268,525
Amount Saving in Average Inventory [CZK] | 1,661,040 1,291,915 833,080 288,679

Table 6-3:Case 1: Results obtained at different service levels with same lead times (Monthly consumption)

[Source: Author]

Case 2: Changing service level at the same lead times (Weekly Spare Parts Consumption)
Current Calculated Inventory values in 2013 [CZK] at
Type of Inventory on hand value of different service levels [%
2012 [CZK] 90% 91% 92% 93%
Average Inventory 14,891,227 (13,754,342 | 14,019,533 | 14,401,458 | 14,664,135
Maximum Inventory 14,315,233| 14,679,184 | 15,262,229 | 15,588,780
Safety Stock 17,106,113 [13,193,450| 13,359,881 | 13,540,686 | 13,739,491
Amount Saving achieved in Case 2 (Weekly Spare Parts Consumption)
Service Level [%] 90% 91% 92% 93%
Amount Saving in Safety Stock [CZK] 3,912,663| 3,746,232 3,565,427| 3,366,622
Amount Saving in Average Inventory [CZK] 1,136,885 871,694 489,769 227,092

Table 6-4: Case 2: Results obtained at different service levels with same lead times (Weekly consumption)

[Source: Author]
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6.3.2 RESULTS OBTAINED WHEN CHANGING LEAD TIME, AT DIFFERENT
SERVICE LEVELS

The majority of items were found to be having lead time of one month, which is increased to
two months, and two weeks according to monthly and weekly consumption demand
considerations respectively, resulting in reaching different values of safety stock, average

inventory, and maximum inventory, which can be observed in Table 6-5 and 6-6.

Case 3: Changing Lead times at different service levels (Monthly Spare Parts Consumption)
Tvpeiofuentonyonhang Current | Calculated value of 2013 [CZK] at different service
value of 94% 95% 96% 97%
Average Inventory 14,891,227 (13,863,513 | 14,085,969 | 14,357,969 | 14,777,772
Maximum Inventory 14,652,698| 14,881,568 | 15,171,745 | 15,699,311
Safety Stock 17,106,113 |13,074,329| 13,290,371 | 13,544,193 | 13,856,234
Amount Saving achieved in Case 3 (Monthly Spare Parts Consumption)
Service Level [%] 94% 95% 96% 97%
Amount Saving in Safety Stock [CZK] 4,031,784 3,815,742| 3,561,921 3,249,880
Amount Saving in Average Inventory [CZK] 1,027,713 805,258 533,258 113,455

Table 6-5: Case 3: Results obtained at different service levels & lead times (Monthly Consumption)
|Source: Author]

Case 4: Changing Lead times at different service levels (Weekly Spare Parts Consumption)
Type of Inventory on hand Current Calculated value of 2013 [CZK] at different service

value of 90% 91% 92% 93%
Average Inventory 14,891,227 [ 13,844,195| 14,114,184 | 14,500,419 | 14,766,853
Maximum Inventory 14,421,821 14,791,990 | 15,379,984 | 15,710,012
Safety Stock 17,106,113 | 13.266,570| 13,436,379 | 13,620,854 | 13,823,693

Amount Saving achieved in Case 4 (Weekly Spare Parts Consumption)

Service Level [%] 90% 91% 92% 93%
Amount Saving in Safety Stock [CZK] 3,839,543| 3,669,734 3,485,260| 3,282,420
Amount Saving in Average Inventory [CZK] 1,047,032 777,042 390,808 124,374

Table 6-6: Case 4: Results obtained at different service levels & lead times (Weekly Consumption)
[Source: Author]

6.3.3 RESULTS OBTAINED FROM ABC ANALYSIS

The value of safety stock, average inventory, and maximum inventory is determined form
Microsoft Excel® calculations, distributed for each category of spare parts items, were total
150 items at 16.7% of total items forms category “A” items, considered as critical items,
while 176 items at 19.6% of total items forms category “B” items, represents less critical
items, and 574 items at 63.8% of total items forms category “C” items, which are least
critical items.

Calculated value of safety stock, average inventory and maximum inventory is distributed for
each category of spare parts items with respect to ABC classification system according to net
current value of inventory, based on forecasting monthly consumption demand of spare parts

in 2013 as presented in Table 6-7 in the next page, which shows the inventory values
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calculated for each category of items “A”, “B”, and “C”, with high, medium, and low
inventory value respectively. For category “A” items, sum of calculated safety stock values is
6,377,294 CZK, sum of average inventory values is 6,651,343 CZK, and sum of maximum
inventory values is 6,925,391 CZK.

An amount saving of 1,448,051 CZK in average inventory value, and 4,235,279 CZK in
safety stock value were obtained based on forecasting monthly consumption demand in 2013,

considering at 99%, 95%, & 90% Service level, for items category “A”,”B”, and “C”

respectively.
Summary of ABC classification system
Category A B C
Criticality Critical  Less Cntlcai Least Critical Total
} Inventory Control Tight o R:::::tew . Minimum
'k Value of calculated safety stock (CZK] 6,377,294 1,370,181 i 5,123,160 12,870,635 &
; = 7Average inventory Value{CZK) 6,651,343 1,449,728 5,342,105 13,443,176
i Maximum Inventory Value {CZK) 6,925,391 ; 1,529;2?_8 : i 5,561,051 14,015,718
Quanity of items 150 176 574 300
Percentage of items 16.7% 19.6% 63.83% 100% |

Table 6-7: ABC Classification system according to net current value of stock based on monthly spare
parts consumption demand 2013 [Source Author]

Moreover, calculated value of safety stock, average inventory and maximum inventory is
distributed for each category of spare parts items with respect to ABC classification system,
according to net current value of inventory, based on forecasting weekly consumption
demand of spare parts in 2013 as presented in Table 6-8, which shows the inventory values
calculated for each category of items “A”, “B”, and “C”, with high, medium, and low
inventory value respectively. For category “A” items, sum of calculated safety stock values is
6,320,449 CZK, sum of average inventory values is 6,852,045 CZK, and sum of maximum
inventory values is 7,383,641 CZK. An amount saving of 489,769 CZK in average inventory
value, and 3,565,427 CZK in safety stock value were obtained based on forecasting monthly
consumption demand in 2013, considering at 92%, 91%, & 90% Service level, for items

category “A”,”B”, and “C” respectively.

[ Summary of ABC Analysis classification system
| Category = : B C
Criticality Critical - Less Critical : ! Least Critical Total
Inventory Control Tight Reasonably Accurate Minimum
| Value of calculated safety stock (CZK) | 6,320,449 |  1,546418 | 5672819 13,540,686
Average Inventory Value{CZK) 6,852,045 : 1,6.18,91'7 5,950,485 14,401,458
Maximum Inventory Value (CZK) 7,333;641 1.,691,'41 7 6,187,172 15,262,229
Quanity of items 150 176 574 900
"~ Percentage of items 16.7% 19.6% 63.8% 100%

Table 6-8: ABC Classification system according to net current value of stock based on weekly spare parts
consumption demand 2013 [Source: Author]
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7 INTERPRETATION AND DISCUSSION

Spare Part components are categorized using ABC classification system according to
different criteria. It was found that considering the consumption value of spare parts leads to
different amounts of saving in average inventory and safety stock values.

The inventory values calculated for each category of items “A”, “B”, and “C” with high,
medium, and low consumption value respectively based on forecasting monthly consumption
demand of spare parts in 2013, which can be seen in Figure 7-1. For category “A” items,
sum of calculated safety stock values is 6,514,568 CZK, sum of average inventory values is
7,085,086 CZK, and sum of maximum inventory values is 7,655,603 CZK.

An amount saving of 827,961 CZK in average inventory value, and 3,761,305 CZK in safety
stock value were obtained, considering at 99%, 95%, & 90% Service level, for items category

CLA?’,T)B’!, and CLCJ’ respectively.

Summary of ABC classification system
Category A B | c
Criticality - Crifical Less Crﬁicgi | LeastCritical Total
Inventory Control Tight . R::'s:?::t:w Minimum
Value of calculated safety stock (CZK) 6,514,568 1.8?'5,_‘?‘51. 4,954,490 13,344,809
Average Inventory Value(CZK) 7,085,086 1,991,150 4,987,031 ! 14,063,266
 Maximum Inventory Value (GZK) 7655603 | 2408580 | 5019512 | 14,781,723
| Quanity of items 82 137 681 900 _
| Percentage of items 9.1% 15.2% 75.7% 100%

Figure 7-1: ABC Classification system according to consumption value based on monthly spare parts
consumption demand 2013 [Source Author]

A second classification based on forecasting weekly consumption demand of spare parts in
2013, which can be seen in Figure 7-2. For category “A” items, sum of calculated safety
stock values 1s 6,342,485 CZK, sum of average inventory values is 7,050,119 CZK, and sum
of maximum inventory values is 7,757,753 CZK. An amount saving of 570,652 CZK in
average inventory value, and 3,641,410 CZK in safety stock value were obtained, considering

at 92%, 91%, & 90% Service level, for items category “A”,”B”, and “C” respectively.

Summary of ABC classification system
Category ‘ A I : B c
Criticality | Critical _Less Critical Least Critical o
Inventory Control Tight ﬁeasonably Accurate Minimum
Value of calculated safety stock (CZK) 6,342,485 2,063,828 5,059,180 13,464,704
Average Inventory Value(CZK) 7,060,119 2,471,096 5,093,360 14320575 |
Maximum Inventory Value (CZK) 7757753 | 2291164 - 5,127,530 15,176,447
Quanity of items 82 137 681 200
Percentage of items | 9.1% 15.2% 75.7% 100.0%

Figure 7-2: ABC Classification system according to consumption value based on weekly spare parts
consumption demand 2013 [Source Author]
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Availability of plastic injection moulding machine, relates to maintenance practice applied
and maintenance efficiency, which concerns with planning, spare part, control, and economy
management. In order to determine if it is beneficial to keep a certain spare part in inventory,
the shortage cost must be greater than the cost of purchasing, ordering and carrying the part.
The shortage cost is based upon the total cost of the time that the spare part prevents
performing its function, in other words, cost of production loss. The time of a shortage will
therefore be based upon the lead time of receiving the part. To increase the accuracy of the
shortage cost, more parameters can be added, which are service level, forecasting lead time

demand, and fixed lot size.

For the spare parts which are very expensive and those which are to be imported, it is
essential that the useful life for such spares is extended by appropriate applications of
reconditioning and repair techniques. Suppliers providing critical spare parts should be under
contract to mitigate unexpected lost production time and delayed deliveries. If parts
availability is limited to a single supplier, the risk that these specific parts become obsolete or
the manufacturer is no longer producing them, would necessitate the decision to purchase
what is available and hold the parts in inventory to mitigate that risk, as a hedge against
possible equipment failure. Annual costs of spare parts storage are not considered since the
total cost is deprecated as the spare part is bought, regardless of when the cost is deprecated,
the spare will always carry a small annual carrying cost.

In connection to daily reviews of material plans, the responsible Engineer evaluates whether
new parts needs to be procured. The evaluation is based upon experience and statistics of the
turnover. During weekly meetings critical failures is brought to attention. The Engineer
reports different types of analysis and counter measures. A possible counter measure might
be to reevaluate existing spare parts routines. When equipment is phased out, the bill of spare
parts is adjusted and removes spare parts related to the equipment.

Actual numbers of items do not correspond to defined quantities by SAP® software. Also,
purchasing costs, ordering costs, material frequency, which exists within SAP®, is more like
failure documentation, and is not easy to interpret.Recently, the application of computers for
processing of spare parts through a suitable information system operates an effective spare
parts control system by establishing so called spare parts banks, has proved to be very helpful
for an organization for the exchange of spares, resulting in reducing total inventory holding

of expensive spare parts and also reduces the stock holding cost.
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A risk analysis that evaluates the lead time from the time a procurement order is placed with
the supplier until receipt of the item to the manufacturing plant is a factor that affects the
decision to stock a spare part component as part of inventory, considering the reliability of

the supplier to meet the expected lead time.

Failure modes effects and criticality analysis (FMECA) is a methodology for reliability
analysis. It is used to review part’s function, failure modes, failure causes and failure
consequences, carried out by analyzing dependencies between failure modes and failure
consequences.

The FMECA can also be used as a risk assessment tool, aimed to Identify components with
high risk of causing sudden failure in a production line by defining criticality of equipment’s
components through calculating risk priority number (RPN) of each group of items, by
multiplying the Severity “S”: Defines consequences of failure occurrence (example: Hours of
downtime), Occurrence “O”: Defines frequency of failure, based on failure rate (example:
Number of occurrence over a specific time, (6 months or one year), and Detection ”D:
Defines symptoms of detecting potential failure before having actual failure occurrence “Can

be neglected, as in most of studies” (D. Tsakatikas & G. Kaisarlis et al., 2007).
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8 CONCLUSIONS AND RECOMMENDATIONS

An inventory management tool was created for VALEO Rakovnik in Microsoft Excel®
capable of determining inventory levels of spare parts used for maintaining 21 plastic
injection moulding machines by calculating safety stock, re-order, and maximum quantities
providing an ability to predict consumption demand of spare parts for one year in advance.
Review of inventory levels is essential to support decision of placing a replenishment
schedule consisting of quantities of spare parts when it falls below an identified re-order

level, as a solution to avoid holding excessive or less quantities of parts on stock.

These calculations were necessary to accurately optimize inventories of spare parts having
different functions and suppliers’ lead times to ensure proper coverage of both scheduled and
unscheduled maintenance to maximize availability of machines as the maintenance activities
will be carried out without delay which may occur due to unavailability (Stock-outs) of a
spare part due to long suppliers’ lead times for spare parts with high value or because of not
keeping the right quantity of a spare part on stock, which is avoided by sorting spare parts
according to their values where high priority was given to spare parts with higher values.

The said created Microsoft Excel® inventory management tool has been implemented into
the process of VALEO Rakovnik for periodic use which consequently supported
management decision making. The tool avoids extended downtime by meeting challenges of
intermittent consumption of service spare parts while maintaining adequate stock of spare

parts not high or low leading to minimization of average value of inventory.

Considering actual lead time and consumption demand of previous three years from 2010 to
2012, a computer based calculations were created through an inventory management tool
providing optimum determination of safety stock, re-order, and maximum quantities on stock
of spare part for upcoming year 2013. Croston’s forecasting method was implemented to
accurately calculate monthly demand of spare parts during supplier’s lead time which have an
intermittent consumption demand.

The spare parts’ inventory management tool in form of Microsoft Excel® spreadsheet
provides a feature of changing service level, lead time, and fixed lot size, supporting
organizations’ ordering existing system SAP® software. As a result the value of average
inventory was calculated for the year 2013 and compared with on stock inventory value
during 2012. Accordingly an amount saving of 833,080 CZK in average inventory value was

reached at a service level of 98% considered as an optimum level of inventory at minimum
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costs, which avoids extended down time and ensures machine availability within a production

process.

One of the objectives of the thesis was to analyze an inventory of spare parts through
understanding value, quantity, and frequency of consumption of each spare part as a
preliminary approach. This analysis has been carried out and extended successfully to
streamline inventory management of spare parts and determine minimum quantity of each

spare part that should be kept on stock prior to placing a replenishment order.

The quantities of spare parts kept as a safety stock were reduced at the same time while still
avoiding shortage costs which may arise whenever demand cannot be fulfilled due to lack of
spare parts. Consumption demand of spare parts was estimated during lead time based on
probability of a higher or lower consumption of spare parts to establish an inventory
management policy able to expedite ordering process of key spare parts as well as the rest of
spare parts and classify spare parts according to ABC classification system based on the value

of on stock quantities.

8.1 OUTCOMES OF WORK DONE
The entire objectives specified in Chapter 2 (Scope of Research Objectives) were fulfilled.

The key achieved outcomes of the work are listed and explained below:

e A solution was proposed to VALEO Rakovnik based on most appropriate demand
forecasting method, where re-order quantities for each spare part could be entered in the
company’s existing ordering system SAP® software, consequently leading to

minimization of inventory values, and developing expediting process of key spare parts.

e The safety stock quantities of each spare part kept on stock during lead time were reduced
at high service level ranging from 94 to 99% considering monthly consumption demand,

and from 90 to 93% considering weekly consumption demand.
e Calculation of re-order quantity and maximum quantity on stock given the individual unit

price of each spare part has enabled calculation of average inventory value and comparing

it with on stock inventory value based on forecasted consumption demand.
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Taking into account that each spare part has an intermittent demand pattern, the
uncertainty in its consumption demand is assumed to be normally distributed. Accordingly
the parts consumption was forecasted during supplier’s lead time at assigned service level

during required time series and entered into a function in Microsoft Excel® spreadsheet.

At a service level of 98% based on forecasting monthly consumption demand of spare
parts, the average inventory value for the year 2013 were calculated as 14,058,147 CZK
which is less than on stock inventory value during 2012 of 14,891,227 CZK by 833,080

CZK. Hence, re-order level is considered as optimum level of inventory.

An optimum level of inventory was obtained where a procurement order is placed in
advance prior to the time of scheduled maintenance when stock falls below this specified

level at minimum holding costs of inventory.

An inventory management policy was introduced to VALEO Rakovnik to be utilized with
respect to determined re-order points of each spare part. This assists the company in
establishing appropriate policies for selective control, and also helps in focusing all efforts

on real problem areas.

Applying the proposed inventory management policy has eliminated stock outs of spare
parts which cause an interruption in production processes. Down times for one or a group
of machinery cause inconvenience in form of loss in gross profit. Allow subordinate
managers and maintenance person to make good decisions on what to order and expedite

on standard orders.

By implementing the obtained calculations of re-order quantities, spare parts arrives to the
warehouse just in time when it is needed with sufficient time, keeping suppliers’ lead
times in consideration. Lead times are specific to each spare part depending on its source:

either local or abroad supplier.

The created Microsoft Excel® inventory management tool was designed to permit
changing of influencing input parameters. Minimizing lead time decreases sum of safety

stock value, and decreases sum of average inventory values at a selected service level.
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e Spare parts were categorized into three different groups according to the value of each
category of items (high, medium, or low) where ABC classification system was

implemented with respect to value of on-stock quantities of spare parts.

e ABC classification system was done for the whole inventory consisting of 900 spare parts
forming a tool to control inventory throughout computing turnover ratio, and performing
cycle counting.

82 RECOMMENDATIONS FOR FUTURE RESEARCH

e This study could be extended to introduce Failure mode effects and criticality analysis
“FMECA”, which is a prevention tool used to assess, manage, and reduce risk associated
with potential failure of manufacturing processes within the injection moulding operations
by conducting a risk assessment utilizing data, including current quality, and
manufacturing operation control reports. Repairs occur due to system failures rather than

as part of a production plan that would be eliminated.

e A list of all possible failures can be generated especially for new equipment. The list
should include regularly prevented failures as well as failures that have not happened yet
but have the possibility of occurrence. Potential failures caused by human error (not only

the ones that are caused by usual wear and tear) can be also included.

e The magnitude of consequences of failures should be determined. This should cover each
failure effect either hidden failure consequences having no immediate impact, but often
catastrophic outcome safety or environmental consequences if the failure could violate
environmental standards or cause an injury to personnel, or operational consequences if

failure affects outcome, quality, or operational costs.

e A number of preventive and proactive tasks should then be conducted, that describe how
the consequences of a certain failure should be avoided by avoiding that particular failure
mode. These tasks are suggested to include two main scopes. First is scheduled restoration
where a component is overhauled before it wears out either after a certain age or before a
certain point in time. Second is Scheduled on-condition task, which is based on the fact
that equipment gives a warning that a failure is about to occur. Equipment is kept in use on

the condition that it continues to meet the performance standards.
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APPENDICES
The Microsoft Excel® Spreadsheet includes total quantity of 900 spare part components, and the
following tables shows the calculations carried out for the first ten listed spare parts.

Appendix A: Sample of spare parts

%?;:":;f Stock Number Description
1 LiIS101001 |Samecjadro 1-16 9200162612
2 LIS101002 |Samec jadro17-32 9200162613
3 LIS101003 |Samice jadro 1-16 9200162812
4 LIS101004 |Samice jadro17-32 9200162813
3 LIS101005 |Na prodiuzovak nahoru 9200160441
6 LIS101006 |Na prodluzovak strany 9200160541
7 LIS101007  |Mizke formy 9200160301
8 LIS101008 |Vysoka formy 9200160252
9 LiIS101008 |Samec 10 pinHan A 10 Pos. M kodovani materialu
10 LIS101010 |Samice 10pin Han A 10 Pos. F kodovani materialu

Table A: Description and stock number of first 10 items out of total 900 items in MS Excel® spreadsheet
[Source: Author]
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Table B: Consumption demand of first 10 items out of total 900 items in MS Excel® spreadsheet

[Source: Author]
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Appendix C: Calculation of safety stock quantities and re-order quantities
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Table C: Forecasting consumption demand of first 10 items out of total 900 items in MS Excel® spreadsheet
[Source: Author]
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Calculation of average inventory values
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Appendix D
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Table D: Calculation of inventory values for first 10 items out of total 900 items in MS Excel® spreadsheet
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