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Introduction

In order to obtain an acceptable level of availability of the machinery installed in an industrial
plant, it is necessary to maintain an adequate stock of spare parts resulting in a substantial
economic weight. The problem is the determination of the various stock levels to minimize the
overall maintenance costs of spare parts and the lack of production due to unavailability of
the same.
The achievement of this objective is complex, as the management of the spare parts
warehouse is different from other material management (raw materials, semi-finished products,
finished products, etc.), due to the fact that the fixed assets are very high and the rotation index of
materials is very low.
Spare parts are vitally important because they influence a lot the parameter availability A:
MTBF MTBF

A= —
(MTBF + MTTR + MTWS) ~— (MTBF + MDT)

where:

MTBF = mean time between failures (reliability index);
MTTR = mean time for repair (maintainability index);
MTWS = mean waiting time of spare parts;

\/ _ .
Zﬁl& mean down time
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main characteristics of spare parts

materials consumed in

small quantities high storage costs

- High stock
- Low turnover

materials to be used in materials with different,
the medium or long term specific and exclusive
uses
Materiale riservato 3
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Spare parts coding

The correct coding of technical materials is very important for their management;
operationally the problem is not as simple as it may seem from a theoretical point of
view.
Coding allows to :

* identify clearly and unambiguously the spare parts

« facilitate the immediate localization in the warehouse

« provide useful indications on the possible functional interchangeability with

other similar parts
« standardize materials and machinery,
« manage them by an IT system.

Materiale riservato 4
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Spare parts coding

Progressive code _
Mixed type code

Functional code Speaking with keys
code
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Spare parts coding

a) Progressive or chronological code
Once the class of the spare part has been determined, its code is characterized by two or
three digits which allow it to be identified in progressive order. This coding is easy and
inexpensive to do, but it has to be managed carefully due to the consequences it can bring,
namely:
- assigning multiple codes to the same object;
- difficulty/impossibility in detecting interchangeability;
- impossibility to characterize similar materials and to make both technical and economic

comparisons;

[ ccc ] [ 28 U ] 1234711 A124711

-\-
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Spare parts coding
b) functional code

The code is constructed so as to be able to locate a certain component within the system without
adding anything regarding the type and characteristics of the component. It consists of three
groups of digits or letters, which are used to identify the category to which they belong, the
machine and the elementary unit on which the spare is mounted and, finally, the relative
functionality. The code is simple to interpret, allowing for easy localization of the piece, but has the
disadvantage of not being able to uniquely identify the type of spare part, with the danger of
creating multiple stocks, and not allowing the standardization of the same in any way;

e
DECIS
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Spare parts coding

c) structural descriptive code (speaking with key)
This code contains more information than the previous two, but it is more difficult to
implement and more expensive, both to generate and to manage..
The descriptive structural type code consists of four groups of letters or numbers to
identify, in the order, the category to which the spare part belongs, the subcategory, the

construction type and the typical data of the component under examination (dimensions,
technical characteristics etc.).

.
o e
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Spare parts coding

d) mixed type code (functional, descriptive, enumerative)

Defined as a synthesis of the codes previously seen, it is the most difficult to create and the most
expensive to implement even if it combines the advantages of the previous ones.

It generally consists of four groups of letters or digits, which are used to define, in order, the
department, the machine or the operating unit on which the piece is mounted, the type of component and,
finally, the enumerative type code. . This code lends itself to an excellent location of the spare part, but,
although possible, it does not lend itself to easily provide data on the standardization and
interchangeability of the related parts.

-9
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Spare parts classification
Operating characteristics
criticality of use (risk j X

and costs) Purchasing unit cost

type of physical failure process,

average
which generates the request for consumption per unit
the spare part (failure due to wear of time

or fatigue, accidental failure,
induced failure etc.);
10
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Spare parts classification

Failure process

. _ . more or less foreseeable faults in
purely accidental faults: the request is

sudden and completely unpredictable. They statistical terms (faults due to wear,
are described by a negative exponential fatigue, corrosion etc.): there is an
probability density function interval between the requests for

pieces in the warehouse, which tends
to be distributed around a more
probable value. The fault law can be
expressed by the Weibull law or by a
normal or Gauss distribution.

Materiale riservato 11
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Spare parts classification
Request and value

100%
95%

100%
95%

TOTAL ANNUAL VALUE MOVED (%)

w
o
S
S ¥
< w
o=
EX 8% i

o
=<
B
SF
3
=3
zZz
<&

o 20% 50% 100%
20% 50% 100%
MACHINE CONSTITUENT PARTS (%)
MACHINE CONSTITUENT PARTS (%)
Annual intensity of request for spare parts according to the parts Total annual value moved according to the parts making up the
making up the machine machine
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Spare parts classification

Rotation index
spare parts with low rotation

index
They present a low annual
consumption, due to an high
unit value, a high criticality of
use, an unpredictable demand
(accidental breakdowns), poor

or no repairability, high risks of
obsolescence related to the
specific use and, from a point of %
economic-managerial view, long

supply times and fixed assets; s

Spare parts with normal rotation index
They have complementary

characteristics to those set out for low
rotation index spare parts.

a) vital pieces, the failure of which determines the stop of the
production process with consequent high cost of absence;

b) essential pieces, the failure of which can be tolerated for short
periods with consequent moderate cost of absence;

c) auxiliary parts, the failure of which does not have
consequences on production in short times with consequences

of low cost of absence.
Materiale riservato 13
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The problem to be solved is to predict the Assessment of needs
consumption of the parts in advance, in order to
determine the stock levels.

During the start-up phase of a new plant, the

estimation of needs is difficult, as there is no ) .
Decreasing Constant Increasing

possibility to rely on historical data: in these cases, 4 Failure | Failure | Failure
evaluations are carried out by machine nal. Hate | Reim
manufacturers, which are not always accurate for | |
commercial reasons. It is not possible to evaluate the 0 | |

initial stock levels on the basis of quantitative criteria: E ey i~ .

it must be entrusted to qualitative and subjective 0 | Mortality" | |
elements such as experience, trust of suppliers, E ,, Pl : Constant (Random) :
financial availability and sensitivity of the - . allures .
designers. L T 1 :
Immediate verification and updating of the initial e s nen serameeasins P ——
estimates is necessary in order to correct any errors. ' Time '

This verification can be carried out by detecting the
operating data (location form, withdrawal form and
spare part form) and comparing them with the initial
Rataos ohifafes, in order to update and correct them. 14
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Assessment of needs

Due to the fact we do not want to have an overstock of parts normally with low rotation index or
very low rotation index, it is necessary to carefully evaluate the possible consumption per period of
time. The considerations differ according to the rotation index value.

Criteria

Very low rotation

Normally low _
index

rotation index

Materiale riservato
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Assessment of needs

Low rotation index spare parts mounted on a machine
For these materials mounted on a single machine, the assessment of needs of spare parts can be defined
by applying the Bayesian technique, where we update the probability of an hypothesis as soon as we have
the availability of more evidence or information.
The current estimate of spare parts requests is equal to the initial estimate multiplied by a corrective
factor taken from the operating data and, in particular, from the average consumption of spare parts.
Therefore, there will be an average consumption in the unit of time C;, updated according to the actual
requests, defined by the relationship:

Y+1)

C,=C
Fom(Te o+ 1)

where:

C, = average consumption in the unit of time estimated initially;

Y = consumption of spare parts ascertained at time T;

T = time elapsed since the initial estimate.

This C; relationship allows you to update, by correcting them, the initial estimates which, according to the

Materiale rise@@dests for exercise, make them tend to "likely" consumption values.
Raffaele Campanella
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Assessment of needs

Low rotation index spare parts mounted on several machines

In industrial plants it often happens that the same component is mounted simultaneously on several
identical or similar machines and therefore the request for the corresponding spare part is due to the
request for several machines involved.

The problem is to calculate the total requirement, known that the requests relating to the individual
machines are detectable on the basis of the average value and the variance in the consumption of pieces
expected.

The Poisson distribution

The number of such events that occur during a fixed time interval is, under the right circumstances, a
random number with a Poisson distribution that can be applied to these systems because it presents a
large number of possible events, each of them rare.

The equation can be adapted if, instead of the average number of events A , we are given the average
rate at which events occur.

In probability theory and statistics, the Poisson distribution is a discrete probability distribution that
expresses the probability of a given number of events occurring in a fixed interval of time if these events

~occur with a known constant mean rate and independently of the time since the last event.
Materiale riservato 17
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Assessment of needs

Low rotation index spare parts mounted on several machines

We can assume that the result of the requests of all the machines follows a Poisson distribution law having
the average A of the distribution equal to the sum of the C; consumption per period relating to each of the n
machines on which the spare is mounted. Therefore:

n
)» — Z Cgi
i=1

The probability that the overall needs for n machines of that spare part in a certain period of time T is equal to
a certain value N will be expressed by the relationship given by the Poisson formula:

(A-T)N-e~/T
N'!

By recursively evaluating the requests of each of the n machines, applying the Bayes formula and adding
them, it is possible to obtain the average consumption of a low rotation index spare part mounted on several
machines.

P(A,T,N) =

Materiale riservato 18
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Assessment of needs

Spare parts with normal rotation index

With regard to this type of spare parts, the "exponential smoothing" can be used as a
forecasting technique. Its application requires the knowledge of two quantities:

- consumption forecasts for the previous period (A);

- actual consumption of pieces (B;) occurred in the same time period

The error made between the forecast of consumption and actual consumption results :

E; = B; — A;
therefore, having to reformulate the forecast of consumption in the subsequent period i+1 will
occur:

Ai+1=Ai+a-E,5=Ai+a-(B,1—A,5)=(r-B,-+(1—a)-A,5

with o = coefficient variable between 0 and 1.

Materiale riservato 19
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Assessment of needs

Spare parts with normal rotation index
If the value 1 is attributed to a, i.e. all the error committed is added to the expected consumption, no
account will be taken of the previous forecast, while, if it a is assumed to be less than 1, i.e. the
previous forecast is trusted, it will be held account to some extent of the error committed to arrive at a
new estimate of consumption.
It can be noted that in the forecast of consumption in the period before A, all the information on past
consumption is condensed. So you can write:
A;=a-B; 1 +(1—a)-A4;,

Ai 1 =a-B; 5+ (1—a)-A; >
from which it will be possible to go back to the final report on the estimate, which consists of the
previous estimates multiplied by a coefficient, which decreases as the age of the data increases:

A;=a-[Bi.;+(1—-a) B+ (1—a)? B;_3+.....+(1 —a)" 1-B;_,]

The exponential damping induced indicates that the weight of demand decreases over time with

Materiale riservato exponential law. 20
Raffaele Campanella
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Methods and management criteria for low rotation index spare parts

Low rotation index spare parts almost always have the following
characteristics:

low annual consumption (maximum 1 piece per year);
high criticality of use to ensure business continuity;
accidental breakdowns (unpredictable);

high unit cost of purchase.

Usually, the rules followed for the determination of the quantity of reordering
require to acquire no more than one piece at a time, since together with the
high unit cost there are risks deriving from obsolescence, due to stocks
higher than the unit one.

21
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Methods and management criteria for low rotation index spare parts

The management policy, in this case, consists in constantly keeping the stock at the same level of
pre-established availability (physical stock plus pending orders).

| > accepted risk level
criterion

Low rotation index

Limited machine
% life
Criteria minimum global
x cost criterion
_ accepted risk Ieve% .
Normal rotation | > criteﬁon Raparaible spare
index parts

minimum global

Materiale riservato cost criterion
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Methods and management criteria for low rotation index spare parts
Accepted risk level criterion

This method is used when the low value of the capital immobilized by the replacement or other
difficulties allows us avoiding an out-of-stock and the pertinent costs.

The phenomenon in question (accidental failure and rarity of the event) is described by Poisson's
law, which allows to calculate the probability of not going below stock in a supply time T
(Service Level), having fixed the average consumption A expected in the unit of time and the
level of stock N. You will therefore have:

N

(ATf
. — _/T ! ——
Prin Z ¢ ,

X!
X=0

Operationally, the level of service or the probability of not going under stock is fixed a priori and
the value of reordering N is known, known the value of L and T

Materiale riservato 23
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Methods and management criteria for low rotation index spare parts
Accepted risk level criterion

_ 4 6 7 8 910 15 20 30 40 50
The problem can be O;::iz B S S J?-‘L‘l— N 1‘ N \ 0 ' \\‘\:
solved graphically by oibad \\l ‘ :.i -;- l .S ; R
using, for example, ik : — SN . \
the schedule shown | ; NN ' | \
in the figure where, in N - ,%_f_ﬂ ;\? \! ) t“‘\ 1 ! PORY ~\
correspondence with o ¢3S TS N NSO N
the chosen service 3 ot "B S S maosmaTmees B N
level and knowledge j = =y
of the expected =
average consumption : \
in the unit of time A | \q
and the supply time ] 1 \\
T, it is possible to MG j 1 1 - BN f \
determine the spare O%ggg: . ] 2= i \;\\\%\
N level for the spare ' 0.1 02 03 04 05 1,0 2 3 & 5 10 20 30
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Methods and management criteria for low rotation index spare parts
Accepted risk level criterion

Referring to an expected consumption A of 0.9 pieces / year and a supply
time T of 3 months, corresponding to a product value A-T of:

0,9
u=A-T=—-3=0,225 pieces
12

and having previously selected 3 service levels (P = 0.8, 0.9 and 0.99) from
the schedule in figure, it is possible to determine the 3 values of the
corresponding stock level N:

- Service level P =0,8 Stock levelIN =0

- Servicelevel P =0,9 Stock level N = 0.3 rounded to 1

- Service level P = 0,99 Stock level N = 1,25 rounded to 2
Materiale riservato 25
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion

According to this methodology, it is necessary to research that cost that minimizes the sum of
the cost of absence, resulting from the plant shutdown and the consequent lack of production,
and the cost of ownership, resulting from the maintenance of spare parts of high economic
value in the warehouse.

It can be shown that the optimal stock level N, relative to the minimum cost, is that which verifies
the double inequality:

PN R-t P,},;.l
<< —
Pm Cm - d Pm

m =0 rn—O

where:

R = unit purchase cost of the spare part;

C,, = unit cost of absence;

d = average annual consumption of pieces;

t = rate of ownership representing the percentage factor multiplied by the unit value that determines the
annual maintenance cost;

= probability that m requests of the same spare part occur in the supply time T,.

Materiale riservato
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion

The N value can be determined once the values of R, T, C,,, T, and d are known, and remembering that the
probability P, is given, for low rotation index spare parts with constant failure rate, by the Poisson formula:

 {d-T)-e "
B k!

In the specific case of a spare part having the following characteristic sizes:

- average annual consumption d = 1 piece / year;

- unit purchase cost of the spare part R = 2-10° €;

- possession rate t = 10%;

- procurement time T, = 3 months;

- constant annual maintenance cost P, = Rt = 2.10% €;

- unit cost of absence C,,, = 10° €;

- an optimal level N equal to 3 pieces is obtained, which represent the total between
physical stock and ordered pieces.

Py

Materiale riservato 27
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion

Among all the quantities considered, the most difficult parameter to estimate is the unit cost of
failure C,,, which can be expressed by means of the relationship:

(p=2C- (tz - tl)
where:
C = cost of absence in the unit of time of the machine to which the spare part refers;

t, = total repair time when the fault occurs with stock greater than zero;
t, = total repair time when the failure occurs and the spare part is not present in the warehouse.

The determination of the values of C, t; e t, is quite difficult, but for the purpose of determining the
level of reordering N, the exact quantification of these parameters is not critical, as the optimal
solution does not change even for fairly large variations of the three parameters.

Materiale riservato 29
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion

Considering the example above and having the same values (d = 1 piece /
hour, R = 2-10° €, t = 10% e T, = 3 months), based on the schedule shown,

we have:
Cost of absence Cp Reorder level N
Less than 20.000 € 0 pieces
Between 20.000 and 70.000 € 1 piece
Between 70.000 and 1.000.000 € 2 pieces
Between 1.000.000 and 15.000.000 € 3 pieces
Between 15.000.000 and 150.000.000 € 4 pieces
Materiale riservato 30
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion - Effects of reparability of spare parts

This happens when the parts can be repaired with/without dismantling them from the
machine or adjusting them, while awaiting replacement with other new parts. The relative cost will
equal up to the downtime, as there is no request of material from the warehouse. The
consequence is minor cost of absence and a production increase.
In this management model the consumption is unchanged, but changes the time of supply in the
warehouse and the unit value of the spare part, which are calculated by means of weight
averages.
The weighted average value of the repairable spare part R* is: Rissnd (R +re Rl)

(1+7)

Where:

R = unit purchasing cost of the spare part

= average repair cost

r = percentage of possible repairs in the workshop

+= weighted average supply time

= supply time . B re-i)
'y = average repair time I, = 17

Materiale riservato 32
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion — limited machine life

In case of machines close to their replacement, their residual life is often comparable with
the average stay of the part in the warehouse. In this case, the interest and usefulness of
purchasing spare parts is lower, unlike the spare parts with normal rotation index where it is
sufficient to reduce the stock of spare parts in the warehouse in the last months of life.
The question is to keep a certain vital part in stock or not. It can be answered through a global
economic management budget for the period of T years, at the end of which the machine will be
replaced. In the event that the spare parts are 0 or 1, the most convenient solution will be chosen.
If we consider:
j: the unitary depreciation rate in T years e -1+
i: annual discounting rate (141" -1
t: ownership (allocation) rate
t'=1t + ) : new ownership rate which takes over the useful life of the machine,
R = unit cost of purchasing the spare part;
C,, = cost of absence;

d = average annual consumption R-t
In case the reordering level is N = 0, the resulting relationship is: — =1
Cn - d
Materiale riservato 33
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion — limited machine life

In case of inequality as below, it is not convenient to keep spare parts in stock:

R-t'

- |
Com -d

That is:
R-t'>C,-d

It means that the overall cost of keeping the part in stock is greater than the cost of
absence. In the other case, it is convenient to have spare parts in stock and the level N will be
determined with the general equation, after introducing the ownership rate t'.

Materiale riservato 34
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Methods and management criteria for low rotation index spare parts
accepted degree of risk— Spare parts case for multiple machines

This is the case where there is the possibility of having identical spare parts mounted on
several identical machines, operating in the same ambient and service conditions that is a
case quite normal in many factories.

The stock levels of the spare parts are obtained, in the same way of all low rotation index
spare parts, following the criteria of the accepted degree of risk or that of the minimum
overall cost. In the first case taking into account the value of the average A of the distribution
equal to the sum of the C; consumption per period relating to each of the n machines on
which the spare part is assembled.

N
=1

Materiale riservato 35
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion — Spare parts case for multiple machines

In the second case, the value of the average annual consumption of all the
machines should be assigned:

N
=1

In both cases, the value of the unit cost of failure (C,) must be suitably
modified (for example, taking the minimum value of the cost of failure among
all the machines on which the spare part is mounted).

Materiale riservato 36
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Methods and management criteria for low rotation index spare parts

Minimum overall cost criterion — Spare parts case for multiple machines

For example, if you consider that the same piece is mounted on 5 machines with the following spare
parts requests:

machine 1. expected consumption C, = 1 piecelyear

machine 2: expected consumption C, = 2 pieces/year

machine 3: expected consumption C; = 2 pieces/year

machine 4: expected consumption C, = 3 pieces/year

machine 5: expected consumption C; = 4 pieces/year
The total consumption is:

Ah=C1+Cy+C3+Cyqy+Cs=12 pieceslyear =1 piece/month

Materiale riservato 37
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Methods and management criteria for low rotation index spare parts
Minimum overall cost criterion / accepted degree of risk

Spare parts case for multiple machines

In case of a supply time of 3 months, you will have:

AT 2 3 = 3 pi

g == ) = ieces

[ 12 P

If you want to evaluate the level or reordering N with the accepted degree of risk
method, and having previously chosen three service levels (P=0,8 - 0,9 -0,99) from

the nomogram you can get:

Service level P=0.8 N=3.95rounded to 4
Service level P=0.9 N=4.8rounded to 5
Service level P=0.99 N=7.1rounded to 8

38
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Methods and management criteria for normal rotation index spare parts

Given the different management characteristics (intensity of consumption, criticality of use,
etc.) of the spare parts with normal rotation index, the management methods refer to
probability distributions of demand, downtime costs and mathematical models, different
from those determined for low rotation index spare parts. Also in this case, the criteria
with the degree of risk accepted and minimum overall cost will be used with
appropriate clarifications.

Before applying them, the average needed stock, relating to pieces with considerable
annual movement has to be determined. In this case, the choice, between high inventory
costs or frequent purchase orders with the risk of stockout has to be done.

Materiale riservato 39
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Methods and management criteria for normal rotation index spare parts

Following initial factor should be considered:
a) the quantity stored in the warehouse at any time. It generally has a
saw tooth type trend (shown in figure), if the demand is constant;

Y

NUMBER OF PIECES IN STOCK

»

TIME

Level of spare parts warehouse stocks

b) the request for spare parts over time;
c) thereplenishment lead time.
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SPARE PARTS MANAGEMENT
Methods and management criteria for normal rotation index spare parts

The latter parameter is very important in the management of stocks, as it
determines the level of reordering (Lr). It represents the stock level quantity,
which has to be obtained when replenishing :

L =A1-T, +S,

where:
A = average consumption per unit of time;
T, = supply lead time;

Sg = safety stock quantity, which compensate the variability in the system
(demand variability, replenishment lead time variability,...)
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Methods and management criteria for normal rotation index spare parts

In the event that the replenishment lead time and the safety stock are set to zero, due to
economic reasons, the reordering level is zero. In this case, it is possible to increase
supplies over the year as a consequence of consumed quantity, by decreasing the
reordering lot, reducing the average value of the stock and the pertinent capital as there
are fewer parts in stock. This involves a frequent issue of purchase orders, which
increases the overall costs (costs of issuing the order, unit prices that decrease with the
growth of the ordered pieces, different payment conditions depending on the quantity to
be purchased, quantities bound to standard packages etc.).
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Methods and management criteria for normal rotation index spare parts

The optimal quantity of replenishment is the quantity that minimizes the
total management costs, consisting of the cost of purchase order and the

cost of inventory (figure).

Co

CT

co

ECONOMIC LOT

Total spare parts management costs
CO = cost of launching orders as the ordinary quantity changes - CM = cost of
inventory when the quantity in the warehouse changes - CT = total cost - Q = quantity
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Methods and management criteria for normal rotation index spare parts

The total cost for launching orders for a spare part CO is defined by:

AC
=

where: L
A = consumption of pieces in the unit of time;
C_, = cost of launching an order;

L = lot size quantity of spare parts to be purchased;
while the annual fixed cost of a spare part CM is defined by:

L-V,-1
2

CM =
Where:
V, = purchase price of spare parts;
| = fixed asset rate to be calculated as cost or loss of income on the average capital stock

fixed in the warehouse (expressed as a fraction of V).
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The quantity that minimizes the total management costs of the Spare parts
with normal rotation index is the economic purchase lot Lg,, which is
expressed by Wilson's formula:

Z.CLO
V1

LEA = (4’22)

Materiale riservato 45
Raffaele Campanella



@ SR FRS

24/ DITRIESTE
SPARE PARTS MANAGEMENT

Methods and management criteria for normal rotation index spare parts

Accepted risk criterion

It is a question of choosing a probability of downtime due to lack of spare
parts and consequently of sizing the stocks in the warehouse. The choice of
a degree of risk of A% means that you agree to be in a situation of stockout
of spare parts every A supply cycles out of 100 and the consequent physical
storage assumes the trend shown in the figure.

NUMBER OF PIECES IN STOCK

CYCLE WITHOUT CYCLE WITH TIME
BREAK BREAK

Physical stock in the warehouse of spare parts in cases with and without stockout
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SPARE PARTS MANAGEMENT
Methods and management criteria for normal rotation index spare parts
Accepted risk criterion

To size the stock, it is necessary to know the probability distribution of the demand over
the supply time, which follows a nhormal Gauss distribution defined by the mean xbar and
the standard deviation o determined by the relation:

Z:l:l(xz o Y)Z

n

O':

Where:
Xbar = average demand value
Xi= generic demand value

The standard deviation defines the dispersion of the values around the average, so the
greater the o the more flattened the curve is and the more dispersed around the average are
the distribution values. It is shown the 67% of the values fall in an interval o with respect to
the average, about 95% of the values values fall in an interval +/-2c with respect to the
average, about 99% of the values values fall within +/- 30.

47



(i) B
= SPARE PARTS MANAGEMENT
Methods and management criteria for normal rotation index spare parts

Accepted risk criterion

Once the average and standard deviation of the spare parts consumptions have been
calculated, it is possible to determine the reordering point of the stock, after establishing a
certain degree of safety , in order to foresee possible lack of spare parts stock in the
warehouse. Infact, if we have an average consumption M of spare parts pieces per month
with standard deviation g, keeping in stock the quantity M + g, there is the probability of not
going out of stock equal 50 +34 = 84%.

Therefore the level of reordering M + ¢ garantees a degree of risk of out of stock not higher
than 84%. If this risk is consider acceptable, the spare part must be supplied when its
availability falls below the reordering level M + o .

In general, the reordering level can be determined by using the standard normal curve
defined as the normal curve where:

Xbar =0 o=1
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Accepted risk criterion

The standardized variable is defined by:

(x —X)

o3

k:

Or:

x=x+k-o

In this way the ordinates can be calculated knowing those of the standard curve, as well as the area
included in a certain range of values of x.

If the average value of the demand xbar, the standard deviation o and the probability that the actual
consumption during the supply period is covered by the stock, it is possible to determine the
standardized variable k, detectable from the tabulation of the cumulative normal curve and the
maximum value that x must assume.
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Methods and management criteria for normal rotation index spare parts
Accepted risk criterion

Accepted risk criterion

The standardized variable is defined by:

If for a spare part there is an average consumption of 20 pieces/month and
a standard deviation of 5 pieces/month, if a 93ygprobability is considered that
the actual consumption during the supply period does not cancel the stock,
from table it is possible to detect the value of the standardized variable k,
equal to 1.48 which allows to determine the maximum value of the
reordering level which is:

XxX=Xx+k-0=20+148-5=274pieces rounded to 28 pieces
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Minimum global cost criterion

In case that the costs of spare parts purchasing and shortages are significant, it is convenient to
manage these materials with the method that provides for the minimum overall cost (storage
costs plus shortage costs). As the number of spare parts in the warehouse increases, the
probability of stops due to lack of spare parts decreases, but the financial costs related to the
cost of storage increase (figure). The optimum will be the value that minimizes the overall cost.

I=II-JI..."

"". Total cost

~~ Malntenance cost
-
P
e
o

\""-\-\_._,-'-"'_..- B

Ordering cost

- L
X X

Total spare parts management costs - X = quantity of spare parts - Y = costs
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SPARE PARTS MANAGEMENT
Methods and management criteria for normal rotation index spare parts

Minimum global cost criterion

Minimum global cost criterion

Indicating with:

C. = cost of missing spare parts;

C,» = maintenance cost as a percentage per year,

P = unit value of the spare part;

d = annual demand for spare parts;

x = economic lot of spare parts;

or,= standard deviation  in case of the supply time T, defined:

1
GT'a = a Tu )<

o = standard deviation incaseis referred to the unit of time;

(4.26)
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Methods and management criteria for normal rotation index spare parts

Minimum global cost criterion

it is possible to determine the function of probability to reach out of stocks f(k) which, in the
hypothesis of a Gaussian distribution of demand, is:

oy _ 0 ()2 CpP-X
flk) = C,-d

Once the value of f(k) is known, it is possible to obtain the value of the standardized variable k
through the table x which considers the f(k) expressed according to Gaussian distribution.
The level of reordering L, is calculated according to the relation:

Ly=d-T,+k-o-(T,)"?
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Methods and management criteria for normal rotation index spare parts

Minimum global cost criterion

The function of probability to reach out of stocks f(k) is:
, '? —
O’ . ('Ta )1!“ - Cnl - P . -x’

C,-d
Where:

d: annual demand for spare parts = 60 pcs/year

xbar: economic lot = 15 pcs

o: standard deviation = 4 pcs/month

Ta: Lead time for replenishment = 4 months

Ce: cost of missing parts = 2000 €

Cm : maintenance cost per year in percentage = 40%
P: Unit value: 100 €

f(k) =

o-(IL)YP-C, - P-X _ 4 (4)1/2-0,4-100- 15
G- 2000 - 60

f(k) = = 0,04
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Methods and management criteria for normal rotation index spare parts
Minimum global cost criterion

Minimum global cost criterion
From table it is possible to detect the value of the standardized variable k which is equal to 2.14,

which allows to determine the value of the reordering level that results:

1 4 1
L.=d-T,+k-0-(T,)Z =60 E + 2,14 -4 - (4)2 = 37,12 pieces, rounded to 38 pieces

Quantity in stock (physical stock plus pending orders) must be kept above the level of 38 pieces,
which ensures the minimum of the overall management cost.
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