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Application of selected logistic methods in the ageof supply logistics
Andrea Petrikova and Peter Trebuia®

In the current period of the market economic systdhcompanies are exposed to constant pressama frompetitors, as well as a
constant increase in cost in their business. Inrhseievironment, it is still necessary to find newysv#o increase the profitability of the
business and to consolidate its position on theketaiVith the inflow of foreign capital in Slovakiew concepts, tools and techniques start
to apply in many companies. The application of ehesncepts leads to an increase in company's revand financial strength. One of
these tools is logistics.

An appropriate application of logistics methodstlie process of logistics management can lead taadse reduction related to the
supply, inventory reduction and improvement of piisl for customers. One of the most important ar#dsgistics also includes issues
related to the inventory management.

Inventory management aims to optimise the entioegss from production to distribution, includind #ile processes that alternate
between all units of the supply chain.

The article is oriented on supply logistics of ewgiring companies in the area of batch productireduction is characterised by a
smaller number of types of product dimensions. Bctidn is realised on NC machines reprogrammabielfiferent product dimensions.

In the article, the attention is aimed at the apation of two methods: deterministic model in thsecof absolutely determined, non-
constant consumption and the Harris-Wilson model.
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Introduction

Logistics has now become important for the comganykerall competitive strategy, which is reflectad
logistics performance, such as inventory managemenustomer service level definition in strategianning
(Harrison et al., 202Boysen et al., 201#rnold, 2008). The automotive environment targdigdhe article is
a typical sector facing global competition, and thest important factors are innovation and a higyel of
customer care. As a result of the competitive gjieigthere is a great deal of pressure to redusts ¢brough
efficient management and the use of modern invgntanagement methods (Edl & Kudrna, 2013).

The basic criterion for inventory management isgh8misation of total costs connected to the nzainihg
of inventories, with the emphasis on the full cagg of unexpected needs with a degree of certiist) and
deviations during deliveries and stocks (Pawliczedél., 2015).

The degree of security is also subject to optimosatThe current and insurance inventory is ke kvel
that assumes the minimum cost of purchasing, stgckind maintaining inventories, and the costs metliwhen
stocks are not covered. They are based on theipleraf market equilibrium, respectively when theybr has a
stronger market position (Ruiz — Torres & Mahmd2D1Q Rahdar et al., 2017). They are also based on an
analysis of inventory management costs. Maintaimnvgntory is associated with certain costs (Serranal.,
2017). Inventories are tied to money that doesymgtl interest. An effective inventory managemeygtem
should allow stocks to be maintained at the optintesnal (optimal inventory) (Lee et al., 2017).

Complex inventory management systems include imrgnstock inventory control, inventory calculatjon
inventory control system, etc. (Saenz & Koufter®315). For this purpose, computer technology edus a
great extent. Existing inventory computerised systenake it easier to record all transactions caedewith
inventories. These systems also include prograncnratentory information processing (Mou & Zhang18).
Information is available in real-time. In inventamanagement systems, inventory optimisation maatelsised.

Nowadays, many companies pay particular attent@mnnventory optimisation (Rahim et al., 20105).
Optimization can bring an economic effect on theihess, particularly in terms of savings. Accordiog
German research, in 82% of the companies survélyedhotential for inventory savings ranged betweei25%
of their size (Roldan et al., 2017).

One of the most important inventory optimisatioitezia is to minimise total storage costs and irggn
provision (Straka et al., 2017).

Based on the knowledge gained by studying the gupptimisation, there have been developed several
optimisation models (Chuang & Chiang, 2016).
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The article examines two chosen methods in deteél:Harris-Wilson Model (Economic Quantity Model),
indicating the optimal order quantity that miningsmventory costs and deterministic model in theecaf
absolutely determined, non-constant consumptioak{thia & Pekatéikova, 2013).

Used methods

1. Deterministic model in case of absolutely deterimed, non-constant consumption

Deterministic model in case of absolutely determjm@n-constant consumption is used if future deaiman
for the planning period T non-constant, but totalhknown. The main task is to determine the sizerdérs, so
the sum of costs for keeping supply and the taiat of all orders during the period T is minimati8lte, 1994
Trebuia & Pekatikovéa, 2013). For calculation, it is needed to krformmulas shown in Table 1.

Tab. 1. Parameters used for calculation of abﬁdetermined, non-constant consumition Schfie4d

Cs Cost for 1 order
C, Cost of maintaining the amount of stock per unitiroe
Q Number of stocks

The cost of maintaining inventory is independerthef size of orders. Maintenance cost is calculatéy from supplies that are kept at
the warehouse during the entire time of consumpieniod.

Size of orders in thieth period (Schulte, 1994):

X; = Qi, X = Qi + Qi+1, ....... X = Qi + ... + Qn i=1,2,.... N (1)

Tab. 2. The parameters determining size of or8ehllte, 1994].

ti Beginning of the-th period
Qi The amount of expected consumption
- Sum of ordered cost which should cover the demartidei-th to thej-th period and the sum of costs for maintaining
n(i.j) inventory
.. J - - - .
”"JFC#QZ(IK -t)Q, i=1,2,...n, j=i,i+1, ..n
k=i

the minimal achieved cost for assurance necessaeyves to cover consumption from the beginning@planning
period to thg-th period

fG) = MIN[nGj) +fG-1)], f(1)=Cs
I<i<j
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2. Harris — Wilson model
This model is based on the existence of bipolar stwacture (Bazal et al., 2017). The calculatibmodel
is described in Table 3.

Tab. 3. Harris — Wilson model [Gros].

/=9
X
_ue = Q
Ny (x)=ve = >c,
X
X
N, (X) =_-Tc
2
Nc (X) = 9Cs + _Tcl
X
2Qc,
Xopt T Cl
. TX
th=——
Q
y-Q
X
_Q
NC(X) =—C +_1I¢
If we substitute the expression for the optima¢ ©f deliveries to the cost function X , we get the
N (x ) =,2QTc,c
expression for calculating the minimum total cost \ °P% QTC.C,

3. Experimental verification of selected methods ithe case of optimisation selected items

Highly innovative methods related to the field afvéntory optimisation are verified by advanced
manufacturers. As a typical supplier, the compatignbed on manufacturing the most innovative geanvas
selected.

Based on the analysis of internal information o #elected company, practical part is focused en th
optimisation of supply items and the attention é&dpon the application of the deterministic modelkase of
absolutely determined, non-constant consumptionHamdis- Wilson model. These methods have beeniegppl
in actual conditions, at which the selected methoas be applied to other selected companies dfier t
arrangement of input data.

Two supply items were chosen for experimental ieaifon of methodology. The name, marking and
dimension of each item is shown in Table 4.

Tab. 4. The characteristics of material items [@g}.

Dimensions:
diameter, thickness, weight

101mm x 21mm
0,567 kg

Marking of item Name Price

6G9R7B280DB Double synchronizer of driving 142 €
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3.1 Application of method in the case of absolutelgtermined, non-constant consumption and Wilson’s

model when optimising supply items

To determine the optimal ordering strategy, it mseded to include the information concerning the
production plan of gearboxes. The article presesssilts using MS Excel as widely available sofevdrat
makes it possible to test the selected orderirrgegy and choose the one that achieves the lowssitjte cost.

Optimization of supply item AV4R4886AB using the d&erministic model in the case of absolutely
determined, non-constant consumption

Data related to the detailed production plan oflgexes for a period of 1 year are shown in table 5.

Tab. 5. Production plan of gearboxes for Kuga ni¢@etrag].

o
> o o
> n: = u & o |
@ x T 2 w n o w [} s
O = > > 0
MONTH S = i x z z 5 3 m 0o = >
| B ||| 2|3 |2 |3|&|6|%]8
w w
) o I(JI)J o] % o
SUM 1716 1976 2545 1482 149¢ 1526 12 2490 1384 1604 0 187 828
SUM 18 923

For calculation of the method mentioned aboves itmportant to draw up a summary of the ordered
quantity of items AV4R4886AB- differential case fimle Kuga model - see Table 6. One piece of maitgia
is needed for producing the gearbox.

Tab. 6. Overview of the ordered quantity of iteWdR4886AB [Getrag]

x
> o x
x (% = oy & T I
% z T n w n o u 0 0
O = > > > Q
MONth Sl |le| g2 |35|3]|3]|¢ o = =
Z @ < < = - - = o 3] 2 3
K o t © = o
QUANTITY 1440 1920 3120 1785 279( 104pb 24D 12p0 1480 1440 00 18 720
SUM 19 180

To calculate the costs associated with one ortirjmportant to know the following parameters:
e C;- annual storage costs for one item consisted of:
v’ price
v interest rate
v’ storage costs
e C;- ordering costs ( transport )
Calculation of costs associated with one ordem(ife/4R4886AB)
e C; - annual storage costs for one item:
Price per 1 piece: € 850
Rental of storage space: 11,949 x 12 = € 143,388t payear
Dimensions of differential case: Diameter: 64mmickhess: 55 mm, weight: 1, 2 kg
Storage costs:
The material supplier is logistics centre. Basednternal data provided by the logistic centrerage costs
were calculated.
V = 64 x 64 x 55 = 225 280 nim 225, 3 ¢
Pallet dimensions: 800 x 1200 x 800 mm = 768 00D 10T = 768 000 crh
Number of pieces on one pallet: 768 000 / 22533409 pieces / 1 pallet
Storage costs: 143, 388 / 3 409 = € 0, 04206 / year
C,;- annual storage costs for 1 item
Price x interest rate + storage costs
850 x 0, 037 + 0, 04206 = 31, 49206 €
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C; - ordering costs (transport)
Transportation to GFT: 1120 €

Transport is combined, goods is collected fromedéht suppliers. The price of standard full trucéd is

1120 € for the road line KoSice8In.
In this caseCs - ordering costftransport) is 1120 €.

Table of values n (i, j) is calculated in the Misodt Excel on the base of formulas:

J -
ni=co+ eyt 4R
k=i

i=1,2,...nj=i,i+1,..n
By sequential calculation of valu§§) for j=1,2,...,12 according to the formula

f(G) = [n(ij) + f(i — 1)]

the amount of minimum costs is determined.

f (12) =72 784,76 €.

Tab. 7. The calculation of n (i,j) and the minimoost of item AVAR4886AB

(2)

3)

The calculated results are shown in Table 7. Calimrs show that minimal achievable cost is

A B C D E F G H | J K L M N
1
2 Period 1 2 3 4 5 6 7 8 9 10 11 12
3 z0 1 2 3 4 5 6 7 8 9 10 11 12
4 Q 1140 1920 3120 1785 2790 1045 240 1200 1680 1440 1800 720
5 C, (€) 1120
6 C (€) 31,49
7 The optimal size of order - Values n (i,j)
8 i/j 1 2 3 4 5 6 7 8 9 10 11 12
9 1 1120
10 2 61584,8 1120
11 3 99375,23 1120
12 4 57333,33 1120
13 5 88982,9 1120
14 6 34029,21 1120
15 7 8678,09 1120
16 8 38910,47 1120
17 9 54026,7 | 1120
18 10 46468,6 | 1120
19 11 57805,71 1120
20 12 23794,3 1120
21 Minimal costs (€)
22 1 2 3 4 5 6 7 8 9 10 11 12
23 f(x) 1120 61584, 62704,8 63824,8 64944,8 66064,8 | 67184,76 68304,8 | 69424,8 | 70544,76 71644,8 72 784,76
8

Optimization of supply item 6G9R7B280DB using the éterministic model in the case of absolutely

determined, non-constant consumption

Material item 6G9R7B280DB is used in the productimhall types of gearboxes. Production plan of
gearboxes is given in Table 8.

Tab. 8. Production plan of gearboxes for [Getrag].

« o« o«
> > w oc w
= [ T I o i o S
< S g z % g z = s g s s
MONTH =] = = e s S ) [G) w = w o
g 2 s < = - 2 & 3 3 2
< ] & ° 2 o
sum 18990 | 17270 | 23140 | 15700 | 18370 | 19610 | 7440 | 15860 | 143gp | 14650 | 15400 | 7000
SUM 187 810
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The overview of ordered quantity of the item iswhdTable 9.

Tab. 9. Overview of the ordered quantity of ité@9R7B280DB [Getrag]

o -4

z x w [+ w o

4 o« T = o & w w

S S| &z |z|¢ |z |58 |:s|8|¢g]|:¢s

MONTH 3 > g z z > 2 = : = g

Z a8 = < 2 = = 3 s S 3 9

- . ) ° z 2]

1 17 19 15 18 21 15 18 22 22
SUM 864 | 984 | 648 | 488 | 304 | 120 | 4s8 | 304 | s28 | spg | 17984 15264
suM 217 504

Calculation of costs associated with one ordem(i6&59R7B280DB):
e C;-annual storage costs for 1 item:
Price for 1 item: 142 €
Rental of storage space: 11,949 € pallet / year
11,949 x 12 = 143,388 € pallet / year
Dimensions of differential case: Diameter: 64mmickhess: 55 mm, weight: 1, 2 kg
Dimensions: Diameter: 101 mm, Thickness: 21 mmghi0,567 kg
Storage costs:
Material supplier is logistics center. Based oriinél data provided by logistic center, storagescoere
calculated.
V=101 x 101 x 21= 214 221 nim 214,2 ci
Pallet dimensions: 800 x 1200 x 800 mm = 768 00D 10T = 768 000 cm
Number of pieces on one pallet: 768 000/214,2 53%58ces / 1 pallet
Storage costs: 143,388/3585 = 0,03999 €/ year
C, - annual storage costs for 1 item:
Price x interest rate + storage costs
142 x 0,037 + 0,03999 = 5,29399 €

e Cs -ordering costs ( transport )
Transportation to GFT: 1120 €
Cs - ordering costftransport) is 1120 €.
Based on the equation (1), the table of vah(e§) is calculated in MS Excel. The values of minimaast
are determined using the formula (3). The minimamevable cost i§12) =107 527,12 £

Evaluation

Analysis of the existing situation and the abov&wations indicate that the logistical system agly
balanced. For item AV4R4886AB, the minimum cost§1®) = 107 527,12 €. The calculations show tha it
not necessary to connect the various orders anolptfimal amount of orders is 12.

Practical aspects of Wilson's formula in the casefeupply item AV4R4886AB

In the case of Wilson's relationship it is needethke into account the existence of two groupsosfs:

1. annual storage costs for 1 iter@;

2. ordering costs (transport),

Calculation of minimum achievable costd # is based on previous formulas, when

Q=19180

Cs=1120 €

C. =31,49206

T=1,

then the optimal size of the order is:

< = 2*1120v19180
31492061

The interval between two consecutive orders (ciole) is:

¢ = 1108013266 4 h50897459ear= 222281ays
19180

The number of orders during the period T:

=1168013266
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_ 19180
1168013266
The minimum achievable total cost N* associateithwptimal management of inventory:

N = 1120*16,42+% *3149206*0,0608974591168013266*1642 = 3678080Eur/ year

=1642104637

Practical aspects of Wilson's formula in the casefeupply item 6G9R7B280DB

Parameters necessary for the calculation of thémim achievable costs:

Q=217504

Cs=1120€

C1=5,29399

T=1,

then the optimal size of the order is:

& = [271120°217504

5293991
The interval between two consecutive orders (ctoie) is:
t = 9593256906_ 0,04410611year=16,09873276@ays
217504
The number of orders during the period T:
_ 217504

9593256906

The minimum achievable total cost N* associateithwptimal management of inventory:

N = 1120*22,68+% *5,29399¢0,044106117 9593256906* 2268 = 50803L99% ur/ year

=9593256906

= 2267259202

Evaluation

On the basis of calculation of the models mentiosieolve, we used the actual data of production gyant
If we use Wilson’s formula as the reference model the production of higher-type production (mass
production), then it is more preferable to ordesliorter ordering cycles. For item AV4R4886AB, ardgcle is
22 days at an overall cost reduction of 35 003,9&EFor item 6G9R7B280DB, it is more profitabledi@ler in
the order cycle of 16 days at a minimum cost redaaif 56 723,92 EUR.

3.2 Practical aspects of deterministic model and&n’s formula when the ordered quantity is modelle

Results and discussion

The basic objective of the article is to charastethe issue through the theoretical knowledge issdju
from the studied literature and to analyse theesursituation in the supply area using own reseanctine
company and to propose measures for improvemeptyslggistics in the automotive industry.

Providing that the fluctuations in orders will berder next year, reduced state of ordered quawiity
modelled. All other parameters remain unchanged.

Optimization of supply item AV4R4886AB using thete@ninistic model in the case of absolutely
determined, non-constant consumption when the eddguantity is modelled

The overview is shown in Table 10.

Tab. 10. Modelled review of ordered guantity efritAV4AR4886AB.

> [ -4 ©

& 5 5 = > w > ] @ § @ 2

g E) & x < 2 3 2 = ) = S

MONTH > =2 * = s s 3 [T ] o e} s

Z a s < = = 2 & Q 3 8

. i < & ° g a

SUM 970 950 1540 885 1780 470 35 680 970 765 870 98
SUM 10013

The data of annual storing cost for one item amldiong cost remain unchanged:
C, - annual storage cost: 31,49206 €
Cs - ordering cost (transport]:120 €
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Using MS Excel, the table of valuegi,j) and the amount of the minimum cds() for j = 1,2, ..., 12 is
calculated. The minimum achievable cod(1®) =42 219,68 €.

Optimization of supply item 6G9R7B280DB using the eterministic model in the case of absolutely
determined, non-constant consumption when the orded quantity is modelled

In the case of the double synchronizer, newly @deguantity for the next period, given in Table Whs
modelled. The table shows that the total order tijtyaim this case, is 73 345 pieces.

Tab. 11. Modeled review of ordered quantity ahi#tG9R7B280DB.

> o [ -4
E 5:‘ 5 = > w > @ @ § @ 2
MONTH 2 o o < 2 = = = a s s
2 = < o s S =) [C] w = w o
= o s < = = 2 e o 5 Q
= w e ° 2 Q
11 12
SUM 750 2992 1987 5890 210 8430 6770 7152 9892 5632
260 380
SUM 73 345

In connection with the calculation of selected roetit is needed to take into account following tyjoé costs:
C. - annual storage cost of one ited29399 €

Cs - ordering cost (transport): 1120 €

Using MS Excel, the table of values(i,j) and the amount of the minimum cdsfj) for j = 1,2, ..., 12 is
calculated. The minimum achievable cos(i®) =22 830,90 €.

Evaluation

The rundown of development the minimum cost of ctel@ material items is shown in Fig. 1. Minimum
achievable costs for item AV4R4886AB reaches thaalfivalue f(12) = 42 219,68 € and for item
6G9R7B280DB it if(12) = 22 830,90 €.

january
50000 -

december — ——— february

november march

october ¢ L april ——AV4R4886AB
: ——6GIR7B280DB

september ' 'may

august — —jun

july

Fig. 1. Development of the minimum cost of maltéeans in the case of modelled quantity.

In the case of reduction the ordered quantity,aiigmal number of orders of material item AV4R48&5A
is 11, at which the orders if'@nd 7 month will be connected. The second material i6GIR7B280DB. As
the results of calculations show, it is necessamgoimbine orders in thé"4and %" month and thereby reduce the
optimal amount of orders to 11. The optimal ordgstrategy is followed (Table 12):
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Tab. 12. The optimal number of orders.

AV4R4886AB 6G9R7B280DB
Ordering strategy Month Ordering strategy
: . Month
(number of units to cover (number of units to cover
consumption) consumption)
1 970 1" 780 1"
2 950 2" 2992 2"
3 1540 3" 1987 3"
4 885 4" 6100 4" and 5™
5 1780 5t 8430 6"
6 505 6" and 7" 6770 7"
7 680 8" 7152 8"
8 970 ot 11 260 ot
9 765 10" 12 380 10"
10 870 11" 9892 11"
11 98 12" 5632 12"
The optimal ordering strategy of solved materiaifris is shown in Figure 2.
14000
12000
10000
8000
6000
M qunatity
4000 _
W quantity
2000
0 4
PR E SS C SR CR CR  N N  NEAN TS
RSN R R SR SR SR SR
SO S SR SR R SR S R S S S
VAT T N 6T 6T 00 AT AT BT 9T O BV
2 &
u. b.

Fig. 2. The optimal ordering strategy of mateitaims.

Practical aspects of Wilson's formula, if the ordeed guantity is modelled (AV4R886AB):

Parameters necessary for the calculation of Wisfammula:

Q=10013

C.=1120€

C,=31,49206 €

T=1

Calculation:

The optimum size of the order:

= [2r1120°10013
31492061

=8439283613

The interval between two consecutive order:

¢ = 8439283613
10013

=0,08428326year= 30763days
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The number of orders during the period T:

- 10013 _, 196475116
8439283613

The minimum total cost N * associated with optinmentory management:

N = 1120*11,85+% *3149206*0,084283267+8439283613*11865= 265607998 ur/ year

Practical aspects of Wilson’s formula, if the ordezd guantity is modelled (6GOR7B280DB):

Parameters necessary for the calculation of Wisfammula:

Q=73345

Cs=1120 €

C; =5,29399

T=1

The optimum size of order:

< = 2*1120 217504
5293991

The interval between two consecutive orders:

=5570801801

= 2570801801 0,0759533980ka = 27,7229894lays
73345

The number of orders during the period T:

= 10013 _,1g6475116
8439283613

The minimum total cost N * associated with optinmentory management:

N = 1120*13]_7+% *5,29399+0,0759533955570801801*1317 = 2950Q9076 FEur/ year

Evaluation

On the basis of calculation the models mentionexv@bwe used the modelled data of production gtyanti
If we use Wilson’s formula, for item AV4R4886AB etlorder cycle is 30 days, and the minimum achievabl
cost is 26 560,79 EUR. For item 6G9R7B280DB theeprycle is 28 days, whereby minimal achievablé s
29 500,91 EUR. A detailed overview is shown in [€alS3.

Tab. 13. Evaluation of results based on the apfibe of Wilson's formula.

Material item Optimal ordered quantity Cycle length Number of orders during Minimal achievable cost
[pieces] [days] the period T [EUR/ year]
AV4R4886AB 843,93 30,76 11,86 26 560,79 EUR
6G9R7B280DB 5570,81 27,72 13,17 29 500,91 EUR
Discussion

The main task, based on the implementation of smlemethods, was to perform the optimum ordering
strategy when reaching the lowest minimum cost.

In the calculation, data provided by the selectethgany was used. For verification, two materiamie
were selected: the differential case for Kuga moaetl double synchronizer of driving. The results of
the calculations show that the logistics systeppigmally adjusted.

Assuming that in the future there would be fludt@s in orders, we reduced ordered quantity of nedte
items. In this case, the optimal number of ordees weduced. On the base of calculations, we deterni
the optimal ordering strategy for the next planniegiod.

Selected methods that were verified in real coodgiis possible to implement in other companiegytiith
the correct application of logistics methods withke the whole process of supply logistics morecieffit.
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Conclusion

Nowadays, when information technology moves theldv@nd enables fast communication between
companies and people, manufacturing and commerteespond much more quickly to market demands. Of
course, this trend is reflected in rapidly changdfgtorage requirements. If storage does not Wbt a brake
on further development, it must adapt to this s$itula Warehouse management is one of the mostdiffi
elements of logistics (Gros, 1996). Decisions andhoice of storage, size and number of storaghtifs and
inventory management have a significant impacthenability of an enterprise to meet customer needs.

The article aimed to propose a way of inventory agement and to choose the appropriate applicafion o
logistic methods, based on the analysis carriedrotiie company. It is necessary to pay attentoimtentory
level and to maintaining good relationships witp@iers trying to buy in quantities so that the enetl is used
in the short term.

The analysis has shown that by setting optimalrntwgy levels, the company has achieved the optimum
ordering system, at the right time and in the optiamount. Based on a more efficient ordering systethe
company, there is no order for a small number ehg, late delivery and therefore no goods in stadiich
should allow companies to fulfil orders from custamsmoothly. On the other hand, there is no ci@etoo
many goods to be held in stock for a long timetha case that such situations do not occur, ibssible to
assume a significant reduction in the average dad and hence a reduction of capital stock ugitories.
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