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Abstract

This article addresses the problem of supply chain management in the foundry industry. In the case of
manufacturing companies assisting in the production process by external entities, it is important to consider
cooperation starting from the settlement of raw materials or semi-finished products to the acceptance of
production from a subcontractor along with the registration of the costs of service, transport and storage.
Subcontractor's production plans should be included in the operational production schedule. The article solves
a specific problem regarding cooperation with suppliers of alloying elements for the production of cast iron.
A cast production, transport and storage plan has been developed so that the total costs of production,
transport and storage are as low as possible. A mathematical model was formulated for this problem. An
algorithm is presented to solve the problem of supplier selection. The proposed analysis is the starting point
for an efficient business planning process, where it is required to transform information from various areas
(sales, marketing and business partners) into a common set of planning data and indicators.
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1. INTRODUCTION

Supply chain management (SCM) is the art of improving ways of obtaining raw materials and products needed
by a company to manufacture products or provide services, improve production itself and methods of delivering
them to clients [1-3]. In the case of manufacturing companies assisting in the production process by external
entities, it is important to consider cooperation starting from the settlement of raw materials or semi-finished
products to the acceptance of production from a subcontractor along with the registration of the costs of
service, transport and storage. Subcontractor's production plans should be included in the operational
production schedule [4]. Cooperation in supply networks is perceived by many distribution enterprises as an
opportunity for more efficient adaptation to changes of the environment. Its role in product distribution
increases especially on very dynamic markets, with variable demand and a short product life cycle. It is so
because for such markets it is adequate is to use the postponed production strategy and the shift of the last
stage of production from industrial companies to distribution enterprises [5,6].

In supply chain management, a large part of the planning process concerns the development of a set of
measures to monitor the supply chain in terms of its efficiency and low costs, as well as high quality and value
provided to clients [7]. A set of processes should be developed here for pricing, supplier selection and payment,
and measures to monitor and improve supplier relationships. One should not forget about the processes of
managing the inventory of goods and services received from suppliers, including processes related to the
receipt and checking of deliveries, the transfer of deliveries to production departments, as well as the approval
of payments to suppliers [8,9].

This article discusses modelling of cooperation from the perspective of groups of production and distribution
enterprise for the needs of complex fulfilment of orders in the foundry industry. The study took into account the
problem of selecting alloy suppliers for cast iron production in the production and logistics network [10]. The
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research used the methodology used to solve the transport and production problem. The production
transportation problem (PTP) is one of the very important problems in the continuous production industries
such as petroleum industry. It deals with the problem of how to plan production and transportation in such an
industry given several plants at different locations and large number of customers of their products. This
problem has been addressed previously in the literature [11,12] and can be formulated as a linear programming
problem.

The model developed focuses on planning the production process in the event that the goods have not yet
been produced and it is necessary to decide where to produce them and how to send them to recipients so
that the total costs of production and transport (and possibly storage of surplus) are as low as possible.

2. PRODUCTION TRANSPORTATION PROBLEM

In the production transportation problem, the suppliers are the producers of the commaodity, and the model can
be briefly characterized as follows [13]: M producers of a certain homogeneous product, each of which has
a production capacity of Ai(i = 1,...,R) of units of goods supply its production to N recipients. Each recipient
reports the demand for B; units (j=1,...,N). The total production capacity of the plant is assumed to exceed the
total demand. Additionally, the data are cj — unit costs of transporting the goods from the i-th plant of the
supplier to the j-th recipient, and p; - unit costs of production in the i-th plant. The goods have not yet been
produced and it is necessary to decide where to produce them and how to send them to recipients so that the
total costs of production and transport (and possibly storage of the surplus) are as low as possible.

This problem can be solved by linear optimization where [14]:

o set of decision variables for optimization tasks:

x={x1, 0, X0 }7 1)
o number of task variables:

n=1,..,N (2)
. objective function:

F(x) (3)
. equality restrictions:

hj(x) =0,dlaj=1,..,n, (4)
o inequality restrictions:

gx) <0,dlak=1,..,n, (5)

The transport and production task can be easily simplified by:

a) the introduction of a fictitious customer — On+1, which will represent the unused production capacity of
individual producers and whose demand is the difference between the sum of the producers 'production
capacity and the sum of the customers' demand, i.e.

By = Z?/I:1Ai - ij=1 Bj (6)
b) constructing a matrix of total transport and production costs kj as follows:

kij=pi+c¢j(dlai=1,.,M;j=1,..,N) @)
k;y + 1 = 0 (i. e.unused production capacity corresponds to costs equal to zero). (8)

In the PTP task size xjn+1 is the unused production capacity of individual producers.



METAL

2020 May 20 - 22" 2020, Brno, Czech Republic, EU

3. RESEARCH PROBLEM

A certain group of companies producing alloying additions must plan their production and supply of raw
materials for foundries in order to obtain the highest possible profit by minimizing delivery costs. The suppliers
are companies producing alloy additions for the production of cast iron. Three companies (M;) supply four
foundries (N;) with additions. Production companies capacities (Aj), demand reported by foundries (B;), unit
transport costs (cj)) from companies to the foundry, and unit costs of production of alloying additives in individual
companies (p;) [PLN/Mg] are presented in Table 1. that factories will use their production capacity and store
the surplus production for export. The unit storage costs in individual companies are: 5, 5, 6 PLN per Mg of
alloying additions. An alternative optimization should also be made for the case where the production capacity
of the companies is not fully utilized, and the companies will only produce as much alloying additions as the
foundry needs.

Table 1 Production companies capacities (Aj), demand reported by foundries (Bj), unit transport costs (cj)
from companies to the foundry, and unit costs of production of alloying additives in individual
companies (pi)

Suppliers Recipients (Foundries)

. Ai [M i [PLN/M
(Companies) Ny No Ns Ne i [Mg] pi [ al
M1 [PLN/Mg] 50 40 50 20 100 1080
M2z [PLN/Mg] 40 80 70 30 50 1060
Ms [PLN/Mg] 60 60 70 80 80 1100

230
Bj [Mg] 40 60 50 50
2200

A production, transport and storage plan for alloying additions should be developed so that the total costs of
production, transport and storage are as low as possible. This is an example of an open issue, because
2A; =230 > %B; = 200. Decision variables x; are the amount of alloying production of the i-th company
(I =1,2,3) delivered to the j-th foundry (j = 1,...,5), where x5 being the number of castings that will remain in
the warehouse of the i-th supplier. Before starting to build the model, you should determine the matrix of the
total costs of production, transport and storage — kj. To the transport costs from the first company should be
added the unit costs of alloying production in this company, i.e. 1080 PLN/Mg, to the transport costs from the
second company — 1060 PLN/Mg and from the third — 1100 PLN/Mg. The elements of the fifth column will be
the sum of production and storage costs in individual factories producing alloying additions. This matrix has
the form:

. for cases when companies will use their production capacity and store surplus production for export:
1130 1120 1130 1100 1085

kij =[1100 1140 1130 1090 1065 9)
1160 1140 1170 1180 1106

o or for a case in which the production capacity of the company is not fully utilized, and the company will
only produce as much alloying additions as the foundry needs:
1130 1120 1130 1100

kij = [1100 1140 1130 1090] (10)
1160 1140 1170 1180

The total costs associated with the delivery are described as:

F(xy) = 232, 2321 (kyj - xi5) > min (11)
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This is an objective function, that should be minimized. The production capacity of the companies providing
alloying additions, which are described by the following conditions for individual suppliers, should be taken into
account here:

X1+ X1p + X913 + X4 + x5 < 100
Xp1 + Xop + Xp3 + Xog + X35 < 50 (12)
X317 + X35 + X33 + X34 + X35 < 80

and conditions for individual recipients (foundries):

x11 + le + x31 = 4‘0

x12 + xzz + x32 = 60

x13 + x23 + X33 = 50 (13)

X14 + Xo4 + X34 = 50
X15 + X35 + X35 = 30

In the latter condition, it was stated that 30 Mg (230-200) of alloying additions should be stored in total in three
companies supplying alloying additives.

The task defined in this way can be solved in the Octave environment [15]. This package is a computational
environment that enables numerical and symbolic analysis. Thanks to the use of efficient numerical algorithms,
it allows for quick and error-free solution of scientific and engineering problems. GNU octave is distributed
under the terms of the GNU GPL. Octave is the free equivalent of the MATLAB environment, which is mostly
compatible with it. The problem of choosing individual suppliers of alloying additions was solved using the glpk
command. The GNU Linear Programming Kit (GLPK) is a software package intended for solving large-scale
linear programming (LP), mixed integer programming (MIP), and other related problems [16]. GLPK uses the
revised simplex method and the primal-dual interior point method for non-integer problems and the branch-
and-bound algorithm together with Gomory's mixed integer cuts for (mixed) integer problems [15].

4. ANALYSIS OF THE RESULTS

After calculations, optimal quantities of alloy additions for individual foundries were obtained. Figure 1 shows
the assignment of suppliers and foundries, and the volume of delivery, assuming that factories producing
alloying additions will use their production capacity and store excess production for export. The lowest costs
of planned production and delivery will occur when the M1 company supplies raw materials for the N3 and N4
foundries, the M2 company for the N3 foundries, and the M3 company provides alloying additives for the N2
foundry. In addition, M2 and M3 companies should use N5 for export to utilize their production capacity. In
turn, if the companies did not decide to produce their production surplus to the warehouse, then the optimal
distribution of deliveries, assuming minimal production costs, is shown in Figure 2.

60 N3 N4

50

40

30

20

10 N1 N2 N2N3 N
——

Figure 1 Optimal assignment of M suppliers to individual N foundries, in a situation when factories producing
alloy additions will use their production capacity and store excess production

delivery volume [Mg]
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Figure 2 Optimal assignment of M suppliers to individual N foundries in a situation where the companies will
not be fully used and will only produce as much alloying additions as the foundry needs
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Figure 3 Total costs from the implementation of the order program for the criterion of minimizing and
maximizing costs

Figure 3 presents a chart comparing the total cost of executing the order program for the two extreme cases.
The first situation concerns the optimal solution when the costs are minimized. For comparison, the second
shows the situation in which the costs were maximized.

The ranking shows that in the case of the most unfavorable selection of suppliers, in this situation, it will lead
to an increase in costs by more than 5.5 thous. PLN for the case when the companies will use their production
capacity and the excess production to be stored and by 6.5 thous. PLN, when the companies will not be fully
used and will only produce as much alloying additions as the foundry needs.

5. CONCLUSION

The proposed analysis is the starting point for an efficient business planning process, where it is required to
transform information from various areas (operations, sales, marketing and trading partners) into a common
set of planning data and indicators.

At present, the approach towards matters of production process improvement must answer to contemporary
developmental tendencies in a scope of company management in conditions of the market economy. Linear
programming is one of the simplest ways to perform optimization. It helps solve some very complex
optimization problems by making a few simplifying assumptions. It is possible to use the linear programming
for the minimization of production costs as well as for the maximization of profits.

The presented example can, by analogy, be widened to a large number of suppliers and customers, as well
as to months. This mathematical model find application in many engineering problems e.g. the problem of
optimal using stores, realization the cheapest order, etc. It seems that the accumulated insights and results
obtained may be useful in many areas of industry and research where exact planning and synchronization of
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processes are required e.g. assembly of electronic devices [17], biotechnology [18], surface layer treatment
by nanopowders [19] and laser beam [20, 21]. Some of ordering aspects probably should be considered in
statistical model construction, because they may affect sampling schemes e.g. in ANOVA tests [22] or
bootstrap resampling [23].
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