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Abstract

Additive manufacturing is becoming increasingly widespread in many areas of life. One of the main reasons for this is that the
machines, raw materials and manufacturing are becoming cheaper. The cheaper the technology, the more widespread it is. The cost
of production is influenced by many factors. One of these shows the impact of the part's production positioning (placement in the
working space) on costs in the following study. On this basis, we can simplify the traditional pricing strategy. From the results, we can

determine how economically it is worth to place the parts in the work area of the machine.
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1 Introduction

Due to the proliferation of additive manufacturing tech-
nologies, more and more people are engaged in either
in-house production or payroll printing. In both cases, the
costs have a significant role. Generally, it can be stated
that the time spent on planning has decreased signifi-
cantly, thus reducing the time to market (Ficzere et al.,
2012; Gy6ri and Ficzere, 2017). In many cases, there is a
significant economic, competitive advantage if we can be
the first to enter the market with a new product (Fedorko
etal., 2019). 3D print products, also known as rapid proto-
types, have a significant role in reducing the cost of errors.
An important economic factor may be, where appropriate,
an area called rapid tooling where prototypes or smaller
series are required, e.g. the design and the manufactur-
ing process of casting tools may be omitted. In the case
of individual pieces or small series production, significant
cost and time savings can be achieved as a result of aban-
doning tool design and manufacturing. Many direct and
indirect costs can be saved by saving time (Ficzere et al.,
2013; Molnar et al., 2019). Direct Material Cost (DMC, ;)
is the cost of materials that are used and can be connected
to final product. In this paper DMC is time (t) and produc-
tion unit (i) dependent. InDirect Material Costs (IDMC,)
cannot be assigned directly to final product, activities or

services that are related to more products. From model-
ling point of view IDMC is a time (t) dependent vari-
able. The term Direct Labour Cost (DLC,,) is reserved
for those labour costs that can be assigned to individual
units of products, for instance the labour cost of assembly
line workers. In our case DLC is time (t) and production
unit (i) dependent. Labour costs that cannot be physically
assigned to the creation of products are termed InDirect
Labour Cost (IDLC)) and treated as part of manufacturing
overhead. Indirect labour cost includes the labour costs
of supervisors, materials handlers, and night security
guards. Although the efforts of these workers are essential
to production, it would be either impractical or impossi-
ble to accurately determine their contribution to specific
units of product. In this paper IDLC is a time (t) depen-
dent variable. Manufacturing Overhead Cost (MOC)
includes items such as indirect material, indirect labour,
maintenance and repairs on production equipment, heat
and light, property taxes, depreciation, and insurance on
manufacturing facilities. Derived from the above men-
tioned MOC is also time (t) dependent variable. So Cost
Of Manufacturing (COM) can be calculated by Eq. (1):

conr _zz:‘b(z;(DMCm+DLCU)+IDMC(+IDLC1) M
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where:

* COM,;: Cost of Manufacturing in the t investigation
time interval (from t; to t) at producing unit i

* DMC,;: Direct Material Cost in the t investigation
time interval (from ¢ to t ) at producing unit i

* DLC,;: Direct Labour Cost in the t investigation time
interval (from ¢, to t) at producing unit i

« IDMC,;: InDirect Material Cost in the t investigation
time interval (from t; to t) at producing unit i

* IDLC,;: InDirect Labour Cost in the t investigation
time interval (from t to t ) at producing unit i

* n: number of produced units

Furthermore to have the Market Price (MP) the Research
and Development Costs (RDC), the Revenue (R), Taxes (T)
and the Marketing Costs (MC) need to be added.

t=t; n
P oM S (X RDC, +R 4T, +MC, ) (g
i i s

n

where:

* MP, ;: Market Price in the t investigation time inter-
val (from t, to t,) at producing unit i

* RDC, : Research and Development Cost in the t
investigation time interval (from t; to t) at produc-
ing unit i

* R Revenue in the t investigation time interval
(from t; to t,) at producing unit i

* T,;: Taxes in the t investigation time interval (from t,
to t,) allocated to unit i

* MC,;: Marketing cost in the t investigation time
interval (from ¢, to t) at producing unit i

With the rapid prototyping the direct costs and the indi-
rect cost can be significantly lowered compared to regular
linear production chains (Bokor, 2011). Rapid prototyping
is an approach which allows crucial design decisions as
early as possible (Markovits-Somogyi, 2011). Rapid pro-
totyping is the automatic construction of physical objects
using additive manufacturing technology (Ficzere et al.,
2013; Ruffo et al., 2006).

It can be seen that there are a lot of components, which
have effects on costs. We will investigate only the Direct
Material Costs and the Direct Labour Costs.

It should be noted here that more than one completely
different parts can be produced at the same time. Many
factors influence the costs from the production side, in
detail (Byun and Lee, 2006; Hur and Lee, 1998):
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» chosen procedure,

» production time, print speed,

* placement in the work area,

* position, orientation,

* quantity requirement for support material,
* type of support material,

» percentage of fill,

+ fill type,

* layer thickness,

e chosen material,

* the number of pieces to be manufactured.

On this basis, it is not surprising that there are several
pricing strategies on the market (Torok et al., 2018). The
present study examines the effect of only one of these -
position and orientation - on costs.

2 Methodology

During the investigation, five simple components (standard
short tensile specimens) were placed in different ways and
the impact of the position on costs was analyzed. Different
placement methods require different support. Besides that,
in each of the layouts, the machine time needed to produce
the pieces also varies considerably. In the oblique position
shown in Fig. 1, the use of support is required.

Beyond that, in this case, we use much material unnec-
essarily, properly structured printing of the support mate-
rial also significantly affects machine time (Baumers et
al., 2016; Zhang et al., 2015; Urbanic and Saqib, 2019). In
the present study, we examine the effect of position on
production time and amount of material needed.

3 Results
None of the layouts horizontal and vertical requires sup-
port, so there is no signifcant difference in material use,

Fig. 1 Specimens printed at an angle of 30°; Source: own edition
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but the vertical arrangement has approx. twice the machine
time. The production of specimens in oblique positions
requires different amounts of support material, which also
vary considerably in production time.

Fig. 2 shows the production time of the specimens as a
function of the position angle. In the same way, the amount
of raw material needed can be examined as a function of
placement.

4 Analysis

One can examine Fig. 2, it is easy to see that the effect of
the manufacturing position on production time and mate-
rial requirements is quite similar. It is, therefore, worth
examining the relationship between the amount of mate-
rial used and the production time.

The resulting diagram shows that there is an approxi-
mately linear relationship between the two parameters as
can be seen in Fig. 3.

Fig. 2 shows that horizontal and vertical close layouts
are economical in terms of production time and material
requirements.

5 Conclusions
Additive manufacturing companies need to be able to
quote the cost of producing the models almost immediately,

Position [*]

Mass [g]

Position [*]

F

g. 2 Production time and raw material requirement depending on the
angle of the placement; Source: own edition
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Fig. 3 Production time depends on the amount of
material used

so complex relationships cannot be used to set prices. In
practice, there are two types of pricing strategies (within
a given technology):
1. Calculation
* based on the minimum height of the component,
* based on the required raw material and produc-
tion time.

In the first case, the customer also can easily calculate
the expected price from the geometry of the part. Here,
there is an amount for a given height (production costs
also change linearly with height) that the manufacturing
company has calculated for all its costs, benefits.

In the second case, the price is determined by multiplying
the unit price per gram of material by the total quantity of
material needed and adding the machine's overhead costs.

Of course, the unit cost of materials and the hourly rate
of the machine are set by the manufacturer, so that all of
its costs are recovered, and there is some profit.

In both cases, determining unit prices is a serious task
that requires experience in economics, corporate manage-
ment and manufacturing.

Of course, there are other factors to consider when set-
ting prices, such as uniqueness, emergency surcharge,
pre- and post-processing time, and resource requirements.

Based on these, in the second case (material and time-
based pricing), we get the following result.

Variable cost, VC (variable cost) can be defined as the
sum of the cost of material C_ (material cost), and produc-
tion time-based cost C, (printing time cost). In this case
the C_=12.5 Ft/g, and the C, =4 Ft/min values are added.



vC=C, +C, ?)

Based on this, we get the cost function shown in Fig. 4:

Fig. 4 shows that with such unit prices, variable costs
are more sensitive to time-dependent costs.

From the graph in Fig. 4, we can determine that among
the cost components, time-based cost dominates. If we
change the unit price based on this, e.g. C = 5 Ft/min and
omit the required raw material based component (C_) the
following diagram can be drawn as can be seen in Fig. 5.

It can be seen that if one simplifies costing to one compo-
nent, one can still get almost the same result as the original
method. The modification can simplify the pricing strategy
as can be seen in Fig. 6.

6 Summary

Summarizing experiences, it can be concluded that deter-
mining the market price of a product is a very complex
task. Of course, the price includes many other factors
besides design and production costs which are difficult to
quantify. They can be the benefits of earlier market entry,
as well as the results of reduced error costs. Therefore, this
study examines costs exclusively from the manufacturer's
perspective and focuses exclusively on direct manufactur-
ing costs. Even with these reductions, many factors can
influence costs. Thus, as a result of a further reduction,
only the impact of the placement and position of the part
in the workspace on costs was analyzed.

Analyses show that placement has a decisive influence on
costs, as the price may even vary in magnitude as a result.
It can be concluded from the results that the near horizontal
and vertical states are the most cost-effective layouts.
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Fig. 4 Distribution of Variable Cost (VC) by Time-based Cost (C,) and
Raw Material Cost (C_ ) depending on the part position; Source: own
edition
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Fig. 5 Variable Cost (VC) by Manufacturing Time (C,) and Raw
Material Cost (C, ) and the Modified only Raw Material Based Cost
(VC mod) depending on the part position; Source: own edition
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Fig. 6 Differences between the results of the two calculation methods

depending on the position; Source: own edition

Of course, it is essential to emphasize that one of the
significant advantages of additive technologies is the pos-
sibility of custom manufacturing. As a result, it is diffi-
cult to make general statements that are true to every
piece. Since we can produce completely different geom-
etries, even at the same time in the same workspace, pro-
cesses cannot be standardized. However, it is advisable to
develop a transparent pricing strategy that is understand-
able to the customers. The results described in this paper
help us to do this, and we can even make this particular
relation one-variable, based on which we can determine
the price. However, since the amount of material is pro-
portional to the time of manufacture, it is advisable to
choose a time-based strategy for pricing.

One of the prerequisites for the further spread of addi-
tive manufacturing technologies is to make it as secure
and transparent as possible for non-skilled people.
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