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Abstract:

On the stage of product design there is a problem concerning production cost estimation in the moment when
elements are not yet definitely designed. Depending on the amount of the available information, more or less
precise cost estimation methods are applied, i.e.: variant methods, generation methods, hybrid methods. The
proposed method of cost estimation is based on a formalized description of information related to construc-
tion, manufacturing and organizational characteristics concerning the designed element, the automation
method of technological processes design using methods of group technology and a model of determining
production costs of machine elements based on Activity Based Costing.
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INTRODUCTION

The situation on the market makes companies constantly
monitor and look for savings in total production costs,
while maintaining appropriate quality of the manufac-
tured products. The best results in reducing costs can be
achieved in the initial phases of the product life cycle, at
the design and development stages of production pro-
cesses, i.e. when it affects the largest number of factors
determining the final manufacturing cost, in which the
concept and product structure are created, and the mate-
rial, the technological process and parameters of the man-
ufacturing process are selected [1, 2, 3]. A prompt and rel-
atively accurate cost estimation allows to avoid excessive
spending during the production launch of these products.
In the design process, we have an influence on 70-80% of
the costs of subsequent processes, i.e. supply, planning,
production and sales, which depend on the amount of in-
formation related to the design, manufacture and produc-
tion organization of the designed elements — Figure 1 [4].
The more information we possess about the designed el-
ements, the lower share in product cost belongs to unde-
termined product costs. The more advanced the manufac-
turing process is, the smaller the chances to decrease
prime costs due to large expenditure on process modifi-
cation.

Selecting the proper cost estimation method according to
the production type may significantly influence the accu-
racy and reliability of the performed calculations. Applying

Activity-based Costing, including cost drivers, allows to con-
siderably reduce costs on the stage of production processes
design, which actively influences cost planning in the fu-
ture. This allows for changing the approach from delivering
historical data about operational effectiveness, into man-
aging costs of efficiency of future periods [5, 6].
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Fig. 1 The paradox of cost estimation
Source: Developed on the basis of [4].

The aim of the research is to develop methods of cost esti-
mation of the designed products on the stage of construc-
tional production preparation, which would be based on
proper selection of cost drivers related to actual rates from
activity based costing, in order to optimally and relatively
quickly estimate the cost of a designed element, depending
on constructional information. Solving the above problem
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in enterprises with unit and small series production re-

quires:

- assuming proper description of the designed elements
basing on the elementary object method, which takes
into consideration constructional, manufacturing and
organizational features

- determining activity costs for an exemplary production
system, with accuracy corresponding to the description
of features of the designed elements,

- compiling a set of cost drivers, on the basis of the as-
sumed cost estimation method

- determining the level of cost drivers basing on the val-
ues of the assumed description of the designed ele-
ments features

- designing a cost calculation model which would con-
sider the available sets of cost drivers and actual activity
rates.

METHODS OF COST ESTIMATION

The two available approaches aiming at achieving an op-
timal level of production costs, denoted as DFc and target
costing, are presented in Table 1 [4].

Table 1
Concepts of reducing costs of a designed element

uses all organizational and tech-
Design for cost nical possibilities in order to re-
(DFc) duce total production costs of the
designed product
aims at reaching satisfactory pa-
rameters of a designed product
within the assumed target cost

Concepts

Design to cost
(Target costing)

Table 2
Methods of cost estimation
Groups Characteristics
Intuitive They are based on knowledge and experience
methods of an expert, who can estimate production
(by experi- cost of the designed element on the basis of
ence) the possessed information. However, the re-

sults are uncertain and often inaccurate, as
they depend on subjective evaluation. On the
other hand, these methods of cost estimation
are very cheap.

Analogous The methods allow to determine the costs of

(variant) the designed products based on similarity

methods with other previously produced products in a
given production system using classification
systems. They are applied parallelly with the
group technology methods used for designing
production processes.

Analytical They use the known (previously incurred, his-

(genera- torical) costs of elementary tasks, decompos-

tional) meth-  ing the adopted production method for de-

ods termining costs of the designed product. The
obtained results are characterized by high ac-
curacy, but these methods are very expensive
compared to others.

Statistical They aim at bringing costs to the function of

and para- several important parameters, which can be

metric meth-  easily determined in the initial stages of prod-
ods uct design.

These concepts require applying appropriate methods of
calculating costs allowing to determine total production
costs of the designed products in an early stage of product
life cycle, using the information about the product availa-
ble on this stage. The methods are called cost estimation
methods, as they operate on an incomplete set of data
about the designed product, needed to determine a pos-
sible level of total production costs. This is a process of
approximate production costs determination, which is
based on information generated at each completed stage
of the cycle before all phases of the production cycle are
realized [7]. Literature contains more or less precise
methods for estimating costs, which depend on the
amount of information on the designed product. Table 2
presents the division of the methods into basic groups, to-
gether with their brief description.

The mentioned methods of cost estimation of machine el-
ements are characterized by limited accuracy of the ob-
tained results. The methods described in literature [5] can
be used if all characteristic features of a product are
known, and the designed manufacturing process is similar
to the previously produced items, which brings about
some restrictions to applying such methods from the
point of view of accuracy of the obtained results [8]. The
methods relate to various stages of the production cycle,
so a different method proves more effective in a given
stage.

Source: [4].

Referring to the choice of one of the methods resulted in
limited application of the above-mentioned solutions in
terms of accuracy of the results obtained in different
phases of the production process. In order to determine
correct manufacturing costs, apart from the information
related to the values of geometric and technological pa-
rameters of the product and process being designed, pre-
liminary information on production organization is also
required [9, 10]. The cost estimation systems are based on
fixed, often outdated cost data, which, in a situation of
constantly altering structure of the encumbered ex-
penses, causes that the estimated costs considerably dif-
fer from the actual costs borne on their production. These
methods usually make use of traditional cost accounting,
and, in case of activity based costing, they are limited to
only processing activities, without taking into account
other costs, which may be later added in form of sur-
charges [9]. The problem of cost estimation on the stage
of product design occurs when the elements are not def-
initely designed, or considerably differ from the previ-
ously manufactured products, which is characteristic and
frequent in case of unit or small lot production [9, 11].

THE ASSUMPTIONS OF THE PROPOSED COST ESTIMA-
TION METHOD OF MACHINE ELEMENTS

The proposed model of conduct, presented in Figure 2,
aims at accurate estimation of total production costs on
the stage of designing and processing new products in
unit and small-series production, depending on the avail-
able information about the designed product. This system
connects the formalized description of the information
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(features) of the designed element and a model of pro-
duction costs determination basing on the activity based
costing method, and locates the proposed method among
hybrid methods of cost estimation.

Costs estimation
Cax system
ERP system

f
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[ |

_System of cost accounting according to method of activity based costing -

Fig. 2 A model of cost estimation for machine elements
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F94_KO1 Thcn‘m] and thermo- F.‘)-l — carburizing 1
chemical treatment F9 simultaneous tempering

Fig. 3 The geometrical form and formalized set of features of
the designed element, together with description of symbols in-
cluded in the FP vector- an example

The suggested method of cost estimation applies the prin-
ciple of identifying elements which allows for finding the
previously designed manufacturing processes of similar
machine elements. This can be performed by using a sys-
tem describing features of the designed item — Figure 3 —
which considers [9]:

- constructional features, which, in turn, consist of geo-
metrical features, like shape type, external shapes, addi-
tional external shapes, etc., and materials features, e.g.
semi-product, raw material, thermal treatment, etc.

- organizational features, e.g. serial character of produc-
tion, production capacity, etc.

- features related to manufacturing, e.g. variant of the
manufacturing process structure, the applied workshop
aids, etc.

An important element of the system describing the de-
signed elements are structural elementary objects, which

directly constitute the constructional form of the de-
signed element — Figure 4. Each elementary object is as-
sociated with one structural feature that describes it [11].

connection by groove
or by gluing

grind teeth

stuff
(55, 40HM)

shaft housing
Fig. 4 Examples of elementary objects

On the basis of the similarity of the above mentioned fea-
tures related to the new element and an already pro-
duced one, a manufacturing process is searched for. In
other words, basing on a parametrical description of the
designed element necessary for searching the existing
base of manufacturing processes, the process course for
a previously designed element is selected, which is the
closest to the new element in terms of structural, manu-
facturing and organizational characteristics [9].
A vital element of this system is to appropriately apply ac-
tivity based costing, considering as many accounting ba-
ses as there are separated kinds of activities [5]. However,
it is important to underline that activity costs should be
property settled on each level of product structure (sets,
sub-sets, elements, or elementary objects), and the ac-
count should show the differences in costs for different
design concepts, with detail up to particular technological
operations. The next step involves establishing the value
of cost components constituting the structure of the pro-
duction costs. The basic components in this methodology
are costs of direct activities, which are cost drivers as-
signed to the produced elements, sets, products, etc.
According to the information generated on different
stages of production process design, aided by the CAx sys-
tem (computer aided ...), or the information stored in da-
tabases [12, 13], the code of conduct depends on the pos-
sibility of determining a set of cost drivers.
Therefore, it is vital to establish such manufacturing pro-
cess parameters for particular product structure levels (el-
ementary objects, elements, sub-sets, sets and the whole
product), which unambiguously determine the values of
the variables specifying cost components together with
the manner of their estimation. These costs are deter-
mined on the basis of cost drivers values — Table 3, which,
depending on the available information about the de-
signed element, are settled according to various algo-
rithms related to:
- determination of a variant set of cost drivers,
- determination of a corrected variant set of cost driv-
ers,
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- determination of a generative set of cost drivers,

- determination of a hybrid set of cost drivers.

Basing on current rates of activity costs determined in a
given accounting period, estimated costs of the designed
elements are calculated, which, depending on the method
of generating the value of a cost drivers set, are called var-
iant costs, corrected variant costs, generative costs and
hybrid costs.

Table 3
Examples of cost drivers

Level of cost
aggregation
Cost component
Cost variable
Cost drivers

dimension of starting
material - x
dimension of starting
material -y
dimension of starting
material - z

standard number of
semi-product

standard ma-
terials usage

cost of di- . .
element material density
rect mate- .
level rials raw material
standard number of
semi-product
. .. dimension of starting
material unit .
. material - x
price . . .
dimension of starting
material -y
dimension of starting
material - z
auxiliary time related
activit to technological oper-
v number of . € P
costs of . ation
. units
processing - set-up and break-
element of activity .
the n-th down time
level . measure . .
technologi- size of a production
cal opera- batch
tion rate of ac- production position
tivity
. number of standard number of
activity . .
units semi-product
costs of the . .
element of activity standard materials
procure-
level ment oro. | Measure usage
P rate of ac- standard number of
cess . .
tivity semi-product
number of
L units size of a production
activity cost .
of activity batch
element —documen-
. measure
level tation pre-
. type of documenta-
paring rate of ac- . ) e
. tion (typical, modified,
tivity

new)

COST ESTIMATION DEPENDING ON THE AVAILABLE IN-
FORMATION ON THE NEW ELEMENT AND THE CLOSEST
ELEMENT IN THE DATABASE

The costs estimated when using the proposed method are
costs characterized by a various level of accuracy in rela-
tions to actual costs of the designed element. The costs
are established on the basis of cost drivers values, which
are selected according to different algorithms, depending
on level of information on the new item and its closest
counterpart in the database. The more information is
available, the better is the adjustment of the values of
cost drivers to actual values related to the designed ele-
ment. Depending on the amount of the information on
the designed item, the following costs are estimated:

e Variant cost of the designed element (Fig. 5), which is
determined on the basis of the manufacturing process of
the closest element and the data related to the values of
cost drivers in connection with a cost calculation system.
The next step is to search the exiting CAPP system’s base
of the manufacturing processes from the perspective of
feature similarity, in order to find a technological process
route for a previously designed element, and particularly
a set of data connected to technological processes in dif-
ferent variants, the semi-product — its shape, dimensions,
type of materials, machining time standards, tools, pro-
duction means, production workstations organization,
etc. Each element of this set has some ascribed values
which are characteristic for the parameters of processing
the model element. On the basis of these values and a set
of cost drivers of the variant model of cost estimation, a
variant set of cost drivers’ values is determined, which,
taking into account current rates of activity costs, allows
for evaluating variant cost of the designed element, ac-
cording to cost data from a current, not historical, time
period.

» q
Variant cost: 295.04 PLN
Direct costs: Activities costs:
Material costs Costs of processing actions CProc Act.: 118.46 PLN
CDM elem: 59.09 PLN]| Planning costs: CPL: 0.69 PLI
ety Costs of i CstorMater: [ 5141 PLN]

COL elem: __7&.23 PLN|

Storage costs of finished products: Costs of sale: Costs of the order:  Costs of preparing documentation:
cstor: (0,00 PLN| Csole:  [0.00 PLN]  COrd:[0.00 PLN] CPrep Doc : [17.16 PLI
© D.Wigcek

Fig. 5 Estimated variant costs of the designed element

e Corrected variant cost, which is a cost determined on
the basis of corrected values of cost drivers basing on pa-
rameter differences of the designed element and its clos-
est counterpart —Figure 6. The parametric description and
the determined variant costs of the designed element will
be used by correcting the so called cost drivers according
to activity based costing respectively to the existing differ-
ences between the elements. The cost drivers to be cor-
rected can be related to e.g.:
- cost of direct materials, as a result of applying another
kind of raw material, semi-product, or differences in
size;
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- cost of direct labor and costs of processing activities
(Fig. 7), resulting from changing time consumption
standard following altered machinability parameters,
size of a production batch, etc.

4 Corrected variant cost: 286.53 PLN
Direct costs: Activities costs:
Material costs Costs of processing actions (activities): CProc Act.: 125.67 PLN
COM elems Planning costs: S
Direct labour costs

Costs of storage materials:  CStorMater: [ 16.72PLN
Cotakns 83.20 PLN

Storage costs of finished products: Costs of sale: Costs of the order:  Costs of preparing documentation:
Cstor: Csale: cord :[0.00 PLN] CPrep Doc:[17.16 PLN]

© D.Wigcek
Fig. 6 Estimated corrected variant costs of the designed ele-
ment
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Fig. 7 Corrected variant costs of processing activities

e Generative cost, which is a cost determined on the ba-
sis of generative sets of cost drivers values for the de-
signed element. It is necessary that all features describing
the designed element are clearly defined — they are partly
selected from CAD and CAPP databases. Achieving the as-
sumed constructional form in specific organizational and
technical conditions requires performing a set of activities
resulting from the appearance of given features in the de-
scription of the designed element, i.e. planning specific
technological operations, in order to obtain the desired
parameters of a given feature. The technological process
framework is adopted using an advisory system which,
based on specific features of the designed element, pro-
poses a given variant of the technological process with the
working time standard for a given operation. The produc-
tion costs for an element do not only depend on the set
of activities present during processing, but also on cost
drivers dependent on materials or organizational charac-
teristics, like the cost of direct materials or costs of pro-
duction planning activities. Analyzing the set of cost driv-
ers related to the generative model of costing for machine
elements, taking into consideration the level of cost ag-
gregation, it appears that the process of generating a set
of cost drivers values concerns: direct costs of materials
(raw materials, semi-products, dimensions), costs of di-
rect labor and processing activities (technological opera-
tions, the manufacturing process variant, attribution to
production workstations), other costs of activities (stor-
ing, planning, etc.). Cost estimation proceeds with a much

higher accuracy than cost correction for the previously de-
signed elements (the variant method, the corrected
method).

e Hybrid cost — this approach finds application when a
set of characteristics describing the designed element has
not been fully determined. In such an event, it is not pos-
sible to use only generative approach to creating cost driv-
ers, since the established estimated costs on an incom-
plete set would significantly differ from actual costs. The
hybrid approach applies the rules of selecting a variant set
of cost drivers and creating a generative set of cost driver
values. The basis for determining this cost is the value of
corrected variant cost decreased by the value of genera-
tive costs set for the variant element, and increased by the
value of generative costs specified for the designed ele-
ment, i.e. the costs of technological operations and direct
materials — Figure 8.

Variantcost: | Corrected ariant cost:  Hybrid cost: | Generative cost: |

Hybrid cost: 276.19 PLN

Variant cost: Generative cost; Corrective cost; _
Direct labour costs Direct material costs Generative cost of exemplary element
CDLelem:|  83.20 PLN CDMelem : [ 43.07 PLN CDLelem:[  72.98 PLN
Costs of processing activities Costs of storage materials CProc AK.:[  110.96 PLN
C Proc Akt.:[_ 125.67 PLN C StorMater:[__16.72PLN
Planning costs Generative cost of designed element Hybrid cost of designed element
CPL: 0.69 PLN CDLelem ;[ 69.34PLN CDLelem:[  79.56 PLN/
C Proc Akt.:[_104.27 PLN CProc Akt.:[_118.98 PLN|

|Storage costs of products Costs of sale Costsoftheorder  Preparing documentation

CStor:| 0.00PLN| CSale:| 0.00PLN] COrd:| 0.00PLI CDoc:{17.16 PLN

Fig. 8 The estimated hybrid cost of the designed element

The available set of data on the designed element rarely
provides the basis for generating a full set of sub-activities
of the manufacturing process. Therefore, it is necessary to
combine a set of values of cost drivers generated by the
variant and generative methods in order to avoid the de-
pendency of cost estimation on similarity with the nearest
element in case of the variant method, and information
shortage in case of the generative method. Such an ap-
proach to generating the values of cost drivers is called
the hybrid approach.

CONCLUSIONS

The parameter values of constructional, manufacturing
and organizational features of machine elements deter-
mined on the stage of production processes design di-
rectly influence and shape the values of prime costs re-
lated to subsequent production processes. Estimation ac-
curacy depends on the available information on the de-
signed element and requires creating proper models of
determining costs basing on activity based costing, which
would allow for more precise determination of resources
consumption for a given cost object on each stage of pro-
duction processes design. Particular cost components rely
on the variables called cost drivers, therefore, we can
state that the value of a given cost component is a func-
tion of a certain set of cost drivers related to a given cost
component. The suggested method bases on the required
sets of cost drivers, which allows to estimate costs possi-
bly most similar to actual costs by applying current rates
in a given time period (activity costs in previous periods
are not considered).
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Getting to know the value of activity costs allows to re-
duce production costs by means of decisions to eliminate
or limit the duration and to reduce the use of resources of
the activities that do not add value to products. Designers
and cost managers have the opportunity of paying atten-
tion to low-cost activities and choosing less expensive ac-
tivities, in particular cheaper "construction components"
in the product design phase.

The proposed methods require full implementation of ac-
tivity based costing in an enterprise, a functioning CAPP
system with an updated base of technological possibilities
of the manufacturing system and conducting an analysis
of constructional documentation in order to create a base
of features describing the designed elements. The sug-
gested solutions have been adjusted to production sys-
tems operating in conditions of unit and small lot produc-
tion.
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