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Abstract: The research of this paper aims to characterizk describe the methodological sequence of opemation
necessary for the correct calculation of the cdsepvhen performing a bid calculation in the bexprocess step on a
bending machine. The research focuses on detemgniheamethodology and its application exclusivelysheet metal
parts in the engineering industry in the processihgteel and stainless-steel she@&ts research this issue, we used
empirical and quantitative research in a real veankironment. The methodology for calculating thstgoice of bending
sheet metal parts yields the relationships betvemenponent inputs, the result of which is a timeapater that is
expressed by the actual production costs. Thetsesah be used in the real working environment ahafiacturing
companies for comparison with already establistradtiges and a verification of their outputs. A¢ tame time, it is
possible to use the determined methodological plueeas a basis for implementation in the Aureret application.

1 Introduction inquiries usually take place with very limited dadbility
Market trends are leading to the digitization, tise of ~Of information and within short time frames, estiesaof

technology and the transformation of businesséiserera  the costs on which these tenders are based aréy high
called Industry 4.0. The most important aspect mfj a inaccurate and pose a significant risk to suppliéns
company's success is a satisfied customer. Thesssi Particular, the actual consumption of productiopazity
environment is Changing year by year and markelimg cannot be predICted Wlth sufficient accuracy [7@)[‘ R N
business practices are witnessing an ever-incigasiproduct to succeed in the manufacturer's competitiv
tendency to focus on the customer and their neb@} [ business, there should be an accurate estimatedsfsign,
Global competition makes it necessary for induistriglevelopment, and manufacturing costs [8]. In ta&pect,
companies to accurately monitor production costgdlculations of the production costs of finisheddurcts
throughout the design process. However, it isdiffifor need to be made quickly and reliably [9]. There tare

a company to determine the best technology to erigar concepts for calculating the price of a productnely
profitability [3,4]. absorption calculations and direct calculations].[10

Absorption calculations are also called full cadtidns,

Cost management is a major section of busine8ieaning a calculation concept in which all procareti
management in the manufacturing industry. The lefel Costs are absorbed into a product. Direct calanati
implementation of the cost management is Eneanwhile, are commonly known as marginal calouresti
comprehensive index for measuring the level ofrenige  Or Variable calculations, and involve only assignin
management [5]. The ability to predict the cost oyariable production costs to products [11]. Thegrafses
manufacturing parts is therefore considered a &etpf for ~ the full calculation methodology.
the commercial success of products [6]. Since tenfie
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The methodology described herein for a specifiapplication is built on a cloud solution and canused
bending process step is one of many inputs on feom anywhere, requiring only an Internet connettio

comprehensive scale to determine the target piée. The paper describes a methodical approach to tost p
understand the target price here as the cost girtiduct calculations of a specific technical issue, focgsim the
without compromising its quality [12]. technology of bending sheet metal parts on presiselsr

The bending process is herein defined for th&his is a key step in bid calculations, which has a
processing and production of sheet metal partshen tsignificant share in the final price of the prodant is also
engineering industry, whereas individual processaust complicated for a qualified estimate. The papeg'sults
map their own given industry in detail, as they ldoany can be used as a basis for the implementation isf th
other industry. Manufacturers of sheet metal pantsst methodology in the Aurendi web application. This
take different measures to compete on the market ifoplementation makes it possible to monitor thecpes
differentiate themselves from their competitorsfe@fig and evaluate the outputs of individual calculatjomsd
customized products of the highest quality at theelst retrospectively verify the correctness of the deteed
possible price is the ultimate goal for the longrte methodology.
operation of any company. For the price to be as
competitive as possible, the costs must be knowoe@he 2  Methodology

product manufacturing process is complete, detailed The methodology is divided into three main branches
information can be collected and used to deterthie€ost that must be projected — preparation time, beniitimg and
of the final product using additional costing. Refiess, the resulting conversion to the price for the prdiug
an estimate of production costs is often requiefde the  sections. In the case of time per bend, it is rezog<o state
actual production of a given part. Therefore, thstg must  the time calculation for the setting of one bentilevthe
be estimated within the specified accuracy rangenéf resulting time will be this calculation multipliely the
not all the necessary details are known yet. Taamree  number of bends on a specific job. In the pricewations,
these missing technical details, cost estimatiohrtgjues jt will then be necessary to take into accountphssible

are used to approximate costs within a certaineasfy need for the participation of auxiliary workers, age time
accuracy [13,14]. However, the basis of the catiras  must be taken into account in the cost price.

the automation of the calculation based on strattamd The methodology is limited to the use of press &ésak
technological parameterization. This enables aulﬁomaup to a maximum bend length of 5 meters. These
transfer of initial design and technology datah®¢osting relationships can also be used in setting up the
module [15]. methodology for larger press brakes, however, iildbe

The paper’s research is based on the need toppeeif necessary to make your own plans and adjust the
individual process steps within the methodologytl# rejationships for the given machinery. Thereforie t
Aurendi online web application. In this specificseait is  following descriptions will only use a maximum bend
the issue of bending. The Aurendi web applicati®rai |ength in the range of 5 meters. Longer bendsedagively
calculation tool for the automated calculation lué pffer more demanding in terms of the expected highermg
price of sheet metal parts and welded structurethén the parts, in which it is necessary to take intooaat the

engineering industryThe application mainly focuses onadditional costs associated with the use of tramspo
performing bid calculations by the calculation afst equipment.

prices and sales margin. The primary function &f tbol The method of statement of monitored outputs is
is to achieve an accurate calculation of the bicepwhile  described in two ways:

increasing the efficiency of the bid creation psceit the - General values,

same time, the application simplifies the manufaatu - Precise values.

companies’ contact with suppliers in the enginegrin

industry through a regularly updated database isystae General values are stated in the research whegever

principle on which the system functions is its @pito  given value is subject to individual setting by leac
extract data from the input prOdUCtion documentaiio manufacturing company depending on the Company’s
.dxf and .Step file formatsFiles in the aforementioned internal Settings and pricing poiicy Tables Conm
formats can be opened in the application enviroriraed  exact values are created using in-process surveysiua

the system automatically loads all the key infoiorafor recommended for use in your own calculations.

the calculation. By combining the ability to obtetime

required data from the tender documentation, awmiq2 1  Procedure for determining preparation time
methodological approach to the calculation of terids Determining the amount of preparation time is

and a datab_ase system, the calculqtion of tendsichin be generally considered to be the most important dritiea
performed in a fraction of the time compared to thgzme time the most complex quantity in the caliradf
conventional method of calculation. The accuracyhef (ime parameters within the calculation of costgsitor bid
calculation of bid prices is also significantly te#t The 5iculations. This parameter is the most importaainly

due to the very high costs associated with theatioer of
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the machinery, whose acquisition value is on tlieoof 2.1.2  Number of bends
millions of crowns. It is the most complicated doethe This parameter must be read from the drawing
need to estimate when using the conventional metitiod documentation. When using the Aurendi applicattbig
calculation, and where the responsibility lies witte parameter is automatically loaded by the applicatiom
budgeter, who must be familiar with the productiorthe input documentation in the .STEP file formdtisTis a
process. The hourly rate is calculated from theussitipn  variable depending on the specific production asaient.
cost of the machine and the overhead costs assteidth
the operation of the machine, which must be redlééh 2.1.3  Preparation of workplace
the machine preparation timePreparation time is A constant whose value is adjustable by each
understood here as a non-production cost of thénimac manufacturing company depending on its own
when certain operations must be performed withim ttdeterminations and the layout of the working envinent
machine settings and preparation of the machiref the press brake. For the purposes of preserttiag
workplace. This is unproductive time, but it mustthken article, the plans were made in a specific manufag
into account in the calculation of the cost pridett,e company. When using the Aurendi application, this
product. It can therefore be stated that costsaliemady parameter can be set by the user.
incurred in the pre-production phase of the prangss
process. The stated costs are calculated in the WWd.4  Setting up the pressbrake dies
calculation and distributed proportionally to theaqtities This parameter is characterized by the relationship
of the required parts. Here, a quantity discoursetlanot between the time requirements for the installatbdies
on the business strategy but on the pre-produptiase of in the machine when processing different lengthseofds.
the production cycle is evident. In the case ohlsgries This is a variable depending on the input docuniemta
production on the order of hundreds of pieces, thEhe specified relationship corresponds to the fint@kes
preparation time is practically negligible, howewahen for the production worker to install the dies oe tiress
dealing with small series production, this paramistéey brake. The specific type of die is selected basedhe
and significantly affects the cost price. strength of the sheet, which is given by the input
As part of the calculation, all parameters must bdocumentation. However, the sheet metal force petierm
considered and defined. The definition of inpuiapeeters is irrelevant for this calculation. The productiamrker
is shown in Table 1. Also included is the informati chooses the appropriate set of bending dies acuptalithe
regarding selected inputs, especially informatioout the individual properties of the machine. Since it isrw
nature of the value, its source and the possitlitg user probable that the bends will be of different lersgtim
setting of the quantity. The latter informationréjuired different parts depending on their dimensions, dbtke
for Aurendi users. The value of the quantitieefsih the preparation time correctly it is necessary to wanky with
general form. the longest detected bend on the part. The reastimei
manual laborious installation of the dies in thessrbrake,
Table 1 Chart of input parametersin the preparation process and if we take into account the longest bend, thditee

Composition  of |Nature of Source of|User |Quant |Unit no risk of additional installation of dies beingcassary,
O‘r/ef;*'r'ation e value value ?“”9 lglue because there will no longer be a need to incréfase
prep quantity length. In the case of choosing one of the shbreds, or

the shortest, there would be additional costs #sat
tes with the additional installation of dies in the rhaw. The

Bend Constant | Database YES a miny . . L. .
programming / bend given relationship is shown in table no. 2.
Number of bendsVariable | STEP NO b pieces . .
Table 2 Dependence of the length of bends on the time of setting
Workplace Constant | Database | YES c minutes thedies
preparation Minimum Maximum Time required for
Adjusting thqVariable | Database | YES d minutes length of bend|length of bend|die setting (d)
press brake be [mm] [mm] [min]
Span of ben|1 1000 2
2.1.1  Bend programming lengths 1001 2000 4
This is a fundamental parameter for working onesgr 2001 300( 6
brake. The parameter has the nature of a constaitth 3001 400(
we understand will be set only once within the waith 2001 500¢ 1C
respect to the measurements in the work_processﬂrﬁh 5007 600C 2
value of the parameter describes the time requioed
A . 6001 700( 3C
programming individual bends on the machine.
7001 800( 4¢
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information on all necessary inputs for the caltata As
in the previous table, it describes the naturbéefilue, its
preparation process source and information on user settings with respec

The actual calculation of the preparation tirpesta  functionality within the application. The valuesagain

simple task when we know all the input parametewt aleft on a general level.

their values (1). The parameters correspond to the

description in table no.1. The units of preparatiore t

are expressed as minutes [min].

215 Defining relationships of inputstothe

t, ={(a*xb)+c+d} Q)
2.2 Procedurefor setting the bend time

To determine the time required in what is alreddy t
production phase of bending, the time for one bead
taken and subsequently multiplied by the numbdreoids
detected on the part. This process step can berinézl
in this way, because the decisive parameter thaldco
cause differences between bending times of differe
lengths is the thickness of the sheet, which, heweg
constant with respect to the input of one part.réfoze,
we always work with the part that is being bent asith
is separated from a single sheet of metal of thmesa
thickness in the previous step. 2 To solve the fierebend,
we must proceed analogous to the determinatiorhef t
preparation time. When using the Aurendi calcufatio
application, setting the time for bending must b
approached in such a way that the calculation ndetlogy
will be applied to each detected bend separatedytiaen

the bending times will be summed depending on the  Figure 1 Expanded shape of the bent part, own drawing
detected bends. If the conventional method of ¢atlicun

is used, the process will be the same, with thiemifice

Table 3 Lig of input parameters for the bend time calculation

that the detection of bends is up to the budgeter. Composition |Nature of|Source |User setting|Quantity| Unit
The approach of calculating the time for each beas] |of total ratejvalue of value |of quantity |value
compared to the preparation time, a certain sjitgifi |Pe" bend
associated with the checking of the machine sedtingNumber ojvariable | STEP NO e Pieces
which must be taken into account in the calculat®p |2S"%
checking, we mean by measuring every first diffebmd ~ |Thickness qVariable | STEP NO f mm
. .. . . sheet metal
performed on the machine. 3 This is an inspectiotie . ‘ i
first piece, where we consider the constant tinerdgned L”asrf”i'g npre(; Constant | Databage  YES g | Seconds
for inspection measurements of each bend durinopified  |prake
setup of the machine. Unloading ofConstant | Databagse YES h | Seconds
An important criterion for calculating the benditige  |part  fron
is understanding the bending process on the pmagg.b |press brak
For a correct calculation, it is necessary to degdicthe |Net time fofVariable | Database YES i | Seconds
bends on the specified part. However, it is alstesgary |one bend o
to consider the fact that if several bends arectieteon a [P t_’rake _ _
part that are in the same axis, they are considerbe a g::g:t'gg bor Variable | Database  YES I | Seconds

single bend. The reason is to adjust the pres®lwalthat
both bends are bent at the same time. With this tyfp
bending, it is possible to prepare bending on thehime
at what are called multiple workstations within tharking
space of the machine. At a given machine settiegdb
are performed simultaneously. Figure 1 shows acpi
example of several such bends (marked in greea)part
shown spread out, which are on a single axis.

bending time are shown in Table 3. This table pesi

221

Number of bends
The given parameter is a variable, which is thecbas
input of the tender documentation. In the convertio
methodology of determining the cost price, thisapagter
is read by the budgeter directly from the tendemdng
documentation. In the event of the use of an autedna
calculation process via the Aurendi web applicatithe

All parameters required for the calculation of the . .
parameter is loaded automatically.
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222  Sheet metal thickness
As with the previous parameter, the sheet met

pedal. This step ends when the bend has been pedor
ahd the jaws are returned to the initial position.

thickness is a parameter derived from the prodaoctio

documentation. When using the Aurendi applicatibrg
parameter is loaded automatically; in the case nbm
automated method, it must be read from the prodicti
documentation. The parameter enters the process
relation to the time required for bending on thesgrbrake.
Table 4 illustrates this dependence, but it shbelahoted
that the dependence varies with the specific type
machinery. The limitation of this table is the tedal
assumptions of the press brake, which can handidshgp
to a maximum sheet thickness of 6 mm.

Table 4 Sheet metal thickness dependency on bend time

Net time for 1 bend on press

Sheet metal Bending Sheet metal Bending

thickness | time [s] thickness | time [s]

[mm] [mm]

0.5 2 2.5 6

1 2 3 7

1.3 3 4 9

15 3.5 5 11

2 5 6 15
2.23 Insertion of part into press brake

226 Checking of the bend

This involves checking every first different bert
has been performed on a given part. The step rhapsrie
reaguired to check all bends. The inspection is llisua
performed with a protractor and a measure, or aith
caliper — all measuring implements should be caféda
and certified. The result of the performed measerdrns
a possible correction on the machine, if requirgdhe
measurement result. The value itself is also thgstiof a
decision by the quality control department in each

company. This value was left as general in the
methodology.
227 Definition of reationships of inputsto the

bending process
The calculation is performed including the paramete
for checking the performed bending. First, the walidon
for one bend (2) is determined, and then the caticu for
all bends on the part (3). We check the performertl
only for each different first bend. For a calcudatiin a
series, this parameter is taken into account anlyhie first
piece. Units of both equations are expressed as@nds

[s].

y=g+h+i+j (2)

This parameter is based on component surveys that

should be performed by each company in order toifspe
the output cost price. This is the exclusive pdrthe
process, which maps only the time needed for tieeabpr
to lift the part from position A, which is reservéat the
part entering this process step and its insertimo the
press brake. The process step ends by preciseingline
part on the preset stops of the machine.

2.2.4  Unloading of part from the press brake
The parameter for unloading a part from the macisine

defined similarly to the previous, insertion, paeden.
Here, part of the process maps the time requirechlaad
the already finished part to location B, whichéserved
for the already finished parts, and thus is basedhe
bending step in the process. The beginning of the is
the release of the press brake and shifting opdineby the
operator to a predetermined place.

225 Nettimefor 1 bend on the press

This is based on the relationship given in Table 4
Based on the detected sheet metal thickness, aopajzye
time parameter is assigned, the value of whichespnds

z=(g+h+i+j)*e 3)
2.3 Determination of the cost per task depending
on the preparation time and time per bend

The preceding sections map the process stepsuoeens
the time needed to fulfill them. In this sectiofi, these
times will need to be evaluated in terms of setthmgcost
prices for these procedural steps. To reliably nigegoal,
itis necessary to define additional input paramseteat are
part of the given calculation. This mainly concerns
company rates — specifically the hourly rate of piness
brake and the hourly rate of the auxiliary worker.

Table 5 shows the inputs for calculating the coistep
It is not necessary to set specific values of rafifsin the
methodology; general values will be used for the
correctness of the calculation procedure.

Table 5 Hourly rates

to the technical parameters of the press brakes iBha
process step that begins with the insertion ofpém into

the working space of the press brake. Immediate

afterwards, the bending process itself takes pécthe

Description  of[Nature [Source of|User settingQuantity (Unit
iﬂput of value value of quantity value

Hourly machin|{Constant Database NO k EUR)/
rate hour
Hourly rate folConstant Database NO | EUR|/
auxiliary worker hout
Iyumber o Variable| Database NO m worker
auxiliary worker

operator's signal. The signal is made by depresbafpot
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231 Hourly machinerate

This varies depending on the purchase price of the

machine and operating costs. The hourly rate meistet
by the company so that it is competitive on thekmgwith
respect to the required profitability of the maehin

2.3.2 Hourlyratefor auxiliary worker

The setting of the hourly rate of the auxiliary W&erris
fully under the control of each manufacturing compa
again with regard to competitiveness.

2.33  Number of auxiliary workers

In calculating the cost price, the determinatiorthaf
number of auxiliary workers with respect to thagrament
must also be taken into account. Tables 6 and & she
criteria for determining the number of auxiliary nkers.
The priority criterion is the evaluation in Table.Ns, when
it is necessary to first assess the part by weighe
secondary criterion is the distinction according the
dimensions of the part.

Table 6 Dependence of number of auxiliary workers on part

weight
Number of auxiliary wor ker s depending on the weight of
the part
Minimum weight | Maximum weight| Number of workers
[ka] [ka]
0 20 1
21 40
41 60

Table 7 Dependence of number of auxiliary workers on part

dimensions
Number of auxiliary worker s depending on part
dimensions
Minimum | Maximu | Minimum | Maximum | Numb
length of m width of width of er of
side A length side B side B worke
[mm] of side [mm] [mm] rs
A
[mm]

0 1500 0 1500 1
1501 2500 1501 2500 2
2501 5000 2501 5000 3

2.3.4  Calculation of pricefor preparation time

The following calculation consists of two paramster

the net time spent preparing the machine and thi&imgp
environment (4) and the proportional calculationtlud
price for the auxiliary worker (5), which is based the
specified preparation time. The relationship isirdef
between the preparation timeand the hourly rate of the
machine k. Units of the equations (4), (5) and 46
expressed in actual cost [EUR].

(4)

t

x= (5) e
When working on different parts, an auxiliary warke
will not always be needed, but it is crucial totestthe
calculation, including the element of additiondlda, and
if no auxiliary worker is needed for the component
assignment, the parameter m will be zero. The tieimof
the calculation of the price per auxiliary workerdiefined
by the relationship between the preparation tighehe
hourly rate of the auxiliary worker | and the numio¢

auxiliary workers m.
(&) o} em
60 p

The calculation of the complete price for the
preparation time is expressed by the sum of theitztions
of the price for the preparation time &nhd the relative rate
for the auxiliary worker X

X; = (5)

X=X+X, (6)
2.35 Calculation of pricefor bending

The calculation is performed first by determinimg t
price for one bend (7) and then the calculatiorafbbends
on the part (8). Both calculations are shown inicigdhe
incorporation of the auxiliary worker parameter.itdrof
both equations are expressed in cost [EUR].

V=) ) o)y
7= ()" 2+ () rm}»2

With the final sum of partial outputs when calcurgt
the prices for the final preparation time X andcaddting
the price for all detected bends on the part Zaskieve
the determination of the price for the whole wodgsh
bending operation on the press brake.

(7)

(8)

3 Result and discussion

The paper provides a definition of all componentpa
of the production process of bending sheet metds pa
the engineering industry on bending machines. The
developed methodology describes the complete logist
sequence of all tasks within this operation to iieitee the
time intensity of the process. Time data that can b
effectively calculated through formulas and the
connections of individual inputs are key elemenis i
calculating the cost price for this technologicaération.

The three main branches that make up the methoglolog
describe the relationships between the individoplis.
When calculating the time required for bending,fwtors
of technical complexity when performing the bending
operation were taken into account. The key paranhete
is to define the relationship between the sheetaimet
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