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Abstract

Increasing competition means that the csting of the supdy priceis one of the central econamic
questions for supgiersin the manufaduring of shed metal parts. To olktain a high reli ability for
cost coverage in the suppy price an acarate csting of the dired costsis necessary.

This paper presents amethodfor the feaure oriented qudation costing of shee meta parts based
on a spedficdly extended, cost oriented product model. Based onthis model, neura networks
are used to caculate rapidly the tod costs for progressve dies. A software system suppats the
cost estimator in tendering by off ering an automatic analysis of the CAD-model of the work-
piece

I ntroduction

The deaeasing profit margins and increasing competition make it necessary with resped to
target costing' to cdculate the supgdy price more and more predsely. To guaranteethe seledion
of the most profitable manufaduring techndogy, the csts of the dternative manufaduring
methods have to be estimated and compared internally.

Despite the central ecnamic importance of a binding quatation, many small and medium sized
enterprises (SME) pradice only a rough estimate for the submisson d a tender. Calculation
sheds of PC-based spreadshed programs are therefore increasingly used to exeaute the quaation
costing®>. These caculation sheds are usualy spedficaly designed for the individual enterprise.
The mst fedure inpu is exeauted manually or viaa menu. Conredionto an internal production
planning and control system and the use of existing databases are nat possble. Besides this
procedure, there ae other methods of cdculating shed metal partsin which the estimate of costs
is based on a partialy automated operations sheduling® or performed using MTM-based cost
functions’.

Position of Quotation Costing

The cmplete quaation danning procedure is divided into threeparts: technical planning, cost
planning and time scheduling®. “Tedhnicad planning” includes product definition and the devel-
opment of the technicd solution. The work-load planning for the workshopis performed within
the scope of the time scheduling. The determination d the possble date of delivery depends on
this scheduling. The main task of the st planning with resped to qudation costing is to
estimate the manufaduring costs as exadly as passble. For that purpose, al avail able manufac
turing methods for the speafic product have to be mnsidered. In this paper only the asped of
guaation costing will be discussed.
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Figure 1. Supdy Price Range of Progressve Dies

Quotation costing is used to determine the supgdy price Quotation costing differs from the
costing attending construction just as much as from the preliminary costing and the sting
attending manufaduring. These cdculation methods rve to control and reduce osts. Statistica
cost acourting serves exclusively the purpose of necessary cost control. In aninquiry by Weber,
50% of the enterprises asked stated that they exeauted this datisticd cost acourting’® only
occasionally or never.

Manufacturing with Progressive Dies

The manufaduring of shed metal partsin large scde productionis mostly dore with progressve
dies. The design and production d such progressve dies leals to an essential part of the manu-
faduring costs. The quatation costing for this manufaduring techndogy must integrate aspeadal
estimate of the tod costs.

In cooperation with an industry partner, requests for quaations of progressve dies for six
different real shed metal parts were sent to six toomaker enterprises. The analysis (fig. 1)
showed that the range of the off er prices per tod varies between 11246 (tod #2) and 3326 (tod
#5). Apart from the different cost structures in the individual enterprises, the price diff erences
are caused by the rough cost estimate. In no case was a stamping sequence or a strip layout
developed in arder to determine the exad structure of progressve dies and thus the asts. This
is due to the difficulty and the high expenses invaved in the generation d the stamping se-
quence



Demands on Quotation Costing Systems

To guaranteethe successul application d the quaation costing system the following demands
have to be fulfill ed:

* A high calculation accuracy is necessary to provide areliable base for planning. Interviews
with projed partners resulted in aming at a target degreeof cdculation acaracy of abou
10% at minimum.

» Thetransparency of cost origin must be guaranteed, so that a @st estimator can dugi cae the
pricing process

« If there ae severa manufaduring alternatives avail able, then a cost comparison of the
possible manufacturing methods has to be suppated by the quaation costing system.

* The preparation d an must to be adieved with aslittle effort as possible. Expensive opera-
tions £heduling shoud be aroided for cost reasons.

» The st estimation must be based onthe existing cal culation technique used in the particular
enterprise.

» Different enterprise-specific influencing variables must be integrated, e.g. the different
alocaion d the overhead costs of enterprise-spedfic key data.

* A conredion to existing internal production danning and control systems or databases
shoud be provided.

Apart from the estimated total production costs, the supdy price depends also onthe pricing
policy of the enterprise. This entrepreneurial dedsion canna be made aitomaticdly by a
software system. On the system side, qudation costing is reduced to a determination d the total
production costs and the propasal of asuppy price The desired profit and the discourt offered
must be propaosed with reference to customer and ader and to be wnfirmed o modified by a
cost estimator.

Description of Short Calculation Techniques

Leopold and Kohler® gave ageneral view of different short caculation techniques. Generally
short cdculation techniques can be distinguished acwrding to the type of cdculation resuilt.
Quialitative short cdculationtechniques return orly relative predictions. They are less siited for
the estimation o expeded manufaduring costs, but they are used as dedsion suppat methods
for technicd designers. Examples of the qualitative techniques are heuristic rules, cost struc-
tures, relative @sts and marginal batch sizes.

In contrast, quantitative short cdculation techniques return results that can be gpraised econam-
icdly. Quantitative short cdculation techniques include st principles based onsimil arity and
on influencing variables. On ore hand the regulariti es of these techniques are extraded from
simil arity in geometry and manufaduring tedindogies. On the other hand they are derived from
physicd, geometricd, technicd and aganizational influencing variables.

Cost principles based ongeometric simil arity and cost principles based ongeometric variables
and variables influencing manufaduring techndogies are particularly relevant to a quadation
costing system. This is because this data can be derived automaticdly from a CAD-model or
from a product model.
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Figure 2: Procealing of Feaure-Oriented Quotation Costing

Method of Feature-Based Quotation Costing

The procedure for cost estimating introduced hereis based on cost feaures. This procedure has
been succesully implemented for turned parts'®. Inpu data for the feaure-based qudation
costing (fig. 2) isextraded from the austomer’ sinquiry. These datainclude workpiecegeometry,
material, quality of the workpiece ad required batch size. The result of the quaation costing is
a suppy price in which the product costs are cdculated and estimated with relation to the
seleded manufaduring technique and lot size, the date of delivery and the pricing palicy.

The determination d the manufaduring costs is performed in threesteps. In the first step the
CAD-model is analysed automaticdly with regard to geometric and technicd fedures. For the
recognition d the manufaduring structure of the workpiece an existing analysis and classfica
tion system for shed meta parts' is used. The output of this g/stem is the base for the quaation
costing to be implemented. The list of reaognized feaures can be completed interadively. The
next step isto assgn the feauresto passble manufaduring techniques. In this dep the diff erent
fedures are transformed into tedhnique speafic base units. These ae madining times, profile
lengths or batch sizes. In the third step the base units are transformed into costs. At this point the
internal costing technique is applied, the internal key data (workcenter rates, overhea rates,
etc.), cost of toadls and costs for refinishing, transport, and dstribution flow into the st esti-
mate.

The recognized fedures of a shed metal part form the base of the @st estimate method de-

scribed here. In this method, the following geometry and techndogy fedures are considered:

* boundary contours shapes (notches, slots),

* inside contours shapes (standard openings like round, square and redangular holes and
particular profil es that need spedal punching dies),

* bends,
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Figure 3: Comporents of the Cost-Oriented Product Model

* joining techniques (screwing, rivetting, (spot) welding, soldering and sticking),
* border shapes (fold, doube-fold, rolled baders, with an insert if necessary),
 gillsandbeads (open and enclosed).

For the representation d a shed metal comporent in the memory of a computer, a spedfic
product model for shed metal parts with a particular scope in cost-orientated description o
geometry- and manufaduring-feaures has been defined and implemented (fig. 3). Various
aspeds are included in the product modd: There aethe usua detail s sich as objeds for compo-
nents, shed thickness expansion d the developed shed, information onthe material and the
exad geometricd model. On the other hand, speaa information on fends, feaures andjoining
techniques mentioned above aeincluded. In additionthere aeitemsfor information abou extra
tods (type and number, costs per tool, and medium endurance) and costs for indired functional
aress, e.g. the mnstruction department for production fadliti es or the operations scheduling.

The determination of the wst-orientated base units (fig. 4) is based onthe list of feaures of the
piecestored in the product model. In thislist, the possble and internal existing manufaduring
tedndogies are related to the remgnized o defined fedures. All feaures are rated as cost-
oriented base unitsin relation to the possble manufaduring methods. This means that the cost
drivers are derived acording to the techndogy. For example, in the cae of profile aitting by
nibbling or laser beam cutting the processng time is estimated depending on the profil e length,
numbers of holes undthe general processparameters. Cost functions depending onthe lot size
are formed on the basis of these base units together with the key data of the processng equip-
ment. The st functionis discontinuots due to an average toodl endurance given for the particu-
lar manufaduring method. For ead feaure, the most profitable manufaduring techndogy is
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Figure 4: Cost Functions Based onthe List of Feaures

seleded by comparing the results of the st functions of the diff erent manufaduring methods.
A table shows the most profitable doice of the passble manufaduring techndogies.

Costing of Extra Tools: Application of Neural Networks

An important asped in costing is the cnsideration d the sts of todls. The wsts of standard
tools and previously manufadured extra todls are stored in a database and are gplied to the
costing. The wsts of new progressve dies are estimated automaticaly by means of neural
networks'2. Neural networks are amethod d artificial intelligence They consist of neurons
arranged in severa layers. Signals become weighted in the individual neurons by different
fadors and are transmitted to the next layer. The storage of knowledge is achieved by balancing
the weights through dfferent leaning agorithms. The most important algorithms are
badkpropagation, quickprop and resilient propagation. The number of training iterations
required is refered to as the number of “epochs’. The topdogy of neura networksin general is
arranged in threelayers. In thefirst layer (“inpu layer”), ore neuronis required for ead inpu
value. Inthethird layer (“output layer”) there must also be one neuronfor ead ouput value. The
middle layer (“hidden layer”), in which the processng of information is performed, hes a
particular structure for the spedfic adaptationto ead individual problem.

For progressve dies, the inpu layer isformed by the information derived from the feaures of
the product modd (fig. 5). The am of the investigation was to have the cnsumption d working
hous in the todmaker's shop estimated by neura networks. For this purpose, toodls arealy
subjeded to statisticd cost acaurting were investigated in three toomaker enterprises and
analysed for use in data systems. Thiswork was rendered dfficult by the fad that the enterprise
only had dacumentation of dired materials and the total number of hours required for toomak-
ing. Based onthe given spedrum of workpieces, the manufaduring tedhndogies of progressve
dieswere limited to cutting, bending, purching and stamping. Thus, a starting point of 41 toadls
from three eterprises was avail able.
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Figure5: Neural Networks for Cost Estimation d Progressve Dies

For the inpu layer of the neural network, the following feaures were extraded: The number of
strokes, the number of tod stages, the number of border elements and stampings (which gener-
aly determine the asts). For the description d the antour complexity, the lengths of boundary
andinside @mntours and the number of inside contours are used. Bends are charaderized by the
number of the different bending diredions, the tolerances of angles and the number of angles
differentiated acording to “< 90, “= 90* and “> 90*". The material used is described by
strength and shed thickness

As mentioned abowve the @rred seledion d the topdogy of the neural network and d the
learning algorithm used, is dedsive for the quality of the neural network. By means of the
“FlexNet” algorithm, an option d the gplied reural networks toolbox “FAST”®3 a highly
optimized network topdogy was approximated under consideration d the learning algorithms
badkpropagation, quickprop and resili ent propagation. In the studies with “FlexNet”, networks
with 16 inpu neurons and threehidden layers gave the best results under the goplicaion d the
quickprop agorithm with a cdculation acarracy of ca 25% (eaning error index: 0.004422 test
error index: 0.40297. These results were readed after the starting data had been separated
acording to toomaker enterprise. The largest subset of an enterprise with 18todls formed the
basis for further reseach.

In the further course of studies aiming at an improvement of the cdculation acaracy of the
neural network, ancther 82 retwork variants were investigated manualy. In this investigation,
systematic variations of the number of hidden layers and d the number of neurons per hidden
layer were goplied. At the present stage of work, aneural network with threehidden layers of the
topdogy 18-18-3 givesthe best results. With this network aleaning error index of 0.00249%nd
atest error index of 0.26171were adieved after aleaning phase of 7770epochs (fig. 6). In the
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Figure 6: Error Indicesfor the 16-18-18-3-1 Neural Network

validation of the network with unknavn workpieces, cdculation acarades between 6,26 and
12,%% were gained. The am of the arrent reseach isto increase and to confirm the cdculation
acaracgy by enlarging the anourt of inpu data.

An approximate estimate of the st of dired materials for progressve dies by neural networks
seans impradica, becaise the passble requirements of the aistomer for materials and single
comporents to be used, are too numerous. A reliable information bese was not avail able. For the
estimate of dired materias, aflexible cdculation shed common at the present state of enginea-
ing was used to estimate the st of dired materials and vendar parts. On this $ed the desired
comporents can be seleded by the st estimator.

The @sting of thetodsisfinaly adiieved by the cdculation d the mnsumption d housin the
toomaker”s shop, multi plied by the spedfic workcenter rate and an estimate of the st of the
material. Then, the asts per workpiece @e caculated using the estimated costs of tools andthe
workcenter rate of the pressconreded with the number of strokes and the csts of materials.
Overheal costs are caculated with the st estimate shed described below. At the present state
of implementation, the @sts of the other types of new extratoals gill need to be fed by the cost
estimator manually.

Cost Estimate Sheet
Clasdgc job ader costing asiit is usualy dore in small and medium sized enterprises, has the

disadvantage of high overheal ratesin enterprises with a high degreeof automation'®. Sincethe
expense spent on the introduction d a quotation costing system needs to be kept onalow level,



job order costing was retained as a basis. It was then supgdemented in the diredion o target
costing™ by considering workcenter rates oriented to the manufacturing steps.

The starting paints for the sting are the order in combination with the product model including
the lot size and the number of subcontrads. In the @st estimate shed the asts for ead arder
(e.g. costs for the construction d the production fadliti es, operations scheduling or extratoals)
are omnsidered orcein the @sting. The number of subcontrads forms the fador for the consider-
ation of the aosts per subcontrad (e.g. for change over of toadls) and the distribution expenses.
Finally for ead workpiece the materia costs including the waste, the manufaduring costs
aaossall manufaduring steps, the sts for finishing and transport are cwnsidered.

Toincrease the acairacy of costing, the system also includes the wsts for the internal transport
and the transport between dfferent branches. The wsts for hed treaments and surfacetred-
ments of the workpiece ae dso considered in spedal cost functions. These ae divided into
weight-dependent costs (e.g. for hea treament) and areadependent costs (e.g. for purifying and
coating)

Softwar e-System for Quotation Costing

At the moment a computer-aided moduar system for quaation costing of shed metal parts is
being developed and implemented at the Chair of Manufaduring Techndogy. The original
CAD-model of the workpieceis suppgemented towards a st oriented product model in the
modue “fedure analysis’ by evaluating the form feaures with cost information. In the “infer-
ence modue” areationship between feaures and pessble manufaduring methods is estab-
lished. The basis of the msting is a database interface accedble from diff erent databases (e.g.
CAD-models, manufaduring methods with machines and their key data, data from orders).

Communicationwith the user (cost estimator) takes placethrough an interadive user interface
During the datainpu, the definition of the order and the feaures of the shed metal parts can be
entered and completed. The maintenance of the database is also caried ou by means of this
interface The “data output” modu e presents the results of the costing graphicaly. The “model-
viewer” modue displays the CAD-mode of the workpiece

The implementation of the quaation costing system is being developed for personal computers
with the operating system MS-Windows, so that the goplication requires no spedal hardware
expenses. The standards SQL and ODBC are used as database interfaces, so that different
database systems may be gplied.

Conclusion

In this article, a feaure oriented method for the quaation costing of shed metal parts is de-
scribed. Thisis at present being transformed into a software system. By means of this g/stem, it
will become possble to cdculate offers quickly, to make asting transparent and to consider
enterprise-spedfic key data. To achievethis, a st orientated product model has been developed
andimplemented, in which geometric fegures are transformed into costing fegures. With the ad
of these costing fedures, the dired costs can be deducted. The determination d cost functions
ill ustrates graphicdly the dependance of costs from the lot size. A costing technique based on



neural networks is presently being implemented for the aost estimate of progressve dies. This
technique can determine @sts with sufficient acaracy withou establishing a stamping se-
quence. At the present state of development the st estimate for progressve dies allows an
acairacy of between 5% and 1%% for the spedrum of workpieces investigated. Methods of
contribution costing will be integrated in the st estimate shed to suppat the st estimator by
cdculating the profit contribution o an order. To conclude the research projed, averificaion o
the system with red workpieces will be caried ou in co-operation with the projed partners
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