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Abstract. The paper reviews the issue of increasing theieficy of contract analysis on
machine-building plants in accordance with procgsgroach principles and on the basis of
better interaction between marketing, finance asmbanting, and R&D departments.

1. Introduction

Modern industrial machine-building plants with aahyroduction output exceeding 130 min US
dollars operate in the conditions of job order piitbn where the order serves the basis for
production planning. A distinctive feature of symleduction is continuous reduction of time required
to take any organizational and technical decisfongxample, to assess the rationality of accepting
any technical order for execution. In that case, tanagement of orders resulting in maximum
production efficiency becomes the most criticaktaEany plant. This process includes subprocesses
covering procedures on acceptance, preparationsféiga processing, and monitoring of the order.
Such procedures take 50 — 70% of the total timeomfer execution. Therefore, the quality
improvement of customer service shall be reachemligh the reduction of time for these procedures
driven by more efficient management.

The key subprocess of order management includesoegdpof technical specifications, which
results in identification of high quality produatioesources as may be requested by the custonaer, an
hence fosters the decision on accepting or regctin order with subsequent product delivery
contract. The approval of technical specificatiemgails determination of customer requirements to
production, correlation of such requirements wihvice properties of industrial products, assessmen
of technical and economic hardships caused by ceplant of service properties of basic industrial
products design matching the customer needs, detion of estimated price of the contract and
development of recommendations for order acceptanceejection. The analysis of technical
specification approval is ensured at the stagea#iving and studying the request for contractraftd
agreement; during fulfillment of a formal contraébjlowing the results of contract fulfilment as
statistical data for marketing information, anadtase of complaints (claims) for production.

The approval of technical specifications at indatfplants is made jointly with their marketing,
finance and accounting and R&D departments. Riggdn comprehensive consideration of an order,
the marketing department transfers order spedificatto R&D department for further decision on the
possibility to implement an order, terms and cdstsoproduction. Then, the finance and accounting
department determines the final price of product@sed on conclusions made by marketing and
R&D departments [1]. There is a risk that the marie department, in its strive to leverage the
competition, may take a sudden decision to acaeptrder not estimating opportunities and resources
of a plant, thereby causing problems not only feelf and R&D department, but also for the entire
plant. In order to avoid this scenario, the marigetilepartment shall work closely with R&D and
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finance and accounting departments, which will kiyi@analyze a possibility of implementing terms
of the contract and set its price.

At many industrial plants, the approval of techh&ecifications is made manually, which leads to
failures in procedures and increase in the overdlkr cycle time. Such failures to assess the péed
accepting an order may result in economic lossesake of under-resourced order, the plant bears
losses related to the increase in production agstyven work of its divisions, possible fines and
penalties imposed by the customer for poor qualitgroduction and violations of its delivery terms.
In case of unreasonable rejection of an orderpthet bears the corresponding losses due customer
disloyalty. Thus, the purpose of studying the teraiscontract includes compliance of plant
opportunities with customer requirements and dedimiof mutually beneficial conditions for contract
fulfillment.

Multifunctionality of approval causes the need napiove its efficiency through advantages of
modern management, including quality managemenichnimplies process approach principles and
standardization of corresponding activities [2,T3]erefore, it is critical to solve the task of iraping
the efficiency of approvals at machine-buildingrptafollowing the process approach principles due
to better interaction between marketing, finance accounting, and R&D departments. At the same
time, the important role of approving technical gfieations within the process network of a plant
producing technical systems makes it critical.

2. Materialsand methods

In order to solve the task, the paper covers itleation of relevant characteristics of technical
specification approval [4] according to the conaafpprocess approach, determination of priorities i
administrative tasks within corresponding departisief a plant and interpretation of the Deming
cycle (Plan-Do-Check-Act) [5], including planningerformance, control of their execution and
regulation for the benefit of managing the aforégabcess (Fig. 1).

Structural and functional modeling in productiomdiions of LLC Uzlovsky Machine-Building
Plant [4] was also carried out alongside with asialyof process stages which imply interaction
between marketing, R&D and financial and accountitggpartments when determining customer
needs, required types and volumes of resourcethenzbntract price. It is advisable to implemeint th
mechanism aimed at improving the efficiency of liatdion on the basis of Quality Function
Deployment (QFD) and Taguchi Loss Function. In tidse, it will be possible for a plant to compare
customer requirements with available resourcesdasin base.
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Figure 1. PDCA cycle

www.manaraa.com



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042006 doi:10.1088/1757-899X/327/4/042006

The QFD method ensures coordination of plant oppares with customer requirements, as well
as conditions favorable to both parties [6]. Thelamentation of this method is presented as the
“quality house” that includes customer requiremeatgroduction output (using the example of lifting
machinery) and degree of their importance, sergioperties of industrial products, interrelation of
customer requirements with its service propertietgrrelation of its service properties, production
profiles of a plant and its main competitors, techhdifficulties of changing service properties of
basic design with regard to customer requiremesutsl, finally, the design task considering the
compliance of service properties with customer agéf

The QFD method is based on customer’'s voice reggrgiroperties and characteristics of
production output, determination of its main seevfiroperties meeting customer requirements, and
quality analysis of production output of a plantiats competitors [8]. The information required for
this purpose may be obtained through on-line qomstires of customers and manufacturing experts
on the Internet. In this respect, by means of & foa-line questionnaire service, for instance,
Anketolog (https://anketolog.ru/survey.html) therresponding questionnaires were developed and
surveys of customers and representatives of reledepartments of a plant were conducted. The
processing of data thus obtained is ensured bymet (expert method).

The example of the “quality house” at bridge crameduction is shown in Figure 2 [7]. The
following is understood as consumer requiremenkl € crane type, CR2 — loading capacity, CR3 —
span, CR4 — operating temperature, CR5 — placer@#@,— operating mode, CR7 — control, CR8 —
design, CR9 — price, CR10 - lift height, CR11 —toarsystem, CR12 — load lift speed, CR13 — travel
speed, CR14 — crab travel speed. The followinghdeustood as basic design characteristics: DC1 —
design material, DC2 — design basis, DC3 — electridors, DC4 — gears, DC5 — brakes, DC6 —
transmission elements, DC7 — power equipment, DE&8ntrol cab, DC9 — control switch, DC10 —
block-and-tackle system, DC11 — running wheels, DElsafety devices, DC13 — railing, DC14 —
galleries, platforms, ladders.

The cost of production contract is defined by Tdgucoss Function through correlation of
customer requirements with basic service propedfiggoduction [9, 10]:

L(y) =c(y-yo)?,

Where L(y) — cost losses due to deviation of service propeaiyes of industrial products from
values of the same property referring to basic strill production;y — service property against
customer requirementsyg — service property value of basic industrial pradue — coefficient

characterizing money equivalent, which can be éefiifi costs associated with loss8sare known at
maximum possible deviation of service property ealupon customer requirements from basic
property A = Ymax £ Yo In this caseL.(y) =S=c(y - yo)2 =cA. Thenc= S/A2 :

Calculation of quality loss function during apprbwat technical requirements for industrial
products can be as follows: since the entire dgtiof a plant is aimed at greater compliance with
customer requirements, the manufacturer eithery fulleets such requirements, or suggests
improvements of some service properties of indaisprioducts. Therefore, it may be accepted that the
customer, in case of strict compliance with designumentation, does not bear any additional costs
alongside with price and fixed operational costpufchased industrial products. Hence, only losses
of a manufacturer, for whom it is necessary to st contract efficiency as soon as possible ngetin
various customer requirements, shall be considered.

Any dispersion of service properties of industabducts regarding service property values of

basic production leads to some particular costa wfanufacturer. Such costs may vary from simple
inconveniences to financial damage.
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Manufacturer’s costs may be caused by the facthieat value of service property; required by
a customer differs from its basic valugy, no matter how irrelevant such deviation is. Tbossl
function reaches its minimum 34 = yp; .
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Figure 2. Quality House

The value of coefficientc is determined due to the following reasons. Thsreorresponding
change limitAj which is estimated in points from 0 k(0 — changes are not needdid;- huge and
complex changes are required) for all service ptgpalues of industrial products within the “gqugli
house”. Within this studyN =5. Any deviation from basic service properties letmlsadditional
costsS. Then:

The final loss function for eadhservice property taking into account comparisorbadic values
and customer requirements is presented as follows:

L(y;) =2i58(yi - yai />

Total costs considering deviations of all servigeperties from properties of basic industrial
products represent the sum of cost production adrye\service property change per technical
difficulties associated with such changes:
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L(y)= ¥ T IL(yi) :255 ST (vi - yoi )2
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wheren — number of service properties of industrial prdwvithin the “quality house”.
Technical difficulties associated with change ofvee properties of basic industrial products
regarding customer requirements are assessed thewugxpert method and placed in the lower part

of the “quality house”. At the same time, techniddficulty T; of shift ofi-service property towards

the required direction is assessed in points andvagy from O to 5.

Economic evaluation of one unit difficulty of ses®i properties shifts towards the required
direction and defined by either an expert methoi$ @et by financial and accounting department of a
plant. Economic evaluation of one unit difficultyarc be determined through the comparison of
production cost of two technical systems with diéfg designs regarding some indicators.

The determined losses lie within the intervallghin < L < Ljax- The manufacturer costs will be

minimum if the customer buys industrial productshvbasic design, and such costs will be maximum
if the necessary changes of all properties withraal difficulties of service property shift tovas

the required direction are scored 5. Experts seitdiL; and L, for manufacturer costs used for
recommendations regarding order acceptance ortimjedf the costs lie within the interval of
Lmin < L <Ly, the order is accepted, if the costs lie withia thterval of Ly <L <Lo, the order

might be accepted provided the marketing departm@msults the financial and accounting and R&D
departments, as well as upon joint negotiations witstomers. If the costs lie within the interval o

Lo <L < Lmax, then it is advisable to reject an order or, irceptional cases, to accept it at a

considerably higher price.

Thus, when receiving a contract order, the margetiepartment of a plant may quickly estimate
the advisability of accepting an order, compariagviee properties of industrial products requirgd b
the customer with service properties of basic petglmanufactured at the plant.

3. Hlustration of the method of estimating model parameters
The information support system and the methodolofycorporate standar@he Procedure for
Technical Specifications Approval was developed to ensure quality control of techrépecification
approval within a machine-building plant and toypde a sound solution for accepting an order for
industrial products. The designed information suppgstem used for questionnaires is based on the
database comprising respondents of industrial plant their responses contained in corresponding
tables “Questions”, “Plants” and “Reports”. Theresponding questionnaire forms are developed in
order to complete tables with relevant informatamd to extract the required information from the
database. The report containing customer respasasde on the basis of the table “Plant”.

The updated information is included into a subsystAnalysis of contracts” together with values
of customer requirements, relevancy and calculaifaquality loss functions.

The obtained QLF values, depending on customersyesive the basis for decisions regarding
contract efficiency and future work taken by therketing department.

4. Conclusions

Practical application of such information suppoyistem to control the approval of technical
specifications within machine-building plant andfester the decision regarding acceptance of the
order for industrial products in LLC Uzlovsky MaokiBuilding Plant reduced the approval time by
23% and increased the amount of concluded contragtsl7%. The approval of technical
specifications within a machine-building plant pesified in the corporate standarie Procedure for
Technical Specifications Approval being an integral part of the quality managemeastesy complying
with GOST R ISO 9000 requirements.
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