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Abstract. This article focuses on the issues of the practical application of the principles of business
process reengineering during the implementation of the project on improvement of the automated system
for operational control at the foundry of PJSC “UEC-UMPO” (Public Joint Stock Company “UEC-Ufa
Engine Industrial Association”) during the introduction of ERP Infor LN. The essence of the application of
the principles of “development of various versions of the project”, and “rationalization of horizontal links”
is described in more detail. Application of the principle “development of various versions of the business
processes” enables to implementation accounting of the division of one batch of castings into several parts
during technological operations. Application of the principle “rationalization of horizontal links” creates the
conditions for the formation of common information space for foundry management. This space is related
to engineering design issues, process engineering issues, and issues of implementation and management of
production processes. Even though reengineering involves “revolutionary” business process change, the use
of its principles in the evolutionary path of development is also economically effective and at the same time
reduces the risks of project failure. Thus, a simulation of the business process of management of finishing
operations during the manufacture of castings performed in BPMN 2.0 showed a reduction in the duration
of the processes by more than 15 %. Aim. Building a foundry management model in a single information
space of the enterprise using the principles of reengineering business processes in the aspect of the ma-
nagement of finished operations. Materials and methods. The application of the principles of reengi-
neering business processes to the management of finishing operations in the foundry, BPMN-modeling.
Results. With the application of the principle of rationalization of horizontal connections, it becomes possi-
ble to transmit data from the ERP system to the CAD system and vice versa. A single information space of
enterprise management is formed, which allows you to bring together all management functions. Conclu-
sion. In this regard, it becomes possible to identify “narrow” places in the management of the foundry and
take measures to eliminate them. To increase the level of information exchange between all divisions of the
enterprise, which will create a closed production control circuit and will significantly increase the efficiency
of using Infor LN.
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Annomayusn. B 1aHHOW cTaThe PacCMaTPUBAIOTCS BOIPOCH IIPAKTUYECKOTO NPUMEHEHHUS ITPUHIIUIIOB
PEHHXHHUPHHTa OM3HEC-TIPOLIECCOB IMPH pealn3alliil MPOEKTa 10 COBEPIICHCTBOBAHHMIO aBTOMATH3HUPO-
BaHHOW CHCTEMBI ONEPATUBHOTO YNpPaBJieHUs JuTeiHbIM mpousBoacTtBoM [TAO «OAK-YMIIO» (Ydum-
CKOE€ MOTOPOCTPOUTEIBHOE NMPOU3BOACTBEHHOE oObeauHeHue) npu BHenpeHuu ERP Infor LN. Ommcana
CYITHOCTh MIPUMEHEHHUS MPUHIUIIOB «pa3paboTKa pa3IMYHBIX BapHAHTOB MPOCKTay», «PallMOHATIN3AINS TO-
PHU3OHTANBHBIX CBA3ei». [IpuMeHeHne npuHIHNa «pa3paboTKa pa3IMYHbIX BAPHAHTOB OM3HEC-TIPOIIECCOB)
TI03BOJISIET PEAIN30BATh yUeT pa3AeieHHs OJHON MapTHH OTIMBOK Ha HECKOJBKO YAacCTEH IPH BBHITOJHEHUH
TEXHOJIOTHUECKHX orepanuii. [IpiMeHeHne NPUHINNA «pandoHATU3anNs] TOPU30OHTAIBHBIX CBSI3EH» Co3/a-
eT ycloBUsl Uil (POPMUPOBAHUS €IMHOTO MH(OPMALMOHHOTO MPOCTPAHCTBA YHPABICHUS JUTCHHBIM IIpO-
M3BOJICTBOM. DTO IPOCTPAHCTBO CBS3aHO C BOIIPOCAMH WH)KEHEPHOTO MPOEKTUPOBAHHS, TEXHOJIOTHYECKOTO
NPOEKTHPOBAHUS, peaM3alli U yIpaBJICHUs IPOM3BOJCTBEHHBIMH IpoleccaMu. HecMoTps Ha TO, 9TO
PEHHXKHHUPHHT TIPEAIIONAracT «peBOIOLNOHHOE» H3MEHEHHE OW3HEC-IPOLECCOB, MCIIOJIB30BAHUE €r0
NPUHIMIIOB HA JBOJIIOIMOHHOM IIyTH Pa3BUTHUS TaK kK€ SKOHOMHUYECKH 3()(EKTUBHO M B TO XK€ BpeMs
CHIDKAeT PHCKH MpoBaja mpoekra. Tak, MoaeaupoBaHue OW3HEC-Tpolecca yNpaBieHUs (UHHIIHBIMU
OTepaIusIMHi IpU U3TOTOBICHUH OTIUBOK, BhIodHeHHOe B BPMN 2.0, mokasano cokpamieHue mpomo-
JKUTEITBLHOCTH TIipolieccoB Oonee uem Ha 15 %. Llespb uccjeqoBaHus: TIOCTPOSHUE MOJCIN YIPaBICHUS
JUTEHHBIM HPOU3BOJACTBOM B €AMHOM HH(OPMAIMOHHOM IPOCTPAHCTBE NMPEINPUATHS C HCIIOIB30BAHUEM
NPUHIUIIOB PEHH)XWHUPHHTAa OM3HEC-TPOLIECCOB B acleKTe YNPaBJICHHS TOTOBBHIMU omnepanusmu. Mare-
puaabsl 1 MeToabl. [IpuMeHeHNe NPUHINIOB PEHMHXWHUPUHTA OM3HEC-TIPOLIECCOB K YIPABJICHHUIO OTIE-
JOYHBIMH paboTaMu JUTEHHOTO mpou3BojacTBa, BPMN-Monenuposanue. PesyabTarbl. C npuMeHeHHEM
NPUHIUIA PALMOHANIN3AMN TOPU30HTAIBHBIX CBS3EH CTAHOBHUTCSI BO3MOXKHOH mepenada naHHbIX U3 ERP-
cucreMbl B CAD-cuctemy n Haob6opot. @opmupyercs: equHoe MHGOPMAIIMOHHOE HPOCTPAHCTBO YyIIpaBIIe-
HUS TIPEINPHUATHEM, TI03BOJIsTIoNIee 00BEJMHUTE Bee (DYHKIMH yNpaBieHus. 3akaodenne. B cBs3u ¢ aTum
MOSABIISICTCA BO3MOYKHOCTh BBISIBUTH «y3KHE» MECTa B YIPaBICHUH JTUTCHHBIM MPOU3BOJICTBOM U IPUHSITH
MephI 10 UX ycTpaHeHHro. [IoBBICUTH ypoBeHb OOMeHa MH(OpMaIed MEXIy BCEMH IOPa3/eleHUSIMH
OPEIIPHUATHS, YTO CO3JaCT 3aMKHYTYIO CXEMY YIpaBICHHS IPOU3BOACTBOM M 3HAYUTENHHO IMOBBICHUT

s dexTuBHOCTH UcTioNb30BaHus Infor LN.

Knioueswvie cnosa: enunoe napopmamoHHOE MIPOCTPAHCTBO, Ou3Hec-mponecc, ERP-cucrema, UT-Tex-
HOJIOTUH, YHPABJICHYCCKHUE PCUICHUA, aBTOMATU3alluA YIIPABJICHUA, JINTEHHOE IIPpOU3BOACTBO, (bl/IHI/IIHHI)Ie

ornepanuu
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Introduction

The scientific interests of the authors of the submitted article concern the problems of automation
of the business processes of the machine-building enterprise, building models of the management system
of production business processes, adaptation of existing ERP systems to the conditions of real industries,
as well as business process reengineering.

Problems of improving the efficiency of activities, and the growth of competitiveness are acutely
facing industrial enterprises in the modern digital world. A good plan for the development of infor-
mation technology in the company involves the creation of a single information space, a single integra-
ted information system, which would allow bringing together all production management functions, all
activities of the enterprise and management levels, thereby setting an in-extensive control circuit by all
resources of the enterprise. The Uniform Information Space is a set of distributed heterogeneous data
repositories, where are standard rules of processing, storage, updating, retrieval, and information transfer
through which paperless communication between all stages of the life cycle is conducted work. The Uni-
form Information Space allows storage on a centralized basis of project data in a single system of con-
trol of engineering data, to provide collective interaction between enterprise subdividing and as much as
possible to use the processing power to reduce material costs and time.

IPL Consulting specializes in improving business processes and the introduction of corporate
information systems for industrial enterprises. Decisions are based on the best sectoral practices and
the application of reference models of management of world industry leaders. IPL Consulting is an Infor
partner with the status of Infor Gold Channel Partner provides a full range of services in the field of
implementing, maintaining, and technical support for INFOR products for industrial companies [1].
The choice of this vendor is due to the best functionality and technological informality of Infor solutions
for industrial enterprises of secondary and large businesses [2]. It should be noted that the Infor LN ERP
system is chosen as corporate by JSC “United Engine Corporation” (JSC “UEC”). JSC “UEC” is an in-
tegrated structure producing engines for military and civil aviation, space programs, gas turbine installa-
tions, etc. Currently, JSC “UEC” consists of the twenty-six largest engineering enterprises in Russia is
among largest engineering enterprises in Russia, one of which is the Public Joint Stock Company “UEC-
Ufa Engine Industrial Association” (PJSC “UEC-UMPOQO”). There is a pilot operation of an operational
management system for the execution of production orders In PJSC “UEC-UMPO”. The barcoding sys-
tem is implemented in the PTC (production and technological center) and integrated with ERP Infor LN.
In-shop management and dispatching based on ERP Infor LN are conducted by PJSC “UEC-UMPO”
Information Technology division and IPL Consulting teams. The implementation will allow the largest
Russian manufacturer of gas turbine engines to create a single information space for production man-
agement and production planning, to achieve an increase in labor productivity and cut any errors in
planning and accounting for production operations There is a foundry management automation project
via ERP Infor LN launched on PJSC “UEC-UMPO” [2].

Features of foundry production

One of the main procurement bases of the machine-building complex is casting production. Found-
ry production is concentrated on machine-building enterprises, and the performance of foundry work-
shops determines the performance of the machine-building enterprise. Foundry productions are charac-
terized by a complex management structure defined by the multivariance of the same processes. Such
a feature of the foundry is directly affecting all management levels [3].

An essential element of the foundry system is technology, i.e., a step-by-step defined process
of turning raw materials into the finished product. The production process in the foundry shops consists
of a large number of interrelated operations, but significantly different from each other of operations,
the execution of which is divided both in time and geographically (preparation of molding and rod mix-
tures, production of forms and rods, preparation of metal to smelting, producing liquid metal, pouring
and knocking forms, cleaning and hardware castings, control of castings and correction of defects).
The large nomenclature and volumes of the production of castings and a broad range of outflows pro-
duced by mass predetermine significant fluctuations in the complexity of molding and rod work. In al-
most all cast shops, several brands of alloys are used. For foundry shops, it is impossible to create reason
forms, rods, and liquid metal. Some operations in the manufacture of castings are performed in parallel
(for example, the manufacture of forms and rods), while others - are only sequentially (for example, fil-
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ling and knocking out forms, cleaning, and stubbing castings), which makes it difficult to synchronize
the operation of the main production sites of the workshops. As a result, casting goals are distinguished
by a variety of forms of production sites, various in their organizational and technological type.

The casting production processes are significantly different from each other by a set of operations de-
pending on the alloy brand, the interlacing method, the type of casting, and the specifics of the equipment,
as well as the required technical parameters of alloys and castings. In the simplified form of the circuit of
the casting process, or the process of manufacturing the casting is a mirror of materials, fresh and return,
forming a mixture set, and spilling the alloy obtained (with certain properties) in the form [4]. The Table 1
presents the technological stages of two types of casting, demonstrating their diversity.

Table 1
Technological process stages

Stages of the process

12

. Filling the form with alloy

Sand casting Chill casting
1. Chills preparation 1. Cores manufacturing
2. Flask preparation 2. Cores stripping
3. Cores manufacturing 3. Quality control of cores
4. Cores drying 4. Charge preparation
5. Preparation of cores 5. Alloy preparation
6. Quality control of cores 6. Preparation of the coquille for operation,
7. Molding form manufacturing assembly assembly, pouring
8. Charge preparation 7. Filling
9. Alloy preparation 8. Cores removing
10. Crucible preparation 9. Trimming
11. Alloy processing 10. Heat treatment

11. Marking

13. Quality control of the casting process 12. X-ray quality control
14. Removing molding 13. Final quality control
15. Cores removing 14. Cast verification

16. Initial quality control
17. Trimming

18. Casting cleaning

19. Correction of defects
20. Marking

21. Heat treatment

22. X-ray quality control
23. Final quality control

24. Cast verification

The successful functioning of the CTK AT requires large-scale changes in terms of the development
of modern technologies and the expansion of production, including the creation of the Uniform Infor-
mation Space (UIS) [3]. The UIS will allow to store of project data in a single system of engineering
data management, to provide collective interaction between departments and maximize the use of
the processing power to reduce material costs and time. The UIS creation will solve the problem of re-
gistration data exchange between the production system and system and the process design system.
Within the UIS creation were applied the principles of business process reengineering [5].

In this work, we consider the practice of reengineering principles using the example of the business
process of operational management of the finishing operations execution in a foundry.

The description of the existing process of management

by finishing operations in the foundry

Finishing operations are performed in two sections: the finishing operations section and the control
section Fig. 1. It is a process of final processing and testing of castings. The finishing operations man-
agement is performed to ensure the effective functioning of the foundry.
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Fig. 1. Titanium Casting Workshop Production Chain Scheme

A block of castings arrives at the finishing operations site, which then undergoes the procedures of
knocking out, separating the glacial-nutrient system, and stripping. Next, the castings arrive at the con-
trol site, where they undergo warping control, X-ray, and luminescent control. If correctable defects are
detected at any control site, the casting is returned to the machining area, where the necessary operations
to correct the defect take place. Suitable castings arrive at the site of finished products. At each stage,
casting is followed by the production order. If the correctable rejection is detected the control section
generates an act of fault detection, which is transmitted to the general foreman of the machining.
The foreman issues replaceable jobs to certain groups depending on the type of defect. If the casting
declared unfit generated the act of rejection, then this act with the defective product is transmitted in
the pantry of defective products. Rejection acts are transferred from the pantry of ready casts to the bu-
reau of quality control (BQC). The BQC generates a report on rejection and indicates there the reasons
for rejection. Further, the report of rejection was transferred to the production and dispatch management
bureau (PDB). Finish operations are managed by workers of PJSC “UEC-UMPO”: general foreman,
workload coordinator, head of the workshop, and foreman of dispatch bureau [6].

The existing process identified the following shortcomings:

— the management staff receives the results of plant operations with a delay of one day;

— information system does not allow a full-featured accounting of the separation of parts batches
(a part of a batch is issued, and a part goes for correction);

— there is no full-function accounting of rejection;

— IS for recording the production progress and technology and construction engineering IS are not
integrated.

These shortcomings significantly reduce the effectiveness of the management of the aluminum al-
loys foundry complex (AAFC). The existing system is not able to support the effective functioning of
the foundry in terms of modern technologies development and expansion of production nomenclature of
the positions [7]. This problem shows that the management of foundry production, including finishing
operations, needs in improving. It is proposed to apply the principles of business process reengineering
to solve the problem.

Applying the principles of business process reengineering

According to the definition by M. hammer and J. Champy [8, p. 10—11] business process reengi-
neering (BPR) is defined as the fundamental rethinking and radical redesign of business processes to
achieve dramatic improvements in critical contemporary modern measures of performance, such as cost,
quality, service, and speed.

To improve the management of the finishing operations, offer to use the following principles:

* Horizontal compression business processes.

The implementation of this principle is achieved in the transition from the formation of a production
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order (hereafter PO) for the batch to the formation of PO on the casting that will allow taking into ac-
count the division of the batch in case of detection of a correctable defect in the part of the batch.

* Decentralization of responsibilities (vertical compression business processes).

The implementation of the principle of vertical compression will allow the decision makers in BQC
to select and transmit independently information to CAD systems for future planning.

* The logic of the implementation of business processes.

With the implementation of the tasks of the accounting division of the batch, accompanied by
the opening of the new PO, there is the possibility to analyze the progress schedule in parallel with per-
forming operations for the defect’s correction. In the existing system, the implementation of the sche-
dule analysis is performed after closing the PO to the batch.

* The development of various versions of business processes.

The proposed information system is provided for the execution of business processes in different
scenarios: the batch may separate, and part of the blanks can be found fit, some may return to the correc-
tion of the defect, and some may be considered defective.

* Diversification of business processes.

The process focuses on the production of mass products must be conducted equally for all inputs
leading to agreed outputs: the separation of the batch should be considered.

* Rationalization of horizontal connections.

Work is performed in the place where it is most appropriate. This principle is shown in the im-
proved process of transferring information from the ERP system to the CAD system at the point where it
is more appropriate to do so.

Using the above principles of business process reengineering will change the process of finishing
operations management. BQC staff will be able to generate the report in electronic form. The separation
of the batch will be considered: the technological Bureau can create a new PO for the act of fault detec-
tion, which will transfer to PDB for accounting operations on defect correction. We will consider using
the principle of development of various versions of business processes and the principle of rationaliza-
tion of horizontal connections in more detail.

The principle of development of various versions of business processes allows implementing batch
separating owing to the detection of defects during the passage of the control operations. This fact cau-
ses the need for the development of various versions of business processes [9, p. 74-77].

The proposed information system allows considering the separation of the batch.

There are three scenarios for the implementation of the business process:

1) defects are not detected; the whole batch is found to fit;

2) adjustable defect is detected, castings with adjustable defect return to the correction;

3) unrecoverable defect is detected; casting is recognized as defective.

For the possibility of accounting for the progress of the production of castings operations, it is
necessary to provide all three scenarios. The proposed system solves the problem of considering the se-
paration of the batch by creating a new PO for each casting in which an adjustable defect is found.
The technological bureau opens a new PO, further PO is transferred to PDB for accounting operations
on defect correction

The process of batch separation is illustrated by a dynamic model of control of finishing operations
management Fig. 2. If a defect is verified the possibility of elimination of the defect is checked. If we
remove a defect, then a new PO is created and operations on defect elimination are executed.

Applying the principle of rationalization of horizontal connections allows transferring data from the
ERP system to CAD systems and back [10]. Such communication consists of the automated transfer of
standard information in the form of:

1) material master records;

2) specifications for materials;

3) process charts to materials that contain a list of operations and their duration.

4) changes in the existing product technologies.

Statistics of rejection must come directly to the scheduled system of foundry production that will al-
low the identification of “bottlenecks” of the process and take measures for their elimination. In the of-
fered system the BQC employees can create the report on rejection in the automated mode [11].
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Results

To measure the results of improvement of business processes of finishing operations management
in foundries were simulated the proposed and the existing processes were. The simulation was based on

the BPMN model Fig. 3.
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Fig. 3. The fragment of a BPMN model. The shift-day tasks formation

During the simulation, 1500 pieces were used that allow setting the ability of the offered system to
cope with the planned load. The duration of the operations process and the probability of the activated
output branches of an exclusive gateway are defined based on expert data [12]. The simulation showed
that the process duration will be decreased: the average spent for passing by one nomenclature position
of all operations of the process will decrease for 3 minutes and 3,8 seconds. The total time for the 1500 po-
sitions will make: in the existing process — six hundred hours, in offered — five hundred hours. The dif-
ference for 1500 the nomenclature positions will be one hundred hours.

The comparison of results showed that the offered model will allow performing operations on fini-
shing operations management faster than the existing [13].
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Conclusion

As part of the interaction of the Department of Automated Management Systems of the Ufa State
Aviation Technical University, PJISC “UEC-UMPO” and IPL Consulting there is underway work of
forming a structural model of the casting process, developed models of intra-workshop planning (manu-
facturing execution system level), accounting for the production and support of decision-making in op-
erational management on the methodology of structural modeling and process modeling [14]. Also,
the model of the component composition of the alloy charge was developed, in which all reference
books are presented as existing ERP Infor LN and newly created. The conducted research demonstrates
that the introduction and adaptation of Infor LN in the enterprises of the class of PJSC “UEC-UMPO” is
an urgent task.

The need to apply the principles of reengineering business processes to create a single information
space of an enterprise is obvious. This makes it possible to adapt the existing system to other conditions.
Increase the level of information exchange between all enterprise divisions, which will create a closed
loop management loop and will significantly increase the efficiency of using Infor LN. The access of
managers and specialists of the enterprise to the necessary reliable information in real-time will increase
the quality of management decisions [15].

The applying principle of horizontal relations rationalization will create conditions for the formation
of the Uniform Information Space. ERP-system allows quality statistics but using only the ERP system
to solve the problem of rejection reduction is impossible. Planning of foundry production in PJSC
“UEC-UMPQO” is conducted with the CAD system. This system does not allow to realize the finishing
operations management. The creation of the UIS (Uniform Information Space) will allow the integration
of the data of CAD and ERP systems and to quickly make management decisions in case of changes in
production.

The systems integration will allow avoiding errors due to re-enter data and reducing production
preparation time.

The double-side data exchange between ERP and CAD systems can be conducted both in real-time
and batch mode at regular intervals manually.

Thus, the execution of horizontal communications the principle will allow to reveal of “narrow”
places of process and to make management decisions on their elimination.

The described technique is verified by conducting a simulation of the proposed and existing processes
with the performing execution of dynamic analysis. The results apply to the PJSC “UEC-UMPO”.
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