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Abstract. Possibilities to maximize the efficiency of Service Engineering Organizations involvement are evaluated. Highlighted the
importance to consider several specific features of Engineering Service companies in order to maintain the high efficiency of the global
Engineering Services model. Noted that building the global Engineering Services model stimulates the development of Product Lifecy-
cle Management systems, which require maximum formalization of all processes, which include many components, and, therefore, we
are talking about a complex system. The need to model such a complex system with a purpose to determine its optimal configuration
is justified. It was assumed that the Systems approach can be used to build a functional model of the Engineering Service organization,
and then the identification and evaluation of available alternatives will help to find the optimal configuration of the system. Solution
to quickly assess the Key Performance Indicators of the Engineering Services being created by using a model that is based on the
Systems approach is proposed. Determined that the System Engineering is the most known and useful among all methods of modelling
the complex systems.

Keywords: Engineering Services, Systems approach; Product Lifecycle Management (PLM) systems; complex system; modelling; Key
Performance Indicators (KPI).

own engineering teams in traditionally unstable workload
conditions (Fig. 1) [1], by reducing the size of such teams
and limiting them to a team of key experts in each area. At
the same time, involvement of sufficient resources from

1. Introduction

In today's world, the process of creating a high-tech
product includes the involvement of intellectual resources

with variety of volumes and competencies at different
stages. This led to the new type of services - Engineering
Services. Nearly all global manufacturers of high-tech
products in aviation, automotive and other industries col-
laborate with the Engineering Service companies.

2. Problem statement

Formalization of engineering knowledge at a very
detailed level allows the leading development companies
to create engineering competencies, involving engineering
resources from different countries in their operations. This
allows the development company to reduce the cost of its
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Engineering Services ensures the release of engineering
and other accompanying documentation for the developed
product.

There are different shapes of Engineering Service
organizations [2]. Often, the Engineering Service teams are
an integral part of manufacturing companies, which pro-
duce components, and assemblies that are used to build
larger products such as a complex mechanical system, an
aircraft, etc. In such cases, the engineering teams are able
to provide specialized engineering services to various large
product developers around the world in addition to their
regular work that they do while creating an engineering de-
sign documentation for the product produced by their own
company.

It is important that the leading development com-
pany should build a right strategy for the global distribution
of engineering work in order to achieve the maximum effi-
ciency while collaborating with the Engineering Service
organizations. This effort should include selection of the
most efficient service providers, assessing the cost and
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Fig. 1. Peaks of staff workload in Projects (1,

schedule of their work, and planning the schedule and costs
for the integration of the created product (such as engineer-
ing documentation or assembly) into the main product.

The good example of the international cooperation
model is the development of the Boeing 787 airplane
(Fig. 2) [3]. The Boeing Company, as the leading design
and manufacturing company, has outsourced the design
and production work of various components and assem-
blies to other companies in the world.

The Engineering Service companies successfully do
their business around the world, leveraging the level of en-
gineering competence, as well as the efficiency and cost of
the provided services to compete with each other. Several
important factors have to be taken into account in order to
reach the highest efficiency of the global Engineering Ser-
vices model:
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1. Various forms of Engineering Service organiza-
tions. The reason for particular organizational format may

be based on historical specifics of the Engineering Services
organization that is in business for many years, as well as
specifics of prime customer for particular organization,
country legislation, or other factors that affect the business
model. The most typical forms of cooperation with Engi-
neering Service organizations:

- Joint Venture.

- Contractual relationship: personnel of Engineer-
ing Service organizations is involved in engineering groups
of the leading development company on a contractual
basis.

- Combination of the Joint Venture and Contractual
relationship formats which allows involving the third party
organizations in Engineering Services.
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Fig. 2. Diagram of the Boeing 787 with details of parts and where they are manufactured [3]
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2. Typically, the Engineering Service organization
focuses on a specific type and complexity of work. It is

recommended that the Engineering Service organization
replicate the organizational and functional structure of the
leading development company.

3. The creation of an Engineering Service requires a
formalization of the engineering related knowledge base
and skills. This allows the engineering staff to be trained
within an acceptable time frame. The systematic approach
to knowledge management is one of the key tasks that
should be in place in order to design high-tech products. It
includes the appropriate training of the personnel in terms
of the required level of engineering knowledge, knowledge
of tools and design environment, as well as understanding
the language and cultural characteristics of the customer
(lead developer).

4.In a case when the existing Engineering Service
organization is specialized only on some certain types of
work, it may result in the same unstable workload as for
the engineering staff at leading development organization
(Fig. 1). Obviously, diversification of Engineering Ser-
vices is one of the most effective tools for the organization
that helps to avoid unstable workload, which may occur
due to the limited volume of similar type of work.

The organization’s ability to timely estimate the
budget (time, cost, qualification, etc.) that is required to
complete potential additional work may become a signifi-
cant competitive advantage in today’s dynamic global en-
vironment.

It is also recommended to take into account the en-
gineering and cultural traditions of the environment where
the Engineering Service is established. For example, super-
vision of experts and managers from the parent (or leading
development) company is recommended to those Engi-
neering Services that are established in countries with in-
sufficient level of knowledge in design standards and prac-
tices that are used by leading development company to
build the final product.

Important to mention that building the global Engi-
neering Services model stimulates the development of
Product Lifecycle Management (PLM) systems [4] [5]
which require maximum formalization of all processes. On
the other hand, the fact that it is impossible to formalize all
processes has to be acknowledged [6]. There is always a
large amount of non-formalized knowledge (Fig. 3) in en-
gineering which is sometimes comparable to the volume of
documented knowledge and makes a significant contribu-
tion to the process of engineering product development.

We are talking about a complex, long-term and step-
by-step (from simple to complex) process of starting the
Engineering Service business. This process requires mas-
tering in PLM procedures as well as in language, cultural
and other features of the leading development company.
This process includes many components, and therefore we
can say that we are dealing with a complex system.

Knowledge

Non-Formalized
Knowledge

Fig. 3. Formalized knowledge (Knowledge
Base) and Non-Formalized Knowledge

It is obvious that the architecture of such system can
vary and that it should be defined by a set of Key Perfor-
mance Indicators (KPI), which include costs, required to
create the system, as well as schedule, workflow, quality
and other parameters.

The article [7] and some other publications present
results of study in regards of how to apply the Systems ap-
proach to components identification and building a model
of such system. These publications are mainly focused on
the development of knowledge base and engineering com-
petencies in Service Companies, and did not address the
issue of organizational structure of services. The develop-
ment of engineering competencies and their integration
with the organizational structure is a complex task that re-
quires further research.

3. Results and Discussion

Evaluating the efficiency of the service organization
through its modelling and following assessment of impact
on KPI is very important and requires further research and
analysis. For this purpose, it is reasonable to model a ser-
vice organization as a complex system in order to deter-
mine its optimal configuration.

We can conclude that the System Analysis method
can be used to build a functional model of Engineering Ser-
vices organization based on several assumptions:

— We know the initial KPI of the system components
that define the appearance of services.

— We can identify sufficient number of significant
factors for an adequate assessment of the system's KPI.

— We postulate the high level of knowledge forma-
lization and a relatively small level of non-formalized
knowledge.
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Fig. 5. The Systems Engineering based steps to select the best configuration of the Engineering Services model

Following this, a number of alternatives can be iden-
tified and evaluated in order to find the optimal configura-
tion of the system.

This means that we can use a Systems approach to
model the Engineering Services organization and quickly
evaluate the KPI of the service being created. The System
Engineering [8, 9] is the most known method of modelling
the complex systems. The essence of System Engineering
is to use a functional approach to build a system. According
to this method, the process of system design includes (Fig. 4):

— Requirements development and management.

— Defining all functions needed to address the spec-
ified requirements.

— Defining all solutions elements required to imple-
ment all listed functions.

The configuration of the system is actually the
combination of all selected solutions (Fig. 5). As a rule,
there may be several alternative configurations. The best
alternative can be selected by one of known research
methods.

The methods used in Systems Engineering are very
useful in developing a solution to enhance Engineering
Services efficiency. The model development process for
KPI evaluation and optimization is shown on Fig. 6.

Requirements Formalization of

Selection of the

Effective KPI

Functions + . Best Alternative Modelling of

i alternatives b
Solutions N predicate meth‘gd (Operations Stochastic System AssesEsme:j: Model
Alternatives Research methods) (Equation)

Puc. 6. The model development process for KPI evaluation and optimization
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4. Conclusions 2. Obviously, the Service Organizations with opti-
mal organizational structure and high KPI will have a com-
1. The global practice in development of high-tech  petitive advantage on a global market.
products is increasingly oriented on involvement of the En- 3.1t is reasonable to use the Systems approach in-
gineering Services. This business model is very efficient ~ volving the Systems Engineering and other modern research
and promising for more effective implementation of large =~ methods to find the most effective solutions for reaching
projects by the leading development companies. the best efficiency in Service Engineering organization.
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E¢exTuBHiCTH iHJKeHEepHO-CepBiCHUX OpraHisanii B peasizanii rio0aJbHUX POEKTIB
O. B. Crenin

Anomauia. Anomayis. Poszensrymo npobaemu 0nia 00csaeHeH s MAKCUMATbHOI egheKmusHOCmi 8UKOPUCIAHHS THIICEHEPHO-CePBICHUX
opeanizayii. ITiokpecneno, wo O NIOMPUMKU GUCOKOI epeKmuUeHOCmi MoOeli 200ANIbHO20 GUKOPUCIANHS THIICEHEPHUX CEepeics,
HeoOXiOHo 8paxo8yeamu psao 0coOIUBOCMEN THHCEHEPHO-CEPBICHUX KOMNAHIL, 8 MOMY YUCTT HAB0OAMbCA YAKMOPU, AKI MAKOHC Ci0
epaxosysamu. Biosnauaemuvcs, wjo 6 cy4acHux ymo8ax cmeopenis 21006anbHoi Mooeni iHJCeHepHUX cepeicié CIUMYIOE PO3GUMOK CU-
cmem ynpasnints Jcummesum yurxiom npooykmy (PLM), wo eumazac maxcumanshoi ghopmanizayii’ 6cix npoyecie, sKi 6KIO4AIOMb 8
cebe 6e3niu KOMROHEeHmIg I, omoice, MO8a 1ioe npo ckaaony cucmemy. O6IpyHmogano nompedy 6 MoOen08anti Maxoi CKIaoOHoi cuc-
memu Ol USHAYEHHS i ONMUMATLHO20 8U2AA0Y. 3pobNeH0 NpuUNnywenHs, wo MemooomM CUCMEMHO20 AHANI3Y MONCHA NoOYOysamu
DYHKYIOHANbHY MOOEb THIICEHEPHO-CEePBICHOI Op2aHnizayii, a 6useienHs POy albmepHamus i ix oyinka 00360UMb 3HAUMU ONMUMA-
JIHULL 8U2NIA0 cucmeMu. 3anponoHo8ano SUKOPUCOBYE8AMU CUCTIEMHUL NIOXI0 00 OpeaHi3ayii [HIICEHEePHUX Cepeicis, Ha Niocmasi
AKO20 3anpONOHOSAHO CIMBOPUMU MOOEI, WO 003680IAI0Mb ONEPAMUBHO OYIHIOBATNU MEXHIKO-eKOHOMIUHI NOKA3HUKU CIBOPIOBAHO20
cepsicy. Busnaueno, wjo ceped memooie MoOenosants CKIAOHUX cucmem Hatbinbus O0OCMYRHUM OISt WUPOKO20 KOLA KOPUCIYBAYIE €
cucCmemMHUll IHICUHIpUHE.

Knrouosi cnoea: ingcenepnuii cepsic, cucmemuul nioxio; cucmemuy ynpaeiiHHs ICUMMESUM YUKIOM BPOOYKIY, CKIAOHA CUCIEMA;
MOOeNI0BANHS; MEXHIKO-eKOHOMIUHI NOKAZHUKU.

3(1)q)eKTI/IBHOCTL HHKECHEPHO-CEPBUCHBIX opraﬂmauuﬁ B pea/inzanuu I‘.TIOﬁa.TIbHI)IX MPOEKTOB
A. B. Crennn

Annomayun. Paccmompennvl npobiemul 0158 O0CMUNCEHUA MAKCUMATLHOU SPDEKMUSHOCTIU UCNONIb30BAHUSL UHHCEHEPHO-CEPBUCHBIX
opeanuzayuil. Iloouepkrymo, 4mo 071 NOOOEPIHCAHUS BbLCOKOU IhpekmusHocmu Mooenu e1odaIbHO20 UCTOTb308AHUSA UHHCEHEPHBIX
cepsLcos8, HeoOXOOUMO YUUMBIBAb PAO 0COOEHHOCEN UHMCEHEPHO-CEPBUCHBIX KOMNAHULL, 8 OM YUCIe NPUBOOAMCA PAKMOPbL, KO-
mopble makice ciedyem yuumuieams. Ommevaemcs, 4mo 6 COBPEMEHHbIX YCI08UAX CO30aHUE 200ATbHOU MOOENU UHHCEHEPHBIX Cep-
BUCO8 CIUMYIUPYEM PA36UmMUe CUCEM YNPABIEHUS HCUSHEHHBIM YUKIOM npooykma (PLM), umo mpebyem makcumanvroi popmanu-
3ayuL 8Ccex NPoYeccos, KOMopbvle BKIIOUAIOM 6 Ce05l MHOMCECTNBO KOMNOHEHMO8 U, C1e008aMeNbHO, pedb U0em O CIOHCHOU cucmeMme.
ObocHnosana nompebHOCmb 8 MOOETUPOBAHUU MAKOU CLONCHOU cucmembl 071 OnpedeneHus: ee ONMmuMansHozo ooauxa. Coenano npeo-
NONONHCEHUE, YN0 MEeMOOOM CUCIEMHO20 AHAU3A MOMHCHO NOCPOUMYb DYHKYUOHATILHYIO MOOENb UHIHCEHEPHO-CEPEUCHOU OpeaHU3a-
yuu, a evisAleHUe paod albMePpHAMUE U Ux OYeHKA NO360UM HAUMU ONMUMATbHBIU 00UK cucmembl. TIpednodceno ucnonb3osams
CUCTMEMHDBIUI NOOX00 K OP2AHU3AYUU UHHCEHEPHBIX CEPBUCO8, HA OCHOBAHUU KOMOPO2O NPEONOHCEHO CO30amb MOOENU, NO3BONAIOUUE
OnepamueHo OYeHU8ams MexHUKO-IKOHOMUYECKUe noKasamenu co30aeaemozo cepguca. Onpedeneno, umo cpeou Memooos Mooenu-
POBAHUS CONHCHBIX CUCImeM Hauboaee O0CMYNHBIM Ol WUPOKO20 Kpyed NONb306amenell A6IAemcs CUCEMHbLIL UHNCUHUPUHE.
Knroueewie cnoea: unsicenepnulii cepsuc, CUCmMeMHblll NOOX00; CUCeMbL YIPAGIEHUS HCUSHEHHBIM YUKIOM NPOOYKMA; CAOHCHAS CU-
cmema; MoOenuposanue; mexHuKo-9KOHOMUYecKue NOKA3ameiu.





