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IMPROVEMENT OF THE QUALITY MANAGEMENT
SYSTEM OF MANUFACTURING
OF MACHINE-BUILDING PRODUCTION

B.M. Banvro, O.M. IIpuxo0ovko. BIoOCKOHATEHHSI CMCTEMH YNPABJIiHHSA SAKICTI0O BUPOOHMITBA MalIMHOOYAiBHOI npoaykuii. Ha
IIiICTaBi aHAIi3y BUMOI YHHHUX HOPMAaTHBHHUX IOKYMEHTIB 3aIlpOIIOHOBAHO IIJIXiJ VIS NMOKpAaIaHHSA e()eKTHBHOCTI CUCTEMH YIPaBIiHHS
SIKICTIO MAIIMHOOY/IIBHOTO BUPOOHHMITBA 3aB/IKM 3aCTOCYBaHHIO TEOPii MATPUYHOIO YMCIICHHS Ta aHali3y PU3HKIB Yepe3 pi3Hi BUAM Ta
HACHIAKU NOTEHLIHHUX BiqMoB y croxkuBada (FMEA). CucreMaTi30BaHO Ta JOCIIDKEHO IIEpPeTiK TEXHOJIOTIYHHUX IIPOLECciB BUPOOHHUITBA
riIb3d LATIHAPA JBHTYHA BHYTPIIIHBOTO 3rOPAaHHS Ha OCHOBI CKIANEHHX ABOX HNPHYMHHO-HACTIAKOBHX jAiarpaM ICikaBu Ta 4acTKOBHX
BEKTOPIB SKOCTI JaHHX NpPOLECiB. BCTaHOBIEHO HANpsMH ONTHMAJIFHOIO YHPABIiHHS HPOIECAMH BHUTOTOBJICHHS 3 METOIO 3a0e3NeueHHs
e(eKTUBHOTO YIPABIIIHHSI SKICTIO IAHOI TiIb3H.

Knrouosi cnosa: cuctema ynpasiHHS SKICTIO, TiIb3a [MIIHAPA, OMUHAYHHUN TTOKa3HUH SKOCTi, MATPHLS SKOCTI, ETAJIOHHHH BEKTOP,
nmiarpama Icikasu, FMEA

V. Vanko, O. Prikhodko. Improvement of the quality management system of manufacturing of machine-building production.
Based on the analysis of the current normative documents” requirements an approach is proposed to improve the efficiency of the quality
management system of the machine-building production through the application of the theory of matrix calculation and risk analysis through
the various types and effects of potential customer failures (FMEA). The list of technological processes of production of the internal
combustion engine’s cylinder sleeve is systematized and investigated on the basis of the combined two cause and effect Ishikawa diagrams
and partial quality vectors of these processes. The directions of optimal control of production processes are established in order to ensure the
efficient management of the quality of this sleeve.

Keywords: Quality Management System, cylinder sleeve, unitary quality score, quality matrix, reference vector, Ishikawa diagram, FMEA

Introduction. Today, Ukrainian enterprises are trying to get their products on international markets.
In this case, a special problem is the need to guarantee the appropriate quality of products. According to the
requirements of the current normative documents [1, 2], solving this problem should be approached com-
prehensively. This is achieved through a Quality Management System (QMS) for the enterprise.

Recent researches and publications analysis. As it’s well known, any QMS is a generalized
structure which consists of four global systems:

— production;

— monitoring, measuring, analyzing and studying for improvement;

— management responsibility, which includes a strategy and policy to achieve sustainable success;

— resource management [1 — 3].

This structure of the QMS has undergone a thorough inspection in the USA, Europe, Japan,
South Korea, China, and so on in recent years. The products of these countries are fairly in demand
because they are high quality, inexpensive and reliable.
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Such tendencies contributed to the development of QMS, methods and tools for monitoring the
quality of products and services [4 — 6]. At the moment, scientists and leading experts prefer the meth-
odology of the process approach, based on the Deming cycle “Plan-Do-Check-Act”.

For the Ukrainian machine-building enterprises, the most important thing today is the estab-
lishment of an optimal production management system that will ensure the production of competitive
products. Therefore, among the above management systems, in the future we will consider the actual
QMS of production.

Guaranteeing the implementation of the stages of the products life cycle, related to the produc-
tion of complex technical products, needs a highly effective QMS, which will fully take into account
the specifics of production and the work with advanced and accurate equipment. At the moment, there
are different variants of the similar QMS, but, based on their presentation, there is a lack of specifics
in terms of implementation and obvious application, especially in the cases of the manufacture of rela-
tively simple blocks, nodes and elements.

Purpose of research. Formation of an improved management system of the manufacture of an
internal combustion engine’s cylinder sleeve using a matrix method means of control, analysis and
products quality management and recommendations of current normative documents DSTU 1SO 9000.

Presentation of basic material. One of the promising directions of creating effective QMS of
production is the use of the theory of matrix calculus for a relatively simple analytical representation
of technological and other processes [7]. The main task of such QMS is the consistent implementation
of all subsequent the life cycle stages of machine-building products:

—designing a product in the form of 1, 2, .., and partial vectors or quality matrices

|(QO)1—des|---|(QD)a—des| ;
— preparation of production as a plurality [(Qo)wpp|...|(Qo)o-p| ;
— complex of technological processes of production in the form of [(Qo)vsp|.../(Qb)etp| ;

— output control of the finished product as |(Qo)s-c|...|(Qb)s-oc| [8].

At the same time, each of these stages represents a set of various processes that are described in
the sets of given partial vectors or quality matrices by means of specially ordered groups of unitary
guality score (UQS). According to [1, 2] for each of the following stages of the product life cycle, a
certain set of processes necessary for its implementation is typical. And current regulatory documents
recommend each process should be considered as a sequence of interrelated elements:

— input sources (previous processes from suppliers, customers, other interested parties);

—inputs complex (matter, energy and information in the form of materials, resources and
requirements);

—a set of actions;

— outputs complex (matter, energy and information in the form of products, services and
solutions);

— outputs recipients (follow-up processes for customers and other parties).

Control points are considered as possible means of control, in which the monitoring and meas-
urement of the process efficiency are monitored. Such a reflection of a typical technological process in
the practice of machine-building enterprises is not always adequate - sometimes they are significantly
influenced by other accompanying processes or external factors.

Consider as an example a complex of processes related to the production of cylinder sleeve AL
0908.3012.2017. This is a long cylindrical part, relatively simple form, which is one of the most re-
sponsible units of the internal combustion engine SMD-14, which is installed on large-scale agricul-
tural machinery: tractors and combines. The reliability of the operation of this technique essentially
depends on the sleeve of the cylinder, in which the piston moves, ensuring the movement of this
technique.

From the whole set of processes and procedures for the manufacture of cylinder sleeves we dis-
tinguish the main: casting and machining.

METROLOGY, STANDARDIZATION AND CERTIFICATION



110 . . . . ISSN 2076-2429 (print)
[Mpani Opecbkoro nojitexHiyHOTrO YHiBepcutetry, 2018. Bur. 1(54) ISSN 2223-3814 (online)

According to the theory of qualimetry, the assessment of quality should be based on the analysis
of information about the object under study. That is, if the first step is the collection of data, then in
the future it is necessary to look for reasons of deterioration of quality and to form the necessary cor-
rective actions. As it’s well known [4 — 6, 8], the cause and effect Ishikawa diagrams serve as such
tools. In this case, the dispersion of the information received to groups of UQSs, relating to:

— technology (partial matrix or T-quality vector);

— machinery and equipment (matrix or quality vector E);

— staff (matrix or quality vector S);

— raw materials (matrix or quality vector M).

This quality assessment structure is generalized and may vary, depending on the features of the
product and the processes of its production. The fact is that the number of the above groups of UQSs
(reasons for a possible deterioration in quality) may be increased to six if necessary [4 — 6].

Consequently, for a set of processes of molding casings, the cause and effect Ishikawa diagram
will have the form shown in Fig. 1.

It should be noted that in this case, the technological processes include: the input control of IC,
the preparation of the charge (PC), the manufacturing and research of the sample (MRS), the manufac-
turing of workpieces (MW). To find out the problem that may arise in the investigated process, it is
necessary to highlight the main causes — the lines aimed at the thick horizontal line. Analytically, they
are presented in the form of the above-mentioned quality vectors T, E, S and M.

Consider UQSs that relate to each of these processes. Thinner arrows in Fig. 1, which are di-
rected to these four lines, are factors (UQSSs) that contribute to the emergence of each of them.

Regarding the IC should be separated: the supporting documents on primary materials — 2.2

(UQS Ny ), forced replacement of the primary material — 4.3 (UQS ny.43), pre-sorting material — 4.2
(UQS ny42 ), the inaccurate selection of charge material — 4.1 (UQS np..1).
Performing the PC should be investigated: the sorting of the charge components — 4.2 (UQS
N2 ); the replacement of material in a charge — 4.3 (UQS ny.3); the availability of finished packag-
ing — 3.1 (UQS nys1); the requirements to the weight of the charge — 1.3 (UQS n,.13), the appearance
of which additionally should take into account the mismatch of sleeves by mechanical properties — 2.5
(UQS np.5); the untimely loading and packaging — 3.3 (UQS nys3), which is accompanied by a delay
in the preparation of the metal — 1.2 (UQS ny.12).
During the MRS, should be analyzed: the readiness of the furnace and the bucket — 2.2 (UQS
N2 ), Which can cause the failures and delays in the process — 1.2 (UQS n,.); the absence of haz-
ardous substances in the sample — 4.2
e L Technology (UQS np42); the conformity of constitu-
S-quality vector T-quality vector ents — 4.1 (UQS ny41); the sample casting
— 1.3 (UQS npi3); the timely sending
samples — 3.1 (UQS nys1); checking
chemical composition of the sample — 4.3
(UQS np43); the spectral setting — 2.3
(UQS n,3); the destruction and checking
on the hardness of the sample — 1.3 (UQS

Processes of
molding casings

I Ne-13); the microstructure test of the sam-
— PC )
MRS ple — 1.5 (UQS ny.15); the clearing of slag
4.Raw materials 2. Machinery and equipment T Mw -2.5 (UQS n’f'z'_s ) In this Caée’ -II'-] order to
M-quality vector E-quality vector ensure the efficiency and reliability of the

engine, the chemical composition of the
sleeve material should be appropriate to
the Table.

Fig. 1. Cause and effect Ishikawa diagram
for casings molding processes
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The chemical composition of the sleeve material, %

Cast iron C Mo Mn Cr S | P Cu Ni
Not more

GJL-240

(EN1561) 3.1..35 | 2.0...24 | 0.7...1.0 | 0.3...05 0.15 0.45...0.7 0.3 0.3

During MW should be controlled: the equipment preparation (dispenser, roundabout-cocker in-
stallation and caliber) — 2.2 (UQS n,.,, ); the control of the density of the heat-insulating paint — 3.4

(UQS nys4); the installation of equipment regimes and cooling schemes — 2.5 (UQS N, ); the time
of delivery of a bucket of liquid metal to the dispenser and the filling of the metal — 1.1 (UQS ny1.1);
the sample control — 4.3 (UQS ny43).

Note that in Fig. 1 not all factors (UQS) are used. This is due to the fact that they are sometimes
extremely important. It is about: the pa-

rameters of the environment in the produc- 3 st L Technology

tion facility 1.4, the operating conditions — S-quality vector T-quality vector

2.1, the inattention of the various, includ-
! ! 33 ]

ing non-standard equipment — 2.4, insuffi- [22]

cient qualifications of staff — 3.2, the
workplace of the employee — 3.5 and the
quality of the party from the supplier in all
aspects, including his reputation — 4.4.
Taking into account the mechanics,
the cylinder sleeve is a body of rotation
and has the following structural elements:
external cylindrical surfaces, internal cy-
lindrical surface, three ends, external and

Processes of
mechanical
processing

4. Raw materials

internal chamfers, conical surface and Mrquality vector

2. Machinery and equipment
E-quality vector

two halves.

For a set of processes of mechanical
processing of sleeves, the following cause
and effect Ishikawa diagram is depicted in
Fig. 2, which describes the technological processes: initial processing (IP), final processing (FP), and
output control (OC).

As well as for the previous group of processes, consider the UQS, describing each of the above
processes.

At initial processing we’IP have: the breakage of a cutter — 2.3 (UQS ny.3); the deviation in the

size of the cutting length of the workpiece — 1.3 (UQS ny.13); the bleaching of cast iron workpiece —
4.3 (UQS ny4 3); the deviation of wall size — 1.3 (UQS n,..3); the deflection of the diameter of the hole —
2.3 (UQS ny23); non-compliance with roughness requirements — 4.3 (UQS Ny 3); the increasing wear
and tear of the cutter — 2.3 (UQS ny.3); the wrong geometry of the surface — 2.4 (UQS ny..4); the wrong
length of workpiece — 1.3 (UQS n,.13), which is accompanied by UQS 4.3; the wrong shirt diameter —
4.1 (UQS ny4 1), which causes UQS 4.5; the disturbance of centering (the beating the mandrel) — 2.2
(UQS ny-2 ), which causes appearance of UQS the inattention to the staff 3.2 (UQS n,.3, ) and UQS 2.4.

Regarding the FP should be noted: the wrong height of the clamp — 1.3 (UQS n,.13), which is
accompanied by UQS 2.3; the unsaturated shirt sizes — 4.3 (UQS ny4 3), which results in the quality of
the party from the supplier in all respects, including its reputation — 4.4 (UQS ny.4.4); the increasing of
beating in the engine — 4.4 (UQS n,.4. );the radius of the duct under the hill is not maintained — 1.3

Fig. 2. Causal and effect Ishikawa diagram for the processes
of mechanical processing of sleeves
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(UQS np13), which causes UQS 4.4; the unsatisfied roughness — 3.1 (UQS ny31), which causes UQS
3.2; the instability of microgeometric characteristics — 3.1 (UQS nys1), which causes appearance of
UQS the untimely loading and packaging — 3.3 (UQS n,s3); the deviation from colloquialness and
straightforwardness — 1.5 (UQS n,..s ), which causes insufficient control — 3.4 (UQS nys.4).

During the OC should be analyzed: the formation of the sleeve — 1.4 (UQS ny.1.4), which causes
UQS 4.4 the critical parameters defect was not detected — 3.4 (UQS nys.4 ), which causes UQS 4.4; the
critical parameters defect was not detected — 3.2 (UQS n,2 ), which causes UQS insufficient control
3.4; the violation of storage and transportation conditions — 3.5 (UQS N5 ).

Proceeding from the requirements of the current normative documents, quality control of any
process can be carried out by traditional means of quality monitoring, and additional methods of risk
assessment can be applied.

The proposed version of the production quality assessment is expedient to use with the FMEA
method — failure mode and effects analysis of potential customer failures due to possible defects in
products and processes of its production [4 — 6, 8].

The main tasks of FMEA are the establishment of:

— possible failures (defects) of products or process, their causes and effects;

— degree of significance S of effects for consumers, the probability O of occurrence of causes
(defects) and their detection D before the consumer receives;

—a generalized assessment for each p-th of UQS of the object of analysis by identifying a priori-
ty number of risk

n, =S,0,D, 1)
and comparing it with the maximum permissible value of p (n,)n ;

— measures to improve the quality of the object of analysis, which is achieved by observing the
condition

Np <(np)n - )

This condition must be met for all UQS s that characterize an object in view of its high quality [9].
Thus, using expression (1), as a result of the study of this object, the partial vectors of quality, as
suggested above, are initially formed:

Qic =|Np-22 Np-a3 Np-az Np.sz| =|48 72 180 72|,
Qec =|Np-a2 Np-a3 Npa1 Np3 Np2s Npas Npa2| =[48 45 80 224 125 72 72|,
Qwmrs =|np-2.2 Np-1.2 Np-42 Np-2.1 Np-1.3 Np-3.1 Np-43 Np-23 Np-1.3 Np-1.5 np.2_5| =
=[84 72 70 84 45 80 100 60 60 64 90[;

Quw =|Np-22 Np3a Np2s Npa1 Np-as| =[72 63 84 45 80| — for molding sleeves and
Qe =|np_2_3 Np-1.3 Np-43 Np-13 Np-23 Np-2.3 Np-2.3 Np-2.4 Np-1.3 Np-43 Np-2.1 Np-43 Np-22 Np-32 np_2_4| =
=|60 80 75 54 75 72 75 64 60 72 60 72 64 64 64],

Qrp =|Np13 Np-23 Np-43 Np-ss Np-sa Np-1s Npoas Nzt Npaz Npaa Np-as Nps Npsa| =
=|84 75 96 80 80 80 80 72 48 72 72 60 64|,

Qoc =|Np-14 Np-s4 Np-3a Np-as Np-32 Npsa Np-3s|=[72 80 63 80 48 63 56| — concerning mechanical

processing of sleeves.
In the future, based on the expression (2) and the normative documents’ requirements, form par-
tial reference quality vectors for these processes. Their comparison with the above-mentioned quality
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vectors allows, firstly, to identify probable risks for the processes and procedures under consideration,
and, secondly, to find out in which places the UQSs come up with critical values that can lead to dete-
rioration of the product quality. On the example of the MRS process, the condition for guaranteeing
the permissible quality level of the cylinder sleeve will be compliance with the condition

Qwrs < (Qwmrs)st - (3)

Results. Based on the data obtained regarding the specified sleeve for the internal combustion
engine, it can be argued that the directions of optimal quality control of the technology for its produc-
tion should be considered:

— the observance of scrupulous input control on primary materials and semi-finished products;

— the need for further development of processes of preparation of the charge and the manufacture
of a sample to minimize deficiencies during the production of a batch of cartridges;

— the need for improvement of the processes of final processing of the billet preparations, where
the most precise mechanical operations are concentrated.

It should be noted that based on the results of the selected object research (Fig. 1 and Fig. 2), it
can be argued about some inadequacy of the above and cited in [1, 2] schematic representation of a
typical unit process, such as production, and the interaction of its elements. In this case, there are no
possible effects of other accompanying processes, as well as external factors. That is, there is a need
for a better formation of regulatory requirements to typical production processes.

According to the above Ishikawa diagrams, there are individual UQSs whose effects on the final
quality of the product or technological processes are observed in different processes simultaneously or
indirectly.

It is obvious that in order to formulate more specific requirements regarding the presentation of
partial reference quality vectors for the specified sleeve production processes, there is a need for a
more detailed analysis of the normative documents on the FMEA and a longer collection of statistical
information for this product.

Conclusions. Due to the proposed quality management system, such areas of the machine-
building enterprise are identified that require immediate measures to ensure effective management of
the quality of its operation. This allows formulating of a successful competitive policy for the produc-
tion of goods attractive to consumers.

Jlirepatypa

1. BuukiBebkuii P.B., Cronspuyk IL.I., ['amyna I1.P. Metpouiorisi, cranapTH3alisi, ynpaBiiHHS SKICTIO i
ceprudikamis: minpyauk. JIsBiB : HY JIpBiBchbKa momitexHika, 2002. 560 c.

2. buuxiscwkuii P.B., Cronsapuyk [1.I'., Coninbauk JL.I., Kamuacekuit O.O. Ynpasniaas skictio. Ctarmap-
Tu3amis: Hasy. oci0. Kuis : [lIxomna, 2005. 432 c.

3. Barpko B.M., Cromsipuyk ILI". I1Insxu po3BUTKY CTPYKTYPH CHCTEMH YIIPABIiHHA SKICTIO MPOMYKITIT Ta Mo-
ciyr. Migicsio nayk.-mexH. 30ipruk. Bumiprosanvra mexwika ma mempoinoeis. 2010. Ne71. C. 164-170.

4. OBanc JI.P. Ynpasneunune kauectsom/ Ilep. ¢ anri. mox pea. O.M. KoporkoBa. Mocksa : KOHUTU JIA-
HA, 2007. 671 c.

5. Kane M. M., HBanoB b. B., Kopeuxos B. H., Cxuptnanze A. I'. Cuctemsl, METOABI H MHCTPYMEHTHI
MEHEeDKMEHTa KauecTBa: yued. nocob. CII6. : [Turtep, 2008. 560 c.

6. Xappunrron J[x. YnpasieHne KauecTBOM B aMepHKaHCKHX Kopriopaiusix. Mockea : DkoHomuka, 1990. 272 c.

7. Banbko B.M., Cromspuyk I1.I'. MeToa OLiHKH SKOCTI MPOIYKIIii Ta MOCIYT 3a JOIOMOTO0 Teopii Mat-
putb. Bumipiosanrvna mexuixa ma memponozis. 2007. Ne 67. C. 108-114.

8. Bawpko B.M., IIpuxompko O.M. Iligxin 1t BIOCKOHAICHHS CUCTEMH YIIPABIIHHS SKICTIO MAaITHHOOY-
niBHoro miampuemctia. Technical Using of Measurement — 2018: te3u non. IV Bceykp. HayK.-TeXH.
KOH(. MOJI. BYeHHUX Y napuHi Metposorii (cmt Cnasebke, 13 — 18 mmoToro 2018). 2018. C. 73-75.

9. IEC 60812:2006. Analysis techniques for system reliability — Procedure for failure mode and effects
analysis (FMEA).

METROLOGY, STANDARDIZATION AND CERTIFICATION



114

[Mpani Opecbkoro nojitexHiyHOTrO YHiBepcutetry, 2018. Bur. 1(54) :ggm gg;g:ggii EELII?;?G)

References

1.

2.

[S20F

Bychkivskie R.V., Stoliarchuk P.G., & Gamula P.R. (2002). Metrology, Standardization, Quality
Management and Certification. Lviv: NU Lvivska politehnika.

Bychkivskie R.V., Stoliarchuk P.G., Sopilnyk L.I., & Kalynskie A.A. (2005). Quality management.
Standardization. Kyiv: Shkola.

. Vanko V.M., & Stoliarchuk P.G. (2010). Ways of developing the structure of the quality management

system for products and services. Measurement Technology and Metrology, 71, 164-170.

. Evans D.R. (2007). Total quality. Management, organization and strategy. Moscow: UNITY DANA.
. Kane M.M., Ivanov B.V., Koreshkov V.N., & Shirtladze A.G. (2008). Systems, methods and tools of

quality management. Allowance. St. Petersburg.

. Harrington H.J. (1987). The Improvement Process how America’s leading Companies improve quality.

Wisconsin, USA.

. Vanko V.M., & Stoliarchuk, P.G. (2007). Method for assessing the quality of products and services us-

ing the matrix theory. Measurement Technology and Metrology, 67, 108-114.

. Vanko V.M., & Prikhodko, O.M. (2018). Approach for improvement of the quality management system

of the machine-building enterprise. Technical Using of Measurement.(pp. 73—75). Slavske, Ukraine.

. IEC 60812:2006. Analysis techniques for system reliability — Procedure for failure mode and effects

analysis (FMEA).

Banbko Bosogumup Muxaiiiosud; Vanko Volodymyr, ORCID: https://orcid.org/0000-0001-6317-5906
IMpuxoabko Onexcanap Muxkounaiiouy; Prikhodko Oleksandr, ORCID: https://orcid.org/0000-0001-8523-185X

Received March 15, 2018
Accepted April 27, 2018

METPOJIOI'AA, CTAHAAPTU3ALIA I CEPTUDIKALLA



