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YK 681.5.033

FUNDAMENTALS OF SELECTION PROCESS OF THE
EQUIPMENT FOR FOOD PRODUCTION PACKAGING LINES

L. Kryvoplias-Volodina, O. Gavva, A. Derenivska
National University of Food Technologies

Key words: ABSTRACT

Diagnostic criteria The priority tasks of scientific and technical nature, the
Synthesis solution of which creates the conditions for improving the
Packaging equipment operation of packing equipment, include the introduction of
OEE (Overall Equipment modern hardware, software, methods and algorithms for
Effectiveness) parametric control and diagnostics of the equipment, as well

Article history: as the implementation of tools and methods for the control of
Received 05.09.2016 technological parameters in real time operation. OEE criterion
Received in revised form (Overall Equipment Effectiveness) allows detecting losses
24.09.2016 and reasons for inefficiency. As a result, both breakdown
Accepted 12.10.2016 stoppages and losses due to inefficient operation of the

equipment, slow performance or pending delivery are
L. Kryvoplias-Volodina identified. Therefore, OEE enables to evaluate the effect of
E-mail: current performance of a particular piece of equipment on the
npnuht@ukr.net efficiency of the whole production. The resulting values of the
parameters of operation reliability are compared with the
corresponding values of previous periods. This approach
provides means for assessing the equipment reliability.

Corresponding author:

OCHOBM BUBOPY TEXHOJIOIN4YHoOro oeJ1IAQHAHHA B
MAKYBAJIbHUX NIHIAX XAPYOBUX BUPOBHULITB

JI.O. KpuBonsic-Bosogina, O.M. I'aBBa, A.B. /lepeniBcbka
Hayionanvnuii ynieepcumem xapuogux mexmonozit

Jlo npiopumemHux 3a80anb HAYKOBO-MEXHIYHO20 XAPAKMEPY, GUPIUEHHS AKUX
CMBOPIOE YMO8U YOOCKOHANEHHS NPOYeCy eKChilyamayii naKyeaibHo2o 001A0OHAHHS,
BIOHOCAMBCSL: BNPOBAVIHCEHHS CYHACHUX aNAPAMHUX 30018, Memodie i npoepaMHO-
ANCOPUMMINHO20 300e3NeYeHtsl NapaMempuUiHo20 KOHMPOIO Ul O0iA2HOCYBAHHSL
00NAOHANHS,  BNPOBAONCEHHST 3Ac00i8 | Memoodi6 KOHMPONIO MEXHONOSIHHUX
napamempis 6 ymosax peanvHozo uacy. Kpumepiti OEE (Overall Equipment
Effectiveness) dae 3mo2y eusgumu empamu i npudunu neegpexmuerocmi pooomu. B
pe3yibmami GUAGNAIOMbCA He MIJIbKU NPOCMOI Yepe3 NONOMKY, ane U 8mpamu uepe3
HeepexmusHy pobomy 0ONAOHAHHS, 3HUNCEHHS NPOOYKMUBHOCHI AO0 OYIKY8aHMSA
HaoxoOocennss mamepianie. YV kinyesomy niocymxky OEE wnaoac moociugicmo
npocmedicumy, AK 6HAUBAIOMb 3HAUEHHS NOMOYHOI NPOOYKMUBHOCHI OKpemoi
00uHUYI 06NAOHANHS HA ehexmugHicmb pobomu yinoeo eupobruymea. Ompumani 6
pe3yavbmami 00poOKU 3HAUEHHST Napamempis HAOIUHOCMI 8 npoyeci excniyamayii
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PROCESSES AND EQUIPMENT FOR FOOD INDUSTRIES

NOPIBHIOIOMbCS 3 GIONOBIOHUMU 3HAYEHHAMU NOKA3HUKIE 3a NONEpeoHi nepioou.
Takuii nioxio dae 3mo2y npo8ooumu OYIHKY IKOCHI piHst HAOIHOCHI 0OIAOHAHHSL.

Knrouosi cnoea: xpumepiti diaecnocmyeanns, cunmes, NaKysdajivbHe 00OIAOHAHHS,
OEE (3azanvha epexmusHicms 001a0HAHHS).

Introduction. Among the important tasks of enhancing the operation of
packing equipment is improving the system of collection, processing and analysis
of information about the technical condition and reliability of technical systems.

Timely detection of points of origin of degradation processes that determine the
timing of the transition in the limit state made for every type of functional modules
of the technological line is to control the level of reliability engineering on the
stage of its layout and operation.

Problem Statement. A common disadvantage of software simulations is that
they are given for the use of common methods of single and multicriteria
optimization, each having its own limitation on the use, accuracy and speed of
getting results. This prevents a comprehensive, unified position, to assess the
quality of the future equipment in various stages of design and at the same time
optimize its structure and settings. The structure of the play is the technological
line (PTL), which can be presented on the basis of two phases of assessment:
structural and parametric synthesis (Figure 1). The concept of “optimal solution” is
the best in the given sense of the solution of the problem that allowed conditions.
And nothing is more complex, as to prove that this solution is really optimal.
Especially difficult it is to talk about optimality of PTL packaging of food
products. Mostly the same technical problem can be solved in multiple ways,
which differ not only in external features, diagrams and designs, but also in
physical principles, bricked in its base. Therefore, a “competitive alternatives” of
PTL packing foodstuff or its individual parts are developed. As a result, each of the
choices of food packaging PTL has its advantages and disadvantages. There is a
new kind of problem: which of the available alternatives to choose for further
improvement. Process for the synthesis of PTL packing food is mainly divided into
three main stages: structural (functional) synthesis, associated with the definition of
the principles of system functioning, developing its structural diagrams (list
elements and methods of communication between them) in accordance with the
requirements of the technical specifications (TS); parametric (design) synthesis,
which covers the question of choice of spatial layout design, definition of numeric
values of design parameters within the chosen structure, taking into account the
conditions of capacity and requirements to source parameters; technology
synthesis, associated with the solution problems of the construction of
technological processes of the final product manufacturing.

In order to assess the reliability of the play the technological systems of
packaging lines used by established standards of performance are given in Table 1.
From Table 1 we see that their reliability (for example, maintainability)
characterizes only one of the properties of a technical object line, while
comprehensive indicators characterize several properties, and in the future they
will be used as a key to assess the effectiveness of such complex objects like line

—— Scientific Works of NUFT 2016. Volume 22, Issue | ——— 141
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and its functional modules. These indicators include the coefficient of operational
readiness and maintenance and the coefficient of preserving the efficiency [1].
Coefficient of readiness K (¢ ) is taken to determine how probable is that the object
will be in working condition at any point in time, in addition to the scheduled
periods, during which the application object for other purposes is not envisaged [2].

!

Surveys

Y
Selecting the type of

technology STRUCTURAL
SYNTHESIS

Modification of the options

Creating flowsheets

!

Optimization of
the process structure
PARAMETRIC
Verification of design decisions on the SYNTHESIS
simulation model |
l Modification of the
options
Evaluation of the economic effects of P
implementation
¢ Modification of the
options Restructuring
Is the NO
selected project Improving the way of
solution retrieved? the project

Examination

YES

The output results
Document

Fig. 1. Block diagram of the process of computer-aided design
Reliance K (¢) from time to time is often referred to as the transient coefficient
of readiness (the function of readiness). An expression for the unsteady coefficient

of readiness in the analytic form is quite difficult to be obtained and generally it
has the form [2]:
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Table 1. The main indicators of reliability

Property | Indicator 2 | Marking 3
The main indicators of reliability
Reliabilities P(t)
Failure A
Infallibility Failure flow parameter z(f)
Mean time to failure T,
Mean time between failures Ty
Average yield T,
Durability Operating resource (average lifetime) T,
Gamma-percent life time Tyevs
The probability of recovery P,
Maintainability The probab_ility of recovery ()
Intensity recovery Ty
The average duration of recovery T3
Preservation Medium term safety T30
Preservation Gamma-term interest safety
Complex
Faultlessness and C The availability index Kr
maintainability oefficient _of operatlon'fll readiness Kor
Coefficient of technical use Krg
t
K, (t)=P@)+[P(t-1)o,(1)d1, (1)
0

where @; (7) is an option of stream restorations.
Along with this, for any distribution of an operating time between failures and
recovery time can prove that a stationary coefficient of readiness is:
M(T,)

KF:M(TO)+M(TB)’ @

where M (T,) — expectation of time finding PTL in employers capable state;
M (T 3) — expectation of PTL cooldown. Along with K, (t) injected coefficient

of operational K, (t) , t is probable that the object will be in working condition in a

random amount of time, in addition to the scheduled periods, during which the
application object for other purposes is not envisaged, and from this point it will
work flawlessly during the set time interval

Kr(t,t+r)=P(t+r)+iP(t+r—x)oag(x)dt, 3)
0

For the study of the impact of implemented methods and modes of maintenance
and repair of the efficiency of the process of technical operation is used another
comprehensive reliability — the coefficient of the technical use K,,, which is
equal to the relation of mathematical expectations (ME) time of an entity in
working condition for a period of operation M (T,) to sum ME time entity is in
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working condition and the total time of downtime on all types of maintenance and
repair work:

__mm) “
M(TO)+M(T )

np

B

where M (T np) is the amount of mathematical expectations of downtime on the

periodical, routine, seasonal work, during work, repairs, troubleshooting, etc. In
practice, in the course of operation of the packaging lines for assessment of
reliability are used, as a rule, indicators of the intensity of the bounce, the stream of
rejections, the average operating time of average denial of a waiver.

In the technical literature [3—5] the approach for evaluating the reliability of
technical articles (the intensity of the bounce, the stream of rejections) is generally
considered as a function of the operating time with the different laws of the
distribution of time between failures. Methods of statistical evaluation of indicators
for different test plans (observations) for reliability are embodied in State standards
of Ukraine. But, as noted, the real conditions of operation of the equipment do not
match any plan established by the standard. Some authors indicate that the physical
wear of functional modules of technological lines occurs both during their usage for
other purposes (the wear of the 1st kind) and during downtime store (the wear of the
2nd kind) [3,4].The analysis of the literature shows the lack of clearly justified
recommendations for taking account of the impact on the value of statistical
estimation of reliability index of the functional module in the packaging line and
taking into account the end of technological indicators. For evaluating the level of
the reliability of the renewable entities the characteristics of the stream flow

bounce is used: bounce Z or the operating time to refusal ZA:) :

A A
==, =2, (5)

t n
where n — is the total number of failures and damages that were detected by the
test period of operation 7 aggregate of products; ¢, — is the total operating time of

the totality of the similar products in the same period of time 7.

It was assumed that the product affects the two independent streams of bounce.
The first stream of failures is associated with operating time, the second — with
calendar time of its operation. Both streams are easier with the relevant intensities
z; and z,. This product is an object with variable mode of operation. Taking into
account the following assumptions in some literature one can find the following
limit value [2] from whence we get:

z + i =z= ! 6
'K, T,’ ©)
K& 7, )
zK, +z,
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T-T7.-T -T
K[= e T0 Trec stand zTL (8)

where: T, — the calendar of product operation for the period (year, half year); Tro —
average time, then the product during the same period; 7,.. — average time of
recovery of the product during the period; Ty, — average idle time of products
during the period without use, hours; t — the average operating time of the product
during the period.

For its content K; is similar to the rate of the planned application of the Kj3, but
the last account operating time that is planned, and ignores the idle time without
applying for the purpose. Using the expression (8) you can perform quality and
quantify the impact of the intensity of the exploitation of the product K; to rate its
reliability (reliability) 7). High quality (8) shows that with increasing intensity of
operation of the totality of the products K; increases the numerator and the
denominator the product of (z°K;), but in the relationship so that the z; < I, the
numerator is growing faster, so the assessment 7 also increases:

KT

K, = (ZIK[ ) T +z,

=T,7T. )

On the contrary, with a decrease in the intensity of the exploitation of the
totality of the products K, d evaluation average operating time to failure and
damage to the T) is decreasing too.

K,
m:ai. (10)

Thus, statistical reliability varies depending on the intensity of the operation,
although the actual level of credibility in this case remains the same.

Consider the extreme cases. Obviously, with enough high intensity happening
quick exhaustion of resource products for operating time, there are no lengthy
downtime without the use for other purposes, so the intensity of flow failures,
aging-related materials z, — 0. In this case:

T= (11)

y4

K =

1

that between periodic score allows enough to accurately assess the real level of
reliability and does not depend on changes in the intensity of use. In this case there
have been long-term downtime without the use for other purposes is an intensive
ageing materials design on stage, when achieved by completion of resource calendar
terms of service when a significant balance of resource operating time. In the limiting

case when the observed high values of z, at z; — 0, the expression (8) view:
K
Iy=—, (12)

Zy

that indicates a directly proportional dependency evaluation indicator (7) depends
on the intensity of use.
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Consider the approach which criterion of OEE (Overall Equipment Effecti-
veness) is best suited for packing equipment-approach to the surveillance and
management of material, information flows. It was introduced in the late sixties of
the last century Japanese Nakajima (Seiichi Nakajima), but started to be used
outside of Japan only in the late eighties. The essence of the approach is an analysis
of the traits that characterize different aspects of equipment, which include simple,
reducing speed and loss of quality. The structure contained method of analysis
which is consistent immersion into the problem area, whether it be a not optimal
organization of work equipment, low performance or lack of products. As a result
of the analysis turns out to be the cause of reduced effectiveness, on which it is
necessary to focus attention. The criterion of OEE allows you to detect loss and
causes of the inefficiency of the work. As a result are not only simple because of
the damage, but the loss due to ineffective work equipment, decreased performance
or expectation of receipt of materials. Eventually OEE allows you to trace how the
influence of the current performance of the individual piece of equipment on the
efficiency of the entire production.

The availability of reliable measurement results the performance of funds
allows you to make informed decisions about investments that provide a rapid
return on investment. Based on OEE concludes, is it possible to improve
productivity on existing equipment or its capacity is almost exhausted and to
increase productivity, it is necessary to install new functional modules or new
equipment. For the analysis of the effectiveness of the equipment developed system
of KPI (Key Performance Indicators key performance indicators). But before you
start them consider necessary to agree on terminology. As already mentioned, the
OEE is an approach to monitoring the work of the equipment. At the same time
very often under the OEE is understood as its own coefficient, which characterizes
the work of the equipment. To avoid confusion in the future will talk OEE, when
talking about the approach, and the “criterion of the OEE” in the second case. In
fact, the criterion of the OEE is the ratio of fully productive time (perfect time)
before the scheduled time of the work. Taking into account the loss of productivity
and quality of this coefficient can be calculated by the formula 1.

Operating Time

Availability Rate = - - >
Total Available Time — Scheduled Downtime

(Total Production / Production Time)
Ideal Run Rate
(Total Production — Total Scrap)

Rate the quality= .
q Y Total Production

Performance Rate=

b

Easy to see that substituting the values of the factors in the formula 1 and taking
shortcuts, you can get that figure equals the OEE regards the amount of high-
quality products to the planned time times the perfect speed. Thus, it can also be
defined as the ratio of the volume of high-quality products to the ideal amount that
could be made if the equipment work during scheduled time at maximum (ideal) [6].
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Table 2.
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3| PastpackP2 | 3 |4 |1800]3500] 20 | 78 |3402| 1 |97.8| 52.9 |99.6|51.5
A Passgev‘f)',fpz 4 [212100]3700] 20 | 80 |3600| 1.1 |97.8| 53.0 |99.7|51.7
5| Pastpack P2 (2) | 5 | 3 | 3600|3800| 20 | 78 |3702| 1 |97.9| 97.2 |99.8|95.0
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a) b) ©) d) e)

Fig. 2. Packaging machine that to realize these package type: a) Pastpack P; b) “Pastpack P
Servo”; ¢) Pastpack P2; d) “Pastpack P2 Servo”; e) Pastpack P2 (2)

The fact that the observation of the value of the OEE is a kind of starting point.
Discover the OAE is different from the target (for example, it fell in comparison
with the previous period), you can see what impact this fall. Analyzing the value of
each of the three factors and comparing them, for example, the values for previous
periods, we gradually localize the cause of the loss of efficiency. If the problem lies
in quality or reduce the speed of the equipment, then this is a signal for the relevant
services. If the problem lies in the area of accessibility, it is possible to make a
more in-depth analysis of the reasons that we consider a bit later, when we talk of
control equipment. According to research [1] best world manufacturers reach the
level of the production process with the OEE is above 85%. The value of basic
indicators in the case of the achievement of the value given in table 1. These data
are vital for continuous production. For discrete industries similar to OEE metric is
equal to 80% [2].

The results are shown in figure in spreadsheet format, developed by its own
algorithm.The results of the offer the opportunity to track the effectiveness of a
particular machine in a line or functional module by OEE. And upgrades, or
replacement of the most challenging management PTAS for improvement of
equipment.
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Fig. 3. Diagram of the process line of packaging on the basis of functional modules

Note that for many companies the value of quality score exceeds the specified
in table 1. However, in accordance with the mentioned research the average
indicator of OEE for producers not to exceed 60%. This fact points to a potential
optimization of production in the field of performance and availability. We
developed a spreadsheet instructions OEE calculator spreadsheet, which simplifies
the task to calculate individual and combined figures of OEE to study PTS to ten
machines. The example given below on Fig. 4, obtained by an open information for
equipment: automatic thermo — forming a weighing-and-packing line TAURUS-
full cycle of wrapping and packaging of any products, starting with the blowing of
plastic container or beaker polymer film, filling out their product (commodity)
using the dispenser, coversealing material with printed label and the cutting sealed
cups or containers filled with product (commodity) into separate containers.

Table 3. Specification filling and packaging machines series “Pastpack P” and “L Pastpack”

Pastpack P | TP P | pastpack 2 | TGReK P2 Pasthaclc P2
1 2 3 4 5 6
Specifications
Performance
(Pkg. / Min.), max. * 33 40 30 33 60
Performance
(Pkg. / H) max * 2000 2400 1800 2100 3600
The diameter of the round
container (mm) 101 130 130 190 95
max
The dimensions of the
rectangular container 126x90 142x92 192x42 192x42 95x78
(mm) max.
Height of container (mm) 120 120 120 120 120
max. (200) (200) (200) (200) (200)
The drive of the transport |  Electro- S Electro- Electro-
. ervo . Servo .
system mechanics mechanics mechanics
220V, 220V, 220V, 220V, 220V,
connection 1 phase, 1 phase, 1 phase, 1 phase, 1 phase,
50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
Installed power, kW 2,2 3,5 2,2 3,5 2,2
The pressure in the 0.6 0.6 0.6 0.6 0.6
pneumatic system, MPa
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Continuation of table 3.

1 2 3 4 5 6
Compressed air 350 450 350 450 500
consumption, N1/ min
*Machine dimensions, not
more than
Length (mm) 910 1025 1600 1600 1600
Width (mm) 880 940 1480 1480 1480
Height (mm) 1980 1980 1980 1980 1980
Weight, (kg) 400 400 650 700 500
4000 4
3504
3000 -
2300 +

2000 -
1500 +
1000 +
500 -
G ; T T T

Pastpack P “Pastpack P Pastpack P2 “Pastpack Pastpack P2
Servo” P2 Servo” {2y

Fig. 4. Diagram specification filling and packaging machines series “Pastpack P”

Conclusions

Obtained as a result of processing the values of parameters of reliability during
operation, as a rule, are compared with the corresponding values of the indicators
for previous periods. This approach allows to carry out a quality assessment of the
level of reliability in relation to previous periods. In this case, as stated above, do
not take into account the impact on the statistical evaluation of the indicator of
intensity of exploitation. Statistics of failure and faults are received in the unstable
conditions of supervision, which greatly affects the accuracy and reliability of the
evaluation. One of the specific objectives of the study is to improve the metho-
dology of statistical reliability monitoring units ship equipment taking into account
the impact of the intensity of operation and unstable conditions.
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OCHOBbI BbIBOPA TEXHOJIOFMYECKOI'O
OBOPY[OBAHUSA ONA YNAKOBOYHbIX JIMHUN
MULWLEBbLIX NPOU3BOACTB

JI.O. KpuBonJsic-Bosnoguna, A.H. I'aBBa, A.B. /lepenoBckasi
Hayuonanvuwiti ynugepcumem nuuyegvix mexHono2uii

K npuopumemmuvim 3a0auam HAyYHO-MEXHUYECKO20 XapaKmepda, peuieHue KOmo-
poIX co30aem Ycao8us 0l COBEPULEHCMBOBAHUSL NPOYECCA IKCRIYAMAYUY YHAKO-
604UHO20 000PYOOBAHUSL, OMHOCUMCS 6HEOpEeHUe COBPEMEHHBIX aNnNApamHbIX
cpeocms, Memoo08 U NPOSPAMMHO-AA2OPUMMULECKO20 0becneyenus napamempu-
YeCK020 KOHMPOAs U OUASHOCMUPOBAHUSL 000PYO08aHUsl, A MAKdce GHeOpeHuUe
cpeocme U Memooo8 KOHMPOJsL MEXHOIOSUHEeCKUX Napamempos 6 YCIOGUSX
peanvhoco epemenu. Kpumepuii OEE (Overall Equipment Effectiveness) nozeo-
JIslem 8bIA6UMb NOMEPYU U NPUYUHLL Hedppexmusnocmu pabomsl. B pezynrvmame
onpedensiemcs He MOAbKO HNPOCMOU U3-3d NOJNOMOK, HO U HOMepU U3-3d
Heahpexmusnol pabomvl 000PYO0SAHUS, CHUICEHUS NPOU3BOOUMETLHOCU UTU
02CUOaHUSL NOCMYNAeHUsT Mamepuanos. B xoneunom umoce OEE noszsonsem
Npocaeoums, KaxK GIUAIOM 3HAYeHUs: meKywel npou3so0umenbHOCmu 0moeibHou
eouHuybl 000PY00sanUsi HA IPhexmusHocms pabomvl Yen020 NPoOU3BOOCHEA.
THonyuennvie 8 pesynomame 0OpAOOMKU 3HAYEHUS NAPAMEMPOE HAOEIHCHOCHU 8
npoyecce IKCHIyAmMayuyu CPasHUBAIOMCS € COOMBEMCMEYIOUWUMU 3HAYEHUSMU
noxazameneii 3a npeovioyujue nepuoovl. Taxoi nooxo0 no3eonsem HposoouUmbs
OYEHKY Kauecmed YPOsHsl HAOEHCHOCTHU 000PYO0B8AHUSL.

Knrouesvle cnosa: kpumepuii OuazHOCmuKy, Cunmes, YRaKkogouHoe 0bopyoosanue,
OEE (obwas s¢hpexmusrnocms 060pyoosanus).
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