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Abstract The article analyzes the current trends of digitalization for large inno-
vative industrial production, which are international, large-capacity, distributed in
different geographical locations and having several production lines at each plant.
Such trends of digitalization as predictive analytics and 6 sigmamethodology, which
includes Ishikawa diagram and DMAIC (definition, measure, analysis, improve-
ment, control) cycle, are considered. The novelty of the work lies in the application
of methods and technologies of intellectual analysis of large industrial data for pro-
duction of polymeric films and in the application of mathematical models that allow
online calculation of uncontrolled consumer characteristics of products (thickness,
color of polymeric films) and integrate them into one single system of data mining.
Developed software solution includes visualization unit, forecast unit, statistical data
analysis unit. Software solution allows us: determine the types of films with the best
yield; check the production data for normalcy; calculate process capability index;
calculate key performance indicators. Application and testing of the big data analysis
system on the example of large industrial Corporation Kloeckner Pentaplast proved
its efficiency.
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1 Introduction

Productions of polymer films are modern, international, the innovation and are char-
acterized by multiassortment, large capacity; continuity; a large number of data
sources (about 35 plants with several production lines on each of them); a large num-
ber of different data storages (BDE, Business Warehouse, SAP, OCS) which need
to be integrated among themselves; a large number of administrative and production
personnel (6300 employees making decisions); in the large volume of the accumu-
lated expert industrial information (one billion records); large number of controlled
information (>250 sensors); the total production of equal 1000000 tons of polymeric
products a year [1, 2]. The analysis of industrial productions showed that they are
characterized: imbalance of classes for the reason that defects on production arise sel-
dom; a complexity and existence of system communications which describe poorly
formalized information systems and difficult application entities of management that
leads to considerable complication of rules of creation of the formalized information
and analytical models describing patterns in data [3–5].

Polymer films found broad application in different areas: in food industry, in
medicine and in electronics. Themost important consumer characteristics of polymer
films are: color; width; film thickness; shrinkage value; existence of black points;
existence of destructive (brown) bands; existence of inclusions of unfused polymer;
existence of the modifier, cracks (the burst air bubbles) [3, 6]. On process, there
are indicators, which can lead to an abnormal emergency situation on an object—
reduction of material in a gap between rolls, break of a film [7]. Depending on a
scope, different requirements to consumer characteristics of a film are imposed to
polymeric filmmaterials (film thickness in the range from 25 to 1200μm, filmwidth
in the range from 100 to 2500 mm).

Digital transformation of the industrial industry consists of 4 stages:

1. Introduction of automated control systems for internal processes of the enterprise
(SAP system).

2. Creation of services for cloud computing.
3. Introduction of systems for the analysis of trends and forecasting of data.
4. Introduction of systems for training in precedents (machine learning).

At the current stage digital transformation is at the 4th stage and is planned to
complete digitalization by 2020. Introduction of systems for training in precedents
consists of 4 under stages: creation of storages of data; to create the module of
visualization of data; to increase productivity by means of innovative methods of
machine learning and to connect business processes with artificial intelligence.

Task of control for production personnel is search of values of the operating
influences and factors of production which provide implementation of requirements
to consumer characteristics of a polymeric film.

The purpose of work is development of a program complex which with use of
methods of machine learning, methods of the statistical analysis will allow to find set
of the operating influences and factors which provide performance of preset values
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of consumer characteristics of a polymeric film and to visualize set of characteristics
of industrial production in a form, ergonomic for administrative and production
personnel.

For the solution of objectives the methodology six sigma allowing to improve the
existing processes bymethods is used: DMAIC (Define,Measure, Analyze, Improve,
Control), Isikava’s chart, calculation of key performance indicators of process and
calculation of indexes of reproducibility of process.

2 The Formalized Description of Polymeric Film
Production Process Materials

The formalized description of polymeric film production process materials (see
Fig. 1) can be submitted as P(t) = {X(t), U(t), Y 1(t), Y 2(t), where: X(t)—vector of
input variables; U(t)—vector of the operating influences; Y 1(t)—consumer charac-
teristics which are controlled automatically; Y 2(t)—consumer characteristics which
are calculated by mathematical models}; X(t) = {Pt(t)—type of a polymeric film,
C(t)—component composition of raw materials, Cf (t)—equipment configuration;
Xf (t)—vector of criteria for comparison of samples of films}; U(t)= {UpE(t)—vec-
tor of the operating impacts of work of an extruder;UpC(t)—vector of the operating
impacts of work of a calender; UpR(t)—vector of the operating influences of the
pulling device}, where t = t1–tadjusted .

The vector of input variables includes: P(t) = {n(t)—flow index of the polymer;
μ—viscosity of polymer, Pa s; α(t)—relative change of the size of a film, calculated

Fig. 1 Description of polymeric film production process
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as an equation root; G0(t)—module of elasticity of material} S(t) = {M(t)—com-
position weight};Cf (t) {Ln—line number} Xf (t)= {Tqe(t)—requirements for com-
posite uniformity of the extrudate; Tqk(t)—requirements to dimensional quality of
a film and to quality of a surface of a film (lack of defects: black points, destructive
strips, inclusions of unfused polymer etc.)}.

Vector of the operating impacts of work of an extruder consists of S(t)—speed of
rotation of the screw, turns/min; V (t)—Rotating speed of a spiral in a boot funnel,
turns/min; Ts(t)—screw temperature, °C; Th(t)—temperature of heaters, °C, Tb(t)—
case temperature.

The vector of the operating impacts of work of a four-roll calender includes:
TW (t)—temperature of rolls, °C; ToW (t)—torque of rolls, N m, Pbend(t)—bend
pressure, Pa; Poffset(t)—shift pressure, Pa.

Vector of the operating influences of the pulling device: Ttor—temperature of the
pulling devices, °C; Totor(t)—torque of the pulling devices, N m; Tpr(t)—temper-
ature of clamping rollers, °C; Topr(t)—torque of clamping rollers, N m; Tcr(t)—
temperature of the cooling rollers, °C; Tocr(t)—torque of the cooling rollers, N m;
Tsr(t)—temperature of the tempering rolls, °C; Tosr(t)—torque of the tempering
rolls, N m; Tt(t)—temperature of tension rollers, °C.

Y 1(t)= {Blp(t)—quantity of black points on the set surface area;Hel(t)—gelik on
10 m2; Air(t)—burst air bubbles on the set surface area;Dest(t)—destructive, brown
strips on the set surface area; Inc(t)—inclusions of unfused polymer, on the set
surface area; Fib(t)—fibers, on the set surface area; Th1(t)—film thickness, mkm}.
Y 2(t) = {Shr(t)—shrinkage size; Lc(t), ac(t), bc(t)—rated color coordinates of a
finished product; Th2(t)—film thickness, mkm}.

The program complex allows solving the following problems:

1. Using control maps of Shukhart, indexes of a reproducibility of process, and the
rule of 3 sigma of normal distribution of a random variable to find and the oper-
ating influences, which provide the set requirements to consumer characteristics
Y 1,adj1 Y 1i(t) Y 1,adj2, where t = t1−t2 [8, 9].

2. Forecasting of output parameters Y 1,i(t) at the set input parameters X(t) and the
operating influences U(t) in the period of time from t2 to t3.

3. To issue recommendations about the operating influences in case of a deviation
from the set requirements to consumer characteristics Y 1,adj1 < Y 1i(t) < Y 1,adj2.

4. Display of multidimensional data X(t), U(t) ∈ RN on the plane z(t)∈R2 in the
period of time from t1 to t2 [10].

3 Functional Structure of a Program Complex for Quality
Control of Polymeric Materials

The program complex (see Fig. 2) includes the following components: informa-
tion support (database of production design characteristics of process, database of
parameters of the equipment, database of parameters of material, base of production
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Fig. 2 Functional structure of a program complex for quality control of polymeric materials

data, and knowledge base of emergency situations); subsystem of data visualization
[10–15]; module of editing databases and knowledge; subsystem of control and fore-
casting of quality of polymer films; subsystem of forming of estimated figures of
merit of a polymer film.

Testing of operability of the software product happened according to industrial
data of the plants of Russia and Germany: for a month of production which contained
500 thousand various data on 250 process parameters on shrinkage (rated size) and
black points.

Themodule of verification of industrial data onnormal distribution (seeFig. 3)was
tested [16–19]. In case data submit to normal distribution, then for the analysis of data
linear algorithms (linear regression, a method of basic vectors, etc.) were used. If the
hypothesis of compliance of distribution of probability of result of measurements
to the normal law is rejected, then either nonlinear algorithms are used or robust
methods of processing of industrial data are applied.
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Fig. 3 Function of density of probability for an yield in %

In addition, indexes of reproducibility of process (see Fig. 4) are calculated and
by means of a multiple linear regression (see Fig. 5) managing influences which
had the greatest impact on consumer properties are defined[20–25]. According to
a multiple linear regression the most significant technological parameters for black
points are rotating speed of the screw in an extruder, material feed speed in a funnel,
high temperature of mix that completely matches expert data.

Testing proved operability of a system of the analysis of big data on production
of polymeric films.

Fig. 4 Interface of work of a subsystem of calculation of indexes of reproducibility of process
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Fig. 5 Search of the most significant process parameters for use of multiple linear regression

4 Conclusion

The program complex, algorithms, which were developed, allow predicting the best
supplier of polymeric materials, to visualize data in an ergonomic form, to predict
consumer qualities of a polymeric film and to issue recommendations about elimi-
nation of emergencies. Use of the developed software product allows increasing the
professional level of administrative and production personnel of production.

The software product underwent successful approbation on production of poly-
meric film materials of the plants of Russia and Germany. The program complex has
adaptive flexible architecture thanks to which expansion of its functionality due to
development and connection of additional program modules is supported.
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