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Abstract

This paper employs cutting-edge control strategies, including PID regulation, to manage the dynamic
and time-sensitive processes inherent in cement manufacturing. The Honeywell C300 controller is utilized to
implement a robust and scalable system capable of adapting to the demands of high temperatures, material flow
variations, and operational disturbances. Mathematical modeling and simulation tools, such as MATLAB, are used
to analyze the system’s stability, as well as to obtain control parameters, allowing for predictive and adaptive
management of crucial variables such as temperature and flow rate. This effort is important for more than just
improving operational efficiencys; it also contributes to sustainability by optimizing energy use and reducing waste.
By integrating with worldwide initiatives to lessen the environmental effect of industrial processes, the system
illustrates how automation may transform the cement manufacturing process. This article explores the control
system’s technological underpinnings, design techniques, and practical implementations, providing insights into its
transformational potential.
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Introduction

Kazakhstan’s cement industry plays an important role in the national economy and contributes
6% to the overall gross domestic product. The sector has witnessed a sustained uptick, with cement
production capacity utilization rising from 29.7% in 2015 to 40.6% in 2018. Following this growth
bubble and in the backdrop of a yearly population growth of one per cent, the demand for cement
production will continue to be strong. Technology up-gradation in the cement sector is most
required [1]. The continuous increase in construction works and infrastructural development points
to the strategic necessity of modernizing cement manufacturing processes.

Kazakhstan cement industry urgently needed this type of control system to do development. The
focus of the project on efficiency and performance is timely due to the domestic cement industry
producing more than 10 million tons of products a year and steady price growth (41.4% between
2015 and 2019) given by the Ministry of Trade of Kazakhstan. The combination of sustainability and
energy efficiency will help the sector stay competitive while also meeting its environmental duties.
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This initiative has practical applications such as enhancing product uniformity, lowering operating
costs, and increasing cement plant efficiency.

Researchers investigated the current status of manufacturing facilities, how they operate, and the
issues they confront in Kazakhstan’s cement sector. Understanding these complications is critical for
implementing automation systems capable of increasing production while reducing environmental
impact. Rotary kilns are an essential aspect of cement manufacturing since they operate at high
temperatures and under varied circumstances. Many researchers sought to improve these kilns and
use waste heat for other purposes. Scientists investigated the possibility of using waste heat from
cement rotary kilns for phosphogypsum calcination, an interesting path toward energy efficiency [2].
Forecasting future maintenance requirements is an essential part of cement production automation.
Researchers investigated how utilizing predictions to solve problems might help industries perform
a better job [3]. Predictive maintenance approaches may reduce downtime and save operating costs,
therefore they are options to explore for control automation. It is critical to investigate the stability of
systems that exhibit delays. A set of enhanced stability requirements for linear time-delay systems is
created to aid in the construction of robust controllers for industrial applications.

Many books contain information on modern cement production systems, demonstrating the
need for and importance of efficiency improvement and energy-saving measures. Also, some works
are focused on comparative analysis of energy consumption CO2 emission during the production of
clinker and recycled cement [6]. Automation of cement production requires monitoring and control
of temperature, pressure, and flow-rate of materials. Mathematical modeling for rotary kilns has been
developed and used as a mean of predictive control [7]. For the best control efforts, one must use PID
(Proportional-Integral-Derivative) controller in the systems for automation. New methods have been
presented for tuning PI/PID controllers for the non-oscillatory response of time-delayed systems [8].
Different methods of optimization for PID controllers in time-delay systems have also been reviewed,
giving a good insight [9]. While reviewing issues about regulator optimization, research about the
creation of a regulator based on fuzzy logic principles has also been considered [10]. Review of
technical aspect of implementation of advanced controllers have been looked upon by IMC-PID
design for integrating processes along with dead time [10]. In addition, a poor control performance
is characterized of PID controllers using a parameter-space approach for linear systems with dead
time [11]. Advanced control strategies for clinker production have been actively investigated to
enhance energy efficiency, process stability, and product quality. In particular, Model Predictive
Control (MPC) has been applied to rotary kilns and grate coolers to coordinate their operation
and stabilize key process variables. The implementation of advanced process control in a real
plant environment demonstrated a significant reduction in fuel and electricity consumption while
maintaining clinker quality and overall process performance [13].

Further developments in intelligent control have introduced hybrid systems that combine
conventional and humanoid intelligent control approaches for the clinker calcination process. Such
systems employ steady-state detection and adaptive strategy selection to achieve smoother operation,
reduced process fluctuations, and lower dependence on manual supervision, contributing to greater
process stability and reduced labor requirements [14]. In addition, predictive control methods have
been refined for temperature regulation in rotary kilns. The design of a Generalized Predictive
Controller (GPC) based on an identified mathematical model of the kiln has shown improved accuracy
and robustness compared to traditional PID controllers, maintaining optimal thermal conditions under
varying industrial scenarios [15]. Recent research trends also integrate machine learning techniques
into process control. By developing data-driven models that link operational parameters to clinker
quality, nonlinear model predictive control (NMPC) systems have been designed to optimize kiln
operation. These approaches demonstrate the ability to maintain process outputs within constraints
while achieving significant improvements in energy efficiency and product quality [16].

The scientific novelty of this study lies in the integrated implementation and validation of a control
system for a cement rotary kiln using the Honeywell C300 controller combined with simulation-
based analysis in MATLAB. Unlike works that rely solely on theoretical modeling or purely
industrial case studies, this research establishes a practical link between industrial control hardware
and mathematical simulation tools, enabling systematic tuning, verification, and performance
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evaluation of the PID controller before and alongside industrial deployment. The proposed approach
demonstrates how academic control design can be translated into a real distributed control system
architecture, providing a reproducible framework for future enhancement with advanced strategies
such as Model Predictive Control (MPC).

Material and methods

Description of the control plant

The control plant and technological processes of cement production. Production of cement
involves the many stages. First, the cement raw materials go through the processes of extraction and
grinding. Then, the raw mix is produced with the help of a system of drying and grinding. After this,
the production process is thermal treatment in kilns. Through this process, clinker is produced. This
clinker is the realization of the cement. Finally, the last important step is the process of grinding,
which involves the clinkers which are combinations of distinctive cements for safeguarding gypsum
as a result it is the process of setting info. In this project, the rotary cement kiln has been selected and
used as the control plant in this study. Rotary kilns are used by manufacturers to heat solid materials
to the desired temperature, which aids in chemical processes. This heating method requires precise
timing. The time a solid material spends in the kiln is a design consideration that is largely influenced
by diameter, length, rotating speed, and slope. Figure 1 depicts a detailed step-by-step flow of the
cement production process using elongation technology
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Figure 1 — Structural scheme of cement production process

The cement-making process starts with the extraction of limestone and loam from quarries.
After extraction, these minerals are treated, combined with gypsum, slag, and other materials, and
then ground. The confused mixture is then burnt in rotary kilns to yield clinker. The clinker is cooled
and stored before going through another cycle of grinding to create a finished cement product. The
final stage is to pack and deliver the cement. This picture depicts how each step links to the next.
Temperature, pressure, and material flow are all managed during the production process. These
metrics ensure maintaining quality control.

Some key parameters closely monitored during these processes are stage-wise temperatures (kiln
operation, preheating tower, clinker cooling), grinding fineness and energy consumption. To form
the clinker correctly, the temperature of the kiln must remain constant between 1400°C to 1500°C.
To ensure proper circulation of gases within the system, pressure has to be managed efficiently,
especially in the preheaters and precalciners, which helps alleviate energy usage.
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Furthermore, control the particle size of the raw materials and the final ground cement. The clinker
is usually ground to a fineness of about 300—500 m*kg. The below table 1 with the specification of
system parameters including, the temperature, pressure, etc. value and units.

Table 1 — Specification of system parameters

Process stage Parameter Value Units
Kiln operation Temperature 1400-1500 °C
Preheating tower Temperature 850-900 °C
Clinker cooling Output temperature ~100 °C
Clinker grinding Particle size 10-50 microns
Energy consumption Kiln 2.9-33 GJ/ton
Grinding mill Electricity consumption 30-40 kWh/ton

This table is crucial for clearly outlining the operating parameters and their respective units of
measurement.

Mathematical model of the control plant

In the building materials sector, there are several technical processes that need the management
of complex multi-connected objects, and their control systems are interconnected. Multi-connected
items have several inputs and outputs that communicate with one another. The rotary cement kiln is a
very sophisticated piece of equipment used in industrial processes. The clinker-producing kiln employs
a number of interconnected physical and chemical processes that take place concurrently across a
vast area. One distinguishing aspect of rotary kilns is the time lag in the system’s responsiveness to
input changes. Large thermal systems typically suffer time delays due to sluggish heat transmission
mechanisms and the length of time it takes for materials to go through the kiln. It makes it harder to
operate the system since the current state is determined by both previous and present input. When
there is a temporal delay in the system, the control design might cause instability. Time delays can be
mathematically represented through the use of transfer functions and terms, which indicate that the
response of the system was delayed exponentially. In rotary kilns, the delay may become substantial,
and hence there is a need to consider this delay while deriving models and designing controllers.
If we analyze a cement kiln as an multiconnected control object, we can identify the following
significant control and controlled signals (Figure 2):
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Figure 2 — Representation of a kiln as a model
of an multiconnected object

Where: Q,, is the amount of gas (fuel) supplied to the kiln, H,, H, are the position of the

smoke exhaust dampers, T , P_ are the temperature and pressure of the exhaust gases, CO, is the
concentration of carbon dioxide in the exhaust gases, T, T, are the temperature of the material in
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the heating and calcination zone, I is the load on the main kiln drive, Q  is the amount of sludge
supplied, t _ is the kiln turnover time.

The control transfer function from the amount of gas supplied to the furnace (Qgaz) to the
temperature of the exhaust gases (Tor) represents the mathematical model in this situation. This
transfer function is given as follows [12]:

G s) = 0.0098 s
Qe Tog ) = 19,9857 + 54235 + 1 (1)
Converting given transfer function into the differential equation we get:
d*y(t) dy(t)

To convert the transfer function into its state-space form use of MATLAB is needed, as this
is a standard approach in control system design. The ss command in MATLAB allows for the
transformation of the transfer function into the state-space form, with the state matrices A, B, C, and
D representing the dynamic relationships between the states and inputs of the system. Matrix form is:

—(()).-227514 —0%002] B = [0.0825] C=

The mathematical model for the rotary cement kiln was introduced, a complex multidimensional
control plant. Due to the time-delay nature of the kiln process, special attention must be paid to how
inputs affect the system over time. The transfer function provided describes the relationship between
gas input and exhaust gas temperature.

The control objective for the rotary cement kiln can be formally stated within a standard feedback
control framework. In this study, the controlled output is defined as the exhaust gas temperature y(t) =
TOg (t), which is a key indicator of the clinkerization process and must be maintained within a narrow
operational range to ensure product quality. The control input is the fuel gas flow rate u(t) = Q,_ (),
which directly influences the thermal state of the kiln. The desired operating condition is represented
by the reference signal y_(t), corresponding to the optimal exhaust gas temperature for stable clinker
formation. Accordingly, the control task is to design a feedback law that ensures asymptotic tracking
of the reference, such that:

A= [ [0 0.03139],D = [0] 3)

Jim (y(t) - yref(t)) =0 (4)

while simultaneously minimizing transient performance indices such as overshoot, settling time, and
excessive control effort, and respecting physical and safety constraints on both inputs and outputs.
This formulation provides a consistent basis for the subsequent development of the PID controller
and establishes a structured framework for future extension toward predictive or adaptive control
strategies.

When controlling a system with characteristics like the rotary cement kiln, the choice between
a PI and a PID controller can significantly impact performance. The PI controller, which includes
Proportional and Integral actions, is generally simpler and focuses on reducing steady-state error.
However, it may struggle with oscillations and stability in systems with time delay. On the other
hand, the PID controller includes an additional Derivative action, which helps dampen oscillations
and improve response time, making it more suitable for underdamped systems or systems with delay
elements.

Using MATLAB’s Autotuning for PID controllers, the step response plot for the PI and PID
controllers was obtained. MATLAB’s Autotuning feature provides an automated way to find
initial PID parameters based on the system’s response. This method is straightforward and uses an
optimization algorithm to adjust the controller parameters.
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Table 2 presents the dynamic response rise-time and settling-time overshoot generated by the PI

and PID controllers.

Table 2 — PI/PID controller performance

PID Controller

Characteristics PI Controller
Settling time (sec) 44.7583 27.0291
Overshoot (%) 9.0668 0.8733
Rise time (sec) 7.9385 4.3537
Steady-state error 0 0

According to the resultant values, it is evident that the PID controller can generate the fastest rise
time and settling time with the least overshoot. The desired characteristics of the system are obtained
from these results i.e., PID is a better choice for controlling the rotary cement kiln. Documentation
that analyses the module of Honeywell C300 controller.
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(b) Step response of autotuned PID controller

Figure 3 — Development of the cement production control system:
(a) step response of autotuned PI controller; (b) Step response of autotuned PID controller
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The graph above illustrates the step responses of the PI/PID controllers. The PI controller, while
eliminating steady-state error, has a slower response and higher overshoot, making it less ideal for
dynamic response control in this context. The PID controller achieves a faster rise time and lower
settling time, with reduced overshoot compared to the PI controller.

Architecture of the Honeywell ecosystem: Control Designer, HMI web Designer, station.

The Honeywell C300 Controller is a high-performance compact process controller within the
Experion PKS system, designed in the Series C form factor. This single-module unit integrates
essential control functions, including a Control Processor, built-in I/O Link interfaces, and Fault
Tolerant Ethernet (FTE) connectivity, which eliminates the need for additional plug-in modules. The
C300 is engineered for demanding industrial applications, offering robust performance, streamlined
integration, and high reliability within distributed control systems.

Another controller that is frequently used in process industries is Honeywell C200 Controller
that is a chassis-based, modular process controller within the Experion Process Knowledge System
(PKS). This controller is designed to support diverse process control applications through a range of
plug-in modules, including those for the Control Processor, I/O Link Interface, and communications
interfaces. The C200 controller is ideal for process industries that require modularity and flexibility

in I/O and network configurations, making it suitable for varied and evolving control needs.
In the Table 3 shown comparison between C200 and C300 controllers.

Table 3 — C200 vs C300 controllers comparison

Feature

C200 Controller

C300 Controller

Controller Type

Chassis-based with plug-
in modules for various

Single-module, Series C
form factor with integrated

functionalities. functionalities.

Redundancy Achieved using two Built-in redundancy; only
identically-equipped requires a second C300
chassis with Redundancy controller and a redundancy
Modules (RMs). cable.

I/O Link Interface Requires an I/O Link Two built-in I/O Link
Interface plug-in module interfaces that support both
to connect to PMIO PMIO and Series C I/O
hardware. modules.

Memory 4 MB user memory 16 MB user memory

Communications Requires plug-in modules Built-in Ethernet interface

Interface for Ethernet, FTE, and supporting both Ethernet
ControlNet connections. and redundant FTE; no

ControlNet support.

Network Requirements

Requires additional
modules for Ethernet or
FTE connections.

Functions as a node on an
FTE network; supports
standard Ethernet.

Peer-to-Peer

Requires FTE Bridge to

Supports direct peer

Connections connect with other nodes. communication with other
C300 controllers, C200
controllers (via FTE
Bridge), and ACE nodes.

Data Capacity Lower data handling and Higher data handling and

performance capabilities. performance, suitable for
complex processes.

Price $2,000 to $5,000 $6,000 to $11,000
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The C300 controller was chosen due to its reliability, easy integration of the system, and
processing capacity required for processes that are continuous and a must to have. For cement
production, the C300 controller’s built-in redundancy, flexible I/O support, higher memory capacity,
and robust network capabilities provide a more reliable, scalable, and efficient solution compared to
the C200. These features help ensure uninterrupted operations, adaptability to process requirements,
and resilience in demanding industrial environments.

Table 4 shows the specification of the modules of the Honeywell C300 controller.

Table 4 — Specification of the modules and its functions

Module Description of the module Function
CC-PCNTO1 C300 Controller Module Executes control strategies and manages /O
communications within the Experion system.
CC-TCNTO1 C300 Controller IOTA Provides termination points for the C300 controller,
facilitating connections for power, I/O, and network
interfaces.
CC-PCF901 9-Port FTE Control Firewall Acts as a network switch with firewall capabilities,
Module supporting Fault Tolerant Ethernet (FTE) for robust
networking.
CC-PWRRO1 Redundant Power Supply Supplies 24V DC power to the C300 controller and
Module associated modules, supporting redundant configurations
for high availability.
CC-PFB401 Profibus Communication Enables communication between the C300 controller and
Interface Module Profibus DP devices, facilitating integration with third-
party equipment.
CC-PCIO31 Universal Input/Output Offers 32 configurable channels for individually
Module configuring Al, AO, DI and DO signal types, a true
SOFT configuration.

The C300 series controllers manufactured by Honeywell are industrial automation devices
designed to control technological processes at facilities with high reliability and performance
requirements. The system architecture includes two controllers: C300_UNK and C300 UNK 2. The
first controller, designated as C300 UNK, operates in simulation mode and is a virtual element of
the system. It provides processing of input data coming from peripheral devices and sensors, as well
as execution of control algorithms. The second controller, C300 UNK 2, is a real module to which
sensors and actuators are physically connected.

The UIO-2_UNK (Figure 4) module as part of the C300_UNK 2 controller contains two active
channels: channel 02 for pressure measurement and channel 17 for temperature measurement.

These channels process the analog input signals coming from the corresponding sensors and
transmit the data for further processing. The C300 UNK virtual controller receives incoming data
from the real C300 UNK 2 (Figure 5) controller and processes it, simulating the operation of the
control system.

This separation of functions minimizes the load on the physical controller and provides
redundancy of computing resources. The real UIO-2 UNK 2 module is used for data collection
and primary preparation, while signal processing and calculation of control actions are performed

139



HERALD OF THE KAZAKH-BRITISH
Vol. 23, No. 1, 2026 TECHNICAL UNIVERSITY

in the virtual space of the C300 _UNK controller. Such an organization of the control system allows
for a flexible approach to configuration and testing, including modeling various scenarios of the
technological process without interfering with the physical infrastructure of the facility.
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Figure 4 — UNK 2 real C300 controller with temperature/pressure
sensors with control module
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Figure 5 — UNK simulation C300 controller

Safety and health requirements in automated cement production

Based on «Industrial safety at hazardous production facilities» from January 31, 2006, No. 125
applies to organizations and enterprises whose activities are related to equipment operating at a pressure
of more than 0.07 megapascals or at a temperature exceeding the boiling point of a liquid, mining,
exploration, blasting, drilling for oil and gas, mining, mineral processing, underground operations,
on the shelves of the seas and inland waters, industrial waste containing substances dangerous to
human health and the environment, and so on, according to Article 3, Paragraphs 4,5,7,8,9. Let’s
consider the basic safety rules for the production and transportation of cement products.

Cement plants are subject to registration as CPS if they use: 1) rotary kilns; 2) equipment
operating under pressure > 0.07 Mpa; 3) gas equipment; 4) storage systems for combustible
materials. The equipment and control and measuring devices used in cement production must meet
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the requirements of explosion and dust protection in accordance with the zone class, while the level
of automation of technological processes is determined based on an assessment of the explosion and
fire hazard of production with mandatory equipment of automatic control systems and emergency
protection. Rotary kilns must be equipped with emergency shutdown systems when critical operating
parameters are exceeded (see Table 5), including automatic control systems for firing temperature,
system pressure, and hazardous gases in the work area. All technological equipment, including silos
for storing raw materials and finished products must be equipped with locking and alarm devices to
prevent emergencies, while shut-off valves on pipelines must be clearly marked and placed in places
accessible for maintenance.

The operation of imported equipment is allowed only if there is an expert opinion confirming
its compliance with the requirements of the legislation of the Republic of Kazakhstan, and the
commissioning of the equipment after major repairs is carried out under the supervision of responsible
officials with mandatory commissioning and control tests. It is prohibited to operate technological
equipment that does not comply with the declared climatic working conditions, as well as having
technical malfunctions or non-compliance with industrial safety requirements, while all identified
violations must be eliminated immediately with the equipment being repaired.

The temperature regime in the working areas should not exceed the established limits (45 ° C for
indoor and 60 ° C for outdoor installations), while the external surfaces of the equipment and thermal
insulation elements should be protected from heating to the temperature of spontaneous ignition of
cement dust. After installation or repair, all pipelines are subject to mandatory pressure testing with
the preparation of appropriate certificates, and pumping equipment must be equipped with interlocks
to prevent dry operation and exceeding permissible operating parameters.

Repair work is allowed only after complete disconnection of equipment from energy sources,
pressure relief from systems, installation of locks and posting warning signs «Do not turn on! People
are working», while special attention should be paid to protecting fasteners from spontaneous
loosening during operation. All wear-resistant parts must be designed to ensure their safe replacement
without the use of additional means that pose a danger to personnel.

Table 5 — Criteria for classification as an DPF at a cement plant

Equipment/Process Hazard criterion DPF category
Rotating furnace t> 115°C, working with combustible gases II
Cyclone heat exchangers Pressure > 0.07 MPa I
Coal storage silos Volume > 100 m3 111
Compressor units Pressure > 0.3 MPa II

Cement plants of hazard category II are required to develop an industrial safety declaration,
which includes an analysis of the risks of accidents, calculation of their possible consequences and a
plan of measures to reduce risks. The validity period of the declaration is 5 years with a mandatory
annual adjustment calculation.

Results and discussion

The modeling and experiment findings were obtained using genuine industrial equipment at the
Honeywell and KBTU JSC laboratories. The system design consists of two controllers: C300 UNK
and C300 UNK 2. The C300 UNK controller runs in simulation mode and is a virtual component of
the system. It processes input data from peripheral devices and sensors while also executing control
algorithms. The C300 UNK 2 controller is a physical module that connects sensors and actuators.
Separating these functions reduces the physical controller’s strain while also providing computer
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resource redundancy. The actual UIO-2 UNK 2 module is utilized for data collecting and main
preparation, while signal processing and control action computation take place in the C300 UNK
controller’s virtual environment.

Figure 6 shows a mnemonic scheme of a controlled plant, highlighting the key stages of the
process such as quarrying of raw materials, crushing and mixing, and clinker formation. This includes
the control of pumps, valves, mills, furnaces and other components. All these devices are controlled
and monitored via the HMI interface, which displays process data such as percentage values, valve
and pump status.

Figure 6 — Mnemonic scheme of the cement production control system

Figure 7 shows the control panel from which the operator can control the state of the system
components. The following functions are available in the panel: manual/auto - allows you to manually
control the condition of pumps and valves or switch the system to automatic mode; states - displays
the status of pumps and valves or switch the system to automatic mode; states - displays the status
of pumps and valves (e.g. on or off); trends — allows engineer to track current trends in system
parameters such as pressure or temperature; start — button to start the process.

Figure 7 — Control panel of the cement production control system
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The presented Figures demonstrate the integration of various controls and monitoring elements
in the HMI system for cement production. Operators may successfully manage manufacturing
operations using the control panel, automated mode, and parameter and status settings. These
capabilities provide control, flexibility, and accuracy in the operation of the cement manufacturing
automation system.

While the developed control system demonstrates stable operation and acceptable performance
for regulating key process variables in the cement production process, several limitations can be
identified. The implemented control strategy is based on a traditional PID regulator, which, although
simple and reliable, has inherent drawbacks when applied to highly nonlinear, time-delayed, and
multivariable processes such as rotary kilns. The PID controller relies on fixed tuning parameters
and does not adapt to variations in process dynamics, raw material composition, or external
disturbances. As a result, its performance may degrade under changing operating conditions, leading
to suboptimal fuel usage, slower response to transients, and possible oscillations in temperature and
pressure control loops. Moreover, the current system assumes linearized process behavior and does
not explicitly account for strong cross-coupling effects between kiln zones, air flow, and material
feed rates. This simplification limits control precision, especially under load fluctuations or transient
startup conditions. The absence of adaptive or predictive capabilities restricts the system’s ability to
forecast future states or compensate for disturbances proactively. Additionally, while the Honeywell
C300 controller provides robust hardware and redundancy, the implemented control logic remains
deterministic and could benefit from data-driven or self-tuning algorithms.

Future improvements could focus on integrating adaptive control or model predictive control
(MPC) strategies to enhance robustness against parameter variations and nonlinearities. Another
promising direction is the incorporation of machine learning models for clinker quality prediction
and dynamic model adaptation based on real-time data. Such approaches can enable nonlinear model
predictive control (NMPC), which would optimize energy consumption while maintaining product
quality. Furthermore, the use of fuzzy logic or neuro-fuzzy controllers could improve performance
under uncertainty by combining heuristic knowledge with data-driven learning. Model predictive
control (MPC) and adaptive control techniques offer several advantages for this type of industrial
process. MPC introduces a predictive optimization framework that evaluates the future behaviour of
the kiln over a prediction horizon and computes control actions that explicitly respect input, output,
and rate constraints. This prevents operating limit violations, improves disturbance rejection, and
produces smooth and coordinated actuator trajectories, which is particularly beneficial in high-inertia
thermal systems. Moreover, MPC naturally handles multivariable systems and can coordinate fuel
feed, air distribution, and cooler operation in a unified manner. Its cost function can be formulated
to incorporate economic performance, such as minimisation of specific energy consumption, thus
enabling true process-economic optimisation. Adaptive and nonlinear MPC extensions additionally
allow the model to be updated online, maintaining high control accuracy even under variations in raw
materials or process conditions.

From an implementation perspective, integrating MPC into the existing architecture can be
achieved through a supervisory control layer running on an external industrial computing node
connected to the Honeywell C300 via OPC or FTE communication. The predictive controller would
operate at a slower supervisory sampling rate, generating optimal set-points for the lower-level PID
loops which remain in place for fast safety-critical actuation. The digital twin configuration already
established in the virtual C300 controller provides an ideal environment for model identification,
controller synthesis, and offline validation before deployment. Following successful simulation,
MPC can initially be introduced in advisory (“recommendation-only’’) mode and subsequently
transitioned to active supervisory control, with automatic fallback to PID in case of communication
loss or constraint violation.

In summary, while the current PID-based system provides a solid foundation for process
automation in cement production, further research and development should be directed toward the
adoption of intelligent, adaptive, and predictive control methods to achieve higher efficiency, reduced
energy consumption, and improved process stability.
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Conclusion

The effective implementation of an automated control system for the cement production process
demonstrates the capabilities of industrial automation. By addressing challenges like quality control,
resource utilization, and pollution control, it demonstrates the effectiveness of some automated
controls in a formerly manual business. The solution is based on the dependable Honeywell C300
controller, a complex system with time delay, and mathematical model analysis resulting in a scalable,
dependable, energy-efficient, and controlled system. The modeling and application of basic principles
of automatic control theory, simulation with the help of MATLAB and PID control using different
tuning approaches, has demonstrated the need for flexibility in managing cement manufacturing’s
dynamic and interrelated processes. The system can maintain stable operations in the presence of
disturbances, achieving desired overshoot, settling time and rise time with zero steady-state error.
Sensors and actuators have improved process visibility, enabling data-backed decision-making and
looking ahead to assist maintenance. All in all, this project aims at the modernization of cement
making via automation. The approaches in this regard are equally applicable for enhancing efficiency
and sustainability through automation in other industries apart from cement manufacturing.

REFERENCES

1 Tleubaev, T.E., and Omarbaeva, S.T. Sovremennoe sostojanie cementnoj promyshlennosti v Respublike
Kazahstan (2021).

2 Mittal, A., and Rakshit, D. Utilization of cement rotary kiln waste heat for calcination of phosphogypsum.
Proceedings of the Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture, 231 (9),
1670-1679 (2020).

3 Stability of systems with delay. URL: https://vse-studentu.ru/

4 Duan, W, Li, Y., and Chen, J. An enhanced stability criterion for linear time-delayed systems via new
Lyapunov—Krasovskii functionals. Advances in Difference Equations, 25, 197-227 (2020).

5 Modern technologies of cement production (2022). URL: https://cementum.ru/

6 Sousa, V., and Bogas, J.A. Comparison of energy consumption and carbon emissions from clinker and
recycled cement production. Journal of Cleaner Production, 306, 127277 (2021).

7 Aldina, S., Sutikno, J.P., and Handogo, R. Implementation of a mathematical modelling of rotary
cement kilns. IPTEK The Journal for Technology and Science, 31 (1), 1-10 (2019).

8 Kula, K.S. Tuning a PI/PID controller with direct synthesis to obtain a non-oscillatory response of
time-delayed systems. Applied Sciences, 14 (13), 5468 (2024).

9 George, T., and Ganesan, V. Optimal tuning of PID controller in time delay system: A review on
various optimization techniques. Chemical Product and Process Modeling, 17 (1), 1-28 (2022).

10 Divakar, K., et al. A technical review on IMC-PID design for integrating process with dead time. [IEEE
Access (2024).

11 Li, X.G., et al. Characterizing PID controllers for linear time-delay systems: A parameter-space
approach. IEEE Transactions on Automatic Control, 66 (10), 4499-4513 (2020).

12 Porhalo, V.A., Rubanov, V.G., and Shaptala, V.G. Avtomatizacija pechi obzhiga klinkera na osnove
kaskadnoj 1 mnogosvjaznoj sistem upravlenija. Vestnik Belgorodskogo gosudarstvennogo tehnologicheskogo
universiteta im. V.G. Shuhova, 2, 69-72 (2013).

13 Zanoli, S.M., Pepe, C., and Astolfi, G. Advanced process control for clinker rotary kiln and grate
cooler. Sensors, 23 (5), 2805 (2023).

14 Zhang, R., Wang, X., and Yu, H. Application of humanoid intelligent control system in cement clinker
calcination process. Proceedings of the 34th Chinese Control and Decision Conference (CCDC), 15501554
(2022).

15 Hernandez, J.S., Rivas-Perez, R., and Moriano, J.J.S. Design of a generalized predictive controller for
temperature control in a cement rotary kiln. IEEE Latin America Transactions, 16 (4), 1015-1021 (2018).

16 Ali, A.M., Tabares, J.D., and McGinley, M.W. A machine learning approach for clinker quality
prediction and nonlinear model predictive control design for a rotary cement kiln. Journal of Advanced
Manufacturing and Processing, 4 (4), e10137 (2022).

144



KA3AKCTAH-BPUTAH TEXHUKAJIBIK
YHUBEPCUTETIHIH, XABAPIIBICHI Tom 23, Ne 1, 2026

!Camuryauna 3.1.,

PhD, npodeccop, nouent, ORCID ID: 0000-0002-5862-6415,
e-mail: z.samigulina@kbtu.kz
MyxanrajueBa ML.A.,
6akanasp, ORCID ID: 0009-0002-0657-741X,
e-mail: m_mukhangalieva@kbtu.kz
YT1eesa H.K.,
6akanasp, ORCID ID: 0009-0005-1582-1041,
e-mail: n_uteeva@kbtu.kz
'KazakcTaH-bpuraH TEXHUKAJIBIK YHUBEPCUTET,
Aunmarsl K., Kazakcran

HEMEHT OHAIPY NPOLECIH BACKAPYJbIH
ABTOMATTAHJIBIPBLJIFAH ) KYHUECIH )KACAY

AHaarna

By >xymbICTa IIEMEHT OHJIpICiHE TOH AMHAMHUKAIIBIK JKOHE YaKbITKa ce3iMTai yaepicrepai Oackapy yIuiH
AJIBIHFBI KaTapiibl 0acKkapy crparerwsuiapsl, coHblH iminae [1T1/]-perrey komnanbuanel. Honeywell C300 xoHT-
poIIepi XKOFapsl TEMIIEpaTypa, MaTepraiaap MIBIFEIHBIHBIH 03repyi jKoHE OHIIPICTIK ayBITKYIap JKaFIaifbrama Ky-
MBIC iCTelf aymaThIH CEHIMI 9pi ayKBIMJBI XKYHEHI iCKe achIpy YIIiH HaiganaHbsIaasl. JJaT9uKTep MEH aTKapyIIbl
MEXaHU3M/JIEp HaKThl YaKbIT PSKUMIHJE JAEPEKTEeP/li )KUHAY XKoHEe OYKij OHAIpIiCTIK kel OOWbIHIIA Y3IIiKCi3 Oaid-
JIaHBICTHI KAMTAMAaChI3 €Ty MakcaTbIH/a OipikTipiireH. backapy napamerpiepin qon 6anray yiin MATLAB cuskrst
MaTeMaTHKaJIbIK MOZICNb/CY Kypalaapbl KOJIaHbUIAIbI, OYJT TeMIIepaTypa, KbIChIM JKOHE IIBIFBIH CEKUIII MaHbI3IbI
alfHBIMANTBIIAPABI OOJDKAMIIBI KOHE OeliMIenTim O0ackapyra MYMKIHIIK Oepemi. KYMBICTBIH MaHBI3IBUIBIFEI TEK
OHJIPICTIK THIMILTIKTI apTTRIPYMEH MIEKTEIMEH i, COHBIMEH KaTap YHEPTHs TYTHIHYABI OHTAMIaHIBIPY KOHE Kaj-
JBIKTap/bl a3aiTy apKbUIbl TYPaKThl JaMyFa yliec Kocaabl. OHEPKICINTIK onepanusiIapAblH KOpIIaFraH opTara
ocepiH TemeHieTyre OarbITTanFaH xxahaHpIK Oactamanapra colikec, OyJI )Kyie aBTOMaTTaH/bIPY/IbIH LIEMEHT OH-
Jipici yaepiciH TyOereiii skaHFbIpTa alaThIHBIH KepceTei. Makaniasa 6ackapy YHeciHiH TEeXHOJIOTHSUIBIK HEeri3-
Jiepi, xobanay 9icHaMasaphl )koHe MPAKTHKAJIBIK 1CKE achIPbUTY YKOJAApbl OastHAAJIbI, OHBIH JICyeT] KaH-)KaKThl
TaJaHa/Ibl.

Tipex ce3mep: IIM/I-pertey, memeHT eHmipici, MaremaTukamblKk Mozaenbaey, MATLAB, enepkocinTik
ABTOMATTAH/IBIPY, OHIIPICTIK THIMILTIK, MacinTadTanareiH xyie, Honeywell C300 koHTpOILIepi.
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PA3PABOTKA ABTOMATHU3UPOBAHHOI CUCTEMBI YIIPABJIEHUS
JIJ151 MPOLIECCA TPOU3BOJCTBA IEMEHTA

AHHOTALUA
B aT0if paboTe nCnoNb3yI0TCs IepeoBhIe CTPATeTHH yIpaBiIeHus, BKirodas [ 11 /[-perynupoBanue, 1 yrpas-
JICHUS! TUHAMUUECKIMH U 9yBCTBUTEJILHBIMU KO BPEMEHH MPOLIECCAMU, IPUCYIIIMMHU TPOU3BOCTBY LieMeHTa. KoHT-
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pomiep Honeywell C300 wucmonb3yeTcst Ui peain3aliiil HaJCKHON U MacIITaOUPyeMOil CHCTEMBI, CIIOCOOHOI
a/IalITUPOBAThCSl K TPEOOBAHMSM BBICOKHX TEMIIEpaTyp, N3MEHEHHSIM Pacxojia MaTepralioB U IKCILTyaTallMOHHBIM
HapyuIeHusIM. /IaT4nky ¥ MCIIOHUTEIbHBIE MEXaHU3Mbl HHTETPUPOBAHBI JUIsI COOpa JaHHBIX B peaJlbHOM BPEMEHU
n obecnieueHns OecriepeOoiHOM CBS3M 10 BCEH MPOM3BOACTBEHHOM IMHUN. THCTPYMEHTBI MaTeMaTHIECKOTO MOJIC-
nupoBaHus, Takue kak MATLAB, ncronb3yroTcs A1 TOYHOM HaCTpOMKH [TapaMeTPOB YIIPABIEHUS, YTO IO3BOJISIET
OCYILIECTBIIATh IIPOTHO3HOE U aJANTUBHOE YNPABIEHHE KPUTUUYECKUMU [IEPEMEHHBIMU, TAKMMH KaK TeMIIeparypa,
JIaBJICHUE M PacXoi. 3HAYMMOCTb ATOH PadOTHI BBIXOAUT 3a PaMKH MOBbIIIEHNUS Y dexkTHBHOCTH paboThl, CIIOCO0-
CTBYsl yCTOHYMBOMY Pa3BHUTHIO 3a CYET ONTHUMHU3ALMU MOTPEOICHHS SHEPTUN 1 MUHUMHU3aMu 0TX010B. COOTBET-
CTBYS TNIOOAJILHBIM YCHITHSIM TI0 CHIDKCHHIO BO3IEHCTBUS TPOMBIIIUICHHBIX OTIEPAIMid Ha OKPY’KAIOIYIO CPey, CH-
cTeMa JIEMOHCTPHPYET, KaK aBTOMATH3AIHsI MOJKET IPOM3BECTH PEBOJIONHIO B TIPOIECCE TPOM3BO/ICTBA IeMEHTa. B
9TOH CTaThe N3JIAraloTCsl TEXHOJIOTHUECKIE OCHOBBI, METOAOIOT MY POSKTHPOBAHMS M ITPAKTHUECKHIE Peann3aun
CHCTEMBI yNpaBJIEHHs], TIpeuIarasi IOHUMaHUe ee MOTEeHIHaa.

KiaioueBblie cioBa: HI/IH-perHI/IpOBaHI/Ie, IMMPOU3BOACTBO LEMCHTA, MATCMATHYCCKOC MOACINPOBAHUC,

MATLAB, npoMmblIIUIeHHas aBTOMaTH3alus, SKCIUIyaTalMoHHas 3(QEeKTUBHOCTh, MacliTabupyemas CHCTEMa,
rxorTposuep Honeywell C300.
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