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Anotatsiya. Ushbu maqola ishlab chiqarishda optimal mahsulot sifati va 

jarayon samaradorligi uchun sanoat pechlarida haroratni aniq nazorat qilishning 

ahamiyatiga urg'u beradi. Unda yoqish/o‘chirish, proportsional, integral, diffrensial 

va PID nazorati kabi sozlash usullarini o‘z ichiga olgan harorat sozlagichlarini 

tanlash uchun asosiy mulohazalar ko’rib chiqiladi. Muhokama pnevmatik, elektron 

va raqamli rostlagichlarni tanlash mezonlarini, shuningdek, o'rnatish omillari, 

sozlash tartiblari va umumiy muammolar haqida tushunchalarni o'z ichiga oladi. 

Maqolada pechning issiqlik xarakteristikalarini va nazorat maqsadlarini tushunish 

muhimligi ta'kidlanadi, bu esa muhandislarga pechni to’gri boshqarish uchun 

haroratni sozlash moslamalarini samarali baholash va o'rnatish imkonini beradi. 

Kalit so'zlar: Sanoat pechlari, Haroratni nazorat qilish, Ishlab chiqarish 

jarayonlari, Aniq tartibga solish, Isitish, quritish, quritish, pishirish, Harorat 

sozlagichlari, Yoqish/o'chirish nazorati, Proportsional rostlash, Integral rostlash,, 

PID rostlash, Pnevmatik sozlagichlar, Elektron rostlagichlar, Raqamli sozlagichlar 

, O'rnatish omillari, Sozlash tartib-qoidalari, Umumiy muammolar, Pechning 

issiqlik xarakteristikalari, Boshqarish maqsadlari, Kuchli boshqaruv, Mahsulot 

sifati, Jarayon samaradorligi. 

Abstract. This article emphasizes the significance of precise temperature 

control in industrial ovens for optimal product quality and process efficiency in 

manufacturing. It reviews key considerations for selecting temperature adjusters, 

covering adjustment methods like on/off, proportional, integral, derivative, and 

PID control. The discussion includes criteria for choosing between pneumatic, 

electronic, and digital adjusters, as well as insights into installation factors, tuning 

procedures, and common issues. The article underscores the importance of 

understanding oven thermal characteristics and control objectives, enabling 
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engineers to effectively evaluate and deploy temperature adjusters for robust oven 

control. 

Keywords: Industrial ovens, Temperature control, Manufacturing processes, 

Precise regulation, Heating, Drying, Curing, Baking, Temperature adjusters, 

On/off control, Proportional control, Integral control, Derivative control, PID 

control, Pneumatic adjusters, Electronic adjusters, Digital adjusters, Installation 

factors, Tuning procedures, Common issues, Oven thermal characteristics, Control 

objectives, Robust control, Product quality, Process efficiency. 

Аннотация. В этой статье подчеркивается значение точного контроля 

температуры в промышленных печах для оптимального качества продукции 

и эффективности производственных процессов. В нем рассматриваются 

ключевые моменты выбора регуляторов температуры, включая такие методы 

регулировки, как включение/выключение, пропорциональное, интегральное, 

производное и ПИД-управление. Обсуждение включает критерии выбора 

между пневматическими, электронными и цифровыми регуляторами, а также 

понимание факторов установки, процедур настройки и общих проблем. В 

статье подчеркивается важность понимания тепловых характеристик печи и 

целей управления, что позволяет инженерам эффективно оценивать и 

использовать регуляторы температуры для надежного управления печью. 

Ключевые слова: Промышленные печи, Контроль температуры, 

Производственные процессы, Точное регулирование, Нагрев, Сушка, 

Отверждение, Выпечка, Регуляторы температуры, Включение/выключение, 

Пропорциональное управление, Интегральное управление, Производное 

управление, ПИД-регулирование, Пневматические регуляторы, Электронные 

регуляторы, Цифровые регуляторы. , Факторы установки, Процедуры 

настройки, Общие проблемы, Тепловые характеристики печи, Цели 

управления. 

Introduction. Industrial ovens are essential for manufacturing operations that 

require controlled heating of materials at elevated temperatures up to 500°C or 

higher. Common oven types include batch ovens for heating discrete loads, 

continuous ovens for processing a constant stream of material, clean ovens for 

high-purity processes, and custom ovens designed for specialized applications [1]. 

The purpose of industrial ovens includes drying, curing, bonding, annealing, 

sterilizing, aging, and other high-temperature processes. Precise temperature 

regulation is necessary to achieve desired material properties, quality, and 

throughput.  

Temperature control for industrial ovens can be challenging due to the 

thermal lag of oven and load, nonlinear oven characteristics, external disturbances, 

and changing process conditions [2]. Control objectives include reference tracking, 

disturbance rejection, and stability. Selection of suitable temperature adjusters is 

key to meeting these control objectives. This article provides guidance on choosing 

appropriate adjusters to enable effective oven temperature control. Key factors 
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considered include adjustment method, actuator technology, installation, tuning, 

and common implementation issues. 

 

Methods of  Temperature Adjustment.  

Several methods are used for industrial oven temperature adjustment: 

1. On/Off  Control 

On/off adjustment utilizes a two-position controller that switches the heating 

actuator fully on or off based on the oven temperature relative to setpoint [3]. A 

hysteresis band prevents excessive switching. On/off control provides robust 

operation but leads to temperature oscillations around setpoint (Fig. 1).  

 

Fig. 1 On/off control provides robust operation but leads to temperature 

oscillations around setpoint 

 

2. Proportional Control  

Proportional adjusters modulate heating proportional to the temperature error 

between setpoint and process variable [4]. This avoids on/off cycling but can result 

in sustained offset (Figure 2). Gain tuning affects control responsiveness. 

 

Figure 2. This avoids on/off cycling but can result in sustained offset. 

 

3. Integral Control 



MAY 

2024

ISSN: 2181-3558 4 

INTEGRATSIYALASHGAN TA’LIM VA TADQIQOTLAR JURNALI 

 JOURNAL OF INTEGRATED EDUCATION AND RESEARCH

 

Integral control accumulates temperature error over time to eliminate offset 

through low-frequency reset action [5]. This improves setpoint tracking but can 

cause oscillation). The integral time parameter affects reset rate. 

4. Derivative Control  

Derivative control applies corrective action based on the rate of temperature 

change to improve stability and response speed [6]. Derivative gain tuning 

prevents overcorrection (Figure 4). Derivatives are rarely used alone. 

 

Figure 4. Derivative gain tuning prevents overcorrection. 

 

5. PID Control 

Proportional, integral, and derivative modes are combined in PID control to 

harness their complementary advantages [7]. PID tuning balances performance 

tradeoffs. PID provides effective oven temperature control (Figure 5). 

 

[Figure 5] 
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Temperature Actuators. 

Various actuators are used to modulate oven heating under control system 

direction: 

1. Pneumatic Actuators 

Pneumatic valve and dampers regulate gas/air flow in gas-fired ovens. 

Pneumatic actuators provide fast response but limited accuracy [8]. Positioners 

improve precision. 

2. Electric Actuators  

Electric actuators position electric heating elements, solid-state relays, silicon 

controlled rectifiers, and other electric heating devices [9]. They allow pulse-width 

modulation for proportional electric heating. 

3. Digital Actuators 

Intelligent digital actuators integrate a microprocessor for control capability 

and communication [10]. This enables advanced control algorithms and 

connectivity. 

Conclusion 

Effective temperature control is vital for industrial ovens to achieve process 

objectives. Temperature adjusters employing on/off, proportional, integral, 

derivative, or PID control provide the means for precision temperature regulation. 

Pneumatic, electric, and digital actuator technologies each have advantages. Proper 

installation, thoughtful tuning, and preventative maintenance are essential for 

trouble-free operation. Engineers should understand oven thermal characteristics 

and control goals to select suitable adjusters, install them correctly, tune them 

optimally, and keep them maintained for reliable long-term temperature control. 
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