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Anotatsiya. Ushbu maqola ishlab chigarishda optimal mahsulot sifati va
jarayon samaradorligi uchun sanoat pechlarida haroratni anig nazorat gilishning
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 ragamli rostlagichlarni tanlash mezonlarini, shuningdek, o'rnatish omillari,
sozlash tartiblari va umumiy muammolar hagida tushunchalarni o'z ichiga oladi.
Magolada pechning issiqlik xarakteristikalarini va nazorat magsadlarini 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 chigarish
jarayonlari, Aniq tartibga solish, Isitish, quritish, quritish, pishirish, Harorat
sozlagichlari, Yoqish/o'chirish nazorati, Proportsional rostlash, Integral rostlash,,
PID rostlash, Pnevmatik sozlagichlar, Elektron rostlagichlar, Ragamli sozlagichlar
, O'rnatish omillari, Sozlash tartib-goidalari, Umumiy muammolar, Pechning
issiglik xarakteristikalari, Boshgarish magsadlari, Kuchli boshgaruv, 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.

AHHOTauMs. B 3TON cTarbe MOJYEPKUBACTCA 3HAYCHUE TOYHOTO KOHTPOJIS
TEMIICPATYPbl B IIPOMBINIJICHHBIX II€YaX I OIITUMAJIIBHOIO Ka4CCTBa IMPOAYKIMU
u 3(1)(1)GKTHBHOCTI/I IMPOU3BOACTBCHHBIX ITPOLICCCOB. B nem pacCMaTpuBarOTCA
KITFOUECBBIC MOMCHTHBI BBI60pa PETYIIATOPOB TCMIICPATYPBI, BKIIHOYAA TAKUC MCTOIbI
PCTYIUNPOBKH, KaK BKJIIO‘IGHI/IG/BBIKJIIOLIGHI/IG, IIPOIMOPHHUOHAIBHOC, HHTCTPAJIBHOC,
npousBoaHoe u I[IN]/I-ynpaBnenue. OOcyxneHHe BKIIOYACT KPUTEPUH BbIOOpA
MCIKAY ITHCBMATUYCCKUMU, SJICKTPOHHBIMH U IlI/I(prBBIMI/I peryisiTopaMu, a TaK¥XKC
NOHUMaHue (PaKTOPOB YCTAHOBKH, MPOLIEAYp HACTPOWKH U 0o0mux mnpodiem. B
CTAaTbC IMOAYCPKUBACTCA BAKHOCTDb ITOHHMMAHHNA TCIVIOBBIX XAPAKTCPHUCTHK IICUU H
Heiel ympaBieHHs, YTO TMO3BOJSET HMH)KEeHepaM 3(P(EKTUBHO OLEHUBATH U
HCIIOJB30BATh PETYJIATOPLI TCMIICPATYPLI AJIAA HAJAC)KHOI'O YIIPABJICHUA I1CUYbIO.

KuroueBbie cioBa: IlpombimuieHHele neun, KoHTpons TemmepaTypsl,
[IponsBoacTBEHHBIE TMpouLecchl, TouHoe peryaupoBanue, Harpes, Cymika,
OtBepxknenne, Breineuka, Perymnstopel TemmnepaTypsl, BritoueHue/BbIKIIOUEHUE,
[IponopuronanbHOE ynpasieHue, MurerpanbHoe ymnpasnenue, IIpounsBogHoe
ynpasnenue, [I1][-perynupoBanue, [[HeBMaTHueckrue peryasiTopbl, DJICKTPOHHbBIE
perymnstopsl, Ludposeie perymstopel. , Dakrtopel ycrtaHoBku, [Ipomemypsi
HacTpoiiku, OOmue mpobnembl, TemmoBbie XapakrepucTuku meud, Llemu
yHIpaBJICHHUS.

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

3. Integral Control
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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.
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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).
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[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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