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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 engineers to effectively evaluate and deploy temperature 

adjusters for robust oven control. 
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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 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.
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Figure 2. This avoids on/off cycling but can result in sustained offset. 

 

3. Integral Control 

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). 
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[Figure 5] 

 

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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