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Abstract 

In order to improve the response speed and stability of the temperature control system 
in the working process of box type resistance furnace. The mathematical model and 
transfer function of temperature control system of box type resistance furnace are 
established, and the temperature control curve of traditional PID is simulated. Then a 
fuzzy PID controller is designed to realize the self-adaptive adjustment of the 
temperature of the box type resistance furnace, and compared with the traditional PID 
temperature control. The results show that the fuzzy PID control effect is better than the 
traditional PID control in the temperature control of box type resistance furnace. 
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1. Introduction 

Temperature is one of the most important industrial control parameters. Due to the complexity of the 

production process itself, control hysteresis, operation inertia and other problems, it is difficult to 

control the temperature with high precision. In the current temperature control system, the problem 

of low precision and poor stability of temperature control is also prominent[1]. Box-type resistance 

furnace is a common equipment for multi-element co-permeation heat treatment processing. The 

temperature of the equipment is achieved by controlling the heating of silicon and carbon rods. The 

heating of silicon and carbon rods has hysteresis and instability, so box-type resistance furnace has 

the characteristics of greater hysteresis and instability. At present, the common temperature control 

of box-type resistance furnace is traditional PID control, the mathematical model of the control is not 

accurate enough, membership function is single, in the application of box-type resistance furnace 

temperature control effect is not ideal. The fuzzy control method combined with the traditional PID 

control method can greatly improve the temperature control effect of the box-type resistance furnace, 

thus reducing the production cost of the box-type resistance furnace and improving the quality of 

production parts. 

2. The establishment of mathematical model for temperature control system of 

box-type resistance furnace 

In practical engineering, the model should be simplified as far as possible.In order to simplify the 

model obtained from theoretical modeling, we do not consider the temperature object as a distributed 

parameter, but treat it as a centralized parameter [2−3] . In the working process of the box-type 

resistance furnace, if it is necessary to adjust the temperature value in the furnace, it must make the 

heat exchange inside and outside the box-type resistance furnace. In the working process, it can be 
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known that the temperature control input e (t) of the box-type resistance furnace is the voltage of the 

temperature control system, and the output u (t) degree control system temperature value. 

According to the heat calculation formula: 

 

𝑄 = 𝐺𝐶𝑃
𝑑𝑇

𝑑𝑡
= 𝐶

𝑑𝑇

𝑑𝑡
                              (1) 

 

In Equation (1), Q is the total heating amount of box-type resistance furnace, G is the weight of heated 

air, and 𝐶𝑃 is the specific heat capacity of air. 

Type (1) with the increment of temperature 𝛥𝑇within (𝛥𝑇outside), total quantity of heat of incremental 

𝛥𝑄𝑡, thermal resistance R, heat capacity C. 

 

𝑅𝐶
𝑑𝛥𝑇within

dt
+ 𝛥𝑇within = 𝑅𝛥𝑄𝑡 + 𝛥𝑇outside                  (2) 

 

So if I take the Laplace transform of this, I get: 

 

(𝑅𝐶𝑠 + 1) • 𝑇(𝑠) = 𝑅 • 𝑄(𝑠)                        (3) 

 

Then the transfer function of temperature variable and total heat in the temperature control system 

can be expressed as: 

 

𝑊(𝑠) =
𝑇(𝑠)

𝑄(𝑠)
=

𝑅

𝑅𝐶𝑠+1
=

𝐾

𝑇𝑠+1
                         (4) 

 

In Equation (4), K is the amplification factor, and T is the time constant. 

As the furnace body of box-type resistance furnace is larger, the temperature transfer in the 

temperature control system has a certain time delay, so the temperature control system transfer 

function is: 

𝐺(𝑠) =
𝐾

𝑇𝑠+1
𝑒−𝜏𝑠                              (5) 

 

Type (5) middle refers to the lag time. 

The input step signal of the box-type resistance furnace is given at 490℃, and the working 

temperature in the box-type resistance furnace is tested at 8 points using thermocouple sensor. Data 

is collected every 120s, as shown in Table 1. 

 

Table 1 Box resistance furnace temperature data table 

time(s) 0 120 240 360 480 600 720 

The temperature(℃) 20 69 113 160 205 264 314 

time(s) 840 960 1080 1200 1320 1440 1560 

The temperature(℃) 368 411 445 472 493 497 499 

 

Draw the relation diagram between time and temperature of box-type resistance furnace according to 

the data table, as shown in Figure.1. 

According to coHn-Coon formula, the transfer function of the temperature control system can be 

calculated as follows: 
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G(s) =
0.98

(254 + 1)𝑒
𝑒−50 

 

 

FIG 1 Relation diagram of time and temperature of box-type resistance furnace 

 

3. Simulation verification of PID temperature control for box-type resistance 

furnace 

According to the mathematical model established above, the temperature of the box-type resistance 

furnace is taken as the control object, and the temperature control system is modeled and simulated 

with the Matlab simulation software Simulink module.The temperature control system model is 

shown in Figure.2. 

 

FIG 2 Model diagram of temperature control system 

 

After test, the three gain parameters of PID controller in Figure 2 are set as 𝐾𝑝 = 3.6 , 𝐾𝑖 =

0.006,  𝐾𝑑 = 0.1 . The excitation signal value is set as 490, the delay parameter is 50, and the 

simulation time is set as 1600s.The simulation results are shown in Figure.3. 
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FIG 3 Model diagram of temperature control system 

 

The two curves in Figure 3 are PID control simulation curve and temperature model curve 

respectively. The temperature model curve in the figure tends to be stable after 1200s, which is close 

to the temperature value measured in the experiment. The temperature control system adjusted by 

PID tends to be stable after 1200s. Compared with the temperature control system adjusted by PID 

and the temperature system of mathematical model, it can be found that the temperature control 

system of the box-type resistance furnace controlled by PID has fast response and good adaptability.  

4. Design of fuzzy PID controller for box-type resistance furnace 

At present, the conventional PID method is used to control the temperature.This method does not 

meet the requirement of temperature control system. Mathematical model of fuzzy control does not 

depend on the object, time delay, nonlinear and time-varying of controlled object has a certain ability 

to adapt, the conventional PID control and fuzzy control theory, the combination of adaptive fuzzy 

PID controller to control the temperature of facts, fuzzy reasoning method was adopted to realize the 

PID parameter online setting, not only to maintain the principle of conventional PID control system 

is simple, easy to use, and the advantages of good robustness, and has more flexibility, adaptability, 

higher control precision [4]. The principle diagram of fuzzy PID control is shown in FIG. 4. 
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FIG 4 Schematic diagram of fuzzy PID control 
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4.1 The input variable 

According to the technical requirements of the box-type resistance furnace, the temperature 

requirement control range of the box-type resistance furnace is 484℃ ~ 496℃, the temperature 

change amount e∈[-6,6]℃, and the temperature change rate 𝑒𝑐∈[-2,2]℃. Input variable values are 

expressed as {board (PB), middle (PM), is small (PS), zero (ZO), small (NS), negative (NM) in the 

negative, negative big (NB)}, take temperature variation established.fuzzy comprehensive domain to 

{-3, -2, -1,0,1,2,3}, take a temperature gradient c established.fuzzy comprehensive domain to {-

0.006,- 0.004,- 0.002, 0,0.002, 0.004, 0.006}, the quantitative factors of input variable e and ec 𝑘𝑒 =
3/6 = 0.5, 𝑘𝑒𝑐 = 0.006/2 = 0.003. 

4.2 The output variable  

To amend the PID controller the proportion, integral, differential coefficient 𝛥𝐾𝑃, 𝛥𝐾𝐼 and 𝛥𝐾𝐷 as 

the output of the fuzzy controller, the output variable values for {PB, PM, PS, ZO, NS, NM, NB}, 

fuzzy controller output variable values are expressed as three {-3,- 2, -1,0,1,2,3}, {-0.006, -0.004, -

0.002, 0,0.002, 0.004, 0.006} and {-3, -2, -1,0,1,2,3}. 

4.3 The determination of membership functions 

The membership function is the core of F set, which is completely described by the membership 

function. To give an F set is to give the membership of each element in the domain to the F set [5]. 

Due to the simple structure of triangle function, the calculation work is small and the precision 

is high [6]. In this paper, the triangle function is chosen as the membership function of the box-type 

resistance furnace. The membership function model diagram is shown in Figure.5. 

 

 

Figure 5 Membership function model diagram 

 

4.4 Fuzzy controller rules and decision methods 

Table 2 Fuzzy rules table 

ec  e  PB PM PS ZO NS NM NB 

PB NB/PM/PB NM/NS/PB NM/NM/PB NM/NM/PM NS/NM/PS NS/NS/PS ZO/PM/ZO 

PM NB/PM/PB NM/NS/PB NS/NM/PM ZO/NM/PS PS/NM/PS PS/NS/ZO PM/PS/NS 

PS NM/ZO/PB NS/NM/PM NS/ZO/PS NS/ZO/ZO ZO/ZO/NS PS/ZO/NM PS/ZO/NM 

Z0 NM/ZO/PM NM/ZO/PM NS/ZO/ZO ZO/ZO/ZO PS/ZO/NS PM/ZO/NB PM/ZO/NB 

NS NS/ZO/PM NS/ZO/PS ZO/NS/ZO PS/NS/NS PS/NS/NS PM/ZO/NB PM/ZO/NB 

NM ZO/ZO/PM NS/NS/PS ZO/NS/ZO ZO/NS/NS PS/NS/NS PM/NS/NM PB/ZO/NB 

NB PM/PM/PS NS/NS/NS NM/NM/NS PM/NM/NM PM/NM/ZO PB/NS/NM PB/PM/NB 



 

 

443 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 1, 2021 

DOI: 10.6919/ICJE.202101_7(1).0055 

According to the characteristics of temperature deviation E and temperature deviation rate ec in the 

temperature control system with practical experience, 49 fuzzy rules of the fuzzy controller are set, 

as shown below. 

Rule1: If (e is PB) and (ec is PB) then (ΔKp is NB)(ΔKi is PM)(ΔKd is PB); 

Rule 49: If (e is NB) and (ec is NB) then (ΔKp is PB)(ΔKi is PM)(ΔKd is NB); 

Output variables 𝛥𝐾𝑝, 𝛥𝐾𝑖and 𝛥𝐾𝑑 fuzzy rule table as shown in table.2. 

5. Fuzzy PID control simulation of box type resistance furnace 

In this paper, the fuzzy PID controller of the box-type resistance furnace is simulated by using 

Simulink in the Matlab2016 simulation software.Each module required by Fuzzy PID control is 

transferred and connected accordingly. Fuzzy Logic Controller is used to transfer the set Fuzzy rules. 

The initial PID control parameters are obtained according to the above, and the Fuzzy PID control 

simulation block diagram of box-type resistance furnace is shown in Figure.6. 

 

 

FIG 6 Block diagram of fuzzy PID control simulation for box-type resistance furnace 

 

The excitation signal value is set as 490, the delay parameter is 50, and the simulation time is set as 

1600s. The PID simulation response curve and fuzzy PID simulation curve of the box-type resistance 

furnace are simulated, as shown in Figure 7. 

 

 

FIG 7 Comparison of fuzzy PID control simulation curve and PID control simulation curve of box-

type resistance furnace 
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From the simulation curve of fuzzy PID control box resistor-stove compared with PID control 

simulation curve diagram can be found that two kinds of curve before 90 s response basic same, 90 s 

and 220 s the traditional PID control response is faster than the fuzzy PID control response, traditional 

PID control simulation curve in the 1200 s when the temperature reaches set temperature and tend to 

be stable, fuzzy PID control simulation curve in the 520 s when the temperature reaches set 

temperature and tend to be stable, compared to the fuzzy PID control time is short, less overshoot, 

steady-state error of approximate to zero. 

6. Conclusion 

In the research process of temperature control in the working process of box-type resistance furnace, 

Matlab software is used to confirm and verify its mathematical model. The fuzzy PID control is 

compared with the traditional PID control. Through simulation test, it can be concluded that the fuzzy 

PID control of box-type resistance furnace is superior to the traditional PID control. By using fuzzy 

PID to control the box-type resistance furnace, the production time of the box-type resistance furnace 

can be shortened, the production cost is reduced, the production efficiency is improved, and the 

production quality of spare parts can be more guaranteed. 
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