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Abstract 
This paper mainly discusses the furnace temperature curve and conveyor belt speed in 
circuit board welding production of back welding furnace and how to adjust under 
different constraints. According to the mathematical physics method, the thermal 
conductivity differential equation model is established, and the energy conservation law, 
Fourier law theory and dynamic programming algorithm are mainly used. Using the 
method of micro-element and the method of successive approximation, the furnace 
temperature curve satisfying the process limit is found in the range value of the conveyor 
belt velocity over the furnace, and the dynamic programming model is established. The 
maximum conveyor belt velocity over the furnace is solved by the objective function 
using MATLAB software. 
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1. Introduction 

In the integrated circuit board, a variety of components need to be welded to the circuit board, most 
of the current welding furnace, through heating, complete the welding work, this paper is mainly to 
study the back welding furnace inside the small temperature zone set temperature, and the speed of 
the conveyor belt over the furnace on the integrated circuit board welding product quality caused by 
the impact. 

In this paper, firstly, the model is simplified from three dimensions to one dimension, and the 
temperature slice model is established. All regions are divided into two kinds of small temperature 
regions, which consider the gap and do not consider the gap. Then, according to Fourier law, Newton's 
cooling law and energy conservation law, the heat conduction equation is deduced, so as to establish 
the thermal conductivity differential equation model. Finally, the temperature distribution in the 
center of welding area is calculated by finite difference method every 0.5s, and the optimal furnace 
temperature curve is drawn. 

2. Research Significance 

With the rapid development of electronic products, people have put forward greater requirements on 
their performance and appearance. In order to meet the demand of continuous miniaturization, 
technicians reduce the volume of components, such as the newly emerged patch element (SMC) and 
patch device (SMD) [1], so as to realize the lamination of electronic products. However, it is not easy 
to assemble these patches on the integrated circuit board, and the traditional welding method can no 
longer meet the needs of the product, so the welding of printed circuit board (PCB board) [2] poses a 
huge challenge. As part of the SMT technology of reflow soldering process technology and equipment 
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and thus get the corresponding development, in the reflow soldering technology, set the temperature 
of the parameters is crucial for the quality of the product, the current study the effect of temperature 
parameters on the welding quality is mainly through laboratory test for control and adjustment, in the 
ontology, Similarly, the influence of temperature Settings in different temperature zones and 
transmission speed of the conveyor belt on the research results is also studied by establishing a model, 
so it has a wide range of practical significance [3-4]. 

In the process of production of integrated circuit boards and other electronic products, will need to 
install the patch element integrated printed circuit boards, placed on a conveyor belt, through its 
transport into the back into welding furnace, by melting pre-allocated to soft brazing solder paste on 
the printed circuit board, realize the surface components and circuit board assembly, and in the actual 
production, It controls the quality of product welding by adjusting the setting temperature of each 
link and the speed of conveyor belt [5]. 

Although the internal Settings of the welding back furnace are divided into several small temperature 
zones, functionally they can be divided into four large temperature zones, such as preheating zone, 
constant temperature zone, reflux zone and cooling zone [6], which all have different effects on the 
welding effect. In this experiment, the integrated circuit board enters each temperature zone in the 
furnace at uniform speed through the conveyor belt for heating. 

From the difference of temperature range and changing trend, we usually define the whole process of 
reflow welding as four areas: preheating, infiltration, reflow and cooling. The furnace temperature 
curve can be the soul of the reflow welding machine. Unreasonable furnace temperature curve 
configuration can lead to many problems, such as PCB board deformation caused by uneven heating 
on the plate with large area, or PCB internal line fracture, or welding loosening after restoring normal 
temperature; The slope of the curve in the preheating or cooling area is too large, which leads to 
thermal shock and cracks on PCB or chip; If the heating is not sufficient, it may lead to false welding 
[7]. In order to solve these problems and improve product quality, it is necessary to find an optimal 
furnace temperature curve. Under the reasonable furnace temperature curve, it is not only beneficial 
to improve the production quality and reduce the loss to obtain the maximum profit, but also has a 
certain role in promoting the research and development of related scientific and technological fields. 

3. Analysis of Research Status and Development Trends at Home and Abroad 

The optimization of furnace temperature curve starts with temperature control, aiming at the domestic 
temperature tester. Due to its late start and low popularity, the test accuracy is the core objective at 
the beginning [8]. Later, with the solution of the basic problems, gradually put the energy on the 
instrument aesthetics and software function improvement. The market judgment and behavior of 
temperature tester manufacturers are different. Some focus on quality rather than weight, and their 
services are generally good, unless the problem is difficult to solve for a while, while others are just 
the opposite [9]. From the perspective of marketing, domestic temperature tester generally starts the 
market at a lower price. With the increase of users and the improvement of market recognition, its 
price system has a trend of increasing year by year. Due to its early start and high popularity, the sales 
of imported temperature tester in China is the primary goal of profit maximization at the beginning. 
Due to Chinese people's blind worship of imported temperature tester, its sales have been in an 
absolute dominant position for a long time. 

Back to welding furnace in the actual operation, it is made of three-dimensional space around the 
temperature diffusion, in the subject of research, integrated circuit board is placed on the conveyor 
belt, through the transmission device, uniform through each temperature zone, through the change of 
different temperature zones, the welding process, not considering the friction between PCB and 
conveyor belt, and don't consider the effect of air convection in this experiment, So we can simplify 
the model, omit the soldering furnace width and height of the two aspects of the effects on the 
temperature diffusion, simply analyze the temperature of the conveyor belt, thus we establish 



International Core Journal of Engineering Volume 8 Issue 10, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202210_8(10).0022

 

147 

temperature section model, linear relationship between conveyor belt, into some independent, and the 
one dimensional temperature related to the position of conveyor belt is space [10]. 

Soldering furnace back at work, the small zones can achieve stability in a short time, and in a stable 
system, the temperature range of the set temperature won't change, and the interval temperatures will 
reach a steady state, the adjacent zones under the same temperature, the approximate as without 
temperature difference between two zones, so the interval temperature can also be used as 
approximation with two temperature zone temperature is equal, Therefore, the number of 
backwelding furnace temperature zones can be simplified into 9 small temperature zones, which are: 
Pre-furnace area, 1-5 small temperature zone and between intervals, 5-6 small temperature zone 
between intervals, 6TH small temperature zone, 6-7 small temperature zone, 7TH small temperature 
zone, 7-8 small temperature zone between intervals, 8-9 small temperature zone, 9-10 small 
temperature zone, cooling zone and interval and behind the furnace area. The following minor 
temperature zones are the above 9 minor temperature zones [11]. 

 

 

Fig. 1 Temperature slice model diagram 

 

In Problem 1, the integrated circuit board is regarded as a particle, and its size and shape are not 
considered, but the influence of its movement track on the experiment is only considered. At the same 
time, the small temperature areas with different temperatures can be regarded as an independent 
whole [12-14], and the conveyor belt is divided into small enough areas according to the width of the 
welding area. The temperature of each region is the temperature of the circuit board welding region 
through this region, that is, the dynamic temperature distribution of the circuit board is simplified into 
the static temperature distribution [15]. 

According to Newton's cooling law, when there is a temperature difference between the surface of 
the object and its surroundings, the heat will spread from the side with high temperature to the side 
with low temperature. Thus, we can know the temperature conduction diagram of the welding furnace, 
as shown in the figure above. The red arrow represents the direction of heat conduction. 

Among them, the current mainstream direction of the optimization design of furnace temperature 
curve is to study the setting temperature of each small temperature zone in the back welding furnace 
and the influence of the speed of the conveyor belt on the quality of integrated circuit board welding 
products [16-17]. 

4. Research Content 

The research content of this paper is in the production process of integrated circuit board and other 
electronic products, let the welding furnace each part of the area to maintain the process requirements 
of the temperature, to ensure the production of products under the best conditions, the quality of 
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products plays a crucial role. In the actual production process, the quality of product production can 
be controlled by adjusting the setting temperature of each temperature zone and the speed of the 
conveyor belt to achieve the best production effect. Due TO THE INFLUENCE OF external factors 
and the electric plate itself, the furnace temperature curve should meet certain requirements in the 
circuit board welding production process of the back welding furnace, which is called the process 
limit (see Table 1). Under the condition that the process limit is guaranteed, the corresponding 
objective condition is satisfied, and finally the scheme that satisfies the condition is obtained. This 
project focuses on furnace temperature curve and conveyor belt speed in circuit board welding 
production of back welding furnace and how to adjust under different constraints. The difficulty of 
the research is to find the optimal furnace temperature curve which is as symmetrical as possible on 
both sides of a certain temperature, and the temperature set in each temperature zone and the speed 
of the conveyor belt passing through the furnace. In the research process, according to the 
mathematical physics method to establish the thermal conductivity differential equation model, and 
the use of energy conservation law, Fourier law theory and dynamic programming algorithm methods, 
with the help of MATLAB tools to solve the key and difficult points of the project. Fourier law and 
energy conservation law were used to establish the thermal conductivity differential equation model 
to obtain the central temperature, and the micro-element method, successive approximation method 
and dynamic programming model were used to obtain the optimal boiler speed. Finally, the grid 
search method and dynamic programming method were used to solve the optimal furnace temperature 
curve satisfying the conditions. 

 

Table 1. Process limits 

Line name The lowest The highest unit 

Slope of temperature rise 0 3 ºC/s 

Slope of temperature drop -3 0 ºC/s 

The time during which the temperature rises from 150ºC to 190ºC 60 120 s 

Time when the temperature is greater than 217ºC 40 90 s 

Peak temperature 240 250 ºC 

 

In this paper, firstly, the model is simplified from three dimensions to one dimension, and the 
temperature slice model is established. All regions are divided into two kinds of small temperature 
regions, which consider the gap and do not consider the gap. Then, according to Fourier law, Newton's 
cooling law and energy conservation law, the heat conduction equation is deduced, so as to establish 
the thermal conductivity differential equation model. Finally, the temperature distribution in the 
center of welding area is calculated by finite difference method every 0.5s, and the optimal furnace 
temperature curve is drawn. 

5. Theoretical and Practical Problems to Be Solved 

(1) Calculate the corresponding furnace temperature curve, and turn the numerical solution into the 
analytical solution. 

(2) When the temperature set value of each temperature zone and the speed of the conveyor belt 
passing through the furnace are known, the welding area at each time point is calculated. 

(3) Given the temperature set value of each temperature zone, the maximum speed of conveyor belt 
passing through the furnace can be calculated under the condition that the process limit is met. 

(4) Under the condition that the process limit is met, the temperature set value of each temperature 
zone and the speed of the conveyor belt passing through the furnace are determined for the practical 
problem that the objective function is to cover the minimum area from 217ºC to the peak temperature. 
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(5) Under the condition that the process limits are met, the objective function should be determined 
to minimize the area covered by the integrated temperature exceeding 217ºC to the peak in the actual 
problem, and should be as symmetrical as possible. At the same time, the temperature set value of 
each temperature zone and the speed of the conveyor belt passing through the furnace should be 
determined. 

6. Proposed Research Plan and Feasibility Analysis 

6.1 Proposed Research Protocol 

The thermal conductivity differential equation model is established by mathematical physics method, 
and the energy conservation law, Fourier law theory and dynamic programming algorithm are mainly 
used to discuss the furnace temperature curve and conveyor belt speed in circuit board welding 
production of back welding furnace, and how to adjust under different constraints. 

For the first problem to be solved, it is clearly defined as an unsteady heat conduction problem, and 
the thermal conductivity differential equation model is established by using Fourier law and energy 
conservation law. For the second problem to be solved, using the micro-element method and the 
successive approximation method, the furnace temperature curve satisfying the process limit is found 
in the range of the conveyor belt velocity, and the dynamic programming model is established to 
solve the problem. For the third problem to be solved, the greedy algorithm was used to calculate the 
model by adjusting the temperature range of the first four large temperature zones and the range value 
of the furnace speed, combined with the process limit, and the grid search method was used to solve 
the problem. The grid search method and dynamic programming method are mainly used to solve the 
optimal furnace temperature curve satisfying the conditions in the application research of practical 
problems 4 and 5. 

6.2 Feasibility Analysis 

Based on the widely used dynamic programming algorithm and differential equation method, this 
paper has a solid and reliable theoretical foundation in formula derivation, proof and theorem. On the 
basis of the original method, a new dynamic programming optimization algorithm is proposed, which 
is feasible. Combined with energy conservation law, Fourier law theory and dynamic programming 
algorithm, mathematical physics method is used to establish the model, so that the range of furnace 
temperature curve fits the actual value range. At the same time, a variety of widely used signal 
decomposition algorithms provide theoretical support for this study. 

In the model establishment, manual intervention is used in part of the data, and the model considers 
more realistic factors to make the model more realistic. 

7. Features and Innovations of This Paper 

(1) The measurement results of furnace temperature curve are converted from numerical values to 
analytical expressions, which greatly reduces the calculation amount and speeds up the solution speed. 

(2) In the case of meeting the process limits, can be based on the furnace speed, each temperature 
zone set value, welding zone center temperature changes with time and other different needs, using 
mathematical model, quickly develop the corresponding program to meet the welding conditions. 

(3) Dynamic programming is used to calculate the area and symmetry degree of a certain part of the 
furnace temperature curve, determine the objective function, and quickly solve the corresponding 
scheme. 

(4) Apply mathematical modeling knowledge to the production of reflow welding process. The 
feasibility and effectiveness of the model and algorithm under different parameters were tested by 
simulation with mathematical software. 
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8. Solution Results 

The parameters of different intervals are solved respectively, and the intervals are divided into: 
heating up and small temperature zone, heating up and small temperature zone, cooling down and 
small temperature zone, and cooling down compartment. The solved parameters are as follows: 

 

 

Table 2. Solution parameters 

 

 

Pk1 is the parameter of the heating small temperature zone, PK2 is the parameter of the cooling small 
temperature zone, PK3 is the parameter of the cooling small temperature zone, PK4 is the cooling 
room, and PK5 is the external air parameter. 

Using greedy algorithm, according to the constraints, and the objective function, and solve the 
minimum area. As shown in Figure 2: 

MATLAB is used to calculate the results, in which the minimum value of the objective function is: 
18.1*10^3. The temperature in the small temperature zone is 170ºC (small temperature zone 1-5), 
205ºC (small temperature zone 6), 245ºC (small temperature zone 7), and 265ºC (small temperature 
zone 8-9). The speed was 85.3cm/min. 

 

 

Fig. 2 Minimum area diagram 
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