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Abstract. Tension control is a wide used technology in areas such as textiles, paper and plastic 

films. In this article, the tension control system release and winding process is analyzed and the 

mathematical model of tension control system is established, and a high performance tension 

controller is designed. In hardware design, STM32F130 single chip microcomputer is used as 

the control core, which has the characteristics of fast running speed and rich peripheral features. 

In software design, μC/OS-II operating system is introduced to improve the efficiency of single 

chip microcomputer, and enhance the independence of each module, and make development 

and maintenance more convenient. The taper tension control is adopted in the winding part, 

which can effectively solve the problem of rolling shrinkage. The results show that the tension 

controller has the characteristics of simple structure, easy operation and stable performance. 

1.  Introduction 

Tension control is a kind of control technique that the tension can change according to the requirement 

during winding. Early development in our country, the light industry enterprises mostly belongs to the 

labor-intensive enterprises. These enterprises have low technology content, and the production is 

basically done by hand. People don't attach importance to the development of factory automation. 

Under this big background, the tension control industry is a major industry in light industry, and 

development is particularly difficult. With China's leap-forward development, market demand and 

quality requirements for all kinds of coil products continuously improve, the traditional production 

mode have already can't satisfy people's demand, forcing enterprises to develop in the direction of 

more efficient and reliable automation. Therefore, the tension control technique has been greatly 

improved. Nowadays, tension control technology has been widely used in all walks of life and plays 

an important role, such as fiber, printing, packaging, wire, plastic film, textile and other industries. 

Now there are various types of manual or automatic tension controller, among them, the manual 

controller is simpler, single function, automatic tension controller function is more, but the low control 

precision, response speed is slow, some products even use 51 single chip microcomputer hardware 

platform, this product not only increase the hardware cost, but also greatly reduced the speed and 

reliability of products. In this paper, a multi-function tension controller is designed to combine the 

manual automatic functions, which can be changed seamlessly, adding more functions and reducing 

the difficulty of operation. 

2.  Tension control system 

2.1.  Introduction to tension control system 
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Tension control system plays an important role in the whole production line, in addition to people 

familiar with the roll tension control, release and rectifying control, intermediate control, some even 

use floating roll control. The tension controller designed in this paper is mainly used for rewinding, 

and also controled the intermediate tension. The schematic diagram is shown in figure 1. 
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Figure 1. The tension control block diagram of production line. 

In this paper, the constant tension control mode is used in the volume part of the tension controller, 

and the winding may use the constant tension control mode, and also may use the variable tension 

control mode. By measuring the speed of the spindle motor, the volume diameter of the roll can be 

calculated and the roll speed of the current volume is calculated, so that the operator can monitor the 

production line in time. Need to synchronize the middle section of the motor, i.e., production line at 

runtime, synchronous tension controller to make the motor in the middle with the same speed, and 

then to control the tension on the coil. In addition, the roller control can achieve good results under 

suitable conditions. If they are mixed, the effect is better. 

2.2.  Mathematical model of tension control system 

The tension is produced by the combination of the release volume and the drive motor. The tension 

control mode has the torque and speed modes. Two kinds of control mode difference lies in the 

different of the actuator. The actuators of torque control are generally magneto-powder motor or 

torque motor driven by actuators, while the actuators of speed control are generally controlled by 

inverters. 

In this paper, the roller adopts torque control, and the driving roller adopts speed control. The roller 

connects the magnetic powder brake, the drive roller connects the asynchronous motor, the brake 

moment produced by the magnetic powder brake is determined by the tension controller, and the speed 

of the asynchronous motor is set by the frequency converter. The torque control method maintains the 

tension of the coil. The speed control method is convenient to control the speed of the volume. This 

combination can achieve better control effect. 

2.2.1.  The part of unwinding. The roller adopts torque control mode, and the speed control mode is 

adopted for the feeding motor, as shown in figure 2. The control signal of the magnetic powder brake 

is the current of 0~4A. The larger the current, the greater the braking torque. If the volume is expected 

to speed  v , motor angular velocity as the  , driven roller radius r , the driven roller speed for n , a 

logarithm of asynchronous motor for p , the inverter output voltage of fU , inverter external 0~10V 

analog voltage signal U , U  is proportional to the fU , proportion coefficient is k , asynchronous 

motor slip into s . There is a following relationship. 

 UkU f   (1) 
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Substitute formula (1) and (2) into (3) equation: 
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The relation between linear velocity and angular velocity is: 

 rv   (5) 

Substitute formula (4) into (5) equation: 
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Figure 2 The part of unwinding. 

It can be seen from (6) that r, k and p are all fixed values. When the slip rate s is certain, the speed 

of the coil is directly proportional to the analog voltage input of the frequency converter. The analog 

voltage input of inverter can be given by PLC to adjust the winding speed of the production line. The 

winding speed can also be adjusted by the tension controller, such as the need to control the 

intermediate shaft tension, and the tension controller can be used to control the tension in this section 

with the speed mode. The control output range of the controller is 0-10V, which can be connected 

directly with the converter to adjust the motor speed. 

2.2.2.  The part of winding. The winding method of winding motor is mainly divided into constant 

tension control mode and variable tension control mode. The constant tension control way is that coil 

tension keeps constant when coiling. And variable tension control way have some curve changes in the 

process of coiling tension, which is also called the taper tension control mode. The control of winding 

tension and roll control are slightly different. In the rolling part, the radius of the drum and the 

moment of inertia are decreasing, while the winding part is the opposite, the radius of the drum and the 

moment of inertia are increasing. Due to these differences, the tension and volume of the roll are 

different. 

The magnetic powder clutch is used as the actuator. According to the characteristics of magnetic 

powder clutch, the higher the excitation current of the magnetic powder motor, the greater the moving 

torque is obtained. According to 

 RFT   (7) 

Obviously, as time goes on, the winding radius will gradually increase. In order to keep the tension 

constant, the torque must be compensated, and the amount of compensation is determined by the 

magnitude of the excitation current in the magnetic powder clutch. The current is directly proportional 
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to the transmission torque. The constant tension control can cause incisions in the wound, which can 

then form the chrysanthemum-like folds along the edge of the drum. To avoid this, when the radius 

increases, the tension should be reduced. Then taper control should be adopted, which is to calculate 

the output value of the current controller based on the current volume diameter and the taper 

coefficient of the set. 

Main axis

Tension sensor

Press roll

Photocell eye

Proximity switch

Tension controller 

Magnetic powder 

clutch

Cutter

Correction controller Push cylinder

Collect drum

 

Figure 3. The part of winding. 

3.  Tension control system 

Tension controller hardware mainly include single chip microcomputer minimum system module, 

power supply module, sensor input module, the output voltage control module, power amplification 

module, control input interface, the interface of speed, communication interface, the standard power 

supply interface, buttons, display, alarm, etc. The structure block diagram is shown in figure 4, and the 

content in the brackets indicates the terminal. 
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Figure 4. Hardware block diagram of tension controller. 

Tension controller hardware circuit includes sampling circuit, the output voltage circuit, power 

amplifier circuit, speed measurement circuit, key circuit, power circuit and single chip microcomputer 

minimum system circuit, etc. 

3.1.  Sampling circuit 

The sampling signal of the sampling circuit comes from the tension sensor. The sampling signal is 

small, and there are various interference signals in the circuit. Most of these interference signals are 

common mode interference, so the sampling circuit needs to amplify the signal as well as suppress the 

common mode interference. This design adopts the amplifier, which can achieve differential 

amplification, which can effectively suppress the common mode interference, and can easily change 

the magnification multiple, as shown in figure 5. 

3.2.  Voltage output circuit 

The connection mechanism of the voltage output circuit is the torque motor or frequency converter. 

The output voltage is 0-10V, and the ripple should be less than 100mV. The specific implementation 

circuit is shown in figure 6. 
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3.3.  Power amplifier circuit 

The power amplifier circuit has A and B two channels, and the two circuits are connected with the 

terminals PA and PB respectively. Terminal is generally connected with magnetic powder clutch or 

magnetic powder brake. In the two axes of A and B, one is the working axis, the other is the 

preparatory axis. The rated voltage of the working shaft is 4A and the output is PWM waveform. The 

circuit of the channel is shown in figure 8. 
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(a) The instrument amplifies the circuit. 
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(b) Reference voltage generation circuit.

Figure 5. Sampling circuit. 
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Figure 6. Voltage output circuit. 
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Figure 7. Speed measuring circuit. 
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Figure 8. Power amplifier circuit. 

3.4.  Speed measuring circuit 

Speed measuring circuit and key circuit voltage waveform is square wave, so the two circuits are the 

same, but the difference of different voltage frequency. The speed measurement circuit has a much 

higher voltage frequency than the key circuit. Therefore, the speed circuit usually adopts high - speed 

optical coupling, and the key circuit adopts ordinary optical coupling. The speed circuit is shown in 

figure 8. 

3.5.  The power supply circuit  
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In switching power supply, when the switch tube in conduction or disconnected, current and voltage 

waveform overlap area, the area will produce power loss, especially in high frequency, the power loss 

is bigger, and the switch tube heating. This paper adopts the LLC resonant power supply, and its MOS 

switching tube can realize ZVS, and the diode can realize ZCS, which can achieve high conversion 

efficiency. In the design, the power supply is divided into rectifying filter circuit, LLC resonant circuit 

and feedback adjusting circuit. Some will increase the power supply overload protection circuit. 

3.6.  Single chip microcomputer minimum system circuit 

The STM32F103 single-chip microcomputer is used in the minimum system circuit of the single chip 

microcomputer. The microcontroller low prices, fast speed, its rich peripherals, not only reduce the 

peripheral hardware construction and reduces the cost, but also makes the reliability of the circuit is 

greatly improved, widely used in industrial control field. 

4.  Software design of tension controller 

The main basis of tension controller software design is the mathematical model of tension control 

system and the hardware basis of tension controller. The parameter initial value is set according to the 

actual experience. It can be adjusted only slightly, the tension controller can work normally. Software 

design is based on the μC/OS-II operating system. 

Tension calculation process for the algorithm design of a key, mainly including sampling, tension 

calculation, zero calibration process, and the corresponding procedures for startup tasks, sampling task, 

tension computing tasks, zero calibration tasks. 

The process function of the process module is prepared according to the process flow of the site, 

and its function flow chart is shown in figure 9. When the power is switched on, the tension controller 

is in the preparation state, and there is only a small output, and the output is adjustable. The output is 

called the weak magnetic output. When the speed exceeds preset or terminal start switch is connected 

to the power of 24 volt, tension controller will enter a state of start, and the output value of a relatively 

large, maintain output after a period of time, the controller automatically jump into tracking status. 

When the spindle speed drops to 0.8 times the preset speed or the power supply is cut off, the tension 

controller will exit the tracking state and go to the stop state. After the shutdown time is over, the 

controller will be back to the preparatory state, the process will end and the process will be repeated. 
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Figure 9. Process flow diagram. 
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5.  Conclusion 

In this paper, a high performance tension controller is designed based on the process of winding and 

roll. The tension controller roller adopts torque control and the drive roller adopts speed control. 

Torque control can keep the tension constant of the volume, and the speed control can control the 

winding speed of the coil. Taper tension control is added to the winding part, and the taper tension 

control can effectively solve the problem of incisions. In the design of hardware circuit, STM32F103 

single chip is used as its control core, which has the characteristics of fast running speed and rich 

peripheral setting. In software design, μC/OS-II operating system is introduced to improve the 

efficiency of single chip microcomputer, enhance the independence of each module, and make 

development and maintenance more convenient. 
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