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Abstract: - The work is devoted to the development of integrated thermostating subsystem of a high-precision 
system for measuring the thickness of hot metal rolling. The developed thermostatting subsystem includes active 
and passive modules, which ensured thermostability of the measuring modules at the level of 0.5 degrees in a hot 
metallurgical workshop. Thermal stabilization made it possible to ensure high accuracy in measuring the 
thickness of hot metal rolling in a hot metallurgical production workshop. 
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1 Introduction 
Systems measuring the thickness of hot metal 
rolling are designed to operate in hot metallurgical 
production [1-3]. The operating conditions of the 
measuring system are complicated by extremely 
severe temperature effects: the temperature drops in 
the hot shop can reach 80 degrees during the day. 
Moreover the temperature directly in the 
measurement zone, where measuring system is 
located, changes by several hundred degrees within 
a minute. 

The stability of the triangulation meter depends 
on the distance between the radiation source and 
receiver. In the case of temperature fluctuations of 
the entire measuring system, due to thermal 
expansion, the distances between the optical 
elements of the triangulation sensor will change in 
accordance with the law of linear thermal 
expansion: 

 
)1(0 Tll     (1) 

 
As a result, fluctuations in the indications of the 

measuring system will be observed. Thus, for the 
precision operation of triangulation methods in hot 
metallurgy, it is necessary to ensure the temperature 
stability of the measuring system at the required 
high level. 

To reduce the measurement error of 
optoelectronic systems, passive temperature 
stabilization methods are used [4-5] to deal with 
thermal influences (algorithmic thermal 
compensation, thermal shunting of elements, design 
improvements, etc.). However, in the most difficult 

operating conditions, only passive methods are not 
enough [6-7]. In these cases, active methods are 
used, consisting in the creation of single- or multi-
circuit reversible thermal control systems [8-10]. 

In this paper, an integrated approach to the 
thermal stabilization of the measuring system in the 
conditions of hot metallurgical work is proposed. 
The developed thermal stabilization subsystem 
includes active and passive thermostabilizing 
modules, which ensure the temperature stability of 
optical measuring elements with high accuracy. 
 
 

2 Method description 
To ensure the required metrological characteristics 
of the measuring system, a thermostating subsystem 
was created to provide stabilization of the 
temperature of the measuring system. The 
thermostating subsystem includes passive and active 
modules, which provide reduction of heat transfer 
between the environment and triangulation modules 
of the measuring system and stabilization of the 
temperature of the measuring system during 
operation. 

The passive thermostat subsystem module 
provides thermal insulation of the measuring system 
and reduces heat transfer between the measuring 
modules and the environment [11-13]. The scheme 
of operation of the passive module is shown in Fig. 
1. The system measures the thickness of the hot 
metal rolling 1 using optical modules 2 located in 
the upper and lower parts of the measuring system. 
It consists of a heat-insulating case 3, a protective 
case 4, a forced air circulation unit 5. The heat-
insulating case has a reduced thermal conductivity 
and protects the optical modules from radiation and 
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convective heating. The temperature of the optical 
modules and the isothermal base is stabilized by a 
liquid thermostat 6 of the active thermal 
stabilization subsystem. The protective cover 
protects the measuring system from heating through 
radiation from the surface of the hot metal. Forced 
air circulation in the channel between the protective 
and heat-insulating cases provides a significant 
reduction in convective heat exchange between the 
protective and heat-insulating cases due to air 
circulation with a temperature equal to the average 
temperature in the room. 
 

 

Fig.1. Functional diagram of the thermal stabilization 
subsystem. 

The main function of the active module of the 
thermal stabilization subsystem of the measuring 
system is to ensure a constant temperature of the 
measuring system during its operation. The main 
functional unit is an active liquid thermostat. 
Temperature stabilization is achieved by continuous 
circulation of the liquid coolant with given 
temperature through the heat exchange circuit of the 
meter. The coolant temperature is maintained at a 
given level using an external thermostat operating 
according to the algorithm of the proportional-
integral-differential controller (PID controller) [14-
16]. The equation of operation of the PID controller: 
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where U(t) is the regulatory action, e(t) is the 
mismatch (regulation error), pK , IK , DK  are 

constant coefficients, t is time. The difference 

scheme for the implementation of equation (2) is as 
follows: 
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where 
kU  - regulatory action at the k-th step, Δt is 

the time between two consecutive steps, ke  is the 

mismatch at the k-th step, k
PS , k

IS , k
DS  are the 

proportional, integral and differential terms, 
respectively. 

 

Fig. 2. The scheme of the regulation algorithm 

The algorithm is implemented as shown on Fig. 
2. The temperature sensors inT  and outT  are taken 

from the control object. The user sets the required 
temperature of the thermostat. The values of 1T  

and 2T  are fed to the controller input: 

inout TTT  1 ,  (7) 

inet TTT  2 .  (8) 

These values are interpreted as spatial gradient 
inside the thermostat and the mismatch of the 
current and set temperatures. The temperature 
controller, taking into account the magnitude of the 
spatial gradient (comparing it with the permissible 
error), calculates the regulatory effect according to 
the formula (2). Thus, the effect of the regulator on 
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the object comes down to the fact that 01 T  and 

02 T : 

kkk TTe 21  .  (9) 

This approach ensures the correct operation of the 
regulator both in heating and cooling mode. If it is 
necessary to heat the circuit, than U(t)> 0 and the 
thermostat turns on the heating power. If cooling is 
necessary, than U(t)<0 and the controller opens the 
cooling circuit tap. As a result, the controller 
operates correctly in heating and cooling mode. 

 
 

3 Practical implementation 

The comprehensive temperature control system 
layout and connection scheme are shown on figure 
3. 

 

Fig.3. The system layout and connection scheme of 
the thermostat. 

The comprehensive temperature control (T1) and 
thickness measurer (M1) are independent systems 
that are connected through the coolant circuit. The 
coolant circuit is closed by flexible hoses through 
the coupling connectors located in the switchboards 
(C1) and (C3). The controls and indicators for 
operating the thermostat are located in the 
distribution panel (C2). 

 

 

 

Fig.4. Thermostat in the measuring system. 

The comprehensive temperature control is 
equipped with a heating and cooling module for the 
circulating coolant. The heat carrier is heated using 
a dual thermocouple with a total power of 4 kW. 
Cooling is carried out using an insulated flow-
through heat exchanger of cold water, built into the 
accumulator tank of the comprehensive temperature 
control system. The hydraulic circuit of the 
comprehensive temperature control system is shown 
in fig. 6. 

 

Fig.5. Основные узлы термостата. 
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The comprehensive temperature control system 
operating modes are controlled using a 
programmable controller located inside the system 
box. The following comprehensive temperature 
control system components are connected to the 
controller: circulation pump (P1), flow switch 
(RF1), coolant temperature sensor (T2), flow cold 
water temperature sensor (T3), cold water flow 
controller (CTRL1), electric heaters (H1) and ( H2). 

 

Fig.6. Hydraulic circuit of the thermostat. 

The circulation pump (P1) maintains constant 
circulation of the coolant. The pump has an 
integrated flow switch (RF1) to protect against 
improper operation. 

Heating of the heat carrier is carried out using 
electric heaters (H1) and (H2), the chains of which 
are connected through protective temperature 
switches. The protective switches (S1) and (S2) are 
designed for emergency shutdown of heaters when 
the case of the storage tank overheats above 80°C. 

The coolant is cooled by cold water flow with 
rate regulated by an electronically controller 
(CTRL1). The cold water circuit is connected via 
connections (I3) and (I4) located in the switchboard 
(C1). 

The expansion tank (V1) and the safety valve 
(CL1) provide compensation and protection during 
temperature expansion of the coolant and storage 
tank. A pressure gauge (T1) is used to control 
overpressure. The storage tank is replenished 
through the inlet of the stopcock (B3). Visual 
adjustment of the filling level, according to the 
liquid column in the tap channel (B3). Shut-off 
valves (B1), (B2), (B4) are normally open, the 
closed state is used when servicing the temperature 
control system. The valve (B3) is normally closed; 
the open state is used when servicing the 
comprehensive temperature control system. 

The thermostat controller provides reliable 
continuous operation of the measuring system. The 
passive part of the thermostabilizing subsystem 
reduces and smoothes out the peak temperature 
effects on the measuring system, both by abrupt 

heating (during measurement of the thickness of hot 
metal, which has a temperature up to 1000 degrees 
and is in close proximity to the measuring system), 
and during cooling (when opening gate to the 
workshop in winter time). The test results in the 
conditions of the metallurgical workshop 
demonstrate the operability and reliability of the 
applied methods of comprehensive temperature 
control. 

 

 

Fig7. Dynamics of the temperature of the measuring 
system at the rolling mill in the hot rolling workshop for 
16 days (green line indicate the time of the shop work). 

Fig. 7 presents the results of testing the thermal 
stabilization subsystem in the hot-rolled shop for 16 
days. It has been established that the thermal 
stabilization subsystem provides the temperature 
stability of the optical modules of the measuring 
system at the level of 0.5 degrees. 

 
 

4 Conclusion 

The developed and implemented comprehensive 
temperature control provides stabilization of the 
temperature of optical measuring modules of 
thickness measurement system of hot metal rolling 
at the level of 0.5 degrees. Such thermal 
stabilization made it possible to ensure high 
accuracy in measuring the thickness of hot metal 
rolling in a hot metallurgical production workshop. 

The developed comprehensive temperature 
control as part of system for measuring the thickness 
of hot metal rolling successfully operates in a hot 
metallurgical workshop at the Novosibirsk 
Metallurgical Plant named Kuzmina and provides an 
error in measuring the thickness of hot metal rolling 
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at a level of 10⁻ ⁵  from the measuring base. 
The theoretical part of the work was supported by 

state state contract of the IT SB RAS. The 
development and implementation of the hydraulic 
part of the themperature control system was 
supported by grant MD 1767.2020.8. The 
thermostat control module was developed with 
support of Russian Fund of Fundamental Researches 
(project 18-08-00910). 
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