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Abstract 

The numerous advantages of thermoelectric systems based on Peltier modules 

(TEM) determine the high prospects for their applications when traditional 

compressor cooling systems are ineffective (radioelectronic, aerocosmic, med-

ical, industrial equipment, etc.). It is shown that to improve the characteristics 

of climate control systems based on TEM, it is promising to analyze the fre-

quency characteristics of the system for influences applied to various points of 

the system. A block diagram of a two-channel climate control system based on 

TEM has been developed according to the principle of combined control, 

which allows to achieve both a high speed of temperature transients and high 

interference suppression. Based on the transfer functions for three impacts, the 

amplitude-frequency and phase-frequency characteristics of the system of dif-

ferent orders and with different inertial properties are obtained. Analytical ex-

pressions and graphs of the frequency characteristics of the system for various 

types and orders of the filter in the control circuit are shown. The results of the 

analysis can be used to optimize the dynamic properties of the system under 

the influence of interference with different spectral characteristics. 

Keywords: thermoelectrics, Peltier effect, thermoelectric modules, transfer 

function, frequency response. 
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Introduction 

Recently, there has been a great interest in thermoelectric energy conversion, and the 

production of thermoelectric equipment is actively developing all over the world. 

Thus, in recent years, the average increase in the global production of thermoelectric 

modules (TEM) and thermoelectric devices for various purposes is about 14-15% [1-

3], and the projected growth until 2027 is 11.7 % [4]. 

Thermoelectric energy converters have many advantages over traditional compressor 

cooling systems. In particular, they allow to provide not only cooling, but also heat-

ing, by simply switching the polarity of the applied voltage. Due to the absence of 

moving parts, they have high reliability and low sensitivity to mechanical loads, 

which allows them to be used on mobile objects for radio-electronic, aerospace, medi-

cal, industrial and household appliances [5-13]. To achieve a high accuracy of tem-

perature control and the possibility of temperature control by changing the power 

supply current, it is necessary to develop an effective TEM control system [14-15]. 

Liu et al. [16] presented theoretical and experimental studies of a new solar thermoe-

lectric air conditioner with hot water supply. It follows from this study that the heat 

transfer coefficient of the system can be about 2.59 in the cooling mode and 3.01 in 

the heating mode. Yazeed-Alomair et al [17] studied the use of thermoelectric mod-

ules for cooling water via a solar-thermoelectric liquid cooling system consisting of 

an array of six thermoelectric modules. 

Aboelmaaref et al. [18] determined the best standards of the solar energy with techno-

logical cooling and air conditioning systems, such as thermoelectric and thermoelec-

tronic, for use in large-scale facilities, since its productivity has reached at least 30%, 

which is very promising, primarily in hot climate. A thermoelectric air conditioner 

was designed and built, which can be used for personal cooling and heating. Four fuel 

and energy systems were used to achieve cooling using a DC power source via an ex-

ternal power source. According to the results of the assessment, the thermoelectric 

power was 430 W and cooling capacity 2.6. The efficiency of thermoelectric and 

thermal emission characteristics can be improved by optimizing heat exchange and 

improving the configuration of products in thermoelectric and thermal emission sys-

tems, which makes it easier to use thermoelectric and thermal emission systems for 

their use in refrigeration and air conditioning in remote areas. 

Despite the wide scope of application of TEM-based systems and their obvious ad-

vantages, there is currently a limited number of works devoted to the study of their 

quality indicators. Thus, in [19-21], the identification of thermoelectric systems is per-

formed based on the analysis of transient processes. The possibility of diagnosing 

TEM malfunctions based on the analysis of their dynamic characteristics is also inves-

tigated [22-23]. The analysis and synthesis of thermoelectric systems by the methods 

of the theory of automatic control is carried out [24-26]. Thus, in the work [26], a 

method for synthesizing a temperature controller was developed. An abrupt and trape-

zoidal temperature profile is considered as an input effect. The calculation of the tem-

perature indicator is based on the application of the motion separation method. The 

results of numerical simulation of the temperature control system are presented. The 
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proposed temperature control system for the Peltier element has high accuracy, which 

makes it possible to use in the thermogenerators on biophysical objects. 

To improve the characteristics of climate control systems based on TEM, it is promis-

ing to analyze the frequency characteristics of the system for impacts applied to vari-

ous units. The results of the analysis can be used to optimize the dynamic properties 

of the system under the interference with different spectral characteristics. 

The aim of the work is to develop and apply a methodology for modeling the frequen-

cy characteristics of a climate control system based on thermoelectric Peltier modules. 

 

Block diagram of the climate control system based on TEM 

An example of a block diagram of a climate control system based on TEM is present-

ed in Fig. 1. The features of this scheme in comparison with the known solutions are 

the presence of two temperature control channels, as well as the application of the 

combined control principle [27-30], which allows both a high speed of temperature 

transients and high interference suppression. 

The diagram shows: TC1, 2–temperature control devices, TEM–termoelectric Peltier 

module, TD1,2–temperature detectors (sensors), Comp1,2–inertia compensators, 

WD–weight distributor (adder with variable weight coefficients), F and Amp – filter 

and amplifier; εTC1, εTC2 and interference εTEM – factors affecting the corresponding 

blocks. The effects of εTC1, εTC2 are determined by changes of the desired temperature 

at two points of the device, the output of the system is the temperature of a point 

source of heat or cold. 

 

Fig. 1- Block diagram of a two-channel climate control system based on TEM with 

combined control 

 

Transfer functions of the TEM-based climate control system 

Let's denote the system parameters: nAmp – the gain of the Amp, M(p) – the transfer 

function of the filter, K with different lower indices-the transfer functions of the other 

blocks, p=d/dt – the operator. 
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Taking into account the above designations, the transfer functions of the system take 

the form 
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The transfer functions fully describe the dynamic and selective properties of the cli-

mate control system at the linear mode. The transmission coefficient of the ventilation 

system connected at the TEM output can be easily taken into account in the TEM 

transfer function. 

To normalize the transfer functions, we assume KTC1 = KTC2 = KTEM =1. Then, based 

on (1), the generalized transfer function for any of three influences effects takes the 

form 
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where qX , ζX are the coefficients of a specific transfer function, NC – generalyzed con-

trol coefficient. 

The frequency characteristics of the system are determined by the selective properties 

of the inertial links, which can be taken into account in the transfer function of the 

filter F, as well as in the coefficients of the formula (2). For arbitrary filter configura-

tions, its transfer coefficient is conveniently represented by a fractional-rational func-

tion 
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where Ψ is the order of the filter, i and i are the coefficients of the filter polynomi-

als. 

We substitute (3) into (2) and after the transformation obtain a generalized transfer 

function of the system with an arbitrary filter 
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We replace p  j , and then the ratio (4) turns into a complex fraction. We denote 

the real (Re) and imaginary (Im) components by the lower indices R and I. The ex-
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pressions for the amplitude and phase frequency response characteristics (AFC and 

PFC) of the device are written as 
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where   IRCXIRXIRX ANBq ,,,
)()(   and   IRCIRIRX ANB ,,,

)()(  

are the components of the numerator and denominator. 

Taking into account the coefficients of the filter polynomials, the real and imaginary 

components of the transfer functions of the filter and the system as a whole take the 

form 
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In expressions (6) the symbol    
denotes the truncation to the nearest integer.  

The analytical calculation of the frequency characteristics of the system can be per-
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formed by the expression (5) by directly substituting the filter polynomials  IRA , , 

)(, IRB  or their coefficients i and i  into the system polynomials )(
,


IRX  and 

)(
,


IRX . 

To suppress interference with different spectrum shapes, the system requires a filter 

with a complex selectivity characteristic. It can be represented by a cascade connec-

tion of various types of links. Filter transfer function 
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where mi is the proportionality coefficient of the i-th link: mi = 0 for the low-pass fil-

ter (LPF) and mi = 0...1 for the proportional-integrating filter (PIF); Ti is the time con-

stant of the link number i, taking into account the influence of other links, the filter 

link type parameter 
iF =1 for the LPF link, 

iF =0 for the high-pass filter link 

(HPF). For brevity we denote 
iF = ζ (all filter links are of the same type). 

We express the time constants Ti in terms of the time constant of the first link: T1=T, 

T2=λT, T3=γT, and T4=ηT, where λ, γ, and η are the coefficients. Taking into account 

the accepted designations, the expressions for the coefficients and polynomials of the 

filter up to the 4th order take the form shown in Table 1, here T̂  is the normal-

ized frequency. 

As follows from (4) and (5), the filter coefficients βi and the filter polynomials 

)(, IRB
 

are determined by the table expressions by substitution 
iF =ζ=1 and 

mi=m=1. 

Table 1- Coefficients and polynomials of the filter of the 1st-4th orders of the climate 

control system based on TEM 
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Frequency characteristics of the TEM-based climate control system 

The frequency characteristics of the system are obtained by substituting tabular coef-

ficients or polynomials in (6) and then in (5). Further, in the filter name, its order will 

be denoted by a digit after the filter name (for example, PIF1). 

So, the frequency characteristics of the system with PIF1   
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Simulation results 

Graphs of the frequency characteristics of a system with different types of filters un-

der influence εTC2 are shown in Fig. 2, 3, and 4. Influence parameters are 

1)(

2  
TCX qq , filter coefficients are λ=3, γ=2, η=1. 

 

Fig. 2 – Amplitude-frequency (a) and phase-frequency (b) characteristics of the cli-

mate control system with low-pass filters of the 1st-4th orders 
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For a device with LF3 (Fig. 3), the static compensation error )0()(
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decreases with 

increasing NC, the nonlinearity of the AFC and PFC increases, the extremum of AFC 

shifts to the left and increases, reaching a maximum at NC =10. 

 

Fig. 3- Amplitude-frequency (a) and phase-frequency (b) characteristics of a climate 

control system with a 3rd order low-pass filter for various gain coefficients NC 
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Fig. 4- Amplitude-frequency (a) and phase-frequency (b) characteristics of a climate 

control system with a 3rd order PIF for various proportionality coefficients m 
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tric modules (TEM). A climate control system based on TEM and the principle of 

combined control with improved dynamic and noise-resistant properties compared to 
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ture change and reduce the influence of destabilizing factors. 
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