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EQUIPMENT FOR DETERMINING THE PARAMETERS
OF GENERATOR THERMOELECTRIC MODULES

The results of development of the design of automated equipment for determining the parameters of generator
thermoelectric modules are presented. The equipment was created on the basis of the absolute method, which
allows measuring the parameters of the modules in real conditions of their operation, instrumentally
minimizing the main sources of measurement errors, as well as determining the thermoelectric properties of
the materials in the composition of these modules. The measurement control unit is built on the basis of a
multi-channel analog-to-digital converter. Processing and display of measurement results are carried out
using a computer, the results are displayed in the form of graphs and tables.

Key words: thermoelectric module, generation of electrical energy, electrical conductivity, thermoEMF,

thermal conductivity, thermoelectric material, automation, computerization.

Introduction

General characterization of the problem.

Quality control of thermoelectric generator modules plays an important role in the development of
these modules and the creation of thermoelectric generators based on them. This control is carried out by
measuring the parameters of the modules - electric power and efficiency, as well as their dependence on
temperature [1]. One of the best measurement methods in this case is the absolute method [2, 3], which
allows measurements to be made in real conditions of module operation and provides the possibility of
instrumental minimization of the main sources of measurement errors.

In addition, the absolute method makes it possible to obtain additional information about the
properties of the material in the module - thermoEMF, electrical conductivity and thermal conductivity of a
pair of thermoelectric circuits [4, 5]. This information is useful for optimizing the material for specific
module applications in thermoelectric generators of various types, as well as for improving the design of
the modules themselves.

The purpose of this work is to develop the design of equipment for determining the parameters of
generator thermoelectric modules, as well as the properties of the thermoelectric material in the
composition of these modules.
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1. Description of the measurement technique

The diagram of the absolute method for determining the parameters of generator thermoelectric
modules is shown in Fig. 1. The module is placed between two heat-levelling plates, which in turn are
located between the electric heater and the heat meter. The heat meter contacts the thermostat with its other
side.

Using an electric heater, a given temperature difference is created on the module and the EMF Ergy,
which occurs at the module terminals, is measured. After this, a matched electrical load is connected to the
module terminals, at which the voltage at the module terminals becomes equal to half the EMF. The values
of the electric current /7gy passing through the module, the voltage at its terminals Utgm are measured, and
the heat flow O; removed from the cold side of the module to the thermostat is determined using a heat
meter. The electric power of the module P and its efficiency n are determined using the formulae

P= ITEM 'UTEM , (1)
n= P
Ql + By ) Q)

where I7ey and Urey are current and voltage of module, Qi is heat flow removed from the cold side of
module and determined with the aid of a heat meter.
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Fig. 1 — Absolute method of measuring the parameters of thermoelectric generator modules:
1 — thermostat, 2 — heat meter, 3, 5 — heat levelling plates; 4 — module under study, 6 — heater;,
8 —clamp; 10, 11 —thermocouples.

To find the properties of the thermoelectric material in the modules, the method described in detail in [5]
was used. The average values of electrical conductivity, thermoEMF, thermal conductivity and the figure of merit
of the material of the legs of the thermoelectric module are determined by the formulae
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where Ry is module resistance measured with alternating current; a; X b; is cross-section of legs; 4, is leg height;
N is the number of pairs; £ is module EMF; AT is temperature difference between the thermocouples located on
the heat-levelling plates between which the module under study is located; Q is heat flow through the module; K
- K; are correction factors for reducing the magnitude of measurement errors, calculated for a given module
design and measuring equipment or determined experimentally.

2. Description of the design of measuring equipment

The equipment for determining the parameters of the generator thermoelectric module consists of a
module holder, an electronic measuring unit and a thermoregulation unit, an electric power supply unit, and
hydraulic armature for connecting the holder to water cooling line.

The equipment is computerized to eliminate possible subjective errors and increase the accuracy and
speed of measurements. The measurement automation system is built on the basis of a 4-channel analog-to-
digital converter (ADC) with differential inputs, the range of measured voltages of which is + (5 uV —
2.5 V). The differential inputs of the ADC make it possible to carry out high-precision measurements of
voltages in electrical circuits of various units, which may have different power sources.

The appearance of the measurement automation system is shown in Fig. 2.

Fig. 2. Appearance of the automation system for measuring parameters of thermoelectric
generator modules.

The developed control system is universal. Depending on the selected measurement algorithm, the
heat flow can be determined both by the heat meter and by the power of the reference heater, with
compensation for heat losses by the screen heater. This allows implementing different algorithms for
measuring module parameters.

The generator module holder is a mechanical structure in which the generator module under study is
placed. The holder ensures the transfer of thermal power through the module and the removal of the
generated electric voltage from the module. The transfer of thermal energy through the module is
performed using two heat exchange units: a heating unit and a heat removal unit. The appearance of the
generator module holder is shown in Fig. 3.

The heating unit has the main reference heater of the hot side of the generator module and
temperature and heat flow control elements: thermocouples, protective and screen auxiliary heaters and an
air cooler.
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The heat removal unit on the cold side of the module has a main water heat exchanger and
temperature and heat flow control elements: thermocouples, heat meter, auxiliary heaters and air cooler.

To increase measurement accuracy and versatility, heat exchange units have replaceable elements
that are designed for specific module sizes and can be easily changed.

Fig. 3. Design of the generator module holder: 1 — heating unit;
2 — generator module; 3 — heat removal unit;
4 — electrical terminal block; 5 — supporting steel frame, 6 — lever-spring clamping mechanism;
7 — jack-screw mechanism for moving the heat exchanger, 8 — hydraulic armature.

The heat exchange units have sliding bearings, with the help of which they can move up and down
along two steel racks fixed on the base of the steel frame. The heat exchange units have working platforms
between which the generator module is clamped during measurement. The centers of the working
platforms are coaxial.

The heating unit is fixed in the upper part of the racks of the frame, and the heat removal unit on the
same racks is located below and can be moved up and down with the help of a jack-type screw mechanism.
Even higher, above the heating block on the racks, a generator module clamping device is fixed between
the working platforms of the heat exchange blocks. The clamping force is fixed using a lever-spring
method, and is set using a jack mechanism. A standard dynamometer is used as a spring.

An electrical terminal block is attached to the heat sink unit for connecting the outputs of the
generator module. The terminal block is electrically connected to the electronic load unit with a cable.

The source of thermal power for the generator module in the device is a heating block. The basis of
the design of the heating block is an aluminum finned radiator, to which all its components are attached:
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moving elements, clamping elements and a replaceable heater unit. For different sizes of generator
modules, proportionate heating elements are provided. The structure of the heating block is shown in
Fig. 4.

5 6 7 8 9 10 11
Fig. 4. Structure of the heating unit: 1 — casing with a fan; 2 — ribbed radiator, 3 — rod of the clamping unit;

4 — fastening unit for replaceable heaters, 5 — sliding bearings of the unit for moving heat exchange units;
6 — unit of heaters; 7 — casing of the unit of heaters, 8 — reference heater; 9 — heat levelling plate;
10 — screen heater; 11 — thermal insulation gaskets; 12 — holes for installation of thermocouples.

Thermal energy that flows through the working surfaces of the generator module is partially
converted into electrical energy, and the rest is taken by the heat removal unit and dispersed into the
environment. The basis of the design of the heat removal unit is also an aluminum finned radiator, to which
all its components are attached: moving elements, clamping elements and a replaceable unit of a water heat
exchanger, a heat meter and an additional corrective heater (Fig. 5).

1 2 3 45 ©6 7 8

Fig. 5 — Structure of the heat removal unit: 1 — ribbed radiator with blower fan; 2 — water heat exchanger;
3 — centering plate for the thermometer, 4 — thermometer, 5 - holes for installing thermocouples; 6 - corrective
heater, 7 - thermal shunt,; 8 — fastening unit for replaceable heat exchangers. 9 — sliding bearings of the unit for
moving the heat exchange units.

For different types of generator modules, removable, commensurate heat meters and heaters are
provided. With the help of the correcting heater, it is possible to change the temperature range of
measuring parameters of the generator modules within wide limits. A bracket is attached to the central part
of the ribbed radiator below, which is connected to the upper movable platform of the jack. With the help
of this jack, the heat removal unit is moved up and down.
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The clamping device is important. To improve thermal contacts, thermal drivers are used that can
work at elevated temperatures, within the range of maximum operating temperatures for the generator
module.

When measuring the parameters of the module, the thermal power from the electric heater, which
passes through the module, generates an electrical voltage at its terminals. By the moment the temperatures
on the heat-levelling plates reach the set levels, the electronic load is turned off and the thermal emf of the
module is measured using an ADC. After reaching the specified temperature difference, the electronic load
is switched on at the command of the processor and the current of the module is measured. At the same
time, the thermoregulators of the thermostat and the heating heat exchanger automatically compensate for
the thermal disturbance caused by the Peltier effect from the action of the module current. The values of
electric voltages, currents and temperatures are displayed on a digital indicator, and are also sent to a
personal computer for calculations and plotting in a given temperature range. The sequence of
measurements and the time intervals between them are specified in the cyclogram, which is formed by the
operator before starting the measurements.

The developed equipment allows measuring the parameters of generator thermoelectric modules
with sizes from 10x10 to 72x72 mm in the temperature range from 30°C to 600°C, as well as determining
the properties of thermoelectric materials in the composition of these modules.

Conclusions

1.The design of measuring equipment has been developed, which allows measuring the parameters of
generator thermoelectric modules by the absolute method, as well as determining the properties of
thermoelectric materials in the composition of these modules. The created equipment allows measuring
the parameters of modules with sizes from 10x10 to 72x72 mm in the temperature range from 30°C to
600°C.

2.The created equipment is computerized, allowing measurements to be taken according to a given
algorithm, their results to be processed in real time, the results of measurements to be displayed on the
screen in the form of graphs and tables, stored on the computer, and the passport of the module studied to
be printed out.
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OBJIAJTHAHHA VIS BUBHAYEHHSA ITAPAMETPIB
I'EHEPATOPHUX TEPMOEJIEKTPUYHHUX MOJYJIIB

Ilpeocmasneno pezynvmamu po3poOKU KOHCMPYKYI a8MOMAmu308aH020 0ONAOHAHHA OISl GUSHAYEHHS.
napamempie 2eHepamopHUx mepmoeneKmpuuHux mooynie. OONAOHaHHA CMBOPEHO HA OCHO8I ADCOMOMHOZ0
Memoody, Wo 00380J5IE NPOBOOUMU BUMIDIOBAHHS NAPAMEMPIE MOOYIIB ) PealbHUX YMOBAX iX eKxchiyamayii,
[HCMPYMEHMANIbHO ~ MIHIMIZY8AMU  OCHOBHI  OXcepell  NOXUOOK — GUMIDIOBAHb, A MAKONC —GUSHAUAMU
MEPMOeIeKMPUYHI IACMUBOCHI Mamepianie y cKkiadi yux Mmooyuie. BlIoK KepysaHHs SUMIPIOBAHHAMU
nobyooeano Ha OCHOSI 0OAcAMOKAHATBLHOZO —AHANO20680-YUGpPoeozo nepemsopiosaua. (Obpobka ma
BI000PAdCEHHA  pe3yIbmamis  BUMIPDIOBAHb NPOBOOAMbCS 3d  OONOMOZ0K0 KOMN'IOmepd, pe3yibmamu
8I000paxcaiomocst y eueisioi epaghixis | madauyb.

KarwuoBi cjioBa: TepMoeneKTpHYHUI MOJIYJIb, TEHEpAllisl eNeKTPUYHOI SHeprii, eNeKTPOMpPOBIIHICTD,

TepMOEPC, TernonpoBiHICT, TEPMOETIEKTPUYHHI MaTepial, aBTOMATH3aIlist, KOMIT FOTepH3aIlis.
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Ilpeocmasnensvi pezyivmamvl pazpadomku KOHCMPYKYUU ABMOMAMUIUPOBAHHO20 000PYO08AHUSL
01151 onpedeleHUs NAPAMempos8 2eHepamopHbIX MmepModneKmpuyeckux mooyreu. ObopyoosaHnue
€030ano Ha ocHose abCONIOMHO20 MeMmOoOa, NO3BONAIOUIe20 NPOU3EOOUMND USMepeHUe Napamempos
MOOYnell 6 PeanbHblX YCAOBUAX UX IKCHAYAMAYUU, UHCHMPYMEHMATbHO MUHUMUSUPOBAMb OCHOGHbIE
UCTMOYHUKU NOZPEUWHOCMeU USMEPEeHUll, a makdice onpeodeisims mepModieKmpuyecKue ceoucmeda
Mamepuanoe 6 cocmase dmMux mooyreu. biok ynpaeienus uzmepeHusMu nOCMpoeH HA OCHOGe
MHO2OKAHANILHO20 — AHANL02080-Yupoeoeo npeobpazosamens. Qbpabomka u omobpadcenue
Pe3yabmamos usmMepeHull NPou3800amcs ¢ NOMOWbIO KOMNbIOMeEPd, Pe3yibmamyvl 0mooOpadtcaoncs
6 suode epaduxoe u madauy.

KaroueBble cia0Ba: TEpMOIJIEKTPUYECKUH MOAYJIb, T'€HEpalusi dJEKTPUYECKOH HHEpruw,
3IEKTPONPOBOAHOCTh,  TepM0oDJC, TEIIONpOBOJHOCTb, TEPMOIIEKTPUUECKHI  MaTepual,

aBTOMaTHU3alus, KOMIIBIOTEPU3ALUA.
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