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Pozensanymo énnue KOHCMPYKMUGHUX i MeXHOJI0-
2IMHUX eJleMeHMi8 HA OCHOBHI napamempu, nOKa3Hu-
Ku Haoitinocmi i Qunamixy QyHxyionyeanus mepmo-
eNEKMPUMHUX OXOJOONCYIOUUX NPUCMPOI6 8 PIZHUX
cmpymosux pesxcumax 6 podouomy dianazoui nepe-
nadie memnepamyp. Ilpoananizosani cnissionouen-
HA 36°A3KY 4acy 6uxody HA CMAUIOHAPHUIL PerHcum
i 6I0HOCHOI iHmMeHCuHOCMI 6i0M08 0X0100%CY8aUa
3 eHepzeMUMHUMU NOKAZHUKAMU, MepMOeaeKmpun-
HUMU napamempamu mepmoejiemMenmis, KOHCMpYK -
MUBHUMU | MEXHOTOIUHUMU NOKASHUKAMU.

IIposedeno ananiz wacy euxody na cmauionapHui
PeACUM O3 PIHUX PeNCUMIE POOOMU 810 MAKCUMANL-
HOT X071000nPOOYyKMUBHOCMi 00 MiHIMYMY iHmMeH-
cusnocmi eiomos. Iloxazano, wo 0 CKOPOUEHHS
4acy 6uxo0y HA CMAYUIOHAPHUL PEHCUM 0X0JI00XCY-
eaua npu 3a0aniii eeomempii 2i10K mepmoeemenmie
i nepenadi memnepamyp Heo6xioHo UKOpUCMOBYEa-
MU PeHCUM MAKCUMATLHOT X0T1000NPOOYKMUBHOCHII.

Kinvxicnuit ananiz noxasae, wio npu 3adamiii 2eo-
Mempii 210K mepMoeeMeHMi8 UAC 6UX00Y HA CIMAUIO-
Hapuuil pexcum podomu He 3anexncumv 6i0 Kiavkocmi
mepmoeneMeHMi6 MePMOETEKMPUUHO20 0X0100MHCY-
eéaua. Ilpu nepenadi memnepamyp, 6ausvKomy 00
MAKCUMATLHOZ0 3HAYEHHSL, HAC 6UX00Y HA CMAUIOHAD -
HUll pescum pobomu 6i0OPizHAEMbCA HE3HAMHO 015 6CIX
pesicumie pooomu. Ilopienanvnuii ananiz ocHoeHUX
napamempis, noxasuuxie naoiinocmi i ounamivHux
xapaxmepucmux HA0Ae MONCAUBICMb 6UOOPY KOM-
NPOMICHUX piulenb NPU CMBOPEHHI mepMoeeKmpun -
HUX NPUCMPOi6 3 8pAXYBAHHAM 3HAUUMOCMI KOHCHO20
3 oOmexncyeanvnux paxmopis.

3 npaxmuunoi mouxu 30py, 00eprcami pesyaoma-
mu ceiduamv npo me, w0 015 Ni0BUULEHHA WBUOKOCML
0X0J100%CYBANHA He NOMPIOHO MinAMU iICHYIOMY MmeX -
HOJL02i10 NOOYO0B8U MEPMOENEKMPUHHUX 0X0JI00KHCY -
eauie. Ynpaeninna wmeuoxooieio nepexody 3 00H020
cmauionapnozo cmany 6 inwuii 6i00yeaemocs euo-
POM CIMPYMOBUX PeNCUMIE POOOMU mepMOoeeKmpuH -
Hoz20 npucmporo. Ilpu ybomy € moxncausicmo eudpa-
mu ymoeu, npu AKux noxaHuxu naoiinocmi o6yoymo
3HAX0OUMUCS 8 OONYCMUMUX MENHCAX

Kantouosi cnosa: mepmoenexmpuunuii 0x0100%Ccy-
eau, zeomempis mepmoesiemenmis, 6uxio Ha cmayio-
HapHuil pexcum, noxasHuKu nadiinocmi

u] =,

1. Introduction

When designing thermoelectric cooling devices (TED),
one of the main requirements in some cases is to ensure the
minimum time to enter a stationary working mode. Thus,
the application of laser radiation sources with thermoelectric
cooling in surgery is characterized by the pulse operating
mode with a variation over a wide range of energy at co-
agulation and tissue cutting. Reliability indicators of the
semiconductor laser directly depend on its temperature,
that is, on performance speed and reliability of the system
that ensures thermal regimes. The dynamic characteristics
of TED are defined by the thermophysical properties of the
material for thermoelements, for hot and cold electrodes,
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the mass of thermocouples, constraints for the permissible
local temperature gradients that do not promote cracking of
the material. However, the cooling rate is influenced by the
structural and technological elements at the heat-absorbing
weld joint, which are the necessary component of the cooler.
To analyze their impact under various current operational
modes of TED over the working range of temperatures for
the assigned geometry of thermo-elements, it is required to
have a dynamic model of the cooler with respect to the struc-
tural and technological elements at a heat-absorbing weld
joint. Analysis of the model in terms of minimizing the dy-
namic parameters of a thermoelectric cooler and in relation
to the indicators of reliability is of great interest for critical
systems, for which these indicators are crucial.




2. Literature review and problem statement

Modern trends in the development of radio-electronic
equipment are associated with a decrease in the elements’
weight and dimension parameters, expanding of the tem-
perature range, higher operating frequencies, resulting in
the elevated local temperature gradients and decreased
indicators of operational reliability [1]. Thermally-loaded
receiving and transmitting semiconductor elements cannot
work without thermal systems that ensure thermal modes
since the permissible temperature of their operation does not
exceed 80 °C. The most promising, in terms of indicators for
performance speed, reliability, weight, and dimensions are
the thermoelectric cooling devices [2]. Stricter requirements
to operating conditions for the thermo-loaded equipment in
critical systems call for the same requirements to the system
that ensure their thermal regimes.

The pulse character of a thermal load requires maximally
fast reaction from thermoelectric coolers, because an uncom-
pensated temperature difference can cause a failure in the
thermo-loaded element. Improving the performance speed
of a thermoelectric cooling system contradicts the improve-
ment of reliability indicators, because in this case there is
arise in the temperature gradients that reduce the reliability
of the product. This is a fundamental problem that cannot be
resolved by employing a single approach [3].

The task on improving the reliability indicators of thermo-
electric coolers is addressed from various standpoints: through
rational design [4], technology and structure of modules fab-
rication [5], selection of a material for thermoelements [6, 7],
protection of thermoelements against the effects of external
medium [8], designs of thermoelement branches [9], influence
of mechanical [10], heat loads [11]. The result of such a multi-
factor approach is the improved resultant probability for
a failure-free TED operation. However, stricter requirements
to the performance speed of modern equipment necessitate
the search for new ways to improve reliability indicators of
thermoelectric coolers.

Studying the dynamic characteristics of TED has been
addressed by fewer papers [12], which is related to the fact
that in terms of performance speed the air and liquid cooling
systems are considerably inferior to the thermoelectric ones.
Operation under a switch mode is the most complicated be-
cause it creates the maximum temperature gradients at places
where thermoelectric branches connect to electrodes. Due to
the difference in the materials’ thermal expansion coefficients,
there form the chips and detachments, which reduces reliabi-
lity indicators of the product. For this reason, the accelerated
bench testing of thermoelectric modules is performed precisely
under switch modes at which the products’ reliability indica-
tors deteriorate by orders of magnitude.

Construction of thermoelectric coolers, for whom the pulse
load regime is the working one, is a relevant task, is aimed at
ensuring the design of thermo-loaded radio electronic systems
operating under extreme conditions of operation. One of the
tasks of this problem is to analyze the relation between dynamic
characteristics and indicators of reliability and the geometry
of thermoelements’ branches under various current modes.

3. The aim and objectives of the study

The aim of this study is to analyze the impact of struc-
tural and technological elements in the cooling device at the

specified geometry of thermoelements’ branches on duration
of the transition process in conjunction with indicators of
reliability for various current operation modes of TED, tem-
perature differences, and a thermal load.

To accomplish the aim, the following tasks have been set:

— to analyze the dynamical model of TED with respect to
the components of the structural and technological elements
of the cooler at the specified geometry of thermoelements;

— to estimate the influence of dynamical characteristics
of TED on reliability indicators for basic modes of operation.

4. Analysis of the dynamical model of TED with respect
to structural and technological elements

The dynamical model under consideration is an analytic
representation of actual thermoelectric cooler, where we take
into consideration, at the heat-absorbing weld joint, mass m
and heat capacity C of the structural and technological ele-
ments (STE) while entering a stationary mode of operation
in a range of temperature differences AT from AT=5K to
AT=60 K for different current operation modes of TED. Pa-
per [12] derived the ratios for determining the time required
to enter a stationary working mode, taking into consideration
the cooled object (myCy), and sufficiently enough addressed
those STE that are taken into account when determining the
dynamical characteristics of TED at //S=10 cm™".

Consider the case when myCy—0 and the dynamics of
TED is determined only by STE:

= zi:mici 0 YBy (2_311) (1)
2B, -B. -0’
K| 1+2B; Al oK
T
where
Y= I iaxH RH
I flaxK RK
where I, R, is, respectively, the maximum operating cur-

rent and the electrical resistance of a thermoelement branch
at the beginning of the cooling process at T=0; Ik, Rk are,
respectively, the maximum operating current and the elec-
trical resistance of a thermoelement branch at the end of
the cooling process; Bx=1I/I.k is the relative operating
current at T; By=1I/I.xy is the relative operating current at
1=0; Inaxk= exTo/ Rk is the maximum operating current at T;
Lnaxy=eyT/Ry is the maximum operating current at t=0
en, ex is the thermo emf coefficient of a thermoelement
branch, respectively, at the beginning and at the end of the
cooling process, V/K; Ry, Ry is the electrical resistance
a thermoelement branch at the beginning and at the end of
the cooling process, Ohm.

Under condition of equality of currents at the beginning
and end of a cooling process:

I= BHImaXH:BKImaxK, (2)

Ty is the temperature of the heat-absorbing weld joint at the
end of the cooling process, K; T is the temperature of the
heat-absorbing weld joint at the beginning of the cooling
process, K, 1=0; ©=AT/T;,., is the relative temperature dif-
ference; AT=T-T, is the temperature difference in TED, K;
AT, =05%z TO2 is the maximum temperature difference, K;

max



z, is the average value for the efficiency of a thermoelectric Table 1
material in the module at the end of the cooling process, 1/K; Calculation of basic parameters under mode Qpmax

I is the working current magnitude, A; K, :zEK/(l/S) is the at 7=300K, //S=10 cm™", mode Qpmax, MoCo — 0,
heat transfer coefficient, W/K; &, is the average thermal Y mC,=175-10" 1 /K; Kx=15.6-10"4 W /KK; fars=5.4 A
conductivity coefficient, W /cm-K. P

Y m,C, is the total magnitude of the product of heat capa- Qo | n | WU | | Lt |, /o A-10%, P
city ‘and the mass of components of CTE at the specified W pes. | W ] V Al s 1/h —
f thermoelements branches /S=10 cm™. AT=5K, ATnax=104.4 K; Tp=295 K; ©=0.048; Ry=11.1-10" Ohm;
geometry o : . Ri=11-10% Ohm; yux=5.36 A; Byy=0.993; Bx=1.0
The number 7 of elements can be determined from the ratio: 05 116611071020 166 | 5.0 1099950
Qo 1.0 | 3.3 | 2.1 [0.40 3.3 10.0 | 0.9990
n=— 3 : 3) 2.0 | 6.6 [ 43 [0.80 6.6 | 20.0 | 0.9980
LR (2B ~ B ~©) 50 [165]10.7] 2.0 |0.47|536| 0.5 [ 16.6 | 49.8 | 0.9950
7.0 (231149 28 23.2 | 69.7 | 0.9930
where Qy is the thermal load magnitude, W. 10.0 |33.0 [21.3 | 4.0 332 | 99.6 | 0.9900
Power consumption Wx of TED can be determined from [ 20.0 | 66.0 | 42.6 | 8.0 66.4 | 200 | 0.9802
expression: AT=10 K, ATypx= 1005 K; Tp=290 K; ©=0.10; R;;=11.1-10% Ohm;
Rx=10.9-10"2 Ohm; I;xx=5.32 A; By=0.985; Bx=1.0
) AT 0.5 | 1.8 [1.15]0.22 1.8 5.4 |0.99946
W, =2nl’, R B, (BK + ﬂ@]. (4) [ 1.0 |36 [230]0.43 36 | 10.8 | 0.99892
TO 20 | 72 | 46 [0.86 7.2 | 21.6 | 0.9978
50 |18.0|11.5(2.16]0.43|532| 1.0 | 18.0 | 54.0 | 0.9946
Voltage drop U: 7.0 [252[16.1 ] 3.0 252 | 75.6 | 0.9925
10.0 | 36.0 | 23.0 | 4.30 36.0 [108.0| 0.9893
Ux=Wx/L ) 20.0 [ 72.0 | 46.0 | 8.6 72.0 [216.0| 0.9786
AT=20 K, AT1x=93.7 K; To=280 K; ©=0.213; Ry=11.1-10"3 Ohm;
Refrigeration coefficient E can be calculated from formula: Rg=10.64-10"> Ohm; Iyp=5.24 A; By=0.970; Bx=1.0
05|22 [1.38]0.26 2.2 6.6 |0.99934
1.0 | 4.4 [2.75]0.52 4.4 13.2 | 0.9987
E= QO/WK' (6) 20| 88 | 55| 1.0 8.8 | 26.4 | 09974
Relative failure intensity A/A and the probability of non- ?8 g?g 132 ggg 036 5.24) 23 gfg ggg ggggg
failure operation P can be determined from expressions [13]: 100144012751 5.2 440 1132.0 0.9869
9 20.0 [ 88.0 [ 55.0 | 10.5 88.0 [264.0| 0.9739
B+ 8 g AT=30 K, AT,,,,=868 K; Ty=270 K; ©=0.346; Ry=11.1-107 Ohm;
) K T, Rx=10.2-10"2 Ohm; I;xx=5.19 A; By=0.961; Bx=1.0
My =nBg (©+Cy )~ ——-K,;; 05 | 28 [1.71]033 283 | 85 099915
(1 AT 9) 1.0 | 56 |3.42]0.66 5.66 | 17.0 | 0.99830
0 20 (112684132 11.3 | 34.0 | 0.99660
P=eH=exp(-\0), 7y [50[280]17.1[330]029{5.19| 40 [283 [ 849 [099154
7.0 139.2]239|4.61 39.6 | 118.9] 0.9882
. . . . 10.0 | 56.0 | 34.2 | 6.6 56.6 [169.8| 0.9832
where g is the .rated failure rate, 1/h, obtained experimen- 2001112 16841132 113213400 | 0.9665
tally by calculation for the generally accepted manufacturing  [[A7=40 K, A7,,,.=79.8 K; Tp=260 K; ©=0.50; Ry=11.1-10 2 Ohm;
technology; Ri=10.1-10"3 Ohm; Lyux=5.02 A; By=0.93; Bg=1.0
0.5 |39 |230]0.46 4.0 12 1 0.99988
_ QO 1.0 | 7.8 |4.60|091 8.0 24 0.9976
KT nl?, Ry 2.0 | 15.6]9.20 ] 1.82 160 | 48 | 0.9952
5.0 139.0(229[4.55|0.22|5.02| 6.4 40 120 | 0.9881
is the relative heat load; K7y is the meaningful temperature 7.0 |54.6 | 32.1 | 6.40 56.0 | 168 | 0.9833
coefficient. 10.0 | 78.0 | 45.8 | 9.10 80.0 | 240 | 0.9763
Th . . b id unit 20.0 |156.0| 91.6 | 18.2 160.0 | 480 | 0.9531
¢ expressions given above provide an opportunity  Far 5o AT Z73 4K 7,=250 K; ©=0.68; Ryy=11.1-10 3 Ohm;
to analyze the dynamics of TED and to predict reliability Ri=9.810"3 Ohm; I, x=4.9 A; Byy=0.907; Bx=1.0
indicators at the predefined geometry of thermoelements’ 05166 13721076 6.8 1 204 | 09980
branches. 1.0 | 13.2|7.44 | 1.52 13.6 | 40.8 | 0.99592
2.0 1264|149 |3.04 27.2 | 81.6 | 0.9919
5.0 66.0[37.2]7.60(0234| 49 [10.0| 68.0 [204.0| 0.9798
5. Analysis of temporal and reliability indicators 7.0 192.4521]10.6 95.2 |285.6| 0.9718
of the model for various current operation modes 10.0 | 132 | 74.4 | 15.2 136 | 408 | 0.9600
20.0 | 264 | 149 | 30.4 272 | 816 | 0.9216
AT=60 K, AT} =66.8 K; Tp=240 K; ©=0.90; Ry=11.1-10"3 Ohm;
5. 1. Mode Qomax ) , o Ri=9.62-10-3 Ohm: (}maxkzz;.u A; BH=0{é8; Bx=1.0
Results of calculation of the basic parameters, taking into 05 123111251 264 239 1 717 | 0.9929
consideration the temperature dependence [2] of the time 10 14621 25 1530 478 [ 14341 09858
required to enter a stationary working mode and the reliabi- 20 1924|509 | 10.6 95.6 | 287 | 09717
lity indicators for mode Qynax (Bx=1.0; By=Bg(Inaxk/Imaxi) 5.0 | 231 | 125 | 26.4 [0.040| 4.74 | 19.0 | 239 | 717 | 0.9308
at T=300 K, [/S=10 cm™'; AT=5; 10; 20; 30; 40; 50; 60 K; 7.0 | 323|175 | 37.0 335 | 1000 | 0.9045
YmC,=175-10"J/K and at various thermal load Q, are gi- 10.0 | 462 | 250 | 52.8 478 | 1434 | 0.8664
Yen in Table 1. 20.0 | 924 | 500 [106.0 956 | 2870 | 0.7507




Anincrease in the temperature difference AT at moCy— 0,

where Cj is the heat capacity of the object, leads to: 413
—an increase in the time required to enter a stationary 51

working mode t (Fig. 1, point 1) that does not depend on

heat load Qy; 4

— adecrease in the magnitude of working current I (Fig. 2,

point 1) that does not depend on heat load Qy; 5 2
— a decrease in refrigeration coefficient E (Fig. 3, point 1)
that does not depend on heat load Qy;
— an increase in voltage drop U for different heat load Qy 27
(Fig. 4); the voltage drop increases with an increase in the
heat load; 1 A
—a decrease in the number of thermoelements # for dif- 1
ferent heat load Qy (Fig. 5); 0 I | I | ] ,
—an increase in failure rate A/Aq for different heat 0 10 20 30 40 50 AT.K

>

load Qy (Fig. 6); the failure rate increases with an increase . . .
in the heat load: Fig. 3. Dependence of refrigeration

—a decrease in failure-free operation probability P for code.l;fficient EAO;_? sir;gflfe-sta?e TED on ftempet;a.lture
different heat load Fig. 7): ifference or different modes of operation
Qo (Fig. 7) at 7=300K, //S=10cm™": 1 — mode Qomax;

— the failure-free operation probability decreases with an 2 = mode (Qb/ /) 3 — mode (Qy/ Pl

increase in the heat load.
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-
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Fig. 1. Dependence of time required to enter a stationary
working mode Ty by a single-stage TED on temperature
difference AT for different modes of operation at myCy— 0,

Fig. 4. Dependence of voltage drop U
in a single-stage TED on temperature difference AT
at 7=300 K, //S=10 cm™" for different

T=300K, //S=10cm™"; £ mC,=175-10"J /K: 1 — mode Qomac heat load Qp
2 — mode (Qb//max; 3 — mode (Qo//Ama; 4 — mode Ay
n, pc. 7
LA 110 A
4 \ 100 - Q(on W
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Fig. 2. Dependence of magnitude of the working current / Fig. 5. Dependence of thermoelements number n
in a single-stage TED on temperature difference AT for different in a single-stage TED on temperature difference AT
modes of operation at 7=300K, //S8=10cm™": 1 — mode Qomay; at 7=300 K, //S=10 cm™! for different heat load Qq
2 — mode (Qy//max; 3 — mode (Q/?)max; 4 — mode Amin under mode Qpmax
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Fig. 6. Dependence of failure rate A /Aq
in a single-stage TED on temperature difference AT
at T=300K, //S=10 cm™" for different heat
load @y under mode Qymax
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Fig. 7. Dependence of failure-free operation
probability P for a single-stage TED on temperature
difference AT at T=300K, //S=10 cm™! for different
heat load @ under mode Qymax

5. 2. Mode (Qo/Dmax

Results of calculation of the basic parameters, taking into
consideration temperature dependence [2] of the time required
to enter a stationary working mode and reliability indicators for
mode (Qo/Dymax (BK = \/6; Br=Bglnaxk/Inaxi) at T=300 K,
1/5=10; AT =5; 10; 20; 30; 40; 50; 60 K; > m,C,=175-10" J/K
and at different heat load Qp are given in Table 2.

An increase in temperature difference AT at myCy—0
leads to:

—an increase in the time required to enter a stationary
mode T (Fig. 1, point 2) that does not depend on heat load Qy;

—a decrease in the magnitude of working current [
(Fig. 2, point 2) that does not depend on heat load Qy;

— adecrease in refrigeration coefficient E (Fig. 3, point 2)
that does not depend on heat load Qy;

—an increase in voltage drop U (Fig.8) for different
heat load Qy; the voltage drop increases with an increase in
the heat load;

—the functional dependence of thermoelements num-
ber n=f(AT) has a minimum at AT=20 K for different heat

load Qp (Fig.9); the number of thermoelements increases
with an increase in the heat load;

—an increase in failure rate A/A for different heat load
Qo (Fig. 10); the failure rate increases with an increase in the
heat load;

—a decrease in failure-free operation probability P for
different heat load Qy (Fig. 11);

— the failure-free operation probability decreases with an
increase in the heat load.

Table 2

Calculation of basic parameters under mode ( (@ //)max
at 7=300 K, //S =10, mode(Qy//)max, MmyCo— 0,
> mC,=175-10" 1 /K; haxyy=5.4 A

Q[ n WU L] 105,
Wlpes | W | V] E]a]s [Mo]n| P
12 34567 s ]9 10

AT=5K, AT yax=104.4 K; Ty=295 K; ©=0.048; Ryy=11.1-10"3 Ohm;
Rg=11-10"3 Ohm; I,xx=5.36 A; By=0.220; Bx=0.222

0.5 | 46 [0.15[0.13 0.0046{0.0138{0.9999986
1.0 | 9.2 10.30]0.26 0.0092{0.0276]0.9999972
2.0 | 18.4 | 0.61]0.52 0.0184]0.0552|0.9999945
5.0 | 46.0 [ 1.5211.30| 3.3 | 1.19 | 1.45| 0.046 | 0.138 | 0.999986
7.0 | 644 |213]1.82 0.0644(0.1932| 0.999981
10.0 | 92.0 | 3.04 | 2.60 0.092 | 0.276 | 0.999972
20.0|184.0] 6.1 [5.20 0.184 | 0.552 | 0.999945

AT=10 K, AT,0x=100.5 K; Ty=290 K; ©=0.10; Ryy=11.1-10"3 Ohm;
Rg=10.9-10"3 Ohm; Iy,xx=5.32 A; By=0.311; Bx=0.316

0.5 | 3.8 1026 |0.16 0.023 ] 0.069 [0.9999931
1.0 | 7.6 [0.52(0.31 0.046 | 0.138 | 0.999986
2.0 | 15.2 | 1.040.62 0.092 | 0.276 | 0.999972
5.0 [38.0 [2.60[1.55[1.92|1.68|2.30| 0.23 | 0.69 |0.999931
7.0 | 53.2 | 3.64|2.17 0.322 | 0.966 | 0.99990
10.0] 76.0 | 5.20 | 3.10 0.46 | 1.38 | 0.99986
20.0[152.0| 10.4 | 6.20 0.92 | 2.76 | 0.99972

AT=20 K, AT,,x=93.7 K; Tp=280 K; ©=0.213; Ry=11.1-10"% Ohm;
Rg=10.64-10"% Ohm; [;ux=5.24 A; By =0.445; Bx=0.462

0.5 | 3.4 |0.489/0.20 0.129 1 0.388 | 0.999961
1.0 | 6.8 [0.980]0.40 0.259 | 0.776 | 0.999922
2.0 | 13.6 | 1.96 |0.80 0.518 | 1.55 |0.999845
5.0 [ 34.0 |4.89] 2.0 [1.02]2.42]| 3.8 | 1.30 | 3.90 | 0.99961
7.0 | 47.6 | 6.85 |2.80 1.81 | 5.44 | 0.99945
10.0] 68.0 | 9.78 | 4.0 2.59 | 7.77 | 0.99922
20.01136.0 19.6 | 8.0 5.18 | 15.5 | 0.99845

AT=30 K, AT},.x=86.8 K; Ty=270 K; ©=0.346; Ry=11.1-10"3 Ohm;
Ri=10.2-1073 Ohm; Iy.xx=5.19 A; By=0.565; Bx=0.588

05| 3.8 [0.86]0.28 0.436 | 1.81 | 0.99987
1.0 | 7.6 [ 1.720.56 0.872| 2.62 | 0.99974
2.0 | 15.2 | 343|112 1.74 | 5.23 | 0.99948
5.0 | 38.0 | 8.58[2.80]0.58|3.05| 5.5 | 436 | 13.1 | 0.9987
7.0 | 53.212.0]3.92 6.10 | 18.3 | 0.9982
10.0| 76.0 | 17.2 | 5.60 8.70 | 26.2 | 0.9974
20.0 | 152 | 34.4 | 11.2 17.4 | 52.2 | 0.9948

AT=40 K, ATpx=79.8 K; Tp=260 K; ©=0.50; Ry=11.1-10 Ohm;
Ri=10.1-10"% Ohm; [k =5.02 A; By=0.657; Bxk=0.707

0.5 | 47 |1.46]041 1.23 | 3.69 | 0.99963
1.0 | 9.4 ]292]0.82 246 | 7.38 | 0.99926
2.0 | 18.8 [ 5.84|1.64 492 | 14.8 | 0.9985
5.0 | 47.0 [14.6| 4.1 |0.34|3.55| 7.7 | 123 | 369 | 0.9963
7.0 | 65.8 204 |5.74 17.2 | 51.7 | 0.9948
10.0] 94.0 | 29.2 | 8.20 24.6 | 73.8 | 0.9926
20.0| 188 | 58.4 [ 16.4 49.2 | 147.6| 0.9853




Continuation of Table 2

1|2 3]als]e]7] 8] 9] 10

AT=50 K, AT0x=73.4 K; Ty=250 K; ©=0.68; R;y=11.1-10"2 Ohm;
Rk=9.810" Ohm; I,k =4.9 A; By=0.748; Bx=0.825

0.5 | 7.3 [2.90]0.72 3.6 | 10.8 | 0.9989
1.0 | 14.6 | 5.80 [1.44 72 | 21.6 | 0.9978
2.0 (292 ]11.6 |2.88 14.4 | 432 | 0.9957
5.0 73.0(29.0|7.20{0.17| 4.0 [11.0] 36.0 | 108 | 0.9893
7.0 | 102 | 40.6 | 10.0 50.4 | 151 | 0.9850
10.0 | 146 | 58.0 | 14.4 72.0 | 216 | 0.9786
20.0| 292 | 116 |28.8 144 | 432 | 0.9577

AT=60 K, ATy, =66.8 K; Ty=240 K; ©=0.90; Rzy=11.1-10"3 Ohm,
Rk=9.62-10"% Ohm; Ly, x=4.74 A; By=0.833; Bx=0.949

0.5 | 23.6 |11.63]2.58 20.2 | 60.5 | 0.9940
1.0 | 47.2 | 23.3 |5.16 40.4 [121.2| 0.9880
2.0 | 944 |46.6 103 80.8 | 242 | 0.9760
5.0 | 236 [116.5/25.8|0.043| 45 [19.1] 202 | 606 | 09412
7.0 | 330 | 263 |36.1 283 | 848 | 0.9187
10.0| 472 | 233 |51.6 404 | 1212 | 0.8859
20.0| 944 | 466 |103.2 808 | 2424 | 0.7847
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Fig. 8. Dependence of voltage drop U
in a single-stage TED on temperature difference AT
at 7=300 K, //S=10 cm™! for different heat
load @ under mode (Qy//)max
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Fig. 9. Dependence of thermoelements number n
in a single-stage TED on temperature difference AT

at 7=300K, //S=10 cm~! for different heat load Q,
under mode (Qy// )max
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Fig. 10. Dependence of failure rate A /Aq
for a single-stage TED on temperature difference AT
at 7=300K, //S=10 cm™" for different heat load Qy
under mode (Qo//)max
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Fig. 11. Dependence of the failure-free operation
probability P for a single-stage TED temperature
difference AT at 7=300K, //S=10 cm™! for different

heat load @y under mode (Qy//)max

5. 3. Mode (Qo/I?)max

Results of calculation of the basic parameters and the
time required for reliability indicators to enter a statio-
nary working mode for regime (Qu/I*)max (Bx=©; By=
=Bl maxx/Inaxy) at T=300 K, [/5=10; AT=5; 10; 20; 30; 40; 50;
60 K; ¥mC =175-10"J/K and different heat load Qo are
given in Table 3.

An increase in temperature difference AT at myCy—0
leads to:

—an increase in the time required to enter a stationary
mode 1 (Fig. 1, point 3) that does not depend on heat load Qy;

— adecrease in the magnitude of working current I (Fig. 2,
point 3) that does not depend on heat load Qy;

—a decrease in the refrigeration coefficient E (Fig. 3,
point 3) that does not depend on heat load Qp;

—an increase in voltage drop U (Fig. 12) for different
heat load Qg; the voltage drop increases with an increase in
the heat load Qy;

— the functional dependence of the thermoelements num-
ber n=f(AT) has a minimum at AT=35 K for different heat
load Qq (Fig. 13); the number of thermoelements grow with
an increase in the heat load;



—an increase in the failure rate A/Aq for different heat Continuation of Table 3

load Qy (Fig. 14); the failure rate grows with an increase in 1J2]34]5]6]7] 8 | 9 | 10
the heat load; . , o AT=50 K, AT, =734 K; Ty=250 K; ©=0.68; Ry=11.1-103 Ohm;
—a decrease in the failure-free operation probability P Ric=9.8-10-3 Ohm: Iux=4.9 A: By=0617; Bx=0.68
for different heat load Qo (Fig. 15); _ 05197 [ 272 [082 222 | 667 | 099933
. fthe‘fallure—free operation probability decreases with an 1011941 5.44 | 1.64 o 133 | 099867
increase in the heat load. 20 (388109 [3.28 890 | 267 | 09973

Table3 |50[97.0]272(820]0183|333[13.4] 222 | 667 | 09934
Calculation of basic parameters under 7.0 136 | 38.1 | 11.5 311 932 0.9907
mode (00//2)max at T=300K, //S=10, regime (00//2)max, 10.0 194 | 54.4 | 16.4 44.4 133 0.9868
moCo—>0, S mC,=175-10" J /K; hnaxsy=5.4 A 20.0[ 388 | 109 [32.8 89.0 | 267 | 09737
i AT=60 K, ATux=66.8 K; To=240 K; ©=0.90; Ryy=11.1-10 3 Ohm;
Qln | W lvl [ L], [0 P Rx=9.62-10"3 Ohm; Iynaux=4.74 A; By=0.791; Bx=0.90
Wipes. | W | V Als 1/h 05[25.1] 112 [262 175 | 526 | 099475
1T512< T3 1()444K5T 5951(7 0§4SR 911110 ?1gh L0002 224 1524 29 1 10 | 098
AT=5 K, AT}ax=104.4 K; To= ; ©=0.048; Ry=11.1-10"" Ohm;
Ry=11:10 2 Ohm; lyay =536 A; By=0.0476; Bx=0.048 ?g ;g? 4141;g ;Zg 0045(4.27 |20.4 1770500 E;g ggzzz
0.5 [ 34.6]0.068] 0.26 0.000030[0.00009]  ~1.0 T 55 | 250 T3 T osmt
1.0 [69.2]0.136]0.53 0.00006 [0.00018]  ~1.0
20 | 138 [0.272] 1.06 0.00012 [0.00036]  ~1.0 10.0] 502 | 224 | 524 350 | 1,050 | 0900
20.0[1,000| 448 | 104 700 | 2,100 | 0810
50 | 346 | 0.68 | 2.65|7.35(0257( 8.0 | 0.00030 [ 0.0009 | ~1.0
7.0 | 484 [0.952] 3.71 0.00042 [0.00126{0.99999987
100/ 692 | 1.36 | 5.3 0.00060 | 0.0018 099999982 v, 1\2/
20.0[1384/ 2.72 [10.6 0.0012 | 0.0036 099999964 0
AT=10 K, AT pae=100.5 K; Ty=290 K; ©=0.10; Ryy=11.1-10 % Ohm;
Ri=10.9-10"3 Ohm; Ipax=5.32 A; By=0.0981; Bx=0.10 101
0.5[180] 0.15 [0.28 0.00058 [0.00174]0.99999983 71
1.0 (3601 0.30 [0.56 0.00116 | 0.0035 [0.99999965 81
20 [720] 0.60 [1.12 0.00232 | 0.0070 [0.99999930 7
50180 ] 150 | 28 |3.33]0.53 (82 | 0.0058 |0.0174 [0.9999983 61
70 | 252 2.10 [3.92 0.0081 | 0.024 |09999975 3
10.0/ 360 | 3.0 [5.60 0.00116 | 0.035 |0.9999966 41
200[ 720 | 6.0 [11.2 0.0232 | 0.070 |0.9999930 3
AT=20 K, AT,ax=93.7 K; To=280 K; ©=0.213; Ryy=11.1-10 % Ohm; 27
Rx=10.64-10"3 Ohm; Ipnax=5.24 A; By=0.207; Bx=0.213 1
0.5 [ 1.02]0.362]0.32 0.0125 |0.0373 09999963 0 ' ; ' - ; -
1.0 204 [0.724] 0.65 0025 | 0075 |0.9999925 0 10 20 30 40 50 ALK
2.0 [40.8] 1.43 [ 1.30 0050 | 045 | 0999985 Fig. 12. Dependence of voltage drop U
50 [1020] 362 [325] 1.38] 1.12| 88| 0.125 | 0.375 | 0.999965 in a single-stage TED on temperature difference AT
701143 | 5.10 1452 0175 | 0525 | 0999943 at 7=300 K, //S=10 cm™! for different heat
10.0] 104 | 7.24 [6.50 0250 | 075 | 0999925 load Qy under mode (Qo//*)max
20.0] 408 | 14.5 [13.0 050 | 1.50 | 0.99985 . pe. -
AT=30 K, AT, =86.8 K; Ty=270 K; ©=0.346; Ryy=11.1.10% Ohm; 240 1 U
Rix=10.2-10"3 Ohm; Ik =5.19 A; By=0.333; Bx=0.346 o 7
0.5]8.05]0.70 [0.39 0.095 | 0.285 | 0.999972 200
1.0 [16.1] 1.40 [0.78 0.19 | 0.570 | 0999943 180
20 [323] 2.80 [ 1.56 038 | 1.14 | 099989 ol
50 [805] 7.0 [3900714] 1.80 [9.45] 095 | 2.85 | 099972 140
70 [ 113] 98 [5.46 133 | 40 | 099960 o 17
10.0[ 161 | 14.0 [7.80 190 | 570 | 099943 100
20.0] 322 [ 280 [15.6 380 | 117 | 09989 %0 -
AT=40 K, ATpax=79.8 K; Ty=260 K; ©=0.50; Ryy=11.1-10% Ohm; 0 4!
Rix=10.1-10"3 Ohm; Iyux=5.02 A; By=0.465; Bx=0.5 0 ] \_/
05] 79132052 0488 | 1.46 | 0999854 2 _0,5\_//
10 [15.8] 2.64 [ 1.04 0976 | 293 | 099971 5 R s s s
20 [31.6] 530 [2.08 195 | 585 | 099941 0 10 20 30 40 50 ALK
50 [790] 132 [5.20]038| 251 [11.0] 488 | 146 | 099854 Fig. 13, Dependence of thermoelements
70111118573 683 20.5 0.9980 number nin a single-stage TED on temperature
10.0] 158 | 254 | 104 9.76 293 0.9971 difference AT at 7=300K, //S=10 cm™' for different
20.0] 316 | 52.8 [20.8 195 | 585 | 09942 heat load Qy under mode (Qp,//2)max
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Fig. 14. Dependence of failure rate A /Ao
for a single-stage TED on temperature difference AT
at 7=300 K, //S=10 cm™" for different heat load Qy
under mode (Qp//?)max
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Fig. 15. Dependence of failure-free operation
probability P for a single-stage TED on temperature
difference AT at 7=300 K, //S=10 cm™" for different
heat load Q under mode (Qy//?)max

5. 4. Mode Ayin

Results of calculation of the basic parameters and the time
required for the reliability indicators to enter a stationary
working mode for regime Ay, (Bx=n©, where 1 is the correc-
tion factor [13]; By=Bx(mask/Inaxir)) at T=300 K, 1/S=10;
AT=5; 10; 20; 30; 40; 50; 60 K; >m,C,=175-10"J/K and dif-
ferent heat load Qg are given in'Table 4.

An increase in temperature difference AT at myCy—0
leads to:

— the functional dependence t=/(AT) has a minimum
at AT=30 K (Fig. 1, point 3) that does not depend on heat
load Qq;

—an increase in working current I (Fig. 1, point 4) that
does not depend on heat load Qy;

— a decrease in refrigeration coefficient E (Fig. 3, point 4)
that does not depend on heat load Q;

—an increase in voltage drop U (Fig. 16) for different
heat load Qy; the voltage drop increases with an increase in
the heat load;

— the functional dependence of thermoelements number
n=/(AT) has a minimum at AT=40 K (Fig. 17) for different
heat load Qy (Fig. 13); the number of thermoelements grows
with an increase in the heat load;

—an increase in failure rate A/A¢ for different heat
load Qp (Fig. 18); the failure rate increases with an increase
in heat load;

—a decrease in failure-free operation probability P for
different heat load Qy (Fig. 19);

— the failure-free operation probability decreases with an
increase in heat load.

Table 4

Calculation of basic parameters under mode A,
at 7=300 K, //S=10, mode Anmin, myCo— 0,
2_,m,C,=175~10’4 J/K; hhaxy=5.4 A

Qo | n, | W, | U, L | 108,
Wpes.| W | V E Al s Mo 1/h P
1 2 3 4 5 6 7 8 9 10

AT=5K, AT =104.4 K; Ty=295 K; ©=0.048; Ry=11.1-10"3 Ohm;
RKZ 1 1'1073 Ohm, ImaXKZS.SG A; B[120.033; BK:0.034

0.5 | 84.0 |0.092 0.50 0.000016/0.000049| —1.0
1.0 | 168 |0.123| 1.0 0.000032|0.000097| —1.0
2.0 | 336 {0.246| 2.0 0.000065| 0.00019 | —1.0
5.0 | 840 [0.615] 5.0 | 5.5 |0.18[14.0{0.00016|0.00049| —1.0
7.0 [1176]0.861| 7.0 0.00023 | 0.00068| —1.0
10.0{1680| 1.23 | 10.0 0.00032{0.00097| —1.0

20.0|13360 | 2.46 | 20.0 0.00065| 0.0019 [0.99999983

AT=10 K, AT,,x=100.5 K; T5=290 K; ©=0.10; Ry=11.1-10"2 Ohm;
Rk=10.9-10"3 Ohm; ., x=5.32 A; By=0.070; Bx=0.071

0.5]438]0.20 | 0.54 0.00044 | 0.00133 | 0.99999987
1.0 1876 0.41]1.08 0.00089 | 0.0027 1099999973

20| 175 |0.812| 2.16 0.0018 | 0.0053 [0.99999947
5.0 [ 438 | 2.0 | 54 |2.46|0.38]14.5| 0.0044 | 0.0133 |0.9999987
7.0 | 613 | 2.84 | 7.56 0.0062 | 0.0186 |0.9999981
10.0| 876 | 4.1 [10.8 0.0089 | 0.0266 |0.9999973
20.0|11752| 8.1 |21.6 0.0177 | 0.053 |0.9999947

AT=20 K, ATpax=93.7 K; Ty=280 K; ©=0.213; Ryy=11.1-10"3 Ohm;
Ri=10.64-10"3 Ohm; Imaxk=5.24 A; By=0.155; Bx=0.16

0.5]21.0]045|0.54 0.0073 | 0.022 |0.9999978
1.0 | 42.0 10.904 | 1.08 0.0147 | 0.044 |0.9999956
2.084.0|1.80 | 2.16 0.029 | 0.0882 |0.0000012
501210 | 226|540 1.11{0.84|13.8| 0.0735 | 0.220 | 0.999978
7.0 | 294 | 3.16 | 7.56 0.103 0.31 | 0.999970
10.0| 420 | 4.52 [ 10.8 0.147 | 0441 | 0.999956
20.0] 840 | 9.0 |21.6 0.294 | 0.882 | 0.999912

AT=30 K, AT,.,x=86.8 K; Ty=270 K; ©=0.346; Ry=11.1-10"2 Ohm;
Rg=10.2-10"3 Ohm; [;,,,x=5.19 A; By=0.267; Bx=0.28

0.5 | 13.4 {0.806| 0.56 0.065 | 0.192 | 0.999981
1.0 268 | 1.61 | 1.12 0.128 | 0.383 | 0.999961
20536322224 0.256 | 0.768 | 0.999923

5.0 (134 | 8.05| 56 |0.62(1.44(133| 0.64 1.92 | 0.99981
70| 188 | 11.3 | 7.84 0.90 290 | 0.99973
10.0{ 268 | 16.1 | 11.2 1.28 3.84 | 0.99962
20.0| 536 | 32.2 | 22.4 2.56 7.68 | 0.99923

AT=40 K, ATx=79.8 K; Tp=260 K; ©-0.50; Ry=11.1-10"3 Ohm;
Rg=10.1-10"3 Ohm; [;,,xx=5.02 A; By=0.39; Bx=0.42

0.5]12.0 | 1.48 |0.709 0.356 1.07 | 0.99989
1.0]24.0 | 295 1.40 0.712 2.14 | 0.99979
2.0 [ 48.0]5.90 | 2.80 1.42 4.27 | 0.99957
50| 120 | 148 | 7.0 {0.34(2.11|14.0| 3.56 10.7 | 0.99893
70| 168 | 20.7 | 9.8 5.0 15.0 0.9985
10.0| 240 | 29.5 | 14.0 7.12 214 0.9979
20.0| 480 | 59.0 | 28.0 14.2 42.7 0.9957




Continuation of Table 4 Mha 7

tl2]3|4a|s5]6]7] 8 | 9 | 10 0520 W |

50 1
AT=50 K, ATnax=73.4 K; Tp=250 K; ©=0.68; Ry=11.1-10"3 Ohm;
Rx=9.810"3 Ohm; Inaxx=4.9 A; Bg=0.555; Bx=0.61

0.5[12.6(2.92(0.97 185 | 556 | 0.99944 40 1
1.0 (252584 [1.94 3.70 11.1 0.9989
2.0150.4 [ 11.73.90 7.4 22.2 0.9978 30 4
50126 {29.219.70]0.17| 3.0 {15.2| 18.5 55.5 0.9945
701176 [40.9|13.6 25.9 77.7 0.9923 20
10.0| 252 | 58.4|19.4 37.0 111.0 0.9890
20.0( 504 | 117 | 38.8 74.0 222.0 0.9780 10 A
AT=60 K, AT;.x=66.8 K; Ty=240 K; ©=0.90; R;=11.1-10"3 Ohm;

Rx=9.62-10 3 Ohm; k=474 A; By=0.76; Bx=0.87 o ——— = 05
0.5(279 [11.77| 287 17.3 51.8 0.9948 0 10 20 30 40 50 AT, K
10558235 | 574 346 | 1038 | 0.9897 Fig. 18. Dependence of failure rate A /Ag
2.0 |1116| 47.0 | 115 69.2 | 207.6 | 0.97945 for a single-stage TED on temperature difference AT
5.0 279 [117.5| 287 [0042|4.10{21.0| 173.0 | 519.0 0.9494 at 7=300K, //8§=10 cm™! for different heat
7.0 | 391 [164.5] 402 2420 | 727 | 0930 load Qp under mode Anmin
10.0| 558 | 235 | 574 346 1,038 0.9014
20.0{1,116| 470 |1148 692 2,076 | 0.8125 P 0\5\

1
UV A 0.99 A 52\
55 A -
50 0.98 1 \
45 - 10
40 - 0.97 1
35 020 W \
30 - 0.96
259 Q20w
20 0.95 A
15 A 10
L e R —r) / 0.94 : ; ! ; ! |
5 N % 0 10 20 30 40 50 AT, K
0 ; - ; : — Fig. 19. Dependence of failure-free operation
0 10 20 30 40 50 AT K probability P for a single-stage TED on temperature
Fig. 16. Dependence of voltage drop U difference AT at T=300 K, //S=10 cm™" for different
in a single-stage TED on temperature difference AT heat load Q under mode Anmi

at 7=300K, //S=10 cm™' for different heat
load @y under mode A,

6. Discussion of results of analyzing the time required
for a single-stage TED to enter a stationary mode

n, pe. 7
260 A =10 W . . .
240 7 w To run a comparative analysis of the basic parameters,
20 | 5 indicators of reliability, and the time required to enter a sta-
500 tionary working mode for various current regimes, we shall
180 - 2 employ calculations data given in Table 5 at temperature
160 difference AT=40 K, heat load Qy=1.0 W, and the geometry
140 | of thermoelements’ branches [/S=10 cm™.
120 1 1 Table 5
100 + . . . - L
50 Comparative analysis of basic parameters, indicators of reliability,
o and the time required to enter a stationary working mode for
ZO Tos various current regimes of TED
20 - Mode of o | L |n|U/|W, 2108,
0 | I | I I | operation Bu | Bk s | A |pes.| V| W E | A/ho 1/h P
0 1020 30 40 50 AT,K Qomax 10930] 1.0 (64| 5.0 |78[091| 4.6 |0.22] 8.0 | 24.0 | 0.9976

Fig. 17. Dependence of thermoelements number 7 (Qo/Dmax |0.657|0.71| 7.7 |3.55] 9.4 [ 0.82(2.92|0.34| 2.46 | 7.40 [0.99926
in a single-stage TED on temperature difference AT [ /po 1 46510 50 11.0[2.51[15.8] 1.04] 2.640.38]0.976| 293 [0.99971

at 7=300 K, //S=10 cm™! for different heat
load Gy under mode A Ao [0:390[042[140[2.11[240[ 140 [295[034] 071 | 2.14 [0.99979




An analysis of calculation results reveals that an increase
in relative working current By leads to:

—a decrease in time required to enter a stationary wor-
king mode 1 from 1=14.0 s under mode A,;, to T=6.4 s under
mode Qomax by 2.2 times (Fig. 20, point 1);

—a decrease in the number of thermoelements 7 from
n=24 pcs. under mode A, to n=7.8 pcs. under regime Qgmax,
that is by 3 times (Fig. 20, point 2);

— an increase in the magnitude of working current I from
I=2,11 A under mode A, to I=5.0 A under mode Qqpay, that
is by 2.4 times (Fig. 20, point 3);

— the functional dependence of refrigeration coefficient
E=/(B) has a maximum at B=0.5 (Fig. 20, point 4);

— adecrease in voltage drop U from U=1.4 V under mode
Amin to U=0.91 V under mode Qpmay, that is by 35 %;

— an increase in failure rate A/Ay from A/Ap=0.71 under
mode Apin to A/A9=8.0 under mode Qpnay, that is by 11 times
(Fig. 21, point 2);

— a decrease in failure-free operation probability P from
P=0.99920 under mode Ay, to P=0.9927 under mode Qoax
(Fig. 21, point 2).

Within the framework of the adopted model, the estimation
of the time required by a thermoelectric device itself to enter
a stationary working mode, as well as the basic parameters
and indicators of reliability for different modes of operation in
a range of working temperature differences at the predefined
geometry of thermoelements branches 1/5=10, is as follows:

— from 1=0.5 s at AT=5K to 1=19 s at AT=60 K under

mode Qomax;

—from 1=1.45s at AT=5K to t=19.1 s at AT=60 K un-
der mode (QO/I)max;

—from t=8.0 s at AT=5 K to 1=20.4 s at AT=60 K under
mode (QO/[)Zmax;

—from t=14s at AT=5 K to t=21.0 s at AT=60 K under
mode Xlnin-

Comparative analysis of the basic parameters, indicators
of reliability, and dynamical characteristics allows us to
choose compromise solutions when designing TED, taking
into consideration the weight of each of the constraints.
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Fig. 20. Dependence of time required to enter
a stationary working mode T, number of thermoelements n,
magnitude of operating current /and refrigeration
coefficient £ of a single-stage TED on relative working
current B 7=300K, AT=40K; Q=1W; //S=10cm™":
1—1=AB);2—n=f(B);3— I=£(B); 4 — E=f(B)
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Fig. 21. Dependence of failure rate A /Ag
and failure-free operation probability P
for a single-stage TED on relative working current B
at 7=300 K, AT=40K; Qy=1W; //S=10cm™;
h=3-10"81/h; t=10*h: 1 — A /Ao=A(B); 2 — P=£(B)

The results obtained suggest that the dynamical charac-
teristics of TED could be controlled through the variation
of current regime. An increase in the working current
simultaneously with an increase in the rate of a transition
process lead to an increase in mechanical stresses due to
temperature gradients of linear expansion of dissimilar ma-
terials of the thermoelement and the substrate. The result
is a deterioration of reliability indicators of coolers. The
difference in relative values for the growth in performance
and a decrease in reliability indicators shows the need for an
external control over current regimes of TED depending on
the instantaneous spectrum of heat load frequencies. That
would allow for TED operation under the modes of maxi-
mum currents at worse indicators of reliability only in the
regions of the highest frequencies of the heat load, passing
subsequently over to modes with lower currents and higher
reliability indicators. The absence of such results prevented
setting a task to control indicators of reliability in the con-
trol analogs of thermoelectric devices that ensure thermal
modes of radio electronic equipment, thereby making it the
task for further research.

7. Conclusions

At the predefined geometry of thermoelements and the
absence of objects to cool by a thermoelectric cooler:

—the time required to enter a stationary mode does
not depend on the number of thermoelements, it is slightly
different at the maximum temperature difference, and in
a transition from the mode of operation at minimum failure
rate Apin to the mode of maximum cooling capacity Qomax,
it reduces by 2.2 times;

— under a dynamical load of TED, the mode Qgpay, in or-
der to ensure the minimum duration of the transition process,
must be as short as possible, because, when compared to the
mode Anpin, relative failure rate increases almost by an order
of magnitude.
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