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WARRANTY

PL ENGINEERING LLC warrants that the Development Kit, if
properly used and installed, will be free from defects in material and
workmanship and will substantially conform to PL ENGINEERING’s
publicly available specification for a period of one (1) year after date
of the Development Kit was purchased.

PL ENGINEERING LLC also provides a 3-month warranty for the
following parts and components included in the standard delivery set
of the product: the cables, program disks and documentation

If the Development Kit fails during the warranty period PL
ENGINEERING will repair the Development Kit or replace it or its
parts.

For the warranty support a Consumer can address to the office of the
company PL ENGINEERING or its sales representative.

The product repaired or replaced in whole or in part, will have the
warranty period counted as one (1) year from initial shipment but not
less than 3 months upon shipping of repair or replacement.

TECHNICAL SUPPORT

For the technical support and repair within and after the warranty
period, please, address:

In Russia and CIS

PL Engineering Ltd.

46 Warshawskoe shosse, Moscow 115230, Russia
Tel: +7-499-678-3231

Fax: +7-499-678-3258

e-mail: info@promin.com

In Europe, the USA and other countries

TEC Microsystems GmbH.
Schwarzschildstrasse 8, Berlin 12489, Germany
Phone: +49-(0)30-6789-3314

Fax:  +49-(0)30-6789-3315

e-mail: info@tec-microsystems.com
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1. INTRODUCTION

The Thermoelectric Generator
Development  Kit  DX8130
(hereinafter the Development
Kit) is a tabletop laboratory for
studying thermoelectric micro-

generators, testing their
operating parameters,
optimizing the design of
thermoelectric devices

converting thermal energy
(energy harvesting), simulating their work in real conditions.

The tabletop laboratory is useful both for development of practical
devices and laboratory studies.

v Thermoelectric Generator Development Kit DX8130 is
unique equipment having no analogues.

v It is a powerful assistant for designers, experienced users
and researchers in the field of thermoelectric energy
harvesting

The Development Kit is based on an open circuit and enables
constructing "on the table" prototypes of thermoelectric energy
harvesting devices with _
thermoelectric generators. High- | oo |
performance miniature
thermoelectric generators can be 5000°C
selected from the supplied G B Vsersor 04
Development Kit set. Other 2000°C
modules can be used too. e
out 0.885 V power: 0.5 mW

174°C

ext4.027 V power. 0.4 mW

(] Connection state

CcoLD HOT

GEN

Simple interconnections like in
electronic snap circuits allow
building a thermoelectric
converter circuit with DC/DC = FCloda 0% Coontiolagedarcmisic o e
converter. Modules of modern

DC/DC converters are included in
the Development Kit.

LOAD

m

Stabilization time [s] 2 LOAD
rumber of measuroment pants <0 [

|
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MonapHocTe
HampaxeHna

Mounting scheme of Wiring diagram of generator
generator between
thermal sources

The controller modules, fine measurement electronics and precise
programmable heat sources, computer remote control and data
logging provide modeling of operation of assembled thermoelectric
energy harvesting device prototypes in a wide range of operational
conditions. The measurement electronics provides data logging of
acquired test data. The software provides data processing,
investigating standard performance parameters and plots, such as
volt-ampere  characteristics, temperature  dependences  of
performance parameters and others.

L= 1= el (=] L= s
— & add e [co v e & Cear 4 Add
55 @ 5@
5 ® 4.5 ®
e ° 2 *
. ° ] - o |
" ® e e
[} : e
: (3 °
15 @ 1 @
1 ® 0s Y
e o e
Volt-Ampere characteristics of Volt-Ampere characteristics of
thermoelectric generator thermoelectric generator with DC-DC
converter
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2.

N NN o oW

N -

9.1
9.2
10
11
12

13

14

14.1
14.2
14.3
14.4
14.5

SPECIFICATIONS

Parameter

Temperature range of stabilizing of
every programmable heat loads
(two units in the Kit)

Maximal temperature difference
between hot and cold sides

Output voltage range of TEG
Electric current range of the TEG
Heat flux range
Output voltage of DC-DC converter
Load current
High current mode
Low current mode
Computer interface
Dimensions of TEGs, min...max
AxB
H
Power Supply of the Kit
Maximal power consumption

Overall dimensions of Kit AxBxH,
max

Weight
Dimensions of main modules
Test bench
Electronic plate
Controller unit
Programmable heat flux unit
DC/DC converter unit

ver. 1.03 (2020)

Units
°C

PL Engineering Ltd

value
+10 ... +100

50

.. 9.999
.. 1.000
.. 9.999
.. 9.999

o O o o

0...0.100
0...5.0
uUsB

2x2 ... 30x30
0.5...5.0
110 ... 240
60
200x300x80

3.0

200x300x20
100x200x25
55x55x35
55x55x8
55x55x10
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3. DELIVERY KIT

Item Q-ty
1 Set of standard thermoelectric microgenerators of PL 1 set
Engineering (one unit each)*:
- 1MDO06-127-08TEG
(13x13x1.9 mm - 5.9 Ohm — 50 mV/K)
- 1MDO04-127-08TEG
(9.8x9.8x1.9 mm - 16.3 Ohm — 50 mV/K)
- 1MDO06-071-05TEG
(9.8x9.8x1.9 mm - 2.1 Ohm — 28 mV/K)
- 1MDO03-060-05TEG
(4.0x7.5x1.1 mm - 6.8 Ohm — 24 mV/K)

2 Standard mounting frame (for mounting of optional 1 pc
TEG)

3 Set of DC-DC converter boards with standard DC-DC 1 set
circuits (one unit each):
- BQ25504RGT (Texas Instruments)
- LTC3108EGN (Linear Technology)

4 Programmable precise heat flux unit 2 pc
5 OEM controller DX5100 to manage by heat flux units 1 set
6 Control electronic and indication board 1 pc
7 Software TEGLab (flesh disk) 1 set
8 Power supply 1 pc
9 Set of cables 1 set
10 User Guide (flesh disk) 1 pc
11 Plastic safety bag 1 pc
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Delivery kit
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4. DESCRIPTION OF THE DEVELOPMENT KIT

Thermoelectric Control and Indication Controller of heat
generator unit board sources

DX8130
Thermoelectric Generator

Development Kit

/.
0 RMT L4

Test bench Board of DC/DC
converter
Thermoelectric Generator Development Kit with preset components
assembled

The thermoelectric generator development kit consists of the
following.

- Set of standard thermoelectric micro-generators of PL
Engineering. The set may be extended at the request of
additional types of micro-generators produced by PL

page 12 of 72 ver.1.03 (2020)
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Engineering, or a User can apply another generator, of other
manufacturers.

- Fully functional boards with DC/DC converters to obtain voltage
needed from the standard generator. The kit consists of two
boards with modern DC/DC converters from the companies
Linear Technology and Texas Instrument. Electronic circuits of
DC/DC converters of other types can be supplemented to the
Development Kit on request.

- Controlled precision heat sources. Two identical modules that
stabilize the top temperature (hot side) and bottom temperature
(cold side) of a thermoelectric generator tested. They include
temperature and heat flux sensors.

- Controller of heat sources. The controller is based on the range
of commercially available controllers DX5100 of PL Engineering.

- Control and indication board. The Development Kit provides a
convenient way to connect all the elements are included, a
detailed indication of the operating parameters of the
experiment, connection to an external computer. The
Development Kit is controlled either by the control elements on
the board or by the software TEGLab on an external computer.

- Software TEGLab to be installed on an external computer. It
provides the control of the Development Kit: setting of all
operating parameters, work indication, recording current-voltage
characteristic of a generator and selected DC/DC converter,
data logging.

- Elements of the laboratory Development Kit are located on the
test bench - a small aluminum plate carrier. All the elements are
accessible, can be easily installed and can be removed by a
User depending on experiments.

The Development Kit is supplied assembled and packed in the plastic
case.

The Development Kit with pre-assembled components is ready to
use.

ver. 1.03 (2020) page 13 of 72
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1.1 Thermoelectric Generator Unit

The thermoelectric generator
is placed between two heat
precision sources controlled.

In the Development Kit it is
taken for the rule that the
upper heat source works as
a heater (HOT), the bottom
one works as a cooler
(COLD).

Each of the heat sources
contains a built-in
thermoelectric module as a heat source, a thermoelectric heat flux
sensor and the platinum thermistor Pt1000.

The heat flux sensor of the top (HOT) heat source controls the heat
generated. The lower heat flux sensor (COLD) measures the amount
of heat that passed through the tested thermoelectric module.

MonapHocTs
HaMPAXeHHA

Layout of the generator GEN between the heat sources (HOT and COLD)
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I‘O' Attention! The generator orientation should comply with the
. ~ drawing.

The temperature sensors measure the given and maintained
temperature and allow obtaining the overall temperature
difference between the heat sources. The overall
temperature difference includes that of the thermoelectric
generator tested (operating temperature difference) and of
contact layers (losses).

To ensure a good thermal contact and to reduce losses on
top, this sandwich (thermoelectric generator-heat source) is
pressed by a spring clamp.

1.2 Controller of Heat Sources

The precision heat sources are controlled by the two-channel
controller created on the basis of the controllers’ family DX5100 OEM
(http://promIin.ru/products/dx51xx/dx51000em/).

B \
h g
| ! (o 2
" CR
- { 1 VORI

\\;‘; | m. e

Controller of heat sources (HOT and COLD)
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1.3 Control and Indication Board

All the measurements and indication control is performed by this
board.

Sie g
HEHH A AL

Control and indication board

The control and display board is in the center of the test bench and
includes several indicators, commutation elements (terminals and
switching connectors) and control elements (buttons, switches).

page 16 of 72 ver.1.03 (2020)
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1.1.1 Control and Indication Elements
i
ON
Power switch | © % u 12vO|  power connector.
Heater temperature | S — N
indi LIl e
indicator I c O [
Indicator of heat flux |~ _ — g g Heater control buttons
o | A e
Cooler temperature | | [ 1] )] o X2 2
indicator 1| d @
ol — Cooler control buttons
Indicator of heat flux oll =/~ w d @
(') | Sy Ay Set Vv
Voltmeter of 111 Control of generator
generator Yy connection.
0 p— Switch up - to connector
Ammeter of generator ZI LA "OUT", down - to the
O] AL D load.
Voltmeter of load ey Wy GN Control of load
]|V H connection.
P | — EXT Switch up - to the
Ammeter of load [ A @ generator; down - to the
e | R et Y =T connector "IN".
O O Jumpt_ar of current limits
selection.
Regulator of load current
value.

Elements of control and indication on the control board.

1.1.2 Buttons
Button of start and stop Button to increase the setpoint
temperature control 1/0 temperature
I The cooler temperature setpoint
cannot be above that of the heater.
Button to go to the setpoint Button to decrease the setpoint
correction mode. temperature
Exit from the mode setpoint Set I The heater temperature setpoint
correction if the button is pushed, or cannot be below that of the heater.
after a time delay if no button is
pushed.

ver. 1.03 (2020)
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Temperature Indication

The current temperature is displayed.
Temperature regulation is on.

The current temperature is displayed
with the index "H" (Hold).
Temperature regulation is off.

The temperature indication is flashing
in the setpoint correction mode.

1.1.4 Current Indication and Selection of Current Limit

LILL

The current unitis 1 A (the jumper of
current limits selection LO is not
connected). The value of the load
current is up to 500 mA. The
minimum load resistance is 1 Ohm.

The current unit is 1mA (the jumper
of current limits selection LO is
connected). The value of the load
current is up to 5 mA. The minimum
load resistance is 100 Ohm.

The current value is regulated by the variable resistor (by a local
control) or from the program (by a computer). When operating by the
computer the jumper of current limit selection should not be

connected.

1.4 Boards of DC/DC Converters

There are two variants of boards with DC/DC converters in the
Thermoelectric Generator Development Kit DX8130.

Generally a DC/DC converter is necessary for converting the
thermoelectric generator output voltage changing with temperature
difference to the standard value of the supply voltage of electronic

devices.

page 18 of 72
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Most modern microcircuits of
DC/DC converters provide the
majority of known standard
voltages (3.3, 4, 5 V, etc.) by
an output switching of the
circuit.

The important properties of
using DC/DC converters with
thermoelectric generator are:

- Minimal input signal of
starting the converter work;

- Converter efficiency.

The minimum input signal providing the DC/DC converter startup and
work is important as thermoelectric microgenerators in energy
harvesting applications operate by very low heat fluxes and with
small temperature differences. Therefore, the thermoelectric
generator produces almost zero thermoelectric power.

The efficiency of the DC/DC converter circuit is important in any
case. In the case of a thermoelectric generator, this value is even
more critical as the efficiency of the thermoelectric generator itself is
very low - 0 ... 4-5% depending on the source of heat (difference of
temperatures). Therefore, the most effective subsequent energy
conversion is crucial.

There are two boards with modern DC/DC converters optimized for
use with a thermoelectric generator in energy harvesting applications
in this delivery kit:

- BQ25504RGT (Texas Instruments)- Ultra Low-Power Boost
Converter With Battery Management for Energy Harvester
Applications

- LTC3108EGN (Linear Technology) - Ultralow Voltage Step-Up
Converter and Power Manager

If necessary, a User can connect another board with a different
DC/DC converter to the circuit of the test bench. Replacement
procedure is described in this manual.
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1.1.5 Board with DC/DC Converter BQ25504RGT

Appearance Layout of elements
XT3
O 7 BAT O
= =3V
IN +
+ ce RMT Ltd.
- L1caC4
3 ciy Cﬁ [ cs —XTe
R L GND)
~..1 loa1 BAT_OK
RESL 1 vearuv
R2C2(1 11 L1 veaT OV
STOR [T ICIVCD VBAT OK PROG
- R4R6 RS
+ R3R5 R7
R9 R10 R11
Ultra Low Power Boost Converter
with Battery Management
Circuitry
XT2:1
C3 Cc4 Kowr Uere.
O,k &, 7 S
LT :
XTt1 L1 22w DAY
Lo | Kowr I YTY T B ger VSTORE 2 XT3:1
21yN pe C5 C6
. - 47MK 47MK or L
2 c1 vear [ 1
LWV R1 P
em
OT_PROG 5—-{
31 voc_samp XT4:1
fo ; VREF_SAMP VBAT_OK (1L LKD.« Uers
o VRON 1
S{veat_ov OK_PROG |2 }—— 2
—Blvpat_uv OK_HrsT
oND
BQ255@4RGT 11213
R3 5, M R5 39M R7 390k R9 510« R10 6,04M
R4 6,04M R6 39M R8 @ R113,32M
o —

Detailed technical documentation on the DC/DC converter
BQ25504RGT (and related links)

http://www.ti.com/product/BQ25504/description.
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1.1.6 Board with DC/DC Converter LTC3108EGN

Appearance Layout of elements
XT2
O J4
7)1(7) R~ piscrarce
c5 | CHARGE
e
VIN ~VSTORE GND |
+ - XT7
XT4 PGD
I c1 €6 ¢
= E VLDO
T €2 i = 8
L1 0G3= E
pG4 . + - XT6
[2) [c]vaux |C®
2 vouT 225415
i 13 f XT4 + I(a] c| GND VOuT2,
Va1 Vs : VOUT VS1 VS2 ONj=
o . 7 235V GND GND a — | ||xT8
‘gg‘ Y 33V VAUX GND OFFi @ +
41V GND VAUX
i 50V VAUX VAUX g3
Uttra Low Power Boost Converter
S ment Ultra Low Power Boost Converter
with Battery O with Battery Management O
Circuitry
J4
T R1100
X12:1
Kowr LUers
1
I
L+ co IL o5
220wk 10B 9.33% 5,58
XT11 w X'K:jﬂ
[T P C2 1000 : Uere
1 wsToRE |3 -
e c7 >
2 220ux 108
EE 330w 108 vour 14 L e
Kowr Uere
5
vouT2 1
cs 1 >
s 8,k
e T I XT6:1
o lZ IMMK o[ ler
2 2 !
= H/’\ VUK | o | VoR_EN S
1 i 18[916 LTCI108EGN J: ¥T7-1
Kour Lere
C4 !
VS2 VSl Vout Tk 2
Gnd Gnd 2358 I J3 e
Gnd Voux 33 B S8
Waux Gnd 418 /i
Vaux Vaux 508 i

Detailed technical documentation on the DC/DC converter LTC3108
(and related links) - http://www.linear.com/product/LTC3108.
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1.5 Wiring Diagram

General wiring diagram

A thermoelectric generator is connected to the terminal block GN, the
board of DC/DC converter is connected between the terminal blocks
OUT and IN. To terminal block EXT can be connected to the external
load. The wiring provides four ways of switching the thermoelectric
generator shown in Table 1.

Table 1. Connection options of thermoelectric generator

Option connection Position of switches

1 Generator circuit is open 1) Switch GEN is down
Switch LOAD is down

2 Generator to internal load1)2) Switch GEN is down

Switch LOAD is up
3 Generator to DC/DC converter Switch GEN is up

and internal load Switch LOAD is down
4 Generator to DC/DC converter Switch GEN is up
and external load EXT Switch LOAD is up

1) The voltmeter of the group LOAD (Uin) may show incorrect
values, as it is not connected.
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2) Internal load is controlled both by the board, and by a computer.

Switching circuitry of the thermoelectric generator (red - to the
board of the DC/DC converter; blue - directly to the internal load)
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5. SOFTWARE TEGLAB
There is control software TEGLab in the delivery Kkit.

To work with the program, simply copy its folder (a flash drive as part
of delivery) to the control computer.

1.6 Program Window. Main Tab

e | =
TO TabDebug | TabGenerator | T1 34 35
1 [BH] Connection state [ AddtoLog | [Show Chart]
'6 4 50.00°C
x 5 3l 6 Vsensor 048 7
| 10 2000°C
a 11 B30 Blgii2 Vsensor 02113
z 16 out0.885V power: 105 mw *9
e 17[BEg 17.4°C18 efiiciency: 0.3% 20
238 ext4 027V power: 85 mW 24
efficiency: 81.1 % 25

ZG-F PC Mode 29 () % | Current-voltage characteristic 9 GEN- 30

3
Stabilization timie [3]] 2 LOAD 33

number of measurement points | 10 m
32

The main window of the software TEGLab
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1.1.7 Elements of main window

o 0hs WD

10
11
12

13

14
15
16
17
18
19
20

21

Ver.

Description Conditions
of
indication
Indicator of commutation of the program and test bench
Heater (HOT)

Current temperature
Heat flux from heater (Qhot)
Current setpoint of temperature
Entering the setpoint temperature

Status indicator and start/stop of control (temperature
maintenance)

Voltage of heat flux sensor 1
Cooler (COLD)

Current temperature

Heat flux to cooler (Qcold) through the generator

Current setpoint of temperature

Entering the setpoint temperature

Status indicator and start/stop of control (temperature
maintenance)

Voltage of heat flux sensor 1
Generator

Thermoelectric generator voltage (Ugn)

Generator current (Ign)

Voltage at the terminals OUT (Uout=Ugn —Ign*Rshunt)

Field to enter the number of generator pairs of elements

Generator temperature difference estimated 2

Generator power (Pgen=Ugn*Ign)

Generator effeciency (eff=Pgn/Qcold) 3

Load
Voltage at the terminals IN (Uin)
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# Description Conditions
of
indication

22 Current of the terminals IN (lin)

23 Voltage at the terminals EXT (Uext=Uin-lin*Rshunt)

24 Power at the terminals IN (Pin=Uin*lin) Pin=Pload

25 Effeciency of DC/DC converter eff= Pload / Pgn 4
Load current

26 Indicator / Switch of load current control locally/by
computer

27 Indicator / Switch of load current control LO / HIGHT

28 Load current controller

29 Indication of load current - % of the maximal value
Current-voltage characteristic (CVC)

30 Place of load connection 5
Switch of group Switch of
GEN (top) group LOAD
(bottom)
GEN down up Generator CVC
LOAD DC/DC
up down

converter CVC
31 Delay before measurement after setting the current

32 Number of measurement points (number of intervals of
current change)

33 Button of starting CVC. 5

34 Button of recording current measurements in the logging
file.

35 Display of the logging file saved

TO Terminal tab
T1 Main tab 1

1.1.8 Indication Conditions

1. Displayed if the expert mode is enabled.
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2
3
4.
5

1.7 Program Window. Terminal Tab

Displayed if Pgn >10 mW.
Displayed if Pload >0.5 mW.

Control of load current from the computer

PL Engineering Ltd

Displayed at the generator current less than 3mA.

Attention! Expert mode is on/off with the key combination
CNTRL+DEL.

By the keys CNTRL+DEL the Expert mode is enabled - tab

TabDebug and debug window.

The debug window shows the current telemetry of the device.

ver. 1.03 (2020)

TabDebug | TabGenerator

Send time Telemetry || Stop
>40 <40 1_&85680e+01 1.&85660e+01l <
02 10 B7£f <0z 10 B7FF
{ 0000000& 23.38 Z4_00 0.0882 -0.0150 0.0008 0.010%

{ 0000001 23.37 24_00 0.0732 -0.0177 0.0007 0.010z
{ 0000002% 23.358 24_00 0.0857 —-0.0252 0.0013 0.0107
{ 0000002 23.97 24.00 0.0c684 -0.015% 0.0010 0.0100
{ 00000048 Z3.88 Z4_00 0.07Z0 -0.0211 0.001z 0.0102
{ 0000005& 23.38 Z4_00 a.0873 -0.0135 0.0011 0.010% =
{ 000000&& 23.37 24_00 a.0872 -0.0154 0.0007 0.009E
{ 0000007g 23.%8 24.00 0.0854 -0.0130 0.0011 0.009:
{ 0O000008& £3.87 Z4_00 0.0852 -0.0140 0.000% 0.0097
{ 00000038 £3.87 Z4_00 0.088% -0.0154 0.0010 0.009E
{ 00000104 23.87 Z4_00 0.0854 -0.0130 0.0010 0.009¢
{ 0000011& 23.37 24_00 0.0641 -0.01c4 0.0008 0.009:
{ 0000012¢ 23.97 24.00 0.08e3 -0.0l38 0.0010 0.009:
{ 00000138 £3.87 Z4_00 0.08Z3 -0.01&88 0.000% a.009:
{ 0000014& 23.87 Z4_00 0.08&3 -0.013z2 0.0010 0.005C
{ 0000015& 23.38 Z4_00 0.0&664 -0.013z2 0.0011 0.005C
{ 000001leé& 23.37 24_00 a.0837 -0.0181 0.0008 0.0059C
{ 0000017& 23.97 24.00 0.0852 -0.0177 0.0011 0.0085 ¢

Additional window of the program TEGLab. It is only enabled in the expert

mode by the keys CNTRL+DEL.
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6.

WORK WITH DEVELOPMENT KIT

1.8 Getting Ready

Remove the test bench of Thermoelectric Generator
Development Kit DX8130 from the plastic case.

Place the test bench on a flat surface of the table.

Attention! Make sure that the toggle switch on the control
circuit board is in the "off" position (1).

Connect the power supply to the control board (2).
Connect the power supply to an AC outlet.

In this case, the blue LED on the control board near the toggle
switch lights steadily (3).

Connect the USB cable to the controller (4) that controls the
heat sources and to a computer with pre-installed program
TEGLab running.

On top of the controller board the blue LED RST will light up,
which indicates connection to the computer (5).

Turn on the power switch of the control board (6).

The indicators on the control board turn ON. Similar indicators of
the control program are beginning to give out similar information.

The fan of the heat sink turns on (a poor sound) on the test
bench.

The test bench and all its components are ready for operation.

Indicators of heat sources on the hot and cold sides indicate the
status Hold.
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1.9 How to Mount/Replace Thermoelectric Generator

In the Thermoelectric h.
Generator Development Kit
assembled, the unit of
thermoelectric generator is
located in the left half of the
test bench. It is assembled
using one of the standard
thermoelectric micro-
generators of the supplied kit
(see the Section "Delivery
Kit").

! Before mounting 4
/replacing, make sure that
the control board s
switched off. The toggle
switch is in the "OFF"
position.

The microgenerator is
replaced in the following
sequence.

Hold the upper spring-loaded
clamp and, press lightly on
top.

Keep a little closer the locks
of the spring-loaded clamp
(indicated by arrows).
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Remove the spring-loaded |

cover.

Carefully remove the upper
controlled heat source along
the guides (arrow) upwards.

It is not necessary to
disconnect the heat source
from the connector.

Carefully by the guides (see
the arrows) remove the
frame with the soldered
thermoelectric generator
upwards.
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Disconnect the cable from
the connector on the frame
(see the arrow).

After removing the frame
with the generator there is
only a bottom heat source
left in the generator unit.

It is not necessary to
dismount it.

Select another
thermoelectric generator
from the kit (there are four
thermoelectric micro-

generators produced by PL
Engineering).

If you want to apply another
thermoelectric generator,
use the free frame supplied.

page 32 of 72 ver.1.03 (2020)



Development Kit DX8130/ User Guide PL Engineering Ltd

Solder the terminals of the
generator to the contacts on R F — xP1
the frame as done for the

samples available.

"

I Polarity should be
observed in accordance
with the Figure.

The generator unit is
assembled in the reverse
order.

Connect the generator cable
back to the connector on the
frame.

Carefully lower the frame by
the guides to the bottom
controllable heat source.

I The connector on the
generator frame should be
turned down.
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L. Lower the upper heat
source by the guides on the
frame with the generator.

From above put on the
spring-loaded clamp.

Keep slightly closer the side
locks and push the top of the
spring-loaded clamp.
Release the side locks.
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The unit is assembled. ~
=

1.10 Serviceability of Thermoelectric Generator

Prepare the test bench of Thermoelectric Generator Development Kit
DX8130 for work in accordance with the instructions "Getting Ready".

As an example, a thermoelectric generator from the delivery kit is
installed in the thermoelectric generator unit.

For example, the module 1MD06-127-08.

The specification for this type is available from PL Engineering’s site -
http://promin.ru/products/te-generators/hdtegs/

Turn the switch of the group [ A .
GEN to the position down, and [ SERSSE
the switch of the group LOAD 17 1 171
to the position down. ) (N -1
So, this is the case "Generator I

is open" (Section "Wiring : '_’. 'l__" ’-' I

Diagram", Table 1)

N alalals
ot
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Press the button "Set" of the
group "HOT".

BEEE
l'l N I'l I
(e =1 I

‘Ll ,'l J 0

C.LCl
The temperature indicator in
the flashing mode will start -
showing the preset I ' I ’-' ’
temperature of the upper heat ' I _I ' I,

source. ’_, ,.1

E

The settings can be changed
using the arrow buttons "up"
and "down".

After setting the desired
temperature, press "Set".
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The temperature indicator
shows the current
temperature.

The index "H" (Hold) before
the temperature readings
indicates that the heat source
is turned off, not active.

Press the power button on the
heat source "1/0".

The symbol "H" disappears.
The temperature indicator
shows the actual temperature
reaching the set point.

This process takes time - a
few minutes.

Repeat the same temperature
setting of the bottom heat
source by the group "COLD.

Take steps as in items B-F,
but for the bottom heat source
"COLD".

Press the button "Set" of the
group "COLD".

ver. 1.03 (2020)
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The temperature indicator in
the flashing mode will start
showing the preset
temperature of the bottom
heat source.

The settings can be changed
using the arrow buttons "up"
and "down".

After setting the desired
temperature, press "Set".

shows the current

temperature. _’ ] "I:"
The index "H" (Hold) before ;‘

the temperature readings

The temperature indicator _, _’ 7] W e
l r-

pooog.-=

indicates that the heat source ; ' ’ ’ ’ ’

is turned off, not active.

- 18 -

ot U 1 O
Press the power button on the
heat source "1/0".
The symbol "H" disappears. 00 C
The temperature indicator 5 O]

shows the actual temperature
reaching the set point.

This process takes time - a
few minutes.
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Wait for the temperature ‘ ’- ’—,
values of both heat sources ‘ ’ ' | °c i
achieving the steady state. 2 : i

The  overall temperature - ' ' ’ '
difference is the difference of _’

C I'l
7!.

the top and bottom steady-
state temperatures.

In the case shown AT=45°C -
25°C=20°C.

In the steady state the heat
flux indicator of the group - s
"COLD" displays the heat flux [l C ] 'I-" "-" ':' L © S

through the sample

thermoelectric generator. ’-' ’— ’—' I-'
The voltage indicator of the | _L’. _’ '_’ '_’
group "GEN" shows the [ium = =
thermal e.m.f. of tested the E ’7 ’-' ’ “ A
thermoelectric generator - /1 _’ _’
under these conditions (at a
steady-state temperature
difference).

More information on the
system operation is displayed
in the main window of the
running software TEGLab.

LOAI

To control the Development == | Local
Kit by your computer, click on : )
the button "Local".
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The additional
elements are open.

control

The button switches to the
status "PC Mode" meaning
control of the advanced
settings from the computer
(see below).

To be able to control the load
current as fully as possible,
the jumper "LO" should be
removed from the board.

The indications of the
indicators in the program
repeat those of the indicators
on the control board.

However, there are some

differences.

The values of the heat flux
indicators on the board are
limited to one digit of integer.
Therefore, the maximum
displayed value is 9.999. The
corresponding indicator in the
program TEGLab is free of
this drawback and shows the
true value even if it exceeds
9.999. The program also
indicates a sign (direction) of
the hat flux.
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Wl
2 ext 0,00
o
-
[= PC Mode 0 %  Current-volta
m=| High o
|1 | .. e

power. 02 mW

ext 0,002V power: 0,0 mW

0% Cunentvoltage characteristic  © cex
Stabization time [s]| 2/ _ 04D

[ [RSSrRRe - |
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The software also enables
calculating operating
temperature difference on the
sides of the generator ATw.

For that, it is necessary:
Press the button "N="

Specify the number of pairs of
elements of the generator
tested.

"OK"

By the approximate value of
thermal e.m.f. per elements
pair, the program calculates
and displays the value of the
working temperature
difference  ATw on the
generator. This value is
always less than the total
temperature difference AT.

The difference (AT-ATw) is
thermal loss on the interfaces
— contacts of the heat sources
with the tested generator.

2500°C

out 0,588 V

116°C

ext 0,002 V

PL Engineering Ltd

N

OK Cancel

power: 0,0 mW

urrent-voltage characteristic o GEN

COLD HOT

GEN

500°C €

2500°C *—
|

out 0,_569 V' power.
IEER 116 “C_‘—ATV\-’

ext 0.002 V Dower:

In the example above (A-Q) the thermoelectric generator operation is
checked at given top and bottom temperatures.

The generator at a given temperature difference produces thermal
e.m.f., displayed on the indicators of the control board (L) and of the

program TEGLab (O).

To test the thermoelectric generator at different temperatures, it is
necessary to repeat items A-Q for other temperature conditions.

ver. 1.03 (2020)
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1.11 Thermal Resistance of Contact Layers

One of the challenges of effective use of a thermoelectric generator
is taking into account thermal losses in a particular design.

A thermoelectric generator efficiency (E) directly depends on the
operating temperature difference on its sides (ATw).

E=a x AT,

Here o is the Seebeck coefficient per pair of elements (in average

about 400 pV/°C); N is a number of pairs of elements in the
generator.

However, when the heat flux passing through the assembly with a
thermoelectric generator, there are several contact areas where the
useful temperature drop is lost due to the heat resistance of contact
layers and materials.

In the Thermoelectric Generator Development Kit DX8130 a
tested thermoelectric generator is located between two controlled
heat sources. Thus, there are two contact areas (top and bottom) that
have thermal resistance.

AT ATw
v
Jﬁ,
oT

AT = 8T + AT, + 8T

To decrease the temperature losses (8T) special conductive layers
are applied (3M™ Thermally Conductive Silicone Interface Pads 5519
0.5mm).

Nevertheless, the loss of temperature difference should be taken into
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account.

A. Repeat the actions of

. s :
the items A-Q of the 500°C €+——

HOT

. . SET STOP
Section "Checking 3 Em -
Thermoelectric L a 2500°C +—
Generator Operation”. 8 -
The exemplary temperature
values set on the & . out0589V  power
temperature indicators of € N=127 11.5‘*0.‘—ATW

the hot and cold sides

are 25 and 45°C,
respectively.

ext 0.002 power.

\D

B. For the tested thermoelectric generator with the number of pairs
of elements 127, the estimated value of the operating
temperature difference providing generation of working thermal

e.m.f.is 11.6 °C.

Therefore:
AT =20 °C (=45-25°C)
ATy,=11.6°C
2 x 8T =8.4 °C (20-11.6°C)
ST =4.2°C.

The heat flux that passed through the generator and measured
by the bottom heat source sensor is Q=2.09 W.

The thermal resistance of the contact layer is:

oT 4.2
= =208 2K/W
The thermal resistance of the thermoelectric generator is:
ATy, 11.6
— =56 K/W

R ==
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C. Generally the thermal resistance has temperature dependence.

Check the thermal resistance in other temperature conditions, as
described below.

D. Repeat actions of items A-Q of the Section "Checking
Thermoelectric Generator Operation” but with other
temperatures of the top and bottom heat sources. For example:

Thot=50°C
Teo=20°C
AT=30°C
E. After temperature e
stabilizing, the generator 2

thermal e.m.f. power
reaches a stationary
value.

COLD

20,00°C

out 0,900 power: 0,5 m\W

17.7°C

ext 0,002 V power: 0,0 mW

GEN

LOAD

F. Repeat the calculations of the item B.
AT =30 °C (=50-20°C)
ATy,=17.7°C
2 x 8T =12.3 °C(=30-17.7°C)

ST =6.15 °C

The heat flux that passed through the generator and measured
by the bottom heat source sensor is Q =3.503 W.

The thermal resistance of one contact layer is
6T  6.15

Ri=—=——~ 176 K/W
7@ " 3.503 /
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The thermal resistance of the thermoelectric generator is:

G. By measuring

AT, 17.7

RTEG:_ —zS.OSK/W

Q  3.503

the thermal resistance under various

temperatures, we can plot the thermal resistance dependence
on the temperature difference.

The figure shows an example measured for one of the
microgenerators from the supplied kit (1MD06-127-08TEG).

5.0
|

4.5 ._.—._.__;.:W
4.0

3.5

=== RTE

S 30
5

= 2.0

R

15
1.0

O O—O—O——00 |

0.5

0.0

10

20 30 40 50
AT, K

1.12 Current-Voltage Characteristics

A. Repeat the actions of
the items A-Q of the Section
Thermoelectric
Generator Operation”.

"Checking

ver. 1.03 (2020)

45.00°C
. 2500°C
.'outU,‘SﬂE)V i powe
[P 116°C

COLD  HOT

GEN

© ed0002V  powe

D
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B. Set the range of o B
workloads by the button a
Low/High. < ext 0,00
- In the case "High" the =
load will be set in the
range of current — 0...100 (7. F¢ Moda (% Cunentualis
mA m= | High Sta
_ In the case IILOWII the "_| number of me
load will be set in the

range of current — 0...5
maA.

C. Set the following
parameters of the Current-
Voltage Characteristic (CVC):

- value of stabilization time
before the measurement,

ext0,002Vv power: 0.0 m\W

Bl

» | Current-voltage characteristic 9 GEN
- number of points on the Stahilization time [s] | 2 LoAD
current-voltage

GO
characteristic :

” number of measurement points | 10

Or use the software defaults
(2 seconds and 10 points).

'0' Attention! The switch "GEN-LOAD" must be in the

position "GEN"- measuring current-voltage characteristic of
the generator. Choose the connection of the load to the
generator by the switches on the board: the top switch -
down; the bottom switch - up.

Press the button "GO". The current-voltage characteristic window will
appear and the real-time CVC will start plotting: on the X axis - the
generator voltage, on the Y axis — the load current.
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1.13 Thermoelectric Generator with DC/DC Converter
Prepare the Thermoelectric Generator Development Kit DX8130 to
work in accordance with the instructions "Getting Ready".

As an example, a thermoelectric generator module is installed from
the supplied kit - 1LMD06-127-08.

The specification for this type is available on PL Engineering's site -
http://promin.ru/products/te-generators/hdtegs/.

A. The board of the DC/DC
converter BQ25504RGT
(Texas Instruments) is
mounted and connected
on the test bench.

Schemes of the boards
with converters are given
in the Section "Boards of
DC/DC Converters".

In the delivery kit there is
also a board with the
converter LTC3108EGN
(Linear Technology).

If it is necessary to
replace the converter,
use the instructions in
Section

"Connection/replaceme
nt of DC/DC converter
board".
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B. Turn the switch of the g =< = L
group GEN in the "up" [LESEIENE
position. 'l’I" 1/ 1/ l
Turn the switch of the [ ]
group LOAD in the 1 I~
"down" position. c '_" L" I-' '

(o}

C. Thus, the connection B — —

"Generator to DC/DC ’ ' l ' ’-' l '

converter and internal = '—’- '—’ '—’ I_’
load" is done (Table 1).

D. Press the button "Set" of
the group "HOT".

aror
B Ca=gN
a0
-Hd o
E. The temperature indicator eeg
ﬂr?Shin will sr:]art rs;hO\r/ving:c L - I I-, e
:hg t%;fie:attesoﬂfcgfu °° 2L L e,

: . pEAeA
E e
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The

The setting can be
changed by the arrows
up/down.

After setting the desired
temperature, press "Set".

The temperature indicator
shows the current
temperature.

index "H" (Hold) before
temperature readings
indicates that the heat
source is turned off.

Switch on the heat
source "1/0".

The index "H"
disappears. The
temperature indicator
shows the actual

temperature reaching the
desired value.

Temperature  steadying
takes time - a few
minutes.
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I. Repeat the same
procedure of bottom heat
source temperature
setting by the group , ' _’ [" -' g e Ly
"COLD" - see items B-F [RESH m N il I N S ey
for the bottom heat S

source "COLD". ; ’ ' -' ’-' I-' W'

Press the button "Set" of -2 '-’ '— '—’ '—’
the "HOT".

J. The temperature indicator
flashing will start showing
the preset temperature of
the bottom heat source.

The setting can be
changed by the arrows
up/down.

After setting the desired
temperature, press "Set".

K. The temperature indicator
shows the current

temperature.
The index "H" (Hold)
before temperature

readings indicates that
the heat source is turned
off.
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L. Switch on the heat

source "1/0".

The index "H"
disappears. The
temperature indicator
shows the actual

temperature reaching the
desired value.

Temperature  steadying
takes time - a few
minutes.

M. Wait for the temperature

C o

values of both heat ’ L/ Moltl C'm
sources achieving the 4 —— T

steady state. ) ' ’ '

The overall temperature _’ ’ Wk o ad
difference is the | : =

difference of the top and |/ ’: ’ ' e
bottom steady-state ) '_’ ’
temperatures.

In the case shown

AT=(45 — 25)°C =20°C.

N. In the steady state the
heat flux indicator of the [ —
group "COLD" displays ' "’-""’" '
the heat flux through the EmSo) et
sample thermoelectric o I ’— ,—' ’—'

generator.
EI 03430

The voltage indicator of jum e s
B0 n-

the group "GEN" shows
the thermal e.m.f. of '—’ '—’ '—’ '_’

tested the thermoelectric
generator under these
conditions (at the
temperature  difference
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given).

O. The group LOAD
indicator shows  the
standard voltage at the
output of the DC/DC
converter board.

The voltage 4.0 V
indicates that the ’-' ’-' ’-'
converter is in the : '_’. L’ L’

operational mode. The
input voltage from the
thermoelectric generator
made the converter start
up and get the standard
voltage (for charging an
accumulator or
supercapacitor).

More information on the
system  operation is
displayed in the main
window of the running
software TEGLab.

P. To control the
Development Kit by your
computer, click on the
button "Local".
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Q.

The additional control
elements are open.

The button switches to
the status "PC Mode"
meaning control of the
advanced settings from
the computer (see
below).

The indications of the
indicators in the program
repeat those of the
indicators on the control
board.

However, there are some
differences.

The values of the heat
flux indicators on the
board are limited to one
digit of integer. Therefore,
the maximum displayed
value is 9.999. The
corresponding indicator in
the program TEGLab is
free of this drawback and
shows the true value
even if it exceeds 9.999.
The program also
indicates a sign
(direction) of the hat flux.
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S. The  software  also S
:

enables calculating
operating temperature it 0500 e
difference on the sides of 17:C || n-mm
the generator ATw.

L ext 4‘039\/ oK Cancel
For that, it is necessary: ~ e -
- Press the button "N="

Current-voltage characteristic o GEN

- Specify the number of Stabilization time [s] | 2| | LOAD

pairs of elements of
the generator tested.

- lIOKII
A. By the approximate value = 4500°C
of thermal e.m.f. per I
elements pair, the . . :
program calculates and = 25.00°C
8

displays the value of the
working temperature
difference ATw on the
generator. This value is
always less than the total
temperature  difference
AT.

The difference (AT-ATw)
is thermal loss on the
interfaces — contacts of
the heat sources with the
tested generator.

ouf 0,595 V power. 1.4

GEN

power. 7,1

LOAD

B. In the example above (A-Q) the operation of the thermoelectric
generator with DC/DC converter is checked at given top and
bottom temperatures.

The generator at a given temperature difference produces
thermal e.m.f., displayed on the indicators of the control board
(L) and of the program TEGLab (O).

To test the thermoelectric generator at different temperatures, it
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1.14 Current-Voltage Characteristic with DC/DC Converter

D. Repeat the actions of the
items A-Q of the Section
"Checking the Circuit of
Thermoelectric Generator
with DC/DC converter".

E. Set the range  of
workloads by the button
Low/High.

- In the case "High" the
load will be set in the
range of current — 0...90
mA

- In the case "Low" the
load will be set in the
range of current — 0...5
mA

F. Set the following
parameters of the
current-voltage
characteristic (CVC):

- value of stabilization time
before the measurement,

- number of points on the
current-voltage
characteristic

Or use the software
defaults (2 seconds and

ver. 1.03 (2020)

45,00 °C

2500°C

HOT

COoLD

= power: 1,4
]
o
a
power. 7,7
3
-
ext 4,03

LOAD

[=] PC Mode () % | Current-volta
= Low_ ' s

| I_‘ number of me:

ext 4,035V power. 7,7 mW

:urrent-voltage characteristic GEN

Stabilization time [s] | 2

umber of measurement points | 10
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10 points).

The switch must be in the
position "LOAD"-
measuring current-

voltage characteristic of
the generator. Choose
the connection of the load
to the generator by the
switches on the board:
the top switch - up; the
top switch — down.

G. Press the button "GO". The current-voltage characteristic
window will appear and the real-time CVC will start plotting: on
the X axis - the DC/DC converter voltage, on the Y axis — the
load current.

=) L= | jugsel
o' Clear Load ok Add source [LOAD v
5@
4.5 .
: [ 4
3.5 .
3
2.5 .
2 @
1.5 @
! @
0.5 .
’ @
3.4 3.5 3.6 3.7 3.8 3.9 4

Example of CVC of DC/DC converter

The CVC of DC/DC converter has a characteristic threshold
appearance:

- From the zero load up to a certain threshold current (in the
example 4 mA), the converter voltage is a fixed operational
value 4.0V.
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- By increasing the voltage above the threshold, the signal from
the thermoelectric generator is not enough for the DC/DC
converter stable operation, and the output voltage sharply drops.
Thus, in this example, the selected operating conditions of the
thermoelectric generator (Thot = 45 °C, Teod = 25 °C and at the

operating temperature difference ATw=11,7 °C) the maximum
output power of the device is 16 mW (=4 mA x 4 V).
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1.15 Connection/replacement of DC/DC Converter Board

In the Thermoelectric
Generator Development Kit
the pre-installed DC/DC
converter board is located in
the lower right corner of the
test bench.

It is one of the two boards of
the Kit (Section "Delivery
Kit").

The procedure for replacing
a board of the DC/DC
converter is the following.

A. ! Before connecting/ f
replacing the DC/DC ¥
converter board, make
sure that the control
board is switched off.
The toggle switch is in
the "off" position.

B. Use a screwdriver to
release the wires "IN"
and "OUT" from the
terminal on the board of
the DC/DC converter.
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C. Using a wrench,
unscrew the screws
fixing the board to the
test bench. Remove the
board.

a

D. Place another board of
the DC/DC converter on
the seat.

E. Tighten the mounting
screws.

a

F. Connect respectively:
the wires "IN" to the .
input of the DC/DC 2 ~
converter, the wires a8 ' 4
"OUT" to the output of
the DC/DC converter.

Los (M. RMT
=] Lea,

I Observe the polarity
markings on the board
and the color of the
wires (red - "+").

. §

ver. 1.03 (2020) page 61 of 72



PL Engineering Ltd

Development Kit DX8130/ User Guide

1.16 Load Capacity of Thermoelectric Generator

In the section "Checking Serviceability of Thermoelectric Generator
Circuit" it is only the ability of the thermoelectric generator to
generate thermoelectric power for a given temperature difference that

is checked.

The generator can perform useful work if there is a load connected.

In this section, the load capacity of the thermoelectric generator is

checked.

A. Repeat fully the
procedure of checking

the thermoelectric
generator  ("Checking
Serviceability of
Thermoelectric
Generator Circuit")
items A-Q.

B. Turn the switch of the
group GEN to the
position "down".

C. Turn the switch of the
group LOAD to the
position "up".

Thus, the commutation

"Generator to internal
load" is provided
(Section "Wiring

Diagram”, Table 1)
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D. In the main window of
the software TEGLab
set the load switch in
the position High or
Low:

- In case "High" the load
is set in the range of
currents — 0...100 mA

- In case "Low" load is set
in the range of currents
—0...5mA.

E. By the slider set the
load as a percentage of
the maximum value for
the range given, using
the readings in %.

F. The operational load
current and the
corresponding value of
the input load voltage
will be displayed in the
group of indicators
GEN.

It will be seen that with
increasing load (current)
voltage decreases. It is
the behavior of the
generator current-
voltage characteristics
(see the Section
"Current-Voltage
Characteristic of

ver. 1.03 (2020)
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Thermoelectric
Generator").

G. It is also wuseful to

45,00°C
calculate the generator V sensor: 0,20
efficiency. e

V sensor: 0,14

out 0,597 V power: 1.4 mW
b 117 °C

This value is given in
the main window of the
software.

The value of efficiency
at a steady temperature
difference (Thot and Tecold)

ext 3,448 V power. 0,0 mW

. [=] PC Mode 50 %  Current-voltage characteristic o GEN
is calculated as: [Shhe Stabilization time [s] |2 toa0
Q HHHHHH HHHHHH : l number of measurement points | 10
n= %
UxlI

Here Q is the value
given by the heat flux
indicator of the group
COLD, U and | are the

readings of the
indicators of the group
GEN.
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1.17 Load Capacity with DC/DC Converter

In the section "Checking Circuit of Thermoelectric Generator with
DC/DC Converter" we only check the thermoelectric generator ability
to generate thermal e.m.f. for a given temperature difference.

The generator circuit can carry out useful work only in case the
current is supplied to the output DC/DC converter load connected.

In this section the load capacity of the thermoelectric generator circuit

with DC/DC converter is checked.

H.

Repeat the full procedure
of checking
thermoelectric generator
(see "Checking Circuit
of Thermoelectric
Generator with DC/DC
Converter"), items A-T.

Turn the switch of the
group GEN to the
position "up".

Turn the switch of the
group LOAD to the
position "down".

Thus, the commutation
"Generator to DC/DC
converter and internal
load" is done (Section
"Wiring Diagram™).
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K. In the main window of the
software TEGLab click
the load switch in the
position Low.

L. By the slider set the load
as a percentage of the
maximum value for the

range given, using the
readings in %.

M. The operational load
current and the

corresponding value of
the input load voltage will
be displayed in the group
of indicators LOAD.

It will be seen that up to a
certain load current (for
given temperature
conditions) the DC/DC
converter provides stable
voltage supply. However,
above a certain threshold,
the voltage drops sharply.
The DC/DC converter is
out of the operating
mode.
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It is the behavior of the
generator current-voltage
characteristic (see the

Section "Current-
Voltage Characteristic
of Thermoelectric

Generator with Dc/DC
converter").

N. It is also wuseful to

calculate the generator 'é 00‘—
efficiency. | i :
This value is given in the 9 2500°C W
main window of the 8 '
software. -

z out 0,589 V power:
The value of efficiency at & R e
a steady temperature - ATw
difference (Thot and Tcold) & ext0.002V . power

is calculated as:

@

UxlI
Here Q is the value given
by the heat flux indicator
of the group COLD, U
and | are the readings of
the indicators of the
group GEN.

%

O. The value of DC/DC

. = 4500°C 4——
converter efficiency can 2
be estimated additionally. e .
This value is also g 500°C
. . . | i
dl;played in the main 8
window. :
The DC/DC converter & S BHERRIN i powRE
efficiency is calculated @ R 116°Ce) o
as:

a ext 0.002 power:
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n _ Ugen X Igen %

be/pe ULoap X Iroap
Here in the numerator of
the fraction there are
current and voltage at the
input of the converter
(from the generator). In
the denominator there
are current and voltage
on the load (output of the
DC/DC converter).
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