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1. INTRODUCTION

The given User Guide is to provide thorough information for studying and handling
the Thermoelectric Material Expert model DX8080 (for brevity further can be referred to
as the DX8080). The DX8080 is developed for laboratory testing of thermoelectric (TE)
properties of the n/p-type material based on Bi,Tes; when measuring pellets.

These properties are the Seebeck coefficient a, electrical conductivity s, figure-of-
merit Z, thermal conductivity k (the latter is calculated).

Measurements are automatical with a given temperature interval. In a measuring
point the steady state temperature is achieved. Three samples are tested simultaneously.
Data telemetry output, data processing, results storage are enabled. Corrections for heat
exchange along leading wires are calculated.

The tests allow applying the results to the most complete quality control of TE
material and to the mathematical simulation of TE modules.
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2. TECHNICAL AND OPERATIONAL DESCRIPTION

The facilities are developed for measuring the Seebeck -coefficient a, electrical
conductivity s, figure-of-merit Z, calculating thermal conductivity k within 220 7 400 K. The
tests are performed in vacuum at a given ambient (sample) temperature.

The ranges of the parameters measured by the DX8080 are given in the table.

Measured parameter Designation Units Range Accuracy, %

Seebeck coefficient mv/K a 10030 3.5

Electrical conductivity 1/(Ohmlcm) s 300620 5
Figure-of-merit 1000/K z 0é 4 7

For the tests, several material samples can be connected in parallel. The samples or their
assemblies should meet the following dimensional requirements.

Parameter Units Min Max
Sample length mm 1 5
Sample cross-section mm? 3x3
Length to cross-section ratio mm™ 0.5 1

The samples should be prepared for the tests. The preparation procedure is described
further. The prepared samples are soldered on the sample holder by thin (diameter 0.075
mm) copper and constantan wires. Up to three samples can be soldered on the holder.
The sample holder is then put onto the vacuum table closed by the cover. Gas is pumped
off by the pumping system and its control block. A measuring cycle is then started.

The device works under a PC control by special software. The software commands are
processed by the control block.

The DX8080 appearance
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3. TECHNICAL DATA
Technical data of the facilities DX8080 are given in the table.

Parameter Designation Value Accuracy Resolution
Thermostabilizing 5 2206 4KF O R s 0.01 K
surface temperature )
Sample temperature Us NL s 0.01 K
Voltage U 0.4-2.0 mV N3.5 mv 0.1 nVv
Electrical current <
(AC and DC) I 5-100 mA N30 mA 1m
Vacuum, not worse 5 0 mm Hg
than
Number of samples
measured 3
simultaneously
Curr(_ent and probe 15 mm
wires length
Constantan wires 0.05-0.08 mm
diameter
Cur_rent a_nd probe 0.05-0.08 mm
wires diameter

*At temperature 293 K.

Electric power consumption:

1 AC voltage, - 220V +10/-15;
1 Power consumed T not more than 500 W.

The equipment DX8080 is meant for laboratory
temperature 25N3UC and r el

measurements at the ambient
ative humidity up to 80
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4. STANDARD KIT

# Name Note

1 Control block t [ v 850.08.00
2 Vacuum station ASM 110 TURBO
3 Vacuum table with mounted: t [ v 850.09.00
4 Samples holder t [ v 850.02.00
5 Vacuum system control block t { v §02.14.00
6 Control cable of the samples holder

7 Supply cable s of the samples holder

8 Thermoelectric cooler TEC1 supply cable

9 Fan supply cable

10 USB cable

11 Power cord for computer

12 Power cord for computer

13 Power cable computer-monitor

14 Vacuum pipe

For operation, a computer with the software installed is necessary.

Version 1.00
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5. ARRANGEMENT AND OPERATION
Item designations in the figures correspond to item designations given in Section 1.2
"Standard Kit".

Further in the text of a designation in brackets correspond to the designations in figures.

1 The measuring part of the device represents a vacuum table (3), with the basis
thermally stabilized on which the sample holder is located.

The basis temperature is stabilized by a TE module with power supply controlled.

The heat rejection from the hot side of the module is carried out by the electrical
fan CNPS7000¢-Cu.

Thevacuum-t i ght connectors ¢Lemoé .carry out the | e

The vacuum chamber is closed by the cover, which is held down to the ring
gasket.

1 The pumping is accomplished by the pumping system Mini-TASK (see the vacuum
station scheme) via the inlet pipe.

1 Residual gases level is controlled by the vacuum pressure gauge EYESYS
ConvecTorr or by the thermocouple lamp 531 and controller 801.

1 The DX8080 control and signals processing is fulfilled by the control unit with the
hel p of t hTée BX80BGQ Qperation Pgogrameé . The measuring meth
and mathematics are described in Chapter 4; all the necessary information on the
DX8080 Software is offered in Chapter 5.
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Vacuum Table Scheme

Isolation Valve 19942304 (220V; 50/60Hz 23W)

normally closed

Clamp KQ25AW
Seal KC255V

' Flex KLO1003940

EYESYS 197363200320
~720-27V; 150mA

Adapter IKA0630255

Tees KT01000197

Clamps ICO63100A
Seal 100635V | '

/' Air Admittance Valve 19942304 (220V; 50/60Hz, 23W)

normally closed

Pumping System Mini-TASK 9699171 (90-220V; 50/60Hz, 220 W)

~d

5.1. Connection Procedure

)l

Connect the vacuum pipe (14) to appropriate flanges of the vacuum table (14a)
and vacuum station (14b). Thus it is necessary to weaken fastening by the wing
and to remove the appropriate collar. After that, connect the pipe to the flange,
having put a spacer into a joint. Establish a collar and pull the junction together by
tightening the wing.

Connect the vacuum system control block (13a) to the vacuum station (13b) by the
computer-monitor power cord (13). Turn on the switch of the vacuum station (as in
the figure).

Connect the cable going from the valve of the vacuum station (15a) to the vacuum
system control block (15b).

Turn off the switch "POWER" on the forward panel of the vacuum system control
block (5). Connect the power cord (11) to the vacuum system control block (11a).

Connect the cable of the control of the samples holder (6) to the control block (6a
"SIGNALS") and to the vacuum table (6b). There are 20-contact sockets on both
ends of the cable.

Connect the power cable of the samples holder (7) to the control block (7a
"THERMOSTAT 2 ") and to the vacuum table (7b). There are 8-contact sockets on
both ends of the cable.

Connect the power cable of TEC1 (8) to the control block (8a "THERMOSTAT 1")
and to the vacuum table (8b). There are 4-contact sockets on both ends of the
cable.
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1 Connect the power cable of the fan (9) to the control block (9a "FAN") and to the
vacuum table (9b). There are 2-contact sockets on both ends of the cable.

1 Connect the cable (16), from the vacuum station control block to the control block
(16a "Vacuum station").

1 Turn off the switch "POWER on the forward panel of the control block (1). Connect
the power cord (12) to the control block (12a).

1 Connect the plugs of the power cords (11) and (12) to the sockets of the
alternating current network ~220V (50Hz).

9 Connect the control block (10a) and computer by the USB cable (10).

Version 1.00 Page 10 from 33



RMT Ltd DX8080 User Guide

Version 1.00 Page 11 from 33



RMT Ltd DX8080 User Guide

Version 1.00 Page 12 from 33



RMT Ltd DX8080 User Guide

5.2. Samples Preparation

Before the measurement starting, the samples should be prepared in an appropriate way.

1 A sample is made of the material ingot. The sample length should be within (1...5)
mm. The ratio of the sample length to its area of cross-section should be in a
range (0.5...5) 1/mm. The sample face surfaces should have a standard metal
covering (final layer is 3-5 mm Ni).

1 Concentrators are made of 0.5 mm thick cooper sheet. Its area should surpass the
sample cross-section no more than by 75 %.

I The concentrators are soldered to the__face surfaces of~the sample, to each of
which two copper wires are soldered | Q08 mm, 4 0 Nrim long as well as a
constantan wire I Q075 mm, 4 0 N@m long. It is necessary to provide an
arrangement of wires similar to that shown in the figure.

copper Compound
A Sample
leading wires
ST
! wes
1 ading W
ensOf
Wires
o
~ N constantan
W
constantan
Y sensor wires
copper constantan

1 Solder melting temperature is no higher than 1 0 @.U

1 Itis acceptable to simplify the installation procedure, first to solder the wires to the
concentrators by a high-temperature solder (for example, solder with melting
temperature 230 W), then to solder the concentrators with the wires to the sample
by a low-temperature solder (for example, solder with melting temperature 1 1 @)U

1 It is acceptable to use a compound sample if meeting all the above-said

requirements on the sample dimensions.

Version 1.00 Page 13 from 33



RMT Ltd DX8080 User Guide

. \
Sample 1 x 1 x 1.6 mm® Sample 2 x 2 x 1.6 mm?®
5.3. Samples Mounting onto the Samples Holder

The samples prepared for the installation are mounted onto the samples holder as
follows:

1 Arrange a sample on the centre between assembly circuit boards as specified in
the figures.

1 Solder the wires from the sample to the circuit boards, solder Sn-63%, Pb-37%

(mel ting t e mp,ecolehony flex. Mirgl IHg @roper sequence of the
wires.

i Solder the wires ends to the contacts of the main board, solder Sn-63%, Pb-37%
colophony flux, cut the redundant ends.

Mount the rest of the wires similarly.
Straighten the wires, eliminating their mutual contact and a contact of metal parts.

Establish screens, after greasing the surfaces by vacuum greasing.
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0.075mm constantan wire /

- 0.08mm copper wire

The prepared samples are mounted onto the sample holder:

The samples holder with the samples mounted (no screen):
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Channel for/

inserting

screen N\

Screen

/

Screen

Mounting
circuit board
Channel for

\ Channel for inserting
inserting screen

_~ screen -~

-~ " )

ounting

circuit board

Channel for
inserting
screen

7

Connectors of main board

The correspondence of numbering of samples and installation positions is given in figure
below:

After the installation of the samples, the samples holder is inserted into the fastening
guides of and is connected to the vacuum-tight sockets of the vacuum table. Before that,
to improve the thermal contact, it is necessary to grease the bottom of the metal plate of
the samples holder and connecting surfaces by the silicone grease.

The process of connection is illustrated in the figures below:

Version 1.00 Page 16 from 33






















































