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Resistance thermometers and Thermocouples with exchangeable measuring insert

Protection tube | Maximal Protection tube | .
. Protection
Model Thermowell measuring Mountage Thermowell dearee
material* range** diameter 9
TOPGB.. -200..+150°C 06, @8, @9, @10,
TTJGB.., TTKGB.. -40.+150°C o, @12, 215
TOPGN.. -200..+600°C
TTJGN.. -40..+700°C @6, @8, @9, 310
1.4541,1.4404
TTKGN.. -40..+800°C threaded process
TOPG.. -200..+600°C connection
TTJ6G.. ~40.+700°C (welded) 212, @15
TTKG.. -40..+800°C
TOPGS.. -200..+600°C
1.4541
TTJGS.. . -40..+700°C 215, @17.2
with CrC layer
TTKGS.. -40..+800°C
TOPT.. -200..+600°C flanged process 06 08, 59 B0
TTJT.. 1.4541,1.4404 -40..+700°C connection o '
o, @12, 315
TTKT.. -40.+800°C (welded) B — IP55
TOPP.. -200..+600°C compression BEG - IP65
TTJP.. 1.4541.1.4404 -40.4+700°C fitting UG, 26, @8, @9, @10, NA - IP65
' mounting bracket o1, 212, 215 DAN - IP65
TTKP.. -40..+800°C uz DANW — IP65
1.7335 0..+540°C
TOPSW.. 17380 0.+570°C
. .+570° drilled thermowell
. 218, @24, 326
TTJSW.., 1.7335 0..+540°C for weld-in
TTKSW.. 1.7380 0..+570°C
TOPSWT.. -200..+600°C
drilled thermowell
TTJSWT.. -40..+700°C . to be specified
with flange
TTKSWT.. -40..+800°C
TOPSWG.. 1.4541,1.4404 -200..+600°C drilled thermowell
TTJSWG.. ~40.4700°C with threaded to be specified
process
TTKSWG.. -40..+800°C connection
TOPWS.. sheath material -200.+600°C neck with ) )
. insert diameter
TTJWS.. of the measuring -40..+700°C threaded process
: . @3, 34.5, 36
TTKWS.. insert -40.+800°C connection
TTJU.. 1.4841 -40..+700°C compression
14841 -40.+1150°C fitting UG, 015, 922 DAN = IPS5
TTKU.. mounting bracket DANW - IP55
14762 -40.+1200°C Uz
WIP.. L4541 -200..+600°C to suit is external
W2J.. -40..+700°C thermowell with @3, 04.5, D6
W2K.. 24816 -40..+1150°C connection head n/a
w4J.. -40..4+700°C to suit is external
ceramic isolators thermowell with 12x8, 316
W4K.. -40..+1200°C .
connection head
* other materials available upon request
** maximal measuring range depends on type of resistor and can be -50..+550°C (thin-film) or ~200.+600°C (ceramic)
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1. Safety

Our information regarding our products, equipment, plants and processes is based on extensive
research and experience in the field of applied engineering. We are making such information available, to the
best of our knowledge and in written form, without assuming any liability over and above the terms of this
contract but reserving the right to make technical changes of our products at any time without prior
notification.

In addition, our applications engineers are available on request to provide further consultation and
cooperation in solving production and application-related problems.

This however does not relieve the user from the obligation to verify the suitability of our information and
recommendations before putting our products to use.

This applies particularly to deliveries destined for customers in foreign countries, especially in their obligation
to ensure that no patent rights of third parties are infringed upon, including applications and processing
methods which we have not expressly spelled out in writing. In case of damage or quality deficiencies, our
liabilities and indemnities are limited to the same volumes as stipulated in our General Terms of Supply and
Delivery.

1.1 General Safety Information

The “Safety” chapter provides an overview of the safety aspects to be observed for the operation of the
device.

The device is built based on state-of-the-art technology and is operationally safe. It was tested and left the
factory in a proper state. The requirements in the manual as well as the documentation and certificates must
be observed and followed in order to maintain this state for the period of operation.

The general safety requirements must be complied with completely during operation of the device. In addition
to the general information, the individual chapters of the manual contain descriptions about processes or

procedural instructions with specific safety information.

Only the observance of all safety information enables the optimal protection of personnel as well as the
environment from hazards and the safe and trouble-free operation of the device.

1.2 Use in accordance with regulations

The temperature sensors are for temperature measurement in the most diverse process applications. The
resistance thermometer or thermocouples can be used with and without thermowell.

1.3 Technical limits

The device is designed for use exclusively within the stated values on the name plate and in the technical
specifications (see "Technical Specifications” chapter and/or data sheet). These must be complied with
accordingly, e.g.:
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« The maximum operating temperature may not be exceeded.

* The permitted operating temperature may not be exceeded.
« The housing protection system must be observed.

1.4 Warranty provision

A use contrary to the device’s stipulated use, disregarding of this manual, the use of underqualified
personnel as well as unauthorized alterations excludes the manufacturer of liability from any resulting
damages. The manufacturer’'s warranty expires.

1.5 Operator liability

+ Before the use of corrosive and abrasive materials to be measured, the operator must clarify the
resistance of all parts that come into contact with the materials to be measured. TERMOAPARATURA will
gladly support you with the selection, however, cannot accept any liability.

» The operators must strictly observe the applicable national regulations in their countries with regards to installation,
function tests, repairs, and maintenance of electrical devices.

1.6 Personnel qualification

The installation, commissioning and maintenance of the device may only be carried out through trained
specialist personell authorized by the plant operator. The specialist personnel must have read and understood
the manual and comply with its instructions.

1.7 Transport safety information

Observe the following information:

- Do not expose the device to moisture during transport. Pack the device accordingly.
 Pack the device so that it is protected from vibration during transport, e.g. through aircushioned
packaging.

Check the devices for possible damage that may have occurred from improper transport. Damages in transit

must be recorded on the transport documents. All claims for damages must be claimed without delay
against the shipper and before the installation.

1.8 Electrical installation safety information

The electrical connection may only be performed by authorized specialist personnel according to the
electrical plans.

Observe the electrical connection information in the manual, otherwise the electrical protection can be
affected.
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The secure isolation of contact-dangerous electrical circuits is only guaranteed when the connected devices
fulfil the requirements of the DIN VDE 0106 T.101 (basic requirements for secure isolation).

For secure isolation, run the supply lines separated from contact-dangerous electrical circuits or additionally
isolate them.

TERMOAPARATURA WROCtAW Page 5

www.termoaparatura.com.pl | tel. +48 71 311-58-60



TER M O
PARATUR

WROCLAW
Edition 2023 INSTRUCTION MANUAL

2. The design and operating method

2.1 General information

The supplied thermometers are ready for operation or possible enclosing.

These thermocouples and resistance thermometers are very accurate, they possibly contain glass or ceramic
elements. They should be handled with appropriate care.

@ During the delivery of the thermometer, pay attention if all the loosely packed elements have
been unpacked.

@ Long thermometers must be supported in several points, lifted and transported in a proper
manner. During the assembly, also apply proper care.

@ Before the assembly, examine the thermometers (see 5.) in order to exclude damages that
may have occurred during shipping.

The main element of thermoelectric sensors is a resistance or thermoelectric measuring insert in an
external sheath, the clamps of which are covered with a head made of aluminium alloy. Outer casings have
various types of process connections (threaded, sliding clamps, flanges, etc.). The insert includes
thermometer resistance element or thermocouple with external clamps of the terminal block or of the 4-20
mMA transmitter.

The measuring device of the insert responds to changes in temperature of the medium with a change in
resistance (thermistor) or electromotive force EMF (thermocouple). These changes are consistent with the
thermometric characteristics specified in the following standards:

o for Ptl00 thermistors PN EN 6075]

e for thermocouples PN EN 60584

Basic technical data:

Ix or 2xPt100, Pt500, Pt1000

A or B class in accordance with PN-EN 60751
Ix or 2xNi100, Ni500, Ni1000

Class B in accordance with DIN 43760

Thermistor type

Type of resistor connecting line 2-,3-, 4-wire

1x or 2xFe-CuNi (J)

1x or 2xNiCr-Ni (K)

1x or 2xNiCrSi-NiSi (N)

A or B class in accordance with PN-EN 60584-2

Thermocouple type

-200..+600°C for Pt100

Maximum measurement range -40.+700°C  forJ
-40..+1200°C  forK, N
Measuring junction type isolated (SO, SOB) or grounded (SP)
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Acceptable temperature for head +100°C (rubber seal)
IP54  MA head
Ingress protection rating IP55 B head
IPG5 BEG, NA, DAN, DANW heads
) MI16x1.56 for MA head
Size of the gland
M20x1.5 for B, BEG, NA, DAN, DANW heads
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2.1 Thermocouples

Thermocouples can consist of 1, 2 and sometimes 3 elements. The thermocouple measuring junction
is most commonly insulated, but may also be connected to the housing.

The thermocouple and the measuring device are connected by a compensating cable. Be sure to connect the
compensating cables suited to the thermocouple of correct polarity. These wires should be placed at a
distance of at least 0.5 m from power lines, preferably in their own cable ducts. Twisted and shielded cables
reduce the electric and magnetic interference. The positive pole on the terminal block is marked with a red
dot.

2.2 Resistance thermometers

RTDs can consist of 1, 2 and sometimes even 3 measuring resistors. The connection between the
resistance thermometer and the measuring device is most often created in a 2-wire system (the wire
resistance is entered into the measurement after calculation and change). 3-wire systems are used for
accurate measurements and 4-wire systems for highly accurate measurements.

Commercially available copper wires with cross-section of 1.6 mm? should be laid, where possible, at a
distance of 0.5 m from power lines, preferably in their own cable ducts. Twisted and shielded cables reduce

the electric and magnetic interference.

Do not exceed the manufacturer's recommended measuring currents of 0.1 mA .. 19 mA depending on the
design (error resulting from self-heating).

Methods of connecting with peripherals

= 2-wireline.
2-wire sensor connection is used in cases where high accuracy of measurement is not required. Rl + R2 line
resistance applies the measurement error ratio for Pt100 of approx. 2.6°C per one Q of wire resistance, for Pt1000 of
approx. 0.26°C per one Q of wire resistance.

VI B Y
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= 3-wireline.
Connecting a resistor with the devices using a three-wire line is mostly used in industry due to the automatic

compensation of resistance changes depending on the temperature, as well as the compensation of the line
resistance

d =

o

= =

Interconnect wires must have the same resistance R1I=R2=R3. The following table gives an example of errors in 3-
wire connection for Pt100 and Pt1000 for the difference in wire resistance 0.1Q and 1Q.

Wires resistance difference
0.1 1Q
Pt100 0.26°C 2.6°C
Pt1000 0.03°C 0.26°C

For practical reasons, a single line resistance of the RTD input circuit should not be greater than 11Q.

= 4-wire line.

This connection is used if high accuracy of measurement is necessary. In the case of 4-wire connection, influence
of the resistor wires resistance is completely eliminated.

=

H’ U

R1=R2=R3=R4

For practical reasons, a single line resistance of the RTD input circuit should not be greater than 11Q.
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2.3 Thermometers with transducers

You can avoid potential problems arising from the transitional resistance of the wires and
electromagnetic compatibility by installing 2-conductor transducers (output 4 ... 20 mA) on the connection
head. Only the twisted-pair copper cable is necessary. Using multi-wire systems in resistance thermometers
and compensation cables in thermocouples is then unnecessary.

In the case of using the transducers, consider:
= The instruction manual of the transducer;

The relevant provisions concerning the performance and operation of electrical systems, as well as
regulations and guidelines for explosion protection.
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3. Use in areas requiring ignition protection

1. In accordance with of ElexV, maintenance work (repairs) may be conducted only under the following
conditions stated below:

1.11f a part of an electrical device which is important for explosion protection is repaired, this
may be put into operation only after a technical expert has determined that the main
explosion protection characteristics still correspond to the required standard and after issuing
a certificate or awarding a test mark.

1.2 Item 1.1 shall not be valid if the component has been individually tested by the
manufacturer and it is confirmed that the main characteristics for application in hazardous
areas comply with the stipulated technical requirements.

2. The ElexV is only valid within the Federal Republic of Germany. In foreign countries, the relevant
binding regulation corresponding to ElexV must be adhered to.

3. Repair work may only be carried out using original components of the original manufacturer,
otherwise the standards stipulated in the certificate of conformity shall not be fulfilled.

4. When ordering spare parts, exact information on previous delivery such as type of protection (Exd,
Exi), No. of the certificate of conformity, serial and item No.s must be supplied.

5. Ex-protected thermometers only fulfil the required safety requirements as a unit component, as
determined by the certificate of conformity. Measuring insets or connecting heads alone do not satisfy
the explosion-protection requirements.

6. If TERMOAPARATURA supplies thermometers destined for operation in hazardous areas without
protecting tubes, it will be the responsibility of the owner to see to it that

- these thermometers are deployed only in zones which are permissible in accordance
with the certificate of conformity or with the manufacturer’s declaration (e.g. zones 1or 2),

- a protecting tube is provided for an eventually necessary separation of a zone (e.g. zone 0 from zone
1). Such a tube must correspond fully to the “special conditions” spelled out in the respective
certificate of conformity.

- TERMOAPARATURA shall inform the plant owner of the above subject matter in appropriate form, e.g.
by drawing attention to this leaflet of instructions.
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4. Installation

4.1Installation

The thermometer (thermocouple, resistance thermometer) must be brought into contact with the
medium to be measured in the best possible manner.

To avoid thermal conduction errors, the immersion depth should be:

- in fluids 6 ... 8 times greater than the protective tube diameter.
- in gases 10 ... 15 times greater than the protective tube diameter.

If only very short insertion lengths are possible, special designs should be applied. It is of-ten helpful to install
in a pipe bend, whereby the protective tube must be positioned against the flow of the medium.

Example of sensor installation with threaded process connection.
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Example of sensor installation with flanged process connection.
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4.2 Connecting wires

For all connecting wires it is important to ensure that proper contact has been established and that
corrosion, humidity, pollution, electrical parasitic interferences of power cables etc. are avoided.

The cables should be insulated to counter the ambient influences (dry, humid, chemically aggressive, hot),
whereby the ambient temperature of both the cable and the connection head may not exceed 100°C.

Please pay attention to the valid standards and regulations when selecting the types of cables to be used.
If possible, all measuring systems should be operated in ungrounded condition, or only grounded at one point.

When using thermocouples connected to protective tubes, these should be the only ground/mass connection.

4.3 Thermowells

Thermometers can be installed in any mounting position, preferably hanging vertically, up to
temperatures reaching about 500°C.

Ceramic thermowells must be protected from mechanical stress (bumps, bends), including temperature
shocks e.g. through direct flame contact.

If they are applied to hot processes (e.g. when changing the thermocouple), they must be either prewarmed
or inserted very slowly (1.. 2 cm/min at 1600 °C, 10 ... 20 cm/min at 1200 °C). This also applies when removing
the hot protecting tube.

Care must be taken to avoid suspending lengths > 500 mm for temperatures > 1200 °C.
5. Maintenance [ Repair

The thermometer and the entire temperature measuring circuit must be checked at regular intervals for

- wear and tear of protecting tube or chemical activity,

- drifts of the measuring element caused by ageing,

- reduction of insulation resistance through humidity and pollution
- improper contact of the wire connections and

- mechanical and chemical damage of the thermometer and wires.

Resistance thermocouple circuits can be checked by replacing the measuring element with a known defined
resistance, thereby simulating a specific temperature.

Thermoelement measuring circuits can be checked by connecting a mV voltage of a known variable to the
measuring circuit, instead of the thermocouple.

In both cases, substantial deviations from the set point can be determined, also if the thermometer or the
instrumentation is the cause off function errors.
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The insulation resistance of the entire ungrounded measuring circuit (wires and thermometer) against ground
should be > 1 MQ (measured with 100 V DC).
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6. Error messages

6.1 Quick test

Perform quick tests of thermocouples and resistance thermometers as well as the associated
measuring circuits in the uninstalled state.

Instruments required:
« Millivolt meter
« Resistance meter or resistance bridge
« Isolation meter with 60 .. 100 V voltage (all measurements at room temperature)

The following tests can be performed:
« Check opening and isolation at room temperature.
« Locate wire breaks by “knocking”.

A thermocouple is regarded as functioning correctly when R < 20 Q (wire > 0.5 mm @). The value depends on
the wire cross section and the length. Riso = 100 MQ (with isolated thermocouple).

A resistance thermometer is regarded as functioning correctly when R >> 110  (for Pt100), Risoi > 100 MQ.

+ The heating of the thermocouples or resistance thermometers to approx. 200 °C to 400 °C
(without temperature controls) allows for further conclusions to be drawn about interruptions,
reversed polarity (with thermocouples), too little isolation resistance, etc.

Note!

The accuracy of temperature sensors according to the ISO 9000 requirements can only be checked by
comparison with a reference element. In most cases, the deinstallation and test in a test oven are
necessary.
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6.2 Error table

The complete temperature measurement circuit should be routinely tested. The following tables
contain the most important errors with the possible causes and suggestions for their remedy.

Error Error cause Error remedy
Measurement « Electrical/magnetic  Keep at least 0.5 m distance between the
signal fault interspersion measurement wires with parallel running.

- Electrostatic shielding via on a point grounded
foil/netting.

- Twisting of the wires (pairs) against magnetic
interspersion.

« Right angle intersecting of measurement wires with
interfering leading wires.

» Use of transmitters.

+ Ground loops + Only one grounding point in measurement
circuit or measurement system “floating” (not
grounded).

« Removal of the » Moisture has possibly penetrated into the

isolation resistance thermometer or the measuring inset; dry if necessary

and seal again.
* Replace measuring inset.

» Check whether the thermometer is thermally

overloaded.
Response times « Incorrect installation « Select installation location so that the medium can
too long, faulty location: transfer its temperature undisturbed.
signals
- In the flow shadow
- In the influence of a heat
source
« Incorrect installation - Installation depth approx. temperature sensitive
method: length + 6 x d (fluids) to 10 x (gases) d (d = outer
thermowell diameter).
- Insufficient installation
depth  Ensure thermal contacts, above all with surface
- Too much heat dissipation | measurements, through appropriate contact surfaces
and/or thermal conducting material.
TERMOAPARATURA WROCEAW Page 17
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Error Error cause Error remedy

* Thermowell too thick
* Thermowell hole too
large

« Select the smallest thermowell possible for the
process.

» Response time as a first approximation proportional
to the cross section or volume of the thermometer,
depending on the thermal transition values and air
gaps in the installation.

« The latter with contact agent.

« Deposits on the thermowell

* Remove during inspections.

- If possible, select a different thermowell or another
installation location.

Interruptions in « Vibrations

the thermometer

« Enforced springs on the measuring inset.
« Shortening of the installation length.
« Relocation of the measuring location (if possible).

« Special construction of measuring inset and
thermowell.

Heavily corroded
thermowell

» Composition of the
medium not as assumed or
has

changed

* Improper thermowell
material selected

» Check medium

« Possibly analyze the defective thermowell and then
select a more suitable material.

+ Use an additional surface protectant.
« Under certain circumstances, the thermowell

may have to be replaced regularly as a wear
part.

6.3 Specific errors with thermocouples

Error Error cause Error remedy

Fluctuating  Reference junctions - » Temperature or supply voltage must remain
temperature temperature or voltage constant.

indication with not constant

otherwise - < 0.1% (check instruments).

trouble-free

measurement « With non-stainless steel thermocouples, taken with
Page 18 TERMOAPARATURA WROCLAW
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circuit assembly of
the thermocouple

the entire value into the measurement, with stainless
steel thermocouples with only

Strong deviations
of the temperature
indicator from
table values for
thermocouples

 Incorrect material
combinations:

 Poor electrical contacts

- Parasitic voltages

(thermovoltages, galvanic

voltages)

« Incorrect compensating

line

» Check thermocouples and lines for:
- Correct pairing.
- Correct compensating line.

- Correct polarity.

» Approved ambient temperature at connection head.

6.4 Specific errors with resistance thermometers

Error Error cause Error remedy

Too high or - Line resistances too high, « If still possible:

fluctuating not compensated

temperature - Running of 2 lines or larger cross section possibly

indicator despite
known cross

» Temperature-related
resistance change of the

only after a more accessible location.
- Shorten the supply line.

section and supply line - Line compensation.

measurement - Switching to 3- or 4-wire circuits.

resistance of the - Use of head-mounted transmitters.

resistance

thermometer

Fluctuating « Voltage or power supply » Must be held constant to < 0.1 %. With out-of-tune
temperature not constant bridges and power/voltage measurements (4-wire

indication with
otherwise trouble-
free measurement
circuit assembly of
the resistance
thermometer

circuit), measured with the entire value.
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7. Electrical connection

Electrical connection of terminal block in resistance thermometers.

1x Pt100, 2-wire 1x Pt100, 3-wire

1x Pt100, 4-wire

white red

2 x Pt100, 2-wire 2 x Pt100, 3-wire 2 x Pt100, 4-wire

Electrical connection of terminal block in thermocouples.

Single Thermocouple Double Thermocouple

=&
=@
Y@

positive

positive

Triple Thermocouple +

positive positive

positive
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