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1 Foreword 

1.1 Legal Information 

The information contained herein is subject to change without notice. 

Treetech Digitals Systems Ltd may have patents or other kind of records and intellectual 

property rights connected to the content of this document.  

The possession of this document by any person or entity does not entitle them to claim 

having any rights over those patents or records. 

1.2 Introduction 

This manual contains all recommendations and instructions to install, operate and 

service the Temperature Supervisor for oil immersed transformers (TS). 

1.3 Typographical conventions 

The following conventions have been adopted for this text: 

In Bold: Symbols, terms and words in bold type are more significant in the context. 

Therefore, special attention must be given to these symbols, words or terms. 

In Italics: Words in a foreign language, alternative or used outside their formal situation 

are in italics. 

1.4 General information and Safety 

This section introduces relevant aspects concerning safety, installation and maintenance 

of the Temperature Supervisor 

1.4.1 Safety Symbols 

This manual uses three types of risk classification, as follows: 

 

Attention 
The Attention symbol is used to inform the user to the fact that an operating or 
maintenance procedure is potentially dangerous, demanding more attention while being 
performed. People can get slightly or moderately injured, and damage to the equipment 
may occur. 

 

 

 

 

 

 

Warning 
The Warning symbol is used to warn the user against a potentially dangerous operating 
or maintenance procedure, where extreme care must be exercised. Serious injuries or 
death may happen. Possible irreversible damage to the equipment may occur. 
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1.4.2 General symbols 

This manual uses the following symbols for general purposes: 

 

Important 
The important symbol is used to stress relevant information. 

 

 

Tip 
The symbol Tip represents instructions which make the use or access to functions of the 
Periscope easier. 

 

1.4.3 Minimum recommended profile of the person operating and maintaining TS 

The installation, maintenance and operation of this equipment in electric power substations 

demand special care, and therefore all the recommendations in this manual, as well as 

applicable standards, safety procedures, safe work practices and good sense must be exercised 

while handling the Temperature Supervisor (TS). 

For the purpose of using this manual, an authorized and trained person knows the inherent 

risks - electric as well as environmental - connected to handling this TS. 

 

Only authorized and trained people – operation and maintenance personnel – should 
handle this equipment. 

 

a) The operation or maintenance worker must be trained and authorized to 
operate, ground, turn the TS on or shut it down, following the maintenance 
procedures according to the established safety practices, under complete 
responsibility of the operation or maintenance personnel in charge of the TS;  

b) Must have first aid training;  
c) Must have training in the working principles of the Periscope, as well as on its 

configuration. 
d) Must follow the normative recommendations as to interventions in any kinds of 

equipment inserted in an Electric Power System. 

  

 

Electric Shock Risk 
The Electric Shock Risk symbol is to alert the user against an operating or maintenance 
procedure that, if not strictly followed, may cause electric shock.  Slight, moderate, severe 
injuries may happen or death may occur. 
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1.4.4 Environmental and voltage conditions required for installation and operation 

The following program lists important information about the environmental and voltage 

requirements: 

Condition Interval / Description 

Application Equipment to be used outdoors, in substations, 
industrial and similar environment. 

For indoor/ outdoor use  Outdoor use only  

Protection Grade (IEC 60529) IP 66 (NEMA 4) 

Altitude* (IEC EN 61010-1) Up to 2000 m  

Temperature (IEC EN 61010-1)  
Operation 

Process 
-40 °C to + 85 °C 
-10 °C to + 90 °C 

Storage -50 °C to +95 °C 

Relative humidity (IEC EN 61010-1)  

Operation 0% to 100% – Condensed or Not  
Storage 0% to 100% – Condensed or Not 

Source Voltage Fluctuation (IEC EN 61010-1) Up to ±10% of the Nominal Voltage 

Overvoltage (IEC EN 61010-1) Category II 

Pollution Level (IEC EN 61010-1) Rank 3 

Atmospheric pressure** (IEC EN 61010-1) 80 kPa to 110 kPa 
* Application has been successful for altitudes over 2000 m. 

** Application has been successful for pressures under 80 kPa. 

1.4.5 Test and Installation Instructions 

This manual should be made available for the ones in charge of the installation and 

maintenance, as well as for the users of the Periscope Gas and Moisture Monitor (GMP). 

In order to ensure users' safety, protect equipment and for the operation to be smooth, 

the following minimum procedures must be followed during installation and maintenance of the 

Periscope:  

1. Read this whole manual carefully before installing, operating or servicing the 
Periscope. Periscope installation, maintenance or adjustment errors may cause 
malfunction in the product, unsatisfactory measurements, wrong alarms or absence 
of pertinent alarms. 
 

2. TS installation, adjustments and operation must be done by trained personnel who 
are well acquainted with power transformers, control devices and command devices 
for substation equipment.  

3. Special attention should be paid to the TS installation , including the kind and gauge 
of the cables and terminals used, as well as the procedures for correct 
parameterization of the equipment  and start-up procedures to . 

 

 

The Temperature Supervisor – TS - must be installed protected from the effects of the 
weather, whether inside panels or sheltered inside buildings. In either case, there must 
be anti-condensation (dew) systems. The Temperature Supervisor - TS is suited for built 
in installation and can be fixed to, for instance, doors or front plates of panels. Fixation 
clamps are supplied together with the TS. 
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1.4.6 Cleaning and Decontamination Instructions 

Clean the Periscope carefully. Use only a piece of cloth moistened with soap or 

detergent diluted in water to clean outside the case, front panel or any other part of the 

equipment. Do not use abrasive cleaners, polishing materials or aggressive chemicals (like 

alcohol or ketone) on any of the surfaces. 

 

Turn off and disconnect the equipment before cleaning any part of it. 

 

1.4.7 Inspection and Maintenance Instructions 

 

The following recommendations must be followed to inspect and service the 

Temperature Supervisor: 

 

Do not try to open the equipment because this may cause irreversible mechanical 
damage. No parts of it can be repaired by the user. Only Treetech's Technical Support  or 
a technician recommended by Treetech should do it 
This equipment is completely maintenance-free, and periodic and operating inspections, 
either visual or not, can be done by the user. These inspections are not mandatory. 

 

 

If the Periscope is opened at any time, the warranty will be voided. If the equipment is 
opened Treetech will not be able to guarantee that it will function correctly, regardless of 
the warranty being expired or not. 

 

 

All TS parts must be supplied by Treetech, or by one of its accredited suppliers, according 
to Treetech's specifications. If the user wants to buy them any other way, he must strictly 
follow Treetech's specifications to do it. Then the performance and safety for the user 
and the equipment will not be compromised. If these specifications are not followed, the 
user and the equipment can be exposed to unforeseen risks. 

 

  

 

Do not install the TS close to heat sources as such as heating resistors, incandescent 
lamps, high voltage devices or equipment with heatsinks. Also, avoid its installation next 
to ventilation outlets or anywhere the TS could be in the way of forced air flow, like the 
cooling equipments inputs or outputs or forced ventilation ducts.  
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1.5 Technical Support 

In order to obtain technical support for the TS or any other Treetech product, contact us at 

the address below: 

Treetech Digitals Systems Ltda. – Technical Support 

Rua José Alvim, 100 – Salas 03 e 04 – Centro 

Atibaia – São Paulo – Brasil 

CEP (Zip Code) 12.940-800 

CNPJ (corporate taxpayer ID): 74.211.970/0002-53 

IE: 190.159.742.110 

Phone: 011 + 55 (11) 2410-1190 x201 

FAX: 011 + 55 (11) 2410-1190 x702 

1.6 Warranty 

The Temperature Supervisor for Oil Immersed Transformers –TS- shall be covered by a 

warranty issued by Treetech for 2(two) years, from the date it is purchased on, solely against 

eventual manufacturing defects or quality flaws that make him inadequate for regular use. 

The warranty will not cover damage undergone by the product due to accidents, 

maltreating, mishandling, incorrect installation or application, inadequate tests, tampering or 

broken warranty seal. 

The TS warranty will be voided if 5 (five) attempts are made to access the factory menu 

(FACT) with a wrong password. In that case, the Periscope will completely block the access to 

that menu and the message VOID will permanently be shown in its display. In the 4 (four) first 

attempts the user will be warned against a violation attempt by the temporary VOID message 

on the display. 

If any technical support is needed Treetech or its authorized representative must be 

contacted, and the equipment must be sent over there with the respective purchase order. 

Treetech does not provide any other warranty, either overt or implied, apart from the 

aforementioned one. Treetech does not provide any guarantee of adequacy of the Periscope to 

a particular application. 

The supplier cannot be blamed for any damage to property or for losses and damages that 

arise, are connected to, or result from purchasing this equipment, from its performance or any 

other service possibly supplied with the Periscope. 

Under no circumstances the supplier will be deemed accountable for damages and losses 

including but not limited to loss of profit, impossibility of using the Periscope or any associated 

equipment, capital costs, acquired energy costs, equipment costs, installation costs, or 

replacement services, stoppage costs, client complaints or client workers, and it does not matter 

if the damages, complaints or losses are based on contract, negligence warranty, tort or any 

other. Under no circumstances the supplier will be deemed accountable for any personal 

damage whatsoever. 
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1.7 Revision History 

Revision Date Description Prepared by 

1.00 08/15/2005 Initially issued Fco 

1.10 05/29/2008 Revised optional items Marcos Alves 

2.00 05/29/2015 Design updated, Parameters CCT1 and 2 added 
João Victor 
Miranda 
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2 Introduction 
Thermal monitoring of oil-immersed transformers is essential for their safe operation. This is 

the case for not only for large-scale equipment, but also for medium-sized transformers and 

distribution transformers, thus allowing maximum return from the investment in these assets to 

be achieved without jeopardizing their life cycle. 

The Temperature Supervisor’s competitive cost allows the inclusion of thermal monitoring for 

small and medium size transformers.  The advantage of digital temperature monitoring is no 

longer reserved for higher power transformers only.  The TS eliminates the need for manual 

readings taken using electro-mechanical equipment, with significant increase in the level of 

accuracy, reliability and more efficient use of cooling both in operations and maintenance areas.  

The monitor features an input for an RTD sensor for measuring the temperature at the top of the 

oil, and an input for external CT of the clip-on type (optional), for measuring load current, 

performing the calculation of the temperature of the winding by thermal imaging. Optionally, the 

TS can be equipped with two additional temperature sensor inputs for measuring, for example, 

ambient temperature, or the on load tap changer or others. 

2.1 Main Features 

 IED (Intelligent Electronic Device) designed specifically for substation yard conditions 

(interference, extreme temperatures); 

 Real time temperature reading on display, with programmable display mode: indication of 

highest temperature, automatic screen roll and fixed channel reading indication; 

 High-glow LED type display for easy visualization and operation in extreme temperatures; 

 Serial communication port RS485 (optional) for integration into supervision or remote 

monitoring systems. Open communication protocols Modbus RTU or DNP3.0; 

 Input for self-calibrating Pt100 at 0ºC RTD type temperature sensors, ensuring high-level 

accuracy and stability throughout the entire ambient temperature range; 

 Programmable analog output (optional) for remote temperature readings. Programmable 

output range: 0...1, 0...5, 0...10, 0...20 or 4...20mA; 

 Output relays for alarm indications, transformer trip, self-diagnostic and command of two-

stage forced cooling with Automatic/Manual selection. Forced activation of cooling in case of 

lack of auxiliary power,  internal fault or fault in temperature sensor (NC relays); 

 Internal clock with date and time and non-volatile memory for storage of readings (optional); 

 Self-diagnostic for internal fault detection. Total absence of mechanical parts for parameter 

setting and calibration. 
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Figure 1 – Temperature Supervisor for Oil Immersed Transformers TS 

2.2 Optional Features 

• OPTIONAL 1 – Additional Temperature Reading 

Additional inputs for measuring of up to two additional temperatures 

0ºC), allowing measuring of the temperature of the load tap changer, ambient temperature or 

other; 

• OPTIONAL 2 – Analog Output 

Programmable analog output for remote temperature reading indication, user selectable for 

display of highest temperature or a pre-defined temperature. Programmable output range: 

0...1, 0...5, 0...10, 0...20 or 4...20mA; 

• OPTIONAL 3 – Serial Communication Port RS485 

Serial communication port RS485 for integration into remote supervision systems, allowing the 

establishment of a temperature monitoring network covering the entire facility for on-line 

data acquisition, mass memory consultation (see optional function 4 below) and remote 

parameter settings. User selectable communication protocol in Modbus RTU or DNP3.0 level 1; 

• OPTIONAL 4 –Mass Memory 

Non volatile memory for storage of temperature readings and alarm events, switch offs and 

activation of forced cooling, based on internal clock with day, month, year, hour, minute and 

second. A memory recording can be started by: 

- User defined time interval between recordings, or; 

- Variation of any temperature monitored higher than the dead band selected by users, 

in ºC, or; 

- State change in any output relay (control of cooling, alarms, switch off or self-

diagnostic). 

• OPTIONAL 5 – Pre-Cooling 

Pre-cooling can prolong the life cycle of insulation on transformers subject to overloads, by 

activating cooling groups whenever previously user selected load levels are reached. Taking 

advantage of the high thermal inertia of oil, the forced cooling system is activated even before 

the increase in temperature occurs, this increasing the times required to achieve high 

temperatures, which would cause an accelerated loss of lifetime for the insulation. The 

following are user programmed: 
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- Load percentage for activation of the first forced cooling group; 

- Load percentage for activation of second forced cooling group; 

- Hysteresis for shut down of forced cooling when load level drops. 

• OPTIONAL 6 – Fan Exercising 

The Fan Exercising function keeps fans from remaining inactive for long periods of time on 

transformers operating at low load levels or during periods of low ambient temperatures. This 

prevents axle blockage from accumulation of dirt or grease dry out and bird nesting. Fans are 

activated daily, in accordance with the equipment’s internal clock and dependent o the 

selections made by users: 

- Time and minute for switching fans on; 

- Total daily fan operation, between 0 and 100 minutes. 

2.3 Operating Philosophy 

Oil temperature measurement is done by way of resistive sensor of the Pt100 at 0ºC 

type that is usually installed at the cover of the transformer, so that the temperature reading will 

be for the hottest oil. As optional feature, the TS is also able to measure the temperature in other 

Pt100 sensors, used, for instance, for ambient temperature, lower oil, etc. The wiring from the 

sensors is connected directly to the TS, not requiring any external transducers. 

On the other hand, winding temperature readings taken directly from the winding present 

difficulties, due to the electric potential to which the winding is subjected. For this reason, the 

temperature reading is obtained indirectly, through calculation based on the readings for the oil 

temperature and the transformer’s load current. Load current is measured by way of an external 

window-type clip-on CT (available as optional). 

For both oil and winding temperatures alarm and transformer trip temperatures are 

programmed independently. 

Contact mode of operation can be chosen between normally open (NO) or normally 

closed (NC), by using the device’s programming menus. The TS has a self-diagnostic contact 

(NC) used to signal any fault condition in measurement, auxiliary power input or internal device 

failure. 

The forced cooling activation is linked to the winding temperature. Values can be 

programmed for activation and hysteresis for shutdown of forced cooling. 

The TS offers a current loop output (optional) that can display any of the temperatures 

measured or the highest temperature among those monitored (user selected by programming). 

The standard for this output is also selectable in the standards: 0...1, 0...5, 0...10, 0...20 or 

4...20mA. 

Serial communication port RS485 is optional and create access to parameter 

programming and query, readings and mass memory of the TS. 
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3 Operation 

All operations of the Temperature Supervisor TS are performed through the keyboard 

located on the front panel, not requiring any external switches or buttons. Temperatures will 

be shown on the display, and alarm conditions, shutdowns and forced cooling commands will 

be indicated by the signal LEDs. 

3.1 Initial Readings 

During normal operating mode, the Temperature Supervisor TS will display the 

temperature measured according to the user’s selection (highest temperature, temperature 

relative to one of the sensors or sequentially, displaying the temperature reading in each 

sensor for 5 seconds). 

 

 

 

 

 

Figure 2 – Initial Readings 

When the temperature value for programmed for an event is reached (alarm, shutdown 

or activation of forced cooling) the corresponding signal LED will light up, at the same time 

activating the output contact(s) programmed for this event. 

Figure 3 – Initial readings 2 

In case any abnormal conditions occur, the corresponding error code will be displayed 

alternating with the abbreviation “ERR”(). 

  

 

 

 

 Temperature reading 

Operating and programming keys 

Signal  

LEDs 

sinalização 

 LED indicating  

sensor being monitored 
Signal LED 

 

Oil temp. alarm activated  

Winding temp. alarm not 

activated Forced cooling group 2 off Forced cooling group 1 on 
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Figure 4 – Initial readings 3 

In the event of an alarm, the LED corresponding to the temperature that generated the signal 

will start flashing. This reading can be shown in two different ways:  

a) If the alarm temperature is the same as the one currently being shown on the display, the 

LED will flash quickly: 

 

 

 

 

 

b) If the alarm temperature is not the same as the one currently being shown on the display, 

the LED will flash slowly: 

 

Figure 6 – Initial readings 5 

  

Quick flashing LED: the 

sensor that generated the 

alarm is the same as the 

one shown on the display. 

 

Figure 5 – Initial Readings 4 

 

Fixed LED: temp 

shown on display 

Slow flashing LED: 

sensor that generated 

the alarm however 

not shown on display 
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3.2 Keys Functions 

Table 1 – Keys functions 

 

Programming Key: 
On the measurement screen allows the operating mode of the forced cooling system 
(manual or automatic) to be selected, as well as access to the password to enter the 
programming menu. In the programming menus, quits the current menu returning to the 
previous level menu. If activated during a parameter change, returns the menu to the 
preceding level without saving any changes made. 

 

Up Key  
Navigation between menus and increment values programmed 

 

Down Key: 
Navigation between menus and decrement values programmed 

 

Enter Key 
Selects menus and parameters, saves values programmed and resets maximum 
temperature records 

3.3 Query Screens 

The TS features a range of information that can be queried via the device’s front panel. 

3.3.1 Temperature Queries 

The Temperature Supervisor TS displays temperature readings according to the user 

selected exhibition mode: 

- highest temperature; 

- temperature relative to one of the sensors or the winding; 

- sequential mode, displaying each temperature reading for 5 seconds. 

Specific temperatures can be queried at any moment using the    and     keys. LEDs will 

inform the temperature being shown on the display of the TS. 

3.3.2 Query for Additional Information 

In addition to current temperature readings, several other information items are available 
on the TS and can be queried via the front panel keyboard. The information available is: 

 MAX – Maximum temperatures reached in each reading (oil, winding, sensor 2 and sensor 
3 – the last two where available) 

 FTG – Final temperature gradient winding-oil after thermal stabilization, if the same load 
current is maintained. 

 % - Transformer loading percentage in relation to rated current 

 AMP – Current on secondary of the measurement CT (bushing CT), in Amperes 

 kA – Transformer load current, in kA 

 HOUR, MIN, SEC, DAY, MON, YEAR - Hour, minute, second, day, month and year of the 
internal clock. 
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By pressing the  key, initially maximum temperature reached values will be displayed. The 
display will show the abbreviation “MAX” alternating with the maximum value recorded for the 

temperature reading indicated by the LED to the left of the display. By pressing the  or  
keys, the maximum values recorded for the other readings will be displayed. In order to reset 

the maximum temperature reading recorded for the temperature indicated, keep the  
pressed for 3 seconds: the record will display the current temperature read by this sensor. 

With the display showing the maximum temperature for the last temperature reading 

(lower left LED), press again the  key. The display will show the abbreviation FTG (final 

temperature gradient) alternating with the current value. By pressing successively , values for 
the other remaining variables will be displayed: %, AMP, kA, HOUR, MIN, SEC, DAY, MON and 

YEAR (see descriptions supplied above). At any moment press  to return to the temperature 
reading. If there are no interventions by users for a period of 20 seconds, the TS returns 
automatically to current temperature readings. 

3.4 Commands 

The TS features output contacts to command forced cooling in two stages. Cooling groups 
will be activated automatically when the temperature programmed by the user is reached 
(submenu FAN). They can also be commanded manually, using the keyboard on the device’s 
front panel, not requiring deployment of external switches. 

To manually activate the forced cooling groups, follow the following steps: 

- Press and release  : TS will display CG1; 

- Press   to change this parameter; 

- Press  to manually activate cooling group 1 (ON) or  to select automatic mode 
(AUT); 

- Press  to confirm program or press   to quit programming without saving changes. 

- Press and release   : TS will display CG2; 

- Press    to change this parameter; 

- Press  to manually activate cooling group 2 (ON) or  to select automatic mode 
(AUT); 

- Press  to confirm program or press   to quit programming without saving changes. 
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4 Project and Installation 

4.1 System Topology 

 

 

 

 

 

 

 

 

 

 

The system components required are: 

- Temperature Supervisor TS 
- RTD Sensors (number dependent on desired configuration) 
- Window-type clip-on current transformer 
- 3-way shielded cable for connection of RTDs 
- 2-way shielded, twisted pair cable for serial communication and/or remote reading via 

current loop (optional) 
- Box for outdoor assembly (optional) 

4.2 Design and Installation 

The temperature sensors (RTDs) must be connected to the Temperature Supervisor TS 

by way of a shielded cable, without any interruptions in the shield, which must be grounded 

only at the end connected to the TS. 

Serial communication RS485 (optional) must be linked by way of a shielded twisted pair 

cable, with the grid being maintained free of breaks/interruptions all the way to the end, being 

grounded only at one end. Maximum distance admitted for this type of serial communication 

is 1300 meters, with a 120-ohm termination resistor being used at each end. 

Alarm, shut down and forced cooling contacts can be selected to operate either in 

normally closed (NC) or normally open (NO) mode – submenu CONF. 

Current loop output for remote temperature reading (optional) can be selected for the 

standards 0...1, 0...5, 0...10, 0...20 and 4...20mA. This output can be used to display any of the 

readings – submenu CONF. 

  

Sensor 1 (oil) 

 

Temperature Supervisor - TS 

Data Capture 

System 

(optional) 

Sensor 2 (optional) 

Sensor 3 (optional) 

CT (I load) 

- alarms 

- shut downs 

- self-diagnostic 

- remote reading (optional) 

- cooling command 

Figure 7 – Block Diagram 
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4.3 Inputs and Outputs 

The following inputs and outputs are available in the Temperature Supervisor – TS: 

Table 2 – TS inputs 

 TERMINALS 

INPUTS TS 

1) Auxiliary power input and ground: 
Universal power input 
(38 ~ 265 Vdc/Vac, @ 8W, 50/60Hz). 

17 – ground 
18 – dc/ac 
19 – dc/ac 

2) Inputs for RTD: 

Three inputs for direction connection of for Pt100 at 0ºC 
sensor (second and third optional inputs) 

Sensor 1 Terminals 3,4 and 5 

Sensor 2 Terminals 6,7 and 8 

Sensor 3 Terminals 9,10 and 11 

3) Input for external clip-on CT: 
One input for external CT connection for measuring load 
current  

15 
16 

4) Port RS485 – Scada (optional): 
Connection for data acquisition system, protocol MODBUS-
RTU or DNP3.0, via shielded, twisted pair cable. 

31 ( + ) 
32 ( -  ) 

 

Table 3 – TS Outputs 

 TERMINALS 

OUTPUTS TS 

1) Current loop output: 
One output for remote temperature reading. Software selected 
output standard (0...1, 0...5, 0...10, 0...20 or 4...20mA). 

1 (+) 
2 ( - ) 

2) Alarm and/or shutdown relays: 
Four potential-free contacts, user programmable for alarms 
and/or shutdowns due to high oil and/or winding 
temperatures. NC or NO operating modes, individually 
programmable by users. 

25 (Relay 1) 
26 (Relay 2) 
27 (Relay 3) 
28 (common point for  Relays 

4, 5 , 6 and self-diagnostic) 
29 and 30 (Relay 4) 

3) Forced cooling command relays: 
Two potential-free contacts (NO or NC selected by user), for 
command of forced cooling system. 

21 and 22 (group 1) 
21 and 23 (group 2) 

4) Self-diagnostic relay: 
Potential-free contact (NO or NC selected via software), signal 
power input failure, internal or measurement failure. 

24 and 28 (common point for 
Relays 1, 2 and 3) 

 

If intermediate terminals are required for connection of the RS485 serial 
communication network and/or RTD sensor, wrap the cable shield around the terminal, in 
order to avoid creating interruptions in the shield. The unshielded stretch of cable – due to the 
patch – must be the shortest possible. 
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DATA CAPTURE 

SYSTEM End of 

insulated 

shielding 

Linked shielding Linked shielding 

Connection     

Terminals 

Control Room Transformer panel 

TS 

31 32 
- + 

All cables of 

the shieded, 

twisted pair 

type 

 

Figure 8 - Detail of grounding and serial communication network 

 

  

All cables shielded - shielding must be 

preserved until as close to the TS as 

possible, where it is then grounded 

 Grounded shielding ends 

 
 

                     Linked shielding  

Sensor 1 
- Oil 

5 
4 
3 

TS 

Sensor 2 

(optional) 

8 
7 
6 

Sensor 3 
(optional) 

11 
10 
9 

All cables shielded - 
shielding must be preserved 

until as close to the TS as 

possible, where it is then 

grounded 

 

Figure 9 - Detail of grounding an RTD sensor network  
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4.4 Application Diagram 

 

Figure 10 - Application Diagram 
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4.5 Mechanical Installation 

The Temperature Supervisor - TS must be installed protected from the effects of the 

weather, whether inside panels or sheltered inside buildings. In either case, there must be 

anti-condensation (dew) systems. The Temperature Supervisor - TS is suited for built in 

installation and can be fixed to, for instance, doors or front plates of panels. Fixation clamps 

are supplied together with the TS.  

The figure below shows the main dimensions of the equipment, as well as the sizes for 

the cutout for insertion of the device. Special attention should be given to the thickness of 

paint coats on the plate where the cutout is done, since in a few cases, where extra-thickness 

paint coats are applied, the resulting reduction in cutout area may keep the equipment from 

fitting in properly. Connection terminals are placed in the rear part of the TS, on two 

removable connectors, in order to facilitate connections. Cables ranging from 0.3 to 2.5mm², 

bare or with “pin”-type plugs (or “needle”). 

 

Figure 11 - TS Dimensions 

 

 

 

 

 

 
Figure 12 - Clip-on CTs dimensions 
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4.6 Optional Accessories 

PT100Ω TEMPERATURE SENSOR AT 0ºC 

Usually, a temperature sensor, installed in a thermo-well, at the cover of the transformer, 

measures the top oil temperature. The sensors must be of the Pt100Ω at 0°C type. 

If needed, Treetech offers temperature sensors of the Pt100Ω type with connection head or 

flexible wiring harness. 

Characteristics  

 
Figure 13 – Temperature Sensor Pt100Ω at 0°C 

ALL MEASUREMENTS ARE IN mm  

Standard: ASTM E1137, class 
B 

Alpha Coefficient: 0.003850 / ºC 

Measurement  Range -100 to +300ºC 

Head: Cast Aluminum, 
painted 

Bulb (rod) Stainless Steel  

Cable gland: Nickel-plated Tin 

Chain: Nickel-plated Tin 

Screws: Nickel-plated Tin or 
stainless steel 

Adapter Stainless Steel 

Insulation: 2kV, 50/60 Hz, 1 
min 

 

 

CABINET FOR OUTDOOR INSTALLATION 

The TS must always be sheltered from weather conditions. Thus, it is often installed 
inside some building, like a control room. When it’s not convenient, as when retrofitting old 
transformers, the TS may be supplied in an easy to install weather-proof cabinet. 

 
CHARACTERISTICS:  

 Fastening: Bolted with high load capacity magnets 

 TSs fastening: Removable rack 

 Wiring connections: Multipolar removable plug at the bottom of the cabinet 

 Protection degree: IP55 

 Insulation Test: 2kV, 50/60 Hz, 1 min. 
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WEATHER SHELTER INSTRUMENT TO MEASURE OUTSIDE TEMPERATURE 

To measure outside temperature a Pt100Ω at 0ºC sensor must be installed in a weather 

shelter instrument which minimizes the effect sun and rain have on the measurement. 

 

 

 

 

 

 

 

  

Figure 14 - Cabinet for outdoor installation 

Figure 15 - Weather Shelter Instrument to Measure Outside Temperature 
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Figure 16 – Accessing programming menu 

5 Parameterization 

In order to ensure that the system will operate correctly, several parameters must be 

defined and set on the device that will deliver the information the equipment needs to 

operate. Adjustments can be made through the front keyboard and using the display, or using 

the parameter definition software, through the RS485 serial communication port (optional). 

The programmable parameters are organized in menus with password-protected access. 

On the main menu, users will find access to the programming submenus, inside these users 

can navigate and adjust values to match transformer features and user needs. 

5.1 Programming 

Parameters must be defined and set in the Temperature Supervisor TS during system 

installation and commissioning procedures. Adjustments are stored on non-volatile memory. 

When the desired submenu is shown on the display, press  to access it and carry out 

the parameter programming procedures. 

5.2 Access to programming menu 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) On the temperature 

display screen, press and 

hold    for 5 seconds 

2) The access password 

input screen will be shown. 

Press  to input 

password. 

3) Using  and , set 

password. 

* default password = 0 

The password can be 

changed by users. 

(* see submenu CONF). 

The first number 

displayed when this 

screen is reached serves 

to recover the password. 

Inform this number to 

our Techn. Assist. 

Department for 

decoding. 

4) After setting the 

password, press and 

release  to enter the 

first programming menu.  

5) This is the first menu screen 

(ALRM). 

Each submenu and its 

respective parameters will be 

explained in the next pages. 
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Programmable parameters are divided into several submenus: ALRM (set alarm and 

shutdown), CONF (device configuration), TRAF (transformer features), FAN (set activation of 

forced cooling groups), CLK (set clock) and DWL (firmware up-date, blocked by password). 

There is also the submenu LOG (mass memory), which is an optional item, as well as 

the submenu FACT, used only by technical assistance and access is blocked by the password. 

In order to select a submenu, use  and  When the desired submenu is shown on 

the display, press  to carry on programming. 

  



   

   28 
Technical Manual – Temperature Supervisor | MA-023 29/05/2015 | Revision: 2.00. 

Temperature Supervisor for Oil Immersed 
Transformers TS 

5.3 Submenu access structure 

 

Figure 17 - Submenu access structure 
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5.4 Parameterization Menus 

In order to assure its correct working, several parameters must be adjusted in the TS. They 

will give to the equipment all the necessary information for its operation. 

The adjustments can be done through the frontal keyboard or by communication port RS-

485, available in the device’s back connector. 

The programming parameters are organized in several submenus, inserted in a main 

menu with access protected by password. Inside every submenu, the user can access a group of 

parameters that must be adjusted according to necessities of each application.  

SUBMENUS VISUALIZATION 

 Press the button  for about 3 seconds to visualize the submenus. When the superior 

display shows “PSWD”, use the buttons  and  to insert the access password and press 

the button . The factory standard password is 0. 

 Use the buttons  and  to select a submenu. Press  to program it. Any 

moment, the user can use the button  to return to main menu. 

 The diswplay will show the optional menus only if they are enabled. 

AFTER ACCESSING THE SUBMENU 

• Use buttons  and  to navigate between the submenu parameters; 

• Press  to enter in parameter’s edition; 

• Press  and  to adjust the wanted value for each parameter; 

• Press  for saving the changes in the parameter; 

• Press  to quit the parameter edition without saving changes and to return to last 

menu. 

5.4.1 Submenu ALRM 

Allows access to all parameters related to alarms and shutdowns. 

With the display showing ALRM, press    for access to parameters for 
alarms and shutdowns or;  

Press  to go to the configuration menu CONF or    to return to the 
temperature reading. 

Use   and   to select the parameter to be altered and press  to 

confirm. Then, use  and  to set the value desired for the parameter.  

Press    quits parameter definition without saving any changes. 
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OALM – alarm for oil temperature 

Set range: -55 to 200ºC, in 1°C steps 

Press    to move forward to Parameter Oalm 

 

OTRP – shutdown for oil temperature 

Set range: -55 to 200ºC, in 1°C steps 

Press    to move forward to Parameter otrp 
 

OTRD – delay for shutdown for oil temperature 

Set range: 0 to 20.0 min, in 0.1 min steps 

Press   to move forward to Parameter otrd 
 

WALM – alarm for winding temperature 

Set range: -55 to 200ºC, in 1ºC steps 

Press    to move forward to Parameter wtrp 
 

WTRP – shutdown for winding temperature 

Set range: -55 to 200ºC, in 1ºC steps 

Press    to move forward to Parameter wtrd 
 

WTRD – delay for shutdown for winding temperature 

Set range: 0 to 20.0 min, in 0.1 min steps 

Press  to return to the main menu. 
 

 

5.4.2 Submenu CONF 

Allows access to all parameters related to the work mode of the TS. 

With the display showing CONF , Press    to obtain access to alarm and 

shutdown parameters or;  

Press  to go to the TRAF  configuration or    to return to the menu 

ALRM. 

 
 

conf 
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LNG – selection of language for messages displayed. 

Set Range:   POR = Portuguse 

                       ENG = English 

                       ESP = Spanish 

Press  again to move forward to parameter RTDS 

 

 

RTDS – select the number of Pt100 temperature sensors that are connected to the 
TS. 

Set range: 1 to 3 in 1 steps. 

If the value selected is 1, the only temperature read will be the oil temperature 

(RTD1). Selecting 2, the sensors read will be the one for oil temperature (RTD1) 

and the RTD2 sensor (optional). Selecting 3 will have the temperature read by 

sensor RTD3 (optional). 

Press   again to move forward to Parameter NPW 

 

 

 

 

 

 

NPW – set new programming menu access password.  
Set range:  0 to 999 in 1 steps. Factory set password is =  0. 

Press    to move forward to Parameter DISP 

 

 

DISP – select the exhibition mode for the display when the user is not making an 
intervention. 

Set range:           MAX: Shows the highest temperature monitored 

                              ALT: Scans and display all temperatures in 5-second intervals 

                              FIX: Shows one specific, user-selected temperature 

 

Press    to move forward to Parameter OAL 

 

 

OAL – select a relay to act in alarm event for oil temperature 

Set Range: 0 = Nenhum relé selecionado 

                             RL1 = Relé 1 (ajuste padrão de fábrica) 

                             RL2 = Relé 2  

                             RL3 = Relé 3 

                             RL4 = Relé 4 

 

 

 

Press    to move forward to Parameter OTP  
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OTP – select a relay to act in alarm event for shutdown for oil temperature 

 

Set range: 0 =  

RL1 =  

RL2 = 

RL3 = 

RL4 = 

No relay selected 

Relay 1 

Relay 2 (standard factory set) 

Relay 3 

Relay 4 

Press    to move forward to Parameter WAL  

WAL – select a relay to act in alarm event for winding temperature 
 

 

 

 

Set range: 0 =  

RL1 =  

RL2 = 

RL3= 

RL4 = 

No relay selected 

Relay 1 

Relay 2 

Relay 3 (standard factory set) 

Relay 4 

Press    to move forward to Parameter WTP  

WTP – select a relay to act in alarm event for shutdown for winding temperature 
 

 

 

 

Set range: 0 =  

RL1 =  

RL2 = 

RL3= 

RL4 = 

No relay selected 

Relay 1 

Relay 2 

Relay 3 

Relay 4 (standard factory set) 

Press    to move forward to Parameter RL1  

RL1 – select operating mode for Relay 1 
 

 

Set range: NO =  

NC =  

Normally open 

Normally closed 

Press    to move forward to Parameter RL2 

RL2 – select operating mode for Relay 2 

 

Set Range: NO =  

NC =  

Normally open 

Normally closed 

Press    to move forward to Parameter RL3  

RL3 - select operating mode for Relay 3 

 

Set range: NO =  

NC =  

Normally open 

Normally closed 

Press    to move forward to Parameter RL4  
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RL4 – select operating mode for Relay 4 

 

Set range: NO =  

NC =  

Normally open 

Normally closed 

Press    to move forward to Parameter AVAR  

AVAR – select temperature reading to be shown by the current loop (optional) 

 

Set range: OIL = 

WIND = 

RTD2 = 

RTD3 = 

MAX 

Oil temperature 

Winding temperature 

Temp. measured by sensor 2 (optional) 

Temp. measured by sensor 3 (optional) 

Displays highest temperature read 

Press  to move forward to Parameter AOR  

AOR - select current output range (optional) 

 

Set range: 0 to 1 mA 

0 to 5 mA 

0 to 10 mA 

0 to 20 mA 

4 to 20 mA 

Pressionar a tecla  para avançar ao parâmetro AOFS  

AOFS – sets temperature value for the end of scale for current output. 
Set range: -55 to 200ºC in 1 Steps 
 

Press   to move forward to Parameter AOIS  
 

AOIS – sets temperature value for the beginning of scale for current output. 
Set range: -55 to 200ºC in 1 steps 

 
Press   to move forward to Parameter BDR. 
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BDR – Select serial communication speed (baud rate) (optional) 

 

Set range: 9.60 kbps 

19.20 kbps 

38.40 kbps 

Press  to move forward to Parameter ADR  

END – Address of TS in serial communication (optional) 
Set Range: 1 to 31 in steps of 1 

Press  to move forward to Parameter PROT  

 

PROT – Communication protocol (optional) 

 

Set range: MDB = 

DNP = 

ModBus 

DNP 3.0 

Press  to return to main menu. 

5.4.3 Submenu TRAF 

Sets transformer features  

With the display showing TRAF , Press  for access to transformer 

parameters or; 

Press  to go to FACT  configuration menu,    to return to menu 

CONF. 

 

 
traf 

 

OWG – set temperature gradient for middle of winding-top of the oil with 
transformer under rated loading conditions 

This parameter is supplied by the manufacturer of the transformer, which 

obtains it from the heating assay or through calculations. 

Set range: -50 to 50 degrees, in 0.1°C steps. 

Press    to move forward to Parameter TW.  
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TW – winding time constant set, relative to the winding’s thermal inertia. 

This parameter can either be defined during the heating assay or calculated by 

the manufacturer of the transformer. If it cannot be obtained in either one of 

these manners, a typical value of 300 s can be adopted. 

Set range: 1 to 999 seconds, in 1 second steps. 

Press    to move forward to Parameter HS+  

 

HS+ – set winding hot spot factor in accordance with the ANT NOR 5416 and IEEE 
Std C57.91-1995 norms. 

Temperature difference between the hot spot of the winding and its middle 

point, under rated load condition. This figure can be programmed for the value 

informed by the manufacturer of the transformer or typical values 

recommended in the above mentioned norms could be used (10°C for class 

55°C transformers or 15°C for class 65°C). If these norms are not followed, this 

parameter must be set to 0 (zero). 

Set range: 0 to 20°C, in 0.1°C steps. 

Press  to move forward to Parameter HS*  

 

HS* – set winding hot-spot factor in compliance with norm IEC354. 

This is the ratio between the temperature of the hottest spot and the medium 

point on the winding under rated load conditions. This figure can be 

programmed for the value informed by the manufacturer of the transformer or 

typical values recommended in the above mentioned norms could be used (1.1 

or 1.3). If these norms are not followed, this parameter must be set to 01 

(one). 

Set range: 1 to 1.50, in 0.01 steps. 

Press    to move forward to Parameter 2*M  

 

2*M – set the exponential for temperature rise in the temperature of the winding. 

É a constante utilizada no cálculo exponencial de elevação de temperatura do 

enrolamento em função da carga do transformador. Esta constante depende 

do tipo de resfriamento do transformador, conforme definido nas normas. 

 
Set range: 1,6 = 

1,8 = 

2,0 = 

Undirected oil circulation 

Currently not applied by norms 

Directed oil circulation 

Press    to move forward to Parameter TRC  
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TRC – set transformer rated current, in kA. 

The transformer’s rated current (100% load) in the winding where the load 

current is being measured, in kA. 

Set range: 0 to 99,98kA, in 0.01kA steps. 

Press    to move forward to Parameter SRC  

 

SRC – set transformer rated current relative to the secondary of the measuring 
CT, in A. 

This is the current in the secondary of the measuring CT (usually a bushing CT) 

with the transformer under rated load conditions (100% load), in A. That is: 

SRC =                 TRC                 . 

                Ratio of bushing CT  

Set range: 0 to 10A, in 0.01A steps. 

Press  to return to main menu 

 

 

5.4.4 Submenu FACT 

The FACT menu is for use exclusively by technical assistance, and is password 
protected, so access is not available to users. 

With the display showing FACT , Press   to obtain access to the password screen or; 

Press  to go to the FAN  configuration screen,    to return to the menu 
TRAF. 

 
 

5.4.5  Submenu FAN 

Sets parameters for activation of forced cooling groups, such as temperatures 

load levels, times, etc, depending on the optional functions available. 

With the display showing FAN , Press  to obtain access to the password 

screen or; 

Press  to move forward to submenu optional LOG (where available) or 

CLK (if LOG is not available), or press   to return to menu FACT. 

 
     fan 

5.4.5.1 Standard settings 

CG1 – temperature for activation of the 1st forced cooling group  
Set range: -55 to 200ºC, in 1ºC steps 

Press    again to move forward to Parameter CG2  
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CG2 – temperature for activation of the 2nd forced cooling group 
Set range: -55 to 200ºC, in 1ºC steps 

Press    again to move forward to Parameter CCT1  

 

CCT1 –  Choosing between oil and winding as determining factor for activation of 
the 1st forced cooling group 
Set range: Oil and winding 

 

Press    again to move forward to Parameter CCT2   

CCT2 –  Choosing between oil and winding as determining factor for activation of 
the 2nd forced cooling group 
Set range: Oil and winding 

Press    again to move forward to Parameter HYS 
 

HYS – temperature for shut off of forced cooling groups 
Set range: 0 a 50ºC, 1ºC steps 

 

Press    again to move forward to Parameter ALT  
 

ALT – automatic alternation between cooling groups 

 

Set range: 

 

ON = 

OFF = 

Automatic alternation on 

Automatic alternation off 

Press   again to move forward to Parameter LC1, if the optional pre-

cooling module is available, or  to return to the main menu. 

5.4.1.2 Módulo Opcional Pré-resfriamento 

These parameters will only be displayed on equipment where this optional feature is 

available. 

Pre-cooling can extend the life cycle of insulation in transformers subject to overloading, by 

activating cooling groups when user pre-selected load levels are reached. Taking advantage of 

the oil’s high level of thermal inertia, the forced cooling system is activated even before the 

temperature begins to rise, thus increasing the time to reach high temperatures, which would 

cause accelerated loss of life cycle for the insulation. 

Several different activation levels can be programmed for activation of the first and second 

cooling groups, in a range between 10 and 200% of transformer load. In order to avoid 

continuous start and stop cycles for the cooling system because of shifts in the transformer load, 

a hysteresis is also programmed for shutting down the cooling group in the 0 to 9% of loading. 
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LC1 – percentage of transformer load for activation of the 1st forced cooling group 
Set range: 10 a 200%, em passos de 1% 

 

Press    again to move forward to Parameter LC2 
 

LC2 – percentage of transformer load for activation of the 2nd  forced cooling 
group 
Set range: 10 a 200%, in 1% steps 

 

Press    again to move forward to Parameter HYL  

HYL– Hysteresis to stop cooling groups due to reduction in the load of the 
transformer 
Faixa de ajuste: 0 a 9%, in 1% steps 

Press   again to move forward to Parameter FEH, in case the optional 

Cooling Equipment Exercise module is available, or  to return to the main 

menu. 

 

5.4.5.3 Optional Forced Cooling Equipment Exercise 

These parameters will only be displayed on equipment where this optional feature is 

available. 

The Forced Cooling Equipment Exercise keeps fans and/or oil circulation pumps from 

remaining inactive for excessively long periods when transformers are operating under low 

loading or periods of very low ambient temperature. This keeps the shaft from sticking due to 

build up of dust or drying out of the grease. 

Cooling groups are activated daily, in accordance with the equipment’s internal clock 

and following the selections made by the user: Hour and minute of beginning of fan operation 

and total daily fan operation time, between 0 and 100 minutes. The second group is activated 

10 seconds after the 1st in order to reduce total motor start up current. 

FEH – set the hour when forced cooling groups will be switched on 
Set range: 0 a 23, in 1 hour steps. 

Press    again to move forward to Parameter FEM 
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FEM – set the minute when forced cooling groups will be switched on 
Set range: 0 a 59, 1 minute steps. 

Press    again to move forward to Parameter TFE 

 

TFE – set time period during which forced cooling groups will remain on 
Set range: 0 to 100 minutes, in 1 minute steps. 

Press    to return to main menu 

 

5.4.6 Submenu LOG 

The mass memory resource (LOG) is an optional item, and the menu LOG will only be 

displayed if this resource is available. This functions records temperature changes, alarm and 

shutdown events and other information with the event’s time and date. 

 

With the display showing LOG,  Press  to obtain access to the password 

screen or; 

Press  to move forward to submenu CLK or press   to return to the 

FAN menu. 

 

 

   log 
 

HLOG – sets value for temperature variation above which the TS enters a record in 
the mass memory. 

 

Set range: 1 a 20ºC. 

Ex.: Current temperature = 70ºC. HLOG = 5ºC. Whenever a temperature above 

75ºC or under 65°C is reached, a record is made.  

Press    again to move forward to Parameter TLOG 

TLOG – ajusta os intervalos de tempo em que o TS fará as gravações na memória 
de massa. 

 

Set range: 1 a 120 minutos. 

Press    again to move forward to Parameter RLOG 

RLOG – Reset do LOG. Apaga todos os dados na memória de massa do TS. 

Set range: YES or NO 

Press  to return to the main menu 
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5.4.7 Submenu CLK 

Sets device internal clock and calendar. 

With the display showing CLK , Press  to obtain access to clock set or; 

Press  to go to menu DWL  or    to return to the optional LOG menu 

(if available) or FAN (when LOG is not available). 

 

 
 

 

MON – set month in calendar 

Set range: month 1 to 12, in 1 month steps. 

Press    to move forward to Parameter DAY  

 

DAY – set day in calendar 

Set range: day 1 to 31, in 1 day steps. 

Press    to move forward to Parameter YEAR  

 

YEAR – set year in calendar 

Set range: year 05 (2005) to 99 (2099), in steps of 1 year. 

Press    to move forward to Parameter HOUR  

 

HOUR – set clock hour 

Set Range: 0 to 23 hours, in 1 hour steps. 

Press    to move forward to Parameter MIN  

 

MIN – set minutes in clock 

Set range: 0 a 59 minutos, em passos de 1 minuto. 

Press   to return to main menu 
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5.4.8 Submenu DWL 

The DWL menu is used to update firmware using serial communication. 

Access to this menu is password protected  

With display showing DWL , Press  to obtain access to the password 

screen; 

Set range:  0 to 999 in 1 steps. 

This password is the same used to access the main menu. 

Press  again to return to the temperature reading or press  to  return to 

menu CLK. 
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6 Start up procedure 

Once the equipment has been installed in accordance with the guidance given in Part II of this 

manual, start up should follow the basic steps outlined below. 

 During this phase make sure that contact operation does not interact with any of the other 

systems. If necessary insulate all command, alarm and shutdown contacts; 

 Check for correct electrical wiring (for example, through continuity tests); 

 

Make sure the current transformer’s secondary circuit used for measuring load current 
(usually a bushing CT) is either short-circuited or hooked up to a load. Also make sure 
that one of the sides of this CT’s secondary is grounded. CAREFUL: there is a risk of severe 
accidents and/or death is this CT’s secondary is left open. 

 

 If industrial frequency dielectric tests are carried out on the wiring (applied voltage), 

disconnect the grounding cable connected to terminal 17 of TS in order to prevent 

destruction of over-voltage protection equipment found in the device. These protections 

are connected internally between input/output terminals and ground, stapling voltage at 

about 300V. Application of high voltages for long periods (for example, 2kV for 1 minute) 

would destroy this protection. 

 Reconnect ground cable to terminals 17 of TS, if it was disconnected for the applied voltage 

test; 

 Energize TS with any voltage in the 38 to 265Vdc/Vac 50/60Hz range; 

 Perform all parameter definition and setting for the TS, following the instructions of 

subchapter 5, through the device’s keyboard or the parameter definition software; 

 Connect temperature calibration device, resistive decade or check temperature of the 

Pt100s connected to each measurement input of the TS, to check whether readings are 

correct; 

 Pass AC current through the window of the clip-on CT with intensities of, for example, 20%, 

60% and 95% of end of scale, checking the display of the TS to see if the current readings 

are correct. After this check, close the clip-on CT’s window around one of the cables of the 

secondary of the load current measuring CT, without breaking the secondary circuit of this 

CT. 
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 Using the calibration device or the resistive decade, alter the value of the temperature of 

the oil and check the oil, inspect activation of output contacts using the indicator LEDs on 

the panel of the device; 

 With a DC mili-amperimeter, check current loop output (if applicable); 

 Reconnect any contacts that may have been insulated. 
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7 Troubleshooting 

The software of the Temperature Supervisor – TS continuously checks the integrity of its 

own functions and those of the sensors connected to it. Any abnormality perceived, is signaled 

through the failure contact. Messages can be displayed on the display of the TS, helping in the 

failure diagnosis process. 

7.1 TS displays error messages 

The self-diagnostic function implemented on the TS allows eventual defects external to 

the equipment or even internal failures to be detected and diagnosed. This allows users to 

rapidly identify and correct most problems. 

When a problem is detected, the TS flash the abbreviation “ERR” on the display, 

alternating this with the code for the failure detected, as shown in illustration 7.1. The failure 

code is shown with four digits on the display using a hexadecimal format. The respective 

meanings are shown in the tables below, respected the digit of the display in which the code 

appears. In the event of simultaneous failures, the number shown will be the sum of the digits 

for the individual errors. 

      

      

 

 

 

Figure 18 – Failure indications 

  

Indication of active 

error. 

Indication of code 

for active error. 

Digit 2 Digit 3 Digit 4 

Error code Error code Error code 

Digit 1 

 

Error code 
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Table 4 - Table of failures 

          Digit 
 
Value 

First digit 

 

Second Digit 

 

Third Digit 

 

Fourth Digit 

 

0 - - - - 
1 Failure in 

temperature 
measurement of 
sensor 1 – bad 
contact on cable 
connected to 
terminal 3 of the 
Pt100 sensor.  

Failure in 
temperature 
measurement of 
sensor 1 – bad 
contact on cable 
connected to 
terminal 1 and/or 
terminal 2 of the 
Pt100 sensor. 

- Internal error – 
EEPROM Memory 

2 Failure in 
temperature 
measurement of 
sensor 2 – bad 
contact on cable 
connected to 
terminal 3 of the 
Pt100 sensor.  

Failure in 
temperature 
measurement of 
sensor 2 – bad 
contact on cable 
connected to 
terminal 1 and/or 
terminal 2 of the 
Pt100 sensor. 

Failure in measuring 
load current 

- 

3 Simultaneous 
occurrence of codes 
1 and 2 above 

Simultaneous 
occurrence of codes 1 
and 2 above 

Simultaneous 
occurrence of codes 1 
and 2 above 

Simultaneous 
occurrence of codes 1 
and 2 above 

4 Failure in 
temperature 
measurement of 
sensor 3 – bad 
contact on cable 
connected to 
terminal 3 of the 
Pt100 sensor.  

Failure in 
temperature 
measurement of 
sensor 3 – bad 
contact on cable 
connected to 
terminal 1 and/or 
terminal 2 of the 
Pt100 sensor. 

Internal Error - 
Converter AD 

- 

5 Simultaneous 
occurrence of codes 
1 and 4 above 

Simultaneous 
occurrence of codes 1 
and 4 above 

Simultaneous 
occurrence of codes 1 
and 4 above 

Simultaneous 
occurrence of codes 1 
and 4 above 

6 Simultaneous 
occurrence of codes 
2 and 4 above 

Simultaneous 
occurrence of codes 2 
and 4 above 

Simultaneous 
occurrence of codes 2 
and 4 above 

Simultaneous 
occurrence of codes 2 
and 4 above 

7 Simultaneous 
occurrence of codes 
1,2 and 4 above 

Simultaneous 
occurrence of codes 
1,2 and 4 above 

Simultaneous 
occurrence of codes 
1,2 and 4 above 

Simultaneous 
occurrence of codes 1,2 
and 4 above 
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8 - Reserved Failure in 
temperature 
measurement – 
sudden temperature 
change, above 5°C, 
between two 
consecutive 
temperature 
readings 

Measurement 
Overflow 

9 Simultaneous 
occurrence of codes 
8 and 1 above 

Simultaneous 
occurrence of codes 8 
and 1 above 

Simultaneous 
occurrence of codes 8 
and 1 above 

Simultaneous 
occurrence of codes 8 
and 1 above 

A Simultaneous 
occurrence of codes 
8 and 2 above 

Simultaneous 
occurrence of codes 8 
and 2 above 

Simultaneous 
occurrence of codes 8 
and 2 above 

Simultaneous 
occurrence of codes 8 
and 2 above 

B Simultaneous 
occurrence of codes 
8,2 and 1 above 

Simultaneous 
occurrence of codes 
8,2 and 1 above 

Simultaneous 
occurrence of codes 
8,2 and 1 above 

Simultaneous 
occurrence of codes 8,2 
and 1 above 

C Simultaneous 
occurrence of codes 
8 and 4 above 

Simultaneous 
occurrence of codes 8 
and 4 above 

Simultaneous 
occurrence of codes 8 
and 4 above 

Simultaneous 
occurrence of codes 8 
and 4 above 

D Simultaneous 
occurrence of codes 
8,4 and 1 above 

Simultaneous 
occurrence of codes 
8,4 and 1 above 

Simultaneous 
occurrence of codes 
8,4 and 1 above 

Simultaneous 
occurrence of codes 8,4 
and 1 above 

E Simultaneous 
occurrence of codes 
8,4 and 2 above 

Simultaneous 
occurrence of codes 
8,4 and 2 above 

Simultaneous 
occurrence of codes 
8,4 and 2 above 

Simultaneous 
occurrence of codes 8,4 
and 2 above 

F Simultaneous 
occurrence of codes 
8,4,2 and 1 above 

Simultaneous 
occurrence of codes 
8,4,2 and 1 above 

Simultaneous 
occurrence of codes 
8,4,2 and 1 above 

Simultaneous 
occurrence of codes 
8,4,2 and 1 above 

 

The next table presents probable causes and a group of recommended actions for each 

in order to assure a quick solution, before the contact with Treetech’s technical assistance or 

its authorized representative. 

Table 5 - Recommended actions for failures 

Descrição Causa provável Ações recomendadas 

Failure in temperature 
measurement of sensor 1 

Bad contact on cable 
connected to terminal 
3 of the Pt100 sensor. 

Check for bad contact on cable connected to 
terminal 3 of sensor 1, including connection to TS, 
passage terminals and connection to the sensor. 

Bad contact on cable 
connected to terminal 
1 and/or terminal 2 of 
the Pt100 sensor 

- Check for bad contact on cable 
connected to terminal 1 and/or terminal 2 of 
sensor 1, including connection to TS, passage 
terminals and connection to the sensor. 

Failure in temperature 
measurement of sensor 2 

Bad contact on cable 
connected to terminal 
3 of the Pt100 sensor. 

 

Check for bad contact on cable connected to 
terminal 3 of sensor 2, including connection to TS, 
passage terminals and connection to the sensor. 

Bad contact on cable 
connected to terminal 
1 and/or terminal 2 of 
the Pt100 sensor 

Check for bad contact on cable connected to 
terminal 1 and/or terminal 2 of sensor 2, 
including connection to TS, passage terminals and 
connection to the sensor. 
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Failure in temperature 
measurement of sensor 3 

Bad contact on cable 
connected to terminal 
3 of the Pt100 sensor. 

Check for bad contact on cable connected to 
terminal 1 and/or terminal 2 of sensor 3, 
including connection to TS, passage terminals and 
connection to the sensor. 

Bad contact on cable 
connected to terminal 
1 and/or terminal 2 of 
the Pt100 sensor 

Check for bad contact on cable connected to 
terminal 1 and/or terminal 2 of sensor 3, 
including connection to TS, passage terminals and 
connection to the sensor. 

Failure in temperature 
measurement 

Sudden temperature 
change, above 5°C, 
between two 
consecutive 
temperature readings 

-Check for bad contacts in the connection cables 
between the TS and the Pt100 sensor, including 
the connection to the TS, passage terminals and 
connection to the Pt100. 
-Check if 3-way, shielded cable is being used in 
connecting the Pt100 sensor to the TS. 
-Check that the shielding of the cable connecting 
the TS to the Pt100 sensor is grounded on only 
one end, with the other end insulated, as shown 
in the example diagrams. 

 

 

After checking and correcting the cause for the failure in the measurement, reset the error 

by pressing and holding   and . ATTENTION: by carrying out this reset, the TS will 
understand that the current value for the temperature reading is correct. If the reset is 
carried out with an incorrectly high temperature reading, undue alarm or transformer 
shutdown events may result.. 

7.2 Troubleshooting not related to the TS self-diagnosis 

If difficulties or problems are being encountered in operating the system, we suggest 

consulting the possible causes and simple solutions guide shown below. If this information is 

insufficient to solve your difficulty/problem, please contact Treetech’s technical assistance 

service or the nearest authorized dealer. 

Table 6 - Troubleshooting not related to the sef-diagnosis 

The TS does not read or reads incorrectly  the temperature(s) 

Probable Causes  Possible Solutions 

Failure in sensor Pt100 Carry out sensor integrity check: resistance 

value compatible with environment where it is 

installed and to-ground insulation (2kV). 

Number of sensors connected incorrectly 

selected 

Check RTDS parameter settings (number of 

sensors connected to the device) in submenu CONF 

(Configuration).  

Grounding of Pt100 sensor connection 

cables 

Check that mesh is connected only at one end 

with the other end insulated, as shown in the 

example diagrams.  

Sensor wiring with inverted polarity or 

bad contacts in connections 

Check wiring from sensor to TS, including any 

passage terminals. 
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TS does not communicate with data capture system 

Probable Causes  Possible Solutions 

Communication cable incorrectly 
connected 

Check correct cable connection (polarity, 
eventual short-circuits, open links, grounding) 
between the TS and the data capture system.  

Serial communication parameters 
incorrectly programmed 

Check for correct settings of the following 
parameters in submenu CONF (subchapter 5.3.2): 

- baud-rate – Parameter BDR 

- address – Parameter ADR 

- protocol – Parameter PROT 
Distance between ends of 

communication network over 1300 meters 
If the circuit exceeds the distance of 1300 

meters, auxiliary modules or optical fiber cables must 
be used. 

Incorrect cable type used Communication cable must be of the twisted 
pair type 

Lack of grounding, grounding interrupted 
or cable grounded at both ends of the 
communication network 

Grounding failure may allow noise and 
induced transitory regimes to corrupt the 
communication package. Carry out cable and 
connections check (passage terminals) and 
grounding. 

Remote temperature reading through current loop is incorrect 

Probable Causes  Possible Solutions 

Current loop parameters incorrectly 
programmed 

Check settings for the following parameters in 
menu CONF (subchapter 5.3.2): 

- Selection of temperature to be displayed – AVAR 

- Output current range – AOR 

- End of scale temperature – AOFS 

- Beginning of scale temperature – AIRS 

Connection cable incorrectly wired Check correct cable connection (polarity, 
eventual short-circuits, open links, grounding) 
between the TS and the measuring system. 

Maximum load exceeded Check maximum load allowed for each output 
standard selected. (see Technical Data - Appendix  A, 
page V-2 

Lack of grounding, grounding interrupted 
or cable grounded at both ends of the 
communication network 

Grounding failure may allow noise and 
induced transitory regimes to corrupt the 
communication package. Carry out cable and 
connections check (passage terminals) and 
grounding. 
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8 Appendixes 

8.1 Attachment A – Technical Data 

Table 7 - Technical data 

Conditions  Interval/Description 

Input Voltage: 38 to 265 Vac/Vdc 50/60Hz 

Maximum Consumption: < 5 W 

Operating Temperature: -40 to +85 ºC 

Degree of Protection: IP 20 

Wire size – removable connectors: 22 to 12 AWG, 0.3 to 2.5mm2 

Fixation: Built in panel 

Direct temperature measurements: 

 

Sensor: 

Measuring range: 

Maximum error @ 20ºC: 

Deviation by temperature variation: 

Type of connection: 

One (standard, oil temperature) or three (optional) 

Pt100 @ 0ºC w/ continuous self-calibration 

-55...200ºC 

0.5% of full scale 

20ppm/ºC 

3-wire sensor 

Winding temperature measurement: 

Mathematical models applied: 

Calculated 

IEEE C57.91-1995 

IEC 354 - 1991 

ABNT NBR 5416-1997 

AC measurement input: 

 

Working range: 

Maximum error @ 20ºC: 

Deviation by temperature variation: 

Measurement with external clip-on CT (optional) 

0...10 A 

1% of full scale 

50ppm/ºC referred to full scale 

Analog output (optional): 
Maximum error: 

Options (selections) and maximum load: 

One 

0.5 % of full scale 

0...1   mA,  10k 

0...5   mA,  2k 

0...10 mA,  1k 

0...20 mA,  500 

4...20 mA,  500 

Relay outputs: 

Maximum switching power: 

Maximum switching voltage: 

Maximum conduction current: 

Seven dry contacts 

70 W / 250 VA (resistive) 

250Vdc / 250 Vac 

5 A 

Serial Communication Port (optional): 1 RS 485, supervision/monitoring system 

Communication protocols: 

 

Modbus RTU or 

DNP3.0 level 1 
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8.2 Attachment B – Tests performed 

Table 8 – Tests performed 

Surge Immunity (IEC 60255-22-5): 

Phase-neutral surges: 

Phase-ground and neutral-ground surges: 

 

1 kV, 5 per polarity (+/-) 

2 kV, 5 per polarity (+/-) 

Electrical transients Immunity (IEC 60255-22-1  

and IEEE C37.90.1): 

1st cycle peak 

Frequency: 

Time and repetition rate: 

Decay to 50%: 

 

 

2.5 kV 

1.1 MHz 

2 seconds, 400 surges/sec. 

5 cycles 

Voltage Impulse (IEC 60255-5): 

Wave form: 

Amplitude and energy: 

Number of pulses: 

 

1.2 / 50 s 

5kV, 0.5J 

3 negative and 3 positive, 5s interval 

Insulation Voltage (IEC 60255-5): 

Industrial frequency insulation voltage 

 

2 kV 60Hz 1 min. to ground 

Irradiated electromagnetic field Immunity  

(IEC 61000-4-3 / IEC60255-22-3): 

Frequency: 

Field intensity: 

 

 

26 to 1000 MHz 

10 V/m 

Conduced electromagnetic perturbations immunity  

(IEC 61000-22-6): 

Frequency: 

Field intensity: 

 

 

0.15 to 80 MHz 

10 V/m 

Electrostatic Discharge (IEC 60255-22-2 and  

IEEE C37.90.3): 

Air mode: 

Contact mode: 

 

 

8 kV, ten discharges per polarity 

6 kV, ten discharges per polarity 

Fast electrical transient immunity (IEC60255-22-4  

e IEEE C37.90.1): 

Power supply, inputs and outputs: 

Serial communication port: 

 

4 kV 

2 kV 

Climatic test: (IEC 60068-2-14): 

Temperature range: 

Total test time: 

 

-40 to +85ºC 

96 hours 

Vibration response: (IEC 255-21-1): 

Application mode: 

Amplitude: 

 

Duration: 

 

3 axis (X, Y and Z), sinusoidal 

0,075mm from 10 to 58 Hz 

1G from 58 to 150 Hz 

8 min/axis 

Vibration resistance: (IEC 255-21-1): 

Application mode: 

Frequency 

Amplitude: 

3 axis (X, Y and Z), sinusoidal 

10 to 150 Hz 

2G 

160 min/axis 
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Duration: 

Short duration overload (IEEE C57.109-1993 and NOR 
8145/83) 

On AC current measurement input 

 

 

8.3 Order Specification 

The Temperature Supervisors TS are universal devices; its features are selected by using the 
programming menus. These adjustments can be made directly on the device’s front panel or 
by way of configuration software, using the serial communication port RS485 (optional). The 
power supply input is universal (38 to 265 Vdc/Vac 50/60Hz). 
 
Therefore, in purchase orders for the equipment the following need to be informed: 

 Temperature Supervisor TS 
- Quantity; 
- Option to link to the contact 27: Model 1 and Model 2; 
- Desired optional functions among options 1 to 6 (any optional combination is 

possible). 

 Clip-on CT (optional supply) 
- Quantity; 
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8.4 Parameterization Table 

Temperature Supervisor TS – Parameterization Table 

Serial Number:  Date:  

ID:  Responsible:  

Submenu Parameter Description Set Value 

ALRM 

OALM Alarm for oil temperature  °C 

OTRP Shutdown for oil temperature  °C 

OTRD Delay for shutdown for oil temperature  min 

WALM Alarm for winding temperature  min 

WTRP Shutdown for winding temperature  °C 

WTRD Delay for shutdown for winding temperature  min 

CONF 

LNG Selection of language for messages displayed   

RTDS 
Select the number of Pt100 temperature sensors 
that are connected to the TS 

  

NPW Set new programming menu access password   

DISP 
Select the exhibition mode for the display when 
the user is not making an intervention 

  

OAL 
Select a relay to act in alarm event for oil 
temperature 

  

OTP 
Select a relay to act in alarm event for shutdown 
for oil temperature 

  

WAL 
Select a relay to act in alarm event for winding 
temperature 

  

WTP 
Select a relay to act in alarm event for shutdown 
for winding temperature 

  

RL1 Select operating mode for Relay 1   

RL2 Select operating mode for Relay 2   

RL3 Select operating mode for Relay 3   

RL4 Select operating mode for Relay 4   

AVAR 
Select temperature reading to be shown by the 
current loop (optional) 

  

AOR Select current output range (optional)  mA 

AOFS 
Sets temperature value for the end of scale for 
current output 

  

AOIS 
Sets temperature value for the beginning of scale 
for current output 

 °C 

BDR 
Select serial communication speed (baud rate) 
(optional) 

 kbps 

ADR Address of TS in serial communication (optional)   

PROT Communication protocol (optional)   

TRAF 

OWG 
Set temperature gradient for middle of winding-
top of the oil with transformer under rated loading 
conditions 

                        °C 

TW 
Winding time constant set, relative to the 
winding’s thermal inertia 

 s 

HS+ 
Set winding hot spot factor in accordance with the 
ANT NOR 5416 and IEEE Std C57.91-1995 norms 

 °C 

HS* 
Set winding hot-spot factor in compliance with 
norm IEC354 

  

2*M 
Set the exponential for temperature rise in the 
temperature of the winding 

  

TRC Set transformer rated current, in kA   
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SRC 
Set transformer rated current relative to the 
secondary of the measuring CT, in A 

 A 

FACT PSW Technical assistance use. Restricted by password.   

FAN 

CG1 
Temperature for activation of the 1st forced 
cooling group 

 °C 

CG2 
Temperature for activation of the 2nd forced 
cooling group 

 °C 

CCT1 
Choosing between oil and winding as determining 
factor for activation of the 1st forced cooling 
group 

  

CCT2 
Choosing between oil and winding as determining 
factor for activation of the 2nd forced cooling 
group 

  

HYS Temperature for shut off of forced cooling groups  °C 

ALT Automatic alternation between cooling groups   

LC1 
Percentage of transformer load for activation of 
the 1st forced cooling group 

 % 

LC2 
Percentage of transformer load for activation of 
the 2nd forced cooling group 

 % 

HYL 
Hysteresis to stop cooling groups due to reduction 
in the load of the transformer  

 °C 

FEH 
Set the hour when forced cooling groups will be 
switched on 

 h 

FEM 
Set the minute when forced cooling groups will be 
switched on 

 Min 

TFE 
Set time period during which forced cooling groups 
will remain on 

                                  Min 

LOG 

HLOG 
Sets value for temperature variation above which 
the TS enters a record in the mass memory 

 °C 

TLOG 
Sets the time intervals between recordings made 
by the TS in the mass memory 

 min 

RLOG Reset LOG - erases all the data in TS mass memory   

CLK 

MON Set month in calendar   

DAY Set day in calendar   

YEAR Set year in calendar   

HOUR Set clock hour  h 

MIN Set minute in clock  min 
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