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AMPCONTROL POWER 
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AMPCONTROL ELECTRONICS 
electronics@ampcontrolgroup.com 

AMPCONTROL SERVICE 
service@ampcontrolgroup.com 

LOCATIONS 
NSW – Newcastle | Lithgow | Sydney | Wollongong | 
QLD – Mackay | Moranbah | Brisbane | 
VIC – Melbourne | 
WA – Perth | 
China | Hong Kong | New Zealand | Russia | South Africa | United Kingdom |  

1.0 INSTALATION, OPERATION & MAINTENANCE MANUALS 

1.1 Contract Specifics        

1.2 Transformer Overview

1.3 Standard Manuals & Special Instructions 
 Standard Transformer Installation, Maintenance     

& Operating Instructions Manual 

1.4 Commissioning & Maintenance Forms 
 Transformer Commissioning Test Sheet    FRM-1818 
 Transformer Maintenance Guide     FRM-1819 
 Transformer Maintenance Checklist     FRM-1820 

2.0 ORIGINAL EQUIPMENT MANUFACTURERS    Ref No. / Dwg No.

2.1 ABB On Load Tap Changer 
 Installation & Commissioning Guide     1ZSE 5492-115 
 Maintenance Guide       1ZSE 5492-123 
 Repair Guide       1ZSE 5492-128 
 Spare Parts        1ZSE 5492-132 
 Technical Guide       1ZSE 5492-104 
 Accessories and Protection Devices     ZSC000562-AAD  
 Outline Drawing       54920090-2 (1) 
 Outline Drawing       54920090-2 (2) 
 Outline Accessories       54920090-9 
 Connection Diagram      54920393-7 
 Terminal Board Arrangement     5492853E-42
 Pressure Relay Circuit Diagram     54920083-2 
 Relief Vent Circuit Diagram      5478003-59
 Motor Drive Circuit Diagrams     XZ2200 027-XGT(1-5) 

2.2 ABB Surge Arrestors 
 Assembly & Technical Information     MWK-30

2.3 ZEP Bushings  
 E.S.A.A type Assembly & Technical Information 
 FHD type Assembly & Technical Information 

2.4 MESSKO Conservator Oil Level Gauge
 MTO Series Data Sheet 
 Routine Test Procedure 

2.5 ETI Butterfly Valves  
 General Description 
 Butterfly Valve       WUP 080 
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2.6 ETI Buchholz Relay 
 Series GQ Operation Manual 
 Buchholz Relay GQ-50      4.900.21 

2.7 ETI Gas Receiver 
 Series RA-GA B Operation Manual 
 Gas Receiver Detail       49003 

2.8 ETI Pressure Relief Device      
 Series VS Operation Manual       
 Relief Valve Detail       10.080.10 

2.9 QUALITROL Oil Temperature & Winding Temperature Indicator 
208 Series Operating Instructions 

2.10 CHANGSHU YOUBANG Radiators 
 Brochure, Specification & Installation Instructions 

2.11 YOGYA Dehydration Breather 
DB-1, 0.4kg Breather Assembly Drawing    BR/ARTD/12 
DB-4, 2.8kg Breather Assembly Drawing    BR/ARTD/34 

2.12 MIDEL-7131 Insulating Oil For On Load Tap Changer 
  Midel-7131, Product Data Sheet

2.13 Envirotemp FR3 Insulating Fluid For Main Tank 
  Envirotemp FR3 Fluid, Product Data Sheet

3.0 MANUFACTURING DATA REPORTS     FRM No.  

3.1   Unit 3392 Transformer Test Reports 
 AMPCONTROL Transformer Test Report    TX-03
 AMPCONTROL Pressure Test  
 AMPCONTROL Test Procedure for Auxiliary Components  TX-33

3.2   Oil Test Reports 
 AURECON Oil Analysis Report

3.3   OEM Test Reports 
 STEMAR Current Transformer Test Certificate 
 CHANGSHU YOUBANG Radiator Quality Inspection Report 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 3 of 424



AMPCONTROL TRANSFORMERS   
Ampcontrol Transformers Pty Limited 
ABN 68 099 836 281 
21 Old Punt Road 
TOMAGO  NSW  2322  Australia 
Tel: (02) 4961 9061 
Fax: (02) 4961 9066 
www.ampcontrolgroup.com 

AMPCONTROL POWER 
power@ampcontrolgroup.com 

AMPCONTROL ELECTRONICS 
electronics@ampcontrolgroup.com 

AMPCONTROL SERVICE 
service@ampcontrolgroup.com 

LOCATIONS 
NSW – Newcastle | Lithgow | Sydney | Wollongong | 
QLD – Mackay | Moranbah | Brisbane | 
VIC – Melbourne | 
WA – Perth | 
China | Hong Kong | New Zealand | Russia | South Africa | United Kingdom |  

4.0 Vendor Drawing’s        Drawing No.

4.1 Outline & Assembly Drawings 
 General Arrangement      A1 T2-359

4.2   Rating Plate Drawing’s    
 Rating Diagram & CT Plate      A2 T14-93

4.3 Bushing & Terminal Flags 
 HV Bushing        E.S.A.A 2/3/8M
 LV & LVN Bushing        FHD1G1050
 HV Terminal Flag       830401
 CT Terminal Board       19-AS-AL-192-06-6

4.4 Electrical Schematics 
 Auxiliary Panel Equipment Layout     A3 T19-1163
 Auxiliary Equipment Panel Control Schematic   A4 T19-1164
 Current Transformers Details & Terminations    A3 T19-1165

4.5 Valve Function & Location Drawing’s 
  Valve Function and Location Diagram Plate                                         A3 T14-309               

5.0 Material Safety Data Sheets 

5.1 MIDEL-7131 On Load Tap Changer Insulation 
 Midel-7131 Dielectric Insulating Fluid -MSDS 

5.2 Envirotemp FR3 Fluid Main Tank 
 Envirotemp FR3 Fluid -MSDS 

5.3 YOGYA Dehydration Breather   
 Silica Gel Orange 
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1.1 Transformer Contract Specifics 

 
Purchaser:      Ampcontrol SWG for Urban Utilities QLD 
        
Contract Number:     C1314-005 
 
Transfer Number:     SWG1766 
 
Site Location:      EAGLE FARM SEWAGE PUMP STATION TX61 
        
Ampcontrol Job Number:    9844 
Transformer Serial Number:    3392 
Number of Transformers:    1 
Manuals Supplied:     1-Hard copy in Aux Cubicle 
       1-Soft copy in Aux Cubicle  
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1.2 Transformer Overview

ITEM DETAIL 
Type 1 x Fixed sub-station Power Transformer 
Location Outdoor  
No. Off 1 
kVA Rating 10000kVA 
Voltage 33000/6600kV 
Insulation  LI170 AC70 / LI60 AC20 
Tap Changer On Load Tap changer   
Tap Range +5% to -7.5% in 1.25% increments, 11-positions 
Vector Group Connection Dyn-11 
Phase/Frequency 3/50Hz 
Cooling ONAN, Inhibited mineral oil 
Ambient air temperature 40 
Winding conductors HV, LV – Copper 
Tests: Routine Yes 
           DGA Ex-works 
HV Bushings  ZEP make, CU781614 with Split clamps 
HV Surge Arrestor ABB make, MWK-30 
Cable Box or Open CABLE BOX 
LV Bushings  ZEP make, FHD1G1050 with Split clamps 
Cable Box or Open CABLE BOX 
On Load Tap Changer ABB Type, UZFLT 200/150 
Lid Sloped to avoid accumulation of water 
Txf Oil Preservation System Conservator, free breathing. 
Txf Oil Surge Relay/Buchholz Yes, ETI GQ-50 plus contacts 
GLGR for Txf Buchholz relay Yes, ETI 49003 make 
Breather Yes, Yogya 2 x Silica-Gel 
Oil Temperature indicator Yes, Qualitrol plus A&T contacts 
Winding temperature indicator Yes, Qualitrol plus A&T contacts 
Pressure Relief Device Yes, ETI VS080 plus contacts 
Txf Oil Level indicator Magnetic type oil level indicator 
Base Fully welded and shall be suitable for skidding or rolling in any 

directions  
Conduits for cabling Liquatite flexible conduits 
  
External auxiliary supply 415V, 3 phase & neutral by customer 
Marshalling Box, Aux. equipment panel Yes 
Panel lighting In all cubicles 
CT (LV) 3 x Differential Protection  

(LV) 3 x Cable Protection  
(HV) 3 x Neutral Protection  
(HV) 1 x W.T.I 
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ITEM DETAIL 
Radiators: Spec &  Q’ty Changshu YouBang make 
                 Surface Treatment Galvanised 
                 Valves Drain valves, Screwed Type  
Paint Storm Grey – N42  
OLTC conservator drain valve Yes 
OLTC conservator fill cap Yes 
OLTC conservator isolating valve Yes 
Sample valve Gate valve 15NB DSF  
Drain valve Gate valve 50NB DSF 
Filter valve Gate valve 50NB DSF 
Radiator isolating valves Yes, top & bottom 
Tank Pressure Rating 0kPa to 170kPa (absolute) 

-100kPa to 70kPa (gauge) 
Despatch preparation HV bushings and Conservator removed 

Core & coils under oil 
Top-up oil to be sent on truck 
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INSTALLATION, MAINTENANCE AND OPERATING INSTRUCTIONS 
OIL – IMMERSED TRANSFORMERS 

These instructions do not cover all details or variations in equipment, nor does it provide for every possible 
installation, operation or maintenance situation. Should further information be required or should particular 
problems arise which are not covered sufficiently in this manual, the matter should be referred to the 
manufacturer. 

1.0 GENERAL INFORMATION 

Provided that transformers receive reasonable treatment during installation and in service, the user can 
expect many years of trouble-free operation. 

Basically, three types of oil-filled transformers can be supplied. Provision is made in these instructions for all 
three types of transformers. The instructions applicable to a particular type must be considered. 
Supplementary sheets will complement the general description and information provided here. 

1.1 Sealed Units 

These transformers have a gas cushion above normal coil oil level and are sealed, i.e. the oil is not in 
contact with the atmosphere. NOTE: Gas will be considered as being air unless otherwise specified by 
customer. 

15MVA Sealed unit. 

Sealed unit detail. 
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1.2 Transformer Free Breathing and Transformer Free Breathing Conservator Units 

These transformers have an oil reservoir (conservator) mounted higher than the cover, which also acts as an 
expansion vessel.  The gas space above the normal oil level is vented to atmosphere, often through a 
dehydrating breather.  

20MVA Conservator Unit.  

        Free Breathing Conservator detail. 

       Free Breathing Tank detail. 
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1.3 Transformer Air Cell or Diaphragm unit 

In these units there is an air space above cold oil, isolated by an Air Cell (bladder) or flat Diaphragm, this 
expands and contracts as the Air Cell and diaphragm is open to atmosphere, often through a dehydrating 
breather. An Air Cell can also be placed inside a conservator away from transformer active components. 

4800kVA Transformer Air Cell unit. 

     Transformer Air Cell detail. 

Conservator Air Cell detail.
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2.0 SHIPMENT AND SAFETY 

There are two general methods of shipping transformers namely: 

1. Ship assembled filled with oil 
2. Ship assembled gas filled 

Where possible, transformers are shipped completely assembled.  Depending on transport conditions and 
distance, some items such as radiators, bushings, conservator and breather pipes may have been removed 
and shipped separately.  Temporary weatherproof plates are bolted over all such openings.  

2.1 Receiving and Inspections 

External Inspection: External inspection prior to unloading the transformer should include all of the items in 
the dispatch list.  Any evidence of external damage, or evidence indicating the possibility of hidden damage, 
must be reported to the carrier’s representative with a request for a carrier inspection.  The apparent damage 
must be reported to the manufacturer. Photographs will assist in assessing corrective actions. 

In the event of shipping loss or damage: 

1. Notification must be given to the location from which the shipment originated within 72/hours of 
delivery; 

2. Written notations of apparent loss and damage must be made on the carrier’s delivery receipt;
3. Concealed damage must be immediately reported to the delivery carrier with a request for an 

inspection. 

2.2 Return of Ampcontrol Equipment from site 

Items specified on the dispatch list which are to be used for transport & analysis, are to be returned as per 
instructions given. These may include: 

 Transport Shock recorders 
 Gas Bottles & Pressure regulating equipment 

2.3 Handling 

Core-formed transformers and all heavy equipment including; radiators, conservators and pipework must be 
handled in the normal upright position unless instructions have been received to the contrary. 

2.4 Lifting & Equipment 

Lifting lugs or bollards are provided for crane lifting. When the transformer is lifted, all lugs or billards must be 
used. Do not use cranes or jacks on any part of the transformer other than the fittings provided for this 
purpose. The following equipment will be required for the safe and successful placement of transformer and 
components; 

 Crane 
 Appropriate shackles, chains or slings to suit lifting apparatus. 
 Scaffolding or other elevated platform or ladder to 

access the top of the equipment. 

 Lifting Arrangement with Shackles. 

If the operation to lift the transformer is underestimated, misjudgement of equipment needed, or misuse of 
equipment takes place, there is serious danger someone could be injured or killed and damage to the 
transformer may result. The transformer’s weight must be evenly distributed when lowering to ground level. It 
should be as close to horizontal as possible to not damage transformer base or feet. If necessary, adjust the 
lifting gear to achieve a level lift. 
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When the transformer has a removable top section or a bolted main cover, the top section or cover must be 
welded or bolted in place when lifting.  Check the outline drawing for special equipment or procedures to be 
used in lifting. 

2.5 Precautions and Safety 

These instructions must be made available to those responsible for installing, operating & maintaining any
component of this transformer. These instructions do not intend to cover specific precautions and procedures 
applicable to all electrical apparatus and installation site work. The transformer is a complex product and if 
things go wrong, potentially unsafe conditions may arise 

Potential unsafe conditions may arise but will not be limited to the following: 
 Electric shock 
 High pressures 
 Moving machinery 
 Heavy components 
 Slips & falls 
 Asphyxiation  
 Environmental damage 
 Fire 

All personnel involved shall comply with the relevant provisions of: 
 AS1470 Health and Safety at Work 
 Safety rules and regulations applicable to the site 
 Legal and statutory requirements 
 AS3000 Electrical Installations 
 AS2067 Substations and High Voltage installations exceeding 1kV 

Normal good safety practices must be followed during the inspection and installation of transformers. In 
addition there are procedures which must be followed for the protection of workmen and the transformer. 

There are safety signs located on the transformer intended to alert personnel of personal injury, death or 
property damage. The safety conditions are headed by levels, each of which is associated with a certain 
level of risk.  

-------------DANGER--------------
Immediate hazard which will result in severe personal 
injury, death, or property damage. 

-------------WARNING------------
Hazard or unsafe practice which could result in severe 
personal injury, death or property damage. 

The Voltage Level is identified on the cable box cover. 

Typical mounted labels on transformer. 

The transformer tank must be grounded at all times.  All windings and bushings must be de-energised and 
grounded except when electrical tests are being made.  All oil-handling equipment and vacuum pumps must 
also be grounded.  This will reduce the possibility of static discharge, which can result in injury to personnel, 
or in fire or explosion. 

Electrical tests must not be performed when vacuum is applied to the transformers. If such tests 
produce a potential of more than 125V anywhere in the transformer arcing may occur at quite low voltages 
under the pressures specified herein for vacuum operation.  Such arcing could cause serious damage to the 
transformer. 
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Electrical equipment must be used with precautions to avoid electrical shock. The turn’s ratio between 
windings of a transformer can greatly magnify the effects of improper use of electrically powered tools or test 
equipment.  This is also true of direct-current devices, which can produce high-voltage pulses when voltage 
is applied or interrupted at transformer terminals. 

The secondary windings of current transformers can produce dangerously high voltages across them, unless 
the terminals are short-circuited and earthed, or connected to ammeters. Apart from possible damage to the 
current transformers, it poses a risk to personnel as well. 
The foil layers of condenser bushings, including the potential tap, may retain high-voltage charges after 
application of voltage to the bushing lead.  Contact with ungrounded bushing leads or taps can result in 
electrical shock. Furthermore, the bushings will be damaged if the potential taps are left unearthed upon 
energisation. 

These are examples of the electrical phenomena that you may encounter when working on or around power 
transformers. These risks justify the absolute necessity of assigning only trained persons to the installation, 
maintenance and operations of transformers. 

The tank should be filled with oil when making any electrical tests.  In the event of electrical arcing during an 
electrical test, fire or explosion may result if the transformer is filled with air. 

Before using an external supply to test the operation of the motor control equipment, make sure that auxiliary 
power supplies and all transformer windings, including auxiliary transformers are disconnected from the 
motor control equipment. 

Fire extinguishers should be provided for emergency use.  One should be available on top of the transformer 
when work is being done inside the tank. No smoking should be permitted in the vicinity of the oil-handling 
equipment or on top of the transformer when any covers are open, as flammable gases may be present in 
the tank. 

NOTE: The use of a foam type fire extinguisher inside the transformer will usually severely damage or ruin 
the transformer insulation. CO2 fire extinguishers are recommended. 

Before removing any covers or fittings from the transformer, make certain that there is zero gauge pressure 
in the tank and that the oil level is below that particular opening.  Relieve pressure (or vacuum) slowly, using 
a valve above the oil level.  

Never enter the transformer tank unless an analysis of the air in the tank well below any open man-hole, 
shows at least 19.5% Oxygen, otherwise persons entering the tank may become drowsy, or lose 
consciousness, resulting in injury or death. Whenever anyone is in the tank, a man should be stationed at 
the manhole outside the tank. Anyone entering the tank should be wearing a lifeline. Confined space 
procedures must be followed where appropriate. 

Lights must be explosion proof and have oil resistant cords. 

Extreme caution must be exercised while working on top of the transformer to avoid injury from slips and 
falls. The top may be slippery from an oil film. The use of guard rails and Fall Arrest Supports are 
recommended whenever possible. 

2.6 General Precautions 

Extreme care must be taken to protect the transformer insulation from damage and to prevent foreign 
materials from being introduced into the tank during inspection and assembly. 

While the transformer is open, no one should be permitted on top of the transformer until they have emptied 
all pockets, removed loose objects elsewhere such as in pockets. Remove any watches, rings, chains and 
earrings. 

Persons entering the transformer much not have loose dirt particles on their clothing. Clean cloth shoe 
covers or oil resistant rubber overshoes much be worn by anyone entering the tank. 

Never stand directly on any electrical insulation part. This may result in injury from slipping or falling and 
consequently damage the transformer. Stand on top of the core or the main core clamps. 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 17 of 424



Page 11 of 39

Clean drop cloths should be used underneath the working area in the transformer to prevent objects from 
dropping into the structure.  

All tools much be accounted for. If possible, tools should be attached to lines made from clean cotton tape or 
polyester cord so that they cannot be lost. 

One person should be responsible for policing the people and materials into and out of the tank and for 
making certain that nothing is left in the tank accidentally.  This person should also be responsible for 
observing the precautions for opening and closing the tank. 
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3.0 INITIAL TRANSFORMER CHECKS 

Before energising the transformer it is important to carry out commissioning Tests and maintenance checks, 
to ensure all necessary components are in a good safe working condition. Commissioning forms 1818 & 
1820 should be filled out and sent back to the Engineering Manager at Ampcontrol Transformers.  

AMPCONTROL TRANSFORMERS 
 The Engineer Manager 

21a Old Punt Road 
 TOMAGO NSW 2322 
 Tel:  (02) 4961 9061 
 Fax: (02) 4961 9066 

NOTE: This is essential for confirmation of correct commissioning and is part of our warranty 
conditions. 

3.1 Gas Pressure 

The gas pressure in transformers which are dispatched filled with gas should be measured as soon as 
possible after arrival, and after the temperature has been reasonably constant for several hours. 
Measurement should be made using a low-pressure compound gauge, attached to an opening that is above 
the level of any oil that may be in the transformer.  The transformer will have been pressurized at the factory 
to about 15 kPa gauge pressure at 25˚C.  In the absence of any leaks, the pressure will fluctuate with the 
temperature in either direction from this value.  If a pressure reading of a comparative value, either slightly 
higher or lower is obtained, with a stable temperature, the tank is probably free of leaks. 

3.2 Electrical Tests 

The following tests must be made as part of the installation procedure. 

1. A turn’s ratio test on all windings and tap positions. 
2. Resistance and temperature measurements on all winding and tap positions. 
3. Measurement of insulation resistance of each winding to ground. Record the temperature. These 

readings should be comparable with the measurements made at the factory. 
4. If any measurements in 1 through 3 are not as expected, report this at once. 

3.3 Detail Parts 

All details parts should be checked against the packing list to make certain that there are no shortages.  The 
crates and boxes should be carefully examined for evidence of damage.  If there is evidence of damage, file 
a claim with the carrier.  If there is a shortage, report this at once. 

In making examinations of any parts or crates for shipping damage, check carefully for evidence of moisture 
entrance and for damage to the moisture barriers or waterproof wrappings. 

Radiators, coolers, pipes and pumps will have all openings closed with blind flanges, plugs, or other closure 
devices.  These should be examined for signs of damage. 

The lower ends of condenser bushings will be protected with plastic bags.  These should be examined for 
signs of damage and moisture entrance. 

Accessories and detail parts must be stored in a location which will minimize exposure to weather and the 
possibility of damage or loss.  If the transformer is not to be installed immediately, the parts must be stored in 
accordance with section 4. 
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4.0 STORAGE PRIOR TO ENERGIZING 

4.1 General Requirements 

The transformer must be placed on a solid level foundation in the storage area.  If the transformer does not 
have a structural steel base, it should be placed on blocks to allow ventilation under the bottom of the 
transformer.  However, if it is stored in its permanent location, it may be set in place. 

Air-filled compartments such as tapchanger control cabinets may be equipped with space heaters to prevent 
condensation. All such heaters should be energized during the entire storage period. 

4.2 Storage in Oil 

With proper preparation and maintenance transformers may be stored indefinitely if they are filled with oil. As 
soon as possible after receiving the transformer, locate it on its permanent foundation or on a solid 
temporary foundation and perform all tests and checks outlined. As many of the accessories as possible 
should be installed on the transformer. All other items should be stored as recommended. Transformers with 
sectionalized tanks must have the permanent covers installed. 

Perform both preliminary and final oil-filling operations before storage. Test oil from the bottom sampling 
valve for dielectric strength, Dielectric Dissipation Factor (DDF), Inter-Facial Tension and moisture content. 
Positive gas pressure must be maintained during the storage period. Keep a log of gas pressure readings 
made during the storage period.  Record the pressure and ambient temperatures daily for two weeks, then 
weekly for another month, followed by monthly readings.  

After six months - if the storage period lasts that long -and at least once a year thereafter, withdraw oil 
samples from the transformer tank and all other separate oil compartments for determination of dielectric 
strength, DDF, inter facial tension and water content.  

At the end of the storage period, the records of pressure readings should be reviewed to make certain that 
positive gas pressure was present at all times.  Samples of oil should be drawn from the bottom of the 
transformer, from the tapchanger compartment and other sectionalized compartments and tested for 
dielectric strength, DDF, inter facial tension, Dissolved Gas Analysis (DGA) and moisture content. Measure 
the insulation resistance and if possible DDF on each winding to other windings and to ground, and from all 
windings to ground, and compare with factory test values. 

If test results are satisfactory, the transformer can be placed on its permanent foundation and the assembly 
and installation can be completed. The transformer can then be energized. 

Checking and maintaining the gas pressure is a maintenance burden. Alternatively a silica gel breather can 
be fitted to the gas space above the oil using temporary piping. Maintenance is then reduced to checking the 
condition of the silica gel breather. 

A properly maintained storage under positive gas pressure is a better solution than the silica gel breather 
option. 

4.3 Storage in Gas 

If a transformer is stored for more than a few weeks prior to installation it is preferred that it be filled with oil 
prior to the storage period.  When this is not practical, storage in dry gas is acceptable with suitable 
precautions. 

In all cases where gas storage is performed, it is necessary that positive gas pressure be maintained in the 
transformer tank at all times. 

The transformer should be filled with dry nitrogen which is introduced into the tank as the oil is drained out. 

Check the transformer for gas leaks prior to any storage period.  This may be done by a simple pressure test 
at 30 kPa gauge pressure, using a SF6 leak detector or a soap solution to locate leaks.  Reduce the gas 
pressure to 15 kPa following the leak test. 

A log of gas pressure in the unit and ambient temperatures must be maintained to make certain that no 
leakage of air from the outside into the transformer occurs. Daily measurements should be taken for two 
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weeks, then weekly for another month, followed by monthly readings. Nitrogen consumption by the 
equipment should also be recorded. 

If positive gas pressure is maintained during the entire storage period, the transformer may be oil filled at the 
end of the storage period, following the procedures as described below under “oil filling”.

4.4 Storage of Separate Unmounted Accessories 

When accessories are not mounted immediately after the transformer is received, care must be taken to 
protect them from damage or loss during storage.  The following general instructions and the more detailed 
instructions given in the various instruction leaflets for the accessories much be followed.  In the event of 
conflict between this leaflet and the instruction leaflet for the individual accessory, the latter shall take 
precedence. 

Indoor storage is require for all items marked “fragile” and for bushings stored more than one month. 

4.5 Radiators, Coolers, Fans & Pumps 

Store radiators indoors or in a weather-proof shed in such a manner that water cannot stand around the 
sealed openings.  If they are to be stored more than 3 months, they should be put on blocks to keep them off 
the floor. 

Make a visual inspection of vent and drain plugs to see if the plugs are tight.  If they have been loosened, 
plugs must be removed, re-sealed and re-tightened before storage. Teflon sealing tape may be used for 
sealing plug threads. 

4.6 Bushings 

Depending on the size and position of bushing it may be shipped attached or separate to the transformer.  
When bushings are shipped crated or boxed, the lower ends of the bushings are covered with plastic bags to 
keep them clean and dry. If the bags are damaged replace them. Store condenser bushing’s in a dry location 
indoors in shipping crates. Care should always be taken when handling bushings. For installation instructions 
find supplier documentation located in the appropriate section of the Manual e.g. ABB GOB Bushing 
Installation & Maintenance Guide. 

4.7 Auxiliary Cubicles and Cables 

The Auxiliaries cubicles and control cables are fully assembled in position. Ensure all cubicles and electrical 
equipment is correctly earthed. 

4.8 Paint Finish 

Inspect the paint finish on the main transformer tank and on all painted detail parts for damaged areas, and 
apply touch-up paint to these areas. 

4.9 Oil Storage 

The transformer contains all its oil in the fully assembled state. Should any of the oil be removed from the 
transformer, the oil must be stored in air tight containers, protecting against ultra-violet light and shielding 
rain and accumulation of moisture. 
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5.0 OIL FILLING 

General: All oil filled transformers with operating voltages 22kV and over must be vacuum treated and filled 
with oil under vacuum. This filling is normally done in two steps: 

1. Preliminary oil filling as soon as possible after the transformer is received and 
2. Final oil filling when installation is complete.  

When transformers are shipped in oil, the preliminary oil filling and gassing has been done at the factory. In 
some cases the transformer may only be partly filled with oil. In these cases the oil filling must be completed 
as prescribed after all items have been fitted. 

When transformers are shipped in dry gas, the preliminary oil filling may be omitted provided the optional 
final filling process is used. 

WARNING: Transformer oil is a flammable liquid. Under some conditions, closed compartments may contain 
mixtures of air and vapours which are flammable or explosive.  Oil pumping or filtering operations can 
generate electrostatic charges which can ignite upon discharge. Equipment used for oil treatment or 
handling, the transformer tank, and all bushings should be electrically grounded to prevent accumulation of 
such charges.

No smoking or other sources of sparks or flames should be permitted in the vicinity of oil handling 
operations. 

5.1 Oil Filling Smaller Transformers (<2MVA) under 22kV 

The tank should not be opened prior to oil filling. 

1. Ensure all auxiliary equipment is fitted to the transformer. Do not fit the silica gel breather (if fitted) 
until after completion of oil filling. 

2. Ensure all flanges are gasketed and secured. 
3. Any oil introduced to the transformer should be checked for dielectric value before filling.  The oil 

should withstand 40kV for 1 minute.  The oil should be at the same temperature as the ambient air, 
preferably 20˚+5˚C. Water content should be less than 10PPM. 

4. With radiator valves and isolating valve closed, fill the conservator with oil.  Open the main isolating 
valve to the conservator allowing oil to fill the pipe leading to the conservator. 

5. Open the bottom radiator valves if any, remove the bleed plugs from the top of each radiator.  
6. Adjust the oil flow into each radiator by operating the main isolating valve and the bottom radiator 

valves. Fill the radiators, then open the top radiator valves and bleed off the remaining air. 

NOTE: Do not at any time allow the conservator to empty. In this way no air is introduced into the 
transformer tank. 

7. Refit the bleed plugs and sealing washers. The butterfly valves on the radiators must be fully opened 
and locked into position. 

8. Finally top up the oil in the conservator to the correct level on the gauge. Fit the silica gel breather if 
supplied. NOTE, if conservator oil level gauges are fitted with low level alarms it would be 
appropriate to check the alarm circuit is functioning prior to final oil filling of the conservator. 
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5.2 Vacuum Oil Filling 

This vacuum procedure applies to both the main transformer above 22kV up to and including 66kV 
transformers. 

The tank should not be opened prior to oil filling. Before the oil filling, the transformer must be completely
assembled, including all pipework and cooling equipment. Ensure all flanges are gasketed and secured. The 
silica gel breather can be fitted at this stage. 

Any oil introduced to the transformer should be tested before filling. The dielectric strength of the oil must be 
at least 60kV.  The oil should be at the same temperature as the ambient air, preferably 20˚+ 5˚C. Water 
content should be less than 10ppm. 

To check the dryness of the transformer windings, DLA tests will be required to be carried out with results of 
less than 5 milli rad or power factor result of 0.5% expected. Do not attempt to carry out DLA tests while 
transformer is under full vacuum. 

The vacuum and oil equipment must confirm to the requirements given in the safety procedures for vacuum 
filling.  The core and coils of the transformer must be covered with oil prior to opening the tank for internal 
fittings. Temporary pipe connections are necessary for connecting the vacuum pump to the filling connection.  
A sight gauge or magnetic oil gauge is needed to monitor the oil level. If fitted check conservator oil level 
gauges low level alarms are functioning prior to oil filling of the conservator. 

When vacuum filling a transformer on which a Buchholz is mounted, care must be taken that the relay is not 
filled with oil. Also pull vacuum and break vacuum at no more than 2 kPa/sec maximum to avoid any 
possibility of straining the bellows. 

Oil filling of a completely drained transformer

Isolate the transformer tank from the radiator’s or radiator bank by closing the tank inlet and outlet valves. If 
the transformer has an externally mounted On-load tapchanger, equalize the pressures across the barrier 
board by connecting the breather pipes of the transformer and tapchanger together. Pull a vacuum on the 
transformer tank and hold for at least 12 hours. A vacuum of less than 0.67kPa (6.7mBar or 5 Torr) must be 
maintained during this process. The vacuum plant must have sufficient capacity to achieve this. Check that 
the conservator low oil level alarm contact has operated. Check that the Buchholz low level trip contact has 
operated. 

Introduce hot, dry, pre-circulated oil via the tank bottom filler/drain valve, while maintaining the vacuum. Fill 
the on-load tapchanger at the same time. Continue oil filling under vacuum until the core and coil assembly is 
completely under oil, but still below the lid. Stop the oil filling. 

Break the vacuum using dry nitrogen or dry air. Then hot oil circulate, filter and de-gas the oil in the 
transformer tank until an oil volume equivalent to twelve time the volume of the oil in the tank has been 
passed through the oil filter plant. Stop the oil circulation. Open the breather valve and allow the transformer 
to breather. 

Pull a vacuum on the radiator’s or radiator bank and hold for at least 1 hour. A vacuum of less than 0.67kPa 
(6.7mBar or 5 Torr) must be maintained during this process. Introduce hot, dry, pre-circulated oil via the 
radiator bottom filler/drain valve, while maintaining the vacuum. Continue oil filling under vacuum until the oil 
level has entered the top radiator header. A separate external conservator can be used if needed. Stop the 
oil filling. Break the vacuum using dry nitrogen or dry air. Then perform hot oil circulation, filter and de-gas 
the oil in the radiators. It is recommended that oil be circulated through each of the radiators in turn until an 
oil volume equivalent to twelve times the volume of the oil in the bank has been passed through the oil filter 
plant. Stop the oil circulation.  

Open the upper connecting valve’s between tank and radiators or radiator bank to allow the oil levels and 
pressures to equalise. Equalize the pressures across the barrier board by connecting the breather pipes of 
the transformer and tapchanger together. Open the pressure equalisation valve between the breather and 
the conservator. Open the bottom radiator connection valve’s to allow the transformer and radiator oil to mix. 

If fitted Reconnect any oil pump & filter units. Pull a vacuum on the transformer conservator fill valve and 
hold for at least 1 hour. A vacuum of less than 0.67kPa (6.7mBar or 5 Torr) must be maintained during this 
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process. While maintaining the vacuum, slowly introduce hot, dry oil until the both the transformer and 
tapchanger conservator is approximately 50% full. Stop oil filling. 
Close the breather equalisation valve. Break the vacuum with dry air or nitrogen. Never break a vacuum with 
atmospheric air, as this may cause condensation of moisture in the transformer. 

Disconnect the pressure equalisation hoses to the tapchanger conservator. Fit the tapchanger conservator 
breather. 

Close the conservator fill valve. Open the bleed plug on the leak detector switch housing.  Slowly pump in 
more dry, hot oil until all air/gas has been expelled through the leak detector switch bleed point. Replace the 
plug. 

Bleed air from all bleed points on pipes, headers, valves, radiators and pumps. 

Connect a dry nitrogen or dry air infeed and pressure gauge to the breather pipe of the transformer 
conservator. Slowly increase the pressure inside the conservator bladder to approximately 10kPa. If fitted 
open the bleed plug on the leak detector switch housing and bleed off any air bubbles. Close the bleed plug. 
Crack open the conservator fill valve and allow excess oil and remaining air bubbles to expel, while 
maintaining the pressure inside the bladder at approximately 10kPa. Close the fill valve when the oil level on 
the conservator has reached the desired level. Check the leak detector switch contacts for correct state. 
Release the pressure inside the conservator bladder and fit the breather. 

Drain oil out of the tapchanger conservator until the correct oil level is reached. 

Draining of and filling the transformer with oil 

Always use a de-gassing, drying and particle filter plant. 
Always use clean hoses and couplings. 
Always use a dry air or nitrogen source to displace the oil as it is drained. 
Always fill under vacuum. 
Always equalize the pressure across the tapchanger barrier board. 

Draining oil from the transformer 

Connect the conservator fill valve to a dry air or dry nitrogen infeed. Open the conservator equalization 
between breather and bladder valve. Open the tank drain valve and drain the oil to the required level, while 
introducing dry nitrogen or air into the tank. It is strongly recommended that the oil from the transformer and 
the tapchanger be drained in such a manner to minimise the pressure difference across the barrier board 
between the tank oil and the tapchanger oil. This is normally achieved by connecting a pressure equalization 
hose between the breather pipe of the transformer conservator and the breather pipe of the tapchanger 
conservator. 

Draining oil from the on-load tapchanger 

Open the drain valve on the tapchanger and drain the oil. It is strongly recommended that the oil from the 
transformer and the tapchanger be drained in such a manner to minimise the pressure difference across the 
barrier board between the tank oil and the tapchanger oil. This is normally achieved by connecting a 
pressure equalization hose between the breather pipe of the transformer conservator and the breather pipe 
of the tapchanger conservator. 
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5.3 Final Oil Filling 

Preparation for Filling:  Before the final oil filling, the transformer must be completely assembled, including 
all pumps and coolers.  In addition to this, where tank braces are used as auxiliary gas space, draw residual 
oil or moisture from the braces by removing pipe plugs located at the bottom of the braces.  Replace pipe 
plugs after draining. 

Final Oil Filling of Units Shipped with Oil or Units Following Preliminary Oil Fill:   Open all valves to all 
radiators, pumps, coolers, or other cooling equipment.  Make vacuum connections to load tapchanger 
compartments as required by the tapchanger instruction leaflet. 

Apply the required vacuum level prior to oil filling, as specified in the procedure.  If additional oil is required to 
bring the oil level up to normal as shown by the liquid level gauge, hold the vacuum level during filling.  Break 
vacuum with dry nitrogen and pressurize to a positive pressure of 10 to 20 kPa gauge, operate the pumps 
and let the unit stand for 24 hours. 

Final Oil Filling of Units Not Previously Oil Filled:  During the vacuum and oil filling operations the 
temperature of the core and coils must be above 0˚C. Open all valves to all radiators, pumps, coolers, or 
other cooling equipment.  Make vacuum connections to load tapchanger compartments if required by the 
tapchanger instruction leaflet.  

Apply the vacuum level prior to oil filling for the required number of hours prior to filling as specified.  Keep 
vacuum held until oil reaches the normal level as shown by the liquid level gauge. Break vacuum with dry 
nitrogen and pressurize to a positive pressure of 10 or 20 kPa gauge, run the oil pumps and let the unit stand 
for 24 hours before energizing. 
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6.0 INSTALLATION 

6.1 Location 

In determining the location of a transformer, give careful consideration to accessibility, ventilation and ease 
of inspection.  Make sure the foundation for mounting the transformer is entirely adequate. 

For transformers not having a structural steel base, the foundation should either provide a minimum of 12 
mm ventilation under the bottom of the transformer, or the foundation should be sealed with an appropriate 
material and caulking used around the bottom of the transformer to prevent water entering. 

If the transformer is installed near fire walls or soundproofing walls prior consideration should have been 
given providing adequate air circulation for cooling the transformer.  Typical minimum clearances vary from 
60 cm to 300cm, depending upon type and arrangement of coolers and nature of air flow obstructions.  
Report all air obstructions less than 240 cm from the cooling equipment. 

Water-cooled transformers depend entirely upon the flow of water through the cooling coils for carrying away 
heat.  Air circulation is of minor importance, and these transformers may be located in any convenient place 
without regard to ventilation, except where there are heavy copper busses on furnace transformers which do 
require ventilation to carry heat away from the busses.  Thermometers, water inlet and water outlet of cooling 
coils should be located so that the operator can conveniently observe any abnormality in the transformer 
temperature or water supply flow. 

6.2 Special Equipment 

It is recommended that the appropriate equipment and qualified operators are made available for successful 
installation and assembly for the transformer. The typical equipment required is: 

 Lifting Equipment see section 2.4 
 Fire Extinguishers 
 Oil Treatment Plant 
 Oil Storage Facility 
 Oil Spill Kit 
 Vacuum Pump  
 Vacuum Gauge 
 Pressure Gauge 
 Oil Filter (heating, vacuum, particle filter, pump) 
 Dry air plant 
 Dielectric Test Set 
 DLA Test Set 
 Insulation resistance meter 
 Transformer turns ratio meter 
 Winding resistance meter 
 Multimeters 
 Ductor 
 Dewpoint Meter 
 Phase Rotation Meter 
 Oil test Set 
 Oil hoses and fittings 
 Hand tools 

6.3 Assembly 

Instructions for mounting accessories are given in the Supplier Installation Instructions section of the manual 
for the respective equipment. The general arrangement drawing of the transformer shows the location of this 
equipment. The sequence of internal and external assembly operation depends upon the circumstances of 
the particular installation. For units shipped in oil the general considerations are: If shipped with normal oil 
level, either internal or external assembly may be first. If shipped with oil overfilled, external assembly must 
be first so that oil can be admitted to coolers to bring oil level to normal or below for internal assembly. 

For units shipped in dry gas the general considerations are: If preliminary oil fill is used, either internal or 
external assembly may be first after the preliminary fill. If preliminary oil fill is omitted, external assembly 
should be first to preserve the tank seal as long as possible. Complete the assembly of all items, such as 
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bushings, which require working inside the transformer tank or through an open manhole as rapidly as 
careful workmanship will permit.  When work is complete, all openings should be sealed. 

On units shipped in oil it may be necessary to remove some oil for adequate access and to facilitate good 
workmanship.  The oil should not be lowered below the top of the core and coil assembly. When refilling after 
assembly it must be performed according to the instructions in “final oil filling”.

During assembly and installation, the time that any tank opening is unsealed is considered open time. Open 
time is from the time the seal is broken until it is resealed and the tank evacuated. When work is interrupted, 
close the tank. Evacuate it until work can proceed, break vacuum with dry air to a positive pressure to 10 or 
20 kPa gauge.  Time after evacuation is started until tank is re-opened is not considered open time. 

Keep a log of all open time. The separate open times are tallied for determining vacuum hold time before 
final oil filling follows. 

WARNING: Vacuum operations must be conducted in such a manner that no water can enter the 
transformer through leaks in the tank or piping. Never conduct vacuum operations while it is raining. Never 
leave the transformer unattended during vacuum operations. Vacuum should be applied only as specified for 
moisture removal or oil filling operations. At other times, except when the transformer must be open, it is 
recommended that a slight positive gauge pressure of dry gas be applied, particularly during rain.  If 
moisture, especially liquid water, is permitted to enter the transformer, serious damage to the insulation and 
possible failure of the transformer can result. 

6.4 External Assembly 

Radiators, coolers and the associated oil pumps and piping shipped as detail items with transformers to be 
assembled at the final location, must be thoroughly inspected prior to assembly to be certain that no water or 
foreign material is in the oil space.  To prevent condensation, avoid opening the equipment when it is at a 
lower temperature than the ambient air. 

If there is any evidence of moisture, the equipment must be thoroughly dried either by blowing hot air through 
it or by flushing with hot oil.   In any case it is desirable to flush out the cooling equipment thoroughly with hot 
oil. The radiators or coolers should be installed on the transformer the same day they are opened and not 
permitted to stand exposed after opening for inspection or flushing.  Radiator and pump valves should be 
closed during installation of cooling equipment, and opened immediately prior to final vacuum treatment and 
oil filling. Check general arrangement drawing for positioning of equipment, ensuring correct mounting and 
supports are used.  

Where a transformer has been shipped with the radiators attached and both filled with oil, the inlet and outlet 
valves between the radiators and the tank must be opened prior to vacuum application and final oil fill. 

Radiator mounted fan motors must have the temporary seal removed from the breathing plugs on the lower 
side of the motors before putting in service. When assembling fans to radiators ensure appropriate mounting 
brackets are used according to general arrangement drawing.  

Connections from bushings to lightning arrestors and lines must have sufficient flexibility so that bushing 
insulators or arrestor bodies are not mechanically stressed, due the tank cover  or tank wall (if bushings are 
wall-mounted) deflection during the vacuum process. As tank deflection is normal during vacuum, bushing 
connections should not be made until oil filling procedures have been completed. For further Information 
regarding Auxiliary equipment refer to section 10.

6.5 Conservator & Pipework 

If the conservator is attached to the transformer for transport; on arrival check for any damage to oil level 
sight glasses, oil level gauge and plumbing. If it is transported separately, fit sight glasses, oil level gauge’s 
with appropriate gaskets, assemble conservator supports and mount conservator and plumbing.  

6.6 Earthing 

The tank must be connected to the local earth grid. This is normally done using standard copper cable 
(green & yellow insulation), which is bolted to one of the earth lugs on the tank. It is strongly recommended 
that the tank is earthed at one point only to prevent circulating currents through the earthing connection. 
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6.7 Radiator Bank Removal & Attachment 

The radiator banks are detachable. Isolating valves are fitted to facilitate removal without lowering the oil in 
the main tank. To remove a radiator bank the upper and lower isolating valves must first be closed, this is 
achieved by unscrewing the locking stud, raising clear of the valve body and rotating the arm through 180 
degrees and relocking the stud in the closed position. Remove the one inch BSP flanged bleeded plug 
situated on the top header. Drain the radiator bank into a suitable container by removing the flanged plug of 
the drain valve, which is situated at the bottom of the bank, fitting a length of hose into the female one inch 
BSP thread in the valve body and opening the gate type valve. Attach suitable lifting tackle onto the lifting lug 
on top of the bank to take the weight of the bank. Remove eight 5/8 inch BSW set screws to free the radiator 
bank from the isolating valves. 

After refitting the radiator bank, fill the bank with oil then open the bottom isolating valve to finish filling the 
main tank. In this way no air is introduced into the transformer tank. 

NOTE: Care should be taken that the conservator if fitted is not emptied. Once the oil level has reached the 
neck of the bleeder socket reclose the isolating valve. Refit the washer to the bleeder plug tightly into 
its socket on the radiator header. The two isolating valves must now be opened and locked into the 
open position. 

Finally top up the oil level in the conservator to the correct level on the gauge. 

6.8 Decommissioning & Dismantling  

At the end of a transformer’s operating life, the following should be taken into consideration. Can the 
transformer be overhauled for re commissioning? If it is to be recycled, most transformer materials could 
possibly be hazardous and effect the environment? 
The following standards and regulations should be referenced before any action takes place. 

1. The AS/NZ ISO 14000 Environmental Management Standards 
2. Occupational Health and Safety Regulations (Chapter 5 Plant) 
3. Occupational Health and Safety Regulations (Chapter 6 Hazardous Substances) 
4. Work Cover Control of Workplace Hazardous Substances 
5. Occupational Health and Safety Practice 2008 (Part 11 Storage & Handling of Dangerous Goods) 
6. Road Transport Reform (Dangerous Goods) Regulations 1997 
7. The Environment Protection Act 1997 

Present transformers do not use Polychlorinated Biphenyl (PCB) however all liquid compositions should be 
determined. If it is not unadulterated mineral oil, regulatory authority should be notified for proper disposal by 
a waste disposal service. Any internal conductor or external structural material may be recycled. Although  

any core steel should not be mixed with structural steel because of its silicon content. Any other equipment 
containing brass or copper may be stripped for its content, with plastic casings and porcelain coverings 
placed in landfill as well as internal insulation. 

7.0 ENERGISING THE TRANSFORMER 

After oil filling is complete, the pumps have been operating, the air has been bled from all bleed points, 
buchholz relays and the transformer has sat idle for the specified time and all tests have been performed. A 
final check of the complete installation should be made before energizing the transformer. 

If at this time there are signs of oil leaks at any pump or cooler valve stem, the packing gland should be 
tightened as follows: 

1. Loosen set screws and remove valve handle. 
2. Tighten packing gland nut. 
3. Temporarily replace handle and operate valve 8 or 10 times. 
4. Remove handle and again check tightness of packing gland nut. 
5. Replace handle and tighten set screw. 
6. Re-tighten all lip bolts and sealing bolts to take up any settling or transport deflections. 
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Confirm that all the tests listed in section 3.2 were done and that the test results are recorded on the 
commissioning test sheet provided. 

It is recommended that the transformer be energized using a single phase 240V variac or a 415V three 
phase variac prior to full voltage energisation. Before performing the low voltage energisation ensure that the 
transformer is isolated on both the primary and secondary sides, ensuring that all air break switches are 
open and any circuit breakers are open and racked out. Also all CT’s installed should not be left open 
circuited during the measurement 

Preferably the low voltage energisation should take place on the low voltage side, if a single phase variac is 
to be used then the energisation should take place between phase and neutral. If a three phase variac is to 
be used then the energisation is to take place between phases. WARNING, when energized from the low 
voltage side, dangerous voltages will appear on the high voltage terminals so please ensure that all 
personnel are a safe distance away so that cannot make contact with the live terminals. 
Whilst performing the low voltage excitation check, slowly raise the applied voltage keeping a close eye on 
the magnetizing current measured via an ammeter in the circuit. For a healthy transformer the magnetizing 
current should be small at low voltages, whereas if the current demand is high then there could be a problem 
inside the transformer. 

If the excitation check is OK then the transformer can be energised at full voltage 
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After full voltage has been applied, the transformer should remain energised at full voltage for a few hours 
without a load. This should be done so that the transformer may be warmed by the heat from the core loss, 
as this minimizes the possible absorption of moisture and enables any trapped air to be dispelled by the 
convection currents set up in the heated oil. The same objective may be obtained by switching on directly 
under load, but for transformers fitted with gas actuated relay protection the supply may be interrupted by the 
dispelled gas from the oil actuating relays which would then trip the supply breaker. The minimum 
recommended duration of energisation without a load varies with the size of the transformer as set out 
below: 

- Up to 5MVA  8 Hours 
- Up to 12MVA  12 Hours 
- Up to 30MVA  24 Hours 

It should be kept under observation during this time and also during the first few hours that it delivers load. 
After four or five day service it is advisable to test the oil again for moisture and dissolved gasses.

Switching in or out should be kept to a minimum. In the case of switching in, the transformer is always 
subject to the application of steep fronted travelling voltage waves and current inrushes. This stresses the 
insulation of the transformer electrically and mechanically, so increasing the possibility of ultimate breakdown 
and short circuit between turns. 

Please complete commissioning Test Forms 1818 & 1820 and return to: 

AMPCONTROL TRANSFORMERS 
 The Engineer Manager 

21a Old Punt Road 
 TOMAGO NSW 2322 
 Tel:  (02) 4961 9061 
 Fax: (02) 4961 9066 

NOTE: This is essential for confirmation of correct commissioning and is part of our warranty 
conditions 
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8.0 MAINTENANCE 

FRM1819 can be used as a guide to regular maintenance inspections. 

8.1 Care of Oil in Service 

The characteristics of insulating oils are apt to be impaired in operation even under the most favourable 
operating conditions and it is therefore exceedingly important that a regular system of inspection and testing 
be followed.  The inspection should include: 

8.2 Checking on Oil Level 

Any loss by absorption should be replaced so that the oil is kept at the proper level. Regular checking of the 
oil level is important, as loss of oil may be an indication of a leak, which has an environmental impact. 

8.3 Check on Deposit 

The amount of deposit that may accumulate in the oil is of great importance in transformers. Under 
conditions of: 
- severe over-loads, or 
- over voltage operation, or 
- poor ventilation 
The temperature or the oil may become abnormally high, causing oil oxidation and the laying down of a 
deposit which will settle on the immersed surfaces. It is almost impossible for such conditions to develop in 
transformers with conservators, but they may in other types. 

If thermometer readings indicate that such conditions exist, samples of oil should be taken from the bottom of 
the apparatus and examined. If the oil is badly discoloured or contains much sediment, the apparatus should 
be de-tanked for inspection.  Should there be any deposit on any internal component, filter the oil, and 
thoroughly clean the core and coil structure, ratio-adjusters and tank by forcing clean dry oil through the 
ducts and against all surfaces.  Suitable oil pressure for this operation may be obtained from a filter press 
pump.  When oil is found to be in a very bad condition, filtering may remove a great deal of the sludge.  It 
might, therefore, be more economical to obtain new oil.  Where such excessive sludge is evident, a sample 
should be sent to the nearest laboratory for test and recommendations. 

8.4 Checking on Dielectric Strength 

Test the oil in the transformer regularly for dielectric strength, Moisture, DGA and filter when the tests show it 
is necessary. The testing should be systematized and accurate records kept. The recommended time 
between inspections and between tests depends upon local climatic conditions and also upon the 
importance of minimizing interruptions in service. 

It is recommended that the oil in every transformer be tested at least annually, and the oil in more important 
transformers even more often. 

8.5 Filtering Oil in Conservator Transformers 

The conservator construction practically prevents the entrance of water into the main tank.  Consequently 
filtration of the oil is not likely to be required under usual operating conditions.  In fact it is preferable not to 
resort to filtering except when tests show that the dielectric strength of the oil in the main tank has fallen to  
the minimum allowable value. The reason for this recommendation is that the filtering o`peration, even if 
carefully handled, is apt to add oxygen to the oil.  It is therefore, desirable to avoid any operation that would 
be restore to the oil its normal amount of air, as this would particularly defeat the purpose of the conservator. 
Unless the suction piping, pipe stuffing boxes, etc. are air-tight, the filtering operation will introduce a large 
amount of air by leakage. Since the air leakage is inward, its point of entry cannot be readily found, and it is 
hard to eliminate. 
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8.6 Sampling Oil 

The accuracy of the results may be seriously affected if the samples are not obtained in the correct manner 
and properly cared for until tested.  The following are a few important points which experience has indicated 
are essential. 

1. Rinse sample containers with oil-free solvent and dry before using. Then wash it with strong soap, 
rinse thoroughly with water, and dry in an oven at 105˚C to 110˚C.

2. After drying it is considered preferable to store them unstopped in a dry, dust-free cabinet or 
compartment at a temperature not less than 38˚C.  If not stored in a hot cabinet, cork or cap the 
containers immediately after drying, and seal by the necks. 

3. Sample containers are available from reputable oil sample laboratories or the transformer 
manufacturer. 

4. Samples should be taken from the bottom of each transformer. 
5. Before pouring the sample into the container, rinse it out several times with the same oil as the 

sample to remove any moisture which may have collected during the time in transit. Do not mix 
these rinsing’s with the oil sample, but discard it 

6. Carefully seal the containers to prevent leakage and exposure of the oil to the atmosphere. 
7. When taking a sample of oil from the bottom of the tank, carefully clean the valve and allow enough 

oil to run out so that the moisture and dirt which may have collected in the valve and throat is 
removed.  It is best to take the sample from the small valve provided for the purpose. 

8. Take samples from drums after the oil has remained undisturbed and has settled for at least 8 hours.  
Take the sample from the bottom of the drum. Rinse pumps and hoses using the oil being sampled 
to ensure that sample contamination does not happen. 

9. It is preferable not to take samples except when the oil is at least as warm as the surrounding air.  
Insulating oil is not hygroscopic but cold oil may condense enough moisture from a humid 
atmosphere to affect its insulating properties seriously. Take samples from outdoor apparatus on 
clear day only, and guard against contamination by wind-blown dust, etc. 

10. In all sampling instances, record the temperature of oil during sampling. 
11. The oil from the On-Load Tapchanger must be sampled at the same time the transformer oil is 

sampled. 

8.7 Testing Oil for Voltage Breakdown 

Temperature of the oil in the gap should be between 20˚C and 30˚C. Fill the gap with oil to overflowing. Pour 
the oil slowly into the receptacle so that no air bubbles form. Gently agitate the sample before each filling to 
prevent variations in results due to the oil settling in the container. 

According to AS 1767.1 the gap between the spherical electrodes is to be 2.5mm 

Breakdown voltages on the same oil sample may vary over a considerable range.  Perform no more than five 
breakdown tests on a single gap filling and stir the oil in the gap - preferable with a dry, clean glass rod - 
between tests.  The average of at least three gap fillings (15 breakdowns) is taken as indicating the strength 
of the oil. 

8.8 Interpreting Results 

If no facilities are available for making dielectric tests, send samples as directed or to a reputable transformer 
analysis laboratory. Attach a tag to each sample, identifying it with the serial number of the transformer or 
drum from which the sample was taken. Note down the oil temperature, if it is a sealed or free breathing 
transformer and the type of oil. Seal the sample bottles and pack the samples carefully to avoid breakage in 
transit.  Do not use rubber stoppers or rings.  Complete tests cannot be made with less than one litre of the 
sample oil, but satisfactory dielectric tests can be made with one litre of sample oil.  

Reputable oil analysis laboratories normally offer interpretation of oil analysis results. The end-user should 
build up a year to year ongoing record of these results in order to analyse the trends of the oil and dissolved 
gas concentration. 
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8.9 Drying Transformers 

Transformers are thoroughly dried before being shipped. They are generally shipped filled with oil.  This 
excludes moisture from the windings and makes it unnecessary to dry them at the destination. When a 
transformer has been de-tanked it must not be allowed to stand out of oil for any period of time where by the 
initial de-tanking ambient temperature is higher than the tanking ambient temperature in one period. 

Sealed type transformers should not be allowed to stand out of service for any long periods. If the relative 
humidity has been high during the out of service period, the oil should be tested for water content before the 
unit is placed back on line. 

8.10 Short Circuit Method 

This method consists of lowering the oil a few inches below the cover and heating the windings and oil under 
short circuit with a partial load continuously applied to the windings, suitable oil temperature being obtained 
by blanketing the tank of self-cooled transformers, or by reducing the flow of the cooling medium for 
artificially cooled transformers.  Keep the load such that the operating oil temperature will result without 
endangering the windings and insulation. 

Avoid accidental contact with all circuits. 

The success of the short-circuit method depends on thorough lagging of the cover to prevent condensation 
of moisture, dry air ventilation to carry off water vapour given off by the hot oil, correct loading and oil 
temperature, careful oil tests and an oil filler plant to remove water from the oil. 

8.11 Filter Press Operation 

Any free water must be removed before or during the drying by draining, as the filter-press treatment 
removes only water that is held in suspension in the oil. 

At the oil temperatures recommended for drying transformers, use of a filter-press will not greatly hasten the 
process because the higher the temperature the slower will be the moisture filtration; the most efficient 
filtration will occur between 20˚C and 40˚C. Usually drying will progress satisfactorily with no filtering if 
thorough ventilation is provided. 

8.12 When to discontinue drying? 

While moisture is being given off, the top-oil samples may test lower than the bottom samples. A decrease in 
the dielectric strength of the oil indicates that moisture is still passing from the transformer in the oil.  

Constant, or preferably, increasing dielectric strength is taken as an indication that the drying is complete. 
When the windings and insulation are dry the oil begins to increase in dielectric strength and it is usual to 
have it reach 40 kV or more at the top and bottom. Continue the drying until the oil from the top and bottom 
tests 25kV, (preferably 40KV or higher) between 25mm disc spaced 2.5mm apart for seven consecutive tests 
taken four hours apart with the oil maintained at a maximum temperature for the load held and without 
filtering. 

After completion of the drying run be sure that the oil added to fill the tank completely is filtered and tested.  
The hot oil is free from air bubbles, so it is preferable to complete filling the transformer from the top of the 
tank or conservator rather than through the drain valve, as in the latter case air bubbles may be trapped in 
the windings. After the drying run is discontinued and the tank and conservator filled with good oil, apply full 
voltage (no-load) for 24 hours and make the same tests. 
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8.13 Forced Air Method 

This method consists of forcing clean, dry air at a temperature of 85˚C into the coils and insulation at the 
bottom of the transformer, allowing the air to escape at the top.  The quantity of air used should be such that 
the temperatures of the ingoing and escaping air rate are about the same. 

The quality of air to give good results varies approximately with the size of the tanks and can be gauged as 
follows: 

Average Diameter of 
Transformer in metres

Litres of air per minute

1.0 – 1.9 17000
2.0 – 2.5 25500
2.6 – 3.0 34000
3.1 – 3.6 42500
3.7 – 4.3 51000

8.14 Hot Air Oven Drying 

If none of the foregoing facilities are available and oven drying is necessary, make sure that there are no hot-
spot temperatures in the oven in excess of 100˚C.  Continue drying, until the megger or DLA readings show 
practically constant values, at two-hour intervals for at least 12 hours.  When dry, immerse the core and coils 
in dry oil immediately. 

8.15 Vacuum Oven Drying 

Refer to manufacturer 

8.16 On-Line Drying 

Refer to manufacturer 

8.17 Insulation Resistance and Megger Readings 

Megger readings cannot be relied upon to indicate the progress of drying transformers which are filled with 
oil, since in this case the resistance of the oil is measured in parallel with that of the solid insulation, and they 
cannot be segregated. 

While the insulation resistance of a transformer without oil as determined by megger readings cannot be 
relied upon as a true indication of its condition at any one time, the general trend of the readings as a drying 
run proceeds is a fairly accurate indication of the progress of drying.  Continue drying until the high readings 
become approximately constant at a value considerably above the low readings. Variation in temperature 
causes wide variation in resistance as the values varying inversely with each other.  

If the Megger shows a very low or erratic reading, it is very likely due to an excessive amount of moisture. 
Low readings may also indicate the presence of moist spots in the insulation.  Widely different megger 
readings may be obtained on different transformers, but the average readings should be approximately a like 
for transformers of the same capacity and design. 
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8.18 Drying Three Winding and Autotransformers 

The drying of three-winding transformers and auto transformers with tertiary windings by the short-circuit 
method usually is more complicated than that of two-winding transformers, because of the usual difference in 
the rated capacities of the windings and also their impedances.  In such units it is frequently necessary to 
make two separate drying runs, drying the high-voltage winding first with one, and then the other of the 
lower-voltage windings. This assures that the high-voltage winding will be properly dried. In some cases 
division of local current in the various portions of the windings may be obtained by the insertion of additional 
reactance, however suitable reactors may not be readily available. 

Autotransformers can be dried by short-circuiting one portion of the windings and exciting the other. 
It is always beneficial to obtain recommendations regarding the drying of any particular transformer from the 
nearest office. Request for this information should mention the serial number of the transformer and the 
voltages available. 

8.19 Spare Transformers 

Time and expense will be saved if spare units are kept in readiness for instant use.  The following items 
should be inspected during periods of idleness: 

1. oil level;  
2. oil control;  
3. conduit;  
4. oil seals;  
5. tapchangers;
6. condensation in all cabinets,  
7. condensation in junction boxes  
8. Underside of covers of apparatus not having conservators for condensation. 

When open type transformers are to be stored first confirm that they are dry, and then seal all but one 
ventilator opening, making sure that the openings are practically tight against breathing. The air space above 
the oil should be protected by adding a silica gel or similar breather to the air inlet.  Make periodic inspection 
of the breather contents for colour change.  
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8.20 Oil 

In spite of all precautions, moisture may be absorbed by the transformer and, after the first few days of 
operations, it is recommended to test the top and bottom oil.  See “sampling and testing oil”.  If necessary, 
take transformer out of service and dry it refer to “drying transformer”. 

In the case of a transformer without a conservator, regularly inspect the underside of the manhole cover for 
moisture.  If sufficient moisture has condensed to drip from the cover, the transformer should be dried 
immediately, the origin of the moisture determined, and corrective remedies applied. 

It is recommended that oil samples be drawn and tested at least every three months from water-cooled 
transformers, and annually from self-cooled transformers.  During the first month of service for transformers 
having a potential of 33,000 Volts or over, draw samples of oil each week from the bottom of the tank and 
test them. See “Sample and testing oil”.

If at any time the oil breakdown voltage should test less than 30kV, dry the oil by filtering. See “Drying and 
Testing Oil”.

Always clean the oil storage tanks and piping system before using.  Arrange the piping so that the entire 
system may be effectively drained and the oil circulated through it by means of the oil drier and filter. Keep 
the oil level in the transformer up to the mark on the oil gauge. A self-cooled transformer, employing external 
tubes or radiators, will over-heat if proper oil circulation is not maintained through such channels. 

When the oil is lowered for inspection of the interior, it should be filtered back into the tank through an 
opening in the cover on non-conservator transformers.  On a conservator tank, before returning the oil to the 
top filter connection, drain all the oil from the conservator though the conservator drain valve to prevent 
stirring up of accumulated condensation or foreign material.  The drained oil can be filtered separately until 
satisfactory for returning to the conservator. 

In a spare transformer, make sure that there is oil in the conservator at all times, to prevent having an air 
space in the main tank during periods of low winter temperatures.  After the ambient have averaged 0˚C for 
two days, add oil to the conservator up to the 15˚C mark. Oil-immersed transformers are occasionally 
operated under conditions of poor ventilation, overload or over-voltage.  Any of these conditions, or a 
combination of them, may raise the temperature of the oil abnormally high, causing the oil to darken in colour 
and to form a sludge deposit which settles on the transformer surfaces.  The oil should be renewed as soon 
as possible.  Such a deposit does not mean that the transformer is in immediate danger, but the causes of 
overheating must be determined and a remedy applied.  Before placing new oil into the tank, remove the 
sediment from all the surfaces and clean the windings by forcing dry clean transformer oil under pressure 
through a small nozzle into all ducts and against all surfaces. 

8.21 Limiting Temperature 

Do not run a liquid cooled transformer continuously, even at no-load, without the cooling medium.  If the 
circulation of the cooling medium is unavoidably stopped, immediately reduce the load as much as possible 
and keep a close watch on the winding temperature (if a temperature indicator is available) and the oil 
temperature to see that it does not exceed the limits specified. 
  
Indicated temperatures are often the only means by which the operator can detect abnormal conditions 
within the transformer.  Operating temperatures are important from these two standpoints and should be 
carefully recorded as often as practicable, together with coincident records of ambient temperatures, load, 
and excitation so that any abnormal conditions within the transformer may be detected. By doing this the 
apparatus can be protected from extended periods of operating temperatures which may be expected to 
affect the coil and ultimately damage the windings.  If a temperature is indicated which is more than 5˚C
higher than that attained under the same conditions of ambient temperature, load and excitation as when the 
transformer was first placed in service, notify the manufacturer immediately. 
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9.0 LOCAL CONDITONS AFFECTING THE OPERATION AND LIFE OF TRANSFORMERS 

9.1 Impure Air 

Unless special care is taken, trouble may be experienced with transformers which are installed where 
abnormal atmospheric conditions prevail. 

Bushings must be kept clean, since the formation of conducting deposits may cause bushing flash-overs. 

Transformers near the coast should be kept well painted to prevent the corroding of any metal parts by the 
damp salt air. Even minor damage to painted surfaces must be diligently repaired without delay.  

9.2 Altitude 

If a transformer is moved to a location of a higher altitude there is an increase in temperature rise, and the 
over voltage withstand ability of the bushings are reduced due to the decreased air density. These effects 
must be considered if a transformer is operated at a higher altitude than that for which is was designed. 

The cooling systems of transformers are normally designed and the bushing selected so that the 
transformers can be operated without de-rating up to altitudes of 1000m.  

Standard bushings may be used at any altitude up to 1000 metres.  

9.3 Transformer Housing 

Install large, oil-immersed, self-cooled transformers outdoors if possible to obtain the maximum possible 
cooling effect from the air.  Avoid locations where the circulation of the cooling medium is impeded.  

If indoor installation is essential, thoroughly ventilate the compartment in which the transformer is installed.  
Provide cool air inlets in or near the floor and outlets in or near the roof.  The number and size of air outlets 
required will depend on their distance above the transformer, and on the efficiency and load cycle of the 
apparatus.  In general, provide about 2 square metres of opening for each 1000 kVA of transformer capacity.  
Provide air inlets with the same total area as the outlets.  If the transformer is required to operate for 
considerable periods at continuous full load, the areas of openings should be increased to about 4 square 
meters per 1000 kVA of transformer capacity. 

The quantity of air which should be delivered to the room in which a transformer is installed should be a 
minimum of: 

Cubic Meters of air/min = 0.167 x Power Loss 
                    Deg C rise of air 

Arrange the air inlets and outlets so that they are permanently open.  Due to the danger of excessive heating 
during periods of heavy load or high ambient temperature avoid using as ventilators windows and doors 
which may be opened or closed by attendants. 

If forced ventilation is used, supply about 450 cubic metres of air per minute for each 1000 kVA of 
transformer capacity. Conduct the incoming air directly to the transformers so that it will flow up through and 
around the radiating members of the tank.  If this cannot be done and the air is merely moved through the 
room, provided about 930 cubic metres per minute for each 1000 kVA.  

Do not let the temperature of the room in which the transformer is installed exceed the temperature of the air 
entering the room by more than 5˚C.  The entering air should come from the outside or at least from a 
source not much warmer than the outside air. 
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10.0 AUXILIARY EQUIPMENT FITTED TO TRANSFORMERS 

This section describes some of the fittings typically fixed on oil filled transformers. 

10.1 Off Circuit Tap Switches 

WARNING: Tap switches designated as off-load or off-circuit tap switches must only be operated 
when the transformer is in a de-energised state and there is no voltage applied to the transformer.   
Significant damage will be caused to the tap switch and transformer windings if an off-circuit tap 
switch is operated while the transformer is energized. 

It is recommended that the switch be rotated through its range on an annual basis. After adjustment of the 
tap switch to a new position is done “lock” the switch handle in the new position to ensure that shaft torsion is 
nullified.  The locating bolt/pin/lock must fit freely into the locating hole in the handle with no pressure applied 
to the handle. This procedure is important to guard against tap switch mis-alignment which can lead to failure 
of the switch. 

10.2 Current Transformers 

Transformers are often fitted with internal protection, metering and or temperature thermal image current 
transformers. These devices provide a secondary AC current proportional to that which flows in the 
transformer. This is the safest form of isolated current collection from high voltage and high current carrying 
conductors.  

The terminals of current transformers - if not connected to protection or load devices - can exhibit high open 
circuit voltages which can cause damage to the main transformer windings and or auxiliary equipment.  
Correct shorting links must be fitted at all times while current transformers are disconnected from the load. 

10.3 Earthing Current Transformer 

As it is important to earth the transformer tank, an Earthing Current Transformer can replicate the currents 
being expelled from the transformer tank in the event of an abnormal fault condition.  This earth leakage 
current can be detected and isolation of the transformer from affecting any other devices in the plant can be 
undertaken. 

10.4 Winding and Oil Temperature Indicators 

Oil Temperature Indicators 

Oil temperature indicators are fitted to most transformers to indicate the top oil temperature of the 
transformers.  A temperature probe bulb (or RTD) is fitted to a pocket in either the lid or on the tank walls 
close to the lid and connected via a capillary to the thermometer.  The thermometer is generally fitted with 
changer over SPDT (Single pole double throw) contacts (being a micro switch) for customer protection 
equipment. Temperature settings for the alarm and trip can be found on the Ampcontrol Auxiliary Equipment, 
Protection & Monitoring Equipment Schematic. 

Maintenance and calibration of the thermometers should be carried out annually and should be included in 
the annual inspection and maintenance of the transformer. 

Winding and oil temperature indicators may also be provided with remote indications to enable customer to 
read the temperatures of these devices via PT 100 resistance potentiometers or via transducers to give a 4-
20 mA DC current output signal or other ranges specified by the client. Refer to the manufacturers’ 
brochures and or leaflets supplied with the transformer instruction manual. 

Winding Temperature Indicators 

Winding temperature indicators are fitted to the transformer and are of the same structure as oil temperature 
indicators, with the difference that the temperature of the winding depends on the transformer load (i.e 
current through the transformer winding) and the temperature of the oil.  These two parameters are 
measured and made to interact in the instrument.  The oil temperature is measured as usual with a bulb in 
the pocket in the transformer tank or lid.  The measuring systems also have a specially designed heating 
element to mimic the transformer load.  This heating element is a thermal model of the winding. The heating 
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element is connected to the thermal image winding temperature current transformer fitted in or on the 
transformer. This current transformer can be fitted to either the HV or LV windings. 

Not all types of thermometers contain a heating element within the thermometer.  This element can also form 
part of the bulb pocket in the transformer lid. 

In some transformers the ratio of the thermal image current transformer is calculated from the transformer 
winding temperature gradients and transformer load and therefore no matching resistance is required. In
other transformers, a matching resistance (normally in the form of a potentiometer) is wired into the current 
transformer and winding temperature indicator circuit to be able to adjust the difference between the winding 
temperature and oil temperature.  Where fans and or pumps are fitted to the transformer to give a higher 
rating it will sometimes be necessary to provide matching resistance across the heating coil on operation of 
the extra cooling to allow for the change in winding temperature gradients.  This will have been incorporated 
in the design and manufacture of the transformer and therefore indicated on the relevant wiring diagrams. 

10.5 Buchholz Relay 

Gas accumulation or sudden gas pressure relays are fitted in the pipe below the conservator to collect gas 
released within the transformer tank.  Gas from incipient faults displaces oil in the top relay chamber and a 
float mechanism closes a normally open signal circuit, connected to external terminals.  Fast movement of oil 
impinges on a vane attached to a lower float mechanism, closing a normally open trip circuit.  The buchholz
relay if specified may have an air injection facility to enable testing of the relay in situ.  The buchholz relay is 
generally fitted with a gas receiver which is mounted at ground level to enable to sample gas or oil trapped in 
the relay housing. 

Refer to the manufacturer’s brochure and leaflets supplied with the transformer instruction manual. 

The buchholz relay used between the oil compartment of the on-load tapchanger and its conservators are 
only used to detect oil surges and low oil conditions.

10.6 Pressure Relief Devices 

All oil filled transformer are generally fitted with a pressure relief device or an explosion vent.  Smaller and or 
older type transformers are generally fitted with an explosion vent of the diaphragm type. The diaphragm will 
rupture on sudden pressure rises due to major winding fault within the transformer releasing the built up 
pressure.  This would require a new diaphragm to be manufactured for the explosion vent. Modern 
transformers are fitted with a re-closing device which will operate and release the rise in pressure and re-
close afterwards. These devices also incorporate switch contacts to enable the operation of external tripping 
circuits. It also indicates that it operated via a visible striker pin, which must be reset by hand. 

The release pressures of these devices are typically 70kPa but may be of different rating depending on the 
design of the transformer. 

Refer to the manufacturer’s brochure and leaflets supplied with the transformer instruction manual. 

10.7 Cooling Fans 

Cooling fans are fitted to the transformer to give an ONAF rating and can be incorporated with pumps to give 
even higher ratings (ODAF) where applicable.  Fans are generally fitted to the transformer cooling (radiator) 
banks to give optimum cooling.  At all times the fans must be located as per manufacture’s drawings and the 
flow of cooling air into the fans is to be kept unrestricted.  The cooling fans are generally connected to a 
cooling control unit which will incorporate manual and automatic cooling. Automatic cooling is generally 
controlled by utilizing extra contacts of the winding temperature indicator and set to operate before any over 
temperature alarm or trip. The fans may also be brought into operation in stages. 

10.8 Magnetic Oil Level Gauges 

Where fitted, these will generally incorporate a low level switch contact which is utilized for external alarm 
circuits. Multiple alarm levels can also be specified. 

NOTE: The switch contacts should be checked for correct operation prior to filling the transformer and/or the 
conservator to ensure operation will give the signal required when the oil level is at a minimum. 
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Refer to the manufacturer’s brochure and/or leaflets supplied with the transformer instruction manual.

10.9 Silica Gel Breather 

These are usually packed separately for dispatch. On putting the breather into service the seals must be 
removed, any temporary plugs fitted for transport should also be removed. Where an oil seal is incorporated 
in the breather it should be filled with oil to the indicated level. 

Dehydrating breathers should be checked regularly to ensure that air passages are free. The colour of the 
silica gel should also be inspected. 

Depending on the type of silica gel, the colour’s to monitor are:
1. blue when dry & pink when wet; 
2. orange when dry & clear when wet 

When the silica gel colour indicates that it is approaching saturation level, the silica gel should be replaced. 
Should the silica gel come into contact with oil, it will discolour to a dark colour.  

10.10 Valves 

A periodic check should be made to see that all valves are in their correct position and that they do not leak. 

Valves are normally of the full way type gate valves. The operating hand wheel is attached to a spindle, 
which passes through a stuffing hand to a wedge, which is withdrawn completely into the valve body in the 
fully open position. Valves are operated by turning the handwheel in the direction indicated. 

10.11 Transformer Oil Level Gauge 

The site glass type consisting of a narrow window of armour plate glass or ultraviolet resistant poly carbonate 
and metal frame located on the tank side or conservator end. 

10.12 Low Oil Level Switch 

The magnetic reed switch provides a change over contact when the float level reaches a predetermined 
liquid level in the transformer tank. The float level will provide protection to the transformer in the unlikely 
event of loss of oil or should the transformer be positioned on uneven ground and the oil falls below the 
minimum level the float switch will also operate. The float on the stem is set up so that a normally closed 
contact is provided when the oil level is normal. 

10.13 Temperature Sensor 

Additional temperature sensors can be installed to measure oil temperatures in the transformer The PT100 
RTD unit provides a variable resistance output for the varying temperatures in the range of 00C to 1500C. If 
specified, signal converters can be supplied to provide 4-20mA output signals. 

10.14 Fibre Optic Temperature Sensor and Control Systems 

These devices are designed to sense direct temperature measurements from multiple points inside the core 
and windings of the internal transformer. Displayed digitally in real time at high accuracy, it is essential for 
cooling control and monitoring. Digital and Analogue Outputs are setup to communicate with supervisory 
controls. 
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10.15 Cooling Pumps 

Cooling pumps are fitted to transformers to give an ODAN or ODAF (with fans) rating to the transformer. 
Sometimes (2) two pumps are incorporated to give complete redundancy as only (1) one pump is required to
achieve the rated cooling. This gives the system a back up. In the event of pump failure the control circuitry 
will allow for automatic or manual pump change over. 

In the event of pump failure the failed pump motor can be removed and repaired whilst the other pump 
remains in operation, This will require only a short down time where the transformer is de-energised for 
removal of the failed pipes and refitting of the repaired or new pump. 

WARNING: On installation and commissioning the transformer it will be necessary to bleed the pumps and
pipes of any air pockets as this air will be transferred to the transformer windings and may cause failure to 
transformer. 

10.16 On-Load Tapchangers 

If specified, on load tapchangers can be fitted to transformers. This type of tapchanger allows changing of 
the turns ratio (or voltage ratio) of a transformer without having to isolate to transformer.  

There are many different manufacturers and types of on-load tapchangers, which can be classified in various 
ways. One classification relates to the mechanical assembly of the transformer tank, i.e. whether the on-load 
tapchanger is located inside the main tank, or if it is bolted externally onto the side of the tank. Refer to the 
general arrangement drawing of the transformer to determine the type of tapchanger fitted. 

If an on-load tapchanger is installed onto the transformer, the normal practice is to provide it with its own 
buchholz relay and conservator. In this way the oil of the main tank is not polluted by the oil of the on-load 
tapchanger, which contains the by-products of arching under oil. 

11.0 STANDARD SPECIFICATIONS 

It is recommended reading these Australian standard specifications in conjunction with the instructions we 
have supplied, where applicable. 

60076.1  Power Transformers 
60044.1  CT Measurement & Protection 
AS1767   Insulation Liquids 
AS1883 Guide to Maintenance & Supervision of Insulating Oils in Service 

12.0 TRANSFORMER TROUBLESHOOTING 

Due to the transformer being a static unit (i.e. no moving components) it is an inherently reliable piece of 
equipment. However there are monitoring and protective devices fitted, and some guidelines which are 
appropriate in reference to alarms and trips experienced during operation, are outlined in this section. 

Operating manuals of the auxiliary equipment fitted to the transformer should be consulted. 

Auxiliary equipment fitted to a transformer may include any of the components described in section 9, as well 
as components not described in this manual. 

The guide in the table below should be used to trouble shooting on the transformer.
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TROUBLE SHOOTING
FAULT POSSIBLE CAUSE ACTION

1. Transformer 
Buchholz alarm

A Buchholz alarm will indicate gas 
accumulation or possible low oil level.

First check the oil in the conservator, 
as this may have dropped below the 
Buchholz relay.
Secondly oil samples will need to be 
taken via the ground level receiver and 
analysed, as there may be gas 
generated in the transformer indicating 
a developing problem.
The transformer can remain in service, 
but must be monitored. Carry out 
checks and advise.

2. Transformer 
Buchholz Trip

A Buchholz trip is caused by a sudden 
surge of oil which has taken place 
inside the transformer. This normally 
indicates a major failure has occurred 
within the transformer.  Buchholz relays 
fitted with mercury switches can be 
tripped by earth tremors.

If earth shocks have occurred, verify 
the contact type on the Buchholz relay. 
Also check wiring from the trip circuit to 
the Buchholz to ensure there is no 
loose termination. Megger, ratio and 
resistance checks will generally 
indicate if a failure has occurred in the 
transformer.  Further DGA oil checks 
and internal examination of the 
transformer windings may be 
necessary.

3. Transformer has 
tripped off circuit due 
to explosion relief 
device operating

An explosion vent tripping will indicate a 
major failure has occurred within the 
transformer due to short circuit or
similar.  Generally oil will spill out of the 
transformer via the explosion vent.

Megger, ratio and resistance checks 
will generally indicate a transformer 
failure.  Further DGA oil checks and 
internal examination of the transformer 
windings will be necessary. 
If there has been no oil expulsion 
further checks of the explosion vent 
wiring is to be carried out to ensure 
there are no loose terminations or a 
faulty switch.

4. On Load Tap 
Changer Pressure 
switch trip

A tap changer surge alarm may occur if 
the tap changer is operated too often.

On load tap changers do develop a 
certain amount of gas due to normal 
operation.  The transformer can remain 
in service although it is advisable to 
monitor the number of changes 
occurring in a day (no more than 20 
changes is recommended). A trip may 
indicate a major failure within the tap 
changer.  This may or may not damage 
the transformer.  The tap changer will 
have to be checked internally.  Also the 
transformer will need to be tested with 
Megger, ratio, resistance and oil DGA 
tests to confirm the windings have not 
been damaged. Also check wiring to 
the Buchholz to ensure there is no 
loose terminations.
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TROUBLE SHOOTING (continued)
FAULT POSSIBLE CAUSE ACTION

5. Winding and or Oil 
temperature alarm or 
trip.

A winding and oil temperature 
indicator will first indicate an 
alarm prior to tripping.

If the transformer trips before an alarm is 
registered, the temperature indicators will need to 
be checked for switch operation and its circuit 
wiring will need to be checked.  An alarm or trip 
will indicate the transformer is being overloaded.  
Overloading of a transformer will shorten the life 
expectancy of the transformer.
If additional cooling is included on the transformer 
it will be necessary to check that the cooling 
equipment is operating and is being initiated at the 
required temperature.  Check that cooling fans are 
operating in the correct direction of rotation.  Fans 
operating in the wrong direction will greatly effect 
the cooling, although air may be still be passing 
through the fans.  Check that radiator and pump 
valves are open.
Check that the pump operates in the correct 
direction.

6. Oil level gauge 
alarm

Low oil level in the 
conservator and or tank

Check oil level.  If it is low, top up with filtered 
transformer oil. Also check for oil leaks.  
Otherwise there may be a fault with the gauge or 
associated wiring.

7. Current Transformer 
Protection 

A majority of the faults that 
occur will initiate the 
externally protection 
equipment to operate via 
differential, earth fault or 
overload protection relays.

Over-current – In general this is a load related trip.  
Confirm unit is not being overloaded.
Earth Fault – Depending on the earthing of the 
transformer windings, this may be a load or 
transformer related fault.
Differential Fault - If a differential or core balance 
protection relay on the transformer trips, check the 
transformer for winding to earth conditions.
Internal transformer faults are often accompanied 
by differential, over current and earth fault current.

8. Silical Gel is Black The silica gel was 
contaminated with oil

The oil reserve cap was over-filled
There was to much in transformer and it has 
spilled over into the breather.
Breather is undersized resulting in oil being 
sucked up unto breather when the load is 
dropped. 

9. The Leak Detector 
Float switch has 
changed over

Air or gas has accumulated in 
the leak detector pocket to 
the extent that the float has 
lowered and the contact was 
operated.

Air that has not previously been removed or bled 
from pipes, pumps, bellows and headers has 
dislodged and found its way into the conservator.
A leaking gasket on the conservator can result in 
air entering.
A leak in the internal air bladder will result in the 
leak detector operation.
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13.0 FACTORY SET/TEST VALUES 

The following equipment will have manufacturer or supplier pre-set Alarm & Trip values, these values are 
recommended and should not be changed without manufacturer approval! 

 Oil & Winding Temperature Indicators 
 Pressure Relief Devices 
 Pressure Relays 
 Oil Flow Switches 

For specific values refer to Ampcontrol Auxiliary Equipment, Protection & Monitoring Equipment Schematics. 
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14.0 INSULATION VALUES 

Required Test Acceptable Values
(except = recommend test) Full Vacuum Tanks Partial Vacuum Tanks
Dielectric Breakdown of Oil – Minimum
By ASTM D877
By ASTM D1816

30kV
28kV

30kV
28kV

Moisture content of Oil – Maximum
By ASTM D1533

20 ppm 25 ppm

Voltage Ratio Agreement with 
nameplate

Insulation Resistance
Insulation Power Factor
Winding Resistance

Comparable to factory 
test reported on
Certified Test Report

DGA Results Refer to manufacturer

NOTE: Do not attempt to take oil samples when there is a vacuum in the gas space. 
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15.0 DISCLAIMER 

This manual neither intends to cover all details or variations in equipment nor to provide for every possible 
connection with installation, operation or maintenance. For the purpose of these manual, only authorised and 
qualified personnel who are adequately trained and familiar with the equipment and procedures in this 
manual should operate or maintain this equipment. Australian recognised standards and electrical building 
codes should be followed in accordance when reading this manual. 

Any action taken by the customer that disregards normal acceptable practices laid out in this manual, which 
may lead to damage, injuries or death is not the responsibility of the manufacturer. Should further information 
be desired or should particular problems arise which are not covered sufficiently for purpose, the matter 
should be referred to the manufacturer. 

To ensure warranty on this product commissioning forms need to be returned to the Engineer Manager at 
Ampcontrol Transformers, Failure to do so may compromise any future warranty claims. 

AMPCONTROL TRANSFORMERS 
 The Engineer Manager 

21a Old Punt Road 
 TOMAGO NSW 2322 
 Tel:  (02) 4961 9061 
 Fax: (02) 4961 9066 
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TX-ITP-018–TRANSFORMER COMMISSIONING TEST SHEET  
FRM-1818, Issue: 1, Date 13/11/08 
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TX-ITP-018 – TRANSFORMER COMMISSIONING TEST SHEET  
SCOPE 
These Tests are to be undertaken during the commissioning of the transformer on site. It ensures the necessary 
results are completed as required for successful operation of the transformer. 
 
REFERENCES 
AS-60076 
 
ACTIONS 
Complete tests and forward results to Ampcontrol TXF engineering for record. 
Customer:          
Tested By:      Date: 
Transformer kVA:  Transformer Serial Number: 
 
 
INSULATION RESISTANCE (Performed at 2500V for one minute) 
HV → LV1 =  HV → LV2 = 
HV → earth =  LV1 → LV2 = 
LV1 → earth =  LV2 → earth = 
 
 
TRANSFORMER RATIO                                                VECTOR GROUP:_____________________                               
 

Tap Position A Phase B Phase C Phase 
1    

2    

3    

4    

5    

6    

7    

8    

9    

10    

11    

12    

13    

14    

15    

16    

17    

18    

19    

20    

21    
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WINDING RESISTANCE (Measure resistance on the principal 100% tap position) 
 

Winding - Tap A – B B – C C – A 
HV - 1    
HV - 2    
HV - 3    
HV - 4    
HV - 5    
HV - 6    
HV - 7    
HV - 8    
HV - 9     
HV - 10    
HV - 11    
HV - 12    
HV - 13    
HV - 14    
HV - 15    
HV - 16    
HV - 17    
HV - 18    
HV - 19    
HV - 20    
HV - 21    
LV    
    
 
Temperature of transformer during measurement:    deg C 
 
APPLIED VOLTAGE TEST (Test voltage to 75% of values outlined in table 2 of AS 2374.3) if performed 

HV → LV1 + LV2 + earth      at   Volts for one minute   pass / fail 
LV1 → HV + LV2 + earth      at   Volts for one minute   pass / fail 
LV2 → HV + LV1 + earth      at   Volts for one minute   pass / fail 
 
LOW VOLTAGE EXCITATION, if performed 

LV (a – n) energised to  Volts, with magnetising current of Amps 
LV (b – n) energised to  Volts, with magnetising current of Amps 
LV (c – n) energised to  Volts, with magnetising current of Amps 
 
 
Comments: 
 
 
 
 
Tested By:       Signature: 
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On-load tap-changers, type UZE and UZF, 
with motor-drive mechanism, type BUF 3
Installation and commissioning guide

1ZSE 5492-115 en, Rev. 5
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This document must not be copied without our written permission, and the 
contents thereof must not be imparted to a third party nor be used for any 

unauthorized purpose. Contravention will be prosecuted.
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Recommended practices
ABB recommends careful consideration of the following factors when installing on-load tap-
changers:

Before you install or commission a unit, make sure that the personnel doing the job have 
read and fully understood the Installation and Commissioning Guide provided with the unit. 

To avoid damaging the unit, never exceed the operating limits stated in delivery documents 
and on rating plates. 

Follow local and international wiring regulations at all times. 

Use only factory authorized replacement parts and procedures.

WARNING, CAUTION and NOTE

WARNING

A WARNING provides information which, if disregarded, could cause injury or death.

CAUTION

A CAUTION provides information which, if disregarded, could cause damage to the equip-
ment.

NOTE: A NOTE provides additional information to assist in carrying out the work de-
scribed.

Safety precautions

 WARNING

Unused transformer oil is slightly harmful. Fumes from unused warm oil may irritate 
the respiratory organs and the eyes. After long and repeated contact with transformer 
oil skin becomes very dry. 
 
Used on-load tap-changer oil from diverter switch housings and selector switch 
housings contains harmful substances. Fumes are irritating to the respiratory organs 

-
genic. 
Avoid contact with the oil as much as possible and use oiltight protective gloves 
when handling the oil. 
 
First aid: 
Skin contact:  Wash the hands. Use skin cream to counteract drying. 
In the eyes:  Rinse the eyes in clean water. 
Swallowing:  Drink water or milk. Avoid vomiting. Call a doctor. 
 
Collect used oil in oil drums.Waste and cleaning up: Should be absorbed by an ab-
sorber. Treat it as hazardous to the environment. 
 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 61 of 424



WARNING

Before any work is carried out on the on-load tap-changer:
Make sure that the transformer is disconnected and that earthing is properly carried 

Before starting any work in the on-load tap-changer the protective motor switch and 
the LOCAL/REMOTE switch must be set at ”0”.

be switched off. 
 
N.B. The motor, contactors and heating element may be energized from separate 
sources.

During drying of the transformer

CAUTION 

The on-load tap-changer must not be included in the vapour phase drying process of the 
transformer. For permissible pressure and temperature at the rear during drying process, see 
chapter 3.

Mounting of gaskets
CAUTION  

Sealing surfaces and gaskets must be clean and undamaged. Diametrically opposed bolts 
in sealing joints must be tightened alternately several times, beginning with a low tighten-

Tightening Torque, in this guide.

WARNING

When oil that has been used in a selector switch compartment is pumped out, con-
-

sion due to the gases produced by the arcs during service.

CAUTION

on-load tap-changer is not.

transformer tank is not.

The oil level in the oil conservator of the on-load tap-changer should never be above the oil 
level in the oil conservator of the transformer.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 62 of 424



CAUTION

-
sure. This waiting period is needed to allow airbubbles to disappear.

During service

WARNING

or sparks occur in the immediate surrounding of the breathing devices.

If a failure in power supply occurs during operation, the operation will be completed 
when the power returns.

The hand crank must not be inserted during electrical operation.

is on.

CAUTION 

After a pressure relay trip, follow the instructions in the chapter ”Pressure Relay” in the Re-
pair Guide.

The pressure relay is a calibrated monitoring instrument. It must be handled with care and 
protected against careless handling or any kind of mechanical damage.
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9 

1. Introduction

The on-tank concept of on-load tap-changer, realized by ABB in the UZ range, is unique. 
The design offers advantages in installation and maintenance. The whole device is delivered 
installed in a tank that is simply mounted onto the transformer tank together with the motor-
drive mechanism.

In the event of an on-load tap-changer being delivered without a tank, the transformer 
manufacturer will supply the tank. Appendix A includes a welding and mounting instruction. 

It is easy to access all parts of the on-load tap-changer for maintenance and repair. After 
draining the oil, you simply unbolt and open the front cover to access any part you may 
need to inspect or replace.

Connection to oil conservator

On-load tap-changer tank

Oil valve

Pressure relay

Terminals for 
conductors

transformer tank

Cover for access to conductors,

Fig. 1. General arrangement of on-load tap-changer.
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UZE requires the transformer conductors to be accessed from the rear of the on-load tap-
changer. 

UZF has an inclined rear wall and a top cover that is removable to provide access to the 
transformer conductors.

WARNING

The cover for access to conductors on top of UZF tank may be opened after draining 
the transformer main tank.

UZE models are available for use without a separate oil conservator. For example, when 
used on sealed tank transformers.

1.1 Required tools

 Normal set of screwdrivers 

 Normal set of open-end wrenches 

 

 

 

 

 Tool for opening of oil drums 

 

 

1.2 Required material

 
drawing.

 Equipment for connection between the on-load tap-changer and the transformer when 

 Sealing tape

 -

 

 

 Circuit diagram for the motor-drive mechanism
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1.3 Oil

-

Table 1. Weight of oil in kg.

Type designation 
UZE.N, UZE.T

OLTC with separate 
conservator 1) in the tank

Type designation 
UZF.N, UZF.T

OLTC with separate 
conservator 1) in the tank

 The oil for the conservator is not included.

WARNING

this guide.

1.4 Oil conservator

The on-load tap-changer has to be connected to an oil conservator, except when it is an 
UZE with expansion volume in the tank. ABB recommends the use of a separate conserva-
tor for the on-load tap-changer with both oil and air side separated from the main conserva-
tor of the transformer. 

The volume of the conservator should be such that there is oil left in the conservator even at 

temperature expected. 

A suitable dimension of the tube for connection to the conservator is an inner diameter of 

in the tube. A valve in the connection to the conservator is recommended.

The conservator must be equipped with a breathing device that does not allow moist air into 

breather for the tap-changer should be bigger than normally used for that amount of oil, as 
the tap-changer is breathing more frequently because of the gas produced at each tap-
changer operation.

The conservator should also be equipped with an oil level indicator, and an alarm contact for 
low oil level is recommended.
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Fig. 4. UZF with built-on oil conservator.

Fig. 2. UZE with separate oil conservator.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 70 of 424



1.6 Weights

changers. The weight of the motor-drive mechanism is included in the overall weight.

Table 2. Weights for UZ on-load tap-changers in kg.

On-load tap-changer 
Type designation

Tap-changer with tank 
without oil

Insert without motor-drive 
mechanism

UZE.N, UZE.T

UZF.N, UZF.T

1.7 Tightening torque

The following tightening torques are recommended:

unless otherwise stated in this guide.
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2. Receiving

2.1 Unpacking

Check that the package is free from transport damage. Open the cover of the transport box. 
Remove the supporting blocks of wood. If the package is damaged a careful investigation 
must be carried out. 

2.2 Inspection upon receiving

Check that there is no visible damage.

Open the door of the cabinet of the motor-drive mechanism and check that the motor-
drive mechanism is free from damage. 

3. If transport damage is found, and it is adjudged that correct operation of the on-load 
tap-changer is not possible, a damage report should be sent to the insurance company. 

photos with the serial number of the on-load tap-changer and send them to ABB for 
comments. 

Check that the quantity delivered, the type designation and the serial number agree 
with the delivery documents, e.g. the packing list or ABB’s ordering acknowledgement. 
The serial number is stamped on the rating plate. 

is taken into service.

Rating plate with
Serial No.

Fig. 5. Inspection on receipt

Drying agent

2.3 Temporary storage before assembly

If the on-load tap-changer is not to be installed on the transformer immediately, once the 

unit be kept in its plastic enclosure and leave the drying agent until assembly.
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3. Drying

The following temperatures and pressures between the on-load tap-changer tank and the 
transformer tank are allowed when drying:

Pressure Standard on-load tap-changer On-load tap-changer with reinforced 
barrier

Zero
transformer side. transformer side. 

Not allowed.

with oil. The motor-drive mechanism should not be included in a vacuum process, as the 
process would remove the grease necessary for operation.

3 Drying 
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4. Installation on the transformer

CAUTION

The on-load tap-changer must not be included in the drying process of the transformer.

The on-load tap-changer is either bolted or welded to the transformer tank, see 

NOTE: In the event of the on-load tap-changer being delivered without a tank, the 
transformer manufacturer has to make the tank and mount it onto the transformer 
tank; or make the on-load tap-changer tank integrated with the transformer tank. 

section 4.2 directly.

4.1 Attaching the on-load tap-changer to the transformer 

4.1.1 Welding

4.1.2 Bolting

A set of cork-rubber gaskets is provided to seal against the transformer tank.

Ensure that the surfaces being in contact with the gaskets are clean and free from grease 
and oil. 

On-load tap-changer 

Transformer tank
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A

A

Keep the gaskets in the correct position by using clamping blocks for a minimum of 3 hours. 

two gaskets

Supporting gasket

Sealing gasket

Corner gasket

Fig. 7. Gluing the gasket.

10

Opening for 
draining
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4.1.3 Assembly of accessories

openings on the on-load tap-changer are then sealed by transport covers.

Remove the transport covers.

3. 

4.1.4 Retightening

settle. This reduces the pressure on the bolts, making them loose. 

The settling effect will increase at higher temperatures. For this reason retightening is re-
quired. 

Retighten one day after assembly. Retighten again after the transformer has been in service 
for about two weeks to let the gaskets settle at service temperature. The retightening torque 

4.2 Connection of the regulating winding of the transformer

On UZE the winding has to be connected from the rear.

On both UZE and UZF the cable lugs can be either crimped or brazed. The free distance 

-
nection diagram.

On UZF the top cover is intended to be used when connecting the transformer’s regulating 
winding leads to the on-load tap-changer terminals. 

If the oil conservator is to be installed on the top of the on-load tap-changer, connect the 
regulating winding leads before installing the oil conservator.
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Neutral connection
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4.3 Connection to the oil conservator

See Fig. 9.

 

In cases where the oil conservator is installed directly on the top of the on-load tap-changer, 

conservator is mounted to the tank.

For UZ with normal barrier, the oil level difference between on-load tap-changer and trans-

CAUTION
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5. Pressure relay

5.1 General

The tank of the on-load tap-changer is supplied with a pressure relay. In the event of over-
pressure in the tank the relay, if correctly connected, will trip the transformer’s main circuit 
breakers. It is also recommended to connect the pressure relay in the trip circuit of the 
power supply during testing of the transformer.

CAUTION 

After a pressure relay trip follow the instructions under chapter ”Pressure Relay” in the Repair 
Guide.

Taking the transformer into service after a pressure relay trip without opening the front cover 
and carrying out a careful investigation of the active part and repairing any faults may cause 
severe damage to the on-load tap-changer and the transformer.

The pressure relay can easily be tested by applying air pressure, using a pump, to the test 
tap on the valve. The handle can be padlocked in the service position.

CAUTION

The pressure relay is a calibrated monitoring instrument. It must be handled with care and 
protected against careless handling or any kind of mechanical damage.

5.2 Installation

Remove the cover from the pressure relay and connect the cables to the terminal block.

The cable gland includes an O-ring seal between the gland and the pressure relay housing.

If the gland has to be changed to another type, the seal against the housing must be se-

CAUTION 
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5 Pressure relay 

5.3 Checking when commissioning the transformer

Set the valve handle in the test position as shown on the information plate.

Connect the air pump and the pressure gauge to the test tap on the pressure relay.

3. Raise the pressure until the pressure relay trips the circuit breakers for the transformer.

Read the pressure on the manometer and check against the pressure stated on the 

Check that the alarm signal disappears when the pressure is lowered. 

Information plate

Fig. 10. Pressure relay.
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6.1 Filling methods and restrictions

on-load tap-changer and the transformer tank is designed to withstand vacuum on one side 

of an oil column on the other side is not permitted.

UZE can be delivered with an oil expansion volume in top of the tank. The design of UZF 
does not allow an oil expansion volume in the tank. Instead, UZF can be delivered with a 

-
turer considers convenient, as long as the above rules are complied with and the on-load 

The methods below are recommended, and if they are followed in detail no pressure limits 
will be exceeded.

6.1.1 Retightening

Retighten again after the transformer has been in service for about two weeks, to let the 
gaskets settle at service temperature.

6.2 Filling at atmospheric pressure

Open the conservator valve, if any.

Dismantle the pipe to the breather. Or, if simpler, remove the air relief valve (one way 

3. Connect the pump to the oil valve on the on-load tap-changer tank. For dimension see 
the dimension drawing. Open the valve and pump in oil to the correct level shown on 

Shut the oil valve and disconnect the pump.

Reassemble the pipe or the breather. The connections must be airtight; therefore use 

in the connection between the on-load tap-changer and the conservator is needed. (For 

The conservator valve should be shut.

3. Connect the pump to the oil valve on the on-load tap-changer tank. Open the valve and 
pump in oil. Stop the pump when oil reaches the air release valve.

Shut the oil valve and the air release valve and disconnect the pump.

Open the conservator valve.

CAUTION

-
sure. This waiting period is needed to allow airbubbles to disappear.
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6.3 Filling under vacuum

and the transformer tank should be put under vacuum simultaneously.

It is assumed that a vacuum-proof conservator is in use.

Open the conservator valve, if any.

Dismantle the pipe to the breather, or, if simpler, remove the air relief valve or the dehy-
drating breather.

3. Connect the transformer to the conservator for the on-load tap-changer.

Apply vacuum.

the valve and let oil into the tank until the correct level is shown on the oil level indicator. 

into the conservator or expansion volume.

Reassemble the pipe or the breather. The connections must be airtight; therefore use 

6.4 Correct oil level

For installations where the on-load tap-changer and the transformer tank have a common oil 
conservator, the instructions for the transformer should be used.

If possible, the oil levels of the oil conservators of the transformer tank and the on-load tap-
changer should be the same. The oil level of the oil conservator of the on-load tap-changer 
should in no case be higher than the oil level of the transformer oil conservator.

 
the scale range of the oil level indicator.

 
of the scale range of the oil level indicator.
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7. Electrical connection and testing

7.1 General

Before the transformer is energized, tests have to be carried out to make sure that all me-
chanical and electrical connections are correct, and to check the proper functioning of the 
motor-drive mechanism and the on-load tap-changer.

7.2 Connecting and testing

For bolted-on design, connect the earthing terminal on the on-load tap-changer to the 
transformer tank.

Connect the motor supply and the control supply to the correct terminals in the motor-drive 
mechanism as shown by the circuit diagram supplied with the on-load tap-changer.

Operate the motor-drive mechanism by means of the hand crank to one of the positions in 

-

-
mately half of the complete operation and it will operate back and forth without the on-load 

the phase sequence is wrong, reverse two of the motor supply cables in order to get the 
correct sequence.

WARNING

Dangerous voltage.

-

Operate the driving mechanism electrically between the end positions. Check the end stops. 

Check the mechanical end stop by trying to hand crank it beyond the end position. After a 

-
cally to the other end position and repeat the test procedure above.

CAUTION

The transformer should in no case be energized with an end stop out of order.
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7.3 Electrical tests on transformer

Acceptance tests on the transformer or commissioning can now be performed.

7.4 After energizing

WARNING

Before any work is carried out on the on-load tap-changer:
Make sure that the transformer is disconnected and that earthing is properly carried 

The cork-rubber gaskets should be retightened after the transformer has been in service for 
about two weeks, after all the gaskets have settled at service temperature.

The tightening torque for the gasket between the on-load tap-changer and the transformer 

The tightening torque for the front conver, and the connection cover at UZF, should be 

7.5 Resistance measurement

If there are any problems with to high resistance during measurement of the transformer, the 

Another cause for problems at resistance measurement may be too low measuring current. 
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8. Transport

CAUTION

The motor-drive mechanism must be protected against condensation. 

drive cabinet and seal the vents.

8.1 Oil level during transport

The following adjustment of the oil level must be carried out when the on-load tap-changer 
is to be transported.

CAUTION 

Take care to avoid ingestion of moist air when oil is drained. If the ambient air is moist, let 
-

dration.

Conservator mounted

Conservator dismounted

-

Close the opening to the conservator with a transport cover.

UZE with oil expansion volume in the tank

8.1.2 Transformer drained

Conservator mounted

Drain the oil from the on-load tap-changer. Keep the connections to the conservator.

Conservator dismounted

Drain the oil from the on-load tap-changer. Close the opening to the conservator with a 
transport cover.

UZE with oil expansion volume in the tank

Drain the oil from the on-load tap-changer.
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9 Commissioning 

9. Commissioning
This section describes tasks to be carried out when the transformer is being installed and 
tested on site.

CAUTION 

The motor-drive mechanism must be protected against condensation. 

motor-drive cabinet and seal the vents.

9.1 Reassembly

Reassemble the conservator and all other accessories which may have been dismantled for 

9.2.1 Dehydrating breather

9.3 Electrical connection and testing

9.3.1 Motor protection

The function of the protective motor switch should be checked. For three-phase AC motors, 
remove one of the phase fuses and check the function time of the protective motor switch 

-
onds at a current setting equal to the rated current of the motor at the actual voltage.

-
peat the test when the motor is cold.

WARNING

The motor power voltage is dangerous.

Protective motor switches for DC motors or single-phase AC motors are not necessary to 
test.

9.3.2 Counter

9.3.3 Position transmitter and other multi-position switches

Check the function of the position transmitter and other multi-position switches.

9.3.4 Light

Check that the light is switched on when the door is opened and goes out when the door is 
closed.
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 9 Commissioning 

9.3.5 Heater

Switch off all power supplies and feel by hand that the heater has been warmed up during 
earlier tests. Switch on the power afterwards.

Check that the air vents are open.

Remove the drying agent used during transport.

9.3.6 Pressure relay

9.4 Putting into operation
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APPENDIX A. Welding and mounting instruction

A1 Introduction
This appendix deals with installation in case the tank is not included in the delivery. The 
transformer manufacturer designs the tank as an integral part of the transformer tank. 

Chapter 3 in this appendix deals with installation with the rear wall of the on-load tap-chang-
-

bly. 

NOTE: Most information on safety precautions and receiving, and all information on 
-

ment.

A1.1 Required tools

 

 

Type designation Lifting yoke upright assembly 
Article No.

Lifting yoke inclined assembly 
Article No.

 

Appendix A 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 88 of 424



A2 Receiving
Do not break the plastic bag until the tap-changer shall be mounted!

Check that the serial numbers of the on-load tap-changer and the motor-drive mechanism 
are the same.

 Appendix A 

A2.1 Temporary storage before assembly

If the on-load tap-changer is not to be installed on the transformer immediately, once the 

unit be kept in its plastic enclosure and leave the drying agent until assembly.

A3 Welding and mounting instruction

be a connection to a conservator, and the conservator must have breathing device.

Fig. A1. Location of serial numbers.

Serial numbers
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1

A

B
3

E

D

C

Appendix A 

(1) End plate (2) Flange (3) Hole in end plate

Type designation Dimensions (mm)

A B C D E

Frame

Tight welded
bolts

Fig. A2. Dimensions and weldings.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 90 of 424



33 

A3.2 Installing the on-load tap-changer and the motor-drive mechanism in the tank

First install the on-load tap-changer and then the motor-drive mechanism. 

CAUTION

motor-drive mechanism have been installed.

A3.2.1 Installation of the on-load tap-changer

CAUTION 

The support according to Fig. A3 must be attached before raising the on-load tap-changer 
to vertical position. The link should not be attached.

 Appendix A 

Raise the on-load tap-changer to a vertical position by means of the lifting yoke and an 

remove the support.

Transport support

Support

Fig. A3. Arrangement of lifting yoke.
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A A

Appendix A 

Install the on-load tap-changer in the tank and bolt it to the tank with the gasket between 

-

CAUTION

Fig. A4. Lifting after raising.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 92 of 424



A3.2.2 Installation of the motor-drive mechanism

 

-

WARNING

 Appendix A 

CAUTION

changer and the motor-drive mechanism have been joined.
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Appendix A 

Support for 
geneva gear

Driving disc

Driving pin

Fig. A7. Positioning of driving pin.

drive mechanism
(behind the control 
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A A B B

C C

painted.

 Appendix A 

Crank bracket Diagram pocket

Spring washer

Rating plate

Cover plate
Gasket

Screw

Filter

Doorknob
left or rightright or left

Gasket mounted on the 
edge of the frame to the door

Spring washer
Earth connection
right or left

Filter Sealing 
plugs

View  C – C View  B – B View A – A 

Fig. A9. Cabinet details.
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Appendix A 

Flange

O-ring

Test tap

Quickcoupling

Three way valve

Pressure relay

and washer

Tight welded

Fig. A10. Attachment of pressure relay.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 96 of 424



39 

A-A

A

A

1

B

A

Ø 6

3

D

C

E

 Appendix A 

A4 Welding instruction for inclined assembly
o inclination as described in 

chapter A3, with the following exceptions.

weld the bracket to the end plate inside the tank. 

Fig. A12. Dimensions and weldings.

o

Frame

19

Tight welded
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Strap

A4.2 Mounting of the on-load tap-changer

Appendix A 

Fig. A13. Arrangement of lifting yoke.

Fig. A14. Lifting after raising.
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ABB AB 

Components

 

 

 

 

www.abb.com/electricalcomponents

Contact us
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On-load tap-changers, type UZE and UZF, 
with motor-drive mechanism, type BUF 3
Maintenance guide

1ZSE 5492-123 en, Rev. 5

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 103 of 424



This document must not be copied without our written permission, and the 
contents thereof must not be imparted to a third party nor be used for any 

unauthorized purpose. Contravention will be prosecuted.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 104 of 424



Recommended practices
ABB recommends careful consideration of the following factors for maintenance work on 
on-load tap-changers. 

Before you start any work, make sure that the personnel doing the job have read and fully 
understood the Maintenance documents provided with the unit. 

To avoid damaging the unit, never exceed the operating limits stated in delivery docu-
ments and on rating plates. 

Do not alter or modify a unit without first consulting ABB. 

Follow local and international wiring regulations at all times. 

Use only factory authorized replacement parts and procedures. 

WARNING, CAUTION and NOTE

WARNING

A WARNING provides information which, if disregarded, could cause injury or death.

CAUTION

A CAUTION provides information which, if disregarded, could cause damage to the equip-
ment.

NOTE: A NOTE provides additional information to assist in carrying out the work de-
scribed.

Safety precautions

WARNING

The Maintenance Guide should be read and understood before any work is started, 
and the procedures in this document should be followed at all times.

Before any work is carried out on the on-load tap-changer: 
Make sure that the transformer is disconnected and that earthing is properly carried 

Before starting any work in the on-load tap-changer the protective motor switch and 
the LOCAL/REMOTE switch are to be set at ”0”.

Before starting any work inside the motor-drive mechanism, the auxiliary power must 
be switched off. 
 
N.B. The motor, contactors and heating element may be energized from separate 
sources.

CAUTION

Approval should be given for inspection as well as for operating the on-load tap-changer.

ABB recommends that only maintenance engineers trained by ABB carry out contact re-
placement.
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During service

WARNING

Small amounts of explosive gases will always come out from the breathing devices 

or sparks occurs in the immediate surroundings of the breathing devices.

If a failure in power supply occurs during operation, the operation will be completed 
when the power returns.

The hand crank must not be inserted during electrical operation.

If the on-load tap-changer is not in its exact position and the hand crank is pulled out, 
the motor-drive mechanism will start and go to the exact position if the power supply 
is on.

CAUTION

After a pressure relay trip, follow the instructions in the chapter ”Pressure Relay” in the Re-
pair Guide.

During oil handling

WARNING

Unused transformer oil is slightly harmful. Fumes from unused warm oil may irritate 
the respiratory organs and the eyes. After long and repeated contact with transformer 
oil skin becomes very dry. 
 
Used on-load tap-changer oil from diverter switch housings and selector switch 
housings contains harmful substances. Fumes are irritating to the respiratory organs 

-
genic. 
 
Avoid contact with the oil as much as possible and use oiltight protective gloves 
when handling the oil. 
 
First aid: 
Skin contact:  Wash the hands. Use skin cream to counteract drying. 
In the eyes:  Rinse the eyes in clean water. 
Swallowing:  Drink water or milk. Avoid vomiting. Call a doctor. 
 
Collect used oil in oil drums. 
 
Waste and cleaning up: Should be absorbed by an absorber. Treat it as hazardous to 
the environment. 
 

When oil that has been used in a selector switch compartment is pumped out, con-
ducting tubes and hoses that are earthed should be used to avoid the risk of explo-
sion due to the gases produced by the arcs during service.

The oil in the selector switch compartment may be hot. Be cautious!

There is always a cushion of explosive gases over the oil surface. This is sucked into 

sparks may be present when the front cover is opened.
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CAUTION 

Take care to avoid ingestion of moist air when oil is drained. If the ambient air is moist, let 
-

dration.

on-load tap-changer is not.

transformer tank is not.

CAUTION

-
sure. This waiting period is needed to allow airbubbles to disappear.
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B. UZFA. UZEfm_00119

1 Introduction 

1. Introduction

1.1 General

The UZ range of on-load tap-changers manufactured by ABB has been developed over 
many years to provide maximum of reliability. The simple and rugged design gives a service 
life equal to the service life of the transformer. Minimum maintenance is required for trouble-
free operation. The only parts requiring maintenance are contacts that might need replace-
ment during the service life, the insulating oil and the motor-drive mechanism.

The design allows excellent access to all parts, making inspection and maintenance quick 
and simple. 

The on-load tap-changer type UZE/UZF is placed in a tank separated from the transformer 
tank, see Fig. 1. The motor-drive mechanism is attached to the side of the on-load tap-
changer tank. 

Fig. 1. UZE and UZF models.

Oil valve Oil valve
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fm_00069

1 Introduction 

Fig. 2 shows the general arrangement of a UZ-type on-load tap-changer. The main compo-
nent is the selector-switch (combined tap selector and diverter switch). For maintenance the 
oil is drained and the front cover is opened. The contacts are then immediately visible and 
can be inspected for wear. 

Lifting eye

Front cover

Moulding

Change-over 
selector

Fixed contact

Moving contact 
system

Transition 
resistor

Connection to oil conservator

On-load tap-changer tank

Oil valve

Pressure relay

Terminals for 
conductors

transformer tank

Cover for access to conductors,
UZF only

Fig. 2. General arrangement of on-load tap-changer.
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The separate on-load tap-changer tank keeps the oil of the on-load tap-changer separated 
from the oil in the transformer. This is required since the oil of the on-load tap-changer 
deteriorates as a result of the operations of the selector-switch. The oil needs to be checked 

mechanical wear. 

The on-load tap-changer generally comprises three phases. Main components for each 
phase are: 

 Moulding 

 

 Transition resistors

 

It is necessary to inspect and clean the on-load tap-changer inside at regular intervals.

Besides the maintenance of the on-load tap-changer and cleaning of the oil, the motor-drive 
mechanism should be checked and lubricated.

The pressure relay should also be checked.

1.2 Maintenance schedule

Maintenance of the on-load tap-changer consists of three major steps:

 Inspection

 Overhaul

 Contact replacement

1.2.1 Inspection

On the rating plate, ”inspection once a year” is recommended. This primarily concerns the 
motor-drive mechanism and refers to a visual inspection inside the cabinet to check that 
nothing is loose, and the heater is functioning.

In the motor-drive mechanism a counter registers every tap-changer operation. During in-
spection the counter is read. If possible, motor and counter are tested by operating one step 
and then back. 

If the on-load tap-changer has its own oil conservator, the breather and the oil level indicator 
on the oil conservator are checked. 

The inspection is carried out while the transformer is in service. 

1 Introduction 
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1 Introduction 

1.2.2 Overhaul

The contact life and the frequency of operations determine the time interval between over-
hauls. 

The number of operations run by the on-load tap-changer is recorded by a counter, housed 
in the motor-drive mechanism. The registered number of operations should be noted at 
every inspeciton and overhaul.

The on-load tap-changer should normally be overhauled regularly at intervals of 1/5 of the 
estimated contact life. The relevant information is stated on the rating plate. Hereby, the 
contact wear can be followed and necessary preparations can be made for replacing the 
contacts. 

If the tap-change operations occur infrequently and a very long time elapses until the num-
ber of operations amounts to 1/5 of the estimated contact life, the interval between over-
hauls should be limited to the time stated on the rating plate (normally 7 years).

1.2.3 Contact replacement

On the rating plate of the on-load tap-changer the estimated contact life at rated load is 
stated. 

The contacts will withstand a very large number of switching operations. For normal power 
transformers the number of operations of the selector-switch is approximately 20 per day, 
which means that replacement of the contacts normally is not necessary during the life of 
the transformer. (In case of on-load tap-changers on furnace transformers the frequency of 
operations may be considerably higher). 

CAUTION

The number of operations must in no case exceed 500 000, due to weakening spring ten-
sion of the contacts.

1.3 Tightening  torque

The following tightening torques are recommended: M6, 10 Nm ±10 %

 M8, 24.5 Nm ±10 %

 M10, 49 Nm ±10 %

 M12, 84 Nm ±10 %

welded stud bolts: M12, 42 Nm

unless otherwise stated in this guide.
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2 Inspection 

2. lnspection
The inspection consists of a visual check of the motor-drive mechanism and the conservator 
once a year while the transformer is in service. 

In the motor-drive mechanism the following points are to be checked:

 Motor and counter 

 Heater 

 The counter’s value

On the conservator the following are to be checked:

 Oil level

 Breather

once a year according to the ”Oil Filter Unit for On-Load Tap-Changer manual”.

2.1 Required tools

The following equipment is required for the inspection:

 Set of screwdrivers

 Pen and note pad

 Air pump (if the conservator has an air-relief valve)

2.2 Procedure

CAUTION 

Approval should be given for inspection as well as for operating the on-load tap-changer.

WARNING

This work must be carried out from ground level since the transformer is energized.

1. Check the breather, see section 3.6.

2. Check the oil level. The oil level should be according to section 3.13.3 Oil Filling. 

3. Open the cabinet door and turn the switch to the LOCAL position. Then turn the control 
switch to the RAISE (LOWER) position.

4. Check that the motor works properly, the position indicator increases one step, and the 
counter advances one step for each operation. Record the counter’s value. The counter 
shows the number of operations run by the on-load tap-changer (the overhaul-schedule 
can be determined with the help of this information).

5. Turn the control switch to the LOWER (RAISE) position. Check that the motor also 
works properly in that direction, the position indicator decreases one step and the 
counter advances one step more. Reset the draghands.

6. Check the emergency stop.

Give a RAISE or LOWER impulse and after about one second press the emergency 
stop. The operation should be interrupted. Reset the emergency stop by turning the 
knob clockwise. The started operation should now be completed. Operate back to 
service position.

7. Check the earth fault protector (option).

If the motor-drive mechanism is equipped with an outlet, the earth fault protector should 
be tested by pressing the test knob on the outlet.

8. Disconnect the incoming auxiliary power.
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WARNING

Before starting any work inside the motor-drive mechanism the auxiliary power must 
be switched off. 
 
N. B. The motor, contactors and heating element may be energized from separate 
sources.

9. -
ing. 

10. Reconnect the incoming auxiliary power. 

11. Complete the inspection by turning the switch to the REMOTE position and closing the 
cabinet door. 

2 Inspection 
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2 Inspection 

1. Protective motor switch

2. Locking device prepared for padlock

3. Air vent

4. Draghand for min. position

5. Position indicator

6. Draghand for max. position

7. Counter

8. Lamp (25 W socket E14)

9. Shaft for handcrank

10. Emergency stop

11. Tap-change in progress indicator 
(Red = in progress, White = in position)

12. Heater 50 W (+ Option 250 W)

13. (Option) Outlet with earth fault protector

14. (Option) Thermostat or hygrostat for 
extra heater 250 W

15. Terminal blocks

16. RAISE/LOWER switch

17. LOCAL/REMOTE switch 
(Remote position for automatic operation)

18. (Option) Switch for extra heater

19. Serial number

20. Door-operated switch for lamp

21. Handcrank

22. Descriptions and circuit diagram 

1 3 42 5 6 7 8 9 10

11 12 13 14 15 16 17 18 22212019

Layout of motor-drive mechanism
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3 Overhaul 

3. Overhaul

WARNING

The transformer must be disconnected and effectively earthed.

3.1 Required tools and materials

The following equipment is necessary for the overhaul:

 Normal set of Allen sockets (metric)

 Normal set of hexagon wrenches (metric)

 Dynamometric wrench 15 Nm (10 and 25 Nm if moving contacts should be replaced)

 Normal set of sockets (metric)

 Ratchet wrench handle with extension 

 Normal set of screwdrivers 

 Hammer and wedges or parting tool (for loosening of the front cover)

 Polygrip 

 Toluol spirit

 Oil can with oil for plain ball and roller bearings 

 Lubricating grease, Lithium grease for ball and roller bearings in low temperature (–50 to 
+80 °C) (–58 to +176 °F) 

 Oil test equipment (for dielectric test according to IEC 60156) 

 Pure oil, volume acc. to section 3.3.3 (class II according to IEC 60296) 

 Clean and empty drums 

 Bucket 

 Rags 

 

 Nylon brush 

 Ohmmeter (0–50 Ohm) 

 Air pump with pressure gauge and connection to male thread R 1/8” (0–100 kPa) 

 Hand lamp 

 Spare parts set (see Spare Parts List)

 Protective gloves, oil-proof 

 Overhaul report form

 Overhaul instructions

 

 Pen 

 Slide caliper 

 Watch (with hand for seconds)

 Feeler gauge (0.4–1.2 mm)

 Small mirror

 Sealing tape
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3 Overhaul 

3.2 Procedure

The overhaul procedure includes the following points: 

 Oil testing and oil draining 

 Cleaning the on-load tap-changer

 

 Checking contacts 

 Checking the transition resistors 

 Checking the pressure relay 

 Checking the motor-drive mechanism 

 Operation test 

 Checking before closing 

 

 Putting into operation

3.3 Preparations

period of three hours is needed before energizing. To save out of service time of the 

the maintenance of the motor-drive mechanism is started.

3.3.1 On-load tap-changer position

Note the position of the on-load tap-changer to enable restart of the transformer in the right 
position.

3.3.2 Disconnection and earthing of the transformer

WARNING

Before any work is carried out on the on-load tap-changer:
Make sure that the transformer is disconnected on both sides and that earthing is 

Before starting any work in the on-load tap-changer the protective motor switch and 
the LOCAL/REMOTE switch must be set at ”0”.
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3 Overhaul 

3.3.3 Oil volumes

in the on-load tap-changer should be kept ready. The drums must be carefully cleaned and 
free from water. New oil should be of class II according to IEC 60296. 

NOTE: The volume of the oil conservator is not included.

UZE: 3-phase tank (Fig. 1):

UZE.. 200–250/... about 600 litres

UZE.. 380/... about 1100 litres

UZE.. 550-650/... about 1450 litres

UZF: 3-phase tank (Fig. 1) excl. oil conservator:

UZF.. 200–250/... about 500 litres

UZF.. 380/... about 900 litres

UZF.. 550-650/... about 1250 litres

Oil conservator for UZF made by ABB, oil volumes at 20 °C (68 °F)

UZF.. 200–250/... about 30 litres

UZF.. 380/... about 60 litres

UZF.. 550-650/... about 80 litres

occasion. A certain quantity of new oil, say 100 litres, should be kept ready to replace 
waste oil.

CAUTION

3.3.4 Recommended set of spare parts

 Fixed contacts (single) 

 Fixed contacts (double) (if any) 

 Moving main and switching contact unit (one per phase) 

 Moving transition contact unit (one per phase)

For information about spare parts, see the Spare Parts List.
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fm_00092 fm_00093

3 Overhaul 

3.4 Oil testing and oil draining

The tank of the on-load tap-changer is equipped with an oil valve placed on the side plate. 
For connection dimension, see the dimension drawing for on-load tap-changer.

WARNING

When oil that has been used in a selector switch compartment is pumped out, con-
ducting tubes and hoses that are earthed should be used to avoid the risk of explo-
sion due to the gases produced by the arcs during service.

Take an oil-sample from the oil valve and carry out the dielectric strength test according to 
IEC 60156 (between spherical calottes, distance 2.5 mm). 

The dielectric strength of the oil should not be allowed to be less than 120 kV/cm (30 kV 
measured in a gap, according to IEC 60156) for an on-load tap-changer in service. For new 

-

valve.

carefully cleaned oil drum. Connect the pump to the oil valve and drain the oil from the on-
-

If the oil conservator of the on-load tap-changer is common with the oil conservator of the 
transformer tank, close the valve in the pipe connection to the oil conservator and open the 
oil valve. After a while, open the air release valve.

Switching 
contact

Fixed contact 
(single)

Main and switching 
contact unit

Main contact

Transition 
contact unit

Fixed contact (double)

Fig. 3. Contact spare parts.
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3 Overhaul 

3.5.1 Cleaning the on-load tap-changer

WARNING

There is always a cushion of explosive gases over the oil surface. This is sucked into 

sparks may be present when the front cover is opened.

After draining, open the front cover of the tank of the on-load tap-changer and wash it clean 

WARNING

The hands or tools must be kept away from the contacts when making a manual  or 
electrical operation. The contact arm is operated by a spring battery and can cause 
severe damage.

After washing, wipe the inside of the on-load tap-changer clean with rags (not cotton waste). 
Carefully wipe off carbon residues from the epoxy mouldings.

corresponds to 40 kV measured in a gap according to IEC 60156.

into the on-load tap-changer.

3.6 Checking of breather

If the oil conservator has a dehydrating breather, and more than half of the drying agent has 
changed colour, it must be dried or replaced. For drying, see section 3.6.1.

The drying agent normally starts to change colour from the bottom of the breather. If it has 
changed colour at the top, there is a leakage in the connections to the conservator. Locate 
the leakage and seal it.

If the breather has an oil trap check the oil level.

WARNING

The breathers and the tube from the conservator contains explosive gases. No open 

If the on-load tap-changer is equipped with an air relief valve, (one-way breather) check it by 
applying air pressure to the outlet of the valve. No air leakage is allowed through the valve. If 
leaky, replace the valve. 

3.6.1 Drying of the drying agent

To replace the drying agent, proceed as follows:

Dismantle the breather and empty the agent.

Replace with new drying agent. Alternatively, dry the old agent by placing it on a net and 
putting it in an oven, temperature approximately +100 oC (+212 oF), until it changes colour 
again.

Fill the breather with drying agent. Clean the threads and apply sealing tape. Remount the 
breather.
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fm_00095

3 Overhaul 

3.7 Checking contacts

3.7.1 Contact alignment

Operate the on-load tap-changer by normal spring operation. Check that the moving main 

achieved, the contact blade might be loosened and turned within the clearance of the holes. 
Make this inspection both with falling and lifting contact arm. If the 1 mm still is not reached 
the shaft couplings have too much play and the worn details must be replaced. Check the 
tightening of the screws holding the contact blades with a dynamometric wrench. Tightening 
torque 15 Nm ± 10 %.

Check that the pins as well as the screws in the shaft couplings have not worked loose.

3.7.2 Moving contact

considerably worn, in order to minimize the wear of the new moving contacts. If the 
on-load tap-changer has only used a few positions during the period of operating, 
you may replace any worn contacts in these positions with unworn contacts from 
positions not used. 

Replace a moving contact when the diameter of its contact rollers is reduced to the diam-
eters given in table 1. Measure the diameter of each roller halfway between the roller ends. 
See Fig. 4. For contact replacement, see section 4.1.

Compare the measurement of the most worn roller with the diameters given in table 1.

Measure the roller diameter (d) here

Fig. 4. Moving contact arm.
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a

8 mm

a

A A

b
fm_00022

3 Overhaul 

load tap-changer to this position. Now all the rollers can be measured. 

When the measurement is done, operate the on-load tap-changer to another position and 

Table 1. Contact minimum dimensions.

Revision 
(according to recommendations on the rating plate)

Measure d (mm)

1

2

3

4

5

The base for the dimensions in table 1 is: At the same service conditions in the future, the 
contacts are not likely to be worn out before next overhaul.

CAUTION 

If the on-load tap-changer has exceeded 500 000 operations, the contacts must be re-
placed, due to weakening spring tension of the contacts.

3.7.3 Fixed contact with tips of copper-tungsten

Check the degree of contact burning and establish which side is most worn. Then check, 
on the most worn side of the contact, using a mirror, which surface (upper or lower part) is 
least worn. Measure the wear on this surface 8 mm up on the tip, according to Fig. 5. The 
contact may have to be loosened to make the measurement possible.

Most worn sideMeasure the ”a” value at 
this point

Least worn 
surface

View A – A

Fig. 5.
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b

a
fm_00023

A

3 Overhaul 

Replace the contact if worn beyond the limits stated in table 2.

Table 2. Contact minimum dimensions.

Revision 
(According to recommendations on 
the rating plate)

b = 34 mm 
Measure a (mm)

b = 27 mm 
Measure a (mm)

1 (2.5) (3.0)

2 (2.0) (3.0)

3 (2.0) (2.5)

4 (1.5) (2.5)

5 (1.5) (2.5)

The base for the dimensions in table 2 is: at the same service conditions in the future, the 
contacts are not likely to be worn out before next overhaul.

The values within brackets apply to situations of equal wear of the contact’s upper and lower 
surfaces (within ± 0.5 mm). 

As applicable, reinstall the old contacts or install new ones, according to instructions in sec-
tion 4.2 Fixed Contacts. Tightening torque 15 Nm ± 10 %.

3.7.4 Fixed contact made of copper

Check the degree of contact burning and establish which side is most worn. Then check, on 
the most worn side of the contact, using a mirror, which surface (upper or lower part) is least 
worn. Measure the wear on this surface 20 mm up on the contact, according to Fig. 6. The 
contact may have to be loosened to make the measurement possible.

Replace the contact if worn beyond the limits stated in table 3. 

Fig. 6.

Least worn surface

Most worn side View A - A
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fm_00100

Table 3.

Revision 
(According to recommendations on 
the rating plate)

b = 34 mm 
Measure a (mm)

b = 27 mm 
Measure a (mm)

1 (2.5) (5.0)

2 (3.0) (6.0)

3 (3.5) (6.0)

4 (4.0) (6.5)

5 (4.0) (6.5)

The base for the dimensions in table 3 is: At the same service conditions in the future the 
contacts are not likely to be worn out before next overhaul.

The values within brackets apply to situations of equal wear of the contact’s upper and lower 
surfaces (within ± 0.5 mm). 

As applicable, reinstall the old contacts or install new ones, according to instructions in sec-
tion 4.2 Fixed Contacts. Tightening torque 15 Nm ± 10 %.

3.8 Checking the transition resistors

Operate the on-load tap-changer to a position where the moving contacts are placed on 

Connect one of the cables from the ohmmeter to one transition contact and the other cable 
to the moving main switching contact, measure the resistance and proceed with the other 
phases. See Fig. 7.

Measure the resistance of each resistor and compare with values given on the rating plate. 
The values may not differ by more than 10 %.

Check that the resistors are undamaged.

Check that the screw joints for contacts, resistors, etc., have not worked loose.

3 Overhaul 

Fig. 7.

Measure the 
resistance here

and measure 
resistance here
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fm_00117

3 Overhaul 

3.9 Checking the pressure relay

3.9.1 Functional check of the pressure relay

1. Set the valve handle to the test position as shown on the information plate.

2. Connect the air pump and the pressure gauge to the test tap on the pressure relay. 
(Thread R 1/8”). 

3. Raise the pressure until the pressure relay trips the circuit breakers of the transformer.

4. Read the pressure on the manometer and check against the pressure stated on the 
information plate. Max. permitted deviation is ±10 %. If the deviation is greater, the 
pressure relay should be replaced.

5. Check that the signal disappears when the pressure is released.

6. 

3.9.2 Replacing the pressure relay

If replacement of the pressure relay is necessary, it is carried out according to the instruction 
in 1ZSE 5492-128, Repair Guide for UZE and UZF.

Information 
plate

Quick 
coupling

Valve handle 
(in service 
position)

Test tap 
(R 1/8’’)

Fig. 8. Pressure relay.
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3 Overhaul 

3.10 Checking of motor-drive mechanism

The motor-drive mechanism should be checked and lubricated at the same time as the on-
load tap-changer is overhauled. 

The overhaul includes the following points: 

Before disconnecting the power supply.

 Motor protection function 

 Earth fault protector (option)

 Counter function

After disconnecting the power supply.

 Heater function 

 V-belt tightness 

 Cable connections

 Tightness of the gland for the main shaft 

 Disc brake function 

 Starting contact movement 

 Position transmitter and other position switches

 Lubrication

Reconnect the power supply and make operation tests according to section 3.11.

3.10.1 Motor protection

The function of the protective motor switch has to be checked. For three-phase AC motors, 
remove one of the phase fuses and check the function time of the protective motor switch 
by a RAISE or LOWER operation. The protective motor switch must release within 60 sec-
onds at a current setting equal to the rated current of the motor at the actual voltage.

If the protective motor switch do not trip within 60 seconds, switch off the power and adjust 
the current setting. Repeat the test when the motor is cold.

WARNING

The motor power voltage is dangerous.

Protective motor switches for DC motors or single-phase AC motors are not tested.

3.10.2 Earth fault protector (option)

If the motor-drive mechanism is equipped with an outlet, the earth fault protector should be 
tested by pressing the test knob on the outlet.

3.10.3 Counter

Check that the counter functions at RAISE and LOWER operations.
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3 Overhaul 

3.10.4 Heater

Disconnect the incoming auxiliary power.

WARNING

Before starting any work inside the motor-drive mechanism, the auxiliary power must 
be switched off. 
 
N.B. The motor, contactors and heating element may be energized from separate 
sources.

Open the control panel.

functioning.

3.10.5 V-belt

Check that the V-belt is tight enough. If tightening is required, adjust the motor support. 
The tightness of the belt can be checked by a spring balance attached to the belt, halfway 
between the pulleys. At a 10 N load the belt should yield about 5 mm.

Fig. 9.

10 N

~ 5 mm

3.10.6 Cable connections

Check that all cable connections within reach are secure.

3.10.7 Gland for the main shaft

Check that the gland is tight.

No signs of oil leakage into the motor drive cabinet should exist.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 129 of 424



28 1ZSE 5492-123 en, Rev. 5
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3.10.8 Disc brake

a tolerance of ± 30 degrees. 

± 30 degrees are marked with single holes. The middle position of the brake is the centre of 
the brake roller.

The braking force can be adjusted by tightening the springs in the brake until the required 

too far and is on its way into the grooves of the geneva gear, oil or grease has probably 
entered into the brake linings and these must therefore be cleaned. 

The cleaning should be done as follows: 

Dismantle the springs on the brake. Dismantle the two screws holding the brake and remove 
the brake carefully together with the two brake blocks and the attached operating arm for 
the starting contact. The linings of the two brake blocks should be carefully cleaned by using 
toluol spirit or any degreasing agent.

When the brake is remounted adjust the starting contact according to the next paragraph.

3 Overhaul 

Springs

Operating arm

Flywheel

Brake block

Brake roller

Fig. 10. Brake with starting contact.

Screws 
Dismantle when 
removing the brake

Starting contact

Loosen when adjusting

Starting contact
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3 Overhaul 

3.10.9 Starting contact

Check that the play between the operating arm and the starting contact plunge is 

See Fig. 10.

3.10.10 Position transmitter and other position switches

Clean the contact plates and arms from dust and dirt with a dry cloth.

Check and adjust the resilience of the moving contacts in the multi-position switches.

The moving contacts in all positions, must have a clearance between the nut and the 
contact arm of 0.4–1.2 mm. Adjustment is made with the nuts on the moving contact. See 

Fig. 11. Contact arm play.

Moving contact

Geneva wheel

Contact arm

Contact plate

Contact arm

Fixed contact

0.8±0.4 mm
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3 Overhaul 

3.10.11 Lubrication

A. This point should be sparingly lubricated with oil. Use oil for plain ball and roller bear-
ings. 

B. The spur gears and the geneva wheel with the limit stops are sparingly lubricated with 
grease when necessary. Use Lithium grease for ball and roller bearings in low tempera-
tures (–50 to +80 °C). 

Other bearing points do not need lubrication.

lubricant.

Close the control panel and reconnect the incoming auxiliary power. Turn the selector-switch 
to LOCAL position and make the operation test according to section 3.11.

Fig. 12. Motor-drive mechanism, lubrication points.
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3 Overhaul 

3.11 Operation test

The rotary motion is transmitted from the motor-drive mechanism to the selector-switch 
through the gland box in the tank. A mechanical position indicator is provided in the motor-
drive mechanism and the position is given by the geneva gear. 

between contact arms and driving shaft is needed after mounting. 

limit positions. Check the limit stops by operating the on-load tap-changer to one of the end 
positions. When trying to operate it electrically beyond the end position, the motor should 
not start. Check the mechanical end stop by trying to hand crank it beyond the end position. 
After a couple of turns on the handcrank it should be mechanically stopped. Hand crank 
back to the end position (where the tap-changer in progress indicator is white). Operate 
the on-load tap-changer electrically to the other end position and repeat the test procedure 
above. Make sure that the on-load tap-changer operates with spring force.

WARNING

The hands or tools must be kept away from the contacts when making a manual  or 
electrical operation. The contact arm is operated by a spring battery and can cause 
severe damage.

Check the emergency stop by giving a RAISE or LOWER impulse and after about one sec-
ond press the emergency stop. The operation should be interrupted. Reset the emergency 
stop by turning the knob clockwise and switch on the protective motor switch. The started 
operation should now be completed.

Check the running-through protection with the step-by-step function disengaged. This is 

RAISE/LOWER switch engaged. The motor-drive mechanism should stop before the fourth 
-

tion. After the test reset the time relay by putting the LOCAL/REMOTE switch to ”0” and 

Check the step-by-step relay by keeping the RAISE/LOWER switch engaged in RAISE. The 
on-load tap-changer shall make only one step. Repeat the check in LOWER.

Check the function of the position transmitter and other multi position switches in all posi-
tions.

3.12 Closing

Before closing the front cover of the on-load tap-changer, make sure that no foreign objects, 
tools, wires, rags, etc., are left in the tank. The surface of the gasket towards the front cover 
might be greased to simplify future opening.

Close the front cover. Tightening torque for the dome nuts should be approximately 42 Nm.

3.13.1 Filling methods and restrictions

on-load tap-changer and the transformer tank is designed to withstand vacuum on one side 
and atmospheric pressure on the other side. It is not permissible to have vacuum on one 
side and the pressure of an oil column on the other side. 

Commissioning Guide for UZE and UZF.
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3 Overhaul 

3.13.2 Filling at atmospheric pressure

1. Open the conservator valve, if any.

2. Dismantle the pipe to the breather. Or, if simpler, take away the air relief valve or the 
dehydrating breather.

3. Connect the pump to the oil valve on the on-load tap-changer tank. Open the valve and 
pump in oil to the correct level shown on the oil level indicator. For correct oil level see 
section 3.13.3.         

4. Shut the oil valve and disconnect the pump.

5. Reassemble the pipe or the breather. The connections must be airtight, so use sealing 

When the transformer and the on-load tap-changer have a common oil conservator, you 

3.13.3 Correct oil level

(For installations where on-load tap-changer and the transformer tank have a common oil 
conservator the instructions for the transformer should be used).

For other temperatures than +20 °C (68 °F), proceed as follows:

 - For every 10 °C (18 °F) increase of temperature, adjust the oil level upwards a tenth of 
the scale range of the oil level indicator.

 - For every 10 °C (18 °F) decrease of temperature, adjust the oil level downwards a tenth 
of the scale range of the oil level indicator.

3.14 Waiting period

CAUTION

-
sure. This waiting period is needed to allow airbubbles to disappear.

3.15 Putting into operation

Operate the on-load tap-changer to the position noted in section 3.3.1. Put the LOCAL/RE-
MOTE switch to REMOTE. Reset the draghands. Make sure that no tools or foreign objects 
are left in the motor-drive cabinet. Close the door. Sign the revision protocol and give it to 
the engineer in charge and inform him that the on-load tap-changer is ready for energizing.
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4 Contact replacement 

4. Contact replacement

CAUTION 

ABB recommends that only maintenance engineers trained by ABB carry out contact re-
placement.

Fig. 13. Moving contact system design.

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 135 of 424



34 1ZSE 5492-123 en, Rev. 5

A

A

A  A
A – A

B

fm_00100

4 Contact replacement

Thereafter mount the new main contact unit and transition contact unit. Mount the main 
contact by tightening the two screws (D). The transition contact unit will be correctly posi-

bolts should be tightened according to Fig. 14. It is not necessary to use a torque wrench. 
The stated torques (in brackets) are guide values only.

4.1 Moving contacts

The transition contact unit and the moving main contact unit are delivered as assembled 
sets. When changing the moving contacts the whole unit must be replaced. 

First the transition resistors must be removed by loosening 2 bolts (A) (Fig. 14). Also remove 
4 bolts (B) at the other end of the contact arm. Then remove the complete transition contact 
unit by unscrewing the 2 bolts (C). The removal can be facilitated by bending with a screw-
driver. The moving main contact unit is removed by unbolting the 2 bolts (D).

CAUTION

Note the number and the positions of the washers and make sure the washers will be cor-
rectly remounted.

considerably worn, in order to minimize wear on the new moving contacts.

C (25 Nm)

D (10 Nm)

Moving main 
contact unit

A (25 Nm)

Transition contact unit

B (10 Nm)

Transition resistor

Fig. 14. Transition resistor and contacts.
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4.2 Fixed contacts

When mounting the new contact blades, the socket screws should be tightened by a torque 
of 15 Nm ± 10 %. Make sure the lock washers are mounted.

After replacing the contacts, operate the on-load tap-changer by normal spring operation. 

inspection should be made in all positions on all three phases and operation in both direc-
tions. If the 1 mm distance is not achieved, the contact blade might be loosened and turned 
within the clearance of the holes.

WARNING

The hands or tools must be kept away from the contacts when making a manual  or 
electrical operation. The contact arm is operated by a spring battery and can cause 
severe damage.

4 Contact replacement 

> 1 mm

Fig. 15. Main contact placement.
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5 Tap-changer on the transformer

5. Tap-changer on the transformer

5.1 Resistance measurement

If there are problems with too high restistance during measurement of the transformer, the 
tap-changer should be operated 10 cycles over all positions to clean the contacts.

Another cause for problems at resistance measurement may be too low measuring current. 
We recommend a measuring current of at least 50 A.
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6.1 General

product, it is recommended that local environmental regulations in each country are met. For 

6.2 On-load tap-changer tank

Material Amount

Steel 400–600 kg

Transformer oil 400–1100 kg

6.3 Active part

Material Amount

Steel 10–75 kg

Aluminium 5 kg

Copper and alloys 40–75 kg

Silver 25–50 g

Tungsten 0–1.5 kg

Epoxy resin 25–50 kg

Polyester resin 2 kg

Phenol resin laminate 0–100 kg

50–100 kg

Resistor wire (mainly copper and nickel 
alloys with small amounts of aluminium and 
manganese)

0.5–5 kg

6.4 Motor-drive mechanism

Material Amount

Steel 100 kg

Copper and alloys 5–10 kg

Silver 10–20 g

Plastics:
chlorsulphonded polyethylene
polyamide 
phenol resin laminate
polyester
PVC
carbonate plastic

Rubber:
nitrile rubber

CAUTION

they may cause pollution problems during de-commissioning, even in the small quantities 
used.
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On-load tap-changers, type UZE and UZF, 
with motor-drive mechanism, type BUF 3
Repair guide

1ZSE 5492-128 en, Rev. 4
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This document must not be copied without our written permission, and the 
contents thereof must not be imparted to a third party nor be used for any 

unauthorized purpose. Contravention will be prosecuted.
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Recommended practices
ABB recommends careful consideration of the following factors for service and repair 
work on on-load tap-changers. 

Do not repair an on-load tap-changer or motor-drive mechanism with a serious mechani-
cal or electrical fault without first consulting ABB. 

Before you start any work, make sure that the personnel doing the job have read and fully 
understood the Repair documents provided with the unit. 

To avoid damaging the unit, never exceed the operating limits stated in delivery docu-
ments and on rating-plates. 

Do not alter or modify a unit without first consulting ABB. 

Follow local and international wiring regulations at all times. 

Use only factory authorized replacement parts and procedures. 

WARNING, CAUTION and NOTE

WARNING

A WARNING provides information which, if disregarded, could cause injury or death.

CAUTION

A CAUTION provides information which, if disregarded, could cause damage to the equip-
ment.

NOTE: A NOTE provides additional information to assist in carrying out the work de-
scribed.

Safety precautions

WARNING

Before any work is carried out on the on-load tap-changer:
Make sure that the transformer is disconnected and that earthing is properly carried 

The relevant technical documents should be read and understood before any work is 
started, and the procedures in this document should be followed at all times.

Before starting any work in the on-load tap-changer the protective motor switch and 
the LOCAL/REMOTE switch must be set at ”0”.

Before starting any work inside the motor-drive mechanism, the auxiliary power must 
be switched off. 
 
N.B. The motor, contactors and heating element may be energized from separate 
sources.

The hands or tools must be kept away from the contacts when making a manual or 
electrical operation. The contact arm is operated by a spring battery and can cause 
severe damage.

CAUTION

ABB recommends that only service engineers with appropriate skills regarding on-load tap-
changers carry out the repairs.

-
placement.
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During service

WARNING

Small amounts of explosive gases will always come out from the breathing devices 

or sparks occur in the immediate surroundings of the breathing devices.

 If a failure in power supply occurs during operation, the operation will be completed 
when the power returns.

The hand crank must not be inserted during electrical operation.

If the on-load tap-changer is not in its exact position and the hand crank is pulled out, 
the motor-drive mechanism will start and go to the exact position if the power supply 
is on.

CAUTION

After a pressure relay trip, follow the instructions in the chapter ”Pressure Relay” in this 
Guide.

During oil handling

WARNING

Unused transformer oil is slightly harmful. Fumes from unused warm oil may irritate 
the respiratory organs and the eyes. After long and repeated contact with transformer 
oil skin becomes very dry. 
 
Used on-load tap-changer oil from diverter switch housings and selector switch 
housings contains harmful substances. Fumes are irritating to the respiratory organs 

-
genic. 
 
Avoid contact with the oil as much as possible and use oiltight protective gloves 
when handling the oil. 
 
First aid: 
Skin contact:  Wash the hands. Use skin cream to counteract drying. 
In the eyes:  Rinse the eyes in clean water. 
Swallowing:  Drink water or milk. Avoid vomiting. Call a doctor. 
 
Collect used oil in oil drums. 
 
Waste and cleaning up: Should be absorbed by an absorber. Treat it as hazardous to 
the environment. 
 

When oil that has been used in a selector switch compartment is pumped out, con-
ducting tubes and hoses that are earthed should be used to avoid the risk of explo-
sion due to the gases produced by the arcs during service.

The oil in the selector switch compartment may be hot. Be cautious!

There is always a cushion of explosive gases over the oil surface. This is sucked into 

sparks may be present when the front cover is opened.
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CAUTION

-
dration.

on-load tap-changer is not.

transformer tank is not.

Mounting of gaskets

CAUTION

-

Tightening Torque, in this guide.

CAUTION

-
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9 

1. Introduction

1.1 General

free operation. The only parts requiring maintenance are contacts that might need replace-
ment during the service life, the insulating oil and the motor-drive mechanism.

The design allows excellent access to all parts, making inspection and maintenance quick 
and simple.

transformer tank. The motor-drive mechanism is attached to the side of the on-load tap-
changer tank.

1.2 Repair categories

Repairs on the UZ range of on-load tap-changers fall into two categories: 

 Repairs. Repairs are to replace worn or end-of-service-life parts. 

 

 -
tunity. 

 

1.3 Serial number

Before consulting ABB for technical advice to assist with repairs or to order spare parts to 

NOTE: One of these serial numbers must be quoted in all correspondence and telefax 
messages, and during any telephone conversations with ABB. Failure to use the serial 
number may cause delays.
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1.4 Spare parts list

making repairs.

Connection to oil conservator

On-load tap-changer tank

Oil valve

Pressure relay

Terminals for 
conductors

transformer tank Front cover

Change-over 
selector

Fixed contact

system

Transition 
resistor

Cover for access to conductors,
UZF only

Fig. 1. On-load tap-changer.
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1.5 Maintenance guide

Inspection and overhaul of the UZ-type on-load tap-changer is carried out according to the 
-

1.6 Tightening torque

if not otherwise is stated in this guide.

Rating plate

Fig. 2. Location of rating plate.
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2. Trouble-shooting
This chapter mainly contains infomation used to locate a fault. Instructions for correcting the 
fault, replacement of parts etc. are contained in chapter 3, Repairs and Adjustments.

2.1 On-load tap-changer

Error condition

High oil level alarm. A rising oil level in the on-load tap-changer oil conserva-

changer and the transformer main tank.

in the Installation and Commissioning Guide and then 
rechecking some time later.

A lowering oil level in the on-load tap-changer may indi-

and Commissioning Guide then rechecking some time 
later.

2.2 Pressure relay

CAUTION

To take the transformer into service after a pressure relay trip without opening the front cover 
and carrying out a careful investigation of the active part, and repairing faults, if any, may 
cause severe damage to the on-load tap-changer and the transformer.

Error condition

The pressure relay has 
tripped during normal op-
eration.

Tools required:

 - Air pump

 -
 - Screwdriver

 -

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 154 of 424



 2 Trouble-shooting 

Error condition

After a pressure relay trip, the on-load tap-changer 

drained and the front cover opened. Faults, if any, 

are functioning properly, continue with the next step.

Carry out the insulation test of the pressure relay. 
Proceed as follows:

 Remove the cover of the relay housing. Disconnect 
from the terminals all wires coming from the control 

 Connect the pressure relay housing to earth. Short-

-
cuit from the terminals and reconnect the wires from 

 If the pressure relay does not withstand the electri-

3. Carry out the function test. Proceed as follows: 

a.  Set the valve handle to the test position as shown 
on the information plate.

Connect the air pump and the pressure gauge to 

c. Raise the pressure until the pressure relay trips the 

d. Read the pressure on the manometer and check 
against the pressure stated on the information 
plate. 

e. Check that the signal disappears when the pres-
sure is released.

f. 
handle to service position.
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Information plate

Connection nut

2.3 Motor-drive mechanism

2.3.1 Control system

Error condition

-

The position indicator gener-
ates no signal.

Check that the contact plate and arm on the  
multi-position switch are free from dust and oxide. 
Check the contact function with the moving contact 
arm in all positions. 

Check the resilience of the moving contact in the 

refer to section Position Transmitter and other Posi-

High oil level alarm.

-

highest position.

 If no signal, check the feeding to the measuring am-

Check that the signal reaches the position indicator.

Fig. 5. Pressure relay.
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Error condition

The on-load tap-changer 
performs more steps than 
ordered, or operates towards 
the end stop.

If the on-load tap-changer makes more than three 

the running through protection.

 Check the time setting or replace the relay.

-

3. 

Check that the raise and lower contactors function 
-

Check that the starting contact functions properly 

Check that the maintaining contact functions prop-
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2.3.2 Power system

Error condition

The three-phase motor runs 

on-load tap-changer changes 
position.

Reverse two of the phases of the incoming supply.

WARNING

Dangerous voltage!

2.3.3 Miscellaneous

Error condition

Corrosion and/or condensation 
in the motor-drive mechanism 

-
tenance Guide.

Water in the motor-drive 

Oil in the motor-drive mecha-

Contact ABB.
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Fig. 3. Circuit diagram

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 159 of 424



Fig. 4. Contact timing diagram
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 3 Repairs and adjustments 

3. Repairs and adjustments
For Contact replacement

For Adjustment of Disc Brake

For Replacement of Gasket between on-load tap-changer tank and Transformer 
tank see Installation and Commissioning Guide.

3.1 Replacement of gasket between insulating board and selector switch unit

3.1.1 General

UZE and UZF on-load tap-
changers.

CAUTION

3.1.2 Tools required

 

 

 Electric drill, set of drills

 

 

 

 

3.1.3 Material and spare parts required

 

 

 

 

 

 Ethylacetate or similar solvent 

 

 Single-phase diagram valid for the actual on-load tap-changer 

 

 Brush for application of adhesive 

 Gasket

 

 Brush for grease 

 

 

 Tools and materials for draining transformer oil according to the transformer documen-
tation.
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3 Repairs and adjustments

3.1.4 Procedure

CAUTION

rain.

the documentation for the transformer. 

Drain the oil from the on-load tap-changer. Use the pump and clean, empty, drums. 

3. 

NOTE: Be careful with the gasket when removing the cover.

Take care of shims, if any.

Disconnect the conductors of the transformer side of the phase unit. On UZF through 
the connection cover on the roof of the tap-changer tank. On UZE through some man-
hole on the transformer.

Unscrew the nuts of the clamps that holds the phase unit.

NOTE: If a stud bolt is broken, the rest has to be drilled out and the hole has to be 
rethreaded (M16).

9. 
wedges. 

-

wetting the glue. Do this carefully and give the solvent time to dissolve the glue. If this is 

remove all residues of the gasket and make the surfaces quite free from glue and oil. 

glued will remain dry during the gluing process. 

moulding, and fasten them temporarily to the screws with tape. The distance pieces are 

 -
 -

gluing.
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 3 Repairs and adjustments 

 -  The glue is spread over the joint surfaces on the moulding. Then glue is spread over 

surfaces on the moulding.

 -

CAUTION

-

 -

 -

 -

NOTE: Do not retighten the nuts.

-

screwed in equally.

This gasket is not glued. The gasket surface against the cover is coated with grease to 

3-phase unit

Fig. 6. Mounting of gaskets.
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1)  The  shaft must be pushed as much as possible
      in the direction shown by the arrow 

Shaft
1)  

Min. 0 mm

Min. 2 mm Min. 0,1 mm

Epoxy moulding

Current collector

Shaft

Presspahn washer for 
axial play adjustment

Washer/shim

Coupling

3 Repairs and adjustments 

for the transformer. 

-
nance Guide.

3.2 Replacement of gaskets between barrier board of steel and selector switch unit

3.2.1 General

 -
 - Polyvinylacetate adhesive is not needed.

 -
-

3.3 Replacement of front cover and top cover gaskets

3.3.1 General

This instruction guides you on how to attend to an oil leakage.

3.3.2 Tools required

 

 

Fig. 7. Play check/adjustment.
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 3 Repairs and adjustments 

3.3.3 Material and spare parts required

 

 Clean and empty drums

 

 

 

3.3.4 Procedure

Replacement of front cover gasket: Drain the on-load tap-changer. For information 

transformer documentation.

WARNING

The cover for access to conductors on top of UZF tank may be opened only after 
draining the transformer main tank.

3. 

Clean the gasket surfaces. Replace the gasket with a new one. 

The gasket is not glued. The gasket surface against the cover is coated with grease to 

-
ing snags against the cover in order to ensure potential connection of the top cover.

-
tenance Guide or the transformer documentation.

3.4 Changing the end stops in motor-drive mechanism

3.4.1 General

This instruction explains how to reduce the regulating range of the on-load tap-changer.

CAUTION

not

3.4.2 Tools required
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1

3

5
7

9 11
13

15

17

3.4.3 Material and spare parts required

Each end stop consists of:

 

 

3.4.4 Procedure

Change the lower end stop in the following way: 

 -
 -
 -

and mount the extra stop screw.

3 Repairs and adjustments

Socket head cap 

Pivoting arm

Indicating plate 

Protection plate

Pivoting arm

Fig. 9.

Pivoting arm 

Stop screw

Upper end stop

Fig. 8.
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 3 Repairs and adjustments 

Change the upper end stop in the following way:

 -
 -
 -

and mount another extra stop screw.

3. Operate the motor-drive mechanism using the hand crank and check that the mechani-
cal end stops work and with motor operation that the electrical limit switches work in 

Upper end stop

Stop screw

Pivoting arm
Stop screw

Upper end stop

Stop screw

Pivoting arm Stop screw

Fig. 12.

Fig. 10.

Pivoting arm

Stop screw

Stop screw

Upper end stop

Fig. 11.
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3.5 Replacement of maintaining contact

3.5.1 Tools required

 Normal set of screwdrivers

 Electric drill

 Drill Ø 3 mm

 Hammer

 

3.5.2 Spare parts required

 

 

3.5.3 Procedure

3. Shift the conductors from the old switch to the new one.

CAUTION

-
ing the old switch.

3.6 Replacement of pressure relay

3.6.1 General 

CAUTION

3.6.2 Tools required

 Screwdriver 

 

3 Repairs and adjustments
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 3 Repairs and adjustments 

3.6.3 Spare parts required

 Pressure relay 

 

3.6.4 Procedure

Replacement of pressure relay:

WARNING

Disconnect all power sources before any work is carried out. Check that the power is 
disconnected by using a Voltmeter.

3. 
pressure relay.

9. 

Connection nut

Three-way 
valve handle

Quick coupling

Fig. 13. Pressure relay

Information 
plate

Pressure relay
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On-load tap-changers, type UZE and UZF, 
with motor-drive mechanism, type BUF 3
Spare parts list

1ZSE 5492-132 en, Rev. 1
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This document must not be copied without our written permission, and 
the contents thereof must not be imparted to a third party nor be used 

for any unauthorized purpose. Contravention will be prosecuted.
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Before you order

WARNING, CAUTION and NOTE

WARNING

A WARNING provides information which, if disregarded, could cause injury or death.

CAUTION

-

NOTE: A NOTE provides additional information to assist in carrying out the work de-
scribed.

Safety precautions

WARNING

This documentation is intended for procurement of spare parts only. 
 
Only personnel familiar with repairs of transformers and accessories should carry out 
replacement of parts. Electrical and other safety regulations at the repair site must be 
strictly adhered to.
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7 

1. Introduction

1.1 Type designation and serial number

1.2 Item number

-

1.3 Name of item

1.4 Quantity

1.5 Remarks
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Fig. 1. General arrangement of On-Load Tap-Changer, type UZF.

Connection to oil conservator

On-load tap-changer tank

Oil valve

Front cover

Moulding

Change-over 
selector

system

resistor

UZF only
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2. Spare parts for on-load tap-changer

2.1 Three-phase assembly

Item 
No.

Name of item Quantity per 
tap-ch. phase

Remarks

103 3 1
118 1

Selector-switch phase            
10

10

18     

133   1
133   1
133   1
133   1     
136 

136   
136   
136   
136   
136  
137   
137   
137   

66

screws

160  
 

 

Shield                       
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Fig. 2. Three-phase assembly.
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2.2 Selector-switch phase

Item No. Name of item Quantity per 
tap-ch. phase

Remarks

101 Body 3 1 See pages 16, 17

1
111 3 1

117a 
1

117c 1
117d 1

Selector switch 
phase

1

1
1  
1  
1
1  
1  
1  
1  
1   
1  
1

3 1
3 1

161 3 1
161 6

Shield
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Fig. 3. Selector-switch phase.
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2.3 Geneva gear

Item 
No.

Name of item Quantity 
per tap-
changer 
phase

Remarks

118 1
118 1
118 1  
118 1   
118 1
118 1   

1
1  
1  
1  
1  
1   
1
1  
1  
1  
1  
1  
1  

1   

Change-over arm 1  
Change-over arm 1   
Crank arm 1

163 Bearing 1
Shield
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Fig. 4. Geneva gear.
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Item 
No.

Name of item Quantity per 
tap-ch. phase

Remarks

101 3 1
101 -”- 3 1
101 -”- 3 1
101 -”-   3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1
101 -”- 3 1

contact
see 

page 
17

see 

page 
17

-”-
    -”-

-”-
   -”-
    -”-
    -”-

-”-
     -”-
     -”-

-”-
    -”-
    -”-
      -”-
106

contact
-”-

106 -”-
    -”-
106 -”-
     -”-
     -”-
116

selector
6

see 

page 
17

see 

page 
17168

166-
168

 

 7

 18 6

 30 10
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No. 
of 
pos.

Quantity per phase 1)

UZEL, UZFL 
Item No.

UZER
UZFR
Item No.

UZED
UZFD
Item No.

UZER, UZED
UZFR, UZFD
Item No.

106 106 166-
168

1
7 7 7 3 7 1 6 1 6 13

7      1 6   1 6   
11      11 11      7      7     1 6   1   6
13     13       13    7        6      3     10    3 1    6

6       10 3    
17     17     17       11   6         7        10     7 3   

7 3     7 3
11   1   
11   1   11   1
10 8 18 36

3   10   
3   3

31 16   1    –   –
33 16   1   – –

Fig. 5.
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2.5 Moving contact details

Item 
No.

Name of item Quantity per 
tap-ch. phase

Remarks

107 Arm                     3 1
3 1
3 1
3 1
3 1
3 1

3 1  

pos

pos
3 1

3 1  

 

 

pos
3 1

3 1

3 1

3 1
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Fig. 6. Moving contact details.
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Item Name of item Quantity per 
tap-ch. phase

Remarks

3 1 

3 1

3 1

3 1

3 1

171
6

Bracket                     3 1
173- 6

176-  6

180 6
181-
183

6
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Fig. 7. Moving contact details.
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2.6 Gaskets

Item No. Name of item Quantity per 
tap-ch. phase

Remarks

131 3 1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
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Fig. 8. Gaskets.
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2.7 Accessories

Item No. Name of item Quantity per 
tap-changer 
phase

Remarks

1
1
1

Oil valve 1
Oil valve 1
Oil valve 1
Oil valve 1

1

conservator
Cover 1
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2.8 Recommended set of spare parts

-

 

 

 

 

 

Fig. 9.
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3. Spare parts for motor-drive mechanism BUF3

3.1 Mechanical and electrical details

Item No. Name of item Quantity Remarks
1 Control selector-switch 1

1
3 1

1
Starting contact 1

6 1
7 1
8 1
11 Interlocking switch 1

1
13 1

Position transmitter 1
1
1
1
1
1
1
1
1
1

36 1
37 1
83 1

1
86 Step switch 1
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Fig. 10. Mechanical and electrical details.
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Item No. Name of item Quantity Remarks
Inspection window 1
Control panel 1

1
Air vent

1
1
1

Screw Upper and lower limit

1
Pivoting arm 1

1

Chain wheel 1
Chain 1

1
1
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Fig. 11. Mechanical and electrical details.
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Item No. Name of item Quantity Remarks
1
1
1
1

Spring energy storage device 1
1
1

Fly wheel 1
1

Belt disc 1
1
1
1
1
1

Hand cranc 1
Cam wheel 1

1
1
1
1
1

Oil seal
O-ring 1
Chain wheel 1
Brake shoe 1
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Fig. 12. 
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Item No. Name of item Quantity Remarks
1

-”- 1
-”- 1

1
and 86

-”- 1
1

Cam disc 1
Front plate 1
-”- 1

1
Spring 1

1
Cover plate 1
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Fig. 13.
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3.2 Recommended set of spare parts
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ABB AB 

Components

 

 

 

 

www.abb.com/electricalcomponents
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On-load tap-changers, type UZ
Technical guide

1ZSE 5492-104 en, Rev. 9
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This Technical Guide has been produced to allow transformer manufacturers, and their designers 
and engineers, access to all the technical information required to assist them in their selection of 
the appropriate on-load tap-changer and motor-drive mechanism. The guide should be used in 
conjunction with the Selection Guide and the Design Guides, to allow the optimum selection to be 
made. 

The technical information pertaining to on-load tap-changers and motor-drive mechanisms manu-
factured by ABB has been divided and is contained in separate documents, with one document for 
each type. 

The information provided in this document is intended to be general and does not cover all possible 
applications. Any specific application not covered should be referred directly to 
ABB, or its authorized representative.

ABB  makes no warranty or representation and assumes no liability for the accuracy of the informa-
tion in this document or for the use of such information. All information in this document is subject to 
change without notice.

Manufacturer’s declaration

The manufacturer ABB Power Technologies AB

 Components

 SE-771 80  LUDVIKA

 Sweden

Hereby declares that

The products On-load tap-changers

 types UZE and UZF

 with motor-drive mechanism

 type BUF 3

comply with the following requirements:

By design, the machine, considered as component on a mineral oil filled power transformer, 

complies with the requirements of 

• Machinery Directive 89/392/EEC (amended 91/368/EEC and 93/44/EEC) and 93/68/EEC 

(marking) provided that the installation and the electrical connection be correctly realized 

by the manufacturer of the transformer (e.g. in compliance with our Installation Instructions)   

and

• EMC Directive 89/336/EEC regarding the intrinsic characteristics to emission and immunity 

levels and

• Low Voltage Directive 73/23/EEC (modified by Directive 93/68/EEC) concerning the built-in 

motor and apparatus in the control circuits.

Certificate of Incorporation:

The machines above must not be put into service until the machinery into which they have 

been incorporated have been declared in conformity with the Machinery Directive.

 Date  2003-01-15

 Signed by .........................................................................

   Folke Johansson

 Title  Manager of Division for Tap-Changers
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L37037 L37023

L37036 L37024

General Information
The UZ types of on-load tap-changers operates ac-
cording to the selector switch principle, that is, the tap 
selector and diverter switch functions are combined in 
one.

The UZ types of on-load tap-changers are mounted 
on the outside of the transformer tank. All of the equip-
ment necessary to operate the tap-changer is con-
tained in a single compartment, with the motor-drive 
mechanism attached to the outside. 

Because the UZ types are designed for mounting on 
the outside of the transformer tank installation proce-
dures are simplified and the overall size of the trans-
former tank can be reduced. 

Standard tanks are designed for the UZ types. The 
standard tanks have a number of standard flanges to 
get great flexibility for accessories. Standard acces-
sories are pressure relay and oil valve. See Figs. 1a 
and 1b. A great number of extra accessories can be 
ordered. See Figs. 2a and 2b.

As a design option, the UZ types can be supplied 
without the tank. This gives the transformer manufac-
turer the flexibility to design the tap-changer tank as 
an integral part of the transformer tank.

The oil should be of class II according to IEC 60296.

Fig. 1a. On-load tap-changer type UZE 
with standard accessories.

Fig. 1b. On-load tap-changer type UZF 
with standard accessories.

Fig. 2a. On-load tap-changer type UZE 
with extra accessories.

Fig. 2b. On-load tap-changer type UZF 
with extra accessories.
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Pressure relay

Selector switch 
unit

Test connection

Test valve

Fig. 3. Design principle of on-load tap-changer type UZF

Attachment flange 
to transformer tank

Terminal

Oil valve

On-load tap-changer tank

Earthing terminal

Change-over 
selector

Fixed contact

Moving contact 
system

Transition 
resistor

Shielding-ring

Insulating shaft

Connection to
oil conservator

Cover for access
to conductors Lifting eye

Motor-drive 
mechanism

Geneva gear

Connection 
for oil filter 
unit

Front cover

Gasket
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L036257

Design Principles

On-Load Tap-Changer
The tap-changer is built-up by using single-phase 
units, each identical, mounted in the openings on 
the rear of the compartment. Each single-phase unit 
consists of an epoxy-resin moulding, a selector switch, 
transition resistors and, in most cases, a change-over 
selector.

Epoxy-Resin Moulding

The one-piece moulding provides a bushing between 
the transformer and the tap-changer. The conductors 
are moulded into position to connect the fixed con-
tacts to the terminals for connection to the transformer 
windings. Also moulded into the unit are bearings for 
the selector switch and the change-over selector. 

The terminals on the moulding are numbered accord-
ing to the schematic diagrams, see the section ”De-
sign, Installation, and Maintenance” contained in this 
Guide. 

Fig. 5. Moving contact system.Fig. 4. One phase of an on-load tap-changer type UZ.

Selector Switch

The selector switch consists of fixed contacts and a 
moving contact system. 

The fixed contacts are mounted onto a bracket which 
is screwed onto the terminals previously moulded into 
the epoxy-resin moulding. Each fixed contact has on 
each side two contact paths, one for the main moving 
contact and one for the moving switching contacts.

The moving contact system consists of the main 
contact, the main switching contact and two transition 
contacts. The system is built as a rigid unit rotated by 
a common drive-shaft. In the service position the load 
current is carried by the moving main contact, which 
consists of two contact fingers, pressed onto the fixed 
contact by springs. The moving switching contacts and 
the transition contacts are made as rollers, see Fig. 
5, which move over the knife-like fixed contacts.  The 
making and breaking takes place between the fixed 
and moving switching contacts. 

The switching contacts are made of copper/tungsten, 
or in the case of tap-changers for lower currents, the 
contacts are made of copper. 
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Fig. 7.

Transition Resistors

The resistors are made from spirally wound wire 
mounted on insulating bobbins. They are connected 
between the moving main contact and the transition 
contacts. 

Change-over Selector

The change-over selector is used for reversing the 
regulating winding or for changing connection in the 
coarse/fine regulation. 

The selector consists of a moving contact and two 
fixed contacts. The moving contact is fixed to a shaft 
and is supported by a bearing in the moulding. The 
current is carried by the four contact fingers of the 
moving arm, and transferred to the fixed contacts. The 
change-over selector does not make or break the cur-
rent during operation.

Fig. 6. Selector switch.

Geneva Gear

The Geneva gear principle is used to change a rotary 
motion into a stepping motion. Drive is transmitted 
directly from the motor-drive mechanism to the Ge-
neva gear. The Geneva gear operates the selector 
switch and the change-over selector. The Geneva gear 
is also used to lock the moving contact system when it 
is in position. The gearing mechanism is maintenance-
free.
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Tap-Changer Tank

A standard tank is designed for each size of UZE and 
UZF. The standard tanks have a number of standard 
flanges intended for a great variety of accessories. 
Flanges that are not used are mounted with greyblue 
covers. Adapter flanges can be bolted on if the sizes 
of the standard flanges not are suitable.

Standard accessories are pressure relay and oil valve. 
A great number of extra accessories can be ordered. 
Dimensions and accessories for the tap-changer tanks 
are shown on pages 28 to 31.

The tap-changer tank can be bolted (standard) or 
welded to the transformer tank.

A non-standard tank can also be ordered, but to a 
higher price and a longer delivery time than the stan-
dard tank.

When the on-load tap-changer operates, arcing oc-
curs in the tap-changer. To avoid contamination of 
the transformer oil, the tap-changer is housed in its 

Oil Conservator

Normally the oil compartment of the tap-changer shall 
be connected to a conservator, separated from the 
oil of the transformer. If the transformer oil is to be 
supervised by gas-in-oil analyses, the conservator for 
the tap-changer oil should have no connection to the 
conservator of the transformer on either the oil or the 
air side.

For use on a sealed tank transformer a special version 
can be supplied, in which UZE includes the volume 
needed for oil expansion, an oil level indicator and a 
breather. UZF needs an own conservator, which can 
be supplied mounted on the top of the tap-changer 
tank.

The oil pressure difference between the transformer 
and the tap-changer should not exceed 25 kPa or 2.8 
m oil column. If the pressure difference is between 25 
and 70 kPa a reinforced barrier should be ordered. For 
the version for sealed tank transformers the pressure 
difference is allowed to be up to 70 kPa (10 Psi) and 
for that version the reinforced barrier is delivered.

The set point for the pressure relay connected to the 
UZ tank is normally 50 kPa (7 Psi). Pressure relay with 
100 kPa set point is an option. If the tap-changer has 
a one-way breather its opening pressure must be 
considered when choosing the pressure relay. For 
further information, see page 27 or instruction 1ZSE 
5492-151.

own tank separated from the transformer oil. All com-
ponents that make and break the current during the 
operation of the tap-changer are located in the tap-
changer tank. 

The tap-changer tank is separated from the trans-
former tank by a vacuum-proof barrier, designed to 
withstand a maximum test pressure of 100 kPa, at a 
maximum of 60 °C. The barrier and the gasket are oil-
tight, which means that they are designed and routinely 
tested for a permissible air leak at each leak location 
of 0.0001 cm3/s, at a pressure difference of 100 kPa 
and a temperature of 20 °C. This safely guarantees the 
contaminated tap-changer oil to remain separated from 
the transformer oil. It should be noted that the barrier 
has not been designed to allow for a simultaneous 
over-pressure on one side, and vacuum on the other. 
All models are supplied with an oil valve, for filling and 
draining.

Fig. 8b. UZF standard tankFig. 8a. UZE standard tank
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Special Applications

ABB should be consulted for all special application 
tap-changers, such as transformers for use with arc-
furnaces, converters, phase-shifting transformers and 
shunt reactors. 

Accessories for the Tap-Changer

Accessories for the tap-changer are shown on dimen-
sion prints on pages 30 and 31.

For accessories available for the tap-changer, consult 
ABB.

Motor-Drive Mechanism
The motor-drive mechanism provides the drive to al-
low the tap-changer to operate. As the name implies, 
drive is provided from a motor through a series of 
gears and on to a spring energy storage device, which 
when fully charged, operates the tap-changer via a 
drive shaft. Several features are incorporated within 
the mechanism to promote long service intervals and 
reliability. 

For a detailed operating description, see the section 
”Principles of Operation” contained in this guide. 

Accessories for the Motor-Drive Mechanism

Accessories for the motor-drive mechanism are de-
scribed on pages 19-20.

Motor-Drive Mechanism Cubicle

The cubicle is manufactured from steel and is welded 
to the outside of the tap-changer tank. The door, which 
can be padlocked, forms a cap around the mechanism 
to allow easy access to all the working parts. Vents, 
with filters, and a heater are fitted to ensure that the 
mechanism remains operative in varied climates.

Degree of Protection

The motor-drive mechanism has passed a test for IP 
56 according to IEC 60529 (protected against dust 
and powerful water jets).

Fig. 9. Motor-drive mechanism
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Principles of Operation

On-Load Tap-Changer 

Switching Sequence 

The switching sequence is designated the symmetri-
cal flag cycle. This means that the main switching con-
tact of the selector switch breaks before the transition 
resistors are connected across the regulating step. 
This ensures maximum reliability when the switch 
operates with overloads. 

At rated load the breaking takes place at the first cur-
rent zero after contact separation, which means an 
average arcing time of approximately 6 milliseconds at 
50 Hz. The total time for a complete sequence is ap-
proximately 50 milliseconds. The tap change operation 
time of the motor-drive mechanism is approximately 3 
seconds per step. 

Selector Switch

The switching sequence when switching from position 
1 to position 2 is shown in the diagrams of Figs. 10a-e 
below. The moving contact H is shown as one contact 
but consists in fact of two, the main contact and the 
main switching contact. The main contact opens be-
fore and closes after the main switching contact.

Fig. 10a.

Position 1. The main contact H is carrying the load 
current. The transition contacts M1 and M2 are open, 
resting in the spaces between the fixed contacts. 

Fig. 10b.

The transition contact M2 has made on the fixed contact 
1, and the main switching contact H has broken. The 
transition resistor and the transition contact M2 carry 
the load current.

Fig. 10c.

The transition contact M1 has made on the fixed contact 
2. The load current is divided between the transition 
contacts M1 and M2. The circulating current is limited by 
the resistors. 

Fig. 10d.

The transition contact M2 has broken at the fixed con-
tact 1. The transition resistor and the transition contact 
M1 carry the load current.

Fig. 10e.

Position 2. The main switching contact H has made 
on the fixed contact 2. The transition contact M1 has 
opened at the fixed contact 2. The main contact H is 
carrying the load current. 

For plus/minus and coarse/fine switching, the change-
over selector is used.
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Change-over Selector for Plus/Minus 
Switching 

The switching sequence, when the change-over selec-
tor R changes over for plus/minus switching, is shown 
in the diagrams of Figs. 11a and 11b. The contact arm 
of the selector switch has reached the fixed contact 
12 after switching from the fixed contact 11. The fixed 
contact 12 is wide enough to cover the whole distance 
between two positions of the selector switch. It is con-
nected to the end of the main winding. 

Fig. 11a: The contact arm of the selector switch has 
travelled on to the contact 12, and the change-over 
selector R is in off-load condition. The load current 
goes directly from the main winding through the 
contact 12 and out through the current collector at the 
centre of the contact arm. The upper end of the regu-
lating winding is still connected to the main winding. 
This is the service position.

Fig. 11b: The contact arm of the selector switch has 
travelled further on the contact 12 without any break-
ing or making of the current. At the same time the con-
tact arm of the change-over selector R, has travelled 
from contact B to contact C, through which the lower 
end of the regulating winding has been connected to 
the main winding. This is called a through position, 
see Through Positions.

Fig. 11a. Service position

Fig. 11b. Through position

Through Positions

A so called ”Through Position” is a position the tap-
changer has to pass without changing the ratio of the 
transformer. Figs. 11a-b shows how the change-over 
selector is operated, while the selector moves over the 
double fixed contact. The extra position has the same 
number on the scale of the position indicator, together 
with a letter, e.g. 12A. There might be need for more 
through positions over the operating range if the num-
ber of taps of the winding is less than the number of 
mechanical positions of the selector. The motor-drive 
will automatically pass the through positions.

Change-over Selector for Coarse/Fine 
Switching 

The mechanical switching is exactly the same as for 
the plus/minus switching, the electrical switching is 
different however. The change-over selector connects 
or disconnects the coarse winding.

Coarse/Fine Regulation Leakage Inductance 
Switching

When changing from the end of the fine winding to 
the end of the coarse winding with resistor type tap-
changers, a high leakage inductance can be set up 
with the two windings in series opposition. This can 
cause a phase shift between the switched current 
and recovery voltage of the selector switch and result 
in extended arcing of the switch and should be lim-
ited. The leakage inductance shall be specified in the 
ordering data sheet. If there are questions regarding 
leakage inductance switching or the value to be speci-
fied, please contact ABB.
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Operational Description

Drive is via a V-belt from the motor transmitted 
through a system of spur gears to the drive pin of 
the cam wheel. The spring energy storage device is 
charged by this pin.

During the rotation the cam wheel drive pin tensions 
the springs. When the drive pin reaches its lowest po-
sition on the cam wheel the springs are released, and 
with the assistance of the flywheel, the drive is trans-
mitted to the outgoing drive shaft and the driving disc.

The driving disc operates the Geneva gear within the 
tap-changer. The flywheel is stopped by a disc brake, 
which also operates the starting contact. 

The outgoing drive shaft, via a chain, drives the Ge-
neva gear of the indicating device. The indicating de-
vice consists of the mechanical position indicator, the 
mechanism for operating the electrical and mechanical 
limit stop, and the position transmitter. 

The maintaining contact is operated by the cam wheel.

Motor-Drive Mechanism

Fig. 12.

Motor

V-belt

Limit switch

Outgoing drive shaft

Driving disc

Mechanical limit stop

Cam wheel

Spur gears

Maintaining contact

Drive pin

Flywheel

Disc brake

Indicating device

Spring energy storage device
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fm_00286

fm_00287

Fig. 13. Circuit diagram (shows position 1)
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CONTACT POS. POS. POS. POS.LOWER OPERATIONRAISE OPERATION

(MBB)

(BBM)

LOWER
LIMIT
POS.

UPPER
LIMIT
POS.

T1 STARTING RANGE

T2 SPRING CHARGING STARTS

T3 SPRING RELEASE

T4 SELECTOR SWITCH OPERATES

T5 STOPPING RANGE
T1 T2 T3 T4 T5

n+1 n-1nn

n-1     n    n+1

n-1     n    n+1

-S11

-S12

S14

S15

-S6.1

-S6.2

~0.3s ~0.7s ~1.4s ~0.3s ~0.2s

fm_00298

Fig. 14. Contact timing diagram

Note: The numbered references under the follow-
ing sections are to the circuit diagram in Fig. 13 
and the contact timing diagram in Fig. 14. 

Local Control

Control selector switch (S1) in position LOCAL. Raise 
impulse is given by control switch (S2). Contactor (K2) 
is thereby energized and will remain so by starting 
contact (S11:1-2) and its own holding contact. The 
motor (M1) starts running and soon the maintaining 
contact 
(S12:3-4) closes and takes over control of the motor 
contactor (K2). The brake is released and the start-
ing contact (S11:1-2) opens. The springs are set and 
will be released when fully charged, and operate the 
tap-changer. Maintaining contact (S12:3-4) opens and 
the contactor disconnects the motor. The brake is ap-
plied, the starting contact (S11:1-2) closes and the tap 
change operation is completed. The lowering opera-
tion is carried out in a similar manner.

Remote Control

Control selector switch (S1) in position REMOTE. 
The signal for the operation is then received from the 
control circuits for raise and lower impulses connected 
to terminals as shown in Fig. 13. Local operation is not 
possible when switch (S1) is in position REMOTE, and 
remote operation is not possible in position LOCAL.

Through Positions
A so called ”through position” is a position the tap-
changer has to pass without changing the ratio of the 
transformer. These positions are passed automatically. 
The continuation contact (S15) bridges the main-
taining contacts (S12:3-4 and S12:1-2) via auxiliary 
contacts on raise contactor (K2) at through positions. 
In this way the contactor (K2) raise, or (K3) lower, is 
kept energized and the motor will automatically make 
another operation.

Step-by-Step-Operation
Step-by-step relay (K1) connected so that only one 
tap change operation is obtained each time the raise/
lower switch is operated.

Protection against Running-Through
A relay (K6) stopping the motor-drive mechanism in 
case of a failure of the step-by-step control circuit 
which would cause a running-through of the motor-
drive mechanism. The relay energizes the trip coil in 
the protective motor switch (Q1).

Contact Timing
The contact timing diagram, Fig. 14, shows the con-
tact sequences for one change of tap position for raise 
and lower directions.
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Characteristics and Technical Data

On-Load Tap-Changer 

Type Designation
  U Z  .  .  .  XXX/YYY
Type
E Insert upright
F Insert inclined

Type of switching
L  Linear
R Plus/Minus
D Coarse/Fine

Type of connection
N Three-phase star point
T Three-phase fully insulated
E Single-phase (option)

Impulse withstand voltage
200 kV, 250 kV, 380 kV, 550 kV, 650 kV

Maximum rated through-current
150 A, 300 A, 600 A

Number of positions
Linear switching: max 17 positions
Plus/Minus switching: max 33 positions
Coarse/Fine switching: max 29 positions

Fig. 15. Example of rating plate

Rated Phase Step Voltage

The maximum allowable step voltage is limited by the 
electrical strength and the switching capacity of the 
selector switch. It is therefore a function of the rated 
through-current as shown in Figs. 16 and 17 below.

Rated Through-Current

The rated through-current of the tap-changer is the 
current which the tap-changer is capable of transfer-
ring from one tapping to the other at the relevant rated 
step voltage, and which can be carried continuously 
whilst meeting the technical data in this document.       

The rated through-current determines the dimension-
ing of the transition resistors and the contact life.

The rated through-current is stated on the rating plate, 
Fig. 15.

Rating Plate

Fig. 16.

 Step voltage

 Tap-changer with: max 11 positions, linear
 max 23 positions, plus/minus
 max 23 positions, coarse/fine 

Fig. 17.

 Step voltage

 Tap-changer with: 13–17 positions, linear
 25–33 positions, plus/minus
 25–29 positions, coarse/fine 

The type tests include:
• Contact temp. rise test
• Switching tests
• Short-circuit current test
• Transition impedance test
• Mechanical tests
• Dielectric test

The routine tests include:
• Check of assembly
• Mechanical test
• Sequence test
• Auxiliary circuits insula-

tion test
• Vaccum test
• Final inspection

Rated through-current

Standards and Testing

The UZ types of on-load tap-changers fulfill the requi-
rements according to IEC standard, publication 60214.

0 100 200 300 400 500 600 A
Rated through-current
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Mechanical Life
The mechanical life of the tap-changer is based on an 
endurance test. The test showed that the mechanical 
wear was negligible, and that the tap-changer was still 
mechanically sound after one million operations.

Contact Life

The predicted contact life of the fixed and moving 
contacts of the selector switch, is shown as a func-
tion of the rated through-current in Fig. 18. As most of 
the tap-changers are not working at maximum current 
the whole time, the estimated contact life for a tap-
changer with 80 % mean load is also indicated with a 
dashed line in Fig. 18. The values are calculated from 
the results of the service duty tests.

For step voltages below 500 V, the contact life values 
from Fig. 18 can be increased because the through-
current is divided between the main contact and the 
transition resistor. For step voltages equal to or below  
40 V at 50 Hz and equal to or below 50 V at 60 Hz the 
predicted contact life is always 500 000 operations.

Insulation Levels
Dielectric tests are carried out according to IEC 
60214, Clause 5.2.6. The test object was immersed in 
clean transformer oil with a withstand value of at least 
40 kV/2.5 mm. In  table 1, withstand levels are indicat-
ed as lightning impulse – power frequency withstand 
voltages.

Rated through-current

Number of
operations

Fig. 18. Predicted contact life at 50 Hz. At 60 Hz the 
predicted contact life is about 20 % higher, up to the 
maximum 500.000 operations.

Type of 
switching

Number of 
positions

Between 
electrically 
adjacent 
contacts, 

a1 (Fig. 19)

Between the 
first and the last 

contacts, 
a2 (Figs. 19–21)

Between any 
electrically 

non-adjacent 
contacts, 

a3 (Fig. 19)

Across 
change-over 

selector, 
c1 (Figs. 20–21)

Between ends 
of regulating 

windings 
f3

Linear 7–11 110–30 240–60 220–60

13–17 110–30 220–60 200–60

Plus/minus 11–23 110–30 240–60 220–60 220–60

25–33 110–30 220–60 200–60 200–60

Coarse/fine 13–23 110–30 240–60 220–60 250–60 350–70

25–29 110–30 220–60 200–60 250–60 350–70

Table 1. Insulating levels

Fig. 21. Coarse/fine switchingFig. 20. Plus/minus switchingFig. 19. Linear switching
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Sound Level

During tap-changing the equivalent continuous sound 
pressure level is about 65 dB (A) measured one metre 
from the tap-changer.

Maximum Rated Through-Current 

The UZ models are designed for maximum rated 
through-currents of 150 A, 300 A or 600 A. 

Occasional Overloading

If the rated through-current of the tap-changer is not 
less than the highest value of tapping current of the 
tapped winding of the transformer, the tap-changer will 
not restrict the occasional overloading of the trans-
former, according to IEC 60354, ANSI/IEEE C57.92 
and CAN/CSA-C88-M90. 

To meet these requirements, the UZ models have 
been designed so that the contact temperature rise 
over the surrounding oil, never exceeds 20 K at a cur-
rent of 1.2 times the maximum rated through-current 
of the tap-changer. 

The contact life stated on the rating plate, and given in 
this guide, is given considering that overload currents 
of maximum 1.5 times the rated through-current occur 
during a maximum of 3% of the tap-changer opera-
tions. 

Overloading in excess of the above results in in-
creased contact wear and shorter contact life. 

Oil Temperature

The temperature of the oil in the on-load tap-changer 
shall be between -25 and +80 °C for normal operation, 
as illustrated below. The range can be extended to 
-40 °C provided that the viscosity is between 
2 – 3000 mm 2/s (= cst).

Type 
UZE/F

Insulation levels kV Permissible service 
voltage between 
phases for fully 
insulated design 
UZE.T and UZF.T 1) 3) 

kV

to earth 
g2 2)

between 
phases fully 
insulated 1)

b1, d1 2)

200/... 200–70 250–95 38

250/... 250–95 250–95 52

380/... 380–150 440–165 80

550/... 550–230 600–230 123

650/... 650–275 650–275 145

1) Class II according to IEC 60214, clause 5.2.6
2) Refer to oscillating winding.
3) If the regulating winding is placed in the middle of the 

delta-connected winding, the permissible system voltage 
can be higher, provided that voltage between phases and 
voltage across the regulating winding are not exceeded.

Short-circuit Current Strength

The short-circuit current strength is verified with three 
applications of 3 seconds duration, without moving the 
contacts between the three applications. Each applica-
tion has an initial value of 2.5 times the rms value.

Max rated through-current 
A rms

Three applications of 3 
seconds duration 
A rms

150 7000

300 7000

600 8000

600 1) 12000 1)

1) Reinforced performance. Three applications of 2 seconds duration.

Table 2

Highest Phase Service Voltage Across the 
Regulating Winding                                    

The table below, Table 3, shows the highest permissi-
ble phase service voltage for different types of switch-
ing and different number of positions.

Type of 
switching

Number of 
positions

Insulation across Highest 
service 
voltage kV

Linear –17 Regulating winding 22

Plus/minus –29 Regulating winding 22

31–33 Regulating winding 15

Coarse/
fine

–29 Fine regulating 
winding

17.5

–29 Coarse regulating 
winding

17.5

–29 Fine and coarse 
regulating winding

35 1)

1)  For 3-phase star point design BIL 200 22 kV              
 BIL 250 30 kV

Table 3

1) No operations allowed.

2) Occasional overload, see above.

3) Normal operating range.

4) No overload allowed.

5) Operation with de-energized transformer only.

Fig. 22. On-load tap-changer oil temperature 
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Motor-Drive Ambient Air Temperature

The ambient air temperature requirements for the mo-
tor-drive mechanism are shown in Fig. 23. The normal 
operating range is between -40 and +60 °C.

Tie-in Resistors

If the service voltage and the winding capacitances 
are such that the recovery voltage of the change-
over selector exceeds 40 kV, it must be limited to this 
value or lower, by means of a tie-in resistor. The tie-in 
resistors are placed in the transformer tank. There is 
usually a need for tie-in resistors for UZ models, BIL 
550 and 650 kV, when delta-connected and placed in 
the line ends of the windings. 

Calculation rules for tie-in resistors are provided in 
a separate document, On-Load Tap-Changer Tie-in 
Resistors, 5492 0030-39. 

Conductors from the Windings

The temperature of the conductors connected to the 
terminals on the back of the on-load tap-changer must 
not exceed 30 K over the surrounding oil.

Cable Lugs

The Cat. No. and required 
quantity should be ordered 
separately according to the 
tables below.

Fig. 23. Motor-drive mechanism ambient air tempera-
ture 

1) The motor-drive mechanism must be shaded 
from direct sunlight.

2) Normal operating range. 
 (Normal heater shall operate.)

3) Extra 100 W heater, controlled by a thermostat, 
should be used. 

4) Extra 100 W heater and anti-condensation co-
verage should be used. 

5) ABB should be consulted.

Hole diam. 
Ø mm

For cable 
area mm2

Cat. No. Mass 
kg

11 50 LL114 003-A 0.10

13 70 -B 0.11

15 95 -C 0.13

17 120 -D 0.14

19 150 -E 0.15

21 185 -F 0.16

Required quantity of cable lugs per tap-changer

Number of 
positions

Linear Plus/minus Coarse/fine

3-phase star 
point

3-phase fully 
insulated

3-phase star 
point

3-phase fully 
insulated

3-phase star 
point

3-phase fully 
insulated

7 22 24 – – – –

9 28 30 – – – –

11 34 36 22 24 – –

13 40 42 25 27 28 30

15 46 48 28 30 31 33

17 52 54 31 33 34 36

19 – – 37 39 37 39

21 – – 37 39 40 42

23 – – 43 45 43 45

25 – – 43 45 46 48

27 – – 46 48 49 51

29 – – 52 54 52 54

31 – – 52 54 – –

33 – – 58 60 – –
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Standard Version of Motor-Drive 
Mechanism

Control

Control selector switch, local/remote

Control switch, raise/lower

Handcrank for manual operation

Wiring Connection

The wiring is of grey polyvinylchloride-insulated, 
stranded wire. Type and data see table below. Every 
wire is marked with figures corresponding to terminal 
numbers. All external connections are made to termi-
nals of thermosetting resin. 

Type and data see table below. 

Short circuit protection (fuses) for motor, control and 
heater supplies, if required, should be installed in the 
control cabinet or other separate compartment.

Protection

Protective switch for the motor with thermal overload 
release and magnetic overcurrent release.
Limit switches – in both control and motor circuits.
Mechanical end stops.
Interlocking contact in the control circuit to prevent 
electrical operation during manual operation.
Interlocking contacts in raise and lower control circuits 
to prevent operation in wrong direction of rotation (with 
wrong phase sequence).
Motor contactors are electrically interlocked.
Protection against running-through in case of a failure 
of the step-by step control circuit.
Emergency stop push button.

Indication

Mechanical position indicator
Drag hands for max. and min. position indication
Tap change in progress indicating red flag
Operation counter
Position transmitter (potentiometer) for remote position 
indication, 10 ohms per step.

Subject Standard version Alternative version Special version 
at an additional price

Motor voltage 220-240/380-420 V, 
3-phase, 50 Hz

208/360 V, 3-phase, 60 Hz 120 V, 240 V, 1-phase, 60 Hz

220-240/380-420 V, 3-phase, 
60 Hz

110–127 V, 220 V DC

440-480 V, 3-phase, 60 Hz Optional

Current 1.2/0.7

Rated  output 0.18 kW

Speed 1370 rev/min

Voltage for control circuit 220-230 V, 50 Hz 110 V, 120 V, 240 V, 50 Hz 110 V, 125 V, 220 V DC

220-240 V, 60 Hz 110 V, 120 V, 208 V, 60 Hz Optional

Voltage for heater 220-240 V 110-127 V Optional

Mechanical position indicator lowest position marked 1 middle position marked N  
(Normal position)

Optional

Terminal blocks
Number of terminals supplied 33-Phönix UK 5N

41 A, 800 V, AC acc. to IEC
Cross sectional area: 0.2–4 mm2

Max. number that can be 
accomodated

134 - Phönix UK 5N
124 - Weidmüller SAK 4
100 - Phönix URTK/S Ben
48 - General Electric EB-25
74 - Phönix OTTA6

Cabling Type H07V2-K, 1.5 sq mm, 750 V
90 °C

Optional

Test voltage on control circuits 2 kV (50 Hz, 1 min)

Anti-condensation heater
(Functions without extra heater 
down to -40  °C)

50 W Additional 100 W

Operating time approx. 3 seconds

Number of turns per operation 
of the handcrank 20

Degree of protection of cabinet IEC 60529, IP 56
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Optional Accessories

Anti-Condensation Coverage

The motor-drive cabinet inside can be supplied with 
an anti-condensation coverage.

Outlet

Socket outlet according to DIN or ANSI (NEMA 
5–15R). Prepared for socket outlet, i.e. holes are cut 
out in the panel and cables are wired to the panel for 
the outlet.

Extra Heater

Extra heater, 100 W, with thermostat and switch for 
e.g. use in arctic climate.

Hygrostat

For tropical climate the heater can be controlled by a 
hygrostat.

Note:

Master switch for parallel control is a break before make 
multi-position switch.

Maximum 10 extra contact rows can be accomodated. 

If more than 4 extra contact rows are ordered a special 
drive system for the switches is required (extra price).

Extra Multi-Position Switches
Type Symbol Number of contact rows

1 Extra position transmitter 1

2 Break before make 1

3 Make before break 1

4 Step switch for parallel control 2

5 Follower switch for parallel control 2
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UZE UZF

L037022 L034275

Design, Installation and Maintenance

On-Load Tap-Changer with Motor-
Drive Mechanism

Design differences between the UZE and 
UZF On-Load Tap-Changers 

The basic design difference between the UZE model 
and the UZF model is the inclining of the active part 
within the UZF tank to allow easier access to the 

terminals. Access to the terminals is via a connection 
cover on the top of the tank. Both UZE and UZF are 
completely filled with oil and have no gas/air cushion.

Transformer winding

Intermediate flange

Connection cover

Transformer leads

Connection cover

Fig. 24. UZFRT 650/600 seen from the connection  
side 

Fig. 25. The UZF-design makes the connection of the 
transformer leads to the tap-changer easy .

Transformer tank

Fig. 26. 
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Schematic Diagrams

Table 4 shows all the basic connection diagrams for 
the UZE and UZF series of on-load tap-changers. 
The basic connection diagrams illustrate the different 
types of switching and the appropriate connections to 
the transformer windings. The diagrams illustrate the 

connections with the maximum number of turns in the 
transformer winding connected in position 1. The tap-
changer can be connected in such a way that posi-
tion1 gives a minimum effective number of turns in the 
transformer winding with the tap-changer in position 1. 

 Linear Plus/Minus Coarse/Fine

Max Regulating Steps 16 32 28 
Max Voltage Positions 17 33 29

6 Regulating Steps

Number of Loops 6 3 3
Tap Positions (Electrical) 7 7 7

8 Regulating Steps

Number of Loops 8 4 4
Tap Positions (Electrical) 9 9 9

10 Regulating Steps

Number of Loops 10 5 5
Tap Positions (Electrical) 11 11 11
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 Linear Plus/Minus Coarse/Fine

12 Regulating Steps

Number of Loops 12 6 6  
Tap Positions (Electrical) 13 13 13

14 Regulating Steps

Number of Loops 14 7 7
Tap Positions (Electrical) 15 15 15

16 Regulating Steps

Number of Loops 16 8 8
Tap Positions (Electrical) 17 17 17

18 Regulating Steps

Number of Loops  10 9
Tap Positions (Electrical)  19 19
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  Plus/Minus Coarse/Fine

20 Regulating Steps

Number of Loops  10 10  
Tap Positions (Electrical)  21 21

22 Regulating Steps

Number of Loops  12 11
Tap Positions (Electrical)  23 23

24 Regulating Steps

Number of Loops  12 12
Tap Positions (Electrical)  25 25

26 Regulating Steps

Number of Loops  13 13
Tap Positions (Electrical)  27 27
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  Plus/Minus Coarse/Fine

28 Regulating Steps

Number of Loops  15 14  
Tap Positions (Electrical)  29 29

30 Regulating Steps

Number of Loops  15 
Tap Positions (Electrical)  31 

32 Regulating Steps

Number of Loops  17 
Tap Positions (Electrical)  33 

Table 4. Basic connection diagrams for the UZE and UZF series of on-load tap-changers
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Drying

Drying of the tap-changer is not normally necessary. If 
the tap-changer is to be subjected to a drying process, 
ABB should be consulted.

Painting

The tap-changer tank and the motor-drive mechanism 
cabinet can be supplied with various types of paint-
ing. The standard painting consists of a rust protec-
tive primer both inside and outside, and a finishing 
coat inside the tap-changer tank and the motor-drive 
mechanism cabinet.

Oil Filling

For the correct oil filling procedure, consult the appro-
priate Installation and Commissioning Guide.

Installation

For installation instructions, consult the appropriate 
Installation and Commissioning Guide.

Maintenance

The UZ range of on-load tap-changers have been 
developed over many years to provide a maximum of 
reliability. The simple and rugged design gives a ser-
vice life that equals the service life of the transformer. 
A minimum of maintenance is required for absolutely 
trouble-free operation. The only parts that require 
main- tenance during the service life are the contacts 
that may need to be replaced, the oil and the motor-
drive mechanism.

Maintenance is easy to carry out since the design 
provides for quick and easy access and inspection. 
The front-cover is just removed after the oil has been 
drained, providing access to the entire selector switch 
mechanism. 

An annual inspection should be carried out to read the 
counting device. These readings are used to deter-
mine when overhaul is due. Overhaul shall normally 
be carried out every seven years, and consists of 
checking the dielectric strength of the oil, filtering the 
oil, and checking contact wear according to the Main-
tenance Guide. The motor-drive mechanism should 
also be checked and lubricated, and the pressure 
relay checked. 

The Maintenance Guide should be consulted if you 
need further information.

As an option, the tap-changer may also be delivered 
ready with a finishing coat outside. Special painting 
will be quoted for on request.

Weights

Table 5 contains the weights of all the models in the 
UZ range of on-load tap-changers. The motor-drive 
mechanism and the oil volume is included in the over-
all weight.

On-load tap-changer 

Type designation

Approx. weight in kg

Tap-changer without oil Required oil 
(excl. conservator)

Total

UZELN, UZELT, 
UZEDN, UZEDT, 
UZERN, UZERT

200/150, 300, 600 725 500 1225

250/150, 300, 600 700 500 1200

380/150, 300, 600 930 950 1880

550/150, 300, 600 1100 1250 2350

650/150, 300, 600 1100 1250 2350

UZFLN, UZFLT, 
UZFDN, UZFDT, 
UZFRN, UZFRT

200/150, 300, 600 750 400 1150

250/150, 300, 600 720 400 1120

380/150, 300, 600 900 750 1650

550/150, 300, 600 1100 1050 2150

650/150, 300, 600 1100 1050 2150

Example underlined in the table above: UZFRT 550/300

Table 5
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30 54 67

~200~35

110

~155

15

32

11

 NO NC C NO NC C
 64 66 65 61 63 62

 NO NC C
 61 63 62

fm_00213Fig. 27. 

General Description

Protection for the on-load tap-changer is provided by 
a pressure relay which is mounted on the tap-changer 
tank. In the event of an over-pressure in the tank, the 
relay will trip the transformers main circuit breakers. 
After a pressure relay trip, the tap-changer must be 
opened and carefully investigated according to the 
Repair Guide. Faults, if any are located, should be 
repaired before the tap-changer is energized. 

Design 

The pressure relay is mounted on a three-way valve. 
On the other two outlets of the valve there is a con-
nection flange on one side, and a connection for test 
equipment on the other, see Fig. 27. 

The pressure relay housing is made of copper-free al-
uminium alloy and is externally coated with an enamel. 
A stainless steel model can be provided on request.

Voltage Breaking capacity

Resistive load Inductive load

110 V DC 0.8 A 0.2 A L
R ≤ 40 ms

125 V DC 0.6 A 0.15 A L
R ≤ 40 ms

220 V DC 0.4 A 0.1 A L
R ≤ 40 ms

125 V DC 5 A 5 A cos ϕ ≥ 0.4

250 V DC 2.5 A 2.5 A cos ϕ ≥ 0.4

Table 6.

The pressure relay is designed for one or two switch-
ing elements. The function pressure (set point) has 
been set by the manufacturer. The micro-switch 
is hermetically sealed and filled with nitrogen with 
over-pressure, and separated from the connection 
space with a sealed cap. These measures are done to 
ensure a safe function. 

Operation

When the pressure acting on the face of the piston 
exceeds the spring load of the piston, the piston will 
move and activate the switching element. 

The function time is less than 15 ms in the tempera-
ture range of -40 °C to +80 °C, with a pressure of 
20-40 MPa/sec. The function time is the time from the 
pressure in the on-load tap-changer oil compartment 
exceeds the adjusted set point of the pressure relay 
until the pressure relay gives a stable signal for oper-
ating the main circuit breakers.

Function Pressure

The function pressure (trip pressure) is 50 kPa (7 Psi) 
if the oil level is less than 4 metres above the level of 
the pressure relay. Pressure relay with higher function 
pressure can be delivered on request.

Testing

At commissioning of the transformer and for testing 
the pressure relay, the instructions in the Installation 
and Commissioning Guide should be consulted.

Pressure Relay

General Description

One single-pole
switching contact

Two single-pole
switching contacts

Connection for 
test equipment

Cable gland
Cable Ø6-13
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P1

PB1

A

B2

Max 135°

B

R

A1

Opening 300 x 100

H1H

TC_00179

Dimensions, On-Load Tap-Changer, type UZE 

All dimensions are in millimetres unless otherwise stated. 
It should be noted that the dimensions may change with 
specific models. 

Fig. 28. Dimensions, on-load tap-changer, type UZE standard tank with standard accessories.

Type UZE BIL (kV) Dimensions (mm)

A A1 B B1 B2 H H1 P P1 R

Three-phase 200 130 75 1200 1500 700 1000 1060 770 775 1140

250 115 75 1200 1500 700 1000 1060 770 775 1140

380 100 90 1560 1885 730 1100 1255 840 855 1530

550, 650 90 60 1850 2140 695 1300 1430 810 885 1750

Table 6. Dimensions, on-load tap-changer, type UZE

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 234 of 424



29

B B2

B1A1 P

H H1

P2

H2

P1

A

R

TC_00180

Dimensions, On-Load Tap-Changer, type UZF

All dimensions are in millimetres unless otherwise stated. 
It should be noted that the dimensions may change with 
specific models.

Max 
135°

Opening 300 x 100

Fig. 29. Dimensions, on-load tap-changer, type UZF standard tank with standard accessories.

Type UZF BIL (kV) Dimensions (mm)

A A1 B B1 B2 H H1 H2
P P1 P2

R

Three-phase 200 130 75 1200 1500 700 1000 1050 160 825 835 60 1140

250 120 75 1200 1500 700 1000 1050 160 825 835 60 1140

380 140 70 1600 1905 710 1100 1145 155 850 860 120 1530

550, 650 90 40 1900 2160 665 1300 1295 105 855 925 140 1750

Table 7. Dimensions, on-load tap-changer, type UZF
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TC_00181

TC_00181

On-Load Tap-Changer, type UZE with Accessories (standard and options)

Fig. 30. On-load tap-changer, type UZE with accessories.

Fig. 31. On-load tap-changer, type UZF with accessories.

On-Load Tap-Changer, type UZF with Accessories (standard and options)

Oil level indicator
(with alarm)

Valve for oil filling, drain-
ing and filtration

Pressure relay

Pressure relief 
valve Valve for oil

filtration

Pressure relief valve Valve for oil filtration

Thermoswitch housing

Valve for oil filling, drain-
ing and filtration

Flange for oil conservator, 
or breather

Dehydrating or 
one way breather

Pressure relay

Flange for oil 
conservator

Thermoswitch housing

Earthing terminal

Earthing terminal
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515L

64
5

TC_00182

Oil Conservator for UZF

Fig. 32. Dimensions, oil conservator for on-load tap-changer, type UZF

Dehydrating 
breather or 
one-way brea-
ther

Oil conservator for UZF
(only when ordered)

Oil level indicator
(with alarm)

UZF Conservator BIL 
kV

Dim 
L

200, 250 625

380 1090

550, 650 1500

Table 8. Dimensions, oil conservator for on-load tap-
changer, type UZF
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Accessories and protection devices for 
on-load tap-changers
Assortment guide

1ZSC000562-AAD en
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The information provided in this document is intended to be general and does not 

cover all possible applications. Any specific application not covered should be 

referred directly to ABB, or its authorized representative.

ABB makes no warranty or representation and assumes no liability for the accuracy of 

the information in this document or for the use of such information. All information in 

this document is subject to change without notice.
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Recommended practices

ABB recommends careful consideration of the following factors for maintenance work on 

safety devices:

 Before you start any work, make sure that the personnel doing the job have read and 

fully understood the documents provided with the unit. 

 To avoid damaging the unit, never exceed the operating limits stated in delivery docu-

ments and on rating plates. 

 Do not alter or modify a unit without first consulting ABB. 

 Follow local and international wiring regulations at all times.

 Use only factory authorized replacement parts and procedures.

WARNING, CAUTION and NOTE

WARNING

A WARNING provides information that, if disregarded, could cause injury or death.

CAUTION

A CAUTION provides information that, if disregarded, could cause damage to the equip-

ment.

NOTE: A NOTE provides additional information to assist in carrying out the work described.

During drying of the transformer

CAUTION 

The protection sensors must not be included during the drying process of the transformers, 

as this risks damaging the apparatus or negatively affecting the function.

Insulation test of cables

CAUTION 

If the protection devices are not disconnected during insulation testing of signal cables the 

following procedure applies:

• Insulation test 1500-2000 V AC for 1 minute. Prior to the test, all contacts (NO, NC and C) 

must be connected. At voltage levels < 1500 V AC, testing can be carried out between open 

contacts.

• Leak-tracing/insulation test 500-2000 V DC. Prior to the test, all contacts (NO, NC and C) 

must be connected. When testing at a voltage level ≤ of 500 V DC, leak-tracing can be car-

ried out between open contacts.

CAUTION

If national or local standards require insulation testing that exceeds the specified parameters, 

it is recommended that the supplier is contacted before testing is carried out. Otherwise, the 

product’s function may be affected.
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accessories_0001

1. Introduction

Standard IEC 60214-1 requires that at least one protection device is supplied with the tap-

changer. The device must detect any faults related to the tap-changer as quickly as possi-

ble. Sensors detect faults by reacting to high pressure pulses or oil flows that are created in 

the event of internal failure in the tap-changer.

Fig. 1 schematically shows the position of the sensors on the tap-changer in relation to the 

transformer and expansion tank.

NOTE: If the transformer is painted after the sensors are installed, all ventilation holes on the 

sensors must be protected.

NOTE: All sensors are supplied based on the selection made on the order form.

The sensors are designated their own position on each tap-changer. Figs. 2-7 show where 

the sensors are to be placed on the relevant tap-changer type.

Oil conservator

Transformer cover

On-load tap-changer

Shaft

Bevel gear

Transformer tank

Shaft

Motor-drive mechanism

Oil flow relay

Pressure relay

Pressure relief device

Fig. 1. Main parts, on-load tap-changer type UC.
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accessories_0002

Air release valve 

transformer

Flange (B) air 

release valves

Flange (C) pressure 

relay

Temperature relay 

or temperature 

sensor TEC

Window, position 

indicator

Flange (A) 

connection to oil 

conservator 

Pressure relief 

device

Valve for oil filling, 

draining and 

filtration

Drive shaft 

connection

Earthing terminal

1.1 Position of the sensors on tap-changers, type UBB

Fig. 2 shows the top section on tap-changer type UBB where the respective position of the 

sensors are marked. Alternative positions apply to positions A, B and C.

Fig. 2. Top section of on-load tap-changer type UBB.
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accessories_0003

accessories_0004

Valve for oil filling and 

filtration (when ordered)

Pressure relief device

Dehydrating of one-way 

breather

Oil level indicator 

(with or without alarm)

Thermoswitch housing 

(when ordered)

Pressure relay

1.2 Position of the sensors on tap-changers, type UZ

Fig. 3 and 4 show tap-changers type UZE and UZF and where the different sensors are to 

be placed. In contrast to other tap-changers, the sensors on the UZ types must be placed 

in the designated position. This is so that all sensors have room on the tank without affecting 

the function of the tap-changer or sensors negatively. 

The insertion depth in the UZ tank is strictly regulated with regard to the electrical fields 

inside the tap-changer.

Valve for oil filling and 

filtration (when ordered)

Pressure relief device 

(when ordered)

Flange for oil conservator

Thermoswitch housing 

(when ordered)

Pressure relay

Valve for oil filling, draining 

and filtration

Valve for oil filling, draining 

and filtration

Fig. 3. Tank of on-load tap-changer type UZE.

Fig. 4. Tank of on-load tap-changer type UZF.
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accessories_0005

accessories_0006

Flange (A) temperature 

relay or air release valve 

(optional)

Oil filling R1", oil drain 

valve and oil filtration (or 

optionally 1" NPT)

Earthing terminal M12 

To be grounded by user

Flange (B) pressure relay

Flange (C) connection 

to oil conservator

Air release valve 

transformer

Fig. 6. Top section of on-load tap-changer type UCL.

1.3 Position of the sensors on tap-changers, type UC

Fig. 5, 6 and 7 show top section on tap-changer type UC and the position of the sensors. 

Flanges A, B and C are optional valves where inlet tubes and other accessories can be con-

nected.

Pressure relief device 

(optional)

Flange (A) temperature 

relay or air release valve 

(optional)

Oil filling R1”, oil drain 

valve and oil filtration (or 

optionally 1” NPT)

Flange (B) 

pressure relay

Flange (C) 

air release 

valve

Air release 

valve 

transformer

Fig. 5. Top section of on-load tap-changer type UCG.

Pressure relief device 

(optional)
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Fig. 7. Top section of on-load tap-changer type UCC/UCD.

Oil flow relay

Oil filling R1", oil drain 

valve and oil filtration (or 

optionally 1" NPT) Air release valve 

transformer

Pressure relief 

device

Oil conservator

Air release valve 

tap-changer

Pressure relay
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accessories_0008

accessories_0010

2. Pressure relay

2.1 General

ABB on-load tap-changers are supplied with a pressure relay as standard. If connected cor-

rectly, the pressure relay trips the transformer main circuit breakers in the event of overpres-

sure inside the OLTC.

It is recommended to connect the pressure relay in the trip circuit of the power supply during 

testing of the transformer.

Fig. 8. Pressure relay. Original fit to the left and retrofit part to the right.

2.2 Ratings

Auxiliary power 5 A at 125 V AC resistive 

 3 A at 250 V AC resistive

 0.6 A at 125 V DC resistive

 0.15 A at 125 V DC, L/R = 40 ms

Temperature Ambient -40 °C to 80 °C

2.3 Before work

WARNING

Before any work is carried out on the on-load tap-changer: Make sure that the 

transformer is disconnected and earthing is properly carried out. Obtain a signed 

certificate from the engineer in charge.

Disconnect all power sources before any work is carried out. Check that the power 

is disconnected by using a voltmeter.

Do not take the transformer into service after a pressure relay trip without carrying 

out a careful inspection of the on-load tap-changer. An authorized service techni-

cian must check all moving contacts and transition resistors as well as other vital 

parts. Disregarding this instruction may cause severe damage to the on-load tap-

changer and the transformer.
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CAUTION

The pressure relay is a calibrated safety instrument. It must be handled with care at all times.

2.4 Installation

1. Check that the pressure relay is properly fitted to the quick coupling. If not, secure the 

pressure relay by applying 25 Nm to the coupling. 

2. Check that the relay setting corresponds with tap-changer type and the height of the 

conservator according to table 1.

NOTE: Make sure the OLTC is not filled with oil before removing the flange.

Table 1. Set-point of the pressure relay.

OLTC type
Set-point 

50 kPa 100 kPa 150 kPa 200 kPa

UZ

V
e
rt

ic
a
l d

is
ta

n
c
e
 t

o
 

c
o
n
s
e
rv

a
to

r 
ta

n
k H < 4 m 4 m < H < 7 m   

UB  H < 7 m 7 m < H < 12 m 12 m < H < 17 m

UC   H < 7 m 7 m < H < 14 m

UC GSU 1)   H < 4 m 4 m < H < 7 m 2)

1) GSU = Generator Step Up application.

2) GSU Transformer with converter tank above ≥ 7 m please contact ABB

Fig. 9. Installation.

Terminal block

Quick coupling

Top cover
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3. Remove the cover from the flange at the indicated position (Figs. 2-7) and install the 

pressure relay. Make sure that the gasket is correctly fitted.

4. Remove the top cover from the pressure relay by unscrewing the two screws on the top 

cover. The screws are secured and stay in place if the cover is turned upside down. 

5. Connect the cables to the bottom row on the terminal block. Fig. 9.

6. Perform commissioning check described in section 2.5.

2.5 Check at commissioning

WARNING

Before any work is started, make sure the power is disconnected.  

Tools

 Screwdriver 5 mm and 10 mm

 Buzzer 

 500 V DC power unit/insulation tester

2.5.1 Insulation test

CAUTION 

If the protection devices are not disconnected during insulation testing of signal cables the 

following procedure applies:

• Insulation test 1500-2000 V AC for 1 minute. Prior to the test, all contacts (NO, NC and 

C) must be connected. At voltage levels < 1500 V AC, testing can be carried out be-

tween open contacts.

• Leak-tracing/insulation testing 500-2000 V DC. Prior to the test, all contacts (NO, NC 

and C) must be connected. When testing at a voltage level ≤ of 500 V DC, leak-tracing 

can be carried out between open contacts. 

If national or local standards require testing that exceeds the specified parameters, it is 

recommended that ABB is consulted before testing is carried out. Otherwise, the product’s 

function may be affected.

The leakage current test is performed to verify that there is sufficient insulation to earth. All 

contacts NO, NC and C must be connected during the test. The test must not be performed 

between each contact to earth. 

1. Connect all inputs and outputs (NO, NC and C). 

2. Then power with 500 V DC for a maximum of 1 minute. 

3. If the pressure relay shows the result < 100 MΩ it must be replaced. See chapter 2.7.

4. If no faults are indicated, continue with the function test.
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Fig. 10. Test mode. 

2.5.2 Function testing

NOTE: When function testing the pressure relay, observe caution when the pressure relay’s 

valve is set to test mode, as there is a risk that a small amount of oil will flow out of the valve.

1. Turn the handle on the valve 90° to the test position. See Fig. 10.

2. Connect an air pump with manometer to the test tap on the pressure relay. The air 

pump must be able to generate the pressure that the pressure relay is set to.

Valve handle in test position

Test tap, R 1/8’’
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PRESSURE RELAY

P>

C

NO

NO

NC

NC

C

62

61

64

63

66

65

accessories_0013

accessories_0014

Fig. 12.

Fig. 11. Terminal output.

4. Apply the pressure shown by the pressure relay setting and register whether the switch 

gives a signal or not. Permitted deviation ± 10 %. 

5. Note whether the signal disappears/recurs (NO or NC) when the pressure drops below 

the setting level. See Table 1.

6. If the pressure relay acts correctly, connect the cables from the control cabinet and rein-

stall the cover on the pressure relay. Ensure that all gaskets are correctly positioned. 

7. Remove the air pump and refit the cover to the test output.

8. Set the valve handle back to service position. Fig. 12.

9. Switch on the power.

Valve handle in service position

3. Connect a buzzer to the terminal outputs according to Fig. 11. Test one output at a 

time. 

– output 61 (NO) with 62 (C) carry out point 4 and 5 

– output 63 (NC) with 62 (C) carry out point 4 and 5 

– output 64 (NO) with 65 (C) carry out point 4 and 5 

– output 66 (NC) with 65 (C) carry out point 4 and 5
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2.6 Service and trouble-shooting

If the pressure relay has tripped, the tap-changer and/or transformer must be inspected 

thoroughly. Any faults must be repaired before the transformer resumes operation.

If both tap-changer and transformer work correctly, test the pressure relay according to 

chapter 2.5.2.

2.7 Replacing the pressure relay

CAUTION

It is not permitted to replace the microswitch or in any other way change the pressure relay 

settings. If the preset settings are in any way manipulated, this will impair the function of the 

pressure relay.

If the pressure relay fails to pass the insulation test and/or the function test, the pressure 

relay must be replaced. This is done without dismounting the valve, and only the pressure 

relay is replaced.

Tools required

 Spanner (30 mm)

 Screwdriver 5 mm and 10 mm

Spare parts required

 Pressure relay

 O-ring (17.1 x 1.6 mm)

WARNING

Be aware of the risk of slipping caused by oil spillage, when working on the trans-

former cover.

1. Set the three-way valve handle in test position (se Fig. 10)

2. Disconnect the cable from the bottom row of the terminal connection and open the 

cable gland. Pull the cable out through the cable gland.

Fig. 13. Cable routing.

Bottom row, terminal connection

Cable gland
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3. Loosen the quick coupling and remove the pressure relay and the old O-ring inside the 

quick coupling.

4. Fit the new O-ring (17.1 x 1.6 mm) delivered together with the new pressure relay.

5. Mount the new pressure relay. Tightening torque approximately 20-25 Nm. The cable 

gland should point 180° opposite the valve handle.

6. Connect the cables.

7. Tighten the cable gland, max 4-5 Nm.

8. Carry out the test procedure according to section 2.5.2. 

Fig. 14. Replacement of pressure relay.

New O-ring
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3. Oil flow relay

3.1 General

The on-load tap-changer may be equipped with an oil flow relay. In the event of overpres-

sure, the oil flow relay responds with a signal that trips the transformer main circuit breakers 

or gives an alarm.

3.2 Ratings

Voltage

AC 12 V to 250 V

DC 12 V to 250 V

Current

AC 0.05 A to 2 A cos δ ≥ 0.4

DC 0.05 A to 2 A, τ = L/R ≤ 40 ms 

3.3 Before work

WARNING

Before any work is carried out on the on-load tap-changer: Make sure that the 

transformer is disconnected and earthing is properly carried out. Obtain a signed 

certificate from the engineer in charge.

Disconnect all power sources before any work is carried out. Check that the power 

is disconnected by using a voltmeter.

Do not take the transformer into service after an oil flow relay trip without carrying 

out a careful inspection of the on-load tap-changer. An authorized service techni-

cian should carry out an inspection of all moving contacts and transition resistors 

as well as other vital parts. Disregarding this instruction may cause severe damage 

to the on-load tap-changer and the transformer.

Fig. 15. Oil flow relay.
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CAUTION

The oil flow relay is a calibrated safety instrument. It must be handled with care and pro-

tected against mechanical damage. 

3.4 Installation

CAUTION

Never connect two or more tap-changers to the same oil flow relay as this can cause false 

trip signals.

Pipes must be routed so that oil cannot flow between tap-changers without first passing the 

conservator.

NOTE: The transformer manufacturer arranges the pipe routing between the conservator 

and tap-changer device on which the oil flow relay is to be placed.

NOTE: Pipe bends must be avoided as far as is possible to obtain a free flow and prevent 

air bubbles in the system.

1. The oil flow relay must be positioned on the pipe up to the conservator, as close to the 

tap-changer as possible.

2. The angle of the pipe and oil flow relay up to the conservator must be between 2° and 

4° to prevent air bubbles getting stuck in the pipe.

3. Note the arrows that indicate the direction of flow of the oil flow relay; the arrow should 

point towards the conservator. Fig. 16.

Fig. 16. Close up of flow direction arrow

Flow direction
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4. Make sure that the transport protection on the flanges are removed before the relay is 

installed on the pipes.

5. Connect the signal cable through the cable gland and connect to the terminal. Tighten 

the cable union to 4-5 Nm.

6. The cable gland that is not used must have a plug.

3.5 Check at commissioning

WARNING

Before any work is started, make sure the power is disconnected.

Tools

 Screwdriver 5 mm

 500 V DC power unit/insulation tester

 Buzzer

3.5.1 Insulation test

The leakage current test is performed to verify that there is sufficient insulation to earth. The 

test must be performed with all contacts NO, NC and C connected. 

1. Start by unscrewing the screws on the cover and removing the cover. If the test is per-

formed from inside the control room, the cover for the oil flow relay does not need to be 

removed.

2. Connect all inputs and outputs (NO, NC and C).

3. Then power with 500 VDC for a maximum of 1 minute. 

4. If the oil flow relay shows the result < 100 MΩ it must be replaced, see section 5.4.

5. If no faults are indicated, continue with function test 3.5.2. 
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3.5.2 Function testing

The test is performed to ensure that the relay works as it should before the transformer is 

energized.

1. Remove the cover from the oil flow relay.

2. Unscrew the cover for the test button. 

3. Open the cover on the observation hatch so that the lever bridge is visible inside the 

switch.

Connect a buzzer to the terminal outputs according to the description. Test one output 

at a time. Repeat the test procedure until all NO / NC contacts have been tested indi-

vidually. Figs. 18 and 19 show two different switch combinations. 

 

1 Normally-Open contact and 1 Change-over contact.

- output 23 (NO) with 24 (C) carry out points 5 - 7.  

- output 12 (NC) with 14 (C) carry out points 5 - 7.  

- output 11 (NO) with 14 (C) carry out points 5 - 7. 

 

Fig. 17. Lever bridge

Test button cap

Test button

Observation hatch

Activated Normal
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Fig. 18. 1 NO and 1 change-over contact.

2 Normally-Open contacts

- output 13 (NO) with 14 (C) carry out points 5 - 7. 

- output 23 (NO) with 24 (C) carry out points 5 - 7.

4. Depress the test button.

5. Note two things: 

- that the signal is correct for the connection made. 

- that the lever bridge inside the switch changes position.

6. Reset the lever bridge to operating mode by turning the test button. If correctly reset 

the signal disappears/reappears (depending on connection NO or NC).

7. When all signals function as they should, screw the cover back into place.

8. Check that the lever bridge is in operating mode by turning the test button anticlock-

wise. Do not depress the test button.

NOTE: Permitted deviation from the setting is ±15 %.

9. Close the cover for the observation hatch and fit the cover for the test button back into 

place.

10. Then power the oil flow relay.

11. If the oil flow relay is defective, it must be replaced. Continue with chapter 3.7.

Fig. 19. 2 NO contacts.
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3.6 Service and trouble-shooting

Trouble-shooting the oil flow relay is carried out in the same way as when commissioning 

according to chapter 3.5.

CAUTION

If the transformer is operated after the oil flow relay has deployed, without opening the tap-

changer and making a thorough inspection of the active part and rectifying any faults, this 

can cause serious damage to the tap-changer and transformer.

3.7 Replacing oil flow relay

Tools

 Oil container/oil drum 

 Pump with connection to drain cock on the tap-changer.

 Spanners for disassembling the switch with.

Procedure

CAUTION

Note the risk of slipping as oil can leak out from the pipe and onto the transformer cover.

Note that the direction of flow must be from the tap-changer to the expansion tank. See the 

arrow on the switch.

1. Close the shut-off valve on the pipe to the conservator.

2. Drain oil through the designated valve on the tap-changer. When the oil level has 

dropped below the oil flow relay, stop draining. It is not necessary to drain the entire 

tap-changer of oil.

3. Then unscrew the oil flow relay and install the new relay. All gaskets should be replaced. 

Check that all gaskets are correctly positioned and that all transport protection is re-

moved.

4. Perform tests on the new relay according to chapter 3.5. Wait to perform point 10 until 

the oil has been pumped back in.

5. Once the new relay has been tested according to 3.5 and no faults have been detect-

ed, the amount of oil that was drained from the tap-changer must be refilled. Follow the 

instructions in the respective tap-changer’s installation instructions.

6. After the oil has been pumped back, check that the oil flow relay is in operating mode 

by turning the test button anticlockwise once.
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4. Pressure relief device (PRD)

4.1 General

The on-load tap-changer may be equipped with a pressure relief device (PRD). In the event 

of overpressure the pressure relief device gives an alarm signal. The pressure relief device 

is not intended to be the sole protective device on the on-load tap-changer, but should be 

used together with a pressure relay and/or oil flow relay. 

Fig. 20. Pressure relief device Ø 130 mm

Fig. 21. Pressure relief device Ø 50 mm. (The picture showing option with two micro-switches).
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4.2 Ratings

Model 208 / 213:

AC 15 A at 125 V, 250 V and 480 V

DC 0.5 A at 125 V, non-inductive 

DC 0.25 A at 250 V, non-inductive 

Model 206:

AC 6 A at 120 V

AC 3 A at 240 V

DC 0.55 A at 125 V, non-inductive 

DC 0.27 A at 250 V, non-inductive 

4.3 Before work

WARNING

Before any work is carried out on the on-load tap-changer: Make sure that the 

transformer is disconnected and earthing is properly carried out. Obtain a signed 

certificate from the engineer in charge.

Disconnect all power sources before any work is carried out. Check that the power 

is disconnected by using a voltmeter.

Do not take the transformer into service after a pressure relief alarm without carry-

ing out a careful inspection of the on-load tap-changer. An authorized service tech-

nician should carry out an inspection of all moving contacts and transition resistors 

as well as other vital parts before re-commissioning the transformer. Disregarding 

this instruction may cause severe damage to the on-load tap-changer and trans-

former.

CAUTION

The pressure relief device is a calibrated instrument. It must be handled with care and pro-

tected against mechanical damage.

4.4 Installation

WARNING

Be aware of the risk of slipping caused by oil spillage, when working on the trans-

former cover.

1. Remove the protective cover or any previous relief valve from the designated place on 

the tap-changer. See Figs. 2-7.

2. Install the pressure relief device and ensure that the gasket is correctly positioned.

3. Connect the cable to the junction box.
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4.5 Check at commissioning

WARNING

Before any work is started, make sure the power is disconnected.

Tools

 Screwdriver 5 mm 

 500 V DC Power unit/Megger

 Buzzer/Multimeter

4.5.1 Insulation test

The leakage current test is performed to verify that there is sufficient insulation to earth. The 

test must be performed with all contacts NO, NC and C connected. 

1. Bridge all inputs and outputs (NO, NC and C). 

2. Then power with 500 V DC for a maximum of 1 minute. 

3. If the pressure relief valve shows the result < 100 MΩ it must be replaced, see section 4.3.

4. If no faults are indicated, continue with function test 4.5.2. 

4.5.2 Function test

1. Connect a buzzer or multimeter to one input/output at a time.

2. a) Pressure relief device diameter 130 mm: Depress the test lever that is positioned 

under the cover just by the junction box. See Fig. 22. 

b) Pressure relief device diameter 50 mm: Press the trigger, se Fig. 23.

3. Note that the signal you get is correct based on the connection diagram.

4. Reset the test lever at Ø 130 mm by pressing the test lever upwards. If correctly reset 

the signal disappears/reappears depending on connection NO or NC. At Ø 50 mm the 

switches reset themselves. 

5. Repeat the test procedure until all inputs and outputs have been tested individually.

6. When all signals function as they should, fit the cover for the terminal terminals back 

into place.

7. If the pressure relief device is defective, it must be replaced. Continue with section 4.3.

Fig. 22. Directions of test at  Ø130 mm.

Test lever under the cover
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4. 6 Trouble-shooting

NOTE: If the pressure relief device has deployed, the indication pin must be in the raised 

position.

Follow the instructions in chapter 4.5.2.

4.7 Replacing 

1. If the pressure relief valve is deemed faulty, it must be replaced. When replacing the 

pressure relief device, follow the description in chapter 4.3 and 4.5.

2. A faulty device must be returned to ABB.

Fig. 23. Direction for test of Ø 50 mm.

Fig. 24.

Trigger
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5. Oil level indicator

5.1 General

The oil level indicator is used as a supplement to other sensors, primarily on tap-changer 

type UZ.

5.2 Ratings

AC 15 A at 125 V, 250 V and 480 V

DC 0.5 A at 125 V, non-inductive

DC 0.25 A at 250 V, non-inductive 

5.3 Before work

WARNING

Before any work is carried out on the on-load tap-changer: Make sure that the 

transformer is disconnected and earthing is properly carried out. Obtain a signed 

certificate from the engineer in charge.

Disconnect all power sources before any work is carried out. Check that the power 

is disconnected by using a voltmeter.

CAUTION

The oil level indicator is a calibrated monitoring instrument. It must be handled with care and 

protected against mechanical damage.

5.4 Installation

1. Install the oil level indicator in the designated place according to chapter 1.

2. Note the insertion depth on the float when installing on tap-changer type UZ.

3. Connect the signal cables to the terminal box.

4. Check the function by carefully moving the float up and down according to Fig. 25.

Fig. 25.
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5.5 Check at commissioning

WARNING

Before any work is started, make sure the power is disconnected.

Tools

 Screwdriver 5 mm 

 500 V DC Power unit/Megger

 Buzzer/Multimeter

5.5.1 Insulation test

The leakage current test is performed to verify that there is sufficient insulation to earth. The 

test must be performed with all contacts NO, NC and C connected. 

1. Connect all inputs and outputs (NO, NC and C). 

2. Then power with 500 V DC for a maximum of 1 minute. 

3. If the oil level indicator shows the result < 100 MΩ it must be replaced.

Fig. 26.
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1. ABOUT THIS DOCUMENT 
These operating instructions are part of the MWK, MWD surge arrester and de-
scribe safe and proper use for all phases of operation. 

We reserve the right to make changes in the interest of further development. 

1.1. Validity 

These operating instructions are valid only for the MWK, MWD surge arrester. 

1.2. Target group 

The target group of these operating instructions is professionals in the field of high-
voltage technology. 

The MWK, MWD may only be commissioned and maintained by persons in-
structed in proper use and handling. 

1.3. Copyright 

The copyright of these operating instructions belongs to ABB Switzerland Ltd. 
These operating instructions are to be handled confidentially and are intended 
solely for mounting, operating and monitoring personnel. They contain regulations 
and illustrations of a technical nature which may neither be utilized for competitive 
purposes nor passed on to others. Handing over to third parties is impermissible 
and liable for compensation. 

All rights, including those regarding the translation, are reserved. 
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2. SAFETY 

2.1. Symbols and advices 

This is a safety sign. It warns you of the danger of injury and material damage. 
Follow all measures marked with the safety sign to avoid injuries, death and da-
mage to materials. 

This safety sign warns you of the danger of death or serious injury from electric 
shocks. Follow all measures marked with the safety sign to avoid injuries and 
death.

This mark indicates that an action is to be performed. 

Warnings in these operating instructions indicate special dangers and list meas-
ures for prevention of the danger. There are three levels of warning: 

Warning
word Meaning

DANGER Immediate, impending endangerment of your life and health 

WARNING Possible impending endangerment of your life and health 

CAUTION Possible impending danger of light injuries or damage to materials 

Warnings are structured as follows: 

WARNING 
WORD

The type and source of danger appear here 
Possible consequences, which could occur if the measures are not followed, 
appear here. 

Impermissible actions appear here. 

 Measures for avoiding the danger appear here. 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 286 of 424



Operating instructions for MWK, MWD surge arrester 

Doc. 1HC0040013 AA EN 5

2.2. Basic safety precautions 

2.2.1. Product safety 

The MWK, MWD has been constructed using state-of-the-art technology and offi-
cially recognised safety-related rules. Danger to life and health of the user or third 
parties could arise or damage of the MWK, MWD and other property could occur 
while the MWK, MWD is in use, however. 

 The MWK, MWD  is only to be used when it is in technically sound condition, 
for the intended purpose, and with safety and the possible dangers in mind 
while observing the operating instructions. 

 Keep the operating instructions intact and fully readable, and store them in 
such a way that they are accessible to operating personnel at all times. 

 Decommission and replace overloaded or damaged MWK, MWD units. 

2.2.2. Personnel-related measures 

 Train personnel in professional and safe working with high-voltage technology. 

 Train and instruct personnel in working on the MWK, MWD using the operat-
ing instructions. 

 Personnel being trained, instructed or provided with general education may 
only work with the MWK, MWD under constant supervision by an experienced 
high-voltage technology professional. 

2.2.3. Organisational measures 

 Observe all safety- and danger-related information regarding the MWK, MWD. 

 The safety rules of the owner of the high- and medium-voltage system and all 
regulations of the respective national safety authorities are to be observed. 

 Only trained and instructed professionals may be authorised. 

 Clearly assign areas of responsibility for working with the MWK, MWD.  Make 
them known and adhere to them. 

 Only personnel who have read and understood the operating instructions, es-
pecially the "Basic safety precautions" section may be allowed to carry out ac-
tivities with the MWK, MWD. 

 Check to ensure that work is being performed in a safety-conscious way with 
awareness of possible dangers and while observing the operating instructions. 
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3. DESCRIPTION 

3.1. Intended use 

The MWK, MWD is a surge arrester intended for use in high- and medium-voltage 
applications. Surge arresters protect the insulation of high voltage and medium 
voltage devices against overvoltages which are caused by lightning or switching 
operations.

The MWD surge arrester is intended for use indoors, only. The surge arrester 
MWK is intended for use outdoors and indoors. 

The manufacturer is not liable for resulting damages from further, unintended use. 
The operator accepts all responsibility for using the MWK,MWD outside of its in-
tended application range as specified in this document. 

3.2. Structure and function 

The MWK, MWD surge arrester is constructed from serially connected, non-linear 
metal-oxide (MO) resistors. These MO resistors have an extremely non-linear re-
sistance property. At the maximum operating voltage of Uc, only a small capacitive 
current will flow in the mA range. With an increase in voltage, the MO resistors en-
ter a highly-conductive state practically without delay. Thus any further increase in 
voltage is limited to the specified residual voltage values. After the decline of the 
overvoltage the arrester immediately turns back to the non- or slightly-conductive 
state. The MO arrester converts the energy of the surge into heat, which it trans-
fers to the surrounding air. 

The stack of MO resistors and connection equipment is held together with strong 
strips made of fiberglass-reinforced plastic. The directly molded silicone housing 
with sheds protects it from all environmental and weather influences. This design 
has proven to be the best solution in every environment for years. For indoor ap-
plications without pollution sheds are not required. 

Thanks to its high energy absorbing capability and low protective level, the MWK, 
MWD is especially suited for overvoltage protection of: 

 Transformers 

 cables, motors 

 other high- and medium-voltage apparatuses and systems 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 288 of 424



Operating instructions for MWK, MWD surge arrester 

Doc. 1HC0040013 AA EN 7

3.3. Technical data 

The technical data, dimensions, weights and installation distances are specified in 
the following documents: 

 surge arrester MWK for applications in a.c. systems in the CHHOS/AR3205/6 
pamphlet

 surge arrester MWD for applications in a.c. systems in the CHHOS/AR3209 
pamphlet

 MWK, MWD dimensional drawings 

3.3.1. Technical data on the surge arrester 

The rating plate molded into the silicone housing contains the following data: 

Data Meaning 

MWK, MWD  Type designation 

IEC-P-CL  .. kA Rated short-circuit current for 0.2 sec. 

f  ... Hz Power system frequencies .. Hz 

Additional data is etched in or located on signs.

Data Meaning 

MWK ..
MWD ..

Complete type designation with specification of the 
maximum permissible continuous operating voltage Uc

Uc = .. kV Maximum permissible continuous operating voltage Uc

Ur = .. kV Rated voltage 

In = .. kA Nominal discharge current 

IEC-L-CI.. Line discharge class (if specified) 

Dat. Date of manufacture 

No. HA … Serial number 
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3.3.2. Application guidelines 

The following guidelines apply for the use of MWK, MWD  surge arresters: 

 "Application guidelines" for medium-voltage systems, pamphlet  
CHHOS/AR 3257 

3.3.3. Recommended torques and screw-in depths 

The specified values in the table below apply for steel bolts of strength class 8.8 in 
aluminum nut threads. 

Thread Position Maximum 
torque
[Nm]

Minimum
screw-in depth 

[mm]

Maximum
screw-in depth

[mm]

M12 Head end 48 18 23.5 

M12 Foot end 48 18 23.5 

The specified values in the following table apply for steel bolts & nuts of strength 
class 8.8, which are used in some clamping accessories. 

Thread Maximum torque  
[Nm]

M6 8.8 

M8 21.4 

M10 44 

M12 74 

M14 119 

M16 183 

3.3.4. Behaviour in fire 

The silicone housing of the surge arrester is self-extinguishing, and the oxygen in-
dex (LOI), measured in accordance with ASTM D 2863 and EN ISO 4589 is grea-
ter than 35. 
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4. TRANSPORTATION, UNPACKING AND STORAGE 
Transportation

CAUTION 

Surge arresters not secured during transportation 
Damage to surge arresters that have fallen during transport. 

 Secure surge arresters against sliding or falling before transportation. 

 Observe safety precautions printed on the packaging for proper handling 
during transportation and storage. 

Unpacking 
The surge arresters provided are packaged in stable cardboard boxes or wooden 
crates. The accessories, packaged in plastic bags, are either included in the carton 
or wooden crate or supplied separately in case of large quantities. 

The surge arresters are supplied with accessories installed, unless specifically  or-
dered otherwise. The routine test reports for the  final electrical inspection are in-
cluded in the packaging material. 

 After receiving the shipment, compare the order and delivery documents im-
mediately to check for completeness and accuracy of the shipment. In case of 
incompleteness or deviations, inform the supplier and shipper immediately. 

WARNING 

Damaged surge arresters 
Material damage and personal injury due to the installation and commissioning of 
damaged surge arresters. 

 Do not use damaged surge arresters. 

 Examine shipment immediately to check for damage. 

 Notify the insurance company, the shipper and the supplier of the damage 
immediately and create a damage log. 

Storage
The original packaging materials can be used for storage. 

 Store surge arresters in a well-ventilated, clean room. 

 Remove plastic film to prevent the formation of condensation water. 
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5. COMMISSIONING 

5.1. Safety 

DANGER 

System uses high voltage 
Death, serious bodily harm and damage to the switching gear may result from an 
electric shock. 

 Allow only authorised professionals to perform work on the surge arrester. 

 Observe the safety rules of EN 50110-1 before working on the system: 
– Disconnect the system from the power supply. 

– Secure the system against being switched on again. 

– Ensure that the system is de-energised. 

– Earth the system and short-circuit it. 

– Cover or cordon off neighbouring energised parts. 

5.2. Electrical check before commissioning 

Each surge arrester is tested by the manufacturer. The routine test report is in-
cluded with the packaging. Additional electrical testing before commissioning is not 
necessary.
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5.3. Installation location and protective distance 

DANGER 

Danger of fire and injury via arc with overloading of the surge ar-
rester
Ignition of flammable materials by an arc and flying burning parts. 

 Do not store flammable materials near the surge arrester. 

 When working near the surge arrester, do not wear easily flammable clothing.

Surge arresters only protect high- and medium-voltage apparatuses when they are 
located within the protective distance The protective distance is only a few meters. 

 Always mount surge arresters as close as possible to the apparatus to be pro-
tected within the protective distance. The length of the connecting cables are 
decisive here. 

 In cases of doubt, calculate the protective distance according to the formulas 
in the "Application guidelines". 

5.4. Mounting 

CAUTION 

Incorrect system voltage 
Damage to the switching gear and the surge arrester. 

 Do not use surge arresters intended for a.c. systems in d.c. systems. 

 Observe the "Application guidelines" from ABB Switzerland Ltd. 

 Before mounting, ensure that the characteristic data on the rating plate of the 
surge arrester matches the requirements of the power system. 

 Ensure that system voltage applied at the terminals of the arrester does not 
exceed the maximum permissible continuous operating voltage of the surge 
arrester.

The head end is generally intended for connexion to the high voltage and the foot 
end/floor plate is generally to be connected to the system ground. 

The base or foundation for the surge arrester must be flat, clean and suitable for 
the loads that arise. 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 293 of 424



Operating instructions for MWK, MWD  surge arrester 

12 EN Doc. 1HC0031013 AA 

The following materials made of stainless or galvanised steel are to be provided by 
the customer: 

 bolts 

 foundation bolts 

 nuts 

 bolt locks 

 any required balancing washers 

 Carefully clean contact surfaces before mounting and lubricate with acid-free 
contact grease. 

 Ensure selection of suitable material pairs. 

5.4.1. Transportation during mounting 

Depending on weight and installation location of the surge arrester, a crane may 
be necessary for mounting. The crane rope can be fastened directly or by means 
of an eyenut to the surge arrester head end. 

5.4.2. Installation position 

CAUTION 

Deposits on the undersides of sheds 
Conductivity of deposits hinders protective function of the MWK, MWD . 

 Always mount surge arresters in such a way that the sheds point downward. 

5.4.3. Minimum distances between surge arresters and earth 

The minimum permissible distances between the surge arresters and the earth are 
specified on the data sheets supplied with the offer or order confirmation. The val-
ues are based on calculations for unfavourable conditions and include safety mar-
gins.

 Observe national regulations and the rules of the system owner. 
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5.4.4. Earthed installation 

If no surge counters and/or milliammeters were supplied, the MWK, MWD surge 
arrester is to be mounted earthed. 

 Bolt surge arresters directly to the earthed frame or foundation. Depending on 
the type of mounting plate centring washers are used. 

 Connect the ground connection of the surge arrester to its base plate tab. 

5.4.5. Insulated installation 

If surge counters and/or milliammeters were supplied, the MWK, MWD surge ar-
rester is to be mounted insulated. 

 Mount surge arresters with the included loose insulators made of cast resin on 
the earthed frame or foundation according to the dimensional drawing. 

 Mount surge counters/milliammeters according to the respective mounting in-
structions. 

Surge counters/milliammeters with analogue display 
Surge counters/Milliammeters with analogue display are connected in series to the 
surge arrester between the floor plate and the ground connection. 

 Attach the cable connector of the surge counter/milliammeter to the base plate 
tab of the surge arrester. 

 Select a cable or conductor for the connector cable with the same diameter 
and material as used for earth connection. 

 Connect the earth connection to the earth tab of the surge 
counter/milliammeter. 

Digital surge counters/milliammeters 
Digital surge counters/milliammeters need separate current sensors which con-
nected to the base plate tap of the surge arrester by means of a long bolt.  

 Connect the earth connection at the bolt of the sensor according to the mount-
ing instruction of the surge counter/milliammeter. 

5.5. Earthing 

 Observe national regulations and the requirements of the system owner. 

 Connect surge arresters to the system ground via the shortest path. Carefully 
clean contact surfaces before mounting and lubricate with acid-free contact 
grease

 Observe recommended minimum diameters: 
Copper  dia. 20 mm2

Aluminum dia. 40 mm2
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6. MAINTENANCE, UPKEEP 

DANGER 

System uses high voltage 
Death, serious bodily harm and damage to the switching gear may result from an 
electric shock. 

 Allow only authorised professionals to perform work on the surge arrester. 

 Observe the safety rules of EN 50110-1 before working on the system: 
– Disconnect the system from the power supply. 

– Secure the system against being switched on again. 

– Ensure that the system is de-energised. 

– Earth the system and short-circuit it. 

– Cover or cordon off neighbouring energised parts. 

The surge arresters do not contain wearing parts and are therefore maintenance-
free. Replacement parts are not needed. 

Replacement after overloading or damages caused by animals 
Overloading during operation can lead to damaging (e.g. traces of fire, fractures) of 
the surge arrester from arcs. 

Minimal animal bites on the sheds of the silicone housing (e.g. by birds, martens, 
mice etc.) do not hinder the functioning of the surge arrester. Heavy bites do re-
duce the insulation capacity of the silicone housing, however. 

CAUTION 

Damage to the surge arrester 
Damaged surge arresters no longer protect the switchgear. 

 Check the surge arresters visually on a regular basis to ensure that they are 
in sound condition. 

 Replace damaged surge arresters. 

 Keep a small percentage of installed surge arresters in reserve. 

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 296 of 424



Operating instructions for MWK, MWD surge arrester 

Doc. 1HC0040013 AA EN 15

Cleaning in case of heavy pollution 
Thanks to the hydrophobicity of the silicone housing, normal pollution does not af-
fect the insulation capacity of the housing. If pollution exceeding this is present 
(heavy deposit layer) the surge arrester should be cleaned. 

CAUTION 

Solvents and abrasive equipment 
Damage to the silicone housing. 

 Do not use cleaning agents containing solvents besides isopropanol 
 Do not use abrasive equipment for cleaning. 
 Do not use silicone grease or silicone oil after the cleaning. 
 Clean surge arresters either with 

– warm water and soft, lint-free cloths 
– water spray with a maximum pressure of 10 bar 
– soft, lint-free cloths moistened with isopropanol (isopropyl alcohol).  

Apply on the whole silicone surface 
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7. DISPOSAL 
MWK, MWD surge arresters are environmentally-friendly products which must be 
disposed of based on the respective applicable regional regulations in an environ-
mentally-friendly manner. The materials should be given up for recycling. 

Constituent components are: 

 silicone rubber (not halogenated) for the external insulation 

 mounting sections and other parts made of aluminium 

 metal-oxide varistors 

 fibreglass-reinforced plastic lugs 

 steel mounting hardware 

Silicone rubber (not halogenated) 
The silicone rubber can break down into SiO2 and CO2, thus uncovering the en-
cased metal-oxide varistors. 

Metal-oxide varistors 
The metal-oxide varistors are sintered ceramics consisting up to 90% of ZnO. The 
following additions are also contained within: 

 percent by weight over 1%: Bi2O3 and Sb2O3, which are considered to be dan-
gerous substances according to EU ordinances 

 percent by weight between 0.1 and 1%: NiO and Cr2O3, which are considered 
poisonous and dangerous materials pursuant to EU guideline 91/689/EEC 

Metal-oxide varistors are coated with a thin glass coating containing lead-oxide  
(< 0.1% of the weight). 

The substances are present as an oxide in metal-oxide varistors. A wash-out test 
in accordance with an EPA specification (Federal Register/vol. 45, No 98 /Rules 
and regulations) has shown that the sintered metal-oxide varistors can be dis-
posed of as industrial waste without infringing on EEC guidelines. 

No danger to personal health or the environment is present during normal opera-
tion.
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ZEP_______________ 
Zlin Electro Porcelain 
 

General Assembly, Handling and Technical 
Information for the ESAA 2 Piece Bushing Assemblies 

supplied by ZEP. 
 
1.   Handling Instructions LV & HV Assemblies 
 
All units being porcelain should be handled with care to avoid chipping or 
breaking the porcelain. 
They should not be placed directly onto metal benches, concrete floors or 
placed side by side without some suitable cushioning material under or 
between them. Units placed on flat surfaces should be chocked to ensure they 
do not roll off of a table or bench. 
 
In most cases ZEP supplies the units assembled as a complete kit of 
components, which for use by the customer requires that the units be pulled 
apart for assembly onto the transformer tanks.  
On loosening the clamping nut to disassemble the units, care should be taken 
so that the hardware is not allowed to drop onto the porcelain. Failure to do so 
may result in chipping of the porcelain. 
 
2.   Technical Information 
 
Low Voltage Bushing Assemblies. 
 
The low voltage range of ESAA transformer bushings consists of 2 voltage 
ratings, 690 Volt and 3.3kV 
 
Available standard current ratings are: 
@ 690 volt = 160A 
@ 3.3kV = 200A, 300A, 500A, 700A, 1050A, 1400A, 1600a 2650A and 
3150A. 
 
Table 1 (Electrical Characteristics) 
ZEP Type 

No. 
ESAA 

Number 
Nominal 
Voltage 

Current 
Rating 

Power 
Frequency 
Withstand 
Voltage 

Impulse 
Level 
(BIL) 

Rating 

Creepage 
Distance 

(mm) 

Arcing 
Distance 

(mm) 

CU711014 2/3/2m 690 (V) 160(A)   70 60 
BR721214 2/3/3m 3.3 (kV) 200 (A) 10 (kV) 40 (kV) 100 80 
BR721614 2/3/3m 3.3 (kV) 300 (A) 10 (kV) 40 (kV) 100 80 
CU721614 2/3/3m 3.3 (kV) 500 (A) 10 (kV) 40 (kV) 100 80 
CU732018 2/3/4m 3.3 (kV) 700 (A) 10 (kV) 40 (kV) 115 90 
CU732414 2/3/4m 3.3 (kV) 1050 (A) 10 (kV) 40 (kV) 115 90 
CU733314 2/3/4m 3.3 (kV) 1400 (A) 10 (kV) 40 (kV) 115 90 
CU733656 2/3/4m 3.3 (kV) 1600 (A) 10 (kV) 40 (kV) 115 90 
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CU744544 2/3/5m 3.3 (kV) 2650 (A) 10 (kV) 40 (kV) 115 90 
CU744844 2/3/5m 3.3 (kV) 3150 (A) 10 (kV) 40 (kV) 115 90 

 
The LV bushings consist of a 2- piece porcelain construction. (Bush and Cup 
sandwiching the transformer tank wall). 
The bushing cup has 2 holes to allow oil entry into the bore of the bushing 
assembly. 
2 paper gaskets protect the porcelain on assembly where it will come in 
contact with the internal face of the transformer tank wall and the internal 
portion of the stem assembly. 
 
Nitrile bonded cork and Neoprene bonded cork gaskets are available 
dependent on customer preference for sealing the outer tank face and the 
cap. 
  
The range of bushings available and the recommended tightening torque are 
listed in Table 1 below for both the Nitrile bonded cork and the Neoprene 
bonded cork. 
 
3)   Low Voltage assembly Instructions 
 
In general the low voltage bushings are mounted horizontally in the tank wall. 
On assembly of the unit onto the transformer tank the bushing and tank 
gasket should be positioned as concentric with the tank hole as is possible. 
 
The tank hole should be free from burrs and the tank face where the bushing 
mates should be flat and free of lumps and scratches that may result in a poor 
seal.  
For all bushings used in the horizontal axis the bushing cup holes should be in 
the vertical axis to allow oil to flow into the assembly and air to escape easily.  
 
Any connections made to the bushings internally and or externally, ie, cables 
or busbars must be fully supported so that the bushing is not carrying any 
mechanical load from these connections that could cause failure of the 
bushing seal. 
 
Table 2 (Recommended Tightening Torque) 

ZEP 
Type No. 

Stem 
Material 

+ Diameter 

Voltage
(v) 

Current 
(A) 

Torque (Nm) 
For Neoprene 
Bonded Cork 

Torque (Nm) 
For Nitrile 

Bonded Cork 
CU711014 M10 Copper 690 160 12Nm 15Nm 
BR721214 M12 Brass 3300 200 35Nm 35Nm 
BR721614 M16 Brass 3300 300 35Nm 40Nm 
CU721614 M16 Copper 3300 500 35Nm 40Nm 
CU732018 M20 Copper 3300 700 60Nm 100Nm 
CU732414 M24 Copper 3300 1050 70Nm 120Nm 
CU733314 M33 Copper 3300 1400 80Nm 130Nm 
CU733614 M36 Copper 3300 1600 100Nm 130Nm 
CU744544 M45 Copper 3300 2650 110Nm 150Nm 
CU744844 M48 Copper 3300 3150 120Nm 160Nm 
Note: The above recommended torque values are +/- 10% depending on the 
quality of the tank surface. 
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The tightening torque listed above is on the first nut put onto the assembly. 
On assembly of the second nut, the first nut should be held with a spanner 
whilst the second nut is locked off. The second nut should then be held with a 
spanner whilst the third nut is locked off. 
This ensures that the first nut cannot be over tightened.  
 
4)   Technical Information 
 
 High Voltage Bushing Assemblies 
 
As with the low voltage range the high voltage range is also a 2 piece 
porcelain construction and consists of 3 main voltage ratings, 11kV 22kV and 
33kV. 
Available standard current ratings for all voltages are: 
30A, 200A, 300A and 500A. 
 
Table 3 (Electrical Characteristics) 
ZEP Type 

No. 
ESAA 

Number 
Nominal 
Voltage 

Current 
Rating 

Power 
Frequency 
Withstand 
Voltage 

Impulse 
Level 
(BIL) 

Rating 

Creepage 
Distance 

(mm) 

Arcing 
Distance 

(mm) 

MS751214 2/3/6m 11 (kV) 30 (A) 28 (kV) 75 (kV) 285 175 
BR751214 2/3/6m 11 (kV) 200 (A) 28 (kV)  75 (kV) 285 175 
BR751614 2/3/6m 11 (kV) 300 (A) 28 (kV) 75 (kV) 285 175 
CU751614 2/3/6m 11 (kV) 500 (A) 28 (kV) 75 (kV) 285 175 
MS121214 2/3/6m 11 (kV) 30 (A) 28 (kV) 95 (kV) 325 245 
BR121214 2/3/6m 11 (kV) 200 (A) 28 (kV) 95 (kV) 325 245 
BR121614 2/3/6m 11 (kV) 300 (A) 28 (kV) 95 (kV) 325 245 
CU121614 2/3/6m 11 (kV) 500 (A) 28 (kV) 95 (kV) 325 245 
MS241214 2/3/7m 22 (kV) 30 (A) 50 (kV) 125 (kV) 480 290 
BR241214 2/3/7m 22 (kV) 200 (A) 50 (kV) 125 (kV) 480 290 
BR241614 2/3/7m 22 (kV) 300 (A) 50 (kV) 125 (kV) 480 290 
CU241614 2/3/7m 22 (kV) 500 (A) 50 (kV) 125 (kV) 480 290 
MS781614 2/3/8m 33 (kV) 30 (A) 70 (kV) 200 (kV) 780 400 
BR781614 2/3/8m 33 (kV) 300 (A) 70 (kV) 200 (kV) 780 400 
CU781614 2/3/8m 33 (kV) 500 (A) 70 (kV) 200 (kV) 780 400 

 
Like the LV bushing range the HV bushings consist of a 2-piece porcelain 
construction. (Bush and Cup sandwiching the tank wall) 
The bushing cup has 2 holes to allow oil entry into the bore of the bushing 
assembly. 
2 Paper gaskets protect the porcelain on assembly where it will come into 
contact with the internal face of the transformer tank wall and the internal 
portion of the stem assembly. 
 
Nitrile bonded cork and Neoprene bonded cork gaskets are available 
dependent on customer preference for sealing the outer tank face and the 
cap. 
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The range of bushings available and the recommended tightening torque is 
listed in Table 5 below for both Nitrile bonded cork and Neoprene bonded 
cork. 
 
5)    High Voltage Assembly Instructions 
 
In general the high voltage bushings are mounted vertical or to within 30º of 
vertical.  
 
Gluing of the sealing gaskets is recommended with the HV bushings. 
 
The tank hole should be free from burrs and the tank face where the bushing 
mates should be flat and free of lumps and scratches that may result in a poor 
seal.  
 
On assembly of the unit onto the transformer tank or lid the bushing outer tank 
gasket should be positioned as concentric with the tank hole as possible. 
 
For all bushings used in the horizontal axis for use in cable boxes etc, the 
bushing cup holes should be in the vertical axis to allow oil to flow into the 
assembly and air to escape easily.  
 
Any connections made to the bushings internally and or externally, ie; cables 
or busbars must be fully supported so that the bushing is not subjected to 
mechanical loads from these connections. Such loads could cause failure of 
the bushing seal. 
  
The 24kV assemblies are available with and without a gas plug. 
The 33kV bushings are supplied with a gas plug as standard. 
Should a bushing be used in the horizontal plane the breather plug should be 
uppermost on the bushing during assembly onto the transformer tank.  
Oil entry into the bushing is via 2 holes in the bushing cup. 
 
Units supplied with a gas plug on the cap are easily flooded with oil, by 
releasing the gas plug to allow the air inside the bushing to escape as it is 
filled with oil. 
On completion of oil filling of the bushing to the minimum cold oil level as 
detailed in Table 4 below when used in the vertical plane, the gas plug should 
be carefully tightened. The gas plug has an “O” ring seal and should not be 
over tightened.  
We recommend the gas plug be tightened to 10Nm +/- 1Nm 
 
Table 4 (Minimum cold oil level) 

Bushing 
Voltage Rating 

Minimum Cold Oil Level 

11 (kV) 15mm Below tank mating face 
22 (kV) 76mm Above tank mating face 
33 (kV) 147mm Above tank mating face 
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Table 5 (Recommended tightening torque) 

ZEP 
Type No. 

Stem 
Material 

+ Diameter 

Voltage
(v) 

Current 
(A) 

Torque (Nm) 
For 

Neoprene 
Bonded 

Cork 

Torque (Nm) 
For Nitrile 

Bonded Cork 

MS751214 12mm MS 11kV 30A 30Nm 35Nm 
BR751214 12mm Brass 11kV 200A 30Nm 35Nm 
BR751614 16mm Brass 11kV 300A 40Nm 45Nm 
CU751614 16mm Copper 11kV 500A 40Nm 45Nm 
MS121214 12mm MS 11kV 30A 30Nm 35Nm 
BR121214 12mm Brass 11kV 200A 30Nm 35Nm 
BR121614 16mm Brass 11kV 300A 40Nm 40Nm 
CU121614 16mm Copper 11kV 500A 40Nm 40Nm 
MS241214 12mm MS 22kV 30A 40Nm 50Nm 
BR241214 12mm Brass 22kV 200A 40Nm 50Nm 
BR241614 16mm Brass 22kV 300A 45Nm 60Nm 
CU241614 16mm Copper 22kV 500A 45Nm 60Nm 
MS781614 16mm MS 33kV 30A 80Nm 100Nm 
BR781614 16mm Brass 33kV 300A 80Nm 100Nm 
CU781614 16mm Copper 33kV 500A 80Nm 100Nm 
Note: MS = Mild Steel Zinc Plated in a colour dissimilar to brass or copper. 
The above recommended torque values are +/- 10% depending on the quality 
of the tank surface. 
 
The tightening torque listed above is on the first nut put onto the assembly. 
On assembly of the second nut, the first nut should be held with a spanner 
whilst the second nut is locked off. The second nut should then be held with a 
spanner whilst the third nut is locked off. 
This ensures that the first nut cannot be over tightened.  
 
6. Other Information 
 
ZEP does not recommend the use of pneumatic tools for tightening of 
bushings. 
 
General arrangement drawings are available for all units listed. 
 
Other units are available in 22kV, 33kV, 44kV and 52kV ranges. These are 
units to customer designs. Information on these units is available on request. 
 
Should additional information be required or clarification of any of the above 
information be required, please contact ZEP. 
 
 

Information subject to change without notice 
  8th November 2002 
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ZEP_______________ 
Zlin Electro Porcelain 
 
General Assembly Instructions and Technical Information on 
the FHD and HD range of Transformer Bushings supplied by 
ZEP. 
 
1. General 
 
Of the two assembly types detailed below only FHD type is available from 
ZEP. The FHD units are derived from the HD – ESAA 2/3/16 series of 
bushings that have been in existence since 1966. 
 
The main difference between the FHD range and the HD – ESAA 2/3/16 
range is the incorporation of Aluminium flanges cemented to the porcelain for 
mounting of the bushing to the transformer.  
The benefit of the FHD units with the aluminium flange is that the units are 
partial discharge free at nominal voltages right through the range. 
An increase in the arcing and creep distances on all FHD units has also been 
achieved with the addition of the flange. 
 
2. Handling Instructions 
 
All units being porcelain should be handled with care to avoid chipping or 
breaking the porcelain. 
Units should not be placed directly onto metal benches; concrete floors or 
placed side by side without some suitable cushioning material under and or 
between them. Units placed on a flat surface should be chocked to ensure 
they cannot roll off a table or bench or roll into one another and cause 
damage.  
 
2. Technical Information 
 
The range consists of four (4) main voltage ratings as follows: 
 
HD1 = 11kV Medium Pollution (75kV BIL+/-) 
HD2 = 11kV Very Heavy Pollution 22kV Medium Pollution (125kV BIL +/-) 
HD3 = 22kV Heavy Pollution 33kV Medium Pollution (170kV BIL +/-) 
HD4 = 33kV Heavy Pollution (200kV BIL +/-) 
 
FHD1 = 11kV Heavy Pollution (95kV BIL +/-) 
FHD2 = 11kV Very Heavy Pollution 22kV Medium Pollution (150kV BIL +/-) 
FHD3 = 22kV High Pollution 33kV Medium Pollution (170kV – 200kV BIL +/-) 
FHD4 = 33kV Very Heavy Pollution (200kV BIL +/-) 
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Note:  The pollution level description shown above is calculated at the shown 
voltage levels and measured creepage distance and are described in 
accordance with IEC 815  
 
Current ratings for each bushing type are as follows: 
 
500A, 800A, 1050A, 2000A and 2650A others are available on request. 
Individual customer requirements can be catered for. 
 
ZEP is not able to supply Type Test Reports for the HD range of bushing 
assemblies. These units have been in the market for in excess of 25 years, 
and have been type tested by others and as part of completed transformers. 
If type tests are required then ZEP will arrange for tests to be carried out to 
customers cost. Cost of type tests is available on application 
Copies of Type Test results are available for the FHD range of bushing 
assemblies as these are to a ZEP design and were fully type tested prior to 
release in onto the market. 
 
Table 1. (Electrical characteristics) 
ZEP TYPE No. Nominal 

Voltage 
Nominal 
Current 

Power 
Frequency 
withstand 
Voltage 

Impulse 
Level   
(BIL) 

Rating 

Creep 
Distance 

(mm) 

Arcing 
Distance 

(mm) 
 

HD1G300 11kV 300A 28(kV) 75(kV) 267 150 
HD1G500 11kV 500A 28(kV) 75(kV) 267 150 
HD1G800 11kV 800A 28(kV) 75(kV) 267 150 
HD1G1050 11kV 1050A 28(kV) 75(kV) 267 150 
HD1G2000 11kV 2000A 28(kV) 75(kV) 267 150 
HD1G2650 11kV 2650A 28(kV) 75(kV) 267 150 
HD2G300 22kV 300A 50(kV) 125(kV) 432 230 
HD2G500 22kV 500A 50(kV) 125(kV) 432 230 
HD2G800 22kV 800A 50(kV) 125(kV) 432 230 
HD2G1050 22kV 1050A 50(kV) 125(kV) 432 230 
HD2G2000 22kV 2000A 50(kV) 125(kV) 432 230 
HD2G2650 22kV 2650A 50(kV) 125(kV) 432 230 
HD3G300 33kV 300A 70(kV) 170(kV) 635 350 
HD3G500 33kV 500A 70(kV) 170(kV) 635 350 
HD3G800 33kV 800A 70(kV) 170(kV) 635 350 
HD3G1050 33kV 1050A 70(kV) 170(kV) 635 350 
HD3G2000 33kV 2000A 70(kV) 170(kV) 635 350 
HD3G2650 33kV 2650A 70(kV) 170(kV) 635 350 
HD4G300 33kV 300A 70(kV) 200(kV) 864 400 
HD4G500 33kV 500A 70(kV) 200(kV) 864 400 
HD4G800 33kV 800A 70(kV) 200(kV) 864 400 
HD4G1050 33kV 1050A 70(kV) 200(kV) 864 400 
HD4G2000 33kV 2000A 70(kV) 200(kV) 864 400 
HD4G2650 33kV 2650A 70(kV) 200(kV) 864 400 
FHD1G300 11kV 300A 28(kV) 95(kV) 305 190 
FHD1G500 11kV 500A 28(kV) 95(kV) 305 190 
FHD1G800 11kV 800A 28(kV) 95(kV) 305 190 
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FHD1G1050 11kV 1050A 28(kV) 95(kV) 305 190 
FHD1G2000 11kV 2000A 28(kV) 95(kV) 305 190 
FHD1G2650 11kV 2650A 28(kV) 95(kV) 305 190 
FHD2G300 22kV 300A 50(kV) 150(kV) 470 280 
FHD2G500 22kV 500A 50(kV) 150(kV) 470 280 
FHD2G800 22kV 800A 50(kV) 150(kV) 470 280 
FHD2G1050 22kV 1050A 50(kV) 150(kV) 470 280 
FHD2G2000 22kV 2000A 50(kV) 150(kV) 470 280 
FHD2G2650 22kV 2650A 50(kV) 150(kV) 470 280 
FHD3G300 33kV 300A 70(kV) 200(kV) 670 370 
FHD3G500 33kV 500A 70(kV) 200(kV) 670 370 
FHD3G800 33kV 800A 70(kV) 200(kV) 670 370 
FHD3G1050 33kV 1050A 70(kV) 200(kV) 670 370 
FHD3G2000 33kV 2000A 70(kV) 200(kV) 670 370 
FHD3G2650 33kV 2650A 70(kV) 200(kV) 670 370 
FHD4G300 33kV 300A 70(kV) 200(kV) 900 485 
FHD4G500 33kV 500A 70(kV) 200(kV) 900 485 
FHD4G800 33kV 800A 70(kV) 200(kV) 900 485 
FHD4G1050 33kV 1050A 70(kV) 200(kV) 900 485 
FHD4G2000 33kV 2000A 70(kV) 200(kV) 900 485 
FHD4G2650 33kV 2650A 70(kV) 200(kV) 900 485 
Note: The length of the studs used to secure the unit to the transformer tank 
by the installer can affect the arcing distances. 
 
Gaskets: 
 
The gasket materials supplied by ZEP on the assemblies is suitable for 
continuous use in mineral oil at a maximum temperature of 100º C and 
minimum temperature of -20ºC. 
 
Table 2. (Recommended Minimum Cold oil Levels) 

Assembly Type Mounted Vertically or to within 
30º of Vertical 

Mounted 
Horizontally 

FHD1 – 11kV Height above Tank Face (25mm) Fully Filled 
FHD2 – 22kV Height above Tank Face (200mm) Fully Filled 
FHD3 – 33kV Height above Tank Face (300mm) Fully Filled 
FHD4 – 33kV Height above Tank Face (300mm) Fully Filled 
HD1 – 11kV Height above Tank Face (25mm) Fully Filled 
HD2 – 22kV Height above Tank Face (200mm) Fully Filled 
HD3 – 33kV Height above Tank Face (300mm) Fully Filled 
HD4 – 33kV Height above Tank Face (300mm) Fully Filled 

 
Routine Tests 
 
All units supplied are Routine Tested in accordance with IEC 137 1995. 
Tests carried out prior to delivery are:  
1. Dry power frequency 
2. Tightness test on Liquid insulated bushing 
3. Visual and dimensional check 
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Test reports are only available should they be requested at time of order. 
Conformance certificates are also available. The conformance certificate 
details the customer order number, the bushing type, and relevant standards 
the components comprising the assembly comply to. 
 
Installation 
 
These units are heavy and care should be taken when unpacking on delivery. 
The units should not be placed directly on a metal table or concrete floor 
without some appropriate cushioning material on it such as cardboard to 
ensure the porcelain is not chipped. 
The unit should also be chocked so that it cannot roll off of a table or bench. 
If units are placed side by side on a bench, wooden spacers should be used 
between the units to ensure they do not come into contact with one another.  
 
The FHD range is not tightened down for immediate installation onto the 
transformer tank; they are supplied tightened down to ensure the 
metalwork does not come into contact with the porcelain during 
shipping. 
The reason this is not done is because customers rotate the metalwork in 
relation to the orientation of the gas plug or bushing palm on assembly onto 
the transformer tank in line with end user requirements. 
The HD range is supplied torqued down to the appropriate setting for 
immediate installation onto the transformer. 
 
Tightening of the FHD assemblies 
 
Prior to installation bushings assemblies should be tightened down in 
accordance with Table 3 below and their particular stem diameter. 
The unit should be placed upside down so that the cap of the assembly is 
supporting the weight of the unit, before the nuts are loosened to obtain the 
correct orientation of the unit. 
 
Note: If this operation is attempted in the horizontal plane on workbench 
damage to the porcelain will occur. On loosening the nuts the metalwork due 
to its weight will drop onto the porcelain and will chip the unit. 
ZEP will not accept responsibility for the resultant damage, as it is easily 
identified as being caused in this manner. 
 
Table 3. (Assembly tightening torque) 

Current rating Stem Diameter Torque Setting 
300 & 500A 16mm 60Nm 

800A 20mm 80Nm 
1050A 24mm 100Nm 
2000A 36mm 135Nm 
2650A 45mm 150Nm 

 
Note: The above listed torque settings are on the first clamping nut. Once the 
required torque has been achieved, the first nut should be held with a spanner 
while a second locking nut is locked onto the first nut. 
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Notes: On Assembly 
 
a) The tank hole should be free from burrs and the tank face where the 

bushing mates should be flat and free from lumps and scratches that 
may result in a poor seal. 

b) Should a bushing be used in the horizontal plane the breather plug 
should be uppermost on the bushing during assembly onto the 
transformer tank. 

c) The breather plug allows the bushing to be easily flooded with oil, by 
releasing the breather plug to allow the air inside the bushing to escape 
as it is filled with oil. 
On completion of oil filling to the required level the breather plug 
should be carefully tightened. The breather plug has an “O” ring 
seal and should not be over-tightened. We recommend the 
breather plug be tightened to 10Nm + or – 1Nm.  

d) On installation onto the tank the unit should be located as centrally as 
is possible within the tank hole. 
Gluing of the tank gasket onto the transformer tank and the bushing to 
the tank gasket is recommended. 

e) The recommended stud size for locating both the HD and FHD range of 
units to the tank is 12mm diameter. 
The fixing nuts should be tightened in accordance with the sequence 
shown in Figure 1 below. 

f) Any connections made to the bushings internally or externally: ie: 
flexible cables or busbars must be fully supported so that the bushing is 
not carrying any mechanical load from these connections. Such loads 
could cause failure of the bushing seal. 

    
Should a bushing be used in the horizontal plane the breather plug should be 
uppermost on the bushing during assembly onto the transformer tank.  
Oil entry into the bushing is via a grooved clamping washer on the bottom of 
the bushing. 
 
On installation onto the tank the unit should be located as close as is possible 
in the centre of tank hole. 
Gluing of the tank gasket onto the transformer tank and the bushing to the 
tank gasket is recommended. 
 
The recommended stud size for locating both the HD and FHD range of units 
to the tank is 12mm diameter. 
The fixing nuts should be tightened in accordance with the sequence shown in 
Figure 1 below.  
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Figure 1 

 
 
 
Assembly Tightening Torque. 
Firstly all nuts should be finger tight before final tightening of the unit. 
The recommended tightening torque is 40Nm for an M12 stud. 
 
Repairs and Replacements 
Should for any reason a bushing be dismantled from a transformer after a 
period of operation or storage, new gaskets should be used when re-
assembling the bushing. Units should then be re-tightened in accordance with 
the information detailed in this instruction. 
 
Other Information 
 
Drawings are available for all units, as are individual component drawings 
should they be required. 
 
Should additional information be required or clarification of any of the above 
information please contact ZEP. 
 

Information subject to change without notice 
Last updated 12th August 2004 
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Transformer Oil Level Indicators

MTO Series
www.messko.de

Messko
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Product Description

Type MTO- ST(F) 160 (G) oil level indicators
are measuring devices that are supplied
with or without switching contacts. They
are an ideal choice for monitoring the oil
level in transformer conservators. 

The oil level indicator consists of a sensor
assembly (Figure 1 a + b) and an indicator
assembly (Figure 1 c) which are joined by a
separable connection. The sensor assembly
has an oil-proof flange plate and is
mounted directly on the wall of the tank. 
A float rod transfers the lift motion of the
float to a shaft. The shaft is connected via
a magnetic coupling with the pointer shaft
in the indicator assembly. 

The floats are available in two different
drive variations to suit the particular type
of oil conservator (refer to Figure 2):
a) radial motion float
b) axial motion float
The version with axial float motion (version
»G«) is suitable for use in narrow or shallow
conservators, where there is minimal room
for the float to move, and in conservators
with rubber bag. Float motion can be
displayed in ratios of 1: 1, 1: 2, 1: 3 or 1: 4.

Terminals for making the electrical 
connections are inside the housing. They
are located underneath a cover panel which
has a wiring diagram printed on it. The
view glass is made of laminated safety
glass with a UV filter, so that the display
can be read even after years of use. The
view glass with a gasket is integrated in a
metal ring. The bayonet-type fitting
ensures that the unit closes securely and
that the interior parts in the housing are
well protected.  

[MTO] Series
MTO–ST160 und  MTO–STF 160

m n

distance
tube length

m n

distance
tube length

radial axial

m

rubber bag

Figure 1

Figure 2

a) b) c)

a)

b)

view glass electrical
terminals

m n

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 312 of 424



transformer

signal converter

control room

operations center

SCADA system

analog port

switching signal

digital port (optional)
RS 485 supplied as standard 

(Coninvers connector optional)

digital/analog display
EI100

digital/analog display
EI100/160

m

bb

m

Switchgear cubicle
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TYPENREIHE [MTO]
MTO–ST160 und  MTO–STF 160

Indicator dials

In addition to the standard indicator dial,
(Min, 20° C, Max; Figure 3 a), other versions
can be supplied on request (Figure 3b shows
one example). 

Optional:
Oil level indicator with remote indication
MTO-STF160(G)/TT (Figure 4)

In tight spaces (installation inside a build-
ing), on very large transformers, to display
the oil level in a remote control station or
for connection to a monitoring system, all
versions of oil level indicators with fixed
contacts can be equipped with an analog 
or digital output signal.

Micro switches (changeover contacts)

There are two versions:

MTO-ST160 (G)
1. Adjustable limit switch
(max. 2 changeover contacts)

You can recognize adjustable limit switches
by the colored triangular switching levers
on the dial. The switching levers can be
adjusted over the entire dial range. 
Color of the switching levers MAX = blue,
MIN = red

MTO-STF160 (G)
2. Fixed limit switch
(max. 3 changeover contacts)

Limit switches with a fixed setting are
identified by a line (switch marking) 5° near
the MAX/MIN lettering. They are set at the
factory and not adjustable in the field. 

1.

contact load:
AC: 250 V / 5 A / cosG = 1
DC: 110 V / 0,6 A (non-inductive)
DC: 250 V / 0,4 A (non-inductive)

2.

contact load:
AC: 250 V / 15 A / cosG = 1
DC: 12 V / 5 A (non-inductive)
DC: 250 V / 0,25 A (non-inductive)

x analog outputs 
(optional factory setting)
– 0 ... 1 mA
– 0 ... 20 mA (error signal > 22 mA)
– 4 ... 20 mA (error signal < 3,6 mA)
– 4 ... 20 mA (error signal > 22 mA)

x digital output RS485 (optional)
x micro switch K1

(please quote switching point on order)

The EI100 or EI100/160 electrical display
can be used for visualization of the  
4 . . . 20 mA signal.
(Please refer to illustration on the adjacent
page).

a) b)

Figure 3

Figure 4
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MTO-ST(F)160(G) Technical data

Housing galvanized sheet metal, color RAL 7033, acrylic resin coating
Flange aluminium AICuMgPb F38
View glass laminated safety glass with UV filter
Cable gland brass, nickel plated
Dial anodised aluminium
Lettering black, pointer daylight luminous red
Terminals min. 0,25 mm2 / max. 2,5 mm2

Float rod aluminium Al 99.5
Float Rohacell 110, oil resistant, withstands temperatures up to 160° C
Dial lettering MIN +20° C MAX (other lettering possible)
Ambient temperature –40 ... +80° C
Degree of protection IP55 according to DIN VDE 0470–1.
Ventilation to avoid formation of condensation water
Installation indoor and outdoor, tropicalized
Adjustable micro switch: MTO-ST160 (G) Fixed micro switch: MTO-STF160 (G)
contact material silver cadmium oxide AgCdO10 contact material silver cadmium oxide AgCdO10
1 or 2 switches, user adjustable 1, 2 or 3 switches factory set, not field adjustable
contact load: contact load:
AC: 250 V / 5 A / cosG = 1 AC: 250 V / 15 A / cosG = 1
DC: 110 V / 0,6 A (non-inductive) DC: 12 V / 5 A (non-inductive)
DC: 250 V / 0,4 A (non-inductive) DC: 250 V / 0,25 A (non-inductive)

MTO-STF160(G)/TT Technical data (remote display option)

Housing AISi diecast
Dimensions 120 (L) x 80 (W) x 60 (H) mm
Color RAL 7033, acrylic resin coating
Cable gland 2 x M20 x 1.5, brass, nickel plated
Connectors optional 9-pole
Place of installation indoor and outdoor, tropicalized
Ambient temperature –20° C ... +80° C electronics (compensated), –40° C ... +80° C storage
Degree of protection IP55 compliant with DIN VDE 0470–1
Ventilation to avoid formation of condensation water
Supply voltage 24 VDC +/– 15 % unregulated, polarized
Current consumption about 80 mA
Status display Power ON (LED green), contact K1 (LED red)
Limit contact 1 x changeover switch
Contact load AC: 250 V / 5 A / cosG = 1

DC: 250 V / 0,3 A (non-inductive)
Analog output signals 0 ... 1 mA, 0 ... 20 mA, 4 ... 20 mA (optional factory setting)
Digital output signal 1 x RS 485 on terminals (optional)
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Messko GmbH  
Gablonzer Strasse 25-27 
61440 Oberursel/Taunus, Germany 

Phone +49 (0)6171-63 98-0  
Fax  +49 (0)6171-63 98-98 
www.messko.de 
 

 
 
 
 
 
 

Routineprüfanweisung / Routine Test Procedure 
 Nr. / No Datum / Date  

 RP 01/2007 17.01.2007  
 
Instrument-Typ/Type of Instrument:   MTO-ST(F)160G; MTO-STF160GRM 
 
Ölstandsanzeiger, Getriebeausführung mit oder ohne Grenzwertschalter ähnlich DIN 42569 Form B. 
Oil level indicator, gearing type with or without fixed or adjustable limit switches similar to DIN 42569 Form B. 
 

 
Zeichen des Herstellerwerkes /Mark of the Manufacturer:  MESSKO 

 
Die genannten Instrumente entsprechen den einschlägigen Vorschriften. 
Im Einzelnen werden die unten aufgeführten Punkte geprüft. 
 
The above listed instruments correspond to valid standards. 
The tests are according to the below mentioned points. 
 
1. Unterbaugruppen / Sub-assemblies 

 
Anzeigeteil mit oder ohne fixierte oder einstellbare Grenzwertschalter, Geberteil mit Getriebe, Schwimmer und 
Schwimmerstange / 
Display stage with or without fixed or adjustable limit switches, sensor stage with gearing, float 
and float rod 

 
 
2. Mikroschalter (Schliesser, Öffner, Wechsler) / Microswitches (NO, NC, C/O) 

 
Prüfung der Schaltkontakte / Test of switching contacts: 
 
Feststehende Schalter / fixed limit switches 
Minimale Schaltleistung / Minimum switching capacity:   24 VAC, 250mA 
Maximale Schaltleistung / Maximum switching capacity: 24 VAC, 15A 
 
Einstellbare Grenzwertschalter / adjustable limit switches 
Minimale Schaltleistung / Minimum switching capacity:   24 VAC, 250mA 
Maximale Schaltleistung / Maximum switching capacity: 24 VAC, 5A 

 
 
3. Endgerät / Assembled device 

 
Schaltfunktion / Switching function: 24VAC, 2000mA 
 
Isolation / Insulation: 
2500 VAC / 1 min, stromführende Teile gegen Gehäuse / 
2500 VAC/1 min, live parts to housing 
 
Gehäuseerdung / grounding of the housing 
 
 

 
 
 
Unterschrift / Signature 
MESSKO GmbH 
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1.0 Specification of Construction, Functional And Operating Features
The specification outlines the function and gives the construction and operating features of the
device in reference as well as the environmental and operating conditions for which the device is
designed. These last depend mainly on the compatibility of the materials, components and finishing
with the environmental and operating conditions of the transformer, and, for the electrical circuits
and the contacts, from their degree of protection.

The compatibility limits are indicated for the different executions.

2.0 Function
The Buchholz relay detects and signals following irregularities that can produce themselves during
the operation of the transformer:
 Presence of air bubbles due to faulty initial filling or faulty seal of gaskets;
 Formation of gas due to burning of oil or solid insulation;
 Lowering of oil level due to leak of the tank;
 Oil flow from tank to conservator due to explosion or short circuit.

The analysis of the gases accumulated inside the Buchholz relay as well as the speed of
accumulation give a rough indication about the functionality of the transformer.

3.0 Construction Features
The project of the Buchholz relays Series GQ is based on the Buchholz Series RR; therefore many
specification of the Series RR apply also to Series GQ.

3.1 Reference Drawings
Assembly and overall dimensions:
Type GQ 050 - GQ 080 N° 4.900.10
Accessories and fittings N° 4.900.21
Refer to drawing N° 4.900.21 for the numbering of the following text.

3.2 Materials and Components
 Body 1.0 and head 2.0 with terminal box 2.1 of aluminium casting;
 Tempered glass windows 1.2;
 Glass frames 1.2.1and cover 2.1.1 of terminal box 2.1 of nylon reinforced by glass fibre;
 Nickel coated brass cocks;
 Antimagnetic stainless steels internal active part;
 Unsinkable closed cell expanded floats;
 Gaskets as specified for the different executions;
 External screws of stainless steel;
 External hardware of steel galvanised and painted;
 External part of brass galvanised.

3.3 Electric Circuits and Contacts
 Hermetically sealed, inert gas filled, magnetically operated contacts with Teflon insulated

cables;
 Terminal box 2.1 with protection degree IP 65 and ventilation system, with 2 entries 2.1.2;
 Nickel coated brass terminals, insulated by nylon reinforced with glass fibre and identified as

per specification of wiring diagrams by a number on a label inside the cover of the junction
box. Terminals are designed and mounted so as to avoid rotation while tightening the cable on
the terminal; the fixing nut is of the self-locking type.
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The characteristics of the contact, the junction box, the terminals and the electric circuits are
explained in details by specification N° 04GQCONRxx.

3.4 Contacts Check Device
The standard mechanical contacts check device 3.0 is mounted on the head  of the Buchholz relay,
protected by an oil tight cap, and operates by rotation. 
Furthermore, as special execution, the correct operation of the oil flow vane contacts can be tested
also by injecting gas into the relay by means of the air injection device 3.4.

3.5 Gas Sampling and Gas and Oil Discharge Taps
The Buchholz relays Series GQ are fitted with a gas sampling tap 4.2 with compression fitting on
the lower part of the casting in addition to the standard tap 4.1 on the head of the relay. Tap 4.2
must be connected to the gas collector at man’s height and ensures a better operation when the
minimum oil level in the conservator is only slightly higher than the relay head. 

The oil drain plug 1.3 can be supplanted by a tap with compression fitting for a copper pipe to
ground level.

For the analysis of the gases collected by the relay, the EG5 gas test device can be mounted either
on top of the Buchholz relay or on the gas collector at ground level.

3.6 Floats
The floats are made of closed cell expanded material based on nitrile rubber and therefore are not
subject to punctures or to be damaged by overpressures, thus loosing the buoyancy.

3.7 Tightness and Resistance to Pressure
 Oil tight to transformer oil at 100°C and 1 bar;
 Mechanical and electrical resistance to vacuum (10 torr);
 Mechanical resistance to pressure up to 4 bar.

3.8 Resistance to Dynamical Stress
The  Buchholz relays Series RR are designed to operate without undue contacts to the following
dynamical conditions:
 Sinus  vibrations with frequency <= 120 Hz and amplitude <= 250 μ;
 Dynamical conditions with accelerations with:

Max 3g on every axis, sinus form, amplitude <= 20 mm;
Shock max 10g on every axis

3.9 Painting and Protection against Corrosion
Casting and head are painted internally and externally by one coat of epoxy primer and externally
by one finishing coat of polyurethane paint,  final colour RAL 7031. The primer paint is resistant to
transformer oil up to 120°C
The painting cycle is agreed by the Italian electricity authority ENEL.

The specification N° 00VERRxx describes in details all the relevant characteristics of the painting.

4.0 Operation and Installation
4.1 General Features 

The active part of the Buchholz relay consists of three mechanically independent units, operated
respectively by the upper float, lower float and the oil flow vane. Every unit can work one or two
contacts, according to the chosen wiring diagram as indicated by specification N° 04GQCONRxx. 
The oil flow vane can operate also the contact or contacts of the lower float unit. Furthermore the
oil flow vane unit can be linked rigidly to the lower float unit, thus making it possible to work a total
of four contacts for low oil, persistent gas accumulation and/or oil flow.
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4.2 Operation for Gas Accumulation, Low Oil and Oil Flow
In standard execution the contacts are set to operate as specified by Italian Standard UNEL 21006.
The specification N° 04RRSCHRxx indicates for every wiring diagram the operation values.
In special execution the relays Type GQ 050 and GQ 080 can be supplied:
 With the oil flow vane set to operate for oil flow from 0,5 to 3,0 m/sec; the setting is fixed and

can be changed only in our factory;
 With independent contacts for low oil and oil flow;
 With the lower float operating also for continuous gas accumulation;
 With manual reset of the oil flow contact and optical indication.

4.3 Installation
The Buchholz relays have to be mounted on the pipe between tank and conservator. The pipeline
must be laid out so as to assure that all gas formation inside the transformer is piped into the
Buchholz relay. The pipeline diameter, which determines also the diameter of the Buchholz relay,
must be such as to assure that the oil flow generated by a fault or a short circuit inside the
transformer can flow to the conservator without excessive hydrodynamic resistance.
To meet these conditions, in some cases it may be advisable to install more than one Buchholz
relay on the transformer. 

An arrow on the casting of the head shows the installation direction and must be installed pointing
to the conservator. The four mounting screws 2.2 of the head on the casting are unevenly spaced
so as to make a faulty assembly impossible.

The Buchholz relays should be mounted on the pipeline with gate valves of butterfly valves to allow
to exchange the Buchholz relay without having to empty the conservator.

5.0 Operating Limits
The materials and the components determining the operating limits of these Buchholz relays are
mainly those used for the gaskets and for the insulation of the contacts cables as well as the
contacts themselves

5.1 Standard Execution
Gaskets are of nitrile rubber and the admitted operating conditions are:
Ambient conditions:
Ambient temperature -20°C - +50°C
Relative Humidity 95% at 20°C - 80% at 40°C - 50% at 50°C
Insulating liquid:
Mineral oil or silicone oil
Temperature range -20°C - +110°C

5.2 Execution NF
Gaskets are of nitrile rubber for low temperature and the admitted operating conditions are:
Ambient conditions:
Ambient temperature -40°C - +50°C
Relative Humidity 95% at 20°C - 80% at 40°C - 50% at 50°C
Insulating liquid:
Mineral oil or silicone oil
Temperature range -40°C - +110°C

5.3 Special Executions
For other ambient or operating conditions to be defined specifically.
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6.0 Type Identification
Taking for example type GQ 050 04-101C R24A Nf which identifies a:
 Buchholz relay Series GQ;
 Nominal diameter 50 mm;
 Wiring diagram 04-101C according to specification N° 04RRSCHRxx;
 Fittings and accessories R24A;
 Nitrile rubber gaskets for low temperature, execution Nf

Buchholz relays series GQ are identified as follows:

GQ 050 04-101C R24A Nf

Identificati
on of the
series 

Identificati
on of

nominal
diameter

Identification of
wiring diagram
according to

specification  N°
04RRSCHRx

N° 2 cable entries ¾”, one
plugged, with gas injection
device to test the oil flow

vane 

Identification of
special execution

7.0 Reference Specifications
 Wiring diagrams N° 04RRSCHRxx
 Features of contacts, terminals and electric circuits N° 04GQCONRxx
 Ground level gas collector RA-GA "B" N° 07RBGENRxx
 Gas sampling device EG5 N° 09EGGENRxx
 Painting and corrosion protection N° 00VERRxx
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1.0 Contact's performance and general features of wiring diagrams
The specification outlines the characteristics of the contacts as well as their electrical and
mechanical performance and the different wiring diagrams that can be supplied; for the detailed
description of the operation and disposition of the contacts for every wiring diagram see
specification N° 04RRSCHRxx.

2.0 Electric contacts
2.1 Contact's type 

The contacts used for the Buchholz relays series GQ are hermetically sealed, inert gas filled,
magnetically operated contacts, which can be of the normally open (NO, normally closed (NC) or
changeover type (SC). They are made up by two blades, a rigid and a flexible one, which both
have at one end a contact cap and are rigidly fixed in a sealed glass cylinder at the other end; the
glass cylinder is filled with inert gas. By bringing a magnet near the free end of the blades, the
flexible blade is pressed against the rigid one (or separated from the rigid one in a NC contact) thus
closing the contact; the SC contact has two rigid blades and the flexible blade switches between
the two ones.

2.2 Materials and contacts performance
 Contact's cap material Silver
 Cable insulation heat shrinking Teflon 
 Admissible temperature range -50°C / +125°C
 Interruption power for 1x105 cycles and max 3 operations per minute

 NO and NC contacts 250 W / 400 VA
 SC contact 200 W / 300 VA

 Insulation to earth at 20° C 2.500 V
 Insulation of the open contact at 20°C

 NO and NC contacts 2.500 V
 SC contact 2.000 V

 Maximum current 2 A
 Maximum current admissible for 1 sec. 100 A
 Admissible tension 2a V / 250 V
 Electrical resistance of the closed contact 500 m

3.0 Limits of the wiring diagrams and performance
The wiring diagrams described in detail by specification N° 04RRSCHRxx are those most
commonly used. Other wiring diagrams can be obtained within the limitations shown below.

3.1 Limits of the wiring diagram
3.1.1 Buchholz Relay Type GQ 025 (MD 25 mm)

Maximum two independent contacts:
 One operated by upper float and one operated by lower float and oil flow vane;
 Maximum 6 terminals

3.1.2 Buchholz Relay Type GQ 050 (MD 50 mm)
For this Buchholz relay the lower float operates always also for continuous gas accumulation, after
the upper float has operated; therefore all wiring diagrams which contemplate the operation of the
lower float only for the low oil condition are not possible.

3.1.3 Buchholz Relays Type GQ 050 (MD 50 mm) - GQ 080 (MD 80 mm)
Maximum 2 contacts for every positions:
 The available positions are three and correspond to:

 The upper float;

SP010 Eagle Farm Sewage Pump Station - HV Transformer Replacement - TX61 OM Manual

Q-Pulse Id: TMS1146 Active: 13/10/2015 Page 326 of 424



Specification N° SPR/    Product:                                                Page N°

Title: Revision N°

04GQCONR00-E

Contact's performance - general features of wiring diagrams

Buchholz Relays Series GQ 2 of 2

00 – 05/08/01

 The lower float;
 The oil flow vane.

The lower float can be linked rigidly to the oil flow vane and therefore for these two positions a
total of four contacts operating for low oil and oil flow can be obtained.

 Maximum 12 terminals.
The maximum number of terminals that fit into the junction box is 12; should it be necessary to
connect a higher number of cables from the contacts, more than one cable can be connected
to the same terminal.

3.2 Performance of the wiring diagrams
3.2.1 Gas accumulation and low oil

The tables of specification N° 04RRSCHRxx show for every wiring diagram the standard operating
values of every contact for gas accumulation and low oil; these values correspond to those of
Italian standard UNEL 21006; the admitted tolerance is +/- 30 cm3.
On request, the operation for gas accumulation of the upper float can be set between 100 cm3 and
350 cm3; the lower float can operate between 450 cm3 and 850 cm3. For the lower float the
indicated gas volume is the one inside the Buchholz relay.
The operation of the lower float for the low oil condition happens before the oil level inside the relay
reaches the C/L of the pipe.

3.2.2 Oil flow
If not otherwise required the standard operating value for the oil flow vane is 1,0 m/s; on request
his value can be set between 0,5 m/s and 2,5 m/s; the setting is made in the factory.
The admitted tolerance is +/- 10% of the nominal value

3.3 Operation of the contacts
If 2 contacts are present in one position, these can be set to operate simultaneously or, only for gas
accumulation and low oil, in sequence; for gas accumulation and low oil the operation of two
contacts set to operate simultaneously must happen within the tolerance indicated above.

4.0 Reference specifications
 Wiring diagrams N° 04RRSCHRxx
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1  Performance and description of the wiring diagrams
The specification has a complete description of the performance and function of the wiring
diagrams.

2  Wiring diagrams
2.1  Identification by numbering of the wiring diagrams

The identification numbering of the wiring diagrams follows criteria that allow to identify the type
and approximate operation of the wiring diagram from it's number.

2.1.1  Key to numbering of wiring diagrams
Every position in the number identifying a wiring diagram is related to a function of the Buchholz
relay. Taking as an example the standard wiring diagram 04-101C, the numbering has the following
meaning:
04-xxxx = Wiring diagram for Buchholz relay;
04-Xxxx = Number and type of contacts worked by the upper float; in the example 1 normally

open contact;
04-xXxx = Number and type of contacts worked exclusively by the oil flow vane; in the example

(0) no contact is worked exclusively by the oil flow vane.
N.B.: If, like in the example, no contact is worked by the oil flow vane, the vane is
connected to the lower float so as to lower it when the oil flow trips the vane, thus
operating the lower float contact. If one or more contacts are worked exclusively by
the oil flow vane (value  0) the vane is independent from the lower float.

04-xxXx = Number and type of contacts worked by the lower float; in the example 1 normally
open contact;

04-xxxX = Operation of the lower float:
C = operation only for low oil; F = operation for low oil and gas accumulation.

2.1.2  Meaning of the numbers or letters
The numbers or letters of every position in the number of the wiring diagram indicate number and
type of contacts operated by every function of the Buchholz relay according to following list:

2.1.2.1  One contact for every function
0 =  no contact for this function
1 = 1 contact NO;  2 = 1 contact NC; 3 = 1 contact SC

2.1.2.2  Two contacts for every function, operating simultaneously
5 = 2 NO contacts; 4 = 2 NC contacts; 6  = 2 SC contacts;
7 = 1 NO + 1 NC contact; 8 = 1 NC + 1 SC contact; 9  = 1 NO + 1 SC contact;

2.1.2.3  Two contacts for every function, operating in sequence
A = 2 NO contacts; B = 2 NC contacts; C  = 2 SC contacts;
D = 1 NO + 1 NC contact; E = 1 NC + 1 SC contact; F  = 1 NO + 1 SC contact;

2.1.2.4  Oil flow vane and lower float linked rigidly
Y = the letter Y in the positions of the oil flow vane indicates that the oil flow vane is connected

rigidly; the letter Y is always followed by two numbers, the first indicating the total number of
contacts for the two positions and the second indicating the type of contact.

2.1.2.5  Notes on tables of function and performance of wiring diagrams
The following tables showing the performance of the wiring diagrams make use of some
acronyms; for a full understanding that are explained in the following:
NE = Normal exercise; the Buchholz relay is full of oil and the oil flow vane is in the off position;
Contact NO = Contact open in normal exercise
Contact NC = Contact open in normal exercise
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Contact SC = Changeover contact
N° Terminals = Numbers that identify the terminals
Pos. in NE = State of the contact in normal exercise.

3  Notes on tables of function and performance of wiring diagrams
The most commonly used wiring diagrams are described in detail in the following tables. The
indicated operation values correspond to the standard regulation, which is supplied if no special
demand is made by the customer.
On request the contacts can be set to operate within the following values:

3.1  Gas accumulation and low oil
The operation for gas accumulation of the upper float can be set between 100 cm3 and 350 cm3;
the lower float can operate between 450 cm3 and 850 cm3. For the lower float the indicated gas
volume is the one inside the Buchholz relay.
The operation of the lower float for the low oil condition happens before the oil level inside the relay
reaches the C/L of the pipe.

3.2  Oil flow
The operating value for the oil flow vane can be set between 0,5 m/s and 3,0 m/s; the setting is
made in the factory.
The admitted tolerance is +/- 10% of the nominal value

3.3  Operation of the contacts
If 2 contacts are present in one position, they are set to operate simultaneously, but on request
they can be set to operate in sequence. For gas accumulation and low oil the operation of two
contacts set to operate simultaneously must happen within the tolerance indicated above.

4  Tables of function and performance of wiring diagrams
4.1  Wiring diagram N° 04-101C

Terminal
N°

Contact
in normal
exercise

Functional description of wiring diagram Operation
values

3-4 Open 1 normally open contact operated by upper float, closes for
gas accumulation and low oil 200 cm3

1-2 Open 1 normally open contact operated by lower float and oil flow
vane, closes for low oil and oil flow 1 m/s

4.2  Wiring diagram N° 04-101F
Terminal

N°
Contact

in normal
exercise

Functional description of wiring diagram Operation
values

3-4 Open 1 normally open contact operated by upper float, closes for
gas accumulation and low oil 200 cm3

1-2 Open 1 normally open contact operated by lower float and oil flow
vane, closes for low oil, gas accumulation and oil flow 1 m/s
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4.3  Wiring diagram N° 04-202C
Terminal

N°
Contact

in normal
exercise

Functional description of wiring diagram Operation
values

3-4 Closed 1 normally closed contact operated by upper float, opens for
gas accumulation and low oil 200 cm3

1-2 Closed 1 normally closed contact operated by lower float and oil flow
vane, opens for low oil and oil flow 1 m/s

4.4  Wiring diagram N° 04-111C
Terminal

N°
Contact

in normal
exercise

Functional description of wiring diagram Operation
values

1-2 Open 1 normally open contact operated by upper float, closes for
gas accumulation and low oil 200 cm3

3-4 Open 1 normally open contact operated by lower float, closes for
low oil

5-6 Open 1 normally open contact operated by oil flow vane, closes for
oil flow 1 m/s

4.5  Wiring diagram N° 04-115C
Terminal

N°
Contact

in normal
exercise

Functional description of wiring diagram Operation
values

1-2 Open 1 normally open contact operated by upper float, closes for
gas accumulation and low oil 200 cm3

3-4 Open 1 normally open contact operated by lower float, closes for
low oil

5-6 Open 1 normally open contact operated by lower float, closes for
low oil

7-8 Open 1 normally open contact operated by oil flow vane, closes for
oil flow 1 m/s

4.6  Wiring diagram N° 04-303C
Terminal

N°
Contact

in normal
exercise

Functional description of wiring diagram Operation
values

1-2 Open

1-3 Closed
1 changeover contact operated by upper float, switches for
gas accumulation and low oil 200 cm3

4-5 Open

4-6 Closed
1 changeover contact operated by lower float and oil flow
vane, switches for low oil and oil flow 1 m/s
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4.7  Wiring diagram N° 04-505C
Terminal

N°
Contact in

normal
exercise

Functional description of wiring diagram Operation
values

1-2 Open

3-4 Open

2 normally open contacts operated by upper float; they
close for gas accumulation and low oil at the indicated
values

200 cm3

5-6 Open

7-8 Open

2 normally open contacts operated by lower float and oil
flow vane; they close for low oil and oil flow at the indicated
values 

1 m/s

4.8  Wiring Diagram N° 04-707C
Terminal

N°
Contact in

normal
exercise

Functional description of wiring diagram Operation
values

1-2 Open

3-4 Closed

1 normally open (NO) + 1 normally closed (NC) contact
operated by upper float; they switch for gas accumulation
and low oil at the indicated values

200 cm3

5-6 Open

7-8 Closed

1 normally open (NO) + 1 normally closed (NC) contact
operated by lower float and oil flow vane; they switch, after
the contacts of the upper float,  for low oil and oil flow at the
indicated values 

1 m/s
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1.0 Specification of Construction, Functional And Operating Features
The specification outlines the function and gives the construction and operating features of the
device in reference as well as the environmental and operating conditions for which the device is
designed. These last depend mainly on the compatibility of the materials, components and finishing
with the environmental and operating conditions of the transformer. The compatibility limits are
indicated for the different executions.

2.0 Function
The Gas Receiver allows to descend the gases accumulated in the Buchholz relay at man's height
in order to sample them more easily. It also allows to inject air or gas into the Buchholz relay,
operating at man's height, in order to test the contacts.
The analysis of the gases accumulated inside the Buchholz relay as well as the speed of
accumulation give a rough indication about the functionality of the transformer.

3.0 Construction Features
3.1 Materials and Components

 Body and bottom plate are made of aluminium casting;
 Tempered glass windows;
 Window frames are made of glass reinforced Nylon;
 Nickel coated brass cocks, plugs and compression fittings;
 Gaskets as specified for the different executions;
 External screws of stainless steel;

3.2 Reference Drawings
Assembly and overall dimensions: N° 7.060.500

3.3 Tightness and Resistance to Pressure
 Oil tight to transformer oil at 100°C and 1 bar;
 Mechanical and electrical resistance to vacuum (10 torr);
 Mechanical resistance to pressure up to 4 bar.

3.4 Painting and Protection against Corrosion
Casting and bottom plate are painted internally and externally by one coat of epoxy primer and
externally by one finishing coat of polyurethane paint,  final colour RAL 7031. The primer paint is
resistant to transformer oil up to 120°C
The painting cycle is agreed by the Italian electricity authority ENEL.
The specification N° 00VERRxx describes in details all the relevant characteristics of the painting.

4.0 Installation and Operation
4.1 Installation

The gas receiver Type RAGA B is mounted at an easily accessible part of the transformer and
connected by means of a copper pipe and the compression fitting B to the gas drain cock of the
Buchholz relay.
After installation proceed as follows to fill the gas receiver with oil:
 Open all taps on the pipe connecting the Buchholz relay and the gas receiver;
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 Open tap A and let escape the air inside the receiver; the oil head from the conservator will
push the oil from the Buchholz relay to the gas receiver;

 When the gas receiver is full of oil close tap A; the receiver is ready for operation.

4.2 Operation for Gas Accumulation
When gases accumulate in the Buchholz relay, the alarm contact operates. To descend the gases
into the gas receiver for test purposes proceed as follows:
 Open Tap D and let the oil inside the gas receiver escape; the oil head from the conservator

will push the gas from the Buchholz relay into the connecting pipe to the gas receiver and
hence into the gas receiver;

 When the gas receiver is full of gas or all the gas has been descended close tap D;
 By means of tap A the gases can be sampled or examined; see test device EG5.

4.3 Operation for Buchholz relay testing
To test the contacts of the Buchholz relay by compressed air or gas operate as follows:
 Connect the pressure bottle or the air pump to one of the cocks A, D or C;
 Pump air or gas into the gas receiver; the gas will enter the pipe connecting the receiver to the

Buchholz relay and hence enter the Buchholz relay itself;
 Stop pumping air when the contact of the Buchholz relay operates.

5.0 Operating Limits
The materials and the components determining the operating limits of these gas receivers are
mainly those used for the gaskets.

5.1 Standard Execution
Gaskets are of nitrile rubber and the admitted operating conditions are:
Ambient conditions:
Ambient temperature -20°C - +50°C
Relative Humidity 95% at 20°C - 80% at 40°C - 50% at 50°C
Insulating liquid:
Mineral oil or silicone oil
Temperature range -20°C - +110°C

5.2 Special Executions
For other ambient or operating conditions to be defined specifically.

6.0 Reference Specifications
 Gas sampling device EG5 N° 09EGGENRxx
 Painting and corrosion protection N° 00VERRxx
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1.0 Function, features, operation and assembly
This specification concerns the function, the main features and the operation of the accessory con-
cerned, as well as the admitted environmental and operating condition for the different executions.
Operating conditions depend generally from the compatibility of the materials, components, sur-
face finish, and, for the electric contacts and circuits, their degree of protection, with the operating
conditions of the transformer.

2.0 Function
The pressure relief valve opens when the pressure inside the tank increases over the set operating
value, following for example a failure or a short circuit, and by releasing oil reduces the pressure in
the tank. By means of the electric contact, if present, and the optical indication the pressure relief
valve indicates that a fault has taken place.

3.0 Construction features

3.1.0 Materials and components
 Flange, obturator, cover and electric contact’s casing are of cast aluminium;
 Fittings are of stainless steel or nickel coated brass;
 Gasket materials as specified for the different executions;
 Splash diverter is made of  stainless steel;
 Springs are of spring steel, sandblasted and painted with epoxy powders;
 External screws are of stainless steel.

3.2.0 Reference drawings
Overall dimensions:
Pressure relief valves with contact type K
 Type VSQI 050 NKP - nominal diameter 50 mm N° 10.050.710
 Type VS 080 NKP - nominal diameter 80 mm N° 10.080.90
 Type VS 100 NKP - nominal diameter 100 mm N° 10.100.90
 Type VS 150 NKP - nominal diameter 150 mm N° 10.150.90

Pressure relief valves with contact type C
 Type VS 080 NCP - nominal diameter 80 mm  N° 10.080.10
 Type VS 100 NCP- nominal diameter 100 mm N° 10.100.10
 Type VS 150 NCP - nominal diameter 150 mm N° 10.150.10

Pressure relief valves without contact
 Type VSQI 050 N - nominal diameter 50 mm N° 10.050.705

The drawings show the valves complete with splash diverter.

3.3.0 Construction
The pressure relief valves Series VS are spring operated safety valves, consisting of a mounting
flange with the central opening closed by a spring loaded obturator; the springs are compressed
between obturator and cover, which is assembled to the flange by columns.
No part of the pressure relief valve reaches inside the transformer tank. A specially designed gas-
ket assures the oil-tightness between flange and obturator when the valve is closed.
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3.4.0 Pressure setting and springs
The setting of the pressure relief valves Series VS is effected by choosing a different spring - for
Type VS 150 a double spring set – for every operating pressure value; therefore the setting of the
pressure relief valve can be changed only at the factory, thus eliminating possible misuses.
The springs are of the compression type, designed so as to have a limited force gain with the
stroke.
Specification N° SPR/10VSTARRxx indicates the tolerance of the setting and the minimum oper-
ating pressure for the different pressure settings as well as the minimum pressure at which the
valve closes after operation.

3.5.0 Operation indication
3.5.1.0 Optical indication

The pressure relief valves Series VS have as a standard feature an optical indication that the
valve has operated; this optical indication consists of a red pin showing about 30 mm over the
top of the valve cover when the valve has operated because of an internal overpressure. For
valves Type VS 080, VS 100 and VS 150 the pin is spring loaded so that even in case of partial
openings of the valve due to small or short-duration overpressures the pin is nevertheless ex-
pelled completely. For Type VSQI 050 the optical indication operates also the electric contact, if
present.

3.5.2.0 Electric contact
The operation of the pressure relief valve can be indicated also by an electric contact, which can
be of the “C” type, according to specification N° SPR/10VSSCHCRxx or of the “K” type according
to specification N° SPR/10VSSCHKRxx.

3.6.0 Splash diverter
To avoid that during the operation of the valve hot oil is shot in all directions, thus increasing the
danger to man and machine, the valves Series VS can be fitted with a splash diverter, which di-
verts the out-flowing oil in a determined direction.

3.7.0 Oil-tightness and resistance to pressure
The pressure relief valves Series VS:
 are oil tight to oil at 100°C up to pressure  Pt, which depends on the setting pressure;
 are mechanically and electrically  resistant to vacuum (10 torr);
 have a mechanical resistance to pressures up to 4 bars.

3.8.0 Resistance to dynamical stress
The pressure relief valves Series VS can operate without undue operation in following conditions:
 Sinus vibrations with frequency <= 120 Hz and amplitude <= 250 μ;
 Dynamical conditions causing following accelerations:

 Max 3g in all directions, sinus vibration, amplitude <= 20 mm;
 Shock condition with max 10 g in all directions.

3.9.0 Surface protection
Flange, obturator, cover and contact’s casing are painted internally and externally with one primer
coat of epoxyd paint and externally with a finishing coat of polyurethane paint colour RAL 7031.
The primer coat on the internal surfaces in contact is compatible with transformer mineral oil up to
temperatures of 120°C.
The painting procedure is accepted by the Italian electricity authority ENEL.
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The specification N° SPR/00VERRxx describes in details all the features of the painting procedure
relevant to the protection against corrosion.

4.0 Operation and installation

4.1.0 Operation
Should an overpressure inside the transformer tank build up due to short circuit or else, higher
than the set operation pressure of the pressure relief valve Series VS, the obturator lifts from the
flange propelled by the pressure, thus opening the discharge opening. The oil can flow out thus re-
ducing the overpressure; at the same time the optical indication and if installed the electric contact
show that the valve has operated.
When the overpressure has been discharged the valve shuts again automatically to complete oil-
tightness.
Thanks to the design of the pressure relief valves Series VS and their springs, the full opening is
reached even for small overpressures in a matter of milliseconds, so as to reduce the resistance to
the oil flow.

4.2.0 Importance of the electric contact
Real life tests have shown, that failures of the transformer followed by sudden pressure increases,
such as for instance short circuits, induce the operation of the pressure relief valve in time spans
which are considerably shorter than that of other safety devices, such as the Buchholz Relay. To
exploit this rapid operation for the safety of the transformer we strongly advice to fit out the
pressure relief valve Series VS with electric contacts, which should be connected to the trip
circuit of the transformer.

4.3.0 Installation
The pressure relief valve should be installed, either in horizontal or vertical position, on the trans-
former tank, as near as possible to possible failure sources or in a central position to such sources.
The size of the pressure relief valve should be chosen considering the available space and the oil
quantity to be vented in case of failure.
For a higher safety standard and to increase the rapidity of operation it can be preferable to install
more than one pressure relief valve eventually of a smaller size.

4.4.0 Choice of nominal pressure
To avoid oil leakage or undue operation of the valve, the operating pressure should be chosen so
that in normal operation the corresponding maximum operating pressure is never reached. Fur-
thermore, to reduce oil loss after operation, the minimum pressure at which the valve closes after
operation should be always higher than the oil head insisting on the valve.

5.0 Compatibility
The installation compatibility of the pressure relief valves Series VS depend mainly on the material
used for the gaskets; therefore the executions differ because of the used gaskets.

5.1.0 Standard execution – nitrile rubber gaskets (N)
Admitted operating conditions are:
Environmental conditions:
Ambient temperature -20°C to +50°C
Relative humidity 95% to 20°C - 80% to 40°C - 50% to 50°C
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Insulating liquid: transformer mineral or silicon oil
Temperature                              - 20°C to + 110°C

5.2.0 Execution Nf - nitrile rubber gaskets for low temperatures (Nf)
Admitted operating conditions are:
Environmental conditions:
Ambient temperature -40°C to +50°C
Relative humidity 95% to 20°C - 80% to 40°C - 50% to 50°C
Insulating liquid: transformer mineral or silicon oil
Temperature                              - 40°C to + 120°C

5.3.0 Execution V – fluor rubber gaskets (Viton V)
Admitted operating conditions are:
Environmental conditions:
Ambient temperature -15°C to +50°C
Relative humidity  95% to 20°C - 80% to 40°C - 50% to 50°C
Insulating liquid: transformer mineral or silicon oil
Temperature                              - 15°C to + 150°C

5.4.0 Special executions
For other environmental and/or operating conditions to be examined individually.
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6.0 Identification of types
Taking for exemple type VS 080 NCP 0,5, which indicates:
 pressure relief valve series VS
 nominal diameter 80 mm
 with nitrile rubber gaskets N
 with one contact type C
 with splash diverter P
 with operating pressure 0,5 bars,

the pressure relief valves Series VS are identified as follows:

VS 080 N C P 0,5
Series identification:

VS Pressure relief valve Series VS, types VS 080, VS 100, VS 150
VSC Only for pressure relief valves Series VSC, type VSC 050
VSQ Only for pressure relief valves Series VSQ, type VSQ 050

Identification of nominal diameter:
050 Nominal diameter 50 mm
080 Nominal diameter 80 mm
100 Nominal diameter 100 mm
150 Nominal diameter 150 mm

Identification of gasket type:
N Nitrile rubber gaskets
Nf Nitrile rubber gaskets for low temperatures
V Fluor rubber gaskets (Viton)

Identification of contact – see contacts specifications
… Contact type …

Optional splash diverter:
- Without splash diverter
P With splash diverter

Operating pressure:
0,5 Operating pressure 0,5 bars

7.0 Reference specifications
 Setting tolerance N° SPR/10VSTARRxx
 Wiring diagrams and contacts

Contacts type C N° SPR/10VSSCHCRxx
Contacts type K N° SPR/10VSSCHKRxx

 Painting N° SPR/00VERRxx
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1.0 Features contact type C
The specification indicates the electrical and mechanical features as well as the admitted environ-
mental conditions for the contact type C and it’s wiring.

2.0 Resetting of the contact
In standard execution the contact resets automatically when the valve closes after the overpres-
sure is discharged. On request the contact can be supplied with manual reset and in this case the
resetting of the contact after operation is obtained by acting on the spring that hooks the lever in
the operating position.

3.0 Features
The contact type C is a mechanically operated sudden operation changeover microswitch with
double interruption bedded in a protecting casing; it can have one or two contacts and the con-
struction is usually Telemecanique.
 Telemecanique – one contact type ZCK-J1
 Telemecanique – two contacts type ZCK-J2
 Degree of protection IP 66
 Standard cable gland PG 13,5
 Cable gland on request M20
 Resistance to vibrations (IEC 68-2-6) 25g from 10 to 500 Hz
 Resistance to shock 50g
 Protection against electric shocks Class I according to IEC 536
 Contact resistance   25 mOhms
 Standard interruption power (1x105 operations) AC 250V-3,5A - 24V-10A

DC 24V-10W - 120V-4W
 Short life interruption power  (100 operations) DC 120V-150W
 Insulation to earth at 20°C 2.500V
 Insulation of open contact at 20°C 1.500V

4.0 Table of function and operation of contact
Wiring

diagram
N°

Terminal
N°

Contact’s
position

in NE
Description of wiring diagram

13-14 Open10-131C 21-22 Closed
1 changeover contact, trips with overpressure;
name of wiring diagram on type label = C

14-13/23-24 Open10-291C 11-12/21-22 Closed
2 changeover contacts, trip with overpressure;
name of wiring diagram on type label = 2C

Two contacts having the same function may not operate simultaneously.
If manual reset of the contact is present, the letter m is added to the contact’s name on the type
label.
Notes:
NE = Normal operation; the pressure in the tank is lower than the setting pressure of the valve:
Wiring diagram N° = Identification number of the wiring diagram
Terminal N° = Identification of  the terminals by numbers
Contact’s position in NE = State of the contact in normal operation.
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1.0 Features contact type K
The specification indicates the electrical and mechanical features as well as the admitted environ-
mental conditions for the contact type K and it’s wiring.

2.0 Resetting of the contact
In standard execution the contact must be reset manually after operation, when the valve closes
after the overpressure is discharged, by acting on the hook that holds the lever in the operating
position. By dismantling the hook, the contact resets automatically.

3.0 Features
The contact type K is a mechanically operated sudden operation changeover microswitch with one
interruption; the microswitch is mounted inside an aluminium protecting case and the terminals are
connected to a terminal board.

3.1.0 Standard contact (ST) - Crouzet type 83 169 4 or Matsushita
 Degree of protection IP 67
 Lever and pushbutton Stainless steel
 Contact material Nickel coated silver
 Mechanical endurance of contact 1x107 cyles
 Temperature range -40°C - +125°C
 Standard interruption power AC 250V-5A - DC 125V-1A
 Short endurance interruption power DC 125V-1,5A
 Insulation to earth at 20°C 2.500V
 Insulation of open contact at 20°C 1.500V
 Minimum and maximum current 1,0 - 10A

3.2.0 Low current contact (BC) - Crouzet type 83 169 8
Contacts type BC are used only on request; features are identical to standard contact except for:
 Contact material Gold alloy
 Minimum and maximum current 1 to 100mA - 4 to 30V

3.3.0 Electric circuit
 Degree of protection of protective casing IP 65
 Material of casing Aluminium
 Insulation to earth at 20°C 2.500V
 Material of terminals tin coated brass
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4.0 Table of function and operation of contact
Wiring

diagram
N°

Terminal
N°

Contact’s
position

in NE
Description of wiring diagram

1-2 Open10-131K 1-3 Closed
1 changeover contact, trips with overpressure;
name of wiring diagram on type label = K

1-2 / 4-5 Open10-291K 1-3 / 4-6 Closed
2 changeover contacts, trip with overpressure;
name of wiring diagram on type label = 2K

Two contacts having the same function may not operate simultaneously.
If manual reset of the contact is present, the letter m is added to the contact’s name on the type
label.
Notes:
NE = Normal operation; the pressure in the tank is lower than the setting pressure of the valve:
Wiring diagram N° = Identification number of the wiring diagram
Terminal N° = Identification of terminals by numbers
Contact’s position in NE = State of the contact in normal operation.
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1.0 Setting tolerance, operating pressure
The specification defines the terminology and indicates the setting pressure tolerance and all the
other pressure values relevant for the test and operation of the pressure relief valves Series VS.
The performance of the pressure relief valves depends from the test fluid and the layout of the
transformer tank. The pressure values listed below are obtained by operating the valves with com-
pressed air on a test bed having a compressed air volume of 150 dm3.

2.0 Definitions
2.1.0 Nominal pressure – Pn

The nominal pressure is the setting pressure of the pressure relief valve, on which the tolerance
must be applied in order to determinate the minimum and maximum operating pressure.

2.2.0 Minimum and maximum operating pressure - Pmin, Pmax
Minimum and maximum operating pressure are the limits of the pressure range inside which the
pressure relief valve must operate. The table indicates the %age on the nominal pressure as well
as the actual pressure.

2.3.0 Service pressure – Pe
The service pressure is the maximum pressure the pressure relief valve can withstand without
showing oil leakage or oil loss.

2.4.0 Closing pressure - Pc
The closing pressure is the minimum pressure at which the valve closes after operation.

2.5.0 Tightness test pressure - Pt
The tightness test pressure is the minimum pressure that must be applied to the valve at the be-
ginning of the leakage test. During the test the pressure may drop significantly provided it remains
higher than the service pressure Pe.

3.0 Table of pressures
Pmin PmaxPn

[bars] - % [bars] + % [bars]
Pe

[bars]
Pc

[bars]
Pt

[bars]

0,3 0 0,300 30 0,390 0,19 0,18
0,4 5 0,380 20 0,480 0,31 0,26
0,5 5 0,475 15 0,575 0,35 0,30
0,6 5 0,570 10 0,660 0,46 0,35
0,7 3 0,680 10 0,770 0,53 0,44
0,8 3 0,775 8 0,865 0,62 0,50
0,9 3 0,875 8 0,975 0,74 0,60
1,1 0 1,100 8 1,190 0,88 0,75
1,3 0 1,300 8 1,400 1,00 0,95
1,5 0 1,500 7 1,600 1,20 1,10

Pm
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 - 
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 MIDEL® 7131 

Dielectric Insulating Fluid Overview 

December 2010 Page 1 of 2 

MIDEL 7131 Product Overview  

MIDEL 7131 is a synthetic ester-based 
dielectric fluid that has been serving the 
global transformer market for over 30 
years. MIDEL 7131 has been specifically 
formulated to provide a safe, superior 
alternative to traditional fluid and dry-type 
transformers and can be used in indoor or 
outdoor locations.  
 
MIDEL 7131 is a high performance fluid 
that offers increased fire safety, greater 
environmental protection and superior 
moisture tolerance. Testing has also 
proven that MIDEL 7131 has excellent 
dielectric properties. 
 
IEC 61099 Conformity 

MIDEL 7131 conforms to IEC 61099 
“Specifications for Unused Synthetic 
Organic Esters for Electrical Purposes”. It 
is classified as type T1, a halogen-free 
pentaerythritol ester. 
 
Areas of Application 

MIDEL 7131 filled transformers are 
available from all major transformer 
manufacturers. MIDEL 7131 is suitable 
for a wide range of transformer 
applications, including sealed and 
breathing. 
 

 Distribution transformers 
 Power transformers  
 Traction transformers 
 Rectifier transformers  
 Pole-type transformers  
 Tapchangers  
 Thyristor cooling 

 

Retrofilling 

MIDEL 7131 has been used to retrofill 
thousands of distribution transformers to 
improve service life, reduce 
environmental hazards or increase fire 
safety.  
 
Corrosive Sulphur  

MIDEL 7131 has been tested by 
independent laboratories to  
ASTM D1275 B and IEC 62535, it was 
found to be non-corrosive. 
 
Increased Fire Safety 

MIDEL 7131 has a high fire point and a 
low net calorific value (<32 MJ/kg) and is 
therefore classified as a K3 class liquid. 
 

 100% fire safety record  
 High fire point (>300°C)  
 K-class to IEC 61100 /  61039  
 FM Global® approved transformer fluid  
 Reduced fire safeguarding costs 

 
Greater Environmental Protection 

MIDEL 7131 is an environmentally 
friendly alternative to conventional 
transformer fluids because it is classified 
as readily biodegradable and non-water 
hazardous. 
 

 Readily biodegradable (OECD 301) 
 Fully biodegradable (IEC 61039)  
 Classified as non-water hazardous by 
(UBA)  
 Non-toxic  
 Will not evaporate into the environment  
 Not detrimental to activated sludge in 
biological treatment plants  
 RoHS compliant 

 

High Performance 

MIDEL 7131 is an extremely robust fluid 
that delivers long-term stability even 
when exposed to extreme temperature 
variations. MIDEL 7131 also has 
excellent oxygen stability allowing it to be 
used in breathing transformers. 
 

 Robust and stable at high 
temperatures over long periods  
 Suitable for compact transformer 
design 
 Superior oxygen stability  
 Excellent lubricant   
 No sludge formation 

 
Moisture Tolerance 

MIDEL 7131 is moisture tolerant and can 
absorb far more water than alternative 
fluids, without compromising the 
breakdown voltage. 
 

 No reduction of breakdown voltage (up 
to 600ppm / 20°C)  
 Allows moisture to migrate from 
cellulose into the fluid  
 Potentially keeps the cellulose drier 
and slows the rate of ageing  
 Very high saturation limit making 
condensation virtually impossible  
 Reduced risk of bubble formation 

 
Delivery  

MIDEL 7131 can be delivered in 24.5kg, 
195kg or 1000kg sealed containers; bulk 
tanker deliveries available for >20 tonnes. 
 
Disposal 

For disposal, it is recommended that used 
MIDEL 7131 or remains of the insulating 
fluid be burnt in a suitable installation. 
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Table 1 - Characterisation of Type T1 Transformer Ester According to IEC 61099 and DIN VDE 0375 

 Unit Test Method Requirement MIDEL 7131 

Physical Properties According to IEC 61099 

Colour HU ISO 2211 max. 200 125 

Appearance - IEC 61099 7.1.2 

clear, free from 
suspended matter 

and sediment 

clear, free from 
suspended matter 

and sediment 

Density at 20°C  kg/dm3 ISO 3675 max. 1.00 0.97 

Kinematic Viscosity at 40°C mm2/s ISO 3104 max. 35.0 28 

Kinematic Viscosity at -20°C mm2/s  max. 3000 1400 

Flash Point °C ISO 2719 min. 250 260 

Fire Point °C ISO 2592 min. 300 316 

Pour Point °C ISO 3016 max. -45 -60 

Crystallisation 
- 

IEC 61099 (2010) 
Annex A 

No crystals No crystals 

Chemical Properties According to IEC 61099 

Water Content mg/kg IEC 60814 max. 200 50 

Neutralisation Value mg KOH/g IEC 62021-2 max. 0.03 <0.03 

Oxidation Stability 

  - Total Acid Content 

  - Total Sludge Content 

 

mg KOH/g 

% mass 

IEC 61125 

 

max. 0.3 

max. 0.01 

 

0.01 

<0.01 

Net Calorific Value MJ/kg ASTM D 240-02 <32 31.6 

Dielectric Properties According to IEC 61099 

Breakdown Voltage kV IEC 60156 min. 45 >75 

Dielectric Dissipation Factor 

Tan  at 90°C and 50 Hz 
- IEC 60247 max. 0.03 <0.008 

Volume Resistivity DC at 
90°C 

Gohm-m IEC 60247 min. 2 >30 

Data quoted above are typical values, may be altered without notice and do not constitute a specification 
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DESCRIPTION
Envirotemp FR3 fluid is a bio-based, 
sustainable, natural ester dielectric 
coolant for use in distribution and 
power class transformers where its 
unique fire safety, environmental, 
electrical, and chemical properties are 
advantageous. Acceptance limits for 
new fluid are shown in Table 1. More 
than dozen years of field experience 
(with over 450,000 transformers 
in service) confirms excellent 
performance. 

Envirotemp FR3 fluid is formulated 
from seed oils and performance 
enhancing additives. It does not 
contain petroleum, halogens, 

silicones, corrosive sulfur, or any 
other questionable material. It quickly 
and thoroughly biodegrades1 in the 
environment. The fluid is non-toxic 
in acute aquatic2 and oral toxicity 
tests3. The Color Green tint reflects its 
favorable environmental profile (See 
Table 2) and readily distinguishes it 
from petroleum based oils.

Envirotemp FR3 fluid has exceptionally 
high flash/fire points of approximately 
330/360 °C - the highest ignition 
resistance of any high fire point 
dielectric fluid currently available. It 
qualifies as a “high-fire-point”, “less-
flammable”, “IEC Class K”, and 
“non-propagating” fluid. Envirotemp 

FR3 fluid is Approved4 by FM Global 
and Classified5 by Underwriters 
Laboratories as a Less-Flammable 
Dielectric Liquid for use in complying 
with the National Electric Code6 (NEC) 
and insurance listing requirements7.

Envirotemp FR3 fluid is compatible 
with standard transformer construction 
materials and components. Envirotemp 
FR3 fluid should be stored, handled, 
and processed in a similar meticulous 
manner as transformer mineral oil, 
see Cargill document S900-20-
1, Envirotemp FR3 Fluid Storage 
and Handling Guide for additional 
information.

Dielectric Fluids

EnvirotempTM FR3TM Fluid

Electrical Apparatus 

R2000

1July 2012

1 Per OPPTS 835.3110
2 Per OECD 203, Method B
3 Per OECD 420
4 Less-Flammable Transformer Fluids, Approval Guide – Electrical Equipment, FM Approvals, FM Global, Norwood, MA, USA
5 EOVK.MH10678, Transformer Fluids, UL Listed and Classified Products, Underwriters Laboratories, Northbrook, IL, USA
   EOUV.MH10678, Dielectric Mediums, UL Listed and Classified Products, Underwriters Laboratories, Northbrook, IL, USA; 
6 National Electrical Code, NFPA 70, National Fire Protection Association, Quincy, MA, USA
7 Transformers, 5-4, Property Loss Prevention Sheets, FM Global, Norwood, MA, USA

TABLE 1
Envirotemp FR3 Fluid Recommended Acceptance Limits

  Specification Limits  Test

Property  IEEE C57.147   ASTM D6871 Method

Electrical
 Dielectric Breakdown, 2mm [kV]  ≥35 ASTM D1816
 Sampled from Bulk ≥35   
 Sampled from Totes/Drums ≥60   
 Dissipation Factor [%]   ASTM D924
  25 °C ≤ 0.20 ≤ 0.20
  100 °C ≤4 ≤ 4
 Gassing Tendency [μl/min]  ≤ 0 ASTM D2300

Physical

 Color [ASTM units] ≤1.0 ≤ 1.0 ASTM D1500
 Appearance  bright & clear ASTM D1524
 Kinematic Viscosity [mm2/s]   ASTM D445
  40 °C ≤50 ≤ 50
  100 °C ≤15 ≤ 15
 Pour Point [°C] ≤-10 ≤ -10 ASTM D97
 Fire Point [°C] ≥300 ≥ 300 ASTM D92
 Flash Point (open cup) [°C] ≥275 ≥ 275 ASTM D92
 Relative Density [15 °C/15 °C] ≤0.96 ≤ 0.96 ASTM D1298

Chemical

 Water Content [mg/kg]   
 Sampled from Bulk ≤200 ≤200 ASTM D1533
 Sampled from Totes/Drums ≤100 ≤200 ASTM D1533
 Acid Number [mg KOH/g] ≤ 0.06 ≤ 0.06 ASTM D974
 Corrosive Sulfur not corrosive not corrosive ASTM D1275B
 PCB Content [ppm] not detectable not detectable ASTM D4059
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In addition to new distribution and 
power class transformers, a variety 
of other equipment, including 
voltage regulators, sectionalizing 
switches, transformer rectifiers, and 
electromagnets use Envirotemp 
FR3 fluid. The fluid is also used in 
retrofill applications for transformers 
and other fluid-filled distribution and 
power equipment.

ENVIRONMENTAL AND 
HEALTH
Envirotemp FR3 fluid is specifically 
formulated to minimize health and 
environmental risks. The base oils 
come from renewable resources - 
commodity seeds - and are recyclable 
and reusable. Envirotemp FR3 fluid 
does not require genetically altered 
vegetable oils. 

The US and California Environmental 
Protection Agencies published 
Envirotemp FR3 fluid’s Environmental 
Technology Verification Report 
in 2003. The verification process 
includes biodegradation and toxicity 
testing. Results from the aquatic 
biodegradation test confirm that 
Envirotemp FR3 fluid’s rate of 
biodegradation is the same as that 
of the standard reference material. 
FR3 fluid meets the “ultimately 
biodegradable” criteria (Figure 1). 
When tested for acute oral toxicity, 
Envirotemp FR3 fluid is not toxic.

The Edible Oil Regulatory Reform 
Act (US Public Law 104-55, 1995) 
makes Envirotemp FR3 fluid eligible for 
current and future regulatory relief. The 
options of alternative spill response 
procedures, such as natural bio-
remediation, are now more viable. The 
fluid’s inherent viscosity and tendency 
of thin layers to polymerize help 
prevent migration along the surface 
and into subsurface soils.

The EPA, OSHA, and the Department 
of Transportation (DOT) do not list 
Envirotemp FR3 fluid as hazardous. Its 
Hazardous Material Information System 
(HMIS) rating is 0 for both health and 
reactivity. Envirotemp FR3 fluid is 
not classified as bio-accumulating 
or mutagenic. It is not listed as a 
carcinogen by National Toxicology 
Program (NTP), in International Agency 
for Research on Cancer (IARC) 
monographs, or by OSHA Regulation. 
The products of complete combustion 

of Envirotemp FR3 fluid are essentially 
carbon dioxide and water.

SUSTAINABILITY
Building for Environmental and 
Economic Sustainability (BEES)
software8, available from the National 
Institute of Standards and Technology, 
uses a life-cycle assessment approach, 

analyzing raw material acquisition, 
manufacture, transportation, 
installation, use, and recycling and 
waste management, to determine a 
product’s global warming potential.

Table 3 shows the BEES amounts of 
greenhouse gas generated from raw 
materials through end of life for mineral 
oil and Envirotemp FR3 fluid. The 

Envirotemp FR3 Fluid

2

Figure 1. 
Aerobic Aquatic Biodegradation Graph EPA Test OPPTS 835.3100 

Attribute Results Method

Aquatic Biodegradation [%] >99 EPA OPPTS 835.3100

Ready Biodegradation [%] >99 EPA OPPTS 835.3110

Acute Aquatic Toxicity Non-toxic OECD 203

Acute Oral Toxicity Non-toxic OECD 420

Biobased Material Content >95% USDA Biopreferred Program

Total Life Cycle Carbon Footprint Carbon Neutral Department of Commerce 

NIST BEES V4.0

Overall Environmental impact 1/4th impact of 

mineral oil

Department of Commerce 

NIST BEES V4.0

TABLE 2
Envirotemp FR3 fluid’s Environmental Attributes

  8 BEES, Version 4.0e, Building and Fire Research Laboratory, National Institute of Standards and Technology, August 2007, http://www.bfrl.nist.gov/oae/software/bees/

Grams Per Unitb Tons Per 1000 Gallons

Catagory Mineral Oil FR3 Fluid Mineral Oil FR3 Fluid

Raw Materials 1,048,184 -381,590 2.306 -0.839

Manufacturing 544,363 160,212 1.198 0.352

Transportation 122,478 71,498 0.269 0.157

Use 154,124 153,450 0.339 0.338

End of Life 30,825 30,690 0.068 0.068

Total 1,899,973 34,260 4.180 0.075

TABLE 3
Greenhouse gasesa attributed to transformer fluid for its complete life cycle.

a carbon dioxide equivalents
b In BEES 4.0e, one unit is a 1000 kVA transformer containing 500 gallons of fluid
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cost of mineral oil, in terms of carbon 
emissions, is expensive. Meanwhile, 
FR3 fluid is relatively inexpensive, 
about 8.2 lb/gal less green house gas 
emitted to produce it. Additionally, the 
study reports that FR3 fluid’s overall 
environmental performance impact 
score is 1/4th that reported for mineral 
oil (and that’s without consideration for 
FR3 fluid’s transformer insulation life 
extending properties). This cumulative 
score results from adding the 
impacts of water intake, smog, ozone 
depletion, indoor air, human health, 
habitat alteration, global warming, 
fossil fuel depletion, eutrophication, 
ecological toxicity, critical air pollutants, 
and acidification.

Envirotemp FR3 fluid, and transformers 
filled with Envirotemp FR3 fluid are 
listed in the US Federal BioPreferredSM 
Program, making them readily 
identifiable as BioPreferred to all 
applicable Federal agencies. FR3 
fluid is an excellent option for ISO 
14000, Green Build, and other similar 
environmental programs that promote 
the use of alternative, environmentally 
preferable and sustainable materials 
and procedures.

FIRE SAFETY
Envirotemp FR3 fluid has a fire point of 
approximately 360°C, well above the 
minimum of 300°C required for high 
fire point fluid classifications. Its flash 
point (approximately 330°C) is higher 
than the fire point of most other ignition 
resistant dielectric fluids in use today 
(Figure 2).

In laboratory and full-scale ignition 
tests, Envirotemp FR3 fluid has 
demonstrated greater fire resistance 
than other dielectric fluid types. Based 
on large-scale arc ignition testing, FM 
Global concluded that the probability 
of a pool fire evolving from Envirotemp 
FR3 fluid was so low that heat release 
rate need not be determined or 
considered for FM Global approval. 

Based on large-scale arc ignition and hot 
metal ignition tests, FM Global recognizes 
Envirotemp FR3 fluid as an equivalent 
safeguard to space separation, fire 
barriers, and fire suppression systems for 
most installations. 

FM Global recognizes Envirotemp FR3 
fluid as a component of Approved 
transformers per FM Global Standard 
3990. When used in transformers 

containing 10,000 gallons of fluid or 
less, transformers separation distance 
to buildings and other equipment may 
be up to 1/10th the distance required 
for mineral oil filled transformers, 
without fire walls or deluge systems.

Occupational Safety & Health 
Administration (OSHA) recognizes 
this FM Global standard as fitting the 

definition of a Listed and Labeled 
Product per NEC Section 110-3(b). 
The standard permits Envirotemp FR3 
fluid-filled transformers to be installed 
indoors, typically without sprinklers or 
vaults, with a minimum clearance to 
walls of just 3 feet (0.9M). 

UL Standard 340 compares the fire 
hazard ratings of various fluids. Figure 

R2000

3

Figure 3. 
Fire Hazard Rating UL Standard 340.

Figure 2. 
Flash & Fire Point of Dielectric Fluids (°C).
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3 shows the favorable rating assigned 
to Envirotemp FR3 fluid. 

There are no known reports of 
dielectric pool fires involving FR3 fluid 
filled transformers.

MEETING THE CODES
Less-Flammable fluids are recognized 
as a fire safeguard in Section 15 of 
the National Electrical Safety Code 
(Accredited Standards Committee 
C2) for generation and distribution 
substations. Envirotemp FR3 fluid 
meets the National Electrical Code 
Section 450-23 requirements as 
a listed less-flammable liquid. It is 
covered by OSHA Article §1910.305, 
Section 5(v).

Envirotemp FR3 fluid is FM Global 
Approved and Underwriters 
Laboratories Classified “Less-
Flammable” per NEC Article  
450-23, fitting the definition of a Listed 
Product per NEC. For additional 
information, request CPS Bulletin 
R900-20-13, NEC Requirement 
Guidelines 2008 Code Options for the 
Installation of Listed Less-Flammable 
Liquid Filled Transformers.

FLUID/PAPER INSULATION 
SYSTEM 
The unique chemical structure of 
Envirotemp FR3 fluid provides superior 
insulation system performance 
compared to other types of dielectric 
fluids. The thermal properties of 
Envirotemp FR3 fluid make it a more 
efficient coolant than higher molecular 
weight silicone and hydrocarbon 
dielectric coolants.

Envirotemp FR3 fluid has an 
exceptional ability to remove water 
generated by aging paper . This 
enables the fluid to significantly reduce 
the aging rate of transformer insulating 
paper. Per IEEE C57.100, accelerated 

aging tests show that Thermally 
Upgraded Paper (TUK) paper insulation 
aged in Envirotemp FR3 fluid takes 5-8 
times longer to reach the same end-
of-life points as TUK paper insulation 
aged in conventional mineral oil.

Table 4 compares the time to reach 
insulation end-of-life for TUK paper 
aged in Envirotemp FR3 fluid and 
conventional transformer oil. The time 
to insulation end-of-life calculated 
using the IEEE C57.91 loading guide is 
included for comparison. Accelerated 
aging tests show similar thermal 
aging improvement for non-thermally 
upgraded Kraft paper.

APPLICATIONS
NOTE: The suitability of each 
application of Envirotemp FR3 
fluid is the responsibility of the 
user. Contact Cargill Envirotemp 
FR3 Fluids group for application 
guidelines.

New Transformers
Distribution and Power class 
transformers filled with Envirotemp 
FR3 fluid for indoor, submersible and 
outdoor applications are available from 
manufacturers worldwide.

For indoor applications, Envirotemp 
FR3 fluid-filled transformers provide 
the proven technical and performance 
advantages of liquid-filled designs over 
dry types as well as a lower total life 
cycle cost when compared to all other 
transformer types. 

Many types of Envirotemp FR3 
transformers are in service: pole-
mounted, pad-mounted, networks, 
reactors, small, medium and 
large substations, transmission 
substations, and generator step-
ups. Envirotemp FR3 fluid-filled 
transformers are accepted in both 
industry and government. Contact 

Cargill Envirotemp FR3 Fluids group 
for a copy of the Envirotemp FR3 Fluid 
User’s List, Bulletin B900-99020.

Retrofilling Transformers
Envirotemp FR3 fluid is especially 
suited for upgrading the environmental 
and fire safety of mineral oil-filled 
transformers. It is miscible with 
conventional transformer oil, high 
molecular weight hydrocarbons, PCB 
(Askarel) and most PCB substitutes 
except silicone. Envirotemp FR3 
fluid is not miscible with silicone and 
should not be applied in transformers 
previously containing silicone. 

Unlike most other fluid types, the 
residual transformer oil in a properly 
retrofilled transformer should not 
reduce the fire point of Envirotemp 
FR3 fluid below the NEC minimum 
of 300°C (Figure 4). This is true even 
after full equilibrium has been achieved 
between the replacement fluid and the 
residual mineral oil in the paper.

Additional advantages of retrofilling 
with Envirotemp FR3 fluid include 
high dielectric strength, better match 
of dielectric constant to Kraft paper 
insulation, excellent lubricity, material 
compatibility, and a coefficient of 
expansion similar to conventional 
transformer oil. Envirotemp FR3 fluid 
has superior resistance to coking and 
sludge formation when compared 
to conventional transformer oil. In 
addition to passing the Power Factor 
Valued Oxidation (PFVO) test, Doble 
Laboratories’ Sludge-Free Life tests 
resulted in no measurable sludge. The 
fluid also acts as a drying agent for 
transformer insulation that has become 
wet from aging, extending the useful life 
of the transformer insulation system.

Switching Devices
With excellent dielectric strength 
retention (Figure 5), lubricity, and 
gassing tendencies, Envirotemp FR3 
fluid is an excellent switching medium 
at normal operating temperatures. 
Proven applications include new and 
retrofilled sectionalizing switches 
and transformers with load break 
accessories such as Bay-O-Net and 
current-limiting fusing, on-off and four 
position switches, and Vacuum Fault 
Interruption protection devices.

Envirotemp FR3 Fluid

4

 
End-of-Life Basis

150°C 
 Mineral Envirotemp IEEE 
 Oil FR3 Fluid Basis

170°C 
 Mineral Envirotemp  IEEE 
 Oil FR3 Fluid   Basis

Retained Tensile 
Strength 
 50% 
 25%

 
 
 3100 >4000* 1602 
 4000 >4000* 3327

 
 
 240 1300 323 
 490 4000 671

Degree of 
Polymerization 
 200

 
 
 3200 >4000* 3697

 
 
 480 3400 746

TABLE 4
Transformer Insulating Paper End-of-Life (Hours)

* Paper did not reach end-of-life over the duration of the test. To be conservative, extrapolation was not employed.

9 P.J. Hopkinson, L. Dix, “Tapchangers for De-energized Operation in Natural Ester Fluid, Mineral Oil, and Silicone” IEEE/PES Transmission & Distribution Conference & Exposition, July 26-30, 2009, Calgary 
Canada
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Accelerated life tests confirm stationary 
contacts are most stable in Envirotemp 
FR3 fluid9. In coking tests, Envirotemp 
FR3 fluid produced less than 1/20th 
of the deposits that were produced in 
conventional mineral oil. 

Due to the low temperature viscosity 
difference of Envirotemp FR3 fluid 
compared to conventional transformer 
oil, the equipment manufacturer 
should verify applications at low 
ambient temperatures.

Other Applications
The inherent safety and performance 
properties of Envirotemp FR3 fluid 
have led to its application in electrical 
equipment other than transformers, 
including industrial electromagnets, 

superconducting motors, klystron 
modulators, transformer/rectifier 
sets, and heat transfer applications. 
Envirotemp FR3 fluid has excellent 
lubricity, an important characteristic 
for application in equipment with 
moving parts. High voltage bushing 
applications also appear promising 
due to the fluid’s excellent ability to 
minimize insulating paper degradation 
and its low gassing tendency value of 
approximately -79 μl/min.

STORAGE AND HANDLING
Similar meticulous procedures for 
storing and handling conventional 
transformer mineral oil should be 
followed with Envirotemp FR3 fluid. 
To help maintain the extremely low 

percent moisture saturation at time of 
fluid manufacture, exposure time to air 
should be minimized. Drum and tote 
storage should be indoors or outdoors 
protected from the elements, including 
sunlight. Refer to the Cargill Bulletin 
S900-20-1, Envirotemp FR3 Fluid 
Storage and Handling Guide.

Note: To maintain the optimal fluid 
properties for its intended use 
as an electrical insulating fluid, 
exposure to oxygen, moisture, 
and other contaminants must 
be minimized. Except for short 
storage periods, material that has 
been immersed in Envirotemp FR3 
fluid should not be exposed to air. 
Thin films of natural esters tend 
to polymerize much faster than 
conventional transformer oil. For 
equipment drained of Envirotemp 
FR3 fluid, it is recommended that 
the equipment be placed in an inert 
gas environment, be re-immersed 
in fluid, or rinsed with mineral 
oil. Where the transformer power 
factor is a concern, hot air drying 
is an unacceptable process for 
assemblies already impregnated 
with a natural ester fluid. For 
impregnated assemblies that 
require additional drying, a method 
of drying that does not expose 
the impregnated insulation to air 
is required to avoid excessive 
oxidation of the dielectric fluid.

FLUID MAINTENANCE
Periodic preventive maintenance 
tests for Envirotemp FR3 fluid-filled 
equipment should follow the same 
schedule used for transformers filled 
with conventional transformer oil. Key 
tests on fluid samples include:

1. Dielectric Strength: The IEEE 
C57.147 minimum acceptable 
ASTM D1816, 2mm gap limits for 
continued use of service-aged 
Envirotemp FR3 fluid are 40 kV (≤ 
69 kV), 47 kV (69 ≤ kV < 230), and 
50 kV (≥ 230 kV).

2. Flash Point and Fire Point. Small 
amounts of mineral oil will not 
significantly reduce the fire point of 
Envirotemp FR3 fluid. Contamination 
above 7% may lower the fire point 
below 300°C. If contamination is 
suspected, the flash and fire points 
should be measured.

R2000

5

Figure 5. 
Fluid loadbreak dielectric strength retention comparison.

Figure 4. 
Envirotemp FR3 fluid Flash & Fire Point Variation with Conventional Transformer 
Oil Content.
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3. Dissolved gas analysis of 
Envirotemp FR3 fluid is particularly 
useful for high value equipment or 
equipment servicing critical loads.

4. Color and appearance, 
dissipation factor, acid number, 
resistivity, viscosity, and 
interfacial tension are indicators 
of possible fluid contamination or 
unusual degradation. 

For fluid that cannot be reconditioned, 
disposal options include selling 
to lube oil recyclers, rendering 
companies, or providers of fuel for 
industrial boilers and furnaces. Used 
fluid uncontaminated by controlled 
hazardous materials does not fall under 
the jurisdiction of the Federal Used Oil 
Regulation (CFR Title 40 Part 279).

FUNCTIONAL 
SPECIFICATION FOR 
NEW ENVIROTEMP 
FR3 NATURAL ESTER 
LESS-FLAMMABLE 
TRANSFORMER 
DIELECTRIC COOLANT 

1.0 Scope

1.1. This specification describes 
a non-toxic (in acute aquatic10, 
and oral toxicity11 tests), 
biodegradable12, fire resistant, 
bio-based13 natural ester 
dielectric fluid. It is intended for 
use in electrical equipment as an 
environmentally preferred, less-
flammable insulating and cooling 
medium.

2.0 Requirements

2.1 Fluid Manufacturer

Fluid manufacturer shall have 
a minimum of ten (10) years 
experience producing and 
testing dielectric coolants. 
Manufacturer upon request 
shall provide AC withstand 
and impulse withstand for both 
gap and creep from 3mm to 
150mm. 

2.2 Dielectric Coolant

The dielectric coolant shall be a 
biobased biodegradable, be FM 
Global Approved, UL® Classified 
as a less-flammable fluid. It shall 
meet the property limits listed 
below. The base fluid shall be 
100% derived from seed oils. 

2.3 Acceptable values for receipt  of 
shipments of new FR3 fluid are 
shown in Table 1

2.4 Environmental and Health Third 
Party Validations

The fluid shall have a US EPA 
Environmental Technology 
Verification (ETV) Statement 
published. The fluid shall meet 
the test limits shown in Table 2

2.5 Packaging

The electrical insulating fluid 
shall be furnished in sealed 
vessels suitable for the purpose, 
including 5-gallon containers, 
55-gallon drums, 330-gallon 
totes, or in bulk. Each vessel 

shall have tampering indicating 
devices.

3.0 Recommended Customer  
      Receiving Quality Control

3.1 Inspection

Each lot received shall be visibly 
inspected for container integrity. 
Verify that tamper proof seals 
are intact and no leaks are 
visible.

3.2 Receiving Tests

Samples shall be taken from 
containers per ASTM D 923 
Section 2.2, as follows:

When material will be combined 
for production, samples 
may be mixed together in 
equal proportions to create a 
composite sample for testing. 
Minimum tests required are 
dielectric strength and visual 
inspection. Dissipation factor 
test is highly recommended, 
although not essential.

4.0 Important information

4.1. Storage

Avoid storing drums and totes 
outdoors. Extreme temperature 
variations can stress the integrity 
of container protective seals. 
Exposure of totes to sunlight can 
cause fluid discoloration

4.2 Intended Use

The use of electrical insulating 
and cooling fluid is generally 
dictated by the engineering 
design of the electrical 
apparatus. The electrical 
insulating fluid covered by this 
specification is intended for use 
as an insulating and cooling 
medium in electrical equipment.

Envirotemp FR3 Fluid

6

Lot Size 

(gallons)

Number of Containers 

Sampled

600 or less 1

601 - 3000 2-6

3001 or more 6 minimum (10% of quan-

tity of containers recom-

mended)

Figure 6. 
Prior to shipment, Envirotemp FR3 fluid 
undergoes extensive quality assurance 
testing. The facility where Envirotemp 
FR3 fluid is produced is ISO 9001 
Certified.

10 Per OECD 203, Method B
11 Per OECD 420
12 Per US EPA OPPTS 835.3100 and US EPA OPPTS 835.8110 (ii)
13 Per USDA Biopreferred minimum biobased content for Fluid-Filled Transformers - Vegetable Oil-Based
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4.3 Fluid Transfer

When transferring electrical 
insulating fluid from its original 
container, take care to 
prevent contamination with 
moisture, dust, and foreign 
matter. These impurities can 
cause deterioration of the 
dielectric strength and electrical 
performance.

4.4 Partial Containers

Provide nitrogen blanket for 
partially filled containers, 
and properly seal to prevent 
contamination.

R2000

7

Visit www.cargill.com/fr3fluid for additional information on Envirotemp FR3 fluid and other great Cargill products.
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9350 Excelsior Crossing Blvd 
Hopkins, MN  55343  USA 
www.cargill.com/fr3fluid

© 2012 Cargill Incorporated

EnvirotempTM, FR3TM are registered trademarks of Cargill Incorporated.
IEEE Standard C57.104-1991™, IEEE Standard C57.91™ and IEEE Standard C2-1997™ are 
trademarks of the Institute of Electrical and Electronics Engineers, Inc.
UL® is a registered trademark of the Underwriters Laboratories Inc.
NEC® is a registered trademark of the National Electrical Code.
ANSI® is a registered trademark of the American National Standards Institute
FM Global® is a registered trademark of Factory Mutual Insurance Company
BioPreferredSM is a service mark of the The United States Department of Agriculture
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TX-03 TRANSFORMER TEST CERTIFICATE - TXF 
FRM-1883 Issue: 1, Date 11/09, CRN 1844 

 
 

AMPCONTROL POWER   
Ampcontrol Transformers Pty Limited 
ABN 68 099 836 281 
21 Old Punt Road 
TOMAGO  NSW  2322  Australia 
Tel: (02) 4961 9061 
Fax: (02) 4961 9066 
www.ampcontrolgroup.com 

AMPCONTROL POWER 
power@ampcontrolgroup.com 

AMPCONTROL ELECTRONICS 
electronics@ampcontrolgroup.com 

AMPCONTROL SERVICE 
service@ampcontrolgroup.com 

LOCATIONS 
NSW – Newcastle | Lithgow | Sydney | Wollongong | 

QLD – Mackay | Moranbah | Brisbane | 

VIC – Melbourne | 
WA – Perth | 

China | Hong Kong | New Zealand | Russia | South Africa | United Kingdom |

 
TX-03 TRANSFORMER TEST CERTIFICATE – TXF 

 

CUSTOMER Ampcontrol Brisbane for       
QUU project DESCRIPTION 10 MVA, 33 / 6.6 kV, Dyn11,                        

ONAN Transformer 
PRESENT AT TEST Sukhbir S. Tahir S. JOB No. 9844 

MVA  10 NO LOAD VOLTS HV (Delta) : 33 kV(+5% , - 7.5%)  
LV (Star)   : 6.6 kV PHASE 3 Hz 50 

TRANSFORMER SERIAL No. 3392 VECTOR GROUP CONNECTION : Dyn11 
MEASURED AT % OF NO LOAD 
VOLTAGE 90% 100% 110%  

NO LOAD LOSS  kW 4.979 6.307 7.942  

NO LOAD CURRENT %  0.12 0.19 0.33  

MEASURED AT TAP POSITIONS POS 1 POS 5 POS 11    

LOAD LOSS, kW @ 75OC.  10  MVA 57.919 59.430 61.373    

IMPEDANCE %  @ 75OC.   10  MVA 7.50 7.42 7.18    

HV  RESISTANCE 
BETWEEN LINE IN OHMS 

TAP A14 – B14 TEMP. OC B14 – C14 TEMP. OC C14 – A14 TEMP. OC 

POS 1 0.56315 17.4 0.56240 17.3 0.56365 17.3 

POS 2 0.55550 17.2 0.55465 17.3 0.55590 17.3 

POS 3 0.54775 17.2 0.54700 17.3 0.54825 17.3 

POS 4 0.54005 17.0 0.53935 17.3 0.54050 17.3 

POS 5 0.53225 17.1 0.53155 17.2 0.53280 17.3 

POS 6 0.52455 17.0 0.52390 17.2 0.52505 17.3 

POS 7 0.51670 17.1 0.51620 17.2 0.51740 17.3 

POS 8 0.50905 17.0 0.50845 17.1 0.50955 17.3 

POS 9 0.50110 17.0 0.50065 17.1 0.50190 17.3 

POS 10 0.49340 17.0 0.49292 17.1 0.49400 17.3 

POS 11 0.48564 17.1 0.48504 17.1 0.48632 17.3 

LV  RESISTANCE 
BETWEEN LINE IN OHMS 

 a2 – b2 TEMP. OC b2 – c2 TEMP. OC c2 – a2 TEMP OC. 

 0.016818 17.4 0.016790 17.4 0.016827 17.4 
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TX-03 TRANSFORMER TEST CERTIFICATE - TXF 
FRM-1883 Issue: 1, Date 11/09, CRN 1844 

 
 

AMPCONTROL POWER   
Ampcontrol Transformers Pty Limited 
ABN 68 099 836 281 
21 Old Punt Road 
TOMAGO  NSW  2322  Australia 
Tel: (02) 4961 9061 
Fax: (02) 4961 9066 
www.ampcontrolgroup.com 

AMPCONTROL POWER 
power@ampcontrolgroup.com 

AMPCONTROL ELECTRONICS 
electronics@ampcontrolgroup.com 

AMPCONTROL SERVICE 
service@ampcontrolgroup.com 

LOCATIONS 
NSW – Newcastle | Lithgow | Sydney | Wollongong | 

QLD – Mackay | Moranbah | Brisbane | 

VIC – Melbourne | 
WA – Perth | 

China | Hong Kong | New Zealand | Russia | South Africa | United Kingdom |

RATIO 
VALUES 

(ALL PHASES) 
HV / LV 
Dyn11 

TAP A14-B14 / a2-n B14-C14 / b2-n C14-A14 / c2-n DESIGN  VALUE 

POS 1 9.0838 9.0847 9.0844 9.093 

POS 2 8.9744 8.9747 8.9748 8.985 

POS 3 8.8659 8.8662 8.8661 8.877 

POS 4 8.7595 8.7600 8.7595 8.768 

POS 5 8.6514 8.6515 8.6519 8.660 

POS 6 8.5406 8.5416 8.5409 8.552 

POS 7 8.4310 8.4307 8.4316 8.444 

POS 8 8.3230 8.3228 8.3236 8.335 

POS 9 8.2154 8.2158 8.2157 8.227 

POS 10 8.1059 8.1056 8.1066 8.119 

POS 11 78.9980 7.9981 7.9983 8.011 

INSULATION RES 
M  @ 2.5 kV 

FOR 1  MINUTE AT 
20 °C 

TIME (MINUTE) HV / Earth LV / Earth HV / LV  

1 2520 1920 3580  

APPLIED VOLTAGE TEST 
HV TO LV AND EARTH @ 70 kV  FOR 1 MINUTE 
LV TO HV AND EARTH @ 20 kV  FOR 1 MINUTE 

INDUCED OVER VOLTAGE TEST 200 % AT 150 Hz 13.2  kV  FOR 40 SECOND 
OIL TESTED TO SPECIFICATION YES ALL UNITS PASSED YES 
REMARKS:  TESTED TO STANDARD   AS 60076 
Items 1 to 3 were tested to specification and have separate test reports. 
1. Tank pressure test. 
2. All auxiliary circuits and components checks. 
3. Oil analysis. 
 
 
 
 
 
 
DATE: 23rd  Sep. 2014 TRANSFORMER ENGINEER:  Sukhbir S. 
Rev. 0  CHECKED BY : Pichai  Cz. 
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9844 – 3392 FAT 

AMPCONTROL POWER   

Ampcontrol Transformers Pty Limited 
ABN 68 099 836 281 
21 Old Punt Road 
TOMAGO  NSW  2322  Australia 
Tel: (02) 4961 9061 
Fax: (02) 4961 9066 
www.ampcontrolgroup.com 

AMPCONTROL POWER 
power@ampcontrolgroup.com 

AMPCONTROL ELECTRONICS 
electronics@ampcontrolgroup.com 

AMPCONTROL SERVICE 
service@ampcontrolgroup.com 

LOCATIONS 
NSW – Newcastle | Lithgow | Sydney | Wollongong | 

QLD – Mackay | Moranbah | Brisbane | 
VIC – Melbourne | 
WA – Perth | 
China | Hong Kong | New Zealand | Russia | South Africa | United Kingdom | 

1

 
 

Pressure Test  Report 

JOB NO: 9844       SERIAL NO: 3392   
                        

PAGE:  1 OF 1      DATE OF TEST: 17 Sep. 2014

INTRODUCTION 

Completely assembled transformer filled with Nitrogen gas was subjected to and gas pressure       
of 35 kPa for minimum 24 hours. 

CONCLUSION 

The fittings and accessories were inspected thoroughly for leaks during pressure test. No leakage 
was observed. 

TESTED BY: D. Gorsuch                 Workshop supervisor 
VERIFIED BY: P. Chinda                 Test Engineer 
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5-Hydroxymethyl-2-
Furaldehyde NR 

Job Name OIL       .     1953     2-Furfural-Alcohol NR 
Order # 17136/1/2/3/4 Result Units Max Method 2-Furaldehyde NR 
Status Authorised Hydrogen 54 2-Acetyl Furan NR 
Authorised 25-Sep-14 Oxygen 29110 Furaldehyde NR 

Nitrogen 73750 Total Furan NR 
Sample ID 14-09-7704 Methane 2

Carbon Monoxide 23 Miscellaneous Analyses
Carbon Dioxide 310 Inhibitor % DBPC NR 
Ethylene 1 PCB ug/g NR 
Ethane  <1
Acetylene 9

Posn Code SELECTOR  
Sampled 23-Sep-14 >4μm NR 
Test Date 00-Jan-00 Result Units Min Max Method >6μm NR 

Moisture 61 mg/kg ACM121 >10μm NR 
Serial # 3392 Total Acidity 0.03 mg KOH/g ACM122 >14 μm NR 
Voltage 33 IFT 23 mN.m ACM123 >21μm NR 
Rating (MVA) 10 Resistivity NR G Ohm m ACM125 >38μm NR 
Year 2014 DDF NR mWatt/var ACM125 >50μm NR 
Oil temp; C 16 Colour NR ASTM D1500 Code (4/6/14μm) NR 
WTI Temp Corrosive Sulphur NR IEC 62535 Silicon ppm NR 
OTI Temp Electric Strength NR kV ACM124 DP NR 

Comments
RED:

YELLOW:

GREEN: Normal operation

Authorised : Robert Heywood
Supervisor Chemistry
Report copy generated on:

Moisture may be high. Hydrogen may be slightly elevated but that is not unusual for a tap 
changer. The sample is Midel synthetic transformer fluid, compare results with those expected 
from oil manufacturer. Monitor gas levels to determine trending. 

 Transformer Condition Code

NR 

Immediate action required

Outside Guideline Limits

25/09/2014

Description Job 9844 OLTC After 
FAT

PCB Comment
NR 

Oil Quality Data

Particles 
per ml

Transformer Oil Analysis Report

Ampcontrol Transformers Pty Ltd

Furans Analysis Method

μg / g ACM126
Dissolved Gas Analysis

μl/l ACM120
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5-Hydroxymethyl-2-
Furaldehyde NR 

Job Name OIL       .     1953     2-Furfural-Alcohol NR 
Order # 17136/1/2/3/4 Result Units Max Method 2-Furaldehyde NR 
Status Authorised Hydrogen  <10 2-Acetyl Furan NR 
Authorised 25-Sep-14 Oxygen 28420 Furaldehyde NR 

Nitrogen 71430 Total Furan NR 
Sample ID 14-09-7703 Methane 1

Carbon Monoxide 4 Miscellaneous Analyses
Carbon Dioxide 305 Inhibitor % DBPC NR 
Ethylene  <1 PCB ug/g NR 
Ethane  <1
Acetylene  <1

Posn Code SELECTOR  
Sampled 22-Sep-14 >4μm NR 
Test Date 00-Jan-00 Result Units Min Max Method >6μm NR 

Moisture 64 mg/kg ACM121 >10μm NR 
Serial # 3392 Total Acidity 0.03 mg KOH/g ACM122 >14 μm NR 
Voltage 33 IFT 23.3 mN.m ACM123 >21μm NR 
Rating (MVA) 10 Resistivity NR G Ohm m ACM125 >38μm NR 
Year 2014 DDF NR mWatt/var ACM125 >50μm NR 
Oil temp; C 16 Colour NR ASTM D1500 Code (4/6/14μm) NR 
WTI Temp Corrosive Sulphur NR IEC 62535 Silicon ppm NR 
OTI Temp Electric Strength 73 kV ACM124 DP NR 

Comments
RED:

YELLOW:

GREEN: Normal operation

Authorised : Robert Heywood
Supervisor Chemistry
Report copy generated on:

Moisture may be high. The sample is Midel synthetic transformer fluid, compare results with 
those expected from oil manufacturer. Monitor gas levels to determine trending. 

 Transformer Condition Code

NR 

Immediate action required

Outside Guideline Limits

25/09/2014

Description Job 9844 OLTC Before 
FAT

PCB Comment
NR 

Oil Quality Data

Particles 
per ml

Transformer Oil Analysis Report

Ampcontrol Transformers Pty Ltd

Furans Analysis Method

μg / g ACM126
Dissolved Gas Analysis

μl/l ACM120
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5-Hydroxymethyl-2-
Furaldehyde NR 

Job Name OIL       .     1953     2-Furfural-Alcohol NR 
Order # 17136/1/2/3/4 Result Units Max Method 2-Furaldehyde NR 
Status Authorised Hydrogen  <10 2-Acetyl Furan NR 
Authorised 25-Sep-14 Oxygen 395 Furaldehyde NR 

Nitrogen 7860 Total Furan NR 
Sample ID 14-09-7702 Methane 1

Carbon Monoxide 59 Miscellaneous Analyses
Carbon Dioxide 130 Inhibitor % DBPC NR 
Ethylene  <1 PCB ug/g NR 
Ethane 4
Acetylene  <1

Posn Code MAIN      
Sampled 23-Sep-14 >4μm NR 
Test Date 00-Jan-00 Result Units Min Max Method >6μm NR 

Moisture 18 mg/kg ACM121 >10μm NR 
Serial # 3392 Total Acidity 0.04 mg KOH/g ACM122 >14 μm NR 
Voltage 33 IFT 13.8 mN.m ACM123 >21μm NR 
Rating (MVA) 10 Resistivity NR G Ohm m ACM125 >38μm NR 
Year 2014 DDF NR mWatt/var ACM125 >50μm NR 
Oil temp; C 16 Colour NR ASTM D1500 Code (4/6/14μm) NR 
WTI Temp Corrosive Sulphur NR IEC 62535 Silicon ppm NR 
OTI Temp Electric Strength NR kV ACM124 DP NR 

Comments
RED:

YELLOW:

GREEN: Normal operation

Authorised : Robert Heywood
Supervisor Chemistry
Report copy generated on:

IFT may be low. The sample is FR3 oil, compare results with those expected from oil 
manufacturer. Monitor gas levels to determine trending. 

 Transformer Condition Code

NR 

Immediate action required

Outside Guideline Limits

25/09/2014

Description Job 9844 Main Tank 
After FAT (FR3 Oil)

PCB Comment
NR 

Oil Quality Data

Particles 
per ml

Transformer Oil Analysis Report

Ampcontrol Transformers Pty Ltd

Furans Analysis Method

μg / g ACM126
Dissolved Gas Analysis

μl/l ACM120
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5-Hydroxymethyl-2-
Furaldehyde NR 

Job Name OIL       .     1953     2-Furfural-Alcohol NR 
Order # 17136/1/2/3/4 Result Units Max Method 2-Furaldehyde NR 
Status Authorised Hydrogen  <10 2-Acetyl Furan NR 
Authorised 25-Sep-14 Oxygen 455 Furaldehyde NR 

Nitrogen 7840 Total Furan NR 
Sample ID 14-09-7701 Methane 1

Carbon Monoxide 54 Miscellaneous Analyses
Carbon Dioxide 135 Inhibitor % DBPC NR 
Ethylene  <1 PCB ug/g NR 
Ethane 3
Acetylene  <1

Posn Code MAIN      
Sampled 22-Sep-14 >4μm NR 
Test Date 00-Jan-00 Result Units Min Max Method >6μm NR 

Moisture 17 mg/kg ACM121 >10μm NR 
Serial # 3392 Total Acidity 0.04 mg KOH/g ACM122 >14 μm NR 
Voltage 33 IFT 13.5 mN.m ACM123 >21μm NR 
Rating (MVA) 10 Resistivity NR G Ohm m ACM125 >38μm NR 
Year 2014 DDF NR mWatt/var ACM125 >50μm NR 
Oil temp; C 16 Colour NR ASTM D1500 Code (4/6/14μm) NR 
WTI Temp Corrosive Sulphur NR IEC 62535 Silicon ppm NR 
OTI Temp Electric Strength 76 kV ACM124 DP NR 

Comments
RED:

YELLOW:

GREEN: Normal operation

Authorised : Robert Heywood
Supervisor Chemistry
Report copy generated on:

IFT may be low. The sample is FR3 oil, compare results with those expected from oil 
manufacturer. Monitor gas levels to determine trending. 

 Transformer Condition Code

NR 

Immediate action required

Outside Guideline Limits

25/09/2014

Description Job 9844 Main Tank 
Before FAT (FR3 Oil)

PCB Comment
NR 

Oil Quality Data

Particles 
per ml

Transformer Oil Analysis Report

Ampcontrol Transformers Pty Ltd

Furans Analysis Method

μg / g ACM126
Dissolved Gas Analysis

μl/l ACM120
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MIDEL 7131 

Safety Data Sheet  

February 2014 Page 1 of 5 

1. Identification of the 
Substance/Mixture and of the 

Company/Undertaking

1.1  Product Identifier
Material Name: MIDEL 7131.
CAS No: 68424-31-7
REACH No.: 01-2119542596-31-0000.

1.2 Relevant identified uses of the substance or mixture and uses advised 
against
Product Use: Dielectric fluid.
Uses advised against: None.

1.3 Details of the supplier of the substance or mixture
Company: M&I Materials Ltd., Hibernia Way, Trafford Park, Manchester, M32 0ZD,
UK.
Telephone: +44 (0)161 864 5411.
Emergency Telephone: +44 (0)161 864 5439.
Email: RussellMartin@mimaterials.com.

2. Hazards Identification This product is not classified as hazardous and therefore there is no legal requirement 
to provide an SDS in Europe. This document has been compiled for information 
purposes, in accordance with Regulation (EU) No 453/2010.
2.1  Classification of the substance or mixture
Regulation (EC) No 1272/2008 (CLP): Not classified.
67/548/EEC or 1999/45/EC: Not classified as dangerous under EC criteria.

2.2 Label elements
Regulation (EC) No 1272/2008 (CLP): No symbol or signal word.
Directive 1999/45/EC, 67/548/EEC: No symbols or phrases required.

2.3 Other hazards
None.

3. Composition/Information on 
Ingredients

3.1 Substance
CAS No.: 68424-31-7.
Description: Fatty acids, C5-10 (linear and branched), mixed esters with
pentaerythritol.

4. First Aid Measures 4.1  Description of first aid measures
Inhalation: None envisaged due to the low vapour pressure of the substance.
Skin: Wash with soap and water. Obtain medical attention if irritation develops.
Eyes: Irrigate with copious amounts of water. Obtain medical attention if irritation 
develops.
Ingestion: Do not induce vomiting, obtain medical attention.

4.2  Most important symptoms and effects, both acute and delayed
No adverse effects expected.

4.3  Indication of any immediate medical attention and special treatment needed
No special treatment required.
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5. Fire Fighting Measures 5.1 Extinguishing media
Carbon dioxide, dry powder, foam or water fog. Do not use water jets.

5.2 Special hazards arising from the substance or mixture
None.

5.3 Advice for fire fighters
Self-contained breathing apparatus may be required.

6. Accidental Release
Measures

6.1 Personal precautions, protective equipment and emergency procedures
Spilt product constitutes a slip hazard. Avoid contact with skin and eyes.

6.2 Environmental precautions
Do not contaminate any lakes, streams, ponds, groundwater or soil. Avoid flushing 
into drains. In the event of a large spillage contain product as thoroughly as possible
and dispose of in accordance with local regulations.

6.3 Methods and material for containment and cleaning up
Soak up spilt material with absorbent granules for disposal.

7. Handling and Storage 7.1 Precautions for safe handling
Avoid eye and prolonged skin contact.

7.2 Conditions for safe storage, including any incompatibilities
No special precautions required.

7.3 Specific end use(s)
Exposure to air should be minimised. Opened containers should be properly resealed.

8. Exposure Controls/
Personal Protection

8.1 Control parameters
No relevant control parameters.

8.2 Exposure controls
Eye washes should be available for emergency use.
Respiratory protection: Not required for normal use.
Skin protection: Wear coveralls.
Hand protection: Wash hands after use. For prolonged or repeated skin contact 
gloves are recommended.
Eye protection: If splashes are likely to occur wear safety glasses.

9. Physical and Chemical
Properties

9.1  Information on basic physical and chemical properties
Appearance: Pale amber liquid.
Odour: Faintly sweet.
pH: Not applicable.
Freezing point: -57°C.
Initial boiling point and boiling range: >300°C.
Flash point: 260°C (closed cup).
Flammability (solid, gas): Non flammable.
Upper/lower flammability or explosive limits: Data not available.
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Vapour pressure: <0.001Pa at 20°C.
Vapour density: Not applicable.
Relative density: 0.97 at 20°C.
Water solubility: <1mg/l.
Solubility: Not applicable.
Partition coefficient: log Kow: >6.74
Auto-ignition temperature: No auto-ignition expected.
Decomposition temperature: Data not available.
Viscosity: 28mm2/s at 40°C.
Explosive properties: Non-explosive.
Oxidising properties: Non-oxidising.

9.2 Other information
Not applicable.

10. Stability and Reactivity 10.1  Reactivity
Stable under normal conditions of use.

10.2  Chemical stability
Stable under normal conditions of use.

10.3  Possibility of hazardous reactions
Data not available.

10.4 Conditions to avoid
Temperatures >250°C.

10.5 Incompatible materials
Strong oxidising agents.

10.6  Hazardous decomposition products
None.

11. Toxicological Information 11.1  Information on toxicological effects
Likely routes of exposure: Skin and eyes are the most likely routes for exposure.
Accidental ingestion may occur. Inhalation is not expected to be a relevant route of 
exposure.
Acute oral toxicity: Low toxicity: LD50 >2000mg/kg, OECD 401.
Acute dermal toxicity: Expected to be of low toxicity: LD50 >2000mg/kg, OECD 402.
Acute inhalation toxicity: Low volatility makes inhalation unlikely.
Skin corrosion/irritation: Not irritating, skin, OECD 404.
Eye corrosion/irritation: Not irritating, eye, OECD 405.
Respiratory or skin sensitisation: Not sensitising, skin, OECD 406.
Aspiration hazard: Not considered an aspiration hazard.
Carcinogenicity/mutagenicity: Not considered a mutagenic hazard or carcinogen.

12. Ecological Information When used and/or disposed of as indicated no adverse environmental effects are
foreseen. Ecotoxicological effects based on knowledge of similar substances.
12.1 Toxicity
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Salmo Gairdneri LC50 (96h), OECD 203: >1000mg/l
Daphnia Magna El50 (48h), OECD 202: >1000mg/l

12.2 Persistence and degradability
Readily biodegradable, OECD 301F, 89% after 28 days.

12.3  Bioaccumulative potential
No potential for bioaccumulation.

12.4  Mobility in soil
Product has low mobility in soil.

12.5  Results of PBT and vPvB assessment
The product does not meet criteria for toxicity which requires further assessment. It is 
not considered PBT or vPvB.

12.6  Other adverse effects
No other adverse effects envisaged.

13. Disposal Considerations 13.1  Waste treatment methods
Product and packaging must be disposed of in accordance with local and national
regulations. May be incinerated. Unused product may be returned for reclamation.

14. Transport Information Not classified as hazardous under air (ICAO/IATA), sea (IMDG), road (ADR) or rail 
(RID) regulations.
14.1  UN number
Not relevant.

14.2  UN proper shipping name
Not relevant.

14.3  Transport hazard class
Not relevant.

14.4  Packing group
Not relevant.

14.5  Environmental hazards
Not relevant.

14.6  Special precautions for user
Not relevant.

15. Regulatory Information 15.1  Safety, health and environmental regulations/legislation specific for the 
substance or mixture
Product is not subject to Authorisation under REACH.

15.2 Chemical safety assessment
A chemical safety assessment has been performed for this substance.
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16. Other Information Compiled according to regulation 1907/EC/2006.

16.1  Changes from last issue:
No significant changes.

The information provided in this Safety Data Sheet is correct to our best knowledge, information and belief at the date of its
publication. It is intended to describe the product for the purposes of health, safety and environmental requirements only. It should not 
be construed as guaranteeing any specific property of the product. 
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