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1. Introduction

Thank you for purchasing our transformer. This unit was manufactured using the most modern techniques available and has been fully tested in our Quality Control division before it left the factory. It is possible, however, that during shipping, installation or operation the transformer could be damaged through improper handling or other unexpected events. Thus, it is crucial that you read this manual carefully.

This documentation refers to three-phase, oil-immersed, two-winding, step-down hermetically sealedand free breathing (conservator-type) transformers.

Transformers may only be installed in well-ventilated closed rooms or places where proper cooling conditions are ensured.

Transformers may NOT operate at altitudes exceeding 1000 m above sea level unless technical specification delivered with the transformer states otherwise.

This transformer meets requirements of the following standards:

· IEC 76: Transformers

· Polish Standard PN-IEC 76-1: 1988 Transformers. General Requirements.

· IEC 296: Transformer oil.

· Polish Standard PN-90/C-96058: Electro-insulating oil for transformers and switchgear.

· IEC Publication 354: Transformers with natural oil circulation — load conditions and operation.

· Polish Standard PN 71/E-81000: Transformers with natural oil circulation — loading and operation.

· other applicable standards as specified on the transformer’s rating plate and in the routine test report

2. Technical Data

2.1 Technical Parameters of Transformers

Technical parameters of transformers are stated on the rating plate and in the factory routine test report.

2.2 Power rating

We guarantee continuous operation of transformer at full load stated on the rating plate at ambient temperature not exceeding value given in the technical specification.

2.3 High Voltage

This transformer may operate continuously at voltage exceeded by no more than 5% of rated High Voltage of tap changer position.

2.4 Frequency

Rated frequency is 50Hz

2.5 Voltage regulation in commutable transformers

Voltage regulation is realised by means of turning the drive of the tap changer whose dial is placed on the transformer cover. Commutable transformers are equipped with two dials, one of which regulates the voltage while the other functions as an HV selector switch (for instance 10kV/20kV).

Transformer must be de-energised while using any of the tap changers!
Tap changer positions indicate different parts of transformer winding in operation. Position one (1) always corresponds to maximum number of winding coils in operation.

2.6. Environmental Conditions and Temperature Rise

Transformers are designed for normal operation in the following environmental conditions:

· air ambient temperature may NOT exceed value given in technical specification,

· guaranteed temperature rise (maximum temperature rise of oil and average winding temperature rise) above the ambient temperature will not exceed values stated in technical specification.

In the event that ambient temperature exceeds value defined in the technical specification, allowable temperature rise of oil and windings needs to be reduced to the same degree by means of reducing the transformer power.

2.7 Hermetically Sealed Transformers

Hermetically sealed transformers are air-tight. No conservator or air cushion will guarantee that transformer oil does not come into contact with atmosphere, which brings about its accelerated deterioration. Transformers are filled with oil at ambient temperature of about 20(C and very low, near-vacuum pressure. This ensures that oil will pervade transformer windings completely and no air remains in small crevices between coils. After sealing, pressure inside the transformer is equal to normal atmospheric pressure. Changes of oil temperature and volume during normal transformer operation cause either increase or decrease of internal pressure, which is absorbed by flexible corrugated walls of transformer tank.

The fins will not deform permanently if transformer is loaded in accordance with guidelines set out in IEC publication 354/1972 or Polish Norms publication PN71/E-81000.

The manufacturer guarantees transformer’s normal and faultless operation provided the following requirements and conditions, in addition to those already defined, are observed:

The following must be properly tightened:

· all nuts and bolts compressing gaskets

· nut and cone of the sampling valve

· plug of the filling orifice on the transformer cover

· nuts fixing bushings to the cover

· nuts and bolts fixing cover to the tank

By standard, all transformers are equipped with an oil level indicator. Transformer may NOT be operated if oil level falls below the MIN (minimum) mark on the scale of oil level indicator. If this is the case, oil level is below the mark required for safe transformer operation. The transformer must be immediately switched off, any leaks found, sealed and more transformer oil added. Transformer oil must be poured at the ambient temperature of 20(C( 4(C through the filling orifice located on the cover.

2.8 Transformers with Conservator

In this type of transformer, a conservator (an additional dedicated tank mounted on the transformer cover) compensates for any volume changes in transformer oil, relieving radiator fins from this task. The conservator is connected with transformer tank. This connection enables flow of oil between both vessels when its volume changes. Transformer oil does not come into direct contact with the atmosphere thanks to silica-gel dehydrating breather that absorbs all moisture from air and prevents it for entering the transformer tank. Conservator is equipped with a magnetic oil level indicator located on the bottom or the conservator tank. Transformer may NOT be operated if oil level falls below the MIN (minimum) mark on the scale of oil level indicator. Having identified and removed the cause of oil leakage, some oil needs to added until its level is above the MIN (minimum) mark. The transformer must be immediately switched off, any leaks found, sealed and more transformer oil added.

Oil may be poured (added) through a filling orifice on top of the conservator. Alternatively, oil may be added through the pipe connecting silica-gel dehydrator and conservator. This pipe needs to be undone prior to refilling.

2.9 Mechanical Strength of Tank

Oil-immersed transformer tanks are guaranteed to withstand without any permanent deformation internal pressure of about (300 hPa.

2.10 Loading of Transformers

Transformers should be loaded in accordance with standards they have been designed to meet.

In particular, it is recommended to observe regulations included in the following documents:

· Polish Standard PN71/E-81000: Transformers with natural oil circulation — load conditions and operation.

· IEC Publication 354/1972: Loading guide for oil-immersed transformers.

2.11 Short-circuit withstand capacity

Transformers are designed and guaranteed to withstand without any damage all mechanical and thermal effects of short-circuit according to IEC 76 or Polish Standard PN-IEC 76-1.

2.12 Withstand Voltage

Transformers are designed and guaranteed to withstand without any damage all test voltages within the range specified in IEC76 or Polish Standard PN-IEC 76-1.

3. Transformer Construction and Design

3.1 Core

Transformer’s core is made of grain oriented, low loss magnetic cold-rolled silicon steel. Both sides of steel sheets are laminated with ceramic insulation. The core construction is optimised for cold-rolled steel properties so that best parameters for magnetic circuit are obtained, i.e. minimum no-load losses and small magnetising power.

The core is of column-type.

3.2 Windings

Transformer’s windings are made of electrolytic copper. High voltage windings are multi-layer type. Interlayer insulation is made from cable insulating paper, presspan and transformer oil. Low voltage windings are wound with profile wire or copper foil insulated with diamond dotted paper and presspan. Windings are wound directly onto the core columns and pressed by means of top and bottom yoke clamps.

3.3 Tap Changer

Transformer is equipped with a three-phase off-load tap changer enabling voltage regulation when the transformer is de-energised. The tap changer’s drive operates synchronously on all three phases and its handle/dial is located on the transformer’s top cover. Voltage regulation is realised by means of turning the tap changer’s dial to a required position. Tap changer may NOT be used when the transformer is energised.

	!
	Warning! Failing to de-energise the transformer prior to voltage regulation may result in severe injury or death!


Tap changer’s dial incorporates perforated ring and locking pins that ensure correct positioning (setting) of the dial after voltage regulation.

In commutable transformers there are two tap changer dials on the cover. One of them is used for selecting one or two possible high voltage (HV) settings while the other allows small-step voltage regulation.
3.4 Tank

Hermetically sealed transformers incorporate a tank with corrugated walls designed to act as radiator fins.

Free breathing transformers (conservator type) may have either corrugated or radiator tank.

In radiator tanks, the radiators are mounted on the tank walls. All radiators have valves located on a connecting pipe between the radiator and tank wall. These valves must be open during normal transformer operation, as this will allow for natural circulation and cooling of transformer oil. (Closed) Valves make it possible to replace a radiator without the need to drain transformer oil for the tank.

Transformer tank has a sturdy design that allows for normal transportation of an oil-filled transformer without any damage resulting from vibration.

Tank’s undercarriage has facilities for securing the transformer firmly in place during transportation by means of synthetic belts or ropes of high mechanical strength.

The following facilities can be found in the lower part of the tank: 

· drain/sampling valve. 

· sampling valve (optionally, in addition to drain valve)

· undercarriage frame with bi-directional (90() wheels and earthing terminals.

The undercarriage frame has holes designed for pulling transformer by short distances on a smooth surface.

	X
	Attention! Pulling transformer by the bars reinforcing corrugated walls of the tank may result in damage to the tank or oil leakage.


3.5 Cover

The following facilities can be found on transformer cover:

· 2 lifting lugs for lifting the transformer or its active part

· oil level indicator pocket (in hermetically sealed transformers)

· filling orifice for filling the tank with oil (in hermetically sealed transformers)

· thermometer pocket (optional)

· DGPT-2 pocket (optional)

· connecting socket for conservator (in conservator-type transformers)

· high and low voltage bushings 

· earthing terminal(s) (optional)

3.6 Conservator

The cylindrical vessel called conservator is located horizontally over the cover. In some versions, the pipe connecting conservator and the cover may be equipped with a gas-flow relay.

Located at the bottom of the conservator vessel is a magnetic oil level indicator showing current oil level in the transformer.

Oil filling inlet can be found at the top of conservator vessel.

It may be either tightly sealed with a cap or have a short pipe leading to a silica gel breather providing means of balancing internal and external pressure.

Conservator versions with a sealing cap only have the silica gel breather built-in and the breather’s air inlet is located underneath the conservator vessel.

Optionally, conservator vessel may be equipped with a drain valve for removal of sediment or excess water.

3.7 Transformer Oil

Transformers are filled with mineral oil. Prior to filling, oil is treated in order to obtain required electrical characteristics and insulating properties. The value of breakdown voltage in a sample of treated new transformer oil should not lower than 45kV/2.5mm in a system defined by applicable norms. If measured value of breakdown voltage is lower oil needs to be regenerated by filtering or equivalent method.

On request transformer may be filled with biodegradable synthetic oil.

4. Transformer accessories and equipment

Please refer to transformer’s technical specification and dimension drawing for a complete list of installed accessories and additional equipment.

4.1 Thermometer pocket

Transformer is equipped with a thermometer pocket enabling installation of mercury or double contact thermometer. To take a measurement thermometer pocket must half-filled with transformer oil. Unused pocket must be sealed to prevent water or air from entering the transformer. If not sealed, in temperatures below 0(C expanding ice may damage the pocket. 

4.2 Double contact thermometer

Thermometer is equipped with two switch-over electrical contacts that may be connected to trip and alarm circuits. The switch-over contacts are designed for 250V DC or AC. The respective alarm or trip circuit is closed when the pointer (hand) crosses the pre-set (user adjustable) value on the thermometer’s face.

Thermometer’s range is: 0(C—120(C. Thermometer probe has length of 140mm and is immersed in oil. Thermometer may be mounted in pockets with R¾” or R1” thread. Maximum cross-section of connecting cables is 6(1-2.5mm2.

Thermometer alarm & trip settings:

— alarm 
95(C

— trip

105(C

4.3 Safety Valve

The transformer tank filled with cooling liquid is a container subject to internal pressure. It needs to be provided with one or more safety valves suitably calibrated for the maximum allowed pressure, so that overpressure caused by internal faults can be instantaneously relieved. This will prevent any greater damage such as the deformation or even explosion of the tank that may result in fire risks.

Safety valve’s rated overpressure is 0.030—0.035 MPa (0.3—0.35 at).

4.4 Buchholz Relay (in free breathing, conservator-type transformers)

Gas and oil actuated (Buchholz) relay is designed to detect faults as well as minimise propagation of any damage, which may occur within oil-filled transformers.

Buchholz relay incorporates two floats and two contacts for alarm and trip. It is mounted in on the pipe connecting transformer and the conservator.

An arrow on the relay cover must point at the conservator.

Signalling:

gas accumulation — alarm

missing oil — trip

Connector characteristics: voltage rating 24 – 240V AC or DC
rated current 0.5A

4.5 DGPT-2 (in hermetically sealedtransformers)

DGPT-2 is a universal multi-function protection device. Its functions include the following:

· detection of gas emissions or small oil leakage

· overpressure or major leakage detection; detection range: 100 — 500mbar

· oil temperature rise detection; detection range 30 — 120(C (3(C

· oil temperature indication within the range 30 — 120(C (5(C.

DGPT-2 has a set of dedicated electrical terminals for each function. Terminals are either normally closed or normally open and can trigger alarm or trip. All contacts have the capacity to withstand loads of at least 1A depending on voltage and load type.

4.6 Auxiliary terminal box

Inside the auxiliary terminal box there is connection diagram clearly depicting how external control devices should be connected.

5. Equipment Description

5.1 Oil Level Indicator
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OIL LEVEL INDICATOR EL-M

	1
	max pointer

	2
	brass body

	3
	Float

	4
	Screen

	5
	brass ring

	6
	sealing O-ring

	8
	float shaft

	9
	ring stopper

	10
	centre ring ø=35mm

	11
	brass body

	12
	float shaft

	14
	Lock screw

	15
	NBR gasket 35x27x1,5


L1 = X + 60 mm.

L2 = X + 50 mm

.

5.2 Magnetic Oil Level Indicator
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5.3 Double contact thermometer with max pointer

THERMOMETER Type MTVT 84

This instrument is designed to measure and control the temperature in oil filled distribution transformers and is suitable for outdoor installation. Its design guarantees normal operation in both tropical and arctic climates (ambient temperature range —40°C/+70°C). All components are made of corrosion resistant or surface treated materials.

The thermometer is fitted with 1 or 2 change-over (SPDT) microswitches working in both normally open and normally closed mode (three terminals for each microswitch). MTVT-84 is supplied with a junction board with 3 or 6 terminals + earth. Max. cable cross-section = 2.5mm2.

Temperature sensing system is of expansion type (liquid filled system), compensated for ambient temperature changes by means of a bimetallic spring.

Casing is made from aluminium alloys with powder painting of high protection degree. On request, casing may be provided with an air breather device for ventilation.

	CASING:

Powder-Painted Aluminium Alloy 
PROTECTION DEGREE:

IP 65

RANGE:

-20(C/+120(C
	LOAD CAPACITY (non-inductive):
5A 250V AC

250mA 250V DC
500mA 125V DC

INSULATION WITHSTAND CAPACITY:

2000V 50Hz between terminals and earth for 60 sec.

MEASUREMENT ACCURACY: 1.5%
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	1
	Case

	2
	Cover

	3
	Connection

	4
	Probe

	5
	Rating plate

	6
	Cable gland

	7
	Switch setting knobs

	8
	Max pointer

	9
	Breather device


5.4 Buchholz relay
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	1-2
	trip terminals

	3-4
	alarm terminals

	5
	earthing terminal

	6
	air breather

	7
	pneumatic test valve

	8
	mechanical test dial for alarm and trip

	9
	cable gland pg 16

	10
	drain plug

	11
	plug pg 16


	TYPE
	A
	B
	D
	E
	L
	S
	d1
	Gas volume
	Mass

	BG 25
	196
	136
	R11/2” BSP
	140
	185
	16
	25
	150 cm3
	2.5 kg


BUCHHOLZ RELAYS TYPES BR 25/50/80 – DIN 42566

[image: image5.png]



	ITEM
	SPECIFICATION

	1-2
	Trip terminals

	3-4
	Alarm terminals

	5
	Earthing terminal

	6
	Air  breather

	7
	Pneumatic test valve

	8
	Mechanical test dial for alarm and trip

	9
	Cable gland PG 16

	10
	Drain plug

	11
	Plug PG 16


	TYPE
	A
	B
	C
	D
	E
	L
	S
	d1
	d2
	d3
	Number of holes
	Gas volume
	Mass

	BR 25
	196
	136
	85
	115
	140
	200
	15
	25
	14
	68
	4
	150 cm3
	3.1 kg.

	BR 50
	250
	168
	125
	165
	140
	195
	18
	50
	18
	102
	4
	250 cm3
	4.5 kg.

	BR 80
	303
	193
	160
	200
	140
	195
	18
	80
	18
	138
	4/8
	250 cm3
	5.2 kg.


5.5 Safety valve

SAFETY VALVE 1” BSP
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SAFETY VALVE 2” BSP (female)
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SAFETY VALVE 2”     BSP (MALE)
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5.6 DGPT-2
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6. Transport

Transformers are delivered to the customer fully assembled and ready for operation.

Transformers may be transported by railway, lorry or other means of transport ensuring reasonable standards.

During transport, transformers must be securely placed in vertical position and firmly fastened to prevent any displacement. Transformer’s undercarriage has small pulling eyes designed for ropes or fastening belts.

7. Commissioning and start-up

7.1 Transformer survey

Upon delivery of transformer it is mandatory to perform the following:

· Visual inspection to determine any possible transport damage (cracked bushing, dented tank wall, etc.),

· Check level of transformer oil; if required, add oil through filling orifice on the cover or conservator. Note! Added oil must be of the same type as oil already in the transformer.

· Clean all metal elements by removing anticorrosive lubricant, especially from bushing bolts and earthing terminals,

· In the event of small leakages, eliminate them by tightening appropriate screws and bolts

7.2 Positioning the transformer for normal operation

The transformer should be mounted as follows:

· Transformer weight must be distributed evenly across all supporting points,

· All indicators should be visible or easily accessible,

· free breathing transformers (conservator type) should be positioned in a way that the side with conservator is elevated slightly to obtain an angle of 1((2( between transformer base and the flooring 
7.3 Connecting the transformer and preparing for start-up

Once the transformer has been positioned in place it is necessary to:

· Secure the transformer to prevent any displacement,

· Connect earthing cables

· In conservator-type transformers, verify the value of breakdown voltage for a sample of transformer oil. Measured value must not be lower than 45kV/2.5mm (see 3.7)

· Take measurement of insulation level. Measured values must not be lower than 80% of those given in the transformer’s test report.

· Check transformer ratio in all tap changer positions. In order to do that, apply voltage 3x380V on LV side and take a series of measurements on HV side for different tap changer positions

· Measure effective HV and LV resistances on each tap. These values should be equal (with reasonable tolerance) for all three phases
· Put tap changer dial in the position required for normal transformer operation

· Connect HV cables to HV bushings,

· Connect LV cables to LH bushings,

· measure earthing resistance

· Prior to installation of thermometer fill its pocket on the cover with transformer oil

· Connect leads to all applicable additional accessories and devices,

· Inspect the whole transformer to double check for any errors in the connections or faulty equipment,

· measure transformer’s insulation level with all but star-point cables connected,

· verify the choice of all protection devices as well as the validity of all connections

7.4 Transformer start-up

Before energising the transformer, verify the following:

· whether an inspection of all devices associated with transformer operation has been done,

· whether all transformer parameters conform to local energy grid.

Apply rated voltage to the transformer HV terminals and leave the unit in an idle state (no-load) for 60 minutes. Only then transformer may be loaded up to maximum value stated on the rating plate.

Note! If trip function is activated in any of the protecting devices, the transformer must not be turned on again before the cause of trip activation is determined.

8. Transformer Operation and Maintenance 

8.1 Operating the transformer

8.1.1 Frequency of inspections

Frequency of inspections is imposed by local regulations in the country where the transformer is operated.

8.1.2 Scope of a routine transformer inspection

During an inspection it is strongly recommended to pay special attention to the following points:

· indications of all meters and measuring devices,

· current oil level shown by oil level indicators,

· temperature of transformer oil indicated by the thermometer installed on the transformer cover,

· current value of load (Does it exceed transformer’s rated value?; Is load symmetrical?)

· condition of auxiliary devices,

· condition of bushings,

· condition of all connections leading to protection devices as well as the condition of protection devices themselves,

· environmental conditions with special emphasis on ambient temperature,

It is also necessary to take note of:

· condition of bushing terminals,
· any abnormalities in the sound generated by the transformer
· traces of oil underneath the transformer Note! During the inspection all applicable safety regulations must be observed
8.1.3 Abnormal transformer operation

In the event of any damage or disturbances preventing normal transformer operation the transformer must be switched off and an emergency inspection carried out. Typical causes calling for such action are listed below.

· Leakage/loss of oil (no oil in the oil level indicator),

· any clearly visible damage to the bushings

· any easily perceptible changes in the intensity of noise generated by the transformer

· excessive heating of connecting cables,

· increase of temperature indicated by thermometer on the cover over the allowable value of about 105(C,

8.2 Voltage regulation using off-load tap changer

It is necessary to make sure that in no event voltage connected to the transformer exceeds allowable value, i.e. 105% of values listed on the rating plate, for any given position of the tap changer. In order to change high voltage, the following actions should be taken, observing the sequence below:

· Disconnect all cables leading to HV & LV bushings,

· Earth both HV and LV windings,

· Put the tap changer in required position by turning the tap changer dial on the transformer cover,

· Re-connect all cables

· Re-start the transformer

8.3 Untanking the transformer (removing active part from the tank)

	X
	Attention! During the warranty period the customer may not, without prior consent of the manufacturer, modify, replace or remove any of transformer parts or elements.


If any irregularities are discovered during the preliminary inspection or testing, it may become necessary to untank the transformer to determine the cause. It may only be done with manufacturer’s consent.

If there is any suspicion that gasses accumulated in the transformer tank (underneath the cover) no electrical measurements may be taken. This may result in a spark and cause an explosion of accumulated gases. Measurements may be taken when the active transformer part is removed from the tank.

When untanking the transformer, the following sequence must be observed:

· Disconnect all cable leading to HV&LV bushings,

· Drain about ¼ of total quantity oil in the tank through the drain valve (in free breathing transformers drain all oil from conservator vessel),

· Disassemble and remove cable boxes and the conservator,

· Disconnect all cables leading to additional accessories, equipment and protection devices,

· Undo fastening nuts and bolts on the cover,

· Lift transformer active part from the tank by lugs on the cover,

· Allow some time for excess oil to drain from active part and place it in a dry and clean place.

Drained oil should be stored in a clean and tightly closed container. Transformer active part must be re-immersed in oil within 8 hours. If this time is exceeded the transformer must be dried. Drying sequence lasts approximately 70 hours in temperature 80—90(C. When dried, active-part should be impregnated with oil.

8.4 Collecting Oil Samples for Testing

When should oil samples be collected?

· before start-up; for free breathing transformers (conservator type),

· for routine testing

· in any circumstances indicating possibility of damage to the transformer and especially when any protection devices are triggered.

To collect a sample use a sampling valve at the bottom of transformer tank.

When sample is being collected it is imperative that all tools and vessels used are clean. Transformer oil is a hygroscopic substance and must be protected against contact with moisture. It is strongly recommended that oil sample is kept in a hermetically sealed container at all times.

8.5 Maintenance of unused transformers

Please note the following:

· not operated transformers should be maintained in the same way as transformers in operation,

· transformer should never be disassembled,

· check oil level at least every six months,

· carry out a visual inspection at least once a year,

· measurements of insulation level and oil tests as for transformer in operation,

· provide protection for fragile parts and elements

· protect all metal terminals with anticorrosive lubricant,

· restrict access of unauthorised persons to the transformer

8.6 Fire emergency

In the event of transformer fire or fire in its immediate vicinity the unit must be de-energised and appropriate emergency services notified as outlined by the law in your country. In addition to official instructions everyone is obliged to:

· join fire-fighting action using accessible equipment,

· inform emergency services about general situation at the fire site,

· try to clear all access ways leading to fire site of any obstacles that may prevent arrival of emergency services,

· upon arrival of emergency services offer your help to the commanding officer

8.7 Parallel operation of transformers

Conditions for parallel operation of transformers:

· identical vector group,

· primary and secondary no-load voltages are the same,

· comparable power ratings (power ratio not greater than 3:1).

· comparable values of short circuit voltage ((10%).

9. Documents delivered with the transformer

· technical specification

· factory tests report

· technical documentation

· dimension drawing (for non-standard transformers),

· manuals for all accessories and protection devices (if provided by respective manufacturers),

· connection diagrams for the transformer and its all elements (including auxiliary termination box, if installed)

10. Guarantee

This product is guaranteed by ABB Elta for a period specified in your order confirmation against defects due to faulty workmanship or materials. The guarantee covers both parts and labour.

The guarantee applies provided the product is handled properly for its intended use, in accordance with its operating instructions and upon presentation of required documents.

The guarantee may not apply if:

· the documents have been altered in any way or made illegible,

· the model or production number on the product has been altered, deleted, removed or made illegible,

· repairs or product modifications and alternations have been executed by unauthorised service organisations or persons,

· damage is caused by accidents including but not limited to lightning, water or fire, misuse or neglect.
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