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1 INTRODUCTION
1.1. Reference Standards

The cast resn transformer referred to the attached test report, has been designed and
manufactured by TESAR in order to meet to Itdian CEl and internationd |EC Standards
requirements in force a& the moment of its manufacturing (unless different agreement) as
well asto meet the client specifications.

CEIl Standards (Italian)

- CEl 14-8 -Trasformatori di potenza a secco- Generdita

- CEl 14-4/1 -Tradformatori di potenza— parte 1 : Generdita

- CEl 14-4/2 -Trasformatori di potenza— parte 2 : Riscaldamento

- CEl 14-4/3 -Trasformatori di potenza — pate 3 : Livdli e prove di
isolamento

- CEl 14-4/4 -Trasformatori di potenza — parte 4: Guida dle prove con
impuls amodferici e di manovrasui trasformatori di potenza e sui regattori

- CEl 14-4/5 -Tradformatori di potenza— parte 5 : Capacitadi tenutad
cortocircuito

- CEl 14-4/10-Trasformatori di potenza— parte 10 :Determinazione dei livelli
di rumore

- CEl 14-7 - Marcaurade termindi de trasformatori di potenza

- CEl 14-12 -Trasformatori trifas di digtribuzione di tipo a secco 50 Hz
da 150 a 2500 kVA con tensone massma per il componente non superiore
a 36 kV -parte 1. Prescrizioni generdi e prescrizioni per trasformatori con
una tensione massima per il componente non superiore a 24 kV

|EC Standards (International)

- |EC 60726 -Dry-type power transformers.Generd

- |EC 60076-1 - Power transformer — part 1 : Generd

- |EC 60076-2 - Power transformer — part 2 : Temperature Rise

- |IEC 60076-3 - Power transformer — part 3 : Insulaion levels,
didectric tests and externd clearancesin air

- |EC 60076-4 - Power transformer — part 4 : Guideto the lightning
impulse and switching impulse testing - Power transformers and reactors

- |EC 60076-5 - Power transformer — part 4 : Ability to withstand short
areuit

- IEC60076-10 - Power transformer- part 10 determination of sound
levels

- IEC 60616 -Termina and tapping markings for power transformers

- HD 538.1 S1 - Three-phase dry type ditribution transformers 50Hz,

from 100 kVA to 2500 kVA with highest voltage for equipment not
exceeding 36 kV-pat 1 generd requirements and requirements for
transformers with highest voltage for equipment not exceeding 24 kV
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Electromagnetic compatibility

The intendty of low frequency magnetic fidd emitted by the windings is of a limited
vaue and, however, it is equa or lower then those of the field emitted by the connections
and the low voltage bars.

Its vaue quickly decreases by increassng of the disance from the transformer. The
intengty of the magnetic fidd can be dgnificantly reduced by ingdling the transformer
ingde ameta enclosure (housing).

The temperature control device or other auxiliary connections, included the thermo-
resstances, for the protection againgt eectromagnetic disturbances conform to the
Standard CEIl EN 50081-2 (IEC 50081-2) and CEI EN 50082-2 (IEC 50082-2).

Marking CE
TESAR does not affix the marking CE on its transformers as foreseen at paragraph 5.4.2
of the “Guide to the gpplication of the Directive 89/336/EEC” which excludes from the
Directive goplication field:

High voltage inductor

High voltage trandformer
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1.2. Outline of thetransformers and the accessories

Figure 2 Transformer complete with standard accessories

Standard components and accessories
1. Truck withrollersfor lengthways or
sideways travel

Tow attachment

Lifting eyes

HV terminals

LV terminals

Links for voltage variation

Ground terminal

PT100 thermo-resistances on the
windings

ONOORWN
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Optional components and accessories

ab wN -

el N e)]

9

PT100 thermo-resistance on the core

Double PT100 thermo-resistance on the windings
Thermistors on the windings/Core

Tangential fans for power increase

Metallic screen between primary and
secondary connected to the ground

Rubber wheels

Thermo-controller

Multifunctional device for temperature and electric
parameters check

Enclosure

10 Bushingsfor HV terminals
11 Cover for tap-changers

Figure7 Enclosure

Figure 8 Tangential fans
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2.

RECEPTION, HANDLING, STORAGE

2.1. Reception

2.2.

The trandformer is generally supplied totally assembled and ready to be connected to the
medium and low voltage line.

According to the specification, the transformer is shipped with a polythene protection, or
packed into wooden cage, for protection agangt dust and little shocks, or findly packed
into awooden case for over-sea shipments.

On recapt of the transformer, both at the client's plants or dte, it is necessary to carry out

the following checks:

- To check there are not signs of damage on the packing or the transformer occurred
probably during the trangport.
The characterigtics of the transformer detailled on the rating plate must correspond to
those of the shipping documents and with those of the test report, which is attached
to the transformer.
To check that each transformer is complete with the accessories foreseen in the
contract (wheds, thermo-controller etc.).

Before unpacking the transformer, especidly during winter period when the temperature
difference between the room and the outdoor is consderable, it is necessary to wait for a
period of at least 824 hoursin such away that the temperature of the transformer has the
necessary time fr reaching that of the room, in order to avoid water condensation on the
coils surface.

IMPORTANT: In case any anomalies are found, please contact immediately the
manufacturer. If within 5 days there will be no notification of anomalies or defects,
it can be consdered that the transformer has been ddivered in perfect conditions.
The manufacturer, therefore, cannot be consdered responsible neither for what
could happen to the transformer during service nor for the eventual consequences.

Handling

During the trangport or the handling, it is recommended to use only the specid lifting
eyes and tow attachments.

IMPORTANT: The transformer cannot be moved pushing the coils and the
connections.

For locating the trandformer in the finad postion, act only by means of a suitable lever on
the specid points foreseen on the lower frames and not on the magnetic core and/or on
thewindings

For lifting, the upper frame of the trandformer is complete with nos. 4 lifting eyes for
dings. Lift with amaximum sling angle of 60°.

If the transformer is complete with protection enclosure, take off the roof to attach
thedings.
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Handling examples

Figure 10 Handling by means of a forklift
Figure 9 Handling by meansof an

overhead-travelling crane

Figure 11 Manual handling Fiaure 12 Wrona manual handlina

2.3. Storage

The tranformer must be dored in a shetered, cleen and dry ambient maintaning the
packing up to the ingdlation.
IMPORTANT: The storage temperature must not be lower than -25°C.
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INSTALLATION

3.1. Standard ingallation conditions
The maximum height of ingtalation must not exceed 1000 m above sealevd.
When the transformer is in sarvice, the ambient temperature of the room must be within
thefalowing limits
Minimum temperaure: -25°C
Maximum temperature: + 40°C

In case the height of the place of installation and/or the ambient temperature values
are higher that the ones specified above, it is necessary to specify it at the ordering
stage since a particular dimensioning of the transformer dependsupon these values.

3.2. Windingsover temperatures

The dectric current passng through the windings, and the effect of the core magnetisng
current produce dectrica loss resulting in locadised heeting of the core and windings.

The trandformer is designed in such a way that naturd cooling maintans the transformer
temperature under the maximum values foreseen by the standards.

In order to avoid temperature accumulation in the room where the trandformer is
ingtalled, it is necessary to provided suitable ventilation

The dandard (with max ambient 40°C) winding temperaure of the transformers
designed to work in standard conditions, as foreseen at par. 3.1., change as a function of
the insulation class and they must not exceed the limits specified on the following table:

Insulation class Medium windings Maximum temperature of the
temperatures °C insulating system °C
B 120 130
F 140 155

Each TESAR transformer, is complete with a least nos. 3 PT100 thermo-resstance
probes, one for each low voltage winding and wired to a junction box for connection to
the thermo-controller usudly supplied loose.

For connecting and setting the thermo-controller against over temperature, please read
the relative manud atached to the same.

For the regulation we suggest the vaues showed on the following table:

Insulation class Alarm °C Trip°C
B 100°C 120°C
F 120°C 140°C
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3.3. Dimensioning of air louvers

Natural cooling
In the room where the transformer is inddled, it is necessary to inddl ar louvers
aufficient to disspate the heat during service, in order to guarantee the standard
svice conditions and to prevent the trandformer from exceeding the over
temperature limits.
Therefore the room must be provided with a louver on the lower part S, in order to
guarantee an appropriate fresh ar flow; and a louver S on the upper part of the
oppositewall, in order to extract the hot air due to the "chimney effect” (figure 13).
For a correct dimensoning of the louvers on the room, use the following formula, to
cdculate the surface of the louvers for ar incoming and outgoing, for a nomind
annua ambient temperature of 20°C.

o] Xi 'o "
S°0.188 ym S'° 1,108 where:
P = Sum of the transformer no-load losses and the load losses at 120°C in kKW.
S = Surface of theincoming louver in n?

S = Surface of the outgoing louver in n
H = Heght between the two louversin meters
]
H
|
Figure 13 Natural cooling
Forced cooling

Forced cooling is necessary in the following cases:
Frequent overloading
L ow-dimensioned room
Room scarcely ventilated
Medium daily temperature higher than 30°C.
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The forced cooling can be redlized by means of:

Tangentid fans or other technology, inddled directly during the manufacturing
sage or added successively at Ste, dimensioned as a function of the transformer
power and of the over temperature to be dissipated.

Ingalation of ar extractor located in the upper pat of the room (or the
enclosure) controlled by a suitable thermostat or directly by a transformer
thermal protection relay, with a suggested flow of gpprox. 3,5, 4 m3/min. for
each kW of lossesat 120 °C.

ATTENTION: an insufficient air circulation, besides reducing the nominal
life of the transformer, causes over heating which, in the worst cases, can
deter mine the intervention of the thermal protection relay.

3.4. Insulating distances
The trandformer supplied for service without enclosure (IP0O0) must be ingdled in the
rel ative room respecting the insulating distances specified here under.
The transformer must be protected againgt direct contacts;, it must be remembered that
the resin be considered as a part under voltage.
Furthermore it is necessary:
To diminate the risk of weater dripping on the transformer.
To respect the minimum distances towards the wadls and towards ground as a
function of the insulating voltage according to the following table.

J

Figure 14 Insulating distances
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Insulation Digance“D” mm
KV Concrete Wl Grilled
7,2 150 300
12 150 300
17,5 220 300
24 240 300
36 320 320

3.5. Earthing connections, taps and protection position
Tesar is not respongible for the trandformer inddlation. The ingdlation must be carried
out according to the standards in force, to the applicable laws and to the present

ingtructions.

The following points must be taken into condderation when the inddlation is carried

out:

- To connect the earthing conductors to the relative earth points on the netdlic parts of
the transformer and enclosure.
To connect the low voltage neutrd to earth when required or when required by the
protection system to earth.

To connect the thermd protection to the control system according to the sketch as
shown in the thermd protection relay manud (thermo-controller).
To ensure that the connection means of the primary winding are safly bolted.
To ensure that the voltage regulation taps are safdy bolted, and if necessary modify
the position as afunction of the supply voltage.
Note : At the time of shipping, the links of the voltage tap-changer are located on
the central tap.
In case of transformers with double retio, please be sure that the link corresponding
to the voltage of the system feeding the transformer is properly connected.

Note: At the time of shipping, the links of the voltage tap-changer are connected on
the position corresponding to the nominal voltage.

3.6. LV and HV connections
Execution without enclosure (1P00)
The cables and the bus bars which are connected to the transformer must be duly
fixed to avoid any mechanical stressonthe LV and HV transformer terminals.
Both upper and bottom cable connections can be performed, being sure, however, to
regpect the configuration showed in the drawings. In case the connections arrive from
the bottom please ensure that there is sufficent depth for the minimum radius of
curvature of the cables.
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Execution with protection enclosure

The cables and the bus bars which are connected to the transformer must enter the
enclosure only through suitable flanges specified at the ordering stage.

In any case the cables and/or the bus bars must be duly fixed outsde the enclosure to
avoid any mechanica dress on the LV and HV terminas of the transformer. After
the inddlation please check the correct degree of protection is maintained near the
passageway of the cables and the bus bars.

LY HY

Figure 15 Cables coming from thetop Figure 16 Cables coming from the bottom

Ly HY

Figure 18 Cablesfixing on theenclosure
Figure 17 Conductor fixing
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4.

3.7.

3.8.

Regulation of transformation ratio

The variation of the primary voltage is obtaned by changing the postion of the link
located on each HV cail.

Generdly, the trandformer is ddivered with the link of each column located in the
central tap. In case the primary voltage of the system does not correspond exactly to the
voltage of the centra tap, it is necessary to modify the podtion of the tgp duly
positioning it on one of the other taps in order that the secondary obtained is the no-load
voltage shown on the rating plate.

Figura 19 Tap-changer

Important
A) In case of transformers with double ratio, please be sure the tap corresponding
to voltage of the system feeding the transformer it-self, is duly connected.

B) In case the position of the link has to be changed after the transformer has been
put into service the first time, it is recommended to put the transformer out of
service and to connect to ground the LV and HV circuits before approaching
thetransformer.

Connection in parallel of moretransformers
If the trandformer must be connected in pardle with other trandformers, please verify the
tota compatibility of the voltage ratio and of the conditions stated by the IEC 60076-1
standards and particularly:

Identical voltage ratio

Identical frequency of functioning

Identical vector group

Identical short circuit voltage (Tolerance + 10%)

TRANSFORMER PROTECTIONS
4.1. Over temperature protection by thermo-controller

Each TESAR transformer is completed with at least nos. 3 thermo-resistances Pt 100,
located indde each LV winding and connected to a connection auxiliary box and with
the thermo- controller usudly supplied loose.
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4.2.

4.3.

For the connection and the setting of the protection relay, please read the relative manua
attached to the same.

Fig 21

Photo of multifunction equipment
with type and catalogne cross-
reference

Figure 20 Thermocontroller and fans
control relay

Overloading and short circuit protection

According to the parameters of the standards shown a point 1.1, the transformer is
desgned and manufectured in such a way to withsand limited abnorma dtuation of
over-voltages, overloading and short circuit on the secondary windings. Therefore, the
transformer must be protected againgt therma and dynamic effects caused by continuous
overloading and secondary short circuits by means of an automatic switch or suitable
fuses, able to disconnect the transformer in case of current flow higher than the one fixed
to the protection.

The protections setting and/or the choice of fuses HV and LV sde, must be carried out
teking into condderation the primary and secondary rated currents dated in the
trandformer rating plate, teking aso into congderation that when we feed the
trandformer, a very high magnetizing current is established on the primary, by means of
vaiable gating from a minimum of 10 times the rated current (in the word conditions
of insertion depending from the indant when the feeding dircuit is cosed, from the
electric characterigtics of the feeding network, from the reactance and resstance values
of the circuit network-transformer, the insertion current can reach aso 20 times the rated
current), even if the automatic switch located on the secondary is open and therefore
without loading.

Therefore, it is necessary to duly set the rdlay of maximum current HV sSide, in current
and time vdue, by introducing a little delay (gpprox. some tens of ms), in such a way
that the protection relay will not operate. Furthermore, we suggest limiting the number of
connections and disconnection of the transformer on the network.

Protection against over voltages

In order to protect the transformers against over-voltages at indudrid frequencies or the
ones due to amospheric origin, it is recommended tha voltage surge arrester with
vaiable ressance are used. The characteristics of the surge arresters depend on the
transformer insulation level and from the characterigtics of the distribution system.

It is recommended to ingdl the surge aresters when the transformer is connected,
directly or through a short cable, to the main networks.
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5. COMMISSIONING

5.1. Mechanical checks beforethe commissioning
Pease affect the following checks:
Check the earth connections
Check of the insulaing distance of the parts under voltage towards ground & shown
at paragraph 3.4
Check the tightening of HV and LV terminds and of the links of the tgp-changer
aoplying the fallowing values of the tightening torque.

Connection of HV terminas and of the links of the voltage taps
Bolts M6| 8 | 10 | 12 | 14 | 16

TorqueN/m| 5 [ 11 | 22 | 35 | 60 | 85

Connection of LV terminds
Bolts M6| 8 | 10 | 12 | 14 | 16

TorqueN/m| 5 | 14 | 27 | 45 | 70 | 100

Mechanicd parts Core and Frame
Bolts (M12| 14 | 16 | 18 | 20 | 22
TorqueN/m| 95 | 150 | 235 | 320 | 455 | 615

With torque wrench set in Kgm, divide the vaues by 10

5.2. Electrical checks beforethe commissioning

Pease affect the following checks:

- Veify that the pogtion of the links of tap-changer is equa on dl the three phases as
shown in the connection diagram. In case of double primary voltages, please check
the feed to the transformer correspond to the links position.

Check the correct functioning of the switches located as protection of the transformer
onHV and LV dde.

Check the correct sdtting and functioning of the overloading and short-circuit
protection relay.

Check the correct setting and functioning of the over-temperature protection relay
(thermo-controller) and of the relative probes.

Check the functioning of the fans and of the reative control circuit, if they are
ingaled on the transformer or on the enclosure

Check the generad conditions of the transformer and proceed with the measurement
of the insulating res stance by means of aMegger functioning at 2500 V.

This measurement must be carried out with HV and LV terminals disconnected
from the equipment, it means befor e connecting the cables and/or the bus bars.
The vaues of the measured resistances must be gpprox. the following:

HV terminals/ Mass 3250 MW
LV terminas/ Mass 350 MW
HV terminals/ LV terminas 3250 MW

In case the vaues results to be considerably lower, the transformer must be dried
and, if necessary, please contact our ass stance service.
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5.3.

ATTENTION: In case a transformer is put into service after a long storage period,
or after a long de-energised period, it will be necessary to clean the HV/LV
windings from eventual dust, condensate and dirt, by means of dry compressed air
jetsand dry cloth.

It is recommended, finally, to carry out always a visual check of the transformer in
order to verify any unlikely presence on the surface and inside the cooling ducts.

Operationsfor commissioning

Closing of HV switch
When the switch is closed the transformer gives out a sharp noise, which decreases in
few msuntil it stabilises.

Check of secondary voltages
Before closng the low voltage switch or effecting additiond checks for the pardld
service with other transformers, it is necessary:
Check by means of a voltmeter the proper vaue between each two phases and of
the three wye-connected voltage.
Check the proper displacement of the phases and the correct vector group.

In case the values correspond to those stated in the rating plate, it is possible to proceed
and complete the commissioning or to carry out the checks for the pardle service.

Run in paralld servicewith other transfor mer

In case the transformer has to run in parald with another, it is aso necessary:
Check the comptibility of the rating plates of both transformers
Verify the concordance of the phases by measuring the voltage between the phase
"ong' of the trandformer dready in service and the phase "one' of the transformer to
be connected in pardld by means of a voltmeter. The value of this result must be
zer 0. Continue in the same way for phase 2 and phase 3

Complete the commissioning of the trandformer closing the LV switch and feding the
Switchgear.

IMPORTANT

We remind you that qualified technical personnd must carry out the operation,
commissoning and energization. Furthermore, during the voltage measurements
and the phase displacement checks on the upper terminals of the LV switches, you
arerecommended to use suitable instruments and suitable insulating gauntlets.

6. MAINTENANCE, ASSISTANCE SERVICE

6.1

Ordinary maintenance

A caeful check of the trandformer during its functioning will prevent damage and
prolong itslife.

In standard service conditions it is sufficient to perform, a least once per year, the
following operations.
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6.2

Cleaning of the HV/LV windings from eventud dust, condensate and dirt, by means
of dry compressed air jets and dry cloths

Cleaning of the cooling and ventilation ducts between the coils in order to avoid
overheating during service

Veify of tightening of the HV and LV connections, of the voltage tap-changer links
and of the bolts (yoke and spacer blocks)

Check the correct functioning of the therma protection (thermo-resistances and
thermo-controller) as well as of the correct intervention of the overloading and short-
crcuit protection and tripping of the corresponding automatic switch This check
must be carried out preferably by means of suitable equipment that will dlow the
smulation of thereal damage.

In caseit is found absences, which cannot be eliminated, please contact immediately
our Assistance Service

Phone  (+39)-0575.317 1

Fax (+39)-0575.317 201

E-Mail Tesarcom@trafo.it

Extraordinary maintenance

In case the trandformer function in a discontinuous way, before the commissioning,
egpecidly ater a long dop, it is necessary to peform the entire checks prior the
commissoning listed on chapter 5.

In case the trandformer during its operation has withstood exceptiond events such as
short circuits, amospheric or operationd over-voltages, oveflowing, or other
exceptiond events, before energizing it once agan, you ae requested to cal for our
savice.

In this case it can be undertaken an agreement for the extenson and/or the renewing of
the guarantee period.
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6.3 Tablefor periodic checks
The main periodic checks to be performed on the transformer, the check intervas, the
equipment to be used and the results to be obtained are reported on the following table.

Pos. | Check to beperformed | Check Interval | nstrument Results
/Equipment
Cleening from dud, dirt, | s

1 |unlikdy presence on the g%/ d Otcr?smpr " Generd deaning
windings
Tightening of the balts of the ' .

2 | man and secondary dectricd Torquewrench Tlghtenm95 1torque =€
connections paragraph 5.1.
Tightening of the mechanicd ' .

3 |pats bolts and transformer Torquewrench T'gmfgorll% 1torque =
camping to the ground Yealy andlor &fter paag -
Tightening of plae  for| exceptiona events Tightening torque see

4 adjugting the spacer blocks Torguewrench paragraph 5.1.
Functioning check of thermo- Hot ar gun for I.nterveror;lon a of | tge

5 | controller and thermo- thermo-resistance sren of arnj[ d]e;/nd
resistances smulated hegting opening S

trip level
Functioning check of the Opening of the switch
6 |oveloading and short-circuit P_ower_ generdor - for on reeching the pre-set
smulation of dameage
relay threshold.
. Cail aurface  and
7 VC\ZI?rrgenae deposted on the Hot dry air and cloths internal ducts
ngs Aftesrf a long perfectly dry
Insulation check of  the| transformer stop . Minimum vaues

8 [windings among them ad g aggl et ;vgégvvoltage showed a paragraph

towards ground 52

For mor e accur ate and complete checks, please contact our Assistance Service

Phone (+39)-0575.317 1
Fax (+39)-0575.317 201
E-Mail Tesarcom@tr afo.it
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6.4 Resolution of the problems
The interventions to be performed as a consequence of problems which may occur during
service, are scheduled here under:

Pos. Trouble monitored Possible cause Tocarry out
Excessiveload respect to the Check by means of a suitable
rated power of the transformer equipment, the current

ddivered by the tranformer
1 and compare it with the one
sated in the rating plate
Reduce the load bringing the
power under the transformer
raing.
Irregular load distribution on Check by means of a suiteble
the three phases instrument, the current
2 ddivered by each trandformer
phese and eventudly re
Intervention of the  thermo- equilibrate  the  single-phase
controller due to darm on the |oads on the three phases
windings (thermo-resistances | Start up of non-synchronous Limit the  numbers  of
3 PT100 on each winding) motorsin s.c. with high starting consecutive dart-up of the non-
currents synchronous motors with
sartingin sc.
Insert chokes or filters before
Presence of harmonics on the the equipment tha generates
4 distribution system ha’momgs in order to prevent
' ther migration on the network
and on the transforme.
Check the vertilation louvers
Lack of ventilation on the room|of the substations or of the
5 where the trensformer  is|protection enclosure ae not
ingaled occluded. Redtore the ar
circuletion
Intervention of the thermo- High eddy currents on the core| Restoretheinsulation of thetie
controller dueto darmin the due to possible bresks of the tie | rodsand tighten the bolts of the
6 | core(4th thermo-resistance rods insulation and loosening | corewith the corresponding
PT100 on the core, if foreseen) of the tightening bolts of the| tightening torque asforeseen a
core paragraph 5.1
Excessive background noise To high supply voltage Movethelinks of the tap-
7 changer on themost suitable
ratio

If necessary, please contact our Assistance Service

Phone  (+39)-0575.317

Fax

(+39)-0575.317

E-Mail
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