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= A technical breakthrough

- Safe and ecological

- Reliable transformer technology

- Limited contribution with calorific energy to the source of

fire

- Self-extinguishing
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Dry-type transformers
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- Unique manufacturer with three coil technologies:

= VVacuum cast coll
- RESIBLOC®
= Open wound

Complementing technologies dedicated to specific market
demands.

- Nearly 40 years of experience
= Proprietary technology and R&D departments
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Dry type transformers

Open wound

RESIBLOC®

HV insulation
application

© ABB Group
November 27, 2015 | Slide 4

L~

~ncnt Al AnA
Cdol CUI dl'id

Vacuum cast coil
HV disk winding

Vacuum cast coil
Casting under vacuum
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Dry-type transformers
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Focus factories
dedicated to

produce dry-type
transformers

ABB
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Dry-type transformers
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- Safety for people and property

- Environmentally friendly

g - Maintenance and pollution-free solution
- No fire hazard

- Easy installation

= Excellent resistance to short circuit
currents

- Excellent capacity to support overloads

- Excellent performance in case of seismic
events

- Suited for damp and contaminated areas

- Reduced cost on civil installation works
and fire protection systems
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Dry-type transformers
A

= Public works - Special industries

- Hospitals - Utilities

= Airports - Ships

= Shopping centers - Oil and gas

= Public buildings - Metal and mining industry
- Office buildings - Metro systems/ trains

- Stadiums - Wind and solar power

= Variable speed drives - Application with rectifiers

FAIDID
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- Ratings up to 63 MVA
- Primary voltage up to 72,5 kV:

with 325 kV BIL / AC 140 kV
according to IEC

350 kV BIL / AC 140 kV according to
IEEE

180 kV BIL / AC 90 kV, according to
GOST

- Secondary voltage up to 36 kV:

with 170 kV BIL / AC70 kV according
to IEC

- With or without on-load tap changer

(OLTC)

MBI
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- Classes: E2, C2, F1

- Partial discharges: <10 pC
= Insulation: 155 °C (F), 180 °C (H)
- AN, ANAF (up to +30%), AFWF

- Design temperature: 40 °C

- Star or delta connection

- Up to 23 taps with £ 18% regulation

range

- Options, enclosure IP21 up to IP54

MBI
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For retrofit or new installations
# = Similar footprint as existing transformers

= For indoor or outdoor installation

- Paralleling with existing oil-transformers possible

Safe and environment friendly

= No flammable liquids

Self-extinguishing solid insulation

No risk of explosion

Lower insurance liabilities

© ABB Group
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10-20 times smaller combustible mass, minimum smoke



Environmentally-friendly and cost-efficient

- Optimized load loss

Lower infrastructural cost

Simple installation, no special civil works

Minimal requirements for safety and protection installations

Bushings available upon customer request

Virtually maintenance free

Easier unload and more efficient logistic costs

i n
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Applications areas

= Inner-city substations

= Indoor and underground substations

- Chemical, oil and gas industry

- Environmentally sensitive areas (e.g. water protection areas)
. - Renewable generation (e.g. off-shore wind turbines)

- Fire-risk areas (e.g. forests)
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- The compact internal substations can be built in urban
areas with limited space.

- Lower cost, lower environment impact.

- Less losses and higher people’s security.
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Erection and commiss ioning
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Easy and fast instail:
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5 km of 24 kV
cable can be
replaced by 69 kV
one
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24 kV cables

69 kV cables

- Saving in losses :
= Dry transformers allow installation

close to/inside buildings.

= Quantified over a 30-years period,

the total saving is 8.5 GWh or 280
MWh per year.

- Resulting in reduced emissions (EU

power mix): CO,: 140

tons/yr
SO,: 375 kglyr
NO,: 175 kg/yr

- Additional savings:
= Civil works.
- Fire protection system.
- Commissioning.
= Yearly maintenance.
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72.5 kV dry-type transformer
A technically demanding design

- Development strongly supported by
ABB Corporate Research and
University collaborations.

- Extensive use of computer simulations
allowed fast development and product
optimization.
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Voltage distribution 30
along windings for

325 kV lightning

impulse test 25

20

15
10

Temporal behavior of
voltage distribution
during application of
lightning impulse

-
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o

Time [usec)
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Development strongly supported by simulations
Dielectric field stress

Simulation of
electrical field
stress during BIL
and AC testing
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Development strongly supported by simulations
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and conflrmed by xtenS| perlmental testing

...and being
tested beyond the
limits in order to
proof the
expected safety
margin
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/2.5 kV dry-type transformer
Overall sizes

25 MVA, 66/ 10 kV (40 MVA, 66 / 10 kV

Dry-type Oil-filled|Dry-type Oil-filled
w/o w/o

OLTC

Width (mm)

Heigth (mm)

i n
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Transformer with On-
load tap changer

(*) presently limited o0

availability,
please contact
us for
clarification
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Characteristics of OLTC:

Dry, oil-free technology
Linear type

For up to 23 taps and
+ 18% regulation range (*)

> 100’000 operations

Low maintenance

MBI
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Conclusion and summary' ABB transformers
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- Based upon a wide experience, ABB manufactures dry type
transformers with the most technologically advanced design.

- Ratings of up to 60 MVA and voltages of up to 72.5 kV.

= Your advantages:
= Protection of the environment
- All materials practically halogens free
= Limited contribution with calorific energy to the source of fire
= Self-extinguishing
- Enhanced safety
- Reliable technology
- Nearly maintenance free
= Cost-efficient solutions
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Power and productivity
for a better world™ ’
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Distribution Transformers

The most comprehensive range of solutions
for distribution transformer applications




Even our standard solutions are special

In almost every place where people live and work you will find at least one transformer. But as
long as it keeps working and supplying power to the escalator in the department store, the hotel
lift, the office computer, the oven in the local bakery, the farm machinery or the petrochemical
plant nobody gives it a second thought.

However, transformers are one of the most important units in every production process.
Without them the core activities of nearly every business and factory would come to a standstill
— with serious financial consequences.

After nearly 100 years in the development and manufacture of transformers we are well
aware of this dependence. This is why, we never compromise on the performance, security or
reliability of our products. Nor on design, materials, manufacturing methods, environmental
protection or recycling.

Our objective is to support you and to add value to your activities, by offering a comprehensive
range of top quality transformers. We also provide top class service and support.

With this approach we can tailor the most appropriate technical solution to every problem.

A high quality solution with better service and support, better for the environment and yet with
greater availability and a lower total cost of ownership than our competitors.

All over the world, in underground railways, in amusement parks and in every kind of
factory you will find ABB transformers at work. In the following pages ABB invites you to find
the optimal solution to your application and to see with your own eyes that even our standard
solutions are special.

4 ABB Power Technology Products
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Oil Type Transformers

Single-phase and three-phase transformers for the range above 16 kVA and up to 72.5 kV.
These units are designed for power centres, substations and networks; also for pad-mounts.
They are used in public distribution systems, commercial buildings and industrial complexes.
The unique core and coil designs and the use of special turn insulating materials make these

units extremely compact, reliable and durable.

A wide range of transformer fluids is available including BIOTEMP™, which is biodegradable, less
flammable and thermally efficient — ideal for densely populated or environmentally sensitive areas.

Dry Type Transformers

For the range 30 kVA to 30 MVA with primary operating voltages up to 41.5 kV and secondary
operating voltages up to 36 kV. These units are designed for operation in difficult conditions
— environmental contamination, fire hazard, high humidity or extreme climates.

They provide high level security and are found in hospitals and other public areas, on oil
platforms, in ships, underground railways and mines.

They are extremely tough and resilient and are resistant to the effects of vibration. They should
be considered for earthquake prone areas.

RESIBLOC® transformers have a special resin-encapsulated construction which is unique to ABB.
This construction provides great strength and flexible design dimensions.

Special Applications

Pad Mounted Transformers: These units are delivered from the factory in tamper-resistant housings
designed to prevent access by unauthorised personnel.

Transformers for variable speed drives: These units can be supplied with primary power ratings
up to 30 MVA. They can be supplied as oil type or dry type. Converter transformers can be used
for the variable speed drives of high-load, low-speed equipment such as mine hoists, rolling mills
and ship propulsion systems. A correctly designed installation will provide impressive savings from
reduced down-time, extended equipment life and lower power costs.

Reactors: Single-phase and/or three phase for a wide range of applications.

Boosterformers™: Boosterformers™ are used in order to improve the function of electrical power
systems and protect the environment from dangerous stray currents near an electrical railway.
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Product Selection Guide

Oil Type Transformers

Product kVA Primary Features

Voltage (kV)
Small < 250 up to 36 Used for indoor or outdoor applications,
Distribution can be provided with off-load tap changers.
Transformers
Medium > 250 up to 36 Used for indoor or outdoor applications, can
Distribution < 2000 be provided with on-load tap changers or
Transformers off-load tap changers.
Large > 2000 up to 72.5 Used for indoor or outdoor applications, can
Distribution be provided with on-load tap changers or
Transformers off-load tap changers.
Single Phase < 100 up to 36 Small distribution transformers for pole
Transformers mounting.

Product MVA Primary Features

Voltage (kV)
Vacuum < 30 up to 36 Provides the ultimate in winding protection for
Cast Coil the most demanding applications when effici-

ency and reliability are critical.

RESIBLOC® < 30 up to 41.5 Provides the ultimate resistance to mechanical
Resin- stress associated with heat and short circuit
encapsulated conditions in the most demanding applications.

Product

Pad Mounted
Transformers

Transformers for
Variable Speed Drives

Reactors

Boosterformers™

ABB Power Technology Products 7



Oil Type Transformers

ABB’s liquid filled Power Distribution Transformers range from 16 kVA upwards, with primary
voltages up to 72.5 kV.

ABB supplies the widest range of power distribution transformers, including specific designs
for power centres, substations, networks and padmounts.

Transformers are an integral part of power systems with applications in industrial facilities,
commercial buildings and utility transmission and distribution networks.

The core and coil design is a unique characteristic of ABB’s oil type transformers, which
generate the reliability, durability and reduced dimensions required for their application in
utilities, industrial installations and public distribution. ABB oil type transformers are manu-
factured in accordance with the international quality standards ISO 9001 and ISO 14001.

Standard features

Standard features include aluminium or copper windings, epoxy or porcelain bushings, gauges,
alarm packages, fans and special signs and tags.

For heavily polluted environmental conditions ABB offers special paint finish cycles in epoxy-
coating for the protection of metallic components and electrical equipment.

Selection Guide

Product kVA Primary Features
Voltage (kV)

Small <250 up to 36 Used for indoor or outdoor
Distribution applications, can be provided
Transformers with off-load tap changers.
Medium > 250 up to 36 Used for indoor or outdoor
Distribution < 2000 applications, can be provided
Transformers with on-load tap changers or

off-load tap changers.

Large > 2000 up to 72.5 Used for indoor or outdoor
Distribution applications, can be provided
Transformers with on-load tap changers or

off-load tap changers.

Single Phase < 100 up to 36 Small distribution
Transformers transformers for
pole mounting.

8 - Oil Type Transformers ABB Power Technology Products



Construction features

Core

The core is a series of laminations made from high-quality, grain-oriented silicon steel. The stacked
core provides a superior flux path by utilising a step-lap that joins the core legs to the top and
bottom yokes. The effective support for the core together with a step-lap joint have reduced
existing currents by up to 40%, sound levels by up to 3 dB and iron losses by up to 10%.

The core efficiently fills the opening in the coil, leaving a minimum of unused space. The
short yoke between the legs of the core reduces the external flow between the active leg core
material, resulting in an increase in efficiency. The rectangular shape of the core can be more
uniformly and firmly supported to prevent movement of the laminations so as to improve sound
level characteristics.

Coils
The coil features a low voltage rectangular wire or sheet conductor extending along the full
height of the coil. The layer to layer insulation, Insuldur, is a thermally upgraded kraft paper.
The layer insulation is coated with a diamond pattern of B-stage epoxy adhesive, which cures
during processing to form a high strength bond. This bond keeps the windings from moving
during operation or under short circuit stresses. The high to low insulation is fitted over the low
voltage winding and the wire of the strap wound high voltage is wound directly over the low
voltage to form a high strength coil assembly. Generous oil ducts extend along the height of the
coil to provide cooling in the winding. The staggered, diamond epoxy bonds help assure free
oil flow through the winding.

Accurately located taps and a large winding cross section keep unbalanced ampere-turns
to a minimum. Unbalanced ampere-turns create forces during short circuits that push the high
voltage and low voltage coils apart vertically. By minimising this imbalance vertical forces are
correspondingly reduced, thus making the design stronger under short circuit stresses.

The large areas presented by the layer-type winding result in a low ground capacity, which
gives a nearly straight line surge distribution throughout the winding. A compact, high-impulse-
strength coil is the result.

Turn insulation

ABB power distribution transformers are designed to meet specific performance criteria defined
by the customer. Some design considerations may require the use of traditional crepe paper or
Nomex® tape as turn insulation. Most designs, however, utilise DuraBIL®, which is a tough, flexible
and inert turn insulation. It reduces the most prevalent cause of transformer failure — deterioration
of turn insulation.

DuraBIL® is a single layer of epoxy powder deposited electrostatically and baked on a strap
conductor. The process is closely controlled and monitored to ensure a continuous, uniform
coating. The result is a compact turn insulation with superior characteristics including adhesion,
flexibility, abrasion resistance and thermal and chemical stability.

Since DuraBIL® is chemically stable, it does not degrade or contaminate the transformer fluid
with moisture. As a result, DuraBIL® maintains its dimensional stability and the coil’s structural
integrity.

Layer insulation
The Insuldur system of chemical stabilisers thermally upgrades the cellulose insulating materials
to permit 12% higher load capacity. Insuldur can be used with all fluids offered by ABB for small
power transformers. Chemical stabilisers delay insulation breakdown under elevated temperature
conditions. Dimensional changes in the insulating materials are minimised to ensure a tighter
structure. The result is greater strength and coil integrity throughout the life of the transformer.
The Insuldur system allows a unit rated at 55°C to be operated at a 10°C higher temperature
with a 12% increase in kVA capacity.

ABB Power Technology Products 9 - Oil Type Transformers



Transformer fluids
A choice of transformer fluids, including oil, silicone, MIDEL and BIOTEMP™ is offered with
most ratings. Mineral oil is usually recommended for outdoor applications. Silicone and R-Temp
are classified as less flammable fluids and are used when flammability is a concern.
Transformers designed with less flammable fluids can be used to meet specific requirements
of non-flammability. BIOTEMP™ is a new, fully biodegradable, environmentally friendly dielectric
fluid that is also classified as less flammable. BIOTEMP™ has been shown to be 97% biodegradable
within 21 days by underwriters, laboratories. BIOTEMP™ is suitable for indoor applications and
in areas of high environmental sensitivity where any insulating fluid spill would require expensive
clean-up procedures.

10 - Oil Type Transformers ABB Power Technology Products



ABB Power Technology Products

Small Distribution Transformers (250 kvA)

Construction features

Description

ABB Distribution Transformers manufactures
three phase oil type small distribution trans-
formers within the range up to 250 kVA and
36 kV. The transformers are adaptable for
pole mounting or assembly in substations.

Standard features

Hermetically sealed transformers completely
filled with oil:

- Corrugating tanks

- High and low voltage bushings in accor-
dance with DIN 42531 and DIN 42530

- Off-circuit tap changer in 5 positions

- Lifting lugs

- Earthing terminals

- Thermometer pocket in accordance with
DIN 42554 (standard from 100 kVA)

- Filling plug

- Drain cock

- Rating plate

- Inbibited oil

Transformers can also be manufactured with
conservators.

Other product types with different dimensions
and technical specifications can be designed
and manufactured on request.

P l.r,,._.r.-l-lrl-r EFELELE

Core

The magnetic circuit is of the three column
type with mitred joints. It is manufactured
with first-rate, grain oriented silicon iron
sheets insulated with carlite. The mounted
core is clamped down in order to reduce
vibrations and minimise noise levels.

Windings

The windings are made of either copper or
aluminium; they are insulated with either pure
cellulose or double enamel. Furthermore, the
complete columns are manufactured to with-
stand short circuit stresses.

Off-circuit tap changer

The tappings (£2 x 2.5%) of the HV winding,
are connected to the off-circuit tap changer
located horizontally between the yoke and
the tank cover. The handle is located on the
cover and should be operated when the trans-
former is deactivated. The design prevents
setting the off-circuit tap changer to interme-
diate positions. The mechanism can also be
padlocked during normal transformer operation.

11 - Small Distribution Transformers



Insulating oil

The mineral oil with its electrical and chemical
characteristics is in compliance with the TEC
Standards and is P.C.B. and P.C.T. free.

Tank and cover

The sides of the tank are made of corrugated
cooling surfaces. The bottom plate, side and
frames are of a welded construction. The welds
are tested for oil tightness. The thermometer
pockets, bushings, tap switch drive and lifting
lugs are fitted on the tank cover. The cover is
bolted to the tank frame. The undercarriage is
welded to the bottom plate and the rollers are
suitable for either longitudinal or transverse
movements.

Painting and surface treatment
Transformers are either hot-dip galvanized or
painted. The metal parts are carefully sand-
blasted. The painting system is a single coat
one pack epoxy. The top coat is RAL 7033 or
customized. The hot-dip galvanizing is 70 pm
minimum.

Options and accessories

- Plug-in bushings on HV

- Max thermometer

- Dial type thermometer with two contacts

- Oil level indicator for bermetically sealed
transformers

- Thermometer pocket in accordance with DIN
42554 (standard from 100 RVA)

- Off-circuit tap changer with 3 or 7 positions

- Sparking gaps

- Pressure relief device

- Cable boxes

- Integrated pole brackets on tank

- Skid base

- Bi-directional rollers

- Total enclosure on cover over HV and LV
bushings

Testing

The transformers are manufactured in accor-
dance with ISO 9001 and ISO 14001. At the
end of the manufacturing process the trans-
formers are individually tested in accordance
with the IEC Standards.

The routine tests are:

- Measurement of the winding resistance

- Measurement of the voltage ratio and check
of the vector group

- Measurement of the impedance voltage and
measurement of load losses

- Measurement of no load losses and no
load current

- Dielectric tests

Upon request, witnessed type/special tests
can be carried out.
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Oil Type/Small Distribution Transformers
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30 | 20500 O 410 Yzni1 4 100 585 395 | 115 840 | 770 | 1005 0 A
40 15750 0 400 Yzn5 4.5 90 900 48 340 90 790 580 970 420 A
40 | 15750 O 400 Yzn5 4.5 130 900 48 330 90 790 | 580 970 420 A
50 10000 0 400 Yzn5 4 125 1100 47 375 90 760 650 885 A
50 [ 10000 O 400 Yzn5 4 190 | 1100 50 365 90 760 | 650 885 A
50 10000 0 400 Yzn5 4 125 875 47 425 100 820 625 885 A
50 |20500| O 410 Dyn11 4 140 885 0 440 | 125 840 | 770 | 1055 0 A
50 16800 0 420 Dyn5 4 125 900 51 390 120 820 645 1010 A
50 |20000| O 400 Yzni1 4 190 | 1100 44 465 | 125 870 | 650 | 1400 | 670 A
50 |22000] O 420 Dyn11 4 115 940 48 415 | 110 810 | 585 | 1040 0 A
50 | 11000 O 420 Dyn11 4 115 920 48 370 90 760 | 600 945 0 A
50 20000 0 400 Yzn5 4 125 875 47 375 95 860 600 975 A
50 [ 10000 O 400 Dyn5 3.7 115 850 50 425 | 115 800 | 480 | 1200 0 A
50 20000 0 400 Yzn5 4 125 1350 47 350 90 790 580 955 A
63 | 22000 O 420 Yzn5 4 190 | 1350 51 465 | 105 | 1280 | 630 | 1650 | 420 A
63 22000 0 420 Yzn5 4 160 1350 48 465 105 1280 | 630 1650 420 A
63 | 15750 O 400 Yzn5 4.5 130 | 1130 48 430 | 100 945 | 665 970 420 A
63 16800 0 420 Dyn5 4 130 950 51 460 110 820 645 1030 A
63 | 15750 O 400 Yzn5 4.5 180 | 1130 48 430 | 100 945 | 665 970 420 A
63 21000 0 400 Yzn5 4.5 180 1280 48 460 100 830 680 1150 420 A
63 | 15750 O 400 Yzn5 4.5 180 | 1160 48 470 | 100 830 | 680 | 1150 | 420 A
100 | 10000 0 400 Yzn5 4 320 1750 50 585 130 820 775 1030 A
100 | 10000 0 400 Yzn5 4 210 1750 49 670 145 1120 | 725 1090 A
100 | 20500 0 410 Dyn11 4 220 1485 0 510 120 850 610 1080 0 A
100 | 10500 O 400 Dyn11 3.8 215 | 1700 48 490 | 110 870 | 500 | 1170 0 A
100 | 16800 0 420 Dyn5 4 180 | 11800 52 730 160 930 645 1200 A
100 | 21000 O 400 Yzn5 4.5 240 | 1720 49 585 | 120 870 | 670 | 1200 | 420 A
100 | 20000 0 400 Dyn11 4 500 1700 48 800 0 950 650 1270 520 A
100 | 10500 O 400 Dyn11 4 165 | 1700 48 535 | 110 870 | 500 | 1220 0 A
100 | 21000 0 400 Dyn11 4.2 165 1760 48 580 140 920 520 1295 0 A
100 | 11000 O 420 Dyn11 4 185 | 1520 48 510 95 860 | 600 | 1070 0 A
100 | 22000 0 420 Dyn11 4 185 1525 48 545 125 850 610 1115 0 A
100 | 10500 O 420 Dyn5 3.4 165 | 1240 54 600 | 135 920 | 540 | 1220 0 A
100 | 22000 0 420 Dyn11 3.6 245 1550 48 540 150 920 520 1245 0 A
160 | 22000 O 420 Dyn5 4 375 | 2350 57 765 | 165 | 1000 | 720 | 1400 | 520 A
160 | 15750 0 400 Yzn5 4.5 280 2200 50 830 165 970 805 1110 520 A
160 | 10000 O 400 Dyn11 4 460 | 2350 50 840 | 180 | 1040 | 675 | 1140 | 670 A
160 | 20000 0 400 Dyn11 4 460 2350 50 880 205 1000 | 700 1210 670 A
160 | 20000 O 400 Dyn11 4 300 | 2350 50 880 | 205 | 1000 | 700 | 1210 A
160 | 16800 0 420 Dyn5 4 265 1750 53 890 190 1010 | 645 1180 A
160 | 15750 O 400 Yzn5 4.5 300 | 2350 50 1000 [ 220 | 1080 | 790 | 1290 | 520 A
160 | 15000 O 400 Dyn11 4 650 | 2400 48 900 0 1100 | 670 | 1350 | 520 A
160 | 10000 O 400 Dyn11 4 300 | 2000 50 870 | 180 | 1040 | 675 | 1140 | 520 A
200 | 20500 0 410 Dyn11 4 420 2295 0 995 235 1080 | 730 1250 0 A
200 | 10500 O 400 Dyn11 3.8 320 | 2450 53 870 | 180 950 | 625 | 1345 0 A
200 | 2200011000 | 420 Dyn11 3.6 370 2280 53 870 180 950 625 1495 0 A
200 | 11000] O 420 Dyn11 4 365 | 2225 53 840 | 160 | 1030 | 655 | 1170 0 A
200 | 22000 0 420 Dyn11 4 370 2250 53 940 200 1020 | 700 1245 0 A
200 | 10500 O 400 Dyn11 3.8 360 | 2700 53 840 | 200 950 | 625 | 1295 0 A
250 | 22000 0 420 Dyn5 4 425 3250 55 1180 | 260 1100 | 780 1500 520 A
250 | 22000] O 420 Dyn5 4 440 | 2750 55 1250 [ 260 | 1100 | 800 | 1600 | 520 A
250 | 10000 0 400 Dyn5 4 425 3250 50 1110 | 205 1300 | 750 1190 A
250 | 22000] O 420 Dyn5 4 530 | 3250 60 1180 | 260 | 1100 | 780 | 1500 | 520 A
250 | 10000 0 400 Dyn5 4 425 2750 50 1160 | 200 1000 | 700 1220 A
250 | 20000 O 400 Dyn5 4 425 | 3250 50 1130 | 220 | 1060 | 760 | 1190 A
250 | 15750 0 400 Dyn5 4.5 360 2350 51 1010 | 200 1150 | 975 1260 520 A
250 | 15750 © 400 Dyn5 4.5 460 | 3200 51 1030 [ 205 | 1040 | 950 | 1185 | 520 A
250 | 25000 0 400 Dyn11 4.5 780 3500 52 1245 | 300 1210 | 860 1605 | 1070 A
250 | 16800 O 420 Dyn5 4 345 | 2230 55 1450 | 270 | 1150 | 715 | 1310 A
250 | 22000 0 420 Dyn1 4 290 5000 46 1120 0 1450 | 900 1500 520 A
250 | 21000 O 400 Dyn5 4.5 460 | 3260 51 945 | 175 990 | 720 | 1340 | 520 A
Please note that this table only shows a small sample 4 Hermetically sealed with corrugated tank e Corrugated tank with conservator

of all productdesigns and ratings we supply.
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Medium Distribution Transformers (> 250 kVA, < 2000 kVA)

Construction features

Description

MDT transformers are used to step down three-
phase high voltage to low voltage for power
distribution, mainly in metropolitan areas and
for industrial applications. The transformers in
standard versions are designed for use in
moderate climates and can be installed both
outdoors and indoors. The loading is in
accordance with TEC 354. MDT transformers
are hermetically sealed (the tank is completely
filled with oil) or equipped with oil conser-
vator. Both types are equipped with flexible
corrugated tank walls enabling sufficient
cooling of the transformer. They also compen-
sate for the changes in the oil volume during
operation. An advantage of the hermetically
sealed transformers is that the oil is never in
contact with the atmosphere thus avoiding
periodic oil analysis.

16 - Medium Distribution Transformers

Standard features

Hermetically sealed. (Rated power <1000 kVA):

- Oil filling plug on the cover

- Oil-level indicator

- The two lifting lugs on the cover are made
Jfor lifting the transformer or its removable part

- Corrugated tank

- Undercarriage with bi-directional rollers

- Oil drain valve

- Off-circuit tap changer handle

- Earthing terminals

- Sparking gaps for voltages 15 kV and above

- Rating plate

Additionally, for transformers with conservator
(Rated power 21000 kVA):

- Max thermometer

- Magnetic oil-level indicator

- Oil filling plug on the conservator

- Buchholz relay

- Debydrating breather

- Conservator

Core

The cores of the transformers are made of
grain-oriented magnetic, cold-rolled silicon
steel laminations with low losses.

Windings

The windings of the transformers are made of
high grade electrolytic copper or aluminium.
The High Voltage windings are wound either
with round, enamel insulated, or shaped, paper
insulated wire. The Low Voltage windings are
wound with shaped, paper insulated wire or
foil. The winding construction is characterised
by high dielectric strength with high resistance,
to atmospheric surges and to the effects of
short-circuits. Neutral points of the Low Voltage
windings are brought to the tank cover.

Off-circuit tap changer

The off-circuit tap changer is of a 5-position
type connected on the High Voltage side with
a handle located on the cover. The tap changer
should be operated only when the transformer
is deactivated.

ABB Power Technology Products



Insulating oil Options and accessories

The mineral oil with its electrical and chemical - Plug-in bushings
characteristics complies with the TEC Standards - Dial type thermometer with two contacts
and is P.C.B. and P.C.T. free. - DGPT2 control device

- Pressure relief valve with or without contacts
Tank and cover Tap changer with more than five positions
The cover is bolted to the tank frame. The - Cable boxes
transformer undercarriage is provided with Spark gap meter
bidirectional rollers turnable by T/2 rad (90°) Air insulated bousings
to allow longitudinal and transverse move- - Galvanized tank
ment on flat surfaces. - Additional thermometer pocket

- Dual voltage transformer

Painting and surface treatment

All metal parts are carefully sandblasted. The Specifications

painting is made with a single coat of one- - Standards: IEC, DIN, BS, UNE, PN etc.
pack epoxy paint. The finishing paint is made - 301-2,000 kVA, three-phase, 65°C
with two or three coats. If requested a hot- maximum windings temperature rise
dip galvanized corrugated steel tank can be - 50 Hz standard, 60 Hz optional
provided. - High Voltages 3,000 - 35,000 V

Low Voltages 100 - 15,750 V

Vector group: Dy, Yz, Yy, Dd, Yd

- Impedance voltage: 4-7%

Voltage regulation: +2 x 2.5%; +2 x 5%;
+2.5 %, -3 x 2.5%

Hard Rain
Power failure is a nightmare scenario for any healthcare institution, and Hermann Hospital in Texas
experienced one in June 2001, when the tropical storm known as Alison hit Houston.

On 26 June, the hospital ordered a 1000 kVA Distribution Transformer from ABB. Just 60 hours
later, the new transformer was designed, built and dispatched. This helped to ease the consequences
of the disaster, already known in history books as “the rain of terror”.
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Oil Type/Medium Distribution Transformers
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315 | 26000 0 400 Dyn11 4 980 4130 64 1550 370 1300 900 1700 670 A
315 | 20000 | 8000 400 Dyn11 4 1050 | 4200 53 1300 0 1240 800 1400 670 A
315 | 15000 0 400 Dyn11 4 1050 | 4200 53 1300 0 1240 800 1400 670 A
315 | 10000 0 400 Dyn11 4 1050 | 4200 53 1300 0 1240 800 1400 670 A
400 | 35000 0 400 Dyn1 6 620 5000 50 2050 0 1300 900 1800 670 A
400 | 21000 0 420 Dyn5 4 750 4600 63 1560 340 1300 900 1600 670 A
400 | 15750 0 400 Dyn5 4.5 570 4100 52 1520 320 1210 850 1480 670 A
400 | 10500 0 420 Dyn5 4 475 3480 0 1730 320 1140 820 1495 0 A
500 | 22000 | 11000 | 420 Dyn11 4.4 710 5000 0 1750 320 1140 880 1600 0 A
500 | 20000 0 400 Dyn5 4 730 5500 50 1660 365 1300 920 1860 A
500 | 11000 0 420 Dyn11 4.5 710 4600 0 1690 320 1140 880 1450 0 A
500 | 10000 0 690 Dyn5 4.6 500 4000 0 2200 350 1470 850 1560 0 A
500 | 10000 0 400 Dyn11 4 1450 | 5800 53 1750 0 1450 970 1500 670 A
630 | 35000 0 400 Dyn1 6 840 7000 52 2600 0 1450 900 1800 670 A
630 | 22000 0 420 Dyn5 6 800 5600 60 2500 510 1400 | 1050 | 1700 670 A
630 | 15750 0 400 Dyn5 4.5 720 6100 54 2035 400 1270 900 1600 670 A
630 | 10000 0 400 Dyn5 6 800 8700 54 2040 445 1530 950 1690 A
800 | 26000 0 400 Dyn11 6 1700 | 8500 68 2650 525 1700 950 2100 670 A
800 | 21000 0 400 Dyn11 4.8 1030 | 6800 0 2300 380 1520 900 1700 0 A
800 | 15000 | 10000 | 400 Dyn11 5 1940 | 8200 53 2200 0 1630 | 1080 | 1600 670 .
800 | 10000 0 400 Dyn5 6 1400 | 8500 56 2320 530 1400 | 1050 | 1890 A
1000 | 35000 0 400 Dyn1 6 1600 | 9700 0 3100 0 1800 | 1050 | 1860 820 A
1000 | 21000 0 400 Dyn5 6 1300 | 10200| 56 2800 550 1970 980 1980 820 .
1000 | 15750 0 400 Dyn5 6 1300 | 10200 56 2790 550 1970 980 1980 820 .
1000 | 10000 0 400 YynO 5.3 1300 | 12200 0 2420 470 1670 | 1030 | 1590 0 A
1250 | 26000 0 400 Dyn11 6 2360 | 13500 70 3550 760 2000 | 1100 | 2250 820 A
1250 | 20000 | 15000 | 400 D({D)yn11 7.19 | 1320 | 16900 0 4140 | 1190 | 2345 | 1370 | 2310 820 .
1250 | 15000 | 10000 | 400 Dyn11 6 2600 | 13000 65 3600 0 1860 | 1250 | 1640 820 .
1250 | 10500 0 400 Dyn11 5.4 1460 | 13400 0 3000 580 1830 | 1150 | 1720 0 A
1600 | 35000 0 400 Dyn1 6 2400 | 14000 0 4000 0 2000 | 1100 | 1900 820 A
1600 | 20000 0 400 YynO 5.5 1780 | 16700 0 3320 680 1890 | 1170 | 1860 0 A
1600 | 15750 0 400 Dyn5 6 1700 | 16000 58 3995 820 2100 | 1130 | 2250 820 .
1600 | 10000 0 690 Dyn5 5.7 1580 | 13500 0 3680 775 1910 | 1120 | 1970 0 A
2000 | 30000 0 6300 Dyn5 6 3200 | 21000 71 5000 | 1100 | 2250 | 1300 | 2350 | 1070 .
2000 | 20000 0 400 YynO 6 2200 | 20100 0 4020 850 2010 | 1220 | 1910 0 A
2000 | 15750 0 400 Dyn5 6 2100 | 19000 0 4710 900 2330 | 1360 | 2320 | 1070 .
2000 | 10000 0 6300 Dyn5 6 3200 | 21000] 71 5000 | 1100 | 2250 | 1300 | 2350 | 1070 .
Please note that this table only shows a small sample 4 Hermetically sealed with corrugated tank e Corrugated tank with conservator

of all productdesigns and ratings we supply.
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ABB Power Technology Products

Large Distribution Transformers (> 2000 kvA, up to 72.5 kv)

Construction features

Description

ABB has been manufacturing transformers for
almost a hundred years. The production is
based on the development and research carried
out in the design department and at the ABB
Research Centre in close cooperation with our
customers. This long experience combined
with research and development, guarantees
high quality, long life and reliability.

Standard features

The transformers are manufactured and tested
in accordance with the IEC Publication 76.
They are also in compliance with several
national standards e.g. BS 171, VDE 0532,

SS 4270101 etc.

The transformers can be overloaded in
accordance with IEC Publications 354 (1972).
The on-load tap-changer and bushings have
been chosen so as not to limit the overload
capability. The cooling methods are ONAN
or ONAN/ONAF.

Construction features

The transformers are of the breathing, conven-
tional type provided with an oil conservator.
Two types of transformers are manufactured:
- Transformers with off-load tap changer

- Transformers with on-load tap changer

Core

The three legged bolt-less core is constructed
of grain oriented steel laminations. The joints
between the leg and yoke are mitred at 45°
and interleaved. The cross section of the leg
is circular.

Windings

The material of the windings is either copper
or aluminum. The windings are made of paper
insulated rectangular wire in the form of multi-
layer, disc or helical windings. Transformers
provided with on-load tap-changer usually
have a separate tap winding.

Off-load tap-changer

The transformers are normally equipped with
a 5-position off-load tap-changer on the High
Voltage side, with its handle located on the
cover. When changing the tap position the
transformer has to be un-energized.

Position 1 of the tap-changer (+ position)
corresponds with the highest ratio, which
gives the lowest voltage on the Low Voltage
side. Position 5 of the tap-changer (- position)
corresponds with the lowest ratio which conse-
quently gives the highest voltage on the Low
Voltage side. Transformers having dual primary
(or secondary) voltages are usually equipped
with a selector switch with the handle on
the cover.
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On-load tap changer
The on-load tap-changer is mounted on the
cover of the main transformer tank. The tap-
changer works as a selector switch combining
the features of a diverter switch and a tap
selector. The selector switch is located in a
separate oil compartment which is connected
to its own conservator. The selector switch is
of the high-speed spring operated type with
resistive transition impedances. The tap-changer
is equipped with a protective relay. The selector
switch can be lifted for inspection and the oil
in the compartment can be changed separately.
The on-load tap-changer is provided with a
motor drive mechanism for remote and local
control. Normally the motor drive is three-phase
and the control and the heating circuits are for
single phase AC supply. When re-quested, DC
circuits can be supplied.

Insulating oil

The mineral oil used in the transformers com-
plies with IEC 296 and several national stan-
dards. The oil slows down the ageing process.
Transformers with off-load tap changers can
be delivered filled with silicone oil or MIDEL
fluid if requested.

Tank

The transformer tank is usually of the rigid type
provided with removable radiators connected
to the tank by means of a shut-off valve. On
request, the tank can be made vacuum proof.
Transformers up to 5 MVA can be supplied with
a compact tank with corrugated cooling fins.

Painting and surface treatment

Prior to the painting of the tank, the cover and
oil conservator are sandblasted. External sur-
faces are painted immediately after pretreatment
with a two-pack epoxy primer coat.

The finishing is carried out by applying a
two-pack polyurethane paint to a total thick-
ness of 180 pm. The colour of the paint is
RALG013 (rush green).

The inside of the transformer tank is painted
with a two-pack epoxy primer to a thickness
of approx. 30 pm. The external surfaces of the
radiators are hot dip galvanized to a thickness
of approx. 60 pm. Corrugated tanks are flow
painted with alkyd primer and acrylic finish
to a total thickness of 80 ym. The conservator
and the bottom part of the tank are painted
internally.
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Options and accessories

The transformers are fitted with the following
standard accessories:

- Bushings

- Oil conservator with oil level indicator
- Filling and drain valves

- Oil sampling device

- Earthing terminals

- Lifting lugs

- Jacking pads (radiator tanks)

- Rating plate

- Silica-gel breather

- Buchholz relay

- Top oil thermometer

Additional accessories can be fitted in accor-
dance with the customer’s specifications.

Vacuum treatment

Drying and vacuum treatment takes place in a
special oven, where the windings are heated
electrically while simultaneously the air is
evacuated from the oven, reaching an absolute
pressure of 1 mbar. The transformer is filled
with oil while it is still under vacuum. In this
way moisture and gases are effectively remo-
ved from the windings and oil.

Bushings
The bushings are of a solid porcelain type and
located on the cover. Bushing insulators can
be changed without opening the transformer.
The bushings comply with IEC 137.

The terminals can be provided with an air
insulated enclosure. The enclosure can be
on the primary and/or on the secondary side
and may be constructed for cable or bus duct
connection. Alternatively the transformers can
be provided with plug-in bushings.

Testing

All transformers are manufactured according
to the ISO 9001 Quality System. The trans-
formers are individually tested according to
IEC standards.
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1. Routine tests 3. Special tests

1.1 Measurement of winding resistance 3.1 Dielectric tests:
1.2 Measurement of voltage ratio and 3.1.1 PD-test
testing of voltage vector relationship 3.1.2 Chopped wave test
1.3  Measurement of impedance voltage, 3.2  Measurement of zero-sequence
short-circuit impedance and load loss impedance on three phase transformers
1.4 Measurement of no-load loss and 3.3 Short circuit test
current 3.4 Measurement of sound level
1.5 Dielectric tests: 3.5 Measurement of bharmonics in the
1.5.1 Separate source voltage withstand test noload current
1.5.2 Induced overvoltage withstand test 3.6 Tests of auxilary equipment and wiring
3.7 Tests onload tap-changer
Witness type/special tests can be carried out 3.8 Leakage test for transformer tank
on request.

2. Type tests

2.1 Temperature rise test
2.2 Dielectric tests:

2.2.1 Lightning impulse test
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Less time, more money

Many of the “Paradise Islands” might not seem so paradisial without electricity. Wartsila NSD, one of the
world’s leading manufacturers of gas and diesel engines for power generation and for off-shore applications
would definitely not want to be without our fast deliveries of 8, 12 and 16 MVA Large Distribution Trans-
former units. Without that speed their greatest sales advantage for diesel power plants would be lost.
Neither Wartsila nor their customers would be able to reach their rewards so quickly. And for the rest of us,
those islands might no longer seem such idyllic places to visit.

22 - Large Distribution Transformers ABB Power Technology Products




Large Distribution Transformers

Rated power | Primary Voltage BIL, HV Secondary BIL, LV Tank Description
Voltage
kVA kV kV kV kV
2001-5000 up to 72.5 up to 350 up to 15 up to 110 Hermetically sealed
2001-5000 up to 72.5 up to 350 up to 15 up to 110 Corrugated tank
5000 and above up to 72.5 up to 350 up to 15 up to 110 Radiator tank
with conservator

Large Distribution Transformers

Typical datas for 20/10 kV transformer with off-load or on-load tap-changer

Rated power | Tap-changer [No-Load Loss| Load Loss Impedance | Total Weight Qil
kVA w W % kg kg
3150 +2x2.5% 3500 25000 6.35 6250 1210

+9x1.67% 3800 25500 6.35 10000 2780
4000 +2x2.5% 4200 29000 6.35 7500 1440
+9x1.67% 4500 31000 6.35 12100 3220
5000 +2x2.5% 4900 35000 7.15 9300 1670
+9x1.67% 5000 39000 7.15 13400 3620
6300 +2x2.5% 6000 45000 7.15 13200 2750
+9x1.67% 6200 45000 7.15 15400 3960
8000 +2x2.5% 7000 56000 8.35 15300 3140
+9x1.67% 7200 56000 8.35 18100 4760
10000 +2x2.5% 8100 65000 8.35 17200 3480
+9x1.67% 8200 68000 8,35 20600 5090

Other product types with different datas and specifications can be supplied on request.

Please note that this table only shows a small sample of all productdesigns and ratings we supply.

ABB Power Technology Products
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Single Phase Transformers (<100 kvA)

Construction features

Description

ABB Distribution Transformers manufactures
single-phase, oil type small distribution trans-
formers for pole mounting. These represent
an economical option for certain networks.
They are suitable for serving residential over-
head distribution loads, as well as for lighting,
commercial loads, industrial and diversified
power applications. ABB’s core design provides
optimal efficiency and better mechanical,
thermal and electrical performance. These
transformers are designed for the duties nor-
mally encountered on electric utility power
distribution systems.

Ranges
15 kVA to 100 kVA with voltages up to a
maximum of 36 kV.

Standard features

Two types of transformer are manufactured:
- sealed construction

- free breathing construction

Standard features for EATS or ANSI can be
provided.

All units are supplied with hot-dip galvanised

tanks including:

- lifting lugs

- cover mounted, bigh voltage porcelain
bushing(s) with eyebolt terminal or spade
terminal

- fibreglass reinforced polyester or porcelain
low voltage insulators

Options and accessories

Bushings mounted on lid or on turrets. 2 or 3
view options. Internal HT fuses can be fitted.
ANSI or DIN bushings. Single or dual ratio.
Tap-switch or internal link board. Can be fitted
with acing horns or surge arrestors.

Standard and type tests

Can be supplied in accordance with IETS, IEC
or ANSI standards. All units have been type
tested according to IEC.
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Planning minimised the impact of Dennis and Floyd
When the hurricanes Dennis and Floyd struck, Carolina Power & Light (CP&L) and ABB were prepared.
Within 48 hours, 225 pole-type, single phase distribution transformers were shipped from ABB's stock

to CP&L, with a further 2,600 transformers shipped 12 days later.
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The Olympics have a bright future

RESIBLOC® transformers from ABB will be in the spotlight at the Olympic Games in Sydney. 100,000
spectators in the grandstands and over a billion people viewing television can count on ABB to make sure
everything works faultlessly — from timekeeping to arena lighting.
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Dry Type Transformers

ABB’s dry type transformers range from 30 kVA to 30 MVA, with primary operating voltages up to
41.5 kV and secondary operating voltages up to 36 kV.

With the aim of minimising environmental contamination and fire hazards, customers are increas-
ingly requesting dry type transformers. These transformers meet strict parameters with respect to
electrical system demands and functioning in areas with extreme climatic conditions.

Applications include high-density office buildings, nuclear power plants, offshore drilling plat-
forms, nuclear-powered navy vessels and high-volume industrial process plants.

ABB dry type transformers fulfil the requirements of international standards IEC 60726, as well
as the European HD464 and HD538.

ABB’s dry type transformers are virtually maintenance free and are manufactured in accordance
with the international quality standards ISO 9001 and ISO 14001.

Applications

ABB dry type transformers are most suitable for installations that require a high degree of safety,

such as: hospitals, shopping centres, multipurpose cultural centres, car factories etc. ABB dry

type transformers are also the most technologically advanced, designed for the severe conditions

present in:

- Chemical processing, offshore platforms for oil wells, offshore drilling platforms, marine appli-
cations, container cranes at seaports.

- Heavy industrial applications: wind power generation, underground railways, stations and
underground mines in non-classified areas. Rectifiers and frequency converters for AC motors.
Power plants for auxiliary services and excitation transformer systems.

Product MVA Primary Features
Voltage (kV)

Vacuum <30 up to 36 Provides the ultimate in winding protection for
Cast Coil the most demanding applications when efficien-
cy and reliability are critical.

RESIBLOC® <30 up to 41.5 Provides the ultimate resistance to mechanical
Resin- stress associated with heat and short circuit
encapsulated conditions in the most demanding applications.
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Standard features

Core

ABB’s dry type transformers utilise a step-lap mitred core construction to ensure optimum per-
formance and minimum sound levels. The mitred core joint allows efficient flux transfer along
natural grain lines between the core legs and yoke. The step-lap construction further enhances the
efficiency of the joint by reducing joint fringing which reduces core losses and exisiting currents.

The core is designed and built to provide the lowest possible losses from the effects of magnetic
hysteresis and eddy currents. All possible steps are taken to prevent local circulating currents and
to avoid built-in bending stresses.

ABB starts with non-ageing highly permeable cold-rolled, grain-oriented silicon steel, and
constructs the core with step-lap mitred joints. Magnetic flux densities are kept well below the
saturation point. The steel is precision cut to assure that it will be smooth and burr-free. For
rigidity and support, the upper and lower yokes are solidly clamped to a sturdy metal frame.
The finished core is coated with a corrosion resistant sealant which provides lamination cohesion
and environmental protection.

Windings

ABB’s windings construction depends on operating voltage, basic impulse level and current
capacity of the individual winding. Typically, ABB’s Low Voltage windings, insulation class 1.1 kV,
are wound using sheet conductors. This construction allows free current distribution within the
axial width of the coil which eliminates the axial forces developed in other types of windings
under short circuit conditions.

During the assembly process each Low Voltage winding is blocked radially and axially against
the core using a combination of solid and resilient mounts for sound suppression and thermal
expansion compensation.

ABB’s winding construction may be either round or oval up to 2500 kVA. Windings on trans-
formers with a rating greater than 2500 kVA are generally round.

An experienced and dedicated work force ensures quality transformers and customer satisfaction
with the product.
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Construction features

Description

ABB vacuum cast coil transformers range from
50 kVA up to 30 MVA with primary operating
voltages up to 36 kV and secondary operating
voltage up to 6 kV.

Customers demand dry type transformers
more frequently in order to minimise environ-
mental contamination and fire hazard. These
transformers are not flammable, they are self-
extinguishing and in the event of a breakdown
there is no risk of leakage of flammable or
contaminating substances.

The emission of toxic substances and fumes
is minimised. The use of cast resin, combined
with our latest manufacturing technique allows
us to build a stronger compact transformer
capable of withstanding severe rolling and
vibration.

Vacuum cast coil transformers are virtually
maintenance free. They do not require any
special civil works prior to installation and due
to the particular design they can be repaired
on site. ABB vacuum cast coil transformers are
manufactured in accordance with the interna-
tional quality standard ISO 9001.

Vacuum cast coil transformers are moisture-
proof, suitable for operation in humid or heav-
ily polluted environments. They are the ideal
transformers for operation in environments
with a humidity higher than 75% as well as at
temperatures lower than -25°C.

Standard features

- HV coils vacuum cast in epoxy resin.
LV windings pre-impregnated

- Casting process utilises bigh performance
Silled epoxy

- Aluminium windings, copper optional

- Step-lap mitered core

- 155°C insulation system and 100°C average
temperature rise

- Four full capacity taps on HV winding
rated + 2 x 2.5%

- Provisions for lifting core and coil assembly

- Rating plate

- Temperature control device

- Earthing terminals

- Base equipped with bidirectional rollers or
designed for skidding

Options and accessories

Design options:

- 80°C average temperature rise (or other
according to requirement)

- Copper windings

- Cast coil LV windings

- Increased basic impulse levels

- Dual primary-secondary voltage

- Loss optimised designs

- Retrofit designs

- Otber designs available on request

Accessories

- Three-phase electronic temperature monitor

- Anti vibration pads

- Optional ventilated enclosure with remouv-
able front and rear panels (IP20 to IP65)

- Electrostatic screen

- Forced cooling package with three-phase
electronic temperature monitor

- Air-filled terminal chambers

- Special paint colours

- Plug-in terminals (quick connectors)
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Standard tests

- Transformation ratio at all taps and polarity
- Applied voltage

- Induced voltage

- Partial discharge test

- Resistance of all windings

- Vector group

- No-load loss and no-load current

- Load losses and impedance voltage test

Type tests

- Temperature rise test

- Lightning impulse test

- Measurement of noise level
- Insulation resistance

Humid or heavily polluted
environments
- Use of epoxy resins — not hygroscopic
- Conductor protected from corrosion
- E2 class certified (tested for ambient
90% humidity and 50°C)
- C2 class certified (operation down to -25°C)
- Minimum dust accumulation

Partial discharge tests
- Routine test for partial discharge
- Below 5 pC

Fire hazards

- Neither dioxins nor hydrobalogen
compounds

- Non toxic materials used

- F1 class certified

- Self-extinguishing

- Light transmission factor of fumes >60%

Electrical and mechanical design

- Impulse test withstands voltage up to 200 kV

- Mechanically stronger, safe against vibrations
and earthquakes

- Withstands thermal and dynamic short
circuit effects

Specifications

- Self-Cooled Power Raiting: 50 kRVA — 25 MVA

- Primary Voltage: Withstands up to 36 kV

- Primary Lightning impulse voltage:
Withstands up to 170 RV

- Secondary Voltage: Withstands up to 6 kV

- Secondary Lightning impulse withstand
voltage: Withstands up to 60 kV

- Temperature Rise: 100/100°C

Vacuum Cast Coil Transformers: AL/AL Windings. Cenelec losses

Highest voltage for equipment 12 kV AC 28 kV LI 75 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA W W W % dB
50 1400 1230 350 4 58
100 2000 1760 440 4 59
160 2700 2380 610 4 62
250 3500 3080 820 4 65
315 4300 3780 1100 4 66
400 4900 4310 1150 4 68
500 6400 5630 1350 6 69
630 7600 6690 1370 6 70
800 9000 8010 1800 6 71
1000 10000 8900 2000 6 73
1250 12500 11130 2500 6 74
1600 14000 12460 2800 6 76
2000 18000 16200 3600 6 78
2500 21000 18900 4300 6 81

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.
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Energy for leisure
Few applications place higher demands on transformers than those aboard large cruise liners. This is why
the liners Disney Wonder and Disney Magic use Vacuum Cast Coil transformers from ABB.
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Vacuum Cast Coil Transformers: AL/AL Windings. Cenelec losses

Highest voltage for equipment 24 kV AC 50 kV LI 125 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA w w w % dB
50 1500 1320 350 6 58
100 2100 1850 500 6 59
160 2900 2550 750 6 62
250 3800 3340 880 6 65
315 4600 4050 1150 6 66
400 5500 4840 1200 6 68
500 7000 6160 1500 6 69
630 7800 6860 1650 6 70
800 9400 8370 2100 6 71
1000 11000 9790 2300 6 73
1250 13500 12020 2900 6 74
1600 16000 14240 3100 6 76
2000 19500 17550 4200 6 78
2500 23000 20700 5000 6 81

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.

Vacuum Cast Coil Transformers: AL/AL Windings. Cenelec losses

Highest voltage for equipment 36 kV AC 70 kV LI 175 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA w w w % dB
160 2900 2550 960 6 66
250 4000 3520 1280 6 67
315 4800 4220 1500 6 68
400 5700 5020 1650 6 69
500 7100 6250 1950 6 70
630 8000 7040 2200 6 71
800 9700 8630 2800 6 72
1000 11500 10240 3100 7 73
1250 13800 12280 3700 7 74
1600 17000 15130 4200 8 76
2000 21000 18900 5000 8 78
2500 25000 22500 5800 8 81

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.
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Good as gold
With reliable and environmentally safe transformers from ABB, a windy location in Denmark can become
a gold mine.
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Vacuum Cast Coil Transformers: AL/AL Windings. Cenelec losses

Highest voltage for equipment 12 kV IP00

Rated power A B H B1 B2 E (%] G weight
kVA mm mm mm mm mm mm mm mm kg
50 1020 800 1240 300 450 520 125 40 520
100 1100 800 1240 300 450 520 125 40 730
160 1270 800 1290 300 475 520 125 40 860
250 1280 850 1440 375 475 670 125 40 1230
315 1350 850 1480 375 495 670 125 40 1310
400 1440 850 1520 375 495 670 125 40 1660
500 1440 850 1630 375 525 670 125 40 1570
630 1550 900 1650 375 525 670 125 40 2060
800 1550 900 1880 375 575 670 125 40 2170
1000 1620 900 1900 375 575 670 125 40 2620
1250 1680 1000 2200 490 610 820 200 70 3100
1600 1840 1000 2250 490 610 820 200 70 4020
2000 1860 1000 2480 490 635 820 200 70 4630
2500 2050 1250 2500 615 635 1070 200 70 5500

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.

Vacuum Cast Coil Transformers: AL/AL Windings. Cenelec losses

Highest voltage for equipment 24 kV IP00

Rated power A B H B1 B2 E (%] G weight
kVA mm mm mm mm mm mm mm mm kg
50 1020 800 1300 300 450 520 125 40 540
100 1100 800 1300 300 450 520 125 40 750
160 1270 850 1350 300 475 520 125 40 970
250 1480 850 1500 375 475 670 125 40 1320
315 1550 850 1550 375 495 670 125 40 1440
400 1620 900 1560 375 495 670 125 40 1760
500 1620 900 1700 375 525 670 125 40 1800
630 1670 900 1730 375 525 670 125 40 2260
800 1680 900 1950 375 575 670 125 40 2450
1000 1770 900 1980 375 575 670 125 40 2910
1250 1800 1000 2270 490 610 820 200 70 3380
1600 1920 1000 2320 490 610 820 200 70 4240
2000 2000 1000 2550 490 635 820 200 70 4900
2500 2150 1250 2580 615 635 1070 200 70 5900

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.

34 - Vacuum Cast Coil Transformers ABB Power Technology Products



2N 2u 2V 2W
Mie B el Ll
i -4~ - —e}—‘%
i1 s ) syl [
1U|ED 1y 1w ¥
AV P A - o
© © ©
T ] ] =
2o T|T J%f ,.-?\
7 ‘}i‘ Nl
2 ] e °
Bl . B2
A B

Vacuum Cast Coil Transformers: AL/AL Windings. Cenelec losses

Highest voltage for equipment 36 kV IP00
Rated power A B H B1 B2 E 0] G weight
kVA mm mm mm mm mm mm mm mm kg
160 1450 925 1450 300 625 520 125 40 1150
250 1550 1000 1600 375 625 670 125 40 1420
315 1600 1000 1650 375 625 670 125 40 1650
400 1800 1000 1700 375 625 670 125 40 2100
500 1800 1000 1800 375 675 670 125 40 2120
630 1850 1000 1850 375 675 670 125 40 2550
800 1920 1000 2050 375 725 670 125 40 3020
1000 1950 1050 2100 375 725 670 125 40 3250
1250 2000 1100 2400 490 760 820 200 70 3680
1600 2100 1150 2450 490 760 820 200 70 4480
2000 2200 1150 2600 490 785 820 200 70 5200
2500 2350 1300 2650 615 785 1070 200 70 6200

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.
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Construction features

Description

The ABB resin-encapsulated dry-type trans-
former, RESIBLOC®, offers specific advantages.
For more than a quarter of a century we have
been using only epoxy resin and fibre-glass
to encapsulate the wire layers. Epoxy resin
moulding reinforced with fibre-glass rovings
is a material of outstanding strength. Further-
more we manufacture RESIBLOC® transformers
without the addition of extenders or plasticizers.
Electronically controlled winding processes
ensure uniform distribution of the glass rovings
and precise tracking.

The Low Voltage and High Voltage windings
are joined adhesively by way of bars to form
a compact block winding. The favourable
impulse voltage distribution — resulting from
the costly multilayering of the High Voltage
winding — in conjunction with the outstanding
strength of the coil makes RESIBLOC® resin-
encapsulated transformers short-circuit proof.

The fibre-glass reinforcement of the resin-
encapsulated RESIBLOC® windings is so robust
that we have no hesitation in guaranteeing
the crack resistance of the High Voltage coil
for the entire life of the transformer.

We also guarantee that no silicone is used
at any time in RESIBLOC® coil manufacture.
This is a further key point for those operators
who demand absolutely silicone free manu-
facture from their transformer suppliers.

Standard features

- Ratings: from 30 kVA to 30 MVA
- Primary Voltages: up to 41.5 RV
- Secondary Voltages: up to 36 kV
- BIL: According to standards

- HV Winding: Copper

- LV Winding: Aluminum

- Step-lap mitred core

- Tapping 2 x 2.5%

- Temperature device

- Fire class F1

- Environmental class E2

- Climatic class C2

36 - RESIBLOC® Resin-encapsulated Transformers

- Built-in cooling channels to dissipate beat

- Environmentally friendly

- Linear distribution of lightning impulse
voltage

- Base equipped with bi-directional rollers or
designed for skidding arrangement

Options and accessories

- Dimensions adaptable to specific require-
ments

- Loss optimised design

- Special designs as traction, rectifier and
converter transformer, multiwinding
transformers

- Enclosure IP20 to IP65, indoor and outdoor,
galvanized without painting

- Famns for forced cooling (up to 140% of AN
rating), including control

- Anti-vibration pads, (1 set=4 pieces)

- Earthing bolts (1 set=3 pieces)

- PTC sensors, with relay

- Dial type thermometer (with capillary
tube 2 m)

- Thermo-resistor PT100

- Copper for LV windings

- Reduced temperature rise on request

ABB Power Technology Products
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Certified test results

- Safe to store and transport at -60°C (stan
dard test requirement only -25°C)

- Tested with twice rated current at -40°C
(standard test requirement only -25°C)

- Vibration tested for installation in seismic
areas. Acceleration tested to 12.5 g

- All components tested for non-toxicity

- Repeated thermal shock with hot air 120°C
and cold air -10°C (over 10 times)

Fire proof

- Approx. 80% fibreglass in winding insulation

- Only non-toxic materials

- Max 5% calorific energy of comparable oil

type unit

No halogens, nor sulpbur

(fluorine/chlorine/bromine)

- Every unit guaranteed to be self-extinguishing.
Fire class 1 certified

Short circuit proof

- High mechanical stability of coil structure

- Diagonally and radially fibreglass braced
(HV-winding)

- Turns glued to each other with prepreg
(LV winding)

- HV and LV windings form a singular coil

- Coil structure will withstand radial forces in
short circuit conditions

Moisture and pollution proof

- 100% bhumidity and condensation proof

- Strong presence in off-shore applications

- High resistance to chemical pollution

- Long-term molecular stability due to absence
of flexibilisers

Crack proof

- Severe thermo-shock tested

- Severe hot/cold dip tests

- Physical and mechanical properties of coil
components optimised

- High resistance to extremely low ambient
temperatures

- Performance stability under extreme load
conditions

- Not a single crack registered to date

Minimal dust accumulation

- Vertical cooling channels with chimney effect
- Minimum dust settles

- No horizontal ducts

- Small upper coil surface

Surface structure non-adbesive to dust
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RESIBLOC® Resin-encapsulated Transformer

Standard transformers 12 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA w w w % dB
100 2000 1700 440 4 59
160 2700 2300 610 4 62
250 3500 3000 820 4 65
315 4200 3650 950 4 67
400 4900 4300 1150 4 68
500 6300 5500 1300 4 69
630 7300 6400 1500 4 70
250 3900 3400 690 6 65
315 4700 4100 820 6 67
400 5730 5000 1000 6 68
500 6530 5700 1200 6 69
630 7600 6600 1370 6 70
800 8820 7700 1700 6 72
1000 10000 8800 2000 6 73
1250 12000 10500 2400 6 75
1600 14000 12700 2800 6 76
2000 18000 15500 3500 6 78
2500 21000 19000 4300 6 81

RESIBLOC® Resin-encapsulated Transformer

Standard transformers 24 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA w w w % dB
100 1750 1550 600 4 59
160 2500 2150 870 4 67
250 3450 3000 1100 4 65
400 4900 4250 1450 4 68
630 6900 6000 2000 4 70
100 2050 1750 460 6 59
160 2900 2500 650 6 62
250 3800 3300 880 6 65
315 4580 4000 1050 6 67
400 5500 4800 1200 6 68
500 6870 6000 1400 6 69
630 7800 6900 1650 6 70
800 9280 8100 1900 6 72
1000 11000 9600 2300 6 73
1250 13100 11500 2700 6 75
1500 16000 14000 3100 6 76
2000 19100 19000 4000 6 78
2500 23000 20000 5000 6 81

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.
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RESIBLOC® Resin-encapsulated Transformer

Reduced no-load loss transforming 12 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA w w w % dB
100 2000 1700 320 4 51
160 2700 2300 440 4 54
250 3500 3000 600 4 57
315 4200 3650 730 4 59
400 4900 4300 880 4 60
500 6300 5500 1000 4 61
630 7300 6400 1150 4 62
250 3900 3400 540 6 57
315 4700 4100 640 6 59
400 5730 5000 780 6 60
500 6530 5700 940 6 61
630 7600 6600 1100 6 62
800 8820 7700 1330 6 64
1000 10000 8800 1500 6 65
1250 12000 10500 1880 6 67
1600 14000 12700 2100 6 68
2000 18000 15500 2750 6 70
2500 21000 19000 3000 6 71

RESIBLOC® Resin-encapsulated Transformer

Reduced no-load loss transforming 24 kV
Rated power Load loss at Load loss at No-load loss Short-circuit Sound power
120°C 75°C at 100% Ur impedance level
kVA w w w % dB
100 1750 1550 400 4 51
160 2500 2150 580 4 54
250 3450 3000 800 4 57
400 4900 4250 1100 4 60
630 6900 6000 1600 4 62
100 2050 1750 340 6 51
160 2900 2500 480 6 54
250 3800 3300 650 6 65
315 4580 4000 820 6 59
400 5500 4800 940 6 60
500 6870 6000 1100 6 61
630 7800 6900 1250 6 62
800 9280 8100 1460 6 64
1000 11000 9600 1800 6 65
1250 13100 11500 2080 6 67
1600 16000 14000 2400 6 68
2000 19100 16700 3100 6 70
2500 23000 20000 3600 6 71

AC: Power frequency withstand voltage LI: Lightning impulse withstand voltage.
Please note that this table only shows a small sample of all productdesigns and ratings we supply.
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Offshore of course

About 200 RESIBLOC® transformers are installed on offshore platforms, ensuring that there is a contin-
uous flow of gas and oil. Among our supplies in 1999 was another 15 MVA unit for Statoil’s Veslefrik field.




Special Application Transformers

Customers demand a wide range of excellent products. These should be manufactured competi-
tively. Customers also expect accurate information and expert advice.

ABB supplies a complete range of distribution transformers from single phase, oil-filled or
dry, pole-mounted units through all standard units to meet all power requirements. But sometimes
situations arise in which even the widest range of transformers currently available cannot meet
the customer’s needs. In those cases we design and build customised transformers to fulfil the
customer’s requirements in every respect.

Due to our long experience, our deep and wide engineering skills and our close co-operation
with our customers we can find a practical solution to every problem. So it is little wonder that
ABB has the most advanced transformers in operation around the world — from the very smallest
to the largest and most sophisticated custom built units.

Product

Pad Mounted
Transformers

Transformers for
Variable Speed Drives

Reactors

Boosterformers™
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Construction features

Description

ABB padmounted transformers feature a tamper
resistant construction with no externally
accessible bolts, hinges, screws or fasteners,
thus providing a safe, self-contained unit which
cannot be accessed by unauthorised personnel.
Unsightly fences or other forms of protective
devices are not necessary. Completely factory
assembled, the units are shipped in one piece.
These units feature a rectangular core and
coil design which is a distinguishing character-
istic of ABB’s oil type transformers. This proven
design offers reliability, durability and reduced
dimensions. Nearly 40 years of service and
scrupulous testing confirm the consistency of
the design.

Standard features
. Tamper resistant
. Copper or aluminium windings
. Special core and coil design
. 65°C average temperature rise
. Tap changer for deactivated operation
. Four full capacity taps on winding rated
2.5% 2-FCAN - 2-FCBN on units with
voltage above 601 V
. Liquid preservation system with sealed tank
. Tank rated 5 psig for oil-filled units
. Tank rated 8 psig for silicone filled units
10. Lifting lugs for moving complete units
11. Pressure relief valve
12. Two copper-faced steel ground pads on
tank
13. Weatber-resistant cabinet bolted to the
[front of the transformer
14. HV/LV compartment barrier bolted in place
15. Three-point terminal compartment laching
16. HV compartment located on left side
of unit:
a) Live front-cast resin bushings, or univer-
sal bushing wells for dead front
b) Provision for distribution-class LAs
¢) Space for stress cones
d) Interlocked door which can be opened
only after opening LV compartment door
17. LV compartment located on right side:
a) Compartment door with provision for
pad-lock
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b) Ground pad
¢) Provision for dial-type thermometer
d) Provision for vacuum-pressure gauge
e) Pressure relief valve
) Liquid level gauge
g) Diagrammatic stainless steel rating plate
18. Different paint finishes available
19. Base designed for rolling the unit in
accordance with ANSI-IEC-DIN segment
centre lines

Options and accessories

- Copper windings

- 55°C average winding temperature rise
- Dead front primary entrance

- Basic impulse level adjustable on request
- Dial-type thermometer

- Liquid level valve

- Pressure vacuum gauge

- Radiator valves

- Sudden Pressure surge relay

- CTSs and PTs

- Special ambient conditions

- Special altitudes

- Non-standard HV taps

- Special impedance

- Special noise levels

- Electrostatic shields

- Special paint finishes
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Introduction

With the increasing use and complexity of
variable speed drives for different applications,
selecting the correct converter transformer has
become of vital importance. Choosing the
correct converter transformers for different
converters and drive systems means reduced
downtime, extended equipment life, reduced
harmonic distortion and last, but not least,
energy saving.

ABB offers you a wide range of converter
transformers. The transformers have been de-
veloped in close co-operation with converter
manufacturers and with the aim of achieving
the highest possible reliability and efficiency.

ABB offers converter transformers for your
every need:

44 - Transformers for Variable Speed Drives

o Input transformers for supply of drive systems
6-, 12- or 24-pulse supply for different
converters, e.g.

- load commutated inverters

- PWM inverters

- six step inverters

- cycloconverters (see opposite)
- cascade drives

- diode and thyristor rectifiers

Output transformers
Transformers for voltage step-up from
converter to motor (see opposite).

Transformers for converter starting
applications

Transformers are manufactured as oil-filled,
either mineral, silicone or MIDEL fluid, or as
dry type transformers. They can be manu-
factured with an output of up to approx.

30 MVA (primary power). A symmetrical
impedance and the capacity to withstand
short circuiting are essential.

Input transformers
Why add an input transformer?

Voltage adaptation

Converter drives are normally fed by medium
voltage networks from 6 kV up to 36 kV. The
converter supply voltage usually ranges from
400 V up to 4 kV. The input transformer
adapts the medium network voltage to the
converter supply voltage.

Galvanic isolation

The input transformer isolates the converter
from the feeding network and reduces short
circuit currents to the converter.

EMC

A specifically designed shield between trans-
former windings reduces transferred radio
interference from the drive to the network.
The earthed shield also protects the drive
from transient over-voltages coming from the
feeding network.

ABB Power Technology Products
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Harmonics reduction

Network regulations require reduction of har-
monic distortion. The transformer impedance

acts as a commutating reactor and thus reduces
harmonics. Different transformer connections

are used to achieve multi-pulse systems with

substantial harmonic reduction.

Transformers for cycloconverter supply
Cycloconverters are used for high power, low
speed synchronous motor drives such as:

- Rolling mill drives

- Ship propulsion (see below)

- Mine hoist drives

- Wind tunnel drives etc.

The main parts of a cycloconverter drive are
supply transformers, the cycloconverter, high
speed circuit breakers and the synchronous
motor. The following types of transformers
are used:

- 2 winding transformers

- 3 winding transformers

- 4 winding transformers

Output transformers for converters
Converters are available for only a limited
range of standard motor voltages, the highest
being 4 kV. A specially designed transformer
can be used to transform the converter output
voltage to match any motor rated voltage.
Normally the voltage is raised from the Low
Voltage converter to feed an HV motor. (Thus
the name “converter step-up transformer”,
which is also commonly used.)

A standard transformer cannot be used due
to variation in frequency, the harmonic distor-
tion and the DC component existing during
transients in the output voltage of the frequency
converter. A special step-up transformer has
therefore been developed for this application
in co-operation with converter manufacturers.

Typical applications

Most typical applications are for submersible
oil pump drives, rolling mill drives and similar
equipment where only HV motor applications
are available. Output transformers can also be
applied to reduce the voltage at the end of a
long transmission system to be more appro-
priate for a motor. The output step down
transformers in the latest applications are
submersible i.e. they are placed on the seabed
close to the motor.

Typical applications for output transformers

are when:

- The motor does not have a standard voltage
converter (retrofit or by-pass application
required)

- Distance from the converter to the drive is

long and a high voltage motor is used to

reduce cabling costs, or where low voltage
cabling would not be feasible due to losses
and voltage drop

Cost of a high voltage converter is too high

compared with a low voltage converter and

an oulput transformer (low end rating of the
converters)

- Tappings are required to maitch the drive to
different motor voltages or different cable
lengtbs

Output transformers are produced in oil type
and dry type configurations up to 6 MVA
ratings for various types of converter and
output voltages up to 15 kV. Transformers
are individually designed and manufactured
according to system requirements.

Ship propulsion systems

Electric propulsion for marine applications
was initially used on holiday cruises for
reasons of comfort (i.e. lower vibrations com-
pared to mechanical propulsion). Nowadays
it is also applied to cargo ships, icebreakers,
ferryboats etc. due to the installation and
manoeuvring flexibility of motor groups and
for space rationalisation as well as for the
improvement in the system’s global perfor-
mance.

These transformers adapt the generated
voltage to the voltage of the static converters
which control the motors. They are designed
to particular specifications to meet specific
space problems (e.g. height limitations) and
the presence of high harmonic currents as
well as mechanical vibrations coming from
the ship’s structure.

45 - Transformers for Variable Speed Drives



Converter transformer. Converter transformer. Converter transformer.

Converter transformer, 19400 kVA, 13.2 MVA, 4-windings, water cooled Converter transformer.
three-windings supply of LCI-drives. RESIBLOC® transformer for ship-
propulsion.

Ship propulsion transformer 6.6 kVA — 6.6-2.1 kVA-AFWF. Converter transformer.
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Construction features

Introduction

Single-phase and/or three-phase reactors are
characterised by a wide range of solutions
found in several High Voltage and/or Medium
Voltage installations for both oil-type and dry
purposes.

Reactors for cycloconverter drives

Zero sequence reactors

Zero sequence reactors are used to limit zero
sequence current on motors with galvanically
separated windings. The reactors are individu-
ally designed and manufactured according to
system requirements. Therefore no standard
types are listed.

Commutation reactors

Direct cycloconverters without supply trans-
formers (e.g. propulsion and other drives where
space and weight limitations are important)
are usually fitted with commutation reactors.
The reactors reduce the commutation currents
and notches in the system voltage. The
commutation reactors are normally dry-type
but can also be manufactured as oil immersed.

Two basic designs are used:

1. Saturable gapped core reactors
- no short circuit current limitation is
needed

2. Nomn-saturable type reactors
- the reactor also works as a short circuit
limiting reactor

Duplex reactor for ship-propulsion.

The commutation reactors are individually
designed and manufactured according to
system requirements.

Duplex reactors

Duplex reactors are special commutation
reactors used in propulsion drives to achieve
distortion free voltage in the auxiliary circuits.
The most efficient harmonic reduction is
achieved when the duplex reactors are con-
nected to the generators, one to each generator.
In this way the effect on harmonics does not
depend on the operation. The duplex reactors
are individually designed and manufactured
according to system requirements. Single-phase
and/or three-phase reactors are characterised
by a wide range of solutions found in several
high voltage and medium voltage installations
for both oil and dry purposes.

Fields of application

- Cycloconverter drives

- Shunts

- Current-limiting

- Neutral-earthing current-limiting

- Damping

- Tuning (filter)

- Earthing-transformer (neutral coupler)
arc-suppression

- Smoothing
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Submarine converter transformer to Earthing transformer for limitation of

be used to supply power and il short-circuit current to earthfault.
pumps. Can be placed at a depth of 24 MVA/10 s - Single Phase — 76 kV/
2000 meters below the sea level. 8 kV-60 H, Extremely robust design

(both electrical and mechanical).

Reactor for reduction of harmonic Coreless, air-insulated, smoothing
currents and trancient over — currents reactor to comply with transformer
in DC Systems. Highly line are mag- in railway applications.

netic characteristics and withstand of
over-voltages caused by lighting and
switching.
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Cable Boosterformer™
for electric railway system.
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Dry-type transformers

PoleDry: dry-type polemount transformer

Ultimate safety in overhead distribution

Clean

No liquids for insulation or cooling. The PoleDry is completely

dry; there is no threat of an oil leak due to a failure or if exterior
damage were to occur. Due to the absence of liquids there will
never be hazardous waste containment, clean-up and disposal

because of a leak.

Safe

ABB’s vacuum cast coil (VCC) technology is non-flammable.
In the event of a failure, the unit may produce a small puff of
smoke and simply trip the line protection equipment. There

is no concern of the unit gassing or venting from pressurized
liquids inside that can also leak oil and cause injury to people
nearby. There will be no damage to other equipment mounted
to the pole or to the environment below. The damaged coil
can be replaced and the unit placed back in service quickly.

Proven technology

The PoleDry utilizes hydrophobic cycloaliphatic epoxy (HCEP)
as its primary coil insulation to allow the unit to operate in
an outdoor environment without the needed protection from
an enclosure. The PoleDry transformer uses a unique coil
technology where both the primary and secondary windings
are encapsulated in one coil using solid insulation techniques.
The single coil removes the traditional cooling space between
windings eliminating the risk of blockage from dirt or animals
while also reducing the overall footprint of the unit.

Pilot testing complete

The PoleDry transformer has successfully completed an ener-
gized qualification program at the world’s most demanding
outdoor test station, Koeberg Insulator Pollutin Test Station
(KIPTS), in South Africa. The pilot unit was exposed to salt,
sand, pollution, rain, high humidity, UV rays, and wildlife.

Main advantages

— non-flammable and self extinguishing

— zero risk of leakage of flammable or contaminating
substances

— environmentally friendly

— corrosion and UV resistant

— can be stored or mounted at any degree of tilt

— can match existing mounting configurations

— can be located in areas where national code
does not allow oil-filled installations

— comparable weight to liquid pole types

— no routine maintenance

— easy end of life disposal

Power and productivity “ .! I!
‘]

for a better world™



ABB’s PoleDry is the perfect solution for sensitive eco-systems.

Reliability tested to the limit

The PoleDry transformer was submitted to an intensive test
program that included full type and application testing. All
electrical testing was carried out according to IEC 60076-11.
This testing included winding and core losses, sound power
level, partial discharge levels, applied and double induced
voltage, thermal heat runs, and applied and basic impulse
voltages. Additional application testing included energized
environmental and salt fog chamber ageing, 1000 hr salt fog
core corrosion testing, and C2 thermal cycling.

Note:

We reserve the right to make technical changes or modify the contents of this
document without prior notice. With regard to purchase orders, the agreed
particulars shall prevail. ABB AG does not accept any responsibility whatsoever
for potential errors or possible lack of information in this document.

We reserve all rights in this document and in the subject matter and illustrations
contained therein. Any reproduction, disclosure to third parties or utilization of
its contents - in whole or in parts - is forbidden without prior written consent of
ABB AG.

Copyright© 2012 ABB
Al rights reserved

Current product range offerings
Power: 100 kVA, 3-Phase
Primary voltages: up to 24 kV class

Standard features
— solid insulation technology
— integrated HV bushings
(horizontal or vertically mounted)
— core clamps made of stainless steel
— UV and corrosion resistant core protection
— customized pole mounting configuration
— partial discharge value < 10 pC
— low sound levels
— primary taps

For more information please contact:

ABB Management Service Ltd.
Affolternstrasse 44

P.O. Box 8131

8050 Zurich, Switzerland

www.abb.com/transformers

Power and productivity
for a better world™

1LES100019-ZD printed in Germany (03.12-300-GD)

AL 1D ID
MPpD



Dry-type transformers

Low voltage transformers
T3P - Three phase power transformer

ABB low voltage transformers are widely used in industrial
applications and in commercial and public buildings. They are
also used for adjusting the voltage from 690 V to 400 V or as
isolation transformers with a voltage ratio of 1:1, providing
galvanic separation.

Dedicated products are available for various applications
in renewable power generation including:

- Wind or photovoltaics

- Transportation (ie, marine or railways)

- Uninterruptible power supply (UPS)

- Chemical, oil and gas industry

- Converters

- Low losses

- Low weight and compact dimensions

- Non-flammable and non-explosive

- IP23 enclosures (optional)

- With air cooling based on natural convection (AN)
optional with forced air cooling (AF)

All units are built in accordance with IEC and EN.

Number of phases

i 3or

Rated power

Primary/secondary voltage

Frequency

i 50, 60, 400 Hz

Power and productivity
for a better world™
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T3P - Three phase power transformer

Features

- Voltage ratio: 400 V/ 400 V (415V No Load)
- Frequency: 50 Hz or 60 Hz

- Vector group: Dyn11

WIRING DIAGRAM

- Technology: vacuum pressurized impregnation % \
with epoxy resin class H gL '
- Winding material: aluminum
- Terminals: copper cableshoes tinned or aluminum bars
- Cooling: AN -
- Protection degree: IPO0 22
- Installation up to maximum 1,000 meters (3,280 ft) A.S.L. g
- Insulation voltage primary and secondary: 3 kV for one minute
- Winding temperature rise: 125 °C measured by resistance
- Ambient temperature: 40 °C maximum
Power Reference Imped Ucc Losses Losses Dimensions Total weight
No-load Load (115 °C) B H
[KVA] [IP0O] [%] W] [mm] [mm] [mm] [kg]
10 T3P0010K 4 150 400 350 230 400 65
13 T3P0013K 4 175 475 350 250 400 75
16 T3P0016K 4 200 560 420 260 450 88
20 T3P0020K 4 230 670 420 280 450 102
25 T3P0025K 4 270 780 420 290 450 120
32 T3P0032K 4 300 980 450 320 450 133
40 T3P0040K 4 350 1,120 450 350 470 163
50 T3P0050K 4 400 1,250 550 380 430 185
63 T3P0063K 4 450 1,450 550 450 430 220
80 T3P008OK 4 520 1,750 580 450 480 260
100 T3P0O100K 4 600 2,250 580 470 540 300
125 T3P0125K 4 700 2,700 580 490 600 360
160 T3P0160K 4 840 3,100 650 520 620 450
200 T3P0200K 4 1,050 3,500 740 510 680 550
250 T3P0250K 4 1,250 3,900 770 520 780 655
315 T3P0315K 4 1,500 4,400 770 570 780 785
400 T3P0400K 4 1,750 5,000 860 600 860 1,000
500 T3P0500K 4 2,100 5,900 860 690 930 1,200
630 T3P0B30K 4 2,650 6,800 950 730 1,000 1,570
800 T3P0800K 4 3,200 8,200 950 830 1,060 1,920
1,000 T3P1000K 4 3,750 10,000 950 860 1,160 2,150
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T3P - Three phase power transformer

Features

- Enclosure shall be IP23 degree with two detachable panels
on long side and detachable roof

- Four fixing points on the floor

- Four lifting hooks on cover for full lifting

- Cable entry from the bottom

- Painting: 100 micron DFT

- Finishing colour: grey RAL 7035

L —
L
Optional enclosure supplied

Power Reference Imped Ucc Dimensions . Total weight
[kVA] [IPOO] [%] [m)sn] [mm] [mm] [kg]
10 T3P0O010K23 4 550 500 750 100
12.5 T3P0013K23 4 550 500 750 110
16 T3P0016K23 4 550 500 750 123
20 T3P0020K23 4 550 500 750 138
25 T3P0025K23 4 550 500 750 155
31.5 T3P0030K23 4 750 700 1,000 193
40 T3P0040K23 4 750 700 1,000 223
50 T3P0050K23 4 750 700 1,000 245
63 T3P0063K23 4 750 700 1,000 280
80 T3P0080K23 4 750 700 1,000 320
100 T3PO100K23 4 750 700 1,000 360
125 T3P0125K23 4 750 700 1,500 460
160 T3P0O160K23 4 1,000 1,000 1,500 550
200 T3P0200K23 4 1,000 1,000 1,500 650
250 T3P0250K23 4 1,000 1,000 1,500 755
315 T3P0315K23 4 1,000 1,000 1,500 885
400 T3P0400K23 4 1,000 1,000 1,500 1,100
500 T3P0500K23 4 1,000 1,000 1,500 1,300
630 T3P0630K23 4 1,200 1,200 1,750 1,720
800 T3P0800K23 4 1,200 1,200 1,750 2,070
1,000 T3P1000K23 4 1,200 1,200 1,750 2,300
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For more information please contact: Note:
The information contained in this document is for

ABB Management Service Ltd. general information purposes only. While ABB
Affolternstrasse. 44 strives to keep the information up to date and
PO. Box 8131 ’ correct, it makes no representations or

warranties of any kind, express or implied, about
the completeness, accuracy, reliability, suitability
or availability with respect to the information,

8050 Zurich, Switzerland

Trasfor S.A. products, services, or related graphics contained
6995 Molinazzo di Monteggio in the document for any purpose. Any reliance
Switzerland placed on such information is therefore strictly at
Phone: +41 91 611 30 82 your own risk. ABB reserves the right to

Fax: +41 916113010 discontinue any product or service at any time.

Email: info.trasfor@trasfor.ch
© Copyright 2014 ABB.

All rights reserved.
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Sustainability

Our sustainability principles are the backbone of the way
we design and manufacture products

Quality Assurance
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M | Winding
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Q|F HT| | shell Form Transformer Ex+ ZHE HYUT| | special Purpose Transformer
oI HY72? T ATE HI7|(Scott Transformer)
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N ~ _ ; _ : SrreeTAl + GOST(Gas Oil Seal Tank) * Diaphragm Conservator
A H‘— sxg v o8 a5|+— n= ;|.=.'.|+— A 5;3'4'— HAmE - @!3'-‘ e « Air Seal Cell Conservalor(EZ)

- 119 AX|(Pressure Relief Device) - 524 2= 2117 (Sudden Pressure Relay)
2y = M BSEX| 4 FEE « HESEX A|I77|(Buchholz Relay) « 22 X|AIA(QI Temperature Indicator)
T e o MM 2 XAA(Winding Temperature Indicator) « S AOIl Level Gauge)

A 1z} MU kV] 66 154 345 765
SA| ChAF - ARAY ChAS - ARAY TEAL - ARAY CrAb 22 2|¢E{(Shunt Reactor)
A8 KS, IEC 2 KS, IEC 2 KS, IEC 2 KS, IEC € 2| 202 STASUA 2ot BESAC| Capacitance &20i thet 2A = Hot SHAIQ] T
ZIt{HZ] 60 60 60 60 & Arel =xez E2 2|7 GXIEUCH
HE UTEA%] 10~13 10~15 10 18 HZA 1z} MY[kV] 345kV(100MVAR) 345kV(200MVAR)
A48 FOHATEAKV] 140 275 460 830 54| 3AF S01A| 3AF S04
U LHRRAKV] 350 650 1050 2050 e £S 9| ES 9
&y mt AR| + OLTC(On Load Tap Changer, £otA| & XE*Q Qi\)_ ] oLTeNE ESToN 60 60
« DETC(De—Energized Tap Changer, FE5IA| B H3t &%) A8 FOHAEKV] 460 460
S + GOST(Gas Oil Seal Tank) * Diaphragm Conservator QA LHERHKVY] 1050 1050
« Air Seal Cell Conservator(EZ) FETUA « Air Seal Cell Conservator (&)
- ef &X|(Pressure Relief Device) « 52 4= AIX7|Sudden Pressure Relay) B det HA + OLTC(On Load Tap Changer, 25tA| B =&t ZX|)
HSHR| A FHEE |« HSEX AEV|Buchholz Relay) « §2 X|AIA(OIl Temperature Indicator) « 2t} ZX|(Pressure Relief Device) « 7tA AE AIT7|(Gas Detect Relay)
o MM 2 X|AZA(Winding Temperature Indicator) « SHA(OI Level Gauge) HEXE| U Euz « 57 2= AIX7|(Sudden Pressure Relay) « HAI(Oil Level Gauge)
+ 22 XIAIA (Ol Temperature Indicator)

« HM 25 X|A|A (Winding Temperature Indicator)

0|=2 Het7|(Mobile Transformer)

& H0| B EdEol Al IFE JEHZ 28, 2UEH Alket

&I XA B0 2FSHO| HRX| b= 2= MAEUC, 220
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J1zi02 MAl Mo 140 R4S BEEA7 |1 N2Ho| ZAR S0 71015k QU
SN2 D) ZR, AA L R0 012 M BRI D20 27E HRNMOR MBILCE BE A
THEZS 45101 1240] @TARRI0 20| =D, BE FZS 1SO 9001, ISO 14001, OHSAS 18001
Q5 SSaALICE FAO| K| HERES S2E(Clean Room) AINE Saf 24ARF 229t &5, BiX|

—/
o HEHS Ml H2lot HYY[Ql &2 SHEE RAlGHL AU

o
282 150 EHG U2 T2MA QIY0|ER} V|afls Edll FIHEAE AAGIH 7[&Q| AP |ES F
Hee G ARl MIES MARILCH LIEusn B usS S &89 7|&032 X|SXo=z MEX|
Al &56t MElstE 23S Bton Jlesidg MEstr Q&L o
o
HE=Al2S=
NAZ = HR |= 2IE54s 2012 QI6t0] SICHA| MHIE 2iE HAL AIFANIA O EEAEEE 2

D7 @7 AFY=0] met s AlS AAsIT UELICh

— EMXSHWInding Resistance) &4

— HRIH|(Ratio) Al =& (3]

— 2X(Polerity) ¥ 43|X(Phase Relation) A

— 255kNo—oad Loss) A&

— GJAPMR(Exciting Current) A&

- Yu|EA(mpedance) & 25k (Load
Loss) AIE

— 2= M5(Temperature Rise) A&

- 7H4(Applied Voltage) Al =R = | =%
- RE(nduced Voltage) A& e i o :
- 324 UXL(mpulse) Al ISO 9001 Q1ZAf SO 14001 Q1BAf  OHSAS 18001 QIBA
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Power Transformers

re
H

o &

=

CHA} 765KV, 500MVA,

EHA 765KV, 1000/3MVA £18f7
2008 3ar 345KV, 99OMVA X &

LtIT
| =

|
ol

PN

e
A8

2007 CHa} 154kV, 60MVA 7IA(SFE Gas) HY 7| i

2003 CHal 765KV, 204MVA HEAS HeY
6

2000 CHal 154kV, 20MVA  7HA(SH

Gas) HU7| 7
ot

1998 CHal 765KV, B67TMVA HEAZ HY

997 34 345kV, 100MVAR & 200MVAR 2=22|AHEf i

BT Y

1
1996 CHel 765KV, 500MVA &Y8
1

992 CHel 765KV, 3MVA Alglg #Het

7| h

R
AR OASIFAS 34 154KV, 38BMVA FHO|S

1984 5319 8(Phase-Separated Shipment) TEZ 2t
Tzo| ZxEX U Ay} QT ARBLHAR

1981 (557)2 mafet $47)) 345KV FQ| KiFZAS Jier
A 220KV, 66.7MVA HRTIE QEE 182 HY 2=

e L S ]

1969 34 154kV, 4A0MVA B 7| ZLHEIZ JHEE

1980 34 23kV, 30MVAR 22 2|UEE Air-Core Typet Gap—
Core TypelZ SAl0f 74
That 345kV, 166.7MVA H7| =ZLIE[Z JHES

1978 3y 345KV, 475MVA ZUIEIC 20| LRAR Ho| gt

A S2EUTAR 345KV, 630MVA F=H
1985 JHEBHO AAIKZE O AE T2t

=220 X

(=}

1 72
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O Main Offices

O Manufacturing Corporations
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6.3 F=2=7(1) (Oil temperature indicater : OTI)
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6.4 S2=7(2) (Oil temperature indicater : OTI)
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6.6 SHA|(2) (Oil level gauge)
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|(Pressure relief device : PRD)
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6.10 ESEX 7|Z7|(Buchhelz Relay : B-H relay)
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6.11 $IA7(Cempeund gauge)
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6.12 EM2=7(Winding temperature indicater : WTI)
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6.13 BiSH(Drain valve)
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6.14 AR (Sampling valve)
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6.15 ThXiet & THRICY
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6.18 GOST(Gas Oil Seal Tank)
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TECHNICAL DATA
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1) 3PH, 60Hz, 950kVA, 22.9-0.38kV, Y nd1(£Z1A])

= IIPN S ZU/= 2|
g7 X|A|ZX| B TA| 2012-227, IEC 60076
N2 g ED ;s 1000M 0|5t
1) ubape | Fel2= : 51 40°C, &K -20°C
H o g KSC 2301 15235 (&%)
S TH M 5Y 7/1
ITEM NO -
e (kVA) 950
Ak Z OS> (Hz) 3/60
DoHHM (kV) 22.9
¥y
XM (kV) 0.38
2) 8 A B X ot (kV) F23.9-R22.9-21.9-20.9-19.9 ( 5TAPS)
SESE | FE5HA| A EBH(NLTC)
ZM e =M Yndl(E&FEX])
A = ONAN
M oE @) 1
SEAMLSIE TEE (2ZHE) 60
(K) AMEE  (RE) 65
2Amoizie | DAAM (kV) 125
M2/EHHF) X orA A (kV) i}
SEFa | ok (k) 50
L F
3 S 4 | (dz/EME) | ML (kv) 3
57| EM2 75T, 950kVA BASE(ONAN)O A o] &2 Z x| ¢
&8 (P.F=1.0, 50%5 5} (%) 98.7
et = 8 (P.F=1.0) (%) 3.0
FESIMF (%) 5.0
%2 | A (%) 4.8% +0.48
7 2E 24 Open Breather Type
9 24 TOP / AIR BUSHING
=4 9%
MY =d TOP / AIR BUSHING
H 7 =
AAMIYE (HV/LV) AL /AL
" LT/kg 740L T/ 670kg
ek kg 2,950kg

A4(210mm x 297mm)
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TECHNICAL DATA
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2) 3PH, 60Hz, 200kVA, 380-220V, DdO
M Ox| A A 2L)/=22]
g4 XA AT A 2012-227, IEC 60076
1 @ vl o J‘J_'L-—T,— . OH F].OOOM Olof
7£| S = ‘r| oo . ° % °
1) CéIH_l'Al”éol' TTI.__I_ —*—l 40 C —*—l { -20°C
H o g KSC 2301 1525 (H %)
2 E T A 5Y 7/1
ITEM NO -
HA g (kVA) 200
Al Ob (Hz) 3/60
M (kV) 0.38
qdaAadg
X UtAHM (kV) 0.22
2)d A By M 9f (kV) F23.9-R22.9-21.9-20.9-19.9 ( 5TAPS)
B sk dral F 25 HESHNLTC)
AM £ 24 DdO
HoZbdr Al ONAN
NI EES IR (cH) 1
%_II:_AOI-%EI-_II:_ 'Ic'l)'%_llz_ (%Eﬁlﬂ) 60
(K) AMes  (HEr) 65
EH™MoAZ T TAAHM (kV) 125
(M2EEE) | yoran (kV) )
SEFO | DotEA (kV) 50
L
S 4 | ME/EME) | MYl (kV) 3
5t7] E42 75T, 200kVA BASE(ONAN)O A 2| 2 S x|
& 8(P.F=1.0, 50%F 5} (%) 98.2
Mete =g (P.F=1.0) (%) 1.9
PR F (%) 26
%2 ;| A (%) 3.0% +0.3
7 BEE ghal Open Breather Type
nor A TOP / AIR BUSHING
2 2%
XN =4 TOP / AIR BUSHING
4) 7+ =
AMIE (HV/LV) AL /AL
Y LT/kg 210LT / 190kg
252 kg 800kg

A4(210mm x 297mm)
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5. NAMEPLATE

of

—_
I

md
ofl

Kl

4)

6)
10)

SENERT

5)

H
~NO
Ul
_r

Ko

A4(210mm x 297mm)

2 Mg

14)

13) VECTOR GROUP

15)
17)




3
@ KPerecrric VENDOR PROPOSAL
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7. DRAWING LIST
1) 3PH, 60Hz, 950kVA, 22.9-0.38kV, Ynd1
2) 3PH, 60Hz, 200kV A, 380-220V, DdO

NO DESCRIPTION DRAWING NO. REMARK

1 NAME PLATE T11332-N01 950kVA

2 OUTLINE FOR TRANSFORMER T11332-OU010_0 950 kVA

3 NAME PLATE N1D01016 200 kVA

4 OUTLINE FOR TRANSFORMER T11579-OC1 200 kVA

A4(210mm x 297mm)
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TITmTeE -
950 KVA
HV 338y 22900 V ONAN OUTDOOR[ ]
HV 348z 2395 A A eetsl INDOOR []
LV gade 380 V 4 A4 Uy
LV BEMR] 144338 A REES PN 60 Hz
u Vv W 0 1 HV 125 kv
X0
, ¢ | BIL Mg Y,
] ] } 2 At we 60 C R 5
- 3 03 EC3) ) =TeS M 65 °C - -
o Eg Eg E; .
v s fc Fos doga( 75°C) 7%
' e = 740 LT
zz% 2950 kg
b [EETE
g 20 9 ® Az
u<] BEEEEVIEENHEE
w F 23900 1 [ 3-4
LV R 22900 2 |2-4
21900 3 |2-5
Ynd1 EEYRT FHE 20900 4 1-5
TEL. 032-862-2121 19900 > 1-6
@\ FAX. 032-862-2130 z A /@
4—04
NOTE
1. FA fMetE SMZA
UNIT mm NAMEPLATE
TITLE for TRANSFORMER
SCALE | 1:2
Yndl / &%
or. | sz | TS| oun ) 2
MAT'L REF No.
o | &7 Am|0% wyn | ges | wuE | TREAT. DWG.No| T11332—=NO1
DRWN | CHKED |APPRD = ol =z
NO REVISIONS | DATE By By By [ ]I;(‘II'-I'(E)I_IEE:!'RIC CO., LTD
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Thickness: 15t

No.040 o4

Thickness: 8t

No.010 x4

NO. [ DESCRIPTION

010. | kx4
020.| 83
030.| z®+
040. | =&387|
050. | olxtey
060. [ PT100&

070. | ®U2EA
080. [ 8I=W
090. [ #=Tixt

100. | Hga=

110. [ 254x8%Y

—
=2
| T Y T T T I |

220.

200x3
1730 * M4 : Munsell No. 5Y 7/1 (#224)
* Q% : 740LT
. + = Coe N2 9 RHE S3HoE HEE
SRO=M HEO i U X4k HAD
T 4 Lot
M SisSa |
i
—
@ 950 i
22900 Q 2
9
090 ‘ . r é:%—. | |
]
| 850 [\ 4-o14 ‘ 870 |
C —100x50 950
OVERALL DIMENSION TOLERANCE: +5%
A 3 A DSN CHK APP  |PROJ.| - |TINLE : OUTLINE FOR TRANSFORMER
: : : H.W.KWAK S.J PARK MU KIM UNIT mm 3P, SOHZ, 950kVA, 22.9kV—380V, Yndi
4 ¢ C ) SCALE| 1:15 | PROJECT NO.
K K K 14 07 .23 SIZE | A3 |CAD. No.| Ti1332—0U010_0 SHEET
) D ) @ REF. NO. /
X N X KP eLectric DWG. NO| T11332-0U010 | REV. 0
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105
5 &
SE TV hEEETSE
P Azt OOIH O
T "
200 kVA N1D01016
1R AT 380 V| ONAN  OUTDOOR []
1RHEAYRT 303.87 A A Byl os A
2REATY 220 V. |'xg 3% [KSC IEC 60076
AN ESEERSE 524.86 A SEEES I (2 60 Hz
DdO 1% 125 KV
X0
BL 8 [oa =y
o °
§§§Ag%;;§§.i 2 8
JEIE . W gmg2( 757C) %
X
1 s = 210 T
o, O, O, zxa 800 kg
20 2V 2W MZHE
99 4 d
y  |HEEE W) [ en [ ad
A F 23900 1 | 3-4
2u4ow|[ R 22900 2 |2-4
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TEL. 032-862-2121 19900 > [1-6
6}\ FAX. 032-862-2130 20 H g M= /@
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NOTE
1. HA AMHE Sl
UNIT mm NAMEPLATE
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SCALE | 1:2
Dyn11 / EZ
SPEC. | =Y
TOT. | £1% ONAN / KSIEC
MAT'L REF.No.
o | &7 Am|9% uge | wyn | 228 | TREAT. DWG.No| N1D01016
DRWN | CHKED | APPRD = e
NO REVISIONS | DATE By By By [ ]I;(‘II'-I'(E)I_IEE:!'RIC 0. LTD
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_ 20| -
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