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WHAT IS A TRANSFORMER?
A Most expensive equipment in the Power system chain
A Used to transfer electrical energy between 2 circuits
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WHAT IS A TRANSFORMER?

A Several sizes and types of transformers
A From a few kVA to several hundreds of MVA
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WHAT IS A TRANSFORMER?

Thin steel plates and copper windings
Insulated with pressboard sheets and plates (cellulose material)

All of it is immersed in oil

o To To o

Oil has excellent insulation properties and is also used
for cooling down the transformer

Oil and Insulation paper are both contributing
to the BREAKDOWN VOLTAGE

and therefore to the SAFETY of the transformer.

The breakdown voltage (BDV) indicates how well insulating
oil can withstand an electrical load.
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WHAT IS A TRANSFORMER?

streamer electric

A Transformer LIFE EXPECTANCY is directly
linked to the status of the insulation cellulose paper

A The paper quality is defined by the DEGREE OF
POLYMERIZATION (DP) which represents the average
length of cellulose chain.

A New transformer have DP = 1200 to 1000
A End of life when DP = 200

A Decrease can be fast or long depending
of life conditions (like human)

A Examples of element affecting the paper:
temperature, acidity and MOISTURE NEW
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MOISTURE IN
TRANSFORMER?

A WHERBEDOEST COMBFROM?
A WHERHSIT?
A HOWTOQUANTIFYTSVOLUME?
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MOISTURE IN TRANSFORMER:
WHERE DOES IT COME FROM?

EXPOSURE TO AIR (REPAIR

70to 60%

FROM OPEN EXPANSION
TANK

(if no rubber sealing bag)

BROKEN GASKET

30 1404 E

PAPER DEPOLYMERISATION
BY-PRODUCT OVER
TRANSFORMER LIFE
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MOISTURE IN TRANSFORMER:
WHERE DOES IT COME FROM?

INGRESS THROUGH THE BREATHER (IF NO RUBBER BAG

A Silica gel extraction capability is not 100%. A The more the load is changing, the more there are

: : exchanges with outside.
A It also varies with temperature.

A Therefore more risk of ingress.
A At high temperature the efficiency is lower. J

A If outside air is very humid (>80%), it is hard to dry it to 0%
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ACTIVATION CONDITIONS

MOLECULAR SIEVE, =462 °F
AND 10 MICRONS Hg

SILICA GEL, =347 °F
AND 10 MICRONS Hg

MONTMORILLONITE =347 °F
AND 10 MICRONS Hg
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MOISTURE IN TRANSFORMER:
WHERE DOES IT COME FROM?

PAPER DEPOLYMERISATION

ACCELERATEAGEINC
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MOISTURE IN TRANSFORMER:
WHERE IS IT?
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MOISTURE IN TRANSFORMER:
WHERE IS IT?

LOAD INCREASE LOAD DECREASE
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MOISTURE IN TRANSFORMER:
WHERE IS IT?

THE MORE THE OIL

IS WARM, THE MORE WATER
IS SOLUBLE IN IT

1000 |
900 @ ° Water solubility of oils is temperature
dependant
890 T Solubility is affected also by oil
700 | additives

» Commercial mineral transformer oils

600 | typicaly have very little additives g /
500 water solubility is very similiar iy

moisture in ppm can be calculated /
2~ SATURATION CURVE, C

‘wSat

400 |
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TEMPERATURE °C

MOISTURE (PPM)
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MOISTURE IN TRANSFORMER:

HOW TO QUANTIFY IT? THE WATER CONTENT

7%
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NEW 1%
TRANSFORMER 0.5%

0%
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MOISTURE IN TRANSFORMER:
HOW TO QUANTIFY IT?

1 P P M (V) =1 part per million (by volume) = 1 liter of water / 1,000,000 liters of oil

A ltis crucial to link this value with the oil temperature (see previous slide)

A Then you can use the equilibrium curves to define the water content IN THE PAPER
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nec  WHAT IS WORST?
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12PPI\/I @40°C?
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WATER CONTENT IN PAPER % WT./WT.

10 90
WATER CONTENT IN MINERAL OIL. PPM/ WT./WT.
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MOISTURE IN TRANSFORMER:

HOW TO QUANTIFY IT?

EXAMPLE

36 MVA Transformer

A 15 6 qiters of oil (13.2 tons)

A 1.5ton cellulose insulation

A 12 PPM @40°C average oil temperature

12 PPM of water in oil =

0.000012kgx 1 3 6 2 G=0.k6kg =
0.16 LITER OF WATER

2 . 7% moisture in cellulose =

2.7%x1 0 5 0640.5kg =
40.5 LITERS OF WATER
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WHY IS MOISTURE A
CONCERN
FOR TRANSFORMER?
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WHY IS MOISTURE A CONCERN?
SAFETY
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...THE MORE WATER IS CONCENTRATED IN THE OIL
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WHY IS MOISTURE A CONCERN?
SAFETY

Moisture affects the BREAKDOWN VOLTAGE (BDV)
Low breakdown voltage = RISK OF DAMAGE, FAULTS, etc.
Change of temperature = moisture exchanges paper/oil = DISTURBANCE OF BDV

To Do Do Do

More water in transformer = larger effect on BDV

TEMPERATURE AND BREAKDOWN VOLTAGE IN OIL FOR DIFFERENT TEMPERATURE GRADIENTS

100

90 — TEMPERATURE [°C]

80

70 BREAKDOWN
VOLTAGE [KV]

60

GRADIENT 0.13 °C/MIN [NEW] 0,5%
50
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40 E—
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30 —_—
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WHY IS MOISTURE A CONCERN?
SAFETY
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TIME (DAYS) RELATIVE MOISTURE SATUATION [%RS]

A When T° rises, PPM rises in the same time (water from paper to oil)
A When T° decreases, PPM decreases after delay (water from oil to paper)
—WHEN T° DECREASES, RELATIVE MOISTURE SATURATION (%RS) INCREASES FOR A FEW HOURS = LOWER BDV = DANGER
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WHY IS MOISTURE A CONCERN?
LIFE EXPECTANCY

A A moisture increase of 1% in the paper is doubling the depolymerisation speed
A EVERY 1% EXTRA MOISTURE WILL REDUCE RESIDUAL LIFE EXPECTANCY BY A FACTOR 2

PAPER DEGRADATION SIMULATION WITH STABLE LOAD (TEMPERATURE)

10000

° EXAMPLE:

BE?%AES&ON A Transfo 30 yrs old

A A 3% moisture

ﬂg;’iﬁ;ﬁ g A 10 yrs residual LifeExp
1000 x CONTENT A @1% moisture

:o MAINTENANCE A 23 years residual

ACTION LifeExp
X
200

\ .

0 10 20 30 40 50 60 70 80
YEARS
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HOW TO MONITOR '
MOISTURE
IN A TRANSFORMER?
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THE ISSUE: MOISTURE HAS A COMPLEX
DYNAMIC IN THE TRANSFORMER

LABORATORIES HAVE 2 WEAKNESSES:
A Annual or bi-annual sampling is not sufficient A Moisture in oil has a hysteresis

A Labs also have their error margin at sampling A Here 4 different PPM at the same temperature
and during the test
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THE ISSUE: MOISTURE HAS A COMPLEX
DYNAMIC IN THE TRANSFORMER
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WATER CONTENT IN PAPER % WT./WT.
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WATER CONTENT IN MINERAL OIL. PPM/ WT./WT.
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THE SOLUTION: A CONSTANT
MOISTURE MONITORING

TRP1
WHILE TRES
DRYING

TRE

NEW

TR H DRIED
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FIGURE 5.29 HYSTERESIS LOOPS PF %RS VS TEMPERATURE IN TRANSFORMETS WITH DIFFERENT MOISTURE
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DRY A POWER TRANSFORMER
AND WHEN TO USE THEM?

WHAT ARE THE SOLUTIONS TO

mnz)u-




WHAT ARE THE SOLUTIONS
TO DRY A POWER TRANSFORMER?

OIL DRYING VACUUM DRYING

o
[
(2]
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PROCESSES TO DRY A POWER TRANSFORMER: OIL
CIRCULATION OR OIL REGENERATION

A ONLINE OR OFFLINE process
A Low costs

A Flow: Several thousands of litres per hour

o

Simple technique

T

Low operative expenditure

ADVANTAGE

Very poor paper drying

Disturbance of oil flow

Online operation cannot be maintained long (days)
Disturbance of Dissolved Gases

Long drying times
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Shorter drying intervals required

o To o Po Do Do Po

Special equipment required for online process
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PROCESSES TO DRY A POWER
TRANSFORMER: VACUUM OR LFH DRYING

A OFF-LINE process
Most efficient onsite drying method

A Maintenance for a few days

Large amount of water removed quickly

Uniform drying temperatures and drying results

ADVANTAGE
o Io I» Io

Ideal for emergency drying of after maintenance

Outage required for about a week

High cost
Risk for old transformers due to vacuum
Loss of DGA history

o
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O

o Io Io Do Do

Experienced operator needed.
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PROCESSES TO DRY A POWER S:
TRANSFORMER: ONLINE DRYING SYSTEM o o

A ONLINE installation and process
Low cost

A Continuous & preventive maintenance
(long term)

Good drying efficiency
Online process i no outage
No DGA loss

Q
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<

No operator required

o To o Do Do Po

Long term: safer transformer & longer life expectancy

A Not ideal for emergency drying

A Cylinders have to be changed once saturated (every
2 yrs in average)
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SOLUTIONS TO DRY
A POWER TRANSFORMER

BUDGET AVAILABLE

HIGH

MEDIUM

LOW

IF OUTAGE POSSIBLE:
VACUUM/
LFH DRYING

IF OUTAGE
NOT POSSIBLE

ONLINE DRYING SYSTEM

OIL
CIRCULATION

NOT CRITICAL CONCERNING URGENT

MAINTENANCE
EMERGENCY
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ONLINE DRYING
SYSTEM?




EXPLANATION S:
MOVIE o o
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PRODUCT MODELS CL
UPGRADABLE VERSION

CL1, CL2, CL3TECHNICAL DATA

Recommended transformer Above 10 MVA
size
Water extraction capacity 3to 4litres 6 to 8litres 10to 12
before cylinder change litres
Number of cylinders 1 2 3
Oil drying adsorbent Zeolite with 3 Angstrom bead size
Monitoring Available in option
Size 1940 x 1000 x 300 °
(9]
N
Installation weight without 128 kg 164 kg 200 kg ]
MCC &
'_
MCCweight 00 AMi WSi 0
i K L
1 o
0-4 kg 12kg 20kg CL1i WS CL2i WS CL3i WSi 2
&

STREAMEELECTRIC.CO 34



PRODUCT MODELS CL
UPGRADABLE VERSION

10.

11.
12.

STREAMEELECTRIC.COM 35

Frame

Inlet ball valve

Inlet sampling valve

Pump

Flow indicator

Inlet filter

Inlet moisture and temperature sensor

Bottom interconnection pipeline
between cylinder and sensor/inlet filter

Cylinders

Top interconnection pipeline between
cylinders

Air bleed valve between cylinders

Bottom interconnection pipeline
between cylinders

13.

14.
15.

16.
17.
18.
19.
20.
21.

Top interconnection pipeline between
cylinder and outlet filter

Outlet filter

Outlet moisture and temperature
sensor

Outlet sampling valve
Deaerator

Outlet ball valve

Bleed pipe

Deaerator air bleed valve

AMi monitoring and control cabinet
(MCC)




PRODUCT MODELS CL4
THE COMPACT & MOVABLE VERSION

CL4 WSi TECHNICAL DATA

il

4 CYLINDERS
TO ABSORB
MOISTURE

LIGHTER CYLINDERS i
25 KG EACH SATURATED
WEIGHT

Water extraction capacity before cylinder change

Number of cylinders

Oil drying adsorbent

Monitoring

Size

Installation weight

STREAMEELECTRIC.COM 36

MOVABLE
VERSION 0O L0
OF TRANSEC
IP 56 ENCLOSED
UNIT
6.5 litres
4

DAYLIGHT VISIBLE LED
INDICATOR LIGHTS
TO PROVIDE
INFORMATION
ABOUT THE UNIT
STATUS

Zeolite with 3 Angstrom bead size

WSi only

1443 x 1200 x 747

350 kg




PRODUCT MODELS CL4

THE COMPACT & MOVABLE VERSION

© N oo o B~ w N

10.
11.

13.

14.

External enclosure

Inlet ball valve

Inlet sampling valve

Pump

Inlet moisture and temperature sensor
Flow indicator

Flow meter

Top interconnection pipeline between
cylinder and sensor

Air bleed valve on the first cylinder and
air bleed valve between second and
third cylinders

Cylinders

Bottom interconnection pipelines
between cylinders

Top interconnection pipeline between
cylinders

Top interconnection pipeline between
cylinder and outlet filter

13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

Outlet filter
Particle filter sensor

Outlet moisture and temperature
sensor

Deaerator

Glass gauge

Float switch

Outlet sampling valve
Outlet ball valve

Bleed pipe

Deaerator air bleed valve

WSi monitoring and control cabinet
(MCC)
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2 DIFFERENT MONITORING
CABINETS ARE AVAILABLE

AMi WSi

WSi for advanced moisture
analytics and product
automation

AMi for a complete
monitoring of the
TRANSEC system

& Moisture situation of
the transformer

| B Y
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2 DIFFERENT MONITORING
CABINETS ARE AVAILABLE
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