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ORIGINAL BROCHURE 2

SIMMS 2.2

Solid Insulation Moisture Measurement System

SIMMS 2.2

Solid Insulants Moisture Measurement System

ARS - ALTMANN

www.ars-altmann, com

Solid Insulation

The accurate recording and managing of the water content in the transformer’s solid insulation Qp
(%), the tracking and limiting of the impact on the aging rate of the paper, and the maintaining the
desired dielectrical strength of oil Ud (kV/2.5mm) at maximum process temperatures, have never
been cost effective and easy to achieve. However, it is one of the most pro-active, life extending, and
cost reducing preventative strategies available to a transformer manager.

One oil sample a year collected in a glass bottle or syringe, processed in a lab, with a high degree of
variability due to the process and lack of controls, does not provide the degree of data and accuracy
necessary for the competent failure risk management and for managing the appropriate insulation
treatment program of the transformer.

With the release of the SIMMS portable online oil and solid insulation water diagnostic
system, ARS Altmann Systems has produced and sent out this key transformer information.

SIMMS 2.2 is a portable oil sample and temperature diagnostic system, without the sampling
contamination and variance risk. Simply connect SIMMS 2.2 to the oil sampling points of a
transformer, connect the two temperature sensors, plug in, and start. From this moment on the
sampled oil is by no means exposed to the atmosphere. Oil will flow from the transformer through
SIMMS and return to the transformer.

SIMMS gives us then the all desired time-related profile - water content in oil Qw = Qw (t) and both
temperature Tu = Tu (t), Tb = Tb (t) — upper / bottom transformer temperatures and TTS as main
(averaged) transformer temperature. Both averaged Qw value and TTS value can be accurately
used for calculating the water content in the cellulose Qp = Qp ( Qw, TTS).
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ORIGINAL BROCHURE 3

Installation & Commissioning
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SIMMS is connected to two oil sample taps, one
at the top one at the bottom. Then, both
connecting hoses are evacuated to avoid
contamination by air-moisture and a potential
Buchholz trip. The oil is then drawn continuously
through the SIMMS unit and passed back to the
transformer. Independent temperature sensors
are fitted to the designated top and bottom
positions. Once SIMMS is installed, connected
and started (ca 5 minutes), the transformer’s top
(T-UP) and bottom temperatures (T-BOTT) and
water content in the oil Qw (ppm) are recorded
in a time based log.

Within 40 minutes an accurate snapshot
decision info - if the adequate equilibrium is
reached or not is obtained.

That allows precise accuracy in determining
water content in the solid insulation, and the
temperature related movement and time lag of
the water movement between the paper and the
oil. The dielectric strength and load risk at peak
load can be determined more accurately. While
online, the data can be accessed directly by lap-
top, the graphs of trends produced, and saved
as afile.

To meet plug & play features of SIMMS 2.2, the
inherent part of the delivery is pre-programmed
lap-top to avoid any communication and
evaluation problems.

For the desired precision
reading of the water content in
the oil, the precise evaluation of
the water content in oil (the Qw-
value), the relevant evaluation of
the water content in cellulose
(the Qp-value) and the
theoretical dielectric strength of
oil (the Ud-value.

the average temperature of a
transformer during a reading
should always be over 30 C.
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The evaluation of the water content in cellulose

This procedure is performed by the connected lap-top and uses measured values of water in the oil the
Qw-value (ppm). the T-UP-value (upper transformer (Tx) temperature) and the T-BOTT-value ( bottom
temperature of Tx, for the evaluation of the percentage of water in its cellulose insulation the Qp-value

(weight %).

Subsequently, the amount of water is calculated which has to be removed from the insulating system to
obtain the desired, or norm-requested, water content in oil and the actual (theoretical) dielectric strength of
oil (the Ud-value).

The Qp -value is used for the condition evaluation because we know that:

The calculated Q, value represents here not only the average water content of cellulose

the Qp-value of any transformer doesn’t substantially change by the temperature-driven
water migration between oil and cellulose : the amount of water which migrates between the
celluse insulants and ail filling is very low compared to amount of water absorbed in the

insulants in the transformer
but

its temperature- invariant parameter

because

cellulose .

In practical terms, if we take an oil sample from the transformer under any
temperature we must (under equlibrium conditions) get approximately the same

Qp-value.

The Qp-value as an almost Tx-temperature constant, represents the key value of a
moisture related problems of any transformer.

which

enables the prediction of the most important (Qw, Ud) values for the whole temperature

range of the transformer

Company: altmann
Location: thop

Frirt | Fieturn

Date, time: 212.201%11:51:00
Trangformer Serial Mumber: 123

Procedure: Nielsen Chart
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DIAGMNOSIS:  Celulose water content Qp=4,9 %

Flashover possible at 90 deg.C

For safe operation (Qwmas= 30 ppm] the main tranzformer temperature must not be higher than 31 6 dea.C
USER'S Up to which mawimurn temperaturs (TTSmax] do pou wish the transformer will operate? Insertl 50 deq.C
DEMAMD: Which water content in oil [Qwmax] must not be exceeded at the maxtemperature? Insert! 20 ppm
FREDICTION: Solid inzulants have to be dried at least to the value Qpmin=213 %.

ATTEMTIOM! The mass of cellulose materials in the tranzformer is unknownl

The walue K=0.08 and/or K=0.14 of the transformer celluloze materials mass/transformer ol mass ratio
has been used for estimation of the minimum and/or maximum water removal from the transformer.

Faor K=0.08 : Minimurm water remaval Me p= 44 16 kg,

Far K=0.14: Masimurn water removal Mw p= 77,28 ka,

For the easy interpretation

the improved and
experimentally verified
Nielsen equilibrium chart

(relation) is used.

(0]

Diagnosis section then
interprets the reading
and calculates the
averaged water content
in cellulose (here Qp=
4.9%). Based on the
entry of target value of
water content in oil
Qwmax = 30ppm and
given water content in
cellulose Qp = 4.9%
then calculates the
maximum allowed
operating temperatures
of the transfomer, here
31.6C (indicated as the
point of intersection of
both yelow lines)
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ORIGINAL BROCHURE 5
o0 User’s demands section is interactive and allows clients to enter pre-demanded values of:
e maximum operating temperature of transformer (50C)

e maximum allowed water content in oil (20ppm)
for further predictions.

o0 Prediction section then calculates how much water has to be removed from this specific transformer to
meet given demands ( minimum ca 44 kg of water has to be removed in this case).

TLC-relation

This procedure uses the given Qp-value (%) for the calculation of the TLC-relation. The TLC(Temperature
Loading Curve) then predicts the dielectric strength of oil, the Ud-value, for the whole temperature
range (here 20 — 100C) of this specific transformer.

Return
Procedure: TLC - Temperature Loading Curve
EFFECT OF TR&NSFORMER TEMPERATURE OM LOSS OF OIL DIELECTRIC STRENGTH for mean cellulose water content Gp= 4,91 %
Company: altmann Location: shop Serial Humber: 123 Date, time: 2.12.201511:51:00
Max. theoretically attainable dislectic strength for RH=0, Ud,max (kW /2.5mm); 85 Recount
Insert minimum required Ud (K\/2.5mm) : kil QK. Maximum allowed trans former temperature (C):33,3
90
Ud
(O
Ud-lab value
70
Sample # | Date
1 B0
N TLC
~ =
4%-1\ /
Verification \\/
via Ud-lab ~
value 20 ™.
~ TicE et
10
add | Edt | Delste | o

20 25 30 3/ 40 45 50 55 B0 GBS 0 75 8O0 85 90 95 100
TTS(C)

LSER'S  Howe must we dry the transformer g0 that the dielectric strength is not lower than Udmin= 50 KA A2 Bmm [y
DEMAMND: at the mazimum demanded main oil temperature TTSmax= 40 deg.C PK;

FREDICTION: Solid insulants have to be diied at least to the value Qpmin=3,05 %,
ATTENTION! The mass of celluloge materials in the tranzsformer is unknown!
The value K=0.08 and/or k.=0.14 of the transformer celluloze materials mazs/transformer ol mazs ratio
has been used for estimation of the minimum and/or maximum water removal from the transformer.
For K=0.08 : Minimurm water removal Mw,p= 23,76 kg,
For K=0.14 : M aximum water removal Mw p= 5208 kg.

Simultaneously, based on the calculated TLC and allowed dielectric strength of oil (30 kV/2.5mm ,
horizontal yelow line), the maximum allowed temperature of the transformer (vertical yellow line : ca
33.3C) is determined.

The next calculation (Prediction) shows how much water must be removed from the insulating system (at
the given temperature of the transformer) to meet the pre-determined miminum (e.g. norm-requested)
dielectric strength of oil in its oil filling.

User’s demands section is interactive again and allows the entry of values:
¢ minimum-requested) dielectric strength of oil

¢ requested operating temperature of transformer

Prediction section then calculates how much water has to be removed from this specific transformer
to meet these demands.

Verification of diagnostic results by Ud-lab value(s) based on the comparison of theoretical
Ud-value (TLC-curve) with the Ud-lab value (See point 1 with error bars) at the same
sampling time and the same temperature of the transformer.
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ORIGINAL BROCHURE 6
Technical data

Power supply voltage 80 — 250 VAC

Power supply frequency 50 - 60 Hz

Power consumption: max 80W

Oil throughflow max 100! per hour
Measuring range

Water content in the oil 5 — 100 ppm (diluted water)
Temperature 0-100C

Outlet /inlet filtering grade of preliminary filter 40 um

Weight — inclusive lap-top, alu transport box and |22 kg

accessories

Dry weight of the measuring unit only ( without |5 kg

oil)

Hydraulical connection 2 x flexible hose
Communication: lap-top connector

Transportations

hydraulic connectors
accessories

e

cables, temp. sensors, lap-top
charger,etc

lap-top in a fabric
B cover

SIMMS 2.2 Service Unit is always transported, inclusively the lap-top and all accessories in high
resistant alu box intended for all-day operations under very heavy conditions
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VACUUM SEPARATOR VS-06 Climabox
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PLUG & PLAY ON-LINE DEHYDRATION, DEGASSING AND

FILTRATION OF TRANSFORMERS

Drying of transformers

The presence of moisture in the transformer, to whatever degree, does actual harm to insulation
which is, in fact permanent damage. Drying methods only substantially reduce that deterioration.
The quick restoration of safe dielectric conditions also forms part of the concept. The system can
be installed regardless of the size of the transformer.

Main features of VS-06

]

a
a
a

O

a

Moisture, gas and particles content can be reduced to the level of a new transformer
Quick restoration of dielectric strength of oll
No impact on the insulating oil properties, no over-drying of the transformer

No disconnection of the transformer under treatment, normally not even during the
installation of a separator

Installation and service with minimum manpower and energy
Direct check of dehydration efficiency by volumetric measurement of the separated water
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ORIGINAL BROCHURE 8

Q Remote monitoring & control of the drying process

Q Application of advanced and patented technologies like “hydraulic piston” for vacuum
building and “bubble bed” for moisture separation

Q effective removal of fault gases (H2, CH4, C2H2 etc.) via remote controlled stripping
process

HOW MUCH MOISTURE IS “TOO MUCH MOISTURE” ?

Moisture enters the transformer either through external contamination, or is generated internally
by the oxidation (ageing) of insulants. In either case, practically all the water present in the
transformer (over 98%) is contained in solid insulants because the cellulose has very strong
affinity with the water.

Figure 1 shows the equilibrium relationship between the water content in the oil Qw (ppm) and
cellulose Qp (weight %) at different operational temperatures.
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Fig.1 Moisture equilibrium chart (Nielsen diagram )

Example: 10MVA Transformer, 700 kg cellulose, 6000 kg oil

Sampling temperature 50C, Qw = 30 ppm of water in the oil —» Qp = 2.9% weight percent of water in the
cellulose.

Total amount of water in the cellulose: 700 x 0.029 = 20.3 kg

Total amount of water in the oil : 6000 x 0.000030 = 0.18 kg

If one wishes to reduce the moisture to acceptable 2% boundary then: 700 x (0.029 — 0.02) = 6.3 kg water
must be removed from the transformer.

The effect of moisture on the transformer is summarized in Table 1.

Qp Transformer condition
(weight % in paper)
0.5 new or highly dried
2.0 acceptable condition
3.3 paper starts to deteriorate
4.5 flashover possible at 90C
7.0 flashover possible at 50C
8.0 who knows ?

In order to avoid the deterioration of solid insulants, the moisture content should be kept under
2%. If the moisture level is suspected to exceed 2% , the transformer should be dehydrated as a
matter of preventive maintenance.

For basic information about moisture impact at dielectric of the transformer See www.ars-altmann.com /
News.
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ORIGINAL BROCHURE

WHAT IS A LIQUID PISTON ?

The Liquid Piston is created by rising and falling oil level in a vessel which is caused by the cyclic operation
of the robust gear pump.

The  first stage (evacuation) is
schematically shown on the left. The oail is
drawn from the apparatus by the gear pump.
The sinking oil level acts as a piston and
creates the basic vacuum necessary to
separate gases and vapours from the oil

The second stage (compression) is
schematically shown on the right. The run
of the gear pump is reversed and the
liberated gas-vapour mixture is gradually
compressed by the rising oil level (upward
motion of the liquid piston). When the
pressure rises, at first the condensation of
oil vapours takes place - only this way can
be quaranteed “no-impact on__ oil

properties ” — condensed light fractions are automatically mixed back in the oil. Subsequently, the

gases are relieved via the non-return valve into atmosphere. This process continues until the whole
apparatus is filled with oil, then the gear pump is switched on into direct run again and a new evacuation

stage begins.

contaminated ol
-

cooling unit

relief valve

cold trap

bubble

breaker

<G—O0—1>

hydraulic piston

ejector

wet gas separator
(bubble bed process)

Note that only a simplified scheme is shown here for clarity.

TRANSFORMER

HOW ARE VAPOURS AND
GASES SEPARATED
FROM OIL ?

Vacuum, appropriate temperature and
large interfacial area are essential for
efficient separation.

Contaminated oil from the transformer
is locally adjusted to an optimum
temperature and the hot oil and the gas
(previously separated from oil) get
mixed in a vacuum via ejector in order
to produce bubbles with a large
interfacial area (bubble bed).

The intense diffusion of the moisture
from the oil is enhanced by minimizing
the partial pressure of the water
vapour. This is achieved by
undercooling the carrier gas to
condense and freeze-out all traces of
moisture prior to mixing with the
contaminated oil.

Dissolved gases and vapours diffuse
into bubbles which are then
agglomerated, collected and
broken.The water vapour is collected in
the form of ice in the freezing trap, and
periodically defrosted and collected as
a liquid in the water trap.
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ORIGINAL BROCHURE 10
INSTALLATION
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The separator can be connected to all types of transformers (i.e. open as well as sealed units). It
should be located in close proximity of the transformer.

All treatment utilities (vacuum and hydraulic circuits, preheater, ultrafilter control circuits etc.) are
installed in the moisture tight and internal air-conditioned CLIMABOX .
For detailed information See VS-06A CLIMABOX Operational Manual 2006

CLIMABOX DIMENSIONS
& 4
(o]
o VACUUM SEPARATOR
o VS-06
pd
§ H
¢ o
e T —
[ = =3 | Ve o
‘ =1 \ | \D ILUJ
| N i |
\ Ll
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ORIGINAL BROCHURE 11
SPECIFICATION

Power supply voltage 400 V (or on request)

Power supply frequency 50 Hz (or on request)

Power consumption:

without oil heater 850 W

with oil heater PO-01 6200 W maximum

Oil throughput 10 m® per day maximum

Outlet water content 10 ppm nominal , 4 ppm minimum

QOutlet gas content 1% nominal, 0.3 % minimum

Ouitlet filtering grade 1 pum (5um)

Weight — CLIMABOX version (separator, heater ultrafilter, external water trap etc.)
Dry weight ( without oil) 520 kg

Operating weight (oil filled) 580 kg

Hydraulical connection 2 x flexible 1/2“ hose

Communication: faxmodem, GSM modem, LAN link, SMS, Internet

PARAMETRIC REMOTE CONTROL

Regardless of how efficient any method of oil dehydration might be - the first law of the
dehydration of transformers always is :

water removal from cellulose materials of the transformer has to be safe and effective

Any on-line transformer dehydration is ultimately governed by slow diffusion of the moisture from
cellulose in the oil and this process can be accelerated only by a significant increase in
temperature. But the second basic law of any on-line dehydration limits the effort because :

high transformer temperature — high water content in oil — high separation rate
means

— low dielectric strength of oil — low immediate reliability of transformer

In order to avoid the lowering of the immediate

SEPARATOR VS-06 A reliability of the transformer, it is necessary to tune at
least two antagonistic criteria in the whole process of
PCD1 dehydration

e max. separating efficiency of dehydrator (max.
water removal rate)

e dielectric strength of oil - has to be maintained or
improved

on - line Process Control

terminal
APT

telephone or
G5M modem

To achieve this target the VS-06 can be
programmed directly (manually) via terminal of PCD

A

et o 1 or better remotely with the use of suitable PC or
_ lap-top on the basis of actual and previously
L1 measured values.

—

Laptop computar This way is possible not only to monitor and
optimize the dehydrator function but to optimize
the whole dehydration process as well, by strictly

g _ controlled warming-up of the transformer.
Prmer The figure on the left shows the structure of
Fe 1o Gompatibe —— separator control systems and both connections
Database between PCD1 and lap-top or remote PC.

Communication between the PCD1 and both
computers - remote user PC and lap-top is provided by the firmware of the ARS.

The advanced evaluation of the effectivity of transformer treatment
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ORIGINAL BROCHURE 12

For a better understanding of the long-term trends of dehydration effectivity of the VS-06 and a
change of the dielectric behaviour of the transformer within the treatment two new procedures are

used:
o the DDL (Dehydration and Degassing Log)

o0 the DSL ( Dielectric Strength Log)

Both procedures can be started by clicking on the DDL or the DSL buttons in the Main window.
By clicking on the DDL it shows :

,fw OFTIM - On-Power Transformer Insulation Maintenance
File Edit Ackion Options Help

2Em X & '8 |g@||@ﬁ| 10:51:11

Days | Hours | irtual On—LineI Parameters Dehydration and Degasing Log (DDL) |Dielectric Strength Log (DSL)I
YACUUM SEPARATOR ¥Y5-06 - Main Data Log
OPTIM D3L (Dehydration Degasing Dielectric Log)
Procedure: DDL (Dehydration and Degasing Log)
B |ng. Altmann, 2010

D ata File Archiv.dbf Stark: I1 3.04.2011 min:19.04.2011 End: |05.05.2D‘I1 max:05.05.2011

Transformer Locatior: Iggg |
Transfarmer Seral Mumber: IHHH
Y506 Serial Number: Igg,{
Maximal allowed water content in oil Gw.max: IT P Analyse |

ATTENTIOMN. 'wiater content in oil over allowed level Qv ma: Day IDw[ppm] |

Data loaded : 6.5.2011 9:15:16 EDF Arlp

The time-related change of basic variables (Mwc- total amount of removed water, Ttb - Tx temp.
bottom, P2S -averaged process vacuum, Qw - water content in oil) are shown on the screen and

B& X

i)

Mwc{ml}

Gwippm)

194201 214201 aam Z42m HFaam 2420m 152011 5201

Hirmarks st Fecommerastion:

ATTENTION. Watet conbend i of crves allowed bevved Qv masc Doy vdpem]

by clicking on the printer icone (in the upper part of the diagram), the diagram is converted into
the user-friendly version. The end of the conversion and by clicking on the OK button , the final,
printable output of the DDL procedure is shown
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ORIGINAL BROCHURE 13

VACUUM SEPARATOR VS-06 - Main Data Log
OPTIM D3L (Dehydration Degasing Dielectric Log)
Procedure: DDL (Dehydration Degasing Log)

© Ing. Altmann, 2010

Transformer Location: XXX
Transformer Serial Number: A0
V506 Serial Number: K

Time-period of evaluation :  19.04. 2011 - 05.05.2011

Norm requested value Qw,max - red horizontal line
Qw,max = 30 ppm... maximum allowed water content in oil

500 10
Mwc(ml) Tthi{C)

P25({kPa)

450 0 Cwippm)

400 a0

350 70

300 &0

250 50

200 —~ 40

| ]
el |
150 an
100 1 20
[— ]
e _—
% = ——= 10
0 T T T T T T T T a
1942011 21.420m 234201 4201 r420m 42011 15201 35201 552011

t{days)

Mwc Amount of removed water (ml)

Clw ‘Water Content in oil (ppm)

Tib Transfomer temperature bottom (C)
P2s Averaged vacuum in Separator (kPa)

ATTENTION.

Water content in oil Qw exceeded
allowed Qw,max-limit:

I Day I Qwippm) I

Remarks & Recommendations
Date of evaluation: 6.5.2011

where all directly measured values are clearly defined and shown in the form of a time-related
diagram.

A new kind of assesment can be used now for the on-line diagnostic of dielectric behaviour of the
transformer

DSL — Dielectric Strength Log

This absolutely new approach enables the DSL online to calculate the theoretical (maximum
attainable) value of the dielectric strength of oil (the Ud,t —value) on the basis of the direct
reading of the water content in the oil (the Qw-value).

This is the first time, that this specific online diagnosis can be validated by the offline data.

This mathematical model used for the calculation is based on the well documented near-linear
relation between the decrease of dielectric strenght due to the increase of the relative humidity of
oil (at lab temperature).

The DSL procedure enables a substantially more detailed insight into dielectric behaviour of a
given transformer especially the ,contardictory“ change of the dielectric strength versus the
temperature of the transformer.
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ORIGINAL BROCHURE 14

After clicking on the Analyse button the resulting time-related Ud,t-relation is shown on the screen
together with bottom temperature of the transformer.

B & X

V2 S
Ty

3 B

124201 24201 242m =42m maam 242m 152011 1520 852m

And shows the description of the dielectric behaviour of the transformer for the requested time
period

VACUUM SEPARATOR V$-06 - Main Data Log
OPTIM D3L (Dehydration Degasing Dielectric Log)
Procedure: DSL (Dielectric Strength Log)

© Ing. Altmann, 2010

Transformer Location: XXX
Transformer Serial Number: XXX X
V506 Serial Number: XXX X

Time-period of evaluation :  19.04.2011 - 05.05.2011

Norm requested value Ud,min - blue horizontal line
Ud,min = 30 kW/2.5mm... minimal allowed dielectric strength in oil

Udt{kVi2 Smm)
Tb{C) g
40
a0
0
|
60 |
50
40 —
0
20
10
0
194201 2142011 2342011 25.42011 27.420m 29.420m1 15201 35.20M 552011
t{days)
udt . Theoretical Dielectric Strength of oil (KV/2.5mm)
Tth Transformer temperature bottom (C)
ATTENTION. Mumber of lab venfications: 0

Dielectric Strength of oil Ud,t decreased
under allowed Ud,min-limit:
[ Day [ Ud,t{kV/2.5mm) |
| |

Remarks & Recommendations
Date of evaluation: 6.5.2011

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
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To obtain relevant diagnostic results, the accuracy of the Ud,t-simulation for the given time-period

must a

(0]

lways be correspondingly verified:

by the quantitative comparison of the Ud,t-value and the Ud,lab-value at the same time.

This means that the simulated Ud,t-value has to be compared with the Ud,lab- value at the same
sampling time (the time when the oil for the lab Ud-reading has been sampled at the transformer).

7 \Udk Ve

rification by lab values

Udmax |25 KA/2 Brm Allowed relative desdation ROMAX 10 &% Werify
Verification Table
Measured values Simulated values Diexviation
Date [day] Time [hour] Ud.lab [ki/2. 5mm15 (K442 rmm] |V (%] Tlab [C] Ud.t[ky/2.5mm]  |AD [KVA2.5mm)  |RD (%] Yerification result I’~
19.4.2011 20 5737
204,201 #cceptable deviation
21.4.2011 20 60.82
22.4.2011 20 62.02
23.4.2011 20 63.04
24.4.2011 20 £313
26.4.2011 20 £4.64
26.4.2011 20 £5.32
27.4.2011 20 £65.39
28.4.2011 20 64.91 v
Verification diagram E | B
Ud lab (k472 Brom)
90
a0
70
E0
50
40
a0
20
10
0 T T T T T T T T
0 10 20 a0 40 50 60 70 a0 a0
Uit (k72 S Save Export Cloze

Verification Diagram gives a direct and easy insight into the accuracy of on-line Ud,t-simulation
and/or the Ud,lab-value :

0]

if the Ud,lab=Ud,t—point is situated in the 10kV/2.5mm band around the transverse 45°
line, the consistency of the simulated Ud,t-value and the Ud,lab-value is very good and the
subsequent diagnosis of the dielectric behaviour of the transformer for the given time-
period is precise enough

if the Ud,lab=Ud,t—point is situated in the 20kV/2.5mm band, the consistency of simulated
Ud-value and measured Ud-value is sufficient (for field conditions) and the subsequent
diagnosis is acceptable

if the Ud,lab=Ud,t—point is situated outside of the 30kV/2.5 band, means that either the
simulated Ud,t-value or the Ud,lab-reading is not precise enough. The relevant check of a
dielectric behaviour of the transformer is not possible. Therefore the veracity of both
values has to be checked.

The mutual comparison of simulated and directly measured Ud-values gives us an

opportunity to check the plausibility of both values.

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
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ORIGINAL BROCHURE 16

Typical applications of the VS-06 Climabox

Germany: 250 MVA Transformer
VS06 Climabox (and Online DGA) - controlled life-extention of the transformer

Indonesia:
Installation of VS-06 Climabox at block transformer
Improvement of Tx dielectric

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
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ADT

ON-POWER DEHYDRATION OF TRANSFORMERS

FOR VERY HEAVY WORKING CONDITIONS
ON POWER RECOVERY OF DIELECTRIC STRENGTH
LIFE EXTENSION OF TRANFORMER
REMOTE PROCESS CONTROL AND MONITORING
EASY CHECK OF FUNCTION VIA YOUR HANDY
ON-LINE DIELECTRIC SCREENING
EASY VERIFICATION BY LAB RESULTS
PLUG & PLAY INSTALLATION
AND MINIMUM SUPERVISION AND/OR MAINTENANCE
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ORIGINAL BROCHURE 18

Main features

] Easy and safe installation and commissioning: all procedures are computer controlled to
avoid any human lapses and errors

a No disconnection of the transformer under treatment, normally not even during installation of
dehydrator ( Plug & Play design)

a No air venting after installation: hydraulical interconections to a transformer oil filling are set
under vacuum and subsequently rinsed by oil

] Moisture and particles content can be reduced to the level of a new transformer

] Quick restoration of dielectric strength of oil

a No impact on the insulating oil properties and DGA

a Direct check of dehydration efficiency based on amount of removed water: calculated as the
product of difference input-otput water content in oil (2 x humidity sensors ) x precise
volumetric reading of oil throughflow
Easy control of function by SMS via your handy
Remote monitoring & control of drying process: all relevant data are recorded and displayed
(printed) as easy comprehensive diagrams

a Calculation of actual value of dielectic strength (Ud-value) of oil during the whole dehydration

Q Easy verification of simulated Ud-values by lab reading(s) by means of Verification diagram

a Easy and safely replacement of adsorbent cartridges and filters without a potential oil spill:
the oil is removed before replacement and forced back to the oil filling of transformer

a DOG (Dynamic Overdrying Guard) procedure inhibits the overdying of hard insulants

INSTALLATION

DET. A
CONSERVATOR _ -

) * /

Upper filter press valve ’:1>q D@] D ’ =]
J
—/

[ | :
Ko
<= OIL OUTLET
- ADT

o

L

-

. _

© TRANSFORMER TANK E _
| | 0=

| — Q RENSES

(7

Bottom filter press valve OIL INLET

The ADT can be connected to all types of transformers (i.e. open as well as sealed units). It
should be located in close proximity to the transformer.

All treatment utilities (hydraulic circuits, input/output filters, control circuits etc.) are installed in the
moisture tight and internal air-conditioned box.
For detailed information See ADT Operational Manual 2018.
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Power supply voltage

1 phase 230 VAC (or on demand)

Power supply frequency

50 (60) Hz

Power consumption:

200 W

Oil throughput

7.5 m® per day maximum

Outlet water content

5 ppm nominal , 1 ppm minimum

Ouitlet filtering grade

1 um

Absorption capacity

8.2 kg of water

Installation options

mobile unit or permanently installed

Dry weight ( without oil)

260 kg

Operating weight (oil filled)

272 kg

Dimensions

1200 x 850 x 1490 (mm)

Hydraulical connection

2 x flexible 1/2“ hose

Communication:

Faxmodem,GSM modem, LAN link, SMS, Internet

cooling fan

upper quick-
coupling

fixing bar

fixing screw

absorption
column

bottom quick-
coupling

outlet pressure
sensor with shock
absorber

inlet pressure leakage
sensor sensor

Internal layout of main components in ADT (open front doors)

indication lights
red / green

PCD AMIT outlet
moisture

Sensnr

safety valve lever of
control valve

gear pump

inlet moisture
sensor

manual
deaeration

deaeration
servo valve

sight glass
with float
Sensnr

main
switch

inlet filter

inlet (oil)
temp. sensor

~

oulet filter

t

hydraulic
power
comm.
connectors

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
Tel:+420-379 738 778, Fax:+420-379 738 775, Cell phone:+420-602 362 157 email:altmann@iol.cz, www.ars-

altmann.com;



ORIGINAL BROCHURE 20

PARAMETRIC REMOTE CONTROL

Regardless of how efficient any method of oil dehydration might be - the first law for the
dehydration of transformers is :

water removal from the cellulose materials of a transformer has to be safe and effective

Any on-line transformer dehydration is ultimately governed by the slow diffusion of moisture
from the cellulose into the oil and this process can be accelerated only by a significant increase
of its temperature. But, be carefull:

high transformer temperature — high water content in oil — high separation rate
which simultaneously means

— low dielectric strength of oil — low immediate reliability of transformer

In order to avoid the lowering of the immediate reliability

ADT 2012 of the transformer, it is necessary to tune at least two
antagonistic criteria in the whole process of dehydration
PCD1 e max. separating efficiency of dehydrator (max.

on - line Process Control terminal water removal rate)
APT

e dielectric strength of oil - has to be maintained or
improved

To achieve these targets the ADT can be
programmed directly (manually) via the terminal of
PCD or alternatively by the PC or lap-top.

This way offers remote monitoring and
- optimalization of dehydration by strictly controlling
— warming-up of the transformer.
Faptop computer The figure on the left shows the structure of

dehydrator control systems and both connections
between PCD1 and lap-top or remote PC.

m? The software for communication between the PCD1

Printer and both computers - remote user PC and lap-top is
— provided by ARS.

Database

telephone, GSM
modem or LAN link

PC - IBM Compatible

The easy check of ADT-function can be performed by your handy anywhere and anytime:
via SMS

The advanced evaluation of the effectivity of transformer dehydration

For a better understanding of the long-term trends of dehydration effectivity of the ADT and a
change of the dielectric behaviour of the transformer within the treatment two new procedures are
used:

o0 the DL (Dehydration Log)
o0 the DSL ( Dielectric Strength Log)
Both procedures can be started by clicking on the DL or the DSL buttons in the Main window.

and by clicking on the OK button , the final, printable output of the DL procedure is shown

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
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[ADT 2012 Dehydrator - Main Data Log
OPTIM D2L (Dehydration Dielectric Log)
Procedure: DL (Dehydration Log)
© Ing. Altmann, 2013

Transformer Location: [ o x
Transformer Serial Number: |
ADT 2012 Serial Number: XXX

Time-period of evaluation :  01.01.2014-09.10.2014

Norm requested value Qw.max - red horizontal line
Qw,max = 30 ppm... maximum allowed water content in oil

2500 wo_
Ihwc{ml) Tth{C)
Qwl{ppm}
2250 0 Gw2{ppm})
2000 // 80
1750 ]
1500 "_,__,/' &0
1250 &0

= It
SRBRW TV

N e e 1]
112014 2902014 2622004 2632014 2342014 2152014 1862014 16720014 1362014 1082014 9102014
t{days)

Mwc amount of removed water (ml)

Qwl input value of water content in oil (ppm}
Qw2 output value of water contentin oil (ppm)
Tib transfomer temp. bottom (C)

ATTENTION.

Water content in oil Qw exceeded
allowed Qw, max-limit:
I Day I Qw{ppm) I

Remarks & Recommendations
Date of evaluation: 10.10.2014
Replacement of temperature sensorat 11.1 2014

A new kind of assesment can be used now for the on-line diagnostic of dielectric behaviour of the
transformer

DSL — Dielectric Strength Log

This absolutely new approach enables the DSL online to calculate the theoretical (maximum
attainable) value of the dielectric strength of oil (the Ud,t —value) on the basis of the direct
measuring of the water content in the oil (the Qw1-value).

And the following steps are similar as before :
0 requested time-range of data (Data File , Start, End)
o Transformer Location, Transformer S/N and VS-06 S/N
o Minimum allowable dielectric strength of the oil ( Ud,min)
these can be directly and easily entered from the keyboard.

The DSL procedure enables a substantially more detailed insight into dielectric behaviour of a
given transformer especially the ,contardictory“ change of the dielectric strength versus the
temperature of the transformer.
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Procedure: DSL (Dielectric Strength Log)

[ADT 2012 Dehydrator - Main Data Log
% OPTIM D2L (Dehydration Dielectric Log)
© Ing. Altmann, 2013

:
Transformer Location: | XXXX
Transformer Serial Number:

ADT 2012 Serial Number: | ox

Time-period of evaluation :  01.01.2014 - 09.10.2014

Norm requested value Ud,min - blue horizontal line
Ud.min = 30 kW2.5mm__. minimal allowed dielectric strength in oil
T=20 C ... Temperature of Simulation

Ud t{kV/2.5mm) Udlab{kV/2.5mm)
THC) g0

a0

sl O it I s Vo e M‘\ﬂ""\.n}'\u.ﬂ VSTV cas VW SWaSWL

% P Y 'n..\ﬂih Al a
Tl e b ST S
A i

1120014 2912004 2622014 2632014 2342014 2152014 1862004 1672014 1382004 1082004 9102014
t{days)
Udt . Theoretical Dielectric Strength of oil (kv/2.5mm)
Ttb Transformer temperature bottom (C)
Ud lab . lab reading(s) of dielectric strength of oil (kV/2 5mm)
ATTENTION. Number of lab verifications: 0

Dielectric Strength of oil Ud,t decreased
under allowed Ud,mindimit:
[ Day [ Ud, t{kVIZ.5mm) |
I

Remarks & Recommendations
Date of evaluation: 10.10.2014
Replacement of temperature sensor at 11.1 2014

To obtain relevant diagnostic results, the accuracy of the Ud,t-simulation for the given time-period
must always be correspondingly verified:

0 by the quantitative comparison of the Ud,t-value and the Ud,lab-value at the same time.

This means that the simulated Ud,t-value has to be compared with the Ud,lab- value at the same
sampling time (the time when the oil for the lab Ud-reading has been sampled at the transformer).

The final result of the DSL-procedure is the quantitative verification by means of the Verification
Table and the Verification Diagram.

DOG (Dynamic Overdrying Guard )

Any uncontrolled removal of water from a transformer always represents substantial decrease of
its safety level.

The reason is simple: strong decrease of water content in its hard insulants inevitably induces
their shrinkage and subsequent lost of clamping forces.
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The danger of transformer failure then strongly increases especially under short-circuits
events.

Main dehydration rule is then accordingly clear : the averaged water content in hard insulants (the
Qp-value) may not be drastically and suddenly lowered during a dehydration campaign.

The reading of relevant Qp-value of the transformer during its dehydration campaign is therefore
crucial.

But a relevant evaluation of Qp-value based on reading of Qw-value (water content in oil) and Ttb-
value ( transfomer temp. bottom) has to be performed under so-called equilibrium conditions
(transformer is operated at approx. constant temperature for relatively long time-period — no
water migration between hard insulants and oil inventory exists).

To satisfy these conditions during a dehydration campaign is impossible. To meet this target the
dehydration process has to be interrupted and we have to wait till satisfactory equilibrium is met.
It could take under optimal conditions ( constant temp. of a Tx is hard to keep) more than 4
weeks.

If target Qp-value isn’t met, the dehydration has to be started again and the whole process is
repeated till requested Qp-value is reached. A very time-consuming process.

This specific problem solves the new DOG procedure based on utilization of dynamic behaviour
of oil-cellulose system and the introduction of new variable, the virtual Qp-value (Qpv):

= continuous calculation of Qpv-value is based on direct reading of Qw- and Ttb-value and
the algoritmus for evaluation of Qpv-value is based on Nielsen Chart

= if Qpv-value decreases under a target Qpsoll -level ( demanded averaged water content
in hard insulants See Parameter Table) the dehydration process is temporarily terminated
and ADT goes to measuring regime where a dynamic change of Qpv-value during
water resaturation of oil inventory is evaluated.

= if the dynamic increment of Qpv-value within given time-period (Tsat) is higher than
predefined dQp- level (See dQp-value and Tread-value in Parameter Table), the real Qp
value has to be still higher than target Qpsoll-value and ADT goes back to
dehydration regime again.

= if the dynamic increment of Qpv-value within given time-period (Tread) remains under
dQp-value, the Qpv-value is already in the sufficient proximity of dehydration target
(Qpsoll-level) and the dehydration of this specific transformer can be terminated

The advantage of this dynamic approach is obvious : the DOG procedure enables the basic
evaluation ( is target Qp-level met or not) in days and the whole dehydration campaing is
adequately shortened.

The very easy setting of dehydration target ( and all main parameters of ADT mini as well)
enables :

o0 in situ the Parameter Table: the values Qpsoll and dQpv can be changed via AMIT
keyboard

o from remote the Parameter Table of OPTIM D2L software where all main parameters can
easily be changed ( by overwriting of existing value)
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ADT MINI

S 2 ALTMANN

www.ars-altmann.com

ON-POWER DEHYDRATION OF TRANSFORMERS
FOR VERY HEAVY WORKING CONDITIONS
ON POWER RECOVERY OF DIELECTRIC STRENGTH
LIFE EXTENSION OF TRANFORMER
REMOTE PROCESS CONTROL AND MONITORING
EASY CHECK OF FUNCTION VIA YOUR HANDY

ON-LINE DIELECTRIC SCREENING

EASY VERIFICATION BY LAB RESULTS

PLUG & PLAY INSTALLATION
MINIMUM SUPERVISION AND/OR MAINTENANCE
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Power supply voltage

1 phase 230 VAC (or on demand)

Power supply frequency

50 (60) Hz

Power consumption:

200 W

Oil throughput

7.5 m® per day maximum

Outlet water content

5 ppm nominal , 1 ppm minimum

Outlet filtering grade

1 um

Absorption capacity

2.6 kg of water nominal, 3 kg maximum

Installation options

mobile unit / permanently installed

Dry weight ( without oil)

128 kg

Operating weight (oil filled)

162 kg

Dimensions

700x600x1240 (mm)

Hydraulical connection

2 x flexible 1/2“ hose

Communication:

Faxmodem,GSM modem, LAN link, SMS

upper quick-
coupling

fixing bar

fixing
screw

absorption
column

outlet pressure
sensor with
shock absorber

inlet pressure
sensor

oil leakage
sump

suck /
discharge hose

indication lights PCD AMIT outlet moist.
red / green sensor
. B inlet moisture
' _i sensor
| manual
= deaeration

ﬁ

- il deaeration
= | | servo valve

sight glass
! float sensor

inlet filter

oulet filter

ﬁ

) - main
switch

:

inlet (oil)
temp. sensor

1

S . - hydraulic

power

comm.
onnectors

ﬁ

safety valve leakage control valve gear pump
sensor

Internal layout of main components in ADTmini (open door)
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PARAMETRIC REMOTE CONTROL

Regardless of how efficient any method of oil dehydration might be - the first law for the
dehydration of transformers is :

water removal from the cellulose materials of a transformer has to be safe and effective

Any on-line transformer dehydration is ultimately governed by the slow diffusion of moisture
from the cellulose into the oil and this process can be accelerated only by a significant increase
of its temperature. But, be carefull:

high transformer temperature — high water content in oil — high separation rate
which simultaneously means

— low dielectric strength of oil — low immediate reliability of transformer

In order to avoid the lowering of the immediate reliability

ADT 2012 of the transformer, it is necessary to tune at least two
antagonistic criteria in the whole process of dehydration
PCD1 e max. separating efficiency of dehydrator (max.

on - line Process Control terminal water removal rate)
APT

e dielectric strength of oil - has to be maintained or
improved

To achieve these targets the ADT can be
programmed directly (manually) via the terminal of
PCD or alternatively by the PC or lap-top.

This way offers remote monitoring and
- optimalization of dehydration by strictly controlling
— warming-up of the transformer.
Faptop computer The figure on the left shows the structure of

dehydrator control systems and both connections
between PCD1 and lap-top or remote PC.

m? The software for communication between the PCD1

Printer and both computers - remote user PC and lap-top is
— provided by ARS.

Database

telephone, GSM
modem or LAN link

PC - IBM Compatible

The easy check of ADT-function can be performed by
your handy anywhere and anytime: via SMS.

. The advanced evaluation of the effectivity of transformer dehydration

For a better understanding of the long-term trends of dehydration effectivity of the ADT and a
change of the dielectric behaviour of the transformer within the treatment two new procedures are
used:

o0 the DL (Dehydration Log)
o0 the DSL ( Dielectric Strength Log)
Both procedures can be started by clicking on the DL or the DSL buttons in the Main window.

and by clicking on the OK button , the final, printable output of the DL procedure is shown
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[ADT 2012 Dehydrator - Main Data Log
OPTIM D2L (Dehydration Dielectric Log)
Procedure: DL (Dehydration Log)
© Ing. Altmann, 2013

Transformer Location: [ o x
Transformer Serial Number: |
ADT 2012 Serial Number: XXX

Time-period of evaluation :  01.01.2014-09.10.2014

Norm requested value Qw.max - red horizontal line
Qw,max = 30 ppm... maximum allowed water content in oil

2500 wo_
Ihwc{ml) Tth{C)
Qwl{ppm}
2250 0 Gw2{ppm})
2000 // 80
1750 ]
1500 "_,__,/' &0
1250 &0

= It
SRBRW TV

N e e 1]
112014 2902014 2622004 2632014 2342014 2152014 1862014 16720014 1362014 1082014 9102014
t{days)

Mwc amount of removed water (ml)

Qwl input value of water content in oil (ppm}
Qw2 output value of water contentin oil (ppm)
Tib transfomer temp. bottom (C)

ATTENTION.

Water content in oil Qw exceeded
allowed Qw, max-limit:
I Day I Qw{ppm) I

Remarks & Recommendations
Date of evaluation: 10.10.2014
Replacement of temperature sensorat 11.1 2014

A new kind of assesment can be used now for the on-line diagnostic of dielectric behaviour of the
transformer

DSL — Dielectric Strength Log

This absolutely new approach enables the DSL online to calculate the theoretical (maximum
attainable) value of the dielectric strength of oil (the Ud,t —value) on the basis of the direct
measuring of the water content in the oil (the Qw1-value).

And the following steps are similar as before :
0 requested time-range of data (Data File , Start, End)
o Transformer Location, Transformer S/N and VS-06 S/N
o Minimum allowable dielectric strength of the oil ( Ud,min)
these can be directly and easily entered from the keyboard.

The DSL procedure enables a substantially more detailed insight into dielectric behaviour of a
given transformer especially the ,contardictory“ change of the dielectric strength versus the
temperature of the transformer.

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
Tel:+420-379 738 778, Fax:+420-379 738 775, Cell phone:+420-602 362 157 email:altmann@iol.cz, www.ars-
altmann.com;



ORIGINAL BROCHURE 28

Procedure: DSL (Dielectric Strength Log)

[ADT 2012 Dehydrator - Main Data Log
% OPTIM D2L (Dehydration Dielectric Log)
© Ing. Altmann, 2013

:
| Transformer Location: | XXXX
Transformer Serial Number:
| ADT 2012 Serial Number: | ox

Time-period of evaluation :  01.01.2014 - 09.10.2014

Norm requested value Ud,min - blue horizontal line
Ud.min = 30 kW2.5mm__. minimal allowed dielectric strength in oil
T=20 C ... Temperature of Simulation

Ud t{kV/2.5mm) Udlab{kV/2.5mm)
THC) 109

a0

) Tl ST AN LA
WELTAEA i

112014 2912014 26220014 26320014 2342014 2152014 1862014 1672014 1382014 1092014 9102014
t{days)
Udt . Theoretical Dielectric Strength of oil (kv/2.5mm)
Ttb Transformer temperature bottom (C)
Ud lab . lab reading(s) of dielectric strength of oil (kV/2 5mm)
ATTENTION. Number of lab verifications: 0

Dielectric Strength of oil Ud,t decreased
under allowed Ud,mindimit:
[ Day [ Ud, t{kVIZ.5mm) |
I

Remarks & Recommendations
Date of evaluation: 10.10.2014
Replacement of temperature sensor at 11.1 2014

To obtain relevant diagnostic results, the accuracy of the Ud,t-simulation for the given time-period
must always be correspondingly verified:

0 by the quantitative comparison of the Ud,t-value and the Ud,lab-value at the same time.

This means that the simulated Ud,t-value has to be compared with the Ud,lab- value at the same
sampling time (the time when the oil for the lab Ud-reading has been sampled at the transformer).

The final result of the DSL-procedure is the quantitative verification by means of the Verification
Table and the Verification Diagram.
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TRAFOSEAL

TRAFOSEAL uses the transformer oil alone as a very effective sealing element. The cold —
gas & water contaminated oil in the conservator is separated from the hot (protected) oil in the main
tank by a thermal stratification layer, which is created naturally in the TRAFOSEAL by the
temperature differential between hot and cold oil.

This thermal stratification layer acts as a very thin horizontal, virtually undestructible natural
»,membrane” which seperates the hot oil in the upper half of the TRAFOSEAL tank, and the cold
oil in bottom part (See Fig. 1). This natural ,membrane” is extremely effective at stopping the
mixing of (contaminated) oil from the conservator, with the hot (protected) oil from the main tank.

conservator

e

Cut-off valve Sludge valve

(cock)

Filter Press valve

_ Auxilliary
el R L__—— Buchholz relay
= |

00

»cold“ piping

Main tank of
transformer

»hot* piping

//J stratification
L laver

TRAFOSEAL
tank

L

.

D=

Fig.1 Schematic design of the TRAFOSEAL Il sealing of the transformer.

Under normal operational conditions, the temperature of the oil in the transformer main tank varies
causing the oil to expand and contract accordingly. As the temperature rises, oil moves gradually
from the main tank into upper part of the TRAFOSEAL tank, the thermal stratification layer
moves downward and the cold oil from the bottom part of the TRAFOSEAL tank is displaced into
the conservator. Then, as the transformer temperature decreases, the cold oil from the
conservator flows into bottom part of the TRAFOSEAL tank causing the upward movement of
strafication layer.

The advantages of the new kind of oil / oil hermetization of a transformer are quite obvious
especially if compared with present transformer hermetization methods:

¢ no mechanically moving parts and no ,consumables® items (as supply of N2)
¢ no potential leaking / replacement of a ,hermetization“ element ( as with Bag-In-Tank)

e no strong pressure changes due temperature variations (as with ,flexible walls®
hermetization) and subsequently Buchholz Relay alarms induced by the release of gases
from oversaturated oil

e monitoring of proper function is not necessary
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Applications

The TRAFOSEAL conservator — main tank sealing/hermetization System is applicable to any type
and size of oil immersed transformers.

Heavy loaded generation, furnace and transmission transformers that are currently free breathing
are the good candidates for this simple, elegant and cost effective sealing method, with
considerable life extension.

The elimination of oxygen and water vapour entering the main tank from the conservator using
TRAFOSEAL, immediately decreases the oxidation related ageing intensity of the cellulose (and
oil) and significantly prolongs the life of the transformer.

The conversion of a free breathing transformer to a sealed one with TRAFOSEAL is very easy. No
substantial modification of the main tank or the conservator is necessary. because two required
connecting points are usually standard equipment of the main tank and conservator (Filter-Press
Valve + sludge valve).

Fig. 2 shows the pipe work, the installation usually takes less than one to two days with two
engineers, depending on the size of the transformer.

conservator

sludge valve

Auxilliary
Buchholz
relay

The vertical tank of
| TRAFOSEAL Il

Fig. 2 The retrofit of 177MVA furnace transformer by the TRAFOSEAL |l technology.

For the dynamic animation of the function of the TRAFOSEAL Il See: www.ars-altmann.com
| Product Range / Trafoseal / Technical Specification — Dynamic Animation
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Deaerating
cock

Horizontal tank of
TRAFOSEAL I

new desludging }
cock l '

»hot* piping N

,cold“ piping connecting the bottom
part of TRAFOSEAL with

bottom part of conservator

Auxiliary
Buchholz Relay
— flow indicator

e

filter-press valve )

Fig.3 The horizontal version of the TRAFOSEAL Il - the retrofit of the 63MVA furnace transformer
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The verification of the TRAFOSEAL function

Verification of the function by the TRAFOSEAL was performed on a 17 MVA furnace transformer
with a constant load.

Automatic on-line chromatography (DGA) equipment TGM (Gatron) analyzed the transformer oil
in the main tank oil twice per day.

TRAFOSEAL II
70000 ON 7000
60000 1 6000
C02,CO,H2
50000 1 5000 (ppm)
T
S 40000 - 1 4000
s
N
:. 30000 - 3000
© V —— 02(ppm)
20000 - 1 2000 | ——H2(ppm)
N2(ppm)
10000 - 1 1000 CO2(ppm)
—— CO(ppm)
0 T T T O
8.1.2005 27.2.2005 18.4.2005 7.6.2005
t(days)

Fig.4. Dynamic of dissolved gases in oil after switching the TRAFOSEAL ON.

The picture shows that after switching the TRAFOSEAL ON, the inlflow of air gases (O2,N2) into
the main tank and simultaneously, the outflow of ageing products (CO, CO2, H2) from the main
tank, is effectively stopped and consequently:

a the N2-level which previously slightly increased, is now approx. constant. The N2 is an inert
gas and therefore an ideal marker of the intensity of the transportation process between the
main tank and the conservator. The conclusion is clear, the free oil throughflow between the
main tank and conservator is now very low or non-existent.

o  O2 is steadily consumed by oxydation processess in the transformer then due present very
low entry of the O2 from the conservator, the O2-level in the oil of the main tank continuously
decreases until non-measurable level is reached (02—0).

m] CO2- and CO-levels continue to increase untill the oxygen is completely depleted, then due
no or very low production both levels remain relatively constant.

The interpretation of the data is clear and simple:

TRAFOSEAL stopped oxidation ageing of the transformer

Moreover, the TRAFOSEAL is constructed of permanent materials and requires no maintenance,
no supervisions, has no moving parts and will outlive the transformer.

The intelectual property corresponding a TRAFOSEAL sealing method of power transformers is
already covered by patents e.g. US 7,122,075, CZ 292 922 or CZ 289 115.
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SEPARATOR S-03
continuous on-load dehydration & filtration of tap-changers

The continuous filtration of tap-
changers of power (main)
transformers is generally focussed
on the reduction of the internal
contamination  of its oil inventory
caused by :

a particles
Q moisture

When an on-load tap-changer works
under load the dirt is always internally
generated causing an increase in
mechanical wear and a reduction of the
dielectric strength of the oil as a

consequence.
The another very unpleasant decrease
P of the dielectric strength of a switching
' oil is simultaneously caused by the
moisture, because two potential
sources of the water in the tap-changer

always exist :

» internal - as a by-product of the
arc-induced decomposition of the
oil.

» external — due leaking of the air
filter or conservator

The S-03 fitration unit was developed to
handle a very new problem of recent
versions of tap-changers built from non-
hydroscopic (hydrofobic) insulants.

Hydrofobic insulants, on the contrary to
the  previously used hydroscopic
materials (as e.g. boards) of ,old* tap-
changers, do not have any ,buffer
capacity” to the water - they are not able
to bind the water from the oil.

Therefore any little amount of the water which enters into the oil inventory of a modern ,hydrofobic®
tap-changer immediately increases the relative humidity and decreases the dielectric strength of the
oil.

Users of ,hydrofobic* tap-changers are therefore exposed to a new and very uncomfortable
operational reality.

While old ,hydroscopic* tap-changers were able to withstands the slight water contamination for
relatively long time without the critical loss of the dielectric strength, the dielectric behaviour of
modern tap-changers is very sensitive to any water input and the user is therefore forced to
continuously remove the water and/or a dirt from his tap-changer to prevent the decrease of the
dielectric strength of the oil.

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
Tel:+420-379 738 778, Fax:+420-379 738 775, Cell phone:+420-602 362 157 email:altmann@iol.cz, www.ars-
altmann.com;



ORIGINAL BROCHURE 34

The S-03 filtration unit, working continuously, satisfies both requirements by means of the
external collection of the undesired substances.

The large-volume of the pre-dried cellulose insert simultaneously binds the water and dirt
particles for relatively long time without negative impacts on the reliability of a tap-changer.

Basic advantages of the S-03 filter unit: :

e the long-term preservation of the required dielectric strength of the oil

the reduction of the wear of mechanical parts

the reduction of costs due to prolonging of maintenance time-intervals

the strong reduction of the number of oil replacements = cost reduction

easy change of the filter insert under normal operational conditions.

Technical specification

Motor: Type :3-phase, squirrel-cage (or on demand)

Power: 0.18 kW

Voltage: 3x400V, 50Hz (60Hz) (or on demand)

Speed: 1350 1/min.

Protection class : IP65 (fully hermetized)

Oil pump: Gear pump (Monobloc version)

Hydraulic power : 250 I/hour

Safety valve Adjustable: 3b

Filter insert Type : B-005-OK-250BP (dia 150)
Material: Cellulose (pre-dried at 0.2 % mass weight)

Filtering grade: 3 ym

Typical pressure drop at 20C:

New insert : < 2 bar (3 bar)

Max. storage time : 12 months, with undamaged package

Pressure / flow reading Gauge (-100, 300 kPa)
Noise <65 dB(A)

Connection Hose 3/8“, hard tubing 3/8“
Surface protection stainless steel
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Installation

The schematical lay-out of the installation of the S-03 filter unit on a tap-changer is shown at Fig.1

(D ()

Tap-
Qil output changer

r—— == ———= 7
|
= |
|
E d S-03
|
|
Ol @] |
| | |
| | |
| | |
i I |
E [© ‘
- |
_ |
%@5 |
T |
| |
|
| |
\ L
|
} 1
Lo Output cock
Oil input Input cock — oil is always drained
from the bottom of the tap-changer

Fig. 1. The schematical lay-out of the installation

The S-083 filter unit is usually fixed directly onto the main tank of a transformer.

The hydraulical interconnection between the tap-changer and the S-03 unit is performed by 3/8
hoses or 3/8“ seamless tubes.For the detailed description of the installation , power supply and
the replacement of the filtration insert See: www.ars-altmann.com /News/Manuals.
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Fig. 2 Internal structure of the S-03 unit

The contaminated oil from the bottom of the tap-changer is fed into the S-03 unit by the inlet
screw coupling and forced by the monobloc gear pump into the vessel where the special large-
volume cellulose filter insert is situated.

The water and particles are removed from the oil due the radial flow of the through the filter insert,
and captured in/on cellulose fibres. The clean oil leaves the S-03 via outlet screw connection and
flows back into the upper part of the tap-changer.

The replacement of the saturated filter insert is very simple and can be performed under normal
operational condition of a transformer.

For a detailed description of the filter insert See S-03 Manual.

An example of the standard application — the tripple S-03 system - the three S-03 filter units on
the common frame for the simultaneous filtration of three tap-changers of the 60 MVA main
transformer.
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The hydraulical circuits are performed by pressure hoses with a minimal intervention into the
existing oil system of tap-changers. Every tap-changer has here its own S-03 filtration unit.

Fa. Ing. Altmann, ARS - Altmann Group, Machova 142, 344 01 Domazlice, Czech Republic, European Union
Tel:+420-379 738 778, Fax:+420-379 738 775, Cell phone:+420-602 362 157 email:altmann@iol.cz, www.ars-
altmann.com;




ORIGINAL BROCHURE 38

Contacts

ARS - ALTMANN RECOVERY SYSTEMS

Machova 142, 344 01 Domazlice
Czech Republic

tel.: +420 379 788 391, + 420 379 738 778
fax.. +420379738775

handy: + 420 602 362 157

altmann@iol.cz, , www.ars-altmann.com

Producer:

e-mail:

Fa. Andreas Henghuber
ARS - Altmann Systems
Eggenfeldener Str. 59 D — 84326
Falkenberg

Germany

Tel. +49(0) 8727 7180

Fax.. +49(0) 8727 96 9827

mob: +49(0) 171 547 5391
e-mail: Ahenghuber@t-online.de

Wuhan HengCheng

EletriQpower Tech. Co.Ltd.

802 Room 5 Building

Wuhan, Hubei 430074

P.R.of China

Contact person: Mr.Yan Jie
Tel.:*+86-27-87496061
Fax.:+86-27-59715145
Handy:+86-13909241723

Web site:www.hchco.cn
E-mail: hcqive wh_yj01@163.com.cn

OUR PARTNERS
STEVO Electric BVBA

Hamsesteenweg 22/6

3971 Leopoldsburg Heppen

Contact person: Stefaan Volkaert

Tel.: +32 11 341001

Fax.: +32 11 347977

Mob.: +32475823954
Stefaan.volkaert@stevoelectric.b
e www.stevoelectric.be

METRACO Energy Ltd

38 Addington Street

Ramsgate CT11 9JQ England
Milheimer Str. 1

56220 Bassenheim Germany
Contact person : Mr.Schmitz

Tel: + 49172 1966 077 Germany
Tel: + 336 07 53 47 36 France
skype: metracoenergy

email: bs@metraco-energy.com
Web: www.metraco-energy.com

Boston Home Inc.

Industrial Supply

168 Apo St., Sta. Mesa Heights
Quezon City, Philippines

Tel +632 4123726

Fax +632 4150130

Contact person: Mr. Bernard
Tiongson

MTC Power Technology
Ltd.

Kallipoleos and Ifigenias I,
Office 501, Amaral 30

Nicosia 1055, CYPRUS, EU
Email: sales@mtQpowertec.eu
Fax: +357 (22) 752009

Integrated Golden Solutions
Company (IGS)

PO Box 11546, Industrial Jubail
city 31961, KSA

CTR Manufacturing

Industries Limited
403B, Turf Estate, Shakti Mills

VH Ingenieria
Ing. Luiggi 719- Bahia Blanca
Bahia Blanca — Buenos Aires

QPA (B8000JUO) Lane, Mahalaxmi (West) ]

Contact person: INDIA 362 2020,

Mr. Victor Vercellino Contact person: Contact person. Mr. Gert Coetzee
tel.: 54-291-4525662 Mr. D.S.Jain Mob: +966 55 614 0055

handy: 54-291-154622310
E-mail:
victor.vercellino@gmail.com

URIM TS Industry Co., Ltd

61-28, OngJung-ri,Tonglin-

Eup,Kimpo City, KyeongGi-DO

Korea 415-869

Contact person:

Mr. Kim

tel.: 82-31-988-6660

handy: 017-366 4007

E-mail:
YURIMRMC@DREAMWIZ.COM

e-mail: powerquality@ctr.in
TEL : 91.22.24920454

Technology Transfer
Group Corporation (TT-

Group) Add: No.15 Lane 71, Do
Quang street, Tran Duy Hung
Avenue,

Trung Hoa, Cau Giay District,
Hanoi, Vietnam

Contact person: Mr. Trinh Ngoc Anh
handy: : +84 904 166 095
E-mail: anhtn@tt-group.com.vn
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