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1 Safety Precautions

The following safety precautions must be observed during all phases of operation, service and
repair of this instrument. By purchasing this equipment, the purchaser assumes all liability for
the operation and use of this equipment. The intended use of the instrument, its design and
manufacture, is to be conducted within the precautions or other specific warnings located within
this manual. Failure to comply with these precautions and other specific warnings violates the
safety standards of design, manufacture, and intended use. Raytech assumes no liability for the
operation and use of this equipment.

1.1 Operators Qualifications

Only qualified, knowledgeable persons should be permitted to or attempt to operate this test
equipment. All testing personnel should fully familiarize themselves with the correct application
and operation of this and all test equipment before operation.

The measurements should never perform by only one operator without the presence of other
personnel or supervisors. Someone else other than the main operator must be aware and easily
accessible to help in case of an emergency.

1.2 High Voltage Apparatus Accessibility During the Tests

Persons directly and indirectly engaged in the operation of this test equipment should keep
clear of all high voltage apparatus while conducting tests and measurements. A barrier band
must always use so the test object under the test is not accessible to any person during the test.

WARNING!

Never connect the instrument to an energized transformer!

1.3 Ground the Instrument

The power cord supplied with the equipment must be connected to an electrical receptacle with
an electrically grounded terminal (earthed ground). To minimize shock hazards, the ground
terminal on the instrument must be properly connected to the earth point. In many cases, the
quality of the safety ground terminal provided by the power cord does not fulfil the safety
requirements.

WARNING!

Non-grounded instruments are dangerous and may cause damage to
personnel and to the instrument.

D [ of & I : a @) : Marv
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1.4 Before Applying Power

Read this manual carefully before operating the system. The instrument is line operated. The
system is designed to be used with either 110VAC or 230VAC 50/60 Hz. The system performs
a self-check each time it is powered on.

1.5 Keep Away from Live Circuits

Operating personnel must not remove instrument covers. Component replacement and internal
repairs must be made by qualified service personnel. Do not replace components or service this
instrument with the power cable connected. To avoid injuries, always discharge circuits,
disconnect power and remove external voltage sources before touching components.

1.6 Do Not Operate in An Explosive Atmosphere

Do not operate the instrument in the presence of flammable gases or fumes.

1.7 Do Not Substitute Parts or Modify Instrument

Because of the danger of introducing additional hazards, do not install substitute parts or
perform any unauthorized madification to the instrument. Return the instrument to a Raytech
service department for service to ensure proper operation and that safety features are
maintained.

Instruments, which appear damaged or defective, should be made inoperative and secured
against unintended operation until they can be repaired by qualified service personnel.

1.8 Do Not Operate in A Condensing Humidity or Under Rain

Operating the instrument in condensing humidity or under the rain can introduce an electric
shock hazard for the user and also can damage the instrument. This instrument is not supposed
to be installed permanently outdoor.

1.9 Always Keep Distance from the Test Object During the Tests

During performing the tests, there may be a hazardous voltage at the terminals of the test
object. Always keep a distance of a minimum of 1.5m from the test object. The unsafe area
must be specified and restricted with barrier tapes or ropes like Figure 1. Enter the area only
when not testing and when the instrument shows that there is no output voltage which is
specified when the green light indicator on the front panel is on.

nnﬁl:m:nnm.
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Safety distance:
min. 1.5m (5ft)

S&%’Q&Q"b‘ Barrier height:

0.8-1.2m (2.6-4ft)

Figure 1: The unsafe area must be specified and restricted with barrier tapes or ropes

WARNING!

Always keep distance from the test object during the tests and the

unsafe area must be specified and restricted with barrier tapes or
ropes

L L
90297-0.23 Instruction Manual mini-ATOS P rel I m I n a ry

Page 8 of 108



E— W |

~mihe—
2 Unpacking

-
Boptecy

Cable Bags Measuring Cables H (HO-H3)

Measuring Cables X (X0-X3) Power Cord

an AR
ee b

Spare Paper rolls & Fuses USB Memory Stick Instruction Manual (Pre.)

90297-0.23 Instruction Manual mini-ATOS p re I iIminary Page 9 of 108



E— Y |

Raytech

SV TZERLAND

3 Introduction

The Raytech precision minii Automatic Transformer Observation System (mini-ATOS) is a
professional multifunctional power transformer and substation diagnosing test instrument
developed by Raytech engineers. It is designed for a high degree of accuracy and ease of use.

This compact and intelligent instrument can perform many routines and advanced tests such as
Winding Resistance (WR), Dynamic Resistance Measurement (DRM), Turns Ratio (TR),
Frequency Response of Stray Losses (FRSL), Magnetic Balance, and other diagnostic
parameters. With the built-in fully automatic multiplexer, only a one-time connection is required for
nearly all functions which saves a considerable amount of time. The portable, rugged case is
perfect for use anywhere onsite or in a laboratory. It is specially designed for fast and easy
measurements with the well-known high precision and quality of all Raytech instruments.

INFO:

The mini-ATOS field case is a waterproof design (IP67). A pressure
regulator activates when the case is opened to compensate for
atmospheric pressure changes.

, N Praliminarv
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4 Calculation and Measurement Methods

4.1 Turns Ratio Measurement
4.1.1 Principle

The transformer turns ratio test is used for measuring the ratio of turns of wires of the two sets of
windings e.g., the primary side and the secondary side of a transformer. The turns ratio test does
not tell exactly how many turns of wire are in each coil, but rather, it measures and displays the
ratio of the number of turns of two coils.

This is a useful test to check for shorted turns and also to find probable incorrect settings of tap
changers during manufacturing or repairing.

The mini-ATOS performs the turns ratio by applying voltage on the high voltage side of each phase
and measuring the applied voltage and transformed voltage. Figure 2 represents the very simple
schematic of the measuring circuit.

—/ m

PRI X1

SEC

@ s

Figure 2: Very simple schematic of mini-ATOS turns ratio measuring circuit

The excitation current is also measured during the turns ratio test. The value of the excitation
current has a direct relation to the test voltages. A higher test voltage leads to a higher excitation
current. Additionally, the phase angle between the applied voltage and the transformed voltage is
also measured and is included in the results.

4.1.2 Voltage Ratio and Turns Ratio

It is important to understand the differences between transformer voltage ratio and transformer
turns ratio. The voltage ratio is the ratio of rated voltages of two windings but the turns ratio is
exactly the ratio of the number of turns of two sets of windings. For a single-phase Transformer,
the Turns Ratio is the same as the Voltage Ratio, however for a three-phase transformer they may
be different.

As an example, consider a single-phase transformer schematic with a primary side and a
secondary side. The primary side nominal voltage which is written on the nameplate is 6900V and
from the manufacturing data, we know it consists of 15000 turns. And secondary side nominal

D | o & l : | a @ | : (2% 1 o V4
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voltage written on the nameplate is 230V which consists of 500 turns from manufacturing data. The
following equations are valid:
YOO QNG OWI0d O @ T
WE A OWENVE——————— — 57—, OTI
Yo Qo o®BmMhE ¢ Qoo
01 QEaOLOORKYOT ¢ipunnm

Yol ¥NDO bt . =
YQwué et OB QOO ¢ivTT

WE O OWANTY¥O 1 ¥0o W™
With three-phase transformers of different configurations, turns ratio and voltage ratio can be
different.
H1 X1 H2 X2 H3 X3 X0

® [

Figure 3: Three-phase transformer schematic with Dyn11 vector group

For example, Figure 3 shows a three-phase transformer schematic with a delta connection on the
primary and star connection on the secondary side. 120000V and 20000V are written as primary
and secondary rated voltages respectively on the nameplate. The rated values are always line-line
voltages and the voltage ratio can simply calculate as follow:

YOO QR 0WiY0d i pug T T T

Yoo Qna owsmbe ¢ Qoqmomnr%p

Turns ratio is different from the voltage ratio because the low voltage side connection is star and
line-line rated voltage is different from the phase voltage. So, a factor of Vo is required as follow to
calculated the nominal turns ratio:

YOI ¥00 Qbé a OWMINQHc ¢ WMo pBwWCO

When we know the number of turns from the manufacturing data, the turns ratio can be calculated
directly. Consider that for the current example the number of turns is 93531and 9000 for each
primary and secondary winding respectively. The following equations are valid:
ol YD ,,pf) i "Bad 66 TY61 ¢ iwovop &
I W0 Q7 e . w¢go
NQOGei: o6 0RB 61 ¢ T ¢
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4.1.3 Relative Error

Turns ratio error can be calculated by comparison of the measured value and the reference rated
value using the following formula:

SYY g YY s

Oi db
oi g Ny

pmmb

The calculated error can be compared with a limit value. Generally, there are limit values for the
turns ratio relative error. A typical limit value according to IEEE C57.12.00-2010 is 0.5%. This limit
value can be used to judge if the test is passed or failed.

D | of = l : a2 @) : mMmavrv/
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4.2 DC Resistance Test
4.2.1 Principle

The winding DC resistance test is one of the most important tests. Many power transformer faults
such as shorted turns, tap changer problems and loose connections can be detected.

Figure 4 represents the summarized winding resistance measurement circuit of the mini-ATOS. It
utilizes the 4-wire measuring technique for each measurement. 2 wires to inject current and 2 wires
to measure voltage. The test measuring cables and clamps are Kelvin type which means that the
user does not have to hook up separately additional cables to the transformer for measuring.

©

PRI

X1

SEC

© 1A

Figure 4: Summarized schematic of mini-ATOS winding resistance measuring circuit

The mini-ATOS has two power supplies with the same output power which can be used to
measure both high and low voltage side winding simultaneously.

The maximum output voltage and current of each power supply are different to provide optimal
output for each side. One power supply has more output voltage which is suitable for the high
voltage side with a bigger resistance and the other one has more output current which is suitable
for the low voltage side with a smaller resistance.

During the measurement, because of the high inductivity, the core and winding must be charged
and only after charging, stable and accurate measuring is possible. The following equation
represents the relation between the current injected into the winding, "00 , and the voltage drop
value, Y 0, across the winding. Y is the winding resistance value that is aimed to be measured
and 0 is the equivalent value of the inductivity.

00
Qo
The voltage drop value consists of two parts; the first part is the voltage drop because of the

resistance, and the second part is the voltage drop because of the inductivity. After charging, the
second part tends to zero and then the Resistance value can be calculated:

29, Yo Y Gt Y o
Qo * 0

Yo Y T 0

D | o & l : | a @ | : (2% 1 o V4
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The mini-ATOS winding resistance circuit is also equipped with heavy-duty discharge circuits that
are very unique in design to dissipate the stored energy in the transformer windings.

4.2.2 Temperature Correction

The DC resistance measured values can be corrected to the desired reference values by
employing the following equation based on IEEE C57.12.90:

VY

Y Y
~ Y

Where:
YL 6¢11 Qoa@iQoi o0 HE ®Q
Y LI 0Q®I o1l ' @QQI 0 dE 0Q
"YJ  0Qi Qi @QQiI AE@M GO o1 Q
YI O wod®RE N Ql OFM QEM QI QU 6O QaQE O
I 0€i 1 QoRVHQI ©ooi Q
Correction values for copper and aluminum are :

Table 1: Cu and Alu temperature correction values

Material g IF
Copper 234.5
Aluminum 225
Alloyed aluminum Can be up to 230

The other form of temperature correction formula is:
Y Yp | Y Y
Where:
| 6 &€ QQQUIIEELD Qi Qi & DRNE DO Q@I GO o1 Q
“Y and| have the following relationship:

v P . p
Y| Y|:-)cT6J ¢m

For example, by considering that the value of| for copper is 0.00393 at 20°C, Y is:

P ¢ TR ¢ Oo&

y _
TBI Mo @@ T0J =

D | of & l : | a @ : a1} oV 4
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For a 3-phase test object, the DC resistance values of each phase are supposed to be almost the
same. Hence, it is possible to measure a deviation value from the average value for each phase as

follows:

Y

Y Y Y
W o
B Y Y
b Y Y
h v, pmm
b Y Y
R — pPTT

The calculated deviations can be compared to a maximum deviation limit value to find out if the
result is passed or failed. There is a limit in IEEE C57.12.152-2013, which is 2%. However other

values are also possible with agreements.

Please note that if the temperature of phases is not the same during the resistance measurements,
the deviation values may be higher. In this case, it is better to calculate the deviation values of the

temperature-corrected resistances.

90297-0.23 Instruction Manual mini-ATOS
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4.3 Demagnetization

After transformer shutdown or a measurement with a direct current, there is always residual
magnetism or remanence in the transformer magnetic core. There are various reasons that this
remanence should be removed. One reason is that energizing a transformer with remanence can
cause a much higher inrush current and this may cause deformation of the winding. The other
reason is that the remanence will affect the results of some tests such as SFRA, magnetic balance
and excitation current, which may lead to a wrong diagnosis.

The mini-ATOS includes a very efficient, fast and modern demagnetization feature. During the
demagnetization, all important parameters are measured, calculated and monitored continuously
and each cycle of the demagnetizing is adjusted and performed according to the previous cycles.

A D [Vs] A

+(D53t

A
<}—— Satu ration —

H [At/m] oc I [A] |

<J— Saturation —J>

H [At/m] o I [A]
»

Figure 5: A) A real example of a demagnetization with mini-ATOS. B) Closer look at the same curve in A.

D | of = l : a2 @) : mMmavrv/
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Figure 5-A shows an actual example of a hysteresis curve during demagnetization which is
performed using the mini-ATOS. Figure 5-B is a closer look at the same curve. The depicted
parameters are described below:

- I wi: Magnetic flux with the unit of volt-seconds or weber. It will be measured as integral
of the inductive part voltage over time. The value of the Vs is related directly to the
magnetic flux density with the unit of tesla, by considering that the cross-section area of the
transformer magnetic core is a constant value:

wti . . -
Y I na wWéE Ei 0O¥Dwti

- O0 @& : Magnetic field strength with the unit of amperetturn/meter. The number of the
turns and length of the magnetic path is usually unknown but since they are constant
values, the magnetic field strength is in direct relation to the injected current to the winding

which can be measured directly:
00 0

Tho @¢ & i duede ¢ i 6 Gedad

- ' : Maximum positive or negative flux at saturation point

- | : The initial value of the residual magnetism flux or remanence flux before
demagnetization

- : The final value of the remanence flux after performing the demagnetization

- ! : Maximum positive or negative remanence flux remains in the magnetic core which
is normally happened after saturation.

4.3.1 Raytech SPP Demagnetization Method

To achieve a very small residual magnetism, the mini-ATOS use a special method to perform the
final cycles of the demagnetization, called SPP, Smart Pattern Predictor, which is based on pattern
recognition. This is very useful when special measurements like SFRA are desired to perform.

This method recognizes the properties and shape of the demagnetization of previous cycles to
achieve a very small remanence, the shape and properties of the final cycles are predicted and
then the final cycles will be performed in a way to achieve the best and the smallest possible
residual magnetism state.

4.3.2 Three-Phase Transformer Demagnetization

For a core-type three-phase transformer with three limbs, the demagnetization is usually performed
from the middle phase. Many times, it is enough to achieve a safe residual magnetism state to
connect the transformer to the power grid without the risk of high inrush current. However, it is not
always like this. Sometimes the demagnetization should be performed from all three phases. The
following items can be a reason to consider a three-phase demagnetization:

- When the core consists of 4 limbs or 5 limbs

- When the transformer is a shell-type

- When the aim is to achieve a very small residual magnetism to perform special tests like
SFRA

The mini-ATOS can use the advantage of the automatic multiplexer to perform demagnetization
from each phase automatically and without changing the connection setup.

nnﬁl:m:nnm.
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4.4 Magnetic Balance

Raytech mini-ATOS performs the magnetic balance test by applying AC voltage on each winding
of the three-phase transformer from the high voltage side and measuring induced voltage into
other windings on the same side. The applied voltage produces magnetic flux in the core which is
distributed to other parts of the core and induces a voltage into other windings. Any problem or
fault in the magnetic core may change the distribution of flux.

For a healthy core-type transformer with a demagnetized 3 limb core, the magnetic balance test
results should be in the form of Table 2:

Table 2: Typical magnetic balance pattern of a core-type transformer with 3 limbs

Phase 0 = o | ° E

= Wo pmmh Wo € 0P Wo (0] =)

I Wo € uTh o pmTmb Wo e uTh
F wo e ub wo € 0P Wo pmtmb

The sum of 0 and 0 should be almost p 1T Tdnd it is supposed to O be greater than 0 :
0 Oepnfi O O

The index TCI [%], Transformer Core Imbalance, introduced by Raytech for easy diagnosing of
magnetic balance test results. It is calculated using the following formula:

v 4 e T ow s w s % 3:00 Wo ) 3:00 Wo S 3,’00 Wo S p
01 wwa de @ m — , , , , ; —
Wo Wo Wo Wo Wo Wo (e)

Please note that when the core is not fully demagnetized, the TCI value may be high. For a correct
magnetic balance test, it is highly recommended to always demagnetize the core beforehand. On
the other hand, by performing the magnetic balance test, it is possible to find out if the transformer
core is demagnetized or not.

D | of & l : | a @ : a1} oV 4
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4.5 Short Circuit Impedance

4.5.1 Principle

The short circuit impedance/ leakage reactance test is helpful to detect the windings mechanical
deformations. It is performed by applying AC voltage on each phase on the primary side, while the
other side circuit is shorted. The performed voltage, injecting current and the phase difference will
be measured and from the measured values, the short circuit impedance, leakage reactance and

ac resistance will be calculated:

T

& % & U % o %
o6 Y e U
& Y o
o Y

Where:
"YRAYRY | DbI1GEMIOI OEIGRBEAOA
‘oo 4 AAO O OAIAG@®DE AOA
G R A 0Qoi 0lGE QI RN QO LMD Q
Y RY AY  YDO 6 Qi Qi § @EQD QDD Q

5

W o \ o ‘ DA 'Q 6 QOG0 6 rpxd TN B i Q
The equivalent there phases short circuit impedance, AC resistance and leakage reactance will be
calculated as follows:

) Y @ U

With the Nominal voltage and base power, it is also possible to calculate the values in percents:

. Y
w —
~
o
w b = ! prmp
W
Y
Y P - ! pmTmb
(@)
o
w b = ! pmmp
W
DMA':IM:“AI’"
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4.5.2 Short Circuit Jumpers

The mini-ATOS, short circuits the other side windings automatically, however, it is strongly
recommended to short manually by using the low resistance jumpers. The reason is that the mini-
ATOS test cable® resistance is too big in comparison to the resistance of the windings and hence
has an effect on the measurement. The special jumper cables for this aim can be ordered as
optional accessories from Raytech.

4.5.3 Temperature correction

The winding temperature has effect on the ac resistance value and so it can be corrected to a
reference temperature. The method is exactly like the DC resistance temperature correction. For
more information, please refer to chapter 4.2.2.

The winding temperature has no effect on the leakage reactance, however it has effect on the
short circuit impedance, because the ac resistance is the real part of the short circuit impedance.

4.5.4 Short circuit impedance deviation

For a 3-phase test object, the short circuit impedance values of each phase are supposed to be
almost the same. Hence, it is possible to measure a deviation value from the average value for
each phase as follows:

"
o
i b ——— pmunb
(,0 R ‘,,
h w
" w w
(,0 VD ‘,, p’[’[p
h w
i b ——— pnmb
u) A "
h w

The calculated deviations can be compared to a maximum deviation limit value to find out if the
result is passed or failed.

Please note that if the temperature of phases is not the same during the short circuit impedance
measurements, the deviation values may be higher. In this case, it is better to calculate the
deviation values of the temperature-corrected values.

Dlﬂﬁl:m:“ﬁlﬂ"
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5 Measurement Setup

5.1 Connecting Test Cables to Transformer Terminals
This chapter explains the measurement setup of power transformers and auto transformers.

Connect the mini-ATOS to the test object terminals with the labelled test leads by using the
connection guides according to Table 3 or Table 4.

When you want to perform a measurement in which tertiary winding is involved (e.g., Turns ratio
between primary and tertiary), you have to connect the mini-ATOS X Cables to the tertiary side.

Because of safety, it is not recommended to perform tests between secondary and tertiary. The
voltage may transform to a very dangerous level at the primary side during the measurements.

Check the nameplate information of the transformer. If the nameplate is missing it is still possible to
test the transformer by a trial-and-error method. The mini-ATOS test set is designed to detect
errors in transformer hook-ups. Contact Raytech Service & Support department if you need
assistance.

WARNING!

It is not recommended to test between secondary and tertiary sides!
The voltage may transform to a very dangerous level at the primary
side during the measurements.

Table 3: Test cables connection guide for a single-phase power transformer and auto transformer

mini-ATOS Transformer Naming Scheme
Voltage Level Test Cable |EEE IEC ABCN
Label

_ H1 H1 1.1t Ul Al
Primary

H2 H2 1.2 u2 A2

X1 X1 2.1 ul al

Secondary

X2 X2 2.2 u2 a2

] X1 Y1 3.1 3U1 3Al
Tertiary

X2 Y2 3.2 3U2 3A2

1 Dot can be a letter. For example: 1U1

) . Praliminarv
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Table 4: Test cables connection guide for a three-phase power transformer and auto transformer

mMini-ATOS Transformer Naming Scheme
Voltage Level Test Cable \EEE IEC ABCN
Label
H1 H1 1U U A
_ H2 H2 1v Y B
Primary
H3 H3 1w w C
HO HO IN N N
X1 X1 2U u a
X2 X2 2V % b
Secondary
X3 X3 2W w c
X0 X0 2N n n
X1 Y1 3U 3U 3A
) X2 Y2 3V 3V 3B
Tertiary
X3 Y3 3W 3wW 3C
X0 YO 3N 3N 3N
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6 Operation Elements

Cur}rqent Cltamlp 13 14 'Cl':%mper?ture
eceptacle annels

R Ext?rnlal 12 Receptacles

eceptacle = = = - -

T cp trol 11 - ° l ° ° ‘3

ap ~oniro 5 ; T 1a Main Input

Receptacle \@ @,@J(é:)@,:@)(@)@) a 1b Main FL?SG

o . A oalal LKL S - 1¢ Main Switch
; o \
Tl Flinter-il @ ® \1 2 Ethernet Interface
3 USB Interfaces

High Voltage Side 9

4 Safety Indicators

r—) =
)
ad

Receptacles o e
HO) KD
Low \é(gtc%%?a%"gg 8 i—'i e 5 Protective Earth
© © @ Terminal

[ ] i i e ®

‘ } 6 Emergency

o 7 Display and

\\ Touch Panel

6.1 Mains Input, Fuse and Mains Switch

a- Connect the power cable to the Mains Input. Use only a standard C13 type connector.
The cable must be rated at least 10A.
b- Two 5mm x 20mm T210A slow blow fuses protects the device. Use only the same type for
replacement.
c- Press the Mains Switch to turn the mini-ATOS ON/OFF.
6.2 Ethernet Interface

This port can be used for remote access. Please see chapter 11 for more information about the
remote connection.

6.3 USB Interfaces (1x Host, 2x Device)
1x USB Host, 2x USB Device

6.4 Safety Indicators
Green Light ON: The system is in safe mode. Ready for handling test leads and connections.

Red Light ON: Unsafe mode! D o n 6the currenti®floveing anal therecisaab | e s
hazardous voltage on the test leads!

WARNING!

The transformer is not discharged!
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6.5 Protective Earth Terminal

Use this terminal to connect a protective earth line.

6.6 Emergency Stop

Press to Stop. The measurement will cease and halt Voltage to the test leads immediately.
Turn clockwise to release. The device will remain in a safe state.

6.7 Display and Touch Panel

The mini-ATOS can be easily controlled by this touch screen panel. Since it is a capacitive
touch screen, use your finger to control it as you work with a smartphone.

If preferred, an external mouse and keyboard can be connected to the USB Port.

6.8 Low Voltage Side Receptacles

To connect the instrument to the low voltage side terminals of a test object.

6.9 High Voltage Side Receptacles

To connect the instrument to the high voltage side terminals of a test object.

6.10 Thermal Printer

Allows you to quickly get your results on paper by using the built-in thermal printer.

6.11 Tap Control

This port is used for an external connection to a tap changer dry contact. With this connection,
the tap position can be changed from the mini-ATOS.

6.12 External
This port is multi-functional and consists of the following functions:

- connecting an external warning device like a warning lamp.
- connecting a tap changing hand switch.
- connecting an external safety interlock like a safety door or a safety hand switch (Only 6pin
version).
6.13 Current Clamp Receptacle
This port can be used for connecting an optional current clamp. This current clamp is used for
additional measuring features such as DRM motor current.

6.14 Temperature Channels Receptacles

These 5 receptacles are for connecting the external temperature probes.

nu‘\l:m:“nm'
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7 User Interface

7.1 Home Screen

On the home screen, easy access to the main parts of the operation menu is provided. Figure 6
represents the mini-ATOS home screen.

minil
Tos NEW BLANK TEST OBJECT

A
o Power
ﬁ Transformer

NEW TEST OBJECT FROM TEMPLATE

CastResin Template Template from D-
@ 400kVATemplate ﬁ 315MVA, 400kV % yn-5-3p-trafo
D:yn11 YN:ynO D:yn5
RECENT

S/N: T308598®

°’$° %?o IDe C(()o EP

7 Tr 20220721-1607 /
% D:yn5 24.02.2023 >

12:21
24.02.23

Figure 6: The mini-ATOS home screen

o By tapping the Home icon from any page, you will jump to the Home Screen

9 Archive button, which is used to access all previously defined test objects. Please see chapter
7.2 for more details

9 Access all test object templates and manage them. Please see chapter 7.3 for more details
@ To remove safely the USB stick
6 Settings button to access the device settings. Please see chapter 7.4 for more details

G By tapping this button, you will log out and it is possible to activate the remote connection. For
more details about the remote connection, see chapter 11

@ Date and time
List of test object types to define a new blank one. Please see chapter 8 for more details
To define a new power transformer test object

List of favorite templates, to define a test object from a template. See chapter 7.3 to find out
how to define a template

A test object template item

€8 Most recent active profile

Dlﬂﬁl:m:“ﬂlﬂ"
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@ Connection and vector group

@ Test object name

@ Last measuring date

@ Jump to the last active measurement window

&) Test object serial number

90297-0.23 Instruction Manual mini-ATOS p re l iIminary Page 27 of 108
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7.2 Archive

In Archive, a list of already defined test objects is shown (Figure 7).

minil o ve e

mi o -
53 13 Most Recent Search...

A

2

YOUR TEST OBJECTS

o ? Tr 20220509-11 46o /@—?—@ I

= % D:yn5 @ 24.02.2023 @ >
S/N: 21649

S
Tr20220721-1607

O % D:yn5
S/N: T308598

==

Create Template
Tr 20230202-0900

B % D:yn5 Export

S/N: 614449

12:49
24.02.23

Tr 20230223-0902
288 0 _ N

Figure 7: The mini-ATOS test objects Archive

€) To activate the multiselect to export or delete test objects
€@ Filter the test object records
€) Sort the test object records based on various fields

@ Search tool to find a test object from the list. The search word can be the name, serial number
or winding connection type

9 To import a test object from the connected USB stick
@ To create a new test object

€) Test object record

) The test object winding configuration
) Test object name

() Last activity date

@ To open the option menu

(%) Open the test object

) Test object serial number

@ To delete the test object

@ To edit the test object

@ To clone the test object
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@ To create a template from the test object (See chapter 7.3 for more information)

@ To export the test object to a USB stick

By opening each test object, the history of the inspections and test plan measurements will be

displayed as in Figure 8.

:E T elnspections: Tr 20220509-1146 ?
INSPECTIONS0 o
Insp. 2022-05-09

-9

Pri:Sec

0.0 0

24.02.2023 @ v Turns Ratio

V2

250V
09.05.2022 >

13

09.05.2022 12:01

Tests Total: 9®

G | o

Winding Resistance
1TA/20A

09.05.2022 12:08

Tests Total: 15

o |

Demagnetization

g

Very Fast (8 steps)

Tests Total: 0

19 [ Results

E Magnetic Balance
10V

Tests Total: 1

Figure 8: List of measurements for each test object in Archive

o To open the main menu

9 To go back to the Archive

9 Open test object quick access

0 To delete the selected inspection

e To generate and export the PDF report

0 To jump to the test plan page and perform the measurements

0 To add a new inspection

0 The list of inspections sorted by date

0 The selected inspection title

@ The selected test plan measurement sides
@ The test plan measurement item

@ The measurement type

@ The Last measuring date and time

@ To open the result view in graph and table

Preliminarv
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@ The measurement setting

@ The total tests possible for the measurement
@ To open the option menu

@ To open the measurement view

@ To open the result view in graph and table
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7.3 Templates

When there are some test objects with the same specifications, it is good to make a template for all
of them. Later it is possible to use the template to define each test object easier and faster by
avoiding entering the same information each time.

Figure 9 shows the template list. To create a new template, just tap the add button X and input the
template data the same as to create a new test object (See chapter 8). You can then save it and
jump to the test plan page. Test plan is also a part of the template. It is possible to adjust the test
plan including the measurement settings.

irii Ve 1@ Most Recent 'e Search... o e

ATOS
1) YOUR TEMPLATES
(6 7 _ :
= / £ CastResin
@ D:ynll 400kVATemplate 28.06.2022 @ 5
Template
S
£ Template 220623-
& [ Ny 1504
Template 15 0 Clone
o
_o.
o - 6 Create Test Object
= test
B @ YN:ynO 23.06.2022 ¢ @ >
Template
12:35
24.02.23 -
488 s -'[emplate 220623- 7 .

Figure 9: Test object templates

€) To activate the multiselect to delete more templates together
@ Filter the test object records
€) Sort the template items based on various fields

@ Search tool to find a template from the list. The search word can be the name or the winding
connection type

© To create a new template

() Template item

o The template winding configuration

) Template name

) Date created

) When it is marked, it will be shown on the home screen

@ To open the option menu
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@ To open the template and edit the template test plan
& To delete the template

@ To edit the template

@ To clone or make a copy from the template

¥H To create a test object from the template

Preliminarv
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7.4 Settings
7.4.1 Date and Time

In this tab, Date and Time and related settings like Country and Time zone can be adjusted. Simply
you can tap each field and change its values.

X Settings

Date & Time >
Timezone (UTC +01:00) Europe/Zurich

Regional

15.02.2023

Naming Scheme

Networking 10:42

Remote Access

Date & Time Format DDMM.YYYY - ‘ ‘ 24 HRS

Maintenance

License

Figure 10: Date and time adjustment in Setting

7.4.2 Regional

The user interface language, default temperature unit format, numbers decimal separator and CSV
separator can be selected in the Regional tab (Figure 11).

CSV separator is helpful for software like excel to correctly show results as data columns from the
exported results in CSV format. Depending on the PC language, sometimes comma [,] is the
separator and sometimes semicolon [;] is the separator.

X Settings

Date & Time
Language English

Regional

; Temperature Unit Celsius [°C
Naming Scheme P elsius [°C]

Networking Decimal Separator Period []

Remote Access
CSV Separator Semicolon [;]

Maintenance

License

Figure 11: Regional adjustments in Setting
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7.4.3 Naming Scheme

In the Naming Scheme tab (Figure 12), it is possible to set the default naming scheme of a new
test object. Generally, there are different systems of terminal naming for each test object. There is
also a custom naming scheme which can be easily edited to use it later.

X Settings

LR TS Default Naming

Scheme

Regional

Naming Scheme > Primary

Networking

Remote Access Secondary

Maintenance

Tertiary

License

Figure 12: Default Naming Scheme adjustment

7.4.4 Networking

In this tab (Figure 13), you can adjust the networking settings which are required for remote
access. For more information about remote access please see chapter 11.

X Settings

Date & Time
Hostname mini-atos-411-100

Regional

Naming Scheme

Networking > IP Address

Remote Access Subnet Mask

Maintenance

Standard Gateway

License

Figure 13: Network configuration

90297-0.23 Instruction Manual mini-ATOS Preliminary Page 34 of 108



E— Y |

Raytech

L AND

Hostname

The system usually assigns the Hostname automatically according to the device serial number. It
is also possible to change this name. This name will be used asthe address( ht t p: / / otblost na
access the device remotely via Ethernet connection. Please see chapter 11 for more information.

DHCP

When DHCP (Dynamic Host Configuration Protocol) is activated, the system configures the
network automatically and the user d o e sneedl to do it manually.

IP Address, Subnet Mask, Standard Gateway

Here you can configure the network manually by entering the required fields.

7.4.5 Remote Access

Here there are remote access settings which are required to be adjusted (Figure 14). To see the
remote access guide, please see chapter 11.

¥ Settings

Date & Time
Enable

Regional

Access Code
Naming Scheme

Code will be generated if left empty

Networking

Remote Access >

Maintenance

License

Figure 14: Remote Access settings

Enable
Use this toggle button to enable or disable remote access.
Access Code

Because of security, an access code is always required to log in to the software. The access code
can be set manually by entering the intended number (6 digits) or the code will be generated
automatically (4 digits) if the field is left empty. The generated code will be shown on the login page
on the device screen. To find out how to control the device with remote access, please see chapter
11.

) . Praliminarv
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7.4.6 Maintenance

Figure 15 shows the maintenance tools and each one is explained below.

X Settings

Date & Time

Export Logs e Export

Regional

Software Update © Run update
Naming Scheme

i Service Codes Enter
Networking

Remote Access

Maintenance >

License

Figure 15: Maintenance tools

Export Logs

When it is required to diagnose the mini-ATOS software, the Raytech service team may ask you to
export logs. To export the logs, just connect a USB stick and tap the Export button. You can later
send the exported log file to the Raytech service team.

Software Update

When a new software or firmware update is available, you can copy the update file to a USB stick
and connect it to the device. Then tap the Run update button and wait until the process is finished.
Please do not turn off the device or unplug the USB stick during the update! The update can take
up to 10min.

Service Codes

When there is a problem or error in the device, the Raytech service team may ask you to use the
service codes. With service codes, it is possible to do some additional actions which are not
possible to do by using the default software. These actions can be for example a self-test for
diagnosing the hardware.

, » Preliminarv
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7.4.7 License

To activate the main firmware functionality or a specific optional measurement feature, you have to

+
add a license code in this tab (Figure 16). Just tap the Add button and enter the license
code. Each license may be valid for a limited time like 10 days or can be unlimited.

To test a feature, you can ask Raytech for a trial license to activate the feature temporarily.

X  Settings

Date & Time
Add New License

Regional - —
License Validity

Naming Scheme Firmware 16 days

Automatic Heat Run Test 2 days

Networking
Frequency Response of 2 days

Stray Losses
Remote Access

Short Circuit Impedance 2 days

Maihtenance Dynamic Resistance 2 days

Measurement

License >

Figure 16: License manager

7.4.8 System Info

In system info, you can check the actual Operation system and firmware versions, the device serial
number and calibration information.

X Settings

Regional System Version 02.00 - 20220901140552

Naming Scheme . .
Firmware Version

Networking

Serial Number 402-097
Remote Access

Maintenance Calibration Date 2022-09-06T00:00:00

License Calibration Due
Date

2024-09-06T00:00:00

System Info >

Figure 17: System Information

90297-0.23 Instruction Manual mini-ATOS Preliminary Page 37 of 108



BN W |——

Raytech

L AND

8 Test Objects

8.1 Power Transformer

In the TEST OBJECT window, a new test object can be defined or an existing test object can be
modified. Figure 18 represents the test object window.

X Tr20230224-1451 & B2
Autodetect config Q. Detect
Windings > WINDING
Nameplate

4
Primary p No Taps
General

4
kVHOV O\HNoTaps

Tap Changer Secondary

Electrical Values [0 Tertiary

Figure 18: The test object window
Test Object Name
Tr 20220502-1501
Name of the test object, which is helpful for easy identification. The system always assigns an
automatic name at the beginning which consists of the test object type, date and time. This name

can be easily changed by tapping the pencil symbol or the name.

B Save

Tap the Save icon to store all the entered test object data and go to the test plan.

X  Cancel

By tapping this icon, you can cancel the test object defining and go back to the Home Screen.
Please take care because all the entered data will not save.

D [ ‘of & I : [ a @ | : "\’
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8.1.1 Windings

In the Windings tab (Figure 19), the most important properties of the test object, including winding
types, vector groups and the number of taps can be defined. After creating the test object, it is not
possible to make changes in the winding information.

X Tr20230224-1451 a
Autodetect config Q. Detect
Windings > WINDING
Nameplate
General
| | cnnnmdam [ .
Tap Changer ° . J ‘ 5 Q ‘ ‘ 3 ’

Electrical Values

Figure 19: Test object windings tab

You can select the winding type by tapping the winding connection symbol for each winding side.
The winding type for a power transformer can be from any winding type of Table 5.

Table 5: Winding types and symbols for power transformer

Letter Letter
Phases Type (Primary) (non-Primary) Symbol

Delta D d A

- . i
Star with accessible neutral YN yn )\N

L
3-Phases Star Y y )\
Zigzag with accessible neutral ZN zn er_
Zigzag z z ,_z_
1-Phase Single-phase S S s

, N Praliminarv
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Q) Detect

By tapping the Detect button, the transformer winding configuration detection window will be
opened and it is possible to find the winding configuration and vector group by measurement
automatically. Please see chapter 8.1.2 for more details.

For all non-Primary windings, the vector group must be correctly selected. It is really important to
make sure that the vector group is correct because the switching function of the automatic
multiplexer is based on the vector group and winding type.

Q | Detect Vector Group

It is also possible to detect just the vector group quickly by using this button. It detects only the
vector group and not the winding configuration.

X  Detect Vector Group

Vectorgroup of transformer most likely is:

Dyn:5

Run detection

Figure 20: Detect vector group
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For each winding, when there are several taps, the number of taps can be entered by clicking on
the taps column. In the tap count window (Figure 21) the tap numbers can be easily adjusted. You
can also enter the number of taps directly with the virtual keyboard by tapping the taps number
directly.

X Primary Taps

Taps

Figure 21: Tap count configuration window

When there is a tertiary winding, the check box can be selected and like the secondary winding,
the required information can be entered (Figure 22).

X Tr20230224-1451 =
SErmes Autodetect config Q. Detect
Windings > WINDING

Nameplate pe =ctor Ta

Primary A ~ 5
General —

:
Tap Changer - Secondary A ‘ 5~ O\’ 33

Electrical Values L Tertiary 'k“ ~ ‘ 0 v O\’ 7

Figure 22: Defining a transformer with a Tertiary winding
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8.1.2 Winding Configuration Autodetect

Autodetect feature can detect the winding configuration and vector group of the test object. During
detection, the test cables must be connected to the test object terminals according to 5.1.

By tapping the Detect button in the test object windings tab (Figure 19) a new window will be
opened (Figure 23). To perform the transformer detection, tap the Start and wait until mini-ATOS
find the configuration.

X Transformer Detection

ACTUAL CONFIGURATION DETECT CONFIGURATION

WINDING

Primary

Secondary

Figure 23: Winding configuration autodetect window

The actual configuration is written on the left side, and the detected configuration will be written on
the right side (See Figure 24). When mini-ATOS find more winding configurations, a list of them wiill
be provided and you can choose each of them. After detection, you can accept the detected
configuration or you can cancel.

X Transformer Detection v

ACTUAL CONFIGURATION DETECTED Dyn5

Y:zn5
WINDING WINDING

TvDe Vector Z:yn5

Primary G
Secondary S

Figure 24: Winding configuration autodetect window after detection
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Figure 25 shows the Nameplate tab. When nameplate data is available, it can be entered in this
part. By tapping each text field, the keyboard will be opened and the data can be easily entered.
The nameplate data is optional to enter. It is also possible to add this information later by editing

the test object.

¥ Tr20230227-0846

SETTINGS

Windings

Nameplate >

General

Tap Changer

Electrical Values

90297-0.23 Instruction Manual mini-ATOS

Manufacturer

Model

Year Built

S/N

Max Rated Power

Location

Figure 25: Test object Nameplate tab

Praliminarv
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NT 32.440

1970

21649

400
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Bremgarten
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8.1.4 General
X Tr20230227-0846 o=)]
SETTINGS .
Naming Scheme ANSI - Vs
Windings
Reference Temp. 25.0 °C
Nameplate
TEMPERATURE COEFFICIENT
General >
Tap Changer Primary + | cu2345 - °C
Electrical Values Secondary + Cu234.5 . e

Figure 26: Test object General tab

In the test object general tab (Figure 26), the following information can be entered.
Naming Scheme

Generally, there are different systems of terminal naming for each test object. The naming scheme
of the current test object can be selected here. When a custom naming scheme is required, it can
be easily defined in the Naming Scheme window (Figure 27) which can be opened using the pencil
icon.

»  Naming Scheme

Default Naming

Scheme Custom

Primary

Secondary

Tertiary

Figure 27: Custom Naming Scheme window
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Reference Temperature

The reference temperature which is required for the temperature correction can be set here. For
more details about the temperature correction principle, please see chapter 4.2.2.

Temperature Coefficient

The temperature coefficient which is required for the temperature correction can be set here for
each winding. If a custom coefficient is required, the value can be added using the plus icon. For
more details about the temperature coefficient, please see chapter 4.2.2.

D | of & l : m : mMmarv/
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8.1.5 Tap Changer

In the tap changer tab (Figure 28), the tap changers type for each winding side, possibility to
control the tap changer automatically and the maximum tap changing transition time can be
entered. These are especially useful when the user would like to use the automatic tap control
feature.

X Tr20230227-0846 o
TAP CHANGER TYPE
Windings
Primary ‘ oLTc ~ 1 ‘ No - 1 ‘ 7 s
Nameplate
General Secondary ‘ DETC ~ w ‘ No - w ‘ 7 s

Tap Ch >
ap Lhanger Tertiary No Taps

Electrical Values

Figure 28: Test object tap control tab

Type

When there is more than one tap for a winding side, it means that the winding is equipped with a
tap changer. Tap changers can be categorized in two main types: DETC and OLTC. DETC
(DeEnergized Tap Changer) which can operate only when the transformer is not energized and
OLTC (On Load Tap Changer) which can operate even when it is energized.

It is also very important to select the tap changer type correctly. For OLTC, it is possible to
measure the DC resistance for several taps (please see chapter 11) without turning off the DC
power supply.

Tap Control

If you connect the mini-ATOS tap control output to the tap changer control unit, choose Yes. The
tap changer position then can be changed manually or automatically from the mini-ATOS. To find
out how to connect the tap control cable, please refer to chapter 13.5.

Max Transition

The maximum transition time which it takes for a tap changer with a motor to change the tap
position.

Dlﬂﬁl:m:“ﬂlﬂ"
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8.1.6 Electrical Values

In the test object electrical values tab (Figure 29), the rated voltage and label for each tap can be
entered. The Rated Voltages later will be used as reference values for turns ratio relative error
calculations and Labels will be used as tap names.

X Tr20230227-0846 o=)]
Primary Secondary Tertiary
Windings
Labels A Rated Voltages 7
Nameplate
1 \'
General
2 \'

Tap Changer

Electrical Values > 3 \'

Figure 29: Test object Electrical Values tab

For each winding, the nominal voltage value and label of each tap should be entered. It is also
possible to use wizards to enter the values easier. Following example, by using the power
transformer with tap information according to Table 6, explain how they work.

Table 6: Example: power transformer information

Primary Taps Secondary Taps
Label Voltage [V] | Label Voltage [V] Label Voltage [V] Label Voltage [V]

1 70350 16R 14399 5R 13499 6L 12599

2 68675 15R 14317 4R 13417 7L 12517

3 67000 14R 14235 3R 13335 8L 12436

4 65325 13R 14154 2R 13254 oL 12354

5 63650 12R 14072 1R 13172 10L 12272
11R 13990 N 13090 111 12190

10R 13908 1L 13008 121 12108
9R 13826 2L 12926 13L 12026

8R 13745 3L 12845 14L 11945
7R 13663 4L 12763 15L 11863
6R 13581 SL 12681 16L 11781

, N Praliminarv
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7z Rated Voltages Wizard

In the Rated Voltages Wizard, there are two calculation methods:

First/Last method

»  Rated Voltages Wizard

Calculation Method First/Last

Rated Voltage
First Tap

Rated Voltage
Last Tap

Changeover

Positions 1 (No Changeover)

Round to

Figure 30: Rated Voltage Wizard, First/Last method

In this method, we have to enter the first tap and the last tap Ph-Ph nominal voltage. Figure 30
shows how to fill the form for the secondary side of the example.

Some transformers have tap changer changeover with more than one tap with the same voltage in
the middle. In such cases, the number of changeover positions with the same voltage has to be
also entered.

To match the calculated values to nameplate values, it is also possible to say the wizard how to
round the calculated values. The default value is 1, which means that all calculated values round to
the nearest natural number.
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RefTap/Step Method

X Rated Voltages Wizard

Calculation Method RefTap/Step

Ref Tap

Rated Voltage Vv

Step . ‘ ‘ Down - ‘ ‘ Percentage ~

Round to

Figure 31: Rated Voltage Wizard, RefTap/Step method

In this method, by entering the rated voltage of the reference tap position and the step value
between each two tap positions, all nominal voltages for all tap positions will be calculated and
filled out automatically.

The RefTap is the tap position of the transformer rated voltage. The reference tap is usually the
middle tap position.

The Rated Voltage is the Ph-Ph rated voltage of the power transformer which is always written on
the nameplate.

The step voltage amount can be in V per step or % per step. The amount can be determined from
the nameplate by subtracting the voltage values of two consecutive taps which are usually written
on the nameplate.

Figure 31 shows how to fill the wizard for the primary side of the example.

When the tap changer is located on the primary side, usually the nominal voltage of the first tap is
the highest voltage and for the other taps, the nominal voltage decreases. In this case for the
direction, Down must be selected. The opposite is usually valid for the transformers with a tap
changer on the LV side and Up must be selected for the Direction.

To match the calculated values to nameplate values, it is also possible to say the wizard how to
round the calculated values. The default value is 1, which means that all calculated values round to
the nearest natural number.

, N Praliminarv
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A Labels Wizard

If the default label does not match the actual tap labels, the Labels Wizard will be helpful to define
a label for each tap easier. Figure 32 shows the Labels Wizard window. The first item is the
Labelling pattern which is used to choose the system of labelling. When there are changeover
positions, their labels can be adjusted by using the Changeover suffix item.

When it is required, by editing the Offset, it is possible to start the labelling from any number.

Finally, there is a Preview, which shows how will be the labels by using the wizard.

¥ Labels Wizard

Labeling pattern ‘ 1,23

Changeover suffix ‘

Offset

Preview 1,2,3,4,..,10,11,12,..,18,19, 20, 21

Figure 32: Labels wizard window

Figure 33 shows also how to fill the wizard for the secondary side of the example.

X Labels Wizard

Labeling pattern ‘ TRN,1L

Changeover suffix ‘

Preview 16R, 15R, 14R, 13R,..., 1R, N, 1L,...,13L, 14L, 15L, 16L

Figure 33: filling the labels wizard for the example
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8.2 Auto Transformer

To define a new auto transformer test object, just tap the auto transformer on the home page from
the new blank test object part. Defining an auto transformer is like defining a power transformer
which is described in chapter 8.1. However, the possible winding configurations are according to

Table 7.

Table 7: Winding types and symbols for auto transformer

Letter Letter

Phases Type (Primary) Symbol (Secondary) Symbol
¥ 4
Star with accessible neutral YN k Ya )\
3-Phases X i A
Star Y Ya
A A,
1-Phase Single-phase S S Sa S A

, N Praliminarv
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9 Inspection and Test Plan

In the lifetime of a high voltage asset, usually a measurement or group of measurements have to
be performed periodically and also sometimes occasionally. The aim is to inspect the health
condition or to detect the suspected failures. In mini-ATOS, each group of measurements is called
a Test Plan which forms an Inspection.

Figure 34 shows an example of a test plan for a 3-phase power transformer. It consists of a turns
ratio test, a winding resistance test and a demagnetization.

You can enable the edit mode (Figure 35) to adjust the order of measurements and add or remove

them by tapping the edit icon Z . You can touch and hold the move icon @ and try to change
the position of each measurement item.

In each measurement item, it can be seen that the measurement Settings and the number of the
tests performed from all the tests possible to perform are written. When you tap the measurement

settings button , the setting window will be opened from the right side. To find out which
settings are there for each measurement, please refer to chapter 10 and see each measurement
method settings.

By tapping the yellow right arrow, the measurement view will be opened and from there it is
possible to perform the test.

= Testplan: Tr 20230227-0901 @ V4 o ]

Turns Ratio Winding Resistance

%10V N - TA/TA N

Tests: 0/9 Tests: 0/15

Demagnetization H

ﬁ |2=i:e (15 Steps) > +

Figure 34: A Test Plan for a 3-phase power transformer

D [ 'of & ) l : [ a @ | : (2 ke ) oV 4
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X Edit: Testplan: Tr 20230227-0901 B

Turns Ratio
w10V

Tests: 0/9

Winding Resistance

TA/TA
=

Tests: 0/15

Of Of ©

Demagnetization

2A
Fine (15 Steps)

*®) R

Figure 35: Test Plan edit mode

For the transformers with tertiary winding, for each pair of windings (Pri: Sec & Pri: Ter), there is a
separate test plan. To see the test plan for each one, the desired pair of windings must be selected
from the drop-down list located above (Figure 36). This drop-down list is only visible when there is

a tertiary winding.

Note that when you select another pair of winding, the measurement setup must be changed

according to chapter 5.1.

—  Testplan: Tr 20230227-0902

Pri:Ter - @ V4 o
-

Turns Ratio
ooV

Tests: 0/3

Winding Resistance

TA/TA 5

Tests: 0/9

? =

Demagnetization

2A
Fine (15 Steps)

> +

Figure 36: Test plan for Pri: Ter pair, which is selected from the drop-down list located above.
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By tapping the setting icon on the top # , you can open the Inspection Information (Figure 37).
Here it is possible to edit the inspection name, enter the weather condition and write additional
notes like the reason for the inspection as remarks for later references.

X Inspection Information % |
Name Insp. 2023-02-27
Weather

> Remarks

Figure 37: Inspection information

Preliminarv
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10 Measurements

10.1 Turns Ratio

Figure 38 shows the turns ratio measurement view and following that each part is explained.

:E T oTR: D:yn5 - Tr 20220509-1146 ? &
-
© o R @ vao

Test Voltage 250V Secondary 0.412kV

[ 5 JUAV VW o WY Exp. VR
2N-2U IN-2V IN-2W Rated V
1
41.262
+ 0.8mA  0.00° 0.6mA 0.00° 0.9mA  0.00° 17.00KV q
N 40.049 |
0.9mA  0.00° 0.6mA’ 0.00° 0.9mA  0.00° 16.50kV
. 38.835
10mA  0.00° 0.7mA  0.00° 10mA  0.00° 16.00kV

18 24

Run Test ABC | ~

Figure 38: Turns Ratio measurement view

€) Open the main menu
€ Back to the test plan page
9 Open test object quick access
O Test settings (Please see chapter 10.1.2)
e The selected test voltage that applies on the primary side during the measurement
0 The secondary side rated voltage
0 Change between voltage or turns ratios
The actual tap position of the selected view mode and to change it
Tap positions of the selected view mode. The actual is with the dark background

The phase and the corresponding connections which be used automatically by the instrument
to test each phase

Expected turns or voltage ratio

The measured turns or voltage ratio; green means that the relative error is less than the error
limit and the test is Passed

The calculated relative error in %; green means that the relative error is less than the error
limit and the test is Passed

nu‘\l:m:“nm'
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() The test current in mA

@ The measured angle between the applied voltage and the transformed voltage
@ The rated turns or voltage ratio

@ The rated voltage of each tap position

@ Print the selected tap position results by using the thermal printer

@ Open the detailed results in table view or graphs

¢f) Start test button

@ Test mode to select which phase to test (A, B, C, ABC, Run Test Taps)

The measurement view during the test is shown in Figure 39 and then the important parts are
explained.

1
TR: D:yn5 - Tr 20220509-1146 A WARNING: Voltage is applied

Test Voltage 250V Secondary 0.412kV TR @ VR

_ 1U-1V g VAW o WU Exp. VR
2N-2U 2N-2V 2N-2W Rated V

3
41.266 001% | 41.269 002% | 41.268 002% | 41.262
— 0.8mA 0.00° 0.6mA 0.00° 0.9mA 0.00° 17.00kV
N 40.052 001% | 40.052 001% | 40.052 001% | 40.049
0.9mA 0.00° 0.6mA  0.00° 0.9mA  0.00° 16.50kV
- - - - - - | 38835
- - - - - - 16.00kV

1U-1V == I I | 46.6V Continuous [> W

Figure 39: Turns Ratio measurement view during the test

o The warning symbol shows that it is not safe to touch the cables and test clamps
9 The highlighted cell shows which phase and tap are currently under the test

e The output voltage bar shows what is the actual value of output voltage and which terminals
are used to apply the voltage

O By tapping the continuous button, the test mode changes from single-measurement to
continuous mode and the test will not stop automatically. The instrument keeps performing the
test on the phase under the test until the user action

€) The stop button can be used to stop the test. Please note that it takes time to stop the test
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10.1.1 Table view modes

When both primary side and non-primary side of transformer windings have tap positions, it is not
easy to show all measurements for all tap combinations in one table. Hence, to show the
measurements easier, there are two table view modes. The first one is the primary table view
mode. In this mode, for each tap position on the non-primary side, there is a measurement table
consisting all primary tap positions. The other view mode is the non-primary table view mode. In
this mode, for each tap position on the primary side, there is a measurement table which includes
all non-primary tap positions.

As an example, assume that there is transformer with 5 taps (1 to 5) on the primary side, and 33
taps (16R to 16L) on the secondary side. Figure 40 shows the primary view mode. In this mode for
each of the secondary taps, there is table with 5 primary taps (33 tables, each 5 taps). The
secondary selected tap is shown on the top and it is possible to change it.

= T TR:Diyn5 - Tr 20220721-1607 Primary - o ]
A v 4
Test Voltage 10V Secondary 14.399kV {f 16R +] TR VR

_ 1U-1V B TV-1W c TW-1U Exp. TR
2N-2U 2N-2V 2N-2W Rated V

5
+ - - - - - - 8.0594
— - - - - - - 67.00kV
- R - - - 7.8579

<t

65.325kV

- N - - - 7.6564
w
- - - - - - 63.65kV

Run Test ABC ~

Figure 40: Turns ratio primary view mode

Figure 41 shows on the other hand the secondary view mode. This time for each of the primary
taps, there is table with 33 secondary taps (5 tables, each 33 taps). The primary selected tap is
also shown on the top and it is possible to change it.

D [ 'of & ) l : [ a @ | : (2 ke ) oV 4
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5 +] TR @ VR

= 7T TR:D:yn5 - Tr 20220721-1607 Secondary
A - 4
Test Voltage 10V Primary 63.65kV { =
— 1U-1V TV-1W TW-1U
2N-2U 2N-2V 2N-2W

Exp. VR
Rated V

4.4204

15R

14.399kV H

4.4458
14.317kV

14R

4.4714
14.235kV

0 e | -

Figure 41: Turns ratio secondary view mode

10.1.2 Turns ratio settings

In Figure 42 the turns ratio setting can be seen. The test voltage can be selected from 10VAC,
40VAC, 100VAC or 250VAC. You can also add user defined test voltages to this list by tapping on
the + button. The user defined voltage can be any voltages between 10VAC and 250VAC.

The maximum acceptable ratio error can also be adjusted by editing the Max Error field. The

default value according to standards is 0.5%.

X Settings TR B
Test Voltage ‘ + | 250 V| Q ’
Max Error ‘ 0.5 % ’

Figure 42: Turns ratio settings

] ]
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Q | Auto Detect Voltage

It is also possible to find out what is the suitable test voltage for a specific test object. Just tap the
search icon, and run detection in the Auto detect voltage window (Figure 43).

X Auto detect voltage

Optimal voltage for measurement is:

250V

Run Detection

Figure 43: Turns ratio suitable test voltage auto detection

10.1.3 Turns Ratio Results View

By tapping the Results button in the turns ratio measurement view, the result view will be opened.
Result view includes graphs and table. Figure 44 shows the turns ratio graph view. From the drop-
down list on top right, it is possible to select various graphs. These are turns ratio, voltage ratio and
error graph.

Results for Turns Ratio Turns Ratio

Voltage Ratio

72.185
Error

71.000

70.000 SecPh A

SecPhB
69.000

Actual TR

SecPhC

68.000 W Limit High
Il Limit Low

67.000
66.569

Pri 2

Primary

5 v

Figure 44: Turn ratio graph results view
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Figure 45 shows also the turns ratio table results. By tapping the TR or the Rated TR column
header, it is possible to switch between turns ratio and voltage ratio values.

»  Results for Turns Ratio Turns Ratio

Error [%] | ITest[A] | Angle[]

0.01 0.8m 0.00

0.02 0.6m 0.00

0.02 0.9m

0.01 0.9m

0.01 0.6m

0.01 0.9m

Figure 45: Turns ratio table results view
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10.2 Winding Resistance

Figure 46 shows the measurement view of the primary winding resistance test and following that
each part is explained.

Eo T eWR: D:yn5 - Tr 20230202-0900 ? Primary A o Ph-Ph / - A e &

A v 4
Primary 1.00 Ao Corrected ) e
— Phase A: TU-1V Phase B: TV-1W Phase C: TW-1U
1
1.02A 24.3°C 1.02A 24.3°C 1.02A 24.3°C
+
o~
1.03A 244°C 1.03A 24.4°C 1.03A 24.4°C
o
1.00A 24.4°C 1.00A 244°C 1.00A 24.4°C

i ® mwmd

Temp

D

Run Test ABC™ | ~

Figure 46: Winding resistance measurement view

€) Open the main menu
€©) Back to the test plan page
9 Open test object quick access
Oseclect the transformerods side to test or t
e To select test phase to phase or phase to neutral measurement when possible
@ Test settings
@ The selected current that injects into the selected winding side
@) To enable or disable the temperature corrected resistance view
The actual tap position of the selected view side and to change it
Tap positions of selected winding side. The actual is with the dark background

The phase and the corresponding connections which be used automatically by the instrument
to test each phase

The measured winding resistance (temperature corrected or not corrected depending on
selection)

The deviation value from the 3 phases average; green means the deviation is less than the
limit and the test is Passed. See chapter 4.2.3 for more information

The actual test current which was used

nu‘\l:m:“nm'
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The measured temperature during the measurement or the reference temperature when
resistance is corrected

@ To see the actual measurement value of each temperature measurement channel
@ Print the selected tap position results by using the thermal printer

@ Open the detailed results in table view or graphs

@ Start test button

@ Test mode to select which phase to test (A, B, C, ABC, Run Test Taps)

The winding resistance measurement view during the test is shown in Figure 47 and following it,
important parts are explained.

Primary 1.00A Corrected

— Phase A: TU-1V Phase B: 1TV-1TW Phase C: TW-1U

3 =
1.02A 24.3°C 1.02A 24.3°C 1.02A 24.3°C

+

o~
1.03A 24.4°C 1.03A 24.4°C 1.03A 24.4°C
19.997 Q - - - - -

1.02A 24.9°C - - - -

8 l~ 1U-1V | 1.02 A .
Temp - L1 0.0mA Continuous [>

Figure 47: Winding resistance measurement view during the test

The warning symbol shows that it is not safe to touch the cables and test clamps

The highlighted cell shows which phase and tap are currently under the test

Here you can open the live graph to see the live resistance curve over the time (Figure 49)
The output current bars show what is the actual value of output current for each channel and

which terminals are used to inject the currents.

By tapping the continuous button?, the test mode changes from single-measurement to
continuous mode and the test will not stop automatically. The instrument keeps performing the
test on the phase under the test until the user action

The stop button can be used to stop the test. Please note that it takes time to discharge and
stop the test

2 When the ambient temperature is above 40°C, Continuous mode winding resistance measurement,
specially with maximum output power, must be limited to 30 minutes and before the next measurement a
cooldown time of 30 minutes is required.

D [ ‘of & I : [ a @ | : "\’
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WARNING!

After measurement stop, it takes time to discharge the test object!

Wait until the device mode changes to safe mode before any other
action!

When measuring at non-primary side, there is an additional option to decrease the transformer
charging time by charging the transformer from the primary winding at the same time. The current
will be injected to the primary winding, but no resistance will be measured. You can active or
deactivate this option with the button on the top-right (Figure 48).

= T WR: D:yn5 - Tr 20230202-0900 Secondary ~ -/ Ph-N - °
A v 4
Secondary 25.0A Corrected . Prim: Charge
Phase A: 2U-2N Phase B: 2V-2N Phase C: 2W-2N
6.4500mQ -0.82% 6.5171mQ o021% 6.5437mQ 0.62%
252A 25.0°C 252A 250°C 252A 25.0°C

@ B e |-
Temp

Figure 48: Winding resistance measurement view for the Secondary

Figure 49 is the live graph which shows the live resistance curve over the time.

X Live Graph

20678 Q

20.500Q
20.300 Q

20.100Q

19.896 O

Figure 49: Winding resistance live graph
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10.2.1 Dual Supply Winding Resistance

It is also possible to measure the two transformer sides simultaneously by selecting the Dual
Supply mode. Figure 50, Shows the winding resistance measurement in dual supply mode and
important parts are explained.

= T WR: D:yn5 - Tr 20230202-0900 Dual Supply ~ Ph-Ph / Ph-Ph = ¢
A v /4
j Primary 1.00 Ae ? Corrected 'o
[ Phase A: TU-1V Phase B: TV-1W Phase C: TW-1U }
1
+ ‘ 1.02A 25.0°C 1.02A 25.0°C 1.02A 25.0°C |
——* Secondary 25.0A Corrected ) 1
[ Phase A: 2U-2V Phase B: 2V-2W Phase C: 2W-2U 1
+ ‘ 252A 25.0°C 252A 25.0°C 252A 25.0°C |
8 Run Test ABC | ~

Temp

Figure 50: Winding resistance measurement in dual supply mode

o The actual tap position of the primary side (if it contains a tap changer)

9 The selected current that injects into the primary winding side

9 The measurement table view of the primary side

0 To enable or disable the temperature corrected resistances view for primary
The actual tap position of the non-primary side (if it contains a tap changer)
The selected current that injects into the non-primary winding side
The measurement table view of the non-primary side

To enable or disable the temperature corrected resistances view for non-primary

nu‘\l:m:“nm'
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10.2.2Winding Resistance Settings

Figure 51 shows the winding resistance main settings.

X  Settings WR B
Main Settings > o
H-Side Current + |1 + A ]
Temperatures
Q—Side Current ‘ + | 25 + A ]
Advanced

Figure 51: Winding resistance main settings

o To select the H-Side current that injects into the primary winding side

9 To select the X-Side current that injects into the non-primary winding side

e By tapping on the plus button, you can add a user-defined test current to the list of the test
currents

INFO:

Do not select currents more than 10% of the test object nominal
current for each side. Otherwise, current will increase the temperature
and hence resistance of the winding.
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Figure 52 shows the winding resistance temperature settings.

X Settings WR =)
Main Settings TI T 73
Temperatures > Probes o ’ { @ J ‘ ]

Advanced r4 15 External
= =] [
External Temp. 39.5 °C

Figure 52: Winding resistance temperatures settings

In temperature settings, it is possible to enable each of the 5 temperature channels to record.
When there is an external temperature probe, the External switch should be enabled. The reading
value must be also entered manually.

The mini-ATOS use the average of all temperature values for the temperature correction.

In the actual temperature window (Figure 53) which you can open from the measuring screen, you
can see the actual temperature values. Here T1 is plugged-in and also activated in the setting. T2
is activated but not plugged-in. In this case, the mini-ATOS shows an error message after starting
the measurement. And T3 is not activated but plugged in. Please note that the average value is
missing because of T2.

X Temperatures [°C]

Externa

Average

Figure 53: Actual Temperature values
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Figure 54 shows the winding resistance advanced settings.

X  Settings WR =
Main Settings os f
tability Condition 0.1%/5s v
Temperatures
eContinuous Mode On Request -
Advanced > L
eMaximum Deviation 2 %

Figure 54: Winding resistance advanced settings

o The stability condition is a reference for the device to decide if the resistance value during a
measurement is considered stable or not. For example, 0.1%/5s means that if the resistance
fluctuations keep less than 0.1% of the average value continuously for more than 5 seconds, it
will be considered stable

9When continuous mode is AOn Request 0, one
tapping on the continuous button. When mod
activated automatically.

€) The maximum acceptable deviation value. Please see chapter 4.2.3 for more information
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10.2.3Winding Resistance Result View

By tapping the Results button in the measurement view, the result view will be opened. Result view
includes graphs and table. Figure 55 shows the Primary (Ph-Ph) winding resistance graph view.
From the drop-down list on top right, it is possible to select also other graphs.

»  Results for Winding Resistance Primary (Ph-Ph)

g
(7]
D
[/

Pri 2

Primary

o ru ] o

Figure 55: Winding resistance graph results view

Figure 56 shows also the Primary (Ph-Ph) table results. By tapping the DevCorr column header, it
is possible to switch between deviation for measured values or temperature corrected values.

»  Results for Winding Resistance Primary (Ph-Ph)

RMeas [Q] RCorr [Q] TAvg [°C] DevMeas [%]

5.7642 5.6448 30.5 -0.09

5.7760 5.6562 . . 0.1

5.7685 5.6486

5.5757 5.4601

5.5866 5.4708

5.5799 5.4644

Figure 56: Winding resistance table results view
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10.2.4 Auto Transformer Winding Resistance

i A

Raytech

L AND

Mini-ATOS has special winding resistance measurement for Auto Transformers. The parameters
and method of measurements are summarized in Table 8. The method of measurements in Table

8 are for phase A of a star-null auto transformer.

Table 8: The autotransformer winding resistance parameters and measurement methods

H1

-

.

H1

Rserie X1 Rcommon @ X1
HOX0 HOX0
H1 H1
rs RS h 4 {
Ri
Rserie & Rcommon @ X1 Rinline X1
Rc 4 Rc
HOX0 HOX0
H1 H1
Rs
Ri
Rcommon & Rinline X1 RH X1
Rc Rc
HOX0 HOX0
H1 H1
Rs
Ri
RHX ) X1 RX X1
Ri
Re
HOX0 HOX0

Praliminarv
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The measurement view of winding resistance measurement for Auto Transformer is shown in
Figure 57 and following that each part is explained.

:E j‘e WR: YN:a0 - ATr 20230313-1143 ? Rs & Rc (Tap Changer Pri) ~ o @
0 O (8 O
Rserie & Rcommon — 500mA Sec:Tap:1 /2 Corrected )
— I"A: Rs H1-X1 == H1-HO B: Rs H2-X2 == H2-HO C: Rs H3-X3 = H3-HO
Rc X1-X0 Rc X2-X0 Rc X3-X0
1
. H
511TmA 25.0°C 512mA  25.0°C 512mA™ 25.0°C
(9V]
511TmA 25.0°C 512mA  25.0°C 512mA  25.0°C

@ ® D D

RunTest ABC™ | ~

22

Temp

Figure 57: Winding resistance measurement view for an auto transformer

€) Open the main menu
e Back to the test plan page
e Open test object quick access
O Select the measuring parameter which is selected in measurement settings
© Test settings
G The measuring parameter or parameters
€ The selected current which will be used for the measurement
0 To select the other tap changer position when available
@) To enable or disable the temperature corrected resistance view
The actual tap position of the selected view side and to change it
Tap positions of selected winding side. The actual is with the dark background

The phase and the corresponding connections which be used automatically by the instrument
to measure each parameter

The corresponding connections which be used automatically by the instrument to inject the
current

The measured winding resistances for each parameter (temperature corrected or not
corrected depending on selection)

The deviation values of each parameter from the 3 phases average; green means the
deviation is less than the limit and the test is Passed. See chapter 4.2.3 for more information

nu‘\l:m:“nm'
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@0 The actual test current which was used

@ The measured temperature during the measurement or the reference temperature when
resistance is corrected

@ To see the actual measurement value of each temperature measurement channel
@ Print the selected tap position results by using the thermal printer

@ Open the detailed results in table view or graphs

¢} Start test button

@ Test mode to select which phase to test (A, B, C, ABC, Run Test Taps)

The Measurement main settings are shown in Figure 58. The other settings are the same with the
winding resistance measurement settings. For temperature settings and the advanced settings
please refer to chapter 10.2.2.

X  Settings WR Auto =
Main Settings > Tap Changer Primary Test Current
Temperatures o Rserie & Rcommon ~ aF 0.5 ~ A
Advanced Tap Changer Secondary Test Current
e Rinline - + 1 ~ A
Untapped 1 Test Current
o - v 4= 1 ~ A

Figure 58:Auto transformer winding resistance main settings

When there is a tap changer on the primary side, you can select which parameter or
parameters to be measured as a function of primary tap positions. For this measurement you
can select the test current

When there is also a tap changer on the secondary side, you can select which parameter or
parameters to be measured as a function of the secondary tap positions. For this
measurement you can select also the test current separately

e Here, you can select which parameter or parameters to be measured not as a function of any
tap changer. For this measurement you can also select the desired test current

, N Praliminarv
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10.3 Winding Resistance Interval

With interval measurement, it is possible to measure the winding resistance as a function of time.
Figure 59 shows the measurement view and following that each part is explained.

— E T eWRI: D:yn5 - Tr 20220721-1607 ? @

A - /4
Primary 1.00 Ae Tap: 1 fo w Secondary 30.0Ao Tap: 16R /o ﬁ
Time Phase B: 1TV-1W, Tap 1 Phase B: 2V-2N, Tap 16R TAvg d

8| 00:10:10 20.167 Q 1.19A 6.5642mQ 29.8 A 32.4°C

2| 00:10:00 20.165 T 1.19A 6.5641m0 29.8 A 32.4°C H
8| 00:09:50 20.162 Q 1.19A 6.5640mQ 29.8 A 32.4°C

5 | 00:09:40 20.160 Q 1.19A 6.5639mQ 29.8 A 32.4°C

8 | 00:09:30 20.160 Q 1.19A 6.5637mQ 29.8 A 32.4°C

£ 00:09-20 268.161 0 1194 6 .5636m0 298 A 32 4°C

® O ® D D @

Run Test B ‘ ~

Temp Live

Figure 59: Winding Resistance Interval measurement view

€) Open the main menu

€©) Back to the test plan page

9 Open test object quick access

O Test settings

e The selected current that injects into the primary winding side
@ The actual tap position of primary side

0 To turn On or turn Off the power supply for the primary side. It is also possible to select
AChargeodo mode. I n charge mode, the power s
increase the transformer charging speed. But no resistance will be measured

0 The selected current that injects into the Secondary winding side

Q The actual tap position of secondary side

@ To turn On or turn Off the power supply for the secondary side
Elapsed time

The phase and the corresponding connections which be used automatically by the instrument
to test each side and also the tap position

The phase and the corresponding connections which be used automatically by the instrument
to test each side and also the tap position

nlﬁAl:lM:“Alﬂ"
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The average of measured and external temperatures

The measured resistance

The actual test current

To see the actual measurement value of each temperature measurement channel
To see the resistance curve over the time

Print results by using the thermal printer

Detailed results in table view or graphs

006066

To start the timer separately. When you run the test without starting the timer, the timer will
automatically also start

¢}) Start test button

The winding resistance interval measurement view during the test is shown in and following it,
important parts are explained.

Figure 60: Winding resistance interval measurement view during the test

The warning symbol shows that it is not safe to touch the cables and test clamps
The highlighted row shows the actual parameters value
Here you can open the live graph to see the live resistance curve over the time

The output current bars show what is the actual value of output current for each channel and
which terminals are used to inject the currents

The actual elapsed time

D [ 'of & ) l : [ a @ | : (2 ke ) oV 4
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