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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 Safe operation

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

WARNING !
Never connect the Instrument to an energized Transformer!

1.2 Ground the Instrument

To minimize shock hazard, the Ground Terminal on the instrument must be properly connected to
an Earth grounded point. In many cases, the quality of the safety ground terminal provided by the
power cord does not fulfil the safety requirements.

Also the power cord supplied with the equipment must be connected to an electrical receptacle
with an electrical ground (safety earth ground).

WARNING !
Non-grounded Instruments are dangerous and may cause damage to

personnel and to the Instrument.
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1.3 Operator qualifications and safety standards

Before performing any test with this instrument, read this user manual and observe all safety
precautions indicated.

AIGH VOLTAGE |
Hazardous voltage may result in severe injury or death!

Be aware that Safety is the responsibility of the user!

Corrective maintenance must be performed by qualified personnel who are familiar with the
construction and operation of the test set and the hazards involved.

Raytech AG refuses to accept any responsibility for consequential or direct damage to persons or
goods due to non-observance of instructions contained herein or due to incorrect use of the
instrument.

GND. This is also the LAST cable to disconnect! Any interruption of the

CAUTION !
& The FIRST cable you have to connect to earth ground is always the Safety
grounding connection can create an electric shock hazard.

Never disconnect the high voltage or the low voltage test cables from either the terminals of the
test specimen or the instrumental side, unless the CAPO is in safe mode.

The CAPO and the object to which it is connected are possible sources of high voltage electrical
energy and all persons making or assisting in tests must use all practical safety precautions to
prevent contact with energized parts of the test set and related circuits. Persons actually engaged
in the test must stand clear of all parts of the complete high voltage circuit, including all
connections, unless the test set is de-energized and all parts of the test circuit are grounded.
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WARNING !
Before operating the instrument, be sure you have read and understood fully

the operating instructions. This instrument is connected to hazardous
voltages. It is the responsibility of the user to ensure that the system is
operated in a safe manner.

One must always expect that under certain circumstances a dangerous high
voltage can be applied!

Working on HV devices is extremely dangerous. Measurements must be carried out only by
qualified, skilled and authorized personnel. Before starting to work, clearly establish the
responsibilities. Personnel receiving training, instructions, directions or education on the
measurement setup must be under constant supervision of an experienced operator while working
with the equipment. The measurement must comply wit the relevant national and international
safety standards listed below:

«  EN 50191 (VDE 0104) “Erection and Operation of Electrical Equipment”

+ EN 50110-1 (VDE 0105 Part 100) “Operation of Electrical Installations”

* |EEE 510 “Recommended Practices for Safety in High-Voltage and High-Power Testing”
*+ LAPG 1710.6 NASA “Electrical Safety”

Moreover, additional relevant laws and internal safety standards have to be followed.

1.4 Measuring cable management and connection

The HV Cable and the 2 measurement cables A and B are shielded. On the one hand because of
the safety and on the other because of the measuring accuracy.

Take care that no jacket of the cable touches the high voltage parts because of partial discharge or
flashover!

CAUTION |
Note that no cable touches the high voltage parts with the jacket!

1.5 Before applying power
Read this manual carefully before operating the system. The CAPO 2.5 and the CAPO 12 operates

within a wide range of power input from 85Vac to 264Vac and 47Hz to 63Hz with automatic
ranging.
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1.6 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.

1.7 Do not operate in an explosive atmosphere

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

1.8 Do not substitute parts or modify Instrument

Because of the danger of introducing additional hazards, do not install substitute parts or perform
any unauthorized modification 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.

1.9 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.

1.10 Transportation and Lifting

Especially the CAPO 12 is a heavy instrument. Do not lift it alone. It is equipped with wheels for
easy transport.

1.11 Always Keep Distance from the Test Object During the Tests

During performing the tests, there will be a hazardous voltage at the terminals and near 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 the following figure.
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.
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Safety distance:
min. 1.5m (5ft)

-
_____

‘\%’&\Q’Q‘ Barrier height:

0.8-1.2m (2.6-4ft)

WARNING !
Always keep distance from the test object during the tests. The unsafe area
must be specified and restricted with barrier tapes or ropes.

1.12 Do Not Unplug the Test Cables During Measurements

The high voltage plug must be keep plugged in and lucked during measurements. Also make sure
that the HV cable is plugged in before the start of any measurement.
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WARNING !

Make sure that the HV cable is plugged in before the start of any
measurement.

-

WARNING !
Do not unplug the test cables during measurements

>
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2 CAPO 2.5

2.1 Unpacking

Power cord (dependent 2 Paper Rolls HV Cable 1 x 10m
upon country of
distribution)

Measurement Cables Cable bag
2x10m

Safety-Switch 1 x 2m Instruction Manual USB Stick

If any of the above items are missing or damaged, contact your local representative or Raytech
Switzerland immediately.

Optional test leads may be ordered (other than shown).
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2.2 Technical Specifications CAPO 2.5'

The CAPO 2.5 is specially designed for fast and easy field measurement with the well known high

precision and quality of Raytech.

Area of use

Enclosure

Supply

Battery

Rated input voltages
Absolute input voltages
Consumption power
Mains protection
Output power

Test voltage user selectable (AC)
Max. test current
Display

Input devices

Front panel

Interfaces

Internal memory storage
Printer

Operating temperature

Storage temperature

Humidity

Pollution degree

Altitude

Degree of protection (closed Lid)
Degree of protection (open Lid)
Size

Weight (instrument)

Weight (accessories)

Shipping weight and package size

Portable to use indoor and outdoor including heavy
industrial electromagnetic environments

Industrial high-impact plastic case

IEC 60320, C13/C14 mains connector, CAT Il
Lithium-lon battery, 43.2V/ 2.25 Ah

110/240 VAC @ 50/60Hz, automatic ranging
90-264 VAC @ 47-63Hz

Max. 150VA

Internal fuse

500VA

0-2500VAC @ 10-400Hz

200mA

5.7" TFT Color LCD

Touch screen, support mouse and keyboard

Sealed, anodized

2 USB 2.0 full speed (1 host, 1 device) and 9 Pin RS232
serial

10000 test results

Internal 1.9" thermal printer, support external printer direct
connection

-10°C (14°F) to 55° C (131°F)

-20°C (-4°F) to 70°C (158°F)

5%-95% relative humidity, no condensation

2

Up to 2000m (without derating)

IP67, dust-tight and water immersion up to a 1-meter depth
IP20

L: 525 mm (20.7”) W: 437 mm (17.2”) H: 213 mm (8.4")
22.2 kg (48.9 Ibs.)

Please contact

Please contact

1 Specifications are subject to change without notice
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2.3 Measurement Parameters CAPO 2.5

Measured values: Dissipation Factor tan 8, Power Factor cos ¢, Capacitance, Inductance, Quality
Factor, Power (Watts), Powergiov, Resistance

—

Range Resolution Accuracy
Dissipation Factor |0 ... 0.1 1x10° + 0.5% Rdg + 1x10*
tan 0.1...1 1x10* + 0.5% Rdg + 1x10*
>1 3 Digits + 0.5% Rdg
Power Factor 0..0.1 1x10° +0.5% Rdg + 1x10*
cos ¢ 0.1...1 1x10* + 0.5% Rdg + 1x10*
Capacitance 50Hz 0.01pF or 5 Digits + 0.3% Rdg + 0.3pF?
0.00pF ... 254nF @ 2.5kV
0.00pF ... 1.3uF @ 500V
Cmax— Imax
U-2.n-f | |60Hz
0.00pF ... 212nF @ 2.5kV
0.00pF ... 1.1uF @ 500V
Test Voltage up to 2'500Vims (45 ... 400Hz) |1V 1+ 0.5% Rdg £ 1V
f < 45Hz:
Uuulmax: 2500Vf
45Hz
Test Current up to 200mAms 0.1pA or 4 Digits 1+ 0.3% Rdg = 1pA
Output Power 0 ... 500VA
Output Frequency |10Hz - 400Hz 0.1% +0.01%
Inductance® 50Hz 0.1mH or 4 Digits 1+ 0.3% Rdg
40H ... 100'000H @ 2.5kV
I U 8H ... 100'000H @ 500V
min I 2‘J_C‘f
60Hz
33H ... 70'000H @ 2.5kV
6.6H ... 70'000H @ 500V
2 >500V

3 For more information see chapter 6.2.4 Conversion capacitances to inductances on page 32
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3 CAPO 12
3.1 Unpacking
e ©
ok "') ;.'Q "': 3 \ \A
i{? & =5 sg o h nR
v y g e
& / .
Y ?. )
L
The Instrument Power cord (dependent 2 Paper Rolls & 2 Fuses HV Cable 1 x 10m
upon country of
distribution)

Measurement Cables Cable bag
2x10m

Safety-Switch 1 x 2m Instruction Manual USB Stick

If any of the above items are missing or damaged, contact your local representative or Raytech
Switzerland immediately.

Optional test leads may be ordered (other than shown).
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3.2 Technical Specifications CAPO 12°

The CAPO 12 is specially designed for fast and easy field measurement with the well known high

precision and quality of Raytech.

Area of use

Enclosure

Supply

Rated input voltages
Absolute input voltages
Consumption power
Mains protection
Output power

Test voltage user selectable (AC)
Max. test current
Display

Input devices

Front panel

Interfaces

Internal memory storage
Printer

Operating temperature

Storage temperature

Humidity

Pollution degree

Altitude

Degree of protection (closed Lid)
Degree of protection (open Lid)
Size

Weight (instrument)

Weight (accessories)

Shipping weight and package size

Portable to use indoor and outdoor including heavy
industrial electromagnetic environments

Industrial high-impact plastic case

IEC 60320, C13/C14 mains connector, CAT II
110/240 VAC @ 50/60Hz, automatic ranging
90-264 VAC @ 47-63Hz

Max. 1500VA

5mm x 20mm T10AH250V Fuse

2400VA/ 750W

0-12000VAC @ 10-400Hz

200mA

5.7" TFT Color LCD

Touch screen, support mouse and keyboard

Sealed, anodized

2 USB 2.0 full speed (1 host, 1 device) and 9 Pin RS232
serial

10000 test results

Internal 1.9" thermal printer, support external printer direct
connection

-10°C (14°F) to 55° C (131°F)

-20°C ( -4°F) to 70°C (158°F)

5%-95% relative humidity, no condensation

2

Up to 2000m (without derating)

IP67, dust-tight and water immersion up to a 1-meter depth
IP20

L: 627 mm (24.7”) W: 475 mm (18.7”) H: 292 mm (11.5”)
37.25 kg (81 Ibs.)

Please contact

Please contact

1 Specifications are subject to change without notice
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3.3 Measurement Parameters CAPO 12

Measured values: Dissipation Factor tan 8, Power Factor cos ¢, Capacitance, Inductance, Quality
Factor, Power (Watts), Powergiov, Resistance

—

Raytech

Range Resolution Accuracy
Dissipation Factor |0 ... 0.1 1x10° + 0.5% Rdg + 1x10*
tan 0.1...1 1x10* +0.5% Rdg + 1x10*

>1 3 Digits + 0.5% Rdg
Power Factor 0..0.1 1x10° +0.5% Rdg + 1x10*
cos ¢ 0.1...1 1x10* +0.5% Rdg + 1x10*
Capacitance 50Hz 0.01pF or 5 Digits + 0.3% Rdg + 0.3pF’

0.00pF ... 53nF @ 12kV

0.00pF ... 254nF @ 2.5kV

Co = L 0.00pF ... 1.3uF @ 500V
Uu-2-nf

60Hz

0.00pF ... 44nF @ 12kV

0.00pF ... 212nF @ 2.5kV

0.00pF ... 1.1yF @ 500V
Test Voltage up to 12'000Vms 1V (<2900V) 1+ 0.5% Rdg £ 1V

(45 ... 400Hz) 10V (>2900V)

f <45Hz:
Uoutmax: 12000V 'f
45 Hz

Test Current up to 200mMAms 0.1pA or 4 Digits 1+ 0.3% Rdg = 1pA
Output Power 0 ... 2400VA?

1 >500V

2  @240VAC Mains voltage, Max. 750W, @110VAC Mains voltage, Max. 600W

90315-1.5 Instruction Manual CAPO
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Range Resolution Accuracy
Output Frequency |10Hz - 400Hz 0.1% +0.01%
Inductance® 50Hz 0.1mH or 4 Digits + 0.3% Rdg
191H ... 100'000H @ 12kV
Lo U 40H ... 100'000H @ 2.5kV
I-2-n-f 8H ... 100'000H @ 500V
60Hz
159H ... 70'000H @ 12kV
33H ... 70'000H @ 2.5kV
6.6H ... 70'000H @ 500V
3.4 Standards and Approvals
Safety IEC 6110-1
RF emission CISPR 11
Emission Current harmonic IEC 61000-3-2
emission
Class A .
Flicker and.voltage IEC 61000-3-3
fluctuations
Electrostatic
discharge (ESD) IEC 61000-4-2
EMC Electromagnetic field | IEC 61000-4-3
Immunity Burst IEC 61000-4-4
Industrial Surge IEC 61000-4-5
electromagnetic Conducted RF IEC 61000-4-6
environment
Power frequency IEC 61000-4-8
magnetic field
Voltage dip IEC 61000-4-11

3 For more information see chapter 6.2.4 Conversion capacitances to inductances on page 32

90315-1.5 Instruction Manual CAPO

Page 18 of 122




—

4 Introduction

4.1 General

The measuring instrument CAPO 2.5 and CAPO 12 are a new Capacitance and Power Factor Test
Sets developed by Raytech Engineers. Both are built into a portable rugged case, making it perfect
for field use, specially designed for fast and easy field measurement, with the well known high
precision and quality of Raytech.

CAPO 2.5 is battery operated and has an output voltage of 2'500V. CAPO 12 has an output
voltage of 12'000V.

Both test set measures dissipation factor (tan &), power factor (cos ¢), capacitance, inductance,
quality factor, resistance, excitation current and power (watts). Built to stand up to the harsh
conditions of field testing, this instruments provide reliable test results in any situation.

The high power variable frequency design generates its own test signal independent of line
frequency quality and the hardware design uses the latest technology available for digital filtering
of the response signal.

Ease of use: This intelligent systems have an easy to use operation screen which allows quick
selection of the voltage, frequency and measurement mode. Both systems incorporate a
touchscreen which allows the user easy access to change or activate a feature.

Impressive Accuracy: The instruments have a high precision, fully automatic, multi-
microprocessor based architecture. The systems are designed for highly accurate readings on-site
with laboratory precision.

Built in Standard Capacitor: No external Capacitor is necessary to do precision measurement.

Wide range: The frequency and the voltage is user selectable from 10Hz to 400Hz, up to 2'500V
(CAPO2.5) or up to 12'000V (CAPO 12). Results are reported on the easy-to-read color LCD
display and can be stored or printed.

Compact Design: Both CAPO are available in its own rugged waterproof field case. The CAPO 12
is equipped with wheels for easy transport.

INFO:

The CAPO case is a waterproof design. A pressure regulator activates when
the case is opened to compensate for atmospheric pressure changes.

Simple Maintenance: There is no maintenance required. There is no calibration procedure (no
potentiometers to turn). This is due to the utilization of high precision components in the design.

90315-1.5 Instruction Manual CAPO Page 19 of 122



— Y |

Advanced Protection: Upon powering on, the system initializes itself with a self-calibrating, circuit
checking sequence. If any problems are detected during this initialization period, or during

operation, the operator is immediately notified. The system constantly monitors the condition when
turned on. This is one of the many reasons we can extend our warranty to 2 years.
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4.2 Advantages & Features

¢ Built-in Standard Capacitor

e Power Factor / Tan & reading

e Test Frequency 10Hz to 400Hz

¢ Internal thermal printer

¢ Microprocessor based system with internal storage for over 10000 test results
e Data exchange via USB Key or USB / RS232 Connection

e Storage and Printing of test results

o Complete automatic calibration system and system diagnostics
e Temperature channel

o Standard USB 2.0 & RS232 (serial) Interface

e Color LCD with backlighting and touch screen

e Panel mounted Emergency Stop Switch

¢ Mounted in rugged case for field testing

e 2 Years standard warranty

o High voltage excitation current features

e Multiple frequency measurements

¢ Reactance and quality factor reading

4.3 System Details

System Check:

The system is designed to be used with AC Voltage power sources between 85 to 264VAC, 47 to
63Hz. The CAPO performs a self-check each time that it is powered on. The User should always
visually inspect all connectors, cables and devices to be measured to avoid any safety issues.
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5 Quick Start Guide

5.1 Connection

| Gy |——

Raytech

SWITZERLAND

The FIRST cable you have to connect and lead to earth ground, is always the Safety GND!

Afterwards connect the HV-GND, the HV-cable and the measurement cable to the test object.

Finally, connect the Safety-Switch to the Instrument.

5.2 Instrument operation

WARNING !
Hazardous voltage may result in severe injury or death!

1. Power on the instrument’

Test object: 'Raytech’ B 1507
. usta || || sonz | 2000v |
Sk Ut o v
O -—--pF | fon
s Itx: ---.- mA
' P W *
e Ya:25.4°C L

2. Select voltage and frequency

lect Test Frequency

[] User Set

(. s Y = EPSP=N

I A

1 The battery symbol on the top of the screen is only available in the CAPO 2.5
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3. Press the Safety Switch and select

|Single| or |Cont] (Continuous) to start

Test object: ‘Raytech' B 1507

. usta || || sonz | 2000v |

Op: Ut oV

o -——-pF | fomn

tand: It ——.- mA
P:-——.-W L

da:25.4°C L

B

| et ;

[ New |

N ED ETE

90315-1.5 Instru

ction Manual CAPO
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~ay
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tech

4. Get the results you want by selecting the
measurement mode (also possible during

the measurement)

| usta ||

H 50 Hz

|| soov |

Cxp:

@ 100.00 pF

tand

-0.00001

ut: 497 ¥

f: 50 Hz
Ik 15.6 uA
ke

P1ok 0.019 mW

da:25.5°C L
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6 Power factor / tan & measurements’

6.1 Definitions

IEC defines the power factor cos ¢ as the ratio between the absorbed active power to the absolute
value of the reactive power. This corresponds to tan 8.

The picture below shows the definition of dielectric variables tan & (dissipation factor) and cos ¢
(insulation power factor) in an equivalent parallel circuit.

Example: Equivalent parallel circuit

ICX IRX

RX

1 According to IEEE Std C57.152-2013
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6.1.1 Dissipation factor tan &

It is the tangent of loss angle &

tan(S:£

Ql

p 1 in .
tand = — = X = 3l 62 = Cosq)2 = tan(arcsm(cosgo))
Rl Ty  Vi-sin® V1-cos )
where:
P Real Power [W] Irx current through resistance [A]
Q Reactive Power [VAR] lex current through capacitance [A]

6.1.2 Power Factor (PF) cos ¢

It is the Cosine of the phase angle ¢ or the sine of the loss angle ©

PFZCOS(pZ%

P I : I .
COSQY =< = 75— = M =sind = - K —= tanéz = sin(arctan(tan §))
S Jp+q@? 1 VI +12,  V1+tan®d
where:
P Real Power [W] Irx current through resistance [A]
S Apparent Power [VA] lex current through capacitance [A]

I total current [A]
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4 N
Info:
The CAPO is able to display either dissipation factor tan & or power factor
cos ¢ based on the users choice.
In cases where the angle is very small, dissipation factor tan & practically
equals power factor cos .
N\ J

Have a look at chapter 6.2.3.1 Simplifications for small Dissipation / Power Factor on page 31.

6.2 Background

Insulation power factor (PF) is one of the most common tests performed on transformers,
regulators, reactors, bushings, and other supported equipment and should be conducted as part of
factory, acceptance, diagnostic and routine assessment. Though dielectrics have inherent losses
due to construction materials, PF measurement is most effective at detecting the relative levels of
moisture and contamination. Evaluation of the capacitance measurement is effective in detecting
physical defects that lead to changes in the dielectric’s geometry.

6.2.1 Imperfect dielectric

The properties of true dielectric insulations are often simplified and expressed as imperfect
dielectrics. An imperfect dielectric is a dielectric where the energy necessary to create an electric
field is not returned to the electric field when the energy is removed. The energy is converted into
heat in the dielectric. Conversely, a perfect dielectric has zero conductivity, and there are no
absorption effects. A high vacuum is an example of a perfect dielectric. Most dielectrics tested are
considered imperfect dielectrics due to the presence of moisture, contaminants, and other inherent
polar molecules.
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6.2.2 Equivalent circuits

The two common methods of representing the imperfect dielectric are the series and parallel
circuit. These two circuits include two elements, a capacitor and a resistor.

The resistor represents the loss component of the insulation, while the capacitor represents the
geometric and physical properties, such as the dielectric constant.

The figure below displays the two common methods of representing the imperfect dielectric.

Il
1]
@)
w
O
Il
1]

|Re /| z*

| Rs

Serial Circuit Parallel Circuit Impedance
*complex
1
1 Rp=oC
w
Rs+ —— = [0 -P = Z
JwCs 1
Rp+——
JoCp
where:
Cs serial Capacitance [F] Rp parallel Resistance [Q]
Cp parallel Capacitance [F] VA Impedance (complex) [Q]
Rs serial Resistance [Q] w angular frequency [s'] w=2*m*f
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Either circuit is adequate for explaining the effects of PF within a dielectric specimen. In the series
circuit, Rs represent the series AC resistance. The parallel circuit shows Rp as the equivalent
parallel resistance. Though both can be used in discussing and defining PF, the parallel circuit is
the most common. In both cases, the resistance represents the presence of moisture,
contaminants, lossy partial discharge (PD) activity, and inherent polar materials.

INFO:
The CAPO uses the parallel circuit as model.

Have a look in the attachment “F.5 Show Series Values” on page 107 if you would like to see the
series values.
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6.2.3 Conversion series- parallel-replacement circuit diagram

The following formulas are helpful for the conversion of the two models:

where:

Cs
Cp
Rs
Rp

Cs = Cp*(1+tan’d) Cp = Cs
1+tan’d
2 2 2
cs = 2P *200 *2Cp mE Cp*(1+tan’d)
Rp™*w *Cp
Rp—Rs Cs
Cp :\/ P 2. 2 2
Rs*Rp“*m 1+tan”o
Rs = |Z | _ Rp*sz _ Rp :Rp*tan26: tan O
Rp  Rp°+Xp° Rp’*w’*Cp°+1 1+tan’d @*Cs
2 2 2
Rp = @ _ | Xp™* Xs _ 1 _ Rs*(1+ta;1 6>
Rs Xp—Xs wxCpxtand tan’d

7 = Xs*V1+tan’§

p=27s=17 Rp*Rs = |7°|

tan O = tan d

serial — parallel =

1 = w*xRs*xCs

w* Rp*xCp

serial Capacitance [F]
parallel Capacitance [F]
serial Resistance [Q]
parallel Resistance [Q]
Impedance [Q]

90315-1.5 Instruction Manual CAPO

Zs serial Impedance [Q]

Zp parallel Impedance [Q]

Xs serial reactance [Q]

Xp parallel reactance [Q]

w angular frequency [s"] w=2*m*f
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2 2
Rp™* Xp Rp *w*Cp
Xs = 2 2 Xs = 2 2 2
Rp™+Xp 1—Rp *w *Cp
2
Xp = Rp“*Rs
Rp—Rs
where:
Cs serial Capacitance [F] w angular frequency [s'] w=2*m*f
Cp parallel Capacitance [F] Xs serial reactance [Q]
Rs serial Resistance [Q] Xp parallel reactance [Q]

Rp parallel Resistance [Q]
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6.2.3.1 Simplifications for small Dissipation / Power Factor

If the dissipation / power factor is small, the error can be neglected and you can use the following
simplifications:

Cs ~Cp Z~ Xs~ Xp
Rs ~ Xs*tand Xp
Rp ~
P™ tans

Error ~ 1+tan’d

For tan & < 3%, the difference between PF and tan & is smaller than 0.1%

where:

Cs serial Capacitance [F]
Cp parallel Capacitance [F]
Z Impedance [Q]

Xs serial reactance [Q]

Xp parallel reactance [Q]
Rs serial Resistance [Q]
Rp parallel Resistance [Q]
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6.2.4 Conversion capacitances to inductances'’

The CAPO is able to measure the inductance. With the formulas below you can make the
conversion.

If the CAPO detect an inductance instead of a capacitance, Cxp will switch to Lx (the tan & /PF will
switch to Quality factor?).

Parallel Circuit Cp == [IRe Lp % []Re

Il
I
O
%)
AN
—
»

Serial Circuit

1 .
Z = ——+Rs = JjwLs+Rs
JoCs
Rs = Rs , =joLs = 1=-w’LsCs
Jw*Cs
—1 1
L=—— Q=—r
0 *xC tan o,
where:
L Inductances [H] w angular frequency [s'] w=2*m*f
C Capacitance [F] Q Quality factor
R Resistance

tan &¢ Dissipation factor

1 ltis necessary to distinguish between serial and parallel (Lp, Ls and Cp, Cs)
2 The quality factor (or Q) of an inductor is the ratio of its inductive reactance to its resistance at a given frequency.
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7 Operation Elements

7.1 CAPO 2.5

14: USB Interfaces

Ra

~ay

| ——

|

tech

WITZERLAND

15: RS Interface

12: Safety 13: T t -
receptacle - lemperature - qy Host, 1x Device) ) (1x RS232)
\
e \ @ / o

11: HV Output——|

10: HV GND —

9: Measurement___
Input A

8: Measurement
Input B

7:Safety |
GND

HIGH
VOLTAGE

1: Main Input

Connect the power cable to the Main Input.
Press the Main Switch to switch the CAPO on / off.

2: Main Switch

L 1: Main Input

Ol =1
o | 5 Main Switch
HV <
> @GND @
High Votago Side| SO, 4// 3: Emergency
[ ] [ J Stop
> O »
B
//V()wg —————— 4 4: Thermal
— ¥ Printer
[ J @
| —> 9 P
\__® e

6: Display with
Touch Panel

Press to power the CAPO on / off.

3: Emergency Stop

Press to stop: The measurement will stop and immediately switch off the high voltage.

Turn clockwise to release. The device will remain in a safe mode state.
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4: Thermal Printer

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

Green Light on: System is in safe mode. Ready for handling test leads, connections.

Red Lighton:  Unsafe mode! Don’t remove any cables and don't touch the test object.

WARNING !
High voltage is on!

6: Display with Touch Panel

The instrument can be easily manipulated and fully controlled by the touch screen panel. If
preferred, an external mouse or keyboard can be connected to the USB Port to control the system.

7: Safety GND
Connect a proper earth.

The FIRST cable you have to connect and lead to earth ground is always the Safety GND. This is
also the LAST cable to disconnect! Any interruption of the grounding connection can create an
electric shock hazard.

8: Measurement Input B
Connect the red measurement cable to this input.

9: Measurement Input A

Connect the blue measurement cable to this input.

10: HV GND

This is also a measurement Input. Connect the green-yellow cable to this input.

11: HV Output’

This is the receptacle for the high voltage. Connect the orange high voltage cable to this input.

This is not the same plug as the one from the CAPO 12, the cables are not interchangeable!
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12: Safety receptacle
Here you can connect the Safety-Switch.

For more detail about this receptacle have a look in the chapter 11.1.3 Safety on page 94.

13: Temperature receptacle
This receptacle is for an external temperature probe.

(Optional Accessory TP01)

14: USB Interface

1 x USB Host

1 x USB Device

See chapter 11.1.2 USB on page 93 for details.

15: RS Interface
RS232
See chapter 11.1.1 RS 323 on page 93 for details.

7.2 CAPO 12
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12: Safety 13: Temperature  14: Emergency 15: USB Interfaces 16: RS Interface

receptacle receptacle Stop (1x Host, 1x Device) (1x RS232)
4 \ l / I

|~ 1: Main Switch
® © NG, = [E o@o
mA L— 2: Main Input
| by O e &« 3:Safety GND
11: HV Output — High Voltage Baytech Safety GND

) o
10:Guard (V) — |

9HVGND — % @

®
won

8: Measurement —
Input A

7: Measurement

Input B

Input B

AN /

| — 4: Thermal
Printer

// I

6: Safe 5: Display with
Indicator Touch Panel

1: Main Switch
Press to power the CAPO on / off.

2: Main Input
Connect the power cable to the Main Input.
Press the Main Switch to switch the CAPO on / off.

A slow acting Fuse (T 10A) protects the device. (Use only the correct fuse type to replace it).

3: Safety GND
Connect a proper earth.

The FIRST cable you have to connect and lead to earth ground is always the Safety GND. This is
also the LAST cable to disconnect! Any interruption of the grounding connection can create an

electric shock hazard.
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4: Thermal Printer

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

5: Display with Touch Panel

The instrument can be easily manipulated and fully controlled by the touch screen panel. If
preferred, an external mouse or keyboard can be connected to the USB Port to control the system.

6: Safe Indicator

Green Light on: System is in safe mode. Ready for handling test leads, connections.

Red Lighton:  Unsafe mode! Don’t remove any cables and don't touch the test object.

WARNING !
High voltage is on!

7: Measurement Input B

Connect the red measurement cable to this input.

8: Measurement Input A

Connect the blue measurement cable to this input.

9: HV GND

This is also a measurement Input. Connect the green-yellow cable to this input.

10: Guard (V)

Everything connected to this potential is not taken into account for the measurement. It is the same
potential as the shield of the measurement cables.

11: HV Output’

This is the receptacle for the high voltage. Connect the orange high voltage cable to this input.
12: Safety receptacle

Here you can connect the Safety-Switch.

For more detail about this receptacle have a look in the chapter 11.1.3 Safety on page 94.

1 This is not the same plug as the one from the CAPO 2.5, the cables are not interchangeable
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13: Temperature receptacle
This receptacle is for an external temperature probe.

(Optional Accessory TP01)

14: Emergency Stop
Press to stop: The measurement will stop and immediately switch off the high voltage.

Turn clockwise to release. The device will remain in a safe mode state.

14: USB Interface

1 x USB Host

1 x USB Device

See chapter 11.1.2 USB on page 93 for details.

15: RS Interface

RS232
See chapter 11.1.1 RS 323 on page 93 for details.
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The instrument software is straight forward and easy to set up and operate. With a few key strokes
and selections on the test screen, measurements can be started. See chapter 5 Quick Start Guide

on page 22.

8.1 Menu Structure

CAPO 12 menu is structured as shown in the figure below.

Setup

Main Screen Measure
New Info Archive
New Load New test
[MeasurementIfromArchiveI object j Instrument USB-Key
E Info Load Delete I Fn):gg:/ J
Name Actual
Plate Result

[ Result I Delete I Print ]

Device
Settings

[

Operator En

l

lo— )
Standart Printer E
(2] S—1

Colors m

License

a)

About G

Clock @

Update

Language (:’

Service

A
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8.2 Main Menu

8.2.1 Main Menu Screen

Test object: 'Secheron’ 15:52

| usTA || caption || 100Hz || 2000v

Cop: Ut oV _ o
— pF £ 0 Uz The Touch screen enables quick navigation

Ihi ——— mA by tapping directly on the screen.

P b P - e.g. if you would like to change the

----% dm: -.- oC €L measurement voltage, tap on it and the
: Menu “Select Test Voltage” will open.
‘ Single | ‘ Cont |

USTA

Select the measurement Mode.
For more information see chapter 9 Measurement Modes on the page 72.

Caption
User defined Caption for the measurement result.

100 Hz

Select the measurement test frequency.

2000V

Select the measurement voltage.

Cxp:

Shows the measurement result. You can tap on it to change from capacitance [Farad] to
Inductance [Henry].

PF / tand:’

Shows the measurement result. You can tap on it to change from PF (Power Factor) [%]. / tan &% to
Rp (Serial Resistance).
If you have selected inductance in the upper field, you will see here Q (Quality Factor).

1  If you measure Inductance, you will see here the quality Q
2 Depending on your default settings in the Setup
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Measurement test voltage [V].

f:
Measurement frequency [Hz].
Itx:

Measurement current [A] through test object (depending on measurement mode). This is the total
current through the test object.

If you tap on it, it will change to Ir, Ic, Ix1ox.

Ir: Resistive current (in phase with an ideal resistor)

Ic: Capacitive current (in phase with an ideal capacitor)

Ix10: Calculated total current you would have, when you have 10kV over this test object.

P:

Power [W] over test object.
If you tap on it, it will change to P1ok: Then it shows the Power [W] @ 10kV. This is the calculated
power you would have, when you have 10kV over this test object.

dm:

If you connect a temperature probe (TP01), you will see the measured temperature.
If the receptacle “Temp” is open, you can click on 9m: and enter the temperature manually.

Single / Multi'
Single: Starts a single measurement.

Multi: Starts measurements with multiple parameters

Cont

Starts a continuous measurement.

Print

Prints the measured result.

Save

Saves the measured results.

New

Opens the menu for a new transformer template or a new measurement.

1 It depends on the selected Test Mode or voltage- / frequency sweep
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Info

Opens the menu for the information about the results or the actual transformer template.

Archive

Opens the menu with the stored results and transformer templates on the instrument and the USB-
key, if you have one connected.

Setup
Opens the Setup menu.
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8.2.1.1 Safety-Switch
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On the right side of the main screen is a symbol for the Safety-Switch.

Safety Switch is open

Test object: 'secheron’ 14:29

| usta || || eomz || 4s00v |

Cip: Ut o v

o T pF ) Hz

p— It:gn\

P - W @

T rn: -.- 2C L

‘ Single H Cank |

I Info I.ﬁ.rchivel Setup -

8.2.1.2 Earth connection

Safety Switch is pressed

Test object: 'secheron’ 14:29
| UST & || || 60 Hz || 4600 ¥ |
Cip: Ut: 0 ¥

O ———_= pF . 0 Hz
tand: IE}:&‘
T e —.- oC @

‘ Single || Cank |

I Info I.ﬁ.rchivel Setup -

Below the symbol for the Safety-Switch there is the symbol for the earth connection.

If the symbol is crossed, the earth
connection is open

Test object: 'secheron’ 14:31

|U5TA || || 62 Hz || 4600 ¥

Cxp
® —_— -
tand:

90315-1.5 Instruction Manual CAPO

Earth connection is OK

Test object: 'secheron’ 14:29
| usta || || somz || 4s00v
CE Ut o v

o = pF f: 0 Hz

tand; '

‘ Single | | Cant |

e |1 wto [ wewe [ s [

Page 44 of 122



8.2.1.3 Test object
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At the top of the screen the name of the actual profile is visible. Change it by tapping “Info” and
select the tab “Name Plate”.

in the bottom of the screen

Test ohject: 'secheran’ 14 29

| usta || || somz || 4s00v

S Ut oV

Q == pF f: 0O Hz

- Itx: ——.- mA

P:—.-W

T e —.- o

‘ Single | ‘ Conk |

i Info i.ﬁ.rchivel Setup -

8.21.4 Time

Test ohject: 'secheran’

| usta ||

Crp:

) -_— -

tand:

‘ Single H Conk |

B N T

90315-1.5 Instruction Manual CAPO

The Name Plate, with Information

Test object Info "Secheron' Archive

Mame |Secheron

arme
Flate
SiN 21649
Results
Type MT 32,440
Manufacturer |
Location |R aytech

Rermarls |

The actual Time is visible in the main
screen to the upper right corner. The time
and the date is adjustable in the Setup
under Clock. Have a look on chapter

8.2.7.1.3 Clock on page 59.
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8.2.1.5 Battery Symbol
The battery symbol indicates the level of the battery and if the mains are connected or not.
It is only available in the CAPO 2.5.

Mains operation and charging. A plug

symbol is in the Battery

Test ohject: 'raytech’

@1? 24

| UST A || ” }ai(Hz || 2000 ¥ |
i
Cxp: / Ut oV
O -—-~-pF | fom
- It —.- mA
[P ===y= 0
T thm: —.— °C
‘ Single | ‘ Conk |

I Info I.ﬁ.rchivel Setup -
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Battery operation

Test ohject: 'raytech’

| Gy |——
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@ 17:24

| usta || || }ai(Hz || 2000v |
i
i Ut o v
O -—-~-pF | fom
P It ——.- mA
i W
T Wm: -.- °C *
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8.2.2 Measurement Mode

The actual measurement Mode is visible on
the main screen

T imat; ‘Raytech' EER 1507
( usta || sowz || 2o000v |
L™

CR—" Ut 0 Y

@ ‘\‘.‘ pF f: O Hz

: Itd: ———.- mA
e N Pio—.- W [
T Ua: 25.4 °C L

‘ Single | ‘ Conk |

— Y |

Raytech
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If you need to change it, tap onitand a
new window will open

ST A+B Lo
G5Tg &
G5Tg B |
[ GSTg A+8 LR j ]

GSTa+E [

r | ! I ! I !

For more information about the measurement modes see chapter 9 Measurement Modes on page

72.
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8.2.3 Caption
This is a user defined text that marks the results.
The actual text of the caption is visible on If you need to change it, tap onitand a
the main screen new window will open
Test object: 'Eﬁ;herl:m‘\ 15 29
| usTAa || raytech 100Hz || 4600v

L
Cxp: e Ut oV
O —." pF f: 0 Hz
FF: Ilt:}'{ll == l::ﬂ.

—— -0 o ke

o /0 tm; -.- oC L
‘ Single | ‘ Cont | [
I Info I Archive I Setup - r T = T I

Select a text from the list and press the Or click on the text field to change the
button actual text or enter a new one

raytech

4z xc vbnm e

123# <!
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8.2.4 Measurement frequency

The actual measurement frequency is
visible on the button

Test object: 'secheran’ /—--—N\ 14:29
_usta || || 6onz 4600 ¥
LY
. =~ =
cH Ut 0 v
o TTTNT pF f: 0 Hz
p— It ——.— mA
Pi—-W o
= tm: -.- 2C L
‘ Single | ‘ Cank |
Tt | oo [ wee || senn [

the frequency you want. The four
buttons on the right can be set by the user,

just select the " User Set" and you can
change them by pressing the button

Select Test Frequency

‘ 10 Hz | ‘ 100 Hz | ‘ 15 Hz |
. ‘ 30 Hz | ‘ 200 Hz | ‘ 25 Hz |
‘ 50 Hz | ‘ 400 Hz | ‘ 150 Hz | -

90315-1.5 Instruction Manual CAPO
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If you would like to change it, tap on it and
a new window will open. This is also
possible during a measurement

Select Test Frequency
(
| 10 Hz | ‘ 100 Hz | ‘ 15 Hz |
A | 30 Hz | ‘ 200 Hz | ‘ 253 Hz |
| 50 Hz | ‘ 400 Hz | ‘ 150 Hz |
[ User Set
r I~ I T~ A

On the second tab you can increase
or decrease the actual frequency

Select Test Frequency I

| Select | User | f+/- | Sweep | :I

Change Test Frequency

A ‘ -10Hz || -1Hz +10Hz

[ il
r I | I A

100 Hz ” +1Hz
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On the third tab you find a solution if you have heavy interference on the line frequency.

Select Test Frequency

[ Select I User | f+/ | Sweep |

‘ 50Hz £6% | ‘ 60Hz £5% |

The CAPO performs measurements at
vicinity of the selected frequency. By this
method noises and disturbances on line
can not decrease the accuracy of
measurement. However CAPO will
calculate the result based on the selected
frequency.

Please note that continuous measurement
is not possible in this method.

Under the Tab it would be possible to store different lists of frequencies.
The CAPO will start with the first frequency of the selected list. After a proper measurement result,
it will automatically change to the next frequency and perform the measurement.

Select Test Freguency

[ Select I User I f+/- | Sweep

H +

-

(]
[t Rl Freartz]

50.0

100.0
150.0
200.0

250.0

[ 200.0
2000
400,10 Select |
r I I I A

90315-1.5 Instruction Manual CAPO

Edit a list:

To Add or Remove a frequency of the list,
use the button [+] or -]
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8.2.5 Measurement voltage’

The actual selected measurement voltage
is visible on the button

Test ohject: 'secheron’ /..14-119\

| UST A || ” 60 Hz [| 4600 ¥ ]
LY F
Cxp: oy —~—"
QO -——.-pF| fom
— It —.- mA
Pl W o
T thm: —.- oC L
‘ Single | ‘ Conk |

I Info I.ﬁ.rchivel Setup -

the voltage you want. The four
buttons on the right, can be set by the user,
just select the " User Set" and press on
the button you want to change.

1 w0y || 200 |
. ‘ 200 ¥ | ‘ 5000 ¥ | ‘
‘ 500 ¥ | ‘ 7500 ¥ | ‘
[ ‘ 1000 ¥ | ‘ 10000 ¥ | ‘
‘ 2000 ¥ | ‘ 12000 ¥ |
r I | |

| O ——
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If you would like to change it, tap on it and
a new window will open. This is also
possible during a measurement

{ | 100 ¥ | ‘ 2500 ¥ | ‘ 150 ¥ |

A | 200 % | ‘ S000 ¥ | ‘ LR |
| S00 ¥ | ‘ 7500 ¥ | ‘ 6000 ¥ |

[ | 1000 ¥ | ‘ 10000 ¥ | ‘ 11000 ¥ |
Taoo0v | tzoonv | [ oeer et

r I I I A

On the second tab there is the
option to increase or decrease the actual
voltage.

Change Test Yoltage

= |

‘—IDD\\'”—ID?

‘ 200 ¥ H+1l] '|||'”+1l]l]'|||'

Go

r | | I | I | A

.

Maximum voltage of CAPO 2.5 is 2'500V, CAPO 12 has a maximum voltage of 12'000V

90315-1.5 Instruction Manual CAPO
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Under the tab it would be possible to store different lists of voltages.

The CAPO will start with the first voltage of the selected list. After a proper result, it will
automatically change to the next voltage and perform the measurement.

Select Test Voltage

e IRdll voltiv]

500 .
. 1000 Edit a list:

1500 g To Add or Remove a voltage of the list, use
-] 200 ; the button [+] or -]

8.2.6 Start a measurement

WARNING !
Hazardous voltage may result in severe injury or death!

Before performing any test with this instrument, read this user manual and observe all safety
precautions indicated.

NOTE:
& The FIRST cable you have to connect and lead to earth ground, is always

the Safety GND

There are different measurement modes: Single, Continuous, Multi.
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8.2.6.1 Single measurement

To start a single measurement, press and
hold the Safety Switch and afterwards
press the button

Test object: 'secheron’ 14 33
| ustA || raytech || 100Hz || 4600v
e Ut o v
o === pF f: 0 Hz
— Iti: -—.- MA
Pi—.-W L
T thm: -.- °C £
Single ‘ Conk |
I Info I Archive I Setup -

8.2.6.2 Multi measurement

Instead of Single the button can be labeled
with | Multi]. This are multiple Single

measurements.
Test ohject: 'Secheron’ 11:56
GSTgA+B...|| <o || somz.. || 11000
g Ut oV
== pF f: 0O Hz
FE: I?. === ::.A
§ === L
T 0/0 m: -.- °C L
T — 2 =g L

‘ Ly Corkt |
I Info I.ﬁ.rchivel Setup -

There is more information in the following chapter:

8.2.4 Measurement frequency on page 49
8.2.5 Measurement voltage on page 51
9.5 Xfrmr on page 80

| Gy |——
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The CAPO will do the measurement and
after you get a stable result, it will

automatically stop the measurement.
You can the result or directly

it on paper

Test object: 'secheron’ 14:34

| usta || raytech || 100Hz || 4600v

Cxp: Ut: 4.60 kv

® 2.7516 nF | 100w

p— It: 7.96 mA
0.00263 |, oM =

‘ Single || Conk |

I Info I.ﬁ.rchivel Setup -

| Prink || Save |

Mulit is visible if frequency- or voltage-
"Sweep" is selected or the measurement
Mode "Xfrmr" or "Multi".

Fehler: Verweis nicht gefunden Fehler: Verweis nicht gefunden on page Fehler: Verweis nicht

gefunden

90315-1.5 Instruction Manual CAPO
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8.2.6.3 Continuous measurement

To start a continuous measurement press
and hold the Safety Switch and afterwards

press the button

| Y —

Raytech
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During the measurement you can change
the measurement channel (e.g. from
UST A|to| GSTg B]). You also don't have
to stop the measurement if you want to
change the frequency or the voltage.

Test ohject: 'secheron 1433 (TTTTTTITTTTTTTITITTITT |
| usTA || raytech || 100Hz || 4600v | usta || raytech || 100Hz || 4600v |
O -——.-pF| fom @ 2.7516 nF | + 100 bz
F—y Its: ——.- mA — Itx: 7.95 mA
Pr-—.- W L F:96.2 mW L
A~ drn: -.- °C L 0.00263 4m: -.- °C L
‘ Single | Conk | Prink || Save |

CTTTTITTTTTITITTITITTTT] |
| usta || || 100Hz || 100v |
©  2.4650 uF | f i00H: Duri .
he = uring all 'measurement therells a bar on
tand: F o i g the right side of the screen. It indicates the
0.00614 i = total current which is actually flowing. The
— = black line means 150mA
| Print | | Sawve |

NOTE:

The continuous mode is a feature to start and stop measurements manually,
not a feature for long-time measurements. Please do not apply high voltage
for more than 10 minutes as this can harm the device and sometimes the
test object. After 10 minutes of continuous measurement with output
currents exceeding 50 mA, a 30-minute pause is required.
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During or after the measurement you can
tap the dissipation factor measurement to
switch between tangent delta (tan 8) /
Power Factor (PF)' and Rp (parallel

Resistance)

Test ohject: 'secheron’ 14:37

| usTA || raytech || 100Hz || 4600V

Cxp! Ut: 4.60 kv

® 2.7516 nF | 10z

— Its: 7.96 mA

P:06.2 mW L

0.00263 o i

‘ Single | ‘ Cank | | Print | | Save |

I Infa I.ﬁ.rchivel Setup -

Inductive loads:

Test ohject: 'test’ R 1723
| ustAa || Test || ssuz || z00v |
Lxp: Ut: 202 V
@ 669.8 H f: 55 Hz
a: [t 0.97 mA
F:84.49 mW L
2-09 tm: -.- oC L
‘ Single | ‘ Conk | | Print | | Save |
I Info I Archive I Setup -

1 Depending on your default setting in the Setup

90315-1.5 Instruction Manual CAPO

m— Y |

Small values of tan © or PF, will have the

same numbers.

Test object: 'secheron’ 14:37

| usTA || raytech || 100Hz || 4600V

=k Ut: 4.60 kV

® 2.7516 nF | f100mz

= Itv: 7.96 mA

F:96.2 mW .

0.263 % [gn o =

‘ Single | | Conk | | Print | | Save |

Archive

If the test object is inductive, the instrument
shows automatically Lxp instead of Cxp
and instead of the dissipation factor (tan & /
PF) it shows the quality factor Q.

The quality factor Q of an inductor is the
ratio of its inductive reactance to its
resistance at a given frequency.
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8.2.7 Setup

By pressing the Setup button, the Setup screen will appear.

Symbol J
Taps
12 @
Liu:ens. Abhout Clock
Menu

N &V L L4
w12 G X

Update Language Service

The setup menu contains the following five' parts:
* General
e Operators
» Dissipation Factor
* Printer

e« Colour

They can easily be switched with the symbol taps on top of the screen.

The content of this five parts is described in the following chapters.

1 With the Service-Code “1200#” it is possible to add a sixth part. Have a look in the attachment “F.9 Oil Correction Table” on page
110.
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8.2.71 General r""ll‘
L
The General tap contains the 6 following parts: &

8.2.7.1.1 License

License Manger is used to enter a Raytech license number. If your license state changes, you may
be asked to enter a new license.

This menu displays the actual license state. To modify or extend the license, enter a
By touching the | Enter new License Key | new license code.

button you can do so

ﬁ-m

Enter Licence

License Manager SfM: 391-194
e NEE NEE T
: Firrmaare 32 days remaining '
LIL T-Base Remote 32 days remaining LIL =] Deleta
Check

N N 4 =) &)
F F
N 1 2 3

Y | Enter new License Key | Y 0

NOTE:
The license code is generated by Raytech AG
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8.2.71.2 About
. CAPO1Z Firmware Choose this menu to get information about
License Version 0.8.7.15 - o -
R the instrument like firmware version and
S%6L Opt: OVP serial number.
Vi _I'\
u—-|"J-~\_.
Update Language Service
8.2.7.1.3 Clock
=, PR -~ D
System Time
Date
| |o1.04.2019 =]
L| Time Use this menu, to set date and time. This is
o 1427 4] important for your data sets, because your
P measurement will contain a time stamp.
“ Format
Ul |01.04.2019 14:37 |

8.2.71.4 Cursor
Lower versions than 0.8.8 of the Firmware had an option to activate a cursor of a USB mouse.

This option is no longer needed in newer firmware. It will automatically recognize it if you connect a
USB-Mouse or a Track ball and a mouse cursor will be visible during the motion of the mouse. The
instrument can then be fully controlled by the mouse.
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8.2.7.1.5 Update

8.2.7.1.6 Language

The CAPO firmware supports different
languages. Use this menu, to choose your
favourite language from a list of available

languages.
N EAS

Bl Select Language

)

' Deutsch

Licens

o™
5
H_-I-.D,.' -

Updat

90315-1.5 Instruction Manual CAPO
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New Firmware versions are available free
of charge at www.raytech.ch

Download the new Firmware (.zip file) onto
your USB key on the root directory (Not in
a sub-directory and do not Unzip it).

Connect the USB key to the instrument and
press |Install|. The system will detect and
automatically install the new firmware and
restart the system.

Restart the instrument to activate the
desired language selected.

D

In order for Language
Licers change to take effect the
device must be reset,

Mo

Update  Language Service
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8.2.7.1.7 Service

There are several embedded codes to allow different settings, e.g. calibrate the touchscreen,
activate USB-driver and so on. For more information see chapter F Service Mode on page 105.

ﬁ\l 7 8 g

[

License 4 5 5

The Service Mode has a limited access.

Enter the corresponding code or exit

/K:‘/;Z 1 5 3 directly by tapping '#'
Update * 0 #

8.2.7.2 Operator
Every measurement can be stored with the name of the actual operator. In this menu, g
new operators can enter their first and last name. Existing entries can be changed.

Stephan
Raymond Bryank
ather Salim

Touch an operators name and then touch
to make your choice.

Agk for Operator at Powerup

Deleke

Note the " Ask for Operator at Power-up”, when checked, you will be asked if the chosen
operators name is yours during the start up of the instrument. This may be helpful, when several
operators are using the same CAPO.
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8.2.7.3 Oil Correction Table'
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NOTE:

To access this feature, you must enter the service code "1200#" first

After you enter the Service Code #1200 a
new symbol in the upper menu will appear.

Update Language Service

It is possible to make a measurement
correction of the PF or tan & on the basis of
the temperature.

£y -T2

0il Correction Table

[MOn  |EEE c57.12.00 (209 ||

| Info | ‘ Delete | | Import | | Export |

Normally this feature is disabled. But if you need it, read chapter F.9 “Oil Correction Table“ in the

appendix on page 110.

To enter a Service-Code, check chapter F in the appendix “Service Mode*“ on page 105.

1 This is only available if you entered the Service Code “1200#”
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8.2.7.4 Dissipation factor

Dissipation Factor

Quality Assistant Eower Factor

W A

Raytech

SWITZERLAND

Here you can choose between the
dissipation factor tan & or the Power Factor
cos ¢

The one you selected, will be on the print out and on the measurement display.

8.2.7.5 Quality Assistant

If the Quality Assistant is enabled, a light in
the main screen indicates the quality of the
test result.

Dissipation Factor |tan|5

Cuality Assistant Enahle
Disabl=

90315-1.5 Instruction Manual CAPO

If the light is green, the measured result is
stable

| UST & || || 50 Hz || 500 ¥ |
Cxp: Il’r 49? v
® 100.00 pF | fsonz
p—_ It 15.6 UA
F4k: 0.019 mW L
-0.00001 tha: 25.5 °C L

\
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8.2.7.6 Printer | |
If you are able to use an external USB Printer, you should choose the correct L=‘i 1
emulation. =
Connect your USB Printer to the CAPO’s Maybe you would like to print a test page,
USB host connector. Touch the USB Printer to make sure everything works properly.
symbol and select the emulation of your
USB Printer.

S YV

Setup USE Printer

LUSBE Printer  niot available

C Ermulation IHP PCL El

s Pt Rasis 04 L] [Reeh | [TertFooe |
|

For more Information see Appendix E USB Printer Info on page 104.

Auto Print Results: If you select it, the CAPO will automatically print the result after a finished
Single measurement.

8.2.7.7 Colour

Two recommended colour schemes are available.

Indh . .
eeer l:I Indoor and in moderate sunlight you may
Bright Sunlight B | prefer the coloured scheme.

In bright sunlight "black and white" provides

maximal contrast, to make sure everything
remains readable.
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8.3 Results and data structure
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The measurement results can be stored on the internal memory or on an external USB-key. It's
possible to exchange the results from the internal memory to external USB-keys or direct to a

computer.

Create a "test object" for an easy organization of all measurement results. Under a "test object" it is

possible to store multiple measurements.

Test object: 'secheron’ 15 29
| usta || raytech | 100Hz || 4600y
Cxp: Ut oV
Q == pF f: 0 Hz
FF: It;fl === ::.A
i L

T 0/0 e —.- OC -+

‘ Single | ‘ Conk |

I Info I.ﬁ.rchivel Setup -

8.3.1 New
Test ohject: 'secheron’ 14 42
usT A raytech 100 Hz 4600 ¥ I
Cxp X
@ | Mew test object |
PF:
| Load fram Archive | L
1
| Mew Measurement |
Singl

e |
T I Infa I.ﬁ.rchivel Setup -

90315-1.5 Instruction Manual CAPO

To work with the test object and organize
the results, there are three buttons on the
main screen

A new window will open after pressing the

button
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8.3.1.1 New test object
Creating a new test object

After clicking on |New test object| the

following screen is visible:

Ackual
Result

8.3.1.2 Load from Archive

Mame
S
Type
Manufacturer
Location

Rermarks

Test object Info

| W |

Raytech

WITZERLAND

Just tap on the input window you would like
to change and a new window will open with
a keyboard'

Test obiect Info

123# L

If the test object was created and stored to memory from an earlier measurement, select

| Load from Archive .

" Mame Type SN Location
17.02.2017

Secheran 2

Secheran 1

Secheran z

test 433

Now you can load an existing test object
from the memory on the instrument or from
a USB-key, if a USB-key is connected

1 It's also possible to connect an external USB-Keyboard or Mouse to control the CAPO.

90315-1.5 Instruction Manual CAPO
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8.3.1.3 New Measurement
This will create a new measurement in a previously loaded test object.

8.3.2 Info

If you press the button, you will find data to your actual test object and measurements

In the "Name Plate" tab, you get all the Select “Results” and you see an overview
information to your actual test object. about the measurements in this test object

Test object Info "Secheron' Archive Test object Info "Secheron' Archive

Marne |5echeron | ame @ 24.08.2020 17:48
Blate {CAPO1Z 391-194)
SN 21649

| | () 12.02.2020 16:45

Restilts Results (CAPOLZ 391-194)
Type [T 32,440 |
Manufacturer | |
Location |Raytech |

Rermarlks |

90315-1.5 Instruction Manual CAPO Page 67 of 122



m— Y |

Raytech

WITZERLAND

Use the buttons on the bottom of the display to work with the measurements. For more information
have a look in the next chapter Fehler: Verweis nicht gefunden Fehler: Verweis nicht gefunden on

page Fehler: Verweis nicht gefunden.

8.3.3 Archive

Here you see all the test objects in the
internal memory and on the connected
USB-key

- K

" Name Type SN Location
17.02.2017

17.02,2017

Zapacitar [P 1973-b Eremgarten
Secheron 1

Secheran 2

Secheran z

test 433

Select all

8.3.3.1 Info

Now if you select |Info|, you get the
information about the test object and its
measurements

Test object Info "Secheron' Archive
Secheron
21649
Results

Type MT 232,440

Manufacturer

Location Ra':l.-tech

Rernarks

90315-1.5 Instruction Manual CAPO

The actual test object is blue. If you select
a different one, it is highlighted in black. It's
possible to select more than one.

- K

" Name Type SN Location
17.02.2017

17.02,2017

Zapacitar [P 1973-b Eremgarten
Secheron 1

Secheran z

test 433

In the "Results" tab, you get an overview of
your measurements

Test object Info "Secheron' Archive
@ 12,10.2020 11:33
EET: {CAPOZ.5 362-203)

W © e u@
S (CAPOZ.5 362-203)

LE5

O 12.02.2020 16:45
(CAPO12 391-194)

resut [ e [ e || o |
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If you would like to see the actual measurement
results, press the button on the bottom of
the display.

12.10.2020 11:36 Ll sweep S00V...

12.10.2020 11:33 Conk .60 Hz

Details IDiagramI Delete I Print... I Esc I

Select one to e.g. delete or print it.
Press to go back to the previous view.

Config Caption Cxp PFJQ  Freq Utest It

UaT & Test 24594 nF |1.06%: |S0H:2 2001 ¥
U3T & Test 2.4507 nF 100Hz |1999y

1

3

2001 % (4,

U3T & Test 24433 nF |0.742% (200Hz (2001 % |6,
7

9

U3T & Test 24411 nF |0.715% [250Hz |Z001 W
UST & Test 24394 nF |0.696% |[300Hz (2003 % (9.
UST & Test 24379 nF |0.683% |350Hz |1998W |10
UST & Test 24306 nF |0.673% |400Hz |2000% |1:

1] |

Header IDiagram I Delete I

90315-1.5 Instruction Manual CAPO

Select to show the results in the

selected measurements
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Config Caption Cxp PFIQ Freq Utest 1Y
ST & Test 24594 nF [1.06% [S0Hz 2001w (1,
LUST A Test 2.4507 nF [0.864%: [100Hz |[1999Y |3,
ST A Test 24462 nF [0.785%: [150Hz  |2001 Y |4,
ST A Test 2443533 nF [0.742% [200Hz 2001 % |6,
LIST A Test 24411 nF [0.715% [250Hz (2001 Y |7,
LIST A Test 24394 nF [0.696% [300Hz |2003 % |9,
LIST A Test 24379 nF [0.683% [350H=z  |[1993W |10
LST & Test 24366 nF |0,673% |400Hz |2000W |1:

4] | L

Header I Diagram I Delete I I Esc I
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8.3.3.1.1 Diagram

If the measurement has been made with a sweep function, it is possible to show the results in a
diagram.

Select to show it. With the function you can print out or

Change with the Tab between values of the save the diagram.
PF or Cx.
FF [%] | cx [nF] | FF [%] | cx [oF] |
[kUST A ZDOD W Test [4 - QOg g
1.2% Ll Please Select —
1.0% *\\‘\ 109 H —
5% "——-*_ﬁ_.___‘__t__‘ s | | Print internal |
0% 0w H | Print LISB | —
P % e Print to pdf |
0.2% 2% H
| Save a5 .png |
0.0%, ' ' ' + . ' + + 0.0% H ;
0 51 100 150 200 ES0 300 35D 400 0 400
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Select a measurement and press Multiple selection is possible
to delete it.
Mode Range
E 12 020 11:39 F sweep 50 Hz...
12.10.2020 11:36 | sweep 500 V...
12.10.2020 11:33 |Cont (60 H 12,10.2020 11:33  |Cont ...360 He

Details IDiagramI Delete I Prink... I Esc I Details IDiagramI Delete I Prink... I Esc I

With the function, your selection is
printed on internal or external printer (if
connected). If no measurements are selected,
the entire memory will be printed or exported.

4>, Time Mode

12.10.: Please Select
12.10.4
12.10.4

Print internal

Print internal compact

Frint to .pdf

| EI
| |
| Print USE |
| |
| |

Export to .cav

Detailz IDlagram I NEET I PFINE. .. I Esc

With it is also possible that all the measurements can be exported onto a USB-key in a pdf
or csv-file.

The csv-file can be opened for example; with Microsoft Excel or LibreOffice Calc.

The file is named with CAPO, the serial number of the instrument, the test object and the date and
time. You can locate the file in the directory: Raytech\EXPORT on the USB Key.

To select the CSV Separator, see chapter F.3 CSV Separator in the attachment on page 106.
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9 Measurement Modes'

9.1 Overview
The CAPO has three measurement inputs: A, B and HV-GND.

Over an internal relays-matrix they are automatically combined for the different measurement
modes as follows:

Measurement Inputs

Mode A B HVGND
USTA
UST B
UST A+B
GST A+B
GSTgA
GSTgB

GSTgA+B

T
=z
(9]
=
lw)

v Safety enp (1

If the measured Input is guarded, it means that the input is internally connected to the so called
“V”-potential which is the low voltage point (reference) of the high voltage supply. All currents that
flow directly to this point will not be measured.

1 According to ANSI/IEEE Standard 62, IEEE Std C57.152-2013
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To eliminate the stray capacitances, you have to connect the unwanted capacitances to this point.

V-potential terminal is also provided on instrument panel (See chapter 7.2 on page 38,
10:Guard(V))'.

The following figure shows an example of eliminating a stray capacitance of one bushing, which is
caused by bushing surface leakage current. By using a conducting collar which is placed and

tightened on bushing surface near the tank (not touching) and connected to guard, leakage current
of bushing guarded will not measure.

@ = Cn

Guard (V) Safety enp

||||--Y

The shields of the measurement cables are also connected to this V-potential. Do not use
unshielded measurement cables!

By selecting the different test modes, all combinations of measurements according the ANSI/IEEE
Standard 62 can be measured without any rewiring.

1 The CAPO 2.5 has no special terminal for the V-potential. But you can use the metal-housing of the plugs (HV, Input A, Input B),
they have the V-potential.
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9.2 UST Ungrounded Specimen Test

The UST configuration is used for measurements between two terminals of a test specimen that
are not grounded or that can be removed from ground. In the UST configuration, current flowing in
the insulation between the voltage lead and the measuring lead of the instrument is measured and
current flowing to ground is not measured.

The below statements are to be taken as an example for transformers, a lot of different objects,
such as CTs, PTs, switch gear, insulators, capacitors, bushings, motors or generators can be
measured.

In the example below you measure the capacitance and dissipation factor between high-voltage
winding (HV) and low-voltage winding (LV), C = Ch..

@)
| “Yhy

| &

B
M @ = CN

HVenp

= :

N J V' safetyeno ¢

e

USTA

Measurement of capacitance between high-voltage winding (HV) and low-voltage winding (LV),
insulated from ground.

In the case of two low-voltage windings, either the individual capacitances or their sum can be
measured via inputs A and B by setting the selector switch accordingly.
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9.21 USTA

Ungrounded specimen test channel A, capacitance measured = Ca, (Cs and Cs guarded)

HV
A
©_
UST A

UST & B L |

UST B 1Ca | s Ca _-
{losT s = i ¢ | © o

GSTg A :1 L

GSTgR ' =
[ GSTQ A+B * HVenp

GST A+B )@'_

UST A =

9.2.2 USTB

Ungrounded specimen test channel B, capacitance measured = Cg, (Ca and Cs guarded)

Yiv
A —
@_\_
Select
: s B
ST B Cr | @ L,

v Safety enp C1
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9.23 USTA+B

Ungrounded specimen test channel A + B, capacitance measured = Ca+ Cg, (Cc guarded)

Select |>{1=rmr I ML IIexci |

UST &
] lUsT B
GSTQ A
GSTQE
GSTg A+B
GST 4+B

e |,

I
==
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Safety enp G

UST A+B
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9.3 GST

The GST configuration permits testing of a grounded insulation specimen through the specimen's
ground. All current flowing to ground is measured. The configuration is illustrated bellow:

&

“Hy

\ Safety o &

===~

GSTA+B

In the example above you measure the Capacitance and dissipation factor between HV and LV
(Chu), HV and tertiary TV (Cur) and HV and tank (Che). The total measured capacitance represents

the sum of the three capacitances.

9.31 GSTA+B

Grounded specimen test channel A + B, capacitance measured = Cx+ Cg+Co.

v Safety enp (1

GST A+B
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The GSTg configuration allows unwanted currents, to bypass the measuring circuit and enables
smaller sections of insulation to be tested individually. Only the ground currents are measured,
using a GST-Guard configuration. Current flowing to terminals with the guard connection is not

measured. This configuration is illustrated bellow:

GSTg A+B

941 GSTgA

Grounded specimen test with guarded A (connected to V), capacitance measured = Cg + Cg

Select Test Mode

Select |)<frmr I MLl IIexci |

ST &
{|lisTEB
LUST A+B
GETO A
GS5Tg B
[ G5TQ A+B
GST A+E

_Cp

==
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Grounded specimen test with guarded B (connected to V), capacitance measured = Ca + Cg

Select Tst Mode
Select |>{1=rmr I LI IIE}{Ci |

ST &
1

LIST B
ST &+B

GSTo A
ﬁu +6
T
GSTg A+B
GST 4+B

[
r I T

9.4.3 GSTgA+B

v Safety enp (1

GSTg B

Grounded specimen test with guarded A and B (connected to V), capacitance measured = Cg

Select Test Mode

Selact |}(ﬁ’mr I BALIIE IIexci |

1

UST &
UST B
UST 4+
GSTg A

c
GSTq B =G

.||_

GST A+B

I
r T T T
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The Transformer measuring mode is helpful to measure Transformers. According to IEEE Std
C57.152-2013 the different capacitances with its deviation factors can be measured.

9.5.1 HLHV

Connect the high voltage from the CAPO to the shorten high voltage terminals of the transformer.
Connect the measurement Input A to the shorten low voltage terminals of the transformer.

If you start the measurement, it will do the following 3 measurements:

2 g HY (CHHCHL, CH, CHL) GSTg B CH + CHL
: Hy
L i HY Grd .
IE - |
Select
r Il I I A
9.5.2 HLLV

Connect the high voltage from the CAPO to the shorten low voltage terminals of the transformer.
Connect the measurement Input A to the shorten high voltage terminals of the transformer.

If you start the measurement, it will do the following 3 measurements:
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2 Wdg LY (CL+CHL,CL,CHL)

A
-
L H Gra
T -

|

GSTg B C|_ + CHL

GSTQ A+B CL

USTA CHL

9.5.3 HLT HV

Connect the high voltage from the CAPO to the shorten high voltage terminals of the transformer.
Connect the measurement Input A to the shorten low voltage terminals of the transformer.
Connect the measurement Input B to the shorten tertiary voltage terminals of the transformer.

If you start the measurement, it will do the following 3 measurements:
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3 Wdg HY (CHHCHL,CH,CHL)
Hy
(U HL=
—+
B
G

L
=

H ° HY Grd

|

GSTgB CH + CHL

GSTgA+B Cn

USTA CHL

9.54 HLTLV

Connect the high voltage from the CAPO to the shorten low voltage terminals of the transformer.
Connect the measurement Input A to the shorten high voltage terminals of the transformer.
Connect the measurement Input B to the shorten tertiary voltage terminals of the transformer.

If you start the measurement, it will do the following 3 measurements:
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3 Wdg LY (CL+CLT,CL,CLT) GSTgA CL+Crt
2
Ehll | I GSTgA+B C_
- i B |:
—|T:'- " Hvana
USTB CLt

|

9.5.5 HLTTV

Connect the high voltage from the CAPO to the shorten tertiary voltage terminals of the
transformer.

Connect the measurement Input A to the shorten high voltage terminals of the transformer.
Connect the measurement Input B to the shorten low voltage terminals of the transformer.

If you start the measurement, it will do the following 3 measurements:

3 wdg TV (CTHCHT,CT,CHTY GSTgB Ct+CHr
&
; GSTgA+B Cp
| i Hv E
C1* " G

USTA CHT
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9.6 Multi

This Test Mode is useful to generate lists with measurement modes.
The CAPO will do all the measurement according to the selected list.

Select Test Mode

[Select I s | rulti |Iexu:i I
_[aSTg AR
i R sl I Use [+] or[-] to change the selected list

A
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9.7 Excitation current' lexci

The excitation current test consists of a simple open-circuit measurement of the current magnitude
and loss, typically on the HV side of the transformer, with the terminals of the other windings let
floating (with the exception of a grounded neutral). Excitation current is measured at rated
frequency and usually at voltages up to 10kV. Three-phase transformers are tested by applying a
single-phase test voltage to one phase at a time.

The diagnostic analysis of excitation current test results is based largely on pattern recognition.
Both current magnitude and loss depend on the transformer design and are unique for each unit.
The results can also be used in comparison with previous data from tests performed at the same
test voltage.

For the great majority of three-phase transformers, the pattern is two similar high readings on the
outer phases and one lower reading on the center phase.

WARNING !

Caution should be exercised in the vicinity of transformer terminals because
voltage is induced in all windings during the test.

Iewci 110 (UST A)

measure.

| YN
ll Select the connection and the phase to
A L

1 According to IEEE C57.152
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Select Test Mode

[ Select I *frmr I MLl | Texci

2 UST 8

' 110 -
q [ 120 A - .
v 130 lL\k i This is a sample for the delta connection
; 2
A
D 123 P
| B3
r T T T A
@ N
INFO:

Residual magnetism may produce misleading excitation current values when
these are used solely as a criterion of the condition of the magnetic circuit of
a transformer. Although some residual magnetism is almost always present
in the core, in most cases it has no significant effect on test results. If
residual magnetism exists, then it is recommended that the core be
demagnetized before performing the test. Often, residual magnetism is
introduced as a result of a dc winding resistance test. It is recommended to
perform excitation current tests before any test that may introduce residual
magnetism.
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10 Bushing Test

In this chapter, information regarding bushing power factor/ tan & measurement is provided.
According to IEEE C57.152-2013 standard, generally bushings are classified by design as:
e Condenser type

o Insulating liquid-impregnated paper insulation, with interspersed conducting
(condenser) layers or insulating liquid-impregnated paper insulation, continuously
wound with interleaved lined paper layers

o Resin-bonded

o Resin-impregnated paper insulation, with interspersed conducting (condenser) layers
* Non-condenser type

o Solid core or alternate layers of solid and liquid insulation

o Solid mass of homogeneous insulating material (e.g., solid porcelain)

o Gas filled

Condenser type bushing includes a series of concentric capacitors from centre conductor to
ground. Some types also include a tap electrode near the ground flange. In the picture below, a
schematic of high voltage bushing can be seen.

CENTER CONDUCTOR

«——C20

——— TAP ELECTRODE

|
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MAIN INSULATION  TAP INSULATION

C1 c2
r . N AT

CENTER CONDUCTOR | — I I
C1a C18 Ci1c C1p C1e

FLANGE (grounded Layer)

|||_

TAP ELECTRODE

By considering the design of high voltage bushing and with various measurement setups, following
tests can be performed:

* Overall test to measure insulation between centre conductor and ground flange including
C1 and C2.

* Main insulation test to measure insulation between centre conductor and tap electrode
including C1.

* Tap insulation test to measure insulation between tap electrode and ground flange including
c2.

* Hot collar test to measure insulation losses of a small section of the bushing.

If the bushing under test is installed on a transformer, in order to reduce the influence of winding’s
inductance on measurements, all terminals of each voltage level of the transformer should be
shorted together and those transformer sides which not energized should also be grounded for the
safety.

In order to test the bushing precisely, bushing surface should be cleaned. Dust and particles can
affect the measurement results, specially when the bushing is wet.
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10.1 Bushing Overall test

The following picture illustrates the measurement setup for overall test of a bushing. In this method
the insulation between centre conductor and ground which includes both C1 and C2 can be
measured. Please note that this test is useful if the bushing under test is isolated and not installed
on an equipment such as transformer; otherwise all insulations between centre conductor and
ground would be included in measurement values. This method can be used for all various type of
bushings including condenser types with or without tap electrode and also non-condenser types.

For this test the GSTg A+B mode should be selected.

.
g

________ LHvew_s {5
o5

Guard(v) | Safetyeno

e

4 )
NOTE:
The bushing overall test is useful if the bushing under the test is isolated and
not installed on an equipment such as transformer; otherwise all insulations
between centre conductor and ground would be included in measurement
values!

- J
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10.2 Bushing main insulation test

The following picture illustrates measurement setup for main insulation test of a bushing. In this
method the insulation between centre conductor and tap electrode which includes C1 can be
measured. This method can be used only for bushings with tap electrode.

For this test the UST A mode should be selected.

D
<

Guard(v) | Safetyeno

e
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10.3 Bushing tap insulation test

The following picture illustrates measurement setup for tap insulation test of a bushing. In this
method the insulation between tap electrode and ground flange which includes C2 can be
measured. This method can be used only for condenser types bushings with tap electrode.

For this test the GSTg A+B mode should be selected.

Please note that the test voltage must not exceeds the permissible level which defined by bushing
manufacturer. If the permissible maximum test voltage is not clear, do not adjust the output voltage
more than 500V.

.
*

(5

Guard(v) | Safetyeno

e

WARNING !
In bushing tap insulation test, the test voltage must not exceeds the

permissible level which defined by bushing manufacturer.
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10.4 Bushing hot collar test

The following picture illustrates measurement setup for hot collar test to measure insulation losses
of a small section of the bushing. This test is useful when the bushing is not equipped with a tap
electrode and can be used to locate probable cracks in porcelain or insulation problems.

For the test setup, at first, a conductive hot collar band must be fit tightly to the surface of bushing,
mainly near the top, then test cables must be connected according to the following picture.

For this test the UST A mode should be selected.

&/

HVeno I—g—'

Guard (V) & Safety enp &

e

If the current or watts-loss is appreciably higher than normal, move the collar one petticoat down
and do another test. Repeat this procedure and move the collar as far down as necessary to
determine how far down the fault has progressed.
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11 Interfaces

11.1 Hardware

11.1.1 RS 323

1x RS 232, 9 Pin

Pin2 TxD (CAPO-> Host)

Pin 3 RxD (Host-> CAPO)
RS 232 Pin7 GND

Interface Parameters (fixed, unchangeable):

Port RS232

Baudrate 38400 Baud

Databit 8Bit

Stopbits 1Bit

Parity No

11.1.2 USB

USB-Master (Standard 2.0) USB-Slave (Standard 2.0)

= =
-~ -~
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11.1.3 Safety

Pin 5
Pin 4

Pin 6

Pin 1 Pin 3

This is the plug for the Safety-Switch

Pin 2

Safety

Front View

Pin 5 and pin 6 are part of the extended safety circuit. When these contacts are open the
instrument acts as if the emergency stop has been pressed.

If you press the Safety-Switch, pin 5 and 6 will be closed.

You can use pin 3 and pin 4 to connect an external Warning Light or Beeper to indicate a
dangerous condition.

There is an internal Relay whose contact is connected to the plug “Safety”.

An external power source and a Warning Light or Beeper may be connected to pins 3 and 4 to
indicate a dangerous condition. See: Example for connecting an external warning device below.

Use the working contact between Pin 3 and Pin 4, maximum Load 240VAC 2A.

PN4d — — 1t Pin3

Internal
Relays

The contact is open when the system is Safe.
The contact is closed when the system is Unsafe.

Pin 1 and pin 2 on the Safety connector: These pins are for Raytech Service use.
Do not connect anything to these pins!
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11.1.4 Temp

This is the plug for an external temperature probe.

Connect the TP 01 from Raytech and the CAPO
will display the actual temperature and store it
together with the test results.

Temp

Front View
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The Temperature Sensor Cable (TP-01) is
not a standard delivery.

The optional part can be ordered at your
local Raytech representative.

/7 NS

Technical Specification of the External temperature probe (TP-01)

Order number:

Cable length:
Temperature range:
Accuracy (0 ... 70°C):

Sensor:

Plug (cable):
Socket (instrument):

Set of 2 probes:
Set of 3 probes:

30074 TP 01
10m
-20° ... 110°C
0.2K

B57863S103F40
B2s/100 3988K
R2s5 10kQ

Lemo FFA.1E.302.CLAC65
Lemo ERA.1E.302.CLL

TP 02
TP 03
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Appendix

CAPO 2.5/ CAPO 12

CAPACITANCE AND POWER FACTOR
METER
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A Raytech T-Base

A.1 T-Base Lite

T-Base Lite is intended for users preferring simplicity over complexity of the Pro version. It is
limited to the basic functions of USB interface, data import from device, data export to filesystem,
and automatic firmware updates. Data can be exported in many popular data formats such as
excel, word, text, .csv, .xml, crystal reports, and .html. Measurements can be saved as archive files
as well and imported into the database of the T-Base Pro version. This software is as download
available and completely free.

WR14, 332181

382181

ot COMMECTED

A.2 T-Base Pro

T-Base Pro is a powerful set of tools for data exchange, remote control, visual measurement data
analysis, test automation and much more. It comes with a fully integrated database management
system for storing measurement data as well as with a fully customizable reporting system which
can generate test reports in the most widely used document formats. It uses an advanced add-on
system which makes it suitable for integration with external systems. To extend according to your
needs a rich APl interface and MS Visual Studio templates are available.

More information on Raytech homepage.
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B System Update

System firmware upgrades are available at no charge from the web site www.raytech.ch

This firmware is downloaded to a Windows based computer and then can be used with an USB
Stick to upgrade the CAPO.

Download the new Firmware (.zip file) onto your USB key on the root directory (Not in a sub-
directory and do not Unzip it).

The CAPO 12 will automatically ask for an update, when the USB Stick is plugged to your
Instrument. For further details please contact our support group.

Check also chapter 8.2.7.1.5 Update on page 60.
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C Software Development Kit (SDK)

The SDK is a device management software with various possible applications. It is essentially a
software layer (or driver) that resides between the Operating System (OS) IO system, custom
Windows Application and Raytech instruments. The SDK with native Raytech USB Driver for
Windows provides the OS with full device functionality, appearing to OS as a Raytech USB device.
This software can also be used without native Raytech USB drivers to control the device over the
standard RS-232 serial port.

It is a powerful tool to write easily customized Software to control the Raytech Instruments.
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D Command Syntax

It is possible to control the instrument over the RS232 or the USB port with an external computer. It
is also possible to write your own test program for a fully customized test procedure.

A description of all commands (90235 Command Set CAPO) and more details is stored on the
delivered USB-Key. The newest version can always be downloaded from the internet at
www.raytech.ch.

D.1 Raytech USB/Serial Port Driver

Raytech is providing a SDK for Software integrations in .NET Projects. For more information have
a look at chapter C Software Development Kit (SDK) on page 101.

D.2 Command Syntax

Cmd [Para[,Para2..]] LF”

Separator for Cmd and Parameters ‘ * (space 0x20)

Separator for Parameters: *,

Numeric Format of Numbers: float ( C - Language), “.” as decimal point
Format of Strings: all ASCII Characters from 0x20 to 0x7f]

D.3 Answer-codes

D.3.1 Synchronous Answers

Answer to a command:

Response Code Remarks

"x0 ok" Ok

"*1 unkn" Unknown Command

"*2 Error" Syntax Error

"*3 Emerg" Emergency is pressed
"*4 Range" Parameter is out of range
"*5 Missing Parameter" Missing Parameter

"*7 Internal" Internal Error

"*99 No Authorization" Invalid License
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D.3.2 Asynchronous Answer

Events/Redirected Messages:

Response Code

Remarks

"@*10 Exc," Redirected Exception, e.g Over current
"@*1l Err," Redirected Error

"@*12 Wrn," Redirected Warning

"@*13 Msg" Redirected Message, Status

"@*15 Settings,"

Redirected Settings Message

"@*19 Set to Local"

"Local" Button pressed on the CAPO

"@*20 Start" Measurement started

"@*21 End" Measurement stopped

"@*RO, " Results formatted value with unit
"@*R1," Results formatted as float

D.3.3 Serial Interface
Interface Parameters

Parameter

Port

Baudrate

Databit

Stopbits

Parity

TxD (CAPO-> Host)
RxD (Host-> CAPO)
Gnd

Signal

D.4 USB Interface

Value
RS232
38400Baud
8 Bit

1 Bit

No

Pin 2

Pin 3

Pin7

+/- 12V

To communicate with the CAPO over USB it is necessary to switch to Raytech Driver Mode.

Enter Service Code “2001” to set USB Driver Mode. This is normally already done. For more
information have a look at chapter F.4 Raytech USB Driver on page 107.

90315-1.5 Instruction Manual CAPO

Page 103 of 122



E USB Printer Info

E.1 Printer Requirements
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The Printer must conform to Standard USB class 7.1 device. Nearly every Printer conforms as

such with the exception of multifunction devices (e.g. All in One Printers).

Supported Languages are:

« HPPCL

« Epson ESC/P 2

* Epson Stylus COLOR
* Canon BJ (300 dpi)

+ Canon BJ (360 dpi)

* Epson LX (9-pin)

E.2 Suggested Printers

Table Suggested Printers:
Ink-Jet

Laser

Canon iP90

Epson Stylus S20
HP-Deskjet 6940
HP-Deskjet H470B
HP-Deskjet H470WBT
Epson Stylus Office B40W

Brother HL-5240 (Tested)
Brother HL-2140

Brother HL-5240L
HP-Laserjet P1505N
HP-Laserjet P2055DN

HP Color Laserjet CP2025N
PocketJet 200

PocketJet Il

The information in this document is subject to change without notice.
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F Service Mode

The Service Mode has limited access. There are several codes accessible for setting parameters.

Ly (T2 e | o

S From the main screen tap 'Setup'. Then in
License 4 o) & the General screen press 'Service'. Enter
Y | ; ; :thle corresponding code or Exit by tapping
TP #'.

-y

Update * 0 #

F.1 Calibrate Touchscreen

The touch screen parameters can be calibrated by the end user. Enter code 0000# and follow the
instructions on screen as depicted below.

You will see the following screen:

Press and hold stylus on the Center of the

afully press and briefly hold stylus on the center of the tar target until the cross moves

Repeat as the target moves around the screen,
Press the Esc key to cancel,
Repeat as the target moves around the

screen.

+ If a keyboard is connected, press Enter to
accept the new parameters or ESC to
escape.

If a keyboard is not connected, tap
anywhere on the screen to accept the new
parameters.
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F.2 Show Ground Warning

Enable or disable the warning message, when the instrument is powered on, by entering the
Service Code 0200#

Select | Yes | to enable the message If the warning message is enabled, it will be
Select | No | to disable the message. displayed at every boot-up of the

instrument and the message must be
acknowledged to continue.

A7 A‘-f = | usta || raytech || 100Hz || 4s00v |

Q
._ o This instrurment: produces
Licensg . hazardous voltages at a b
R piotentially lethal current, o
7 Systern Ground rmust be T
L8 %aY il Earth Grounded! =
v,
- Single
Update  Language Service It .
Mew Info Archive Setup
F.3 CSV Separator
For the export of the data in a csv-file' you are able to change the separator.
You can set the CSV Separator with the following Service Codes:
S| Please confirm [T + CSV Separator ';' Code 2010# (as seen
License in example)
& CSY Sepatator '
;“v’\;: * CSV Separator ', Code 2011#
N A « CSV Separator \t' Code 2012#

Update  Language Service

1 Have a look on page 68 how to export the data in a csv-file.
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F.4 Raytech USB Driver

If you would like to send commands to the CAPO over the USB-port, you have to activate the
Raytech USB driver.

-
)
.__ Raytech USE driver
License Scﬂvatlteg o 5 Use the Service Code '2001#' to do so, but
Y, EO00L SYSLEm - normally it's already done
P &
- Mo

Update Language Service

F.5 Show Series Values

With the service code “125#”, the CAPO shows the series values additionally of the equivalent
circuits:

Activate this function with the Service Code In the main screen, a new Values will
125#, the following window will show, tap appear over your measurement data

Test object: 'secheron’ 14 49

| ustA || raytech || 100Hz || 4600V

Cxp: IC}{S: 2.7/316 Nk Ut: 4.60 kY

@ 2.7516 nF f: 100 Hz
Rp: [rs: Ts1okal| ItF’_‘f £l T

96.3 mW L

E\f{ e o 220.2 MQ dm;—.— oC iR

‘ Single || Cank | | Prink || Save |

I Info I.ﬁ.rchivel Setup -

Update Language Service

Have a look at chapter “6.2.2 Equivalent circuits” on page 27 for background information.

The Service Code is not persistent, you have to re-enter the code after restarting the CAPO.
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With the service code “1201#”, an additional length correction is showed. It can be helpful with

cable measurements.

Activate this function with the Service Code
1201#, the following window will show, tap

Licensd & Show Length Correction
P
o

e
L

Yes

o

Update Language Service

In the main screen, a new Value will appear
over your measurement data Cxp

Test object: '2-0153" 11 24

| usta || || ss5wz || z000v |

Cxp 8.0442 nFA00m Ut: 2001 ¥

@ 201.11 pF f: 55 Hz

p— Ite: 139 uA
0.00015 |, "tam™ =

| Print || Sawve |

‘ Single H Cank |
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In the Setup select length Correction, enter
the length of you testobject

Dissipation Factar Itar‘nﬁ EI

Quality Assistant

Length Correction

Length Testobject
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F.7 Show tan & values in %
With the service code “127#’, the CAPO shows the tan ® values in %.
Activate this function with the Service Code In the main screen, if you have select tan 6,
127#, the following window will show, tap the value will show up in %.
Yes| (PF values are always shown in %)
J’-f —_— ‘ UST A || || 55 Hz || 2000 ¥ |
I(—\ﬁ — 2T i
S N Display Option A5 Ut: 2000 V
1= 2 @ 201.11 pF | fsswe
License & Show tand in % - [x: 130 uA
F:0.042 mW L
& 0 - -
; {?: EES 0-015 /0 dm:___ o J__

W

o

| Single || Cont | | Print || Save |

Update  Language Service

F.8 Single measurement Autostore

With the service code “126#”, you can select if the CAPO should automatically store the
measurements after a single measurement or not.

Activate this function with the Service Code The selection only affects the single
126#, the following window will show up. measurement
Select the option you like.

& Test object: 'Test Raytech' B 1133
AL | usta || || ssuz || 100v |
(—\ﬁ Single Autostore i Lt oY

> = 2 Q =——=.= F f. 0 Hz

ALItost fter Sitgl

. utostare after Single o

License & Measurement PF; Ii: ' ::'A

2% I === &
;; Q: Mo = /0 m: -.- °C <
u—-|"\jl-.\_,

| Single | Conk |
Update Language Service
wen || o |1
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F.9 Oil Correction Table

In the Setup it is possible to make a measurement correction of the PF / tan & on the basis of the
temperature.

To access this feature, you have to enter the service code “1200#” first.

0l Correction Table

|IEEE c57.12.90 (207) |+ ]
In the Setup you have access to this menu.

" mfo | | pelete | [ tmport | | Export | Here you can activate it and choose the
correction table.

With you see the table on the screen.
will delete the selected table.
Use | Import]| /| Export| to exchange tables with the connected USB-key.

The file looks like IEEE C57.12.90.oct’. It is on the root of the USB-key. You can edit the file e.g.
with a text editor, Microsoft Excel, Libre Office Calc etc.

IEEE C57.12.90 (20°)

[EEE C57_ 12 30
Temp ;Factor
10;0.20
15;0.90 . . .
20,1 00 This is an Example of an Qil Correction
FE;1.17 Table.

F0;1.25
2E8;1.40 . .
40;1.55 It is possible to add customer tables
45;1.75 tailored to the specific oil or test object.
E0;1.35 ko
EE;Z.1%8

50;2._42 B
Save I Print

[»]

1 The standard table was from the IEEE C57.1290, you see the correction factor for the tan delta at the specific temperature (between
it' s an interpolation). This table is depending from the test object and it's not really an accurate correction. Now it's not any more in
this standard, but some customers still want to have it, that's why we use a service code for it.
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If the Oil Correction Table is activated, you have to connect the Temperature Probe to measure the
oil temperature or enter the oil temperature manually. For that just tap on the main screen on
om: -.- °C.

Test object: 'secheron’ 14 48

| usTA || raytech || 100Hz || 4600v

Cip: Ut oV

Q e pF f: 0 Hz

FE: @ - % | - mA Over the measured tan & the calculated
—— - O == £ tan & is written in small letters @9 ---.- %.

= 0 |um:-.-oC L
‘ Single | ‘ Cank |

I Info I.ﬁ.rchivel Setup -

INFO:

Take care if you use the oil correction table. It is depending on your
testobject.
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Raytech instruments are designed to be precise, rugged and trouble free. In most cases, many

operators will never see any error messages.

Below is an example of a message:

Test ohject: 'secheran’

| UST A

|| raytech || 100Hz || 4s00v |

tand:

Singl

Emergency Pressed

s

90315-1.5 Instruction Manual CAPO

ey I Info I.ﬁ.rchivel Setup -

The emergency switch is activated.

In this condition it is not possible to start a
measurement.

Exit this message screen by touching
without releasing the emergency switch.
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Test ohject: 'secheron’ 15 29
| usta || raytech | 100mz || 4s00v |
Gl Ut oV

QO o pF .0 Hz
tand: Ib{f_x_'%\

/, / RGE : \
Q)x\e /Vo JIE N \

STOP A

Test ohject: " 15:49

| UST A || ” 14 Hz || 1000 ¥ |

Q

tand

Powersupply Overload

Unlis

ingl
Singl T T
Tew I Info I Archive I Setup -
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The system will revert to a pretest or main
screen similar to the one shown:

Because the emergency switch is still
pressed, you are not able to start a new
measurement.

All other features of the system such as
storing, printing are still active.

Turn the Emergency Stop button clockwise
to release.

If the load is very big, e.g. that the
measurement current is higher than
200mA, the CAPO protect itself, stops the
measurement and shows the message
"Powersupply Overload" or " Powersupply
Undervoltage".

To measure the load, decrease the voltage
or the frequency and try again.
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When the CAPO is powered on, an internal calibration and check sequence is performed.

Upon completion of the check sequence, the test set will proceed to the “Main Screen”.

If there any problem detected with the test set, an err or message will appear.

Test Voltage cannot be turned on

Press the safety-switch before starting the measurement.

If the contact is open, the safety-switch is not
pressed.

Test ohject: 'secheron’ 14:29
| usta || || somz || 4s00v |
Cp: Ut oV
o TTT.T pF +0 Hz
tand: L

Pr-—- W @

T rn: -.- 2C L

‘ Single | ‘ Conk |

Test object: 'secheron’ 15 29
| usta || raytech || 100Hz || 4600v |
el Ut oy

O .- pF .0 Hz
tand: Ib{xﬂ(‘

Pi—- W @
TTT.T s —.- °C

‘ Single H Conk |

90315-1.5 Instruction Manual CAPO

The safety GND or the HV GND is not
connected

The earth-symbol is crossed if an earth is
missing.

Test ohject: 'secheron’ 14:31

|USTA || || 62 Hz || 4600 ¥

Cxp:
O

tand:

I Info I.ﬁ.rchivel Setup -

Is the Emergency stop switch pushed in? Turn it
counter clockwise to release.

If the emergency button is pressed, there is a
mushroom button visible.
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Test ohject: 'Secheron’ 17:58
vnizo || || somz || 2s500v |
G Ut oV
=== pF f: 0 Hz
e
‘ Single H Conk |

H.1 Touch Panel does not work
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Overheating:

If the CAPO is overheated (e.g. due to high
current, high output voltage over a long period of
time) the red symbol appears.

The CAPO protect itself, it stops the
measurement and will not allowed to start a
measurement till the temperature dropped to a
normal value.

Connect a USB mouse to the USB port and control the instrument with it.
The instrument will automatically display a cursor and everything can be done by mouse.
See chapter 8.2.7.1.4 Cursor on page 59.

Try to recalibrate the touch panel: See chapter F.1 Calibrate Touchscreen on page 105.

H.2 USB Memory Stick does not work

There are a few unsupported memory sticks available on the market. Please use another model or

brand and try again."

INFO:

The CAPO is designed to be trouble free. If problems or questions do arise,
please contact your nearest representative or our service support group in
Switzerland

1 Depending on the type of formatting of the USB-stick, it can take up to 15 seconds until the stick is recognized. But this is really

seldom.
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| Maintenance

.1 Instrument Cleaning Instruction

» Before the cleaning, disconnect the device from the Mains circuit.
* Use only lint-free cloth for the cleaning and when required slightly dampened with water.

* Never spray cleaners directly on the front panel. You can spray cleaners directly on the
outer surface of the case only when the door is closed completely.

* Never use cleaning solutions that contain bleach or abrasives.

.2 Maintenance of CAPO 2.5 internal battery

The internal battery installed in Type CAPO 2.5 has a high self-discharge characteristic which is
based on its special application performance.

The instrument must be connected to Mains voltage every 3 month for recharge of the internal
battery for at least 1 hour.

In case the instrument is stored more than 3 month without recharging, the battery can get below
minimum state of load and needs to be replaced.

This charging procedure does not affect the accuracy of the measuring part.

4 )

IMPORTANT NOTICE !
Regularely maintenance of the internal battery is required
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.3 How to Insert Paper into Thermal Printer

Open the paper tray by slightly pulling the
lever upwards. The paper tray can now
easily be opened.

On the paper roll, the printable side is the
outside of the paper roll.

Unwind a few cm (inch) of paper from the
roll.

Keep the layers wound tightly when
inserting the paper roll into the paper tray.

The paper outside shows towards the
printer mechanism.

Close the paper tray by applying strong
pressure.

You can hear it snap shut. Now the paper
can be torn off at the tear-off edge without
opening the paper tray again nor the paper
sliding through the printer mechanism.
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.4 Thermal Printer Cleaning instruction

90315-1.5 Instruction Manual CAPO

Open the paper tray and remove the paper
roll.

Do not touch the print head as it may be
damaged by static electricity.

Loosen dirt particles at paper, sensor and
tear bar with a small brush.

Forcefully blow into the paper tray to
remove the coarse dust.

Soak Q-tip with isopropanol (IPA) and clean
the sensor, platen roll and print head rail,
as well as further dirt.

Other strong contaminations may also be

removed with a Q-tip soaked with
isopropanol (IPA).
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J Warranty Conditions

Raytech AG Switzerland shall at their option and expense, repair or replace any part or parts that
prove to be defective within the warranty limitation period- irrespective of the operating time of the
test equipment provided that the cause of the defect occurred prior to the time at which the risk
was passed.

Warranty claims are subject to a warranty limitation period of 24 months from the date of shipment.

The purchaser is obligated to immediately notify Raytech AG Switzerland in writing of any defects
of the supplied test equipment.

Raytech AG Switzerland must always be given the opportunity to rectify a defect within a
reasonable amount of time. The purchaser shall grant an adequate amount of time that the test
equipment shall be repaired.

Raytech AG Switzerland covers the costs associated with the repair of the defect; especially the
costs for the material and work. Cost for sending the faulty test equipment shall be borne by the
purchaser. Raytech AG Switzerland shall not be liable for material damage, or financial loss due to
the loss of production, loss of data, loss of information, data or interest, regardless of their legal
basis.

Warranty claim rights on replacement parts as well as repair of defective parts shall expire after 12
months.

Warranty limitation period shall be extendable according to the price list. The purchaser has the
right to extend the warranty period by purchasing additional warranty years.

J.1 Limitation of Warranty

The foregoing warranty shall not apply to defects resulting from:

* Improper and unauthorized modifications or misuse and abuse of the product, negligence,
alteration, modification, faulty installation by the customer, customer’s agents or
employees.

» Attempted or actual dismantling, disassembling, service or repair by any person, firm, or
corporation not specifically authorized in writing by Raytech AG Switzerland.

» Defects caused by or due to handling by carrier, or incurred during shipment, trans-
shipment, or other move.

* Inadequate maintenance by the customer, second source supplied software or interfacing,
operation outside the environmental limits, or improper site preparation.

Exclusive remedies provided herein are the customer’s sole and exclusive remedies.

Raytech Switzerland shall not be liable for any damages resulting from the use of this equipment
whether direct, indirect, special, incidental, or consequential damages, or whether based on
contract, tort, or any other legal theory.
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INFO:
NO OTHER WARRANTY IS EXPRESSED OR IMPLIED.

J.2 Arbitration

All disputes arising out of or in connection with the contract between the purchaser and Raytech
AG Switzerland and including those regarding the legal validity of this contract and this arbitration
clause shall be settled out of court and shall be referred to arbitration for final decision.

Any disputes between the purchaser and Raytech AG Switzerland shall be settled according to the
rules of settlement and arbitration of the chamber of commerce in Zurich by one or more arbitrators
appointed also according to the rules of arbitration of the chamber of commerce in Zurich
Switzerland.
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Raytech Switzerland

-

Raytech AG
Oberenbenestrasse 11
5620 Bremgarten

Phone:+41 56 648 6010
Fax: +41 56 648 6011

Mail: welcome@raytech.ch
Web: www.raytech.ch
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Your Local Representative

-

Release Date: 2024-09
90315-1.5 Instruction Manual CAPO

Page 121 of 122


mailto:welcome@raytech.ch
mailto:welcome@raytech.ch

— .

Raytech

WITZERLAND

L Index

90315-1.5 Instruction Manual CAPO Page 122 of 122



	8.2.7.1.1 License 57
	8.2.7.1.2 About 58
	8.2.7.1.3 Clock 58
	8.2.7.1.4 Cursor 58
	8.2.7.1.5 Update 59
	8.2.7.1.6 Language 59
	8.2.7.1.7 Service 60
	8.3.3.1.1 Diagram 69
	1 Safety Precautions
	1.1 Safe operation
	1.2 Ground the Instrument
	1.3 Operator qualifications and safety standards
	1.4 Measuring cable management and connection
	1.5 Before applying power
	1.6 Keep away from live circuits
	1.7 Do not operate in an explosive atmosphere
	1.8 Do not substitute parts or modify Instrument
	1.9 Do Not Operate in A Condensing Humidity or Under Rain
	1.10 Transportation and Lifting
	1.11 Always Keep Distance from the Test Object During the Tests
	1.12 Do Not Unplug the Test Cables During Measurements

	2 CAPO 2.5
	2.1 Unpacking
	2.2 Technical Specifications CAPO 2.5
	2.3 Measurement Parameters CAPO 2.5

	3 CAPO 12
	3.1 Unpacking
	3.2 Technical Specifications CAPO 12
	3.3 Measurement Parameters CAPO 12
	3.4 Standards and Approvals

	4 Introduction
	4.1 General
	4.2 Advantages & Features
	4.3 System Details

	5 Quick Start Guide
	5.1 Connection
	5.2 Instrument operation

	6 Power factor / tan δ measurements
	6.1 Definitions
	6.1.1 Dissipation factor tan δ
	6.1.2 Power Factor (PF) cos φ

	6.2 Background
	6.2.1 Imperfect dielectric
	6.2.2 Equivalent circuits
	6.2.3 Conversion series- parallel-replacement circuit diagram
	6.2.3.1 Simplifications for small Dissipation / Power Factor

	6.2.4 Conversion capacitances to inductances


	7 Operation Elements
	7.1 CAPO 2.5
	7.2 CAPO 12

	8 Operating Menu
	8.1 Menu Structure
	8.2 Main Menu
	8.2.1 Main Menu Screen
	8.2.1.1 Safety-Switch
	8.2.1.2 Earth connection
	8.2.1.3 Test object
	8.2.1.4 Time
	8.2.1.5 Battery Symbol

	8.2.2 Measurement Mode
	8.2.3 Caption
	8.2.4 Measurement frequency
	8.2.5 Measurement voltage
	8.2.6 Start a measurement
	8.2.6.1 Single measurement
	8.2.6.2 Multi measurement
	8.2.6.3 Continuous measurement

	8.2.7 Setup
	8.2.7.1 General
	8.2.7.1.1 License
	8.2.7.1.2 About
	8.2.7.1.3 Clock
	8.2.7.1.4 Cursor
	8.2.7.1.5 Update
	8.2.7.1.6 Language
	8.2.7.1.7 Service

	8.2.7.2 Operator
	8.2.7.3 Oil Correction Table
	8.2.7.4 Dissipation factor
	8.2.7.5 Quality Assistant
	8.2.7.6 Printer
	8.2.7.7 Colour


	8.3 Results and data structure
	8.3.1 New
	8.3.1.1 New test object
	8.3.1.2 Load from Archive
	8.3.1.3 New Measurement

	8.3.2 Info
	8.3.3 Archive
	8.3.3.1 Info
	8.3.3.1.1 Diagram




	9 Measurement Modes
	9.1 Overview
	9.2 UST Ungrounded Specimen Test
	9.2.1 UST A
	9.2.2 UST B
	9.2.3 UST A + B

	9.3 GST
	9.3.1 GST A + B

	9.4 GSTg
	9.4.1 GSTg A
	9.4.2 GSTg B
	9.4.3 GSTg A + B

	9.5 Xfrmr
	9.5.1 HL HV
	9.5.2 HL LV
	9.5.3 HLT HV
	9.5.4 HLT LV
	9.5.5 HLT TV

	9.6 Multi
	9.7 Excitation current Iexci

	10 Bushing Test
	10.1 Bushing Overall test
	10.2 Bushing main insulation test
	10.3 Bushing tap insulation test
	10.4 Bushing hot collar test

	11 Interfaces
	11.1 Hardware
	11.1.1 RS 323
	11.1.2 USB
	11.1.3 Safety
	11.1.4 Temp
	A Raytech T-Base
	A.1 T-Base Lite
	A.2 T-Base Pro

	B System Update
	C Software Development Kit (SDK)
	D Command Syntax
	D.1 Raytech USB/Serial Port Driver
	D.2 Command Syntax
	D.3 Answer-codes
	D.3.1 Synchronous Answers
	D.3.2 Asynchronous Answer
	D.3.3 Serial Interface

	D.4 USB Interface

	E USB Printer Info
	E.1 Printer Requirements
	E.2 Suggested Printers

	F Service Mode
	F.1 Calibrate Touchscreen
	F.2 Show Ground Warning
	F.3 CSV Separator
	F.4 Raytech USB Driver
	F.5 Show Series Values
	F.6 Show length correction
	F.7 Show tan δ values in %
	F.8 Single measurement Autostore
	F.9 Oil Correction Table

	G Error Messages
	H Trouble Shooting
	H.1 Touch Panel does not work
	H.2 USB Memory Stick does not work

	I Maintenance
	I.1 Instrument Cleaning Instruction
	I.2 Maintenance of CAPO 2.5 internal battery
	I.3 How to Insert Paper into Thermal Printer
	I.4 Thermal Printer Cleaning instruction

	J Warranty Conditions
	J.1 Limitation of Warranty
	J.2 Arbitration

	K Contacts
	L Index




