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The developed instrument complies with the following Standards

1. PN-EN 61010-1:2011 Safety requirements for electrical measuring instruments, automation and laboratory
equipment -- Part 1: General requirements.

2. PN-EN 50191: 2011 Installation and operation of electrical test benches

3. PN-EN 61000-6-4:2019 Electromagnetic compatibility (EMC) -- Part 6-4: General standards -- Emission
standard for industrial environments

4. PN-EN 61000-6-2:2019 Electromagnetic compatibility (EMC) -- Part 6-2: General standards -- Immunity in
industrial environments
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of Technology Specifications and components of the measuring device — PC

Lenovo ThinkPad X280 specifications

Processor Intel Core i7-8650U 4x 4.2Ghz

Matrix 12,5" FULL HD IPS 250NIT

HDD SSD M.2 - 240GB

HDD 2 empty slot

ThinkpPan

Y
>
<

8GB DDR4 2400MHz

Fig. 1: Lenovo ThinkPad X280 Graphics Intel HD Graphics 520
mini laptop computer

Warranty 36 months (On-Site)
System Windows 10 Pro 64 bit PL
Weight 1,46 kg

Measurements Width: 310mm, depth: 220mm, height: 18m

Ports HDMI, USB 2.0, USB 3.0, USB 3.1 typ A, USB 3.1 typ C, Thunderbolt, minijack 3,5 mm (audio), docking connector

Media memory card reader, camera, speakers, microphone

Fig. 2: Docking station Lenovo ThinkPad
Pro Dock 65W Communications WLAN: Intel®Dual Band Wireless-AC (2 x 2), Bluetooth 4.2

Tools Backlit keyboard, TouchPad + TrackPoint
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of Technology Specification and components of measuring device - NI DAQ

Product Family Multifunction DAQ
Measurement Type Digital, Frequency, Quadrature encoder, Voltage

Form Factor UsB

Operating System / Target Windows

RoHS Compliant Yes

Isolation Type None

Numberof Channels W
R 1 bits
Maximum VoltageRange ~ BIVAVERTAY
Minimum VoltageRange VRV
UpdateRate  KKVSIE
Current Drive Single [yl

[T T TS sinking, Sourcing
Maximum VoltageRange  [JVEERY

Fig. 3. NI USB-6361 measurement card

T - <ig. Sourcing
Current Drivesingle 0
CurrentDriveAl ¥
: Maximum Voltage Range 1NN
achdog Tmer
counters N
Buffered Operations |\
Debouncing / Glitch Removal |09 Sl e ey A7)
Max Source Frequency  KENIEP: Input-Only Channels [

Pulse Generation M8 Output-Only Channels 0
ST 2 32 bits T T Hardware, Software

Timebase Stability LRy Clocked Lines B
LogicLevels  jui® Maximum ClockRate  MVIE¥
iming / Triggering / Synchronization Logiclevels  hmil
Triggering  FSETGELIGTEY

Programmable Input Filters Yes

Synchronization Bus(RTSI No upports Programmable Power-Up States? Yes
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Specification and components of measuring device — SENSORS

Fig.4. Fluke 80i-110 current probe

Output Voltage ~~ [GEEeKRY
Connector  [:\¢

A/AC Measurementrange  [NUERTOR
AIDC Measurementrange  [NIERIeER

DT A B ok battery 9
Class of insulation o} Si\VEIRY,
lamp
Basicaccuracy — EEN
Weight KK
YT (DX SXW) 231 X 36 X 67 mm

Fig.5. Rogowski coil of CWT series

N Eue R 300mA do 1.2KA

Output signal + 6V for max current

B I O . 1 Hz - 16MHz
A - 19% (measured value)

Tt A - 0.05% (full scale)

S I 3.5 mm or 14mm with sleeve (10 kV resistance)
Gperating emperstureofthe ol PUST

Operating temperature of the power suppl 0°C...+40°C

Connector [/
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WA Cracow University b b riatary software — CAGELab

Dedicated software for measurement data collection, analysis and preparation of
reports with test results. Software functions to determine current diagnostic
indicator values and automatically evaluate the condition of tested machines.

The following modules are available to the user:
 Measurement Module - a module for initiating a measurement and performing

CAGELab the diagnostic process,
« Database module - a module for managing measurement results.

Fig.6. CAGELab logo

CAGELab software was developed using the MATLAB environment. The recipient receives a compiled
application that runs independently. The consumer does not need to own the MATLAB environment.

The consumer receives a complete manual of the software along with technical support.
The software is versatile and can be expanded for the specific needs of the consumer.

The software is currently in Polish but an English version can be created to meet the needs of the customer.
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CAGELab - Database module

Modut Bazy Danych  Modut Porwarowy
BAZADANYCH
SILNIKI Whybierz siinik (ID Silnika). | 1
siinlks | Mazwa siinlka  Numer seryjny  Producent Rok produkefl | UN [V] IN [A] BN i)

EEEEEEEEEEEEEEE

PEWIEIK 2022
\

6000 143.0000

HHHHHHHHH 74.1000)
3 3 0 0
SORTUI POMIARY
POMIARY (®)MALEJACO () ROSNACO ‘Wybierz pomiar (ID Pomiaru). |2
ID pomiaru  Data pomiaru |Typ |Fs Mzl |t[s] Liczba sygnaléw | Gpis ‘ID silnit
1 2 20220520 164920 |L | ‘ouun| 3| Pomiar typu £ ‘
RAFORT
s RAFO I ka)_P_(ID Pamiaru)_(Typ).pdf | sENERUIRAPORT

MENU POLECEN | CHARAKTERYSTYKA | DANE ZNAMIGNOWE SILNIKA
= . NAZWA SILNIKA u_N V] 0
O MODYFIKU
b NUMER SERY.JNY LN[A] ]
e e e K o
[JRESET ()
| n_N [obrimin 1 0
ZATWIERDZ
[+ P ]
N [Hz]
ZLECENIODAWGA cosifil_N ]
ARCHIWLIM

WYKRESY

Wybierz dane: | Przebieg czasavry

Przebieg czasowy

Wydziat Idynierii Elsktryemej i Kompulerows)

ul. Warszawska 24, 31-155 Krakiw

Fig.7 Database module

10 15 20 25 30

t[g]

16112 628 26 01, e-D@phedupl

PRZEIDZ DO POMIARL
il piedu.pl

The database module is responsible for
storing data about the tested machines and
the diagnostic measurements made for
them. This module displays records
containing engines and measurements
associated with a given engine.

The measurements are displayed on a chart
accordingly. The user has the ability to add a
new record - an engine - to the database,
modify an existing engine record or delete it.

This module provides to the main functions of the application, the base parameters (ratings) necessary to make
the corresponding measurement. In this way, the user gains time when operating the application and minimizes
the possibility of entering wrong parameters.

The module also allows you to generate a report of the measurements and analysis performed. The target file
has a PDF format, which includes graphs, descriptions, parameters and diagnostic recommendations based on

legal standards.
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WY Cracow University  ~ A SE| ab - Measurement module

Modul Bazy Danych fodul Pomiarovy Modut Bazy Danych
uch Dane znamionowe siinika Sygnal weidciowy  Diagnostyka w stanie ustalonym | Diagnostyka podczas roznuchu
‘Widmo Przebieg Czasowy Prad|A] | 86 Prad rozruchowy Przetieg czasowy

oliwosé [Hz) | 50 Ruchoma warto$é skuteczna Crestoliwod [Hz) | 50 © . - - Prad rozruchowy :
T T T 3

111111 B Odfiitrowany prad rozruchowy
04 T T

Fig.8. Measurement module - Steady state diagnostics Fig.9. Measurement module - Diagnostics during startup
The Measurement Module is responsible for performing signal acquisition using Rogowski Coils or Current
Probes.
Diagnostics allows the analysis of measurements made:
* in steady state,

« during machine startup.
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Registration of stator currents for the above-mentioned types of rotor cage condition tests can be performed in

two ways:

a) at the switchgear - by recording the current in the secondary circuits of current transformers using current
probes (Fig.1).

b) (b) at the motor - by means of Rogowski Coils hooked up to the power wires at the point where the wires are
not shielded (Fig.2).

r gzd T -
| i | "_ WALIZA _i
| | karra rossarows romrurer | | |
| | || xarr4 PoOMEAROWA KOMPUTER
I x___ _ —___ ] | |
SZAFA STEROWNICZA - -
2.

T

i ]i CR1
| / \ b @
L, | £ | ASM CR2 [ \
e LN =i (G
e, | N

L Y YT
’ Lo CR3
_ L -
N\ AN
Fig. 10: Schematic of the measurement system using Fig. 11: Schematic of the measurement system using
current probes, where: SP1, SP2, SP3 - current probes; Rogowski Coils, where: CR1, CR2, CR3 - Rogowski coils;

PP - current transformer, ASM - induction motor. ASM - induction motor
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1. Steady-state diagnostics

During the steady-state diagnostic process, the motor must be supplied with the rated rms voltage and
frequency. The rms value of the stator current during registration should be greater than 70% of the motor's
current rating. However, it is best to load the motor so that the stator current takes the rated value. This will
allow the most accurate determination of the motor's slip and, consequently, the precise determination of slip
harmonics.

2. Diagnostics during startup

For the diagnostic process during startup, the motor must be supplied with voltage at the rated frequency. It is
permissible to start at a voltage lower than the rated voltage in order to extend the starting time, if under rated
power supply conditions this time is less than 2.5s.

Starting with variable frequency, e.g. U/f = const, is not allowed.
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100 N
(Ao, fo)
The algorithm to assess the %0 - -
condition of the cage uses the 80 |- sho, PELHIN %
(A1, f1) (Ap, fp)

so-called RFI (Rotor Fault ok = i
Index), which is expressed by s | i ¥ ]
the formula: E <

g 50 _

<

40 - =

maX(AiiAp)_Aszum .

RFI = AO B AS P (Aszum)ﬂz? | o vA' .Vf\/\n AMMMVH J‘/knhvv ik L *./\ ]
zum g SR [T it U AR ™
The RFI is based on the ratio of f0<1_2,58’;°(1_1’58) - f0(1+1’5;0)(1+2,5s)

the relative value of the maximum

band to the relative value of the

fundamental harmonic multiplied The basic harmonic of the stator current with amplitude has Ao been
by the number of pole pairs. marked in green.

Relative - means measured from

the signal noise level Aszum. In red the sidebands - left and right with amplitudes respectively: A1 i Ap.

Fig. 12. Example of stator current spectrum of a motor with a defective rotor cage
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Laboratory tests of the device module responsible for rotor cage fault detection were carried out on a low-power
induction motor. The motor was loaded at its rated load during the measurement. The rotor cage fault detection

function was triggered manually from the user panel. Measurements were performed for four types of rotors:
a) symmetrical,

b) with one broken bar,

silnika []

c) with two broken bars (case A),

W diagnozowanym silniku wykryto uszkodzenia

d) with two broken bars (case B).

Wskaznik informujacy o stanie

Czas eksploatacji [h]

Figure 13: lllustration of the idea of machine tracking

Based on the Standards, the range of RFI coefficients for an
induction motor was determined. Laboratory tests proved the oS

- ) ) . . with one broken bar 1,097
validity of using the RFI index as a method for diagnosing gy 1110

rotor cage damage at steady state. 1,139
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Definition of the DRFI diagnostic indicator

The algorithm for detecting rotor cage damage during startup is based on measuring and analyzing the current of
one of the stator phases. Based on the course of the stator current I, the algorithm determines the duration of the
start-up. At the same time, it takes the maximum current as the moment tp the machine is connected to the
network. Then the algorithm estimates the time of termination of the dynamic state. For this purpose, it uses the
properties of the moving rms value calculated for the period of the fundamental component of the network. The
moment of termination of the startup tk is considered to be the case when the difference of the rms value
calculated in a given time interval to the value in the immediately preceding interval is approximately equal to
zero and the calculated rms value is less than the adjustable current Irx .

Prad |
I

-

WA

|
8] 20

Fig.14. Stator current during start-up initiation

Further signal processing is possible if the startup time troz is

| greater than the adjustable minimum startup time tmine.. This
- condition is necessary because in the case of short start-ups it
- iIs very difficult to capture the current component indicating

damage to the rotor cage.

. Once the condition related to the startup time is met, the
© current Iz is subjected to low-pass filtering to look for
~ symptoms corresponding to rotor cage damage.
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After final selection of the amplitudes in the signals of
the separated filtered inrush current A and inrush
current Ao, the DRFI (Dynamic Rotor Fault Index)
cage fault index is calculated based on the formula:

o120 b 2 ]

The DRFI index can be cross-referenced to the
MCSA standard and the condition of the rotor cage
can be preliminarily determined from the table
opposite.
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Fig.15. Visualization of the determination of indicators

DRFI [dB]

48 - 54

42 -48

Rotor status - alarm

Occurrence of high-resistance connections, onset of rotor
cage damage
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Laborator y tests of the mo d le responsible for detecting rotor cage faults during start-up were carried out on
stator current waveforms recorde dd ing start-ups of medium-power motors in of Poland's refineri
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