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Dear user:

Thank you for choosing HZJB-1200 6 Phase Relay Protection Tester.

We hope that this instrument can make your work easier and more
enjoyable, so that you can get the feeling of office automation in the test
and analysis work.

Before using the instrument, please read this manual, and operate and
maintain the instrument according to the manual to prolong its service life.
"Just a light press, the test will be completed automatically" is the
operating characteristics of this instrument.

If you are satisfied with this instrument, please tell your colleagues;
if you are not satisfied with this instrument, please call (0312) 6775656 to
tell you to serve you at all times-Baoding Huazheng Electric Manufacturing

Co., Ltd., our company will definitely make you satisfied !
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Relay Protection Test Item Index

The index is designed to guide the tester that all kinds of the relay protection device

test can be done by the following series which modules of software.

Relay test:
Relay protection Proposed test

yp Test Item P Remarks

type module
Signal relay If the intermediate relay is
Time relay required AC/DC hybrid input,
i lease test in ‘The AC And DC

Intermediate relay DC Test p I

Coincidence relay

Other DC voltage
and current relay

Corresponding
test items

AC and DC Test

Test ‘module.

If Rated current of the signal
relay is too small, please use the
voltage loop output of tester to
do experiments.

Current relay

Over (under)
voltage relay

Sequence
component relay

Corresponding

The sequence component relay
can be tested in the special
sequence module of ‘AC Test'.

) AC Test . .
Synchronous check test items The inverse time relay can be
(or phase tested in the "It characteristics"
comparison) relay module.
Inverse time current
relay
DC magnetic Differential Relay,
feature Differential
Harmonic,
Harmonic AC/DC Test, Please refer to ‘Appendix 5 for

Differential relay

braking feature

Harmonic Test

Proportional
braking feature

Differential Relay,
AC Test

correct wiring in the test

Power (directional)
relay

Impedance relay

Corresponding
test items

Power Direction
&lmpedance, AC
Test

Before testing the
(direction) relay, the type of
connection and the action
boundary of the protection
should be determined in

advance.

power
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UA, UC of tester is fixed as the

Synchronous relay

Corresponding
test items

Synchronization
Test, AC Test

system
voltage

side and the side to side
output for

‘Synchronization Test’ module.

Frequency relay

Corresponding
test items

Frequency Test

When the ‘automatic frequency
conversion’ method is chosen in

High-Low . :
the single machine, the
frequency slip value can be
measured.

Computer protection test:

Rela
)_, Proposed test
protection Test Item Remarks
module
type
Multi-section
over current
Over (under)
As long as the method
voltage i
is proper, the tests of
Sequence
most relays and
component . .
Corresponding microcomputer
voltage and ) AC Test )
test items protection can be done
current ) ,
= by the ‘AC Test
requenc ,
quency module, which should
device ) ,
be selective learning.
Power
direction
rotection
Line P . :
) Requirement that if the
protection o
Synchronization check
Full Group Test,
) and no-voltage check
) State Series, )
Reclosing ) ) test is done, the Ux as
Corresponding Comprehensive ) )
and tansform ) . the side and side
fault test items Test of Line " tout and th
au ) voltage output and the
Protection of 6-35 g ) P
. tester is to use Ua
KV Microcomputer | .
instead of Ux for
testing.
i The Setting value | Distance & Zero | "Distance &  Zero
Distance & o L
Zero verification of Sequence Sequence Protection
Sequence Distance & Zero Protection, Full can automatically test
g ) Sequence Group Test, AC multiple sections,
Protection, ) )
Protection Test various fault types and
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Characteristic of

Characteristic of

other distance and

Impedance Impedance zero sequence value.
The fault current
Power )
. Distance & Zero | should be large
frequency Setting value
e L Sequence enough, such as
variation verification . .
. Protection 10~15A (when CT is
distance
5A)
Some of the protection
of the "low voltage"
Compound Over current, low AC Test, g
. . and "negative
voltage voltage, negative Comprehensive .
: . . sequence voltage
blocking(dire sequence Test of Line ) )
. " . input by different
ctional) voltage, sensitive | Protection of 6-35 ) )
. terminal, replacing the
overcurrent angle KV Microcomputer . ) )
wiring is necessary in
the test.
) If other conditions are
High-Low . .
Low cycle, satisfied, the device
Frequency Test,
low voltage ) i cannot move, please
Corresponding Comprehensive i
load ) ) confirm whether the
. test items Test of Line .
shedding i device also need to
. Protection of 6-35 | .
device i input current and
KV Microcomputer ,
switch contacts
_ _ When the differential
Proportional leferer.mal protection is used in
braking _ Prote.ct|on, the differential
characteristic Differential Value, protection of generator,
AC Test it can be regarded as
the transformer
protection with the
connection type of Y/Y,
The high and low voltage
generator Differential side balance
transforme protection _ _ coefficient of 1.
r protection Differential "Differential
Harmonic braking Protection,

characteristic

Differential Value,
Harmonic Test

protection" module pay
attention to the curve
characteristic  search
the

value" module focuses

and "differential
on the differential value
test. Their combination
can test the differential
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protection.

Loss of
maanetic The angle of output
rotiction Corresponding AC Test voltage and current
E o test items should be paid
xcitation
tecti attention in the test.
protection
To do the automatic
Automatic adjustment test, the
. . L line must be in
quasi Corresponding Synchronization ]
o ) accordance with the
synchronizati test items Test ]
on device requirements of
instruction when
testing the input.
Please see the
Other Busbar instructions of the
rotection differential BP-2B and RCS-915 of
P protection "Nari part protection”
on in the Appendix 6.
Corresponding AC Test Before the test to
Ootical fiber test items determine whether the
P line device to form a "self
differential loop", if, then the
protection protection of the action

value should be equal
to half of its set value.




HUAZHENG ELECTRIC MANUFACTURING(BRODINGICO.LTD. Qs UEYA11-11) g

PART 1

Instruction on Relaytestar -1200
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|.Device Features And Technical Parameters

Section 1 Main Features

@ Flexible combination of voltage and current output
Six phase voltage and six phase current can be output, which has made it is
possiable to be any combition, such as the output mode of the combination of
conventional four phase current and three-phase current, six phase voltage mode, six
phase current mode and 12 phase output mode. It not only can be compatible with the
traditional way of various tests, but also can conveniently carry out differential test of
three-phase transformer.
@ Operation mode
The device is directly connected with a computer or a desktop computer, which is
convenient and efficient and stable performance.
@ A new hi-fi linear power amplifier
The output port has always insisted on using the modular linear power amplifier
instead of the switching power amplifier, which has the high fidelity and high reliability
function and excellent performance. High-mid frequency will not be produced to disturb
the test, also ensure the smoothing accuracy of waveform produced by the whole course
of the high current to the tiny current is excellent.
@ High performance Mainframe
The output part adopts DSP control, which has fast operation, real-time digital signal
processing capability, wide bandwidth and high resolution D/A conversion control. The
output waveform has the features of high precision, small distortion and good linearity.
With using a large number of advanced technology and precision components and
materials and the structure of professional design, the device has the features of small
volume, light weight, full function, easy to carry, boot can work, flow test is very
convenient.
@ Powerful software function
It can complete all kinds of high automatic validation work which is large and complex.

It can also conveniently test and scan protection setting, playback of fault, real-time store
6
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test data, display vector, online print report and so on. Besides, six-phase current can

facilitate the test of three-phase differential protection.
@ Independent DC power output
An 110V and 220V adjustable DC power is designed to supply output.
@ Complete interface
The device with USB communication port can communicate with the computer and
other external devices.
@ Perfect self-protection function
With reasonable design of the heat dissipation structure and the reliable and perfect
hardware protection measures, it has the power soft start function and the software of the

fault self-diagnosis and the output latch function.

Section 2 Nominal Parameter

& Parameter

Type

Current channel number Standard six phase

Voltage channel number Standard six phase

AC current output range 30A / phase or 180A (six phase parallel)
DC current output range 10A DC /phase

AC voltage output range 120V AC /phase

DC voltage output range 160V DC / phase

@ Nominal parameter

AC current output

The virtual value of each phase output when six phase current output 0~ 30A
output precision 0.2 grade

The virtual value of each phase output when three phase current output 0~60A

The virtual value of six phase parallel current output 0~180A
The allowed virtual value when the phase current work long time 10A

The maximum output power of phase current 450VA
The maximum output power when six phase parallel current output 1000VA

The allowed working time when six phase parallel current maximum output 10s

7
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Frequency range (fundamental wave) 0~1000Hz

Harmonic order 0~20
DC current output

Current output 0~x10A/ phase output precision 0.2 grade
The maximum load volatage output 20V

AC voltage output

The virtual value of phase voltage output 0~120V output precision 0.2grade

The virtual value of line voltage output 0~240V
The output power of phase voltage/ line voltage 80VA/ 100VA
Frequency range (fundamental wave) 0~1000Hz
Harmonic order 0~20

DC voltage output

The output amplitude of phase voltage 0~*160V  output precision 0.2 grade
The output amplitude of line voltage 0~+320V
The output power of phase voltage/ line voltage 70VA/ 140VA
Input and output

8 channels input

Free contact 1~20mA, 24V
Electric potential contacts “0": 0 ~ +6V; “1": +11V ~ +250V
4 channels output DC: 220V /0.2A; AC: 220V /0.5A

Time measurment range

0.1ms ~ 9999s , measurement accuracy <0.1ms
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Il.Hardware Structure

Section 1 Hardware Structure

& Digital Signal Processor Microcomputer

High-speed digital controlling processor is adopted as the output core of the tester. 32
bit double precision arithmetic is employed in the software, through which arbitrary
high-accuracy waveforms of each phase can be produced. Since integrative structure is
adopted, the structure of the tester is layed compactly.The distance of data transmission is
short with tight structure, which overcome the problem of fewer points of waveform output
due to long data communicational line and narrow frequency band when using the test
controller controlled directly by PC.

& DI/A Conversion and Low-Pass Filtering

High precision D/A converter is employed for ensuring the precision and linearity of
current and voltage in the whole range.

Due to high density of fitting ponit, fidelity of waveform is high and harmonic
component is small, which don’t have a strict requirement on the low-pass filter.
Consequently, it has good characteristics of transient, phase frequency and amplitude
frequency, which is easy to perform accurate phase-shifting and harmonic superposition
and ensures very high precision even when the frequency is high.

@ Voltage and Current Amplifier

For phase current and voltage, we persist in adopting high performance linear
amplifier output mode in order to make the current and voltage source to directly output all
kinds of waveforms from the DC waveform to the waveforms including all kinds of
frequency components, such as square wave, combined waveform overlapped by each
order harmonic, fault transient waveform, etc. In addition, the output waveform is clear
and smooth without high-frequency radiated interference with neighboring equipments. It
can simulate well all kinds of current and voltage characteristics under the circumstance of
short circuit fault.

For power amplifier circuit, we adopt import power parts with high-power and hi-fi

module style as power output, combining with heat dissipation structure layed elaborately
9
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and reasonably, it has enough large power redundancy and thermal capacity. The power

amplifier circuit has overheat, overflow, overvoltage and short circuit protections. When
overflow occurs in the current circuit and overload or short circuit occurs in the voltage
circuit, it will limit the output power automatically, switch off the whole power amplifier
circuit and give alarm signal.ln order to prevent the overheat of the power amplifier for
long time operating under large current, a software time terminating system under large
current is set in this tester. It can work for a long period when outputting is 10A or below.
When the current is over 10A, the tester will start up the software time termination order.
When time is up, the software will forbid power output automatically and give alarm signal.
The higher output current is, the shorter the limiting time will be.

@ Input and output

This tester has 8 channels input and 4 channels output.

The switching input circuit is compatible for both the empty contacts and 0-250V
electric potential contacts in the input and output circuit. When the electric potential
contacts are selected, 0-6V belongs to closed switch and 11-250V belongs to open switch.
The switching capacity can test the action time and the action time interval of every phase
switch’s contact conveniently.

The part of the digital input is isolated from the resources of the mainframe and the
amplifier. The end of the digital input is hung, so the common end of the digital input is
separated from the Common End UN, IN of current and voltage parts.

Switching potential input has directivity, you should connect the common end with the
positive terminal of potential, and connecting the input end with negative terminal of
potential for ensuring the potential of common end is higher than the one of input end. In
practice, you should connect the input common end with + KM, and connecting the
negative terminal of contact with input end.

The output part is the idle contact output of relay. Output capacity is DC: 220V /
0.2A, AC: 220V / 0.5A. Output of switching capacity is independent of voltage, current,
input and all other parts. Action process of each digital output part is different in each

10
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testing module. For details, please refer to the operation instruction on software module.

The connection diagram of two kinds of familiar digital output is as follows:

Mode of potential contact [ T~ T>—— switch Coil s

L1 oa Ralay Tester

em R P T

Mode of free contact

O Relay Tester
10 GO, =Kt

@ Auxiliary DC Power Supply Output for Special Use

A circuit of special adjustable DC power supply output is allocated on the rear panel,
which has 110V and 220V two shifts that can be used as test standby power supply on the
spot. We still set a potentiometer for this power supply, it can be adjusted within the range
of 80% — 110 % . Rated current of this power supply is 1.5A, which can be used as DC
power supply of protective tester or switch loop supply. If overload or short circuit occurs,
corresponding protector tube will be burned out (2A / 250V) , you will only need to

change this protector tube at that time.

11
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lll.Please Read The Following Instruction Before Operation

Section 1 General Rules For Use

@ Please do not shut off power supply directly during outputting so as to avoid the wrong
protection action due to incorrect output.

€ When switch quantity is compatible with both idle contact and the potential (0~
DC250V )  and uses charged contact, the high terminal (anode) of contact potential
should be connected with the common end +KM.

€ When taking the tester into operation, make sure that the air slots, the power switch and

the power supply plug at the test set remain unobstructed.The instrument should be laid

uprightly, or unfold the bracket for slightly tilted placement

Do not lead external AC/DC power into the voltage and current output sockets of tester.

L 2R 4

If the disturbance is stronger on the spot or high safety is required, before doing the test,
please ground the outlet of power source or the protective earth of the tester.

@ If the interface data is wrong or you can not input correctly when using this tester, you
can settle the problem as follows: delete the ‘para’ file under the ‘E\Relaytestar\, and

then restart the running program, all data on the interface will be resumed to the default.
Section 2 Procedures Of Turning On/Off Tester

@ Procedures for Turning On
® Plug the power line of tester in AC220V outlet. If using external computer, please
connect well the serial communication line with computer’s serial interface and
the communication interface on the bottom of the tester.

Method one: Start up the Windows operating system firstly, and then enter the main
software interface of ‘Relaytestar’.

Method two: It wills automatic recover the Windows operating system, which will
need four minutes. Then enter the interface which can choose the way of starting up.This
way is mainly used when the Windows operating system is damaged and cannot nomal
start, which can make the Windows operating system restore to factory settings. The user
cannot worry that the previous test report and data will be losing after self-recovery. But
this way will take much time and it is not the best choice to often use.

Method three: This way will enter DOS state and mainly used by the management
personnel. If the user enters DOS state carelessly, please turn off the power and wait a
moment to boot again.

You can use the up and downs key or ‘1°,’2’,’3’ number key to choose the boot way within

12
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five seconds,otherwise the system will automatic start up by method one. The software

interface will be showed after the Windows operating system started up. On the main
interface, click all kinds of functions testing module logo by using the left key of external
connected mouse or tracking ball mouse for doing all tests.
& Procedures for Turning Off
Please do not close down the power switch on the faceplate directly. You should
terminate the Windows operating system firstly, and then press the power supply button
when indication for safe turning off appears on the screen.
® Move cursor on the main interface through mouse or press the ‘QUIT’ key on the
faceplate to quit all functional testing units. After backing to the main interface,
press the ‘QUIT’ key again, a dialog window for confirmation will be ejected on
the screen. After your confirmation, you can turn off the power supply switch on
the front panel when ‘You can turn off the power supply now’ appears on the
screen, so the machine can be closed safely.
® You can also turn off the device by choosing the ‘start’ menu of the operation

system.

13
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PART 2

Instruction on Software Operation of

Relaytestar

14
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IV.Brief Instruction on Software Operating Method

The Relaytestar software is new generational testing software developed by Wuhan
human Company. Its characteristics are more friendly and beautiful interface, more
complete and powerful functions, and it also preserves its unique characteristic of simple
and concise interface, easy operation and easy to learn. According to different functions of
each testing module, we separate the testing modules to five groups, general testing,
common protection, circuit protection, components protection and comprehensive
function. Each group includes some sub-menus, such as the ‘common testing’ includes
‘AC Test', ‘DC Test’, ‘Harmonic Superposition’, ‘State Series I’ and ‘State Series II’, and it
can be extended at will. On the right of this window, it displays rolling introduction about

the company.

= nreweigal EHlli-Fanetlien Kelay Tealeg

Currency Testing

':#i'.l.-: Test
;% DoTemt
% hube

General Protection
Lina Fretesiiem
Elssmni Protsction
A bomeck
Smibetasel Funstion

Section 1 Introduction On Common Functions In Menu Bar

Name or symbols of menu items in every testing module are the same, and its
definition and function are almost identiacal. We take the ‘AC Test module as example for

introduction, which can be applied for all functional modules.

15
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® Opening file: The shortcut key is Ctrl+O, which is used for calling out testing

parameters saved in appointed file and showing the parameters on software interface. If
clicking this function, the testing parameters of current module will be saved as the

following default path :E:\ Relaytestar\Para\name of current module\.
e Saving parameters: The

shortcut key is Ctrl+S, which is **! Tm&! Tesifil Riai [
iuﬂF“_F__H-I-". 8B W= YA« B HEY

s | M Ol Siag | s Pl || Ok | By

used for saving the testing |

Wi
el
_.'I' 1 TR B
parameters on software |gu = m
e A mw K
. Imx o &
interface and call out them [mw | 3
B o K
again by using ‘Opening |% "7 - K sl
|7 Combuet Rethom BT :_._
parameter’ later. Data will be | %" e =it i
§ Fama. | dwplat | Fhaas sl
. . :"I'“j . I:'t T F [ - .
saved in the default file of the [ o s T O
. B ba (B 0w
1 Y o R O«
current module. | T =1 O u
It 3 3 e @ :
* Reporting Test : .. — L B L L o ol |

Shortcut key is CtrI+R, which is used for calling out the test report saved in appointed file.
The contents of test report will be displayed in the test report window and revising or
printing the test report can be completed in this window. After every test, a dialog box will
be ejected by the system to save the test report. The report will be saved as the following
defaulted path: E:\ Relaytestar\Test Report\name of current module\

e Exit: Shortcut key is Ctrl+X, which is used for exiting current testing module.

e Start Test: It has identical function as the _run_ key, which is used for starting the
test.

e Stop Test: It has identical function asthe _ ESC _ key, which is used for ending
the test normally or compelled terminating program running.

e Short Circuit Calculation: After clicking it, a ‘short circuit calculation’ dialog box
will be opened, which is used for short circuit calculation and automatically fill the interface
with the calculated results when fault occurs just like the right chart shows. Note that zero

sequence compensating factors must be set correctly when the fault type is grounding

16
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fault.

Section 2 Introduction On Common Button In The Tool Bar

e |
L& Botton for opening test parameters (the function is the same as above-mentioned

one)

E Button for saving test parameters (the function is the same as above-mentioned

one)

‘2 Button for returning data (for returning parameters to the initial value before the

test, which is very convenient for many times repeatable tests)

% Button for printing test report (the function is the same as the above-mentioned

one)

Button for starting the test (the function is the same as the above-mentioned

one)

&3 Button for stopping the test (the function is the same as the above-mentioned

one)

e 2 Short Circuit Calculation Button ( the function is the same as the

above-mentioned one)

| P Button for starting power displaying interface In the module of ‘AC Test’, you
can open the power displaying interface during the test and compare the actual

output power of tester with the power measured by the measurer on the spot.

& Synchrometer In the module of ' synchronization test’, you can start the

synchrometer during the test to observe the test visually.

»

Variable Step Increase Button \When the ‘manual operation’ is selected, press
this button to increase manually one step size of variable value. It do the same
function as the “1”button on keyboard of tester. This button is noneffective during

automatic testing and it will become gray automatically.

17
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¥ Variable Step Degression Button When the ‘manual operation’ is selected, push
this button to reduce manually one step size of variable value. Its function is the
same as the “|”button on keyboard of tester. This button is noneffective during

automatic testing and it will become gray automatically..

@ vector Diagram  Some testing modules can’t contain voltage-current vector

diagram due to layiout problem. You can open it through this button.

i Magnifier for magnifying or reducing the current-voltage vector diagram on every

module’s interface.

i Help Button for checking the version information of the current testing module.and

others

#« | Balanced output button for outputting symmetrical current and voltage, which
means you only need to change the value of any phase, then other phases will
output amplitude and phase automatically according to symmetrical three-phase AC

quantity. If one phase is changeable, other phases will be variables correspondingly.

[R Recover Ex-factory Parameter Setting Click this button for recovering all testing
parameters on the interface to the state of ex-factory default setting. Its function is

equal to delete the 'para’ file in the'Relaytestar’ folder.

_+#1 Switch to sequence component output It is a latest developed function. You can
switch to a special sequence component testing interface by clicking this button.For
utilizeing this function, the following conditions must be required: 1.There is this icon
In the tool bar of current running ‘AC Test’ interface ; 2. There is the document of

‘thres-phase AC test—output component in sequence’ in the folder of ‘Relaytestar)’

g0 6-phase Voltage Testing Interface Click this button into the 6-phase voltage
testing interface.Then, the message ‘whether really getting into another testing
program’ appears, you should select confirmationto enter 6-phase voltage testing

interface. The interface is shown below. (a 3P button will appear on the interface at

18
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that time, click this button to return to the 3-phase system interface showed above.

61 6-phase Current Testing Interface Click this button into 6-phase current testing
interface. At that time, the hint like the above 6U will appear on the system, then

select the confirmation for getting into 6-phase current testing interface.

e 12-phase Testing Interface Click this button into 12-phase ( 6phase current
6-phase voltage) testing interface, and getting into the 12-phase testing interface

according to the above mode.

= Siz-phaae AC VYoltsge Texg

2 BEID (Tl I FT X" ST X |
During the operation, if interface data is wrong or you can not input correctly,

you can settle these problems as follows: delete the file of ‘para’ under 'E: \

Relaytestar \ in Windows system, and then restart the operating program, all data

on the interface will be recovered to the default.

19
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V.AC Test

The ‘AC Test'module is a universal and comprehensive testing module. It has an
independent testing unit with 4-phase voltage and 3-phase current output, also
independent testing units with six phase voltage and six phase current output and an
testing unit according to sequence component output, which can be switched between
each other through 3P, 6U, 61, 12P and five buttons of sequence component. Making use
of these modules, we can carry out AC testing under all conditions in power system (note:
6 phase voltage, 6 phase current, 12 phase voltage-current function are only intended for
Model 1000/1200 ). Their common features are as following: through setting
corresponding voltage or current as variables, giving the variable certain changeable step
size and selecting suitable testing mode (‘manual operation’, ‘semi-automation’ and
‘full-automation’ three modes are available) to test action value, return value, action time
and return time of all kinds of voltage and current protection conveniently, and calculating
return factor automatically. Since the ‘four phase voltage and three-phase current’ unit is
used often and the operating method of other units is basically the same as it, so we only
take the ‘four phase voltage and three-phase current’ as the example to introduce in
detail.

® Flexibly controlling output four phase voltage, three-phase current six phase
voltage, six phase current, outputing full twelve phase at the same time.

® Having the function of outputting according to phrase sequence
component.Through setting the value of phrase sequence component directly,
the module combines each phase voltage and current output automatically.

® For each phrase voltage and current output, both amplitude and phase can be
set arbitrarily. The amplitude can be set the upper limit.

® Every component’s amplitude value, phase and frequency are variable, and the
variable step size can all be set at will.

® Ux can be set to be many kinds of output modes combination and also can be

set arbitrary value
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® Full-automation,
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can be revised directly in the status of output.
® Power value can be displayed directly for verifying power measurer.

® Action value, return value, action time and return time can be measured.

Section 1 Interface Instruction

O Set AC Component

After entering the effective value of voltage and current, click the ‘confirmation (enter)’
key or move the cursor to other place, the data entered will automatically be saved to
three places of decimals. The default unit of voltage is V, and the default unit of current is
A. When setting the phase, you can enter any angle in the range of -180~360°. If the
angle overflows the above range, the system will switch it automatically into this range.
For example, if entering -181°", it will be altered to be '179°’ automatically. In the vector
diagram window, you can observe the real-time diagram of each AC vector.

The single phase largest output of AC voltage is 120V. If you need to output higher
voltage, you can connect any two-phase voltage in series. Their amplitudes may not be
the same, but the phases should be reversed .For example: set Ua to output 120V, 0°,
and set Ub to output 120V ,180°, then the effective output value of Uab will be 240V.

The single phase largest output of AC current can reach 40A (when six phase current
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of Model 1000 output at one time, the largest output current of each phase can achieve

20A, and that of Model 1200 can achieve 30A). If larger current output is required, you
can adopt parallel connection and the phase of each phase should be the same when
operating in parallel. When selecting heavy current output, thicker and shorter lead wire is
prefered, in addition, make sure that output time is as shorter as possible.

The ‘variable’ column alongside of the effective value set for AC component is used
for choosing whether the output component is alterable. If you click the ‘variable’ column
at the back of certain phase’s effective value or phase for V', it means that the output
phase is alterable. Meanwhile, the ‘Step Size’ column will be changed from gray to
highlight, which indicates the ‘Step Size’ setting permissible. The smallest value of
variable step size of amplitude is 0.001, and the smallest value of variable step size of
angle is 0.1.

The column of ‘upper limit’ is used for setting the largest output effective value of each
phase. When doing the test,once the output of certain phase can’t be estimated and will
result in damage to the relay, you can set an ‘upper limit value’ for this
phase,therefore ,the output of this phase will be controlled within the limit value, which
ensure the safe operation of relay.

O Ux

Ux is a special phase, it can set many kinds of output situations:

® \When setting it to be +3Uo. -3Uo. ++/3 x3Uo. -\/5 x3Uo, combining UA and UB

with UC output currently to obtain 3Uo component ,and then multiply their
coefficient respectively to obtain the Ux output value.The value always varies
along with the change of UA, UB and UC.

® [f Ux is set to equal the value of certain phase such as UA, the output of Uyx is the
same as the one of corresponding phase.

® [f selecting the ‘Any Mode’, the output of Ux is the same as other three-phase
voltage in the range of output and also can vary its amplitude and angle

according to certain step size.
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There are 6 phases voltage output in the Relaytestar-1000/1200 tester, but
there is not an independent special phase Ux . Consequently, the program assigned
the fourth phase voltage Ua as the special phase Ux.
O Parameters Display

The line voltage, zero sequence, positive sequence and negative sequence
components will be shown on the left side of the interface. Through this window, you can
monitor the variable situation of ‘sequence component’ and ‘line voltage’. The values of
this part are calculated completely according to each phase’s component value given
above and can’t be obtained by setup. Through this window, the operator can observe
each sequence component and values of line voltage when protection is performed, which
is convenient for recording the operation data of protection according to different demands.
For example, when doing low-voltage latching overcurrent test, if the line voltage is given
for protection setting value, you can not only see the value of phase voltage when

protection acts visually, but also can read directly the value of phase voltage from this

window without calculating by operator themselves.
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phase, power and other data of secondary side

will be displayed default. If the data of primary side needs to be displayed, for example,
when verifying on-the-spot meter, you only need to select the ‘primary side power and
current’ and input corresponding TV and TA ratio. Click the ‘Power unit is megastage’ for

conversion the power unit from ‘KW, Kvar’ to ‘MW. Mvar’ automatically.
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O ‘Contact Action’ and ‘Action and Return’

® \When selecting the ‘Contact Action’ in the column of testaim, the tester will stop
the test automatically when it receives signal of protective action, and will record
the data of relay action at that time.
® \When selecting the ‘Action and Return’ in the column of test aim, the tester can
test the data of relay action and return, and it can also calculate the return
coefficient automatically.
O Modes of Manual Operation, Semi-automatic and Full-automatic Operation
¥ Mode of Manual Operation
All variables are controlled by hand. Press the 4% key or “® key on the tool bar,
or press the “|” key or“1”key on the keyboard on front panel, each variable will increase or
decrease one step. When relay acts, the tester will give a sound of ‘Di” and record the
action value and time. If needing to test the return value of the relay, decreasing or
increasing the variable till the relay’s contact return, the sound of ‘Di’ will disappear. The
tester will record all necessary return data and calculate the return coefficient
automatically.
® Mode of Semi-automatic Operation
In this mode, all variable will increase or decrease automatically after starting the test
when selecting ‘Increase’ or ‘Decrease’. You can set the interval of increase or decrease.
When the relay acts, the tester will record action value of selected variables automatically
and maintain output but the variety will be stopped temporarily. Meanwhile, a dialog box
will be ejected for asking the change direction of next step, will you ‘increase’, ‘reduce’ or
directly ‘stop’ the test? You should select an order according to the requirement of test.
= Mode of Full-automatic Operation
In this mode, all variables will increase or decrease according to step size after
starting the test when you select ‘Increase’ or ‘Decrease’. You can set the interval of
increase and decrease when protection acts; it will record necessary data automatically. If

the ‘only contact operation’ has been selected, the tester will stop the test after obtaining
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the action data automatically; if the ‘test action value and return value’ has been selected,

the tester will automatically change direction after obtaining the action value and alter the
value in the opposite direction till the contact of tester returns so as to measure the return
value, record it and calculate the return coefficient.

1. In the mode of ‘manual Operation’, the speeds of increase and decrease
variable can not be very quickly when it almost achieve the value of protective
operation, so as to ensure the variable stays for enough times at every step size for
producing the action. Only doing like this, the result measured will be more
accurate.

2. During the automatic test, the internal calculator will be reset to zero with
each step process. When measuring the action time of relay, please select the
mode of ‘manual Operation’ and make it to vary slowly if longer time is needed.

O Directly Set Parameter to Alter Output Value in the Output State

During the test, the software permits to use many functions to directly change output

in the state of output:
® You can switch the mode of ‘Manual Operation’, ‘Self-automation’ and

‘Full-automation’ in the output state, switch between ‘Increase’ or ‘Decrease’, or

switch between ‘Contact Action’ or ‘Action and Return’. You can change the ‘Time

interval of automatic variety’ in the mode of manual operation.

® Whenever parameters need to be amended, it can be changed among all
kinds of modes. Click corresponding ‘Alteration’ box to tick ‘v’ or cancel to complete
this operation.

® In the mode of ‘Manual Operation’, you can change output of each phase at
one time. The concrete operating procedure is as following: directly input the
amplitude and phase of each phase needing to be amended one by one (please do
not press the ‘confirmation’ key before completing it). After finishing inputting all

values, please press the ‘Confirmation’ key. Then, the tester will synchronously
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change output of each phase to be the corresponding input value .

® O Input
All input of ‘Relaytestar’ Series Tester share one common terminal. When connecting
the protective action contact, connect one end with the common terminal of tester and
connect another end with any one of inputA. B. C. R. a. b. c. Please note that if the
connector has the positive potential,do connect this connector with common terminal.

In this testing module, input A, B. C. R. a. b. c are effective in default state. The
relationship between them is ‘or’. When certain digital input is not needed, you can select
to close it. When doing the test, switch-off and switch-on contacts of relay can be
connected with any digital input (during the line protection, the software defaults the
digital input R to be the signal incoming end of reclosing. When connecting the input
common terminal (red terminal) with active contact, we normally connect it with the
positive end of power supply. The tester will record the time in the column of input as
soon as the tester receives the trigger signal of the digital input.

If the trigger signal occurs in multichannels digital input ,the corresponding data wii be

recorded.
O Confirme the Switch State Change Time

Off/on of contacts of all kinds of relay and microcomputer protection normally has

certain oscillation. To prevent the oscillation from influencing the test result, we usually set
certain ‘Confirme the Switch State Change Time'. For common relay, ‘Confirme the Switch
State Change Time' is set to be 20ms,as for the microcomputer type protection, ‘Confirme
the Switch State Change Time’ only needs to be set to be 5ms.

Record Test Result

| |
There is an area for recording the ‘action value’, ‘return —D Para | hotion | Beturn | Ret Coof. |
g va
value’ and ‘return coefficient’ of test result on the lower right g e
| I
of the interface. It can record three-phase voltage, current, line (O Ia
(] 1=
™ Te

voltage, voltage, positive sequence, negative sequence and

zero sequence component of current, phase and frequency of AC, etc. You only need to tick the
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@ Type of Fault | i Cannal |
Four types of fault are available in the pulldown menu: single phase earthing short

circuit, two phase short circuit, three-phase short circuit or normal state, among which the

normal state means that the three phase voltage is positive sequence rated voltage and
three-phase current is OA.
¥ Fault Direction
It is ‘Forward Direction Fault’ in the default mode. When reverse fault needs to be simulated
for some directivity protection, you can select the ‘Reverse Fault’ in pulldown menu.
@ Rated Voltage
It represents the rated phase voltage of the system. The rated voltage usually is
57.735V.,which refers to the Non-fault phase voltage.
@ Setting Impedance
According to different setting valued given by the setting value list, you can set fault
impedance according to ‘Z/ ®’ or ‘R / X’ two kinds of modes on the interface. Selecting
which kind of mode to set setting impedance depends on the setting value list. Whatever
you choose,the value of another kind of mode will be obtained through automatic
calculation of the computer..
© Multiple of Short Circuit Impedance
Above we set the ‘Setting Impedance’ in the setting value list, but we often verify it in

0.95 times or 1.05 times when doing the test. So ‘Short Circuit Impedance” = ‘Times
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Value’ X ’Setting Impedance’,involving ‘Short Circuit Impedance’ with short circuit

calculation again. When doing the ‘Zero Sequence Protection’ test, the preemptive action
of distance protection can be standed aside through flexible setting of short circuit
impedance and in the case of not exiting the distance protection.

= Model for Calculation

When selecting the ‘Maintaining Short Circuit Current’, certain short circuit current
needs to be set. You can calculate the ‘Short Circuit Voltage’ of corresponding fault type
by using the ‘Short Circuit Impedance’ and this ‘Short Circuit Current’ given. When
selecting ‘Maintaining Short Circuit Voltage’, certain short circuit voltage needs to be set.
You can calculate the ‘Short Circuit Current’ of corresponding fault type by using the
‘Short Circuit Impedance’ and this ‘Short Circuit Voltage’. When doing the ‘Distance
Protection’ Test, flexible setting the short circuit impedance may avoid the priority-action
of the ‘Distance Protection’” under the condition of not exiting the zero sequence
protection.

Attention:

‘Short Circuit Voltage’ represents the fault line voltage when two phases is short
circuit, while it refers to the fault phase voltage in the event of other types of short
circuits.

© Zero Sequence Compensating Factor

When simulating the ‘Earthing Distance Protection’ Test, the corresponding zero
sequence compensating factor must be considered. Software gives three setting modes,
please set according to the setting mode of zero sequence compensating factor given in

the setting value list.
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After finishing the above testing parameters setting, please click the ‘confirmation’
button, then the software will calculate the short circuit voltage, current and corresponding
angles and fill these data on the ‘AC Test’ interface at once.

O Function of outputting according to sequence component

The following diagram shows the testing interface of sequence component:

Set directly all kinds of sequence component of voltage-current needed to be output
on the interface. For example, when needing to output three phase negative sequence
voltage fill the blank after ‘U—" with this value and software can calculate automatically
the amplitude and phase relations of output voltage of each phase.

1. You should note that the amplitude, variation step size and phase are all
sequence components,which are combined by three-phase voltage or three-phase
current but not actual output of single phase of tester. If changing any sequence
component value on the interface (including amplitude and phase) ,software will
real-time calculate corresponding three-phase voltage and current ,which will be
displayed in the listing area on the lower left side of interface. The tester output
voltage and current displayed on the interface rather than sequence component.

2.U0. 10. U-. I- on the interface are value of each sequence component,equaling

to one third value of 3U0. 310. 3U-, 3I- in general use, which is the same as the value
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displayed in the result list on the lower left corner of three-phase AC Test interface.

When doing the test, firstly identify which one is the setting values given by
protection, UO. 10, U-. I-or 3U0. 310. 3U-. 3I-. If being UO. 10. U-. I-, you can set
parameter directly according to the setting value; if being 3U0. 310, U-. I-, the actual
setting value should divide by 3,and then set parameters according to new setting

value.
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VI.DC Test

DC test module provides special DC voltage and current output ,mainly satisfying the
requirements of doing tests including DC voltage relay, time relay and auxiliary relay. Main

interface of DC module is as the following figure shows:
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Section 1 Interface Instruction

Interfaces of ‘DC Test’ module and ‘AC Test’ module are very similar, and their
operating manner are basically the same. Using DC test, please refer to the ‘AC Test'.
Here we only illustrate their difference as follows:

O Parameter Setting

The largest output voltage of each phase is £+160V. When higher voltage needs to be
output, you can adopt two-phase voltage output. One numerical value is positive, and
another is negative, then the highest output voltage can achieve 320V. For example, if
UA=100V, UB=-100V, then UAB=100— (-100) =200V. The amplitude of line voltage is
displayed on the lower left corner of main interface. Values of UA and UB are not always
equal to each other and the positive and negative polarity should be paid attention to.

The largest current output of single phase is 10A. If higher current is needed to be

output, you can use the mode of paralleling two-channels or three-channels current. The
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amplitude of each phase should be equal basically.

When doing the time test of the relay, the ‘Manual Operation’ testing mode

should be selected due to normal action time is longer. It need not change after
loading rated voltage on relay, and just waiting for its action. When connecting
wires, the time-delay contact of relay should be connected with the digital input of

tester.

O Independent DC output

There is one channels independent heavy power DC output power supply on the
back panel of tester. When doing test on the spot, we adopt DC power supply to provide
one channels DC power supply for relay. This power supply provides 110V or 220V two
shifts for outputting, and also have OFF shift closing the output. This DC power supply
outputs is through rectifying and filtering of transformer winding, so it has not the function
of voltage stabilization and can't ensure high precision.

If the display of relay can't work well, please measure the working voltage of DC
output by the multimeter firstly and check whether the voltage is normal and protector tube
works well.

The output can produce as soon as the tester is provided with DC power supply,

so please pay attention on safety in utilizing the tester!
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VIl.State Series I &I

State Series Module are devided into ‘State Series I’ and ‘State Series II', The ‘State
Series I’ outputs 4 phase voltage and 3-phase current, which can be applied for the serie
of ‘Relaytestar-1000’. ‘State Series II’ outputs 6-phase voltage and 6-phase current, which
can only be applied for ‘Relaytestar-1000’. The software functions and operating modes of
two modules are basically the same. So we only introduce ‘State Series I'.

The state series is mainly for satisfying demands of some special protective tests in
power system. For example, for doing the tests of quick switching of power supply for
station and automatic switch test of standby power supply ,many times reclosing of
protective tester of distribution system. During the state series tests, you can add up to
nine states at most. In every state, you can define the voltage-current data and simulate
state variety of complex electric network freely according to actual operation. Through
reversal on seven pairs input, you can obtain and measure the action value and time of
relay. Main interface of State Series | is as the figure shows:

® Flexible controll nine state output at most. 4-phase voltage, 3-phase current or

12-phase voltage-current can be output in every state.

® Every state can be closed, increased, cancelled, inserted, named ,and set many

kinds of trigger mode.

® Ux can set many kinds of output combination modes

® |t can simulate all kinds of complex fault conveniently and flexible ,for

testing complex logical combination.
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Section 1 Interface Instruction

O Increase or Delete State
Press the “+”. “—"button for increasing or deleteing current state. Nine states can be
added at most. If adding new state,it will be added to default current state,the user can

also add new state to suitable place in the dialog box ejected.

Insert State

Flease Choose New Insert Position:

" Befors Current State

(v ffter Current State
[ pppointed Fosition  The Stata

Cancel ]

When you need to delete the state, please select this state by mouse (when certain state
is in the current state, its title will be displayed in red characters), then press “—” button.
O Option for ‘State output’

According to actual demand, you can jump over certain state through deleting the V'
before this option. At that time, this state will be displayed in gray, and it won’t be included
in the whole testing process.

O Name of State

Since this testing module is always used for doing the ‘Reclosing and Post
Acceleration’ test, the software has defined the names of five state defaulted :‘Before the
Fault, ‘Fault’, ‘After the Trip’, ‘Reclosing’ and ‘Permanent Trip’ in the pulldown menu of
state for user’s selection. Users can also input the self-defining name of state directly in
the blank according to requirement. The self-defining name of state won'’t be setting in this
pulldown menu, which can be changed at any time. The self-defining name of state
involving in the test still exists when reopening this testing module.

O State Parameters Setting
The AC parameters in every state can all be set freely, and the mode is the same as

the ‘AC Test'. When simulating complex test, you can obtain it automatically through
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opening the function of ‘Short Circuit Calculation’ on the interface. The results can also be

amended.
O Ux Option for Every State

Ux is a special component, for which you can set several kinds of output forms:

Assuming the parameters are +3Uo. -3Uo. ++/3 x3Uo- -x/§ x3Uo, firstly combining

current output UA . UB with UC to obtain 3Up , then multiplying by corresponding
coefficient to arrive at  Ux .

If selecting to be equal to the voltage value of certain phase, then Ux output will be
changed with the voltage change of this phase and always followe the change..

If selecting ‘Any Mode’, you can input any number in the range of 0~120 in the
parameters column for Uy, and its value is equal to the voltage value and keep constant.
O Short Circuit Calculation

Click ‘Short Circuit calculation’ or press the == button, then a ‘Short Circuit
Calculation’ dialog box will be opened, which is used for simulating the short circuit
calculations when all kinds of faults happen, and it will fill the calculated result in current
state. You need to pay special attention to set correctly zero sequence compensating
factor when it is earthing fault.

O Conditions of State Reversing

Only the ‘Time Trigger’ and ‘Input Trigger’ can be selected synchronously, other
states must be selected separately. They are preconditions of reversing from a state to
next state.

@ Time Trigger:

When this triggerring mode is selected, you can input respectively certain values in
the ‘Longest State Time’ and ‘Time Delay after Triggerring’. During the test, it will enter
next state after the abovementioned time delay. ‘Longest State Time’ stands for the
longest output time in this state. Function of ‘Time Delay after Triggerring’ is similar to
confirmation time of switch triggering in AC test module,which is be used for avoiding the

error due to protective oscillation and usually it is set around 10ms. Please pay special
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attention that time delay can’ be set when simulating the faults of reclosing or post

acceleration. Because the post acceleration fault causes by reclosing fault state, the post
acceleration protection will act correctly only when it enters the Permanent Trip state e. If it
output fault component during the period of ‘Longest State Time’, and also the ‘Input
Trigger’ is selected to be the reversal condition of this state synchronously before the test,
the tester will jump over the state of ‘Longest State Time’ left and get in the state of ‘Time
Delay after Trigger’ when the tester receives the action signal of protection.

In addition, it often avoids the oscillation of protective contacts through setting ‘Time
Delay after Trigger’.

w Digital Trigger:

When this triggerring mode is selected, seven channels inputA. B. C. R, a. b. ¢
will all be effective. Relationship of these seven channels input is ‘or’, and you can cancel
redundant input through deleting the “Vin front of it as required. When the tester tests
action of the input selected, it will reverse to next state through the ‘Time Delay after
Trigger’.

In order to avoid ‘Oscillation’ of contacts influencing the test, you should normally set
certain ‘Time Delay after Trigger’ in this triggering way.

w Key Trigger:

When the ‘Key Trigger’ is selected, during the test, click the E button or press the
‘Tab’ key on tester’s front panel to realize the state trigger reversal . This is a kind of
effective mode for controlling the test process by hand.

@ GPS Trigger:

When GPS trigger is selected, you can use minute impulse or second impulse of GPS clock

to test several testers synchronously.

1. The Time Trigger and Input Trigger could both be ticked at the same time,
then the one whose condition arrives in advance will trigger the reversal.

2. When the Switch Trigger is selected, normally certain ‘Time Delay after
Trigger’ (about 5—20ms) needs to be set for avoiding reversal due to many times
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error trigger led by contact oscillation.

O State of Digital Output

You can set the output state of digital output 1 or digital output 2 in each state. If you
tick it as'V’, so the output of this channel will be closed in this state; otherwise it will be
opened. You can set different output of digital output in each state, which can implement

switching variety of output during reversal in all state

Vill.Harmonic Superposition Test

The ‘Harmonic Superposition’ Test unit can implement superposition output of each
order harmonic component of 3 phase voltage and current, which is used for testing the
working behavior of equipment of power system in all kinds of harmonic conditions. It is
often used for verifying constraint coefficient of differential harmonic.

® UA.UB.UC.IA.IB.IC can be overlapped DC and 2~20 order harmonic
output.

® FEach component can be displayed and recorded according to amplitude, and it

also can be displayed and recorded according to percentage of fundamental
wave

® You can select automatic variety or manual variety, and the amplitude and phase

will all be changed.

® |t can measure action value, return value, action time and return time.
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Section 1 Interface Introduction

O Set Harmonic Data i b e
= ﬁ'.:nTIl.mt | Have | fopleinde |  Fhuge J
There are two kinds of displaying modes & IC 0oomy 00"
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of amplitude and another is percentage of o T | mintic DO0OY¥ 00"
OIE| gh o0000Y o00°
; ; O Tik 0oy 00
fundamental wave,meanwhile, the amplitude Btk doen Y oo®
Hth ooay¥  oo”

of harmonic has direct relation with the

amplitude of fundamental wave. In addition, the waveform output after superposition also

has relation with the amplitude of this fundamental wave.Generally speaking, when doing

the harmonic suppression test, the amplitude of fundamental wave should be set larger
than the action setting value of relay (such as the starting value of differential protection)
in order to ensure the protection can be acted reliably when the harmonic is smaller or is

0.

Set amplitude and phase of harmonic in this page. Data phase of the state selected
on the left of diagram stands for the channel of corresponding phase that will superpose
harmonic. The amplitude valued can be expressed in two modes. The mode of amplitude
value is adopted in this diagram, so its unit is the one of corresponding current-voltage. If
you would like to express it in percentage of fundamental wave, then it will display the
percentage it accounts for the fundamental wave. Here the phases of fundamental wave
and harmonic have little influence on test results, so usually using the default set is OK. In
case of any set is needed, please set the phase between the fundamental wave and
harmonic according to the setting value of protection.

_?_ Data Revert Button: Please set test data before the test. Amplitude and
phase during the test may vary. Please just press this key after completing the test
to make data ‘revert’ to the state before the test.

S Refresh Button: This button is invalid to parameters participated in previous
test, but only be valid to new data amended before doing next test. It can ‘refresh’

new data amended to be the state before the amendment.
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Clear Button : It clears the amplitude values of all waveforms including

fundamental wave, DC and 2~20 order harmonic displayed in current window,
and the phase will return to its default state, i.e, the phase A returns to ‘0’, the
phase B returns to ‘— 120, the phase C returns to “120°. This key is only valid to

the parameters displayed on current interface.

Valiage Sraphici
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Here displays the waveform after superposition.

You can select to display all three phases, and also select to display the waveform of
single phase. The graph shows the waveform of Phase A voltage after harmonic is
superposed. This graph can be compared with the waveform of oscillograph conveniently.

DC ouput range of each phrase voltage is -160~160V, and the output range of
fundamental wave and harmonic is 0~120V; DC output range of each phrase current is
-10~10A, and the output range of fundamental wave and harmonic is 0~40A.

Summation of waveform effective value superposed in the same channel can’t be
over 120V (40A). If it is over the range, software will give a hint. At that time, please check
the total amplitude. The amplitude superposition test should all be checked when inputting
data and outputting variety.
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O Testing Parameters

@ Variable Option

Variable : Select the channel needed to change from the pulldown menu. In this

diagram, A Phase voltage is selected to be variable.

Waveform:represent harmonic change from DC to 20" order harmonic.

Step Size of Amplitude Value: The step size here is also corresponding with
‘Harmonic Expressing Mode’. When ‘Express in amplitude value’ is selected, the step size
can also be expressed by amplitude, and the unit is A or V; however, when selecting the
‘Express in percentage of fundamental wave’, step size is also the percentage.
¥ Range and Time of Variation

Initial Value of Varitaion: The initial data of variation come from the data of foregoing
harmonic set,which could not be amended. If the initial value needs to be amended, you
must do it on the page of harmonic data. The initial value here is expressed in the way of
amplitude.

Upper Limit of Variety: It is the output upper limit value of variable, which can ensure
the output value not to be very large and avoid ruining the tester.

Variation Time: Variation time stands for the interval of each step variation, and it is
normally set to be slightly larger than the setting action time of protection.

Anti-Oscillating of Contacts: The default value is 5ms. When doing the relay test,
you should set longer Anti-Oscillating time according to requirement.

® Expressing Method of Harmonic

You can select ‘Express in the mode of amplitude’, and also can select ‘Express in
percentage of fundamental wave’ to express data of harmonic component of each phase.
When ‘Express in percentage of fundamental wave’ is selected, the data of each order
harmonic on the page of ‘harmonic’ will be displayed the percentage related to the
amplitude of fundamental wave. The step size of amplitude of variable will also be
expressed in the percentage of fundamental wave. For example, when the ‘Express in

amplitude value’ is selected, amplitude of the second order harmonic of certain phase
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voltage is 2V and the amplitude of fundamental wave is 10V, then the second order

harmonic displayed is 20% when selecting ‘Express in percentage of fundamental wave’.
® Set Digital Quantity

The page of digital quantity is used for defining the action of which channel is
effective. It defaults that digital quantity of all seven channels A, B. C. R. a. b, care
effective. When doing the test, you can define the digital quantity of which channel is
effective (tick ‘\’ means effective). Relation of each is ‘or’.
x Way of Variation

Here Manual Operation and Automation (automatically increase and decrease)two
kinds of variation are available for implementing change to harmonic components of each

phase during the test.

IX. High-Low Frequency Test

The ‘High-Low Frequency Test' module is mainly used for testing all functions of
frequency protection including low frequency load-reduction and high frequency
generator_shutting. According to its functions, this module is divided into six test units.

® All test items includes almost all frequency and high-low circle protection

® The frequency can slip down to do low- frequency load-reduction test, and can

also slip up to do high-frequency test

Feegiimse ¥ abell Bigh-low Feiiold Fieledl i

£ H]

Fandr B Tima & 000 Santich Talue A IECH LD 810 8
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Section 1 Interface Explanation

O Test items

There are six test items available, they are ‘Action Frequency’, ‘Action time’, ‘df/dt
block’, ‘dv/dt block’, ‘Low Voltage block’ and ‘Low Current block’. According to request,
one or more items can be selected. When more than one are selected, corresponding

dialog box will be ejected after completing a test item to tell you next test item.

Test Dbject Hame I| ow Feriod Frotection ﬂ
Low Feriod Frotection 1
Select Test |Frequency Kelaw
Beat Frequency Relay
[ Action Fylow Fregquency Relay
High Fregquency Relay

testing objects includes ‘Low Cycle Protection’, ‘Frequency Relay’, ‘Beat Frequency
Relay’, ‘Low Frequency Relay’ and ‘High Frequency Relay’ five kinds of relays. The ‘Low
Circle Protection’ will be selected under the default situation. Its pulldown menu is as the
diagram shows:
O Testing Parameters
@ Time Delay before Variety of Frequency

During each changing process of variable, the device will firstly output the rated
power 50Hz, which will be maintained to the end of ‘Time Delay before Variety of
Frequency’, then it begins to vary. For testing some protection this is very useful, which
can be used for releasing block after the frequency protection is blocked.
w Test Interval

After completing one test the device will stop output till the end of ‘Test Interval’, and
then it outputs to do next test.
@ Setting Value

There is inputting box of setting value in every page of test function. Most of these
setting values do not work during the test, which only has a function of reference and
contrast after the test. You can set the ‘Error Allowance’ if need. After contrasting the ‘Test

Value’ got from test with the ‘Setting Value’, a relative error will be obtained for reflecting
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performance of protection.

O Action Frequency
© Frequency Test Range

During the test, frequency varys from original  FiHs?

[ ]

value to final value in the test range, the original anc At

final value should be set so that the action frequency E e,

is placed between them, When Varying from original Soting Arten froq.

value to final value frequency should stride over the

setting action value so that the protection can act.

Test mode of action frequency: Frequency will vary in two stages during the test: At
the beginning, it output the origin frequency. After delaying the time before the variety, it
will firstly slip down (or up) evenly according to df/dt to the frequency 0.2Hz higher (or
lower) than setting action value. Then, it will descend (or rise) the frequency step by step
in certain time interval according to setting step size. If the protection acts during this
process, the action value will be obtained. Otherwise, it will consider that the protection
won’t act and end this test item when frequency varys to the final value.

The time interval of step-by-step frequency varying is confirmed automatically
according to setting action time, and this time interval is 0.2s longer than setting action
time. So the setting action time must be set correctly in order to ensure that the protection
has enough time to act in the time interval of variety. Similarly, the setting action frequency
also must set correctly in order that the protection can act in the stage frequency varying
step-by-step.

For example: known low frequency action value is 48.5 Hz, the test range should be
set 50 — 48Hz, and the step size is 0.05Hz, the testing final value should not be set too

lower (normally higher than 45Hz), otherwise, the protection maybe will block.

Fidup

43



HUAZHENG ELECTRIC MANUFACTURING(BAODINGICO.LTD. gy U EFA 101 g

O Action time

Test mode of action time: frequency slips down (or up) from original value (normally
50Hz) to final value and waiting for action. This final value should be lower than frequency
action value for ensuring action of protection. But the timer for testing action time begins to
time it from ‘Setting Action Frequency’. So if the setting value has deviation, it will
influence the time measuring precision. For process of test, please see the right diagram.
O df/dt Block

© df/dt Test Range

When testing the ‘df/dt block value’, it will do tentative test point by point in the test
range. The frequency will slip down (or up) from original value to final value every time.
The df/dt value slipping down (or up) will vary point by point in this range. When the
protection acts in certain time test, the boundary value of df/dt block at that time will be
tested out.

Since the protection is blocked when the df/dt value is larger than setting value, the
original value of df/d should be higher and the final value should be lower than the setting
block value of protection, which means during the test from protection no action to action,
the dv/dt block value will be tested out.

@ Range of Frequency Variety

In each period, testing frequency slips down (or up) from original value to final value.
The original value is normally 50 Hz, and the final value is lower (or higher) than setting
action frequency.

Time delay before frequency variety when doing this test could not be too
shorter in order that there are enough times for protection to release block.

O dv/dt Block

This testing item is very similar to ‘df/dt block’ mentioned in the above paragraph.

Their difference is that the variable in each test period is dv/dt value. We only introduce

their differences in the following paragraph.
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© dv/dt Test Range

It will do tentative test point by point in this range when testing ‘dv/dt block value’.
Voltage will slip down from original value to final value when doing the test every time. The
dv/dt value slipping down will be varied point by point in test range. When the protection
acts in certain period of tentative test, the boundary value of dv/dt block will be tested out.

Since the device is in the block state when the dv/dt is higher than the setting block
value, normally the original value should be set higher than the setting block value, and
the final value should be set lower than the block value. Which means during the test from
protection no action to action, the dv/dt block value will be tested out.

@ Varying Range of Voltage

For simulating the process of voltage’s descension, normally the ‘Original Value of
Variety’ of voltage should be set higher than the ‘Final Value of Variety’. Meanwhile, for
avoiding the low frequency protection from being blocked due to low voltage, the ‘Final
Value of Variety’ of voltage set should be higher than the setting low-voltage block value of
the protection.

w df/dt value in testing

Frequency in this testing item always varies along according to gived df/dt, so df/dt
should be set lower than the setting df/dt block value of the protection.

O Low Voltage Block

This item is similar to ‘df/dt block’ and ‘dv/dt block’ in above paragraph. We introduce
their difference as follows:

@ Test Range of Voltage

Voltage will do tentative testing point by point in test range. In every period of test
frequency will vary but voltage will be fixed to certain value. Voltage increases from the
original value to final value step-by-step. When it is increased to certain value, the device
release block to act, so this value is the boundary value of low voltage block.

Since the protection is blocked when voltage is lower than the block value, normally

the original value of voltage should be lower and the final value be higher than the block
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value. Which means during the test from protection no action to action the dv/dt block

value will be tested out.
O Low Current Locking
This testing page is very similar to ‘Low Voltage Block’. Please refer to the instruction

for ‘df/dt block’, ‘dv/dt block’ and ‘low voltage block’.

Segment 2 Guidance For Test

We only take the ‘Test of Low Frequency Action Value’ as example, to explain the test
method in details.
O Connecting Mode

Connecting three phase voltage UA, UB and UC of tester with three phase voltage of
relay; connecting UN of tester with UN of relay; connecting digital input A and B of tester
respectively with the trip terminal of primary and secondary stage load-reduction of relay, and
connecting common end of digital input of tester with the trip common terminal of relay, then
turn on the power supply of relay. (If the relay needs DC power supply, the power can be lead

out from the Aux DC power supply on the rear panel of tester.)
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O Option

In the “Frequency and High-Low Circle Protection’ testing module, select the ‘Action
Frequency’ test item and testing object of ‘Low Circle Protection’;
O Set

Switch to ‘Action Frequency’ test interface to set testing data, like the right diagram
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shows:

@ Setting Action Frequency

Set this item according to the settings list of relay or actual action valued by protection.
This setting item is only for reference during the test and do not influence test result.

@ Setting Action time

Set this item according to the settings list of relay. The inteval of frequency varying
step by step in the second stage is 0.2s longer than this value. If it is too short, the relay
may has not enough time to act, so this value should be set correcily.

@ Test Range of Action Frequency

‘Initial Frequency’ must be higher than the action frequency set by protection, and
‘Final Frequency must be lower than it, that means action frequency should be placed
between them.

® Step Size of Variety of Frequency

‘Variety Step Size’ should be set according to the precision required by the test,
normally it can be set in 0.05Hz defaulted.

© df/dt Value When doing the Test

It stands for the speed of evenly frequency conversion in the first stage during the
process of descending frequency, and df/dt value should be lower than the locking value
set by protection.
O Button for Starting the Test

After confirming all testing parameters are correct, the test can be started. During the
test, current real-time frequency output by tester can be observed through the column of
‘Current Frequency Hz'. When the tester does not output voltage, the ‘Abnormity’ lamp on
protection will light up. When output frequency of tester is lower than the ‘Start-up Value’,
the ‘start-up’ lamp on protection will light up, that is to start up low circle action
components.

Process of test is as follows: output 50Hz voltage-current, after delaying time before

variety—— frequency slips down evenly in the speed of df/dt to ‘Original Value of Test’
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—— press ‘Step Size of Variety’ to reduce frequency in the time interval of ‘Setting action

time + 0.2 seconds’ step by step, and also record whether the protection acts.

X. Power Direction & Impedance Test

The Power direction and impedance test module is mainly used for testing the
protections related to ‘direction’, such as power direction protection, negative sequence
power direction, zero sequence power direction, phase-phase power direction, reverse
power direction, phase-phase impedance, grounding impedance, etc. It tests their action
boundary, the sensitive angle, and action value of voltage and current, action time and
action impedance. We only take ‘Power Direction Protection’ as example to introduce all
testing item of this module. Its main interface shows as the following diagram:

® |t includes not only all kinds of test items for power direction protection, but also

the test of phase-phase and grounding impedance protection.

® Software introduces the option of ‘Enable Abrupt Variable’ for satisfying the

testing requirements of some protections which need abrupt variable to start
protection

® Adopting two vectorgraph display modes to make the test process more

conveniently to observe visually.

® In boundary test, the two action boundaries line can be drawn automatically and

the sensitive angle can be computed and drawn on the graph automatically.
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Section 1 Interface Instruction
O Test item

@ Name of Testing Object

There are many types of protection device available, it includes ‘power direction
protection’, ‘negative sequence power protection’, ‘negative sequence power direction’,
‘zero sequence power’, ‘zero sequence power direction’, ‘phase-phase power direction’,
‘reverse power protection’, ‘phase-phase impedance’ and ‘grounding impedance’.

¥ Abrupt Variable Start up Protection

When ‘Enable Abrupt Variable’ is selected, the tester will firstly output the voltage and
current of state before fault every time during the test, then output the voltage and current
set on the interface. For satisfying the demands of abrupt variable starting up protection of
some protection relay, the ‘Time before Fault’ must be set at that time. If you do not select

the ‘Enable Abrupt Variable’, the ‘Time before Fault will be invalid (automatically be 0). It

will output directly the voltage and current sef V
every time during the test, which will vary Fnr-faué;;-’ -—
continuously. i

Take ‘Test Voltage’ as example, the meaning e — 15__ |
of abrupt variable can be showed as the right Fasli=ypfront— 1
diagram. After clicking the ‘Start Test’ button, the i | |
tester will output firstly normal voltage, and gw ?tzgtg
maintain it till the end of ‘Time before Fault’; then, g g g
the tester will output ‘Fault Voltage 1’ (the faul ;,: é g
voltage set on the interface), and maintain it till ’ o E.
the end of the ‘Max Fault Time’; then, the tester will stop output for the test interval

time (if the ‘Test Interval ’ is not 0).
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After that, tester will output again normal voltage.
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O Test Action Boundary

It tests automatically two action boundaries of power direction protection, and
calculate the sensitive angle automatically. In the mode of ‘Display vectorgraph of action
angle’, you can observe visually two boundary lines and the sensitive angle line from the
diagram on the right of main interface.

@ Testing Parameters

Selecting one voltage and one current output, its angle ® (U, 1) varies in given range
measure left and right action boundaries.

Considering that protection is normally connected in the way of 90°connection, so we
normally adopt line voltage and phase current of the third phase, such as adopt voltage
UAB and Current IC. Sometimes you can also select single phase voltage and single
phase current to do test, but normally the line current is not selected. Please pay attention
that, the selected voltage and current are set value, but the voltages of unselected phases
are equal to rated voltage and symmetrical, and the currents of those phases are 0.

When setting the searching range of ®(U, I), you should firstly know the setting value
of the ‘Sensitive Angle’ of protection and ensure the searching range set can cover two
actual action boundaries of protection. That means original value and final value of
searching should all be set outside the action zone, and tester will search from the ‘Non

Action Zone’ to ‘Action Zone’.
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Protection does not act when starting the search at the original angle. It acts when

angle varies to certain value and one action boundary angle is found, then lined the
diagram. Then, it reverse the searching direction immediately to search another boundary
angle (notes: now tester will search from the final angle set to original angle). When the
second action boundary is found,it will be lined again. Then the Sensitive Angle can be
calculated and lined on the diagram automatically.

© Definition of Action Angle

Select the action angle as ‘Test Phase Angle’, * (U0, 10) ’or‘ (U2, 12) ’according
to protection type tested. If it is power direction or impedance relay, select the ‘Test Phase
Angle’, that is the angle between testing voltage and current selected. If it is zero or
negative sequence protection, you should select (U0, 10) or (U2, 12) .

@ Vectorgraph Display

When ‘Display the vectorgraph of 3 phase voltage and current’ is selected, it displays

the vectorgraph of each phase voltage and current ir
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convenient for observing visually the searching et el mry

process of action boundary.

O Testing Current

Mode for testing operating current is: Fix voltage and the angle between voltage and
current, increase current step by step from low to high till the protection acts and test out
action current value. During the test, angle ® (U, 1) should be normally set the sensitive
angle of protection. shown as the right diagram.

When doing the test, select a line voltage to be fixed and the third phase current to be

variable. The variety range of current should includes setting action current of protection.
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When voltage leading current the angle is positive. So please pay attention to the positive

angle and negative angle when setting angles. Normally, when the setting angle is equal
or near sensitive angle, the protection acts the most sensitively, and the action current
tested also is the mose exact. When the setting angle is deflected too much, the action

current tested may be larger or even relay may not act.
O Testing Voltage

Mode for testing operating voltage is: Fix current and the angle, increase voltage from
low to high step by step till the protection acts and test out action voltage value. During the
test, angle @ (U, |) should be normally set to be the sensitive angle of protection.

When doing the test, selecting one phase current to be fixed and the line voltage of
other two phases to be variable. Variety range of voltage should include setting action
voltage of protection. The angle is equal to the sensitive angle.

O Testing Action time

Mode for testing action time is: Directly set a voltage and a current which can make
protection acts, when action occurs, recorde the action time.
O Testing Impedance

Mode for testing action impedance is very similar to ‘Testing Voltage’ and “Testing
Current’ above, it also make the protection act through changing solely voltage or current.

The difference is: this unit records action impedance

TaniCarwant | Tani¥al papn | hatd anTins | ToniInpadeos || pr/pg 4]0

value of protection but not operating voltage ol Tilus 2eilings

=

=
{1

Tasd Toltuge, [WEC = 100000 Tmpsdaniza &
Terd Corrant; A 7 Aetian Yalua: 0000
operating current. As the following diagram shows: ~ _ ~ “reoe 0 Tdews
. . v |-_' u-,- Fravent {arrasi
The angle ® (U, 1) should certainly be in the A :
Suey 11 j froiamd Tegedince: g

action zone of protection, and we normally set ji # ™! besdine #a0 Fan o e

T Changs Teltwpn ™ Changs Curani
Tars Saguencs Capennatiom Casffuciant JH- T

equal to the sensitive angle.

Buiplar Yacler Dingras

=13 3

o

EE]

Impedance value is calculated according tc Rt _ Displag FFhase ¥ and 1
12 00D 7 (180G 2 Pinplay Test Fhata
k1L '- 177 i 5.9 N Turping Fisune chaote

voltage and current when protection acts. Please

anksrphazs 1apadiacs er

2 :" 113 e 1mpadaretn .r.l-'u.'"!- raluy i%
Tzt Item

Bawrpt!

pay attention that: when testing grounding
impedance, zero sequence compensating coefficient should be considered and set

correctly. the default value is 0.667.
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Section 2 Guidance for Test

O Definition of Angle Made by Microcomputer Protection

Normally, the definition of angle made by microcomputer protection is: direction of
voltage leading current is positive. On the contrary, it is negative. In addition, it often
default the angle of voltage to be 0°, which means voltage is the reference for angle of
current. Right diagram shows the active characteristics of certain power directional
protection. Its largest sensitive angle is —45°. Two action boundaries are respectively —
135°<P=<45°, which is just opposite to the angle concept in x/y coordinate.

The shadow parts in the diagram stands for action zones of protection, which is
corresponding to two action boundaries: 45° and —135°. When setting testing parameters,
you should ensure two searching boundaries are respectively larger than 45° and smaller

than — 135°, which means they are in the non-action zone. Then it will search from

non-action zone to action zone.
m{-laa“l 2 1A
O Searching Action Boundaries Bordary Action bordary 2 1p
sn_aaarch
When it is at the largest sensitive final anele
(=135 _q5*
angle of testing protection, if you do nol .
P (07
know its actual action boundary, you can U4B
adopt the following mode to search: Kot .
bordary 1 £457)
Set the ‘Searching Range Collection Bodity Seaveh Toivisl anels
of ® (U, 1) ’in the page of ‘Testing M KEAR )

Boundary’ to be 0°, then start the test. If the protection does not act, set this parameter to
be 30°. By analogy, suppose the protection does not act when ®(U, Dis 20°, which means
one action boundary of protection is between 0°~ 20°. Finding rough range of another
boundary of protective action by using the same mode, supposing it is between —130°~
—120°.

When setting searching angle on the software interface, please pay your attention to
that the software always begin to increase in step size from the angle of ‘@ (U, 1)

Searching Range Collection’. After measuring one action boundary, it begins to reduce in
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step size from the angle of ‘Arrival’. So supposing ‘®@ (U, |) searching step size’ is set to

be 1° (positive value), we take the above data as example, ‘@ (U, |) searching range

collection’ should be set to be -130°, and the ‘Arrival’ should be set to be 20°.
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XIl.Synchronization Test

This test module is used for testing quasi-synchronization device, and it can also be
used for testing some protections which detect synchronization or nonvoltage to reclose.
® |t can test synchronization various action value, voltage locking value, frequency
locking value, leading angle and leading time, pulse width of voltage regulation
and frequency regulation.
® Can do the automatic regulating test of automatic quasi-synchronization device.
® Can test automatic quasi- synchronization device, and also can test all kinds of
synchronous relays
® Can test line protection reclose with synchronization or nonvoltage
detection

® Can test automatically, and also can test by hand.

W Synchroniss Test
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Section 1 Interface Instruction

O Testitem
Taat Tataa | Equipmant Farssstsrr |
@ Synchronization Action Value Tupt Timn == — e )
¥ Sym ken Val. [Valt Sadud x| OO gy [0 000 ¥
. . f ™ Veldage Block Walue %ids Tl |52 800 e
For testing action values of synchronous |- g .  w.svaee oo o100
" Lawd dople and Lawd Ting - =
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difference. There are three options of ‘Adjust Medulation Tas! s i
I:\ 3 (311 =14 7 D IE Llll -iu-m: I
L] H ’ ‘ H ) LEE DT
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pulldown menu on the right side. After one option is ; i Sied td wanl
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selected, set the ‘Voltage (Frequency or Angle)
Change Step’. You can start the test, then increase or decrease the variable step by step
by hand till synchronization divice acts. Then, the corresponding synchronous action
value will be tested out. You can also test the line protection reclose with synchronization
or nonvoltage detection by using this function.

When any one of the above-mentioned parameters needs to be tested, you should
always make other two parameters to satisfy synchronization condition in advance.
Through changing value of parameters needs to be tested to make the synchronous
device to act finally after satisfying fully synchronization requirements.

We hereby take the test of synchronization voltage value as example for explaining
the mode of test:

Set firstly ‘Adjust Voltage’, set generator side voltage V1 to be 90V, and it does not
satisfy synchronization condition. Set generator side frequency F1 and phase ®1 to
satisfy synchronization condition (F1 can be set to be 49.9Hz that is very close to the grid
side frequency; arbitrary phase, and can also be set to be equal 50Hz and the phase to be
equal 0°), and set certain ‘Voltage Change Step’. Clicking ‘Add’ button to add the
parameters set into testing data area. After starting the test, pressing ‘increase A (or
decrease V) key by hand to change voltage till synchronization device acts.

During the test, you can observe the continous change of angles in columns of

‘generator side’ and ‘difference’ if frequency is different. If pressing the ‘synchronization
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indicator’ button in buttons column, you can even observe from the synchronization

window opened that voltage vector of generator side rotates continously and its length
varies at the same time. If frequencys of both sides are equal, the voltage vector of
generator side won'’t rotates, and only its length varies. When three conditions - voltage,
frequency and phase angle all satisfy synchronization requirements (two voltage vectors
of both side are close to the allowable range), synchronization device will send out
close-switch signal. Tester will record the voltage difference, frequency difference and
angle difference when it acts.

Mode for changing generator side voltage and angle value manually is to press
A and Vkey on the keyboard. Mode for changing generator side frequency
manually is to press key € and » on the keyboard. There will be hints when
moving cursor to the button column.

Frequency of grid side in software is fixed to be 50Hz, angle be 0°, the default
voltage of grid side is 100V but can be adjusted. Generator side voltage is output by
UA of tester, and grid side voltage by UC of tester.

@ Voltage Locking Value

Before the test, firstly set voltage and frequency of generator side for satisfying
synchronization conditions but voltage and frequency has certain difference so that the
angle difference can recede or close periodically. After starting the test, since voltage and
frequency of two sides satisfy synchronization condition, the synchronization device will
send out the close-switch signal whenever the angle put into the action range (it can be
observed from the action indicating lamp of device). Increase or decrease the generator
side voltage manually or automatically till synchronization device is locked (it will no longer
act in angle action range). When it changes automatically, the tester changes generator
side voltage towards the direction of increasing voltage difference each time, which make
voltage difference to be increased gradually till synchronization device will no longer act

(action locked), then the voltage difference locking value is tested out.
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@ Frequency Locking Value

Before the test, firstly set voltage and frequency of side for satisfying synchronization
conditions but frequency has certain difference so that the angle difference can recede or
close periodically. After starting the test, since voltage and frequency of two sides satisfy
synchronization condition, the synchronization device will send out the close-switch signal
whenever the angle put into the action range. Increase or decrease the generator side
frequency manually or automatically till synchronization device is locked (it will no longer
act in angle action range). When it changes automatically, the tester changes generator
side frequency towards the direction of increasing frequency difference each time, which
make frequency difference to be increased gradually till synchronization device will no
longer act (action locked), then the frequency difference locking value is tested out.

@ Leading Angle and Leading Time

Set voltages of two side to be equal before the test, and the frequency does not
satisfy synchronization condition. After starting the test, synchronization device does not
send out close-switch signal during angle rotation due to larger frequency difference.
Increase or decrease frequency of generator side manually or automatically. When
frequency is on the critical allowable action value, and when angle puts into the action
range, synchronization device will act to send out close-switch signal first time. Tester will
calculate and record the leading angle and leading time when frequency just satisfies the
synchronization condition.

The following relation exists between leading angle and leading time:

A®= At/ Twe360° Tw=1/|f1-2|
Among which: A is leading angle Atis leading time
f1 is frequency of generator side f2 is frequency of grid side

In the state of automatic test, the tester always examine whether closing pulse is
transmitted from the synchronization device in every period. If the tester does not receive
closing pulse in one period, it will change automatically the frequency of generator side

towards the direction of decreasing frequency difference. It adjusts like that in each period
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till the synchronization device signals. Software will calculate and record leading angle

and leading time at that time.

® Pulse Width of Voltage Regulating or Frequency Regulating

When voltage difference and frequency difference do not satisfy synchronization
conditions, the automatic quasi-synchronous device can transmit pulse width signals of
increasing/ decreasing voltage or frequency automatically. The pulse width and period of
this signal can be measure by this function.

Testing Mode of Pulse Width of Voltage Regulating:

Before the test, set the voltage of generator side not to satisfy synchronization
condition (lower or higher than grid side voltage), set frequency of generator side to satisfy
the condition but not to equal to the other in order that the angel difference can recede and
close periodically. Connecting signals of increasing or decreasing voltage of synchronous
device respectively with tester digital input A and a. When doing the test, the device won’t
transmit the closing signal due to voltage does not satisfy synchronization condition but it
transmits ‘Voltage increase (or decreasing) signal periodically. Tester can measure the
pulse width and period of voltage regulating under this voltage difference. The pulse width
of voltage adjusting is normally linear relation with voltage difference.

Testing Mode of Pulse Width of Frequency Adjusting:

Before the test, set the voltage of both sides to satisfy synchronization condition, but
set frequency not to satisfy the condition (lower or higher than grid side frequency).
Connecting signals of increasing or decreasing frequency of synchronization device
respectively with tester digital input B and b. When doing the test, the device won’t
transmit the closing signal due to frequency does not satisfy synchronization condition,
but it transmits ‘Frequency increase (or decreasing)’ signal periodically. Tester can
measure the pulse width and period of frequency regulating under this frequency
difference. The pulse width of frequency adjusting is normally linear relation with
frequency difference.

© Adjusting Test
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Before the test, set the voltage and frequency of generator side differ largely from

those of system side, which could not satisfy synchronization condition. During the test,
the synchronization device will transmit signals of ‘increase voltage’, ‘decreasing voltage’,
‘increase frequency’ or ‘decreasing frequency’, tester adjusts automatically generator side
voltage and frequency towards the direction of ‘satisfying synchronous condition’
according to signals received at the variety ratio set. It won't be stopped until the
synchronization device transmit closing order in the situation of voltage, frequency and
angle all satisfying the synchronization condition. Tester will record the difference of
voltage, frequency and angle when closing switch.

During the test, the voltage difference eligible lamp or frequency difference eligible
lamp on synchronization device lights up when voltage difference or frequency difference
satisfy the condition; if the angle difference also satisfy the condition, synchronous device
will transmit closing signal at once. The above is the necessary three conditions of
synchronization actions: frequency and voltage of both side is basically equal, and angle
difference is smaller than certain value.

O Other parameters

@ Adjusting Mode & Step Size

In all test items, the software set different adjusting modes. When test items of
‘synchronous action value’, ‘pulse width of voltage adjusting’, ‘pulse width of frequency
adjusting’, etc., the software only needs to be adjusted by hand. That is OK no matter
several other items is adjusted by “hand operation’ or ‘automation’. In the adjusting way of
“Hand Operation’, it is required to change output of variable through press A ¥ and «»
key on keyboard or press corresponding buttons on software’s interface during the test; In
the adjusting way of ‘Automation’, tester adjusts automatically output of variable according
to signals of adjustment transmitted from synchronous device.

@ Add, Delete and Delete All

You can complete all tests in one time when setting well several items. The basic

operational process is as follows: Select test item——set all parameters required for
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testing this item—— click the ‘add’ button after confirming all parameters are correct, and

add this item into the listing box—— click the button of ‘start test’ to start the test, and it
will test in sequence of items added. If you would like to delete certain item in test item list,
select it through the mouse, then, click ‘delete’ button. If you would like to delete all items
in the list, directly click ‘delete all’ button.

® Synchronous Window

Setting values of AV. AF. AFmin. AFmax and A according to setting value of
synchronous device. These values are only for your reference during the test, which do
not influence the test. After completing the set, you can observe visually corresponding
effect graph through the right graph. You will watch the testing track during the test.

@ Two Sides Fixed Angle Difference

It is the combination of all fixed angle difference including wiring angle difference,
transformer Y/A angle difference, etc. of two sides. The software will compensate this
angle automatically during the test.

@ Closing Time of Circuit Breaker

Closing time delay of circuit beaker: Time delay closing of circuit breaker after
simulating synchronous device to issue the closing order.

© Time of input flutter-proof

For eliminating the influence on test due to contact flutter of protective relay during
the test. For microcomputer synchronous device, it is normally set to be 5ms; for relay, it is
normally set to be 20—40ms.

® Synchronous Indicator

Clicking the ‘synchronous indicator’ button to open

the synchronous indicator during the test, then you can e
o i
i . -
observe the variety vestorgraph of voltage amplitude S/ _;“’f A1 “*._ LY
|'. 2 .. -'.I ol 1'| I
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Section 2 Guidance for Test

O Connection of Test

e Voltage Connection

Connecting the generator side voltage U1 with UA of tester; connecting system side

voltage U2 with UC of tester; connecting common wire UN with UN of tester.

e Input connection:

Connecting the output signals of ‘increase voltage’, ‘reduce voltage’, ‘increase
frequency’ and ‘reduce frequency’ of synchronous device respectively with input A, a, B
and b of tester; connecting the export signal of closing action with input R of tester; short
connecting another end of above-mentioned signals of synchronous device; connecting
them to the public end (red end) of input of tester. If each output of protection is active
contacts, please do connect positive power supply of each output contact with the public

end of input of tester.

When doing synchronous test, you should press the Start button of
synchronous device firstly. Please check the input end of synchronous starting
signal on the device for leading out two wires. After starting the test, firstly short
connect them with start synchronous device. In addition, some synchronous
device can be set synchronous time. During the test, if synchronous process is
beyond this time, the device will lock out this time synchronous closing, and
transmit alarm signal. You should press the synchronization start button or short

connect the above-mentioned two wires for restarting synchronization.
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XIl.Full Group Test I &1I

Overall test is equal to the static simulation test of relay protection tester. It simulates
all kinds of faults of instant and nonvolatile single-phase earthing, phase to phase short
circuit or convertibility for doing full group test for distance, zero sequence protective
tester and action of reclosing or for verifying setting value. We hereby take the ‘Overall
Test I' as example to introduce briefly to its operating mode. The software interface is as
the diagram:

® Testing the protection for overcurrent, zero sequence and distance of
the full group, doing full group transmission test.

® Can test the action of reclosing and after acceleration under the
condition of having or having not the synchronization detection and detecting
non-voltage.

® Can simulate convertibility fault and negative direction.
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Section 1 Interface Instruction

O Setting Component of Fault
e Type of Fault
You can set it to be the fault of Type AN. BN, CN. AB. BC. CA. ABN. BCN. CAN.

ABC.

63



HUAZHENG ELECTRIC MANUFACTURING(BAODINGICO.LTD. gy U EFA 101 g

e Setting Impedance

According to the impedance setting mode given by the setting value list, the fault
impedance can be input in the Z or ® mode or be output in R or X mode. When inputting it
in one mode, software will work out automatically the value of another mode.

e Multiple of Short Impedance

It is nx ‘Setting Impedance’. Take this value to be impedance on short circuit point for
doing the simulation. Normally it does the test in 0.95 or 1.05 times of setting value. If it
could not be satisfied, you can also do the test in 0.8 or 1.2 times of setting value. It is the
testing limit to ‘Tolerance’. If the protection still could not be operated correctly, please
examine whether there are other reasons exist.

e Zero Sequence Compensating Factor

Ko=(20/21-1)/3

If the Zro Squence Impedance Angle ®(Z1) is not equal to the Zero Sequence
Impedance Angle ®(Z0), Ko will be a plurality. Then normally Kor. Kox will be used for
calculation.

Kor=(RO/R1-1)/3 Kox=(X0/X1-1)/3

For some protections that is calculated in the mode of Ko. @ (such as Series 901), if
D(Z1)=P(Z0), then PS1=PS0, so Ko will be a real number. You should set Kor=Kox=
Ko at that time.

e Fault Direction

It protection has directivity, please do select correct fault direction.
e Character of Fault

Difference of option ‘instantaneity’ and option ‘permanence’ is: in the testing mode of
‘Time Control’, when the ‘instantaneity’ fault is selected, the tester will stop output fault
and enter next state when it acknowledges the action signal of protection though the fault
time still has not been ended at that time; however, in the testing mode of ‘permanence’,
the component of fault will still exist till the ‘fault standing time’ is up even though the

tester acknowledges the action signal of protection. Which means fault output time of the
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tester is only controlled by the ‘fault standing time’ when it is in the mode of ‘permanence’

fault. So doing test in the mode of ‘permanence’ fault leads to the action of after
acceleration protection easily, which also leads to that the reclosing could not be
reclosingd. So we suggest that you select normally the fault mode of ‘instantaneity’.
e Fault Current

Only short circuit impedance is set above. If you tell software certain fault current
furtherly, the software will work out corresponding fault voltage automatically, and the
tester will output corresponding fault voltage and current to protection. The fault current
set should satisfy the following requirements: 1. Larger than pickup current of protection; 2.
Product of fault current and short circuit impedance should not be larger than 57.7V.
e Time Control/ Contact Control

When ‘Contact Control’ is selected, the testing state will be controlled by signals of
trip, reclosing and permanent trip contact displacement of protection received by tester,
which will decide that the tester outputs current and voltage at corresponding state.

When ‘Time Control’ is selected, the tester will output all kinds of component
including ‘before fault’, ‘during the fault’, ‘trip’, ‘reclosing’, ‘after permanent trip’ in
sequence according to the time sequence set, and the it only record time but do not

change output process of all kinds of component when the protection trips.

Before fault Fault State Normal State after Trip  Fault State after Reclosing ~ After permanent trip

Fault Time Cut Time Coincidence Time

¥ Fault Time, Cut Time and Reclosing Time

The mode of time control is used for controlling the standing time of output of failure
component, the standing time of output of normal component after cutting the fault, and
the standing time of re-output of failure component of reclosing as the above graph shows.
It does not work in the mode of contact control.
* Convertible Fault / Non-convertible Fault

Being used for setting convertible fault. Beginning from the start of fault, it will all trip

the breaker and enter the state of ‘fault after conversion’ no matter the protection acts or
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not as soon as the convertible time is up. But the voltage-current of trip phase does not

influenced by the state of convertibility fault. Its voltage V=57.7V (PT is set on the bus
side) or OV (PT is set on the line side), and I=0A. The Fault Convertible Time stands for
the time calculated from the beginning of the first fault.
@ Fault Type after Conversion

It can be set to be Type AN. BN. CN. AB. BC. CA. ABN. BCN. CAN. ABC. Normally
we set the fault type after conversion to be different form the first fault type, which is more
tally with the actual situation.
@ Convertible Original Moment and Convertible Time

It can be set to begin calculation from starting the first fault, or after tripping of
protection, or after coinciding the gate for deciding when the fault conversion happens.
@ Original Angle of Fault

It is the original angle of voltage when the fault happens. Since phases of three
phases voltage-current are different, switch-on angle relates to the fault type. Normally it
calculates according to reference phase of this type of fault: for single phase, it calculates
according to fault phase; for two-phase short circuit or two-phase earthing, it calculates
according to non-fault phase; for three-phase short circuit, it calculates according to
Phase A.
@ PT Mounted Position

Deciding where the primary side voltage transformer should be mounted, bus side or
line side. When PT is mounted on bus side, after this phase is cut off, current of fault
phase is zero, and voltage gets back to normal phase voltage (V=57.7V, 1=0A) ; When
PT is mounted on line side, after the fault phase is cut off, current and voltage of this
phase will all be zero (V=0V, I=0A) .

@ Split Phase Trip/ Three-phase Trip

Being used for defining input A, B and C three terminals, regarding them as Terminal
“Trip A, ‘Trip B’ and ‘Trip C’ or Terminal ‘Three Trip’?. If it is set to be ‘Split Phase Trip’, it

can simulate the situation of only tripping fault phase when it is single phase fault. Which
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means which signal among ‘Trip A, ‘Trip B’ and ‘Trip C’ arrives first, it will simulate the trip

of those corresponding phases.

@ Breaker off/on Delay

For simulating off/on time of breaker. After acknowledging off/on signals of protection,
it will wait switch’s off/on delay for a while, then, switching voltage-current to the state after
switching off or on.

@ Output 1 delayed closing time after fault

Output 1 will delay this time closing after outputting component of fault. This function
can be used for: simulating the ‘offside signal collecting input’ of receiver and transmitter
by using 1 given when testing high frequency protection.

@ Output 2

Output 2 varies by tracking the state of breaker. Which means Output 2 cuts off when
the protection trips; output 2 will close when the protection reclosings. So output 2 can be
used as analog breaker.
O Setting Synchronization Detection Reclosing & Ux

© Ux Option

Ux is a special phase that can be set for outputting +3U0, -3U0, + x/§ x3U0,

-\/5 x3U0, Synchronizatios Detection Ua, Synchronization Detection Ub, Synchronization

Detection Uc, Synchronization Detection Uc, Synchronization Detection Ubc,
Synchronization Detection Uca and Synchronization Detection Uab.

For the first four kinds of 3UOQ situtions, output value of Ux is obtained by 3Uo
combined by Ua with Ub and Uc output currently being multipled by all factors, and it will
vary along with them.

If selecting it to be equal to the extract voltage value of certain synchronization
detection, Ux will be used for simulating the extract voltage of line side when the testing
line is protecting reclosing of synchronization detection. Take the Synchronization
Detection Ua as example, Ux output value is always equal to bus side Ua (but the

numerical value is 100V) in the state of closing breaker; Ux value will be equal to the
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amplitude value and phase angle of synchronization detection voltage set in the state of

cut-off after the protection trips, and this value can be set as the Ua numerical value or
differed phase at that moment for testing the synchronization detection reclosing when the
protection is in the situation that two sides voltage differs.
O Instruction to Full Group TestII

Function of Full Group Test Il is basically as same as the one of Full Group Test I. In
Full Group Test I, all fault situations are set according to impedance modes for protecting
full group test. But it could not acknowledge the fault impedance but only have fault
voltage and current for certain protection, such as zero sequence protection or 35 KV line
protection. At that time, you can use Full Group Test Il to do the test.

© Type of Fault

It can be set as AN. BN. CN. AB. BC. CA. ABC type fault.

® Fault Voltage U

For single phase fault and three-phase fault, the Fault Voltage U is the value of fault
phase voltage; for phase to phase fault, the Fault Voltage U is the line voltage value of two
phases of fault.

@ Setting Current |

It is the setting current value for protecting certain segment.

¥ Multiple of Short Circuit Current

Short circuit current is the ‘Setting Current’ of Test Multiple nX, it will do analog test by
regarding this value as short circuit point current.
1. In the full group test, all fault data will be completed by computer. Every phase of
short circuit voltage obtained by calculating the fault current and fault impedance
set by computer should not be larger than rated voltage (57.7V). If it is too large, the
fault current value will be reduced automatically for satisfying the condition of Vf <
rated voltage (57.7V).

2. If the fault impedance is smaller, you should normally set heavier fault current; if
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the fault impedance is heavier, you can set smaller fault current so as to give

suitable fault voltage, which is also in accordance with actual operation.
Otherwise, it may influence the testing resuilt.
Other options and testing process are all completely as same as the Full Group Test

1.

Section 2 Test Instruction

O Explanation of Process of Full Group Test
Complete the data set, pres [» Start Test | ‘, the tester will output symmetrical
component of every phase of ‘Normal State’. All phase voltage is the rated voltage (57,7V)

‘ button or connect

‘Input ¢, the tester will get into fault state, output fault current, and add it to the protective
tester. After the protection trips, the tester will output component of state after tripping.
After the protection coinciding the gate, the tester will output normal component (each
phase voltage is 57.7V, current is load current) if it is the instant fault; If it is the permanent
fault, the tester will output the component of fault again till protection trips for the second
time (permanent trip), then, resuming output normal component.
@ Tester enters the fault state automatically when ‘Input ¢’ is switched on

It has two functions: 1. It can accelerate to trip after it arrives at the fault line by
simulating the manual closing mode. It can measure action time conveniently. Detail
operation is to connect the manual contact or TWJ contact with ‘Input ¢’, the contact action
tester will output the component of fault when closing it by hand, which can test the action
of protection. 2. The fault can be started by contacts of GPS tester for simulating
synchronous fault on two sides of line.

During the test, whenever you press the ‘Stop’ key, the testing process will be
terminated and it will escape.

After completing the test, computer will file automatically the testing result in the
testing record area under the subdirectory ‘Test Report\Full Group Test\’ in text formatting,

and it can also be displayed or printed by the ‘Printing’ button, or it can also be copied for
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being edited or amended.

O GPS Control Test

Process of full group test can be controlled by GPS for simulating the simultaneous
and synchronous test of the protection on two sides of double power supply circuit, which
means these two testers on two sides will be started simultaneously and synchronously by
GPS controller to enter the state before fault and the state of fault. Loading the protection
for each side given by component of fault for testing the simultaneous action of two sides’
protection.
® GPS Pulse Output:

The pulse export of GPS tester will output two lines of pulse, one is PPS pulse that
will be transmitted every second; another is PPM pulse that will be transmitted every
minute. Every time when PPS or PPM pulse is transmitted, a PPS indicating lamp and a
PPM indicating lamp on faceplate will twinkle. We hereby do test by using PPM pulse.
Output of pulse is terminal output.

@ Outputting GPS Clock Signals

There is RS232 out let in GPS tester for outputting clock. Out let is Type D 9 needle
socket. Connecting this out let with RS232 port of PC, and PC machine will read GPS
time.
¥ Connection between GPS Tester and Tester Tester:

By using the special GPS connecting wire provided by us, connecting the pulse
output terminal and clock output Rs232 port of GPS tester with the GPS communication
port on backplate of tester.

o Comparing the time with GPS tester:

For ensuring test’s synchronization, click ‘read GPS clock’ on the ‘Full Group Test’
interface of PC machine to implementing the synchronous clock with GPS tester. If
comparing the time with it is successful, a hint will be displayed.

o Start Test:

Tick the option of ‘GPS control begins to test’ on the interface of ‘Full Group Test’, and
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click ‘Read GPS Clock’ to implement the clock synchronization with GPS tester. Then, two

sides’ operators all set the ‘Start Test Time’ to be the same time (this time must be later
than current time). When ‘Start Test Time’ is up, two sides testers start the current-voltage
before the synchronous output fault at the moment when PPM twinkles, and enter the fault
state and output component of fault synchronously at the moment when next PPM

twinkles. The whole process is as the following graph:

IPPM IPPM i’PM IPPM
TRead GPS Clock automatically enter automatically enter
the state before fault the state of fault

Xlll.Distance & Zero Sequence Protection

In 110KV and above line protection, normally distance and zero sequence protection
is set as main protection of line, and they often concentrate in a set of protective tester.
The testing module of distance and zero sequence protection is a software developed
aiming at this situation, which can complete automatically all kinds of earthing distance,

phase to phase distance and zero sequence protection.

® Can automatically complete verification of all fault setting value of several
segments direction and zero sequence protection.

® Can test the time when protective three-phase trips synchronously or not in the
same fault.

® Can set permanent falut, test the time of reclosing and permanent trip.

® Not only can adopt Mode Z. @, but also can adopt Mode R. X to set impedance
setting value.

® Through setting the mode of ‘pressing key for trigger’, you can control output of

component of fault by hand.
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Section 1 Interface Instruction

O Testitems

‘Distance Protection’, “Zero Sequence Protection’ and ‘Power Frequency’ three test
items are available, which can be selected separately, and also can be selected
simultaneously.

@ Time Parameter

Time Delay before Fault This time is often used for waiting full group revert of
protection after each time action, or disappear of “TV break of conductor’ signal, or
waiting for charging of reclosing. If it is only used for testing protective setting value but
not been put into reclosing, this time is normally set 2~10s. If doing synchronously the
reclosing test, it will be normally 15~25s. Every time when doing the fault test, tester will
firstly enter the state of ‘Time delay before fault’, outputting three-phase rated voltage
57.7V, three-phase current is 0, and then entering the fault state again for outputting the
component of fault set.

Off-hours of Test Every time when the fault test is ended, tester will stop output,
it will wait for revert of protective contacts at this time state, normally setting it to be 0.5s is
OK, and can also be set as 0.

The largest delay of reclosing If putting it into reclosing, doing reclosing test
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synchronously every time when doing fault test, the waiting for signals of reclosing within

this time. This time should be larger than the time delay of setting reclosing.
@ Mode for triggering fault

There are four kinds of triggering mode from the state of ‘before fault’ to state of ‘fault’:
time control, key trigger, input c trigger and GPS trigger.

Time Control In this triggering mode, standing time of the state of ‘before fault’
will be confirmed by ‘time delay before fault’. When time is up, it will enter the state of fault
automatically. Under the control of time, the tester will do test automatically. You only need
to switch shunt corresponding platen during the test.

Key-press Trigger In the state of ‘before fault’, press any key on keyboard of
faceplate, or click the trigger key on software by mouse, it will enter the state of fault. The
key-press trigger mode implements the process of manpower controlling test conveniently,
which is convenient for observing message of protection or printing testing result during
the test.

Input c trigger Input ¢ of tester will enter the state of fault as soon as
acknowledging the signal of displacement. This function can be used for doing tests for
many testers synchronously.

GPSTrigger Connect GPS signal with communication port on backplate, doing
combined adjusting test for two testers in different interspace through PPM pulse of GPS.
It will enter the fault state when PPM pulse arrives

© Zero Sequence Compensating Factor

Providing KL . Kr/Kx . Z0/Z1 totally three kinds of expressing modes. For detalil
instruction, please refer to the instruction in the chapter of ‘Intercommunicate Experience’.
When doing earthing distance test, you must set correctly zero sequence compensating

factor.

73



sl Thred L

HUAZHENG ELECTRIC MANUFACTURING(BAODINGICO.LTD. gy U EFA 101 g

1 [IETH W g - 411l Tremie
v e o I
5] X L i & o = Lix Forw
B - w L] T o Tewal
O ' 1 s [
] Feemd
¢ Eobor el - ¥ Bk wplaead § ke B b B Fadd | BE Pl Fud fmn o
radong St oy
™ an " brm
. X T o R T
B ¥ my e
B = C 4 = i I erwam
Y L 4 i [
= i ¥ [ I o I'a
T e, ¥ R i B Beds Tl " ¥ ek
rori Smpabemay Bedd
- o

O Distance Protection

Only when the test item of ‘Distance Protection’ is selected, this page will be at the
active state, and it will allow setting corresponding parameters as shown on the right
diagram:

@ Phase to phase Short Circuit Impedance & Earthing Distance Impedance

1. You can tick ‘V’ for selecting the protection tests you needs to do.

2. Input directly the setting value of protection in the box of impedance data. You can
select to input setting value in Mode Z-® or Mode R-X.

3. Each segment of current set must be larger than the inrush current of protection.
Also the product of its impedance and current should better to be in the range of 20—40V
during the phase to phase distance test, which must not be over 57v; During the earthing
distance test, you’d better set the product of its impedance and current to be about in the
20—30V, that must not be over 57V. Normally you should also abide by the principle of the
smaller the impedance (or reactance) is, the heavier the current will be, then you can
ensure the test to be more accurate.

4. Every segment of ‘Testing Time’ set must be larger than the setting action time of
this segment. For example, suppose the action time of Segment | is Os, then the one of
Segment Il is 0.5s, and the one of Segment Il is 1.0s. Considering that trip of the protection
itself has certain setting time delay, you can set the testing time of Segment I, 1l and I
respectively to be 0.2s, 0.7s and 1.2s as the above diagram shows. So the ideal result of test

will be: local segment acts when it is 0.95 times; local segment does not act when it is 1.05
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times; it could not act if the next segment of time is not enough. You can also set three

segments of times above-mentioned all to be larger than the third segment of action time. So
the ideal result of test will be: local segment acts when it is 0.95 times; local segment does not
actwhen itis 1.05 times.

5. Input all segments of setting action time in the box of ‘setting time’, and this time
parameter is only used for reference, that won'’t influence the test result.

6. Clicking in the column of ‘direction’, you can switch between ‘forward direction’ and
‘reverse’ so as to test conveniently some distance protections of directivity.

7. Finally selecting the fault type needs to be test, among which the single phase
earthing fault is used to verify earthing distance impedance; two-phase short circuit and
three phase short circuit are used to verify phase to phase distance impedance. If you
want to do earthing distance test, the zero sequence compenstating factor should be input
correctly.

® Multiple of Testing Impedance

According to normal requirements for protective verification, the software provides
0.8 times, 0.95 times, 1.05 times and 1.2 times four kinds of default verifying multiple, and
its numerical value can be amended. If the protection does not act in 0.95 times or 1.05
times, you can select 0.8 times or 1.2 times at that time, and you also can define the
multiple by yourself to do test.

O Zero Sequence Protection

Only when the test item of ‘zero sequence protection’ is selected, this page will be at
the active state for allowing set of corresponding parameters as shown on the right
diagram. Set of testing parameters for zero sequence protection is basically the same as
the set of testing parameters for distance protection. When setting it, please refer to the
instruction of above paragraph.

® Calculating Mode of Short Circuit

Mode for making voltage to be constant

For directly setting fault phase voltage in this mode. During the test, the fault phase
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voltage output by tester will maintain unchanged whatever how heavy the fault current is.

‘Fault Phase Voltage Angle’ stands for the included angle of fault voltage and fault current.
Mode for making impedance to be constant
In this mode, the fault phase voltage will be calculated by fault current and fault
impedance during the test.
O Verifying setting value of power frequency variable impedance component
This test item is used for testing the action behavior of power frequency variable

impedance relay, and it can verify the setting value of power frequency variable distance

protection of certain lines as ShOWN ON  fu: fim | Bistis Bratitim | Tas Sapmcs Tostertisn Porsr Fraguney Varimes | Tart ©
Pt ar Datllie]
the rlght diagram: faed | [apudmeen | Elepelames | ToiTona | Extbrpglion | fetting] | Cmmmesirmedf | Saach
E 0 ™ ED" T iy ¥ il
00 som i g 0, Tl R~ T T
This mode allows verifying two
Fialii T

segments of setting value at the same ¥ & Foshas B b fromdag b Ef fromdng |

@ ¥ Pl = T AL -k Pzl

time, and simulating all types of fault once
Pl ipais
When doing the test, you only need to tick " :fd 71 zpw
the test item needs to be test, then setting
parameters of all kinds of setting value in sequence according to the setting value list.

M has 0.9 and 1.1 two kinds of value in the default situation. Normally, the protection
does not act reliably when M=0.9; the protection should be act reliably when M=1.1. You
can measure the action time of protection when setting M=1.2

The parameter of ‘short circuit current’ should be set larger, 10~20 A is suggested.
Since the short circuit current is too low, voltage calculated according to the
above-mentioned formula may be a negative value. When doing the test, the ‘distance
protection’ platen should be used.

Setting of the testing parameters is basically the same as setting of protection. Please
refer to its instruction.

o Vectorgraph e JIGEER oo’

Click the ‘vectorgraph’ button during the test, T

you can observe actual vectorgaph of amplitude -".--:-l T
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value and phase of voltage and current vector from the vectorgraph window opened. As

shown on the right diagram:

Section 2 Guidance for Test

Correct Connecting

When split phase trips, connecting Trip A, Trip B, Trip C and reclosing signal of
protection with input terminal A, B, C and R; When the third trip happens, putting the trip

signal in any terminal of A, B and C, and connect reclosing with R terminal.
Put-in or recede platen
Please input the protective platen corresponding to the item tested.

Select the test item, and set parameters of all items. For normal trigger mode, it will

be set as the ‘Time Control’ mode.

C S A
-
L

Lok

-5 i

B R
%

Software will go back to the first page after the test, and doing tests in the sequence of

testing data in list as shown on the right picture.

If you test synchronously earthing distance and zero sequence protection, the
software will drop a hint of ‘please recede zero sequence protective plate, and input
distance protective plate’ during doing the test of earthing distance protection; software
will drop a hint of ‘please recede distance protective platen, and input zero sequence

protective plate’ when doing the test of zero protection.

After ending the test, please save the test report according to the hint.
0.95 times and 1.05 times are two testing boundary points defaulted. When 0.95

times is selected, the local segment of distance protection should act reliably, and the
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local segment of zero sequence protection should not act reliably; when 1.05 times is

selected, the local segment of distance protection should not act reliably, and zero
protection should act reliably. In addition, Option 0.8 times and 1.2 times are available for
reducing requirements for protective action when tests of 0.95 times and 1.05 times could
not satisfy requirements of the above-mentioned action, those are tests of ‘tolerance’. If it
still could not act correctly, please check reasons of protection and contact with protection
manufacturer for settling this problem.

During the test, if Segment Il or Segment Ill should act, but you find that the action
time recorded by tester is the action time of Segment I, please check whether the after
acceleration of reclosing mis-operates. If so, please recede the after accelerate platen of
reclosing or control words, then to do the test again.

When doing the test, if Trip A, B and C of protection is connected with Input A, B and
C of tester, and you always hear that the tester sounds long ‘woo’ for alarming
occasionally, but actually the tester could not record the action time of protection. Then,
please check the fault phase always relates to which phase. For example, this situation
occured while the AC phase to phase fault, and it also occured while BC phase to phase
fault, so you can determine preliminarily that tester did not receive the signal of switching
displacement transmitting from Protection Trip C. Please check whether the Protection
Side Trip C is connected well. You can also short connect three signal lines of Protection
Trip A, B and C, and connecting them together with Input A of tester.

If you want to make the protection to be under the multiple of certain setting value,
make next segment of protection to act when local segment of protection does not act.
Please set the ‘largest fault time’ of this segment to be larger than next segment of

protective action time, 0.2s or above.

1. The setting value of some protections such as the parallelogram

characteristic protection of the Sifang Company is given in the way of reactance

XX1—XX4. XD1— XD4, you only need to set the component of Reactance X, its
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compoent of Impedance R should be set as 0.

2. If you do the test of earthing distance protection, please set correctly zero
sequence compensating factor according to the zero sequence compensating type

and numerical value given by the setting setting value list.
XIV.Characteristic Of Impedance

This testing module is mainly used for searching the boundary of impedance action of
distance protection aiming at its characteristic of action. It can search the boundary of
impedance action of circular characteristic, polygon characteristic, arc, beeline and other
characteristics. This testing module provides two different searching methods,

‘Unidirectional Search’ and ‘Bidirection Search’ as the following diagram shows:

® searching the characteristic graph of circle, polygon and other
impedance.
® Setting parameters according to hints; software can draw graph

approximately and can be compared with the searching graph conveniently.
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Section 1 Interface Instruction
O Test item

For every test, only one item of ‘impedance boundary search’, ‘Z (I) characteristic
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curve’ or ‘Z (V) characteristic curve’ should be selected.

e Fault Type All kinds of fault types are available for testing all kinds of distance
protections. For earthing type distance relay, single-phase earthing fault should be
selected; for phase to phase type distance protection, the phase to phrase fault should be
selected.

eCalculation Model Two kinds of Calculation models, ‘Constant Current’ and
‘Constant Voltage, are available. When ‘Constant Current’ is selected, short circuit current
can be set in the following box. The software will work out corresponding short circuit
voltage according to short circuit current and short circuit impedance; when ‘Constant
Voltage’ is selected, short circuit voltage can be set in the following box. The software will
work out corresponding short circuit current according to short circuit voltage and short
circuit impedance.

e Searching Mode Two kinds of modes are available, ‘Unidirection Search’ and
‘Bidirectional Search’. For detail introduction, please refer to corresponding instruction on
the chapter of ‘Differential Protection’. The resolution is only effective for ‘Bidirectional
Search’, and it decides the testing precision of bidirectional searching mode.

e Mode of Fault Triggering In the triggering mode of ‘Time Control’, software will
test circularly in the sequence of ‘time delay before fault’ — ‘the largest fault time’ —
‘interval of test’. For detail instruction, please refer to corresponding instruction on ‘Line
Protection’.

e Direction of Fault Setting it according to the setting value menu of protection,
which is suitable for protection of directivity impedance.

e Zero Sequence Compensating Factor If you do the test of earthing distance
relay, please do set correct zero sequence compensating factor. Please refer to
corresponding instruction on ‘Line Protection’.

O Searching Boundary of Impedance
When the test item of ‘searching boundary of impedance’ is selected, radial scanning

beam needs to be set as shown on the right diagram. For setting the scanning beam,
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e Scanning Centre The scanning centre should be set around the central position of
characteristic graph of theoretical impedance of protection. You can put data directly in
scanning centre, and also can click for selecting the scanning centre by the mouse. After
the scanning center is revised, the coordinate axis will be adjusted automatically for
ensuring that the scanning circle is always in the central position of graph, which means
the scanning centre should be in the centre of graph.

e Scanning Radius The Scanning radius should be larger than half of the setting

value of protective impedance for ensuring that scanning [GE] Gaamh Impedance Boundary

circle covers all action boundaries of protection. Scanning | = |
b |

will begin from the non-action area (points outside scanning = 5
o

beam) . During the test, if you find that the protection acts | ¥

i |
when it is scanning the outside point of certain search track, |

! +
& |
it represents that this scanning beam does not go beyond | ¢t : o T B |
actual impedance’s boundary, which means the whole = 1
-

search beams are in the active area, which does’t conform | ..

to the principle of ‘part of every search beam should be ir bl
3 L

afa e ey
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the active area, but other part should be outside the active

area’. At that time, please increase the ‘scanning radius’ properly.
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eScanning Step Size It is only effective for the mode of ‘Unidirection Search’, which

influences directly the testing precision when the mode of ‘Unidirection Search’ is
selected.

e Scanning Range It scans in one hundred percentage range in the condition of
default. Setting suitable scanning range can normally avoid misoperation of other
segment of impedance. For example, setting the scanning range to be 80%, searching
beam is shown as the right diagram:

e Searching Angle Setting a series of searching beam through setting start angle,
end angle and step size of angle. If the step size of angle is set very small, though it finds
out many points that are favorable to increase precision of boundary search, the testing
time will also be increased largely. So please select suitable step size of angle when you
do actual test.

e Automatically setting scanning parameters On the the parameters setting page,
after finishing impedance value setting, the software will automatically work out scanning
central position and empiric value of scanning radius according to impedance value
setting . If this value is still not appropriate ,you can adjust it based on above operation.

O Setting Parameters

You can do the test without drawing the boundary graph of theoretical impedance on the
interface of ‘Setting Parameters’, however, the user can determine more easily the central
point of search and length of searching beam if the theoretical graph is available, which is
also convenient for comparing the testing results. We explain the drawing method in the

following paragraph.

Drawing Polygon Select {+l=r“:4u Zatting Parmmaters 9] .-J1I:-| Seaich [reandane Bandary
the characteristic of polygon, and :;:“ r:r;':?:': I-:_ .?"::_.__ .!
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point’. Usually the first point of the angle should be set as (0, 0). After completing the

setting, click the ‘add’key, and set the second point of the angle in the same way.The right

diagram shows that these two points construct a line. Add several points in sequence

according to setting parameters of protection. When setting parameters, R and X can all

be set as negative numbers. Click the ‘drawing’ button after completing the addition.then

the software will draw the curve of theoretical impedance boundary and corresponding

error curve (as the dashed shows),you can move the cursor to central position of diagram,

then click the left key of mouse to set scanning central point as the right diagram shows.
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Drawing Circle Select Characteristic ‘Circle’ in above diagram, and set parameters such

as ‘setting impedance’, ‘angle of "¢ "%t

- T
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by mouse, and set enough large
scanning radius and corresponding
step size on the interface of ‘search
impedance boundary’ as the right diagram shows.

O Characteristic Curve

]

I Special Carse

i

Select the test item of ‘Z (I) characteristic curve’ on the interface of ‘test item’ for

83



HUAZHENG ELECTRIC MANUFACTURING(BAODINGICO.LTD. gy U EFA 101 g

testing relation between current and impedance. Please refer to the diagram above.

Parameters Set On the interface of ‘Z () characteristic curve’, set origin point,
length and angle of searching beam, and original value and final value of current
according to hints and setting value list. Afterwards you can observe actual effect diagram.

The process of this test resembles that of differential relay. If we can consider the
impedance here as the ‘differential current’ of differential test, the current here is
equivalent to the ‘operating current’. When doing the test, the original value of impedance
is 0 that will be increased in certain step size of search. It tests the operating current of
protection of every impedance value. After completing the test, software will draw
corresponding curve automatically. For ‘Z (V) Characteristic Curve’, please refer to ‘Z (I)

characteristic curve.

XV. Differential Protection

The unit of differential protection is designed according to the characteristics of
micro-computer type or integrates circuit type transformer, generator and differential
protection of Motor. It is used for testing automatically its characteristics of ratio control,
harmonic control, action time, etc.

Different from the ‘characteristic test of differential relay control’, this module does not
do the test by directly loading action current and brake current on test, but loading primary
current and secondary current on differential protective tester by simulating them, then it
will combin action current and brake current by the protection.

® Automatically searching characteristic curve of ratio control and harmonic

control;

® Setting points for doing ratio restraint control test and harmonic restraint control

test by will, and it can test action time;

® Drawn the theoretical characteristic curve of ratio restraint and harmonic restraint

test in advance and estimate error range;

® Setting many kinds of arithmetic of brake current and action current controlled of

ration restraint and harmonic restraint test;
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Secondary current verification of TA can be implemented by high side adjustment,

low side adjustment or internal connecting adjustment (selecting the ‘do not
adjust’ in the software );

® For harmonic control, you can select 2~7 order harmonic;

® Fundamental wave and harmonic can be output separately from two sides, and
also can be superposed to output from one side;

® Directly setting balance coefficient, and it can automatically finish calculation
according to parameters of transformer. It can be used for testing differential
protection of per unit value.

® Can output three channels current for doing single-phase differential test, and

also can output six channels for doing high-low side full 6 phases differential test.
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Section 1 Interface Instruction

O Test item

The software provides four kinds of test items, they are ‘Ratio Control Boundary
Search’, ‘Ratio Restraint Setting Point Search’, ‘Harmonic Restraint Boundary Search’
and ‘Harmonic Restraint Setting Point Search’. ‘Ratio Restraint Boundary Search’ stands
for that all action boundary of whole differential protection will be found out, which is the
search of the whole action curve of protection; ‘Ratio Restraint Setting Point Search’

stands for that searching the action state of certain important point ,observing whether the
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action of this point is correct;the search aim of ‘Harmonic Restraint Boundary Search’ and

‘Harmonic Restraint Setting Point Search’ are the same as that of ‘Ratio Control Setting
Value Search’, which includes searching the boundary of the whole action of harmonic
and the protective action of certain setting point.

© Testing Method

‘Three-channel Current Differential’ and ‘Six-channel Current Differential’ are
available for seclection. The differential testing unit can control the output of three-channel
current when doing single-phase differential test, and it also can control the output of
six-phase current for doing full six phases differential test on high-low voltage side. The
function of three-phrase current differential test is included in Tester ‘Relaytestar-802’ and
Tester ‘Relaytestar- 1000/1200 ’, but the test of six-phase current differential only included
in Tester ‘Relaytestar- 1000/1200 ’. Six channels current can simplify the connecting and
parameters setting of transformer differential test.

1. When adopting the ‘Three-phrase Current Differential test’, 1A of tester is
permanently connected with the current output end on the high voltage side of
differential protective tester; IB with current input end on the low (or middle)
voltage side of protection; IC will be used for compensating current. When the
phase of high voltage side be adjusted,IC is used for the compensating current on
high voltage side,IC is also used for low (or middle) voltage side compensating
current when the phase of low (or middle) voltage side is adjusted.For detail
connection, please see the appendix.

2. When ‘Six Phases Differential’ is selected, IA, IB and IC should be
permanently connected with Current input ends A, B and C on the high voltage side
and connecting settingly la, Ib and Ic with current input ends of non-uniform low (or
middle) a, b and c three phases of protection.

3. For ‘Relaytestar-802’, only ‘Three-Channel Differential’ can be selected; for

‘Relaytestar- 1000/1200 ’,both ‘Three-Channel Differential’ and ‘six phases current
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Differential ’ can be selected.

© Way of Search

Two ways of ‘Unidirectional Approaching’ and ‘Bidirectional Approaching’ are
available for selection

Unidirectional approaching: Begin from the starting point, and search step by step
from the direction of original value to the direction of final value. When it searches out
certain point and the protection acts, this point is regardes as the action point. After
recording this point, it will start searching for another line.

Bidirectional approaching : It is dichotomizing search. After detecting the action of
starting point (in non-action area) and final point (in the action area), you can do the test by
taking the middle point between two points. If it acts, replacing the end point with this point; if it
does not act, replacing the staring point with this point, then, continuing to take the middle points
between starting point and terminal point. Approaching like this till the value of differential
between the last two testing points is in the range of ‘Resolution Ration’, and then we think the
action boundary point is found. By using bidirectional approaching search, more accurate action
boundary point will be found, and the searching speed will be quicker.

No matter which mode is selected, the starting point should usually be set in the non-action
area, and the final point should be set in the action area.

Resolution : It is only effective in the mode of ‘Bidirectional approaching’. The

smaller the resolution is, the higher the searching precision will be, but it takes longer
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© Testing Time

The longest testing time:lt means the longest fault time of every step output by
tester.Usually it should be set longer than setting action time of protection.

Interval: It represents the time between one fault and next fault protection output. The tester
won’t output any status quantity within this time.
(o) Testing Equipment

Main parameters of transformer are set on this interface.
@ Connecting Mode

For high voltage side, Style Y and Style YO can be selected; for low voltage side, four
kinds of connecting modes can be selected, they are A-11, A-1,Y and YO. For three-caoll
transformer, you should respectively do the test by taking two sides every time. For
example, ‘High — Low’ and ‘Low-High’. Connecting mode of the parameters selected
should be the same as the one of corresponding transformer
@ Setting Mode of Equilibrium Factor

Three kinds of setting modes are available for selection: setting equilibrium factor
directly, calculating by rated voltage and CT variable ratio, calculating by primary rated
current and calculating by secondary rated current. The equilibrium factor has significant
influence on the test, so its concrete setting mode should be done according to local
condition .If the equilibrium factor of protection is given in the setting value of protection,
we can select ‘setting equilibrium factor directly’, and input the equilibrium factor of high
voltage side and low voltage side respectively . If the equilibrium factor is not given in the
setting value of protection, we can select other three kinds of modes to set it. But please
note that the mode of calculating equilibrium factor given in some protection instruction
may be different from the setting mode of our program, we recommend that you calculate
equilibrium factor firstly, and then selecting the mode of ‘setting equilibrium factor directly’
for directly inputting the equilibrium factor of high-low voltage side.
@ Mode of Phase Adjustment

1. When the connection type of the transformer is Y/Y, two sides possess
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the same phase. TA connection type is normally Y/Y. Selecting ‘not adjust phase’.

2. When connection type of transformer is Y/A, two sides possess the
different phrase, and the TA connection type of microcomputer protection is normally
Y/Y. If the protection is designed to compensate by internal phase of high voltage
side, selecting ‘High Voltage Side Phase Adjustment’; If the protection is designed to
compensatee by internal phase of low voltage side (such as the Type RCS-978
Protection of the Nanrui), selecting ‘Low Voltage Side Phase Adjustment’. If the
protection is designed for compensating by non-internal phase, it will be
compensated by outside connection of TA, then selecting ‘do not adjust’.

@ Ir, Id Calculating Formula

1. When ‘General Differential’ is selected, setting high side current (IA) as action current

and low side current (IB) as brake current: Ir=1l, Id = | [ Calculation Expressions -
" General {* Mierocom
you can set angle difference @ (Id. Ir) . Ir = |(|Ih|+|Il|llHk j
| | | ., - [T
2. When ‘Microcomputer Difference’ is selected | CTR-IL |3k —
Angle Didnae{|TH|, [I1]}
Id = |h + Il (vector sum of high-low side current is ﬂﬁl - |Th{-[T1[)/k

difference current). For Ir, many kinds of formula can be
selected as the right diagram shows.
(o) Proportional Restraint
On this interface, you can set the range of characteristic search of proportional
restraint and parameters of theoretical characteristic curve.
© Searching Range
Original value, final value and step size of brake current decide the position of search
beam, and they are required to be higher than the differential current corresponding to the
current of protection. If it is unknown, you can set it to be the max output current of tester in

order to ensure that it can search out the whole curve .
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Original value and final value of difference current determine the length of search line, which
is required to be slightly smaller than threshold value of differential current, and the final value
should be slightly larger than quick break value of differential current . Step size of differential
current is only effective in the mode of unidirectional approaching, but it is not effective in the
mode of bidirectional approaching. Set step size of difference current according to the
precision of protection. If high precision is required, the step size should be set smaller.

After completing the set of searching range, selecting ‘Add Sequence’ or “Add’ for
putting the data of search line in the testing data list. Then selecting ‘start the test'.
Selecting ‘delete’ or ‘output all’ for deleting all single or the whole search lines selected.
® Definition of Characteristic Curve

Setting brake current of all knee points and slope of all segments of broken line
(proportional control factor), combining the differential current value and differential quick
break current value in previous interface, it can draw theoretical control characteristic curve.
Set the setting values of all knee points according to setting value of protection. If knee point
value is not given by the protective setting value, you can set it by referring to action graph of
protection on the protection instruction. If there are many segments of curve, several knee
points should be set. We can tick the box in front of Knee 2 for setting the second knee. Then,
the theoretical curve of three segments of curve can be drawn. At present, the program can
only set three knee points at most, which means it can only draw 4 segments of curve at
most.

O Harmonic Restraint

90



HUAZHENG ELECTRIC MANUFACTURING(BAODINGICO.LTD. gy U EFA 101 g

On this interface,the range of characteristic search of harmonic suppression and

parameters of theoretical characteristic curve can be set.

&)  Range of Search

Original value, final value and step e =
i B =8 Ho el b}
size of differential current decide the %5 .= = |

position of search line. Original value, s sas i = i o 1|

final value of Ixb / Id decides the length

of search line. Normally original value is
required to be larger than setting value 53" "‘:""""‘ T "
of harmonic controlling coefficient. Step
size of Ixb / Id is only effective in the mode of ‘Unidirectional Approaching’, and it does not
work in the mode of ‘Bidirectional Approaching’. When setting parameters of the search
line,the search lines should be distributed evenly between two horizontal lines, and also
every search line should cover action area and non-action area. After completing the set
of search range, you should select ‘Add Sequence’ or ‘Add’ for filling data of search lines
in the testing data list. Selecting ‘start the test’ for starting the test. Selecting ‘delete’ or
‘output all’ for deleting search line.
w Definition of Characteristic Curve

Completing the setting of harmonic restraint coefficients, and combining difference
current value and differential quick break current value in the previous page,the

characteristic curve of theoretical harmonic restraint can be obtained

Section 2 Guidance for Test

O Connecting Mode of Six-Phase Current Difference

Connecting mode of six-phase current difference is very simply. No matter what kind
of connecting mode is adopted by the transformer, the connecting modes are as following:
connecting the first group three-phase Current IA, IB and IC of tester with Input terminals
IA, IB and IC of high voltage side; connecting the second group of three-phase current la,

Ib and Ic with input end Ia, Ib and Ic of low (middle) voltage side current of protection. The
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connecting mode is very simple.

O Connecting Mode of Three-Phase Current Difference
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¥
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IA ID IC IN

There is phase adjustment on two side ,
but not zero sequence adjustment
Two sides should all be connected in the
sequence
mode of single phase short circuit.
short circuit.

2. Y (Y0) / A-11Connecting Mode:
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Y
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1. Y (Y0) /Y (Y0) Connecting Mode:
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Y side has phase adjustment, not zero sequence A\ side has phase adjustment, connecting in
single phase adjustment, connection in single phase adjustment, connecting in single phase
short circuit mode. circuit mode.

A =TA-1IB 1B’ =IB-IC  IC'=IC-IA la’=Ta-Ic Ib’=Ib-Ta Ic¢’=Ic-Ib

Connecting the testing phase on Aside with the phase YO0 side has zero sequence adjustment.

Connecting
influenced in phase to phrase short circuit mode. the testing phase on Y side with the
phase
influenced in phase to phrade short circuit
mode.

3. Y (Y0) / A-1 Connecting Mode:

Teal phaas |5
Tert phuss ]A | IR
+ Aioaled phasa - Ui bW aido
High-§ pids T Y
TH L
" I Tewmt phoas 3
Tegl phiags 1
.'.ll'll:lcl-rd shuae y -'_1_1
1 i Low ¥ mide
—— Loy Elde - "
g Hi=]1 | L L=l
: RELATTEETAR | KELATTESTAR
o 0 00 O 000
A I IC N A 1B IC 1N
Y side has phase adjustment, not zero sequence. /A side has phase adjustment,
connecting in connecting in single phase short circuit mode. single phase short
circuit mode.
IA =IA-IC IB’=IB-IA IC'=IC-IB Ia’ =Ia-Ib  Ib'=Ib-Ic Ic'=Ic-Ia
Connecting the testing phase on Aside with the phase YO side has zero sequence adjustment.
Connecting the influenced in phase to phrase short circuit mode. the testing phase On Side Y with

the phase influenced

Microcomputer differential protection is a relative complex protection, so you

in phase to phrase short circuit mode.

can’t avoid coming across some problems during debugging. Generally the
following points have significant influences on test result:
1. Setting equilibrium factor. Wrong equilibrium factor may lead to a large

deviation between the curve tested and setting curve.
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2. Selection of restraint formula. Wrong selection of restraint formula results in

the testing curve and restraint coefficient calculated deviating from the setting

value of protection, even completely wrong.

3. When doing the test by three-phase current, if compensating current does
not be included, generally speaking ,if the first action point acts correctly, action
points following it will act immediately after current is added. In this case,though
the testing phase does not satisfy the condition of differential action, the
differential current of compensating phase will exceed the setting value of
differential action, so the protection will act quickly.

O Instruction on parameters setting of several kinds of microcomputer’s differential
protection

The differential module can be tested not only by three-channel current but also
by six-phase current. If you do the test by Model 802 tester, it can be done only by
three-channel current. If the test is done by Model 1000/1200 , both three-channel
current but also six-channel current can be employed. When three phase current is
adopted, the largest output of every phase current can achieve 40A; when six-channel
current is adopted, each phase current of Model 1200 can achieve 30A (the one of
Model 1000 can achieve 20A)

° As for three-channel current difference,please refer to the instruction on the
connection in the chapter of ‘Differential Protection”;for six-channel current difference,
connecting the first group IA, IB and IC of tester with three-phase current input
terminals on high voltage side of protection; respectively connecting the second group
la, Ib and Ic with three-phase current terminals on low (middle) voltage side of
protection. When doing the test of six-channel current difference in ‘AC Test, the
phase difference and the connection type of the transformer are as the following form

shown:
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Connection type of Phase of the Phase of the
P Current on High Voltage | Current on Low Voltage
Transformer _ _
Side Side
Y/Y-12 0° 180°
Y/A-11 0° 2100
Y/ -1 0° 150°

Most of Parameters Setting Values of protection give the current value directly. For
example, the value of differential threshold is 2A, the unit is A. However ,the setting
values given by some protection are not current value but a coefficient. For example,
the value of differential threshold is 0.3 without an unit. Actually, it is the setting value of
protection given in the mode of ‘Per Unit Value'. You can convert per unit value to
actual current as the following formula: Actual current value = per unit value x rated
current on high voltage side.
e (Calculating method of Rated current:
le1=Sn/ (1.732 * U1n * CT1)
le2=8Sn/ (1.732 * U2n * CT2)

In which:

le1. le2 — transformer |. |l side secondary rated current

Sn — the largest rated capacity of transformer

U1n. U2n — transformer I. 1l side primary rated voltage

CT1. CT2 — CT ratio respectively on the primary side and on secondary side

Note : Some protections have calcualtion function themselves,in this case , le1. le2

are calculated without considering 1.732 mentioned in above formula. For example,
calculating le1, directly according to the formula: le1= Sn/ (1.732 * U1n * CT1) .The
reason is that the equilibrium factor includes 1.732 when calculating the differential and
brake current.

Take connection of transformer Y/Y//AA-11 as example, calculating mode of each
side’s equilibrium factor is as follows:

K1=1/1.732=0.577
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K2=U2n * CT2/ (1.732*U1n *CT1)

K2=U3n * CT3/ (U1n *CT1)
If setting equilibrium factor on high voltage side to be 1, and convert other sides to
high voltage side, its calculation formula is as follows:
K1=1
K2=U2n * CT2/ (U1n *CT1)
K2=1.732 * U3n * CT3/ (U1n * CT1)
Calculating equilibrium factor in terms of current is as following:
K1=1
K2=le1/le2
K2=le1/le3
In which:
K1. K2. K3 — equilibrium factor on Transformer I|. II. lll side
le1. le2. le3 — secondary rated current on Transformer I. II. lll side
U1n. U2n. U3n — primary rated voltage on Transformer I. II. lll side
CT1. CT2. CT3 — CT transformation ratio on Transformer I, Il. Il side
Note :
Equilibrium factor of differential protection are not all the same, the calculating mode
of some protections may not be the same as the above-mentioned one. Please refer to

corresponding instruction when doing the test.

‘High Voltage Side Phase Adjustment’; If the protection is designed to compensatee
by internal phase of low voltage side (such as the Type RCS-978 Protection of the Nanrui),

S

@ Sifang: CST-141B, -200B (High Voltage Side Phase Adjustment)
Ratio restrains formula:
Duplex winding, Y/A-11: 1d=|11+12], Ir=|11-12)/2
Equilibrium factor: K1=1, K2=Kpl
Three- winding, Y/Y/A-11: 1d=|11+12+13], Ir=Max{|I1| |12~ [13[}
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Equilibrium factor: K1=1, K2=Kpm, K3=Kpl

In which:
[1.12.13——The vector form in fact,which is writing with scalar form and considers
the equilibrium factor, The following is the same.
Kpm. Kpl——The setting values of differential balance coefficient in the high or
low voltage side.
@ Nanzi: PST-641 (Duplex winding transformer, Y//A-11, High Voltage Side Phase
Adjustment)
Ratio restrains formula:
[d=|11+12], Ir=|I1-12}/2
Equilibrium factor:
K1=1.732, K2=le1/le2
In which:
le1. le2——High and low voltage side of the set values for the secondary rated
current.
@ Nanzi: PST-621/622 (Three- winding transformer, Y/Y//A-11-12, High Voltage Side
Phase Adjustment)
Ratio restrains formula:
[d=[11+12+13], Ir=Max{[I1]. ]12]. [13]}
Equilibrium factor:
K1=1.732, K2=1.732 * U2n * CT2/ (U1n *CT1),
K3=U3n * CT3/ (U1Tn *CT1)
@ Nanzi: PST- (Three- winding transformer, Y/Y/A-11-12, High Voltage Side Phase
Adjustment)
Ratio restrains formula:
[d=[11+I12+13|, Ir=Max{|I1]. [12]. 13|}
Equilibrium factor:

K1=1, K2=U2n *CT2/ (U1n *CT1),
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K3=U3n * CT3/ (UIn*CT1)

@ The type ISA of Nanrui (Three- winding transformer, Y/Y/A-11-12, High Voltage
Side Phase Adjustment)
Ratio restrains formula:
[d=[11+12+13], Ir=[|Id]—[11]—]|I2]—]I3]|
Equilibrium factor:
K1=1.732, K2=1.732 * d35, K3=d36
@ Nanrui: RCS-9671 (Duplex winding transformer, Y//AA-11, High Voltage Side Phase
Adjustment)
Ratio restrains formula:
ld=[11+12], Ir=[I1—I2|/2
Equilibrium factor:
K1=1, K2=U2n *CT2/ (U1n *CT1)
@ The type RCS-978, 985 of Nanrui (Duplex winding transformer, Y/A-11, Low
Voltage Side Phase Adjustment, High Voltage Side zero sequence phase adjustment)
Ratio restrains formula:
Id=[11+12], Ir=Max{[I1]. |2}
Equilibrium factor:

K1=1, K2=le1/le2=U2n * CT2/ (U1n *CT1)

XVI.Differential Harmonic

This module is intended for testing the characteristic of harmonic control of differential
protection, and it also can be used for testing other harmonic protections. It can test not
only differential relay but also the differential protection of microcomputer. It outputs the
differential current of harmonic superposition not only in one channel, but also in two
channels by pressing the mode of ‘one side differential current, another side harmonic’. It
can output 9" harmonic at most, which satisfying basically the requirements of normal

harmonic tests.
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® Style of software interface is similar with the one of ‘AC Test’ for simply

operation of test.

® |t can arbitrarily superposition component of 9" harmonic at most, and the
amplitude value or phase of every harmonic can be set arbitrarily.

® |t can directly amend amplitude value, phase and step size of verification of
current in the testing state of not stopping the output, or change phase of
variable.

® You can select arbitrarily the varatioal mode of variable in hand movement or
automatic increase and reduce for controlling flexibly.

® Displaying real-time waveform of two-way superposition in graph form so as to

observe the testing process directly.
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Section 1 Interface Instruction

O Setting Parameter
Before doing the test, you should set original values of every channel on the interface.

The component of needless harmonic should be set as 0. There will be output definitely in

99



HUAZHENG ELECTRIC MANUFACTURING(BAODINGICO.LTD. gy U EFA 101 g

the channels whose values are in the interface. So, If you do not hope any output

happended in certain channel, you should set all amplitude value of every waveform to be
0, or do not connecting with this channel.

When doing normal tests, phases of fundamental wave and harmonic are synclastic,
such as all being set as 0°. It is can also set as reverse. This phase decides initiative
angle of this waveform output by the tester when test is started. If initiative angles of all
waveforms superpositioned are different or reverse, which may influence the test.

When doing the test in the mode of differential harmonic control, it can not only output
harmonic by IA to high voltage side of protection, and outputting fundamental wave by 1B
to low voltage side of protection, but also outputting by reversing IA and IB, which won’t
influence normal testing.

O Variable Option

Software only allows selecting one channel of IA and IB as variable. Select the
channel at first, then, select certain harmonic component of this channel in pull-down
menu below as variable. Which means only certain waveform component of one current
(IA or IB) channel will vary during the test, and others are all ‘constant’.

If you need to reset variable without stopping output during the test, you can select
the mode of ‘Hand Movement’ in the column of vary modes, most of parameters on the
interface can be amended at that time. After completing the amendment, data can be read
in by pressing the ‘confirmation’ key on small keyboard on the tester or the ‘enter’ key on
notebook computer. After that, the tester will output according to new data. The tester can
also read in new data through switching current mode of ‘HM test’ to other automatic
modes by the mouse. The effect is the same.

O Action Mode

The following two kinds of modes are only effective to variational modes of
‘automatically increase’ or ‘automatically reduce’.

Action Stop If this mode is selected, the tester will stop test as soon as receiving

action signals of protection. This mode can only test actional value of protection. If you do
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the relay test, the ‘flutter-proof time’ should be set as 20ms or above for reducing the

influence on test caused by ‘flutter’ of relay.
Action return When this mode is selected, supposing current variable varies

according to the mode of ‘automatically increase’, the tester will transfer direction

automatically to the mode of ‘automatically reduce’ as soon as it receives

actional signals of protection. This mode not only can test the action value o _'_fojnn

protection but also can test automatically the return value. If doing relay test

you should also set ‘flutter-proof time’ to be 20ms and above.

O Input Option & Action Display

All seven inputs on the default interface of software can be selectec

EEEREEE
[ B = - = B o R o

together, which are all effective. If you need to cancel the influence of certair
input on the action signals of protection, you can cancel this option by mouse before the

test.

Section 2 Test Guidance

O Setting Parameter

® When doing the characteristic test of harmonic control of transformer, it can
be loaded not only on high voltage side but also on low voltage side if single-phase
current is selected for outputting differential current of harmonic superposition. When
outputting it by adopting two-phase current synchronously, it loads the harmonic
output by IA on high voltage side, and loading the fundamental wave output by IB on
low voltage side. On the contrary, it can load fundamental wave on high voltage side

by IA, and loading harmonic output by IB on low voltage side.

® For testing mode, you can fix fundamental wave, and adjusting harmonic
from large to small in step size (harmonic should be set as variable at that time); or
fixing the harmonic, and adjusting the fundmental wave from small to large in step
size (fundamental wave should be set as variable at tht time). The testing effects are

basically the same.
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O Testing Mode

Before the test, you can amend the connecting mode of transformer of differential
protection to be Y (Y0) /Y, and setting equilibrium factor of low (middle) voltge side to be
1, which will simplify the test. When doing the test, no matter only loading current on high
voltage side or loading current on high and low voltage sides at the same time, its
principle is as follows:

1. Component of fundamental wave output must be larger than the action threshold
current set by protection;

2. Output initial harmonic content must be protected by reliable lock-out, which means
it must be larger than the coefficient of harmonic control set by the protection.

If the connecting type of transformer of differential protection is Y (Y0) / A, and the
equilibrium factor of high and low voltage side are all not 1, how to test the ratio control
coefficient of protection under the condition of not amending settings?

@ Outputting in the state of ‘differential current of harmonic superposion on high
voltage side’

Since component of harmonic and component of fundamental wave are all added on
high voltage side, component of two kinds of waveforms influenced by equilibrium factor
of high voltage are the same, they will be counteracted mutually. So its testing mode is as
same as the statement of above paragraph. Please refer to it.

@ Outputting in the state of ‘harmonic on high voltage side, differential current on

low voltage side’

You must consider respectively the equilibrium factor of high and low voltage sides.

For being convenient to explanation, we hereby suppose the equilibrium factor of
high and low voltage sides are respectively Kh and K1, differential threshold value is Ido,
and harmonic control coefficient is Kxb, then:

a) The output component of fundamental wave (suppose it is output by IB)
must be larger than 1d0 / Kl;

b) The output initial harmonic content (suppose it is output by IA) must be
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larger than 1d0 * Kxb * Kh.

Start the test, and reduce harmonic in step size till differential action acts. Suppose the
harmonic current and fundamental wave current output by tester is respectively IA1 and
IB1 at that time, then the formula of computing the coefficient of harmonic control:

Kxb=Ixb / ljp= (IA1/Kh) / (B1*KID

XVIl.Comprehensive Test Of Line Protection Of 6-35 KV

Microcomputer

This testing module concentrates most parts of test items of microcomputer line
protection of low voltage, which is suitable for testing line protection of insulated system
on 6~35KV neutral point. In whole testing process, we select the testing mode of ‘Two
Way Approaching’ mostly, which enhance work efficiency of test.

® After all wires are connected, it can test completely all items in one time without

human intervention.

® You need not to recede from other segments, just verifying settings of three

segments of overcurrent protection in one time.

® \Whole module adopts the testing mode of ‘Two Way Approaching’ mostly, which

saves time and enhances test’s effective.

® Gathering almost all kinds of testing functions of line protection of central point

insulated system.

® Simple and clear interface. You only need to set a small quantity of testing

coefficients. Some of them only need to input settings.

® In the test item of ‘Power Direction’, it blurs the positive and negative concepts of

‘Sensitive Angle’ on purpose. It can do the test correctly by inputting positive

angle or negative angle.
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Section 1 Interface Instruction

O Triple-segment type overcurrent protection: quick break, time delay quick break and

time overcurrent limiting

guick-break Protection
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These items are used specially for testing triple segments of overcurrent protection. After

WA

inputting correctly all segments of settings (including action value and action time)
according to settings list, you can do one test without receding other segments.

When doing the test, select respectively the test item needs to be test, and set
‘settings’ and ‘setting time’ of all segments of actions. Then, click the '—’ button by mouse.
After that, set other testing parameter in a dialog box ejected. We hereby take ‘quick break

protection’ as the example for detail explanation. See the right diagram:
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The ‘settings’ and ‘setting time’ required for output on the interface must be
filled correctly according to actual settings set, otherwise, it may influence the
result, and may even lead to unsuccessful test.

w Test Phase

The test is done through loading current on split phase, so Phase A, B and C is
available for option. You can select single phase or several phases synchronously for
testing, the software will do the test in sequence. When doing certain phase test, only this

phase current has output, but other phase current is zero.
Voltage
Uk |ST.735¥ |0.0°

ua|57.735v p4n.n“

UElST.TSEV pzn.n“

Current

Inin.nnnm ]D.n"

IEin.DnDA ]D.n"

IE}D.DDDﬂ p.u'

¥ Fault Line Voltage

For the protection have the function of ‘low voltage lockout’, triple current needs to be
loaded. Only when line voltage is smaller than the settings of low voltage, it open
overcurrent protection; otherwise, it will close down for protection, and it won’t act even
the current is very large. In this situation, it is required that this parameter should be
smaller than the settings ‘low voltage lockout’ of protection. No matter you test which
phase during the test, triple phase all has output, and UBA, UBC and UCA are all equal to
setting fault line voltage.

During the test, you can observe clearly the amplitude value of current and phase
output by current voltage and current channel from software’s interface. When doing the
test of low circle unloading item, you can also supervise frequency of output voltage as the

right diagram shows:
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® Sensitive Angle

Sensitive angle of power direction. For inputting power directional element, you should set
correctly sensitive angle. Normally just do it according to default value.
¥ Resolution

This parameter decides precision of testing value. 0.01 resolution defaulted already can meet

normal testing requirements of microcomputer’s protection.

O Zero Sequence Current Protection

The zero sequence current of lines of small earthing system is larger, so the
protection also has functions of zero sequence current trip or alarming.

Setting mode of testing parameters on the interface is similar to the one of
above-mentioned triple overcurrent. Please refer to it. The difference is: ‘column of ‘test
phase’ in the dialog box ejected is not opened. Since the protection only has individual
phase zero sequence, zero sequence current is output settingly by IA phase of tester for
doing the test. When doing the test, connect IA of tester with input end of zero sequence

current of protection regarding as zero sequence current of protection.
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O Reclosing

This item is used for simulating action of triple phase primary automatic reclosing.
Before the test, you must input the function of reclosing of protection firstly. During the test,
set a fault current for making certain segment of overcurrent protection to act reliably.
Tester will transfer to normal state for outputting at once. It will wait for success of
coincidence within the time slightly longer than ‘setting time reclosing’.

Attention: When switch is closed by hand or after reclosing acts, the reclosing

discharges at once. The reclosing is in the locking state before fully charging again. Any
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faults will only trip without coinciding at that time. Charging time of reclosing is normally

between 15s-25s. Parameters are as the right diagram shows:

The ‘setting time’ required by interface stands for the time of reclosing set by
protection.

w Fault Current, Fault Voltage and the Largest Fault Time

Setting parameter of fault state before the protection coincides. This fault current and
voltage should ensure reliable action of protection. ‘Fault Current’ is normally larger than
certain segment of overcurrent setting value, and ‘the Largest Fault Time’ should be
longer than the setting time of Period Ill, 0.2 or above, of overcurrent.

@ Time Delay before Fault

If the reclosing does not charge fully, this parameter normally should be set between
15~25s so as to waiting for completely charging of reclosing. If the reclosing has charged
fully before the test, this time can be set shorter in order to save testing time.

Some protections require the switch to start reclosing only when it is on the
switch-on position, which means it loads electric potential on the switching position end
of protection for judging where the switch should be closed. During whole testing
process, the Output 2 of tester outputs by simulating position of switch. It will open 2
closures in the state of ‘before fault’ and ‘after coincidence’, and will open 2 switch- off
in the state of trip. So you can connect ‘Output 2’ with corresponding DC circuit in series
for making the protection to distinguish switch’s position correctly.

O Acceleration after Time Delay Quick break & Acceleration after Overcurrent

These items are used for testing the process of trip of after-acceleration after the
operation of reclosing in the state of permanent fault. When doing the test, tester will
output again the same fault quantity as previous time after receiving action signals of
reclosing of protection in order to wait for retrip of protection and testing of time of
after-accelerated trip.

For doing the test, the following conditions need to be prepared:
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1. Fault current, voltage, sensitive angle and fault time set in parameters should

ensure correct action of the segment of overcurrent tested. (Please refer to relevant
instruction to overcurrent protection of previous paragraph);
2. Providing protective functions of ‘Acceleration After Time Delay Quick break’ or
‘Acceleration after Overcurrent’ corresponding to this overcurrent segment;
3. Providing the function of reclosing (please refer to relevant instruction to
reclosing of previous paragraph);
4. The protection of reclosing is started only when receiving signal of switching
position. You should put in the contact signals of Output 2 correctly.
O Low Voltage Latching Overcurrent
This item is used for testing the latching voltage value of protection of low voltage

latching overcurrent, and this value is the line |

Tant Phacs ; Tewi Faremster

voltage value. You should put in the function of ‘Low
7 TAE walbiTg Valus
Zeiting Tims |

Voltage Latching’ of protection of the segment of
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overcurrent waiting for test. MAC | Surfalt Time | 130
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This item also does the test in three-phase =i Semzitive Angle  [0000 °
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successively. For example, when testing UAB, two

:“: .:

phases of A and B are fault phases, Phase C is
normal voltage, and UAB is fault voltage. No matter testing phase selects UAB, UBC or
UCA, three-phase current all output current synchronously during the test. Amplitude
values of three-phase current are all equal to the setting ‘Fault Current’, and they will be
output in positive sequence phase

‘Fault Current’ and ‘The Largest Fault Time’ should be all respectively larger than
corresponding setting value of the segment of overcurrent waiting for test. Please see the
right diagram for reference.

For setting other parameters, please refer to relevant instruction to ‘Triple Segments

Type Overcurrent Protection’ of previous paragraph.
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O Low Frequency Protection
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frequency before doing the test every time. It can

unlock low frequency protection through
adopting ‘Time Delay before Slip of Frequency’, then, it begins to slip the frequency. This
time parameter is used for unlock frequency by protection.

@ Initial Line Voltage and Three-phase Current

Some protections have the function of ‘Low Voltage Locks Low Frequency’, so ‘Initial
Line Voltage’ should be larger than ‘Latching Voltage’ of protection. You can normally set it
to be 100V defaulted.

Some protections require load current to open the function of low frequency. If there
are not current or current is too small, the protection considers that it is no need to cut load,
and then it will lock the low frequency function. So you should connect current testing lines
in advance, then setting ‘Three-phase Current’ to be larger than ‘Setting Value of Current’
of protection. When doing the test, three-phase voltage and three-phase current will
output at the same time, and it will change frequency synchronously.

@ Initial Frequency & End Frequency

The basic principle of setting parameters is: Protection should not act reliably in initial
frequency; protection should act reliably in end frequency.

For the protection having ‘starting frequency’, it is required that initial frequency must
be larger than the value of ‘starting frequency’ of protection. ‘Initial frequency’ is normally
set as 50Hz.

Normally end frequency should be at least 0.5Hz smaller than setting action
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frequency, but it also can’t be set too small, otherwise protection may be locked. It should

normally not lower than 45Hz.

® Percentage Change df/dt of Frequency

During the test, protection slips uniformly in setting df/dt at first. When it slips to the
position of ‘Setting Action Frequency —+0.1HZz’, tester will change it to converse frequency
measure by measure in the rate of ‘0.01Hz/ each step time’ till protection acts. The action
frequency and action time will be measured. Here ‘each step time’ is equal to ‘Setting time
+0.2s’.
O Slip Latching

When frequency slips too quickly and df/dt is larger than the setting value of slip
latching of protection, the protection will be locked without action; when df/dt is smaller
than the setting value of slip latching, the protection will unlock it for allowing operation. If
the protection is in the latching state originally, certain times will be needed for unlocking it
from locking, so the ‘Time Delay before Slip of Frequency’ should be set enough large
such as 5s. Meanwhile, low frequency has certain action delay, so end frequency should
be set smaller than the action frequency set by protection such as 47Hz. Otherwise it may
not act due to lack of sliding time. For the meanings and setting modes of parameters,
please refer to the ‘Low Frequency Protection mentioned in previous paragraph.
O Low Voltage Latching Low Frequency

Different from the above-mentioned ‘Slip Latching’, here the low frequency protection
locks when line voltage is lower than the latching voltage value set by protection. For
modes of setting parameters, please refer to instructions to ‘Low Freqeucy Protection’ and

‘Slip Latching’ in previous paragraph.
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O Power Direction

Through this item, you can measure two boundaries of protection of power direction
correctly and quickly, recording boundary angle and working out automatically the largest
sensitive angle. Considering that differentiating positive pole from negative pole of the
largest sensitive angle is difficult for some users on the spot, the technology for blurring
output of setting value of the largest sensitive angle has been used in the software.
Suppose the largest sensitive angle of protection is —45°, no matter users input —45°or
+45°, there ar not any influence on normaly test. The right diagram shows the dialog box
for setting parameters.

In this item, tests are also done in three-phase successively. You can select single
phase or all phases synchronously to be test phases. When testing certain phase, only
this phase outputs current, and current of other phases is zero.

w Off-hours of Test

For meeting the testing requirements of certain protections needs to be started by
‘Mutation Start’, we hereby set this parameter. When it is a non-zero value, basic process
of test is: output voltage and current in normal state (voltage is the rated value, current is
0), maintain them till ‘Time Delay before Fault’ ends—ouput preset voltage and current in
the state of fault, maintain them till ‘The Largest Fault Time’ ends —stop outputting till the
‘Off-hours of Test' ends——output again voltage and current in normal state, maintain
them till “Time Delay before Fault’ ends—— output mutatedly the fault voltage and current
in another state till ‘The Largest Fault Time’ ends—— stop outputting till ‘Off-hours of Test’
ends. Outputting circulatedly like this till it tests a actional boundary of protection.

¥ Line Voltage of 90°Connection

This software can only test protection of the power direction connected in the mode of
90°. When testing Phase A, Only IA can output current, and current of other phases is
zero; only UB and UC output voltage, and voltage of other phases is zero. In addition,
amplitude value of Current IA is equal to setting ‘Test Phase Current’, amplitude value of

line voltage UBC is equal to setting ‘Line Voltage of 90°connection’.
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¥ Resolution of Angle

This parameter decides the precision of test. When the software finds the angle
difference value of current output two times is smaller than ‘Resolution of Angle’, it will

automatically stop outputting and end the test. We normally set it as default value ,1°.

XVIll.Fault Review

Fault review is used for putting the data documents of current-voltage waveforms
compiled in Data Format ANSI/IEEE C37.111-1991COMTRADE that is recorded by data
recording equipment like fault waveform recorder in the tester, and its waveforms will be
reviewed by tester for testing equipment like protection tester.

Each standard recording document consists of three kinds of documents. They are
respectively pilot, configuration and data document. Names of these three kinds of
documents are the same, which can be differed by different suffix names that are
respectively .HDR, .CFG and .DAT. The review test can’t be done unless three
documents are complete.

Before the test, please open certain recording document at first. Recording document
can be laid in any subentry that can be found in the dialog box of ‘open the document’.
The program will list all documents whose suffix name is .CFG after finding the subentry.
After selecting certain document, the program will transfer automatically the .CFG
and .DAT documents of this name, and display all voltage-current waveforms and name
of channel on the screen. In addition, you can also check document’s attribute, waveform
discretion sampling point, etc. through the buttons in tool column.

Press the ‘Test’ key to enter a dialog of several pages testing options:

Page 1: Select wave recording voltage and current line needs to be tested. You can
select in the mode of whole group of voltage, whole circuit of current, and also can select
separately and independently three-phase voltage or three-phase current.

Page 2: Selecting the wave recording segment of time, starting-end points, needs to
be reappeared. Basic unit of time point is according to numbers of waveform sampling

point. You can input data on time point, and also can increase or reduce it by pressing the
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1’ key and ’|’ key on keyboard.

Page 3: Outputting it in original ratio or outputting it after the change of PT and CT in
transformation ratio. When outputting in transformation ratio, you should divide the data
by this transformation ratio value. In addition, if data of certain phase needs to output after
180 revrse phase, you can set the transformation ratio to be a negative number such as
‘-1/1’, then this phase will be output in original anti-phase ratio.

Page 4: Transmit automatically all selected data to the lower machine for waiting for
reappearance output.

Page 5: Do the reappearance test officially. The ‘upper button’ on this page makes
the tester to output circularly the first periodical waveform, and waiting for your pressing of
‘lower button’; press the ‘lower button’, the tester will output all recording waveforms fill
the end point of reappearance time segment for reappearing whole process. You can also
don’t press ‘up key’ but press directly ‘down key’, it will reappear completely all waveforms
from starting time segment to end time segment in one time.

After ending the test, computer will file the testing result in the subentry of ‘test
report¥#fault reappearance’ in text format, and it can be displayed or printed by pressing the

‘print’ key. You can also copy it to be compiled or amended by compiling tools like WORD.
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Appendix 1: Test Methods For Various Relays

1. AC Voltage / Current / Inverse Current Relay Calibration

In AC test, Ua (or Uab)/la is set to an initial value, and set step, then press the key of
“A”.,“V” or rotated button to increase or decrease the voltage/current, which also can be realized
by the method of automatic test. The action value, return values, action time and the return time

of voltage / current / inverse current relay can be measured, and the return coefficient can be
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calculated. As below, it is the wiring diagram of LL-12A overcurrent relay.

2. DC Voltage / Current Relay Calibration

In DC test, Ua (or Uab)/la is set to an initial value, and set step, then press the key of
“A”.,“V” or rotated button to increase or decrease the voltage/current, which also can be realized
by the method of automatic test. The action value, return values, action time and the return time

of voltage / current relay can be measured, and the return coefficient can be calculated.

3. Time Relay Calibration

The action value, return value and action time, return time can be measured by the DC or AC

voltage relay test method when using the manual test method.

4. Power Relay Calibration
(1) The operating of power directional relay and measurement of sensitive angle
In power test and impedance test, Uab, la is set to rated value, and set Uab as phase step,

then increase or decrease the voltage phase angle which also can be realized by the method of

automatic test. This can measure the either side of boundary angle @1 and ¢2 in the action zone,
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and the sensitive angle pLM="2 (@1+@2).

(2) Measurement of minimum action power

The angle is arranged in the sensitive angle LM, and la (or Uab) is set to rated value, Uab

(or la) is set to zero.
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The step of Uab (or la) is set, and increase the voltage (or current). Measure the minimum

action power, as shown above.

(3) Creepping test

When the current loop is open, the initial value of the Uab is zero, the step length is the rated
voltage, and the voltage is suddenly added or removed, the relay contacts should not have the
phenomenon of transient connecting.

When the voltage loop is shorted by 20 ohm resistor, set the initial value of la is zero, the
step length is several times of the rated current, and the current is suddenly add or subtract, relay

contacts should not have the phenomenon of transient connecting.

(4) Memory function test
When la is set to 0.5 times and some times rated current in the sensitive angle, Uab by 100V

sudden drop to zero, the relay action should be reliable, which show that memory function is

good.

5. Impedance Relay Calibration

(1) Sensitive angle of the impedance relay and measurement of setting impedance

In power test and impedance test, la is set to 5A (or 1A), and set Uab to 0.7 times of the
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voltage of the setting impedance, then increase or decrease the voltage phase angle which also

can be realized by the method of automatic test. This can measure the either side of boundary
anglep1 and @2 in the action zone, and the sensitive angle LM =" (@1+¢2).

The phase angle is set to LM, the voltage is changed from high to low to make the relay
operate, the action voltage of UDZ can be got. According to ZSET = UDZ / |, the setting

impedance of ZSET can be calculated

(2) Measurement of the seiko current curve

The angle between the voltage and current is fixed as@LM , the current lab is successive
changed, then increase or decrease the voltage Uab of each phase current which also can be
realized by the method of automatic test. The action value can be measured, and the the seiko

current curve can be maked by Z=f(l).

(3) ‘Bird pecking’ phenomenon
When the current loop is open, the initial value of the Uab and step are set is to rated voltage,

and the voltage by rated voltage is suddenly drop to zero, the relay contacts should not have the
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phenomenon of transient connecting. The wiring diagram as shown below.
6. Synchronizing Checking Relay Calibration
(1) Polarity relation check of two coils
In the AC Test, Ua and Uc are set to rated voltage and connect two coils. The relay won’t

operate unless any coil is disconnected, which show the 2, 6 is a polar terminal, otherwise 2, 4 for

polar terminal.
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(2) Measurement of action angle

Adjust the polar terminal, and set Ua, Uc to the rated voltage, and change the angle between

the two voltages, the action value and return value can be measured.

(3) Measurement of action voltage and return voltage
Set voltage of a coil is zero, the voltage of another coil from zero gradually increased, which
also can be realized by the method of automatic test, to measure action voltage. Then gradually

reduce the voltage to measure the return voltage. Exchange coils do the same test. The wiring

diagram as shown below.
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7. Low Cycle Relay Calibration

In the High-Low Frequency Test, the voltage and current are set to rated value, and the
frequency to initial value. Then the frequency step value is changed by manual and the frequency
value decreases gradually to measured frequency value and action time of low cycle.

Set the frequency conversion way to automatic frequency conversion mode, and set the
Af/At value of the mode to set value. When reduce the frequency, the relay should not operate,

and in the several consecutive tests, the relay still cannot operate.

8. Reclosing Relay Calibration

In the DC test, la is set to holding current of the intermediate relay, and Uab of charging
voltage on the capacitor is set to 220V, which Ua is set to +110V and Ub is set to -110V, and Uc is
set to +110V. Then press the key of ‘Confirm’ and ‘Start’ to output the voltage of 220V.

Waitting for 15-25 seconds, reclosing capacitor will charge full and signal lights. Then in the

output state, click the Uc box, direct input -110, and press the key of enter to set voltage value of
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Uc to -110V. It is equal to add the start voltage at the seventh terminal to start the reclosing. Then

waitting for the reclosing time is over and contact operates to measure the action time.

Note that check the holding current whether output when the reclosing can charge but not
operate. During charging, the current output circuit is disconnected and the light of the tester
which indicates the current output circuit open should be lighted. And the light shall be

extinguished when reclosing.

- .J- o = o 3 - =
| rrf8&@eE o0 R/l i W @
B o W | @@ E OCH-1
IR OTOIORT o
= ~ - n -
=~ @ ® e o o o ® @
== -
| e A SIS S ST Ee T S mar e Fa——— —

9. Differential Relay Calibration

(1) Measurement of DC magnetic feature

In the differential test, the Izd of braking current is set as the DC current, and change the Izd
value gradually, then increase or decrease the action current Idz of each auxiliary magnetic
current which also can be realized by the method of automatic test. The IDZ of action current can

be measured and the braking characteristic curve can be drawn.

(2) Measurement of ratio braking feature
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The lIzd of braking current is set as the fundamental current, and change the Izd value
gradually, then increase or decrease the action current Idz of each braking current. The IDZ of

action current can be measured and the braking characteristic curve can be drawn.
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the relay can be shorted respectively.

(3) Measurement of the second harmonic restraint characteristics

The lzd of braking current is set as the current of the second harmonic, and change the Izd
value gradually, then increase or decrease the action current Idz of each braking current. The IDZ
of action current can be measured and the second harmonic restraint characteristics curve can

be drawn.

(4) Measurement of the high harmonic restraint characteristics
In the differential harmonic test, the Izd of braking current is set as the superposition current
of each harmonic, and change the Izd value of one harmonic gradually to measure the IDZ of

action current.
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Appendix 2: Debugging Experience Of Relay Protection

1. The debugging points of overcurrent protection

According to the different object of protection, the one, two or three sections of
over-current protection is ofthen used in the test. The three sections of over-current
protection will be as an example to start a discyssion by a brief description of several key
points in the field debugging.

The Calibration of the overcurrent protection generally chooses ‘AC test’ module.

® If protection does not have direction, only need to add the fault current.

Otherwise, the voltage source should be connected to protection. Click the
button of ‘short-circuit calculation’ to do the corresponding short-circuit
calculation, and pay attention to the choice of the fault direction.

® \When input the fault current to protection alone and if the three-phase input at

the same time, please set IA, IB, IC three-phase current of tester to the positive
phase, namely 0°, -120°, 120°.

® \When adopt the automatic test method to search protection setting value, and if

the setting action time of the period which will be operated is tms, the data of
(t+200 ) ms or above can be written in the ’interval time’ box to ensure the
accuracy of the test value.

® In generally, the ‘full-automatic’ or ‘semi-automatic’ mode is always used.It can

test the action value of protection by the mode of ‘increase progressively’ or
‘decrease progressively’ variable. But the action time is measured by the mode
of ‘manual’.

Near the critical action, no matter the relay or microcomputer protection, the fault
quantity and action time always have the feature of ‘inverse time characteristics’. That
means the greater the amount of fault quantity or the smaller the distance protection, the
the smaller the action time of protection. In order to make the action time tested more
accurately in manual mode, the fault quantity, such as voltage amplitude or current
amplitude, output by tester should be 1.2 times more than the setting value. Fault

impedance output by tester should be 0.8 times less than the setting value. That can

120



VTN TR E R N Huazhen g

make the protection operate more reliable and the action time tends to be stable to closer

to the setting action time of protection.

To the three section of overcurrent protection, it is better to check the the action
value of lll segment which has the smaller action current. Please withdraw the
the three section of overcurrent protection when check the |l section. As well as,
please withdraw the the two and three section of overcurrent protection when
check the | section. This way can prevent other sections to interference test.
Sometimes, the setting action current of speed protection in the | section is
greatly largre and exceeds the maximum current of tester output by single phase.
In this time, two-phase or three-phase current of tester can be parallel output.
The angle of two-phase or three-phase current which has been paralleled should
be set to the same, so that the actual output current is the sum of the amplitude
of them.

For the convenience of the recorded data, just choose one phase current as a
variable to increase or decrease the current which has been parallel output to
make the protection operate.

The current which come back the IN of tester is always greatly large, please use
the thick wire or make two wires be paralleled and make the time of high current

should be as short as possible, to ensure the safety of equipment.

When check the relay, in order to prevent the relay contacts jitter, the change of step

size should not be set too small, otherwise it will affect the accuracy. In addition, “The

comfirm time of switch changed postion’ should be set to lager, such as 20ms or 40ms, to

ignore the relay contacts jitter

2. The debugging scheme of compound voltage lockout

overcurrent protection

For the convenience of discussion, suppose that the value of a protection is that the

value of overcurrent is 5A, the value of low voltage blocking is 60V, and the value of

negative sequence voltage is 6V.

(1) The preparations shall be made as following before the test
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The wiring is correct: three-phase voltage terminal should be respectively connected

with the three-phase voltage UA, UB, UC of tester. IA of tester should connect with the
input terminal of a phase current, such as A phase. Binary input terminals A and common
port +KM of tester should be respectively connected to the two terminals of protection
tripping. When the protection is active contact, common port +KM of tester should be
ensured that it connected with the positive supply side of protection. It is worth noting that
some negative sequence voltage and low voltage of protection are connected with the
different voltage terminal, so The wiring should be respectively connected when do the
test of ‘check the blocking voltage value’ and ‘check the negative sequence voltage value’.

Please check the value of protection, the function of the compound voltage lockout
overcurrent should be put into. If the overcurrent protection action value of || segment is
operate, the function of the compound voltage lockout overcurrent of Il segment should be

put into.

(2) Check the blocking situation

. Parameter | Amplitude | Change | Step | Max | Phase
Test parameter is set as shown
U 40,400 1,000 120 0.0
on the right. The line voltage outpul [T 40.400 Looo1=0 -lznn
HEET 40.400 1,000 120 120.0
by tester is 70V, which the 3,000 ok 0,00 30 0.0
[ |16 0,000 1.000 30 -120.0
single-phase voltage is 40.4V and | o.000 1.000 30 120.0
FEI 10,000 1.000 120 0.0
the pahse of three-phase voltage UA | IS =000 o000 10od

UB, UC are 0° -120°, 120°. The line voltage is greater than the blocking voltage of 60V
and the protection is in a locking state. The initial value of the phase current output by the
tester is 3A and the step is 0.1A, and then gradually increases the phase current value to

7A to check the protection should not operate.

(3)Check the value of overcurrent

The line voltage output by |Parameter | Ampitude | Change | Step | Max | Phase
HEE 25200 1.000 120 0.0
M 25500 1,000 120 -120.0
HEE 25500 1,000 120 1200
ME =000 ok 0,100 30 0.0

[ 16 0,000 1,000 30 -120.0
M 0.000 1.000 30 1200
M 10000 1.000 120 0.0
FE s0.0m 0,000 1000

tester is 50V, which the
single-phase voltage is 28.8V and
the pahse of three-phase voltage

UA, UB, UC are 0° -120°, 120°.
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The line voltage is less than the blocking voltage of 60V and the protection which is out of

a locking state allow operating. The initial value of the phase current output by the tester is
3A and the step is 0.1A, and then gradually increases the phase current value to make the
protection operate. Then the current of protection can be measured and compared with
the overcurrent value of protection setting.

Test parameter is set as shown on the right.

(4) Check the value of blocking voltage

The line voltage output by tester is 70V which is greater than the blocking voltage.
The initial current is 7A, which is greater than the value of overcurrent. Set the voltage as
a variable and the step of three-phase voltage is 0.1V. The protection is in a locking state
after beginning the test. Then gradually decreases the line voltage value to make the
protection operate. Then the line voltage of protection can be measured and compared
with the low voltage value of locking.

Note that there is a certain Parameter | Amplitude | Change | Step | Max | Phase

R 40,400 Aok 0,100 120 0.0
40,400 o 0,400 120 -120.0
FEET 40400 Aok 0,100 120 120.0
EE 7o 0400 30 0.0

7 18 || 0.000 1,000 30 -120.0
B 0000 000 30 120.0
10,000 1,000, 120 0.0
50,000 0,000 1000

degree of delay from the blocking
state to remove blocking state,
when reduce the voltage and close

to protection action, every step

reduced should have enough time
to wait for the protection action to ensure the accuracy of the test.

Test parameter is set as shown on the right.

(5) Check the value of negative sequence voltage
Due to the value of the negative sequence voltage is less than the low voltage value
of blocking. In order to prevent interference, the the low voltage blocking value of

protection is set to 3V, less than the |.Parameter | Ampitude | Change | Step | Max | Phase

HEEN 2.z00 ok 0,400 120 0.0
M 2200 ok 0,400 120 -120,0
HEE 2500 ok 0,400 120 120.0
ME 7000 0:t00 30 0.0

% 16 0,000 1,000 30 -120,0
FIE 0000 1,000 30 120.0
FEI 10,000 1.000 120 0.0
FEE 50,000 0.000 1000

negative sequence voltage.
The initial value of the line

negative sequence voltage output

by tester is 4V, that the single-phase
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voltage is 2.3V and the angel of three-phase voltage UA, UB, UC are 0°, -120°, 120°. The

line voltage is less than the negative sequence voltage.The initial value of current is 7A ,
greater than the value of overcurrent. Set the voltage as a variable and the step is 0.1V
which the step of UA, UB, UC should be the same. The protection should not be operated
after beginning the test.Gradually increases the line voltage value to make the protection
operate. Then the voltage of protection can be measured and compared with the value of
the negative sequence voltage.

Test parameter is set as shown on the right.

Note that the phase of the three-phase voltage is negative

(6) The whole transmission test

After the each value of protection is set to the initial value, the line voltage which is
positive voltage output by tester is 50V and the initial current is set to 7A. Close the
breaker to start the test and make the protection operate to check whether the switch trip

successfully.

3. The knowledge of microcomputer transformer differential

protection

(1) Transformer connection

The transformer connection type of protection setting is the actual wiring of primary
side of transformer, which has the type of Y / A-11,Y/Y (Y0) , Y /A-1 and so on. For the
three volume change in the test, the two volumes of them are generally taken out to test

and the method of two volumes is the same.

(2) The balance coefficient of high-pressure side

At present, most microcomputer protection always adopts the way of calculation to
make the data and phase of Y-A self-correction in the internal protection. Therefore, the
external connection is simpler, although the transformer is Y/A-11 connection and the CT
is Y/Y connection. Of course, there is also a part of the microcomputer protection is not so,
which is still CT connection of transformer is corrected.

The setting value of differential protection does not have the balance coefficient of

124



VTN TR E R N Huazhen g

high-pressure side, which brings inconvenience to the test and calculation. We know that

the balance coefficient of high-pressure side is 1 by default, but the actual value of
balance coefficient is often measured as 1.732. The balance coefficient of high-pressure
side can be got as the following method.

In the differential threshold and instantaneous value test, if the actual value of action
current is equal to 1.732 times of the setting value, the balance coefficient of
high-pressure side is set to 1.732 when computing. If the actual value of action current is
equal to the setting value, the balance coefficient of high-pressure side is set to 1 when

computing.

(3) The wiring method in the test

When the transformer connection type is Y / Y (Y0), the test wiring is simple. When
testing the phase A, the IA of tester is connect with the phase A of high-pressure side and
the IB of tester is connect with the phase a of low-pressure side. After the the neutral line
of the high and low pressure side shorted, connect with the IN of tester and there does not
exsist the problem of the compensation current. If the phase B or phase C is tested, the
wiring is similar to the above.

When the transformer connection type is

Y / A-11, the common wiring is that when

the high-pressure

testing the phase A, the IA of tester is connect B e

with the phase A of high-pressure side and

the IB , IC of tester is respectively connect ]
with the phase a, phase c¢ of low-pressure
side. After the the neutral line of the high anc

low pressure side shorted, connect with the IN

of tester and the IC is set as compensation ::

the low-pressure
side of transfarmer

current. But how is it to wiring if the phase B
or phase C is asked to be tested. ;
Th
As shown by the vector map on the right,

the current of high voltage side after
Ie
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conversion should be I'A = )/ 1.732, 'B=(IB-1C)/1.732, 'C=(IC-1A)/1.732.

If phase A of high-pressure side is provided a current value and phase B, phase C are not
provided, the three-phase current of high-pressure side after conversion should be as
below.

TA=(IA-1B)/1.732=(1A-0)/1.732=1A /1.732;

'B=(IB-1C)/1.732=(0-0)/1.732=0;

'C=(IC-1A)/1.732=(0-1A)/1.732=-1A /1.732.

So phase C of high-pressure side is provided a current value, which is equal to the
value of phase A and the direction is opposite. During the experiment, in order to balance
the current value of phase C of high-pressure side, phase ¢ of low-pressure side should
be provided compensation current. And the value of compensation current should be
equal to the value of phase a of low-pressure side and the direction is opposite

Similarly, if the phase B of test transformer, the pahse B of high-pressure side should
be provided a current value and the phase A or phase C is not provided. According to the
above formula, we can get as below.

lA=(IA-1B)/1.732=(0-1B)/1.732=-IB /1.732;

'B=(IB-1C)/1.732=(1B-0)/1.732=1B/1.732;

'C=(IC-1A)/1.732= (0-0)/1.732=0.

This shows that the pahse A of high-pressure side has an equal and opposite current
and phase a of low-pressure side should be compensated in the test. Therefore, the
correct wiring is that the IA of tester is connect with the phase B of high-pressure side and
the IB, IC of tester is respectively connect with the phase B, phase a of low-pressure side.
After the the neutral line of the high and low pressure side shorted, connect with the IN of
tester and the IC is set as compensation current.

Considering the two current of low-pressure side has the characteristics of ‘equal and
opposite’, the two current for protection can be provided in the test. The correct wiring is
that the IA of tester is connect with the phase A of high-pressure side and the IB of tester is
connect with the phase a of low-pressure side and the phase a, C negative terminal of
protcteion low-pressure side should be shorted. After the phase c of low-pressure side

and the the neutral line of the high and low pressure side shorted, connect with the IN of
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tester.

From the above analysis is not difficult to find that the current value of the protection
low-pressure side should have the opposite with the current value of the high-pressure
side and the compensation current value of the low-pressure side should have the
opposite with the corresponding current value of the low-pressure side. So when the
phase A of transformer is tested and the IA of tester is set to 0°, the current value of IB ,IC

of tester should be respectively set to 180°, 0°.

(4) The action equation of protection

Suppose that the differential current of protection is set as Ir, the differential current
threshold value is set as Icd, the differential speed concluded value is Isd, inflection point
1 is Ig1, the braking coefficient of proportion is K1, inflection point 2 is Ig2, the braking
coefficient of proportion is K2, the vast majority of action equations of protection in china is
shown as below.

Id>lcd whenlr<lg;

Id>lcd + K* (Ir—1Ig1) when 1g2 > Ir > Ig1;

Id>lcd + K1*(lg2—-1Ig1)+K2* C Ir—1g2) when Ir > 1g2;

Id > Isd
Id
The proportion of braking curve is as A
shown on the right. Tsd

As long as one of the above four action
equations is satisified, the action of protection
will be exported.

Ted
At present, most differential protection olny

P Ir

use a inflection point.Even the differential 0 el Te2

protection has two inflection points, in order to test more convenient and simple, the
setting value of protection is often modified as that Ig1 = Ig2;K1 = K2, which can make it
be tested by the method of one inflection point. The action equation of proportional
braking which has only one one inflection point is as following.

[d>lcd+K*(Ir—=Ig) whenlr>Ig;
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For the microcomputer differential protection, in fact, the proportion of braking and

speed concluded protection is two sets of protection. So many of the protections are set
up control word to cast or back the two protections.

No matter the proportion of braking protection or speed concluded protection, the
export action time of them is short, which is generally between 30ms and 60ms. They
often share a common exit port which brings some inconvenience to the test. Generally,
the protection of ‘proportion of braking’ should be exit by the control word when test the
differential protection of speed concluded. If not or some protection do not have this
function, the output current should be increased after the proportion of braking protection
operating to judge whether the differential protection of speed concluded.quickly operate

or not by the light of protection or the relevant report.

(5) The relationship between the current value of high and low press side and
the value of differential current and braking current

It is worth noting that, during the test, by changing a phase current of tester to make
the protection operate, the output current of tester is not action current or braking current
and can not influence by the the action principle of differential relays, which will take it for
granted that the current of high-pressure side is action current and current of low-pressure
side is braking current. The microcomputer differential protection does not directly
compare the action current value of the high-pressure side with the action current value of
the low-pressure side. It always judge whether has meet the above action equation. What
is the relationship between the current value of high and low press side and the value of
differential current and braking current?

In general, the differential current of protection in china are always use the equation
that Id = | Ih + Il |, which can be expressed that the value of differential current is equal to
and absolute value of the high and low pressure side of vector sum. Therefore, the current
direction of the high and low pressure side must be paid attention.

The equations of the braking current often vary between the brand and model, and
the most common formula of protection has three kinds in china as below.

1. Ir=max {lh Il | |, | |}. The correct expression is that the vaule of braking current is
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equal to the maximum current amplitude of high and low pressure side.

2. Ir=(|Ih|+|1I'])/K. The correct expression is that the vaule of braking current is
equal to the 1/K times the sum of current amplitude of high and low pressure side.

3. Ir=1Ir=|Il'|. The correct expression is that the vaule of braking current is equal to
the current amplitude of high and low pressure side.

In the formula 2, the value of K in the mostly protection is 2, and in the individual
protection is 1.

Besides, The other two formulas will also adopt the equation that Ir=|Ih -1l |/ K, Ir =

Clid]-]th]-[l] ) /K.

In fact, the value value of IA, IB output by tester cannot equal to the current value of
high and low pressure side when the critical protection operating is record in the test. The
balance coefficient of high and low pressure side should be considered. Assume that the
IA of tester output to the high-pressure side, the IB of tester output to the low-pressure
side, the balance coefficient of high and low pressure side is respectively K1, K2. The
current of high-pressure side is set to Ih = K1 * IA, [l = K2 * IB. Then use the formula of
differential current and braking current to calculate the differential current and braking

current.
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Appendix 3: Packing List

No. Item Qty
1 Main engine 1
2 Power line 1
3 Fuse pipe (10A) 5
4 Fuse pipe (2A) 5
5 Four core test line 4
6 Short test line (1 red 1 yellow 1 green 1 black) 4
7 Long test line (3 blue 1 white 1 black) 5
8 Big alligator clip (2 red 2 yellow 2 green 2 black) 8
9 Small alligator clip (1 red 1 yellow 1 green 1 black) 4
10 Medium clip (1 red 1 yellow 1 green 1 black) 4
11 Insert (1 red 2 green 2 yellow 2 black) 7
12 Needle joint(2 red 2 green 2 yellow 2 black) 8
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