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INTERNATIONAL ELECTROTECHNICAL COMMISSION

UTILITY-INTERCONNECTED PHOTOVOLTAIC INVERTERS -
TEST PROCEDURE FOR LOW VOLTAGE
RIDE-THROUGH MEASUREMENTS
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onal circumstances, a technical committee may propose the publication of a technical

the required support cannot be obtained for the publication of an International Standard,

des

pite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62910, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:
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82/884/DTS 82/1005/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain
the stgbility date indicated on the IEC website under "http://webst
related|to the specific publication. At this date, the publication will be

e trarlsformed into an International standard,
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UTILITY-INTERCONNECTED PHOTOVOLTAIC INVERTERS -
TEST PROCEDURE FOR LOW VOLTAGE
RIDE-THROUGH MEASUREMENTS

ope

This Technical Specification provides a test procedure for evaluating the performance of Low
Voltage Ride-Through (LVRT) functions in inverters used in utility-interconnected PV systems.
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3 Te

rms, definitions, symbols and abbreviations

3.1 Terms, definitions and symbols

For the purposes of this document, the following terms, definitions and symbols apply.

3.1.1

drop depth
magnitude of voltage drop during a fault or simulated fault, as a percentage of the nominal

supply

3.1.2

voltage

double drop
sudden decline of the nominal voltage to a value below 90 % of the voltage of PCC, followed
after a short time by a voltage recovery, which happened twice. Voltage changes which do not
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reduce the voltage to below 90 % of the voltage of PCC are not considered to be voltage
drops

3.1.3

equipment under test

EUT

EUT indicates the equipment on which these tests are performed and refers to the utility-
interconnected PV inverter. During test period, EUT is connected with PV simulator instead of
real PV modules on the DC side, while AC side is connected with grid

3.1.4

IT system

IT powFr system has all live parts isolated from earth or one point connecgted te_earth ihrough
an impedance. The exposed-conductive-parts of the electrical in arthed
indepepdently or collectively or to the earthing of the system

[SOURCE: IEC 60364-1:2005, 312.2.3]

3.1.5
lq
output reactive current of EUT

3.1.6
low voltage ride through
LVRT
capability of an inverter to continue gehe er to nected loads during a |limited
duratiop loss or drop of grid voltage

3.1.7
maximum MPP voltage
maximyim voltage at w

[SOURCE: EN 5@:

3.1.8
maximum po
MPPT
control|st

rated power under MPPT conditions

aximum power point or nearby
3.1.9
minim

minimL{m voltage at'v

[SOURCE: EN 50530:2010]

hich the EUT can convert its rated power under MPPT conditions

3.1.10

Neur . .
access point of the EUT during the test

3.1.11
Py
rated power of EUT

3.1.12

point of common coupling

PCC

point of a power supply network, electrically nearest to a particular load, at which other loads
are, or may be, connected
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Note 1 to entry: These loads can be either devices, equipment or system, or distinct customer’s installations.

Note 2 to entry: In some applications, the term “point of common coupling” is restricted to public networks.

[SOURCE: IEC 60050-161:1990, 161-07-15]

3.1.13
proportionality constant K
K-factor

voltage support of EUT in accordance with the voltage drops. The K-factor is to be specified

by the EUT manufacturer.

3.1.14
PV arrj:y simulator
simulator that has |-V characteristics equivalent to a PV array

3.1.15
PV simulator MPP voltage

Umpp, pvs
MPP voltage of the setting PV curve that is provided by the

3.1.16

Seut o
apparept short-circuit power at Ng

3.1.17
single
sudden
after a

drop

drops

3.1.18
Zgrid
grid sh

3.1.19
Z;
impedad

3.1.20
Zp

impeddgnce\value betiveen the fault point and EUT

% of the voltage of PCC, fq
S : once. Voltage changes which
reduce ) e, of’PCC are not considered to be

llowed
do not
voltage

3.2 Abbreviations

AC alternating current
A/D  analog to digital
DC direct current

HV high voltage

LV low voltage

MV middle voltage
RMS root mean square
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4 Test circuit and equipment

4.1 General

The circuits and equipment described in this clause are developed to allow tests that simulate
the full range of anticipated grid faults, including:

e Single phase to ground fault (any phase).

e Two phase isolated fault, between any two phases.

e Two phase grounded fault, involving any two phases.

e Three Inhncp short-circuit fault

A full (Iiiscussion of these faults and the resulting impact on voltage
angleslis included in Annex A.

phase

The short circuit emulator and grid simulator described in 4,3 433 i mative
examples and are not intended to restrict design flexibility. S sed to
achieve equivalent test functionality.

4.2 Test circuit

The LVRT test circuit includes a DC source, the i i . APV
simulafor (or PV array) provides input 4 [ ‘ nected
to the grid via a grid fault simulator, as\shown

Z ri . .
e MPL Grid fault euT | PV simylator
— T sipulator or PV array
Usig (b N Transformer
(optional)
= IEC

NOTE
at the hi
transformet.

between the grid and the grid fault simulator; MP2 is the measuremgnt point
arsformer; MP3 is the measurement point at the low voltage sidg of the

Figure 1 — Testing circuit diagram

4.3 Test equipment

4.3.1 Measuring instruments

Waveforms shall be measured by a device with memory function, for example, a storage or
digital oscilloscope, or a high speed data acquisition device. Accuracy of the oscilloscope or
data acquisition system should be at least 0,2 % of full scale. The analogue to A/D of the
measurement device shall have at least 12 bit resolution (in order to maintain the required
measurement accuracy).

Voltage transducers (or voltage transformers) and current transducers (or current
transformers) are the required sensors for measurement. The accuracy of the transducers
should be 0,5 % of full scale or better. It is necessary to select the transducer measuring
range depending on the normal value of the signal to be measured. The selected measuring
range shall not exceed 150 % of the normal value of the measured signal. The transducer
accuracy requirements are shown in Table 1.
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Table 1 — Accuracy of measurements

Measurement device

Accuracy

Data acquisition device

0,2 % full scale

Voltage transducer

0,5 % full scale

Current transducer

0,5 % full scale

DC source

A PV array, PV array simulator or controlled DC source with PV characteristics may be used

as the

the DC
power

The P
array f
longer

For a H
of the K

The eq
low as

levels $

solar ir|

4.3.3

As par
drops ¢
ground

DC power source ta supply input energy for the | VRT test As the FUT input source,

ue to sho
via the imped

than the MPP tracking response time of EUT.

UT under test without galvanic isolation betweer
PV simulator shall not be earthed.

d other
EUT.

o or PV

not be

output

be as

power

voltage
hses to
re 2.
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Back to back circuit

Neur

Connect to PV
inverter

(optional)

G

Qe

B4
(optional
% -

Figure 2 — Short-circuit emulator

- IEC

performed and limit the short-circuit current taken from the grid to values that do not cause an
excessive reduction of the grid voltage. Considering an acceptable voltage reduction of at
most 5 % when performing the test, the minimum value of Z; shall be at least 20 X Zg,4,
where Zg,;4 is the grid short-circuit impedance measured at the test circuit connection point.

To ensure that the test is realistic, however, the apparent short-circuit power (Sg,7) available
at the EUT connection node Nyt should be at least equal to 3 x P, where P, is the rated
power of the EUT (minimum value Sgyt >3 x P,, recommended Sgyt =5 to 6 x P,)). This
means that during the short-circuit tests, the contribution of current through Z, and Z, from
the grid remains dominant compared to the current contributed by the EUT. In this way, the
inverter current does not create a significant voltage rise for the duration of the test relative to
the no-load drop.
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The two conditions described above define the minimum and maximum limits of Z,. The two
conditions combined also define the limit criteria for the choice of a grid infrastructure suitable
for performing the test with the impedance circuit. If the grid infrastructure cannot meet the
above requirements, an alternative test circuit utilizing a back-to-back converter is allowed, as
shown in Figure 2 and may be added to reduce the grid short-circuit impedance Zgiq.

Generally, the X/R value of inductor Z; and Z, for the short-circuit emulator may close to the
transmission line impedance values for different countries and regions. It is also appropriate
that the inductive impedances Z, and Z, should be characterised by an X/R ratio equal to at
least 3, in order to reproduce the typical minimum values of X/R found in HV as well as MV
power lines.

NOTE 1| X: Equivalent impedance of inductor.

NOTE 2| R: Equivalent resistance of inductor.

A Dbypass connection (Switch S;) of Z, is usually used to prevent™overieating)of the

impedgnce Z, before and after the execution of each test seque

The voltage drop is created by connecting the impedanc : witch\S,. If the yoltage
drop is|required to be created twice in a short period C S a parallelf switch
S, is normally used. The value of Z,/(Z4+Z5+Z,iq) tQ the required poltage
magnitpdes. For example, when the required voltag i is 5Q0_% of the rated Joltage,
the val

The swi G ime between connectign and
disconmection of Z, for single phase, two-phast -phase tests. If the phase of switch S,
cannot i may be used to choose the fault
phase. or not. All switches may bg either
mechani

The st before performing the test. The status of
switchg 3 in Table 2.

The teg s of impedances Z; and Z,, the related X/R ratio, and a
descripti ion, the grid short-circuit power available at the yoltage

level af i i 3 all be documented.
The sts

Table 2 - Fault type and switch status

Fault type Switch status

Phase A of B, Phase B of B, Phase C of B, B,
Phase A to ground Closed Open Open Closed
Phase B to ground Open Closed Open Closed
Phase C to ground Open Open Closed Closed
Phase A and B to ground Closed Closed Open Closed
Phase B and C to ground Open Closed Closed Closed
Phase C and A to ground Closed Open Closed Closed
Phase A and B Closed Closed Open Open
Phase B and C Open Closed Closed Open
Phase C and A Closed Open Closed Open
Phase A, B and C Closed Closed Closed -
During the period of voltage drop, S, should be opened first. S, should be closed after S, is opened. The time
interval between the above two actions shall be very short.
During the period of voltage recovery, S, should be opened first. S, should be closed after S, is opened. The
time interval between the above two actions shall be very short.
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4.3.4 Converter based grid simulator

The test circuit mentioned in 4.3.3 is recommended for simulation of grid faults. However, if
the test conditions cannot be met, an alternative test circuit utilizing a back-to-back converter
is allowed, as shown in Figure 3.

The test circuit essentially comprises a voltage source with a low internal resistance
combined with broadband amplifiers (linear or forced switching type) capable of faithfully
reproducing three sinusoidal voltages with controlled harmonic content, and adjustable
amplitude, fundamental frequency and phase relationship within broad margins.

When the converter is used, it shall meet the following requirements:

a) It shall be capable of independently controlling the three phases in
phgse angle.

b) It shall incorporate impedances Z,, Zg and Z;, that can be adj jroduce
the| ohmic and inductive components of short-circuit impedances th of the
grid.

c) It shall be capable of reproducing the phase voltages nd ive t occur
on the LV side of transformers in the event of each . Annex

A for the vector representations for each fault).

(F Programmable voltage
source

Grd w Connect to PV invefter
N on\%&@ice

re 3 -Converter device example

If the
capabl¢
impedad

5 Tept
51 Lf r\rnfnrnl

The LVRT test protocol is designed to verify that the EUT responds appropriately to voltage
drops (due to grid faults). During the test, the EUT shall demonstrate that it can:

prce is a bi-directional, controlled output voltage type|and is
fluence of short-circuit impedances typical of the grd, the
gy be omitted.

e Appropriately detect the simulated fault.
o Ride through the event and continue operation as specified in the applicable curves.

e Not suffer any damage from the event.

NOTE The required levels of active power and reactive power output during the voltage drop period may differ
depending on the country local codes.

The response to the voltage drop specified in Table 3 shall be recorded over the EUT
operating period with two output power ranges:

a) between 0,1 P, and 0,3 P,;
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b) above 0,9 P,;
and with two fault conditions:

c) three-phase drop;
d) two-phase drop or single-phase drop.

The tests should be carried out at least twice at each test point listed in Table 3.

Table 3 — Test specification for LVRT (indicative) (7 of 2)

Drop times Drop depth® Drop phase® EUT output conditionsd
Full load/{above.0.9 P)
Three-phase
Part |o@(\6,1 mnd\&@ Pl)

Two-phase @I\R}%aw})& P”\\

~

T R

Fulltegd{above 066 P,)

Two-phase to ground \%\rt\}%d\(oﬂ Bﬂ and 0,3 P

~

Full IBQdMove 0,9P,)
Single-phase to gro

Partteag(0,1 P, and 0,3 P)
(et ¢

~

4
0
\/< /\\ \r)m load (above 0,9 P.)
Full load (above 0,9 P)
Two-phase
N Part load (0,1 Pn and 0,3 P))

™~ JPartioad (0.1 P and 03 P
Single drop
\& Full load (above 0,9 P)
-phaseNte groun
m\ Part load (0,1 Pn and 0,3 P))

~— Full load (above 0,9 P,)
inglecphase to ground
/\ Part load (0,1 P_ and 0,3 P)

\% Full load (above 0,9 P,)
ree-phase
Part load (0,1 P and 0,3 Pf)

Full load (above 0,9 P)
Two-phase

Part load (0,1 P and 0,3 Pf)

Full load (above 0,9 P)
Two-phase to ground

X Part load (0,1 Pn and 0,3 P))

Full load (above 0,9 P)
Single-phase to ground

Part load (0,1 Pn and 0,3 P))
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Table 3 (2 of 2)

Drop times Drop depth® Drop phase® EUT output conditions9

Full load (above 0,9 P)
Three-phase

Part load (0,1 Pn and 0,3 Pn)

Full load (above 0,9 P)
Two-phase

Part load (0,1 P, and 0,3 P,)

Full load (above 0,9 P)

Two-phase to ground
Part load (0,1 P, and 0,3 P,)

Full load (above 0.9 P”)

Single-phase to ground

~

Part load (6,1 P, and 0,3'P
N
Full {0ad (above 0,9
Three-phase u)\éa (ago )

~

Par{ loaq 10,1 PXanth0.3 B
Two-phase MNO&] (a\bQ/eNh]/)

\part Joat\(0.1, P, and 0,3 P

~

Doulle drop?

Two-phase to ground \E‘uh\}md\(a&ve 09P)

i 1oat\(0,7P, and 0,3 P

FulNo&d (above 0,9 P,)
Single-phasm d S

( \ Paitload (0,1 P and 0,3 P

Full load (above 0,9 P
hreedphase ) ( n)
Part load (0,1 P and 0,3 Pf)
Full load (above 0,9 P)
-phasée
Part load (0,1 P and 0,3 Pf)
A
Full load (above 0,9 P)
Part load (0,1 Pn and 0,3 P))

Full load (above 0,9 P)
Part load (0,1 P and 0,3 P))

~

~

O- S o gr nd

|ng| h&se to ground

2 Doy in some countries or regions. For devices under test not being requjred for
doul ] be omitted.

b Dro during the LVRT testing period which can be decided according to the
reqi ountries or regions (See Clause B.2 for drop depth ratio calculation).

¢ Dro i according to the requirement specified by different countries or regions; the
valy e ghould be line voltage.

4 The be canied out under specified K-factor provided by local manufacture.

5.2 est curve

The LVRT response characteristic shall meet the requirements of the LVRT curve specified by
different countries and regions as needed. An example LVRT curve is shown in Figure 4.



https://iecnorm.com/api/?name=272aa188b5d344e9b16dfadb4917b237

- 16 - IEC TS 62910:2015 © IEC 2015
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v LVRT
1,0 Keep connecting to the grid curve
0,9 e b ol
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s 08| /1 tinflection poirit
]
8 0,7 === ® inflection point i
o : '
‘c 0,6 1 h
2 o5 i i
s> I-May cut off from the drid
o 1 )
> 04 : i
) 1
U I L ¥inflection point : 1 _
07 - | i i
Lowest ! ! ! Fo b
0.1 point ! ! (\ PN
1 I \ .
O ) 1 Il - ]
tO t1 tz i t3 t4
Time (s)
IEC
The e ‘ : ating\during operating cornditions
indicat ifi ling for
(t; — to [ [ ing i e Jnterconnection voltage drops
to 0 % ; e 3 drops to 30 % of rated Joltage;
and for Y should

The ex lection

point. T
5.3 Test pro e
5.3.1 Pre-test

Prior tg
LVRT d
inflecti

UT should run in normal operating mode. The sglected
'dentlfy voltage drop points, including the lowest point and the
random points in the curve. Selection of the drop time|should

5.3.2

Prior tp the-load test, adjust the fault emulator to simulate symmetrical and asymmetrical
voltageLdrops without EFUT connection, and validate that the measured results are as intended.
This step ensures that the amplitude of voltage and drop duration can match the requirements
in Figure 5.

5.3.3 Tolerance

The tolerances for drop depth and duration during the no-load test shall reference the
requirement of Figure 6 in IEC 61400-21:2008, and not exceed the values shown in Figure 5.

The tolerance for voltage magnitude is £5 % of rated voltage for the period before and during
the voltage drop. The tolerance for voltage magnitude is +10 % of rated voltage during the
period after voltage is recovered. The tolerances shall be measured between 0 and +5 % of
rated voltage for the lowest point and the inflection point under no-load conditions.


https://iecnorm.com/api/?name=272aa188b5d344e9b16dfadb4917b237

IECTS

62910:2015 © IEC 2015 -17 -

The duration of each voltage drop is determined according to the requirements of the
applicable LVRT curve. The tolerance range for both drop duration and rise time prefers

40 ms.
5 %

- Fr-"-""-"- A

EN !

S 1 Sl

E 40 ms :

) T

B |

gl Lo____0O

<

| I

5.3.4 Load test
Tests tinder load shall be carried o
performance requirements. The para
with thé no-load test.
With the EUT connected to.the grid fat
the oufput power should rJ
tests other power Ip
regiongl requirements.
During|the LVR@ (shown in Figure 1) shall be selected as {
points dlues of voltage and current.

The wa
recordg
the sul

For “A”

easured voltage and current at the measuring points s
> device from time A prior to the voltage drop to time

6 Aslsessment criteria

pet the
sistent

array),
al load
ntry or

he test

hall be
B after

The various assessment criteria is determined by the requirements of the different countries
or regions. The characteristics and performance criteria for utilization are shown in Annex B,
and can be referenced by a local user.
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Annex A
(informative)

Circuit faults and voltage drops

A.1  Fault types

The grid faults of high voltage power transmission line are commonly divided into four
different types: single-phase grounded fault, two-phase short circuit fault, two-phase
grounded fault, and three-phase short circuit fault. The most common one is the single-phase

groundet-fatit; aecot g-foro otatrumber—o SreHH
Considgring the different fault phases, the short circuit paths for all typés L own in
Table A.1.
Table A.1 — Short-circuit paths for differerit fa
Type No. Short circuit type Math%matical formulae
. Vi,=0
1 Single-phase (A) shor I #0
circuit grounded fault fa
Iy, =1;,=0
V=0
2 1, #0
Ifa:Ifc:()
\ V=0
3 Ie-phased(Cd) fsholrt ; £0
i it t fe - c fc
cireuit grounded fau 1.27.=0
PCC
V.=V, #0
4 Two-phase (AB) short T :f8¢
circuit isolated fault fc
I+, =0
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Type No. Short circuit type Equivalent diagram Mathematical formulae
PCC
Ty Vip V :V 0
5 Two-phase (BC) short , fbl :féi
circuit isolated fault L Vie fa
I, +1,.=0
pCC
6 Two-phase (CA) short
circuit isolated fault
7 Two-phase (AB) short f"’I_ :fB_
circuit grounded fault fc
I+, #0
Vo=V =0
8 1,=0
I+, #0
V. =V.=0
9 o-pHase (CA) short fa " fe
cirsuit grounded fault fb
I+, #0
pCc
10 Three_-ph_asfe slhort- Vea=Vi =V, =0
circuit fault Ifa+1fc+1fc:0
NOTE 1 7V, V, and Vi, mean fault voltage of phase A, phase B and phase C at fault point separately.
NOTE 2 I, I, and I, mean fault current of phase A, phase B and phase C at fault point separately.
NOTE 3 Type No. 1, 2, 3, 7, 8 and 9 are not applicable for IT system.
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A.2 Voltage drops

A.2.1 General

When a fault occurs, the voltage amplitude in the faulted phase should be decreased. When a
fault occurs between two phases, the phase angle should be changed on inverter output side.
Due to the different types of line-transformer connections, the magnitude and phase of
inverter AC voltage will vary. Figure A.1 shows the circuit topology under the fault condition.

PV inverter

As indig e Yault point is zero. (If the grid
fault ty o fault
phases point of the infinite grid, Z;,
betwee e voltage drop amplitude and
phase mmed by the value of Z and type of
transfofmer.

The trgnsformer “T” represent phase transformation being equivalent to all

the trgnsformers betw because one of more
transfofmers are connected. [t JivalentNransformer “T” has only two types-Y/Y or[Y/A. In
order tp simplif 2r windings could be considered as one|of two
types, ¥Yn/Yn12 a

NOTE 1 i i ple circuit is a three-phase system with floating neutral poinf and no
electrica

NOTE 2 3 Ny , th ort circuit schematic diagram may be different from the example.

A.2.2

Figure
phase §

three-

Ua’

Ub’

Uc’

(b)

IEC

Figure A.2 — Diagram of voltage vector for three-phase short-circuit fault
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Figure A.2(a) shows the angle and phase state with a Yn/Yn12 transformer connection.
Figure A.2(b) shows the angle and phase state with a A/Yn11 transformer connection. The
corresponding relationship between the fault phase and the other two phases is shown in the
following Table A.2.

Table A.2 — Amplitude and phase changes in three-phase short-circuit fault

Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
phase Phase A Phase B Phase C Phase A Phase B Phase C

% Am. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph.

00 1 0 1 0 1 0 1 30 1 30 1 30

50 0,5 0 0,5 0 0,5 0 0,5 30 0,5 30 0,5, 30

20 02 [ o o2 ] o [o02] o |o02]| 30 [\G2 Q@] 30

0 0 - 0 - 0 - 0 - \{ \ 0 _
NOTE | Am. means amplitude and Ph. means the initial phase.

A.2.3
There

Taking
AC volf

Figure| A.

Figure JA.3(a) show

Two-phase short-circuit fault with ground

IEC

on the fault phases.
le, the change in inverter

oltage vector of two-phase (BC) short-circuit fault with ground

the angle and phase state with a Yn/Yn12 transformer conrection.
Figure An3(b) shows the angle and phase state with a A/Yn11 transformer connectign. The

corresponding relationship between the faulted phases and the other phases is shown in the
following Table A.3.
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Table A.3 — Amplitude and phase changes in two-phase (BC)
short-circuit fault with ground

Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
phase Phase A Phase B Phase C Phase A Phase B Phase C

% Am. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph.

100 1 0 1 0 1 0 1 30 1 30 1 30

50 1 0 0,5 0 0,5 0 0,76 19 0,5 30 0,76 41

20 1 0 0,2 0 0,2 0 0,64 9 0,2 30 0,64 51

0 1 0 0 — 0 — 0,58 0 0 — 0,58 60
NOTE | Am. means amplitude and Ph. means the initial phase.

A.2.4

There
faulted
inverte

phases

Two-phase short-circuit fault without ground

- AC voltage amplitudes and phases are shown b

on the

. Taking the two-phase (BC) short circui nge in

ub’

IEC

Figure gangle and phase state with a Yn/Yn12 transformer connection.
Figure A. angle and phase state with a A/Yn11 transformer connectign. The
corresponding hip between the faulted phases and the other phases is showrn in the
following Table A.4
Table A.4 — Amplitude and phase changes in two-phase (BC) short-circuit fault
Residual With the Yn/Yn12 transformer With the A/'Yn11 transformer
voltage of
fault phase Phase A Phase B Phase C Phase A Phase B Phase C
% Am. | Ph. | Am. | Ph. | Am. | Ph. Am. Ph. | Am. | Ph. Am. Ph.
100 1 0 1 0 1 0 1 30 1 30 1 30
50 1 0 0,66 19 | 0,66 | -19 0,9 16 0,5 30 0,9 44
20 1 0 0,53 | 41 0,53 | -41 0,87 7 0,2 30 0,87 53
(i 1 0 0,5 60 0,5 -60 | 0,866 0 0 - 0,866 60
NOTE Am. means amplitude and Ph. means the initial phase.
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