








LIGHTNING SURGE SIMULATOR

Power lines testing optional accessories

Isolation Transformer MODEL : TF-2302P,TF-6503P

Model TF-2302P is a single-phase isolation transformer rated AC240V/30A with dielectric strength of 4kV.Model TF-6503P is three-
Qe _____00n phase isolation transformers rated AC 600 V / 50 A and dielectric strength of 4 kV. For safety reasons, an isolation transformer is
- B indispensable for AC powered testing for equipment.

MODEL TF-2302Py TF-6503P y

| el Maximum input voltage Single phase AC240V Max (50/60Hz) Single / Three phase AC 600 V Max (50/60 Hz)

m; - Transformer wiring method — Star wiring

| = Maximum output current 30A Max 50 A Max

‘z‘:——'% Primary winding to core AC4kV (1 minute)

? 3 Dielectric strength Secondary winding to core AC4kV (1 minute)

Q G Primary to secondary windings AC4kV (1 minute)
= — o Insulation resistance 100MQ or more at DC500V
Maiselien REaipe msronen AT

Dimensions / Weight (W)350x(H)475x(D)400mm (Except for eye bolt and handle) / approx. 60kg (W)500x(H)640x(D)700mm (Eye bolts and handles excluded) / approx. 350kg

~AC 3-phase input cable (14sg-4C 3m:Bar/None): 1pc.

~AC single-phase input cable (5.5sg-3C 3m:Bar/None): 1pc. ~PE cable (8sg 3m:R-terminal:  6/None): 1pc.
~PE/FG cable (3.5sq 3m:R-terminals: 6/ 6): 1pc. ~PE/FG cable (8sg 3m:R-terminals: 6/ 6): 1pc.
Accessories ~Instruction Manual: 1pc. ~ Instruction Manual: 1 pc.
~AC single-phase output cable Model:05-00134A ~AC 3-phase output cable Model:05-00134A
(3.5s0-3C 2m:Bar to R-terminal: 5): 1pc. (14sg-4C 2m:Bar to R-terminal:  5): 1pc.

~PE cable 8sq2m:R-terminals: 6/ 5):1 pc.

Terminal Connection Board with .

e MODEL : 18-00048B

A relay terminal board for connecting the output of the
LSS-FO03 series to the EUT.

By wiring to the included multi-outlet, you can directly

connect a power plug that supports the standards of
each country.

Terminal Connection Board with .

e MODEL : 18-00058B

A relay terminal board for connecting the output of the
LSS-FO03 series to the EUT.

By wiring to the included multi-outlet, you can directly

connect a power plug that supports the standards of
each country.

single phase 2 lines with PE three phase 4 lines (outlet withstand voltage 4.5kV)
(outlet withstand voltage 4.5kV) *The outlet is for single phase only.
Terminal Block for 3P MODEL : 18-00047B Terminal Block for 5P MODEL : 18-00044A
Terminal block board for CDN to connect EUT. 3 pins Terminal block board for CDN to connect EUT. 5 pins
AC Line Input Cable (Single phase) MODEL : 05-00134A AC line input cable (3-phase) MODEL : 05-00135A
Cable for connecting LSS-FEO1 and Cable for connecting LSS-FEO1 and
. i] . isolation transformer(TF-2302P).*1 a E _ isolation transformer (TF-6503P)
) Bar terminal - Round terminal (®5) N " Bar terminal - Round terminal (D5)
3-wire 2m T  3-wire 2m

DC line input cable MODEL : 05-00136A
This cable connects the LSS-FEO1 to a

E -DC power supply and other devices.

Terminal Unprocessed - Round Terminal
(®5) 3-wire 2m

Safety optional accessories
EUT Protective Safety Box MODEL : 11-00006A Protective Safety Fence MODEL : 11-00010A

'

Protection box to prevent access to EUT during the test. Allows construction of a safe test environment by connecting with the
Further safety can be achieved by combining with the lightning surge simulator's interlock function.
protective safety is fence Combined use with the EUT protection box ensures a completely safe test

environment.

¢ W) 600 x (D) 400 x (H) 350mm *protrusions excluded Tri-Color Polot Loght MODEL : 11-00015A

; This indicator light is compatible with the LSS-FEO1 series.
Warning Lamp MODEL : 11-00017A During testing, the indicator light flashes to alert the user,

Alarm lamp for LSS series. Allows to alert and call for and its three-color display changes according to the test
attention by blinking during the test. status.
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LSS-FEO1 Series optional accessories

suolidQ

Calibration and inspection optional accessories

Waveform Checking Cables Set MODEL :05-00099A

Jig for checking voltage waveforms and current waveforms of LSS-FEO1 series.

Followings are necessary for the checking additionally.

« Oscilloscope (Differential operation function built-in)

« High voltage probes (for surge voltage measurement / Voltage resistibility necessary)
$ « Current probe (For surge short current measurement)

« Isolation transformer (for oscilloscope)
« Earth cable (for PE connection)

Bl Surge Waveform Measurement (Setup of measurement from SURGE OUT with 05-00099A)

Surge generator

Surge generator

Oscilloscope

Oscilloscope

Power supply

Isolation

— . = transformer
) Isolation E o ) PE i + ted
// transformer q Grounding / is not connecte:
-

PE is not connected d | conductor

/ Grounding
\ conductor

High voltage probes X 2 pcs.

Connect GND of high voltage probe Connect GND

Telecom waveform check cable set MODEL : 05-00150A

Jig used for measuring the output waveform from the CDN for telecom line.

The following equipment is required additionally.

« Oscilloscope (with differential operation function)

+ High voltage probe (when measuring surge voltage / withstand voltage required)
+ Current probe (when measuring surge short-circuit current)

« Isolation transformer (for oscilloscope)

IMeasurement of surge waveform (example of measurement at telecom line CDN terminal with 05-00150A)

Surge generator

Surge generator

Oscilloscope

Power supply

n transformer
PE is not connected.

Ground terminal

Ground terminal Isolation transformer

PE is not connected.

LSS-FEO1 Pre-check Kit MODEL : 14-00076A

Pre-check kit (PC Software) for easy daily
inspections of the LSS-FEO1 Series.
Software, USB license key and a LAN cable are
- included.
This is not the measurement of compliance to the
IEC 61000-4-5 standard.
*A separately sold oscilloscope
(RIGOL MODEL:DS1202Z-E) is required.

USB Optical Module Kit MODEL:07-00022A

Connection adapter used for remotely controlling
the simulator from a PC.

Equipped with USB-Optical conversion fiber
optic cable (5m).
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LIGHTNING SURGE SIMULATOR

IEC 61000-4-5 Ed.3
Test Standard Overview

m General

The task of the described laboratory test is to evaluate malfunctions of EUT under specified operational conditions to unipolar one-way surges caused by
switching and lightning induction effects at certain threat levels. This standard specifies 2 kinds of the combination waveforms. One is simulating injection to
power supply lines and interconnections lines (1.2/50us voltage waveform and 8/20pus current waveform) and the other simulates injection to telecommunication
equipment connect to outdoor telephone lines (10/700us voltage waveform and 5/320pus current waveform).

It is not intended to test the capability of EUT’s insulation to withstand high-voltage stress or direct injections of lightning currents, i.e., direct lightning strikes.

02

Test Levels

o
< @
° 2
Open-circuit test voltage kV <o
Leva! Normal mode Common mode 2 I
=)
1 — 0.5 a
2 05 1.0 =
o
3 1.0 2.0
4 2.0 4.0
X special special

x: Can be any level, above, below or in between the others. The level shall be agreed upon between the manufacturers and users.

03

B Generation Circuit

Waveforms Generator and Waveforms specifications

M 1.2/50ps Combination Waveform (1.2/50us * 8/20ps)

Voc normalized
Rc Rm Lr [—
1.0
09 10
L 0.9
Cc Rs1 Rsa i L
U T o° I
L Tw 05
h - h © 03 1 r Tw
U High-voltage source r 03 '
Rc  Charging resistor o1 r o I
Cc Energy storage capacitor 00 B 0~03{\ / Tt oo .
Rs  Pulse duration shaping resistors T \ (}DN.DE
Rm Impedance matching resistor Front time: Tr= 1,67 X T =1.2us £30%

Lr Rise time shaping inductor

Duration: Ty = T,, = 50us £20%

Voltage Surge

M 1.2/50pus Combination Waveform specification

Front time: T¢= 1,25 X T, =8us +20 %
Duration: Tg = 1,18 X T,, = 20us +20 %

Current Surge

Front time Tf ps

Duration Td ps

Open-circuit voltage

TI=167xT=12+30%

Td=Tw =50+ 20 %

Short-circuit current

Tf=125xTr=8+20%

Td=118xTw=20+20%

04 Voltage waveform specification at the EUT port of power line CDN

M 1.2/50ps Voltage waveform specification at the EUT port of the power line CDN (open-circuit voltage)

Coupling impedance

Open-circuit voltage *

18 uF
(line to line)

9UF +10Q
(line to ground)

Peak voltage
Current rating = 16 A
16 A < current rating = 32 A
32 A < current rating = 63 A
63 A < current rating = 125 A
125 A < current rating = 200 A

Set voltage +10 %/-10 %
Set voltage +10 %/-10 %
Set voltage +10 %/-10 %
Set voltage +10 %/-10 %
Set voltage +10 %/-10 %

Set voltage +10 %/-10 %
Set voltage +10 %/-10 %
Set voltage +10 %/-15 %
Set voltage +10 %/-20 %
Set voltage +10 %/-25 %

Front time

1,2 ps + 30 %

1,2 ps +30 %

Duration
Current rating = 16 A
16 A < current rating = 32 A
32 A < current rating = 63 A
63 A < current rating = 125 A
125 A < current rating = 200 A

50 ps + 10 ps/ -10 ps
50 ps + 10 ps/ -15 ps
50 ps + 10 ps/ -20 ps
50 ps + 10 ps/ -25 ps
50 ps + 10 ps/ -30 ps

50 ps + 10 ps/ -25 ps
50 ps + 10 ps/ -30 ps
50 ps + 10 ps/ -35 ps
50 ps + 10 ps/ -40 ps
50 ps + 10 ps/ -45 ps

* A CDN meeting the current rating of the EUT and its relevant waveform specification from this table shall be used.

www.noiseken.com
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LABORATORY

IEC 61000-4-5 Ed.3 Test Standard Overview
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M Current waveform specification at the EUT port of the power line CDN (short-circuit current)

Surge current parameters under short-circuit Coupling impedance
conditions 18 uF 9uF+10Q
(line to line) (line to ground)
Front time Tf=1,25 xTr=8us + 20 % Tf=125xTr=2,5pus + 30 %
Duration Td=1.18xTw=20us+20% Td=1,04 x Tw =25 s + 30 %

M Relationship between peak open-circuit voltage and peak short-circuit current at the EUT port of the power line CDN
Open-circuit peak voltage +/-10% at EUT port | Short-circuit peak current +/-10% at EUT port of | Short-circuit peak current +/-10% at EUT port of the
of the CDN the CDN CDN
(18pF) (QUF +10 Q)
0,5 kV 0,25 kA 41,7 A
1,0kV 0,5 kA 83,3A
2,0 kV 1,0 kA 166,7 A
4,0kV 2,0 kA 333,3 A

M Single phase power line CDN (line-to-line mode)

Decoupling network

Combination wave
generator

Tic=18uF

L g
AC/DC I I EUT
power port
supply -
network pg T T
_T_ Coupling network
M Three-phase power line CDN (line-to-line mode)
Combination wave
generator
Decoupling network
L1
T
AC power e L
supply | 5\ % EUT
network 1 port
N——&
N v i v

Coupling network

M Single phase power line CDN (line-to-ground mode)

Decoupling network

Combination wave
generator

R=100

7

AC/DC L
power
supply
network p—i
P T
Coupling network

EUT
port

M Three-phase power line CDN (line-to-ground mode)

Decoupling network

Combination wave
generator

L1

L2

AC power 3

supply
network

HiHHH

PE

Coupling network

EUT
port
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LIGHTNING SURGE SIMULATOR

IEC 61000-4-5 Ed.3 Test Standard Overview

Il CDN for unshielded unsymmetrical interconnection lines Il CDN for unshielded symmetrical interconnection lines

Combination wave Combination wave
generator generator

Decoupling network

o

< @

o2

)

=

2 o

AE EUT EUT =
port port AE port o
=

Q

port

Coupling network

=

Coupling network

[l CDN for unshielded symmetrical high speed communication lines up to 1000Mbit/s

HD
Combination wave
generator —1 Rc
r L 2 L 2 { L 4 |
& T T * P * Y
Ra Ij Rs
Lag | Lo —I Lis
Cos Cis
¢ ® oo ° Q
AE I EUT
o » e » b
—| Laa | L2 —| Lia
Coa Cia
(r L S L T)
Decoupling network Coupling network

B Surge waveform specifications at the EUT port of the CDN for unshielded unsymmetrical interconnection lines

Open-cirouit Short-circuit current at the
Output voltage | Voltage at the EUT | Voltage front time Voltage duration EUT port of the CDN Gurrent front time Current Duration
Coupling method from the port of the CDN Tf=1,67 xTr Td =Tw P Td=1,18xTw
Isc Tf=1,25xTr £30 %
generator Voc +30 % +30 % +30 %
+20 %
+10 %
Line to PE
4 kV 4 kv 1,2 38 87 A 1,3 13
R =40Q, CD =0,5 uF Hs Hs s us
Line to PE
R = 400, CD = GDT 4 kV 4 kV 1,2 us 42 us 95 A 1,5 ps 48 us
Line-to-line
4 kV 4 kV 1,2 42 87 A 1,3 13
R=40Q, CD =05 uF HS Hs ps us
Line-to-line
R=400Q, CD=GDT 4 kV 4 kV 1,2 ps 47 us 95 A 1,5ps 48 us

B Surge waveform specifications at the EUT port of the CDN for unshielded symmetrical interconnection lines

Volt(;g:r;tc 1":: EUT Voltage Voltage Saiiﬁ:;&?:;?i?t Currgnt Current
: front time duration front time Duration
Coupling method Output voltage port o(/the CDN =167 xTr B the CDN Tt ot o
ﬂzc% 30 % +30 % izlzc% +30 % +30 %
Line to PE
R =40Q 2 kv 2 kv 1,2 pys 45 ps 48 A 1,5 ps 45 ps
Coupling devices*

* GDT, Clamping device, Avalanche devices
It is recommended that the CDN calibrated at the highest rated voltage. The values shown in the table are for a set value of 4 kV. If the CDN is rated for another maximum
voltage, the calibration shall be performed at that maximum voltage. (In case the maximum voltage is 6kV, multiply the short circuit current value shown in this table by 1.5.)
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IEC 61000-4-5 Ed.3 Test Standard Overview
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m Test Setup

B Application of surges to power supply lines

Surge simulator

Output port of the
AC/DC line CDN ~ ——

Isolation
transformer

Wooden table

The 1.2/50 combination wave specified in the IEC61000-4-
5 standard is applied from Lightning Surge simulator's CDN
to power supply of the EUT. Compliant with the standard
requirements, the simulator is equipped with a floating output.
The simulator can conduct a series of automated tests based on
preprogrammed settings.

Surge genere
output port

B Application of surges to telecom lines

Interconnection cable between
the EUT and AE (e.9.RS232C)

Surge simulator

X

N Isolation
N\
N\, transformer

)
EUT Power supply

7
P Wooden table
\ Interconnection cable between

the EUT and AE (e.g.RS232C)

Unshielded unsymmetrical
interconnection lines CON

The 1.2/50 combination wave surge specified in IEC 61000-4-5
Standard is applied to the telephone line of an EUT

(such as a facsimile machine) through a high-speed telecom
CDN connected to Lightning Surge simulator.

B Application of surges through unshielded unsymmetrical interconnection lines CDN

Wooden table

Telecom line output

Surge simulator

Telecom !
interconnection
simulator

Isolation transformer

Telecom
interconnection
simulator

Wooden table

Surge simulator

Surge simulator

PE cable Power supply

for EUT

High-speed communication lines CDN

The 1.2/50us surge generator of the LSS-6330A simulator shall be used in combination with an optional external CDN.
This CDN is connected between the EUT and AE (auxiliary equipment).

For all tests shown here, if it is not otherwise specified, the length of cable between the EUT and CDN should not exceed 2m.
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LIGHTNING SURGE SIMULATOR

IEC 61000-4-5 Ed.3 Test Standard Overview

Il Application of surges to shielded lines

In case of shielded lines, the surge shall be applied to the metallic enclosure of the EUT (for the EUT without a metallic enclosure, the surge
shall be applied to the shields of the cable).

The length of the
cable is preferably
20m. and it shall be
non-inductively
bundled.

Surge
output

Surge simulator

\

Ground plain

)

Isolation transformer

AE Power
supply

The FG of the auxiliary equipment
Insulating support shall be connected to the ground
plane.

The HOT side of the output port shall be connected to the
EUT metallic enclosure, to which the shields of the
interconnection cable is connected.

EUT
Power
supply
The COM side of the output port and also the
frame ground of simulator shall be connected
to the ground plane.

Isolation transformer

Application of the surges shall be done from the generator output port via a 18 uF capacitor. The auxiliary equipment shall be
connected to the ground plane while the EUT shall not.

safety isolation transformer safety isolation transformer
L L
N N
PE PE
- AE L=20m is desirable EUT -
surge
generator

insulating support reference ground plane =

The above test layouts is an example of a setup using our lightning surge tester. There are no regulations regarding test layout in the IEC Standard.
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IEC 61000-4-5 Ed.3 Test Standard Overview

m Test procedure

B Execaution of the test

* Number of surges
For DC power ports and interconnection lines five positive and five negative surge pulses.
For AC power ports five positive and five negative pulses each at 0°, 90°, 180° and at 270°;
*Time between successive pulses: 1 min or less

o
<
®
<
®
=

PIEPUE}S 1SO1

Evaluation of Test Results and Test Report

The test results shall be classified in terms of the loss of function or degradation of performance of the equipment
under test, relative to a performance level defined by its manufacturer or the requestor of the test, or agreed
between the manufacturer and the purchaser of the product. The recommended classification is as follows:
1) Normal performance within limits specified by the manufacturer, requestor or purchaser;
2) Temporary loss of function or degradation of performance which ceases after the disturbance ceases, and
from which the equipment under test recovers its normal performance, without operator intervention;
3) Temporary loss of function or degradation of performance, the correction of which requires operator interven-
tion;
4) Loss of function or degradation of performance which is not recoverable, owing to damage to hardware or
software, or loss of data.

Generally, as far as the EUT can be immune to the surges injected during all injection period and it satisfies the
functional requirements according to the product specification, the test result can be judged as “Good”.
The test report shall contain the test conditions and the result.

Note: These test setups and procedures are quoted from IEC61000-4-5 Ed.3 (2014) Standard. Please refer to the
standard if more details are required.

m Surge testing for unshielded outdoor symmetrical communication lines

Not supported by the LSS-FEO1 series and is therefore omitted from this document.

* Designs, appearances and specifications on the products are subject change without notice.
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