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HAEFELY IS

HIGH VOLTAGE TEST

, QARGXFURQ

Natural lightning occurs every day and is potentially dangerous to any object in its path. A few
examples of endangered objects are: aeroplanes, helicopters, buildings, antenna, electrical
transmission & distribution networks, etc.

Measurements have shown the following basic electrical data:

Cloud charging voltage range of some MV
Peak current up to 350 kA
Charge some C

Front time 1..6ns

7KHVH YDXXHV FDQ YDU Z LlGHO

/ LIKVQLQI KDUP V GXH\R LW

High Voltage (electrical field)
High Current (direct & indirect effects)

The QUHAAHIHFRW are those caused by the lightning temperature & impact. The IQAUHRAHIHRW
are those caused by the induced voltages & currents.

To limit the damages caused by these two phenomena, standards have been established to carry
out impulse voltage and impulse current tests.

In most cases, the effects of the voltage and the current are tested separately to limit the
necessary energy (and costs) of the required test equipment.

The ,high voltage” effects are tested with impulse voltages.
The ,high current” effects are tested with impulse currents.
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$ SSTFDWRQV
The main applications are the testing of:

Arrestors and varistors
Building protection elements

Aeroplanes, helicopters, wind generator
blades, etc.

Research

Testing of breakers

EMP & NEMP tests

Military applications

Feeding of Lasers

Plasma applications $ UHARUGVRY

Our primary customers for our impulse current generators are the manufacturers of arrestors and
varistors. Test systems for the other applications can also be offered upon request.

&DS\WUQ KHDG ( DWIQ) IRG

)$ & ARCHW
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Depending on the application, test facilities for surge arresters and varistors can have many
different characteristics. The IEC, VDE and ANSI specifications and recommendations describe

many different tests including:

Exponential impulse current test with follow-up AC voltage load for simulation of service

conditions (Operating Duty Tests).

AC voltage test for determination of spark-over voltage and verification of spark-over voltage
or of reference voltage and current, incl. PD measurement.
Impulse voltage test for measurement of spark-over and withstand voltages

Exponential impulse current test for verification of current-rating

Exponential impulse current test for determination of residual voltage
Long-duration impulse current test for verification of power capacity ratings

TKH,( & WHFRP P HQGV IR@RZ LlQJ W
( [ SRQHADAP SXOH FXUHQW RQ : DYHVKDSH 3HDN 5 HVIGXDO
VIQJ & HBP HQW FXUHQW YRORJ H
PV N N9
High current impulse 4/10 us 4pus +0.5ps 100 kA 40 kV
10 pus+1 s
Lightning current impulse 8/20 ps 8us+1us 40 kA 50 kV
20us =2 ps
Switching current impulse 36/90 us T1> 30 us 2 kA 30 kV
T2 approx. 2.5 us x T1
Steep current impulse 1/<20 ps 1us+0.1ps 20 kA 40 kV
<20 s
High current impulse ( 30/80 us ) 30 us +5 s 40 kA 45 kV
for Operating Duty Test 80 us + 10 ps
/ RQI GXIDARQ P SXOH FXUHQW RQ : DYHVKDSH ( QHU\ 5 HVIGXDO
VIQ) G HEP HOW YROWIH
PV N- N9
Line discharge tests 2000 ps line charge class 1| £ 65 kJ 12 kv

2000 ps line charge class 2
2400 ps line charge class 3
2800 ps line charge class 4
3200 ps line charge class 5
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( [ SROQHOWDAP SXAH FXUHQW RQ : DYHVKDSH 3HDN 5 HMIGXDO
FRP SGW DUHWRY/ FXUHQW YRORJI H
PV N$ N9
Lightning current impulse 8/20 s 8 s+x1 s 10 kA to |up to approx.
20 s+2 s 20 kA 900 kV
TKH9" ( WHFRP P HQGV WH IR@RZ LQJ WWW RQ EXL@EQI SIRWFWRQ HBP HQW
( [ SROHWDAP SXOH FXUHQW : DYHVKDSH 3HDN $FURQ
FXUWHQW LQMI DO
PV N$ $V
Impulse current approx. 10 s (notindicated) | 100 kA | 2,5.10° A’s
approx. 350 s (not indicated)

7\ SIFDO m/ Z DYH WKDSH VIP XOMRQ
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7 HWRQ DUHWRUVHFARQV 1Q IDARY P DWUDO 3 HDN FXUWHQW 7HAWA WMP
VDP SGV EXITEQI SIRWMFWRQ HBP HOW
NG
Exponential impulse currents up to 200 kA | Impulse current generator
Long duration impulse currents some kA Impulse current generator
Operating Duty Tests < 60 kA Impulse current generator
with special AC test
equipment
7HWRQ FRP SGW DUHRY/ RQ VIM 3HDN FXUHQW 7HAWA VWMP
NG
Lightning current impulse 8/20 s 10 kA to Impulse voltage
20 kA generator with impulse
current generating
elements.

/ RQJ GXUMRQ PV \WWWYA VAMP ND
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Haefely Test equipment feature:
$ GYDQFHG ) Gf LELOV

Simple adaptation of test circuit to test objects of various impedances.

+DQB SOU 1QUHVMRY

/ RQJ 6 HIYIFH @H

Test circuit components are designed for 10° to 10” discharges.

) DVWVP SXOH ULHSHWARQ DWWV

Test times to be as short as practicable.

$ GYDQFHG WRELON

Measuring circuits are designed for a particularly high degree of reproducibility.
$XVRP DARQ

Most functions can be remote controlled; test facilities can, therefore, be operated through a
computer.

4 XDON

Haefely quality assurance complies with ISO 9001. The electronic measurement and control
devices are designed and manufactured in-house. Our many years of experience in dealing with
EMC is therefore an important asset.

The design of the test system complies with the VDE 0104 standard for optimal protection of the
operating personnel.
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7HMA WWP V
Several different test systems can be offered depending of the application:

Residual voltage test

High current test

Operating duty test

Long-duration impulse current test
Steep current impulse test

Lightning current residual voltage test
Lightning current operating duty test
Switching current operating duty test

([ SRQHADOFXUWHMRQ DUHWRUGVFV Z W PV RU PV IP SXQHV

A typical block-diagram for typically 4/10 ns or 8/20 ns pulses is shown below:

--------- Control cables

Power connections
--------- Measuring cables

1

Charging rectifier

Test object

_£j304:}ll—

-

Impulse generator

[

Current sensor

Voltage divider

Analysing system

Control unit

The impulse capacitor bank is charged with the charging rectifier. The capacitor bank consists of
one or several HV impulse capacitors (castor oil insulated, no PCB) connected in parallel. The
capacitors are discharged via the spark gap and the pulse forming R and L elements through the
test object.

Both the current and voltage signals and values are measured.
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( [ SROHQADOFXUHQW RQ DUHWRUGLVFV Z W 2

For impulse currents having a tail time to front time ratio higher than 2 ... 3 (e.g. 210/350” s
pulses), a Crow-Bar circuit is used to change the circuit time constants during the capacitor

discharge.

At the current peak, the Crow-Bar electrode is fired by the auxiliary impulse generator and short-
circuits the capacitor bank. Thus, the time constant for the impulse tail increases, which allows to

reach longer tail times.

I

Charging rectifier

InSSamn

Impulse generator

" PV IP SXQHV

X

Test object

Voltage divider

ooo  ooo

i Control unit
(AN J/

¥ 3 o o

: Y Sg;gn{gbga;p ) \Impulsegeneraty
e N ™
4|} ]‘ E

Charging rectifier

- /

Crow-bar section

Voltage divider

¢ B B

1
7

s

Current sensor

NG

Control unit

******* Control cables

Power connections

--------- Measuring cables

YHBZ EGFN GDIWP WKRZV DQIP SXOH \WMNALFXIVWZ W & URZ EDU

" HEICR FHQADOVSDUN J DS Z W W DFFHWVWRUHY HDUKIQ) FKHAN SXOH
LOVIRNRQ FDSDFIWRU 1P SXOH YRGB H GYIGHU
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/ RQJ GXUDARQ FXUHQW RQ DUHWRUGLVFV Z IW IHAVBQI X@ULP SXOHV

The impulse capacitor bank
is charged with the charging
rectifier. The capacitor bank
has 8 or 10 (depending of
the relevant standard) HV
impulse capacitors (castor
oil insulated, no PCB)
connected in series with
inductances to form a L-C
chain.

The capacitor-inductance
pairs are discharged via the
spark gap through the test
object.

Both the current and
voltage signals and values
are measured.

/ RQ) GXUDIRQ
[P SX®OH FRQILI XUDIRQ

7\ SIFDO
ZDYHWDSH

8_
-
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Peak value:

+20%, - 0%

Duration of the peak Td:+ 20% , - 0%

it
:

.

-

-

—

Impulse Capacitance

Inductance

Impulse Capacitance

Inductance

Impulse Capacitance

Inductance

Impulse Capacitance

Inductance

Impulse Capacitance

Inductance

Shunt

Spark Gap

Test Object

Divider
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2 SHDWQJ ' XW 7HVWRUG L& DUHAMY/

The basic circuit diagram shows the configuration of the Operating Duty Test. The arrester (P) is
first exposed to the rated impulse current which is synchronised with the AC voltage. Because the
isolating gap (SF) also becomes conductive, the AC current must be quenched in the zero
transition.

2 SHDWQJ ' XW 7HVWRUO 2 $ UHWMY/
The operating duty test is subdivided into two sections:

Switching impulse operating duty test
Lightning impulse operating duty test

In the lightning impulse operating duty test, the first step with type V arresters is to conduct the
residual voltage and the conditioning tests (20 rated lightning impulses 8/20). The Operating Duty
Test then begins with two high-current impulses in series X (65 kA, 4/10) or with 3 switching
current impulses in series Y arresters (40 kA, 30/80).

Then (no later than 100 ms after the current impulse), the rated AC voltage is switched on. After
another 10 s, the continuous operating voltage is switched on for 30 min. The purpose of this test
is to verify arrester cooling under operating voltage conditions after defined impulse stresses
have been applied i.e. to make sure that no arrester thermal runaway takes place.

a) b)
a) = Long duration impulse current generator b) = AC testsystem
L = Inductances u = Voltage signal
C = Impulse capacitor i = current signal
SF = Spark gap COS = Change-over switch
S = Impulse current shunt P = Test object
T = Impulse voltage divider
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The Switching Impulse Operating Duty Test is similar to the description of the lightning impulse
operating duty test. The first step is to conduct the residual voltage and the conditioning or high-
current tests. Prior to the actual operating duty test, the arrester must have a temperature of 60
+30°C. The two following long duration current impulses depend on the arrester class.
Immediately after the second impulse (not later than 100 ms), the AC voltage is switched on as in
the case of the lightning operating duty test. Arrester cooling must also be checked under
operating voltage conditions.

The peak value of the AC voltage may not change more than 1 % between the arrester lead and
idle conditions. The voltage shape may deviate only slightly from the sinusoidal reference (ratio:
U/Urmsz("I + 2%)

$ P ELHOAFRQGMRQV | RUDQ LP SXOH FXUHQMMANHT XLSP HOW

Height above sea level <1000 m
Relative humidity in main hall under non condensing conditions < 95 %
- Temperature averaged over 24 h for H.V. components min. 0 °C, max. + 30 °C
- Extreme temperatures for H.V. components min. 0 °C, max. + 45 °C
- Temperature for electronic controls and measuring

devices

(equipment to operate with the specified
measuring errors) min. + 15 °C, max. + 25 °C
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( [ SROHMDOFXUWHMRQ FRP SGW DUHWRUZ W PV SXQOHV

Charging rectifier Impulse generator I Voltage divider

(o] [

ooo ooo

—{ -

Impulse forming

elements
Test object

————————— Control cables
Power connections
--------- Measuring cables

Current shunt

Control unit Analysing system

In this case, the residual voltage of the test object is often in the range of hundreds of kV, thus
requiring an impulse voltage generator as energy storage element. The impulse voltage
generator is discharged through pulse forming elements to achieve the correct impulse current

shape.

ND 6 WSH [P SXOH YRWBUH JHHIDRU ( [ \WMEDAP SXOH FXUWHQNHGP HOWV
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7HWA WP FRP SRQHQW

The test system includes following main components:

Charging rectifier type LGR

Impulse current generator type SSG or adapted impulse voltage generator

Shunt or Sensor based on Rogowski coll
HV divider type R, RCR or CS
Control system type GC 223

$ YDIDE®! 2 SWRQV

Control system type GC 257 Imp instead of GC 223

Impulse current peak meter type DMI 551

Impulse analysing system type DIAS 733 or HIAS 743
Special additional circuits depending of the application

and more ...!

&KDU Q) IHRWILHU
' HVFUSWRQ

The charging rectifier is used to charge the impulse
capacitors. Designed for indoor operation, mobile
design, the charging rectifier integrates on a
common base frame the HV transformer, the
doubling capacitor, the rectifying & measuring
circuits and the connection box.

For routine test installations working with a very
high throughput rate (e.g. 1 impulse every few
seconds), special high power charging rectifiers
are used to minimise the charging time.

&KDU I UHAMHU No P$

&KDUIQ) WHRAMHU \e] P$ 1RUD URXUCH \MAICY

IOAD@MRORI =2 DUHWRY
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P SXOH FXUHON HOHDWRU
' HVFUSMRQ

The impulse current generator is built on a metallic
base frame or supports and encompasses mainly
the impulse capacitors, sphere gap, pulse forming
elements, earthing switch and the current and
voltage transducers. It is usually designed for
indoor operation, or with a mobile design upon
request.

For routine test installations working with a very
high throughput rate (e.g. 1 impulse every few
seconds), special high throughput designs are

available.
P SXOH FXUHQN HHDRU N9 N N

The impulse capacitors, rated up to 100 kV, are castor-oil insulated which guarantees the
longest life-time expectancy and is perfectly environment-friendly. Extensive type and routine
tests, as well as decade long experience ensure that we use the best design available for
meeting all testing requirements ! The capacitors are made of elements made of aluminium
foil and castor-oil impregnated paper, provided with special impulse contacts, and housed
inside cans of welded sheet steel with a single bushing.

The pulse forming elements (resistors and inductances) are usually resin cast elements used
also in our impulse voltage generators and ensure remarkable energy absorption capabilities.
The resistors are made of CrWi wire.

The spark gap, available either in a 2 sphere design (electric triggering) or in a 3 sphere
design (pneumatic operation) comprises spheres with tungsten alloy inserts. The 2 spheres
gap is adjusted in function of the charging voltage by the controls. Both designs include a
check-pulse capacitor to acknowledge if the generator has correctly fired. Design
incorporating a test chamber (for the test object) are available.

Every generator includes an earth-switch to discharge all capacitors and ground all
components automatically.

$ FFHWRURHV |IRULP SXQH FXUHOW HOHDWRU

The test facilities can be expanded with various
accessories, for example:

. . _ ( DUWIQ) A WP
Test Fixture, explosion proof, pneumatic control. RQDB®QY
Protective Enclosure enhances safety of operating GADIRQLP SXOH
personnel, reduces noise level and EM interference. MFX%

Safety earthing system. A movable steel / insulated tape
short-circuits all capacitors and grounds the whole long
duration impulse current generator when it is turned off.
Add. circuits like Crow-Bar or peaking circuits depending
of the wave shape requirements.
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' HVFUSMRQ

Tubular coaxial shunts can be used for the
measurements of impulse currents up to a max.
of 500 kA. They are consisting of a metal
cylinder with coupling flanges and a coaxial
measuring connector. The active part is a
massive tubular resistor.

Every current measuring system consists of a
measuring cable as well as a termination
resistor.

For some applications where the circuit
resistance must be minimised, the shunt is
replaced by a Rogowski coil.

" LYIGHWY
' HVFUSWRQ

Damped capacitive or purely resistive impulse voltage
dividers of the CR or R types are used to measure the
residual voltages up to the highest levels.

They are designed for indoor operation, mobile design.
This active part is built in reinforced fibre-glass
cylinders or in porcelain insulators. Our active part
technology is derived from our decade-long experience
of instrument transformers.

The secondary unit is fitted with a LEMO connector. It
is built in a coaxial design in a housing attached below
the HV units. It can be exchanged easily.

6HAR KXQV XSW  Nb

' DP SHG FDSDFMYH GGHU ND
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The computer aided generator control GC 223
includes all the necessary elements for
controlling an impulse test system. The module
is built in a 19" (3U high) desktop case which
results in a compact device. The hardware is
based on a further development of reliable and
well proven Haefely GC controls. Contacts for

an interlock circuit and warning lamps are e ‘g
provided. QRO

In addition to manual control, automatic generation of a sequence of impulses can be performed
(option GC 223 SEQ). In this operation mode a user defined set of impulses is performed
(voltage + number of impulses, voltage + number of impulses,...).

In combination with a measuring device, e.g. DIAS 733 or DMI 551, the control unit automatically
determines the efficiency factor of the impulse test system for the actual circuit configuration. The
generator voltage is automatically controlled for subsequent impulses such that the final current
will be exactly met.

GC 223 is suitably designed for integration in a fully automatic test system. All functions can be
controlled by a external host computer via interface (option GC 223 REMOTE).

' LJMBOP HDVXUQD LOWKP HQWA/SH' 0,

" HVFUSMRQ

The DMI 551 is a multi purpose measuring y S . y
instrument for all kind of voltages present in high § % %%% %%%

voltage test laboratories. The instrument has a O o

high electromagnetic compatibility and does not % oo %%

need additional screening. It is built into a 19" o o N o

standard housing, 3 units in height.

" LIMICP HDVXUKY LOWKP HQW
WSH' 0,

The DMI 551 has 3 separate analogue measuring channels and is available in all combinations.
E.g. as a pure impulse measuring device up to a multi purpose AC, DC, IMP measuring device.
Due to its modular system a later upgrade can be performed easily on site without sending the
device back to the Haefely works. The device is microprocessor controlled and software can be
updated easily.
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' LJMIOP SXOYH DQDOVIQ) W\ WMP WSH' 1$6
' HVFUSWRQ

The Digital Impulse Analysing System (DIAS) is
a high precision digital impulse analysing
system. A compact desktop case with a flat
screen makes transportation easy (e.g. for on-
site tests). The measurement, evaluation and
analysis of impulse voltages and impulse
currents can be performed according to
IEC 61083, IEC 60060, IEC 60076, IEC 60099
and IEC 60230, the relevant standards for high
voltage impulse testing. Automatic evaluation of
the above mentioned impulse shapes as well as

a manual evaluation mode are available. ' LJMIAP SXOH DCDOMQI W VIMP
WSH' ,$6

The DIAS 733 is prepared for integration into a complete impulse voltage test field. If required,
the system can be fully controlled by a host computer via standard interfaces.

Sampling rate, selectable from 117 k Samples/s ... 100 M Samples/s
Resolution 10 bits (1/1024)

Amplitude uncertainty £1%

6 VQGDLG $ QDOVLY 6 RIVE DWH

Very user-friendly Windows 980 user-interface hint texts and on-line help texts for the entire
DIAS 733 software

Quick access buttons for the most often used commands. Very easy zooming using the
mouse

Flexible configuration of reports e.g. inclusion of your own company logos...
Independent adjustment of all parameters (sampling rate, range ...) for every channel
Automatic wave form analysis in full accordance with the IEC 61083-2

Software calibration in full accordance with the IEC 61083-2

Hardware calibration fully automatic in conjunction with the Haefely RIC 422
Superimposed display of impulse waves with comparison of differences

English, French, German and Spanish user area available
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6 SHFLDO6 WHS ) LRQW HVWARQ DUHWRUVHPWRQV

1(03 DQG( 03 DUIWFWDIVWDQG VSHFLDADSSAFDWRQY WA WMP VV KDYH DOYR EHHQ
P DQXIDFVMUHG : H DUWH VSHFLDOVHG LQ GHVLI QHG FXWWRP LVHG IP SXQH FXUHOWMAA WMP V

" HMO' R &URZ ADUDQG FHORDOY/SDUN J DS
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' HVFUSWRQ

&RCH

- Complete basic system, including:

SSGA ... kV, ... kd

- Impulse current generator

SSG ... kV, ... kJ

- Charging rectifier

LGR ... kV, ... mA

- Control unit with set of control and measuring
cables, 20 m

GC 223

- Impulse voltage divider with 20 m LEMO measuring cable

CS,RorRCR ... kV

- Impulse current shunt with 20 m LEMO measuring cable SH ... Ohm

- One set of operating instructions and test reports

2 SWRQV

- Computerised control unit with set of control and GC 257 IMP
measuring cables, 20 m

- Impulse current peak meter DMI 551 IMP

- Impulse Analysing System DIAS 733-2

- High Resolution Impulse Analysing System HIAS 743-2

- Technical services DEL

- Other possibilities

please contact us

m/# Nb m/# Ne VWP @ W &URZ YADUFILFXIW

23/24



[ \MRI GDIGW

Controls type GC 257 IMP

Controls type GC 223 E 133.50
Impulse voltage test systems up to 800 kV, 40 kJ, type SGSA E 113.12
Digital Measuring Instrument type DMI 551 E 105.41
Digital Impulse Analysing System type DIAS 733 E 148.31
High Resolution Digital Impulse Analysing System type HIAS 743 E 147.30

Instrumentation for Partial Discharge, C and tan d, accuracy and resistance

Tettex General

Catalogue
Haefely Test AG offers also a complete range of AC test systems for all
testing applications.
| DRI SXECQFDWRQV
Normalised calculation of impulse current circuits for given impulse currents | E 1-34 (D)
Testing surge arresters with exponential impulse currents according to E 1-36 (D)
standards
Long-duration impulse current generator for arrester tests according to IEC E 1-38 (D)
recommendations
Test on high voltage metal oxide surge arresters with impulse currents E 1-66
An universal test equipment for metal-oxide surge arresters without gaps for |E 1-83

AC systems according IEC-standard

Haefely Test AG
Lehenmattstrasse 353
CH - 4052 Basel

Switzerland

Tel. +41 61 3734111

12.2003

Subject to technical modifications without notice.
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Fax. +41 61 373 49 12
e-mail sales@haefely.com
www.haefely.com




