Megger. 5 kV and 10 kV Insulation Testing — Use of Guard Terminal

Application Note

Be on Guard for effective testing

Application note

Introduction:

The development of the insulation tester b}' Evershed &
Vignoles 1s part of our electrical }n'stotj'. Insulation testers

produced b}' L\[egger Instruments in Dover date back to
before to 1897.

Voltage outputs are now available up to 10 KV to suat all
industrial and commercial app]ications On the higher
Ay oltage testers (2 5-10 kY) which 1 mcorporate very Lngh
insulation ranges, 1s where the GUARD TER}‘[I\AL
becomes a ma]or beneﬂt, when testmg various devices
that have large surface ]eakage areas of mnsulation.

What does a GUARD terminal do?

During msulation testfmg we are often so preoecupiecl with
the resistance of the actual insulator we forget the
resistance path on the outer surface of the insulation
material. However this resistance path 1s very much a part
of our measurement and can d:ramatlca]l}- affect our
measurements. For examp]e af dirt 1s present on the outer
surface of a bush the surface leakage current can be up to
ten times that ﬂowing through the actual insulation.

The surface leakage 15 essenna]lr a resistance in para].le]
with the true insulation resistance of the material bemg
tested. B} usmg the guard termma] Performmg a so-called
three terminal test, the surface leakage current 1s ignorecl.
Tlﬁs may be important when high values of resistance are
expected such as when test;.ng high voltage components
like insulators, bushings and cable. These tend to have
]arge surface areas that get exposed to contamination
resulti.ng n lﬁgh surface ]eakage currents across them.

=  What does a GUARD terminal do?

= How does it work?

=  Why does Megger specify GUARD performance?

= Where does this fit in with other instrument
specifications?

= Testing transformers?

= Testing cables?

=« Testing bushings on outdoor oil circuit breaker?

= What are the real benefits of using the GUARD
terminal?

.I‘hE,SE J.J‘_'I.Cll.ldE:
Larger diameter cables
Porcela_in buslﬁng&

PO\Y&I trans formers

H.V. circuit breakers

Such produets exhibit long creepage Paths across their
insulation b}-‘ the nature of their size. This will cause the
unwanted surface ]eakage resistance to introduce Errors, and 1s
the reason the Guard terminal 1s used to enhance the accuracy
of the measurement.

The total current that flows cluri.ng an insulation resistance
test 1s made up of three main components:

1. The charging current, which is charging up the

obiects cap acitance.

2. An absorption current 1s the current which 1s
bemg drawn into the nsulation bT the po]amsmg of
the molecules, 1m11a].lx lugh but drops over tlme,
but at a slower rate than the charglng current

(53]

The conduction or leakage current which is the
small steacl}' state current which divides into two
parts:
a. The conduction path th_tough the
insulation
b. The current ﬂowing over the surface* of
the insulation.

KSU\IF&CE leakage iS th& component Of the insulat.lon we dO

not want to measure if we just want to measure the
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insulation resistance of the materal. B}- usi.ng the guarcl
terrm'_ﬂa], which 1s available on most HV insulation testers,
the surface leakage can be excluded from the measurement.

In app]ications with lower insulation resistance values
(ﬁlOOL\IQ), such as in LV. buﬂding wir:'mg app]ications,

this 1s not necessary, but with values of nsulation above

How does it work?

Here we have a t}'pica] app]ication for the GUARD
terrm'_ﬂa], test'mg an HV buslﬁng. Without the GUARD

terminal the leakage current ﬂowing though

Application Note

tl'l& IOOBIQ as founcl .Ll‘_'L H\T insulation app]ications the use

of the guard terminal 1s often Very important.

the bush.;_ug and across the surface 1s combined and therefore
measured together b}' the nstrument.

HV BUSHING UNDER TEST

NOW '('C'ﬂ'll tl'l& GUARD tEIm;J‘_'Lﬂl now in use:

Wire has been \x‘rapped around the centre of the buslﬁng
and connected to the GUARD terrm'.na], now the surface
]eakage flows to the GUARD terminal. Current ﬂowing
into the GUARD terminal 1s NOT measured b}-‘ the
instrument and so 1s ig-norecl b}-‘ the msulation resistance
measurement.

To better understand what 1s actua]l}' happening within the
instrument we can look at the fo].lowing cliagram. Put si.tnp]}'
the mnsulation tester has three main e]ements; the H.V. d.c.
current source, the H.V. voltmeter and the current meter. The
insulation resistance measurement 1s simpl}-' Ohm'’s la\v,
measured voltage divided b}' the measured current. The
GUARD terminal allows ]eakage current to bypass the current

measurement, and 30 be ignorecl in tlle measurement.
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However the story doesn’t end tllere, 45 you can see we
have added example values to the above diagram. In this
circumstance any mstrument in the r\[egger I\HT or S1
range of insulation testers will provide measurements
with no more than 2% additional error. This 15 an
important part of the comprehensive speciﬁcaﬁon these
instruments provicle.

MIT and $1 5 kV and 10 kV range specify the GUARD

term.;_ﬂal performan Cce as:

e 2% Error when guarding leakage current 200 times

the load current, for example:

o 2% Error guarding 500 kQ leakage with 100
MQ load at 500V

o 2% Error guarding 5MQ leakage with 1.0GQ
load at 5,000V

o Note: with guard connected at mid point on
surface leakage path

Why does Megger specify GUARD performance?

The performance of the Guard terminal clepends on,
amongst others, a couple of ke}- of issues. Pirstl}' how
well the instruments protectron circuits have been
desipned. In other words the EMC and CATIV
protection circuits must be of low impedance. Secondl}'
the resistance the instrument’s current measurement
circuit must also be of low resistance. Sounds easy but
the rea]it_r these issues are not inconsiderable design

challenges to solve. The ),Iegger speciﬁcation reassures the
user of its abﬂit}-‘ to Provicle mean:'mgfu] results, and therefore
properl}' diag—nose the true condition of the insulation.
Remember effective Predictive maintenance relies on rehable
trencljl.ng of test results to provide earl}-‘ indication of failure.
Time taken to careﬁﬂl}' compensate for temperature variation
can easﬂ}' be wasted b}-‘ poor results due to surface leakage not

b emg corre Ctl?' guarde d .

Where does this fit in with other instrument specifications?

Safety?

These da}'s we are more and more recognising the
importance of test instrument safety. Insulation testers

are not an except'lon. The comp]ete range of I\Iegger
BHT and S1 5 kV and 10 kV insulation testers are

CISXT].—\v 600 ‘T to grve th& user max_]..nlum conﬂdence.

So how does this relate to the performance of the
GUARD terminal? \Ve].l, to be able to meet the stringent

requ;_rement of CATIV 600 V set out in IEC1010-1: 2001 the
instrument has to be protected against 8 LV high—energ}-‘
impulses on ALL terminals. The cha_uenge is to maintain both
impulse protectﬁon and the test performance of the
instrument. Imagjl.ne tq'ing to absorb the high Energy levels
from BkV transients in CATIV environments without add;_ﬂg
any series resistance to the Guard terminal.
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Short circuit test current?

The Megger range of MIT and $1 5 kV and 10 kV
insulation testers have at least 3 mA into short circust
capabﬂity. This is not just to allow the instruments to

®

Insulation value
to be measured
= 800MQ

'

O,

—

2MQ
2MQ

qu:'lck]}' charge capacitive loads such as ]ong cables. This also
means the instruments have the power to maintain test voltage
across lower resistances

4MQ Leakage
path @

Tlﬁs circuit quickl}-‘ demonstrates how an SOOBIQ

insulation resistance can soon present a 2 AIQ load to

the instrument with surface leakage. I‘ﬂgh power of I\HT

range maintains the test voltage across the msulation and

2MQ LOAD ON
- INSTRUMENT

OUTPUT

©

_520“?‘? = 2.5mA (MIT can supply 3mA maximum)

provides enough test current to accm:atel}-‘ measure the

J._usulation.
e 5000V /2MQ = 2.5mA (MIT can supply
3mA max.)
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Testing transformers?

The two wi.ndn'ngs both HV. and LV, of any particular surface leakage current ﬂowi.ng over the outside of
phase, 1in a three phase transformer can be measured with contaminated i.nsu]ators, hence the value of the inter \m'_udjng
respect to each other, the guard terminal eliminates the resistance will be read more accuratel}' b}, the msulation tester.

Transformer winding insulation test with the Guard used * to eliminate leakage current’,
due to the surface path - across dirty porcelain insulators

Here the HV. W:'.nclz'ng 1s measured without the effects of leakage current between the HV. and L.V. \m'_udings usi.ng the

guarcl terminal.

Transformer winding insulation test with the Guard used ‘to eliminate leakage current’,
between windings and across LV bushing

NOTE: In practice both Wi.ncln'.ngs on a three phase therefore subiect to inter-turn or J'_ﬂter—wi.ndl'ng breakdown,
transformer are wound concentricall}-‘ on an insulated and hence the need to insulation test between the two.

former [ea] the same ]:Ltnb Of the J._‘L’OL‘I core, I‘lle}' are
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Testing Cables?

The guard termjnal iS ﬂ_].SO USEd to remove tl'l& effects Of Surface leakage ACross E,XPOSEd i.nsulat'ton at t_he encls O£ a cable.

| Other together and 1o sheath |

I]‘_'L the diagram abox‘-’e, the gu.ard ternﬁ.nal :.lS COJ‘_'LI‘_'LE,C,tE,d to wﬁe wrapped around t_he exposed J.J:Lsulation to P:lC]i up Surface
leakage.

In this case a spare conductor in the cable has been used to connect the guarcl to the exposed msulation at the other end of
the cable.

The guard terminal can also be used to eliminate leakage current between other adiacent conductors 1n the cable

Leakage eliminated
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Testing bushings on outdoor oil circuit breaker?
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The fo]low:lng four illustrations show the usual methods of testi.ng bush.{_ﬂgs and associated parts of an outdoor circuit

bre aker.

Test 1. BUSHING # 2 BUSHING # 1

Measuring
Bushing 1

Test 2.
Measuring
Bushing 1 in
parallel with
cross member

Breaker
OPEN

Test 3.
Measuring
Bushing 1 & 2
in parallel

Leakage

Leakage
eliminated
from reading

Breaker

OPEN

BUSHING # 2 BUSHING #1

BUSHING # 2 BUSHING #1
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Testa. BUSHING # 2

Measuring
Bushing 1 & 2
in parallel with

lift rod

Leakage
eliminated
from reading

Breaker
CLOSED
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BUSHING #1

What are the real benefits of using the GUARD terminal?

In addition to the big J..I’IIPIO"'EmEﬂtS in the re]iabﬂ.it}-‘ of
insulation condition cliagno s1s and predictive

maintenance d]‘.SC,'LlSSEd above there’s one more blg beneﬁt:

The GUARD terminal is an important diagnostic tool!

B}' perfornﬁng two tests, one using the GUARD terminal
and one without we can clu:'lckl}-' idenﬁf_r when surface
]eakage 1s present and how much. Setﬁng the instrument
to clisplay ]eakage current makes 1t easy to subtract the
measurement taken with the GUARD in place from the
measurement without. The result tells Fou exactl}' how

much current iS surface leakﬂge.

HE[E have been many instances O£ poor iIJSulatl‘.Oﬂ I’ES]..STZBL‘ICE
measurements leacling to b'LlSl'lE,S etc. being replacecl neeclless]}-'

at huge cost. Onl}-' to find later, b}' employﬁlg the GUARD
term.;_ﬂa], that they Simpl}-‘ needed a good clean!

= Easily identify contaminated surfaces
= Don't throw, use your GUARD and know when to clean

For more detailed information on using the GUARD terminal see the Megger Limited publication ‘A
Stitch in Time’ the complete guide to Electrical Insulation Testing available at www.Megger.com.

Paul Swinerd
ﬁ-[egger Limited
Archcliffe Road
Dover

CT17 9EN

T 01304 502 101

UK UNITED STATES OTHER TECHNICAL SALES OFFICES CERTIFICATION IS0

Archeliffe Road Dover 4271 Bronze Way Valley Forge USA, College Station USA, Sydney e 50 140 208 ot o S 1307

CT17 9EN England Dallas TX 75237-1019 USA AUSTRALIA, Tiby SWEDEN, Ontario CANADA,

T +44 (0) 1304 502101 T 800 723 2861 (USA only) Trappes FRANCE, Oberursel GERMANY, Aargau MIT_S1_GT_AN_en_V01

F +44 (0) 1304 207342 T +1 214 333 3201 SWITZERLAND, Kingdom of BAHRAIN, Mumbai www.megger.com

UKsale: er.com F +1 214 331 7399 INDIA, Johannesburg SOUTH AFRICA, Chonburi ic a ragi "
USsales@megger.com THAILAND

8



