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43 years old
Born in Montreal.

Guy Wasfy received his BSEE from
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an International Sales manager.
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i Context / Background

= Switching devices are essential equipment in a substation.
= The current must be interrupted if a failure occurs.

*= To guarantee the operation the circuit breaker need
maintenance.

= Reasons:
e Wear of the moving parts
e [eak on valves and seals
e Failures in control circuits
e Deterioration of contact parts

e Problems with compressors, springs, and other “speed”
parts



o ™
= I KoCoS Presentation N

6
a1y

%)

Why is a determination

#8411, of the main contact timing important?

*= Fundamental and important test for testing circuit
breakers:
= Determination of main contact timing

= Determination of timing from command until execution.

= = Circuit breaker need maintenance

= Determination of:
1) Synchronisation between poles
2) Synchronisation of contacts within one pole
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Parameters measured

- main contact velocity,

- main contact travel and

- the operating times of all switching contacts.
- Coil operating currents,

- the operating currents of spring-tensioning or pump
motors,

- valve pressures,

- valve travel and mechanical main contact travel,
- in addition main and auxiliary contact state,

- Main contact resistance.



Main contacts

Main contact travel

Coil current
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Edit Display Test
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) D:\ProgrammeiKoCoS\ACTAS 2.50\D. A
@ 2010.05,04_Goldshoefe_Messun
+ &) 2010-07-13
£ 2010-07-13
+-I2) Braail
+-\) DB Flérsheim
=-|2) Demo
+-\J) Factory end tests with statio
=1-1) On site tests
£ Hv Switchgear
&} MY Switchgear
£3 My Switchgear
+-[2) Special measurements
+-12) Dynamic Timing
+- | Ein v
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0

{3 Switching Unit: Main Contact:
Average closing time

A

1

1) Main contact travel

2) Main contact

3) Switching command
Time interval from the start of the switching
command to the averaged instant of the

| contact touches of all the main contacts of a
| pole during a closing operation.

Graph display  Settings

BXHV SF6 CB WITH M

Extras ‘Window

3 & @ 82 % a

Switchgear HY 5F6 CB WITH MALADIUSTED DRIVE
Serial number

Tester KoCoS

Date 26.03.1996 12:35:08
Test Close nom

ACTAS SerNo.

Results] Cursorsl Signals] General[

=A@
r, Result A B 3 Unit

= 1 Stroke 124,7 130,6 115,1 mm
1 CTravel 75,11 79,59 77,89 mm
1 C Wipe 49,6 51,0 37,2 mm
- 1 C Wipe Rel 39,78 39,05 32,35 %
- 1 Overtry 4,1 Sk 5,6 mm
1

POLE C Time Avg
# POLE C OpTime: 81,6 n.op
POLE C OpTime
POLE Pulse Dur

B

117,28 mm

S MAIN A1

S MAIN B1

® S MAN C1

1COL A

50.00 ms
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[ KoCos [09.08.2010 10:25:36 |

X OFFLINE
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Conventional Method

TR

= Decommission of circuit breaker - danger through:
» undesirable electrical potential
e capacitive or inductively coupled voltages

= Safety through connection of the circuit breaker to ground.

= Exception: measurement of main contact timing

®= Practice: the ground must be removed on one side of the
breaker pole for test

= Used for the conventional measurement method.
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Conventional Method

= Ground both sides of the breaker with grounding cables
= Connect timing set to breaker

= Remove ground from one side of breaker

= Perform tests

= Ground the one side that is not connected

= Remove leads

= IEEE and OSHA Require that the breaker be grounded at
both sides during maintenance

= Accepted exception to laws and standards that call for both
sides to be grounded at all times, but not recommended.
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Conventional Method

= Electrical Risk!
- Fault
- Lightning
- Electrical coupling

« IEC® EN 61010 considers any current above 3.5
mA dangerous
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e Why test with Both Sides Grounded?

* Financial - the cost of removing the ground from one side
of the breaker can be costly - utility studies have shown
the cost could reach $6,000 or higher.

- Overtime

- Bucket truck

- Harness

- Supervisor

- GCB, big conductors

= Safety through connection of the circuit breaker to ground.

- Testing and operations can be done inside the ground circuit
of the breaker

= Ease of use
= Reduced switching time
= Less paperwork
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Example: Earthed on both sides
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*= Binary measurement inputs for main contact timing
= by comparator method

Conventional measuring method

Main Contacts IN

‘y ! 2‘ ’3 g J’
s e - e e e
’5‘6’

= Signal threshold:

e R<30QQ Main and resistive contact closed
e 30 Q < R < 30 kQ2 Resistive contact closed
* R > 30 kQ Main and resistive contact open

= Earthing: main contact status CLOSED
» total resistance of the earth loop < 30 Q

= The earth must be removed on one side of the breaker!
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Circuit breaker must be
grounded on both sides when
the measuring leads are being
attached.

The ground must be removed
on one side of the breaker for
the test.

The ground connection should
always remain in place on the
side on which there is the
greatest danger of capacitive
or inductively coupled
voltages.
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= Hardware option Dynamic Timing

Analog main contact measurement inputs

= Voltage drop measurement with test current 10 A
= Determination of operating instants - special algorithm

= ACTAS P22: 6 analog voltage measurement inputs
» per Pole: 2 measurement inputs
» Range: 200 mV / 10 V
» 10 A constant-current source per pole

Dynamic Timing

6066@6

+0,2V SenseIN —
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Leads for the electricity supply
and the voltage drop
measurement are not attached
at the same place.

The measuring leads should be
attached close to the test
object.

The earth connections may
remain connected on both
sides of the breaker pole
during tests!
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_ “\ Kelvin (4-wire) resistance measurement

= Measurement of electrical resistance
= Known current through test object (resistance)
= Measurement of voltage drop

= Measuring faults through voltage drop on current lead are
avoided

= Calculation of the resistance is based on Ohm’s Law:
R=V/I
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RWIRE

UOBJECT

RWIRE

Diagram: Kelvin (4-wire) resistance
measurement
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Basic information: Earthing

®= For grounded long connection leads: ~ 20 mQ
= Contact resistance of the circuit breaker: ~ 20 uQ
= Target: reliable detection of contact state

= Resistance of ground has no affect of the test.
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Worked sample: Without Earthing

Circuit breaker: OPEN Circuit breaker: CLOSED
Iconst = 10 A Iconst = 10 A
D D
Reg = 20 pQ

4 —L >

-
«

V~3YV V=0.2mV
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Circuit breaker: OPEN Circuit breaker: CLOSED
Iconst = 10 A Iconst = 10 A
— ——p
Res = 20 pQ
] r ) +
"V = 200 mV V = 0.199 mV
Ry = Ry = Ry = I, =9.99A| |Rw=
10 mQ 10 mQ 10 mQ 10 mQ
e
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=Measurement of the Earth Current (new
development)

=Another method to determine the times at both side grounded breaker is to
capture a current change in the ground lines during a switching operation.

*The grounding at both ends of the switching device results in a parallel
connection of the contact and the earth.

=A constant current is connected to the contact, and is divided in the parallel
circuit to a ground current and current to the contact.

=If the contact is open the constant current flows through the earth, with
closed contact to inform on the current.
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=Measurement of the Earth Current (new
development)

*These current changes the switching times of the contact can be determined
For feeding the constant current sources are the dynamic timing function
(ICON = 10 A) connected to the switching unit. The current probes detect
the current IE in the ground wire and connected to the 200mV/10V-
measurement inputs.

=Both methods for determining the switching times, the above-described 4-
wire method, and the earth current measurement are selectable in the
software.
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. D:\ProgrammelKoCoSYACTAS 2.50\Date A
3 2010.05.04_Goldshoefe_Messung

&} 2010-07-13

3 2010-07-13

) Braail

) DB Flérsheim

) Demo

) Dynamic Timing

& Ein

) Flérsheim

) Neuer Ordner

) PROMET

) Saarwellingen

) 5ao Paulo

) Siemens v

+

o TG SRR SR S S CRE SERE SRR SN JEE SEE SERE Y

Settings Extras Window ?

i Switching Unit: Main Contact
Closing time

i

1’ Main contact travel

2) Main contact

3) Switching command
Time interval from the start of the switching
command to the instant of contact touch of

the interrupter unit during a closing
operation.

—+ BRK C Time Async 1,00

& & @ W

Switchgear ABB-YD4_Dynamic Timing
Serial number  ABB
Tester KoCaoS
Date 10,08.2010 09:32:48
Test Close
ACTAS SerNo. 21508091001
Results I Cursorsl Signals] General]

= 1 ||

Nr. Result A B C Unit

| c Time 64,10 63,90 64,90 ms

ms

CMAIN A1

CMAIN B1

= CMAIN C1

S MAIN Al

w1 COL A

0.00 ms

50.00 ms

75.00 ms

100.00 ms

120.5 ms hs 7

E

| KoCoS [10.08.2010 14:31:42 |

EX OFFLINE
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(7)| File Edt Display Test Graphdisplay Settings Extras Window ?
T | = =] e 4 A
P R Rt a = REE 3 =
b} D ER Al | Switchgear ABB-VD4_Dynamic Timing
= Serial number  ABE
D:\ProgrammeiKoCoSiACTAS 2.50\DatalP A | | Tester KaCoS
—2 2010.05.04_Goldshoefe_Messung Date 10.08.2010 09:32:27 CMAIN A1
& 2010-07-13 Test Open
2 2010-07-13 ACTAS Serllo. 21508091001 awmsl
;J Brazil
23 DB Flérsheim Results I Cul’SOrS] Signalsl General]  CMAIN C1
) Demo . = ﬂ @]
ooy D"”‘;"D"lc;g";"‘% Nr. Result A B c | uni
il 21097 1 OTime 34,70 34,60 34,90 ms
‘%" ABB-VD4
= 3] 2010-08-10 —J BRK O Time Async 0,30 s
‘# ABB-YD4_Dynamic Timing
& Ein
) Flérsheim
() Neuer Ordner M
< > SMAIN AL
]
=3 Switching Unit: Main Contact
Opening time
[ &
>
1
N
N
1’ Main contact travel
2) Main contact
3’ Switching command
Time interval from the start of the switching
command to the instant of contact separation o
of the interrupter unit during an opening I LEEN. &
operation.
Salodiie EERE 100 (1@ mE]
[ KoCoS [10.08.2010 14:32:54 |

125.00 ms

[ X OFFLINE
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Test with Dynamic Timing — CLOSE
without Earthing (Short Circuit)

) File Edit Display Test Graphdisplay Settings Extras Window ? - | B X
e =] 2 4 A 3 &
Y | saled da| & ) = Jer| 82 #y =
ol £} j 5% 'I\l | Switchgear ABE;-EM_D'ynamlc Timing
= Serial number ~ ABB
D:\Programme\KoCoSACTAS 2.50\DatalP A | | Tester KaCoS
‘—::_'2 2010.05.04_Goldshoefe_Messung Date 10,08.2010 09:59:12 CMAIN A1
& 2010-07-13 Test Close
3 2010-07-13 ACTAS Sertlo. 21508091001 sl
_;] Brazil
=) DB Fldrsheim Results ] Cursoysl Signals] General] 8 CHAIN C1
) Demo =z % el
o DV“‘;"U"'ICUTE;‘,"“Z% . Result a | 8 | c | i
=i ST AL C Time: 64,40 64,60 65,40 ms U DYNTIME AL
St BRK C Time A 1,00
— ime Async ms
=12 2010-08-10 ’ U DYNTIME B1
‘&’ ABB-YD4_Dynamic Timing
4 Ein = UDYNTIE C1
) Flérsheim
() Neuer Ordner v
< >
[x]
i3 Switching Unit: Main Contact
Closing time
2 [
3
L
i
1’ Main contact travel
2) Main contact
3) Switching command
S MAIN A1 [ ommm
Time interval from the start of the switching
command to the instant of contact touch of o A
the interrupter unit during a closing i LEEW. DOLA}
operation.
0.00 ms 2 s 50.00 ms 100.00 ms
[ KoCoS [10.08.2010 14:45:06 | FX OFFLINE

= Short circuit: ~ 3 mQ (~ 32 mV, 10 A)
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Test with Dynamic Timing — OPEN
without Earthing (Short Circuit)

(7Y File Edit Display Test
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Graph display Settings Extras ‘Window ?

- 3
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D:\Programme\KoCoSIACTAS 2,50\Data\P A
‘—:Q 2010.05.04_Goldshoefe_Messung
& 2010-07-13
£ 2010-07-13
) Brazil
) DB Flérsheim
) Demo
() Dynamic Timing
-l |« 2010-07-23
¥ ABB-YD4
-« 2010-08-10
‘§" ABB-YD4_Dynamic Timing

& Ein
) Flérsheim
) MNeuer Ordner v
< >
E

3 Switching Unit: Main Contact
Opening time

>

=

1

SN
NSNS

1’ Main contact travel
2) Main contact
3) Switching command

Time interval from the start of the switching
command to the instant of contact separation
of the interrupter unit during an opening
operation.

=
| Switchgear Aﬁ-ﬁtwnaml( Timing
Serial number  ABB
Tester KoCoS
Date 10.08,2010 10:02:32 CMAIN A1
Test Open
ACTAS SerMo. 21508091001 CMAIN B1
Results] CLIrSOTSI Signals] General] = CMAIN C1
=A@
Nr, Result A B C Unit
1 O Time 35,10 34,80 35,20 ms
— BRK O Time Async 0,40 ms
UDWNTIE A1
UDYNTDE B1

= U DYNTIME C1

S MAIN A1

wICOL A

0.00 ms

50.00 ms 75.00 ms

[

KoCoS [10.08.2010 14:48:05 |

100.00 ms

[+]
X OFFLINE
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Comparison

C Time A B C
CLOSE - Operation Main Contact IN | 64.10 | 63.90 | 64.90 | ms
Dynamic Timing | 64.40 | 64.60 | 65.40 | ms
(without)

Dynamic Timing | 64.10 | 63.80 | 65.20 | ms
(with)

OPEN - Operation O Time - - C
Main Contact IN | 34.70 | 34.60 | 34.90 | ms

Dynamic Timing | 35.10 | 34.80 | 35.20 | ms
(without)

Dynamic Timing | 35.50 | 35.00 | 35.40 | ms
(with)
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Advantages

. . . " ¥ se: Agzzzzzzzz;z 293328
Test with both sides earthing i ;q gmﬂgmwﬁ
possible. |

" o

No additional equipment required

Safety of the operator is secured

Determination of
Graphite Contacts
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Advantages

= Additional external measuring devices are not lE M*"*w
‘ i

required.
* No special measuring cables are necessary.

= Connect directly to a device. The workload is
therefore low.

*= No calibration or adjustment to the electrical
conditions of the apparatus.

= No triggering of external devices and the
associated distortion of the switching times
needed.

= The measuring current may be permanently
made available. A waiting time until the next
circuit is not required.

= A dynamic analysis is the recorded traces. This
allows for precise analysis of contact systems with
material transitions, such as Graphite-metal.




[y
-
Y

g

' &
A FRIEND OF ENE

2

ion

i’ KoCoS Presentat

N
-




—
=

i
. |

KoCoS America

m Breaker Analysis
m Relay Testing )

s Digital Foult Recording Thank you for your interest.
= Meter Testing

m Power Quality Analysis

: W™~ C
= Optical Measurement www.kocos.com NO\_ O

A FRIEND OF ENERGY

22X



