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Abbreviations and symbols
· O/C – 

open circuit 
· S/C – 

short circuit 

· E/F - 

Earth fault
· B/B (1 & 2) -
Bus-bar
· P1&2 -

Primary side of C.T
· S1&2 - 
Secondary side of a C.T

· DC -

Direct current 

· AC - 

Alternating current

· VT - 

Voltage transformer 

· CT - 

Current transformer

· RP -

Relay Panel

· JB - 

Junction box

· MB - 

Mechanical box

· C.B -

Circuit breaker
· 11, 31 and 51- All numbers starting with odd numbers, they indicate  the


positive side of the circuit
· 21, 41 and 61 - All numbers starting with even numbers; they indicate the


negative side of the circuit

· N/O -

Normally open 

· N/C -

Normally closed

· AVO - 

A (current), V (voltage) and O (ohms)

· BZP - 

Bus zone Panel
Introduction:
The importance of protection systems is to:

· Ensure continuity of supply
· Prevent persons from shock
· Safe guard the equipment
Reasons of earthing the system, is to safeguard life and property by ensuring dangerous potentials drained to earth.  Also ensures the security of system.
Aim: 
· To determine a skill and knowledge about electrical protection systems.
· Understanding how to read a DC and AC key diagram.
· Understanding of standard symbols used in the DC and AC key diagram 
· And the safety precautions steps taken.
· To learn the system of naming or labeling the cables for recognition purpose.
· Analytical skill development.
Safety measures at work:

Before:

· Permit

· Risk analysis

· P.PE

· Isolate
During: 

· Proper testing tools/ equipment

· Verify

After:

· Report 

· Good house keeping
· Submission

· Clearance

Equipment and tools used:

· Wire stripper – 

Used for stripping wire insulation
· Crimping tool – 

Used for crimping the lugs
· 2BA Tube spanner – 

Used to tightening or loosening  5mm nuts
· OBA Tube spanner – 

Used to tightening o loosen 6mm nuts
· Bleep tester (Ring test) – 
Used to test for continuity
· Furrels – 


Used for naming the wires
· Trunking cover –  

Used to hold the wires
· Fluke (digital meter) -

Used to drill holes through the case to mount




objects
· Clamp meter – 

Used to measure current
· CPC 100 omicron - 

Used to test the C.T to obtain magnetizing curve



and the ratio values.
Types of Panels in the control room:

· AC/DC board Panel
· Transformer & Tap change Panel
· Feeder Panel

· Bus-zone Panel

· Relay Panel

· Interface Panel

Wires used and sizes of the wires:
For 
Plugs and lights - 2.5mm


Lights and Supervisory – 1.5mm


400V/ 5KA MCB in AC/DC Panels – 4mm


400V/100A MCB in AC/DC Panels – 16mm


C.T cabling – 12core 

Naming and Numbering of wires:

· Phases (AC):

H10, H30 and H50(R, W and B)  
· (C.T) Current transformer: 
      
A11, A31 and A51 
C111, C131 and 151 
D111, D131 and D151
· (V.T) Voltage Transformer:

E11, E131 and E151 
· Lighting and indication:

L’s





· Dc Module:



J1 or J2 (Batteries)
· Supply:



X1
· Motor:




M 
· Linkages and tap change:

N
· Main 1 Dc board supply

K101
· Main 2 Dc board supply 

K301
· Closing circuit



K501
Commissioning of a Current transformer

Current transformer:

A current transformer is an equipment used to measure current from a high value to a down scaled current (e.g. 1200/1A) and monitoring the operation of the power grid.
It is also known as an instrument transformer current transformer isolates the measuring instrument from what may be high voltage in the monitored circuit.
Current transformers are commonly used in metering and protective relays in the electrical power industry. 
The rated secondary current is commonly standardized at 1 or 5amps.

Procedure:

Check that every specific cable is wired according to the cabling diagram, identify first the Panel components and to see whether you are working on the correct panel.

Tests performed:

· Resistance test

· Insulation test

· Magnetizing curve

· Ratio test

· Polarity test

Resistance test:

This test is taken to check for any open circuit in the windings, whether is shorted with the casing.

Readings are determined for all the cores.

Instrument used:

Digital multi-meter (fluke meter)

Insulation test:

Before insulation test is taken check the name plate.

This test is performed to test for any insulation break down.

Instrument used:

Megger tester (insulation tester)
Procedure:

Primary to secondary and earth (connected to earth)

Results must be greater than 1000
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Figure1: Connection of an insulation tester between Primary and secondary of a C.T
Secondary and earth
Results must be greater than 1000.   
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Figgure2: Connection of an insulation tester between the first core and short circuited cores connected to earth on the secondary side of a C.T
Magnetizing curve
The magnetizing curve indicates the characteristics of a magnetic circuit of a C.T, i.e. up to which point/value can the magnetic circuit handle the maximum variable voltage injected before reaching the knee-point or the saturation point.

And the curve indicates how long for a specific voltage does it take to be linear or stable.

Instrument used:

CPC100 Omicron

The instrument (CPC100 Omicron) maximum voltage is 2000V to perform a test for current transformers magnetic circuit, to obtain the knee-point values.
De-magnetize before voltage is injected  
Knee-point voltage:

It is a point at which, 10% increase in secondary voltage produces 50% increase in current.

The importance of a C.T in a power system is to provide or enable accurate metering and adequate protection.
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Figure3: Magnetizing curve 
· Derivation of turn’s ratio:  V1/V2 = I2/I1
Ratio test:
Determines and verifies the percentage current magnitude ratio, in order to compare with the nameplate data and application drawing specification.
Current is injected in the primary side of a C.T (P1 – P2); the output results are obtained on the secondary side of the C.T.
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Figure4: Ratio values are measured.
Results recorded from the previous test can be obtained i.e.
Note: Results for other phases will be attached at the back.
Polarity test (flick meter test):
This test is used to determine whether the primary and secondary phases (polarities) are wired correctly, either in-phase or out of phase. Consideration should be taken, that, the battery should not be connected permanently across P1 and P2, because the secondary windings are rated at 1A and the battery used is rated at 5A, this could result the secondary windings to be damaged when permanently connected.(Refer to figure 5).

Instrument used: 
Battery 5A, 10A (choose 5A)
AVO meter – analogue meter (90 degrees)

Test switch (Used to isolate the S/C-bar preventing the C.T from being O/C when the test block is open)
Procedure:

An analogue meter is connected at the test block terminals, and each should be separated by using a test switch to obtain a correct flick. A flick will be obtained when a battery pulse is supplied on the primary side.
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Figure 5: Shows polarity connection test
C.T bus zone core:
For bus zone cores, because they are connected through the n/o auxiliary contacts of the busbar 1&2 isolator, it is required that a loop should be connected across each auxiliary inside the MB of the isolator on B/B 1&2.

To avoid a low or incorrect flick indicated by the avo-meter, do not make loops in all phase (R, W, and B). Connect loops across the n/o auxiliaries in each phase at a time.

The secondary terminals are numbered S1….Sn for multi-ratio cores, enables to rationalize.

Secondary terminals of core 1 are: 1S1………1Sn.
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Figure6: Shows a battery (5A) connected on the primary side and an AVO meter connected on the BZP, across the test block terminals (B111 and B170).

Annexure B: E/F Relay testing
E/F Relay testing:

Procedure:

An injection set is connected to the E/F Relay.

The stop points are connected to the relay input terminals (1&2).

The coil is energized by connecting the injection set (10A) on the following point’s (9 & 10), refer to figure 6.  

Current is injected to the coil of the relay.

CDG11 e/f relay works in the flowing principle: 2 x PLG = 10 x T.M.S
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Figure6: E/F Relay testing (CDG11)
Results obtained for an E/F relay (PLG=0, 3 and TMS=0, 3)

Table 1: Results
	2 TIMES PLG SET.
	

	I
	0,6A

	T
	3,035s


Table 2: Results

	4 TIMES PLG SET.
	

	I
	1,2A

	T
	1,681s


Table 3: Results

	8 TIMES PLG SET.
	

	I
	2,42A

	T
	1,074s


Annexure C: Test Results for ratio and magnetizing curve
Results obtained (C.T):

\Bernina\SOUTH_DEEP1-4CORE\RED\MAG.xml: 

Test Cards:

Core 1: 

	Card Type:
	C.T Excitation

	Date/Time:
	12/07/2010 12:51:49

	Overload:
	no

	Assessment:
	n/a


	V max:
	2000.0 V

	I max:
	0.50000 A

	Frequency:
	50.00 Hz

	Automatic:
	yes

	Results:
	


	Kneepoint calculation:
	IEC/BS

	V knee:
	964.22 V

	I knee:
	42.701 mA
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Core 2: 

	Card Type:
	C.T Excitation

	Date/Time:
	12/07/2010 12:53:58

	Overload:
	no

	Assessment:
	n/a


	V max:
	2000.0 V

	I max:
	0.50000 A

	Frequency:
	50.00 Hz

	Automatic:
	yes

	Results:
	


	Kneepoint calculation:
	IEC/BS

	V knee:
	974.86 V

	I knee:
	29.376 mA
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Core 3: 

	Card Type:
	C.T Excitation

	Date/Time:
	12/07/2010 12:56:10

	Overload:
	no

	Assessment:
	n/a


	V max:
	2000.0 V

	I max:
	0.50000 A

	Frequency:
	50.00 Hz

	Automatic:
	yes


	Knee point calculation:
	IEC/BS

	V knee:
	440.84 V

	I knee:
	23.021 mA
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