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1. RELAY DETAILS: 

	Type  :
	P643
	Designation
	87T-2

	Model No :
	
	PANEL REF
	

	Serial Number
	 
	Nominal Current : In
	1.0 A

	Make
	ALSTOM
	Aux. Volts of Relay : Vx
	110-250 V DC

	FREQUENCY
	60Hz


2. TRANSFORMER DETAILS: 

	Rated Power (MVA)
	100MVA

	Primary Voltage (KV)
	132 KV

	Secondary Voltage (KV)
	33 KV

	Transformer Primary CT Ratio (A)
	600 / 1 A

	Transformer Secondary CT Ratio (A)
	2400 / 1 A

	Vector Group Reference
	YNyn0+d1

	Zero Sequence filter
	ON

	NER CT Ratio
	1000/1A


3. VISUAL INSPECTION:     
	Sl. No
	Description
	Checked

	1
	Inspect For Physical Damage / Defects
	

	2
	Verify Connections As Per Approved Drawing
	

	3
	Check Tightness Of All Connections 
	

	4
	Check relay software version 
	

	5
	Relay Case Earthing Checked
	


4. GENERAL CHECK:
	CHECKING
	RESULTS

	Dry cell Battery voltage (Remove battery isolation strip)
	

	Auxiliary voltage on terminal J2 (+) and J1 (-)
	

	Measured field supply voltage J7 – J9 and J8 – J10
	

	Watchdog contact when relay OFF
	Terminals J11 and J12 CLOSED

	

	
	Terminals J13 and J14 OPEN

	

	Watchdog contact when relay ON
	Terminals J11 and J12 OPEN

	

	
	Terminals J13 and J14 CLOSED

	

	Check if the frequency is set on required value
	


5. MEASUREMENT VALUE TEST: 

CT Ratio: 

Primary side – a:  600A




Secondary side – a: 1 A

Primary side – b: 2400 A



          Secondary side – b: 1 A
	Side
	Inj. Current

( A )
	Calculated

Current

( A )
	Relay Reading ( A )

	
	
	
	R
	Y
	B

	
	
	
	Prim
	% Er
	Prim.
	% Er
	Prim.
	% Er

	HV
	1.00
	600
	
	
	
	
	
	

	LV
	1.00
	2400
	
	
	
	
	
	


  Deviation: +/- 1% Manual P64x/EN TD/A32 – Technical Data – Page No. 4
REF NEUTRAL CT:
	Phase( IN)
	CT ratio
	Inj. Current(A)
	Calculated current(A)
	Relay Reading

	
	
	
	
	Pri
	% Er

	TN1
	600/1A
	1A
	600
	
	

	TN2
	2400/1A
	1A
	2400
	
	


Deviation: +/- 1% Manual P64x/EN TD/A32 – Technical Data – Page No. 4

VOLTAGE MEASUREMENT:

	Phase
	Applied Voltage(V)
	Calculated Voltage(KV)
	Relay Reading(KV)
	% Er

	VAN
	63.5
	19.05
	
	

	VBN
	63.5
	19.05
	
	

	VCN
	63.5
	19.05
	
	

	VAB
	110
	33.0
	
	

	VBC
	110
	33.0
	
	

	VCA
	110
	33.0
	
	


Deviation: +/- 1% Manual P64x/EN TD/A32 – Technical Data – Page No. 4

6. DIFFERENTIAL ELEMENT: 
 Iref a (Prim) = Sref /√3* Vnom a       = (100MVA/1.732*132KV) =  437.4 A
 Iref b (Prim) = Sref /√3* Vnom b       = (100MVA/1.732*33.0KV) = 1749.5 A
Kam,a = CT Ratio a / Iref a               = 1.372
Kam,b = CT Ratio b / Iref b               = 1.372
Where:

Iref a (Prim)………………............    HV full load current (Primary value)
Iref b (Prim)………………............    LV full load current (Primary value)

Sref ………………………………     Transformer capacity

Vnom a…………………………..     Transformer HV Side voltage

Vnom b…………………………..     Transformer LV Side voltage

CT Ratio a.………………………     Transformer HV Side phase CT ratio

CT Ratio b.………………………     Transformer LV Side phase CT ratio

Kam,a……………………………     Winding “a” amplitude matching factor

Kam,b……………………………     Winding “b” amplitude matching factor
TRIPPING CHARACTERISTIC             
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a. LOW SET ELEMENT CURRENT SENSITIVITY TEST (Is1): 
Objective: To test threshold Is1:
Pick up Condition: Is1/2<= ibias
Test method: 

Inject balanced currents in all phases (one by one) 

Gradually increase currents till relay operation. Note down the value.

Calculation: For example Is1 = 0.27
Side a Pick up = Is1 / Kam,a = 0.27/1.372 = 0.196
Side b Pick up = Is1 /Kam,b =   0.27/1.372 = 0.196
Pick up Current Ia           =   0.196
Pick up Current Ib           =   0.196
Because of zero sequence filter ON (for single phase)

HV side   0.196 x 1.5 =   0.295
LV side   0.196 x 1.5 =   0.295
HV SIDE

	Phase
	Setting
	Expected
	Pickup (A)
	Timing (ms)

	R – E
	0.27
	0.295
	
	

	Y – E
	0.27
	0.295
	
	

	B – E
	0.27
	0.295
	
	

	RYB
	0.27
	0.196
	
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42
LV SIDE
	Phase
	Setting
	Expected
	Pickup (A)
	Timing (ms)

	R – E
	0.27
	0.295
	
	

	Y – E
	0.27
	0.295
	
	

	B – E
	0.27
	0.295
	
	

	RYB
	0.27
	0.196
	
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42
b. HIGH SET ELEMENT CURRENT SENSITIVITY TEST (Is-Hs1):
NOTE: INJECT ANY ONE SIDE WITH HARMONICS
HV SIDE
	Phase
	Setting
	Expected
	Pickup (A)
	Timing (ms)

	R – E
	5.5 pu
	6.01 A
	
	

	Y – E
	5.5 pu
	6.01 A
	
	

	B – E
	5.5 pu
	6.01 A
	
	

	R-Y-B
	5.5 pu
	4.0 A
	
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42
LV SIDE

	Phase
	Setting
	Expected
	Pickup (A)
	Timing (ms)

	R – E
	5.5 pu
	6.01 A
	
	

	Y – E
	5.5 pu
	6.01 A
	
	

	B – E
	5.5 pu
	6.01 A
	
	

	R-Y-B
	5.5 pu
	4.0 A
	
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42

c. HIGH SET ELEMENT CURRENT SENSITIVITY TEST (Is-Hs2):

NOTE: INJECT ONE SIDE IN NORMAL & OTHER SIDE HARMONICS, INCREASE THE HS1 SETTING.
HV SIDE

	Phase
	Setting
	Expected
	Pickup (A)
	Timing (ms)

	R – E
	15 pu
	16.4
	
	

	Y – E
	15 pu
	16.4
	
	

	B – E
	15 pu
	16.4
	
	

	R-Y-B
	15 pu
	10.93
	
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42

LV SIDE

	Phase
	Setting
	Expected
	Pickup (A)
	Timing (ms)

	R – E
	15 pu
	16.4
	
	

	Y – E
	15 pu
	16.4
	
	

	B – E
	15 pu
	16.4
	
	

	R-Y-B
	15 pu
	10.93
	
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 4
d. SLOPE K1 CHECK:

Objective: To check slope m1.

Test method: 

 Simulate differential and restraining currents such that they lie in the region over and under the curve. 

Restraining current:
                                            Ir = {(Ia * Kam,a) + (Ib * Kam,b) / 2 }

Differential current Id = (Ia * Kam,a) - (Ib * Kam,b)
Inject balanced currents in HV and LV windings. 

Gradually increase HV current & keep LV current constant till relay operation. Note down value.

Idiff=k1*Ibias
In our case,   i) K1 = 0.3, Is1= 0.27
 Please note that “Id” and “Ir” are derived by the relay after amplitude and vector group matching. Hence, we have to multiply injected currents by amplitude matching factors for calculation of “Id” and “Ir” , then we  substitute this value of “Ir” into characteristic equation, To find Theoretical value of Id.then compare with measure value of Id .
Setting: Slope:  0.3 ; IS1= 0.27 ; IS2= 2.0
Slope Condition: Is1/2 <= Ibias <= Is2  
	Ref
	HV CURRENT(A)
	LV CURRENT(A)
	Diff current(A)
	Bias Current(A)
	Slope

	
	
	
	Relay display
	calculated
	Relay display
	calculated
	

	R
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Y
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


e. SLOPE K2 CHECK:

Objective       : To check slope m2 and threshold Is2.

Test method:  Simulate differential and restraining currents such that they lie in this region over and under the curve

Gradually increase HV current & keep LV current constant till relay operation. Note down value.

Idiff = K2*Ibias + Is2(K1-K2)
In our case, i) K1 = 0.3, K2= 0.8, Is1 = 0.27, Is2 = 2.0                
Please note that “Id” and “Ir” are derived by the relay after amplitude and vector group matching. Hence, we have to multiply injected currents by amplitude matching factors for calculation of “Id” and “Ir”, then we substitute this value of “Ir” into characteristic equation, To find Theoretical value of Id, then compare with measure value of Id.
	Ref
	HV CURRENT(A)
	LV CURRENT(A)
	Diff current(A)
	Bias Current(A)
	Slope

	
	
	
	Relay display
	calculated
	Relay display
	calculated
	

	R
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Y
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


% Slope=(Id2-Id1)/ (Ir2-Ir1) X100

f. Diff 2nd HARMONIC RESTRAIN TEST(Setting= 15%)
	Phase
	HV Current(A) @ 60Hz
	LV current (A) @120Hz
	Expected (A)
	Actual (A)
	Relay condition

	R
	
	
	
	
	

	Y
	
	
	
	
	

	B
	
	
	
	
	


Deviation: +/-10% Manual P63x/EN tTD/A32 – Technical data – Page no. 42
g. Diff 5th HARMONIC RESTRAIN TEST(Setting= 25%)
	Phase
	HV Current(A) @ 60Hz
	LV current (A) @300Hz
	Expected (A)
	Actual (A)
	Relay condition

	R
	
	
	
	
	

	Y
	
	
	
	
	

	B
	
	
	
	
	


Deviation: +/-10% Manual P64x/EN M/Aq6 – Technical data – Page no. 42
h. CROSS BLOCKING:  
· All Phase Checked ok.
7. RESTRICTED EARTH FAULT PROTECTION:
NOTE: 
REF protection is also following the same characteristic equation as like the differential function if only when you set low impedance it is applicable. And here we are introduce the scaling factor  

                   Scaling factor = Neutral CTR/ Line CTR
Minimum pick up current of REF is 

                     I= Is1/Scaling factor.

a. HV SIDE LOW SET ELEMENT CURRENT SENSITIVITY TEST (Is1):
Objective: To test threshold Is1:

Test method: 

Inject balanced currents in all phases (one by one) 

Gradually increase currents till relay operation. Note down the value.

Calculation: For example Is1 = 0.1
Side a Pick up = Is1 / scaling factor =   0.150/1.0=0.150 A

Side b Pick up = Is1 /scaling factor =   0.150/1.0=0.150 A
 Pick up Current Ib = 0.150 A
 PICKUP TEST                 
	Side
	Set Is1

( A )
	Calculated

Pick up Current
( A )
	Measured Current ( A )

	
	
	
	R Phase
	Y Phase
	B Phase

	A
HV
	0.15
	0.150
	
	
	

	HV NCT
	0.15
	0.150
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42

TIMING TEST

	Side
	Set Is1

( A )
	Measured Time ( ms )

	
	
	R Phase
	Y Phase
	B Phase

	HV
	0.15
	
	
	

	HV NCT
	0.15
	


Setting: K1 =0 ; IS1= 0.10
b.  REF IN HV SIDE SLPE K1 TEST:
	Ref
	HV PH CURRENT(A)
	NUET CURRENT(A)
	Diff current(A)
	Bias Current(A)
	% Slope

	
	
	
	Relay display
	calculated
	Relay display
	calculated
	

	1
	0.10
	
	
	
	
	
	0

	2
	0.13
	
	
	
	
	
	


% Slope= (Id2-Id1)/(Ir2-Ir1) X 100
c. REF IN HV SIDE SLPE K2 TEST:
Setting: K2= 150% ; IS2=1.0
	Ref
	HV PHASE CURRENT(A)
	NEUTRAL CURRENT(A)
	Diff current(A)
	Bias Current(A)
	Slope

	
	
	
	Relay display
	calculated
	Relay display
	calculated
	

	R
	1.0
	
	
	
	
	
	

	
	1.30
	
	
	
	
	
	


% Slope=(Id2-Id1)/ (Ir2-Ir1) X100

d. LV SIDE LOW SET ELEMENT CURRENT SENSITIVITY TEST (Is1):
 PICKUP TEST                 

	Side
	Set Is1

( A )
	Calculated

Pick up Current

( A )
	Measured Current ( A )

	
	
	
	R Phase
	Y Phase
	B Phase

	A

HV
	0.11
	0.11
	
	
	

	HV NCT
	0.11
	0.11
	


Deviation: +/-5% Manual P64x/EN TD/A32 – Technical data – Page no. 42

TIMING TEST

	Side
	Set Is1

( A )
	Measured Time ( ms )

	
	
	R Phase
	Y Phase
	B Phase

	HV
	0.11
	
	
	

	HV NCT
	0.11
	


e.   REF IN LV SIDE SLPE K1 TEST:( Setting: K1 =0 ; IS1= 0.1)
	Ref
	LV PHASE CURRENT(A)
	NEUTRAL CURRENT(A)
	Diff current(A)
	Bias Current(A)
	Slope

	
	
	
	Relay display
	calculated
	Relay display
	calculated
	

	R
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


% Slope=(Id2-Id1)/ (Ir2-Ir1) X100

f. REF IN LV SIDE SLPE K2 TEST:(Setting: K2= 150% ; IS2=      )
	Ref
	LV PHASE CURRENT(A)
	NEUTRAL CURRENT(A)
	Diff current(A)
	Bias Current(A)
	Slope

	
	
	
	Relay display
	calculated
	Relay display
	calculated
	

	R
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


% Slope=(Id2-Id1)/ (Ir2-Ir1) X100

8. PHASE TIME INVERSE OVER CURRENT PROTECTION TEST:
HV SIDE
	        PHASE
	SETTING (A)
	PICK UP (A)
	DROP OFF (A)

	A
	1.0
	
	

	B
	
	
	

	C
	
	
	


            Set K Value = 0.275 ;  CURVE= NI
	Curve
	Set

Current ( A )
	Injected Current

( A )
	Operating Time ( sec )
	Limit ( As Per Curve ) (sec)

	
	
	
	R Phase
	Y Phase
	B Phase
	

	SI
	1.0
	2.0
	
	
	
	 2.75+/-5%   


Deviation: +/-5%   Manual P64x/EN TD/A32 – Technical data – Page no. 42
LV SIDE
	        PHASE
	SETTING (A)
	PICK UP (A)
	DROP OFF (A)

	A
	1.0
	
	

	B
	
	
	

	C
	
	
	



Set K Value = 0.25  ;  CURVE= NI
	Curve
	Set

Current ( A )
	Injected Current

( A )
	Operating Time ( sec )
	Limit ( As Per Curve ) (sec)

	
	
	
	R Phase
	Y Phase
	B Phase
	

	SI
	1.0
	2.0
	
	
	
	2.50+/-5%   


Deviation: +/-5%   Manual P64x/EN TD/A32 – Technical data – Page no. 42
9. EARTH FAULT TIME INVERSE PROTECTION TEST:
HV SIDE
	        PHASE
	SETTING (A)
	PICK UP (A)
	DROP OFF (A)

	N
	0.22
	
	


            Set K Value = 0.25
	Curve
	Set

Current ( A )
	Injected Current

( A )
	Operating Time ( sec )
	Limit ( As Per Curve ) (sec)

	SI
	0.22
	0.44
	
	2.5 +/-5%   


Deviation: +/-5%   Manual P64x/EN TD/A32 – Technical data – Page no. 42

LV SIDE
	        PHASE
	SETTING (A)
	PICK UP (A)
	DROP OFF (A)

	N
	0.18
	
	



Set K Value = 0.25
	Curve
	Set

Current ( A )
	Injected Current

( A )
	Operating Time ( sec )
	Limit ( As Per Curve ) (sec)

	SI
	0.18
	0.36
	
	2.5 +/-5%   


Deviation: +/-5%   Manual P64x/EN TD/A32 – Technical data – Page no. 42
10. STANDBY EARTH FAULT PROTECTION TEST:
Set TMS = 0.12 ; PRI= 120 A ; CTR=1000/1 A; SEC= 0.12
	CURVE
	SET CURRENT
	INJECTED CURRENT
	MEASURED TIME (sec)
	LIMIT (AS PER CURVE) (sec)

	LTI
	0.12
	0.24
	
	18.0 +/-5%


11. NEUTRAL CURRENT ALARM PROTECTION(51NA) :

Setting: PRI= 80 A, CTR=1000/1 A; SEC= 0.08 A
	SETTING
	PICKUP (A)
	DROPOFF (A)
	Exp. TIME (s)
	ACTUAL TIME (s)

	0.08
	
	
	
	


12. CB FAIL FUNCTION CHECK:

Simulate CBF initiation simultaneously with fault condition and check CBF trip and Timing.

	Fault Type
	Check CBF Inti.On Relay
	CBF-2 Set Time
	Measured  Time

	External Initiation
	
	
	


13. UNDER FREQUENCY ELEMENT TEST:

PICK UP TEST:
	Stages
	Set

Frequency

( Hz )
	Applied Voltage

( V )
	Measured Frequency (Hz)

	
	
	
	Pick up
	Drop off

	F˂1
	
	
	
	

	F˂2
	
	
	
	

	F˂3
	
	
	
	

	F˂4
	
	
	
	


Deviation: +/-0.01Hz Manual P64x/EN TD/A32 – Technical data – Page no. 43

 TIMING TEST:

	Stages
	Set

Frequency

( Hz )
	Applied Voltage

( V )
	Set time

(sec)
	Measured Time (sec)

	F˂1
	
	
	
	

	F˂2
	
	
	
	

	F˂3
	
	
	
	

	F˂4
	
	
	
	


Operating time: ˂70mS   Manual P64x/EN TD/A32 – Technical data – Page no. 43

14. BINARY INPUT OPERATION CHECK: 

	Input No.
	Terminal No.
	Active
	Function Assigned
	Remarks

	
	( + )
	( - )
	
	
	

	OPTO 1
	D2
	D1
	High
	
	

	OPTO 2
	D4
	D3
	High
	
	

	OPTO 3
	D6
	D5
	High
	
	

	OPTO 4
	D8
	D7
	High
	
	

	OPTO 5
	D10
	D9
	High
	
	

	OPTO 6
	D12
	D11
	High
	
	

	OPTO 7
	D14
	D13
	High
	
	

	OPTO 8
	D16
	D15
	High
	
	

	OPTO 9
	F2
	F1
	High
	
	

	OPTO 10
	F4
	F3
	High
	
	

	OPTO 11
	F6
	F5
	High
	
	

	OPTO 12
	F8
	F7
	High
	
	

	OPTO 13
	F10
	F9
	High
	
	

	OPTO 14
	F12
	F11
	High
	
	

	OPTO 15
	F14
	F13
	High
	
	

	OPTO 16
	F16
	F15
	High
	
	

	OPTO 17
	B2
	B1
	High
	
	

	OPTO 18
	B4
	B3
	High
	
	

	OPTO 19
	B6
	B5
	High
	
	

	OPTO 20
	B8
	B7
	High
	
	

	OPTO 21
	B10
	B9
	High
	
	

	OPTO 22
	B12
	B11
	High
	
	

	OPTO 23
	B14
	B13
	High
	
	

	OPTO 24
	B16
	B15
	High
	
	


15. BINARY OUTPUT CONTACT CHECK: 

	Output No.
	Terminal No.
	Type
	Function Assigned
	OUTPUT Checked

	RL1
	H1-H2
	NO
	
	

	RL2
	H3-H4
	NO
	
	

	RL3
	H5-H6
	NO
	
	

	RL4
	H7-H8
	NO
	
	

	RL5
	H9-H10
	NO
	
	

	RL6
	H11-H12
	NO
	
	

	RL7
	H15-H13
	NC
	
	

	
	H15-H14
	NO
	
	

	RL8
	H18-H16
	NC
	
	

	
	H18-H17
	NO
	
	

	RL9
	G1-G2
	NO
	
	

	RL10
	G3-G4
	NO
	
	

	RL11
	G5-G6
	NO
	
	

	RL12
	G7-G8
	NO
	
	

	RL13
	G9-G10
	NO
	
	

	RL14
	G11-G12
	NO
	
	

	RL15
	G15-G13
	NC
	
	

	
	G15-G14
	NO
	
	

	RL16
	G18-G16
	NC
	
	

	
	G18-G17
	NO
	
	


16. FIXED LED INDICATIONS TEST:

	LED No.
	LED Label
	Colour
	Result

	LED 1
	Trip
	RED
	

	LED 2
	Alarm
	YELLOW
	

	LED 3
	Out of Service
	YELLOW
	

	LED 4
	Healthy
	GREEN
	


17. LED INDICATIONS TEST: (LEFT SIDE LED)

	LED No.
	LED Label
	Colour
	Result

	LED 1
	DIFF TRIP
	RED
	

	LED 2
	R PH OPTD
	RED
	

	LED 3
	Y PH OPTD
	RED
	

	LED 4
	B PH OPTD
	RED
	

	LED 5
	HV REF OPTD
	RED
	

	LED 6
	LV REF OPTD
	RED
	

	LED 7
	O/C OPTD
	RED
	

	LED 8
	E/F OPTD
	RED
	


18. LED INDICATIONS TEST: (RIGHT SIDE FUNCTIONAL LED)

	LED No.
	LED Label
	Colour
	Result

	LED 1
	SBEF OPTD
	RED
	

	LED 2
	MECH PROT. OPTD
	RED
	

	LED 3
	CBF-2 OPTD
	RED
	

	LED 4
	CBF-2 INIT
	YELLOW
	

	LED 5
	SBEF ALARM
	YELLOW
	

	LED 6
	U/F STG-1 OPTD
	RED
	

	LED 7
	U/F STG-2 OPTD
	RED
	

	LED 8
	U/F STG-2 OPTD
	RED
	

	LED 9
	U/F STG-3 OPTD
	RED
	

	LED 10
	2nd HARMONIC BLOCK
	RED
	

	
	5th HARMONIC BLOCK
	GREEN
	


	TEST DATE:             TEST EQUIPMENT CALIB.DATE & DETAIL

	TESTING ENGINEER
	CSD- Engineer

	
	

	Signature: ________________
	Signature: ________________

	Name      : ________________
	Name      : ________________



