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Same Group Should Be
Considered for Each Line
and Transformer in BCR1

Same Group Should Be
Considered for Each Line
and Transformer in BCR2
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Considered for Each Line
and Transformer in BCRN

Feeder Prot. SUB2
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SIGNAL LIST FOR TRANSMISSION LINE

ALARM
EVENT
ITEM DESCRIPTION NON UEEEEITT L e
URGENT | RecORDER

1 CLOSE COMMAND TO DEVICE X
2 OPEN COMMAND TO DEVICE X
3 OPEN POSITION X
4 CLOSE POSITION X
5 LOCKOUT OPERATED X X
6 LOCKOUT RESET X
7 OPEN COMMAND FROM MIMIC X
8 CLOSE COMMAND FROM MIMIC X
9 CALL FROM MIMIC X
10 CALL CANCELED FROM MIMIC X
11 CBF STAGE-1 OPERATED X X
12 CB | CBF STAGE-Il OPERATED X X
13 SHORT ZONE OPERATED X X
14 POLE DISCORDANCE TRIP X X
15 TRIP CIRCUIT-I FAILURE X X
16 TRIP CIRCUIT-II FAILURE X X
17 SWITCHYARD L/R SW. IN LOCAL POSITION X X
18 MOTOR & HEATER SUPPLY FAILURE X X
19 MECHANISM CHARGE FAILURE X X
20 BLOCKED DUE TO LOSS of SF6 PRESSURE X X
21 SF6 PRESSURE LOW X X
22 AUTO/MANUAL SW. IN AUTO POSITION X
23 AUTO/MANUAL SW. IN MANUAL POSITION X
24 CLOSE COMMAND TO DEVICE X
25 OPEN COMMAND TO DEVICE X
26 OPEN POSITION X
27 CLOSE POSITION X
28 OPEN COMMAND FROM MIMIC X
29 | DS/ES | CLOSE COMMAND FROM MIMIC X
30 SWITCHYARD LOCAL/REMOTE SW. Position X X
31 MOTOR & HEATER SUPPLY FAILURE X X
32 MECHANISM CHARGE FAILURE X X
33 BLOCKED DUE TO LOSS of SF6 PRESSURE X X
34 SF6 PRESSURE LOW X X
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35 AUTO/MANUAL SW. IN AUTO POSITION X
36 AUTO/MANUAL SW. IN MANUAL POSITION X
37 ey |BCURELAY FAULTY X X
38 BCU DC SUPPLY FAILURE X X
SIGNAL LIST FOR TRANSMISSION LINE- PROTECTIONS
ALARM
EVENT
ITEM DESCRIPTION NON UEAG\EE'I " recorER
URGENT | pecoRDER
1 DISTANCE PROTECTION TRIP, PHASE A X X
2 DISTANCE PROTECTION TRIP, PHASE B X X
3 DISTANCE PROTECTION TRIP, PHASE C X X
4 DISTANCE PROTECTION TRIP, 3 PHASE X X
5 DISTANCE PROTECTION TRIP -ZONE 1 X X
6 DISTANCE PROTECTION TRIP -ZONE 2 X X
7 DISTANCE PROTECTION TRIP -ZONE 3 X X
8 DIRECTIONAL EARTH FAULT TRIP X X
9 SSS :{ SWITCH ON TO FAULT TRIP X X
10 STUB PROTECTION TRIP X X
11 POWER SWING DETECTED X X
12 LINE CVT MCBs FAILURE X X
13 LINE CVT FUSE FAILURE X X
14 UNDER VOLTAGE TRIP X X
15 OVER VOLTAGE TRIP X X
16 PROTECTION RELAY FAULTY X X
17 PROTECTION RELAY SUPPLY FAILURE X X
18 CHANNEL 1 DIST. CARRIER SEND (SUB-I) X X
19 CHANNEL 1 DIST. SIGNAL RECEIVE (SUB-I) X X
20 CHANNEL 1 CARRIER FAULTY X X
21 CHANNEL 2 DEF CARRIER SEND (SUB-I) X X
22 CHANNEL 2 DEF SIGNAL RECEIVE (SUB-I) X X
23 CHANNEL 2 CARRIER FAULTY X X
24 CHANNEL 3 DIST. CARRIER SEND (SUB-II) X X
25 pg | CHANNEL 3 DIST. SIGNAL RECEIVE (SUB-I1) X X
26 CHANNEL 3 CARRIER FAULTY X X
27 CHANNEL 4 DEF CARRIER SEND (SUB-I1) X X
28 CHANNEL 4 DEF SIGNAL RECEIVE (SUB-I1) X X
29 CHANNEL 4 CARRIER FAULTY X X
30 CHANAL 5 DTT CARRIER SEND X X
31 CHANAL 5 DTT RECEIVE X X
32 CHANNEL 5 CARRIER FAULTY X X
33 CHANAL 6 DTT CARRIER SEND X X
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34 CHANAL 6 DTT RECEIVE X X
35 CHANNEL 6 CARRIER FAULTY X X
36 PLC FAULTY X X
37 A/R IN PROGRESS X X
38 A/R CLOSE COMMAND X
39 AR | AIR BLOCKED X X
40 AJR UNSUCCESSFUL X X
41 AUTORECLOSER ON X

SIGNAL LIST FOR POWER TRANSFORMER
ALARM
EVENT
ITEM DESCRIPTION NON UFREEETT " recorER
URGENT | pecORDER
1 DIFFERENTIAL TRIP X X
2 REF(HV) TRIP X X
3 REF(LV) TRIP X X
4 OVER FLUX TRIP X X
5 OVER LOAD TRIP X X
6 UNDER VOLTAGE TRIP X X
7 HV SIDE O/C PROTECTION TRIP X X
8 HV SIDE NEUTRAL E/F PROTECTION TRIP X X
9 LV SIDE NEUTRAL E/F PROTECTION TRIP X X
10 TR BUCHHOLZ RELAY TRIP X X
11 TR PRESSURE RELIEF VALVE TRIP X X
12 HV WINDING TEMPERATURE HIGH TRIP X X
13 LV WINDING TEMPERATURE HIGH TRIP X X
12| "ROT- (TR OIL TEMPERATURE HIGH TRIP X X
15 TR NON-RETURN VALVE TRIP X X
16 HV WINDING TEMPERATURE HIGH ALARM X X
17 LV WINDING TEMPERATURE HIGH ALARM X X
18 TR MAIN TANK OIL LEVEL ALARM X X
19 TR OIL TEMPERATURE HIGH ALARM X X
20 TR BUCHHOLZ RELAY ALARM X X
’1 TR BUCHHOLZ RELAY AIR DETECTOR N X
ALARM

22 PROTECTION RELAY FAULTY X X
23 PROTECTION RELAY SUPPLY FAILURE X X
24 GR/ | GRIAUX TR BUCHHOLZ TRIP X X
25 AUX | GR/AUX TR O/C PROTECTION TRIP X X
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26 GR/IAUX TR NEUTRAL E/F PROTECTION TRIP
”” GRIAUX TR OIL  TEMPERATURE N N
HIGH/PRESSURE RELIFE VALVE TRIP

) GRIAUX TR OIL TEMPERATURE HIGH b N

8 ALARM
29 GR/IAUX TR BUCHHOLZ ALARM X X
30 GR/IAUX TR PROTECTION RELAY FAULTY X
31 OLTC IN PROGRESS X
32 OLTC PRESSURE RELAY TRIP X X
33 OLTC MECHANICAL PROTECTION TRIP X X
34 OLTC OIL LEVEL ALARM X X
35 OLTC | oLTC PRESSURE RELIEF VALVE ALARM X X
36 OLTC MOTOR DRIVE SOURCE FAILURE X X
37 OLTC IN LOCAL POSITION X X
38 OLTC TAP CHANGER DELAYED ALARM X X
39 Tap | TAP CHANGER ERROR X X
40 CHAN. | TAP CHANGER IN PROGRESS X
M AVR PARALLEL INDICATION X
42 AVR IN REMOTE MODE X X
43 AVR IN LOCAL MODE X X
44 AVR LOWER COMMAND X
45 AVR | AVR RAISE COMMAND X
46 AVR IN AUTO MODE X X
47 AVR IN MANUAL MODE X X
48 AVR BLOCKED X X
49 AVR RELAY FAULTY/SUPPLY FAILURE X X
- TR COOLING SYSTEM FAN GROUP 1-2 N N

FAILURE

. TR COOLING SYSTEM FAN GROUP 3-4 N N
5 FAILURE

, TR MCBs FAILURE (FAN CONTROL, N N
5 COOL- | HEATING, LIGHTING)
53 ING IR FAN GROUP 1-2 (ON) X
54 TR FAN GROUP 1-2 (OFF) X
55 TR FAN GROUP 3-4 (ON) X
56 TR FAN GROUP 3-4 (OFF) X
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57 TR FAN CONTROL MANUAL
58 TR MOTOR DRIVE SUPPLY FAILURE X
SIGNAL LIST FOR TRANS. INCOMMING
ALARM
EVENT
ITEM DESCRIPTION NON UEEEETT ' recorER
URGENT | RecoRDER
1 CLOSE COMMAND TO DEVICE X
2 OPEN COMMAND TO DEVICE X
3 OPEN POSITION X
4 CLOSE POSITION X
5 LOCKOUT OPERATED X X
6 LOCKOUT RESET X
7 CBF STAGE-1 OPERATED X X
8 CBF STAGE -1l OPERATED X X
9 SHORT ZONE OPERATED X X
10 “® [ TRIP CIRCUIT-I FAILURE X X
11 TRIP CIRCUIT -1l FAILURE X X
12 CB L/R SWITCH IN LOCAL POSITION X X
13 MOTOR & HEATER SUPPLY FAILURE X X
14 MECHANISM CHARGE FAILURE X X
15 SF6 PRESSURE LOW (STAGEL1) X X
16 SF6 PRESSURE LOW (STAGE?) X X
17 L /R SCADA SW. IN LOCAL POSITION X
18 L/R SCADA SW. IN REMOTE POSITION X
19 CLOSE COMMAND TO DEVICE X
20 OPEN COMMAND TO DEVICE X
21 | DS/ES | OPEN POSITION X
22 CLOSE POSITION X
23 DS/ES MOTOR & HEATER SUPPLY FAILURE X X
SIGNAL LIST FOR BUSCOUPLER
ALARM
EVENT
ITEM DESCRIPTION NON UEELEJETT/ PECORbEE
URGENT | pECORDER
1 O/C PROTECTION TRIP X
2 E/F PROTECTION TRIP X
3 | PROT. | CBF STAGE | OPERATED X
4 CBF STAGE |l OPERATED X
5 SHORT ZONE OPERATED X X
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6 CB LOCKOUT RELAY OPERATED X
7 CB LOCKOUT RESET X
8 TRIP CIRCUIT FAILURE X
9 PROTECTIVE RELAY INOPERATIVE
10 PROTECTIVE RELAY DC SUPPLY FAILURE
11 CLOSE COMMAND TO DEVICE
12 OPEN COMMAND TO DEVICE
13 OPEN POSITION
14 B ICLosE PosITION
15 CB L/R SWITCH IN LOCAL POSITION
16 MOTOR & HEATER SUPPLY FAILURE X X
17 SF6 PRESSURE LOW (STAGEL)
18 SF6 PRESSURE LOW (STAGE2)
o LOCAL / REMOTE SCADA SW. IN LOCAL
POSITION
20 LOCAL / REMOTE SCADA SW. IN REMOTE
POSITION
21 CLOSE COMMAND TO DEVICE X
22 OPEN COMMAND TO DEVICE X
23 | DS/ES | OPEN POSITION X
24 CLOSE POSITION X
25 MOTOR & HEATER SUPPLY FAILURE X X
SIGNAL LIST FOR GENERAL ITEMS
ALARM
EVENT
ITEM DESCRIPTION NON UE}SSETT/ RECORDER
URGENT | pECORDER
1 AC DISTRIBUTION PANEL MCBs TRIP X
2 OUTGOING TRIP X
3 INCOMING 1 CB TRIP X
4 INCOMING 2 CB TRIP X
5 INCOMING 1 CB OPEN POSITION X
6 INCOMING 1 CB CLOSE POSITION X
7 INCOMING 2 CB OPEN POSITION X
8 I,i/l\'/AAIE INCOMING 2 CB CLOSE POSITION X
9 INCOMING 1 CB OPEN COMMAND X
10 INCOMING 1 CB CLOSE COMMAND X
11 INCOMING 2 CB OPEN COMMAND X
12 INCOMING 2 CB CLOSE COMMAND X
13 LVAC/DCS SWITCH IN LVAC POSITION X
14 LVAC/DCS SWITCH IN DCS POSITION X
15 AUTO/MANUAL. SW. IN AUTO POSITION X
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16 AUTO/MANUAL. SW. IN MANUAL POSITION X
17 T111/T112 SWITCH IN T111 POSITION X
18 T111/ T112 SWITCH IN T112 POSITION X
19 LVAC CONTROL & MOTOR SUPPLY FAILURE X
20 INCOMING 1 CB OPEN COMMAND X
21 INCOMING 1 CB CLOSE COMMAND X
22 INCOMING 2 CB OPEN COMMAND X
23 INCOMING 2 CB CLOSE COMMAND X
24 SUB 1 DC SYSTEM MCBs TRIP X
25 SUB 2 DC SYSTEM MCBs TRIP X
26 SUB 1 DC SYSTEM U/V OR E/F OPERATED X
27 SUB 2 DC SYSTEM U/V OR E/F OPERATED X
28 BATTERY NO.1 VOLTAGE HIGH/LOW X
29 BATTERY NO.2 VOLTAGE HIGH/LOW X
30 BATTERY CHARGER No.1 TROUBLE X
31 BATTERY CHARGER No.2 TROUBLE X
32 SUB 1 DISTRIBUTION PANEL MCBs TRIP X
33 SUB 2 DISTRIBUTION PANEL MCBs TRIP X
34 110- | SUB 1 INCOMING CB TRIP X
35 VDC | SUB 2 INCOMING CB TRIP X
36 CONTROL & MOTOR DC SUPPLY FAILURE X
37 110 VDC -Q01 CB CLOSE POSITION X
38 110 VDC -Q01 CB OPEN POSITION X
39 111 VDC -Q02 CB CLOSE POSITION X
40 111 VDC -Q02 CB OPEN POSITION X
41 112 VDC -Q03 CB CLOSE POSITION X
42 112 VDC -Q03 CB OPEN POSITION X
43 LVDC/DCS SWITCH IN LVDC POSITION X
44 LVDC/DCS SWITCH IN DCS POSITION X
45 AUTO/MANUAL SW. IN AUTO POSITION X
46 AUTO/MANUAL SW. IN MANUAL POSITION X
47 110 VDC BUS COUPLER CB TRIP X
48 MAIN LVDC BUS COUPLER CB OPEN CMD X
49 MAIN LVDC BUS COUPLER CB CLOSE CMD X
50 INVERTER OUGOING MCBs TRIP X
51 INVERTER BUSBAR U/V OPERATED X
52 INVERTER NO.1 FAIL X
53 INVE- | INVERTER NO.2 FAIL X
54 RTER | Q01 SWITCH IN INVERTER 1 POSITION X
55 Q01 SWITCH IN INVERTER 2 POSITION X
56 Q02 SWITCH IN INVERTER 1 POSITION X
57 Q02 SWITCH IN INVERTER 2 POSITION X
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58 48 VDC BATTERY CHARGER No.1 TROUBLE X
59 48 VDC BATTERY CHARGER No.2 TROUBLE X
60 48 VDC BB1 MCBs TRIP X
61 48 VDC BB2 MCBs TRIP X
62 48 VDC SUB 1 U/V OPERATED X
63 48- 48 VDC SUB 2 U/V OPERATED X
64 VDC | 48 VDC BATTERY NO.1 VOLTAGE HIGH/LOW X
65 48 VDC BATTERY NO.2 VOLTAGE HIGH/LOW X
66 S01 SWITCH IN CHARGER 1 POSITION X
67 S01 SWITCH IN CHARGER 2 POSITION X
68 S02 SWITCH IN CHARGER 1 POSITION X
69 S02 SWITCH IN CHARGER 2 POSITION X
70 GPS SUPPLY FAULTY X
71 AC SUPPLY FAULTY X
SIGNAL LIST FOR ALARM UNIT
ALARM EVEN
ITEM DESCRIPTION NON URGE T
URGENT NT /FAULT | RECORDER
RECORDER
1 MAIN LVAC OUTGOING TRIP X
2 AC DISTRIBUTION PANEL MCBs TRIP X
3 MAIN LVAC INCOMING 1 TRIP X
4 MAIN LVAC INCOMING 2 TRIP X
5 LVAC CONTROL & MOTOR DC SUPPLY FAILURE X
6 110 VDC SUB 1 DC SYSTEM MCBs TRIP X
7 110 VDC SUB 2 DC SYSTEM MCBs TRIP X
8 110 VDC SUB 1 DC U/V OR E/F OPERATED X
9 110 VDC SUB 2 DC U/V OR E/F OPERATED X
10 110 VDC BATTERY NO.1 VOLTAGE HIGH/LOW X
11 110 VDC BATTERY NO.2 VOLTAGE HIGH/LOW X
12 110 VDC BATTERY CHARGER NO.1 TROUBLE X
13 110 VDC BATTERY CHARGER NO.2 TROUBLE X
14 110 VDC SUB 1 DISTRIBUTION PANEL MCBs TRIP X
15 110 VDC SUB 2 DISTRIBUTION PANEL MCBsTRIP X
16 110 VDC SUB 1 INCOMING CB TRIP X
17 110 VDC SUB 2 INCOMING CB TRIP X
18 110 VDC CONTROL & MOTOR DC SUPPLY FAILURE X
19 110 VDC BUS COUPLER CB TRIP X
20 INVERTER OUTGOING MCBs TRIP X
21 INVERTER BUSBAR U/V OPERATED X
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29 STAR COUPLER NO.1 MAIN DC SUPPLY FAILURE OR X X
MAIN SUPPLY SUPERVISION

23 STARCOUPLER NO.1 BACKUP SUPPLY SUPERVISION X X
OR BACKUP DC SUPPLY FAILURE

24 STAR COUPLER NO.2 MAIN DC SUPPLY FAILURE OR X X
MAIN SUPPLY SUPERVISION

o5 STARCOUPLER NO.2 BACKUP SUPPLY SUPERVISION X X
OR BACKUP DC SUPPLY FAILURE

2 STAR COUPLER NO.3 MAIN DC SUPPLY FAILURE OR X X
MAIN SUPPLY SUPERVISION

27 STARCOUPLER NO.3 BACKUP SUPPLY SUPERVISION X X
OR BACKUP DC SUPPLY FAILURE

28 COMMON BCU RELAY DC SUPPLY FAILURE OR X X
INTERNAL RELAY FAULTY

29 48 VDC BATTERY CHARGER No.1 TROUBLE X

30 48 VDC BATTERY CHARGER No.2 TROUBLE X

31 48 VDC BB1 MCBs TRIP X

32 48 VDC BB2 MCBs TRIP X

33 48 VDC SUB 1 U/V OPERATED X

34 48 VDC SUB 2 U/V OPERATED X

35 48 VDC BATTERY NO.1 VOLTAGE HIGH/LOW X

36 48 VDC BATTERY NO.2 VOLTAGE HIGH/LOW X
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1 — Master Element

2 — Time Delay Starting or Closing Relay

3 — Checking or Interlocking Relay

4 — Master Contactor

5 — Stopping

6 — Starting Circuit Breaker

7 — Rate of Change Relay

8 — Control Power Disconnecting Device

9 — Reversing Device

10 — Unit Sequence Switch

11 — Multi-function Device

12 — Overspeed Device

13 — Synchronous-speed Device

14 — Underspeed Device

15 — Speed — or Frequency, Matching Device

16 — Data Communications Device

17 — Shunting or Discharge Switch

18 — Accelerating or Decelerating Device

19 — Starting to Running Transition Contactor

20 — Electrically Operated Valve

21 — Distance Relay

22 — Equalizer Circuit Breaker

23 — Temperature Control Device

24 — Volts per Hertz Relay

25 — Synchronizing or Synchronism-Check Device

26 — Apparatus Thermal Device

27 — Undervoltage Relay

28 — Flame detector

29 — Isolating Contactor or Switch

30 — Annunciator Relay

31 — Separate Excitation

32 — Directional Power Relay or Reverse Power Relay

33 — Position Switch34 — Master Sequence Device
YA
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34— Master Sequence Device

35 — Brush-Operating or Slip-Ring Short-Circuiting Device
36 — Polarity or Polarizing VVoltage Devices

37 — Undercurrent or Underpower Relay

38 — Bearing Protective Device

39 — Mechanical Condition Monitor

40 — Field (over/under excitation) Relay

41 — Field Circuit Breaker

42 — Running Circuit Breaker

43 — Manual Transfer or Selector Device

44 — Unit Sequence Starting Relay

45 — Abnormal Atmospheric Condition Monitor
46 — Reverse-phase or Phase-Balance Current Relay
47 — Phase-Sequence or Phase-Balance Voltage Relay
48 — Incomplete Sequence Relay

49 — Machine or Transformer, Thermal Relay
50 — Instantaneous Overcurrent Relay

51 — AC Inverse Time Overcurrent Relay

52 — AC Circuit Breaker

53 — Exciter or DC Generator Relay

54 — Turning Gear Engaging Device

55 — Power Factor Relay

56 — Field Application Relay

57 — Short-Circuiting or Grounding Device

58 — Rectification Failure Relay

59 — Overvoltage Relay

60 — Voltage or Current Balance Relay

61 — Density Switch or Sensor

62 — Time-Delay Stopping or Opening Relay
63 — Pressure Switch

64 — Ground Detector Relay

65 — Governor

66 — Notching or Jogging Device

67 — AC Directional Overcurrent Relay

68 — Blocking Relay

69 — Permissive Control Device

70 — Rheostat

71 — Liquid Level Switch
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72 — DC Circuit Breaker

73 — Load-Resistor Contactor

74 — Alarm Relay

75 — Position Changing Mechanism

76 — DC QOvercurrent Relay

77 — Telemetering Device

78 — Phase-Angle Measuring Relay or "Out-of-Step” Relay
79 — AC Reclosing Relay

80 — Flow Switch

81 — Frequency Relay

82 — DC Reclosing Relay

83 — Automatic Selective Control or Transfer Relay
84 — Operating Mechanism

85 — Communications, Carrier or Pilot-Wire Relay
86 — Lockout Relay

87 — Differential Protective Relay

88 — Auxiliary Motor or Motor Generator

89 — Line Switch

90 — Regulating Device

91 — Voltage Directional Relay

92 — Voltage and Power Directional Relay

93 — Field Changing Contactor

94 — Tripping or Trip-Free Relay

95 — Used only specific applications

96 — Used only specific applications

97 — Used only specific applications

98 — Used only specific applications

99 — Used only specific applications
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[3] IEEE std. C37.113, IEEE guide for protective relay applications to transmission lines, 1999
[4] IEEE std. C37.91, IEEE guide for protecting power transformers, 2008

[5] IEEE std. C37.99, IEEE guide for the protection of shunt capacitor banks, 2012

[6] IEEE std. 643, IEEE guide for power-line carrier applications, 2004

[7] Extensive studies and enhancement of Iranian HV power system, Section report on protection
coordination, revision A, SIEMENS, 03/04/2009

[8] Gerhard Ziegler, "Numerical Distance Protection™, Second edition, Siemens, 2005
[9] Gerhard Ziegler, "Numerical Differential Protection”, Siemens, 2005

[10] Communications and Data Synchronization for Line Current Differential Schemes,
Schweitzer Engineering Laboratories, Inc., 2011

[11] IEEE std. C37.2, IEEE standard for electrical power system device function numbers,
acronyms and contact designations, 2008
Casj«;f L(’j»w @mﬂﬂ L;:.EDJ 0‘9; cCJ).L; Lsu)}:tﬁ)}.d.m;b: (:}Mr @-”'W éﬂ.‘? LSL&CJ@LQ;— M‘)jﬁw) [\Y]
\Y’\/\‘ OLA <S> ‘L§)|>ﬁ°J€'f 39 &‘%MJ CA}L&A nJ:."};

3 8 M 5 S (b GlaelS i lags SL eSS W Al glanl ~ b Jeall) ses VY]
Wl Bl oS5 Al

[14] NERC Technical Reference Document on Power Plant and Transmission System Protection
Coordination, July 2010.

[15] IEEE standard C37.102, 2006, IEEE Guide for AC Generator Protection.

[16] Network Protection and Automation Guide, Areva, 2005.

[17] Donald Reimert, Protective Relaying for Power Generation Systems,2006.

[18] Instrument transformers- Part 1: General requirements, IEC Standard 61869-1, 2007.

[19] Instrument transformers- Part2: Additional requirements for current transformers, IEC
Standard 61869-2, 2012.

[20] Specification for Current Transformers, BS Standard 3938, 1982.
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[21] IEEE Standard requirements for instrument transformers, IEEE standard C57.13, 1993.

[22] [24] IEC std. 60076-7, Transformers—Part P. 7: loading guide for oil-immersed power
transformers, 2005.

[23] [25] CIGRE 329, Guidelines for Specification and Evaluation of substation Automation
Systems.” CIGRE Study Committee B (5.18), 2007.

[24] [26] IEEE std. 2030.100, IEEE Recommended Practice for Implementing an IEC 61850-
Based Substation Communications, Protection, Monitoring, and Control System, 2017.
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