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Power Transformer Protection

1. Protection Philosophies
Overvoltage Protection

3. Overcurrent and Thermal Protection
Transformer Damage Curve
Fuse Protection

Overcurrent Relay Protection
Differential Protection

Thermal Protection

. Gas Pressure

4. Monitoring and On-Line Diagnostics
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Power Transformer Protection
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Transformer Protection Philosophies

1. Reasons to provide transformer protection
a. Detect and Isolate Faulty Equipment

Maintain System Stability

Limit Damage

Minimize Fire Risk

Minimize Risk to Personnel

© Q00U

2. Factors Affecting Transformer Protection

a. Cost of Repair
Cost of Down Time
Affects on the Rest of the System
Potential to Damage Adjacent Equipment
Length of Time to Repair or Replace
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Transformer Protection Philosophies

3. Basic Tenets of Protection

a. Speed

b. Sensitivity
c. Reliability
d. Security

4. Applicable Standards

a. (C57.12.00 — IEEE Standard General Requirements for Liquid-Immersed
Distribution, Power, and Regulating Transformers

b. C57.12.80 - IEEE Standard Terminology for Power and Distribution
Transformers

c. C57.109 - IEEE Guide for Liquid-Immersed Transformer Through-Fault-
Current Duration

d. C37.91 — IEEE Guide for Protecting Power Transformers

e. (€62.22 — IEEE Guide for the Application of Metal-Oxide Surge Arresters for
Alternating-Current Systems
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Transformer Overvoltage Protection

Types of Over Voltages

1. Temporary

a.
b.
C.

Power Frequency

Relatively Long Duration (seconds to hours)
Attributable to Ground Faults, Load Rejection, Low
Frequency Resonance

2. Transient

a.
b.
C.

Fast Rate of Rise

Short Duration (microseconds to milliseconds)
Attributable to Lightning, Switching, Flashover and
Restrike Phenomena
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Transformer Overvoltage Protection

Considerations for Overvoltage Protection

Temporary Overvoltage Levels and Duration
Equipment BIL
System Grounding

PES Boston Chapter Transformer Seminar




Transformer Overcurrent Protection
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Transformer Overvoltage Protection

Equipment Overvoltage Withstand Ratings

Table 8 — High-voltage winding insulation levels of three-phase transformers

Basic Impulse Insulation Level (kV)
High-Voltage Ratings Distribution Power

(V) Transformers Transformers
2400 45 60
4 160 60 75
4 800 60 75
6 900 75 95
7 200 75 95
12 000 95 110
13 200 95 110
13 800 95 110
23 000 125 150
34 500 150 200
46 000 - 250
69 000 - 350
115 000 - 450
138 000 - 550
161 000 - 650
230 000 - 750
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Transformer Overvoltage Protection

Gapless Metal Oxide Arrester Characteristics

Table 2a Polvmer Station Anester Characteristics
8/20 us Maxmum Dhscharge Voltage - kVerest
Rated 0.5 usec 10 | Swiiching Surge
Voltage | MCOV | kA Max | Maximum

PROTECTIVE LEVEL B Vs | kKVims | IR-KVerest | TR-kVerest! | 15kA | 3kA | SkA | 10kA | 20kA | 40kA

N 3 255 84 6.0 6.4 6.7 71 76 8.4 96

P e mm—m—m—————— — ;71/ 6 5.10 16.7 119 128 | 135 | 141 | 152 | 168 | 191

| 9 7.65 25.0 17.8 192 | 202 | 211 | 227 | 251 | 283

w | 10 8.40 278 19.8 214 | 225 | 235 | 253 | 280 | 318
5] : 12 10.2 333 237 256 | 269 | 281 | 303 | 335 | 381
= | 15 12.7 417 29.7 320 | 337 | 352 | 379 | 420 | 476
O | 18 153 50.1 356 384 | 404 | 423 | 455 | s00 | 572
g ----------------- 4 21 17.0 56.3 401 432 | 455 | 476 | 512 | 567 | 644
s | 24 195 63.9 455 491 | 516 | 540 | s81 | 643 | 730
w ! | 27 220 72.9 519 560 | 589 | 616 | 663 | 734 | 833
B ! MCOV ! 30 244 80.4 572 617 | 649 | 679 | 731 | 809 | o919
o : : 36 29.0 95.9 683 736 | 774 | 810 | 872 | 965 | 1096
& : ; 39 315 104.2 742 800 | 841 | 880 | 947 | 1048 | 1190
< : ’ 45 365 120.9 86.1 928 | 976 | 1021 | 1099 | 121.7 | 1381
: | 48 39.0 128.7 9156 988 | 1039 | 1087 | 1170 | 1295 | 1471
, \ s4 | 420 144.4 102.8 1109 | 1166 | 1220 | 1313 | 1453 | 165.0
, | 60 | 480 163.5 116 4 1255 | 1320 | 1380 | 1486 | 1645 | 1868
. - 66 53.0 179.9 128.0 1381 | 1452 | 1518 | 1635 | 181.0 | 2055
mA L, CURRENT KA 72 57.0 1918 136.6 1473 | 1549 | 1620 | 1744 | 1931 | 2192
90 70.0 2418 172.1 1856 | 1952 | 2042 | 2198 | 2433 | 2763
(b) 96 76.0 257 4 1832 1976 | 2078 | 2174 | 2340 | 2590 | 2941
108 | 840 288.9 205.6 2218 | 2332 | 2440 | 2626 | 2907 | 3301
120 | 980 326.9 2413 2510 | 2639 | 276.1 | 2972 | 3290 | 3736
132 | 106.0 362.7 267.7 2785 | 2928 | 3063 | 3297 | 3650 | 4144
144 | 1150 386.1 285.0 2065 | 3117 | 3261 | 3510 | 3886 | 4412
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Transformer Overvoltage Protection
E GENERALGDELECTRIC o

, TRANSFORMER
NO. CLASS OA/FA/FCA THREE PHASE 60 HERTZ 0)

CAUTXONl INSTRUCTION BOOK INSIDE BOX
+ BEFORE INSTALLING OR OPERATING READ INSTRUCTIONS

VOLTAGE RATING 115000-13800Y/7970

KVA RATING 33000 CONT INUCUS 65 C RISE SELF COOLED 4
KVA RATING 44000 CONT INUOUS 65 C RISE FORCED AIR P.D. NO. 497501
KVA RATING S5000 CONT INUOUS 65 C RISE FORCED OIL-~AIR

IMPEDANCE VOLTS % 1 15000~ 13800Y YOLTS AT 33C00KVA
s \E'r‘/\hiﬂ'ﬂgm6 f%'"i?"f:,, AT T AP AT LV WINDING CONNECTION
VOLTS | CHANGER | 33000 | 44000 | sS000 AuP AMP AWP. .
POS KVA KVA KVA YOLTS | 33000 KVA | 44000 KVA | 55000 KVA
120000 1K 159 213 265 13800 1380 1840 2300
117500 2 162 216 270
115000 3 166 221 275
112500 4 169 225 282 : '
110000 5 173 231 289 ew {80y N2 y X2
FOR STEP DOWN OPERATION - Hy_Hz Ha | 450 HlAHB ! X %o
. Xo Xj X2 X3] 110 r
APPROXIMATE WEIGHTS IN POUNDS ALL WINDTNGS EOPPER . VECTOR O1AGRAM
TOTAL 165100 *
UNTANK ING 86200
TANK AND FITTINGS 33300 -
MAIN TANK TYPE 1| OlL 6120 GAL . 45600
LIOUID LEVEL CHANGES 1.1 INCH PER 10 C CHANGE IN LIGUID
TEMPERATURE ,

LIQUIO LEVEL BELOW TOP SURFACE OF THE HIGHEST PO!NT OF
MANHOLE FLANGE AT 25 C IS 12.1 INCHES.

MAXIMUM CPERATING PRESSURE OF LIQUID PRESERVATION
SYSTEM 7.5 POUNDS POSITIVE TO §.0 POUNDS NEGATIVE.
TANK SUITABLE FOR 14.7 POUNDS VACUUM FILLING, !

CT-A 1S FOR WUSE WITH WINDING TENPERATURE EourPueur. DATE OF MANUFACTURE

€1's 1,2,3,5,6,7,9,10,11 ARE 1200/5 AWP.

CACC CLASS 10CB00). SOUND LEVEL GUARANTEED

CT'S 21,22,23 ARE 3000/5 AMP, CMETERING ACC. 0.3B1.8). OA : 61 DB

c1's 25,26,27,29,30,31 ARE 3000/5 AMP, FA : 65 0B
et o FOA : 66 DB
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Transformer Overvoltage Protection

Transformer Primary Rated Line to Ground Voltage:

LKV _66.4kv

V3

Transformer Secondary Rated Line to Ground Voltage:

13.8kV

NE!

=7.97kV

However — Note that the secondary neutral is reactor grounded
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Transformer Overvoltage Protection

Tahble 1 Typical Arrester Batings for System Vobtages
Arrester Rarng (kV) Amester Rating (kV)
Momina] Syiem Gromnded Hizh Inpedance HNommal System Gromded Hizh Inpedance
L-L Velaze | Meoral Cicuie | Gromded, Ungromnded, | L-L Wekape | Meomal Cirosts | Gromded, Ungroumded,
&V ar Temporariy (V) ar v
Uneroumded Unsronmded
14 23 id & 34 -
6l -
414 340 -- -- ]
43 43 73
5.1 115 20 I _ -
48 43 -- -
51 5.1 108 108
- 6.0 -- 120
138 108 -
6.4 4.0 -- 120 -
- 13 -- 132
25 - 124
1147 a0 -- 161 120 -
14 -- 132 -
- 3 124 124
5 -- 1458
131138 14 -- 230 172 -
ﬁ 12 - 180 -~
- 15 192 -
-- 13 -- 218
QI IE - 240
11 -- 343 238 -
4 14 el -
- L] 276 -
343 ey -- 228 288
3a -- 204 104
- b 300 300
- L] £ 312
44 el -- 4] 300 -
- 43 £ -
335 -
350 -
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Transformer Overvoltage Protection

Table 2a Polymer Station Airester Characteristics
8/20 ps Maxinmm Discharge Voltage - k'Verest

Rated 0.5 usec 10 | Switching Surge

Voltage | MCOV | kA Max Maxmmum

kvmms | kKVmms | IR-kVerest | IR-kVerestt | 15kA | 3 kA 5kA 10kA | 20kA | 40KA
3 255 84 6.0 6.4 6.7 7.1 7.6 84 9.6
] 5.10 16.7 119 128 135 141 152 16.8 191
9 7.65 250 17.8 192 202 21.1 227 251 283
10 .10 27.8 19.8 211 22.5 235 253 28.0 318
12 102 333 237 256 269 281 303 335 381

- 15 12.7 41.7 297 32.0 33.7 352 37.9 42.0 47.6
18 153 501 356 384 404 423 455 500 572
21 17.0 56.3 401 432 455 476 512 56.7 64 4
24 19.5 63.9 455 491 516 54.0 581 643 73.0
27 220 729 519 56.0 589 61.6 66.3 734 833
30 244 80.4 572 61.7 64.9 679 731 809 919
36 290 959 683 736 774 810 872 96.5 109.6
39 315 104.2 742 80.0 841 880 94.7 104.8 119.0
45 365 1209 86.1 928 97.6 1021 1099 121.7 1381
43 390 128.7 916 988 103.9 108.7 117.0 1295 1471
54 42.0 144 4 1028 110.9 116.6 122.0 1313 1453 165.0
60 48.0 163.5 116.4 1255 132.0 138.0 148.6 164.5 186.8
66 530 179.9 128.0 1381 1452 151.8 163.5 181.0 | 2055
72 570 191.8 136.6 1473 1549 162.0 174 4 1931 | 2192
- (I 70.0 241.8 172.1 185.6 1952 | 2042 | 2198 | 2433 [ 2763

95 76.0 2574 1832 1976 | 2078 | 2174 | 2340 | 2590 2841
108 840 2889 205.6 2218 | 2332 | 2440 | 2626 | 2907 3301
120 98.0 3269 2413 2510 | 2639 276.1 2972 | 3290 3736
132 106.0 3627 267.7 2785 | 2928 306.3 3297 | 3650 | 4144
144 115.0 386.1 285.0 296.5 311.7 326.1 3510 | 3886 | 4412

PES Boston Chapter Transformer Seminar

N

ower & Energy Society®




Transformer Overcurrent Protection

Protect Transformer from Overloads

C57.91 - IEEE Guide for Loading Mineral-Oil-Immersed Transformers

Protect Transformer from Internal Faults

Protect Transformer from Through Faults

C57.109 - IEEE Guide for Liquid-Immersed Transformer Through-Fault-Current
Duration
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Transformer Overcurrent Protection

HS5 BUS

TEFT1 L5BUS
FRI FUSE
S HTTH : ;E : I
47
138000V Size 375000 EVA 41600V

YL 5.7500 %
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Transformer Overcurrent Protection

= Rated Current
Rated kVA and Voltage plus adjustments from C57.91

= |nrush Current

12x Rated Current for 0.1 sec
=  Short Circuit Currents

From system fault study, available SCC on Primary, Sec based on Trf. Z

= Transformer Damage Curve
Calculated per C57.109
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Transformer Overcurrent Protection

Rated Transformer Primary Current:

3750000

—157A
J3*13800

Rated Transformer Secondary Current:

3750000

—520A
J3*4160

Transformer Inrush Current;

157*12 =1884 A
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Transformer Overcurrent Protection

Transformer Damage Curve — C57.109

Table 1—Transformer categories

Category Single phase (KVA) Three phase (KVA)
I* 5 to 500 15 to 500
II 501 to 1667 501 to 5000
m 1668 to 10 000 5001 to 30 000
v Above 10000 Above 30 000

*Category I shall include distibution transformers manufactured in accordance with
IEEE 5td C57.12.20-1988 up through 500 KV A, single phase or three phase. In ad-
dition, autotransformers of 500 equivalent two-winding kilovoltamperes or less,
which are manufactured as distribution transformers in accordance with IEEE Std
C57.12.20-1988, shall be included in Category I, even though their nameplate KVA

may exceed 500.

NOTE—All kilovoltampere ratings are minimum nameplate KVA for the principal

windings.
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Transformer Overcurrent Protection

Transformer Damage Curve — C57.109

Table 2—Transformer short-time thermal load capability

PES Boston Chapter Transformer Seminar

Time Times rated current
2s 250
10 s 11.3
30s 6.3
60 s 475
5 min 30
30 mun 20
i’t =1250




Transformer Overcurrent Protection

Transformer Damage Curve — C57.109
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Transformer Overcurrent Protection

Transformer Damage Curve — C57.109
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Transformer Overcurrent Protection

Transformer Damage Curve — C57.109
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Figure 4—Category IV transformers
above 10 000 kVA zingle-phase
above 30 000 kEVA three-phase
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Transformer Overcurrent Protection

CURRENT IN AMPERES

1000 o
| T=F T
-
II II
II II
I"t b TRF T1
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% \ m
.,III\-._ Y =
WY "'.| oo
% "'-." \ a
O
=
1 @
TX Inrush
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t1.tcc Ref Voltage: 13800% Currentin Amps = 10 t1.drw
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Transformer Overcurrent Protection

Unbalanced Fault Through Delta-Wye Transformer
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Transformer Overcurrent Protection

CURREMT IN AMPERES

1000

100

10

SAMNO23S Ml WL

0.10

0.0
0s 1 10 100 1K 10K

t1.tcc Ref. Voltage: 13800% Curmentin Amps x 10 t1.drw
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Transformer Overcurrent Protection

HS BUS
TEF T1 L5 BUS
52-T1
e 3£ I
- S
< T
138000V 50r51-T1 Lize 375000 EVA 41800 W
el 5. 7300 %
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Transformer Overcurrent Protection

CURRENT IN AMPERES
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FI
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Transformer Overcurrent Protection
Transformer Differential Protection

52T-HS ; 52T-LS

High Speed, Sensitive Protection for Internal Faults
Looks at current flowing into and out of zone
Unequal currents means fault in the zone
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Transformer Overcurrent Protection

Special Considerations for Transformer Differential Relays

(s

87T

NG
—< 52T-HS ; 52T-LS A
! ] | | | !
o ey LT
300-5A Pa 3 — 2500-5A

33/44/55 MVA
115kV — 13.8Y/7.97kV

. Different Currents at Zone Boundaries

=  Typically Have a 30° Phase Shift from Primary to Secondary

. Usually Have Mismatch in CT secondary currents, especially w/ LTC’s

. Primary and Secondary CT’s may have Different Saturation Characteristics
. Have to Worry About Transformer Inrush Current
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Transformer Overcurrent Protection

Dealing w/ Delta-Wye Phase Shift
Traditional Method w/ Wye-Delta Connected CT’s

A a

871
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Transformer Overcurrent Protection

Dealing w/ Delta-Wye Phase Shift
Traditional Method w/ Wye-Delta Connected CT’s

DAB

L
A
C A |
e A
¢ y. E (Wye lags)
B =]
DAC c
iZ
B . iC - &
o —n (Wye leads)
A 1]
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Transformer Overcurrent Protection

Dealing w/ Delta-Wye Phase Shift
New Method w/ Wye Connected CT’s and Phase Shift in Relay

A, 8

871
Fhase Shift

Cht
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Transformer Overcurrent Protection

Current Mismatch, Restraint, and Slope

— 52T-HS ; 52T-LS A
L | ! -
e ay B LT
300-5A A 3 _< 2500-5A
33/44/55 MVA
115kV — 13.8Y/7.97kV
| 55000000 _276.1A L 55000000 _2301A
" 115000%3 © 13800*+/3
For Wye Connected CT's
5 5
lore = 276.1A 300 4.61A SRel 2500

For Delta Connected CT's
5
leos = 2301A*——*/3=797A
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Transformer Overcurrent Protection

Current Mismatch, Restraint, and Slope

. Older Style Relays Had Fixed Taps

. New Numerical Relays Have Wider Range of Tap Settings
= All bets off for LTC’s
. Quality and location of CT’s can affect saturation differently

. Transformer Differential Relays Use Restraint Coil to Compensate

1Y qg ay E | THRU-CUARENT RESTRAINT SETTING
Pt o Iu_
=3
) F-1 q
3 L 55%
TLTasT g -] ..-"-f"f-f 0%
a ;. EZzp
h = = [~
35%
. E 3 fi;,’féf::f 30%
1 E P s s o i, ey Ll
smaiznlls o T e —
[ :I el = ___--"fﬂﬂf;i___: — | 15%
R L] E __:_ - _—
T 038 1
< Op .
ar + E 1 2@3 4 5 6 7 8 9 10

Jll.llr lll MAaXIWLIM RESTRAINT CURRENT (I MULTIPLES OF TAF)
_.“ HE Perzaninge et Chaaserists

. Slope: Ratio of Operating Current to Restraint Current
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Transformer Overcurrent Protection

Inrush Current

. Caused by residual flux in transformer core

. Current Flows in One Set of Windings (typically the Primary)
which could fool differential relays

. Characterized by DC offset and high 2"d harmonic
content.

Per nit Cuarrent

. If unloaded or lightly loaded, can also have high
5t harmonic content 0 50 100 150 200

Time (msec)

=  Transformer Differential Relays utilize Harmonic Filters to discriminate
between Inrush Currents and Internal Faults
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Transformer Overcurrent Protection

Ground Fault Sensing

D2T-H3

ACTE

51TN
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Transformer Overcurrent Protection

Advantages of Newer Style Numerical Relays

PES Boston Chapter Transformer Seminar




Transformer Overcurrent Protection

Advantages of Newer Style Numerical Relays

Can use Wye Connected CT'’s for All Winding Connections

Low Burden — Minimize CT Saturation Issues

Wide Range of Pickups Settings — Minimize CT Mismatch Problems
Adjustable Slop Characteristics

Restrained and Unrestrained Differential Elements

Typically have other functions built in such as:

. Primary and Secondary Time and Inst OC Functions
. Restricted Earth Fault Element
=  Thermal Element (ANSI Device 49)

Typically include metering, fault/event recording, and communications
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Other Transformer Protection

gg @D s |
3
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Other Transformer Protection

ANSI Device 63
Sudden Pressure or Rate of Rise Relay

=  Sudden Pressure or Rate of Rise Relay
Applied on Sealed Tank Designs >5 MVA

. Detects rapid changes in tank pressure due to
decomposition of transformer oil by an arc

Sudden Pressure Relay =  Designed to ignore slow changes in tank pressure
due to thermal cycling.

Gas Accumulator (Buchholz) Relay

Applied on Conservator Tank Designs

Installed in Pipe connecting Main and Aux Tanks

Trips for Rapid Gas Flow to Conservator Tank

Alarms for Slow Flow
Buchholz Relay
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Transformer Monitoring

Standard Gauges and Indicators

. Liquid Level

" Tank Pressure

. Oil Temperature

= Hot Spot Temperature

. Gauges have contacts which can be
brought back to SCADA

LTC Controls
= LTC Position

= LTC Malfunction

Fan/Pump Controls
. Fan/Pump Operating Stages

. Fan/Pump Malfunction

PES Boston Chapter Transformer Seminar @ EEES
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Transformer Monitoring

On-Line Water in Oil Monitoring

On-Line Dissolved Gas Monitoring

On-Line Acoustical and Partial Discharge Monitoring
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