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Information to gather after a relay trip

* First- LEDs/HMI from front of relay

Target, Time, Outputs, Function, Phase
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Information to gather after a relay trip (continued)

 Next, get information from the relay via the software:

Target List

SOE aka SER

Oscillograph aka event files (native and comtrade format)
native relay setting file from relay, instead of just a pdf of the
settings or screenshots of certain settings, etc

AN NN

* [Information from redundant relay (Targets, SOE, OSC, settings)

 DCS/RTU/SCADA digital information

 DCS/RTU/SCADA analog historian data

 Areall relays and DCS time synced?

 1-line, 3-lines (AC Schematics)

 DC Schematics (tripping schemes, relay 1/0)

 Talk to the plant operators on duty at the time of the trip
e System conditions at the time of the event

* Plant conditions (any work going on, switching, etc?)



Event Analysis Step

VAB() 00

Oscillography “big picture”:
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Event Analysis Steps (continued)

Review 1-lines, 3-lines, DC Schematics to ensure the relay tripped
all required equipment as intended (any wiring changes needed?)

Check relay settings to ensure incorrect settings (or too sensitive of
settings) are not the cause of event

Compare OSC, SOE, Targets, relay settings, dwgs, & DCS alarms to
understand event and answer questions:

v" Do phase voltages dip and currents increase, which phases?

v'  Are the V & | phasors rotating in the “Phase Rotation” setting direction?
v' Isany |2 or V2 present and what does it mean?
v

Is any IN, IG, 3lo, VG, VN, 3Vo present and what does it mean?

Are the OSC/SOE Setup trigger settings OK? >
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Setup Oscillograph Recorder EI

Oscillograph Setup | ...

Partitions: | 4 Partitions: 168 Cycles j
Post Trigger Delay: 20 5 4] | | 95 (%)
— Trigger Inputs

Fr1 T2 T3 T4 s s 7 s
s [ 10 C1 12 13 14

— Trigger Outputs
V1 W2 W3 W4 [5 [T6 7 [ 8

Ca Cae o [T12 13 14 15 16
prefault length = element's time delay settings @ [ 20 | 21 [ 22 [ 23

(1 Post Trigger Delay

100% ) +record length = element's time delay settings ris £ i

% o :
(1 — m) = 168 cycles = element's time delay settings

134.4 cycles = element's time delay settings

Post Trigger Delay
100%

= record length = gen breaker interrup time = margin

20%
100%

* 168 cycles = 5 cycles + 2

33.6 cycles = 10 cycles




21 — Phase Distance

345 KV

21 Main Aux
VAB.C Transformers X U
sTG @ @ 700 MVA
700 MVA 7=12.3% o
19K V208V 2500015 ?g\ 3Yai3ve T Bgzker 2500015 Tsvg& " ta%z 3;'6 “ Hégza?(ff
£ N 1 £ 3 W
1 Exc Xfmr AY
la,b,c i IA,B,C |
21
S50FD «- - _
20 Hz Gen — Fault Detector for additional security

Blocking Inputs = FL, 1
(block for blown fuse and open breaker)
V

Z=—
I

Typically used for system backup phase fault protection.




21 Event Analysis

Customer reported 21 trip and voltage loss on all 3 phases from “thermal”
breaker operation (VT secondary fused breaker)

They asked, “why didn’t the relay’s blown fuse logic prevent the 21 trip?”

All the typical information was requested; however, only part of the story was
provided which can make the analysis a bit more challenging.

OSC was provided, but only screenshots of some SOE and some relay settings:

Dhutpuis:;

6 (Cycle Three Phase Fuse Loss /
e yeies) Detection: Enabled

21: Phase Distance
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First, look at the “big picture” from the oscillograph record:

VA V) UDI 98.2

Show step by step for this first event analysis.

L aimes A

o) l
Vx-r\-f] ? 98.2

e

BA  ocwf  +q
439 439 4.8

iC ) n.ool
-2.24 -2.3
=

Neutral side

phase currents

< eo [V TTVVIVVITYOIY VY TVYOVVOvaouY

la 5

-2.05 -2.05 4 ¢l
b (A) 0.00 4.6
4.39 4.39 4]
lc (A) 0.00 9]
-2.32 -2.3

1: 09:02:15.401 [Mark 2: 09:02:15.401

[Tripped Time:

[Date: 09/04/2019 _Start Tim

09:02:17.949 |Mark

A01

V/l where the currents are from the neutral side phase

CTs (la, Ib, and Ic) so we can clear the terminal side currents and other non-essential info.

The 21 function is made up by Z =
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* Check Tripped Functions: | =~

Tripped Functions

Pick up: Tripped:

m—————

WA

F—

AT

—

| LI

T

e Check if pre-fault (or pre-event) voltages and currents match Vnom, Inom, VT

Config (not provided in this case):

. ” u W WP PPPPPP o

LA

'W AR

la (A) 578
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WN 0.7 E4° J J
) a7 -1° 590

B 314 120

IC 318 120

IN 0.6 45

la 318 2 +120 20

Ib 313 121

lc a0 119

e
il

——
——

N MM * Phasor Diagram is at cursor position
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379 439 4.60
le (A) 221 4.80 W n n N\ m ’L ’\N N
-0.10 -2.32 -4.60 W
1 0 ms) 0 500 1000 1500 2000
139414 ms i ] : i I :
on !
Date: 09/04/2019  |Start Time: 09:02:15.401 Tripped Time: 09:02:17.949

2500
Mark 1: 09:02:16.795 Mark 2: 09:02:15401 NUM
1
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e Although customer reported that the trip was not from a fault, do a quick RMS visual check
to see if there are any dips in voltage or increase in the currents.
* Or could move cursor thru all the pre-fault period to see if phasors rotate or change.
VA (V) 59.0 59.9 ’
i r.
\
R | Phasors:
Phaze | M agnitude | Angle [
W £9.8 0°
TR VB 897 19
WC £9.4 1207
W 0.0 179°
WM 0.7 -£4°
318 05 & 37 1°
b(A) 204 B 314 Jd20°
IC 319 1207
IMN 0.E 45
la 3.18 2°
;:;} ;;2 Ib 313 1217
' lc 3.20 19
R:::: . = Date: 09/04/2019  |Start Time: 09:02:15.401 Tripped Time: 09:02:17.949 Mark 1: 09:02:16.795 Mark 2: 09:02:15.401 NUM
[ ]

Confirmed it does look like normal load current during the pre-fault or pre-event period.
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e Zoom in to see a bit of pre-fault up until output assertion and breaker opening:
VAN) 477 _\\I Ifﬁ\ ﬂ fﬁﬂ\\
| |
ll‘\ If \‘I‘ ‘lnl {" ‘I’\Iflr\/ l‘::‘e::snznle::"‘l:zg Imp bc: 21.85+j0.54  Imp ca: 22.11 + j0.45 T
911 -43.4 2 "*ff \I"\ j "\,_J' il |
VB(V) 823 :Iﬂ I{nls ’—‘"., : .
/ \.‘ W.f !/ *., [r*-“ * Plot the RX Diagram to see where Zload plots |
'\\j \U,f' \U,- at the cursor position: N
VeV 1295 A [
) AN \“ A\ :
. f \ - /‘-\,_, ]
AV
758 -53.8 s 2)/ \\f’ \j \J ]
A 217 = —
Phase Diagram n
F::::l Magnitude I Anglc] \/\ ' ]
421 205 W, E9.8 0*
BA 76 :Ec E;ﬁ 1‘;93 0 [~ —
w0 e /\/ -
& 318 -1* 80
I:] 315 1207 5
ver s Ic a2 1200
e se e[ N 08 /. TR —
/ Lol w | 5 m 15 e
i
), Y VYVVVVVUVVYVY
2238 ms) _ 2400 2500 2600
223873 ms : T -

134.32 Cycles

Ready

Date: 09/04/2019  'Start Time: 09:02:15.401

Tripped Time: 09:02:17.949 | Mark 1: 09:02:17.639

Mark 2: 09:02:15.401
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Impedance Diagram d

Impedance in chms

1.58 + j0.08 Imp b 21.85 + j0.54 Imp ca: 22.11 + j0.45

iX (Ohms)

* Check if the pre-fault Zlocus points plot outside of the 21 relay settings, which
they clearly do as the 21 Zone 1 Diameter was set to 2.6 Q with an offset of -0.3 Q
and the cursors positions are way out here during pre-fault:

21 Zone 1 Diameter=2.6 Q
Offset =-0.3Q

R (Ohms)




* Orcould plot the Zload points from OSC or SOE vs relay settings:

21 RX diagram

M
un

=1 zo0ne 1l

21 zone 2

I
as)

+ Zab at pre-fault cursor point
+ Zbc at pre-fault cursor point

+ Zca at pre-fault cursor point

15

21 Zone 1 Diameter=2.6 Q
Offset =-0.3Q

10
ERV

Impedance Diagram

X (sec ohms)

Impedands in ohimd

< ]

o

oA

R (sec. ohms)
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Gen is on-line and running normally when all 3 voltages are lost which is consistent with the
reported VT secondary thermal breaker operation.

Here, the event loci (Zab, Zbc, Zca) are shown as they traverse from Zload or Zstart position

towards the origin of the RX diagram which represents 0 V at the gen VT location:
VA(V) 8.0 98.2 u"\l\ {a\ /A\‘ f\ II,\\ If\ If'\ ‘ﬂl fﬂ' (r\l /r\ ﬂ /w\ /\\ mpedance Disgram ﬁ
L ’\ A f./ ¥ \\ H \ ’f | .f”\ H ¥ \\ f’ | /\'U\ o B .
5.0 0.1 58.2 \\/ \‘u/ \UI) \u'l I\J} \.V,JI U lv"l‘ UJ IU‘J l\j"ll \ J'I \U J m"“o"""'
EO e ['1\ Mﬁ M /‘\ /F\ ;ﬂ\. /ﬂ\l |'Fr\| P\ / w\ \ ».F \ g‘{ '\I ,f‘"'”l
/r\llfrl/\}\’U\EHH\}\}k\n‘ll;ﬂll}k._
5.9 0.1 58 r’ \.j" \'\JI/ \u' \J \) U H UI W/ \_.'/ .u./ U \VJ
V) 57 58.2 Fl\l [\l ( {,-ﬁ 7 L L '\ {». (-« ll,rm
SIVARIVIRIVARIVIRIVARIVANY
\ﬂ"\/‘u‘ | )Hﬂ}ﬁ/i\)" \/ ||}\ / \{ ‘
57 00 ee2 'j Y \'-Jf \ \'JI \J V U L/ I'J | \u \d J ’
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SOE 499 shows FL and 60FL picked up (FL

499. 09/04/2019, 09:02:17.690

picks up first and causes 60FL to pick up);
however, because the relay setting file was
not provided, it is unknown whether SOE
499 was triggered from the 60FL Pickup or
the Input 3 Pickup. And because we do not
have the raw .evt SOE file or even a

v| screenshot of SOE 498 and prior SOE
records, it is unknown if the FL bit may have
been picked up prior to this SOE record.

/e

Picked up Inputs: FL.3 I
Picked up Ouputs: I
60FL: Pickup/

WVAB: 1199 (V) VBC: 1205 (V)

VX 0.0 (V) VPS5 21(V)

IA: 3.17 (A) IB: 3.18 (A) -
Ta- IR (AN Th- 31774

Impedance in chms

ab: 0.77 +j0.15 Impbc 028 - @75

Impeca: 052+

0.81

jX (Ohms)

-0.0
el | —
\ i I Ir 1 ‘(' T

L J'\' f‘\u AN f" /“'n r" I
| J . ‘ f } '| ll‘ I II‘ \I "‘ - " Uy |
TATA AT

0.0 0.0 ezl V.V \‘u' | 'J \'J !"‘ U Ull Ill.;' (

la (A) -7.84 4.80

T L |
/\N\/W\N\WM/\/WVWUWWWW

T

2289 2545 (ms] }‘ 2200 2400 2600

25623 ms 2y :

15.37 Cycles v, !

Ready Date: 09/04/2019  |Start Time: 09:02:15.401 Tripped Time: 09:02:1?.94* Mark 1: 02:02:17.690 !Mark?.: 09:02:17.946
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Cursors at timestamp of SOE 499 when FL picked up where Zab and Zca have entered the
zone 1 mho circle, but Zbc is still outside the mho circle; however, because these are OR’d
together in the 21 algorithm therefore if Zab or Zbc or Zca enters mho circle, 21 zone 1
would have picked up but it didn’t because FL was blocking it at this timestamp:

21 RX diagram ——1z0ne 1

21zone 2

+ Zab when FL picks up
+ Zbcwhen FL picks up

+ Zca when FL picks up

(5]

X (sec ohms)

PN
NN

NE /

B -2 -1 \(_//
+ P otsl.real

1
L

R (sec. ohms)




* Review FL Logic Diagram:

External Fuse

- External "FL" | INx  Loss Function Protection Function Block
Frequency Checking ! Function Signal by INx from External FL
B0FL Alarm Function = )
anp Ot initiate by internal "FL" or ';"H'—Z—* 60FL Alarm Signal
ey Status Input Contact INx
F> FL FL Protection Function Block

.

. b Signal by Internal FL Logic
AND oR |
Internal 60FL Logic: 1 & 2 Phase Loss of Potential I / ‘D;

V., Provides indication of blown fuse.

— 1 or 2 phase FL:
D—L V, Verifies VT voltage is applied. \V2 W/O 12 W|th min V1

o 2
AND Prevents operation during phase-phase faults.

, Prevents output contacts from chattering where
a fuse blows during no load operation.

l,>0.167 I,
|1 >0.33A * Values in parentheses apply

(.067 A to a 1 A CT secondary rating.

| e pemsseee || 3 phase FL: All 3 voltages < 5%
| - | gon Detection AND all 3 currents < 125% AND

11 > 0.33A (5A relay)
IL>1.251, }

4T

I, Verifies On-Line condition
Vygc [Indication of 3-phase loss of potential

bgc Prevents operation during faults
WV, < 0.05 WV,
Seal-in circuit ensures logic doesn't produce
—-\_'L an output during 3-phase fault when current
AND

"l.l" < 0.05 V y; decays below 1.25 1,

Ve <0.05 V), | Internal 60FL Logic: 3 Phase Loss of Potential I 5

R F S ———— i




VA (V) 0.1 98.2
0.0 -0.1 582
VB (V) 0.2 98.2
0.1 -0.1 -98.2
VC (V) 0.3 98,2
0.3 0.0 -98.2
la (A) -1.60 480
2.80 4.41 -4.80
b (A) -1.80 480
-4.43 -263 -4.60
le (A) 340 4.60
1.50 -1.90 -4.60
VPS (V) 332 697
33.2 0.0 0.0 \
VNS(V) 83 83
8.3 0.0 0.0
IPS(A) 0.02 3.19
3.19 3.16 0.00
INS (A} -0.00 0.58
0.04 0.04 0.00
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Dropped Inputs: FL
Dropped Ouputs:
60FL: Drop
e But then a few cycles later, SOE shows that FL drops out and then 21 zone 1 and 2 pick up
and EZ cycles Iaterlequaling the 21 zone 1 time delay setting), 21 zone 1 times out and
trips, asslsrtlng Output 3 as programmed:
b |‘ M H \P\ .P\ f\‘\ rﬂ'\ f\ ((\‘ /\ fn\ /\ f‘wﬁ
\\) 5# M'{ilJI/HHJ\.'flIH\\/ '.H HH /lH\
s e YU VUL ; V'
) MANARANAAA LN M
i /J H\, )J \ ’/ \, ’;’ \ .*{ AR H \ 5 y l’ \ .J | /f FLblocks —breaker opens 5 cycles after —
22 o s f !\J ):J \J EJ {\\..} VU */ Y ,‘-') \* “ 21 here Output 3 asserts |\
N | f“ \\ AN }/ *\ / | | \\ | — \
.J’Hl‘ \Lw‘l' L] TR
00 00 o8 ] Ij \J \U';I \U'Jll l'\fl) \Jf \}} \/ \UI‘ xl\:} \"J/ U \'J) f \
‘;:z{:j 75;0 /W\/\/\/\/\/M 1Y v : ;
F OroL
2200 1 2600

* 2400

¥

eady

Date: 09/04/2019  |Start Time: 09:02:15.401

Tripped Time: 09:02:17.949  |Mark 1: 09:02:17.746

Mark 2: 09:02:17.946




But the question is, why did the FL relay word bit drop out?

All the phase voltages were still gone and even if initially the FL bit
was picked up from the 1 or 2 phase fuse loss portion of its
algorithm due to unequal rate of the phase voltages getting to zero,

the screenshot of the 60FL settings that was provided did show that
the 3 phase FL detection logic was Enabled,

so even though the 1 or 2 phase fuse loss logic portion of the
algorithm would have de-asserted once all the voltages settled
downto OV,

FL should have stayed picked up via its 3 phase FL logic portion of its
algorithm, but check 3 phase FL logic criteria just to be sure:
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Checking the 3 phase FL logic:

e [1>0.33A? Yes,itis3.18A
* All 3 phase voltages < 0.05*Vnom? We don’t know what Vnom is, but likely yes

All 3 currents < 1.25*Inom? We don’t know what Inom is, but likely yes

EE So yes, the FL bit should have stayed picked up via 30 FL logic and blocked 21. [

VAN -0 98.2
0.2 0.1 \/V\/WVW
e W\N\ IPS (&) 002
0.0 0.0 -98.2

- WNVV\/W\/\/\N
-259  -2.47 480 N\/\/\/\/\/\/\/\M
le (A) 0.09 4.60

-1.98 -2.08
VPS(v) 00

0.0 00
WNS (V) 0.0

IPS (%) 0.02

0.04 0.04
v

ms) 2200 2300 2400 2500 2800 4

Ready Date: 09/04/2019  |Start Time: 09:02:15.401 Tripped Time: 09:02:17.949  |Mark 1: 09:02:17.746 Mark 2: 08:02:17.947 NUM

2345 2546
20018 ms
12.01 Cycles.




21 Event Analysis Conclusion

* |tis suspected that the 60FL setting “Three Phase Fuse Loss Detection” is Disabled
in the settings that are installed on the relay.

* The native, “as-left” relay setting file in the mfg specific software format (e.g. .ips
extension file) was not provided.

* The relay setting file should always be downloaded from the relay after the event
(not a copy of the native, supposed “as-left” file from some storage location)
along with all the other files: OSC, SOE, Target List, etc.

* The other possibility is that the relay operated incorrectly; however, this would be
an odd failure mode i.e. failure of the relay code that represents the 60FL
algorithm to execute in the manner as displayed in the 60FL logic diagram

Recommendations:

* Check the applied relay settings to ensure that the 60FL “Three Phase Fuse Loss
Detection” is really Enabled.

 However, if it is Enabled, then recommend secondary injection test the relay.

* Did not hear back from customer on what was found, although | assume my guess
may have been correct; otherwise, | am sure | would have heard something.
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87 — Phase Differential

345 KV

Main Aux
Transformers
VAB,C VX GSU
sTG SR? % 700 MVA
700 MVA 2=12.3%
Gen HStap=353.6kv  High Side
19 KV p .
19KV/208V 3Yg/3Yg Breaker 3Yg /= Breaker
-913 — 250005 T 25000/5 T 3¢
L NI l B
1 Exc Xfmr AY
la,b,c e 1A,B,C

20 Hz Gen

87 87
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87 Event 1 Analysis

« Customer reported an 87 trip on startup during the very first energization of a new
generator installation.

* No low side gen breaker, only a GSU high side unit breaker

Ny H‘J‘ "M LW G
... [l EARERR TSGR U ‘h AR R WWWMW
R ﬁ AR W AR

—1| Terminal side

=2 — — — — — —
o -1 ) 0ld == oL 0|& @] | by
Z 2 o =z e
2| 23| |8 Bz 2|g 3|3 B2 |2 = 2
=]
23
3
& |e = ols & oy = & s|@
gla 8ls = 8ls gls & P
@ , ,
""“"’"‘D 1= 1 '] 1 1




« \oltages were increasing during the event from approx. 67 VLL at start of event up
to approx. 86 VLL (75% of Vnom) just prior to assertion of outputs.

« Frequency was at 58.7 Hz.

« \oltages look typical for the build up of the field during startup, so get rid of the
voltage tracings and zoom in on the currents.
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Current waveforms with half the wave chopped off is indicative of inrush current.

During startup as the field is building up, this type of GSU magnetizing inrush current
is normal for applications with no GSU LS gen breaker and only a GSU HS unit
breaker to synch across.
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Notice there are no “IB” or “Ib” currents, does this mean there are open circuits
somewhere from the CTs to the relay current inputs?

In this case probably not, because inrush can present as no inrush current being

seen on one phase if the other 2 phases cancel out.

“IA” and “IC” (also “la” and “Ic”) oppose and match each other. “IA” positive peak

coincides with “IC” negative peak, therefore IA+ IB + IC = +0.63 + 0 + -0.66 = 0.

1A (A)

0.72

f A A A A I \ / i N I A N f A A
\ { \ | f \ | / \ |
|’ 1\ | \ Tripped Functions o ‘ FL ﬂj f" ‘\ / | f‘ \II | \‘ ' ‘\ ‘{ \ "‘ \I ’ |‘
] | /1 ) ¥ / \ 1\ ) \ A jJ \ I A / /'
—" " o Tippedat 161342424 H —— | — —— — T " ]
. N Pick up: Tripped:
BA 000 Fe7 Fe7
IC“ [;) -b 64
. —y— R 1 A o e e e B "*A* ~ B T R,
{ \ | | f \ | \ (W
¥ \“ fl oK I |“ | 1\ f \ H{ \ f | ] \j \f \ ’J ¥
068 002 / v v ¥ V ‘-j ) v v( h" f i Y
la (A) -0.70
bA 00
o MLLLLLW\J_/L_M
3468 {ms) 3350 3400 3450 3500 3550
3468.21 ms
208.09 Cycles
Ready Date: 07/22/2021 |Start Time: 16:13:38.917 Tripped Time: 16:13:42.424  |Mark 1: 16:13:42.385 Mark 2: 16:13:38.917

30



Now zoom-in on like phases, “IA” and “la”, what is their phase relationship?

1A (A) 0.91

la (A) -0.87

se | Magnitude | Anglel
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85.4

3504  (ms)
T

3440

3460

3480

3500

1984 ms
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Ready

Date: 07/22/2021 |Start Time: 16:13:38.917

Tripped Time: 16:13:42.424  Mark 1: 16:13:42.402

Mark 2: 16:13:42.421

NUM

« Currents on each side of the generator are 180° out-of-phase, is that correct?
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« The primary representation of the inrush currents on each side of the
generator are 180° out-of-phase:

GSU magnetizing inrush current during startup

.

mc

_‘<

RSO

la,b,c IA,B,C
M-3425A M-3425A

« But for the secondary currents going into the relay current inputs, it depends on
the specific mfg’s relay current input polarity requirements.

« For most other mfg’s relays, thru currents being 180° out-of-phase would be
correct.

« So why is it not the same for Beckwith M-3425A relays?
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For the M-3425A relay 87 algorithm
differential equation, “IA” and “la”
are subtracted from each other:

__ _ |IA = CTC + Ia|
BTADFET‘{II'E = |(L‘-’1 *CTC) — hll 87 Ayestraint = 2
== = IB + CTC + Ib
BTB-DPETRE'E — |(IB =CTC) — Ihl 87Brestraint = | 2 |
87Coperate = |g_c « CTC) — ﬂ:| 87C o |IC = CTC + Ic|
restraint 2

other mfgs may add these
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87 Event 1 Conclusion

event caused by

J

I Wire to split phase diferential CTs for
use with 500T split phase funcion.

I Required generator breaker status input
(52b). Contact is closed when generator

| H!h;l-m

IA,IB,IC

breaker is open. Use unit breaker
contact if no generator breaker present.
@ Output contact pairs designated by

@ Alarm output can be grouped to a single alarm
at the discretion of user.

& Available control output to service other relays
for WT Fuse Loss can be designated.

@ Input contact number is designated by user.

incorrect pOIarity A ] ﬂp 0 '-IEEFI II::QRHIHG: C;H;.;d‘rym::rac:inpummuar
s = - - - IH—B:IH\A ; ﬂ.ﬂﬂﬂHE‘E calEe E?E G_G.I'JIEGIIJ'IPUTE
wiring i.e. it is not ,: o 1 voriage on these mpute may reeu i
. . . I = damage to the umnits.
wired per the 3-line in | D T M et e
he M-3425A IB: ol ® | e G JHTR) e o e g e
t e 3 5 Gsezn Tt ‘_E\'I/[Vv"l m‘]_ 1-nn,-1 < E:an,alijf;inputwmim?:re rem
Because the operating < . c
current equation in the I SR 3 R 1 TR 2 L,_J__LM e
87 algorithm subtracts I i Aol W77 3
the vector quantities of Bosavel BE B6 Bl B
the current inputs from B L R e AL R
both sides of the stator = ewwe )~
Winding, the CT alld (E) GFHIH Ia, Ib, Ic | fm -ll-‘H!EA_ """ :"'_ HTE:{: “'4%51“'_ """
o o of e A =) =@

relay current input
polarities need to be
such that thru currents

are in-phase with each ¢

other (enters relay
polarity on both sides).

High Impedan<s Srounding

Low Impadamcs Srounding
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87 Event 2 Analysis
« Customer reported a generator 87 trip from an external event — when a reactor

breaker out in the switchyard was closed in out-of-phase.
« Typically for out-of-phase closures, all 3 phases of voltages dip and all 6 phases of

currents increase with a lot of DC offset.

A

A

60.1 60.1
VB (V) 0.0

-921 -92
Ve (V) 0.0

35



 When the event is played back, the event locus vs 87 curve plot as such (they had
87 slope set at 10%):

4

A
B
c
= 87 characteristic

= == 4X slope extension

/

Differential
\

« The A-phase event locus plots slightly above the 4X slope extension portion of the
87 characteristic with the settings that it presently has installed.

« The 4X slope extension is invoked for high DC offset and/or harmonic content so it
should have been invoked for this event.



If the 87 Slope setting would have been set to 15% (so 4X slope = 60%), then here
is how that event when played back would appear i.e. it would have been secure

with this slightly higher slope setting:

A
B
c

= B7 characteristic

= == 4X slope extension

Differential
N\

/

4

Restraint
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« The IA and la current waveforms both show DC offset current and they both enter
saturation from the DC offset at about the same time; however, the rate at which
each side comes out of saturation is slightly different:

1A (A) -9.00

AR

Date: 04/30/2023  |Start Time: 08:20:56.581 Tripped Time: 08:20:58.000 |Mark 1: 08:20:57.960 Mark 2: 08:20:56.581 NUM |




Zoomed-in, the rate at which the DC offset decayed on each side is slightly

different thus causing the 87 trip.
« The CTs on each side did not saturate evenly with respect to time i.e. they did not
come out of saturation at the same rate.
A —~ 7N i If‘/h‘-‘-“*‘ﬁfif
\.\ \ ‘ ra ‘/” \ .‘/ \\\ / N Jﬁ“
\ *f \“- Jf‘ / “I‘\‘-‘ \ [ \ / { !"I‘ / ,-"ﬂ
\ f/ ""\ (\J {f‘ .\\\“ ’f // ‘\'\.“ ;/"H / / \/ -
! Vo \ 1 \ / \
‘\W."f ‘\",Jf/ / ‘

1350

1400

1450
|

|

Tripped Time: 08:20:38.000 |Mark 1: 08:20:37.968

Mark 2 08:20:56.581 NU|

1

te: 04/30/2023  |Start Time: 08:20:56.581

1387 0 s)
1387.50 ms In1
In2

83.25 Cycles out1

If the CTs on each side enter saturation and come out of saturation at the same
time, then the 87 algorithm would have correctly restrained for this external event.
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87 Event 2 Conclusion

Cause: CT saturation performance mismatch.

Remedy 1: Address CT saturation performance mismatch — perform CT saturation
calculations, look at burdens on each side, CT class on each side, CT knee point
voltage on each side, CT secondary winding resistance on each side, CT cable
length and wire gauge used on each side, etc.

Remedy 2: Because correcting CT saturation performance mismatch is not trivial
for existing installations, the situation is instead remedied via desensitizing 87
element settings: Pickup, Slope, and or time delay.

Time delay could be increased to ride thru this mismatched CT saturation
performance in addition to or instead of increasing the slope setting.

However, for true internal faults, additional time delay is undesirable so the slope
increase solution could be preferrable in this case.

Prevent any future out of phase closures in the first place by addressing the cause
whether it was wiring, settings, equipment failure, or human error.

Isync Trip logic could be added for any future out of phase breaker closures.
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87 Event 3 Analysis

« Customer reported 87 trip, and that they found the NGT lead had burned open and
asked where to look inside the generator to locate the fault.
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22 msec prior to the outputs asserting, the voltages start trending as follows:

This is consistent with the neutral shift that is seen

* VAstarted to decrease_ on high impedance grounded systems where the
* VB, VC, VN started to increase [ faulted phase decreases and the other 2 phases

increase as well as the ground voltage.

= (o= =)

=5
FiIE View Settings Window Help

& KM« w M |G Q& PR st £ P FF| > BP0
VAV) 644 50.4

3.0

VBN 4e7

825 2.8
VC V) 474

65.6
VN 21

3.3 B
14 (A) 278

2.82 0.04
1B (A) 1.94

278

. 0.85
IC {A) 1.95

2.82 0.87
la (4) 278

2.82 0.04
b {A) 1.94

279
@ 1%

L rs U J.Jd

3485 0 ms) 3450 E 3550 3600 350
3495.83 ms o | i

Ready Date: 05/20/2018 |Start Time: 18:02:34.006 Tripped Time: 18:02:37.524 |Mark 1: 18:02:37.502 Mark 2: 18:02:34.006 NUM




* 6 msec later, the measured VN value equaled 13.8 V, exceeding the 59N Pickup
setting of 6.5 V. This started to increment the 59N timer. But with the time delay
set at 60 cycles, this 59N function never timed out as 87 would trip first.
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e 9 msec later or 15 msec after fault inception, the measured current begins to deviate from the
pre-fault values and the calculated differential current on A-phase (la - IA = 5.33 - 3.46 = 1.87
A) first exceeds the 87 Pickup setting of 0.20 A. Specifically, la, the a-phase current
measured on the neutral side of the generator is the first current to begin to deviate.
o This is where the NGT failed and became a short circuit, solidly grounding the machine.

o a-phase current goes from thru load current, to an inte ' |IA go from
being in-phase with each other to being approximately] 180° out of phase
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3lo is also seen at this sample point for the first time (the displayed 3lo tracing is
calculated from la+lb+Ic) and 3lo is in phase with la:
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2 msec later or 17 msec after fault inception, the measured negative sequence
current equaled 0.63 A, exceeding the 46IT Pickup setting of 0.314 A (8% of Inom).
46IT started to time, but it did not time out as the 87 function would trip first.
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1 msec later or 18 msec after fault inception, the peak VN value is measured at 30.8
V, which is 24% of the 129.8 V. This indicates a fault location of 24% of the stator
winding from the neutral end.
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2 msec later or 20 msec after fault inception, Outputs 1 and 5 are activated by
the 87 function.

This is 5 msec after the current first exceeds the 87 Pickup setting.
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87 Event 3 Conclusion

The fault started as an AG internal fault at about 24% of the stator winding from the
neutral end (fault was found at 25%).

The measured high current values (up to 90 KA) on this high-impedance grounded
machine, indicates that the high impedance grounding network was compromised.
This failure resulted in the NGT looking like a short circuit, thus making this high-
impedance grounded machine appear as a solidly grounded machine with the
accompanying very high fault current values.

As an open lead was detected to the NGT in the post fault investigation, this likely
indicates that the lead burned open only after having been shorted.

The 87 function detected the fault and tripped very quickly, but with the machine’s
field decay time constants and with all the stored inertia from the rotational energy,
the fault current did not extinguish immediately.

After the NGT was shorted, the fault briefly still looked like an internal AG fault
before evolving into an external AG fault at the terminal end. It eventually involved
B-phase and then C-phase making it into a three phase-to-ground fault.

51



59N — Neutral Overvoltage (aka 64G, 59G)

VA,B.C VX GsU
STG

— =

19 KV
19KV/208V 9 3Yg/3Yg Breaker ,5000/5 3Ygl= ? F Breaker

345 KV

@ 700 MVA
700 MVA 7=12.3% o
Gen HStap=353.6Kv  High Side

20N

<
(A}
Q
N
=

Cor3 25000/5
N 5
£ Exc Xfmr £ A \‘T

1A,B,C
la,b,c 64F —

(®)|59N

VN SFilter

20 Hz Gen

* S9N #1 — 95% stator ground fault protection
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59N Event Analysis — Event 1
» Customer reported 59N trip during startup:
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« Let's look at the applicable relay settings and a portion of the 1-line:

1 59MN: Neutral Overvoltage X
®
Pickup: 50 <€
Time Delay <

Outputs

M1 M2 030401516 M7 [18 NEUTRAL XFMR

18 75KVA
12,000-120,/240V

GENERATOR NO. 1 W

83,500KVA 0.975PF, 81,400KW
13,800V, 3¢, 60Hz, 150 RPM

H2
Pickup 5 0| Setup System bY
Outputs Settin
M1 M2 3 [J4 5 6 7 Nominal Voltage 66 | 60 < > 140 (V
Nominal Current: | 4.69 | )50 < > 6.00(A)
59/27 Magnitude Select (8 RMS O DFT
|'i?- Ep=hle

-Y Trapsform: () Disable
V.T. Configuration: (O) Line to Line

=
(@) Line to Ground

() Line-Ground to Line-Line I

Relay Seal-in Time 30

V.T.and C.T. Ratio

\T Phase Ratio| 0 < > 6550.0(:1
V.T. Neutral Ratio: | 0D « > B550.0(
C.T. Phase Ratio: 1= > 65500 (1)
C.T. Neutral Ratio: | 1 € > 65500(:1)




We want to find out where in the stator winding the fault may be located so
we know where to start looking.

For a @G fault at 100% of the stator (at the terminal end of the stator
winding), the voltage measured at the VN voltage input will be:

Vic 13800
Vy = = = 159 secvolts

N +/3%50

What did the fundamental component of the VN waveform measure before
the outputs asserted?

From 96.7 V up to 125.6 V.
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« What percentage of a fault at the terminal end of the stator winding are
these VN voltages?

257 100 = 61% 3
159 S o0s
®
L5'6 * 100 = 790/ § ’ 0% 50% 100%
159 o 0 N Fault Position T

Several factors may make this calculated fault location inaccurate:
e Ignoring NGT impedance

e Fault resistance

e Startup/Shutdown — If the fault occurs during startup before the voltage
has built up to 100%, then the measured VN voltage will be a
percentage of whatever the voltage had been at the time of the trip —
here we do not have enough pre-fault info to know exactly what the

voltage had built up to.

56



59N Event 1 Conclusion

Customer reported finding a shorted coil to ground on C phase located at about 70%
from the neutral end.

Recommendations to customer:

Could put some discrimination between 59N #1 and #2 elements.

A much shorter 59N time delay may be OK if the GSU high side relaying time to clear
for ground faults on the high side of the GSU is known.

If a newer relay is installed, then some of the 59N accelerated tripping schemes could
be employed.

Also, 64S could be added which would have detected this fault while still off-line i.e.,
even before the field was applied.
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Why were some 24 and 59 elements asserting just prior to the 59N trip?

=
e Save |G Print | 2 Print Preview | Comment Close
o. | Dote et e _ x
T I:-1Fe|:-:|:u:|5 07:47 k] T::::] [?;:: | ':1 e Save | G Print | L3 Print Freview | Comment Close
T I Function Ficked Lp Operated = ._. Fre o Fhase a Phase b FPhase c Hautral
BUTet  yee 2 Current: | 0.00¢a) | 002¢a) | 002(8) | 002(a)
;ﬂ # r':: B 1 Yes(B )} Function | Picked Up | Cpersted [|
59 #2 ‘es (AB ) S #1 e Yes I
SO # Yes SHM #2 Yag Yes
;3\1#; e
]
This is because of the neutral /"\n.\ c
shift from @G fault on a high- —(—4\/\, } - {<| System
impedance grounded gen. k N
a ——
This can confuse and prolong the s T
post-event investigation. Fault
ground

It can be avoided by setting VT
Config = LG-LL (and then all
voltage-based settings must be
set based on LL values).

C
Wen :ch"

High
Impedance
Ground
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59N Event Analysis — Event 2

Gen

Gsu

B

Unit
Breaker

- S

@ Exc Xfmr \/LJ
VN

Customer reported PPT failure:

Asked why the 59N function sourced
from the VN voltage input did not
detect it.

Also, asked what phase it started on?

AY

N\

AY
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« 87 relay around the PPT issued the initial trip.

« But prior to that, there was a very low level VN measured of 4.1 V.

« The minimum setting range on most relay mfg's 59N/59G/64G elements is 5 V, so it
could not see this low level, incipient ground fault initially.

VAB(V) -277.7 2510

NN

1B (A) 7.40

b (A) 7.38

PN

Phasors:

#"‘"”‘u'h‘p""uf”',“,\”" ‘I"UJ";”';”'.;'l',ﬁ"”""”""". Here, with this much VN, “‘\. i u.‘h“\""'l‘;ﬂ,‘ "‘Iu'“'\f"" e RERES
T AANAARAAAARAAAS then 59N can easily see the .‘“‘./’I Y “./‘ A fl
VEAV :01_9 ‘,J IRTAY |,.' I\ IR RVRTRTRIRTAY fault’ but WOUId have had ] v IIII ||‘|‘ 'J \ ‘.I\ UI UI lr.- VI
LALAAAA ,I“.,I"‘.m""wu to been set so quick to AR Ao
. TV VYUY . e VRULRIATRIAN AN
WV 972 beat out the PPT 87 tr'p. "" I '
e L L e —

Phase | M agnitude | Angle|

VAR 1181 o

........ ag
VB 158 119
3.69 3.711 WCA 118.7 121
IC(A) 358 v 0.0 135"
Ay A | 1764 28
14 398 45°
P B 338 70
aA) 1094 IC 368 7
IN 0.00 2

la 397 -45°
Ib 397 170°
le 366 ¥

It {1
N . Y A A A A A A |
R R e N S AT A VA PV A \-'H | ( ‘I | V U
\/

WA A AN

AP AL TS ) ’\'Ll V \f f ‘I\f Y VAVAAAAAAAANAAAAAAA

fi o I{ i A AR .
. N N N AT AT vAT, ||u’ \J’I\ | !Jl ll,"lr ‘.Ul '.\/ \J \.J‘ ‘.UI WV, \ / \Un’ \/ \ 'l 1' A \f L| \; Y f\ l YAYAYAVAY.

Wi

field -

AW idecayed

1 1

AVAVAVAVAVAVAVAVAVAVATATA A N e L WAWAN

{ms)

500

3109.38 ms
186 S8 Cycle

| Breaker opens from PPT 87 trip after it evolved into 3®
e _ - > m .

Ready

Date: 10/31/2019  |Start Time: 12:04:37.121 Tripped Time: 19:04:40.636 |Mark 1: 19:04:40.230 Mark 2: 19:04:37.121
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To address the question of what phase it started on:

When VT Configuration = LL the oscillography will show LL voltages, therefore
identifying the faulted phase from a LG fault may not be readily apparent.

However, as VN will be 180 ° from the faulted phase of a LG fault, the VN vector can
be rotated by 180 ° using the phasor diagram and that position should approximately
match the phase angle of the faulted phase.

Phasors: VN 0
Phase | Maagnitude | ﬁ\ngle| 2 K ~
VAR 116.8 0° '
VBC 117.6 119" . .
WA, 117.3 121
VN 167.4 14°
|4, 3.79 -35° \
IN 0.07 36 L~ “
B 379 VCA
Ib 375 -154° +12 20
lc .76 a5"
+15




When VN did jump from that low level value of 4.1 V up to its max it saw of 176.7 V,
what does that say about the fault location?

Vig 20000 176.7
VN = = = 192 secvolts ———* 100 = 92%

N V360 192

In this case, of course we know the fault location was outside the stator.

And with the resistance in the fault, it made a fault that was located outside the
generator stator winding terminal side, look as though it were just barely inside the
stator or just 8% from the terminal end.

But anytime the fault location calculates to this high in the stator, it may be wise to
first suspect or outside the stator as that area is easier to test.

62



59N Event 2 Conclusion

Since 59N could not have been set sensitive enough to see the initial low-level
ground, customer asked if 64S had been installed could it have seen it?

That 4.1 V at VN calculated out to a ®G fault with 40,346 Q resistance in it.

Because that high of a resistance is very close to what we consider to be a healthy
insulation resistance of 50 KQ to 100 KQ, therefore it is hard to discriminate
between normal conditions and this fault condition.

For example, modelling 40 KQ vs 50 KQ works out to a difference of only 0.5 mA
which is usually not enough margin to set a secure 64S setting, but if they wanted
to accept a slightly insecure 64S setting then maybe they could have set such a
sensitive setting that could have detected this incipient fault before it evolved and
ended in catastrophic failure.

If their PPT 87 relay would have tripped the unit breaker directly rather than first

tripping an LOR which then tripped the breaker, they would have saved just a little
bit of damage but still likely not repairable.
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27TN — Third Harmonic Neutral Undervoltage
 |EEE identifies as 27TH

* may be referred to as 100% Stator Ground Protection
> Not technically true, but with 59N then yes 100%

345 KV

IA,B,C

PSVB Main Aux
VAB.C Transformers
B, GSU
STG @ @ 700 MVA
700 MVA 2=12.3%
Gen HStap=353.6Kv  High Side
19KV/208V 19KV 3Yg/3Yg Breaker 3YgiA= Breaker
| Co13 — 250005 f\f 25000/5 | f\f\ RIS
- - ) E
@ Exc Xfmr AY
" ®)

VN Srilter

20 Hz Gen

Blocking Inputs =FL, 1,6

Input 6 is from 64S 20 Hz generator self-diagnostic alarm
such that 27TN will be enabled when 64S is out of service.
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27TN Event Analysis

« Customer reported 27TN trip after unit synced on-line and as it was ramping up:

PEEE::I Magg::de | Ar;,lel
o
S e s
o sz

I3 b 1 B | 11 I i i i )| il b h i B 1) F2 Nww
LA S R A

)C.(A} 0. - i L
F2TTN #1
| i
-0.40 -0.68
la(d)  -03s 0.76
(AR RS Rl I TR AR A D0t O G RTREREE AR AL G 4 A RATRAETE CAEFERERSERNE N B PERATER O AR AR
|\| I‘ | ‘I ‘IHI‘ \l |l |\ ||\|\| I‘ L ‘I |\I\ \||‘ \‘ | “\|\||‘| || I ”I‘IHH \| i ”wl\ll‘l |‘ i UI ‘”H|
0.3 0.02 £.76
b (A) 0.07 0.78
\

{STEATERTEL LTI R AT ERE TR B ALK IR AN A ALt flf A LR A AR T A0 1 ROV DR
|' J e R ‘\ INURAERR \| () |I |\ (NI I‘ i ‘I |\ ‘l Il I‘ l‘ ! ‘I |‘ I \| '| i |\ " fil I‘ “ L |I |‘ Il \| W ‘\

0.44 0.37 £.7¢
A T O R R i R T N A

6000

RRRRR Date: 12/02/2019 _|Start Time: 07:27:49.821 Tripped Time: 07:27:56.082  |Mark 1: 07:27:54.085 Mark 2: 07:27:56.083 NUM r




Customer provided relay setting file in its native format:

27TN: Third Harmonic Undervoltage, Neutral ot
# | o

Pickup: 0.77 I 010 < > 1400(V) Disable
Pos. Seq. Voltage Block: 92 5 € > 180 (V) (O Disable (®) Enable
Forward Power Block: 0.10 001 < > 100(PU) O Disable @ Enable
Reverse Power Block: 0.01 100 < > -001(PU) O Disable ® Enable
Lead var Block: 0.50 -1.00 -0.01 (PU) (@ Disable () Enable
Lag var Block: 0.50 0.01 1.00 (FPU) (@ Disable () Enable
Lead Power Factor Block: 0.50 0.0 1.00 (Lead) (® Disable () Enable
Lag Power Factor Block: 0.50 0.01 100 (Lag) (@ Disable (O Enable
Hi Band Forward Power Block: 0.50 0.01 1.00(PU) (@ Disable O Enable

Lo Band Forward Power Block: 0.50 0.01 1.00 (PU)

Time Delay: 120 1 € > 8160 (Cycles)
Outputs Blocking Inputs
(] M2 [13 M4 [15 [ M7 []8 CJFL [11 [J2 []3 []4
5 ) []11 2 : . 5 : 15 [1s ] : :
Nominal Voltage: 115.0 500 < > 140.0(V)
Nominal Current: 405 050 < > 6.00(A)
Phase Rotation: () ACB @ ABC
Magnitude Select (@ RMS O DFT
DT Split Phase Diff: (@) Disable (O Enable
Delta-Y Transform: (@) Disable O Delta-AB (O Delta-AC

V.T. Configuration: (O) Line to Line

(O Line to Ground (@ Line-Ground to Line-Line
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« 27TN Time Delay = 120 cycles so placed one cursor at assertion of outputs
mapped from the 27TN #1 element and another cursor 120 cycles prior to that.

« Display third harmonic content from tracings: VN3rd = 0.1 V for the entire event.
* Fundamental component of VN =0V, so likely not a true fault.

VA(V) 00 ‘ |l| N
VB(V) -00 ” "

0.1 2.0 . - A s - T ——
Vo -00 0.7 ’ I"' I
01 - —

VN (V) -0.0

e Pactual =80.76 W at 120 cycles prior to output assertion

~
/ e 27TN Forward Power Block = 0.10 pu

[  Pbase =+/3 * Vnom * Inom =+/3 * 115 * 4.05 = 806.7 W
fh—a—er | 1 * Ppu = Pactual/Pbase = 80.76/806.7 = 0.1001 pu
| * Because 0.1001 pu > 0.10 pu, 27TN is not blocked
h  ~ — _—=||* Priorto 120 cycles before outputs assert, 27TN was
b ow _ |  blocked via Forward Power Block, then after that as the
on sl power is ramping up, 27TN became unblocked and

therefore tripped because VN3rd was 0.1 V which is < the

— ﬁ| 0.77 V Pickup setting.

I T
I Date: 12/02/2019  |Start Time: 07:27:49.821 Tripped Time: 07:27:56.082  |Mark 1: 07:27:54.085 Mark 2: 07:27:56.085 NUM
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27TN Event Analysis Conclusion

» Customer reported:

“the terminal block had built up enough metal shavings that after it rained, it tracked
and shorted to ground the VN signal and therefore also the 3@ harmonic voltage
signal at the VN terminal.”
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87GD — Ground Directional Overcurrent

» The Zero Sequence Differential function provides ground fault protection
for low impedance or solidly grounded machines.

+—P» Other Gens
>
&
D
© Gen Gen
GSU ACB 6.25 MVA
? 5_— 600/5 /7\ _ 200/5 100hms |
"N F—~ |||—| |
fg N4
3lo=1A+1B +1C /R\ IN
N\

87GD
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87GD — Event Analysis

Mis-operation due to wrong CT Ratio Correction setting:

1A (A) -0.76
-1.86 -1.10
B@A) o074 i
Phase Diagram
Phasors:
Phase | Magnitude | Angle |
VAR 1252 0
VBC 125.1 a2
(‘ VCA 1248 1200
- I8 254 44"
E 86 -2.59 382 B 258 163
W o1s i Ic 265 77
Ib 257 162"
Ic 2685 77
3
VTV VU TV
N(A) 055
0.46 08 -3.82
932 0 (ms) 300 950 1000 1050 1100
93229 ms In1
Outl I




87GD — Ground Directional Overcurrent
* First, calculate 3lo from terminal side CTs:

v 3lo=1A+IB+I1C=0.077 A

« Because 0.077 A< 0.20 A, directional supervision is disabled.

CTR =300 Gen CTRN =5
1500/5 25/5
=\ ® I~ |||—|||
Blo=IA+IB+IC (D IN Should be set to 300/5 = 60,
O/

and instead it is set = 0.10 —
max setting is 7.99 so at least
that would have been better,

[87GD) - GROUND DIFFEREMNTIAL

#

Pickup: |0.20 0.20 Amp | 10.00 Amps
Delay:[8 1C | 8160 Cycles
I CT Ratio Com: |0.10 o1o 4 | LI 7.99 I

OUTPUTS Blocking Inputs
8 7 e s 4a 3 2" 1 || FLl 8 s 4 3 2 1

but really it is a misapplication.

71



87GD — Ground Directional Overcurrent

IN=0.43A
Rc = CT Ratio Correction was mistakenly set at 0.1
Rc3lo = 0.1*70.077 = 0.0077 A

|Rc3lo — IN| =|0.0077 — 0.43| = 0.42 A, since 0.42 > 0.20 (pickup), it
correctly tripped.

Ideally Rc = (1500/5)/(25/5) = 300/5 = 60, but max possible is 7.99, so
for this particular fault if Rc = 7.99, then Rc3lo = 7.99*0.077 = 0.615 A

|Rc3lo — IN| =[0.615—-0.43| = 0.185 A, and since 0.185 < 0.2 (pickup), it
would not have tripped for this fault had Rc been set to 7.99.

This is a misapplication of 87GD function with the available CTRs, but
the best it can be set is max Rc of 7.99 and probably increase Pickup
and Time Delay.
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32 — Reverse Power

32 Main Aux

Transformers 345 KV
VX

VAB,C osu
® ® o

700 MVA =123% o
19 KV Gen Hstap=353.6Kv  High Side

3Yg/3Yg (\(\3Yg& ? { Breaker

19KV/208V
250005 >\ T Breaker 550005

- Y ) 3
1 Exc Xfmr AY
la,b,c IAB.C =
32

20 Hz Gen

Blocking Inputs = FL, 1
P=VA=xIax*cos(Oyy—0;,)+ VB x*Ib*cos(Oyg —0) + VC *Ic x cos(Oyc — 0y.)
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32 Event Analysis — Event 1
« Customer reported:
v Relay trip
v’ Asked why did the relay trip

v No information was provided as to which Targets LEDs
on the front of the relay were illuminated

v No SOE was provided

v No Target Listing from the relay software was provided
v No description of operating conditions at time of event
v’ relay setting file was provided in pdf format

v Oscillograph record was provided
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» First, take a big picture look at event displaying all Analog and Digital channels.
« Scroll cursor thru event with Phase Diagram which shows tracings were consistent
for length of record.
V:‘[‘W _t : \ '| .' f ILIII.'” ‘\“."Ilrlll"l,u,w'lll ‘-.lltlll,l.f"w,llll‘i"\ I; U 5\ J l\ l-‘\.‘\ flﬁlll “ Iﬂll\lu{IIIAII\'U‘J‘”IH'&l,.{lh.\‘llu'jlﬂlt‘l,lI,]I‘\l"l‘ul'll 'Uf Wl\l‘fljwlll\jllpll' ‘,lq\ Irf"l I,' / J-’\Illb.lr'.lL J 1|| I‘.l '\ru ‘“1\! L] \\ fl‘l', | \ Jr‘\ ""ll ’q'tlt ﬁl\ I,n""tLI ]’ '\{\IJIII,I“\UF W'*.tI;m.l‘;‘flﬁ'-\l,f H'U'Ilpll",u.’ll ‘,Llll,"l,{ielf.“‘,llj"l,\ltI{Jf",llt’ll}r“l,‘lujl"',h
VB V) AR AR \AANAN ANAAARNANNA NN \ N\ \ A LA r AANANAAARNANAARARNAANAN
5 ,) ﬁj:w . I\|LI-"I|] ll'.L_‘IlfI ll'u'llr \.UIII |I"||‘,-'|I IILIJ/ lII'U'II \LI‘ I'luu'l \,L Jr ll'L{ 1ll'u'|) \ |‘\I'I,IK | |‘ \ulll \ } \' III lw_.n' ll'\lIIJ ‘I‘.,.-{ \II'\IJIII I|..v||II ‘L." l'\.)liII llIL \\Ilf |I|lll I\J/ lII'U ll |‘Ir‘ll ll fl‘ : I'.\,' \llull I".).Il \IL'IJ l\.vf I\| -'I l' ﬁf \I|L.n'|| \U \'LJ-‘II \lll\u.'ll llllll./ \Ilﬁ.b.'l \IIJI; lIUI ¥ llll'llj‘ll Ill_)'lf \Illlll‘.‘lll \.ll \Ilj ll‘llllll
VCM f?s fllﬁl" ffﬁlﬂl. “lnl' n'ﬁ\' Il‘ll' f! H'L}\'w-.‘lx !‘LI H fﬂﬁlq.ﬁ f I|\ :‘.\uﬁ\,-'fﬂ\'\‘ﬁUJ \Jﬁ . ;[I:R ;‘i JH H JI \l ﬁ‘ : }Ir‘ n j jll P ” ‘I J\R }ﬂ\ I‘Ik /I ” }Hn\,'ﬂ* ﬂ‘ fn\ Jr ll'u'f \[u'l l‘\‘,l'}(\'\,"llnll\ll"l I'I.f J‘ / na' Jr, I!JIP\L J/rﬁl'n JII il‘t,,'fplh
W 24 , agram | H‘ .
. " . l/hl}llﬂ MM”M L‘Hlmnl‘WUW\'ﬂ ”w [\h"l‘”ll \F\'llf /Iinu'l'{ Ill1f r\{ \{ m Phasors: m/”'ﬁﬁ U I1“||'||‘|V J 1 \uﬂ“fﬁjw m Mﬂ h””ﬂllw \‘ funﬂ{t'ﬂd
A AAAAAAAAAANAAAN [T ANAANNAAANAA—
B(A) -009 ' W 696 1200
N A A A ATATAVATATAY \_ﬁ H_ AAAATATA | TR VAYAVAYA j‘\u’\j\ A fw\us""\,;’\.-a——“-»
SN VAT AT AVATAY \ TAATA » AVIVATATAYAVA] FRRE R IO AT ATA"ATAVAYAVAAYA AT A A
N 002 - :ﬁ g;ﬁ' EE
R e e - - “' P e e

T e o2
b (A) -0.10 82
Ic (A) -0.33 0.82
I
R e
) '1'0J * This is older relay which does not show which elements 0
83522 ms n |
sitcres ng asserted the outputs, so the SOE and/or Target Listing from

g relay would have been helpful.

Qut2 o .

i * In this case, note which outputs asserted: Outputs 3, 4, 5, 6 ==——>

Qutd

Ready

Date: 07/19/2019  |Start Time: 15:43:34.132

Tripped Time: 15:43:35.000 |Mark 1: 15:43:34.967
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Next, look at pdf of settings to see which elements are mapped to those outputs:

OUTPUT Blocking Input
&8 T 6 5 4 3 1 1|FL 6 5 4 3 1 1

N
a1 PO S

n 2 ol | -

* Note that the following elements = 4
are mapped to outputs 3,4,5,6 M Def e SRR RS FED! 1
that were asserted: ” -

£

#] I 1 v H
e Y A

e 21 3 :i
o )/ B Defini. Time

Inverse Time

L]

—
- 8

50 Inst. Phase

.27 (5027 lnndv.E.___ |}

SO0BF Breaker F. I
#l

81 SIN Imv. New

51V Imv. Fhase |

ENREEEN

#1

T
+—o

o #l
SON &

|

- U -

i

| &

—
GO0FL Fuss Loss I »
T8 Owut of Step

Now review the oscillograph record - —_
]

with respect to each of these 81 o
elements to find the guilty party. — R
H1R &7 I 1 v
7 s Diff.
I i
#l
#1

||

External




« Voltage and Frequency were running at nominal throughout the event, so it is easy to
eliminate the 24, 27, and 81 elements as having triggered this record.
* Next, looking at the RX Diagram, it can be seen loci are way outside of the 1.7 Q
setting of 21 zone #1 and 21 zone #2 is disabled.

 So that leaves us with the 32 element.

o o AAAAAAANAAN \\.‘.”u' \,r\f\\,’ ‘J y \.f 'u' i Jn .\,f ﬂf’ Y *U’ U\ f'q‘m’”l/\\’ Ay U \:”‘1,/ VAN r\f SAANN f‘L/f\uf\"\vfﬂ'\fﬂ\‘{ VAAS u Y ATATATATA
VB() 637 A A AANAS AN AAAAR .' 7\ ‘ AN AR \ AN AA RN AN
,15.:, 79.1 ﬂH'u"'I U ku‘f \'U'J lt‘\"J ll' f\ / ”ﬂ\‘ / \ / \'Uf lqU/ '\-# \l\/ }I 3 ﬂ‘ ff \ ﬂ \'.f j'..' '\4-"\,- U U l’\) .-‘ ff Uﬂ\ -‘"‘ Uf t fJ ! H J \ UI \J‘Q\JI \d# \f{ k\f \'Uf \,-" \U \J‘ \\'-f'f t‘uf \ Huj ll.,f \,/I U[U th / \Jﬂ JI ‘u/ M\/ ‘\J‘ ﬁ\/ \ J \ j \'\u'f
V‘ir‘:‘) _?T% iy \f *]\l Y \ ; ‘/ R\ ’\ Il’ﬂ }Pl! ﬂ‘, \f \‘\\ ’\f lj y ‘ - j f\ ;’ y '| IU 1 ' IUH‘ F\Uf\\v}lﬂwl{ \L}j U UI \'WUJI u\ fﬂl‘\d,}ﬂ\bjﬂ\‘ { \ i\l Jn\} \}/ \\J{f\U( {{‘I\J .\dr\lvfwu. \]LJF "Ul{ w\lj.f‘l\j{ '\.J/ \ur w% f” M\ /ﬁ f “
WV 2e 2 T "‘ \ ‘ ‘

AN 111 l\ uu N. l.fu'“f\ J.w' IMU\WU*M\W f .lwhf WUW u!wm".»\rl.fwfu M WUW L —

A 048 0 \ " A A A f r\ asors;

"m) 0.46 0.82 \.n\ Iﬂ\u'}’ \"’\J f J U u Uf\ fﬂl "/\\ \Ji \u' \ \) \fj\fn\"' U’ J‘f \/ u \J w f\\f\f jl\j \ P:hase | Magnitude | Angle [

o pl s VAVAVAYA f’\ VAVAVAVAVAVAVAVAVAVAVAVAVAYAYAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY F NAYATAY, |EXS

T A v, r \ = vooomsow

":3-’:’ - Jﬂ\f\\f: \ A ; \;\ \fﬂwﬂ ANAAAANANANAANAANAAAN AAAAY VA R

IN(A) _ 0.02 0.50 1] 0.3 1:152’

|:f:J5 '0541“ j’fﬁ‘w_w wwwwwwww 1 I:?e: Se:ojh Impbc-10.8+j198.2  Imp ca: 31.2 +163.2 7T :ﬁ g;? EC

VAVATATAVAVAVAAVAVAVAN IR e

B@A 010 e 040

le (A -0.33

o3 v 600 800 1000

fgsﬂ.fZC;:es m;'
Ready o Date: 07/19/2019  |Start Time: 15:43:34.132 Tripped Time: 15:43:35.000 |Mark 1: 15:43:34.967 Mark 2: 15:43:34.132 NUM




Plotting the P (Watts) as one of the channels shows the Watts are negative.
PQ Diagram shows the Watts are negative with operating points in the 2" quadrant.
Operating point in 2"9 quadrant indicates excitation still present, but turbine is lost or

input to the prime mover |f lost.
Jﬁ MMKVJJ

R 7|f||||\|\ﬂ[‘f‘ \M""'M”"I
L Mtﬂﬂ””ﬂﬂﬂ\\t\MVﬂ\tb\UWbuuh \
R “I'FIM-J;;-J_-.,’_-l--I\ AMAAAANAANARND \(\ ”flll\ {‘w\ \m\l Iﬂ| I“\J‘ \ \

NARARARARARARARARAAAAAANAN
AL \‘\'U\U"\/\JW”“/‘/\I |
\ l\ jl\” f\ r\ lﬂ‘ q .'i\.‘ 1 "H

96.2 59.3 59.7

a(A)  -057 0.82
50

0.51 0.06 0.82

b (A) 0.06 0.82
3 5 0.82 o

I —

200 400 600 800 1000




* Now, check the 32 relay settings and Nominal Current, Nominal Voltage, and VT
Configuration settings as they will be needed to convert from per unit to actual
secondary Watts to be able to compare operating point vs 32 setting:

IPI'CELT: 0003 pu i

[31] DIRECTIONAL FOWER

LFPOWEE  Disabled

XXXX

FICKTUF: 0003 pu

LFEPOWEE  Disabled

OUTPUTS: 8 7 6 5 4 321

OUTPUTS: B8 7 6 5 4 3 21

TIME DELAY:

TIME DELAY:

150 Crycles =1

BELOCEITNGINPUTS: FL 6 5 4 3 @ 1

X

1800 Cycles #}

BLOCETNGINPUTS: FL & 5 4 3 2 1

~

XXX X
o vy
Nominal Veltage: 120 v Nominal Current: i73 A
Input Active State: & 5 4 3 2 1
open: ¥
elose: X X X X X
V.I.Confizuration: Line-Gnd to Line-Line Delta-Y tranzform: Enahla
V.T. Phase Ratio: 150.0 1
C.T. Phase Ratio: 2000 1

Convert Pickup into sec Watts:

Pact = Ppu * Sbase

= —0.003 V3 * 120 * 3.73
= —2.3 Wsec

Could multiply by VTR and CTR
as well to get the Pickup in
terms of primary Watts:

—0.003 * V3 %120 * 3.73 * 150 * 2000 = —0.6977 MW
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» Look at operating point from phase diagram in oscillograph record to calculate the P
in sec watts or could just get the value right from the P (W) tracing or PQ diagram:

Pactual_measured = VA * A = cos(By4 — 0;4) + VB = IB * cos(Byg — 6;5) + VC * IC * cos(By¢c — O;¢)

= 69.5 x 0.43 * cos(0° — —106°) + 69.8 * 0.35 * cos(—120° — 141°) + 69.4 * 0.43 * cos(120° —
= —14.14 secwatts

(or —14.14 * 2000 * 150 = —4.24 MW)

Pactual measured

—14.14

26°)

4\ Ppu_measured = = = —0.018 pu
Sbase V3 %120 % 3.73
la (A) -0.57 .82
An A A afd A A AN A h AR AD A A AD A A
Phase Diagram n
—a -
-0.51 0.06 0.82 +3
bA 008 T Phase | Magnitude | Angle | -
695 0
VB £9.8 q200 +80 an ﬂ )”] .ﬂ. ﬂ,
Ve £3.4 1200
038 o022 os2 | 043 108 T o 95
c® 050 oez| | |18 0% 139 +50 | /
IC 0.44 26 | i
E
P (W) -15 8.1 ( 50
‘.II
142 e e e e e e II
= 200 b y
430.40 ms in1 4
2582Cycles  Oug
Quts
Out6 80




Compare operating point vs 32 Pickup setting in terms of:
* perunit

—0.018 pu < —0.003 pu

e sec Watts

—14.14 Wsec < —2.3 Wsec

* pri Watts

—4.24 MW < —-0.6977 MW

or > in the negative direction
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« View trip on PQ Diagram in Primary or Secondary values — here shown secondary:

B
¥
80 . g
Operating Point = —14.18 Wsec %l’ﬁ
[
w
\l‘ll
\
L\
|
\
¥I€
\!\.
|
' »

Pickup = —2.3 Wsec
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32 Event Analysis Conclusion — Event 1

Reported to customer that the relay tripped correctly based on settings.
May have been a normal shutdown, sequential trip.
Or there could have been an issue with the turbine, turbine control, etc.

Recommended, if this was a normal shutdown sequential trip, that they may want some
discrimination between 32 #1 and 32 #2 as both have the same outputs mapped and the
same blocking input for open breaker - they could consider blocking for FL if 60FL is
brought to DCS.

32 #1 appears to be a sequential trip as it is set for 3 seconds, while 32 #2 is set for 30
seconds so that is set as a reverse power protection element may typically be set.

If 32 #1 is sequential trip, typically it may be mapped to a different output with that
output being supervised by hardwired steam valve position contacts.

Or if the steam valve position contacts are wired into a relay input, then that could be
used as a Blocking Input for the normal shutdown, sequential 32 tripping element.

No further information from customer on event.
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32 Event Analysis — Event 2

« Customer reported 32 trip and asked if it operated correctly:

PQ Diagram

Phasors:

VW e e (\{\{\(\/\m[\{\m{\ﬂf\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
]

= | Phase | M agritude | Angle|
/\ Wi B2.1 0°

B g2.0 -119°

[ W
| This time tripped when |

e S

“| down in the 3™ quadrant _, .
| indicating the turbine ?&

To=ZOm
coooo
e R s s e |
@ =3

= W ow
B8

3 58

** 1 and field are both lost co
ana rie g
TTOT W W W W A W N 8 T 8 v "

0.04 0.04
b 008

-0.08 -0.02 -0.50
I (A) 0.06 0.50

0.15 1 -0.50
P (W) 0 12.0
2558 [ ims) 2000 2200 2400 2600

5 InT T T
255833 ms o] | ﬁ
Feady Date: 06/26/2017 |Start Time: 07:39:22.432 Tripped Time: 07:39:25.000 |Mark 1: 07:39:24.990 Mark 2: 07:39:22.432 MUM
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SETUP
SETUFP S5%STEM
Marminal Frequency: B0Hz C.T. Secondary Bating: 5 A
Norminal Yoltage: IR 50.0 & _+ | | J1400v|[ Deka Transfom

Maminal Current; |3-92

0504 4| 1  _lema

¢ Dizable " Dela-AB ¢ Delta-AC

Input Active State:

B al 4 3

" Open © Open © Open © Open ¢ Open  Open
' Cloze * Cloze  Cloze % Close & Cloze % Close

z 1 |nput Active State Expanded

%.T. Configuration: © Line to Ground ¢ Line to Line © Line-Ground to Line-Line |

\\\

\c’\i{\\"\w\\\ ! Power FIO:U

1.0 PU
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Because VT Configuration = LG-LL, use equation:

Sbase = Snom = V3 * Nominal Voltage * Nominal Current
=+v3x110 * 3.92
= 746.86 VAsec

Pactual = VA *Ia * cos(Bv — 0i) + VB = Ib = cos(Bv — 0i) + VC * Ic * cos(6v — 6i)
= 62.1 *0.07 * cos(—103°) + 62.0 * 0.09 * cos(—124°) + 62.1 * 0.11 * cos(247°)
= —6.726 secwatts

p _Pactual B —6.726 0009
PU="chase _ 74686 - PY

And because -0.009 pu < -0.007 pu, therefore Yes, the relay
operated correctly.
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32 Event Analysis Conclusion — Event 2

* Reported that the relay operated per the settings and showed
how it did so.

* I mentioned that if they would provide me with the setting file
or tell me what their 40 settings are, then we will be able to
see why the 40 elements did not trip prior to this 32 trip (as
may typically be desired for operating points down in the 3
quadrant) and based on that analysis and what they are trying
to accomplish possibly suggest some setting adjustments to
the 40 and/or 32 elements or maybe prove that it did operate
as they wanted it too.

* No further information was provided from the customer.
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46 — Negative Sequence Overcurrent

19KV/208V

Main Aux
Transformers

VAB,C
STG

700 MVA s
19 KV T en

3Yg/3Y
25000/5 g=re Breaker 550005

G

T

3Ygl =

GSU
700 MVA
2=12.3%
HS tap = 353.6 KV

3¢

High Side
Breaker

345 KV

20 Hz Gen

1 Exc Xfmr

IA,B,C

Blocking Inputs =

1
I, = 3 (la + a?lb + alc)

%T

88



46 Event Analysis

Customer reported 46 Alarms at generating station typically
when switching of transmission lines on GSU HS.
First look at 46 settings for their application:

{45] - MEGATIVE SEQUENCE OVERCURRENT
xal | v | 100% Dief. Time
| Dielay: |3 1Cycle 4| | | 8150 Cypeles
OUTPUTS Blocking Inputs
o 7 6b ST 4 3 A || e s 3 A I
Pickupr[§ 3 4|_| | 100%
Time Diat |5 14| | aks
Masdreim Tiene: [6000  B00 cpetes 4| | | BRSO T8
| £l il GEM. N@.Z
-T2 5B MWA 'r:n:.-1
OUTRUTS Blocking |nputs
2Tl

gl A & N A ¥ A 1| | FU OB S 4 3

No other settings were given, but 3-line provided so calculate:

Sgen 1 582 M 5

e Nominal Current = * = * = 4.24 A
V3*ViLgenpri CTR  /3#%22K 18000
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« Assume Directly Cooled round rotor, so per IEEE C50.13 the
continuous |, ratings:

Permissible I, Stator

EEETERT (722 Rating Percent

Salient Pole
Connected Amortisseur Windings 10
Nonconnected Amortisseur Windings 5
Cylindrical Rotor
Indirectly Cooled 10
Directly Cooled
To 350 MVA 8
351-1250 MVA 8 — [(MVA-350)/300)]
1Z9T=ToeUU MVA 5]
582 — 350
continuous gen I, rating = 8 — 300 =7.23%

I, at full output <46 IT Pickup < cont. gen I, rating; min I, from unbalanced condition
<46 IT Pickup < 7.23% ;

» Therefore, the 5% 46IT Trip Pickup and the 3% 46DT Alarm Pickup may
be set just slightly more sensitive than required for this application.



* From beginning of event to the time the output asserts, the negative
sequence current varies from 0.3267 Ato 0.2510 A, which is
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46 Event Analysis Conclusion

« Recommended to review the phasing transposition diagrams
for the transmission lines on high side of GSU to ensure the
phases are being transposed optimally.

« Recommended they could consider adjusting 46 settings:
v The 46IT Trip Pickup could be changed from 5% to 7%.

v The 46DT Alarm Pickup could be bumped up a bit too or it
could be left at 3% so the operators have a chance to
react before it trips, but it depends on what the normal,
quiescent |, is for this application.
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50/27 — Inadvertent Energizing

50/27 345 KV
VA,B,C VX
700 MVA G ? GSU Hiah Sid
||| — - 19KV Yg/Yg Bre::er - fT\YQ/& Tré%SfOSTer I.;:?eaklere
| C .Y 3
AY
IN
la,b,c IA,B,C 1

50/27

Blocking Inputs = FL

Protection for when the generator is accidently
energized when off-line or during startup/shutdown.
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50/27 Event Analysis

(3) 50/27 trips during startup on unit connected applications:

« 1st50/27 trip event:

VA(V) -380 o o i N A AN AARN / N AAN AR VA AN A AN ﬂ ff | / }
i \.\j \‘""I \ A “/‘H\’" |,I\I .""\‘w{ IH‘H\‘ If \ (A [ \'i' |\|ow VY .ﬂ ]1 f f \Ii' If "( ‘If‘ !I f { 1|" \) WI\ /
P UH*J”“Jf“”“MMUUUUUMHJ“\”UuWUWMUVMvHUWEUVHVU”UUJW”ITHV’U\”“UMM”U“
VB(V) 438 571 ) . A " A A A A A A AN Ap A f i A f
AAAAANAAANAAANARAAAAAAAAAAAAS i AAANAAN ‘H A AAANAAA AR AN .( \AAAAAR A
o JI\K wuf 14 Y \\,J YAY A \/ j;‘f \/ \’ \;I VA \" \/ VALY !'UH \\JJ \f \j Y ‘ \'L‘n \ \U/ uf ” ﬁ" !;j \U \ M H!jf \ \U/ | ’.‘ HJ fi\l‘.f \/ \U n “\ '/ U 5" H ‘\)‘ MJ \ \IJH U %'U‘} \\J‘ U l‘f H \.‘ \“' \J \‘
VeV 8 W ohon AAf A hA A A D A
AMAAAAAAAAAANAAAAAAAAARAAAAAARRARAARAARAAANAAN
s . _ — IUIL \‘.“ U t“. ‘I\I i\d‘ ‘lev( \\J L\J/ \J llh' \J‘I Uf \"u'( \.‘J \UI \I“q‘f wa L‘f \I'\,‘ \._'} IL\LII llU \“j Ll‘j ‘l‘j \\J \| I‘J’ |U| llh ‘/ ”‘ \I \Il U( U \| J ‘f ” Ir \' \{ \j \'JI UIL
Y \
e o Ir "'l, . 11. M \
O i \ { N\ /N \ ﬂ' i p A
A e o A A A A A AT UL JUU L ‘Lf UL

IC (&) -1

VY Y Y D Y YT

185 0.0 —_— — —
la(A) 00 / 3 v /

"] Atany single pointin time, |, . ooouoLUUUUUUDUUUUUUUUUUUUUUOUUUUOUOOO

- _..| the currents add to zero:

le (A) -1.88

_|Be=IA+IB+IC (3l0=0) e ey Y NN

300 0 = |A + |B + IC (IA = 0) 300 &00 ] 7000

810.59 ms ¥
i | 0=0+IB+IC |
Ready Date: 03/16/2019  |Start Time: 10:08:47.880 Tripped Time: 10:08:48.695 | Mark 1: 10:08:48.691 Mark 2: 10:08:47.880 NUM

IB =-IC
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What do all (3) events have in common?

All 3 cases were unit connected, i.e. there was no LS generator breaker,
they only had a HS unit breaker that was open at the time of the trips.

All 3 cases occurred during startup i.e. they were coming back on-line (pre-
sync period) after an outage where in one case the GSU had been replaced
and in another case some GSU testing had been done.

As the voltage was building up during startup to get ready to sync on-line,
the 50/27 tripped the GSU HS unit breaker. Why?

50/27

? Tansomer _Uni
I”_w [ g @ fT\ A/%) } E_ Breaker

AY OPEN
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In all cases, the voltages were not yet built up to nominal — they were about
50-60% of nominal.

In all cases, the currents were rich in harmonics and saturating heavily as
this was pure GSU transformer magnetizing inrush current.

At any single point in time, the current phasors add up to zero:

e 3lo=IA+IB+IC
« 0=IA+IB+IC (asthere was no 3lo)
« -|IA=IB+IC

All 3 cases had their 50 Pickup setting portion of the 50/27 setting set at
minimum or 0.50 A.

All 3 cases had their 27 Pickup setting portion of the 50/27 setting set too
high.
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50/27 Trip Event Analysis Conclusion

These events were considered 50/27 mis-operations due to too sensitive settings for
the Unit breaker applications, although relay operated correctly per applied settings.

It may have helped to degauss the GSU after it was tested to remove remnant flux.

In all cases, recommended to increase the 50 Pickup and decrease the 27 Pickup in
their 50/27 settings.

The 50/27, 50 Pickup in general should not be set at minimum for applications without
a low side gen breaker. If you go thru the criteria shown in the Gen Calcs and
Settings presentation, typically you can set this 50 Pickup with plenty of sensitivity at
well above its minimum setting i.e. a setting closer to Inom or above may be
appropriate for most applications.

For applications that do have a low side generator breaker, then a 50 Pickup setting
at minimum may be fine, although adding the extra security does not really sacrifice
any needed sensitivity anyway.

The 50/27, 27 Pickup should be set anywhere from 20% to 50% of Nominal Voltage
as there are no disadvantages in setting it this low.
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50/27 Trip — true accidental breaker closure when off-line

VAE (V) -496
PQ Diagram =] —\ﬂ‘-—
VEE?M _;;5 Real and Reactive Power: -0.225 - j1.713
012 fkvar) f "
VCA (V) 1048
104.8 0 o=
VKN -53.7 ’
. 3 quadrant is
-34.3 12.8 .
YNV} 01 Induction Motor
A region
0.1 -0.
AR 15
15.51 04
1B (&) 25.66 -1.5
1
2570 -0.04 [ P (W) |||.
ICA  10.00 1 0 ) 0
9.95 -0.04
IN(A)  0.00
-0.04 04
m(A) 1558 J\[
15.55 04
b (&)  -2556 Like locked rotor amps, may be I
cen 00z 4 to 6 times nominal current. _V]
lc(® 9.0 IU
i
5.87 -31.25
2114 (ms) 1] 1800 2000
2114, 40 m=
126.86 Cycles

10000000
ERRhiERRddiaad

PRO TIP:

When machine is off-line do
not disable protection:

v" Do not open TCOs

v" Do not remove AC fuses

v" Do not remove DC or
power supply voltage

This is when the 50/27
protection is needed.
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40 - Loss of Field

40, VC Main Aux

Transformers 345 KV
VA,B,C VX GsU
STG 700 MVA
700 MVA Gen HS - 1?53?6 KV High Side
tap = .
19KV/208V 19 KV 3Yg/3Yg Breaker 3YgiA— Br
eaker
‘ ‘ =913 — 25000/5 o\ f\(\ 25000/5 | (\f\ ? g
[ \r{;/ i B
Exc Xfmr AY
|a,b’c |A,B,C

20 Hz Gen

Blocking Inputs = FL, 1

4!
n

(uses positive sequence quantities for security during power swings)

Z1
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40 Event Analysis

Confirm Targets, SOE, and Oscillograph files agree on tripped function:

1. 09-Aug-2017 14:40:52.324 Tipped at: 144052324
Fick up: Tripped:
Inputs: Outputs: 1, 3 FaD &1 Fa0 &1
. } Fa0 #2

40 #1 Picked up: Yes Operated: Yes 40 #2 Picked up: Yes Operated:

Ta: 481 (A)Ib: 479 (A) Ie: 4.73 (A)IN: 0.00 (A)

32. 08/09/2017, 14:40:52.324
Picked up Inputs: Dropped Inputs:
Picked up Ouputs: 1,3 Dropped Ouputs:
40 #1: Pickup/Timeout/ 40 #2: Pickup/
VA: 105.4 (V) VE: 105.0 (V) VC: 105.5 (V) VN: 0.5 (V)
VX 0.0 (V) VPS: 105.2 (V) VNS: 0.4 (V) VIS 0.0 (V)
IA: 481 (A) IB: 479 (A) IC: 473 (A) IN: 000 (A)
la: 481 (A) Ib: 4.79(A) le: 4.74(A) 1Ps: 47.76 (A)
INS: 0.25 (A) 18- 0.00 (A) la Diff: 0.04 {A) Ib Diff: 0.02 (A)
Ic Diff: 0.02 (A) RAR: 7.74 (i) XAR: =10.04 (Ohm) RBC: T.E2 (Ohm)
xBC: =10.06 (Ohm) ROCA: 774 (Ohm) ACA: <1012 (Ohm)  Frequency: 3999 (Hz)
ViHz: 96,0 (%) ROC Freq: (.00 (Hzfs) Real Power: (L8539 (PL) React Power: =1.108 (PL)
PS5 Real Imped:  7.89 (Ohm) PS5 React Imped: -10.03 (Ohm)  Phase Angle: -45.1 (Degree) Delta V: 105.3 (V)
Delta Freq: 3.000 (Hz) VN 3rdH: 2893 (V) WX 3rdH: 0,01 (V) 3900 ratio: 000
Field Insul.: =100K (Ohm) Y Brush: 2163 (mV) W Stator: 0.0(Y) I Stator: 0.0 (mA)
Profile: |
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Ensure settings are correct (match indicated Trip Outputs, etc):

40: Loss of Field x|
| 2 |
Circle Diameter: 16.2 01 | _| | 100.0 (Ohm) Disable |
Offset | 24 500 «| _| | 500(0mm)
Time Delay: | 5 1 4] | _+| 8160 (Cycles)
Outputs Blocking Inputs
W1 T2 W3 [T 4 [C5 I's 7 I's FFLW1 T2 T3 I 4
FCe T O 0120130140151 I'5 I's I'Tl'el'e
I"Tl"el"sl';:l';'l';;l';. FwolrCn 12134
—\C
Delay [ 30 1 4] | 8160 (Cycles) Enable
Outputs Blocking Inputs
N1 K2 K3 M4 Os De 07 O CrLrC1 M2 M3 M4
FCo Cwo 11 E1R2E13E14C15 16 Cs Fe C7 Ce 3
K720z M2 23 mELN RN BE N nEEN mEr
Setting
Directional Element:l 1 04 | _+| 20 (Degree)
Voltage Control: 108 5 4] 2lsow
Save Cancel
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Still normal, but starts heading towards leading region
» At unity PF, but 30 degree phase shift from VT Configuration = LL

WWWMWWMHMHWMMAWMMMMHMMHMMMHMHMMMMMAMMM M

PQ Diagram =
Real and Readtive Fower: 534.2 - [7.8 y

2 (var)
Q fvar)

===

I

=
=
=
=
=
—
=
=
=
=
=
—
=
=
=
=
=
=
=
=
—
=
=
=
=
=
=
—
=
=
=
=
=
=
—
=

& . 2

& - B z

=135 3 &

8 HEE
I

#pg oz

5
g
2
&
-
H
=l
30
"
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« current phasor is heading towards voltage reference phasor
« Because of 30 degree phase shift, already in leading region on PQ and RX diagrams

| = | == |

LA
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« current phasor on top of voltage reference phasor
| [N A

3514 Cucl
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« PF =0.87 leading, Inverse Cosine (0.87) = 30 degrees
« “la” in phase with “VAB”, so “la” leads “VAG” by 30 degrees

VAB(V) 86 188.7
Phase Diagram
Phasors:

Phase
WAB 1080 o
WBLC mne7 1207
WA 1081 120
W oo o
WM 04 10"
12 332 o
e 332 1207
Ic 229 120
IN 0.0 129°

138.2

la (&) Ik 332 1207
le 330 120

3.96

PF

2240 2260 2280 2300 2320 2
Date: 08/09/2017  |Start Time: 14:40:43.817 Tripped Time: 14:40:52.324  |Mark 1: 14:40:51.101 Mark 2: 14:40:48.817 NUM
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« Point at which the impedance enters zone 1 mho circle (5 cycles prior to trip)

llﬂlgnilﬂlalnlqllllMIIMIMIMI||||||||MMIIMIIHIHIMEII il
9 K'l d W
R t
. r*
y Il
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Plot points from osc to ensure tripped correctly

40 - Loss of Field relay settings from M-3425A - negative offset zone 2 method

#1 Dia

#1 Offset

#1 Delay

#1 VC Delay
#2 Dia

#2 Dffzet

#2 Delay

#2 VC Delay
Dir

VC

16.2
2.4
b

19.4
2.4
30

sec ohms Z1radius 8.1
sec ohms
cycles
cycles *
sec ohms
sec ohms
cycles
cycles *
degrees ** DIR & VC are

volts ™ common to #1 & #2

Z2radius 9.7

ingle

ZONE 1

ZONE 2

R1

X1

R2 X2

8.1

-10.5

9.7 -12.1

(S}

8.06917704

-9.79404

9.663089| -11.2546

10

7.9769428

-9.09345

9.6562635| -10.4156

15

7.8239991%

-3.40357

9.369481| -9.58346

20

7.61151023

-1.72964

9.115018] -8.7824

25

7.34109307

-1.07679

8.791186] -8.0006

30

7.01480577

5.45

5.400445 -7.25

35

6.63513156

-5.85403

7945775 -6.53631

40

6.20495959

-5.29342

7.430631| -5.86496

45

5.72756493

477244

6.858936| -5.24106

a0

5.20657964

-4.29504

6.23504) 4.66937

5

4 64596913

-3.86487

5.563691] 4.15423

60

4.05

-3.48519

4.85| -3.69955

65

3.42320792

-3.15891

4.099397| -3.30851

70

277036316

-2.88849

3.317595| -2.98438

75

209643427

-2.676

2.510545| -2.73052

a0

1.40655024

-2.62306

1.684387| -2.54736

45

0.70596152

-2.43082

0.845411| -2.43691

90

4.9619E-16

2.4

5.94E-16 -2.4

95

-0.7059615

-2.43082

-0.84541| -2.43691

100

-1.4065502

-2.52306

-1.68439| -2.54736

105

-2.0964343

-2.676

-2.51054| -2.73052

110

-2.7703632

-2.88849

-3.3176| -2.98438

115

-3.4232079

-3.15891

-4.0994| -3.30881

120

-4.05

-3.48519

-4.85| -3.69955

125

-4.6459691

-3.86487

-5.56369] 4.15423

130

-5.2065796

-4.29504

-6.23504| 4.66337

135

-5.7275649

477244

-6.85894| -5.24106

140

-6.20496

5.29342

-1.43063| -5.66496

145

-5.6351316

-5.85403

-T.94577| -6.53631

Ricircle center
Klcircle center

R2circle center
X2circle center

0
-10.4

0
-12.1

* accelerated tripping when accompanied by voltage dip

** n/a for negative offset
*** 80% of nominal voltage

X (sec ohms)

40 RX diagram

o

~

N
o

¥ 40 #1 Trip event enters mho circle

— A0 #1 M-3425A-PRI

—A0 #2 M-3425A-PRI

trip points from osc
5 cyc prior to trip

g

-10

8

-10

—

AN

un

&N
un

R 2 ohms)




« Compare to Loss of Field diagram via Monitor in IPScom
« With comtrade file, could play event in relay via Test Set (shows Z path on diagram)

2 |pScom M-3400 Series (5-3400) (chusers\dweisz\desktophevents and applications\m-3425a (m-3420, m-3425, m-3430)\400pacific corp - 40 trip, 8-9-17c21-settings- ;lglﬂ
a5l File Communication Monitor Relay Tools  Windows  Help - g x
| Save Secondary Metering | (2 Phasor Diagram | f Setpoints ~

Setup 555L | & Zoom In | ) Zoom Out

Positive Sequence Impedance (Ohm):

0

Circle Diameter (Ohm):

] 16.2 19.4
Circle Offset (Ohm):
-2.4 -2.4
Directional Element (Degree):
25
BECKWITH ELECTRIC CO.M-34254 M-34254: 60Hz, 5A CT || File Mode
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« At start of event, prove that la lags VAB by 30 degrees:

VAB(M) 724
\-aafi) — :: ZSZ
A * Time between cursors = 1.29 msec
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* How many seconds are in 1 sample, knowing that the M-3425A takes
16 samples per cycle:

x seconds 1 second 1 cycle

1 sample 60 cycles ) 16 samples

1 second 1 cycle

ds =1 [
X seconds sampte .o cycles “16 samples
1

— = 0.00104 1.04
5016~ 960 0.00104 seconds or 1.04 msec

X seconds =

* Now, how many degrees are in the 1.29 msec between the zero crossing
of “la” versus the zero crossing of “VAB”:

x degrees 360 degrees 1 cycle 1 sample

1.29 msec  1cycle " 16 samples " 1.04 msec

129360

X = = 28 degrees = 30 degrees
16%1.04

11



40 Event Analysis Conclusion

Reported and showed customer, relay operated correctly.
Relay tripped 5 cyc after locus entered the zone 1 mho circle.
There was an issue with the AVR (no more details than that).
When moving the event forward in time, whenever you see the
current phasor change from lagging to leading on the Phasor

Diagram that is pretty telling of a true Loss of Field event.

Additionally, it is easy to see via the PQ and RX diagrams on
the Oscillography Analysis Software.
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24 — Volts/Hz (Overexcitation) from gen relay

or GSU relay
or both

GSU )
Transformer Unit

Breaker

| - (A 3¢
}_Lmd ~ _gA‘f OPEN
B Volts
 Hz

» Excessive B (magnetic flux density ) causes overexcitation
 frequency measured fromvoltage waveform
* Recommend to set both 24 and 59 functions.

113



24 Event 1

gen running at rated freq (59.99 Hz) and rated voltage (69.3 V so VT Config = LG) so V/Hz
should be 100% i.e. V/Hz=(69.3/69.3)/(60/60) = 1 pu. However, it shows V/Hz =57.8 %:

99. 05/12/2020, 09:35:31.897

Picked up Inputs: Dropped Inputs:
Picked up Ouputs: Dropped Ouputs:
32 #1: Pickup/ 32 #2: Pickup/
32 #3: Pickup/

| VA: 69.3 (V) VB: 69.4 (V) VC: 69.3 (V) I VN: 0.3(V)

. oYy . v Lpanr L | VZ5: 0.4 (V)

IA: 0.16 (A) IB: 0.18 (A) IC: 0.17 (A) IN: 0.00 (A)
Ia; 0.17 (A) Ib: 0.19 (A) Ic: 0.17 (A) IPS: 0.17 (A)
INS: 0.02 (A) 1ZS: 0.00 (A) Ia Diff: 0.01 (A) Ib Diff: 0.01 (A)

Ic Diff: 0.01 (A) RAB: -198.40 (Ohm) XAB: -310.02 (Ohm) ﬁ""‘ N ST Y]
i‘"' ’ﬂm} RCA: -224.08 (Ohm) XCA: -327.68 (Ohm) | Frequency: 59.99 (Hz) I
V/Hz: 57.8 (%) ROC Freq: 0.02 (Hz/s) Real Power: -0.010 (PL) eacl POWEr. -U.UZT(PU)

S Real Imped:  327.67 (Ohm) PS React Imped: 327.67 (Ohm) Phase Angle: -45.1 (Degree) Delta V: 69.3 (V)
Delta Freq: 3.000 (Hz) VN 3rdH: 3.03(V) VX 3rdH: 0.00 (V) 59D ratio: 0.00
Field Insul.; <]K (Ohm) V Brush: 247 (mV) V Stator: 0.0 (V) I Stator: 0.0 (mA)
Profile: 1

* Why? Because Vnom was set at 120 V: V/Hz=(69.3/120)/(60/60) = 0.58 pu.

* Vnom should have been set at 69.3 V or could change VT = LG-LL and leave Vnom at 120 V
but then must change all other voltage-based settings to LL voltage as well.

* This relay was in-service for 12 years without any 24 protection.




24 Event 1 — check step when unit first goes on-line:

 When generator VTs are first energized, check V/Hz on Metering screen:

Secondary Metering
—Currents (&) —Woltages (V) ——————
Phase A “ Phase a “ AB “
Phase b [N ec [IEE
Phase c “ CA
Fidcll o0 | Neutral
sadft N || Pos Sea
B-bdiff [ | | Neg Seq
C-c diff | ICHIN | | Zero Seq
s [ vx I
— Low Freg. Injection Jrd Harmonic — Power (p.u.)
wo) B || R
VI (V) “ Reactive
WM “ Apparent
When gen is running at rated voltage and | ~Misc Cr
oo o 7 = F
frequency, the V/Hz should be = 100%, but if it | B::'::ru Em“
|S InStead = 58%, then the 24 e|ementS are “in' Field Insul. I:Dhm]“
effect” not providing any overfluxing protection. - . P
s 15 16 Breaker Clozed Targets
The cause could be incorrect Vnom or VT = Osc Triggered | IRIGE Sync

Config relay settings or incorrect VT wiring.
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24 Event 2

Event. 24 Trip while off-line in the pre-synchronizing period
 Unit connected generator (no low side gen breaker).
* High side breaker is open.

« Excitation is boosted to get ready for the synch closure.
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measured voltage
Nominal Voltage

82 %

* 100

Volts

derived frequency

Hz

AR RN

A

At start of event, LL phase voltage was 97.6 V and frequency was at 59.67 Hz.

And the current was zero at that point agone would expect with th

breaker open.
But the current will increase a bit j
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Nominal Frequency




« At 120 V nominal voltage (red cursor) it should have stopped boosting, and at that

timg the GSU magnetizing current was very low, just 0.08 A.

. the time the trip occurred, the voltage had boosted all the way up to 161.9 V.
VAB (v) Je16 4!?_47
e IV M——
——¥ o7 This shows why it is usually a good
| 120V, j00-136% | idea to use 59 protection, along with
B o — { the 24 elements — use 24IT and 24DT
s \ S —
0.08 1.22 N
b (A) -1.03 ]
—
765 1000 \
Ready . Date: 10/14/1997 |Start Time: 16:01:08.2N\pped Time: 16:01:11.000  Mark 1: 16:01:09.042 Mark 2: 16:01:10.993 NUM

Once the voltage gets high enough to cause overexcitation, 1.21 A of current flows into
the GSU and flux spills over into and heats non-laminated parts of the GSU.
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By the time it tripped, it was pushing a lot of Vars into the GSU:

200

a
o
=]

100

o
=]

-200

-100

100

50




24 Event 2 — Conclusion

Cause was found to be a runaway excitation system due to
blown fuse and the excitation control system had no such
blocking for blown fuse so as it saw no volts, it kept trying to
boost the voltage.

This shows why | always preferred not to block 24 with FL
because if excitation and relay are driven from the same
VTs, then the relay’s 24 protection would not have tripped if
FL blocking were implemented.

Where did the current go if the GSU HS breaker is open?
Into the GSU and then out as heat.

Conservation of energy....... electricity in, heat out.
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50 with IPSlogic (Isync Trip)

STG ein
821.4 MVA
24 KV % T osu
24000/5 Rin
| — A T | B g
M % o % S Bus
@ 50 o

« Some type of a current-based Isync Trip scheme or Out-Of-Phase
Synch (OOPS) protection could have been helpful to detect this event
and shorten the amount of time before tripping.

 However, a current-based Isync Trip scheme would not have
prevented this event from occurring i.e. it can only detect it after it
has already occurred but still helpful to limit extent of damage.
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Out-of-Phase Closure Event Analysis

» Customer reported this occurred during a manual sync when they closed
in the GSU high side breaker out-of-phase causing the “building to shake”
and resulting in extensive rotor damage and a long outage.

e WWJ A
. ST o
L A wnw T A

il
This generator relay did not trip,
but it did capture the event1.75

—
-:‘

\:C)Nl :1<35.1 99.6 \|

5 0.5
1A ( 0.06 53.87

e

T RIS IIRAVS ARGV - - . - . -

IC (A 0.04 53.67
Wﬂ A s A VIR~ AAARARAAAR A~ AMAA AN
ity

WW\WN\WU\AWMWWNVMWMMMMMWMMWMW

316 2066 (ms) O 500 1000 1500 2000
Ready art Time: 03:11:47.3! Tripped Time: 03:11:48. Mark 1: 03:11:47.696 Mark 2:
1.75 seconds
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Tripped Functions

Tnpped at:

Pick up:

03:11:48.203

Tripped:

F32 /1
F32 72
Fae 1T
F32 #3

VA KY)

9.91

-464

4 UW

VAN "’W\ﬂ {U

1470

PQ Diagram

View of Primary Quantities

n I"NU ﬂ ‘m il .W i

B o rl [ ' I 1 A Real and Resactive Power: -1.423 + j0.074 m

D ;JM T ———— “»m'luwmﬂfw\rmﬁmwﬁm I uwm | w I
WCkV) 1901 15e: ; ” : T

N e § i
v W o 56

\}1:-41|kw 35 :
‘_A f*:ﬁ) ?35 mﬁ'{\l[W\f\)‘U\ﬁﬁ,}'\j\ﬂ {\,-“M'-—va’wh‘\ﬂﬁf‘-ulw-\,-“\f\N‘\N\z\N\rw— 4 :
‘?::A) m ’WW AR A A AAAMAARARA A A _
) TA) 1 3 DA A rAMAAARAAAAAA Nw«%»- a
N0 7/ N —
002 004 | ,— ‘ :
o v —
bkA 678 L | [ 1 O
ss 03 Reverse Power =—> N

18 NWM’W '.JWW\-W\,—WN\ANWWWVWW\W |
FGW 14 W :
CL;P — [mqu_:D ’L\snn 1000 ;
Readv = Date: 12/21/2020 |Start Time: 03:11:47.380 Tripped Time: 03:11:48.203 |Mark 1: 03:11:47.954 Mark 2: 03:11:47.380
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Tripped Functions

Tnpped at;  03:11:48.203

Pick up: Tripped:
F32 #1
F32 52

VA(V) -T086 EED)

22 728 -99.8

e e AR

-14.8 208 -99.6

o _er o AANAARARAYY

9.0 -94.2 -99.6

VX (V) 0.0 996

-0.1 -0.1 -99.8

VN(V) 089 29.6

1.4 -0.5 -99.8

IA(A)  -51.53 5287

-51.53  0.00 -53.67

IB (A) 36.74 53.67

3668 -0.06 53.67

IC (A) 1632  53.67

15.27 -0.04 5367

IN(A)  0.00 B367

-0.04 -0.04 -53.67

la (A) -51.50 53.67

-51.50 0.00 -53.67

Ib (A) 36.32 53.67

3626  -0.06 -53.87

Ic (A) 1523 5267

1518 -0.04 -53.67

P &kW) 0408 1.483

0.408 0.001 1.483

WS(V) -272 69.5

42.3 69.5

500 1000 1500 2000 2500
26.32ms =
19.58 Cycles o
e
outn ——
oa
ou3
Ousd
Oues
O
Our
Ouss 1 1 i
Ready |Date: 12/21/2020 [Start Time: 03:11:47.380 |Tripped Time: 03:11:48.203  |Mark 1: 03:11:47.706 [Mark 2: 03:11:47.380
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VA(V) 1329 99.6

{AAMMMMAAAARRARRARARRAAAAARARRRRRRARARARAARARLALAALLLARRRARARAARAAARAAARAARARARARAD
Mhﬂhﬂ v 11 | | | Impedance Diagram MWWUVWWW

Impedance in ochms
Imp ab: 8.1-j45.4 Imp bz 9.5-j103.0 Imp ca: -19.4 - j47.8 MWMWVW
X (Ohms) :

79.2 -94.2 -99.6

1A (A) 0.61 53.67 o

—m’ﬂlwlﬁ"ﬁ]mmm\wwwwwwmw
0.61 0.00 -53.67
IB (A) -2.34 53.87

-2.40 -0.06 -53.67
IC(A 118 53.67

-50.2 728 -99.6
VB(V) -438 99.6

-23.0 208 958
VC(V) 1734 99.6

|

1.12 -0.04 5367
la (A) 0.59 5387

0.59 0.00 53.67
b (A) -2.40 53.67
—IWW\MWWMWWMMMWM e

-2.47 -0.06 -53.87 )
Jl‘lﬂlllﬁhﬁh’l"ﬂ"nnﬁﬁh ..... ANAARAAAAAG A B s AR AT A A AR A PP ‘i 1
WY VAATUTUTUTUI A AR esmn s A AAARA A A A
1.10 -0.04 -53.87

lc (A) 1.14 53.87

667 0 ms) 0 500 1000 1500 2000 2500
Ready |Date: 12/21/2020 [Start Time: 03:11:47.380 [Tripped Time: 03:11:48.203  Mark 1: 03:11:48.047 [Mark 2: 03:11:47.380 [ N |
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The max current from the oscillography showed 21.64 Asec.

__Iactual _ 21.64

pu= " — == 5.25 pu (5.25 times nominal current)

This is like locked rotor amps to start an induction motor.

21.64 Asec * 24000/5 = 103,872 Apri

v S _ 1 _B214M
Xd" 3xVy. 016 +/3%x24K

Ifault — Ipu * Ipase =

= 123,499 Apri

50/27, inadvertent energization protection will typically not see
this event as the voltage is at nominal voltage approximately
In this pre-synchronizing period.
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« Convert this out-of-phase closure amps to an angle via eqgn:

Ia

e V‘ES: +Eg* —2+Es+Eg-cos(ds) _ Shase - 1000

Xglsubunsat+ Zt+ 751

\fS « VhaselS

» Solve for angle:

Os 1= acos

(

Iac + (Xglsubunsat + Zt + Zs1)

Es’ +Eg2 —
Sbase - 1000

\/3 - VhaseLS

2 3

180

2+EsLEg

* Worst case fault amps occurs at 180°

» Worst case Torque occurs at 120°
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Color Nama Mag Angle

-

1. Phase Angle Difference between VB_kV and VS_kV phasors at time of event
2.  Waveform showing difference between System and Generator at time of event
3. 0OUT102 command to Breaker Close coil is not supervised by the 25A1 element which is shown with the 52A feedback




A current-based out-of-phase synch close protection will
immediately trip after the breaker closes out of phase.

It is not necessary to BF trip back a zone as the closure has
already occurred so can just trip the subject breaker itself.

An angle-based out-of-phase synch close protection is another
method which operates based on the measured angle after the
final 25A close pulse is issued.

BF trip back a zone once the “damage” angle is measured.

Saves damage as it does not have to wait for the breaker to
close and once it does close, it closes onto a dead bus.

Should be programmed in the same device that is doing 25A.

Could cause unnecessary outage if the breaker never does
close so tripping back a zone is unnecessary.
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Current-based Isync Trip protection scheme:

52b=1IN1

IPSlogic #3

50 #2

IPSlogic #4 =
IPSlogic #3 AND 50 #2

IPSL #3
52b V
156 oy

a0 #2

AND

I 0 eye

{}D

The close pulse is issued
to the breaker here

But the breaker
closes here

-l el -
-

b

Convert angle to
amps for 50 #2
Pickup setting

IPSL #4 Isync

Trip
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2 causes of the event:

 The manual sync check relay (solid state) failed in the closed
position due to circuit board level component failure.

« Also, the pistol grip switch to manually sync close the breaker was
forcibly held in the closed position.

Recommendations:

 When manually syncing a generator on-line, only “momentarily”
turn the pistol grip switch to the close position just prior to when
the sync scope reaches 12 o’clock noon. Then release the handle
immediately to allow it to freely spring back to center position.

 Never hold the breaker close switch in the close position and trust
that the “25” sync check relay will only allow a close at 0 degrees
or 12 noon.
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Considerations:

Backup protection from breaker control
relays

Redundancy vs. coordination

Utilize a Close Out of Sync Detection
(25/50) Element to reduce duration and

consequence of event (Does Not Prevent
Event)

Importance of data from quality protective
relaying, excitation controls, fault recorders

Active Field Ground Detection
Information Available to Operators
Lessons Learned and Sharing




Bonus Event — any guesses?

VAME  TeS 1812

1544 T4 1812
VB(V) -1586 1812
T34 832 1.2

509 =158.1 1812
I 016 B2

0.08 0.22 5 =
KL B 55

0.03 i.14 555
C1A) 168 B.55

0.26 142 B.55
G2 017 B 55 W
014 003 8 55

IAZ (R) 0.08 8.5a

| -0.02 -0.08 -
B2 (A) D45 B 2%

0,03 048 £.55
IC2(A) -0m1 B58

-0.12 0.59 5 58

1313 0 ms) 0 S00 1000

131375 ms In1 { {
gseacyces  oull |- f | #
feady [Date: 04/09/2020 [Start Time: 03:00:22.585  |Tripped Time: 03:00:23.858 [Mark 1: 03:00:23.900  |Mark 2 030022586 | ¢

— 134



Looking at the RMS tracings of the waveforms, the
current and voltages are running per normal, then:

VA(W)

89.2

the voltages dip |— —F
w678 — _
o —1

|g;iA) 067 fﬁ\ — '-__'L.‘_
W o5 /— I{“\U_\Ak A
e and the phase currents increase A
Ifl;:lA) n?gz \ Q\H
R |
0.41 0.12 '/F [\-\i\_ﬁ_
L 1

Date: 04/09/2020  |Start Time: 03:00:22.586 Tripped Time: 03:00:23.858  Mark 1: 03:00:23.855 Mark 2: 03:00:22.586
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This was an 87T trip from an M-3310 relay on a GSU:

N

09-Apr-2020 03:5 1 (51W2)Inv. Time Phase Overcurrent - Phase A Picked Up

(51W2)Inv. Time Phase Overcurrent - Phase C Picked Up
(51G) Inv. Time Neutral Overcurrent Picked Up

(87T) Phase Differential Current - Phase C Operated
INPUTS: OUTPUTS: 1

W1 Currents: 1.98 A (A), 1.29A (B), 090A (O
W2 Currents: 0.88 A (A), 0.56 A (B), 0.50A (C), 156 A (N)

VA,B,C

GSU

. I

it
.

w1 W2

W2-G

Why did it trip?
Was it an internal GSU fault?
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Here we can see that the phase currents are 180° out of phase which

would be consistent with some type of an externalevent.

|« But why did it trip for an external event?

B l‘ll‘lu\‘l'wu\"h\'“ A 5 l|\l |”f"‘|!\ i "Ilflill‘[‘.lhi\ltfwl"“. I‘LJ d\lh‘ “;'IHH | \MH” l.l‘l “"'!H.M f ’\\‘HIHIIIUI‘|‘.l"|"“‘I‘\'lll“lw‘ll‘”“hl‘,.‘II‘-‘Il‘lll‘_l‘l‘

148 "“I H ‘I,‘I \'I I‘\_u‘l I“...“I ‘\‘ll" '\I l\' / l“ \“ "“ ‘Ils‘ I'y,l “I‘,I‘ ‘l‘ ‘l‘l ‘Ill Il,fl l“.ﬁl‘l ‘H‘ul“l “‘l I‘I | l‘“ “.“ ‘IL.‘l‘y.‘ l'u‘ '_I‘ ..I H “I l.‘l ‘Il_w'l ‘u'l “.,.‘ ‘l "‘ H “I “II“ Iu_.‘ Vo V' I‘ “I | ‘Il‘lll"l l“.-“l‘\.,.“l “I_;‘I Ill_.“ll ‘Ill‘,.

I‘*f"“f“;""‘l‘.”““.‘"w '|| u"""'*.‘“a“,"f“."l‘,'l‘ll‘«H«*ellf'l,"‘,l“”’.‘"}“".‘w"‘u(" AAAAAAAN 'll”,"‘ AR
———————————————————————————————————————— é:::rs Sk |Ag\ \

. And why are they exactly 180° out of phase? Sﬁ{ﬁ

*  Why no 30° phase shift from the Delta-Wye GSU?

* Are the compensation settings set correctly in the relay? 1

Typically, for Delta-Wye xfmr, you will see thru current from load [~

or external event be 150° (Dab) or 210° (Dac) apart — HS Wye
leads LS Delta by 210°.
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Check the 87T Transformation/CT compensation, CT Tap settings, etc:

Transformer and C.T. Connection: | 14: YY -yy (ZS Curent Blimination)
2

&

No 30° phase shift was set, why not?

87: Phase Differential Current

CT.T
87 Phase Differential Current &7 M ®

Even Hamonics Restraint (2nd and 4th) (O Disable () Enable (@) Enable wicross average

Restraint: 8 i 5 & > 50 (%)

5th Hamonics Restraint () Disable (@) Enable () Enable wicross average

e— A
Restraint: 30 ! > € > 50(%)
Pickup: 0.38 0.10 « > 2.00(PU)

Outputs Blocking Inputs

M1 02 003 OJ4 5 06 [J7 [I8 11 Od2 03 [J4 [J5 [16

7T | &M | CT.7m Winding 1 C.T. Tap: 174 | 4 < > 200
_ Winding 2 C.T. Tap: 0.72 | 020 < > 200
Pickup: 040 0.1 E— CrsEDTE
PercentSlope#1: | 50 | 5 < > 100(%)
Percent Slope #2: 100 5 £ > 200(%)
Slope Break Point: | 2.0 10 < > 40(PU)
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e 3-line:

@D [ : f—t !
ﬁTE . - 1 }:' ‘

20007 LA

(OUT OF LaT~MELCO SCOPE )

| i _
{ | e ——. = )
M ! ; - —
l GT-% PAQT. AT,
{ZJ | ! DPRS |
hn G TERMINAL S[ZE ldmmz M-3310
| ¢ (Ll ) WINDING 23 ‘
l **i“'f-UEBEDd - S8 TTeicTn 5. 5mn .
| 1 ]T-’._I 21C7 A0 21Cc7] b | 55. (].ﬁ_:} a4 ‘
4 T 2 42 gice Y 2 gicel M 57, (18)  5BL) |
— L \|—| ' . 34 - 5 . S
- ¢ L | “le'" 1_'\_,\_,'_. ! 3 % 43 __2icE & 2ical N | 59, (1c) SR ‘
e ¢ 4 s 44 C4 . C4
TRANSFORMER | | l E x JI U SR A S D S | H 21 o 21c4l N |
420172 4KV Y i e B \ ' - ‘
3xIATMVA ?f: it i i ' (oo v 1 yE
SR (Ez20 f2ac) @40 APaieeha | &, Emin? T TaffTSLTT, 5. Gme? CWINDING 23
iR | ' 3xCT 3wt 3xCT A | ' TeTTodCc _
\: 4 2000-14 200014 |200041A oz » 25 23CS  —p 23051 4 53, (1a) .
Y 3 a 1 2
rl . J_, | 45 23CE o 23CE] s2 ‘
. REF. TQ T}QE :
H. PEOE7 SWINDING 13
] J o (L BLE) @ R 5. §mn?
16030714 E—.E ‘ | **I:I.'I?EEDE : 5.5mn? T, 720071 |
I ‘ e L l 47 20C) Té 20C11 47, {14 45 ‘
! } 2 48 N _2oco 12 20ca) 48, (18) 45’_!‘
_,J i 3 43 paca 34 socan 151, (1c) E-ujqI
E E_. . l 4 L 50 zoce 38  ooca) |
—| g . T\T 7 &
- | | e
| | |
N P | i i

» Delta side CTs are inside the Delta: that’s why no 30° phase shift was set

* Now, check if the CT Tap settings are correct.
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So yes, the CT Tap settings appear to be set correctly as well.
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* Look at pre-fault area to confirm CT Tap settings are correct.

IA1(A) -153
AN AAANNAANADDANA N A AN NS AN A A A A DA AN AN AN A S NN A A A A A AL
¥ \__f’ W \.\I’ S AVAVAVAVAVAVAVAVAVAVAY: \\,* \VAVAY. \__,"”‘-,__«' AV Vv \‘\_," A/ \*.__! \/ w,’f S AVAYAYAVEAYS \,JI Y AVAVAVAVAVAVAVAVAVAVAY
-1.31 0.22
IB1(A) -D.03
VAV AV AVAY AV AV AVAVAVAVAYAVAVAYAY/ VAVAVAVAVAVAVAVAVAVA
1.12 4
IC1{A) 164
Y . " 4 i FaY AN A A o AN AY If‘. IJ"\ A N\ ‘f|‘ A / f A\
AN VAVAYAYAVAVAVAY PSS Phasors \ }'\ f
|
Phase | Magnitude ‘ Angle‘ | f \ }I l',j‘
o 1106 0 U
A2(A) 068 1103
Ve 110.2
VN 0.0
an A AAAAA—]
R N T L N Y T T N 0 W T L iy L Y N
1B 1.04 —
IC1 1.05
G2 0.0 -
0.56 -0.09 142 0.42 -160°
1B2(A) 0.01 B2 043 80*
IC2 0.44 42
R T i R e e i b~ ™ i S~ i S e e e e e S e i W/\/\/\’\/\MMW
IC2(A) -069
0.10 59 8
1142 (ms) 0 500 1000
[1142 <0 me OutT | I
Ready Date: 04/09/2020 |Start Time: 03:00:22.586 Tripped Time: 03:00:23.858  |Mark 1: 03:00:23.729 Mark 2: 03:00:22.586 NUM

 1.01 =

0.72

1.74

= 0.42 A, so yes Tap settings are correct.
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Play back the comtrade event file in an app
that simulates the M-3310 87T algorithm with
the settings they had applied at the time:

Differential

25 -

15 -

0.5 -

|| Here, we can see the event locus
plots just barely above the 87T
characteristic, so tt’e relay tripped
correctly with those| settings:

Restraint
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« Look at the 2" harmonic signature:
VA V) 3
w@
W :
I-.'I:-u 538 il|rlll,:_ ...... _|js w
|E1 E.:u 0.38 -|'| et 1l Y [ N
o
ST e =

B2 tlI-J 0.1
18 lr‘l“""\-ﬁ-t;'\-" | i W
IC2(A) 04 MM\_
;.'.-. ) 500 1000 ?
1260.00 ms I |
Ready Date: 04/09/2020  [Start Tirme: 03:00:22.585 Tripped Time: 03:00:23.858 Mark 1: 03:00:23.846 Mack 2= 03:00:22.586

 Clue — trip occurred when there was a fault out on the transmission system.

» So why did this GSU protection relay trip for a transmission line fault?
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%
e Inrush from initial transmission line fault: N = '
M 68 87 element initially correctly restrained for
this external fault.
E:;'I (A 0.3E
. But then when the breaker out on the
1A 0 transmission line tripped open to clear the
| fault, there was a 2" inrush event aﬂ%ﬁ\
L time the 87 element was not secure enoug
) and it tripped.
GZA 082
e What was this 2" inrush from?
. ,r i
T ANSWER: Recovery inrush from when Mool
_ the transformer voltage is restored after it h A
T was depressed from the fault. ’ﬁ"""”
A
. ! J |----.-.-" P,
mal 0 B0
1260.00 ma
Ready Date: 04/09/2020 Start Time: 03:00:22586  Tripped Time: 03:0023.858 Mark 1: 03:00:23.846  Mark 2: 03:00:22.586
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Recommended they consider desensitizing the 87T settings: Pickup and/or Slope
and/or Even Harmonic Restraint.

The settings had already been desensitized per my recommendations from an 87T
trip a couple years earlier where it had tripped for a transmission line fault.

The CT Saturation performance matching is likely not that great.

87: Phase Differential Current pd
87T 8H CT.Tap /
Pickup: _ 0.40 /u < > 1.00(PU) Disable
Percent Slope #1: | 50 ) € > 100(%)
Percent Slope #2: 100 5 € > 200 (%)
Slope Break Point: | 2.0 10 € > 40(PU)
Even Hamonics Restraint (2nd and 4th Pﬁsame (O Enable (@) Enable wicross average
Restraint: | E_ b € > 50(%
5th Harmonics Restraint () Disable (@) Enable () Enable wicross average
Restraint: 30 h £ > 50(%
Pickup: 0.38 010 « > 200 (PU)
Outputs Blocking Inputs
M1 [J2 (13 [J4 015 (e []7 []8 T Od2 O3 Od4 s s
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Showed several options to customer for settings changes to make it more secure:

1) Adjust Slope 1 setting from 50% to 65%, in which case the event locus then plots below your operating characteristic:

Differential

3.5 4

25 4

15 4

0.5 4

T
25 3 3.5

Restraint
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Zoomed in with a Slope 1 setting of 59%:

1.9 -

|

2.5

Restr:
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2) Leave Slope 1 set at 50% and decrease the even harmonic restraint from 8% to 6%, in which case tt

Differential

3.5

25

15

0.5

Restraint
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| would probably choose increasing Slope 1 to 65% and leave the even harmonic
restraint at 8%.

Transformer simulations show that magnetizing inrush current usually yields more
than 30% of IF2/IF1 in the first cycle of the inrush so a setting of 15% usually
provides a margin of security for older transformers that have higher amounts
of even harmonics present during magnetization.

This could be decreased for newer transformers as typically modern transformers
tend to have low core losses and very steep magnetizing characteristics.

An even harmonic setting of 10% or even lower may be required for sufficient
security for some modern transformers; however, this additional security must
be weighed against the risk of inadvertently restraining for internal faults with this
lower Even Harmonic Restraint setting.

Shows the importance of proper CT Dimensioning, CT Saturation Calculations,
and CT Performance Modelling by the initial power plant designer.
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Questions?
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