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SDG&E System Overview
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Initiating Project and
Establishing Goals

Acquiring field quantities for generator
model validation

Analyzing interaction of mechanical and electrical
guantities

Verification of generator parameters per NERC
MOD-025 thru MOD-027 requirements

Continuous condition assessment

Developing real-time condition assessments based
on physical parameters



Motivation

« Power system stability studies primarily
deal with transients in (power) angle,
voltage, and frequency

« Typical transient effects in ac frequency are
due to power loss
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Motivation

Transient effects are due to dynamic coupling and
Interaction dynamics between generation and load
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For grid-tied turbine / generator interaction
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We can assume interaction is “one way from grid”



Major Interconnections
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Selecting the Site
Combined Cycle Plant

2 Gas Turbine Generators e
1 Steam Turbine Generator
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Taking Advantage of Opportunities
February 2014 Plant Shutdown

40,000-Hour
Maintenance
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Complete Overhaul
of All Machines



One Line

230kV SUBSTATION

|

|

|

|

| ———
| |

I 2 West Bus PT
' ) i
I e , »

|

|

|

|

|

|

|

|

r— — — €Te#GsU— —
XFMR "

120/160/200 MVA ™)
18KV-235kV

132/176/220 <= 180/240/300 <
MVA MVA
- _18K\-230KV_ 3¢ | 18KV-230KV_

L
. 8000/5 1 8000/5 1 1500015

CT #1 CT #2 ST
@ 222MVA @ 0.85PF 3\ 222MVA @ 0.85PF 3 260MVA @ 0.90PF
18KV, 3PH, 60Hz : 18kV, 3PH, 60Hz 18KV, 3PH, 60Hz

25KVA
1200-240V
NEUT GND
TRANSFORMER

g 400A




Instrumenting Machines
to Capture New Data

« (Generator rotor angle
« Fleld voltage

 Fileld current

}
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How Do We Capture Field Quantities?
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Creating the Rotating Magnetic Field
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Architecting a Solution

Real-Time
Automation
Controller
Power
Coupler Power Coupler
' v l
Mechanical | Field
Speed 1 Current
Mechanical | Field
IRIG-B | Speed 2 Voltage
Input

Real-Time Ethernet
(Data and Time Synchronization)



Angle of Rotor Relative to What?
)
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rotor position

intemal voltage
terminal voltage

internal voltage

terminal voltage




Instrumenting for Mechanical Signals
Rotor Speed and Angle

Vibration
Monitoring
Equipment

Speed Sensor
Acquisition |[<— IRIG-B Input
Equipment
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CT/PT Card




Exactly What Are We Instrumenting?




Combining Electrical and
Mechanical Data
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PMU Data

Standard Chart meEx
4 x [ |PECCTLFIELDI "Analog *
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B57.43
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749.95 / I (3/16/16 16:59:06.766
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4 x JPECCTLROTOR x [ |PECCTL TERMINAL ‘Voltage 1 Angle = PEN230ERUS

-22.783 B e TN
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ooy PM 5:15:00 PM 5:23:20 PM
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4 x [ |PECCTL TERMINAL "Real Power1 ¥

141.09M
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105.25M - -
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81.35M
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Watching 20 Tons of Metal Get Tossed
Around — A Synchronization Story
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Standard Start
Load-Commutated Inverter

Acceleration
to Full Speed

Speed (pu)

Acceleration to
Purging Speed

Ienition
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Starting a Machine With a

Load-Commutated Invert
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Standard Chart
4 x| |PECCTITERMINAL x [ |PEC 5T1 TERMINAL
38.91M
30.60M
22.29M
13.98M

03/16/16 10:17:21.000

3.67M == PEC CT1 TERMINAL 0.45&
— PEC 5T1 TERMINAL -0.001
10:13:20 AM 10:16:40 AM 10:20:00 AM 10:23:20 AM

-2.64M

Standard Chart

4 x [lireccti x [IFPEC CT1 ROTOR HZ
60,209

10:26:40 AM
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CT2 Startup
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4 x [ |pEC CT2 TERMINAL "real Power1 ¥
14.72M
11.25M
7.77M
4,30M
P | | | 01/20/16 09:48:41.000
-2.64M : — PEC CT2 TERMINAL -284.724
9:45:50 AM 9:46:40 AM 9:47:30 AM 9:48:20 AM 140:10 2 ; 9:50:50 AM 9:51:40 AM
standard Chart HE!
4 x reccr2 x [ |pEccT2ROTORHZ x [ PEN PMUL ‘Frequency ¥
60.225
60.178 A\ LA A4 -
J ) ! k ! v [ | 'R L ‘ ;" 3
60.131 1T A ¥ ¥ L e Ry A
! 60.084 ' ‘ LRl 01/20/16 09:48:41.033
60,037 , , , PEC CT2 60.109
— PEC CT2 ROTOR HZ 60.111
59.990 - PEN PMU1 60.013 .
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4 x JPECCT2ROTOR x [ |PEC CT2 TERMINAL

179.73
107.94 ﬁ
36.15 HHAA e - Pl dt [/
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% J 01/20/16 09:48:41.000
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0:45:50 AM 9:46:40 AM 0:47:30 AM 9:48:20 AM



CT2 Loading
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Standard Chart

4 x [ |PEC CT2 TERMINAL

37.11M
29.16M
21.21M

P1=13 MW
P2=36 MW

13.26M
5.31M

-2.64M

9:40:00 AM 0:41:40 AM 09:43:20 AM 9:45:00 AM
Standard Chart

4 x Jrecct2 x [ |pEccT2ROTORHZ x [JPEN PMUL

61.071
60.853 .
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60.200 - P 7t
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CT1 Startup

Etandard Chart

27.01M
29.23M
21.45M
13.68M
3.90M

-1.8EM

Etandard Chart

60.075
60.048
60,021
! 59.994
39.967
59,940
Ptandard Chart
179.82

107.89

35.97

! -33.96

-107.29

-179.81

% x| |PECCTITERMINAL x [ |PEC STL TERMINAL

L |
9:00 AM 10:00 AM N 11:00 AM 12:00 PH > #
1 1
mEw
‘RealPower1 ¥

03/16/16 10:35:33.000

—PEC CT1 TERMINAL -8019.277
PEC ST1 TERMINAL -0.007

10:24:45 AM  10:35:00 AM  10:25:15AM  10:35:30 AM  10:35:45AM  10:36:00 AM  10:26:15AM  10:36:30 AM  10:36:43 AM  10:37:00 AM  10:37:15AM  10:37:30 AM  10:37:45 AM  10:28:00 AM  10:32:15 AM  10:38:20 AM

10:34:45 AM  10:35:00 AM

/

10:24:45 AM  10:35:00 AM

10:35:15 AM

4 x FECCT1IROTOR x [ |PEC CT1 TERMINAL

/

10:35:15 AM

4 x [recctt x [eeccTi ROTOR HZ  x JIPEN PHUI

/16 10:35:32.866
PEC CT1
PEC CT1 ROTOR
PEN PMUL 59,982

10:35:30 AM  10:35:45 AM  10:36:00 AM

7

21

119.9

10:36:15 AM

Angle = 77.12-119.94 = ~ -42.8°
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mEx
Freauency ¥

10:38:30 AM

mER
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CT1 Loading
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Standard Chart EE*‘
4 x [ |pecCTiTERMINAL x [ |PEC ST1 TERMINAL P1=37.6 MW 'Real Power 1 ¥
138.75M 16 10:39:45.000 T .
110.49M Lraielzit — -
82.93M — PEC CT1 TERMINAL 37683060.00( P2_69 . 8 MW
53.96M — PEC ST1 TERMINAL 0.000 =y
oo ToM =r16/16 10:51:45.000
oy . . | — PEC CT1 TERMINAL 69886320.000
10:26:40 AM 10:35:00 AM 10:43:20 AM (UEAN - pEc ST1 TERMINAL 0.000 AM 11:16:40 AM 11:25:00 AM 11:33:20 AM 11:41:40 AM 11:50:00
standard Chart B EE*‘
+ x [eeccnt x [eeccrirotorHz x PN PUR OtOr Position Ang|e = -42.8° I——

60.209

1 ] - L ] ’ L ] L[] ’ b
49.741 — t — o — o - o
ANG2 = 43.53-26.93=16.6°, 42.8-62 =16.6° = 02 = 26
39.273 i - i - - | |
! 28.805 / -  03/16/16 10:51:53.966
/ PEC CT1 60.021
T // PEC CT1 ROTOR HZ 60.022
5 869 N/ | PEN PMUL 60.019
10:26:40 AM  10:35:00 AM  10:43:20AM  10:51:40 AM 11:00:00 AM  11:08:20 AM 11:16:40 AM 11:25:00 AM 11:33:20 AM  11:41:40 AM  11:50:00
Standard Chart h EE"
4+ x PECCT1ROTOR x [ |PEC CT1 TERMINAL ‘Voltage 1 Angle ¥ 'PEN230 EBUS ¥
175.51
105.18
34.86 ’ | ‘ |
i -35.47 “ J |U| . .
-105.80 ’| ||J PECCTL ROTOR  -43.529
-176.12 — PEC CT1 TERMINAL -26.933
10:26:40 AM  10:35:00 AM  10:43:20AM  10:51:4 :08:20 AM 11:16:40 AM 11:25:00 AM 11:33:20 AM  11:41:40 AM  11:50:00




Building on Forward Progress

Continue monitoring and data validation
= Field current, voltage

= Rotor angle (1 & 60 pulse)

Model validation

NERC MOQOD verification
Estimating generator parameters

Real time condition assessment



Questions?



