Time Delay Technique for
Pinpointing PD Noise on
Combined Cycle Systems

Troy Coleman, Plant Technical Services
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Generator Stator Partial Discharge

 Record data every 6 months 2> TGA-BP
* Pulse Qm (Magnitude) and NQN (Quantity)
Check for changes in PD over time

‘Sumas Gas Turbine Generator
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Goldendale, 1:1 Combined Cycle

GE 7FA Gas Turbine

« 168 MW

« 18 kV

Siemens Steam Turbine
« 84 MW

« 13.8kV
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High System PD (1000-17000 mV)

Date Machine (A phase) System (A phase)

Bipolar Machins FD Bipolar System Activity
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Hunting the elusive PD signal

« High System PD throughout plant

230k\
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Need distance between both couplers

Between System
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Adding Additional Coupler

10 feet apart

Generator Generator
Circuit Breaker

"\ Z Z:

I I Partial Discharge I
cHon 52 80 pF Coupler S
49 feet apart
< >
_Machine System
Machine S‘y_sggrp
@ -~ (@}
°© 9 Generator Step-Up
© ¢ O

Transformer

oooo
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New distance between couplers

Between System 150ft

—~ System New*
= Coupler Coupler §

—— Machine
— Coupler
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Machine PD

Machine System

System
Coupler

Machine
Coupler

Equal Lengths

Coax Cable

Machine System

@)
System Coupler receives pulse
® ¢ o after the Machine Coupler
O System = Machine + Between Length

o

o
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System PD

Machine System
Coupler Coupler
=

Equal Lengths
Coax Cable

Machine System
© A~ O '
System Coupler receives pulse
O = O before the Machine Coupler
p
O ¢ @) System = Machine - Between Length
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Between PD

Machine System
Coupler Coupler
J
Equal Lengths
Coax Cable
Machine System

® - © Pulse will arrive at one of the

O =B O couplers before the other at a time

@ o delay < Between Length

|System — Machine| < Between Length
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PDView Between Plot Technigue!
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PDView Plots

PPulse Phase Analysis (no phase shifﬂ ﬁ' IRIS
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Changing Time Delay Setting

:E Measurement Acquisition Control

Step 1@ Define Your Measurement Criteria

S reff Delay
Use Input  Sensitivity Sensor Set Phase  Anglf  (ns)
1 ~|[50mv-850my v |[A-M1, A-51 | A |90
1 ~|[s0mv-8somy v |[B-M2, B-52 ~| B |30
1 v|[200mv-34001 ¥ ||B-M2, B-52 ~| B |30
1 v|[100mv-17001 v |[A-M1, A-51 T
1 v|[100mv-1700r v |[A-M1, A-51 | A |90
1 ~|[100mv-1700r +|[A-M1, A-S1 -] A |30

Source: Iris PDView
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Adjusting Time Delay Settings

Time Delay Setting: 90 nano seconds (thinks bus is 90 feet)
Machine System
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i Bet%en Activity

=] |
138 pps ZiEbi0pps 10B31Epps 215D 100 pps
= 10 B31EpRE 316D 1000ppE > 1000 pps Subests
5 Ts00F 7T o~ 3-Ts00
R~ - T e
z o S 4 1o k
E| E - =
£ -2500; é——ESC'C
g-x{{-w q =000
ﬁ X "%] ] E
& -TE00- R |.|"| T 1 T 1 T 1 S I T
w [+] 45 =l 1 3:,.&39 ;ie F:_::ZS frary+] 35 350
65 feet = 100 nano seconds 65 feet = 100 nano seconds
Machine System - ;'“ Srstem Ativity Sy%? m Activity
O A O ipIi6pps ZIED10ppe 10DEIEppe 216k 100pps
=] —
— 100D 316pps 316D 1000ppe > 1000 pps Subssts
O B O g 7500 E 31200
T =oooE ER
© ¢ O Pl -
5 280 z z ZEOD
O w O
. . . g-fﬁ % % 5000
Time difference is 60 ns. 2 ok I
. w ” = 11 11 11 [ I Ty | 1 14
. . Therefore PD is “Between o« w ws wm aws o ws o
Pulses will travel at .65 ft/ns in coax Fhase Angle fieg]
Pulses will travel at 1 ft/ns in bus
PUGET
SOUND
ENERGY

Troy.Coleman@PSE.com | 16



Adjusting Time Delay Settings

Time Delay Setting: 70 nano seconds (thinks bus is 70 feet)
Machine System

Bipolar Batwesn Activity =
i Bet%en Activity
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Adjusting Time Delay Settings

Time Delay Setting: 50 nano seconds (thinks bus is 50 fe€e
Machine System
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Adding Additional System Coupler

15 kV Coupler

Actuator :
§E=]_ n_po -H SF6 Breaker.. .../ .L.
= ’ R

— e

Yy et -

E Disconnect
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Adding Additional System Coupler

-
.
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Creating Equal Lengths

« Existing couplers had 24’ coax cables.
* Our new” system coupler had a 88’ coax cable.
« To create “equal’ lengths, we needed a temporary 64’ coax cable.

Generator
Circuit Breaker

Generator

S —
_Machine

New T
Machi Syst
achine ystem /2 o
O a
B

@)
O c
5) 88' cable \

Generator Step-Up
Transformer

@) ..l

Off by 48.6 ns
@gggﬁg (Bus Length)
ENERGY
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Changing Time Delays (59 feet apart)

Time Delay Between System

Bipolar Between Astivity Bipater System Activity
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Source In Circult Breaker?
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Sk, Gas Testing

The gas tested normal:

* 99.9% Purity —
« <200 ppm dew

* 0 ppm SO,

- 71.3PSI
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Visual Inspection — Aux Equipment

Tested all the auxiliary equipment:
« Disconnect Bushing

* Surge Arrester

« Capacitor

« Voltage Transformer
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Visual Inspection — Inside Breaker
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Source of Partial Discharge?

MegOhm Tester:
1.65 MQ

1
13.8 kV e'

\
Actuator
Grease
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Next Steps

Contacted manufacturer
Consulted other engineers
Cleaned actuator grease off
Put unit back in service
Re-perform PD testing
Re-inspect on next outage

S A
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Mint Farm, 1:1 Combined Cycle

GE 7FA Gas Turbine
174 MW
« 18 kV
Fuji Electric Steam Turbine
« 86 MW
« 13.8kV
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Hunting for Discharge

Date Machine (C phase) | Between (C phase) | System (C phase)
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No Machine or Between PD, so we decided to add an additional
coupler further down the bus to increase our “Between” distance.
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Adding Coupler

Generator 24 feet apart Generator

/ Circuit Breaker
A
/\J ) V4 1

V4
I 150 feet apart
§ = >

aaaaa | Coax: 89 feet " } E

Machine  Syste

Generator Step-Up
Transformer

o o
o = O
© ¢ O
o o
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Next Steps

1. Wait for the end of the outage when the unit is back in service.

2. Perform PD testing at earliest convenience, on a dry day.
3. Adjust time delay settings until the “Between” signal switches to
a “System” signal.
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Thank you! Questions?

@ PUGET SOUND ENERGY



