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Key Components of the System

« SQ-300 Automatic Voltage Control

 WIinDAC Data Acquisition and Control
Software

 PRC-100 Rapper Control System
 Remote Diagnostics and Optimization
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Installation Discussion Points

s wn =~

6.

/.

GE

90-95% of all of our sales are retrofit.
Good as is drawings are key.
Make a decision on reuse or rewire.

. Typically, SCRs, breakers, contactors, alarm

control circuitry and meters can be reused.

. The SQ-300 comes with all necessary interface

components. Scalinfg resistors, feedback filter
boards and current transformer.

Once the control is mounted and the resistors are
Installed, there is no calibration required.

JI{_?etrofit or as-built drawings are generated each
ime

Proprietary



SQ-300® Automatic Voltage Controls
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o A few representative installations
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SQ-300® Automatic Voltage Controls
A few representative installations

1 &
A "2 d
b ' ":‘)T,{ T =
g | 7
A [
i ) :
GE



SQ-300® Automatic Voltage Controls

* |nstallation
* Delivering the Power
* Information is Power
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SQ-300® Automatic Voltage Controls

Input Output
300-600 VAC 30-100 KV DC
RMS Avg

— > Precipitator |
Power Supply
[
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SQ-300® Automatic Voltage Controls

When the SQ-300 AVC starts to
run, it ramps up power by starting
at 180° and slowly decreases the
firing angle towards 0°.

I

l

I

I

This continues until a spark, arc ’ } 0°  90° 180°
or T/R set limit is reached. 0°  90°

By controlling the SCRs, an SQ-
300 AVC can control power to
the T/R set.

Y
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SQ-300® Automatic Voltage Controls

The SCR Stack

The SCR (Silicon Controlled Rectifier) stack is the device used to control power going to the
primary of a TR set. The SCR Stack is composed of two inverse parallel SCRs. In general
terms, it is called a “Switching” power supply. This configuration allows for controlling of an
AC waveform on both the positive and negative half-cycles.

In order for an SCR to turn on, it must be forward biased and a gate signal applied from the
SQ-300 AVC. Therefore when one SCR is forward biased, the other is reversed biased.

Once an SCR starts conducting, it will not stop until current goes to zero.
Cathode SCR2 Anode

(T ad=]
I\

Fuse
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SQ-300® Automatic Voltage Controls

GE
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SQ-300® Automatic Voltage Controls

GE

The diagram would
represent the
waveform with the
SCRs turning on at 90

If this waveform were
applied to the T/R set,
very inefficient

operation would occur.

Output power from the
T/R set would be
greatly reduced.

Proprietary

90° 90°
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SQ-300® Automatic Voltage Controls

To increase the efficiency of the T/R set, a device called a
CLR (current limiting reactor) is used. A CLR is an inductor.
Recall that the property of an inductor is to oppose a change
in current. Because of this property, the shape of the current
waveform is changed and it starts looking more like a sine

\/D
W? Memorny 10
8.00

GE -10.0ms 5.0 ms/Div
Proprietary
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SQ-300® Automatic Voltage Controls

 CLRs are typically designed to be 50% of the
iImpedance (inductance) of the T/R set. This allows
for the best waveshape when the T/R set is at its
rated limits.

 However, for a field that is not reaching its rated
limits due to sparking, sizing the CLR based upon
T/R limits would actually be detrimental.

» Since the field is running below rated limits, more
impedance (inductance) is needed to shape the
waveform to look more like sine wave.

GE
Proprietary 17



SQ-300® Automatic Voltage Controls

* The value we look at to determine the shape
of the waveform is called Form Factor.

* A pure AC waveform has a form factor of
1.11. Since we have a switching power
supply (the SCR stack), the best form factor
we can ever achieve is 1.20.

* With the control running at a form factor of
1.2, we have the best efficiency we can get,
thereby the most power out of the TR set.

Proprietary



SQ-300® Automatic Voltage Controls

One More Thing:

« The CLR has another function: it limits the current

In the primary circuit when a spark occurs in the
ESP.

 When a spark occurs, current increases
dramatically.

« Without the CLR, and its property of inductance (to
oppose a change in current), the current would
Increase to a point were it would blow fuses and
trip breakers.

GE
Proprietary 19



SQ-300® Automatic Voltage Controls
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SQ-300® Automatic Voltage Controls

 The T/R set is divided up into two sections, the
Transformer section and the Rectifier section.

« The Transformer section steps up the AC voltage
from the primary to a very high AC voltage on the
secondary.

* The Redctifier then converts the high voltage AC to
high voltage DC (Direct Current) which in turn is
applied to the precipitator field.

* Direct currents can fluctuate with time but will
NEVER change polarity (cross zero).

GE
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SQ-300® Automatic Voltage Controls

Transformer

Full Wave

‘ L Bridge Rectifier
Ay
Primary L Secondary + // k —
- . i

N
\

v >
J % S u

Fig. 3

IAISII A

Although the Bridge rectifier is shown as four diodes, it
actually is not. Each diode represents hundreds of diodes in
_parallel.

Proprietary



SQ-300® Automatic Voltage Controls

In order to understand how this device changes AC into
DC, we must follow how the current flows through the circuit.

Lod7r I
D1 C ™
Sle T w P ]J
I ] _
Input to the rectifier 7 Output from the rectifier

N A
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Typical AVC Response

A
h N .
v . Limit
______ Sow Ramp ___________Spark Level
N | T
Setback
Fast
Ram
Quench
ol .
Time
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Spark Response - Secondary Current
and Voltage Waveforms

4.00
{

10.0 ms/Div
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Spit Spark Response - Secondary
Current and Voltage Waveforms

BAVAVAWAIPVAY AV IVAVAVAVAY

10.0 ms/Div
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SQ-300® Automatic Voltage Controls

* |nstallation
* Delivering the Power
* Information is Power

: SQ-300"
[ TrOu bles hOOt' ng MANAGEMENT SYSTEM
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Main Status Display
Updates at Spark, Arc or Limit

Main Power Off - Contactor not pulled in

GE
Proprietary
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Main Status Display
Updates at Spark, Arc or Limit

—
a
8 S

. SEH-ZHE Halted #

R A e e A B O S R P S S L T S A M R

SQ-300 Halted - Contactor is pulled in
but the SCRs are not Firing

GE
Proprietary
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Main Status Display
Updates at Spark, Arc or Limit

L SCE
S2.85  HSH

o Cuprent Limit #

Run - SCRs are firing and the Control is
Operating at a Spark or Limit

GE
Proprietary
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The Shape of Precipitator Waveforms

Shape Matters!

GE
Proprietary

31



Primary Form Factor
=RMS Current / AVG Current

Frimarg Current bWaveform Anald
Meazured Form Factor
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Secondary Fractional Conduction
= Time on / 8.33 msec (60 hz)

Secondara Cuprent blaveform Hoals
Fractional Conduction

TR S=ft Fated Llaliyes:
llﬂﬂﬁﬁ'iﬁéﬁigﬁlllﬂﬁﬁﬂ
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Waveform Distortion
Shows Efficiency

Feduction In Secondara Curpent
Lige To Waveform Distoption:
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Line Frequency
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SQ-300® Automatic Voltage Controls

* |nstallation
* Delivering the Power
* Information is Power

: SQ-300"
[ T ro u b I e S h OO‘“ n g MANAGEMENT SYSTEM
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There are two main areas where we
troubleshoot :

* Control Level

» System Level

GE
Proprietary
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GE Energy

Control Level
Troubleshooting

SQ-300™

imagination at work



TR Namplate Values
(for this exercise)

Primary Current 160 Amps
Primary Voltage 480 Volts

Secondary Current 1200 mA

Secondary Voltage 45 kV



HriF Lia]lt. MAH kL SCR k-l
166 Hd5 1857 HH.9 B3l 5[5
* Primara Current Limilt #®
* R *

HrF Lalt. MH FLl - SCE Kl
1e6 Bd3 18y BR.9 B3l Bg

* Primara Under Uoltagde Hlarm #®
* Main Fowsr OFf *

Short
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Proprietary

=rdy
LS

ST
5[5

40



Mechanical Checks for Shorts

« T/R Set output bushing dirty, tracked or broken
« Bus duct stand-off insulator dirty, tracked or broken

* Bus duct through-put insulator dirty, tracked or
broken

« HV frame support insulator dirty, tracked or broken

* Broken wire or RDE in shorted field, or adjacent
field

« Construction/maintenance debris in field
(welding rod, metal tools, temporary brackets, etc)

« Grounding strap left in place

GE
Proprietary 41



Close Clearance

HrF Liolt MH
HEAS 114 HEAZ T

kL
14. 4

* SFark #®
+ FLn

GE
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Mechanical Checks for Close Clearances

* HV hanger rod at roof penetration/corona shield

« Misaligned HV frame to collecting system. Wires
or RDEs too close to plates.

* HV wires too close to side or mid-height spacer
bars

* Lower HV frames swinging (anti-sways broken).

« Broken wire (intermittent as it swings about). SCR
firing angle will usually swing wildly in this case

 Construction/maintenance debris in field

GE
Proprietary 43



Lia]lt. MAH kL SCR kol S-M
oL 1177 32.1 B3l e 5[5
* Primara Current Limilt #®

* R *

Liolt MA kL SCR kLl S-M
156 HE4S 12,8 134 Hi SH
* SEark *®
* Fun *

Restart Control --->

Proprietary 44



Lia]lt. MAH kL SCR k-l
oL 1177 32.1 B3l e
* Primara Current Limilt #®

* R *

Liolt MA kL SCR kLl
156 HE4S 12,8 134 Hi
* SEark *®
* Fun *

Tracked Insulator

=rdy
5[5
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SCRs Not Firing

HrF Lolt MH FLI SCE Kl
518]% Bk BEEE BE.B Ble BH

* SCE Firin3 An9le Limit *
* Fun *

GE
Proprietary
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GE Energy

System Level
Troubleshooting

SQ-300™

imagination at work



Does This ESP Have A Problem?

SARSYAVERAGE VALUES###44

I

GE
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_Unit
t3-1A1
#3-2A1
#3-3a1
#3-4A1
#3-5A1
#3-6A1
#3-7A1
#§3-BAl
#3-1A2
F31-2A2
#3-3A2
#3-4A2
#3-5A2
F§3-6A2
#3-7A2
£3-BA2
#3-1B1
#§3-2B1
#3-3B1
#1-4B1
#3-581
#3-6B1
#3-781
#3-8B1
#3-1B2
#3-282
#3-182
$3~4B2
£3-5B2
Hla-ssz

7113782;
i #3-882

Anps
26
52
76
73
6B
83
64

198

hen
27
61
41
4l
67
77

164
LR A
41
105
130
=8
33
71
65
56
683
116
179
20
A6
a0
102

Volts

285
313
275
245
320
274
193
346
LR R
25]
249
204
274
278
237
136
hhn
226
203
309
282
228
312
212
285
226
292
343
227
266
317

285

MA
150
333
450
404
501
622
350
1400
LR E 2
149
211
193
‘)'Jf
470
692
1124
AN A
700
B36
1587
175
419
147
375
436
757
1299
104

287

572
622

KV
43.0
42.4
39,
A5,
4al.
3S.
6.
317
Ahbn
J8.5
18.6
10.9
5.8
J4.1
J0.6
39.6
hhaw
J1.4
33.9
16.9
h2.A
36.7
35.8
15.8
6.0
30.1
34.7
39.10
34.7
35.9
38.0
34.1

S Rm e gn

S/M
29
10
14
14

-
.

11
20

18
17
14
285
12

15

LR

.
'

13
14
48
18
17
14
29
15

)
-

14
29
17

14

48



How Can One Easily Tell?

GE
Proprietary

SRR YAVERAGE VALUES##+4s

Anps Volts MA Kv
26 285 150 43.0
52 313 333 42.4
76 275 450 19.5
73 245 404 35.7
68 320 501 41.1
83 274 622 5.4
64 193 350 26.8

198 346 1400 377

LR =] hhe LR E 2 Ahbkr
27 253 149 18.5
41 249 211 18.6
41 204 193 30.9
41 274 2315 39.8
67 278 470 34.1
77 237 492 0.6
164 136 1124 19.6
Ahn A hn wANA 'L
41 26 252 31.4
105 103 700 313.3
130 100 B36 16.9
28 282 157 42.4
a3 228 175 16.7
71 12 419 15.8
65 232 147 14.8
56 285 375 316.0
.83 226 4736 30.1
116 202 757 34.7
179 343 12939 39.0
20 227 104 34.7
A6 266 287 35.9
90 317 572 38.0
102 285 622 34.1

S/M
29
10
14
14
22
11
20

18
17
14
28
12
15

LR
17
13
14
26
18
17
14
29
15
20
14
29
17
18

14

49



That data was for an ESP that had:

(2) Boxes, American Style ESP
(4) Fields

(4) T-R Sets Per Field

(16) T-R Sets Per Box

(2) Lungstrom Air Heaters

Burning High Sulfur Coal



This leads us to...

5 Easy Rules for

ESP Performance
Evaluation




Not a rule,
but a recommendation:

Put your data in a form you
can easily visualize

imagination at work



Put T-R Sets in an ESP View

% winDAC [ Precipitator Layout ]
File Edit

View Setup ¥-ICurve Alarms Remote History... DACTY Help

l South EF'I Switches | Page 4| Page 5] Page BI

N

=12l x|

ﬁ., Control: 3B2 %ii Control: 3B1 ‘i Control: 7B2 wl Control: 1B1
staue J18 mA staue 345 mA Gmu= 873 mA staue 345 mA
30.0 Spk/Min 30.0 Spk/Min 30.0 Spk/Min 30.0 Spk/Min
Harm 21.3 pAZfR Harm 21.9 pAZfR Aarm 20.3 pAZfe Mam  21.9 pAZfe
%&: Control: 2B2 Control: 2B1 % Control: 6B2 ﬁi Control: 6B1
Giawe 873 mA t 873 mA Statue 855 mA Gtatus 945 mA
43.6 K¥peak . 30.0 Spk/Min . 30.0 Spk/Min 30.0 Spk/Min
Ham  20.3 pAZfe ﬂsn 20.3 pA/fe usn 19.9 pA/fe Aarm 21.9 pAZfe
ﬁi. Control: 1B2 %&} Control: 1B1 ﬁii Control: 5B2 &iJ Control: 5B1
Status 945 mA Status 945 mA Status 864 mA Status 873 mA
30.0 Spk/Min . 30.0 Spk/Min . 30.0 Spk/Min 30.0 Spk/Min
Harm 21.9 pAZfe Asn 21.9 pA/fe Harm 201 pAZfR Harm 20.3 pAZfR
M Control: 3A2 %  Control: 3A1 g@* Control: 7A2 # Control: 7A1
Staue 855 mA Giatue  100.0 Amps Siatee 891 mA Saue 873 mA
30.0 Spk/Min . 380 Volts . 30.0 Spk/Min . 30.0 Spk/Min
Marm 19.9 pAZfR Harm 927 mA Harm 207 pAZfR Aarm 20.3 pAZfe
& 3b7kv & ()
gw Control: 242 ﬁif Control: 2A1 % Control: 642 g&i' Control: 6A1
staue  J18mA Gtaue 936 mA Gaue 945 mA Staue 873 mA
30.0 Spk/Min . 30.0 Spk/Min . 30.0 Spk/Min . 30.0 Spk/Min
Marm  21.3 pAZfe Ham  21.7 pAZfe Aan 21.9 pAZfe Marm  20.3 pAZfe
ﬁ.‘!l Control: 1A2 ﬁi{ Control: 1A1 ﬁix Control: 5A2 % Control: 5A1
Gmue 873 mA G 945mA Saue 927 mA e 918 mA
. 30.0 Spk/Min 30.0 Spk/Min . 30.0 Spk/Min . 30.0 Spk/Min
Asn 20.3 pA/fe Aarm  21.9 pAZfR Aarm  21.5 pAZfR Aan 21.3 pAZfe

|11:58 Temp No Response [:1‘1—58 gpalks Mo Response

[—1‘1—53‘ Gas Temp No Response ;[—1‘1 :58:49 AM

111:58 Load No Response

gﬁsmrtH[ o 3 o] &

111:58 Opacity No Response

GE
Proprietary

11: 5? Temp No Response

=1 e S e R L R B

111:57 Sparks No Response

[11/14/2005

Gas Flow

» [ o0% @k (345

]
¢S

BF@Mﬁ EDOBGIG: 11:58am




The First Rule of Precipitation

1. Each succeeding field of a precipitator
should have the same or higher
precipitator current (mA), better said as
current density, than the preceding field.



Applying Rule 1, we get:

I Gas Flow

1299 836 622 MILLIAMP 1124 1400
757 700 572 419 211 450 492

436 252 287 175 149 333 470 622
375 OFF 104 157 OFF 150 235 501

GE
Proprietary

At first glance, not too bad!

55



The Second Rule of Precipitation

2. If the dust does not have a resistivity
problem, then outlet fields usually run at
full current and little or no sparking.



A Lot of Sparking Going On!

GE
Proprietary

This one is tricky!

1600 | 1600 | 1600 | 1600 | TRsze | 1600 | 1600 | 1600 | 1600
1400 | 1400 | 1400 | 1400 1400 | 1400 | 1400 | 1400
1250 | 1250 | 1250 | 1250 1250 | 1250 | 1250 | 1250
950 | 950 | 950 | 950 950 | 950 | 950 | 950
1209 | 836 | 622 | 347 |Mmuuavp | 193 | 404 | 1124 | 1400
757 | 700 | 572 | 419 211 | 450 | 492 | 350
43 | 252 | 287 | 175 149 | 333 | 470 @ 622
375 | OFF | 104 | 157 OFF | 150 | 235 | 501
14 | 15 15 14 | v [ 14 11 6 1
18 13 18 17 12 11 16 20
22 18 14 17 14 11 15 11
30 | OFF | 30 | 27 | OFF | 28 27 25
viaype e dust is resisuve ¢

57



Wouldn’t hurt to run a couple of
quick V-l curves

These are quick tests for
resistivity. A full curve may

be prohibitive because of
opacity spiking.

imagination at work



V-| Curves and their
Interpretation

(The ESP Stethoscope)



UI-Curve VI00000S

TYPICAL VI CURVE

Current Limit

{F10> Data Points

xKU Peak

skl Average

+KU Min

{F9> Changes Graph

E
m

4]
0

w0
Y
0
)
-l

‘1

gs 4

e jreu ]
i i ' ' ) 1 ' ' o
' t ' ' ' i 1 1
1 1 ' ' 1 i ' 1
i ' 1 1 1 P ' 1
1 1 1 ' 1 1 ' 1
1 1 1 ] 1 i 1 i
1 i 1 ' ' ' 1 i
i 1 i i i ' 1 1
i 1 ' i i ' 1 I
' ' i i I 1 1 ¥
' ' i i 1 ] ' '
— S FEURURUE T TP JUNUY FPUIPI JRR SUPEI R~
1 1 [ 1 1 i I %
' 1 i 1 ' ' '
' 1 1 ' 1 1 i 1
¥ 1 1 1 ' ] i
' 1 ' 1 ' i ] 1
] 1 ] ¥ ] 1 | ]
' 1 ' ¥ ' ] 1
1 1 ' i 1 1 ' '
1 i 1 i ' ' ' i
' ' ' ' 4 1 i i
i i +. 1 i 1 N 1
[V [ESRDIR PUR N PENNNDUN JUNADIN DR WP [ NP I N
1 1 1 [ 1 ' I -+
1 i i ' ' '
1 1 1 ' ¥ f t
1 ' ' ' ' i 1
1 1 1 ' ] ' ' '
' i 1 ' ' 1 '
' ' ' 1 1 1 '
' 1 i i 1 h '
1 1 ' ' 1 ' '
' 1 ' 1 ' I 1 1
i 1 1 1 i 1 1
RS DESVESUURISN FIUNSUSIS DU [T SUNPIR S, | U VWINPT
1 ) ] } 1 ) ' =
1 1 i i 1
' 1 1 8 ' i i
' ) 1 t ' 1 1
' i i i i 1 1
i ' I i 1 1 1
' ' § ¥ ] 1 ]
1 1 1 ' ' 1 h
t ' 1 ' i i ' 1
' ¥ i 1 ' i ]
i ' ' 1 i ' i h
I T TR JE U SRR TR MOUUUT R LN JF !
1 ] 1 i ' 1 1 ' 2 P
1 ' 1 ! 1 ' 1 1 i
' ' 1 i 1 ' 1 ' i
1 i ' i i 1 i i
' 1 ' i ' 1 ' '
i 1 ' 1 ' 1 ' )
' 1 1 ' ¥ i i 1
I f 1 1 1 ) 1 '
' 1 i i ' ' 1 '
' 1 ' 1 1 i 1 0
' ' ! ' i 1 ' i
1 1 ] ] o TR I O ="
T T T T T Ty T T T 1 I | ] 1 -
' 1 1 ' ' ' 1 i
| ] 1 ] ] 1 1 1 ]
' ' i ' I 1 ¥ '
' ' ' 1 ' 1 ) 1
1 ' ' ' i i ) 1
1 ' i 1 i ' 1 i
1 1 1 1 1 ' 1 '
1 1 i ' 1 ' 1 '
' 1 i I 1 1 i '
1 i ' i i ' i 1
¥ A 1 ) ) i 1 y -
o P P o P o ] o o
&5
S 8 & 8B E 88 8 @ S
yp— ——t | g )
CUM > wUS AJAn RaspuoDag

Secondary Uoltage (Kilovolts)

GE

60

Proprietary



Quick V-l Curve
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The Third Rule of Precipitation

3. Current densities are the best tool to check
for dust resistivity and to compare
successive fields’ T/R set current (mA)
values.



Current Density

1.

Enables A true comparison of ESP current
for T/R sets not energizing the same
square feet of collecting plates.

Generally accepted values for low and
high resistivity dust, can aid in
troubleshooting.



Based on what we learned in Rule 1,
this ESP IS, casFiow

< .
T/R Set ] yy
A Field 1 o o0
§80 T ¢ 200 mA
T/R Set c
I Field 2 -
. . 250 mA 9" x 20
WRONG!

GE
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Current Density

T/R Set

A

20G.P. G low

Field 1

500

: (41 pA/ft2)

200 mA

T/R Set

B 500

200 | 20 G.P. x 6’ x 20’ x 2 sides = 41 pA/ft2

Field 2
(35 pA/ft2)

250 mA

GE
Proprietary

250 | 20 G.P. x 9’ x 20’ x 2 sides = 35 pA/ft2

6’ x 20°

9’ x 20°




|. Current Densities (for conductive dust)

In general, typical range of values for
current density for a four field ESP

Current
Density
Field Number (MA/ft2)
1 10 - 20
2 15 -35
3 35-50
4 50 - 80

GE
Proprietary
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ll. Current Densities (for high resistivity

dust)
Typical values for current density for a

four field ESP. No Back Corona.

Field Number Curreph Reysity
1 7-25
2 7-25
3 7-25
4 7-25

fie|g§;companied by sparking in all

GE
Proprietary
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lll. Current Densities (stable back corona dust)

Actual values for stable back corona
dust for a four [i’%lrdre%§P.

Density
Field Number (nA/ft?)
1 21
2 27
3 19
4 2

i, Don’t be fooled!
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Converting to Densities we get:

1299 836 622 347
757 700 572 419
436 252 287 175
375 OFF 104 157
109 70 52 29
64 59 48 35
37 21 24 15
32 OFF 9 13

GE
Proprietary

MILLIAMP

DENSITY

193 404 1124 1400
211 450 492 350
149 333 470 622
OFF 150 235 501
16 34 95 118
18 38 41 29
13 28 40 52
OFF 13 20 42

70



Evaluating Densities We Get:

1299

757
436
375

836

700
252
OFF

622

572
287
104

347

419
175

157

MILLIAMP

60 -80
40 -60
25-40
15-25

193
211
149
OFF

404

450
333

150

1124

492
470

235

1400

350
622

501

There appears to be a pattern here. Why?

GE
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Graphic Visualization

AR |GAS
IN | OUT

AIR PREHEATER - -

4 [

| o

(1
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o0 B
— - ‘_Rgs\s‘
“oW

GAS FLOW—}

HIGH RESISTIVITY
HOT ZONE

N\

AIR HEATER ROTATION <

/

@

AR PREHEATER S
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The Fourth Rule of Precipitation

4. If the T/R set is not sparking, then the AVC
should be pushing that T/R set to one of its
pre-set limits (volts, amps, KV, or mA)



Hard Way

Walk up to the roof of
the ESP and look at
the nameplates on the
T/R sets

GE
Proprietary

DC CONN | RATING
45
55

FULL WAVE RECTIFIER BRIDGE]
MAX, AMBIENT 65 “C | TRANS ¢

KVA 1155 |40 °C RISE| TANK &

LVi 440 ' NVOLTS FLUID

262.4 AMPS [P

HVI 53460 V. 216 A

63340 V 1,77 A| SERIAL

MAXIMUM TANK PRESSURE 15 F
SUITABLE FOR OUTDOOR SERVICE AN
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Press the Menu Button

A Lolt MA KW SCR KW SM
(555 323 a1Es 41.9 893 B4 5]5]

* REun

POWER GUARD SQ-300"
MANAGEMENT SYSTEM

GE
Proprietary
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Press 3, "Operating Limits”

SE-388 Main Meruw 1
1 = Helr Menu 1 4 — Alarm Limits

2 — Operate a9 = Securita
3 — Operating Limits & - Main Meru 2

POWER GUARD SQ-300"
MANAGEMENT SYSTEM

GE
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Read What the T/R Ratings Are

OFerat.ing Limits:
Primar< Current Limit: 262 HAC

SHE Max
Press Enter To-Save Chandes

POWER GUARD SQ-300"
MANAGEMENT SYSTEM

1

0 ENTER l
HALT HOLD

GE
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One T/R Running with “No” Sparking

1600 1600 1600 1600 | T/RSIzE | 1600 1600 1600 1600

1400 1400 1400 1400 1400 1400 1400 1400
1250 1250 1250 1250 1250 1250 1250 1250
950 950 950 950 950 950 950 950

1299 836 622 347 | MILLIAMP 193 404 1124 1400

757 700 572 419 211 450 492 350
436 252 287 175 149 333 470 622
375 OFF 104 157 OFF 150 235 501

14 15 15 14 SPM 14 11 6 |__1_|J

18 13 18 17 12 11 16 20

22 18 14 17 14 11 15 11

30 OFF 30 27 OFF 28 27 25

Is it at a limit?

GE
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The Fifth Rule of Precipitation

5. T/R sets in the same relative field position
should run at the same power levels, both
voltage (kV) and current (mA)



51| |5l wlg] - ——

&} Win DAC

File Picture Help About...

|34 v| SQ 300 Average Secondary Voltage _'JI 60.0 KY Date:12/6/98 —Minutes For Averaging:

(104 v | SQ 300 |Average Secondary Yoltage % 701 KV Time:17:36 m S et Min, I

13-4 v| SQ 300 Average Secondary Voltage @ bb.9 KV

finone I ! 1276798 1247798

‘ none B _‘l | O

[162 =] 58300, Aeveraor Seaoeday Yolaa ABA I~ 75 T K showbionts | Iat| | O ] | o] 2
Ky Ky KW Ky
821821821 82.
758758 758 75 ¢
695 6395 ] | 69.F
632 632 i & " J I 63
56.9 569 | 56.¢
505 505 e L Ml 50.¢

e e I 1./ I o

442442 ? ! < i 44
379 379 7.
N6 316 31E 3.
29:3—25:3—25.3 25.1
19.0—13.0—13.B 19.(
126126 126 12,
6.3 6.3 E.3 6.3
0.0 0.0 0.0 I I 1 1 1 | I I I I I I I i I 1 0.0

200 600 900 1200 1500 1800 21:00 000 300 600 900 1200 1500 1800 21:00 2400
12/6/98 12/6/98 12/6/38 12/7/98 12/7/98 12/7/98 12/7/98 12/7/98



Applying Rule 5 we get:

1299 MILLIAMP | 1124 | 1400
757 | 450 | 492 350
436 | 470 622
375 | 235 501

Rule 5 can achieve the same results as a
density review and is simpler,
but not as precise.

GE
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With just numbers, we were nowhere.

Time = Thu 1998/03/05 2:11pm Page 1 of 3
PrecipTech, Inc.
Power Guard Management System
DAC Version 2.9014
SQ-300 AVC
xxxxxx*xSupplemental Printout***x#ik
***x**CURRENT VALUES#**#%*

Unit Amps Volts MA KV S/M Status
#3-131 22 254 126 38.2 28 Running
#3-2A1 58 346 379 45.0 11 Running
#3-3A1 60 248 324 37.5 11 Running
#3-4A1 76 252 415 36.1 11 Running
#3-521 83 357 652 44.5 25 Running
#3-6A1 115 334 909 41.4 11 Running
#3-7a1 53 185 312 25.9 20 Running
#3-8a1 215 365 1517 39.7 1 Running
#3-1A2 dekk %k *k hAk ok No Response
#3-242 16 194 71 33.2 14 Running
#3-3A2 35 236 166 38.1 12 Running
#3-4A2 37 207 173 31.9 14 Running
#3-5A2 39 265 217 39.6 27 Running
#3~6A2 60 263 375 33.3 15 Running
#3-7A2 55 210 308 26.6 16 Running
#3-8A2 144 312 924 38.1 6 Running
#3-1B1 *ek % hkk Jokokk Rhkk kK No Response
#3-2B1 36 217 213 30.6 18 Running
#3-3B1 165 399 1229 42.2 13 Running
#3-4B1 84 206 782 30.4 15 Running
#3-5B1 26 266 150 39.7 27 Running
#3-6B1 23 200 102 35.3 17 Running
#3-7B1 115 377 758 41.3 17 Running
#3-8B1 76 249 415 36.0 14 Running
#3-1B2 55 276 355 35.1 30 Running
#3-2B2 439 207 296 28.1 22 Running
#3-3B2 112 291 719 34.8 18 Running
#3-4B2 l92 373 1339 41.6 14 Running
#3-5B2 12 173 55 29,7 30 Running
#3-6B2 97 373 687 44.7 14 Running
#3-7B2 111 345 743 38.1 18 Running

GE #3-8B2 79 251 438 31.2 15 Running
Proprietary




Now we can plan a strategy.

AIR PREHEATER .\*

AR |GAS
IN | OUT
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AIR HEATER ROTATION <
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Byt ‘LQ —
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PRC-100® Equipment
& Basic Operation



Introduction

Operational equipment for the PRC-100®
« Card cage & back plane

« Control cards

« WIinRAP® interface

* Troubleshooting



[/ Position Card Cage

Short Protection

120 Volts AC Power

Communications
Wires

GE
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Power Supply Card

Zero Cross

Supplies +/- 5-12 VDC,
Detects “Zero Crossing”

GE
Proprietary
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Interface Board

RS232

Local/Remote =

Hex Address T

Default Chips

GE
Proprietary

Local/remote communications,
Default memory & program,
Specific hex address

88



Power Module Board

AC/DC Rectifier

Absorbs Inductive

Current Kick

Sensing

=
-

I

Supplies voltage, AC or DC for rapper boards,
Current sensing, absorbs transient kicks,
ce Color tab=scaling ,

Proprietary



Triac Board

Triac

l/ -‘.l/' "'"‘K/

(P . _('
, "‘

e "'*l/ — ,{
A _.74

15 ? _5_ il

wh. emma .

Hex Address

16 outputs/ boord DC rappers,
Specific hex address

GE
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Relay Output Board

Relay

L]

16 output/board, AC vibrators,
Specific hex address

GE
Proprietary

— Hex Address
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External Power Driver

Current Sensing
Resistor

AC Vibrators, Current Sensing.
Needed due to long on times

GE
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Solid State Output Board

SSIO
Relays

Hex Address

8 outputs/board, tumbling hammer motors,
Acoustic horn timers, specific hex address

GE
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WINRAP Interface

Standard
Wiring

Fiber Optics

LDM-70 & LDM-85

Proprietary 94
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Automation

* |[RAP

 Digital Inputs

 DCS/PI Data Inputs

« Sequence Manager

* Syncrorap

* Power Off/Power Down



PRC-100

These are the rapper failure modes:
» Short

* Open
« Communication Error

There can be multiple reasons for each failure
mode.



Short:

1. Rapper shorted to ground.
2. How many rappers are shorting?

3. Are they all associated with one IFB or
TRIAC card?

4. \What is the actual current draw?



Open:

1. Rapper coil is open.
2. How many rappers are opening?

3. Are they all associated with one IFB or
TRIAC card?

4. \What is the actual current draw?



Communication Error:

1. Are all rappers in communications error?

2. Are they all associated with one IFB?

GE
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Remote Precipitator Optimization




What is Remote Optimization”?

Experienced GE Technicians
Using a computer / phone line
Monitoring Your Precipitator

In Real Time

Diagnosing equipment and
process problems

BEFORE THEY BECOME
SERIOUS

Without actually traveling to
your facility

GE
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How Does it Work"?

Using a simple
phone line . ..

.. . GE Energy can remotely access operational info for
your precipitator (through the ESP control system).
This data can be used to find problem &
underperforming areas of your entire process

emissions

GE
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Why Use Remote Optimization?

« Early detection - identify precipitator/process
problems before they become serious

* Observe system performance in real time
(as problems occur) and solve problems
faster

 BHA technicians can adjust rapper and
voltage controls (if given access) to
maximize performance

 Remote Diagnostics can also assess other
critical parameters, including damper
positioning, temperatures, carbon monoxide

- levels, fan currents, boiler or kiln loads, any

Proprie
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Questions?

Thank you.

imagination at work



