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ADDENDUM

Changes in operation with V3.0a and
derivative firmware

V3.0a firmware addresses a customer request for a
new spark sensing mode and longer IE OFF times.
Current versions of POS will not properly report the
IE ratio in the data log.

Spark Sensing Mode 4 - A new spark sensing
mode, available as selection number 4, provides a
setback of the conduction angle without a quench
for the first occurrence of a spark. If there is
another spark on the next half cycle of SCR ON
time, there will then be a quench and ensuing fast
ramp without an additional setback. Only the spark
causing the setback is counted in the digital SPM
display.

Intermittent Energization settings - Available
Intermittent Energization setting have been changed
to allow selection of up to 62 half cycles of OFF
time with one through three half cycles of ON time.
Settings with four half cycles of ON time are no
longer provided.

As before, spark rate and IE settings are interlocked
to prevent operating IE with spark rate selections
above 60 SPM. New to version 3.0a firmware is a
mechanism to automatically reduce the spark rate
for long IE OFF times to ensure a few stable IE
cycles at the slow ramp rate before the next spark.

Also, to accommodate the long IE OFF periods, a
new adaptive digital display averaging program
provides optimum smoothing and response for the
digital readouts at all IE duty cycles.

Operational notes - When Intermittent
Energization is configured for two half cycles of
ON time, it may produce a net DC current in the
T-R primary due to high recharge current in the first
of the two half cycles of ON time. Select one half
cycle of ON time to prevent Unbalance trips.

Changes in operation with V3.0c and
derivative firmware

V3.0c firmware adds KV based spark sensing,
provides adjustments to traditional spark sensing
means, provides a new method of back corona
detection and reaction, and provides a flashing
display for tripped controls. Current versions of
POS will not properly display the blanked display.

Secondary Current based spark sensing -
Algorithm has been enhanced to improve spark
sensing for installations with low spark current
transients or unusually low conduction angle at
current limit.

Primary Current based spark sensing -
Parameter changes have been made to improve
primary derived spark sensing for installations with
inadequate primary circuit inductance.

KYV based spark sensing - A new algorithm has
been added to sense sparking by analysis of enabled
KV bushings. For this feature to function the low
pass filter jumpers, JMPR1 and JMPR2, on the
logic board must be removed.

KYV based Back Corona sensing - A new algorithm
has been added to sense back corona by analysis of
enabled KV bushings. For this feature to function
the low pass filter jumpers, JMPR1 and JMPR2, on
the logic board must be removed.

The new algorithm senses back corona based on
changes in KV waveform, and responds by
initiating a four half cycle quench and a setback.
The effect is to limit TR operation to a point just
below the onset of back corona. The new algorithm
is active for back corona setting number 1. The
former settings 1 - 4 have been reassigned to
settings 2 - 5.

MVC III manual © Neundorfer, Inc. 1995, 2005 .
Revised: March 21, 2005. Filename: MVC3_MAN L V1

Specifications and features subject
to change without notice



i ll‘ MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

1.0 INTRODUCTION
11 About This Manual

This manual covers installation, operation, and
troubleshooting procedures which can be performed
by customer personnel who operate and maintain
the control.

It is recommended that the personnel installing the
MVC III read and understand the contents of
sections 4 and 5 as well as the system drawings and
schematics before starting installation.

Sections 6 through /1 should be thoroughly
understood by personnel operating the MVC 111 to
ensure personal safety and equipment protection.

Sections 11 through 13 provide technical
information for the personnel responsible for
calibration and maintenance of the MVC III.

The technical staff at Neundorfer Inc. always
invites commentary on our manuals in an effort to
improve or clarify their contents. Please feel free to

contact us at:

Neundorfer, Incorporated
4590 Hamann Parkway
Willoughby, Ohio 44094

Phone 440-942-8990
Fax 440-942-6824

http://www.neundorfer.com
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1.2 Before Applying Power

! WARNING !

Voltages and currents capable of
causing death are present in the T-R
control cabinet and at the T-R set!

No one should attempt to operate this equipment
who does not have a through knowledge of all
required safety procedures.

Improper operation of this equipment could result
in damage to the MVC III, T-R set or precipitator.
Before applying power to the MVC I1I system for
the first time:

e  Verify continuity and correctness of all
connections.

e  Verify all connections are tight and properly
insulated.

e  Verify proper grounding of T-R set and
MVC III logic system. See section 5.2.

e  Verify proper configuration of all circuit board
jumpers. See section 11.1.

e Open the T-R On switch.

e Power up the MVC III logic in the Software
Configuration Mode with the T-R On switch in
the open position. See section 8.0.

e Set the Software Options Code, T-R Primary
Size Code and T-R Secondary Size Code as
indicated in sections 8.1 - 8.3.

e Referring to sections 9.1 to 9.14, set the
MVC III limits as follows:

Primary Current Limit--------- 50% of T-R rating
Primary Over Voltage----------- T-R nameplate
Primary Under Voltage--------- 100 Volts
Secondary Current Limit ------ 50% of T-R rating
Rap Limit 0.0 Amps
Secondary Voltage Limit ------- T-R rating - 10 KV
Baseline Spark Rate ----------—-- 15 SPM

Setback 5%

Spark Response Mode ---------- 1

Conduction Angle -------------—-- 30 degrees

Data Link Unit Number-------- sequential

Back Corona Adjust------------- 0

IE Ratio 0.00

e Be sure to set the Conduction Angle Limit to
30°. See section 9.11.

This setting is critical to protect the T-R set
when it is initially energized.

e Remove power from the MVC III logic for
about 10 seconds, then reapply power and
verify that all software configuration codes and
setpoint limits have been retained.

e You are now ready to follow the startup
procedure outlined in section 11.
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1.3  Introducing The MVC Il

The MICRO VOLTAGE CONTROL lll (MVC I) is an
advanced microprocessor T-R controller designed
for easy installation and use. It features large
dedicated LED digital readouts and other
illuminated indicators to set and verify operating
functions. It can communicate with the Neundorfer
MicroRap rapper control and the Neundorfer PC
based Precipitator Optimization System (POS) over
an RS-485 data link network as part of a unified
precipitator control system. The POS software
provides remote control, plan view displays, data
logging and energy management.

The MVC Il is available as a complete stand alone
factory wired cabinet, as a retrofit with a pre-wired
backpanel using the customer’s existing compatible
equipment (requiring customer interface wiring) or
as major assembly subsystems for customer
installation and wiring.

The MVC Il is a based on a Motorola MC68HC11
HCMOS single-chip microcontroller unit (MCU).
This powerful MCU samples the primary current,
primary voltage, secondary current, secondary
voltage, and spark inputs every 521 microseconds.
From these collected samples sophisticated
waveform analysis is performed every half cycle of
the line (8.33 msec) to determine adjustments in the
SCR gate firing program for the next half cycle and
in some cases for the present half cycle.

The speed of the MVC III enables the control to
adjust quickly and accurately to changing
conditions in the precipitator, and provides the user
with precise information about T-R set operation. If
a condition exists, such as a shorted electrical field
due to a broken discharge electrode, that the

MVC III cannot control or correct, it will shut itself
off and freeze the DISPLAY panel. With the DISPLAY
frozen, the operator can identify the condition that
caused the control to shut down.

PRECIPITATOR
KNOWLEDGE
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1.3 Introducing The MVC Il
(con't)

The MVC Il employs advanced hardware designs
and increased use of self adaptive software
algorithms to improve the collection efficiency of
electrostatic precipitators. This third generation
controller builds on the vast knowledge gained from
nearly 2000 MVC 1II systems in service to provide a
more capable controller at a lower overall installed
cost. Some significant enhancements are:

General Enhancements

e Lower cost, smaller size, and easier installation
for reduced total installed cost.

e Three PC board system with plug connections
to all boards for quick board swaps. Ribbon
cable interconnect between boards.

e Standard calibration adjustments on
INTERFACE board eliminates need to recalibrate
when changing LOGIC board.

e No requirements for periodic re-calibration.

e Can be configured without DISPLAY panel. All
operating setpoint adjustments are accessible
from the POS terminal.

e Optional expansion I/O board can be used to
operate tumbling hammer rappers.

Technical Enhancements

Faster microprocessor supports more complex
performance enhancing control algorithms.

ADAPTIVE CONTROL TECHNOLOGY improves
precipitator performance by eliminating need
for retuning as process conditions change.

Proprietary NON LINEAR RAMPING algorithm
increases precipitator power levels under
virtually all operating conditions.

Self tuning spark rate eliminates constraints of
operating at a fixed pre selected spark rate. As
precipitator conditions become less stable,
ADAPTIVE CONTROL TECHNOLOGY
automatically increases spark rate to maintain
optimum collection efficiency.

19,200 baud data link speed improves
communications with POS or DCS and
provides RPR/POR link to MicroRap.

Supports POS managed IE ratio optimization.

High speed 200 Volt common mode input
differential amplifiers enhance capability to
extract accurate T-R feedback signals from the
background electrical noise for improved
waveform analysis.

Proportional current limit algorithm provides
faster response to precipitator transients
reducing possibility of SCR fuse clearing or
SCR damage on retrofits with marginal rated
SCR’s.

Tunable Back Corona Control software.

Separate primary and secondary T-R current
range selection optimizes use of A/D converter.

MVC III manual © Neundorfer, Inc. 1995, 2005
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2.0 THEORY OF OPERATION

The Neundorfer MVC IlI is designed to maintain
the highest possible precipitator collection
efficiency by maximizing the instantaneous high
voltage applied to the bus section and minimizing
response and recovery time to sparking. The
MVC III prevents development of arcing, which
can reduce collection efficiency and damage the
precipitator. Since conditions in a precipitator
continually change, the applied voltage must be
adjusted continuously to achieve maximum
efficiency.

The voltage that can be applied to a precipitator is
determined by the spark over voltage between the
discharge electrodes and the collecting plates. When
the voltage applied to a precipitator approaches the
point at which the flue gas filled space between the
wires and plates breaks down, sparking occurs. The
term “spit spark” refers to a momentary breakdown
from which the precipitator recovers rapidly with
little effect on precipitator operation. In most cases
a spit spark will self extinguish. However, when the
momentary breakdown produces a channel of
ionized gas between the precipitator electrodes of
sufficiently low impedance to permit large currents
to flow, the result is called a “spark”. A sustained
spark lasting for more than a few half cycles of the
line is called an “arc”.

The Neundorfer MVC III maintains the optimum
voltage by continuously monitoring the T-R
feedback signals for indication of an impending arc.
If an arc is imminent, the power is removed from
the T-R set primary before a damaging arc can
develop. After a brief quench interval, the MVC 111
then rapidly increases the T-R primary current and
voltage to re-apply power to the bus section.

Figure 7 shows typical control response to
sparking. After a spark, there is a brief quench
interval during which power is removed from the
T-R set primary. Then power is rapidly ramped up
to the Post Spark Setback level, which is in the
range of 1% to 20% below the level at which the
spark occurred. The control then enters the slow
ramp phase until the next spark occurs or an

operating limit is reached. The MV C III’s self
adaptive software dynamically adjusts the shape
and duration of each of the response intervals as
needed for maximum precipitator collection
efficiency.

To achieve maximum precipitator efficiency, the
MVC III performs three major functions: T-R set
electrical feedback sensing, processing, and
controlling.

T-R Set Electrical Feedback Sensing

The MVC III rapidly samples analog input signals
from the T-R set primary and secondary current and
voltage feedback signals to calculate instantaneous
operating levels and determine occurrences of
sparking. Primary voltage and current are calculated
as RMS values while the secondary values are
calculated as average DC to agree with T-R
nameplate labeling convention.

Secondary voltage feedback is only necessary for
operation of the Back Corona Control feature and
for KV limiting. If these features are not needed,
the MVC III can be operated without secondary
voltage dividers. The MVC III has the capability to
monitor both bushings of a dual bushing T-R set.

Primary current and voltage feedback and Zero
Cross timing signals are provided by electrically
isolated transducers while secondary feedback is via
special operational amplifiers capable of
withstanding up to 200 volts of common mode
input signal. The secondary feedback circuits
provide transient noise filtering and suppression for
noise or offset voltages up to 50 volts.

MVC III manual © Neundorfer, Inc. 1995, 2005
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2.0 THEORY OF OPERATION (con )

Processing

The microcontroller continually processes the T-R
feedback signals using circuitry, operator setpoint
adjustments, and the software program to generate
optimally timed SCR gate firing signals. The
MVC III SCR gate circuitry converts the SCR turn
on signal from the microcontroller into trigger
pulses which fire the SCR's supplying power to the
primary side of the T-R set.

After each full line cycle of actual SCR
conduction, the Microcontroller calculates the
primary RMS current and voltage and the average
DC secondary current and voltage for that period.
The values are checked against the setpoint limits to
modify T-R set power input (SCR gate firing signal)
as need to correct any out of limit conditions.

This process automatically ensures correct T-R set
operating limit control under all operating
conditions, including Intermittent Energization. The
line cycle values are time averaged and displayed
on the front panel. Transient conditions trigger front
panel status indicators.

Controlling

Controlling the precipitator secondary voltage and
current is accomplished by controlling the
conduction angle of the primary power applied to
the T-R set. After receiving the trigger pulses from
the firing circuit, the SCR's act as switches that
conduct only for that portion of each half cycle
necessary to produce the desired precipitator
voltage and current within the setpoint nameplate
limits.

The principle method of spark sensing is based on a
feedback signal derived from the T-R set secondary
current signal. Sparking usually causes a fast rise
high current transient in the secondary current
which is interpreted as a spark. There are some arc
conditions that slowly develop without the expected
transient. These occurrences are detected using a
primary voltage analysis algorithm. Spark sensing
does not require operator adjustments or calibration.

When a spark is detected, it is quenched by
momentarily interrupting power flow to the T-R set.
Then the operating voltage is rapidly increased to
the Setback level followed by a slow ramp up to the
next spark or operating limit. The exact spark
response pattern is determined by the Spark
Response Mode, Baseline Spark Rate, Setback, and
self adaptive software algorithms.

The MVC III includes Intermittent Energization
(IE) and Back Corona Control software.
Intermittent Energization can improve precipitator
performance and significantly reduce energy
consumption in many applications. Back Corona
Control software maintains the maximum operating
level possible below the onset of back corona. Back
corona is an undesirable operating condition that
can reduce collection efficiency and increase power
consumption.
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3.0 SOFTWARE

3.1  Software Ownership

The MVC III controller contains a computer
program “software,” which is a copyrighted product
of Neundorfer, Inc. Neundorfer, Inc. retains
ownership of the computer program. The owner of
the MV C Ill is granted a license to operate the
computer program in the MVC III controller in
which it was originally supplied by Neundorfer, Inc.
Duplication or alteration, in part or in whole, of the
program or reverse engineering the program is
prohibited by United States copyright law.

3.2 Software Upgrades

Neundorfer, Inc. may make future changes in the
MVC III computer program to enhance operation or
add features. While Neundorfer, Inc. is under no
obligation to modify or upgrade customers’
controllers with such new programs, it is company
policy to provide memory chips containing updated
software free of charge upon request for the life of
the equipment. The customer is responsible for all
shipping charges, installation, and return of
removed chips. New programs may be provided in
file format for the customer to program into the
memory chips. In that case the customer will be
granted the right to duplicate the supplied file
format program to provide one copy for each owned
MVC IIL

3.21 Upgrading Software
From V1.3 To V1.4

When upgrading from any version 1.3 software
(memory chip label NVC3x1.3xx) to version 1.4 or
higher (NVC3x1.4xx and higher), the control must
be re-calibrated after the software change.

Versions 1.4 and later incorporate software
calibration for trimming the LOGIC board analog
inputs to a calibration standard and feature rescaled
KV inputs to increase the useable KV range.

To upgrade software across the V1.4 boundary
follow the directions in section 3.3. The new
software will detect the upgrade from V1.3 and will
automatically set the internal software analog
calibrations and offsets to the nominal values. All
customer limits and setup codes will be retained.

To gain maximum benefit from V1.4 and later, all
calibrations should be done on the INTERFACE PCB
and the calibration pots on the LOGIC board (if any)
should be set fully clockwise. This will allow
replacing LOGIC boards with no need for
recalibration. If at this time the calibration method
is being changed, recalibrate MV C III controller
using the procedure outlined in sections 11.4 - 11.8.

If the calibration method is remaining unchanged,
the following procedure will quickly restore control
calibration to within 2% of previous accuracy.

e IfT-R KV inputs are used, temporarily increase
the KV Limit by 50% to accommodate the
rescaled KV input software. See section 9.6.

e Restart the MV C III and stabilized it below
sparking and below all T-R limits using the
Conduction Angle Limit. See section 9.11.

e Note the T-R Secondary KV bushing “A” and
bushing “B” readings, then use the respective
adjustment pot to reduce each reading by 30%.

e Restore the KV Limit to its original setting.

e Use the Conduction Angle Limit adjustment to
set stable control operation 10% below all
limits and below the onset of sparking.

e Note the T-R Primary Amps, T-R Primary
Volts and T-R Secondary Amps readings.

e Use the respective adjustment pots to adjust
each of the displays upward 6%.

e Restore Conduction Angle Limit to its original
setting.
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3.2.2

V1.3b
V1.3c

V1.3f

V1.4d

V1.de

V1.4g

V1.4h

V1.5a

V2.5b.

V2.7b.

Major Software Upgrade
Features

10/20/95 — First program shipped.

1/30/96 — Corrected operational problem in
Back Corona Control software algorithm.
Improved SCR firing algorithm.

3/25/96 — Added processing for external
STOP, ACK ALARM and RESTART opto
inputs. Modified POS remote control
(keyboard) operation.

10/3/96 — Provide auto choice of KW or
Conduction angle for Auxiliary Functions
display. Added automatic KV under limit
calculation and trip feature. Provide
capability for software A/D calibration.
Rescaled KV inputs for increased range.
Corrected Back Coronal Control software
problem.

12/19/96 — First release of 14.456 mHz.
Program. Added delay to Primary Current
Limit trip.

1/21/98 — Extensively modified data link
programming to provide quicker response
to POS and to eliminate responses with
stale data. Corrected status indication sent
to POS when display was frozen.

5/13/98 — Revised operation of External
Stop Input override all Start commands
while asserted.

6/18/98 — Added programming to operate
K3 Open Circuit Breaker relay. Modified
system response to loss of Zero Cross input
signal to maintain communications with
POS. Made provisions for hot plugging
display panel.

10/14/99 — Provides data collection and
data link messages for Digital Storage
Scope function in POS. Requires 14.7456
mHz. Crystal and 4 mHz. Processor.

2/06/01 — Added status information to
message $13 so POS will know MVC
limiting condition or cause of trip.

Added non-linear ramping feature.

V2.7¢

V2.8a

V2.9a

V3.0a

6/27/02 — Changed data link time out time
from 4.5 minutes to 1.0 minute.

1/20/03 — Added programming to support
POS Start Up / Shut Down module.

Corrected sporadic occurrences of data link
lockup when logic was initially powered up
or processor came out of reset.

4/15/04 — Enable POS to start a control that
had been stopped by the EXTERNAL
STOP input if that input is no longer
asserted.

12/10/04 - Added spark sensing mode 4 to
provide setback without quench on first
spark, and only quench if restrike on next
on half cycle. Extended available IE OFF
times to 62 half cycles and eliminated 4
half cycle ON time selection.
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3.3 Installing A New Software
Memory Chip

The MVC III microcomputer maintains error check
data in its non volatile memory to verify program
integrity. Any time the software program is changed
(a new memory chip is installed), the new program
will be detected as defective. The MVC III will halt
with an error code of 1.3.1. in the Auxiliary
Functions display. The microcomputer must be
instructed to accept the new memory chip contents
as valid by entering the Software Configuration
Mode, pressing the Set key and exiting the
configuration mode. See section 8.0 steps 1-5 and
9-11.

Program name (Neundorfer Voltage Control)
Control generation (MVC-III)
C = communications, S = non communications

3.4 Software Identification

The MVC III software program is in the EPROM in
socket U10 (figure 2, item 37) on the main LOGIC
board. A white label on the EPROM identifies the
particular version of the MVC III software installed.
Please have the software version number available
when calling Neundorfer for assistance. The
EPROM labels are marked as follows:

Program number
Major revision number

Minor revision letter

Application code: 1=9.8304 MHz., 19,200 baud

2=14.7456 MHz., 19,200 baud
3 =14.7456 MHz., 38,400 baud
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4.0 SPECIFICATIONS

41 PCB Assembly & Serial Number ID

Each of the printed circuit boards in the MVC III

system has an etched part number and an
individually applied assembly number and serial

number. Refer to figures 2 through 5 for placement
of the ID numbers on the various MV C III printed

circuit boards.

Please have the main LOGIC board assembly
number, serial number and software version
number available when calling Neundorfer for
assistance or spare parts.

4.2 Inputs (To Interface Circuit Board)

4.2.1  Analog Input Signals Required For Operation

Grounding:

Logic power:

Zero Cross (ZC):

T-R Power source

Primary Voltage (PV): -----------------

Primary Current (PI): ------------------

A properly bonded earth ground is required for reliable
operation of the MVC III logic system and data link network.

120V AC, 10%, single phase, 60 Hz., 3/10 amp. If the system
does not have a main line contactor and uses K3 to trip the
T-R supply breaker for a run away condition, then the logic
power should be from a source that will be maintained when
the T-R supply breaker is opened.

480 - 600 VAC to INTERFACE PCB Zero Cross circuit must be
from same mains supplying the T-R set.

480 - 600 VAC, 59.5 to 60.5 Hz.
0 - 600 VAC RMS direct from T-R set primary connections.

0.75 - 2.5 Amps RMS at maximum primary current. Usually
supplied by an XXX : 5 current transformer where XXX is 2 to
4 times T-R primary current rating to ensure good signal
fidelity. The INTERFACE PCB provides the C.T. burden resistor
and can accommodate signals up to 5.0 Amps at maximum T-R
set nameplate current. See table 1. Both current transformer
leads must be isolated from ground.

! CAUTION !

Primary Current input signal above 5.0 AAC may
cause failure of INTERFACE board components.
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4.2.1  Analog Input Signals Required For Operation (con )
Primary Current for CMR: ----------------- Direct input from CMR C.T. recommended in fable 1.
(optional) The CMR is an optional over current relay that operates
independently from the MV C III logic. It is not required for
operation.
T-RPri | Recommended C.T. Interface C.T. for
Current Pri Current Burden PCB Optional
Nameplate C.T. Resistor JMPRI1 CMR
0-75 250:5 1.0 ohm out 250:5
76 - 150 500:5 1.0 ohm out 250:5
151 - 188 500:5 0.5 ohm in 250:5
189 - 225 500:5 0.5 ohm in 500:5
189 - 225 1000:5 1.0 ohm out 500:5
226 - 300 1000:5 1.0 ohm out 500:5
301 - 375 1000:5 0.5 ohm in 500:5
376 - 450 1000:5 0.5 ohm in 1000:5
451 - 600 1200:5 0.5 ohm in 1000:5
Table I - C.T. s and burden resistors
Secondary Voltage (KV): ------------- Jumper selectable KV circuit configurations can
(Optional input) accommodate balanced or unbalanced feedback signals from
(Requires optional circuitry) 40 to 200 meg voltage dividers for single or dual bushing T-R
sets. Although not required for operation, the KV feedback
signal protects the T-R set from damage caused by secondary
over voltage, and it is required to use the Back Corona Control
software feature.
Secondary Current (SI): --------------- 3.2 -7.2 VDC at maximum secondary current for the selected

T-R size range using the recommended secondary current
sensing resistor from fable 2 in the ground leg of the T-R
bridge. Maximum permitted input is 7.5 VDC.

! CAUTION !

Secondary Current input signal above 7.5 VDC
may cause failure of INTERFACE board
components.

Specifications and features subject
to change without notice
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4.2.1  Analog Input Signals Required For Operation (con )

Max mA. SI Sense Resistor (ohms/W)
0-420 20/25
421 -850 10/25
851 -1270 5/55
1271 - 1700 5/55
1701 - 2550 3/95
2251 - 3400 2/95

Table 2 - Secondary current sensing resistors

4.2.2 Digital Input Signals Required For Operation

Run Request: 120 VAC or DC
External Interlock: 120 VAC or DC
Contactor closed status: --------—---—-————- 120 VAC or DC

4.2.3 Optional Digital Input Signals (requires optional circuitry)

Reduced Power Rapping: (1) ——ceeeeeeeeev 120 VAC or DC
External Acknowledge Alarm: (1) 120 VAC or DC
External Trip: 120 VAC or DC
External Stop: 120 VAC or DC
External Restart: 120 VAC or DC
Data Link Network: Half duplex RS-485 multi-drop

communications network using 20 AWG or
larger twisted pair shielded cable.

Note 1: Can be optionally configured to force control into remote mode
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4.3 Outputs (From Interface Circuit Board)

4.3.1 Outputs Required For Operation

SCR Gate Firing: Dual 2 Amp pulsed DC, 8 kHz outputs, transformer
isolated.
Run Enable (contactor coil power): ------ 120 VAC, 3 Amp rated solid state relay

4.3.2 Optional Output Signals (requires optional circuitry)

General Alarm (K1): 120 VAC, 10 Amp DPDT relay
(optional 3 Amp, 150 VDC)

Trip Alarm (K2): 120 VAC, 10 Amp DPDT relay
(optional 3 Amp, 150 VDC)

Open Circuit Breaker (K3): --------------- 120 VAC, 10 Amp DPDT relay

(optional 3 Amp, 150 VDC)

44 Table 3 - SCR Ratings

Size Amps RMS Amps RMS 1200 VAC 1800 VAC
Code @ 70° C @ 40° C P/N P/N
4 120 160 84800-009 84800-809
4+ 185 250 84800-008 84800-808
5 260 350 84800-010 84800-810
5+ 320 450 84800-011 84800-811
6 440 700 84800-038 84800-838
7 735 1140 84800-020 84800-820

4.5 Logic System Temperature Rating

Storage temperature: -550Cto+ 859 C.

Operating temperature: -------------------- -40° C to + 85° C.
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5.0 INSTALLATION AND WIRING

5.1 General

The MVC III is available as:

- a complete stand alone factory wired cabinet

- a retrofit with a pre-wired backpanel to
interface with the customer’s existing
compatible equipment

- major assembly subsystems for customer
installation and wiring.

In each case, sound mechanical installation and
proper grounding are essential for a successful
installation.

Each component must be securely anchored to
avoid any possibility of movement or damage to
wiring. Cabinets, unless weatherproof design,
should be protected from ingress of water, oil, dust,
or any other contaminants that may be present.
Placement of the MVC III in a non sealed cabinet
inside an electrical control center room is
acceptable if there are no airborne corrosives and
dust infiltration is minimal.

To install the MVC 111, refer to the following
sections for the applicable type of installation.
Ensure that all safety precautions are observed.
Lock out all power feeds, and ground all applicable
bus sections. Neundorfer, Inc. can provide complete
installation services or, for customers who wish to
install their own controls, we can provide any level
of technical direction desired.

5.2 Grounding

5.21 Logic System Ground
Each control cabinet must have a ground terminal
bonded to earth ground. Ground connections for the
system should tie directly to this single point. It is
poor practice to rely on sub panel mounting studs
and other bolted structural parts for ground
connections. The ground connection for the
MVC III system at INTERFACE board connector
J8-terminal 3 must be connected directly to the
cabinet grounding terminal.

5.2.2 T-R Set Ground
For proper control operation and to prevent damage
to the INTERFACE PCB, the ground leg of the T-R
bridge must be grounded through the appropriate
size SI SENSE RESISTOR paralleled with a surge
arrestor. See section 4.2.1 for the proper resistor
value.

It is preferable to place this resistor in the T-R set
low voltage junction box. Some installations,
however, may require placing the grounding resistor
in the AVC cabinet to maintain operation of analog
meters. Before installing the SI SENSE RESISTOR,
take a precise reading of its resistance to 0.05 ohm
accuracy and make a permanent record of it in the
MVC III cabinet for secondary current calibration.
5.2.3 Current Sensing Transformer
It is common for the primary current sensing
transformer in existing installations to be ground
referenced. One of the terminals is often grounded
either directly or through a connected device such
as a meter. Both terminals of the primary current
sensing transformer must be isolated from
ground for the MVC III to function properly.
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5.3 Secondary Current And KV

Feedback Signal Wiring

The ideal installation uses a shielded twisted pair
cable for each of the T-R set feedback signals to
provide the cleanest possible signals. This is
particularly desirable for the KV feedback signals
since they originate from a high impedance source.

The generic system drawings depict the ideal wiring
configuration with balanced KV feedback wiring.
The balanced configuration may be necessary for
waveform analysis and POS Digital Storage
Oscilloscope software and may improve
performance of the Back Corona Detection and
Control software.

Unbalanced KV feedback wiring often requires
filtering the signal at the LOGIC board to remove
electrical noise. The loss of fidelity still allows
accurate average DC KV readings, but removes
signal waveform information.

We realize that in some installations it may not be
practical to provide the ideal wiring. Drawing
8-01-0196 shows four acceptable wiring methods
for the KV feedback signals and tables of required
INTERFACE and LOGIC board jumper settings.

Neundorfer KV Signal Feedback And Surge
Suppression circuit boards (assembly number
82200-016 are supplied with each MV C 111, one for
each specified high voltage bushing. The circuit
board is to be used in place of the standard surge
suppressor or “lightning arrestor” normally located
in the existing voltage divider or T-R set low
voltage junction box. It mounts on the existing
surge suppressor mounting block, and provides
surge suppression and components to implement
any of the 4 KV feedback circuits by cutting the
required jumpers.

Drawing 82200-016 in section E of this manual
shows the board layout and jumper configurations
for the four possible feedback wiring
configurations. The PCB is silk screened with
Neundorfer part number 81700-220.

Part number 82200-016 boards are not required
with Neundorfer voltage dividers (assembly number
84700-250) as the voltage dividers include the KV
Signal Feedback And Surge Suppression circuitry.
See the voltage divider documentation drawing
number 84700-250A sheet 2 in section E of this
manual for jumper configurations.

5.4 Complete Cabinet Or Pre-Wired

Back Panel Installation

The complete cabinet and pre-wired back panel
final assemblies are fully tested at the factory. For
these, the user needs only to connect the main
power feed, T-R power, T-R feedback signals and
any additional alarm or External Interlock and
control wiring desired. Neundorfer supplies as built
system schematics, wiring diagrams, and equipment
layout drawings with MV C III complete cabinet
and pre-wired back panel configurations.

Drawing §-01-0197 is a basic connection diagram
identifying all connections needed for a typical
installation. For detailed information on optional
connections, see the INTERFACE board connection
drawing 8-01-0181, generic system schematic
drawing 8-01-0196, and connection diagram
drawing 8-01-0197. In some cases custom as
installed drawings are also supplied. Refer to the
drawing lists in appendix F.
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5.5 Major Assembly Subsystems

Retrofit Installation

The MVC III can be purchased as major assembly
subsystems for customer retrofit installation. The
subsystems are:

- the FACE PANEL and DISPLAY board assembly
(optional)

- the main LOGIC board, and

- the customer INTERFACE board.

All connections between the three assemblies are
via Neundorfer supplied ribbon cables, greatly
simplifying installation. Each ribbon cable has a
different size connector to eliminate any possibility
of mis-connection. Note that the DISPLAY ribbon
cable plugs into J3 which is the 26 pin connector
nearer the edge of the LOGIC board.

Installation choices permit the main LOGIC board to
be stacked on the door mounted DISPLAY panel or
stacked on the INTERFACE board. The DISPLAY
panel can be flush mounted on the cabinet door or
surface mounted. In some cases, controls may be
supplied without a DISPLAY panel.

These choices should have been made at order
placement time as they affect the installation kit
supplied. Contact Neundorfer if you do not have the
correct installation kit.

Since every control is custom engineered to the
particular installation, additional major components,
such as SCR stack or contactor, may be supplied as
part of a retrofit control.

Remove all equipment not being reused from the
control cabinet. Select the mounting style and site
for all supplied subsystems and using the supplied
templates, drawing 8-01-0180 prepare the required
mounting holes and cutouts.

The Face Panel and Display Board

Mount the FACE PANEL and DISPLAY board
assembly, if purchased, to the cabinet door in the
desired location using the provided hardware. Use
the provided template to make the required door
cutouts according to the type of installation.

The Interface Board

Mount the INTERFACE board in a position central to
the existing wiring and within a two foot wire run to
the SCR stack. Mount all other supplied equipment
except the main LOGIC board. Make all customer
connections to the INTERFACE board and to any
other supplied equipment.

Drawing 8-01-0197 is a basic connection diagram
identifying all connections needed for a typical
installation. For detailed information on optional
connections, see the INTERFACE board connection
drawing 8-01-0181 and generic system schematic
and connection diagram drawings 8-01-0196 and
8-01-0197. In some cases custom as built and
installed drawings are supplied. Refer to the
drawing list for appendix F.

The Logic Board

Finally, mount the main LOGIC board in the desired
location and connect it to the INTERFACE board and
DISPLAY board using the supplied ribbon cables.
Dress and secure all cabling so that it will not be
damaged by hot components or door movement.

5.6 Continuity Test

Before applying power to the completed
installation, use a volt-ohmmeter to verify
continuity of all connections.
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6.0 OPERATOR CONTROLS
6.1  MVC lll Display Panel (figure 1)

The MVC Il DISPLAY panel has both dedicated and
multi-function digital readouts along with 20 status
indicators. The digital readouts show setpoint data
when the T-R set is off and normally show real time
operating values when the T-R set is energized. The
status indicators blink slowly when an operating
limit has been reached or remain on when exceeded
or to indicate the cause of a trip. A rapidly flashing
status indicator means that the corresponding digital
readout is showing the setpoint limit and the limit
can be adjusted using the Up, Down and Set keys
unless locked out by the Local / Remote switch.

See section 9 for how to change setpoints.

The following digital readouts and status indicators
are located on the MVC III DISPLAY panel. Refer to
figure I for item number identification.

Item Description

1 T-R Primary Amps digital readout
Displays primary T-R set operating current
(or current limit) in RMS amps.

2 T-R Primary Amps - Over Limit
Blinks slowly when Primary Current Limit
has been reached or remains lit if exceeded.

3 T-R Primary Amps - Unbalance

Lights when primary current flowing
through the T-R is not equal on opposing
half cycles of the line.

4 T-R Primary Volts digital readout

Displays primary T-R set operating voltage
(or voltage limits) in RMS Volts.

10

11

Description
T-R Primary Volts - Over Limit

Blinks slowly when Primary Voltage Limit
has been reached or remains lit if exceeded.

T-R Primary Volts - Under Limit

Lights when T-R primary or secondary
voltage has dropped below the preset limit.

T-R Secondary Amps digital readout

Displays secondary T-R set operating
current (or current limit or reduced power
rapping limit) in average DC amps.

T-R Secondary Amps - Over Limit

Blinks slowly when Secondary Current
Limit has been reached or remains lit if
exceeded.

T-R Secondary Amps - Rap Limit

Blinks slowly when Reduced Power
Rapping (RPR) Secondary Current Limit
has been reached or remains lit during
Power Off Rapping (POR).

T-R Secondary KV digital readout

Displays secondary T-R set operating
voltage (or voltage limit) in average DC
kilovolts.

T-R Secondary KV - Over Limit

Blinks slowly when Secondary Over
Voltage Limit has been reached or remains
lit if voltage limit has been exceeded.
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6.1

Item

13

14

15

16

17

MVC Il Display Panel (figure 1)
(cont)

Description
T-R Secondary KV - Bushing B

Illuminates when display is reading
Bushing “B” or H2 kilovolts.

Spark Monitor digital readout

When T-R is energized, displays number of
precipitator sparks occurring during the last
60 seconds. Also shows Baseline Spark
Rate, Setback factor, or Spark Response
Mode when these parameters are being
adjusted. See sections 9.7-9.9.

Spark Monitor - Spark

Blinks when a spark has been detected.
Flashes rapidly when digital readout
(item 13) is showing Baseline Spark Rate
setpoint.

Spark Monitor - Setback

Flashes when maximum Setback is reached
(SCR Conduction Angle is at minimum).
Blinks rapidly when digital readout (item
13) is displaying Post Spark Setback factor
setpoint.

Spark Monitor - Mode

Blinks rapidly when digital readout (item
13) is displaying Spark Response Mode.
Auxiliary Functions digital readout

Displays the parameter indicated by items
18-22.

Item

19

20

21

Description
Auxiliary Functions - KW

Lights when digital readout (item 17) is
displaying T-R Primary Kilowatts.

Auxiliary Functions - Cond. Angle

Lights steady when digital readout (item
17) is displaying SCR Conduction Angle.
Blinks slowly when SCR Conduction Angle
is at the setpoint limit. Blinks rapidly when
digital readout (item 17) is displaying the
SCR Conduction Angle setpoint limit.

Auxiliary Functions - Data Link

Blinks rapidly when digital readout

(item 17) is displaying the unit number or
address of this controller. Lights when the
control is in the remote control mode and
blinks briefly off to acknowledge receipt of
a data link message. Indicator is off but
blinks briefly on when the controller is not
in the remote control mode to acknowledge
receipt of a message.

Auxiliary Functions - Back Corona

Flashes rapidly when digital readout
(item 17) is displaying the Back Corona
Setup Code. A code of zero disables the
Back Corona Control program, while
settings of 1-4 make it progressively more
sensitive. [lluminates when Back Corona
software is active. Blinks slowly when the
Back Corona program is limiting T-R
operation below back corona onset.
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6.1

Item

22

23

24

25

26

MVC Il Display Panel (figure 1)
(cont)

Description
Auxiliary Functions - IE

Blinks rapidly when digital readout (item
17) is displaying the IE ratio. A setting of
0.00 disables IE while settings of X.YY
enables IE with X half cycles of on time
and Y'Y half cycles of off time. To prevent
T-R damage, the control will not allow
setting odd number of off half cycles.

T-ROn

Indicates the T-R set is energized.

Alarm

Indicates the T-R set is not energized.

Internal Trip

Indicates the T-R set has been de-energized
by an internally detected uncorrectable
error condition such as under voltage. The
other DISPLAY panel status indicators will
indicate the cause of the trip.

External Trip

Indicates the T-R set has been de-energized
by an external trip condition. Possible
causes are the External Trip input
(requires optional circuitry) has been
activated, loss of the External Interlock
signal, or the optional CMR has detected an
over current condition.
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6.2 Keypad (figure 1)

The MVC III DISPLAY panel has a six position
keypad to access and adjust all setpoint parameters.

The Last and Next keys act as cursor motion
control keys to move through the MVC III
parameters. A parameter selected for adjustment is
indicated by a fast blinking indicator light and can
be adjusted Up or Down with the respective key. To

lock a new setting into memory press the Set key.
See sections 6.4 and 9.0 for exceptions.

The Conduction Angle Limit is a special case that
requires first pressing the Set key to change the
display from the operating value to the setpoint
value then pressing the Set key again after
adjustment to lock in the new value.

| | I
| | |

Item Description

27  Last Key - Permits reverse sequential
selection of the parameter for display and
adjustment in the various digital readouts.

28  Next Key - Permits forward sequential
selection of the parameter for display and
adjustment in the various digital readouts.

29  Hold Key - Updates then freezes the
digital readouts and indicators but does not
affect the control's operation. Press the
Hold key again to unfreeze the DISPLAY.

Partial figure 1.
See Appendix B for
complete figure 1.

Item Description
30 Down Key - Decreases selected setpoint
adjustment.

31  Up Key - Increases selected setpoint
adjustment.

32 Set Key - Locks in the new setpoint or
limit value. When the Set key is pressed, if
the selected parameter has changed, the
cursor will move to the next position to
confirm entry of the new setpoint into
memory.
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6.3 T-R On Switch

The T-R On switch, shown schematically in
drawing 8-01-0196 and 8-01-0197, is usually
provided with the MVC III, but may be a reused
customer device. It is a two position single pole
switch combined with a 120 VAC pilot light. The
switch contacts are wired into the contactor coil
circuit to provide fail safe shut off. Closing the
switch provides a Run Request to the logic system,
which will energize the T-R set if all other run
requirements are met. The pilot light is illuminated
when the T-R set is energized. Opening the T-R On
switch overrides the data link commands and
External Restart commands, shutting down the
T-R set.

6.4 Local / Remote Switch

Item 8 in figure 2 is the Local / Remote toggle
switch. Placing the switch in the Local position
enables the local keypad to access and change
operating setpoints, but prevents a host computer
from making any changes to the control’s operation
via the data link.

In the Remote position, the keypad is disabled, and
the host computer is granted control of the MVC 111
setpoints and Start / Stop / Reset control.
Opening the T-R On switch will override the data
link commands and shut down the T-R set.

Placing the switch in the middle position allows
both keypad and data link to examine the setpoints
and operating data.

Optional external inputs can be configured to
override the Local / Remote switch and force the
MYVC III into the remote mode. See section 8.1.

6.5 Reset Pushbutton Switch

Item 7 in figure 2 is the Reset pushbutton switch.
Pressing this button initiates a power up restart
sequence for the microcomputer. The T-R set will
be shut off if it is energized. This switch is normally
used only to enter The Software Configuration
Mode. See sections 7 and 8.
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7.0 MVC Il MODES

With logic power applied the MVC 11l can be in
one of four possible modes or conditions:

SOFTWARE CONFIGURATION
STANDBY

TRIPPED

OPERATING

Software Configuration Mode is a special mode
that can be entered only by operator intervention
when power is first applied or when releasing the
Reset pushbutton on the MV C III LOGIC board. It
is used to select certain software options, configure
several inputs to the system and adjust T-R size and
Spark Detection Sensitivity. See section 8.0 for
software configuration information.

Standby Mode is the normal mode when the T-R
set is not energized and the control is not tripped.
The indicator light in the T-R On switch will be off,
the T-R On front panel indicator will be off, and the
Alarm front panel indicator will be on.

Tripped condition results from an out of limit
condition that the MVC III cannot correct or from
external inputs. When a trip occurs, the entire

DISPLAY is frozen at the moment of the trip, the
T-R On front panel indicator turns off, the Alarm
front panel indicator turns on and the appropriate
Internal or External Trip LED is illuminated.

The DISPLAY can be unfrozen by pressing the Hold
key. Opening the T-R On switch will change the
control mode back to Standby Mode. This can also
be done using the optional External Restart, Stop,
or ACK Alarm contact inputs (requires optional
circuitry) or via data link commands (requires
optional circuitry and software).

With the MVC III in the Operating or Run modes
the T-R set is energized and the MVC Il is
monitoring and controlling power delivery to the
T-R set and the bus section. The front panel T-R On
switch must be closed and the External Interlock
input closed to enter the Run Mode. Once in the
Run Mode, the MVC III can be stopped, reset from
trips and started using the External Restart, Stop,
or ACK Alarm contact inputs or via data link
commands. Opening the front panel T-R On switch
or opening the Interlock input will always override
the External Restart contact input and data link
commands.
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8.0 SOFTWARE CONFIGURATION

The MVC III feature user configurable software
options to customize the MV C III to the particular
installation. These settings are made at the time of
installation and are not usually changed again. They
have been made less accessible than the operator set
point adjustments. When possible, the controls are
shipped with these parameters pre-configured. The
configurable parameters are: T-R size, Spark
Detection Sensitivity, and Software Options Code,
which includes several configurable inputs to the
logic system. When logic power is applied to the
MVC 111, the DISPLAY panel is cleared, and then the
configuration codes are presented in the four
readouts listed in table 4 before the display test. The
other two readouts will be blank.

Readout Parameter Values
T-R Pri. Amps T-R Pri. Size 0-5
T-R Sec. Amps T-R Sec. Size 0-5
Spark Monitor Spark Sensitivity 0 - 100
Aux. Functions ~ Software Options 0 - 255

Table 4 - Configuration mode parameters

Changing any of these values requires entering the
Software Configuration Mode with the control off
line, which can only be done when logic power is
applied to the MVC III or when releasing the Reset
pushbutton on the MVC III LOGIC board.

To change the software configuration or options.

L.

10.

11.

Stop the MV C III by opening the front panel
T-R On switch.

Set the Local / Remote toggle switch on the
LOGIC board to the Local position.

Remove 120 VAC logic power (or press and
hold the Reset pushbutton on the MV C III
LOGIC board).

Press and hold the Set and Up keys while
reapplying logic power (or releasing the Reset
pushbutton). Continue holding the Set and Up
keys for 2 seconds until the DISPLAY clears.

Release the Set and Up keys.

The Software Options Code will appear in the
Auxiliary Functions display and all other
displays will be blanked.

Use the Next and Last keys to select the
desired parameter which will appear in its
assigned display.

Use the Up or Down keys to change the
selected parameter to the desired value.

When settings are satisfactory, enter new
configuration codes into memory by pressing
the Set key which saves all four parameters.

Cycle logic power to control or press and
release the Reset pushbutton. The new
configuration settings will be presented in the
DISPLAY at the start of the Power On Display
Test.

Return the Local / Remote toggle switch to
its original position.
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8.1  Selecting Software Options

Enter the Software Configuration Mode with the
control off line as explained in section 8.0. Use the
Next and Last keys to display the Software
Options Code in the Auxiliary Functions digital
readout. Use the Up or Down keys to change the
Software Options Code to the desired value. Press
the Set key to save the new code.

The Software Options Code is the sum of the values
for each of the enabled software options.

Note that the communications software is factory
installed and cannot be user enabled or disabled.
The displayed configuration code will, however,
reflect the absence or presence of the
communications software.

For some of the software options, the zero value
may select an alternate option designated as the
“else” option.

Some of the software options require optional
circuitry. The software options are encoded as
follows:

VALUE SOFTWARE OPTION
128 =  Communications software installed.

64 = Enable AUTO RESTART after power
failure with control on. See section
10.1.

32 = Signal on External Trip input trips
control & lights External Trip LED,
else

0= No signal on External Trip input trips
control & lights External Trip LED.

16 = External ACK Alarm input clears
alarm indicators and resets TRIP
ALARM RELAY else

0= External ACK Alarm input overrides
Local / Remote toggle switch and
forces remote operation.

8= RPRinput invokes Reduced Power
Rapping limit, else

0= RPRinput overrides Local / Remote
toggle switch and forces remote
operation.

4= Deactivating External Stop input turns
off control

0= Activating External Stop input turns
off control

2= Bushing “B” input enabled (Will cause
under voltage trip if enabled without
KV-b feedback signal)

1=

Bushing “A” input enabled (Will cause
under voltage trip if enabled without
KV-a feedback signal)

Table 5 - Software Options coding
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8.2  Setting T-R Primary Size

Enter the Software Configuration Mode with the
control off line as explained in section 8.0.

Use the Next or Last keys to display the T-R
Primary Size Code in the T-R PRIMARY AMPS
digital readout.

Use the Up or Down keys to change the T-R
Primary Size Code to the desired value.

Press the Set key to save the new value. Use the
lowest setting from fable 6 that includes the
nameplate Primary Current Limit of the T-R set.

! CAUTION !

Changing this setting affects control
calibration and Primary Current Limit
setting.

Always reset the Primary Current Limit
and re-calibrate the primary current
digital readout after any change to this
setting.

T-R Nameplate Primary
Primary Current Size Setting
0-75 Amps 0

76 - 150 Amps 1
151 - 225 Amps 2
226 - 300 Amps 3
301 - 450 Amps 4
451 - 600 Amps 5

Table 6 - T-R Primary Size coding

8.3 Setting T-R Secondary Size

Enter the Software Configuration Mode with the
control off line as explained in section 8.0.

Use the Next or Last keys to display the T-R
Secondary Size Code in the T-R Secondary Amps
digital readout.

Use the Up or Down keys to change the T-R
Secondary Size Code to the desired value.

Press the Set key to save the new value. Use the
lowest setting from fable 7 that includes the
nameplate Secondary Current Limit of the T-R set.

! CAUTION !

Changing this setting affects control
calibration and Secondary Current and
RPR Limit settings.

Always reset the Secondary Current
Limit, RPR Limit and re-calibrate the
secondary current digital readout after

any change to this setting.

T-R Nameplate Secondary
Secondary Current Size Setting
0-420 mA 0
421 - 850 mA 1
851 - 1270 mA 2
1271 - 1700 mA 3
1701 - 2550 mA 4
2551 - 3400 mA 5

Table 7 - T-R Secondary Size coding
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8.4  Setting Spark Detection
Sensitivity

Enter the Software Configuration Mode with the
control off line as explained in section 8.0.

Use the Next or Last keys to display the Spark
Detection Sensitivity code in the Spark Monitor
digital readout.

Use the Up or Down keys to change the Spark
Detection Sensitivity code to the desired value.

Press the Set key to save the new value.

The Spark Detection Sensitivity adjusts the
secondary current based spark sensing only. It has
no effect on the spark sensing derived from the T-R
primary feedback signals. It has a range of 0 to 100.
A setting of 0 disables secondary current spark
sensing, while 100 is the most sensitive setting. The
spark sensing algorithm is self adaptive to changing
precipitator conditions.

The Spark Sensitivity is factory set to 50 and
should never be changed. 1t is provided only as a
trouble shooting tool for service personnel.

9.0 ADJUSTING LIMITS AND
SETPOINTS

BEFORE setting any limits, the proper Primary and
Secondary T-R Size Codes must be set. If these
settings are not correct, the primary and secondary
current readings may be incorrect and cannot be
properly calibrated. See sections 8.2 and 8.3 for the
correct settings and procedure.

When the MVC Il is in the Standby Mode (see
section 7) the principle adjustable limits and
setpoints are displayed: Primary Current, Primary
Under Voltage, Secondary Current, Secondary
Voltage and Baseline Spark Rate. The auxiliary
setpoints and limits can be accessed using the
keypad. All limits and setpoints may be adjusted
while in the Standby Mode or Operating Mode.

Access to the setpoint adjustments is controlled by
the Local / Remote toggle switch S2 (figure 2,
item 8) on the back of the LOGIC PCB. When the
switch is in the Remote position, the limits and
operating setpoints for the MVC III are accessible
only via data link commands. The local keypad is
inoperative.

When the selector switch is in the middle position,
all setpoint values can be accessed and certain ones
can be temporarily changed from the front panel
keypad. No new values can be written into
nonvolatile memory and any temporary values will
automatically revert back to their normal settings
after five minutes without keypad activity.
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9.0 ADJUSTING LIMITS AND
SETPOINTS (cont)

With the selector switch in the Local position, the
limits and operating setpoints for the MVC III are
entered and set using the front panel keypad at the
bottom right area of the facepanel.

The six keys control the travel of a cursor around
the facepanel and the adjustment of the operating
limits and setpoints. They are the Last key, the

Next key, the Hold key, the Down key, the Up key,
and the Set key (figure 1, items 27 - 32).

| | I
| | |

Partial figure 1. See Appendix B
for complete figure 1.

The Last and Next keys move the cursor (readout
parameter indicator) sequentially through the
displayable parameters and setpoints associated
with each digital readout. The top five digital
readouts each display one real time monitored
parameter and provide setting of one or more
operational limits or setpoints. A rapidly blinking
LED indicates that the displayed number is the
setpoint, not the real time monitored value and the
setpoint can be adjusted using the Down or Up
keys.

After adjusting the value, enter it into non volatile
memory by pushing the Set key. If the value has
changed, the cursor will automatically move to the
next parameter in the direction last moved to
acknowledge the new value has been saved.

Moving into or out of the Auxiliary Functions
readout without saving a changed parameter will
revert back to the original value.

The Auxiliary Functions readout can display two
real time operating values; T-R Primary KW
consumption and SCR Conduction Angle. The Last
and Next keys will select the desired parameter for
the readout. KW has no associated setpoint, but the
SCR Conduction Angle does. To display the SCR
Conduction Angle Limit setpoint, first select the
SCR Conduction Angle display using the Last or
Next keys, then press the Set key. This will change
the display to the Conduction Angle Limit setpoint.

Remember that a new limit may only be entered if a
fast flashing LED is present in the indicator for the
limit to be set. See the following sections for details
of setting the various parameters.

A limit or parameter can be changed to a temporary
setting during normal operation. Select and change
the parameter as desired, but do not push the Set
key after using the Up or Down keys. Do not use
the Next or Last keys or the temporary setting will
revert back to the original value. Temporary settings
not locked in with the Set key will time out in five
minutes and revert to the original limits.

The following sections are listed in the automatic
access order resulting from using the Next key to
access Primary Current Limit.
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9.1  Primary Current Limit

Push the Next or Last key until the T-R Primary
Amps Over Limit indicator (figure 1, item 2)
flashes rapidly. This indicates that the displayed
value is the setpoint limit and the limit may be
adjusted.

Using the Up or Down keys, set the displayed limit
to the T-R nameplate primary current rating for the
connected T-R primary tap. When the correct value
is displayed, press the Set key to save the new
value in non volatile memory. If the value has
changed, the flashing LED will automatically move
to the next parameter in the direction last moved to
acknowledge the new value has been saved.

NOTE: Set Primary Current Limit to 50% of T-R
nameplate for initial calibration.

If the current reaches the T-R Primary Current Limit
during operation, the T-R Primary Amps Over
Limit indicator will flash about once per second
indicating that the current limit has been reached
but not exceeded. If the limit is exceeded and
cannot be corrected by the MVC 111, the control will
trip off and the T-R Primary Amps Over Limit
indicator will remain on.

9.2 Primary Over Voltage Limit

Push the Next or Last key until the T-R Primary
Volts Over Limit indicator (figure 1, item 5)
flashes rapidly indicating that the displayed value is
the setpoint limit and it may be adjusted. Using the
Up or Down keys, set the displayed limit to the T-R
nameplate primary voltage rating for the connected
T-R primary tap. When the correct value is
displayed, press the Set key to save the new value
in non volatile memory. If the value has changed,
the flashing LED will automatically move to the
next parameter in the direction last moved to
acknowledge the new value has been saved.

If the primary voltage reaches the Over Voltage
Limit during operation, the Over Limit indicator
will flash about once per second indicating that the
limit has been reached but not exceeded. If the limit
is exceeded and cannot be corrected, the control
will trip off and the T-R Primary Volts Over Limit
indicator will remain on.
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9.3 Under Voltage Limit

During an arcing or a shorted condition in the
precipitator, the current rises and the voltage
decreases in both the T-R set primary and the
precipitator. A timed under voltage trip function
prevents a shorted condition from causing T-R set
or precipitator damage. Anytime the voltage falls
below the primary or secondary setpoint values
during operation, the Under Limit indicator will
light. If any of the monitored voltages remain at or
below the setpoint level for more than 30 seconds,
the control will trip off and the T-R Primary Volts
Under Limit indicator will remain on.

To adjust the T-R under voltage limits, push the
Next or Last key until the T-R Primary Volts
Under Limit indicator (figure 1, item 6) flashes
rapidly indicating that the displayed value is the
setpoint limit and that it may be adjusted. Using the
Up or Down keys, set the displayed limit to the
desired under voltage trip point, usually in the range
of 80 Volts to 120 Volts. When the desired value is
displayed, press the Set key to save the new value
in non volatile memory. If the value has changed,
the flashing LED will automatically move to the
next parameter in the direction last moved to
acknowledge the new value has been saved.

Adjusting the T-R Primary Volts Under Limit
automatically calculates and sets the equivalent
Secondary Under Voltage Limit based on the
entered T-R set nameplate data. The Secondary
Under Voltage Limit will be approximately 100
times the Primary Under Voltage Limit for a typical
T-R set. The Secondary Under Voltage Limit will be
applied only to the T-R bushings enabled for KV
monitoring. See section §.1.

The formula for calculated T-R KV Under Voltage
Limit is:

PV Under Limit
PV Over Limit

KV Under Limit = x KV Over Limit

9.4 Secondary Current Limit

Push the Next or Last key until the T-R
Secondary Amps Over Limit indicator (figure 1,
item §) flashes rapidly, indicating that the displayed
value is the setpoint limit and the limit may be
adjusted. Using the Up or Down keys, set the
displayed limit to the T-R nameplate secondary
current rating. For T-R sets with secondary current
ratings that vary with the connected T-R primary
tap, use the highest listed secondary current. If the
nameplate value is given in milliamps (mA.), divide
by 1000 to convert to Amps. When the correct value
is displayed, press the Set key to save the new
value in non volatile memory. If the value has
changed, the flashing LED will automatically move
to the next parameter in the direction last moved to
acknowledge the new value has been saved.

NOTE: Set Secondary Current Limit to 50% of
T-R nameplate for initial calibration.

If the secondary current reaches the setpoint value
during operation, the Secondary Amps Over
Limit indicator will flash indicating that the
maximum limit has been reached but not exceeded.
If the limit is exceeded for 7-1/2 seconds, the
control will trip off and the Over Limit indicator
will remain on.
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9.5 Rap Limit

In some cases reducing or turning off precipitator
power enhances rapping efficiency. The RAP LIMIT
is an auxiliary T-R Secondary Current Limit used to
implement Reduced Power Rapping or Power Off
Rapping (RPR / POR). The RAP LIMIT can be
activated by a 120V AC or DC input or contact
closure (requires optional input circuitry) from a
rapper control or via data link commands from a
Neundorfer MicroRap rapper control or POS. When
the MV C III receives an RPR command, it will
reduce the secondary current to the RAP LIMIT
setpoint. If the RAP LIMIT is set to zero, primary
power will be removed from the T-R set during the
POR interval. Low T-R voltage during an RPR
interval will not cause an under voltage trip.

To adjust the RAP LIMIT, push the Next or Last key
until the T-R Secondary Amps Rap Limit
indicator (figure 1, item 9) flashes rapidly indicating
that the displayed value is the setpoint and that it
may be adjusted. Using the Up or Down keys, set
the displayed limit to the desired RPR value. When
the desired value is displayed, press the Set key to
save the new value in non volatile memory. If the
value has changed, the flashing LED will
automatically move to the next parameter in the
direction last moved to acknowledge the new value
has been saved.

If the secondary current reaches the RAP LIMIT
setpoint value during RPR operation, the
Secondary Amps Rap Limit indicator will flash
indicating that the RPR setpoint is limiting T-R set
secondary current. During POR, the indicator
remains on.

9.6 Secondary Over Voltage Limit
Push the Next or Last key until the T-R
Secondary KV Over Limit indicator (figure 1,
item 11) flashes rapidly, indicating that the
displayed value is the setpoint limit and it may be
adjusted. Using the Up or Down keys, set the
displayed limit to the T-R nameplate secondary
kilovolt rating. For T-R sets with secondary kilovolt
ratings that vary with the connected T-R primary
tap, use the highest listed secondary kilovolts. If the
nameplate value is given in volts, divide by 1000 to
convert to kilovolts (KV). When the correct value is
displayed, press the Set key to save the new value
in non volatile memory. If the value has changed,
the flashing LED will move to the next parameter to
acknowledge the new value has been saved. The
entered limit is used for both bushings of a dual
bushing T-R set.

If the secondary voltage reaches the setpoint value
during operation, the T-R Secondary KV Over
Limit indicator will flash about once per second
indicating that the limit has been reached but not
exceeded. If the limit is exceeded and cannot be
corrected by the MVC 111, the control will trip off
and the T-R Secondary KV Over Limit indicator
will remain on.
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9.7 Baseline Spark Rate

The MVC III uses the Baseline Spark Rate as the
value it will strive to maintain during stable
precipitator conditions. A higher or lower spark rate
may occur, however, depending on precipitator
operating conditions. If a T-R nameplate limit,
Conduction Angle Limit, Back Corona Control
limit, or RPR is reached below the spark threshold
of the precipitator, the spark rate will fall below the
setpoint. When the MV C III detects unstable
precipitator conditions, the proprietary adaptive
control algorithms will increase the spark rate to
maintain optimum precipitator power input.

Push the Next or Last key until the Spark Monitor
Spark indicator (figure 1, item 14) flashes rapidly,
indicating that the displayed value is the sparks per
minute baseline rate and that it may be adjusted.
Using the Up or Down keys, set the displayed
setpoint to the desired value. When the desired
value is displayed, press the Set key to save the
new value in non volatile memory. If the value has
changed, the flashing LED will automatically move
to the next parameter in the direction last moved to
acknowledge the new value has been saved.

Pressing the Set key without changing the Spark
Rate generates a spark simulation, causing the
MVC III to execute its normal spark response
algorithm.

NOTE: If Intermittent Energization (IE) is
enabled, the Baseline Spark Rate cannot be set
above 60 sparks per minute. To set higher Spark
Rates, set the IE ratio to 0.00. See section 9.14.

9.8 Setback

After a spark the T-R primary power is briefly
interrupted to quench the spark and prevent arcing.
Then the power is fast ramped back to a level
reduced by the Setback factor below the power
level at which the spark occurred.

The Setback factor is a self adaptive control
parameter. Our experience has shown that to
achieve stable operation free from restrikes, a larger
setback percentage is required at lower power levels
than at higher power levels. The Setback factor
entered is a target percentage value to be used as the
T-R set approaches Primary Current Limit. The
MVC III will automatically increase the setback
percentage according to its algorithm at lower
power levels.

Push the Next or Last key until the Spark Monitor
Setback indicator (figure 1, item 15) flashes
rapidly, indicating that the displayed value is the
Post Spark Setback factor and that it may be
adjusted. Using the Up or Down keys, set the
displayed setpoint to the desired value. When the
correct value is displayed, press the Set key to save
the new value in non volatile memory. If the value
has changed, the flashing LED will automatically
move to the next parameter to acknowledge the new
value has been saved.

The available Setback settings are 1%, 2%, 5%,
10%, 15%, and 20%. Inlet fields and fields that
spark excessively need a higher Setback to maintain
stable operation, typically 10% to 20%. Outlet
fields and fields with stable spark over voltage
typically use a lower Setback in the 1% to 5%
range.
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9.9 Spark Response Mode

The MVC III provides a choice of three different
Spark Response Modes. Figure 7 shows typical
response patterns for each mode.

MODE 1 - The MVC III quenches every spark,
counts one spark; fast ramps to the Setback level,
and slow ramps back to the next spark.

MODE 2 - The control ignores the first spark. If a
second spark occurs during the next one-half cycle
of SCR conduction, the MV C III quenches the
spark, counts one spark, fast ramps to the Setback
level, and slow ramps back to the next spark.

! CAUTION !

Do not use Mode 2 with a dual bushing
T-R set operating in double half wave.

MODE 3 - The control only takes corrective action
if sparks occur on three consecutive half cycles of
SCR conduction. Then the MVC III quenches the
spark, counts one spark, fast ramps to the Setback
level, and slow ramps back to the next spark.

! CAUTION !

Do not use Mode 3 with a dual bushing
T-R set operating in double half wave.

Mode 1 is used on precipitators which produce high
intensity sparks. Mode 2 would be used if spit
sparking was occurring with some high intensity
sparks. Mode 3 is used in the case of very low
intensity sparking. A storage oscilloscope should be
connected to secondary current to monitor the
intensity of the sparks and determine which mode
should be used.

Push the Next or Last key until the Spark Monitor
Mode indicator (figure 1, item 16) flashes rapidly,
indicating that the displayed value is the Spark
Response Mode and that it may be adjusted. Using
the Up or Down keys, select the desired mode.
When the desired value is displayed, press the Set
key to save the new value in non volatile memory.
If the value has changed, the flashing LED will
automatically move to the next parameter in the
direction last moved to acknowledge the new value
has been saved.

9.10 Kilowatts

Push the Next or Last key until the KW indicator
(figure 1, item 18) is illuminated indicating that the
displayed value in the Auxiliary Functions digital
readout is the T-R set primary kilowatt power
consumption. The displayed value excludes power
losses in the CLR, SCR stack and peripheral
circuitry. It is a read only value and has no
associated setpoint.

The indicated value is true Kilowatts calculated
from the T-R set feedback signals, not simply the
KVA product. For any AC load, other than a purely
resistive load, there is a phase angle difference
between the current and voltage in the circuit. As a
result, the power in the load (Watts) will always be
less then the Volt-Ampere product for the load.

For a load energized by a sine wave power source:

_ Volts x_ Amps

K
W 1000

X €oSs I

Watts
Volts x Amps

Power Factor = =cos J

Where: & = the phase angle in degrees between the
voltage and current.
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9.11 Conduction Angle

This feature allows monitoring the SCR Conduction
Angle and setting an upper limit for the Conduction
Angle. It may be used as a manual control during
control setup and calibration and for taking V-I
curve data. In installations where T-R sets and
CLR’s are not ideally matched, the Conduction
Angle Limit is used to prevent saturation of the
magnetic components.

Push the Next or Last key until the Cond. Angle
indicator (figure 1, item 19) is illuminated
indicating that the displayed value in the Auxiliary
Functions digital readout is the SCR Conduction
Angle. When the T-R is energized, a reading from
20 to 170, representing minimum to full power, will
be displayed. To adjust the upper limit setpoint or
place the MV C Il in manual control, push the Set
key. The Cond. Angle LED will flash rapidly,
indicating that the displayed value is the
Conduction Angle setpoint and that it may be
adjusted. Using the Up or Down keys, select the
desired Conduction Angle. If the new value is to be
saved in non volatile memory as an operating limit,
again press the Set key. If the value has changed,
the flashing LED will move to the next parameter in
the direction last moved, acknowledging the new
value has been saved.

The Conduction Angle Limit is an upper limit only.
It cannot be used to force MV C III operation above
the other limits or the sparking level. The Cond.
Angle indicator will flash about once per second
when the conduction angle reaches the setpoint.

9.12 Data Link Unit Number

The Data Link Unit Number assigns a unigue
address or unit number to each MVC Il in a data
communications network. A computer system such
as the Neundorfer POS or a DCS uses the Data Link
Unit Number to access each controller on a party
line communications network. Unit numbers must
be assigned sequentially starting with number one,
and there can be no missing numbers. The order of
assignment must be coordinated with the POS or
DCS definitions of unit assignments for proper
communications and display results. The unit
number assignment is also used to stagger the
automatic restart of MVC III’s after a power failure.
See section 11.1.

To adjust the Data Link Unit Number, push the
Next or Last key until the Auxiliary Functions
Data Link indicator (figure 1, item 2(0) flashes
rapidly indicating that the displayed value is the
Data Link Unit Number and that it may be adjusted.
Using the Up or Down keys, select the desired unit
number. When the desired number is displayed,
press the Set key to save the new number in non
volatile memory. If the value has changed, the
flashing LED will automatically move to the next
parameter in the direction last moved to
acknowledge the new value has been saved.

The Data Link indicator also indicates activity on
the data link and the Local / Remote status of the
MVC III. When the Local / Remote switch (figure
2, item 8) is in either the center or Local positions,
the Data Link indicator is normally off. When the
MVC Il responds to a data link message directed to
its own unit number, it briefly blinks the Data Link
indicator on as an indication of having received a
message. When the Local / Remote switch is in
the Remote position, the operation of the indicator
is reversed. It will be steady on to indicate remote
mode, and will blink off briefly when sending a
message.
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9.13 Back Corona Software

Preventing back corona can improve precipitator
collection efficiency. The MVC III has a user
adjustable Back Corona Detection and Control
algorithm. When enabled, the algorithm will
periodically check the bus section for the presence
of back corona, and if found will limit secondary
current just below the onset of back corona. The
Back Corona software can only be enabled when
Intermittent Energization is disabled. See the
following section.

NOTE: The MVC III must have secondary KV
feedback for operation of the Back Corona
software. Enabling the Back Corona software
without KV feedback will have no effect on system
operation.

When the Back Corona software is enabled, the
Back Corona indicator (figure 1, item 21) is
illuminated. At periodic intervals, the program
reduces T-R set operating level until there is a 25%
drop in secondary current and a 3 KV drop in
secondary voltage. Then, while power is slowly
ramped back up, voltage and current data are
collected and analyzed for the presence of back
corona. If back corona is found, secondary current
is limited to the knee of the V-I curve and the Back
Corona indicator light blinks slowly to indicate
Back Corona limited operation. If back corona is
not detected, the status indicator remains on steady
to indicate that the Back Corona software is
enabled. In either case, the software periodically
makes a brief power level reduction and does a new
V-I curve segment to retest for back corona.

The sensitivity of the Back Corona detection
program can be adjusted by setting a value of 1 to 4
for the Back Corona Adjustment Factor. This
determines how steep the V-1 curve must be to
detect back corona. Each step in the adjustment
doubles the sensitivity of the program, that is
reduces the required steepness of the curve at which
back corona is determined to be present.

Setting the Back Corona Adjustment Factor to zero
disables the Back Corona program.

To enable, disable or adjust the Back Corona
software, push the Next or Last key until the
Auxiliary Functions Back Corona indicator
(figure 1, item 21) flashes rapidly indicating that the
displayed value is the Back Corona Control Code
and that it may be adjusted. If the Auxiliary
Functions readout shows “- - -, IE is enabled,
locking out the Back Corona program. Refer to
section 9.14 to resolve.

Using the Up or Down keys, select the desired
Back Corona software control setting and press the
Set key to save the new number in non volatile
memory. If the value has changed, the flashing LED
will move to the next parameter to acknowledge the
new value has been saved.

9.14 IE Ratio Settings

IE refers to Intermittent Energization, a T-R
energization process that rapidly cycles power on
and off to the T-R set. IE can reduce power
consumption and may prevent back corona which
will increase collection efficiency. The IE program
controls power flow to the T-R set in half cycle of
the line increments, repeating the selected ON and
OFF periods.

Power can be applied in 1, 2, 3, or 4 half cycles of
the line increments. The power OFF time can only
be selected as 2, 4, 6, 8, 10, 12, or 14 half cycles of
the line to prevent net DC in the T-R set primary.
For an example setting of 2.006, the digit to the left
of the decimal (2) refers to the number of ON half
cycles. The two digits to the right of the decimal
point (06) represent the number of OFF half cycles.
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9.14 IE Ratio Settings (con?)

Operating experience will help achieve the
optimum setting. Setting the IE ratio to 0.00
disables the IE feature. To activate IE, the Spark
Rate must be at or below 60 SPM and the Back
Corona software must be disabled. See sections 9.7
and 9.13.

To enable, disable or adjust the IE software, push
the Next or Last key until the Auxiliary
Functions IE indicator (figure 1, item 22) flashes
rapidly indicating that the displayed value is the
Intermittent Energization control code and that it
may be adjusted. If the Auxiliary Functions
readout shows “- - -7, either the Baseline Spark
Rate is above 60 SPM or the Back Corona software
is enabled, locking out the IE feature. Refer to
section 9.7 and 9.13 to resolve.

Using the Up or Down keys, select the desired IE
ratio. When the desired setting is displayed, press
the Set key to save the new number in non volatile
memory. If the value has changed, the flashing LED
will move to the next parameter to acknowledge the
new value has been saved.

9.14.1 T-R Operating Limits With IE
The safe operating limits established by the T-R set
nameplate are determined by temperature rise, safe
rectifier current and voltage, and magnetic
saturation limits. When IE is in operation, the
MVC I will strictly adhere to these limits during
any actual conduction period. There is no need to
make any other adjustments to accommodate IE.
Because the front panel displays represent a time
averaged value, it is normal to see status indicators
showing operation at a limit while the readout value
is significantly below the limit.

! CAUTION !

Do not re-adjust the limits to achieve
rated nameplate operating values
during IE operation.

Do not attempt to calibrate the MVC il
with IE operating.
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10.0 ADDITIONAL FEATURES

10.1 Operation of Auto Restart

The MVC III has a user configurable option (see power. Startup of controls is staggered by unit
section §.1) that, when enabled, provides automatic number, so it is important to set the MVC III unit
restart of the MV C III upon power restoration if the numbers sequentially.

control was running when power failed and if the

T-R On switch is closed when power is restored. The following table shows results at power on
The auto restart features an abbreviated display test assuming all external permissives are present.

and rapid ramp rate to quickly restore precipitator

Control status at Status of T-R On AUTO RESTART Control status after diagnostic self test
power down switch when power is option concludes
restored
STOPPED OFF Position Disabled Trip LED’s and relay are off, T-R On LED is

off, Alarm LED is on and ALARM RELAY is set.
Control in standby mode & ready to run.

RUNNING OFF Position Disabled Trip LED’s and relay are off, T-R On LED is
off, Alarm LED is on and ALARM RELAY is set.
Control in standby mode & ready to run.

STOPPED ON Position Disabled Trip LED’s and relay are off, T-R On LED is
off, Alarm LED is on and ALARM RELAY is set.
Control in standby. T-R On switch must be
cycled off then on to start control.

RUNNING ON Position Disabled Trip LED’s and relay are off, T-R On LED is
off, Alarm LED is on and ALARM RELAY is set.
Control in standby. T-R On switch must be
cycled off then on to start control.

STOPPED OFF Position Enabled Trip LED’s and relay are off, T-R On LED is
off, Alarm LED is on and ALARM RELAY is set.
Control in standby & ready to run.

RUNNING OFF Position Enabled Trip LED’s and relay are off, T-R On LED is
off, Alarm LED is on and ALARM RELAY is set.
Control in standby & ready to run.

STOPPED ON Position Enabled Trip LED’s and relay are off, T-R On LED is
off, Alarm LED is on and ALARM RELAY is set.
Control in standby. T-R On switch must be
cycled off then on to start control.

RUNNING ON Position Enabled Trip LED’s and relay are off, Alarm LED and
relay are clear, T-R On LED is on. Control
automatically resumes operation.

Table 8 - Auto Restart operation
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10.2 Display Hold Feature

During normal operation the MV C III facepanel
displays the real time T-R operating values. If the
MVC III trips off because it is unable to regulate to
a limit or due to an External Trip input signal, the
DISPLAY will freeze to show the values present at
the time of the trip. One or more status LED
indicators will be illuminated showing the reason
for the trip. After noting the cause of the trip, the
system can be reset by opening the T-R On switch,
by activating the optional External Stop or ACK
Alarm inputs (requires optional circuitry), or via
data link commands (requires optional circuitry
and software). Resetting the MVC III changes the
DISPLAY back to the static display of the setpoint
values. The DISPLAY will not freeze if the control
trips off due to power interruption.

While the control is running, it may be difficult to
take accurate readings from the digital readouts.
Pressing the Hold key will freeze the displays at
their current values. This will have no effect on
control operation. Pressing the Hold key again will
unfreeze the DISPLAY.

10.3 Dual Bushing Kilovolt Metering

For MVC III controls specified for dual bushing
KV operation, the keypad Up and Down keys are
used to select the desired bushing for display in the
T-R Secondary KV readout. With the control
running and no status indicators fast blinking, that
is, no limits are available for adjustment, pressing
the Up key selects bushing “B” and pressing the
Down key selects bushing “A”. The Bushing B
indicator illuminates when bushing “B” KV is
displayed. Regardless of which bushing is
displayed, operation of the T-R is regulated to keep
both bushings within the set KV upper limit, and
both are monitored for under voltage.

10.4 Auxiliary Functions Display
Default Parameter

The Auxiliary Functions readout can display two
real time operating values, KW and Conduction
Angle. If either one of these parameters is displayed
in the Auxiliary Functions digital readout when
the MVC 11l is stopped, that parameter will become
the new display default parameter. The default is
used on startup or any time the keypad times out.
The new default will be used until changed again.

10.5 Auto Spark Quench Interval

The MVC III automatically adjusts the quench time
needed to extinguish sparking and prevent restrikes.
It normally maintains a minimum quench time of
two half cycles (16.7 msec). This maximizes power
levels, improving collection efficiency. When
restrikes are detected the MV C III will extend the
quench time to 4, 6 or 8 half-cycles as needed.
When normal sparking occurs without restrikes it
will reduce the quench time back toward the two
half cycle minimum.
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10.6 RS-485 Communications

The MVC III’s can communicate via an RS-485
multi-drop, serial communications network with a

POS computer, DCS or other host computer system.

Up to 238 voltage controls can be connected
together in a network, using RS-485 repeaters.

Each RS-485 repeater can power the data line for at
least 32 individual voltage controls. The computer
RS-485 port card or converter box can also power
at least 32 devices. Any combination can be used as
long as the total number of voltage controls does
not exceed 238 and no RS-485 device is directly
connected to more than 32 devices.

For example: if there are two precipitators with 24
voltage controls on Unit #1 and 12 voltage controls
on Unit #2 two repeaters would typically be used.
The first repeater would have the 24 controls from
Unit #1 wired to it with a twisted pair shielded
cable. The second repeater would have the 12
controls from Unit #2 wired to it with another
twisted pair shielded cable. A third twisted pair
shielded cable would connect the two repeaters
together and connect directly to the host computer
RS-485 port card or converter box. Drawing
8-01-0178 shows a typical data link network.

The physical ends of each data link cable must be
terminated for reliable data link operation. Refer to
the Neundorfer or other equipment user manual for
the devices at the physical ends of the data link
cable for the termination method. Section 11.1 and
figure 6 of this manual provides information for
setting the MV C III data link termination jumpers.

If the terminating device is powered down, its
active termination circuitry will be inoperative.

A powered down terminating device should be
removed from the data link. To ensure reliable data
link communications, the data link cable should be
terminated by the last powered device at the
physical ends of the data link cable.
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10.7 Data Link Start / Stop / Reset
(ACK Alarm) (requires optional
circuitry and software)

Once running, the MVC III can be stopped, reset
from trips (alarm acknowledge) and started via data
link commands. Opening the front panel T-R On
switch or opening the External Interlock input will
always override the data link commands and stop
the MVC III. These commands are standard
functions of the Neundorfer POS or can be issued
by a properly programmed host computer. To use
the data link commands, the Local / Remote
switch (section 6.4) must be in the Remote position
and the MVC III T-R On switch (section 6.3) must
be closed.

Following is the result of each command:

Command MVC III Result
condition

Start On | -
Off Start
Tripped | --—--
Stop On Stop
off | @ -

Tripped Reset
Reset On | -
off | @ -

Tripped Reset

Table 9 - Data link control operation

10.8 External Restart, Stop, ACK Alarm
(requires optional circuitry)

Once running, the MVC III can be stopped, reset
from trips (alarm acknowledge) and started using
the optional External Restart, Stop, or ACK
Alarm contact inputs. The action takes place on the
transition of the input, so these inputs may be
operated with momentary or maintained contacts.
The Restart and ACK Alarm functions take place
on the off to on (open to close) transition of the
inputs, while the External Stop input can be
configured to operate on either the closing or
opening transition. Refer to section 8.1 for
configuring the External Stop input.

Refer to drawing 8-01-0181 for connection to these
inputs. Opening the front panel T-R On switch,
opening the External Interlock input, or asserting
the External Stop input will always override all
other inputs and stop the MV C III. To use the
External inputs, the T-R On switch (section 6.3)
must be closed.

With these inputs, controls can be started or stopped
in groups using a single momentary or maintained
switch for each function. The Restart input
combines the function of RESET and START into one
input.

Following is the result of asserting each input:

Input MVC Il Result
condition
Restart On | -
Off Start
Tripped Reset then Start

Stop On Stop
off | -

Tripped Reset
Ack Alarm On | -
off | = -

Tripped Reset

Table 10 - External control input operation
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10.9 Alarm Relays

There are three possible Alarm Relays available for
the MVC 111, each with a different function and

purpose.

The controls are normally shipped with only K2
installed. Move the relay to the specific socket for
the desired alarm function. It may also be necessary
to move relay driver chips U25, U26, and U27 to
appropriate sockets when relocating relays.

Optionally, additional alarm relays may be
provided. See drawing 8-01-0177, sheet 12.

The GENERAL ALARM RELAY K1

is essentially slaved to the main contactor. It is
energized only when the T-R set is energized. Any
time the T-R set is off, whether caused by a manual
stop, trip, or loss of power, K1’s normally closed
contacts will provide an uncancelable alarm.

Trip Alarm Relay K2

is energized when an internally or externally
generated control trip occurs including loss of
External Interlock and CMR trips. Opening the
T-R On switch, activating the External Restart,
Stop, or ACK Alarm contact inputs, or sending a
data link STOP or RESET command will clear the
alarm.

Open Breaker Relay K3

is for systems without a main contactor.

It provides contacts to open shunt trip or motorized
T-R supply breakers when the MV C III detects a
T-R run away condition. K3 requires MVC III
software version 1.5 or later to function. The K3
relay provides a form C contact and a normally
open contact on the INTERFACE PCB connector J6.

After any MVC III trip condition, the
microprocessor continues to monitor T-R set
primary current and primary voltage signals for non
zero values indicating a run away condition. This
could happen in an installation that does not have a
contactor and relies on the SCR’s alone to stop
power flow to the T-R set. Without a contactor, a
shorted SCR would make it impossible for the
MVC III to stop power flow to the T-R set.

If a run away condition is detected, the
microprocessor will activate K3 to open the T-R
supply breaker.

Since a run away condition is considered a
catastrophic failure requiring repair, once K3 has
been activated, it will remain activated until the
MVC III cabinet power is removed. All operator
inputs and POS control will be disabled until
cabinet power is removed and restored. The
Auxiliary Functions display will show the code
HLP and a status code will be sent to POS
indicating the MVC III has shut down due to a run
away condition. The MVC III displays and the
status indicators (except the Auxiliary Functions
display) will show the conditions at the time of the
original trip before the run away was detected.

If K3 activation causes loss of the Zero Cross
signal, the MVC III will continue to communicate
with POS as long as logic power is maintained

If K3 is used, the logic power should be provided
from a different source than the breaker that will be
tripped by K3.

10.10 Rapper Outputs

This is a future planned feature for the MVC III and
is not yet implemented.
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11.0 START-UP PROCEDURE

! WARNING !

Voltages capable of causing death are
present in the T-R control cabinet and at
the T-R set!

! CAUTION !

To prevent damage to the equipment,
ensure that the continuity test has been
performed and that continuity exists in
all connections shown in the schematic
diagram, before turning on main power
to the T-R control cabinet.

Verify that the proper T-R set grounding
resistor and surge suppresser has been
installed in the ground leg of the T-R set
high voltage bridge. See section 4.2.1 and
drawings 8-01-0196 and 8-01-0197.

After the continuity test has been completed,
perform the initial turn on and calibration
procedures.

The following equipment is required to perform the
startup and calibration procedure:

1. Isolated input storage oscilloscope such as
Tektronix model 224 or TEKSCOPE models
THS710 or THS720 with inputs rated for
600 VAC. Each scope channel must be
isolated from all other channels and from
earth ground.

Do not use a floated scope. A floated
scope is potentially lethal!

2. TRUE RMS digital volt-ohmmeter rated for
600 VAC input

TRUE RMS clamp-on ammeter

Small screwdriver or alignment tool

5. Calculator

W
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11.1 Setting Circuit Board Jumpers
The INTERFACE board and main LOGIC board have
micro jumpers to configure the circuitry for the
particular installation. This section identifies all
jumper options and may direct the user to other
sections of the manual for more detailed
information.

11.1.1  Primary Current Burden

Resistor

The primary current burden resistor on the
INTERFACE board can be set to 0.5 ohm or 1.0 ohm
using jumper JMPR1, item 21 in figure 3. If the
primary current sensing transformer provides more
than 2.0 Amps output at T-R set nameplate current,
JMPR1 must be installed to protect the INTERFACE
board components against possible damage.

11.1.2 KV Feedback Circuit.

Four possible KV feedback configurations can be
used with the MV C II1. See section 5.3 for more
details. There are 5 jumpers on the INTERFACE
PCB and one on the LOGIC PCB for each KV
signal that must be configured according to the
selected KV feedback wiring circuit. Drawing
8-01-0196 shows the four acceptable wiring
methods for KV feedback signals along with tables
of required INTERFACE and LOGIC board jumper
settings.

Tables on Drawings 82200-016 and 84700-250A
show how to configure jumpers on the Neundorfer
KV Signal Feedback And Surge Suppression circuit
board and Neundorfer Type 2 Voltage divider for
the desired feedback wiring circuit.

11.1.3 Data Link Jumpers
Also see section 10.6.

Figure 6 shows the data link jumper configurations
for the MVC III. The data link jumpers can be set to
one of three configurations:

IN LINE - places the MVC III in the data link as
any device not at the physical end of the cable.

BYPASS - Removes the MVC III from the data
link and passes the signal through to the next
control. The bypass takes place at the INTERFACE
PCB. The MVC III LOGIC board can then be
disconnected or removed without disrupting
communications.

END LINE - Breaks the data link and terminates it
at this controller. All controllers farther down the
line will be disconnected. This setting is used for
the controller at the physical end of a data link
cable. It is also useful as a temporary setting for
locating faults on the data link.

11.1.4 EPROM Memory Jumper

Some versions of the MVC III have micro jumpers
labeled JMPR3 and JMPR4 next to U10 (figure 2,
item 37) to select the size EPROM memory chip
installed. These MVC III boards can utilize a 16K
or a 32K EPROM memory IC. LOGIC boards are
being shipped with the 32K chip and JIMPR3
installed. If the memory chip has been changed on
the LOGIC board and it has micro jumper pins
installed, make sure that the jumper is in the correct
position. For memory chips with part numbers of
the form 27C128-- the jumper is placed in the 8K-
16K position. For 27C256-- memory chips, the
jumper is placed in the 32K position.
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11.2 Initial Turn On And Adjustment

Put the Local / Remote toggle switch S2 (figure 2,
item 8) on the LOGIC board in the Local position.
Turn the main circuit breaker on to apply 120V AC
to the MVC III LOGIC board. The control will take
about 8 seconds to complete its self test and display
test. If the self test does not conclude successfully
refer to section 13 for trouble shooting guides.

After the self test has successfully completed, place
the MVC III into the Software Configuration Mode
and verify correct setting of all four configuration
parameters. Refer to section 8.0 through 8.4 for
complete instructions.

Press and release the Reset pushbutton to put the
MVC III back into Standby Mode. Referring to
section 9.0 through 9.14 adjust all setpoints to the
settings shown in fable 11:

! CAUTION !

The primary current limit should be set
at 50% or less of the T-R nameplate
primary current rating until the
calibration procedure is completed.

Item Setpoint Value Manual Section
Primary Current Limit 50% of T-R nameplate 9.1
Primary Over Voltage Limit T-R nameplate 9.2
Primary Under Voltage Limit 100 Volts 9.3
Secondary Current Limit 50% of T-R nameplate 9.4
Rap Limit 0.0 Amps 9.5
Secondary Over Voltage Limit | T-R nameplate - 10 KV 9.6
Baseline Spark Rate 15 SPM 9.7
Setback 5% 9.8
Spark Response Mode 1 9.9
Kilowatts no setting 9.10
Conduction Angle 30 degrees 9.11
Data Link Unit Number as needed 9.12
Back Corona Software 0 9.13
IE Ratio Setting 0.00 9.14

Table 11 - Initial startup setpoint values
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11.3 Calibration - General Information

! CAUTION !

Before the MVC Il can be put into
service, the Primary Current, Primary
Voltage, Secondary Current, and
Secondary Voltage readouts must be
calibrated to accurately display T-R
operating values.

The MVC III can be configured with calibration
adjustments on the main LOGIC board, on the
INTERFACE board, or on both. Refer to figures 2
and 3 for location of the adjustment pots.

Starting with MVC 11l software release 1.4a, the
analog to digital converter inputs are zeroed and
calibrated at the factory. After any repairs involving
the LOGIC board analog circuitry or microcomputer
chip, this procedure must be repeated. See appendix
A. If the converter has not been zeroed, an error
code in the range of 1.5.1. to 1.5.8. will be
displayed at power up.

Software versions 1.4a and later also provide
software calibration of the A/D converter, rather
than relying on manual adjustments, to set each
LOGIC board to a standard calibration. If the
converter has not been calibrated, codes in the
range of 1.6.1. to 1.6.9. will be displayed on power
up. Controls with software versions lower than 1.4a
should be updated to the latest version.

If the control has both sets of calibration
adjustments, then those on the main LOGIC board
have been set fully clockwise at the factory. All
field adjustments should be done on the INTERFACE
board. This makes it possible to swap a main LOGIC
board without having to recalibrate the control.

If you have systems with both sets of adjustments
and would rather calibrate at the main LOGIC board,
then set the respective calibration pots on the
INTERFACE board fully clockwise and proceed with
calibration at the LOGIC board.

Select the calibration site, main LOGIC PCB or
INTERFACE PCB. Turn the primary current, primary
voltage, secondary current and secondary voltage
trimpots (figure 2 or 3, items I through 5)
counterclockwise until a faint click is heard. Then
turn the five pots clockwise 5 turns to midpoint.

As you make each of the following calibration
adjustments, make sure the parameter being
calibrated is not limiting T-R set operation as the
operating point will change when the parameter is
adjusted.

11.4 Primary Current Calibration

Place a TRUE RMS clamp-on ammeter around the
T-R input power feed cable. Apply power to the T-R
set by closing the T-R On switch. Use the
Conduction Angle adjustment (see section 9.11) to
manually raise the power level until the clamp on
ammeter reads about 40% of the primary current
rating of the T-R set. If sparking occurs set the
Conduction Angle low enough to prevent sparking.
Now, turn the primary current trimpot (figure 2 or
3, item 1) until the value displayed in the T-R
Primary Amps digital readout agrees with the
value shown on the TRUE RMS clamp on meter.
Turning the trimpot clockwise will increase the
value shown in the readout.
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11.5 Primary Voltage Calibration

Connect the TRUE RMS voltmeter across the
primary side of the T-R set, excluding the current
limiting reactor (CLR).

! WARNING 600 VOLTS !

This reading can be taken in the cabinet at the input
to the INTERFACE board at J2 across terminals / to
2 (vefer to drawing 8-01-0181, or 8-01-0197). Use
the Conduction Angle Limit (see section 9.11) to
stabilize T-R operation below the spark threshold.
Adjust the primary voltage trimpot (figure 2 or 3,
item 2) until the value displayed in the T-R
Primary Volts digital readout agrees with the value
shown on the TRUE RMS meter. Turning the
trimpot clockwise will increase the value shown in
the readout.

11.6 Secondary Current Calibration

There are three possible ways to calibrate the
secondary current. The simplest method can be used
with no more than 5% error if the feedback signal
wiring is AWG 16 or larger and the wire run
distance from the T-R set to the MVC III is less
than 100 feet. This method is also used if the
secondary current sensing resistor is in the MVC III
cabinet instead of the T-R set low voltage junction
box. Open the T-R On switch and turn off the main
circuit breaker. Using the volt-ohmmeter, read the
resistance value at the MVC III INTERFACE board
between terminals J7-13 and J7-14. Re-apply
power to the MV C III and close the T-R On switch.
Use the Conduction Angle adjustment to stabilize
the control below the spark threshold.

Read the DC voltage across the INTERFACE board
between terminals J7-13 and J7-14. Divide the DC
voltage reading by the resistance reading. The
quotient equals the secondary current. Adjust the
secondary current trimpot (figure 2 or 3, item 3)
until this value is displayed in the T-R Secondary
Amps digital readout. Turning the trimpot
clockwise will increase the displayed value.

Using this method, the results will always be low
due to the resistance of the interconnecting wiring.
In many cases the amount of error is minimal and
can be ignored for the ease of working at the AVC
cabinet. In some situations, however, the error can
be so significant as to lower the secondary current
readout by 50%, effectively eliminating any
secondary over current protection. If in doubt, use
one of the following methods for accurate
secondary current calibration.

Open the T-R On switch and turn off the main
circuit breaker. Using the volt-ohmmeter, read the
resistance value directly across the secondary
current sensing resistor with the feedback wiring
connected to the MVC III INTERFACE PCB. This
resistor is usually located in the T-R set low voltage
junction box, but in some cases is in the MVC III
cabinet. Refer to drawings 8-01-0181, and
8-01-0197.

Re-apply power to the MVC III and close the

T-R On switch. After the control stabilizes below
the spark threshold, read the DC voltage directly
across the secondary current sensing resistor.
Divide the DC voltage reading by the resistance
reading. The quotient equals the secondary current.
Adjust the secondary current trimpot (figure 2 or 3,
item 3) until this value is displayed in the T-R
Secondary Amps digital readout. Turning the
trimpot clockwise will increase the value shown in
the readout.
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11.6 Secondary Current Calibration
(con't)

The third calibration method can be used at the
MVC III cabinet if the value of the secondary
current sensing resistor is accurately known. Open
the T-R On switch and turn off the main circuit
breaker. Determine the value of the secondary
current sensing resistor Rg to at least 0.05 ohm

accuracy. It should have been measured before it

was installed. If not, it must be measured with all
wiring disconnected from one end.

Then reconnect the wiring to the secondary current
sensing resistor. Disconnect the pair of wires at
terminals J7-13 and J7-14 on the MV C 111
INTERFACE board and measure the resistance Ry
across the pair of wires. With the wires still
disconnected, measure the resistance Ry across
terminals J7-13 and J7-14 on the INTERFACE
board. Reconnect all wiring and restart the

MVC II1. After the control stabilizes below the
spark threshold, read the DC voltage Vy across the
INTERFACE board between terminals J7-13 and
J7-14. The secondary current is given by:

R; +R
= X

SI =
Ry xRy N

Where: SI = secondary current in Amps
Vx 18 1n volts

All resistances are in ohms
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11.7 Secondary Voltage Calibration

The calibration procedure applies to controls with
the optional single or dual bushing KV metering
circuitry. Refer to section 10.3 for dual bushing
display operation. For dual bushing controls
sequentially calibrate bushing “A” then “B”.

11.7.1 Direct KV Calibration

The most accurate (and most dangerous) way to
calibrate the KV readouts is to connect a direct
reading high voltage meter to the bus section and
adjust the MVC III displays to match the meter.

! WARNING !

Do not attempt this type of
measurement unless you have the
proper equipment and safety training.

Turn off the MVC III and open the main circuit
breaker. Ground the T-R set high voltage bushings.
Connect the high voltage meter to the T-R set high
voltage bushing. Unground the high voltage
bushings and turn on the main circuit breaker.

Restart the MVC I1I. For bushing “B” calibration,
press the Up key to select bushing “B” in the KV
readout.

Use the Conduction Angle adjustment (see section
9.11) to manually set stable operation just below the
spark threshold. Adjust the secondary voltage
trimpot, bushing “A” (figure 2 or 3, item 4) or
bushing “B” (figure 2 or 3, item 5), until the T-R
Secondary KV digital readout agrees with the high
voltage meter. Shut off the T-R set and open the
main breaker. Ground the T-R set high voltage
bushings, remove the KV meter, remove the high
voltage bushing grounds and reassemble all safety
access covers before restarting the T-R set.

11.7.2 Calculated KV Calibration

The KV can be calculated and calibrated using
measurements taken at the INTERFACE board if the
high voltage divider resistance Ry is known.

Calculated KV Calibration measurements
require an ohm meter such as a Fluke 87 that
will not forward bias a diode when measuring
resistance. If in doubt about your meter's
capabilities, measure the forward and reverse
resistance of a common diode such as a 1N4007
with the meter, and ensure that the meter reads
at least SO0K ohms in both directions.

Turn off the MVC III and open the main circuit
breaker.

For type 1 balanced and types 3 and 4 unbalanced
KV feedback circuits, measure the input resistance
Ryy across INTERFACE board terminals J4-2 fo J4-3

for bushing “A” and J4-7 to J4-8§ for bushing “B”.
Reverse the ohm meter leads and measure the
resistance again. Use the average of the two values.
Do not use old values of R,y as the value changes

after every adjustment and must be remeasured. 1f
there is a significant difference between the two
readings, then electrical noise or a signal due to
operating fields is being injected into the circuit,
and calibration should be verified during an outage
when all fields are off.

For type 2 balanced circuit measure the resistance
across terminals J4-2 to J4-5 for bushing “A” and
J4-7 to J4-10 for bushing “B”. Reverse the ohm
meter leads and measure the resistance again. Use
the average of the two values. Do not use old
values of Ry as the value changes after every

adjustment and must be remeasured. 1f there is a
significant difference between the two readings,
then electrical noise or a signal due to operating
fields is being injected into the circuit, and
calibration should be verified during an outage
when all fields are off.
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11.7.2 Calculated KV Calibration
(con't)

Re-apply power to the MVC III. For bushing “B”
calibration, press the Up key to select bushing “B”.
Use the Conduction Angle adjustment (see section
9.11) to set stable operation just below the spark
threshold. Measure the DC voltage V| across the

same terminals called out for the resistance
measurement.

Find the KV feedback circuit on drawing 8-01-0196
that matches the installation.

For type 1 and 2 balanced circuits KV is:

2000 x R
KV: X DIV % .
RIN

For type 3 or type 4 unbalanced circuit KV is:

1000 x R
V: X DIV x "
1{IN

where: KV is secondary voltage in kilovolts
Rpy is the KV divider in megohms

Ry 1s input resistance in ohms
Vi is input voltage in volts

Following is an example for type 3 unbalanced
circuit.

Assume:
Rpy =160 megohms

Ry = 1023 ohms
Vin = 0.28 volts

Then:
KV = (1000 x 160 x 0.28)/1023 = 43.8 KV

Adjust the secondary voltage trimpot, bushing “A”
(figure 2 or 3, item 4) or bushing “B” (figure 2 or 3,
item 5), until the T-R Secondary KV digital
readout agrees with the calculated value.

11.8 Final Calibration And Setup

After initial calibration set the Primary and
Secondary Current Limits to the T-R set's maximum
rating. Some T-R sets have more than one primary
circuit connection tap. Be sure to follow the
primary nameplate rating for the tap in use.

! WARNING !

If any primary circuit element; SCR,
CLR, contactor, fuses, or wiring has a
lower current rating than the T-R set, the
lowest current rated element in the
primary circuit must be used for the
Primary Current Limit setting.

Set the Secondary KV Limit to the T-R set average
KV nameplate rating. Use the Conduction Angle
control to increase the power levels as high as
possible without sparking and recheck primary and
secondary current and voltage calibrations. Once
the calibration is completed the MV C III control
does not require periodic recalibration. Set the
Conduction Angle Limit to 170 degrees for fully
automatic operation.

Set Rap Limit, Spark Rate, Setback, Spark
Response Mode, Back Corona and IE settings as
desired and the MVC Ill is ready for final checkout.
Connect a storage oscilloscope to the secondary
current test points on the INTERFACE PCB at test
points 7P-5 & TP-6 and verify proper spark
detection and quenching as shown in figure 7.

Connect the oscilloscope to the primary current test
points on the INTERFACE PCB at test points 7P-3 &
TP-4. With the MVC III running at full conduction
angle, verify that the primary current waveform
conduction periods are sinusoidal without
appreciable distortion as shown in figure 9. If
necessary reduce the Conduction Angle Limit
setpoint to achieve an undistorted waveform with a
0.5 msec. minimum Off time between half cycles.
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11.9 Suggested MVC Ill Setup

Table 12 lists the adjustable MVC III parameters
along with the applicable section in the manual that
covers each one.

Items 1 through 4 provide operational limits for the
MVC III to prevent over stressing the T-R set and
primary circuit elements. They should have been set
following the guidelines in section 11.8.

If the nameplate shows different KV ratings for the
different primary taps, it is safe to set the Secondary
Over Voltage Limit to the highest rated tap even if
that is not the tap in use. Some T-R sets have a peak
KV rating that is significantly higher than the
average KV rating. In that case, use the lower
average DC KV rating as the KV Limit.

Item Item Manual
No. Section
1 Primary Current Limit 9.1
2 Primary Over Voltage Limit 9.2
3 Secondary Current Limit 9.4
4  Secondary Over Voltage Limit 9.6
5 Primary Under Voltage Limit 9.3
6  Rap Limit 9.5
7  Conduction Angle Limit 9.11
8  Data Link Unit Number 9.12
9  Baseline Spark Rate 9.7
10 Setback 9.8
11 Spark Response Mode 9.9
12 Back Corona Software 9.13
13 IE Ratio Settings 9.14

Table 12 - MVC Il adjustable parameters

The under voltage limits are used to detect a short
in the precipitator bus section, which usually causes
T-R set operation at current limit and low primary
and secondary voltage. In this case, the MVC III
will trip off due to low primary or secondary
voltage. An under voltage trip is usually caused by a
broken discharge wire or defective insulators. A
typical setting for the Primary Under Voltage Limit

is 100 Volts. The Secondary Under Voltage Limit is
automatically calculated from the Primary Under
Voltage Limit and T-R set nameplate data.

The Rap Limit need only be adjusted if the Reduced
Power Rapping feature is being used in this
installation. Reduced Power Rapping (RPR) or
Power Off Rapping (POR) is sometimes useful to
help dislodge collected dust from the plates. The
RPR function is invoked via an opto coupler input
or data link command to set the T-R secondary
current down to the Rap Limit value. Setting the
Rap Limit to zero provides POR. In some cases
setting a low RPR value such as 10% of normal
operating current will enhance rapping while still
providing enough residual electric field to prevent
unacceptable opacity spiking. The ideal setting is
site specific and can only be determined by
experimentation.

The Conduction Angle Limit is normally set to 170
degrees for automatic operation. There are some
cases where poorly matched T-R set and CLR
makes a lower setting necessary. See section 11.8.

The Data Link Unit Number must be set to agree
with the site specific documentation for the POS
installation. If there is no POS, set the Data Link
Unit Numbers sequentially. On automatic recovery
from power failure, control startup is slightly
staggered based on Data Link Unit Number to
reduce power bus inrush load.
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11.9 Suggested MVC Ill Setup (con¥)

Items 9 through 13 are site specific, but we can
provide some basic guidelines. Baseline Spark Rate
is process and field dependent. The general pattern
is to set higher spark rates toward the inlet of the
precipitator. For a power plant or other process
producing a rather stable gas stream, typical inlet
spark rates would be 60 - 80 SPM decreasing to

10 - 20 SPM at the outlet. Other unstable processes
such as BOP/BOF, paper mills, cement plants, lime
kilns, or waste burners may require much higher
spark rates to track a rapidly changing spark over
voltage. In some cases spark rates of several
hundred SPM are required for maximum collection.
In general, if raising the Spark Rate causes an
increase in the KW of the following field T-R set, or
a reduction in opacity, use the higher Spark Rate
otherwise use a lower rate.

Post Spark Setback affects the controller’s stability
and ability to track changes in spark over voltage. A
setting of 5% is a good starting point and works
well in most situations. Like Spark Rates, higher
settings may be beneficial toward the inlet of the
precipitator while lower ones may be acceptable
toward the outlet. If raising the Setback provides
more uniform sparking without a loss in following
field power or increase in opacity, use the higher
rate. If a change in Setback increases the field’s KW
consumption, use that setting.

To maintain stability, greater setback percentage is
usually required at lower power levels than at
higher levels. The MVC III setback algorithm
compensates the setback as power levels changes.

The Spark Response Mode is set to 1 for most
applications. Certain processes can produce a
significant number of low intensity spit sparks that
will self extinguish. These sparks generally occur
late in the current waveform half cycle. Use a
storage oscilloscope to observe the secondary
current waveform. If spit sparking is observed,
change the Spark Response Mode to number 2. If,
with the MV C III set to Spark Response Mode 2,
the oscilloscope shows a significant number of
sparks that last only one half cycle, Mode 2 is
probably beneficial. Mode 2 can also be useful

when running Intermittent Energization with an on
time setting of one half cycle. Mode 3 may be
useful in cases of very low intensity sparking or
when running IE with two half cycles of on time.
Using a higher mode number setting often causes an
increase in KW consumption which is usually
interpreted as an indication of increased
performance. The increase in KW, however, may be
due only to the increased power dissipated in the
longer lasting sparks.

If an increased mode number setting causes an
increase in following field KW or decrease in
opacity, it probably is beneficial. If an increased
mode number causes the primary or secondary
voltage for that field to decrease, it is
counterproductive and should not be used.

! CAUTION !

Do not use modes 2 or 3 with a dual
bushing T-R set operating in double half
wave mode.

Back Corona Control software is an algorithm
designed to periodically check the bus section for
the presence of back corona and, if found, limit
operation below the back corona onset point. If it is
unknown whether the bus section has back corona,
run a manual V-I curve or use the automatic V-1
curve function in POS to obtain a V-1 curve. If the
bus section has back corona, using the Back Corona
software will usually decrease power consumption
and increase collection.
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11.9 Suggested MVC Ill Setup (con¥)

Adjust the Back Corona software setting to a non
zero number to activate the Back Corona algorithm.
Each higher number doubles the sensitivity of the
program, that is requires a less steep V-I curve to be
considered back corona. Adjust the setting to give
back corona detection at the desired point on the V-1
curve.

Refer to section 9.13 for more details on operation
of the Back Corona software.

Intermittent Energization (IE) is another software
algorithm designed to eliminate back corona and /
or reduce energy consumption. IE rapidly cycles the
T-R set primary power synchronous with the line
voltage. Power is applied in 1, 2, 3, or 4 half cycles
of the line, then blocked for 2, 4, 6, 8, 10, 12, or 14
half cycles. The repeated interruption of secondary
current flow impedes the formation of back corona
while usually reducing power consumption. In
oversized precipitators without back corona, IE can
often be used purely as an energy saving device.

! CAUTION !

Some T-R sets may not be compatible
with the mechanical and electrical
stresses generated by IE. If in doubt,
check with the T-R set manufacturer
before using IE.

The optimum IE ratio is completely site specific
and must be determined by experimentation. For
best transformer balance, we suggest using one or
three half cycles of on time for full wave T-R sets

and two or four half cycles of on time for T-R sets
operating in double half wave.

IE is locked out when the Spark Rate is set above
60 SPM or when Back Corona software is enabled.
See section 9.14 for more information.

11.10 Normal Operation

Each time logic power is applied to the MVC III or
the Reset pushbutton switch is released, a self test
is performed. If any errors are detected, the control
will halt displaying an error code with all three
decimal points lighted in the Auxiliary Functions
digital readout. Refer to section 13.1 for the
meaning of any observed error codes. After the self
test is complete, the control can be started by
depressing the front panel T-R On switch.

Under normal operating conditions the MVC 111
will operate automatically without the need for
periodic operator attention. The front panel T-R On
switch, or the External Restart, Stop, or ACK
Alarm contact inputs (requires optional circuitry)
are used to turn the T-R set high voltage on and off.
If the MVC Ill is connected to a Neundorfer POS
computer system or a DCS, data link commands
can be used to stop, restart, and reset the MV C IIL

If during operation, the MVC IlII trips off or fails to
operate properly, refer to the trouble shooting
guides in section 13 to identify probable causes of
the problem.
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12.0 CALIBRATION POTS, SWITCHES, LED'S, TEST POINTS AND JUMPERS

12.1 Table 13 - Main Logic PCB (refer o figure 2)

Logic Board Silk-screen

R24 (p1)

R29 (Pv)

R58 (s1)

R48 (KV-A)

R37 (kv-B)

R5 (5V)

S1 (RESET PUSHBUTTON)

S2 (LoCAL/ REMOTE)

DS1 (5V)

DS2 (EXT RESTART)
DS3 (EXT STOP)

DS4 (EXT TRIP)

DSS5 (EXT ACK ALARM)
DS6 (RPR)

DS7 (RUN REQ)

DS8 (INTERLOCK)

DS9 (CONTACTOR CLOSED)

DS10 (RUN ENABLE)
DS11 (TRIP ALARM)
DS12 (OPEN BREAKER)
DS13 (GENERAL ALARM)
TP-1

TP-2

TP-3

TP-4

TP-5

TP-6

TP-7

TP-8

TP-9

TP-10

TP-11

TP-12

TP-13

JMPRI1

JMPR2

ul10

Ass’y No., Serial No.

Item

NN N RN =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Description

Calibration pot, primary current.

Calibration pot, primary voltage.

Calibration pot, secondary current.

Calibration pot, secondary voltage bushing "A" or "H1".
Calibration pot, secondary voltage bushing "B" or "H2".
Calibration pot, +5V DC. Factory preset to +5.00V DC.
Pushbutton switch, resets microprocessor.

Used to enter Software Configuration Mode.

Toggle switch, selects front panel keypad,

remote control, or keypad lockout.

LED, indicates +5V DC power supply is operational.

LED, indicates External Restart 120 V input signal active.

LED, indicates External Stop 120 V input signal active.

LED, indicates External Trip 120 V input signal active.

LED, indicates External Ack Alarm (Reset) 120 V input signal active.
LED, indicates Reduced Power Rapping 120 V input signal active.
LED, indicates Run Request 120 V input signal active.

LED, indicates External Interlock circuit closed.

LED, indicates Contactor closed 120 V input signal present.

LED, indicates Run Enable SSRLY output active.

LED, indicates Trip Alarm relay is energized.

LED, indicates Open Breaker relay is energized.

LED, indicates General Alarm relay is energized (not alarming).
2.5 volt reference for PI and PV

Normalized primary current referenced to TP-1

Normalized primary voltage referenced to TP-1

Service connection, PEO

Service connection, PE1

Normalized secondary current referenced to ground + 130 mv
Normalized secondary voltage - “B” referenced to ground + 250 mv
Normalized secondary voltage - “A” referenced to ground + 250 mv
Secondary spark current referenced to ground + 130 mv

+5 volt test point

Power supply common (logic ground not earth ground) test point
+12 volt test point

-12 volt test point

Secondary voltage - bushing “B” input 3 Hz filter

Secondary voltage - bushing “A” input 3 Hz filter

EPROM program chip

Assembly number and serial number
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12.2 Table 14 - Interface PCB (refer to figure 3)

Interface Board Silk-screen  Item
R23 (P1) 1
R6 (PV) 2
R30 (s1) 3
R37 (Kv-A) 4
R44 (kv-B) 5
DS1 (5V) 6
F1 7
TP-1 8
TP-2 9
TP-3 10
TP-4 11
TP-5 12
TP-6 13
TP-7 14
TP-8 15
TP-9 16
TP-10 17
TP-11 18
TP-12 19
TP-13 20
JMPRI1 21
JMPR2 22
JMPR3 23
JMPR4 24
JMPRS5 25
JMPR6 26
JMPR?7 27
JMPRS 28
JMPR9 29
JMPR10 30
JMPR11 31
JMPR12 32
JMPR13 33
JMPR14-16 34
JMPR17-19 35
K5 36
Ass’y No., Serial No. 37

Description

Calibration pot, primary current.

Calibration pot, primary voltage.

Calibration pot, secondary current.

Calibration pot, secondary voltage bushing "A" or "H1".
Calibration pot, secondary voltage bushing "B" or "H2".
LED, indicates unregulated DC power supply is operational.

120 VAC logic power fuse
Primary voltage input signal relative to TP-2 " WARNING 600VAC
Primary voltage input signal relative to TP-1 " WARNING 600VAC
Primary current input signal relative to TP-4
Primary current input signal relative to TP-3

Secondary current + input signal relative to TP-6

Secondary current - input signal (T-R set ground) relative to TP-5
Secondary voltage bushing “A” - (signal) input relative to TP-8
Secondary voltage bushing “A” + (common) input relative to TP-7
Secondary voltage bushing “B” + (common) input relative to TP-10
Secondary voltage bushing “B” - (signal) input relative to TP-9
Power supply common (logic ground not earth ground) test point
+26 volt unregulated power supply test point
+13 volt unregulated power supply test point
Primary current transformer burden resistor selection
Primary current circuit configuration
Primary voltage circuit configuration
\

|

| KV-a circuit configuration
|
/
\

|

| KV-b circuit configuration
|
/
Data link Active / Bypass selection
Data link Inline (Active) / End line (Bypass) selection
Run Enable solid state relay
Assembly number and serial number

Note 1: INTERFACE PCB’s with serial numbers above 0019 have TP-1 and TP-2 moved to the low voltage
isolated primary voltage signal. If TP-1 and TP-2 are present on an interface PCB with a serial number lower
than 0020, please remove the test points and do not attempt to use them.
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13.0 TROUBLE SHOOTING
13.1 Diagnostic Error Codes

Certain system errors and subsystem malfunctions
can be detected by the microcomputer. If this
happens, the controller will shut down and an error
code will be displayed in the Auxiliary Functions
digital readout. Error codes are easily recognized as
they are displayed with all three decimal points
lighted. Many of these codes indicate an internal

microcomputer failure, but several point to external
problems that may be customer correctable. The
error codes and possible causes are listed in

table 15 followed by a trouble shooting guide,

table 16. When calling Neundorfer for assistance be
sure to note any observed error codes.

Error Code Cause
1.0.0. - 1.1.0. Internal processor error
1.1.1. Not used
1.1.2. - 1.1.5. Internal processor error
1.1.6. Not used
1.1.7. Internal processor error
1.1.8.-1.2.0. Not used
1.2.1.-1.2.2. Internal processor error
1.2.3. Not used
1.2.4.-1.2.7. Internal processor error
1.2.8. Internal processor error (see sections 13.1.1 & 13.1.2)
1.2.9. Loss of Zero Cross signal (see section 13.1.3)
1.3.0. Internal processor error (CPU clock failure)
1.3.1. EPROM memory test error (see section 13.1.4)
1.3.2. RAM memory test error (see section 13.1.5)
1.3.3. Internal processor error (EEPROM test error)
1.3.4. Primary T-R Size error (see section 13.1.6)
1.3.5. Secondary T-R Size error (see section 13.1.7)
1.3.6. Incorrect CPU clock crystal frequency or incorrect line frequency (see section 13.1.8)
1.3.7. UART receiver Overrun error (see section 13.1.9)
1.3.8. UART receiver Framing error (see section 13.1.9)
1.3.9. Internal processor error (UART FIFO buffer overflow error)
1.4.0. Internal processor error (Incorrect CONFIG register)
1.4.1. MVC III powered up with contactor closed (see section 13.1.10)
1.4.2. Invalid Spark Sensitivity setting (see section 13.1.11)
1.4.3. Internal processor error (EEPROM stuck busy)
1.5.1.-1.5.8. A/D converter not zeroed (see section 13.1.12)
1.6.1.-1.6.9. A/D converter not calibrated (see section 13.1.13)
H.L.P. T-R run away (see section 13.1.14)

Table 15 - Diagnostic error codes
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ITEM

PROBLEM

CAUSE

SOLUTION

13.1.1

Occasional error code
1.2.8.

. High electrical noise level

inside AVC cabinet.

. Defective or missing SCR

snubber circuit.

1. Verify proper grounding per section
5.2.

2. Replace SCR snubber network with
Neundorfer design.

13.1.2 | Control powers up with . Defective EPROM 1. Replace EPROM memory.
1.2.8. error code. memory chip.
. LOGIC board failure. 2. Replace LOGIC board.
13.1.3 Error code 1.2.9. . Loss of Zero Cross signal. | 1. Verify presence of T-R line voltage
(480 - 600 VAC) at INTERFACE
board J2/J3 pin 3 to pin 4.
WARNING, 600 Volts!
. INTERFACE PCB failure. 2. Replace INTERFACE board.
. LOGIC PCB failure. 3. Replace LOGIC board.
13.1.4 Error code 1.3.1. . A new program memory 1. Follow directions in section 3.3 to
chip has been installed. correct this error.
. Program memory chip has | 2a.Replace program memory chip.
failed. Then follow steps 1-6 and 9-11 in
section 8.0.
2b.Replace LOGIC board.
13.1.5 Error code 1.3.2. . RAM memory chip has la.Replace RAM memory chip.
failed. 1b.Replace LOGIC board.
. Failure of other LOGIC 2. Replace LOGIC board.
board components.
13.1.6 | Error code 1.3.4. . Primary T-R Size Code is 1. See section 8.2 for setting the
not set to a valid number. correct code then recalibrate
primary current.
. CPU failure. 2. Replace LOGIC board.
13.1.7 | Error code 1.3.5. . Secondary T-R Size Code 1. See section 8.3 for setting the
is not set to a valid number. correct code then recalibrate
secondary current.
. CPU failure 2. Replace CPU chip or LOGIC board.
13.1.8 | Error code 1.3.6. . Power line frequency 1. Correct power bus problem.

differs more than 1% from
60 Hz. or is severely
distorted.

. CPU crystal frequency is

off by more than 1%.

2. Replace LOGIC board.

Table 16 - Diagnostic code trouble shooting guide (continues next page)
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ITEM

PROBLEM

CAUSE

SOLUTION

13.1.9

Error code 1.3.7. or 1.3.8.

. Excessive electrical noise

on data link.

. High electrical noise level

inside AVC cabinet.

. Defective or missing SCR

snubber circuit.

la. Verify proper data line termination.

1b. Verify proper data line wiring.

I¢c. Verify data line shield is not
grounded at multiple points.

2. Verify proper grounding per section
5.2.

3. Replace SCR snubber network with
Neundorfer design.

13.1.10

Error code 1.4.1.
Indicates contactor closed
when power applied to
logic system.

. Wiring error can cause

false indication.

. Contactor stuck closed.

There is no power at coil.

. Contactor coil always has

power on it.

. Contactor open, but

auxiliary contacts stuck
closed.

. Contactor open, and

auxiliary contacts open.

1. Verify wiring against system
drawings.
2. Replace contactor.

3a. Verify wiring against system
drawings.

3b.Replace solid state relay K5 on
INTERFACE board, figure 3, item 36.

3c¢.Replace LOGIC board.

4. Replace auxiliary contacts.

Sa. Verify auxiliary contact wiring.
5b.Replace LOGIC board.
5c.Replace INTERFACE board.

13.1.11

Error code 1.4.2.

. Invalid Spark Sensitivity

Setting.

. Failure of CPU.

1. See section 8.4 for setting the code to
50.
2. Replace CPU chip or LOGIC board.

13.1.12

Error code 1.5.1.to 1.5.8.

. A/D converter not zeroed.

la.See Appendix A for zeroing
procedure.
1b.Call Neundorfer for assistance.

13.1.13

Error code 1.6.1. to 1.6.9.

. A/D converter not

la.See Appendix A for zeroing

calibrated. procedure.
1b.Call Neundorfer for assistance.
13.1.14 | Error code H.L.P. . MVC III was unable to 1. Diagnose possible shorted SCR in
stop power flow to T-R system with no contactor.
after a trip.
13.1.15 | All other error codes. . Failure of CPU. 1. Replace CPU chip or LOGIC board.

Table 16 (cont) - Diagnostic code trouble shooting guide
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13.2 MVC lll Trouble Shooting Guide

Table 17 following provides a systematic approach Certain problems result in an error code being
to diagnosing MV C III operational problems. These displayed in the Auxiliary Functions digital
are the kind of problems that are likely to occur at readout with all decimal points lighted. Attempt to

initial startup as a result of wiring problems or

resolve any error codes before following other

during operation as a result of component failure. failure symptoms. See section 13.1.

Find the entry in the following table that most

Some possible causes listed include things like

closely describes the observed problem and follow wiring errors that are only likely to occur on initial
the cause and solution suggestions.

startup. Keep in mind if this is an initial startup
problem, or a problem that has developed after the
MVC III has been functioning properly.

ITEM PROBLEM CAUSE SOLUTION
13.2.1 All LED indicators and 1. Main breaker off. 1. Turn breaker on.
readouts are dark. 2. Control transformer fuses 2. Check primary and secondary fuses,
cleared. replace if needed.
3. Fuse F1 (figure 3, item 7) 3. Check F1 fuse (figure 3, item 7) on
on INTERFACE PCB INTERFACE PCB.
cleared.
13.2.2 | Control does not perform | 1. No Zero Cross signal. 1. Verify presence of T-R line voltage
self test. at INTERFACE PCB J2/J3 pin 3 to
pin 4. WARNING, 600 Volts!
2. INTERFACE PCB failure. 2. Replace INTERFACE board.
3. LOGIC PCB failure. 3. Replace LOGIC board.
13.2.3 Contactor will not close 1. Incorrect wiring to T-R On | 1. Verify proper wiring.
when T-R On switch switch.
closed. 2. Contactor coil open or 2. 1f 120 VAC at coil, replace coil or
External Trip indicator. shorted. contactor.
3. MVC III was stopped by 3. Restart by data link command or set

data link command. S2 to Local position and retry.
. External Interlock is not | 4. Determine and remedy cause of lost
closed. Interlock.
External Trip signal is Sa.External Trip is programmed
active. wrong. See section 8.1 to correct.
5b.Determine and remedy cause of
External Trip signal.

Table 17 - MVC III trouble shooting guide (continues next page)
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SOLUTION

ITEM PROBLEM CAUSE
13.2.3 Contactor will not close 6. Failed or missing K4,
(cont) | when T-R On switch current monitor relay

closed. (CMR).

External Trip indicator.

7. No power to contactor coil
when T-R switch is closed.

6.

Replace CMR. If no CMR provided,
install jumper on INTERFACE PCB
from J7-7 to J8-4. Note, on early
production INTERFACE PCB’s there
is no connection to J8-4 and it is
necessary to place a jumper directly
in the K4 socket between pins 1 and
4 if there is no CMR present.

7a. Verify correct system wiring.
7b.Replace solid state relay K5 on

INTERFACE PCB, figure 3, item 36.

7¢.Replace LOGIC board.

13.2.4 External Trip after one 1. External Trip signal is
second, no over limit true.

indicators. 2. External Trip signal is
configured incorrectly.

1.

2.

Determine and remedy cause of
External Trip signal.

External Trip is programmed
wrong. See section 8.1 to correct.

13.2.5 Trip or Alarm indicators | 1. T-R On switch stuck
will not go off when closed.

T-R On switch is opened. | 2. Failed LOGIC PCB.

3. INTERFACE PCB failure.

. Replace switch.

Replace LOGIC PCB.
Replace INTERFACE board.

13.2.6 | Kilowatt display reads 1. Primary voltage and

. Reverse leads on primary current

zero or very low. current inputs out of phase. feedback current transformer or at
INTERFACE board J7 terminals /7
and /8.

13.2.7 | Primary voltage reads 1. Primary voltage sensing is | 1. Re-wire primary voltage sensing
low and secondary wired across Current across T-R set as shown on wiring
voltage reads high at Limiting Reactor (CLR) print.
start-up or primary and not across the primary
voltage reads high with of the T-R set.
shorted T-R set.

Table 17 (cont) - MVC III trouble shooting guide (continues next page)
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ITEM PROBLEM CAUSE SOLUTION
13.2.8 | T-R Secondary Amps | 1. Polarity reversed on 1. INTERFACE PCB J7-13 should be
display reads zero. secondary current signal connected to T-R bridge side of current
input at INTERFACE sensing resistor and J7-14 should be
PCB J7 pins 13 & 14. connected to the T-R set ground point.
2. No secondary current 2. Check for signal between J7-13
input signal. (positive) and J7-14 (negative) on the
INTERFACE circuit board with scope.
Should be positive full wave rectified.
If inverted, reverse wiring. If no signal,
check wiring to T-R set and sensing
resistor.
3. LOGIC board failure. 3. Replace LOGIC PCB.
4. INTERFACE PCB failure. | 4. Replace INTERFACE PCB.
13.2.9 Control does not sense 1. No secondary current 1. See solution for previous symptom,
sparks. signal. “T-R Secondary Amps display reads
zero” in section 13.2.8.
2. Spark Sensitivity not 2. Set Spark Sensitivity adjustment to 50
adjusted properly. per section 8.4.
13.2.10 | T-R Secondary KV 1. Polarity reversed on 1. Check bushing “A” signal at

display reads zero.
Control trips on Under
Voltage.

3.
4.

secondary KV signal.

. No secondary voltage

input signal.

LOGIC PCB failure.

INTERFACE PCB failure.

INTERFACE PCB J4 terminal 3 relative
to 2 and J4 terminal & relative to 7 for
bushing “B”. It should be a negative
sawtooth waveform of -2 to -15 volts.

2a.Check and correct wiring to and signal

network and surge arrestors at divider.

2b. Verify the 40 meg-200 meg voltage

divider still has the correct value.

2¢.Disable KV monitoring for affected

3.
4,

high voltage bushing. See section 8.1.
Replace LOGIC PCB.
Replace INTERFACE PCB.

Table 17 (cont) - MVC Il trouble shooting guide (continues next page)
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ITEM

PROBLEM

CAUSE

SOLUTION

13.2.11

When T-R On switch is
closed SCR’s do not turn
on, contactor closes.

3.

. Auxiliary contacts on

contactor are not closing
or wired in.

SCR Gate wiring may be
reversed. If so, the
SCR’s may not turn on
reliably.

No 480 - 600 Volt power
to SCR stack.

4a.No firing pulses from the

INTERFACE PCB.

4b.Faulty SCR stack.

. LOGIC board failure.

. Check auxiliary contacts on contactor.

. Check the wiring from the INTERFACE

PCB (GATE FIRING CIRCUIT) to the
SCR’s.

. Ifno 480 - 600 VAC on output of

contactor correct open circuit.

. Use a scope and check for firing pulses

at INTERFACE PCB J2/J3 terminals 6 to
5 then 9 to 8. WARNING, 600 Volts!
The signal is 6 volts peak to peak, but
is connected to the 600 volt line. See
figure 10 for SCR gate waveform. If
good gate signal replace SCR stack.

If no signal, look for shorted gate
wiring or replace INTERFACE PCB
(GATE FIRING CIRCUIT).

. Replace LOGIC PCB.

13.2.12

When T-R On switch is
closed control goes into
over current about one
second after contactor
closes and then trips off
showing T-R primary or
secondary Over Limit. It
may be necessary to
connect a scope to the
primary current
transformer to determine
when current flow
begins.

. Zero Cross signal is

lagging the line voltage.

. Primary current

calibration pot has not
been set for initial start-
up.

Incorrect primary current
transformer ratio or
incorrect setting of
INTERFACE PCB
JMPRI1.

Incorrect secondary
current sensing resistor
at T-R set.

. Replace INTERFACE PCB.

. Turn PI pot, item 1, figure 2 or 3

completely counterclockwise until a
faint click is heard and then turn 15
turns clockwise.

. See section 4.2.1 and section 11.1.1 for

correct C.T. and JMPRI setting.

. See section 4.2.1 for proper value.

Table 17 (cont) - MVC Il trouble shooting guide (continues next page)

MVC III manual © Neundorfer, Inc. 1995, 2005

Revised: March 21, 2005. Filename: MVC3_MAN L

60

Specifications and features subject
to change without notice




N

MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

ITEM

PROBLEM

CAUSE

SOLUTION

13.2.13

When T-R On switch is
closed control goes into
over current the moment
the contactor closes and
then trips off. It may be
necessary to connect a
scope to the primary C.T.
to determine when current
flow begins.

1. The SCR stack is
wired incorrectly.

2. The SCR’s are
shorted.

3a.Defective gate
firing circuit.

3b.Defective LOGIC
board.

1. Check the cables attached to the SCR stack.
One cable is the feed from the contactor.
The other is the output to the CLR or T-R
set. One cable connects to the rear heat sink
the other cable connects to the front one.

2. Disconnect both pairs of SCR gate leads
from the INTERFACE PCB (GATE FIRING
CIRCUIT) and short them together. Try to
restart the control. If it trips on over current
again, replace the SCR stack.

3. If there is no current flow with SCR gates
disconnected and shorted;

3a. Replace the INTERFACE PCB (GATE
FIRING CIRCUIT).

3b. Replace LOGIC board.

13.2.14

T-R power levels remain
at minimum with Setback
and Spark indicators
continuously lit.

1. Secondary current
calibration pot has
not been set for
initial start-up.

2. Spark Sensitivity
misadjusted.

1. Turn SI pot, item 3, figure 2 or 3 completely
counterclockwise until a faint click is heard
and then turn 5 turns clockwise.

2. Set Spark Sensitivity adjustment to 50. See
section 8.4.

13.2.15

Control operates at 170°
Conduction Angle but
does not reach Primary or
Secondary Current Limit.

1. There is too much
inductance in the
primary circuit of
the T-R set.

1. Reduce inductance by changing the taps on
the Current Limiting Reactor (CLR) and/or
the T-R set.

13.2.16

Unbalance trip or erratic
firing of one or both
SCR’s.

1. Gate to cathode
wiring reversed or
open to one or both
SCR’s.

2. One SCR not

firing.

Faulty T-R diodes.

4. One SCR is
shorted.

W

1. Check and correct SCR gate wiring from
INTERFACE PCB (GATE FIRING CIRCUIT)
J2/J3 terminals 5, 6, 8, and 9 to the SCR’s.
If the polarity is reversed the SCR’s may
not fire or may fire erratically.

2a. Blown SCR fuse.

2b. Perform checks listed under item 13.2.11.

3. Replace T-R high voltage diode stack.

4. Disconnect both pairs of SCR gate leads
from the INTERFACE PCB (GATE FIRING
CIRCUIT) and short the gate to cathode lead
for each SCR. Restart the control. If current
flows or the control trips on Unbalance,
one of the SCR’s is shorted. Replace SCR.

Table 17 (con't) - MVC Il trouble shooting guide
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13.3 MVC lll Setup Problems

Occasionally, the MV C III may refuse to allow the
operator to make the desired adjustments to
operating setpoints. This is usually caused by errors

in T-R size setup, or attempting to run two mutually

exclusive software features simultaneously. Tuble
18 lists typically encountered MVC IlI setup

problems and their solutions.

Find the entry in fable 18 that most closely
describes the observed problem and follow the
cause and solution suggestions.

Certain problems result in an error code being
displayed in the Auxiliary Functions digital

readout with all decimal points lighted. See section
13.1 to resolve any error codes before pursuing
symptoms in this section.

ITEM PROBLEM CAUSE SOLUTION
13.3.1 Operating setpoints 1. Keypad is locked out orin | 1. Set S2 to Local position.
cannot be adjusted up remote mode with switch
or down. S2 item 8, figure 2.

2. Item to be changed has not | 2. Use Next or Last key (then Set key for
been selected (no fast Data Link Unit Number) to select item
blinking status indicator). to be adjusted.

3. Defective keypad. 3. Replace DISPLAY PCB.

13.3.2 Primary Current Limit | 1. Primary T-R Size setting is | 1. See sections 8.0 and 8.2 for correct
cannot be adjusted high incorrect. setting and procedure.
enough.

13.3.3 Secondary Current 1. Secondary T-R Size 1. See sections 8.0 and 8.3 for correct
Limit cannot be setting is incorrect. setting and procedure.
adjusted high enough.

1334 Spark Rate cannot be 1. IE is enabled, that is the 1. Set IE ratio to 0.00 to access higher
set above 60 SPM. IE ratio is not 0.00. Spark Rates. See section 9.14.

13.3.5 | IE cannot be actuated. | 1. SPM set above 60 1. Set SPM to 60 or less.

2. Back Corona software 2. Disable Back Corona software. See
enabled. section 9.13.

13.3.6 | Back Corona software | 1. IE is enabled. 1. Disable IE. See section 9.14.

cannot be actuated.

Table 18 - MVC III setup problem trouble shooting guide
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13.4 Precipitator Trouble Shooting
Guide

Precipitator operational problems often arise that
are external to the MVC III controller. The MV C II1
is merely the messenger since it is often the only
window into precipitator operations.

handling system, fuel, flue gas conditioning, or
precipitator mechanical condition.

This section does not attempt to be a precipitator
training manual, but merely touches on the more

It is important to be able to determine which

symptoms are indicative of a control problem and

which indicate an external problem. External
problems may be with the rapping system, ash

common problems. Find the entry in fable 19 that
most closely describes the observed problem and
follow the cause and solution suggestions.

ITEM

PROBLEM

CAUSE

SOLUTION

13.4.1

Unbalance trip

1. Operating a dual bushing

T-R set in double half wave
can cause Unbalance trips
if the load differs
significantly between
bushings.

1. Switch T-R set to full wave on each bushing.

13.4.2

Control trips on
Setback, and

. High resistivity inside the

precipitator causes the

1. More inductance in the primary circuit of the
T-R set, will allow the control to operate at

TR secondary voltage to higher Conduction Angle. Inductance can be
Secondary KV increase at very low current. added by changing the taps on the Current
Over Limit. Limiting Reactor (CLR) and/or the T-R set.
13.4.3 Spark rate . Rapidly changing spark la. Increase Setback. See section 9.8.
greatly exceeds over voltage inside 1b.Increase Spark Rate. See section 9.7.
SPM setting, precipitator.
Setback light . Swinging discharge wire 2. Remove or replace discharge wire.
is not flashing. inside precipitator.
13.4.4 Spark rate la.Close clearance in 1. Isolate part of the electrical field that the T-R
greatly exceeds precipitator between set feeds. This can be done with dual bushing
SPM setting, discharge wires and plates. T-R set switches or high voltage duct
Setback light 1b.Close clearance between switches. Turn the control off before
is flashing. high voltage and ground. switching. Re-power control feeding each

lc. Insulator tracking over.
1d.Swinging discharge wire.

electrical section separately to determine
where the internal clearance problem is.
Leave this section off and run the control
normally until the unit is off line and an
internal inspection can be made.

Table 19 - Precipitator trouble shooting guide (continues next page)
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ITEM PROBLEM CAUSE SOLUTION
13.4.5 High pri Amps. | Shorted electrical field or low
Low pri Volts. resistive path to ground.
High sec Causes:
current. la. Broken wire. 1. Isolate part of the electrical field that the T-R
Low orno KV. | 1b.Ash build up in the set feeds. This can be done with dual bushing
hoppers. T-R set switches or high voltage duct switches.
1c. Warped plates touching Turn the control off before switching. Re-
wires. power control feeding each electrical section
1d.Dirty, broken or cracked separately to determine where the internal
insulators tracking to clearance problem is. Leave this section off
ground. and run the control normally until the unit is
le. Defective feed through off line and an internal inspection can be made
bushings. to determine the exact cause of the problem.
13.4.6 Low pri Amps. | An increase of resistance in
High pri Volts. | the precipitator.
Low sec Causes:
current. 1. Plate buildup. 1. Diagnose & correct rapping system problem.
High KV. 2. Wire buildup. 2. Diagnose & correct rapping system problem.
3. Open conductor between | 3. Shut down T-R set. Ground out T-R and field.
T-R and precipitator. When safe inspect and repair high voltage
transmission system.
4. change in ash chemistry. 4. If opacity is OK, may be new normal
operation. Adjust flue gas conditioning system.
Try IE or Back Corona software.
13.4.7 | High pri Amps. | 1. Shorted T-R set secondary. | 1. Megger T-R set following all safety
Pri Volts lower | 2a.Shorted secondary current precautions.

than normal.
Low to no sec

sense resistor or surge
protector.

Inspect and repair as needed.

current. 2b.Damaged secondary
Low KV. current feedback wiring.
13.4.8 | High pri Amps. | 1. Short in T-R primary 1. Inspect and repair as needed.
Low pri Volts. circuit.
Low to no sec 2. Shorted T-R diode stack. 2. Megger diode stack and replace as needed.
current. 3. Shorted bus section. 3. Locate and repair short.
Low tono KV. | 4. No secondary current 4. Inspect and repair current sensing resistor,

feedback signal.

surge arrestor and feedback wiring.

Table 19 (con't) - Precipitator trouble shooting guide
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13.5 Identifying Causes Of Trips

On the following pages are examples of typical
MVC III panel readings that may occur after a
control trip. The status indicators and readout
values provide useful clues to the cause of the trip.
Find the example that matches the observed

operating or trip conditions.

Problem:

Cause:

Solution:

Problem:

Cause:

Solution:

Voltage Under Limit.

Trips off in 30 seconds with

near zero KV.

Hard ground on emitting

electrode

Isolate shorted T-R bushing. See

section 13.4.4.

Voltage Under Limit.

Trips off in 30 seconds with low

KV.

Shorted diode stack in T-R set.
Swinging discharge wire in

precipitator.

Remove from service until
problem can be resolved during

an outage.

The numbers are typical based on a 125 Amp, 45
KV T-R set. White status indicators are on while
those with a shaded pattern may be on or off. KW is

display value.

PRECIPITATOR
KNOWLEDGE

;}F 125 SVEr ILimit
il nbalance
T-R 0.76 Over Limit

Sec imi
Amps Rap Limit

Spark 0 Spark
n
Er i ook

Aux O
Func 2.3

PRECIPITATOR
KNOWLEDGE

;}.R 125 SVEr ILimit
Amps nbalance
T-R WA Over Limit

Sec imi
Amps Rap Limit

Spark 0 Spark
n
T L s

Aux O
Func 2.1

assumed to be the default Auxiliary Functions

58 Over Limit
Volts @ Under Limit

0.4 Over.Limit
KV Bushing B

T-ROn @ Int Trip
Mode ® Alarm Ext Trip

Data Link
Back Cor

58 Over Limit
Volts @ Under Limit

Over Limit
K3/1 -9 Bushing B

T-ROn @ Int Trip
Mode @® Alarm Ext Trip

Data Link
Back Cor
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Problem:

Cause:

Solution:

Problem:

Cause:

Solution:

All displays read zero or less
than 1% of full scale. Control
trips off on under voltage.

Open feed to T-R set.
Faulty CLR.
Faulty T-R set.

Check all fuses, breakers and
connections.

Check CLR for open circuit.
Check T-R set for open

primary.

All displays and indicators are
dark.

No cabinet power. Main breaker
open.

Blown F1 on INTERFACE PCB
Control transformer fuses
blown.

Faulty control transformer.

Key interlock switch open.

Locate and correct open circuit.

PRECIPITATOR
KNOWLEDGE

T-R 0 Over Limit
Pri
Amps Unbalance
T-R 0.01 Over Limit
Sec - imi
Amps Rap Limit
Spark 0 Spark
n
Ep i Ak

Aux O
Func 0.0

PRECIPITATOR
KNOWLEDGE

T-R Over Limit
Pri

Amps Unbalance
T-R Over Limit

Sec imi
Amps Rap Limit

Spark Spark

Mon
Er AR ook

Aux KW
Func

Volts

0.3
KV

Over Limit

® Under Limit

Over Limit
Bushing B

T-ROn @ Int Trip

Mode @® Alarm

Data Link
Back Cor

T-R On
Mode Alarm

Data Link
Back Cor

Ext Trip

Over Limit
Under Limit

Over Limit
Bushing B

Int Trip
Ext Trip
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Problem: antrol w@ll not start. aﬁgﬂtg{gg R
Displays limits.
T-R Over Limit Over Limit
Cause: 1(.?zlr(ltrol was Ztopped by data Pri An;‘pfS ng;;z‘c‘e U:::ar :Trll'lit
ink command.
No feedback signal from I8 0.85 Over Limit Over Limit
contactor auxiliary contacts. See Amps Rap Limit Bushing B

Faulty K5 SSRLY on
INTERFACE PCB. .
Contactor coil circuit open. Sparks/Min

Faulty contactor. A o o ferW Data Link
Func : Back Cor

Spark 30 Spark Int Trip
Setback Mode Ext Trip

Solution: Issue data link start command.
If contactor is closing, check
signal from auxiliary contacts to
INTERFACE PCB.

Replace K5.
Repair contactor coil circuit.

Problem: Power level half of normal on B L
. KNOWLEDGE
dual bushing T-R set.
. . Over Limit 367 Over Limit
Cause: T—R set output selector switch Unbalance Vels Under Limit
set incorrectly.
Open circuit from one of the . Over Limit 43.2 Over Limit
bushings to the bus section. Amps Rap Limit KV Bushing B
. . Spark Spark ® T-ROn Int Trip
Solution: ~ Check SWlt(.:h' . on 31 .| Setback' ' Mode Alarm Ext Trip
Check continuity from both Sparks/Min

bushings to bus section. AN 14 g el Data Link
Func . Back Cor
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Problem:

Cause:

Problem:

Cause:

Control trips on Unbalance.

Faulty SCR.

Blown SCR fuse.

Faulty INTERFACE PCB.

Faulty MVC III LoGIC PCB.
Faulty diode stack in T-R set.
T-R set running half wave with
large difference in load between
bushings.

T-R set running half wave with
only one bushing connected.

No secondary current display.
Control does not sense sparks.
May trip on under voltage.

Shorted secondary current surge
arrestor.

Shorted secondary current
feedback wiring.

PRECIPITATOR
KNOWLEDGE

Over Limit
@' Unbalance

T-R
Pri 21
Amps

T-R 0.12 Over Limit
Sec - imi
Amps Rap Limit
Spark
. 0
Sparks/Min

Aux 1 9 @ KW
Func : Cond An

Spark
Setback

PRECIPITATOR
KNOWLEDGE

;}F 125 SVEr ILimit
RS nbalance
T-R 0.00 Over Limit
Sec - imi
Amps Rap Limit
Spark
Setback

Spark
. 0
Sparks/Min

A @ KW
112

Mode

Data Link
Back Cor

Mode

Data Link
Back Cor

116
Volts

17.4
KV

Over Limit
Under Limit

Over Limit
Bushing B

T-ROn @ Int Trip

@® Alarm

Ext Trip

Over Limit
Under Limit

Over Limit
Bushing B

Int Trip
Ext Trip
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Problem: No KV display, control trips on aﬁg%tgégg i3
under voltage.
T-R Over Limit Over Limit
Cause: Sﬁorteg KV surge pr?tecc:ltt:)r. . Pri Ar:p: y L VoﬁSSQ o
Shorted or open KV feedbac
wiring. R .78 Over Limit 0.0 Over Limit
Faulty KV divider. SeC Amps Rap Limit KV Bushing B

Spark 30 Spark T-ROn @ Int Trip

Solution: Temporarily disable the Setback . Mode o Ext Trip

defective KV input to prevent Sparks/Min

trips. See section 8.1. AS 34 g fe Data Link
Func . Back Cor

Problem: Primary and or secondary Over Eﬁgﬁtgggg i
Limit trip in less than 2 seconds.

Cause: ~ Shorted SCR. 8::;:' [?r:it
One SCR installed backwards.
SCR stack wired incorrectly. imi Over Limit
Defective INTERFACE PCB. Amps Rap Limit : Bushing B

Spark 0 Spark Int Trip
& !
Sparks/Min Setback ' Mode Ext Trip

Aux 1.4 @ KW Data Link
Func : Back Cor
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Problem: Control trips instantaneously Eﬁgﬁtgggg i3
when started.
. T-R 0 Over Limit
Cause: Incorrect software configuration Pri Unbalance
code. Amps
T-R 0.00 Over Limit
Solution:  See section 8.1 to reprogram. See Amps Rz s
Spark 0 Spark
el
Aux @KW/
Func 0.0
Problem: Spark rate much higher than Eﬁgﬁtgg&g i3
setpoint.
Low current
: . TR Over Limit
May trip on Primary Volts Pri 7 ng;alzze
Under Limit or may keep Amps
running. R 7 02 Over Limit
Takes longer than 30 seconds to SR Amps Rap Limit
trip off. T
Non 147
Cause: Swinging discharge wire in Sparks/Min
precipitator. A0y O

Func

Solution: Isolate bushing. Remove wire at
next outage. See section 13.4.4.

Over Limit
Volts ® Under Limit
0.3 Over.Limit
KV Bushing B

T-R On Int Trip
Mode ® Alarm @ Ext Trip

Data Link
Back Cor

Over Limit
Under Limit

Over Limit
Bushing B

Int Trip
Mode Ext Trip

Data Link
Back Cor
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APPENDIX

A. ANALOG TO DIGITAL CONVERTER
ZEROING AND CALIBRATION

! CAUTION !

Changing these settings affect control
calibration, current limit, and voltage
limiting. This information is provided

only for qualified service personnel. It is
not intended to be part of user
calibration.

Significant voltage is induced into unpowered bus
sections by adjacent powered bus sections. It is,
therefore, impossible to automatically zero the KV
inputs to the A/D converter on control power up as
would be ideal. The KV feedback inputs could auto
zero to a significant error.

Starting with MV C III software release 1.4a, the
analog inputs must be zeroed as part of LOGIC
board initial setup and testing and after any repairs
involving the LOGIC board analog circuitry or
microcomputer chip.

If the converter has not been zeroed, an error code
in the range of 1.5.1. to 1.5.8. will be displayed at
power up.

Software versions 1.4a and later also provide
software calibration of the A/D converter, rather
than relying on manual adjustments, to set each
LOGIC board to a standard calibration. If the
converter has not been calibrated, codes in the
range of 1.6.1. to 1.6.9. will be displayed on power

up.

Controls with software versions lower than 1.4a
should be updated to the latest version.

Zeroing the converter can be done on the bench
using a special J5 Calibration Test Cable or it can
be done on a completed installation by shorting out
the incoming feedback signals at the INTERFACE
PCB using mini clip test leads.

A.1  Zeroing the Analog Inputs

A.1.1  Zeroing the Converter Using J5
Calibration Test Fixture

1. Disconnect logic power.

2. Replace Cable J5 from the INTERFACE PCB to
the LOGIC PCB with the J5 Calibration Test
Fixture. Set the selector switch to position 1.

The Calibration Test Fixture has wires 7, 8, 9, 10,
13,14, 17, 18, 19, and 20 severed near the LOGIC
PCB end. The severed wires to the INTERFACE
PCB are insulated. The severed wires to the LOGIC
PCB have wire pairs 7-8, 9-10, 13-14, 17-18, and
19-20 routed through a 5 position switch for
connection to a precision voltage calibration source.
There are resistors across the secondary input pairs
to prevent floating inputs on the channels not being
zeroed or calibrated.
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A.1.2  Zeroing the Converter with
Shorted Inputs

1. Stop the MVC III by opening the front panel
T-R On switch. Turn off logic power.

2. Use mini clip test leads to jumper the
following test points together on the
INTERFACE PCB:

TP-3 to TP-4
TP-5 to TP-6
TP-7 to TP-8
TP-9 to TP-10

A.1.3 Zeroing the Converter

1. For best results allow the MVC III to warm up
for 1/2 hour before zeroing the converter.

2. Set the LOGIC supply voltage to precisely
5.000 Volts.

3. Set the Local / Remote toggle switch on the
LOGIC board to the Local position.

4. Press and hold the Reset pushbutton on the
MVC III LOGIC board.

5. Press and hold the Set and Down keys while
releasing the Reset pushbutton. Continue
holding the Set and Down keys until the
DISPLAY clears.

6. Release the Set and Down keys.

7. The present A/D zero offset counts will appear
in the respective readouts with bushing B

offset displayed in the Spark Monitor readout.

The Auxiliary Functions readout will display
a 151 indicating the system is in the A/D
converter zero offset calibration mode and the
displayed values are the present zero offsets.
Table A-1 lists the range of acceptable zero
offset values.

10.
11.

12.

Press the Hold key to initiate a zeroing cycle.
The Auxiliary Functions display will show
“--- while the MVC III calculates the new
zero offsets. This takes about one second.
Upon successful conclusion, the Auxiliary
Functions readout will again show /57 and
the other displays will show the new zero
offsets

If any of the zero offsets are out of tolerance,
the zeroing function will be unsuccessful, and
an error code will be displayed in the
Auxiliary Functions readout indicating the
problem as shown in table A-1.

If there are no offset errors, and the new offsets
are acceptable, press the Set key to save the
new zero offsets in non volatile memory.
Pressing the Last key will restore the previous
zero offsets.

Press and release the Reset pushbutton.
Return the Local / Remote toggle switch to
its original position.

Remove logic power and replace J5
Calibration Test Fixture with the standard
cable or remove the INTERFACE board zeroing
jumpers.

Error Input Allowed
Code range
0.0.1. | Primary current 124 - 130
0.0.2. | Primary voltage 124 - 130
0.0.3. | Secondary current 4-9
0.04. [KV-a 3-20
0.0.5. |KV-b 3-20
0.0.6. | Spark sensing input 2-20
0.0.7. | TP-4 input 0-3
0.0.8. | TP-5 input 0-3

Table A-1 - MVC III A/D converter zeroing
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A.2 Calibrating the A/D Converter
Calibrating the converter sets the LOGIC board to a
calibration standard so that LOGIC boards may be
field changed without any need for recalibration of
the control cabinet.

Calibration is normally done only at the factory. It
is required during initial LOGIC board bench testing
or after any repairs involving the LOGIC board
analog circuitry or microcomputer chip. The
calibration software has provisions for manually
setting the calibration factors in the event
calibration must be done without the proper
equipment.

A.2.1 Manual Calibration

If manual calibration becomes necessary, follow the
zeroing procedure outlined above. Leave the input
jumpers in place. Proceed with a calibration cycle
as described in section A.2.1, but at each step,
manually set each of the calibration factors to 242,
the nominal value.

A.2.2 Bench Calibration

This procedure requires a laboratory calibrator and
a special J5 Calibration Test Fixture. Although
intended for bench calibration of new or repaired
LOGIC boards, it but may also be used to field
calibrate installed systems should the need arise.
Field calibration should only be necessary after
field repairs to the LOGIC board or when updating
from a software version earlier than 1.4b.

The J5 Calibration Test Fixture has wires 7, 8, 9,
10, 13, 14, 17, 18, 19, and 20 severed near the
LOGIC PCB end. The severed wires to the
INTERFACE PCB are insulated. The severed wires
to the LOGIC PCB have wire pairs 7-8, 9-10, 13-14,
17-18, and 19-20 routed through a 5 position switch
for connection to a precision voltage calibration
source. There are resistors across the secondary
input pairs to prevent floating inputs on the
channels not being zeroed or calibrated.

Calibrate the MV C III LOGIC board as follows:

1. For best results allow the MVC III to warm up
for 1/2 hour before calibrating the converter.

2. Stop the MVC III by opening the front panel
T-R On switch.

3. Make sure the LOGIC board calibration pots, if
present, are fully CW.

4. Remove logic power and replace Cable J5
from the INTERFACE PCB to the LOGIC PCB
with the J5 Calibration Test Fixture.

5. Reapply logic power.

6. Set the LOGIC supply voltage to precisely
5.000 Volts.

7. Set the switch on the J5 Calibration Test
Fixture to position 2 and connect a precision
+2.250 volt DC calibration source to the Test
fixture input terminals.

8. Set the Local / Remote toggle switch on the
LOGIC board to the Local position.

9. Press and hold the Reset pushbutton on the
MVC III LOGIC board.

10. Press and hold the Set and Down keys while
releasing the Reset pushbutton. Continue
holding the Set and Down keys until the
DISPLAY clears.

11. Release the Set and Down keys. This puts the
MVC III in the A/D zeroing mode with 751
showing in the Auxiliary Function readout.
Press the Next key to enter the A/D calibration
mode.
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A.2.2 Bench Calibration (con )

12. The present A/D positive primary current
calibration value will appear in the Primary
Amps digital readout. The Auxiliary
Functions display will show a /617 indicating
primary current positive calibration mode.

13. Press the Hold key to initiate a calibration
cycle. The MV C III will calculate and display
the new primary current positive calibration
value. This process takes about one second. If
the result is out of tolerance, the calibration
will be unsuccessful, and a 0./.1. error code
will be displayed in the Auxiliary Functions
readout. Upon successful conclusion, the
Auxiliary Functions display will again show
161.

14. If there is no error, and the new calibration
value is acceptable, press the Set key to save
the new calibration value in temporary
memory and enter the A/D positive primary
voltage calibration mode. Pressing the Last
key will restore the previous calibration value
and reset to the beginning of the calibration
procedure at step 12 above. The calibration
value can be manually adjusted up or down
with the respective key. Then press the Set key
to save the new value in temporary memory
and enter the A/D positive primary voltage
calibration mode.

15. The present A/D positive primary voltage
calibration value will appear in the Primary
Volts readout. The Auxiliary Functions
display will show a /62 indicating primary
voltage positive calibration mode.

16. Press the Hold key to initiate a calibration
cycle. The MVC III will calculate and display
the new primary voltage positive calibration
value. If the result is out of tolerance, the
Auxiliary Functions readout will show a
0.1.2. error code. Upon successful conclusion,
the Auxiliary Functions display will again
show 762.

17. If there is no error, and the new calibration
value is acceptable, press the Set key to save
the new calibration value in temporary
memory and enter the A/D negative primary
current calibration mode. Pressing the Last
key will restore the previous calibration values
and reset to the beginning of the calibration
procedure at step 12 above. The calibration
value can be manually adjusted up or down
with the respective key. Then press the Set key
to save the new value in temporary memory
and enter the A/D negative primary current
calibration mode.

18. Change the Calibration Fixture switch to
position 3 to reverse the polarity of the
precision 2.250 volt source.

19. The present A/D negative primary current
calibration value will appear in the Primary
Amps readout. The Auxiliary Functions
display will show a /63 indicating negative
primary current calibration mode.

20. Press the Hold key to initiate a calibration
cycle. The MV C III will calculate and display
the new primary current negative calibration
value. If the result is out of tolerance, the
calibration will be unsuccessful, and a 0./.3.
error code will be displayed in the Auxiliary
Functions readout. Upon successful
conclusion, the Auxiliary Functions display
will again show 763.
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21.

22.

23.

24.

A.2.2 Bench Calibration (con )

If there is no error, and the new calibration
value is acceptable, press the Set key to save
the average of the positive and negative
primary current calibration values in non
volatile memory. Saving the result also
advances to the A/D negative primary voltage
calibration mode. Pressing the Last key will
restore the previous calibration values and
reset to the beginning of the calibration
procedure at step 12 above. The calibration
value can be manually adjusted up or down
with the respective key. Then press the Set key
to save the average of the positive and negative
primary current calibration values in non
volatile memory and enter the A/D negative
primary voltage calibration mode.

The present A/D negative primary voltage
calibration value will appear in the Primary
Volts readout. The Auxiliary Functions
display will show a 764 indicating primary
voltage negative calibration mode.

Press the Hold key to initiate a calibration
cycle. The MV C III will calculate and display
the new primary voltage negative calibration
value. If the result is out of tolerance, the
calibration will be unsuccessful, and a 0./.4.
error code will be displayed in the Auxiliary
Functions readout. Upon successful
conclusion, the Auxiliary Functions display
will again show 764.

If there is no error, and the new calibration
value is acceptable, press the Set key to save
the average of the positive and negative
primary voltage calibration values in non
volatile memory. Saving the result also
advances to the A/D secondary current
calibration mode. Pressing the Last key will
restore the previous primary voltage
calibration values and reset to the beginning of
the calibration procedure at step 12 above. The
calibration value can be manually adjusted up
or down with the respective key. Then press
the Set key to save the average of the positive
and negative primary voltage calibration

25.

26.

27.

28.

values in non volatile memory and enter the
A/D secondary current calibration mode.

Change the Calibration Fixture switch to
position 4 and change the calibration source to
+3.250 volt DC.

The present A/D secondary current calibration
value will appear in Secondary Amps
readout. The Auxiliary Functions display
will show a /65 indicating secondary current
calibration mode.

Press the Hold key to initiate a calibration
cycle. The MVC III will calculate and display
the new secondary current calibration value. If
the result is out of tolerance, the calibration
will be unsuccessful, and a 0.1.5. error code
will be displayed in the Auxiliary Functions
readout. Upon successful conclusion, the
Auxiliary Functions display will again show
165.

If there are no errors, and the new calibration
value is acceptable, press the Set key to save
the new calibration value in non volatile
memory and enter the A/D KV-a calibration
mode. Pressing the Last key will restore the
previous secondary current calibration value
and reset to the beginning of the calibration
procedure at step 12 above. The calibration
value can be manually adjusted up or down
with the respective key. Then press the Set key
to save the new value and enter the A/D KV-a
calibration mode.
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29.

A.2.2 Bench Calibration (con )
Change the calibration source to the voltage
listed in fable A-2 according to the values of
resistors R40, R41, R51, and R52 on the
LOGIC PCB. Change the Calibration Fixture
switch to position 5.

Resistor value | Cal Voltage Design
121K 0.710 VDC |Orig scale, w/o L.F. cal
332K 0.260 VDC |Orig scale, 2K cal
169K 0.510 VDC |Orig scale, 10 K cal
80.6K 1.070 VDC [Rev scale, w/o L.F. cal
221K 0.390 VDC |Rev scale, 2K cal
113K 0.760 VDC |Rev scale, 10K cal

30.

31.

32.

Table A-2 - MVC Il KV calibration voltage

The present A/D KV-a calibration value will
appear in the Secondary KV readout. The
Auxiliary Functions display will show /66
indicating K'V-a calibration mode.

Press the Hold key to initiate a calibration
cycle. The MVC III will calculate and display
the new KV-a calibration value. If the result is
out of tolerance, the calibration will be
unsuccessful, and a 0.1.6. error code will be
displayed in the Auxiliary Functions readout.
Upon successful conclusion, the Auxiliary
Functions display will again show /66.

If there are no errors, and the new calibration
value is acceptable, press the Set key to save
the new calibration value in non volatile
memory and enter the A/D KV-b calibration
mode. Pressing the Last key will restore the
previous KV-a calibration value and reset to
the beginning of the calibration procedure at
step 12 above The calibration value can be
manually adjusted up or down with the
respective key. Then press the Set key to save
the new value and enter the A/D KV-b
calibration mode.

33. The present A/D KV-b calibration value will
appear in the Spark Monitor. The Auxiliary
Functions display will show /67 indicating
KV-b calibration mode.

34. Press the Hold key to initiate a calibration
cycle. The MV C III will calculate and display
the new KV-b calibration value. If the result is
out of tolerance, the calibration will be
unsuccessful, and a 0.1.7. error code will be
displayed in the Auxiliary Functions readout.
Upon successful conclusion, the Auxiliary

Functions display will show 767.

35. If there are no errors, and the new calibration
value is acceptable, press the Set key to save
the new calibration value in non volatile
memory, ending the calibration procedure.
Pressing the Last key will restore the previous
KV-b calibration value and reset to the
beginning of the calibration procedure at step
12 above The calibration value can be
manually adjusted up or down with the
respective key. Then press the Set key to save
the new value and end the calibration
procedure.

36. The Auxiliary Functions readout changes to
170 to indicate the successful conclusion of the

zeroing and calibration procedure.
37.

38. Return the Local / Remote toggle switch to
its original position.

Press and release the Reset pushbutton.

39. Remove logic power and replace J5
Calibration Test Fixture with the standard
cable.

MVC III manual © Neundorfer, Inc. 1995, 2005

A-6

Revised: March 21, 2005. Filename: MVC3_MAN L

Specifications and features subject
to change without notice



A

MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

A.2.2 Bench Calibration (con?)
Mode Auxiliary Displayed In Allowed Input Error Error
Function value Display | Range Voltage codes
Code
Zero A/D 151 PI zero offset PI 124-130 0 0.0.1. | Zero offset out of range
151 PV zero offset PV 124-130 0 0.0.2. | Zero offset out of range
151 SI zero offset SI 4-9 0 0.0.3. | Zero offset out of range
151 KV-a zero offset KV 3-20 0 0.0.4. | Zero offset out of range
151 KV-b zero offset SPM 3-20 0 0.0.5. | Zero offset out of range
151 - - 2-20 - 0.0.6. | Spark sense zero offset out of range
151 --- --- 0-3 --- 0.0.7. | TP-4 (ch 0) zero offset out of range
151 --- --- 0-3 --- 0.0.8. | TP-5 (ch 1) zero offset out of range
Cal P1 + 161 PI + Cal factor PI 229-255 +2.250 0.1.1. | Cal factor out of range
Cal PV + 162 PV + Cal factor PV 229-255 +2.250 0.1.2. | Cal factor out of range
Cal PI - 163 PI - Cal factor PI 229-255 -2.250 0.1.3. | Cal factor out of range
Cal PV - 164 PV - Cal factor PV 229-255 -2.250 0.1.4. | Cal factor out of range
Cal ST 165 SI Cal factor SI 229-255 +3.250 0.1.5. | Cal factor out of range
Cal KV-a 166 KV-a Cal factor KV 229-255 | Seetable A-2 | 0.1.6. | Cal factor out of range
Cal KV-b 167 KV-b Cal factor SPM 229-255 | Seetable A-2 | 0.1.7. | Cal factor out of range
Cal Ch 0 168 Ch 0 Cal factor SPM --- --- 0.1.8. | Cal factor out of range
Cal Ch 1 169 Ch 1 Cal factor SPM -—- - 0.1.9. | Cal factor out of range

Table A-3 - MVC III KV calibration data
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B. FIGURES AND ILLUSTRATIONS

Figure 1: MVC Il Control Panel Item Identification
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Figure 2: MVC lll Logic Board Component Identification
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Figure 3: MVC Il Interface Board Component Identification
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Figure 4: MVC lll Display Circuit Board (chip side)
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MVC Il Display Circuit Board (display side)
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Figure 6: MVC Ill Data Link Jumper Configurations

(]
JMPR 19 B JMPR 14
Jumper Configuration for:

] : .
JMPR 18 |§| JMPR 15 Active M\(C Il anywhere in
the data link except at the

JMPR 16 physical end of the cable.

5
0
Gl
O]
O]
O]

JMPR 17

END LINE
IN LINE
BYPASS
ACTIVE

ﬁ]
O]
O]

]
JMPR 19 @ JMPR 14 . _
Jumper Configuration to:

JMPR 18 BRIE JMPR15  BYpass this MVCIIl and
maintain data link signal

continuity to adjacent units.

@
{o]
O]

i
0]
O]
Gl
[o]

JMPR 17 JMPR 16

END LINE
IN LINE
BYPASS
ACTIVE

JMPR 19 [©lcIo JMPR 14 Jumper Configuration to:
End the data link signal at
JMPR 18 [CloIo JMPR 15 this active MVC Il
Used at the physical end of
the cable or to break the
Sl JMPR 16 data link for testing.

O]
O]
O]
O]
O]
O]

END LINE
IN LINE
BYPASS
ACTIVE
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Figure 7: Spark Response Mode Waveforms
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Fig. 7a: Mode 1 Spark Response
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Fig. 7b: Mode 2 Spark Response
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Figure 8:  Auto Spark Quench Interval Waveforms
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Figure 9: Primary Current Waveforms
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Minimum 0.5 mSec. _’
off time between
half cvcles.

K Figure 9a: Typical Primary Current Waveform
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K Figure 9b: Primary Current Waveform showing undesirable distortion /
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Figure 10: SCR Gate Firing Signal Waveform

5 — 7 Volts Peak Gate to Cathode
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OPERATION

The CML Series is used to detect over current conditions. The internal
relay energizes (Pick-up) when the monitored current exceeds the preset
trip point for longer than the adjustable time delay period. The adjustable
delay is incorporated to prevent nuisance tripping caused by motor inrush
currents. The CML has the manual reset feature. The internal relay
de-energizes (Drop-out) when the reset button is pressed. If the current is
below the trip point when the button is released, the relay will remain de-
energized. If the current is above the trip point, the relay will re-energize.

An External CT may be used to extend the range of the Current Monitor.

CML
Pick | _ S = N __._._ Monitored
e . Current
! P Time
1
P T Relay
Energized : Action
De-Energized I # Time
A (\‘. Preset De-Energize With
C (0] ver Curre Time Delay Manual Reset
SPECIFICATIONS DIMENSIONS (INCHES)
CONTROL 24 or 120 VAC/DC; 50/60 Hz - ~ a0 #8352 218 Dia
VOLTAGE . W
Pick-up | See order information ﬂ,_"é SIS
TRIP POINTS Drop-out | 2% below Pick-up ‘
P (After Manual Reset) :
ik 3.0 s2s () O () |aoo
OUTPUT DPDT, 10 Amp @ 120 VAC Resistive
HYSTERESIS 5% |
RESPONSE TIME Operate |0.1 to 5 SEC, Adjustable ool
3285 T

LED Glows On Over Current

INDICATORS (Style “E” Enclosure Only)

RESET Manual

TEMPERATURE Operate  [32° to 131°F (0° to +55°C)

RATING Storage  |-49° to 185°F (-45° to +85°C)

Soje {55 Tt Cove - 8
ENCLOSURE - - ' i
Style E Lexan Surface Mounted: Style A, Plug-in Style E. Surface Mounted
o #8-32 Screw Terminals
b5  SOCKET Style A: RB-11 Style E: 13 oz.
j WEIGHT 6 oz. WIRING
> {300 V Max.)
) MODEL NUMBER >>>>>> CML A'S AC Input
= Control Voltage Current
g 24 Volts| 24
= 120 Volts| 120 ®
) Type of Control Voltage (600 V Max.)
> AC| A AC Input
= Current Control Voltage
S Enclosure Style
= Plug-In| A H -
3 Surface Mount| E C2) Ca) C4) C5) 6
Pick-Up Current Range 8 9 10 11 12
0.05 to 0.25 amps. adj. max continuous 3.4 amps| .25 Q Q
0.2 to 1 amps. adj. max continuous 11.9 amps| 1
1.0 to 5.0 amps. adj. max continuous 13.4 amps| 5 Control Voltage
Style A Style E

2.0 to 10 amps. adj. max continuous 25 amps| 10
244 4.0 to 20 amps. adj. max continuous 25 amps | 20




8l 40 | 133Ms INON :Ivos 12210108 96 634 14 GISIATY
_ INVN_3AVS 14 S _ L 8
= ,/210-10-8 _ g Q3LON SV
‘A ‘ON "OMa zs TVRIELYN ASQ3 0 3000 ¥3L131 OML WOY4 8! SAOEY NOLLYINSOSNI
(sepoD 80g) ANVME dIOFUd  HA (sepoD ees) ONIMVNA 40 FdAL
P S30V1d € M8/b %1 assN {9)
S317ddNS ¥3IMod ¥3INOLSNO _ XLkl 39vd 30V1d b M¥/L %1 Q09NN {S)
- 4
HOAWN %61-10| TFD—FI9,, 00 R ANNOYD ATddNS ¥IMOd =
ACHddY AV STV IUAY AN LON OMMVIAL SHL M (0010810 DNILON GaLLINGNS i Yo s v = v
N5 GEFEERIBRE] - T
0668-zys(ory) SWILSASI0SYIINITNT — W 350d¥Nd 3HL HO4 ATNO G3SN 38 AVIW ONV ‘S3LLNVd 3AISLNO OL G3SOTOSIA HO G30NA0NAIY ‘G31d00 38 ANNOYO HIYY3 = l_l
0IHO -ﬁmxaag—; LON TIVHS OGNV ‘JON3AIENOD NI IN3IdIOFY 3HL A8 GINIVLIY 38 TIVHS SONIMVHA TV "ONI ‘H3HOANNIN
- . 30 NOLLYWRHO-INI ANV 13R4d0¥d JAISNTOXT IHL FHV NIFHIHL NOLLYWHOSNI TTV ONY ONIMVNA SIHL
ONI ‘¥344OANNIN SISSVHO = h_m\
= 80d 01907 —=— _ —= 80d 30V443INI - w
] ‘S NI SHIVd £ 34Y NOWINOD B A9z+ (€)
[ _ PR _ _ _ U NI SHIVd 8 34Y NOWWOD % Aek+ (2)
8z 8z -
_ < _ LLLZWT NOSWOHL S9S S1 ¥0Lv N3 (1) -
.| & L1zn S3LON
Act- S vz vz _ _ Al“
A0S s L]0 _ zZ _ = _ 2 a8r
i u:%wmuw T o MOIT s ! <51 <<
® ¢ Vveeerol _ z\ _ D _ bi-er
NV 1o, o<l eGP € -8 <
4 P —
e —=<| <=Z* (2oz1) 1N3N |AA||AAI a
SONW AINVL 9¢e-61 L1-8r
ASZ OS> Jnor [+ Aog A0S — <9 |A|.|AAI
MZ/1 < 90 ¥30 | INVL L L 8e-Gr 0z-8r
/ INVL <«
LS anes I ® dneg’ == anop == _ 9z 9z _ N_.A|
> { 19 80 < -
S0 L00VNI 1z _ 1z Am Am
‘g A _ 9 o] _ €40 ov-Lr
JU— ¢ : £ 0 _ <7 (evs) —&— —&—
W 1NO| 1z1zw NI <9 R s8r g1 ® = —
zidlL ONE _ 9 AoZ+ =
2HA <1
i sr g ®
¥dO  LOOWNI = 20 M2/
<= D SanL
AP % YV —€
< _ <«—4 lidL car
_ 62 62 _ W14
® 2| Tl o i A W R >
Lidl Y _ gz ZhdL 1) 20| "eld |
A ? |
%) (=<5
INVL | g8 v <
a:n 05 OLS noy g <<
Isa AOL > o) NOS NSZ _ z-8r
y S INVL ¥30 | INVL Ml L WHLAAN
oLy Ay (s 4nNZz == dnge == 940 o == 40 == (LAY
22 BT O STST e W L
oLy L00¥NI v 02Y1084A
by 922<S 240 | rav 0L/E
Vg ©® < z I € | g A —&
NS+ % 1N0| 1z1zw NI L L 1-8r
oldL _ EIN!
>t LHA
140 LOOWNI _
90d JOV4YILNI IHL NO a
1z 20-1-8 rysvmey | 3 mm‘o STYNINYIL MIYOS NI ONTd
1z 66-0€-L Q3IONVHO ¥IGWNNLYYC SHOLYINO3Y | a | ea'ed
/o3a | seuvW ¥ OILYW3HOS OL v1D a3adavy | 2 9a
96/81/€ NOILONAO¥d 0L a3Sy3 13y | g
3A0¥ddY ava NOLLIRIOS3a ‘AN aNOZ
SNOISIATY ¥ i S L 8




81 0 Wﬁuxm_ 13V0S O)D.Nhhﬁmhmzwu:m 4 e - 9 _ L ﬂ o]
~ / T N—0Q 3AVS § 3
.>fuu N \ ¥ M\ ﬁ /V .ozmm.oku IWVINILYN HIOVNVA ONIINIONI A8 Q3LVNOISIA 300D ¥3LI] OML WOY3 S| 3A0BY NOLLYWNOINI RV Rwuu
(sepo) 23S) ONVMB 'did3dd  HA (S8POD 33S) ONIMVYA 40 3IdAL I
— 43INOLSND [XLLLL 39vd ub%mm% ozi %DL\ :
AHONIN % OdDIN — 093 [_[g I3 € 860 |* 9
_1S3n03¥ 43y 2in 12 q
Al R OTD-62 ool omnca o S R R T N O 2 Yevae 18 =19 dvs0LsL 2fNsTe | anio—k p:
T I NANG SN T O HOV HOY 3004HNd L MOJ AIND CISh 38 WA ONY 15 S 8 L 650 ¥
0668-2¥6(912) %% e Sivaoddy 30N N%Bu%u»oxu SI N3N 'S3L1¥vd 301SIN0 OL G3SO1OSIA ¥O G3INAONA3Y 'G31d0J 38 ION o1 3SN3S H
OIHO ‘ABHONOTIM Ew &%@EE@&E B T I B e v 13534 Uu>_ _ i
UZ_ N&MI._W&OOZDMZ m Bei 15VRINGS SIN3ISIHAIY ONIMVNO 31 3ASNIOX3 3HL 33V NI3N¥3HL NOUVANOINI TV ONV ONIMVHO SIHL ._.MMMN_ _ >m+ 4
=
NOULJIYOS: 60 "ON _ONIAJLINIOH hﬁ
T _ S ] v —1¢2 < ¥2lgpo> WA N3dD (8d2D 3
: Q310N SV |——22 Gef=—> WdI¥ N3ID (842D 5
e € 1d30X3 42 7S Mp/1 1S9 2 Y o2|2d a
o8 Ty S8OLSIS3 T [13s9] 9 £ %<[ng > WavlY dldl (goep) 3
(ve> 1000 3s4|%  Niaof sim 2 LSlong > AN NN (gger) =
—_— ﬂ S QQHA OAS (£46) ol
~51 14 AG+ SQA OAS (€648 m
7019 W 2957 < DidS (30 E |
518! ﬂ,\S\[m 2 09125 < IS €dL 2
sV WL LHIDHBY S915 < Ad (A9 pdl  GdlL M
TR ROAWEE T i T 7 |8
el "W —Z 19 N
NG+ NG+ ) 0 A, oc| 39 S
2a S 2 03d g
—AN\N\— T —/\N\— f—> o, .
4nae 4nee T o 7 E€loqa > c8Ls e A A1 .
or |8 eWTIR IYWig SEipaa> 1aLs «aey 9 ie YO0l 5
vi| s97 |82 v1| 997 |82 ST 1 YW TE Fer=> 081S (08 O
L I a
I /2 \uv.«dll 1474 AG+ o v|,\/\/\/|m 0€ Imdm.'&lA agX XdW (£23€> m
yiv y1v ——ct S+ 62 ——> (XL (80D N
22 92 2e el €1y v laxlt 3
T s S|EW 30 SLEW v 1% QYW 82 o< 0X¥ (820D W 0SGNY
ET ELT ME e THWAV=S SELTS< NI 014D REID OB
v v ——1{8% S¢~MA— 9E——< NI dX3 (LIE)
12— AS+ }—1 — 01y x 8 ~|ovd 0.
vm 01V ddA hw 01y T 1 LEF——> XSBY3 (810D
s ol Y 0s ol 6Y 5y 198 AG+ 8E[--——> NO¥JS (805
1389 61 e 8V 13Sd 61 e 8V |N¢| 18 72yl > mmaA 1v1S3Z Aadv>
a|o LY @ o LY 50128 I 0y =5< DAIDZ A3 ggy
oa ov oa 9y —~—1{eg oo 102 )
~— a1 N s—=— —~—1{/1 oin ¢ oy x vd
F 91 ohn F 91 9 sv Y vS 2 s v o0vd O 2s
20 L 0| L o158 “1 " - 6l < N 310W38 H
€a 1 8 £y €a 1 g £y B 9SS NS+ asy 8 9% J/N 4dye VAN
2a ey 20 2v ——16G == 1|
e Sl —— v W1X . ; Iy
i A i N A e re ool el 199
0a ov 0a oy 1 vye 2 € 89 (/9 % 933 ydpe
W L WOYd3 SSATQAA] GW]  9W][HIA] THA {|
(82€> SNE DO¥IIW AOT ] \v_m \vm o 292 a
INVL . 8L3<6LY
JnoI=—4nze LNV
yioe 66--2-21 Q39NVHO 3NTVA 1A '03S¥3A3Y 290 #® BL 2 80 mmul_n wwulﬁ ummm =
SvS 96/81/€ NOILONAO¥d 0L 43s¥313d | 4 T A_w «mﬁ»
1y L
03A0¥ddY iva NOILJINIS30 AR INOZ NG+ NG+
SNOISIA3Y v S _ 9 L 8




av ocaclil onnz/ez /@ omacssioi0eNiaaw 1 01T Ay )\ Busauibug

8l 40 & 133ms] 31v5 DAT'ELLIO0N08 v | S | 9 L 8
N\ ﬁOV.. ﬁO“m INVN_3AVS
‘A3Y o ‘ON ‘OMa IVINILYN HIOVNVN ONINI3NIONI AB .Dm»(zo_muo 3000 ¥31137 OML NO¥3 SI 3A08V NOLLYAMNOINI
(sapo) 23S) ONWMB 'did3dd  MA (S3POD 33S) ONIMYNA 40 3dAL
a3nssi
& . ¥3INOLISND [XLLLL 39vd
SYOLOINNOD % SNg 0/ [xue L
[ 7 | Q\/} 6-0-H| PFD—629 ‘SIN3LVd NOdN 3NENL3H 38 TVHS 30D TIV ONY “ONI “¥33H0GNAIN
_ o NOE0S a0 O OENG 10N ONYI0 SHL Ni 035013510, ONIHION - GBLINBNS nae:
GIENGYS GEFEELIELE] 3iva SIVAONAAY nNhMM,WﬂOw»ﬂwﬁw omZu mEp A3HL HOIHM ¥03 3SOd¥Nd 3HL ¥O3 AINO (3SN 38 AVA OGNV 4
Ommmluwﬂw—uv ¥30NN 0310310¥d SI N3N 'S3L¥vd 30ISIN0 0L 03S010SI0 ¥0 03dN00¥d3Y 'G31d0D 38 ION l
OIHO ‘ABHONOTIM ONOOVISI0 SN AII08 | SONAWMD TN ORI R3HOONAN <0 NOLVASOLNI Akvi JseOng 980
Uz_ .KULKOOZDMZ EE@&E@@E%W—E SINIS3HC3¥ ONIMVNO 41 3AISNTOX3 3HL 34V NI3Y3HL NOUVANOINI TV ONV ONIMVNO SIHL 01 = QN
"ON 1OVHINOD aNo A
N 0 ¥O ‘ON_ONIAJIINIOI / n
— _ o el H 20 10— %1240 (28>
— 0 a0
VAN I\ As+ 310N SY oo "o o CECTE
INvL INVL 1d30X3 40 %S Mp/1 S30LSIS3IY 1 1ag 9t 5 : S 1a
YWVE 4 o+— 200 81 m . € oq
9o <l ]etn IS N E 9 a w £
va0 - va
ve ¢_| ve i| s I a
_ 8l el _ 8l «—¢ i __suo a &N T
oun €| - 8 9q
| o<t | o <t—1 —Za0 77 TeZa
p] €<—4 pl < ) == mhmmmmt_qu_ A0
v v
| a1t <b— | a1 <f—1
AG+
01 <—¢ 01 <— VANNNRACE
_ ) | _ 5 INVL
8 8 4N0T
9 <y 9 € + AG+
7 4 L| _ 4 L| — 069
_ - < AG+ | - <l NG+ I =— il
om I ow ! _ vmw < I /A S8 |yt
_ _ _ - aNo PA .
: N [ ° i &
(<] 2 MH y €
40 SNd O¥JIW (102
| sl e | 1 | a1 <l 1S dx3 mAﬁ 2sa
n — 82 <H—yr gz ot | A&t
| o lao | o NI ax3 ; 2 M_H AEN
< <l .
" cag o 0a0 . (] NI dx3 NI dx3
_ I €00 _ o < 100 | . M .
G <
_ = ¥ao * i cag - va0 Y\ L63 o © R T LI
o S0 D EQ0 [n N B o S
€ <
| e <—21- | & 3 £ <= 2N e
) 400 oo Ssag ; - £a0 og1s| T €T  oglLs ‘
T S BN b mEm
_ . 0818 _ c L] _ o (OSIW> 08X
& 1418 . £00 , (ISOW> 041S TIRRL R ETIES 94: =)
D 1418
L 2d1s | ®<TeEsaa L7 ) oS 181s
er er vr >
JOLI3INNDOD AV IdSIA 0/1 NOISNVJX3 JOLI3NNDOD 1dS >gis| 9 341s
€D (LEED S T L L)
SvS 96/81/€ NOILONAO¥d OL G3Sv3T3d | €
Q3A0¥ddY aiva NOILdI¥OS30 ‘A 3NOZ
SNOISIA3Y ¥ [ S | 9 L 8




HBussuibu

I\v ICZR(‘JII 0noz/9z /% ¢

8l s Y 133ms] 328 OMT'2L10108 12 S 9 | L 8
RN ﬂ O o ﬁ O o m 3NVN_3AVS
“A3d = “ON_'OM0 IVINILYN H3OVNVA ONIMIINIONI A8 O3IVNOIS30 3000 ¥3L131 OML WOM3 SI 3A0BY NOLLYWHOINI
(s3p0) 293S) ONVME "did3¥d YA (S3POD 93S) ONIMVHA 40 3dAL
a3nssi
- - J 43INOLSND | XLLLL 39vd
SS040 0337 3INIT J—
1S3N03y
HTOAW BB TTT699 o] ovmos ow SN "SRR IIEDDT I RN
GrENES GEFEELIELE] 31va SIVAONAY n?,m‘n_uum u:wuﬁu .mﬁ uzmp unumhnxw&x %mu,‘wmo&»uz_m& mowm»mzw:ﬁwmn umowﬁ:mzm
0668-2v6(912) ¥3ONN 03103108d SI IN3N "S3U¥vd 30ISINO O1 03S010SI0 ¥O 03INAON¥A3IY ‘G3Id0D 38 ION
OIHO *ABHONOTIM ONODVISIO JNL EII08 | SONMWNG T NI A3 OONAN O NOLVASONI JaLIeCn
Uz_ .mwumooz:uz SIN3IS3Hd3Y ONMVNO 31 3NSNTOX3 3HL 38V NI3Y3HL NOUVANOINI TV ONV ONIMVYQ SIHL
vl “ON 1OV¥INOD
AR | oM [oor/u0] ¢ mau
Q310N SY 1d33X3 40 %S Mp/1 S0LSIS3Y 1V
80d 30V 4Y3INI 3HL NO
A0S2 | A0SR H3d SR e SV STYNIWSIL AM3¥S NI 9N7d
WL | W4
AN == 22—
€12 ElR] |
LANYY3LNI ENRCER 53|¢7 S
SSO¥] 0¥37Z . . g-gsar
(LI . A0S P M1 33 Me A009
0319z 4ngg=L 021 | = v FUATIES
. /N a89 18] 9 2y 12
Wl4 Dmm ; M2t
SN1vLS Ne20—— W L¥0" g ’ . z
SSO¥) 0¥37 ol v12 v I3 11 Kiod S
TEE) - - | y-g/2r
191597 M2/1 081 ar
: VA
Se1on 1y v X €r16NI
2n
g
3
LOOYNI NG+
dOL WO¥4 M3IA
30vX3vd 81-01
Svs 96/81/¢ NOILONAO¥d 0L G3sv3T3y _ g
| Q3A0¥ddV 3iva NOILdI¥0S30 _ ‘A 3NOZ
| SNOISIA3Y 14 S 9 L 8




8l 40 G iams| 3NON :=1vos SLL10108 [ S 9 / Q0% &4 51 T
- e - = e o i Gl 4 SeeSR)
BRI woms | T GROPSd haiion - aiimars. om
LINDYID 9NN 3LVY9 9%-01-10 PFD—FID,, sﬁu..wg ﬁuﬁ;ﬁa&mxmom
Q310N SV ONY %aﬁ ) »n» @ENIVA3Y v
IOAN T oaam | S TS DN Lo
EENF5 GEFEERIERE] o000 = 00 Y TR WIS 1 R
0668-Zr6(0rY) Z=% o= xr " =%
OIHO ‘ABHONOTIM i 1 STONY S0 sNoUOVMd
‘ONI ‘“¥3440ANN3N EE-W-“—EEEZ—.—-WZ moshs (O3S IMHIO SSTNN
Q310N SV 1d30X3 d¥I6NT S3a0I0 1V &)
————1 1/ssn|wor/ o | # wau
= [ "5 jeisluiin] N3 VAN Q310N SY 1d30X3 40 %S M¥/1 SYOLSISIN TW({) |
— 1S3LON
= AOS2_W1I
um.wu. .
aNNO¥9 S _
HLdv3 —> 60
L-€/2r
5 -
$30v1d ¥N04 | d1eoenT _ VAN 8
VILIN3LOd B oy
*|u<> 009 e _ Sz 2€10H
ALY
J00HLYY 5 . . 9 2 . _ 22us en
g-g/2r 29 2 n s 4
"Gl oy 3 A ity | | e |° a
8y S s eny M €1 N I_A.Igmiu —
LEGYNT R AE o v |
EIL RN € A »8'9
& S . . Syl 1T AN . . _ dIE2GNT . AT
9-g/2r 640 _m~ 1
{ 02 uk.h @HI
u\y@w. 6 n e RET | ed¥ o
82d 30V4N3LNI i| : . u:ﬁ!. 5
ND STYNIWJ3L /5 E 6
A3¥0S NI 9n7d Y 5 _
3q0HLYD . . 9 2 | d
T30S 2 Iy _ &
srever A LEGINT Al < &
<
6213 Al Honu._uu £°5) 02l _ _
Vi v 2 it 39 % Yy B
LEGYNIT )W\d \Mm . .
31¥9 0 8
1 43 mlwo,\m_. _ m““ 68 S el 1 Yy a¥902-NIn "
P 80d 30VAYIINI<—— —==g3d 219071
1|
1I
99 a
"1'Z | 00-S2-01 | 630 ® 84O (3AAYV‘GIONVHO Z¥0 % L¥D| O
svs | 96-81-¢ NOLLONGOY¥d ¥04 Q3svI3d | 8
Q3A0¥ddY iva NOLLJOS3a AN 3INOZ

SNOISIA3Y ¥ S 9 | L 8




8l s0 9 133ms| 3708 OMQ'9LL10108 - v M G 9 z | g -
£10-10-8 | 3
‘A3d . . ‘ON_'Oma IVINILYN ¥IOVNVA ONIMIINION3 A8 GILYNOISIQ 300D ¥3LI31 OML WONS SI 3A0BY NOLYANOINI N WHO S 0 S 000 v009-16v] © El
o (sapoD 23S) ONVME 'dI03¥d  MA (S8POD 23S) ONIMVEQ 40 3dAL N 20 el 100s- 12 ¢ m
, . L/ ¥3IWOLSND [XLLLL 39vd 1no WO O1 | 50001 HvOOE-deq) € 3
MOVEQ334 AMVARID ¥/1 1010 07T 8 0000 jiveee-Tel ¢ 5
| YR o .. AS3n03¥ W 0 f [ = 4
HTOAN W00 GFG—EID o oNION34 ONY SINAIVG N NOSINSG NALLUN ML 193023, 0I5 B A¥A, HVIVAY Ln0 HO 0 1 6006 || v0S1-94 1 Z
GIENES GEFEELIGLE] a1va SIVAONdAY CZUTE DL IDENG S0 N AT O o a0 a0 N o 3 aanne 1ng WHO 0 1 5 0S¢ vS.-0] O A4
0668-276(912) 05 oV AGANDI TS ONY INA0LINGS N NI L S GNYL 38 T Tady | SIS REMALINYaIL | INREN BZ1S o
OlHO “ABHONOTTIM ONIOOV1S30 36NL ¥31108 SONIMYSQ TV "ONI ‘¥3F40ONNIN 4O NOLVANOINI ANVi3cONd N30ANE TLI[IN3HANT 11J]| AYVAIYd | 8/1 pht
UZ_ muumooz:uz . ORIV SIN3S3Hd3Y ONIMVNO 31 3ASNTOX3 3HL 38V NI3Y3HL NOUVANOSNI TV ONV ONIMVYO SIHL B
1
B T oawe™ e so 3
U3L0N SV 1d30X3 EvI6NT 3dv S30010 17 (E) E
‘U310N SY 1d30X3 ‘dWOO NOEdYI 33y S¥OLSIS3Y (2) K
g0d 01007 -—r ——— Jv 43
o Jd 910 24 4 NI 3NWA ¥04 (81-£1 133HS) 378vL 3000 ASSY 33s (1) m
'S3LON 3
a3sn LON S3043y A0 o 3
S5 T+ | nw 9
A001 S A < 4
g L1¥2 o 0 01 _ 01 QYA009> | €]
v/ 1-gs2r
i @ D% A% ) @) © 3 w T enors g
[¥4: =) H2'2 62y L W W4 L _ iy M1 W4 wyo/y AN/ 00== 39V10A
A YN o~ o€y 5] [ (S5 €2 £ 2d MM ASYNIN | N
2y T €| o
% : _ nel TENEVTRNIN
8511¢y
914D €dl = co® W < g
~ 2-es2r <
_ 43dWnr ~ i
AGs JAIM dl N
_ €3dnr 9
AG2 R
INVL -
Elgl)! _ .
£20 E
§3d 30VA¥IINI NO
_ STUNIWYIL M3¥IS NI 9nNTd
_ 0,
snse NSt _ pdl |
_&Mv _ A_u
=
8 8
MM-M02 L1-40
ML pr0 O | WHCL 1 -
22d My /1 o OR' Nose ted )
i b 1 mmmm 10T _ 2 @zwm LNSSSND
92 = ! ﬁ €2d| ¥ ¢ ABYWIN
Id &y Aw R _ 138 ¥/1
€|
S t¥%) edl 7 o <
~ 81-4r
d3dWNr a
AG+ sr ENL) €dl
2dWr
Svs 96/81/€ NOILONAOdd OL a3sv313y | 4
Q3A0¥ddY aiva NOILdI¥OS3a ‘A 3NO0Z
SNOISIAZY ¥ S L [ 8




8l 40 [ 133ms] 308 OM'£LL10108 4 S 9 L 8
O— [ N INVN_3AVS m
\\ N‘ ﬁ U LU AQJ _ sl
‘A3Y ‘ON “oma WIILYN H3OVNVA ONIHIINIONI A8 O3LVNOISIO 3000 ¥31131 OML WOH3 SI 3A0BY NOLYNNOINI 5
(sapo) 23S) ANVME "did3¥d YA (S3POD 33S) ONIMVHA 40 3IdAL Q
a3nss! =
, , YINOLISND [XLLLL 39vd 35
LNANI M4VdS ANV INJHIND P dlvd 03073IHS A3LSIML () =
| 1S3N03Y (e
DA %01 9FI—699 SNV NOGn CNGNL3H 38 TS $3400 TV O N HEOONTN 0310N SV 1d30x3 dv16NI 3dv S30010 1 (E) ¢
[OAN NAVIOY  ONGIROS NSO OW  _ xianend O SNEQ. Sl N 00150 ONHION  GLINENS 3NTWA 304 (8I-£1 SL33IHS) 37@vL 3000 AIEWISSY 33S ) <
%gﬁ 3iva SIVAO¥AdY £24'2€ 34 #IN3Lvd SN 3¥3M A3HL HOIHM ¥04 3SOd¥Nd 3HL ¥04 AINO Q3SN 38 AVN ONV ﬂ
0668-276(912) ¥3ONN G31D310Md SI INIA "S3lLdvd 30ISIN0 OL 03507510 ¥O_G3INA0¥A3Y 'G3Id0) 38 ION 310N SV 1d30X3 UGENY %1 33v Sa0LSIS3y Jn_qe
OIHO ‘ABHONOTIM Wh%uﬂwwﬂmumﬁwﬂnwﬂﬁw JWM%M_‘)@HM ij(Zun_%hDU mz, mzwﬂ:w‘uk 3HL AB Q3NIVI3¥ 38 TIVHS ﬁ_|1
*ONI ‘¥34¥0ANN3N E%&%@@E@W—E SIN3SIH3Y ONIMVEQ 4 SNSMIIXS 301 20 NS NOLVAROINT TV GNY SNIMVED Sk ‘S3LON 3
“ON 1OV¥INOD A
, . A2l- A2l+ g
i I 7% L T RGE/WU02_| VU0VE- 1662 | G 3
. 1_w%s. HG6/UYOE | YW0SG2-10/1] v E
HGG/UUOS | W00/ 1-9/21| € 4
053 [ 1S9 ] VAN ACC/WY0G | WuG/21-168| @ g
AG2/WU0D] | w40GB-92v | | d
HG2/uq0 02 YWG2y-0] 0 2
. _ LLYM/WHD IN3¥ND | 3z1S R
A001 1002 4N10" wyoy/ 21 3]
W_ﬁ_moﬁ_r . 0 AN 653 sy ANVINDD3S | ¥/1 3
=/
€62 1,92 q
43_%8 MIFES
e c \:ﬁvmmf - mm
«©g2 1S : VA N
793 vl an wyog/ N
3 —_——— — — — — — — Y
. N
VAN 9232 €l _| — =
. NG+ 9
AS e ¥y 7988 | < N
A0S2 + S =
e a1 WL €9y _ a1-4r [ - ] =
4N/ y00 == 0€¥I 65y dneg=— WIS 9d1 — =
682 ¥6) 4nioo s mv J 3 3
7S 0 78 o Bt 1l adz | ] _ 3
VA wyoQQT1 SELR) Mv 260 p1-/0 g
(L8> idS e e | ez 9d1 _ W v
% 99§ | & N
6232 6d1 _ | _ o)
AG+ !
% er-r | |
NS+ S I_ cdl WyFL +
e 390018
VAN _I 30010 /1
921> Sy 1 *
G- g wyoeys @s
K3 it |- >oE|_| e _ & ged e 91-4r o ]
° 8n ?mmﬁ & A0S2 %8
WL L Lo WILi [06829NI g MM M21
’ 0= Aol | ey 1 Meg= ISAL \N\ uyoge ¥313W
8% ot £ 819 v2d 170A 20
4dgg1 _ 5 ¢I9NOILdDD
4N1Q" 0muq\ wyoey g @ €| 65 IT
75 VWAL _ VWA VWA a
ooy vl 3 62 52y iz
A2I- AT+ sr .
g0d 21901 ~—— ——==g3d 30V I¥ILINI 40d 30VIHIINI NOD
Svs 96/81/€ NOILONAO¥d OL a3sv313y | € TONIWE3L AINIS NI OAd
Q3A0¥ddY aiva NOILdI¥OS30 ‘AN 3NOZ
SNOISIAZY v ] S i L _ 8




21 s0 8 133ms| :37v0s OMd'8/,10108 v | G 9 / )
RN¥)‘”\w‘m 3NVN 3AVS
‘A3 LY - ‘ON ‘OMa WRILYN HIOVNVA ONIMIINIONI A8 O3LVNOISIO 3000 ¥3LL31 OML NOM3 SI 3A0BY NOLYNNOINI
(sepoD 23S) ONVHE 'di03¥d  HA (S3POD 93S) ONIMVMA 40 3dAL .
— dIvd 13073IHS a31SIAL (9)
vV LNdNI AM Y3INOLSND | XLLLL 39vd J3L3IW ON 41 S-+F OL v-+r 33dW0r (S)
o 03N93HD = U310N SY 1d30X3 4W QOSSN %I 33V SY0LSISIY W (v)
HIOAN HOH| TTO690 o] v ow ShNE SN 8T 2000 T 0 S0 nseouy Q310N SV 1430X3 dvI6NT 3av SIA0I0 1 (E)
FENGS GEFEELELE | ave P— C2rT6 34 JINANG D HIN AGHI KO MOS IS0duNd 341 K04 AING. GISh 36 AVM NV 3NTYA 304 (81-£1 SL3IHS> 378vL 3000 A1EW3ISSY 338 (2)
gceg-zrelarz) N3OS INGRANDS TS, ONY INIGLNGD NI (NI L A8 NI 38 TS "SNOILYNOIANDD LINJNID G3IINYIVENN
OIHO ‘ABHONOTIIM e vl ;
ni aswoannan | BRRBIOIIELY E o R B L Y S HLIM 03¥IND3Y 36 AT9NSN TIIA LI 2HE 01 ZHOOE
. “ON_Lovaincd WO¥4 ADN3IND3¥4 OPE- ¥3LT14 LNINI SIONVHD 2ddnr (0)
"B _ oM [sor/uso] # mau AOC ‘SILON
Sd6) um%ulﬁ N NI [INDO] NI [INO[IN0] 0 | oo [ v [G3ONVIVEND
9 ADES N NI_| 1nD IN0 [ 10| 0 Pi0 02l € |030NVIVEND
1010 N NI | NI [ oo [ oo |[e | (3oNvIve|
@ - 100 [ 0 | N 100|100 [P0 010 01| 1| 030NV Ve
A0O1 153 7oy 23N [BYdNT| L3N [S8AHT[SHNT[vadNT| EVY | Wvd [[3dAL]__ LINJAID
W4 0'02 AV 24 21901 Jd 30VJ¥3INT_:SNOTIVaNITIND) §3dANT
AN10== va 9 e i
320 - € Y& AG+
N rveen
(L82> YAS e - o
€230 e [ &vd °R < 8y _—
(@)esy € _ PJ
—— W\ =
e WIId _
<
antoo
>QS: o _
8d1 0 €rJ qyvy
%1 M/l _
2-vr
o ——— e ® |
281
. | _
7 1
€-vr
%0°01 _ _
| B W002-0¥
ESAL == _ ‘
. | 26829N1 ST Ty
_ _! HOIH m\L
L\ AS2 H28'l SYdr _HDIH &
Iz ATOT
3 310N w_z:,% R z,_ELr AT _ 81 Pyt oo o
L1IUNI A0OT 4N100
5 L€ 6€2 5
n W4 A0S
B nd L WHO 002 >
Ie T A0OT JEBON 001 NI HILIN A
Z 2SAL _ Rlrre—
O B W € | 1€y i)
mw_mz% mmulﬁ a8l
4nlg; 4n1g SRR _ _
|5 40] 2¥J 22 BAS _ L1
G-
A2l- A2L+ SF sal v
H-—— e NI
Svs 96/81/€ NOILONGD¥d Ol a3sv313y | 4 f94 910 e vaEal 89d 3094¥3LNI NO
TWNIWN3L M3¥3S NI ON7d
Q3A0¥ddY 31va NOILdI¥OS30 ‘AN 3NO0Z

SNOISIAZY v | S 9 | L _ 8

Nel 00:20'71 0007/82/@ ‘ama-erzi010eNiaanN 1 031 TS ay A\ bussuibul




8l s0 6 133Hs| 3v0s OMT6LLI0I08 ¥ c 9 g / 8 -
LL10—10—8 o 3
. = £ T v " - IVINILYN HIOVNVA' ONIM3INION3 A8 O31VNOIS30 3000 ¥31131 OML NO¥3 SI 3A08Y NOLVANOINI =
22 ON om0 (sapo) 23S) ONVHE 'did3¥d  MA (S3POD 33S) ONIMVEAQ 40 3dAL SIvd 130713IHS Du_.m:i@ a
1 —— ¥3INOLSND [XLLLL 39vd ¥3LIN ON 41 01-vF OL 6-4F 33N (SY |3
g LNdNI M 33K gy U310N SV 1d30X3 4W OSSNY %I 33v S¥0LSIS3IY 1) |4
s ) 9
[OAN HOH| TTT690 o] v ow SNENE  ASRIEELIS 2000, 20 S Q310N SV 1d30X3 EvI6NT 33V S3I0I0 1V(E) |
aiva STVAONdaY £2076 3 ANV S 33N A3 KON M4 3S0GKa 3L 503 AING IS 38 AYN OV 3NWA 04 (81-£1 SL33HS) 378vL 3000 ATEwW3ssv 33s(3) |V
osss-2r6(012) i WO SUPEII e, 050 0L £ Y0 Donioli a0 R X SNOLLYANOLINGD LINOAD | B
OIHO ‘ABHONOTIM ONIDOVISIQ 38NL 31108 SONMYSG TV _ONI "Y3MOGNNIN 4O NOLYWOINI AL 3O I3INVIVENN HLIIM 033N03y 39 A1I9NSN 11IM 1! 'ZHE OL o
"ONI “¥3440ANN3N EEE&E@@E%&E . SIN3IS3NA3Y ONIMYNO 4 3INSNTOX3 3HL 38V NI3u3HL NOLLYAHOINI TIV ONV ONIMVHQ SIHL ZHODE i) AONINITA TSP ALY LT SISO ﬁw_n_qu@ .
AR | oM [sor/uo] # mu SILON | 2
, N NI | 1IN0 [ NI [ 100 [ In0] 0 | oo ]l v [G30NvIvann =
ares N NI_| N0 | 1n0 | N0 | N0 | 0 [0 02| € | G3ONYIvaNn o
438 A0SO+ Map T Ing [ N [ 1o [ N NL | 00 [ oo [[ 2| (30Nv1ve <
0] 10| 1IN0 | NI | 10 | 1n0 | 100 [ %001 001 T | a30Nv1ve 9
A0OT ovy TSN ETHdNT [CTAJNT [ TT3dNTOT3dA | 63dN] 88y | v [[3dAL]  11n031 3
RE] 002 AN 824 21901 80d 30VA43INI_SNOT1v3NDIINDD S3dANT b
ANI0== 1280 .
9£9 40 78 NERER w
82> gAS v Fyeen i
2] L In . &H
1002 l 3
222 s T8 °R m@m N
@ € = o
g
W13 ADOT 4N100° N
|| LN
oo &
£d10O N
-
<
- . 6dlL
@ 4281
veEd _ m«w_x .
9y} M J6829N1 001
|2 _ O—d LN (3] _ Wo02-0% _
mu p—
2TdNr =
SEy
_ 8/29N1 OTNdWC _ g 1Nd1ino _
GSAL 39v110A
‘ L _rom 2 |
| »28'1 Jmcmvm TTddWr ]
NE >mm\ﬁ A001 €3 6l 61 m&a_‘@ ENART A
m:mw INLE 5:% i @ C )
5 A00T | 3001 4N100 €7y AOS2
" sn z.ﬁmll mmuH €3 _ —— .._ﬁwH%ll wyo 002 >
e ¥ T 001 vy L . 9SAL 5001 ST 313N A
/ [ W4 H.G€ 8€Y
ELgti} _ e v
&mz&u omun_v n2g'l
N1y anig s _ _ a
€7 [43%] 3 02 02 % o
A2T- A1+ s o1dL o
40d 019071 =~—— ——==g3d 30VINIINI
Od¥d OL 03sv313y | € 89d 30V3¥3IINI NO
S ceree — IWUNINY3L M3¥DS NI 9N7d
Q3A0¥ddY 3iva NOILdI¥OS3a ‘AN 3NOZ
SNOISIA3Y v S 9 [ L _ 8




8L 10 O} s, INON 370 V210408 [
Q .. I T NN_\OI ﬁOI@; o »lm . 3NYN 3AYS — - v - - m — - N | w - -
A3 ox oma | 37 o (e oo Cr T e o) SN 4 s ¥yIvd G3a73IHS a3LsIML (£)
SOpO) 32G) - 0 32G) I Q 3d
SNOLLYYNOIANOD Y3dnNr — 3NVA MO (81-£L S133HS) 378V.L 300D A18W3SSY 33S (2)
MNIT INOD S8-SY ¥IWOLSND XLkl 39vd Q310N SV 1d30X3 40 %S Mp/L IV SHOLSISTY 1TV (1)
03¥0IS ‘S3LON
61-)
[HHOAIN il "QIYANI 34V SNOILIONOD
0668-Zr6(075) £ 21va SWAO¥dEY 334H1 3A08Y 1N8 TV "d3SN SAVMY SH3JANT 9
—Lve\0 ] o
OIHO 'ABHOAOTI A ONILS3L ¥O T0¥INOD
"ONI “¥3440aNN3N WY o s ONISSIW ¥O4 TO¥LNOD SSVdAE 3NITAN3 + SSVYdAE
K030 30 : ON NNl ssev/110 soe/ki] # wass ONILSTL ¥O4 MNIT SHVYIHE JO
smene: : i : NITNITOMINOD 1SV TYWHON 3NITANT + IALLOY
A00L MNITNI
O TOMINOD 3AILOV TYWHON INIT NI+ ALLOY
— 2 ﬁ NOILYHNOIINOD NI S¥3dANe
A 0Ly
4N %L MP/L _
uigost
694
A e _ e
2
NS+ €€ _ £¢
Il _
o 0 o YAN NG+
—= J Hwo L NG+
HS 6LYdNL ﬁ AT ANVL
Ly ze ze LH ELL
.
1NO NI —o0 0 ¢ 820
V1V
i = a 8LYdN( _
ZL-pr ie Ie
I
L—— 90 0 0 _
e _ VAN
v LLYdNP _
dad INITANI/SSYdAE 3NITNI3AILOY S g
_ owmo% anNo A
mim LOOYNL 3y e (202)
S N _ YOLYS axy
HS 9Lddnr VYO | voivs i M9'G
pi-pr i _ 0z03XY oV, 60V sV i 52)
® Nown o o0 o ZAY L00YNL | L0O¥NL
Xs8v3
viva = J e oe 3ae
o8 Srdr _ _ g (192)
80d JOVAUILNI NO 1r /2 axt
TYNINYIL M3NOS NI ONd 0 o _ air
BN 62 62 N2 9lv
v yLIdr Vd3IL8YXVIN
: or 0203Xy LAY
9L-pr SSVdAS  3IAILOV vn
1z 10-82-€ Q3IONVHO ¥YN | O 80d JOV4YIINI —— —= §0d 01901
Svs 96/81/€ NOILONAO¥d 01 G3sv3 13y | 8
B Q3ACXd4Y 3iva NOILd:¥IS3C ‘A3¥ 3NOZ
SNOISIATY 14 G L 2

H

16u3\:

1193u

T €002/€T/S "OMA'VLLTOTOS\IIIOAW\LDF13\aVI\bu

144

Wd 0¢




81 40 | | 133s] 308 OMI'G£L10108 2 S 9 L _ 8
\ R ﬁ O o A// o mw 3NVN _3AVS
- S LY - VIRHALYN HIOVNVA ONIMIINIONI A8 O3IVNOISIO 3000 ¥3Li31 OML WOMJ SI JAOBY NOLVANOANI 3NVA d04 8I-L1
(s3P0D 935) ONVME 'di0Fdd  MA (S3POD 23S) ONIMVMA 40 3dAL S133HS) $37EvL 3000 ATEW3ISSY 33S(E)
a3nssi 7
o P SINOLSND TXiill 39va 20 %S 3d¥v S¥OLSISIY M1 ONV M2/12)
SLNdNI d31v10SI 0LdO — 310N SV —
, __asnowm  1d3DX3 40 %S My/1 33V S30LSISIY 1w (D)
; 7 _Q\/E W00 PFD—699 SINILVd NOJN G3N¥NI3Y 38 TIVHS S3IdOD TV NV “ONI ‘¥33HOONNIN s-8r
NMV¥0 ONION3d OGNV SIN3Lvd 40 NOISSINY3d N3LLMM HLM L1d30X3 03SN 38 AVA 318VIVAV ¥ J(&HDMZ
(A0 MU0 QWY 10NGNG LON ONWVIO 3L NI 035010510 ONHION _-aaLLnens ‘S3LON
RS- G A ava STVACHdaY e I e e e oo e o N
OIHO *ABHONOTIIM ~diN03 AVS ‘ININJIND3 TIVHS ONV ‘3ON30LINOD NI INJIdID3Y 3HL AB O3NIVI3Y 38 TIVHS 2-8r
. e ONIOOVIS30 38N ¥31108 SONMVSG TV "ONI ‘H¥3J40ONN3N 4O NOLLYANOINI ANVIIINdO¥d
OZ_ muuxooz:wz EE&&E@@E%W—E ol ISUINGS SIN3S3ud3Y ONIMVNG I 3NSNTOX3 3HL 3¥V NI3Y3HL NOUVA¥OINI TV ONV ONIMVNO SiHL _ \)ﬁ V_mﬁ
<
NQUIBIRI0 o ON JNAHINIG) eor/ub| # miu Ae Ae mvxw_\,
_ R [sor/o] - SU| o PR, g-Zr 43s010
v 86y <] PAN < J0L3VLINOD
et s
e C. A st e 67 9-Ir
AN NS+ W AL ST
. L v
Elg ] e 1 ¢ e vl | L ye. agen
um_v_w P €63 _ /Y >w,\>vv_m,m MOO0T43LNI
N _.MW_ QTP -4 (> ortln €l €l oy 2-Lr
8 o1 M 81N
il _ MI ST
) Lo | 8 v VWN— <
aNo A re 4 E s e 21 a1 e €8y N-/r 1S3n033
6y _ Sy |Me/1 A28 NNY
q1s VW <
AP R » N,
M wT . Me/1 2’8
. v N 52 VAN <
v [m—5m Lx— ol S 98" ONlddva
q a0 - 01 3 ¥3IMO4 13INA3Y
by ! AR <
? 200 aae> mv.u.,? J%ﬂ_ £ posa osmwxb £ 6 _ 6 143! /-8
snd 0/1 i—] M2/112'8
R o €L v N2 _ p = AN <
oa 4 s 8 8 8Gy 6-8r 13S3y
183 ; L6y | M ST 2 WYY TUNN3LX3
1a Om L L 65 01-8r
Mo . v
) nse b s Ae 9 ; 9 e 193 21-8r dIyl
£1 b— = . 63 d | AL < WN¥3LX3
! T R T e =le ne Mov_mmm o
va O a
St VA <
e 14 _ 14 e 9y c1-8r d01S
Sl o e : 3 _ = e P 2 WN¥3IX3
ol TN Y ? oorain A € € God 91-8r
91 D 5] o & e
el e _ M2/1 128
Y
A \ma s ’ A2 I e A2 \N/\@/M_r S
ap _ R S IvE
1S1S WY &l _ 0 W U : 1 1 : 954 5
8 1] € -
yen 4asa win 3 r _ r 61 mﬁ/
SvS | 96/81/¢ NOILONO¥d OL 43sv313y | & e B NG N
Q3A0¥ddV alva NOILdI¥OS30 A3y 3NOZ TUNIWI3L M333S NI 9N7d

N 0Z:awizl 0007/2z/1P ‘ama-asz1010eN AW 1 03Ty N Busauiby

SNOISIAZY

“ 8




N 6gioEiz 1 000z /97 /1P

buiissuibu

81 40 C | 133Hs] avos OMTILLI0108 v | S 9 | 8
~ \\ ﬁO‘ h\)\M.W 3NVN_3AVS
SWK o % ‘ON ‘OMa WIILYN HIOVNVA ONIIINIONI A8 O3LVNOISIO 3000 ¥3LLF1 OML WOM SI 3A0BY NOLLYWNOINI
(sapo) 23S) ANVME 'dID3¥d MA (S3pPOD 83S) ONIMYNAO 40 3dAL
_ 3NTVA 04 (81-£1 S13IHS) 378vL 3000 ATEW3SSY 33S2)
SINGINO AYT13Y 3IVIS A0S Y3INOLSND | XLLLL 39vd Q310N SV 1d30X3 40 %S Mp/1 33v S¥OLSISIY 1w (1)
=t 03%03HD " :SILON
1S3N03y
HIOAN W] BTV 000 ]l et i I
25 S INANG SN T3 A HOTUK HOY 9S04 L H03 AING CISN 38V OnY
0668-2¥6(912) GENGYS GEFEELTELE] o Slnonaay Enmmn Nommuwaxn_ SI N3N 'S3Ldvd 30ISIN0 O1 G3S010SIQ ¥O Q30NAO¥3Y '031d0J 38 LION
OIHO ‘ABHONOTIIM ~diND3 OIVS ‘IN3INJIND3 TIWVHS OGNV ‘3ON30IINOD NI IN3IJIO3YN 3HL AB O3NIVI3Y 38 TVHS M_JﬁD
ONIDOVIS30 38N1 ¥31108 SONMVHA TV "ONI ‘H3JHOONN3N 4O NOLUVANOSNI ANVI3INAON¥d
UZ_ .N_ULKOQZDMZ E&M@EEEE%W—E SIN3IS3¥d3Y ONIMVNA dI SASNTOX3 3HL 38V NI3Y3HL NOUVANOINI TV ONV ONIMVYQ SIHL
n ‘ON 1DVHINOD NV
MRAIRIENSS ~ ON Vst _S_.\:o_ # mu
3d 30vAIINI =~ | —=g24 21007
; 8]
0e- o_,
A N30 _ AOES v
i N3O
JA m ee. ee | M@l o |9 2 g © e
81 S 9 _ _ .
v8d 62 v 1 wyop9g
W ——AWAA—
v &
/1-9r (9% vE _ vE 0evl 063
WD ¥04 ONISN3S Len
IN3YIND ANYWING 91~ 9, ST b | @
muﬁ:%w_n_ ) = T
WYY N39 _ AOES 9=}
v1- mn 6 m - e 5 S v S WYY N3D
22- mv €1-9r < 9 _ _ % =
12- mﬁ S a7 1 | _ 4 ! u4e09s
] ©En 1N3N :ﬂA ; § _< 17 ge 8e 02y I Y
- 9, <t _ cen
o1 mv S ©)
e- 9, .
€- 9, H o mn ¢ _ 9=
8-9r 6 i Afes WAV Y dIdNL
=S |AT1_|41 ce | Tee | [ o |9 2 ? s e
|A 1 P L-9r 9 ; -
y-L0 ; 28y €62 wyoQ9g
t=__ 9- m% v I 4009
@) and T 2 v [REEY | o€ 0251 583
CER)
e E
. _ gy 16NI £T
<9g1> LN3N (O
. > v 9: =5
o—] M o 379YN3 NN
(8411 OOTH3LINI I > ? Al oy _ oy 3799N3 NN >9n_r - T cl —_—
4not 963
2082-8v9 4not _ €e8 Tavient S [+ .
220+ 200 i cerigvvs
6 | et 83 01sa 820
— p
(1801> SAG+ r 4
17 00-2-€ vEND NV €€30 03aav | O |ﬁ
SvS 96/81/¢ NOILONAO¥d OL a3sv313y | € ACH
Q3A0¥ddY aiva NOILdI¥OS30 ‘AN 3NOZ
SNOISIA3Y v S T 9 L 8




81 40 | 1334 308 OMTALLIONE | 4 S 9 L 8
L/ 10—10—8
‘A3Y ‘ON_‘OMa IVINILYN HIOVNVN ONIM33NIONI A8 .Du»(ZU_muo 3000 ¥31437 OML NO¥4 SI 3A08V NOILVWHOINI
AVdAIM ANV AV1dSIa (s3P0D 235) ONVMB 'dID3dd YA (S2POD 93S) ONIMVNA 40 3dAL
UVdAd asiu a3nss!
| 43IN0LSND 39vd
10d AV1dSIA 111DANW P T A mw
| - _1S3n0D3¥
ILVANIHOS BN TFD-533, |  eacew Bl e B YRS T on S atie S| |
20 FINEIE SN M3 431 HOUR HOY IS00HRd I B03 NG CHSN 38 M oNY [
cmwwlwvmﬁw—Nv @E@ % A0 SIVAGHddY xumvm%:ofufoan SI N3N ‘S3IL¥Vd 301S1N0 0L 03S0T0SI0 ¥O 03JN00¥d3Y¥ ‘03140 wm_ 10N 61 8] /0
R Y I 1 T3] A B R e 5 | <
L4 . I HL IHL
o ‘ON LOV¥INOD )
e T oawe® | Je] ¢ \n_mu Y
ve ve
v0S 1V _ — e _
snd 0/
i) L v1 | on A e  S>os _ — g 0/1 |
82 L vl N ce Ge a8 81 _ 81
63 L v1 | en o _ _
: antor N < | «<—1
4N10 NId [AS+ NId oa Of 1 000
avd | ano EEYNI Y .'lm_u o st | sr o1 s
E N p —< _ e
8 91 aoa 8 6 L1 (1140 vl 1
aNo EE7N _ _
¥n < <9
9 ELGI E et | Ser 2o o |
99
I b —< | «<—1¢
o o _l I_ d oa M ts €aoa ¥ € 1 ‘ 11 €0 01 _ o1
NAMOT N : v
€S _ 2Ly ‘ SN _ ——< _ <—9
- yo e d1a yana 8 6 61 | 6l ¥a0 8 8
ol % 1 Lo ]| : | |
an < <——d
. L LT | d za sgoa  Of 1 12 _ 12 Sao 9 _ 9
ps |l U1 e | 2
n L
o o | 8 ~ d ea saog &~ [ €2 | g2 900 e
1sv1 T "L ! o S _
9s _ _ 1518 : —<| <
S T N A € € 400 22 22
oJIo m_o va LU v _ _
- ,
e N | o | - en b ; oS 910 < <71
L | S 18 | d e sl A «suwD odisy 2 T — _ e _
QI0H Jm_wl | b | 2! 6 9a0a
A e < | <—1t
vN en (01 1918
| o 18 _ s al— A «sash 1418y NQA € 8 — e e e
PA ! \_ €1 01 Saoa _ _
o 5 9aed —< | «—4
— 1 an en 2d1s
s 4 vl A «aon 2aisy voAm € . = 8 ! !
a1 11 va0d _ e _ e
L AG+ AG+
AG+ an
«asy | AS _ |
Lasn
e | SNE VIvD AvAdsIa €3d Av1dSIQ=—— | ——==ddd 1907 €3d AVIdSIO—=— | —=83d 21907
er er
Q3A0¥ddY _ ava NOILdI¥DS3a _ .>ux_ 3NOZ
SNOISIAZY v [ S 9 d _ 8

| fo/yizl 0ooz/ez/ % ‘qu'n//lan\inmAwL_l'\ﬂﬂnwﬁ buiussuibua\




8l 40| 13ms] 39S OMa'3££10108 ¥ | S 9 | L
Rhﬁmv‘_mv‘mw 3NVYN 3AVS
‘A3 - ‘ON_‘OMa VINILYN H3OVNVA ONINIINIONI A8 O3LVNOIS3IC 3000 ¥3L131 OML WO¥4 SI 3A08Y NOLLYWNOINI
(sapod 23S) ONVMB did3dd  MA (S3POD 23S) ONIMVMA 40 3IdAL
a3nssi
2 Y3INOLISND [XLLLL 39vd
SNLVIS ANV AV1dSIQ
‘1S3N03y
HIOAN i) P90, e iine  'SULENOS i St S veow v et
et SIS Bk SEhos S ot o e S 38
ommmluvﬂw—uv @E@Eﬂ% 20 Sivaotady ¥30NN 0310310¥d SI N3N "S3Udvd 301ISINO OL @3S010SIQ ¥0 030NA0¥d3Y ‘031400 38 ION
OlKO “ABHoNOTIIM PSS I T a0 Yo e v o
UZ_ .mwumooz:mz m ” 6 " SIN3S3HE3Y ONIMVNO I 3ASNTOX3 3HL 33V NI3Y¥3HL NOUVANOSNI TV ONV ONIMVYO SIHL
"ON 1OV¥INOD
"R _ o [sor/us] #
va sa aa 8a
9 1 9 1 9 1
v2 %) %) %) R) v2
100 x IS 10 x IS 1 % IS mmwm mmumm@
£Sa 8sa 6Sa Pz P
6 4 @ p > g o 4a 6 3 2 p > g © 401 6 3 2 p > a v 41 LIWIT
€1 2] ¥[ S 8] &[] O] Z €] 2] ¥] G 8] & 01 Z €] 2] ¥[ S| 8] 6] 01 £ J3IN0 LIWIT 6
a 2a £a L0
9 1 9 1 9 1
%) %) %) %) R %)
I X Id 01 X Id 001 X Id oemumm mmmm_m
0180 11sa 21sa 2 P
6 4 @ p > g v 4q 8 3 & p > g v 41 6 4 & p > g v 41 LIWIT
€1 2] ¥] S 8] &] 0] Z 2] v ST 8] 6] 01| Z €] 2] ¥] S 8] 6] 01 £Z w_u>D9 6
L P ; ; Id 3JONYIVENN

el ool o] el ol L[S

mumuﬁg my
6 3 o p

Dl zz:gelz1 000z /o7 /@ ‘fmn'q//mmo\[m’mw\m:nf(nvq\f)uuee !

> o o 40 80 /0 90 S ¥0 €4 20 10
s={OND  S3TONY SIN3WD3S S3A0M1VI S1I910
INVL \ﬁ
NeL | 1822/Wal
1] vulﬁ
BT 22N n
00 10 20 €0 0¥ 1¥ 29 d0 A
\n/lm|+ ST TITETf ¥1T G 9 OIT Z] 8
o v o oo v g
oo ;o ;oo |0
CEREEEEER
aaen
SNé v1va
Q3A0¥ddV 3iva NOILdI¥OS30 _ ‘A _ 3NOZ AVdSIa
SNOISIAZY v S 9 _ L




14

| S

(sapoD 23S) ONwaE 'dId3¥d

H3OVNVA ONIMIINIONI A8 O3IVNOIS3IO 3000 ¥31137 OML NO¥4 SI 3A0BY NOLLYANOINI
A (s3p0) 93S) ONIMVHA 40 3dAL

43WOLSND

XLLLL

39vd

SIN3LVd
ONION3d ONV_SIN3ivd

NO3¥04 ¥3HIO ONV
£24°Z€ 34 #IN3Lvd S'N
¥30NN 0310310¥d SI IN3N

81 40 G| 133ms| L D)Duh:owm@x IAVS
| . .

_— N N b O ﬁ Q .omuxc IVRILYA
a3nssi
SNLVIS ANV AV1dSIQ a3%03Hd
[l 7Q>_,>_ W6-01-H| DFD—8I o

0668-2¥6(912) o B

OIHO ‘ABHONOTTIM %w&%@@ggwa

ONI "¥34340ANN3N m ‘ON 1OVHINOD

~diND3 QIVS "IN3AJIND3
ONIDOVIS30 38NL ¥3108
SINIS3¥A3Y ONIMVHO I

°1S3N03y

NOJN G3N¥NL3Y¥ 38 TIVHS S3Id0D TV ONV "ONI ‘¥354O0C0NN3N
30 NOISSIN¥3d N3LLMM HLM 1d30X3 Q3SN 38 AVA 318VIVAV

A10M18Nd ION ONIMVYO 3HL NI 03S010SI0 ONIHION

“a3uinens

3¥3M A3HL HOIHM ¥O4 3SOd¥Nd 3HL ¥03 AINO O3SN 38 AVN ONV
'S3lL¥vd 30ISINO OL G3S010SI0 ¥0 03ON00¥d3Y ‘03Id0D 38 ION
TIVHS ONV "3ON30IINOD NI INIIJIO3Y 3HL A8 O3NIVI3Y 38 TIVHS
SONIMYSQ TV “ONI ‘¥34400NN3N 4O NOLLYWSO3NI ANV1IRNAOMd
3ASNIOX3 3HL 3uV NI3Y3HL NOLVANOINI TV ONV ONIMVYQ SIHL

-
M
=
Q)
E
|
@
E
Q)
@
b-
g
¥
lm
m
@
E=<
"R _ oM [sor/uo] # mau 3
W
o
g
va sa oa maﬁ =
9 1 9 1 9 1 _ _ m
v2 %) v V2 v2 k) .
10 X AM T X AM 01 X AM 37 a3 a3l a3l
2€sa 1€3a vESQ €€sa 3
81sa 2180 91sa P p; P P
y 7 ” 4 &
8 3 2 p 2 g v 4 6 4 & p > g o 41 8 3 @ p 2 a v 41
€7 2] ¥] G 8] &[0T Z €] 2] ¥ G 8] 6] 01T Z €7 2] ¥[ S 8] & 0T NO 6 n:N_.Pm dlyL N
N
g
g
g
1a 2a €a L0 Iw
9 1 9 1 9 1 d
va %) Vo ') (%) va 9
1 X Ad 01 X Ad 001 X Ad a3 a3l a3l a3 3
8ES0 LE30 9€3a GESa =
g1sa v1Sa €10 P P> P P>
6 4 a p > g v 4q 8 4 2 p > g v 4 6 3 @ p > a v 41 LIWIT LIWIT LINIT
€] 2] ¥] G 8] &[ 0T €] 2] ¥ G 8] 6] 01T Z €] 2] ¥] G 8] &[0 Z d33A0 muDZDQ mu>Dm q 9
I\ mu mu _u mu ou NM_ mu mu v2 Rﬂmﬁwmﬂaﬁmﬁmﬁvﬁ ]
6 4 2 p > 9 v 41 80 /0 90 SO ¥4 €0 2a 10
ND  S3AONY SIN3IWO3S S3A0OHLYD S1I0Ia
INVL \ﬁ
INL L o a822/WI1
20 mulﬁ
2OA 2n
00 10 20 €0 OY IV 2V 40 M
NG+ ST N[ ET[¥I] G S[ O] Z] 8 a
o O o o |u |u (o (g
{m I o R s | O | I o s O
mmmmmmmmV s
AaeD 18183
sSNd v1va
Q3A0¥ddY 3iva NOILdI¥OS30 * ‘AN _ 3NOZ >¢|_&W~Q
SNOISIAZY v S 9 _ L




gl 1091 13us] w08 9Ma'9LL10108 v I S 9 L 8 7
3NVYN 3AVS
L/10—10—8 3
‘A3 . ‘ON -oma WINILYA H3OVNVA ONIMIINIONI A8 O3LVNOIS3IO 3000 ¥3L131 OML WOMS SI 3A0BY NOLYANOINI 5
(s3po) 23S) ONVHB "did3¥d YA (S3POD 93S) ONIMVEAO 40 3dAL @
a3nssi =
[ - 43INOLISND [ XLLLL 39vd 3
SN1VIS dNV AV1dSId . o
. "1s3n03y e
HIOAN By M40, .1 owecee il 'SULEDIER NG ML TR D edoee 2
STUTE I FINAG ST I AGre W BOY S0amha 4t S0g NG, GI 36 AV e ¥
Ommmlu¢on—Nv %ﬁn@@ﬂ@@ iy STADRIAY H3ONN 0312310¥d SI N3N 'S3ldvd 301ISINO OL G3S013SI0 O 03INA0¥H3Y ‘03Id0D 38 ION =
OIHO "ABHONOTIM NOOVISIO 8N NII08 | SONMYMD TN N AASHOCNGIN 0. NOLENUBIN viSuoces pu
oz_ .N&UM_N&ODZDWZ EE@&E%E%W—E SIN3ISI¥A3IY ONMVHO 31 SASNTOX3 3HL 38V NI3Y3HL NOUVANOINI TIv ONV ONIMVYQ SIHL nl.l
"ON LOV¥INOD
AR [ @™ Jeovw] rms 3
E
&
va ca 9a I
9 1 9 1 9 1 _ N
(%) va (%) [T} (%) va m
I % xny 01 X XNV 001 X XNv a3l a3 a3l a3 4
Bsi a1 sa 22\ mmma\ 1esa s eesay fa
6 4 @ p > a o 4a 6 4 o p > g v 41 8 3 @ p > a v 41 4 4 i 4 &
E[ 2] ¥[ S 8] 6] 0] £ E[ 2] ¥[ S 8] 6] O] £ €[ 2] ¥] S| 8] 6] 0] £ 379NV | o YNO¥OO | 6 MNIT | @ N
NOILONANDD »ove v1va dd 3
N
g
g
g
1a 2a €a N
, _ g
9 1 9 1 9 1 d
v)  vd v) ) v)  vd E
I X WdS 01 X WdS 001 X WdS a3l a3 a3l a 3
il csa - vmwm\ cesa 9esa 02 =
5 7
6 4 @ P O o © 41 6 4 @ p > g © 4@ 8 4 @ p D g o 41 4 4
€1 2] ¥ S 8] 6] 0] Z € 2] ¥] © 6] 0T £ €] 2] ¥[ S 8] &] 01 £Z %)
P ; ; P g ¥ ; ; ¥ P _ P L ; nvds | saow | & vovaras | @ Myt | da
N\ mu mu_u g1l 02 L wy mu 2 nmﬁmﬁmﬂ_ﬁmﬁmmﬁvﬂ o
6 4 2 P 2> a o 40 80 /0 90 SO va €0 20 10
5=1OND  S3CONV SIN3IWO3S S3AOHLYD S1I9Ia
INvt | %mm{ﬁ 18224W31
010 | mul_w
BT 22N N
i 00 10 20 €0 OV 1V 29¥ d0 A
>m|+ SIT I ET] #1] ST S[ OT] Z] 8 a
SBEBEEIEIBE
CEEEREEE s
Agen 24159
Snd viva
Q3A0¥ddY 3iva NOILdI¥OS3a M ‘AN _ 3NOZ AVIdSIQ
SNOISIAZY v S 9 _ L




Bt 0 2 139ms] INON_3wos OMQ'HLZ10108 v 5 9 L | 8 e
A Y —~ INVN_3AVS ﬂ
LU— LU _ m G3LON SV 3
‘A3 | ‘ON ‘oM WIILYN H3OVNVA ONINIINION3 A8 O3LVNOISIA 3000 ¥3LI31 OML WOM3 SI 3A0BY NOLYANOINI 35
S g ) e (s3p0) 235) ONWME 'diO3d YA (S3POD 93S) ONIMVHA 4O 3dAl s
ASSVY d0d 219071 a3nssi Y¥INOLSND [XLLLL 39vd 3
— ) S
S318v1 00 AT9WN3ISSY — — M
| Nj- » %
IAN PG Wl meie i LN N D06 e Tl S aeaen :
TENGS GEFEELIGIE] S2uTE I FINAS SN 33 AGHL HOON HOY SS0uMNa T4t S04 AING. GISN 36 AN N ¥
U 1 1 s 0
OmmmlNﬂmAw—Nv = v STVAGUddY ¥3ONN Duhum»oxn SI IN3N S3LNVd u@.w»:o 01 03S070SI0 ¥O 03J2N00¥d3Y 'G31d0d 38 ION I
OIHO ‘ABHONOTIM @E@@ EE@E NODVISIO 8N M08 | SONATME TN N A3 SHOONTIN 40 NOLYNSOINI v 3etag pu
OZ_ KMLKODZDNZ m SR SEVHINGS SIN3IS3¥d3Y ONIMVNO JI 3AISNTOX3 3HL 38V NI3Y¥3HL NOUVANOINI TV ONV ONIMVHO SiHL 1
R [ o fwo] oo i
Jm
g
U0l |10dvooL| Vool MeLL 10d M2 10d M 1n0 1n0 rav ¥WO HLIM 0L HLO8 TV 8 8 =
) U0 v o0 MELL 10d % 10d Y 1n0 1n0 rav YAO ON MOL HLO8 VD v 8 3
U0OGL 10400l | VY00l HELL €T dAr LNO| €2 dAr LNo| M¥/L ML'S 1no rav ¥NO HLIM MOL VO AINO 30V4¥3LINI 6 8 i
) U0 U0 MELL €'z dnr 1n0| £ dnr 1no| My/L ML'S 1n0 rAV ¥AO ON YOI WO AINO 3OV4¥3LNI 8 8 i
V06l 10dV00L| V00l Miee 10d M¢ 10d XS 1no 1no rav 4nNd Hlm H108 1vO L 9'z'0 W
v 0 vo v 0 Mice 10d M¢ 10d XS 1no 1no rav 4NO ON H108 1vO 9 92’0 =
vUOGlL 10d V0oL Y00l M9°08 10d M¢ 10d MG ML 0cl AOGZ/4NZZ | rav ¥ND HLIM VO AINO 21901 S 14 &H
v o0 1n0 ) %9°08 10d M2 10d %S ML 0ZL | A0Gz/4nzz' | rav ¥AO ON WO AINO 21907 ¥ v N
voGL |10dv00L| Vo0l Mize £z dAr 10| €2 dAr 1NO| ME/L Mi'S 1n0 rav HND HLIM WO AINO 3OVAY3INI ¢ 9'2'0 N
v 0 1no v 0 Miece €C dNP 1N0| €2 dAr 1NO| M¥/L ML'g 1no rav ¥4NO ON VO AINO 30V4¥3INI [4 9z'0 &
UGl |10dvo00L| V0oL MZES 10d ¢ 10d %S 1n0 1n0 raV ¥AD HLM  dIHS ATYV3 HI08 VO ! 9'2'0 N
RSO 1n0 v o0 MZes 10d M 10d YS. 1n0 1n0 raQV HAO ON  dIHS ATdV3 HL08 1D 0 o) 9'2'0 g
25y LGy 86y 2 191a il
9¥¥'GeY LY¥'9CY |STH'YEY (B2 0327 iSRS 62Y4'v2y ogy'cey GZo'120 NOILVHNOIINOD 3NIVA 11914 | 30V443INI ONIHOLVAN N
(¢
g
SNOILJO NOILO3r38 300N NOWWOD ANV NOILVH8ITVDO — ¢ 318Vl i
.
<
NI NI NI NI AWNOD HLIM  0Z¥1I—€ 4 4L
NI NI NI 1no AWNOD HLIM ocvi—-¢ 3 3'g NI NI NI NI NI LLLVYNI—¢ 00vAIN—8 3 0
NI NI 1n0 NI | WNOD HLM  OZvlI-2 a a‘s 1n0 NI NI NI NI LLIWNI=Z  00¥QIN-8 a
NI 1n0 NI NI | AWOD HLM  OZvli-C ) o'y 10 1n0 NI NI NI LLLYNI-L  00¥QIN-8 o)
NI NI 1no 1no AWOD HLIM ocvl—1 g q'c NI NI 1no NI NI LLLIVYNI-E 00¥AIN—-G g
NI 1n0 NI 1IN0 | WNOD HLIM  0Zvli-1 v vz 1n0 NI 1n0 NI NI LLIWNI=Z  00%QIN-G v
NI 1n0 1n0 NI | AWOD HLM  0ZvTI-L 6 6l N0 1NO 1n0 NI NI LLIWNI-L  00¥QIN-G 6
NI 1no 1no 1no ANOD HLIM ocy1-0 8 80 NI NI 1no NI 1no LLLVYNI—E 00vAIN—¥ 8
1no NI NI NI AWANOD ON ocvi—-¢ L EWA 1no NI 1no NI 1no LLLVYNI-C 00vAIN—V L
1no NI NI 1no ANOD ON ocvi—-¢ 9 3'9 1no 1no 1n0 NI 1no LLLIVYNI=1L 00vAIN—¥ 9
1n0 NI 1n0 NI AWNOD ON  0Z¥1I-2 S as NI NI N0 1n0 NI LLIWNI-E  00vQIN—¥ S ]
1n0 1no NI NI ANOD ON ocvl—-¢ 14 o'y 1no NI 1no 1no NI LLLIVYNI-C 00vAIN—V 14
1no NI 1no 1no AWOD ON 0cvli—1 ¢ a'c 1no 1no 1no 1no NI LLLVYNI—| 00vAIN—V ¢
1n0 1n0 NI 1n0 WNOD ON  0Zv1I-1L z Ve NI NI 1n0 1n0 1n0 LLIWNI-C  00%QIN-§ z
1n0 1n0 1n0 NI ANOD ON  0Zvli-1L ! 6l 1n0 NI 1n0 1n0 1n0 LLIWNI=Z  00%QIN-§ |
1N0 1no 1no 1no ANOD ON 0Zv11-0 0 g 80 1no 1no 1no 1no 1no LLLVYNI—L 00¥AIN—-¢€ 0 v
dIHO AWWOD | dX8 N3dO | NV didL | WV N39O g 1191a sn LN 9L'GLvLIN Lin 1zn
N L2n 9zn azn NOILV¥NIIINOD INIVA 11910 3OV443INI ONIHOLVA SdAV ¥WO TOHINOD 1X3 didl 1X3 Hdy NOILVYNIIANOD 3INIVA 11910 a
NOILYHNOIINOD NOILVOINNWANOD ANV LNdLNO WYVIV — ¢ 318Vl SINdNI 3OVITOA AYVANOOD3S ANV NOILVIOSI 01d0 — L 318vL
Q3A0¥ddY | 3iva NOI1dI¥OS30 ﬁ ‘AN — 3NO0Z
SNOISIAZY v S 9 i L 8




2| 40 81 133ms| 3INON_:31vas OMQ’ILL 10108 14 S 9 L
VAN i O MW INVN_3AVS N
‘A3Y “ N LU - ‘ON ‘omMad m Dmko_q_xum_.w: Y3OVNVA ONINIINIONI A8 GILVNOISIA 3000 ¥3L131 OML NOM3 SI 3A0BY NOLYANOINI Anuu
) - - ) (s3p0) 23S) ONVHE "did3¥d YA (S3POD 33S) ONIMWNA F0 3dAL I
ASSY 80d JOVAHIINI J— T T e
- | " LLLL 3
S318VL ONIJOOD ATgNISSY ki . <
E . '1S3n03y a
HTOAN I " T il oemoow i SSSNON A T e T e 3
2T INANG SN 33N SOl HOR HOS 3900uNd L B3 AING GISh 38 AWM oy N
0668-2¥6(912) SENGYS CEFEELTELE e ShvaouaaY xu%hn 0310310¥d SI N3N 'S3L1¥vd 30ISIN0 01 03S013SIA ¥0 03IN00¥d3Y ‘031400 38 ION s
OIHO ‘ABHONOTIM NODYISI0 TN AIT08 | SONAYEE TN I AASHOUNTIN IO NOLNION Ve B u
.OZ_ .KULNODZDMZ SINISIHA3IY ONMVNO I ASNTOX3 3HL 3¥V NI3Y3HL NOUVANOINI TV ONV ONIMVYQ SIHL -3
m ‘ON 1OVHINOD
NSRS | N B Joor/so] # mu 3
NOILONGO¥d NI G3SN ¥3ONOT ON ANV H
INVONNQ3Y 38V Z ANV O S3NVA O 11910 (1 s
'S3ION d
10d X0l U LG 10d ML |vezvw| v gve|v ooz |V vy 1no 10d MZ |-ML Y0zl A0SZ/4nZZ' | MOL HIO8 ¥O 3JOVA¥IINI NO TvO 8 g'v'6's )
10d Mz Ueve 10d ML |vzvy|vgvg|v ooz |V zvy 1n0 10d Xz | mLvozY Aosz/4nzz HL08 ¥0 3OV4¥3INI NO vO 9 £'9'€'T'1'0 g
no | vevz fe-1 dnr nojvo |v o ofjvoizt |vzes NI 1N0 1n0 1N0 AINO VD 219071 v S'y
10d M2 Uz 10d ML |vezvv|vsvg|v ooz |V vy 1no 10d MZ | ML vozY Aosz/4nzT AINO VO 3OV4¥3INI z £'9'€'T'1'0 o
10d Mz vz 10d ML |vezvv|vsvg|v ooz |V vy 1n0 10d Mz | ML w0zl A0Sz/4nze dIHS AT¥V3 HLO8 VO 0 2 £'9'€'T'1'0 N
g
g
yraLeY | SrY'9gy ogy 62y | 82y L szy SUAAL | ozy'gy- Gy £10'€D OILYHN9IINOD INTVA 11910 O 11oid c
cd 2P N 21907 ONIHOLYA N
(1 310N) SNOILJO NOILV¥EIMVD — ¢ 318Vl L5
3
[0
NI NI NI NI S3A ¢ 4 EW 3
NI NI NI 1n0 S3A z 3 39
NI NI 1n0 NI S3A z a a‘'s
NI 1no NI NI S3A z o) o'
NI NI 1n0 1n0 S3A L 8 g'c 9
NI 1n0 NI 1n0 S3A L v v'e
NI 1n0 1n0 NI S3A L 6 61
NI 1no 1no 1n0 S3A 0 8 8'0
1n0 NI NI NI ON ¢ L Y
1n0 NI NI 1no ON z 9 3'9
1n0 NI 1n0 NI ON z S a's
1N0 1n0 NI NI ON z % o'y
1n0 NI 1n0 1n0 ON L ¢ g'c
1n0 1no NI 1n0 ON L z v'Z L]
1n0 1no 1n0 NI ON L L 6'L
200 i 1no 1no ON 0 o m 80 N[ 1no NOILONYLSNOD VSO |
n NI 0110Nn - 0 v
2 o 2 L O SAVIZY WavIV # g 1910 o NOUDIIFIENGD Voo HNON
MNO | ¥M8 NIJO | didL | WV N3D NOILY¥N9IINOD INVA 11910 21907 ONIHOLYW caL | cd/er NOILV3N9IINOD 3INVA 11910
SNOILVHNOIINOD AVI3Y — Z 318Vl NOILVYNOIINOD AONIOV — | 318Vl
a
Q3A0¥ddY 3iva NOILdI¥OS3a ﬁ A3y ﬁ 3NOZ
SNOISIA3Y ¥ S 9 L |




8 [ 7 ] 6 | 5 4 3 REVISIONS
F MVC2 AND MVC3 LINKS SEPARETED 12-11-02 Z.T. ZONE REV. DESCRIPTION DATE APPROVED
P R ECl P I—I-ATO R O PTI M ' ZAT' O N SYSTE M TYP | CAL Wl Rl N G G SHEET 2 ADDED 5-12-04 ZT. A ADDED MVC2 DETAILS / GENERAL REV 4/8/98
H ADDED DGH CONFIGURATION 1-6-06 Z.T. B CHANGED REPEATER TO INLINE OR ENDUNE; UPDATED OPTION B 31 AUG 2000 DEQ/
| PIN NUMBER CHANGED TO WIRE NUMBER 4-25-06 ZT. [ ADDED NOTE2 10-20-00 Z:T-
4-20 mA SIGNALS
OPACTY  LOAD D ADDED FIBER OPTIC INTERFACE DETAIL 21 MAY 2001 DEQ/
‘I r ‘| I‘* 3 ADDED NOTE 3 4-25-02 ZT.
D ANALOG SIGNAL MVC Il MVC Il MICRORAP MICRORAP
INTERFACE VOLTAGE VOLTAGE RAPPER RAPPER
CONTROL UNIT 1 CONTROL UNIT n CONTROL UNIT 1 CONTROL UNIT n
NOTE: REFER TO POS ANALOG HARDWARE INTERFACE PCB ® ® ® © ® e INTERFACE PCB eeeeee
PUTER e zaoRion
COM :
MONITOR =" 6 PAN -1 AN |
150w L pos i 150w L pos 1 | B12-58 TB12-58
; 1 14 w s w SE
13 1314 1 | Bi12-s6 (" NoTE2 m12-56 ( NOTE2
12 12
, TYPICAL WIRING FOR m "}"’”‘” m ""]‘m o T | B L
RE Sous & ™ MVC 3 CONTROLS s =S s .
COMPUTER COMMUNICATION ovo
— PRINTER — INTERFACE DATA '—-‘é: T0 onER
FOR MVC3 OATAS W i1-S Pa00c
RS-232 / RS-485 CONVERTER tsuunenis TWISTED PAR
I 4000" MAXIMUM
MVC Il MVC i MICRORAP MICRORAP
KEYBOARD VOLTAGE VOLTAGE RAPPER RAPPER
TROL UNIT 1 0 ONT
MVOZ AND WVES SYSTENS EgglCR%% L E(())(?IERPIE: BUNIT n CONTROL UNT 1| = 0 o o CONTROL UNIT n
COMMUNICATE AT DIFFERENT
BAUD RATES, AND CANNOT BE
MIXED ON THE SAME LI 5 VAN /“H‘w AN
TERMINATION RESISTOR JUMPER SETTINGS COMMUNICATON LINK. . . ot ] P el A
c COTYNT;EOL S CONTROL POSITION — 1 A |n-19 L |19 1 | ®i12-s6 (" noTE2 m12-56 ( NOTE2
v h:a - .
MVC 2 | JMPR3 & JMPR4 INSTALLED | JMPR3 & JMPR4 REMOVED NOTE: FOR WeZ SIS, THE BAID m’(’:'cé'—c‘gﬂggl_go’* A 120 o2 — | mrs [ |12-57
MVC 3 | JMPR17, JMPR18 & JMPR19 JMPR17, JMPR18 & JMPR19 (
INSTALLED IN ENDLINE POSITION | INSTALLED IN INLINE POSITION COMMUNICATION cno
MICRORAP | JMPR2 & JMPR3 INSTALLED JMPR2 & JMPR3 REMOVED INTERFACE DATA A O OTHER —— ——
FOR MVC2 DATAY we ti-s NOTE 2:
fie VERIFY THESE TERMINAL NUMBERS

RS-232 = SHIELDED TWISTED PAR
/ RS—485 CONVERTER 400" MO ON MICRORAP PRINT CREATED

TYPICAL COMMUNICATION INTERFACE NETWORKS NOTE 3:

THE DATALINK HAS TO

START FROM A
RS232/RS45
CONVERTER. CREATING
POS CONVERTER ENDUNE BRANCHES IS NOT
OPTION A ﬂ PERMITTED WITHOUT

| USING ADDITIONAL
COMPUTER MAX 32 CONTROLS OR 4000’ MAX 32 CONTROLS OR 4000' REPEATER.

- COMMUNICATION INTERFACE CONNECTIONS
REAR VIEW

KEITHLEY M1000/DGH A 1000 RS-232/RS—485 CONVERTER — REPEATER
NEUNDORFER PART NUMBER 82000-004
(CONVERTER CONNECTIONS AND SETTINGS SHOWN)

DB9—F TO DB25—-M GENDER CHANGER
SERIAL CABLE M-M, 9 PIN
B RS-485 IN RS-232 IN  BAUD RATE RS—-485 OUT P/N 86000-084 INMAC 90043
. . FIBER OPTIC MODEM FIBER OPTIC MODEM
== == El P/N 82475-010 P/N 82475-010
= 55 % ex 353% SETTING: DCE [SETTING: DIE ENDLINE
120 vac | — oAl | o ] T = H OB I
POWER { :@ u:rN "=" 0000 L (SEE_NoTE) ;l’ 1 9909 ] = _7 £ - MAX 32 CONTROLS OR 4000’

CONVERTER

DUAL ELEMENT FIBER OPTIC
CABLE W/ ST CONNECTORS DB9-F TO DB25-M

SERIAL CABLE
=+ | a
== o
=< =
338 3
| SERIAL CABLE =2 MAX 32 CONTROLS OR 4000’
TO COMPUTER CONVERTER INLINE
(CONVERTER ONLY) RS—485 SIGNAL NAMES: POS - N\ E — MAX 32 CONTROLS OR 4000
A=| = + OPTION B N out N ouT
CONFIGURATION RS—-485 IN RS—485 OUT B=DATA*=DATA~=DATA COMPUTER ]
TYPE SWITCH SETTINGS SWITCH SETTINGS
i85 .
CONVERTER | NOTE 1: C
oNfo
>E.A FOR MVC2 SYSTEMS, THE BAUD RATE ,

SHOULD BE SET TO 4800.

e 587 I8 FOR MVC3 SYSTEMS, THE BAUD RATE C=CONTROL (MVC OR MICRORAP)
) o0 =] SHOULD BE SET TO 19.2K. e ] ] —
387 87

TOLERANCES: UNLESS OTHERWISE SPECIFIED | CUSTOMER: | )
FRACTIONS DECIMALS ANGLES UINI]]mHlF NEUNDORFER, INC.
+=q XX + =002 % =2 WILLOUGHBY, OHIO

ENDLINE ON oN
OFF

I OPTIONAL FIBER OPTIC INLINE
TO CONTROLS INTERFACE

THIS DRAWING AND ALL INFORMATION THEREIN XXE = 0.005 |ENGINEEREDYSYSTEMS] (440)342-8990
O o 20 T e T el L R 1= RING DIAGRAM
- - APPROVALS DATE
SO S SHER BRSNS [as o WIRING DIA
U553 GNLy o e sunbose Fon i Ty B.thenman  |6-12-96| DATA LINK NETWORK AND POS
e e e KEITHLEY/DGH  CONFIGURATION
RETURNED UPON REQUEST. 1SSUED e ""’°8 O 1 O 1 7 8 “'v‘

TYPE OF DRAWING PRECIP. BRAND SAVE NAME: D
- 8 U 6 [ S 4 [ 8010178 scae: NONE [sneer 1 or 2
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REVISIONS
ZONE REV. DESCRIPTION DATE APPROVED
PRECIPITATOR OPTIMIZATION SYSTEM TYPICAL WIRING LT
4-20 mA SIGNALS
[l
MVC i MVC i MICRORAP MICRORAP
D AN&L%%FSAE;E'AL VOLTAGE VOLTAGE RAPPER RAPPER
CONTROL UNIT 1 CONTROL UNIT n CONTROL UNIT 1 CONTROL UNIT n
NOTE: REFER T0 POS ANALOG HARDWARE INTERFACE PCB ® ® ® o o e |\TERFACE PCB @S 000
WTW DRAWINGS SUPPLIED WITH
COMPUTER EQUPUENT.
MONITOR = - A B A
5L % | pos i 5L % | pos 1 | i2-s8 TB12-58
A3 Y 1L e » SEE Y SEE
1301 130 [ 1 | B12-56  ( noTE2 1812-56 ( NOTE2
12 .
, TYPICAL WIRING FOR 1 "'}"““" i "}""“‘" s s
RAE U5 & ST 110 ™" MVC 3 CONTROLS bl il U -
COMPUTER COMMUNICATION oo
— PRINTER INTERFACE oATA ﬂ_@;: T o _j
FOR MVC3 DATA® e G =5
RS-232 / RS-485 CONVERTER SME.'DD TWISTED PAR
4000" MAXIMUM
MVC 1l MVC 1I MICRORAP MICRORAP
KEYBOARD VOLTAGE VOLTAGE RAPPER RAPPER
CONTROL UNIT 1 CONTROL UNIT CONTROL UNIT 1 CONTROL UNIT
MVC2 AND MVC3 SYSTEMS LOGIC PCB Loac peg ceooooe n
COMMUNICATE AT DIFFERENT
BAUD RATES, AND CANNOT BE
MIXED ON THE SAME B e JAN B VAN -
TERMINATION RESISTOR JUMPER SETTINGS COMMUNICATON  LINK. " 11" e o o
CONTROL CONTROL POSITION | A |s1-19 | A |o1-19 1 | B12-s6 (* NoTE2 T812-56 ( NOTE2
C TYPE END OF LINE IN_LINE - - - B
MVC 2 | JMPR3 & JMPR4 INSTALLED JMPR3 & JMPR4 REMOVED AE smerez emes ne o TYPICAL WIRING FOR A -0 91-20 257 TB12-57
sious a0, MVC 2 CONTROLS
MVC 3 JMPR17, JMPR18 & JMPR19 JMPR17, UJMPR18 & JMPR19
INSTALLED IN ENDLINE POSITION INSTALLED IN INLINE POSITION COMMUNICATION GND
MICRORAP | JMPR2 & JMPR3 INSTALLED JMPR2 & JMPR3 REMOVED INTERFACE DATA A :“7‘6: 1& u:ga
FOR MVC2 oATAS o NOTE 2:
4 VERIFY THESE TERMINAL NUMBERS
- . SHIELDED TWISTED PAIR
RS~232 / RS~485 COVERTER 000" WASMOM ON MICRORAP PRINT CREATED
SPECIFIC FOR YOUR PLANT.
[YPICAL COMMUNICATION INTERFACE NETWORKS NOTE 3:
THE DATALINK HAS TO
START FROM A
KEITHLEY
CONVERTER/REPEATER.
CREATING BRANCHES IS
OPTION A POS NOT PERMITTED
COMPUTER - - WITHOUT USING
MAX 32 CONTROLS OR 4000 MAX 32 CONTROLS OR 4000 ADDITIONAL
CONVERTERS.
B DB9—-F TO DB25-M GENDER CHANGER
SERIAL CABLE M-M, 9 PIN
P/N 86000-084 INMAC 90043
FIBER OPTIC MODEM FIBER OPTIC MODEM
P/N 82475-010 P/N 82475-010
SETTING: DCE SETTING: DTE ENDLINE
= H O = = B
N 4000’
DUAL ELEMENT FIBER OPTIC CONVERTER MAX 32 CONTROLS OR 400
CABLE W/ ST CONNECTORS DBQ_;E;?AIP%ZASB—LE
s
OPTIONAL FIBER OPTIC WL
| INTERFACE RS485 w
N
MAX 32 CONTROLS OR 4000’
CONVERTER INLINE
POS MAX 32 CONTROLS OR 4000'
OPTION B COMPUTER e v s o
IENCLATURE
C=CONTROL (MVC OR MICRORAP) ru s [oviosfrrieo]  aottuie | on SRRSO
A TOLERANCES: UNLESS OTHERWISE SPECIFIED CUSTOMER: a1 7
pepe o, e DSUTOGIF ™| evmoosres, e
=q E = 0. =2 s
XXX+ = 0.005 (440)942-8990
|ENGINEEREDYSYSTEMS]
3“5'3 ?»?JJSQ‘&JQ%%%‘EESE‘TSE;OT@%& DU M I NCHES NS GTinS: e,
RETANED o e RECPIENT N povt by a0 | AS NOTED APPROVALS DATE W' R , N G D I AG RAM
;‘s::LLLogE%T rEoE m%% m]gguc::"ob MAY BE DRAWN
vsed oLy For ms;ﬂwgﬁcéﬁgsggﬁ ey . Toth 5-12-04 DATA LlNK NETWORK AND POS
. FINISH: CHECKED
DRAHING NOT PUBLICLY AVALLABLE MAY BE USED PHOENIX  CONFIGURATION
RETURNED LPON Requzart COPIES SHALL 82 ESUED SIZE [ DWe. No. ’ “T-
TYPE OF DRAWING PRECIP. BRAND SAVE NAME: 8 -—O 1 —O 1 78
. 15 e o 8 7 6 5 4 8010178 scALe: NONE [sweer 2 oF 2




REVISIONS

T
} : ZONE —I REV. { DESCRIPTION DATE i APPROVED
|
|

D
|
O TOP OF PCB® O
) ®
@&—
i
c RRVZY NOTES:
(@ DRILL 5 (OR OPTIONAL 7) HOLES .166" DIA FOR MOUNTING SCREWS
MAXIMUM SCREW DIA IS #8 MACHINE SCREW.
10 7/8" ® CHOOSE AN AREA OF PANEL SPACE THAT IS FLAT AND FREE OF ANY
SHARP EDGES OR DEBRIS. HIGH VOLTAGES EXIST ON INTERFACE PCB
AND ANY FOREIGN OBJECTS PRESENT UNDER PCB MAY CAUSE SHORT
a° OPTIONAL MOUNTING HOLES® CIRCUITS OR DANGEROUS CONDITIONS.
| @ PCB IS SHIPPED WITH 7 STANDOFFS SWAGE MOUNTED. ONLY 5 HOLES
\ ARE REQUIRED TO BE DRILLED TO MOUNT PCB (7 ARE PREFERRED IF
} SPACE AND TIME ALLOWS).
‘ 5 576" @ TOP OF PCB IS EDGE ALONG WHICH J4 AND J7 ARE MOUNTED.
O
)
|
|
‘
|
i 35/8
Of B O
g
B @
-] 11/4"
g 3/8"
] f——— O (@]
El ] ®| ®
¢ |
4 | ——LJ/B'
h 41/4"
- 6 3/4"
107
10 3/8°
|
|
5 R o BEASRCHTE
L: A TOLERANCES: UNLESS OTHEFWISE SPECIFED CUSTOMER: T\
> FRACTIONS DECIMALS ANGLES I h ILﬂFEP NEUNDORFER, INC~
g £ = Ve XXt =002 %= | WL MGG ;HE ‘LLJ WIL{LOUG\HBY, OHIO
d XXXt = 0.005 (440)942-8990
] ;:E?:;'s:é;;;:&‘:;o‘s;u;‘;rm:i;;ai?.@w, o o s s onee e I B |
SHA N C P ) Of
o3 i DRAWN
E E i’;‘ggg“fﬁgﬁmn{ﬁDEru?é‘i@nE;ow [é[r:um iﬁa . 6-13-96 PANEL DRILL TEMPLATES
a ; NOTHING DISCLOS! lN. E ym > D
E T LY VLA MY oF USED o INTERFACE PCB DRILL TEMPLATE
; NETURNES PN ReGUEST COPIES SnALL BE ES Size [ owe. 1. | o
; 8 I | T T TYPE OF DRAWING | PRECIP. BRAND SAVE NAME: D 8 O 1 0 1 80 |
Jrome o o | 7 | 6 | 5 | 4 | | 80101801 scae: NONE [sHEET 1 of 6




SAS

NONE

=1

MVC3
PANEL DRILL TEMPLATES
INTERFACE PCB DRILL TEMPLATE
6—-26—-96 BY:

SCALE:
REVISION:

APPROVED BY:

NEUNDORFER ENGINEERED SYSTEMS
DRAWN:

DWG NO 8-01-0180 SHT 2 OF 6

NOTES:

(O DRILL 5 (OR OPTIONAL 7) HOLES .166” DIA FOR MOUNTING SCREWS
MAXIMUM SCREW DIA IS #8 MACHINE SCREW.

(® CHOOSE AN AREA OF PANEL SPACE THAT IS FLAT AND FREE OF ANY
SHARP EDGES OR DEBRIS. HIGH VOLTAGES EXIST ON INTERFACE PCB
AND ANY FOREIGN OBJECTS PRESENT UNDER PCB MAY CAUSE SHORT
CIRCUITS OR DANGEROUS CONDITIONS.

(3 PCB IS SHIPPED WITH 7 STANDOFFS SWAGE MOUNTED. ONLY 5 HOLES
ARE REQUIRED TO BE DRILLED TO MOUNT PCB (7 ARE PREFERRED IF
SPACE AND TIME ALLOWS).

(9) TOP OF PCB IS EDGE ALONG WHICH J4 AND J7 ARE MOUNTED.

&




8 T 7 ; 6 i 5 4 ] 3 REVISIONS
l ZONE r REV. DESCRIPTION | DATE 1} APPROVED
D
TOP OF ENCLOSURE
® @ [}
| QO = —— Q- e e O N
J ]
| | SWITCH CUTOUT DETAIL
i | 1/8
| |
i ‘ c1/2°
O e
1 | )
c | *
| i I
| | | 7/8°
6 15/16" | | ‘
| NOTES:
\ 1 . N
6 5/8 [ : O 3/16"@ 6 PLACES
! | ® DEBURR SHARP EDGES COMPLETELY
| @ MAXIMUM PANEL THICKNESS 1/8”
| | @ DASHED LINE SHOWS OUTLINE OF
- — | | MVCIiIl LOGIC PCB BEHIND PANEL
| I l |
| ‘ VIEW FROM OUTSIDE OF CABINET
| [ (FRONT OF DOOR)
| l
] C
/e —% - © o - 0
B
—{9/16" |—
3 5/16" i
4 9/167
8 9/16"
9 1/8"
WEm ¢ |QTY/008 ;orv/gsst o . | on DA
A TOLERANCES: UNLESS OTHERWISE SPECIFIED | CUSTOMER: mf T wr
M NRICIE0™ | NEUNDORFER, INC.
puotas s, g0 MINEDNDOR' i
THIS DRAWING AND ALL INFORMATION THEREIN NSNS A m:;;x:‘; e PR [ENGINEEREDJSYSTEMS] ¢
:RE "HIE EXCLL'S]VEPFQOPRIE'IIARY I’q;Dz::ZLOEE MATERIAL:
ég\'ﬁ%{’é‘ogk\’rgz'ﬁ‘:E}:\PIAEL\’ETEKSA?QT(FIDENCE AND AS NOTED APPROVALS DATE MVC3
e R Y _
Egéogé&iogum%;z:tﬁosnzls;r:ﬁgsgnw ex 5. bhanmman 6-19-96 PANEL DRILL TEMPLATE
R STIED, s N THE FINISF: CHECKED
T P R o FLUSH MOUNT PANEL
25?{,‘;?.??{‘5;’ S:C'ﬁ EACE\IUDE S;;u COPIES SHALL BE SSUED SIZE } DWG. NO. [ Rev.
T T TYPE OF DRAWING | PRECIP. BRAND SAVE HAME: ] D 1 8—01 —01 8Q J A
T [ R - =
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2001
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cdwg, Ud

03

ELECTAMVCIINBO 10180

(CADY

71

/4

NOTES:

@ 3/16"® 6 PLACES A

& DEBURR SHARP EDGES COMPLETELY
@ MAXIMUM PANEL THICKNESS 1/8”

(9 DASHED LINE SHOWS OUTLINE OF
MVCIII LOGIC PCB BEHIND PANEL

VIEW FROM OUTSIDE OF CABINET
(FRONT OF DOOR)

NEUNDORFER ENGINEERED SYSTEMS
DWG NO 8-01-0180 SHT 4 OF 6
MVC3
FLUSH MOUNT PANEL CUTOUT
SCALE: 1=1
DRAWN: 6-26-96 BY SAS
APPROVED BY: DEQ 21 APR 2001
REVISION: A




8 7 6 5 4 4 3 REVISIONS

I
20NE Rev. | DESCRIPTION DATE [ aprroven
D
é@ ©
| ! ‘é
c!
|
{
; D
| ‘ — %"
| ‘ T v
= I
| | |
7.050 _ |
— 5.450 Il
1
4625 gz
=,
@maE S
- 22
| | N S—
| i Q ;
B 1.300 | 3 23 o]
§a% Y
0.700 g7 L
l EEE ul | L C )
—l 0500 |—
3415
4750
7.900
8.575
9.100
NQTES:
! @DRILL FIVE (5) #19 (0.166"¢) HOLES FOR 8-—32 MOUNTING
; SCREWS.
!
& CHOOSE AN AREA OF PANEL SPACE THAT IS FLAT AND FREE OF ANY
SHARP EDGES OR DEBRIS. ANY FOREIGN OBJECTS PRESENT UNDER
PCB MAY CAUSE SHORT CIRCUITS.
@ THE TOP OF PCB IS LOCATED BY THE LARGER OF THE TWO
HEAT SINKS.
,» I S | S B
N TOLERANGES: UNLESS OTHERWISE SPECIFIED | CUSTOMER:
2 € : T T nk
e e, pe (L TEETDRIRR = weensorees, e
XXXt = 0.005 e e (440)942-899C
-3 e - o s |ENGINEERED] 7| ’
ERms A, |t i S
: D e e W SR APPROVALS DATE
S ETEEp s aana . |45 NOTED __ DRILL TEMPLATE
E 3 MAY
U500 o T uRRoRE i i T Bam, Juink |18 A W MVC3
e A E ey FINISH: CHESKED
S o a2 A i LOGIC PCB DRILL TEMPLATE
Rl i, AND AL COPIES! SHALL BE 13SUED Size l DWG. NO. [Rev:
] T TYPE GF DRAWING | PRECIP. BRAND SAVE NAME: { 8_01 _01 80 I -
| - 8 | 7 6 | 5 4 80101805 s 1=1 EEECEG




PCB NO. 81700-128
ASS’Y NO. MVC3-A

SERIAL NO.

CLEVELAND, OHID 44094

NEUNDORFER, INC.
2116-942-8990

NOTES:
(@ DRILL FIVE (5) #19 (0.166"¢) HOLES FOR 8-32 MOUNTING
SCREWS.

VR2
(& CHOOSE AN AREA OF PANEL SPACE THAT IS FLAT AND FREE OF ANY

TS SHARP EDGES OR DEBRIS. ANY FOREIGN OBJECTS PRESENT UNDER

@ PCB MAY CAUSE SHORT CIRCUITS.
‘$’ @ THE TOP OF PCB IS LOCATED BY THE LARGER OF THE TWO
\ 4 HEAT SINKS.
@ Je | |

2% :
J3 J

| - J Y NEUNDORFER ENGINEERED SYSTEMS

ul O | 5 H DWG NO 8-01-0180 SHT 6 OF 6

MVC3

PANEL DRILL TEMPLATES LOGIC PCB
DRILL TEMPLATE
SCALE: 1=1
DRAWN: 29 AUG 2000 BY: DEQ
APPROVED BY:
REVISION:  NONE




B 7 5 i 4 3 f REVISIONS
i T I
ZONE REV. DESCRIPTION DATE | APPROVED
(D NOTES: OPTO-COUPLER INPUT CONFIGURATIONS FJIJ
EXTERNAL POWERED INPUT C ERFACE INTERLOCK (NC) | (D)
° J8 PIN 19,16,13,10,7 CIRCUIT BOARD INTERLOCK (NC) Qz\
CONNECT TO INPUT LINE CONTACTOR COL (NEVT) | (3
! J8 CONTACTOR COL | (%)
APPLY 120V AC OR DC v L 10 s ] CONTACTOR AUX. CONTACT (NO) | (B)
A ENSE CIRCUIT @ | 120 VAC LUNE
TO ENERGIZE i T CONTACTOR AUX. CONTACT (N0) | (&
~— | L \9,
O = 9 BXTERNAL START INPUT 2 CONTACTOR AUX BYPASS | (3
MID400 =4 z
‘ | (18 | EXTERNAL START INPUT RUN NDICATING LGHT | (8)
J8 PIN 18,15,12,9,6 1) | 120 VAC UNE 3
CONNECT TO INPUT NEUTRAL = RUN INDICATING LIGHT (NEUT) | (3}
3 oo e e s 0|
D | 10 we e START-STOP SWITCH (NO) | ()
- MVCIll POWERED INPUT 13 | EXTERNAL TRP INPUT mh NPUT SHELD (GROU0) | @ NOTES:
1o INP SECONDARY mA INPUT SIGNAL + | @3]
) | EXTERMA @ (D OPTIONAL SIGNAL. iF NOT USED, LEAVE DISCONNECTED.
" 120VAC 46 PIN 20,17.14.11.85 0 TR INPUT SECONDARY mA INPUT SIGNAL — | 33
CUSTOME £ ST () | 120 VAC LNE @ OPTIONAL MICROAMMETER <200 OHM WITH kV SCALE.
POk s 48 PN 19.16,13,10.7 @I ik UERER (MALOS) +) B8 IF NOT USED, JUMPER J4—4 TO J4—5 AND J4—8 TO J4—10
INTERLOCK OR SWITCH T CONNECT TO NO CONTACT (@ | EXTERNAL ACK ALARM o) SECONDARY mA METER (ANALOG) - | @6 ;
(O Ins (9) | EXTERNAL ACK ALARM INPUT SiG e & OPTIONAL VOLTMETER WITH mA SCALE.
ﬁ ’S i TO SENSE CIRCUIT (® | 120 VAC LNE mm ﬁ INPUT SIGNAL
D 18
I~ 1 T {7) | REDUCED POWER RAPPING ® |
= -
MID4G0 (8 | REDUCED POWER RAPPING 4 |
L .8 PN 18,15,12,9,6 (5) | 120 VAC NEUT » —
- CONNECT TO PIN 5 (D | CMR BYPASS @ SECONDARY KV °A" INPUT SHIELD (GROUND) | (1)
3 | o (i SECONDARY v "A INPUT SIGNAL + | (2]
c (2) | 120 VAC NEUT INPUT SECONDARY KV “A" INPUT SIGNAL — | 3
() | 120 VAC LNE INPUT @SECOW KA NETER (ANALOG) + @
| SECONDARY kv "A" NETER (ANALOG) - | (5
SECONDARY KV 'B' INPUT SHIELD (GROUND) | (&)
_Jils ®SECOM)ARYI(V'B'INPUTSIGNAL+ @
@ SECONDARY kv "B" INPUT SIGNAL — | (&)
@ NOTES: CURRENT MONITOR RELAY (CMR) CONFIGURATIONS 2| K (G} DT PN 7 SECONDARY KV “B" METER (ANALOG) + | (8
(21 | K4 (CMR) INPUT FROM CT @ : 3
% | K3 OPEN BREAKER NC SECONDARY kv '&Trﬂs‘;( %Tﬂg)ﬂi g
m
FROM CIRCUIT BREAKER ® | K3 OPEN BREAKER COM DATA LNK OUT B - | (2
WITH CMR (K4) (1 | K3 OPEN BREAKER NO 1)
TWISTED PAIR | (i | K3 OPEN BREAKER NO DATA LINK OUT A + <g
— (PR\EF/E\RRED) ~ 22 (1 | K3 OPEN BREAKER NO DATA LINK IN SHIELD | (4}
cT2 Y Y ~ J6 (B | K1 ALRM NC DATA LNK N B - (3
'\ ~—) 21 @ K1 ALARM COM DATA LINK IN A + | 16l
’ (D | K1 ALARM NO SPARE | @
TO CONTACTOR . @ | KT AR N SPARE | (@8]
J3 (ID | K1 ALARM COM —
O2 — | Kt AR NO B
R 7 ®) | K2 FAULT NC PRIMARY VOLTAGE | (1)
= (8) | K2 FAULT COM PRIMARY VOLTAGE | (2!
WITH NO CMR (70 | K2 FAULT NO ZERO CROSSING | 3}
5 (& | K2 FAULT NC ZERO CROSSING | (&)
S S (§) | K2 FALT COM SCR GATE NO. 2 (CATHODE -) | (3
INSTALL WIRE JUMPER | - s e SRMEN. 2G| &
‘ 3 | K4 (CMR) CONTACT NO 3
IF NO CMR INSTALLED 0} s (o) SHAD | (7
L 2) | K4 (CMR) CONTACT COM SCR GATE NO. 1 (CATHODE -) | (8
7 |7 (D | K4 (CNR) CONTACT NC T B | SCR GATE NO. 1 (GATE +}| @
L 1 ]
- e
g8z EF
=3 23
' m— [
- T s 1 RO
i | {
‘ | TREBoN 1.  VOLTAGE
| 33| "Cape |43|  CONTROL i
' MICRO VOLTAGE CONTROL Il - | DSPLAY
‘ LOGIC CIRCUIT BOARD v CIRCUT BOARD
|
|
o 4 Jarv/soeforv/ass]  otiRa@io. | T
A TOLERANCES: UNLESS OTHERWISE SPECIFIED | CUSTOMER: al b7
FRACTIONS ~ DECIMALS ANGLES mEiﬂ]m]ﬁ_;Em ’ NEUNDORFER, INC.
+ = Ve KX £ = 0.02 * =2 \ L | WIL(L‘OAUOG);IE“;, BOgl'lglg
XXX+ = 0.005 — | -
TR Do EXCLSvE ‘é&?i.‘é’?’:é&‘?&}é?ﬁ’i?ﬁ% I e i s BniSs Thhe SEceE [ [EneimEERED) Sy TEN |
CETANED, 90 T RECIPENT . CONFIOENCE  AND AS NOTED APPROVALS | oA MVC3
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ZONE REV. DESCRIPTION DATE APPROVED
A FUSEBLOCK CHANGED 2-11-02 zT.
B8 FACEPANEL CHANGED 1-3-03 ZT.
, "
2-31/2 B [ CHANGED GND TERMINAL BLOCKS TO GND BAR 6-2-06 zT.
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B 24 20 82100-298 TERMINAL BLOCK, PHOENIX UK5N
@ CT2 23 1 84300-205 FLANGE HANDLE, ABB K7FCH
22 1 84300-243 CABLE, ABB K7C048
21 1 84300-242 FLANGE CABLE OPERATING MECHANISM
20 1 85600-022 CURRENT TRANSFORMER 250:5
19 B 82100-055 EQUIPMENT GROUNDING BAR
18 1 84300—151 BREAKER, ABB S4N250BW—2, 600 V
SCR 17 1 SNUB—E02C SNUBBER BOARD ASSY
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@ 14 A/N WIRING DUCT
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7o) Ol TB1 9 1 BACK PANEL
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High-Voltage Switch Enclosures
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Bus-Duct Installation
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Voltage Divider Housing

Access for Output to Control

CAUTION

Installation requires a
minimum one-inch clearance
for every 10,000 volts.

NEUNDORFER PRECIPITATOR KNOWLEDGE
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A MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

INDEX
A

A/D converter calibration ----------------- 4, 44,54, 56, A-1, A-2
Adaptive Control Technology ----------==----=------ 4,5,6,26,31
Adjustable MVC III parameters 49
ALARM indicator 19, 36
Alarm relays 40

Contact ratings 13

Control trip 13,24, 40, 52

General Alarm (T-R off) 40

Open breaker 8,10, 13,40
Alarms

Acknowledging 22,37, 39,40

Indicators 19, 36, 52

Selecting desired function 40

Uncancelable 40
Analog input signals 5

Required for operation 10,11, 12
Analog meters 14
Arcing in precipitator 5,6,29,31
Assembly identification

Printed circuit boards 10
Auto restart

Enabling 24

Operation 24,33, 36
Auxiliary Functions

Default readout parameter 37

Readout-------------=-=n-enm--- 18,24, 32, 33,37, 51, 54,57, 62

B

Back CORONA indicator 18, 34
Back Corona software ----------- 4,5,6,8,11, 15,18, 31, 34, 50

Can’t be enabled 34,62

Overview 50

Setup & operation 18, 34
Back Corona, Using IE to prevent 34
Baseline spark rate ----------------- 2,6,18,26,31, 35,43, 49, 50
BOF / BOP applications 50
Bus section ----------------- 5, 14,22, 34,47, 49, 50, 64, 67, A-1
BUSHING B indicator 18, 37

C
Calculation of T-R operating values 6, 35
Calibration
Initial 28,29, 48
Initial pot settings 44
KV using high voltage meter 47
Location of adjustment pots 4,44
Primary current 44
Primary voltage 45
Required equipment 41
Secondary current 14,45, 46
Secondary voltage 47
Spark sensing -----------=------—--—- 6,22,23,26,54, 56,59, 61
Which adjustment pots to use 44
CAUTION! ----------- 10, 11, 25, 32, 35, 41, 43, 44, 50, 51, A-1
Cement plants & lime kilns 50
Circuit breakers
Shunt trip or motorized 40
Collection efficiency
Improving 34,50
Computer program see also software 7
Copyright ownership 7
Error checking 9, 54
Identifying program version 9
COND. ANGLE indicator 18, 33
Conduction Angle
Display & limit 18, 27,37
Limit 2,7,20,27,31, 33, 45, 48, 49
Configuration
Codes, T-R sizes & software ---------------mcmemenv 2,23,24,70
Monitored KV bushings 24
Parameters 43
Configuring inputs
External ACK alarm 24
Reduced Power Rapping (RPR / POR) -------------ememmueev 24
Contact inputs signals 22,30, 39, 40, 51
Contactor
Auxiliary contact feedback signal -----------------—-- 56, 60, 67
Coil power drive capability 13
Main T-R power--------------------- 10, 13, 16, 21, 40, 48, 52,
54,56, 57, 58, 60, 61, 67
Copyright protection of computer program ----------------------- 7

Current transformer 10, 42, 53, 58, 60
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A MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

D
DANGER! 41
Data link 21
Baud rate 4,9
Cable 38,42
Commands 21,22, 26, 30, 37, 39, 51
Communications NeEtWork--------------------—- 3,10, 12, 33, 38
Configuration jumpers 42
Bypass 42,53
End Line 42,53
In Line 42,53
Termination 38
Controlling the MVC II1 39
Message 18, 33
Recommended cable 12,38
Reset command 21, 39, 40
Start command 21, 39, 67
Stop command 21, 39, 40
Terminating 38,42, 56
Terminating device 38
Unit Number 2,33,43,49, 62
Unit number assignments 33
DATA LINK indicator 18
Digital readouts--------- 3,17, 18, 19, 20, 24, 25, 26, 27, 32, 33,
37,44,45,47,48,51, 54,57, 62, A-4
Discharge electrodes, precipitator 5
Display circuit board 16
Mating connector on logic PCB 16
Display Hold feature 3,20,37
Display panel 3,4,8,16,17,19, 20, 23
Display test 23, 36,43
Displays
Real time operating values 17,27, 37
Distributed Control System (DCS) ------------=------ 4,33,38, 51
DOWN key ----------=-mmmmmeee 20, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32,33, 34, 35,37, A-2, A-3
Dual bushing KV
Monitoring 5,37, 47
Over voltage limiting 30
Under voltage limit 29
E
Electrical noise
Affecting data link 56
In feedback signals 4,15
Inside AVC cabinet 55,56
Energy consumption & management--------- 3,6,32,34,50,51
Energy saving 51
Entering new setpoints, requirement 27
EPROM 9,42,52, 54,55

Error codes 9,44,51, 54,55, 56,57, 62,

A-1,A-2, A-4, A-5, A-6

External control signals 22,39, 40, 51
Acknowledge alarm 12,24
Interlock 12, 15, 19, 22, 39, 40, 52, 57
Permissives 36
Restart MV C T ~—eeeemmmmmmmeeeeee 12,21, 22, 39, 40, 51, 52
Stop MVC 11T 8,12,24,37,39,52
Trip MVC I ~nmmmemmmmemmmeeee 12, 19, 22, 24, 37, 52, 57, 58

EXTERNAL TRIP indicator 19,22, 24

F

Facepanel see also display panel 27,37

Feedback
Secondary circuit 5
Secondary Voltage 5
Waveform analysis 3,4, 15

Feedback signals
Cabling 15
Isolated 5
Transient noise filtering 5
Wire run distance 45

G

Ground 2,14, 55, 56
Earth 10, 14, 41, 52, 53
Logic system 14
Safety 14,47
Safety grounding high voltage bushings ---------------------- 47
T-R set 11,14, 41, 59

Group starting & stopping MVC III’s 39

H
HoLD Key ----------------mee-- 20,22,27,37, A-2, A-4, A-5, A-6
Host computer 21, 38, 39
I
IE (intermittent energization) ---------- 2,4,6,19,31, 34, 35,43,
48,49, 50, 51, 62, 64
Can’t be enabled 62
Off half cycles 19, 34
On half cycles 34
Overview 51
Ratio (control code) 2,34,35,43,49
Optimization 4
Software 34,35
T-R balance when running 51
IE indicator 35

Indicators (status)--—- 3, 6, 17, 19, 20, 22, 24, 27, 28, 29, 30, 31,
------------------- 32,33, 34, 35,37, 40, 57, 58, 61, 62, 65, 66
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A MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

Initial MV C III turn-on 41,43
Inlet field 31,50
Installation kit: 16
Installation services from Neundorfer 14
INTERFACE board---------- 4,7,10, 11, 14, 15, 16, 40, 42, 44, 45,

46,47, 48, 53, 55, 56, 57, 58, 59, 60,
61,66, 67, 68, 69, A-1, A2, A-3

Ground connection 14
Input requirements 10
Mounting location 16
Protecting against component failure ---------------- 10, 11, 42
INTERNAL TRIP indicator 19
J
Jumpers
Circuit configuration 42
Interface PCB

JMPRI (Primary C.T. burden resistor) ------ 11,42, 53, 60
JMPR14 — JMPR16 (Data link circuit configuration) ---53

JMPR?2 (Primary current circuit configuration) ---------- 53
JMPR3 (Primary voltage circuit configuration) ---------- 53
JMPR4 - JMPR8 (KV-a circuit configuration) ----------- 53
JMPR9 — JMPR13 (KV-b circuit configuration) --------- 53
KV feedback circuit configuration ----------------------- 11,15
Logic PCB
JMPR1 (KVb input 3 Hz filter) 52
JMPR2 (KVa input 3 Hz filter) 52
JMPR3 (Memory size) 42
JMPR4 (Memory size) 42
K
Key interlock 66
Keypad 20,21, 26, 27,37, 52, 62
Locking out with external inputs 24
Kilovolts 17,18, 30, 48
KV feedback
Circuit configurations 11,42, 47
Filtering 60 Hz. noise 52
For over voltage protection 11
Required for back corona software 34
Signals 11, 15,42
KV feedback wiring
Preferred wiring 15
Unbalanced 15
KV metering 47
KV over voltage limit 5,7,48,49
KW display 37
KW indicator: 18, 32
KW power consumption 27,50
KW versus KVA 32

L
LAST key --------------—- 20, 23,24, 25, 26,27, 28, 29, 30, 31, 32,
33,34, 35,62, A-2, A-4, A-5, A-6
Lime kilns & cement plants 50
LoCAL / REMOTE status 33
LocAL / REMOTE switch ------- 21,23, 24,26,43, A-2, A-3, A-6
Local position------------- 21,23,27,33,43,57,62, A-2, A-3
Remote position 21,26, 33, 39
Logic board-------- 4,7,9, 10, 15, 16, 22, 23, 26, 42, 43, 44, 55,
----------------- 56,57, 58,59, 60, 61, 68, A-1, A-2, A-3, A-6
Logic power source if no contactor 10, 40
Low precip power, high KV 64
Low primary or secondary voltage 49
M
Magnetic saturation see also saturation of magnetic
components 35
Manual control 33
Manual stop 40
Memory chips 7,9,42,55
Memory test error 54
MicroRap 3,4, 30
MODE indicator 18, 32
Modes
Operating (Run) 22,26
Software & options configuration -------- 2,9,21,22,23, 24,
25,26,43,52
Standby 22,26,43
Tripped 22
Mounting templates 16
MVC III
Software ownership 7
Subsystems 3,14, 16
N
NEXT key 20,27, A-3
Noise, electrical, on secondary feedback signals-------------- 4,5
Non Linear Ramping 4
Non volatile memory 9,27
0
Opacity problems 49
Operating data, real time T-R 21

Operating limits & setpoints see also T-R nameplate ---- 2, 5, 6,
--------------------- 7,17, 18,21, 26, 27, 28, 29, 30, 33, 35, 62

Optimum precipitator power input 31
Optional connections 15,16
Options
User configurable software see also software & options
configuration 22,23,24
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A MVC lll VOLTAGE CONTROL MANUAL

NEUNDORFER PRECIPITATOR KNOWLEDGE

Out of limit operating conditions 6,22
Outlet field 31,50
OVER LIMIT indicator
Primary Amps 28
Primary Volts 28
Secondary Amps 29
Secondary KV 30
P
Paper mills 50
POR (Power Off Rapping) 4,17, 30, 49
POS (Precipitator Optimization System)------ 3,4,8, 30,33, 38,
39, 40, 49, 50, 51
Post spark setback
Adjustment factor 18,31
Level 5,6,32
Maximum SETBACK indicator 18
Percentage 31,50
Setting 31,50
Post spark SETBACK indicator 18, 31
Power failure 24,33, 49
Precipitator transients
Response to 4
Primary Amps
Digital readout: 17,25, 44, A-4
OVER LIMIT indicator 28
Primary Current
Adjustment trimpot 44
Calibration 44
CT burden resistor see also Interface PCB JMPRI --- 10, 11,
42,53
Input signal 10
Limit ----------mmmmm - 2,8,17,25,27,28, 31,43, 48, 49, 62
Sensing transformer 10,42, 53, 58, 60
Test points 48
Unbalance 17
Waveform 48
Primary Voltage
Adjustment trimpot 45
Calibration 45
Digital readout 17,45
Input signal 10
Limit 17
Over limit 28
OVER LIMIT indicator 28
Under limit 2,26,29,43,49
UNDER LIMIT indicator & adjustment -------------------- 29,70
Proportional current limiting 4
Q
Quench interval, post spark 5,37
Quenching sparks 6,31,32,48

R
Ramping 5,31,34
RaP LiMIT Indicator 17, 30
Rapper Outputs 40
Rapping efficiency 30
Remote mode 12,18, 21, 33, 62
RESET pushbutton -------------- 21,22,23,43,51, A-2, A-3, A-6
Resetting after trips 37
Restrikes after a spark 31,37
Retrofit controls 3,14, 16
Ribbon cables 4
RMS values 5,6,10,13,17,41, 44, 45
RPR (Reduced Power Rapping) 4, 12, 17, 24, 25, 30, 31, 49, 52
Command 30
Rap Limit 2,17, 30, 43,48, 49
RaP LMIT indicator 17, 30
Setpoint 30,49
RS-485 devices on data link 38
RS-485 port card or converter box 38
RS-485 repeaters 38
Run Enable SSRLY see also contactor coil power----13, 52, 53
Run Request signal 12,21, 52
S
Safety precautions, procedures, & training ------- 1,2,14,47, 64
Saturation of magnetic components 33,35
Saving new operating setpoints----------------- 20,27, 28, 29, 30,
31, 32,33, 34,35
Confirming entry 20
SCR assembly power connections 61
SCR conduction
Actual on time during IE 35
SCR fuse 4,61, 68
SCR gate
Drive signal 6,13
Timing of turn on 3,6
SCR ratings 13
Secondary current
Calculation 6
Calibration trimpot 45
Digital readout 17, 25, 45
Feedback signal 6, 59
| 2,17, 25, 29, 30, 43, 48, 49, 61, 62
OVER LIMIT indicator 29
Sensing resistor 11, 14, 45, 46, 60
Secondary Voltage
Calibration trimpots 44,47, 48
Digital readout 17,37, 47,48, A-6
Divider 5
Limit control 11
Over limit 17, 30, 43, 49
OVER LIMIT indicator 30
Under limit 17,29, 49
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A MVC lll VOLTAGE CONTROL MANUAL
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Self adaptive control software ------------=---------- 4,5,6,26,31
Self test, logic system on power up ----------------- 36,43, 51,57
Serial numbers 10, 52, 53
SETkey -------------- 9, 17,20, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33,34, 35,62, A-2, A-4, A-5, A-6
SETBACK indicator: 18, 31
Setback at maximum 18
Setpoints see also Operating limits & setpoints ------ 17,21, 26,
27,43, 62
Shorted discharge wire 65
Slow ramp 5,6,32
Software
Copyright ownership 7
Identification 9
Upgrades 7
From V1.3 7
Major revisions 8
Version 9, 10, 40, 44, A-1, A-3
Software & options configuration---------------- 2,22,23,24,70
SPARK indicator 18, 31, 61
SPARK MONITOR
Digital readout 18, 26
SPARK indicator 18, 31, 61
Spark response MODE indicator 18,32
Spark over voltage in precipitator--------------------- 5,31, 50,63
Spark rate 4,31,50
Things that affect it 31
Spark response 6,31
Automatic quench interval 37
Fast ramp 31,32
Modes 2,6, 18,32, 43,48, 49, 50
Spark sensing 6,26
Based on primary voltage 6
Based on secondary current 6,26
Spark simulation 31
Spark threshold 6,31, 45, 46, 47
Sparking 5,7,32,33,37,44, 48, 50
Response and recovery to 5
Spit sparks 5,32,50
Starting, stopping, & resetting MVC III ------------—-—- 22,39,51

Status LED indicators -3, 6, 17, 19, 20, 22, 24, 27, 28, 29, 30,
--------------- 31,32, 33, 34, 35, 37, 40, 57, 58, 61, 62, 65, 66

Surge arrestor -----------===---=------ 14, 15, 41,42, 59, 64, 68, 69
System errors & error codes 51, 54
T
Taps, T-R & CLR -------mnmmmmmmmmeeee 28,29, 30, 48, 49, 61, 63
Temperature ratings 13
Temperature rise 35
Temporary operating setpoint changes ------------------ 26,27,42
T-R bridge 11, 14,41, 59

T-R feedback signals----------- 4,5,6,11,15,24,26, 32,34, 42,
45,47, 58, 64, 67, 68, 69, A-1

KV wiring configuration 11,15, 47
Offset voltages in 5
Preferred wiring 15

T-R nameplate
Primary current

10, 25, 28, 42, 43, 48

Primary voltage 28
Secondary current 25,29
Secondary voltage 30, 48, 49
T-R ON indicator 22,36
T-R ON switch--------------- 2,21,22,23,36,37, 39, 40, 44, 45,
46, 51, 57, 58, 60, 61, A-2, A-3
T-R operating limits during IE 35
T-R Peak KV rating 49
T-R primary and secondary size codes ------------------- 2,11,25
T-R primary current limit 43
T-R primary KW 27
T-R safe operating limits 35
T-R secondary measurements
Average DC 5
T-R set
Net DC in primary 34
Power consumption 32
Power input control 6
Under voltage limits 29,43, 49
Under voltage monitoring 37
U
UNBALANCE indicator 17,61, 63, 68
UNDER LIMIT indicator 29
Under voltage trips 24,29, 30,49
Unstable precipitator conditions, response to-------------------- 31
Up key 20,23,27,37,47
\%

V-I curves 33,34, 50, 51
Voltage divider, KV 5,11,47,59
W
WARNING! ------mmmemmmemeeee 2,41,45,47,48, 53, 55,57, 60

Only use isolated input scope 41
Waste burner plants 50
Waveforms

Primary current see also saturation . . . 48
Wiring

Resistance of 45

Z
Zero Cross timing signal -------------- 5, 8,10, 40, 54, 55, 57, 60
Loss of 8, 54,55,57
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