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GE-2011C

Digital Tapchanger Control

Regulator control provides reliable
operation and expanded capabilities

Interfaces with conversion front
panels to replace popular GE
tapchanger controls

Nine on-hoard communication
protocols

Count Window - Works even with
noisy operation counter contacts

Field-updatable programming
Reverse power detection/operation

Demand metering/Data Logging with
Date/Time Stamp

Entire control configuration prints
out from GE-2029A

Suppression of unused status
screens

Overcurrent protection

Transformer paralleling by
circulating current, external master-
follower circuitry, or AVAR™
methods

LDC with R & X or Z-compensation
Increased Bandwidth to 10 Volts
Ethernet port optional

Supports terminal mode for modem
communications in GE-2029A

New Standard LCD display (rated -20
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to +70 degrees Celsius.) Vacuum Fluorescent display optionally available (rated -

40 to +80 degrees Celsius.)

Optional Control Power Backup Input for Fiber Optic loop-through communication
Additional Front Panel LEDS: Voltage Reduction, LDC, Comm Block and COM1 TX/RX

New four-pushbhutton interface

GE-2829 Tap Plotting and Analysis Software for Windows™ allows the plotting,

printing and analysis of tap information.




GE-2011C Digital Tapchanger Control

Features
Bandcenter: Adjustable from 100 V to 135 V in 0.1 V increments.

Bandwidth: Adjustable from 1 Vto 10 Vin 0.1 V increments.

Line Drop Compensation: R and X compensation. Adjustable from —24 V to +24 V in 1 V increments.
Z compensation available with adjustment of voltage raise from 0 V to +24 V, in increments of 1 V.

Time Delay: Definite; adjustable from 1 second to 120 seconds, in 1 second increments. Inverse; adjustable
from 1 second to 120 seconds, in 1 second increments.

InterTap Time Delay: Used to introduce time delay between tap operations when control is in sequential mode;
adjustable from 0 to 60 seconds in 1.0 second increments. Counter input required.

Selectable Outputs: Continuous or pulsed. Normally, an output (raise or lower) signal is maintained when the
voltage remains outside the band. A pulsed output length is programmable from 0.2 to 12 seconds, in increments
of 0.1 second.

Reverse Power Operation:
Can be set to ignore, block, regulate rev, or return to neutral operation with reverse power.

Single-Phase Regulators: If "keep track" tap position indication is applicable, unit may be set to "Return to
Neutral" or "Regulate Reverse". The Regulate Reverse feature allows separate setpoints and regulation in the
reverse direction without the installation of source-side VTs.

CT to VT Phasing Correction: Adjustable from 0° to +330° in 30° increments.
Real-Time Metering: The following measured and calculated values are available in real-time:

e Local Voltage
e LoadkVA, or MVA
e Load Center Voltage
e Load kW, or MW
e Line Current
e Load kVAr, or MVAr
e Power Factor
e Line Frequency
Demand Metering: Time interval selected as 15, 30, or 60 minutes.
Drag Hands Operation:
The following “drag-hand” values are stored with date and time stamping and are averaged over 32 seconds:
e Minimum Local Voltage
e Maximum Local Voltage

The following “drag-hand” values are stored with date and time stamping and are calculated over the demand
time interval (15, 30, or 60 minutes) as selected by the user:

* Maximum Primary Line Current

e  Maximum Load kW, or MW

e  Maximum Load kVAr, or MVAr

e Maximum Load kVA, or MVA (and Power Factor at time of Maximum Load kVA, or MVA)

Line Overcurrent Tapchange Inhibit: Adjustable from 200 mA to 640 mA of line current for 200 mA CT or 1.0
Ato 3.2 Afor1 ACT display and 5.0 Ato 16.0 A for 5 A CT display. External auxiliary CT required for 1.0 A and
5 A CT inputs.

Voltage Limits, Tap Position Limits, and Runback: Overvoltage and Undervoltage limits are independently
adjustable from 95 V to 135 V in 0.1 V increments. Upper and lower tap position limits may be set by user, with
tap position knowledge active. An adjustable deadband (above the overvoltage limit) of 1 V to 4 V is available,
which can be used to set the runback limit.

Voltage Reduction: Three independent steps, each adjustable from 0% to 10% in 0.1% increments of the
bandcenter setpoint.
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GE-2011C Digital Tapchanger Control

Inhibit of Auto Tapchange: Blocks automatic tapchanger operation in response to external contact closure or
software setting.

Sequential or Non-Sequential Operation: Non-sequential operation resets the time delay upon momentary
external contact closure at the non-sequential input.

Paralleling Methods:

Circulating Current: The circulating current method is standard, and may be implemented using separate
balancing equipment such as the Beckwith Electric M-0115A Parallel Balancing Module. Consult with factory for
use with existing external master-follower circuitry.

AVAR™: When specified, the AVAR1 method may be implemented by using separate balancing equipment such
as the M-0115A Balancing Module. The AVAR2 method does not require the use of the M-0115A Balancing
Module and is only applicable when paralleling two transformers.

For all methods of paralleling except AVAR2, overcurrent protection, such as that provided by the M-0127
Overcurrent Relay, is recommended.

VT Ratio Correction: VT correction from -15 V to +15 V in 0.1 V increments.
Self-Test Alarm Output Contacts: Alerts operator to loss of power or malfunction of control.

User-Programmable Alarm Contacts: Alerts operator to one or more of the following system conditions:
Communications Block Invoked, Block Raise Voltage Limit Exceeded, Block Lower Voltage Limit Exceeded,
Voltage Reduction (any step) Invoked, Reverse Power Flow Condition Detected, Line Current Limit Exceeded,
Tap Block Raise in Effect, and Tap Block Lower in Effect.

Tap Position Knowledge
Transformer LTC: The optional M-2025B Current Loop Interface Module receives a signal from a position
transducer and outputs to the GE-2011C through a bottom port.

Single-Phase Regulators: In most applications, tap position information can be maintained by means of an
internal "keep track" logic.

Operations Counter: A software counter increments by one count per either an open/close/open contact
operation (X1) or an open/close or close/open contact operation (X2), and is preset by the user. A count window
mode registers any activity as a valid input within the count window time setting.

Resettable Operations Counter: A second software counter, similar to the operations counter, which may be
reset by the user.

Harmonic Analysis: Provides the total harmonic distortion and the harmonic content of the load voltage and
current up to the 31st harmonic (using GE-2029A with BECO 2200 protocol).

Tap Position Record: Provides a record of the number of times each tap position has been passed through
(using GE-2029A with BECO 2200 protocol). The tap position record can be reset by the user.

AUTO/OFF/MANUAL Switch Status: Provides the user with the Auto/Off/Manual switch position status through
the Comm ports. When the GE-2011C is configured for a switch status input, the switch status is read using the
seal-in input on the control.

A or B Regulator Type: Allows the user to select the type of regulator being used to provide a more accurate
source voltage calculation.

Inputs

Control Voltage Input: Nominal 120 V ac, 60 Hz (50 Hz optional); operates properly from 90 V ac to 140 V ac.
If set at 60 Hz, the operating system frequency is from 55 to 65 Hz; if set at 50 Hz, the operating system
frequency is from 45 to 55 Hz. The burden imposed on the input is 8 VA or less. The unit should be powered
from a voltage transformer connected at the controlled voltage bus. The unit will withstand twice the voltage
input for one second and four times the voltage input for one cycle.

Motor Power Input: Nominal 120 V ac to 240 V ac, at up to 6 A as required by the load, with no wiring changes
required.

Line Current Input: Line drop compensation is provided by a current transformer input with a 0.2 A full scale
rating. A Beckwith Electric model M-0121 (5 A to 0.2 A) or M-0169A (5 A or 8.66 A to 0.2 A) Auxiliary Current
Transformer is available when required. The burden imposed on the current source is 0.03 VA or less at 200 mA.
The input will withstand 400 mA for two hours and 4 A for 1 second.
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GE-2011C Digital Tapchanger Control

Circulating Current Input: Parallel operation of regulators or transformers is accommodated by a current
transformer input with a 0.2 A full scale rating. The burden imposed on the current source is 0.03 VA or less at
200 mA. The input will withstand 400 mA for two hours and 4 A for 1 second.

Control Power Backup Input (Six pin Molex connector on the left side bottom of control): The optional Control
Power Backup Input feature sustains operation of the control in the event of a loss of AC input power to the
control. Raise and Lower commands are possible if the control's motor power remains energized. When this
feature is enabled the Tap Position Knowledge by Current Loop feature is unavailable. See M-2026/M2027
Companion Control Power Backup Supplies (page 10).

Binary Inputs
Voltage Reduction 1 & 2 Inputs: These inputs provide three levels of programmable voltage reduction which
can be manually invoked.

Neutral Position Detect: The Neutral Position Detect Input detects the neutral tap position, which assists the
"keep track" tap position function. This Neutral Position Detect Input also facilitates disabling the paralleling
mode Delta Var2.

Counter Input: The Counter Input detects tap position changes and updates two counters, one pre-settable and
one re-settable.

Seal-in/Switch Status Input: When the Input Selection 1 configuration is set to "seal-in input”, this input
provides for detection of the seal-in state to operate the seal-in output. When "Input Selection 1" is set to Switch
Status Input, this input provides the means to read the Auto/Manual switch position status using SCADA.

Non-Sequential/SCADA Block Input: When the Input Selection 2 configuration is set to "Nonseq Input", this
input provides the means to perform non-sequential operations. When Input Selection 2 is set to "SCADA Blk
Input”, this input provides a means to block all write operations to the control from SCADA.

Outputs

Raise Output: Capable of switching 6 A at 120 Vac to 240 V ac motor power.

Lower Output: Capable of switching 6 A at 120 Vac to 240 V ac motor power.

Seal-In Output: Connects to the B-0553 motor seal-in printed circuit board subassembly.
Deadman Alarm Output: Capable of switching 3 A at 120 V ac or 100 mA at 120 V dc.
Programmable Alarm Output: Capable of switching 3 A at 120 V ac or 100 mA at 120 V dc.

Front Panel Controls

Menu-driven access to all functions by way of four pushbuttons and a two-line alphanumeric display. There are
two programmable passwords available to provide various levels of access to the control functions.

The GE-2011C offers a 2-line by 20 character LCD display for enhanced viewing in direct sunlight. It also offers
a low-level LED backlight for reading in darker environments. An optional 2-line by 20 character Vacuum
Fluorescent Display (VFD) is available for industrial temperature range operations (—40° C to +80° C).

LED Indicators

Front panel LED indicators show the following control conditions: Out-of-Band RAISE, Out-of-Band LOWER,
Reverse Power Flow REV PWR detected, CPU OK., Line Drop Compensation LDC IN EFFECT, Voltage
Reduction V/RED IN EFFECT, and Communications Auto Operation Block COM BLK. Two additional LED
indicators are privided to show Transmit (Tx) and Receive (Rx) data on COMM Port 1.

Output Contacts

Alarm Contact Outputs (2): One normally open programmable contact and one normally closed self-test alarm
contact; capable of switching 3 A at 120 V ac.

Voltage Measurement Accuracy

Control accuracy is £0.3 % when tested in accordance with the ANSI/IEEE C57.15.9-1999 standard over a
temperature range of —30° C to +65° C. The control accuracy is +0.5 % when tested over the full operational

temperature range of —40° C to +85° C.
—4—



GE-2011C Digital Tapchanger Control

Communications

The communication ports provide access to all features, including metering, software updates, and programming
of all functions. This is accomplished using a modem or direct serial connection from any IBM PC-compatible
personal computer running the GE-2029A Communications Software package or SCADA communications
software. COM1 (top) is available with RS-232, RS-485, Fiber Optics. COM 3 is an optional RJ45 Ethernet Port.
COM2 is an RS-232 front port for local communications with BECO 2200 and for software updates.

Protocols: The following standard protocols are included in COM1/COM3: BECO 2200, BECO 2179, Cooper
2179, Cooper2179A, DNP3.0, MODBUS, and IEC 61850. COM2 uses BECO 2200 for local communications.

Communications Via Direct Connection: GE-2029A supports direct communication with a GE-2011C Digital
Tapchanger Control using a serial “null modem” cable with a 9-pin connector (DB9P) for the control, and the
applicable connector (usually DE9S or DB25S) for the PC, or Fiber Optic communication using ST standard or
two-wire RS-485.

Optional: An optional ethernet 10 Mpbs port (COM 3) is available through an RJ-45 jack on the top of the control.
This port supports DNP over TCP/IP, BECO 2200 over TCP/IP, and MODBUS over TCP/IP protocols.

RS-232 Null modem (M-0423), RS-485
(2Wire), or Fiber Optic (ST) Cable

r Max 50' (RS-232)
Digital
Tapchanger

Control & &

GE-2011C |

To Transformer / Regulator

IBM PC - Compatible
Running Windows™ 95,
NT 4.0, or later

Printer

Figure 1 Direct Connection



GE-2011C Digital Tapchanger Control

Communications Via Modem: GE-2029A supports remote (modem) communications with a GE-2011C
Digital Tapchanger Control. A Hayes-compatible modem and proper cabling is required.

RS-232
Modem Cable
Max 50'
RS-232 Phone Phone
Modem Cable Jack Jack

Max 50'

Hayes-Compatible Modems
2400 baud to 19200 baud

GE-2011C =
Digital
Tapchanger
Control

IBM PC-Compatible
Running Windows 95,
NT 4.0, or later

To Transformer/Regulator

Printer

Figure 2 Modem Connection

Communications Using Networking: The addressing capability of TapTalk allows networking of multiple
digital tapchanger controls. Each tapchanger control can be assigned an address ranging from 1 to 200.
Selected commands may be broadcast to all controls on the network. Figures 3, 4, and 5 illustrate typical
network configurations.

Commyn

M ) Nicatione. :

Stra'ght-Thl’Othn Splitterns Line
odem Cableg

To Phq .
ne Dire,
Line Conre iS-237

Ction to é:C

=3
o

Figure 3 Network Connection
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IBM- Compatible PC
Running GE-2029A
Communications Software

Connect to PC

Straight DB25
Connection to
PC RS-232
COM Port

Dymec Model No. 5843 ™
DTE=On
Repeat=0ff

GE-2011C Digital Tapchanger Control

ST Multi-mode 62/125 Optical Fiber

RX

R e

IBM- Compatible PC
Running GE-2029A
Communications Software

Figure 4 Fiber Optic Connection Loop

Connect to PC

Straight DB9
Connection to
PC RS-232
COM Port

120 Q

Model No. 485 LP9TB A
B & B Electronics
RS-232/RS-485 B

120 Q

=

=

Figure 5 RS-485 Network Connection
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GE-2011C Digital Tapchanger Control

Application: Using a PC, the operator has real-time, remote access to all functions of the GE-2011C Digital
Tapchanger Control. The control can act as the monitoring point for all voltage, current, and related power
quantities, thereby simplifying operation while avoiding transducers and multiple Remote Terminal Unit (RTU)
analog inputs. The protocols implement half-duplex, two-way communications. This allows all functions, which
would otherwise require the presence of an operator at the control, to be performed remotely. Communication
capabilities include:

. Interrogation and modification of setpoints

. Broadcast of commands, such as tap change inhibit and voltage reduction (up to three steps) to
networked controls

*  Recognition of alarm conditions, such as voltage extremes and excessive load
e Selective control of raise and lower tap change operations

. Re-configuration of the control, such as a change to the demand integration time period or a selection
of different alarm parameters

Unit Identifier: A 2-row by 15-character alphanumeric sequence, set by the user, can be used for unit
identification.

GE-2829 Tap Plotting Software for Windows™: This plotting and analysis software allows the user to plot, print
and analyze tap information downloaded utilizing the GE-2029A data logging feature.

Environmental
Temperature: Control operates from —40° C to + 85° C with either the LCD or Vacuum Fluorescent displays.

B NOTE: The LCD display's functional temperature range is —20° C to + 70° C. The optional Vacuum
Fluorescent display's functional temperature range is —40° C to + 80° C.

IEC 60068-2-1 Cold, —40° C for 96 hours
IEC 60068-2-2 Dry Heat, +80° C for 96 hours
IEC 60068-2-3 Damp Heat, +40° C @ 95% RH for 96 hours

Transient Protection

High Voltage

All input and output terminals will withstand 1500 V ac rms to chassis or instrument ground for one minute with
a leakage current not to exceed 25 mA, for all terminals to ground. Input and output circuits are electrically
isolated from each other, from other circuits and from ground.

B NOTE: RS-232 and RS-485 communications ports are excluded.

Surge Withstand Capability

IEEE C37.90.1-2002 2,500 Vpk-pk Oscillatory
4,000 Vpk Fast Transient Burst

IEEE C37.90.1-1989 2,500 Vpk-pk Oscilliatory
5,000 Vpk Fast Transient

B NOTE: Disturbance is applied to digital data circuits (RS-232, RS-485, RJ45 Ethernet) port through capactive
coupling clamp.

Radiated Electromagnetic Withstand Capability
All units are protected against electromagnetic radiated interference from portable communications transceivers.



GE-2011C Digital Tapchanger Control

Electrostatic Discharge Test
EN 60255-22-2-1997 (EN61000-4-2)

Class 4 (8 Kv) — Point Contact Discharge
(15Kv) — Air Discharge

Fast Transient Disturbance Test
EN 60255-22-4-2002 (EN61000-4-4)

Class A (4 Kv, 2.5 kHz)

B NOTE: Disturbance is applied to digital data circuits (RS-232, RS-485, RJ45 Ethernet) ports through
capacitive coupling clamp.

Industrial Certifications
GE-2011Cis UL Listed (508 — Industrial Control Equipment)

Physical

GE-2011C

Size: 9.25" wide x 15" high x 4.185" deep (23.5 cm x 38.1 cm x 10.5 cm)
Approximate Weight: 6 Ibs, 2 0z (2.78 kg)

Approximate Shipping Weight: 11 Ibs, 2 0z (5.05 kg)

Accesories

M-2026/M-2027 Control Power Backup Supplies

If the Optional Control Power Backup Input is purchased, the following accessories are available:
M-2026 AC-DC Control Power Backup Supply

The M-2026 Control Power Backup Supply will accept either an AC or DC (105 to 140 V) input, and output a
regulated +12 V dc (= 0.5 V) output voltage. The unit incorporates a fused input, surge protection, and reverse
polarity protection. The M-2026 is capable of up to a 1.5 Ampere output.

M-2027 Control Power Backup Supply-AC Only

The M-2027 will accept an AC (105 to 140 VAC, 50/60 Hz) input and output +12 V dc (K0.5 V). The M-2027 is
capable of loads up to 1.0 Ampere. The unit incorporates a fused input and surge protection.

The M-2026 and M-2027 units are housed in a non-weathertight enclosure and equipped with screw terminal
blocks for input and output connections.

Use of a control power backup supply other than the M-2026 and M-2027 will compromise system reliability if the
power supplies chosen do not conform to the specifications listed above and the testing specifications listed
below.

B NOTE: Both the M-2026 and M-2027 comply with the Environmental and Transient Protection specifications
listed below.

M-2026/M-2027 Environmental
Temperature: Stated accuracy of the Control Power Backup Supply is maintained from —40° C to + 80° C.

IEC 60068-2-1 Cold, —40° C for 96 hours
IEC 60068-2-2 Dry Heat, +80° C for 96 hours
IEC 60068-2-3 Damp Heat, +40° C @ 95% RH for 96 hours

Fungus Resistance: a conformal coating is used on the printed circuit board to inhibit fungus growth.



M-2026/M-2027 Transient Protection

High Voltage

All M-2026 input terminals will withstand 1500 V ac RMS to chassis or instrument ground for one minute with a
leakage current not ot exceed 25 mA, for all terminals to ground. The M-2026 output terminals will withstand 500
V ac RMS to chassis or instrument ground for one minute with a leakage current not to exceed 25 mA, for
terminals to ground. Input and output circuits are electrically isolated from each other, from other circuits and
from ground.

All M-2027 input and output terminals will withstand 1500 V ac RMS to chassis or instrument ground for one
minute with a leakage current not to exceed 25 mA, for all terminals to ground. Input and output circuits are
electrically isolated from each other, from other circuits and from grounds.

Surge Withstand Capability

IEEE C37.90.1-2002 2,500 Vpk-pk Oscillatory
4,000 Vpk Fast Transient Burst

IEEE C37.90.1-1989 2,500 Vpk-pk Oscilliatory
5,000 Vpk Fast Transient

Radiated Electromagnetic Withstand Capability
All units are protected against electromagnetic radiated interference from portable communications transceivers.

Electrostatic Discharge Test
EN 60255-22-2-1997 (EN61000-4-2)

Class 4 (8 Kv) — Point Contact Discharge
(15Kv) — Air Discharge

Patent & Warranty
The GE-2011C Tapchanger Control is covered by U.S. Patents 5,315,527 and 5,581,173.

The GE-2011C Tapchanger Control, M-2026 AC-DC Control Power Backup Supply and M-2027 Control Power
Backup Supply-AC Only are covered by a five year warranty from date of shipment.

Specification subject to change without notice.

© 2005
Printed in U.S.A. 800-2011C-SP-02 02/06



WARNING

DANGEROUS VOLTAGES, capable of causing death or serious
injury, are present on the external terminals and inside the equip-
ment. Use extreme caution and follow all safety rules when han-
dling, testing or adjusting the equipment. However, these internal
voltage levels are no greater than the voltages applied to the exter-
nal terminals.

DANGER! HIGH VOLTAGE

A - This sign warns that the area is connected to a dangerous high voltage, and you
must never touch it.

PERSONNEL SAFETY PRECAUTIONS

The following general rules and other specific warnings throughout the manual must be followed during application,
test or repair of this equipment. Failure to do so will violate standards for safety in the design, manufacture, and intended
use of the product. Qualified personnel should be the only ones who operate and maintain this equipment. Beckwith
Electric Co., Inc. assumes no liability for the customer’s failure to comply with these requirements.

- This sign means that you should refer to the corresponding section of the operation
manual for important information before proceeding.

@ Always Ground the Equipment

To avoid possible shock hazard, the chassis must be connected to an electrical ground. When servicing
equipment in a test area, the Protective Earth Terminal must be attached to a separate ground securely
by use of a tool, since it is not grounded by external connectors.

Do NOT operate in an explosive environment
Do not operate this equipment in the presence of flammable or explosive gases or fumes. To do so would
risk a possible fire or explosion.

Keep away from live circuits

Operating personnel must not remove the cover or expose the printed circuit board while power is ap-
plied. In no case may components be replaced with power applied. In some instances, dangerous volt-
ages may exist even when power is disconnected. To avoid electrical shock, always disconnect power and
discharge circuits before working on the unit.

Exercise care during installation, operation, & maintenance procedures
The equipment described in this manual contains voltages high enough to cause serious injury or death.
Only qualified personnel should install, operate, test, and maintain this equipment. Be sure that all per-
sonnel safety procedures are carefully followed. Exercise due care when operating or servicing alone.

Do not modify equipment

Do not perform any unauthorized modifications on this instrument. Return of the unit to a Beckwith
Electric repair facility is preferred. If authorized modifications are to be attempted, be sure to follow
replacement procedures carefully to assure that safety features are maintained.



PRODUCT CAUTIONS

Before attempting any test, calibration, or maintenance procedure, personnel must be completely familiar
with the particular circuitry of this unit, and have an adequate understanding of field effect devices. If a
component is found to be defective, always follow replacement procedures carefully to that assure safety
features are maintained. Always replace components with those of equal or better quality as shown in the
Parts List of the Instruction Book.

Avoid static charge
This unit contains MOS circuitry, which can be damaged by improper test or rework procedures. Care
should be taken to avoid static charge on work surfaces and service personnel.

Use caution when measuring resistances
Any attempt to measure resistances between points on the printed circuit board, unless otherwise noted
in the Instruction Book, is likely to cause damage to the unit.



GE-2011 “SimpleStart”
Initial Setup Instructions

Communicating with the GE-2011

Determine the method of communicating with the GE-2011:

Utilizing the front panel four pushbutton Human Machine Interface (HMI).

By connecting to the front panel RS-232 communications port with a laptop PC utilizing GE-2029A
for Windows Communications Software.

By connecting to the SCADA communications ports on the top of the unit.

Apply Power to the GE-2011

If the control is attached to an adapter panel, control power can be applied to the front “External
Power” input or to the proper panel control input pins.

If the control is not attached to an adapter panel, or the “blue plug” is removed, the control may
be energized utilizing a “Blue Plug” adapter cord (part number B-0849 available from Beckwith
Electric) and a 120 V ac wall outlet.

GE-2011 Setup Procedure using the Front Panel HMI
1. Pressthe 4, ¥ or Ent pushbutton, the screen will display LOCAL VOLTAGE.

2. Confirm input voltage.

3. Press and hold the 4* pushbutton until TIME OF DAY is displayed, then press Ent, a flashing
“C” will be displayed indicating that changes may be made.

4. Set the first digit of the time (indicated by an underline of the digit) with the 4* or ¥ pushbutton,
then press Ent to shift to the next digit. Repeat for each time digit.

5. When all time digits have been set, then press ¥ once, DATE will be displayed.

6. Press Ent to set the first digit of the date (indicated by an underline of the digit) with the 4* or ¥
pushbutton, then press Ent to shift to the next digit. Repeat for each date digit.

7. When all date digits have been set, then press ¥ once, VAR HRS R 1PH E will be displayed.

8. Each demand quantity will display an “E” on the right side of the screen. Press Ent to reset the
demand value to zero.

9. Press ¥ to display the next demand quantity, then press Ent.
10. Repeat Step 9 for each demand quantity, the last demand quantity is OPER CNTR RSET.

11. Press EXit, the screen will extinguish.

12. Review the default configuration settings in the GE-2011 Instruction Book, Appendix A or B, and
determine if any of the settings need to be changed for this application.

13. If no configuration settings need to be changed, then go to Step 15.

lof6 Rev. 0 (03-05)




GE-2011 “SimpleStart”
Initial Setup Instructions Cont’'d

14. If configuration settings need to be changed, then proceed as follows:
a) Pressthe 4, ¥ or Ent pushbutton, the screen will display LOCAL VOLTAGE.
b) Confirm input voltage.
c) Press¥once, TO CONFIGURE COMMUNICATION will be displayed.
d) Press Ent, LEVEL 2 PASSWORD will be displayed.

B NOTE: The default Level 2 Password is 2222 on new controls.

e) Set the first digit of the Level 2 Password (indicated by an underline of the first digit) with the
4 or ¥ pushbutton, then press Ent to shift to the next digit. Repeat for each digit.

When the last digit has been entered, the control will briefly display LEVEL 2 ACCESS
GRANTED!. The control will then display COMM PASSWORD.

f) Pressthe 4 or ¥ pushbutton as necessary to advance to the desired configuration
parameter.

g) Press Ent, aflashing “C” will be displayed indicating that changes may be made.

h) Pressthe 4 or ¥ as necessary to toggle between the available settings, then press Ent to
save the setting.

i)  When the required changes have been completed, press EXIT, the screen will extinguish.

15. Review the default setpoints in the GE-2011 Instruction Book, Appendix A or B, and determine if
any of the settings need to be changed for this application.

16. If no setpoints need to be changed, then go to the Data Logging section.
17. Press the 4, ¥ or Ent pushbutton, the screen will display LOCAL VOLTAGE.
18. Confirm input voltage.

19. Press¥ twice, BANDCENTER F will be displayed. This screen marks the beginning of the
setpoints.

20. Press the 4 or ¥ pushbutton as necessary to advance to the desired setpoint, then press Ent.

a) If aflashing “C” is displayed on the right side of the screen, then go to Step 21.
B NOTE: The default Level 1 Password is 0000 (password disabled) on new controls.

b) If LEVEL 1 PASSWORD is displayed (indicating a user defined password has been entered),
then set the first digit of the Level 1 Password (indicated by an underline of the digit) with the

4 or ¥ pushbutton, then press Ent to shift to the next digit. Repeat for each digit.

When the last digit has been entered and the proper password has been entered, then a
flashing “C” will be displayed indicating that changes may be made. Go to Step 21.

21. Press the 4 or ¥ as necessary to toggle between the available settings, then press Ent to save
the setting.

22. For additional setpoint changes press the 4* or ¥ pushbutton as necessary to advance to the
desired setpoint, then repeat Step 21 for each setpoint to be changed.

23. When the required setpoint changes have been completed press EXIT, the screen will
extinguish.
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GE-2029A Communications Software for Windows

PC hardware requirements, communications utilizing a modem, communicating with multiple units and an
overview of GE-2029A software operation can be found in the GE-2011 Instruction Book, Chapter 9.

GE-2029A Communications Software is provided on a CD-ROM with each unit.
Insert the GE-2029A software into your CD-ROM drive.
Select Run from the Start Menu.

1. From the Run dialog box, initiate software installation by typing D:\Setup.exe (or other drive
designator:\Setup.exe, depending on the letter designation for the CD-ROM drive or location of
the downloaded file).

The Installation Wizard will prompt the user through the installation process. After installation, the
GE-2029A program icon (located in the Becoware folder) can be placed on the desktop.

GE-2011 Setup Procedure using GE-2029A
1. Connect a Null Modem Cable from the active PC COM Port to COMM 2 on the front of control.

2. Select the GE-2029A program-item icon from the Becoware group in the Program Manager, or
select GE-2029A from the program list using the Start Menu.

The GE-2029A toolbar is displayed along with the Access dialog screen.
3. The Access dialog screen contains the following new control default values:
Password — no changes needed
Comm Address — 1
Control Comm Protocol — BECO2200
PC Communication Device — Serial Comm Port
PC COM Port — COM1
PC Baud Rate — 9600
4. On the Access dialog screen verify the following:
PC COM Port is set to the active PC COM Port that the Null Modem Cable is connected to.
Active PC COM Port baud rate is set to 9600.

B NOTE: The local display screen must be extinguished (press EXIT) in order to access the control
through the communication ports.

5. From the Access dialog screen select OPEN to open communications. If the correct COM Port
parameters have been entered GE-2029A will respond with:

“Communication has been opened successfully”.
6. From the Access screen, select OK to close the Access screen.

7. From the drop down menu, select Utilities/Set Control Date/Time. The Set Control
Date/Time dialog screen will be displayed.
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The Set Control Date/Time dialog screen Set Control Time section, default setting for
Current Address or Broadcast is set to Current Address. If multiple controls are being set, then
select Broadcast.

If the control is to be set to PC Time, then select Set Control Time to PC Time. GE-2029A
will respond with a confirmation screen that states:

“Control’'s time has been successfully set to PC’s time.

Do you want to reset the following points:

Demand Metering, Energy Metering, Drag Hands and Resettable Op Count?
Click Yes to reset the values,

Click No to continue without resetting.”

Select Yes, Tap Talk will respond with the confirmation screen that states:
“Demand Metering, Energy Metering, Drag Hands and Resettable Op Count have been reset.”

If the control is to be set to a time that is manually input, then input the desired time and select
Set. GE-2029A will respond with a confirmation screen that states:

“Control’'s time has been successfully set to PC's time.

Do you want to reset the following points:

Demand Metering, Energy Metering, Drag Hands and Resettable Op Count?
Click Yes to reset the values,

Click No to continue without resetting.”

Select Yes, GE-2029A will respond with the confirmation screen:

“Demand Metering, Energy Metering, Drag Hands and Resettable Op Count have been reset.”
From the Set Control Date/Time screen select EXit.

From the drop down menu, select Control Setup/Configuration. The Configuration dialog
screen will be displayed.

Review the default configuration settings and determine if any of the settings need to be changed
for this application.

If no configuration settings need to be changed, then go to Step 16.
If configuration settings need to be changed, then proceed as follows:
a) From the Configuration Dialog screen, select and edit the desired configuration setting(s).

b) Select Write To Control, GE-2029A will respond with a confirmation screen that states:
“Configuration settings have been successfully written to the control.”

c) Select EXit.

From the drop down menu, select Control Setup/Setpoints. The Setpoints dialog screen
will be displayed.

Review the default setpoints and determine if any of the setpoints need to be changed for this
application.

If no setpoints need to be changed, then go to the Data Logging section.
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19. If setpoints need to be changed, then proceed as follows:
a) From the Setpoint Dialog screen, select and edit the desired setpoint(s).

b) Select Write To Control, GE-2029A will respond with a confirmation screen that states:
“Setpoints have been successfully written to the control.”

c) Select EXit.

Data Logging

The control data logger has been preset to automatically begin collecting partial data when power is
applied to the control. If changes to the values to be logged or the logging interval are desired, then
proceed as follows:

1. From the GE-2029A drop down menu, select Utilities/Data Logging/Control Setup and
Download. The Data Logging Control Setup and Download dialog screen will be displayed.

2. When all Data Logging and Download parameters have been set, then perform the following:

a) Select Erase Existing Data and Start Logging data to Control.
b) Select Yes to confirm.
c) Select OK to close the Data Logging Control Setup and Download dialog screen.
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Introduction

1.0 Description .......cceeevveiiiiiiieeeeenn.

1.1 ACCESSOIIBS ..

1.0 Description

The GE-2011C Digital Tapchanger Control is a
microcontroller-based transformer and step-voltage
regulator load tapchanger control.

The control is supplied with an adapter panel that is
designed for regulator installation. The panel is
designed to mechanically and electrically replace an
old control, with matching mounting hardware to
facilitate the replacement. See Figure 1-2, Typical
Adapter Panel Mounting.

Interrogation of the control and setting changes are
made via the user interface, or through the
communications ports. User interface consists of a
20-character by 2-line display and four pushbuttons.
Two passwords available to the user are accessed
by the buttons and a third is accessed through the
communications ports. All setpoints are stored in
non-volatile memory which is unaffected by control
voltage disturbances.

Two operation counters are provided. One counter
may be reset; the other may be pre-set by the user.

Nine LEDs are used to indicate Tapchanger Raise
and Lower command status, Reverse Power
detection, CPU OK, LDC In Effect, V/RED Voltage
Reduction in Effect, COM BLK Control Auto
Operation Block Via Comm, and COM 1 TX and
RX.

The control uses a Motorola microcontroller which
has a self-testing watchdog system. Refer to Figure
1-1 for the functional diagram. The alphanumeric
display and four-button interface provides complete
front panel access to the scrolling menu program
shown in the Appendix, Figure A-1. The control
applies to tapchanger designs with many
configurations of taps (e.g., =16 taps,1 to 17 taps,
0 to 33 taps, etc.).

1-1
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Figure 1-1  Functional Diagram
1.1  Accessories

GE-2029A Communications Software

GE-2029A is a Windows-based communications
software program available for remote control and
metering of the GE-2011C Tapchanger Control. Itis
designed to interface with the microcontroller of the
control through an RS-232, RS-485, Ethernet, or
fiber optics port. The RS-232, RS-485, and Fiber
Optics port support baud rates up to 19200 bps. The
optional RJ-45 Ethernet port supports connection
speeds up to 10 Mbps, but is limited by the capability
of the Control's microcontroller. The GE-2029A
software displays all pertinent operating information.
All operations that can be performed from the front
panel user interface of the control can be duplicated
remotely, through GE-2029A. These operations
include:

Changing setpoint values. (This includes
those values for normal tapchanger control
operation, as well as custom configuration
to the site.)

Observing values. (This includes
measured and calculated values of real-
time operating parameters.)

Data logging. The control can internally
store various parameters at selected
intervals. The GE-2029A program can
download this data into an Excel®
spreadsheet and display. Alternatively, the
PC can be programmed to poll the control
and obtain a pre-selected list of parameters
at selected intervals.

Additional Communications Ports

The standard GE-2011C Digital Tapchanger Control
comes with two RS-232 communication ports, COM1
and COM2. COM2 is located in the front of the unit.
COM1 is located on the top of the unit. COM1 has
up to four different interfaces: RS-232, RS-485,
Ethernet, and fiber optic communication ports. When
the Ethernet option is purchased, it is designated as
COMS.



M-2025B Current Loop Interface Module

The M-2025B is an external self-contained interface
designed to operate with the tapchanger control for
tap position by positive knowledge, for LTC
transformer applications. The module connects to
the current loop output of a tap position monitor such
as the 1250-series INCON Programmable Position
Monitors. The tap position monitor has current loop
outputs whose level corresponds linearly to any of a
pre-programmed number of tap positions depending
on the tapchanger mechanism being monitored. The
module accepts current loop ranges of:

e 0Oto1mAdc
e 0to2mAdc
e —1to+1 mAdc
e 4to20 mAdc

The Tap Information screen is provided in the
Tapchanger's Configuration Menu to select whether
the control uses the current loop method or the
“keep-track” method for tap position knowledge. The
M-2025B Current Loop Interface module is not used
with the “keep-track” method. The keep-track method
is used with single-phase line regulators having a
counter contact and a neutral contact. The M-2025B
module easily connects to the Tapchanger control
through a six-pin connector located on the bottom of
the control. For more information, refer to the Tap
Position section of the Configuration chapter.

For parallel operation using the circulating current
method, the following accessories are needed: the
M-0115A Parallel Balancing Module, the M-0127A
AC Current Relay and the M-0169A Auxiliary Current
Transformer. For more information, refer to the
Parallel Operation section of the Configuration
chapter.

Introduction -1

The M-0329 Backup Relay or the M-5329 Multiphase
Backup Relay are available to provide protection
against failure of the primary control.

Optional Control Power Backup Input

The Control Power Backup Input is designed to
sustain communication port operation in the event
of loss of AC power, maintaining Fiber Optic port
operation, communication ports, data-logging, status
monitoring, configuration and setpoint capability at
full functionality. This optional backup input is factory-
installed, and cannot be used if the the M-2025 Real
Tap Knowledge input adaptor is in place.

M-2026 AC-DC Control Power Backup Supply

The M-2026 accepts either AC or DC input over a
range of 105 to 140 V. The unit will supply a
regulated +12 V dc at up to a 1.5 A output. The unit
includes a fused input, surge protection, and reverse
polarity protection.

M-2027 Control Power Backup Supply - AC

Only

The M-2027 will accept an AC input over a range of
105 to 140 V ac at 50/60 Hz. The unit will supply a
+12 V dcatupto 1.0 A.
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Front Panel Controls

2.0 INTFOAUCTION ... 2-1
2.1 Display/Tapchanger Control ...........cccceiiiiiiiiiiieeiieee e 2—1
2.2 User Interface Controls ........ccoocuiiiiiiiiiiiiiieiee e 2-2
2.3 Status INAICATOrS .....oviiiiiii e 2-2
2.4 Voltage Regulator Control Panel User Interface...........cccco........ 2-4

2.0 Introduction

The front-panel user interface consists of a standard
Liquid Crystal Display (LCD) or optional Vacuum
Fluorescent Display (VFD), 4, ¥, EXIT, and ENT
pushbuttons, status indicators, and the control
switches as shown in Figure 2-1, GE-2011C Front
Panel.

2.1 Display/Tapchanger Control

The display shows the desired function and its
current status or setpoint value. The function is
displayed on the top line, and the bottom line displays
its current status. The display is normally blank and
remains so until the 4, §, or ENT pushbutton is
depressed. Pressing any pushbutton will display the
User Lines screen, and then the Local Voltage
screen.

Power Up Screens

Each time the control is powered up, it will briefly
display a series of screens that include:

e General Electric GE-2011C

* Booting Ethernet (if purchased)
Configuring DHCP
Internet IP Address
Ethernet Board Version

e Serial Number
e Control Firmware Number
e Date
e Time of Day
e UserLines
Screen Blanking

The display automatically goes blank after exiting
from any menu, or from any screen after 15 minutes
of unattended operation. Manual screen blanking is
accomplished by pressing the EXIT pushbutton.

Flashing C “CHANGE” Prompt

This prompt, in the bottom right corner of a screen,
is enabled by initially pressing ENT. This prompt
indicates that the user can change a setting using
the 4 or § pushbuttons to increment or decrement
the settings. Values have factory preset increments,
such as 0.1 volt or 1 second. Press ENT the second
time to execute the setting change.

“ENT” Prompt

When the “E” prompt appears in the top right corner
of the drag-hand parameter screens, operation
counter reset screen, and demand metering screen,
it indicates that the value of display will reset if the
ENT pushbutton is pressed.

2-1
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2.2 User Interface Controls

2.3 Status Indicators

4 and § Pushbuttons

The 4 and § pushbuttons have two functions.
First, they are used to change screens and scroll
through selections. Second, they are used to enter
new values by incrementing or decrementing the
displayed value. The new value is not stored until
the ENT pushbutton is pressed a second time.

Pressing the 4 or § pushbutton for longer than one
second will cause faster scrolling, either when
selecting screens or when selecting setpoint values.

ENT Pushbutton

The ENT pushbutton is used to perform the following
functions:

* Enter the change mode of a screen

e Store a setpoint or condition in
memory

e Enter an access code
¢ Reset certain status screens

When entering an access code, the ENT pushbutton
will move the cursor (an underline) to the selected
digit location and the 4 or § pushbutton will change
the value. When the final digit is selected, and “C”
is flashing, the new access code is entered using
the ENT pushbutton.

In some cases, it is desirable to leave a screen
without making a change. In selecting setpoints or
settings, wait 20 seconds without pressing the ENT
pushbutton and the “C” will stop flashing. At that
point, the 4 and § pushbuttons will again change
screens rather than scroll the previous setpoint
number or setting choice. The previous changes of
that screen will not be recorded and the older
setpoints or configuration choices will still be in
effect.

When setting passwords, programmable alarm
function or user lines in the Configuration Menu, the
20-second time-out is not functional and the user
cannot cancel once a new entry has been started.

EXIT Pushbutton

The EXIT pushbutton is used to exit from any
screen, causing the display to go blank. If EXIT is
selected while the "C" is flashing, the control will
exit without keeping the changed setting.

2-2

RAISE LED

The red LED indicates when the voltage is below the
lower band edge and the timer has started timing for
a tapchanger raise operation.

LOWER LED

The red LED indicates that the voltage is above the
upper band edge and the timer has started timing for
a tapchanger lower operation.

REV PWR LED

The red LED will light to indicate when the unit
detects reverse power flow.

OKLED

The green LED light will remain lit whenever power
is applied to the unit and the watchdog circuit
indicates the microcontroller is working properly.

LDCLED

The yellow LED will illuminate when any non-zero
setting has been entered as LDC Fwd resistance or
reactance, or LDC-Z. It will also illuminate when any
non-zero setting has been entered as LDC Rev
resistance or reactance with the "Rev Power Oper"
configuration set to "regulate in Reverse" and the
control in reverse power mode.

V/RED LED

The yellow LED will illuminate when any level of
voltage reduction has been invoked. This is true for
any voltage reduction process whether it came from
an external contact or any Com input.

COMBLKLED

The yellow LED will iluminate when Auto operation
of the control has been blocked from any Com port.
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2.4 Voltage Regulator Control
Panel User Interface

The Voltage Regulator Control front panel includes
three replaceable fuses: Test Terminal (3 A), Voltage
Sense (1 A), and Motor Power (6 A).

Control Switches

RAISE/LOWER/OFF switch allows local manual
raise and lower commands to be initiated

AUTO/OFF/MANUAL switch allows manual
operation of the control.

LOCAL/REMOTE SCADA (Optional) switch allows
the local blocking of SCADA commands from the
front panel.

VOLTAGE SOURCE switch disconnects the voltage
transformer input and connects the EXTERNAL
POWER binding posts to the voltage input and
motor circuit.

A CAUTION: Do not reverse the ground and hot
wires when connecting an external source. A 3 AG
fuse (F2) is installed to protect the relay from damage
if these connections are accidentally reversed.

With the VOLTAGE SOURCE switch in the EXT
position, the sensing and motor power circuits are
connected to the External Power binding post on the
front panel. The unit can be tested using an external
120 V RMS source of proper polarity applied to
these terminals. Testing can be accomplished by
adjusting the amplitude of the external source.

The VOLTAGE SOURCE switch will disconnect all
power from the unit when selected to the EXT
position with no source connected to the front panel
voltage inputs.

DRAG HANDS RESET pushbutton resets the
tapchanger position indicator drag hands.

2-4

Binding Posts

EXTERNAL POWER binding posts allow application
of a 120 V RMS nominal voltage to the unit for test
procedures.

METER OUT binding posts allow reading of the
input voltage when used in conjunction with the
BIAS TEST VOLTAGE screen of the GE-2011C
Tapchanger Control.

Status Indicators

NEUTRAL light illuminates when the regulator is in
the neutral tap position.
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Setting The Control

3.0 Introduction .........ccccoeviiieeeenn.
3.1 Passwords ........ccccooviiieeeinnns
3.2 Voltage Regulation .................
3.3 Voltage Reduction ..................
3.4 Regulation Limits....................
3.5 Pulsed Output......ccccoouerrnnnenn.

3.6 Application Considerations

3.0 Introduction

If the control will not execute Raise or Lower
operations due to remote blocking using GE-2029A,
front panel operation can be restored by using the
Remote Control screen to remove the block, or
momentarily removing power from the control. In
order to restore front panel operation, the Save
Comm Block at Power Off configuration setting
must be set to Disable.

Local and remote control may be used at the same
time by designating “Local Mode” disabled in the
Configuration menu.

Settings Entry

Use the r and o pushbuttons to scroll to the desired
setpoint entry screen and press ENT to enter the
change mode. A password is required for entry into
change mode, unless the Level 1 password has
been disabled. Use the r, 0 and ENT pushbuttons to
change the setting.

When the control is first energized, the quickest
way to properly initialize the control prior to entering
the setpoints is to set the real-time clock. This
action will initiate a prompt from the control to
perform a reset operation for the following items:

* Demand Metering

* Energy Metering

* DragHands Reset Registers

e Resettable Operations Counter

Itis then easy to proceed with the remainder of the
control setup.

3.1 Passwords

Password Access Screens

To prevent unauthorized access to the control
functions, there are provisions in the software for
assigning up to three passwords. Two are for use
with the front panel controls and one is for use with
the communication interface. The passwords can
be set in the Configuration Menu. For more
information, refer to the Passwords section of the
Configuration chapter.

Access Levels

General access to read setpoints, to monitor status,
to reset drag-hand parameters and the resettable
operations counter do not require a password.
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The Level 1 password, if set, is required to make
local setting changes including the date and time of
day. If the Level 1 password is set to all zeros, this
request for a password will not be seen and changes
can be made without a password.

The Level 2 password, if set, is required to make
changes to the configuration, passwords, and user
identification. If the Level 2 password is set to all
zeros, this request for a password will not be seen
and changes can be made without a password.

The COMM password is for use with the GE-2029A
Communications Software. This password provides
secure remote operation. If the communications
password is set to all zeros in the GE-2011C Digital
Tapchanger Control, the communications program
will not ask for a password.

@ WARNING: Please record all passwordsina
secure location. If the password is lost or
forgotten, please contact the factory.

3.2 Voltage Regulation

Standard Control Settings

Refer to the Appendix, Figure A-4. With the Level 1
password, six forward and six reverse setpoints are
available (see Table 3-1) from the Setpoint Menu.
They are: bandcenter, bandwidth, time delay, inverse
time, and line drop compensation resistance and
reactance for each direction and Z-compensation.

The control will send commands to the tapchanger
to change taps as needed to hold the voltage
within the bandwidth setting as modified by the
line drop compensation settings and by paralleling.

The control will only respond to an out-of-band
voltage excursion after the timer has reached the
time delay setting. The timer can be set as an
integrating timer or an instantaneous reset timer
upon the voltage return to an in-band condition. As
an integrating timer, it increments during time out-
of-band and decrements during time in band, but
not below zero.

Voltage Regulation Without LDC

When the control is just used to regulate the voltage
on the transformer or regulator low-side bus, the
only input required is voltage from a line-to-line or
line-to-ground VT with a nominal 120 V ac
secondary.
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Bandcenter (BC)

The center of the voltage band is adjustable from
100to 135 V acin 0.1 volt increments (for example,
120 V ac).

Bandwidth (BW)

The LTC uses discrete steps and the Bandwidth
must have a width that allows at least one tapchange
position where the control remains satisfied. To
minimize excessive operations on the tapchanger,
this bandwidth is usually set to include two or three
in-band tap operation positions.

The range is settable from 1 to 10 volts in 0.1 volt
increments, and 2 volts minimum is recommended.
This setting is the total bandwidth.

Time Delay (TD)

The time delay setting is needed to inhibit the
tapchanger from unnecessary operations on
temporary voltage excursions and is commonly
set at 30 to 60 seconds.

The control has two types of timers for time delay:
definite time and inverse time. The kind of time
delay the control will use depends on the setting
found in the configuration menu called TIMER
SELECTION. Both types of delay will work in
forward or reverse power flow. The inverse time
delay will follow the curve in Figure 3-1, Inverse
Time Delay Curve.

Inverse Time Example
Bandcenter 120 V

Bandwidth 3 V

Inverse Time Delay Setting 120 s
AV = (Bandwidth/2) = 1.5V
Vin=123V

Voltage deviation in multiples of AV
= [V, — Bandcenter]/AV
=(123-120)/1.5

=2

Time delay from Figure 3-1

= 50% of Inverse Time Delay setting
= 60 sec.



FUNCTION

Bandcenter
Bandwidth

Time Delay

Inverse Time Delay

LDC Resistance

LDC Reactance

LDC-Z

Setting The Control - 3

SETPOINT RANGE INCREMENT I;E,?;P; g
100.0 Vto 135.0 V 0.1V 120.0 V
1.0Vto10.0V 0.1V 20V
1 second to 120 seconds 1 second 30 seconds
1 second to 120 seconds 1 second 30 seconds
-24 Vito +24 V 1v ov
24 Vto+24V 1v ov

0Vto24V 1v ov

Operating time delay (% of inverse time delay setting)

(%)
110
100
90
80
70
60
50
40
30
20

10

Table 3-1 Bandcenter, Bandwidth, Time Delay &

Line Drop Compensation Setpoint Ranges

AV=_—_

3 4 5 6 7 8 9 10 11 12

Voltage deviation in multiples of AV

Figure 3-1 Inverse Time Delay Curve
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Voltage Regulation with LDC

When it is desirable to regulate the voltage at some
distance from the transformer or voltage regulator,
or in general to raise the voltage during high load
conditions, the Line Drop Compensation (LDC)
feature is used.

Two different LDC methods are available in the
GE-2011C Digital Tapchanger Control. A
configuration setpoint called LDC Selection allows
the user to select from either of these methods.

The Bandcenter, Bandwidth, and Time Delay
functions are set the same as if LDC were not used.

LDC X/R

A classical approach can be used to determine the
X/R settings for the LDC, however this assumes a
load center point and is usually not applicable to the
typical distribution feeder. For more information,
contact Beckwith Electric for Application Note #17.

A simpler method, which will work for most
applications, is recommended. This involves looking
at the lines leaving the station and determining the
reactance/resistance (X/R) ratio for the main line.
The reactive and resistive line drop compensation
setpoints should then be entered in this same X/R
ratio.

If the CT and VT phasing corrections have been
made to remove any phase angles between
measured voltage and line current, only positive
values of R and X compensation need to be used.

Table 3-2 gives the X/R ratio for various wire sizes
and typical conductor spacings.

By knowing the ratio of the maximum expected load
to the present load, the amount of voltage
compensation needed is found as shown in the
following example.

Example

Desired
local voltage @ min load = 120 volts

local voltage @ max load = 124 volts

Using the following assumptions:
Desired Bandcenter = 120 volts

Desired Bandwidth = 2 volts

The device being controlled is 50%
loaded
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Setting

Start with R=0 and X=0 and increase both values
using the ratio shown in the table for the feeder
conductor. Keeping the X/R ratio, increase R_, and

X, until the difference between the compensated
voltage and the local voltage is 2.0 volts.

This example would let the voltage vary from 119V
at no load to 125 V at maximum load taking into
account the bandwidth.

With this simplified method of LDC setting, the first
customer’s voltage will be limited by the upper
voltage limit at the highest daily load, depending
on the accuracy of the daily load projection. At the
same time, the furthest customer will receive the
highest voltage possible under the line and loading
conditions. The first customer protection can be
set on the control. Refer to the Regulation Limits
section of this chapter.

Since the daily load projections will likely have a
seasonal variation, the best balance of first
customer to furthest customer voltage may require
seasonal adjustment of the LDC settings. Note
that the settings of R and X compensation are
proportional to the peak load projection and that
new settings can be scaled from the first setting
obtained by the experimental process just
described.

ACSR COPPER

MCM X/R MCM X/R
795 4.0 750 6.0
477 2.5 500 45
336 2.0 350 33
266 1.5 250 2.4

AWG X/R AWG X/R
4/0 1.2 4/0 2.0
2/0 1.0 2/0 1.5

2 0.5 2 0.7
6 0.2 6 0.3

Table 3-2  Approximate Ratio of Line
Reactance to Resistance (X/R) of Typical
Distribution Circuits



LDC-Z

The second available compensation method is called
Z-compensation (LDC-Z). LDC-Z must be selected
in the control configuration portion of the menu or
software and the VOLTAGE RAISE (V) setpoint
must be set in order for this feature to be
implemented. The LDC-Z application is especially
useful on systems where several lines exist with
different load centers where the proper compensation
is not related to any single R & X values as setin R
& X compensation.

Basically, LDC-Z compensation consists of
designating a target bus voltage increase (line drop
compensation) that correlates to the magnitude of
the control current rather than to the calculation of
input R & X line drop at control current magnitude
and angle values.

The setting, (V,), is the calculated line voltage drop
(at maximum load) in the circuit or line that has the
highest voltage drop at maximum load condition -
ratio’d to the rated CT output (200 ma).

V., = 0to 24 volts in increments of 1 volt.

Example:
* Calculated voltage drop = 5 volts at load
level of 150 ma control current.

* V_setting = 200/150 X 5 = 6.7 volts
(rounded) = 7 volts

To calculate the line drop compensation at any
given control current level (1):

e V =1/200 X 7 (setting):
If 1=50ma;V =50/200 X7 =1.75 volts

As with R & X compensation applications, the “block
raise” and “deadband” settings are used for first
house protection on all circuits or lines.

B NOTE: For additional information about LDC-Z
applications, contact Beckwith Electric
to obtain Distributech Paper 1/27/05,
"Maximizing Automatic Reverse Power
Operations with LTC Transformers and
Regulators."

3.3 Voltage Reduction

Refer to the Appendix, Figure A-4. The control
allows three steps of voltage reduction via external
dry contacts or by serial port connection. The
percentage voltage reduction at each step is
adjustable from 0 to 10% in 0.1% increments. When
one or more contacts are closed, the effect is to
shift the bandcenter setpoint lower thus causing the
LTC to lower the voltage.

Setting The Control -3

Recognize that the “effective” bandcenter may have
been raised by line drop compensator action when
the voltage reduction is initiated and that the resultant
voltage setting will be the combination of the two
effects. Note also that the undervoltage block setting
may limit the lowering of voltage, especially if there
is little raising of the local voltage due to LDC
action.

When first initiated, or when a subsequent step of
voltage reduction is needed, the control will respond
immediately to the voltage reduction command
without regard to either the intertap time delay setting
or the control time delay setting. After the desired
voltage reduction, operation will revert back to normal
operation with the time delay. Refer to the Application
Guide of the appropriate adapter panel for contact
connections.

Wired SCADA dry contacts or serial port connection
can be used to provide stepped voltage reduction as
described earlier. However, these should not be
used together, since the resulting reduction would
be the combination of the inputs.

3.4 Regulation Limits

Overvoltage Limit & Voltage Runback

Refer to the Appendix, Figure A-4. Setpoints are
available to establish a block raise limit and voltage
runback. The overvoltage limit is adjustable from
95.0 V to 135.0 V in 0.1 V increments. The
overvoltage limit must be set above the upper control
band limit. This limit is one portion of the First
Customer Protector to limit overvoltage from line
drop compensation action during heavy loading.

The voltage runback level is the Block Raise setting
plus the Dead Band setting (this establishes First
Customer Protection level.) This deadband should
not be confused with the control deadband above
and below the center voltage setpoint, which is
generally called the control “bandwidth”.

The voltage runback deadband is used to assure
that the runback setting is sufficiently above the
upper voltage limit setting to limit hunting. It is
adjustable from 1.0 to 4.0 V in 0.1V increments,
and must be set greater than the voltage change of
one single tapchange, or hunting will occur. It is
suggested it be set for approximately twice the
voltage change of one tap.

If the voltage exceeds the runback limit, as might
be caused by combinations of LDC action and load
shifts or by a system disturbance without LDC
action, the control will immediately call for an
“automatic” lower without any time delay. The lower
command will continue until the voltage is reduced
below the runback voltage limit. After this occurs,
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the timer will reset. If the voltage is still high,
normal control action will bring the voltage down to
within the normal control band.

Overvoltage block can be effectively disabled by
setting itto 135 V. By setting the runback deadband
to 4 V, the runback voltage becomes 139 V which
effectively disables the feature.

Undervoltage Block

Refer to the Appendix, Figure A-4. This limit is
adjustable from 95.0 V-135.0 Vin 0.1 V increments.
This limit can be set to limit low customer voltage to
safe limits and will block voltage reduction action
that could cause motor stalling and other undesirable
low voltage effects. Undervoltage block can be
effectively disabled by setting it to 95 volts. If the
voltage is below the Block Lower setpoint, the
control will not respond to further lower commands.
Raise commands are not affected. Operation of the
overvoltage limit, voltage runback and undervoltage
block is illustrated in Figure 3-2.

All automatic raise/lower operations are blocked
when the Control Power Backup Input option is
enabled and the input voltage decreases to less
than 85.0 V. Manual tap changes can be initiated if
Motor Power is available.

Coordination with Backup Relay

The GE-2011C Digital Tapchanger Control provides
the first customer protection functions. Use of a
back-up relay, such as the M-0329B, is
recommended since the GE-2011C (or any
independent control) cannot be expected to be its
own backup. The back-up relay bandcenter setting
is usually set the same as the primary control, with
the bandwidth setting 1 or 2 volts greater than the
primary control bandwidth, the block raise setting 1
volt greater than the primary control, and the
deadband setting 1 or 2 volts. These settings create
a runback level 1 or 2 volts above the runback level
of the primary control.

If primary control operation is desired first, the
block raise setting and the resulting runback level
of the backup realy must be higher than those of the
primary control and the block lower setpoint must
be lower than the primary control setting.

Tap Position Block

The Tap Position Block is disabled by setting the
Tap Information screen to the Disable condition. If
the Tap Information screen is not disabled, the Tap
Position Block can be disabled by setting the Tap
Limits screen to "Disable". Refer to the Appendix,
Figure A-5.
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When using the M-2025B Current Loop Interface
Module, a one-second intertap time delay should be
used due to the settling time of the module.

Overcurrent Block Operation

@ WARNING: The current input to the control is
rated at 0.2 A continuous, 0.4 A for two hours,
and 4.0 A for 1 second.

Refer to the Appendix, Figure A-4 for the Line Limit |
screen of the Setpoint Menu. The Line Limit Current
setpoint is available to block operation whenever the
current exceeds the setting. Depending on the current
scaling choice made in the Configure menu, the
setting is adjustable from 0.2 to 0.64 amps in 0.01
amp increments, when using a 200 mA CT scale. If
“Curr Transformer” is set for 1 A, the setting is
adjustable from 1.0 to 3.2 Amps, and if the “Curr
Transformer” is set for 5 A, the setting is adjustable
from 5.0 to 16.0 Amps.

This feature can be used to protect the tapchanger
switch during periods of excessive current. This
feature can be effectively disabled by setting the
blocking current to 0.64 amps, 3.2 Amps or 16-0
amps, depending on scaling CT choice.

3.5 Pulsed Output

When the output selection is “pulsed”, the pulse
width can be programmed from 0.2 to 12 seconds, in
increments of 0.1 seconds.

When the output is set to pulse and the control is
calling for Raise/Lower, an output will turn on for the
preprogrammed time, or until a counter contact
operates, and then turn off the output for a time
period of 0.5 seconds plus the intertap time delay
setting value. When the control is calling for a
Raise/Lower and no non-sequential or counter input
is applied, the output will activate for the full
preprogrammed time and deactivate for 0.5 seconds,
plus the intertap time delay.

When enabling the pulse feature on an LTC without
a counter contact, to prevent hunting, care must be
taken to set the ON pulse width less than the time it
takes for a complete tap change to occur, but long
enough for the seal-in circuit to be activated. The
Intertap Time Delay should be longer than the time it
takes for a complete tapchange to occur.

When a counter input is applied, and there is an
intertap delay, the pulse will cease immediately
(triac is turned off) with counter contact closure for
the intertap time delay. After the counter contact
opens, the intertap timer will start at the end of the
time delay. If there is still a Raise/Lower condition,
another pulse will start.



When the non-sequential input is applied, the Raise/
Lower timers will reset with the contact closure, and
a timer count will start again, if a Raise/Lower
condition is still present, the pulse will start once
more.

3.6 Application Considerations

Sequential/Non-Sequential/Blocking

The control normally operates in Sequential Mode.
In this mode, the tap change output is initiated after
the time delay timer has timed out. The tap change
output will remain “on” until the control senses that
the voltage has returned in-band. This permits
successive tap changes to be made in a “sequential”
mode with no delay between tap changes.

If a delay between successive tap changes is
desired, an intertap time delay may be used. This
value is set at the Intertap Delay screen in the
Configuration Menu. The value is set from 0 to 60
seconds and will interrupt tap change outputs for
the preset time after a counter-contact closure is
detected by the control's operations counter input #1.

If the full initial time delay is desired, the control
may be used in the “non-sequential” mode. This
mode is selected by applying a momentary contact
closure to the control's non-sequential operation/
auto tapchanger inhibit input from the counter-
contact circuit or an auxiliary relay contact. Refer
to the Application Guide of the appropriate adapter
panel for details on implementation of non-
sequential contacts.

If the closed contact supplied to the non-sequential
input is maintained, instead of momentary, the
initial timer will not time out for the duration of the
maintained contact, and the outputs of the control
will be effectively blocked.

Intertap Time Delay

The intertap time delay may be used in conjunction
with sequential operation or pulsed output. The
normal operation of this delay timer is as follows:
once a tapchange command is initiated, when there
would normally be a continuous command (raise or
lower) to run the tapchanger until the voltage has
returned to within the band setting, there is now an
intertap time delay initiated between tapchanges.
When the intertap time delay is set to zero, it is
disabled.

Setting The Control -3

When invoked by a user who possesses Level 2
security access (or above), the intertap time delay
will:
1. Recognize that a tapchange has
occurred, indicated by the counter
contact input.

2. Remove the output signal and wait for
the intertap time delay, even though the
voltage remains outside the designated
voltage band.

3. Command another tapchange after the
intertap time delay has expired, without
regard to the Dbasic time
delay setting, if the voltage remains out
of band in the same direction as the
previous tapchange.

If the intertap time delay is enabled on a control
where non-sequential operation is enabled, the
intertap time delay setpoint is disregarded. The
basic time delay setting prevails for subsequent
tapchange commands in the non-sequential mode.

B NOTE: The intertap time delay is similar in
operation to non-sequential operation, but
the two should not be confused. The
intertap time delay applies a short delay
after every tapchange, for the user-
selected time delay (0 to 60 seconds). It
is enabled via a menu screen. The non-
sequential operation time delay will be
the same as that of the basic user-
selected Time Delay as described at the
beginning of this chapter. For application
with pulsed output, see Section 3.5,
Pulsed Output.

Test Mode/Status Screen

This convenient screen permits entering a bias
voltage for simulating the raising or lowering of the
sensed input voltage. This exercises the control as
if the input voltage were being changed. The contacts
actually operate.

This screen is valuable in the rapid determination of
operating quantities present to influence the normal
operation of the control. Items that will block
operations or change setpoints are described here
and illustrated by LEDs on the face of the control.
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The Test Mode/Status screen displays control status
information that includes:

e Qutput Status

* Compensated Voltage

e Band Status

e Runback/Blocking Status
* Voltage Reduction Status

This screen automatically resets on exit or in 15
minutes if not exited. Refer to Appendix A, Figures
A-2 and A-3.

FUNCTION

SETPOINT RANGE

Neutral Light Circuit

The GE-2011C with Group 01 Harness is prepared
for use with regulators which use a neutral light.
General Electric products typically require that the
Neutral Light terminal TB1-11, be grounded inside
the regulator when the light is to be illuminated. A
switch on the printed circuit board is used to select
the desired configuration (Up—Neutral, Down—Hot).

To configure the Neutral Light to be illuminated
when TB1-11 is grounded inside the regulator, place
the S1 toggle switch (located on the upper right
hand corner of the adapter panel printed circuit
board) in the “Up” (Neutral) position (see Figure 6-3.)

INCREMENT INITIAL SETTING

Inter tap Time Delay 0 to 60 seconds 1 second 0 seconds
Table 3-3 Intertap Time Delay Setpoint Range
Overvoltage
Runback 130
Block Raise 128 T ——
W—\/—\ T T T,
Bandcenter 120 - > -
t t t
Block Lower 114
[t - - - - -
Low Load _ Load grows Voltage increases further
No action on part of Raise operation blocked at due to system switching
= voltage limit control t=Ty Lower command issued at
Q t=T
>9 Local voltage Raised Due to LDC 2

Figure 3-2  Local Voltage as Function of Load Current When Using Line Drop Compensation/
Action of Overvoltage and Overvoltage Runback Control
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4.0 Introduction

4.1 Passwords

This section describes the Configuration Menu of
the software flow. Refer to Appendix A, Figures A-5
and A-8.

B NOTE: Paneldisplay for configured items do not
refresh. In order to reflect the change,
user must scroll past the screens and
then return.

Initializing Passwords (Control)

Refer to the Appendix, Figure A-5. The Level 1 and
the communications passwords are set to all 0000
at the factory. The Level 2 password is set to 2222
at the factory and that password must initially be
used to access the Configuration Menu. See Chapter
9, GE-2029A, Utilities/Set New Passwords section.

New passwords may be entered from the screen
within the Configuration Menu as described below.
As soon as new passwords are entered, they will be
required. Changing any setpoint or configuration will
require the password, if enabled. Enter passwords
with care and record them for future use!
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@ WARNING: Please record all passwords in a
secure location. If the password is lost or
forgotten, please contact the factory.

Configuring Passwords

The user who possesses the current Level 2
password may change any password using four new
numbers. A password is not required if the Level 2
password has been set to 0000.

When ENT is pressed while viewing the password at
its screen within the Configuration menu, an
underline cursor is displayed under the digit furthest
to the right of the password.

Each digit is changed by using the 4 and §
pushbuttons to select the number. Use the ENT
pushbutton to move the underline to the left. When
the underline is on the far left digit, press ENT and
the new password is stored into nonvolatile memory.
If a wrong number has been entered, press ENT as
many times as necessary and the underline will
move to the digit furthest to the right for entry of the
correct password. This should be done immediately
to ensure that an incorrect password is not stored in
memory.

If no key entry is made for approximately 15 minutes
and the screen goes blank and the digit furthest to
the left has not been entered, the password will
revert to the previous one regardless of digits that
have been changed. After a new Level 2 password
has been entered, the new password must be used
to reenter the Configuration menu. Be sure to
record the new password for future use.

When a communication password has been
configured at the control, the communication
password allows the user to bypass both the
configuration and setpoint passwords otherwise
required by a control.

B NOTE: The communication password is identified
as a string #. Therefore, the passwords
"0001" and "1" are not interchangeable.

Each control can be given a unique, 4-digit password
ranging from 0 to 9999. If the password has been
configured at the control as 0000, communication is
not restricted a password does not need to be
identified by GE-2029A. The control is shipped with
communication password disabled (set to 0000).
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Disabling Passwords

Any one of the three passwords can be disabled
within the screens of the Configuration Menu by
changing the password to zero (0000). When a
password is disabled, its access screens will not be
seen and the password will not be required.

Configuration Changes

Use the 4 and § pushbuttons to display the To
Configuration Menu prompt and press ENT. The
Level 2 password is required for entry, unless
disabled. Use the 4, § and ENT pushbuttons to
change the configuration.

4.2 User Ildentification

Changing User Lines

Refer to the Appendix, Figure A-8. The user station
identification lines allow the user to uniquely identify
the unit. In normal operation, after 15 minutes without
pressing a pushbutton on the display, the screen
will be blank. If the screen is blank, any pushbutton
press will reactivate it and display the User Lines
screen. Each line of this display can have up to
fifteen ASCII characters. Both of the lines are factory
preset with asterisks.

When ENT is pressed at the User Line screen in the
Configuration menu, an underline cursor is displayed
under the left-most digit. Each digit is changed by
using the 4 and § pushbuttons to select the ASCII
character (the ASCII character list begins with “I”).
The ENT pushbutton is used to move the underline
to the next digit. When the ENT pushbutton is
pressed for the right-hand digit, the new user line is
stored into nonvolatile memory.

4.3 Alarm Relays

Two alarm relays are provided in the control to
indicate status. The first is a malfunction or loss-of-
power alarm. Upon either of these conditions, a dry
contact will close indicating that the control is out of
service. This contact will switch up to 3 amps at
120V ac.



Refer to the Appendix, Figure A-6. The second
alarm relay is non-latching and is also capable of
switching 3 A at 120 V ac and is user-programmable
to indicate one or more of the following conditions:

e Block-Raise Voltage Limit exceeded
* Block-Lower Voltage Limit exceeded
e Voltage Reduction of any step is invoked
* Reverse Power Flow condition is detected

e Line Current Limit/Delta VAr Reactive
Current exceeded

e Tap Block Raise/Lower is in effect
¢ Communication Block is in effect

If none of the conditions are programmed, then the
alarm output is disabled (factory default).

4.4 Counters

The GE-2011C includes three configuration setpoints
for the proper operation of the counter functions.
These are necessary due to the different types of
counter contacts on various equipment using these
Digital Tapchanger (DTC) controls and the effect of
wear on older counter operating mechanisms.

In most cases, a counter event is defined by the
counter input receciveing an "open-close-open" event.
This is properly interpreted by the control as a
single event when the Operation Counter
configuration screen is set to the times-one (X1)
option. This terminology is a leftover from the days
of electromechanical counters where an open-close-
open event would register as one event.

The closed state may be as short as 25 ms. It can
be no longer than 175 ms, due to the fact some
mechanisms operate very quickly. This type of
operation is normally found on GE regulators. Using
the X2 setting with this type of counter contact
would result in a double count for each tapchange.

The second most likely counter event is an open-
close or close-open transition. In effect, the counter
contact performs one-half of the previous operation,
and performs the other half on the subsequent
tapchange. Since the electromechanical counters
used to recrod these events were called times-two
(X2) counters, that name is the option selected in
the Operation Counter configuration screen. The
times-two option is most often found in Siemens
products. Using the X1 setting with this type counter
contact would result in incorrect operation.

Configuration - 4

A third option has been added to the GE-2011C
control, called Count Window. It has a second
configuration screen associated with it, called the
Counter Time Window. This parameter is user-
selectable between 0.5 and 10 seconds. The count
window observes any and all activity on the counter
contacts and records one even tduring its open
window, regardless of how much switch activity or
noise it registers.The counter time window should
be set for a time period less than the characteristic
time lapse between successive tap changes. Half
of the characteristic time is probably a good starting
point. This feature electrically de-bounces the
noisiest counter contacts.

It is recommended that X1 or X2 settings be used
as a first choice for properly operating counter
contacts.

The importance of the correct operation of the counter
function extends beyond recording the correct number
of operations. The correct counting function is
required for "Keep Track" tap position operation and
for proper Reverse Power Operation.

4.5 Correction Factors

VT Ratio Correction

Refer to the Appendix, Figure A-5. The operation of
some regulators is such that the internal VT does
not provide the desired voltage ratio. In these cases,
it is desirable to correct the VT secondary voltage to
a 120 V ac reference base. This change is easily
made in software, eliminating the need for a multi-
tap sensing transformer.

A CAUTION: The use of a voltage correction factor
is incorporated in the calculation of primary quantities
in the control, and erroneous values will be displayed
and recorded if the VT correction factor is not
included in the PT multiplier.

The correction is derived from information provided
by the regulator original equipment manufacturer
(OEM). The numerical value of the correction is the
value, in volts, required to adjust the VT nominal
secondary voltage to 120.0 volts. The correction
range is +15 volts in 0.1 volt increments.

B NOTE: The maximum allowable continuous VT
secondary voltage is 140 volts. The
correction is made only in software. As a
result, the value of V ., read on the
control display will differ from that
measured at the voltmeter test terminals
by the percent of the correction voltage.
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CT/VT Phase Shift

Refer to the Appendix, Figure A-5. The control will
recognize forward and reverse power flow to the
load. With the CT and VT (reference) signals in-
phase for unity power flow to the load, it will properly
calculate line drop compensation. Depending on the
connection of the CT and VT, the phasors may not
be in-phase. If this is the case, the phase shift can
be corrected in software. The usual characteristics
of three phase systems only allow multiples of 30°
phase shifts. The control, therefore, has a range of
0° to 330° in 30° increments.

By comparing system operating conditions with
power flow direction and power factor as shown on
the GE-2011C Tapchanger Control, improper phase
shift can be determined. An incorrect connection
may be resolved using well-known phasor methods.
The following procedure may be useful to check the
choice of correction or even to determine the
correction by trial and error:

1. Put the transformer or regulator on
manual control.

2. Determine the Watts and VArs load on
the transformer or regulator from other
metering.

3. Read the Watts and VArs indicated by
the control, and make certain that they
are of the same sign and ratio of
magnitudes as obtained from the external
readings.

4. If not, change the correction in 30°
increments until the control and external
readings are in best agreement.

When two single-phase regulators are connected in
open delta, the current signals will be out-of-phase
with the voltage signals. For one regulator, the
current will lead the voltage by 30° and is called the
“leading” regulator. For the “lagging” regulator, the
current will lag the voltage by 30°.

Contact Beckwith Electric for Application Note #17
for more information on VT and CT connections.

4.6 Ratio Multipliers

Voltage & Current Multipliers

A CAUTION: The use of a voltage correction factor
is incorporated in the calculation of primary quantities
in the control. Although the control operation is not
affected, erroneous values will be displayed and
recorded if the VT correction factor is not included
in the PT multiplier.

Refer to the Appendix, Figure A-5. Primary quantities
are displayed when voltage and current multipliers
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are set into the control. The voltage multiplier is:
v =V /[(V_ +V_ )

mult pri sec corr

For a VT ratio of 7620/117 V and a voltage correction
of 3V, the multiplier is:

V_,=7620/(117 +3) = 63.5

The voltage multiplier setting range is from 0.1 to
3260 in 0.1 steps.

The current multiplier is the value of the line CT
primary rating divided by 0.2 A. For a CT primary
rating of 1000 A, the multiplier is:

CT,_,, = 1000/0.2 = 5000

It

The current multiplier setting range is from 1 to
32600 in 1.0 steps.

Both multipliers are entered in the Configuration
menu.

@ WARNING: The current input to the control is
rated at 0.2 A continuous, 0.4 A for two hours,
and 4.0 A for 1 second.

B NOTE: The current transformer selection in the
Configure menu only changes the scaling
factor for current reading and setting.

4.7 Tap Information

The GE-2011C Digital Tapchanger Control tap
position information applies to many different
configurations of tapchangers, e.g., =16 taps, 1 to
17 taps, =10 taps, 1 to 33 taps, etc. Two
configuration points, Tap Min and Tap Max, are
assigned to allow the user to select the range of a
specific tap changer. The Tap Max range is 0 to 33
taps, and the Tap Min range is —33 to +29 taps. The
user is able to program the control to select the
method of tap position knowledge or to disable this
feature. Table 4-1, below, outlines the eight selections
available for the Tap Information screen.

Positive tap position knowledge from external input
is not available when the Control Power Backup
Input option is enabled.

Tap Position by Keep Track (Reg Internal)

A CAUTION: This feature is applicable to single-
phase regulators only.

A CAUTION: This feature is only applicable for =
tap ranges with neutral tap and neutral indicator.
The source voltage will only be applicable with a tap
range of =16 taps.



Tap Position

Screen Selections Knowledge
Method
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XFMR EXTERNAL #3 Current Loop

XFMR EXTERNAL #2 Current Loop
XFMR EXTERNAL #1 Current Loop

REG EXTERNAL #3 Voltage Divider

REG EXTERNAL #2 Current Loop
REG EXTERNAL #1 Current Loop
REG INTERNAL Keep Track

DISABLE None

S Screens Disabled
Range
0to 1 mA Source Voltage
4 to 20 mA Source Voltage
Oto1;0to2;
or =1 mA Source Voltage
Not Applicable None
4 to 20 mA None
Oto1;0to2; None
or £1 mA
Not Applicable None
Source Voltage,
None Tap Position

Table 4-1 Tap Information Screen Selections.

This feature allows the control to keep track of the
present tap position. The “Reg Internal” setting is
selected for this method

@ WARNING: Do not rely on the tap position
indication on the GE-2011C Tapchanger Control
display for neutral position when bypassing
voltage regulators.

The motor power source for the manual, automatic,
or external (SCADA) initiated tap changes must be
the same as the motor power input to the control.
The operations counter and neutral light circuit should
be operational. The counter input and power source
is required for detecting tap changes and determining
direction of the tap change. Connecting a regulator
neutral tap position indicating contact to the control
will reset the tap position to neutral each time the
tap goes through the neutral position. It is
recommended that the indicated tap position be
compared to the mechanical tap position indicator
at regular intervals, and that the indicated value be
corrected, if necessary.

The tap position stored in memory is not affected by
a loss of power. The tap position record is checked
and corrected to neutral, if necessary, with the
closure of a neutral contact (when the neutral tap
position contact is connected to the controls).

A CAUTION: When the keep-track tap position
method is used, it must be calibrated for proper
voltage control with reverse power operation.

If desired, the keep-track feature can be disabled in
which case the screen will indicate “Disabled.”

The user initializes the control at a given, known,
tap position upon installation, by selecting Reg
Internal in the Tap Information screen in the
Configuration Menu and performing the following
steps:
1. Determine the actual tap position from
the external tap position indicator on the
regulator.

2. Scroll through the display to the Tap
Calibrate screen in the Configuration
menu. Press ENT. A flashing “C”
indicates that the control is ready to
accept data. Press the 4 or § pushbutton
until the correct tap position is displayed.
Press ENT again. The tap position is
now calibrated to recognize all
subsequent operations so as to “keep-
track” of the present tap position.

3. The present tap position is indicated in
the Status Menu at the Tap Position
screen.

Or, if the neutral tap position contact is connected
to the control, run the regulator to neutral as shown
by the tap position indicator on the regulator. The
control will recognize the neutral light signal and set
the tap position accordingly.

The keep-track procedure recognizes tapchanges
commanded via manual, automatic or external
(SCADA) contacts. The power source for the manual-
or SCADA-initiated tapchanges must be the same
as the motor power source used for the automatic
tapchangers.
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The keep-track position knowledge is based on the
detection of a closed switch (manual or automatic),
and feedback from the operation counter input.

The method by which Keep Track is achieved is as
follows:

The control includes two Zero Voltage Detection
(ZVD) circuits. These circuits individually monitor
the AC voltage across the internal raise and lower
triacs. This is done since any external raise or lower
contacts or manual switches have to be placed in
parallel with the triacs to run the tapchanger motor.
When the triacs (or any contact paralleled across
the triacs) closes, the voltage measure decreases
to almost zero. When a counter input event is
received while the raise circuit is activated, the
Keep Track will increment the tap count by one.
When a counter input event is received while the
lower circuit is activated, the Keep Track will
decrement the tap count by one.

If the tapchanger reaches the mechanical tap limits
of operation, (=16), limit switches open up the
appropriate circuit so the control cannot force a
raise above +16, or force a lower below —16. This is
potentially confusing to the ZVD circuits, since they
can see zero voltage on the output with a closed
triac and also see zero voltage on the other output
due to an open limit switch. When this condition is
encountered, the control can only make a best
guess of which operation really occurs and moves
one step in the direction of neutral, which should be
away from the side with the open limit switch.

An additional feature is the neutral zero feature.
When a regulator passes through the neutral position,
a neutral contact closes. This is most often used to
drive a neutral light that is an indicator that the
mechanism is in the neutral position, and it is safe
to bridge the input and output of the regulator because
they are at the same voltage. Upon detection of a
neutral circuit closure, Keep track resets the tap
position to neutral to resynchronize the circuit.

Tap Position by Positive Knowledge (Current
Loop)

Real Tap knowledge in the GE-2011C is obtained
from an INCON 1250 and Selsyn position transducer.

Many variations of the device were made, but the
configuration adopted by INCON was the "five-wire"
configuration. The five-wire system uses three wires
to drive three stator windings connected in wye. The
remaining two wires are connected to both ends of a
single sense coil, mounted on the rotor. The INCON
1250 decodes complex amplitude and phase
information to determine the shaft's rotational
position. The 1250 then has to accurately scale the

4-6

information to a programmed number of taps with
known start and stop points. The 1250 then converts
the information into an analog current value in any
one of four current ranges. The current signals are
conditioned by the Beckwith M-2025 before being
sent to the GE-2011C as an analog voltage signal.
The GE-2011C then re-converts the analog signal to
digital tap positions.

Connection of the optional M-2025B will require
either a B-0752 (5 pin to 6 pin) or B-0753 (6 pin to 6
pin) interface cable. See M-2025B Specification for
details.

The transformer (XFMR) and regulator (REG) external
setting is for use with the Positive Knowledge (current
loop) system, except REG #3, which uses the
voltage divider method. Selecting either XFMR or
REG will determine which screens are disabled, and
then selecting either #1, #2, or #3 will depend on
the output current or voltage signal from the Tap
Position monitor. Table 4-1 outlines the options
available for the Tap Information screen.

When using a resistance to current transducer with
an internal tap, fitted to supply a current loop to the
M-2025B Current Loop Interface Module, the XFMR
EXTERNAL#3 selection in the TAP INFO menu
must be selected (e.g., Crompton Instruments®
model 253-TRTU, 1-17 taps, 400 Q each, 1 internal
tap fitted).

The user initializes the control at a given, known,
tap position upon installation, by performing the
following steps:

1. In the Tap Information screen in the
Configuration Menu, select any External
selection.

2. Determine the actual tap position from
the external tap position indicator.

3. Scroll through the display to the Tap
Calibrate screen in the Configuration
menu. Press ENT. A flashing “C”
indicates that the control is ready to
accept data. Press the ¢ or §
pushbuttons until the correct tap position
is displayed. Press ENT again. The tap
position is now calibrated to recognize
all subsequent operations of the tap
position of the tapchanger.

4. The present tap position at which the
tapchanger is operating is indicated in
the Status menu at the Tap Position
screen.



B NOTE: To obtain accurate calibration, it is
suggested that the calibration should be
performed near the neutral tap forOto 1,
0to2and 4 to20 mA, and at tap position
8 R or 8 L in the case of —1 to +1 mA
range.

Voltage Divider

B NOTE: The tap position calibration must be
performed at or above the 4 raise tap,
but to obtain the best accuracy, it should
be calibrated at or above the 8 raise tap.

The positive knowledge by voltage divider method
(REG External #3) is only for use on a regulator that
has +/— 16 taps, a voltage divider tap position
sensor, and a separate raise/lower output. The Tap
Max and Tap Min can only be setto 16 raise and 16
lower, respectively, while in the REG External #3
tap mode. The voltage divider method is designed
to read a tap position sensor that contains 18
resistors in a voltage divider network. Each tap
position will give a specific output voltage from the
tap position sensor. The voltage from the sensor will
only be read into the GE-2011C control once one (1)
second has elapsed after the counter input has
toggled. The tap position sensor will not be read
again until another tap change occurs, causing the
counter input to toggle once more. Also, an external
input to the control will be read to determine if a
raise or lower condition exists. The raise/lower input
and the voltage from the divider network will be used
to determine what position the tap is on.

4.8 Reverse Power Operation

Detecting Reverse Power

Reverse power flow exists whenever the real
component of the line current changes direction
from forward and remains until another reversal to
foward power occurs. The control reliably determines
power direction with as little as 2% of the real
component of the nominal 200 mA line current (4.0
mA).

Power Direction Bias Configuration

The Power Direction Bias Configuration screen
contains three settings to determine how the control
will switch between forward and reverse power
operation. The three settings are No Bias, Forward
Bias, and Reverse Bias.

"No Bias" Setting

When the Power Direction Bias function is set to
“No Bias", the control applies an 8 mA hysteresis
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band with a bandcenter of 0 load current (+4 mA
to —4 mA) to switch between forward and reverse
power. The control will switch from forward power to
reverse power when the load current exceeds —4
mA (reverse direction). The control will switch from
reverse power to forward power when the load current
exceeds +4 mA (forward direction).

"Forward Bias" Setting

When the Power Direction Bias function is set to
"Forward Bias", the control applies a 0 mA to -4 mA
hysteresis band to switch between forward and
reverse power. The control will switch from reverse
power to forward power when load currentis = 0
mA (forward direction). The control will switch from
forward power to reverse power when the load current
exceeds —4 mA (reverse direction).

"Reverse Bias" Setting

When the Power Direction Bias function is set to
"Reverse Bias", the control applies a 0 mA to +4
mA hysteresis band to switch between forward and
reverse power. The control will switch from forward
power to reverse power when load currentis = 0
mA (reverse direction). The control will switch from
reverse power to forward power when the load current
exceeds +4 mA (forward direction).

Upon detection of power reversal, after a 5 second
delay, the control will operate in the selected mode.
The operating mode is selected from the following
options:

Ignore — The control will take no different action
than in the forward direction. It essentially does not
use the power direction in the control decisions.
This is the same as a control which does not have
power direction knowledge.

This mode is intended for use on distribution systems
which have the possibility of power reversal because
of distributed generation (DG) on the feeders. In
these applications, the DG usually does not have
the capacity to control the voltage with the more
powerful system intact.

The condition required for DG to control the voltage
is the generation and transmission of large amounts
of VArs through the line impedance back towards
the system source. Usually two items prohibit this
action: 1) the ability of the DG to generate those
amounts of VArs and 2) the contractual obligations
enforced by many utilities that the DG only affect
KWs on the system.

Block — Inhibits automatic tapchange operation.
This locks the tapchanger on the tap position in use
at the time reverse power flow is detected. It is the
recommended setting for independent power
producers or in situations when reverse power flow
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is not expected. The control will revert to normal
operation when forward power flow resumes.

Regulate REV (single-phase regulators only) — The
control will detect reverse power flow and regulate
according to reverse power settings as selected in
the Setpoint Menu. With tap position knowledge, the
control calculates the source-side potential without
the use of a source side VT. This feature is designed
for use with feeder voltage regulators which continue
to operate in a radial mode after system switching
causes the power flow reversal.

The source voltage is calculated by knowing the
local voltage, the load current, and the tap position
using a presumed regulator impedance. That
impedance is a function of the tap position. The
calculated source voltage is only valid with a
5/8% step-voltage regulator.

With the control recognizing reverse power flow, the
following occurs:

e The REV PWR LED is illuminated.
* Reverse power setpoints are used.

e Source voltage is calculated and motor
output commands are reversed. For
example, when the voltage is high, the
control raises the tap thereby lowering the
voltage and a lower is indicated on the
front panel LEDs.

Return to Neutral — To use this feature, a counter
input must be provided, and one of the tap information
modes must be enabled.

The Return to Neutral feature will cause the tap
position to be driven to neutral when reverse power
is detected. Tap position will be driven to neutral
regardless of the voltage or currents present at the
control. Once neutral is reached, the tap position
will remain unchanged as long as reverse power is
present. Normal operation will resume when forward
power is detected.

This mode is intended as a safe response to a
power reversal on a system which can have
conflicting situations. As described earlier, a radially
operating system with reverse power should be set
to "Regulate Rev." However, if a DG causes a
power reversal, the proper setting is usually "Ignore."
In an application where both conditions are possible,
and it is not possible for the control to determine the
cause of power reversal, the proper setting of "Return
to Neutral" is advised.
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4.9 Parallel Operation

Refer to Figure 4-1 and to Appendix A, Figure A-8.
The user with access to the Configuration Menu
may select the circulating current method of
paralleling LTC transformers, or disable the feature.
If the optional AVAR™1/AVAR2 methods were
purchased, they may also be selected. Paralleling
by the circulating current method or the AVAR1
method involves a configuration in which each
GE-2011C Tapchanger Control is used with a
Beckwith Electric M-0115A Parallel Balancing
Module. The control is provided with a current input
which is representative of the circulating current
between two or more LTC transformers operating in
parallel.

Paralleling by the AVAR2 method does not use the
M-0115A Parallel Balancing Module. Instead, the
two load currents are brought into the control, and
the actual AVAR's which exist between the paralleled
transformers is calculated internally. When using
the AVAR2 method, the control's load current input
is to be connected to the load current CT of the
transformer which is controlling the tap position.
The control's circulating current is to be connected
to the load current CT for the opposite paralleled
transformer.

The measured voltage the GE-2011C controls on
each of the transformers will be biased in such a
way as to attempt to minimize the circulating current
between the two. In the case of AVAR, the tap
positions will minimize the difference in VArs from
each transformer.

The sensitivity of the control or the amount of
control setpoint bias for a 200 mA circulating current
is 24 V. For circulating current applications, that is a
24 V setpoint shift for 200mA of total circulating
current intput. For AVAR1 applications, that is a 24
V setpoint shift for 200 mA of reactive circulating
current, and for AVAR2 applications, thatis a 24 V
setpoint shift for 200 mA of calculated reactive
current difference between transformers, (AVAR2 is
only applicable for two parallel transformer
applications.)

For applications with low transformer impedances,
the circulating current or VArs per tap difference is
greater than in applications with high transformer
impedances. This creates a need for a method to
adjust the sensitivity of the control according to the
system application.

On the circulating current application method and
the AVAR1 application method, this is accomplished



with a sensitivity adjustment on the M-0115A Parallel
Balancing Module (see the M-0115A Instruction
Book.) On the AVAR2 application method, which
uses no M-0115A module, a control setting is
provided to accomplishment the sensitivity
adjustment.

B NOTE: InallM-0115A applications, the M-0115A
sensitivity settings should be equal on
all paralleled transformers. In all AVAR2
applications, the sensitivity settings
should be equal on all paralleled
transformer controls.

Exclusively for the AVAR2 method, there are three
functions activated and set in the Configuration
menu for proper operation: AVAR2 Sensitivity,
AVAR2 Reac Limit, and AVAR2 | Ratio. When the
AVAR option has not been purchased, these input
screens will be disabled.

The AVAR2 Sensitivity ranges from —4.0 to +4.0, as
did the M-0115A adjustment. At a AVAR2 Sensitivity
setting of 0.0, 100% of calculated reactive current
difference will be used to bias the setpoint. At a
setting of —4.0, only 50% of the calculated reactive
current difference will be used to bias the setpoint,
making the control less sensitive to the circulating
current. At a setpoint of +4.0, the bias will be
adjusted by a value of 200% of the calculated
reactive current difference, making the control more
sensitive to the system current.

The AVAR2 Circ Limit | setpoint establishes a limit
on the calculated reactive current difference between
transformers. The settings range from 5 mA to 200
mA in 1 mA increments. If the calculated reactive
current difference reaches this setpoint, the operation
of the control will be blocked and the alarm output
function will be activated, if enabled. The purpose of
this limit is to stop any runaway condition. This
feature is required to replace the M-0127A
overcurrent relay used in the circulating current and
AVART1 applications.

B NOTE: Care mustbe taken in setting the AVAR2
Circ Limit I, to ensure it is high enough
to allow a two or three tap difference
from optimum in transformers before
operating. Some knowledge of system
impedances are useful in determining
this setting, but the current difference
may also be tested forimmediate system
conditions by reading the current change
when one tap is changed on either
transformer.
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The AVAR2 | Ratio is used to adjust the sensitivity
to the line current input versus the circulating current
input (opposite transformer load current) to
compensate for unequal CT ratios between
transformers. For proper operation with a ratio setting
of 1, the ratio of the CT ratios must be equal to the
ratio of the transformer ratings (CT1/CT2=MVA1/
MVA2).

Example: A 20 MVA transformer is being paralleled
with a 15 MVA transformer. If the CT ratios are 2000
A and 1500 A to 0.2 A, no compensation would be
required (both transformers are fully loaded when
the CT outputs are 200 mA.) However, if they each
had 2000 Ato 0.2 A CTs, the AVAR2 | Ratio on the
20 MVA transformer control should be 1.34, and the
AVAR2 | Ratio on the 15 MVA transformer control
should be 0.75.

The settings for this ratio are 0.50 to 2.00, in 0.01
increments. When the setting is 0.50, the control
will be 0.50 times as sensitive to the VArs from the
circulating current input versus the load input current.
The default setting for the sensitivity is 1.00,
indicating the ratio of the CT ratios are equal to the
ratio of the transformer ratings.

This feature can also be used to replace the need
for auxiliary transformer for matching transformer
CT ratios. No correction is necessary to compensate
for impedance differences in the transformers with
AVAR operation.

For AVAR2 applications, paralleling will be disabled
if either current input drops to less than
approximately 5 mA or if a neutral input is present.
When AVAR2 operation is configured, the normal
neutral input is directed to this duty rather than the
normal neutral light operation. It is highly
recommended that this input be connected to operate
whenever any breaker opens which isolates the
transformer from parallel operation.

The general paralleling schemes for two and three
transformer paralleling using the circulating current
method are shown in Figures 4-1 through 4-3.

Figure 4-1 is a schematic of the current circuit only;
redrawn from the Paralleling Scheme figures to
allow easier tracing of the load current (I ) and
circulating current (I ) paths.

A current, proportional to the transformer secondary
current, is fed to the M-0115A unit. Because of the
secondary parallel connection, however, this is
actually the vector sum of the desired load current
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and any undesired circulating current. The M-0115A
separates these currents, and sends them to the
proper load (LDC) and circulating current inputs of
the associated control.

Two current loops are formed. One involves the K3
auxiliary transformers in each of the M-0115A units.
This loop forms a measure of the transformer bank
circulating current, subtracted from the LDC control
input and forced to flow into the control circulating
currentinput.

The second loop involves the K1 and K2 auxiliary
transformers. They force the load current to divide
properly between the various controls so that each
senses its proper portion of the total bank load.
Thus, the LDC setting for each control may properly
be the same, regardless of whether or not the
associated transformer is being used in parallel.

The first current path shown (Circulating Current)
has a current analogous in angle and magnitude to
the reactive current circulating through the paralleled
transformers. It also includes the M-0127A
Overcurrent Relay, which is used to detect excessive
circulating current and block the tapchanger
movement, if this occurs. Also, a lamp will alert the
operator when excessive circulating current is
detected.

The second path shown (Balance Current),
connecting the K1 auxiliary C.T. of the M-0115A
modules together, has a balance current which forces
the two load currents of transformers #1 and #2 to
be identical. This means that any difference in
currents must flow in the circulating current path.

The third and fourth path shown (Half Current and
LDC Current), connecting the K2 auxiliary C.T. of
the M-0115A modules together, ensures proper
operation of the Load Drop Compensator circuit if
one of the transformers is taken out of service by
opening its breaker. For instance, if transformer #2
is taken out of service by opening breaker 52-2,
then half of transformer #1's load current is forced to
flow through the half current loop. In this way,
transformer #1's voltage regulating control sees the
same load current as it did before, and the proper
amount of line drop compensation in the transformer
#1 control is maintained. This circuit configuration
and grounding points must be maintained, if
transformers are to be successfully paralleled.
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A more detailed description of the theory of operation
is available from Beckwith Electric upon request.
Application Note #11, “Introduction to Paralleling of
LTC Transformers by the Circulating Current Method’
and Application Note #13, “Advanced Paralleling of
LTC Transformers by the Circulating Current Method’
provide a thorough analysis of parallel LTC
transformers operating by the circulating current
method.

It is suggested that either the non-sequential or
Intertap time delay be used when paralleling.

4.10 Output Selection

Output Selection

There are two setup screens associated with this
feature. This screen is located in the Configuration
menu. A selection of contin